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Antibacterial activity and essential oil composition of Calendula arvensis L.
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Abstract: Essential oil composition and antibacterial activity of Calendula ARTICLE HISTORY
arvensis L. were investigated. The essential oil of aerial part was obtained Received: January 20. 2020
through hydro-distillation using a Clevenger type apparatus with 0.38 (v/w) yield. ’ y <l
The essential oil components were determined by GC-MS analyses. Thirty-six ~Revised: March 09, 2020
components were identified in the essential oil that represented 91.8 % of the oil.  Accepted: August 09, 2020
The major components of the essential oil were 8-cadinene (14.8 %), epi-cubebol

(10.7 %), a-cadinol (8.5 %), cubenol (7.7 %), cubebol (7.2 %), 1-epi-cubenol (5.4  KEy\WORDS

%) and ledene (5.1 %). Antibacterial activity of essential oil was observed against

Staphylococcus aureus ATCC 29213, Bacillus cereus ATCC 14579, Calendula arvensis,
Pseudomonas aeruginosa ATCC 27853 and Escherichia coli ATCC 25922 by Essential oil,

using a broth microdilution. The essential oil showed weak inhibitory activity  antibacterial activity,
against E. coli and B. cereus at 8 mg/mL. The oil didn‘t show any antibacterial GC-MS

activity against S. aureus and P. aeruginosa. These results revealed that the oil

was rich in oxygenated sesquiterpenes as well as had a weak antimicrobial

activity.

1. INTRODUCTION

Calendula L. is a member of Calenduleae tribe of Asteraceae family. Calendula L. genus
is illustrated in Turkey by three species which are C. arvensis M.Bieb., C. officinalis L., and C.
suffruticosa Vahl [1]. Calendula species are used as an antipyretic and anti-inflammatory
remedy in Italian folk medicine [2]. In European folk medicine, Calendula species are
considered as an immune tonic that aids in prevention of sickness in winter [3]. C. arvensis is
known by its local name as “Portakal nergisi” in Turkey and is used externally to treat varicose
veins, eczema, fungus, warts and wounds [4]. C. arvensis has sedative, antibacterial, analgesic,
lymphagogue, demulcent, choleretic, vulnerary anti-tumor, mild anodyne anti-inflammatory,
antioxidants, anti-parasitic, antiviral, and antiseptic activities [5]. C. officinalis has
immunostimulant, hepatoprotective, anti-HIV, antitumor, anti-inflammatory, spasmogenic and
spasmolytic effects [6]. C. suffruticosa has mostly antioxidant and antifungal activity,
especially its ethanolic extract [7]. Previously, the essential oils and hydrosol extract from aerial
parts of C. arvensis L. were examined by using GC-FID and GC/MS. The main compounds
were zingiberenol 1 (8.7-29.8%), eremoligenol (4.2-12.5%), B-curcumene (2.1-12.5%),

CONTACT: Hiiseyin Servi DX servi@hotmail.com.tr [&] Department of Pharmaceutical Botany, Faculty of
Pharmacy, Altinbas University, [stanbul, Turkey
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zingiberenol 2 (4.6-19.8%) and (E, Z)-farnesol (3.5-23.4%). The antioxidant activity of
essential oil and extract was checked by using DPPH, FRAP and B-carotene methods. The
hydrosol extract showed high antioxidant activity. The antifungal activity of the essential oil
and hydrosol extract was studied against Penicillium expansum and Aspergillus niger. The
extract showed the highest inhibitory activity against P. expansum and A. niger [8]. The
essential oil of aerial parts of C. arvensis L. was studied by GC-FID and GC-MS methods. The
essential oil was obtained by hydrodistillation (HD) and microwave distillation (MD).
Sesquiterpenes (HD: 30.5 % and MD: 23.4 %) and monoterpene compounds (HD: 26.3 % and
MD: 24.3 %) were reported as the major groups. The main compounds were a-selinene (HD:
16.0 % and MD: 0.0 %), a-pinene (HD: 11.9 % and MD: 12.3 %), (Z)-a-santalol (HD: 8.2 %
and MD: 7.4 %), A-amorphene (HD: 0.0 % and MD: 8.0 %), (Z)-sesquilavandulol (HD: 4.8 %
and MD: 0.0 %), 7-epi-silphiperfol-5-ene (HD: 2.6 % and MD: 3.7 %), viridiflorene (HD: 2.5
% and MD: 1.7 %) and B-pinene (HD: 1.8 % and MD: 2.4 %). The antimicrobial activities of
the essential oils, hexane, ether and methanolic extracts of the C. arvensis L. were studied. The
essential oil (HD) and methanolic extract had tolerable antibacterial activity against
Staphylococcus aureus and Bacillus cereus. All the extracts were reported to have good
antituberculosis activity against Mycobacterium smegmatis [9].

The first purpose of this research was to obtain essential oil from aerial parts of C.
arvensis by using the hydrodistillation method as well as to determine antibacterial activity.
And the second purpose was to determine the variation in the volatile oil composition of C.
arvensis and to show that essential oil differences are related to geographical regions.

2. MATERIAL and METHODS
2.1. Plant Material

Plant material (natural) was collected in flowering periods from Istanbul (ikitelli-
Basaksehir) province of Turkey in April 2017. Voucher specimen was deposited in the
Herbarium of Marmara University (Voucher no: MARE20229), Turkey.

2.2. Isolation of the Essential Oil

The volatile oil of C. arvensis aerial parts (436 g) was obtained by Clevenger apparatus
(3 h) with the hydrodistillation method. C. arvensis aerial parts produced 0.38% (v/w) essential
oil yields. The oil was hold in amber vials under -20°C until analyzed.

2.3. Gas Chromatography/Mass Spectrometry Analysis

The GC-MS analysis was employed with an Agilent 5975C Inert XL EI/Cl MSD system
in EI mode. Essential oil of aerial part was kept in n-hexane was injected (1 uL) in split mode.
The temperatures of the injector and MS transfer line were adjusted at 250°C. Innowax FSC
column (60 m x 0.25 mm, 0.25 um film thickness) and helium as carrier gas (1 mL/min) were
utilized in GC/MS analyses. The temperature of oven was adjusted to 60°C for 10 min. and
increased to 220°C at a rate of 4°C/min. The temperature kept stable at 220°C for 10 min. and
then increased to 240°C at a rate of 1°C/min. Mass spectra were saved at 70 eV with the mass
range m/z 35 to 425. The relative percentage quantities of the separated compounds were
calculated from integration of the peaks in MS chromatograms (given in Figure 1). The analysis
was realized in triplicate.

2.4. ldentification of Essential Oil Components

The determination of volatile oil compounds was realized by comparison with their
relative retention indices got by a series of n-alkanes (C5 to C30) to the literature [10-23] (given
in Table 1 and Figure 1) and with mass spectra comparison to the in-house libraries (Wiley
WON11, NIST11).
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2.5. Antibacterial Assay

Antibacterial activity of the essential oil was studied against Staphylococcus aureus
ATCC 29213, Bacillus cereus ATCC 14579, Pseudomonas aeruginosa ATCC 27853 and
Escherichia coli ATCC 25922. The minimum inhibitory concentration (MIC) values were
determined for the oil, on each organism by using microplate dilution method [24]. Stock
solution of the oil (16 mg/mL) was prepared with %10 dimethyl sulfoxide (DMSQO). Serial
dilution of essential oil was done on 96-well microplates with using Mueller Hinton Broth
(MHB). Bacteria were standardized in MHB according to McFarland No:0.5. Bacterial cultures
were mixed with different concentrations of essential oils on microplates and were incubated
24 h at 37°C. Minimum inhibitory concentrations (MIC: mg/mL) were detected at the minimum
concentration where bacterial growth was not detected. All the experiments were performed in
duplicate.

3. RESULTS and DISCUSSION

The essential composition from aerial parts of C. arvensis were analyzed by GC-MS.
Thirty six compounds were identified comprising 91.8 + 0.1% of the oil. The main compounds
of the oil were d-cadinene (14.8 + 0.1%), epi-cubebol (10.7 + 0.0%), a-cadinol (8.5 + 0.1%),
cubenol (7.7 £ 0.0%), cubebol (7.2 £ 0.0%), 1-epi-cubenol (5.4 £ 0.0%) and ledene (5.1
0.0%). The essential oil composition is given in Table 1. The antibacterial activity of oil was
studied against two Gram-positive (Staphylococcus aureus, Bacillus cereus) and two Gram-
negative bacteria (Escherichia coli, Pseudomonas aeruginosa) by using a broth microdilution
assay. The essential oil showed weak inhibitory activity against E. coli, and B. cereus at 8
mg/mL. The essential oil did not show any antibacterial activity against S. aureus and P.
aeruginosa (given in Table 2). Also, it has been suggested in previous studies that 5-cadinene,
epi-cubebol, a-cadinol, cubenol, cubebol, 1-epi-cubenol and ledene have antibacterial activity
[25-32]. Along with these compounds in the essential oils of C. arvensis may have contributed
to the activity of the oil.

Zingiberenol 1 (8.7-29.8%), eremoligenol (4.2-12.5%), B-curcumene (2.1-12.5%),
zingiberenol 2 (4.6-19.8%) and (E,Z)-farnesol (3.5-23.4%) were detected in higher quantity in
the essential oil of Calendula arvensis from Algeria [8] while zingiberenol contained at a low
amount in the current study. And other main compounds were not detected in the essential oil
of current study.

According to a study from Trabzon, C. arvensis was reported to contain a-selinene, a-
pinene, (Z)-sesquilavandulol, 7-epi-silphiperfol-5-ene, viridiflorene, and B-pinene as main
compounds [9]. But these compounds did not detect in the essential oil of this study except for
a-pinene (0.2%). The oil from Trabzon had monoterpene and sesquiterpene as major groups.
In the present study, the oil from Istanbul has oxygenated sesquiterpenes as a dominant group
and showed a dissimilar chemical profile from the previous study. The difference in the
composition of both oils may be correlated with the geographical region, collection time and
specific climate conditions. The oil from Trabzon showed moderate antibacterial activity
against S. aureus and B. cereus but in the current study, the oil did not show activity against S.
aureus. Both oil samples had activity against B. cereus at different MIC values. The
antibacterial activity differences in previous research and present data could be related to
different main compounds of oils.

Another study from Corsica-France had common main compounds with the current study.
The main compounds of the oil from France were 6-cadinene (15.1%) and a-cadinol (12.4%)
[33]. The similarities were observed between essential oil constituents of Corsica-France and
Istanbul-Turkey plants. But there are quantitative dissimilarities in main compounds of both
essential oils.
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Table 1. Essential oil composition from aerial parts of Calendula arvensis L.

R.T. RRI |4 I Il Average®

No % RRI? Lit3 Compound ) (%) (%) (%) SDS  Id.Met.’
1 8.67 1020 1032 a-Pinene 0.1 02 02 0.2 0.1 RIMS
2 27.332 1461 1466 a-Cubebene 0.3 03 03 0.3 0.0 RIMS
3 28304 1488 1482 a-Longifolene 0.2 02 02 0.2 0.0 RIMS
4 2858 1496 1497 a-Copaene 0.5 05 05 0.5 0.0 RIMS
5 29906 1536 1544 a-Gurjenene 0.1 01 01 0.1 0.0 RIMS
6 30.165 1544 1547 B-Cubenene 0.4 04 04 0.4 0.0 RIMS
7 32169 1605 1612 B-Caryophyllene 0.3 03 03 0.3 0.0 RIMS
8 3409 1669 1677 epi-Zonarene 1.3 1.2 13 1.3 0.1 RILMS
9 34448 1680 1687 a-Caryophyllene 0.5 05 05 0.5 0.0 RIMS
10 35.195 1705 1707 Ledene 5.1 51 51 5.1 0.0 RIMS
11 35.623 1720 1726 Bicyclosesquiphallendrene 0.2 02 0.2 0.2 0.0 RIMS
12 35.793 1726 1726 Germacrene D 1.4 14 14 1.4 0.0 RIMS
13 35989 1733 1740 a-Muurolene 1.2 12 12 1.2 0.0 RIMS
14 36.976 1768 1772 d-Cadinene 149 148 1438 14.8 0.1 RIMS
15 37.261 1778 1783 B-Sesquiphallendrene 0.1 01 01 0.1 0.0 RIMS
16 37.707 1793 1799 Cadina-1,4-diene 1.0 1.0 1.0 1.0 0.0 RIMS
17 39.13 1846 1849 Calamenene 0.4 04 04 0.4 0.0 RIMS
18 40.486 1896 1900 epi-Cubebol 10.7 10.7 10.7 10.7 0.0 RIMS
19 41275 1927 1955 Neophytodiene isomer 3.2 32 32 3.2 0.0 RIMS
20 41.703 1943 1953 Palustrol 0.3 03 03 0.3 0.0 RIMS
21 41837 1949 1957 Cubebol 7.2 72 1.2 7.2 0.0 RIMS
22 44261 2045 2057 Ledol 3.0 30 30 3.0 0.0 RIMS
23  44.821 2068 2080 Cubenol 7.7 77 1.7 7.7 0.0 RIMS
24 44962 2074 2080 1,10-di-epi-cubenol 3.1 31 31 3.1 0.0 RIMS
25 45114 2080 2088 1-epi-cubenol 5.4 54 54 5.4 0.0 RIMS
26 45.333 2089 2092 B-Oplopenene 0.2 02 02 0.2 0.0 RIMS
27 4556 2098 2100 Viridiflorol 3.1 32 31 3.1 0.0 RIMS
28 46.074 2120 2096  Sesquisabinene hydrate 2.8 29 28 2.8 0.1 RIMS

Hexahydrofarnesyl

29 46.305 2130 2131 0.4 04 04 0.4 0.0 RIMS

acetone

30 46.462 2137 2135 Spathulenol 0.3 03 03 0.3 0.0 RIMS

31 47.629 2187 2191 Zingiberenol 1.8 1.8 138 1.8 0.0 RIMS

32 47921 2199 2192 1-Cadinol 2.6 26 2.6 2.6 0.0 RIMS

33 48.169 2210 2219 d-Cadinol 1.0 1.0 10 1.0 0.0 RIMS

34 48495 2225 2232 a-Bisabolol 0.4 04 04 0.4 0.0 RIMS

35 48975 2246 2255 a-Cadinol 8.4 85 85 8.5 0.1 RIMS

36 59.374 2613 2622 Phytol 1.9 19 19 1.9 0.0 RIMS

Total 91.8 919 9138 91.8 0.1

!R.T: Retention time; 2RRI: Relative retention time; 3RRI Lit.: Relative retention time in the literature; “The analysis results;
56The average % area of analysis with + standard deviation (SD) (n=3); “Identification method.
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Figure 1. GC-MS Chromatogram of Calendula arvensis aerial parts essential oil. (1:Ledene; 2:6-
Cadinene; 3:epi-Cubebol; 4:Cubebol; 5:Cubenol; 6:1-epi-cubenol; 7:a-Cadinol)

Table 2. Essential oil composition from aerial parts of Calendula arvensis L.

Bacteria Essential oil (mg/mL)
Staphylococcus aureus Not sensitive
Bacillus cereus 8 mg/mL
Escherichia coli 8 mg/mL
Pseudomonas aeruginosa Not sensitive

4. CONCLUSION

The present study indicated that C. arvensis oil was rich in oxygenated sesquiterpenes
and had antibacterial activity against E. coli and B. cereus. The oil did not show activity against
S. aureus and P. aeruginosa. This result indicates a higher concentration of the oil is required
to inhibit the growth of these bacteria. The essential oil of the current work is different from
previous researches as quantitative and qualitative composition. The variations of essential oil
ingredients and composition may be correlated with environmental factors such as temperature,
humidity, and photoperiod. The quantitative composition of the essential oils can be related to
plant age and harvesting time. Further studies on essential oil of C. arvensis are required to
isolate main compounds of oil that are responsible for its antibacterial activities.
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1. INTRODUCTION

While organisms continue their cellular metabolic functions in the usual way, at the same
time, the oxygen required for aerobic respiration, which is one of the elements of usual
metabolic functions, can cause serious cell damage during oxidation. In other words, oxygen in
the cell can produce reactive oxygen species (ROS) that occurs free radicals, while it produces
energy with oxidative phosphorylation [1]. Increased production of ROS causes oxidative stress
that is the cause of many diseases such as diabetes, cancer, epilepsy, cardiovascular conditions
and inflammatory diseases [2,3]. For example, in 2018 year, new cancer cases of 18.1 million
were detected in the world, 9.6 million of which resulted in death [4]. There are antioxidant
defense systems in order to halt the progression of these diseases in the body. The antioxidants
effect chain reactions with free radicals that occur in the cell for various reasons and damage
the cell and affect the that they initiate. Antioxidants, one of the components of the defense
system, react with free radicals and affect the formation of chain reactions the excess in diseases
caused by free radicals the increased the tendency towards natural foods with strong antioxidant
properties [5,6].

