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Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin on dordiincii sayisini yayin
hayatina sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and
Biotechnology” dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi
hakemli acik erisimli akademik bir elektronik dergidir.

“International Journal of Life Sciences and Biotechnology” dergisi Yasam Bilimleri, Biyoloji,
Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida Biyoteknolojisi ve Genetik alanlarindaki ilgili
aragtirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamayi, tarafsizlik ve
bilim etigi ilkelerine bagh kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢alismalara odaklanan,
giinceli ve gelecegi tartisan ¢alismalarin yayimlanmasini hedeflemektedir.

Bu diisiincelerle 2022 yil1 ii¢ilincii sayisin1 yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katki ve
Elestirileri ile degerlendirme siireglerine katkilarindan dolay1 hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek imidiyle...

15.12. 2022
) ) Editor
Dr. Ogrt. Uyesi Yilmaz KAYA



From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to present
the 14th issue of the journal. "International Journal of Life Sciences and Biotechnology" is an international
double peer-reviewed open access academic journal published on the basis of research- development and
code of practice.

The aims of this journal are to contribute in theoretical and practical applications in relevant researchers
of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food Biotechnology
and Genetics institutions and organizations in Turkey, and to publish solution based papers depending
on the principle of impartiality and scientific ethics principles, focusing on innovative and added value
work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the third issue of 2022 "International
Journal of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 12. 2022
Editorin Chief
Assist. Prof. Dr. Yilmaz KAYA
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Research article

Sanjida, S., et al., Identification of potential antiviral drug compound against Erythrocytic necrosis virus by
targeting Major capsid protein. International Journal of Life Sciences and Biotechnology, 2022. 5(3): p. 294-
315. DOI: 10.38001/ijlsh.1074392

Identification of potential antiviral drug compound against

Erythrocytic necrosis virus by targeting Major capsid protein

Saloa Sanjida ', Moslema Jahan Mou 2, Sk Injamamul Islam®***" | Sarower

Mahfuj 3

ABSTRACT

A member of the Iridoviridae family has been detected as the erythrocytic necrosis virus (ENV),
which causes viral erythrocytic necrosis (VEN) in 20 marine and anadromous fishes. The major
capsid protein (MCP) is the main structural protein of iridoviruses and is responsible for causing
disease in various fishes. It has been found that the VEN utilizes major capsid protein (MCP)
to enter the host cell and blocking the virus entry by targeting the protein can reduce the
economic losses caused by the pathogen. The main objective of the study was to evaluate the
inhibitory potentiality of 48 compounds Allium sativum is one of the medicinal plants which
has been reported to show potential antiviral activity against various pathogens, but activity
against the capsid protein promoted pathogens has not yet been reported. The MCP was
retrieved, modeled, refined, and validated in this experiment. The binding affinity of 48
compounds was calculated against the MCP with the docking, ADMET, and molecular
dynamics (MD) simulation approaches which predict PubChem CID 12303662 inhibitory
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compound that binds strongly with the major capsid protein with a binding affinity of -9.7 after
optimization. For theoretical calculation, the HOMO-LUMO gap score was also calculated. The
best ADMET compounds were selected for the optimization analysis and re-docking. As a result
of the research, it is possible to deduce that these Allium sativum phytochemicals might act as
significant inhibitors of the MCP. More in-vitro testing is needed to establish their effectiveness.

Introduction

Iridoviruses are big cytoplasmic DNA viruses with particular hosts in insects or vertebrates.
The major capsid protein (MCP) is the main constituent of non-enveloped icosahedral viral
particles that appears to be highly conserved across members of the Iridoviridae,

! Department of Environment Science and Technology, Faculty of Applied Science, Jashore University of
Science and Technology, Bangladesh

2 Department of Genetic Engineering and Biotechnology, Faculty of Earth and Life Science, University of
Rajshahi, Bangladesh

3 Department of Fisheries and Marine Bioscience, Faculty of Biological Science, Jashore University of Science
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Phycodnaviridae, and African swine fever virus families [1]. MCP genes have only been
cloned and described in a small number of fish species, in comparison to higher vertebrates.
The MCP is a late gene expressed during viral infection, and it forms aggregated in both the
nucleus and cytoplasm of infected cells [2]. Each MCP domain in different fish species has
a distinct mix of essential amino acid residues for signal transduction pathway inhibition [3].
Following infection of rainbow trout, grouper fish species with Erythrocytic necrosis virus,
distinct expression patterns of the MCP gene have been described [4]. Economic loss from
this disease will affect the aquaculture industries and thus prevention of any viral pathogens
Is pivotal for sustainability.

Medicinal plants can play a critical role in the treatment of a variety of ailments, particularly
in areas where resources are scarce. Because they have been implicated in treatments for
several infectious and non-infectious disorders, they are viewed as a supplemental approach
to controlling viral diseases [5]. Traditional remedies are mostly advocated given the
abundance of these plants all over the world [5, 6]. For example, an ethnobotanical study of
medicinal plants used to treat human and livestock ailments in Hulet Eju Enese Woreda, East
Gojjam Zone of Amhara Region, Ethiopia [7]. Before anything, traditional drugs have less
detrimental consequences than modern drugs, which is one of the main reasons why essential
chemicals are extracted and produced from plants [8]. Allium sativum typical medicinal plant
whose importance has risen steadily in recent years around the world. It contains a large
number of biologically active compounds with a variety of structures [9]. For centuries it was
used as a traditional remedy for most health-related disorders [10]. In many nations, garlic
and its products are primarily used for culinary and therapeutic purposes [10]. As evidenced
by the study, over 100 beneficial chemical compounds have been recorded and isolated from
various components of this plant, including leaves, flowers, seeds, roots, fruits, and bark.
These components have been utilized traditionally as a treatment for a range of ailments.
Garlic is one of the world's oldest cultivated plants [11, 12]. For over 4000 years, it has been
used as a spice, food, and traditional medicine, and it is the most extensively investigated
medicinal plant.

Garlic is a fragrant herbaceous plant that is used as a food and a traditional cure for a variety

of ailments across the world [12, 13]. It has been reported to possess several biological

295



properties including anticarcinogenic, antioxidant, antidiabetic, renoprotective, anti-
atherosclerotic, antibacterial, antifungal, and antihypertensive activities in traditional
medicines. Sulfur-containing phytoconstituents including alliin, allicin, ajoenes,
vinyldithiins, and flavonoids like quercetin are abundant in A. sativum. A. sativum extracts
and isolated chemicals have been tested for antibacterial, antiviral, antifungal, antiprotozoal,
antioxidant, anti-inflammatory, and anticancer properties, among other biological activities
[14].

Introducing effective medicines in a conventional or standard manner can take a long time,
be expensive, and require a significant amount of effort [15]. For example, high-throughput
screening (HTS) is a technique that integrates multiple-well microplate with automated
processing to improve drug development by assaying a large number of putative drug-like
molecules [16]. Additionally, HTS should have abundant resources, as processing a
particular HTS program is expensive and involves the use of robotic devices [17]. On the
contrary, computer-aided drug design, also known as in silico drug design, is a relatively new
technology for screening a large database of compounds using a high-throughput approach
[18]. The in silico virtual screening approach aids in the discovery of novel medicines by
generating hits for lead compounds in a shorter period and at a cheaper cost [19]. As a result,
improved in silico drug design reduces the time required to develop, design, and optimize a
novel drug. The virtual screening approach has been used for decades to find the best lead
compounds with various structural properties for use with a given biological target [20].
Furthermore, computer-aided drug design has been used to find a wide variety of interesting
drug applications and hits utilizing virtual screening, molecular docking, and dynamics
simulation techniques [21]. In light of the above-mentioned Allium sativum drugs, the goal
of this study is to use molecular docking, geometry optimization of highest docked
compounds, and molecular dynamics simulation to screen active compounds of Allium
sativum against the Erythrocytic necrosis virus (Iridovirus) and investigate their interaction
pattern. As a result, the goal of this work was to combine virtual screening, molecular
docking, and ADMET (absorption, distribution, metabolism, excretion, and toxicity) features

strategies to screen potential natural anti-fish drugs.
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Materials and Methods

Retrieving the sequence

The Uniprot database (https://www.uniprot.org/uniprot/) was used to retrieve the amino acid
(aa) sequence of the major capsid protein (Accession No.: AOA4D6QIF4) found in
Erythrocytic necrosis virus (Irido Virus) and downloaded in FASTA format.

Assessment of Secondary Structure

The secondary structural elements of the toll receptor protein were predicted through the
SOPMA tool [22-24] using the default parameters (window width of 17, number of states of
4, and similarity threshold of 8).

Prediction, Refinement, and Validation of Three-Dimensional Structures

The three-dimensional structure of the target protein was predicted using the RaptorX server
(http://raptorx.uchicago.edu/) [25-27]. The protein 3D structure was refined by the
GalaxyWeb server. The structure validity is a crucial stage in homology modeling, which is
based on the experimentally validated structure of 3D proteins. The proposed toll receptor
protein model was uploaded to ProSA-web for basic confirmation [28, 29]. The server
foresaw the overall character of the model, which is represented by the z-score. If the
expected models’ z-scores are outside the scale of the property for local proteins, it indicates
that the structure is erroneous [28, 30]. To determine the overall quality of the suggested
drug, a Ramachandran plot analysis was performed using the Ramachandran Plot Server
(https://zlab.umassmed.edu/bu/rama/) [31].

Preparation of protein

The 3D structure of the protein was modeled and developed using the following criteria:
water, metal ions, and cofactors were removed, polar hydrogen atoms were introduced,
nonpolar hydrogen was combined, and gasteiger charges were calculated using
AutoDockTools [32, 33].

Retrieval and preparation of compounds

Phytochemicals derived from naturally occurring medicinal plants cover a wide range of
chemical spaces that can be used in drug development and discovery. IMPPAT stands for
Indian Medicinal Plants, Phytochemistry, and Therapeutics, a manually curated database of

over 1742 Indian medicinal plants and over 9500 phytochemical compounds that uses
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cheminformatic methodologies to improve natural product-based drug discovery [34].
Because of virtual screening, the phytochemical of the ginger plant (Allium sativum) has been
discovered and obtained from the database. The compounds found from the database were
created by assigning accurate AutoDock 4 atom types, merging nonpolar hydrogens,
detecting aromatic carbons, and establishing a ‘torsion tree. It has been discovered that the
AD4 atom type is the same as the elements of the compound for the majority of atoms.
Molecular docking and receptor grid generation

The PyRx virtual screening tool AutoDock Vina was used to create a protein receptor grid
[35]. The molecular docking investigation was carried out using the PyRx virtual screening
program AutoDock Vina to find the binding mechanism of the required protein with chosen
phytochemicals. Prix is an open-source virtual screening application that can screen libraries
of compounds against a given therapeutic target and is primarily used in CADD techniques.
PyRx integrates AutoDock 4 and AutoDock Vina as docking wizards with an intuitive user
interface, making it a more trustwortny CADD tool [24]. This experiment used PyRx's
AutoDock Vina wizard for molecular docking to find the optimum protein and ligand binding
poses. For docking objectives, the default configuration parameters of the PyRx virtual
screening tools were utilized, and the highest binding energy (kcal/mol) with the negative
sign was chosen for further investigation. Subsequently, using the BIOVIA Discovery Studio
Visualizer v19.1.0.18287, the binding interaction of the protein—ligands complex was seen.
ADME Analysis

The physicochemical, pharmacokinetics, metabolism, and excretion properties of molecules
in urine and feces are all listed in the ADME of a substance [47]. The Swiss-ADME server
(http://www.swissadme.ch/) was used to forecast the various pharmacokinetic and
pharmacodynamic parameters for the experiments [25].

Toxicity Test

In the area of drug discovery and development, an initial analysis of a compound's toxicity
is critical [48]. Toxicology profiles of drug candidates provide information about the hazards
to human health and the environment, as well as the safety and toxicity of chemical
constituents. Chemical toxicity is now assessed using computer-assisted in-silico testing

without the need for animal experiments. As a result, the ProTox-1l (http://tox.
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charite.de/protox 11) website was used to assess the early-stage toxicity of the chosen
medication candidates [11]. With ProTox-Il, you can identify compounds that are acutely
toxic, hepatotoxic, cytotoxic, carcinogenic, mutagenic, and immunotoxic [49]. Using
Quantitative Structure-Activity Relationships (QSARS) techniques, the software estimates
the toxicity of specified compounds.

Quantum Mechanics (QM)-Based Calculation

An important element of identifying possible active conformation, binding affinity, and strain
discipline related to the binding process is the confirmation study of a ligand to the binding
site of a protein. The computation of lowest energy conformation and structural optimization,
which is based on the solution phase and related gas-phase energy, can be used to accomplish
this sort of binding. Because metal ions are present in a ligand-protein complex system,
conventional molecular mechanics (MM) cannot adequately describe the process [36]. In the
last few years, QM-based calculations have helped to improve the scoring functions that can
represent the electronic structure, electronic alterations, and reaction-specific charges in a
molecular system. Surprisingly, density functional theory (DFT) is currently used to answer
more than 80-90% of all QM-based computations. As a result, the DFT methods-based QM
calculations of three substances were done in this work. After optimizing bond lengths, bond
angles, and dihedral angles for possible compounds, the DFT of the compounds was
computed using the ORCA quantum chemistry software package (Version 4.1.1) [37, 38].
DFT was calculated by combining Becke's three parameters with Lee-Yang-Parr functionals
(B3LYP) and a dispersion correction energy term D3 (B3LYP-D3). The usual combination
of functionalities B3LYP-D3 was chosen for this investigation because it does not directly
affect the wavefunction or any other molecular characteristic, and 6-31G**, also known as
6-31G (d, p), was chosen as a basis set to describe all the molecules electronic wave function.
Frontier Molecular Orbital HOMO/LUMO Calculation

Kenichi Fukui's frontier molecular orbital (FMO) theory or Fukui functions, created in the
1950s, relies on the highest energy occupied (HOMO) and lowest energy unoccupied
molecular orbital (LUMO). The FMO of a molecule is the “frontier” of an electron that helps
to identify the energy difference between two orbitals HOMO and LUMO. HOMO is

predominantly an electron donor (nucleophilic) and LUMO is an electron acceptor
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(electrophilic) in nature and the interaction between electron donor and electron acceptor pair
can control other chemical reactivity of a molecule [39]. Electrons from the HOMO move to
the LUMO during the electrophilic-nucleophilic process, creating an energy difference
between two molecular orbitals. The energy difference between two molecular orbitals is
termed the HOMO-LUMO gap, which illustrates the photochemistry and the strength and
balance of transition metal complexes of organic compounds. To comprehend the sensitivity
of atoms against electrophilic and nucleophilic interactions, the HOMO and LUMO energy
were computed by using the Avogadro Software and visualized by Avogadro and Chemcraft
software [38], and the following equation was used to determine the energy difference
between two molecular orbital HOMO-LUMO gaps. (1).

AE(gap) = ELUMO —EHOMO ......................... (1)
here, AE is the HOMO-LUMO gaps, ELUMO is the lowest energy unoccupied molecular
orbital energy, and EHOMO is the highest energy occupied molecular orbital energy.
Molecular dynamics simulation
Molecular dynamics is a computational approach that was applied to describe the molecule’s
behavior as well as to measure the stability of protein-protein complexes [40]. The binding
stability and flexibility of the protein and ligand complex were analyzed using the iMODS
server (http://imods.Chaconlab.org/) which performs Normal Mode Analysis (NMA) in
internal (dihedral) coordinates using an elastic network model (ENM) [41]. This tool
estimates the direction and range of the basic motions of the protein-ligand complex by
measuring four main factors: deformability, eigenvalues, B-factors, and covariance.

Generally, deformation is much harder when the eigenvalue is high [41].
Result and Discussion

Sequence Retrieval
The amino acid (aa) sequence of the Erythrocytic necrosis virus (Irido Virus) (Accession
No.: AOA4D6QIF4) was obtained from the Uniprot database. There are 388 amino acids in

the protein. Fig. 1 provides additional information on the protein.
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Amino acid sequence:

MSSNNPATYLPTAYVDLATFKNSVLEEDYMYSLSNSMTYFMREVRKCTPLTQIPTIFTIQ
SGQPSFGNNFSVLVSRSTDYLLNCWLRVTIPEVTLLDTNPHGADGRIRWTKNLMHNLIEE
VTLSFADFPTQTIDSYFLDFWAAFTTSASKKSGYDTMIGNVDDLISPHGPNEPLKSKILN
LPIPFFFSRDSGIALPTGALLYTETRISFKLRNWNQLLILENANPLPNTPNGGVPMVGPS
IERAPMLTGVTVWGDAVAADPLERSYMATCERDLLIEQVKQAPAQTYEPVNNPNKSFDVR
FSHAVKALLFGVRNITYPNVWSNWTTASPVIDDRLIMLEPSGAYDPINDVTIKYDSTTRL
QNVGADYFSHVNPYYHAPTIPDSIGYHMYSYALDLMGIDPQGSTNFGRLNNVTIVPNASN
EAKIGYQGTGAVGSGRDHPQRY

Fig 1. The amino acid (aa) sequence of the Erythrocytic necrosis virus (Irido Virus).

Secondary Structure Inquiry

The alpha helix (Hh), extended strand (Ee), beta-turn (Tt), and random coil (Cc) of the protein
(AOA4D6QIF4) were predicted by the SOPMA software to be 101 (22.85%), 95 (21.49%),
15 (3.39%), and 231 (52.26%), accordingly Fig. 2

SOPMA:
Alpha helix (Hh) : 101is 22.85%
310 helix (Gg) : O0is 0.00%
Pi helix (1i) : 0is 0.00%

Betabridge (Bb) : 0is 0.00%
Extended strand (Ee): 95is 21.49%
Betaturn (Tt) : 15is 3.39%
Bendregion (Ss) : O0is 0.00%
Randomcoil (Cc) : 231is 52.26%
Ambiguous states(?): 0is 0.00%
Other states : 0Ois 0.00%

Fig 2. Secondary structural elements
Three-Dimensional Structure Prediction and Refinement
The Galaxy Refine server (RMSD .509) was used to refine the protein's projected tertiary
structure, yielding five refined models and increasing the number of amino acid residues in
the favored location. When compared to the other models, the scores listed above indicate
the improved model's caliber. Crude model and refine model 2 were chosen and visualized

in Pymol Fig. 3.
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(A) Crude Model

(B) Refine Model

Fig 3. (A) 3D structure of the crude model and (B) 3D structure of refining the model

Validation of a three-dimensional structure

Ramachandran Plot Server and ProSA-Web online server were used to validate the before
and after revised major capsid protein model. Ramachandran plot analysis of the before refine
structure revealed that 94.474% of the structure was in the favorable zone, as per the
Ramachandran plot server. After refining, the rampage server produced a better result, with
96.842% of residues in the preferred regions Table 1. The validation quality and potential
faults in a basic tertiary structure model are assessed using the ProSA-web server. Validation
of the final protein model reveals a Z-score of -5.59 Table 1.

Table 1. Validation of selected protein model by Ramachandran and z-score studies.

Parameters Initial Model Refine Model Remarks

Ramachandran Highly Preferred | 94.474% 96.842% Significant
Preferred 4.211% 3.158% Significant
Questionable 1.316% 0.000% Significant

ProSA Web Z-Score -5.24 -5.59 Significant

Retrieval and preparation of phytochemicals

The IMPPAT database, an Indian natural, and the medicinal phytochemical compound
library were used to find the accessible compounds of the required plant. The phytochemical

components found in Allium sativum were extracted and recorded in a 2D (SDF) file format.
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During the ligand preparation procedures, the compounds were produced and optimized, then
converted to pdbqt file format for further assessment.

Molecular docking analysis

A molecular docking study was first conducted to screen and identify the optimal
intermolecular interaction among the desired protein and phytochemical substances. PyRx
tools AutoDock Vina wizard were used to perform molecular docking between 48
phytochemical compounds and the protein of choice. The binding affinities discovered
during molecular docking of the phytochemical molecule ranged from -3.1 kcal/mol to -9.2
kcal/mol, as reported in Supplementary Table 1. Based on the binding affinity top 3 of 48
phytochemical (total 3) compounds have been chosen in Table 2. The docking methods
predict 3 (PubChem CID: 12303662, 44630412, and 5280537) inhibitory compounds that
bind strongly with the major capsid protein with a binding affinity of -8.8, -8.7, and -9.2
kcal/mol, respectively Table 2.

Table 2. The top 3 compounds molecular docking score and ligand structure

Ligand Molecule Formula Binding Affinity

Name (kcal/mol) Structure
CID Phytosterols CssHgsO2 -8.8 - e
12303662 5
CID Monosaccharide | CsiHgsOus -8.7 KFII
44630412 | Glcaxyl3Gal2 pot LA

"X

CID Moupinamide C18H19NO4 -9.2 Sj
5280537 ::l" h
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Absorption, distribution, metabolism, and excretion (ADME) analysis

The ADME characteristics of chemical compounds are crucial in determining a drug's
effectiveness. Pharmacokinetics-related failure in clinical stages can be reduced by
optimizing ADME characteristics, which is complex and demanding in the drug design and
trial process [25]. It has been discovered that assessing ADME at an early stage in the clinical
drug development process can lower attrition rates. As a result, the SwissADME online tool
was used to conduct an early-stage evaluation of ADME characteristics for four drugs.
Focusing on hydrophilic nature, solubility, pharmacokinetics, medicinal chemistry, and drug-
likeness characteristics, the server assessed the ADME qualities of three compounds
(PubChem CID: 12303662, 44630412, and 5280537). All the compounds have maintained
an optimum pharmacokinetics property Table 3.

Table 3. List of absorption, distribution, metabolism, and excretion (ADME) and toxicity of
compounds

Properties CID 12303662 | CID 44630412 CID
5280537
MW (g/mol) 827.40 1387.20 313.35
Heavy atoms 60 9 23
Physio-chemical | Aro. atoms 0 0 12
properties Rotatable bonds 15 22 7
H-bond acceptors 2 43 4
H-bond donors 2 26 3
TPSA (A?) 40.46 20.23 78.79
Lipophilicity Log Po/w (Cons) 13.48 -14.63 3.25
Water solubility Log S (ESOL) Moderately Soluble Moderately
Soluble Soluble
Pharmacokinetics | Gl absorption Low Low High
BBB permeant No No No
P-GP substrate No Yes No
Drug likeness Lipinski violations | O 3 0
Medi. chemistry Synth. accessibility | Very Easy Easy Medium

Toxicity Test

Toxicity testing is an essential and crucial phase in pharmaceutical development that aids in
determining the adverse levels of toxic compounds on people, wildlife, plants, and the

surroundings. Traditional toxicity testing of chemicals necessitates the use of an in vivo
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animal model, which is time-consuming, costly, and fraught with ethical issues [42]. As a
result, computer-aided in silico toxicity measurements of chemical compounds might be
regarded beneficial in the drug development phase. The study used the ProTox-11 webserver
to compute the toxicity of the chemical since it is quick, inexpensive, and does not need any
ethical concerns. The three compounds (PubChem CID: 12303662, 44630412, and 5280537)
selected previously through different screening processes have been submittedton the
ProTox-Il web server that d+etermines the acute toxicity, hepatotoxicity, cytotoxicity,
carcinogenicity, and mutagenicity of the compounds listed in Table 4. All the compounds

have shown no oral toxicity or organ toxicity effect.

Table 4. The toxicity endpoints of chosen four chemicals include acute toxicity, hepatotoxicity,
cytotoxicity, carcinogenicity, and mutagenicity

Classification Target CID 12303662 | CID CID 5280537
44630412

Oral toxicity LD50 (mg/kg) 1190 3140 500
Toxicity Class 4 4 4

Organ toxicity Hepatotoxicity Inactive Inactive Active

Toxicity Carcinogenicity Inactive Inactive Active

endpoints Mutagenicity Inactive Inactive Inactive
Cytotoxicity Inactive Active Inactive

Selection of the compound

The best ADMET compound was selected for further analysis. Although ADME qualities of
the selected three compounds showed good results as a suitable drug candidate toxicity test
found only the CID 12303662 compound of Allium sativum with the best qualities (Table-4).
The other compounds CID 44630412 and CID 5280537 showed cytotoxicity and
hepatotoxicity respectively. As a result, for further calculation, we selected only CID
12303662 for geometry optimization and molecular dynamics simulation analysis.
Theoretical Calculation

Geometry Optimization

Most computational biologists, chemists, academics, and researchers use geometry
optimization, a quantum chemical technique, to find the configuration of minimum energy

with the most stable form of a chemical structure. It is a technique for getting as close to
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accurate geometric measurements as feasible by using rough estimates [43]. Because
molecules in the lowest energy state spontaneously reduce their energy by emitting, the
geometry with the lowest energy is the most stable. By using the default basis set 6-31G (d,p)
in Avogadro, the molecular geometry with the lowest energy value has been selected as the
best-optimized one. The 2D structures and 3D optimized geometries of the compound CID
12303662 have been plotted in Table 5.

Table 5. Geometry optimization of compounds

Compound Crude (2D) Optimized (3D)
ID

CID
12303662

Frontier Molecular Orbital HOMO/LUMO Calculation

Molecular structure and reactivity are now explained largely using the FMO in organic
chemistry. Through the use of HOMO-LUMO bandgap energy, electronic and optical
properties of molecules can be described. In addition to determining atom sensitivity to
electrophilic and nucleophilic attacks, chemical kinetic stability, chemical hardness, and
softness of molecules, the gap between HOMO and LUMO helps to determine the stability
of chemical bonds [43]. In the nucleophilic reaction, the electrons located from the HOMO
orbital are freer, while the electrons located from the LUMO orbital are freer to participate.
Soft molecules have low HOMO-LUMO gap energies, the lowest kinetic stability, and high
chemical reactivity. Because there is a low probability of electron addition to the high-energy
LUMO orbital gap, molecules with high frontier (HOMO/LUMO) orbital gaps should have
low chem-reactivity or bioactivity and high Kkinetic stability. Low chemical reactivity and

high kinetic stability are responsible for the energetic stability of molecules with a high FMO
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energy gap compared to molecules with a low kinetic energy gap [44]. Therefore, to evaluate
the chemical reactivity and kinetic stability of the selected three compounds the HOMO,
LUMO, and HOMO-LUMO, gap energy was calculated from Equation (1) and shown in
Figure 4. The calculated FMO energy band gap value found for the compound CID 12303662
was 3.332 eV, which was considerably higher, indicating kinetic stability and low chemical

reactivity of the molecules.

Energy (]  LUMO(a.u) Gap (eV) HOMO (a.u)

.0.32797 3392 (eV) 049121

(ID 12303662

Fig 4. The molecular frontier orbital wave function is shown with negative and positive phases for
selected Allium sativum compound CID 12303662, representing asymmetric HOMO, LUMO, and
HOMO-LUMO gaps

Re-Docking and Interaction

Redocking Score

Utilizing the previously obtained binding sites of the protein, re-docking has been performed
to identify possible docking poses in a restricted area. The geometry optimized structure has
been docked and the score found for the selected three compounds CID 12303662 was —9.7
kcal/mol, which was better than the previously obtained binding score (Table 3). Therefore,
it can be considered that the QM-based optimization of the compounds changed into effective

for the chosen three compounds.
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Protein—Ligands Interaction Interpretation

With the target protein, compound CID:12303662 has been found to create a conventional
hy at the positions of ALA:216 (2.49), ALA:216 (4.42), ALA:216 (4.41) androgen bond
ALA:216 (4.27), where Alkyl bonds have been noted at the positions of LEU:36 (5.03),
ILE:7 (5.0) and TYR:76 (4.25) Fig. 5C and Table 6.
Pi-Alkyl bonds were observed to form exclusively at the VAL:180 (3.77) and PRO:180

(5.07) position of the molecule C1D:12303662 as shown in Fig. 5 and Table 6.

Table 6. List of the interaction between the selected compound and major capsid protein found during
the complex structure analysis and generated through the docking simulation

Compound Residues Bond Distance Category Bond Types
A)
ALA:216 2.49 Hydrogen Bond Conventional H-B
ALA:216 4.42 Hydrogen Bond Conventional H-B
ALA:216 4.41 Hydrogen Bond Conventional H-B
ALA:216 4.27 Hydrogen Bond Conventional H-B
CID:12303662 LEU:36 5.03 Hydrophobic Alkyl
ILE:7 5.0 Hydrophobic Alkyl
TYR:76 4.25 Hydrophobic Alkyl
VAL:180 3.77 Hydrophobic Pi-Alkyl
VAL:180 3.91 Hydrophobic Pi-Alkyl
PRO:183 5.07 Hydrophobic Pi-Alkyl
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Interactions
-~ W~
-

Fig 5. The interaction between the major capsid protein and CID 12303662 compound. The 3D
interaction has represented on the left side of the figure, whereas the 2D interaction has been depicted
on the right side of the figure accordingly.

Molecular Dynamic Simulation
Molecular dynamic simulation results showed that major capsid protein binds with CID
12303662. Here highest binding affinity complex is approved for molecular dynamic

simulation analysis.
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Fig 6. The molecular dynamics simulation of the major capsid protein- CID 12303662 docked
complex (A) Deformability simulations on main chains show high deformability in hinges (B)
Normal mode analysis generates B-factor values, which measure each atoms uncertainty (C) The
eigenvalue of the docked complex, showing the energy required to deform the structure (D) The
variance matrix between complex and residue

Discussion

The differential expression patterns of the MCP gene have been reported in numerous viral
infections in fish species (Shan et al., 2016; Lu et al., 2013; Huang et al., 2012). According
to several studies, Ginger is one of the most beneficial traditional medicinal plants on the
planet [45, 46]. From antiquity, almost all components of the plant have medicinal
characteristics and have been utilized as traditional medicine or cures for a variety of diseases
[47]. Itis now regarded as a valuable source of unique natural compounds for the creation of
medications to treat a variety of illnesses. Furthermore, phytochemicals found in plants may
boost the innate immune system, have antibacterial properties, and are redox-active
molecules with antioxidant properties, all of which may aid in improving the fish species’
overall physiological state. Many researchers have looked into the benefits of phytochemicals

in disease prevention [32, 48].
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Computer-Aided Drug Design (CADD) is one of the most promising tools for the selection
of novel compounds against a specific protein as it includes different advanced features and
techniques [49]. The CADD approach has minimized the required time and costs involved in
the entire drug discovery process making the virtual screening process includes molecular
docking, molecular dynamic simulation, ADMET, etc. as integral parts of drug designing
[50].

A 3D structure prediction was performed (the lowest energy score was used to choose the
best model) and the result was the achievement of the best model among the discovered
models. For the Ramachandran plot, we observed a good number of Z-scores (-5.59) and the
most favored, accepted, and disallowed regions.

In this study, we identified potential drugs by molecular docking and another process.
Initially, the molecular docking process has used to screen the compounds, where the top 3
compounds have been selected with the highest binding affinities of -9.2 to -8.7 kcal/mol
from which only one compound was selected for further validation. The ROS5 demonstrated
the drug-like properties of the selected compounds [51, 52]. Only one compound was found
to follow the five Lipinski’s rules of drug-likeness properties. The toxicity qualities of the
chemical with good ADME properties were used to quantify the detrimental impact on
humans or animals [53]. After toxicity testing, we confirmed that the CID 12303662
compound selected is non-toxic or low-toxic.

The compounds were investigated and optimized by a computational DFT-based QM
simulation. We retrieved and re-docked the geometry optimized by DFT with the desired
protein, and the docking energy was significantly above >9.00 kcal / molecular. To determine
the reactivity of the compounds, the HOMO-LUMO energy gap was calculated using an
FMO model. The HOMO-LUMO gap energy found for compound CID 12303662 was high
>3.00 eV which confirms the low reactivity correspondence to the bioactivity of the
compound.

Using the MD simulation approach on the geometry-optimized re-docked complex structure,
we have investigated the stability of the compound concerning the binding sites of the
protein. Molecular dynamics simulation is used to confirm the stability of a protein in a

complex with ligands [50, 53]. Also, it can determine the stability and rigidity of protein-
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ligand complexes in a specific artificial environment like the body [50]. The B-factor, main-
chain deformability simulation, and eigenvalue of the selected protein — CID 12303662

complex systems indicate the best stability of the compound.
Conclusion

The study is the first to identify potential antibacterial drug candidates targeting major capsid
protein using compressed in-silico approaches, to the best of our knowledge. An integrative
molecular modeling, virtual screening, molecular docking, ADMET, and MD simulation
approaches revealed CID 12303662 as a potential drug candidate that will help to inhibit the
activity of the major capsid protein. By determining the activity of the compound through a
variety of lab-based experiments, researchers will be able to identify alternative methods for

the treatment of viral infections.
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ABSTRACT

This study investigated the spoilage patterns and biopreservation of tomato paste by lactic
acid bacteria isolated from fermented milk products. All the isolates were screened for
hydrogen peroxide, diacetyl, and lactic acid production. Isolate with the highest mean values
of evaluating parameters was selected as protective culture for the biopreservation. The isolate
was identified as Lactococus lactis strain Ganee-5 using molecular techniques, and the
sequences were submitted to the Genbank Database to obtain the accession number
(MH571417). Antimicrobial properties of the protective culture were evaluated against some
selected spoilage bacteria E. coli (ATCC 25922), Listeria monocytogenes (ATCC 15313),
Salmonella typhimurium (IFO 12529), and Staphylococcus aureus (ATCC 12600), varying
zone of inhibitions ranged from 18-25 mm were detected. The potato paste was preserved
with L. lactis culture, sodium benzoate and control samples while the control samples were
left without preservatives. All the experimental set-up was left for 16 days. Physicochemical
and nutritional analysis showed that tomato paste with L. lactis was preserved closely as much
as sodium benzoate (p< 0.005). Therefore, L. lactis can be adopted for the preservation of the
tomato paste to replace chemical preservatives.
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Tomato (Solanum lycopersicum L) is one of the most important vegetables produced

globally, comprising approximately 14 % of world vegetable production [1,2]. It is one of

the highly nutritious food ingredient used in the preparation of foods all over the world

[3,4]. The following procedures for the treatment of vegetables such as pre and post-harvest

methods, use of unsafe water for rinsing the vegetables and sprinkling to keep them fresh

are the major predisposing factors responsible for the contaminations [5].
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The high water content in tomatoes makes it susceptible to spoilage by bacteria and fungi
during storage, harvesting and transportation [6]. Spoilage accounts for the annual lose of
the large proportion of the vegetable produce [7].

Spoilage bacteria or fungi are responsible for the postharvest decay and rapid deterioration
which in turn affects the quality and shortens the shelf life of fruits and vegetables [8].
Vegetables have been associated with outbreaks of foodborne disease in many countries
with varying magnitude from a few affected persons to many thousands [9].

Spoilage and pathogenic bacteria such as Bacillus spp, Clostridium spp, Staphylococcus
aureus, Escherichia coli and Salmonella spp are responsible for the short shelf-life of food
products and food-borne illnesses. In order to achieve improved food safety against such
pathogens, food industry makes use of chemical preservatives or physical treatments (e.g.
different chemicals and high temperatures). Food preservation is the process of treating
food to stop or slow down spoilage, loss of quality, edibility or nutritional value. Food
preservation is paramount to food safety and storage and has an impact on food security
[10]. There have been growing global safety and health concerns over the use of synthetic
chemical and artificial food preservatives and additives such as nitrites and sulphites in
foods which have been found to be mutagenic and capable of triggering allergies and
intolerances respectively [11]. This has called for the need for natural and safer approaches
to food preservation and a lot of effort has been put towards moving away from the use of
chemical food preservatives [12].

These preservation techniques have many drawbacks which include the proven toxicity of
the chemical preservatives (e.g. nitrites), the alteration of the organoleptic and nutritional
properties of foods, and especially recent consumer demands for safe but minimally
processed products without additives. Therefore, there is an intense interest in developing
novel antimicrobial agents for use in vegetable foods preservation to avoid spoilage.
Bio-preservation is defined as technique of extending the shelf life of food by using natural
or controlled microbiota or antimicrobials [13].

Lactic acid bacteria and their metabolites are envisaged to be potential alternatives to
chemical preservatives since they exhibit antimicrobial effects against spoilage and

pathogenic bacteria. In addition, lactic acid bacteria are safer to consumers since they have
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a generally recognized as safe’ (GRAS) status [14]. Consumers' growing awareness of the
health risks associated with the use of preservatives has resulted in a demand for the
availability of chemical-free food on the market. As a result, there is a need to look for new

alternatives that are natural but efficient and do not pose a health risk.
Materials and Methods

Sample Collection

A fermented dairy product (“Fura da nono”) was obtained from Fulani herdsmen in llorin
around Abayawo area, Nigeria. It was collected in sterile universal bottle and kept at
temperature of 4 °C before being taken to the laboratory for microbial analysis. While, ripe
and wholesome tomatoes known as Roma tomatoes were purchased from Mandate Market,
llorin, used in this research. The tomatoes were thoroughly cleaned and blended, then
stored before being used.

Physicochemical Parameters of Tomato Paste

pH Determination

The pH meter was calibrated using a buffer solution of pH 4 and 7. A beaker was filled
with about 25 ml of tomato paste, pH meter probe was dipped into the beaker and the pH of
the sample was taken as described by Akinola et al. [15].

Determination of Lycopene Content

Lycopene of the tomato paste was extracted and estimated as described by Suwanaruang
[16] using hexane:ethanol:acetone (2:1:1) (v/v). They were vortexed for 1 hour at 30°C in
hexane and cooled to room temperature. Lycopene levels in the hexane extracts were
calculated according as follow: Lycopene (mg/kg) = Abs 503 nm x 137.4

Determination of g-Carotene content

The B-carotene content was estimated following the method of Owolade et al. [17]. The
beta-carotene content of Tomato paste samples was determined by analyzing the
absorbance at 452 nm using 3% acetone in petroleum ether and 1% chloroform. The
standard curve was used to determine the concentration of beta-Carotene in the Tomato

paste. The amount of B-Carotene content was expressed in mg/kg of Tomato paste.
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Determination of Ascorbic Acid Content

Ascorbic acid content of tomato paste was determined by iodometric titration as described
by Dioha et al. [18]. Briefly, Ten milliliters of the tomato paste was added into a pre-
washed conical flask, which was then filled with 5 milliliters of 10 % potassium iodide (K1)
and 2 milliliters of 0.3 M sulphuric acid (H2SO4). In addition, 10 mL of 0.01 M potassium
iodate was added to the flask (KI103). A solution of 0.01 M sodium thiosulphate was used to
titrate the excess iodine (Na2S203). A blank titration was performed with 10 mL of distilled
water. The amount of ascorbic acid was expressed in mg/L of Tomato paste.
Determination of Titratable Acidity

Titratable acidity was estimated following standard procedure [19] as percentage of citric
acid monohydrate.

Total Bacterial Counts

The bacterial load of the tomato paste was carried out using pour plate method as described
by Cheesbrough [20]. The total counts were taken as colony forming unit per milliliter
(cfu/ml) of the sample [21].

Enumeration and isolation of Lactic acid Bacteria (LAB) from Fermented dairy
products (“Fura da nono” and “wara”)

Enumeration and isolation of LAB was carried out following method of Wang et al. [22].
Fermented dairy products (“Fura da nono” and “wara”) were cultivated in De Man Rogosa
and Sharpe (MRS) broth at 30 °C for 24 h for enrichment. One milliliter of a sample was
mixed with 9 mL sterile physiological saline (0.85% w/v, NaCl) to make an initial dilution.
Then subsequently, serially diluted and 1ml of the aliquot was inoculated using pour plate
method on molten De Man Rogosa and Sharpe (MRS) agar Cycloheximide at a
concentration of 0.01% (v/v) was added to the MRS plates in order to prevent the fungal
growth, The plates were packed and sealed in an anaerobic jar then incubated under
anaerobic condition at 30 °C for 48-72 h. Colonies with distinct morphological differences
(based on color, shape, size, rough or smooth surface) were selected. The catalase activity
and Gram reaction of the isolates were assessed. Gram-positive, catalase-negative and non-

motile microorganisms were preserved in 10% (w/v) skim milk containing 0.1% (w/v)
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sodium glutamate and maintained on agar slant for further characterization and
identification.

Evaluation of the LAB Strains for the Production metabolites

The LAB isolates were screened for the production of metabolites following modified
method of Ishola and Adebayo-Tayo [23]. The isolates were cultivated in MRS medium
and incubated for 8 hours to attain stationary phase. One milliliter of each of the working
cultures was transferred into 10 ml of MRS broth in 100 ml conical flasks incubated in an
anaerobic jar for 24 hrs at 30 °C. Ten milliliter Inocula (ODs0o=1.0) were inoculated into
200-ml conical flasks containing 90 ml of MRS broth and incubated at 30 °C for 36 hrs.
Samples were taken and analyzed for lactic acid, diacetyl, hydrogen peroxide, pH
development following methods of Awojobi et al., [24] as follows:

Determination of Hydrogen Peroxide Production

Twenty five milliliter of diluted sulphuric acid was added to the isolates' broth culture.
Titration of 0.1 N potassium permanganate was carried out The sample's decolorization was
taken as the end point (AOAC, 1990).

Determination of Lactic Acid Production

A titration using 3 drops of phenolphthalein as an indicator was carried out with the NaOH
(0.1 N) against a 25 ml broth culture of the isolates. The NaOH was gradually added until
the color turned pink. Each milliliter of NaOH equals 90.08 milligrams of lactic acid.
Determination of Diacetyl Production

Twenty five milliliter of the isolate broth culture and 7.5 ml hydroxylamine solution were
added to conical flasks for residual titration. HCI of 0.1 N was titrated with the
bromophenol blue as an indicator which turned to a greenish end point; 21.5 mg HCI =
diacetyl.

Molecular Identification of the LAB Isolate

The isolate was identified using molecular technique. Bacterial DNA was extracted from 18
hours old cultures using the Microbial DNA Isolation Kit (MO BIO, Laboratories,Inc.)
according to manufacturer's instructions. The 16S rRNA was amplified by PCR forall the
isolates using the primers: 16S forward primer (5'-AGAGTTTGATCCTGGCTCAG-3) and
16S reverse primer (5’ACGGCTACCTTGTTACGACTT-3'). PCR was performed. Each
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PCR reaction was run with a negative control (no DNA). The PCR products was
electrophoresed on 1.5% agarose gels, stained with 0.4 pg/ml ethidium bromide, and bands
visualized with a UV illuminator [25].

Sequence analysis

PCR product was cleaned utilizing EXoSAP- 1T (Affymetrix, Inc., USA). The 5 ul of post-
PCR reaction and 2 pl EXoSAP-IT reagents was mixed. The mix was incubated at 37 °C for
15 minutes followed by incubation at 80 °C for 15 minutes. Each purified template was
sequenced on both strands using 16s primers. The sequences of ITS 3 and 4 regions, 16s of
the tested isolates was edited in order to generate a consensus sequence from forward and
reverse sequence in the amplicon using sequence assembly software (DNA BASER). A
consensus sequence was analyzed by NCBI BLAST database for bacterial identities [26].
Antimicrobial properties of Bioactive Metabolites Produced by LAB isolates
Production of Bioactive Metabolites

The isolated strain of Lactococcus was grown in MRS broth (Hi Media, Mumbai) and
maintained anaerobically at 34 °C for 24 h. After incubation, cells were removed from the
growth medium by centrifugation (10,000 x g for 30 min, 4 °C) and passed through 0.2 mm
filter. The cell-free supernatant was adjusted to pH= 6.0 using 1N NaOH and used as crude
metabolite.

Determination of antibacterial effect of the bioactive metabolites

Antibacterial properties of the metabolites was determined by the agar well diffusion
method using standard organisms E.coli (ATCC 25922), Listeria monocytogenes (ATCC
15313), Salmonella typhimurium (IFO 12529), Staphylococcus aureus (ATCC 12600) as
the indicator strains. Nutrient agar was previously streaked with the test organisms on
different plates and they were incubated at 37 °C for 24 hours, after which a cockborer was
used to make hole of 6mm on each plate and 5 ml of bioactive metabolites was introduced
into the hole and plates were incubated for 24 hours to observe the zone of inhibition. Zone

of inhibition was measured in mm using ruler.
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Comparative Evaluation of Biopreservatative activities of LAB and Sodium benzoate
on Tomato pastes

The tomato pastes were then distributed into different sterile McCartney bottles. Prepared
Tomato paste was then pasteurized using High —Temperature-Short time method with water
bath pasteurizer at 85 °C for 15 mins [27]. One milliliter of the inoculum at (ODego=1.0)
was aseptically pipetted into 10ml of the pasteurized tomato paste inside McCartney
bottles. Similarly chemical preservative (Sodium benzoate) at 0.1% was mixed with 10ml
of the pasteurized tomato paste inside McCartney bottles. The treated tomato samples were
then stored under ambient conditions (25°C). The physicochemical parameters were
monitored as mentioned above for a period of 16 days for the assessment preservative
activities of the LAB isolate [24].

Data Analysis

After data collection, the instruments were checked for completeness and consistency. The
data was analyzed using statistical package for social sciences (SPSS) and Microsoft excel
2010. Analysis of variance (ANOVA) statistical test was used to determine the mean
difference between the treatments conditions used for the research. A 95% confidence level
was used and p< 0.05 or statistical value greater than 1.960 was considered statistically
significant. Descriptive statistics like frequencies and percentages were used to present the
result. Some results were expressed as mean + standard deviation, while others were

presented in clustered bar chart.
Results and Discusion

The physicochemical and nutritional values obtained were within the range documented in
the literature thus the nutritional and bioactive composition of tomatoes such as lycopene,
[-carotene and ascorbic acid presents tomatoes as a food of great interest all over the world
[28]. Current study evaluated the physicochemical, nutritional properties and

bacteriological load of the experimental tomato paste as presented in Table 1.0.
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Table 1. Physicochemical characteristics, Nutritional and Bacteriological Load of Tomato paste

Parameters Values

pH 4.0 £0.25
-Carotene (mg/kg) 12.35+1.60
Lycopene (mg/kg) 290.04 + 4.56
Ascorbic Acid (mg/L) 12.10£0.33
Titratable Acidity (%) 69.56 +2.40
Log Total Bacterial Counts (cfu/ml) 50+0.55

Values are means £ SEM (n=3) per treatment

The pH of the sampled tomato paste obtained in this study ranged from 4.8 — 5.0 fallen
within the expected range of 3-5 for fruits and vegetable juices [29,30]. The low pH of the
tomato has been attributed to the abundance of organic acid largely citric and malic acids
[31]. This result seemed to validate the literature information available on the pH values of
tomato fruit [32]. Stevens [33] reported that although the pH of ripe tomatoes may exceed
4.6, tomato products are generally classified as acidic foods (pH < 4.6).

pH below 4.5 is a desirable trait, because it effectively inhibits the proliferation of
microorganisms [34]. Lycopene is a natural pigment which is responsible for the reddish
coloration of tomatoes and other fruits [16]. The average lycopene content of raw tomatoes
has been reported at 30 mg kg [35]. However, higher values were obtained in this study,
this variance in lycopene accumulation could be attributed to the environmental factors
(temperature, light, growing season and location), and the agricultural techniques [36,37]
(Dumas et al., 2003; Toor et al., 2006). Similarly, the average p-carotene content of raw
tomatoes has been reported at 3.9 mg kg [38].

The presence of Vitamin C in the fruit and vegetable is highly essential since it plays a
crucial role in the body forms and metabolic functions[39], and as such the mean values of
ascorbic acid content as evaluated was 46.33 + 2.98 mg/cm?® significantly in high
proportion. Again, high bacterial load of the tomato paste recorded in the study could be a
contamination from either water, equipment used during processing, airborne, soil borne
bacteria or tomato flora. Fermented diary product fura do nono used in this study provided

a good source for isolating Lactic acid bacteria. The LABs with the highest frequency of
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occurrence in the fura do nono was selected for the experiment. The occurrence of this
organism has been reported by various researchers [40,41]. This study demonstrated that
the selected LAB produced different biomolecules in sufficient quantities such as hydrogen
peroxide, diacetyl and lactic acid productions. The ability of this LAB strains to secrete
antimicrobial compounds confers the potential ability on them to extend the shelf life of
tomato paste and reduce the microbial load [24].

The phylogenetic relationship among the strain GANEE-5 and other related bacteria
downloaded from the GenBank database was constructed. The strain was in the
phylogenetic branches of the Lactococcus lactis. Strain exhibited a maximum identity (100
%) to Lactococcus lactis strain NBRC 100933 (NR 113960.1) showed in Fig. 1.0. The
bacterial isolate clustered with the members of the genera Lactococccus, thus
differentiating the bacterial isolate on the genetic basis. Incidentally, Biscola et al. [42] had
earlier reported that Lactococcus lactis 69 habor no virulence genes which implies that the
safety and potential technological application of this strain to inhibit undesirable microbial

growth is promising.

100| Burkholderia cepacia isolate MSMB16 (EF114403.1)

Pseudomonas aeruginosa strain HK1-2 (JN661695.1)
100/ pseydomonas aeruginosa strain XZPG11 (HQ844508.1)
ﬁ{ Escherichia coli strain 81402 (KR349257.1)
Escherichia coli strain JCM 1649 (LC069032.1)
%! Klebsiella pneumoniae strain DSM 30104 (NR 117686.1)
10l Klebsiella pneumoniae strain ATCC 13883 (NR119278.1)
100 Bacillus megaterium strain DSM 32 (NR 118962.1)
' Bacillus megaterium strain DSM 32 (NR 118962.1)

e ——
0.05

Fig 1. Phylogenetic tree constructed by Neighbor-Joining method derived from analysis of the 16S rRNA
gene sequences of native isolates and related sequences obtained from NCBI. Scale bar, 0.05 substitutions per
nucleotide position and numbers in parenthesis represent GeneBank accession numbers.
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Current study also evaluated the inhibitory effect of the isolated Lactococcus lactis sp.
lactis Ganee-5 against some selected bacteria. The result showed that the isolate produced
inhibitory compound against test organism namely E.coli (ATCC 25922), Listeria
monocytogenes (ATCC 15313), Salmonella typhimurium (IFO 12529), Staphylococcus
aureus (ATCC 12600). The diameter of zone of inhibition ranged from 18-25mm. The
mean values of the diameter of the zone of inhibition against Listeria monocytogene
(ATCC 15313) and Salmonella typhimorium (IFO 12529) was 18.72 mm and 25.44 mm
respectively. The test organisms' sensitivity to bioactive metabolites varies greatly. The
bioactive compound impacts test organisms in varying degrees. The mean values recorded
for the zone of inhibition was 25.00 mm and 22.00 mm for both Staphylococcus aureus
(ATCC 12600) and E.coli (ATCC 25922) respectively (Table 2.0). These findings are in
line with the work of Sahraoui et al. [43] who reported that Lactococcus lactis ssp. lactis
KJ660075 strain showed a remarkable antibacterial inhibition almost against several food
borne pathogens and spoilage bacteria. Also, Yang et al. [44] also found that inhibitory
effect against several foodborne pathogens e.g. Listeria innocua, B. cereus, P. fluorescens,
Erwinia carotovora and Leuconostoc mesenteroides subsp. mesenteroides LAB isolated
from cheese and yogurt. Several Authors have reported the inhibitory properties of Lactic
acid bacteria against various spoilage and pathogenic bacteria [45,46].

Table 2. Inhibitory effect of the Lactococcus lactis strain GANEES against selected test organisms

Test organisms Zone of inhibition (mm)
E.coli (ATCC 25922) 22.00 £ 1.60
Listeria monocytogenes (ATCC 15313) 18.00 £0.72
Salmonella typhimurium (IFO 12529) 20.00 £1.10
Staphylococcus aureus (ATCC 12600) 25.00% +1.44

Several Authors have hypothesized different mechanisms for the antagonistic activity of
LAB metabolites against the spoilage bacteria. The inhibitory effect of lactic acid is due to
undissociated forms of the acids which penetrates the pathogen’s membrane and liberate

hydrogen ion in the neutral cytoplasm thus inhibiting vital cell functions [47]. Diacetyl is
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known to have a very effective and strong oxidizing effect on organism’s cell especially
bacteria [48]. In the same way, the antibacterial activity of the LAB was presumed to be
associated with synthesis of organic acid, hydrogen peroxide and bacteriocins and this fact
may contribute to their colonizing and competitive ability [49]. The authors also claimed
the bacteriostasis and death of susceptible bacteria were indeed due to the neutralization of
organic acids on the cyctoplasmic membrane, and thus increasing its permeability. This
mechanism causes the cell ruptures and eventually Kills the bacteria [50].

On the whole, inhibitory activity of LAB has been reported to be due to a combination of
many factors such as production of lactic acid which brings about reduction of pH of the
fermentation medium [51] and production of inhibitory bioactive compounds such as
hydrogen peroxide and bacteriocins which are responsible for most antimicrobial activity
[4,23]. Lactic acid bacteria (LAB) play a major part in most fermentation processes, not
only because of their ability to improve the flavour and aroma but especially for their
preservative effects on food. LAB contributes to preservation by the production of a vast
array of antimicrobial compounds and proteins [52,53].

The bio-preservative potential of LAB metabolites has been tested on other food product
like suya [54] and chicken meat [55]. A major advantage in the use of lactic acid bacteria
and their metabolites is that they are considered as generally recognized as safe (GRAS)
and comply often with the recommendations for food products [56]. Unlike some chemical
preservatives, LAB metabolites have not been reported to have residual effect on the food
product or the consumer’s health.

The effect of Lactococcus lactis strain Ganee-5 biomolecules and sodium benzoate on the
ascorbic acid in preserved tomato paste is presented in Fig. 2. The Ascorbic acid decreased
as the number of days of storage increased in the control samples while samples preserved
with both sodium benzoate and Lactococcus lactis spp lactis as preservatives was stable
throughout the 16 days of storage. However, on the 10" days of storage, the ascorbic acid
of the control sample decreased and was significantly different to other samples (p > 0.05).
Incidentally the ascorbic acid of both the sodium benzoate and Lactococcus lactis spp lactis

preserved tomato paste was maintained throughout the storage period. This may be due to
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the degradation of tomato paste when exposed to heat, light, or oxygen, as suggested by
Akinola et al. [15] on an orange, watermelon, carrot, and ginger juice blend.

The ascorbic acid level in samples decreased with time. This observed diminution in
vitamin C content is in agreement with what was reported in literature. Vitamin C content is
known to be an important parameter for assessing the nutritional quality of fruits blends as
it degrades during storage [57]. This degradation is perhaps due to the high sensitivity of
ascorbic acid to oxygen, light and heat - and consequential oxidation in the presence of
oxygen by both enzymatic and non-enzymatic catalyst [59]. At 16th day, sample with
sodium benzoate gave higher ascorbic acid level (12.10 mg/100 g) than sample with
metabolite (10.26mg/100 g); this implies that sodium benzoate preserved ascorbic acid
more than metabolite during the storage period. Consequently, vitamin C contents of
tomato paste can be enriched using sodium benzoate as preservative, although, the abuse
(excess addition) of such preservative has been linked to food poisoning/toxicity, immune
depression and cancer in human [60].

The effect of Lactococcus lactis spp lactis strain Ganee-5 biomolecules and sodium
benzoate on the B-carotene in preserved tomato paste is presented in Fig. 3. The beta
carotene content of the preserved tomato paste both with the sodium benzoate and
Lactococcus metabolite preservatives showed slightest decrease in p-carotene content in
both preservatives significantly not different (p > 0.05) throughout the storage time. While,
there was remarkable decrease in the B-carotene of the control sample. Incidentally, B-
carotene was not detected after 16 days of storage. The gradual decrease in beta-carotene as
observed in result presented in (Fig 3) may be due to changes in surrounding storage
temperature. This gradual decrease in beta-carotene during storage was also observed by
Awsi [67].

The effect of Lactococcus lactis spp lactis strain Ganee-5 biomolecules and sodium
benzoate on the titrat  able acidity in preserved tomato paste is presented in Fig.4. The
titratable acidity increased as number of days of storage increased and the highest values
was recorded in the sodium benzoate preserved samples followed by Lactococcus lactis spp

lactis strain Ganee-5 biomolecules preserved sample and the lowest in control sample.
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The effect of Lactococcus lactis spp lactis strain Ganee-5 biomolecules and sodium
benzoate on the lycopene in preserved tomato paste is presented in Fig. 4. Result showed
that lycopene retention was lowest in control sample whereas treatment with metabolite
recorded high lycopene content (Fig. 5), although retention of lycopene was higher in
sodium benzoate. Lycopene retention of the control sample ranged from 1.56 mg/kg —14.3
mg/kg on the 12th day. The lycopene content was not detected in day 14-16 of the control
samples. Lycopene content in tomato paste preserved with metabolites ranged from 12.22
mg/kg — 14.3 mg/kg while sodium benzoate treated tomato paste recorded ranged from 13.0
mg/kg — 14.3 mg/kg. Lycopene content was decreased during storage period for all
samples. The loss of lycopene at all conditions might be due to oxidation which depends on
temperature, moisture etc [69].

14 -

| Control
B metabolites
H Na-benzoate
a T T T
2 4 6 8 10 12 14 16

Storage period {(days)

Ascorbicacid Contents (mg/L)

Fig 2. Effect of Lactococcus lactis metabolite and sodium benzoate on the ascorbic acid content of
tomato paste over a storage time
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Fig 4. Effect of Lactococcus lactis metabolite and sodium benzoate on the titratable acidity content
of tomato paste over a storage time
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Fig 5. Effect of Lactococcus lactis metabolite and sodium benzoate on the Lycopene contents of
tomato paste over a storage time

The use of lactic metabolites with biopreservative activity could improve the quality of
food and increase its safety by inhibiting the food-borne pathogens and spoilage

microorganisms.
Conclusion

This research work confirmed and supported the fact that vital physicochemical property of
tomato paste such as ascorbic acid, pH, titratable acidity, B-carotene and lycopene decrease
with advancement of storage time. Addition of preservatives (natural and synthetic) was
noted not to prevent the loss of ascorbic acid from the result, even though sodium benzoate
preserved better than L.Lactis metabolite, natural preservative (L.lactis metabolites) maybe
said to be better than synthetic preservative as no negative impact on humans has been
ascribed to its use in tomato paste while use of preservative have been proved to mutagenic.
Finally, physicochemical analysis revealed that the tomato paste has good quality
characteristics without the addition of preservatives. Therefore, tomato should be consumed
fresh. It is therefore recommended that more research needs to be conducted to prove and
establish the results reported in this work, especially on the effect of preservatives (natural
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and synthetic). Also, storage period should be increased and mineral composition should be

analyzed in tomato paste and other vegetables.
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Schizosaccharomyces pombe’ de Magnezyum Kisitlamasinin

Glukoz Transportu Uzerine Etkisinin Arastiriimasi
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OZET
Magnezyum, enerji metabolizmasi, niikleik asit ve protein sentezi, sinyal iletimi, hiicre

boliinmesi gibi birgok biyolojik siire¢ i¢in hayati dnem tasir. Magnezyum homeostasisinin
bozulmasi, kardiyovaskiiler hastaliklar, hipertansiyon, tip 2 diyabet ve kanser basta olmak iizere
¢ok sayida hastalikla iliskilendirilmistir. Diinya ¢apinda 300 milyondan fazla insan tip 2 diyabet
ile miicadele etmektedir ve bu say1 katlanarak artmaktadir. Klinik calismalar, tip 2 diyabetli
hastalarda serum magnezyum seviyesinin diistiigiinii ve magnezyum takviyesinin glukoz
metabolizmasi iizerine olumlu etkileri oldugunu gostermistir. Bu ¢alismada, biyolojik siiregler
ve genetik mekanizmalar bakimindan memeli hiicreleriyle benzerlik gdsteren
Schizosaccharomyces pombe mayasinin magnezyum transportu kisitli mutant susunda glukoz
tiketimi ve glukoz tasiyicilarinin (ghtl, ght2, ght5) anlatim seviyeleri arastirilmigtir.
Magnezyum transportu kisitli olan mutant susta, besi ortamina ilave edilen magnezyum artisina
bagli olarak glukoz tiiketimi artmigtir. Glukoz tastyicilarindan ghtl, ght2’nin anlatim diizeyi, 30
mM Mg*? destekli ortamda artmis, sus icin optimum iiremenin goriildiigii daha yiiksek
magnezyum konsantrasyonunda (75 mM) azalmis, ght5’in anlatim diizeyinde ise anlamli bir
degisim bulunmamustir. Bulgularimiz, glukoz tasiyicilarindan ghtl ve ght2’ nin ght5’ ten farkli
bir mekanizma ile diizenlendigini isaret etmektedir.
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Investigation of the Effect of Magnesium Restriction on Glucose
Transport in Schizosaccharomyces pombe

ABSTRACT
Magnesium is vital for many biological processes such as energy metabolism, nucleic acid, and

protein synthesis, signal transduction, and cell division. Impairment of magnesium homeostasis ARTICLE HISTORY

is associated with many diseases, especially cardiovascular diseases, hypertension, type 2 1R§ f;)\:ﬁdzozz
diabetes, and cancer. More than 300 million people worldwide struggle with type 2 diabetes, Accepted

and this number is growing exponentially. Clinical studies have shown that serum magnesium 27 April 2022
levels were decreased in patients with type 2 diabetes and that magnesium supplementation has KEY WORDS
positive effects on glucose metabolism. In this study, glucose consumption and the expression magnesium
levels of glucose transporters (ghtl, ght2, ght5) were investigated in magnesium transport- deficiency,
restricted mutant strain of Schizosaccharomyces pombe yeast, which is similar to mammalian glucose transport,
cells in terms of biological processes and genetic mechanisms. In mutant strain with limited S. pombe

magnesium transport, glucose consumption increased due to the increase in magnesium added
to the medium. The expression level of ghtl, ght2, one of the glucose transporters, increased in
30 mM Mg?* supplemented medium, decreased at higher magnesium concentration (75 mM),
where optimum growth was observed for the strain, and there was no significant change in the
expression level of ght5. Our findings indicate that the glucose transporters ghtl and ght2 are
regulated by a different mechanism than ght>5.

Giris

Magnezyum (Mg*?), karyotik hiicrelerde potasyumdan sonra en fazla bulunan katyondur
[1]. Memeli hiicrelerinde magnezyum konsantrasyonu ~10-30 mM civarindadir. Hiicrede
magnezyum negatif yiikli yapilara; ATP, DNA ve RNA gibi fosfat gruplar tasiyan
makromolkiillere, ribozomlara ve hiicre mebranina bagl olup, ~0.5-1.2 mM diizeyinde de
serbest iyon olarak bulunur [2]. Bununla birlikte, negatif yiiklii gruplar tasiyan yapilara
baglanarak yapisal kararlilik saglamanin yaninda, niikleik asit, protein, lipid, glukoz ve enerji
metabolizmast gibi 6nemli biyolojik silireglerde yer alan 600’ den fazla enzimin
kofaktorii/allosterik diizenleyicisi olarak hayati 6nem tasir [2].

Magnezyum, evrensel enerji molekiiliit ATP’ ye baglanip, fosfat transferini kolaylastirarak
ATP’ yi biyolojik olarak aktif duruma getirir [3]. Glukoz, prokaryotlardan tek hiicreli
Okaryotlara ve omurgalilara kadar ¢ok cesitli canli tiirlinde, hiicrenin biyosentez ve

fonksiyonel islevleri i¢cin gerekli ATP’ nin saglanmasinda baslica karbon kaynagidir.
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Glukozdan ATP sentezi siirecinde yer alan reaksiyon basamaklarinda, glikoliz evresi
(heksokinaz, fosfofruktokinaz, fosfogliserat kinaz, piruvat kinaz), krebs dongiisii (izositrat
dehidrogenaz, a-ketogluterat dehidrogenaz, piriivat dehidrogenaz) ve oksidatif
fosforilasyonda (ATP-sentaz) magnezyuma bagimli ¢ok sayida enzim gorev alir [4].
Magnezyum ATP sentez siireci disinda, pankreas beta hiicrelerinde hiicreye Ca*? girisini ve
buna bagli insiilin salinimin1 kontrol eder [5]. Insiiline duyarli pankreas, karaciger, kas, yag
ve beyin hiicrelerinde, insiilinin reseptoriine baglanmasi, insiilin reseptor tirozin kinazin
fosforilasyonu ve devaminda gergeklesen bir dizi fosforilasyon reaksiyonu Mg-ATP
kompleksine baglidir; bu reaksiyonlar sonrasinda glukoz transportu, glikojen, yag ve protein
sentezi gibi hayati hiicresel siire¢ler gergeklesir [5].

Magnezyum homeostasisini ve glukoz metabolizmasi ile iliskisini arastiran ¢ok sayida klinik
arastirma bulunmaktadir. Bu caligmalardan birinde, insiilin direnci, sismanlik, hipertansiyon
ve dislipidemi ile karakterize edilen metabolik sendrom tanis1 konulmus hastalarda, saglikli
bireylere kiyasla, serum magnezyum seviyesi fizyolojik alt sinir 0.75 mmol/L> den daha
diistik bulunmustur [6]. 10 yil siire ile takip edilen 817 katilimcinin yer aldig1 baska bir
calismada, siddetli hipomagnezemi bulunan bireylerde (serum Mg*?<0.5 mmol/L) aclik
glukoz diizeyinin yiiksek oldugu belirtilmistir [7]. 7 yil siire ile takip edilen 2582 katilimcinin
yer aldig1 diger bir calismada diyet ve takviye ile birlikte yliksek magnezyum alinmasinin
(365 mg/giin), glukoz metabolizmasi ile iligkili hastaliklarin gelisme riskini ~%30-40
oraninda diislirdiigli belirtilmistir [8].

22.900 diyabet tanili hastanin yer aldig1 yaklasik 21 bagimsiz calismada, serum Mg*2
konsantrasyonu diisiik bulunmustur [9,10,11]. Benzer sekilde baska c¢alismalarda,
diyabetiklerde hipomagnezemi goriilme sikliginin saglikli kontrol grubuna kiyasla oldukca
yiiksek oldugu gosterilmistir [12,13]. Calisma grubumuzun 2020 yilinda yaptigi bir
arastirmada normal referans araliginda bulundugu halde, kandaki Mg*? diizeyinin alt smira
yakin degerlerde bulundugu bireylerde diyabete yatkinlik riski olusabilecegi yoniinde
bulgular elde edilmistir [14].

Diyabet hastalarinda kan damarlarinda meydana gelen hasar nedeniyle yiiksek kan basincina
bagli olarak bdobrek yetmezligi gelisme riski yiiksektir [15]. Diyabete bagli bobrek

fonksiyonlarindaki bozuklugun sonucu olarak hipomagnezemi gelismektedir. Ayrica
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tedavide kullanilan insiilin duyarliligin1 artiran ilaglar da diyareye neden olarak
hipomagnezemiye neden olmaktadir [16]. Bununla birlikte insiilin tedavisi de magnezyumun
hiicre i¢ine girmesine neden olarak serum magnezyum konsantrasyonunun azalmasina neden
olur [17]. Hipomagnezemi, diyabet hastaliginin bir sonucu olarak goriilse de TRPM
(Transient Receptor Potential Melastatin) gibi magnezyum kanal proteinlerini kodlayan
genlerdeki mutasyonlarin bir sonucu olarak da gelisebilmektedir [18, 9].
Schizosaccharomyces pombe (S. pombe) mayasi1 yetistirilmesi kolay, genom yapisi
aydmlatilmis [32] okaryatik bir model organizma olup, kromozom organizasyonu [19],
rekombinasyon [33], stres yanit mekanizmalari [34], hiicre dongiisii [35], mRNA kirpilma
mekanizmalar1 [36] bakimindan yiiksek okaryotlarla benzerlik tagimasi nedeniyle glukoz ve
magnezyum metabolizmasinin arastirilmasinda tercih edilmektedir. S. pombe’ de, 8 heksoz
tastyict protein (Ghtl-Ght8) tanimlanmistir [20]. Bunlardan Ght5, yiiksek afiniteli
glukoz/fruktoz:proton tastyicisidir ve baslica glukoz transportundan sorumludur. Ghtl ve
Ght2, glukoz afinitesi Ght5’ den daha diisiik olan glukoz tasiyicilaridir. Diger heksoz
tastyicilart fruktoz, glukonat gibi farkli heksozlarin taginmasindan sorumludur [21]. Ght5” in
transkripsiyonu ve lokalizasyonu insandaki glukoz transport proteinlerine (GLUT) benzer
sekilde diizenlenir. Yiiksek glukoz igeren besi ortaminda (%3) Scrl baskilayici protein ghts’
in anlatimini baskilar, diisiik glukoz ortaminda (%0.1) baskilayici protein nukleustan ayrilir
ve ght5 anlatim yapar [21].

S. pombe mayasinda magnzeyum transportu tamamen aydinlatilamamistir. Magnezyum
transportundan sorumlu proteinler, hiicre membraninda Saccharomyces cerevisiae
mayasindaki CorA protein ailesine ait ALR1 (Aluminum resistance protein 1) homologu
(SPBC27B12.12¢) kanal proteini, mitokondri membraninda MRS2 (Mitochondrial RNA
Splicing 2) homologu (SPBC25H2.08c) [22] ve vakuol membraninda MNR2 (MaNganese
Resistance 2) homologudur (SPAC17A2.14) [23, 24, 25]. Hiicre membranindaki ALR1
homologu olarak bilinen Mg*? kanal proteinini tasimayan mutant S. pombe susu, besi
ortamina oldukea yiiksek konsantrasyonda Mg*? eklendiginde boliinebilmekte ve canliligini
stirdiirebilmektedir [24]. Bu ¢alismada, S. pombe’ nin plazma membranindaki ve vakuol
membranindaki Mg*? kanal proteinlerini tasimayan, hipomagnezemi i¢in model olusturan

susunda, glukoz transportunun ve glukoz tiiketiminin aragtirilmasi amaglanmistir.
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Materyal ve Metot

Kullanilan suslar ve besi ortamlari

Calisma kapsaminda bilinen iki Mg*? kanal proteinini kodlayan genler bakimimdan PCR
temelli delesyon yapilmis GA2 susu (ASPAC17A2.14 ASPBC27B12.12 leul-32 ura4-D18
ade6-M216 kanr) ve kontrol grubu olarak bu susun elde edildigi atasal sus Sp292 (leul-32
ura4-D18 ade6-M210 h-) kullanildi. Sp292 susunun fiiretilmesinde maya ekstreli sivi besi
ortam1 (YEL: yeast extract 5g/L, glukoz 30 g/L), maya ekstreli kat1 besi ortam1 (YEA: yeast
extract 5g/L, glukoz 30 g/L, 20 g/L) kullanildi. GA2 susunun {iretilmesinde, YEA besi
ortamina susun optimum iireyebildigi miktarda 200 mM MgClz, YEL besi ortamina 75mM
MgCl> eklendi.

Glukoz tiiketim analizi

20 ml YEL besi yerine 30 mM ve 75 mM diizeyinde MgCl> eklenerek hazirlanan deney
ortamlarma 0.1 OD (600nm), ~1x108 hiicre/mL, olacak sekilde hiicre ekimi yapilip, 24 saat
sonundaki hiicre silispansiyonlarindan elde edilen iist fazlar, Nzytec marka GOD-POD
kolorimetrik glukoz analiz kiti kullanilarak glukoz tiiketim miktarlar1 (g/L) belirlendi. Ug
biyolojik tekrardan elde edilen veriler GraphPad Prism 6 istatistik analiz programinda, one-
way ANOVA ve Tukey's Multiple Comparison Post testi ile degerlendirildi.

RNA izolasyonu ve cDNA sentezi

Logaritmik fazdaki ~0.6 OD (600nm) yogunlugundaki hiicre siispansiyonlarindan, fenol-
kloroform yontemi ile RNA izolasyonu yapildi [26]. Genomik DNA’ y1 uzaklastirmak i¢in
(Zymoresearch) DNase I (1 U/ul) 6rneklere uygulandi. Spektrofotometrik olarak saflik ve
miktar analizi yapildiktan sonra, 20 ng RNA o6rneklerinden (GeneMarkBio) cDNA sentez
kiti ile cDNA sentezi gerceklestirildi.

Real-Time PCR

Gen ekspresyonlarinin goreceli analizinde SYBR temelli Real-time PCR kullanildi.
SybrGreen I (GeneMarkBio), 5 pmol forward ve revers primerler kullanilarak, 20 ng RNA’ya
denk gelen miktarda ¢cDNA olacak sekilde toplam 20 pl hacimde reaksiyon bilesenleri
hazirlandi. Reaksiyon Applied Biosystem QuantStudio5 Real-time PCR cihazinda, 95 "C’de
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5 dakikalik bir 6n denatiirasyonu takiben, 45 dongiiden olusan 95 °C’de 15 saniye, 59 °C’de
15 saniye, 72 “C’de 15 saniye ve 60 °C’de 1 dk erime egrisi basamaklari ile gergeklestirildi.
Referans olarak actl geni kullanilarak ghtl, ght2 ve ght5 genlerinin anlatim diizeyi 244
yontemi [27] ile hesaplandi. Gen ekspresyonlarinin istatistiksel anlamlilik diizeyleri
GraphPad Prism 6 programinda, two-way ANOVA ve Bonferroni Post testi ile belirlendi.
Caligmada kullanilan primerlere ait dizi bilgisi Tablo 1’ de verildi.

Tablo 1 Calismada kullanilan primer dizileri

Forward primer Reverse primer
Actl TCATGCGTCTTGATCTCGCC ATTTCACGTTCGGCGGTAGT
Ghtl TTCAAGTCACCGCTGTTCCA CGAATATGGGGAGGAGCCAC
Ght2 TACCGGTTCCATTGGTGGTG AAGACCTTGACGAGCCGAAG
Ght5 CGTGGTGTTCAAGGCGAAAG CGTGGTAGCTAGATTCGGGC

Bulgular ve Tartisma

Farkhh magnezyum konsantrasyonlari iceren besi ortamlarinda glukoz tiiketimi
Schizosaccharomyces pombe’ nin bilinen Mg*? kanal proteinlerini (Aalrl Amnr2) tasimayan
GA2 susunda Mg*?ilavesi yapilmayan YEL besi ortaminda (Mg: ~ 0.2 mM) glukoz tiiketimi
en diisiik bulundu (5.4 g/L). En yiiksek glukoz tiiketiminin ise Sp292° nin YEL ve 30 mM
Mg*2 destekli YEL besi ortaminda (24.3-23.5 g/L) oldugu belirlendi (Sekil 1).

Glukoz Tiiketimi
30 0,9

[
[=)

Glukoz Tiiketimi (g/L)
OD (600 nm)

A S A S <o i
A0 PN AQ° 5% == Glukoz Tiiketimi (g/L)

—&— OD (600 nm)

Sekil 1 GA2 ve Sp292 suslarinda YEL, 30 ve 75 mM Mg*?ilave edilen YEL besi ortamlarinda glukoz
tiiketimi (g/L) ve hiicre yogunluklar1 (ODgoonm)
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Sp292 susunda 30 ve 75 mM Mg*?ilavesinin hiicre yogunlugunu anlamli bir sekilde azalttig1
belirlendi (p<0.05). Buna karsin, YEL ve 30 mM Mg*?destekli YEL besi ortamindaki glukoz
tiiketimi arasinda istatistiksel olarak anlamli bir fark bulunamadi. GA2 susu besi ortamina
Mg*?ilave edilmeden cogalamamaktadir. Besi ortamina artan konsantrasyonlarda Mg*? ilave
edildiginde hiicre yogunlugu ile birlikte glukoz tiiketiminin de artt181 belirlendi. 75 mM Mg*?
ilave edilen besi ortaminda, Sp292 susunun hiicre yogunlugu GA2 susuna kiyasla daha diisiik
olmasina ragmen, iki susun 75 mM Mg*? destekli besi ortaminda glukoz tiikketimi bakimindan
anlamli bir fark bulunamadi.

Calismamizda magnezyumu dis ortamdan hiicre igine alamayan, hiicrede Mg*? deposu olan
vakuolden sitoplazmaya ¢ikis1 olmayan, dolayisiyla depo organeldeki magnezyumu
kullanamayan S. pombe susu kullanilarak uzun siireli magnezyum eksikliginin glukoz
tiiketimi ve glukoz transportu iizerine etkisi arastirilmistir. Bu sus ~0.2 mM Mg*? iceren
zengin besi ortaminda (YEL) cogalamamaktadir, besi ortamina 75 mM Mg™ ilave
edildiginde gogalmasi ~%50 oraninda iyilesmektedir [25]. Besi ortamina 30 ve 75 mM olarak
ilave edilen Mg*, atasal susun (Sp292) ¢ogalmasini olumsuz yonde etkilerken, magnezyum
transportundan sorumlu genler bakimindan delesyonlu GA2 susunda belirtilen
konsantrasyonlar hiicre ¢ogalmasini iyilestirmektedir. Atasal susun (Sp292) cogalmasini

+25

olumsuz yonde etkileyen yiiksek konsantrasyondaki Mg’ nin, heniiz belirlenememis bir
tastyici sistemle GA2 susunda hiicreye kisitl oranda girdigi diistiniilmektedir.

Magnezyum eksikligi, karbonhidrat intoleransi ve insiilin dirienci ile de iliskili olup,
diyabetin gelismesinde ve ilerlemesinde etkili oldugu belirtilmektedir [28, 10]. Yapilan
epidemiyolojik calismalar, diyette magnezyum takviyesi yapilmasinin glukoz metabolizmast
ve insiilin duyarlilig1 {izerine olumlu etkileri oldugunu [29] tip 2 diyabet gelisme riskini
azalttigin1 [30] gostermektedir. Diger taraftan, diyabet tedavisinde kullanilan insiilin
duyarliligin1 artiran metformin vb. ilaglar, insiilin tedavisi, diyabete bagli gelisen bobrek

fonksiyon bozukluklari, hipomagnezemiye neden olur. Bu nedenle de hipomagnezemi

diyabet hastalarinda siklikla rastlanan durumdur.
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Farkhh magnezyum konsantrasyonlarinda glukoz tasiyicilarimin (ghtl, ght2, ght5)
anlatim diizeyleri

Zengin besi ortamina (YEL) 30 mM Mg*?ilave edildiginde, Sp292 susunda sadece ghtl’ in
ekspresyonu anlamli olarak artmistir (oransal kat artisi: 1,12), GA2 susunda ise ghtl ve ght2
genlerinin ekspresyonu artmis, ght5 geninin ekspresyonu azalmistir. 75 mM Mg*? ilave
edildiginde Sp292 susunda, ghtl, ght2 ve ght5 genlerinin ekspresyonu anlamli olarak
azalmig, GA2 susunda ghtl ve ght2 genlerinin ekspresyonu azalmis, ght5 geninin

anlatiminda anlamli bir degisme bulunamamustir (Sekil 2, Tablo 3).

1,8
1,6
3 1,4
>
a
8 12
E
w1
o
a
® 08
c
S
o 0,6
0'4 i
0,2
Kontn(al Sp292 (YEL+30 mM Mg) Sp292 (YEL+75 mM Mg) GA2 (YEL#30 mM Mg)  GA2 (YEL+75 mM Mg)
Sp292 (YEL)

Eghtl Eght2 Mght5

Sekil 2 Farkli Mg*™ konsantrasyonlarinda ghtl, ght2 ve ght5 gen ekspresyonu oransal kat
degisimlerinin karsilastirilmasi (***:P<0.001, **: P<0.01, *: P <0.05)

Tablo 3 GA2 ve Sp292 suslarinda 30 ve 75 mM Mg*? ilave edilen YEL besi ortamlarinda ghtl, ght2
ve ght5 gen ekspresyonlarinin oransal kat degisimleri

Sp292 Sp292 GA2 GA2
(YEL+30 mM Mg) = (YEL+75 mM Mg) (YEL+30 mM Mg) (YEL+75 mM Mg)
ghtl 1.122+0.128 0.664+ 0.063 1.43+0.131 0.648+ 0.06
ght2 1.124+ 0.077 0.579+ 0.099 1.387+ 0.058 0.582+0.019
ght5 0.843+0.116 0.773+ 0.052 0.654+0.074 0.899+ 0.071

+25

GA2 susunda zengin besi ortamina 30 ve 75 mM olarak ilave edilen M@’ nin, hiicre

boliinmesini tesvik etmesi nedeniyle glukoz tiiketimini arttirdig: goriilse de susun boliinmesi
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icin optimum Mg*? konsantrasyonunda (75mM) glukoz tasmmasindan sorumlu iki genin
(ghtl ve ght2) ekspresyonu azalmig, baslica glukoz taginmasindan sorumlu ght5’ in
ekspresyonunda ise anlamli degisim bulunamamistir. 30 mM Mg*? ilavesi ise ghtl ve ght2’
nin anlatimini arttirmis, ght5” in anlatimini azaltmistir. Atasal susta ise, besi ortamina 30 mM
Mg*? ilavesi ght1’ in anlatimini arttirmus, 75 mM Mg*? ilavesi her ii¢ glukoz tastyictyisinin
anlatiminda azalmaya neden olmustur. Bu bulgular bize ghtl ve ght2’ nin anlatiminin ght5’
ten farkli bir mekanizmayla diizenlendigini isaret etmektedir. Calismanin diger onemli
bulgusu, 30 mM Mg*? ilavesinin atasal susun ¢ogalmasmi olumsuz yonde etkilemesine
ragmen glukoz tiiketimini azaltmamasidir. Bu da daha az sayidaki hiicrenin daha fazla
glukoz tiikettigini gostermektedir. Bu bulgu ise 30 mM Mg*? ilavesinin, magnezyum
transport sistemi bakimindan saglikli olan susta cevresel stres yanitinin aktiflesmis
olabilecegini diisiindiirmekle birlikte aday stres yanit yolaklarinin (osmotik stres, oksidatif

stres, agir metal, 1s1 soku vb.) arastirilmast gerekmektedir.
Sonuc¢

Diinya Saglik Orgiitii’ niin 2016 yilindaki raporuna gore; diinya genelinde 400 milyondan
fazla diyabet hastas1 vardir, diyabet nedeniyle 1.5 milyondan fazla kisi ve buna ek olarak
diyabete bagli gelisen 6zellikle kardiyovaskiiler hastaliklar ve bobrek yetmezligi nedeniyle
2.5 milyondan fazla kisi hayatin1 kaybetmistir [31]. Bu kronik hastaligin basarili bir sekilde
yonetilmesi i¢in altinda yatan patofizyolojik mekanizmalarin aydinlatilmasi 6nem
tagimaktadir. Hipomagnezemi i¢in 6nemli bir model teskil eden maya susu ile yaptigimiz bu
calisma, magnezyum homeostasisi ile iligkili diyabet basta olmak iizere ¢esitli hastaliklarin
hiicresel mekanizmalarinin aydinlatilmasi bakimindan yapilacak ¢aligmalara 151k tutacaktir.
Aciklama ve Tesekkiir

Bu calisma TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destekleme Programinin,
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Characterization of Omega-3 and Omega-6 Fatty Acid

Accumulation in Chlorococcum novae-angliae Microalgae

Grown under Various Culture Conditions

Elifcan Caliskan'** , Berat Z. Haznedaroglu®”

ABSTRACT

Chlorococcum novae-angliae is a terrestrial green microalgae species with remarkable potential
to synthesize omega-3 (w-3) and omega-6 (-6) fatty acids. In this study, Chlorococcum novae-
angliae has been subjected to varying growth conditions (light, nitrogen, salinity, and
temperature) to investigate the accumulation of ®-3 and -6 fatty acids. Among tested growth
conditions, eicosapentaenoic acid, a-linoleic acid, y-linoleic acid, and arachidonic acid were
enhanced by nitrogen limitation. Significant increases were observed in concentration of linoleic
acid, an essential precursor molecule for the production w-6 fatty acids under decreased nitrogen
concentrations. Despite the lowest biomass growth, monounsaturated fatty acids and
docosahexaenoic acid were increased by 14.4% and 8.7% under low light intensities,
respectively. Meanwhile, the highest concentrations of palmitic acid (C16:0), stearic acid
(C18:0), and oleic acid (18:1cis-9) were also detected under nitrogen limitation. Total
accumulation of ®-3 fatty acids was highest in the control group, followed by nitrogen
limitation, whereas total ®-6 fatty acid accumulation was highest under nitrogen limitation
followed by the control group. Total lowest fatty acid concentrations were obtained under
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increased salinity while low temperature conditions heavily inhibited cellular growth.

