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Editorden;

Degerli okurlar ve yazarlar,

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

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

Bu diisiincelerle 2020 y1li {iglincii sayisini yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katki ve
Elestirileri ile degerlendirme siireclerine katkilarindan dolayr hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek timidiyle...

15.12. 2020
) ) Editor
Dr. Ogrt. Uyesi Yilmaz KAYA



From The Editor;

Dear Readers and Authors,

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

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

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in third issue of 2020 "International Journal
of Life Sciences and Biotechnology". Hope to see you in the next issue...

15.12.2020
Editorin Chief
Assit. Prof. Dr. Yilmaz KAYA
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Research article

Salikan N. A., K. K Yern, Zain, N. A, M, Isolation of Antibiotic Resistant Bacteria from Rivers in Terengganu,
Malaysia. International Journal of Life Sciences and Biotechnology, 2020. 3(2): p. 241- 257.
DOI: 10.38001/ijlsb.711948

Isolation of Antibiotic Resistant Bacteria from Rivers in
Terengganu, Malaysia

Nurul Agidah Salikan! **', Kam Kar Yern! ** and Nor Azimah Mohd Zain*"

ABSTRACT - _ _ . ARTICLE HISTORY
Infectious disease cause by antibiotic resistant bacteria has been more difficult to treat  Received

because the ability of these bacteria to avoid the effect of antibiotic medication. 1 April 2020
Nowadays, water environment especially river has become the reservoir for the  Accepted
dissemination of antibiotic resistant bacteria due to antibiotic contamination derived from g September 2020
human activities. The exposure to antibiotic resistance bacteria in water increase the health

risks associated with the waterborne bacteria in animals and humans. Therefore, this study

was carried out to investigate the presence of antibiotic resistant bacteria from two rivers; KEYWORDS
Ibai River and Terengganu River in Terengganu. A total of 24 bacterial strains were
isolated from both rivers. Antibiotic susceptibility of the bacteria isolates was assayed
according to the Kirby-Bauer disk diffusion method using six types of antibiotics such as
ampicillin, rifampicin, gentamicin, tetracycline, ciprofloxacin and chloramphenicol. The
results of this study indicate that 100% of bacterial strains were resistant to at least two
antibiotics tested. The multiple antibiotic resistant (MAR) index of these bacteria was
calculated and 23 bacterial strains show MAR index of more than 20%. Among the 23
isolates, a total of 10 bacterial strains (2A, 2B, 2C, 21, 3A, 3B, 4A, 4C, 4D and 4E) were
successfully identified as Chromobacterium violaceum, Enterobacter tabaci, Bacillus
wiedmannii,  Acinetobacter  baumannii, Klebsiella  quasipneumoniae  subsp.
quasipneumoniae, Chromobacterium aquaticum, Cupriavidus metallidurans, Weeksella
massiliensis, Cupriavidus necator and Acinetobacter nosocomialis. The results from this
study show that both of the rivers are exposed to high level of antibiotics compound which
may lead the bacteria to develop mechanism of antibiotic resistant. This may cause a
serious threat to the public health and environment.

Antibiotic resistance
bacteria, multiple
antibiotic resistance,
river waters,
Terengganu

Introduction

River is the most vital freshwater resources for the human and its use for various purposes
such as agricultural, recreational, and also industrial activity [1]. However, uncontrolled and
overuse of antibiotic in clinical setting and also in intensive animal husbandry gives negative
impact to the water environment [2]. These occur due to the release of antibiotics compound
into the aquatic system through the agricultural runoff or municipal wastewater as the
antibiotic is not fully metabolize in the body human and animal treated with antibiotic [3].
The emergence and development of antibiotic resistance gene in bacteria occur due to natural

selection cause by the high levels of antibiotics in the environment [4].

1 Department of Biosciences, Faculty of Science 81310 Johor Bahru, Universiti Teknologi Malaysia
*Corresponding Autor: Nor Azimah Mohd Zain, e-mail: norazimah@utm.my
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These cause the environment to become the reservoir for propagation and proliferation of
antibiotics resistance genes to pathogen through food web and water [5]. As a consequence,
the probability of becoming exposed to antibiotic resistant bacteria outside clinical setting
increases [6]. For instance, people may become exposed through the preparation and
consumption of contaminated food or ingestion of contaminated water. As a result, cases that
involve the antibiotic resistance by organism elevated and become a threat to public life. This
definitely become a threat to human health as antibiotic resistant bacteria will cause serious
infection especially in debilitated patients which may therefore difficult to treat.

Different defense mechanisms have been developed by bacteria to evade themselves from the
effect of antibiotics that was used against them. The genes encoding these defense
mechanisms are located on the chromosome of bacteria or on extrachromosomal plasmids and
are transmitted to the next generation and these known as vertical gene transfer. Meanwhile,
horizontal gene transfer is plasmids that exchanged among bacteria of different taxonomic
affiliation. Horizontal gene transfer by conjugation is common in nature because there will be
more interaction between bacteria especially when the density of bacteria is high [7].

These environmental antibiotics resistance gene could be a reservoir and horizontally
transferred to human-associated bacteria and thus contribute to antibiotic resistance
proliferation. Antibiotics exert a selection in favor of resistant bacteria by killing or inhibiting
growth of susceptible bacteria; resistant bacteria can adapt to environmental conditions and
serve as vectors for the spread of antibiotic resistance depending on their concentrations [8].
Therefore, uncontrolled use of antibiotics may exert selective pressure and resistant pathogen
will encounter more frequently [9]. The main risk for public health is that resistance genes are
transferred from environmental bacteria to human pathogen.

Therefore, this study aimed to isolate and identify the prevalence of antibiotic resistance
bacteria from Ibai River and Terengganu River in Terengganu through biochemical and
molecular tools through comparison with Bergey’s Manual of Determinative Bacteriology.
The rivers may have become the reservoir for spread of these bacterial genes to the water due
to discharge of antibiotics compound from the human activities such as fishery activities.
Through this study, the implication of antibacterial resistance organism in the river water and
the emergence of antibiotic resistance bacteria were evaluated. The risk of the antimicrobial

resistance from river water to the public health and food security were also assessed.
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Material and Methods

Study site and sampling

The sampling sites were located at two selected rivers such as Ibai River and Terengganu
River in Terengganu (Figure 1). The first sampling site (Point 1) was selected from the Ibai
River, was located near to small aquaculture farm and residential area in Kampung Laut,
Kuala Ibai at the coordinate of (5.280724, 103.141581). Meanwhile, second sampling site
(Point 2) was selected near to industrial area, residential area and restaurants in Kuala Ibai,
Kuala Terengganu. The samples were collected at the coordinate of (5.278680, 103.168602).
Meanwhile, another river was selected as Terengganu River which located in Kuala
Terengganu. The first sampling site (Point 3) with coordinate at (5.279265, 103.084646) was
located near large aquaculture farms and residential area in Kampung Selar Beladau.
Meanwhile, second sampling site (Point 4) with coordinate at (5.328204, 103.125040) was
located near large aquaculture farm and construction site in Pulau Duyong.

Water sample was collected from two rivers at two different sampling points into the 500 mL
sterile bottle. All the samples were kept in an ice box to maintain its temperature at 4 'C while

transporting to the laboratory and stored in cold room until further analysis [8].
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Fig 1 The study map on sampling locations of a) Ibai River (point 1, point 2) and b) Terengganu River
(point 3, point 4).
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Isolation of pure bacterial isolates

In order to isolate the pure bacterial colonies, 1 mL of each water samples were diluted with 9
mL of distilled water. Then, the water samples were serially diluted up to 10-4. After that, 100
uL of each dilution was spread on the nutrient agar. The plates were incubated at 37 C for 24
hours. The single colonies of different morphology from the spread plates were subculture by
streaking method for isolation of pure colonies. The pure colonies of the subculture were
characterized based on observation of their morphology. Gram staining was performed to
further characterize the pure colonies into Gram-positive bacteria or Gram-negative bacteria
[9]

Antibiotic susceptibility testing

Kirby-Bauer disk diffusion method was used by following the guidelines established by the
Clinical and Laboratory Standards Institute (CLSI) to determine the antibiotic susceptibility
profile of the bacterial isolates against six types of antibiotics such as gentamicin, ampicillin,
rifampicin, chloramphenicol, tetracycline, and ciprofloxacin [10]. The antibiotics that were
used in this study are broad spectrum antibiotics that could act against larger group of bacteria
including Gram-negative and Gram-positive bacteria [12]. Broad spectrum antibiotics are
normally used in treatment of community- or hospital-acquired infections [13]. Bacterial
inoculum was prepared by transferring the bacteria into 5 mL of sterile nutrient broth. The
turbidity of the suspension was adjusted to 0.5 McFarland standards. Then, the bacterial
isolate in the nutrient broth was inoculated on Mueller-Hinton agar by spreading it using
sterile cotton swab. The plates were seeded uniformly by rubbing the swab on the entire agar
surface and then incubated for 24 hours [6]. After dried, antibiotic impregnated discs were
placed using sterile forceps with appropriate distance; 30 mm apart and 10 mm away from the
edge of the agar plate with bacterial cultures on it. Each of the antibiotics disc have two
different concentrations which are 10 and 30 pg/mL. Then, all the plates were incubated at
37T for 24 hours. After overnight incubation, zone of inhibition around each disc was
measured based on the interpretive standard of the CLSI used to define the bacterial isolates
as sensitive, intermediate or resistant to the antibiotic evaluated.

Multiple Antibiotic Resistant (MAR) Index Value

The multiple antibiotic resistant (MAR) index for each bacterial isolate against the antibiotics
tested were calculated using the formula. Multiple antibiotic resistance index is calculated by
the ratio of number of resistant antibiotics to which isolate is resistance to total number of
antibiotics to which organism is tested [14]. MAR index is a tool that helps in analyzing

health risk which value equal or lower than 0.20 indicate low dose of antibiotic used while
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value more than 0.20 indicates high dose of antibiotic used [10]. Bacteria with MAR index of
more than 20% were selected for further analysis. Equation (1) explains the formula used to
calculate the Multiple Antibiotics Resistant (MAR) index of bacteria. Number of antibiotics to
which the bacteria is resistance (a) has to be divided by total number of antibiotics tested to
bacteria (b) to get value of MAR index [11].

MAR Index value =a/bX100 (Equation 1)

Characterization of the bacterial isolates by biochemical test

The bacterial isolates were further characterized by biochemical test as the bacteria have
different physiology from one species to another. The biochemical tests were performed using
the catalase test, indole test, Mac Conkey agar, urease test, mannitol salt agar, citrate test and
oxidase test. The biochemical test results were compared with Bergey’s Manual of
Determinative Bacteriology to predict the possible bacteria species based on their biochemical

activities.
Results and Discussion

Isolation and Characterization of Bacterial Strain from Both Rivers Water Samples
Total of 24 bacterial colonies were successfully isolated from the water samples of the two
rivers. The pure colonies of the subculture were characterized based on observation of their
morphology. From Ibai River, 4 colonies were isolated from upstream (Point 1) and 9
colonies were isolated from downstream (Point 2). Meanwhile, a total of 6 colonies were
isolated from upstream (Point 3) and 5 colonies were isolated from downstream (Point 4) in
Terengganu River. Table 1 shows the morphology characteristics of the bacterial colonies
isolated from Ibai and Terengganu rivers. Table 2 shows the bacterial colonies isolated from
both Ibai and Terengganu rivers with the Gram stains viewed under 100X magnification.
River is required in almost all the activities of mankind such as agricultural, recreational,
irrigation and industrial purposes. However, water quality in many large rivers in many
countries has been deteriorated significantly due to anthropogenic activities in the past few
decades [15].
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Table 1 The morphology characteristics of the bacterial colonies isolated from Ibai and Terengganu rivers

Ibai River Terengganu River
Opacity Form Elevation Surface Color Opacity Form Elevation Surface Color
Point 1 Point 3
1A | Translucent | Circular | Umbonate Rough Pinkish 3A Translucent Circular Raised Smooth, glistening White
1B | Translucent | Circular Convex Smooth, glistening Whitish 3B Translucent Circular Convex Rough Pinkish
1C Opaque Circular Flat Smooth, White 3C Translucent Circular Convex Smooth, glistening Yellowish
1D Opaque Circular Flat Smooth, Blue-black 3D Translucent Circular Convex Smooth, glistening Pinkish
Point 2 3E Translucent Circular Raised Smooth, glistening Whitish
2A Opaque Circular Flat Smooth Blue-black 3F Translucent Circular Flat Smooth Color of agar
2B | Translucent | Circular Raised Smooth, glistening Whitish Point 4
2C Opaque Irregular Flat Smooth White 4A Translucent Circular Raised Smooth Color of agar
2D | Translucent | Circular Raised Smooth, glistening Yellowish 4B Opaque Circular | Umbonate Rough White
2E | Translucent | Circular Convex Smooth, glistening Color of 4C Translucent Circular Raised Smooth, glistening Yellowish
agar
2F | Translucent | Irregular Flat Smooth Whitish 4D Translucent Circular Raised Smooth, glistening Pinkish
_ 4E Translucent Circular Flat Smooth, glistening Color of agar
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Table 2 The bacterial colonies isolated from both Ibai and Terengganu rivers with the Gram stains viewed under 100X magnification

Ibai River Terengganu River
Point 1 Point 2 Point 3 Point 4
Strain Gram Stain Strain Gram Stain Stain Grain Stain Stain Gram Stain
1A . . .
| . .
| . .
1D . ‘ .
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Antibiotic Susceptibility Testing

The result from the antibiotic susceptibility test in Table 3 and Table 4 shows that all the
isolated bacteria were multiple antibiotic resistant (MAR). All of the isolated bacteria show
resistant to at least two antibiotics tested. The isolated bacteria were tested against both 10
ug/ml and 30 pug/ml concentration of all antibiotics tested, in which many of the bacterial
isolates were resistant towards both concentration of antibiotics tested. Most of the bacterial
isolates were highly resistant towards ampicillin, rifampicin, gentamicin, tetracycline and
chloramphenicol. Meanwhile, only one isolated bacteria in Terengganu River was resistant
towards both concentration of ciprofloxacin used. Furthermore, bacterial isolates from Ibai
River shows no resistant towards ciprofloxacin at both concentrations tested. Low or no
resistance of bacteria towards ciprofloxacin may indicate that both rivers were contaminated
with low level of ciprofloxacin. There may be low use of ciprofloxacin from the human
activities in that area [16].

The discharge of municipal and industrial wastewater to the river water may cause to the
presence of antibiotic residual and antibiotic contamination in the river water [17, 18]. This
may lead to the emergence and development of antibiotic resistant bacteria in river water.
Therefore, in this study two rivers water in Terengganu which were Ibai River and
Terengganu River were selected to study for the correlation between the anthropogenic
activities nearby with the emergence of antibiotic resistant bacteria. In Terengganu, river
plays as important asset for the economic resources especially in Terengganu River where
there were many large aquaculture farms across the river owned by the resident as their source
of income. Aquaculture surrounding environment may also become the cause of antibiotic
pollution in river water [19]. Besides, Terengganu River located near to the construction site
and residential area. It was selected because the location was in the area influenced by the
construction site of drawbridge of Terengganu and large aquaculture farms as well as
residential area. Meanwhile, Ibai River was located in Kuala Ibai, a densely populated area. It
was selected because the location was in the urban area that affected by the residential area,
industrial activities and aquaculture farm. Moreover, Ibai river also is connected with small
rivers which cause the flows of water from other location. There is also a small aquaculture

farm own by the resident at the upstream of this river.
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Table 3 Antibiotic susceptibility tests for the bacterial colonies isolated from Point 1 and Point 2 at Ibai River.

Antibiotics Gentamicin Ampicillin Rifampicin Chloramphenicol Tetracycline Ciprofloxacin
Bacterial 10 30 10 30 10 30 10 30 10 30 10 30
Colonies pg/ml pg/ml pg/ml pg/ml ug/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
1A R R R R R R R S S S S S
1B R S R R R R R R R R S S
Point 1

1C S S R R S S R R R S S S

1D R R R R R S S S S S S S

2A R S R R R S S S S R S S

2B R R R R R R R R R S S S

2C S S R R S S R R S S S S

Ibai 2D R s R R R R R R R R s s
River Point 2 2E R S R R R R R s R s s s
2F S S S S R R R R R S S S

2G R R R R R R R R R S S S

2H S S R R R R R R R R S S

21 R S R R R R R S R S S S
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Table 4 Antibiotic susceptibility test for the bacterial colonies isolated from Point 3 and Point 4 at Terengganu River.

Antibiotics Gentamicin Ampicillin Rifampicin Chloramphenicol Tetracycline Ciprofloxacin
Bacterial 10 30 10 30 10 30 10 30 10 30 10 30
Colonies pg/ml | pg/ml | pg/ml | pg/ml pg/ml | ug/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
3A R S R R R R R R R R S S
3B R R R R R R R S S S S S
3C R S R R R R R R R R S S
Point 3
3D R S R R R R S R R R S S
3E S R R R R R R R R S R R
3F R S R R S S S S S S S S
Terengganu 4A R S R R R R R S R R S S
River
4B R S R R S R R R R R S S
4C S S S S R S R R R R S S
Point 4 4D R R R R R R R R R S S S
4E R S R R R R R R R R S S
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MAR Index Analysis

From the Figure 2 (a), a total of 13 isolates from Ibai River shows MAR Index more that
20%. Meanwhile for Terengganu River, 10 out of 11 isolates shows MAR Index more that
20%. Based on the results, all the bacterial isolates were multiple antibiotic resistant (MAR)
as it resistant to at least two antibiotics. MAR index with value more than 0.2 indicate a ‘high-
risk’ source of antibiotic contamination [20]. The location was in the urban area that affected
by the residential area, industrial activities and aquaculture farm. Besides, Ibai River also is
connected with small rivers which cause the flows of water from other location. There is also
a small aquaculture farm own by the resident at the upstream of this river. In this study, the
samples obtained from Terengganu River were collected near to an aquaculture farm,
industrial area, near to construction site area and also from the location that were close to the
residential area. These findings show clear evidence of antibiotic resistant bacteria emergence

at the sampling locations.

MAR INDEX for 10 ug/mL MAR INDEX for 10 pg/mL
90 - B MAR INDEX for 30 pg/mL 90 - B MAR INDEX for 30 ug/mL
80 A 80 -
70 A 70 -
S 60 - 60 -
>u§ 50 >u<1 50
z :
= 40 - & 40 -
g Z
s 30 ~ S 30 -
20 A 20
10 - 10 A
0 - 0 -
1A 1B 1C 1D 2A 2B 2C 2D 2E 2F 2G 2H 21 3A 3B 3C 3D 3E 3F 4A 4B 4C 4D 4E
Antibiotic Resistant Bacteria in Ibai River Antibiotic Resistant Bacteria in Terengganu
River
a) b)

Fig 2 MAR Index for bacteria isolated from a) Ibai River and b) Terengganu River.

Biochemical Test

Table 5 tabulates the biochemical tests were conducted for all the isolates collected from Ibai
and Terengganu rivers. Based on the table, it can be concluded that the different in bacterial
population for different point in the same river may be due to the human activities around the

sampling areas. From the result of Gram staining, there were 2 out of 24 bacterial colonies
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(8.33%) were Gram-positive with rod shape. Meanwhile, 9 bacterial colonies (37.5%) were
Gram-negative bacteria with cocci shape and 13 bacterial colonies (54.2%) were Gram-
positive bacteria with rod shape. This meant that, most of the isolated bacterial were Gram-
negative bacteria. The pH of both river water which has slightly acidic; range from pH 5 to 6
favor for the Gram-negative bacteria. In Point 1, with total of 4 bacterial colonies, one of them
was Gram-positive bacteria with rod shape, 2 colonies were Gram-negative bacteria with rod
shape and the rest was Gram-negative bacteria with cocci shape. Meanwhile in Point 2, all the
bacterial isolates were Gram-negative bacteria with 5 colonies were rod shape and 4 colonies
were cocci shape. The same to Point 3, most of the bacterial isolates also were Gram-negative
bacteria with 4 colonies were rod shape and 2 colonies were cocci shape. From Point 4, one of
the bacterial isolates was Gram-positive bacteria with rod shape. The rest of the bacterial
isolates were Gram-negative bacteria with 2 colonies were rod shape and 2 colonies were

COCCi.
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Table 5 Biochemical tests conducted for isolates from Ibai River and Terengganu River.

Ibai River Terengganu River
Point 1 Point 2 Point 3 Point 4
Biochemical Test Biochemical Test Biochemical Test Biochemical Test
o 5 o 5 o 5 . ]
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Sl18la|>|=18(8|%| FamilyType) | B |8 |2 |>|= (8|8 |5 | (FamilyType) | € [Z |2 |>|= 18 |8 |5 Sl3le|xl=1g|8 |5
a 2|E|E |88 |S|o a =2|EIE8|E8|S |2 alz|ElEl8|g|8 |2 Conclusion &= |E|€(8|28|8|2| conclusion
2|55 |E|5(|% |2 255|515 |% |8 255|155 |% |2 . 25|55 |5|% |2 ,
S 1918 2|0 |2 S |© |8 2|0 |2 O €18 2 |8 |2 | (Family Type) S |© |8 2|0 |2 (Family
] = (&) = [S] c [®) =
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— N (32 <

Pseudomonas Pseudomonas Salmonella sp. Proteus sp.
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Conclusion

This study showed that a total of 24 pure bacterial colonies were successfully isolated from
water samples of two selected rivers which are Ibai River (Point 1: 4 colonies; Point 2: 9
colonies) and Terengganu River (Point 3: 6 colonies; Point 4: 5 colonies) in Terengganu. The
bacterial isolates were tested for its susceptibility towards 6 antibiotics; gentamicin,
ampicillin, rifampicin, chloramphenicol, tetracycline, and ciprofloxacin. All of the isolates
from Ibai River shows MAR index more than 20%. Meanwhile a total of 10 out of 11 isolates
from Terengganu River shows MAR index more than 20%. The results obtained showed that
most of the isolates were multiple antibiotic resistance, indicated that Ibai and Terengganu

rivers might consist of ‘high-risk’ source of antibiotic contamination.
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CLSI: Clinical and Laboratory Standard Institute; MAR: Multiple antibiotics resistance
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Production and Biochemical Characterization of Cellulase
Enzyme by Trichoderma Strains from Harran Plain

Miimine Guruk* " , Mehmet Karaaslan?

ABSTRACT

In this research, Trichoderma spp. fungus, a major producer of cellulase, that was isolated from ARTICLE HISTORY

Harran plain had been investigated. Morphological, microscopic and genetic identification of ?38352/:3020
the six fungi isolates were carried out and their cellulase production ability were determined. Accepted
The ITS region of four of the isolates were displayed over 90% similarity with the DNA 4 September 2020

sequences of Trichoderma spp. currently deposited into the databases. The molecular size of
fungal cellulase was found as to be 32 kDa by SDS-PAGE analysis. Optimum working KEYWORDS
conditions of cellulase had also been studied. The optimal conditions for cellulase activity
determined at 40 °C, pH 5.0, 60 min incubation time and 2% Carboxymethyl Cellulose (CMC).
The fungal cellulase activity was compared with the activity of the commercial cellulase
enzyme. The fermentation produced enzyme by using Trichoderma spp. isolated from Harran cellulase, PCR
plain displayed remarkable cellulase activity.

Trichoderma,
enzyme, isolation,

Introduction

Cellulose is the most common carbonhydrate polymer in the nature, and it is currently being
used for the production of useful industrial materials such as biofuels and some chemicals. It
is a biodegradable material and found in the structure of the plant cell wall and accounts for
about 40% of the cell biomass [1]. Cellulose is a long chemical structure composed of
glucose. Glucose molecules are linked to each other via 3, 1-4 glycosidic bonds [2]. It can be
directly converted into monomer by using chemicals, enzymes or by the combination of both.
Chemical degradation is unuseful and uneconomical in comparison to the enzymatic
degradation because it produces more byproducts at high temperatures and causes

environmental problems. Cellulase enzymes which can hydrolyze cellulose can be divided

! Department of Food Engineering, Faculty of Agriculture, Cukurova University, Adana, Turkey
2 Deparment of Food Engineering, Faculty of Engineering, Harran University, Sanliurfa, Turkey
Corresponding Author: muminegurukk@gmail.com

258


mailto:muminegurukk@gmail.com
https://orcid.org/0000-0002-9004-1994
https://orcid.org/0000-0001-8097-9535

into three types: endoglucanase (endo- 1,4-B-glucanase EC 3.2.1.4), exoglucunase (exo-1,4-
B-glucanase EC 3.2.1.91), B glucosidase (1,4-B-glucosidase EC 3.2.1.21)[3]. Cellulases are
important industrial enzymes used in various industrial applications such as in textile an
detergent, food and feed, baking, pulp an paper and waste treatment. Cellulase mainly
produced by microorganisms like bacteria and filamentous fungi. There are many
microorganisms capable of producing extracellular cellulases such as Cellulomonas,
Pseudomonads, Bacillus; Actinomycetes, Aspergillus, Humicola, Trichoderma and
Penicillium [4]. Complexity of fungal cellulase is less than bacterial cellulase and former is
produced extracellularly in large amount [3].

Trichoderma is known a microorganism found in nature especially in soil commonly,
capability of utilizing various subsrates [5]. Trichoderma is a fast growing fungus and strains
generally mature in 4 days. Colonies can be colorless, green or yellowish [6]. Some uses of
Trichoderma are hyperparazism, antibiosis, competition, enzyme production [7]. The most
important feature of Trichoderma is that it can produce cellulosic and hemicellulotic
enzymes. These enzymes are extremely important as they are used in the recycling of waste.
Because it is widely available in nature, high enzyme capability under favorable conditions
and is prone to genetic manipulations, Trichoderma is preferred in researchs [8]. Studies on
cellulase production show that Trichoderma viride, Trichoderma reseei, Trichoderma
harzianum are the most productive strains [9].

Harran Plain is a major source of agricultural residues, such as lignocellulosic material, which
could be used as a raw material for microbial production of enzymes. Microbial cellulase
production is an important strategy for the development of sustainable processes of industrial
based cellulase enzyme for some industries such as food, textile, animal feed, detergent etc.
This study aims to isolate the Trichoderma which is capable of producing cellulase enzyme
from Sanlurfa Harran Plain soils. In this work we isolated some Trichoderma strains from
soil and identificated by molecular technics. Moreover cellulase was produced via
Trichoderma strains and characterized.
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Materials and Methods

Soil material and microbial media

Soil samples were collected at the latitude of 37 ° 0 '0 "latitude, 38 ° 0' 0" longitude from
Sanliurfa Harran corn, cotton and wheat plain after harvest. Samples were taken from soil,
rotting plant roots and stems.

Isolation of Trichoderma strains

The soil samples were diluted 107 - 10°° with sterilized water, and then the dilutions were
cultivated in DRBC(Dichloran Rose Bengal Chloramphenicol ) medium at 28°C for 5 days.
Colonies similar to Trichoderma were selected and cultivated on PDA (Potato Dextrose
Agar) under the same conditions to obtain single colonies [10].

Microscobic and morphological identification of Trichoderma strains

Morphological definition is based on time dependent changes of colonies formed in PDA
medium, structure of colony and hypha, color, of microorganism. Moreover a loopfull sample
were taken from different parts of the colonies and spread over the coverslip in order to
identify the strains microscopically. Samples were examined under the light microscope
(Motic B series, Japan) and their definitions were made according to the spore structures
[11].

Determination of cellulase activities of the Trichoderma strains

Cellulase activity ability was investigated on Carboxy Methyl Cellulose Agar (KH2PO4 1 g,
NaNOs 3 g, KCI 0.5 g, MgS0O4.7H20 0.5 g, FeSO4.7H20 0.01 g, CMCNa 15 g, agar 15 g per
1.0 litre distilled water) at 30 °C for 3 days and colonies forming zones were evaluated as
cellulase positive and those without zones were evaluated as cellulase negative [10].
Molecular identification of Trichoderma strains

DNA extraction

The collected isolates of Trichoderma (5 isolates) were cultured in 100 ml Erlenmayer flasks
containing 10 ml PD medium after 5 days incubation, mycelium was collected by filtration
and ground to a fine powder in liquid N2. 2 g culture was transferred to a 1.5 ml Eppendorf
tube and diluted with 500 ul TE (Tris-Cl, EDTA) buffer. The TE buffer was decanted and
300 pl of extraction buffer (200 mM Tris HCI pH 8.5, 250 mM NacCl, and 25 mM EDTA,
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0.5% SDS) was added to the pellet. The mycelium was crushed with a sterile toothpick.
Subsequently, 150 ul of 3M Sodium acetate, pH 5.2 was added and tubes were placed at -20
°C for 30 minutes. Tubes were centrifuged 10000 rpm for 10 minutes. The supernatant was
transferred to another sterile eppendorf tube. Equal volume of isopropanol was added and
kept for 10 minutes at room temperature. DNA was precipitated by centrifugation at 12000
rpm for 10 minutes. After a wash with 70% ethanol, the pellet was dried for 5 minutes and
re-suspended in 50 pl of TE to make DNA suspension [12].

ITS regions sequencing: ITS-PCR was done for each sample in a 25 pl reaction mixture.
Each reaction mixture was contained with 2,5ul PCR buffer, 1.5ul MgCL,, dNTP 1.25ul, 1pl

ITS1 (forward primer), 1ul ITS4 (reverse primer), 0.25 Taq polymerase, 1ul DNA and 16.5ul
of PCR water. The Thermal cycler was programmed for 30 cycles of initial denaturation at
94 °C for 2 minutes followed by denaturation at 94 °C for one minute. Primer annealing at
55 °C for 1 minute, elongation at 72 °C for 1 minutes, final extension at 72 °C for 5 minutes
and final hold 4 °C (Shadid et al., 2013). PCR products were purified using illustraTM GFX
™ PCR DNA and Band Purification Kit (GE Healtcare, USA) and sequencing analysis was
performed by lontech compony, sequences were compared by NCBI GenBank, and then
phylogenetic tree constructed by MEGAT7.0.26 software.

Expression, purification and SDS-PAGE analysis of cellulases

For the production of cellulase in liquid state fermentation the fungus was grown in 250 mL
erlenmayer flask containing 100 mL of fermentation medium. Concentrations of the nutrients
were yeast extract 1 g/L, CMC.Na 5 g/L, NaCl 20 g/L, K:HPO4 0.5 g/L, MgS04.7H,0 0.5
g/L. pH of the medium was adjusted to 5.0. Microorganisms culture inoculated 10°6. The
inoculum preparations were completed by 28°C, 8 days in an shaker (150 rpm). Liquid state
cultures were harvested by centrifugation at 4000 rpm, for 50 min, at 4°C. The resulting
supernatant was called as crude enzyme preparation.

Polyacrilamide gel electrophoresis was used to determine molecular mass of crude enzymes.
SDS-PAGE was performed in a 12% (w/v) polyacrilamide gel [13]. The proteins were

stained using Coomassie Brillant Blue.
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Enzyme activity assays

The activity of the cellulase was assayed with CMC.Na activity measurements. A crude
enzyme sample of 0.5 mL was added into 0.5 mL of the reaction mixture (containing 0.05%
(w/v) CMC.Na with pH citric acid buffer) and incubated at 40°C for 1 h. Then the reducing
sugar released by the reaction was determined by DNS method [14]. One unit of the CMC
enzyme activity was defined as the amount of enzyme that catalyzed to produce 1 pmol of
reduced sugar per minute with the reduction of CMC.Na.

Characterization of crude cellulase enzymes

Effect of incubation period, temperature, pH, substrat concantration on enzyme activity
Incubation time, temperature, pH and substrat concantration was determined respectively 30
min., 60 min., 120 min. and 240 min.; 30°C, 40°C, 50°C, 60°C (1 hour); 3.0, 5.0, 7.0, 9.0,
11.0 (1 hour); 1% CMC, 1.5 CMC, 2% CMC, 2.5% CMC concantration (1 hour). Then
cellulase activity measured at 560 nm by spectrophotometer.

Comparison of isolated enzyme activity with commercial enzyme activity

Crude enzyme activity from Trichoderma strains compared with commercial Vegazym HC
(cellulolytic enzyme) activity by DNS method. Enzyme-substrate incubated at 40°C for 1 h
and results were measured at 560 nm by spectrophotometer.

Results and Discussion

Identification of Trichoderma

Six Trichoderma samples isolated from Harran Plain soil. Morphological and microscobic
identification of Trichoderma strains were carried out and then cellulase activity investigated
on CMC agar medium by using congo red. After third days incubation microorganism
colonies began to grow up on PDA and end of five days mycelia became tight and green
color was observed locally.

Strain called as TH1 (corn), TH2 (corn), TH3 (corn), TH4 (wheat), TH5 (corn), TH6 (corn).
Morphological and microscobic apperance of Trichoderma strains are shown in Fig.1 and
Fig.2. T1, T2, T4, T5, T6 were observed similar to some Trichoderma strains but T3 sample
was different Trichoderma colony shape and growth characteristics. Also color of T3 was
different from Trichoderma.
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Fig. 1 Morphological apperance of strain TH1, TH2, TH3, TH4, TH5, TH6 on PDA

Fig. 2 Microscobic apperance of strain TH1, TH2, TH3, TH4, TH5, TH6

Looking at the microscopic view of the samples, main branches of conidophores formed
lateral branches and spores were observed at the ends of the branches. The recorded image
was observed to be the typical microscopic view of Trichoderma. It was observed that the
sports structure of the T3 isolate is different from Trichoderma appearance.

Enzyme activity was calculated by dividing the hydrolysis zone diameter of the Trichoderma
strain on the CMC agar medium by the diameter of the hydrolysis zone examined by using
the congo red staining method. Cellulase activity of strains on CMC agar medium shown in

Fig.3.
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Fig. 3 Cellulase activity of Trichoderma strains on CMC kongo red medium

Table 1 Cellulase activity of Trichoderma isolates on CMC of strains

Sample Colony diameter (cm) Cellulase activity (EU)
T1 4.0+£0.37 0.35+0.02
T2 2.7+0.25 0.29+0.01
T4 4.2+0.35 0.23£0.02
T5 2.6:0.20 0.15+0.01
T6 3.0+£0.26 0.13+0.01

Similar results were also given by [10, 15, 16]. They measured the cellulose activity on CMC
agar medium and found results similar to what we presented in here. Their obtained activity
was slightly higher to the activity we regarded. While the slow growth of colonies in the PDA
medium made it easier to observe colony development, the CMC solid fermentation medium
developed within three days and completely covered the surface of the medium. The main
problem of CMC method is that it is difficult to observe the formation of zones around the
colony, since the hyphae are transparent in the outer wall.

Molecular identification of Trichoderma strains

Molecular identification of isolated Trichoderma strains was done by PCR method. ITS
regions of the strains were amplified by ITS and ITS4 primers. The obtained PCR products

were analyzed on Agarose gel and we were able to obtain bands at approximately 600 bp
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size. The PCR products were purified and sent for the sequencing. The obtained sequences
were compared to the DNA sequences deposited to NCBI database.

Results from ITS sequencing analysis indicated that the size of sequence was approximately
600 bp for all isolates, and similarities of T1 and T2 samples (95%) to T. harzianum and T.
piluliferum, T4 (91%) to T. citrinoviride, T5 (91%) to T. harzianum. Although T6 sample
showed similarity T.harzianum, sequence analyses resulted uncultured fungus. ITS

sequencing analysis is shown in Fig 4 and phlyogenetic tree is shown in Fig 5.

kb
10,0 » T T2 T3 T4 T5

FELL

1,0

0,5 W =~ ap = WP & 06k

Fig. 4 1.2% agarose gel image obtained after amplification of DNA from T1, T2, T4, T5, T6
isolates using ITS1 and ITS4 primer pair. There are approximately 600 bp corresponding to the
ITS1-5.8S-1TS2 gene region

Molecular identification reported by other researchers, DNA bands of about 660 bp were
detected on the agarose gel as a result of studies performed using the ITS1 and ITS4 primer
pair, and another study was resulted approximately 600 bp by using ITS1 and ITS2 primer
[17]. Similar studies were carried out by other researchers. They performed PCR by using
DNA from Trichoderma samples isolates. Shahid et al. (2013) studied a molecular
characterization of the Trichoderma longibrachiatum 21PP strain isolated from soil. As a
result of the studies conducted using the ITS1 and ITS4 primer pairs, DNA bands of
approximately 660 bp size were detected on the agarose gel. Therefore, in order to reveal the
molecular characterization of Trichoderma isolates obtained in this study, ITS1 and I1TS4
primer pairs were used. As a result of PCR analysis by using ITS1 and ITS4 primers,
approximately 600 bp DNA bands were detected on agarose gel, similar to the studies in the
literature [18].
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Fig. 5 Phylogenetic tree according to ITS1-5.8-1TS2 sequence results of isolates

Expression, purification and SDS-PAGE analysis of cellulases
Cellulase activity results measured by days are shown in Fig 6. We were able to detect
enzyme activity at 5th day and also the highest activity was detected at 5th day.

0,01 -

0,008
M 5th day

0,006
6th day

0,004
H 7th day

2
0,00 H 8th day

0

T1 T2 T4 T5 T6

Fig. 6 Production of cellulase at CMC medium in shaker and activity by day (5, 6, 7, 8th day) by
DNS method
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It was observed that cellulase activity increased during fermentation. The activity started on
the fifth day for all isolates. While activity increased on the sixth and seventh days of
fermentation, there was a decrease on the eighth day. The day when it produced the highest
amount of enzyme (the day the highest activity was measured) was observed as the seventh
day. According to the activity data obtained, T1 isolate performed the highest activity with
0.008U / mL. Then the T4 isolate came with 0.006U / mL activity. T2 and T5 showed 0.004U
/ mL activity. The lowest activity was T6 with 0.003U / mL.

Although the time worked in the literature for fermentation is generally seen as 5 days, the
activity varies depending on the microorganism and substrate difference. Mangalanayaki and
Madhavan (2015) used Trichoderma harzianum and Fusarium oxyporum to produce
cellulase by solid state fermentation in different substrates such as cotton seeds, corn cobs
and rice bran. During fermentation, culture was taken from the medium and activity was
determined. As a result, the highest activity in cotton seeds was observed in 144 hours, and
the highest activity in corn cobs and rice bran was seen in 120 hours. Kim et al. (2002)
produced cellulase from Trichoderma harzianum FJ1 strain. In the study, fermentation was
followed up daily due to the increase in carbon source. The carbon source CMC was chosen

for cellulase production. As a result, the highest activity was detected on the 5th day [19, 20].

T2 T4

- e

11 -

Fig. 7 SDS-PAGE analyses of Trichoderma isolates cellulase composition

Proteins isolated from Trichoderma strains are shown in Fig 7. Bands show protein size
obtained from Trichoderma strains. Proteins were seperated on 12 % SDS-PAGE and their

size were determined by using molacular weight markers. Bands of protein and enzyme
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samples obtained from Trichoderma strains named T1, T2, T4 seems in the protein gel.
According to the results obtained, 32 kDa protein bands are present in all three samples. In a
study on cellulase production from Trichoderma reseei, crude cellulase showed 32kDa band
in SDS-PAGE analysis. In another study with cellulase from Bacillus, it was seen that 32.5
kDa band. Noronha and Ulhoa (1999), produced B-1,3-glucanase from Trichoderma
harzianum. In the study, SDS-PAGE analysis was performed to measure the size of cellulase.
The enzyme purified by gel filtration and ion exchange chromatography showed a band of
29 kDa. Saravanakumar et al. (2016) worked with Trichoderma in biological control. In this
study, they produced cellulase from Trichoderma harzianum. The produced raw cellulase
showed two bands between 25-66 kDa in SDS-PAGE. Igbal et al. (2011) detected 58 kDa
band as a result of SDS-PAGE analysis in order to determine the molecular size of the
cellulase enzyme produced from Trichoderma viride [21-25].

Enzyme activity assays

Effect of incubation period on enzyme activity

The enzyme and substrate were incubated for 30 minutes, 1 hour, 2 hours and 4 hours to
determine the time at which the cellulase enzyme works best. Enzyme avtivity of

Trichoderma samples are shown in Fig 8.
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Fig. 8 Effect of incubation period on crude cellulase activity (U/mL)

When the data in the figure is examined, it is seen that cellulase activity starts at 30 minutes
for all samples. While the activity in the T6 sample reached its maximum level in the 30th

minute, the activity in the other samples continued to increase with advancing time.
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Maximum activity levels for T1, T2, T4, T5 samples were measured at 60 minutes. In the
determination of activity; T1 at 30 min; 0,11, T2; 0.023, T4; 0.033, T5; 0.017, T6; 0.045 U /
mL, T1 at 60 min; 0.19, T2; 0.035, T4; 0.049, T5; 0.069, T6; 0.021 U / mL, T1 at 120 min;
0,11, T2; 0.012, T4; 0.017, T5; 0.031, T6; T1 at 0.014, 240 min; 0.095, T2; 0.005, T4; 0.008,
T5; 0.014, T6; 0.004 U / mL was measured. According to the literature, 30-60 minutes was
enough to break down the substrate of microbial cellulase[26-28].

Effect of temparature on enzyme activity

Temperature an important factor that influences the cellulase yield. In this study enzyme
activity started by 30°C for all samples. Optimum temperature is determined as 30-40°C.
Enzyme avtivity dependent temperature of Trichoderma samples are shown in Fig 9.
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Fig. 9 Effect of temperature on crude cellulase activity (U/mL)

When the data were examined, the temperature-related activity started at 30 °C for the
enzymes obtained from all samples. The optimum temperature has been determined as 30-
40 °C in all. It was observed that enzyme activity decreased after 40 °C, especially T1, T5,
T6. Looking at the effect of temperature on the enzyme, enzyme activity T1 at 30°C; 0.086,
T2;0.029, T4; 0.039, TS; 0.012, T6; 0.041 U/ mL, T1 at 40 °C; 0.078, T2; 0.045, T4; 0.024,
T5;0.045, T6; 0.062 U/ mL, T1 at 50 °C; 0.036, T2; 0.042, T4, 0.018, T5; 0.035, T6; 0.055
U/mL, T1 at 60 °C; 0.013, T2; 0.028, T4; 0.009, T5; 0.030, T6; 0.038 U / mL was measured.

The lowest cellulase activity was observed at 60 °C for all enzyme samples.
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Effect of pH on enzyme activity
Cellulase activity started by 3.0 pH and activity along with increased pH degree. Optimum
pH was determined by 5.0. Enzyme avtivity dependent pH of Trichoderma samples are

shown in Fig 10.

Enayme Activity (EU)

Fig. 10 Effect of pH on crude cellulase activity (U/mL)

Enzyme activity T1 at pH 3.0; 0.062, T2; 0.020, T4; 0.031, T5; 0.036, T6; 0.016 U/mL, T1
at 5.0; 0.096, T2; 0.070, T4; 0.045, T5; 0.045, T6; 0.026 U/ mL, T1 at 7.0; 0.074, T2; 0.031,
T4; 0.028, T5; 0.026, T6; 0.020 U / mL, T1 at 9.0; 0.063, T2; 0.015, T4; 0.013, T5; 0.023,
T6; 0.016 U/ mL, T1 at 11.0; 0.054, T2; 0.014, T4; 0.010, T5; 0.012, T6; It was calculated
as 0.008 U / mL. The lowest activity was seen at pH 11.0 for all samples.