Not only free radicals but also infections show a significant effect on the development of
some diseases in humans and animals. Especially infections were started to be controlled with
the exploration of antibiotics in the later 19th century and early 20th century. For 60 years,
antibacterial drugs have been considered a panacea to cure infections and have been used
extensively regardless of the source and type of infection. In addition, misuse of antibiotics,
such as skipping dose, overuse and low dose antibiotic intake, has potentially promoted
antibiotic resistance to the bacteria rather than eliminating the infection [7-11]. The type of
infection has become a life-threatening problem. Therefore, in recent times, interest has been
raised to the researches for the development of new antimicrobial substances from various
organisms to combat antibiotic resistance. Although new antibiotics against bacteria are
commonly obtained from prokaryotic organisms (bacteria) and some eukaryotic organisms
(microorganisms, plants, and various animals); especially microorganisms and plants are the
main source of them [12]. Secondary metabolites obtained from plants exhibit antimicrobial
effect as well as some pharmacological effects (antioxidative, anticancer and anti-inflammatory
activities and prevent coronary heart disease, anti-atherosclerotic and hepatoprotective) on
human health [10,13]. The usage of plants in the cure of various diseases has a long history. Up
to the present time, 35000-70000 species of plant have been screened for medical use.
Particularly, plants with ethnopharmacological have been the main sources for drug discovery
[14]. Among these plants, Diospyros lotus L. fruits are used in traditional medicine but also
consumed as food. The fruits are used as antiseptic, antitumor, astringent, antidiabetic and in
treating diarrhea, dry cough, febrifuge, hypertension [15]. In addition, its seeds show sedative
effect [16].

Diospyros genus in the Ebanaceae family contains approximately 200 species. D. lotus is
one of the four species that have a pomological value among these species. The species is a
deciduous tree and its maximum heights 15 m. It spreads naturally in the Northeast and South
regions of Turkey. The fruit is a globose shape which is about from 1.5 to 2.0 cm in diameter
and immature and ripe fruits are yellow and bluish-black color, respectively [17-19]. Some
studies were performed to determine both the biological activities and the chemical composition
of the D. lotus [15,16,20-24]. In addition, although there are some studies on the biological
activity [25] and chemical composition of D. lotus collected from Turkey [17,26-29], any
studies have not been conducted to determine the antimicrobial activity against multi-drug
resistant bacteria and antioxidant activity of the fruit and seed portion of D. lotus.

Fruit and seed of D. lotus grown in Turkey's Eastern Black Sea Region in the present
study were aimed to determine the antioxidant activity with different methods and antimicrobial
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activity against three Gram-positive, four Gram-negative bacterial strains and three multi-drug
resistant bacteria. Also it was determined that the chemical composition of the fruit and seed.

2. MATERIAL and METHODS
2.1. Chemicals and Reagents

The chemicals and reagents used in the study were obtained from various companies, for
example; Trolox®, 2,4,6-tripyridyl-s-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazyl (DPPH-),
2,9-dimethyl-1,10-phenanthroline (neocuproine), anhydrous iron (I11) chloride (FeCls) were
purchased from Sigma-Aldrich. Copper (I1) chloride (CuCl,), acetic acid (>99.8 %), ammonium
acetate, HPLC grade methanol (>99.9 %) and ethanol (>99.5 %), were supplied from Merck.
Folin-Ciocalteu reactive and HPLC standards Sigma-Aldrich, HPLC Elite LaChrom Hitachi,
Japan. Evaporator IKA-Werke, Staufen, Germany. Syringe filter RC-membrane, 0.45 pm.

2.2. Preparation of Plant Extraction

The fruits of the D. lotus were harvested in the Akcaabat district of Trabzon province in
December 2017. The seeds (S) from fruit (F) of the plant were separated and both fruit and
seeds are dried at room temperature. The dried fruits and seeds are milled in Waring
Commercial Blender device.10 g of fruit powder and seed powder were weighed, separately
and extracted in five different percentages of 100 mL methanol-pure water solutions (Table 1).

Thus, the extracts were mixed with a magnetic stirrer for 2 hours and were successively
filtered through Whatman filter papers to obtain clear solutions. The extracts were stored in a
cool, dark place at room temperature until analysis. In addition, in order to determine the
antimicrobial activity, DMSO extracts were prepared for both fruits and seeds as in preparation
of methanol-water extracts.

Table 1. Solvent ratios for fruit and seed extraction

Fruit Samples % Methanol % Water Seed Samples % Methanol % Water
F1 100 - S1 100 -
F2 75 25 S2 75 25
F3 50 50 S3 50 50
F4 25 75 S4 25 75
F5 - 100 S5 - 100

2.3. Plant Extraction for HPLC

Solvents of the methanol extracts of the fruit and seeds of the plant were evaporated with
a rotary evaporator device at 40 °C. The residue dissolved in 10 mL pH 2 water was extracted,
for the phenolic compounds, three times with 15 mL of diethyl ether then, three times with 15
mL of ethyl acetate consecutively. Organic phase was picked up in the same flask and
evaporated till drying under reduced pressure in a rotary evaporator at 40 °C. Then the residues
were weighed and dissolved with 2 mL of methanol for HPLC analysis. This solution was
filtered with 0.45um Whatman nylon filter and analyzed by HPLC-UV [30].

2.4. Determination of Antioxidant Activity
2.4.1. DPPH Radical Scavenging Activity

DPPH radical cleaning test is one of the most preferred methods in the determination of
the antioxidant activity of the substances. The method developed by Cuendet et al. [31] was
modified and applied to extracts. Firstly, a 100 uM methanolic DPPHe solution was mixed in
the magnetic stirrer for 30 min and then a DPPHe reagent solution was prepared. Both the
sample mixture and the reagent blank 3 were run in parallel. After 50 min, the absorbance values
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of the tubes mixed with DPPH reagent were determined at 517 nm and % inhibition (DPPHe
cleaning) values were calculated using the following formula.

% Inhibition (radical cleaning power) = [(AoppH - Asample) / Apppr] X 100
AprrH : Absorbance value of the DPPH solution
Asample - Absorbance value of the sample extract

2.4.2. Ferric Reducing Antioxidant Power (FRAP)

The antioxidant assay method was based on the principle of measuring the absorbance of
the Fe?* -TPTZ (2,4,6-tris (2-pyridyl) -s-triazine complex in 595 nm [32]. The FRAP reagent
consists of mixture of 10mM TPTZ in 40mM HCI and 20mM FeCl3.6H20 and 300mM acetate
buffer (pH 3.6), in 1:1:10 ratio respectively. The calibration curve was created using the Trolox
standard in different volumes (1000-500-250-125-62.5 uM). 50 pL of the plant extracts and
standard Trolox solutions were vortexed with FRAP reagent (1.5 mL) and were kept at room
temperature for 20 minutes. Then the values of absorbance were read at 595 nm against pure
water. In addition, the absorbance of reagents and sample blanks was measured and these values
were subtracted from the mean values of the three studied parallel samples. Antioxidant activity
of FRAP was calculated based on Trolox calibration graph and expressed as TEAC, uM (Trolox
equivalent antioxidant capacity). In the evaluation of the results, the high TEAC values of the
samples also indicate high FRAP and therefore high antioxidant capacity.

2.4.3. Cupric Reducing Antioxidant Capacity (CUPRAC)

In CUPRAC method, 2,9-dimethyl-1,10-phenanthroline (Neocuproine-Nc) was used with
Cu (I1) to form Copper (11) -neocuproine complex [Cu (I1) -Nc] [33]. The antioxidant capacity
was determined with the reduction of the Cu(ll)-Nc to Cu(l)-Nc chelate that has maximum
absorbance at 450 nm[33]. Antioxidant standard Trolox® was studied at six different
concentrations (0.03125-0.625- 0.125-0.25-0.5-1-mg/mL) for plotting calibration curve. After
pipetting, tubes were vortexed and kept in darkness for 30 minutes. Absorbance values of the
solutions in each tubes transferred to plastic cuvettes were read at 450 nanometers. The results
were compared with Trolox®, a standard antioxidant with a high reduction potential and were
expressed as Trolox® equivalent antioxidant capacity (uM TEAC).

2.4.4. Total Phenolic Content (TPC)

The total phenolic content of the fruit and seed of the D. lotus was determined by modified
Slinkard and Singleton [34]. method with use of Folin-Ciocalteu reagent. Firstly, 50 pL of the
sample solution was diluted with 2.5 mL of distilled water, then 250 pL of 0.2 N Folin-
Ciocalteu reagent and 750 pL of Na2COs (7.5%) was added and vortexed. The prepared tubes
were incubated for 2 hours at room temperature and the absorbance values at 765 nm were
determined. The amount of phenolic compounds in the samples was determined based on
function of the line obtained from calibration graph of gallic acid standart (1000-500-150-125-
62.5 pg/mL) in six different concentrations as gallic acid equivalent (GAE (ug/mL)).

2.5. Analysis of Phenolic Compounds by HPLC

The phenolic contents of the methanol extracts of the fruits and seed of D. lotus were
determined by using the Elite LAChrom Hitachi, Japan HPLC with a UV-Vis detector. In total,
nineteen of phenolic compounds standards (caffeic acid, catechin, chrysin, daidzein,
epicatechin, ferulic acid, gallic acid, hesperetin, luteolin, myricetin, p-coumaric acid, 4-
hydroxybenzoic acid, pinocembrin, protocatechuic acid, resveratrol, rutin, syringic acid, t-
cinnamic acid and CAPE (caffeic acid phenethyl ester)) were used. The extracts were injected
into an inverted phase C18 column (150 mm x 4.6 mm, 5 um; Fortis). The mobile phase was
formed within mixing of solvents A (2% AcOH in water) and B (acetonitrile/water in 70:30
ratio) which was sonicated before stirring and continuously degassed by the built-in HPLC
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system. The temperature of the column was fixed at 30 °C and 20 pL of extracts were injected.
The mobile phase was composed of water (2% AcOH) and acetonitrile/water (70:30) filtered
using a 0.45um nylon filter (Whatman, Maidstone, The United Kingdom) degassed in a
sonicator for 30 min. The mobile phase flow rate was 0.75 mL/min, and the elution in the
gradient mode occurred as follow: 0 min 5% B in A; 8 min 15% B in A; 10 min 20% B in A,
12 min 25%B in A; 20 min 40%B in A; 30 min 80%B in A; 35 min 5% B in A; 50 min 5%B
in A. Phenolic profile was determined according to Can et al. [30].

2.6. Determination of Minimum Inhibition Concentration

The minimum inhibitory concentration (MIC) of the plant extract against to 3 Gram-
positive (Bacillus subtilis ATCC 6633, Streptococcus pyogenes ATCC 19615 and
Staphylococcus aureus ATCC 25923) and 4 Gram-negative bacterial strains (Escherichia coli
ATCC 25922, Proteus vulgaris ATCC 13315, Pseudomonas aeruginosa ATCC 43288,
Yersinia pseudotuberculosis ATCC 911) and antibiotic resistant strains (Acinetobacter
baumannii, E. coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa) were determined
with the use of the liquid microdilution method. DMSO was used as a solvent for extracts. The
extracts concentration are 100 mg/mL (serial two-fold dilution was carried out) obtained from
the fruit and seed of the plant. Ampicillin used as control. MIC values of the DMSO fruit and
seed extracts were determined in the 96-well plates and triplicate.

3. RESULTS and DISCUSSION

3.1. Antioxidant Activity of D. lotus Extract

The antioxidant activities of fruits and seeds of D. lotus plant were investigated by using
four different antioxidant determination methods in methanol-water extracts at different
percentages. In the DPPH radical scavenging method, while F1 (100% methanol) had the
highest antioxidant activity value with 79.04 and the lowest activity was measured as 59.94 for
F4 sample (25% methanol- 75% water (Table 2). In the extracts of the seeds, the highest
antioxidant activity was measured as 85.63 in S1 extract (100% methanol) as in fruits. However,
the lowest activity was determined with 64.17 in S2 extract (75% methanol- 25% water) (Table
2).

Table 2. The antioxidant activities of methanol and water extracts in different percentage of fruits and
seeds of D. lotus plant

Samples TPC (GAE pug/mL) FRAP (UM TEAC)  CUPRAC (UM TEAC) DPPH (%)
F1 416.51 +0.05 250.00 + 0.01 0.05 + 0.06 79.04 + 0.05
F2 306.82 +0.01 347.60 + 0.03 0.04 +0.01 72.24 £ 0.07
F3 289.82 +0.11 163.60 + 0.10 0.03 +0.01 66.44 + 0.08
F4 124.12 +0.08 43.64 +0.01 0.02 + 0.07 59.94 + 0.10
F5 105.91 +0.01 7.270 £0.02 0.01 +0.01 66.54 + 0.08
s1 569.81 +0.03 190.60 + 0.02 0.27 +0.02 85.63 + 0.04
S2 659.80 +0.04 471.50 +0.05 0.58 + 0.06 64.17 + 0.09
S3 632.61 +0.01 215.51+0.12 0.32 +0.02 69.78 + 0.07
sS4 521.00 +0.10 71.82 £0.03 0.22 +0.02 70.77 £ 0.07

*Different letters in the same column indicate significantly different at the 5% level (p < 0.05) among the results.

Similar results were obtained in FRAP, CUPRAC and TPC antioxidant detection
methods. In all three methods, F2 (75 % methanol- 25 %) and F5 (100 % water) showed the
highest and lowest antioxidant activity respectively for both seed extracts and fruit extracts. It
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was determined that the antioxidant activity of the seed extracts was higher than the fruit
extracts in all antioxidant determination methods.

In addition, the antioxidant activity of the extracts, which are generally 100 % water in
the solvent, was found to be lower than the others. Except for the DPPH test, antioxidant activity
was higher in fruits and seeds in 75 % methanol- 25 % water and 50 % methanol- 50 % water
extracts for all three methods. In some studies conducted to determine DPPH radical scavenging
activity values of D. lotus plant fruits (methanolic extract) grown in different regions of the
world, determined values were significant [20,21,23]. Moreover, Lozzio et al. [20] also found
high antioxidant activity using FRAP and ABTS methods.

3.2. Phenolic Compounds in D. lotus Extract

While five phenolic acids; gallic acid > ferulic acid >protocatechuic acid>syringic acid
>t-cinnamic acid were determined in methanolic fruit extract (Table 3) eight phenolic
compound; gallic acid> chrysin>CAPE> catechin>caffeic acid>p-coumaric acid >protocateuic
acid>t-cinnamic acid were identified in the seed extract (Table 3). It was observed that the seed
parts were richer in terms of phenolic content as well as antioxidant activity. The results support
the antioxidant results. As it is seen in the Table 3, gallic acid, protocatechuic acid and t-
cinnamic acid were present in both fruit and seed. While gallic acid was measured in the highest
quantity with 234.74 ug/g in fruit extract and it was second with 1065.54 ug/g in seed extract
among the determined phenolic compounds. However, although the chrysin and CAPE was not
present in fruit extracts, they reached quantitatively highest abundance with 1086.09 and 768.2
Mg/g in seed extract respectively.

Table 3. HPLC analysis of phenolic composition of D. lotus

HPLC standards Fruit (11g extract/q) Seed (ug extract/g)
Gallic acid 234.7 1066
Protocatechuic acid 28.13 44.43
4-hydroxybenzoic acid nd nd
Catechin nd 343.2
Caffeic acid nd 121.4
Syringic acid 15.53 nd
Epicatechin nd nd
p-coumaric acid nd 68.27
Ferulic acid 48.44 nd
Rutin nd nd
Myricetin nd nd
Resveratrol nd nd
Daidzein nd nd
Luteolin nd nd
t-cinnamic acid 6.36 21.42
Hesperetin nd nd
Chrysin nd 1087
Pinocembrin nd nd
CAPE nd 768.2

nd: non detected

Ayaz et al. [27] searched phenolic content of D. lotus fruits at different times during the
development period of fruit in GC-MS and reported that eight phenolic acids (salicylic acid, 4-
hydroxybenzoic acid, vanillic acid, gentistic acid, 3,4-dihydroxybenzoic acid, syringic acid, p-
coumaric acid, gallic acid). Gallic acid and syringic acid were also detected and gallic acid
showed the highest amount the same as our study. Gao et al. [16] also used ten phenolic acid
standards in HPLC analysis of phenolic compounds in different extracts of D. lotus. Seven of
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these standards (caffeic acid, ferulic acid, gallic acid, myricetin, p-coumaric acid,
protocatechuic acid and rutin) were common with the present study. Similarly, rutin was not
detected, while gallic acid was detected in the highest abundance [16]. Gallic acid, a phenolic
compound of plant origin, is a powerful antioxidant [35]. In addition, it also shows the effects
of antimutagenic, antitumor, antibacterial anti-inflammatory [35,36]. Rashed et al. [24] reported
that among seven phenolic compounds obtained from D. lotus fruits, gallic acid was the most
active compound against HIV-1 and inhibited HIV-1yg replication with ECso value of 6.09
ug/mL. Again, the plant phenolic compounds were used against human cancer cells and gallic
acid exhibit the highest anticarcinogenic effect against colorectal adenocarcinoma (IC50 2.6
pg/mL) and lung large cell carcinoma (IC50 4.66 ug/mL) [20]. Moghaddam et al. [23]
conducted a study on the seed of this plant to determine its biological activity. However, the
phenolic content of seed has not been studied. Although chrysin was present in some plants,
honey, and propolis [37] it was first detected in the D. lotus plant in this study. It was also
measured at the highest level among the identified phenolics in the seed. Chrysin is an important
natural flavonoid having many biological activities such as aromatase inhibitor, antioxidant,
anti-cancer, antiviral activities and anti-inflammatory effects [38,39].