Introduction

Fatty acids are essential components of cellular membranes composed of long aliphatic
carbon chains with carboxylic acid and methyl group at both ends [1, 2]. Long chain
polyunsaturated fatty acids (LC-PUFAS), in particular, play considerable roles in important
metabolic processes as storage and transport of energy, regulation of gene functions,
generation of eicosanoids, lipid peroxidation, acylation of proteins, cell signaling, and
inflammatory processes [3, 4]. Many LC-PUFAs also play prophylactic roles against various
diseases such as coronary artery, diabetes, cardiac arrhythmias, atherogenesis, and

hyperlipidemia [5]. Specifically, ®-3 and ®-6 fatty acids are required for cognitive functions
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and neural network as they maintain cell signaling [6]. A recent study reported that regular
intake of -3 and ®-6 fatty acids hinders developing major depression and Alzheimer’s
disease [7]. Among them, linoleic acid (LA) and a-linoleic acid (ALA) were recommended
to be included in daily diets of humans as they cannot be synthesized de novo due to lack of
A12 and A15 desaturase enzymes [8]. Linoleic acid and ALA are important precursors of ®-
3 and -6 fatty acids respectively. Alpha-linoleic acid is a key structural component required
for biosynthesis of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) and
produced in mammals in very limited quantities [2]. Alpha-linoleic acid and arachidonic acid
(AA) are precursors for prostaglandins, critical immune response mediators such as
inflammation, patent vasodilators regulating the body's defense mechanism after injuries and
infections [9]. Both EPA and DHA are recommended as dietary supplements for brain and
nervous system development, cardiovascular health, visual function, memory and learning
and cognitive maintenance and infant development [6]. Impulses generated between the
brains cells are significantly affected by DHA [10]. In addition, DHA is one of most
substantial components which take place in retina membrane and play role in signaling
mechanisms in the eye [11]. Recent studies indicate the presence of the EPA at certain doses
in the entire human body promotes inflammation control and enhances the immune system
[12]. Substances obtained from EPA also play vital roles in combating heart disease, and
chronic and inflammatory processes [10]. EPA and DHA also play a strong role in the body's
defense mechanism in reducing inflammation and eliminating reactive oxygen species (ROS)
at the cellular level [13]. Meanwhile, LDL (High density lipoprotein) and VLDL (very low
density lipoprotein) levels in human blood plasma are considerably related with ®-3 fatty
acids that have significant impacts on TAG (triacylglycerol) production [4].

Stearidonic acid (SDA, C18:4n3) and docosapentaenoic acid (DPA, C22:5n3) are other
notable ®-3 fatty acids which have been identified as important needs for human well-being
in addition to EPA, DHA and ALA [14]. Arachidonic acid and y-linoleic acid (GLA) are
considered to be essential w-6 fatty acids made from LA [1]. Gamma-linoleic acid is the
initial product of a synthesis of w-6 fatty acids which is further synthesized with DGLA after
LA reaches the human body. This fatty acid is essential for the metabolism of ®-6 fatty acids
where homo-y-linolenic acid (DH-GLA) is converted to AA through the action of A5
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desaturase enzyme [15]. Certain diseases like cancer and diabetes have been reported to have
disruptive effects on the conversion of LA to GLA [16]. In fact, some studies suggest that
daily intake of GLA may be a possible solution for the circulation of the metabolism of ®-6
fatty acids [17-19].

All these potential health benefits has created a growing market demand for -3 and ®-6
fatty acids leading to overfishing and decreased fish stocks [20]. While the demand for fish
oil as a source of ®-3 and ®-6 fatty acids increased, some serious issues also emerged in
recent years. Unwanted odors and burping of fish oil, bioaccumulation of heavy metals and
organic pollutants into fish bodies, diminished fish stocks due to overfishing are some of the
key issues. Meanwhile, fish oil cannot to be recommended as the sole source of EPA and
DHA due to the possible accumulation of toxic chemicals, heavy metals (i.e. copper,
mercury) and other synthetic pollutants (i.e. PCB and dioxin) present in water bodies due to
industrial and agricultural discharges and other anthropogenic activities contributing to
environmental pollution [21]. Such overarching issues related to fishing and aquaculturing
suggest vegan sources of ®-3 and ®-6 fatty acids such as microalgae as sustainable alternative
strategies to meet consumer needs in a much broader range [14]. As such, most biotechnology
companies have started to prefer microalgae feedstock for large-scale production of EPA and
DHA, as they are primary producers of ®-3 and -6 fatty acids [22, 23]. As a reliable source
of bioactive compounds, microalgae have tremendous capability to produce substantial
amounts of EPA and DHA and are regarded as important sources of LC-PUFAs.

Additional benefits of using microalgae feedstock include their faster growth rates and higher
production of biomass relative to other omega-rich plants and crops [24]. Microalgal
production systems do not compete arable land space for agricultural activities, and
freshwater resources are not required if marine or brackish species are preferred [25].
Microalgae also offer the most promising results for conservation benefits as they can be
grown with sustainable inputs such as solar light, atmospheric carbon dioxide and recycled
nitrogen and phosphorous from pasteurized/pre-treated waste streams.

Microalgae also display exceptional versatility with highly adaptive capacities to complex
environmental conditions [26]. However, in order to achieve economical, efficient and

sustainable large-scale production for m-3 and w-6 fatty acids, microalgal production metrics
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need to be optimized. Several cultivation parameters including nutrients (particularly
nitrogen and phosphorus), light intensity, temperature, pH, and salinity have considerable
impacts on biochemical characteristics of microalgae, and influence biomass growth and -
3 and -6 fatty acid accumulation. Among these parameters, shifts in temperature influence
cellular structural components such as membranes and organelles by changing composition
of lipids and proteins. Also, temperature changes have strong impacts of enzymatic activities
as a result of oscillations in reaction kinetics [27]. Light is another vital parameter for
photosynthesis which significantly affects metabolic activities of microalgae [28]. High light
intensity is a favorable condition for microalgal growth and production of pigments as it
increases photosynthetic activity, however, it might not be favorable for all types of fatty
acids. As another important parameter, salt stress could be applied as some studies show that
high salt levels in the growth media promotes production of lipid-based pigments,
specifically carotenoids. However, increased levels of salt in media reduces microalgal
growth [29]. As a macronutrient, nitrogen plays an important role in microalgae cells since
accessory pigments such as chlorophylls a and b, vital for photosynthetic efficiency and non-
photochemical active pigments such as carotenoids contain nitrogen. In the absence of
nitrogen, while protein rich compounds such as chlorophylls a and b are consumed to
maintain cell growth and serve as nitrogen pools for vital proteins, lipids and carbohydrates
are increased for long term energy storage as a response to nitrogen stress [30]. It should be
noted that the effects of these parameters are mostly species/strain specific, and optimal
conditions for one species/strain may not always be beneficial for others [3]. Therefore, it is
important to understand the roles of these parameters play in different microalgae species’
metabolic responses and overall accumulation of desired bioproducts. With respect to lipid
and fatty acid metabolism, one of the common strategies is to expose microalgae to different
growth conditions by varying temperature, light, salinity, and nutrient levels [27, 28, 31, 32].
This study examined the effects of four varying growth parameters (light, nitrogen, salinity,
and temperature) on a terrestrial green microalgae Chlorococcum novae-angliae strain SAG
5.85 in an effort to characterize accumulation of ®-3 and -6 fatty acids. The rationale for
choosing this strain was The Culture Collection of Algae at Georg-August-Universitéit (SAG,

Gottingen, Germany), where the seed culture was obtained, has listed this strain as a potential
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oleaginous species in a large scale screening study [33], yet, this is the first study
comprehensively investigating fatty acid profile of terrestrial C. novae-angliae SAG 5.85
grown in liquid culture medium with varying light, nitrogen, salinity, and temperature. The
results shed light on optimal conditions for this green microalgae species to achieve

commercial scale »-3 and w-6 fatty acids production goals.
Materials and Methods

Microalgal strain selection and culture maintenance

Chlorococcum novae-angliae strain SAG 5.85 was originally isolated from soil samples of
semi-desert ecosystem of Cahuilla Reservation (Arizona, USA) and deposited at SAG.
Obtained seed cultures were transferred to modified Bold’s 3N (MB3N) liquid culture
medium [34]. Seed cultures were maintained in 500 mL gas wash bottles with a working
volume of 350 mL until they reach mid-exponential growth phase (i.e. 4-5 days) prior to
experimental conditions. Cultures were supplied with 0.22 um filtered air at 0.5 L/min and
illuminated with 16000+200 lux light intensity for 14:10 h (light:dark) cycles. Reactor pH
levels were maintained at 7.5+0.5. As air diffusers have provided sufficient homogenization,
no further mixing has been provided to reactors. Seed cultures reaching mid-exponential
phase were harvested at 4500 rpm for five min at 4°C by centrifugation (U-320R, Boeco,
Germany) and washed twice with phosphate buffered saline. Concentration of seed culture
were determined using a hemocytometer (Neubauer, Isolab, Wertheim, Germany) and were
inoculated into experimental reactors at a starting concentration of 3x10° cells/mL.
Experimental set-up and culture growth conditions

All experimental conditions were conducted in a temperature controlled 6L flat panel
photobioreactor (PBR) system (Subitec, Germany) (Fig. 1). Reactor pH values were
maintained at 7.5-8.0 by pure filtered CO> intermittently pumped into the reactors via
automated solenoid system. The reactor was supplied with 0.22 pum filtered air at 0.5 L/min.
Temperature was kept at 25°C+1 for all experimental conditions except the temperature test

condition (17°C+1).
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Fig 1 Six-liter capacity photobioreactor systems used for experimental cultures

For nitrogen test, concentration of NaNOsz in MB3N medium were decreased to 1.47 mM
(original recipe was 8.82 mM). Light intensity applied to PBR through a sodium lamp was
kept at 11100 lux except light test condition where intensity was decreased to 5500 lux. For
salinity test, NaCl concentration was increased 2X fold (0.86 mM compared to 0.43 mM in
original recipe). All experimental growth conditions and the control group can be seen in
Table 1.
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Table 1 Culture growth parameters of Chlorococcum novae-angliae for each tested condition (Bold
indicates changed parameter with respect to the control group)

Parameter Control Light Nitrogen  Salinity Temperature

Light intensity 11100 lux 5500 lux 11100 lux 11100 lux 11100 lux
Aeration rate 100 L/min 100 L/min 100 L/min 100 L/min 100 L/min
Temperature 25°C+1 25°C+1 25°C=1 25°C+1 17°C=+1
NaNOsconc. 882mM 882mM 147mM 8.82mM 8.82 mM

NaCl conc. 043 mM 043 mM 043mM 086mM 0.43 mM

All experiments were completed in biological triplicates. Optical density measurements were
taken at 680 nm wavelength using a spectrophotometer (DR3900, Hach Lange, Manchester,
UK) and cell counts were determined every two days using a hemocytometer. Growth rates
were compared in exponential phase based on the equation given below.

Growth rate = In(X1)-In(Xo)/N1-N>

where

Xz1: Cell number at the end of exponential phase

Xo: Cell number at the beginning of exponential phase

N1: Number of days at the end of exponential phase

N2: Number of days at the beginning of exponential phase.

Cultures were harvested by on Day 6 at early stationary phase by centrifugation, washed
twice and the biomass pellets were lyophilized at -80°C (Hypercool, Gyrozen, Frankfurt,
Germany) and stored at -80°C ultra-low temperature freezers prior to lipid and fatty acid
analyses. An aliquot from each reactor was processed for dry cell weight (DCW)
measurements [35].

Lipid extraction

For total lipid extraction a modified protocol was adopted from Breuer et al. and Bligh and
Dyer [35, 36]. One mL of extraction solution with 50 mM Tris and 1M NaCl was prepared
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at pH 7 and added to 100 mg lyophilized algal biomass. For cell wall disruption and
homogenization, acid-washed and autoclaved glass beads were added to extraction vials (for
each extraction 0.3 g of 0.1 mm and 0.1 g of 0.5 mm diameter glass beads were used). As
internal standard, a mixture of nonadecanoic acid (C19:0) and chloroform: methanol 4:5 (v/v)
was prepared at 50 mg/L concentration and processed with each extraction. Samples were
homogenized using a bead beater (Minilys, Bertin Technologies, France) for 60 seconds for
8 times with 60 seconds of cooling intervals on ice. Following the homogenization, samples
were transferred into 50 mL glass centrifuge tubes with Teflon insert screw caps. A mixture
of 2.5 mL de-ionized water (DIW) containing 50 mM Tris and 1 M NaCl was added into
glass tubes, vortexed briefly and sonicated for 10 min (Sonorex Super RK 102 H, Bandelin,
Germany). Next, tubes were centrifuged at 1200Xg for 5 min. Bottom phases were
transferred into new clean glass tubes by glass Pasteur pipettes. Extraction process steps were
repeated with chloroform addition to fully recover lipids. Lastly, chloroform was evaporated
under N2 gas stream and the weights of lipid extract tubes were measured. The initial record
(tare tube weight) was removed from final measurement providing the amount of total lipids
extracted.

Transesterification reactions

Three mL of methanol with 5% sulfuric acid (v/v) were added to dried lipid samples and
tightly closed. The samples were incubated in a water bath (Maxturdy-30, Daihan Scientific,
Wonju, South Korea) at 70°C for 3 h and vortexed in every 30 minutes to avoid boiling. Once
samples were cooled, 3 mL of DIW water and 3 mL of hexane were added, briefly vortexed
and rotated at 15 rpm for 15 min (Wisemix RT-10, Witeg, Wertheim, Germany). Following,
samples were centrifuged at 1200Xg for 5 min, and upper 2 mL of organic phase were
collected and transferred into clean glass tubes. A washing step was done using 2 mL DIW
added to each collected sample. Finally, the tubes were vortexed and centrifuged at 1200Xg
for 5 min, transferred to GC vials and stored at -20°C until analytical measurements.
Analytical measurements and fatty acid methyl ester (FAME) profiling

Identification and quantitation of FAMEs were conducted on a GC system (7820A, Agilent,
Santa Clara, CA, USA) equipped with a flame ionization detector (FID). Five ul of FAME

samples were injected in splitless mode into HP-88 column (Agilent) with dimensions of 100
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m length x 0.25 mm diameter x 0.2 pm film thickness. The temperature program was as
follows: initial 140°C hold for 5 min; followed by 4°C/min ramp to 240°C with a 15 min
hold. Column flow was set at 1 mL/min and nitrogen was used as carrier gas set at 280°C.
Run time for each sample was appx. 45 min. Identification and quantification of individual
FAMESs were done using a standard calibration mix (Supelco 37 FAME Mix, Sigma Aldrich,
St. Louis, MO, USA) injected at 1 pl using same run method. By comparing peak area of
reference standard with peak area of the target, concentrations of each FAME were
calculated.

Statistical analysis

All experiments were conducted in biological triplicates and the calculated data values were
reported as mean =+ standard deviation. Statistical analyses were based on two-tailed paired
t-test computed in MS Excel (version 16.42 Microsoft, Redmond, Washington, USA).
Results were considered statistically significant only if P <0.05.

Results

Culture growth metrics and total lipid content

Growth metrics of C. novae-angliae under each experimental condition were monitored and
evaluated based on optical density, cell counts, growth rates and dry cell weight (DCW). As
presented in Fig. 2, on harvest Day-6, all experimental conditions except salinity test resulted
in lower cell counts than the control group, followed by nitrogen and light variations (Fig.
2A). Absorbance values measured under salinity test were slightly higher than the control
group (Fig. 2B). Decreased temperature condition completely suspended cellular growth with
no increase in optical density and cellular count (Fig. 2). Accordingly, lower temperature

exposed cultures were not pursued for further characterization.
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Fig 2 Cell count (A) and optical density (B) measurements of Chlorococcum novae-angliae for
each tested condition

Growth rates were highest for increased salinity and calculated as 1.32 cells/day followed by
the control group (0.61 cells/day), decreased nitrogen (0.45 cells/day), and light (0.23
cells/day) test conditions (Table 2). Average DCW measurements on harvest Day-6 indicated
control group had the highest biomass concentration at 0.48 g/L, followed by nitrogen (0.37
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g/L), salinity (0.28 g/L) and light test conditions (0.14 g/L) (Table 2). Despite marginally
better performance in final cell counts (Fig. 2A), average total lipid content was higher in the
control group (21.77%) compared to increased salinity (17.40%) followed by decreased light
(16.33%) and nitrogen (13.93%) test conditions (Table 2). Changes in total lipid contents
compared to control group were not statistically significant except decreased light condition.

Table 2 Culture growth metrics and total lipid accumulation of Chlorococcum novae-angliae under
tested conditions

- Growth rate Dry cell weight (DCW) Total lipid content
Test condition
(cells/day) (/L) (% DCW)
Control 0.61 0.48+0.34 21.77+3.48
Light 0.23 0.14+0.13 16.33+0.71"
Nitrogen 0.45 0.37+0.01 13.93+7.04
Salinity 1.32 0.28+0.06 17.40+2.90

Temperature - - -

“Change is statistically significant (P < 0.05).

Saturated fatty acid profiles

Palmitic acid (C16:0) and stearic acid (C18:0) were the most dominant saturated fatty acids
(SFAs) with highest concentrations among all experimental conditions including the control
group (Table 3). The highest total saturated fatty acid (SFA) concentration was observed
under decreased nitrogen (700.5 ng/ul) which was 71% higher than the control group where
total SFA concentration was 497.81 ng/ul. Cultures exposed to low light intensity resulted in
a total saturated fatty acid (SFA) concentration of 366.11 ng/ul, which was 26.4% lower than
the control group. Cultures grown in increased salinity accumulated the lowest amount of
SFAs at 148.23 ng/ul, 29.78% lower than the control group (Table 3). Changes in total SFA
concentrations were statistically significant (P < 0.05) for all experimental conditions

compared to the control group.
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Table 3 Saturated fatty acid (SFA) profiles of Chlorococcum novae-angliae under tested conditions

Fatty Acid Concentration (ng/pul)

Fatty Acid Control Light Nitrogen Salinity
C6:0 1.62+2.8 2.20+3.12 0.47+0.82 1.62+1.23
C8:0 6.04+0.68 3.07+£0.9 5.94+2.42 0.51+0.22
C10:0 0.64+0.55 0.33+£0.3 0.2+0.02 0.75+0.22
C11:.0 0.33+0.05 0.3+0.08 0.07+0.12 0.03£0.05
C12:.0 0.74+0.31 0.45+0.18 1.28+0.23 0.17+0.07
C13:0 1.49+1.43 1.84+0.78 0.22+0.03 0.54+0.69
C14.0 38.83+£3.46 27.03£9.37 46.45+6.58 7.92+4.64
C15:0 4.55+0.85 3.49+1.25 5.65+0.76 1.25+0.65
C16:0 344.1£20.57 270.45+81.12 492.46+61.26 87.65+45.92
C17:.0 17.44+3.35 10.33+4.64 19.87+19.87  3.88+2.09
C18:0 47.28+3 28.87+10.01 78.45+£8.11  21.06£10.54
C20:0 13.21£1.97 7.53+1.89 17.52+2.55 3.44+1.63
C21.0 2.72+0.3 1.16£1.11 1.84+1.05 0.75+0.95
C22.0 5.32+1.24 3.53+2.64 6.51+0.81 6.25+5.84
C23:.0 9.24+8.88 4.38+3.93 10.88+15.68 3.39+2.02
C24.0 9.24+4.52 1.15+0.44 12.68+19.68 9.02+10.6

Sum of SFAs 497.81+27.40 366.11+103.92 700.50+96.3 148.23+77.3

Under decreased nitrogen test condition, palmitic acid and stearic acid levels, which are
essential precursors SFAs for the biosynthesis of polyunsaturated fatty acid (PUFA) were
increased by 69.88% and 60.26% compared to control group respectively, whereas decreased
by 21.41% and 38.94% under decreased light and 74.53% and 55.46%, increased salinity test
conditions compared to control group respectively (Table 3).

Monounsaturated fatty acid profiles

Similar to total SFA content, highest total average monounsaturated fatty acid (MUFA)
concentration (747.79 ng/ul) were obtained under decreased nitrogen condition, 54% higher
than the control group (343.92 ng/ul) (Table 4). Total average MUFA content was measured
as 393.61 ng/ul under decreased light condition, slightly higher than the control group
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(12.62%), whereas increased salinity condition resulted a major decrease in total MUFA
content and measured as 31.46 ng/ul (or 98.86% lower compared to the control group) (Table
4). Changes in total MUFA contents compared to control group were not statistically

significant except increased salinity test condition.

Table 4 Monounsaturated fatty acid (MUFA) profiles of Chlorococcum novae-angliae under tested
conditions

Fatty Acid Concentration (ng/ul)

Fatty Acid Control Light Nitrogen Salinity
Cl4:1 28.53+6.68 18.29+13.39 10.42+£2.12" 0.97+0.55"
Ci15:1 0.38+0.28 0.29+0.05 0.46+0.32 4.17+3.69
C16:1 11.04+1.32 8.32+2 .81 27.2+5.24" 3.08+1.74"
Ci7:1 1.87+0.74 1.42+0.81 2.52+0.32" 0.73+0.34
C18:1n9t 32.73+£55.57 11.71£19.28 0.67£0.25 12.46+13.38
C18:1n9c 32.70+5.19 26.60+7.2 136.17£18.89"  4.24+2.14"
C20:1 235.01+403.15 325.84+323.94 566.10+£489.5 1.25+1.417
C24:1 1.67+1.89 1.15+0.71 4.25+1.96 4.56+2.01

Sum of MUFAs 343.92+377.88 393.61+327.42 747.79+512.61 31.46+13.48"

“Change is statistically significant (P < 0.05).

Notably, oleic acid (C18:1n9c), an essential -9 fatty acid, content was increased more than
four fold under decreased nitrogen compared to the control (136,17 ng/ul). Decreased light
conditions caused an accumulation of 26.6 ng/ul of oleic acid whereas increased salinity
resulted in only 4.24 ng/ul of oleic acid (Table 4).

Polyunsaturated fatty acid profiles

Overall average PUFA accumulation was the highest in the control group (803.55 ng/ul)
followed by a slight decrease under decreased nitrogen test condition (741.1 ng/ul) (Table
5). Decreased light condition resulted in average total PUFA concentration (522.59 ng/ul),
while the lowest PUFA accumulation was observed in increased salinity conditions (263.88
ng/ul) (Table 5). Changes in total PUFA contents compared to control group were not
statistically significant except increased salinity condition.
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Table 5 Polyunsaturated fatty acid (PUFA) profiles of Chlorococcum novae-angliae under tested
conditions

Fatty Acid Concentration (ng/ul)

Fatty Acid Control Light Nitrogen Salinity

C18:2n6t 85.08+£7.97 53.6£17.74 75.19£10.95 38.54+14.48
C18:2n6¢c (LA) 222.50+63.13 152.54+70.18  311.25+48.58" 38.33+18.28"
C18:3n6 (GLA) 98.23+20.97 74.2+£31.73 137.15+21.41°  23.81+11.84"
C18:3n3 (ALA) 381.09+£334.90 191.084+329.27 164.92+£285.01 134.18+60.67

C20:2 1.09+0.38 0.61+0.5 0.72+0.24 3.05+2.56
C20:3n6 (DGLA)  1.22+1.07 0.85+0.04 0.73+0.40 0.2120.06
C20:3n3/C22:1n9  4.46+1.41 7.57+7.24 3.35+0.36 1.91%1.75
C20:4n6 (AA) 1.24+1.14 13.6049.15  13.95+11.81 6.3249.30
C22:2 24.97+22.20 3.41+4.88 0.32+0.05 2.35+1.98
C20:5n3 (EPA) 5.58+7.14 17.62424.15  32.76+23.77 15423.63
C22:6n3 (DHA) 2.87+2.90 3.1244.29 0.760.35 0.21+0.25

Sum of PUFAs 803.35+272.857 522.59+402.67 741.10+222.7 263.88+120.51
*Change is statistically significant (P < 0.05).

Omega-3 fatty acid profiles

Concentration of essential fatty acid ALA (C18:3n3) was decreased under all tested
conditions compared to the control group (381.09 ng/ul) (Table 5). Alpha-linoleic acid
concentration under decreased light intensity was 191.08 ng/pl. Under decreased nitrogen
condition, the cells also lowered ALA concentration to 164.92 ng/ul. The lowest ALA
concentration was seen under increased salinity condition at 134.18 ng/ul. Concentration of
EPA (C20:5n3) was the highest under decreased nitrogen condition and accumulated at 32.76
ng/pl, more than five fold higher than the control group. Decreased light and increased
salinity test conditions resulted in similar EPA concentrations at 17.62 and 15 ng/ul
respectively, while the control group had the lowest EPA content at 5.58 ng/ul (Table 5). The
other major -3 fatty acid, DHA (C22:6n3), was accumulated in minute amounts in all
growth conditions, where decreased light condition had 3.12 ng/pl, 8.7% higher compared to

the control group. Decreased nitrogen and increased salinity test conditions caused DHA
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accumulation to 0.76 and 0.21 ng/pl, respectively (Table 5). As chromatographic separation
of eicosatrienoic acid (ETE) (20:3n3) was not possible from erucic acid (C22:1n9), their
accumulation is reported as lump sum, with the highest accumulation under decreased light
(7.57 ng/ul), followed by control group (4.46 ng/ul), decreased nitrogen (3.35 ng/ul), and the
lowest under increased salinity (1.91 ng/pul) test conditions (Table 5).

Omega-6 fatty acid profiles

Among all tested conditions, concentration of LA (C18:2n6¢), an essential -6 fatty acid,
was positively affected by decreased nitrogen and significantly increased by 39.89%
compared to the control group with an overall accumulation of 311.25 ng/ul (Table 5).
Decreased light condition also caused 45.86% decrease in LA content compared to the
control and calculated as 152.54 ng/ul. Increased salinity resulted in 38.33ng/ul LA
accumulation, significantly decreased by 82.77% compared to the control group (Table 5).
Cells grown in decreased nitrogen conditions showed significant increase in concentration of
GLA (C18:3n6) by 39.62% compared to control group and reported at 137.15ng/ul.
However, both decreased light and increased salinity test conditions caused lower GLA
content compared to the control group, 74.2 ng/ul (24.46% decrease) and 23.81 ng/ul (75%

decrease) respectively (Table 5).
Discussion

Average total lipid contents from Chlorococcum novae-angliae obtained in all experimental
conditions were between 14-22% in this study. The lipid contents of closest sister species of
C. novae-angliae, i.e. Chlorococcum sp., were found to be 6-28% in previous studies [37,
38], comparable to our findings. The cells under decreased light test condition (5500 lux
compared to 11000 of the control group) caused lower total lipid content and growth rate
compared to the control group. Ota et al., reported that the highest growth rate of
Chlorococcum littorale was observed under 100 p mol m2s? (~7400 lux) [39]. In another
study by Rehman and Anal, optimal light intensity was determined as 4340 lux for the growth
of Chlorococcum sp. TISTR 8583 [40]. In alignment with these studies, lowered light
intensity negatively affected cellular growth and suppressed overall lipid accumulation of C.

novae-angliae in this study. The cells in control reactor grown under 11000 lux provided

360



highest dry cell weight, total lipid, and reactor productivity which could be interpreted as
optimal for the cultivation of C. novae-angliae SAG5.85. With respect to FAME profiles,
total saturated fatty acid concentrations were decreased under lowered light intensity
although Seyfabadi and colleagues found that increased light conditions improve levels of
SFAs in Chlorella vulgaris [41]. Similarly, all MUFA concentrations were decreased under
low light conditions compared to the control except eicosenoic acid (C20:1) which was the
only fatty acid increased. This might be due to difficulties in chromatic separation of C20:1
from heneicosanoic acid (C21:0) as evident from higher deviation among samples. Sukenik
and coworkers reported that decreasing light intensity during the cultivation of
Nannochloropsis sp. increased total PUFA content [42], which was not observed for C.
novae-angliae as the cells under low light intensity decreased total PUFA content compared
to the control. The only deviation was in DHA, EPA, and AA contents that were increased
under low light intensity. Although Lang and colleagues stated that C. novae-angliae had the
second highest DHA levels (18.9% of total fatty acids) among SAG strains [33], that was not
confirmed by this study.

Second tested growth parameter was decreased nitrogen concentration as one of the most
essential nutrients that limits the growth of microalgae while improving the accumulation of
lipids. Numerous literature studies suggest that nitrogen limitation increases the
accumulation of lipids in microalgae [43-45]. For instance, enhanced lipid accumulation, i.e.
29.59% higher, in Chlorococcum sp. TISTR 8583 cells was observed under nitrogen limited
conditions, however, DCW was reduced during the cultivation [40]. Li and colleagues
examined the effects of nitrogen concentration on lipid accumulation in Ettlia oleoabundans
(aka Neochloris oleoabundans) cells and reported increased lipid accumulation with biomass
reduction [30]. In another study, Bona and coworkers reported that nitrogen deplete
conditions (2.9x10* M), enhanced lipid accumulation in E. oleoabundans cells [46]. Kiran
and colleagues also reported that higher lipid accumulation was observed in Chlorella sp.
grown under 5 mM NaNOs (corresponding to one third of nitrogen of original medium) [47].
In this study, both cellular growth and total lipid content of C. novae-angliae was lowered
under decreased nitrogen test condition compared to the control group. With respect to

growth, nitrogen is a critical nutrient as it takes part in the structures of algal chlorophylls,
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and amino acids as the key building blocks of proteins. Therefore, decreased nitrogen
concentrations lead to inhibited growth rates in C. novae-angliae. Meanwhile, contrary to
majority of green microalgae species’ response, reduction in the concentration of nitrogen
also reduced overall accumulation of lipids in this study. However, despite decreased total
lipid content, free fatty acid content was the highest under decreased nitrogen. Notably, total
SFAs were increased, which was also observed in E. oleoabundans [48] and
Nannochloropsis CCAP 211/78 [49] grown in limited nitrogen. Under decreased nitrogen
exposure, total MUFAs of C. novae-angliae were also increased compared to the control
group. Despite lower than the control group, second highest level of total PUFAsS was
obtained under decreased nitrogen. In particular, DHA and ALA were decreased while EPA
was increased. Contradictive to our findings, Bona and colleagues observed that ALA
contents in E. oleoabundans cells were increased on the under nitrogen stress [46]. The
highest increases in EPA levels were also observed under nitrogen stress in Nannochloropsis
211/78 (CCAP) [49]. Meanwhile, Breuer and colleagues reported that LA concentrations
were decreased under nitrogen limited conditions in C. vulgaris, C. zofingiensis, Dunaliella
tertiolecta, Isochrysis galbana, Nannochloropsis sp., and E. oleocabundans [35].

The third tested growth parameter C. novae-angliae cells were exposed was increased
salinity, known to impose considerable effect on growth and biochemical composition of
microalgae. As osmotic regulation is an important parameter for the survival of microalgal
cells, optimal salinity ranges exist for different species [50-52]. In most species, salinity
increase usually promotes overall cellular growth up to a certain threshold where salt
concentrations start to negatively affect overall homeostasis [53, 54]. In C. novae-angliae,
doubled salinity levels compared to control group was within optimal levels and had positive
impacts on the overall growth. There are several studies showing increased salinity could
trigger enhanced lipid production in microalgae [27, 55, 56]. Despite slight decrease
compared to the control group, second highest average total lipid accumulation was observed
under increased salinity conditions. Rismani and Shariati reported that 200 mM NaCl
exposure caused 82% increase in total lipid productivity of C. vulgaris [57]. Takagi and
Yoshida have shown that D. tertiolecta cells increased their lipid accumulation when NaCl

in culture media was increased from 0.5 to 1 M [58]. Despite being a freshwater microalgae
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species, salt stress adapted Botryococcus braunii showed increased growth rate, and lipid
content [59], both in compatible with this study. Similarly, Ben-Amotz and colleagues
achieved increased lipid content in B. braunii exposed to 0.5 M NaCl [60].

Despite relatively higher total lipid content, total SFA accumulation of C. novae-angliae was
the lowest when exposed to increased salinity compared to the other test conditions and the
control group. This was conflicting with total SFAs production enhanced in Dunaliella sp.
cells when NaCl concentration was increased from 0.4 to 4 M [61]. As Dunaliella sp. are
robust marine microalgae, it is possible that general adaptive capacity of terrestrial C. novae-
angliae may not be as strong as Dunaliella sp. Total MUFAs were also decreased in increased
salinity compared to the control and other test conditions. In literature, Azachi and colleagues
showed increased salt stress induced oleic acid production in B. braunii and 1. galbana [60],
which was also not the case with C. novae-angliae. Similar to other fatty acid fractions,
lowest levels of PUFAs content were also observed under increased salinity exposure.
Meanwhile, Xu and Beardall observed that NaCl levels led to reductions in total PUFAS
content in Dunaliella sp., indicating SFA, MUFA and PUFA trends might differ under the
same salinity stress exposure [61]. Among PUFA of particular interest, DHA accumulation
in C. novae-angliae were negatively impacted by increased salinity. Some studies also
reported that DHA was below detectable levels in different microalgae species exposed to
increased salinity [57, 60]. Moreover, LA and ALA concentration were also the lowest when
exposed to increased salinity. This was in agreement with the study by Rao and colleagues
where B. braunii 572 cells showed decreased LA concentration under increased salinity [59].
In another study, it was also mentioned that increased NaCl concentration might have
resulted in decreased fatty acid unsaturation rates [56] as confirmed by decreased
concentrations of GLA and DGLA in this study. Although slight increases in average EPA
and AA accumulation were observed in C. novae-angliae exposed to increased salinity, these
results were not statistically significant compared to the control group.

Last tested growth parameter was temperature which was lowered from 25 to 17°C.
Temperature is one of the most important parameters that affect membrane fluidity,
photosynthetic respiratory actions, and fatty acid composition of microalgae species [27, 62].

Increasing fatty acid unsaturation rate is very common behavior among microalgae in order
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to adapt to cold environments as double bonds present in unsaturated fatty acids provide
membrane fluidity compared to SFAs. Therefore increases in unsaturation rates are mostly
observed at exposure to low temperatures [62]. In a study by Thompson, it was shown that
shifting temperature from 30 to 12°C during the cultivation of D. tertiolecta has led to
increase in unsaturated fatty acid levels by 20% [63]. Sushchik and coworkers reported that
increasing temperature from 25 to 30°C during the cultivation of C. vulgaris and B. braunii
decreased fatty acid unsaturation rate [64]. In another study by Thompson and colleagues,
fatty acid profiles of eight species were investigated by shifting the cultivation temperature
from 25 to 10°C [65]. Such decrease in temperature enhanced PUFAs accumulation in
Chaetoceros calcitrans, C. gracilis, C. simplex, D. tertiolecta, 1. galbana, Pavlova lutheri,
Phaeodactylum tricornutum and Thalassiosira pseudonana [65]. Aussant and coworkers
examined optimal temperature for microalgal growth and lipid production where they
suggested 14-20°C for optimal EPA production in D. salina [66]. However, in this study the
growth of C. novae-angliae at 17°C was totally inhibited starting on the very first day of
cultivation. For most microalgal species, optimal cultivation temperature usually ranges
between 25+5°C [67]. Nevertheless, C. novae-angliae, was tested at lower temperature ends
to evaluate possible impacts on -3 and w-6 fatty acids. Unfortunately, optical density and
cell counts were dramatically decreased in short time while the culture color in PBRs turned
into yellowish indicating damaged photosynthetic activity. On harvest Day 6, it was
impossible to obtain sufficient amounts of biomass for total lipid and FAME profiling,
therefore, temperature stress has been excluded from the study as growth of C. novae-angliae
cells were not acclimated to 17°C, concluding this strain is not tolerant to temperatures lower

than ambient.
Conclusions

Polyunsaturated fatty acids cannot be synthesized in humans and other mammals, yet they
have numerous positive health impacts on metabolic processes. Therefore, PUFAs should be
taken with daily diets at required concentrations and proper ratios. Main motivation for this
study was to examine the effects of varying growth conditions on the accumulation of ®-3

and -6 fatty acids in Chloroccoccum novae-angliae SAG 5.85. Although original culture
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collection indicated this strain as a potential PUFA producer, this study was the first
comprehensive evaluation of varying growth conditions with respect to cell growth, total
lipid and FAME profile of C. novae-angliae. As most common parameters affecting cellular
growth and lipid content in green microalgae, light, nitrogen, salinity, and temperature
growth conditions were tested. C. novae-angliae has been cultivated in triplicate batch PBRs
in order to determine optimal conditions for the control and compared stress conditions. One
of the most important outcomes was C. novae-angliae ®-3 and ®-6 fatty acid was
significantly improved under decreased nitrogen conditions, despite lower total lipid content.
Different levels and type of nitrogen sources could be applied in order to achieve large scale
production goals. Decreased light and increased salinity test conditions did not improve ®-3
and w-6 fatty acid content in C. novae-angliae compared to the control group, concluding
that baseline cultivation conditions have better performance with respect to PUFA
accumulation in this strain. Lastly, it was also found that lower than ambient temperatures
completely halt the growth of C. novae-angliae suggesting temperature control in reactor

systems are very critical for this particular strain.
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ABSTRACT
The venoms of the scorpions Androctonus crassicauda and Leiurus abdullahbayrami, scorpion
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species each of the two members of the Buthidae family, were analyzed by MALDI-TOF MS ZRS('::Z'E)/:}SM 2022
in a mass range between 1 and 50 kDa. For this, all of the scorpion venoms (n=11) were Accented y
prepared to equal 2mg/mL concentration. After centrifuging the venoms at 15.000 rpm for 15 20 Mg 2022
minutes at +4 °C, the supernatants (n=11) were mixed with a matrix solution (a-CHCA) in y
Eppendorf tubes separately. The prepared scorpion venom-matrix (SVMx) samples vortexed. KEYWORDS
For the biomass analysis, a [pL SVMx sample was spotted onto MALDI 96 MSP was placed Androctonus

in the Microflex MALDI-TOF MS. The system was operated in linear positive ion mode at a crassicauda,
1.000-50.000 Dalton (Da) mass range. A 60 Hz nitrogen laser was employed at 337 nm as the Leiurus

ion source. Interspecies differentiation was evaluated over peptide and protein molecules in this abdullahbayrami,
mass range. The similarities and differences between two different scorpion species were Scorpion,
revealed with the principal component analysis study, which was conducted with spectral Buthidae,
patterns including peptide and protein profiles. The similarity rate of the LAB-123 and the LAB- MALDI-TOF MS-
460 scorpion venoms of the same species was found as 66% while the similarity rates of venoms PCA analyse

of the ACR species to the LAB species ranged from zero to 37%. It was demonstrated that
scorpion venoms belonging to two different species from the Buthidae family can be
differentiated with the help of dendrogram and gel profile, CCI color matrix, 3D or 2D-
scattering profile, spectral mass loading data formed by peptide and protein spectral patterns of
eleven scorpion venoms. It is anticipated that this approach, which was used for the first time
with the application of MALDI-TOF MS-based PCA analysis for the differentiation of scorpion
venoms, will be useful in differentiating venoms with different spectral patterns.

Introduction

Scorpions are creatures that live widely all over the world, except for the polar regions and
some islands. [1] It belongs to a group of arthropods whose phenotype has remained largely
unchanged over the past 400 million years. The evolutionary success of these predators is

largely due to their venom, which they use to deter predators and immobilize their prey- [2].
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Scorpion venoms are a mixture of complex molecules, many of which are peptides with
different biological activities. When scorpions transfer these peptides to their prey, they show
neurotoxic effects by affecting ion channels in specific pharmacological target tissues [3].
The Buthidae scorpion family is the largest scorpion family, with about 96 genera and 1230
species diversity. Except for Antarctica and New Zealand, they live in all tropical, subtropical
and partially temperate warm landmasses in the World. Leiurus abdullahbayrami (LAB), a
member of the genus Leiurus [4]. It is known as the yellow scorpion, which lives endemic in
Syria and Turkey (in the Southeast Anatolia region). Androctonus crassicauda (ACR),
known as the black scorpion, is widely found in North Africa, the Middle East and Asia [5].
Both scorpion species have peptide structures of medical importance[3] .Analytical methods
such as gel electrophoresis [6,7] and liquid chromatography [8] have already been classically
used to generate venomic profiles. Most toxic peptides contain more than 100 amino acids
and therefore venom screening can be performed with mass spectrometry, which makes it
easy to detect [2,9,10]. In the last decade, the Matrix Assisted Laser Desorption Time of
Flight (MALDI-TOF MS) method has been preferred for the analysis of peptides and proteins
in venoms[8,10,11]. MALDI-TOF MS is a sensitive alternative method for biochemical and
even molecular based identification approaches, since it requires fewer reagents, fewer steps
[12,13]. In addition, it has emerged as a rapid, accurate, easy-to-apply and cost-effective
technique for protein and peptide analysis [14]. Smith et al. established peptide profiles of
some common scorpion species (Urodacus elongatus, Urodacus yaschenkoi, Urodacus
armatus and Lychas marmoreus obscurus) in Australia by MALDI-TOF MS using the 1.5-
diaminonaphalene matrix [15]. Schaffrath and Predel analyzed the peptide profiles of
Heterometrus cyaneus (Vietnam) and Buthus occitanus in detail using MALDI-TOF MS/MS
and two different matrices (2.5-dihydroxybenzoic acid;, DHB and «-cyano-4-
hydroxycinnamic acid; CHCA) [16].

In this study, the venoms of the scorpions Androctonus crassicauda and Leiurus
abdullahbayrami, different species each other of two members of the Buthidae family and
the most dangerous scorpion species, were analyzed by MALDI-TOF MS. Peptide and
protein profiles of two members of Buthidae family, Androctonus crassicauda (n=9) and
Leiurus abdullahbayrami (n=2), were created by MALDI-TOF MS method and it was
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demonstrated that they can be differentiated from each other with the help of Principal

Component Analysis (PCA).
Materials and Methods

Supply of venom, materials and preparation of venom sample

The Turkish Public Health Institute Antivenom Production Center (TPHIAPC; Ankara,
Turkey) has been milking venoms from scorpions kept alive to produce antivenom routinely.
For the purpose of this study, the Androctonus crassicauda (ACR, n=9) and Leiurus
abdullahbayrami (LAB, n=2) scorpion venom samples were provided as a generous gift by
TPHIAPC. The scorpion venom samples were composed of the nine different ACR scorpions
(codes are: 47, 57, 117, 134, 168, 176, 243, 405 and 496) and two different LAB scorpions
(codes are: 123 and 460). The MALDI matrice, a-cyano-4-hydroxycinnamic acid (CHCA),
was obtained from Bruker (Germany). Acetonitrile (ACN, HPLC grade; Sigma-Aldrich),
trifluoroacetic acid (TFA; Sigma-Aldrich), Ultra-pure water (UPW) with a 0.1 um filter
without DNAase and RNAase (Sigma-Aldrich) and Bruker bacterial test solution (BTS)
containing Escherichia coli, RNAase, and myoglobin protein profiles were also employed.
All of the milked scorpion venoms were prepared to equal 2mg/mL concentration with UPW
by measuring at 280 wavelengths with Nano Ready Touch (Life Real) instrument. Then, they
were centrifuged 15.000 rpm for 15 minutes at +4 ‘C. The supernatants were transferred to
new polypropylene tubes separately. All of the scorpion venom solutions (n=11) were mixed
with a matrix solution (18 mg/mL a-CHCA in a 50% ACN and 2.5% TFA mixture, 1:1; v/v)
in Eppendorf tubes separately. The prepared scorpion venom-matrix (SVMx) samples
vortexed at 3000 rpm for 2 minutes.

Instrumentation and analysis of scorpion venom-matrix samples

For the biomass analysis 1uL SVMx sample was spotted onto a special steel 96 micro scout
plate (MSP; Bruker Daltonics). This operation was applied to every eleven SVMx samples
(both ACRs and LABSs) and then allowed to dry completely at room temperature. The SVMx
samples loaded MALDI 96 MSP was placed in the Microflex MALDI-TOF MS (Bruker
Daltonics; Bremen, Germany) device. The system was operated in linear positive ion mode

at a 1.000-50.000 Dalton (Da) mass range. A 60 Hz nitrogen laser was employed at 337 nm
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as the ion source. To obtain the spectra, laser pulses consisting of 40 packets of 400 were
applied in the measurement of each peptide molecule. Each sample was studied in triplicate,
and the highest readings were included in the analysis.

Internal quality control for MALDI-TOF MS was completed with seven peaks (m/z,
5096.39312 Da; 5381.29950 Da; 6255.88327 Da; 7274.94901Da; 10298.9927 Dag;
13682.32001 Da and 16953.88117 Da) assigned with a standard deviation of 59.75 and
maximum peak error of 79.20 ppm.

Mass spectrum profile and PCA analysis of scorpion venoms

The mass spectra generated from MALDI-TOF MS regarded as multivariate data, in which
every mass signal represents a single molecular dimension. The mass spectrum was analyzed
using the principal component analysis (PCA) supported by external MATLAB software
integrated into MALDI Biyotyper software (version 3.1) [13]. Prior to further analysis based
on the Biotyper pre-processing standard method (smoothing method: Savitski-Golay;
baseline subtraction method; multi polygon; normalization method) was applied [17]. The
PCA was based on the peaks acquired from MALDI-TOF MS to find patterns and unique
peaks of the spectrum and allows the formation of clustered groups of spectra having similar
variation characteristics and the visualization of the differences between them. Cluster
analysis was performed by performing PCA dendrograms which represent the relationship
and proximity of each spectrum to each other [12]. Accordingly, the mass spectra obtained
in this study were further analysed to determine the composite correlation index (CCI) which

was used to statistically determine the relationship between the acquired spectra [18].
Results

In this study, the venoms of the scorpions Androctonus crassicauda and Leiurus
abdullahbayrami were analyzed by MALDI TOF MS. Peptide and protein profiles of
Androctonus crassicauda (n=9) and Leiurus abdullahbayrami (n=2), were obtained by
MALDI-TOF MS method. Photographs of 11 scorpion venoms studied in this study (Figure

1) and information including height and weight are presented (Table 1).
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ACR-117

Fig 1 The photographs of nine A. crassicauda and two L. abdullahbayrami were taken by Mehmet

Ali Kanat

Table 1 Information about the physical characteristics of the eleven scorpions (nine of Androctonus
crassicauda and two of Leiurus abdullahbayrami)

Scorpion ACR- | ACR- | ACR- | ACR- | ACR- | ACR- | ACR- | ACR- | ACR- | LAB- | LAB-
P 47 57 117 134 168 176 243 405 496 123 460
Weight () 6.18 | 6.77 |590 |482 |536 |585 |[541 |573 |47 415 | 4.68
Dimensions

(cm)
ﬁ 9.00 |9.00 |9.00 |850 |9.00 |850 |840 |800 |800 | 750 |6.00

Potential marker peptides and proteins in discrimination of scorpions
In the present study, two LABs (LAB-123 and LAB-460) and nine ACRs (codes are; 47, 57,
117,134, 168, 176, 243, 405 and 496) scorpion venoms were analyzed by MALDI-TOF MS.
Generally, three readings were performed for each SVMx sample and the analysis of eleven

scorpions spectra with the highest intensity were performed. It was observed that peptide
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molecules in the range from 2.103 to 4.10° Da were present in all ten scorpion venoms except
ACR-168. In addition, in all eleven scorpion venoms, it is seen that peptide molecules are
especially concentrated in the range of both from 4 .10° to 6.10° Da and from 7 .10% to 8 10°
Da. Unlike the ACR species, the third high-intensity peaks were detected in the range of
14300-14500 Da in both LAB scorpion species. On the other hand, protein peaks with high
intensity from 16000 to 18000 Da, which is not found in the LAB scorpion species, were
detected in all ACR scorpion venoms. Protein peaks in the range from 22000-34000 Da were
observed only in four ACR (ACR-47; ACR-117, ACR-134; ACR-176) scorpion species (Table
2). The top three (M+H)" molecular basic peptide’s/protein’s peak (BPP) have high-intensity
values for each scorpion venom spectra defined in Table 2. The first highest intensity (M+H)"
molecular peptide/protein peak, the second-highest intensity BPP, and the third-highest
intensity BPP were defined as the (1st. BPP), (2nd. BPP), and (3rd. BPP) respectively.
Accordingly, while the first three BPP masses of the LAB species were compatible with each
other, it was observed that there were differences in the scorpion venoms of the ACR type
(Table 2).

Table 2 Peptides and proteins detected in two LAB and nine ACR scorpion venoms and their first
three main peaks that have highest intensity of (M*H)*

(M+H")*
Scorpion 2-4 4-6 7-8 13-15 | 16-18 | 20-21 | 22-34 1st. 2nd. 3rd.
Sample x10° x103 x103D | x103 x103 x10° x103Da | BPP | BPP BPP
Code Da Da a Da Da Da (Da) | (Da) (Da)
LAB-123 ++ + ++ ++ - +@21) |- 3583 | 6492 14454
LAB-460 + + + ++ - - - 3426 6488 14345
ACR-47 + + ++ + + - +(27-28) | 16936 8472 7161
ACR-57 + + ++ - + - - 3881 7211 16932
ACR-117 ++ + ++ - ++ - ++ (33) 16326 | 8163 7154
ACR-134 + + ++ - ++ - ++ (33) 8468 17074 8063
ACR-168 - + ++ ++ + - - 8463 16923 6856
ACR-176 ++ + ++ ++ + - ++ (33) 16940 | 8474 3183
ACR-243 + + + + + - - 6703 8476 3610
ACR-405 ++ + ++ + + - - 16326 | 3882 6569
ACR-496 + + ++ - ++ - - 16930 8266 5644

(-): not available; (+): available; (++): more available
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The dendrogram profile of 11 scorpion venoms of two different species is presented in Figure
2A. Gel profile showing the distribution of peptides and protein peaks of a total of eleven
scorpion venoms analyzed by MALDI-TOF MS was presented in Figure 2B. Macroscopic
examination revealed both common and differential peaks in the spectra of the LAB and the
ACR scorpion venoms (Figure 2B). In addition, the Composite Correlation Index (CCI) color
matrix (Fig. 2C) was shown in Figure 2C. When the closeness and distance percentages of
all eleven scorpion venoms were evaluated based on their mass spectra, three distinct
similarity matches were evident in the CCI color matrix in Figure 2C. According to this, the
most similar (CCI; 81%) venoms belong to the ACR-134 and the ACR-176 scorpions which
were members of the cluster-111 in the dendrogram (Figure 2 A). The third scorpion venom,
showing more than 70% similarity to these two scorpion venoms (Figure 2C, a-black circle),

was the ACR-168 scorpion venom in the cluster—I in the dendrogram profile (Figure 2A).

The other member of the cluster-111 the ACR-405 scorpion venom was most similar to the
venoms of the scorpions ACR-134 (74%), later ACR-47 (68%) and finally ACR-176 (52%).
The last member of cluster-111, the ACR-47 scorpion venom has been included in the cluster
with a separate branch in the dendrogram profile (Figure 2A) and its similarity to the ACR-
496 is 68% (Figure 2C; in a B-black circle) and the ACR-134 (CCI; 55%) scorpion venom's
similarity is moderate, but it was too dissimilar to the ACR-176 scorpion venom with a CCl

percentage below 20%.
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Fig 2 (A) Dendrogram profile, (B) gel profile and (C) CCI color matrix of the two LAB and the nine
ACR scorpion venoms. The degree of similarity between pair mass spectra comparisons ranging from
red (very similar) to blue (very dissimilar). Three scorpions (ACR-134, ACR-176 and ACR-496)
which is best resemble each other in the big black a-circle (C)

The distribution of (M+H")* peptide and protein molecules found in scorpion venoms
confirms each other with both the values in Table 2 and the spectral mass projections in the
gel profile (Figure 2B). Accordingly, it is seen that both the first two BPPs in the ACR-134
and the ACR-176'scorpion venom as well as (M+H")* molecules in general were quite
similar. Two of the three clusters formed in the dendrogram profile belong to the ACR
scorpion venoms (cluster-1 and cluster-111). It was determined that the similarity between the
scorpions in the cluster-1 was lower than the one in the cluster-111. The closest of each other
in cluster-1 are the scorpions the ACR-57 and the ACR-168 (Figure 2B, yellow color). The
CCl values of the LAB-123 and the LAB-460 scorpion venoms were calculated against both
each other and against the ACR scorpion venoms were also shown in figures 3A and 3B and
3C respectively. The similarity rate of the LAB-123 and the LAB-460 scorpion venoms of the
same species was found as 66 % and the CCI color matrix matching was shown in Figure 2C
(y-black circle). In contrast, the similarity rates of venoms of the ACR species to the LAB
species ranged from zero to 37 % (Figures 3B and 3C). On the other hand, when the first

three main base peaks in its spectrum were compared with the other nine ACR scorpion
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venoms and both LAB scorpion venoms, the peptide and protein peaks of the ACR-57
scorpion venom appear to partially resemble the peptide and protein profiles of both of the
LAB scorpion venoms (Table 2). In contrast, when the CCI values of the ACR-57 scorpion
venom were calculated according to the LAB scorpion species were examined, it was seen
that the similarity was too low (for the LAB 123 is 24 % and the LAB-460 CCI value is 23%)
(Figure 3B and 3C). It is clear that projections of LAB species of all biomarker peptides
(m/z; 3426, 3583, 6488, 6492 Da) and proteins (m/z; 14345 and 14454 Da) are continuous
(Figures 3D and 3E).

Figure 4 shows the 2D-scatter profile of all eleven scorpion venoms and their matching
spectral (M+H")" mass projection values. Consistent with the dendrogram profile (Figure
2A), cluster formations are similar in the 2D-scattering profile. It can be seen that LAB
scorpion venoms (cluster Il) are very clearly separated from cluster-1 with 20% variance
(PC2) (Figure 3A). In the PCA scattering profile, each dot represents the spectrum of
scorpion venoms, while in the spectral loading projection, each dot represents a peptide or
protein (M+H™)* molecule. The high-intensity peptide molecules (m/z; 3582-4310 Da and
6492-6500 Da) found in the spectra of the LAB-123 and the LAB-460 matched their
projections in the 2D-scattering profile, confirming its position. A similar situation is seen in
Figure 4B, where the projections of high-intensity peptide and protein molecules of the ACR
scorpion venoms (cluster-1 and cluster-111) are consistent with their positions in Figure 4A.
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Fig 3 The CCI color matrix (A) and similarity graph for the LAB-123 (B) and the LAB-460 (C)
scorpion venoms for both the nine ACR scorpion venoms and for the LAB strains. (D) Representative
of whole venom MALDI-TOF MS spectra in the range from 2000 to 18 000 m/z and spectral gel
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Fig 4 (A) The 2D scatter profile (B) and spectral mass loading projections of two LAB and nine ACR
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(M+H")* peptide or protein peak. Both profiles were generated by PCA. The three of BPPs' of two
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The 3880+5 Da (M+H")* molecule was high in abundance in the ACR-57, the ACR-134, the
ACR-176, and the ACR-405 scorpion venom (Figure 5A), while low in the ACR-168, the
ACR-243 scorpion venom was not available in the LAB-123, the LAB-460, the ACR-47. The
6725+5 Da (M+H")" peptide molecule was also present in other nine scorpion venoms except
for the ACR-176 and the ACR-405. The 7210+10 Da peptide molecule was present in all
eleven scorpion venoms. The 8170+£10 Da peptide was predominant in the LAB-123, the
LAB-460, the ACR-176, the ACR-405 and the ACR-496, low abundance in the ACR-47 and
the ACR-168, while other ACRs (57, 117, 134) scorpion venoms did not have this peptide
molecule. When we focused on protein molecules (above 10 000Da), protein peaks between
14000-14500 Da were observed in both LAB-123 and LAB-460 scorpion venoms. In
contrast, protein molecules were found in high abundance in all ACR scorpion venoms,
particularly between 16,300 and 16,999 Da (Fig. 5C). These protein peaks were observed as
the most significant difference between ACR and LAB poisons. This difference was also
clearly seen in the gel profile in Figure 3A. In addition, the projections of the first 3 BPPs of
the LAB scorpion venoms in their spectra and gel profile were shown in Figure 3E in detail.
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Fig 5 (A) Representative the ACR scorpion venoms MALDI-TOF MS spectra mass ranging from

3000-8500 Da and (C) mass ranging from 16.300-16.999 Da (B) Spectral gel images of the nine

ACR scorpion venoms separately
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Discussion

MALDI-TOF mass spectrometry has been preferred for many years as a powerful tool for
precise molecular mass mapping of complex peptide mixtures [18]. In this study, a mass
range between 1 kDa and 50 kDa was studied. Interspecies differentiation was evaluated over
peptide and protein molecules in this mass range. Among the eleven Buthidae member
scorpion venoms, LAB-460 had the lowest mass of peptide molecules (2029 Da), while the
protein molecules with the highest mass value m/z, 33938 Da for ACR-176 and 33976 Da for
ACR-134 scorpion venoms were found. While the protein peaks between 14000-14500 Da
were observed in the LAB scorpion venoms, the protein molecules were found in high
abundance in all ACR scorpion venoms, particularly between 16300 and 16999 Da). These
protein peaks were observed as the most significant difference between the ACR and the LAB
venoms. This difference was also clearly seen in the gel profile.

The peptide toxin molecules found in the venom of scorpions exert neurotoxic effects on the
cells of their prey. Small compounds consisting of short polypeptide chains (m/z, 3000-4300
Da) that have been shown to be effective on potassium channels are present in the venom
content, albeit in small amounts. On the other hand, peptide toxins known as the main
components of scorpion venoms and having a relatively large molecular mass (6000-8000
Da) are active on sodium channels and are abundant [19]. As expected, roughly detected the
short polypeptide chains were observed to be less than large molecular mass proteins in the
eleven scorpion venoms we studied.

In this study, it was demonstrated that scorpion venoms belonging to two different species
from the Buthidae family can be differentiated with the help of dendrogram and gel profile,
CCI color matrix, 3D or 2D-scattering profile, spectral mass loading data formed by peptide
and protein spectral patterns of eleven scorpion venoms. It is anticipated that this approach,
which was used for the first time with the application of MALDI TOF MS-based PCA
analysis for the differentiation of scorpion venoms, will be useful in differentiating venoms
with different spectral patterns.

In the literature, very valuable analytical studies have been made and continue to be done on
both species (ACR and LAB) belonging to the Buthidae family [20-22]. The contribution of
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each study to this field is very important and valuable. For example, microfluidic capillary
electrophoresis and LC-ESI-TOF-MS by Erdes et al. performed an extensive analysis of the
L. abdullahbayrami scorpion venom. According to their results, a total of 45 peptide masses
were identified in the L. abdullahbayrami scorpion venom[22]. When the results of Erdes et
al.'s study and our results were compared, it was observed that 3590 Da peptide was present
in both LAB (123 and 460) scorpion venoms, among the mass values they detected in L.

abdullahbayrami scorpion venoms.
Conclusion

This study demonstrated the peptide and protein profiles of some Buthidae family's scorpions
by using MALDI-TOF MS for the first time. In addition, using MALDI-TOF mass
fingerprint data with multivariate PCA analysis, Androctonus crassicauda species and
Leiurus abdullahbayrami species were discriminated. Using the peptide and protein profiles
of scorpion venoms with a fast, practical and low-cost device such as MALDI-TOF MS,
revealing the dramatic differences between different species and within the same species will
make a very important contribution to this field. Beyond identification, analytical evaluation
of the spectral patterns of each species was also performed with PCA-based data and a series
of data analyses (dendrogram, clustering, CCI and spectral loading). This comprehensive
study, in which this approach has been evaluated for the first time, is open to further
development, supported by further analysis and spectral improvement studies. It is also
anticipated that the use of mixtures of different scorpions, whose peptide and protein profiles
are defined by MALDI-TOF MS, will contribute to more effective antivenom production by
using them in the production of scorpion antivenom.

Data availability

The authors confirm that the data suppoting the findings of this study are available within the article.
Geolocation information

The scorpions were collected from Sanliurfa province (GCP coordinates of 39° 56" 0.109” N and 32° 51" 35.07”
E) which is located in the eastern part of Turkey. This study was done in Ankara which is the capital of Turkey
with GPS coordinates of 39° 55" 28.1280"N and 32° 51" 16.6788" E.
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Through Without Fertilizers
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Nurettin Cinkaya*

ABSTRACT ARTICLE HISTORY
Black cumin (Nigella sativa L.) is one of the essential spice plants used in Turkey. The present Received

study investigated the yield and some agronomic, morphological, and qualitative characteristics 29 April 2022

of 31 different black cumin genotypes (30 lines and one control variety of Cameli) of domestic Accepted

and foreign origin under the ecological conditions of the city of Ankara. The study was carried 13 June 2022

out in the experimental areas of Ikizce Research and Application farm of Ankara Field Crops
Central Research Institute during the vegetation periods of 2018-2019. The experiment was set
up as three replications according to the Experiment Design in Randomized Blocks. According KEYWORDS

to the results of the research, the plant height of the genotypes in the experiment changed for B|§Ck cumir_1

two years between 17.1-33.5 cm, the height of the first capsule between 11.6-26.6 cm, the (Nigella sativa L.),
number of seeds in the capsule between 28.5-69.6 seeds capsule™, the number of branches yield,

between 2.0-3.4 pieces plant?, the number of capsules between 1.8-2.9 capsules plant?, fixed oil

thousand seed weight between 2.0-3.0 g, seed yield between 194.5-505.9 kg ha'*, fixed oil rate
between 27.2-35.3%, maturation (growth/harvest) time between 136.5-141.7 days and
germination (emergence time) between 27.2-30.7 days. In terms of fatty acids, the most
proportional fatty acids were found to be linoleic acid (45.45-55.62%), oleic acid (18.83-
25.01%), palmitic acid (6.95-11.72%), stearic acid (3.50-4.77%), respectively. It has been
determined as the result of the study that black cumin genotypes with the number 1 (Denizli),
4 (Burdur), 17 (Borsa) and 3 (Burdur) respectively performed better than other black cumin
genotypes and Cameli variety in terms of seed yield and genotypes with the number 28
(Kirikkale), 29 (Ankara) and 26 (Egypt) performed better in terms of fixed oil ratio under the
ecological conditions of Ankara.

Introduction

With the use of medicinal and aromatic plants in many different areas and different forms,

especially in traditional and modern medicine, their popularity and the demand for them
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around the world are increasing day by day. The importance and therefore consumption of
black cumin (Nigella spp.) have increased both in our country and the rest of the world owing
to its wide range of uses, such as food, cosmetics, and medicinal drugs. The plant's
production, which is at the forefront of the list of most exported plants in our country, is at a
level that only meets a tiny part of domestic consumption. A significant part of the demand
for the product is met through imports [1]. The increasing use of fixed oil obtained from
seeds has increased the importance of black cumin cultivation in recent years. While the
cultivation area of black cumin was 3261 decares and the production was 352 tons in 2013,
these figures decreased to 1717 decares and 140 tons in 2014, and increased to 37.085 decares
and 3603 tons in 2019 as a result of increasing demand. Although black cumin, which has an
important place in our exports, was exported in an amount of about 65 tons and earned us
219.000 dollars in 2013, 2288 tons were imported in the same year, and we had a foreign
exchange outflow of 1.910.000 dollars. In 2019, the black cumin export amount was 592.47
tons (1.236.915 dollars), the import amount was 2647.502 tons (2.531.796 dollars), while in
2020, the exports were 838.372 tons (2.186.684 dollars), and the imports were 3276.232 tons
(1.964.851 dollars) [2]. The increase in interest in alternative plants in recent years has made
black cumin, which is included in these plants, also popular. The fact that there is only one
black cumin variety in our country, not only makes it impossible to meet the export demand
but also makes it impossible to meet the requirement on this plant in different industries at
the national level. Introduction materials are as important as local materials in obtaining
varieties that can adapt to global climate change and meet expectations in terms of quality
and yield. Having taken part in adaptation studies, black cumin genotypes grown in different
geographies with similar ecological structure; lead obtaining important results with their
responses to climate-soil and agronomic practices. At the same time, they play a very
important role in the development of new varieties, especially in crossing, which is one of
the basic steps of breeding, in increasing genetic variation. Revealing the true genetic
potential of the plant in terms of yield and quality and also the presence of the mission of
food and medicine, necessitate the cultivation method to be natural and healthy. This study
aims to characterize the private sector and introduce black cumin genotypes in terms of

agronomic, morphological, and quality, especially many local black cumin lines grown
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following without fertilizers and pesticides, and to be a source for research in different fields,

especially breeding.
Materials and Methods

The study was carried out in the experimental areas of ikizce Research and Application farm
of Ankara Field Crops Central Research Institute during the vegetation periods of 2018 -
2019. The study area is located at an altitude of 1055 m above sea level and between 39° 12'
-43° 6' north latitudes and 35°58' —37° 44" east longitudes. The experiment was set up as three
replications according to the Experiment Design in Randomized Blocks. The parcels were
7.5 m? (5 mx5 rowsx30 cm between rows) in size, 250 cm between the blocks, and 50 cm
between the parcels. The material used was 30 black cumin (Nigella sativa L.) seeds from
local domestic populations (Ankara, Burdur, Bursa, Denizli, Konya, Eskisehir,
Afyonkarahisar, Diyarbakir, Kirikkale), from abroad (Syria, Egypt, India, Pakistan, Ethiopia)
and from gene banks included in the advanced yield experiment of the Nigella sativa
breeding program of the Central Research Institute of Field Crops (TARM), and the Cameli

cultivar was used as a control variable. No fertilization or spraying was applied (Fig 1-2-3).

Fig 1. A view of the field experiments, Fig 2. Black cumin flower, Fig 3. Black cumin capsule
Sowing was carried out by hand on 20-21 March in 2018 and 12-13 March in 2019. In 2018, irrigation
was done twice, the first in March and the other in April (Figure 4).
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Fig 4. A view of irrigation treatments in black cumin

The majority of the harvest was collected from the last week of July and through the
remaining part of the first week of August. In 2019, irrigation was done once in May, and the
harvest was completed, mainly in the first week of August and the rest in the second week of
the same month (Figure 5). At the same time, isolation work was carried out against foreign
pollination of the plant (Figure 6).

Fig 5. A view of the field experiments (Harvest Time)
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Fig 6. A view of isolation treatments in black cumin

Fixed oil ratio was determined by solvent (petroleum ether) extraction method in Soxterm
2000 oil analyzer (ISO 659:2009). Shimadzu GC-2010 (Japan), flame ionization detector
(FID), and Technochrome Capillary column (100 mx0.25 mm and 0.2 pm film thickness)
were used to determine the fixed fatty acid composition. In identifying fatty acids, Restek
35077, Food Industry FAME mix (USA) was used as a standard. Analysis of variance and
LSD test (in MSTAT-C statistical package program) were performed on the analyzed
characters. All statistical analyses were first performed separately according to locations,
then they were performed jointly.

Soil and climate characteristics of the experimental site

According to the sample extracted from the 0-20 cm depth of the experimental area, the soil
texture was clayey-loamy, slightly alkaline, very calcareous, unsalted, low in organic matter,
phosphorus, manganese, and zinc, copper was sufficient, iron was moderate, magnesium and

calcium were at a reasonable level, and potassium was found to be high (Table 1).
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Table 1. Some physical and chemical properties of experiment area soil

S
o & g7
) O Available s 2
s £ 3 5 &
= 8 o = @)
[ [ = > ~
5 3 2 S o P20 [K:O[ Ca [Mg| Cu [ Fe [ Mn ] Zn
g 5 & o |z | E
N L o |4 (kg / da) (Ppm)
Clay-
64 064 | 7.73 | 30.0 | 450 | 306 | 7420 | 905 | 1.33 | 3.38 | 3.03 | 0.30 | 1.97
loamy

(Source: Soil, Fertilizer and Water Resources Central Research Institute)

Climatic data of Ankara conditions where the experiment was carried out are given in Table

2. In 2018, flood damage occurred on 26-27 May due to excessive precipitation, hail damage

occurred on 28 May, and excessive precipitation damage occurred on 31 July. In 2019, a

significant part of the parcels remained underwater and mud, as heavy rain and hail occurred

on 12 June and flood damage occurred on 21-22 June and 15-19 July due to excessive

precipitation (Table 2). As a result, many yield elements were negatively affected.

Table 2. Climatic figures of the experiment area (Ankara/ Golbasi) during the research years

Average Relative Humidity
Total Precipitation (mm) Average Temperature (°C) (%)
Long-Term Long-Term Long-Term
Months | 2018 | 2019 | (2010-2020) | 2018 | 2019 | (2010-2020) | 2018 | 2019 | (2010-2020)
March 61.4 | 20.6 25.8 7.9 4.7 5 65.9 58.4 25.8
April 2.6 234 18.1 12.2 7.9 9.6 52.1 61.1 18.1
May 122.8 | 25.2 51.6 15.3 15.1 14.3 65.8 55.4 51.6
June 27 63.5 19 18.7 18.6 18.4 56.7 58.8 19
July 9.6 7.2 4 21.8 17.8 22.2 48.1 54.3 4
August 24 9.2 8.5 22.2 20.7 22.3 415 | 473 8.5
Tot./Ave. | 225.8 | 149.1 127 16.35 14.1 15.3 55.0 55.9 21.2

(Source: Agronomy Central Research Institute / Department of GIS and UA)

391




Result and Discussion

Emergence time

In terms of emergence time, there was a 1% difference in genotypes in 2018 and a 5%
significance level in recurrences. There were no statistically significant differences in any
respect in 2019. According to the results of the variance analysis performed by combining
the years, there were statistically significant differences at the 1% significance level in terms
of genotypes and years. In contrast, the recurrence and year x genotype interaction were not
statistically significant. The emergence time of the genotypes varied between 21.3-26.3 days
(experimental mean 23.9 days) in 2018, 32.7-37.0 days (experimental mean 33.9 days) in
2019, and 27.2-30.7 days (experimental mean 28.9 days) in the combined analysis. Genotype
13 (Konya) was the genotype that germinated the earliest (Table 4). According to the results
of the combined analysis, the number of genotypes that completed emergence 50% earlier
than Cameli variety was found to be 14. The results of emergence time (27.2-30.7 days)
showed that the genotypes included in the experiment were later than the results reported by
Sahin (2013) (16-25 days), Ertas (2016) (15-16 days) and Telci (1995) (15-16 days) and
Giilhan and Taner (2020) (average values of two years 12.5-25 days). Emergence is one of
the yield criteria most affected by climatic factors. Compared to 2018, the low rainfall and
low soil temperature in the germination period of the plant in 2019 caused a delay in the
emergence.

Maturation time

In terms of maturation time, there was a significant difference at the 1% significance level in
genotypes in 2018, while there were statistically significant differences at the 1% probability
limit only in terms of recurrences in 2019. According to the results of variance analysis made
by combining the years, there were 1% statistically significant differences in genotypes,
recurrences and years. In contrast, the year x genotype interaction was not statistically
significant. The maturation time of the genotypes varied between 129.0-136.7 days in 2018,
143.3-147.3 days in 2019, and 136.5-141.7 days in the combined analysis. The average of
the years was 131.0, 144.5 and combined 137.8 days, respectively. The genotype that reached
the earliest maturation efficiency was the number 1 genotype (Denizli) (Table 4). It was
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determined that almost all of the materials (26 genotypes) in the experiment were genotypes
that reached harvest maturity earlier than Cameli variety. The values (136.5-141.7 days) of
the genotypes included in the experiment were later than Telci's (1995) (117-127 days),
Safaei et al. (2017 ) summer plantings in Iranian conditions (103 days), and those of Giilhan
and Taner (2020) (average values of two years 87.5-131 days) in terms of maturation time.
It has been determined that they are close to the results of Sahin (2013) (115-140 days) and
Ertas (2016) (108-151 days). The factors affecting the harvest time were genotype,
agronomic activities, and climate. Untimely and long-term rains also affected the maturation
of the plant.

Plant height

Statistically significant differences were found between the genotypes in plant height at the
1% probability limit in both years and, 1% between the recurrences in 2018. According to
the results of the combined variance analysis of the years related to the plant height values,
there were differences at the 1% significance level between genotypes, years, and
replications. In comparison, the year x genotype interaction was statistically significant at
the 1% probability limit. While the plant heights of the genotypes varied between 19.2-45.0
cm (experimental mean 31.2 cm) in 2018, 14.9-28.7 cm (experimental mean 20.2 cm) in
2019, and between 17.1-33.5 cm according to the combined analysis results of the two years,
the experimental (mean 25.7 cm), Kirikkale population number 28 was the highest sized
black cumin genotype (Table 4) . According to the results of two years (25.7 cm), it was
determined that 11 genotypes had a taller plant height than Cameli variety.

The values of the genotypes in terms of plant height included in the experiment were lower
than the values (17.1-33.5 cm) found by Tagi (2013) (42.98-43.05 cm), Baytore and Yaver
(2014) (34.5-53.6 cm), Tektas (2015) (63.9-70.4 cm), Ertas (2016) (45.4-47.6 cm) and Kosar
and Ozel (2018) (47.8-68.6 cm). The results of Ozel and Demirbilek (2000) (18.6-23.8 cm),
Ozel et al. (2001) (24.5 cm), Ozel et al. (2007) (30.6-31.4 cm), Akgdren (2011) (16.6-25.2
cm), Kosar et al. (2013) (28.7-39.4 cm) and Giilhan and Taner (2020) (14-35 cm) were

consistent with the high results.
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These wide variations between the lower and upper limits of the plant heights found in the
studies are thought to be due to the untimely and excessive precipitation, although variable
across the genotypes used in the research.

First capsule height

In terms of first capsule height, statistically significant differences were found at the 1%
probability limit for the genotypes used in the experiment in both years. According to the
results of the variance analysis performed by combining the years, statistically significant
differences of 1% were found in terms of genotypes, years, and year X genotype interaction.
While the first capsule height of the genotypes changed between 13.6-37.8 cm (experimental
mean 25.5 cm) in 2018, and 9.0-22.0 cm (14.4 cm average) in 2019, and between 11.6-26.6
cm according to the combined analysis results of the two years (experimental mean 20.0 cm),
the Kirikkale population numbered 28 was the black cumin genotype with the highest first
capsule height (Table 4). Due to the positive relationship between the height of the first
capsule and the height of the plant, according to the combined analysis result (test mean 20.0
cm), genotypes with a higher plant height than Cameli are also genotypes with the first
capsule height, which are 12 in total. In terms of plant height, the genotypes in the experiment
(11.6-26.6 cm) were among the figures found by Sahin (2013) (16.9-41.6 cm) but were lower.
The genotypes with the highest first capsule height differed in both years are explained by
the statistical significance of the combined analysis results of the genotypes, years, and year
x genotype interaction. It has been determined in many studies that the height of the first pod,
which is an important feature for machine harvesting, can vary according to the plant density,
ecological conditions, and climate. However, it depends on the genotype structure. The
genotypes with the highest first pod height were obtained in 2018, as in the plant length
criterion when the years are compared.

Thousand seed weight

Statistically significant differences were found between genotypes in terms of thousand seed
weight, at the probability limit of 5% in 2018, 1% in 2019, and 1% in 2018 between
replications. According to the results of the combined variance analysis of the years in terms
of the plant height figures, there were differences at the 1% significance level between the

genotypes, years, and replications. In contrast, the year X genotype interaction was not
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statistically significant. While the thousand seed weight of the genotypes varied between 1.8-
2.9 g (experimental mean 2.4 g) in 2018, 1.9-3.3 g (mean 2.7 g) in 2019, and 2.0-3.0 g
according to the combined analysis results of the two years (experimental mean 2.6 cm), line
19 (material taken from the stock market) was the black cumin genotype with the highest
thousand seed weight (Table 4). 11 black cumin genotypes reached a higher per thousand
weight than Cameli variety (test mean 2.6 cm), and 14 genotypes reached higher than trial
average. The values of the genotypes in the experiment in terms of thousand seed weight
were within the limits of the values (2.00-3.00 g) reported by Kalgin (2003) (1.59-2.06 g),
Ozel et al. (2009) (2.07-2.40 g), Ghamarnia et al. (2010)’nin (2.2-2.4 g), Akgdren (2011)
(1.21-2.62 g), Arslan et al. (2011) (1.97-2.01 g), Kulan et al. (2012) (2.22-2.69 g), Taqi
(2013) (2.57-2.78 g), Tavas et al. (2014) (2.34-2.73 g), Baytore and Yaver (2014) (1.97-2.30
g), Tektas (2015) (2.40-2.90 g), Ertas (2016) (2.47-2.67 g), Mehmood et al. (2018) (1.55-
2.84 g), Kamg1 (2019) (2.12-2.76 g) and higher. It is believed that the statistical difference
that emerged as a result of the study resulted from the genetic effects of the genotypes and
climatic and environmental conditions, especially the (Cuscuta spp.) problem. Damage to the
capsules by heavy rain near the harvest time and the sudden overpressing temperature caused
the generative cycle to shorten and not fill the pod.

Number of seeds in capsule

Regarding the number of seeds in the capsule, statistically significant differences were found
at the 1% probability limit regarding the genotypes used in the experiment in both years.
According to the results of the variance analysis performed by combining the years, there
were 1% statistically significant differences in terms of genotypes and years. In contrast, the
year X genotype interaction was not statistically significant. The number of seeds in the
capsule belonging to the genotypes was 31.3-84.1 seeds capsule™ in 2018 (experimental
mean 55.0 seeds capsule™?), in 2019 25.7-56.7 seeds capsule® (mean 41.3 seeds capsule™),
and according to the combined analysis results of the two years, it was 28.5-69.6 seeds
capsule™ (experimental mean 48.1 seeds capsule™), line 23 (Eskisehir) was the black cumin
genotype with the highest number of grains in the capsule (Table 4). It was observed that 14
genotypes taken to study had the number of grains in the capsule above the standard. The

values of the genotypes included in the experiment in terms of the number of seeds in the
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capsule (28.5-69.6 seeds capsule™) were similar to the values declared by Kalgm (2003)
(91.90-104.05 seeds capsule™), Ghamarnia et al. (2010) (52.46-64.42 seeds capsule?), Safaei
et al. (2014) (58.73-61.48 seeds capsule™), and Kamg1 (2019) (71.87-102.90 seeds capsule”
). The values reported by Ozel et al. (2009) (53.07-89.40 seeds capsule™), Akgéren (2011)
(60.5-94.2 seeds capsule™), and Mehmood et al. (2018) (53.38-106.58 seeds capsule™) were
within the limits and low. It is thought that the difference between the years is due to the
precipitation, cold, and dodder grass damage sustained by the plant in different
developmental periods.

Number of branches

While the difference between genotypes was at the level of 5% in 2018 in the number of
branches in the plant, no statistical difference was detected in 2019. According to the analysis
of variance performed by combining the years, 5% significant differences were found
between genotypes and 1% in terms of year X genotype interaction between years. In 2018,
the number of branches of the genotypes was 2-4.4 pieces plant? (experimental mean 3.2
pieces plant?), in 2019, it was 1.8-3.1 pieces plant™ (mean 2.1 pieces plant?), and according
to the combined analysis results of the two years, 2.0-3.4 pieces plant™. While the number of
branches varied across the plants (experimental mean 2.6 pieces plant?), line 4 (Burdur) was
the black cumin genotype with the highest number of branches (Table 4). According to the
results of the combined analysis, it was found that more than half of the trial material (16
genotypes) reached the number of branches in a single plant above the standard. The values
(2.00-3.4 pieces plant?) of the genotypes in terms of the number of branches, included in the
experiment were higher than the values reported by Tavas et al. (2014) (2.96 pieces plant™);
yet close and lower than the values reported by Kalgin (2003) (5.42-6.90 pieces plant™), Ertas
(2016) (4.15-5.27 pieces plant?), Ozel et al. (2009) (2.30-4.43 pieces plant?), Akgéren
(2011) (3.1-4.6 pieces plant™), Arslan et al. (2011) (1.3-3.5 pieces plant™), Baytére and Yaver
(2014) (3.45-4.42 pieces plant™), Kosar and Ozel (2018) (2.77-4.63 pieces plant™), Kamg1
(2019) (4.41-5.64 pieces plant™). Almost all of the experiment was affected by precipitation
and weeds in 2019. Still, there was a statistically significant difference at the level of 5%
between the 2018 genotypes due to the intense damage caused by the climate only in the

populations in some parts of the experiment in 2018. It has been reported in previous studies
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that the number of branches, one of the yield criteria, can change depending on the genotype,
precipitation, and cultural practices [3,4].

Number of capsules

No statistical difference was found between the genotypes used in the experimental in 2019
in terms of the number of capsules and the combined analysis. In 2018, statistically
significant differences were found between the genotypes at the 1% probability limit,
between the recurrences at the 5% probability limit, and according to the results of the
variance analysis performed by combining the locations, statistically significant differences
were found between the years compared to the 1% level. Again in the combined analysis, a
statistically significant difference at the 1% probability limit was found in year X genotype
interaction on the number of capsules in the plant. The number of capsules belonging to the
genotypes varied between 1.6-3.7 capsule plant™ in 2018, 1.5-3.3 capsule plant in 2019, and
1.8-2.9 capsule plant® in the combined analysis. The average of years was 2.7, 2 and
combined 2.4 capsule plant?, respectively. The black cumin of Line 4 (Burdur) was the
genotype with the highest number of branches (Table 4). It was determined that 12 genotypes
had more capsules than both Cameli variety and average. The values (1.8-2.9 capsule plant
1y of the genotypes in the experiment in terms of the number of capsules were lower than the
values reported by Ozel et al. (2009) (2.27-15.97 capsule plant®), Ghamarnia et al. (2010)
(17.52 to 24.24 capsule plant™), Akgoren (2011) (5.6-9.2 capsule plant™?), Arslan et al. (2011)
(2.26-5.60 capsule plant™), Kulan et al. (2012) (2.93-11.05 capsule plant?), Sahin(2013)
(1.1-9.0 capsule plant™), Baytore and Yaver (2014) (5.70-7.23 capsule plant™), Safaei et al.
(2014) (5.6-6.1 capsule plant?), Tavas et al. (2014) (7.62-8.55 capsule plant™®), Ertas (2016)
(7.91-9.44 capsule plant®), Kosar and Ozel (2018) (4.03-7.63 capsule plant?), Mehmood et
al. (2018) (28.47-39.38 capsule plant?), Kamci1 (2019) (8.11-11.53 capsule plant®). There is
a close relationship between the number of capsules and the number of branches, another
parameter of the yield criteria. For this reason, the low figures in our branch number results
due to climate and weeds were also proportionally low in the number of capsules, and the

major genotype was the number 4 genotype, just like the number of branches.
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Seed yield

In seed yield per decare, statistically significant differences were found between genotypes
at the 1% probability limit in both years and 1% between replications in 2018. According to
the results of the combined analysis of variance of the years, statistically significant
differences were found between the genotypes, years, and year x genotype interaction at the
1% significance level and between the recurrences at the 5% probability limit. The seed yield
of the genotypes ranged between 126.8-544.8 kg ha* (experimental mean 289.3 kg ha) in
2018, 188.2-624.4 kg ha (experimental mean 378.9 kg ha') in 2019, and 194.5-505.9 kg
ha! according to the combined analysis results of the two years, the experimental (average
334.1 kg ha) number 1 (Denizli) black cumin line was the most fertile black cumin genotype
(Table 4). The annual average (334.1 kg ha-1) of 14 genotypes resulted with higher seed
yield compared to Cameli variety (328.1 kg ha-1) with the number 16.

