International Journal of

A
| r '
\\ .

y

:’?’
O1¢ LY
;‘ [ P )'\‘ Eﬁi‘ryﬁ, Sa ‘é

«ilj' P4

e-ISSN:2651-4621

Plant .
siotechnology  Biotechnology

. Genetics &
. Genomics.

Bioinformatics




Volume/Cilt:3 2020 Issue / Say1:2

Editor in Chief / Bag Editor
Asst. Prof. Dr. Yilmaz Kaya
Ondokuz Mayis University, Turkey

Section Editors / Boliim Editorleri”

* siralama akademik unvan i¢inde alfabetik siralamaya goredir. * The ranking is arranged alphabetically within the academic title.

Prof. Dr. Ali ASLAN, PhD, Van Yuzuncuyil University

Prof. Dr. Ercan BURSAL, PhD, Mus Alparslan University

Prof. Dr. Hasan AKAN, PhD, Harran University

Prof. Dr. Nermin GOZUKIRMIZI, PhD Istinye University

Prof. Dr. Tengku Haziyamin TENGKU ABDUL HAMID, PhD, International Islamic University Malaysia
Assoc. Prof. Dr. Ayhan HORUZ, PhD Ondokuz Mayis University

Assoc. Prof. Dr. Hasan Murat AKSOY, PhD, Ondokuz Mayis University

Editorial Board / Editor Kurulu

Prof. Dr. ismail KOCACALISKAN, PhD, Yildiz Technical University

Prof. Dr. Muhammet KURULAY, PhD, Yildiz Technical University

Assoc. Prof. Dr. Gulbubu KURMANBEKOVA, Kyrgyz-Turkish Manas University
Assoc. Prof. Dr. Ismail ERPER, PhD, Ondokuz May1s University

Assoc. Prof. Dr. Muhammad Arshad JAVED, PhD, Universiti Teknologi Malaysia
Assoc. Prof. Dr. Roswanira AB. WAHAB, PhD, Universiti Teknologi Malaysia
Assoc. Prof. Dr. Sevgi MARAKLI, PhD, Amasya University

Asst. Prof. Dr. Abdussamat GUZEL, PhD, Inonu University

Asst. Prof. Dr. Ali Yuksek, PhD, Ondokuz Mayis University

Asst. Prof. Dr. Cihan INAN, PhD, Karadeniz Technical University

Asst. Prof. Dr. Ertan ERMIS, PhD, Istanbul Sabahattin Zaim University

Asst. Prof. Dr. Feyza TUFAN, PhD, Halic University

Asst. Prof. Dr. Harun OZER, PhD, Ondokuz May1s University

Asst. Prof. Dr. Kasim TAKIM, PhD, Harran University

Asst. Prof. Dr. Mohamed EDBEIB, PhD, Baniwalid University, Libya

Asst. Prof. Dr. Muhammed YUCEER, PhD, Canakkale Onsekiz Mart University,
Dr. Aliyu ADAMU, PhD, Kaduna State University

Dr. Lect. Abdulgani DEVLET, PhD, Bilecik Seyh Edebali University

Dr. Nedim UZUN, PhD, Taksim Education and Research Hospital, Turkey

Dr. Res. Asst. Kiran NAWA, PhD, University of Arizona

Advisory Board / Danmisma Kurulu

Prof. Dr. Ahmet OKUMUS, PhD, Aydin Adnan Menderes University

Prof. Dr. Didem OZCIMEN, PhD, Yildiz Technical University

Prof. Dr. Fahrul Zaman HUYOP, PhD, Universiti Teknologi Malaysia

Prof. Dr. Ibrahim ilker OZYIGIT, PhD, Marmara University

Assoc. Prof. Dr. Funda ARSLANOGLU, PhD, Ondokuz May1s University

Assoc. Prof. Dr. Sibel YILMAZ, PhD, Yeni Yuzyil University

Assoc. Prof. Dr. Zarina Bt ZAINUDDIN, PhD, International Islamic University Malaysia
Managing Editor / Yonetici Editor

Yunus Emre ARVAS, PhD Cand., Yildiz Technical University



Yonetim Ofisi/ Management Office

Yildiz Technical University, Faculty of Chemical and Metallurgical Engineering.
ESENLER/ISTANBUL

Yasal Sorumluluk
Yazilarin yasal ve hukuki sorumlulugu yazarlara aittir.
Timhaklari saklidir. Derginin hi¢bir boliimii, yazili 6n izin olmaksizin ve dergi adina referans
gosterilmeden herhangi bir formatta ¢ogaltilamaz veya kullanilamaz.

Legal Responsibility
The legal responsibility of the articles belongs to the authors. All rights reserved. No part of this
journal may be reproduced or used in any form without the prior writen permission and a
reference to name of the journal.

Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin altinci sayisin1 yayin hayatina
sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and Biotechnology”
dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi hakemli 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
aragtirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamayi, tarafsizlik ve
bilim etigi ilkelerine bagh kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢alismalara odaklanan,
giinceli ve gelecegi tartisan ¢alismalarin yaymlanmasini hedeflemektedir.