3.3. Antimicrobial Activity

DMSO extract of plant seed has inhibited the growth of studied bacteria but DMSO
extract of plant fruit did not have antimicrobial activity against bacteria. MICs of plant seed
extracts were found to be between 0.75-25 mg/mL. Extract of plant seed showed very potent
activity against E. coli and S. pyogenes with 0. 75 mg/mL MIC. MIC values of plant seed
extract for Bacillus subtilis and P. aeruginosa were 12.5 mg/mL. Also, it was determined that
the DMSO extract of plant seed had a lower MIC value (25 mg/mL) against S. aureus, Y.
pseudotuberculosis and Proteus vulgaris. MIC values of plant extract against antibiotic
resistant clinical bacteria were 12.5 and 25 mg/mL. DMSO extract of the plant seed was
determined to be the highest MIC (12.5 mg/mL) against K. pneumonae carrying blakec, A.
baumannii harboring blaoxa-23 gene and resistance to colistin, and multi-drug resistance P.
aeruginosa. MIC value of the plant seed extract was found to be 25 mg/mL against NDM type
metallo beta lactamase harboring K. pneumonia and multi-drug resistance E. coli.

4. CONCLUSION

Methanol and water extracts in different percentages of D. lotus plant fruits and seeds
showed antioxidant activity in all antioxidant methods. Significantly, the content of phenolic
compounds in plants contributes antioxidant activity. Among the phenolic compounds detected
in this study, the highest measured gallic acid (in fruit and seed) and chrysin (only seed) may
be determinant antioxidant activity. Chrysin flavonoid, which has high biological activity, can
be studied in more detail in both naturally grown and cultivated D. lotus seeds. Antibiotic-
resistant strains, especially multidrug-resistant isolates, are a serious threat to public health. The
spread of beta-lactamases that hydrolyze antibiotics among bacteria has become a worldwide
problem. To combat antibiotic resistance, many scientists are looking for both synthetic and
natural products around the world. In this study, we show the antibacterial activity of plant seed
extracts against multi-drug resistant strains that cause difficulties in the clinic.
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cotton varieties have high honey and nectar productivity in Uzbekistan ) '

environment. Washing Method

1. INTRODUCTION

Cotton (Gossypium sp.) is an important source of feed for beekeeping farms in
Uzbekistan. Because currently the main source of beekeeping honey is cotton fields, along with
natural flora. However, the data on the cotton crop is not quite complete. Also, many new
varieties of cotton have been released lately and the amount of wreaths has not been determined.
Therefore, this issue is of great importance both in cotton growing and beekeeping. Despite
many scientific observations and experiments, so far there is no consensus on the amount of
cotton flower juice in science. It is known that nectar extinction is a complex biological process
that is influenced by climatic conditions of the year and by anthropogenic factors. Although
cotton has been planted since ancient times, its "originality™ has only been relatively recent. At
first it was not known whether cotton produced nectar or not. Beekeeping was observed later
in the cotton flowers. It is determined by the yield of the flower [1- 3].

Kaziev's research shows that the yield of cotton in the conditions of Azerbaijan in 1964
IS 26-37 kg. [4]. According to SG Minkov [5], in South Kazakhstan each flower produces honey
8-11 mg and its honey yield is from 11 to 33 kg per hectare. Also, the amount of cotton wool
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was calculated in Bulgaria and Egypt. According to their data, in each of these countries each
flower produces 8-12 mg from rose. Their honey yield ranges from 20 to 30 kg [6].

Cotton nectaries produce highly concentrated carbohydrates, nectarins, amino acids and
fatty acids [7, 8]. Nectar is an important nutrient source for insects and pathogens due to its
high sugar content [9-12]. Cotton nectar attracts insects beneficial for pollination and
protection, which enable the plants to achieve greater reproduction [13].

2. MATERIAL and METHODS

Obijects of the research are the following cotton varieties: cotton "Namangan-77", created
by VA Avtonomov, M. Saidakhmedov, A. Egamberdiev and others at the Scientific Research
Institute of Agrotechnologies of Crop Breeding and Breeding. The average growth period is
100-120 days and included in the State Register since 2012. Sh.Namazov, N.Khojambergenov
and others at the Sulton Scientific Research Institute of Crop Breeding, Seed Breeding and
Agro-Technology. The ripening period is 115-120 days on average and has been included in
the state register since 2011. "Andijan 35" was developed by T.Komilov and others at the
Andijan scientific experimental station of the Scientific- Research Institute of Crop Breeding,
Seeding and Breeding Agrotechnology. The ripening period is 122-255 days on average and is
included in the 2006 State Register.

Several methods of nectar determination were used to determine the number of angles of
cotton varieties planted in the country, such as "tube™ and "washing." The tube technique is
simple and easy to use and has been used by many people. The number of angles determined
by the tube method is as follows. Glass tubes of 0.1-0.3 mm in diameter and 4.5 cm in length
are manufactured. They are weighed on accurate weights and weighed. These tubes are
transmitted between plant florets and extracted from the juice. It will be weighed again. Of
course, the number of flowers and what candies are derived. The amount of sugar in the rose
(in percentage) is determined by the refractometer. The second method is the “washing” method
where distilled water is poured into specially prepared tubes (40 cm?®). These vials are given a
certain amount of flowers. The filtrate is shaken for 20-25 minutes when the juice from the
flowers is transferred to the vial. The filtrate is analyzed by the Hagedorn and Jensen [14]
method in the chemical laboratory.

3. RESULTS and DISCUSSION

Cotton blooming in Uzbekistan lasts from early July until late autumn, and slower
flowering lasts from mid-July to late August. Vegetation buds begin to open at 8-9 am, slopes
begin at 10 am and last until the evening. As you know, all of cottons produces nectar.
According to our observations, the intensity of the hernia separation lasts from the morning to
the middle of the day. In a study, Gilliam et al. [15]. Floral nectar from 3 cultivars of field-
grown cotton, 9 cultivars of cotton grown in a greenhouse, 5 cultivars of citrus, saguaro cactus,
and prickly pear cactus were examined for bacteria, yeasts, and molds by plating on selective
microbiological media. No microbes were isolated from nectar of any cotton flowers. Of 23
samples of citrus nectar, 3 contained a few gram-negative rod-shaped bacteria. Nectar from
prickly pear cactus contained no microbes, although nectar from saguaro cactus contained a
few bacteria (gram-negative rods, gram-positive rods, and gram-positive cocci). These results
are discussed in relation to possible antimicrobial substances in nectar as well as the origin of
the microflora of honey bees.

To our knowledge, the amino acids in the floral nectar of cotton (Gossypium spp.) have
not been determined, although Clark and Ulkefahr [16], using paper chromatography, failed to
find amino acids in Gossypium extrafloral nectar. However, Mound [17] detected two
ninhydrin-positive substances on paper chromatograms of extrafloral nectar from G.
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barbadense L., and Hanny and Elmore [18], using both gas and thin layer chromatography,
found 24 free amino acids in extrafloral nectar of G. hirsutum L. Yokohama [19], without giving
data, stated that she found a high concentration of amino acids in extrafloral nectar of G.
hirsutum.

Given the importance of cotton varieties in beekeeping, we have been able to determine
the nectar and honey yield per hectare for several years (Table 1). It was found that the amount
of nectar in each flower ranges from 8-10 to 30-36 mg. The amount of honey per hectare is 30-
50 kg and honey yield is 15-20 kg to 30-40 kg.

Table 1. Nectar productivity of different medium fiber varieties.

No  Cotton varieties The amount of Nectar Honey product
nectar per flower (mg) productivity kg/hectares kg/hectares
1 Bukhora-102 26.10 + 3.40 33.47 24.85
2 Andijan-36 11.75+1.34 35.60 16.20
3 C-8286 10.32+1.16 30.04 15.71
4 C-6524 9.66+1.13 25.92 16.10
5 C-9063 12.66 + 1.81 33.04 21.10

From the above, it can be seen from the fact that mid-fiber varieties are an important
nectar-honey source for beekeeping farms. Therefore, all cotton plantations should be used on
time.The nectar extraction of the pellets of cotton (Table 2) differs from each other. As shown
in the table, the most widespread of medium-fiber varieties are produced by shellfish (74%),
while others range from 3% to 14%. At the same time, the abdominal cavity accounted for 84%,
and at least the leaflet (1.18%).

Table 2. Sugar yield of different types (%)

Sugar contents (mg)

No Part

Medium fiber varieties Varieties of fine fibers
1 Inside the flowerpot 25.9 (74%) 54.90 (84%)
2 Underneath the skull 3.15 (9%) 6.94 (11%)
3 In front of the flowerpot 5.08 (14%) 2.00 (3%)
4 On the leaf 1.12 (3%) 1.18 (2%)
5 Total 35.25 (100%) 65.02 (100%)

The most productive of cotton candy is the pearl inside the turquoise. Based on this, we
have identified the dynamics of the wreath, which is separated by the apple tree in the flowerpot:
(Table 3). Cotton plants present a relevant model system for comparing the defence strategies
against herbivores [20]. While a lot of research has been carried out about the biochemical
mechanisms underlying VOC emission in cotton plants and their associated benefscsal
interactions with insects [21], very little is known about the role of nectar [22]. Results of
Llandres’s study showed that wild cotton varieties produced a greater quantity of nectaries and
this nectaries enhanced the diversity of natural enemies. The amount of nectar excreted by the
entrails also varies. Accordingly, the number of bees that visit them varies. In another study,
Ozkok and Silici [20] performed biological analyses of different honey samples (chestnut,
citrus, clover, cotton and sunflower). According to their results, cotton honey has 38.99 + 5.08
mg GAE/100 g sample total phenolic content, and also it posses 139.95 + 4.52 mg AAE/g
sample antioxidant activity and %6.67 + 0.42 antiradical activity [23]. As noted earlier, nectar
and honey yield of fine fibers is much higher than that of medium-fiber varieties. It is reported
that the honey yield of the previously planted and cultivated fine-fiber varieties in the country
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ranges from 43.68 kg to 100 kg/ha. The most productive varieties are Bukhara-1, Termez-7.
The S-6040, Surxon-2 can be cited. On average, honey yield of these varieties is 50-60 kg per
hectare.

Table 3. The process of separation of the wreath by the giraffe inside the turquoise

Varieties
Air Namangan-77 Sulton Andijan-35
temperature  Nectar Nectar Nect Nectar Nectar Nectar
Time (°C) content  concentration con teenct ?:ng) concentration  content ~ concentratio
(mg) (%) (%) (mg) N
7 24 1.80+£0.21 20 0.30+0.06 15 1.33+£0.18 43
9 27 1232#312 22 222£045 30 366+048 43
13 36 46.00+7.18 30 8.50+1.19 42 7.33+1.10 50
15 35 11.00+2.71 35 10.00+ 1.31 45 13.66 + 3.14 53
17 35 7.03+0.94 45 10,50+ 1,32 47 12+3.12 52
19 32 7.00£0.94 45 8.00+1.12 47 9.20+1.29 53
Aver 10.18 3171 6.24 37.54 5.02 47

4. CONCLUSION

In conclusion, it is important to note that cotton varieties sown in all regions of Uzbekistan
are an important source of nutrition for beekeeping farms. Cotton nectar attracts insects
beneficial for pollination and protection, which enable the plants to achieve greater
reproduction. According to our observations, the intensity of the hernia separation lasts from
the morning to the middle of the day. At the same time, timely pollination of cotton varieties
with bees is an important factor in increasing their productivity.
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Abstract: In this study, the effects of above and below-ground extracts of ARTICLE HISTORY
Centranthus longiflorus subsp. longiflorus plant, commonly found in Turkey, N

on antioxidant, antimicrobial and DNA damage were evaluated. Plant extracts Received: December 18, 2019
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ethanol). The antimicrobial activity tests of the extracts were performed using  Accepted: December 06, 2020
four different standard strains and one yeast. DPPH, total phenolic content

calculation and CUPRAC methods were applied for antioxidant activity kev\WwORDS

studies. Additionally, the effects of plant extracts on DNA damage were

investigated using pBR322 plasmid DNA. According to the data obtained, Antimicrobial,

especially the below-ground hexane (MIC value:375ug/mL) extract showed Antioxidant,

more antimicrobial activity than other plant extracts, and it was found to be
more effective Gram negative bacteria. The highest antioxidant activity was
determined in extracts prepared with above (ICsq value of methanol
extract:4.5mg/mL) and below-ground (ICsp value of methanol
extract:5.7mg/mL) methanol. The above (93,9 ug GAE/mL) and below-ground
(96.9 pg GAE/mL) methanol extracts were seen to have high total phenolic
content. It has also been observed that above-ground hexane and methanol
extracts have no effect on pBR322 plasmid DNA, but other extracts affect
pBR322 plasmid DNA in the direction of degradation or deformation.
Especially, the extracts of the above and below-ground ethanol had the effect
of completely eliminating the open ring form. Therefore, it was concluded that
this taxon could be widely used in the treatment and prevention of oxidative
stress-related diseases in the future.

Centranthus longiflorus,
pBR322 plasmid DNA

1. INTRODUCTION

Centranthus DC. genus belongs to Caprifoliaceae family and there are 3 species called C.
ruber (L.) DC, C. longiflorus Stev. and C. calcitrapa (L.) Dufr. in Turkey [1]. C. longiflorus
subsp. longiflorus Stev. is a herbaceous, rhizomatous, perennial plant with 70-200 cm in length.
It distributes in rocky slopes, bushes and heavy soils at altitudes of 0-2300 m. The flowers are
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dark pink. In Turkey, it spreads widely in Northern, Southern and Central Anatolia regions and
is called as red valerian. The above and below-ground parts of this plant are used as sedative
and anxiolytic [2]. Also, it has a high invasive species property for meadow.

Medicinal plants in the world are natural antioxidant sources as they contain some
secondary metabolites such as phenolic acids, flavonoids, cinnamic acid derivatives,
coumarins, tocopherols and tannins [3-5]. Therefore, they are preferred as they prevent or treat
many diseases in many parts of world. Free radicals play a role in the development of many
diseases. Antioxidants protect the human body against diseases caused by free oxygen
derivatives. Valepotriates, iridoids, patrinoside, kanokoside A, oleanolic acid, valerianic acid,
sitosterol, chlorogenic and caffeic acid, essential oils, saponins, resins, alkaloids and coumarins
are isolated from above and below-ground parts of Centranthus longiflorus subsp. longiflorus.
So that, some researchers indicated that it could be used in the treatment of diseases related to
oxidative stress in the future [4-11].

Secondary metabolites with antimicrobial properties are grouped as phytochemical
alkaloids, terpenoids, essential oils, phenolics, lectins-polypeptides and polyacetylenes by
Cowan [12]. On the other hand, Okunade and Elvin-Levis [13] classified them as alkaloids,
flavones, polyphenols, steroids, terpenoids, peptides, chromones, saponins, phenols, coumarins
and chalcones. Some phenols and alkaloids are the most important groups of plant-derived
antimicrobial agents [14, 15]. Secondary metabolites show the antimicrobial mechanism
affecting the proteins and ion channels in the outer membrane of microorganisms. In particular,
phenolic compounds inhibit different mechanisms in bacterial growth and are effective in the
treatment of diseases caused by resistant strains [16]. DNA cleavage is an event that takes place
in the cell throughout the natural process with enzymatic or oxidation processes. Besides, the
goal of many anticancer drugs is to interact with DNA and trigger the cell apoptosis [17].
Therefore, the interaction of plant extracts and metal complexes with DNA is very important
for the discovery of new drugs. Accordingly, we aimed to determine antioxidant, antimicrobial
activities and effects on DNA damage of below and above-ground extracts of C. longiflorus
subsp. longiflorus which are used traditionally in Turkey, in different organic solvents.

2. MATERIAL and METHODS
2.1. Collection and Identification of Plants Samples

Plant samples were collected during the flowering periods from the vicinity of Tortum
Lake (Erzurum) and between Tortum-Oltu in 2014. The taxonomic description is based on
Guner et al. [1] and Richardson [18]. The above and below-ground parts of plant samples were
cut into small pieces and dried in the shade. Dried plant samples were stored in cloth bags until
analyzed. Later, dried samples were milled and used for chemical analysis. Some of the plant
samples also were made herbarium samples and deposited in the research laboratory of Faculty
of Education, Amasya University, Turkey.

2.2. Preparation of Extracts

The below and above-ground parts of the subspecies were separated and extracted with
Soxhlet apparatus by using different organic solvents. For this purpose, 100 g of plant samples
were taken into Soxhlet cartridges and extracted with hexane, ethanol and methanol for 8 h
[19]. The organic solvents evaporated under reduced pressure and the resulting extracts were
stored at -20 °C until analysis.