Cellulases are generally classified as acidic (pH 4.5-5.5), neutral (6,6-7,0), and alkaline (pH
9,0-10,0) cellulases, depending on their effective pH value. Since the enzyme obtained from
Trichoderma has optimum activity at pH 5.0, it is accepted in the group of acidic
cellulases[29].

In a study optimum conditions for cellulase activity were determined, the optimum
temperature of the enzyme was 45 °C and the optimum pH was 6,5, and in these conditions
the enzyme activity was measured at 1,95 U / mL[27]. Also cellulase activity may vary
depending on the microorganism in which it is produced. There are many studies on the effect
of temperature and pH on cellulase activity. Researchers usually worked on cellulase from
Trichoderma harzianum and Trichoderma reseei [1, 2, 4, 30-34].

Effect of substrat concentration on enzyme activity

Data presented in Fig 11 shown that cellulase activity was significantly influenced by the

concentration of substrate.
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Fig. 11 Effect of substrate concentration on crude cellulase activity (U/mL)

The change of enzymes obtained from T1, T2, T4, T5, T6 Trichoderma isolates depending
on the substrate concentrations is given. It was observed that enzyme activity increased as
substrate concentration increased for all samples.

The increase in concentration varies greatly for the enzyme from T1 isolate, but no high
increase has been observed for other samples. Enzyme activity increased with increasing
substrate concentration showed the maximum activity value at 2% CMC concentration. The
increase in the CMC concentration did not affect the enzyme activity after the 2% substrate,
so the enzyme saturated with the substrate. Enzyme activity is T1 in 1% CMC substrate;
0.042, T2; 0.004, T4; 0.002, T5; 0.002, T6; 0.003 U/ mL, T1 in 1.5% CMC substrate; 0.12,
T2, 0.010, T4; 0.005, T5; 0.003, T6; 0.005 U / mL, T1 in a 2% CMC substrate; 0,177, T2;
0.020, T4; 0.010, T5; 0.014, T6; 0.031 U / mL, T1 in the 2.5% CMC substrate; 0,178, T2;
0.022, T4; 0.013, T5; 0,010, T6 was calculated as 0,036 U / mL.

Kim et al. (2002) tried 1.0%, CMC, 2.5% CMC and 5.0% CMC substrate concentrations to
determine the substrate concentration in their enzyme characterization related to cellulase
produced from Trichoderma harzianum. As a result of the study, the best substrate
concentration was determined as 2.5% CMC[19].

Comparison of isolated enzyme activity with commercial enzyme activity

Max cellulase activity was determined for commercial Vegazyme enzyme by 1,8 U/mL
activity. Then cellulase from T1 isolate followed by 0, 120 U/mL activity. And activity
observed for cellulase from T2 0,045 U/mL, from T4 0,055 U/mL, from T5 0,067 U/mL and
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from T6 0,025 U/mL. Min cellulase activity was registered for T6 sample’s enzyme. Enzyme
avtivity of Trichoderma samples are shown in Fig 12.
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Fig. 12 Comparison of isolated enzyme activity with commercial enzyme activity (U/mL)
Conclusion

The successful use of cellulosic material as carbon source is dependent on the development
of economically feasible process for cellulases production. The isolation Trichoderma strains
and production of cellulases by Trichoderma strains investigated.

In the result of study T1 and T2 (95%) identified as T. harzianum and T. piluliferum, T4
(91%) identified as T. citrinoviride, T5 (91%) identified T. harzianum. Altough T6 sample
showed similarity T.harzianum, sequence analyses resulted uncultured fungus. Enzyme
wight 32 kDa are observed in all three samples. The optimum working temperature of the
enzyme was determined to be 40 ° C, optimum working pH of 5.0, optimum working time of
60 min and ideal substrate concentration of 2% CMC.
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ABSTRACT

The present study was conducted on five yankasa breeds of sheep to determine alpha S1-CSNISI

casein gene polymorphism. Five blood samples were collected using sterile needle and syringe

into sample tubes containing (EDTA, placed on ice in the cold-chain container and immediately ARTICLE HISTORY

transported to the laboratory for analysis. DNA extraction was carried out using Quick-DNA Received

Miniprep ™ kit. Primers were used to amplify the DNA fragment of interest. Nucleotide 20 May 2020
sequences were subjected to the BLAST search against the NCBI database and a similar Accepted

sequence NC-0040257.1 was retrieved for comparison. Single nucleotide polymorphism was 7 september 2020
analysed for variations. Multiple sequence alignment was performed using Clustal W and KEYWORDS
reconstructed using Multalin. A MEGAX Program incorporated in GenAleX 6.503 was used to Alpha S1-casein gene,
construct a phylogenetic tree and multiple sequence alignment regenerated in the Muscle (3.8) milk protein,

to construct phylogenetic tree within as well as with the reference (NC-040257.1). Results from Mubi,

the analysis revealed that the extracted DNA was found on chromosome 6, intron 16 and exon polymorphism,

17. The breeds showed a total number of polymorphic and monomorphic site of 68 and 600 yankasa sheep breeds

respectively, and percentage polymorphism of 10.18%. High frequency of 0.733 was observed
at position 201. Amino acid substitution in yankasa sheep breed was 4 at positions 161, 163,
164 and 201, showing the existence of variation in yankasa species possibly indicating long
term chances of survival. CSN1S1 isolated in yankasa sheep showed polymorphism, genetic
variation within and between breeds. Present study have revealed polymorphisms in milk
proteins with high frequency (0.733) in variant at position 201Thr > lle. In further studies, it is
therefore of interest to characterize, genotype and find the allele frequencies of casein gene of
yankasa sheep breed, provide a complete picture about milk protein gene and milk protein
variation to improve consumer preference.

Introduction

With the increasing population in the country, the demand for milk proteins through

sustainable animal agriculture is increasing. There is vigorous research for an efficient
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production system that will supplement nutrition. Valuable milk by-products have been
documented to be suitable nutritional base for other foods due to their functional properties
and health benefits [1]. Therefore, maintaining genetic variation is very important to avoid
the loss of breeds by farmers and consumers. Already, numerous breeds are recorded extinct
and others also are being classified at high risk of loss [2]. There is a need for characterization
and description of casein gene polymorphism of ovine milk of native sheep breeds of Nigeria.
It is important that casein DNA variation has been implicated in quantitative and qualitative
parameters in milk, especially milk protein composition affecting properties of milk in cattle
and goats [3, 4 5] and hence could be included in breeding strategies. Polymorphism in the
casein gene might affect protein structure, which is a strong and biological fitness that
suggests its important role of selection in the molecular evolution [4, 5, 6].

Improvement of livestock in the last century was restricted to the phenotypic selection,
quantitative theory designs and accurate selection techniques. These provide economically
important functions in bovine, ovine, sudae and avians. Recent advances in recombinant
DNA techniques have contributed immensely towards genetic variation studies at the DNA
level. The genetic variability in animals [7] can be assessed within and among the population
for selection and preservation of the genetic structure. Preservation of genetic variation is
crucial for breeding programs to match animal husbandry and consumer requirements. It has
been shown that ovine genetic polymorphisms affect the physicochemical properties of milk
hence, there is need for in-depth knowledge of the genetic polymorphism of indigenous ovine
milk proteins for the improvement of the quality of ovine milk for its contribution to the
Nigerian dairy industry. The genetic basis for diversity in sheep and its consequences on
selection on gene polymorphism within the sheep breeds have not been assayed on a genomic
scale worldwide [8]. Similarly, to our knowledge, there are no studies on variation in the
alpha-casein gene of yankasa breed of sheep. There were genetic polymorphism studies in
Ouda sheep breeds [9] and Balami sheep breed casein gene, which were both isolated within
154 bp of chromosome 6, intron 16 and exon 17 [10] and variations occurred within and

between breeds. These reports prompted present similar study in yankasa sheep breeds.
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Materials and Methods

Experimental location and metrological data

The study was conducted in Mubi South Local Government Area of Adamawa State,
Nigeria. The area is located between Latitude 10° 05' N/ 10° 30" N and Longitude 13°10' E/
13° 30'E. The area has tropical weather. The minimum and maximum temperatures of the
area are 23.4 °C and 29.3 °C. The highest and lowest rainfalls are 280 mm and 258 mm
[11].

Materials

Blood samples, needle and syringe, cooler, extraction kits, vortex, and centrifuge, and
electrophoresis apparatus, gel documentation system, and thermocycler were used. Also used
were software like: Genalex 6.503 [12], NCBI, Clustal W, BioEdit [13], Multalin [14].
Muscle 3.8 [15]. The laboratory analysis was conducted at African bioscience laboratory,
Ibadan.

Experimental animals and collection of blood samples

Blood samples were randomly collected from five adult Yankasa female sheeps in Mubi,
Adamawa State. Blood samples (5 mL) for DNA extraction were collected through the jugular
vein, using a needle and syringe and preserved in EDTA an in EDTA tube. All the samples
were transported to the laboratory inside cooler containing ice park.

Gene isolation

DNA isolation were performed according to Quick DNA™ microPrep Kit from Zymo
Research following manufacturer’s instruction. Four hundred (400) pl of Genomic Lysis
Buffer was added to 100 pl of blood to make 4:1 volume and mixed by vortexing for about 4-
6 seconds and left to stand for about 5-10 minutes at room temperature. The mixture was
transferred to a zymo- spin™ 11 column in a collection tube and was centrifuged at 10,000 x
g for one minute, the collection tube was discarded with the flow-through.

The zymo-spin™ IIC column was transferred into another sterile tube and added to 200 ul of
DNA pre-wash buffer then centrifuged for 100,000 x g for 1 min. Again, 500 pl of gDNA
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wash buffer was added to the spin column and eluted at 10, 00 % g for 1 min.
In the elution stage, the spin column content was poured into another tube and 50 ul DNA
elution” buffer was added to the spin column and incubated at room temperature for about 2-
5 minute and thereafter, it was centrifuged at top speed for 30 seconds to elute the DNA. The
eluted DNA was immediately used for molecular characterization.
All genomic DNA was checked on 1% agarose gel electrophoresis and all amplicons on 1.5%
agaros gel electrophoresis. It was stained with ethidium bromide and visualized under blue
light transilluminator.
Fora 10 cm x 10 cm minigel cast of 1% agarose gel , 0.5 g agarose was dissolved in 50 cm?
of 1 x TAE (Tris Acetate EDTA) buffer, while 1.5% agarose gel for the amplicons by
dissolving 0.75 g of agarose in 5 ml of 1XTAE. The mixture swilled until colloids formed.
This was then heated for 1-3 min until a clear solution formed.
The gel was cooled to 50°C under running water. Ethidium bromide was added to 0.5 pg/ml
of 2.5 pul stock in 50 ml and vortexed till no trace of the stain was detected [16].
The gel was allowed to set for 20 min. The casted gel was removed from the tray and
submerged in the running buffer (1x TAE). The comb then gently removed and DNA samples
loaded in the gel wells.
Each PCR amplicon, prepared from ready—to-load master mix, was loaded, 5 ul per well,
without the addition of loading dye. DNA samples were prepared for loading into the well
by mixing 4l of the extracted DNA sample with 1 pl of the 5 % loading dye. This proportion
of loading dye to DNA was used when loading cleaned amplicons.
The electrophoresis was run at 100 volts for 40 min, after which the gel was viewed and
photographed on biologix blue light transilluminator. Solisbiodyne 100 bp DNA ladder was
run alongside DNA samples according to manufacturer instructions.
DNA amplification
DNA amplification was conducted using standard methods. Primers for Casein Alpha S1
gene was designed from reference genomic sequence NC_019463.2 as described by Zhao et
al [17]  with  little  modification. The  Primers  (CSNISIF  5°-
ACCCCTCAGGTACCCTAAGAAA-3’ and CSNISIR 5’-
GTTTATCCCCCACACTGCATTC-3’) spans Intron 16 — Exon 17 — Intron 17 of Casein
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Alpha S1 gene on Oar_v17 genomic sequence assembly. Amplification was performed on
Labnet Multigene Mini thermal cycler. A 20 pl reaction consisting of 4 ul of 5X master mix,
0.6 pl each of the primers, 12.8 pl of nuclease-free water and 2 pl of DNA template was
prepared. PCR cycling condition was as follows: Initial denaturation at 95°¢ for 3 minutes,
denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, extension at 72°C for
40 seconds and a final extension at 72°C for 5 minutes. PCR product was run on 1.5%
agarose, viewed and photographed on Biologix bluelight transilluminator.

Amplicons were cleaned up for sequencing using DNA Clean & Concentrator™-5 from
Zymo Research, according to the manufacturer’s protocol. Cleaned amplicons were eluted
with 30 ul nuclease-free water. The cleaned products were checked on 1.5% agarose.

Gene sequence analysis

The sequencing was carried out according to Sanger [17] at Xcelri Genomics, India. The
sequences were searched for identity and similarity using BLAST against NCBI database.
The yankasa sheep breed casein gene and reference sequences (NC_040257.1) [19] were
used for multiple sequence alignment using Multalin [14]. Phylogenetic and molecular

evolutionary analyses were conducted using MEGAX [20].
Result and Discussion

Alpha S1-casein gene sequencing

Amplicons were cleaned up for sequencing using Commercial DNA clean kit, with 30 pl
nuclease-free water, the cleaned products were checked on 1.5 % agarose. The amplified
DNA extracted were sequenced and sequences of all yankasa sheep breed are presented in
figures 1 - 5. Yankasa sheep showed variation in the nucleotide sequence within breeds, the
longest DNA fragment with the highest number of nucleotide sequence was found in sheep
breed C as shown in figure 3 (718), sheep breed E showed the shortest DNA fragment with
the lowest number of the nucleotide sequence (526), sheep breed B and D have 707 and 701
respectively as shown in figures 3, 4 and 5 respectively.

Variation of nucleotide sequence within yankasa sheep was also observed, at positions 706,
702, 700, and 564. The nucleotides were similar to those reported by Ramunno et al. [21],
that casein gene CSN1S2 encoding as2 had a length of 18438 nucleotide and divided into 19
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exons ranging from 24 to 266 nucleotide, the observed differences may be due to differences
of classes of casein, exon and breed. Gencheva and Georgieva [22] also reported two genetic
variants of CSNISI gene and two genotypes in Bulgarian autochthonous sheep breeds based
on nucleotide variation in alpha SI-casein gene.

The present study showed that, there was a consensus at a various position as shown, at
position 120-123(ATT), 160-165 (T TT), 184-186(CTT), and 476- 478 (ATT) as depicted in
figure 6. The consensus was observed in yankasa sheep breed with the reference sequence in
different positions, at position 14637-14640 (AGA), and 14647- 14647 (TTC) among the
many consensus found as depicted in figure 7. A phylogenetic tree within yankasa sheep
breed showed that 2B and 2A, 2C and 2D are genetically closer, while and yankasa sheep
breed 2E is genetically far away from sheep breeds 2B and 2A, 2C and 2D as shown in figure
8. Corpet [18] used the same method which resulted in similarity in the result obtained in this
study. Phylogenetic tree of yankasa sheep breed with reference sequence to 2E is genetically
closer to the reference sequence than 2A, 2B, 2D and 2C as showed in figure 9 and confirmed
using Muscle phylogenetic tree 3.0 [15]. Yankasa sheep breed showed the same frequency
of amino acid substitution of 0.067 at two different positions, the highest being 0.733 at
position 201 and, at position 164 was 0.133 (Table 1).

> CSN1S1-Yankasa-1
CAAGGGGGGGGGGTGATACACAATACCTAGGGAGAGTTTGGTTTCTCTGTTTTC
CTCACAGAGTAAACATCTCTTGTGATGCGAATAGCCATGTCTGAAATGAATGC
AATGATTCATTTTCAGAGATTCAAAACTGATTTCTCATACACTGTTGCTTTTTCA
ATGGTCTTTCTCTCTAGCTTTTCAGACAATTCTACCAGCTGGACGCCTATCCATC
TGGTGCCTGGTATTACCTTCCACTAGGCACACAATACACTGATGCCCCCTCATT
CTCTGACATCCCTAATCCCATTGGCTCTGAGAACAGTGGAAAGACTACTATGCC
ACTGTGGTGGTAAGTTCATTTAAATGACTGCATATTGCTGCCGTATCAAGGGAA
ATAGAAGAAAACATAATATAAAAATAAATTTAGAATAAGCATGACACTTAAAT
GCTTAGTGTCCTATGCTAGAATTTTCTGAAATGGAAAATTGATGATAACTTTCT
GATATATGGCTAATGTTAATCCATTACTCAGGAACATGTGGAGCAGTGCTATCT
ATTTGATAAGTGATAATCATTCTGATGAAAATAGGAGGAAAATTTTCTCTCCAA
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AGTAAAAATTCAACTTTATCCTCCTTGCACTTTTGCTAATCTTTAAATGCCTTTC
TTTGGATTATACCCATGATATACATTAGAATGCAGTGAGGGGGAAAAATAACA
CAAA

Fig 1 Nucleotide sequence of yankasa sheep breed A

>CSN1S1-yankasa-2
CAGGGTGGGGATGAGCATCATCAGTAAGGAAGAGTTTGGTTTCTCTGTTTTCCT
CACAGAGTAAACATCTCTTGTGATGCGAATAGCCATGTCTGAAATGAATGCAA
TGATTCATTTTCAGAGATTCAAAACTGATTTCTCATACACTGTTGCTTTTTCAAT
GGTCTTTCTCTCTAGCTTTTCAGACAATTCTACCAGCTGGACGCCTATCCATCTG
GTGCCTGGTATTACCTTCCACTAGGCACACAATACACTGATGCCCCCTCATTCT
CTGACATCCCTAATCCCATTGGCTCTGAGAACAGTGGAAAGATTACTATGCCAC
TGTGGTGGTAAGTTCATTTAAATGACTGCATATTGCTGCCGTATCAAGGGAAAT
AGAAGAAAACATAATATAAAAATAAATTTAGAATAAGCATGACACTTAAATGC
TTAGTGTCCTATGCTAGAATTTTCTGAAATGGAAAATTGATGATAACTTTCTGA
TATATGGCTAATGTTAATCCATTACTCAGGAACATGTGGAGCAGTGCTATCTAT
TTGATAAGTGATAATCATTCTGATGAAAATAGGAGGAAAATTTTCTCTCCAAAG
TAAAAATTCAACTTTATCCTCCTTGCACTTTTGCTAATCTTTAAATGCCTTTCTT
TGGATTATACCCATGATATACATTAGAATGCAGTGTGGGGGAAATAAAAACAA

Fig 2 Nucleotide sequence of yankasa sheep breed B

> CSN1S1-yankasa-3
TAGGGCCATGTTAAGGAAGATTAGCAAAAGTGCAAGGAGGATAAAGTTGAATT
TTTACTTCTGTGAGAGAAAATTTTCCTCCTATTTTCATCAGAATGATTATCACTT
ATCAAATAGATAGCACTGCTCCACATGTTCCTGAGTAATGGATTAACATTAGCC
ATATATCAGAAAGTTATCATCAATTTTCCATTTCAGAAAATTCTAGCATAGGAC
ACTAAGCATTTAAGTGTCATGCTTATTCTAAATTTATTTTTATATTATGTTTTCTT
CTATTTCCCTTGATACGGCAGCAATATGCAGTCATTTAAATGAACTTACCACCA
CAGTGGCATAGTAATCTTTCCACTGTTCTCAGAGCCAATGGGATTAGGGATGTC
AGAGAATGAGGGGGCATCAGTGTATTGTGTGCCTAGTGGAAGGTAATACCAGG
CACCAGAAGGATAGGCGGCGAGCTGGTAGAATTGTCTGAAAAGCTA
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Fig 3 Nucleotide sequence of yankasa sheep breed C

> CSN1S1-yankasa-4
GGTGGGTGCGCTCGCAAAATGGTGCTCATGTTAAGTGATTAGCAAAAGTGCAA
GGAGGATAAAGTTGAATTTTTACTTTGGAGAGAAAATTTTCCTCCTATTTTCAT
CAGAATGATTATCACTTATCAAATAGATAGCACTGCTCCACATGTTCCTGAGTA
ATGGATTAACATTAGCCATATATCAGAAAGTTATCATCAATTTTCCATTTCAGA
AAATTCTAGCATAGGACACTAAGCATTTAAGTGTCATGCTTATTCTAAATTTAT
TTTTATATTATGTTTTCTTCTATTTCCCTTGATACGGCAGCAATATGCAGTCATT
TAAATGAACTTACCACCACAGTGGCATAGTAATCTTTCCACTGTTCTCAGAGCC
AATGGGATTAGGGATGTCAGAGAATGAGGGGGCATCAGTGTATTGTGTGCCTA
GTGGAAGGTAATACCAGGCACCAGATGGATAGGCGTCCACCTGGGAGAATTGT
CTGAAAAGCTAGAGAGAAAGACCGTTGAAAAAGCAACAGTGTATGATAAATC
AGTTTTGAATCTCTGAAAATGAATCATT

Fig 4 Nucleotide sequence of yankasa sheep breed D

> CSN1S1-yankasa-5
TTACCTTACTGTGATTTACCATAGGGAAGAGTTTAGGTTTCTCTAGTTTTCCTCA
CAGAGTAAACATCTCTTGTGATGCGAATAGCCATGTCTGAAATGAATGCAATG
ATTCATTTTCAGAGATTCAAAACTGATTTCTCATACACTGTTGCTTTTTCAATGG
TCTTTCTCTCTAGCTTTTCAGACAATTCTACCAGCTGGACGCCTATCCATCTGGT
GCCTGGTATTACCTTCCACTAGGCACACAATACACTGATGCCCCCTCATTCTCT
GACATCCCTAATCCCATTGGCTCTGAGAACAGTGGAAAGATTACTATGCCACTG
TGGTGGTAAGTTCATTTAAATGACTGCATATTGCTGCCGTATCAAGGGAAATAG
AAGAAAACATAATATAAAAATAAATTTAGAATAAGCATGACACTTAAATGCTT
AGTGTCCTATGCTAGAATTTTCTGAAATGGAAAATTGATGATAACTTTCTGATA
TATGGCTAATGTTAATCCATTACTCAGGAACATGTGGAGCAGTGCTATCTATTT
GATAAGTGATAATCATTCTGATGAAAATAGGAGGAAAATTTTCTCTCCAAAGT
AAAAATTCAACTTTATCCTCCTTGCACTTTTGCTAATCTTTAAATGCCTTTCTTT
GGATTATACCCATGATATACATTAGAATGCATTGGGGGAAAAAAAAAAAAA
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Fig 5 Nucleotide sequence of yankasa sheep breed E

Multiple sequence alignment (Figure 6 and 7) presents the nucleotide sequence variation
among yankasa sheep within 154 bp of intron 16 and exon 17 are in positions 706 (highest)
and 479 (lowest), nucleotide positions when compared to reference gene NC_040257.1 [19].
The dot represents the variation and similarity between the species and the reference gene,
while the variation is represented as G, A, C, and T by using Multalin multiple sequences
with hierarchical clustering [14].

Evolutionary relatedness of the sequences studied is presented in figures 8 and 9. The genetic
distance between the reference gene [19] and yankasa breeds was genetically far from each
other by 0.022 observed in the phylogenetic tree constructed in MEGA X using Nei’® genetic
distance [23] generated in GenAlex 6.50. This was also in tandem with multiple sequenced

alignments generated in Muscle (3.8) neighbour-joining tree (Figure 6).
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A CAAGGGGRGGLGGTGATACACARTACCTAGGGAGAGTTT-GRTTTCTCT-GTTTTCCTCACAGRGTRARACATCTCTTGTGATG~~CCRATAGCCATRTCTGAARTGARTGCARTGATTCATTTTCAGAGA

28 CAGGGTGGGGATGAGCATCATCAGTAAGGARGAGTTT-GRTTTCTCT-GTTTTCCTCACAGRGTARACATCTCTTGTGATG~=CGAATAGCCATGTCTGARRTGARTGCARTGATTCATTTTCAGAGA

2 TTACCTTRCTGTGATTTACCATAG---GGARGAGTTTAGRTTTCTCTAGTTTTCCTCACAGRGTARACATCTCTTGTGATG~~CGRATAGCCATGTCTGARRTGARTGCARTGATTCATTTTCAGAGA

e TAGG==GC~CATGTTRAGGAAGAT TAGCAARAG-TGCAAGGAGGATARAGT TGARTTTTTACTTC

Kl GGTGGRTRCGCTCRCARRATGET==GCTCATGT TAAG==TGATTAGCAARAG-TGCAAGGAGGATARAGTTGARTTTTTACTT=
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2R TTCRARRCTGATTTCTCATACACTGTTGCTTTTTCARTGRTCTTTCTCTCTRGCTTTTCAGACARTTCTACCAGE TRGACGCCTATCCATCTGGTGCC TGGTATTACCTTCCACTAGECACACARTACAC

2B TTCRARRCTGATTTCTCATACACTGTTGCTTTTTCARTGGTCTTTCTCTCTRGCTTTTCAGRACARTTCTACCAGC TGGACGCCTRTCCATCTGGTGCCTGGTATTACCTTCCACTAGECACACARTACAC

2E  TTCAARACTGRATTTCTCATACACTGTTGCTTTTTCARTGRTCTTTCTCTCTRGCTTTTCAGACARTTCTACCAGC TGGACGCCTATCCATCTGRTGCCTGGTATTACCTTCCACTAGECACACARTACAC

20 TOTGAGAGARRRTTTTCCTCCTAT=mmmmm= TTTCATCAGARTGATTATCA-~CTTRTCARATAGATAGCACTGCT-~CCACATGT TC~~CTGAGTARTGGATTAACAT TRGCCATATATCAGARRGTTA

20 TG-GAGAGARRRTTTTCCTCCTAT=mmmmm= TTTCATCAGARTGATTATCA-~CTTRTCARATAGATAGCACTGCT-~CCACATGT TC~~CTGAGTARTGGATTAACAT TRGCCATATATCAGARRGTTA
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2R TGATGCCCCCTCATTCTCTGACATCCCTARTCCCATTGGCTCTGAGAACAGTGGARRGACTACTATGCCACTRTGATGRTARGT TCATTTARATGACTGCATATTGCTGCCRTATCAAGGGARATAGARG

2B TGATGCCCCCTCATTCTCTGACATCCCTARTCCCATTGGCTCTGAGAACAGTGGARRGATTACTATGCCACTRTGATGRTARGT TCATTTARATGACTGCATATTGCTGCCRTATCAAGEGARATAGARG

2E  TGATGCCCCCTCATTCTCTGACATCCCTARTCCCATTGGCTCTGAGAACAGTGGARRGATTRACTATGCCACTRTGATGRTARGT TCATTTARATGACTGCATATTGCTGCCATATCAAGEGARATAGARG

2C TCATCARTTTTCCATTTCAGARAATTCTAG==CATAGGACACTAAGCA=mmmmmmsmmm= TTTRAGTGTCATGCTTATTCTARRTTTATTTTTAT=ATTATGTTTT=CTTCTATTTCCCTTGATACGGCAG

20 TCATCARTTTTCCATTTCAGARRAT TCTAG==CATAGGACACTAAGCA=mmmmmmsmmm= TTTRAGTGTCATGCTTATTCTARRTTTATTTTTAT-ATTATGTTTT=CTTCTATTTCCCTTGATACGGCAG
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A ARRRCATAATATARRAATARATTTAGARTARGCATGACACT TARATG=CTTAGTGTCCTATGCTAGRATTTTC TGARATGGARA=AT TGATGATARCTTTCTGATATATGGCTRATGTTAATCCATTACT
2B ARRARCATAATATARRAATARATTTAGARTARGCATGACACT TARATG=CTTAGTGTCCTATGCTAGRATTTTC TGARATGGARA=AT TGATGATARCTTTCTGATATATGGCTRATGTTAATCCATTACT
2k ARRRCATAATATARRAATARATTTAGARTARGCATGACACT TARATG=CTTAGTGTCCTATGCTAGRATTTTC TGARATGGARA=AT TGATGATARCTTTCTGATATATGGCTRATGTTAATCCATTACT
TATGCAGTCATTTA-ARTGARCTTACCACCACAGTGGCATAGTARTCTTT-CCACTRTTCTCAGAGCCARTGGGAT TAGGGATGTCAGAGARTGAGGGGECATCAGTRTATTRTGTGCC
TATGCAGTCATTTA-ARTGARCTTACCACCACAGTGGCATAGTARTCTTT-CCACTRTTCTCAGAGCCARTGGGAT TAGRGATGTCAGAGARTGAGGGGECATCAGTRTATTGRTGTGCC
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A CRGGAACATGTGGAGCAGTGCTATCTATTTGATARGTGATRRATCATTCTGATGAAARTAGGAGGAARRTTTTCTC TCCARAGTARAARTTCARCTTTRTCCTCCTTRCACTTTTRCTARTCTTTARATGL
2B CRGGRACATGTGGAGCAGTGCTATCTATTTGATARGTGATRRTCATTCTGATGAAARTAGGAGGAARATTTTCTC TCCARAGTARRARTTCARCTTTRATCCTCCTTRCACTTTTRCTARTCTTTARATGE
2t CAGGAACATGTGGAGCAGTGCTATCTATTTGATARGTGATAATCATTCTGATGARARTAGGAGGARRATTTTCTCTCCARAGTARAARTTCARCTTTATCCTCCTTRCACTTTTRCTARTCTTTARATGE
20 TRGTGGRAGGTARTACCAGEC~ACCAGRAGGAT AGGCG====GCGAGCTGG=TAGARTTETCTGAAAAG=====CTA
20  TRGTGGAAGGTARTACCAGEC~ACCAGATGGATAGGCG====TCCACCTGG=GAGARTTETCTGAAAAG=====CTAGAGAGARRGACCGTTGARRARGCAACAGTRTATGATAAATCAGT TTTGARTCT
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2k CTTTCTTTGGATTATACCCATGATATACAT TAGAATGCATTGGRGEAARARAARARRRAR
2
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Fig 6 Multiple sequence alignment of nucleotide within yankasa sheep breed
Note: 2A= Nucleotide sequence for yankasa sheep 1
2B= Nucleotide sequence for yankasa sheep 2
2E= Nucleotide sequence for yankas sheep 5
2C= Nucleotide sequence for yankasa sheep 3
2D= Nucleotide sequence for yankasa sheep 5
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Fig 7 Pairs wise sequence alignment of nucleotide of yanksa sheep breed with reference sequence
Note: NC= Nucleotide sequence for reference NC- 040257.1
Yan= Nucleotide sequence for yankasa sheep
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Fig 9 Phylogenetic tree of yankasa sheep breed with the reference gene

Genetic variation studies in sheep were mostly at phenotypic level. The polymorphism of
alpha S1-casein was reported among some local Bulgarian sheep breeds at DNA level [22,
23]. Single nucleotide polymorphism (SNP) was detected in traditional sheep populations in
Bulgaria at position 13 of the third exon in CSNIS1 gene with two genotypes (homozygous
— CC and heterozygous — AC) [22]. The result of amino acid substitution in yankasa breeds
of sheep in Mubi, Nigeria is presented in Table 1. Polymorphism in alpha Sl casein gene in
yankasa breed of sheep in Nigeria have not been reported previously by either phenotypic or
molecular methods. In present study, the polymorphic sites and frequency of polymorphism
confirmed the variation and similarity in the multiple sequence alignment, where amino acids
substitution and polymorphism were identified within the open reading frame of the CSN1S1
gene [24] as compared with the reference sequence. This result is similar to the finding of
Calvo et al. [25] who observed polymorphism in Assaf sheep breed on exon 17. However,
yankasa sheep breed showed the percentage polymorphism of 1.65%, and 11 number of

polymorphic sites and monomorphic site of 657 with reference [19]. Amino acid substitution
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were found at position 161 Try> Ser, 163 Leu>Val, with the same frequency of 0.067
respectively, at position 164 Asp> Ala with a frequency of 0.133, and a synonymous
exchanged at position 163 Leu>Leu (Table 1). Similar to the finding of Ceriotti, et al. [26]
that detected a single nucleotide polymorphism in casein CSN1S1 on exon 17 and also
observed amino acid exchange at position 186 lle>Thr, 183 Met> Val and 104 Ser> Leu. The
observed difference may be due to difference on the base pairs used as well as geographical
location.

Table 1 Amino acid substitutions and frequencies in yankasa sheep breed

Positions Amino Acid Substitution Frequency
161 161Tyr > Ser (161Y > S) 0.067
163 163Leu > Val (163L > V) 0.067
164 164Asp >Ala (P>A) 0.133
201 201Thr > lle (201T > 2011) 0.733

The breeds showed a total number of polymorphic and monomorphic site of 68 and 600
respectively, percentage of polymorphism of 10.18%, and amino acid substitution was four,
it showed variation exists within breeds these are very important for species long term
survival. High frequency of 0.733 was observed at position 201 (201Thr > lle). However,
Cerotti et al. [26] reported an amino acid exchange on exon 17 positions 183 Met>Val with
a frequency of 0.12 to 0.26 this difference could be as a result of differences in targeted
segments on the exon as well as the position of the exchanged protein.

Conclusion

In conclusion, casein CSN1S1 was isolated in yankasa sheep within 154 bp of chromosome
6, intron 16 and exon 17. Present study has shown variations of nucleotides in the casein gene
coding for milk protein at position 201Thr > lle of balami breed of sheep indigenous to Mubi,
Nigeria. It was characterized and showed polymorphism and genetic variation within and

between breeds. These sequence obtained from yankasa sheep breeds will be deposited on
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NCBI database for further research. This will assist in conserving the genes of the native

animals for breeding purposes. There is need for complete characterization, genotyping and

finding the allele frequencies of casein gene of indigenous sheep breeds, this will offer the

possibility to get a complete picture about milk protein gene and then consider milk protein

variation in a specific breeding programme for improving consumer preference.

Conflict of interest

The authors hereby declare that there is no conflict of interest.

References

1. Henchion, M., et al., Future protein supply and demands: strategies and factors influencing a
sustainable equilibrium. Foods, 2017. 6(7): Article number 53. Doi: 10.3390/foods6070053

2. FAO, Food and Agriculture Organization of the United Nations. Database on agriculture, 2010.
http://www.fao.org/ 15.03

3. Ikonen, T., et al., Genetic parameters for the milk coagulation properties and prevalence of non-
coagulating milk in Finnish dairy cows. Journal of Dairy Science, 1999. 82: p. 205- 214.

4, Martin, P., et al., The impact of genetic polymorphisms on the protein composition of ruminant milks.
Reproduction Nutrition Development. EDP Sciences, 2002. 42: p. 433-459.

5. Boettcher, P. J., et al., Effects of casein haplotypes on milk production traits in Italian Holstein and
Brown Swiss cattle. Journal of Dairy Science, 2004. 87(12): p. 4311-4317.

6. Amigo, L., I. Recio, M. Ramos, Genetic polymorphism of ovine milk proteins: its influence on
technological properties of milk - a review. International Dairy Journal, 2000. 10, 135-149.

7. Arif, 1. A., and H.A. Khan, Molecular markers for biodiversity analysis of wildlife animals: A brief
review. Animal Biodiversity and Conservation. 2009. 32(1): p. 9-17. Tropical Animal Health and
Production. (2010).

8. llori, B. M., et al., Assessment of OvineSNP50 in Nigerian and Kenyan sheep populations. Nigerian
Journal of Biotechnology. 2018. 35(2): p. 176-183.

9. Sudi, I. Y., etal., Alpha S1 casein gene polymorphism in Ouda sheep breed of Mubi. Nigeria. Nigerian
Journal of Genetics, 2019a. 33(1): p. 110-116.

10. Sudi, I. Y., et al., Alpha S1 casein gene polymorphism in Balami sheep breed indigenous to Mubi.
International Journal of Applied Sciences and Biotechnology. 2019b. 2(3): p. 231-242.

11. Degerforsertr, A.M., Climate Mubi. Climate-Data.Org. 2019. http://en.climate-data.org/info/sources
Retrieved on 30.09.2019.

12. Peakall, R. and P.E. Smouse, GenAlEx 6.5: genetic analysis in Excel. Population genetic software for
teaching and research — an update. Bioinformatics, 2012. 28(19): p. 2537-2539.

13. Hall, T. A., BioEdit: A user- friendly biological sequence alignment editor and and analysis
programmed windows 95/98nt. Nucleic acids. Symposium. 1999. Ser.41: p. 95- 98.

14. Corpet, F., Multiple sequence alignment with hierarchical clustering”. Nucleic Acids Research, 1988.
16 (22): p.10881-10890.

15. Edgar, R. C., MUSCLE: Muscle multiple sequence alignment with high accuracy and throughput.

Nucleic acid Research, 2004. 32(5). p. 1792-1797.

289


http://www.fao.org/
http://en.climate-data.org/info/sources

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Olaniyan T.O., et al., Ovarian metabolic activity in dehydroepiandrosterone-induced polycystic ovary
in wistar rats treated with aspirin. JBRA Assisted Reproduction, 2019. 24(1). p. 41-54.

Zhao, H., et al., Two new insertion of the PITX2 gene and their effects on growth traits in sheep.
Animal Biotechnology, 2018. 29(4): p. 276-282.

Sanger, F; and A.R. Coulson, A rapid method for determining sequence in DNA by primed synthesis
with DNA polymerase Journal of Molecular Biology, 1975. 94 (3): p. 441-448.

BCMHGSC, Baylor College of Medicine Human Genome Sequencing Center. Ovis aries strain
OAR_USU _Benz2616 breed Rambouillet chromosome 6, Ovar_rambouillet_v1.0, Whole genome
shotgun sequence, NC_040257.1. 2017. www.ncbi.nlm.nih.gov

Kumar, S, et al., MEGA X: Molecular Evolutionary Genetics Analysis across computing platforms.
Molecular Biology and Evolution, 2018. 35: p. 1547-1549.

Ramunno, L., et al., Characterization of two new alleles at the goat CSN1S2 locus. Animal Genetics,
2001. 32(5): p. 264-268.

Gencheva, D. and S. Georgieva, Genetic diversity and population structure of Bulgerian
authochthonous sheep breeds based on nucleotide variation in alpha Sl-casein gene. Bulgarian Journal
of Agricultural Science. 2019. 25(Suppl. 3): p. 95-102.

Hristova, D., Genetic polymorphism of alpha S1-casein gene in Bulgarian sheep breeds. Agricultural
Science and Technology, 2011. 3(1): 8-12.

Tetens, J.L., et al., DNA based identification of novel ovine milk protein gene variants. Small
Ruminants Research. 2014. 121(2-3). p. 225-231.

Calvo, J.H., et al., Structural and functional characterization of the asl- casein gene and association
studies with milk traits in Assaf sheep breed. Livestock Science, 2013. p. 01-08.

Ceriotti, G., et al., Single nucleotide polymorphisms in the ovine casein genes detected by Polymerase
chain reaction-single strand conformation polymorphism. Journal of Dairy Science, 2004. 87: p. 2606-
2613.

290


http://www.ncbi.nlm.nih.gov/

Research article

Hassan N. L A., K. K Yern, Zain, N. A, M, Isolation of Antibiotic Resistant Bacteria from Rivers in
Terengganu, Malaysia. International Journal of Life Sciences and Biotechnology, 2020. 3(2): p. 291- 307.
DOI: 10.38001/ijlsh.712542

Isolation of Antibiotic Resistant Bacteria from Rivers in
Kelantan, Malaysia

Nurul Liyana Hassan! “*', Kam Kar Yern! ** and Nor Azimah Mohd Zain'"

ABSTRACT ARTICLE HISTORY
Antibiotic resistant bacteria have been a major concern due to the problems that they Received

may pose in terms of public and environmental health. This present study aimed to 1 April 2020
investigate the presence of antibiotic resistance among bacterial strains isolated from Accepted

rivers and to determine the impact of various human activities on the distribution of 6 September 2020

antibiotic resistant bacteria. Bacteria were isolated from river water samples of Lebir
River (Point 1 and Point 2) and Kelantan River (Point 3 and Point 4). A total of 27

bacterial isolates were successfully isolated from the rivers, followed by KEYWORDS
characterization and identification of the isolates using a series of biochemical tests. Antibiotic resistance
All the isolated bacteria were predicted as Actinomyces sp., Arachnia sp., bacteria,
Streptomyces sp., Streptococcus sp., Enterococcus sp., Bacillus sp., Clostridium sp., Rivers

Neisseria sp., Veillonella sp., Bacteroides sp., Salmonella sp., Shigella sp., Proteus Kelant,an

sp., Enterobacter sp., Klebsiella sp., Escherichia sp, Pseudomonas sp., Aeromonas sp., L

Vibrio sp. Staphylococcus sp., Micrococcus sp., Actinobacillus sp., and Malaysia

Flavobacterium sp. Antibiotic susceptibility test was conducted on the bacterial
isolates against six types of antibiotics (ampicillin, gentamycin, tetracycline,
chloramphenicol, rifampicin and ciprofloxacin). Almost all bacterial isolates were
resistant to at least one type of antibiotic, whereas more than half of the isolates
showed multiple antibiotic resistance. The findings show the presence of antibiotic
resistant bacteria in all four samples, indicating the relationship between the resistance
of isolates and the human activities within the vicinity of the area. However, further
analysis of the antibiotic resistant bacteria is recommended to further identify and
understand them due to the potential risk that they may pose to human and
environment.

Introduction

Antibiotic resistant bacteria potentially pose to the public and environmental health, serve
as a major concern in the society. The presence of antibiotic resistant bacteria especially
in the waterways, for instance a river, may lead to horrible consequences as rivers are
commonly used by the nearby residents as water sources for their daily activities. One of
the negative consequences would be in the treatment of life-threatening illnesses [1], as

the disease-causing bacteria are unable to be combatted with the use of antibiotics.
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Manyi-Loh et al. projected that the intensive farming and antibiotic use in agriculture
results in antibiotic residues in the environments. The antibiotic residues and antibiotic-
resistant bacteria are considered as environmental pollutants and responsible for the
increment of public health crisis linked to antibiotic-resistant bacteria [2]. Review from
Martinez and Berendonk et al. reported that the extensive use of antibiotics in human
treatment, animal farming and agriculture results in residues that contain antibiotics
resistant bacteria that have the potential to pollute the natural environments. In these
reviews, stated that apart of its utilization for human therapy, antibiotics are extensively
used for agricultural purposes for animal farming. Residues from farms and human
environments may contain antibiotics and antibiotic resistance genes that have the
potential to be a contaminant natural environment.[3, 4].

Nnadozie and Odume reviewed that the freshwater environments are subjected to
possible contamination by residual antibiotics that makes the freshwater environments to
become reservoirs and pose public health concern [5]. Al-Badaii and Othman stated that
in both polluted and unpolluted surface water, antibiotic resistant bacteria are present in
surface water, with the quantity of antibiotic resistant bacteria isolated from polluted
water exceeded that of the latter. The inability to assess the quality of the freshwater and
avoid future disease outbreaks associated to contaminated water utilization are possibly
the impacts when the complete picture of the distribution and frequency of antibiotic
resistance in the environment is lacking [6]. As the aquatic ecosystem health pose major
impact on all terrestrial ecosystems including humans, animals, and plants, the
measurement of water quality variables and heavy metals alone may not be sufficient to
assess a river. Residual antibiotics in the freshwater are possibly from different sources
such as agriculture, wastewater discharge and animal farming. The residual antibiotics
serve as the selective pressure and main concern for the development of antibiotic
resistant bacteria. Hence, the measurement of concentration of antibiotics in the natural
water is important [7].