Bu diisilincelerle 2020 yili ikinci sayisin1 yaymladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katk1 ve
Elestirileri ile degerlendirme stireglerine katkilarindan dolay1 hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek timidiyle...

15.08. 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 secondissue of 2020 "International Journal of
Life Sciences and Biotechnology". Hope to see you inthe nextissue. ..

15.08.2020
Editorin Chief
Assit. Prof. Dr. Yilmaz KAYA
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Research article

Al-moalemi, H.A., W.A.H. Altowayti, and S.P.M. Bohari, in vitro Study of Antidiabetic Effect of Abrus
precatorius Methanol Leaves Extract against Glucose Absorption. International Journal of Life Sciences and
Biotechnology, 2020. 3(2): p. 117-126. DOI: 10.38001/ijlsb.701093

in vitro Study of Antidiabetic Effect of Abrus precatorius
Methanol Leaves Extract against Glucose Absorption

Hafedh Ahmed Al-moalemi**"* , Wahid Ali Hamood Altowayti! “* , Siti Pauliena
Mohd. Boharit”

ABSTRACT

Diabetes mellitus is a common chronic systemic disorder characterised by hyperglycaemia as a ARTICLE HISTORY

standard feature. A traditional plant known as Abrus precatorius (AP) has been used for the ?fii've?] 2020
treatment of type Il diabetes mellitus in Malaysia. The potential of the 80% methanol leaves A a;c d
extract of A. precatorius has been tested for its a-glucosidase inhibition using a-glucosidase 220(:5”? 2020

inhibitory assay and glucose diffusion activity using an in vitro model. It was observed that the
methanol leaves extract of A. precatorius exhibited a high a-glucosidase inhibition at the KEYWORDS
concentrations of 25 and 50 mg/mL (65.4% and 84.6%), respectively, but low inhibition at the Abrus precatorius
concentration of 6.25 to 12.5 mg/mL (25% and 28.2%) when compared to control. And it diabetes mellitus ’
slightly affected the glucose diffusion at the concentration of 50 mg/mL (9.5%) within 24 h acarbose, alpha- '
compared to the control group. These indicated that the methanol leaves extract of A. glucosidése
precatorius is capable of inhibiting a-glucosidase activity, besides halting glucose diffusion glucose diff7usion.
activity by delaying the glucose absorption in the gut.

Introduction

Diabetes mellitus is a common chronic disease characterised by high blood glucose levels
with carbohydrate, protein, and fat metabolic disorders [1, 2]. In 2017, the International
Diabetes Federation (IDF) estimated that 451 million people (aged 18-99 years) worldwide
had diabetes. These trends was, and it is expected to reach 693 million by 2045 [3]. Diabetes
mellitus can be classified as type | diabetes, type Il diabetes, gestational diabetes mellitus
(GDM), and other specific types of diabetes due to other causes (e.g., drug-or chemical-
induced diabetes, diseases of the exocrine pancreas, and monogenic diabetes syndromes) [4].

Among these, type Il diabetes causes abnormal absorption of glucose into the blood that

! Department of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, Johor, Malaysia
* Corresponding Author: Siti Pauliena Mohd. Bohari, E-mail: pauliena@fbb.utm.my telephone number: 07-
55 34320
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causes blood glucose level to rise and results in severe complications of various organ
systems like the heart, brain, liver, kidney, and retina [5, 6].

One of the most efficient ways to control type Il diabetes is to reduce glucose absorption by
inhibiting carbohydrate digestion. Carbohydrate digestion occurs in the gastrointestinal tract
and involves two enzymes, intestinal a-glucosidase and pancreatic a-amylase to release
absorbable glucose [7]. The a-glucosidase breaks down disaccharides or make
monosaccharides through the digestion of carbohydrates by a-amylase (glucose) [8, 9].
Alpha-amylase and alpha-glucosidase inhibition may help delay carbohydrate digestion in
the intestine, thereby controlling type Il diabetes [10].

Acarbose is the most common commercially available drug that acts as the inhibitor to a-
glucosidase and a-amylase in the brush border of the small intestine, hence, ensures the delay
of glucose absorption and effectively decreases postprandial blood glucose level elevation
[11]. Besides acarbose, voglibose and miglitol are other drugs of the similar kind in the
market [12]. However, long-term use of these compounds causes gastrointestinal side effects
such as abdominal distention, diarrhoea, and abdominal pain [13]. Therefore, plants and
herbs are gaining vast attention as the alternative source of a-glucosidase inhibitors, primarily
due to its characteristics and cost [14]. Several dietary supplements of plant origin have been
tested and exhibited potential therapeutic activities in diabetes treatment and its
complications [15]. In this study, we proposed the activity of A. precatorius leaves methanol

extract against a-glucosidase inhibition and retardation of glucose diffusion via in vitro study.
Materials and Methods