2.3. Antioxidant Assay
2.3.1. Total Phenolic Compound Activity

The amount of phenolic compounds of the plant extracts were determined as the gallic
acid equivalent (GAE) with the method determined by Singleton and Rossi [20]. 100 pl of the
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extract solution (1 mg/mL) were completed with methanol to 2.3 mL and 50 ul of Folin-
Ciocalteu reagent was added. After 3 min, 150 ul of 2% (w/v) Na,COs solution was added and
incubated for two hours at room temperature. The absorbance of the samples was read at 760
nm (Thermo Scientific Genesys 10S UV-VIS Spectrophotometer) against the blank, which did
not contain a test sample. The results were expressed as pg(GAE)/mL (extract).

2.3.2. DPPH Free Radical Scavenging Activity

The antioxidant activities of the plant samples were evaluated by testing the DPPH free
radical scavenging activity. Butylated hydroxy anisole (BHA) was used as a standard
antioxidant. For this purpose, 50 ul of different concentrations (3-10 mg/mL) of plant extracts
were incubated with 2850 pl of DPPH solution (6x10° M) in dark and at room temperature for
30 minutes. At the end of this period, the absorbance was measured 517 nm against the blank
sample [21]. The DPPH % was calculated according to formula (1) and the results were
expressed as 1Csg value. 1Csp refers to the concentration of plant at the moment when half of the
DPPH amount was scavenging.

Inhibition %= (AoppH.-Asample) / ApppH-X100 ()

Respectively, ApppH refers to. the DPPH radical in the absence of plant extract and Asample
refers to the DPPH radical in the presence of plant extract absorbance (at 517 nm).

2.3.3. Cu (1) Reducing Activity (CUPRAC)

In order to determine the antioxidant capacity of Trolox equivalent (TEAC), Cu (II)
reduction activity test was performed by CUPRAC (Cupric lon Reducing Antioxidant
Capacity) method. 1 mL of 102 M CuClz, 1 mL of 7.5x10"® M neocuproine and 1 mL of 1 M
NHsAc were placed in a test tube, respectively. These plant extracts were put into tubes at
certain concentrations (10-100 pg/mL) and diluted with dH20 to 4.1 mL. After the tubes were
kept closed for 30 minutes at room temperature, the absorbance values at 450 nm were
measured. Results were expressed as trolox equivalent (umol trolox/mg extract) antioxidant
capacity (TEAC currac) utilizing formula (11) [22].

TEACcuprrac = Aplant extract) / A(Trolox) (I I)

Agplant extract) aNd Atrolox) In Formula (I1) refer to the molar absorption coefficient for plant
extract and trolox, respectively.

2.4. Antimicrobial Activity

Antimicrobial activity was performed using the MIC (Minimum Inhibitory
Concentration) method [23]. Microorganisms were obtained from Ondokuz Mayis University.
Gram positive (Staphylococcus aureus ATCC 6538P, Bacillus cereus ATCC 7064), Gram
negative (Escherichia coli W3110, Pseudomonas aeruginosa ATCC 27853) and a yeast
(Candida albicans ATCC 10231) were used. Stock solutions of the used extracts were prepared
at a concentration of 40 mg/mL. Extracts were dissolved in DMSO. The last tube without
bacterial growth was determined as MIC value. MIC values obtained in the study were shown
as pg/mL.

2.5. DNA Interaction

Determination of the plant extracts effect on plasmid DNA (pBR322) was made
according to agarose gel electrophoresis method [24]. For this purpose, 1% Agarose gel was
prepared in TBE (1X) buffer. 120 pug/mL plant extracts were interacted with 0,5 pg/mL pBR322
plasmid DNA at 37°C for 2 hours. After incubation samples were mixed with 6X loading dye
and loaded on 1 % agarose gel. Electrophoresis was carried out 100 v for 80 min. The gel, then,
was stained with EtBr (Ethidium Bromide) and the bands were imaged with the aid of the UV
transilluminator (Cleaver Clear View).

255



Int. . Sec. Metabolite, Vol. 7, No. 4, (2020) pp. 253-265

3. RESULTS and DISCUSSION

Saponins, flavonoids, phenols and tannins are among the secondary metabolites in plants
and play an important role in anticancer and antioxidant activities [25-27]. The iridoids, fatty
acids and 16 phenolic compounds are isolated from the above and below ground parts of C.
longiflorus subsp. longiflorus [6-8, 11]. For this, the above-ground and root parts of this taxon
are used in the prevention and treatment of diseases such as soothing, antispasmodic,
anticholytic, familial hypercholesterolemia, coronary artery disease and colon cancer in
traditional Turkish medicine [10, 28]. On the other hand, scientists have stated that methanol is
widely used and it is an effective solvent for the extraction of antioxidants [29, 30].

3.1. Total Phenolic Compounds

The standard graph was prepared using gallic acid in order to calculate the total phenolic
content and shown in Figure 1. The phenolic contents of above and below-ground extracts were
given in Table 1. When total phenolic results of above and below-ground extracts of C.
longiflorus subsp. longiflorus were examined, above and below-ground methanol extracts were
seen to have high total phenolic content. Especially above and below-ground hexane extracts
had the lowest total phenolic content compared to other extracts of this subspecies. For this,
above and below-ground methanol extracts of studied subspecies may be preferred as natural
antioxidant sources in the future.

e R
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£ °
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- J
Figure 1. Gallic acid standard graph

3.2. Free Radical Scavenging Analysis

The free radical scavenging activity results of the above and below-ground extracts were
given in Figure 2 and in Table 2. According to these results, ICso values of above and below-
ground hexane extracts could not be calculated since they do not have radical extinguishing
capabilities. In particular, 1Cso value of the above and below-ground methanol extracts had the
highest antioxidant capacity. This situation is related to the high concentration of phenolic
compounds in the above and below-ground methanol extracts. Antioxidant activity occurs due
to the natural polyphenolic compounds present in plant extracts [31]. The amount of
polyphenolic compounds in plants is important, since plants containing high polyphenolic
compounds will be important antioxidant sources. We think that above and below-ground
methanol extracts of C. longiflorus subsp. longiflorus may be used as an antioxidant source.
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Table 1. Phenolic contents of plant extracts

Plant Extracts Phenolic contents (ug GAE/mL)
Above-ground hexane 21.8
Above-ground ethanol 24.2
Above-ground methanol 93.9
Below-ground hexane 18.2
Below-ground ethanol 38.8
Below-ground methanol 96.9
100
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Figure 2. DPPH radical trapping activity. AG: Above-Ground, BG: Below-Ground

Table 2. ICs values of plant extracts

Plant Extracts ICs0 (mg/mL)
BHA 0.019
Above-ground hexane *
Above-ground ethanol 8.6
Above-ground methanol 4.5
Below-ground hexane *
Below-ground ethanol 7.3
Below-ground methanol 5.7

*: |Csp values of hexane extracts could not be calculated

Similar results have been reported in antioxidant studies of Centranthus longiflorus
subsp. longiflorus. Namely, Zengin et al. [32] used phosphomolybdenum, free radical
scavenging activity and metal chelating activity tests for antioxidant activity of C. longiflorus
subsp. longiflorus and Cerinthe minor subsp. auriculata (Ten.) Domac extracts. The extracts of
both plants were prepared with methanol, ethyl acetate and aqueous. Plant samples of C.
longiflorus subsp. longiflorus and Cerinthe minor subsp. auriculate collected from Ankara and
Afyon vicinity. In particular, C. longiflorus subsp. longiflorus extracts prepared with methanol
were determined to show higher antioxidant activity. Zengin et al. [32] reported that C.
longiflorus subsp. longiflorus and Cerinthe minor subsp. auriculata could be valuable in the
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development of new drug formulations and the preparation of new food supplements. In a study
on C. longiflorus growing in Lebanon, three different tests (DPPH, H20- and iron chelating)
were applied to plant extracts prepared with aqueous and methanol. The tests showed that
antioxidant activity in C. longiflorus extracts were 80%, 70% and 50%, respectively [4]. In our
study, it was determined that above and below-ground extracts especially prepared with
methanol had significant antioxidant activity. Briefly, it is possible to think that the above and
below-ground extracts prepared with methanol of this subspecies contain more polyphenols
compounds than other extracts. Also, Aliyazioglu et al. [11] put forward that methanol extracts
of C. longiflorus showed strong antioxidant activity. In short, our antioxidant results are
consistent with antioxidant results of Rammal et al. [4], Aliyazicioglu et al. [11], Zengin et al.
[32]. This is due to the use of the same organic solvent and similar antioxidant tests in four
studies. Similar antioxidant results were reported in Gagea fibrosa (Desf.) Schulte & Schultes
fil.-leaves methanol extract and Romulea ramiflora Ten subsp. ramiflora-bulb methanol extract
by Mammadov et al. [19]. On the other hand, Turan and Mammadov [33] reported the highest
antioxidant activity in acetone extracts of Cyclamen alpinum Dammann ex. Springer. Molyneux
[34] put forward that phenolic compounds can act as free radical scavengers based on their
hydrogen-donating property. The above findings indicate that the antioxidant activity of
methanol extract is associated with a high phenolic compound level. On the other hand, it can
potentially be used to prevent oxidative stress-related and aging-associated diseases, since this
taxon has numerous secondary metabolites and neutralizes free radicals in the body [35].
Aliyazicioglu et al. [11] emphasized that C. longiflorus had rich phenolic compositions,
antioxidant activities and potential for using as raw materials in the pharmaceutical and food
industries in the prevention and treatment of various diseases due to oxidative stress.

In Turkey, antioxidant activities of some plants used in traditional medicine (including
Centranthus longiflorus) were investigated by Coban et al. [36]. Plant samples were collected
from Ankara-Kizilcahamam. The above-ground extracts of plant samples were prepared using
aqueous and ethanol. The above-ground ethanol extract of C. longiflorus was found to have the
most potential antioxidant activity. Hence, Coban et al. [36] reported that the above-ground
ethanol extract can be considered as the best antioxidant source. Nevertheless, it is plausible to
suggest that the ethanol extracts of this species may contain more polyphenolic compounds,
because the polyphenolic compounds were determined to exhibit potent antioxidant activities
[37, 38]. The above and below-ground parts of Heliotropium samolifolium Bunge subsp.
erzurumicum Donmez were extracted in the presence of different organic solvents (hexane,
chloroform, ethyl acetate, ethanol, ethanol+aqueous and aqueous). Especially above ground
ethanol+aqueous, chloroform and below-ground ethanol extracts of the H. samolifolium subsp.
erzurumicum were reported to demonstrate the highest antioxidant activity [39]. In the
biological activity studies of the endemic Iris kirkwoodiae Chaudhary, especially agueous and
methanol extracts exhibited very high antioxidant activity [40]. The antioxidant findings of
Coban et al. [36], Saglam and Kandemir [39], Emaduldeen [40] are compatible with the
antioxidant findings of our study. This may be due to the use of similar organic solvents and
similar antioxidant methods. Similar organic solvents cause to appear of similar secondary
metabolites, although plant species are different.

3.3. CUPRAC Analysis

The standard graph of Trolox was shown in Figure 3, the trolox equivalent of plant
extracts are given in Figure 4 and in Table 3. The 7 value of the trolox was calculated as 1.66
x 10*L.molt.cm™. In antioxidant studies, Cu?+ reduction is used to determine electron donation
activity. According to trolox equivalents, the above and below-ground methanol extracts were
found to have high antioxidant activity. Aliyazicioglu et al. [11] wused ferric
reducing/antioxidant power (FRAP) assay in methanol sample of C. longiflorus. Trolox
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equivalent was found to be high in blossom (114 umol Trolox/100 g DW) and trunk (156 pmol
Trolox/100 g DW). In our study, the highest torolox equivalent was seen in above (126 pmol
trolox/mg extract) and below-ground (132 pmol trolox/mg extract) methanol extracts. These
data were showed parallelism with the results found in other antioxidant methods in our study.
Similar Cu?*reduction (CUPRAC) results were found in gall and leaves ethanol extracts of
Andricus quercustozae by Azmaz et al. [41].
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Figure 3. Trolox Cu?* reduction power graph
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Figure 4. Cu? reduction power graph of plant extracts

3.4. Antimicrobial Analysis

MIC values of above and below-ground of plant extracts were given in Table 4. The
below-ground hexane extract was found to have strong antimicrobial activity on E. coli and P.
aeruginosa. However, the below-ground hexane extract was observed to show intermediate
antimicrobial activity on B. cereus and S. aureus. The above-ground hexane extract had low
antimicrobial activity on E. coli, P. aeruginosa and C. albicans. Also, the below-ground ethanol
extract of this subspecies demonstrated antimicrobial activity on only B. cereus bacterium

(Table 4).
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Table 3. Trolox equivalent antioxidant capacity (TEACcurrac) Of plant extracts
Plant Extracts TEACcuprrac
pmol trolox/mg extract

Above-ground hexane 18
Above-ground ethanol 72
Above-ground methanol 126
Below-ground hexane 24
Below-ground ethanol 36
Below-ground methanol 132

Table 4. MIC values on different microorganisms of plant extracts (ng/mL)
Escherichia Pseudomonas Bacillus cereus Staphylococcus  Candida

Plant extracts coli aeruginosa (ATCC 7064) aureus albicans
(W3110) (ATCC 27853) (ATCC 6538P) (ATCC 10231)
Above-ground hexane 1500 1500 3000 3000 1500
Below-ground hexane 375 375 750 750 1500
Above-ground ethanol 3000 3000 3000 3000 3000
Below-ground ethanol 3000 3000 1500 3000 3000
Above-ground methanol 3000 3000 3000 3000 3000
Below-ground methanol 3000 3000 3000 3000 3000

Aliyazioglu et al. [11] reported that aqueous and methanol extracts of C. longiflorus
showed strong antimicrobial effect against Mycobacterium smegmatis ATCC607 bacterium. In
our study, the strongest antimicrobial activity was seen in below-ground hexane extracts.
Especially, below-ground hexane extracts have an activity on the Gram-negative, positive
bacteria and yeast used in this study. This effect was seen higher in Gram negative bacteria than
Gram positive bacteria. Therefore, it would be more appropriate to prepare an antimicrobial
drug on Gram negative bacteria rather than Gram positive bacteria from extracts of this taxon.
On the other hand, there are no antimicrobial effects on bacteria of above and below-ground
ethanol and methanol extracts except below-ground ethanol. Our antimicrobial results do not
match the antimicrobial results of Aliyazioglu et al. [11]. Such a case can be attributed to the
collection of plant samples from different localities at different times and the use of different
antimicrobial methods and different microorganism. Also, Aliyazicioglu et al. [11] have made
extraction process without separating above and below ground the plant materials. The aqueous
and ethanol extracts of Eryngium creticum Lam. and C. longiflorus distributing in Lebanon
were tested with five different bacteria (Staphylococcus epidermidis CIP 444, Staphylococcus
aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Escherichia coli ATCC 35218 and
Pseudomonas aeruginosa ATCC 27853) by Makki et al. [10]. Aqueous extracts were reported
to exhibit strong antibacterial activity in both plants. The reason why Makki et al. [10] and our
antimicrobial results are incompatible may be due to the use of different bacterial strains and
different organic solvents in the study. Also, this case may be due to the different cell wall
structures of Gram-positive and Gram-negative bacteria.

In another antimicrobial research [39], the above and below-ground extracts of H.
samolifolium subsp. erzurumicum, which distribute around Erzurum, were applied to Gram
positive (Staphylococcus aureus ATCC 25923, Micrococcus luteus NRLLB 1018), Gram
negative (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853) standard
bacterial strains and a yeast (Candida albicans ATCC 10231). All above and below-ground
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extracts of the subsp. erzurumicum except above-ground hexane and above-ground
ethanol+aqueous were obtained to show intermediate antifungal activity on C. albicans. The
below-ground ethanol extract was found to exhibit moderate activity on S. aureus, while the
below-ground ethanol extract to exhibit stronger antimicrobial activity on M. luteus and P.
aeruginosa. The below-ground ethanol extract of the H. samolifolium subsp. erzurumicum did
not have any antimicrobial activity on only E. coli. Our antimicrobial findings do not match
with the antimicrobial findings of Saglam and Kandemir [39]. It is thought that this is due to
the use of different plant extracts in the studies. Since different plant extracts have different
secondary metabolites, the effects of these metabolites on microorganisms are different.

Anti-proliferative properties of C. longiflorus extracts collected from Lebanon were also
examined. It was suggested that the leaf and stem parts of this plant had significant antioxidant
and anti-proliferative activities, due to the presence of some secondary metabolites (alkaloids,
coumarins, saponin, polyphenols, volatile oils, flavonoids) in the leaves and stem of C.
longiflorus [42]. In a study, sedative, anticonvulsant and behavior modification activities of
subsp. longiflorus extracts were investigated. In the effects of aqueous extract (100 mg/kg)
compared with diazepam, aqueous was found to have sedative and anticonvulsant effects
similar to those produced by diazepam (5 mg/kg) [43].