Therefore, the present study was conducted to assess the presence of antibiotic resistant
bacteria in Kelantan River and Lebir River in Kelantan, by first isolating the antibiotic
resistant bacteria from the rivers. Biochemical tests were also done to characterize and
identify the antibiotic resistant bacteria that present in the selected rivers, followed by
conducting the antibiotic susceptibility test for the bacteria isolates towards the chosen
antibiotics; gentamicin, ampicillin, rifampicin, chloramphenicol, tetracycline, and

ciprofloxacin.
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Material and Methods

Study site and sampling

The sampling process took place at the two selected rivers in Kelantan which were Lebir
River and Kelantan River. The sampling sites chosen from the Lebir River was in the
Gua Musang district, located near to agricultural area at the coordinate of (4.870728,
102.438744) (Point 1) and the other site was at the residential area at the coordinate of
(4.932378, 102.418298) (Point 2).

In a meanwhile, another river that had been selected was Kelantan River, around Kuala
Krai area and Tangga Krai area. The first sampling site selected from the Kelantan River
was located near to the medical centers area in Kuala Krai at the coordinate of (5.530988,
102.195158) (Point 3) while the second sampling site from Kelantan River was located at
Tangga Krai. This sampling site was located near to the residential area at the coordinate
of (5.612043, 102.144881) (Point 4). An amount of 500 ml of water sample were taken
from surface water of both rivers at two different places each in November 2018 .The
water samples collected in sterile glass bottles and the samples then were put in an ice
box to maintain its temperature at 4°C while being transferred to laboratory and stored in
the cold room until further analysis [8].

Isolation and Characterization of bacterial isolate by Biochemical Test

A series of serial dilution of water sample was prepared. Then, 1 ml of the diluted water
samples was spread on the nutrient agar. The plates were then incubated at 37°C for 24
hours. The single colonies of different morphology from the spread plates was streaked
for subcultures on nutrient agar to obtain the pure colonies of the bacterial isolates. The
subcultures of the bacterial pure colonies isolated were characterized based on their
morphological characteristics. Then, Gram staining will be performed to further
characterize them into Gram negative and Gram positive bacteria [9]. The isolated
bacteria were further characterized by the biochemical tests since that bacterial
physiology are different from one species to another. In order to determine the
biochemical characteristics of bacteria, the biochemical tests performed were catalase,
indole, McConkey agar, urease, mannitol salt agar, citrate test, and oxidase test. The
results of the biochemical tests were then compared to Bergey’s Manual of Determinative
Bacteriology to predict the possible bacteria species based on the biochemical activities
of the bacteria [10,11].
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Antibiotic susceptibility test

In order to determine the antibiotic susceptibility profiles of the bacterial isolates, the
bacterial isolates were tested by using the standard Kirby-Bauer disk diffusion method.
The antibiotic susceptibility testing was performed by using Mueller-Hinton agar against
six types of antibiotics, which are gentamicin, ampicillin, rifampicin, chloramphenicol,
tetracycline, and ciprofloxacin. These six antibiotics are the broad-spectrum antibiotics
which can be used for both Gram negative and Gram positive bacteria. Each of the
antibiotics disk had two different concentrations which were 10 and 30 pg/ml per disk.
The freshly grow bacterial isolates were suspended in 4 to 5 ml of sterile nutrient broth
for the bacterial inoculum preparation. The turbidity of the broth was adjusted to 0.5
McFarland standards and using sterile cotton swab, it was spread on Mueller-Hinton agar
plates. The different antibiotic impregnated disks were placed over the freshly prepared
agar (which already had bacterial cultures on it) at appropriate distances from one
another. Then, all of the plates were incubated at 37°C for 24 hours [12]. The zone of
inhibition was measured and compared with Clinical and Laboratory Standard Institutes
(CLSI) guidelines to classify the bacterial colonies as resistant or susceptible to the
antibiotics [13].

Multiple Antibiotic Resistant (MAR) Index Value

Multiple antibiotic resistant (MAR) index was calculated for each of the bacterial isolates
and the antibiotic resistant bacteria that have the MAR index for more than 20% were
selected for further analysis. MAR index were calculated using the formula a/b, in which,
a is the total number of antibiotics to which the organism is resistant, and b is the total
number of antibiotics to which the organism is tested [14]. In this study, the antibiotics
used were gentamicin, ampicillin, rifampicin, chloramphenicol, tetracycline, and
ciprofloxacin. Equation below explains how the MAR index was calculated for each of

the bacteria isolated in this study.

MAR Index

total number of antibiotics to which the organism is resistant (a)

total number of antibiotics to which the organism is tested (b)
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Results and Discussion

Isolation and Characterization of Bacterial Strain from Both Rivers Water Samples
The four river water samples were collected, including Lebir River (Point 1, Point 2) that
located near to agricultural area and the residential area, and Kelantan River (Point 3,
Point 4) that located near to the medical centers area and residential area (Figure 1). A
total of 27 pure colonies were managed to be isolated from the samples from both of the
rivers. From Lebir River, 4 and 8 pure colonies were isolated at Point 1 and Point 2,
respectively. Meanwhile, from Kelantan River, 8 and 7 pure colonies were successfully
isolated from Point 3 and Point 4, respectively. Table 1 shows the morphology
characteristics of the bacterial colonies isolated from Lebir River and Kelantan River
whereas Table 2 shows the bacterial colonies isolated from both Lebir River and
Kelantan River with the Gram stains viewed under 100X magnification. Table 3 tabulates
the biochemical tests conducted for all the isolates collected from Lebir River and
Kelantan River. Based on the table, it can be concluded that the population for different
point in the same river may differ from one another. The human activities near the
sampling areas might have contributed to the populations of the bacteria present in both

rivers.
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Fig1l Sampling location of Lebir River (Point 1, Point 2) and Kelantan River (Point 3, Point 4)
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Table 1 Morphology characteristics of bacterial colonies isolated from Lebir and Kelantan River

Isolate

1A

1B
1C
1D

2A

2B
2C
2D
2E
2F

2G
2H

Form

Irregular

Circular
Irregular

Irregular

Circular

Circular
Irregular

Irregular
Irregular
Circular

Circular

Circular

Lebir River

Elevation Opacity
Point 1

Flat Opaque

Flat Opaque

Flat Opaque

Umbonate Opaque
Point 2

Raised Opaque

Raised Opaque

Crateriform Opaque

Flat Opaque

Flat Opaque

Raised Translucent
Raised Opaque
Raised Opaque

Colour

Whitish
Yellowish
Whitish
Whitish

Dark purple
Whitish
Whitish
Whitish
Whitish

Yellowish

Yellowish

Yellow

Surface

Rough

Smooth
Smooth

Rough

Smooth

Smooth
Rough

Smooth,
glistening
Smooth

Smooth,
glistening
Smooth

Smooth

Isolate

3A

3B
3C
3D
3E
3F

3G
3H

4A
4B

4c
4D
4E
4F
4G

Form

Circular

Circular
Irregular
Circular
Circular

Circular

Irregular

Circular

Circular

Circular

Irregular
Circular
Circular
Irregular

Circular

Elevation

Raised

Raised
Flat
Raised
Raised

Raised

Flat
Flat

Raised

Raised

Flat
Raised
Raised

Flat

Raised

Kelantan River
Opacity
Point 3
Opaque

Translucent
Opaque
Opaque
Opaque

Translucent

Opaque
Opaque
Point 4

Opaque

Translucent

Opaque
Translucent
Opaque
Translucent

Translucent

Colour

Light purple

Yellow
Whitish
Yellowish
Yellowish
Yellowish
Whitish
Whitish

Dark purple
Whitish
Whitish
Whitish
Whitish
Whitish

Yellowish

Surface

Smooth,
glistening
Smooth

Smooth
Smooth
Rough

Smooth,
glistening
Rough

Smooth

Smooth

Smooth

Smooth
Smooth
Smooth
Smooth

Smooth
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Table 2 The bacterial colonies isolated from both Lebr River and Kelantan River with the Gram stains viewed under 100X magnification

Lebir River Kelantan River
Point 1 Point 2 Point 3 Point 4
Strain Gram Stain Strain Gram Stain Strain Gram Stain Strain Gram Stain
1
A
1B
1C
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Table 3 Biochemical tests conducted for isolates from Lebir River and Kelantan River

Lebir River Kelantan River
Point 1 Point 2 Point 3 Point 4
Biochemical Test Biochemical Test S Biochemical Test S Biochemical Test
M M t t M
a M a r M r M a
M n c n a c Conclusion a c n Conclusion
c n c n i (Family Type) i n (Family
S C ¢ U O i s a C C U O i n C c C o M n C c C o ! Type)
a C Xt i o Xt a . o U an a . o U t
t t it © LT i o : tt t n LT i o : t 'on ! ro X it t ' on : r %o
r L, nonoe 4 Con_clusmn rea oo noe 4y Con_clusmn a t LU a t K Mo
? I a Ig g 2 a S (Family Type) Ia ; a e g 2 a S (Family Type) | ; e g a g Sal | ; e g a g S
n @ t y | e 5|4 n s Lty I e S 2 a e Yo S s ¢ a Yy s s 8
s e A e | e © e | S o e o Ag S e e |
e t A t e A ar e A t
3 A 9 A 9 9 A
g a g a a g
a r a r r a
r r r
Actinomyces = 2A Bacteroides Neisseria sp. Vibrio sp.
sp. sp. Veillonella Pseudomon
1A - - - - 4+ 4 - Arachniasp. S T A Salmonella sp. O PO R R S sp. S R PO R N R I I as sp.
Streptomyces Shigella sp. A A Aeromonas
sp. sp.
Streptococcus = 2B Proteus sp. Enterobacte Neisseria
sp. rsp. sp.
1B - - - - 4+ 4+ - Enterococcus S R PO S PO B < N R T R S Klebsiella 40 4 4+ _ _ 4+ _ \Veillonella
sp B sp. B sp.
Bacillus sp. 2C Neisseria sp. Streptococcu Bacteroides
Clostridium Veillonella sp. S sp. sp.
1c - - oL sp. 0 I I I O I 8 _ _  _ _ _ _  _ Enterococcu S0 S T Y O O I Actinobacill
C S sp. C us sp.
Flavobacter
ium sp.
Neisseriasp. 2D Salmonella sp. Staphylococ Neisseria
Veillonella sp. Shigella sp. Cus sp. sp.
D+ -l lo]-]+]+ 0 I I I O I < N S R A O I S Streptococcu o0 I I Y O I Veillonella
D S sp. D sp.
Enterococcu
S sp.
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Enterobacter
sp.
Klebsiella sp.

Escherichia
sp.

Pseudomonas
sp.
Aeromonas
sp.
Vibrio sp.

Pseudomonas
sp.
Aeromonas

sp.
Vibrio sp.

Actinomyces
sp.
Streptomyce
s sp.

Streptococcu
s sp.
Micrococcus
sp.

Staphylococ
Cus sp.
Micrococcus

sp.

Neisseria sp.
Veillonella

sp.

S

+ 0+ o+

+ +

+ -

Actinomyce
s sp.
Streptomyce
s sp.

Micrococcu
S sp.
Staphylococ
Cus sp.

Vibrio sp.
Pseudomon
as sp.
Aeromonas

sp.
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Antibiotic Susceptibility Testing

The result obtained for the antibiotic susceptibility tests using disk diffusion method were
as listed in Table 4 and Table 5. Based on the results obtained, out of 27 bacterial
isolates, almost all bacterial isolates were resistant to at least one type of antibiotic,
whereas more than half of the isolates showed multiple antibiotic resistance (resistance to
more than one type of antibiotics).

Among all of the species predicted, only Neisseria sp. and Veillonella sp. that could be
found in both Point 1 and Point 2, however at different population sizes. The population
sizes of both species were higher in Point 1, which may indicate that the niche is more
suitable for the species to live in. With that apart, the bacterial population for both
sampling points were different, probably due to the higher nitrogen, potassium and heavy
metals from the fertilizers used for the agriculture (Point 1) and other elements from
human activities (Point 2), which made the river water there unsuitable for certain species
to inhabit. On the other hand, Pseudomonas sp., Actinobacillus sp., Flavobacterium sp.,
Aeromonas sp., Vibrio sp. and Bacteroides sp. were found at Point 4 (residential area) but
not at Point 3 (medical centres area), which might indicate that those species were not
resistant to the antibiotic residues that present in the river water of Point 3, hence could
not survive as well as they could at Point 4.

Lebir River and Kelantan River were chosen for this study because there is a concern of
Kelantan River being polluted due to the various human activities within the vicinity of
the area [15]. In the other hand, Lebir River is claimed to have a good water quality
despite the fact that Lebir River is not completely free from human activities either,
hence there is still a possibility that both rivers are contaminated with antibiotic residues
which lead to the prevalence of antibiotic resistant bacteria [16]. With regard of the
pollution status of the rivers, this study had found that antibiotic resistant bacteria are
present in both polluted river (Kelantan River) and unpolluted river (Lebir River), which
is similar to what Al-Badaii and Othman (2015) reported [6].
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Table 4 Antibiotic susceptibility tests for the bacterial colonies isolated from Point 1 and Point 2 of Lebir River

Antibiotics Ampicillin Gentamycin Chloramphenicol Tetracycline Rifampicin Ciprofloxacin
Bacterial 10 30 10 30 10 30 10 30 10 30 10 30
colonies pg/ml pg/ml  pg/ml  pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
Point 1 1A _ S S S S S S S S S S
1B S S S S S - S S S S
1C S S s s S I
© __ I _ IR
Point 2 2A s s s s s S S S
2B S S S S S
2C S S = S S S
2D S S S S R s i S
2E S S S S if S S
A EARREEERENEN S
2G S S S S i S S
Tﬁ S S S S S
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Table 5 Antibiotic susceptibility test for the bacterial colonies isolated from Point 3 and Point 4 at Kelantan River

Antibiotics Ampicillin Gentamycin Chloramphenicol Tetracycline Rifampicin Ciprofloxacin
Bacterial 10 30 10 30 10 30 10 30 10 30 10 30
colonies pg/ml  pg/ml  pg/ml  pg/ml  pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml pg/ml
Point 3 3A S S - S S S S S S S
3B S S S S S S S S
3C S S S S S S S S
3D S S S S S S S S
3E S S S S -‘- S S S S
3F S S S S S S
3G S S s S S
3H S S S S S S
Point 4 4A S S S S s S S
4B S S S S
4C S S S S %
4D S S S S s S
4F S S S S S
4G S S S S ‘7 S
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MAR Index Analysis

Based on Figure 2 (a), it can be seen that almost all isolates from Lebir River have MAR

index of >20%. Half of the four isolates from Point 1 has MAR index of >20% whereas

another half of them has MAR index of < 20%. For Point 2 isolates, six out of eight

isolates have MAR index of >20% for both antibiotic concentrations tested. Only one

isolate has MAR index of <20% for both antibiotic concentrations and also only one

isolate that has MAR index of >20% for one antibiotic concentration tested. Figure 2 (b)

illustrates that 50% of Point 3 isolates have MAR index of >20% for both antibiotic

concentrations tested. In the meantime, only two isolates (4B and 4E) out of seven

isolates from Point 4 have MAR index of >20% for both antibiotic concentrations tested.
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Fig 2 MAR index value for bacteria isolated from a) Lebir River and b) Kelantan River.
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Conclusion

In this study, the antibiotic resistant bacteria were managed to be isolated from the water
samples of all four sampling points of Lebir River and Kelantan River in Kelantan,
summed up to a total of 27 bacterial isolates (Point 1: 4 isolates; Point 2: 8 isolates; Point
3: 8 isolates; Point 4: 7 isolates). Based on the results, the isolates were predicted as
Actinomyces sp., Arachnia sp., Streptomyces sp., Streptococcus sp., Enterococcus sp.,
Bacillus sp., Clostridium sp., Neisseria sp., Veillonella sp., Bacteroides sp., Salmonella
sp., Shigella sp., Proteus sp., Enterobacter sp., Klebsiella sp., Escherichia sp,
Pseudomonas sp., Aeromonas sp., Vibrio sp. Staphylococcus sp., Micrococcus sp.,
Actinobacillus sp., and Flavobacterium sp. The antibiotic susceptibility testing using disk
diffusion method against six types of antibiotics (gentamicin, ampicillin, rifampicin,
chloramphenicol, tetracycline, and ciprofloxacin) were performed towards all of the
bacterial isolates and the MAR index values for each of the isolates were successfully
calculated. The prsent study is expected to provide a baseline data on the MAR in the
water environment. The result obtained showed that both polluted and unpolluted rivers
consist of antibiotic resistant bacteria. Almost all isolates in Lebir river are claimed to be
MAR bacteria, indicating that the human activities have strong correlation with the MAR
in the freshwater environment. The isolated MAR bacteria could be potentially human
pathogenic bacteria and pose high risk to human, animal, and environmental health.
Therefore, further identification on the bacterial species using molecular method to
justify the potential virulence of the MAR bacteria in the freshwater environment are

strongly recommended.
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Gisela 6 ve SL 64 Anaclarmin in vitro Kosullarda Cogalma

Performanslarinin Belirlenmesi

Erol Aydin'"**, Belgin Turung Bi¢en? “', Tarik Yarilgac®

OZET

Bu caligmada Gisela 6 ve SL 64 anaglarinin in vitro kosullarda cogaltilabilme
performanslart arastirilmistir. Eksplant kaynagi olarak siirglin ucu, besi ortami
olarak ise MS besi ortami ile farkli hormon doz kombinasyonlar1 kullanilmistir
eksplantlar baglangi¢ asamasinda 0.5 mgl-1 BAP+0.1 mgl-1 GA3+0.1 mgl-1 IBA
igeren MS besi ortamina dikilerek kiiltiire alinmigtir. Siirglin ¢ogaltma agamasinda
farkli BAP (0, 0.5 ve 1 mgl-1) dozlarinin etkisini belirlemek igin ¢aligma
yapilmistir. BAP dozunun artmast ile siirgiin sayisinin arttig1 belirlenirken, en fazla
stirgiin sayis1 Gisela 6 anacinda 0.5 mgl-1 BAP dozunda SL 64 anacinda ise 1 mgl-1
BAP dozunda gergeklesmistir. Koklendirme ortaminda % MS besi ortaminda farkli
IBA (0, 0.5, 1, 2 mgl-1) dozlarmin koklenme oranina etkisi incelenmistir. Gisela 6
ve SL 64 anaclarinda IBA dozunun artmasi ile kdklenme oraninin arttigt ve en
yiiksek koklenme orani 2 mgl-1 IBA dozundan elde edilmistir.

Gisela 6 and SL 64 Rootstock of in vitro Conditions
Determination of Production Performance

ABSTRACT

This study, was carried out in order to determine the propagation performance in in
vitro conditions of Gisela 6 and SL 64 rootstocks. The explants prepared from the
shoot tips of Gisela 6 and SL 64 rootstocks as plant material were cultured in the
initial stage by planting on MS nutrient medium containing 0.5 mgl-1 BAP + 0.1 mgl-
1 GA3 + 0.1 mgl-1 IBA. The effect of different BAP doses (0, 0.5 and 1 mgl-1) was
determined in the shoot propagation stage. While increasing the number of shoots
with the increase of BAP dose is determined, the maximum number of shoots was
obtained from 0.5 mgl-1 BAP dose in Gisela 6 rootstock and 1 mgl-1 BAP dose SL
64 rootstock.
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Kiraz iiretiminde ¢ogunlukla kus kirazi (Prunus avium), visne (Prunus cerasus) ve
mahlep (Prunus mahaleb) ¢ogiirleri kullanilmaktadir [1]. Cogiir anaglar tohumla

kolaylikla ¢ogaltilabilmesine ragmen, heterozigot yapi1 nedeniyle genetik olarak agilim
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gOstermesi, verim ¢agia gelmesi i¢in uzun zamana ihtiya¢ duymasi ve modern meyve
bahge tesisi i¢in ¢ok uygun olamamaktadir. Coglir anaglardaki bu tiir sorunlardan dolay1
kiraz fidan tiretiminde tiniform bitki olusturan, daha erken meyveye yatan ve modern
meyve yetistiriciligi i¢in uygun olan klon anaglar tercih edilmektedir.

Kiraz yetistiriciliginde agaclarin biiylime kuvvetinin kontrol altinda tutulamamasi
yetistiricilik sorunlarinin baginda gelmektedir. Bu nedenle agac¢ habituslarinin
kiiciiltiilmesi biiyiilk 6nem tasimaktadir. Bodur anaglarla kurulan meyve bahgelerinde
verim ve meyve Kalitesi artmakta, kiiltiirel bakim islemleri daha kolay yapildigindan
masraflar azalmaktadir.

Diinyada son 70-80 yilda meyvecilikte ana¢ 1slahi konusunda yapilan caligmalar
kapsaminda Almanya’da gelistirilen Gisela serisi, italya’da gelistirilen CAB 6P ve E-11
ve Fransa’da gelistirilen MxM serisi, Weriot ve Tabel Edabriz, klon anaglarinin
kullanim1 yayginlagmistir [2]. SL 64 anaci seleksiyonla elde edilmis mahlep klonudur.
Mahlep ¢ogiiriiniin %75-80’1 kadar gelisme gostermektedir. Mahlep tiplerine gore farkl
toprak tiplerine adaptasyonu daha iyidir.

Klon anaglarinin ¢ogaltilmasinda geleneksel yontemlerin (daldirma, ¢elik vb.) yani sira,
kisa zamanda az sayida materyalden ¢ok fazla sayida materyal elde edilmesini saglayan
doku kiiltiiri yontemleri dnem kazanmuistir. Doku kiiltiirti teknikleri 6zellikle klonal

Prunus anaglarmin doku kiiltiirti ile ¢ogaltimi biiytik bir ticari sektor haline gelmistir
[3].

Kiraz anaglarinin in vitro kosullarda g¢ogaltilmasinda genellikle MS besi ortaminin
modifiye edilmis sekli kullanilarak basarili sonuglar elde edilmektedir. Genel olarak
hazirlanan ortama 20-30 gl sakkaroz ilave edilmek ile birlikte baz1 durumlarda ise daha
yiikksek konsantrasyonlarda sakkaroz kullanilmaktadir. Prunus tiirlerinde kati1 besi
ortami, sivi besi ortamina gére daha yaygin olarak kullanilmakta olup ve besi ortami
icin 6-8 gl agar uygun bir dozdur. Besi ortamma ilave edilen bitki biiyiimeyi
diizenleyici miktarlar1 kiiltiir asamasina ve bitki tilirlerine gore degisiklik
gosterebilmektedir [4, 5]. MxM 14, Tabel Edabriz ve Gisela 5 anaglarinin in vitro
kosullarda c¢ogaltma performanslarinin belirlenmesine yonelik yapilan c¢alismada
baslangic sathasinda enfeksiyon disinda Onemli bir sorun ile karsilasmazken,
kardeslenme safhasinda vitrifikasyon (camsilasma) Onemli bir sorun olarak tespit

etmislerdir [6]. Gisela 5 MS ve 2 MS besi ortaminda biiylime ve gelisme bakimindan iyi
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performans gostermistir. Mikrogogaltim ¢alismalarinda basar1 saglanmasinda genotipin
de onemli diizeyde etkili olmasi nedeniyle her klon anag¢ icin ayri bir protokoliin
gelistirilmesi 6nem arz etmektedir. Bu bakimdan kiraz anclarinin ¢ogalma katsayilarinin
artirilmasi amaciyla yeni biiyiimeyi diizenleyici madde kombinasyonlarinin denenmesi
gerekmektedir [7]. Bu calismada MS besi ortamina ilave edilmis farkli biiylimeyi
diizenleyici madde kombinasyonlarinin Gisela 6 ve SL 64 kiraz anaglarinin in vitro

kosullarda ¢ogaltma performanslarinin belirlenmesi amaciyla yapilmastir.

Materyal ve Metot

Calisma 2015-2016 yillar1 arasinda Cukurova Universitesi Biyoteknoloji Arastirma ve
Uygulama Merkezinde yiiriitiilmiistiir. Karadeniz Tarimsal Arastirma Enstitiisii genetik
kaynaklar parselindeki 5 yasindaki Gisela 6 ve SL 64 anaglar1 ¢calismanin materyalini
olusturmaktadir.

Genetik kaynaklar parselinden alinan Gisela 6 ve SL 64 anaglarinin yillik siirgtinleri,
nemli kagit havluya sarilarak ara¢ tipi buzdolabi icerisinde laboratuvar ortamina
getirilmistir. Slirgiin ucu ve yan tomurcuk hazirlanan eksplantlar yabact maddelerden
uzaklagtirilmasi i¢in 30 dakika ¢esme suyu altinda yikanmistir. Steril kabin igerisine
alinan eksplantlar %70’lik etil alkolde 3 dakika bekletildikten sonra 3 defa steril saf
sudan gecirilmistir. Daha sonra materyaller 1-2 damla tween 20 igeren ticari sodyum
hipokloritin (%10 active chlorine) %10 konsantrasyonunda 10 dakika siire ile
bekletilmistir. Eksplantlar sodyum hipokloritten sonra 3 defa steril saf sudan gegirilerek
sterilizasyon islemi tamamlanmistir.

Eksplantlarin kiiltiire alinmasinda MS temel besi ortami kullanilmis ve ortama 30 gl
sakkaroz eklenmis, ortamm pH’s1 5.7°e ayarlanmis ve ortama 7 gl agar eklenmistir.
Cogaltma asamasinda alt kiiltlirler olusturulurken, en ¢ok kullanilan sitokininlerden olan
BAP’mn 0, 0.5, 1.0 mgl? konsantrasyonlarmin MS ortaminda siirgiin ¢ogaltmaya olan
etkisi incelenmistir. Koklenme denemeleri igin 0, 0.5, 1 ve 2 mgl™t IBA igeren % MS

besi ortami kullanilmistir (Tablo 1).
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Tablo 1 Baslangig, cogaltma ve koklendirme ortamlarindaki bitki bitylimeyi diizenleyicilerin

kombinasyonlari
Ortam Adi Bitki biiyiimeyi diizenleyici dozlar1 ve kombinasyonlar:
Baslangi¢ Ortan MS + 0.5 mgl* BAP + 0.1 mgl"t GA3; + 0.1 mgl* IBA
+0mgl! BAP
Cogaltma Ortami MS + 0.1 mgl* GA; + 0.1 mgl? IBA + 0.5 mgl™ BAP
+1mgl! BAP
+0mglt IBA
“»MS  +0.5mglt IBA
Koklendirme Ortami
+1mglt IBA
+2mglt IBA

Hazirlanan ortamlar baslangic asamasinda cam tiiplere, ¢ogaltma ve koklendirme
asamasinda ise cam kavonozlara dokiilerek 1.2 kg/cm? basing altinda ve 121 °C sicaklik
20 dakika otoklavlanmis ve otoklavdan g¢ikarilan ortamlar sogumasi igin steril kabin
icerisine konulmustur. Cam tiip ve kavanoz igerisindeki ortamlara dikilen eksplantlar
25+1 °C sicaklikta 2500 lux aydinlatmada 16 saat aydinlik ve 8 saat karanlik karanlik
kosullardaki iklim odasinda baslangi¢ ve ¢ogaltma ortaminda 4’er hafta bekletilerek
steril kabin icerisinde alt kiiltiire alma islemi gerceklestirilmis ve dordiincii alt kiiltiirden
sonra da eksplantlar kok ortamina aktarilmistir.

Calismada incelenen ozellikler

Enfeksiyonlu kiiltiir orani (%)

Kiilttirlerin geligsmeleri dikkate alinarak 28 giinliik kiiltiir sonunda, enfekte olan kiiltiir
sayisinin tiim kiiltiirlere oran1 hesaplanarak yiizde olarak ifade edilmistir [8].

Siirgiin sayisi (adet)

Ik dikim, sasirtma ve ¢ogaltma asamalarinda, her bir eksplanttan olusan siirgiinler
sayilarak tespit edilmistir [9].

Koklenme orani (%)

Koklendirme ortamina alinan siirgiinlerden 30 giin sonra koklenme goriilenlerin oranini
ifade etmektedir [9]. Calismadaki tiim denemeler tesadiif parselleri boliinmiis parseller
deneme desenine gore bitki biiylimeyi diizenleyiciler ana parselde, anaglar ise alt

parselde yer almak kosulu ile 3 tekerriir ve her tekerriirde 20 eksplant olacak sekilde
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kurulmustur. Denemeden elde edilen veriler ANOVA istatistik paket programinda tek
yonlli analiz edilmis olup, genotipler arasindaki farkliliklar LSD c¢oklu karsilagtirma

testi ile karsilastiriimistir.
Bulgular ve Tartisma

Eksplant alma zamaninin, enfeksiyon orani {izerine ait sonuglar Tablo 2’de verilmistir.
Yillar ortalamasina gore Tablo 2 incelendiginde Gisela 6 ve SL 64 anaglarindaki
enfeksiyon oran1 %17.72 ve %18.57 dur.

Tablo 2 Gisela 6 ve SL 64 anacinin enfeksiyonlu kiiltiir oran1 (%)

Yil Gisela 6 SL 64
2015 13.21+2.00 17.14+1.56
2016 22.22+1.91 20.0+3.25

Ortalama 17.72+1.93 18.574+2.20

Bulgularimiza paralel olarak SL 64, F12/1, Gisela 5 ve Gisela 6 klon anaglari ile sar1 ve
kara idris ¢Ogiir anaglar1 ile yapilan ¢alismalarda enfeksiyonlu kiiltiir oran1 %35.0-45.0
arasinda oldugunu bildirmislerdir [9, 10]. Gisela 5, MxM 14 ve Tabel Edabriz kiraz
anaclar1 ile in vitro sartlarda yaptiklar1 ¢alismada, Nisan ay1 son haftasi ile Haziran
aymin ilk haftasi arasinda eksplant alinmasi ig¢in en uygun dénemin oldugunu, daha
erken donemde eksplant alindiginda enfeksiyon oraninin arttigi, daha ge¢ dénemde
alinan eksplantlar ile baslatilan kiiltiirde ise siirgiin olusumunun azaldigini bildirilmistir
[11].

Farkli BAP dozlarmin siirgiin sayist tizerine etkisi Tablo 3’de verilmistir. Yillar
ortalamasina gore BAP dozlarmin siirgiin sayis1 lizerine etkisinde ¢esitxdoz
interaksiyonu istatistiki olarak 6dnemli bulunmamak ile birlikte Gisela 6 anacinda 0.5
mgl™, SL 64 anacinda ise 1 mgl™ BAP dozunda siirgiin sayisi en fazladir.

Gisela 6 kiraz anacinin ¢ogaltiminda 1 mglt BAP, 0.1 mglt NAA ve 0.1 mglt GA;
konsantrasyonunun iyi sonu¢ verdigini bildirilmistir [18]. SL 64 kiraz anacinin in vitro
kosullarda MS, WPM besi ortamlarinda farkli BAP ve IBA konsantrasyonlarinda
cogaltilmasi igin yapilan calismalarda en fazla siirgiin sayis1 1.0 mgl™* BAP + 0.5 mgl*
IBA igeren ortamdan elde edilmistir [19]. Bitki biiylimeyi diizenleyici olarak sadece

BAP’in  kullanildigt QL besi ortaminda Prunus anaglarinin  ¢ogaltilabilme
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performanslarimi belirlemek igin yapilan ¢alismada 0.5 mgl? BAP dozunda siirgiin
sayisinin en fazla oldugunu tespit etmistir [ 20].

Tablo 3 BAP dozlarinin Gisela 6 ve SL 64 anacindaki siirgiin sayisi ortalamalari (adet) ve LSD
¢oklu gruplandirmalari

BAP Doz

Yil Anac 0 mgl” 05 mgl Lmgl Ortalama
Gisela 6 1.29¢ 3.41a 3.04b 2.58
SL 64 1.67c 2.17b 3.33b 2.39
Ortalama 1.48B 2.79A 3.19A
2015-2016 VK (%) 12.04
Cesit OD -
Doz fale AOF 0.47
Cesit x Doz ol 0.47

Tablo 4’te belirtildigi gibi yillar ortalamasina gére IBA dozlarmin kéklenme orani
iizerine etkisinde Gisela 6 ve SL 64 anaglar1 2 mgl™ IBA uygulamasinda en yiiksek
koklenme oranina sahip olurken, en diisiik koklenme orani kontrol uygulamasindan elde
edilmistir.

SL 64 anacinin farkli IBA konsantrasyonlarinda kdklenme oranini belirlemeye yonelik
yapilan calismada en yiiksek koklenme oram1 2 mgl? IBA konsantrasyonunda
gerceklesmistir [21]. Gisela 5 ve MxM 14 kiraz anaglarinin in vitro kosullarda
koklendirilmesi ile ilgili yapilan ¢alismada en yliksek koklenme orani Gisela 5 anacinda
0.5-1 mgl? IBA igeren ortamda, MxM 14 anacinda ise IBA icermeyen ortamda
gerceklestigini  belirlemistir  [22]. Prunus tiirlerinde IBA dozunun artmasinin
koklenmeyi olumlu etkiledigini bildirmistir [3]. Kiraz ve visne g¢esitlerinin
yapraklarindan bitki rejenerasyonu ile ilgili yaptiklar1 calismada en yiiksek koklenme
oranmi1 (%65-92) 2 mgl™ IBA dozundan veya NAA ile destekli ¥» MS besi ortamindan
elde etmistir [23]. SL 64 ve F 12/1 anaglarinin koklendirme performanslarini belirlemek
icin yapilan calismada en yiiksek kdklenme oranim (%75-91.7) 0.5 ve 2.0 mgl IBA
iceren ortamlardan elde etmistir. Oblacinska visne anacinin 4 genotipiyle yapilan
koklendirme g¢alisgmasinda 2 MS besi ortami ile dort farklt IBA konsantrasyonun
kullanildig1 ¢alismada en yiiksek koklenme oranini %71.3-81.3 olarak belirlemislerdir
[23, 24, 25]. Calismalardan elde edilen sonuglar ile elde etmis oldugumuz sonuglar

benzerlik gostermektedir.
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Tablo 4 IBA dozlarinin Gisela 6 ve SL 64 anacindaki kdklenme orani ortalamalari (%) ve LSD

¢oklu gruplandirmalari
IBA Doz
Yil Anag Ortalama
Omglt 0.5 mgl? 1 mgl? 2 mgl?
Gisela 6 69.17c 97.42a 95.00a 96.95a 89.64A
SL 64 50.00d 50.50d 70.83c 81.67b 63.25B
Ortalama 59.59D 73.96C 82.92B 89.31A
2015-2016 VK (%) 4.05
Genotip faled 2.40
Doz *x AOF 3.68
Cesit x Doz il 477

Sekil 1 Gisela 6 anacinin koklenme ve dis ortam kosullarina uyum saglama agsamasi (A, B, C).
SL 64 anacinin koklenme ve dis ortam kosullarina uyum saglama asamasi (D, E, F).

Sonuc¢

in vitro kosullarda ii¢ farkli BAP dozu (0, 0.5 ve 1 mgl™) ile 4 IBA dozu (0, 0.5, 1 ve 2
mgl™?) uygulanarak Gisela 6 ve SL 64 anaglarinin gogaltilabilme performanslarmin
belirlenmesi amaci ile yapilmistir. Arastirma bulgularina gore Gisela 6 anacinda SL 64
anacina gore daha az enfeksiyon gergeklesmistir. Siirgiin sayist bakimindan Gisela 6

anacinda 0.5 mgl?, SL 64 anacinda ise 1 mgl? BAP dozu en iyi sonucu vermistir.
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Ayrica IBA dozunun artmasiyla da Gisela 6 ve SL 64 anacinda koklenme oraninin
arttig1 gorillmiistiir.

Kisaltmalar

AOF: Asgari 6nemli fark, BAP: 6-Benzilaminopurin; °C: Santigrad derece; cm? Santimetre Kare; g:
gram; GAg: Gibberellik asit; IBA: Indol-3-butirik asit; Kg: Kilogram; I: litre; LSD: Least significant
difference; MxM: Maxma; MS: Murashige ve Skoog; NAA: a-Naftalen asetik asit; O.D: Onemli degil;
pH: Hidrojen konsantrasyonunun eksi logaritmasi; VK: Varyasyon katsayisi; %: Yiizde; ™: %1 diizeyinde
o6nemli
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ABSTRACT

Zinc is an essential trace element used as a supplement in the treatment of many diseases such ARTICLE HISTORY
as diarrhoea. This study was conceived to evaluate the short term effect of zinc administration Received

on some biochemical parameters in albino rats. Sixteen albino rats (both sexes) were allocated 23 June 2020
randomly into four groups of four rats each. Group 1 served as the control and were given Accepted

distilled water, groups II-1V were administered 10, 20 and 40 mg/kg body weight of Zn 4 September 2020

respectively for 14 consecutive days. The animals were sacrificed on the 15" day and blood

was collected for liver and kidney function parameters, antioxidant enzymes activities and K.EYWORDS.
malondialdehyde concentration using standard procedures. The concentrations of alkaline Zinc, biochemical
phosphatase (ALP) and alanine aminotransferase (ALT) significantly increased (p < 0.05) parameters,
while aspartate aminotransferase (AST) significantly decreased in a dose dependent manner antioxidant,
when compared with the control group. There was a significant decrease (p < 0.05) in 2:};3:]??;;[5

creatinine, a significant increase in potassium and no significant difference in serum urea level
when compared with the control group. The activities of glutathione peroxidase (GPXx),
superoxide dismutase (SOD) and catalase significantly increased while MDA significantly
decreased when compared with the control group. Increased potassium level is an indication
of kidney dysfunction. Increased antioxidant enzymes and decreased MDA indicates that zinc
improved antioxidant status and decreased free radical generation. Increased serum ALT
activity infers improvement in its activity rather than hepatocellular injury. Further studies on
the effect of zinc at larger doses and long term should be carried out.

Introduction

The element zinc is an essential element which exerts important anti-inflammatory,
apoptotic and antioxidants effects [1]. It plays important roles in cellular metabolism[2].
Zinc additionally plays extensive roles in both specific (adaptive) and non specific (innate)
immunity at multiple levels of cell differentiation, natural phenomenon and development of

immune cells [3]. The extent of harmful or beneficial effects of xenobiotic compounds on

! Department of Biochemistry, Faculty of Science, Adamawa State University, PMB 25, Mubi, Adamawa
State, Nigeria.
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blood and other body fluids are often determined by assessing the biochemical parameters
levels [4]. Aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, total
bilirubin, blood urea nitrogen (BUN) and creatinine are serum biochemical parameters of
great significance in assessing liver and kidney function [5]. Blood-related functions of
chemical compounds can likewise be explained by assessing the blood level of these liver
enzymes which are biomarkers for infection[6]. The body comprises of enzymatic and non-
enzymatic antioxidant systems, which include superoxide dimutase (SOD), catalase (CAT),
glutathione peroxidase (GPX), e.t.c, that regulate the balance between antioxidants and
reactive oxygen species (ROS) [7]. Malondialdehyde (MDA) is an end product of lipid
peroxidation. Nielsen et al.®l reported that MDA may be a vital marker of lipid
peroxidation and oxidative damage caused by reactive oxygen species. Talpur et al.[%l
reported that zinc administration decreased the activity of liver enzymes (AST, ALT and
ALP) in an induced hepatotoxicity. Mohamed et al.'% also reported a significant decrease
in the levels of these liver markers including some renal function parameters like urea, in
an induced renal toxicity upon zinc administration. There is little information on the effect
of zinc in normal rats and the implication of prolonged usage in normal subjects with no
disease. Studies have reported that zinc increased the activities of antioxidant enzymes in
subjects with diseases, but little information is available on its effect on normal subjects.
This study therefore evaluated the effect of zinc administration on liver, kidney and

antioxidant enzyme activity in normal albino rats.
Materials and Methods

Experimental Animals

Albino rats of both sexes were obtained from the animal breeding unit Adamawa State
University Mubi, Nigeria. All procedures involving the animals were duly conducted with
strict adherence to guidelines and procedures. The experiments were carried out according
to the rules and guidelines of the Animal Ethical Committee of Adamawa State University,
Mubi.

Source of Zinc
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The zincsulphate was obtained from Gombi pharmacy, Adamawa State, Nigeria produced
by Archy with NAFDAC registration number A4-2156.

Experimental Design

Sixteen (16) albino rats (both sexes) were allocated randomly into four experimental
groups of four rats each. The rats were given distilled water and standard pelletized feed.
The rats were fasted overnight. One group served as the control and were given distilled
water. The three experimental groups were orally administered with 10 mg/kg body weight,
20 mg/kg body weight and 40 mg/kg body weight of zincsulphate (dissolved in distilled
water) respectively. The administration of the zinc sulphate in all groups continued for 14
consecutive days.

Sample Collection for Biochemical and Antioxidant Assays

This was done according to the method described by Mahmoud et al.['¥l . Briefly, on the
14th day, all the animals were sacrificed 24 hours after the administration of the final dose
and blood samples from each animal was collected in to plain bottles, and was centrifuged
at 5000rev/min for 10minutes to obtain the serum for biochemical analysis and antioxidant
assay.

Biochemical Analysis

The method for biochemical analysis was adapted from Olorunfemi et al.[*?l. Appropriate
commercial kits (Randox laboratory) were used to determine the concentrations of ALT,
ALP, AST, Serum urea, creatinine and potassium using a spectrophotometer.

Antioxidant parameters

The method of Hosseini-Vashan et al.[*®l as modified by Fathi et al.[**l was adopted. In this
method, superoxide dismutase (SOD) and glutathione peroxidase (GPx) activities were
determind in 2 mL blood sample, washed and centrifuged (748 g for 10 min) several times
with 0.9% NaCl. The washed-centrifuged erythrocytes volume was made up to 2.0 mL
with cold redistilled water. At this point, the lysate was prepared using the procedures in
the packs manual RANSEL and RANDOX (Ransel, RANDOX/RS-504 provided by
Randox Laboratories) to decide the movement of GPx and SOD, individually. The

absorbance was determined spectrophotometrically at 340 and 505 nm for GPx and SOD,
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respectively. The activities of catalase was determined using the method as described by
Luck,™*® where the reaction mixture contained 50 mmol/L potassium phosphate support
(pH 7.0), 1.25 x 10 —2 mol/L H20>, and the sample. Each of the sample was analyzed with
appropriate blanks without H>O,. The change in absorbance was determined at 240 nm,
and the activities of the enzyme were expressed as nhanomoles of H>O, decomposed per
minute per milligram protein. Lipid peroxidation (MDA) assay was determined using the
method as described by Ohkawa et al.*®) where a mixture of 8% dissolvable sodium
dodecyl sulfate (0.2 mL), 0.9% TBA (thiobarbituric corrosive; 0.2 mL), and 20% acetic
corrosive (1.5 mL) was prepared, in which 0.2 mL of hemolysate was added and the
volume was made up to 4 mL by adding distilled water. After boiling for 60 minutes, the
mixture was allowed to cooled, and 5 mL of solution of n-butanol + pyridine (vol/vol 15:1)
was added and centrifuged at 1000g for 15 minutes, and the absorbance in the supernatant
was mesured at 532 nm using spectrophotometer.