Our yield values in the experiment were found to be within the limits of the values reported
by (194.5-505.9 kg ha!) Ertugrul (1986) (273 kg ha!), Ozel and Demirbilek (2000) (358.6-
439.5 kg ha'l), Ozel et al. (2001) (336.7-416.7 kg hal), Baytore and Yaver (2014) (284-435
kg hal), Ertas (2016) (301-538 kg hat) and high. Also, they were lower than the reported
values by Kalcin (2003), (683.9-770.1 kg hal), Ozel et al. (2009) (1406.3-2482.3 kg ha't),
Akgoren (2011) (905-1883 kg hat), Kulan et al. (2012) (676.6-903.3 kg ha), Tagi (2013)
(829-1270 kg ha), Tavas et al. (2014) (557.7-689.1 kg hal), Tektas (2015) (719-1188 kg
ha!) and Giilhan and Taner (2020) (623 kg ha™).

It is thought that the yield values obtained in the research are lower than in some studies due
to the adverse weather conditions experienced in both years and the intense dodger weed
damage.

Fixed oil ratio

Regarding fixed oil ratio, statistically significant differences were found at the 1% probability
limit in genotypes in both years and 1% in terms of recurrences only in 2019. According to
the results of the variance analysis performed by combining the years, there were 1%
differences in genotypes between years and year X genotype interaction and 5% between
replications. While the fixed oil ratio of genotypes was 21.8%-40.2% (experimental mean
28.3%) in 2018, 27.8%-40.6% (mean 34.8%) in 2019, and according to the combined
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analysis results of the two years, it ranged between 27.2% and 35.3% (experimental mean
31.5%), line 28 (Kirikkale) was the black cumin genotype with the highest fixed oil content
(Table 4). According to the combined analysis of the materials in the experiment, it was
determined that 2/3 (20 genotypes) had a higher fixed oil content than Cameli variety. In
terms of fixed oil ratio, the values (27.2-35.3%) of the genotypes in the experiment were
similar and higher than the values reported by D'Antuono et al. (2002) (13-19.7-22.9%),
Arslan et al.(2011) (21.70-31.50%), Akgoren (2011) (19.51-26.34%), Baytore and Yaver
(2014) (16.71-30.08%), Kam¢1 (2019) (29.58-32.42%). It was found close and low compared
to the values reported by Kizil et al. (2008) (30.2 to 37.9%), Matthaus and Ozcan (2011)
(28.0- 36.4%), Kulan et al. (2012) (38.91-40.58%), Sahin (2013) (26.90-44.00%), Gharby et
al. (2015) (27-37%), Tavas et al. (2014) (36.09-36.37%), Ertas (2016) (37.5-37.6%), Giilhan
and Taner (2020) (two-year average values 26.8%-37.3%). Although similar results were
obtained in terms of fixed oil ratio in both years, it is thought that the difference between the
lines is due to the genetic structure of the populations.

Fixed fatty acid composition

In the component analysis of fixed oil of the black cumin genotypes in 2018 and 2019, it was
determined that the main components were linoleic, oleic, palmitic, and stearic acids. Their
rates are respectively 45.45-55.62%, 18.83-25.01%, 6.95-11.72%, and 3.50-4.77%. The
highest value in linoleic acid was number 18, and line number 11 in oleic acid was the Burdur
line (Table 3).

In previous studies, the main components and ratios of black cumin oil were determined by
Kizil et al. (2008) linoleic acid 43.34%-51.50%, Sahin (2013) linoleic 54.6%, oleic 27.7%
and palmitic acid 13.4%, stearic acid 3.46%, Tavas et al. (2014) linoleic acid 57.92%, oleic
acid 23.07%, Ertas (2016) linoleic 57.98%, oleic 24.50% and palmitic acid 12.31%. Safaeli
et al. (2017) determined linoleic acid as 55.71% in autumn sowing, 55.5% in spring planting,
Kamg1 (2019) linoleic as 52.47%-55.48%, oleic as 20.57-28.32%, palmitic acid as 12.20-
12.63% and stearic acid as 2.99-3.53%. When the results obtained from the research were
compared with the previous studies, it was determined that while there were similar figures,
there were also positive differences in terms of the main components. These differences are

thought to be due to genetic differences.
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Table 3. Average fatty acid composition of Nigella sativa genotypes in the experiment (%)

Oleic Acid Linoleic Acid Palmitic Acid Stearic Acid
Genotypes | (C18:1n9c) (C18:2n6c) (C16:0) (C18:0)
1 23.88 54.15 11.03 4.26
2 22.71 54.30 11.16 4.33
3 22.96 52.73 10.56 431
4 23.41 52.79 10.89 4.55
5 22.75 54.26 10.83 4.14
6 23.83 51.46 10.82 4.21
7 22.41 53.53 10.80 4.23
8 23.89 50.93 10.54 4.25
9 21.28 55.19 11.08 4.16
10 22.92 52.89 10.75 4.03
11 25.01 48.54 6.95 4.77
12 22.20 54.21 11.22 4.21
13 21.93 54.13 11.31 4.08
14 21.44 55.11 11.68 4.14
15 22.62 54.17 11.32 4.01
16 20.45 53.96 11.00 431
17 22.45 55.28 11.37 4.18
18 22.10 55.62 11.34 4.19
19 22.62 53.69 11.17 4.18
20 18.83 45.45 9.39 3.50
21 22.74 54.59 11.49 3.94
22 22.34 54.11 11.42 4.09
23 21.96 54.82 11.72 4.10
24 22.45 53.65 11.37 4.09
25 22.36 53.62 11.26 4.11
26 23.77 54.34 11.43 3.96
27 22.06 54.24 11.22 4.05
28 21.79 53.90 11.19 4.19
29 22.70 54.27 11.19 3.93
30 22.69 55.12 11.23 3.89
Cameli 23.08 53.73 10.89 4.16
Mean 22.50 53.51 10.96 4.15
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Table 4. Average figures of yield and yield components of Nigella sativa genotypes in experiments

G Plant Height | Seed  Yield | First Thousand Number of | Number of | Number of | Emergence | Maturation Fixed Oil

(cm) (kg hal) Capsule Seed Branches Capsules Seeds in | Time (day) | Time (day) Ratio (%)

Height (cm) | Weight (g) | (pieces plant?) | (capsules Capsule (seeds
plant?) capsule?)

1 30.1 | a-f 5059 |a 235 |ac |26 |aj 2.8 a-f 2.7 a-d 56.3 | b-d 280 | d-g | 1365 |e 31.7 | c-g
2 29.1 | bg 3983 |af |228 |ae |27 |ah |27 b-f 2.4 a-f 51.7 | b-h 29.2 | a-f 1375 | b-e |331 |ae
3 30.1 | a-e 4409 |a-c | 244 |ac 28 |ah 2.7 b-f 2.6 a-e 53.7 | b-e 29.2 | a-f 1365 | e 325 | b-f
4 26.4 | e 4903 | a 220 |b-e |25 |ek |34 a 2.9 a 53.6 | b-f 28.7 | b-g | 1373 |c-e |333 |ad
5 22.3 | 1-m 2156 | k-l 17.1 | f1 29 |ae |27 b-f 2.6 a-e 436 | ek 302 |ab | 1372 |c-e |308 |ek
6 24.8 | h-l 2825 | gl 191 |d-g |29 |af 3.0 a-d 2.9 a-b 49.1 | b1 293 |ae |1372 |ce |311 |d
7 20.2 | m-o0 329.6 | d-j 149 | h+ 28 |ag |23 e-g 2.0 e-f 385 |1l 29.3 | a-e | 137.7 |b-e |29.7 | gk
8 199 | m-o 298.4 | f-l 13.0 | 1+ 29 | af 2.7 b-f 2.3 a-f 38.6 |1l 29.8 | a-c | 137.7 |b-e |319 |cg
9 32.2 | a-Cc 406.5 | a-f 24.8 | a-C 24 | g-l 2.7 a-f 2.5 a-f 581 | b 28.2 | c-g 1378 | b-e | 332 | ad
10 30.2 | a-e 4155 |ad [239 [ac [20 |m 2.6 b-g 2.4 a-f 574 | b 27.7 | e-g | 1365 |e 33.7 | a-c
11 17.7 | n-0 283.6 | g-l 118 | 30 |ab |20 g 1.8 f 355 | k-l 29.9 | a-c 1376 |b-e |[272 |1
12 26.1 | e 366.2 | b-g 217 |be |23 |1-m |24 d-g 2.4 a-f 50.0 | b-h 275 | f-g 1365 |e 305 | f-k
13 28.8 | c-h 356.2 |cg |238 |ac |20 |[I-m |25 c-g 2.1 d-f 541 | b-e 272 | g 1365 |e 31.0 | d-k
14 26.6 | e-h 349.3 |c-h | 215 |be [20 |[I-m |25 b-g 2.2 c-f 525 | b-h 277 | eg | 1373 |c-e |288 |1l
15 22.0 | j-n 338.1 | c-1 156 | g 26 | aj 2.4 d-g 2.3 a-f 42.7 | g-k 29.3 | ae | 1375 |b-e |287 | k-l
16 209 | I-o 276.2 | g-l 14.7 | h+j 2.6 | aj 2.9 a-e 2.5 a-f 46.5 | c4 28.7 | b-g | 137.7 |b-e |293 | h-l
17 21.0 | k-0 4653 |a-b | 152 | g 28 |ag |25 c-g 2.3 a-f 424 | g-k 285 | b-g | 1375 |b-e |288 |1l
18 19.4 | m-o0 246.9 | h-l 13.0 | 14 29 |ad |24 d-g 2.0 e-f 428 | f-k 302 |ab | 1382 |b-e |287 |jl
19 171 | o 226.5 | j-I 116 | 30 |a 2.1 f-g 1.9 e-f 36.0 | j-l 29.7 | a-d | 137.8 |b-e |304 |fk

*: P<0.05, **: P<0.01, Y: Year, G: Genotypes, R: Recurrences, NS: Not Significant
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Table 4 (Continue.) Average figures of yield and yield components of Nigella sativa genot

pes in experiments

G Plant Height | Seed  Yield | First Thousand Number of | Number of | Number of | Emergence | Maturation Fixed Oil
(cm) (kg ha™) Capsule Seed Branches Capsules Seeds in | Time (day) | Time (day) Ratio (%)
Height (cm) | Weight (g) | (pieces plant?) | (capsules Capsule (seeds
plant?) capsule?)
20 19.8 | m-o | 194.7 || 155 | g4 26 | aj 2.6 | b-g 22 | b-f |388 1-l 29.8 |a-c | 1385 |b-d |31.1 | du
21 333 | ab | 231.0 |l 26.4 | a 21 | k-m |28 |ae 25 |af |565 b-c [285 |b-g |1413 |a 30.5 | f-k
22 266 | e-h | 4056 | a-f 212 | cf |25 |d 25 |cg 22 |cf | 494 b-1 29.2 | a-f 137.7 | b-e | 321 |c-f
23 320 | ad |3334 |c 26.5 | a 24 | g-l 32 |ab 28 |ac |696 a 30.7 | a 1417 |a 335 | a-c
24 303 |ae |3181 |d-k | 248 |ac |25 |fk |23 |eg 22 |cf |532 b-g [ 283 |cg |1380 |b-e |334 |ad
25 252 | g-k | 2885 | g-l 188 |e-h |26 |a 29 | a-e 24 |af |456 d-k |297 |ad | 1373 |c-e |315 |c-h
26 259 | 3115 |d-k | 213 |b-e |25 |c 31 |ac 27 |ad |490 b-1 282 |cg |1392 |b 349 | a-b
27 299 | af | 3003 |e-l 254 |ab |22 |jm |25 |cg 23 |af |526 b-h 273 |g 1373 |c-e | 327 | b-f
28 335 | a 4077 |ae |266 |a 24 | h-m |30 |ad 27 |ad |542 b-e [293 |ae |1388 |bc |353 |a
29 279 | d-h | 3509 |ch |230 |ad |26 |b 2.7 | af 24 |af |419 h-k | 282 |c-g |1368 |de |349 |ab
30 188 | m-0 | 1945 || 12.6 | ] 29 Jac |25 |cg 22 | af 28.5 I 30.2 |ab |1375 |b-e |324 |cf
C 28.2 | c-h |3281 | d- 228 |ae |26 |a1 2.6 | b-g 24 |af |499 b-h | 288 | b-g |1385 |b-d | 306 |fk
Mean 25.7 334.1 20.0 2.6 2.6 2.4 48.1 28.9 137.8 315
F Value ** ** ** ** * NS ** ** ** **
cVv 14.5 28.5 18.2 14.3 21.9 24.1 19.7 53 1.1 6.7
R ol * NS ol NS NS NS NS faied *
Y ** ** ** ** ** ** ** ** ** **
Y X G ** ** ** NS ** ** NS NS NS **

*. P<0.05, **: P<0.01, Y: Year, G:

Genotypes, R: Recurrences, NS: Not Significant, C: Cameli
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Conclusion

Black cumin seeds, fixed and essential oil have been used in spices, food, cosmetics, and
medical fields since ancient times, so they are versatile medicinal plants whose value is
increasing every year. For this reason, as in other medicinal plants, quality rather than yield
comes to the fore in black cumin as well. Fertilizers and herbicides used pose a risk in terms
of food and drugs. This study aimed to increase the black seed cultivation area and production
by identifying the genotypes grown in accordance without fertilizers and pesticides, high
quality, productive, machine harvested, and suitable for the region. This study tried to
identify the yield and yield criteria of different advanced black cumin (Nigella sativa L.) lines
grown in the ecological conditions of Ankara. According to the results of two years, the
average values yield 334.1 kg ha?, plant height 25.7 cm, number of capsules 2.4 capsule
plant?, the height of the first pod 20 cm, thousand seed weight 2.6 g, number of branches 2.7
pieces plant?, number of seeds in capsule 48.1 seeds capsule, emergence time 28.9 days,
maturation time 137.8 days, oil rate 31.5 %, fatty acid components linoleic acid 53.51%,
oleic acid 22.50%, palmitic acid 10.96% and stearic acid 4.15%. The obtained values are
consistent with many works of literature where fertilization practices are applied. It is thought
that the statistical differences between the lines, years, and recurrences may be caused by the
adverse and untimely climatic conditions observed during the two years, the genetic
differences of the materials, and the difference in the genotypes to these conditions. Nigella
sativa is a plant that is planted for both its seeds and the fixed oil extracted from these seeds.
For this reason, the main purpose of cultivation is to have both characteristics higher and
superior to the existing varieties. It has been determined as the result of the study that, out of
31 genotypes examined, black cumin genotypes with the number 1 (Denizli), 4 (Burdur), 17
(Borsa) and 3 (Burdur) respectively became prominent in terms of seed yield and black cumin
genotypes with the number 28 (Kirikkale), 29 (Ankara) and 26 (Egypt) became prominent in
terms of essential oil ratio and that they are the genotypes that can be suggested for breeding
studies to be continued for the region. In addition, while the genotypes with the number 28
(Kirikkale)-21 (Borsa)-9 (Denizli) showed maximum performance and took the first three
place in terms of plant height, those with the number 28 (Kirikkale)-23 (Eskisehir)-21(Borsa)
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took the first three place in terms of capsule height, genotypes with the number 19 (Borsa)-
11 (Burdur)-30 (Ankara) took the first three place in terms of weight per thousand, genotypes
with the number 4 (Burdur)-23 (Eskisehir)-26 (Egypt ) took the first three place in terms of
number of branches on the plant, genotypes with the number 4 (Burdur)-6 (Syria)-23
(Eskisehir) took the first three place in terms of number of capsules on a plant, genotypes
with the number 23 (Eskisehir)-9 (Denizli)-10 (Burdur) took the first three place in terms of
number of grains per capsule, genotypes with the number 13 (Konya)-27 (Burdur)-12
(Konya) had the earliest emergence time and genotypes with the number 1 (Denizli)-3
(Burdur)-10 (Burdur) had the earliest harvest maturation time. In terms of the fixed fatty
acids, black cumin genotype with the highest oleic acid ratio was measured in Burdur
genotype with the number 11 (25.01%), and the highest linoleic fatty acid was measured in
black cumin genotype (55.62%) with the number 18, which was obtained from Borsa. There
seems to be promise for the genotypes that stood out in our study in the studies to come in

future cultivar development studies.
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ABSTRACT ARTICLE HISTORY
In this study we aimed that the evaluation of the mMRNA expression levels of apoptosis- Received

related genes by treatment with Etoposide, a topoisomerase 2a inhibitor, galangin and 17 March 2022
puerarin, plant-based antioxidants, in neuroblastoma in vitro. The effects of etoposide, '1“7‘333?]283022
galangin, puerarin and combinations of etoposide+galangin and etoposide+puerarin

on neuroblastoma and astrocyte cells’ apoptotic process were examined. ICso dose was KEY WORDS
determined by MTT test in neuroblastoma and healthy astrocyte lines from Mus Etopos_ide,

musculus. Expressions of apoptosis-related gene topoisomerase 1 and 20, caspase 3, galangin,

caspase 9, BAX, BCL-2, IL-1p, TNFo, p53 were observed in astrocyte and puerarin,
neuroblastoma cells at the dose of neuroblastoma 1Cso. The neuroblastoma ICso dose neuroblastoma,
was lower than the healthy astrocyte cell 1Cso dose in all groups. mMRNA expression of astrocyte
apoptosis-related genes increased in the neuroblastoma cancer line. The mRNA

expression changes in the astrocyte cell line did not cause apoptosis. Antiproliferative

effect of etoposide+galangin and etoposide+puerarin combinations were decreased

relative to etoposide group. We concluded that single therapy of galangin and puerarin

may be promising in the treatment of neuroblastoma.

Introduction

Neuroblastoma is a solid tumor originating from the peripheral sympathetic system
mostly seen in children less than 5 years of age [1, 2]. It is the most common extracranial
tumors in childhood [3]. In the treatment of neuroblastoma, such methods like
chemotherapy, radiation therapy, surgery, immunotherapy, and stem cell transplantation
are used. While better treatment results are obtained for those in the low and medium risk
groups, the long-term survival rate in the high-risk group neuroblastoma is 50%.
Therefore, there is a need to develop new treatment methods [4].

Topoisomerase 1 and 2 are essential for cell survival. It is involved in DNA metabolism

and regulation of its topological structure and inhibition of these enzymes creates adverse
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effects on cell viability [5]. Topoisomerase 1 disrupts the structure of the DNA by
destructing single strand and topoisomerase 2 disrupts the structure of the DNA by
destructing double strands to regulate the topological structure of DNA [5]. Etoposide,
known to be a topoisomerase 2 inhibitor, belongs to the class of epipodophyllotoxin [6].
Etoposide acts on topoisomerase 2, forming a covalent complex between topoisomerase
2 and DNA [1]. Etoposide inhibits the catalytic activity of topoisomerase 2, creates DNA
damage and by impairing DNA metabolism, disrupts transcription and replication. Since
etoposide forms a DNA complex with a high amount of topoisomerase 2, it converts
topoisomerase 2, an essential enzyme, into a toxic compound. Cells that express
topoisomerase 2 at a higher level are more sensitive. The cell may develop resistance
against topoisomerase 2 inhibitor drugs by reducing topoisomerase expression [6].
Apoptosis is a form of programmed cell death of damaged and unwanted cells to prevent
the formation of substances that will damage the surrounding tissue. Induction of
apoptosis is one of the ways used in cancer treatment. The damaged cell identifies the
DNA damage caused by topoisomerase 2-DNA complex created by etoposide and it is
eliminated via apoptosis [7]. p53 protein can contribute to DNA repair, cell cycle arrest,
or apoptosis development [8]. In case of DNA damage, the tumor suppressor gene p53
tries to repair the damage by stopping the cell cycle in G1 phase, and apoptosis occurs if
the repair is not successful [9]. Apoptosis can be triggered in two ways. The first one is
through an intrinsic pathway. The B-cell lymphoma 2 (BCL-2) protein is antiapoptotic
and keeps the cell alive by regulating the potential of the mitochondria outer membrane.
Proapoptotic proteins such as BCL-2 associated X (BAX) are normally inactive. Due to
various signals, antiapoptotic proteins are suppressed by proapoptotic proteins. BAX
protein, which is kept inactive by BCL-2, gets activated with other proapoptotic proteins,
leads changes in membrane potential. This leads to activation of initiator caspases such
as caspase 9 and effector caspases such as caspase 3, causing to the breakdown of cellular
proteins and ultimately apoptosis. The second way is the extrinsic pathway. Apoptosis
cascade from the extrinsic pathway is activated by the activation of death receptors such
as Tumor Necrosis Factor (TNF) located on the cell surface.

Galangin is reported as plant-based antioxidants induce apoptosis in cancer cells [10, 11].
Galangin is a flavonol, a type of flavonoid, which is antiproliferative, antimutagenic,

anticlastogenic, antigenotoxic, antioxidant, neuroprotective and has free radical capturing
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quality [10-13]. It is stated that it induces apoptosis of hepatocellular carcinoma cells
(HEPG2) in the melanoma cell line [12, 14]. It is also reported that galangin inhibits cell
progression in retinoblastoma and induces apoptosis by activating protein of human
phosphatase and tensin homolog (PTEN) and caspase 3 pathways [15]. The puerarin
found in Pueraria is an isoflavonoid. It is reported that it has antioxidant and estrogenic
activity, anti-inflammatory, antidiabetic, and anticancer effects [16, 17].

We hypothesized that combination of etoposide, galangin, puerarin and
galangin+puerarin combination with etoposide may have apoptotic and antiproliferative
effect on neuroblastoma cell line while do not have apoptotic effect at same dose on
healthy astrocyte cell line. The aim of our study was to investigate the effects of etoposide,
galangin, puerarin and their combinations with etoposide for 24 hours on apoptotic
process in neuroblastoma line and in healthy astrocyte cell lines at the dose of

neuroblastoma ICsp.
Material and Methods

Groups

The study was planned in six groups as control, etoposide, galangin, puerarin,
etoposide+galangin combination and etoposide+puerarin combination.

Chemicals

HAMS F 12 (318-010-CL), Eagle's Minimum Essential Medium (EMEM) (320-026-CL)
and trypsin/EDTA (325-542-EL) from Multicell (Wisent Bioproducts, St-Bruno, QC,
Canada); Dulbecco’s modified Eagle’s medium (DMEM) (320-026-CL), L-glutamine
(Gibco 25030081), fetal bovine serum (FBS) (Gibco 26140079) and penicillin-
streptomycin (Gibco 15070063) from Gibco (Thermo Fisher Scientific, Waltham, MA,
USA); Thiazolyl Blue Tetrazolium Bromide (MTT) were obtained from Biocompare
(New York, USA). Etoposide (Sigma E1383), galangin (Sigma 282200) and puerarin
(Sigma 82435), was obtained from Sigma (St. Louis, MO, USA). Phosphate buffered
saline (PBS) (Merck 524650) and dimethyl sulfoxide (DMSQO) (Merck 67-68-5) were
taken from Merck-Millipore (Darmstadt, Germany). The PureLink RNA Mini Kit (121-
830-18A) was supplied from Invitrogen (Thermo Fisher Scientific, Waltham, MA, USA);
SYBR Select Master Mix and High Capacity cDNA Reverse Transcription Kit (8368814)
from Applied Biosystems (Thermo Fisher Scientific, Waltham, MA, USA).
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Cell culture

Mus musculus brain neuroblastoma cell line (N1E-115; ATCC® CRL-2263 ™) and
healthy Mus musculus brain astrocyte cells (C8-D1A; ATCC® CRL-2541 ™) 5% heat-
inactivated fetal bovine serum (FBS); nutrient medium contains 100 1U/ml penicillin, 10
mg/ml streptomycin and 1% L-glutamine, 1:1 ratio of Eagle's Minimum Essential
Medium (EMEM), DMEM, HAMS F12 are seeded in flasks and they are placed in the
incubator that contains 95% moisture and 5% CO> at 37 °C. Our study started in the 5th
passage and ended in the 12th passage.

Determination of substance concentrations to be administered to cell lines by MTT
method

In order to determine 1Cso values of all groups to be used in the study, 180 uL cells were
seeded in 96 well plates to have 1x10° cells in each well, and they were left to incubate
for 24 hours to enable the cells to adhere onto the plate wells. Etoposide, galangin,
puerarin were prepared as an aqueous solution containing 0.01% DMSO. Combinations
of etoposide+galangin and etoposide+puerarin were prepared in a 1:1 ratio (v/v). All
substances were administered to all groups except for the control group, in a volume of
20 pl as 1.25 uM, 2.5 uM, 5 uM, 10 uM, 20 uM and were left in the incubator (37 °C,
5% COy) for 24 hours. An aqueous solution containing 0.01% DMSO was applied to the
control group. After 3 hours, 200 pul of 0.01% DMSO was added to dissolve the formazan
crystals and the absorbance value was determined at 492 nm with the microplate reader
(Thermo Scientific Multiskan Go). The control group was considered 100% alive and the
ICso dose was calculated by probit analysis. MTT test was run in four replicates in all
groups.

RNA isolation and cDNA synthesis

Neuroblastoma and astrocyte cells were seeded 3 times in culture plates to have 3x10°
cells in each well. After 24 hours, the chemical applications of the experimental groups
were administered at the dose of neuroblastoma ICsp for 24 hours. RNA isolation from
the obtained cells was done with PureLink RNA Mini Kit according to the manufacturer's
instructions. Concentrations and purity values of the obtained RNA samples were
determined with nanodrop (NaNoQ OPTIZEN). cDNA synthesis was carried out from
RNA samples, according to the manufacturer's instructions with the High Capacity cDNA

Reverse Transcription Kit.
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gRT-PCR analysis

gRT-PCR analysis of gene expressions of the cells associating with topoisomerase 1,
topoisomerase 2a, caspase 3, caspase 9, BCL-2, BAX, Interleukin 1f (IL-1pB), Tumor
Necrosis Factor Alpha (TNFa) and p53 was performed with Quant Studio 6 Flex device
of SYBR Select Master Mix. PCR conditions are determined as; 1 cycle is 2 minutes at
50 °C, 10 minutes at 95 °C, afterwards 50 cycles for denaturation are 15 seconds at 95
°C, and 1 second at 60 °C for annealing and extension. mRNA expression levels were
analyzed by comparative cycle threshold (2-AACt) method (User Bulletin 2, Applied
Biosystems). To obtain a copy of the Topoisomerase 1 and Topoisomerase 20 gene
sequences: was selected "Nucleotide” from the National Center for Biotechnology
Information (NCBI) website (http://www.ncbi.nlm.nih.gov/guide/). After, the relevant
organism/gene name was entered in the search box, and FASTA was determined and the
relevant genes were designed. Gene expressions were determined as relative fold-change

compared to the control group and normalized by B-actin mRNA expression (Table 1).

Table 1. Primer sequences of analyzed genes for qRT-PCR analysis

Gene Primer sequences (Forward/Reverse)

5’-TCATACTGAACCCCAGCTCC-3’
5’-GTCCTGCAAGTGCTTGTTCA-3’
5’-CTTCTCTGATATGGACAAACATAAGATTCC-3’
5’-GGACTGTGGGACAACAGGACAATAC-3

Topoisomerase 1

Topoisomerase 20

053 5-CACGAGCGCTGCTCAGATAGC-3’ [18]
5’- ACAGGCACAAACACGCACAAA-3’

Caspase 3 5 -GGTATTGAGACAGACAGTGG-3’ [19]
5-CATGGGATCTGTTTCTTTGC-3’

Caspase 9 5-GAGTCAGGCTCTTCCTTTG-3’ [20]
5’-CCTCAAACTCTCAAGAGCAC-3’

BAX 5 TTCATCCAGGATCGAGCAGA-3’ [21]
5-GCAAAGTAGAAGGCAACG-3’

BCL2 5-ATGTGTGTGGAGAGCGTCAA-3’ [22]
5-ACAGTTCCACAAAGGCATCC-3’

TNFo 5-TCAGCCTCTTCTCC-3’ [23]
5-TCAGCTTGAGGGTT-3’

IL-1B 5-GCACGATGCACCTGTACGAT-3’ [24]
5’-CACCAAGCTTTTTTGCTGTGAGT-3’

-actin 5-AGAGCTACGAGCTGCCTGAC-3’ [25]

5’- AGCACTGTGTTGGGCGTACAG-3’
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Immunofluorescence assay

Cell Viability Imaging Kit Caspase 3/7 staining was utilized to determine the
morphological changes induced by etoposide, galangin, puerarin and combinations to
neuroblastoma (N1E-115) cells. To evaluate the apoptotic activity, cancer cells which
were plated at 1 x 10° cells/well into a 24-well chamber plate, and cells were treated with
substances and incubated for 24 h. After 24 h of incubation, cells were washed with PBS
and stained by Cell Viability Imaging Kit Caspase 3/7 according to manufacturer
instruction. To decide the cell death, the cells were seeded in 24-well plates and treated
ICso of the concentration of formulations. The morphological change was investigated
from stained dead, live and apoptotic cells under a fluorescent microscope (Carl Zeiss,
Axio Observer, Germany).

Statistical analysis

ICso value was calculated by applying probit analysis to percent viability data obtained
by MTT test. After application of the neuroblastoma line at I1Cso doses for 24 hours to the
astrocyte and neuroblastoma cells, one-way ANOVA test, post hoc Tukey were
administered to the relative fold-change values of gene expressions. Values of p<0.05
was considered significant. Probit analysis and ANOVA test were done with SPSS 20
software (IBM).

Results

ICso doses were obtained by applying probit analysis to the results obtained after 24 hours
exposure to the N1E-115 neuroblastoma cell line (Fig. 1). 1Cso doses were determined as
3.75 uM in etoposide, 3.75 puM in galangin, 5.26 pM in puerarin, 5.81 pM in
etoposide+galangin, 17.54 uM in etoposide+puerarin. In the MTT test conducted to
examine the effects of the dose range applied in neuroblastoma cells on the healthy cell,
ICso doses for astrocyte were determined as 14.16 pM in the galangin group and 17 uM
in the etoposide+galangin group, while 1Cso dose for astrocyte was higher than our tested

dose scale in the other groups.
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Fig 1. MTT assay results of each treatment group. Vertical bars represent standard deviation.
(n=4, mean +std dev.) (viability%=sample absorbance average/control absorbance averagex100)

gRT-PCR

The statistical significance of fold-changes of mMRNA expressions of topoisomerase 1,
topoisomerase 2a, caspase 3, caspase 9, BAX, BCL-2, IL-1B, TNFa, p53 in
neuroblastoma and astrocyte cell lines were evaluated in all groups by comparing with
control group (Fig. 2). It was observed that expression of topoisomerase 1 in the astrocyte
line increased in the puerarin group compared to both the control and the etoposide group
(Fig. 2A). A decrease of the expression of topoisomerase 1 on the neuroblastoma line was

detected in the etoposide, galangin and etoposide+galangin groups compared to the
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control group. It was determined that enzyme expression in the neuroblastoma line was

increased in the puerarin and etoposide+puerarin groups compared to the etoposide group.
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Fig 2. On N1E-115 Neuroblastoma and C8-D1A Astrocyte cell lines, the mRNA expression of
topoisomerase 1 (A), topoisomerase 2a (B), caspase 3 (C), caspase 9 (D), BAX (E), BCL-2 (F)
genes have been shown as relative fold-change. Black columns represent astrocyte cell line grey
columns represent neuroblastoma cell line. (a: p <0.05, b: p <0.01, c¢: p <0.001, d: p <0.0001
compared with the control group; 1: p <0.05, 2: p <0.01, 3: p <0.001, 4: p <0.0001 compared to
the etoposide group; vertical bars show standard deviation; one-way ANOVA post hoc Tukey, p

<0.05)
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Expression of topoisomerase 1 was significantly increased in the astrocyte cell line
Puerarin group compared to the control group. Expression of topoisomerase 1 in the
neuroblastoma cell line was decreased in etoposide, galangin and etoposide+galangin
groups compared to the control group. Expression of topoisomerase 1 in neuroblastoma
cell line was increased in puerarin and etoposide+puerarin groups compared to etoposide
group.

Expression of topoisomerase 20 on the astrocyte cell line decreased in etoposide,
etoposide+galangin and etoposide+puerarin groups and increased in the puerarin group
compared to the control group (Fig 2B). Topoisomerase 2a expression was decreased in
all groups relative to the control group in neuroblastoma cell lines. On neuroblastoma cell
lines, increase of Topoisomerase 2a expression was determined in the control, puerarin
and etoposide+puerarin groups compared to the etoposide group.

The expression of caspase 3 decreased in all groups except puerarin group relative to the
control group in the astrocyte cell line but increased in all groups relative to the control
group in the neuroblastoma cell line (Fig. 2C). The expression of caspase 3 increased in
the etoposide+puerarin and etoposide+galangin groups in the neuroblastoma line but
decreased in the galangin and puerarin groups compared to the etoposide group.
Caspase 9 expression increased in etoposide+galangin and etoposide+puerarin groups
relative to the control group and expression of caspase 9 increased in both groups
compared to etoposide group on the astrocyte cell line (Fig. 2D). Expression of caspase
9 increased in all groups compared to control group and caspase 9 increased in
etoposide+puerarin group compared to the etoposide group in the neuroblastoma cell line.
MRNA expression of BAX decreased in the etoposide+puerarin group compared to both
the control group and the etoposide group, while it increased in the puerarin group on
astrocyte cell line (Fig. 2E). An increase on the neuroblastoma line was observed in
galangin, puerarin, etoposide+galangin and etoposide+puerarin groups compared to the
control and etoposide groups.

BCL-2 gene expression increased in the etoposide+puerarin group compared to both the
control group and the etoposide group while it decreased in the galangin and puerarin
group in the astrocyte cell line (Fig. 2F). BCL-2 gene expression increased only in the
puerarin group in neuroblastoma cell line when compared to the control and etoposide

group.
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IL-1pB gene expression increased in all groups relative to the control group in the astrocyte

cell line (Fig. 3A). IL-1p gene expression decreased in all groups relative to control group

but increased when compared to the etoposide group and etoposide+puerarin group in the

neuroblastoma cell line.

A IL-1p
15—
Q
g d.4
£ 10 :
(&]
o]
(=]
; ¢.1
2 5-
8
Q
4
d,4
= d d d d1
0 = _—
1 1 L) 1 1 1
N e o o N ~ & o a
FFE TS LSS
OO oq}'boe; ,3?\)0 00 ofb\'b\\e ,b\'bow
R T PR KPR P R
N < S
&L & &
LK LK
<‘>O @9 £O Q}O
C p53
15
d4
Q
(=)}
s
< 10+
o
K/
o
'; d4
>
B b d
@
4

w

Relative fold change

TNFa

2.0

1.5

1.0+ b,3

Fig 3. On N1E-115 Neuroblastoma and C8-D1A Astrocyte cell lines, the mRNA expression of
IL-1B (A), TNFa (B), BAX (C), p53 (D) genes have been shown as relative fold-change. Black
columns represent astrocyte cell line grey columns represent neuroblastoma cell line. (a: p <0.05,
b: p <0.01, c: p <0.001, d: p <0.0001 compared with the control group; 1: p <0.05, 2: p <0.01, 3:
p <0.001, 4: p <0.0001 compared to the etoposide group; vertical bars show standard deviation;
one-way ANOVA post hoc Tukey, p <0.05)

TNFa expression decreased in all groups relative to the control group in the astrocyte cell

line (Fig. 3B). TNFa expression also decreased in the etoposide+puerarin group

compared to the control group in the neuroblastoma cell line.

416



p53 expression increased in all groups relative to the control group (Fig. 3C) also in all
groups except the control group when compared to the etoposide group in the astrocyte
cell line. p53 gene expression decreased in the etoposide and etoposide+galangin groups
compared to the control group in the neuroblastoma cell line.

Immunofluorescence assay

Since cell viability in MTT results is significantly inhibited by etoposide, galangin,
puerarin, etoposide+galangin, and etoposide+puerarin, it is critical to classify which cell
death is induced in N1E-115 cells. Therefore, an immunofluorescence staining
experiment was conducted to determine the type of cell death induced by the
administration groups. Apoptotic cells were determined in the viable part of the cell
population with treatment groups for 24 hours (Fig. 4). In the immunofluorescence
examination, it was observed that the cells in the N1E-115 cell line control group
preserved their morphological integrity and were alive. It was observed that the cells in
the NI1E-115 cell line etoposide, puerarin, galangin, etoposide+galangin and
etoposide+puerarin groups could not preserve their integrity, their cytoplasm stained

caspase 3/7 positively and the cells were dead (Fig. 4).

Fig 4. Immunofluorescent staining of control (a), etoposide (b), galangin (c), puerarin (d),
etoposide+galangin (e), etoposide+puerarin (f) groups of neuroblastoma (N1E-115) cells by cell
viability imaging kit caspase 3/7. (Blue: live cell; Red: dead cell; Green: caspase 3/7 positive)
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Discussion

Etoposide is an antineoplastic drug as a topoisomerase 2 inhibitor. Galangin and puerarin
are antiproliferative plant-based antioxidants that induce apoptosis in cancer cells [10,
11]. Accordingly, we hypothesized that etoposide and galangin/puerarin combinations
with etoposide may have an antiproliferative and apoptotic effect on the neuroblastoma
cell line when it is in a non-apoptotic level on a healthy astrocyte cell line in this study.
Therefore, we investigated the effects of etoposide, galangin, puerarin and their
combinations with etoposide on the mRNA expression of genes which are involved in
apoptotic process on neuroblastoma and healthy astrocyte cell lines. The effects of drug
administrations at the dose of neuroblastoma ICso on apoptotic process of healthy
astrocyte cell line were also examined in our study.

It was observed that topoisomerase 20 gene expression decreased in the etoposide (3.75
uM) group on the neuroblastoma and astrocyte cell line. The reduction in topoisomerase
20 gene expression can be explained by an improved resistance mechanism against
anticancer agents acting on the mechanism of non-separation of the topoisomerase-DNA
complex. This result obtained from our study is in line with other studies [6, 26]. It is a
remarkable finding that the gene expression on the neuroblastoma line significantly
decreases while overexpression of p53, the tumor suppressing gene, is observed on the
astrocyte line. If astrocyte cell 1Cso value of etoposide was not determined between
administered dose range, this indicates that the ICsg value is higher than the administered
dose and the decrease of the caspase 3 gene expression shows that etoposide has no effect
on apoptotic death at the dose administered in healthy astrocyte cell. It was determined
that it caused significant overexpression of caspase 3 in the neuroblastoma line. This
result shows that the apoptosis signal pathway is activated. It was determined that p53
decreased significantly in this cell line. The significant increase in caspase 9 expression
in the neuroblastoma line indicates that apoptosis occurs through the mitochondrial
pathway. Depending on the damage to the mitochondrial membranes in the
neuroblastoma line cells, the release of cytochrome ¢ (cyc-c) may have initiated the
caspase cascade and thereby leaded the cell into apoptosis through the mitochondrial
pathway. However, it was determined that IL-1f expression did not change in the
astrocyte line and decreased significantly in the neuroblastoma line. At the same time,

TNFa gene expression decreased significantly in the astrocyte line, while no difference
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was observed on the neuroblastoma line. Reduction of TNFa expression can be
interpreted that apoptosis is not triggered through the Extrinsic pathway on the astrocyte
cell line. The fact that the etoposide causes apoptosis in the neuroblastoma cell line, not
in the astrocyte line, shows its selective effect.

It was determined that IL-1p, p53 and caspase 9 gene expressions increased and caspase
3, BCL-2, TNFa expressions decreased as a result of the administration of galangin (3.75
uM) to the astrocyte cell line. The increase of caspase 9 on the astrocyte cell line
depending on the administration of galangin can be considered as the cell's attempt to
regulate balance with cytoprotective autophagy. Similarly, with the administration to the
neuroblastoma cell line, it was determined that caspase 3, caspase 9, BAX expressions
increased but IL-1p, p53, topoisomerase 1 and 2a expressions decreased. Increased tumor
suppressor gene p53 MRNA expression in the astrocyte line and also decreased caspase
3 expression indicate that the apoptosis signal pathway does not cause apoptosis on the
astrocyte line. The increase in caspase 3, caspase 9, BAX gene expressions in the
neuroblastoma line and decrease in p53 indicate that apoptosis is stimulated. In a study
conducted on the HEPG2 cell line, it was reported that cell death occurred via autophagy
rather than apoptosis with the administration of galangin at 130 pmol/L, whereas when it
was administered at 370 umol/L dose, cell death occurred via apoptosis [27]. In a study
on breast cancer, galangin was shown to increase BAX expression and decrease BCL-2
expression, and this result was found to be compatible with our findings [28]. It is
demonstrated that the administration of galangin to hepatocellular carcinoma cells
(HEPG2), by binding of the proapoptotic protein BAX to the mitochondria membrane,
caused the apoptosis-inducing factor and cyc-c to be released into the cytosol [12], and
caused apoptosis on B16F10 melanoma line but does not cause any changes on BAX [14].
In the present study, the observation of the increase in BAX gene expression was
interpreted as the difference of cell lines. There is no study in the literature about the
effect of galangin on neuroblastoma cell line.

In the etoposide+galangin (5.81 uM 1:1) combination group, mRNA expressions of
tumor suppressor gene p53 and caspase 9 increased but topoisomerase 1, topoisomerase
2a, caspase 3, and TNFa decreased in the astrocyte cell line. However, caspase 3, caspase
9 and BAX gene expressions were significantly increased in the neuroblastoma line. The

significant increase of caspase 3, caspase 9 and BAX gene expressions that took place
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with the etoposide+galangin administration in the neuroblastoma cell line may be
interpreted as apoptosis triggered via mitochondrial pathway. It can be evaluated that the
increase in caspase 9 gene expression may depend on the stress of endoplasmic reticulum
(ER). The significant decrease of p53 can be interpreted as apoptosis may have occurred
independently from p53. Depending on the disruption in the mitochondrial membranes
on the neuroblastoma cells, the cyc-c release may have initiated the caspase cascade and
thus leaded the cell via the mitochondrial pathway into apoptosis.

While IL-1p expression did not change in the astrocyte line but a significant decrease was
observed in the neuroblastoma line. It was observed that TNFa gene expression was
significantly decreased in the astrocyte line but not changed in the neuroblastoma line.
Reduction of TNFa expression on the astrocyte cell line can be interpreted as apoptosis
is not triggered from the extrinsic pathway on the astrocyte cell line. We could not find
any study investigating the effect of etoposide and galangin combination in
neuroblastoma cell line. Therefore, we think that the findings of our study have a
significant contribution to the future study.

Increased BCL-2 and p53 expressions and decreased BAX expressions in astrocyte cell
line in consequence of etoposide+puerarin (17.54 uM 1:1) administration can be
evaluated as the protective effect of puerarin. Similarly, it was reported that puerarin has
a protective effect in astrocyte cells and reduces BAX expression depending on
concentration [29]. In the literature, cytotoxicity studies in which the combination of
etoposide and puerarin were administered were not found. The significant increase of
caspase 3, caspase 9, BAX gene expression that took place with the etoposide+galangin
administration in the neuroblastoma cell line may be interpreted as apoptosis triggered
via mitochondrial pathway. Compatibly to our study, in another study conducted on
human lung adenocarcinoma cell line, puerarin was found to induce apoptosis via
mitochondrial pathway [30]. It was also considered that caspase 9 gene expression may
have increased due to ER stress. In a study on human colorectal cancer line, the increase
in BAX, decrease in BCL-2 and increase in caspase 3 activation are in line with our results
[31]. In another study, it was stated that administration of puerarin inhibits proliferation
in the bladder cancer T-24 cell line, and apoptosis occurs as a result of decrease in p53
and BCL-2 and increase in BAX protein expression [32]. Decrease in BCL protein

expression and increase in BAX expression were consistent with our study. While IL-18

420



expression did not change on the astrocyte line, it decreased significantly on the
neuroblastoma line. TNFa gene expression was found to be significantly decreased on
the astrocyte line and not changed on the neuroblastoma line. Constancy of IL-1p
expression and reduction of TNFa expression on the astrocyte cell line can be interpreted
as apoptosis is not triggered from the extrinsic pathway on the astrocyte cell line. In
immunofluorescence examination, the apoptosis and cell death table observed in cells is
consistent with the changes in mMRNA expression. This result indicates that death in N1E-

115 cells of administration groups is due to apoptotic cell death.

Conclusion

In all groups, 1Cso dose was lower in neuroblastoma than astrocyte. This suggests that
selective effect can occur. Moreover, it shows that the antiproliferative effect is decreased
in the combination groups relative to the etoposide group. Available data indicate that
apoptosis is triggered by the intrinsic pathway. Etoposide combinations have decreased
antiproliferative effect compared to the etoposide group. Thus, the single treatment of
galangin and puerarin in neuroblastoma treatment may be promising and proper attention
should be paid to the dosage. We also consider that administrations of puerarin and

galangin should be evaluated in terms of autophagy and ER stress.

References

1. Urbani, A., et al., A proteomic investigation into etoposide chemo-resistance of neuroblastoma
cell lines. Proteomics, 2005. 5(3): p. 796-804.

2. Steliarova-Foucher, E., et al., International incidence of childhood cancer, 2001-10: a population-
based registry study. Lancet Oncol, 2017. 18(6): p. 719-731.

3. Maris, J.M., et al., Neuroblastoma. Lancet, 2007. 369(9579): p. 2106-20.

4, Pinto, N.R., et al., Advances in Risk Classification and Treatment Strategies for Neuroblastoma.
J Clin Oncol, 2015. 33(27): p. 3008-17.

5. Berger, S.J., et al., Green tea constituent (--)-epigallocatechin-3-gallate inhibits topoisomerase |
activity in human colon carcinoma cells. Biochem Biophys Res Commun., 2001. 288(1): p. 101-
5.

6. Nitiss, J.L., Targeting DNA topoisomerase Il in cancer chemotherapy. Nat Rev Cancer, 2009.
9(5): p. 338-50.

7. Karpinich, N.O., et al., The course of etoposide-induced apoptosis from damage to DNA and p53
activation to mitochondrial release of cytochrome c. J Biol Chem, 2002. 277(19): p. 16547-52.

8. Janicke, R.U., D. Sohn, and K. Schulze-Osthoff, The dark side of a tumor suppressor: anti-
apoptotic p53. Cell Death Differ, 2008. 15(6): p. 959-76.

9. Yonish-Rouach, E., The p53 tumour suppressor gene: a mediator of a G1 growth arrest and of
apoptosis. Experientia, 1996. 52(10-11): p. 1001-7.

10. Heo, M.Y., S.J. Sohn, and W.W. Au, Anti-genotoxicity of galangin as a cancer chemopreventive

agent candidate. Mutat Res., 2001. 488(2): p. 135-150.

421



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Bacanli, M., A.A. Basaran, and N. Basaran, The antioxidant, cytotoxic, and antigenotoxic effects
of galangin, puerarin, and ursolic acid in mammalian cells. Drug Chem Toxicol, 2017. 40(3): p.
256-262.

Zhang, H.T., et al., Galangin induces apoptosis of hepatocellular carcinoma cells via the
mitochondrial pathway. World J Gastroenterol, 2010. 16(27): p. 3377-84.

Zeng, H., et al., Galangin-induced down-regulation of BACEL1 by epigenetic mechanisms in SH-
SY5Y cells. Neuroscience, 2015. 294: p. 172-81.

Zhang, W., et al., Galangin induces B16F10 melanoma cell apoptosis via mitochondrial pathway
and sustained activation of p38 MAPK. Cytotechnology, 2013. 65(3): p. 447-55.

Zou, W.-W. and S.-P. Xu, Galangin inhibits the cell progression and induces cell apoptosis through
activating PTEN and Caspase-3 pathways in retinoblastoma. Biomed Pharmacother., 2018. 97: p.
851-863.

Li, J., et al., Anti-colorectal cancer biotargets and biological mechanisms of puerarin: Study of
molecular networks. Eur J Pharmacol, 2019. 858: p. 172483.

Zhou, Y.X., H. Zhang, and C. Peng, Puerarin: a review of pharmacological effects. Phytother Res,
2014. 28(7): p. 961-75.

Doganlar, Z.B., et al., The Role of Melatonin in Oxidative Stress, DNA Damage, Apoptosis and
Angiogenesis in Fetal Eye under Preeclampsia and Melatonin Deficiency Stress. Curr Eye Res,
2019. 44(10): p. 1157-1169.

Wang, L.M. and R.L. Wang, Effect of rapamycin (RAPA) on the growth of lung cancer and its
mechanism in mice with A549. International Journal of Clinical and Experimental Pathology,
2015. 8(8): p. 9208-9213.

Artym, J., et al., Prolongation of skin graft survival in mice by an azaphenothiazine derivative.
Immunology Letters, 2019. 208: p. 1-7.

Li, R., et al., Bailcalin protects against diabetic cardiomyopathy through Keapl/Nrf2/AMPK-
mediated antioxidative and lipid-lowering effects. 2019. 2019.

Gong, C., etal., Effects of microRNA-126 on cell proliferation, apoptosis and tumor angiogenesis
via the down-regulating ERK signaling pathway by targeting EGFL7 in hepatocellular carcinoma.
Oncotarget, 2017. 8(32): p. 52527-52542.

Sun, X., et al., Activation of the epithelial sodium channel (ENaC) leads to cytokine profile shift
to pro-inflammatory in labor. Embo Molecular Medicine, 2018. 10(10).

Liu, Z.Y., et al, Necrostatin-1 reduces intestinal inflammation and colitis-associated
tumorigenesis in mice. Am J Cancer Res, 2015. 5(10): p. 3174-85.

Jeevannavar, S.S., et al., Response to Wei Y-S, Liu W-L, Bai R, Li D-H, Zhao Z-Q, Wang Y, et
al. The use of a transolecranon pin joystick technique in the treatment of multidirectionally
unstable supracondylar humeral fractures in children. J Pediatr Orthop B 2020; 29:452-457.
Journal of Pediatric Orthopaedics-Part B, 2022. 31(1): p. E107-E107.

Berney, D.M., et al., DNA topoisomerase | and Il expression in drug resistant germ cell tumours.
British Journal of Cancer, 2002. 87(6): p. 624-629.

Wen, M., et al., Galangin Induces Autophagy through Upregulation of p53 in HepG2 Cells.
Pharmacology, 2012. 89(5-6): p. 247-255.

Liu, D., et al., Galangin Induces Apoptosis in MCF-7 Human Breast Cancer Cells Through
Mitochondrial Pathway and Phosphatidylinositol 3-Kinase/Akt Inhibition. Pharmacology, 2018.
102(1-2): p. 58-66.

Wang, N., et al., Puerarin protected the brain from cerebral ischemia injury via astrocyte apoptosis
inhibition. Neuropharmacology, 2014. 79: p. 282-289.

Hu, Y.F., et al., Puerarin inhibits non-small cell lung cancer cell growth via the induction of
apoptosis. Oncology Reports, 2018. 39(4): p. 1731-1738.

Yu, Z.L. and W.J. Li, Induction of apoptosis by puerarin in colon cancer HT-29 cells. Cancer
Letters, 2006. 238(1): p. 53-60.

422



32. Ye, G.M.,, et al., Puerarin in inducing apoptosis of bladder cancer cells through inhibiting
SIRT1/p53 pathway. Oncology Letters, 2019. 17(1): p. 195-200.

423



Research Article

Kurt, B., Investigation of The Potential Inhibitor Effects of Lycorine on Sars-Cov-2 Main Protease (Mpro)
Using Molecular Dynamics Simulations and MMPBSA. International Journal of Life Sciences and

Biotechnology, 2022. 5(3): p. 424-435. DOI: 10.38001/ijlsh.1110761

Investigation of The Potential Inhibitor Effects of Lycorine on
Sars-Cov-2 Main Protease (Mpro) Using Molecular Dynamics

Simulations and MMPBSA
Bans Kurt!”

ABSTRACT

The main protease (Mpro or 3CLpro) plays important roles in viral replication and is one
of attractive targets for drug development for SARS-CoV-2. In this study, we investigated
the potential inhibitory effect of lycorine molecule as a ligand on SARS-CoV-2 using
computational approaches. For this purpose, we conducted molecular docking and
molecular dynamics simulations MM-PB(GB)SA analyses. The findings showed that the
lycorine ligand was successfully docked with catalytic dyad (Cys145 and His41) of
SARS-CoV-2 Mpro with binding affinity changing between -6.71 and -7.03 kcal mol-1.
MMPB(GB)SA calculations resulted according to GB (Generalized Born) approach in a
Gibbs free energy changing between -24.925-+01152 kcal/mol between lycorine and
SARS-CoV-2 which is promising. PB (Poisson Boltzmann) approach gave less favorable
energy (-2.610+£0.2611 kcal mol-1). Thus, Entropy calculations from the normal mode
analysis (AS) were performed and it supported GB approach and conducted -
23.100£6.4635 kcal mol-1. These results showed lycorine has a druggable potential but
the drug effect of lycorine on COVID-19 is limited and experimental studies should be
done with pharmacokinetic modifications that increase the drug effect of lycorine.
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Introduction

Coronaviruses (CoVs) are common pathogens in vertebrates causing various diseases
which have been identified as respiratory infections, hepatitis, encephalitis, gastroenteritis
[1] and lately COVID-19. The first case of COVID-19 was reported in Wuhan city of
Hubei province in China in December 2019 [2] and the outbreak, caused by a novel
coronavirus, was declared as global pandemic in 2020 by World Health Organization [3].
The SARS-CoV-2 belonging to B-coronavirus family has an envelope and a non-segmented
positive-sense RNA. The genome size of Wuhan-Hu-1 coronavirus (WHCV) is 29.9 kb [4].
The genome encodes 16 non-structural proteins (NSP) along with four structural proteins
which are comprised of envelope (E), spike (S) glycoprotein, nucleocapsid (N), and matrix
(M) proteins [5]. It is known that ACE-2 (Angiotensin Converting Enzyme-2) receptor is a
binding region for SARS-CoV and SARS-CoV-2 viruses [6]. Usually, B-coronaviruses
synthesize about 800 kDa long polypeptide [7]. It is determined SARS-CoV-2 is
comprised of 16-17 non-structural proteins named as 3-chymotrypsin-like protease
(3CLP™), papain-like protease (PLP™), helicase, and RNA-dependent RNA polymerase
(RdRp). Two proteases (3CLP™ and PLP™) serves as probable drug targets since they are of
importance in processing two viral proteins in an organized way [8]. Particularly, the
3CLP™ (main protease or MP), involved in specific roles in virus replication by cleaving
and processing the viral proteins, indicate high-level variations at the 3" side. In MERS-
CoV 3CLP™, His4l and Alal48 residues have been identified as catalytic dyad [9,10]. On
the other hand, Cys145 and His4l are catalytic dyad in SARS-CoV-2 3CLP™ [11]. The
human CoV (HCoV) 229E MP™ contains Cys144 and His41 residues as a catalytic dyad
[10].

The sequenced virus RNAs obtained from COVID-19 patients around the world indicated
that SARS-CoV-2 have undergone slower mutations compared to other RNA viruses and
the rates of SARS-CoV-2 mutations are slower compared to transmission rates of the virus.
The slower mutations of the virus emanates from the proofreading mechanism of SARS-
CoV-2 and earlier genomic sequencing data of the virus showed that the virus averagely
undergoes two-single letter mutations each month [12]. The most significant mutation sites
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in virus genome are spike proteins since they help virus to enter into host cells by binding
to ACE2 receptors and therefore, is the main target of neutralizing antibodies. Alpha, Beta,
Gama and Omicron variants have the mutated sites in their spike proteins rendering them
more infectious [12].

Lycorine is a pyrrolo[de]phenanthridine ring-type alkaloid and it is found abundant in
plants, belonging to Amaryllidaceae family [13]. Lycorine is known to be cytotoxic
compound having anti-tumor effects on different cell lines [14]. Lycorine together with
other phytochemicals such as trisphaeridine, homolycorine, and haemanthamine from
spring snowflake (Leucojum vernum) are found to exhibit high antiretroviral activities with
low therapeutic indices (Tlso = 1.3 — 1.9) [15] . Particularly, lycorine exhibits virus
inhibitory properties against the enterovirus, the flaviviruses, HIV-1, the hepatitis C virus,
and the SARS-CoV [15,16] Lycorine, like hemanthamine, inhibits viral activities of the
H5N1 influenza strain (highly pathogenic avian influenza virus or HPAIV) by impeding
export of virus ribonucleoprotein from nucleus to cytoplasm [17]. Also, lycorine decreases
the cytopathic effects of viruses, inhibiting the replication of viruses [18,19]. Lycorine and
four herbal extracts are suggested as potential candidates for the treatment of SARS as
novel anti-SARS-CoV drugs [20]. Jin et al. [21] stated that lycorine exhibits inhibitory
properties against SARS-CoV, MERS-CoV, and SARS- CoV-2 by inhibiting the RNA
dependent RNA polymerase (RdRp). However, the effects of lycorine on SARS-CoV or
SARS-CoV-2 viruses are more effective than those on MERS-CoV. Likewise, gemcitabine,
lycorine, and oxysophoridine in cell culture are reported to show antiviral activities against
SARS-CoV-2 [16]. Although these mentioned studies suggest that lycorine is a promising
drug candidate, it is still emphasized that further studies are needed to gain more insights
into the toxicity and safety profile and antiviral activity of lycorine against SARS-CoV-2.
Therefore, in this study, the inhibition potential of lycorine as a promising anti-COVID-19
natural compound was tested on the crystal structure of SARS-CoV-2 main protease
(3CLP™ or MP™) (PDB ID: 6LU7) using docking and molecular dynamics approaches.
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Materials and Methods

Receptor and Ligand Preparation

The ligand lycorine (C16H17NO4) was obtained (Fig. 1) from ZINC
(ZINC000003881372) database (https://zinc.docking.org/) (Irwin & Shoichet, 2005). The
lycorine includes five rings, 21 heavy atoms, and five hetero atoms. As receptor, the 3D
structures of SARS-CoV-2 main protease (referred to as the 3C-like protease) [22] obtained
by X-ray diffraction was retrieved from Protein Data Bank (PDB ID: 6LU7)
(https://www.rcsb.org/) (Fig. 2). Similarly, SARS-CoV (PDB ID: 1UK3) and MERS CoV
(PDB ID: 4WME) main proteases were also retrieved from Protein Data Bank. The 3D
models were visualized using UCSF Chimera v1.14 software [23].

Molecular Docking

The AutoDock 4.2 and MGLTools 1.5.6 (24) were used for docking analysis to predict
binding scores and modes. To achieve this, the water molecules of the SARS-CoV-2 main
protease protein were deleted and polar hydrogens were added to it. The pdbaqt file for the
protein including Kollman charges was created using MGLTools 1.5.6 [24]. After that, the
ligand (the lycorine) was optimized using GAMESS-US software [25] with HF/6-31G+
basis set [26] and the pdbqt file for the ligand including Gastieger charges was generated
[24]. The grid box was created with 126x126x126 A dimensions (grid center x=-26.358
y=15.363 z=60.52) with 0.5694 spacing. Lamarckian genetic algorithm [27] was selected
for the docking process. To visualize docking results, Discovery Studio Visualizer [28] and
MGLTools 1.5.6 [24] were used.

A B

Fig 1. The 2D (A) and 3D structures (B) of lycorine compound
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A-SARS-CoV-2 main protease B-SARS-CoV main protease C-MERS-CoV main protease

Fig 2. The 3D structure of SARS-CoV-2 (PDB ID: 6LU7), SARS-CoV (PDB ID: 1UK3), and
MERS-CoV (PDB ID: 4WME) main proteases. The red, purple, and grey colors show the helices,
strands, and coils, respectively. The SARS-CoV-2 showed 95.75% and 95.42% structure overlap
with SARS-CoV and MERS-CoV main proteases, respectively (29)

Molecular Dynamics Simulation

After docking process, the lycorine-protein complex with the best docking score was
selected for molecular dynamics simulation. The pdb file of this complex was corrected
using pdb4amber script in AmberTools 17 package and saved as a new pdb file [30]. Then
with tleap program Na* ions were added to the complex to provide charge balance and 12 A
TIP3PBOX was used with TIP3P water. AMBER ff14SB and gaff force fields were
selected for the protein and the lycorine, respectively [31,32]. To speed up the simulation,
after the topology and coordinate files were created, the "hydrogen mass repartitioning"
process was applied with the parmed program and the hmassrepartition command [33].
Then two-step minimization was started. In the first step, the complex was restrained,
applying 500 kcal mol. A? force constant. The water molecules were minimized with 1000
steps minimization using the Particle Mesh Ewald (PME) method with 10A cut-off value.
In the second step, force constant was removed from the complex and all system was
minimized with the same method as described in the first stage. This time cut-off value was
selected as 12A. Then the heating process was initiated using the Langvein thermostat and
selecting SHAKE algorithm while the cut-off value was set to 12A [30]. Temperature was
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increased up to 298K with 1-degree steps. When temperature reached 298K, molecular
dynamic simulation was performed for 30 ns with 4 ps relaxation time under 1 atm pressure
using the same thermostat and algorithm as mentioned in the heating stage. During the
heating and simulation, 10 kcal mol™.A? force constant was applied to the complex. Lastly,
deltaG and entropy were calculated using MMPBSA [34] and RMSD value was calculated
using cpptraj program [35].

Entropy and Relative Free Energy Calculations Using Molecular Dynamics
Simulation

After the simulation, ante-mmpbsa.py program was used to obtain mmpbsa compatible
prmtop files for complex consisting of the ligand and the receptor molecules. Mbondi radii
was set to 2 as it was recommended in Amber Manual. The free energy of binding is
calculated by the following equation [36,37,38,39]:

AGbinding = AGcomplex — AGreceptor — AGiligand 0]

However, since the share of solvent-related energies in the total energy will be greater than
the binding energy in solvated states, the solvent effects are included in the calculation and
the modified formula is used for the binding free energy [36,37,38,39]:

AGO%indsolv = AG ing vacuumTAG solv,complex- (AGsolvligand + AG%otv,receptor) (1)

For hydrophobic contributions, an empirical term is added to the equation after Generalized
Born Equation is solved during calculations of solvation free energies [36,37,38]:

AG solv= GCelectrostatic, =80 — Gelectrostatic, e=1+ AGhydrophobic (i

The change of Gibbs energy in the vacuum is calculated by the following formula, which
also takes into account the average interaction energy and entropy change between the
receptor and the ligand [36,37,38]:

AG%acuum= AEMm— TASnormal mode analysis av)

All energy and entropy calculations were carried out using mmpbsa module in the Amber
Tools and the snapshots were taken every 5 ps from the beginning to the end of the

simulation.
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Results and discussion

Docking analyses

In this study, as a result of molecular docking analyses, it was found that the lycorine
molecule was bound to SARS-CoV-2 MP™ with binding affinity changing between -6.10
and -7.03 kcal mol?and three different lycorine conformations were detected (Fig. 3). For
first conformation, the lycorine was bound to Leuldl, Asnl42, Serl44, and Cysl145
residues of the MP™ with -6.71 kcal mol™ docking score. His41, Met165, Glu166, Arg188,
and Thr190 were identified as interacting residues in the second conformation with -6.10
docking score whilst Thr54, Met165, Asp187, GIn189, and GIn194 residues were identified
as binding sites in the third conformation with -7.03 docking score. Jin et al. [22] reported
that substrate-binding pocket of COVID-19 are well-conserved in all MP™s and it shows
high potential for drug designing against all CoV-associated diseases. For andrographolide
phytochemical from Andrographis paniculate (king of bitters), Gly143, Cys145, and
Glul66 are the interacting residues for SARS-CoV-2 protease [40]. Cys145 and Glul66
residues were identified in our findings as well. When different phytochemicals in
medicinal plants such as isoflavone, myricitrin, methyl rosmarinate, glucopyranoside,
calceolarioside, licoleafol, and amaranthin are tested on SARS-CoV-2 CLP® as anti-
COVID-19 compounds, two binding sites (His4l and Cysl145) are reported as the
interacting residues [11]. Consequently, the catalytic dyad (Cys145 and His41) identified in
our results also indicate a drug potential of the lycorine against SARS-CoV-2.

Molecular Dynamics Simulation and Energy Calculations

The fact that lycorine has a quite good dock score provides evidence that it may be a good
drug candidate. In this regard, molecular dynamics simulation was carried out. The RMSD
value was calculated from the simulation with reference to the initial structure (the lowest
energy docking complex). Calculated RMSD are shown in Fig. 4. The mean RMSD value
during the whole simulation was 3.42 A for the protein, 3.45 A for the whole system, and
0.23 A for the ligand. After 5.8 nanoseconds, it was seen that the RMSD value was fixed
and almost unchanged for the protein, while for the ligand this value does not exceed 0.50
A from the beginning to the end of the simulation. If there were large fluctuations in the
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RMSD value, it would indicate that the simulation was stuck at a high energy minimum
and therefore, the molecular dynamics simulation should have been continued for a longer
period of time. However, the fact that the RMSD value was quite low and remained stable
for a long time showed that the simulation progressed quite accurately. Similarly,
stabilization in potential energy in Fig. 5 also indicated that the simulation proceeded

correctly.

Fig 3. Molecular docking analyses of lycorine ligand with SARSCoV-2 protease with binding
affinities of -6.71, -6.10, -7.03 kcal mol*for A, B, and C, respectively.
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Fig 4. Obtained RMSD value of ligand, receptor, and complex during the simulation
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Fig 5. Potential energy profile of lycorine-protein complex

MMPBSA calculations resulted in a Gibbs free energy changing between -24.925+01152
kcal mol™? according to GB (Generalized Born) approach whilst PB (Poisson Boltzmann)
approach gives less favorable energy (-2.610+0.2611 kcal mol™?). Entropy calculations from
the normal mode analysis (AS) were -23.100+6.4635 kcal mol? (See Supplementary
Material for details). When compared with similar studies [41, 42] in the literature, these

values are very reasonable for lycorine to be a drug candidate.
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Conclusion

The lycorine molecule has a druggable potential for combating SARS-CoV-2. The binding
of lycorine molecule to Cys145 and His4l residues, functioning as catalytic dyad in
docking analysis, contributes to the druggable potential of this ligand. Energy calculations
via molecular dynamics simulations showed that Gibbs Energy was -24.925 +£0.1152 kcal
mol™? according to the GB approach and the entropy was -23.100+6.4635 kcal mol™
between SARS-CoV-2 and lycorine. From these results it can be said that even if the drug
effect of the lycorine against COVID-19 is limited, its druggable potential is still
remarkable. Therefore, it can be suggested that experimental studies should be conducted

by employing pharmacokinetic modifications increasing the drug effect of lycorine.

Abbreviations
MMPBSA: Molecular Mechanics Poisson-Boltzmann Surface Area. RMSD: Root Mean Sqaure Deviation.
GB: Generalized Born. PB: Poisson Boltzmann
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Karadeniz Boélgesinin Iller Diizeyinde Siis Bitkileri Uretiminin

Incelenmesi

Omer San™"“ | Fisun Giirsel Celikel?

OZET

Tirkiye farkli ekolojik ve cografi kosullari, 6zellikle yurtdisi pazarlara yakinlig1 ve geng
niifusu ile siis bitkileri sektorii agisindan 6nemli avantajlara sahiptir. Yapilan yatirimlara
ragmen iilkemizde siis bitkileri sektorii her kentte ayni diizeyde gelisim gdstermemistir.
Bu durum yapilan yatirnmlarin eksik ve plansiz olmasi yaninda kent sosyolojilerinin
farkliligindan da kaynaklanabilmektedir. Caligmanin amaci siis bitkileri sektoriiniin genel
durumunu ortaya koyarak, Karadeniz Bolgesini il diizeyinde siis bitkileri agisindan
incelemek ve gelismesine katkida bulunmaktir. Calisma Artvin, Rize, Trabzon, Giresun,
Giimiishane, Bayburt, Ordu, Samsun, Tokat, Amasya, Corum, Sinop, Kastamonu,
Zonguldak, Bartin, Bolu, Karabiik ve Diizce illerini kapsamaktadir. Belirtilen bu illerin
her birinde siis bitkileri {iretim alanlar1 ve tiretim yapilan siis bitkisi gruplar1 hakkinda
bilgi verilerek, siis bitkileri tiretimi yapan isletmelerin durumu ortaya konulmustur. Bu
amagla Tarim ve Orman Il Miidiirliikleri ve TUIK verilerine gore il diizeyinde
degerlendirmeler yapilmustir. Incelenen kentler igerisinde, Samsun, Tokat ve Diizce
kentlerinin ulagim altyapisina ve uygun iklim kosullarina sahip olmalar1 vede
bulunduklart konumlar sektoriin bu illerde gelismesinde etkili olmustur. Bu avantajlarin
yaninda turizmin gelisiyor olmasi da siis bitkileri sektoriiniin gelisimini olumlu yonde
etkiledigi tespit edilmistir. Ancak turizm agisindan diger illere gore Onemli atilim
icerisinde olan Trabzon ve Rize illerinin siis bitkileri sektorii agisindan yeterli gelismeyi
gostermedikleri anlasilmaktadir. Ordu ili ise yatirimlara ragmen hedeflenen ihracat
yapabilirlik durumuna ulagamamistir. Bayburt, Giimiishane, Bolu, Karabiik, Sinop ve
Amasya illerinde ise siis bitkileri iiretimine ait veri bulunmamaktadir. Siis bitkileri
sektoriiniin bolgedeki gelisimi i¢in planlt bir yatirim modeli gelistirilmelidir. Ayrica
yatirnm amaciyla iklim kosullarinin yaninda, niifus miktart ve ulasim alt yapisi gibi
kriterlere de dikkat ederek ozellikle turizm agisindan gelismekte olan illerin yatirim
acisindan degerlendirilmesi onerilmektedir.
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Investigation of Ornamental Plants Production at the
Provincial Level of the Black Sea Region

?BSTRACT . S . ARTICLE HISTORY
urkey has important advantages in terms of ornamental plants sector with its different Received
ecological and geographical conditions, especially its proximity to foreign markets and its 18 March 2022
young population. Despite the investments made, the ornamental plants sector in our country Accepted

has not developed at the same level in every city. This situation may be due to the incomplete 27 June 2022

and unplanned investments, as well as the difference in urban sociology. The aim of the study

is to reveal the general situation of the ornamental plants sector, to examine the Black Sea KEY WORDS
Region in terms of ornamental plants at the provincial level and to contribute to its Black Sea Redi
development. The study covers the provinces of Artvin, Rize, Trabzon, Giresun, ack Sea Region,
Gumiishane, Bayburt, Ordu, Samsun, Tokat, Amasya, Corum, Sinop, Kastamonu, Provinces,
Zonguldak, Bartin, Bolu, Karabiik and Diizce. In each of these provinces, information was ornamental plants
given about the ornamental plants production areas and ornamental plant groups, and the ;?gg(’:tion

situation of the enterprises producing ornamental plants was revealed. For this purpose,
evaluations were made at the provincial level according to the data of the Provincial
Directorates of Agriculture and Forestry and TUIK. Among the cities examined, the fact that,
Samsun, Tokat and Diizce have transportation infrastructure and suitable climatic conditions
and their locations have been effective in the development of the sector in these provinces.
In addition to these advantages, it was determined that the development of tourism positively
affects the development of the ornamental plants sector. However, it is understood that the
provinces of Trabzon and Rize, which are in a significant progress compared to other
provinces in terms of tourism, do not show sufficient development in terms of ornamental
plants sector. Ordu province, on the other hand, could not reach the targeted export capability
despite the investments. There is no data on ornamental plants production in the provinces
of Bayburt, Giimiishane, Bolu, Karabiik, Sinop and Amasya. For the development of the
ornamental plants sector in the region, a planned investment model should be developed
rather than scattered and random investments. In addition, it is recommended that developing
provinces should be evaluated in terms of investment, especially in terms of tourism, by
paying attention to criteria such as population and transportation infrastructure, as well as
climatic conditions for investment purposes.

development

Giris

Siis bitkileri sektorii ekonomiye yiiksek katma deger saglayan ve 6nemli istihdam yaratan
bir sektor olarak kabul edilmektedir. Diinyada 50’den fazla iilkede yapilan siis bitkileri
iretiminin toplam ticaret hacmi 50 milyar dolara ulasmistir. Siis bitkileri tiiketimi
ozellikle yiiksek satin alma giicii olan Avrupa, Amerika Birlesik Devletleri ve Japonya
gibi pazarlara odaklanmistir [1, 2]. Diinyada kesme ¢icek ve saksili bitkiler iiretimi 2021
yil1 verilerine gore toplam 734000 ha. alanda yapilmaktadir. Diinya siis bitkileri tiretim
alanlarmin %79’u (580.000 ha.) Asya/Pasifik bolgesinde bulunmaktadir. Asya iilkeleri
iginde 6nemli iireticiler Cin ve Hindistan’dir. Diinya siis bitkileri iiretiminin % 11’1 Orta
ve Giiney Amerika iilkeleri tarafindan yapilmaktadir. Orta Amerika’da Meksika,
Kolombiya, Ekvador, Giiney Amerika’da ise Brezilya 6nemli iiretici iilkelerdir. Avrupa

Birligi iilkeleri diinya siis bitkileri iiretiminin % 8’ini saglamaktadir. Avrupa Birligi
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iilkeleri arasinda en &nemli iiretici iilkeler, Hollanda, italya, Almanya ve Ispanya’dir.
Avrupa Birligi, diinya lizerinde hektar basina verimliligin en fazla oldugu bdlgedir.
Afrika ise diinya siis bitkileri tiretim alanlarinin %2’sine sahiptir. Afrika’da 6zellikle
ekvator kusaginda bulunan Kenya, Tanzanya, Etiyopya, Uganda, Zambiya gibi iilkeler
uygun iklimsel kosullar nedeniyle 6nemli tireticilerdir [1, 2, 3].

Diinyada 2021 y1l1 verilerine gore, toplam 35 milyar dolar degerinde siis bitkileri tiretimi
yapilmis ve yaklasik 28 milyar dolar degerinde iiriin ihra¢ edilmistir. Diinya genelinde
2021 yilinda 11 milyar dolar kesme ¢igek, 2 milyar dolar ¢igek soganlari, 1.6 milyar dolar
degerinde yosun ve agac¢ dallar1 ihracat1 yapilmistir. Canli bitkiler ihracati ise 13 milyar
dolardir. Diinya siis bitkileri ithalati ise 25 milyar dolar olarak gergeklesmistir [1, 2].
Ulkemizde 2021 yilinda 147.6 milyon dolar degerinde ihracat yapmustir. ihracat 2020
yilina gore %39 oraninda artmistir. Ithalat ie 49.570 milyon dolar olarak gergeklesmistir.
Dis ticaret hacmi yaklasik 200 milyon dolara ulasmustir. Thracatin ithalat1 karsilama oram

%298 olmustur (Sekil 1) [4].

Ihracat-Ithalat degerleri (1000$)
160.000

140.000
120.000
100.000
80.000
60.000
40.000
20.000

0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Thracat ® Ithalat
Sekil 1 Tiirkiye’nin yillar itibariyle siis bitkileri ihracat-ithalat degerlerinin degisimi [4]

Fig 1 Change of export-import values of ornamental plants by years in Turkey [4]

2005 yilinda 26 bin da alanda yapilan tiretim 2021 yili itibariyle 55.292 da’a ¢ikmis
durumdadir. Siis bitkileri {iretimi alan bazinda en fazla sirasiyla Izmir, Sakarya, Antalya,

Bursa ve Yalova illerinde yapilmaktadir. Toplam siis bitkileri tiretim alan1 igerisinde dis
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mekan siis bitkileri %73, kesme c¢igekler %23, i¢ mekan siis bitkileri %3 ve ¢icek
soganlar1 %1°lik bir alana sahiptir. Siis bitkileri iiretimi 2021 yilinda bir 6nceki yila gore
%2.9 oraninda artmistir. Kesme c¢igek tiretimi bir onceki yila gore %5.2, i¢c mekan siis
bitkileri iiretimi %]11.4 oraninda artarken, dis mekan siis bitkileri tiretimi ise %]1.8

oraninda azalmistir (Sekil 2) [4].

60.000 + 55.292
50.000 - 40,339 DKesme gigekler
40.000 - ' B¢ mekin
30.000 OD1s mekan
20.000 - 12,652 OCicek soganlart
10.000 + 1.794 507 BToplam

0

Alan (da)

Sekil 2 2021 yil1 itibariyla Tiirkiye’nin siis bitkileri tiretim alanlari [4]
Fig 2 Ornamental plants production areas of Turkey as of 2021 [4]

Siis bitkilerinde mevsimlik ¢icekler basta olmak iizere bazi kesme ¢igekler (sebboy,
lisianthus, aslanagzi, Hiisnii Yusuf) ile mavi ladin gibi bazi dis mekan siis bitkilerinde
iiretim tohumla yapilmaktadir. Uretimde kullanilan hibrit siis bitkisi tohumlar ithal
edilmektedir. Ayrica tohum disinda soganl (glay6l, lilyum, lale) kesme g¢igeklerin
iiretiminde kullanilan ¢igek soganlar1 da ithal edilmektedir. Fidan olarak kullanilan dig
mekan bitkilerinin ithalat1 da ytiksek miktarlardadir. Siis bitkileri ithalatinin 2/3’1 dis
mekan bitkileri olup, ithalatn en fazla yapildig: iilkeler italya ve Hollanda’dir. Saksili siis
bitkileri iiretiminde kullanilan ¢elik, fide ve tohumlarin ¢ogu ithal edilmektedir. Bu
durum siis bitkilerinde disa bagimlilig1 ve iiretim maliyetini artiran en 6nemli faktorler
arasindadir [5].

Ulke floramizin, Avrupa ve cevre iilkelere gore oldukga zengin oldugu goériilmektedir.
Buna karsin dogal bitkilerimizin yeterince degerlendirilmedigini gormekteyiz. Yurt
disindan ithal edilen bir¢ok siis bitkisinin iilkemizde de dogal olarak yetistigi bir
gercektir. Ancak bu bitkilerin iiretim yerine ithal edilmesi sektoriin gelismesi oniinde
onemli engellerden birisidir [6, 7].

Farkli kaynaklarda en yaygin bicimde yer alan siis bitkileri tiretiminin siniflandirmasi

kullanim amaglarma goére yapilan smiflandirmadir. Ulkemizde bu smiflandirma
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yaklagimi benimsenerek siis bitkileri alt sektorii asagidaki bigimde siniflandirilmistir:

1. Kesme c¢igekler: Bu sinif kesme ¢igek amagli yetistirilen tiirleri igermektedir.

2. I¢ mekan (saksili) siis bitkileri: i¢ mekanda kullanilmak {izere saksi ve kaplarda
yetistirilerek pazarlanan bitki tiir ve ¢esitlerini kapsamaktadir.

3. D1s mekan siis bitkileri: Dig mekanda peyzaj uygulamalarinda kullanilmak iizere
tiretilip pazarlanan tiir ve cesitleri icermekte, siis aga¢ ve agagciklari, mevsimlik tek ve
cok yillik ¢icekler, ¢cim bitkileri ve yer Ortiicii olarak kullanilan diger tiirler ve siis ¢imleri
bu smif i¢inde degerlendirilmektedir.

4. Dogal ¢igek soganlari: Bu smif ihra¢ edilmek iizere dogadan toplanan ve/veya kiiltiir
kosullarinda tiretimi yapilan dogal soganli, yamrulu ve rizomlu bitki tiirlerini (geofitleri)
kapsamaktadir. Belirtilen bu dort grup icerisinde iiretimi ve ticareti en fazla yapilan sinif
dis mekan siis bitkileri grubudur.

Tiirkiye, sts bitkileri tiretimi i¢in oldukca elverisli ve farkli ekolojik bolgeleri olan bu
nedenle ¢ok zengin bir floraya sahip sanshi bir lilkedir. Akdeniz, Ege ve Marmara
Bolgelerinin yaninda Karadeniz Bolgesi de iklim 6zellikleri bakimindan siis bitkileri
tiretimine uygun bir bélgemizdir [9].

Ulkemiz siis bitkileri sektdriinde; dogal genetik kaynaklar1 ve ekolojisi, uygun iklim ve
cografi kosullari, pazarlara yakinlig1 ve geng niifusa sahip olmasi bakimindan énemli
avantajlara sahiptir. Ancak sektoriin gelisimi her kentte veya bolgede ayni dogrultuda
gerceklesememektedir. Bunun nedeni sosyo - kiiltiirel sebepler olmasinin yani sira iklim
ve cografi kosullar da olabilmektedir [10].

Tiirkiye’de 6zellikler Marmara, Ege ve Akdeniz Bolgelerinde siis bitkileri sektorii son
yillarda 6nemli bir ivme kazanmigtir. Karadeniz Bolgesinde de son yillarda siis bitkileri
sektoriiniin gelismesine yonelik farkli lirlin gruplarinda ¢alismalar artmaya baslamigtir.
Calismanin amaci; silis bitkileri sektorii agisindan Karadeniz Boélgesinin durumunu
incelemek ve gelismesine katkida bulunmaktir. Calisma Artvin, Rize, Trabzon, Giresun,
Glimiishane, Bayburt, Ordu, Samsun, Tokat, Amasya, Corum, Sinop, Kastamonu,
Zonguldak, Bartin, Bolu, Karabiik ve Diizce illerini kapsamaktadir. Belirtilen bu illerin
her birinde siis bitkileri iiretim alanlar1 ve liretim yapilan siis bitkisi gruplar1 hakkinda

bilgi verilerek, siis bitkileri iiretimi yapan isletmelerin durumu ortaya konmustur.
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Materyal ve Metot

Arastirma alaninin o6zellikleri

Karadeniz Bolgesi Tiirkiye'deki bolgeler arasinda biiylikliik olarak iiglincii sirada yer
almakta olup, bolgede 18 il bulunmaktadir (Sekil 3). Karadeniz iklimi kiyilarda yil
boyunca yagishi ve ilimandir. Karadeniz’den gelen nemli hava kiitleleri, kiyiya paralel
uzanan kuzey Anadolu dag yamaglarinda bol yagis birakir. Tiirkiye’nin en yagisli bolgesi
olan Karadeniz Bolgesi’nde yagislar bir mevsimde yogunlasmayarak yil boyunca
yayimustir. Yiiksek nem ve bulutluluk nedeniyle yillik ve giinliik sicaklik farklar1 en az
bu bolgededir. Daglar kiyiya paralel uzandigindan, daglarin arkasindaki i¢ kesimler
denizin etkisi altinda kalamaz ve iklim karasal ve kurak hale gelir [24, 25]. Bolgenin
dogal bitki ortiisti, kiyilardaki yiiksek nem ve yagis nedeniyle genis yaprakli sik

ormanlardan olugmaktadir. Bolge Tiirkiye ormanlarinin %25’ini barindirir ve Tiirkiye'nin

en fazla ormana sahip bolgesidir.

Sekil 3 Karadeniz Bolgesi’nin konumsal haritasi

Fig 3 Positional map of the Black Sea Region
Metot

Bu ¢alismanin konusunu, Karadeniz Bolgesi illerinde halihazirda siis bitkileri tiretimi
yapan isletme sayilari, {tretilen siis bitkileri ve iiretim miktarlarinin tespiti
olusturmaktadir. Bu kapsamda tiim Karadeniz Bolgesi illeri ¢alismaya dahil edilmistir.
Bu amagla bilgi toplama formlar1 olusturularak Tarim ve Orman il Miidiirliikleri aracilig
ile bilgiler toplanmistir. Bu formlardan elde edilen bilgilerle Karadeniz Bolgesi illerinde
stis bitkileri yetistiriciligine iliskin bilgilere ulasilmistir. Ayrica yine bu kapsamda
Tiirkiye Istatistik Kurumu (TUIK) veri taban1 kayitlar1 incelenmistir. Bu iki yontem ile
elde edilen veriler istatistik hesaplama yapilmadan karsilastirilmis ve bolgenin siis

bitkileri liretimi ag¢isindan mevcut durumu ortaya konulmustur.
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Bulgular

Karadeniz Bolgesi Siis Bitkileri Uretim Alanlar

TUIK ve Tarim ve Orman Il miidiirliiklerinin verilerine gore Karadeniz Bélgesi 1918.45
da’lik siis bitkileri iiretim alanina sahiptir. En fazla siis bitkileri liretim alanina sahip iller
sirastyla Samsun (679.4 da), Diizce (665 da), Tokat (332 da) ve Ordu (91.5 da) illeridir
(Sekil 4). En diisiik iiretim alanina ise Artvin (5 da) ve Zonguldak (0.5 da) illerinin sahip
oldugu goriilmektedir (Sekil 4) [4, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23].