3.5. DNA Interaction

The DNA interaction results were shown in Figure 5. 1 and 2 lanes belong to pBR322
DNA+H>0 and pBR322 DNA+DMSO control groups, respectively. The extracts of above-
ground hexane (Lane 3) and above-ground methanol (Lane 7) had no effect on pBR322 plasmid
DNA, while the extracts of the above and below-ground ethanol (Lanes 5 and 6) had the effect
of completely eliminating the open ring form. The below-ground methanol extract (Lane 8) had
a disintegrating effect on the open ring structure. However, the below-ground hexane extract
(Lane 4) was found to have an effect on increasing the concentration of open ring form.

Form Il

FormI

Figure 5. Agarose gel electrophoresis diagram. (Lane 1, 2) pBR322 DNA+H,0, pBR322 DNA+DMSO
control; (Lane 3, 4) pBR322 DNA+AG, pBR322 DNA+BG hexane extract; (Lane 5, 6) pBR322
DNA+AG, pBR322 DNA+BG ethanol extract; (Lane 7, 8) pBR322 DNA+AG, pBR322 DNA+BG
methanol extract.

In a DNA interaction study, the below and above-ground chloroform and aqueous, above-
ground hexane, below-ground ethyl acetate, ethanol extracts of endemic H. samolifolium subsp.
erzurumicum showed a destructive effect to the structure of pPBR322 plasmid DNA [39]. In the
biological activity studies of the endemic Iris kirkwoodiae, all extracts except root
dichloromethane and aqueous extracts showed protection for plasmid DNA against UV and
H20- [40]. In another DNA interaction study, samples of endemic Iris galatica Siehe. were
extracted with hexane, methanol dichloromethane and aqueous, all of the plant extracts were
found to protect DNA against the harmful effects of UV and H.O> [44]. Also, below-ground
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ethanol extracts of Leucojum aestivum L. were displayed highly effect on pBR322 plasmid
DNA [45]. In a similar study with endemic Linaria corifolia Desf., the above and below-ground
ethanol, ethyl acetate and dichloromethane extracts were determined to show protective activity
on plasmid DNA [46]. The plasmid DNA results of the mentioned-above studies are compatible
with plasmid DNA results in our study.

4. CONCLUSION

Some biological and antioxidant activities of extracts of C. longiflorus subsp. longiflorus
collected from the vicinity of Tortum (Erzurum) were determined. According to our antioxidant
results, both above and below-ground methanol extracts can be used as antioxidant source in
many areas. Our antimicrobial data showed that the below-ground hexane extracts of this plant
may be added in the content of drugs used in the treatment of diseases Gram-positive and
negative bacteria, yeast borne. In addition, above-ground hexane extracts can be included into
the structure of drugs for the treatment of Gram negative and yeast diseases. Especially, the
above and below-ground ethanol extracts of investigated subspecies were seen to have
significant effect on pBR322 plasmid DNA. Briefly, above and below-ground hexane,
methanol and ethanol extracts of this plant may be used in many areas of the pharmaceutical
industry. Although there are some studies related to this subspecies, this study will contribute
to other studies in this field as a new literature source. The study on DNA damage was done by
us for the first time.
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Abstract: The objective of this investigation was to investigate the content, ARTICLE HISTORY
viscosity, and major functional groups of the native alginates extracted from 4 I

alginophytes collected from the Red Sea coast of Sudan in order to evaluate the Received: February 09, 2020
quality of the polymer for potential applications. The content of the polymer ~ Revised: March 14, 2020
ranged from 7.99+2.60% to 19.1+£1.62% based on dry weight in the 4 seaweeds.  Accepted: December 18, 2020
The peak characteristics of the major functional groups of alginates were

identified between 3469.70 cm™ to 451.31 cm™. These peaks specify the Ev\WORDS

presence of hydroxyl (OH), carbonyl (C=0), and carboxyl (COOH) groups,

respectively. The M/G ratios of the alginate extracted from the Sudanese brown  Alginates,

macroalgae are < 1 indicating that the proportion of guluronic acid is slightly = M/G ratio,

greater than the mannuronic acid. The alginate with highest viscosity was that  vjscosity,

of Padina pavonica (Linnaeus) Thivy (190.7+1.14 mPa.s) followed by Dictyota Red Sea

dichotoma (Hudson) J.V.Lamouroux (146.96+1.2 mPa.s), Turbinaria ornata '
(Turner) J.Agardh (140.1+1.14 mPa.s), and Hormophysa cuneiformis
(J.F.Gmelin) P.C.Silva (109+0.6 mPa.s). The values of the parameters of the
native alginates extracted from the Sudanese macroalgae are comparatively in
conformity with values reported for some species from similar geographical
regions. These values indicated that the present biopolymer is of a potential
with regard to pharmaceutical and industrial applications.

Sudan

1. INTRODUCTION

Brown macroalgae or Phaeophyta are almost entirely marine macroalgae. While they are
the predominant macroalgae in the intertidal and subtidal zones of temperate to Polar Regions,
they comparatively become less prominent at lower latitudes of the tropics. In the Red Sea coast
of Sudan brown macroalgae are commonly conspicuous on the subtidal zone towards the reef
flats in patchy distribution pattern.

Brown macroalgae are rich in bioactive metabolites such as polysaccharides,
polyphenols, and terpenes. Polysaccharides or hydrocolloid polysaccharides are a class of
macromolecules present primarily in the cell walls of marine macroalgae with varying
composition according to the season, age, species, and geographic location [1]. Brown
seaweeds are known to produce different polysaccharides, like the polymer group of alginates,
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fucoidans, and laminarans. Laminarans and fucoidans are the main water-soluble
polysaccharides of brown algae whereas the high-molecular mass alginates group is alkali
soluble polysaccharides. Alginates perform vital functions pertinent to brown seaweeds
biological integrity. They act as a food reserve and provide strength and flexibility to the plant
to withstand wave action and maintain ionic equilibrium in the cell. The homogeneity of their
structures promotes interaction with external ions and inter-chain hydrogen bonding (e.g.
gelation). Of the polysaccharides of the brown macroalgae, the gel forming biopolymers
alginates are very important economically and industrially [2]. The most common applications
of alginates are in food, cosmetics, medical, and pharmaceutical industries where it is used as
stabilizer and thickener, as wound dressings, and as matrices to encapsulate and/or release cells
and medicine [3]. Emerging studies have reported that alginates have some biological activities
[4,5] that may include immune-stimulation, prevention of chemically induced carcinogenesis
and ulcerogenes, obesity control, and lowering of blood sugar and cholesterol level. Further,
alginate has recently utilized in the field of tissue engineering [6-8].

Alginates have also been utilized in heavy-metal and toxic materials adsorption, in paper,
textile, and food packages industries [9]. Alginates are groups of more than 200 compounds
with common yet subtle variations in their physicochemical properties. Alginate is a linear
copolymer made up of sequences or blocks of mannuronic acid (M-block), guluronic acid (G-
block), and M and G blocks that coexist in different proportions and patterns in the alginate of
the different species of brown macroalgae. The composition and distribution pattern of M-block
and G-block are the factors responsible for the physicochemical properties of alginates’ such
as viscosity, sol/gel transition, and water-uptake ability [5]. Alginate with more G-block
composition produces stronger, mechanically stable, and brittle gels, while that with more M-
block forms soft and elastic gels.

The utilization of alginates in a particular use is dependent on the physicochemical
properties of the polymer such as viscosity of the polymer in water solution and gelation.
Alginate with high viscosity is considered of high quality compared to those of low viscosity.
It has been proven that alginate with more proportion of G units has physicochemical properties
suitable for industrial applications, while the alginate with more mannuronic acid units is
suitable for pharmaceutical and environmental applications. The ratio of mannuronic acid to
guluronic acid (M/G ratio) is used to infer the proportions of M and G in the alginate. This ratio
is estimated from the FT-IR spectrum of the alginate with the wavelengths that characterize
these acids. The M/G ratio, although the number and size of blocks are not provided, provides
a practical estimate to evaluate the suitability of alginate for a particular use [10].

The objective of this investigation was to characterize the native alginates of 4 common
brown macroalgae present along the Sudanese Red Sea coast with regard to yield, viscosity,
and M/G ratio in order to evaluate its applicability.

2. MATERIAL and METHODS
2.1. Seaweeds Materials

The healthy and fully grown thalli of the brown seaweeds Dictyota dichotoma,
Hormophysa cuneiformis, Padina pavonica, and Turbinaria ornata were collected from the
Sudanese Red Sea coast north of Port Sudan city. The samples were thoroughly washed in situ
with seawater to remove siltation and epiphytes. In the laboratory the samples were cleaned and
washed with fresh water and distilled water to further remove salt and extraneous materials.
Subsequently, the materials were spread in the shade to be air-dried. Then, the dry mass of
macroalgae mass was ground to a homogenous powder and kept in airtight containers at 4° C
until further use.

267



Int. J. Sec. Metabolite, Vol. 7, No. 4, (2020) pp. 266-274

2.2. Determination of Moisture Content

The moisture content of the seaweed materials was determined gravimetrically according
to AOAC [11].

2.3. Determination of Alginate Intrinsic Viscosity

The viscosity of 1% w/v alginate aqueous solution of pH around 3 to 3.5 was measured
at room temperature with digital rotary viscometer (Zhengji, DNJ-5S) with due consideration
to the manufacturer’s guidelines.

2.4. Characterization of Sodium Alginate by Fourier Transform Infra Red

The sodium alginates of the 4 brown macroalgae were examined with Fourier Transform
Infra Red (FT-IR) spectroscopy (Shimadzu, FT-IR 8400S). Small portion of the alginate was
mixed with potassium bromide and compressed into a firm disc for the FT-IR examination. The
spectra were obtained in transmission mode in the range of 400 to 4000 cm® and were the
average of 2 measurements undertaken at a resolution of 2 cm™ and 40 scans. The ratio of the
mannuronic acid to guluronic acid (M/G) in the native sodium alginate extracted in this
investigation was determined based on the infrared spectra. The absorbance at the wave number
1100 cm™ corresponding to the mannuronic acid and at the wave number 1125 cm™
corresponding to the guluronic acid was determined with the most probable baseline method
[13] and the equation:

A= 2-logT where A is the absorbance and T is the transmission.

3. RESULTS and DISCUSSION

The content and viscosity of sodium alginate in D. dichotoma, H. cuneiformis, P.
pavonica, and T. ornata are given in Table 1. The highest content of alginate was obtained from
H. cuneiformis (19.1+1.62%) and T. ornata (14.3+1.2%) respectively. These two algae belong
to the same order Fucales. Comparatively, lower content of alginate was obtained from D.
dichotoma (8.8+£2.12%) and P. pavonica (7.99+2.60%) that belong to the order Dictyotales.

Table 1. Content and viscosity of sodium alginate in D. dichotoma, H. cuneiformis, P. pavonica, and T.
ornata from Sudan.

No Species hame Content of alginate (%)  Viscosity (mPa-s)
1 Dictyota dichotoma 8.8+2.12 146.96+1.2

2 Hormophysa cuneiformis 19.1+1.62 109+0.6

3 Padina pavonica 7.99+2.60 190.73+1.14

4 Turbinaria ornata 14.3+1.2 140+1.14

The value of the alginate content of the present D. dichotoma is different from that
obtained for the same species from the Egyptian coast (22.9% to 20.9%) as recorded in Deyab
et al. [14]. The difference in the yield could be attributed to the longer extraction time (3 hrs)
and the high temperature (100° C) employed during the extraction of the Egyptian species or to
the acidic treatment of the algal mass before extraction. It is worth to mention that the alginate
content of the Dictyotales from the Sudanese Red Sea coast (D. dichotoma and P. pavonica) is
comparable to its content in Dictyotales from the Mexico coast as reported in Garcia-Rios et al.
[15] where it was 7.4+1.1% for Dictyota caribaea Hornig & Schnette and 5.4+0.2% for Padina
perindusiata Thivy.

On the other hand, some of the values of alginate content of the 4 brown macroalgae could
relatively be considered in conformity with those reported for some tropical brown macroalgae.
For instance, the alginate content of a Sargassum species, ranged from 12% to 16.5% when the
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alga was treated with an acidic solution prior to the extraction [16]. However, the yield of
alginate of the same alga increased remarkably to 25-30% when the alga was treated with alkali
solution before the extraction was performed.

The content of alginate of the present T. ornata (14.3%) is congruent with that of the same
species from Indonesia (13.33%) recorded in Widyastuti [17]. Also, the content of alginate in
Turbinaria decurrens Bory was 14.2% [18] similar to the value obtained for the T. ornata in
this investigation. Nevertheless, the alginate content of the former alga fluctuates from 9.6% to
16.9% when the algal mass was treated with different concentrations of formalin (2% to 40%).
It is worth to mention that the lower concentrations of the formalin (2% and 10%) as well as
the highest concentration (30% to 40%) produced lower amount of alginate compare to the
control sample (14.2%). The alginate content in Hormophysa triquetra (C.Agardh) Kitzing
extracted for 1 hour time was 19.20% relatively similar to the present value of alginate content
in H. cuneiformis. Relatively higher amount of alginate (12.4%) were reported for Padina
tetrastromatica Hauck than that reported here for P. pavonica (7.99%).

It was reported that the yield of alginate increases with the increase in alkali
concentration, the time of extraction, and the pretreatment of the algal materials with acids
[16,18]. In line with this, the yield of sodium alginate extracted from Sargassum species
(Fucales) ranged from a minimum of 12.13% to 30.1% due to application of different extraction
methods [16]. However, acid pre-treatment of the algal mass before the alkali extraction of the
alginate has been reported to reduce the viscosity of the alginate [19]. Therefore, acid treatment
step of the algal mass was not performed in this investigation. The alginate yield of the present
brown macroalgae is anticipated to increase with the increase of the time and temperature of
the extraction.

The results obtained in this investigation and those of Garcia-Rios et al. [15] may indicate
that members of the Fucales comparatively contain more alginates than Dictyotales. The
viscosity of the sodium alginate extracted in this study ranged from a lowest value of 109+0.6
mPa-s for H. cuneiformis to a highest value of 190.7.2+1.14 mPa-s for P. pavonica (Table 1).
It’s noteworthy to mention that the alginate of H. cuneiformis, which has produced the highest
yield of alginate in this study, has the lowest viscosity. It has been reported that alginate has a
wide range of viscosity. The viscosities of 1% wi/v aqueous solutions of different types of
sodium alginate have dynamic viscosities starting from 20 to 400 mPa-s at 20° C [5,20]. The
values of the viscosity of the alginates extracted in this investigation are normal and within the
known rage of the biopolymer viscosity.

The viscosity of alginates is dependent on the molecular weight of the polymer, the
content of uronic acids, and the pH during the extraction process [10]. Alginates with high
molecular weight and high guluronic acid content are more viscose. Therefore, it might be
possible to infer that alginates from the tested species have low to intermediate molecular
weight. Nevertheless, alginates with high viscosities were obtained under controlled extraction
condition particularly on commercial scale. For instance, manipulation of the temperature, pH,
and time of extraction produces alginates with high or low viscosity. Further, alginates with
low viscosity are preferred for use in pharmaceutical industry in controlled-release drug
delivery system [21] among other applications as they form softer hydrogels. Accordingly,
based on the present values of the viscosity, the alginate of the investigated species might be
suitable for pharmaceutical application taking into consideration that other prerequisites are
also met. Typical FT-IR spectrum of sodium alginate shows absorption bands at 3390, 2930,
1615, 1410, 1320, 1300, 1170, 1150, 1125, 1090, 1035, 950, 900, 890, 815 and 780 cm—1. The
FT-IR spectra of the alginate obtained from the 4 Sudanese brown macroalgae are shown in
Figures 1, 2, 3 and 4. The FT-IR spectra of D. dichotoma alginate (Figure 1) showed strong to
medium bands at 3419.56 cm™, 2921.96 cm?, 1616.24 cm™, 1415.65 cm™, 1126.35 cm?,
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1091.63 cm™, 1031.85 cm™, 946.88 cm™, 877.56 cm™, 838.98 cm, 790.76 cm™, and weak
bands at and 821.62 cm™ and 1265.22 cm'™.

.