Statistical Analysis

All results were expressed as mean =+ standard error of the mean (SEM). Data was analyzed
using one-way ANOVA followed by Duncans multiple range test. p < 0.05 was considered

as statistically significant, using SPSS software version 20.
Results

Biochemical Parameters Analysis

Table 1 shows the result of zinc administration on liver biochemical parameters in albino
rats treated with zinc for 14 days. The concentrations of alkaline phosphatase (ALP) and
alanine aminotransferase (ALT) significantly increased (p < 0.05) when compared with the
control while aspartate aminotransferase (AST) shows no significant difference (p > 0.05)
with the control group. The serum creatinine concentration significantly decreased (p <
0.05) when compared with the normal control group while there was a significant increase
in serum potassium concentration. There was no significant difference in serum urea

concentration at all test doses when compared with the control group.
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Table 1 Effect of Zinc administration on biochemical parameters

Parameters Control 10 mg/kg b.w of 20 mg/kg b.w of 40 mg/kg b.w of
zinc zinc zinc

ALP (U/L) 16.92+1.962 40.48+1.43° 43.24+1.61° 45.89+1.02°
ALT (U/L) 59.33+£2.912 77.00£1.00° 83.33+1.76° 84.33+0.67°¢
AST (U/L) 53.67+2.18% 52.67+£2.73% 53.00+1.532 52.33+1.85%
Creatinine 64.65+1.53" 14.23+0.19° 13.92+0.44° 13.96+0.042
(umol/L)

Urea (mmol/L) 4.54+0.21° 3.94+0.42¢% 4.42+0.152 4.58+0.11¢%
Potassium (mEg/L) 6.00+£0.222 11.89+0.64° 21.50+0.50°¢ 22.49+0.73°¢

Values are expressed as mean £ S.E.M, (n=4).Values across the same row with same superscripts are not
significantly different. p < 0.05 was considered significant.

The data summarized in table 2 shows the effect of zinc on antioxidant enzymes. There
was a significant increase in GPx, SOD and CAT activities after 14 days zinc
control group.

administration when compared with the

Table 2 Effect of zinc supplementation on antioxidant enzymes

Treatment SOD (U/L) GPX (U/L) Catalase (U/L)

Control 15.33+£1.37¢% 15.50+0.51¢ 16.00+1.0002
10 mg/kg b.wofzinc 51.67+1.33° 14.67+0.67% 25.53+1.23"

20 mg/kgb.wofzinc 53.67+0.84° 35.33+£1.05°" 31.27+1.20°¢

40 mg/kg b.w of zinc 53.33+0.78° 40.00 = 1.00° 39.83+£0.39¢

Values are expressed as mean + standard error of mean (S.E.M), n=4.Values along the same column with
same superscripts are not significantly different. P < 0.05 was considered significant.

Table 3 shows the result of zinc administration on malondialdehyde (MDA) concentration.
There was a significant decrease (p < 0.05) in MDA concentration in the zinc treated

groups when compared with the control.
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Table 3 Effect of zinc supplementation on Malonaldehyde (MDA)

Treatment MDA (mg/dl)
Control 34.83+1.09¢
10 mg/kg b.w of zinc 17.20+0.98°
20 mg/kg b.w of zinc 14.67+1.16°
40 mg/kg b.w of zinc 10.07+1.032

Values are expressed as mean + standard error of mean (S.E.M), n=4.Values along the same column with
same superscripts are not significantly different. P < 0.05 was considered significant.

Discussion

Biochemical Parameters

The concentration of alanine aminotransferase is said to be higher in the liver than in the
kidney, heart, skeletal muscle, pancreas, spleen, and lung tissue [17]. The increased levels
of ALT and ALP from this study may indicates an improvement in the activities of this
liver enzymes or hepatocellular damage. ALT is a cytosolic enzyme found predominantly
in the liver. An increase in plasma concentration may be due to damage to the cell
membrane of the liver [18]. This is in line with the studies from Seyyed et al.[’®l who
reported that zinc pretreatment has hepatoprotective effect by increasing the serum liver
enzymes concentration of ALT and ALP. There was no significant difference in the
concentration of AST.

Renal function parameters/indices are important for the diagnosis and treatment of kidney
disease. The observed result from this study shows a decrease in serum creatinine level
which may suggest kidney damage. Serum urea as observed from the study shows no
significant difference among the treated groups and the control group. The observed
significant increased level of potassium in serum from this study is associated with
glomerular filteration rate in the kidney, where K* is freely filtered by glomerulus [20].
According to Palmer, % he reported that the bulk of K* is reabsorbed in the proximal
tubule of Henle so that only 10% of the filtered load reaches the distal nephrone and the
reabsorbed K* are transported in the blood and this absorption is approximately
proportional to Na" and water absorption. Therefore, the significant increase in serum
potassium concentration indicates dysfunction in reabsorption of potassium by the kidney

indicating possible kidney damage.
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Antioxidant Enzymes

The observed significant increased (p < 0.05) in the antioxidant enzymes
superoxidedismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), when
compared with the control group is an indication that zinc increased the activities of these
enzymes to suppresses the generation of reactive oxygen species and this is in line with the
studies from Prasad,?! and Ozturk and Gumuslu,??l who reported that zinc is capable of
scavenging free radicals and can prevent lipid membrane damage. This is evidenced by the
decreased concentration of MDA, which is an index biomarker of lipid peroxidation. Thus,
Low concentration of MDA may suggest that zinc can prevent membrane damage and thus,
decreased in lipid peroxidation, this is in line with the study of Zhao et al. ?*l who reported
that appropriate concentration of zinc can reduce the concentration of malondialdehyde
(MDA) and enhance antioxidant activities to suppress the generation of ROS. This further
indicates that the increased ALT and ALP observed above is not due to liver cell membrane
damage since zinc is able to prevent lipid peroxidation that can cause cell damage. Results
from this study has shown that zinc is able to prevent oxidative damage of cell membrane
due to lipid peroxidation, thus the increased ALT observed in this study is due to reasons

(such as improvement of the enzyme activity) rather than oxidative damage.
Conclusion

Fourteen (14) days administration of zinc improved liver function biomakers, antioxidant
status and prevented lipid peroxidation in normal albino rats. It had toxic effect on the

kidney. Zinc supplementation should therefore be used with caution.
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Cankir1 I’inin Hayvansal Kaynakh Biyogaz Potansiyelinin

Belirlenmesi

Olcay Gencyllmaz "*' | Gamze Seckin?®

OZET

Son yillarda, tiim diinyada artan enerji ihtiyacinin karsilanmasi ve gevresel sorunlarin
¢Oziimii i¢in yenilenebilir kaynaklarmn kullanimi giderek artmaktadir. Tirkiye’de
yenilenebilir enerji kaynaklarinin kullanimini arttirmak ve enerji bagimliligint azaltmak
icin ¢esitli caligmalar yapilmaktadir. Bu sebeple, Tiirkiye’deki alternatif enerji kaynagi
arayis1 biyogaz enerjisi iiretiminin de yayginlasmasina sebep olmustur. Ozellikle tarim
ve hayvanciliga uygun olan alanlarda olusan organik atiklardan biyogaz enerji iiretimini
arttirmak icin ¢aligmalar yapilmaktadir. Bu bdlgelerde bitkisel ve hayvansal atiklarin
biyogaz enerji iiretiminde kullanilmasi toplam enerji tilketiminin azaltilmasina ve atik
yonetimine katki saglamaktadir. Bu ¢alismada, Tiirkiye nin i¢ Anadolu Bélgesi’nde yer
alan Cankiri Il’inin biyogaz enerji potansiyeli ve kullamlabilirligi arastirilmistir.
Genellikle tarim ve hayvancilik sektoriiniin gelistigi, sanayilesme oraninin disiik oldugu
Cankir1 Il’inde hayvansal atiklardan elde edilebilir biyogaz enerji potansiyeli
belirlenmistir. Biyokimyasal metan liretim potansiyeli (BMP) ve elektrik tretimine
katkis1 hesaplanarak her bir ilge igin ayr1 ayri bolgesel harita ve grafikleri olusturularak
biyogaz enerji potansiyeli analizi yapilmistir. Ayrica, biyogaz tiretiminden elde edilecek
elektrik geliri ve CO, emisyon degerleri de hesaplanmustir.
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Determination of Animal Source Biogas Potential of Cankiri
Province

ABSTRACT

In recent years, the world has focused on the use of renewable resources to meet  ARTICLE HISTORY
increasing energy needs and to solve environmental problems. Several studies have been  Received

done to increase the use of renewable energy sources in Turkey and to reduce energy 22 June 2020
dependence. Therefore, the quest for alternative energy sources, biogas energy  Accepted

production in Turkey has led to the spread. Studies are carried out to increase biogas 3 September 2020
energy production from organic wastes, especially in areas suitable for agriculture and

animal husbandry. Using vegetable and animal waste in biogas energy production in giEoYa;NORDS
these regions contributes to reducing total energy consumption and waste management. COgerT,ﬂssion
2 1

In this study, Turkey Located biogas energy potential of Cankir1 Province in Central Cankin
Anatolia and availability were investigated. The biogas energy potential that can be )
obtained from animal wastes has been determined in Cankiri, where the agriculture and
livestock sector is developed and the industrialization rate is low. Biogas energy
potential analysis was made by calculating biochemical methane production potential
(BMP) and its contribution to electricity production by creating regional maps and
graphs for each district. In addition, electricity income and CO; emission values from
biogas production were calculated.

renewable energy

Giris

Alternatif enerji kaynaklar1 kullanilabilirliginin arttirabilmesi i¢in son yillarda genis
capta arastirmalar ve yatirnmlar yapilmaktadir [1-10]. Gelismis iilkelerin ¢ogu enerji
verimliligini arttirilmasi, endiistriyel iiretimin siirdiiriilebilirligi ve enerji tasarrufunu
gelistirilmesine yonelik projeler ve arastirmalar yapmaktadir [11, 12]. Ayrica, 2030
yilina kadar Avrupa Birligi liye llkeleri enerji verimliligi konusundaki hedeflerini,
enerji tiikketimini azaltmak olarak belirlemistir. Enerji tiiketen sektorler ile motorlu
tasitlar icin enerji verimliligi oranini % 27- % 30 olarak belirlenmistir [13, 14]. Ornegin;
Danimarka ve Isvigre’de tarimsal atiklarm enerji olarak kullamilmasi igin yapilan
arastirmalar ornek teskil etmis, iki iilke arasindaki iiretim ile tiiketim farklarinin
sebepleri incelenmistir [15]. Bununla beraber Arjantin, Brezilya, Kanada, Meksika ve
Amerika gibi iilkelerde de yenilenebilir enerji politika konusunda caligmalar
yapilmaktadir [16]. Benzer sekilde Hollanda’da CO2 emisyonu ve su kaynaklarinin
yonetimi gibi alanlarda da calismalar mevcuttur [17, 18]. Ayrica Almanya diger
tilkelere gore alternatif enerji doniigiimii lizerinde ¢ok ciddi yatirimlar yapmakta ve
2050 wyilima kadar enerji tiiketimini tamamen yenilenebilir enerjiden saglamayi
hedeflemektedir [19, 20]. Isve¢’te de endiistriyel enerji verimliligi politikalari
konusunda arastirmalar yapilmaktadir [21]. Diger iilkelerde oldugu gibi tilkemizde de

var olan alternatif enerji kaynaklarini degerlendirmek i¢in genis capta yatirimlar ve
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aragtirmalar yapilmaktadir [22-30]. 2020 yili i¢in diinyada yenilenebilir enerji
kaynaklarindan elde edilecek tiretim 2.3-3.3 MTEP (milyon ton petrol esdegeri)
civarinda olacagi hedefler arasinda yer almaktadir [31].

Son yillarda, yenilenebilir enerji kaynaklar1 arasinda biyogaz enerji iiretimi fosil
enerjilere alternatif bir kaynak haline gelmistir. Biyogaz tiretimi Ozellikle kiigiik
yerlesim yerlerinde; bolgesel gelisime, kirsal kalkinmaya ve istthdama destek
olmaktadir. Diinyada biyogaz iiretimi basta Cin olmak lizere Asya, Amerika, Almanya,
Isve¢, Danimarka, Hindistan ve Japonya gibi pek cok iilkede yapilmaktadir [32].
Literatiir incelendiginde, ozellikle diger kiigiik illere kiyasla yliksek hayvan varligina
sahip olan Cankiri ili i¢in biyogaz enerji potansiyelinin belirlenme konusunda yeteri
kadar ¢alismanin yapilmadigi saptanmustir (Sekil 1). Bu ¢alismada; Cankir1 iI’i igin elde
edilebilir hayvansal atiklar degerlendirilerek olusabilecek biyogaz enerji potansiyeli,
elektrik enerji geliri ve CO2 emisyonun azaltilmasi saglayacagi katki tespit edilmistir.
Bunun yaninda; Cankir1 Il’inin hayvansal atiklardan elde edilebilir biyogaz enerji
tiretimi konusundaki elverigliligi, kullanilabilirligi ve bolgesel enerji politikalarina

saglayacagi katkinin belirlenmesi amaclanmistir.

K ANADPENIZ

,

I 42558 00046 262000 [T 6.262.000-2.550000 [l 2-550.000.1 368,000 [ 1.30800-840.000 | 850.000-80.000

Sekil 1. Tiirkiye’de illere gore hayvan varliklar

Materyal ve Yontem

Materyal

Cankiri, I¢ Anadolu Bélgesi'ndeki Orta Kizilirmak Béliimiiniin 40° 30" ve 41° kuzey
enlemleri ile 32° 30' ve 34° dogu boylamlari1 arasinda yer alan gec¢imini genel olarak
tarrm ve hayvancilikla saglayan kiiiik bir ildir [33]. II’in yiizél¢iimii ise 749.00 hektar
(7 490 km?)’ dir [34]. Tablo 1’de Cankirt ilinin arazi dagilim1 verilmistir.
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Tablo 1 Cankir1 ili’nin arazi dagilimi 2016 [34]

Arazinin Cinsi Hektar Yiizdesi (%)
Tarim Alani 268 580 36
Orman Alant 192 163 26
Cayir-Mera 149 520 20
Kullanilmayan ve Yerlesim Alani 138 757 18
Toplam 749 000 100

Cankirt {I’inin arazi dagiliminda en fazla pay1 % 36 ile tarim alanlar1 olustururken, en az
payt % 18 ile kullanilmayan ve yerlesim alanlari olusturmaktadir. Cankirt ilinde
ekonominin tarim ve hayvancilifa dayali oldugunu gostermektedir. Bu durum goz
oniinde alindiginda hayvansal ve bitkisel atik miktarlari, kentlesme orani yiiksek olan
illere kiyasla kentlesme orani diisiik olan yerlerde daha yiiksek olacagi ongoriilmektedir.
Yontem

Cankart Ilindeki hayvan sayiart ve attk miktarlarinin belirlenmesi

Cankirt [l’inin biyogaz enerji potansiyelinin belirlenebilmesi igin Cankir1 iI’i 2018
yilina ait biiylikbas, kiiciikbas ve kiimes hayvan varligi hakkinda istatistik bilgileri
Biyokiitle Enerjisi Potansiyeli Atlasi (BEPA)’dan elde edilmistir. Sekil 2°de Cankirt
ilgelerinin biiyiikbas, kiiclikbas ve kiimes hayvan sayilarina gore dagilim haritalar

verilmistir. Ayrica, Tablo 2’de Cankari 1li’nin ilgelerine ait hayvan sayilar1 verilmistir.
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Sekil 2 Cankir1 iI’ine ait (a) biiyiikbas (b) kiigiikbas ve (c) kiimes hayvan sayis1 dagilin

Tablo 2 Cankir1 I’i hayvan varligi (2018)
Biiyiikbas Kiigiikbas hayvan Kiimes hayvan | Toplam hayvan
hayvan varhg: varhgi varhgi varhgi

iiceler
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Atkaracalar 5279 2320 643 605 651 204
Bayramdren 3550 3 868 5529 12 947
Eldivan 3300 8738 306 821 318 859
llgaz 10 150 10 150 2705 23 005
Korgun 8932 4 007 54 705 67 644
Kursunlu 12 367 7829 255 425 275 621
Kizilirmak 13 480 10 090 11 230 34 800
Orta 25230 8440 2320 35990
Yaprakli 5533 6 665 218 447 230 645
Cerkes 35404 9900 643 492 688 796
Sabanozii 12 149 5677 140 760 158 586
Toplam 135 374 77 684 2285039 2498 097

Tablo 2’ye gdre; Cankirr iI’inin ilgeleri arasinda biiyiikbas hayvan sayisinin en fazla
oldugu ilge Cerkes, kii¢iikbas hayvan sayisinin en fazla oldugu ilgeler Ilgaz, Kizilirmak,
Cerkes ve kiimes hayvan sayisinin en fazla oldugu ilge ise Atkaracalar ile Cerkes’dir.
Toplam hayvan varlig1 en fazla olan ilge ise Cerkes ilgesidir. Sekil 2’de goriilecegi gibi
toplam hayvan varliginin yiiksek oldugu Cerkes ve Atkaracalar’in oldugu
goriilmektedir. Biyogaz iiretiminde kullanilacak atik miktarlari, her bir il¢e i¢in ayr1 ayri
biiyiikbag, kiigiikbas ve kiimes hayvanlarmin yillik atik miktarlart  kullanilarak
hesaplanmuistir.

Hayvansal atiklardan elde edilebilir biyogaz potansiyelinin belirlenmesi

Cankir1 II’i genelinde iiretebilecek biyogaz enerji potansiyeli elde edilen hayvansal atik
miktarlarindan yararlanilarak hesaplanmistir. Bu hesaplamalar yapilirken hayvansal atik
tirlerinin hayvan tiiriine gore gostermis oldugu fiziksel ve kimyasal degisimler g6z
oniine alinmistir [35, 36]. Buna gore hesaplamalarda kullanilan biiyiikbas, kiigiikbag ve
kiimes hayvanlarinin atik tiirlerine gore kabul edilen 6zellikleri Tablo 3’de verilmistir.

Tablo 3 Hayvan atiklarinin elde edilecek biyogaz tiretimindeki hesaplamalarda biiylikbas,
kii¢iikbas ve kiimes hayvanlarinin atik tiirlerine gore kabul edilen 6zellikleri [35, 36, 41]

e . Biiyiikbas Kiiciikbas Kiimes Hayvan
Atik Tiird Birim Hayvan Atig1 | Hayvan Atig1 Atig1
Bir yilda tiretilebilecek toplam
atik miktar1 (TGM) ton/y1l 1034 187.00 82 403.00 72 812.00
Kati1 Madde Orani (KMO) (%) 14.50 30 28
Kat1 Madde I¢indeki Ugucu 0
i 77.
Madde Orani (UMO) (%) > 80 80
Toplanabilir Yas giibre oran 0
% 100 13 78
(FGO) 06)
Biyogaz Potansiyeli (m3/ton UMO) 250 200 400
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Biyogaz enerjisi elde etme siirecinde, materyalin cinsi ve i¢erigi, kuru madde ve organik
madde orani, partikiil biiyiikliigii, ugucu madde orani, organik kuru madde orani,
fermantasyon sicakligi, bekleme siiresi gibi liretimi etkileyen pek ¢ok parametre vardir.
Cankir1 11’1 i¢in biyogaz potansiyelinin belirlenmesinde bu parametreler géz Oniinde
bulundurularak cesitli hesaplamalar yapilmistir. Cankir1 11’ igin hayvansal atiklardan
iiretebilecek biyogaz potansiyelinin hesaplanmasinda (1-5) numarali denklemler

kullanilmistir [37, 38].

TGM=Tyex365%% HS; )
Tyrye= TGMXFGO (2)
Tkm=Tyryex KMO ©)
Tumm=Tkm X UMO 4)
Tmeran= Tukmx MO (5)

Tvyrye; yilik toplanabilir yas giibre miktar1 (ton/yi1l), TGM; hayvanlar tarafindan
tiretilebilecek yillik giibre miktar1 (ton/y1l), FGO; toplanabilir faydali giibre orani (%),
Tkwm; toplanabilir faydali giibre igerisindeki toplam kati madde miktart (ton/y1l), KMO;
yas giibre i¢cindeki kati madde orani, Tumm; hayvanlar tarafindan tiretilebilen kati madde
icindeki ugucu kati madde miktar1 (ton/yil), UMO; kati madde igerisindeki ugucu
madde orani, Twmeran; toplanabilir faydali giibreden elde edilecek toplam yillik metan
miktar1 (m® CHa/y1l), MO; 1kg UMO’den iiretilen metan gazi miktaridir.

Biyogaz iiretiminden elde edilebilecek enerji miktarinin belirlenmesi

Cankirt 111 i¢in yillik hayvansal atik miktarlar1 kullanilarak biyogaz potansiyeli sonucu
elde edilebilecek metan gazinda iiretilebilecek 1sil ve elektrik enerjisi miktarlart
hesaplanmistir. Bu hesaplamalar asagidaki bagimntilardan yararlanarak belirlenmistir
[39]:

Q=TwmeTranxQwmeTan (6)

Metan gazindan elde edilecek enerjiler hesaplanirken ortalama % 60 ‘1 metan gazindan
olusan 1 m? biyogazin icerisindeki metan gazinin (Qmetan) 1s1l enerji degeri 36 MJ/m?
ve elektrik enerji miktar1 4.70 KWh olarak saptanmustir [40, 41].

Biyogaz iiretimi sonucu olusan CO> emisyonun belirlenmesi

Biyogaz potansiyelleri elektrik enerjisine doniistiiriildiigiinde olusan CO2 emisyonlari
ayr1 ayr1 hesaplanmistir. Bu hesaplamalarda 1m?® biyogaz i¢in 9.19 kg CO, emisyonu
(COa2bio) ve biyogazdan iiretilen elektrik (CO2¢) ise 0.8 degerleri kabul edilmistir [40].
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Bulgular ve Tartisma

Tablo 4’de hesaplanan biiyiikbas, kiiciikbas ve kiimes hayvanlarina ait yillik atik
miktarlar1 ve toplam atik miktarlar1 gosterilmektedir. Ayrica Sekil 3° de, Cankiri
ilgelerine gore bliylikbas, kiiclikbas ve kiimes hayvan atik miktarlarinin dagilim haritasi
verilmisgtir.

Tablo 4 Cankir1 iI’i y1llik hayvan atik miktarlar:

. Biiyiikbas hayvan Kiiciikbas hayvan atik | Kiimes hayvan atik Topl.am atik
Ilgeler . . . miktari
atik miktari (ton/yil) miktar (ton/yil) miktar (ton/yil) (ton/yl)
Atkaracalar 43 953 2 537 17 420 63 910.00
Bayramoren 24 594 4035 300 28 929.00
Eldivan 25294 8351 8 469 42 114.00
llgaz 78 831 11743 133 90 707.00
Korgun 72 619 3975 1519 78 113.00
Kursunlu 105 453 8398 7041 120 892.00
Kizilirmak 88 546 11 575 575 100 696.00
Orta 179 788 9117 118 189 023.00
Yaprakli 40 164 6 390 11 536 58 090.00
Cerkes 288 915 10 639 19 048 318 602.00
Sabandzii 860 30 5643 6 653 98 326.00
Toplam 1034 187.00 82 403.00 72 812.00 1189 402.00
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Sekil 3. Cankir ilgelere gore (a) biiyiikkbas (b) kiiciikbas ve (c) kiimes hayvan varligina bagh
yillik atik miktar1 dagilin
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Cankir1 II’i icin biiyiikbas, kiiciikbas ve kiimes hayvanlarindan elde edilebilir toplam

atik miktar1 1 189 402.00 ton/y1l olarak hesaplanmistir.
Tablo 4 ve Sekil 3’e gore, hayvan sayilar1 ve tiirlerine bagli olarak biiyiikbas ve kiimes

hayvanlar1 atik miktarlarin en fazla oldugu ilge Cerkes’tir. Kiiciikbas hayvan atik

potansiyeli en yiiksek ilgeler ise Ilgaz ve Kizilirmak tir.

Hayvansal atiklardan elde edilebilir biyogaz potansiyeli

Biiyiikbas, kiiciikbas ve kiimes hayvan sayilarina gore hesaplanan atik miktart igin,

ucucu madde ve metan degerleri ve hesaplanan metan gazi miktarina ait sayisal grafigi

ile dagilim haritas1 sirasiyla Tablo 5 ve Sekil 4 verilmistir.

Tablo 5 Hayvan gruplan i¢in (a) biiyiikbas, (b) kiiciikbas, (c) kiimes hesaplanan atik ve atik
icerisindeki ugcucu madde ve metan miktar1 gazi degerleri

(a) Tigeler TGM(ton/yil) (J);F/;:l) Tkm (%) Tumm (ton/y1l) (mIgIE-D;ll)
Atkaracalar 43 953 43 953 6373.19 4939.22 1234.80
Bayramoren 24 594 24 594 3566.13 2 763.75 690.94

Eldivan 25294 25294 3667.63 2842.41 710.60
llgaz 78 831 78 831 11 430.50 8 858.63 2 214.66
Korgun 72619 72619 10 529.76 8 160.56 2 040.14
Kursunlu 105 453 105 453 15 290.69 11 850.28 2 962.57
Kizilirmak 88 546 88 546 12 839.17 9 950.36 2 487.59
Orta 179 788 179 788 26 069.26 20 203.68 5050.92
Yaprakli 40 164 40 164 5823.78 4513.43 1128.36
Cerkes 288 915 288 915 41 892.68 32 466.82 8116.71
Sabanozii 86 030 86 030 12 474.35 9667.62 2416.91
Toplam 1034187.00 | 1034187.00 | 149957.12 116 216.76 29 054.19

. Tyeve Tumm TmETAN

(b) Iiceler TGM(ton/yil) (ton/yil) Tkm (%0) (ton/yil) (MECHalyil)
Atkaracalar 2 537 2 537 367.87 285.10 71.27
Bayramoren 4 035 4035 585.08 453.43 113.36

Eldivan 8 351 8 351 1210.90 938.44 234.61
llgaz 11743 11743 1702.74 1319.62 329.90
Korgun 3975 3975 576.38 446.69 111.67

Kursunlu 8 398 8 398 1217.71 943.73 235.93

Kizilirmak 11 575 11575 1678.38 1300.74 325.19
Orta 9117 9117 1321.97 1024.52 256.13
Yaprakl 6 390 6 390 926.55 718.08 179.52
Cerkes 10 639 10 639 1542.66 1 195.56 298.89
Sabanozii 5643 5643 818.24 634.13 158.53
Toplam 82 403.00 82 403.00 11948.44 9 260.04 2 315.01
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. TGM Tvrve Tumm TwmEeTAN
(©) Hgeler (ton/y1l) (ton/y1l) Tiw (%) (ton/y1l) | (MPCHa/yal)
Atkaracalar 17 420 17 420 252590 | 1957.57 489.39
Bayramoren 300 300 43.50 33.71 8.43
Eldivan 8 469 8 469 1228.01 951.70 237.93
llgaz 133 133 19.29 14.95 3.74
Korgun 1519 1519 220.26 170.70 42.67
Kursunlu 7041 7041 1020.95 791.23 197.81
Kizilirmak 575 575 83.38 64.62 16.15
Orta 118 118 17.11 13.26 3.32
Yaprakl 11536 11536 1672.72 | 1296.36 324.09
Cerkes 19 048 19 048 2761.96 | 214052 535.13
Sabanozii 6 653 6 653 964.69 747.63 186.91
Toplam | 72 812.00 | 72 812.00 10 557.74 8182.25 2 045.56
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Sekil 4 Cankar1 i1’ igin (a) biiyiikbas (b) kiiciikbas (c) kiimes hayvan atiklardan

yararlanilarak hesaplanan metan gazi miktar1 sayisal grafigi ve dagilim haritasi

Tablo 5 (a) ve Sekil 4 (a) incelendiginde; biiyiikbag hayvan varligi i¢in yillik faydali
yas atik miktarinin en ¢ok Cerkes (288 915 ton/yil), ikinci olarak da Orta (179 788
ton/yil) ilgesinde tespit edilmistir. Biiylikbag hayvan varligi i¢in yillik metan gazi
{iretiminin en yiiksek oldugu ilgeler sirasiyla Cerkes (8 116.71 m® CHa/yil), Orta ve
Kursunlu ilgelerinde belirlenmistir. Biiylikbas hayvan atiklarindan elde edilebilecek
biyogaz tiretiminin en diigiik iiretim potansiyeline sahip oldugu ilgenin ise Bayramoren
oldugu goriilmiistiir. Tablo 5 (b) ve Sekil 4 (b) incelendiginde; kiiclikbas hayvan varligi
icin yillik faydali yas atik miktarinin en fazla Ilgaz (11 743 ton/yil), ikinci olarak da
Kizilirmak (11 575 ton/yil) ilgesinde oldugu tespit edilmistir. Kiiglikbas hayvan varligi
icin yillik yas atik miktarlarindan elde edilebilecek yillik metan gazi iiretiminin en
yiiksek oldugu ilgeler sirasiyla Ilgaz ve Kizilirmak olarak bulunmustur. Ayrica, Cerkes
ilcesinde de yillik metan gazi iiretim (298.89 m® CHa/yil) miktari, Ilgaz ve Kizilirmak
ilgelerine ¢ok yakin degerdedir. Kiiciikbas hayvan atiklarindan biyogaz {iretimi i¢in en
diistik tiretim potansiyeline sahip ilgenin ise Atkaracalar oldugu goriilmistiir. Tablo 5
(c) ve Sekil 4 (c) incelendiginde; kiimes hayvan varligt icin yillik faydali yas atik
miktarinin en fazla Cerkes (19 048 ton/yil), Atkaracalar (17 420 ton/y1l) ve Yaprakli (11
536 ton/y1l) ilgelerinde oldugu belirlenmistir. Kiimes hayvan sayis1 i¢in yillik yas atik
miktarlarindan yapilan hesaplamalar sonucu; gerceklesebilecek yillik metan gazi
iretiminin en yliksek oldugu ilgeler sirasiyla Cerkes ve Atkaracalar olarak tespit
edilmistir. Ayrica, Yaprakli ilgesinde de yillik metan gaz1 iiretim (324.09 m® CHa/yil)

miktar1, Cerkes ve Atkaracalar ilgelerine yakin degerdedir.
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Biyogaz iiretiminden elde edilebilecek enerji miktariin belirlenmesi

Tablo 6°da Cankir1 I1’i hayvansal atik miktarlarindan elde edilebilecek metan gazindan

uiretilebilecek 1s1l ve elektrik enerji degerleri verilmistir. Ayrica, Cankiri’nin ilgelere

gore hayvan sayilara ait elektrik enerjisi sayisal grafikleri ve dagilim haritalar

verilmistir (Sekil 5).
Tablo 6 Hayvan gruplari i¢in (a) biiylikbas, (b) kiiciikbas, (c) kiimes hesaplanan enerji ve

gelir degerleri

(a) Ilceler Q (MJ/y1l) Elel((lg:vkhf;j)r ISl ur‘e{:ﬂilli (ell(e‘l;/tl:/l;l) Yillik gelir (TL/y1l)
Atkaracalar 44 452 97 5803.58 2 089 289.37 710 358.39
Bayraméren 24 873.76 324741 1169 066.57 397 482.63

Eldivan 25581.72 3339.84 1202 340.80 408 795.87
llgaz 79 727.70 10 408.89 3747202.02 1274 048.69
Korgun 73 445.04 9 588.66 3451916.93 1173 651.76
Kursunlu 106 652.53 13 924.08 5012 668.81 1704 307.40
Kizilirmak 89 553.21 11 691.67 4209 000.91 1431 060.31
Orta 181 833.09 23739.32 8546 155.16 2905 692.75

Yapraklt 40 620.87 5303.28 1909 180.68 649 121.43
Cerkes 292 201.41 38 148.52 13 733 466.18 4 669 378.50
Sabanozii 87 008.59 11 359.45 4089 403.79 1390 397.29
Toplam 1 045 950.88 136 554.70 49 159 691.22 16 714 295.02

O) ilgeler | Q (MJ/yil) Eleklzwhf;lirj ! u:;ﬂ;‘i :ll{ewkt;;;‘ﬂ) Yillik gelir (TL/yil)
Atkaracalar 2 565.86 334.99 120 595.34 41 002.42
Bayramoren 4080.90 532.78 191 802.21 65 212.75

Eldivan 8 445.99 1102.67 396 961.65 134 966.96
llgaz 11 876.58 1550.55 558 199.10 189 787.69
Korgun 4020.22 524.86 188 950.13 64 243.05
Kursunlu 8493.53 1108.88 399 195.78 135 726.57
Kizilirmak 11 706.67 1528.37 550 213.28 187 072.52
Orta 9220.71 1203.81 433 373.18 147 346.88
Yaprakli 6 462.69 843.74 303 746.25 103 273.73
Cerkes 10 760.02 1404.78 505 720.88 171 945.10
Sabandzi 5707.19 745.11 268 237.89 91 200.88
Toplam 83 340.33 10 880.54 3916 995.70 1331778.54
() ilceler Q (MIyil) Elektrik enerjisi | Yillik elektrik iiretimi Yillhik gelir
kWh/yil (KWh/yil) (TL/y1l)
Atkaracalar 17 618.15 2 300.15 828 053.17 281 538.08
Bayraméren 303.41 39.61 14 260.39 4 848.53
Eldivan 8565.33 1118.25 402 570.74 136 874.05
llgaz 134,51 17.56 6 322.11 2 149.52
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Korgun 1536.28 200.57 72 205.10 24 549.73
Kursunlu 7121.09 929.70 334 691.29 113 795.04
Kizilirmak 581.54 75.92 27 332.41 9 293.02
Orta 119.34 15.58 5609.09 1907.09
Yaprakli 11 667.22 1523.22 548 359.43 186 442.21
Cerkes 19 264.67 2515.11 905 439.54 307 849.44
Sabanozii 6 728.68 878.47 316 247.86 107 524.27
Toplam 73 640.24 9614.14 3461 091.12 1176 770.98
(b) -

Cerkes
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000 5,000.00 10,000.00 15,000.00 20,000.00 25,000.00 30,000.00 35,000,00 40,000 00 45,000.00
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a i o0 520,00 100000 150020 10008 150000 10000

Sekil 5 (a) Biiyiikbas (b) Kiiglikbas ve (c) Kiimes hayvan sayilarina ait elektrik enerjisi sayisal
grafikleri ve dagilim haritalar

Metan gazindan elde edilebilecek 1s1l ve elektrik enerjisi hesaplamalari agisindan Cerkes
(292 201.41 MJ/y11-38 148.52 kWh/y1l) ve Orta ilgesinin en fazla oldugu goriilmustiir.
Biiyiikbas hayvan atiklarindan tretilebilecek enerji degerlerinin en az Bayramdren ve
Eldivan ilgesinde oldugu tespit edilmistir. Kii¢iikbas hayvan atiklarindan en yiiksek
enerji potansiyellerinin Cerkes, Ilgaz ve Kizilirmak oldugu bulunmustur. Kiigiikbas

hayvan atiklarindan iiretilebilecek enerji degerlerinin en az Atkaracalar ilgesinde oldugu
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tespit edilmistir. Kiimes hayvan atiklarinda enerji potansiyelinin en yiiksek oldugu
ilgeler; Cerkes ve Atkaracalar iken, en az ise Ilgaz’dir.

Biyogazdan elde edilecek yillik elektrik iiretimi potansiyeli hesaplanirken 1m? biyogaz
icin elektrik enerjisi olarak alinmistir (4.70 kWh). Ayrica, yillik biyogazdan iiretilecek
elektrikten elde edilecek gelir hesabinda mesken icin 1kWh elektrik i¢in 0.3496 TL
olarak hesaplanmistir. Yapilan hesaplamalar Tablo 6’de verilmektedir.

Biyogazdan elde edilebilecek yillik elektrik iiretimi potansiyeli 56 537 778 kWh olarak
hesaplanmistir. Yillik potansiyelin en yiiksek oldugu ilge Cerkes en diisiik oldugu ilge
ise Bayraméren’dir. Cankir1 11’1 yillik elektrik {iretiminde kullanilan kaynak dagilimlar
giines enerjisi % 40.8, HES % 23.3, Komiir % 35.9 seklindedir. Bu dagilimda biyogaz
enerjisi yoktur.

Biyogaz iiretimi sonucu olusan CO2 emisyonun belirlenmesi

Cankir1 iI’indeki hayvansal atiklardan olusan CO, emisyon hesaplamalar1 Tablo 7’de
verilmistir. Ayrica, Sekil 6’da ilgelerdeki CO2 emisyonun degisim degerleri verilmistir.
Sekil 6°da biyogazdan elektrik iretimi ile hayvansal atiklardan olusacak CO2 emisyonu
degerlerinin ciddi oranda azaltilabilecegi goriilmektedir.
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Sekil 6 Cankir1 1I’i (a) biiyiikbas (b) kiigiikbas (c) kiimes hayvan atiklarindan elde edilen
biyogaz liretimi igin CO; emisyonu degigimi

Tablo 7 Cankir1 I’ indeki hayvansal atiklardan olusan CO2 emisyonu degerleri

Biiyiikbas hayvan Kiiciikbas hayvan Kiimes hayvani
ilgeler CO2bio CO2 CO2bio COz2 CO2bio CO2
Atkaracalar 11 347.85 4642.87 655.01 267.99 4 497.52 1840.12
Bayramoren 6 349.72 2597.93 1041.76 426.23 77.45 31.69
Eldivan 6 530.44 2671.87 2 156.07 882.14 2 186.54 894.60
llgaz 20 352.71 8 327.12 3031.83 1240.44 34.34 14.05
Korgun 18 748.89 7670.93 1026.27 419.89 392.18 160.46
Kursunlu 27 226.02 11 139.26 2168.21 887.10 1817.86 743.76
Kizilirmak 22 860.94 9 353.34 2988.45 1222.70 148.45 60.74
Orta 46 417.95 18 991.46 2 353.84 963.05 30.47 12.46
Yaprakli 10 369.60 4242.62 1649.78 674.99 2978.38 1218.58
Cerkes 74 592.53 30518.81 2746.79 1123.82 4917.84 2012.09
Sabandzii 22 211.36 9 087.56 1456.92 596.08 1717.68 702.77
Toplam 267 008.02 109 243.76 | 21274.94 8704.43 18 798.72 7 691.31

Tablo 7 incelendiginde, hayvansal atiklarin biyogaz {iretiminde olusturacagi yillik
toplam COabio emisyon degeri 307081.68’dir. Bu atiklar sadece biyogaz iiretimde
kullanildiginda toplam COzpio emisyon degeri kadar sera gazi etkisi yaratacagi tespit

edilmistir. Fakat bu atiklar biyogaz iiretiminde degerlendirilerek elektrik enerjisine
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dontistiiriilirse yillik toplam 125639.5°1ik COge elektrik enerjisi elde edilebilecegi
goriilmiistiir. Bu hesaplamalar hayvansal atiklarin elektrik enerjisinde kullanildiginda

Cankir1 I’inde olusturacagi karbon emisyonunun % 40 azaltilabilecegini gostermistir.
Sonug¢ ve Oneriler

Biyogaz iiretiminin yapilabilmesi i¢in dikkat edilmesi gereken en 6nemli husus biyogaz
tesislerinin tasarimi ve kurulacak lokasyonun belirlenmesidir. Diger énemli bir husus
ise tesisin kuruldugu yerin bolgesel olarak depolanmaya, tasima ve dagitima elverisli
olmasidir. Cankirt ili batiya en yakin olmasindan dolayi avantajli olup, devletten en
fazla destek alan ve cografi konum olarak ulasim, giivenlik ve bir¢ok alanda diger iller
icerisinde On plana c¢ikmaktadir. Bu sebeple, calismamizda alternatif enerji
kaynaklarindan biyokiitle enerji yatirimlari igin Cankiri ilinin elverisliligi ve
uygulanabilirligi arastirilmistir. Bu ¢alismada Cankirt ilinde olusan hayvan atiklarindan
yararlanilarak {iretebilecek biyogaz enerji miktari, enerjinin 1si1l ve elektrik olarak
karsilig1 hesaplanmistir. Ayrica, biyogaz iiretiminden elde edilecek yillik gelir ve CO»
emisyonu belirlenmistir.

Bu analiz ve hesaplamalar sonunda elde edilen sonuglar sunlardir:

- Biiyiikbag hayvan atiklarindan elde edilebilecek biyogaz iiretimi i¢in en yiiksek
potansiyele sahip ilgenin Cerkes, kii¢iikbas hayvanlar igin Cerkes, Orta ve Kursunlu,
kiimes hayvanlari icin ise Cerkes ve Atkaracalar oldugu sayisal olarak (33 414.76 m®
CHoa/y1l) tespit edilmistir.

- Tlgeler arasinda biyogaz iiretim potansiyeli biiyiikbas, kiiciikbas ve kiimes havyan
atiklarinin her {i¢ii i¢inde elverisli olan ve biyogazin kullamilabilirligi (8 950.73 m3
CHa/y1l) en iyi olacak ilge Cerkes’dir.

-Biyogaz iiretiminden elde edilen elektrik ile yillik elektrik tiiketiminin 56 537 778.04
kWh/y1l karsilanabilecegi tespit edilmistir.

- Biyogaz iiretimi sirasinda agiga ¢ikan CO; emisyonun % 41 oraninda azalacag tespit
edilmistir.

Bu ¢alismanin sonuglarindan yararlanarak Cankir1 ili 6neriler ise;

- Biyogazin iretilmesi ve kullanilmasi Cankirt ili ekonomik kazang ve istihdam
saglayabilecegi,

- Biyogaz ile elektrik iiretimi gerceklestirilerek cevresel kirlilige yol agan CO:

emisyonunu azaltilabilecegi,
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- Kurulacak biyogaz iiretim tesisleri, Cankirt ili i¢in hayvanciligin gelismesini ve

stirdiiriilmesini tesvik edebilecegi,

- Enerji bagimliligin1 azaltmaya katki saglayabilecegi diisiintilmektedir.

Sonug olarak, Cerkes ve Atkaracalar ilgeleri, cografi ozellikleri, ulasim olanaklari

hayvansal atiklardan elde edilecek biyogaz iiretimi ve kullanilabilirligi acisindan

Cankir1 IIi icin en elverisli bir bolgedir. Cankir1 11’1 igin basta bu ilgeler olmak iizere

biyogaz liretimi tesvik edilmelidir.
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Arastirma makalesi / Research article

Ozmen, K. and Kenanoglu, B.B. Farkli Priming Uygulamalarinin Patlican (Solanum melongena L.)
Cesitlerinin Tohumlar1 Uzerindeki Etkinligi. International Journal of Life Sciences and Biotechnology,
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Farkl Priming Uygulamalarinin Pathcan (Solanum
melongena L.) Cesitlerinin Tohumlar1 Uzerindeki EtKkinligi

Kiibra Ozmen'" "' | Burcu Begiim Kenanoglu?