2000 1938,45
1500
1000 6794 665
500 332
915 52 48 22 173 1510755 05 0 O O O O O
0 | I T
S & & S @ N I ST S S S
& P <0 O AP RS e & LT K
P & <& B & &P PN <°

Eillere gore iiretim alanlari(da)

Sekil 4 Karadeniz Bolgesi iller bazinda siis bitkileri tiretim alanlari (da) [4, 11, 12, 13, 14, 15, 16,
17,18, 19, 20, 21, 22, 23]
Fig 4 Ornamental plants production areas on the basis of provinces in the Black Sea Region (da)
[4,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]

Bolgede 304.86 da alanda 14918900 adet kesme gigek tiretim yapilmaktadir. Kesme ¢igek
iretim alani toplam tiretimim alanlarinin %15.7’sini olusturmaktadir. Bu alanlarin 82.35
da’inda 8269750 adet kesme yesillik {iretimi yapilmaktadir. Kesme yesillik iiretimi
toplam {iretim alanlarmin ise %4.3’linii olusturmaktadir. Uretim tiir bazinda
incelendiginde, toplam kesme ¢igek iiretim alanlarinin %23 linii glay6l (Samsun, Tokat),
%21.8’ini kasimpat1 (Samsun, Tokat), %21.8’ini gypsohilla (Samsun, Tokat), %16.6’sin1
gerbera (Samsun, Tokat) ve %8.3’linli giil iiretimi (Samsun, Ordu) olusturmaktadir.
Uretim miktar1 bakimindan ise sirasiyla gypsohilla (%42.5), salidago (%12.9), glayél
(%11.6), gerbera (%38), kasimpati (%5.6) ve giil (%5) iiretimleri en fazla iiretimi yapilan

tiirlerdir. Uretim verilerine gére Samsun ve Tokat illeri n plana ¢ikmaktadir (Tablo 1)

[4].
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Tablo 1 Karadeniz Bolgesinde tiirler bazinda kesme ¢igek iiretim alanlar1 ve miktarlar [4]

Table 1 Cut flower production areas and quantities on the basis of species in the Black Sea Region

[4]
Uriin ad1 Mller Alan (da) Uretim miktar1 (adet)
Giil Samsun, Ordu 25.35 731750
Lilyum Samsun 0.50 8000
Karanfil Samsun 3.07 307000
Glayol Samsun, Tokat 70.00 1726000
Gerbera Samsun, Tokat 50.50 1197000
Kasmmpati Samsun, Tokat 66.35 830000
Sebboy Samsun 1.00 4000
Lisianthus Samsun, Tokat 1.24 120400
Gypsohilla Samsun, Tokat 66.35 6344750
Salidago Samsun, Tokat 16.00 1925000
Diger kesme Samsun, Tokat 9.50 1725000
cigekler

Toplam 304.86 14918900

Cicek soganlari iiretimi oldukga diisiik bir veriye sahiptir. Elde edilen verilere gore
Artvin’de 5 da, Trabzon’da 8.25 da, Giresun’da 7.50 da ve Bartin’da 5 da olmak iizere
toplamda 25.75 da alanda ¢igek sogani iiretimi yapilmaktadir. Cigek sogani iiretiminin
toplam tretim igerisindeki pay1 ise yaklasik %1.3’tiir (Tablo 2) [4, 11, 13, 14, 20].

Tablo 2 Karadeniz Bolgesinde ¢igek soganlari tiretim alanlar1 ve miktarlar [4, 11, 13, 14, 20]
Table 2 Production areas and quantities of flower bulbs in the Black Sea Region [4, 11, 13, 14,

20]
Uriin grubu Mller Alan (da) Uretim miktar1 (adet)
Artvin 5.00 -
Cigek soganlari Trabzon 8.25 i
Giresun 7.50 -
Bartin 5.00 40000
Toplam 25.75

Bolgede dis ve i¢ mekan siis bitkileri tiretimi toplam 1607.84 da’lik bir alana sahiptir. Dig
mekan ve i¢ mekan siis bitkileri iiretimi Rize, Trabzon, Giresun, Ordu, Samsun, Tokat,
Corum, Bartin, Diizce ve Zonguldak illerinde yapilmaktadir [4, 12, 13, 14, 15, 16, 18,
19, 20, 22, 23]. D1s mekéan ve i¢ mekan siis bitkileri {iretiminin toplam {iretim igeresindeki
pay1 %83’tiir. I¢ mekan siis bitkileri iiretimine ait veriler yetersiz oldugundan iiretim alani
ve miktari tespit edilememistir. Ancak TUIK verilerine gore i¢c mekan siis bitkileri iiretimi
sadece Samsun ilinde 1.32 da alanda yapilmaktadir. Yine TUIK verisine gore toplam
tiretim igeresindeki pay1 yaklasik %0,1°dir (Tablo 3) [4].
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Tablo 3 Karadeniz Bélgesinde dis ve i¢ mekan siis bitkileri iretim alanlar1 ve miktarlari [4, 12,
13, 14, 15, 16, 18, 19, 20, 22, 23]

Table 3 Production areas and quantities of outdoor and indoor ornamental plants in the Black Sea
Region [4, 12, 13, 14, 15, 16, 18, 19, 20, 22, 23]

Uriin grubu Mller Alan (da) Uretim miktar1 (adet)
Rize, Trabzon, Giresun, 1607.84 2312169

D1s mekan ve i¢ mekdn  Ordu, Samsun, Tokat,

suis bitkileri Corum, Bartin, Diizce,
Zonguldak
Toplam 1607.84 2312169

iller bazinda siis bitkileri iiretim alanlari

Artvin

Artvin ilinde siis bitkileri yetistiriciligi ile ilgili TUIK kayitlarinda herhangi bir veri
bulunmamaktadir. Ancak Artvin Tarim ve Orman il Miidiirliigii kayitlarina gére Murgul
ilgesinde 5 da agik alanda dogal ¢igcek soganlart (Galanthus woronovi ve Lilium
candidum) iiretimi yapilmaktadir. Artvin’in toplam {iretim alanlari i¢indeki pay1 %0.3’tiir
(Sekil 4) [11].

Rize
Rize ilinde yaklasik 48 da alanda dis mekan siis bitkileri tiretimi yapilmaktadir. Rize’nin
toplam iretim alanlari igindeki pay1 %2,5’tir (Sekil 4) [4, 12].

Trabzon

Trabzon 17.35 da alanda dis mekan siis bitkileri ve dogal ¢igek soganlari tiretimi
yapilmaktadir. Trabzon un toplam iiretim alanlari i¢indeki pay1 %0,9’dur. Bu alanlarin 3
da’1 sera, 14.35 da’1 agik alandir. Ayrica Karadeniz Bolgesinde Samsun’dan sonra

kurulan ikinci mezat Trabzon ilinde yer almaktadir (Tablo 4) [13].

Tablo 4 Trabzon ilinde siis bitkileri iireten igletmeler ve {iretim alanlari [13]

Table 4 Enterprises and production areas producing ornamental plants in Trabzon province [13]

Toplam iiretim  Sera(da)  Agik alan (da) Faaliyet tiirii flgesi

Isletme no alan (da)
1 9.10 3.00 6.10 Dis mekan Akcaabat
’ Dogal cigek
8.25 - 8.25 sogani Stirmene
Toplam 17.35 3 14.35
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Giresun

Giresun ilinde toplam 22 da alanda siis bitkileri iiretimi yapilmaktadir. Giresun’un toplam
iiretim alanlar1 igindeki pay1 %1.1°dir. Toplam alanin 14.5 da’inda dis mekén, i¢ mekan
ve kesme ¢igek iiretimi, 7.5 da’inda ise dogal ¢igek sogani iiretimi yapilmaktadir. Toplam
alanin 5.8 da’t sera alanidir. Sera alanlarinin 0.40 da’1 algak tiinel, 1.60 da’1 yiiksek
tiineldir. Toplam tiretim miktar1 ise 67000 adettir (Tablo 5) [4, 14].

Tablo 5 Giresun ili siis bitkileri sera iiretim alanlar1 ve miktarlar [4]

Table 5 Greenhouse production areas and amounts of ornamental plants in Giresun province [4]

Ortii alt: tiirii Uriin adi Alan (da) Uretim miktari (adet)
Algak tiinel D1s mekan 0.40 16000
Yiksek tiinel Dis mekan 1.60 51000
Toplam 2.0 67000

Ilde 4 isletmeye ait veri bulunmaktadir. Isletmelerin sahip oldugu toplam iiretim alaninin
16.20’si acik alan, 5.80 da’1 ise sera alanidir. Isletmelerde dis mekan, ic mekan, kesme

cicek ve dogal ¢igek sogani iiretimi yapilmaktadir (Tablo 6) [14].

Tablo 6 Giresun ilinde siis bitkileri iireten isletmeler ve tiretim alanlar1 [14]

Table 6 Enterprises producing ornamental plants and their production areas in Giresun [14]

Isletme Toplam iiretim  Sera Acik alan Faaliyet tiirii flgesi
no alani (da) (da) (da)
1 2.50 2.30 0.20 Dis ve i¢ mekén, Bulancak
kesme ¢icek
2 12.00 3.50 8.50 Dis ve i¢ mekan, Merkez
kesme ¢icek
3 1.50 - 1.50 Dogal cigek sogani Kesap
4 6.00 - 6.00 Dogal ¢igek sogani Bulancak
Toplam 22.00 5.80 16.20
Ordu

Ordu ilinde 91.5 da alanda kesme ¢icek, dogal ¢igek soganlari ve dis mekan siis bitkileri
{iretimi yapilmaktadir. Ordu’nun toplam {iretim alanlar1 igindeki payr %4.7’dir. TUIK
verilerine gore 6 da alanda kesme giil liretimi yapilmaktadir. Kesme giil tiretimi toplam
iiretim alanlarinin yaklasik %7’°sini olusturmaktadir. Bu alanin 5.5 da alan plastik sera ve

0.5 da ise yiiksek tiineldir. Toplam giil Giretimi ise 240000 adettir (Tablo 7) [4].

445



Tablo 7 Ordu ili siis bitkileri sera iiretim alanlar1 ve miktarlar1 [4]

Table 7 Ornamental plants greenhouse production areas and quantities in Ordu province [4]

Ortii altr tiirii o Alan (da) Uretim miktar1 (adet)
Uriin ad1
Plastik sera Gil 5.5 220000
Yiiksek tiinel Giil 05 20000
Toplam 6.0 240000

Ilde 12 isletmeye ait veri bulunmaktadir. isletmelerin sahip oldugu toplam iiretim alaninin
87.1 da’1 agik alan, 4.4 da’1 ise sera alanidir (Tablo 8) [15].

Tablo 8 Ordu ilinde siis bitkileri iireten igletmeler ve iiretim alanlari [15]

Table 8 Enterprises producing ornamental plants and their production areas in Ordu [15]

Isletme no Toplam iiretim  Sera  Acik alan  Faaliyet tiirii Tlgesi
alan1 (da) (da) (da)

1 2.30 - 2.30 D1s mekan Altinordu

2 14.00 - 14.00 D1s mekan Altinordu

3 2.10 0.10 1.90 Dis ve i¢ mekén, Giilyalt
soganli bitkiler

4 25.00 - 25.00 Dis mekan Persembe

5 2.00 0.10 1.90 Dis ve i¢ mekan, Altinordu
soganli bitkiler

6 38.30 - 38.31 D1s mekan Altinordu

7 2.00 0.30 1.70 Dis ve i¢ mekan,
soganli bitkiler Altinordu

8 1.30 0.10 1.20 Dis ve i¢ mekan, Altinordu
soganli bitkiler

9 0.80 0.10 0.70 Dis ve i¢ mekén, Altinordu
soganli bitkiler

10 2.20 2.20 - Kesme ¢igcek Persembe

11 1.00 1.00 - Kesme ¢icek Altinordu

12 0.50 0.50 - Kesme ¢icek Altinordu

Toplam 91.5 4.4 87.1
Samsun

Samsun ilinde 679.4 da alanda kesme ¢igek, i¢ mekan ve dis mekan siis bitkileri tiretimi
yapilmaktadir. Samsun’un toplam {retim alanlar1 i¢indeki payr %35’tir. Kesme c¢icek
{iretim alan1 35.41 da ile toplam iiretim i¢indeki pay1 %5.2dir. I¢ mekan siis bitkileri 1.32
da ile toplam iiretim igerisindeki pay1 %0.2’dir. D1 mekan siis bitkileri ise 642.67 da

alan1 kapsamaktadir ve %94.6’lik bir paya sahiptir. Tiirler bazinda en fazla iiretim 19.35
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da alan ve 491750 adet ile kesme giil iiretimidir. Yine tiirler bazinda toplam iiretim
alaninin %3.06’s1 kesme giil, %0.5 karanfil, %0.6’s1 ise gerbera tiretimini olusturmaktadir
(Tablo 9) [4, 16].

Tablo 9 Samsun ilinde siis bitkileri toplam iiretim alanlari ve iiretim miktarlar [4, 16]

Table 9 Total production areas and production amounts of ornamental plants in Samsun [4, 16]

Uriin ads Alan (da) Uretim miktar1 (adet)
Karanfil, kesme 3.07 307000
Glay6l, kesme 2.00 20000
Gerbera, kesme 3.50 210000
Gypsohilla, kesme 0.35 8750
Kasimpati (Krizantem), kesme 2.00 80000
Lilyum (Zambak), kesme 0.40 2000
Giil, kesme 19.35 491750
Lisianthus, kesme 0.24 20400
Sebboy, kesme 1.00 40000
Solidago, kesme 1.00 50000
Diger kesme ¢igekler 2.50 75000
I¢ mekan siis bitkileri 1.32 26280
Dis mekan siis bitkileri 642.67 907450

Toplam 679.4 2913630

Ortii alt1 {iretimi (44.77 da) toplam iiretimin %7,1’ini olusturmaktadir. Ortii alt1 iiretiminin
43.45 da’1 plastik sera ve 1.32 da’1 ise yiiksek tiineldir. Ortii alt1 alanlarinin 32.76 da’inda
kesme ¢igek (%73,2), 10.69 da’inda dis mekan (%23.8) ve 1.32 da’inda i¢ mekan (%3)
slis bitkileri tiretimi yapilmaktadir [4] (Tablo 10).

Tablo 10 Samsun ili siis bitkileri ortiialt: tiretim alanlari ve miktarlari [4]

Table 10 Ornamental plants greenhouse production areas and amounts in Samsun [4]

Ortii altr tiirii Uriin adt Alan (da) Uretim miktar1 (adet)
Plastik sera Karanfil, kesme 3.07 125000
Plastik sera Gerbera, kesme 3.50 210000
Plastik sera Gypsohilla, kesme 0.10 5000
Plastik sera Kasmmpati (Krizantem) 2.00 194000
Plastik sera Giil, kesme 19.35 491750
Plastik sera Sebboy, kesme 1.00 40000
Plastik sera Lisianthus, kesme 0.24 20400
Plastik sera Diger kesme ¢igekler 2.50 75000
Plastik sera I¢ mekan siis bitkileri 1.00 26000
Plastik sera Dis mekan siis bitkileri 10.69 287423

Yiiksek tiinel Giil, kesme 1.00 25000

Yiiksek tiinel I¢ mekan siis bitkileri 0.32 1280

Toplam 44.77 4762660
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flde kayitl 13 isletmenin faaliyetlerine iliskin veri bulunmaktadir. Isletme faaliyetlerinde
en biiyilik pay dis mekan siis bitkilerine aittir. Bunun disinda kesme giil ve lilyum tiretimi

de 6nemli bir yer tutmaktadir (Tablo 11) [16].

Tablo 11 Samsun ilinde isletmeler bazinda siis bitkileri iiretim alanlari [16]

Table 11 Ornamental plants production areas on the basis of enterprises in Samsun [16]

Isletme Toplam tiretim Sera Acik alan . - L
no alan1 (da) (da) (da) Faaliyet tiirii Ilgesi
1 11.00 - 11.00 Dis mekan Bafra
2 241.00 - 241.00 Yer ortiicii/ Rulo ¢im Bafra
3 160.00 - 160.00 Dis mekan Cargamba
4 120.00 - 120.00 Yer ortiicli/ Rulo ¢im Carsamba
5 54.00 - 54.00 D1s mekan Carsamba
6 1.00 1.00 - Keme giil Carsamba
7 1.90 - 1.90 Dis mekan Atakum
8 47.00 - 47.00 Yer ortiicii/ Rulo ¢im Atakum
9 20.00 - 20.00 Dis mekéan Atakum
10 4.50 - 4.50 Dis mekan Atakum
11 2.00 1.00 1.00 Lilyum, Ortanca Terme
12 2.00 1.00 1.00 Kesme giil Terme
13 15.00 15.00 - Kesme giil 19 Mayis
Toplam 679.4 18 661.4

Samsun da Ondokuzmayis, Bafra ve Terme ilgeleri siis bitkileri liretimi agisindan 6n
plana ¢ikmistir. Mayis ve Aralik aylari aras1 basta giil, lilyum, gerbera, karanfil, krizantem
ve glay6l olmak iizere kesme ¢icek iiretimi yapilmaktadir. Diger illere gore kesme ¢igek
acisindan en genis capli iretimin yapildigi ilde, Tiirkiye geneli ile beraber Sinop, Samsun,
Ordu, Giresun, Trabzon, Rize, Artvin, Giimiishane, Tokat, Amasya ve Corum’daki
cigekeilerin kesme ¢igek ihtiyaci karsilanmaktadir [9, 17].

Samsun siis bitkileri liretimi agisindan potansiyeli olan bir bolgedir. Uygun iklimi ve
zengin dogal florasi ile basta Carsamba ve Bafra olmak lizere Samsun’un verimli
ovalarinda siis bitkileri yetistiriciligi yoniinden yiliksek potansiyel vardir. Sulama ve
ulasim imkanlariin olmasi, Samsun’u siis bitkileri iiretimi i¢in cazip hale getirmektedir.
Mevcut geleneksel tarim iriinlerine alternatif olabilecek siis bitkileri, Samsun’da
tireticilerin dikkatlerini ¢cekmektedir. Samsun’da gece giindiiz sicaklik farkinin yil boyu
diisiik kalmasi giil, karanfil, krizantem gibi tilirlerde fizyolojik bozukluklarin ortaya
ctkmasia engel olmaktadir. Samsun’un en biiylik avantajlarindan biride uluslararasi

deniz limanina ve hava alanina sahip olmasidir. Pazar iilkelere yakinlik dnemli bir
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avantajdir ve Karadeniz’e sinir lilkelere gemiyle kolaylikla tagima yapmak miimkiindjir.
Kesme cicek ihracatinda en 6nemli sorunlardan biri tagima maliyetinin yiiksekligidir.
Deniz yoluyla tasima maliyeti diigiiktiir [9]. Ayrica bolgedeki iller arasinda Cigek
Mezat’inin kuruldugu ilk il Samsun ilidir. Samsun mezatinda Pazartesi, Carsamba ve

Cuma giinleri satis yapilmaktadir (Sekil 5).

Sekil 5 S.S. Flora Cicekgilik Uretim ve Pazarlama Kooperatifi Samsun ¢icek mezati
Fig 5 S.S. Flora Cicekcilik Production and Marketing Cooperative Samsun flower auction

Tokat

Tokat ilinde yaklasik 331.90 da alanda kesme ¢igek, i¢ mekan ve dis mekan siis bitkileri
{iretimi yapilmaktadir. Tokat’1n toplam iiretim alanlar1 icindeki pay1 %17.1°dir. Ilde 210
da alanda kesme ¢igek iiretimi yapilmaktadir. Kesme ¢igek iiretiminin toplam tiretim

icerisindeki pay1 %63.3’tlir (Tablo 12) [4, 18].

Tablo 12 Tokat ilinde siis bitkileri tiretim alanlari ve tiretim miktarlari [4]

Table 12 Ornamental plants production areas and production amounts in Tokat province [4]

Uriin adi Alani (da) Uretim miktar1 (adet)
Glayol, kesme 68.00 1700000
Gerbera, kesme 47.00 987000
Gypsohilla, kesme 66.00 6336000
Kasimpati (Krizantem), kesme 6.00 750000
Lisianthus, kesme 1.00 100000
Solidago (Altinbasak), kesme 15.00 1875000
Diger kesme ¢igekler 7.00 975000
I¢c mekan siis bitkileri - -

Dis mekén siis bitkileri 121.90 508505
Toplam 331.90 13231505
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Di1s mekan siis bitkileri {iretim alan1 ise 121.90 da’dir. Dis mekan siis bitkileri tiretiminin
pay1 ise %36.7°dir. Tiir bazinda ise toplam iiretim alaninin %20.49’u glayol, %19.881
gypsohilla, %14.16’s1 ise gerbera iiretimini olusturmaktadir. I¢ mekan siis bitkileri
{iretimine ait veri ise bulunmamaktadir (Tablo 12). Ortii alt1 iiretim alanlar1 21.6 da’dir.
Toplam iiretim alanlar1 igerisindeki oOrtii alti iiretimin pay1 ise %6.5’tir. Ortii alti
alanlarinin 19.6 da’1 plastik sera (%90.7), 0.70 da’1 yiiksek tiinel (%3.3) ve 1.30 da’1 ise
cam sera (%6) dir (Tablo 13) [4].

Tablo 13 Tokat ili siis bitkileri ortii alt1 {iretim alanlar1 ve miktarlar: [4]

Table 13 Ornamental plants greenhouse production areas and amounts in Tokat province [4]

Ortii alt: tiirii Uriin adi Alan (da) Uretim miktar (adet)
Plastik sera Gerbera, kesme 4.70 987000
Plastik sera Gypsohilla, kesme 6.00 6336000
Plastik sera Kasimpat1 (Krizantem) 3.00 750000
Plastik sera Lisianthus, kesme 1.00 100000
Plastik sera Diger kesme gigekler 3.00 975000
Plastik sera Dis mekén siis bitkileri 1.90 50000
Yiiksek tiinel D1s mekan siis bitkileri 0.70 8500
Cam sera Di1s mekaén siis bitkileri 1.30 800

Toplam 21.6 9207300

Ilde kayitli 5 isletmeye ait veri bulunmaktadir. D1s mekan ve i¢ mekan siis bitkileri iiretimi

yapan isletmeler, merkez ve Niksar ilgelerinde faaliyet gostermektedir (Tablo 14).

Tablo 14 Tokat ilinde siis bitkileri tireten isletmeler ve tiretim alanlari [18]

Table 14 Enterprises producing ornamental plants and their production areas in Tokat province

[18]

Isletme Toplam tiretim alan1 ~ Sera Agik alan  Faaliyet tiirii flgesi
no (da) (da) (da)
1 7.00 2.00 5.00 Dis ve i¢ mekén Merkez
2 2.50 - 2.50 D1s mekan Merkez
3 20.00 0.20 19.80 D1s mekan Niksar
4 21.50 0.15 21.35 Dis ve i¢ mekan Merkez
5 12.55 0.80 11.75 Dis ve i¢ mekan Merkez

Toplam 63.55 3.15 60.40

Corum

Corum ilinde 52.16 da alanda dis mekan siis bitkileri iiretimi yapilmaktadir. Toplam

iiretim alanlar1 igindeki payr %2,7°dir. Uretim alanmin 0.35 da’1 seradir. Isletmeler
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merkez ve Osmancik ilgelerinde bulunmaktadir (Tablo 15) [19].

Tablo 15 Corum ilinde siis bitkileri iireten isletmeler ve iretim alanlari [19]

Table 15 Enterprises producing ornamental plants and their production areas in Corum [19]

Isletme Toplam iiretim  Sera (da)  Acik alan (da) Faaliyet tiirii Ilgesi
no alan1 (da)
1 50.40 - 50.40 Dis mekan Osmancik
2 1.76 0.35 1.40 D1s mekan Merkez
Toplam 52.16 0.35 51.80
Bartin

Bartin ilinde toplam 10.75 da alanda siis bitkileri iiretimi yapilmaktadir. Bartin’in toplam
{iretim alanlar1 i¢indeki pay1 %0.55°tir. Ilde iiretimin %53.5’ini olusturan 5.75 da alanda
dis mekan, i¢c mekan ve mevsimlik ¢igek siis bitkileri iiretimi yapilmaktadir. Cigek
soganlar1 tretimi ise toplam iiretimin %46.5’ini olusturan 5 da alanda yapilmaktadir.
Uretim alanmnin %12.7’si seradir. ilde iki isletmenin verisi bulunmaktadir [4, 20] (Tablo
16).

Tablo 16 Bartin ilinde siis bitkileri iireten isletmeler ve iiretim alanlari [20]

Table 16 Enterprises producing ornamental plants and their production areas in Bartin province

[20]
Isletme Toplam iiretim  Sera Acik alan  Faaliyet tiirii flgesi
no alani (da) (da) (da)
1 3.60 0.60 3.00 Dis ve i¢ mekan, Merkez
mevsimlik ¢igekler
2 2.15 0.77 1.38 Dis mekan, mevsimlik Merkez
cigekler
Toplam 5.75 1.37 4.38
Kastamonu

Kastamonu ilinde 15.20 da alanda kesme c¢icek siis bitkileri iiretimi yapilmaktadir.
Kastamonu’nun toplam iiretim alanlar1 igindeki pay1 %0.8°dir. Uretimin %20’sini
gypsohilla (8100 adet), %13.2’linii glayol (6000 adet) ve %6.6°simi solidago (2400 adet)
tiretimi olustururken, %55.92’sini diger kesme cigekler (60000 adet) olusturmaktadir
(Tablo 17) [4, 21].
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Tablo 17 Kastamonu ilinde siis bitkileri tiretim alanlari ve tiretim miktarlari [4]

Table 17 Ornamental plants production areas and production amounts in Kastamonu province

[4]
Uriin adi Alan (da) Uretim miktar1 (adet)
Glay6l, kesme 2.00 6000
Gypsohilla, kesme 3.00 8100
Lilyum (Zambak), kesme 0.70 6000
Solidago (Altinbasak), kesme 1.00 2400
Diger kesme ¢igekler 8.50 60000
Toplam 15.20 136500

Ilde iki igletmenin verisi bulunmaktadir. Merkez ilgede faaliyet gdsteren isletmeler kesme
cicek iiretimi yapmaktadir. Isletme {iretim alanlarmin 13.70 da’1 acik alan (%90.1) ve
1.50 da’1 seradir (%9.9) (Tablo 18) [21].

Tablo 18 Kastamonu ilinde siis bitkileri tireten isletmeler ve iiretim alanlari [21]
Table 18 Ornamental plants and production areas in Kastamonu province [21]

I[sletme  Toplam iiretim  Sera Acik alan (da)  Faaliyet tiirii Ilesi
no alani (da) (da)
1 5.50 - 5.50 Kesme ¢igek Merkez
2 9.70 1.50 8.20 Kesme cicek Merkez
Toplam 15.20 1.50 13.70
Diizce

Diizce ilinde siis bitkileri yetistiriciligi ile ilgili 665 da alanda dis mekan siis bitkileri
{iretimi yapilmaktadir. Toplam iiretim alanlar1 igindeki pay1 %34 tiir. Uretim alanlarinin
663.4 da’1 agik alan (%99.73), 1.10 da’1 yiiksek tiinel (%0.2) ve 0.50 da’1 ise algak tiineldir
(9%0.07). Toplam dis mekan siis bitkileri tiretim miktar1 711550 adettir (Tablo 19) [4].

Tablo 19 Diizce ili siis bitkileri ortii alt1 iretim alanlar1 ve miktarlari [4]

Table 19 Diizce province ornamental plants greenhouse production areas and their amounts [4]

Ortii alt: tiirii Uriin ad1 Alan (da) Uretim miktar1 (adet)
Algak tiinel Dis mekén 0.50 1800
Yiiksek tiinel Dis mekan 1.10 49000

Toplam 1.60 50800

flde dort isletmeye ait veri bulunmakta ve bu isletmelerin tamami dis mekan siis bitkileri
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{iretimi yapmaktadir. Isletmeler merkez ve Gélyaka ilgelerinde faaliyet gostermektedir

(Tablo 20) [22].

Tablo 20 Diizce ilinde siis bitkileri iireten isletmeler ve iiretim alanlar1 [22]

Table 20 Enterprises producing ornamental plants and their production areas in Diizce [22]

Isletme no  Toplamiiretim  Sera (da) Acik alan (da) Faaliyet tiirii  Ilgesi

alan1 (da)
1 15.00 - 14.00 Dis mekan Merkez
2 102.65 - 102.65 Dis mekén Merkez
3 58.00 - 58.00 Dis mekén Merkez
4 15.75 - 15.75 Dis mekan Golyaka
Toplam 191.40 - 190.40
Zonguldak

Zonguldak ilinde 0.5 da alanda 8000 adet dis mekan siis bitkileri tiretimi yapilmaktadir.
Toplam iiretim alanlar1 igindeki pay1 %0.03’tiir. Toplam alanin 0.2 da’in1 plastik sera
olusturmaktadir. Uretim miktar1 3000 adettir[4, 23].

Tartisma

Ulkemizde siis bitkileri iiretiminde 15 yillik siirecte toplamda %290’lik bir artis olup
bunun igerisindeki en biiyiik payin dis mekan siis bitkilerine ait oldugu bildirilmistir [29].
Karadeniz Bolgesi 2015 verilerine gore tilke genelindeki siis bitkisi tiretim alanlarinin %
2.9’unu (1.422 da) ve siis bitkisi tiretiminin ise % 1.05’ini (16.327.119 adet) kapsadigi
bildirilmistir [4, 27]. Yaptigimiz ¢alismada elde edilen verilere gore, 2021 yilinda
bolgedeki iiretim miktar1 18.976.014 adet olarak gergeklesmistir. Uretim miktar1 2015
yilindan 2021 yilina kadar yaklasik % 14 oraninda artmistir. Bolgedeki tiretim miktari
tilke tiretimimizin %]1.1’ini kargilamaktadir. Yine 2015 verilerine gore 1422 da olan
iretim alam1 yaklagik %27 oraninda bir artis gostererek 1938.45 da’a ulasmustir.
Bolgedeki iiretim alanlart 2021 yili itibariyle {ilke siis bitkileri iiretim alanlarinin %
3.5’ini olusturmaktadir.

Tiirkiye genelinde tiretim miktarlari bakimindan kesme c¢igekler %60.9’luk bir paya
sahipken bunu %31.9 ile dis mekan siis bitkileri, %4.3 ile ¢igek soganlar1 ve %2.9 ile i¢
mekan siis bitkileri takip etmektedir. Tiir bazinda ise en fazla tiretim %32.3 ile karanfil
tiretimidir. Bunu %7.2 ile gerbera ve %5.6 ile giil iiretimi takip etmektedir.

Karadeniz Bolgesinde ise iiretim alanlarinin %831 dis ve i¢ mekan siis bitkisi, %15.7
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kesme ¢icekler ve %1.3’{i ¢igek sogam iiretim alamdir. Uretim alanlar1 2015 ile 2021
yillar1 arasinda dis mekén siis bitkilerinde %10.5, i¢ mekéan siis bitkilerinde %92.2 ve
kesme ¢igeklerde %0.6 oraninda artarken, ¢igek sogani tiretimi %67 oraninda azalmistir
[4]. Yine bolgede iiretim tiir bazinda incelendiginde, toplam kesme g¢igek tiretim
alanlarinin 2015 yilinda 53.2 da alan ile gysohilla (% 24) alan bakimindan ilk sirada yer
alirken [4, 27], 2021 yilinda 70 da alan ile glaydl (%23) ilk sirada yer almistir. Gypsohilla
%21.8’lik oranla kasimpati ile birlikte ikinci siradadir. Bunu %16.6 ile gerbera ve %8.3
ile giil tretimi takip etmektedir. Karadeniz Bolgesinde iiretim miktar1 bakimindan ise
gypsohilla 2015 yilinda 4524918 adet ve % 27.5’lik iiretim miktari ile yine ilk sirada yer
alirken, 2021 yilinda %16.5°lik bir artis gostererek 6344750 adet olmustur. Salidago
tretimi %12.9, glayol %11.6, gerbera %8, kasimpat1 %5.6 ve giil %S5 tretimleri en fazla
tiretimi yapilan diger tiirlerdir [2, 3, 4].

Tiirkiye’de siis bitkilerinin gelisiminde bagariya ulagsmak i¢in; iklim kosullar1 da dikkate
alarak iilke genelinde uzun vadeli liretim planlamalar1 yapilmali, bu sayede uygun
standart ve kalitede tiretim saglanmalidir [29]. Bolgede yaz aylarinda yapilacak tiretim
sicakligin diisiik olmasindan dolay1 Akdeniz ve Ege bolgelerine gore avantaj saglarken
kis aylarinda yapilacak tiretimde ise bazi illerde sicakligin 0 °C’nin altina diismesinden
dolay1 1sitmay1 zorunlu kilmaktadir. Ayrica kig aylarinda giineslenme siiresinin de Ege ve
Akdeniz Bolgelerine gore diisiik olmasi ek aydinlatmaya ihtiyacini arttirmaktadir [26].
Bu nedenle yiiksek yatirim maliyeti gerektiren kig {iretiminin 1sitma giderlerinin diisiik
olabilecegi mikro klima alanlarda veya jeotermal 1sitma imkanlarinin bulundugu illerde
yapilmasi uygun olacaktir.

Ulkemizde siis bitkileri sektorii tam orgiitlii bir yapiya sahip olmadigindan siis bitkileri
sektoriiyle ilgili beyan edilen bazi verilerde tutarsizliklar s6z konusudur [29]. Bu durum
Karadeniz Bolgesi iginde gegerlidir. Elde edilen verilere gére TUIK ve Tarim ve Orman
Il Miidiirliikleri verileri arasinda farkliliklar oldugu gériilmiistiir. Bélgede mevcut
durumun belirlenmesi ve liretim planlamasinin yapilmasi amaciyla iireticinin ve tiretim
alanlarinin kayit altina alinmasi olduk¢a dnemlidir.

Bolgede siis bitkileri alaninda 6nemli atilimlar yapan Samsun, Tokat, Diizce, Ordu ve
turizm agisindan 6nemli gelisme kaydeden Trabzon siis bitkileri liretimi agisindan
potansiyelleri yiiksek illerdir. Ancak bolgenin baslica 6nemli sorunlari; pazar arayisinin

olmasi, isletmelerin tarimsal birlik ve kooperatiflesmeye sahip olmamasi, isletmelerin
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kiiciik aile isletmelerinden olusmasi, pazarlama altyapisinin yetersizligi, iiretim
planlamasina doniik saglikli bir diizenlemenin olmayist olarak bildirilmistir [30].
Bolgenin sahip oldugu avantajlarin sektoriin gelisimi acisindan kullanilabilmesi i¢in

tiretim stratejilerinin gelistirilmesi ve uzun vadeli politikalarin olusturulmasi gereklidir.
Sonuc ve oneriler

Bu calismada TUIK ve Tarim ve Orman Il miidiirliiklerine ait siis bitkileri verileri
derlenerek Karadeniz Bolgesinde siis bitkileri liretim alanlarina ait mevcut durum ortaya
konulmaya g¢aligilmistir.

Bolgedeki siis bitkileri sektoriindeki gelismislik il biiyiikliikleri ile kismi bir paralellik
gostermesine ragmen geligsmisligin asil sebebinin dogru yatirimlar, bilgi, teknik, satis
destegi ve turizm alt yapist oldugu goriilmektedir. Incelenen kentler igerisinde Samsun,
Diizce ve Tokat kentlerinin uygun iklim kosullari, niifusu ve cografi konumlarinin
yaninda nispeten daha gelismis bir turizm ve ulasim altyapisina da sahip olmalarmnin siis
bitkisi sektoriiniin  biliylikliigii ve gelisimi iizerine c¢ok oOnemli katki yaptig
anlagilmaktadir. Ancak turizm agisindan diger illere gore 6nemli atilim igerisinde olan
Trabzon, Rize ve Kastamonu illerinin ise siis bitkileri sektorii agisindan yeterli gelismeyi
gosteremedikleri de goriilmektedir. Ordu ili ise yatirimlara ragmen hedeflenen ihracat
yapabilirlik durumuna ulagamamistir. Bayburt, Giimiishane, Bolu, Karabiik illerinde ise
stis bitkileri iiretimi bulunmamaktadir. Sonug olarak bdlgede siis bitkileri sektoriiniin
gelisiminin saglanmasi igin; Bolgedeki her ilde iiretim yerine siis bitkileri {iretimi igin
uygun olan iller segilmelidir. Bu iller igerisinde planli tiretim bolgeleri olusturularak bu
alanlarda yatirimlarin eksiksiz yapilmalidir. Siis bitkileri yetistiriciligi alanindaki egitici
ve lreticiler tam donanimli hale getirilmelidir. Bir iiretimde en son asama ve en dnemli
safha elde edilen tiriiniin karsiliginin alinmasidir. Bu amagla sektoriin bolgede gelisimi
i¢cin satig garantisinin saglanmasi ile artabilecegi diisiiniilmektedir. Ayrica bolgenin siis
bitkileri agisindan ekolojik zenginliginin yerinde degerlendirilmesi de iiretimin
gelistirilmesine katki saglayacaktir. Bu amagla bolgede yayilis gosteren ve siis bitkileri
acisindan ekonomik degeri olan birgok tiir kiiltiire alinarak ¢ogaltilabilir ve peyzaj
alanlarinda kullanilabilir.

Karadeniz Bolgesi iklimi, gelisen sehirleri, turizm ve ulagim altyapisi ile hem bdolgesel
olarak hem de Rusya ve Orta Asya pazarlarina yakinligi ile siis bitkileri tiretimi ve

pazarlanmasina yonelik alternatif saglayacak onemli bir bolgedir. Elde edilen verilere
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gore bolgedeki tiretici sayis1 44 gibi diisiik bir sayidir. Marmara bolgesinde sadece Yalova
ilinde dis mekan siis bitkisi {iretimi yapan yetkilendirilmis tretici sayis1 43’tiir [8].
Bolgede satis yapan isletmelerin bircogu Marmara, Ege ve Akdeniz’den iirlinler
getirterek satis yapmaktadir.
Balgenin siis bitkileri iiretimi ve yatirimlart ile ilgili dnemli sorunlari mevcuttur.
Bu sorunlar;

e Uretim altyapisinin plansiz bir sekilde gelismesi,

e Bolgede veya her il icerisinde ilin hemen hemen her bolgesinde iiretimin tesvik
edilmeye ¢aligilmasi,

e Uretimin karlilik getirip getirmeyecegine bakilmadan az veya ¢ok her sekilde
yapilmaya ¢aligilmast,

e Siis bitkileri igletmelerinin altyapisinin eksik kurulmasi. Eksik altyapiya sahip
isletmelerin ayakta kalamamasi ve bu nedenle kisa siirede faaliyetlerine son
vermesi,

e Yatirimlar yapilirken ulasgim ve egitim altyapisinin yeterince goéz Oniinde
bulundurulmamasi,

e Teknik desteklerdeki yetersizlikler. Ornegin tesvik edilen bir iireticiden
isletmenin kurulmasi, {iretim materyalinin temini, bitkilerin yetistirilmesi, hasat
edilmesi, paketlenmesi ve pazar bulmasi ve nihayetinde {iriinleri pazara
ulastirmas1 beklenmektedir. Oysa giliniimiiz tiretim modelinde siis bitkileri tiretimi
alaninda gelismis tlkelerde bu bahsi gecen her bir asamanin ireticisi ve
tedarikgisi farklidir ve tam bir is boliimii vardir. Ozellikle Antalya’da yapilan
tiretimde bu model isletilmektedir. Bolgemizde durum degerlendirildiginde,
altyap1 olarak eksik kurulan bir¢ok isletmenin problemler ile karsilastigi
goriilmistiir. Eksik kurulan igletmeler ilk yatirim yilinin sonunda umutsuzluga
kapilmakta, ikinci y1l liretimden ¢ekilmekte veya siis bitkileri iiretimi diginda
kolay tiretebilecekleri ve satabilecekleri iiriinlere yonelmektedirler.

Karadeniz Bolgesinde siis bitkileri sektorii acisindan tespit edilebilen mevcut durum ve
sorunlar karsisinda asagidaki 6neriler gelistirilmistir;

e Yatirimlarin planl bir sekilde yapilmasi,

e Yatirimlarin her ile veya il icerisinde her bolgeye yapilmamasi,

e Planlanan ve yatirnm yapilan alanlarin ulasim altyapisinin ve birbirlerine
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yakinliginin mutlaka g6z 6ntinde bulundurulmasi,

Isletme kuracak olanlara tesviklerin verilmeden dnce siis bitkileri yetistiriciligi ve
sektorli kapsaminda egitimin zorunlu tutulmasi ve egitimler sirasinda ¢alisma
ticreti de 6denerek tesvik edilmesi,

Egitimlerin teori ile birlikte kapsaml1 bigimde uygulamali olmasi egitim siiresinin
amaca ulasacak sekilde uzun siireli verilmesi ve boylece katilimcilarin tecriibe
edinmelerinin saglanmast,

Siirdiirtilebilirligin - saglanmasinda en Onemli konu pazar arayisi, Triin
pazarlanmasi ve satisidir. Pazar arayisi tamamiyla iireticiye birakilmayip tarim
ekonomistlerinden  olusturulacak  birimler araciligryla  ireticiye  yol
gosterilmelidir. Ciinkii pazari olmayan veya pazari bulunamayan higbir {iriiniin
iiretimine yonelik yatirimlarin basariya ulagsmasi miimkiin degildir.

Bu 6neriler dogrultusunda iiniversiteler, arastirma enstitiileri, Tarim ve Orman il

Midiirliikleri ve {reticiler arasinda daha fazla isbirligine ve ¢alismaya ihtiyag

duyuldugunu séylemek miimkiindiir.
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Antioxidant, Antimicrobial Properties and In Silico Study of a
N,N'-(ethane-1,2-diyl)bis(1-(9H-fluoren-2-yl)methanimine)

Ilter Demirhan'*"* | Erkan Oner?"* , Adem Necip®**', Aydin Aktas*"*",
Medine Cotak®*', Yetkin Gok®

ABSTRACT ARTICLE HISTORY
This study aimed to determine the antibacterial and antioxidant activities of the newly Received
synthesized Schiff base and to support the laboratory results with molecular modeling 6 April 2022
studies. Antibacterial activity of schiff bases was demonstrated using Gram (-) Accepted
Pseudomonas aeruginosa and Acinetobacter baumanni bacterial strains. Minimum 20 October 2022
Inhibition Concentration (MIC) values were determined to evaluate their antimicrobial

activity against Gram (-) Pseudomonas aeruginosa and Acinetobacter baumanni KEYWORDS
bacterial strains. In antioxidant experiments, the responses to DPPH and ABTS radicals Antioxidant,

were calculated at certain concentration ranges and graphs were drawn. For the antimicrobial,
molecular modeling study, Autodock Vina and Discovery Studio 2020 package In silico,
programs were used. The observed bacterial inhibition activity varied depending on the molecular docking,
clinical isolate and the concentration of the samples tested. The highest inhibition schiff base,

activity was achieved at concentration of 75 ul -100 pl. N,N'-(ethane-1,2-diyl)bis(1-(9H-
fluoren-2-yl)methanimine) samples. Molecular docking results show that N,N'-(ethane-
1,2-diyl)bis(1(9H-fluoren-2-yl) methanimine) binds strongly to the 4ZIY and 4ZHU
structures. It has been proven by molecular docking study that the synthesized Schiff
base ligand has antibiotic resistance properties. N, N'-(ethane-1,2-diyl)bis(1-
(9Hfluoren-2-yl) methanimine) synthesis compound showed moderate activity against
A. baumannii and P. aeruginosa strains. It is known that Schiff bases have strong
biological activities and antibacterial activity. In this study, the synthesis of Schiff base
showed antibacterial and antioxidant activity. In addition, our results were supported by
molecular modeling. Our findings can be taken to a higher level with in vivo and in vitro
studies.

Introduction

As in the whole world, Pseudomonas aeruginosa (P.aeruginosa) and Acinetobacter baumannii
(A.baumannii) strains have started to be isolated with increasing frequency and multiple

resistance in our country in recent years. This rapid increase in antimicrobial resistance reduces
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and prolongs the treatment options of clinicians, especially in intensive care units (ICU)
infections caused by these microorganisms [1,2,3]. ICUs are the units most frequently
encountered with nosocomial infections and resistant microorganisms due to the more frequent
use of invasive procedures, long hospital stays, and the fact that hospitalized patients are often
immunosuppressive, elderly, newborns or patients who have undergone an operation [4,5].
A.baumannii and P.aeruginosa are Gram (-) microorganisms that are the most common cause
of nosocomial infections in ICU [6,7,8,9]. Since these bacteria are resistant to external
environmental conditions, they can maintain their vitality for a long time in the hospital
environment. In addition, the fact that they are naturally resistant to many antibiotics and can
develop acquired resistance in a short time gradually limits the antimicrobials that can be used
in the treatment of the infections they cause [11,12,13].

Researching a new drug and putting it on the market involves quite laborious processes. These
processes, which require a long time, are also quite expensive. Today, the discovery and
development processes of drugs can be realized in a shorter time and at less cost by using special
design technologies [14]. Molecular docking studies can define that a drug can be an active
ingredient in a structure [15]. By looking at the receptor and ligand structure, it is seen whether
the compound carries a functional drug group [16]. Compounds containing the azomethine
group (-HC=N-), which were first introduced by Hugo Schiff in 1864 and formed as a result of
the reaction of a primary amine with an active carbonyl compound, and which are generally
carried out by acid, base catalysis or heat, are called schiff bases [17,18]. Schiff bases are useful
chelates because of their ease of preparation, structural variety, and steric and electronic control
mechanisms [1]. These are privileged ligands and find a lot of use thanks to their advantages
such as versatile synthesis and good solubility [1]. In azomethine derivatives, the C=N bond is
required for biological activity. The nitrogen atom of azomethine is involved in the formation
of components and interacts in normal cell processes [21]. It is known that heterocyclic
structures containing an azole ring system and a phonol derivative have a wide range of
biological applications for antifungal, antioxidant, antibacterial, antitumor, anti-inflammatory
and antipyretic applications [16].

Reactive oxygen species (ROS) are free radicals produced during oxidative metabolism. ROS
can attack nucleic acid, lipids, proteins, polyunsaturated fatty acids and carbohydrates and
induce their oxidation, which can lead to oxidative damage such as protein alteration,
membrane dysfunction, enzymatic inactivation, and rupture of DNA strains [17]. Therefore,
ROS must be cleared by cellular voters. An antioxidant can inhibit or delay the oxidation of

other molecules. Antioxidants can inhibit the formation of free radicals and also delay lipid
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peroxidation, which leads to deterioration of food and pharmaceutical products during
processing and storage. Antioxidants can protect the human body from ROS. Antioxidants are
widely used in foods to prevent radical chain reactions that cause food spoilage [18].

In this study, which was carried out for the first time, it was determined that the synthesized
N,N'-(ethane-1,2-diyl)bis(1-(9H-fluoren-2-yl)methanimine) (1) schiff base, which is frequently
found in ICU (A. baumannii, P. aeruginosa) bacteria and to investigate the binding affinities
and models in bacterial structures by in silico studies. New compounds need to be synthesized

and investigated, since existing compounds show weak bacterial resistance.
Material and Methods

Chemistry

Compound 1 which bearing fluorene group was prepared in the air atmosphere. The solvents
and all other reagents were commercially available from Sigma-Aldrich and ISOLAB chemical
company and used without further purification. Melting point was identified in glass capillaries
under air with an Electrothermal-9200 melting point apparatus. FT-IR spectrum was saved in
the range 400-4000 cm-1 on Perkin Elmer Spectrum 100 FT-IR spectrometer. Proton (*H) and
Carbon (*3C) NMR spectra were recorded using either a Bruker AC300P FT spectrometer
operating at 300.13 MHz (*H) and 75.47 MHz (*3C) in CDCIs with tetramethylsilane as an
internal reference. Elemental analyses were performed by Inonu University Scientific and
Technological Research Center (Malatya, TURKEY).

Synthesis of (N,N'-(ethane-1,2-diyl)bis(1-(9H-fluoren-2-yl)methanimine), 1

Compound 1 was synthesized by reacting 1 mL (0.9 g, 15 mmol) ethylenediamine with 2
equivalents of 9H-fluorene-2-carbaldehyde (5.83 g, 30 mmol) in ethanol (20 mL) for 2 hours.
Then, the compound crystallized by cooling the mixture. The crystals formed were washed by
filtration with diethyl ether. As a result white solid was obtained. Yield: 82% (5.07 g); m.p.:
97-98 °C; color: white. Anal. calc. for CaoH24N2: C: 87.35; H: 5.86; N: 6.79. Found: C: 87.07;
H: 5.93; N: 6.85. 'H NMR (400 MHz, CDCls, 298 K), & (ppm): 3.10 and 3.74 (t, 4H, J= 5.6
and 5.5 Hz, -NCH2CH2N-); 3.93 and 4.05 (s, 4H, Ar-CH2-Ar); 7.32-8.01 (m, 14H, Ar-H); 8.40
and 8.43 (s, “N=CH-imine). *C NMR (100 MHz, CDCls, 298 K), & (ppm): 35.2 and 37.6 (Ar-
CH>-Ar); 60.4 and 61.2 (-NCH2CH2N-); 119.0, 125.2, 126.9, 127.4, 128.1, 128.6, 129.4, 130.3,
141.1, and 143.4 (Ar-C); 161.6 (—N=CH?-imine).

461



Antioxidant study Antimicrobial study

DPPH Radical Scavenging Activity

DPPH- free radical scavenging activity of synthesized compounds and standard antioxidants
was performed by Blois method [19,44]. 1 It of 0.1 mM DPPH- solution was prepared in ethanol
and adjusted to 3 ml by adding solutions of different concentrations [9,15]. The prepared
solutions were thoroughly vortexed and incubated in the dark for 30 minutes. Absorbance was
measured at 517 nm with a spectrophotometer. DPPHe radical scavenging activity was
calculated using the following equation:

DPPH- scavenging effect (%) = (Absorbance of control vs. absorbance of sample) / Absorbance
of control x 100

ABTSe* Scavenging Activity

It was made by the color change method, which is an indication that the dark blue/green colored
ABTS-" cation radical has lost its radical property as a result of the treatment with antioxidants
[22]. ABTSe" cation radical was obtained by mixing the ABTS solution prepared with 2
mmolL-1 H>O and 2.45 mmolL-1 potassium persulfate (K2S2Og) solution at a ratio of 1:2 and
incubating for 14 hours in the dark and at room temperature. Before using the ABTS+" cation
radical, the ABTS-"* solution was diluted with sodium phosphate buffer (0.1 molL-1, pH 7.4)
to obtain an absorbance of 0.750 £ 0.025 at 734 nm. Then, 10, 20, 30 pL of the stock solutions
of the synthesized organic compounds were taken and phosphate buffer was added until the
volume was 3 mL, and 1 mL of ABTS+" solution was added to them and vortexed. Inhibition
was calculated at 734 nm for each concentration [21,22].

ABTS-" cation radical scavenging activity was calculated using the following equation:
ABTS-" radical scavenging activity (%) = ((Absorbance of control - Absorbance of sample) /
Absorbance of control)) x 100

Antimicrobial study

Bacterial Strains

Pseudomonas aeruginosa and Acinetobacter baumannii bacterial strains were used to evaluate
the antimicrobial activity. All multidrug-resistant clinical isolates were obtained from
Bacteriophage Microlysis Therapeutic Bank (MTBB, Ankara, Turkey): A. baumannii (MTBB
120557), P. aeruginosa (MTBB 130203). Condalab branded Miller's LB Agar was used as the
medium. In the macrodilution method, the effect of different concentrations of antimicrobial
agent dilutions prepared using sterile tubes against a certain concentration of microorganism
was investigated. With the effective concentrations of the substances synthesized against the

used microorganism; MIC value is determined according to the presence or absence of growth
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[23,24]. Optical density (OD) measurement and counting of viable microorganisms are the most
commonly used methods for monitoring growth. The results obtained are more sensitive than
the agar dilution method [23].

Antimicrobial activity

For bacterial inhibition assay, 1 ml of overnight cultures of the tested strains were diluted with
100 ml Luria Broth (LB) and grown until the turbidity equal to 0.1 to 0.3 McFarland at 37°C at
100 rpm. The dilutions of the Compound 1 in concentration range of 25-100 ul with cell
suspensions were added to the test tubes and incubated at 37 °C with shaking at 150 rpm. The
turbidity was measured for up to 5 h.

Preparation of medium

Miller’s LB Broth (5.5 g) was weighed and diluted to 250 ml, then the density was adjusted
according to McFarland standard (0.5).

Molecular modeling method

Ligand System

N,N'-(ethane-1,2-diyl)bis(1-(9Hfluoren-2-yl) methanimine) material was imported in sdf
format in ChemDraw 3d program. Converted from Open Babel GUI program to pdb format.
Protein system

4Z1Y and 4ZHU crystal structures were obtained from the Protein Data Bank (www.rcsb.org).
While choosing the crystal structures, care was taken to ensure that the resolution value of the
proteins was a maximum of 3 A.

Molecular Modeling

Autodock 4.2.6 is used. AutoDockTools program was used to create modeling data entry files.
In all models, a cube divided into squares with 40x40x40 point dimensions in X, y, z directions
was created. A length of 0.375 A (about one quarter the length of the carbon-carbon covalent
bond) and a distance dependent function of the dielectric constant were used to calculate the
energy of the couplings. 10 processes were carried out using Lamarckian genetic algorithm
logic. Randomly placed fragments with an initial population of 50 were used with a maximum
energy of 2.5 x 106 and a maximum of 2.7 x 104 formations. A mutation rate of 0.02 and a
genetic change rate of 0.8 were chosen. Results that differed less than 0.5 A in root mean square
deviation (RMSD) were pooled and the results of the optimal free energy of coupling were
chosen as the final complex structures. Ligand-protein interactions in the active site of 1 were

investigated using Autodock Vna 1.1.2 [16] and Discovery Studio 2020 programs [23].
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Results and Discussion

Synthesis and characterization study

Compound 1 was synthesized from the ethylenediamine and 2 equivalents of the 9H-fluorene-
2-carbaldehyde in ethanol (Scheme 1). This compound was obtained in moderate yields 82%.
The compound's structure was determined using FT-IR, *H NMR, 3C NMR spectroscopic
methods, and elemental analysis techniques. The proton peak was detected in the *H NMR
spectra by a characteristic peak at the imine (N=CH), which appeared as a highly downfield
shifted singlet at 8.40 and 8.43 ppm. The ethylene group (CH2) proton peaks were observed as
triplets at 3.10 and 3.74 ppm. Aliphatic methylene (CH:) singlet peaks between two aromatic
rings were observed at 3.93 and 4.05 ppm. Proton peaks were observed as multiplets in both
aromatic rings, ranging from 7.32-8.01 ppm. In the *C NMR spectra of the compound, a carbon
signal at 161.6 was attributed to imine carbon (N=CHN) at a lower area compared to other
aromatic carbons. The ethylene group (CH>) carbon peaks were observed at 60.4 and 61.2 ppm.
Aliphatic methylene (CH>) carbon peaks between two aromatic rings were observed at 35.2 and

37.6 ppm. All data are consistent with the proposed formula.

/ \
=N N
Q EtOH
N S s 2 () O
H . Reflux, 2h ’ .

Scheme 1. N,N'-(ethane-1,2-diyl)bis(1-(9H-fluoren-2-yl)methanimine), 1

Antioxidant activity results

DPPH Radical Scavenging Activity Results

The reducing capacity of DPPHe radicals was determined by the reduction in absorbance at 517
nm as a result of the induction of antioxidants. The maximum absorbance of a stable DPPHe
radical in ethanol was recorded as 517 nm. They make the antioxidant molecules an inactive
radical by donating a hydrogen proton to the DPPH’ radical. As a result of this reaction, low
absorbance is obtained. A color change from purple to yellow is visually noticeable in this
interaction. Therefore, DPPH" is often used as a substrate to evaluate the antioxidant activity of
antioxidant molecules [20,23]. DPPH" is a stable free radical and takes an electron or a hydrogen
radical to become a stable diamagnetic molecule [23]. Table 1 shows the decrease in the
concentration of DPPH’radical due to the radical scavenging capacity of both the 1 extract and
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the standards. At the same concentration (0.03 mg/ml), the scavenging effect of 1 extracts and
standards on DPPH" radical decreased in the order Trolox(90.5%) > BHA(75.8%) >
BHT(73.8%) > 1 (49.8%). As a result of these results, 1 extract showed that it was effective in
terms of free radical scavenging activity.

ABTSe" Radical Scavenging Activity Results

The blue-green ABTSe* radical cation scavenging activity of the synthesized compounds was
measured according to the radical scavenging activity of the standard antioxidants BHA, BHT
and Trolox. In this method, antioxidants oxidize the ABTS<" dark cation radical, resulting in a
reduction of dark color. The color change that occurs with this reaction is used as a parameter
for the measurement of antioxidant potential [31]. The scavenging effect on ABTS<" radical
decreased in the order of Trolox (90.5%) > BHA(75.6%) > BHT(73.7%) > 1 (27%) is seen in
Table 1. As a result of these results, 1 extract showed that it has an effect on free radical
scavenging.

Table 1 The scavenging activity of compound 1 on ABTS-* radical

Extract DPPHP ABTSP
0.03 mg/ml 0.009 mg/ml
1 498+2.6 27+05
BHA? 75.8+5.9 75.6+6.2
BHT? 73.8+5.3 73.7+£5.7
TROLOX? 90.5+6.4 90.5+6.7

Data mean + standard deviation,
astandard antioxidant
®The percent (%) of ABTS and DPPH radical scavenging activity

Antimicrobial activity results

The effects of N,N'-(ethane-1,2-diyl)bis(1-(9H-fluoren-2-yl)methanimine) (1) on P.aeruginosa
and A.boumannii bacteria were evaluated by measuring their optical density. It has been shown
that compound 1 has a high inhibitory effect on A.boumannii and a low level inhibitory effect

on P.aeruginasa (Table 2). The effect of compound 1 on multidrug resistant strains is shown in
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Table 3 as ICso and % inhibition values. The effectiveness of compound 1 for P.aeruginosa and
A.boumannii bacteria is shown in Figure 1 and Figure 2, where the MIC50 values for
P.aeruginosa at 225 minutes and for A.boumannii bacteria at 120 minutes are between 75 ul
and 100 pl.

Table 2 Inhibitory effect of compound 1 on A.boumannii and P.aeruginosa

Compound P. aeruginosa | A. boumannii

1 -+ -+++

%25 - %50 inhibition -+ ( less active), %50-%75 inhibition -++ ( modarate active), %75 - %100 inhibition -+++
(highly active).

Table 3 % inhibition and 1Cso values of compound 1 due to multidrug resistance against bacterial strains

Sample 1Cs0 ng/ml % Inhibition
Compoiwund | Pseudomonas | Acinetobacter Pseudomonas | Acinetobacter
aeruginosa baumannii aeruginosa baumannii
(MTBB (MTBB (MTBB (MTBB 120557)
130203) 120557) 130203)
25 ng/ml 10 20
50 pg/ml 25 35
1 75 pg/ml 80 pg/ml
75 ng/ml 30 45
100 pg/ml | 50 70
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Pseudomonas aeruginosa 203
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Fig 1 Pseudomonas aeruginosa 203 Optical Density of multidrug-resistant bacterial strains.

Acinetobacter baumannii 557
3,5

2,5
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Optical Density

0,5

0 15 30 60 120 180 300
Time (min)

——100 ul —@=75pul =0—=50pul —@=25ul =—o=Control

Fig 2 Acinetobacter baumannii 557 Optical Density of multidrug-resistant bacterial strains.
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In silico Study Results

According to the molecular docking results, the docking score of Compound 1 molecule to the

protein structure of 4ZHU (Pseudomonas aeruginosa) was found -8.8 kcal/mol (Table 4).

Table 4 In Silico study results of ligand 1 in 4ZHU (Pseudomonas aeruginosa)

Results Analysis Visualization Protein Ligand Docking Amino Acid Residue
Software Sofware Score

3D BIOVIA

Discovery Stduio | 4ZHU 1 -8.8 LEUS53, ILE169,

. R VAL176, PRO178

Autodock Vina Visualizer

3 D BIOVIA

Discovery Stduio PHE127, LEU130,

o ALA131, VAL135,

Autodock 4.2 Visualizer 4ZHU 1 -8.8

GLY148, ARG171

Molecular docking model; The protein structure of 4ZHU (Pseudomonas aeruginosa) is shown

in Figure 3 of the Compound 1 molecule.
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Fig 3 Docking patterns of Compound 1 ligand 4ZHU (amino acid residues of 4ZHU whose binding
points were determined by Discovery Studio according to Autodock Vina results)

4ZHU appears to form pi-alkyl bond with LEU53, ILE169, VAL176, PRO178 with Compound
ligand 1 (Figure 4).

PRO
Al78

WAL ILE
AlT6 Al69

LEU
B:33

Interactions

pi-kyl

Fig 4 Bond structures of Compound ligand 1 in 4ZHU. (4ZHU appears to form pi-alkyl bond with
LEUS3, ILE169, VAL176, PRO178 with ligand 1).
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The sites where ligand Compound 1 is thought to be responsible for its biological effect in

4ZHU and where it interacts best with the target site appear (Figure 5).

Fig 5 Pharmacophore pattern of ligand Compound 1 in 4ZHU. (The sites where ligand 1 is thought to
be responsible for its biological effect in 4ZHU and where it interacts best with the target site appear.)

According to the molecular docking results, the docking score of Compound 1 molecule to the
protein structure of 4ZIY (A.baumannii) was found -10.2 kcal/mol (Table 5).
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Table 5 In silico study results of ligand Compound 1 in 4ZIY (Acinetobacter baumannii)

Results Analaysis Visualization Protein Ligand Docking Amino Acid Residue
Software Sofware Score
3 D BIOVIA 4Z1Y 1 -10.2 GLY124, LYS125,
Autodock Vina Discovery THR127, HIS292,
Studio ARG327
Visualizer
3 D BIOVIA
Discovery GLY124, LYS125,
Autodock 4.2 Studio 421Y 1 -10.2 THR126, PHE288,
Visualizer ALA289, HIS292,

ASN293, GLY323,

ARG327,LEU328,

PHES330, ASN344

Molecular docking model; The protein structure of 4ZIY (Acinetobacter baumannii) is shown
in Figure 6 of the 1 molecule.
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Fig 6 Docking patterns of Compound 1 ligand 4Z1Y (amino acid residues of 4Z1Y, whose binding points
were determined by Discovery Studio according to Autodock Vina results)

To ligand Compound 1 of 4Z1Y; It is observed that it forms pi-cation bonds with LYS125, pi-
donor hydrogen bonds with GLY124, THR127, HIS292, carbon hydrogen bonds with HIS292,
pi-alkyl bonds with LEU328 (Figure 7).
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Interactions
Carbon Hydrogen Bond
Pi-Cation

ARG
4327 W
A1

THR
ALl

HIS
A:292

L5
A125

LAY
A328

Pi-Donar Hydrogen Bond
Pi-Alkyl

Fig 7 Bond structures of ligand 1 at 4ZIY (to ligand 1 of 4ZIY; It is observed that it forms pi-cation
bonds with LYS125, pi-donor hydrogen bonds with GLY124, THR127, HIS292, carbon hydrogen

bonds with HIS292, pi-alkyl bonds with LEU328).

Where Compound 1 ligand is thought to be responsible for its biological effect in 4Z1Y and

where it interacts best with the target site appears (Figure 8).
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Fig 8 The pharmacophore pattern of ligand 1 in 4Z1Y (where 1 ligand is thought to be responsible for
its biological effect in 4Z1Y and where it interacts best with the target site appears.)

Schiff bases are represented by the general formula RCH=NR'. In this notation, R and R' are
aryl or alkyl substituents. It was observed that Schiff bases synthesized from the reaction of
primary amines and carbonyl compounds were synthesized in two main stages. In the first step,
a carbonyl amine intermediate is formed from the condensation of the primary amine and the
carbonyl group. In the second step, Schiff base is formed as a result of the dehydration of the
carbonyl amine intermediate [26].

Shanty et al. In 2017, Schiff bases were stated to have antioxidant activity. [26]. Antibacterial,
fungicidal, anti-carcinogenic, catalytic and biological activity is attributed to the presence of
the imine group (N=CH-) [27,28]. Schiff bases and their complexes are versatile compounds
synthesized from the condensation of an amino compound with carbonyl compounds and
widely used for industrial purposes, and are known to have antifungal, antibacterial,

antimalarial, antiproliferative, anti-inflammatory, antiviral and antipyretic properties [29].

474



The synthesis of Schiff bases and the measurement of their biological activities have long been
of interest to researchers. It is seen that many studies have been conducted in the literature in
this area [29,30]. Sharma et al. 2019 determined the antibacterial effects of Schiff base ligands
and metal complexes synthesized by the reaction of salicyaldehyde with o-phenylenediamine
and p-phenylenediamine, 2-furaldehyde with o-phenylenediamine and p-phenylenediamine
against the E. coli, B. subtilis, P. Aereuguinosa, S. aureus bacteria. They determined the MIC
values of some complexes and the minimum inhibitory concentration (MIC) of complex
number one against B. subtilis and S. aureus as 75 pmol mL[31]. It is seen to be compatible
with the results obtained in our research. It is recorded in literature studies that Schiff bases
show antibacterial and antifungal properties, but this activity is greater with the addition of
metal complexes [30, 31]. The antibacterial activity of Schiff bases can be explained by the
presence of keto-amine structure. In addition, the fact that they have an enol-imine structure
rather than a keto form suggests that they may be effective in showing antibacterial activity.
Using the turbidity reduction assay, we showed clinical isolates of A. baumannii and P.
aeruginosa to be considerably affected by 1 regarding the growth inhibition activity. The
concentration of 1 had notable impact on bacterial inhibition activity. This study reveals that 1
have potential agent to deal with multidrug-resistant bacteria either alone or in combination
with conventional antimicrobials.

In general, it is thought that schiff bases will exhibit good antioxidant properties due to their
chelating properties. Antioxidant determination of synthetic compound 1 was made by the
method of reducing capacity of DPPHe- radicals and ABTSe* radical cation scavenging activity.
In this study, in which ethanol was used as a solvent, values of 49.8 and 27 were found for
DPPHe« and ABTSe", respectively. DPPHe method; It is widely used to measure the ability of
antioxidants to scavenge free radicals. In this spectrophotometric method, a stable free radical,
DPPH« (2,2-diphenyl-1- picrylhydrazil) reagent is used. It is based on the measurement of
antioxidants' ability to reduce the DPPHe radical, which is reduced to hydrazine when this
radical interacts with hydrogen donors. According to this method, strong hydrogen donor
groups are required for compounds to show good antioxidant properties. The fact that the
synthesis compound is close to the BHA compound indicates that its antioxidant property is
low. It was found that synthetic compound 1 showed moderate and low inhibitory properties in
terms of antioxidant activity compared to DPPH+ and ABTS<" methods, respectively. Studies
that similar to our findings are available in the literature [32,33]. This situation is thought to be
related to the low hydroxyl group in the synthesized compound 1. It is stated that the ethanolic

extract of the synthetic schiff base compound, which has strong hydrogen donors, shows very
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strong antioxidant activity [34]. In general, there are many factors that affect antioxidant
activity in synthetic compounds. The high number of electron donating groups in the synthesis
compound is one of the mechanisms that increase antioxidant activity. The type of solvent used
stands out as another factor affecting the antioxidant result. It can be said that this solvent was
used in the literature studies as the reason why ethanol was preferred in the research.

A. baumannii and P. aeruginosa have an important place among the infectious agents because
they are resistant to adverse conditions. These bacteria, in addition to being naturally resistant
to many antibiotics, can also develop resistance during antimicrobial use. Therefore, the
infections they cause especially in ICU patients progress with high mortality and morbidity. It
has been reported that there has been a remarkable increase in antibiotic resistance and multiple
resistance in A. baumannii and P. aeruginosa over the years [35,36]. A. baumannii and P.
aeruginosa are in the priority 1 (critical) group in the list of priority pathogens that urgently
need new antibiotics, published by the World Health Organization (WHO) in February 2017
[37]. Centers for Disease Control states that multi-resistant Acinetobacter isolates cause 7300
infections and 500 deaths annually, while multi-resistant Pseudomonas isolates cause 6700
infections and 440 deaths annually [37].

These factors, which cause hospital-acquired pneumonia in particular, are most commonly
isolated from respiratory materials. In studies, it is seen that the most frequently isolated
material type is tracheal aspirate [38, 39]. 46% of A. baumannii strains and 52% of P.
aeruginosa strains were isolated from tracheal aspirate samples. It is seen that blood is the
sample type from which A. baumannii isolates in the second most frequency, while urine is the
sample type from which P. aeruginosa strains are isolated in the second frequency. While many
studies conducted in our country reported that these agents were detected most frequently in
the anesthesia department among ICUs, 37% of A. baumannii strains and 39% of P. aeruginosa
strains used in our study were isolated from the general ICU [40, 41, 42].

In vitro resistance rates detected especially against A. baumannii isolates isolated from the ICU
are quite high [43]. The agents that can be used in the treatment of infections caused by bacteria
are very limited, as they are naturally resistant to most antibiotics and develop resistance to

almost all other antibiotics.
Conclusion

In studies on Schiff bases and metal complexes, it was concluded that complex Schiff bases are
more effective on bacteria than free Schiff bases. However, the degree of action of the metal

complexes of Schiff bases varies among themselves. But, in this study, it was concluded that

476



although Schiff bases showed antibacterial effects at different rates, free Schiff bases could be
effective on bacteria as well as metal complexes. It was observed that the synthesized 1 schiff
base ligand showed different levels of activity in terms of reducing capacity of DPPHe radicals
and removing ABTSe+ radical cation, especially DPPHe activity was at a normal level. It has
been found that the antioxidant activity of synthesis schiff base 1 is low in general. Molecular
modeling insertion studies were conducted to reveal the binding mechanism and effect of ligand
1 to 4ZIY (A. baumannii) and 4ZHU (P. aeruginosa). The docking results show that ligand 1
binds strongly to the 4Z1Y and 4ZHU constructs. Due to the binding strength of the 1 ligand, it
reveals a unique structure for A. baumannii and P. aeruginosa, and it is thought that it can be a
reference for designing new molecules with antibiotic resistance with the same structure and

applying these molecules in in vivo and in vitro studies.
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ABSTRACT

In this study, various extracts of Rosa pimpinellifolia antioxidant, anticholinesterase, and ARTICLE HISTORY

antityrosinase properties were determined with the total phenolic and flavonoid contents ?58?:“;5(]‘2022
spectrophotometrically. The phytochemical composition of the methanol extract was analyzed Accep ted
using LC-MS/MS. In addition, the extracts of R. pimpinellifolia antimicrobial activity by disc 09 Ap £ 2022
diffusion and microdilution method, and antigenotoxic activities by comet assay were explored. ugus

The ethyl acetate extract of the root (EAR) had higher antioxidant activities at 10 pg/mL with KEYWORDS
inhibition of 39.7, 91.2, and 39.5% respectively in the DPPH-, ABTS"", and superoxide anion Rosa

radical scavenging activity assay than standard antioxidant molecules. The polyphenolic pimpinellifolia,
contents of the EAR and the ethyl acetate extract of the seed (EAS) were found to be 378.2 + Rosaceae,
0.477 and 305.39 £ 0.568 pg gallic acid equivalent GAE/mg respectively. The EAR showed biological
butyrylcholinesterase activity with 19% inhibition at 100 pg/mL concentration and higher activities,
activity at 500 pg/mL with inhibition of 50% in the tyrosinase inhibitory assay than the other LC-MS/MS

R. pimpinellifolia extracts. The extracts of R. pimpinellifolia exhibited antimicrobial activity
against Staphylococcus aureus and Candida albicans. The extracts of R. pimpinellifolia did not
show any antigenotoxic effect up to the concentration of 1000 pg/mL. In LC-MS/MS analysis,
cyanidin-3-O-Glucoside and isoquercetin in the pseudo-fruit; procyanidin B2 and catechin in
the root were the major phenolic compounds.
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Introduction

Rosa pimpinellifolia belonging to the Rosaceae family is presented by 27 species in Turkish
flora. It is a deciduous shrub that grows well on calcium soils. It is known as “Karakusburnu,
Koyungozii” in Turkey, “Shrub Rose” in Europe. It is used in the treatments of hemorrhoids,
infections, flu, abdominal pain, and anemia in Turkish folk medicine by decoction of the
roots and pseudo-fruits of the species [1-3].

Flavonoids [4], aurons [5], phenylethanoids [6], saponosides [7], steroids [8], sesquiterpenes
[9], carotenoids [10], tannins [4], fatty acids [11], and volatile compounds [12] were
identified in Rosa species. Furthermore, according to some studies, R. pimpinellifolia has
condensed tannins (catechin, epigallocatechin, procyanidin B2) [13], anthocyanidins
(cyanidin-3-O glucosides) [14,15], phenolic acids (ascorbic acid, caffeic acid) [15], and
essential fatty acids (linoleic, oleic, linolenic acids) [16].

With regard to some studies also, Rosa species have antibacterial [17], anti-inflammatory
[18], antioxidant [19], anticancer [20], antidiabetic [21], hepatoprotective [22], anxiolytic
[23], antiobesity [24], anti-conflict [25], purgative [26], kidney stone reducer [27],
antidiarrheal [28], antiallergic [29], antiproliferative [30], antinociceptive [31],
antiulcerogenic [32], antihypertensive [33], antifungal [34], anti-HIV, and antitussive [35]
activities. It is also reported that Rosa species are used in skin disorders [36], atherosclerosis,
arthritis, brain dysfunction immunodeficiency [21], and hemorrhoids [37].

Medicinal plants are consumed, because of having thousands of different phenolic
components such as reductive agents, free radical scavengers, and quenchers of singlet
oxygen formation. It also plays an important role in the control of cancer and other diseases
[38]. Oxidative stress is defined as the deterioration of the oxidative balance resulting from
the deficiency of antioxidants, which is caused by the increase of reactive oxygen species
(ROS) such as hydroxyl radicals, superoxide radicals, and hydrogen peroxides formed during
cellular metabolism. ROS causes cell damage and the death of intracellular macromolecules.
Moreover, ROS-induced-DNA damage is associated with many diseases. Polyphenolic
compounds in plants protect cells against the harmful effects of ROS by donating electrons,
chelating metal ions, and stimulating antioxidant enzymes [39].
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Many medical professionals seek natural and safe antibiotics due to the increase in antibiotic
use and the resistance of bacterial strains [40]. Therefore, the antimicrobial effects of
medicinal plants are extensively studied in recent years. In addition, plants are used as an
additive in the preservation of raw and processed foods and medicines by making use of their
antimicrobial properties [41].

Tyrosinase, commonly found in plants, microorganisms, and animals, is a copper-containing
enzyme involved in the synthesis of melanin in the skin, hair, and eyes. The enzyme has a
key role in melanization [42, 43]. Recently, the search for safe and effective tyrosinase
inhibitors has gained importance in the treatment of hyperpigmentation problems such as
skin scarring caused by extreme melanin synthesis in the body and hypopigmentation
problems caused by insufficient synthesis of melanin such as psoriasis and vitiligo. These
enzyme inhibiting agents can be used in the treatment of hyperpigmentation problems. [44-
46]. Tyrosinase inhibitors are utilized in the cosmetics industry due to their skin whitening
effect [47] and in the food industry due to their ability to inhibit the enzymatic browning of
food products [48]. It has also been reported that tyrosinase may cause dopamine
neurotoxicity and that neurodegeneration is associated with Parkinson's disease [49].
Therefore, inhibition of tyrosinase is a popular target in drug development and research for
Parkinson's disease [50].

Alzheimer's disease (AD), a neurodegenerative disease, is characterized by a low level of the
neurotransmitter acetylcholine (ACh). In the treatment of this disease, it is often aimed to
prolong the availability of ACh by stimulating the cholinergic receptors or using agents that
increase or improve acetylcholine levels. Therefore, inhibition of acetylcholine degrading
enzymes (acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)) is preferred in AD
therapy. Potential sources of AChE and BChE inhibitors in natural products, provide for the
development of drug molecules. Cheap, safe, alternative AChE and BChE inhibitory plants
are researched in this publication [51].

The aim of this study is to reveal the chemical characterization of the root, pseudo-fruit, and
seed extracts of R. pimpinellifolia by LC-MS/MS and to investigate their in vitro antioxidant,

antityrosinase, anticholinesterase, antimicrobial, antigenotoxic, and anticancer activities.
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Materials and Methods

Chemicals and reagents

Gallic acid monohydrate, sodium carbonate, Folin-Ciocalteu phenol Reagent (FCR) (Sigma-
Aldrich) for determination of total phenolic compound quantity. Aluminum chloride;
hydrochloric acid (37%), routine hydrate (Sigma-Aldrich) for determination of total
flavonoids. Ammonium thiocyanate, 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
diammonium salt (ABTS), 1,1 diphenyl-2-picryl-hydrazole (DPPH), gallic acid
monohydrate, (+) 6- hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), D-
methionine, nitrotetrazolium blue chloride (NBT), potassium persulfate, riboflavin, sodium
phosphate monobasic (NaH2PO4), (+) a-tocopherol (Sigma-Aldrich) for determination of
antioxidant activity. AChE, acetylthiocholine iodide (ATCI), BChE, butyrylthioline iodide
(BTCI), 5,5-dithiobis- (2-nitrobenzoic acid) (DTNB), donepezil, tris hydrochloride (Sigma-
Aldrich) for determination of anticholinesterase activities. Tyrosinase, 3,4-dihydroxy-L-
phenylalanine (L-DOPA), L-tyrosine, a-kojic acid, sodium phosphate monobasic
(NaH2PO4) (Sigma-Aldrich) for determination of antityrosinase activity.

Fetal bovine serum (Biochrom), penicillin/streptomycin (Gibco), eagle's minimal essential
medium (Lonza), polylysine solution (Biochrom), normal boiling point agarose (Lonza),
dimethyl sulfoxide (Amresco), low boiling point agarose, NaOH, phosphate buffer tablet,
NaCl triton X-100, ethylenediamine tetraacetic acid, H20., tris, trypan blue solution,
ethidium bromide (Sigma-Aldrich) for investigation of antigenotoxic effects.
1,3-dicaffeoylquinic acid, 4,5-dicaffeoylquinic acid, 7-acetyl sideroxol, apigenin, caffeic
acid, catechin, chlorogenic acid, cyanidin-3-O-glucoside, emodin, (-)-epicatechin,
epigallocatechin, epigallocatechin gallate, eubotriol, fumaric acid, gallic acid, isoquercetin,
kaempferol, luteolin, luteolin-5-O-glu, luteolin-7-O-glu, pelargonin chloride, punicalagin,
procyanidin B2, pyrogallol, quercetin, quercetin-3-O-arabinoside, quercitrin, ursolic acid,
vannilin, p-hydoxybenzoic acid, t-ferulic acid were purchased from Sigma-Aldrich for

determination of phenolic compound via LC-MS/MS.
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Plant materials

The pseudo-fruits, seeds, and roots of R. pimpinellifolia were collected from Erzurum Kosk
village in August 2013 (1900 m) and identified by Ufuk Ozgen. The voucher specimen (ATA
9876) has been deposited in the herbarium of the Faculty of Sciences, Atatiirk University,
Erzurum, Turkey.

Preparation of the extracts

20 g pseudo-fruits, seeds, and roots of the plant were extracted separately with 300 mL
methanol, ethyl acetate, and water for 12 h at 25°C. The solvents were removed under
vacuum.

Determination of the total phenolic content

The Folin-Ciocalteau method, modified by Singleton and Rossi, was used to determine the
total phenol content [52-54]. The plant extract was dissolved in distilled water to 1000
pg/mL. Then, 1000 puL of each sample was taken and distilled water was added to 23 mL.
After completion, 0.5 mL of Folin-Ciocalteau reagent and after 3 min 1.5 mL of 2% Na,CO3
solution were added. After the mixture was stirred for 2 hrs on a magnetic stirrer at room
temperature, the absorbances were read on a spectrophotometer against the blindly used
distilled water at a wavelength of 765 nm. On the other hand, gallic acid dilutions were
prepared at concentrations of 100, 200, 400, and 600 ug/mL to create the calibration curve,
and gallic acid dilutions were added to the sample and other solutions were added exactly.
The method is based on electron transfer from phenolic compounds to molybdenum in an
alkaline environment. The reduced molybdenum turns into a blue complex, which can be
measured spectrometrically at a wavelength of 760 nm.

Determination of the total flavonoid determination

The total flavonoid amounts of the plant samples were determined according to the method
developed by Lar'kina et al 2009 and were calculated as rutin equivalent (RE) [55]. For this
purpose, 30 mL of 70% ethanol was added to the 1 g powdered drug of both parts of the plant
and heated at 60 °C for 1 hr under reflux. The process was repeated three times. The extracts
were filtered into a 100 mL graduated flask and the volumes were made up to 100 mL with

ethanol (solution A).
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Sample solution: 2 mL of solution A, 4 mL of 10% ethanolic AICIs and 0.1 mL of dilute HCI
were placed in a flask and the volume was completed to 50 mL with 95% ethanol.
Absorbances were measured against reference solutions at 410 nm after 20 min.
Reference solution: 2 mL of solution A and 0.1 mL of dilute HCI was placed in a flask and
the volume was made up to 50 mL with 95% ethanol.
Rutin sample solution: 0.05 g routinely weighed and placed in a volumetric flask. 10 mL of
95% ethanol was added and dissolved by heating in an 80 °C water bath. After complete
dissolution, the volume was made up to 50 mL with 95% ethanol (solution A).
Rutin test solution: 1 mL of solution A was taken into a volumetric flask, 4 mL of 10% AICIs
solution was added and the volume was completed to 50 mL with 95% ethanol. Absorbance
at 410 nm was measured. The levels of total flavonoid contents in extracts were determined
in triplicates and the averages were taken. Calculations were made according to the following
equation.
X=[D (Sample)xM (Rutin)/ D (Rutin)xM (Material)] x100

D (Sample): Absorbance of the sample solution
D (Rutin): Absorbance of rutin test solution
M (Material): Weight of raw material (g)
M (Rutin): Weight of the rutin (g)
X: Total amount of flavonoids calculated over rutin (%)
Evaluation of the antioxidant capacity
DPPH radical scavenging assay
The free radical scavenging activity of the extract was established by DPPH assay according
to the method developed by Marsden S. Blois [56]. The extracts were prepared in
concentrations of 10, 50, 250, 500, and 1000 pg/mL and the DPPH stock solution at a
concentration of 1 mM and dissolved in ethanol. 210 pL of stock solution and 70 uL. of DPPH
solution were added from each sample. The samples were shaken for approximately 1 min
and stored at 37 °C in the dark for 30 min. At the end of the period, the absorbances of the
samples were read in a spectrophotometer against Ethanol used blindly at 517 nm
wavelength. For the control sample, 210 pL of Ethanol and 70 pL of DPPH solution were

used, and tocopherol was used as the standard antioxidant. The % inhibition of the samples
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against DPPH free radical was calculated according to the formula given below and
tocopherol was used as a reference.