%T

Jl‘\\\‘\l

30 —

Figure 1. The FT-IR spectrum of the sodium alginate of D. dichotoma (Sudan, Red Sea coast)

The strong and medium bands of H. cuneiformis alginate FT-IR spectrum (Figure 2)
occured at 3469.70 cm, 2921.96 cm™, 1728.10 cm™, 1639.38 cm™, 1458.08 cm™, 1377.08 cm-
11141.78 cm™, 1027.99 cm™, 948.91 cm™, 840.91 cm?, 790.76 cm™, and 610.11 cm™.
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Figure 2. The FT-IR spectrum of the sodium alginate of H. cuneiformis (Sudan, Red Sea coast)

Almost all the bands of P. pavonica alginate FT-IR spectrum were strong and broad
(Figure 3). They were recorded at 3382.91 cm™, 2927.74 cm™, 1728.17 cm™?, 1616.17 cm?,
1458.08 cm?, 1407.94 cm?, 1124.42 cm™, 1093.56 cm™, 1029.92 cm™, 946.98 cm™, and
636.27 cm™. In additions, bands at 904.55 cm™, 875.62 cm™, 850.55 cm™, 840.91 cm™, 821.62
cm* were also detected.
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Figure 3. The FT-IR spectrum of the sodium alginate of P. pavonica (Sudan, Red Sea coast)

In T. ornata alginate FT-IR spectrum the following bands were recorded: 3423.41 cm™,
2931.60 cm™?, 1623.95 cm™, 1512.09 cm™, 1417.58 cm™, 1359.72 cm™1, 1122.49 cm't, 1087.78
cm, 1033.77 cm™?, 1026.0 cm™?, 964.39 cm?, 875.62 cm™, and 838.98 cm™ (Figure 4).

3200 2800 2400 2000 1800 1600 1400 1200 1000 800

Figure 4. The FT-IR spectrum of the sodium alginate of T. ornata (Sudan, Red Sea coast)

Though, the alginate FT-IR spectra of the 4 seaweed species exhibited similar wavelength
pattern, evident differences are perceptible between the fingerprint regions of the spectra (1400
cm ! to 400 cm™2). All spectra exhibited the characteristics bands of alginate [16,18, 22]. For
instance the bands associated with stretching vibrations of O-H bonds of alginate that appears
in the range of 3000-3600 cm™ have been reported in all the present alginate spectra. Similarly,
stretching vibrations of aliphatic C—H that are observed at 2900-2930 cm™* were also detected
here together with the bands around 1600 cm™ and 1400 cm™ which correspond to the carbonyl
and carboxyl groups respectively. All the spectra showed a peak at 946.88 to 946.98 cm™ which
may belong to the mannuronic acid. Broadly, the alginates IR spectra of the tested species are
in conformity with those reported for Sargassum species from the Indian coast [23] in particular
with regard to the presence of peaks around 1728 to 1735 cm™.

In this investigation, the bands appeared around 1025 and 1100 cm™ in the fingerprint
region of the alginate FT-IR spectrum were assumed to refer to the absorbance of mannuronic
and guluronic acids respectively[24, 25]. The M/G ratios of D. dichotoma (0.92), H.
cuneiformis (0.97), and P. pavonica (0.93) were all slightly < 1 (Table 2) indicating that the
content of mannuronic acid is slightly less than that of the of guluronic acid in the alginates of
these species. This result corroborates with Garcia-Rios et al. [15] who reported that the
alginates from the seaweed of the Mexico contained more mannuronic acid. For T. ornata the
M/G ratio was slightly greater than one (1.01) suggesting that the alginate of this alga may
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contain equal proportion of mannuronic and guluronic acids or the less mannuronic acid units
are slightly greater than the guluronic acid ones.

Table 2. The M/G ratios of sodium alginate in D. dichotoma, H. cuneiformis, P. pavonica, and T. ornata

from Sudan.
No Species hame Alginate M/G ratio
1 Dictyota dichotoma 0.92
2 Hormophysa cuneiformis 0.97
3 Padina pavonica 0.93
4 Turbinaria ornata 1.01

On a broad basis these results are in accord with the information on the alginate of tropical
brown macroalgae [15] that has been reported to have low proportion of mannuronic acid than
guluronic acid and consequently low M/G ratio and viscosity. The M/G ratio is an index of the
nature of gels produced, therefore alginates with low M/G ratio (<1) correspond to high values
of guluronic than mannuronic acid form brittle gels [12], whereas alginates with high M/G ratio
(>1) due to low content of guluronic acid produce soft and elastic gels. The M/G ratio of Padina
spp was found to be 0.85 [26] slightly lower than that of the present P. pavonica. The
dissimilarity in M/G ratio within species was attributed to variation in species age, extraction
method, algal tissue, and geographical location [2, 27, 28].

4. CONCLUSION

The values of the parameters of the native alginates extracted from the Sudanese
macroalgae are comparatively in conformity with values reported for some species from similar
geographical region. These values indicated that the present biopolymer is of a potential with
regard to pharmaceutical and industrial applications. It is worth to mention that some treatments
applied during alginate extraction process have a significant bearing on enhancing the yield and
the quality of the polymer. Further research should be carried out to test the effect of these
treatments on the yield and characteristic of alginates from Sudanese materials.
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Abstract: The cyanotoxin microcystin (MC) is a secondary metabolite, ARTICLE HISTORY
synthesized by nonribosomal peptide synthetase (NRPS) and polyketide — .
synthase (PKS) enzymes. It has many isoforms and the mechanism of its Received: April 06, 2020
diversity is not well understood. One of the MC synthetase genes, mcyA, codes ~ Revised: September 17, 2020
for the McyA module containing two adenylation (A) domains. The first Accepted: November 21, 2020
domain, McyA-Al, generally binds to L-serine (L-ser). Then the N-methyl

transferase (NMT) domain converts L-Ser into N-methyldehydroalanine kEv\woORDS

(Mdha), which usually occupies position 7 on the MC molecule. However, _ _

various other amino acids (AAs) might also be present at this position. In this Microcystin,

study, bioinformatic analyses of selected cyanobacteria were performed to  Nonribosomal Peptides,
understand whether genetic information in the first adenylation domain of mcyA  pojyketide Synthase,

could explain incorporation of different AAs at position 7 of the MC molecule.
Binding pocket signatures of McyA-Al and putative activated AAs were
determined via various bioinformatics tools. Maximum likelihood phylogenetic
trees of full length mcyA, mcyA-Al and 16S rRNA genes were prepared in
Mega 6. Phylogenetic analysis of mcyA-Al nucleotide sequences was in
agreement with the predictions of activated AAs by McyA-ALl. In comparison
with the 16S rRNA and full length mcyA gene trees, mcyA-Al phylogenetic
trees suggested horizontal transfer of the A domain in either Planktothrix
agardhii (Gomont) Anagnostidis & Komarek or Planktothrix rubescens (De
Candolle ex Gomont) Anagnostidis & Komarek strains. Predictions of
activated AAs were generally in agreement with the chemically determined
position 7 AAs. However, there were exceptions suggesting the multispecificity
of the first A domain of McyA in some cyanobacteria.

Adenylation Domain,
Bioinformatics

1. INTRODUCTION

There are approximately 500 natural amino acids [1] and they can be classified based on
their R groups, stereoisomer structures (D- and L-form), being proteinogenic or
nonproteinogenic. Proteinogenic amino acids are all 20 kinds of L-form amino acids, where
MRNA, tRNA and ribosomes are involved in the protein synthesis pathway. Nonproteinogenic
amino acids are D-form or B-amino acids and synthesized by either non-ribosomal peptide
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synthetases (NRPSs), polyketide synthases (PKSs) or hybrid NRPS/PKS modular enzyme
systems.

Cyanobacteria can produce a variety of toxic secondary metabolites (cyanotoxins) which
are generally subdivided into neurotoxins, hepatotoxins, cytotoxins and dermatotoxins.
Cyanotoxins are usually synthesized nonribosomally [2,3]. Microcystin (MC) is also a
nonribosomally synthesized cyanotoxin, which shows hepatotoxic and neurotoxic effects,
inhibiting eukaryotic serine/threonine protein phosphatases PP1 and 2 [4,5]. Its general
structure is cyclo(-D-Alal-X?-D-MeAsp?-Z*-Adda®>-D-Glu®-Mdha’), where X and Z are various
L-amino acids (Figure 1) and D-Glu is D-iso-glutamic acid, Mdha is N-methyl-dehydroalanine,
D-Ala is D-Alanine, D-MeAsp is D-erythro-p-methyl aspartic acid and Adda is
(2S,3S,4E,6E,8S,9S)-3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid.
Microcystin producing species are found in various genera including Microcystis, Anabaena,
Nostoc, Planktothrix (Oscillatoria), Phormidium, Fischerella and Hapalosiphon [6,7].

McyG ~ MevD McyvE MevA McyB MevC

) c1|1—9(2 -41~w( &Er (1IA19(H( IETF
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o OH Mdha
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N H
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Adda’ : Y ﬁ

D-Me: ju»p

Figure 1. Schematic representation of MC synthetase operon (top) and MC structure (below). Position
7, which is investigated in this study, is marked. A, adenylation domain; C, condensation domain; NMT
N-methyl transferase domain; TE, thioesterase domain. Peptidyl carrier protein is indicated in
rectangular shape with lines.

Sequencing of MC biosynthesis genes was initially completed for Microcystis aeruginosa
PCC 7806 [4], followed by Planktothrix agardhii NIVA CYA 126/8 [8] and Anabaena sp. 90
[9]. Within the MC synthetase operon, NRPS modules are expressed by mcyA, -B and -C; PKS
modules are expressed by mcyD; hybrid NRPS / PKS modules are expressed by mcyG and
mcyE genes. The meyJ, -F, -H, -1, -L and -T genes do not have a modular structure and generally
only contain a domain (Table 1). A module is a functional unit in NRPS or PKS and each
module contains active units called domains. Adenylation (A), condensation (C) and peptidyl
carrier protein (PCP) domains are the core domains in NRPS modules. The A domain
recognizes the corresponding AA and activates it by using ATP. The PCP domain transfers the
-SH (thiol) group to the activated residue. The C domain synthesizes the peptide bond between
the -SH groups of the two activated residues. In addition, some modules may have modified
domains called tailoring enzymes such as epimerization (E) and N-methyl transferase (NMT)
domains [10].

The microcystin synthesis assembly line is started by McyG, which activates
phenylacetate. Polyketide synthase modules of McyD, McyE and McyG complete the Adda
structure at position 5. NRPS modules of McyA, McyB, McyC and McyG incorporate the
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remaining AAs [4,5]. There are two A domains in McyA and the order of the domains is Al-
NMT-PCP-C-A2-E in most MC producing species; however the NMT domain may not always
be present (Table 1). Within these domains, the A1 domain usually activates L-Serine. Then,
NMT domain transfers the methyl group from S-Adenosyl-L-methionine (SAM) to L-Serine
followed or preceded by a dehydration reaction for the formation of Mdha at position 7 of the
MC molecule. Various AAs can be incorporated in all 7 positions [11,12].

Table 1. Microcystin synthetase (mcy) genes and McyA domain order in cyanobacteria strains
investigated in this study. Extra genes are marked in bold.

Cyanobacteria mcy genes present Domain order of McyA Ref.
Anabaena sp. 90 A-B-C-D-E-F-G-H-I-J A1-NMT-PCP-C-A2-T-E [9]
Microcystis aeruginosa K-139 A-B-C-D-E-F-G-H-I-J Al-NMT-PCP-C-A2-T-E [9]
M. aeruginosa NIES-843 A-B-C-D-E-F-G-H-I-J Al-NMT-PCP-C-A2-T-E [3]
M. aeruginosa PCC7806 A-B-C-D-E-F-G-H-1-J A1-NMT-PCP-C-A2-T-E [4]
M. viridis NIES-102 A-B-C-D-E-F-G-H-I-J*  A1-NMT-PCP-C-A2-T-E*
Fischerella sp. CENA161 A-B-C-D-E-F-G-H-I-J A1-NMT-PCP-C-A2-T-E [6]
Planktothrix agardhii NIVA-CYA 126/8 A-B-C-D-E-G-H-J-T A1-NMT-PCP-C-A2-T-E [8]
P. rubescens PCC7821 A-B-C-D-E-G-H-J** Al-PCP-C-A2-T-E [11]
P. rubescens NIVA-CYA 98 A-B-C-D-E-G-H Al-PCP-C-A2-T-E

Nostoc sp.152 A-B-C-D-E-F-G-H-I-L A1-NMT-PCP-C-A2-T-E

*This study, Genbank: AP019314.1; **Genbank: CZCZ01000002. Abbreviations: A, adenylation domain; NMT,
N-methyl-transferase domain; PCP, peptidyl carrier protein domain; C, condensation domain; E, epimerization
domain.

The substrate specificity of A domains is important to understand the structure of
secondary metabolites, including MC. The substrate specificity determination of A domains is
usually carried out by determining of binding pocket residues of A domains via bioinformatics
analyses. Ten residues constitute the binding pocket of an A domain and are numbered as
“Positions-235, 236, 239, 278, 299, 301, 322, 330, 331 and 517" depending on their location in
the GrsA module in Bacillus brevis (GenBank: CAA33603.1) [13,14]. Position-235 is generally
occupied by Asp (Aspzss) and position-517 generally by a Lys residue (Lyss17). These residues
are highly conserved, where Asp2ss binds to -NH> group and Lyss17 binds to -COOH group of
activated AAs. Rest of the eight residues in the binding pocket can be variable and this
variability is thought to be an important factor for A domain substrate specificity. It is suggested
that A domain substrate specificity is associated with AA interactions between R groups of the
activated AAs and R groups of the eight residues in the binding pocket [15,16].

There are nearly 280 variants of MCs [17] and the mechanisms that cause this diversity
are not well understood. As more sophisticated techniques are used, both environmental
samples and cyanobacteria cultures prove to produce more diverse and novel MC analogues
[18]. Current data suggest that this diversity is based on either genetic diversity coded in the
MC synthetase genes (e.g. insertions or deletions within various mcy genes) or biochemical
status of MC producing cells [12]. For instance, point mutations for a few critical AAs in the A
domain of GrsA were reported to change the substrate specificity of A domain in GrsA [13].
Fewer et al. [19] demonstrated recombination events between A domains of McyB1 and McyC.
They reported that A domains of McyB1 and McyC were recombination hotspots for MC
variants.

To our knowledge, there are no detailed bioinformatics studies regarding the first A
domain of mcyA. Therefore, the main purpose of this study was to investigate whether genetic
information in this domain could explain incorporation of different AAs at position 7 of the MC
molecule. This is important since the toxicity of MCs might change with incorporation of
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various AAs. Additionally, mechanisms explaining A domain AA selectivity will help in
combinatorial biosynthesis of new NRPS and PKS enzymes [5]. For this purpose, ten MC
producing cyanobacteria with sequenced MC synthetase genes were selected for bioinformatics
analyses (i) to predict the binding pocket residues of the A1 domain in McyA (McyA-Al); (ii)
to determine activated AAs by McyA-Al based on the binding pocket residues; (iii) to
investigate concordance between activated AAs and chemically determined position-7 AAs of
MCs reported in the literature for the studied strains; (iv) to investigate concordance between
activated AAs and phylogenetic clustering of mcyA-Al sequences.

2. MATERIAL and METHODS

A detailed literature search was conducted to determine the best investigated
cyanobacteria strains in terms of MC variant production to report the variation at position 7 of
the MC molecule (Table 2). Ten cyanobacteria with sequenced MC synthetase genes and
detailed MC characterizations were selected (Table 2) based on literature and GenBank
searches. Full length mcyA and 16S rRNA gene nucleotide sequences of these cyanobacteria
were downloaded from NCBI (National Center for Biotechnology Information)
(https://www.ncbi.nlm.nih.gov) using Mega 6 [20]. Alignment was performed using Muscle
[21] as implemented in Mega 6 [20] using codons for mcyA and nucleotides for 16S rRNA
genes. Since mcyA is composed of domains, the borders of the first adenylation domain (mcyA-
Al) in mcyA were determined using the NCBI conserved domain program [9]. Then the
determined McyA-Al domains were extracted from the full length mcyA alignment and a new
codon-based alignment was performed after addition of the B. brevis GrsA domain nucleotide
sequence. The nucleotide sequence alignment was converted to an AA alignment and binding
pocket residues of McyA-Al were predicted by comparison to the B. brevis GrsA domain AA
sequences and by using an online tool [14]. Predictions of the activated AAs by the A domains
were also performed using the same online tool.