OZET

Bu aragtirmada, farkli patlican g¢esitlerine ait tohumlarmn hidropriming (HP),
ozmopriming (OP) ve termopriming (TP) uygulamalarinin tohum ¢imlenme kalitesi
iizerine etkileri arastirillmistir. Manisa kir ¢izgili (MKC), Kemer 27 (K) ve Aydin
Siyah1 (AS) cesitlerinin farkli olgunluk seviyelerinde hasat edilen (ciceklenmeden
sonraki 50, 55, 60 ve 75 giin sonra) patlican tohumlar1 35 °C’de 4 ve 8 saat (2 ve 4 sa
aydmlik, karanlik) siire boyunca, %10’luk PEG-6000 ile OP, 35 °C’de 4 ve 8 saat (2
ve 4 sa aydinlik, karanlik) siirede saf su ile HP ve 50°C’de 2 farkli siirede (15 ve 30
dakika) su banyosunda TP islemlerine tabi tutulmustur. Incelenen parametreler ile
priming olumlu etkisinin tohumlarin olgunlugu ile iligkili oldugu goériilmistiir. Bagimli
degiskenler olan normal ve toplam ¢imlenme parametrelerinde priming, cesit,
olgunluk ve interaksiyonlar1 istatistiksel olarak anlamli farkliliklar barindirmaktadir
(p<0.01). Kok ve siirgiin uzunluk oOlgiim sonuglart o6zellikle cesitxolgunluk
interaksiyonu bakimindan ortalamalar arasi farkliliklar (p<0.01) istatistiksel agidan
¢ok 6nemli bulunmustur. AS ¢esidinin 75.giin hasatlarina ait tohumlar, TP-15 dak ile
kontrol tohumlarindan %10 daha fazla ¢imlenme orani gostermistir. MKC 60.giin
hasadinin tohumlarinda OP-4sa (%92) ve HP-4sa (%81) kontrol (%76) tohumlarina
gore ¢imlenme {izerine daha olumlu etki yapmustir. K ¢esidi 60.glin hasadinin
tohumlar1 ise, TP-30 dak uygulamasi ile kontrolden yaklasik %30 daha fazla
¢imlenmistir. Tiim ¢esitlerde 6zellikle olgun tohumlarda (60-75. giin hasat) kok ve
stirgiin uzunluklar1 TP ile kontrole gore daha fazla gelisim gostermistir. Ayrica OP ve
HP uygulamalarinin tohumlarinda ilk nem kapsamlarinda 6zellikle ham dénemde (50-
55.glin hasat) daha fazla degiskenlik sagladigi belirlenmistir. Patlican tohumlarinda
ekim Oncesi uygulama olarak termopriming, kimyasal uygulamalara nazaran olumlu
bir alternatif olarak sonug vermistir.
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The Effectiveness of Different Priming Treatments on the
Seeds of Eggplant (Solanum melongena L.) Varieties

ABSTRACT

In this research, the effects of hidropriming (HP), ozmopriming (OP) and ARTICLE HISTORY
thermopriming (TP) treatments on seed germination quality in different aubergine Received

varieties seeds were investigated. Aubergine cvs. Manisa Kir Cizgili (MKC), Kemer 22 September 2020

27 (K) and Aydin Siyahi (AS) seeds which harvested at different maturity levels (50, Accepted

55, 60 and 75 days after flowering) were subjected to OP at 35 °C for 4 and 8 hours (2 27 October 2020
and 4 h dark-light) with 10% PEG-6000 solution, HP at 35 °C (2 and 4 h dark-light)
for 4 and 8 hours with distilled water and TP were applied in water bath for different KEY WORDS

times (15 and 30 min.) at 50 °C. With all parameters; it was seen that the priming Solanum melongena L.
positive effect was related to the maturity of the seeds. It was found statistically hidropriming,
ozmopriming,

significant differences in priming, variety, maturity and their interactions in normal
and total germination parameters, which are dependent variables (p<0.01). The
differences between the means (p <0.001) of the measurement results of root and shoot
lengths, especially in terms of variety x maturity interaction, are statistically
significant. 75.day seeds of the AS variety germinated 10% more than the control seeds
with TP-15 min. OP-4sa (92%) and HP-4sa (81%) had a more positive effect on
germination than control (76%) seeds in the seeds of MKC 60. day harvest. The seeds
of the K variety 60. day germinated approximately 30% more than the control with TP-
30 min treatments. In all varieties, especially in mature seeds (60-75. day), root and
shoot lengths showed more development with TP than control. It has been determined
that OP and HP provide more variability in the initial moisture content of seeds,
especially in the immature period (50-55. day). Thermopriming, as a pre-sowing
treatments in aubergine seeds, has yielded results as a positive alternative to chemical
treatments.

thermopriming,
germination percentage

Giris

Patlican, Solanaceae familyasina ait olup, anavatan1 Hindistan-Burma ve Assam oldugu
bilinmektedir. Diinya ve Tiirkiye’de sebze yetistiriciligi ele alindiginda; patlican
(Solanum melongena L.) en ¢ok iiretilen, tiiketilen ve ekonomik agidan en yiiksek olan
tiirler arasinda yer almaktadir [1]. Birlesmis Milletler Gida ve Tarim Orgiitii (FAO)
verilerine gore, 2018 yili diinya patlican {iretimi 29 milyon tondur [2]. Istatistiklere gore;
tilkemizde 2019 yilinda 30 milyon ton sebze iiretimi yapilirken, bunun 822659 tonunda
patlican tiretimi yapilmistir [3].

Tohumluk tretim periyodunda, tohum kalitesi iizerine etki eden g¢evresel etmenler,
kiiltiirel islemler ve tohum hasat olgunlugu gibi faktorler kalite agisindan tizerinde
durulmasi gerekli unsurlardir [4]. En Onemlisi ise, tohum hasat olgunlugunun dogru
belirlenmesidir. Erken hasat ya da ge¢ hasatlar sonucu yagmur, kuraklik ve don gibi
faktorlere de bagl olarak diisiik ¢cimlenme ve tohum giicii ile kars1 karsiya kalinacag:

ifade edilmistir [5]. Ddllenmeden sonra tohum gelisimi ¢ farklt donemde

343



tamamlanmaktadir. Déllenme sonrast ilk gelisme doneminde hizli hiicre biiyiimesi ve
farklilagsmasi sonucu tohumun yas agirlik ve nem igeriginde artis gerceklesmektedir.
Ardindan depo maddelerinin sentezi ve depolanmasi ile tohumda kuru agirlik hizla artig
gosterir ve yas agirlik sabit kalmaktadir [6]. Tohum nem igeriginin azalmasi ile suyun
yerini suda erimeyen depo rezervleri alir. Tohum gelisimi devam ederken, son donem
kuruma dénemidir. Bu donemde kuru agirlik azda olsa artarak yas agirlik ile neredeyse
ayni seviyeye ulasir. Bu gelisme ve olgunlasma doneminde, tohumda olgunlasma
tamamlanmadan ¢imlenme 06zelligi kazanabildigi belirtilmistir. Gelismenin ilk
donemlerinde hasat edilen ve etrafindaki dokularindan ayrilan ve ¢imlenme ortamina
konulan embriyoda ¢imlenme goriilebilmistir [6]. Tohum tretiminde hasat genellikle
ciceklenmeden 60-70 giin sonra, yani meyve botanik olgunluga ulastiginda ve meyve
rengi kahverengilesince baglamaktadir. Genelde meyvenin icindeki tohumun,
dollenmeden 50-55 giin sonra tamamen olgunlastig1 belirlenmistir [7]. Meyve gelisimi ve
olgunlagmasi sirasinda bitkideki meyveler arasinda rekabet olusur ve tohum boyutunda
azalma goriilmektedir [8,9]. Bu nedenle, antesisden sonra miimkiin olan en erken
zamanda hasat yapabilmesi ve bu tarihten sonra bitkide meyve tutmamasi tohum tireticisi
icin bir avantaj olacaktir. Patlican klimakterik olmayan bir tiir olmasma ve meyveler
hasattan sonra olgunlasmamasina ragmen, hasat edilen meyvenin i¢indeki tohumlar
gelismeye ve olgunlagsmaya devam ederek daha i1yi ¢imlenmeye yol acabilmektedir.
Patlican, klimakterik olmayan bir meyvedir ve bu nedenle olgunlagma etilene maruz
kalmastyla indiiklenemez [10]. Tohumlarin hasat edilen meyvenin i¢inde dolumu ve
olgunlagsmaya devam etmesi, tohum gelisiminin meyve olgunlagsmasindan bagimsiz
olarak gerceklestigini gostermektedir [7].

Cimlenme siireci daha zor ve uzun siirede gerceklesen bazi sebze tohumlari ekim sonrasi
ortamda hem c¢evre kaynakli stres faktorleri, hem de tohum kalitesinden kaynaklanan
olumsuz nedenlerle ge¢ ve diizensiz ¢imlenmekte yada ¢imlenememektedir. Bu gibi
olumsuz kosullarda ekilen tohumlarin ¢imlenme oranlar1 diisiik olup, fide gelisimi ve
verim de azalmaktadir. Bu durum ekim 6ncesinde tohum canlilig1 ve giiclinii arttirma
amagcli caligmalarin 6nemini daha da arttirmaktadir [11].

Tohumlarda uygulanan priming (6n uygulama) islemleri birgok tiirde ¢imlenme
performansini iyilestirmektedir. Tohum ¢imlenmesinin hizin1 ve senkronizasyonunu

artirmak i¢in ¢esitli 6n hidrasyon veya priming islemleri bircok arastirmaci tarafindan
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kullanilmistir [12,13]. Priming, on c¢imlenme safhasinda metabolik aktivitelerin
ilerlemesine izin veren ancak kok olusumunu 6nleyen kontrollii bir hidrasyon siirecidir
[14]. Priming sonrast tohumlar kurutuldugunda, c¢imlenme orani artarak ve bazi
durumlarda ¢imlenmenin meydana gelebilecegi sicaklik araligi genislemektedir [15].
Priming, kokiin ortaya ¢ikisindan 6nce ¢imlenme Oncesi metabolik aktiviteyi modiile
ederek fide gelisimini etkilemek ve genellikle ¢cimlenme oranini ve bitki performansini
artirmak icin ekim Oncesi kullanilan bir strateji olarak da tanimlanmaktadir [16].
Hidrasyon uygulamalarinin faydalari; saklama kosullar1 [17], uygulama tiirii [18],
uygulama siiresi [19] ve uygulama Oncesi tohum kalitesi gibi farkli faktorlerle
iligkilendirilmistir [20]. Patlican tohumlarinin depolanma siiresi kisadir, bu periyotta
yavas ve diizensiz bir sekilde ¢cimlenme gostermektedir. Maksimum depo 6mrii elde etme
konusunda hasat zamami kritik 6nem tagimaktadir. Priming (kontrollii hidrasyon)
islemlerinin tohum ¢imlenmesi ve uzun Omiirlii olmasi tizerindeki yararli etkileri, ¢ok
cesitli tlrler igin rapor edilmistir [21]. Priming sirasinda tohumlar kismen hidrasyona
ugrar, boylece ¢imlenme Oncesi metabolik faaliyetler devam ederken, kokeiik cikisi
Onlenir ve ardindan orijinal nem seviyesine kadar kurutulur [22]. Harris vd. (1999), tarla
ekimlerinde priming (tohumlar1 bir gecede suda bekletme) piring, misir ve nohutun
cimlenmesini ve erken fide gelisimini 6nemli Ol¢iide iyilestirdigini ve bunun daha hizl
gelisme, daha erken ciceklenme ve olgunluk sonucu daha yiiksek verimle sonuclandigini
gostermistir [23]. Argerich ve Bradford (1989)'a gore, priming yapilmis tohumlarin
icinde olusan bosluk ile su alimim kolaylagtirarak c¢imlenme oranini
hizlandirabilmektedir [24]. Priming sirasinda embriyo genisler ve endospermi sikistirir.
Embriyonun kompresyon kuvveti ve endosperm hiicre duvarlar1 iizerindeki hidrolitik
faaliyetler, dehidrasyon ile esnekligini yitirmis dokulari deforme ederek bos alan
olusturarak rehidrasyon sonrasi kok cikisi kolaylastirabilir [25,26]. Priming etkileri,
niikleik asitlerin onarimi ve olusumu, protein sentezinin artmasi ve zarlarin onarimai ile
iligkilidir [27].

Priming ayrica uygulama gormiis tohumlarda anti-oksidatif enzimlerin aktivitelerini de
arttirir  [28,29]. Ayrica, priming hazirlanmig ac1 kabak (Momordica charantia)
tohumlarinda glioksizom enzimlerinin aktivitesini artirir [30]. Daha 6nceki ¢aligsmalar,
priming basarisinin, bitki tiirleri de dahil olmak iizere bir¢cok faktoriin (priming ajaninin

su potansiyeli, priming siiresi, sicaklik, tohum giicii ve priming yapilan tohumlarin depo
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kosullar1) interaksiyonundan etkilendigini gostermistir [22]. Cesitli {iriinlerin
¢imlenmesini ve fide biiyiimesini iyilestirmek amaciyla, tohumlarda 6n kosullandirma
icin kurutma, priming, tohum i1slatma ve tohum kaplama dahil olmak {izere ¢esitli
yaklasimlar kullanilmistir [31]. Giinlimiizde hidropriming (suda 1slatma), halopriming
(inorganik tuz soliisyonlarinda 1slatma), ozmopriming (farkli organik osmotik
soliisyonlarda 1slatma), termopriming (tohumlarin diisiik veya yliksek sicakliklara maruz
birakilmast), kat1 matris priming (tohumun kat1 matris ortamda islenmesi) ve biyopriming
(biyolojik bilesikler kullanilarak hidrasyon) gibi alternatif uygulamalar mevcuttur [11].
Normal ve stres kosullart altinda ¢ogu tiirde ¢imlenmeyi, fide biiylimesini ve verimi
hizlandirmak i¢in ozmopriming, hidropriming, matrikspriming, hormonal priming gibi
tohum islemleri uygulanmistir [31]. Ozmopriming, tohumlarin havalandirilmis diisiik su
potansiyeli olan sollisyonunda 1slatildig1 en yaygin tohum 6n uygulama tiiriidiir [32].
Tohum hazirlama islemlerinin mekanizmasi tam olarak anlasilmamis olmakla birlikte,
tohum islemleri sirasinda tohumlarin ekimden 6nce ¢imlenme dizilerine baslamasina izin
verebilecek fizyolojik ve biyokimyasal degisikliklerin gerceklestigi gozlemlenmistir.
Hidropriming, tohumlarda hidratasyon yapmak ve kimyasallarin kullanimini en aza
indirmek i¢in en basit yaklagimdir. Bununla birlikte, tohumlarda hidrasyon dogru bir
sekilde yapilmazsa, hidrasyon hizi tam olarak kontrol edilemez. Hidropriming
uygulamasinin, diisiik anormal fide yiizdesi ile birlikte hizl1 ve tekdiize ¢imlenmeyi pratik
olarak sagladig1 goriilmistiir [33]. Hidropriming uygulamasinin tarla ¢ikigini
tyilestirmede yiiksek potansiyele sahip oldugu ve ozellikle kuru alanlarda stres
kosullarinda erken ¢igeklenme ve hasat sagladigi bilinmektedir. Tuz stresi veya mikro
besin uygulamasi altinda daha yiiksek ¢imlenme yiizdesine sahip hidrate olan tohumlar
tuz stresine karsi toleranslar1 daha yiiksektir. Ek olarak, rapor edilen protokol basittir,
ucuzdur ve pahali kimyasallar ve gelismis ekipman gerektirmez.

Termopriming tekniginde tohumlar, yliksek sicaklikta oksijence zengin saf su igerisinde
ve karanlik ortamda belirli siirelerde tutulmaktadir. Uygulama sicaklig1 ve siiresi tiirlere
gore degisiklik gosterebilmektedir. Higbir kimyasal girdi kullanilmadigindan ¢evre dostu
bir 6n uygulamadir. Ayrica yliksek sicaklik sayesinde tohum dezenfeksiyonu saglanarak
tohum kaynakli hastaliklarin 6nlenmesinde kullanilmaktadir.

Bu ¢alismada, ii¢ farkli patlican ¢esidine ait (Kemer 27, Aydin Siyah1 ve Manisa Kir

Cizgili) tohumlara ozmo, hidro ve termo priming uygulamalar1 yapilarak, tohum canlilig
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(normal ¢imlenme orani ve ¢imlenme hizi, fide siirgiin ve kdk uzunluklari) ve fide

olusturma kapasitesini nasil etkilendigini ortaya koymak amaclanmaigtir.
Materyal ve Yontem

Bu calisma 2019 - 2020 yillar1 arasinda Usak Universitesi, Ziraat Fakiiltesi arastirma
laboratuvar ve uygulama alaninda yiiriitilmiistiir.

Materyal

Ticari firmadan (Fitalya fide) alinan patlican (Solanum melongena L.) tiiriine ait Kemer
27, Aydin Siyahi ve Manisa Kir Cizgili ¢esitlerinin fideleri kullanilmigtir.

Yontem

- Ciceklenmeden sonraki giin sayisina gore tohum hasatlari:

Kemer 27, Aydin siyah1 ve Manisa Kir ¢izgili ¢esitlerine ait meyveler ¢iceklenmeden
sonraki 50, 55, 60 ve 75. giinlerde tohum amagli hasat edilmistir. Ardindan bu hasatlardan
ekstraksiyon (su) yontemi ile tohumlar elde edilmistir.

- Tohum partilerinin baslangi¢ canliliklar: ve nem kapsamlarinin belirlenmesi

- Nem tayini (%0): Her partinin tohum nemi, 1g’lik 2 tekerriirlii 6rnekler ile baslangig
agirliklan tartildiktan sonra 130°C ’de 1 saat bekletilmistir [34]. Tohumlar, bu siire
sonunda firindan ¢ikartilarak sogumasi amaciyla firin kaplarinin agizlar1 kapali sekilde
desikatdrde yarim saat bekletildikten sonra son agirliklar: tartilmis ve baslangic nem
miktarlart (%) saptanmistir. Nem tayini baglangic nemi ve tiim uygulamalar sonucunda

yapilmis olup uygulamalar arasindaki nem degisimi gézlemlenmistir.

Nem miktar1 (%) = BTA-STA x 100
BTA

BTA: Baslangi¢ tohum agirlig1

STA: Son tohum agirligi
- Cimlendirme testi (%): Her uygulama i¢in 3 tekerriir x 25 tohum kullanilarak, her
tekerriirdeki tohumlar, petrilerde 25 °C’de 14 giin siire ile devam etmistir (ISTA 2005).
Cimlenme kriteri olarak 2mm’lik kokciik c¢ikisi esas alinarak, sayimlar her giin
yapilmistir. Cimlendirme denemesinin sonunda toplam (TC) ve normal (NC) ¢imlenme
oranlar1 (%) belirlenmistir. Cimlendirme testi sonunda fidelerin kok ve siirgiin (KU, SU)

uzunluk (mm) dl¢timleri yapilmastir [35].
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-Ortalama Cimlenme zamani (giin): Cimlendirme denemesi sirasinda yapilan gilinliik
sayimlar ile asagidaki formiil ile hesaplanmistir [34].
~nD
oCZ=—""
zn
Formiilde; OCZ: Ortalama ¢imlenme zamant

n: D. giinde ¢imlenen tohum sayis1

D: Cimlenme baslangicindan itibaren gegen giinii ifade etmektedir.
Priming uygulamalar
-Hidropriming uygulamasi
Farkli olgunluk dénemlerine gore siiflandirilarak keselenen tohumlar saf su iceren
kiivetlere yerlestirilen tel lizerine dizilmistir. Uygulama 4 ve 8 saat iizerinden iki farkli
asamada gerceklestirilmistir. Ik uygulamada tohumlar 35°C’de 8sa (4sa aydinlik, 4sa
karanlik) etiiv de bekletilip cimlenme testi icin petrilere aktarilmistir. ikinci uygulamada
ise tohumlar 35°C’de 4sa (2sa aydinlik, 2sa karanlik) etiiv de bekletilip ¢imlenme testi
i¢in petrilere aktarilmistir.
-Ozmopriming uygulamasti
Farkli olgunluk donemlerine gore siiflandirilarak keselenen tohumlar, PEG ¢ozeltisi
(%10’luk) iceren kiivetlere yerlestirilen tel lizerine dizilmistir. Uygulama 4 ve 8sa
lizerinden iki farkli asamada gergeklestirilmistir. Ilk uygulama tohumlar 35°C’de 8sa (4sa
aydinlik, 4sa karanlik) etiiv de bekletilip cimlenme testi igin petrilere aktarilmustir. ikinci
uygulamada ise tohumlar 35°C’de 4sa (2sa aydinlik, 2sa karanlik) etiiv de bekletilip
cimlenme testi i¢in petrilere aktarilmistir.
-Termopriming uygulamasi
Farkl1 olgunluk dénemlerine gore siniflandirilarak keselenen tohumlar, 50°C’de 2 farkli
sirede (15 dakika ve 30 dakika) su banyosunda bekletilmistir. Cikarilan tohumlar
kurutma kagitlarinda fazla nemi alindiktan sonra ¢imlenme testi igin petrilere

aktarilmistir.
Istatistiksel Analiz

Calisma tesadif parselleri deneme desenine gore yiiriitlilmiistiir. Laboratuvar testleri

sonuglarmin istatistiksel onemi ve ortalamalar arasindaki farklar Duncan'in ¢oklu
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karsilastirma yontemi ile p < 0.05 diizeyinde degerlendirilmistir. Istatistiksel analizde

SPSS 23 paket programi kullanilmistir.
Bulgular ve Tartisma

Tohumluk isletmelerinde olgunlagma farkliliklar1 ve bir defalik hasat uygulamalar
nedeniyle, ayni partideki tohumlar farkli olgunlasma asamalarinda olabilmektedir. Bu
nedenle, daha az olgun tohumlar, ayni partide yeterince gelismemis embriyo ve diislik
tohum agirligi nedeniyle dormanside kalabilir. Tohum tiretimi amaciyla patlican
meyveleri, antesisden 55 giin ve daha sonra bitkiden hasat edilebilecegi belirlenmistir
[36]. Cesitli fizyolojik olaylar, dormansi hali ve ¢imlenmenin artigini iligkilendirilebilir
[37]. Patlican tohum firetiminde, farkli hasat zamanlari ile priming uygulamalarinin
tohum kalitesi tlizerine etkilerini belirlemek i¢in yapilan calismada, ayni zamanda
cesitlerin tepkileri de irdelenmistir. Yapilan Duncan testi (p<0,05, 0,01) sonuclarina gore
toplam ve normal ¢imlenme oranlari (%), ortalama ¢imlenme siiresi (giin), kok ve siirgiin
uzunluklar1 (mm) agisindan uygulamalar arasindaki farkliligin istatistiki olarak degisken
diizeylerde genel olarak 6nemli oldugu belirlenmistir. Cesitlerin her hasat grubunda ve
her uygulama sonrasindaki nem degisimi incelenmistir. Sekil 1°de goriildiigii gibi ilk nem
(%8-12) ve OP ile HP uygulamalari sonras1 belirlenen nem (%13-17) miktarlar1 arasinda
cok fazla degisim bulunmamistir. Ancak TP uygulamast nem oranini oldukga belirgin
diizeyde (%33-57) artirmistir ve bu durum diger uygulamalara gdre ¢imlenme
performansinin daha iyi olmasinin sebeplerindendir (Sekil 2,3). Cesitler ve hasat
donemleri kiyaslandiginda ise; 75. Giin olgunluguna kadar diger hasat zamanlarinda nem

orani kontrolsiiz ve istikrarsiz ytlikselis gostermistir.
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Sekil 1 Manisa Kir Cizgili, Aydin siyah1 ve Kemer 27 c¢esitlerinin farkli olgunluktaki
tohumlarinda kontrol ve uygulama sonrasi nem degisimleri (%)

Tohum canlilik degerleri bakimindan Manisa Kir Cizgili, Aydin siyah1 ve Kemer 27
cesitleri arasinda ¢cok 6nemli (p<0.01) farkliliklar tespit edilmistir (Tablo 1).

Tablo 1 Manisa Kir Cizgili, Aydin siyah1 ve Kemer 27 ¢esitlerine ait varyans analiz tablosu

F dfl df2 Sig.
Toplam ¢imlenme 3,166 83 168 ,000
[Ortalama Cimlenme Zamani 7641 83 168 000
[Normal ¢imlenme 3,136 83 168 ,000
Kok uzunlugu 4,508 83 168 ,000
Stirgiin uzunlugu 6,039 83 168 ,000

Denemelerde tohum canliliginin ele alindig1; priming, ¢esit ve olgunluk konularina bagh
olarak belirlenen parametrelerin istatistiksel olarak anlamlilik diizeyi tablo 2’de
verilmistir. Priming ve olgunluk konularindan elde edilen sonuglarin ortalamalari

arasindaki farkliliklar (p<0.01) istatistiksel agidan 6nemli bulunmustur.
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Tablo 2 Incelenen parametrelere ait varyans analiz tablosu (1)

Kareler
Varyasyon kaynagi Bagimli degigkenler df ortalamasi Sig.
Priming Toplam ¢imlenme 6 1802,582 ,000
Ortalama ¢imlenme 6 60,960 000
zamani
Normal ¢imlenme 6 2607,915 ,000
K&k uzunlugu 6 185,063 ,000
Stirgiin uzunlugu 6 257,898 ,000
Cesit Toplam ¢imlenme 2 759,111 ,000
ocz 2 20,483 ,012
Normal ¢imlenme 2 406,540 ,005
Kok uzunlugu 2 6,131 ,604
Siirgilin uzunlugu 2 291,671 ,004
Olgunluk Toplam ¢imlenme 3 66185,788 ,000
oCz 3 645,969 ,000
Normal ¢imlenme 3 53939,979 ,000
Kok uzunlugu 3 2026,841 ,000
Siirgilin uzunlugu 3 14682,526 ,000

Aydin siyahi ¢esidine ait toplam ve normal ¢imlenme degerlerinin priming uygulamalari
sonucundaki degisimi incelendiginde, kontrol grubuna gore sadece 75.glin hasadinin
tohumlarinda termopriming ile olumlu etki elde edilmistir (Sekil 2). Ortalama ¢imlenme
hiz1 bakimindan belirgin bir olumlu etki gériilmemistir. Aydin siyahi ¢esidinin tohum
canlilik parametrelerinde en yiiksek R? degerleri 60. giin tohum hasadinda belirlenmistir.
Tiim ¢esitlerde priming, olgunluk ve priming x olgunluk interaksiyonu bakimindan TC,
NC ve OCZ parametreleri istatistiksel olarak anlamli bulunmustur (Tablo 2). Tohumlarda
uygulanan farkli sicaklik uygulamalar1 (termopriming) tohum ¢imlenmesi ve fide
gelisimini 6nemli derecede etkilemektedir. Farkli sicaklik (50, 55 ve 60°C) ve siirelerde
(15, 30 ve 60 dk) uygulama goren kuru ve su emdirilen domates tohumlarinin ¢imlenme
sonuglaria gore, kuru tohumlara yapilan uygulamalardan daha iyi sonug alinmistir [38].
Cesit x olgunluk interaksiyonu ele alindiginda, ortalama ¢imlenme zamani parametresi
hari¢ interaksiyon ortalamalar1 arasindaki farkliliklar (p<0.01) istatistiksel agidan 6nemli
bulunmustur (Tablo 3). Priming x ¢esit x olgunluk interaksiyonunda ise toplam ¢imlenme

deger ortalamalar istatistiksel (p<0.01) a¢idan Onemlidir. Her ii¢ cesitte de tohum
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partilerinin OCZ degerleri agisindan farklilik, priming x olgunluk interaksiyonu harig¢

diger gruplarda (p>0.05) anlamli bulunmamistir.

Tablo 3 Incelenen parametrelere ait varyans analiz tablosu (2)

Kareler

Varyasyon kaynagi Bagimli degiskenler df ortalamasi Sig.
o ' Toplam ¢imlenme 12 242,963 ,001
Priming x Cesit ocz 12 3617 654
Normal ¢imlenme 12 191,503 ,004
Kok uzunlugu 12 10,132 ,614
Siirgiin uzunlugu 12 51,276 433
Priming x Olgunluk Toplam ¢gimlenme 18 551,122 ,000
0Cz 18 11,242 ,001
Normal ¢imlenme 18 773,954 ,000
Kok uzunlugu 18 21,033 ,038
Siirgiin uzunlugu 18 76,458 ,088
Cesit x Olgunluk Toplam ¢imlenme 6 1551,249 ,000
0oCzZ 6 8,782 ,078
Normal ¢imlenme 6 1261,566 ,000
Kok uzunlugu 6 64,000 ,000
Siirgiin uzunlugu 6 385,366 ,000
Priming X Cesit * Olgunluk Toplam ¢imlenme 36 275,915 ,000
(01674 36 3,861 711
Normal ¢imlenme 36 250,282 ,000
Kok uzunlugu 36 9,312 ,824
Siirgiin uzunlugu 36 72,950 ,062
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Sekil 2 Aydin siyahi ¢esidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalari sonrasi toplam ve normal ¢imlenme oranlari (%) ile ortalama ¢imlenme zamanlari

(OCZ, giin)

Kemer 27 ¢esidine ait toplam ve normal ¢imlenme degerlerinin priming uygulamalari
sonucundaki degisimi incelendiginde, kontrol grubuna gére 60 ve 75.giin hasatlarinin
tohumlarinda termopriming ile olumlu etki elde edilmistir (Sekil 3). Kemer 27 ¢esidinin
¢imlenme parametrelerinde en yiiksek R? degerleri 75. giin tohum hasadinda iken, OCZ
icin en yiiksek deger 60. giin tohum grubunda belirlenmistir.
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Sekil 3 Kemer 27 ¢esidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalar1 sonrasi toplam ve normal ¢imlenme oranlar1 (%) ile ortalama ¢imlenme zamanlar1

(OCZ, giin)

Farkli konsantrasyonlardaki (-1 ve -1.5 MPa) PEG-6000 ile %3, 5, 10 ve 15’lik KNO3
ve NaCl ozmotik ajanlarla hazirlanan ¢ozeltilerde uygulamalara tabi tutulan domates,
patlican ve biber tohumlarmin tohum giicline olan etkileri arastirilmistir. Domates
tohumlari i¢in 48 saat siire uygulanan hidropriming; patlican ve biber tohumlar1 i¢in nem
igerigi %80 olan kumda 3 giin siiren kat1 matris priming uygulamalarinin canlilik ve gii¢
parametrelerinde en iyi sonucu verdigi belirlenmistir [39]. Kullanilan priming islemleri
sirasinda teknigin etkili olmasi i¢in kok ¢ikist olusmamalidir. Bu nedenle uygulama siire
ve sicakliklar1 ¢ok dnemlidir. Onceki ¢alismalarda degisken sicaklik (10-30°C) ve 1-15
giin arasinda degisen siireler kullamilmistir. Ornegin, Trigo ve Trigo (1999), 25°C ve 72
saat siire ile dogal olarak yaslandirilan patlican tohumlarinda 20°C ve 48 saat
kombinasyonu ile yapilan priming islemi en uygun olarak belirlenmistir [40]. Patula ve

Erecta bitki yapraklari ile yapilan organik priming islemleri ve su ile uygulanan tohumlara
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kiyasla dogal olarak yaslandirilmis patlican tohumlarinin kék uzunlugunu ve fide taze

agirligini 6nemli 6l¢iide arttirmistir [41].
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Sekil 4 Manisa kir ¢izgili ¢esidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalar1 sonrasi toplam ve normal ¢imlenme oranlar1 (%) ile ortalama ¢imlenme zamanlar1

(OCZ, giin)

55 ve 60. Gilin Manisa kir ¢izgili ¢esidinin tohum hasat grubunun toplam ve normal
cimlenme degerlerinin 4 saatlik OP uygulamasi sonucunda, kontrol grubuna goére daha
yiiksek degerler vermistir (Sekil 4). Bu ¢esidin ¢imlenme parametrelerinde en yiiksek R?
degerleri 75. gilin tohum hasadinda iken, OCZ icin en yiiksek deger 60. giin tohum
grubunda belirlenmistir. Biber tohumlarma PEG 6000 (212 g/L) ile yapilan ozmopriming
sonucu, fide iiretiminde goriilen ¢imlenme ve ¢ikis problemlerinin azaltilabilme
olanaklarinin incelendigi arastirma sonucunda; uygulama yapilmis tohumlarin kontrol
tohumlarma gore ¢imlenme giici ve hizinda artis belirlenmistir [42]. Ispanak
tohumlarinda yapilan bir ¢alismada; 4 giin 10°C’de yapilan PEG uygulamasi ile toplam
¢imlenmede %50 artis saglanmistir [43].
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Sekil 5 Aydin siyahi ¢esidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalar1 sonras1 kdk-siirgiin uzunlugu (mm)

Aydin siyahi ¢esidine ait kok ve siirgiin uzunlugunun kontrol grubundaki degisimine
bakildiginda, olgunluk donemlerine bagli olarak dalgali seyretmekle beraber
yiikselmistir. Genelde, 50 °C’de 15 dakika yapilan termopriming grubu hari¢ tiim
olgunluklardaki kok ve siirglin uzunluklarinda azalma saptanmistir. Sekil 5’de de
goriildiigi tizere ¢iceklenmeden sonraki 50. giinde (ham tohum) hasat edilen tohumlarin
fizyolojik olgunlugu tamamlanamamasindan dolayr sonuglar1 olduk¢a degisken ve
uzunluk olarak daha azdir. Tim g¢esitlerde priming, olgunluk ve c¢esit x olgunluk
interaksiyonu bakimindan kok ve siirglin uzunluklar istatistiksel olarak oldukca anlamli
bulunmustur (Tablo 2). Cesidin kok ve siirgiin dl¢iimlerinde en yiiksek R? degerleri 60.

giin tohum hasadindan alinmistir.
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Sekil 6 Kemer 27 cesidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalar1 sonrasi kok-siirgiin uzunlugu (mm)
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Kemer 27 ¢esidinde 55 ve 60. giin hasat gruplarinda ait kok ve siirglin uzunluklari
termopriming uygulamalari ile kontrol grubu sonuglarina gore artis belirlenmistir. Sekil
6’da da goriildiigi iizere 6zellikle kok uzunlugu sonuglarinda da bu gruplar1 degerleri
benzer sonuglar vermistir. Kemer 27 ¢esidinin kok dl¢iimiinde en yiiksek R? degeri 75.
giin tohum hasadindan alinirken, siirgiin 6l¢iimiinde ise en yiiksek deger 55. giin tohum
grubunda belirlenmistir (Sekil 6). Domates tohumlarinda 2 saat siiresince 60°C’de
yapilan termopriming sonucu; siirgin uzunlugu, siirgiin agirligi, yaprak alani, ¢icek
sayisi, meyve tutumu ve toplam verim gibi parametrelerde 50°C’de yapilan uygulamaya

gore daha iyi sonuglar alinmistir [38].
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Sekil 7 Manisa kir ¢izgili ¢esidinin farkli olgunluktaki tohumlarinda kontrol ve OP, HP ve TP
uygulamalar1 sonrasi kdk-siirgiin uzunlugu (mm)

Manisa kir ¢izgili ¢esidinde 50. giin hasat grubu harig, kok uzunluklarinda termopriming
uygulamalar1 kontrol grubuna goére etkinken, siirglin uzunluklarinda tiim priming
uygulamalar1 degerlerinde artig saglanmistir. 60 ve 75. giin hasadina ait tohumlarda kok
ve siirglin uzunluklarinin priming sonucu gosterdigi degisim benzer olmustur (Sekil 7).
Bu cesidin kok uzunluk degerinde en yiiksek R? degeri 75. giin tohum hasadinda
belirlenirken, siirglin uzunlugu icin ise bu deger 60. giin tohum grubunda belirlenmistir.
Genel olarak tuz kosullarinda NaCl konsantrasyonundaki artisla gimlenme asamali olarak
inhibe edilebilmektedir. En gii¢lii inhibisyon 140 mM NaCl'de belirlenen ¢alismada,
gelisimin erken (antesisden sonraki 42, 45. giin) ve daha sonraki (antesisden sonraki 70,
80. giin) asamalarinda hasat edilen tohumlarinda, 2000'deki son sayima gore bu

konsantrasyonda % 40'tan daha diisiik ¢imlenmeye sahip olmustur. Sodyum kloriir
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konsantrasyonu arttik¢a ¢imlenme ve ¢ikis azalmistir. Benzer sonuglar, olgun sogan
(Allium cepa L.), seker pancari (Beta vulgaris L.) ve jojoba (Simmondsia chinensis L.)
[44, 45, 46] tohumlarinda gézlenmistir. Patlican tohumlarinin gelisim asamasi, stres
altinda performans1 ayirt eden faktorlerden biridir. Gelisim asamasi ayrica diger
tiirlerdeki potansiyel depolama 6mriinii ve fide biiylimesini de belirler [47]. Tuzluluk, fide
biiyiimesini (normal ¢ikis, taze agirlik ve kuru agirlik) toplam ¢imlenme yiizdesinden

daha siddetli etkilemektedir.
Sonug¢ ve Oneriler

Priming uygulamasinin tohum canliligini tesvik edebilmesi, tiire bagli olarak degisen
kritik nem seviyesinin iizerine ¢ikildigi zaman miimkiindiir. Bu asamada tohumlarda
rejenerasyon mekanizmasi calismakta ve bdylece tohum canliligi ile giicii olumlu
etkilenmektedir [48]. Elde edilen sonuglara gére, tohum canlilik parametrelerinin gogu
tohumun olgunluk durumuna bagli olarak priming ile pozitif iliski gosterdigi sonucuna
varilabilir. MKC ve AS ¢esitlerinde c¢imlenme performansi 60.glin hasadinin
tohumlarinda goriiliirken, K c¢esidinde ise 75.giin hasadinda belirlenmistir. Kok ve siirgiin
uzunlugu kriterlerinde ise tiim ¢esitlerde 6zellikle termopriming uygulamasi ile 55-60 ve
75. giin hasatlarinin tohumlarinda olumlu etki elde edilmistir. Priming islemleri arasinda
termopriming, diger islemlere kiyasla en iyi sonucu gostermistir. Genelde 50 ve 55.giin
hasatlarinda fizyolojik olgunluk agisindan yetersiz oldugu igin canlilik parametrelerinde
dalgalanma belirlenmistir (Sekil 2, 4 ve 7). Ilerleyen ¢alismalarda, daha fazla olgunluk
seviyelerine sahip tohum gruplarinda, alternatif siire ve konsantrasyonlarda priming

uygulamalari ile daha kesin sonuglar elde edilebilir.
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Bu ¢alisma birinci yazarin ikinci yazar danigmanliginda hazirladig: yiiksek lisans tezinin bir bolimiinden
iretilmistir.
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Kendiliginden Montajh Peptidler ve Kullanim Alanlan

Seyma Aydin' ', Ziilal Kesmen®*

OZET

Molekiiler kendiliginden montaj, molekiillerin kovalent olmayan etkilesimler yoluyla
bir araya gelerek supramolekiiler yapilar olusturdugu dogal bir mekanizmadir.
Dogada mevcut olan nano ve mikro yapidaki kendiliginden montaj
mekanizmalarinin  taklit edilmesiyle, istenilen &zellikte g¢esitli materyallerin
tasarlanmas1 miimkiindiir. Bu nanoyapilar, karbonhidrat, niikleik asitler ve peptidler
gibi yapi taslarinin kendiliginden montajiyla olusmakla birlikte bunlar arasinda
kendiliginden montajli peptidler biyouyumluluk, biyobozunurluk ve kimyasal
cesitlilik yoniinden en umut verici olamdir. Peptidlerin kendiliginden montaj
ozelliklerinden yararlanilarak, nanotiipler, nano lifler, nano kiireler, nano kapsiiller
ve hidrojeller gibi ¢ok sayida nanoyapi elde edilmistir. Kendiliginden montajli peptid
nanoyapilarinin islevi, uygun peptid bloklarinin tasarimi ile ayarlanirken stabilite ve
aktivitesi sicaklik, pH, 151k ve elektriksel kuvvet gibi dis uyaricilar kullanilarak
degistirilebilmektedir. Bugiine kadar peptidlerin kendiliginden montaj mekanizmasi
kullanilarak ¢ok sayida islevsel materyal tasarlanmis ve bu materyaller birgok alanda
uygulama imkani bulmustur. Bunlar arasinda en ¢ok 6ne ¢ikanlar, ila¢ salimimi ve
doku miihendisligi uygulamalaridir. Bu derlemede, kendiliginden montajli peptid
yapt bloklari, kendiliginden montaj mekanizmasi ve kendiliginden montajli peptid
nanoyapilarin uygulama alanlari iizerinde durulmustur.

Self-Assembled Peptides and Their Applications

ABSTRACT

Molecular self-assembly is a natural mechanism by which molecules come together
through non-covalent interactions to form supramolecular structures. It is possible to
design various materials with the desired properties by mimicking the self-
assembling mechanisms in the nano and micro structures present in nature. Although
these nanostructures are formed by self-assembly of building blocks such as
carbohydrates, nucleic acids and peptides, self-assembled peptides are the most
promising in terms of biocompatibility, biodegradability and chemical diversity. By
utilizing the self-assembly properties of peptides, many nanostructures such as
nanotubes, nanofibers, nanospheres, nanocapsules and hydrogels have been
produced. The function of the self-assembled peptide nanostructures can be adjusted
by the design of suitable peptide blocks, while the stability and activity can be
altered using external stimulants such as temperature, pH, light and electrical force.
To date, a large number of functional materials have been designed using the self-
assembly mechanism for peptides and they have been applied in many areas. The
most prominent of these are drug release and tissue engineering applications. In this
review, self-assembled peptide building blocks, the self-assembly mechanism and
the application areas of self-assembled peptide nanostructures have been discussed.
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Giris

Dogada bulunan bazi yapilarin (hiicre zarlariin, hiicre iskelet yapilarinin ve hiicre dis1
matriksin) olusumunda kendiliginden montaj mekanizmasi 6nemli bir rol oynamaktadir.
Son zamanlarda dogadaki bu iiretim mekanizmasini taklit eden c¢esitli malzemelerin
tasarimi1 iizerine yogun calismalar yapilmis ve biyolojik sistemleri taklit eden
kendiliginden montajli yapay sistemler gelistirilmistir.