DPPH radical scavenging capacity (%) = [(A1 - A2) / A1] x 100

A1 = absorbance value of control sample containing DPPH and Ethanol

A = absorbance value found after sample addition to DPPH solution

ABTS radical cation decolorization assay

ABTS cation radical scavenging capacity was determined according to the method made by
Re et al [57]. Firstly, 2 mM ABTS solution was prepared. ABTS ¢« was obtained by adding
2.45 mM potassium persulfate solution to this solution in a ratio of 1:1. The extracts were
transferred to the wells with 140 pL of stock solutions at concentrations of 10, 50, 250, 500,
and 1000 ug/mL, and 100 pL of the ABTS * solution and shaken for 1 min. 140 uL of ABTS
* solution and 100 pL (0.1 M pH = 7.4) phosphate buffer were used as control samples. The
absorbance value of the control sample at 734 nm should be 0.700 + 0.025. At the end of the
30 min waiting period, the absorbances at 734 nm were recorded against the buffer-formed
blank. Trolox was used as the standard compound. Calculations of ABTS cation radical
radical scavenging capacities in the percent of the extracts and compounds were made
according to the following equation. ABTS « sweeping capacity (%) = [(A1 - A2) / A1] x 100
A1 = Absorbance value of control sample containing only ABTS ¢ and buffer solution

A = absorbance value found after addition of samples to ABTS  solution

Superoxide anion radical scavenging assay

Superoxide anion radical scavenging tests were performed using the method developed by
Zhishen et al [58]. 10, 50, 250, 500, and 1000 ug/mL stock solutions of the extracts and
compounds at different concentrations were prepared. 0.5 mL each of riboflavin (1.33 x 10°
M), methionine (4.46 x 10° M) and NBT (8.15 x 10° M) solutions were added onto 0.5 mL
of sample solution. The resulting reaction mixture was stimulated with 20 W fluorescent light
for 40 min at room temperature. At the end of the period, the absorbance of each sample was
recorded at 560 nm against a water-based blank. Phosphate buffer (0.05 M, pH=7.8) was
used in the control sample instead of the stock solution. The calculations of the superoxide
anion radical scavenging capacities in percent of the samples were made according to the

following equation.

486



O¢* sweeping capacity (%) = [(A1 - A2) / A1] x 100

A1 = Absorbance value of the control sample

A> = Absorbance value found after addition of samples

Anticholinesterase activity

AChE inhibitory activity was determined using a modified spectrophotometric Ellman’s
method [59]. The prepared extracts were dissolved in methanol and diluted to concentrations
of 1000, 750, and 500 ug/mL. However, with the solutions to be added to the wells later,
final concentrations will be 100, 75, and 50 pg/mL. 50 pL of tris buffer solution, 125 pL of
3 mM DTNB solution, 25 pL of AChE enzyme solution at a concentration of 0.2 U/mL, and
25 pL of dilutions of the samples prepared at concentrations of 500, 750 and 1000 pg/mL
were added to the wells. The resulting mixture was allowed to incubate for 15 min at 37 °C.
After the 15 min incubation period, 25 pL of 15 mM ATCI solution was added to each well.
As controls, 25 pL methanol, 125 pL DTNB, 50 uL tris buffer, 25 uL. AChE, and after 15
min 25 uL. ATCI were added again with a micropipette. For the blind, 25 pL of methanol, 75
pL of Tris buffer, 125 pL of DTNB, and 25 pL of AChE were added using a micropipette.
The absorbances of the reaction mixtures were recorded at 412 nm for 20 min with a
microplate reader. Calculations were made using the following formula:

Enzyme inhibition (%) = [(A1 - A2) / A1] x 100

A1 Absorbance value of the control sample

Az: Absorbance value measured in the presence of samples

Antityrosinase activity

The tyrosinase inhibition capacity of the methanol, ethyl acetate, and aqueous extracts of the
root and aqueous extracts of the pseudo-fruits of R. pimpinellifolia were determined
spectrophotometrically with the method modified by Likhitwitayawuid and Sritularak using
L-DOPA as substrate [43, 60]. Dilutions of the methanol extracts were prepared as 10 mg/mL
in concentrations of 25, 50, 100, and 500 pg/mL in %5 DMSO with potassium phosphate
buffer (pH = 6.8). a-Kojic acid (25, 50, 100, and 500 pug/mL) was used for positive control.
The concentrations were determined with ELISA. Absorbances of the samples and the
control were read at a wavelength of 490 nm and the inhibitions of tyrosinase were calculated
according to the formula given. % Inhibition = [[(A-B)-(C-D)]/(A-B)]x 100.
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Antimicrobial activity

The antimicrobial effect of pseudo fruit and root extracts was determined by using Disk
diffusion and micro-dilution methods [40].

Microorganisms

Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa from Gram-negative
bacteria; Enterococcus faecalis, Staphylococcus aureus, and S. epidemidis strains from
Gram-positive bacteria were used to determine the antibacterial activity. Candida albicans
and C. tropicalis strains were used to investigate the antifungal activity. Staphylococcus
aureus (ATCC BAA977) and Candida albicans (ATCC 14053) standard strains were studied
in the microdilution method. Oxacillin, standard antibiotic discs; fluconazole, standard
antifungal discs were used to determine the sensitivity of each microbial species tested and
to control.

Disc diffusion assay

Suspensions were prepared according to 0.5 McFarland (108 CFU/uL for bacteria, 106
CFU/uL for yeasts) from bacteria and yeast strains were grown on solid media. Sterile swabs
were dipped into each of the suspensions, mixed by dipping and the suspensions were spread
over the surface of the media with the swab. 15 pL of extracts at 100 mg/mL concentrations
dissolved in DMSO under aseptic conditions were absorbed into sterile discs of 6 mm
diameter. After this process, discs impregnated from the extracts and standard antibiotic discs
were placed in Petri dishes at regular intervals. The Petri dishes in which bacteria were
inoculated were incubated at 37 °C for 24 hrs, and the Petri dishes in which fungi were
inoculated at 37 °C for 48 hrs. At the end of the incubation, the diameters of the inhibition
zones occurring around the discs were measured. The zone diameters of standard antibiotic
discs and only DMSO impregnated discs were used as controls. Only DMSO impregnated
disk was used as a control for yeasts.

Broth dilution assay

MIC (Minimum Inhibitory Concentration) values were used to measure the sensitivity of the
disk diffusion method. This method was made in accordance with the CLS (Clinical and

Laboratory Standards Institute) criteria and Aliyazicioglu et al method [40].
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Anti-genotoxic Activity

Cell culture

Human foreskin fibroblast (BJ) cell line was purchased from American Type Culture
Collection (Manassas, VA, USA). The cells were grown in EMEM supplemented with 10%
FBS, 2 mM glutamine, 1% penicillin, and streptomycin at 37°C.

Determination of H.O. concentration

A total of 2x10° BJ cells were cultured in a T-25 flask. After 24 h, cells were handled with
10-30 uM for 5 min to determine the concentration resulting in DNA damage, but not
toxicity. After incubation, cells were trypsinized and centrifuged for comet assay protocol.
Determination of extract concentration

BJ cells were pre-incubated with various concentrations of R. pimpinellifolia extracts (25-
1000 pg/mL) for 60 min. After that, flasks were washed with PBS, and cells were handled
with 20 uM H20- for 5 min. Then, flasks were washed, trypsinized, and centrifuged for comet
assay protocol.

Cell viability and Comet assay

The determination of the possible protective effect of different extracts of R. pimpinellifolia
on DNA damage induced by hydrogen peroxide (H20.) in BJ cells was carried out using the
comet assay. The alkali protocol of the Comet method, it is aimed to determine chain breaks
at low levels with high sensitivity. The alkaline comet protocol developed by Singh et al.
includes 7 steps: Preparation of microscopic slides, lysis of cells to release DNA, alkaline
treatment (pH>13) to reveal lesions such as chain breakage, electrophoresis under alkaline
conditions (pH>13), neutralization of alkaline conditions, DNA staining and comet imaging,
and comet scoring. For each treatment condition, 100 randomly selected cells from each slide
were evaluated for DNA damage visually using a 40x objective on a fluorescent microscope
(Nikon Eclipse E800, Tokyo, Japan). The selected cells were classified between 0 and 3,
from non-damaged to most damaged, according to tail length. Excessively long tails and
DNA spectra scored 4 were not included. All slides were scored with the following formula
with a maximum damage possibility of 300 [61, 62].

Comet score = (1 x ny) + (2 x n2) + (3 x n3) (n: cell number for every score)
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LC-MS/MS analysis

Preparing standard solutions

Stock solutions of secondary metabolites were prepared in methanol solvent at 100 ppm
concentrations. Before starting the study, methanol-water (v:v, 60:40) solutions at different
concentrations between 5, 2.5, 1, 0.5, 0.25, and 0.1 ppm were prepared from 10 ppm
intermediate stock for each standard compound and prepared in LC-MS / MS. It was kept at
+ 4 °C before being analyzed.

Determination of the phenolic compounds

The extracts were weighed about 3 mg in weight and placed in Eppendorf tubes. 4000 ppm
master stock solutions were prepared in 0.75 mL of methanol solvent. Curcumin was used as
the internal standard (IS), a 100 ppm IS stock solution was prepared in methanol solvent and
added to the injection vial at a concentration of 5 ppm. All samples were kept at + 4°C before
being analyzed. The calibration curve of phenolic compounds was obtained by plotting
working standard solutions with LC-MS/MS data.

Instrumental analysis and chromatographic conditions

Zivak Tandem Gold Triple Quadrupole mass spectrometer (Istanbul, Turkey) device was
used in the analysis. The Synergy Max C18 column (250 x 2 mm i.d, 5 pm particle size) was
used as the chromatography column. The gradient elution steps indicated in Table 1 below
were applied.

Table 1 Gradient elution steps for the detection of secondary metabolites

Minute Mobile Phase A (%) Mobile Phase B (%0)
0.00-1.00 55 45
1.00-20.00 O 100
20.01-23.00 55 40
Mobile phase A > % 0.05 formic acid -HPLC grade water
Mobile phase B : % 0.05 formic acid: methanol
Flow rate : 0.25 mL/min
Injection volume 210 uL
Detector : DAD 280 nm
Column : RP-C18
Column temperature 30 °C
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LC-MS/MS Procedure

Zivak Tandem Gold Triple Quadrupole mass spectrometer device was used in the analysis
of the samples. During optimization experiments, the best mobile phase composition was
determined after satisfactory results were obtained with high ionization abundance and peaks
were separated successfully. Optimum electrospray ionization (ESI) parameters were used:
CID gas pressure 2.0 mTorr, 4000 V ESI needle voltage, 600 V spray protection voltage, 300
°C drying gas temperature, 55 psi nebulizer gas pressure, and 35 psi drying gas pressure. The
measurement method was established by determining the LC-MS/MS characteristics of
standard compounds.

Results

Total flavonoid contents of the extracts
The total flavonoid contents of the root and pseudo-fruits of the R. pimpinellifolia were

calculated as % of the rutin (mg RE/dry drug) and the results are given in Table 2.

Table 2 Total flavonoid contents of the extracts

Root  Pseudo-fruit
Total Flavonoid Amounts Calculated Over Rutin (%0) 012 021

Total phenolic contents of the extracts

Total phenolic contents of the various extracts of R. pimpinellifolia plant were determined as
gallic acid equivalents. As shown in Table 3, the phenolic contents of the extracts are higher
than flavonoid contents. Among the extracts of R. pimpinellifolia, the EAR has the highest
total phenolic content (378.2 + 0.477 ug GAE/mg extract).

Antioxidant activities

The DPPH radical scavenging activity

The DPPH radical scavenging capacities of R. pimpinellifolia extracts and the standard
antioxidant compound a-tocopherol at a concentration of 10 pg/mL are shown in % inhibition

in Table 3.
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ABTS* cation radical scavenging capacity

The ABTS radical scavenging capacities of R. pimpinellifolia extracts and the standard
antioxidant compound trolox at a concentration of 10 pg/mL are shown in % inhibition in
Table 3.

Superoxide anion radical scavenging capacity

Superoxide Anion radical scavenging capacities of R. pimpinellifolia extracts and the
standard antioxidant compound Trolox at a concentration of 10 pg/mL are shown in %
inhibition in Table 3.

Table 3 Total phenolic contents and antioxidant activities of R. pimpinellifolia various extracts at 10
pg/mL
Samples* Total Phenolic DPPH Radical ABTS*®  Cation Superoxide

Compound Scavenging Radical Anion  Radical
(ng GAE/mg Activity Scavenging Scavenging
extract) Capacity Capacity

MR 236.36 £ 0.4 30.9 57.9 21.9

EAR 3782 +0.4 39.7 91.2 39.5

WR 237.087 £ 0.1 15.6 40.2 25.2

WPF 195.6 £0.2 30.4 32.9 31.2

MS 224,12 +£0.2 11.1 56.7 21.1

EAS 305.39+0.5 21.2 39.1 30.0

a- 12.5

tocopherol

trolox 68.4 16.3

(*MR: methanol extract of R. pimpinellifolia root, EAR: ethyl acetate extract of R. pimpinellifolia root, WR:
water extract of R. pimpinellifolia root, WPF: water extract of R. pimpinellifolia pseudo-fruit, MS: methanol
extract of R. pimpinellifolia seed, EAS: ethyl acetate extract of R. pimpinellifolia seed)

Anticholinesterase activity

The AChE inhibitory activities of the extracts of R. pimpinellifolia and the standard donepezil
at a concentration of 100 pug/mL are shown in % inhibition in Table 4. The extracts of R.
pimpinellifolia did not show anticholinesterase activity against AChE but showed BChE with
19% inhibition at 100 pg/mL concentration.

Antityrosinase activity

The a-Kojic acid used as a standard antioxidant shows 92.7% inhibition at 500 pg/mL. the
concentration range to be studied has been determined as 25-500 pg/mL. The % inhibition

values of the extracts and a-Kojic acid in each dose range are shown in Table 4.
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Table 4 BChE and tyrosinase inhibitory activities of R. pimpinellifolia extracts

BChE % Inhibition Tyrosinase % Inhibition
(100 pg/mL) (500 pg/mL)

MR 14 61.5

EAR 19 50

WR 0 37.7

WPF 9 37.9

MS 16 31.9

EAS 18 32.9

Donepezil 97

a-Kojic acid 92.7

Antimicrobial activity

Extracts of the root, pseudo-fruits, and seeds of R. pimpinellifolia plant made by disc
diffusion method were found to be effective against Staphylococcus aureus and Candida
albicans in the determination of antimicrobial activity. On the other hand, it was found to be
ineffective against bacteria and yeasts such as Escherichia coli, Enterococcus faecalis,
Candida tropicalis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus
epidermidis.

The MIC (Minimum Inhibitory Concentration) values in the Microdilution method used to
measure the sensitivity in the disk diffusion method were compared with the disk diffusion
method. The results of both experiments confirm each other.

The results of the Microdilution and Disk diffusion method applied to determine the
antimicrobial activity of the extracts are shown in Table 5.

Table 5 Antimicrobial activity (MIC values and zones of inhibition) of extracts of R. pimpinellifolia
plant against bacteria and yeast species

MIC (pug/mL) MR EAR WR WPF  MS EAS  Standar Negative Positive
and Zone d Drog  Control Control
Inhibition (ug/mL (DMSO) Standard
(mm), values ) antibiotic
disc pg/mL
S. aureus 1000 1000 1000 1000 >1000 1000 - 0.25
(ATCC 7 11 10 8 8 11 (OKS)
BAA977)
C. albicans 250 500 250 250 1000 1000 - 1
(ATCC 20 18 17 15 20 20 (FLU)
14053)

NT: Not tested, OKS: Oxacillin, FLU: Fluconazole
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Antigenotoxic Activities

In this study, visual analysis and Comet analysis were performed to reveal the DNA damage
created in fibroblast cells with H2O, at a concentration range of 10-30 uM. Comet scoring
was made using the scale with 0 for no damage and 3 for the greatest damage. Since the
highest comet score according to this scale can be 300 and 20 uM H20, exhibiting the closest
Comet score to this value was determined as the optimum damaging concentration in the next
trials. (Table 6, 7)

Table 6 Comet scores (n=3) versus HO, given to fibroblast cells at increasing concentrations

H20. Concentration Comet Score
10 uM H;0> 185.7+£9.1

20 uM H20> 300+5

30 uM H20O» 300+

Table 7 Comet scores (n = 4) showing the potential of different extracts of R. pimpinellifolia to inhibit
H>0,-induced DNA damage

25 50 100 250 500 1000
pg/mL  pg/ml  pg/ml  pg/ml  pg/ml  pg/mL
Negative Control 24.242.3
Positive Control

(20 M H07) SO0

WPF—DMSO 300 300 300 300 300 300+
MPF—DMSO 300 300 300 300 300 300+
WPF— water 300 300 300 300 300 300+
MR—DMSO 300 300 300 300 300 300+

LC-MS/MS analysis

Validation of experiments and uncertainty evaluation

The validation parameters were determined to be LOD (limit of detection), LOQ (limit of
quantification), linearity, recovery, and repeatability. The LOD and LOQ values of standards
for the LC-MS/MS method are given in Table 8. LOD and LOQ were determined by using
the signal-to-noise method. A signal-to-noise ratio of three was accepted for estimation of
LOD and signal-to-noise ratio of 10 was used for estimation of LOQ [63]. The repeatability
in the intra-day (RSD%) values phenolics ranged between 0.1 — 5 mg/kg were obtained using
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the corresponding peak area of 3 replicate analyses at approximately 2.5 mg/kg concentration

level.
Table 8 Method validation and uncertainty parameters for phenolic compounds
Linear
Compounds regression R? LOD LOQ RSD
equation (mg/L) (mg/L) (%)
1  7-acetylsideroxol y=0.105x+0.0224 0.9834  0.46 1.55 5.61
2 Apigenin y=0.182x+0.072  0.9940  0.15 0.50 4.01
3  Catechin y=0.067x+0.035 0.9941  0.06 0.21 6.49
4  Chlorogenic acid y=0.262x-0.004  0.9981 0.44 1.48 5.45
Cyanidin-3-O-
5 glucoside y=0.35x+0.01 0.9912  0.09 0.29 1.37
6 Emodin y=0.15x+0.09 0.9806  0.58 1.95 2.46
7 Epigallocatechin  y=0.034x+0.022 0.9876  0.04 0.13 5.53
Epigallocatechin
8 gallate y=0.1175x-0.007 0.9957  0.09 0.32 4.79
9 Eubotriol y=0.13x+0.09 09931 0.31 1.03 3.33
10 Fumaric acid y=0.056x+0.015 0.9944  0.07 0.23 5.44
11 Gallic acid y=0.040x-0.020 0.9986  0.54 1.82 7.23
12 Isoquercetin y=0.323x+0.054 0.9974  0.56 1.87 9.42
Pelargonin
13 chloride y=0.189x+0.0041 0.9928  0.17 0.56 4.45
14 Procyanidin B2  y=0.049x+0.0067 0.9902  0.09 0.31 10.36
15 Pyrogallol y=0.039x+0.014 0.9875  0.04 0.15 5.47
16 Quercetin y=0.115x+0.027 0.9901  0.303 1.01 1.14
Quercetin-3-
17 arabinoside y=0.33x+0.04 0.9958 0.56 1.87 9.42
18 Quercitrin y=0.02x-0.004 0.9976  0.02 0.06 4.28
19 Ursolic acid y=0.015x+0.0044 0.9948  0.07 0.23 3.04

The concentration of each analyte was within the linear range and the concentration of the
reported method was obtained from the calibration curve. In conclusion, the calculated

concentrations were converted to ug/g of the crude extract sample, by using Equation (X)
(X)

Where Ca is the analyte concentration obtained by calibration curve (in mg/kg), V is the final

Amount (n/g)= (W)

m/1000
diluted volume (in grams) before the analysis, m is the amount of the extract (in milligrams),

F is the dilution factor, 1000 is the conversion factor. LC-MS/MS parameters of selected

compounds were shown in Table 9.
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Table 9 LC-MS/MS parameters of selected compounds

Parent Daughter Collision energy ESI

Compounds ion ion Capillary V) mode
r-acetyl 3854 325 100 20 Positive
sideroxol

Apigenin 269 151 100 22 Negative
Catechin 289 245 50 15 Negative
Chlorogenic acid 353 191 80 14 Negative
Cyanidin-3-0- g 287 90 19 Positive
glucoside

Emodin 268.9 224.3 100 30 Negative
Epigallocatechin 305 125 80 18 Negative
Epigallocatechin - 169 100 14 Negative
gallate

Eubotriol 343 343 100 20 Positive
Fumaric acid 115 71 80 8 Negative
Gallic acid 168.6 124 50 13 Negative
Isoquercetin 463.3 300 90 25 Negative
Pelargonin 595 271 80 30 Positive
chloride

Procyanidin B2  577.4 288.5 80 20 Negative
Pyrogallol 125 80 100 16 Negative
Quercetin 301 178,5 120 16 Negative
Quercetin-3- 4633 300 80 21 Negative
arabinoside

Quercitrin 471.9 309.9 60 16 Positive
Ursolic acid 455.6 455.1 50 10 Negative

The EURACHEM/CITAC guide was used for the evaluation of sources and quantification
of uncertainty of the LC-MS/MS method [64]. The maximum contribution comes from the
calibration curve. Detailed procedures of uncertainty evaluation were reported previously in
the literature [65]. To obtain expanded uncertainty, combined standard measurement
uncertainty has to be multiplied by 2 (coverage factor) at 95% confidence level. The
expanded relative uncertainties for all the compounds in each plant sample are given in Table
8. In LC/MS/MS analysis, Cyanidin-3-O-Glucoside and isoquercetin in the pseudo-fruit;
procyanidin B2 and catechin in the root were the major phenolic compounds. The results of
the chemical compounds were given in Table 10.
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Table 10 LC-MS/MS Quantitative Analysis Results of Secondary Metabolites (ng/g)

Compounds Pseudo-fruit Root
7-acetylsideroxol 18,80+3,65 83,60+16,25
Apigenin 37,39+3,67 41,11+4,03
Catechin 48,77+5,71 2211,13+£258,77
Cyanidin-3-O-Glu 2102,35+232,57 -

Emodin 38,21+8,29 44,33+9.62
Epigallocatechin - 1196,35+133,88
Epigallocatechin Gallate - 78,75+7,09
Eubotriol - 202,60+21,93
Fumaric acid 368,22+34,14 85,06+7,89
Gallic acid 64,92+10,36 63,04+10,06
Isogquercetin 1096,88+317,66 -

Pelargonin Chloride 8,579+0,24 88,79+2,51
Procyanidin B2 382,63+60,93 5401,88+860,26
Pyrogallol - -

Quercetin 72,57£11,59 -
Quercetin-3-Arabinoside  188,28+54,32 -

Quercitrin 85,38+6,08 -

Ursolic acid 204,54+18,37 -

Amounts of the samples in ug of secondary compounds per g extract with the expanded (k = 2) uncertainty
Discussion

Numerous studies have been carried out on the fruits of the Rosa species [66,10,67].
However, in this study, no biological activity studies were conducted on the roots of R.
pimpinellifolia. Therefore, it can be said that this study is original. Previously, anti-
inflammatory and anticancer studies have been conducted on different Rosa roots, and it has
been observed that the roots are effective in these studies [68, 69].

Previously, total phenolic contents of R. spinosissima, R. canina, and R. rugosa fruits were
examined. It has been reported that R. spinosissima has the highest total phenolic content and
antioxidant activity [70].

In our study, we determined that the roots and fruits were not rich in flavonoids. There are
mostly made of catechic and triterpene substances [71].

Antioxidant activities of Rosa species’s fruits and roots are high [72]. It was reported that
methanol extract of R. davurica roots showed strong antioxidant activity in DPPH radical
scavenging activity assay [73]. The relationship between the rich polyphenol content and

antioxidant mechanisms in R. canina was investigated, and good antioxidant activity was
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demonstrated by H.O> and superoxide anion radical scavenging activity experiments at all
concentrations [74].

In our study, we found that R. pimpinellifolia roots and fruits did not have cholinesterase
activity. In another study, it was reported that R. canina fruits are also inactive [75].

In our study, it was observed that the roots and fruits of R. pimpinellifolia had moderate
antityrosinase activity. Tyrosinase enzyme inhibition values in R. pimpinellifolia extracts
were the highest at 500 pg/mL. 37.7% in root water extract; 50% in root ethyl acetate extract,
61.5% in root methanol extract, 37.9% in pseudo-fruit extract. At a concentration of 500
ng/mL, a-Kojic acid Showed an inhibition of 90%. Inhibitory activity on tyrosinase enzyme
at 500 ug/mL. Natural compounds such as kojic acid, arbutin are preferred than chemical
substances such as hydroquinone and azelaic acid because they have no inflammatory effects
on the skin. Results have shown that R. pimpinellifolia extracts can be used as an alternative
in the therapy treatment of hyperpigmentation and may be involved in the formulations of
cosmetic products used for hyperpigmentation. In our previous study, the antityrosinase
activity of R. pimpinellifolia petals was shown to be promising [76]

In our study, a weak antimicrobial activity of Rosa roots and fruits against bacteria and fungi
was determined. In certain studies, R. rugosa root extracts were found to exhibit
antimicrobial activity against S. epidermidis, S. aureus, B. subtilis, Micrococcus luteus, E.
coli, Klebsiella pneumoniae, Ps. aeruginosa, Proteus mirabilis, and Candida albicans [77].
Furthermore, in another study, the activity of alcohol and aqueous extracts of R. damascena
was determined against 10 pathogenic microorganisms (S. aureus ATCC 25923, Ps.
aeruginosa ATCC 27853, E. coli ATCC 25922, S. pneumoniae ATCC 55143, Acinetobacter
calcaoceuticus, Salmonella enteritidis and Aspergillus niger ATCC 1640) MIC, MBC and
inhibition area diameter were determined by in vitro disc diffusion and microdilution method.
While hexane extracts showed very low activity against the microorganisms, it was stated
that the aqueous extract inhibited the growth of Gram (+) and Gram (-) bacteria, as well as
A. niger. With regards to its ethanol extract, it showed antibacterial activity against P.
aeruginosa ATCC 27853 bacteria (MIC and MBC 62.5 pg/mL, DIZ =34 mm), E. coli ATCC
25922 bacteria (MIC and MBC 62.5 pg/mL, DIZ = 30 mm) according to some studies was
reported [78].
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According to our results, it was observed that 4 different extracts did not show antigenotoxic
effect in the concentration range of 25-500 pg/mL, while extracts at a concentration of 1000
ug/mL showed toxic effects and increased the existing damage. In further studies, we believe
that R. pimpinellifolia extracts to be prepared using different solvent and extraction
techniques should be studied both in different treatment types (simultaneous or post) and
different cell types. With this study, antigenotoxic data were obtained for the first time in
Rosa roots and fruits.

In an LC/MS/MS study, it was reported that Catechin, epicatechin, quercetin-3-glucoside,
protocatechuic acid, chlorogenic acid, quercetin, rutin, fumaric acid, and gallic acid are major
phenolic compounds in R. pimpinellifolia fruits.

In other studies, it has been reported that catechin [68, 79], Cyanidin-3-O-Glucoside [80],
and procyanidin [81], are present in different Rosa species. In this study, phenolic compounds

in R. pimpinellifolia roots were first elucidated by LC/MS/MS analysis.
Conclusion

With this study, a start was provided for the studies on the biological activity studies and
chemical content of R. pimpinellifolia root, pseudo-fruits, and seeds in the literature. By
investigating their possible antioxidant, antityrosinase, anticholinesterase, antimicrobial,
anti-genotoxic, and anti-cancer properties and determining the chemical content of R.
pimpinellifolia root, pseudo-fruit, and seed and the deficiency of work in the scientific world
was eliminated. Determination of medicinal properties of R. pimpinellifolia, production of
active substances with biological properties, and application of these substances in the
pharmacological field will provide meaningful support. In future studies, in vitro and in vivo
studies of active ingredients to be obtained by plant isolation should be carried out.
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ABSTRACT
This study has been conducted to determine genetic diversity of the common vetch ARTICLE HISTORY
lines and cultivars by using pairwise combinations of universal rice primers (URPS). Received
A total number of 37 URP marker pairs were tested and twenty of those provided 30 May 2022
amplicons in the common vetch genome. The pairs of amplified URP markers Accepted

. . . 6 Auaust 2022
provided a total of 83 bands and 62 of them were determined as polymorphic and were
scattered to the whole genome. The average polymorphism rate of the primers was KEY WORDS
calculated as 73.5% while the polymorphism information content (PIC) values have ngpmon veteh,
ranged from 0.11 to 0.47 with an average of 0.24. The phylogenetic tree constructed geneiic diversity
based on UPGMA analysis provided three main clades. Two-dimensional plot of PCA molecular ’

and the UPGMA analysis showed that the URP markers successfully distinguished the
genetic material based on their genetic origin. In conclusion, this study revealed that
the use of pairwise combinations of URP markers could have a better power to reveal
the level of polymorphism in plant genome.

characterization

Introduction

Vicia sativa L., common vetch, is considered as one of the most important annual, self-
pollinated, diploid forage crop species [1-3]. The common vetch plants have plasticity
not only for adaptability to different soil and climate conditions, but it also has diverse
use as grain, straw, hay, silage, and green manure along with soil improvement ability
with nitrogen fixation [1-3]. Therefore, it is considered one of the most valuable protein
and mineral resources for cattle and poultry in Turkey, Australia, New Zealand, China
and Eastern Europe [3-7].

PCR based molecular markers are currently one of the best tools to make genetic
characterization and to estimate genetic diversity in various organisms including plants

[8-11] since they are more reliable than pedigree data to estimate genetic diversity and to
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discriminate individuals from various breeding sources for parental selection in plants
[12, 13]. However, the power of a molecular marker is mainly determined by the level of
polymorphism detected [14]. As a complex taxon, V. sativa represents a diverse
phylogenetic relationship [15, 16]. Various type of molecular markers have been
previously used to resolve inter- and intra-specific diversity in common vetch by using
random amplified polymorphic DNA (RAPD) [15], sequence-related amplified
polymorphism (SRAP) and inter-simple sequence repeat (ISSR) [17], amplified fragment
length polymorphism (AFLP) [18], simple sequence repeats (SSRs) [19], expressed
sequence tag-simple sequence repeat (EST-SSR) [20], cDNA-simple sequence repeat
(cDNA-SSR) [21, 22], start codon targeted polymorphism (SCoT) [23] and single
nucleotide polymorphisms (SNPs) [24, 25]. The recent advancements in plant
biotechnology also resulted in avalanche of information in terms of DNA sequences and
functional gene determination in various plant species [20, 21, 23, 26]. Therefore, not
only transferability of the current molecular markers among the species has been studied
[19] but new and alternative use of those molecular marker techniques have also been
developed in diverse plant species [27-29].

The universal rice primers (URPs) were generated based on repetitive DNA sequences of
the rice genome [30-32] and their efficiency as well as universal applicability have been
previously tested in various prokaryotic [30-32] and eukaryotic [32, 33] genomes for
taxonomic and phylogenetic analysis. However, based on the current literature URP
markers have never been tested in pairs so far.

The objective of this study was to reveal genetic relationships of some common vetch
lines and cultivars obtained from various genetic resources by using pairwise

combinations of URP markers.
Materials And Methods

Materials

A total of 24 common vetch lines and cultivars which were obtained from either national
or international genetic resources were used in this study (Table 1). The seeds of lines
were propagated by selfing under the same field conditions for 2 years, during the plant
growing seasons of 2008 and 2009. The taxonomic confirmation of the lines assured that

all lines belong to V. sativa (Table 1).
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Table 1. Source of 19 lines and 5 varieties of Vicia sativa used in this study

Accession number Source Register
number

TR41968 Izmir Aegean Agricultural Research Institute GB-3
TR4471 Izmir Aegean Agricultural Research Institute GB-5
TR35076 Izmir Aegean Agricultural Research Institute GB-7
TR12447 Izmir Aegean Agricultural Research Institute GB-8
TR12474 Izmir Aegean Agricultural Research Institute GB-13
TR33452 Izmir Aegean Agricultural Research Institute GB-24
TR4392 Izmir Aegean Agricultural Research Institute GB-25
TR33253 Izmir Aegean Agricultural Research Institute GB-29
TR33268 Izmir Aegean Agricultural Research Institute GB-34
IEV/S 490 Sel 2003 International Center for Agricultural Research in the Dry

Areas IC-1
IEVS 1293 Sel 2025 International Center for Agricultural Research in the Dry

Areas IC-2
IEVS 1812 Sel 2083 International Center for Agricultural Research in the Dry

Areas IC-3
IEVS 3026 Sel 2490 International Center for Agricultural Research in the Dry

Areas IC-4
IEVS 715 Sel 2556 International Center for Agricultural Research in the Dry

Areas IC-5
TARM-59998 Ankara Field Crops Central Research Institute TA-1
TARM-59999 Ankara Field Crops Central Research Institute TA-2
TARM-60265 Ankara Field Crops Central Research Institute TA-3
TARM-60279 Ankara Field Crops Central Research Institute TA-4
TARM-60334 Ankara Field Crops Central Research Institute TA-5
Almoglu-2001 Commercial cultivar CE-1
Bakir-2001 Commercial cultivar CE-2
Cumhuriyet — 99 Commercial cultivar CE-3
Karaelgi Commercial cultivar CE-6
Kubilay-82 Commercial cultivar CE-7

Methods

DNA extraction and quality control

The young leaves of ten plants of each line or cultivar were bulked and were used for
genomic DNA extraction by using plant genomic DNA extraction mini kit (Favorgen,
Pingtung, Taiwan) based on the manufacturer’s instruction. A known concentration of A
DNA on 0.8% agarose gel electrophoresis was used to determine the sample DNA
concentrations and DNAs were diluted to 50 ng/ul by using dH.O before stored at -22 °C
until used.

Primers and PCR amplification

The primer pairs used in the study were summarized in Table 2. The URP markers were
analyzed as described before [32] and was optimized by using 37 URP marker pairs.

Amplifications were carried out in a 20 pl reaction mixture containing 1 x PCR buffer
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(10 mM Tris-HCI pH 8.3, 50 mM KCI, %0.01 jelatin); 25 mM MgCI2; 50 ng (F+R)
primer; 0.5 mM each of deoxyadenosine triphosphate (dATP), deoxyguanosine
triphosphate  (dGTP), deoxycytidine triphosphate (dCTP) and deoxythymidine
triphosphate (dTTP); 0.5 unit of Tag DNA polymerase; and 100 ng of genomic DNA.
The PCR analysis was done in a thermal cycler (Favorgen Gradient PCR, Pingtung,
Taiwan). The best annealing temperature of each primer pairs was determined by using a
gradient PCR before used in the sample DNA amplifications. To determine the
reproducibility of the bands, the PCR reactions were repeated twice. The thermal cycler
was programmed to five cycles of 1 min at 94 °C, 1 min at 35 °C and 1:30 min at 72 °C,
for denaturing, annealing and extension, respectively. Then main cycles followed by 35
cycles of 1 min at 94 °C, 1:30 min at 55-58 °C (depending upon annealing temperature
of the primer presented in Table 2, and 1:30 min at 72 °C, followed by a final incubation
for 3 min at 72 °C. The URP amplicons were separated with a 2% (w/v) agarose gel in 1
X TBE buffer at 90 V for 3 h and were stained with ethidium bromide before
photographed under ultraviolet light.

Data analysis

The DNA amplicons on the gel were scored for the presence (1) or absence (0) of the
bands. The evaluation of band patters of URP markers in this study revealed that they
inherited in dominant pattern although the original research paper did not define their
inheritances as dominant or co-dominant [32]. Therefore, the polymorphism information
content (PIC) of each primer pairs was calculated as a dominant marker as described
previously [34, 35] by applying the formula PIC= 1-(p? + g% where p and q are the
frequencies of presence and absence of bands, respectively. The genetic similarity was
calculated by using NTSYSpc-2.1 program based on Dice coefficient [36]. The
unweighted pair-group method (UPGMA\) with arithmetic averages was used to have the
dendrogram. The EIGEN and PROJ modules of NTSYSpc-2.1 program were used for the
principal component analysis (PCA).

507



Table 2. The pairwise combinations of 20 URP marker pairs, sequences, GC content, annealing temperature, the numbers of amplified and
polymorphic bands, polymorphism rate and PIC values for 19 lines and 5 cultivars of V. sativa

. . Polymorphic .
Primer s 2 GC Rate o Amplified Polymorphism
No. Name The base sequences (5°-3°) (%) Ta (°C) bands Rate (%) PIC
bands

URP25F GATGTGTTCTTGGAGCCTGT

1 50 56 5 3 60 0.22
URP2R CCCAGCAACTGATCGCACAC
URP30F GGACAAGAAGAGGATGTGGA

2 50 56 2 2 100 0.47
URP2R CCCAGCAACTGATCGCACAC
URP32F TACACGTCTCGATCTACAGG

3 50 55 5 3 60 0.14
URP2R CCCAGCAACTGATCGCACAC
URP38F AAGAGGCATTCTACCACCAC

4 50 55 1 1 100 0.22
URP2R CCCAGCAACTGATCGCACAC
URP2F GTGTGCGATCAGTTGCTGGG

5 50 57 4 3 75 0.35
URP4R AGGACTCGATAACAGGCTCC
URP30F GGACAAGAAGAGGATGTGGA

6 50 56 5 2 40 0.11
URP4R AGGACTCGATAACAGGCTCC
URP32F TACACGTCTCGATCTACAGG

7 50 56 5 4 80 0.23
URP4R AGGACTCGATAACAGGCTCC

508



URP38F AAGAGGCATTCTACCACCAC

8 50 56 75 0.23
URP4R  AGGACTCGATAACAGGCTCC
URPIF  ATCCAAGGTCCGAGACAACC

9 50 57 67 0.19
URP6R GGCAAGCTGGTGGGAGGTAC
URP2F GTGTGCGATCAGTTGCTGGG

10 50 57 50 0.25
URP6R GGCAAGCTGGTGGGAGGTAC
URPOF  ATGTGTGCGATCAGTTGCTG

11 50 55 67 0.18
URP6R GGCAAGCTGGTGGGAGGTAC
URP32F TACACGTCTCGATCTACAGG

12 50 55 50 0.16
URP6R GGCAAGCTGGTGGGAGGTAC
URPIF  ATCCAAGGTCCGAGACAACC

13 50 55 67 0.33
URP13R TACATCGCAAGTGACACAGG
URP2F GTGTGCGATCAGTTGCTGGG

14 50 55 100 0.35
URP13R TACATCGCAAGTGACACAGG
URP9F  ATGTGTGCGATCAGTTGCTG

15 50 55 100 0.28
URP13R TACATCGCAAGTGACACAGG
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URP32F TACACGTCTCGATCTACAGG

16 50 55 7 6 86 0.16
URP13R TACATCGCAAGTGACACAGG
URP38F AAGAGGCATTCTACCACCAC

17 50 55 6 6 100 0.33
URP13R TACATCGCAAGTGACACAGG
URP2F GTGTGCGATCAGTTGCTGGG

18 50 55 8 5 63 0.2
URP17R AATGTGGGCAAGCTGGTGGT
URP25F GATGTGTTCTTGGAGCCTGT

19 50 55 5 4 80 0.26
URP17R AATGTGGGCAAGCTGGTGGT
URP30F GGACAAGAAGAGGATGTGGA

20 50 55 2 1 50 0.19
URP17R AATGTGGGCAAGCTGGTGGT

TOTAL 83 62 - -

MEAN 4.15 3.1 735 0.24
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Results

Genetic diversity based on URP marker analysis

A total of 37 URP marker pairs were tested in this study. Twelve of those
(URP1F/URP2R, URPIF/URP2R, URP25F/URP2R, URP1F/URP4R, URP25F/URP6R,
URP30F/URP6R, URP30F/URP13R, URP1F/URP17R, URP25F/URP17R,
URP32F/URP17R, URP38F/URP6R and URP30F/URP17R) did not provide any
amplification in the vetch genome. The marker combinations URP38F/URP17R,
URPI9F/URP4R, URP25F/URP4R and URP25F/URP13R produced monomorphic bands
only. The URP13R marker was tested as a single primer and was removed from
application of pairwise combination. Twenty UPR marker pairs gave polymorphic bands
in different proportions (Table 2).

The URP marker pairs produced a total of 83 bands and 60 of them were determined as
polymorphic (Table 2). The average polymorphism rate of the markers used was 73.5%.
The URP marker pairs provided 4.15 bands an average. The number of polymorphic
bands was calculated as 3.1 per marker pair. Average PIC value was calculated as 0.24.
The lowest PIC value was obtained from URP30F / URP4R marker pair with 0.11 while
URP30F/URP2R marker pair had the highest (0.47) (Table 2). The highest number of
amplicons (8 amplicons) was obtained from the URP2F/URP17R while the
URP38F/URP2R marker pair had the lowest (1 amplicon). The polymorphism rate of the
maker pairs ranged from 40% to 100% (Table 2). The lowest polymorphism rate (40%)
was determined on the URP30F/URP4R while all of the amplicons of URP30F/URP2R,
URP38F/URP2R, URP2F/URP13R and URP9F/URP13R marker pairs were
polymorphic.

The 24 common vetch lines and cultivars were divided into 3 main clades based on
UPGMA analysis presented in Figure 1. The lines came from GB provided clade I (Fig.
1) while the lines encoded as TA provided clade Il. The clade 111 consisted of the cultivar
and the lines encoded as IC. The lines IC1 and IC2 were separated from the others in the
clade III while the cultivars Bakir-2001 and Kubilay-82 were determined as the most
similar cultivars (0.97). The cultivar Alinoglu-2001 was separated from the rest of the

cultivars (Fig. 1).
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Fig. 1 Genetic similarity dendrogram based given reference [37] for 19 lines and five varieties of
V. sativa created according to the UPGMA method using 20 pairwise URP markers

The first three components of Eigen values in PCA analysis explained 50.19% of total
variation. The PCA analysis revealed that the 20 URP marker pairs as well as their alleles
scattered across the vetch genome. For instance, alleles of URP38F/URP13R marker pair
provided amplicons came from various loci of different chromosomes (Fig 2). Based on
the two-dimensional plot of PCA analysis, the lines GB3 and IC5 were the most distant

accessions (Fig. 3).
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Fig. 3 Two dimensional PCA plot of 19 lines and five varieties of V. sativa analyzed by 20
pairwise URP markers. The most distinct lines IC5 and GB3 were indicated in italic

Discussion

The results of the current study revealed that pairwise use of URP markers can

successfully be used to determine genetic relationship of common vetch lines and
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cultivars. A total of 37 URP marker pairs were tested and twenty of them were amplified
in the common vetch genome. Amplified marker pairs produced a total of 83 bands and
62 of them were determined as polymorphic (Table 2). Similar to many other single
primer targeting sites such as single primer amplification reaction (SPAR) [38, 39],
directed amplification of minisatellite region DNA (DAMD) [40] and random amplified
polymorphic DNA (RAPD) [41, 42], URP-PCR method also uses single primer per PCR
reaction [32]. Reliability and reproducibility of URP markers were found relatively high
since they were used at higher annealing temperatures because of their longer (20
nucleotides) primer sequences and higher GC contents (50% GC) [32, 43]. Therefore,
URP markers become a popular DNA marker system for taxonomic and phylogenetic
analysis in various prokaryotic [30-32] and eukaryotic [32, 33, 44] genomes. The pairwise
use of URP markers in the present study further improved stringency of PCR
amplification in comparison to previous reports [43, 45], suggesting that pairwise use of
UPR markers would provide more unique amplicons for taxonomic and phylogenetic
analysis. It was recently reported that pairwise use of RAPD primers provided different
patterns of PCR amplifications in soybean genome in comparison to single primer target
site of RAPD analysis, indicated that RAPD primers could be used as pairs in various
combinations and could provide unique amplicons for phylogenetic analysis [46]. This
study first time revealed that URP markers could be used as pairs in various combinations
to determine genetic relationship of common vetch lines and cultivars, suggesting that
pairwise use of URP markers in various combinations could provide an additional marker
resource along with their conventional use in both prokaryotic and eukaryotic genomes.
It is also possible that the pairwise use of URP markers may provide new unique
amplicons which could be converted into other useful markers such as SCAR (sequence
characterized amplified region) and CAPS (cleaved amplified polymorphic sequence) for
marker assisted selection in plant breeding after their subsequent cloning and sequencing.
The results of this study further indicated that the pairwise use of URP markers should be
tested in any specific genome since some of the primer combinations did not provide any
amplicon in the vetch genome. Unamplified primer pairs URP25F/URP6R and
URP30F/URP6R showed a moderate or very weak primer dimer structure. This might be
one of the reasons why those URP pairs did not have any amplification although the other

unamplified pairs did not have any such structure. Because of their highest polymorphism
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rates (100%) (Table 2), the primer pairs URP30F/URP2R, URP38F/URPZ2R,
URP2F/URP13R, URP9F/URP13R and URP38F/URP13R could be the first candidate to
test URP markers in pairs for prokaryotic and eukaryotic genomes. Although
URP30F/URP2R marker combination had the highest PIC value (0.47), URP2F/URP17R
and URP32F/URP13R marker pairs had the highest number of amplicons and gave
medium PIC values (0.20 and 0.13, respectively) than the other URP marker pairs tested.
Alleles of URP marker pairs scattered to the whole vetch genome (Fig. 2), indicated that
pairwise use of URP markers could have a better power to reveal the level of
polymorphism than single primer targeting sites in PCR amplifications.

The PCA analysis showed that the PC1 had the maximum variability (29.21%) followed
by PC2 (12.29%) and PC3 (8.68%). Two-dimensional plot of PCA and the UPGMA
analysis revealed that genetically the most distinct lines (GB3 and IC5) could be used to
create an additional genetic diversity in common vetch breeding programs (Figs 1 and 3).
The clades I and 11 successfully distinguished the vetch lines came from the same genetic
resource. The clade Il included both the cultivars and the lines (IC), suggesting that the
cultivars used in this study were originated from IC genetic resource. The results also
revealed that the lines grouped in different clades could be used to develop new and
alternative common vetch varieties for various purposes. These results confirmed that the
pairwise use of URP markers successfully distinguished the genetic material based on
their origin. In conclusion, the results of the current study revealed that pairwise use of
URP markers could have a better power to reveal the level of polymorphism in plant
genome and could be tested in other eukaryotic as well as prokaryotic genomes.
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ABSTRACT _ _ ) _ ARTICLE HISTORY
The current study was carried out in 2018-2019 at good agricultural practices of Received
walnut orchards to control mass-trapping and determination of damage rates of 1 June 2022

codling moth, Cydia pomonella L. (Lepidoptera: Tortricidae) in Hatay province of Accepted

Turkey. The study was conducted at 312.43 decares good agricultural practices of 12 August 2022
walnut orchards containing 3,928 Chandler varieties tree, located at the Kislak village
of the Yayladag district of Hatay province. Delta traps with codling moth pheromones

were used. Traps were hung 1.5 m high; pheromone capsules were replaced with new KEYWORDS
ones in every forty days. In the first year, a total of 235 codling moth adults were ~ Valnut,

caught by the 50 delta traps during the sampling period. The average population Cydia pomonella,
density of adults caught by traps was determined to be 4.61. In the second year, a total pheromone,

of 70 codling moth adults were caught by the 50 delta traps during the sampling lcﬂ;a;/ge rate,

period. The average population density of adults caught by traps was determined to be
1.4. In the first year, a total of 38,400 walnut fruits were harvested and 100 walnut
fruit was harmed by the codling moth larvae. Thus, the damage rates of the codling
moth were estimated as 0.26 percent. In the second year, a total of 443,100 walnut
fruits were harvested and 9,065 walnut fruit was harmed by the codling moth larvae.
Thus, the damage rates of the codling moth were estimated as 2.04 percent.

Introduction

The walnut, Juglans regia L., (Juglandaceae: Fagales) is one of the most significant nut
trees in the world. In 2022, the worldwide production of shells was 4.498.442 tonnes,
China contributed 50% (2.521.504 tonnes); other major producers were the United
States (592,390 tonnes), lIran (321,074 tonnes), Turkey (225,000), and Mexico
(171,368) of the world total [1]. The walnut is one of the significant nut trees in Turkey
which production consisting of approximately 86.852,8 ha with a total production of

195.000 tons of fruit per annum, and Hatay province’s share is 236,1 ha and 1428 tons

! Hatay Mustafa Kemal University, Faculty of Agriculture, Department of Plant Protection, Antakya-
Hatay, Turkey.
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[2]. The codling moth, Cydia pomonella L. (Lepidoptera: Tortricidae) is the most
serious pest of apple, pear, peach, plum, quince and walnut
[3,4,5,6,7,8,9,10,11,12,13,14,15]. Codling moth larvae directly feed on walnut fruit. The
first instar larvae feed inside of the fruit. The second and third instar larvae generally
feed on the green peel of the fruit. Therefore, crop loss of up to 20-50% may occur if no
management strategy is applied [12,13,16]. The compound (E, E)-8.10-dodecadien-1-ol
(codlemone) of the codling moth pheromone was developed by [17]. Monitoring the
adult population of codling moths is conducted by pheromone traps, mating disruption
dispensers, and mass-trapping [7,14,15,18,19]. Mass-trapping of C. pomonella has been
attempted  for  several years with  varying degrees of  success
[15,19,20,21,22,23,24,25,26,27,28,29]. Previous reports have shown that trapping
isolated, low-density C. pomonella populations are more successful than attempting to
mass-trap high high-density actions [29,30]. The purpose of the current study was to
evaluate controlling with mass trapping and determination of damage rates of codling
moth, Cydia pomonella L. (Lepidoptera: Tortricidae) at good agricultural practices of

walnut orchards in Hatay province of Turkey.
Material and Methods

The study was carried out in 2018-2019 at good agricultural practices of walnut
orchards to control with mass-trapping and determination of damage rates of codling
moth, Cydia pomonella L. (Lepidoptera: Tortricidae) in Hatay province of Turkey. The
study was conducted at 312.43 decares good agricultural practices of walnut orchards
containing 3,928 number of Chandler varieties tree, located at the Kislak village
[35°94'40"K; 36°18'78"W]of the Yayladag district of Hatay province. The walnut
orchards contain seven-year-old tree. Delta traps with codling moth pheromones (E, E)-
8,10-dodecadien-1-ol (codlemone) [17] were used. Traps were hanged 1.5 m high,
pheromone capsules were replaced with new ones in every forty days. A totally 50
pheromone traps were used each of the sampling year. In the first year, the pheromone
traps were set up on 15 May 2018 and removed on 11 September 2018. In the second
year, the pheromone traps were set up on 7 May 2019 and removed on 10 September
2019. The percentage of damage rates was calculated by dividing the number of infested
walnut fruits by the total number of harvested walnut fruits. All data were analyzed by
analysis of variance (ANOVA) with using the SAS software (SAS Institute Inc., [31].
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Results and Discussion

Mass-trapping of C. pomonella was studied for two years in Hatay province of Turkey.
In the first year, a total of 235 codling moth adults were caught by the 50 delta traps
during the sampling period. The average population density of adults caught by traps
was determined to be 4.61. In the second year, a total of 70 codling moth adults were
caught by the 50 delta traps during the sampling period. The average population density
of adults caught by traps was determined to be 1.4. Pheromones have been applied in
different ways in the control of codling moths. Capturing and killing the codling moths
with pheromones has been practiced by many researchers
[32,33,34,35,36,37,38,39,40,41,42,43]. The mass-trapping of the Codling moth has

been attempted for several years with varying degrees of success [20,22,23,29].

10

Total number of adults/trap:
235/50 trap (2018) and 70/50 trap (2019)

Mean of C.pomonella /trap (£S.E.)

2018 2019
Sampling year

Fig 1. Population density of Codling moth on Chandler walnut orchard in 2018-2019.
The mass-trapping was used to control C.pomonella by many researchers
[21,24,25,26,27,28,30,34,44,45]. Gilik [15] reported that the population density of

codling moths on walnut was changed for the sampling times. According to the results,
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the population density of codling moths was the highest in June with 35.93%, followed
by July (33.12%), August (18.75%), September (6.25%), and May (5.93%) in 2016.
Moreover, the population density of codling moths was the highest in May with
26.27%, followed by July (25.7%), June (20.33%), August (17.51%), and September
(10.17%) in 2017.

In the first year, a total of 38,400 walnut fruits were harvested and a 100 walnut fruit
was harmed by the codling moth larvae. Thus, the damage rate of the codling moth was
estimated as 0.26 percent. In the second year, a total of 443,100 walnut fruits were
harvested and a 9,065 walnut fruit was harmed by the codling moth larvae. Thus, the
damage rates of the codling moth were estimated as 2.04 percent. Codling moth is an
economically important pest on the walnut fruit (Juglans regia L.) in Turkey. Crop loss
of 20-50% may occur, if no management strategy is applied [12-13-16]. Gilik [15]
reported that the larvae of codling moths caused significant damages on walnut in
Mersin. The damage rates were changed from 0,6 to 0,2 % in 2016. The damage rates
were changed from 5,6 to 0,3 % in 2017.

5
Total number of fruits
45 - 38.400 (2018) and 443.100 (2019)
4 _
3,5 A

w
I

Damage rates (%)
= N
(SN o [N} 13
L L L L

o
(6, ]
I

2018 2019

Sampling year

Fig 2. Damage rates of Codling moth on Chandler walnut orchard in 2018-2019
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Conclusion

As a result of two years of investigation, the population density of codling moth varied
each of the sampling years. In the first year, a total of 235 codling moth adults were
caught by the 50 delta pheromone traps. The average population density of adults
caught by traps was determined to be 4.61. In the second year, a total of 70 codling
moth adults were caught by the 50 delta traps. The average population density of adults
caught by traps was determined to be 1.4. In addition, the damage rates of codling
larvae were changed each of the sampling years. In the first year, the damage rates of
the codling moth were estimated as 0.26 percent. In the second year, the damage rates

of the codling moth were estimated as 2.04 percent.
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ABSTRACT

Today, biological invasion is one of the leading threats to biodiversity and is an issue
that is gaining more and more importance. In recent years, molecular techniques have
been widely used in the identification and monitoring of invasive species in many
parts of the world. This study aimed to detect the infested species, Carassius auratus,
in Atatiirk Dam Lake and to reveal the population status. For these purposes, 10
Carassius auratus specimens were randomly selected from Atatiirk Dam Lake. After
DNA isolation of the selected samples, mtDNA COI and cyt b gene regions were
sequenced and analyzed. In this study, sequence analyzes of individuals belonging to
the C. auratus species living in Atatiirk Dam Lake were performed for the first time
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using mtDNA COI and cyt b markers. Analyzed sequence results were compared with
databases and it was concluded that the results obtained for both mtDNA markers
were compatible. No other variation was observed. When the results are evaluated as a
whole, it is possible to say that this species has spread recently. In future studies, it is
recommended to determine the invasive species populations that are intensely found in
Atatiirk Dam Lake and other lakes and to determine the necessary strategies to combat
these invasive species.

Introduction

Carassius auratus (Linnaeus, 1758) is a fish species whose homeland is China and is
widely found in Japan, and it has been taken to almost all parts of the world [1,2]. C.
auratus is a species belonging to the Cyprinidae family and varies greatly in size, body
shape, fin configuration and color. They have formed a natural population in many
countries around the world due to conscious vaccinations made to water resources and
individuals escaping from breeding systems [2]. This species was first domesticated in
China and has become one of the important and common farmed fish [3]. It was
introduced in Europe and Japan in the 17th century and in the Americas in about 1850,

then quickly spread all over the World [4].
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The C. auratus species can produce thousands of eggs and can cohabit and be reared in
small areas. Periods of domestication have generated significant artificial and natural
selection [5]. There are hundreds of varieties according to body shape, fins, eyes, and
color of scales [3]. These different features make C. auratus a valid model for genetic,
evolutionary, and biological research [6].

The presence of C. auratus, an invasive fish, has been reported in Turkish inland waters
in different regions [7]. It is estimated that this species spread as a result of accidentally
or deliberately releasing it into Turkish waters or escaping from fish production farms
[8]. The Southeastern Anatolia Project has increased its agricultural production capacity
and has become a great aquaculture potential thanks to the Atatiirk Dam Lake [9,10].
Invasive fish species have settled in the lake water due to fisheries or other factors. The
invasion of freshwater ecosystems by foreign fish can have important consequences for
natural biodiversity, including local extinctions of endemic and native species [11, 12,
13].

In recent years, pond fish (Carassius sp.) have become an important threat in inland
waters, including endemic species found in our country [14]. This threat significantly
affects the habitats of natural species and causes the rapid decline of local species and
the termination of fishing activities in the basins [15]. Natural fish species living in
Atatirk Dam Lake; due to factors such as overfishing, the dominance of invasive
species, and habitat loss, it is exposed to increasing pressures day by day, the number of
individuals in economic species populations is decreasing, along with species losses
[16]. Depending on their biological and ecological characteristics, invasive species
negatively affect the population density of native fish species in the environments they
enter [17]. Invasive fish species are a threat to both fisheries and biodiversity [18]. For
this reason, it is important both scientifically and economically to determine the species
of invasive fish in the environment and to put forward a control program. For this
program, a certain genetic data must first be obtained. Sequences of COI and cyt b gene
regions among mitochondrial genes are used for kinship relationships among fish.

The aim of this study; For C. auratus, by performing sequence analyses with mtDNA
COI and cyt b markers, (i) species identification, (ii) upload the obtained sequences to
the gene bank, and (iii) make predictions about where it came to Atatiirk Dam Lake by

comparing it with the data in the gene bank.
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Material and Methods

In this study, 10 randomly selected C. auratus samples, which were sold at the stalls of
local fishermen fishing in the Bozova region of Atatiirk Dam Lake in December 2021,
were used as material. The samples were brought to Zoology Laboratory of Harran
University, Faculty of Science- Literature, Department of Biology by applying a cold
chain. After the species were identified, muscle tissue was taken from the samples,
placed in microcentrifuge tubes containing 90% ethanol, and stored at -20°C until DNA
was obtained.

DNA isolation and PCR

Total DNA isolation was performed from muscle tissue using the GeneJET Genomic
DNA Purification Kit (Thermo Scientific) according to the protocol instructions. To
check the presence of DNA after the protocol, DNA samples from all individuals were
loaded into the wells of 0.8% agarose gel added to SYBR Green, carried out in
electrophoresis, and visualized in a (UV) light device (Smart View Pro Imager System,
Major Science).

In this study, PCR was performed in Thermal Cycler (BIO-RAD T100TM). The primer
sequence used for amplification of the mtDNA COI gene region was reported by Darabi
et al. (2014) (COI-625F: 5' TCA ACC AAC CAC AAA GAC ATT GGC AC-3'; COl-
625R: 5' GAC TTC TGG GTG GCC AAA GAA TCA-3) [19]. PCR conditions and
chemicals were applied according to the study of Parmaksiz and Eskici (2018) and the
product was obtained [20]. The primer sequence used for the mtDNA cyt b gene region
was taken from Briolay et al., (1998) (L15267 F: 5" GTT TGA TCC CGT TTC GTG
TA-3'; H15891 R: 5'AAT GAC TTG AAG AAC CAC CGT-3'), PCR conditions and
chemicals were applied according to the study of Parmaksiz and Seker (2018) and the
product was obtained [21, 22].

Data analysis

The obtained PCR products were sent to the commercial firm and sequence analysis
was performed with the 3500 XL Genetic Analyzer device. Then, raw data of mtDNA
COl and cyt b sequences were evaluated using the FinchTV 1.4 program. Furthermore,
sequences of all individuals were aligned using BioEdit software version 7.2.5. The
sequences of mtDNA COI and cyt b gene region of the target species in the gene bank

were included in the study and similarity rates were determined.
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Results and Discussion

In this study, sequence analyzes of the mtDNA COI and cyt b gene regions of
individuals belonging to the C. auratus species, which live invasively in Atatiirk Dam
Lake and whose number of individuals have increased recently, were performed for the
first time and compared with the data in the gene bank. An average of 600 bp (Figure 1)
and 570 bp long sequences were obtained for the mtDNA COIl and cyt b gene regions,
respectively. Similarities were revealed by BLASTIng these sequence results (Table 1).

500 bp

100 bp

Fig 1. Image of mtDNA COI PCR Products (M: Marker; bp: Base Pair)

Table 1 Comparison of the sequences obtained in this study with the sequences in the NCBI

database
Marker | Country Access Similarity Rate | Source
Number (%)
col Bangladesh MN171366.1 | 100 Unpublished
Chinese MF443771 100 Unpublished
Chinese KJ874430 100 Unpublished
India MN562051 100 Unpublished
Japan AB379921 100 Komiyama et al., 2009 [23]
Australia KF227945 100 Loh ve ark., 2014 [24]
Korean HQ536310 100 Unpublished
United States | KF558297 100 Brandl et al., 2015 [25]
cyth America MG281934 100 Halas et al., 2018 [26]
Germany KX688782 100 Knytl et al., 2013 [27]
England JN412524 100 Rylkova et al., 2013 [28]
Japan AB379921 100 Komiyama et al., 2009 [23]
Chinese MT612437 100 Unpublished

In Table 1, the sequences of both mtDNA markers obtained from the C. auratus species

caught from Atatiirk Dam Lake are shown with 100% similarity to the sequences in the
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Genbank. Accordingly, it is possible to say that this fish species is the same in terms of
both markers in different continents and countries, does not show a different variation,
and has recently spread. In other words, no different variation or mutation was detected
between the fish in our study and the fish belonging to the same species in different
countries shown in Table 1. It shows 100% similarity in terms of both markers. Thus, it
raises the idea that all of these fish originated from the same ancestral fish. However,
since the gene exchange is interrupted due to the difference in the environment, there is
a high probability that different mutations and variations will occur in the future.
Biological invasions have caused significant disruption to natural ecosystems around
the world through habitat change, competition and hybridization with native species.
Especially species of the Carassius genus such as C. auratus, C. carassius, and C.
gibelio have been transported to many inland water bodies throughout Turkey and are
seen as a threat factor for native species [7]. The effects of these fish species, which
form a continuous population, on local species and especially endemic species in the
habitats should be investigated and awareness should be increased to prevent the
human-induced spread of exotic species [8, 29]. In addition, in fisheries studies, only
target species should be included in the study. Because it is seen that six aquarium fish
species are spread in Turkish waters [8]. If species other than these aquarium fish enter
the reservoir, it will be inevitable that natural species will be seriously affected. It will
cause greater damage both economically and in terms of biodiversity.

In the study of Tarkan et al., (2012), the density of the Carassius gibelio species living
in Omerli Dam Lake in the Marmara Region, which was followed for six years, and the
density of native and economic species were studied [30]. On the contrary, it was found
to increase. It is estimated that similar results occurred for both C. gibelio and C.
auratus in Atatiirk Dam Lake. Therefore, a serious control program should be organized
against invasive species. In particular, it should be ensured that the populations that are
concentrated in the dam lake are detected and removed from the environment as much

as possible before they enter the breeding period.
Conclusion

Since the reproductive capacity of invasive fish species is very high, the number of
individuals is increasing rapidly. Therefore, in future studies, populations of C. auratus

species should be determined along the Atatlirk Dam Lake and Euphrates river, genetic
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diversity levels of populations should be determined by using marker systems such as

mtDNA D-loop and microsatellite, and the struggle should be started quickly to start

with the population with the highest diversity recommended.
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Developing selection strategy for CHO-KZ1 cell line that
secretes scfv-Fc fusion antibodies using ClonePix2

Aylin Ozdemir Bahadir'

ABSTRACT

In the pharmaceutical industry, biopharmaceuticals (biologics) are gaining market ARTICLE HISTORY

share. There has been a dramatic increase in the sale and market penetration of GRi;Z'Vggzz
monoclonal antibodies in particular. Typically, therapeutic antibodies are produced Acceyte d

using high-expression, clonal, or recombinant CHO cell lines. CHO cells dominate the 8 Octgber 2022
market as a commercial production host due to their ease of use, built-in regulatory

records, and security profiles. While traditional limiting-dilution and cloning-ring KEYWORDS
regulations are frequently used to select mammalian cell lines that produce high levels Biopharmaceuticals
of proteins, they have a number of drawbacks. ClonePix2 is a fully automated, single cell-line, '

cell-based clone selector that significantly increases the likelihood of rapidly selecting
high-production clones with high monoclonality. Scfv-Fc recombinant antibody
structures with a variety of therapeutic advantages have gained prominence in recent
years. Single cell cloning of CHO cells expressing the scfv-Fc fusion protein, which
differs from the classical immunoglobulin structure, was performed in situ using the
ClonePix2 device using FITC-tagged anti-Fc and anti-H+L antibodies. The fluorescent
intensity parameters of the resulting cell clones were analyzed. Additionally, ELISA
was used to determine the production capacities of the best clones. As a result, it was
established that anti-Fc antibody recognizes the scfv-Fc fusion protein in a semi-solid
environment, enabling the identification of higher production clones.

high-producer,
scfv-Fc antibody,
ClonePix2

Introduction

A critical step in the production of commercial therapeutic antibodies (Ab) is the selection
of clones that produce high levels of protein. Various methods are used to select a stable
cell line that produces recombinant proteins. Although laborious and time consuming, the
limiting-dilution and cloning-ring methods are still widely used due to their simplicity
and low cost. These methods, however, do not allow for the separation of high, low, and
non-productive clones prior to cell culture growth [1,2]. Recently, an alternative cell-
cloning method that contains fluorescent-labeled antibodies against the interest protein

secreted by cells, coated with a semi-solid medium, and then presented to an automated

! TUBITAK, Marmara Research Center, Medical Biotechnology Department of Life Sciences,
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colony selector such as ClonePix2 has been developed to increase the likelihood of
obtaining high protein-producing clones [3,4,5]. This robotic selection system can
identify all productive colonies derived from single cells based on parameters such as
colony size, roundness, and proximity to neighbors, as ascertained by bright-field and
fluorescent images of relative protein expression [3,6 ] . The semi-solid environment
keeps dividing cells in place during single-cell cloning, allowing control of the parameters
mentioned above and increasing the likelihood of collecting high-producer clones. The
most significant advantage of automatic clone collection is the capture of rare clones that
perform high expression [2].

Single-chain variable fragment (scfv) is a class of engineered antibodies generated by the
fusion of the heavy (VH) and light chains (VL) of immunoglobulins through a short
polypeptide linker (10-25 amino acid). The benefits of scfv stem from their small size.
Because they are smaller, they can be cleaned from the blood more quickly in treatment
approaches, penetrate the tissues more effectively, and have low immunogenicity [7]. The
scfv-Fc fusion protein is made up of a scfv linked to the CH2 and CH3 regions of the
immunoglobulins (IgG) fixed region, which can then form a homodimer with another
copy. Fragment crystallizable (Fc) parts of immunoglobulins are composed of the heavy
chain fixed zone (Fc region) and mediate cellular effector functions. Fc contains common
protein sequences for all 1gG as well as class-specific determinants. These regions are
known as fixed regions because they do not differ significantly between IgG molecules
of the same class [3]. The fusion of scfv and Fc provides several advantages, including
two valuable bindings to scfv structures, a longer half-life, and Fc-mediated effector
functions. In addition, the scfv-Fc format can be used in the clinic for therapeutic purposes
[4,5].

Many studies on the choice of single cell-based cloning of 1gG in a semi-solid
environment have been conducted using the ClonePix2 system. In these cases, the
selection can be made by marking with antibodies conjugated with fluorescence provided
by the vendor. Clone-Detect reagents, which each contain an antibody specific to different
parts of immunoglobulins (Fc, H+L chain, etc.) or the antibody's subtype (such as Kappa),
are among the antibodies offered by the vendor [6,7]. The Scfv-Fc fusion protein,
however, differs from the classical 1gG structure and has not been studied until now to

identify these structures using Clone-Detect reagents unique to the Clonepix2 system.
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Two antibodies supplied by the vendor were compared in this study to identify highly
productive clones from the same stable cell pool.

Material and Methods

Cells, cell culture and transfection

CHO-K1 cells are transfected with using plasmid DNA containing single copies of the
fusion of scfv and Fc genes. The CMV promoter directed the expression of the scfv-Fc
fusion protein. The plasmid pTK-Hyg (Clontech, USA, 631750) was also used in
transfection to create a stable cell line, which is a selection vector that confers hygromycin
resistance in mammalian cells and is used for the selection of stably transformed cells.
All cell counts were either performed using the trypan blue exclusion method via the Luna
1™ cell counter (Logos biosystems, South Korea) or estimated based on well confluency
using the Clone Select Imager (CSI, Molecular Devices, USA).

3x10* CHO-K1 cells (ATCC, CCL-61, USA) were seeded into each well of a 6-well plate
one day before transfection. The cells were grown in Dulbecco's modified eagle and F12
medium (DMEM-F12) (Thermo Fisher, Gibco, USA), 1% Penicillin-Streptomycin, and
10% fetal bovine serum (FBS) (Cytiva HyClone, South America Origin) in a 37°C, 5%
COz environment with high humidity. On the day of transfection, the culture medium was
replaced with Opti-MEM Reduced-Serum Medium (Thermo Fisher, 31985062, USA).
The Lipofectaime LTX (Thermo Fisher, A12621, USA) protocol was used to create
transfection complexes with 3 pg scfv-Fc fusion and 0.3 pg pTK-Hyg plasmids. The
mixture was then incubated for 5 minutes at room temperature (15-20 °C). Drop by drop,
the transfection complex was added to CHO-K1 cells. Cells were then incubated for 48
hours at 37°C, 5% COg, and high humidity. The medium was then replaced with 2 ml of
DMEM-F12 medium containing 10% FBS and 350 pg/ml Hygromycine (Thermo Fisher,
10687010, USA). Antibiotic selection was carried out for 10 days, and surviving cells
were directly used for subsequent clonal isolation [8,9].

Clonal isolation

Methylcellulose-based semi-solid medium used in conceived with the ClonePix2
(Molecular Devices, USA) device, was used for the isolation of the resulting clones.
CloneMatrix concentrate (2,5X) (Molecular Devices, K8600, USA) is diluted to 1X with
DMEM-F12 medium containing 10% FBS and supported by anti-Fc CloneDetect™ (anti-
Human IgG (Fc) Specific, Fluorescein antibody, 10000U/ml) (Molecular Devices,
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K8205, USA) or anti-H+L CloneDetect™ (anti-Mouse IgG (H+L) Specific, Fluorescein
antibody, 10000U) (Molecular Devices, K8220, USA). Following the 10-day selection
period, the transfected, stable pools are plated at 200 cells/mL in 6-well tissue culture
plates (Corning, 657185, USA) containing 2 ml 1X semi-solid media at each well. Before
coating, the media and CHO cells are thoroughly mixed to ensure that all components are
evenly distributed. After plating, plates were observed with CSI (Molecular Devices,
USA) to verify single cells were well distributed. The plates were incubated at 37 °C with
5% CO for 12 days [6].

ClonePix 2 isolation of single high-producing clones

Prior to each cloning procedure, the ClonePix2 device was sanitized and calibrated
according to the manufacturer's instructions to ensure that the selected colonies were
isolated accurately and without contamination. After 12 days, individual 6-well plates
were analyzed using ClonePix2™ software (Molecular Devices, USA). Each plate was
divided into 36 sections; each section was imaged for 1 ms under white light and then
fluorescence measured for 2000 ms with the LED intensity set to 81. A “local threshold”
algorithm was used to detect each colony. Colonies were chosen based on their exterior
mean fluorescence intensity (EMFI), their size, their compactness, and their proximity to
neighboring colonies. Colonies that met the picking criteria were seeded into individual
wells of a 96-well plate containing 150 uLL. of DMEM-F12 containing 10% FBS medium.
Cell growth was monitored using the CSI device. Confluent wells appeared after 6-10
days, and cells were expanded to 6-well plates for titer testing [7,8].

Scfv-Fc expression control by Protein L/Fc capture ELISA

Scfv-Fc expression was monitored using the enzyme linked immunosorbent assay
(ELISA). "Recombinant Protein L Type-1 Protein™ (Novus Biologicals, USA) was coated
onto an immunoplate (Corning, 3690, USA) overnight at a concentration of 250 ng/50 pl
in 0.1 M NaHCOs. Skim milk was used to block all plates, and PBS-T was used to wash
them (0.1 % Tween 20 in Phosphate Buffered Saline). In designated wells, 50 ul of
sample (undiluted supernatants) from each clone (top 25 colonies of anti-human 1gG (Fc)
specific (Fc-1 to Fc25) and anti-human (H+L) specific (HL1- to HL-25) with cell
densities of 3 x 10° cells/ml were added in duplicate. For 90 minutes, the plates were
incubated at 37°C. Wells were washed three times with PBS-T before adding 50 pl of

secondary antibody: anti-Human IgG conjugated to alkaline phosphatase enzyme (Sigma,
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A9544, Germany) to each well. The secondary antibody used is specific to the Fc of
human mAbs and was diluted to a 1:50.000 ratio prior to use. The mixtures were
incubated for another 60 minutes at 37°C. Washing was used to remove unbound
secondary antibodies, and 50 ul of 4-Nitrophenyl phosphate disodium salt hexahydrate
substrate solution (Sigma, N2765, Germany) was added. For 30 minutes, the mixture was
incubated at room temperature in the absence of light. Finally, the enzyme-substrate
reaction was stopped by adding 50 ul of 3 N NaOH, and absorbance at 405 nanometers
was measured with microplate reader (Bio-Tech EIA Reader, USA) [10].

Results and Discussion

The VH and VL heavy- and light-chain variable domain constructs (scfv) used in this
study were obtained from a mouse phage display library. The Fc region, where it is fused,
contains the human IgG's second and third constant domains (CH2 and CH3), as well as
a hinge region (H) that allows the formation of two disulfide bonds. After this structure
is established, the two fusion proteins form a homodimeric structure with sulfide bonds,
similar to IgGs. The resulting homodimeric fusion protein contains two scfv structures
that can be recognized by the "anti-Mouse 1gG (H+L) Specific" antibody (anti-H+L) and
an Fc structure that can be recognized by the "anti-Human IgG (Fc) Specific" antibody
(anti-Fc) (Figure 1). In this study, it was determined which of these antibodies recognizes
the scfv-Fc fusion protein better in a semi-solid environment.

To ensure the stability of the construct, CHO-K1 cells are transfected with two plasmids,
one containing the scfv-Fc construct conraining plasmid and the other containing the
Hygromycin phosphotransferase gene. Following transfection, the cells were grown for
10 days in a selection medium containing Hygromycine, ensuring the death of unstable
cells. A stable cell pool expressing untaged scfv-Fc fusion protein (Figure 1) is obtained
in this manner. When the viability of cells reached % 65 in the post-transfection selection
process, the selection was stopped and the cells were placed in a 6-well plate containing
anti-Fc or anti-H+L CloneDetect™. After that, the plates were incubated to form distinct
colonies. Four 6 well plates were studied for each antibody. After the fifth day, colony

formations began to be controlled by the CSI device.
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Fig 1 The scfv-Fc fusion protein is schematically displayed. VH and VL variable domains of
mouse scfv; H hinge area of human IgG containing two disulfide bridges; and CH2 and CH3
second and third constant domains of human IgG, respectively

The colonies that formed on the 12th day were isolated clonally. Plates labeled with both
antibodies were analyzed with CSI prior to isolation to ensure that the estimated cell
numbers were in the same ranges. It has also been demonstrated that colonies in both
groups are generally distributed evenly to plate wells, and that colony numbers are equally
dense (Figure 2). Thus, it has been demonstrated that different CloneDetect™ antibodies
added to the environment have no effect on cell growth.

Because of the semi-solid environment, the secreted recombinant proteins remain around
the colonies where they are secreted. Cells coated with semi-solid media with a high
viscosity that reduces secretion diffusion and incubated to form discrete colonies were
shown under white light and fluorescence, respectively. Precipitation occurs around the
relevant colonies in colonies that produce fusion protein due to the interaction of Scfv-Fc
antibodies secreted from colonies and the capture antibody conjugated to FITC. As a
result, the higher the fluorescent density, the greater the amount of antibodies secreted
[11].

Following imaging with Clonepix2, each colony is classified primarily based on criteria
such as size, proximity, irregularity, and fluorescent intensity. Table 1 summarizes the

colony groups that resulted from this classification.
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Fig 2 Images from the Clone Select Imager (CSI) grown in a 6-well plate with detection
antibodies Anti-Human 1gG (Fc) Specific (A) or Anti-Mouse 1gG (H+L) Specific (B)

When compared to colonies grown in both antibodies, it has been determined that most
colonies do not reach sufficient size, despite the passage of sufficient time. Colonies that
are very close to each other and have irregular shapes have also been identified. Individual
clones that are excluded from all of these clones and have the highest EMFI values are
aspirated with the ClonePix2 system's micro-pins. Each of the 48 colonies identified by
the anti-Fc and the 43 colonies identified by the anti-H+L antibody was transferred to a
96-well plate well. The fact that approximately 4000 clones were screened and

approximately 50 colonies ¢1% ) exceeded the threshold indicates that the high number
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of producers is extremely low. This clearly demonstrates the reasoning behind scanning
a large number of clones with a highly efficient selection method.

Table 1 Colony group distribution of "Human IgG (Fc) Specific, Fluorescein antibody” and
"Mouse 1gG (H+L) Specific, Fluorescein antibody”

Conditions anti-Human 1gG (Fc) anti-Mouse 1gG (H+L)
Too small (excluded colonies too small) 3436 3966
Proximity (excluded colonies too close to each other) 187 186
Irregular colonies (roundness & axis ratio) 436 469
Screened and picked clones (best expressed) 48 43
Grown colonies after picked 31 33

The "Exterior Mean Fluorescence Intensity” (EMFI) values used in the selection of
colonies expressing a high amount of protein are divided by the number of pixels in the
exterior area (arithmetic mean). This statistic approximates how bright the area
immediately surrounding a given colony is. Colonies' "Interior Mean Fluorescence
Intensity™ (IMFI) values can also be used to identify colonies that produce a high quantity
of proteins. IMFI is calculated by dividing Interior Total Intensity by colony area (in
pixels). It is the arithmetic mean of the 'average' brightness of all pixels in the colony
[7,12]. When the EMFI values of the top 25 colonies from both selection groups were
compared, it was discovered that the proteins expressed by the colonies identified by the
anti-Fc antibody had a higher intensity (Figure 3A). Similarly, the IMFI values of the top
25 colonies were compared, and it was discovered that the scfv-Fc structure, which is also
defined by the anti-Fc antibody, had a higher intesity (Figure 3B). The values after the
25th colony in both colony groups were low (for EMFI and IMFI<15) and were not

included in the comparison results.
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Fig 3 Comparison graphs of the top 25 colonies identified by the anti-Human 1gG (Fc) Specific

and the anti-Mouse 1gG (H+L) Specific antibody's EMFI (A) and IMFI (B) values

Colonies were grown in 96 well plates for 7 days while being monitored for growth with

a CSl device. However, when high-producer clones are detected and collected, they may

change their production profiles or cease to grow when returned to their original

environment. After being removed from the semi-solid environment, 31 of the 48 colonies

identified by the Anti-Fc antibody and 33 of the 41 colonies identified by the Anti-H+L

antibody were able to continue their development in liquid medium.
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The relationship between fluorescence intensity and scfv-Fc productivity was also
investigated in the top 25 clones using the ELISA method to measure antibody levels in
cell supernatants at a concentration of 3x10° cells/ml. At equivalent cell densities, clones

with higher exterior fluorescence intensities should have a higher concentration of
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antibodies secreted [11]. This correlation was found in some colonies in this study. When
protein expressions were evaluated using the EMFI value of the top 25 colonies in both
groups, it was discovered that clones detected with the anti-H+L antibody had an
absorbance value of 0.5 or less, with the exception of one clone less than 10 florescence
intensity (Figure 4A). Except for one, all of the clones with less than 50 florescence
intensity identified by the anti-Fc antibody had a value of 0.5 or less (Figure 4B). Seven
of the remaining clones have an absorbance value greater than 0.9; the Fc2 clone has an
absorbance of 2.47, the Fc7 clone has an absorbance of 2.78, and the Fc10 clone has an
absorbance of 2.51, making them the highest producer clones obtained from all scans
performed within the scope of this study. Despite the fact that the scfv structure in the
scfv-Fc structure is compact and dimeric, it has a lower identifiability capacity. This could
be due to scfv's conformation. Scfv molecules are held together by a flexible linker, which
allows them to oscillate between open and closed states [13,14]. This study can also be
done with scfv structures with different linker lengths to see if the scfv conformation
differs in identifying with anti-H+L antibodies.

As a result, this study demonstrated that targeting Fc is more appropriate in identifying
the best producing clone from colonies that secrete scfv-Fc in the semi-solid medium.
This could be because the Fc structure is more stable.

Conclusion

It is critical to have an antibody that can detect scfv-Fc well secreted from colonies in a
semi-solid environment. The ClonePix2 system was used to select the CHO-K1 cell line,
which expresses a high level of the scfv-Fc protein. Two antibodies supplied by the
vendor were used concurrently to identify highly productive clones from same stable cell
pool. It was discovered that the antibody "anti-Human IgG (Fc) Specific” detects
homodimeric scfv-Fc fusion antibody better and allows for the selection of higher-
producing clones.

Abbreviations

CHO: Chinese Hamster Ovarian, scfv: Single-chain variable fragment, Fc: Fragment crystallizable, Ab:
antibody, VH: heavy chain, VL: light chains, CH2: second constant domain, CH3: third constant domain,
a.a: amino acid, 1gG: immunoglobulin, H+L chain: heavy and ligth chain, anti-Fc: anti-Human IgG (Fc)
Specific, Fluorescein antibody, FITC: Fluorescein, anti-H+L: anti-Mouse 1gG (H+L) Specific, Fluorescein
antibody, DNA: Deoksiribo nucleic acid, CMV: Cytomegalovirus, CSI: Clone Select Imager, FBS: fetal
bovine serum, MEM: Modified Eagle Medium , DMEM-F12: Dulbecco's Modified Eagle Medium/Nutrient

Mixture F-12, EMFI: exterior mean fluorescence intensity, IMFI: intyerior mean fluorescence intensity,
ELISA: enzyme linked immunosorbent assay, PBS: Phosphate Buffered Saline, LED: light-emitting diode
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ABSTRACT ARTICLE HISTORY
The highly degraded DNA content in processed food samples results in limited Received

efficiency in detecting GMOs. Generally, conventional DNA isolation techniques 24 August 2022

from transgenic plant seeds or raw materials were available in the literature, whereas Accepted

studies on DNA isolation techniques from processed food samples were more limited. 18 October 2022

Also, many processed food products contain genomic DNA from numerous complex

plants or animal sources. In the present study, we proposed some beneficial KEYWORDS
modifications for high-quality DNA isolation of processed foods such as biscuits, DNA isolation,

cakes, crackers, corn chips, and flours. For this purpose, isolation protocols were genetically modified
investigated to obtain high molecular weight and quality DNA from food samples, the food (GMO),

first step of GMO analysis in processed foods. To control the gene region of the target lectin,

organism from the obtained DNA samples, PCR detection was performed with nucleic acid extraction,
soybean and maize-specific primers. According to the statistical analysis, the PCR detection

A260/A280 ratios were the lowest in cake (1.58) and and highest in biscuit (1.83). The
highest values of the total DNA presence belong to soy flour samples (211.80 ug/ul),
and the lowest amount belongs to corn flour, cake, and corn chips samples Among the
four isolation methods tested, the modified Wizard-CTAB method showed better
results in most of the tested food products. Results showed that the modified Wizard-
CTAB could be used in different food products for studies on corn and soybean
specific genes and GMO detection.

Introduction

According to the definition of the World Health Organization (WHO), genetically
modified organisms (GMO) is defined as the unnatural modification of DNA.
According to ISAAA (2021), Genetically modified (GM) seeds were sown in an area of
190.4 Mha in 29 countries in 2019. Soybean, corn, canola, and cotton are the main
commercially grown genetically crops. GM soybeans are the most cultivated crop
globally, accounting for 48.2% and 91.9 Mha of the global GM crop area. Corn has the
most production area following soybeans. It accounts for 32% and 60.9 Mha of the
international GMO crop area [1].

! Karamanoglu Mehmetbey University, Faculty of Engineering, Department of Bioengineering,
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In general, labeling GM products is mandatory or optional, up to a threshold GMO
content level that varies between countries, although there is much debate [2]. The EU
was one of the first regions to monitor and regulate the use of GMOs. Regulations on
the use and law of GMOs in food, (EC) 1829/2003 and 1830/2003, have been in force
since 2004. EU rules require that all ingredients in foodstuffs, including source
materials, are well documented, and necessary precautions are taken for GMO
traceability. Although according to the manufacturer food samples do not contain
GMOs, GMO traces may be present in the products incidentally or unavoidably during
transportation, storage, seed harvesting, planting, and processing of the food product.
For this reason, according to EU law, the mandatory labeling requirement has been
established at 0.9% per ingredient [3]. This labeling requirement applies to permitted
GMOs. GMOs not authorized by the EU cannot be included in food samples. In Turkey,
only accepted soybean and corn varieties are allowed to be used as animal feed within
the framework of biosecurity law, but not for food consumption [4].