In order to construct phylogenetic trees, best-fitting models among 24 different nucleotide
substitution models were estimated in Mega 6 [20] using an automatic neighbor-joining tree.
Models with the lowest Bayesian Information Criterion scores were assumed to describe the
substitution patterns best. These models were used to construct phylogenetic trees of the full
length mcyA, mcyA adenylation domain (mcyA-Al) and 16S rRNA gene nucleotide sequences
of investigated cyanobacteria using Mega 6 [20]. Phylogenetic tree of the 16S rRNA genes of
selected cyanobacteria (10 nucleotide sequences and a total of 1350 nucleotide positions) was
constructed with the maximum likelihood (ML) method using the Hasegawa, Kishino, and
Yano (HKY) model [22]. A discrete Gamma distribution was used to model evolutionary rate
differences among sites (5 categories (+G, parameter = 0.3331)). Unrooted phylogenetic tree
for the full length mcyA gene (10 nucleotide sequences and 7077 nucleotide positions) was
constructed with the ML method using the general time reversible (GTR) model [23]. A discrete
Gamma distribution was used to model evolutionary rate differences among sites (5 categories
(+G, parameter = 0.8351)). Phylogenetic tree for the mcyA-Al domain nucleotide sequences
(11 sequences and 1152 nucleotide positions) was constructed with the ML method based on
the GTR model [23]. A discrete Gamma distribution was used to model evolutionary rate
differences among sites (5 categories (+G, parameter = 1.1089)). For all phylogenetic trees,
1000 bootstrap replicates were used to test the stability of monophyletic groups. GrsA [24] and
16S rRNA gene nucleotide sequences of Bacillus brevis (Genbank: X15577.1) were chosen as
the outgroups for mcyA-Al and 16S rRNA gene-based phylogenetic trees, respectively.
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3. RESULTS and DISCUSSION

Binding pocket analyses for McyA-Al sequences were performed to predict which AA
was incorporated at position 7 of the MC molecule. The predicted binding pocket residues and
the predicted AAs potentially activated by McyA-Al are summarized in Table 2. Of the ten
cyanobacteria species, eight were predicted to activate L-Ser and two Planktothrix rubescens
strains were predicted to activate L-Thr. Binding pocket signatures for all Microcystis strains

Table 2. Microcystin (MC) variants produced, predicted binding pocket residues in McyA-Al, and
predicted activated amino acids (AAs) by McyA-ALl in cyanobacteria strains used in this

study.
Cyanobacteria MCs produced Predicted binding Predicted Ref.
pocket residues AAs
Anabaena sp. 90? [D-Asp?, MeSer'IMC-LR; DVWHLSLID L-Ser [9,12]
[MeSer']MC-LR; MC-RR
[Dha7]MC-LR*" [Dha7]MC-
RR;
[D-Asp®]MC-HilIR;
[D-Asp®] MC-LR;
[D-Asp®’]MC-RR;
[DMAdda®] MC-LR;
MC-LR; MC-HillIR; MC-LR
Planktothrix agardhii NIVA- [D-Asp®’]MC-RR; DVWHISLID L-Ser [7,12]
CYA 126/82 [D-Asp®]MC-LR
Planktothrix rubescens NIVA- [Dha’]MC-LR; [Dha’]MC-RR DFWNIGMVH L-Thr [25]
CYA 98?
Planktothrix rubescens sp. [Asp®, Dhb’]MC-RR; DFWNIGMVH L- Thr [7,26]
PCC78214 [Asp’]MC-LR"
Microcystis aeruginosa [D-Asp?, MeSer'IMC-LR; DVWHFSLID L-Ser [12]
PCC7806° [MeSer']MC-LR; [Dha’]MC-
LR;
[D-Asp®, Dha’]MC-LR;
[D-Asp®]MC-LR; MC-LR
Microcystis aeruginosa NIES- MC-LR; MC-RR; MC-YR DVWHFSLID L-Ser [3]
8436
Microcystis aeruginosa K-139  [Dha’]MC-LR; DVWHFSLID L-Ser [12]
[Asp®, Dha’]MC-LR
Microcystis viridis NIES-1028  [Ser?, D-Asp®,Dha’]MC-LR;  DVWHFSLID L-Ser [12]
[X,MeSer’] MC-(HiDR;
[Dha7]MC-LR; MC-RR;
[D-Asp®]MC-YR; MC-FR
[D-Asp®’]MC-RR; MC-WR;
[D-Asp®]MC-LR; MC-HilIR;
Nostoc sp.152° [D-Asp3, ADMAdda’, Dha’]  DVWHISLID L-Ser [25,27]
MC-(Hil)R; [DMAdda®] MC-
LR;

[Mdhb’] MC-LR; MC-YR;
[ADMAdda®, Dha’]MC-LR;
[D-Asp®, ADMAdda®,
Dha’]lMC-LR;
[ADMAddaS]MC-LR
[ADMAdda®, MeSer']MC-LR;
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[D-Ser!, ADMAdda®] MC-LR;
[ADMAdda*]MC-HilIR;
[D-Asp®, DMAdda’] MC-LR;
[D-Asp®,DMAdda’] MC-VR;
[D-Asp®, ADMAdda’] MC-
LHar;
[D-Asp®, ADMAdda’] MC-
HillR
Fischerella sp. CENA 161%° MC-LR DVWHISLID L-Ser [6]

Genbank numbers: 1AJ536156; 2AJ441056.1; 3SAM990462.1; 4CZCZ01000002; SAF183408; ®AP009552; 7 AB019578; 8
AP019314.1; ° KC699835.1; 10 KX891213. Abbreviations: Dhb, dehydrobutyrine; Dha, dehydroalanine; ADMAdda, O-acetyl-
O-demethylAdda; DMAdda, O-demethylAdda; Hil, homoisoleucine; MeSer, N-Methylserine; D-Asp, desmethyl aspartic acid.
* trace amount

were DVWHFSLID. While binding pocket signatures for the nostocalean genera Nostoc sp.
152, Fischerella sp. CENAL161 and the oscillatorian Planktothrix agardhii NIVACYA 126/8
were DVWHISLID; it was DVWHLSLID for Anabaena sp. 90, both with one AA change from
the Microcystis binding pocket signature. Binding pocket signature for P. rubescens strains was
DFWNIGMVH.

Among the potentially L-Thr activating P. rubescens strains, NIVACY A 98 was reported
to produce Dha’ containing MCs [25] and PCC 7821 was reported to produce both Dhb’ and
Mdha’ containing MCs [11,25] (Table 2). Three different residues, namely MeSer’, Dha’ and
Mdha’ were reported for Anabaena sp. 90, M. viridis NIES 102 and M. aeruginosa PCC7806
[12,27]. While production of Mdha’ were reported for Planktothrix agardhii NIVA CYA 126/8
[12], Microcystis aeruginosa NIES 843 and Fischerella sp. CENA161 [3,6], Dha’ was the only
AA residue reported for M. aeruginosa K-139 [12]. Among the investigated species in this
study, Mdhb’ formation was only reported for Nostoc sp. 152 [27] that also produced Dha’,
MeSer” and Mdha’ [12, 25] containing MCs (Table 2).

In most MC producing cyanobacteria, McyA-Al domain usually activates L-Ser. In the
case of L-Thr activation by the McyA-A1 domain, Dhb’ formation may occur in species lacking
NMT domain, as expected for the P. rubescens strains in this study (Table 1). However, in
previous LC/MS analyses of P. rubescens NIVACYA 98, only Dha’ formation was reported
[7,25], which indicated L-Ser activation instead of L-Thr and conflicted with the binding pocket
analysis results in this study (Table 2). Similarly, Kurmayer et al. [11] reported that P.
rubescens PCC7821 produced MCs containing both Mdha’ (5%) and Dhb’ (95%), which
indicated activation of both L-Ser and L-Thr. These results contradicted the proposition that
polar AA activating A domains such as McyA-A1 had higher selectivity than hydrophobic AA
activating A domains [11,28].

Another similar situation was observed for the McyA-Al domain in Nostoc sp. 152,
which was predicted to activate L-Ser. MCs containing Mdha’, MeSer’, Dha’ [25,28] and
Mdhb’ [27] were reported for Nostoc sp. 152 (Table 2). Mdhb’ formation (probably a minor
variant [29]) indicates L-Thr activation and shows an active NMT, since it is a methylated form
of Dhb. Apparently, L-Thr and L-Ser are simultaneously activated by McyA-Al for
Planktothrix rubescens PCC7821 and Nostoc sp. 152. This multispecificity suggests that there
is a flexibility for McyA-A1l domain to activate various AAs during MC production.

The afore-mentioned A domain flexibility has been reported for various secondary
metabolites. For example, the A domain involved in the biosynthesis of maremycin from
Streptomyces sp. was predicted to activate Cys based on the specificity-conferring code,
however in vitro and in vivo studies showed the activation of Cys, Me-Cys and Ser. It should
be noted that in vitro catalytic efficiency of A domain towards Cys and Me-Cys were
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comparable and 4 times higher than Ser, in agreement with the observation of the minor product
maremycin D incorporating Ser in vivo [30]. In a comparable situation, L-Phenylalanine
activating A domain for the antibiotic Tyrocidine A was shown to be flexible for various AAs
invitro [31]. The specificity of this A domain towards L-Phe in vivo suggested that gatekeeping
function of the condensation (C) domain might be in place [31]. In fact, Meyer et al. [3]
demonstrated flexibility of A domains and the gatekeeping and specificity-regulatory role of
the C domains of mcyB and mcyC genes of the microcystin synthetases in Microcystis spp.
Their in vitro experiments showed that the predicted AAs were used by A domains when the C
domain was present. On the other hand, minor amounts of unanticipated AAs were incorporated
in the MC molecules due probably to the leaky control of the C domain [3], which probably
would explain the minor incorporation of un-predicted AAs by mcyA-Al (e.g. Mdha’ in P.
rubescens PCC7821). However, it doesn’t explain the sole production of Dha’ containing MCs
in P. rubescens NIVACYA 98, in which L-Thr activation was predicted (Table 2).

Anabaena sp. 90, Microcystis spp., Planktothrix agardhii NIVACYA 126/8 and
Fischerella sp. CENA 161 investigated in this study were predicted to activate L-Ser (Table 2).
Previous LC/MS analyses of these species reported MCs containing Mdha’, MeSer’ and Dha’,
supporting the activation of L-Ser by McyA-A1 [19]. MeSer’ was suggested to form through
an incomplete dehydration reaction involving the condensation domain of mcyA [18]. On the
other hand, formation of Dha’ might have resulted due to transient inactivity of NMT domain
or SAM limitation during MC biosynthesis [12].

- Microcystis aeruginosa NIES-843 AP009552.1
;{MICFOC/SHS viridis NIES-102 NZ_AP019314.1
Microcystis aeruginosa PCC 7806 NZ_CP020771.1
— Nostoc sp. 152 AJ133161.1

99 |:Anabaena sp. 90 NC_019427.1
Fischerella sp. CENA161 EU840724.1
Planktothrix agardhii NIVA-CYA126 AJ133166.1
4|» Planktothrix rubescens PCC7821 CZCZ01000004.1
Planktothrix rubescens NIVA-CYA98 AB045951.1
Bacillus brevis strain NBRC 15304 NR_041524.1

0.05
Figure 2. Phylogenetic tree of the 16S rRNA genes of selected cyanobacteria. Bootstrap values above
50 percent from 1000 replicates are at the nodes. Branch lengths represent the number of
substitutions per site. All positions with less than 95% site coverage were eliminated. B. brevis
16S rRNA gene was used as the outgroup.

9L Microcystis viridis NIES-102 AP019314.1
100 Microcystis aeruginosa K-139 AB019578.2
100 Microcystis aeruginosa PCC 7806SL CP020771.1
— Anabaena sp. 90 CP003284.1
100 L: Nostoc sp. 152 KC699835.1
66 Fischerella sp. CENA161 KX891213.1
r Planktothrix agardhii NIVA-CYA 126/8 AJ441056.1
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100" Planktothrix rubescens NIVA-CYA 98 AM990462.1

gl;z[{ Microcystis aeruginosa NIES-843 AP009552.1

—
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Figure 3. Unrooted phylogenetic tree for the full length mcyA gene. Bootstrap values above 50 percent
from 1000 replicates are at the nodes. All positions with less than 95% site coverage were
eliminated. Nucleotide accession numbers are given at the ends of sequence names. Branch
lengths represent the number of substitutions per site.
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Microcystis aeruginosa PCC7806 AAF00960.1
Aicrocystis viridis NIES-102 AP019314.1
76 Microcystis aeruginosa K-139 AB019578 2

Nostoc sp. 152 KC699835.1
69 TEAnabaena sp. 90 AJ536156.1
64 Fischerella sp. CENA161 KX891213.1

Planktothrix agardhii NIVA-CYA 126/8 AJ441056.1
| Planktothrix rubescens PCC7821 CZCZ010000.2
1001 Plantothrix rubescens NIVA-CYA 98 AM990462. 1
GrsA- Bacillus brevis X15577.1

{‘illcrocysns aeruginosa NIES-843 AP009552.1
99 A

N
0,2

Figure 4. Phylogenetic tree for the mcyA-Al domain nucleotide sequences. Bootstrap values above 50
percent from 1000 replicates are at the nodes. All positions with less than 95% site coverage
were eliminated. GrsA was used as the outgroup. Nucleotide accession numbers are given at
the ends of sequence names. Branch lengths represent the number of substitutions per site.

Phylogenetic analysis of the 16S rRNA gene of the investigated cyanobacteria species
clearly separated strains belonging to Nostocales, Oscillatoriales and Chrooccocales with high
bootstrap support (Figure 2). A similar tree, with high bootstrap support, was obtained when
the full length mcyA nucleotide sequences were analyzed (Figure 3). However, P. agardhii
NIVACYA 126/8 did not cluster with P. rubescens strains when mcyA-Al domain was
analyzed (Figure 4). Clustering of other strains were in agreement with the clusters obtained in
16S rRNA and mcyA gene phylogenetic analyses.

In general, phylogenies of full length mcyA gene and mcyA-Al domain sequences
followed that of 16S rRNA gene of the analyzed strains. The exception was clustering of P.
agardhii NIVACYA126/8 mcyA-Al domain sequences with Nostocales and Chrococcales
sequences, albeit with low bootstrap support. This suggests that either P. agardhii or P.
rubescens acquired its A1 domain via horizontal gene transfer after the separation of both
species [5,11]. Phylogenies of the mcyA condensation domains of the investigated strains had
similar topology to full length mcyA and 16S rRNA gene trees (data not shown), further
strengthening the idea that some Planktothrix strains might have acquired their A domains via
horizontal transfer.

4. CONCLUSION

The phylogenetic tree and clustering of A1 domains are in agreement with the prediction
of activated AAs by Al domains. L-Thr activating P. rubescens Al domains are clearly
separated from the L-Ser activating domains. These results suggest that phylogenetic analyses
of A domains might potentially give information on the activated AAs by these domains. On
the other hand, MC congener analysis of these strains show that binding pocket or phylogenetic
analysis alone may not explain the AA flexibility of A domains in some strains. Further work
involving heterologous expression of mcyA-Al and -C domains together or separately, followed
by protein purification and in vitro substrate specificity assays might help to explain variation
of position 7 AAs in MCs.
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by biotic and abiotic factors therefore there is a requirement to develop effective Received: June 15. 2020
micropropagation protocol to provide mass production, multiplication and ) ) '
conservation of these plants. For this reason, this study was aimed to develop ~ Revised: September 22, 2020
an efficient micropropagation method for multiple shoot production via somatic ~ Accepted: December 03, 2020
embryogenesis induced from L. candidum stem bulbils and also to determine

the genetic stability of in vitro grown plants using SSR markers. The obtained  kev\WORDS

results of this study are the first comprehensive reports including an

investigation of genetic fidelity on somatic embryogenesis of L. candidum. Callus Culture,

After surface sterilization of bulbils, the calculated regeneration percentage of  Genetic Stability,

them was 89.5% and the callus induction was achieved using leaf segments of | jljum candidum L.,

in vitro grown bulbils. The well formed somatic embryos were obtained from
smooth whitish-yellow colored calli and these somatic embryos produced well
formed healthy L. candidum seedlings with adventitious roots. All rooted
seedlings were easily adapted to greenhouse conditions and the genetic stability
of in vitro grown seedlings were determined by using SSR-PCR technique and
it was calculated as 100%.

Somatic Embryogenesis,
SSR

1. INTRODUCTION

Lilium candidum being a member of Liliaceae family is a perennial herbaceous medicinal
and aromatic plant [1]. Because of its attractive white flowers, aromatic and medicinal
components, L. candidum has widely been cultivated in many countries such as in USA, Italy,
Netherlands, Spain, Germany, France and Turkey [2]. L. candidum is a species adapted to the
Mediterranean climate. The other Lilium species, which are spread in our country are distributed
in areas under the influence of the Black Sea climate which is cooler and more rainy climate.
Their natural populations are remarkably affected by biotic and abiotic factors such as
anthropological pressure, diseases, pathogen attacks, carbon fuel pollution, dramatic climate
changes, therefore there is a requirement to develop effective micropropagation protocol to
provide mass production, multiplication and conservation of these plants [3].

Plant tissue culture techniques providing very useful approach for rapid propagation of
plant species help to preserve especially the economically important and endangered species.
In vitro propagation supports the proliferation of plant cells, tissues and organs by incubating
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them in an aseptic condition in liquid or on semi-solid nutrient medium [4,5]. Although the
earliest studies on plant tissue culture date back to the early twentieth centuries, the main studies
improved completely from 1970s onwards, as technological improvements began to be
increased and theoretical limitations started to be overcome by expanding interest in usage of
biotechnological techniques [6]. Until today many plant tissue culture techniques have been
developed for improvement and breeding of different group plant species such as conifers [7],
dicots [4] and monocots [8].

Somatic embryogenesis being one of the most important micropropagation tools has been
applied throughout different types of in vitro systems for plant mass production. This tool serves
also many advantages for in vitro propagation of true-to-type clones, rapid regeneration of
genetic transformed and somatic hybridized plants and induction and selection of mutant types.
Additionally, somatic embryogenesis plays an important role in key studies on totipotency and
understanding of principle pathways of morphogenesis. Because of all these possible
advantages of somatic embryogenesis, it has been tempting studies on investigation of in vitro
conditions for somatic embryo induction of different plant species [9] and an excessive number
of procedures for effective in vitro regeneration based on somatic embryogenesis have been
developed for many economically important plant species [10].