Molekiiler kendiliginden montaj, termodinamik denge kosullar1 altinda bir dizi kovalent
olmayan etkilesimler (H-bagi, hidrofobik, elektrostatik, vander Waals etkilesimleri, m-n
istifleme etkilesimi  gibi) sonucunda molekiillerin kendiliginden bir araya gelerek
diizenli ve oldukca kararli yapilar olusturmasidir. Kendiliginden montaj, asagidan
yukartya dogru (buttom up) gerceklesen bir molekiiler organizasyondur ve nano
malzeme tiretiminde 6nemli bir yontemdir [1, 2, 3]. Peptidler, yag asitleri ve niikleik
asitler, kendiliginden birlesebilen biyolojik molekiillerdir. Bu molekiiller igerisinde,
sekansa Ozgii modifikasyonlara izin veren, yapisina antikorlar, enzimler, manyetik
pargaciklar veya fliloresan bilesikler eklenerek ilave islevsellik kazandirilabilen ve
ozellikleri, ortam kosullart (6rnegin, pH, iyonik kuvvet, 1sikve sicaklik) modifiye
edilerek degistirilebilen peptidler, en dikkat ¢ekici yapr bloklaridir [2]. Amino asitlerin
say1si, tirii ve dizisi degistirilerek istenilen yap1 ve fonksiyonlara sahip kendiliginden
montajli peptidler (KMP)’i tasarlamak miimkiindiir. Peptidlerin kendiliginden montaji,
amino asit kalintilariin belirli bir diizene gore gerceklesen etkisimleri ile ilgilidir. Bu
nedenle amino asit dizisini dikkatlice se¢ip diizenleyerek istedigimiz ikincil yapidaki bir
peptid ve bunlarin kendiliginden montaj1 ile yiiksek stabilite ve fonksiyonellige sahip
cesitli  nanoyapilar  olusturulabilir.  Halkasal peptidler, amfifilik peptidler,
kopolipeptidler, yilizey aktif madde benzeri oligopeptidler ve aromatik dipeptidler gibi
bir c¢ok peptid yapr blogu, nanovezikiiller, nanotiipler ve nanomiseller gibi
supramolekiiler yapilarin {iretilmesi ve bunlarin potansiyel uygulamalarinin arastirilmasi
icin tasarlanmistir [4]. KMP’lerin uygulama alanlar1 incelendiginde, bu yapilarin ilag
salinimi, doku miihendisligi, antibakteriyel etkinlik, biyosensor vb. gibi uygulamalarda

onemli bir role sahip oldugu goriilmiistiir.
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Bugiine kadar yapi1 bloklar1 ve montaj mekanizmalarina gore farkli KMP siniflar
tanimlanmistir. Bunlar igerisinde en fazla arastirrlan KMP smiflar1 asagida
aciklanmistir.

Amfifilik peptidler

Amfifilik peptidler igerisinde, lineer peptidler, iyonik tamamlayic1 peptidler, uzun
zincirli alkillenmis peptidler, peptid fosfolipitler ve peptid bazli kopolimerler yer alir
[5]. Bu peptidler, hem kimyasal 6zellikleri (peptid dizisi, yiik, konsantrasyon vb.) ve
hem de fiziksel Ozelliklerine (boyut, sekil vb.) bagli olarak kendiliginden bir araya
gelebilirler [6,7]. Amfifilik peptidler, genellikle hidrofilik peptid bas gruplar ile ¢esitli
ikincil ve li¢linciil konformasyonlar olusturan hidrofobik kuyruklar igerir [8, 9].
Hidrofobik kuyruklu ve hidrofilik basliklt dogrusal peptidler, kendiliginden bir araya
gelerek farkli nanoyapilar olustururlar. Hidrofobik kuyruk i¢inde glisin (G), alanin (A),
valin (V), 16sin (L), izolosin (I) ve fenilalanin (F) gibi amino asitler, hidrofilik alanlarda
ise aspartat (D), lizin (K), glutamat (E), arjinin (R) ve histidin (H) gibi amino asit
kalintilart bulunur [10]. Ornegin, AeD, VsD, G4DD, GeDD, GsDD, AsK ve KAs
dizilerine sahip ylizey aktif 6zellik gosteren lipid benzeri peptidler kritik toplanma
konsantrasyonuna (CAC) ulasildiginda (6rnegin, AsD icin CAC, 1.6 mM; AeK igin ise
1.5 mM) kendiliginden montajli nanoyapilar olustururlar [11, 12, 13].

Tipik bir peptid amfifil (PA) molekiiliiniin dort temel bolgeden olusan kimyasal yapisi,
sirastyla; hidrofobik interaksiyonlar olusturmak icin tasarlanmis uzun bir alkil
zincirinden olusan bir hidrofobik kuyruk (1. bdlge), molekiiller aras1 hidrojen baglarinin
olusumunu saglayan kisa bir peptid sekansi (2. bolge), yiiksek seviyede ¢oziiniirliik
saglayan ve pH veya tuz konsantrasyonuna bagli olarak kendiliginden montaj
indiikleyen yiiklii gruplar (3. bolge), hiicreler veya biyomolekiiller ile etkilesime girecek
sekilde tasarlanmis oligopeptid dizilerden (4. bolge) olusur (Sekil 1a).

Amfifilik peptidlerin sulu ortamda kendiliginden birlesmesi en az {i¢ ana kuvvet
tarafindan yonetilir. Bunlar: 1. alkil kuyruklarmin hidrofobik etkilesimi, 2. ytkli
gruplar arasindaki elektrostatik etkilesim ve 3. peptidler arasindaki hidrojen bagidir.
PA'nin kendiliginden montaj yapist bu kuvvetlerden her birinin dengeli bir katkisini
yansitir [14]. PA {nitelerinin kendiliginden montaji, pH, sicaklik, konsantrasyon ve

diger faktorlerin kontrolii ile de ayarlanabilmektedir. Bu durum, bir¢cok faktore karsi
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duyarli biyomalzemelerin iretimine imkan saglamaktadir [5, 15, 16]. Biyolojik
fonksiyonlar1 ylizey aktif 6zellikler sayesinde artirilmis amfifil peptidlerin, tek tabakali
(6r., miseller) veya c¢ok tabakali (or., vezikiiller) tasarimlar1 biiyiik ilgi gormektedir

(Sekil 1b).

b,
Al e g g f § 1 !
| o | | u .‘.": N‘- :‘l .kr ::-‘“ * ‘ . ‘
1. béige 3. bolge 4. bélge
A misel fiber
Kendiliginden
montaj

" w98

Amfifilik peptid (PA) vezikil tip

Sekil 1 PA molekiiliniin kimyasal yapisi. a.l. bolge: hidrobik kuyruk, 2. bolge: B-tabaka
olusturan segment, 3. bdlge: yiiklii gruplar, 4. bolge: biyoaktif epitop b. PA molekiiliiniin tek
tabakali (misel) ve ¢ok tabakali (vezikiil) tasarimlari [14, 17]

Iyonik-tamamlayici kendiliginden montajh peptidler

Nanolif olusturan kendiliginden montajli iyonik-tamamlayict peptid ailesinin ilk {iyesi
EAK16 (n-AEAEAKAKAEAEAKAK-c)’dir. Bu peptid, yiiklii ve hidrofobik yan
grublara sahiptir. Sulu ortamda, yiiklii taraf disariya, hidrofobik taraf ise, nanoliflerin
icine dogru yonelir [18, 19]. Bu arada, periyodik olarak tekrarlanan pozitif ve negatif
yiiklere sahip peptid dizileri, iyonik-tamamlayic1 kuvvetlerin etkisiyle stabil bir yap:
olusturur, daha sonra kendiliginden birleserek tipik P-tabaka seklindeki agregatlara
dontigiir ve nihayetinde bu [-tabaka’larin daha ileri derecede agregasyonu ile
nanoliflerden olusan bir hidrojel ag1 meydana gelir [20, 21]. Bu hidrojeller, hidrojen
baglar1 ve iyonik kuvvet nedeniyle genis bir pH, sicaklik ve organik ¢oziicli araliginda
oldukca kararli olabilirler [22].

Iyonik tamamlayiciliga sahip olmak icin, yiiklerin dagilimi belirli diizende olmalidir.
Farkl1 tiplerde siralama gosteren yiik dagilimlarinin tekrarlanmasi ile ¢ok sayida iyonik-
tamamlayici peptid tasarlamak miimkiindiir [23, 24, 25]. Iyonik tamamlayici peptidlerin

en onemli 6zelligi yiik dagilimlarinin basit molekiiler tasarimlarla degistirilebilmesidir.
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Bu sayede, ardigik tekrarlanan yiiklere sahip peptid tipleri (Tip I, II ve IV) disinda,
peptidlerin VE20, RF20 ve EHK16'da oldugu gibi tamamen negatif, tamamen pozitif
veya diizensiz olacak sekilde tasarlanmasi da miimkiin olabilmektedir [26]. Farkli
iyonik-tamamlayici kendinden-montajli peptid tiplerine asagida 6rnekler verilmistir:

Tip I: — + —+ —+ — + (6rnegin, peptid RADA16-1: n-RADARADARADARADA-c),
Tip II: — — ++ — — ++ (6rnegin, peptid RADA16-11: -RARADADARARADADA-c),
Tip IV: ——++++ (6rnegin, peptid EAK16-1V: n-AEAEAEAEAKAKAKAK-C)
Iyonik tamamlayici peptidlerin ikinci nemli 6zelligi, ayn1 yiik dagiliminin farkli amino
asit kalintilar1 kullamlarak elde edilebilmesidir. Ornegin, EAK peptidinin yapisindaki
glutamik asit (E) ve lisin (K) kalintilarinin sirasiyla aspartik asit (D) ve arginin (R) ile
degistirilmesiyle DAR peptidi tiiretilebilir. Benzer sekilde, EAK'nin yapisindaki alanin
(A) hidrofobik kalintisinin fenilalanin (F) veya losin (L) ile degistirilmesiyle, sirasiyla
EFK ve ELK iyonik-tamamlayict peptidleri {iretilebilmektir. Boylece, iyonik
tamamlayici peptidlerin i¢sel 6zellikleri bu basit degisikliklerle kontrol edilerek, istenen
supramolekiilleri olusturma egilimi arttirilabilir. Iyonik tamamlayici peptidlerin iigiincii
ozelligi de, iyonik tamamlamanin belirli sayida aminoasitle miimkiin olmasidir.
Ornegin; Tip IV peptidlerini olusturmak i¢in gerekli olan minimum aminoasit sayis1 16
iken, Tip I ve Tip II peptidlerin olusturulmasi i¢in sirasiyla dort ve sekiz aminoasit
kalintis1 gerekmektedir [26].

Iyonik-tamamlayici peptidlerin son derece énemli olan bir 6zelligi de sulu ¢ozeltide
karakteristik f-tabakalar olusturmasidir. Kisa amino asit sekanslarina sahip peptidler
rastgele bobin yapilar olusturma egilimi gosterirken, Tip IV dagilimina sahip olanlar a-
/B-konformasyonel degisikliklerine kars: yiiksek bir egilim gosterir. Iyonik tamamlayici
peptidlerin olusturdugu [B-tabakalar, membran benzeri supramolekiiller olusturabilir.
Fizyolojik kosullar altinda son derece kararli olan bu p-tabakalar, denatiire edici
ajanlara bile dayaniklidir. Ornegin, EAK16-II membranlari, % 1 sodyum dodesil siilfat
(SDS) c¢ozeltisinde 4 saatten fazla siireyle 90°C'ye kadar yiliksek sicakliklara
dayanabilir. Ayrica, tripsin, a-kimotripsin, papain, proteaz K ve pronaz gibi bircok
proteaza karsi direncglidirler. Membranlar mekanik olarak da oldukga kararlidir ve kati
bir destek vasitasiyla bir ¢ozeltiden digerine transfer edilebilir. Membranin bu

olaganiistii stabilitesinin, kararli -tabakalarindan kaynaklandigi diisiiniilmektedir [26].
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Yiikli peptidler hiicre tanima ve biyolojik molekiillere baglanma mekanizmalarinda
onemli bir rol oynarlar. Iyonik-tamamlayici peptidlerin iki {iyesi, EAK16-11 ve RAD16-
II'nin, memeli hiicrelerinin  yapismasin1  destekleyen matriksler olusturdugu
bildirilmistir. Cesitli memeli hiicre tipleri, hem RAD16 hem de EAK16 mambran
matrikslerine baglanabilir. Bu matriksler, in vitro hiicre baglanma mekanizmalarini
analiz etmek i¢in deneysel bir sistem olusturdugu gibi doku yenilenmesi, doku nakli ve
yara iyilesmesine yonelik in vivo ¢alismalarda da kullanim potansiyeline sahiptir [20].
Ayrica, iyonik tamamlayict KMP’lerin, kemik, kikirdak, damar, kalp ve sinir sistemi
dahil olmak tizere c¢esitli dokularda hiicre biiyiimesi ve farklilasmasini destekleme
amaciyla kullanilabilecegi gosterilmistir [27, 28]. Ornegin, RADA16-I’in ticari formu
olan PuraMatrix hiicre biiylimesini ve doku yenilenmesini desteklemek icin

kullanilmaktadir [24].
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Sekil 2 Iyonik-tamamlayici peptidlerin kendiliginden montaji [29]

Halkasal peptidler

Tipik halkasal peptidler, ardisik tekrarlanan D, L tipi a-amino asitler, ardisik tekrarlanan
a- ve B-amino asitler, ardigik tekrarlanan a-ve y-amino asitler gibi kendiliginden montaj
olabilecek amino asitleri igerir [30, 31, 32, 33]. De Santis ve ark. [34] teorik olarak,
ardisik tekrarlanan D- ve L-amino asitlerini igeren halkasal peptidlerin kendiliginden

nanotiipler halinde birlesebilecegini gostermislerdir. Daha sonraki yillarda Ghadiri ve
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ark. [30] ilk kendiliginden montajli halkasal peptid olan siklo-(L-GIn-D-Ala-L-Glu-D-
Ala)y’yi  sentezlemislerdir. Arastirmacilar, bu heterokiral halkasal peptidlerin,
birbirlerinin  iistiine istiflenmesiyle i¢i bos nanosilindirler elde etmislerdir.
Kendiliginden montaj, asidik ortamda tetiklenmis ve halka seklindeki oktapeptid
birimlerinin hidrojen bagi etkilesimleriyle belirli bir ¢apa sahip nanotiip yapilari

olusturdugu gozlenmistir [4].
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Sekil 3 Halkasal D, L-a peptidinin kendiliginden montajli nanotiiplerinin sematik gosterimi [35]

Ayni amino asit kalintilardan olusan dogrusal ve halkasal peptidlerin, kendiliginden
montaj sirasinda farkli davraniglar gosterdigi belirtilmistir. Yapilan bir c¢alismada,
triptofan ve arginin kalintilarin1 iceren dogrusal peptidlerin diizensiz morfolojiler
gosterdigi, halkasal muadilinin ise, kiiresel nanoyapilar olusturdugu bildirilmistir [36].
Baska bir ¢alismada ise, [FR]s, [FK]4, [WK]s5, [CR]4, [AK]4 Ve [WR]4'i igeren bir dizi
halkasal peptidin kendiliginden montaj davranislar1 kapsamli olarak arastirilmistir (F =
fenilalanin, R = arginin, K = lisin, W = triptofan, C = sistein, A = alanin). Buna gore,
kendiliginden montajli nanoyapilarin, sulu ¢ozelti i¢inde, optimum hidrofobiklik ve yiik
dengesi kosullarinda molekiil i¢i ve/veya molekiiller arasi etkilesimler yoluyla
olusabilecegini bildirmiglerdir. Tasarlanan [WR]s peptidi, belirli bir inkiibasyon
siiresinden sonra oda sicakliginda kendiliginden montajli nanoyapilar iiretmistir.
[WR]a4'teki triptofanin indol halkasinin, potansiyel hidrofobik etkilesimler olusturarak
kendiliginden montaj isleminde kritik bir rol oynadig: bildirilmistir. Ayrica, arginindeki
pozitif yiiklii guanidin grubunun, hidrojen bag: etkilesimlerine katildigr bulunmustur.
Bununla birlikte, geriye kalan 5 halkasal peptidin, muhtemelen hidrofobik ve pozitif
yiikli kalintilarin uygun olmayan kombinasyonundan dolayr kendiliginden montajl

nanoyapilar olusturamadigi belirtilmistir. Kendiliginden montaj islemi iizerine halka
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biiyiikliigiiniin roliinii aragtirmak i¢in, [ WR]4'lin tiirevleri, [WR]3 ve [WR]s tasarlanmis
ve test edilmistir. TEM sonuglarina gore tim peptidlerin vezikiiler yap1 gosterdigi ve
halka biiyiikliigii arttik¢a boyutunun da biiyiidiigii gézlenmistir. Sonugta, bu halkasal
peptidlerin kendiliginden montaj islemini etkileyen baslica tli¢ faktoriin; hidrofobik giig,
kismi B- yapilar arasindaki hidrojen baglar1 ve/veya triptofan kalintilar1 arasindaki m-n
etkilesimleri oldugu bildirilmistir [37].

Hibrit peptidler

Peptidler; lipitler, polimerler, niikleikasitler, sakkaritler, aromatik gruplar, halojen
elementler gibi c¢esitli kimyasal gruplar ile birlikte hibrit peptid sistemlerini
olusturmaktadir. Peptidler, sadece aminoasit sekanslar1 degistirilerek degil, ayni
zamanda N- veya C- ucuna bir cap molekiilii ekleyerek veya peptid domainlerinin
arasina bir linker yerlestirilerck de modifiye edilebilir. Bu modifikasyonlar, peptidlerin
kendiliginden montaj mekanizmalarini arastirmak ve peptid nanoyapilarin yapisal
ozelliklerini kontrol etmek i¢in kullanilmigtir [38, 39].

Tang ve ark. [40] fenilalanin ve glisin kalintisinin kombinasyonundan olusan Fmoc-
dipeptidlerin kendiliginden montaj davranislarin1 incelemis ve yapinin esneklik ve
konformasyonun, amino asit tipi ve sekansindan etkilendigini ortaya koymuslardir.
Fmoc (florenilmetiloksikarbonil) grubu disinda, naftalin [41], fenotiyazin [42], piren
[43], karboksibenzil [44], azobenzen [45, 46], naproksen [47] ve benzimidazol [48]
gruplar1 da, kendiliginden montaj1 kolaylagtirmak i¢in aromatik bir cap olarak N-ucuna
eklenmektedir. Taurin ve naftalinin, FF dipeptidi (naftalin-FF-taurin) ile birlestirilmesi,
sicaklik, sonikasyon ve pH gibi montaj kosullarina bagli olarak nanotiip, nanolif veya
nanoribon olusumuna yol agmistir [41]. Bagka bir ¢alismada ise, fenotiyazinle konjuge
edilmis tetrapeptidlerin (-GFFY), 25 nm ¢apinda uniform nanolifler olusturdugu
gozlenmistir [42]. Ayrica C- ucunun hidrofobikligi ve hidrojen baglama kapasitesinin,
bu uctaki karboksilik asitin yerine, amid ve metil ester tiirevleri getirilerek

ayarlanabilecegi bildirilmistir [49].
Kendiliginden Montajh Peptidlerin Kullanim Alanlar:

Bugiine kadar, kendiliginden montaj mekanizmasini daha i1yi anlayabilmek ve KMP
nanoyapilarini, doku rejenerasyonu, ilag salinimi ve biyosensorler gibi ¢esitli

biyomedikal uygulamalarda kullanabilmek amaciyla ¢ok sayida arastirma yapilmistir.
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KMP’lerin esnek tasarim oOzellikleri, bu yapilarin birgok alanda c¢esitli amaglarla
kullanimina imkan tanimaktadir. Bu uygulamalardan bazilarina asagida yer verilmistir.
Ila¢ salimmm

Geleneksel ilaglarda karsilasilan diisiik ¢oziniirliik, hizli biyolojik bozunma, spesifik
olmayan salinim gibi dezavantajlar, kontrollii ilag salinim sistemlerine duyulan ihtiyaci
artirmigtir. Terapotik ajanlart igine hapseden bu sistemler, molekiilleri, bozulmaya karsi
korumakta, kontrolli ve uzun siireli salinimlara izin vererek ilacin etkinligini
arttirabilmektedir [50, 51, 52, 53]. Ilag dagitim sistemi icin gelistirilen akilli nano
tastyicilarin, birgok hastaligin tedavisinde kullanim potansiyeli bulunmaktadir. Webber
ve ark. [54] anti-enflamatuar ilag olan deksametazonu (Dex), uzun siireli ilag salinimi
elde etmek icin bir amfifil peptid (Cie-V2A2E2) ile konjuge etmislerdir. In vitro
calismalarda uzun siireli ve lokalize ilag salinimi saglamak i¢in jel aglart olusturan bu
materyalin enjeksiyon bolgesinde sitoprotektif ve antiinflamatuar 6zellikler gosterdigi
tespit edilmistir. Bu nanofiber jeller, fizyolojik ortamda bir ay boyunca Dex'in siirekli
salimimi saglamistir. Ayrica faredeki in vivo g¢aligmalar, bu amfifil peptidin sistemik
immun baskilama olmaksizin lokal akut enflamasyonunu biiyiik Olciide azalttigini
gostermistir.

KMP nanoyapilar, miikemmel biyobozunurluk ve biyouyumluluklar1 nedeniyle,
antikanser ila¢ salinim uygulamalarinda biiyiik bir ilgi gérmiis ve bu yapilar sayesinde
kanser terapisinde ilerleme kaydedilmistir. Enjekte edilebilir 6zellikte hidrojel olusturan
KMP nanolifler, kemoterapotik ilaglarin hedeflenen kanser dokularmma daha yiiksek
konsantrasyonlarda ulagsmasini saglamaktadir. Ayrica bu peptid hidrojeller, yavas
salinim hizlarindan dolayr daha giivenli bulunmaktadir. Kendiliginden montajli peptid
nanoyapilara yiiklenmis doksorubisin (DOX), kurkumin, fluorourasil ve paklitaksel gibi
birgok antikanser ajanin, kanser tedavisindeki basaris1 preklinik veya klinik deneylerde
test edilmistir [55, 56, 57].

Zhua ve ark. [58] tarafindan yapilan bir calismada, pH'ya duyarl tetrahidropiran (THP)
veya tetrahidrofuran (THF) baglantis1 iceren bir amfifilik blok kopolimer tasarlanmaistir.
Kapsiillenmis ilaglarin salinim hizinin, pH degerine bagh oldugu bulunmustur. PLA-
THP-PEG miseller icin DOX salinim miktar1 pH 5'de % 62 iken pH 7.4'te bu degerden
yaklasik dort kat daha yiiksek oldugu bulunmustur. Aynmi kosullar altinda PLA-THF-

PEG miselleri i¢in salimim orami ise, PLA-THP-PEG misellerininkinden biraz daha
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yiiksek bulunmustur. Hiicresel alim ¢aligmasi, DOX yiiklii misellerin hiicrelere kolayca
girebildigini ve istenen farmakolojik etkiyi iiretebildigini ayrica serbest DOX'un
olumsuz etkisinin en aza indirildigini gostermistir. Bu bulgular, THP ve THF bagh
diblok kopolimer misellerinin, ilag tasiyici bir aday olarak one ¢iktigin1 gostermektedir
(Sekil 4).

Hiicre penetran peptidler (CPP'ler), lizinler ve /veya argininler bakimindan zengin
kiiciik (tipik olarak <20 amino asit) bir katyonik peptid sinifidir. Cogu durumda, CPP
destekli tasima sisteminde, ila¢, hiicre icinde zamanla salinmasina izin veren
parcalanabilir bir baglayict (linker) vasitasiyla CPP'ye kimyasal olarak konjuge
edilmistir. Ornegin, insan bagisiklik yetmezligi viriisiinden (HIV) tiiretilen ilk CPP,
transkripsiyon transaktivatdor (TAT) peptidi, kiiciik molekiiller, peptidler, proteinler,
oligoniikleik asitler, nanopartikiiller ve cesitli toropatik molekiillere membran

penetrasyonlarini artirmak i¢in konjuge edilen molekiiler salinim aracidir [59].
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Sekil 4 KMP nanoyapilarin ilag salimim mekanizmasi. THP: tetrahidropiran, THF:
tetrahidrofuran, PLA: polilaktikasit, PEG: poli etilen glikol, DOX: doksorubisin [58]

Zhang ve ark. [60] tarafindan yapilan bir calismada, biyoaktif Tat peptidine hidrokarbon
kuyruklar konjuge edildiginde, B-tabakali bir sekonder yap1 kazandig1 ve bdylece 1D
nanoyapilarin olusumuna yol ac¢tig1 rapor edilmistir. Calismada farkli sayida oktanoik
asit (C8) kuyrugu tasiyan 3 Tat konjugati (qC8-Tat, dC8-Tat ve mC8-Tat)
sentezlenmistir. Bu tasarimda kisa hidrofobik kuyruklarin bir araya gelmesiyle
hidrofobik alanin genislemesi ve daha az kristallesmesini saglayarak ila¢ yilikleme

kapasitesinin (DLC) artirilmasi amaglanmistir. Yumurtalik, meme ve diger kanser
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tirleri i¢in kullanimi onaylanmis hidrofobik bir ila¢ olan paklitakselin (PTX) suda
¢Oziiniirliigliniin zayif olmast nedeniyle genellikle nano olgekli salinim araglar
kullanilarak uygulanmaktadir. Molekiiler yap1 {iinitesi olarak Tat’in kullanildigi
supramolekiiler nanolifler, PXT’in enkapsiilasyonunda kullanilmis ve ila¢ yiikleme
kapasitesinin yiikseldigi tespit edilmistir. incelenen Tat peptidleri arasinda 4 adet C8
kuyrugu tasiyan qC8-Tat’in pH 7.4’te sulu ¢ozelti igerisinde nanotiipler olusturan,
enkapsiilasyon etkinligi en yiiksek peptid oldugu bildirilmistir.

Doku miihendisligi

Doku rejenerasyonu uygulamalarinda kullanilan nanotiip veya nanolif yapidaki
KMP’ler, hasarli bolgelerde, iic boyutlu bir geometride hiicre iiretimi ve hiicre disi
matriks (ECM) olusumu igin bir iskele olusturabilmektedir [51, 61, 62]. Yapilan bir
calismada, kikirdak  rejenerasyonunu  artirmak  ig¢in, KLD12  peptidi
(KLDLKLDLKLDL) tarafindan olusturulan bir hidrojel iskelesi gelistirilmis ve birincil
sigir kondrositleri ile birlikte 4 hafta kiiltiire alinmistir. Bu siiregte peptid hidrojelinde
kiiltiirlenen kondrositlerin morfolojik yapilarini koruduklar1 ve proteoglikanlarca zengin
kikirdak benzeri ECM ve stabil bir kondrosit fenotipinin gostergesi olan tip II kollajen
urettikleri gozlenmistir. ECM'nin zamana bagli olarak biriktik¢e yeni dokunun mekanik
olarak islevselligini gdsteren materyal sertliginin de arttig1 bulunmustur. Bu sonuglar,
kendiliginden montajli KLD12 peptid hidrojelinin, kikirdak dokusu onariminda,
kikirdak benzeri ECM'nin sentezi ve birikimi i¢in bir iskele olarak kullanilabilecegini
gostermistir [63].

Hosseinkhani ve ark. [64] mezenkimal kok hiicrelerin ¢ogalmasi ve farklilasmasini,
peptid amfifil (PA) molekiillerinin kendiliginden montaj1 ile olusturulan ii¢ boyutlu
(3D) bir nanolif ag1 icerisinde incelemistir. Bu amagla kati faz kimyas: ile sentezlenmis
PA’lara, evrensel hiicre tanima motifi arginin-glisin-aspartik asit (RGD) dizisi
eklenmistir. Sonucta kendiliginden monte edilmis PA nanoliflerinin, mezenkimal kok
hiicrelerin baglanmasi, ¢cogalmasi ve osteojenik farklilasmasini pozitif yonde etkiledigi
ve doku rejenerasyonunda kullanim potansiyelinin oldugu bildirilmistir.

Bu gibi doku miihendisligi uygulamalarina yonelik biyomalzemelerin gelistirilmesinde
baz1 spesifik peptid motiflerinin énemli bir rol oynadig1 ve peptid amfifillerinin bu
alanda yiiksek bir potansiyele sahip oldugu bildirilmistir [65, 16]. Ornegin, Hartgerink

ve ark. [66] yapay kemik sentezi i¢in imit verici bir peptid-amfifil tasarlamislardir. Bes

371



bolgeden olusan bu amfifil peptid sirasiyla; (1) molekiile hidrofobik karakter kazandiran
16 karbonlu bir alkil kuyrugu; (2) nanoyapilar disiilfit baglar1 vasitasiyla stabilize eden
dort sistein kalintisindan olusan bir dizi; (3) esnek bir baglant1 saglayan ii¢ glisin
kalintisi; (4) hidroksiapatitin biomineralizasyonu i¢in fosforile edilmis tek bir serin
kalintist; ve (5) bir hiicre adezyon grubu olan RGD’yi icermektedir. Molekiiliin peptid
ucu, biomineralizasyonu diizenlemek ic¢in tasarlanmigtir. Kemik olusumunda
mineralizasyon olarak bilinen islemde hidroksiapatit kristalleri kalsiyum ve fosfat
iyonlarin birikmesi ile olusmaktadir. Fosforile edilmis bir serin sentetik amfifilik
peptid kompleksi ile birlestirildiginde, hidroksiapatit kristalleri olusturmak ig¢in
kalsiyum ve fosfat iyonlarin1 ¢ekme ve diizenleme islevi gormektedir. Aragtirmacilar
ayrica, peptidin C-terminaline bir hiicre adezyon motifi olan arginin-glisin-aspartik asit
(RGD) ekleyerek sentetik amfifilik peptid kompleksini islevsellestirmislerdir. Bu
peptid-amfifil molekiillerin kendiliginden birlesmesiyle olusturduklar1 nanolifler,
hidroksiapatit kristallerinin biiylimesi i¢in kemik dokusundaki kollajen liflerini taklit
eden bir ortam saglamaktadir [67].

Kendinden montajli sentetik amfifiller ve peptid hidrojellerin, titanyum ylizeyler
tizerinde osteoblastlarin diizenlemesi ve kontrol edilmesi amaciyla kullanilabilecegi
bildirilmistir. Molekiiler tasarim yoluyla yiiksek oranda biyoaktif 6zellik kazandirilan
PA nanolifler, inert bir titanyum kopiigliniin potansiyel olarak biyoaktif bir implanta
doniistiiriilmesinde  kullanilabilir. Ornegin dental implantlarda biyoaktif implant
ylizeyleri olusturmak amaciyla gézenekleri PA nanolifler ile doldurulmus Ti-6Al-4V
kopiigiinden olusan bir hibrid implant materyali hazirlanmistir. Taramali elektron
mikroskobu (SEM) ve konfokal mikroskop kullanarak, PA’larin metal kopiik icinde
kendiliginden birleserek nanolif yapisinda bir matriks olusturdugu ve kopiigiin
gozeneklerini tamamen doldurdugu gozlenmistir. Ayrica, bu yapmnin, hiicrelerin
biyoaktif matriks i¢inde enkapsiilasyonuna izin verdigi ve uygun kosullar altinda
nanoliflerin, Ca:P oranina bagli olarak hidroksiapatitin baslangic c¢ekirdeklenmesine
katki sagladigi bildirilmistir. Sonucta, PA-Ti hibrid stratejisinin, minerallesmeyi
baslatmak ve konak dokudan gozenekli implantlara hiicresel yaniti yonlendirmek ve
boylece implantlarin fiksasyonunu, osteointegrasyonu ve uzun siireli stabilitesini

arttirmak icin potansiyel bir yontem olarak kullanilabilecegi rapor edilmistir [68].
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Antimikrobiyal uygulamalar

Dogal savunma sisteminin bir parcasi olarak, antimikrobiyal peptidler farkli organizma
tiirlerinde yaygin olarak bulunmustur. Antimikrobiyal peptidler, prokaryotlardan
insanlara kadar hemen hemen tiim canlilar tarafindan dogal olarak iiretilen,
mikroorganizmalara karst inhibitor etkili bilesiklerdir. Antimikrobiyal peptidler
genellikle, bakteri hiicre membraniyla etkileserek hiicre gecirgenliginin bozulmasina ve
boylece hiicrenin Oliimiine sebep olmaktadirlar. Antimikrobiyal peptidlerin (AMP)
bakteriyel —membranlarla  etkilesimlerinde, peptid dizisinin  biiylkliigiiniin,
hidrofobikliginin, amfifilikliginin, net yiikiiniin ve ikincil yapisinin etkili oldugu
gosterilmistir [69, 70, 71, 72]. Bugiine kadar AMP’lerle ilgili yapilan aragtirmalar
monomerik AMP’lerin bakteriyel membranlarla olan etkilesimi ve membranlarin
selektif olarak deformasyonuna yonelik peptid dizayni {izerinde yogunlagmistir [73].
Ancak, son yillarda yapilan arastirmalar, AMP'lerin, antimikrobiyal aktivitesinde
kendiliginden montaj mekanizmasinin da etkili oldugunu gostermektedir. Ornegin,
Schnaider ve ark. [74] antibakteriyel supramolekiiler polimer olusturmak i¢in minimal
motif olarak kullandiklar1 difenilalaninin antibakteriyel aktivitesini arastirmislardir.
Kendiliginden montajli difenilalanin nano yapilarinin bakteri morfolojisinde 6nemli
derecede bozulmaya yol actigi, membran gecirgenligi ve depolarizasyonuna neden
oldugu ve bakteriyel gelismeyi tamamen inhibe ettigi gosterilmistir.

Antimikrobiyal peptidlerin etki mekanizmalarini agiklamak i¢in ¢esitli modeller mevcut
olmakla birlikte “namlu gézenek” ve “hali benzeri” mekanizma one ¢ikmaktadir. Namlu
gozenek mekanizmasinda peptidler, hidrofilik bir por olusturan kiiciik demetler halinde
transmembranal olarak yerlesirken, hali benzeri mekanizmada, membran yiizeyine
paralel uzanirlar ve bdylece membran Ozelliklerini degistirirler. Bunlarin disinda
toroidal gozenek veya diizensiz toroidal gozenek gibi bazi ek modeller de 6nerilmistir,
ancak bunlar yukarida belirtilen iki mekanizmanin ara modelleri olarak kabul edilmistir.
Sekil 5°de gosterilen lipit ¢ift tabakasindaki nanotiip organizasyonu, halkasal peptidin
yapisina baghdir. Amfipatik yapidaki peptidin non-polar kalintilari, lipid ¢ift
tabakasindaki fosfolipidlerin hidrokarbon zincirleri ile etkilesime girerken, katyonik ve
hidrofilik kalintilar1 fosfolipidlerin bas kismi1 veya sulu ortam ile etkilesim igerisindedir
[75].
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Sekil 5 Halkasal peptidlerin lipit ¢ift tabakasinda nanotiip organizasyonu. Hidrofilik bolgeler
mor ve hidrofobik bolgeler ise gri renkte gosterilmistir. a. iyon kanali, b. por olusturan
nanotiipler (namlu-gzenek modeli), c. hali benzeri modelde nanotiiplerin membrana yerlesimi
[78]

Peptid nanotiipler, tiibiiler yapiya sahip supramolekiiler nanobiyomalzemelerdir.
Halkasal peptidlerin kendiginden montaji, membranlardaki iyon kanallarini taklit eden
transmembran gozenekler olusturabilirler. Membran iizerindeki nanotlip oryantasyonu,
halkasal peptidin yapisina baglhdir. Oyleki, tiim hidrofobik halkasal peptidler,
membrana dik sekilde yonlendirilmis nanotiipler olusturarak lipit tabaklarla van der
Waals etkilesimlerini en iist diizeye ¢ikarmaya ¢alisirken, amfifilik halkasal peptidler
ise, membrana paralel uzanan nanotiipler olusturur. Yapilan deneyler, sub-letal
konsantrasyonlardaki peptidlere uzun siire maruz kaldiktan sonra bile S. aureus’un
diren¢ gelistirmedigini gdstermistir. Bu durum peptidlerin bakteri membraninin birden
fazla bileseni ile etkilesime girmesi ile aciklanmistir [75].

Veiga ve ark. [72] kendiliginden montajli arjinince zengin B-hairpin peptidlerinden
olusan hidrojelleri incelemis ve bunlarin ¢oklu ilaca direngli Pseudomonas aeruginosa
dahil olmak iizere hem Gram-negatif ve hem de Gram-pozitif bakterilere karsi kuvvetli
antimikrobiyal aktivite gosterdiklerini tespit etmislerdir. Bu calismada, 8 arjinin
kalintis1 iceren PEP8R hidrojeli, miikemmel antibakteriyel o6zellige sahip olmakla
birlikte, insan kirmizi kan hiicrelerine (nRBC) de litik aktivite gdsterdiginden, arjinin
kalintilar1 lisin ile degistirilerek tic peptid (PEP6R, PEP4R ve PEP2R) daha
tasarlanmigtir. Hiicre bazli deneyler, arjinin igeriinin azaltilmasmnin hemolitik
aktivitede belirgin, antibakteriyel aktivitede ise hafif bir diisiise yol agtigin1 gostermistir.
Bunlardan PEP6R (VKVRVRVRVPPPTRVRVRVKYV) peptidinden olusan PEP6R

jelinin, bakterilere kars1 yiiksek antimikrobiyal etki gdsterirken, insan eritrositleri ve
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memeli mezenkimal kok hiicrelerine karsi sito-uyumlu oldugu ve reolojik olarak enjekte
edilebilir 6zellik gosterdigi tespit edilmistir.

Benzer sekilde, Salick ve ark. [76] MAX1 (VKVKVKVK(dV)PPTKVKVKVKV-NH>)
peptidinin kendiliginden birlesmesinden elde edilen hidrojelleri arastirmislar ve sonugta
bu jellerin Gram-pozitif ve Gram-negatif bakterilere karsi genis spektrumlu bir
aktiviteye sahip oldugunu gostermislerdir. Membran gecirgenlik analizleri ve canli-6lii
testleri, MAX1 hidrojellerinin bakteriyel membran bozulmasina neden oldugu ancak
memeli fibroblastlarina veya insan eritrositlerine karsi diisiik toksisite sergiledigini
gostermistir. Baska bir calismada ise Salick ve ark. [77] MAX1 ve MARGI
(VKVKVRVK(dV)PPTKVKVRVKV-NH2) peptidlerinin kendiliginden birlesmesiyle
olusturulan hidrojelleri karsilastirmis ve her iki peptidin de metisiline duyarli S.
aureus'a (MSSA) kars1 etkili oldugu, ancak sadece MARGI’in metisiline direngli S.
aureus (MRSA)’a kars1 giiglii antimikrobiyal etki gosterdigini bulmuslardir. Bu durum,
arginin kalintilarinin lizin kalintilarina kiyasla daha giiclii antimikrobiyal aktiviteye
sahip oldugunu gostermistir.

Lombardi ve ark. [78] tarafindan yapilan bir ¢alismada, bir AMP dizisinin antibakteriyel
etkinliklerini  arttirmak i¢in kendiliginden montajli  antimikrobiyal peptidler
tasarlanmistir. Bu amagcla siradist bir deniz canlis1 olan hagfish’in epidermal
mukusundan izole edilen miksinidin'in bir tiirevi olan, antibakteriyel WMR peptidi (13-
amino-asitlik peptid: NH2-WGIRRILKYGKRS-CONHy), bir peptid amfifili (WMR-
PA) elde etmek i¢in lipidik bir kuyruk (Ci9H3gO2) iceren ve alifatik kalintilardan
(AAAAAAA) olusan bir peptid segmentine baglanmistir. Kendiliginden montajli
WMR-PA'larin antibiyofilm aktivitesi incelenmis ve WMR ile karsilagtirilmistir.
Calisma kapsaminda ayrica hidrofobik kuyruk igeren ancak AMP dizisini igermeyen
daha kisa PA’lar tasarlanmis ve WMR peptidi ile karsilastirilmistir. PA'larin, stabil
nanolif yapilar seklinde kendiliginden toplandiklar1 ve bu nanomontajlarin, P.
aeruginosa (Gram-negatif bakteriler) ve C.albicans'm biyofilm olusumunu WMR
peptidine kiyasla 6nemli dl¢lide inhibe ettigi ve hali hazirda olusturulmus biyofilmleri
de yok ettigi goriilmiistiir. Medikal implantlarda bakteriyel tutunma ve biyofilm
olusumundan kaynaklanan enfeksiyonlarda 6zellikle antibiyotiklere kars1 bakteri

direncinin ortaya ¢ikmasiyla yasanan ciddi zorluklar disiiniildiigiinde, antibakteriyel
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aktiviteye sahip peptid bazli supramolekiiler yapilarin biyomedikal uygulamalar icin
yenilikg¢i bir strateji olugturdugu sonucuna varilmistir.

Liu ve ark. [79] tarafindan, hidrofilik kismi1 bir TAT peptidi ile birlikte alt1 arginin ve ii¢
glisin kalintisindan olusan ve hidrofobik kismi ise kolesterol iceren kisa bir amfifilik
peptid (CG3R6TAT) tasarlanmistir. Tasarlanan amfifilik peptidin kendiliginden montaji
ile olusan ve merkezinde kolesterol bulunan g¢ekirdek-kabuk yapili nanopartikiillerin
antimikrobiyal aktiviteleri belirlenmistir. Bu nanopartikiillerin, ¢oklu ila¢ direncli
bakteriler dahil olmak tizere ¢esitli gram pozitif bakteriler ile bazi kiif ve maya
tirlerinin gelismesini etkili bir sekilde inhibe eden genis bir antimikrobiyal etki
spektrumuna sahip olmakla birlikte nispeten diisiik hemolitik ativite gosterdigi tespit
edilmistir. Antimikrobiyal etkinin, pozitif yiikli nanopartikiillerin, elektrostatik
cekimler yoluyla mikrobiyal ylizeylerle kolayca etkilesime girerek, hiicre duvarina zarar
vermesi veya hiicre duvari sentezini inhibe etmesi neticesinde olustugu bildirilmistir.
Hidrojeller

Hidrojeller, biinyesine yiiksek oranda su alarak “sisme” ozelligi gosterebilen ¢apraz
bagli polimerik ags1 yapilar olarak tanimlanir. Hidrojel olusumu sicakliga, pH'ya,
polimer veya tuz konsantrasyonuna baghdir. Hidrojeller, homopolimerler, kopolimerler
veya c¢oklu polimer aglart kullanilarak dogal dokuya benzer mekanik ozelliklerde
tasarlanabilirler [80].

Kendiliginden montajli  peptid hidrojelleri, mikemmel biyouyumluluk ve
biyobozunurluk gibi ¢esitli avantajlari nedeniyle ila¢ salinimi, doku miihendisligi ve
antitimor tedavisi gibi uygulamalarda 6ne c¢ikmistir. Peptidlerin, hidrojen bagi,
hidrofobik veya elektrostatik etkilesimler, polimer-nanopartikiil (NP) etkilesimleri gibi
kovalent olmayan etkilesimler yoluyla kendi kendine montaji1, esnek mekanik 6zellikte
fonksiyonel hidrojellerin gelistirilmesine neden olmustur [16].

Poli-L-lisin,  (PLL), = milkemmel  biyouyumluluga  sahip  katyonik  bir
biyomakromolekiildiir. Genellikle hiicre zarlarindan (negatif yiikli) penetrasyonun
arttirllmasi i¢in kullanilir. Fibréz hidrojeller seklinde kendiliginden monte olabilen,
ancak zayif mekanik 6zellikleri nedeniyle enjeksiyon uygulanmalarinda kullanimi sinirh
olan negatif yiikli dipeptid N-florenilmetoksikarbonil difenilalanin (Fmoc-FF) ile
pozitif yiiklii PLL arasindaki elektrostatik etkilesimler, istenen reolojik 6zelliklere sahip

enjekte edilebilir hidrojellerin olusumuna yol agmustir. Bdylece supramolekiiler
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organizasyon ve miikemmel viskoelastik davranislar sergileyen yeni enjekte edilebilir
malzemelerin tasarimi ve iiretimi i¢in alternatif bir yaklasim gelistirilmigtir [81].