Food products have different polymerase chain reaction (PCR) inhibitors, such as
polyphenols, proteins, and polysaccharides. Accurate detection of GMO presence
depends on the specificity and sensitivity of the PCR, DNA isolation method, and the
amount and quality of the obtained genomic DNA [5]. Proper sampling methods,
inhibitors, biological factors, sample size, and matrix type in GMO detection affect the
efficiency of DNA extracted from food, feed, and grain/seed samples. In the processed
food industry, the addition of certain flavors and chemical components also changes the
DNA quality and creates an inhibitor for amplification. Corn and soy content find wide
use as food preservatives and additives. [6-7]. For this reason, it is important to use
stadardized test methods applied in feed and food products. The use of these food
components in the food industry and the fact that processed products have many
contents simultaneously make detection difficult due to the process [8]. If the amount
and purity of DNA obtained from the DNA extraction according to the GMO detection
procedures are unsuitable, a plant DNA-specific detection method should be performed.
If DNA cannot be detected, it should be appropriately reported in the relevant reports
that the product does not contain DNA at a level that can be amplified in PCR [9].
Sonmezoglu and Keskin [10] compared DNA extraction methods specific to processed

foods in food products consisting of different varieties. Using six DNA isolation
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methods and two commercial DNA extraction Kits, Sonmezoglu and Keskin [10] stated
that the DNA vyield varied according to the type of food and processing. Arun et al.
evaluated the effect of different cooking temperatures on GMO detection in products by
preparing cookies containing various amounts of GM soy and cooking them at different
temperatures and at different times [11]. As a result, the heating process affected the
sensitivity of the PCR screen of GM organisms and increased the detection limit. Three
DNA extraction methods were compared to detect GMOs in 35 food products sold in
the Equator. As a result of their PCR studies, they stated that DNA extraction with the
DNeasy mericon food kit provided higher amplification efficiency and emphasized that
other DNA extraction methods may be needed for PCR studies used in various food
products [12].

Saadedin et al. [13] detected CaMV-35 promoter and T-nos terminator sequences that
control gene expression in genetically engineered tomatoes using qualitative PCR. In
the study, 78 tomato genotypes were collected from Iraqi institutions and markets, and
DNA isolations were completed by the CTAB DNA isolation method [13]. Matthes et
al. [14] focused on the efficiency of DNA extraction methods from corn gluten of
protein-rich corn-containing feed samples. Ashrafi Dehkordi et al. [15] in their study for
DNA extraction from soybean samples, compared phenol/chloroform methods, CTAB
and modified CTAB method. Their results showed that the modified CTAB method is
more promising than the other two DNA extraction methods [15].

In this study, standard DNA isolation methods previously mentioned in the literature for
food products were used, and these methods were modified for use in some processed
food samples. In addition, a new modified isolation protocol (modified Wizard-CTAB)
in which Wizard and CTAB methods are used as a hybrid has been tried. In the
modified protocol, soybean and corn gene content in packaged food products belonging
to different brands was determined to verify the DNA quality and determine the
qualitative PCR amplification efficiency in GMO detection. It aims to obtain
preliminary information on the isolation efficiency of the methods applied in general
isolation protocols on processed foods and provide preliminary data for molecular
studies on this subject.

Packaged food products containing soy or corn, such as biscuits, crackers, cakes, corn

chips, corn and soy flour were used for DNA extraction. The products were obtained
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from local markets between 2019-2020. The products used in DNA extraction consist of
20 different products with different brands and different processing levels (Table 1).

Material and Methods
Food materials

GM maize and GM soybean seed residues used as positive controls were obtained by
request from Tubitak-MAM Biotechnology Institute. Wheat (Gediz-75) DNA was used
as a negative control in PCR. Food samples were ground into flour by grinding in a
mortar, and the experiments were carried out in three repetitions for each food product.

Table 1 Sample samples used in GMO analysis

1 Biscuit (brand 1) 12 Cracker (brand 2)

2 Biscuit (brand 2) 13 Cracker (brand 3)

3 Biscuit (brand 3) 14 Corn chips (brand 1)

4 Biscuit (brand 4) 15 Corn chips (brand 2)

5 Biscuit (brand 5) 16 Corn flour (brand 1)

6 Biscuit (brand 6) 17 Corn flour (brand 2)

7 Cake (brand 1) 18 Soy flour (brand 1)

8 Cake (brand 2) 19 Soy flour (brand 2)

9 Cake (brand 3) 20 GM Soy

10 Cake (brand 4) 21 GM Corn

11 Cracker (brand 1) 22 Negative control
Reagents

Preparation of 200 ml TNE Buffer: After adding 150 mM NacCl, 0.315 g Tris-HCL, 2
mM EDTA, 1% SDS, the total volume was made up to 200 ml with ddH20 (pH: 8) and
then the prepared buffer was autoclaved an than. After autoclaved the 1% pB-
mercaptoethanol (BME) was added to this solution. Chloroform-isoamyl alcohol (24:1
v/v), NaCl (1.2 M), cold 100% isopropyl alcohol, 70% ethanol, agarose (molecular
grade) were used in DNA isolations. CTAB precipitation solution was prepared with
NaCl (40 mM) and CTAB (0.5%) and the pH was adjusted by to 8.0. For the CTAB
Lysis buffer, Tris/HCI (100 mM), Na2EDTA (20 mM), NaCl (1.4 M), CTAB (2% w/v)

was used, then the pH was adjusted to 8.0.

549



DNA extraction methods

Method-1; Modified Wizard method [16, 10] method-2; CTAB isolation method [14],
method-3; modified Wizard-CTAB and the method-4; modified classical CTAB method
[17] are used for this study.

Food samples were prepared as homogenized samples, 50-100 mg each, in equal
proportions. The reason why this amount is relatively low is to ensure homogeneous
distribution in buffer solutions. For example, samples such as corn chips over-absorb
the buffer solution and limit the amount of supernatant after centrifugation. To
overcome this situation, the amount of buffer solution can be increased if needed.

For the repeatability of the extraction, the DNA isolation methods were applied in three
repetitions. Distilled water was put in place one sample in each set during the
experiment against possible contamination risks caused by the environment.

The Modified wizard method (method-1) [16, 10], CTAB isolation method (method-2)
[14], and modified classical CTAB method (method 4) [17] used in DNA extraction of
the food products examined in the study were applied based on the procedures specified
in the source articles. Modified Wizard-CTAB method is explained in this study.

DNA isolation method-3 (modified Wizard-CTAB)

50-100 mg sample was weighed and mixed with 1000 ul TNE buffer and 30 ul
Proteinase K (20 mg/ml). This mixture was kept in a 65 °C water bath for three hours
and stirred every 15 minutes. Samples were incubated at 65 °C for an additional one
hour by adding 5 ul (10 mg/ml) of RNase to the mixture. After centrifuging at 15 000
rpm for 15 minutes, the supernatant was taken into a new sterile Eppendorf tube. The
same volume of Chloroform/isoamyl alcohol (24: 1) was added to it. After 10 minutes
of centrifugation at 13 000 rpm, the supernatant was taken into new tubes. 2/3
isopropanol was added. Further sedimentation at 13 000 rpm for 20 minutes, the pellet
was dissolved in 400 pl TE buffer and incubated overnight at 4°C. The next day, sample
tubes were dissolved in a 60 °C water bath, and Chloroform/isoamyl alcohol (24:1) was
added again to the tubes. After 15 minutes of centrifugation at 13 000 rpm, the
supernatant was taken into new tubes. Nine ul of 3M sodium acetate (pH 5.2) and 30 pl
of absolute ethanol solution were added to the supernatants taken for the precipitation
step and mixed. The mixture is incubated on ice for 15 min to precipitate the DNA.

Afterward, it is centrifuged at 13 000 rpm for 10 minutes. The supernatant was taken
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into a new tube. Three ul of sodium acetate and 500 ul of pure ethanol solution were
added and incubated on ice for 15 minutes again. The samples were precipitated by
centrifugation at 13 000 rpm for 10 minutes, and the pellet was washed with 70%
alcohol. Samples were re-centrifuged, dried thoroughly free from alcohol, and dissolved
in 100 pl ddH20 and used.

Purity and concentration of DNA

Gel electrophoresis method and spectrophotometric techniques were used for the
amount and purity determination of the isolated DNA. For this purpose, the samples
were measured with NanoDrop (Denovix, DS-11 Spectrophotometer) at 260-280 nm
wavelengths, and quantitative determinations were made [18]. Genomic DNAs obtained
were run in 1% agarose gels with 1 X TBE buffer. Gels were stained with ethidium
bromide (20 mg/ml) for visualization. After running, the gels were visualized using a
UV transilluminator (BioRad, ChemiDocTMMP Imaging System).

Molecular screening of soy and corn gene

PCR processes were carried out using the Bio-RAD C1000 Touch Thermal Cycler. All
primers used in the study were synthesized by lontek company according to the base
sequence in the reference articles. LEC1 / LEC2 primer pairs (164 bp) [19] were used to
screening the presence of the lectin gene in the determination of soy content, and the
ZEINO3 / ZEINO4 (277 bp)[20] primer pairs were used for corn.

Mixture solution prepared for PCR amplification for soy and corn determination of food
samples; 10x Taq Buffer (Thermo Fisher Scientific), 25 mM MgCl, (Thermo Fisher
Scientific), 3.2 ul of dNTP mix solution (Sigma Aldrich), 1 ul of 10 mM forward and
reverse primer (lontek Company), 0.5 U of Tag DNA polymerase (Thermo Fisher
Scientific), 100 ng of DNA template. The mixing volume of the reaction was 40 pl.
PCR cycles for the Lecl/Lec2 primers are as follows; Initial denaturation at 95 °C for
12 min followed by 95 °C for 60 s, 72 °C for 30 s and 72 °C for 30 s; in the last step, it
is completed by extension at 72 °C for 10 minutes. PCR cycle for primer pair
Zein03/Zein04, incubation at 95 °C for 10 minutes, followed by 60 seconds at 96 °C, 60
seconds at 60 °C, and 60 seconds at 72 °C, final extension of 72 °C was applied at for

10 minutes. The number of cycles for both primer pairs is planned as 40 cycles.
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GMO screening

For the amplification of the 35S promoter region, primers P35s-cf3/cr4 [21-22] were
used. The band sizes expected to be seen in a positive control due to PCR using these
primers are expected to be 123 base pairs for the 35SP primer.

The PCR were based on the conditions specified in the source articles. The total
reaction volume for the PCR mix was set to 25 pL and included 10x Taq Buffer, 0.24
uM of each reverse and forward primers, 160 uM of each dNTP, 1.5 mM MgCl, 0.5 U
of Taqg DNA polymerase, 100 ng of template DNA and ddH20.

Statistical analysis

Two-way analysis of variance (ANOVA) was used to evaluate the spectrophotometric
data. Measurements were taken in duplicate, using SPSS 15.0 software according to

random block design, and the Duncan test was used to compare the mean data.
Results and Discussion

High-density DNA fragments were visualized using gels with 1% agarose
concentrations from samples obtained from various food products. Different DNA
isolation protocols were applied for DNA isolation from the food products examined. It
was determined that the high-density distinct band profiles for the Wizard method (a)
and the modified Wizard-CTAB method (c) (this study) belonged to the soy flour
samples (Fig. 1). The classical CTAB DNA isolation method is primarily suitable for
DNA extraction from green plants or seeds. For this reason, its effectiveness on
processed food samples is relatively low compared to other isolation methods on
agarose gel images. According to the agarose gel images, the classical CTAB isolation
method (Fig 1d) yielded clean band profiles for the GM corn sample (lane 21).
However, according to the other three DNA isolation methods, the GM corn sample
(lane 21) did not show a clean and dense band profile only the GM soy sample. This
result may be because the GM corn sample was obtained with unprocessed cornmeal.
The quantity and quality of DNA isolated from food, seed/cereal, or feed samples are
affected by sample size, optimal sampling method, biological factors, inhibitors, and
matrix type [23, 24, 8].

There are drifts towards the gel's lower molecular weight portions for the biscuit, cake,
and cracker samples (Fig 1). In addition, the presence of a higher molecular weight and

thick band in the gel means that genomic DNA is intact and minimally contaminated
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[25]. For the corn chips sample (lane 14), a band profile was not obtained in all the
DNA extraction methods. Corn chips sample (lane 15) showed a slight band presence
only for the Wizard isolation method. It is reported that baking affect negatively the
DNA isolation yield and PCR test results [8, 11, 26, 27].
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Fig 1 Agarose gel images of different DNA isolation protocols a) DNA lIsolation Method-1, b)
DNA Isolation Method-2, c) DNA Isolation Method-3 and d) DNA Isolation Method-4,
respectively. Lane L, The GeneRuler™ 1 kb DNA Ladder (Thermo scientific). Lane 1-6 biscuit,
7-10 cake, 11-13 cracker, 14-15 corn chips, 16-17 corn flour, 18-19 soy flour, 20 GM soy, 21
GM corn, and the 22 is negative control (dH20)

The DNA concentrations, 260/280 ratios obtained due to the DNA isolation methods
examined in this study vary according to product type (Table 2). The 260/280 ratio
provides information on the purity and quality of the DNA. According to this ratio,
values of 1.7 or greater can be considered acceptable [28]. The 1.8 ratio is a DNA grade
with high purity in the absence of protein and phenolic compounds. As this ratio rises

above 2, RNA contamination can be mentioned [29]. The range of calculated DNA
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yields was between 8.27 ug/ul (Method-2, Cake) and 593.58 ug/ml (Method-1, Soy
flour). According to the statistical analysis, the A260/A280 ratios were the lowest in
cake (1.58) and and highest in biscuit (1.83). The highest values of the total DNA
presence belong to soy flour samples (211.80 ug/ul), and the lowest amount belongs to
corn flour, cake, and corn chips samples (Tablo 2). In addition to ingredients such as
chocolate and sauces, it is difficult to obtain quality and intact whole genomic DNA
from samples containing starch and lecithin [30]. For this reason, it is supported that
besides the negative effect of the product processing level, the differences arising from
the product composition may cause different results in terms of sample type. Turkec et
al., [31] also pointed out that although the DNA vyield among the products they
examined differed according to the isolation method examined, generally lower purity
values were obtained in products with medium and high processed corn content [32].
Subsequently, as expected, the lowest DNA vyield was in the samples of cake (52.55
ug/ul) and corn chips (58.16 ug/ul), which are food samples with high processed levels.
This result confirms a decrease in the amount of DNA depending on the processing
levels in foods.

A purity ratio of> 1.9 indicates RNA, while a ratio of <1.7 in the extracted DNA sample
indicates the presence of proteins in these samples [33]. According to all modified
isolation methods examined in this study, the average 260/280 ratio of cake (1.58) and
corn chips (1.68) in food samples was less than 1.7. The average ratio of 260/280 for
other food samples examined were among 1.7 and 2.0, and these results indicate
insignificant contamination levels by protein and polysaccharides in genomic DNA
extracted [34]. The mean values of the 260/280 ratio for all samples were below 2.0,
and this result indicates the minimal nucleic acid contamination in food samples in
terms of the isolation protocols examined.

Spectrophotometric measurement results (Table 2) obtained from Method-4 showed
lower or non-optimal values compared to the other three isolation methods. These
results are consistent with the unclear band profiles obtained from the agarose gel
electrophoresis images (Fig. 1d). Method-1, on the other hand, gave very high values in
terms of DNA vyield compared to other DNA isolation methods. Still, it should be
considered that these high rates may be due to contamination when compared with

agarose gel photographs (Fig 1a).

554



Turkec et al. [31] examined DNA extraction methods to evaluate GMO detection in
Turkey's commercially available food and feed products containing corn. According to
their observations, the CTAB method was the most suitable for raw soy and corn and
highly processed food samples than commercial kits. The purity of the CTAB method
was found to be above 1.5 for the samples examined, excluding the cornbread,
indicating the suitability of the extracted DNA for amplification analysis [31, 35]. For
the samples examined in this study, the mean was above 1.7 in all samples except soy
flour and cake.

Mathess et al. [14] proposed a modified CTAB protocol for DNA extraction from
protein-rich corn feeds. This DNA extraction protocol was used in this study with minor
modifications (DNA isolation method-2). Accordingly, while the DNA yields were
between 20.67 and 82.14 ng/ml in method-2, the 260/280 ratio was found between 1.45
and 1.88 (Table 2).

Table 2 Concentration and purity genomic DNA extracted various protocols

Food ng/ul  260/280 ng/ul = 260/280 ng/ul  260/280  ng/ul 260/280 Mean*  Mean*
Product ng/ul 260/280
Biscuit ' 125.22ab  1.80a 52.19ab  1.88c  68.43ab 1.77b 35.05b 1.86¢ 70.22 1.83

Cake 118.87ab 1.72a 45.26ab 1.6l1ab 37.8lab 1.58ab 8.27a 1l4a 52.55 1.58
Cracker 27458bc 1.80a 26.08ab 1.76c 57.83ab 1.58ab = 68.02b = 1.79bc = 106.62 1.73

Cornchips 81.80ab  1.67a  4524b  1.76c 58.98ab 1.72ab  46.65ab  1.57a 58.16 1.68
Corn flour 36.16a 1.75a 25.40ab 1.76c  25.03ab  2.05c 16.86a 1.67ab 32.86 181
Soy flour 593.58d 1.8% 82.14b  1.75abc 107.12cd 1.71bc  63.98ab 1.47a 211.80 1.71
GM Soy 380.77c  1.83a  7853b 1.8lbc 159.47e 1.75a = 12.65a 2.14d 157.86 1.81
GM Corn 150.84ab  1.81a  20.67a  1.45a 134.61d 1.94c  13.66a 1.74abc  79.85 1.74

DNAs of the samples extracted by DNA extraction method-3 were used as template DNA for
PCR studies (Fig 2). Most processed food products contain different genomic DNA
content from various animal and plant sources. Within this complex matrix, only a small
fraction of the genomic DNA used as a template for PCR contains the appropriate target
for amplification. For this reason, in this research, the lectin gene's presence to
determine the content of soy products and the presence of the zein gene to determine the

content of corn products were performed (Fig. 2).
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The samples containing soy content were biscuit, cake, crackers, corn chips, and soy
flour (Fig. 2a). Soy flour and biscuit samples showed more apparent band profiles,
showing the correct band profile in the expected base pair range. On the other hand,
cake samples did not show significant band profiles in the agarose gel in soy content.
Compared to average of the four isolation protocols, DNA quality has the lowest for
cake samples (1.58). The DNA quality results showed that the DNA quality ratios of
biscuit and soy flour samples, which are the sample groups with the cleanest band
profile in determining the soy content, were 1.83 and 1.81, respectively (Table 2). These
results suggest that DNA quality may be adequate in PCR results, a sensitive detection
method depending on the product type and processing level.

According to the agarose gel image of the PCR results (Fig. 2b), the presence of the
Zein gene was detected in the biscuit, corn chips and the cornflour. A band profile of the
corn content was not obtained among cake and cracker. Although these results are
expected for the cornflour samples, the corn content compared to the soybean content
was less.

Arun et al. [36] analyzed soy-specific lectin and corn-specific zein sequences found in
GM and non-GMO soy and corn, respectively, in CaMV 35S and nos negative samples
to eliminate false-negative results. The distribution of positive products in soy and corn
content from the screened products were, 14 (32.6%) of 43 corn samples and 11
(19.3%) of 57 soybeans. Transgenes of food products such as sugar, vegetable oils, and
highly processed carbohydrates exposed to mechanical, high temperature, and chemical
factors are degraded and damaged [37, 38]. Although this situation can be overcome
with the efficiency of the isolation protocol, phenolic acid residues or polysaccharides
cannot be removed entirely from the genomic DNA during DNA isolation. These
contaminants affect and even inhibit the activation of DNA polymerase during PCR
amplification [36, 39, 40]. However, small amounts of DNA can be amplified by PCR,
but there may be differences in DNA quality and yield in band profiles according to the

agarose gel results.
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Fig 2 Agarose gel image of PCR samples with lectin (a) and zein (b) primer a)- 1) Thermo 100 bp DNA
Ladder 2) GM Soy (positive control); 3-8) biscuit; 9-12) cake; 13-15) cracker; 16-17) corn chips; 18-19)
soy flour. b)- 1) Thermo 100 bp DNA Ladder 2) GM Corn (positive control); 3-8) biscuit; 9-12) cake; 13-
15) cracker; 16-17) Corn chips; 18-19) Corn flour; 20) Wheat DNA (negative control)

As a result of the GMO screening for the 35S promoter gene region, the expected band
size was determined was only the corn flour (Fig 3). There are strict legal measures on
using GMO in food products in Turkey [4]. In this study, GMO screening of genomic
DNA samples obtained according to the Method-3 isolation protocol was evaluated

using the amplification results of the 35S promoter region (Fig. 3).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

300 bp _
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Fig 3 Agarose gel image of PCR samples with 35s cf3/cf4 primer 1) Thermo 100 bp DNA Ladder 2) GM
Soy positive control); 3-8) biscuit; 9-11) cake; 12-14) cracker; 15) Corn chips; 16-17) Corn flour; 18-19)
Soy flour; 20) Wheat DNA (negative control)

GMO content was not found in any tested food samples, except for one corn sample
(sample 17). CTAB and commercial kit isolation methods were applied to the samples
examined in a study in which GMO detection was performed in chips and breakfast
products offered for sale in Turkey. A sufficient quality and amount of DNA could not
be obtained in any of the samples examined so this study results support that product
processing processes cause DNA damage [41]. Artuvan and Aksay, in which GMO
content was screened in baby formulas and baby continue milk offered for sale in
markets in Turkey, p35S, tNOS and pFMV transgenic contents were not found [42]. In

other studies, on GMOs in food products in Turkey, no GM content was found in terms
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of soy and corn content [10, 11, 31, 45]. It is recommended to examine the low amount
of GMOs determined by qualitative and quantitative studies by sequence analysis in the
next step. It should be noted that the band 17th sample (Fig 3) in this study may be
positive for GMO content at low concentrations, which can be attributed to accidental
contamination in the transfer or the same production line. However, the complex
zygotic structure of corn is a limiting factor for GMO content because not all tissue
types have the same GMO content. In the production of corn starch, maize flour, seed
coat and embryo are separated. In snacks containing corn, the endosperm is milling and
used as a raw material [43]. Embryo is diploid, endosperm is triploid and pericarp is
haploid [44]. Therefore, the GMO content of the corn sample may be higher than in the
other processed food samples studied. It is recommended to perform quantitative
analyses to determine the limit threshold value determined by the relevant laws in GMO
analysis studies conducted with the traditional PCR method and sequence analyzes for
the result [36, 45].

Conclusion

In the present study we investigated the most suitable DNA isolation protocols for
different types and brands samples at different processing levels. Although the most
suitable isolation method for different sample types varies, it was determined that the
appropriate isolation protocol was the modified Wizard-CTAB method among the four
isolation methods tested. It was determined that the highest DNA content was obtained
from the biscuit samples, and the lowest DNA content was obtained from the cake
samples among the biscuit, cake, cracker, and chips samples examined.

Such studies are important to determine the market situation of food products in terms
of food safety and legal control. In this study, the traditional PCR method, which is one
of the methods used for routine control analysis, was used. It is desired to draw attention
to DNA isolation yield or quality on PCR yield in screening corn and soybean assets,

which is essential for GMO analysis in food samples with complex matrix content.
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This study evaluated cases of spontaneous pneumothorax developing secondary Received

to SARS-CoV-2 pneumonia. Sixteen cases presenting to our hospital due to 13 May 2022
spontaneous pneumothorax developing secondary to SARS-CoV-2 pneumonia Accepted

between March 2020 and February 2020 were evaluated retrospectively. Ten 22 October 2022

patients (62.5%) were men, and six (37.5%) were women, with a mean age of
68 +20.3 years (range 18 - 90 years). Pneumothorax was in the right hemithorax

in 11 cases (68.75%), in the left hemithorax in two (12.5%), and bilateral in three KEYWORDS
(17.75%). Pneumothorax developed during active SARS-CoV-2 pneumonia in SARS-CoV-2
all 16 cases (100%). No pneumothorax was detected following the healing of pneumonia,
SARS-CoV-2 infection. Pneumothorax was observed while patients were not pneumothorax,
intubated in 15 cases (93.75%), but pneumothorax developed during mechanical management

ventilation in one case (6.25%). Tube thoracostomy was performed on all
patients in treatment. Air leakage from the tube was observed in 14 cases
(87.5%). The mean duration of tube thoracostomy was 18.3 +20.1 days (range
1 - 81 days). Pneumothorax resolved after treatment in seven cases (43.75%),
while mortality occurred in nine (56.25%). Pneumothorax recurred after
treatment in one case (6.25%). Pneumothorax is widely seen in the active period
or after healing in cases infected with COVID-19. Aggressive treatment is
generally required for this clinical manifestation with high mortality.

Introduction

Pneumothorax occurring due to any underlying pulmonary disease without trauma or
iatrogenic intervention is secondary spontaneous pneumothorax (SSP). The annual

incidence of SSP is reported at 6.3 and 2 per 100,000 in men and women, respectively
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[1]. The most frequently detected causes of SSP are pulmonary emphysema, interstitial
lung disease, lung cancer, and tuberculosis [1, 2].

The disease caused by Severe Acute Respiratory Syndrome-Coronavirus 2 (SARS-CoV-
2) and first reported from the Chinese city of Wuhan in December 2019 was given the
name Coronavirus Disease 2019 (COVID-19) by the World Health Organization (WHO)
[3]. The infection that then spread rapidly across the world can exhibit a broad clinical
spectrum, from an asymptomatic form to fatal complications. Pulmonary symptoms such
as cough, dyspnea, and chest pain, and severe cases of pneumonia are frequently
encountered symptoms and findings. Large numbers of cases of pneumothorax associated
with SARS-CoV-2 have recently begun being reported worldwide [4-6]. This study
evaluated cases of SSP developing in cases with previous or current SARS-CoV-2

pneumonia in the light of the current literature.
Material and Methods

This retrospective and a single-center study was performed in Erzurum Training and
Research Hospital, Turkey. The study protocol was approved by the Institutional Review
Board of the Ministry of Health Human Subjects Research and Ethical Committee. The
research was performed in compliance with the ethical principles of the Declaration of
Helsinki. Sixteen consecutive cases treated in our hospital, a pandemic hospital in the city
of Erzurum, due to SARS-CoV-2-related SSP, between March 2020 and February 2021
were evaluated retrospectively.

The SARS-CoV-2 diagnosis was made in the laboratory using real-time reverse
transcription-polymerase chain reaction (RT-PCR) of nasopharyngeal swab samples.
Cases with primary spontaneous pneumothorax or SSP for any reason other than COVID-
19, a negative real-time reverse transcriptase polymerase chain reaction test result for
COVID-19, and identified iatrogenic pneumothorax were not included in the study.
Direct posteroanterior chest x-rays and thoracic computed tomography (CT) were used
for preoperative diagnosis in all cases. Tube thoracostomy was decided by the clinical
team responsible for the patient. Large diameter chest tubes were placed in patients for
pneumothorax. Thoracic drains were connected to watertight chest drainage systems.
Age, gender, comorbidity, pneumothorax location, radiological characteristics, the
treatment applied, and morbidity, mortality, and recurrence rates were reviewed

retrospectively.
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Results

Ten (62.5%) of the cases were male, and six (37.5%) were female, with a mean age of
68+20.3 years (range 18 - 90). A history of smoking was present in 10 (62.5%) cases. In
terms of comorbidities, chronic obstructive pulmonary disease (COPD) was detected in
six cases (37.5%), heart failure in four (25%), and diabetes mellitus in one (6.25%).
Dyspnea was present in all 16 cases (100%) at the time of presentation, cough in 16
(100%), and chest pain in nine (56.25%).

Pneumothorax was located in the right hemithorax in 11 cases (68.75%), in the left
hemithorax in two (12.5%), and bilateral in three (18.75%) (Figure 1). Pneumothorax
developed during active SARS-CoV-2 pneumonia in all 16 cases. No pneumothorax was
detected following SARS-CoV-2 infection treatment. Pneumothorax was observed while
the patient was not intubated in 15 cases (93.75%) and developed during mechanical
ventilation in one (6.25%). Accompanying mediastinal emphysema was present in five
cases (31.25%), subcutaneous emphysema in four (25%), and pleural effusion in 10
(62.5%) (Figure 1).

Discussion

Covid-19 pneumonia-related pneumothorax was detected in 16 cases. The mean age of
the patients was 68. Ten (62.5%) had a history of smoking, and comorbidities such as
COPD, heart failure, hypertension, and diabetes mellitus were observed in all 16 (100%).
Pneumothorax developed spontaneously rather than when the patient was intubated in 15
cases (93.75%) and developed in association with barotrauma during mechanical
ventilation in one case (6.25%). Accompanying mediastinal emphysema was present in
five cases (31.25%), subcutaneous emphysema in four (25%), and pleural effusion in 10
(62.5%). Tube thoracostomy was applied in all cases during treatment. The mortality rate
was 56.25%.

The clinical course of COVID-19 is unpredictable and ranges from asymptomatic to
subclinical symptoms to acute disease with acute respiratory distress syndrome (ARDS)
and organ failure. The SARS-CoV-2 virus has been shown to enter the cell through
angiotensin-converting enzyme 2 (ACE-2) receptors in humans. The virus, therefore, first

causes interstitial damage in the lungs, followed by parenchymal damage. Due to its high
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sensitivity and rapid availability, thoracic CT plays an essential role in diagnosing and
treating COVID-19 infection, showing pulmonary involvement and its severity. It is also
the most sensitive imaging technique for determining small amounts of
pneumomediastinum and pneumothorax [7]. Due to the more widespread recognition of
thoracic CT findings, various CT algorithms have been developed. Typical and atypical
disease findings have been determined. Typical findings at thoracic CT include ground-
glass opacity, consolidation, a reticular pattern, a crazy-paving appearance, air
bronchograms, airway changes, and nodules (maybe with halo and reversed halo signs).
Reported atypical findings include lymphadenopathy, pleural effusion, pericardial
effusion, and cavitation [8, 9].

Fig 1 (A) Widespread pulmonary involvement and an air cyst (arrow) on the left side associated
with COVID-19 pneumonia in a 65-year-old male patient. (B) Pneumothorax (arrow) developed
at x-ray three days later. (C) The pneumothorax became more pronounced at control x-ray. (D)
Direct x-ray following tube thoracostomy

Tube thoracostomy was performed in the treatment of all patients. Air leakage from the
chest tube was observed in 14 cases (87.5%). The mean duration of tube thoracostomy

was 18.3+20.1 days (range 1 - 81 days). Pneumothorax resolved after treatment in seven
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cases (43.75%), while mortality occurred in nine (56.25%). Pneumothorax recurred after

treatment in one case (Table 1).

Table 1 Patient characteristics

Count %
Male 10 62.5%
Gender
Female 6 37.5%
Age ( | 68+20.3(18-
e (years
ge ly 90)
o Right 11 68.75%
Localization of
Left 2 12.5%
pneumothorax )
Bitaleral 3 18.75%
) Yes 10 62.5%
Smoking status
No 6 37.5%
COPD 37.5%
Asthma 0 0%
Systemic
) 6 37.5%
hypertension
Coronar arter
o oo g 25%
Comorbidities disease
Type 2  diabetes
yp- 1 6.25%
mellitus
Hyperlipidemia 1 6.25%
Chronic kidney
) 1 6.25%
disease
Dyspnea 16 100%
Chest pain 9 56.25%
Cough 16 100%
Symptoms
Backache 3 18.75%
Sputum 10 62.5%
Asymptomatic 0 0%
Yes 1 6.25%
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Unilateral or bilateral, peripheral, subpleural ground-glass opacities are the most common
finding in COVID-19 infection, being seen in approximately 90% of patients. Ground
glass opacity is also known to be the earliest radiological finding of the disease. This
appearance is thought to be associated with edema in the lungs and the hyaline membrane.
Ground glass can be seen alone or also together with findings such as interlobular septal
thickening and consolidation. Consolidations are generally multifocal, segmental, or
patchy in patients with COVID-19 infection and are generally subpleural or
peribronchovascular in location. In terms of pathophysiology, consolidations are thought
to be associated with fibromyxoid exudates in alveoli. In addition, the presence of
consolidation is associated with disease prognosis and may be an indication of
progressive disease [8-10]. A ground-glass appearance was observed in 100% of our case
series, consolidation in 43.74%, and fibrosis in 81.25%.

The most frequent symptoms of SARS-CoV-2 infection are fever, cough, and respiratory
difficulty. Pneumothorax development is reported in a very small proportion of these
patients [4]. COVID-19 patients developing SSP more commonly present with dyspnea,
tachypnea, and hypoxia. However, all these features are frequently seen in patients with
severe COVID-19. Interestingly, chest pain has been observed significantly more
frequently in association with pneumothorax development [6].

The proposed mechanism involved in spontaneous pneumothorax in patients with
COVID-19 disease has been linked to structural changes in the lung parenchyma. These
include cystic and fibrotic changes leading to tearing of the alveolar wall associated with
an increasing pressure difference between the alveoli and the pulmonary interstitium. The
possibility of pneumothorax development has been emphasized in the case of bronchiolar
distortion and narrowing caused by SARS-CoV-2, leading to COVID-19 pneumonia and
pulmonary blistering resulting from severe alveolar damage. Increased intrathoracic
pressure deriving from prolonged cough and/or mechanical ventilation is another
significant factor [4, 7, 10-12]. Both pneumothorax and pneumomediastinum are known
mechanical ventilation complications associated with intubation. Additionally,
pneumothorax or pneumomediastinum, or more rarely both, can be seen in COVID-19
even in the absence of barotrauma [4].

567



Among patients requiring prolonged respiratory support, such as in COVID-19
pneumonia, mechanical ventilation creates a persistent alveolar pressure trend capable of
accelerating cyst rupture, causing air leakage from the pulmonary tissue. This air can pass
through the visceral pleura and give rise to subpleural air cysts. Pneumothorax frequently
occurs due to the tearing of these subpleural air cysts. Escaping air sometimes leads to
pneumomediastinum, pneumoperitoneum, or subcutaneous emphysema, respectively, by
dissection through the perivascular and peribronchial vascular sheath into the
mediastinum, retroperitoneum, and subcutaneous tissue. Pneumothorax can also occur in
the case of mediastinal pleura rupture following pneumomediastinum development.
Moreover, the probability of such destructive complications is particularly exacerbated
by prolonged high-pressure mechanical ventilation. This is because it triggers the
formation and progression of new alveolar cysts that eventually rupture, causing the air
to spread to various interconnected body cavities [13]. Ozdemir et al. [14] reported a rate
of pneumothorax development of 7.5% in patients undergoing mechanical ventilation
following diagnosis of COVID-19 pneumonia in the intensive care unit. Talan et al. [15]
reported admitting 161 patients to the intensive care unit due to COVID-19 pneumonia
that 96 patients underwent mechanical ventilation, and that pneumothorax,
pneumomediastinum, and/or subcutaneous emphysema developed in nine of these.
Pneumothorax is a potential complication in some pulmonary infections and is
particularly frequently seen in Pneumocystis jirovecii pneumonia. The true incidence of
SSP in patients with COVID-19 is currently unknown. Some sporadic cases of
pneumothorax development in COVID-19 patients have been reported. Invasive or non-
invasive mechanical ventilation was applied before pneumothorax developed in some
cases, while in others, pneumothorax appeared after pulmonary involvement lasting
several weeks with extensive inflammatory infiltration in the pulmonary parenchyma and
cyst formation [6]. Pneumothorax seen after recovery from Covid-19 pneumonia is not
yet fully understood but is thought to result from persistent chronic inflammatory changes
and a delayed alveolar tear as part of the ongoing chronic disease process [16]. These
cases suggest that pneumothorax is a complication of COVID-19.

One study from the UK evaluated six cases of pneumothorax from 16 centers. Two
consecutive pneumothorax episodes were observed in two cases, and additional

accompanying pneumomediastinum was present in six. The incidence of pneumothorax

568



was higher among male patients. Thirty-two percent of the patients developing
pneumothorax consisted of cases in which pneumothorax developed spontaneously
without any non-invasive ventilation or intubation. The estimated incidence of
pneumothorax in COVID-19 cases is 0.91% [17]. Mir6 et al. [6] reported spontaneous
pneumothorax development in 40 (0.056%) out of 71,904 cases diagnosed with COVID-
19. This was higher than the rate of pneumothorax development in patients without
COVID-19. Zantah et al. [11] reported that pneumothorax developed spontaneously in
six (0.66%) out of 3368 cases of suspected COVID 19 pneumonia presenting to
institutions. Consistent with the previous literature, pneumothorax was more common in
males in the present study. This may be due to men in large series of patients with
COVID-19 being more frequently affected by severe forms of the disease.
Pneumothorax can range from asymptomatic to a life-threatening condition. Small
pneumothoraces in clinically stable patients can be managed with observation. However,
larger pneumothoraces with hemodynamic imbalance require active intervention in order
to avoid destructive sequelae. Delayed pneumothorax can be treated with tube
thoracostomy alone in some cases. However, the treatment of pneumothorax in patients
with ARDS undergoing mechanical ventilation may represent a clinical difficulty. If the
air leak is permanent despite drainage, bleb resection and thoracoscopy with pleural
scratch may be one therapeutic option [16-18]. Tube thoracostomy was performed in all
cases in the present study.

There are various particular difficulties in the operative management of recurring
pneumothoraces in patients recovering from COVID-19. Significant problems include
health workers being exposed to aerosol-producing procedures, maintenance of single-
lung ventilation, the risk of contralateral pneumothorax development, and the suitability
for resection of the underlying lung tissue [16, 17].

Although the primary cause of death in COVID-19 infections is ARDS, the early
diagnosis and treatment of severe complications such as pneumothorax,
pneumomediastinum, or pulmonary embolism are also highly important [13]. The
mortality rate in pneumothorax developing in association with SARS-CoV-2 infection is
much higher than in previously reported SSP cases [1, 6]. Onuki et al. [1] reported a
mortality rate of 4.59% in 327 cases of SSP. That rate was approximately 30 times higher

compared to primary spontaneous pneumothoraces. Mir6 et al. [6] reported mortality
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rates of 32.5%, 13.8%, and 1.6% in COVID-19 patients developing pneumothorax,
COVID-19 patients without pneumothorax development, and non-COVID-19
pneumothorax cases, respectively. Rafiee et al. [7] reported a mortality rate of 30%. They
identified male gender, advanced age, and pre-existing lung disease, particularly COPD,
as risk factors. Martinelli et al. [17] reported a general survival rate of 63.1%. No
difference was determined in 28-day survival between the genders, although 28-day
survival was significantly higher in patients aged 70 or more than young individuals. The
mortality rate due to spontaneous pneumothorax in the present study was 56.25%.

Some limitations need to be considered when interpreting the results of this study. First,
due to the retrospective nature of the study, it is not easy to evaluate factors capable of
affecting pneumothorax development. The second limitation is the relatively low case
number. Another factor is that the effect of pneumothorax on mortality cannot be
thoroughly evaluated since this was an observational study and due to multiorgan

involvement.
Conclusion

Pneumothorax is a potential complication of COVID-19 pneumonia. It can emerge during
active COVID-19 infection or after the completion of treatment. It can worsen prognosis,
particularly in patients with underlying lung disease, and the mortality rate is higher
compared to other spontaneously developing pneumothoraces. The incidence of
pneumothorax in COVID-19 cases is higher than that in the normal population, and
diagnosis and treatment must not be delayed.
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ABSTRACT

ARTICLE HISTORY
Persistent evolution of multidrug resistance bacteria due to inappropriate use of conventional Received
antibiotics is undermining treatment intervention for infectious diseases, thus constituting 12 May 2022
substantial proportion of the global public health problem. This necessitated the search and Accepted
development of new drugs particularly from plant origin that are effective against such 22 October 2022
superbugs. Therefore, the present study is designed to determine the phytochemical
constituents in Sida acuta and their antibacterial effects on pathogenic bacterial species of KEYWORDS
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis. The Phytochemical
phytochemical components of the extract were identified using standard methods. constituents,
Furthermore, the antibacterial activity of the leaf extract against the bacterial pathogens were antibacterial
assessed using agar well diffusion and broth dilution methods, at varying concentrations of the activity,
extract (37.50, 75, 150 and 300 mg/ml), and using Commercially obtained ciprofloxacin as Sida acuta,
control. Preliminary screening revealed that ethanolic leaf extract possesses many secondary ethanolic extract

metabolites such as alkaloids, flavonoids, phenol, tannins, terpenoids, glycosides and cardiac
glycosides. The extract exhibited significant inhibitory effects at (p<0.05) against the
reference isolates of bacteria. The highest antibacterial activity was exhibited by the highest
concentration of the extract (300mg/ml). The minimum inhibitory concentrations (MIC) and
minimum bactericidal concentrations (MBC) of ethanol crude extract of Sida acuta was found
to be 37.5 and 75mg/ml, respectively against all the reference isolates of tested bacteria. The
observed antibacterial activity suggests that Sida acuta could be used for the treatment of
tested bacterial infections.

Introduction

Medicinal plants represent the source of medical practice and are globally distributed, but
mostly abundant in the tropics [1]. Historically, most native doctors were botanists, using
medicinal plants to treat various kinds of diseases, if not all diseases. Currently, there are

estimated 422,000 flowering plants distributed globally, out of which 50,000 were are used
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as primary source of medicine as chewing sticks for dental care, anti-inflammatory,
antimicrobials and anticancer [2].

The use of conventional drugs in chemotherapy for the treatment diseases is being
undermined by the evolution of antimicrobial resistance. Microorganisms particularly
bacteria have the ability to evolved into a resistance strains by either genetic adjustments
such as mutations as a result of selective pressure incited by inappropriate antimicrobial use
[3]; or acquisition of resistance genes [4][5]. Therefore, there is need to identify more
therapeutic options especially from plant origin in order to ensure effective treatment.

Sida acuta, otherwise called in Hausa “Kalkashin kwado’” and “Stubborn grass’” in English
is an important medicinal plant in Africa, for treatment some ailments [6]. This plant is a
member malvaceae family, genus Sida species and species acuta. It can grow in almost all
soil types except that originated from limestone and flooded soil. All the plant parts,
including root, stem bark, leaf and flower were reported to be used for medicinal purposes
[7]. It was gathered from various studies that the plant is used for management of sperm
cell related fertility problems, cold, cough, abdominal pain, headache, tuberculosis, malaria,
asthma, blood disorders, respiratory diseases, dysentery and diarrhea, cancer and
inflammation, among others[8]. These biological activities were associated with
phytochemical compounds contained within the plant including essential oil, tannins,
flavonoids and alkaloids [9]. In India, hot water extract of the dried plant is administered
orally as febrifuge and diuretic; and the leaf juice is taken to manage vomiting [10]. The
plant fresh root is used for dysentery treatment in Guinea. It is therefore based on this, this
study assessed the antibacterial efficacy of the plant leaf extract against some pathogenic
bacterial species

Materials and Methods

Collection, authentication and preparation of plant material

Fresh leaves of Sida acuta plant was collected within kawo, Kaduna North Local
Government area of Kaduna State. The plant was identified and authenticated by a
taxonomist at the Department of Biological Science, Kaduna State University. The leaves

were washed thoroughly under running water and dry under room temperature for 14 days.
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It was grinded into coarse powder using mortar and pestle and stored in separate airtight
bottles.

Extraction of plant material

The leaves phytochemicals were extracted by percolation method as we described
previously [11]. 150 g of the leaf powder was mixed with 2000 ml of 70% Ethanol in a
flask and vigorously mixed. The mixture was kept in tightly sealed vessels for 72 hours at
room temperature and constantly shaking. Whatman no 1 filter paper was used to filter the
mixture and the solvent was removed from the filtrate at 28°C by evaporation in rotary
vacumm evaporator and the recovered extract finally tried in air.

Phytochemical screening of Sida acuta

Phytochemical components of the leaf extract were screened using the appropriate chemical
test as we described previously [11]. The components analysed were Alkaloids, Flavonoids,
Saponins, Phenol, Tannins, Steroids, glycosides, Terpenoids, Phlobatannins and Cardiac
glycosides.

Collection of test bacteria

The organism used in this study were reference bacterial isolates consisting of Escherichia
coli (ATCC 43888), Staphylococcus aureus (ATCC 6538), Pseudomonas aeruginosa
(ATCC 9027) and Bacillus subtilis (ATCC 6633). They were obtained from National
Veterinary Research Institute (NVRI), VOM, Jos, Plateau State.

Preparation of extract concentrations

In a test tube, 3 g of leaf crude extract was dissolved in 10 ml of 10% Dimethyl Sulfoxide
(DMSO) to obtain 300 mg/ml as the stock concentration. From the stock solution and using
10 % DMSO as a diluent, two-fold dilutions was used to obtained 150 mg/ml, 75 mg/ml
and 37.5 mg/ml concentrations [12].

Standardisation of bacterial inoculums

The number of bacterial cells in the inoculums were standardised using the McFarland
Scale No.1. The bacterial cells from overnight growth culture suspended separately, in 2
mL of sterile physiological saline. The turbidity of the bacterial suspensions were then
adjusted to match that of 0.5 McFarland standards.
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Antibacterial activity of crude extracts

The antibacterial activity of the ethanolic crude extract of leaves of Sida acuta against the
reference, S. aureus, E. coli, B. subtilis and P. aeruginosa was determined using agar well
diffusion method [13]. 100 ul of standardised bacterial suspension was inoculated (in
triplicates) into MH agar. Using swab stick, the inoculum was spread evenly over the entire
surface of the plates and allow to stay for 10 minutes, after which a sterile cork borer was
used to dig wells of 9 mm. 100 ul 300 mg/ml, 150 mg/ml, 75 mg/ml and 37.5 mg/ml extract
concentrations were each filled into the wells. DMSO was used as negative control and was
used to fill in seprated well in the plate. To ensure appropriate diffusion of the well content
(extract) in to the agar, the plates were allowed to stay at room temperature for 10 minutes.
The plates were then incubated for 24 hours at 37°C. For each bacteria tested and
concentration, the zone of inhibition of growth was measured using a meter rule and the
means were computed.

Determination of minimum inhibitory concentration (MIC)

Using broth dilution method as described in (Slue and Agbabiaka 2018), the MICs of crude
extract the test bacteria. 1ml of the different concentrations () were added to separate tubes
containing 9 ml of Mueller Hinton broth and 100 ul of the standardized bacterial inoculum.
The test tube was incubated for 24 hours at 37°C, after which were observe for turbidity as
indication of bacterial growth. The lowest concentration of extract which inhibited the
growth of a test bacteria was recorded as the MIC. Negative and positive controls
constituting of the broth and extract; and broth, inoculum, and ciprofloxacin, respectively
were used.

Determination of minimum bactericidal concentration (MBC)

The MBC was determined by plate method as described by [14]. The tubes that yielded no
growth from MIC were sub-cultured on nutrient agar plates for 24 hours at 37°C, after
which were examined for growth. The tube with minimum concentration of extract, in

which the growth was completely stopped was considered as the MBC.
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Results and Discussion

The phytochemical screening carried out on the crude extract of Sida acuta leaves using
qualitative methods, revealed the presence of many compounds as shown in Table 1, which
include alkaloids, flavonoids, phenol, tannins, terpenoids, glycosides, cardiac glycosides,
alkaloids, flavonoids, phenol, tannins, terpenoids, glycosides, cardiac glycosides steroids
and phlobatannins. However, saponins were found to be absent. The phytocompounds
detected in S. acuta leaf extract are similar to the compounds detected in many medicinal
plants [15][16]. These phytocompounds are known to be biologically active and could
confer antibacterial activities via various mechanisms. Alkaloids for example, being one of
the compounds present in Sida acuta is one of the largest groups of phytochemicals in
plants, with amazing effects in humans, which is used for development of a powerful pain
killer medication [15].

One of the most common biological properties of alkaloids is their toxicity against cells of
foreign organisms, which have been widely studied for their potential use in the elimination
and reduction of human cancer cells [17]. Table 2 summarises the antibacterial activities of
the plant extract against the test bacteria. The ethanolic extract was observed to produce
visible zone of inhibition against all the four test bacteria and across all concentrations
tested. The effect of the extract against all the test bacteria was found to be bactericidal
with MIC and MBC values of 37.5 mg/ml and 75 mg/ml, respectively (Table 3). Being E.
coli and P. aeruginosa Gram negative, and B. subtilis and S. aureus Gram positive,
indicates the extract has broad spectrum activity. This could probably be the explanation
why S. acuta is effective traditional treatment of tested bacterial infections.

E. coli was highly susceptible to the extract with mean zones of inhibition of 29.25 + 0.35,
while B. subtilis was less susceptible to the extract with mean zones of inhibition of 21.50
+0. The highest antibacterial activity was exhibited by the highest concentration of the
extract (300 mg/ml). Also, it has been reported by [18] that the nature and composition of
some biologically active components (saponins, alkaloids, phenol etc) are enhanced in the
presence of ethanol due to the stronger extraction capacity as well as solubility of the

compound in the solvent.
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In addition, the differences in susceptibilities of bacterial isolates to varied concentrations

of crude extracts of S. acuta could be attributed to mode of actions and structural properties

of the bacteria. Ethanol leaf extract of S. acuta was active against both Gram positive and

Gram negative bacteria as observed in this study. Gram positive bacteria (Staphylococcus

aureus and B. subtilis) with no lipopolysaccharrides tend to allow more diffusion of the

active components and Gram negative bacteria (E. coli and P. aeruginosa) possess

lipopolysaccharrides that might have minimized penetration of active components of the

extracts which shows the effectiveness of this plant. Similar antibacterial activities by

ethanolic extract of various plant were also observed in many studies [16].

Table 1 Phytochemical Constituents of Ethanol leaf extract of Sida acuta

S/INO Constituents Test Ethanolic Extract
1 Alkaloids Mayer's +
2 Flavonoids Sodium hydroxide +
3 Saponins Frothing -
4 Phenol Ferric chloride +
5 Tannins Ferric chloride +
6 Steroids Sulphuric acid +
7 Terpenoids Salkowski +
8 Cardiac glycosides Keller Killani +
9 Glycosides Ferric chloride +
10 Phlobatannins HCL +
Key: + =present, —= Absent
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Table 2 Antibacterial Activity of Staphylococcus aureus, Escherichia coli, Bacillus subtilis and Pseudomonas aeruginosa to test concentration of

Ethanol leaf extract of Sida acuta

Bacterial Isolates treated

Mean zone of Inhibition (mm)

37.5 mg/ml 75 mg/ml 150mg/ml 300mg/ml Ciprofloxacin 50pug
E. coli (ATCC 43888) 13.50+1.41 20.50+0.71 24.50+1.41 29.2540.35 35.00+0.00
P. aeruginosa ( ATCC 9027) 12.25+1.77 20.50+0.00 21.00+0.71 22.50+1.41 28.00+0.00
S. aureus ( ATCC 6538) 11.75+1.06 17.254+0.35 20.25+1.00 26.50+0.71 27.00+0.00
B. subtilis ( ATCC 6633) 13.00£1.41 15.50+0.00 19.50+0.00 21.50+0.71 30. 00+£0.00

KEY: Values are means + Standard deviation
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Table 4 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of
Ethanol leaf Extract of Sida acuta against Reference isolates of bacteria

Bacteria MIC (mg/ml) MBC (mg/ml)
E. coli 37.50 75.00

S. aureus 37.50 75.50

P. aeruginosa 37.50 75.50

B. subtilis 37.50 75.50
Conclusion

The current study found that leaf extract of Sida acuta contains different phytochemicals

including alkaloids, flavonoids, phenol, tannins, terpenoids, glycosides and cardiac glycosides. In

vitro antibacterial assay shown the ethanolic plant extract to be active against Escherichia coli,

Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis with MIC and MBC of

approximately 37.5 and 75mg/ml, respectively, suggesting it potential use for treatment of

infectious diseases.
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Nitrogen-Doped Carbon Quantum Dots-Gellan Gum As An
Innovative Self-Healable Hydrogel Composite
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ABSTRACT

Tension sensors can be widely applied to detect body movements and monitor ARTICLE HISTORY

physiological signals. Hydrogels with conductive properties draw attention among the Received
. Do . o T AP 13 Temmuz 2022
studies in this field. However, their application is limited because hydrogels can be Accepted

easily damaged during use. In this study, a self-healing conductive hydrogel was
produced by adding nitrogen-doped carbon quantum dots (NCQDs) to gellan gum
(GG) polymer. The self-healing property of the hydrogen bonds in the prepared
polymeric matrix network to a certain extent and the conductivity were supported by
the addition of NCQDs. The electrical recovery process of the hydrogel in the 1, 2, and
3 cut/healing cycles was illustrated by a visually designed LED bulb serial circuit. As
a result of connecting the obtained 3D hydrogel to a real-time resistance change
measurement system, the resistance changes in the cut/healing cycles were monitored.
The duration of the total cut-healing process, including cut and contact time, was 2.12
s. In addition, a free-standing gel bridge was formed after joining the two cut pieces of
cylindrical hydrogels. Due to the resulting hydrogel composite properties, it has
promising potential in various applications such as personal health diagnosis, human
activity monitoring, and human-motion sensors.

1 Kasim 2022

KEYWORDS
Self-healable,
hydrogel composite,
conductivity

Introduction

Self-healing and recovery after damage is an essential feature of living tissues. In
nature, biological systems can self-heal at both the molecular level (DNA repair) and
the macroscopic level (healing of a graze or broken bone in the skin). Inspired by such
systems, self-healing materials have been developed for various applications. Self-
healing hydrogels, which can regain their structure and function after damage, have
been developed as “smart” soft materials that can extend the persistence time and have
attracted great interest recently. As a typical soft material with good viscoelasticity,

transparency and biocompatibility properties, self-healing gels are increasingly being
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investigated for its potential applications in tissue engineering, biomedicine, artificial
intelligence, wearable devices and soft robotics [1].

While self-healing materials can recover their original state by healing the damage done
to them, this healing process is driven by thermodynamic parameters and depends on
dynamic/reversible chemical bonds or physical interactions. These interactions allow
the material to be cut into pieces and reassembled after contact, and mechanical
properties are restored by restructuring the gel network after the rheological
deformation treatment. This property extends the life of materials and makes them ideal
candidates for applications with repeated mechanical stress. Compared to conventional
hydrogels, self-healing hydrogels can recombine and regain their initial structures and
functions once damage. Given their durability and long-term stability, self-healing
hydrogels have emerged over the past few years as a promising material for many
fragile hydrogels being used in preclinical or clinical trials. Looking at the hydrogels
produced for use in the field of biotechnology and biomedicine; depending on the target
tissue, self-healing hydrogels must conform to a wide variety of properties, including
electrical, biological, and mechanical.

Wearable devices should maintain their structural properties after possible damages in
the area where they are applied. After any damage, it can return to its original structural
and functional state and add features that repair themselves, giving wearable devices
more durability and a longer lifespan [2]. Due to this requirement, the self-healing
feature in wearable devices has taken its place among the most sought-after features. In
recent years, self-healable wearable devices, which can restore their functionality and
structure after damage, have gained increasing interest [3-5]. Soft and flexible materials
attract attention in the field of self-healing wearable devices. Self-healing materials as
soft materials with properties such as biocompatibility and good viscoelasticity are
frequently used in this field due to their potential applications in wearable devices,
biomedicine, and artificial intelligence [6,7]. The field of materials with excellent
electrical and biocompatibility properties and self-healing properties is still in its
infancy. Based on this field, conductive hydrogels with good biocompatibility and high-
water retention have attracted the attention of many researchers in recent years as
promising materials [8-10]. Due to their conductivity and similarity to natural tissues,

conductive hydrogels are applied in various applications such as biological tissue
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engineering [11]. In addition, hydrogel-based wearable strain sensors connected to a
wireless transmitter can wirelessly monitor and record body movements.

Gellan gum (GG) is a polymer that has potential applications in many areas recently due
to its biocompatibility and functional reactive groups suitable for easy modification /
functionalization of the polymer backbone. In fact, the major advantage of this
biopolymer is its incredible versatility to be processed into new derivatives with
different properties, making it possible to tailor its physicochemical and biological
properties to suit the specific needs of a particular tissue [12] . GG is a versatile
biopolymer that can be easily modified into new derivatives with different properties
than the natural polymer, due to its free carboxyl and hydroxyl groups in its repeater
unit. These different features, which are associated with high availability and low
production costs, have made its application to different areas widespread. GG is an
anionic microbial polysaccharide composed of repeat unit of two B-D-glucose, a B-D-
glucuronic acid, and an a-L-rnasese tetrasaccharide. GG is capable of physical gelation.
Upon temperature drop, a random helix transition takes place with more aggregation of
helices leading to the formation of junctional sites. The sol-gel transition of GG
polymer is ionotropic. Therefore, the presence of cations in polymeric environment is
necessary for the formation of a stable hydrogel.

Adding conductive nanomaterials such as graphene, carbon nanotubes, and metallic
nanoparticles to the conductive polymers network is one widely used approach to
obtaining hydrogel-based electronic skin and strain sensors [13-15]. New studies are
still needed to increase the wearable technology field's material diversity and introduce
more suitable materials.

In this study, nitrogen-doped carbon quantum dots/gellan gum (NCQDs/GG) hydrogel
was obtained as an innovative self-healing hydrogel composite that can be a promising
candidate for wearable sensors. Rapid self-healing feature was observed as a result of
the addition of NCQDs added to affect the fast self-healing capacity of the
nanocomposite hydrogel. With the addition of NCQDs, which increases the self-healing
property of the composite hydrogel, a composite hydrogel with also conductivity was

obtained.
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Material and Methods

As previously reported [16], N-doped carbon quantum dots were synthesized using a
green and convenient "oil bath" strategy. Briefly, for this process, 2 g of urea powder
and 10 g of sucrose powder were added to 20 mL of cooking oil preheated at
approximately 250°C and mixed for 5 min. After cooling to room temperature, 30 mL
of purified water was added to the reaction system to transfer the N-CQDs to the
aqueous phase. It was then centrifuged (HETTICH) for 15 min at 11000 rpm to remove
any clumped particles. The oil, which is the upper phase in the reaction system, was
removed with the help of a separatory funnel. NCQDs synthesized in aqueous solution
stored at 4°C were lyophilized using a lyophilizer (BIOBASE) to obtain solid products.
As a lyophilization step, it was first frozen at —20°C for 24 hours, then frozen at —60°C
for 12 hours, and then lyophilized in a low pressure environment for freeze-drying.

Pure water preheated to 85°C and in a closed environment was pre-prepared for the
preparation of GG solutions. Then, 2.0% (w/v) Gellan gum (GG, Sigma Aldrich) was
added to the preheated distilled water and the solution was stirred at 85° for 15 min.
Then, for the preparation of NCQDS/GG hydrogels, 5% (wt) of pre-synthesized
NCQDs were added and mixing was continued for another 15 min at 85°C in closed
containers to ensure homogeneity. It was observed that the color of the solution changed
with the addition of NCQDs during this time. Prepared solutions were poured into pre-
prepared cylindrical and cube-shaped molds while hot to obtain 3D hydrogel shapes and
left to cool at room temperature. After waiting for about 2 h at room temperature, the
hydrogel samples were removed from the molds and made ready for analysis. For self-
renewal characterizations, hydrogels were cut into two parts with a scalpel and the cut
surfaces were joined. Real-time resistance changes of 3D NCQDS/GG hydrogels
obtained using the Keithley 2612A Source Meter were analyzed during cut/healing
cycles.

Results and Discussion

One of the techniques in which the electrical self-renewal of the sample is demonstrated
is to place the prepared sample into a series circuit [17-20]. As shown in Figure 1, a
series circuit consisting of a light-emitting diode (LED) indicator and a commercial 3 V

dry cell was set up to demonstrate the electrical recovery process of the hydrogel
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visually. It is known that GG has good conductivity due to the ions such as Na*, K*,
Ca?* in its content and is effective in a led circuit in an established circuit [21]. The
prepared hydrogels, which were divided into two parts and subjected to cut/healing
processes 1, 2, and 3 times and integrated into the circuit, are shown in Figure 1a, b and
c, respectively. It has been observed that when the bifurcated parts of the hydrogels with
different cut/healing cycles come into contact with each other, the series circuit is
completed, and the LED emits light of equivalent brightness. In addition, since it is

known that human soft tissue has electrical conductivity [22], the conductivity of the

hydrogels obtained for the biomedical field is also important.

Fig 1 Self-healing behavior of a series-connected hydrogel in a designed LED lamp circuit after
cut/healing operations. (a) after 1st cut/healing, (b) after 2nd cut/healing, and (c) after 3rd
cut/healing

To further investigate the electrical recovery of the hydrogel, the NCQDs-GG hydrogel
was connected to a real-time resistance change measurement system, and the resistance
changes in the cut/healing cycles were monitored. As shown in Figure 2, the strength of
the hydrogel was recorded over three cut/healing cycles performed with the polyester
film slice. The hydrogel was repeatedly completely bifurcated at the same location, and
the two separate pieces were soon joined together. Figure 2b shows the time evolution
of real-time resistance change during the self-healing process. It was observed that the
resistance of the hydrogel attached to the analyzer increased rapidly when cut by the
polyester film slice. Then, the resistance value decreased rapidly with the removal of the
polyester film. The resistance change of the hydrogel was observed to be relatively

stable during the cut/healing cycle. The duration of the total cut/healing process,

585



including cut and contact time, was observed as 2.12 seconds. In Table 1, comparisons
of the sample in the current study with some of the hydrogels in the literature are given.
Overall, the results show that the hydrogel with added NCQDs has reproducible
electrical self-healing property. Thanks to this feature, the hydrogel obtained for
wearable electronics devices becomes an interesting material.

Samples with self-healable feature are materials that have the ability to regain their
previous properties after cutting. In this respect, there are visuals in the literature
showing that cylindrical samples can form a gel bridge without disintegrating after self-
healable [28-31].
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Fig 2 Time evolution of self-healing process by Real-time resistance measurements for
NCQDs/GG hydrogel. (a) co-located cut/healing cycles, (b) regional magnified self-healing
process

As shown in Figure 3, the two pieces separated after cutting were joined together, and
the two bottle caps formed a free-standing gel bridge. Thus, it has been observed that

they stick together as a single piece of self-healing gel.
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Table 1 Comparison of the contents and cut/healing properties of some hydrogel studies in the
literature with the current study

Hydrogel Component Cut/Healing Time Ref.
o[2-Methacryloyloxy)
ethyl]dimethyl-(3-sulfopropyl) 11s

L4S90 ammonium hydroxide . . . [23]
#2- hydroxyethyl methacrylate (including cut time)
eLaponite XLG
ePolyvinyl alcohol 250 ms

PVA/PDA ePolydopamine (including cut time) [24]
ePolyvinyl alcohol 42s

PVA-PDA-pRGO ePolydopamine (after the contact [25]
oGraphene oxide moment)
ePolypyrrole 30s

CSH oPoI'y(acryllc acid) (including cut time) [26]
oChitosan
#Single wall carbon nano-tube 3.2s

SWCNT oGraphene (after the contact [27]
oSilver nanowire moment)
oGellan Gum 2 12s

NCQDs/GG eNitrogen-doped carbon quantum ' This study

dots

(including cut time)

Fig 3 (a) Obtained cylindrical hydrogel (b) cut hydrogel blocks (c) self-healing cylindrical
hydrogel sample able to form a bridge
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Conclusion

In summary, an innovative self-healable NCQDS/GG hydrogel was produced by adding
NCQDs to the hydrogel medium. It was observed that the conductive hydrogel was able
to regenerate itself after the cut/healing cycles returned to their initial resistance. It was
observed that the obtained hydrogels had reproducible self-healing properties after 2.12
s. For these reasons, there is great potential for the application of the NCQDS/GG
hydrogel as a wearable body motion tension sensor to monitor body movements.

For future studies, it is planned by our group to analyze the recovery times in
environments where external environmental conditions such as body sweat are imitated.
In addition, the evaluation of sensitivity in the perception of under-eye, neck and pulse
movements by using the existing hydrogel with an innovative composition is considered
to be of great importance in terms of adding an additional innovation to the literature.
By varying the NCQDs ratios in its content, hydrogels with adjustable conductivity can
also be prepared and used in application areas such as drug-delivery system, bone
regeneration, stimulation of tissue growth, artificial muscle.
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Protein Receptor-Binding Domain
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ABSTRACT

Proteins have unique properties to participate in many structural and physiological processes. ARTICLE HISTORY

Knowledge of the three-dimensional structure of proteins is important to understand their sR,eo?eweijzozz
roles in the physiological processes and the functions of these processes. Any structural defect Accltje%l:: d

in proteins due to mutations can cause diseases, treatment unresponsiveness, and drug 2 November 2022
resistance development. The recent emergence of the new SARS-CoV-2 variants containing

mutations that accelerate the spread of the virus by affecting infectiousness has been of KEYWORDS
concern. In the study, visualization of the homology model and investigation of the chemical

. . . . ) in silico,
properties of L18F mutation responsible for the formation of mutant type SARS-CoV-2 spike spike protein
protein via in silico approach was intended. In this study, amino acid number, molecular homology '

weight, theoretical pl value, the percentage composition of amino acids, total negatively modeling
charged residue number, total positively charged residue number, atomic composition, SARS-Cc;V-Z
formula, total atomic number, molar extinction coefficient, aliphatic index, and the average '
hydropathy were calculated via ProtParam. The FASTA amino acid sequence was used for
visualization of the homology models via UCSF Chimera in wild-type and mutant-type spike
proteins. Basic chemical calculations also were displayed on BIOVIA Discovery Studio
Visualizer. AAG value and the changes in the stability in L18F mutation were predicted via I-
Mutant Suite software. We detected that location of the mutant residue is near a highly
conserved position and the L18F mutation may not cause the damage.

mutation

Introduction

Proteins are molecules that participate in many physiological processes and are found in all
organisms. Proteins participate in many physiological processes such as cell structure, cell
viability, cell signals, ligand binding, and enzyme catalysis [1]. All proteins consist of
amino acid sequences called polypeptide chains. In proteins in biological organisms, there
are 20 types of amino acids with different characteristics, all of which have a common
central carbon atom, an amino group, and a carboxyl group [2]. Each amino acid has its
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properties [3]. The three-dimensional structure (3D) is important for understanding protein
structure [4]. The specific order of amino acids determines the 3D structure of a protein
[5]. The folding of a protein into a certain conformation depends on physicochemical
properties such as hydrogen bonds, ionic interactions, Van der Waals forces and
hydrophobic interactions, and covalent interactions between amino acids [6]. The amino
acid sequence determines how these interactions occur. The way a protein folds also
depends on environmental influences such as the presence of water or lipids and the pH of
the environment [7]. Knowing this structure is vital in understanding the function of the
protein. Changing any amino acid can disrupt the entire structure or function of the protein
by disrupting the protein and its environment, as well as the forces of interaction within the
protein [8].

Knowing the three-dimensional structure of proteins is important in understanding their
role in the physiological process and the functioning of this process [9]. Three-dimensional
structures of proteins can be revealed by various experimental studies. However, besides
these experimental studies, there are also important developments in studies on determining
the three-dimensional structural models of proteins using bioinformatics methods. Any
structural defect in proteins due to mutations can cause diseases, treatment
unresponsiveness, and drug resistance development [10].

The emergence of new variants of SARS-CoV-2, which have emerged recently and contain
mutations that affect transmissibility and accelerate the spread of the virus, has been a
matter of concern [11]. Especially with the identification of two independent strains that
emerged in the United Kingdom and South Africa, studies on the detection of new
mutations gained momentum. SARS-CoV-2 strains B.1.1.7 emerged in the UK (HV 69-70
deletion, Y144 deletion, N501Y, A570D, P681H, T716l, S982A, D1118H) and B.1.351 in
South Africa (L18F, D80A, D215G, R2461, K417N, E484K, N501Y, and A701V) were
detected in the spike protein receptor binding site (RBD) [12].

Within the scope of the study, homology modelling studies of the L18F mutation res-
ponsible for the formation of mutant type coronavirus occurring in the receptor-binding

domain (RBD) of spike protein by Swiss Model and amino acid number, molecular weight,
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theoretical pl value, the percent composition of amino acids, the total amino acid content of
wild and mutant type were calculated via ProtParam.

Materials and Methods

The L18F mutation was detected in the B chain in the receptor-binding domain (RBD) of
the spike protein of the Sars CoV2 virus that causes Severe Acute Respiratory Syndrome
(SARS). The homology model of L18F mutation was created by bioinformatics tools. In
the study, the Uniprot website and GenBank database of the National Center for
Biotechnology Information (USA, NCBI) website were used detection of the amino acid
sequence of the SARS CoV2 spike RBD protein [13]. Sequence information was arranged
according to wild type and mutant type. Homology models of Spike protein types (wild and
mutant types) were created with the Swiss Model Program which is a web-based
bioinformatics tool, and the obtained three-dimensional models were examined with the
UCSF Chimera program which is a visualization tool [14, 15]. Physico-chemical properties
of models were obtained by EXPASy-ProtParam which is a bioinformatic tool and results
were evaluated. sequence with accession numbers PODTC2 was used for wild type in this
study [16].

Swiss model analysis

The homology modelling study was carried out using Swiss-Model [17] database and the
Chimera program. Wild and mutant type sequence sets were loaded into the system
separately and their three-dimensional structures were obtained. The selection was made by
looking at the Qualitative Model Energy Analysis (QMEAN) values of the three-
dimensional structures obtained.

Homology Modelling by Chimera Program

Using UCSF Chimera program tools, all proteins were superimposed with each other, and
visualization of three-dimensional structures was provided. The structural differences of the
mutant protein were observed by visualizing the wild-type and mutant protein structures

with a ribbon display.
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Detection of Physico-chemical Properties

In the study, the Physico-chemical properties of Spike protein were calculated to
understand the functional diversity. For this purpose, the ProtParam program of the
ExXPASy database, which is one of the bioinformatics tools, was used. FASTA formats of
wild and mutant types were obtained on the GeneBank database. Physico-chemical
properties of models were calculated. In both models (wild and mutant type); amino acid
number, molecular weight, theoretical pl value, the percent composition of amino acids,
total number of negatively charged residues, the total number of positively charged
residues, atomic composition, formula, total atomic number, molar extinction coefficient,

aliphatic index, and average hydropathy were calculated.
Result and Discussion

In homology modelling, protein sequence and three-dimensional structure information
previously obtained by methods such as X-ray are used. Although a nature-like structure is
not fully met in modelling, these studies are of great importance for clinical drug
development studies. Mutations occurring in the RBD region are an important issue
affecting sustained ligand binding and thus virus infectivity [18]. The changes caused by
these mutations on the binding surface give us information about the degree of danger of
the variation.

The amino acid sequence format that will be used as a basis in bioinformatics studies has
been created based on the NCBI-P30518 accession number sequence. These arranged
sequence sets were used to create the three-dimensional structure and extract the pysico-
chemical properties of the models. The sequence of wild-type and mutant-type proteins is

shown in Figures 1 and 2.
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MFVELVLLEL
TQDLEFLEFFS
IRGWIFGTTL
SWMESEFRVY
FKIYSKHTPI
PGDSSSGWTA
CTLKSFTVEK
YAWNRKRISN
VIRGDEVRQI
YLYRLFRKSN
NGVGYQPYRV
VLTESNKKFL
GTNTSNQVAV
IGAEHVNNSY
AENSVAYSNN
NLLLQYGSFC
NFSQILPDES
CAQKFNGLTV
OMAYRFNGIG
VVNQNAQALN
LOSLQTYVTQ
SFPQSAPHGV
HWEVTQENEY
ELDKYFKNHT
QELGKYEQYTI
GSCCKFDEDD

VSSQCVNLTT
NVIWFHAIHV
DSKTQSLLIV
SSANNCTFEY
NLVRDLPQGF
GARAYYVGYL
GIYQTSNFRV
CVADYSVLYN
APGQTGKIAD
LKBFERDIST
VVLSFELLHA
PFOQFGRDIA
LYQDVNCTEV
ECDIPIGAGT
SIAIBTNFTI
TQLNRALTGT
KPSKRSFIED
LPPLLTDEMI
VTONVLYENQ
TLVKQLSSNF
QLIRAAEIRA
VFLHVTYVPA
EPQIITTDNT
SPDVDLGDIS
KWEWY TWLGF
SEPVLKGVKL

Wild Type

RTQLPPAYTN SFTRGVYYED
SGTNGTKREFD NPVLPENDGV
NNATNVVIKV CEFQFCNDEF
VSQPFLMDLE GKQGNFKNLR
SALEPLVDLP IGINITRFQT
QPRTFLLKYN ENGTITDAVD
QPTESIVRFP NITNLCPFGE
SASFSTFKCY GVSPTKLNDL
YNYKLEDDET GCVIAWNSNN
EIYQAGSTEC NGVEGFNCYF
PATVCGEKKS TNLVENKCVN
DTTDAVRDEQ TLEILDITEC
PVAIHADQLT PTWRVYSTGS
CASYQTQTNS PRRARSVASQ
SVITEILPVS MTKTSVDCTM
AVEQDENTQE VEAQVKQIYK
LLENKVTLAD AGFIKQYGDC
AQYTSALLAG TITSGWTFGA
KLIANQFNSA IGKIQDSLSS
GAISSVLNDI LSRLDKVEAE
SANLAATKMS ECVLGQSKRV
QEKNFTTAPA ICHDGKAHFP
FVSGNCDVVI GIVNNTVYDE
GINASVVNIQ KEIDRLNEVA
IAGLIAIVMV TIMLCCMTSC

HYT

KVFRSSVLHS
YFASTEKSNI
LGVYYHRNNK
EFVFENIDGY
LLALHRSYLT
CALDPLSETK
VENATRFASV
CFTNVYADSF
LDSKVGGNYN
PLQSYGEQPT
FNFNGLTGTG
SFGGVSVITP
NVFQTRAGCL
SIIAYTMSLG
YICGDSTECS
TPPIKDEGGF
LGDIAARDLI
GAALQIPFAM
TASALGKLQD
VQIDRLITGR
DFCGKGYHLM
REGVFVSNGT
LQPELDSFKE
KNLNESLIDL
CSCLEGCCSC

Fig 1 Wild-type sequence for the formation of the three-dimensional structure

MFVFLVLLPL
TQDLFLEFFS
IRGWIFGTTL
SWMESEFRVY
FKIYSKHTPI
PGDSSSGWTA
CTLKSFTVEK
YAWNRKRISN
VIRGDEVRQI
YLYRLFRKSN
NGVGYQPYRV
VLTESNKKFL
GTNTSNQVAV
IGAEHVNNSY
AENSVAYSNN
NLLIQYGSFC
NFSQILPDPS
CAQKFNGLTV
OMAYRFNGIG
VVNQNAQALN
LOSLOTYVTO
SFPQSAPHGV
HWEVTQRNEY
ELDKYFKNHT
QELGKYEQYT
GSCCKFDEDD

L18F Mutation

VSSQCVNEFTT RTQLPPAYTN
NVTWFHATHV SGTNGTKRED
DSKTQSLLIV NNATNVVIKV
SSENNCTFEY VSQPFLMDLE
NLVRDLEQGF SALEPLVDLE
GAAAYYVGYL QPRTFLLKYN
GIYQTSNFRV QPTESIVREP
CVADYSVLYN SASFSTFKCY
APGQTGKIAD YNYKLPDDET
LKPFERDIST EIYQAGSTEC
VVLSFELLHA PATVCGPKKS
PFQQFGRDIA DTTDAVRDEQ
LYQDVNCTEV PVATHADQLT
ECDIPIGAGI CASYQTQTNS
SIATPTNFTI SVITEILPVS
TQINRALTGI AVEQDKNTQE
KPSKRSFIED LLENKVTLAD
LPPLLTDEMI AQYTSALLAG
VTONVLYENQ KLIANQFNSA
TLVKQLSSNF GAISSVLNDI
QLIRAAETRA SENLAATKMS
VFLHVTYVPA QEKNFTTAPA
EPQIITTDNT FVSGNCDVVI
SPDVDLGDIS GINASVVNIQ
KWPWYIWLGF IAGLIATVMV
SEPVLKGVKL HYT

SFTRGVYYPD
NPVLEFNDGV
CEFQFCNDEF
GKQGNFKNLR
IGINITREQT
ENGTITDAVD
NITNLCPEGE
GVSPTKLNDL
GCVIAWNSNN
NGVEGENCYF
TNLVKNKCVN
TLEILDITEC
PTWRVYSTGS
PRRARSVASQ
MTKT SVDCTM
VFAQVEQIYK
AGFIKQYGDC
TITSGWTEGA
IGKIQDSLSS
LSRLDKVEAE
ECVLGQSKRV
ICHDGKAHFP
GIVNNTVYDE
KEIDRLNEVA
TIMLCCMTSC

KVFRSSVLHS
YFASTEKSNI
LGVYYHKNNK
EFVFKNIDGY
LLATHRSYLT
CALDPLSETK
VENATRFASV
CEFTNVYADSF
LDSKVGGNYN
PLQSYGFQPT
FNFNGLTGTG
SFGGVSVITP
NVFQTRAGCL
SIIAYTMSLG
YICGDSTECS
TPPIKDFGGF
LGDIAARDLI
GAALQIPFAM
TASALGKLQD
VQIDRLITGR
DFCGKGYHLM
REGVFVSNGT
LQPELDSFKE
KNLNESLIDL
CSCLKGCCSC

Fig 2 Mutant-type sequence for the formation of the three-dimensional structure
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3D structures of the spike protein were obtained by using wild and mutant-type sequence
sets. 3D structure of Spike protein homology modelling was performed using the Swiss-
Model (www.swissmodel.expasy.org) database and the Chimera program,

By examining the QMEAN values of the three-dimensional structures obtained, high
models were selected and used as models (Table 1). We used the PODTC2 accession
number sequence for the wild type as the basis. The selection was made by evaluating the
QMEAN values of the 3D structures obtained as a result of Swiss Homology modelling.
The QMEAN for the wild type was detected at -1.59 and the mutant type was detected at -
1.58.

Table 1 QMEAN values of the models that homology modeling was built by Swiss-Model

QMEAN
Wild-type -1,59
L18F -1,58

Basic chemical calculations were displayed on BIOVIA Discovery Studio Visualizer (Table
2). Leucine is a more hydrophobic amino acid than phenylalanine (Hydrophobicity values
are 3.8 and 2.8, respectively). Protein-ligand binding needs hydrophobic interactions. L18F
mutation at the RBD site of the spike protein gains more hydrophilic character to the
protein. Changing the stability and AAG value in L18F mutation was predicted via I-
Mutant software. The conditions were selected as 25°C, pH: 7.0 (default settings), and the
software showed that the stability of the mutant spike protein decreased. Also, the graph of
temperature—AAG was created in Microsoft Excel. According to the data, AAG is increased
when the temperature is decreased. The increased temperature causes a more unstable
mutation at the B: 18F site.
Table 2 Calculation of hydrophobicity by BIOVIA Discovery Studio Visualizer

Full name Hydrophobicity Secondary struc-
N v ture
Wild-type B:Lecul8 3.8 Coil
Mutant-type B:Phel8 2.8 Coil
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Also HOPE web service was utilized for determining the structural effects of the mutant
protein in this study. The location of the mutant residue is near a highly conserved position
and L18F mutation may not cause damage. Receptor-ligand interactions could be changed
negatively in the structural base because the mutant residue is bigger than the wild-type

residue. The amino acid change was detected for the mutant type (Figure 3).

Fig 3 Wild-type ribbon structure

The change in the receptor-binding domain of the mutant type Spike protein is shown in
Figure 4. The amino acid Leucine at position 18 in the wild-type receptor-binding domain
of the spike protein was converted to mutant-type as phenylalanine. When the ribbon

structure of both models was examined, conformational change was not observed.
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Fig 4 Amino acid changes

Leucine is a more hydrophobic amino acid than phenylalanine (Hydrophobicity values are

3.8 and 2.8, respectively). Protein-ligand binding needs hydrophobic interactions. L18F
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mutation at the RBD of the spike protein gains more hydrophilic character to the protein.
Also HOPE web service was utilized for determining the structural effects of the mutant
protein in this study. The location of the mutant residue is near a highly conserved position
and L18F mutation may not cause damage. Receptor-ligand interactions could change
negatively in the structural base because the mutant residue is bigger than the wild-type
residue.

Travel restrictions have been imposed in most countries since the pandemic was declared.
However, the SARS-CoV-2 virus continued to mutate. New SARS-CoV-2 variants
occurred and continued to spread across continents.

Substitution of phenylalanine with aromatic ring instead of leucine with aliphatic chain
impairs steric elasticity in the protein chain. It may cause the ligand not to cleave. It breaks
conformational elasticity sterically. Aromatic rings increase stability [19]. As the increased
stability also strengthens the ligand-protein bonds, continuous binding takes place. This
increases the damage of the mutation. It is a negative situation in methods such as xray in
the study of protein ligand interactions. Because the relaxed structure of the protein cannot
be visualized. There is no such disadvantage in homology modelling [20].

In a study, Kuzmina A. et al. detected that the L18F mutation (B. 1. 351 variant) is more
resistant to greater infectivity and antibody neutralization [21]. Moreover, they showed that
when K417T/E484K mutants were compared with L18F, it was detected that these mutants
resisted the post-vaccination serum neutralization similarly to L18F.

On the contrary, Thomson EC. et al. found that N439K facilitated resistance to antibody
neutralization [22]. Boon S. et al. speculated that N439S, T478S, and N501K mutations
gave the virus a chance to infect host cells more efficiently and with low antigenicity. They
detected that these mutations allow SARS-Cov2 to enter the host cell easily and make it
easier to infect the cell [23].

Shahhosseini N. et al. used the SWISS-MODEL database to create homology models for
SARS-CoV-2 Spike protein mutants [24]. We also used the SWISS-MODEL database for
homology modelling. However, we cannot obtain hydrophobic interactions, hydrophobic
structure, or atom-bond visualizing for protein by SWISS-MODEL. Because of this

situation, we used the Chimera program and we backed up our models with Chimera.
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Conclusion

Detection of the effects of changes in the protein sequences of the SARS-CoV-2 virus is an
important element in determining the spread and severity of COVID-19. In particular, since
spike protein is closely related to receptor proteins such as ACE2, FURIN, and TMPRSS2
in humans, it is extremely necessary to determine the rate and direction of change in this
protein. The change from leucine to phenylalanine at amino acid 18 is found in the VOC
strain that has a replicative advantage, and it is clear that such mutations result in
subspecies with novel properties. When we consider the drug development process from a
technological point of view, vaccine studies against COVID-19 are at the beginning and it
is a matter of debate whether they are sufficient against variants. We think that it is
important to model all newly formed variants just like in our study and to examine them
from all chemical aspects. In addition to our in silico study, performing in vitro studies will
be important in terms of understanding the beta coronavirus species and subspecies that are

likely to occur in the future.
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Meralarda Kentsel Doniisiim ve Gelisim Amach Tahsis Amaci

Degisikligi Talebinin Degerlendirilmesi: Doyran ve
Kizilcaoren Koy Meralar: Ornegi

Omer Faruk Uzun!* | Fatih Alay?*

Ozet

Bu calismada, Samsun Biiyiiksehir Belediye Meclisi tarafindan “kentsel doniisim ve
gelisim proje alan1” olarak ilan edilen; Vezirkoprii ilgesi, Doyran ve Kizilcadren
Mahalleleri smirlar1 igerisinde yer alan sirasiyla 108/51 ve 108/66 numarali mera
parsellerinde, tahsis amacinin degisimi istegine binaen “Mera durum” sinifi belirlenerek
yapilan igin 4342 sayili Mera Kanuna uygunlugu incelenmistir.