The continuity of genetic stability during in vitro growing and subculturing periods is
very important for clonal propagation of especially medicinal, aromatic, rare and endangered
plant species [4]. It is important to maintain genetic stability in micropropagated cultures.
Molecular markers are more stable and highly reproducible compared to the various
morphological, cytological and protein markers used to detect variation in tissue cultivated
plants. A molecular marker such as SSR, ISSR, RAPD, AFLP etc. is beneficially used in tissue
culture studies to test the genetic stability of in vitro regenerates [11]. In all prokaryotes and
eukaryotes, SSRs expressing sequences between 1 and 6 nucleotides on DNA are one of the
preferred markers in genetic diversity studies due to their high mutation rate and consequently
high polymorphism rate. They are an excellent source of polymorphism for eukaryotic genomes
[12].

Although there are many published papers for method development on somatic
embryogenesis of Lilium spp., [13-20], none of them reported genetic stability investigation
after in vitro propagated L. candidum natural populations using SSR molecular marker
techniques. The current study was carried out to improve efficient micropropagation method
for multiple shoot propagation via somatic embryogenesis induced from L. candidum stem
bulbils and also to determine the genetic stability of in vitro grown plants using SSR markers.
The obtained results of this study are the first comprehensive reports including investigation of
genetic fidelity on somatic embryogenesis of L. candidum.

2. MATERIAL and METHODS

2.1. Plant Materials

Plant samples belonging to natural populations of L. candidum L. were collected from
Nif Mountain (Izmir, Turkey). The legal authorization letter for sample collection was obtained
from Republic of Turkey Ministry of Agriculture and Forestry, document number 36178555-
604.01.01/488551 and all collected samples were taxonomically identified by Dr. Hasan
Yildirim and Dr. Ademi Pirhan.

2.2. In vitro Culture Establishment

The stem bulbils of L. candidum (Figure 1A-B) obtained from natural populations were
sterilized according to surface sterilization protocol of Oziidogru et al. [4]. After surface
sterilization, the bulbils were transferred to semi solid Murashige and Skoog (MS) [21].
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Medium supplemented with 4.44 uM 6-Benzylaminopurine (BAP), 20 g L™ sucrose and 7 g L
Lagar. To enhance in vitro regeneration of L. candidum bulbils, surface sterilized bulbils were
secondly transferred to Olive Medium (OM), [22]. Medium supplemented with 4.44 uM BAP,
20 g L™ sucrose, 3.5 g L™t agar and 1.5 g L™ phytagel [23]. We used 29 stem bulbils for each
experiment. For each experiment, approximately 30 leaf fragments were used as the explant
source for callus induction. For callus induction, ~ 0.5x0.75 cm leaf fragments derived from in
vitro regenerated bulbils (Figure 1C-D) were transferred to MS medium supplemented with
10.7 uM Naphthaleneacetic acid (NAA), 20 g L sucrose and 7 g L™ agar. Somatic embryos
obtained from in vitro grown calli via OM medium were supplemented with 10.7 uM NAA, 20
g L't sucrose and 7 g L agar (Figure 1E-F). It was determined that OM medium supplemented
with 10.7 uM Naphthaleneacetic acid (NAA), 20 g L™ sucrose and 7 g L™ agar was more
effective for somatic embryos, experiments were continued with this medium. All in vitro
cultures were incubated at 25+2 °C, under a 8 hours dark / 16 hours light photoperiod, with
light provided by cool daylight fluorescent lamps (50 pmol *m=2s™1).

Figure 1. Morphological structure of L. candidum derived from native and in vitro grown plants (Bars
1cm) (A) Bulbils along the plant stem (B) One of stem bulbils used for in vitro culture initiation (C) in
vitro regenerated bulbils (D) ~ 0,5x0,75 cm leaf fragments derived from in vitro regenerated bulbils (E)
in vitro callus induction and somatic embryos (F) in vitro grown seedling obtained from callus.

2.3. Acclimatization to Greenhouse Conditions

Multiple rooted shoot clusters derived from in vitro grown somatic embryos of L.
candidum (Figure 2A) were acclimatized under greenhouse conditions by transferring them into
100 mL plastic pots (Figure 2B) including nitrogen-rich peat and to gradually decrease the
relative humidity of peat, the pots were closed with transparent pots and a hole was drilled on
top of the transparent pots every day [4]. The plastic pots were irrigated with tap water for seven
days, the transparent pots were removed after seven days and the plastic pots were transferred
to greenhouse conditions (Figure 2C).
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Figure 2. Acclimatization of L. candidum in vitro grown shoot clusters to greenhouse conditions (Bars
1 cm long) (A) Multiple rooted shoot cluster derived from in vitro grown somatic embryos of L.
candidum, (B) Acclimatization under greenhouse conditions by transferring them into 100 mL plastic
pots, (C) Transferring of acclimatized plants to green house conditions.

2.4. Data Collection and Statistical Analysis

In vitro regeneration of L. candidum bulbils, callus induction and somatic embryogenesis
data were calculated as percentage values. All data were collected after four weeks incubation
at standard culture conditions and all treatments were repeated at least three times. The
statistical analysis of the non-parametric data was performed by means of the test for
homogeneity rates, and the differences obtained by treatments were chosen using non-
parametric statistical test [24]. Separate data were exposed to ANOVA, monitored by the least
significant difference test at P<0.05 to compare means. Data were analyzed by SPSS package
program (IBM, version 21).

2.5. Determination of Genetic Stability

DNA isolation was performed from the mother plant, callus derived from in vitro
regenerated bulbils, developing somatic embryogenesis, and acclimated seedlings (callus,
somatic embryogenesis and acclimated seedlings were obtained after the third subculture) in
order to confirm whether there was a variation. All samples were stored at -20 °C. SSR markers
we previously determined as polymorphic were used in the naturally grown L. candidum
genotypes.

2.6. DNA Isolation

DNA isolation was performed in all the above mentioned examples by modifying the
method of Lodhi et al., [25]. After isolation, DNA samples were run on a 1% agarose gel to
determine their purity and were visualized with a gel imaging system (MS, Major Science).

2.7. SSR Analysis

For SSR analysis, SSR primers to be used in the study were determined by referring to
Du et al. [26]. Of these SSR primers, 12 pairs of them were identified as polymorphic in
naturally grown L. candidum populations in Turkey (Table 1).

The total volume of PCR amplification reaction used in the study was 20 puL. Each PCR
reaction consisted of 1xTaq PCR buffer, 0.2 mM dNTPs, 2 mM MgCly, 0.4 uM forward primer,
0.4 uM reverse primer, 0.2 units Go Taq Polymerase (Promega Go taq- M8295), 100 ng DNA
and dH20. PCR amplification; The initial denaturation step was carried out at 94 °C for 5
minutes followed by 35 cycles of 1 minutes denaturation at 94 °C, 30 second annealing at (48-
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55°C) and 1 minutes extension at 72 °C with a final extension at 72 °C for 7 minutes. The PCR
products obtained were run at a consistent voltage of 4.5 VV/cm on a 4 % agarose (1.2% Biomax
Basic Agarose and 2.8% Delta Micropor Agarose) gel in 1xTBE buffer for 3 hours by
electrophoresis and bands were visualized by EtBr (Sigma-Aldrich®). Fragment size was
determined using 100 bp ladder (ABM Cat: G016).

Table 1. SSR primers used for genetic stability determination in micropropagated L. candidum [26].

Primer no Primer name Repeat motif Primer sequence (5°-3)

1 LS-ZJu07 (AG)s F:-TGATCTCTGAGCTCCCCACT
R:TGAGAATTGGATCAGGCGTT

2 LS-ZJU08 (ACC); F:CATCAGCAACAACAAACCCA
R:CTATGATTATAAGGCCGCCG

3 LS-ZJU09 (CAG)s F:AAGTCAGCAGCAACAGCAGA
R:CAGGTAAAAATCCGCCAGAA

4 LS-ZJUll (GAG)s F-TTCCAAGACCAGGACGACTC
R:TTCCTGCCCAAATTGAACTC

5 LS-ZJu12 (TC)s F:CCATAGCTTCGTAGCTGCCT
R:AAGTTGCCTAGAATGCCGAA

6 LS-ZJU13 (GAC)s F:GCTGTATAGCAGGACGGAGG
R:TCGATTGTCTGCTTGACGAG

7 LS-ZJU16 (CCT)s F:GGCTCGCTCCTCTTCTCTCT
R:GTCGTCCTAGCGGCATTAAG

8 LS-Z2JU32 (TTG)s F:GTTTCCAACTGCGGATGTTT
R:TGTTCAACTCCGTGCCACTA

9 LS-ZJu35 (TGC)s F:AAAAGCTCCAGCAAAAGCAG
R:CTCCACCCTTGGATTTACGA

10 LS-ZJu40 (TCe F:ATATCTTGACCCGCAGCATC
R:AGCTCTGCAGGACGTTTGTT

11 LS-ZJu48 (TGC)s F:CTGCAGATGGAGATGCTGAA
R:CCGTGAGAATGGTGTGAATG

12 LS-ZJU56 (GA)e F TGAATGGGTAGGAGACGGAG
R:TCCCCAATCAGACAATGTGA

3. RESULTS and DISCUSSION

3.1. Initation of L. candidum in vitro Cultures

After surface sterilization, in vitro culture initiation was provided by transferring L.
candidum bulbils to MS initation medium described above, and obtained clean material
percentage was calculated as 65.5%. The regeneration percentage of clean bulbils was
calculated as 89.5% after four weeks incubation on OM regeneration medium described above.
We used ~ 29 stem bulbis for each experiment, the clean material obtained showed regeneration
of ~ 89.5%.
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3.2. Induction of Calli and Somatic Embryogenesis

For each experiment, approximately 30 leaf fragments were used as the explant source
for callus induction, The callus induction was achieved by using leaf fragments of in vitro
regenerated L. candidum bulbils on MS callus induction medium described above and after two
weeks incubation, the smooth whitish-yellow colored calli were successfully formed from
widening and hardening leaf segments. Callus development was observed in each explant. The
average callus induction rate per explant was calculated as 100%. After three weeks incubation,
all cells of well formed calli produced healthy somatic embryos by transferring to OM somatic
embryo producing medium described above. All of somatic embryos produced well formed
healthy L. candidum seedlings and all seedlings have proper adventitious roots to adapt
greenhouse conditions.

3.3. Determination of Genetic Stability

Micropropagation and callus culture experiments were carried out during the study to
determine whether there were any somaclonal variations in the plants by the effect of nutrient
media and growth regulators. For this purpose in the current study SSR markers were used and
scanned for whether there was a genetic variation between the materials we produced by using
micropropagation. The materials obtained from callus regeneration, somatic embryogenesis and
acclimated plants were checked with SSR markers and the produced band profiles of these
materials were found to be the same as the mother plant. The 12 pairs of primers produced 24
scorable bands (average: 2 bands/pairs of primer). As an example, SSR-PCR amplification of
primer LS-ZJU 11 in DNAs of L. candidum mother plant, in vitro regenerated bulbils, in vitro
grown somatic embryos and acclimatized plantles were visualized on agarose gel mixture is
shown (Figure 3).

The plant tissue culture technologies having wide application area such as single in vitro
cells, tissues and organs production, calli and suspensions in big-mass scale production, has
become an important tool for plant biotechnology [27]. Plant tissue culture generally defining
all procedures of in vitro cultivation, growth and maintenance of plant materials, has been
developed and used for basic studies on cell differentiation, growth, division and fusion, plant
physiology and biochemistry experiments, metabolic and genetic engineering, gene
transformation, conservation of plant biodiversity [28]. In the current study, indirect somatic
embryogenesis were achieved by using calli induced from in vitro grown L. candidum bulbils.

There are many studies on the selection of suitable nutrient media through the tissue
culture of Lilium. These studies include studies on plant growth regulators [29-32], photoperiod
application [33-37], explant size [29,30,33,36,38] and sugar concentration [29,30,33,36,38].
Altan and Biiriin [39] reported that the MS medium supplemented with 0.1 mg L' NAA+ 0.01
mg LBA, 30 g L sugar and 8 g L™ agar used was optimal in experiments for micropropagation
of L. candidum. [39]. In the current study, it was determined that OM medium were
supplemented with 10.7 uM NAA (2 g L), 20 g L™ sucrose and 7 g L™ agar is effective for the
development of somatic embryogenesis from callus obtained from in vitro regenerated bulbils.

Although callus induction was achieved by using MS medium, the somatic
embryogenesis were obtained by using OM medium, both of media were supplemented with
NAA. One of the main differences between the two media is that OM contains a different
nitrogen salt [The OM medium contains a different NO3z™ [Ca(NOs3), 2.54 mM] as nitrogen
source and it also contains lower concentrations of other nitrate salts than the MS medium
(NHsNOs3, 5.15 mM; KNO3z, 6.09 mM)]. There have been many studies on potential benefits of
different nitrogen sources such as NH4" and NO3™ and main purpose of these studies was to
develop nutrient components of culture medium for different plant species. For example, the
different concentrations of these forms of nitrogen in the nutrient media have produced very
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positive responses on shoot regeneration [40], plant recovery efficiency in ovule cultures [41]
and somatic embryo development [42]. In the current study, because of previous studies [3,43]
in the literature, at first the MS medium was tested for in vitro propagation of L. candidum.
However, in subsequent studies, OM [22] medium containing different concentrations of NH4*
and NOs  was reported to overcome possible growth problems after transfer to in vitro
condition, accelerate the adaptation of the plant to the nutrient medium and provide better
growth and it was obtained very positive results in comparison to MS [21] medium.

p_— L. candidum in vitro in vitro grown acclimatized
pairs  _Marker mother plant regenerated bulbils somatic embyos plantles

[y

T

Figure 3. SSR-PCR amplification products obtained from DNAs of L. candidum mother plant (1, 2), in
vitro regenerated bulbils (3, 4), in vitro grown somatic embryos (5, 6), and acclimatized plantles (7, 8)
with SSR LS-ZJU11 [26] primers were visualized on agarose gel mixture (1.2% Biomax Basic Agarose
and 2.8% Delta Micropor Agarose); M, 100 bp DNA ladder (ABM Cat: G016).

Plant cell and tissue culture have become a tool for the rapid reproduction of valuable
species. Many plants can be produced with plant tissue culture by making continuous subculture
under optimal conditions. However, in subculture studies performed by changing the growth
environment (by accelerating or slowing down the growth), extending the changing intervals
of the environment or increasing the number of subcultures have some risks. One of these risks
is the emergence of somaclonal variations. Somaclonal variations are variations of genetic
origin that occur between plants regenerated from somatic tissue originated callus, cell and
protoplast cultures. These variations can be observed in plants as morphological, physiological
and agricultural features. They are demonstrated by phenotypic, cytological and molecular level
investigations [44]. Many reports have documented the assessment of genetic stability of
micropropagated plants using SSR markers [12,45]. Liu and Yang [15] stated that 11 ISSR
primers were used to determine the genetic stability of regenerated shoots in comparison to
their mother plants. They reported that the genetic similarity between clonal samples and the
mother plant was between 0.92 and 1.0. All 15 micropropagated materials and mother plants
were grouped in a single master cluster with 92% similarity. They estimated the rate of
somaclonal variation in plantlets to be 4.2%, emphasizing that direct shoot formation from
explant regeneration indicates a safe method for the reproduction of "true—to-type" plants. Their
results is acceptable for efficient mictopropagation, howewer, Asmita et al. [20] tested genetic
stability using 10 SSR markers in twenty one in vitro regenerated plants. They produced a total
of 273 bands from 10 SSR markers. The number of scorable bands for each primer ranged from
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1 to 2. Among them, polymorphism information content was not recorded. Similar to our study,
they stated that the banding profile of micropropagated plants is monomorphic and similar to
the mother plant. Bi et al. [19] did not observe any polymorphism in embryo-like structure
when analyzed with ISSR markers in five Lilium species and hybrids. Also, and no change in
flow cytometry ploid level was observed. AFLP and ISSR markers have been used to detect
genetic stability in direct shoot regenerants and ISSR markers showed no polymorphism but
AFLP markers showed less than one percent [17]. Yadav et al. [16] used 6 RAPD markers and
reported that there were no genetic variations in the regenerated micro bulbs. They stated that
the results obtained through in vitro produced Lilium spp bulblets were clonally identical with
mother plants. Varshney et al. [13] observed no change in progeny (randomly selected after
four and 12 subcultures) with the RAPD marker.

4. CONCLUSION

In the current study, results of investigations based on SSR markers revealed that 12 pairs
of primers produced amplified products with same monomorphic patterns of the mother plant,
callus derived from in vitro regenerated bulbils, developing somatic embryogenesis, and
acclimated material seedlings. It can be concluded that the results obtained by micropropagation
protocol we employed here did not stimulate somaclonal variation in clones for these specific
SSRs which were determined to be polymorphic markers in L. candidium genotype based on
our previous studies.
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