Hiicre kiiltiirii ¢alismalarinda Fmoc-RGD hidrojellerinin, fibroblastlar: desteklemek igin
kullanilabilecegi gosterilmistir. Bu amagla kullanilan peptid hidrojelleri, hiicre dis1
matriksi taklit etmeli ve peptid yapisma motiflerini icermelidir. RGD, bu amagcla
kullanilan en yaygin peptid dizilerinden biridir. Yapilan bir ¢alismada, bir Fmoc-RGD
peptidinin  B-tabaka sekonder yap1 olusturdugu ve amiloid fibriller seklinde
kendiliginden toplandig1 gosterilmistir. Bu Fmoc-RGD hidrojelinin, hiicreleri tutabildigi
ve fibroblastlar1 destekleyebildigi tespit edilmistir [82].

Naftalen ile konjuge edilmis kendiliginden montajli bir antimikrobiyal peptid (naftalen-
2-1) -asetil-difenilalanin-dilisin-OH (NapFFKK-OH) hidrojelinin klinik kaynakli Gram-
pozitif ve Gram-negatif bakterilerin planktonik hiicre ve biyofilm formlarina karsi
antibakteriyel etki gosterdigi kanitlanmistir [83]. Burada aromatik hidrojelator olarak
Fmoc yerine daha giivenli oldugu diisiiniilen naftelen kullanilmistir. Ayrica yapilan bir
calisgmada NapFFKK-OH’in genis bir spektrumdaki klinik fungal (Aspergillus niger,
Candida glabrata, C. albicans, Candida parapsilosis and Candida dubliniensis) suslar
tizerinde etkili, antifungal hidrojel olusturma o6zelligine sahip oldugu gosterilmistir.
Boylece, NapFFKK-OH'm enfekte olmus bolgelere uygulanacak antifungal ilacin
konsantrasyonunu diisiirerek tedavide mantar izolatlarinin direng gelistirme riskini
azaltacagi bildirilmistir [84].

Sicaklik, pH, enzim, iyonik kuvvet, elektrik ve manyetik alanlar ve 151k gibi dis
uyarilarla kontrol edilebilen geri doniistimlii kendiliginden montajli peptid bazh
hidrojeller biyomedikal uygulamalar i¢in biiyiik bir potansiyele sahiptir. Verma ve ark.
[85] vezikiiler mikro yapilar olusturan bir tetrapeptid, PWWPn'in kendiliginden monte
oldugunu ve vezikiillerin rhodamin B boya molekiillerini tutabildigini ancak KCl'nin
(0.25 mM) eklenmesi ile vezikiiller yapinin bozuldugunu bildirmistir. Tine ve ark. [86]
sicakligin RWDW peptidinin kendi kendine montaj1 iizerindeki etkisini incelemis ve
sicaklik artig1 ile daha kiiglik ¢apli nanolifler olustugunu bulmustur. AFM sonuglari, bu
peptidin 15°C'de kendiliginden bir araya gelmesi ile yogun bir nanolif ag1 olusurken,

35°C'de seyrek kiiresel ve fibriler yapilar seklinde toplandiklarini géstermistir.
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Enkapsiilasyon

Nanometrik boyuttaki molekiiler kapsiillerin ortaya ¢ikisi, kimya, nanoteknoloji ve
malzeme bilimi alanlar1 i¢in devrim niteliginde bir gelismedir. Bu kendiliginden
montajli nanokapsiiller, kiigiik alt iinitelerin birlesmesiyle iiretilen bos yapilar olup
konuk molekiiller bu kapali yapmin i¢ bosluguna hapsedilir. Iyonik-tamamlayici
KMP’lerin peptid sekansindaki hidrofilik ve hidrofobik kalintilar arasindaki denge
degistirilerek yiikleme ve bosaltma kapasitesini arttirmak miimkiin olabilmektedir. Bu
nedenle KMP’ler, ilag ve gen terapisi uygulamalarinda etkili bir biyo-uyumlu koloidal
stabilizator olarak islev gorebilmektedir. Ayrica bu yapilar sicaklik, pH, enzim, iyonik
kuvvet, elektrik ve manyetik alanlar ve 151k gibi dis uyarilarla kontrol edilebilmeleri
nedeniyle de biyomedikal uygulamalar i¢in biiyiik bir potansiyele sahiptirler [26, 87].
Iyonik-tamamlayic1 peptidlerin, hidrofobik bilesikleri kolayca kapsiilledigi ve sulu
ortamdaki ¢oziintirliiklerini arttirdig1 gosterilmistir. Yapilan bir calismada piren, diisiik
¢cozlinirligi ve iyi karakterize edilmis floresans 6zelligi nedeniyle model bir hidrofobik
ilag molekiilii olarak kullanilmistir. Kendinden montajli EAK16-I1 peptidinin, sulu
¢ozelti icerisinde piren ile kararlt kompleksler olusturdugu ve ¢oziiniirliik kapasitesini
10.000 kat kadar artirdigi tespit edilmistir. Sonugta bu c¢alisma kendinden montajli
EAK16-II'nin sulu ¢ozeltide hidrofobik bir ilag molekiiliinii stabilize ederek lipofilik bir
ortama salabilecegini ve transfer hizimin da peptid/piren oran1 ayarlayarak
diizenlenebilecegini gdstermistir [26, 88].

Kapsiillenmis bir ilag, peptid matriks i¢inde dagilmis molekiiller seklinde olabilecegi
gibi bir peptid kilif ile kaplanmis mikro kristal seklinde de bulunabilmektedir.
Kapsiillenmis ilacin bu yapisal formu, ilacin aktivitesini etkilemektedir. Kristal
formunda kapsiillenen ilaglar, kristal i¢indeki lokal konsantrasyonun yiiksek olmasi
nedeniyle, daha yiiksek aktivite gosterirler [26, 89].

Supramolekiiler kapsiillerin montajinda esas olarak hidrojen bagi, metalloporfirin
koordinasyonu ve hidrofobik etkilesimler gibi stratejiler kullanilmaktadir. Ozores ve
ark. [87] tarafindan yapilan bir calismada - tabaka yapili iki halkasal peptidin
kendiliginden montajina dayanan bir molekiiler kapsiil tanimlanmistir. Zn-porfirin
kapaklar tasiyan kendiliginden montajli bu o,y -halkasal peptid dimerinin olusturdugu
supramolekiiler kapsiil, uygun biiyiikliikte bipiridin bazli ligandlar1 taniyabilmekte ve
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kapsiilleyebilmektedir. Bu yapidaki dinamik hidrozon baglarnin tersinirligi sayesinde
kapsiillenmis ligandlar serbest birakilabilmektedir.

Sulu ortamdaki peptid amfifillerinin (PA) hidrofobik ¢ekirdekli, yiiksek en-boy oranli
silindirik nano lifleri olusturdugu bilinmektedir. Yapilan bir ¢aligmada hidrofobik blok
olarak kolesterol veya palmitik asit, hidrofilik blok olarak da biyolojik adhezyon
epitopu RGDS kullanilarak, kendiliginden toplanan PA nanoliflerin iginde kiigiik bir
hidrofobik molekiil olan pirenin kapsiillenmesi incelenmistir. Supramolekiiler yapilarin
olusumunu karakterize etmek i¢in dairesel dikroizm (CD) ve transmisyon elektron
mikroskobu (TEM) kullanilmis ve sonugta pirenin hidrofobik ¢ekirdekler iginde
kapsiillendigi ve biriktigi gosterilmistir [90].

Baska bir ¢alismada, bir antikanser ila¢ olan kurkumin, kemik kanseri hiicrelerini (MG-
63 osteosarkomu) segici olarak inhibe etmek amaciyla kendiliginden birlesebilen bir
peptid olan“C18GR7RGDS” ile enkiipsiile edilmistir. Fourier transform infrared,
kizilotesi ve X 1sm1 kirmmim  spektroskopik analizleri, kurkuminin, peptid
nanopartikiillerinin hidrofobik ¢ekirdeginde kapsiillenmis oldugunu gdstermistir.
Ayrica, saglikli kemik hiicrelerine kiyasla kurkumin yiiklii peptid nanopartikiilleri,
kemik kanseri hiicrelerine karsi secici sitoksisite gostermistir [91].

Nanosensorler

Kendiliginden monte edilen peptidlerin, biyomolekiiller veya metalik nanopargaciklar
ile birlestirilmesiyle olusan nanotiipler, yiiksek hassasiyet ve segiciligi olan
biyosensorler olarak gérev yapabilir. Ornegin, metal iyonlarini tespit etmek amaciyla,
lineer veya dallanmis alkil zincirler (sirasiyla 1 veya 2) iceren ve kendiliginden monte
olabilen, histidin bakimmdan zengin peptidler (HGGGHGHGGGHH,HG12) piren ile
etiketlenmistir. Peptidlerin her iki formu da (1 veya 2) sulu ortamda nanolif olusturma
egilimi gostermistir. Her iki peptidin olusturdugu supramollekiiller, metal iyonlarina
kars1 farkli afinite gostermislerdir. Histidinle (HG12 sekansi) kaplanmis nanolifler
Cu*?ya spesifik olarak bagladigindan floresans 1sima bloke edilmistir. Ote yandan,
Ag”’nin saptamasinda 1sikla indiiklenen elektron transferinin (PET) inhibisyonu
nedeniyle, dallanmig alkil zincirler igeren peptidlerin (2. grup) disik
konsantrasyonunda bile floresan 1s1ma gozlenmistir. Bu sonuglar nanoliflerin hiicre ici

goriintiileme ¢alismalarinda kullanilabilecegini gostermistir [92].
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Sonug¢

Peptid bazli supramolekiiler nanoyapilar son yillarda miikemmel biyouyumluluklar1 ve
fonksiyonel oOzellikleri nedeniyle biiyiik ilgi gormektedir. Bu amagla, aromatik
dipeptidler, yiizey aktif madde benzeri peptidler ve halkasal peptidler dahil olmak iizere
pek cok peptid bazli yapi blogu tasarlanmig ve supramolekiiler nanoyapilarin
olusturulmasinda kullanilmistir. Bu ¢ok yonlii nano olgekli yapilar yeni bir
nanomalzeme simifi olup c¢ok sayida arastirmaciya, biyonanoteknoloji, doku
mithendisligi, rejeneratif tip ve dis hekimligi gibi alanlarda ilham kaynagi olmustur. Bu
peptidlerin ~ biyomateryaller —olarak cazip segenckler sunmasinda; kolayca
sentezlenebilmeleri ve c¢esitli  bilesikler eklenerek ilave islevsel Ozellikler
kazandirilabilmeleri etkili olmustur. Kendinden montajli molekiiler sistemlerin, bazi
karmagik ve onceden saptanamayan biyolojik olaylari incelemek i¢in de yeni firsatlar
sunacagi diisliniilmektedir. Sonug olarak genel bir yaklagimla degerlendirildiginde basta
peptidler olmak {iizere biyolojik yapi taglarinin yeniden tasarim ve kendiliginden
montajina dayanan molekiiler miithendisligin, gelecekte farkli disiplin ve sektorlerdeki
sorunlarin ¢6ziimiine yonelik yenilik¢i yaklasimlar gelistirecegine ve yasamimizi
kolaylastiracak yeni olanaklar sunacagina inanilmaktadar.
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Biberlerde Tiirler Arasi Melezleme

Kazim Mavil”

OZET

Tiirler arast melezleme dogada yeni tiirlerin ortaya ¢ikmasinda siklikla rastlanilan bir
durumdur. Helianthus, Triticum, Brassica gibi cinsler igerisindeki tiirlerde siklikla
goriilen melezlemeler sonucunda dogal olarak kromozom sayilart da katlanmis olan
melez tiirler ortaya ¢ikmustir. Diger bir¢ok tiir agisindan ise dogada tiirler arasi
melezleme ¢ok sik karsilasilan bir durum degildir. Patlicangiller familyasinin bir iyesi
olan biberlerde dogal ortamda tiirler aras1 melezleme rastlanilan bir durum olmamakla
birlikte, tiirler arast melezlerin iistiin 6zelliklerinden faydalanabilmek amaciyla
1slahgilar tarafindan tiirler aras1 melezleme caligmalari yapilmaktadir. Ozellikle kok
curtikliigii hastaligi basta olmak iizere, verim artig1 saglamak, biyotik ve abiyotik stres
faktorlerine dayanimui arttirmak, ana¢ olarak kullanilabilecek gesitler gelistirmek ve
cesitlerin saglik agisindan kalitesini arttirmak i¢in tiirler arasi melezlemelerden elde
edilecek bilgi ve veriler cok dnemlidir. Ulkemizde biberde tiirler arasi melezleme
konusunda ¢alismalar ise yok denecek kadar azdir. Bu sebeple bu derleme ile biberde
tiirler aras1 melezleme konusunda yapilan ¢aligsmalar 1s1ginda konunun énemine dikkat
¢ekilmesi hedeflenmistir.

Interspecific Hybridization in Pepper Species

ABSTRACT

Interspecific hybridization is a common situation in the emergence of new species in
natural flora. As a result of crosses frequently seen in species in the genus such as
Helianthus, Triticum, Brassica, hybrid species, whose chromosome numbers are also
doubled, naturally emerged. In terms of many other species, interspecific hybridization
is not very common in crossing of nature flora. In pepper, which is a member of the
Solanaceaous family, interspecific hybridization studies are carried out by breeders to
benefit from the superior properties of interspecific crosses. The information and data
to be obtained from interspecific crosses are very important to increase yield, increase
resistance to abiotic and biotic stress factors, to develop varieties that can be used as
rootstocks and to improve the quality of the cultivars, especially root rot disease. In
our country, studies on interspecific hybridization in pepper are almost nonexistent.
For this reason, with this review, it is aimed to draw attention to the importance of the
subject in the light of previous studies on interspecific hybridization in pepper.
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Giris

Tirler aras1i melezleme, biyotik ve abiyotik strese dayanim gibi belirli 6zellikleri yabani
akrabalarindan kiiltiir bitkilerine aktararak o6zelliklerini iyilestirmek ic¢in kullanilir.
Uygulanabilir oldugunda, bu yaklasim cok etkili bir gen transfer yontemidir. Dogada,
cigekli bitki tiirlerinin % 30 ila % 35'1 tilirler aras1t melezleme ve ardindan kromozom
sayilarinin ikiye katlanmasi ile meydana gelmislerdir [ 1]. Tirler aras1 melezlemeden yola
cikilarak, allotetraploitler gibi allopoliploitler, F1 hibritlerin kromozom sayisinin iki
katina ¢ikarilmasinda da kullanilabilmektedir. Basarili bir allopoliploit eldesi, yeni bir
genom kombinasyonunun olusmast veya daha Once var olmayan bir tiiriin meydana
gelmesi ile sonuglanabilir. Ancak, kiiltiir tiirlerini ve yabani tiirleri melezlemek icin ¢ok
biiyiik caba gdsterilmesi gerekebilir. Insan eli ile yapilan ilk tiirler aras1 melezlemenin
1717'de karanfil (Dianthus caryophyllus L.) ve Dianthus barbatus L. arasinda yapildig:
bildirilmektedir [2]. O zamandan beri binlerce tiirler arasi melezleme denenmesine
ragmen basar1 olduk¢a smirli kalmistir. Basarili bir tlirler arasi melezlemeyi, tiirler
arasindaki kromozomal, genetik, sitoplazmik veya mekanik izolasyon bariyerleri
engelleyebilmektedir. Bitki 1slah¢ilarinin, bugday (Triticum aestivus L.) ve c¢avdar
(Secale cereale L.) tiirlerinin melezlemesinden, yeni bir bitki tiirli olan tritikale’yi 1slah
etmesi yaklasik 100 yil siirmiigtiir [3]. Tiirler arast melezleme, yararlar1 ve bagaridaki
zorluklart ile genetikgiler ve bitki 1slahgilart icin 6nemli bir amag haline gelmistir.
Solanaceae familyasindaki tiirler arast melezlemeler Solanum [4], Nicotiana [5], Datura
[6], Petunia [7], Lycium [8] ve Physalis [9] gibi baz1 cinslerde ¢alisilmistir. Nicotiana
cinsi igerisinde Nicotiana tabacum (2n=48) ve Nicotiana glauca (2n=24) tiirlerinin
melezlenmesinden amphidiploid (2n=36) F1 bireyler elde edilmistir [10]. Bununla
birlikte, Solanaceae familyasinda Solanum cinsinde tiirler aras1 melezleme, bazi tiirler
acisindan basariyla kullanilmistir [ 11]. Ancak bu cins i¢erisindeki tiim tiirlerde tiirler arasi
melezlemede basariy1 yakalamak miimkiin olmamustir.

Glinlimiizde kiiltlirii yapilan biberler Solanacaea familyasinin 98 cinsinden [12] birisi
olan Capsicum cinsi igerisinde yer almaktadir. Capsicum cinsi igerisinde 38 olan tiir
sayist [12, 13], yeni kesfedilen 5 tiirlerle [14, 15] birlikte 43 olarak revize edilmistir
(Tablo 1). Bu tiirlerden C. annuum L., C. frutescens L., C. baccatum L., C. chinense Jacq.
ve C. pubescens Ruiz & Pav. olmak iizere 5 tanesinin kiiltiirii yapilmaktadir. Capsicum

cinsi igerisindeki tiirlerin kromozom sayilar1 2n=24 ve 2n=26 olarak degistigi
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belirlenmistir. Heniliz kromozom sayilar1 belirlenmemis 13 adet Capsicum tiirii
bulunmaktadir (Tablo 1). Capsicum annuum tiirii igerisinde genetik varyasyon her ne
kadar genis olsa da, kok ciiriikliigii (Phytophthora capsici) ve antraknoz (Colletotrichum
acutatum, C. capsici vb) gibi hastaliklar basta olmak iizere bazi durumlarda bu genis
varyasyon yetersiz kalmaktadir. Biber tiirlerindeki genis ¢esitlilik ise, biyotik ve abiyotik
stres kosullarina dayanimlarindaki farkliliklar nedeniyle 1slah¢ilarin her zaman ilgi
alanlar i¢erisinde olmustur. Bu nedenle tiirler aras1 melezlemeler 6nem kazanmakta ve
1slahg¢ilar tarafindan sorunlarin ¢oéziimiine yonelik olarak kullanilmaktadir. Tiirler arasi
melezleme bir tiirii ait disi organin bagka bir tiiriin ¢icek tozu ile tozlanip déllenmesi

islemidir (Sekil 1).

Sekil 1 Melezleme asamalari; A emaskulasyon i¢in uygun balon ¢icek sekli, B emaskulasyon
sonrast, C farkli bir tiir ile tozlama, D tozlama sonrasi ¢igek izolasyonu, E dollenme ve etiketleme
(Orijinal Kazim MAVI 2020)

Biberlerde bilinen ilk tiirler aras1 melezleme calismasi 1912'de Halstead tarafindan
Capsicum annuum ve C. frutescens tiirleri arasinda yapilmistir [16]. Tarihsel olarak,
biberlerde tiirler arasi melezlemede ¢esitli yaklasimlar (geleneksel ve biyoteknolojik)
farkli tiirler arasindaki tozlanma ve dollenme engellerinin {istesinden gelmek igin

kullanilmistir.
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Tablo 1 Capsicum cinsi igerisindeki tiirler, kiiltiir durumlari, kromozom sayilari, yayilma alanlari

**x* Tiir * KS**  Yayilma alam*** Kaynak
C. annuum var.
la annuum K 12 Tiim diinya [12]
C. annuum var. Amerika Birlesik Devletlerinden
1b glabriusculum YK 12 Kuzey/Kuzeydogu Brezilya [13]
C. baccatum var. Kolombiya-Kuzey Arjantin,
2a baccatum K 12 Giiney-Dogu Brezilya [13]
C. baccatum var . ABD, Orta ve Giiney Amerika ve
2b pendulum K 12 Hindistan [13]
C. baccatum var. Paraguay,Giineydogu ve Merkez
2C praetermissum YK 12 Brezilya [13]
3 C. benoistii Y ? Ekvator (endemik) [14]
4 C. buforum Y 13 Brezilya: SP ve RJ [12]
Brezilya: BA, PE, ve Kuzey MG
5 C. caatingae Y 12 (endemik) [13]
6 C. caballeroi Y ? Bolivya (endemik) [12]
7 C. campylopodium Y 13 Brezilya: ES, MG, ve RJ (endemik) [12]
8 C. carrassense Y ? Gilineydogu Brezilya (endemik) [15]
9 C. cardenasii Y 12 Bolivya (endemik) [12]
10 C. ceratocalyx Y ? Bolivya (endemik) [12]
Gliney Bolivya, Paraguay, Kuzey
11 C. chacoense Y 12 ve Orta Arjantin [12]
EUA, Orta ve Gliney Amerika, Cin
12 C. chinense KIYK 12 ve Japonya [12]
13 C. coccineum Y ? Peru ve Bolivya [12]
14 C. cornutum Y 13 Brezilya: RJ and SP (endemik) [12]
15 C. dimorphum Y ? Kolombiya ve Ekvator [12]
16 C. dusenii Y ? Giineydogu Brezilya [12]
17 C. eshbaughii Y 12 Giiney-Merkez Bolivya [12]
18 C. eximium Y 12 Giiney Bolivya ve Kuzey Arjantin ~ [12]
Paraguay, Giiney ve Gilineydogu
19 C. flexuosum Y 12 Brezilya ve Kuzeydogu Arjantin [12]
20 C. friburgense Y 13 Brezilya: RJ (endemik) [12]
21 C. frutescens K 12 Amerika, Afrika, Asya [12]
22 C. galapagoense Y 12 Galapagos Adalari (endemik) [12]
23 C. geminifolium Y ? Kolombiya, Ekvator ve Peru [12]
Giiney Ekvator ve Kuzey Peru
24 C. hookerianum Y ? (endemik) [12]
25 C. hunzikerianum Y 13 Brezilya: SP (endemik) [12]
26 C. lanceolatum Y 13 Meksika ve Guatemala [12]
27 C. leptopodum Y ? Brezilya [12]
28 C. longidentatum Y 12 Brezilya: BA and PE (endemik) [13]
29 C. longifolium Y 13 Andean [14]
30 C. lycianthoides Y 13 Andean [17]
31 C. minutiflorum Y ? Bolivya [17]
Brezilya: MG, RJ, and SP
32 C. mirabile Y 13 (endemik) [12]
33 C. neei Y ? Bolivya(Endemik) [14]
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Tablo 1. Devami

Tiir * KS** Yayilma alam*** Kaynak
Kolombiya, Venezuela ve
34  C. parvifolium Y 12 Kuzeydogu Brezilya [12]
35 C. pereirae Y 13 Brezilya: ES, RJ, and SP (endemik) [12]
36  C. piuranum Y 13 Peru [14]
37  C. pubescens K 12 Meksika, Orta ve Gliney Amerika [12]
Brezilya: RJ, SP, PR, and SC
38  C. recurvatum Y 13 (endemik) [12]
39 C.rhomboideum Y 13 Brezilya: MG, RJ, and SP (endemik) [12]
40  C. schottianum Y 13 Brezilya: MG, RJ, and SP (endemik) [12]
41  C. scolnikianum Y ? Peru ve Ekvator (endemik) [12]
42  C.tovarii Y 12 Peru (endemik) [12]
C. villosum var.
43a villosum Y 13 Brezilya: MG, RJ ve SP (endemik)  [13]
C. villosum var.
43b muticatum Y 13 Giineydogu Brezilya [13]

* K Kiltiir, Y Yabani, YK Yar kiiltiir

** KS Kromozom sayisi, ? kromozom sayist belli olmayan tiirler

***RJ Rio de Janeiro, SP Sdo Paulo, MG Minas Gerais, ES Espirito Santo, BA Bahia, PE Pernambuco
**** Sira numaralarindan sonraki harfler o tiir igerisindeki alt tiirleri ifade etmektedir.

Sistematik ve Tiirler aras1 Melezlemedeki Gelismeler

IIk basarili tiirler arast melezler Capsicum pubescens ve C. cardenasii tiirlerinin
melezlenmesinden elde edilmistir. Bu ¢alismada elde edilen Fi hibritlerin yiiksek
fertiliteye sahip olduklari belirlenmistir [18]. Yakin zamanda yapilan ¢alismalarda tiirler
aras1 melezleme yetenekleri agisindan cinsin tiirleri ti¢ farkli grup olarak ayrilmiglardir.
Bunlardan birincisi C. annuum L. [var. annuum ve glabriusculum (Dunal) Heiser &
Pickersgill], C. frutescens L., C. chinense Jacq., C. chacoense Hunz. ve C. galapagoense
Hunz. tiirlerini igeren C. annuum grubu [19], ikincisi C. baccatum L. [var. baccatum,
praetermissum ve pendulum (Willd.) Eshbaugh], ve C. tovarii Eshbaugh, Smith &
Nickerent tiirlerini i¢eren C. baccatum grubu [20], Gglinciisti C. cardenasii Heiser &
Smith, C. eximium Hunz. ve C. pubescens Ruiz & Pav. tiirlerini igeren C. pubescens
grubudur [21]. Son yillardaki g¢aligmalarda ise molekiiler teknikler (Plastit DNA
markorleri matK ve psbA-trnH) ile tiirlerin akrabaliklar1 belirlenmis ve cins igerisindeki

tirler 11 farkli grup olarak siniflandirilmiglardir (Sekil 2) [13].
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Sekil 2 Biber tiirlerinin filogenetik akrabaliklari; Birinci siitun acilik o yok, m var, m degisken,
ikinci siitun olgun meyve rengi O altin sarist, @ kirmizi, ii¢iincii siitun kromozom sayisini (n) O
12, m 13 [13]

Kiiltiir tiirlerinin ve ¢esitlerinin gelistirilmesi ve 1slahi, tiirler arasi melezleme

caligmalarinda yabani tiirlerin basaril1 bir sekilde kullanilmasi ile ¢ok yakindan iligkilidir.
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Capsicum cinsi igerisinde tiirler arasi filogenetik akrabaliklari anlayabilmek igin, tiirler
arasinda morfolojik karsilastirmalar [22], polen tiipii gelisimi [23], uyusmazlik
mekanizmast [19], melezlenebilme [24], kromozom eslestirmesi [25], izoenzim
degiskenligi [26] ve DNA varyasyonu [27] iizerinde caligmalar yapilmistir. Her bir
calismada tiirlerin grup sayilar1 degismekle birlikte, farkli calismalardan elde edilen temel
filogenetik agaclar benzer bulunmustur. Ornegin, Capsicum annuum ve diger kiiltiir
tirleri birbirine daha yakin bulunurlarken, C. longidentatum tek basina ayr1 bir grup
olusturmus ve diger yabani tiirler kiiltiir tiirlerinden farkli gruplarda yer almiglardir. C.
dimorphum ve igerisinde yer aldig1 grup cins igerisindeki en uzak akrabaliga sahip grup
olmustur (Sekil 2).

Capsicum tovarii, Eshbaugh ve ark. tarafindan 1983 [28] yilinda Peru’nun Mantaro nehri
kiyilarinda bulunmus ve tanimlanmistir (Sekil 3). Yapilan ¢alismalar, C. tovarii'nin, C.
baccatum grubuna, C. annuum ve C. pubescens grubuna kiyasla, genetik olarak daha
yakin iligkili oldugunu gostermektedir. Arastiricilar bu kaniya genis bir tiirle (C. annuum,
C. chinense, C. frutescens, C. chacoense, C. galapogense, C. baccatum, C.
praetermissum, C. cardenasii, C. eximium and C. pubescens) yaptiklar1 resiprokal
melezlemeler sonucunda, C. baccatum x C. tovarii'nin melezlemesinden F1, F> ve geriye
melezlerin (backcross) elde edilmesi sonucunda varmislardir [20]. Bununla birlikte Ibiza
ve ark. [29] ve Carrizo Garcia ve ark. [13] yapmis olduklar1 gruplandirmalara gore tiirii

Baccatum grubundan uzak ve farkli bir grupta simiflandirmislardir (Sekil 2).

Sekil 3 Capsicum tovarii morfolojik 6zellikleri [20, 28]
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C. tovarii ve diger Capsicum tiirleri arasinda yapilan melezlemeler sonucunda elde edilen
F1 hibritler sitolojik olarak analiz edilmis ve tiiriin diger tiirlerle olan genetik iligkisi daha
iyi anlasilmaya ¢alisilmistir. Sonugta C. tovarii ve C. baccatum'un diakinez ve metafaz-I
sathasindaki mayotik hiicreleri analiz edildiginde, hiicrelerin % 100%inde 12 c¢ift
kromozom oldugu, higbir kromozom kopriisii veya kromozom bozulmasinin (lagging) bu
tirlerde gozlenmedigi belirlenmistir. Bu melezlemeden elde edilen F; (C. baccatum x C.
tovarii) bitkilerinin diakinez ve metafaz-1 safthalarindaki hiicreleri incelendiginde ise
oldukca kompleks kromozom iligkileri saptanmistir. Cogu kromozom iki degerlikli
(bivalent) olarak eslenirken, tek degerlikli (univalet), dort degerlikli (quadrivalent) ve bir
tanede quinquevalent degerlikli eslesme tespit edilmistir. Bu duruma ragmen Fi’lerden
bazilarimin kendilenmesi ile F2 bitkiler ve anne ile melezlenmesi ile geriye melez
bitkilerde elde edilmistir [20].

C.tovarii tiirtindeki heterokromatin igerigi ve dagiliminin bu tiirii mor ¢igek tiirler grubu
ile daha yakin akraba olabilecegini diisiindiirmiistiir [21]. Moscone ve ark. [30] ise tiiriin
C. baccatum grubunun tiirlerine daha yakin oldugunu bildirmektedir. Calismalarda
kullanilan her iki genotipin morfolojik olarak benzer oldugu bildirilmistir. Dolayisiyla,
heterokromatin igerigi ve dagiliminda bulunan farkliliklar, C. tovarii igindeki
genotiplerdeki dogal degiskenlik ile aciklanabilmektedir. ince ve ark. [31] RAPD
markorleri kullanarak yaptiklari molekiiler calisma ile C. tovarii tiirtiniin C. baccatum’a
yakin oldugunu belirlemislerdir. Scaldaferro ve ark. [32] da yaptiklar1 ¢aligma ile C.
baccatum kompleksine dahil edilmesini desteklemektedirler. Bu durumdan farkli olarak,
Ibiza ve ark. [29], AFLP ve SSR primerleri kullanarak yaptiklari analizde C. tovarii'nin
Annuum grubuna biraz daha yakin goriinse de, farkli bir grupta smiflandigini
gostermislerdir. Bu durumun arastiricilarin - farkli  genotip  kullanmalarindan
kaynaklanmis olabilecegi diisiiniilmektedir.

Kromozom sayis1 2n=26 olan biber tiirlerinde ise heniiz fertil bireylere sahip tiirler arasi
melez kombinasyonuna yapilan ¢aligmalarda rastlanmamistir. Bu amacla yabani tiirler
olan C. lanceolatum (2n=26) ve C. buforum (2n=26) iizerinde ¢alisilmistir. Tong ve
Bosland [33] C. buforum tiiriinii 2n=24 kromozomlu olarak bildirmesine ragmen, bunu
dogrulayan bagka g¢alisma bulunmamaktadir. C. buforum, C. cardenasii ile birlikte
kendine uyusmaz olarak bildirilen bir tiirdiir. Bu tiir C. pubescens, C. cardenasii ve C.

eximium ile diger Capsicum tiirlerinden daha yakindan iligkili bulunmus ve farkli
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uyumluluk diizeyleri gostermistir [34]. Bu calismalar tiirler arasi melezlemeler igin

kullanilacak tiir kombinasyonlarina alt yap1 olugturmaktadir.
Tiirler Aras1 Melezlemelerde Sorunlar ve Céziim Onerileri

Melezleme bariyerleri

Birgok c¢alisma, Capsicum'da tiirler arasi melezlemeye karsi gii¢lii bir bariyer
bulundugunu gostermistir. Kiltiirii yapilan Capsicum tiirleri ile bunlarin yabani
akrabalar1 arasindaki c¢aprazlamalardaki uyumsuzlugun nedenleri tam olarak
anlagilamamistir. Uyugmazlik, polen gelisiminin gecikmesi, polenlerin disicik tepesinde
¢imlenememesi, stigma igerisinde polen ¢im borusunun uzamasinin duraklamasi, polen
tiipiiniin yumurtaliktan igeri girememesi, zigotun hiicre bdliinmesinin engellenmesi ve
endosperm kisminda anormallikler olusmasi seklinde karakterize edilmektedir [19, 24,
35, 36].

Capsicum cinsi igerisindeki tiirler arasindaki melezleme bariyerlerinin iistesinden gelmek
icin baz1 geleneksel yaklasimlar kullanilmigtir. Bu amagla genetik koprii kullanimi [37],
biiylimeyi diizenleyiciler [38], polen 1sinlamasi [19] ve in vitro polen tiipii gelisim
calismalart yapilmistir [23]. Somatik hibridizasyon gibi biyoteknolojik tekniklerin de
Capsicum cinsindeki tiirler aras1 bu engellerin iistesinden gelmek i¢in kullanilabilecegi
onerilmistir [39]. Ancak bu teknikler biber tiirlerindeki tiirler arasi melezleme
engellerinin tamamim ortadan kaldirmak igin yeterli olmamaktadir. Ornegin C.
pubescens tiirtiniin polen tiipiiniin disicik borusu igerisinde biiylimesini Onleyen
prezigotik bariyerler ve polen tiipii gelisse bile goriilebilen postzigotik bariyerler
nedeniyle, diger dort kiiltiir tiirli ile melezlenmesi miimkiin olmamaktadir [23].
Capsicum baccatum tiiriide tiirler aras1 melezlemede iizerinde yogun ¢alisilan tiirlerden
biridir. Bu tiirde C. annuum ile basarisiz melezleme sonuglar1 gostermistir [40], ancak bu
tiriin hastaliklara karsi 6nemli bir dayaniklilik kaynagi olmasi 1slah c¢alismalarinda
genetik kaynak olarak silirekli kullanilmasina neden olmaktadir. C. annuum ile C.
baccatum var. pendulum tiirlerinin melezlenmesindeki 1srarli ¢alismalar, sonunda elde
edilen geriye melezlerden antraknoza dayanikl ¢esitler gelistirilmesi ile sonu¢lanmistir
[41].

Zijlstra ve ark. [23], C. chinense x C. annuum ve C. baccatum x C. annuum tiirleri
arasindaki melezlenme engelinin polen tlipli uzama seviyesinin yumurta hiicresine

ulasamamasindan meydana geldigini belirlemislerdir. Ayn1 yazarlar ayrica C. chinense x
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C. pubescens ve C. baccatum x C. pubescens arasindaki melezleme engellerinin ise gigek
borusu igerisinde polen tiipii bilyiimesinin durmasindan kaynaklandigini bulmuslardir. C.
chinense ve C. baccatum tiirlerinin resiprokal olarak melezlendigi baska bir ¢alismada ise
tozlanmadan 24 saat sonra polen tiliplerinin disicik borusu igerisinde gelisimini devam
ettirdigi, yumurtaliga girebildigi ve oviillere ulasabildigi belirlenmistir. Ozellikle C.
baccatum x C. chinense melezlemesinden ¢imlenme yiizdesi yiiksek saglikli tohumlar ve
bu tohumlardan da saglikli gelisen fideler elde etmislerdir [42]. Bu nedenle biberlerdeki
tiirler aras1 melezlenme sorunlari sadece post zigotik olarak gerceklememekte, farkli
tiirlerde farkli melezlenme engelleri goriilebilmektedir.

Dollenme sonrasi anormallikler ve embriyo kurtarma

Gelismis bitkilerde, hibrit embriyolarin postzigotik basarisizligi genellikle ebeveyn
kromozomlar1 arasindaki uyusmazliga degil, endospermdeki uyusmazlik sorunlarina
bagli oldugu ifade edilmektedir. Bu gibi durumlarda, tiirler arast melezleme sonrasinda
gelisen meyvelerden erken dénemde embriyolarin kurtarilmasi gerekir; aksi takdirde
embriyonun gelismemesi ve/veya endosperm dejenerasyonu nedeniyle c¢imlenme
kabiliyetinde tohum elde edilememesi ile sonuglanacaktir. Embriyolar bazen
olgunlagmamis veya endospermden yoksun olsalar bile yeni bitki tretiminde
kullanilabilmektedir. Doku kiiltiiri ile entegre olarak kullanilan embriyo kurtarma
teknigi, tiirler arasi melezlemede daha fazla ilerlemeye imkan saglayacak onemli bir
tekniktir.

Capsicum cinsi igerisindeki tiirler aras1 melezlemelerde, postzigotik bazi uyusmazlik
bariyerlerinden dolay1 elde edilen hibrit embriyolarin bitkiye doniisiim orani ¢ok diisiik
kalmaktadir [43]. Hossain ve ark. [43] tozlanmadan 28-33 giin sonra, temel MS ortaminin
kazein hidrolizat, maya 6zii, hindistan cevizi suyu, gibberellin (GA) ve naftalenasetik asit
(NAA) ile takviye edildiginde embriyolarin doku kiiltiirli ortaminda basarili bir sekilde
gelistirilebildigini saptamislardir. Biber icin bu teknige cok sinirh dikkat edilmistir, ancak
tiirler aras1 hibridizasyon i¢in son yillarda yapilan ¢aligmalar ile 6nemli bir potansiyele
sahip oldugu belirlenmistir [44, 45, 46, 47, 48]. Bu ¢alismalar sonucunda bazi tiirler arasi
melezlerden embriyo kurtarma teknigi ile basarili bir sekilde bitki elde edildigi
bildirilmistir (Sekil 4).
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Sekil 4 A. B. Embriyo kurtarma tekniginde kullanilabilen torpedo ve kotiledon tip embriyo
ornekleri, C. Kotiledon tip embriyo (tozlanmadan 30 giin sonra doku kiiltiirii ortaminda), D.
Tozlanmadan 60 giin sonra doku kiiltiiriindeki gelisim [49], E. C. chinense x C. annuum melezleri
embriyo kurtarma teknigi ile bitki gelisimi [45], F. C. annuum x C. chinense melezleri embriyo
kurtarma tozlanmadan 32-34 giin sonra [46]

Tiirler arasi hibritlerde kisirhik (sterillik)

Biberde tiirler arast melezlemelerde yapilan calismalar incelendiginde melezleme
sonrasinda elde edilen hibritlerin biiyiik cogunlugunun kisirlik problemleri gosterdigi
ifade edilmektedir. Calismalardaki kisirlik sorunlarinin ise mayotik anormallikler ile
iliskili oldugu ve tiirler aras1 melezlemenin kullanilabilirligini engelledigi sonucuna
vartlmistir. Turler aras1 melezlenebilme yetenegi, yabani tiirlerdeki istenilen 6zelliklerin
kiiltiir tiirlerine aktarilmasi igin bir umut 15181 olarak goriilmektedir. Ancak Capsicum
cinsi igerisindeki tiirler arasi melezlemede fertil birey elde edilme oranlar1 bazi
kombinasyonlarda ¢ok diisiik kalmis bazi kombinasyonlarda ise tamamen basarisiz
olmustur. Bunun baslica nedenti tiirler arasindaki uyusmazliklar, tek tarafli uyusmazliklar
olarak gosterilmektedir ve dollenme sonrasinda embriyonun gelisememesi ve erkek kisir
bireyler elde edilmesi ile sonuglanmaktadir. Tiirler arasi melezleme g¢aligmalarindan
derlenen melezlenebilirlik durumlar sekil {izerinde 6zetlenmistir (Sekil 5). Ayrica iki tiir
genetik olarak birbirlerinden ne kadar uzaksa, melezleri o kadar fazla steril veya cansiz
olmaktadir. Monteiro ve ark. [50] alti farkli tiire ait farkli genotipleri kullandigi
calismalarinda diger tiirlere en uzak akraba olan C. pubescens tiiriiniin diger tiirlerle

melezlenmesinden meyve tutumu dahi elde edememistir.
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Maras biberlerinde meyvenin saptan kolay kopmasi istenen bir oOzelliktir. Ancak
tilkemizde gelistirilen ¢esitlerde meyvenin saptan kopma durumu maras biberlerinde ¢cok
kuvvetli ve istenmeyen bir 6zellik gostermektedir. Yapilan calismalar kolay kopma
ozelligine sahip ¢esit gelistirilmesi i¢in siirmektedir. Bu amacla yapilan calismalardan
birinde tiirler aras1 melezleme ile saptan kopma direnci zayif (0.199 N) olan C. chacoense
tiriintin bir ¢esidi kullanilarak, bu 6zelligin C. annuum tiiriiniin ¢esitleri (kopma
direncleri 3.86 ve 7.34 N arasinda degisen) olan Maras tipi biberlere aktarilmasi
hedeflenmistir. Dila, Sena, K7 ve K8 Marag biberi genotiplerinin C. chacoense tiirii ile
melezlemesinden basarili sekilde F1 bireyler elde edilmistir. Bu bireylerin tamaminin
saptan kopma durumlart 0.22 ile 0.26 N arasinda degistigi ve Maras genotipleri ile
kiyaslandiginda oldukga diisiik oldugu belirlenmistir (Sekil 5) [51].

m
Capsicum annuum Capsicum annuu

var, ennuum

Capsicum golapagense

Capsicum chinense ~——2/ | A1,/ ~~"ve-..
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C baccatum var. oo Syt B NS ea T svent

-

baccatum R T g (X o P A Capsicum eximium

praetermissum

Capsicum chacoense ’ Capsicum tovani

Sekil 5 Capsicum tiirler aras1 melezleme g¢alismalarinda kullanilan bazi tiirler ve basar1 durumlari,
yiiksek oranda fertil bireyler, — canl1 hibritler ve tohumlar, — — — F1 bireyler steril, - - -
tamamen steril, aralarinda ¢izgi olmayanlar ise tozlanma ve dollenme basari elde edilemeyenler
A -[52]; B - [53]; C - [54]; D - [55]; E - [56]; F - [25]; G - [57]; H - [58]; I - [59]; J - [60]; K -
[51]
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Ancak bu basarili sonuglarin yaninda tiirler arast melezlemelerin kisir bireyler meydana
getirdigi farkli ¢aligmalarda bildirilmistir. Cremona ve ark. [48] C. annuum (cv.
Friariello) tiriinii anne, C. baccatum var. pendulum (cv. P04) tiiriinii baba olarak
kullandiklar1 calismada Fi bireyler elde etmisler ancak elde ettikleri Fi’lerin polen
canliliklarinin ¢ok diisiik oldugunu ve bu bireylerin erkek kisir olduklarini bildirmislerdir
(Sekil 6). Cigekteki lekeler ve hibritlerin bu kani tasiyanlarinda ¢iceklerde leke kiigiilse
de varligr devam etmektedir. F1 bireylerin partenokarpi egilimli olduklar1 goriilmektedir

(Sekil 6).