Etiit, 2017 yili haziran ay1 igerisinde yapilmis olup, gbéz ile tahmin yontemi
kullanilmistir. Vejetasyon etiidii verilerine gore yapilan hesaplamaya gore mera durumu
% 40 ile “Orta” sinifta yer almistir. Mera Kanunu’nun 14. maddesine gére mera alaniin
“Mera durum smifi”nin “Cok iyi” veya “Iyi” degil de “Orta” ¢ikmasi, ¢alisilan mera
alaninda tahsis amac1 degisikligi yapilabilecegini gostermistir. Bu sonuca gore Mera
Komisyonu, alan i¢in tahsis amacinda degisiklik yapilmasi talebini kabul etmis ve karari
onay i¢in Tarim ve Orman Bakanligina gondermistir. Ancak Bakanlik; bu tiir her
bagvuruda olumlu goriis bildirilme gibi bir zorunlulugun olmadigimi ifade ederek; bu
alanin sanayi yatirimi i¢in zorunlu olup olmadigi, alternatif bir alanin bulunup
bulunmadigi, istenilen alanin gereginden biiyiik olup olmadig1 ve mera biitiinliigliniin
bozulup bozulmadig: gibi kriterler bakimindan yeniden degerlendirilmesini istemistir.
Mera komisyonu, Belediyenin gerekgeli raporunu incelendikten sonra tahsis amaci
degisikligi hususunda yeniden “Olumlu” goriis bildirmistir. Ancak Bakanlik karari
uygun bulmamis ve mera alan1 Samsun Biiyiiksehir Belediyesine tahsis edilmemistir.
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Legislative Compliance Assessment of the Request for Urban
Transformation and Development in the Purpose of
Allocation for Development Purposes in Rangelands:
Example of Doyran and Kizilcaéren Village Rangelands

ABSTRACT

In the study, the decision was taken by the Samsun Metropolitan Municipality Council ARTICLE HISTORY
to be an "Urban transformation and development project area”; In the rangeland parcels Received

numbered 108/51 and 108/66 in Doyran and Kizilcadren villages of Vezirkoprii sub- 1 September 2022
province, the "Rangeland condition" class was determined based on the request for Accepted

change of allocation purpose, and the compliance of the process with the Rangeland 15 November 2022
Law legislation numbered 4342 was evaluated. The study of the rangeland vegetation

was carried out in June 2017 with the visual estimation method. According to the data

obtained from the vegetation of the rangeland parcels studied together, the average

rangeland condition class of the parcels was “Fair” with 40%. According to the 14th KEYWORDS
article of the rangeland Law, the rangeland condition class of the rangeland area is Plant cover,

"Fair", indicating that the purpose of allocation can be made in the rangeland area that urban planning,

is legally studied. According to this result, the Rangeland Commission accepted the rangeland condition,
request for a change in the allocation purpose for the area and sent the decision to the rangeland law,
Ministry of Agriculture and Forestry for approval. However, the Ministry; expressing real estate law

that there is no obligation to give a positive opinion to every request for a change in the
purpose of allocation, taking into account only the rangeland condition class criterion;
It requested that this area be re-evaluated in terms of criteria such as whether it is
compulsory for industrial investment, whether there is an alternative area, whether the
desired area is larger than necessary and whether the integrity of the rangeland is
impaired. Rangeland Commission, after examining the reasoned report of the
Municipality, gave a "Positive™ opinion again on the change of purpose of allocation.
However, the Ministry did not approve of the decision and the rangeland area was not
allocated to Samsun Metropolitan Municipality.

Giris

4342 sayili Mera Kanununun 1998 yilinda yiiriirliige girmesiyle birlikte mera, yaylak ve
kiglaklarin  kullandirilmasi,  islahinin  yapilarak  verimliliklerinin  artirilmas,
stirdiiriilebilirligi, kullanimlarinin denetlenmesi, korunmasi ve gerektiginde tahsis amaci
degisiklik yetkisini Tarim ve Orman Bakanligina vermistir [2]). Mevzuata gore bazi
durumlarda meralarin kullanim amact, bir takim toplumsal ihtiyaglarin giderilmesi adina
degistirilebilmektedir.

“Kentsel doniistim ve gelisim proje alani” olarak Bakanlar Kurulu’nca ilan edilen mera,
yaylak ve kislaklardaki tahsis amaci degisiklik islemleri Mera Kanunu’nun 14/1 ve Mera
Yonetmeligi’nin 8. maddesi genel hiikiimlerince yapilmaktadir [2, 3]. Buna gore
belirtilen proje alanlarinda tahsis amaci degisiklik islemleri Kanunun 14. ve

Yonetmeligin 8. maddesi hiikiimlerince gergeklestirilir. Mera durum sinifi ¢ok iyi veya

Iyi olan mera, yaylak ve kislaklarda tahsis amaci degisikligi yapilamamaktadir. Bu
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alanlarda tahsis amaci degisikligi yapabilmek i¢in dncelikle kentsel doniisiim ve gelisim
proje alani ilan edilmesi, diisiiniilen alanin 1/5000 Sl¢ekli haritasinin ¢ikarilmasi ve Mera
Komisyonuna basvurularak uygun goriis alinmasi gerekmektedir. Tahsis amaci
degisikligi bagvurularinda, Bakanlar Kuruluna ait kamu yarar1 yazisi, kentsel dontisiim
ve gelisim proje alan1 krokisi, bu alan icerisindeki tasinmazlarin bilgisi, belediye meclis
karari, gevre parselleri gosterir 1/5000 6lgekli harita ile komisyonca istenilen diger bilgi
ve belgeler basvuru dosyasina eklenerek Tarim ve Orman Bakanlhigi Cayir ve Mera
Dairesine sunulur ve son karar Tarim ve Orman Bakanligmindir. Tahsis amacinin
degistirilmesinden sonra, valilik tarafindan 20 yillik ot bedelinin yatirilmasi
saglanmaktadir. Ot bedelinin 6denmesine miiteakip iki yil siire iginde uygulama imar
planinin, komisyona sunulmasi gerekmektedir. Bu siire iginde belirtilen planlarin
sunulmamasi halinde tahsis amac1 degisikligi talebi iptal edilmektedir. Imar planlarmmn,
tahsis amaci degisikligine uygunlugunun kesinlesmesi halinde belirtilen meralarin
tescilleri hazine adina, vakif meralariin tescilleri ise vakif adina yapilmaktadir. 5393
sayil1 Belediye Kanunu’nun 73. maddesine gore [4], Samsun Biiyiiksehir Belediyesi,
Imar ve Sehircilik Dairesi Baskanhg, Samsun II Tarim ve Orman Miidiirliigii
(SITOM)’ne Agustos 2017 tarihli yazisinda Vezirkoprii ilgesinin Doyran ve Kizilcadren
mahalleleri smirlar1 igerisinde yer alan 82 hektarlik mera alaninda sanayi alani
yapilmasini Belediye Meclisinde kararlastirdiklarini bildirmistir. Belediye ayrica, EKim
2017 tarihindeki yaziya ek olarak 1/5000 olgekli F34c.15c, F34c.15d, F34c.20a ve
F34c.20b kadastro paftalarina isabet eden alan i¢in “Kentsel Doniisiim ve Gelisim Proje
Alan1” ilan etmeyi diisiindiiklerini bunun i¢in anilan mera parsellerinde tahsis amaci
degisikligi i¢in Cevre ve Sehircilik Bakanligi’na sunulmak tizere Mera Komisyonu’nda
goriisiilerek bir karar olusturulmas: hususunda istekte bulunmustur. SITOM tarafindan
Defterdarliga alanin Hazine adina tescil edilmesinde bir sakinca bulunmadigmna dair
cevap verilmistir. EKim 2018 tarihinde toplanan Mera Komisyonu, Mera Kanununun 14.
madde, 5. fikrasindaki “Mera durum smifi” “Iyi” ve “Cok iyi” olan mera, yaylak ve
kislaklarda (birinci fikranin a, f, g, & ve h bentleri hari¢) “tahsis amaci degisikligi
yapilamaz” hilkmii geregince meranin, durum smifinin belirlenmesi istenmistir. Bunun

icin konu mera teknik ekibine intikal ettirilmistir.
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Bu ¢aligsma, parsel numaralar1 yukarida verilen mera alaninda vejetasyon etiidii yapilarak
mera durumu smifinin belirlenerek tahsis amaci degisikliginin yapilip yapilamayacaginin

ortaya konulmasi amaciyla 2017 yilinda yiirttilmustiir.

Yontem

Tahsis amaci degisikligi istenilen Samsun ili, Vezirkoprii ilgesinin Doyran Mahallesine
ait mera parselinin; Tasinmaz numarasi: 114809226, Pafta numarasi: F34-C-20-B-1,
Zemin tipi: Ana Taginmaz, 116 Ada, 51. Parsel ve parsel biiyiikliigii 71.05 ha’dir (Parsel
numarast degismistir. Eski parsel numaras1 347°dir). Kizilcabren Mahallesine ait mera
parselinin ise; Tasinmaz numarasi: 114809226, Pafta numarasi: F34-C-20-B-2, Zemin
tipi: Ana Taginmaz, 108 Ada, 66. Parsel ve bilyiikliigii 9.61 ha’dir (Parsel numarasi

degismistir. Eski parsel numarasi 437°dir).

Karadeniz

g

Vézirképﬁ'j c

41° 5' 52,.7994"
@ 35° 29' 31.56"
108/66

Sekil 1 Tahsis amaci degisikligi istenilen Doyran ve Kizilcadren kdyii mera parsellerinin
goruntuisu
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Mera alaninda koordinat ve rakim 6lgtimleri “South S82 Plus” GPS ile yapilmus, veriler
QGis 3.16.8 programina islenmis ve harita ¢iktilart olusturulmustur (Sekil 1). Egim,
yukseklik ve mesafe dlgiimleri ise “Leica DISTO D810 lazer metresi ile 6l¢iilmiistiir.
Mera parsellerinde yer alan bitki tiirleri, gézle tahmin yontemi kullanilarak teshis
edilmistir. Serin iklim bitkilerinin teshisi ¢cigeklenme evresini devam ettirdigi, sicak iklim
bitkilerinin teshisi ise haziran ay1 igerisinde yaprak alanina gore Kog ve Cakal (2004) ile
Aydm ve Uzun (2002)’un belirttigi esaslara gore yapilmustir. Bitkilerin teshis edilmesinde
Davis (1970) ve Serin (2008)’den istifade edilmistir. Teshis edilen her bir bitki tiirline ait
sayilar, o tiirin toplam bitki sayisina oranlanarak tiirlerin botanik kompozisyondaki
oranlar1 bulunmustur. Vejetasyon etiidii sonucu belirlenen tiirler azalici, gogalici ve
istilac1 tiirler olarak siniflamaya tabi tutulmustur. Tespit edilen bitkilerden azalicilarin
tamami, ¢ogalicilarin 19’a kadar kendisi 20-40 aras1 20 ve 40’tan yukarida ise yarisi
dikkate alinarak mera durum sinifi belirlenmistir. “Mera durum simifi, "Kog ve ark.
(2003) ile Holechek ve ark. (2010)’1n belirttigi ve mera yonetmeliginin, uygulama
esaslarini diizenleyen 2. boliim (Uygulama normlari)’iin 6/c. maddesindeki esaslara [3]
gore belirlenmistir (Tablo 1).

Tablo 1 Mera durum sinifi

Azalic1 + Cogalici Bitki Tiirlerinin oram (%) Mera durum simifi
76-100 Cok lyi
51-75 fyi
26-50 Orta
0-25 Zayif

Meralarda egim diiz (% 0-2), hafif egimli (% 3-6), orta egimli (% 7-12), dik egimli (%
13- 20), cok dik egimli (% 21-30), sarp egimli (%30-45) ve ¢ok sarp egimli (46+)

cetveline gore simiflandirilmagtir [5].
Bulgular

Mera lokasyon bulgular

Birbirine bitisik olan mera parselinden Doyran Mabhallesi sinirlar1 igerisinde kalan ve
116/51 ada/parsel numaralt mera alan1 diiz ve diize yakin (% 0-1) egim derecesine
sahiptir. Kizilcadren sinirlari igerisinde yer alan, 108/66 ada/parsel numarali mera

alanmin yarist % 20-45 egime sahip oldugundan yiiksek su erozyonu nedeniyle su
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oyuntular1 goézlemlenmis, diger yarisinda ise % 3-10 arasinda egim oldugundan su
oyuntular1 gézlemlenmemistir. (Sekil 1). Doyran mahallesi sinirlari igerisinde kalan
mera parselinin egim derecesinin, sigirlarin meradan faydalanabilmesi i¢in uygun oldugu
soylenebilir [8, 10]. Bilindigi iizere sigirlar % 10 egim derecesine kadar olan mera
alanlarindan sorunsuz bir sekilde faydalanabilmektedir. Ancak Kizilcabren Mahallesi
siirlar igerisinde kalan mera parselinin % 50’si tim hayvan tiirlerinin faydalanabilecegi
egim derecesine (% 3-10), diger kismu ise Kkii¢iikbas hayvanlarin daha iyi
degerlendirebilecegi egim derecesine (% 25-50) sahiptir. Her iki mera parselinin yaklasik
% 20’si ¢al1 ile kapl1 oldugundan 6zellikle keci istihdami, alandan faydalanmay1 ¢ok daha
iist seviyelere cikaracagindan meranin siirdiiriilebilirligi ve 1slahi agisindan da daha
faydali olacaktir [22].

Mera durumu sinifi

Her iki mera parselinin birlikte etiit edildigi calismada, vejetasyonda yer alan bitki tiirleri
ve oranlar1 Tablo 2°de verilmistir.

Tablo 2 Azalici, ¢ogalic ve istilact bitki tiirlerinin botanik kompozisyondaki oranlari (%)

\ Azalici Bitki Tiirleri (%)
Bothriochloa ischaemum 10.4 Bromus catharticus 2.4
Sangiosorba minor 4.0 Lotus corniculatus 0.8
Chrysopogon gryllus 2.4 Onobrychis armena 0.8
| Toplam 20.8
Cogalic1 Bitki Tiirleri (%)
Festuca ovina 12.0 Brachypodium pinnatum 3.2
Plantago lanceolata 2.4 Dorycnium graecum 1.6
Toplam 19.2
Azalici+Cogalic: Toplam 40.0
Istilac1 Bitki Tiirleri (%)
Trifolium resupinatum 8.0 Tanacetum sp. 1.6
Globularia orientalis 6.4 Trifolium dubium 1.6
Tymus spyleus 4.8 Scorpiurus muricatus 1.6
Carex sp. 3.2 Helianthemum nummularium | 0.8
Fumana arabica 2.4 Noaea mucronata 0.8
Bellis perennis 2.4 Anthemis cretica 0.8
Teucrium chamaedrys 2.4 Teucrium polium 0.8
Taraxacum aleppicum 2.4 Cali 20.0
Toplam 60.0
Genel Toplam 100
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Sonuglar ve Tartisma

Vejetasyon etiidii degerlerine gore yapilan hesaplamaya gére mera durumu sinifi % 40.0
ile “Orta” smifta yer almistir (Azalic1 % 20.8 + Cogalic1 % 19.2 = % 40.0). Vejetasyonda
yer alan bitki ortiistiniin % 60.0’1ik kismu ise istilact tlirlerden olusmustur. Vejetasyonda
teshis edilen azalici bitki tiirleri igerisinde en fazla bulunan yem bitkileri % 10.4 ve %
4.0’lik oranlarla sirastyla Bothriochloa ischaemum ve Sangiosorba minor’dur.

Bitki tiirleri igerisinde ortama en iyi adapte olabilen ¢ogalict tiir ise % 12.0’lik oranla
Festuca ovina ve % 3.2 ile Brachypodium pinnatum’dur.

Mera yiizeyinde % 4 tas ve % 28 bos alan mevcuttur. Bu degerlere gore mera ylizeyinin
bitki ile kaplilik oran1 % 68’dir. Bu sonug 6zellikle egimi yer yer % 45’leri bulan
Kizilcaéren sinirlari igerisinde kalan 108/66 ada/parsel numarali mera alaninin erozyona
maruz kalabilecegini ifade etmektedir. Nitekim adi gecen alanda su akis izleri
gOrilmiistir.

Karadeniz bolgesinde yliriitiilen bir¢ok ¢alismada istilact tiirlerin mera vejetasyonlarinin
cogunlugunu olusturdugu ifade edilmistir. Calisilan merada, otlatma siire ve kapasitesine
dikkat edilmeden yapilan otlatma yaninda, uygun olmayan say1 ve tiirde hayvan ile
otlatma bunun en basta gelen sebeplerinden oldugu birgok ¢alismada bildirilmistir [1, 6,
9,12, 13, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27].

Mera Kanunu’nun 14/1 (Ek: 10/09/2014-6552/112 md.) maddesi ve Degisik 4. Fikra:
26/3/2008-5751/3 md.’ye gdre mera alaninin “mera durum smifi’nin “Cok iyi” veya “Iyi”
degil de “Orta” ¢ikmasi, ¢alisilan mera alaninin “tahsis amacinin degistirilmesi” hususuna
acik oldugu anlamina gelmektedir [2, 3].

Bu caligsmalardan sonra Mera komisyonu 15.02.2019 tarihli oturumunda Belediyenin
talebi uygun bulunmus ve konu SITOM tarafindan Tarim ve Orman Bakanligina
gonderilmistir. Bakanlik’ta bu tiir her basvuruda olumlu goriis bildirilme gibi bir
zorunlulugun olmadigini ifade ederek; Belediyece bu alana yatirimin zorunlu olup
olmadigini, alternatif bir alanin bulunup bulunmadigi, meranin vasfi, yatirim istenilen
alanin gereginden biiyiik olup olmadig1 ve mera biitiinliigliniin bozulup bozulmadigi gibi
kriterler bakimindan alanin yeniden degerlendirilmesini istemistir. Konu Mera
komisyonunda yeniden goriisiilerek, bu alanin se¢iminde Belediyece dikkate alinan
hususlar hakkinda bilgi istenilmistir. Belediyenin gerekgeli raporu incelendikten sonra

Mera komisyonu yeniden tahsis amaci degisikligi hususunda “olumlu” goriis bildirmistir.
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Ancak Tarim ve Orman Bakanlig1 karar1 uygun bulmadigindan alan “Kentsel Doniistim
ve Gelisme Proje Alan1” olarak kullanim i¢in Samsun Biiyiiksehir Belediyesine tahsis

edilmemistir.
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L-Askorbik asit (C vitamini) Tayinine Yonelik Kalem Grafit
Elektrot — Askorbat Oksidaz Temelli Yeni Bir Biyosensor

Gelistirilmesi

Burhan Budak™ ", Erhan Dinckaya?

OZET

Bu c¢alismada, biyosensor teknolojisi i¢in Ozgiin ve yeni bir bakis agis1 katmak
maksadiyla PGE kullanilarak L-askorbik asit analizi ig¢in yeni bir sensor gelistirildi.
Askorbat oksidaz enzimi glutaraldehid ve jelatin kullanilarak ¢apraz baglandi, kalem
grafit elektrot yiizeyinde tutturuldu ve gelistirilen biyosensor L-askorbik asit tayini i¢in
kullanild1. Olgiimler amperometrik yontem kullanilarak tiiketilen oksijen miktari ile
orantisal akim degerlerindeki azalmanin belirlenmesi ile yapildi. Tasarlanan biyosensor
ile L-askorbik asit Olgtimleri -0.7 V’ta amperometrik yontem ile gergeklestirildi.
Optimizasyon c¢aligmalarindan PGE/jelatin-glutaraldehit/askorbat oksidaz modifiye
biyosensor i¢in askorbat oksidaz konsantrasyonu, glutaraldehitte bekletme stiresi, jelatin
miktar1 ve glutaraldehit tabakalandirma sayisi sirasiyla 1,5 U/mL, 3 dakika, 20 mg ve 3
kez olarak belirlendi. Kullanilan Potasyum fosfat tamponu (pH:7, 50 mM) ve 30°C
optimum c¢alisma kogullarim1 olarak belirlendi. PGE/jelatin-glutaraldehit/askorbat
oksidaz biyosensorii i¢in karakterizasyon galismalarinda dogrusal tayin araligi 25uM -
500uM bulundu. Sonuglarma iligkin olarak % varyasyon katsayis1 (V.K) = 0,44 ve
standart sapma (S.S) = +1,46 uM olarak belirlendi. Depolama kararlilhigma iligkin
yapilan denemeler sonucunda 4 haftalik siirecin sonunda  %75’lik aktivitenin
korundugu tespit edildi.
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A New Biosensor Development Pencil on Based Graphite
Electrode — Ascorbate Oxidase for Determination of L-
ascorbic acid (C Vitamin)

ABSTRACT. . . . . . ARTICLE HISTORY
In this study, in respect to provide an novel and inventive viewpoint, a new assay for Recieved
analysis of L-ascorbic acid enhanced using PGE. Ascorbat oxidase was crosswise

. - . . 14 October 2022
bounded using gluteraldehyde and gelatine, stable to the surface of pencil graphite Accepted

electrode and devised biosensor used for the detection of ascorbic acid. L-ascorbic acid

measuring done amperometrically at -0.7 V using the improved biosensor. For the 30 November 2022

PGE/gelatine- glutaraldehyde /ascorbate oxidase biosensor ascorbate oxidase KEY WORDS
concentration, holding time in glutaradehyde, gelatine amount and glutaraldehyde Pencil graphite electrode,
stratifying repat cycle determined to be 1.5 U/mL, 3minutes, 20 mg and 3 times ascorbate oxidase,
stratification in turn after optimization works. Potassium phosphate buffer (pH:7, 50 amperometric,

mM) and 30°C warmth determined to procure optimum labouring conditions. After the biosensér,
characterization labours, 25 uM - 500 uM detection space provided to be linear for ascorbic acid

PGE/gelatine- glutaraldehyde/ascorbate oxidase biosensor. Regarding the results, the %

coefficient of variation (V.K) = 0.44 and the standard deviation (S.S) = +1.46 uM. As a

result of the experiments on storage stability, it determined that 75% activity was

preserved at the end of the 4-week period.

Giris
Askorbik asit, serbest radikalleri indirgeyici ve radikalleri siipiiriicii gibi antioksidan
ozelliklere sahip oldugundan dolayr hiicrelerde hayati fonksiyon gosteren yaygin bir
vitamindir [1-4]. Vitamin C olarak bilinen L-askorbik asit (AA), dogal yolla olusan bir
organik bilesiktir ve gidalarda bulunan 6nemli bir besin koruyucusudur. Yaslanmay1
geciktirmede, gen regiilasyonunu diizenlenmesinde, aterosklerozun azaltilmasinda,
kollajen biyosentezinin diizenlenmesinde ve kolesterol metabolizmasinda 6nemli bir
biyolojik rolii vardir. Ayrica kalp damar hastaliklar1 ve kanser gibi ciddi hastaliklarin
onlenmesinde hayati bir role sahiptir [4-9]. Ancak insan viicudunda askorbik asit
sentezlenmez ve viicutta depolanmaz. Bu nedenlerden dolayi giinliik gerekli miktarlarda
diizenli olarak C vitamini alinmalidir [10].
Literatiire gore, askorbik asitin elektrokimyasal oksidasyonu altin, karbon, platin,
paladyum ve polianilin gibi iletken polimerler gibi gesitli elektrotlarla analiz edildi. Iletim
polimerleri, iyi elektrokimyasal, yliksek elektriksel iletkenlik ve ¢evresel kararlilik gibi
onemli 6zellikleri nedeniyle arastirmacilar igin 6zel bir ilgi kaynagidir [11-14].
Askorbat oksidaz (AA-Ox) bir tiir goklu bakir oksidaz ailesinde yer alir ve AA-OX,
askorbik asidin dehidroaskorbik aside (DHAA) oksidasyonunu katalize eder [15].
Bitkilerde, AA-Ox hem sitoplazmada serbest halde hem de hiicre duvarinda sinirlt bir

zara bagli bir halde bulunur. Askorbat oksidaz bitki hiicrelerinin oksidasyon durumunu
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diizenler [15,16]. Simdiye kadar Askorbat oksidazi tespit eden bazi yontemler vardir.
Bunlar kromatografi, elektrokimya, kemiliiminesans kolorimetri ve floresan
yontemleridir [17-23].

L-Askorbik asidin oksidasyonunu katalize eden askorbat oksidaz enzimine dayali bazi
biyosensorler gelistirildi. Bu biyosensorler genellikle amperometriktir ve biyosensor
tiretiminde askorbat oksidaz enziminin ¢esitli immobilizasyon yontemleri kullanildi. [24-
31]. Amperometrik biyosensorler ¢ok hizli, ucuz ve spesifiktirler. Bu cihazlar, sarap
endiistrisinde siklikla kullanilir. Sarap gibi organik asitleri spesifik olarak algilar ve
Olgerler. Bu yontemlere kiyasla, kalem grafit elektrot rahat ulasilabilir, ucuz, kolay
modifikasyon olabilme, yiiksek elektrokimyasal aktivite ve minyatiirize edilebilme gibi
kolayliklarindan dolay1 hem elektrokimyasal sensor tasariminda hem de DNA
etkilesimlerine dayali biyosensor tasarimlarinda siklikla kullanilir.[32]

Gulsah Congur vd. PGE (kalem grafit elektrot yiizeyi) igin siiksinamik asit kullanilarak
yapisint degistirdiler. Bu sayede islevsellesmis ikinci nesil poli (amidoamin) G2-PS
dendrimer yapisina sahip tek kullanimlik elektrokimyasal DNA biyosensorii gelistirdiler
[33]. Abdel-Nasser Kawde vd. Ise enzimatik olmayan (non enzimatik) platin nanopartikiil
yapili modifiye PGE (kalem grafit elektrot) (PtNP-GPE) gelistirdiler ve hidrojen peroksit
(H202) dlgtimlerini yapmay1 ve belirlemeyi amagladilar [34].

Bu calismada, enzimin kalem grafit elektroduna immobilizasyonu, biyosensor
kararliligimi arttirmig ve daha diisiik konsantrasyonlarda 6l¢lim hassasiyeti saglamistir.
Ayrica maliyeti diisiik ve tasima kolayligr saglamistir. Bu c¢alismadaki veriler, diger
caligmalar i¢in enzimlerin kalem grafit sensoriinde kullanilmasina referans

olusturabilecektir.
Materyal ve Metot

Ekipmanlar

Calismalarda potansiyostat (IVIUM Compactstat), manyetik karistirici(IKA-KIMO 2),
Kalem(Rotring), Termostat(Lauda ecoline RE106), 0,5 grafit ug(Magnum) kullanilarak
Olctimler gergeklestirildi.

Kimyasallar

Deneysel calismalarda KH2POgs, glutaraldehit, jelatin, NaOH, 4-(2-hidroksietil)-1-

piperazinetansiilfonik asit, L-askorbik asit, Tris, glutamik asit, aspartik asit ve diger
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kimyasallar Sigma'dan (ABD) satin alindi. Deneylerde kullanilan tiim ¢ozeltiler saf su ile
hazirlandi.
Cozeltiler
Deneysel calismalarda potasyum fosfat tamponlar1 (pH: 6.0-8.0; 25mM, 50mM ve
75mM), askorbat oksidaz (0,5U/mL, 1U/mL ve 1,5U/mL), glutaraldehit ( % 1,25, % 2,5
ve %5), askorbik asit (40mM), sodyum fosfat tamponlar1 (pH 7; 50mM), Redoxon tablet
(1000 mg C vitamini) ve diger kimyasallar saf su ile hazirlandi.
PGE/jelatin-glutaraldehit /askorbat oksidaz modifiye biyosensoriin hazirlanmasi
PGE (Kalem grafit elektrot)’un grafit kismi yaklasik 1,5 cm disarida kalacak sekilde
kalem elektrota yerlestirildi. PGE, 50 mM 200 pL pH fosfat tamponu igerisinde 1,5 U/mL
olacak sekilde L-askorbat oksidaz enzimi ve 20 mg jelatin igeren 40 °C’ de hazirlanmis
enzim ¢Ozeltisi igerisine daldirilip ¢ikartildi. Daha sonra % 2,5 liik glutaraldehite 3dk
bekletildi. Glutaraldehit ve enzim c¢ozeltisine daldirma islemi 3 kez tekrar edildi.
Modifiye biyosensor kullanilmadigi zamanlarda + 4 °C sicaklik da buzdolabinda
saklandi.
Gelistirilen biyosensoriin calisma prensibi
Hazirlanan biyosensoriin ¢alisma ilkesi, dl¢lim hiicresinde bulunan oksijenin azalmasina
dayali ve amperometrik olarak -0,7 V potansiyelde 6l¢iim alinmasi esasina dayanir.
Kalem grafit ucuna immobolize edilen askorbat oksidaz enzimi, askorbik asitten 2
elektronun oksijene aktarilmasini saglar. Bu sayede askorbik asit dehidroaskorbik aside
yiikseltgenirken, oksijende suya indirgenir ve ortamdan oksijen azalmasi gerceklesir.
Kapal1 kap icerisinde Olgiimler alindigindan dolay1r ortamdaki oksijen miktar1 sadece
enzimin doniistiirdiigii askorbik asit oraninda degiskenlik gosterir. Kalem grafit
yiizeyindeki askorbat oksidaz enziminin askorbik asidi doniistiirme mekanizmasi Sekil
1’de gosterildi.
Askorbat Oksidaz
O: + 2L -Askorbat -— 2-Dehidro-L-Askorbat+ 2H.0
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2 - ik asi o)
Askorbat oksidaz (Cu™?) L-Ascorbik asit 5

Grafit

Askorbat oksidaz (Cu*) Dehidroaskorbik asit 2H,0

Kalem

Sekil 1 Kalem grafit elektrodun yiizeyine sabitlenmis askorbat oksidaz enziminin ¢ozelti
igerisindeki L-askorbik asidi dehidroaskorbik aside doniistiirmesi.

Fig 1 The conversion to dehydroascorbic of L-ascorbic acid in the solution by the enzyme
ascorbate oxidase fixed on the surface of the pencil graphite electrode.

Sonuglar ve Bulgular

Enzim immobilizasyon Etkisi

Oncelikle gelistirilen kalem grafit biyosensor ile elde edilen sinyallerin enzimatik
reaksiyon kaynakli oldugunun dogrulanmasi amaciyla PGE/glutaraldehit/jelatin ile
PGE/jelatin-glutaraldehit/askorbat oksidaz elektrotlar kiyaslandi ve alinan sinyallerin
askorbat oksidaz enziminden kaynaklandigi dogrulandi. Elde edilen sonuglar Sekil 2’de
gosterildi.

Olgiim sonuglarinda anlasildign gibi enzim bulunmayan elektrot ile enzim bulunan
biyosensor arasinda biiyiik bir sinyal farkliligi vardir. Ayrica enzim igeren elektrotta
ortamda bulunan substrat ile orantili bir sinyal farklanmasmin olmasi enzimin sinyal

tizerindeki etkisini ortaya koydu.
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Sekil 2 Enzimli ve enzimsiz elektrotun biyosensor yanitina etkisi. (Fosfat tamponu; pH 7.0, 50
mM; T:30 °C), (£) PGEljelatin-askorbat oksidaz/glutaraldehit (R? = 0,9927); (m)
PGE/jelatin/glutaraldehit

Fig 2 The effect of between enzymes and without enzymes electrode on the biosensor response.
(Phosphate  buffer; pH 7.0, 50 mM; T:30 °C), (&) PGE/gelatin/L-ascorbate
oxidase/glutaraldehyde (R?= 0,9927); (m) PGE/gelatine/glutaraldehyede)

Kalem Grafit Biyosensoriinde Enzim Miktarinin Optimizasyonu

Yapilan 6l¢timler pH 7, 50mM fosfat tamponu igerisinde 30°C” de alindi. 20mg jelatin,
% 2,5’luk glutaraldehitte 3 dk bekletme siiresi sabit tutularak enzim miktar: (1, 1,5 ve 2
U/mL) olarak sekilde degistirilerek enzim miktar1 optimizasyonu gergeklestirildi ve
kullanilan askorbat oksidaz enzim (U/mL) miktarmimn modifiye biyosensor cevabi
tizerindeki etkisi tespit edildi.

Olgiimler sonrasi elde edilen yanitlara gére en yiiksek elektrot cevabinin 1,5 U/ml ve 1
U/mL askorbat oksidaz enzim kullanilarak hazirlanan biyosensorler oldugu tespit edildi.
Iki biyosensérde alman cevaplarin bir birine yakin olmasina ragmen diisiik enzim
miktarinda substrat doygunluguna ¢abuk ulagabilecegi i¢in diigiik enzim miktarlari tercih
edilmedi. Ayrica diger bir faktor ise, protein igeriginin diisiik olmasi ¢apraz bag sayisini
ve membran kararliligin1 olumsuz etkileyeceginden enzim miktari fazla olan biyosensor
tercih edildi.

Kalem grafit biyosensoriinde pH optimizasyonu

PGE/jelatin-glutaraldehit/askorbat oksidaz modifiye biyosensér 20 mg jelatin, 1,5 U/mL
enzimi ¢ozeltisi kullanarak %2,5’luk glutaraldehitte 3 dk bekletilerek hazirlandi.
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Olgiimler 50 mM fosfat tamponu igerisinde 30°C’ de alindi. Jelatin miktari, enzim
miktari, glutaraldehitte bekletme siiresi sabit tutularak pH 8; 7,5; 7; 6,5; 6 aralig1
degistirilerek optimum pH 7 olarak belirlendi. Sonuglar Sekilde 3’de gosterildi.

% Rolatif Akim Degisimi

Sekil 3 Biyosensor cevabina pH’nin etkisi. (Fosfat tamponu; pH 7.0, 50 mM; T:30 °C)
Fig 3 The effect of pH on the biosensor response. (Phosphate buffer; pH 7.0, 50mM; T:30 °C)

Enzimlerin katalitik etkisine ve ii¢ boyutlu yapisina etki eden en 6nemli faktorlerden bir
tanesi pH’dir. Enzimler protein yapili makromolekiillerdir. Optimum pH’m belirlenmesi,
enzimlerin immobilizasyonun ve 6l¢timlerin verimliligi agisindan 6nemlidir.

En iyi sinyal pH 7 de alindi. Yiiksek asitlik ya da bazlik degerlerinde H* ve OH
konsantrasyonlarinin  yiiksek olmasi enzimle etkilesime girip aktif merkezini
etkileyebilir. Hatta enzimi denatiire edebilir.

Sicakhigin Kalem Grafit Biyosensor Uzerindeki Etkisi
PGE/jelatin-glutaraldehit/askorbat oksidaz modifiye biyosensor 20 mg jelatin, 1,5 U/mL
enzimi ¢oOzeltisi kullanarak %2,5’luk glutaraldehitte 3 dk bekletilerek hazirlandi.
Membran tabakalandirma islemi 3 kez gerceklestirildi. Ol¢iimler degisen sicakliklarda
pH 7, 50mM potasyum fosfat tamponu igeresin de alindi. Analiz Bulgular1 Sekil 4’de
gosterildi.

Jelatin miktari, enzim miktari, glutaraldehitte bekletme siiresi, tampon konsantrasyonu ve
pH sabit tutularak sicaklik (50 °C, 45 °C, 40 °C, 35°C, 30°C ve 25°C) olacak sekilde

degistirilerek sicaklik optimizasyonu gerceklestirildi.
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Sekil 4 Biyosensor yanitina sicakligin etkisi. (Fosfat tamponu; pH 7.0, 50mM;)
Fig 4 Effect of temperature on biosensor response. (Phosphate buffer; pH 7.0, 50mM;)

Sekil 4> de goriildiigii gibi en yiiksek sinyal 35°C sicakliginda alindi. Fakat yiiksek
sicaklik degerlerine dogru ¢ikildik¢a enzimin dogasi geregi kararliligi diismektedir.
Bundan dolay1 hem 35°C hem de 30°C degerlerinde standart grafigi ¢izildi. Elde edilen
degerlerin kiyaslanmasi sonucu 30°C degerinin se¢ilmesinde karar kilind1.

L-askorbik asidin Lineer Arahg:

Gelistirilen PGE/jelatin-askorbat oksidaz /glutaraldehit biyosensorlerinin hazirlama ve
calisma kosullarinin optimizasyonu sonrasinda, karakterizasyonu amaciyla L-askorbik
asit i¢in 6lglim araligr belirlendi. Sekil 5°de 25 pM - 500 uM arast kronoamperometrik
ol¢imler ve PGE/jelatin-askorbat oksidaz /glutaraldehit modifiye biyosensoriine iligkin
dogrusal tayin aralik grafigi verildi.

PGE/jelatin-glutaraldehit/askorbat oksidaz modifiye biyosensoér 20 mg jelatin, 1,5 U/mL
enzimi ¢oOzeltisi kullanarak %2,5’luk glutaraldehitte 3 dk bekletilerek hazirlandi.
Membran abakalandirma islemi 3 kez yapildu. Olgiimler 50 mM, pH 7, 50 mM fosfat

tamponu igeresin de 30°C sicakliginda alind1.
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Sekil 5 Karstirilan potasyum fosfat tamponu (50 mM, pH 7.0) iginde kalem grafit
biyosensoriiniin amperometrik tepkileri. Uygulanan potansiyel: - 0,7 Voltaj. (A) 25uM-500 uM
L-Askorbik asidin amperometrik yaniti ve (B) akim ile L-Askorbik asit konsantrasyonu
arasindaki kalibrasyon egrisi (R? = 0,9927)

Fig 5 Typical amperometric responses of the pencil graphite biosensor in a blended potassium
phosphate buffer (pH 7, 50 mM). Applied potential: - 0.7 VVoltage. (A) Amperometric response
of 25uM-500 uM L-Ascorbic acid and (B) calibration curve between the current and the
concentration of L-Ascorbic acid (R?=0.9927)

Sekil 5°de anlasildig1 gibi artan yiiksek L-askorbik asit derisimine bagli olarak enzimin
gosterdigi reaksiyon sonucunda zaman bagli azalan Oz miktart artar. Oz miktarindaki bu
azalis kalem elektrot ylizeyinde meydana gelen reaksiyon uyarinca amperometrik

Ol¢timlerde pozitif yonde dogrusal artis olarak gézlemlendi.

Al(nA)
=] [4N] ey (W3] [a)]

o 100 200 300 400 500 600 700 200

L-Askorhik asit konsantrasyonu (pM)

Sekil 6 Biyosensor yanitinda 30°C'de elde edilen dogrusal tayin araligi. (Fosfat tamponu; pH 7.0,
50 mM; T:30 °C)

Fig 6 Linear detection range obtained of 30°C on the biosensor response. (Phosphate buffer; pH
7.0, 50 mM; T:30 °C)
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Sekil 6’dan anlasildigir gibi PGE/jelatin-askorbat oksidaz/glutaraldehit biyosensoriine
iliskin dogrusal tayin araligi 25 uM - 700 uM arasinda yapilan 6l¢iimler (n=3) sonucunda
25 uM — 500 uM olarak bulundu.

Tekrarlanabilirlik

Bu ¢alismada tasarlanan L-askorbik asit biyosensoriiniin tekrarlanabilirlik ozelligi
incelendi. Ol¢iim haznesi icerisinde 300 uM askorbik asit olacak sekilde eklemeler
yapilarak Ol¢iimler -0,7 voltajda amperometri yontemi kullanilarak potasyum fosfat
tamponu (pH 7, 50 mM; 30° C)’de gergeklestirildi. Art arda sekiz kez alinan 6l¢iimler ve
elde edilen sonuglara gore cizilen standart grafik yardimiyla 6rnek derisimleri tespit
edildi. Standart sapma (S.S), ortalama deger (%) ve varyasyon katsayisi (% V.K.) Tablo
1’de verildi. Elde edilen sonuglar kabul edilebilir degerlerdedir.

Tablo 1 L-Askorbik asit numunesi i¢in kalem grafit biyosensoriiniin tekrarlanabilirlik tayini

Table 1 Repeatability determination of the pencil graphite biosensor for Ascorbic acid sample

Aritmetik ortalama (¥)  Standart sapma (S.D) Varyasyon katsayisi (%)

327 M +1,46 M 0,44

Yeniden iiretilebilirlik

Bu caligmada benzer yontemle PGE/jelatin-glutaraldehit/askorbat oksidaz ayri ii¢
biyosensor hazirlandi ve -0,7V’ta amperometri yontemiyle yapilan 6l¢iimlerde 300 uM
askorbat konsantrasyonuna verdigi cevaplar kiyaslandi.

Ayni yontemle ayri ayri hazirlanmis {i¢ PGE/jelatin-glutaraldehit /askorbat oksidaz
biyosensoriin L-askorbik asit konsantrasyonuna verdigi cevaplar arasinda benzerlik
vardir. Sonuglar biyosensor i¢in seri liretim yapilabilecegini gosterdi.

Biyosensoriin Substrat Seciciligi

Bu calismada benzer yontemle PGE/jelatin-glutaraldehit/askorbat oksidaz biyosensor
hazirlandi ve -0,7V’ta amperometri yontemiyle yapilan olgtimlerde 300 uM askorbat
konsantrasyonunda ve farkli dokuz substrata ayr1 bir sekilde verdigi yanitlar kiyaslandi.
Elde edilen bulgular Tablo 2’de gosterildi.

PGE/jelatin-glutaraldehit/askorbat oksidaz biyosensor 20 mg jelatin, 1,5 U/mL enzimi
¢ozeltisi kullanarak %2,5’luk glutaraldehitte 3 dk bekletilerek hazirlandi. Membran
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tabakalandirma islemi 3 kez yapildi. Ol¢iimler pH 7, 50 mM fosfat tamponu icerisinde
30°C sicakliginda alindi.

Tablo 2 L-Askorbik asit numunesi ve diger numuneler igin kalem grafit biyosensoriiniin substrat
aktivitesi

Table 2 Relative activity of the pencil graphite biosensor for L-Ascorbic acid sample and other
samples

Substratlar Rolatif aktivite %0
L-Askorbik asit 100
Sitrik asit 0,1
Hidrokinon 10,1
D-Glukoz 0,1
D- Fruktoz 9,8
Okzalik asit 0,3

Glikolik asit 0

Aspartik asit 0,2
Glutamik asit 9,85
Katesol 16,2

Ug 6lglimiin ortalamasi.

Tablo 2’de anlasildigi gibi PGE/jelatin-glutaraldehit/askorbat oksidaz biyosensoriin
dokuz tane farkli substrattan sadece dort tanesine diisiik sinyal verdigi gézlemlendi.
Ornek Analizi

Tasarlanan PGE/jelatin-glutaraldehit/askorbat oksidaz biyosensor ile disaridan satin
alinan Redoxon C vitamini ilacinda, taze sikilmig limon suyunda, portakal suyunda ve
greyfurt suyunda L-askorbik asit analiz yapildi.

Satin alinan C vitamini (1000mg) tabletinin ¢6ziindiigii ¢6zeltiden 6lgiim hiicresinde 300
uM konsantrasyon olacak sekilde eklemeler yapildi ve dort 6lglime iliskin alinan cevaplar
standart grafigi ile kiyaslanarak degerlendirilmesi yapildi. Bulgular Tablo 3’de verildi.

Tablo 3 Kalem grafit - askorbat oksidaz enzim biyosensorii ve DCIP yontemleri kullanilarak
Vitamin-C tabletlerinde L-Askorbik asit tayini.

Table 3 L-Ascorbic acid determination in Vitamin-C tablets by using the pencil graphite —
ascorbate oxidase enzyme biosensor and DCIP methods.

Ornek Askorbik asit DCIP yontemi Askorbat oksidaz biyosensorii
konsantrasyonu (uM) (n=4) (n=4)
SD CV (%) SD CV(%)
Redoxon 300 +7,8 2,55 +0,262 0,087
Tablet Xor=305uM Xor=301,62uM
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Insan metabolizmasiin gereksinimi olan C vitamini farkl1 sebeplere bagl olarak 30—105
mg arasinda degisiklik gostermektedir. Bu deger yetiskinler i¢cin 65 mg, bebekler igin 35-
40 mg, emzirme doneminde anneler i¢in 100-110 mg olacak sekilde 6n goriilmiistiir.
Yapilan epidemilojik, klinik ve biyokimyasal calismalar g6z oOniinde bulundurarak
askorbik asidin giinliik alim1 (RDA) giinde 120-140 mg olarak onerilmektedir. Giinliik
ihtiyacin1 giderecek kadar vitamin C alindiginda hiicre doygunluga ulasir, kanser, kalp
hastaliklar1 ve fel¢ riskleri azalma gosterir. Bu degerler dikkate alinarak yapilacak
dlgiimler icin 1000 mg C vitamini tableti kullanild1. Olgiimler -0,7 V’ta amperometri
yontemi kullanilarak pH 7, 50mM fosfat tamponu; 30 °C sicaklikta gerceklestirildi.
Bulgular Tablo 3’de ve 4’de verildi.

Tablo 4 Kalem grafit-askorbat oksidaz enzim biyosensorii kullanilarak meyve sularinda L-
askorbik asit tayini

Table L-Ascorbic acid determination in fruit juices by using the pencil graphite — ascorbate
oxidase enzyme biosensor

Meyve sular Askorbat oksidaz biyosensorii

Ortalama (mg/100ml) (n=4) SD CV (%)
Portakal 38,3 0,041 0,107
Greyfurt 28,2 0,029 0,102
Limon 28,3 0,028 0,098

Meyvelerde bulunan askorbik asit miktari meyvenin ¢esitliligine gére onemli farklilik
gostermektedir. Yumusak ve sert c¢ekirdekli meyvelerin yaklasik 12mg-110mg/100g
diizeylerinde askorbik asit icermelerine ragmen, limon, greyfurt ve portakal yaklagik
35mg - 55mg/100g diizeylerinde vitamin C igermektedirler. Fakat bu degerler meyvelerin

tiirtine gore de degisiklik gosterebilmektedir.
Tartisma

Bu ¢alisma, insan viicudunda sentezlenmeyen ve disaridan siirekli diizenli olarak almasi
gereken C vitaminin (askorbik asit) [35] sivilarda kolay, hizli ve hassas tespiti igin
tasarland1 ve kalem grafit elektroda enzim/jelatin/glutaraldehit yapisi1 kullanildi.

Kalem grafit elektrot genel olarak affinite esasli DNA etkilesimlerine dayali ve

elektrokimyasal sensérler olarak kullanilmistir [36]. ilk kez bu ¢alismada, kalem grafit

621



elektrot enzim (askorbat oksidaz) temelli biyosensor tasarlanmig, kullanim yonii
arastirilmis ve denenmistir.

Song ve ark. (2020) [37] gelistirdikleri grafen oksit/poli (anilin ko-tionin) nanokompozit
elektrokimyasal biyosensoriinde, L-askorbik asitin lineer araligin1 500uM — 5000uM,
hassasiyetini 242uM olarak tespit etmislerdir. Ancak bu c¢alismada kullanilan
PGE/jelatin-glutaraldehit/askorbat oksidaz biyosensoriiniin L-askorbik asitin lineer
aralig1 25uM — 500uM, hassasiyeti 25uM olarak tespit edildi. Buda gelistirdigimiz kalem
grafit askorbat oksidaz biyosensoriiniin diisiik konsantrasyonlar da daha hassas 6lgtimler
yaptigin1  gostermistir. Gelistirilen biyosensor sistemleriyle olgiimler -0,7 voltajda
amperometrik metotla yapilmistir. Enzim tarafindan kullanilan L-askorbik asit
konsantrasyonuyla orantisal olarak kullanilan oksijen miktarinin negatif yonde artan akim
degerlerinden ¢ikilarak tayin edilmistir.

Kacar ve Erden (2020) [38] gelistirdikleri poli(L-aspartik asit), nanoelmas parcacikli,
karbon fiber, askorbat oksidaz temelli amperometrik biyosensdriiniin, askorbik asitin
tekrarlanabilirlik denemelerinde standart sapmasini 3.4% tespit etmislerdir. Bu ¢alismada
kullanilan PGE/jelatin-glutaraldehit/askorbat oksidaz temelli biyosensoriiniin L-askorbik
asitin tekrarlanabilirlik denemelerinde standart sapmasi 0.44% tespit edildi. Buda
gelistirdigimiz biyosensorlin diger sensorlere kiyasla artarda daha hassas ve dogru
Olctimler yapabilecegini gostermistir.

Mu ve ark. (2018) [39] gelistirdikleri askorbik asit tayinine yonelik kolorimetrik
“’kapalr’” biyosensoriinde, portakal suyunun askorbik asit analizinde standart sapmasini
1.9% tespit etmislerdir. Calismalarinda yer alan HPLC analiz verilerinde ise ortalama
bagil hata oran1 3.3% gostermislerdir. Bu ¢alismada kullanilan kalem grafit askorbat
oksidaz temelli modifiye biyosensoriin portakal suyunun askorbik asit analizinde standart
sapma 0.107% tespit edildi. Bu degerler gelistirdigimiz biyosensoriin diger sensorlere ve
klasik yontemlere kiyasla meyve sularinda askorbik asitin daha hassas ve dogru tespit
edilecegini gostermistir.

Sonug olarak bu ¢alisma, kalem grafit elektrotlarin L-askorbik asit tayini i¢in askorbat
oksidazin kullanildig1 biyosensorlerin hazirlanmasinda ve kullanilmasinda genelde ise

enzim temelli biyosensorlerin hazirlanmasinda basariyla kullanilabilecegini gostermistir.
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Fritillaria Cinsinin ve Bu Cinsin Bir Uyesi Olan Aygiil

Lalesi’nin (Fritillaria Eduardii) Diinii, Bugiinii ve Yarmm

Daniel Kimsanaliev** "', Sevgi Marakh?*', Yilmaz Kaya'?

Ozet

Fritillaria, Avrasya ve Kuzey Amerika olmak iizere iki kitada dagilim gosteren ve
yaklagik 140 soganli otsu g¢ok yillik tiirden olusan bir cinstir. Simdiye kadar
kaydedilen en biiyiik diploid genom boyutlarina sahip bitkilerden olusan bu cins, son
yillarda aragtirmacilar tarafindan ¢ok fazla ilgi gérmektedir. F. eduardii bitkisi de bu
cinsin i¢inde yer alan bir tiirdiir. Bu tiir ile ilgili literatiirde az ¢aligma bulunmaktadir.
Kirgizistan, ylizolglimii olarak bir¢ok diinya iilkesinden kiigiik olmasina karsin ¢ok
zengin biyolojik ¢esitlilige sahip bir iilkedir. Batken bolgesi de bu biyolojik ¢esitlilige
katkida bulunan 6nemli bir merkezdir. Aygiil bitkisi gibi yiizlerce endemik ve yerel
bitkiye ev sahipligi yapmaktadir. Aygiil bitkisi, giizelliginden dolay1 Batken
bolgesinde taninan bir endemik bitki olmasinin yani sira tiim Kirgizistan igin de
degerli bir bitkidir. Aygil bitkisinin isimlendirilmesi arastirmacilar tarafindan
tartisilan konulardan biridir. Bu bitkinin ismi literatiirde; Petillium eduardii, Fritillaria
imperialis var. eduardii, Fritillaria imperialis var. inadora, Fritillaria imperialis var.
purperea ve Fritillaria eduardii olarak gegmektedir. Smirh sayida yetisen Aygiil
bitkisi, yetistigi dogal ortaminda kuvvetli saganak yagmurlara ve sert iklim kosullarina
maruz kalmaktadir. Ayrica bu bitki tiiri Kirgiz Cumhuriyeti Bagkanligi’nin 28 Nisan
2005 tarihli, 170 no’lu tebligi ile Kirmiz1 Kitap listesine de eklenerck nesli tiikkenme
tehlikesi altinda ve dogada toplanmasi yasak olan c¢icek soganlari listesine dahil
edilmistir. Bu derleme ¢alismasinda amag, Fritillaria cinsi ile bu cinsin bir iiyesi ve
Kirgisiztan’m endemik tiirii olan Aygiil bitkisi hakkinda gen kaynaklarinin korunmasi
ve Dbiyogesitlilik icerisindeki devamliliginin saglanmasi i¢in uygulanabilecek
biyoteknolojik metotlarin belirtilerek bu alanda yapilacak aragtirmalar i¢in temel
bilginin saglanmasidir.
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Past, present and future of Fritillaria genus and Aygiil tulip
(Fritillaria eduardii), a member of this genus

ABSTRACT ARTICLE HISTORY
Fritillaria is a genus of about 140 bulbous herbaceous perennial species distributed in Received

two continents, Eurasia and North America. This genus of plants with the largest 25 May 2022

diploid genome sizes ever recorded has received much attention from researchers in Accepted

recent years. F. eduardii plant is also a species in this genus. There are few studies in 10 August 2022

the literature related to this species. Although Kyrgyzstan is smaller than many other
world countries in terms of surface area, it has very rich biological diversity. The

Batken region is also an important center that contributes to this biodiversity. It is KEYWORDS
home to hundreds of endemic and local plants such as the Aygiil plant. Aygiil plant is Fritillaria eduardii,
an endemic plant known in the Batken region due to its beauty and also a valuable Fritillaria imperialis
plant for all of Kyrgyzstan. Naming the Aygul plant is one of the issues discussed by var. eduardii,
researchers. The name of this plant is Petillium eduardii, Fritillaria imperialis var. endemic plant.

eduardii, Fritillaria imperialis var. inadora, Fritillaria imperialis var. purperea and
Fritillaria eduardii in the literature. The Aigul plant growing in limited numbers is
exposed to heavy rains and harsh climatic conditions in its natural environment. In
addition, this plant species was also added to the Red Booklist with the Communiqué
of the Kyrgyz Republic Presidency dated 28 April 2005 with numbered 170 and
included in the list of flower bulbs in danger of extinction prohibited from being
collected in nature. This review study aims to provide basic information for research in
this field by specifying the biotechnological methods that can be applied to protect the
gene resources and ensure their continuity in biodiversity of Fritillaria genus with
Aygul plant which is a member of the this genus, and an endemic species of
Kyrgyzstan.

Fritillaria cinsi

Fritillaria cinsi, yaklasik 140 soganli otsu ¢ok yillik tiirden olusmaktadir [1, 2, 3]. Cins
genel olarak iki dala ayrilmakta ve bu iki dalda Fritillaria, Rhinopetalum, Japonica,
Petilium, Korolkovia, Theresia, Davidii ve Liliorhiza olmak iizere sekiz tiir
bulunmaktadir (Sekil 1). Bir dal, agirlikli olarak Kuzey Amerika’'nin bati bolgelerinde
bulunan Liliorhiza alt cinsine ait tiirleri igerir. Diger tiirler ise ikinci dalda bulunur ve
Avrasya’ya dagilmistir [1, 4, 5].

Avrupa (¢ogunluk Akdeniz bolgesinde), Orta Asya, Cin ve Japonya gibi bolgelerde F.
chitralensis, F. eduardii, F. imperialis ve F. raddeane olmak tizere dort farkli Fritillaria
tirti bulunmaktadir (Sekil 2). F. chitralensis, Afganistan ve Pakistanin kuzey
bolgelerinde bulunmaktadir. F. eduardii (Regel ex Lozinsk.) nadir goriilmesiyle 6zellik

kazanmustir.
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Subgenus Fritillaria A

Subgenus Rhiinoperaliim

| Subgenus Japoriica

I Subgenus Perilitim
Subgenus Korolkovia
Subgenus Theresia

Subgenus Fririllaria B

Subgenus Davidii

Subgenus Liliorhiza

Sekil 1 Fritillaria’nin alt tiir simiflandirmast [5]
Fig. 1 Subspecies classification of Fritillaria [5]

F. imperialis tiiri, Anadolu’dan Himalaya daglarina kadar yer alan genis bir bélgede yer

almaktadir. F. raddeana (Regel) Vved. ex Pazij tiirii, Kopetdag (Ashabat. Tiirkmenistan)

bolgesinin endemik bitkisidir. Bu tiirlin dbiirlerinden farki, ¢igeklerinin yesil sarimtirak

renginde olmasidir [6].

{

Saudi 3\ :
Arabia Qatar)% Ne_@

g\. - Uzbeki

<= \
s Turkmenistan

F. imp. var. imperialis F. imp. var. kashmirensis

Sekil 2 Orta Asya’da var olan baslica Fritillaria tiirleri [7]
Fig. 2 The main Fritillaria species existing in Central Asia [7]
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Fritillaria yapisi ve gelisiminin tarihsel siireci

Fritillaria cinsine ait bitkiler, Dag yamagli yiiksekliklerde ve caliliklarda deniz
seviyesinden 1200-2500 metre yiiksekliklerde yetismektedir. Bati Avrupa, Iran,
Afganistan ve Tiirkiye’nin daglarinda biiyliyen bu bitkilerden Aygil lalesi gibi bazi
tiirleri bir metreye kadar uzayabilmektedir. Bitkinin gévdesinin tepesinde ve ¢igeklerin
istlinde ince mizrak seklindeki yapraklar1 bulunmaktadir. Govdenin tepesinde yer alan
cicekleri agz1 asagiya egik, can seklinde 5-9 adettir. Cigeklerin renkleri gesitli tonlarda
olur. En ¢ok karsilasilanlar1 da sar1, kirmizi ve turuncu renkleridir. Bu cinse ait tiirlerin
basgka tiir bitkilerden ayirt eden karakteristiksel 6zelliklerinden biri de hos olmayan
kokuya sahip olmasi ve bazi tiirlerinde hi¢ kokusunun olmamasidir [8].

Fritillaria 16. ylizyilda Tirkiye’den Bati Avrupa’ya getirilmistir ve siis bitkisi olarak
kullanilmaya baslanmistir. 1553°de Italya’nin Vener padisahinin bahgesinde Leyden
Karl Kluziust tarafindan yetistirilmeye baslanmistir. 1573’ten itibaren “Padisah tac1”
olarak taninmistir. Ciinkii bitkinin ¢igekleri taca benzer bir sekilde ¢igek agar. 1574’ten
itibaren ise botanik literatiirlerinde Corona imperialis olarak adlandirilmaya
baslanmustir [9].

Fritillaria, 1753’te Linnaeus tarafindan tanimlanan Avrupa’daki ilk bahge bitkilerinden
biriydi. Bu tarihten itibaren bitki, ¢esitli taksonomik siniflandirmalar altinda yer almistir
[10]. Tirkiye’deki en biiyiik dordiincii geofit bitki cinsidir. Tirkiyede, %36,53
endemizm oram ile Fritillaria’nin 41 taksonu bulunmaktadir ve bu oran cins igin

gesitlilik merkezi olarak kabul edilebilir [11].
Fritillaria Genomu

Fritillaria cinsine ait tiirler, baska diploid bitki tiirlerine kiyasla son derece biiyiik
genom boyutuyla (1C-value: c. 29.7 pg to 100.1 pg (c. 29 Gb ile c. 98 Gb arasi))
karakterize edilir. Angiosperm tiirleri ile karsilastirildiginda Fritillaria cinsinde yer
alan tiirlerden bazilarinin daha biiyiik genoma sahip oldugu gériilmektedir [12]. Bitki
genom boyutlarinin biiyiik 6l¢ekli karsilastirmali analizlerinde biiyiik genomlara sahip
olan bitkilerin, kiiclik boyutlu genoma sahip bitkilere kiyasla daha fazla yok olma riski
altinda oldugu, besin elementlerinin yeterli miktarda olmayan topraklarda biiyiime ve
adapte olma imkanlarmin az oldugu ve ayrica degisen ¢evre sartlarina

adaptasyonlarinin da diisiik oldugu belirlenmistir [13]. Bu bakimdan, Fritillaria’nin
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genom biiyiikliigli, genom evrimini destekleyen mekanizmalart incelemek agisindan

onemlidir [12].
Fritillaria’nin Tibbi ve Aromatik Onemi

Fritillaria soganlar1 Uzakdogu basta olmak iizere yayilis gosterdigi iilkelerde, binlerce
yildan beri geleneksel tipta yaygin olarak kullanilmaktadir. Fritillaria tiirlerinin
soganlarindan; oOksiiriik ve bogaz agris1 giderici, balgam soktiiriicii, ates diistiriicii,
akcigeri nemlendirici, yiiksek tansiyon diistiriicii, astim, siraca ve bronsit tedavi edici
olarak yararlanildigi bilinmektedir. Fritillaria tiirlerinden alinan dogal iiriinler,
oksiiriik tedavisinde kullanilan ilaglarla karsilagtirildiginda avantajlarinin ¢ok oldugu
ve daha az yan etki gosterdigi veya hi¢ yan etki gostermedigi goriillmektedir [14, 15,
16]. Fritillaria tiirlerinin en biiyiik fotokimyasal bileseni olan ve tiim bilesenlerin
yaklasik %42,32’sini olusturan alkaloidler, ¢esitli yollarla indiiklenen akciger hasarini
azaltan potansiyel ajanlar olarak kabul edilmektedir [17]. icerdigi steroidal alkaloitler
nedeniyle Fritillaria’larin, modern tipta ila¢ sanayinde de kullanim alani s6z
konusudur. Bazi Fritillaria tiirlerinde alkaloitlerin disinda ayrica saponin, sterol,
polisakkarit, nisasta, flavonoit, yag asitleri, organik asitler ve ugucu yaglarin
bulundugu da belirlenmistir [18].

Antibakteriyel ve antiviral etkiler

Bakterilere, mantarlara ve viriislere kars1 biyoaktif bilesenleri tanimlamak i¢in diinya
capinda sifali bitkiler iizerinde yapilan farmakolojik arastirmalar, antibiyotik
direnciyle miicadele i¢in alternatif hale gelebilir [19]. Fritillaria cinsine ait bitkilerden
alinan ekstraklarin bakteri ve viriislere karsi etkisinin oldugu tespit edilmistir. F.
thunbergii ile ilgili yapilan c¢alismalarda, bu bitkiden elde edilen ekstraktlarin alti
Helicobacter pylori susuna kars1 oldukga inhibe edici oldugunu gorilmiistiir [20]. Bu
bitkinin antibakteriyel etkisinin yani sira in vitro, in ovo veya in vivo toksisiteyi
indiiklemeden antiviral etkisinin de oldugu HIN1 viriisiinde yapilan aragtirmalar
sonucunda belirlenmistir [21]. Kim ve dig. [21] tarafindan yapilan baska bir ¢alismada
ise Fritillaria verticillata bitkisinin; Bacillus subtilis, Staphylococcus aureus ve
Micrococcus luteus dahil olmak iizere ili¢ bakteriye karsi antibakteriyal aktivite

sergiledigi rapor edilmistir [22].
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Antioksidan etki

Antioksidan etkinin Fritillaria cinsinde tiire bagl olarak farkli oldugu bildirilmistir.
Li ve dig. [23] yaptiklar1 calismada, F. ussuriensis eckstraktlarnin antioksidan
aktivitesinin farkli polarite ile azaldig: rapor edilmistir (ham favonoid ekstrakti>ham
saponin ekstrakti>etanol ekstrakti). Fritillaria soganlarinda bol miktarda {ig
izosteroidal alkaloidin (peimisine, peimine ve peiminine) bulundugu belirlenmistir.
Ayrica, F. pallidifora’dan elde edilen FPSP-H2-1 molekiiliiniin de DPPH (1,1-difenil-
2-pikrilhidrazil),  hidroksil ve ABTS (2,2-azinobis-(3- etilbenzotiazolin-6-
sulfonik asit)) radikallerine karsi giiclii antioksidan ozellik gosterdigi de rapor
edilmistir [24, 25, 26]. F. cirrhosa’dan elde edilen farkli kimyasal yapilara sahip alti
izosteroidal alkaloidin (vertisinon, vertisin, imperyalin-3-B-D-glikozid, delavin,
imperyalin ve peimisin) karsilastirma analizleri; bitkide bulunan bu kimysallarin
antioksidan etkilerinin oldugunu ve bu alkaloidlerin arasindan vertisinon, vertisin,
imperiyalin-3-p-D-glikozid, delavin ve peimisinin oksidatif strese karsi imperyaline
gore daha giiclii etki gosterdigi belirlenmistir. Bu bulgular ilk kez F. cirrhosa’nin,
Nrf2 aracili antioksidan yolagini aktive ederek hiicresel oksidatif streste koruyucu bir
rol oynayabilecegini gostermistir. Bu arastirmada, F. cirrhosa’nin oksidatif stresle
iligkili hastaliklarin 6nlenmesi i¢in umut verici bir terapotik tedavi olabilecegi de
rapor edilmistir [27].

Toksisite

Fritillaria cinsine ait tiirlerin kurutulmus soganlari son derece diisiikk bir toksisite
sergiler. Li ve dig. [28], Fritillaria cinsinin baslica sifali bitkilerinden biri olan F.
thunbergii’nin toksisite ozelliklerini arastirmigtir. Farkli bir ¢alismada da F.
thunbergii’nin su ekstraktinin tahmini 6ldiiriicii dozu (LDso) 52.2 mg kg™ olarak
bildirilmistir [29]. F. cirrhosae ve F. pallidiflora 6zleri arasindaki toksisite ve
geleneksel farmakolojik etkilerin karsilastirmali bir degerlendirmesinde ise farelerde
(LDso) degeri 213.57g kg ve maksimum uygulanabilir doz degeri ise 452.14g kg™
olarak hesaplanmistir [30]. Fritillaria tiirleri, cesitli timor hiicrelerine belirli
sitotoksisiteye sahiptir. F. cirrhosa’nin sulu oziitiiniin, mitotik kontrol noktasini
islevsiz hale getirerek insan kolon epitelyal NCM460 hiicrelerinde mitotik sapmalari,
anormallikleri ve kromozomal kararsizligi indiikledigi rapor edilmistir [31, 32]. F.

imperialis’in sulu ve alkollii 6zlerinin ise insan karaciger kanseri hiicrelerine ve meme
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kanseri hiicrelerine karsi sitotoksik, sitostatik ve proapoptotik etkilere sahip oldugu ve
ayrica alkollii 6ziitlin sulu 6ziitten daha etkili oldugu da kanitlanmistir [33].

Diger etkiler

Antihipertansif etki, Fritillaria tiirlerinin geleneksel etnofarmakolojik 6zelliklerinden
farkli olan yeni bir farmakolojik etkidir. F. ussuriensis’in su ektraktinin, sistolik kan
basincinin artisint 6nleyebildigi rapor edilmistir [34]. Ticari tir olan F. cirrhosa ve F.
pallidifora’dan elde edilen etanol ekstraklarinin kulak 6demi gelisimini engelledigi de
tespit edilmistir [35]. Baska bir ¢calismada; F. unibracteata ve F. yuminensis kaynakl
perimisin-3-O-B-d-glikopiranozidinin, rotenondan etkilenen PC12 hiicrelerinde
norotoksisiteye karst orta koruyucu etki gosterdigi belirlenmistir  [36]. F.
ussuriensis’in etanolden elde edilen oziitiiniin sigcan mast hiicrelerindeki pasif
anafilaksi tepkisini ve histamin salinimini 6nemli Glgiide inhibe ettigi gortilmistiir
[37]. Fritillaria tiirlerinden ekstrakte edilen ve tanimlanan vertikinonun, muhtemelen
periferik ve merkezi mekanizmalar yoluyla inflamatuvar ve kansere bagli noropatik
agrida iyi bir antinosiseptif etkiye sahip olabildigi de rapor edilmistir [38]. F.
imperialis’in soganlarindan izole edilen bes izosteroidal alkaloidin (imperiyalin,
fortisin, persikanidin, imperisin ve delavin) arasindan fortisin, persikanidin,
imperisinin  anti-asetilkolinesteraz ve anti-butirilkolinesteraz inhibe edici etki

gosterdigi de tespit edilmistir [39].
Fritillaria Uzerinde Yapilan Molekiiler ve Sitogenetik Calismalar

Fritillaria’nin  sitogenetik ve molekiiler karakterizasyonu ¢esitli arastirmacilar
tarafindan incelenmistir. Calismalardan biri Rensted ve dig. [4] tarafindan
gerceklestirilmistir. Bu arastirmada, Fritillaria bitkilerinin plastid ve niikleer DNA
bolgeleri analiz edilmistir.  Genetik iliskileri belirlemek ve dogal bitki
popiilasyonlarinin  yapisim  gostermek i¢in  molekiiler markirlarin  kullanildigi
caligmalar da bulunmaktadir. Metin ve dig. [40], AFLP (Amplified Fragment Length
Polymorphism-Cogaltilmis Par¢ca Uzunluk Polimorfizmi) markir yontemini kullanarak
Tiirkiye florasindaki Fritillaria tiirlerini incelemislerdir [40].

Roguz ve dig. [41] yaptig1 aragtirmada ise filogenetik aga¢ ¢izmek i¢in matK, rpll6,
rbcL, 18S ve ITS olmak {izere bes DNA markirindan olusan bir veri tabani
hazirlamiglardir. Bu genetik markirlar, Fritillaria’daki filogenetik iliskileri analiz

etmek i¢in bagka arastirmacilar tarafindan da basariyla kullanmilmistir [4, 5, 42, 43].
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Bununla birlikte, Zhang ve dig. [44] yapmis oldugu arastirmada Fritillaria tiirlerinde
tiim kloroplast (CP) genomlarin1 belirleyerek elde edilen ycfl, trnL, trnF, ndhD, trnN-
trnR, trnE-trnT, trnN, psbM-trnD, atpl ve rps19 molekiiler markirlarinin taksonomik

caligmalarda yararli olacagini rapor etmislerdir [44].
Aygiil Lalesi (Fritillaria eduardii)

Zambakagiller ailesine ait Fritillaria cinsinin bir tiirii olan Aygil lalesinin bilimsel adi
“Fritillaria eduardii”— Eduard c¢icegidir. F. eduardii; karbonat igeren topraklarda,
nemli, kire¢ ve tash topraga sahip olan orman bolgelerinde, g¢alilarin arasinda,
agaclarin altinda, bazen calilarin ve agaclarin bulunmadigi agik alanlarda, daglarin
genelde bat1 ve kuzey kisimlarinda deniz seviyesinden 700-2500 metre yiikseklikte
yetisir. Kirgizistanda da deniz seviyesinden 1550-2000 m yiikseklikteki daglarin
giines gormeyen kiizey kisimlarinda bulunur. Cigek agma zamani Mart aymin
basindan Mayis ayimin sonuna kadardir [45]. Cigeklerinin kokusu vardir ama ¢ok fark
edilmez. Nektarinin igeriginde sekerin konsantrasyonu c¢ok yiiksektir. Bitkinin
tozlasmasinda boceklerin, kelebeklerin ve haserelerin yeri biiyiiktiir. Baz1 kaynaklar,
13 ¢esit haserenin tozlastirmada gorev aldigini bildirmektedir. Bununla birlikte kuslar
da tozlagsmaya katkida bulunmaktadir. Meyve verme zamani Mayis ve Haziran
aylaridir. Yaz mevsiminin sonuna dogru Aygiil bitkisinin topragin iist kisminda yer
alan govdesi kurur [46].

F. eduardii tim Fritillaria cinsine ait tiirler gibi soganli bir polikarpiktir ve bitki
ortiistiniin dogas1 geregi tipik bir efemeroiddir. F. eduardii’nin soganm biiyiik, kiiresel
veya ovaldir, sogant 8 cm capinda, kokleri ise 15-30 cm derinlikte bulunur. En biiyiik
soganli bitkilerden biri olarak kabul edilmistir [47]. Baz1 bitkileri, ¢i¢eklenme
donemindeyken yaklasik 15 ¢i¢ek agabilir. Genel olarak ¢igek agma Mart ayinda baglar
ve Mayis ayna kadar siirebilmektedir. Bu bitki, deniz seviyesinden 2500 metre
yiiksekliklere kadar dogal olarak bulunabilir. Tohum verme zamani ise Mayis-Haziran
aylarindadir. Tohumu, kiigiik yassi ve kahverengidir [9, 48, 49]. Dogada sadece tohumla
cogalir, fideler 7-9 yaslarinda ¢igek agar [47, 49] ve tohumun ¢imlenme oran1 %60’a
kadar ¢ikabilmektedir [49].
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Fritillaria eduardii Tarihcesi

F. eduardii ve ¢esitlerinin isimlendirme tarihi 1884 senesine dayanmaktadir. Eduard
Regel 1884°te F. eduardii'yi ilk olarak tanimlamistir ve 0 zamandan beri bitkinin adi
tizerinde farkliliklar bulunmaktadir. 1884°te Eduard Regel tarafindan bu yeni
Fritillaria’larin tartigildigi dért makale yaymlanmustir. ilk iigii Gartenflora'da ve
dordiinctisii Acta Horti Petropolitani‘de yaymlanmistir. Yeni kesfedilen tiir, 30-60 cm
yiikseklige, ¢ok yaprakli bir gévdeye ve biiyiik mor renkli ¢igeklere sahip, iyi bilinen F.
imperialis'in yakin akrabasi olarak kayit altina alinmigtir. Eduard Regel, bu yeni bitkiyi
F. imperialis tiiriine benzer olarak gérmemistir. Bunun nedenini de hem soganlarda hem
de ciceklerinde F. imperialis’e has olan bir kokusunun olmamas: ve daha kisa,
yapraksiz govdesinin olmasit olarak agiklamistir. 1884'te yayinlanan sonraki
makalelerde ayni bitkiden tekrar bahsedilmis, ancak makalede kokusu olmayan
Fritillaria’nin bu tiirleri Fritillaria imperialis inodora ve Fritillaria imperialis L. var.
inodora purpurea Rgl olarak F. imperialis’in bir varyetesi olarak smiflandirilmistir. Bu
yeni kesfedilen kahverengi-mor cicekli Fritillaria bitkisi, F. imperialis'e kiyasla daha
kisa, yapraksiz bir govdeye sahiptir ve ¢igekleri baslangicta, tomurcuk asamasinda daha
dik olarak gelisim gostermektedir. Acta Horti Petropolitani‘deki son yayinda, biri safran
saris1 asagiya egik haldeki ¢igeklere sahip ve digeri mor, dik veya yatay ¢igekleri olan
iki renk gesidi olan bitki ayirt edilmistir. Makale, “Fritillaria Eduardi A. Rgl.” olarak
kaydedilmistir, ancak Regel'in kendisi bu ismin kaldirilmas1 gerektigini belirtmistir [50,
51, 52, 53]. 1878 ve 1879 yillar1 arasinda ise Albert Regel, Tacikistan'daki Darwas ve
Baldschuan daglarinda ve Ozbekistan'daki Dogu Buhara daglarinda Fritillaria bitkisini
toplamigtir ve onlar1 Rusya'min Saint Petersburg kentine ekim igin getirmistir. F.
eduardii ad1 Albert Regel tarafindan babasimin onuruna onerilmistir. Bitkinin kokusuz
bir sogana sahip oldugunu ve parlak kirmizi bir ¢igek ortiisii ile dik veya incelmis
cicekler (F. imperialis'teki gibi basin1 sallamadan) olarak tanimlanmistir [33]. Flora
Uzbekistanika'da Vvedensky, F. eduardii'yi Petilium cinsindeki bir tir olarak
bahsetmistir [54]. Bitkinin ti¢ ¢esit ¢icek renginden bahsedilir: turuncu-kirmizi, tugla
kirmizis1 ve mor-kahverengi. Sonradan Wietsma ve dig. [7], F. eduardii adini yeniden
kabul etmistir ve Once yayinlanan c¢alismalarda bahsedilen bitkinin isimlerinin
Fritillaria eduardii oldugunu ve oOnceden kullanilan isimlerin es anlamli isimler

oldugunu belirtmistir.
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Eduard Regel tarafindan bahsedilen kokususuz Fritillaria bitkilerinin de F.
eduardii’nin biri Fritillaria eduardii var. eduardii ve digeri F. eduardii var. inodora
olan iki varyetesinin oldugunu belirtilmistir. Fritillaria eduardii var. eduardii
bitkisinin; ¢an seklinde ve sarkik mor-kirmizi veya kirmizi ¢igeklere sahip oldugu,
yaklasik 60-70 cm yiiksekliginde oldugu rapor edilmistir. Bununla birlikte F. eduardii
var. inodora bitkisinin ise yaklasik 50-70 cm yiiksekliginde saridan turuncuya, genis
capta ¢an seklinde, dik veya sarkik gigeklere sahip oldugu belirtilmistir. Fritillaria
eduardii tiiriiniin Orta Asya'ya, ozellikle Tacikistan, Ozbekistan, Kirgizistan ve

muhtemelen Afganistan'in daglik bolgelerine 6zgii oldugu da vurgulanmistir [7].
Fritillaria eduardii’nin Biyolojik Ozellikleri

Aygiil lalesi, zambakgiller ailesinin bir iiyesi olan cok senelik bir bitkidir. Cicek
tablas1 ve tac yapraklarinin g¢esitli renklerde olmasi ve ayrica gelismis kok ve siirgiin
sistemleri Aygiil lalesinin bilinen 6zellikleridir. Bitkinin karakteriksel 6zelliklerinden
bir de ¢igceklerinde koku olmamasidir [47]. Bu ¢igegin filizleri, tohumlar1 topraga
diistiikten yedi y1l sonra ylizeye ¢ikar ve yedi yil sonra, lizerinde parlak turuncu renkli
ilk ¢igek tomurcugu belirir. Bitkide yilda birden fazla tomurcuk gériinmez, bu nedenle
bitkinin yas1 c¢icek sayilarina gore belirlenebilir [57]. Mart ayindan itibaren
yesillenmeye baslar, Nisan ve Mayis aylarinda ¢igeklenir.

Milko [6] tiim popiilasyon alan1 boyunca 200°den fazla ¢icek agan ve rastgele segilen
F. eduardii bireylerinde bitki boylarmi ve g¢igek sayilarini esit kriterlere gore
Olemiistiir. Bu calismada, bitki yiiksekligi 65 cm ve bir bireydeki/ornekteki ¢igek
sayis1 4 olacak sekilde ortalama degerler kaydedilmistir. Rapor edilen en kii¢iik 6rnek
ile ilgili veriler su sekildedir: yilikseklik 37 cm, ¢icek sayist 1 adet, apikalde 5 ve
govdede 20 adet yaprak. En uzun 6rnegin degerleri ise yiikseklik 95 cm, ¢icek sayisi
13, apikalde 27 ve govdede 38 adet yaprak olacak sekilde belirlenmistir. incelenen
popiilasyondaki F. eduardii’nin alt yapraklarmin genisligi 5-12 cm ve orta kisimlari
ise (yukart dogru boyut olarak kiigiilme goézlemleniyor) 2,5-4 cm’dir. Golgede
bliyiiyen bitkilerde yaprak laminanin maksimum uzunlugu 22,5 cm, ¢igegin cap1 10
cm ve tag yapraginin uzunlugu ise 6,5 cm olarak belirlenmistir.

Biiyiik, parlak renkli ¢igekleri, bu bitkinin entomofil olmasimin bir isaretidir ve
tozlastirict  boceklerin  yasam dongiilerinin  kiitlesi ve eszamanliligi, tohum

yenilenmesinin 6nemli sinirlayici faktorlerinden biridir. Cigeklenmenin baglangicinda,
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acildiktan sonraki 2-3 giin i¢inde ¢igeklerin dibinde biiyiik nektar damlalar1 belirlenir.
Nektar1 ¢ok sividir (seker igerigi yaklasik %8'dir), bu nedenle beslenme i¢in degil
susuzlugu gidermek i¢in daha uygundur ve hem 6zel nektarofajlart hem de ara sira
damlayan su (¢ig), tiiketicilerini (ar1, bocek ve sinekleri) ¢eker. Nektar damlalar1 ve

tizerlerinde toplanan bocekler ile bazen kuslart da ¢ektigi belirlenmistir [57].
Fritillaria eduardii’nin Yasam Dongiisii

Ciceklenme donemindeyken yaklasik 15 adet ¢icek acilabilir. Bu bitkinin soganlar1
havalarin sicak olmaya basladigi mart ayindan itibaren biiyimeye baslar (Sekil 3.01
ve Sekil 3.02). Sekil 3.03 ve Sekil 3.04’ de goriildiigii gibi mart ay1 boyunca toprak
iistli aksami biliylimeye devam eder. Genelde Nisan ayinda gévdelerinin tepesinde ve
ciceklerinin iistiinde ince mizrak seklinde yapraklardan olusan tug seklinde bir yaprak
demeti olugmaya baslar (Sekil 3.05). Genel olarak ¢icek agma nisan ay1 ile baslar ve
mayis ayima kadar siirebilmektedir (Sekil 3.06 ve Sekil 3.07). Bununla beraber tohum
verme zamani ise Mayis-Haziran aylaridir (Sekil 3). Cicekleri 4-6 giin arasinda
tozlasir ve tohumlanir. Tohumlandikdan bir giin sonra disi organini tepecigi kuruyarak
kahverengi hale gelir. Yagmurlu giinlerde de bitkinin ¢igek taclar1 dokiilmez. Genelde
cigeklerinin %40-60’1 dokiilmektedir [58, 59].

Sekil 3 Aygiil bitkisinin yasam dongiisii.
Fig. 3 Life cycle of Aigul plant
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Fritillaria eduardii Uzerinde Yapilan Cahsmalar

Farkli disiplinlerden yapilan c¢alismalar genelde Fritillaria cinsi kapsaminda
gerceklestirildiginden dolay1 gliniimiize kadar Kirgizistan’a 6zgti F. eduardii lizerinde
yapilmis olan ve yaymlanmis olan makale ve calismalar neredeyse yok denecek kadar
azdir. Yayinlanmig olan arastirmalarda da sadece bitkinin biyolojik 6zellikleriyle ilgili
bilgiler yer almaktadir. Imanberdieva [57], F. eduardii bitkisini Batkenden Biskek sehri
Alamedin bolgesine getirilerek yetistirmis ve biyolojik ozellikleri basta olmak iizere
bitkinin yeni bolgede yetisme ile biiyiime siirecini gozlemistir. Sadykova [56],
Kirgizistan'in Ozgiin Floras1 konulu ¢aligmasinda Kirgizistan igin tipik olan bazi otsu
bitki tiirlerini tanimlarken F. eduardii hakkinda da bilgi vermistir. Fergana Vadisi'nin
Nadir Bitki Tirleri Atlas Sozligiinde (2021) ise F. eduardii’nin biyolojik 6zellikleri,
sistematigi ve durumu hakkinda bilgi verilmistir [60]. Roguz ve dig. [41] tarafindan
yapilan ¢alismada ise Fritillaria tiirlerinin ¢igek Ozelliklerinin yeni tozlayicilar igin
cekiciligi degerlendirilmis ve c¢icek Ozelliklerinin evrimi izlenmistir. Fritillaria
tirlerinin ¢igek renk degisimlerinin izlenmesi sonucunda diger bitki aileleri ile

kiyaslandiginda bu cinsteki renk kaybinin geri doniisiimlii olabilecegi belirtilmistir.
Sonu¢ ve Oneriler

Onemli Fritillaria tiirlerinden olan ve Kirgizistan i¢in ekonomik degeri bulunan F.
eduardii bitkisi ile detayli bilgi vermek i¢in yapilan bu derleme ¢alismasinda; bu
bitkinin korunmas1 ve biyogesitlilik i¢ersindeki devamliligin saglanmasi i¢in molekiiler
diizeyde ¢ok az ¢alismanin yapildigi belirlenmistir. Arastirmalarin genel olarak sadece
bitkinin taksonomik degerlendirilmesi, sitolojik yapist ve morfolojik ozellikleri ile
kismi sekonder metabolitlerin varligi ve bunlarin aktiviteleri yo6niinde oldugu
gozlenmistir. Fritillaria tiirleri hem geleneksel tipta hem modern tipta kullanilmaktadir.
Ayrica, bu bitki tiirlerinin ¢ogu sadece dogada bulunmaktadir ve smirli bolgelerde
endemik olarak bilinen tiirlerinin sayis1 da ¢oktur. Fritillaria tiirlerinin ¢ogu dogada
yetistiginden dolay1, bitkinin genetik ¢esitliliginin ve gen kaynaklarinin korunmasi
onem arz etmektedir.

Bu c¢alismada belirtildigi gibi F. eduardii soyu tiikenme tehlikesi ile karsi karsiyadir.
Geleneksel cogaltim yontemlerinin ¢ogaltim katsayisi ve c¢ogaltim hizi bakimindan

yetersiz kaldig1 bilinmektedir. Bu yilizden 6ncelikle bitki doku kiiltiirii kullanilarak F.
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eduardii i¢in etkin bir ¢ogaltim teknigi gelistirmesi onerilmektedir. Ayrica molekiiler

analizler sayesinde nesli tilkenmekte olan bu bitkiyle ilgili detayli genom bilgisinin elde

edilmesi &nemlidir. Ozellikle endemik tiir sayis1 bakimindan Kirgisiztan’m sahip

oldugu zenginligin farkina varilarak giincel problemlerin olumsuz etkilerini en aza

indirmek i¢in kapsaml1 biyoteknolojik 6nlemler alinmalidir.
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Hava Bazh Proteinin Alternatif Bir Protein Kaynagi Olarak
Kullanim Olanaklarinin Incelenmesi

Elif Erdogan' , Orhan Kaya'?*~ , Esra Derint?*= | Busra Cakaloglu Ebcim?2*

OZET MAKALE GECMISi
Siirdiiriilebilir kaynaklarin arastirilmasi gida endiistrisinde giinden giine artan bir Gelis

oneme sahip olmaktadir. Bu noktada alternatif protein kaynaklari, iiretimde kullanilan 04 Nisan 2022

dogal kaynaklarin smirli olmasi ve hizli niifus artis1 nedenleriyle popiiler aragtirma Kabul

konusu olmustur. Yapilan arastirmalara gore mevcut tiiketim aligkanliklar1 ve niifus 22 Temmuz 2022

artistyla devam edilirse; 2050 yilina gelindiginde diinya niifusuna yeterli protein
kaynaginin saglanmasi i¢in protein mahsullerinin 2005 yilina goére %110 daha

fazlasina ihtiyag duyulacaktir. Tarimsal alanlarin azalmasi ve kiiresel 1sinma ANAHTAR KELIMELER
neticesinde biyogesitliligin zarar gordiigii gercegi hesaba katildiginda, gelecekte Tek hiicre proteini,

kaliteli protein ve igilebilir su kaynaklarina erisim konusunda sikinti ¢ekilecegi hidrojen oksitleyici
ongoriilebilmektedir. Tek hiicre proteini (THP); biyoprotein, mikrobiyal protein veya bakteriler,

biyokiitle olarak adlandirilan kurutulmus hiicre toplulugudur. THP; mantarlar, hava bazli protein,
mayalar, algler ve bakteriler gibi birgok farkli mikroorganizmalardan elde alternatif protein kaynaklari,
edilebilmektedir. Hava bazli protein (HBP) ise Hidrojen Oksitleyici Bakteriler surdiirtlebilirlik

(HOB)’in biyoreaktorlerde cogaltilip, saflagtirillip kurutulmasi ile elde edilen bir
THP’dir. Elde edilen biyokiitle, proteine ek olarak lipid, karbonhidrat, vitamin ve
mineral kaynagi da saglamaktadir. Bu sebeple HBP, alternatif ve siirdiiriilebilir bir
protein kaynagi olma potansiyeli tasimaktadir. Bu ¢alismada; THP, HOB ve HBP
hakkinda yapilan arastirmalar derlenmis ve HBP’lerin kullanim potansiyeline bir 1s1k
tutulmasi1 hedeflenmistir.

! Pinar Entegre Et ve Un Sanayi A.S., 35730, izmir, Tiirkiye
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An Investigation of the Possibilities of Using Air-Based
Protein as an Alternative Protein Source

ABSTRACT ARTICLE HISTORY
Day by day, the researches on sustainable sources are gaining more importance in the Received

food industry. At this point, alternative protein sources became a popular research 04 April 2022

topic due to the limitation of natural resources used in food processing and rapid Accepted

population growth. It is stated that, If the current consumption trends and population 22 July 2022

growth are maintained, 110% more protein crops will be needed compared to 2005 to

provide sufficient protein for the world population in 2050. Considering the damaging KEYWORDS

results of decrease in agricultural areas and global warming to biodiversity, it is
predictable that there will be difficulties to access of qualified protein and potable
water in the future. The single-cell protein (SCP) refers to dried cells of
microorganism and also called as bioprotein, microbial protein, or biomass. SCP can
be obtained by many different microorganisms such as fungi, yeasts, algae, and
bacteria. Air-based protein (ABP) is an SCP obtained by growing, purifying, and
drying of Hydrogen Oxidizing Bacteria (HOB) in bio-reactors. The obtained biomass
is a source of lipids, carbohydrates, vitamins and minerals in addition to protein. For
this reason, ABP has a potential as an alternative and sustainable protein source. In
this study, besides reviewing of researches on SCP, HOB and ABP, it was aimed to
shed a light on the potential areas of the ABP usage.

Single cell protein,
hydrogen oxidizing
bacteria,

Air-based protein,
Alternative protein
sources,
Sustainability

Giris

Diinya niifusunda meydana gelen hizli artis ve iklim degisiklikleri nedeniyle meydana
gelebilecegi diisiiniilen tarimsal verimlilikteki diisiis kiiresel gida giivenligi ile ilgili
endiseleri artirmaktadir [1]. Diinya niifusundaki bu artisin Oniimiizdeki yillarda da
devam edecegi ve Birlesmis Milletler (BM)’in tahminine gore bugiin 7,7 milyar olan
insan niifusunun 2050 yilina kadar 9,7 milyara ulasacagi ongoriilmektedir [2]. Tilman
ve arkadaglarinin [3] tahminine gore artan niifusa yeterli miktarda protein kaynagi
saglamak icin 2050 yilinda gerekecek olan tarimsal protein mahsulii 2005 yilina gore %
110 fazla olacaktir. Ote yandan tarimsal alanlar giiniimiizde ¢61 olmayan ve buzla kaplh
olmayan arazinin yaklasik %43’linii kapsamaktadir. Tarimsal iiretimin, diinya
niifusunun artmasina paralel olarak artacak olan tarimsal protein talebini karsilamasi
durumunda ise bu yiizde daha da yiikselecek ve biyogesitlilik olumsuz yonde
etkilenecektir [4]. Ayrica hayvansal kaynakli protein arzinin kiiresel tiiketim talebini
karsilayabilmesi icin et iiretimi miktarinin 2050 yilina kadar iki katina ¢ikmasi
beklenmektedir. Mevcut durumda 1 kg dana eti iiretimi i¢in yaklagik 15,5 ton su
kullanilmasi, 1 kg tavuk eti tretimi i¢in ise 3,9 ton su kullanilmasi, temiz su

kaynaklarinin gelecekte daha hizli tiikenecegini gostermektedir [5]. Buna bagh olarak,
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zaten kisith olan arazi kaynaklarmin hayvancilik ve su iiriinleri yetistiriciliginde
kullanilan protein agirlikli yem {iretimi i¢in de ayrilmasi gerekmektedir [6, 7].
Proteinler, hiicre onarimi ve yenilenmesinde, ¢ocuklarin biiylime ve gelisiminde etkili
olup diyette yer almasi gereken temel besin &geleridir [8]. Ozellikle icerdikleri
fenilalanin, valin, treonin, triptofan, izoldsin, metionin, histidin, 16sin ve lizin gibi
zorunlu amino asitler, insan viicudu tarafindan iiretilemedigi i¢in yasam boyu besinler
yoluyla alinmasi gerekmektedir [9-11]. Giinlik beslenmeyle alinmasi1 gereken protein
ihtiyaci yas, kilo, cinsiyet ve fizyolojik durumlar (hamilelik, emzirme, spor yapma,
hastalik) gibi faktorlere bagl olarak degiskenlik gostermektedir [11, 12]. Beslenmeyle
alinabilecek protein kaynaklari hayvansal ve bitkisel olmakla birlikte hayvansal
kaynakli proteinler zorunlu amino asitler bakimindan daha zengindir [13]. Tablo 1’de
cesitli faktorlere bagl kilogram viicut agirligi bagina giinliik alinmasi gereken protein
miktart (g) verilmistir. Tablo 2’de ise yas gruplarina gore gerekli zorunlu amino asit
miktarlart (mg/g protein) goriilmekte olup biiyiime c¢aginda zorunlu amino asitlere
gereksinimin daha fazla oldugu anlagilmaktadir [11].

Tablo 1 Degisik faktorlere gore giinliik gerekli protein miktarlari [8]
Table 1 Daily protein requirements based on different factors[8]

Gruplar Alt grup Protein (g/kg-giin)
Bebekler 6-12 ay 1,0
Cocuklar 1-3 yas 0.87

4-8 yas 0,76

9-13 yas 0,76

Erkekler 14-18 yas | 0,73

>19 yas 0,66

9-13 yas 0,76

Kadinlar 14-18 yas | 0,71

>19 yas 0,66

Hamilelik donemi | 14-50 yas | 0,88

Emzirme donemi | 14-50 yas 1,05

Diinya niifusunun hizli artis1 ve iklim degisikliginin, giiniimiizde zaten var olan gida
giivenligi ve yetersiz beslenme gibi olgularin artmasina neden olacagi dngoriilmektedir

[14]. Diinyada esit olmayan gelir dagilimi nedeniyle kaliteli proteine erisim

645



saglanamamasi, Ozellikle gelismekte olan {ilkelerde yetersiz beslenmeye neden
olmaktadir [15]. Kisinin diyetinde yeterli protein kaynagi bulunmamasi da kas
gligsiizliigli, biiytime geriligi ve bagisiklik sisteminin zayiflamasi gibi ciddi klinik
sorunlara neden olabilmektedir [16].

Tablo 2 Cesitli yas gruplarina gore zorunlu amino asit gereksinimleri [11]
Table 2 Essential amino acid requirements based on various age groups [11]

Amino asit (mg/g protein) | 0-5yas | 1-2yas | 3-10yas | 11-14yas | 15-18 yag | >18 yas
Histidin 20 18 16 16 16 15
izolosin 32 31 31 30 30 30
Losin 66 63 61 60 60 59
Lizin 57 52 48 48 47 45
Metionin+Sistein* 28 26 24 23 23 22
Fenilalanin+Tirozin* 52 46 41 41 40 38
Treonin 31 27 25 25 24 23
Triptofan 8,5 7,4 6,6 6,5 6,3 6,0
Valin 43 42 40 40 40 39

*Metionin viicutta sistein yapiminda kullanildigi igin, fenilalanin ise tirozin yapiminda kullanildig: i¢in
birlikte verilmistir.

Gelecek yillarda etkileri daha ¢ok goriilecek olan iklim degisikligi ve niifus artisi ile
meydana gelecek olan protein talebindeki artis, yiiksek kaliteli proteine erisimi daha da
zorlastiracaktir. Bu nedenlerden dolay1 bazi aragtirmacilar ¢alismalarini, geleneksel gida
ve yem katki maddelerine alternatif olacak besin kaynaklar iizerine odaklamislardir.
Minimum ¢evresel etki ile gida giivenligini koruyan ve yiiksek kaliteli proteinlerin
iretimine olanak saglayan tek hiicre proteinleri, geleneksel hayvan ve bitki bazli
proteinlere kiyasla umut verici alternatifler olarak goriilmektedir [17]. Bu makalede, tek
hiicre proteinlerinden biri olan hava bazli protein iretiminin ortaya ¢ikisi, geligim
siireci, iiretim yontemleri, beslenmedeki yeri, kullanim alanlar1 ve cevresel etkileri
hakkinda yapilan arastirmalar derlenmis ve HBP’lerin kullanim potansiyeline 151k
tutulmaya ¢alisilmstir.

Tek Hiicre Proteini (THP)

Tek hiicre proteini (THP) kurutulmus hiicre toplulugudur. Bu kavram ayni zamanda

biyoprotein, mikrobiyal protein veya biyokiitle olarak da ifade edilmektedir [18, 19].
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Yiiksek ham protein igerigi (%60-70), hayvansal proteinlere benzer amino asit profili, B
grubu gibi zengin vitamin igerikleri ve diisiik miktarda yag seviyeleri sayesinde insan ve
hayvanlar i¢in alternatif bir besin potansiyeli olusturmaktadir [18, 20]. THP’lerin amino
asit profili incelendiginde ise ¢ofu hayvan ve bitki kaynaginda yeterli miktarda
bulunmayan lizin, metiyonin gibi ¢esitli amino asitler agisindan zengin oldugu
saptanmistir [21]. Ayrica THP’nin balik unu ve soya fasulyesi unu gibi protein
kaynaklarinin iyi bir ikamesi oldugu bildirilmistir [22].

Protein kaynaklarini1 artirmanin etkili yollarii aramak, teknolojik ilerlemenin ana
hedeflerinden olmustur. Mikrobiyolojik sentez ile protein {iretimi; geleneksel et
tiretimine gore su, toprak, enerji gibi kaynaklar1 daha verimli kullanan, iklime ve hava
sartlarina bagli olmayan bir tretim seklidir. Gida giivenligi agisindan ise hormonlar,
pestisitler ve patojenler gibi kimyasal ve biyolojik tehlikelerin de Oniine
gecilebilmektedir [23].

Insanlarin ve hayvanlarin beslenmesinde &nemli bir yeri olan proteinin geleneksel
tiretimden daha siirdiiriilebilir alternatif kaynaklari uzun yillardir aragtirilmaktadir [18].
Mikroorganizmalar yogurt, peynir, kefir, ekmek, fermente sebzeler ve fermente balik
ezmesi gibi birgok geleneksel gidanin bilesenleri olarak binlerce yildir insan
beslenmesinin bir parcast olmustur [24]. Ekmek ve icecek iiretimi i¢in kullanilan
mayalarin tarihi ilk c¢aglara kadar dayanmaktadir. Ayrica mayalar, hayvan yemi
takviyesi olarak dnemi neredeyse bir asir dnce anlagilan ilk mikroorganizmalardir. 16.
yiizyilda bugiinkii Meksika baskentinin yerlileri, Texcoco Golii’niin yakinlarindaki
alkali sularindan Arthrospira (yaygin olarak Spirulina olarak bilinir) cinsine ait
siyanobakterileri toplamistir [25]. Spirulina biyokiitlesinin toplanmasi ve biskiivi
seklinde kurutularak insan tiiketimi i¢in kullanimi giiniimiizde hala devam etmektedir
[26]. Birinci Diinya Savasi sirasinda Almanlar Candida utilis'i ¢orbalarda ve sosislerde
kullanmiglardir. Savas sirasinda Alman askerlerinin diyetleriyle aldiklar1 proteinin yarist
mayalar ile ikame edilmistir. Ikinci Diinya Savas sirasinda da bu ikame yéntemi yogun
olarak kullanilmistir [27, 28]. 1960' yillarda protein, yag ve vitamin kaynagi olarak
bakteriyel biyokiitleyi dogrudan kullanmak i¢in ilk adimlar atilmistir ve daha sonra THP
terimi ortaya c¢ikmustir [29]. Mikroorganizmalarin kuru maddesinin biiyiik bir
cogunlugunun proteinden meydana gelmesi, bu canlilarin tek hiicre olarak yiiksek

protein iceriginde olmasini saglamaktadir [30].
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THP iiretiminde optimum ortam kosullar1 saglanirsa, bitkisel veya hayvansal protein
kaynaklarma kiyasla daha hizli bir sekilde iiretim gergeklesebilmektedir. Ayrica gida
isletmelerinde sistemden ayrilan atik nitelikli yan iiriinlerin tek hiicre proteini iiretimi
sirasinda besi ortami olarak kullanilmasi ekonomik olarak fayda saglamaktadir.
Incelenen mikrobiyal gelisim ortamlarmin bazilar1 portakal kabuklari, seker kamusi,
patates, Hindistan cevizi, liziim, mango vb. islenmesi sirasinda ortaya ¢ikan tarimsal yan
trlinlerdir. Ayrica alkol, kagit, petrol vb. sanayi atiklar1 da besi yeri olarak
kullanilmaktadir. Bu tarimsal ve sanayi atiklarinin degerlendirilmesi ile ekonomik
kazanim artmakta, cevre Kkirliliginin artis1 engellenebilmekte ve yiiksek kaliteli
hayvansal {irlinlere alternatif bir protein liretimi gergeklestirilebilmektedir [31-37]. Ek
olarak, THP iiretim siireci kapali sistemlerde gerceklestigi icin mevsimsel degisiklerden
etkilenmemektedir. Ayrica hayvansal protein {iretiminde goriilen hayvan hastaliklar1 da
bu iiretim modelinde goriilmemektedir. Boylelikle THP dort mevsim boyunca, talep
edilen miktarda verimli bir sekilde iiretilebilmektedir [38-40]. THP iiretimi genis arazi
ve bliylik su kaynaklar gerektirmediginden, THP nin bitkisel ve hayvansal protein
kaynaklarina iyi bir alternatif olacagi diisliniilmektedir [41, 42]. THP iiretimi sirasinda
hayvansal hastaliklarin goriilme olasi§i olmasa da iiretim sirasinda yiiksek
kontaminasyon riski mevcuttur. Fermentasyon ortaminin dig ortamda bulunan
mikroorganizmalarla, dis ortamin da biyoreaktor igerisindeki mikroorganizmalarla
kontaminasyonunun engellenmesi igin biyoreaktor icerisindeki hava giris ve
cikislarinda steril hava filtreleri kullanilmaktadir. Bu durumun yami sira
kontaminasyonu engellemek igin yapilan uygulamalardan biri biyoreaktér bosken
sterilize etmek, daha sonra kesikli veya siirekli sistemle steril edilen besiyerini
mikroorganizmalarin kullanmasi i¢in fermentasyon kabina aktarmaktir. Diger bir
yontem ise biyoreaktoriin fermentasyon ortami ile doldurulmasi ve ikisinin beraber tek
seferde sterilize edilmesidir. Bir bagka acidan bakildiginda ise fermentasyon igin
gereken hava, inokulum ve besin maddelerini tasiyan biitiin borular buhar ile sterilize
edilmektedir. Ortamda bulunmasi istenmeyen mikroorganizmalarin inaktive
edilebilmesi icin, biyoreaktdr baglantilari buharla muameleye uygun sekilde dizayn
edilmekte ve sistem aseptik inokiilasyon, 6rnek alma ve iiriin ayrilmasina uygun olarak

tasarlanmaktadir [43].
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THP’nin zengin protein, vitamin ve esansiyel amino asit igerigi, bu {irliiniin besin
degerini ylikseltmektedir. Ancak iceriginde fazla miktarda niikleik asit bulunmasi, bilim
insanlarini geleneksel protein kaynaklarina alternatif olmalar1 konusunda daha fazla
arastirma yapmaya sevk etmistir. Insan viicuduna fazla miktarda niikleik asit alinmasi
halinde {irik asit ¢okelmesi ve bobrek tast olusumu gibi bazi saglik problemleri
goriilebilmektedir [44]. Katabolizmayla birlikte niikleik asitler hipoksantin ve ksantine
parcalandiktan sonra bu iriinler ksantin oksidaz enziminin etkisiyle trik aside
doniismektedir. Urik asit suda cok az c¢oziinmektedir ve iirik asit kristalleri renal
dolasimda yogunlastiginda ¢okelme meydana gelerek bdobrekte tiibiil tikanmast,
glomeriiler filtrasyon ve idrar ¢ikisinda azalmaya neden olabilmektedir [45]. Ham
THP’lerdeki bu yiiksek niikleik asit orani bazi kimyasal, enzimatik veya 1s1l islemler ile
azaltilabilmektedir [27]. Bakteri kaynakli THP’lerin yiiksek niikleik asit igerigi
bakterilerin RNA’larindan kaynaklanmaktadir. THP’lerin RNA igerigini ve bdylece
igerdigi niikleik asit miktarini1 azaltmak amaciyla g¢esitli metotlar gelistirilmistir. Isil
islem (60-70°C) ile aktivasyondan sonra riboniikleaz kullanilarak RNA degredasyonu
gerceklestirilebilmektedir. Ancak bu islem sonrasinda degrade olan RNA bilesenleri
hiicrenin disina dagilir ve %35 ile %38 arasinda bir biyokiitle kayb1 yasanabilmektedir.
Olusan bu kaybi azaltmak amaciyla arastirmacilar prosesi daha yiiksek (72-74°C)
sicaklik araliginda uygulamis ve biyokiitle kaybini1 %30 ile %33 diizeylerine indirmeyi
basarmiglardir. Alkali hidroliz ve kimyasal ekstraksiyon metotlar1 da benzer amaglar
dogrultusunda incelenmistir. Yapilan bir ¢aligmada 65°C, 7,5-8,5 pH araliginda yapilan
islemde RNA igerigi %?2’nin altina disiiriilmiis olup protein igerigi %350 olarak
korunabilmistir [46].

Bu islemlerin sonucunda, islenmis mikrobiyal biyokiitle agirlikli olarak 6lii hiicrelerden
olusmaktadir [44]. Tablo 3’te mikroorganizma gruplarinin bazi ortalama besin degerleri
kuru agirlik (%) cinsinden verilmistir [27].

THP birgok farkli mikroorganizma ile elde edilebilmektedir. Onemli THP kaynag1 olan
bakterilerin jenerasyon siireleri oldukca kisadir. Bu mikroorganizmalar genis bir
substrat kullanim alanina sahip olmakla birlikte cinslerine bagl olarak 20 ile 120 dakika
icerisinde sayilarini iki katina c¢ikarabilmektedirler. Nisasta, seker gibi organik atiklari

ve hatta etanol, metanol ve nitrojen gibi petrokimyasal atiklari dahi substrat olarak
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kullanabilen THP kaynag1 bakteriler mevcuttur [47] ve bu bakterilerden elde edilen
THP’nin amino asit profili balik proteini ile benzerlik gostermektedir [48].
Tablo 3 THP iiretiminde kullanilan mikroorganizmalarin ortalama bazi besin 6geleri

Table 3 Some approximate amount of nutrients of microorganisms used in SCP production

\YEVIETS Bakteriler

Protein (%)

Kiil (%)

Niikleik asit (%)

Onemli bir THP kaynag: da kiiflerdir. Kiiflerden elde edilen THP mikoprotein olarak
isimlendirilmektedir ve %30-50 oraninda protein igermektedir. Mikoproteinler
sofralarda tiiketilmek iizere ‘Genel Olarak Giivenli’ (GRAS) gida sinifinda kabul
edilmesinin yani sira amino asit profili de Gida ve Tarim Orgiitii’niin (FAO)
standartlarin1 karsilamaktadir [27]. Son yillarda 6zellikle vegan diyet i¢in oldukca
dikkat c¢eken, siirdiiriilebilir protein kaynaklarina ©6nemli bir alternatif sunan
mikoproteinler, her ne kadar Agaricus bisporus, Auricularia fuscosuccinea, Neurospora
intermedia ve Pleurotus albidus tiirleri kullanilarak iiretilse de Fusarium venenatum
adl kif tiirti, mikoprotein iiretiminde en ¢ok bilinen ve gidalarda ticari olarak kullanilan
tirdiir [49-53].

Bazi mikroalg tiirlerinden elde edilen THP’ler de hayvan ve insan tiiketimi igin
iretilebilmekte ve genellikle %70 oranina kadar protein icerebilmektedir. Protein
iceriginin yan1 sira, omega-3 yag asiti igermesi nedeniyle yag kaynagi olarak saglikli bir
profil olusturmaktadir. Bununla birlikte, alglerde, %3 ile %8 arasinda degisen nispeten
diisiik miktarda ntikleik asit igerigi bulunmaktadir [54]. Texcoco Go6lii yakinlarindaki
Meksikal1 insanlar tarafindan hasat edilen ve insan diyetinde kullanilmasi i¢in kurutulan
bir alg cinsi olan Spirulina uzun yillardir tiiketilmektedir. Diinyanin farkli yerlerinde
Chlorella ve Senedessmus gibi diger alg cinslerinin biyokiitlesi de yem kaynagi olarak
kullanilmistir. Alglerin yiiksek protein igerigi, hizli biiylime hiz1 ve basit yetistiriciligi
diinya ¢apinda yem bileseni olarak kabul gérmelerinde kolaylik saglamistir [55].
Diinyada tiim mikroalg tiirlerinin yillik {iretiminin 10 bin ton oldugu tahmin

edilmektedir. Yillik alg biyokiitlesinin %75’ten fazlasi toz, tablet, kapsiil veya pastil
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tiretiminde kullanilmaktadir [56]. Ayrica yesil algler iyi bir antioksidan kaynagi olarak
da degerlendirilmektedir. Nutrasotikler ile birlikte Spirulina maxima adli alg tiirii igeren
bir diyet ile birlikte progenitor hiicreler korunabilmektedir. Ek olarak yagli karaciger
sendromunu 6nleme yetenegine de sahiptirler. Alglerin yukarida bahsedilen avantajlari
bulunmasina ragmen kuru maddesinde bulunan seliilozik hiicre duvarlari insanlar
tarafindan sindirilememektedir. Ayrica bilesimde yiiksek diizeyde agir metaller
bulunabilmektedir [57].

THP {retiminin baslangi¢ asamasinda, c¢alisilacak olan mikroorganizmaya uygun
karbon kaynagini iceren besi ortami hazirlanmaktadir. Daha sonra biyoreaktorde iireme
icin optimum kosullar saglanarak istenilen mikroorganizmanin iretimi gerceklestirilir
ve islem sonunda biyokiitle ayrilarak hasat edilir. Fermantasyondan sonra biyokiitle;
yikama, hiicre parcalanmasi, protein ekstraksiyonu ve saflagtirma gibi islemlere tabi

tutulmaktadir [27, 47, 58]. THP iiretimi temel olarak Sekil 1°de goésterilmistir [18].

O
J

ALGLER MAYALAR
KUFLER |NOKULUM <—— BAKTERILER
BESLEYiCi . | | KARBONKAYNAGI |
B i 8 —T BIYOREAKTOR ’ l l l l
S —— Yan iiriinler Tarimsal Yiiksek eneriji CO,
Peynir alti suyu Kaynaklar kaynaklan
: Seker kamisi Lignin Metanol
FILTRASYON VE Kiispe Seliiloz Etanol
SAFLASTIRMA Hemiseliiloz Gazyagi
| KURUTMA |
| THP |

Sekil 1 THP iiretim semasi
Fig 1 SCP production chart
Ototrof mikroorganizmalar karbon ve besin dongiisii i¢in olduk¢a Onemlidir. Bu

mikroorganizmalar inorganik karbondioksiti (CO2) atmosferden alip biyolojik ve
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kimyasal reaksiyonlarda kullanarak organik biyokiitle besinleri olan azot (N) ve fosfora
(P) geri doniistirmekte ve daha yiliksek yasam formlari icin yiyecek {iretilmesini
saglamaktadirlar [59]. Algler ve ototrof bakteriler THP formunda hem hayvan yemi
olarak hem de insan gidas1 olarak alternatif bir protein kaynagi olmaktadir [60, 61].
Proteinin yani sira, bu mikroorganizmalar biinyelerinde dikkate deger bir miktarda
prebiyotik materyal de biriktirebilmektedir [17].

Hidrojen Oksitleyici Bakteriler (HOB)

Insanoglu neredeyse bin yildir diyetinde geleneksel fermente gidalar ile (yogurt, peynir,
tursu, vb.) bakterilerden faydalanmaktadir [62]. 1960’11 yillarda bakteri biyokiitlesinin
protein, yag ve vitamin kaynagi olarak kullanimi kesfedilmistir [63]. Son yillarda, artan
protein ihtiyaci ve siirdiiriilebilirlik konular1 gida endiistrisinin THP iiretimine olan
ilgisinin ve arastirmalarinin artmasini saglamistir. THP iiretiminde ototrof hidrojen
oksitleyen bakteriler (HOB), 6zellikleri ve kullanim potansiyeli ile arastirmacilarin
dikkatini g¢ekmektedir. Ototrof HOB’ler, metabolik &zellikleri sayesinde hidrojen
(elektron wvericisi) ve oksijeni (elektron alicis1) kullanarak karbondioksiti hiicre
materyaline baglayip, nitrojeni yiiksek, kaliteli bir proteine doniistiirebilmektedir [64].
Ototrof HOB’ler tarafindan iiretilen THP; insan beslenmesi i¢in 6nem teskil eden ve
besinlerle alinmasi gereken tiim esansiyel amino asitleri igeren, yiliksek kaliteli, besin
degeri hayvansal proteinlere benzer bir amino asit profiline sahip bir proteindir. Ototrof
HOB’lerin karbon kaynagi olarak karbonhidrat yerine atmosferde bulunan substratlar
kullanabilmesi ve yapisindaki proteinin dzellikleri sebebiyle 1966 yilinda ABD Ulusal
Havacilik ve Uzay Dairesi (NASA) tarafindan uzun siireli uzay gorevlerinde
kullanilmas1 planlanan kapali karbon dongiisiiniin temeli olarak arastirilmistir [23, 62].
THP’nin en siirdiiriilebilir 6rneklerinin liretimini miimkiin kilan ototrof HOB’ler Sekil
2’de sematik olarak gosterildigi gibi CO2’i hiicresel biinyelerine sabitleyebilmektedir
[62].
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@ _am BIYOREAKTOR

Sekil 2 HOB’lerin THP iiretimi

Fig 2 SCP production by HOB's
Baz1 hiicrelerdeki Hz ve CO: ile beslenen anaerobik metabolizma, karbon kaynaginin
%70-80’1ini asetat gibi indirgenmis bilesiklere doniistiirmekte ve yalnizca %20 oraninda
THP sentezleyebilmektedir. Protein iiretimi agisindan incelendiginde bu iiretilen asetat,
tekrar karbon kaynagi olarak kullanilmiyor ise pek verimli bir durum
sergilenmemektedir. H> ve CO; arasindaki reaksiyondan salinan enerji sayesinde
aerobik Hz temelli ototrofi, herhangi 6nemli bir yan {iriin {iretmeden hiicre iireterek
biyokiitleyi, dolayisiyla da elde edilen THP miktarii artiir. H2 ve Oz gazlarinin
optimal kosullardaki karigimi1 “’Knallgas’’ olarak bilinmekte ve aerobik Hz ototroflari,
Knallgas bakterileri veya HOB’ler olarak tanimlanmistir. Genel olarak aerobik H»

oksidasyonu ile CO; baglanma reaksiyonu asagidaki sekilde gosterilmektedir [62, 65]

Ho+ O+ CO2 —> Biyokiitle + H2O

HOB’ler Antarktika buzul alt1 gélleri, 1liman topraklar ve sicak hidrotermal menfezler
gibi pek cok farkli alanda tespit edilebildigi i¢in kolayca izole edilebilmektedirler.
Rhodococcus opacus ve Xantobacter autotrophicus, endiistriyel kullanim potansiyeli
nedeniyle arastirilan bazi bakteri tlirleridir. R. opacus beslenme 6gesi ve biyoyakit gibi
tirtinlere lipid kaynagi sagladigi i¢in dikkat ¢eken bir HOB’dir. X. autotrophicus ise
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gida boyasi olarak kullanilan bir karotenoid olan zeaksantin liretebilmektedir. Bu
ornekler arasinda kullanim potansiyeli sayesinde uluslararasi projelere konu olan ve
kismen endiistride kullanimi onaylanmis ve arastirmalara en ¢ok konu olan HOB
Cupriavidus necator tiiridiir [62]. Baz1 ¢alismalar C. necator tiiriinii THP {iretimi
kapsaminda 6ne ¢ikartirken, baz1 arastirmalar bu bakteri tiiriiniin petrol bazli plastiklere
alternatif ~ olabilecek,  biyolojik  olarak  pargalanabilen  biyoplastik  veya
polihidroksialkonoat iiretebilme kapasitesine odaklanmistir [66].

Hava Bazh Protein (HBP)

Biyoreaktorlerde yenilebilir mikrobiyal biyokiitle iiretimi, tatli su tiiketicisi, sera gazi
yayicist ve Otrofikasyona (eutrophication) sebep olan tarimsal iiretime Onemli bir
alternatiftir. Hava bazli protein (HBP) ise HOB’lerin biyoreaktorlerde cogaltilip,
saflagtirilip kurutulmasi ile elde edilen bir THP dir. Elde edilen biyokiitle, proteine ek
olarak lipid, karbonhidrat, vitamin ve mineral kaynagi da saglamaktadir. Bu proses i¢in
Gram-negatif ve Gram-pozitif HOB'ler kullanilmaktadir. HOB’lerin ototrof olarak
tiretilmesi i¢in gazlarin (Hz ve Oy) iiretim ortamina sabit hizda verilmesi gerekmektedir.
Bu gazlar riizgar ve giines enerjisi kullanilarak su elektrolizi sayesinde elde
edilebilmektedir. Suyun elektrolizi, gelistirme ortamindan ayri olarak veya igerisinde
kiilltir bulunan biyoreaktor iginde biyo-elektrokimyasal sistemler (BES) ile
gerceklestirilebilmektedir. BES’de gazlarin kiitle transferi daha etkin oldugu i¢in
biyokiitle verimi daha yiiksek olmasina ragmen, bu sistemlerde su elektrolizi sirasinda
bakteri gelisimini inhibe edebilecek H2O> veya hidroksil radikaller gibi reaktif oksijen
tiirleri olusabilmektedir [62, 67-69].

Dikkat ¢eken bazi c¢alismalarda Gram-negatif, Betaproteobacteria sinifina ait,
mezofilik, spor olusturmayan, fakiiltatif ve kemolitotrofik bir toprak bakterisi olan
Cupriavidus necator kullanilmistir (Sekil 3) [68, 69]. Bovell tarafindan 1957 yilinda
izole edilen bu bakteriye ilk olarak Hydrogenomonas eutropha adi verilmis ancak
taksonomik sinonimler sebebiyle yillar igerisinde Alcaligenes eutropha, Ralstonia
eutropha, Wautersia eutropha ve son olarak Cupriavidus necator olarak kabul

gormistiir [70, 71].
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Sekil 3 Cupriavidus necator

Fig 3 Cupriavidus necator

C. necator ilk olarak Hydrogenomonas eutropha adi ile 1960°l1 yillarda Ulusal
Havacilik ve Uzay Dairesi tarafindan Kaliforniya Ames Arastirma Merkezi tarafindan
yayinlanan raporda, ortamdaki iire ve CO2'i kullanacak ve astronotlar i¢in gida
iiretebilecek “Kapali Sistem Karbon Dongiisii (Closed Loop Carbon Cycle)”
prototipinin temelini olusturmus ve arastirmacilarin dikkatini ¢ekmistir. NASA’nin
“Kapal1 Sistem Karbon Dongiisii” projesi; o yillarda biyoreaktorler ve biyoreaktorlerin
calisma prensipleri uzay programi igin verimli ve uygulanabilir olmamasi, C.
necator’un insan gidasi olarak tiketiminin in vivo ¢alismalar ile yeterince
desteklenmemesi ve C. necator kullanilarak iiretilen ilk THP nin niikleik asit i¢eriginin
insan tiiketimi i¢in gereginden fazla olmasi gibi endiseler sebebiyle rafa kaldirmis ve
hayata gecirilememistir [70-72]. NASA’nin bu arastirmalarindan yaklasik 50 yil sonra,
birka¢ bilim insani diinyanin da kit kaynakli bir uzay araci oldugunu diisiinerek bu
projeyi hayata gec¢irmis ve Kaliforniya'da Kiverdi-Air Protein adli start-up firmasini
kurmuslardir [73].

C. necator’un en onemli 6zelligi CO2’1 karbon kaynagi1 olarak kullanarak gelismesine
ek olarak toprakta bulunan siiksinat, fumarat ve malat gibi birgok organik bilesigi de
substrat olarak kullanabilmesidir. Bu mikroorganizmanin CO2 baglama kapasitesi
Calvin dongiisiiniin bir parcast olarak Rubisco enzimi sayesinde olusmaktadir.
Biyokiitle olusturmak i¢in hiicrelerin ihtiyact olan enerji H2 gazinin hidrojenaz enzimi
ile oksidasyonu sayesinde elde edilirken, nitrojen ise amonyak, iire ve hatta N, gazindan
saglanabilmektedir [62, 74].

Belirli kisitlayici kosullar altinda C. necator polihidroksialkanoat (PHA) tiretmekte ve
bu bilesik, hiicrelerin %90’1m1 kapsamaktadir [62]. PHA’lar, ¢ok sayida bakteri

tarafindan hiicre ici karbon ve enerji depolama bilesikleri olarak sentezlenen, hiicre

655



sitoplazmasinda graniiller halinde biriken hidroksialkanoatlarin poliesterleridir [75].
Yapilan calismalara gore C. necator’un salgiladigi bu PHA memeliler tarafindan
sindirilememekte ve dolayisiyla da elde edilen THP’nin besin degeri diismektedir [76].
Ancak kontrollii ve optimal sartlar saglandiginda hiicreler tarafindan sentezlenen PHA
minimum seviyeye indirilerek kuru madde olarak %75 oraninda protein igeren
biyokiitle elde edilebilmektedir [62]. C. necator gibi HOB’lerin de aerobik H>
oksidasyonu ile yakit ve farkli kimyasallarin biyoteknolojik olarak iiretiminde kullanimi
popiiler arastirma konusu olmustur [69].

Tim bu olumlu yanlarina ragmen son yapilan arastirmalara gore gram-negatif
bakteriler, tipik olarak lipopolisakkarit ekzotoksinler icermektedir ve bakteriyel
lipopolisakkaritlerin de diyabet, karaciger hasari, noérolojik bozukluklar ve kronik
bagirsak enfeksiyonu gibi hastaliklarla baglantili oldugu belirtilmistirbildirilmistir.
Dolayistyla lipopolisakkarit igermeyen gram-pozitif bakterilerin gida {iretimine daha
uygun oldugu ileri siiriilmiistiir [69].

Hava bazh proteinlerin elde edilmesi ve besin icerigi

HOB’ler hidrojen oksidasyonu ile ortaya ¢ikan enerjiyi kullanarak CO: gazindan
substrat olarak faydalanip c¢ogalmaktadir ve belirli bir konsantrasyona ulastiginda
mikroorganizma-besiyeri karigimi  filtreden gegirilerek veya santrifiij edilerek
besiyerinden arindirilmaktadir. Ayristirilan peletin kurutulmasi ile hava bazli protein
elde edilmektedir. Biyoreaktorlerde, inkiibasyon kosullar1 kontrol altinda tutularak
cogaltilan bakteriler {iretim ortamindan ayrilip kurutulduktan sonra tatsiz ve kokusuz bir
iriin ortaya ¢ikmaktadir. Bu tirlinlin tercih edilirligini ve kalite 6zelliklerini iyilestirmek
icin tekstiir kazandirmak ve form vermek gibi ileri islemlere ihtiya¢ olabilecegi goz
oniinde bulundurulmahidir [17, 27, 62, 77, 78].

Giinlimiizde siirdiiriilebilirlik kapsaminda THP iiretiminde kapali sistemler dikkat
cekmektedir. Bu kapali sistemler, siirdiiriilebilirligi artirmak ve gida tiretiminin gevresel
etkilerini azaltmak amaciyla atmosferdeki havadan direkt olarak karbon baglamakta ve
proses i¢in gerekli olan hidrojen ve oksijen gazini suyun yenilenebilir enerji kaynaklar
ile hidrolizi sayesinde ortaya cikarip kullanmaktadir. Uretimde kullanilan mineral
karigimlart ise biyoreaktorlere disaridan ek olarak verilmektedir [62, 78].

Hibrit biyolojik inorganik sistemler katma degerli iirlinler elde etmek icin gesitli

mikroorganizmalar ve elektrik enerjisi ile olusturulmaktadir. Bu sistemler
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stirdiirtilebilir, verimli, ¢ok yonlii ve ekonomik kimyasal sentez platformlaridir. Temel
olarak, biyouyumlu elektrotlar ile elektrik enerjisini direkt veya dolayli olarak biyolojik
olarak kullanilabilir enerjiye doniistiirmektedir. Buna ek olarak, bazi spesifik bakteriler
kullanilarak COg2, ¢ok karbonlu organik bilesenlere sabitlenebilmektedir. Ototrofik
mikroorganizmalarin metabolizmalarint H, ve CO; kullanarak devam ettirebilmeleri
sayesinde ortamdaki CO; kullamimi1 artar ve boylece pahali hammadde ihtiyaci
azaltilabilmektedir. Liu ve arkadaslart [65] prosesteki CO2’i baglama verimliligini
karsilastirmak igin hibrit biyolojik inorganik sistem kullanarak atmosferdeki COz’i ve
saf CO2 gazini kullanmislardir. Hibrit biyolojik inorganik sistem kullanilarak yapilan
islemde %50 olan CO2’1 baglama verimliliginin, saf CO> kullanildiginda %20’ye kadar
diistiigii gézlemlenmistir. Bu sistemlerde HOB i¢in toksik etki olusturan reaktif oksijen
tirleri (ROT) olusabildigi bilinmektedir. ROT olusmasinin engellenmesi amaciyla
Nangle ve arkadaglar1 [79], ROT iiretimi yerine H» iiretimi i¢in segici katalizdrlerin
gelistirilmesi iizerine c¢alismislardir. Bu amagla kobalt-fosfor (Co-P) alasimi katot
olarak kullanilmig, sonug¢ olarak alkali kosullarda bu alagimin hidrojen {iretimini
destekledigi, notral kosullarda ise hidrojen tiretimini minimum ROT {iretimi ile artirdig1
gozlenmistir.

THP’lerin besleyici degeri ve kullanilabilirligi iiriin bilesimine baghdir. Besin igerigi,
vitaminler, nitrojen icerigi, karbonhidratlar, yaglar, hiicre duvar igerigi, niikleik asitler,
protein konsantrasyonu ve amino asit profili gibi parametrelerin THP’lerin gidalarda
kullanilmasindan 6nce tespit edilmesi gerekmektedir. Ornegin azot kaynagi kisith
ortamda iretilen H.eutropha, insan viicudunun stres ortaminda yag biriktirmesine
benzer sekilde B-hidroksibiitirik asit salgilamaktadir ve memelilerin bu yapidaki
tiriinleri sindiremedigi bilinmektedir [77]. Ayrica belirli bir mikroorganizma tiiriiniin
THP iiretiminde kabul edilebilirligi; biliylime hizina, kullanilan substrata, meydana
gelebilecek kontaminasyonlara ve mikroorganizma ile iligkili toksinlere baghdir [60].
Hydrogenomonas eutropha kullanilarak elde edilen hava bazli protein iiriiniin 100 gram
kuru madde temelindeki icerigi, Tablo 4’te gdsterilmis olup protein miktarinin 74 gram
oldugu dikkat ¢ekmektedir [71, 80]. Tablo 5’te HBP ile baz1 protein kaynaklarinin 100
gram kuru madde temelinde igerdigi zorunlu ve zorunlu olmayan amino asit miktarlar
verilmistir [81, 82].
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Tablo 4 HBP’nin bazi besin 6geleri
Table 4 Some nutrients of ABP

Besin icerigi 100 g kuru madde HBP

Protein (g) 74
Yag (g) 9
Kil (g) 2

Niikleik asit () 8
Ca (mg) 66
Mg (mg) 98
Na (mg) 280

K (mg) 590

HBP’nin tiim zorunlu amino asitleri i¢ermesinin yani sira metiyonin ve triptofan
iceriginin bezelye proteinine, lisin igeriginin ise gliitene goére daha fazla oldugu
goriilmektedir. Zorunlu olmayan amino asit profiline bakildiginda ise ¢esitlilik
gostermekle birlikte genel olarak diger protein kaynaklarina gore diisiik degerlerin
oldugu goriilmektedir. Bes yil sonra yapilan bir ¢alismada [83] Hydrogenomonus
eutrophu’nun aminoasit kompozisyonun Tablo 5°te verilen degerlerden %50 fazla
oldugu gozlenmistir. Bu farkin, daha onceki c¢aligmada, proteinin tamamlanmamis
hidrolizinden veya daha biiyiik olasilikla, kalint1 substrattan bakteriyel proteinin, protein
olmayan nitrojen (iire) ile seyreltiimesinden kaynaklanabilecegi bildirilmistir. Bu
durumla birlikte ¢esitli ¢alismalarda, HBP’ nin hayvansal proteine benzer bir protein
profilinin oldugu, soyadan elde edilen proteinle karsilastirildiginda 2 kat daha fazla
amino asit icerdigi ve amino asit bilesiminin kazein proteinine benzer oldugu
belirtilmektedir. H. eutropha’dan elde edilen HBP’nin igeriginde Kkalsiyum,
magnezyum, sodyum, potasyum gibi minerallerin bulundugu da tespit edilmistir [71,
80].

Beslenme agisindan incelendiginde, arastirmacilar hava bazli proteinin, mevcut bir gida
maddesinden daha zararli olmadigin1 belirtmektedirler. Halihazirda hayvan beslenmesi
icin kullanilan hava bazli proteinin insan beslenmesi i¢in yeni bir gida olarak
tanimlanmas1 ve GRAS listesine girmesi igin otoritelerin ¢alismalar1 devam etmektedir
[84]. Yapilan arastirmalarda hava bazli proteinin farelerde, domuzlarda, kdpeklerde,

maymunlarda ve sempanzelerde herhangi bir akut toksisite olusturmadigi belirtilmis,
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farelerle yapilan deneylerde hava bazli proteinin sindirilebilirliginin %93 oldugu tespit
edilmistir [85]. Insanlar ile yapilan deneylerde ise 25-30g ham haldeki hava bazli
proteini tiiketen kisilerde 24 saat i¢inde karin agrisi, ishal, bas agrist ve halsizlik
goriilmiistiir. Arastirmacilar bir insanin herhangi bir belirti gostermeden 1 giinde
maksimum tiiketebilecegi islem goérmemis hava bazli protein miktarinin 6 gram
oldugunu belirtmislerdir [72]. Bu durumun yani sira sadece hava bazli protein igeren bir
diyet uygulamasinda tiiketilen niikleik asit igeriginin normal diyete gére yaklasik 25 kat
daha fazla olacagi saptanmistir. Niikleik asidin metabolizmaya dahil olmasi, kandaki
tirik asit seviyesinin yilikselmesine ve idrar yolunda kristallesme riskine neden
olmaktadir [72]. Diyetle alinan niikleik asit miktarinin giinde 3-4 g’dan fazla olmamasi
gerektigi belirtilmektedir. Bu durum, fermentasyon sonucu elde edilen hava bazli
proteinin igerigindeki yiiksek niikleik asit miktarinin kimyasal, enzimatik veya 1sil
uygulamalar ile azaltilmasini zorunlu hale getirmektedir [46].

Hava bazli proteinin ham halinin tiiketicilerin tercih etmeyecegi bir tat ve goriintiiye
sahip oldugu, tiiketilmesi i¢in mutlaka sekil verme, kaliplama gibi islemlerin
uygulanmasi ve kivam ve tekstiiriin iyilestirilmesi gerektigi belirtilmektedir. Tatmin
edici bir karbonhidrat/protein orani i¢in iriin gelistirme kapsaminda cesitli lif ve
karbonhidrat igeriklerinin eklenmesi de dnerilmektedir [85].

Finlandiya’da bulunan bir firma olan Solar Foods, Solein olarak isimlendirdikleri HBP
irliniiniin tad1 ve gorilinlisiiniin bugday ununa benzer oldugunu belirtmiglerdir. Solar
Foods firmasinimn iretmis oldugu HBP’nin de tiim esansiyel amino asitlerini icerdigi
belirtilmistir. Uretilen HBP ile ilgili yapilan arastirmalara gére soya proteine kiyasla, bir
yetigkinin glinlilk amino asit gereksinimlerinin karsilamak i¢in daha kii¢iik bir Solein
porsiyonunun yeterli oldugu ileri siiriilmiistiir. Uriin %65-75 oraninda protein icerirken,
sirastyla %10-20, %4-10 ve %4-10 oranlarinda karbonhidrat, yag ve mineraller
igermektedir [85].

Cevresel etkileri

Tarim endiistrisi glinlimiizde ¢61 veya buzul olmayan topraklarin yaklasik %43 {inii
kullanmaktadir. Artan protein ihtiyacini karsilamak icin kullanilan tarim alanlarinin
Diinya iizerindeki orani daha da artacak ve biyogesitlilik iizerinde negatif bir etki
yaratacaktir. Diinya'da iklim krizine sebep olan sera gazlar1 %36-70 su buhari, %9-26

CO2, %4-9 metan ve %3-7 ozondur [62]. Paris Iklim Anlasmas’nin iklim krizi
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etkilerini azaltma hedefine ulasmak i¢in yilda 4-5 Gigaton CO> depolanmasi
gerekmektedir. Hiikimetleraras1 Iklim Degisikligi Paneli'ne (IPPC) goére toplam
antropojenik sera etkisine 2007-2016 yillar1 arasinda sebep olan gaz emisyonlarinin
%23°1 tarim, ormancilik ve diger arazi kullanimindan dolayr ortaya ¢ikmistir.
Biyoreaktorlerde iiretilebilen protein kaynaklarina gegis ile gida iretiminin cevre
tizerinde olusturdugu baskinin azalacagi 6ne siirtilmektedir [78].

Tablo 5 HBP ve bazi protein kaynaklarinin amino asit profili
Table 5 Amino acid composition of ABP and some protein sources

Amino asit | HBP | Bezelye | Piring | Soya | Gliiten | Peynir alti suyu | Yumurta

Zorunlu amino asitler

Histidin 095 |24 2.2 2.5 1.9 1.8 2.3
Treonin 215 | 4.0 4.0 3.9 24 7.4 4.6
Valin 3.03 |39 5.5 3.9 3.6 5.1 6.4
Metiyonin | 1.14 | 0.9 2.1 1.2 1.3 1.5 3.4
Izolosin 2.17 34 3.7 3.7 3.1 5.7 5.7
Fenilalani | 2.20 | 4.6 4.9 4.9 5.7 2.7 5.8
'T'riptofan 0.78 | 04 1.3 1.3 1.2 14 1.2
Losin 404 |73 8.0 7.5 6.7 9.8 8.5
Lisin 265 |84 3.9 6.6 1.2 9.5 6.9

Zorunlu olmayan amino asitler

Aspartik | 432 | 117 101 121 |25 11.0 102
G 180 |57 57 |52 |52 5.7 7.0
Glutamik | 7.67 | 19.9 200 |19.7 |384 | 186 133
Glisin 276 | 40 45 |43 |33 18 35
Arginin | 341 | 9.8 81 |74 |26 23 54
Alanin | 447 |54 60 |44 |22 53 5.8
Tirozin 1.79 3.7 4.7 3.1 3.0 2.6 3.9
Prolin 206 |40 45 |64 |147 |66 3.9
Sistin 008 |06 09 |22 |11 14 22

Atmosferde biriken sera gazlarindan biri olan CO2’in baglanarak kullanilmasi i¢in enerji
gerekmektedir. Konvansiyonel gida tedarikinin temelinde 15181, enerji kaynagi olarak
kullanan bitkiler bulunmaktadir. HOB’ler, karbon enerji kaynagi olarak maliyeti yiiksek

bitki bazli karbon kaynaklar1 (sekerler veya karbonhidratlar) yerine karbondioksit gazini

660



kullanmaktadir. THP iiretiminde kullanilan enerji ise yenilenebilir enerji kaynaklar
kullanilarak hidrolize edilen sudan ortaya ¢ikan hidrojen gazindan elde edilebilmektedir.
Boylece lireticiler karbon nétr bir iiriin elde edebilmektedir [62].

Sillman ve ark. [86] yapmis olduklar1 ¢alismada, havadaki CO; gazini tutan mikrobiyal
protein liretimi ve soya fasulyesi {liretimi islemleri sirasinda kullanilan suyu ve alan
miktarlari1  karsilagtirmiglardir. Calisma sonunda, mikrobiyal protein {iretimi
sirasindaki arazi kullanimi ve su tiiketiminin, soya fasulyesi iiretiminin arazi kullanimi
ve su tikketiminden daha diisiik oldugu saptanmustir. Giines enerjisi ve riizgar enerjisi
kullanilarak iiretilen mikrobiyal proteinde kullanilan su miktar1 0.82 L/kg protein iken,
soya fasulyesi tiretiminde kullanilan su miktarinin 2.67-6.67 L/kg protein arasinda
oldugu tespit edilmistir. Alan kullanim miktarlar1 ise giines enerjisi ve riizgar enerjisi
kullanilarak iiretilen mikrobiyal proteinde sirasiyla 0.04-0.26 m?/kg protein oldugu
tespit edilirken, soya fasulyesi iiretiminde kullanilan alan miktarinin 6.40-15.86 m?/kg
protein oldugu belirlenmistir. Bir HBP iireticisi olan Solar Foods sirketi de Solein
olarak isimlendirdikleri iiriinlerinin ¢evreye olan etkilerinin hayvansal ve bitkisel bazli
protein kaynaklarina gore daha diisiik oldugunu belirtmektedirler. Solein iretiminde
bitkisel protein liretiminden 100 kat, sigir eti tiretiminden 700 kata kadar daha az su
kullanildig: tespit edilmistir. Ayrica Solein iiretimi i¢in arazi kullaniminin, bitkisel
tiretime gore 20 kat, sigir eti liretimine gore 200 kat daha verimli oldugu saptanmistir.
Sera gazi emisyonlar1 acisindan ise bitkisel tiretimden bes kat, sigir eti iiretiminden 200
kat daha az cevreyi kirlettigi belirtilmistir. Ek olarak Solein’in bitkisel protein
iretimden 10 kat daha az, sigir eti lretiminden ise 1000 kata kadar daha az 6trofi
emisyonuna (azot oksitleri, nitrat, amonyum, fosfor ve azot gazlari) neden oldugu
bildirilmistir [4, 84].

Hava bazh proteinin ticarilestirilmesi ve endiistrideki yeri

Son 10 yil igerisinde Hz, Oz ve CO;z karisimlarinin HOB’ler i¢in substrat kaynagi olarak
kullanildigi ve HOB’lardan gida ve yem bilesenleri iiretiminin gerceklestirildigi
sirketlerin sayisinda artis meydana gelmistir. 2011 yilinda kurulan Kaliforniya merkezli
bir sirket, THP fiiriinleri olan AirProtein™ ve CO, Aquafeed’in yani sira yaglar ve
biyoplastikler iizerine de g¢alismaktadir [73]. HBP’nin siirdiiriilebilir gida tiretiminin
yeni evrim basamaklarindan biri olacagini diisiinen firma, iiriinlerinin gelecek yillarda

stipermarketlerde olmasini hedeflemektedir. Kaliforniya merkezli diger bir firma ise
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THP’yi su iriinleri iretiminde kullanilan yemlerde kullanilmas: {izerine
gelistirmislerdir. Firmanin ilk yem denemeleri, balik biiylime orani dikkate alindiginda
soya ve alg iceren kontrol diyetlerine kiyasla THP nin daha iistiin oldugunu gostermistir
[87]. Finlandiya’da 2017 yilinda kurulan bir sirket ise insan tiiketimine uygunluk i¢in
AB Gida Lisansi onay1 bekleyen Solein’i tiretmislerdir. Ticari 6lgekte liretime gegcmeye
2023’te baslamay1 planlayan sirket Mars gorevlerinde NASA’nin gida tedarikgisi
olmay1 ve 2026 yilinda yillik gelirlerinin 80 milyon dolar olmasini hedeflemektedir
[88]. Belgika’da kurulan bir firma da maliyeti diisiik substratlardan birka¢ THP
gelistirmistir. Firma, Hollanda’da bulunan Su Arastirma Enstitiisii KWR ile isbirligi
yaparak “Power to Protein” projesi kapsaminda THP iiretmek i¢in hidrojen oksitleyici
bakteriler kullanmistir [89]. 2018 yilinda Ingiltere'nin Nottingham sehrinde hem gaz
fermantasyonu hem de sentetik biyoloji konusunda ge¢misi olan bir ekip tarafindan
kurulan bir diger firma da HOB’lart kullanarak tirettigi THP’ye Proton™ adini
vermistir. Firma dnemli bir siirdiiriilebilirlik 6rnegi olarak 2019 yilinda bir enerji liretim
sirketi ile ortaklik kurarak baca gazindan elde edilen CO; ile THP iiretimi projesine

baslamistir [90]. Mevcut iireticiler, kurulus yillar1 ve HBP iiriinleri Tablo 6’da

Ozetlenmistir.

Tablo 6 HBP Uretimi Gergeklestiren Firmalar

Table 6 ABP Producing Firms

Firma adi Ulke Kurulus Yili Uriin
Avecom Belgika 1995 ProMic, ValProMic, Eximium, Chlorella
Unibio Danimarka 2001 Uniprotein®
Kiverdi ABD 2011 Air ProteinTM
Calysta Birlesik Krallik 2016 Feedkind
Novonutrients ABD 2017 Novomeal
Solar Foods Finlandiya 2017 Solein
Deep Branch Birlesik Krallik 2018 ProtonTM
Sonug¢

Yapilan arastirmalarda bugiine kadar gida iiretimini siirdiiriilebilir hale getirebilmek i¢in
cok sayida ¢oziim Onerisi sunulmustur. Daha diisiik ¢evresel etkiye sahip gida ve yem

kaynaklar1 olarak yenilebilir mikrobiyal biyokiitle oOrneklerinden biri olan HBP,
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geleneksel gida iiretim yontemlerine bir alternatif olarak goriilmektedir. Artan diinya
niifusu ve protein kaynaklariin giderek azalmasi tiiketici ve {ireticilerin daha
stirdiiriilebilir olan protein kaynaklarina yonelimi nedeniyle THP ve HBP arastirmalari
daha da 6nem kazanmistir. Mikroorganizmalarin metabolik cesitliligi sayesinde THP
tiretimi birgok farkli substrat ile gerceklestirilebilmektedir. THP {iretiminde genel
olarak; heterotrof bakteriler kullanilmaktadir. Bu bakteriler dogast geregi CO2 salinimi
yapmakta ve substrat olarak karbonhidrat, yag, metan veya etanolii kullanmaktadirlar.
Ancak, ototrof bakterilerin CO2 tutma yetenekleri bu canlilar1 siirdiiriilebilir THP ve
HBP {iretimi i¢in en uygun adaylardan biri olarak 6ne ¢ikartmaktadir. Endiistride HBP
ile baglantili son 10 yillik ivme g6z oniinde bulunduruldugunda, gelecek yillarda THP
ve HBP ile ilgili daha ¢ok arastirma yapilarak literatiiriin zenginlestirilecegi ve
dolayistyla gida isletmelerinin siirdiiriilebilir protein iiretimi konusunda aydinlatilacagi
distiniilmektedir.

Tarim ve sanayi atiklarinin THP diretimi sirasinda besi ortami olarak kullanilmasi
ekonomik faydanin yani sira gevre kirliliginin azaltilmasina da katki saglamaktadir.
Uretimde kapali sistemlerin kullanilmas1 mevsimsel degisikliklerden bagimsiz olarak
tretimi slirekli hale getirebilmektedir. Hayvansal ve bitkisel protein iiretiminde
karsilagilan saglik ve hijyen riskleri THP firetimiyle ortadan kalmakta, bu duruma
karsilik mikrobiyal bir tiretim s6z konusu oldugu i¢in kontaminasyon riski ortaya
¢ikmaktadir. THP iiretimi i¢in optimum kosullar saglandiginda bitkisel veya hayvansal
kaynakli protein iiretimine gore daha hizli bir sekilde iiretim gerceklesebilmektedir.
Geleneksel iiretimde kullanilan genis arazi ve su kaynaklarimin gerekliligi THP
uretiminde ortadan kalkmaktadir. Bir THP olan HBP’nin tiretimi, atmosferdeki CO2'i
sisteme baglayip kapali bir karbon dongiisiine kazandirarak bakteri hiicreleri iiretimine
dayanmaktadir. Uretim asamalarinda siirdiiriilebilir enerji kaynaklar1 kullanildig
taktirde HBP {iretimi karbon negatif bir tiretimdir.

Proteinler igin alternatif iiretim yontemleriyle ilgili ¢alismalar, artan niifus, mevcut
tiretim kosullar1 ve cevreye olan etkileri géz Oniine alindiginda dengeli ve yeterli
beslenmesin siirdiiriilebilirligi i¢in 6nem kazanmaktadir. Mevcut durumda hayvan
yemlerinde kullanilan ve insan beslenmesinde kullanimi i¢in ¢aligmalarin devam ettigi
HBP’nin kalorisi diisiikk olup protein igerigi ve sindirilebilirligi yiiksektir. Bu durumun

dogal bir getirisi olarak sadece HBP igerikli bir diyetin niikleik asit miktar1 insan saglig
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acisindan risk teskil etmektedir. Bu durumun iyilestirilmesi ve HBP’nin duyusal olarak

gelistirilmesi i¢in ilave isleme yontemleri gerekmektedir. Aragtirmacilarin insan

tikketimine uygun HBP {iretimi ile ilgili arastirmalarini tiretim sonrasi isleme kosullar

tizerine de yogunlastirmasi gerektirdigi diistiniilmektedir.
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Karbon Noktalarin Tarimsal Uretimde Kullamlmasi
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OZET

Birlesmis Milletler Gida ve Tarim Orgiitii'ne (FAO) gore diinya niifusunun 2050
yilinda 10 milyara ulasacagim ve dzellikle gelismekte olan iilkelerde gida ihtiyacinin
%50 oranda arttiracagi tahmin edilmektedir. Bu durum Diinya’da tarimsal anlamda
koklii degisimlere gidilmesi gerekliligini ortaya koymaktadir. Son yillarda tarimsal
alanlarda girdi verimliligini arttirarak, gida tiretimini ve giivenliligini arttirmak, tarim
ve c¢evresel sorunlara ¢oziim sunmak amaciyla tarimda nanoteknoloji kullanilmasi
umut verici bir gelismedir. Nanoteknolojinin bir iiriinii olan nano pargaciklar yeni
kimyasal ve fiziksel oOzellikleri sayesinde tip, elektronik, malzeme bilimi,
biyoteknoloji ve enerji sektorlerinde kullanimi hizla artmaktadir. Karbon malzemeler
arasinda son zamanlarda ¢ok popiiler olan Karbon noktalar1 (Carbon dots), boyutlari
genellikle 0.1-20 nm araligina sahip yar1 karbon bir malzeme olarak tanimlanmaktadir.
Yapilari, ozellikleri, goriintiileme ve karakterizasyon secenekleri bakimindan daha
once calisilmis karbon formlarina gére 6nemli farkliliklara sahip Karbon Noktalar
cesitli fizikokimyasal 6zellikleri, yiiksek biyo-uyumluluk, yiiksek stabilite ve optik
Ozellikleri ile one ¢ikmaktadir. Karbon noktalar bitkilerin verimini énemli Slgiide
arttiran kiil bilesenidir. Tarimsal iiretimde tohum g¢imlenmesi, k6k uzamasi, bitki
hastaliklarina kars1 direng ve karbon fiksasyonu artirma gibi pozitif etki gostererek
bitki biiylimesini desteklemektedir. Son zamanlarda Karbon noktalar tarimda,
kimyasal ila¢ kullanim1 azaltma, giibrelemede bitki besin elementi kaybini minimuma
indirmede, su ve besin elementinden etkin yararlanmay1 saglayarak verimi arttirmak
amactyla kullanilmaktadir. Bu  derlemede, yeni bir nanogiibre olarak
tanimlayabilecegimiz Karbon noktalarin, sentezi, tarimsal iiretimde kullanimi ve
etkileri lizerine yaptigimiz literatiir incelemeleri sonucunda elde ettigimiz bilgiler
mevcuttur.
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The Use of Carbon Dots in Agricultural Production

ABSTRACT ARTICLE HISTORY
According to the United Nations Food and Agriculture Organization (FAQ), it is Received

estimated that the world's population will reach 10 billion in 2050 and that the need for 24 June 2022

food, especially in developing countries, will increase by 50%. This situation shows Accepted

the need for fundamental changes in the agricultural sense in the world. In recent 22 November 2022
years, the use of nanotechnology in agriculture has been a promising development in

order to increase input efficiency in agricultural fields, increase food production and KEYWORDS

safety, and provide solutions to agricultural and environmental problems. Nano-
particles, which are a product of nanotechnology, are rapidly increasing in use in
medicine, electronics, materials science, biotechnology and energy sectors due to their
new chemical and physical properties. Carbon dots, which have recently become very
popular among carbon materials, are defined as a semi-carbon material, the
dimensions of which usually have a december dec 0.1-20 nm. Structures, properties,
characterization, and imaging options in terms of various physicochemical properties
of Carbon Dots with significant differences according to the form previously studied
carbon, high bio-compatibility, high stability, and optical properties stand out. Carbon
is the component of ash, which significantly increases the yield of plants. It supports
plant growth by showing positive effects such as seed germination, root elongation,
resistance to plant diseases and increasing carbon fixation in agricultural production.
Recently, carbon dots have been used in agriculture to reduce the use of chemical
drugs, minimize the loss of plant nutrients in fertilization, and increase yields by
providing effective use of water and nutrients. In this review, the information we have
obtained as a result of literature reviews on the synthesis, use and effects of carbon
dots, which we can define as a new nanogubber, in agricultural production, is
available.

Carbon dots,
nanotechnology,
fertilizer,
germination

Giris

Diinya’da tarimsal iiretim, iklim degisikligi, c¢evresel kirlilik, girdi maliyetlerinin
yuksekligi, pestisitlerin kontrolsiiz kullanimi1 ve tarim arazilerinin azalmasi1 nedenleriyle
biiyiik bir sorunla kars1 karsiyadir [1]. Birlesmis Milletler Gida ve Tarim Orgiitii’ne [2]
gore diinya niifusunun 2050 yilinda 10 milyara ulasacagi ve 6zellikle gelismekte olan
iilkelerde gida ihtiyacinin %350 oranda artacagi tahmin edilmektedir. Gliniimiiz
verilerine gore yaklasik 1 milyar insan gida kitlig1 yasamaktadir. Bunun 2050 yilinda 2
milyar olmasi beklenmektedir [2]. Bu durum Diinya’da tarimsal iiretimde koklii
degisimlere gidilmesi gerekliligini ortaya koymaktadir [1].  Arastirmacilar son
zamanlarda tarim ve c¢evre sorunlarma ¢oziim bulmak amaciyla tarimsal girdi
verimliligini, tarimsal {iretimi ve gida gilivenligini artirmak i¢in nanoteknolojik
gelismelerden yararlanmak gibi farkli ¢o6ziim onerileri sunmaktadir [3-5].

Nanoteknoloji, konusu biyoloji olsun veya olmasin 0.1-100 nanometre (nm) boyutlara
sahip yapilar1 Uretmek, karakterize etmek ve fonksiyonel hale getirmek igin

kullanilmaktadir [6]. Boyutlarinin bir sonucu olarak nanoteknolojik malzemeler fiziksel
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dayaniklilik, kimyasal reaktivite, elektriksel iletkenlik, optik ve manyetizma gibi
ozellikler bakimindan mikrometrik veya daha biiylik molekiillerden ¢ok farkli kimyasal
ve fiziksel Ozellikler sergilemektedir [3, 7, 8]. Bu ozellikleri nedeniyle nano
parcaciklarin tip, elektronik, malzeme bilimi, biyoteknoloji ve enerji sektorlerinde
kullanimi hizla artmaktadir [9]. Bu sektorlerde yasanan umut verici gelismeler,
aragtiricilar1 tarimsal {iretimde yasanan sorunlarin ¢6ziimii yoniinde nanoteknolojinin
kullanilabilirligine yonlendirmistir [9].

Neolitik ¢agdan bu yana karbon parcaciklari ve iyonik besin igerigi nedeniyle kiil,
tarimsal liretimi iyilestirmek amaciyla kullanilmistir. Bu bilgiden yola ¢ikarak yapilan
calismalarda, karbon nano malzemelerin, kiil etkilerine benzer sekilde bitkilerin su ve
besin alimimi artirdiklar1 gézlemlemistir [10]. Geleneksel karbon (aktif karbon) ile
endiistriyel karbon (karbon fiber, grafit ve karbon nanotiipler) gibi karbon bazli
malzemeler saglam ve ¢evre dostu olmalari sebebiyle kimya, malzeme bilimi ve diger
disiplinlerin  gelismesinde 6nemli rol oynamaktadirlar. Makroskobik karbon
malzemeleri etkili bir floresan 1s1madan yoksundur, bu sebeple biyolojik caligsmalarda
optik uygulamalar i¢in uygun degildir. Karbon malzeme grubuna 2004 yilinda eklenen
karbon noktalari, floresan 1s1ma Ozelligi ile bu acikligi gidermis ve biyolojik

uygulamalarda etkili bir bigimde kullanilmasini saglamigtir [11].
Karbon Noktalar (Carbon Dots)

Ilk defa tesadiifen 2004 yilinda, tek duvarli karbon nanotiiplerin saflastirilmasi ile
floresan karbon nano pargaciklar elde edilmistir [12]. Sun ve ark., [13], karbonun lazer
ablasyonu ile sentezlenen nano 6lcekli karbon parcgaciklarini ‘‘Karbon Noktalar (Carbon
Dot)”’ olarak adlandirmislardir. Genellikle 20 nm’ den kiiclik boyutlara sahip yar1
karbon bazli bir malzeme olarak tanimlanan karbon noktalarinin en 6nemli 6zelligi
dogal fotoliiminesans olmalaridir [11].

Karbon noktalar1 (KN); fotostabilite, kiiglik boyut, biyo uyumluluk, suda ¢6ziiniirliik,
biyo molekiiller ile kolay etkilesime girmesi ve yiiksek kuantum verimi gibi 6zellikleri
nedeniyle biyo izleme, algilama, ila¢ ve gen dagitimi gibi optik arastirmalara konu
olmustur [14, 15].
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Karbon noktalarin sentezi

Karbon malzemelerden, karbon noktalarin sentezlenmesinde yukaridan asagiya ve
asagidan yukariya olmak tizere iki yontem kullanilmaktadir [16]. Sentez yontemi Sekil
1’ de sematik olarak gosterilmistir.

Lazer ablasyonu, asidik asindirma ve elektrokimyasal asindirma yontemlerinin
uygulandig1 yukaridan asagiya sentezlenmesi metoduyla Kaliteli ve saf karbon noktalar
tiretilebilmektedirler [10]. Ancak bu yontem, fazla enerji kullanimi, fazla atik madde
olusumu, sentez yolunun karmasik olmasi ve maliyetinin yiiksekligi gibi nedenlerden
dolay1 ¢ok tercih edilmemektedir. Bunun yerine hidrotermal, mikrodalga, piroliz gibi
yontemlerin uygulandigi asagidan yukariya sentez yontemi kullanilmaktadir (Sekil 1)

[10, 16].

Karbon Noktalarin Sentez Yontemleri

Yukaridan Asagiya Asagidan Yukariya
yontem yontem
Lazerle . Hidrotermal . S
Ark bosaltma AT Oksidasyon Yéntem Mikrodalga Piroliz

Sekil 1 Karbon noktalarin sentez yontemleri
Fig 1 Methods of synthesis of carbon dots
Bu yontemde karbon noktalar, karbonhidrat, organik asitler ve polimerler gibi organik
maddelerden yiiksek sicaklik altinda ¢oziicii olarak su veya etanol kullanilmasiyla
kolayca sentezlenmektedir [5, 16].
Karbon noktalarinin fiziksel ve kimyasal 6zellikleri, sentez yontemi, reaksiyon siiresi,
¢oziicli madde, sicaklik, boyut ve yiizeylerinde bulunan fonksiyonel gruplara (hidroksil,
eter, karbonil, karboksilik asit) gore farklilik gostermektedir. Bu farkliliklar sebebiyle
teorik ve pratik uygulamalar i¢in gerekli standartlar her zaman saglanamamaktadir [10].
Ancak simdiye kadar yapilan c¢aligmalarda karbon noktalarin bitkilerin biitiin
kisimlarina girerek, besin ve su alimimini arttirdigini, bitkilerde biiyiime ve gelismeyi

destekledigini, hiicre ve doku goriintiilemede kullanimi konularinda oldukg¢a basarili
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bulunmustur [17]. Bu sonuglar dogrultusunda KN’ lerin tarimda giibre olarak iyi bir
aday olabilecegi ve biyoteknolojide biiyiik potansiyel uygulamalari oldugunu

gostermektedir [18].
Karbon Noktalarin Tarimsal Uretime Etkileri

Tarimsal anlamda ilk olarak sitrik asit ve tireden hazirlanan karbon noktalart model bitki
olarak fasulyede denenmis ve toksik olmadig: bildirilmistir [19]. Bu ¢alisma sonrasinda
karbon noktalarinin bitki biiylimesi lizerine potansiyel etkilerinin arastirilma siireci
baglamistir [20]. Asagida karbon noktalarin bitki biiyiimesi, fotosentez, biyotik ve
abiyotik stres, Azotobacter chroococum’un aktivitesi tizerine etkileri hakkinda yapilan
calismalara yer verilmistir.

Karbon noktalarin bitki biiyiimesi iizerine etkileri

Mas fasulyesi, hizli biiylimesi nedeniyle calismalarda siklikla model bitki olarak
kullanilmigtir [18, 21]. Karbon noktalari (KN) kdk ve govde uzamasini tesvik ederek
bitkilerde biyokiitle artisin1 desteklemektedir. Ornegin; Wang ve ark., [18], 0.02 mg mI°
1 KN uygulamas ile birlikte mas fasulyesinde kok uzunlugu, gévde uzunlugu ve bitki
yas agirhigint sirastyla %29.9, %18.3, %14.9 oraninda arttirdigini (Sekil 2A), Zheng ve
ark. [22], 3.5 mg L KN uygulamasiin Cin lahanasinda siirgiin ve kok yas agirliklarimni
strastyla %69.9 ve %66.12 oranda arttirdigin1 (Sekil 2B), marula KN uygulamasinda
konsantrasyon arttikga biyokiitle artigmin oldugunu ve 30 mg L™ konsantrasyonda
%48.09’luk bir artis oldugunu (Sekil 2C) ve Su ve ark. [23], Yer fistiginda 180 mg L™
KN uygulamas: ile birlikte kok aktivitesi bakimindan 3.5 kat, kok uzunlugu, fide
yiiksekligi, kok sayisi, kok kuru agirligi, kok yas agirhigr ve siirgiin yas agirhig
bakimindan ise 1.5 kat (Sekil 2D) daha iyi sonug aldiklarini bildirmislerdir.

Karbon noktalarin bitkilerde fotosentez iizerine etkileri

Fotosentez, bitkilerin giines enerjisini kimyasal enerjisine ¢evirdigi, bu sirada bitki
biiylimesi ve biyokiitle birikiminde dnemli rol oynadig: bilinmektedir. Karbon noktalar
hem iyi bir elektron verici hem de alic1 olarak 151k enerjisinin doniisiim uygulamalarini
desteklemektedir [20].

Fotosentezde elektrik enerjisinin kimyasal enerjiye doniistiiriilmesinde karbondioksit
(CO2) fiksasyonu onemli bir role sahiptir. Ribuloz bifosfat karboksilaz oksijenaz

(RuBisCo) enzimi fotosentezin calvin dongiisii sirasinda CO2 sabitleyen onemli bir
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enzimdir. RuBisCo aktivitesi fotosentez hizi ve karbonhidrat birikimini dogrudan
etkilemektedir [18].

Wang ve ark., (18), Karbon noktalar1 uyguladiklar1 Mas fasulyesinde klorofil i¢eriginin
ve RuBisCo aktivitesinin sirasiyla %14.8 ve %30.9’a (Sekil 3) kadar arttigini

bildirmislerdir.

Sekil 2 Karbon noktalarin; (A) mas fasulyesi [18], (B) ¢in lahanas1 [22], (C) marul [22], (D) yer
fist1ig1 [23] bitkilerinde biiyiime tizerine etkileri

Fig 2 Karbon dots; (A) mung beans [18], (B) Chinese cabbage [22], (C) lettuce [22], (D)
peanuts [23] effects on plant growth

Li ve ark., [24], karbon noktalarin geltik {izerindeki etkilerini incelemis ve RuBisCo

enzim aktivitesinin %42 oranda artmasi sonucunda %14.8 lik bir verim artisi

gbzlemlemislerdir.
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Sekil 3 Karbon noktalarin mas fasulyesinde klorofil ve RuBisCo enzim aktivitesi lizerine
etkileri (18)

Fig 3 The effects of carbon dots on the enzyme activity of chlorophyll and RuBisCO in mas
beans [18]
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Karbon noktalarin bitkilerde abiyotik ve biyotik streslere karsi toleransi

Bitkilerde stres, bitkilerin bilylimesini, gelismesini veya tiretkenligini olumsuz yonde
etkileyen dis kosullar1 ifade etmektedir. Bitkilerde biyotik (mantar, bakteri, nematod
vb.) ve abiyotik (sicaklik, kuraklik, tuzluluk vb.) olmak iizere iki tiir stres vardir.
Bitkiler, bu ¢evresel streslerin iistesinden gelmek igin bir takim savunma mekanizmalari
gelistirmiglerdir [25].

Birlesmis Milletler Gida ve Tarmm Orgiitii’ niin (FAO) 2007 yilinda hazirlamis oldugu
rapora gore Diinya’da tarimsal alanlarin %96 s1 ¢esitli abiyotik streslerden etkilenmekte,
bunun sonucu olarak %50’ye varan verim kayiplarina ugramaktadir [26].

Reaktif oksijen tiirlerinin (ROS) olusumundaki artig, bitki biliylimesini etkileyen
abiyotik streslerin ana faktoriidiir ve ROS’ un birikmesi genellikle proteinler, lipidler,
karbonhidratlar ve DNA’ da oksidatif hasara yol acar [27]. Son yillarda yiizeylerindeki
karboksil ve amino gruplar1 nedeniyle radikal siipiiriicii 6zellige sahip KN’ ler abiyotik
strese kars1 direnci arttirabilecegi bildirilmistir [28, 29].

Bu bilgiler dogrultusunda [23], karbon noktalarin, yer fistiginda kuraklik stresi iizerine
etkisini inceledikleri ¢aligmada, karbon nokta (CD) uygulanmis yer fistig1 bitkilerinde
stiperoksit dismutaz (SOD), peroksidaz (POD) ve katalaz (CAT) aktivitelerinin arttig1
ve malondialdehit (MDA) igeriginin azaldig1 gorilmiistiir. Arastiricilar, yer fistiginda
CD uygulamasmin stres direncini arttirdigi ve kuraklik stresini azalttigi sonucuna
varmuslardir (Sekil 4). Xiao ve ark., (30)’nin bugday’da kadminyum toksisitesinin
negatif etkilerine kars1 yaptiklar1 ¢alismada, karbon noktalarinin Kadminyum’u absorbe
ettigini, bitkide ¢oziiniir seker ve protein igerigini arttirdigini, bunun yani sira bugday
yapraklarinda askorbat peroksidaz (APX), katalaz (CAT) ve peroksidaz’t (POD)

arttirarak bitkide kadminyum toksisitesine karsi toleransi yiikselttigini belirlemislerdir.

Sekil 4 Karbon noktalarin abiyotik stres tizerine etkileri; yerfistigi [23], bugday [30]
Fig 4 The effects of carbon dots on abiotic stress; peanut [23], wheat [30]
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Bitkiler farkli biiylime evrelerinde bdcek, bakteri, fungus, virlis veya nematod gibi
organizmalar tarafindan besin kaynagi olarak kullanilmaktadirlar, bununla birlikte
bitkilerde biyotik stres olusumuyla birlikte hastaliklarin ortaya ¢ikmasi ve sonucunda da
irtin kayiplart meydana gelmektedir [31]. Bitkiler biyotik streslere karsi dayaniklilik
genleri gelistirmiglerdir. Bu genlerin {irlinli olan proteinler, hastalik etmeninin bitkiye
girmesiyle birlikte savunma sistemini harekete gegirerek antimikrobiyal etkiye sahip
birgok proteinin bitkide iiretilmesini saglamaktadir [32].

Fitopatojenlerle enfeksiyon, tarimsal tretimde ciddi kayiplara yola agan biyotik bir
strestir (Sekil 5) [11]. Celtik tizerinde bir dizi deney sonucunda [24], Karbon noktalarin
hiicre ¢ekirdegi icerisine girerek DNA’nin yapisini gevsettigini ve bunun sonucunda
bitki hastalik diren¢ genlerinin ifade diizeyinde bir artis saglandigini bildirmislerdir
(Sekil 6) [24].

Seeding age: 60 days Seeding age: 90 days Seeding age: 120 days
I 1T I 11 I 11
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Sekil 5 Karbon noktalarin biyotik stres tizerine etkileri [24]
Fig 5 The effects of carbon dots on biotic stress [24]
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Sekil 6 Karbon noktalarin zamana gore celtik tizerindeki etkisi [24]

Fig 6 The effect of carbon dots on paddy with respect to time [24]
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Karbon noktalarin azotobacter chroococum’un azot fiksasyonu iizerine etkileri

Azot, bitkiler i¢in en dnemli bitki besin elementlerinden birisidir. Azotlu giibrelerin
fazla kullanimi c¢evresel kirlilik ve yiiksek girdi maliyeti sebebiyle endise kaynagidir.
Atmosfer bol miktarda azot (Nitrojen formda) igermektedir. Ancak, bitkiler bu azotu
dogrudan kullanamazlar. Azot sabitleyici bakteriler azot fiksasyonu ile birlikte serbest
atmosferdeki serbest azotu topraga baglayarak bitkilerin alimi i¢in uygun hale
getirebilmektedirler [33]. Wang ve ark., [18], Azotobacter chroococum’un aktivitesi
lizerine karbon noktalarin etkisini inceledikleri arastirmada, KN uygulamasimin %158
oraninda azot fiksasyonu aktivitesininin artirdigi bildirmislerdir (Sekil 4). Buna ek
olarak karbon noktalarin nitrojenaz ile birleserek nitrojenazin ikincil yapisini
etkileyebilecegi, biyokatalitik siirecte elektron transferini iyilestirebilecegi ve son olarak
azot fiksasyonu i¢in nitrojenaz aktivitesini gelistirebilecegi sonucuna varmislardir(Sekil

7) [18].
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Sekil 7 Karbon noktalarin Azotobacter chroococum’ un aktivitesi tizerine etkileri [18]
Fig 7 Effects of carbon dots on the activity of Azotobacter chroococcum [18]

Sonug¢

Yapilan literatiir calismalarinda karbon noktalarin yiiksek konsantrasyonlarda
kullanilmadig takdirde tarimsal {iretimde bitki biiylimesi, verim artigi, su ve besin
emilimini artmasi, hastalik ve zararlilara karsi direncin artmasi, biyotik ve abiyotik
strese kars1 tolerans gibi konularda pozitif yonli etkilerinin oldugu gériilmistiir.

Baslangic materyallerinin ucuz ve kolay temin edilebilir olmasiyla birlikte karbon
noktalarin hazirlanmasi i¢in ¢ok yonlii sentez yontemleri gelistirilmistir. Bununla
birlikte, standart boyut, sekil ve fonksiyonel gruplara sahip yiiksek kaliteli ve saf karbon

noktalar1 i¢in sistematik ve Olgeklenebilir bir sentez yontemi heniiz yoktur. Bu sebeple
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calismalar cimlendirme veya saksi denemeleri ile sinirli kalip tarla kosullarinda
calismaya rastlanmamistir. Yaptigimiz literatiir c¢aligmalar1 arasinda iiriin kalitesi
izerine yapilan bir ¢alisma bulunamamastir.

Ancak, giinlimiizde tarimsal tiretimde kuraklik, su kisiti, kimyasal ila¢ kullaniminin
yarattig1 olumsuz etkileri azaltmak, giibre girdi maliyetleri disiirmek, hastalik ve
zararlilara dayaniklilik saglamak gibi konularda olumlu katkilar sagladigi laboratuar ve
saks1 caligmalar1 ile belirlenmis olan karbon noktalarin ¢evre dostu, biyouyumluluk
Ozelligi ve toksisitesinin olmamasi 6zellikleri dikkate alinarak, kullanimiyla ilgili tarla-
sera kosullarinda, verim ve kaliteyi artirmak yoniinde fizyolojik ¢aligmalar1 da kapsayan

daha genis kapsamli aragtirmalara ihtiyag¢ oldugu goriilmiistiir.
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