Capsicum annuum C. baccatum var. pendulum  F1 hibritler

Sekil 6 Capsicum annuum x C. baccatum var. pendulum tiirler aras1 melezlemesi sonucunda elde
edilen hibritlerde yaprak (A, B, C), ¢igek (D, E, F) ve meyvelerin (G, H, I) fenotipik goriiniimleri
[48]

Genel olarak, C. frutescens x C. chinense tiirleri arasindaki melezleme
kombinasyonlarmin miimkiin oldugu ile ilgili ¢aligmalar bulunmaktadir. Pickersgill [21]
ve Zijlstra ve ark. [23], C. frutescens x C. chinense tiirlerinin ayni1 genetik kompleks
(grup) icerisinde yer almalari nedeniyle ¢aprazlanmalar1 sonucunda verimli F1 bireyler
meydana getirebildiklerini bildirmislerdir. Ayni tiirleri kromozom homolojisi agisindan
inceleyen Moreira ve ark. [61] da tiirler aras1 melezlemeden elde edilen hibritlerin normal
mayoz boliinme gosterdigini, bivalent 12 kromozom sayisina sahip olduklarin1 ve

hibritlerden elde edilen tohumlarin canliliginin %73 oldugunu belirlemislerdir. Diger
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acidan farkli genetik komplekslere ait tiirler arasindaki ¢aprazlamalardan verimli tiirler

aras1 melezler olusturmak ¢ok daha zordur (Sekil 5).
Molekiiler Teknikler ile Tiirler Aras1 Melezlerin Tespiti

Sitogenetik ve molekiiler analizler bir¢ok tiiriin akrabalik seviyelerini, evrim genetigini
ve karyotipik stabilitesini aydinlatmaya yardimc1 olmaktadir. Tiirler aras1 melezlemeler
de genetik haritalama popiilasyonlar1 olusturmak, istenen lokuslar1 etiketlemek, markor
tabanli linkage haritalar1 elde etmek i¢in basarili bir sekilde kullanilmistir (Tablo 2).
Molekiiler markdrler ile melez bireylerin haritalanmas1 konusundaki yapilan ilk
calismada C. annuum x C. chinense tiirlerinin melezlerinin tanimlamasi RFLP markorleri

kullanilarak gerceklestirilmistir [62].

Tablo 2 Biber tiirler arasi melezlerinde yapilan molekiiler ¢alismalar ve molekiiler markor
haritalar1

Markor
Ebeveynler Populasyon Markér tipi Sayisi Kaynak
C. annuum cv. Doux des landes x C. RFLP,
chinense cv. Pl 159234 BC isozyme 85 [62]
C. annuum cv. NuMex RNaky x C.
chinense cv. Pl 159234 F2 RFLP 192 [63]
C. annuum cv. NuMex RNaky x C. AFLP, RAPD,
chinense cv. Pl 159234 F. RFLP 1007 [64]
C. annuum cv. TF68 x C. chinense cv.
Habanero F. AFLP, RFLP 580 [65]
C. annuum cv. Maor x C. frutescens
cv. BG2816 BC, RFLP 92 [66]
C. annuum cv. TF68 x C. chinense cv.
Habanero F2 SSR, RFLP 333 [67]
C. annuum cv. TF68 x C. chinense cv. SSR, EST-
Habanero F, SSR, RFLP 243 [68]
C. annuum cv. NuMex RNaky x C.
frutescens cv. BG 2814-6 F2 COS I 263 [69]
C. annuum cv. BA3 x C. frutescens
cv. YNXML F2 SSR 64 [70]
C. annuum cv. FL 201 x C.
galapagoense cv. TC 07245 ) SSR 400 [71]

Tiirler aras1 melezlerin ebeveynler ile akrabaliklarini belirlemek i¢in yapilan molekiiler
tanimlamalar neticesinde tiirler arasindaki uyusma durumlar1 ve F1 bireylerdeki fertilite
durumlan1 da ortaya konulabilmektedir. RAPD [64] tekniginin yani sira, AFLP [65],
RFLP [65, 66, 67, 68], COS II [69] ve SSR [67, 68, 70, 71] gibi molekiiler markdr

teknikleri de tiirler aras1 melezlerin haritalanmasinda basarili bir sekilde kullanilmistir.
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Tiirler Aras1 Melezlerin Diger Kullanilma Potansiyelleri

Tiirler arast melezleme c¢alismalarinda tiirlerin biyotik ve abiyotik stres sartlarina
dayanikliliklar1 melezleme ¢aligmalarinda en Oncel hedeflerin basinda gelmektedir.
Ikincil baz1 6zellikler agisinda ise farkli biber tiirlerinde essiz bir genetik potansiyel
bulunmaktadir. Ozellikle acilik, aroma bilesikleri, renk ve bazi siis bitkisi olarak
kullanilabilme 6zellikleri (Alacali yaprak rengi, bogum aras1 kisalig1) agisindan farkl
tirlerdeki 0Ozelliklerin diger tiirlere aktarilabilmesi ic¢in tiirler arasi melezleme
calisilmalarinin siirdiiriilmesi gerekmektedir.

Biberlerde olgun meyve rengi sari, turuncu, kahverengi ve kirmizi tonlarinda olabilecegi
bildirilmektedir. Stommel ve Griesbach [72] farkli biber 6zelliklerinin kalitimini
aciklayabilmek i¢in yiirtittiikleri calismada olgun meyve rengi turuncu ve kirmizi olan
ebeveynleri melezlemislerdir. F1, F2 ve geriye melezlerin olgun meyve renklerinin
turuncu ve kirmizi oldugunu bildirmislerdir. C. baccatum tiirii genotipleri kullanilarak
yapilan bir ¢aligmada ise sar1 ve kirmizi olgun meyve rengine sahip ebeveynlerin
melezlenmesi sonucu ¢ok daha genis bir renk yelpazesi (beyaz, sari, agik sar1 koyu sari,

turuncu, koyu turuncu ve kirmizi) gozlemlenmistir (Sekil 7) [73].

HE
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5
===l = . 23l 2 U =

Sekil 7 Capsicum baccatum var. pendulum tiirti igerisindeki olgun meyve renk ve sekil
farkliliklart (Orijinal resim. Foto: Kazim Mavi 2020)

Bu daha genis renk ¢esitliliginin Annuum kompleksi igerisindeki ¢esitlere aktarilabilmesi

icin tiirler arasi melezleme bir alternatif olabilir. Olgun meyve rengi, klorofil ve
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antosiyanin pigmentlerindeki azalma ve karotenoid pigmentlerin birikmesi sonucunda
olugmaktadir. Olgun meyvelerdeki renk olusumu iizerine 30'dan fazla farkli karotenoid
birikimini etkileyen, ¢ok sayida gen etki etmektedir [74]. Baskin B geni olgun meyvelerde
yiiksek f-karoten igerigini kontrol etmektedir. B geni ile etkilesime giren t geninin ise /-
karoten seviyesindeki farkliliklara neden olmaktadir [75]. Kahverengi meyvelerin ise
y+(kirmizi meyve rengi) geni ile cl (klorofil tutucu gen) geninin birlesmesi ile meydana
geldigi belirlenmistir [76]. Meyve seklinin olgunlagsmamis meyve rengiyle iligkili olarak
ve olgun meyve renginden bagimsiz olarak sonraki bireylere aktarildigi belirlenmistir
[77].

Biberlerde yaprak renginin alacalilig1 ve antosiyanin birikmesi ¢ok sayida gen tarafindan
kontrol edilmektedir. Siis biberlerinde alacal1 yaprak rengi siis bitkisi olarak kullanilacak
cesitlerde istenen bir 6zelliktir. Alacali yaprak rengine sahip cesitler gelistirilmistir. Bu
cesitlerde hastalik ve zararlilara dayaniklilik zayif olabilmektedir. Bu nedenle farkl tiirler
ile melezlenerek dayanikliliklar1 artirilabilir. Biberlerde pi  geninin, plastitlerde
diizensizlige neden olarak yapraklarda yesil ve beyaz renklenmeye neden oldugu tespit
edilmistir [77]. A ve MoA genlerinin ekspresyonu, alacali ve alacali olmayan yesil
yapraklarda menekse renkli beneklenmeler olmasina neden olmaktadir [77, 78, 79].
Biberlerde aciligin kalitimi, iizerinde ¢ok fazla calisilan konularin basinda gelmektedir.
Tatli ve ac1 gesit ve tiirler bu amacla melezlenmis ve aciligin tatlilik tizerine baskin oldugu
belirlenmistir. Biberlerde ilk tatli ¢esidin ac1 biberlerden mutasyon yolu ile ortaya ¢iktigi
tahmin edilmektedir. Bir baska deyisle yabani tiirlerin tamammin aci oldugu
diistiniilmiistiir [80]. Ancak son yillarda yapilan ¢alismalarda bazi yabani tiirlerinde tath
genotiplere sahip oldugu bildirilmistir. C. longidentatum tiirii ve Andean kompleksindeki
tiirlerin tath biberlere sahip olduklar tespit edilmistir (Sekil 2) [13]. Giinlimiizde 1slah
edilen en aci ¢esitler olan Bhut jolokia, Trinidad Moruga Scorpion gibi ¢esitler (1.019.687
scoville acilik degeri tizerinde) C. chinense tiiriine ait ¢esitlerdir [81]. Yapilan molekiiler
analiz sonucunda ilging bir sekilde bu ¢esidin genetik yapisinda C. frutescens kani oldugu
belirlenmigtir. Buradan yola ¢ikarak ¢esidin dogal olarak olusan bir tiirler aras1 melez
oldugu ifade edilmistir [82]. Bu durum C. chinense tiiriinii kapsaisin igerigini arttirmak
icin 6nemli bir genetik kaynak haline getirmektedir.

Kiiltiirlere ve taleplere bagli olarak ac1 ve tatli gesit tercihleri, acilik seviyesi tercihleri

degisebilmektedir. Acilik stres kosullarina bagli olarak bir miktar artis gdsterebilmekte,
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ancak tatli bir cesidin act olmasit veya act bir ¢esidin tathi olmasi s6z konusu
olmamaktadir. Ozellikle daha énce de belirtildigi gibi acilik baskin bir karakter olmasi
nedeniyle tatli ¢esitlerin eldesi i¢cin mutlaka iki tatl ¢esidin kullanilmasi gerekmektedir
ki bu durumda bile elde edilecek varyasyonda aci bireylerin meydana gelmesi olasidir.
Tiirler aras1 melezlemeler acilik oranini arttirilmasi ve tatli genotiplerin bir miktar
acilagtirtlmast icin kullanilabilecegi gibi tiirlerin hastalik dayanimlarmin aktarilmasi
icinde kullanilabilmektedir. Aciligin kalitiminin incelenmesi i¢in yiiriitiilen bir caligmada
C. annuum (cv. Takanotsume orta ac1) ve C. frutescens (cv. Ac 1443 ¢ok aci) tiirlerine ait
cesitler kullanilarak melez bireylerdeki acilik durumlari belirlenmistir. Melezlemeden
elde edilen Fy bireyler kendilenmis ve elde edilen tim F»> bireylerin acilik degerleri
belirlenmigtir. Elde edilen 22 adet F2 bireyden 18 tanesi, anne olarak kullanilan C.
annuum cv. Takanotsume ¢esidinden daha aci olarak belirlenmistir. F2 bireylerden 9
tanesinin ise baba tiir olan C. frutescens’ten de daha ac1 oldugunu tespit etmislerdir [83].
Biberlerde tiirler aras1 melezleme kiiltiir tiirleri arasinda daha yogun olarak ¢aligilmistir.
Yabani tirlerin melezlenebilirlikleri konusunda hala ¢ok fazla bilinmeyen konu
bulunmaktadir. Bu derleme ile bazi1 konularda daha once yapilan ¢alismalar {izerinden
bilgiler sunulmustur. Ozellikle birbirine yakin gruplardaki tiirlerin melezlenmesinde
basar1 sans1 daha yiiksektir. Amag ve hedeflere yonelik olarak tiirler aras1 melezlemelerin
bir programlama gercevesinde yapilmasi gereklidir. Tiirlerdeki hastalik ve zararlilara
dayaniklilik, abiyotik stres kosullarina dayaniklililk ve meyve kalitesine yonelik
kullanilabilecek tiirler belirlenmeli ve kiiltiir tiirleri ile melezlenerek iistiin 6zelliklerin
istedigimiz tiirlere aktarilmasi i¢in ¢alismalar devam ettirilmelidir. Bagarili bir melezleme
igin ¢alisilan tiirlerle ilgili olarak tiirler arasindaki prezigotik ve postzigotik engellerinde
ayr1 ayrt incelenmesi ve ortaya konulmasi gereklidir. Sonugta bu iligkilerin
arastirilmasiyla elde edilen yeni bilgiler, biberlerde kiiltiir tiirleri ile yabani tiirler arasinda
melezlemede basarili olmamizi1 saglayabilecektir. Ayrica 1slahgilar i¢in varyasyon

kaynagi olarak bagar1 saglanan her tiiriin 1slah programlarinda yer alinmasinin 6nii agilmis

olacaktir.

Kaynaklar

1. Stebbins, G.L., Chromosomal evolution in higher plants. Addison-Wesley, London. 1971. p. 216.

2. Stalker, H.T., Utilization of wild species for crop improvement. Adv. Agron., 1980. 33: p.111-
147.

402



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21,

22,

23.

24,

Zillinsky, F.J., Triticale: An update on yield, adaptation, and world production, In; Triticale. R.A.
Forsberg (Editor). Crop Sci. Soc. Amer. Spec. Publ. No. 9. Amer. Soc. Agron., 1985. Madison,
Wis. p. 1-7.

Pandey, K.K., Interspecific incompatibility in Solanum species. American Journal of Botany,
1962. 49(8): p.874-882.

Lammerts, W.E. Interspecific hybridization in Nicotiana. XII. The amphidiploid rustica-
paniculata hybrid; its origin and cyto-genetic behavior. Genetics, 1930. 16: p.191-211.

Schieder, O., Somatic Hybrids of Datura innoxia Mill. + Datura discolor Bernh. and of Datura
innoxia Mill. + Datura stramonium L. var. tatula L. Il. Analysis of progenies of three sexual
generations. Molec. Gen. Genet., 1980. 179: p.387-390.

Wijsman, H.J.W., and J.H. De Jong, On the interrelationships of certain species of Petunia IV.
Hybridization between P. linearis and P. calycina and nomenclatorial consequences in the Petunia
group. Acta Bot. Neerl., 1985. 34(3): p. 337-349.

Bernardello, L. et al., The hybrid nature of Lycium ciliatum x cestroides (Solanaceae):
experimental, anatomical and cytological evidence. Canadian Journal of Botany, 1995. 73: p.
1995-2005.

Azeez, S.0O., and J. O. Faluyi, Hybridization in four Nigerian Physalis (Linn.) species. Not Sci
Biol, 2018. 10(2): p. 205-210.

Trojak-Goluch, A., and A. Berbec, Cytological investigations of the interspecific hybrids of
Nicotiana tabacum L. x N. glauca Grah. J. Appl. Genet., 2003. 44(1): p. 45-54.

Fatokun, C.A., Cytological studies of the F; interspecific hybrid between Solanum aethiopicum
and S. gilo Raddi. Cytologia, 1989. 54: p. 425-428.

Eshbaugh, W.H., The taxonomy of the genus Capsicum. In: Peppers Botany, Production and Uses.
Vincent M. Russo (Editor), 2012. CAB International. p. 14-28.

Carrizo Garcia, C. et al, Phylogenetic relationships, diversification and expansion of chili peppers
(Capsicum, Solanaceae). Annals of Botany, 2016. 118: p. 35-51.

Barboza, G.E. et al., Four new species of Capsicum (Solanaceae) from the tropical Andes and an
update on the phylogeny of the genus. PLoS ONE, 2019. 14(1): e0209792.

Barboza, G.E., B.L. Bianchetti, and J.R. Stehmann, Capsicum carassense (Solanaceae), a new
species from the Brazilian Atlantic Forest. PhytoKeys, 2020. 140: p. 125-138.

Halstead, H. D., Experiments with peppers. N. J. Agr. Exp. Sta. Ann. Rpt., 1912. 33: p. 365-368.
Khoury C.K. et al., Modeled distributions and conservation status of the wild relatives of chile
peppers (Capsicum L). Diversity and Distributions, 2020. 26: p. 209-225.

Yakub, C.M., and P. Smith, Nature and inheritance of self-incompatibility in Capsicum pubescens
and C. cardenasii. Hilgardia, 1971. 40(12): p. 459-470.

Onus, A.N., and Pickersgill, B., Unilateral incompatibility in Capsicum (Solanaceae): occurrence
and taxonomic distribution. Annals of Botany, 2004. 94: p. 289-295.

Tong, N., and P.W. Bosland, Capsicum tovarii, a new member of the Capsicum baccatum
complex. Euphytica, 1999. 109: p. 71-77.

Pickersgill, B., Cytogenetics and evolution of Capsicum L., in Chromosome Engineering in Plants:
Genetics, Breeding, Evolution, Part B, T. Tsuchiya and P.K. Gupta, Editors. 1991, .Elsevier,
Amsterdam, Netherlands, p. 139-160.

Baral, J.B., and P.W. Bosland, Unraveling the species dilemma in Capsicum frutescens and C.
chinense (Solanaceae): A multiple evidence approach using morphology, molecular analysis, and
sexual compatibility. Journal of the American Society for Horticultural Science, 2004. 129(6): p.
826-832.

Zijlstra, S., A.C. Purimahu, and P. Lindhout, Pollen tube growth in interspecific crosses between Capsicum
species. HortScience, 1991. 26: p. 585-586.

Martins, K.C. et al, Crossability and evaluation of incompatibility barriers in crosses between
Capsicum species. Crop Breeding and Applied Biotechnology, 2015. 15: p. 139-145.

403



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Lippert L.F., P.G. Smith, and B.O. Bergh, Cytogenetics of the vegetable crops. Garden pepper,
Capsicum sp. The Botanical Review, 1966. 32: p. 24-55.

McLeod, M.J. et al., An electrophoretic study of the evolution in Capsicum (Solanaceae).
Evolution, 1983. 37: p. 562-574.

Kochieva E.Z. et al., Assessment of genetic relationships in the genus Capsicum using different
DNA marker systems. XIIth Meeting on Genetics and Breeding of Capsicum and Eggplant, 2004.
p: 44-50, Noordwijkerhout, The Netherlands.

Eshbaugh, W.H., P.G. Smith, and D.L. Nickrent, Capsicum tovarii (Solanaceae), a new species of
pepper from Peru. Brittonia, 1983. 35(1): p. 55-60.

Ibiza V.P. et al., Taxonomy and genetic diversity of domesticated Capsicum species in the Andean
region. Genetic Resources and Crop Evolution, 2012. 59: p. 1077-1088.

Moscone, E.A. et al., The evolution of chili peppers (Capsicum-Solanaceae): A cytogenetic
perspective. Acta Horticulturae, 2007. 745: p. 137-170.

Ince, A.G., M. Karaca, and N. Onus, Genetic relationships within and between Capsicum species.
Biochem Genetics, 2010. 48: p. 83-95.

Scaldaferro, M.A., M. Grabiele, and E.A. Moscone, Heterochromatin type, amount and
distribution in wild species of chili peppers (Capsicum-Solanaceae). Genetic Resources and Crop
Evolution, 2013. 60: p. 693-709.

Tong, N., and P.W. Bosland, Observations on interspecific compatibility and meiotic chromosome
behavior of Capsicum buforum and C. lanceolatum. Genetic Resources and Crop Evolution, 2003.
50: p. 193-199.

Batista, F.R.C., Cytogenetics in Capsicum L. in, Production and Breeding of Chilli Pepper
(Capsicum spp.), do Régo, E.R. et al., (Editors). 2016. Springer. p: 41-56.

Onus, A.N., A study on crossability relationships between some of the white and purple flowered
Capsicum species. Akdeniz Universitesi Ziraat Fakiiltesi Dergisi, 2001. 14(1): p. 101-106.

Onus, A.N., Capsicum cinsi i¢erisinde tek tarafli uyusmazlik iizerine bir arastirma. Anadolu, 2002.
12(2): p. 75-86.

Kannangara K. N. et al., Tri-species bridge crosses (C. annuum L. x C. chinense Jacq.) x (C.
chinense Jacq. x C. frutescens L.) as an alternative approach for introgression of Cucumber Mosaic
Virus (CMV) and Chilli Veinal Mosaic Virus (CVMV) resistance from C. frutescens L. into C.
annuum L. Tropical Agricultural Research, 2017. 28 (4): p. 472-489.

Yoon J.B. et al., Overcoming two post-fertilization genetic barriers in interspecific hybridization
between Capsicum annuum and C. baccatum for introgression of anthracnose resistance. Breeding
Science, 2006. 56: p. 31-38.

Morrison, R.A., R.E. Koning, and D.A. Evans, Anther culture of an interspecific hybrid of
Capsicum. Journal of Plant Physiology, 1986. 126(1): p. 1-9.

Yoon J.B. et al., Interspecific cross compatibility among five domesticated species of Capsicum
genus. Journal of Korean Society of Horticultural Science, 2004. 45: p. 324-329.

Yoon J.B., J. Lee, and J.W. Do, Breeding anthracnose resistance in chili pepper: From genetic
resources to commercialization. APSA  Seed Congress, https://apsaseed.org/wp-
content/uploads/2017/02/1.-Breeding-Anthracnose-Resistance-in-Chilli-from-genetic-resources-

to-commercialization-J.B.-Yoon.pdf (Erigim tarihi: 29.03.2020).

Kamvorn, W. et al., Compatibility of inter-specific crosses between Capsicum chinense Jacg. and
Capsicum baccatum L. at different fertilization stages. Scientia Horticulturea, 2014. 179: p. 9-15.
Hossain, M.A., M. Minami, and K. Nemoto, Immature embryo culture and interspecific hybridiza-
tion between Capsicum annuum L. and C. frutescens L. via embryo rescue. Jpn. J. Trop. Agric.,
2003. 47: p. 9-16.

Suprunova, T.P. et al., Production and analysis of interspecific hybrids among four species of the
genus Capsicum. Procedings of the XIVth EUCARPIA Meeting on Genetics and Breeding of
Capsicum & Eggplant. Ed. Universitat Politécnica de Valencia. 2010.

404



45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Debbarama, C. et al., Wide hybridization and embryo-rescue for crop improvement in Capsicum.
Agrotechnology, 2013. 11: p. 2-6.

Sui, Y.H., and N.B. Hui, Acquisition, identification and analysis of an inter-specific Capsicum
hybrid (C. annuum x C. chinense). J Hortic Sci Biotechnol, 2015. 90: p. 31-38.

Manzur, J.P. et al., Successful wide hybridization and introgression breeding in a diverse set of
common peppers (Capsicum annuum) using different cultivated Aji” (C. baccatum) accessions as
donor parents. PLOSONE, 2015. 10(12):e0144142.

Cremona, G. et al., Production of embryo rescued hybrids between the landrace ‘Friariello”
(Capsicum annuum var. annuum) and C. baccatum var. pendulum: phenotypic and cytological
characterization. Euphytica, 2018. 214(8): p. 129.

Manzur, J.P., Técnicas y estrategias de mejora para facilitar la hibridacion interespecifica y el
acortamiento del ciclo generacional en el género Capsicum. Para optar al titulo de Doctor Ingeniero
Agronomo por la Universidad Politécnica de Valencia. 2013.

Monteiro, C.E.S., T.N.P. Pereira, and K.P. Campos, Reproductive characterization of interspecific
hybrids among Capsicum species. Crop Breeding and Applied Biotechnology, 2011. 11: p. 241-
249.

Arpaci, B.B., and F. Yarali Karakan, Inter-specific (Capsicum chacoense Hunz. and Capsicum
annuum L.) inheritance of fruit detachment force trait in hot pepper. Scientific Papers. Series B,
Horticulture, 2018. 57: p. 391-394.

Heiser, C.B.Jr, and P.G. Smith, Observations on another species of cultivated pepper, Capsicum
pubescens R & P. Proceedings of the American Society of Horticultural Science, 1948. 52: p. 331-
335.

Pickersgill, B., Relationships between weedy and cultivated form in some species of chili peppers
(genus Capsicum). Evolution, 1971. 25: p. 683-691.

Smith, P.G., and C.B.Jr. Heiser, Taxonomic and genetic studies on the cultivated peppers
Capsicum annuum L. and C. frutescens L. American Journal of Botany, 1951. 38: p. 362-368.
Heiser, C.B.Jr, and P.G. Smith, The cultivated Capsicum species. Economic Botany, 1953. 7: p.
214-2217.

Eshbaugh, W.H., Genetic and biochemical systematic studies of chili peppers (Capsicum -
Solanaceae). Bulletin of the Torrey Botanical Club, 1975. 102: p. 396-403.

Smith, P.G., and C.B. Jr. Heiser, Taxonomy of Capsicum sinense Jacq. and the geographic
distribution of the cultivated Capsicum species. Bulletin of the Torrey Botanical Club, 1957. 84:
p. 413-420.

Eshbaugh, W.H. A biosystematic and evolutionary study of Capsicum baccatum (Solanaceae).
Brittonia, 1970. 22: p. 31-43.

Heiser, C.B.Jr, and P.G. Smith, New species of Capsicum from South America. Brittonia, 1958.
10: p. 194-201.

Emboden, W.AJr., A preliminary study of the crossing relationships of Capsicum baccatum,
Butler University Botanical Studies, 1961. Vol. 14, Article 2.

Moreira, N.F., T.N.S. Pereira, and K.C. Martins, Meiotic analysis of interspecific hybrids between
Capsicum frutescens and Capsicum chinense, Crop Breeding and Applied Biotechnology, 2017.
17: p. 159-163.

Tanksley, S.D. et al., Conservation of gene repertoire but not gene order in pepper and tomato.
Proceedings of the National Academy of Sciences, 1988. 85(17): p. 6419-6423.

Prince, J.P., E. Pochard, and S.D. Tanksley, Construction of a molecular linkage map of pepper
and a comparison of synteny with tomato. Genome, 1993. 36: p. 404-417.

Livingstone, K.D. et al., Genome mapping in Capsicum and the evolution of genome structure in
the Solanaceae. Genetics, 1999. 152: p. 1183-1202.

Kang, B.C. et al., An interspecific (Capsicum annuum x C. chinense) F, linkage map in pepper
using RFLP and AFLP markers. Theoretical and Applied Genetics, 2001. 102: p. 531-539.

405



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

Rao, U.G.et al., Mapping of yield related QTLs in pepper in an interspecific cross of Capsicum
annuum and Capsicum frutescens. Theoretical and Applied Genetics, 2003. 106: p. 1457-1466.
Lee, J.M. et al., Characterization and molecular genetic mapping of microsatellite loci in pepper.
Theoretical and Applied Genetics, 2004. 108: p. 619-627.

Yi, G. et al., Exploitation of pepper EST-SSRs and an SSR-based linkage map. Theoretical and
Applied Genetics, 2006. 114: p. 113-130.

Wu, F. et al., A COSII genetic map of the pepper genome provides a detailed picture of synteny
with tomato and new insights into recent chromosome evolution in the genus Capsicum.
Theoretical and Applied Genetics, 2009. 118: p. 1279-1293.

Tan, S. et al., Construction of an interspecific genetic map based on indel and SSR for mapping
the QTLs affecting the initiation of flower primordia in pepper (Capsicum spp.). PLoOSONE, 2015.
10(3): e0119389.

Arjun, K. et al., Mapping of fruit length related QTLs in interspecific cross (Capsicum annuum
L. x Capsicum galapagoense Hunz.) of chilli. Breeding Science, 2018. 68: p. 219-226.

Stommel, J.R., and R.J. Griesbach, Inheritance of fruit, foliar and plant habit attributes in
Capsicum L. Journal of the American Society for Horticultural Science, 2008. 133: p. 396-407.
Mavi, K. et al., Capsicum baccatum var. pendulum tiirii biberlerde melezleme yolu ile ¢esit
gelistirilmesi. I1I. Uluslara Arast Tarim Kongresi Ozet Kitabi, ISBN: 978-605-80128-2-0,
Sayfa:18, Hammamet-Tunus (5-9 Mart), 2020.

Matus, Z., J. Deli, and J.J. Szaaboles, Carotenoid composition of yellow pepper during ripening—
isolation of b-cryptoxanthin 5,6-epoxide. J. Agr. Food Chem., 1991. 39: p. 1907-1914.

Brauer, O., Untersuchungen ueber qualitatseigenschaften in F1 hybriden von paprika, Capsicum
annuum L. Z. fuer Pflanzenzuecht. 1962. 48: p. 259-276.

Smith, P.G., Brown, mature fruit color in pepper (Capsicum frutescens). Science, 1948. 107: p.
345-346.

Lippert, L.F., B.O. Bergh, and P.G. Smith, Gene list for the pepper. J. Heredity, 1965. 56: p. 30-
34.

Peterson, P.A., Linkage of fruit shape and color genes in Capsicum. Genetics, 1959. 44: p. 407-
419.

Wang, D., and P.W. Bosland, The genes of Capsicum. HortScience, 2006. 41(5): p. 1169-1187.
Mavi, K., Kendisi kii¢iik acis1 biiyiik bir lezzet: Siis biberi. Agrokop, 2013. Agustos: p. 24-28.
Bosland, P.W., D. Coon, and G. Reeves, Trinidad Moruga Scorpion pepper is the world’s hottest
measured chile pepper at more than two million Scoville heat units. Horttechnology, 2012. 22: p.
534-538.

Bosland, P.W., and J.B. Baral, ‘Bhut Jolokia’ the world’s hottest known chile pepper is a putative
naturally occurring interspecific hybrid. HortScience, 2007. 42: p. 222-224.

Ohta, Y., Physiological and genetic studies on the pungency of Capsicum, V. Inheritance of
pungency. Jpn. J. Genet., 1962. 37: p. 169-175.

406



Bir sonraki sayida gériismek iimidiyle..
Hope to see you in the next issue..






Author Guidelines

General Principles
1. The article should be submitted by the responsible author responsible as Microsoft Word (Doc, Docx).
2. The responsible author is responsible for monitoring all the processes of the article.

3. The main section headings should be bold and the first letter in capital letters, the first letter of the first word in
the 2nd-degree headings should be large. If a third-degree title is required, the title should be in italics and only
the first letter of the first word should be capitalized. If possible, articles with fourth-degree titles should not be
used in our journal.

4. The main headings and sub-headings should not be numbered.

5. Turkish and English titles of the articles should be short, descriptive, and not more than fourteen words (except
prepositions).

6. In the Pre-Control and Evaluation processes, the authors must submit the proposed corrections within 30 days
at the latest. Otherwise, the article will be rejected.

7. Please click here to see the article written according to tothe rules of our journal.

Note: The general similarity rate should not exceed 20% except the bibliography part of the submitted articles. It
is necessary to inform the journal editor if the rate specified in the necessary cases is exceeded. All articles
submitted to the journal are screened with ithenticate plagiarism program.

8. Except for the Turkish and English titles of the work, all remaining parts should be written on the right side.
9. The text should be written on an A4-size page, in 12-font size Times New Roman, and double-spaced.
10. There should be 3 cm margin on the left, right, and top of the page.

11 Text should be written in a single column, all pages should be given a page number.
There is no page limit in publishing an article in our journal.

Names Section
A double-blind peer reviewer system is applied in our journal. Therefore, the names and addresses of authors
should not be given in the main text when loading the Manuscript to the system. Author names and contact
information should be written on a separate cover page. The cover page is available in the article submission
section of our journal.

Abstract
The article can be written in Turkish and English. English and Turkish abstracts should be written at the beginning
of the Turkish manuscripts.
The abstract should contain brief and clear information about the purpose, method , and results of the article. 10
font size, single line spacing and maximum 300 words should be written. No reference should be made to the
"Abstract”.
Keywords: Keywords should be 10 font sizes, minimum 3, and maximum of 5 words. Keywords must be separated
with a comma (,) sign and should be in lowercase.



Introduction
The sections of the main part of the study should be written in 14 font sizes; Bold and the first letter should be
capitalized; Article should have Introduction, Methods, Results, Discussion, and Conclusion sections. The second
level titles should be written in the left, in 12 font sizes, the first letter of the first word should be capitalized, bold,
and numbered. A line in the previous paragraph must be separated by a space.

Figures and Tables
In the Turkish article for Figures and Tables;” Sekil“, ”Tablo*; whereas in The English article “Fig”, “Table”
should be used (Table 1, Fig 1).
Figure and Table words should be written in bold, and at the end of the description of figures and tables should
not have a dot (.)
Figures, graphics, photographs and the like should be written under Figures and written with 11 fonts. Figure and
Table should be given in the main document in the relevant places, should not be uploaded as separate files or
should not be added to the end of the text.

Examples;

Table 1 Possible effects of genetically modified organisms

Table 2 Methods of tissue culture in tomato plants

Fig. 1 Amount of GMO products in the world

Fig. 2 Countries with the highest number of GM cultivation in the world

Citation Inside the Text
In the text, the author should be numbered. Name and year should not be specified.
Example: Potatoes produced on a global scale are used in many basic areas [1, 2, 3]. Fifty percent of primarily
produced potatoes are used for fresh consumption, such as baking, frying, boiling [4, 5, 6, 7].

References
The references section should be written in 10 font sizes and without hanging indentations. In the references
section, italics should not be written except in italic words such as “in vivo, in vitro, ex-situ” and species names.
References should be written according to the “Chicago style”. Besides, there is an endnote style preparing for
"International Journal of Life Sciences and Biotechnology". You can prepare your references using that style. For
Endnote style, you can reach it by clicking on the endnote at the bottom right part of the main page of the journal.
Examples

Example of an article with 1 author;
Marakli, S., A Brief Review of Molecular Markers to Analyze Medicinally Important Plants. International Journal
of Life Sciences and Biotechnology, 2018. 1 (1): p. 29-36.

Example of an article with 2 authors;
Kocacaliskan, I. and I. Tailor, Allelopathic effects of walnut leaf extracts and juglone on seed germination and
seedling growth. The Journal of Horticultural Science and Biotechnology, 2001. 76 (4): p. 436-440.

Example of an article with 3 authors;
Segura-Aguilar, J., I. Hakman, and J. Rydstrém, The effect of SOH-1,4-naphthoquinone on Norway spruce seeds
during germination. Plant Physiology, 1992. 100 (4): p. 1955-1961.

Example of articles with 4 or more authors
Arasoglu, T., et al., Synthesis, characterization, and antibacterial activity of juglone encapsulated PLGA
nanoparticles. Journal of applied microbiology, 2017. 123 (6): p. 1407-1419.

Example for the book;
Kocalishkan, 1., Allelopathy. 2006, Ankara, Turkey: Our Office Press-In Turkish.



Example for Book Chapter;
Kaya, Y., F.Z. Huyop, and M.F. Edbeib, Genetic Diversity in Plants, in Advances in Biosciences, F.Z. Huyop and
S. Mohammed, Editors. 2019, Penerbit UTM Press. Malaysia: Malaysia. p. 04-24.



Ethical Principles and Publication Policy
Ethical standards for publication exist to ensure high-quality scientific publications, public trust in scientific
findings, and that people receive credit for their ideas. In addition, the authors are encouraged to follow the ethic
guidelines of the Committee on Publication Ethics (COPE) which can be viewed on the COPE website.

International Journal of Life Sciences and Biotechnology (Int J. Life Sci. Biotechnol.) is an electronic peer-
reviewed international journal trying to have the highest standards of publication ethics. For that, we affirm the
following principles of the Publication Ethics and Malpractice Statement.

If malpractice is discovered at any time even after the publication, the articles not in accordance with these
standards will be removed from the publication. Int J. Life Sci. Biotechnol. is checking all papers in a double-blind
peer-review process. We also check for plagiarisms, research fabrication, falsification, and improper use of any
organisms in research. We will also report any cases of suspected plagiarism or duplicate publishing. Int J. Life
Sci. Biotechnol. reserves the right to use plagiarism detecting software to screen submitted papers at all times.

Author’s responsibilities: The author or authors must guarantee that they have written a unique study. Moreover,
they must make sure that the article has not been submitted and evaluated elsewhere at the same time. Literature
of the other researchers, all contributors and sources (including online sites) should be appropriately credited and
referenced. All submitted manuscripts should be edited for language. All references should be cited without been
copied or plagiarized. If needed, any financial sources or another conflict of interest should be disclosed. In order
to correct the paper, any significant error or inaccuracy in the published works should be notified by the related
authors. An author agrees to the license agreement before submitting the article. All articles must be submitted
using the online submission procedure. Submitting a paper simultaneously to more than one publication at a time
is a violation of publications' ethics.

Editorial responsibilities: Editors along with Editor-in-Chief and Editorial Board have publication decisions.
Editors must guarantee a fair double-blind peer-review of the submitted articles for publication. They have to
prevent any potential conflict of interests between the author and editors and reviewers. They have to guarantee
the confidentiality of submitted articles before publishing. Editor-in-Chief will coordinate the work of the editors.

Peer review/responsibility for the reviewers: They have to review the manuscripts based on content without regard
to ethnic origin, gender, sexual orientation, citizenship, religious belief, or political philosophy of the authors.
They have to guarantee the confidentiality of submitted articles before publishing. They have to report any
plagiarisms, research fabrication, falsification, and improper use of any organisms in research to the editors and/or
the Editor-in-Chief. They have to review the papers objectively and state their opinions clearly in the forms and
on the paper. A reviewer having inadequate time or feeling unqualified should notify the editors as soon as possible
and excuse her/himself from the review process.

Plagiarism
All journals published by IJLSB are committed to publishing only original material, i.e., material that has neither
been published elsewhere nor is under review elsewhere. Manuscripts that are found to have been plagiarized from
a manuscript by other authors, whether published or unpublished, will incur plagiarism sanctions.

Manuscripts are checked by Ithenticate Plagiarism System.

Duplicate Submission
Manuscripts that are found to have been published elsewhere, or to be under review elsewhere, will incur
duplicate submission/publication sanctions. If authors have used their own previously published work or work
that is currently under review, as the basis for a submitted manuscript, they are required to cite the previous work
and indicate how their submitted manuscript offers novel contributions beyond those of the previous work.



Citation Manipulation
Submitted manuscripts that are found to include citations whose primary purpose is to increase the number of
citations to a given author’s work or articles published in a particular journal, will incur citation manipulation
sanctions.

Data Fabrication and Falsification
Submitted manuscripts that are found to have either fabricated or falsified experimental results, including the
manipulation of images, will incur data fabrication and falsification sanctions.

Improper Author Contribution or Attribution
All listed authors must have made a significant scientific contribution to the research in the manuscript and
approved all its claims. It is important to list everyone who made a significant scientific contribution, including
students and laboratory technicians.

Redundant Publications
Redundant publications involve the inappropriate division of study outcomes into several articles.

Sanctions
In the event that there are documented violations of any of the above-mentioned policies in any journal, regardless
of whether or not the violations occurred in a journal published by Int J. Life Sci. Biotechnol., the following
sanctions will be applied:

Immediate rejection of the infringing manuscript.
Immediate rejection of every other manuscript submitted to any journal published by Int J. Life Sci. Biotechnol.
by any of the authors of the infringing manuscript.
The prohibition against all of the authors for any new submissions to any journal published by IJLSB, either
individually or in combination with other authors of the infringing manuscript, as well as in combination with any
other authors. This prohibition will be imposed for a minimum of 36 months. Prohibition against all of the authors
from serving on the Editorial Board of any journal published by Int J. Life Sci. Biotechnol.

In cases where the violations of the above policies are found to be particularly egregious, the publisher reserves
the right to impose additional sanctions beyond those described above.

Publication Charge

“International Journal of Life Sciences and Biotechnology” is an Open Access Journal and does not charge any
printing charges from authors, during article delivery, assessment and printing stages.



Aim and Scope

International Journal of Life Sciences and Biotechnology (Int J. Life Sci. Biotechnol.) is an international peer-
reviewed journal that publishes original articles from all biology and molecular biology studies, particularly in the
fields of life sciences and biotechnology. The language of publication is Turkish and English. Also the main
objective of Int J. Life Sci. Biotechnol. is to provide quality publications to scientists, researchers, and engineers
from both academia and industry who want to communicate the latest developments and practices in their field.
Int J. Life Sci. Biotechnol. publishes original papers in various fields of Life Sciences and Biotechnology that
covers, but is not limited to, the following areas:

- Agricultural Biotechnology

- Animal (livestock and fish production, physiology, breeding and genetics, biotechnology, etc),
- Animal Biotechnology

- Biochemical Genetics,

- Biochemistry

- Biodiversity and biodiscovery

- Bioinformatics and system biology

- Biology and Molecular Biology,

- Bioremediation and biodegradation

- Biotechnology

-Bioethics (Life Sciences and Biotechnology)
- Botany,

- Evolution and Population Genetics,

- Food Biotechnology

- Genetic engineering and cloning

- Lichens

- Genetics,

- Biotechnological product and Halal Food
- Industrial Biotechnology

- Medical Biotechnology

- Molecular Genetics

- Plant (Plant production, physiology, breeding and genetics, biotechnology, agronomy, horticulture, plant
protection, etc.),

- Plant Biotechnology
- Soil (soil ecology, physics, and chemistry, etc)

-Polar Science (Life Sciences and Biotechnology)



DECLARATION: This work is part of Giilfidan KUYUMCU’s MA thesis. Articles on 27-29 September 2017
held in Bayburt in Turkey was presented as a Oral Presentation I. International Organic Agriculture and
Biodiversity Symposium

Genetic Analysis Related To Organized Genetic Changes in Potato And Processed Potatoes
Gulfidan Kuyumcu®", Muhammed Majed Abed?
Author Addresses: ! Samsun Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural
Biotechnology, Samsun / Turkey
2 Samsun Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Biotechnology,

Samsun / Turkey

*Corresponding Autor: Gulfidan Kuyumcu, e-mail: ijlsb@intsa.org
Please write the e-mail addresses and Orcid ID numbers of all authors (required fields)
Author 1 mail and Orcid ID:

Author 2 mail and Orcid ID:
Author 3 mail and Orcid ID:


mailto:ijlsb@intsa.org

Copyright Transfer Agreement

INTERNATIONAL JOURNAL OF LIFE SCIENCES SCIENCE AND
BIOTECHNOLOGY (1JLSB)

Title:
Authors:

This form must be signed by all the authors and sent by you to publish your article at
“International Journal of Life Sciences Science And Biotechnology (IJLSB)”.

By signing this document, the following conditions are considered acceptable:

1. The fact that all publishing rights belong “International Journal of Life Sciences
Science And Biotechnology,

2. Prepared according to the Writing Rules and Publishing Policies of “International
Journal of Life Sciences Science And Biotechnology”,

3. Atrticle original and not previously published at home or abroad or is not under
consideration for publication,

4. 1t belongs to us by the scientific and ethical responsibility is not reached other authors;
All the authors a-re aware of the work and responsibilities of other authors, first author
of the article that | have to accept me as | declare;

Authors Name Surname Date Signature




Ethics Committee Report

Article If an Ethics Committee Report is required to conduct a research on animals and humans and to conduct
this research, it is mandatory that the Ethics Committee Report be scanned and uploaded as a PDF file.
Otherwise, the article is returned to the author at the preliminary examination and other stages.



DEGREE:
FIRST NAME:
LAST NAME:

MAIL ADDRESS:

INSTITUTION:
DEPARTMENT:
SUBJECTS:

DEGREE:
FIRST NAME:
LAST NAME:

MAIL ADDRESS:

INSTITUTION:
DEPARTMENT:
SUBJECTS:

DEGREE:
FIRST NAME:
LAST NAME:

MAIL ADDRESS:

INSTITUTION:
DEPARTMENT:
SUBJECTS:

1.REVIEWER SUGGESTION

2.REVIEWER SUGGESTION

3.REVIEWER SUGGESTION