Chemicals and reagents

The chemicals and reagents used in the study such as methanol, sodium chloride, sodium
carbonate, potassium dihydrogen phosphate, potassium hydrogen phosphate, and D-glucose
were purchased from Qrec (ASIA; Bio-Diagnostic Sdn. Bhd. Petaling Jaya, Selangor,
Malaysia). Other chemicals like p-nitrophenyl alpha-D-glucopyranoside and a-glucosidase,
were from Sigma-Aldrich Group (Subang Jaya, Selangor, Malaysia), and glucose kit from

Spinreact S.A (Sant Esteve de Bas, Girona, Spain).
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Plant materials

The A. precatorius (Akar Saga) plant was obtained from Nursery Pak Ali (Skudai, Johor
Bahru, Malaysia). Green, mature, and intact leaves were harvested from the plant and washed
with tap water and dried in a shady place with enough ventilation for 3-5 days. The dried
leaves were ground by a standard blender to get a fine powder. The leaves powder was kept
in a sealed container in a dry and cool place to be used throughout the study period [16].
Preparation of A. precatorius leaves extract

About 25 g of the leaves powder was soaked in 80% methanol for three days. Then, the
mixture was filtered by filter paper No 1 (Advantec, Medigene Sdn Bhd, Selangor, Malaysia).
The filtered methanol extract was evaporated using a rotary evaporator (EYELA-Tokyo
Rikakikai Company, Tokyo, Japan) and dried using a freeze dryer (Martin Christ Company,
Osterode am Harz, Germany) to obtain dark crude A. precatorius extract [16, 17]. The
percentage yield of the crude methanol extract obtained was 1.86 grams, and kept at 4 °C for
further use.

Alpha-glucosidase inhibition assay

The activity of a-glucosidase was determined using Kinetic endpoint assay in a 96-well plate
(NEST, Jiangsu, China). The absorbance was measured using an Epoch Microplate
Spectrophotometer (BioTek Instruments Inc, Winooski Vermont, USA). Approximately 20
uL different concentrations of A. precatorius extract were mixed with 50 uL of 50 mM
phosphate buffer, followed by 10 uL of a-glucosidase from S. cerevisiae (1 U/mL). These
samples were further incubated for 5 min at 37 °C [16]. A 20 ul of p-nitrophenyl alpha-D-
glucopyranoside (PNP-G) was then added to the mixture as the substrate. The inhibitory
activity of a-glucosidase was assessed using p-nitrophenyl alpha-D-glucopyranoside (PNPG)
as the substrate based on the formation of the yellow p-nitrophenol colour [18]. The reaction
was incubated in an incubator (Panasonic-Biomedical Company, Japan) for 30 min at 37 °C.
Subsequently, 50 puL of a sodium carbonate solution was added to stop the reaction.
Acarbose, a synthetic a-glucosidase inhibitor (used for type Il diabetes patient), was
employed as a positive control. This drug is a synthetic drug used by type Il diabetic patients

to inhibit a-glucosidase within the small intestine [16, 19]. The absorbance was recorded at
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405 nm, and the percentage inhibition was calculated according to the following formula
[20]:

% inhibition = [(absorbance of control — absorbance of extract)/absorbance of control] x100
Effects of A. precatorius methanol leaves extract on glucose movement

In this experiment, a simple in vitro dialysis tube model was used to assess the potential of
the A. precatorius methanol leaves extract to retard the diffusion of glucose in the small
intestinal tract [21]. The movement in this system is not by true diffusion, but it is assisted
by the convective activity of intestinal concentrations [22, 23]. This model requires the use
of a dialysis tube (150 mm x 25 mm) soaked in sodium chloride (NaCl) before use [24].
Then, one end of the tube was tightly tied with a rubber band. A volume of 1 mL A.
precatorius leaves extract was added to a dialysis tube and mixed with 1 mL of 0.15 M NaCl
containing 0.22 M D-glucose. The other end of the dialysis tube was also tied and put in a 50
mL centrifuge tube containing 0.15 M NaCl placed in a shaker incubator (Hotech Instruments
Corp, New Taipei City, Taiwan) at room temperature [25]. The effect of methanol leaves
extract A. precatorius leaves on glucose diffusion was investigated at varying concentrations
(6.25, 12.5, 25, and 50 mg/mL) and at different time intervals (0, 4, 8, 12, 16, 20, and 24 h),
with distilled water as the control. The percentage of glucose that moved into the external
solution was analysed by the glucose oxidase kit [26, 27].

Statistical analysis

The results of three replicate experiments were collected and expressed as mean + standard

deviation (SD), and the diagrams were obtained using the Origin70 program.
Result and Discussion

In vitro a-glucosidase inhibition study

In the present study, the acarbose showed the lowest and highest inhibitory effects of 77.9%
and 95.7% at the concentrations of 6.25 and 50 mg/mL, respectively (Figure 1). On the other
hand, the methanol leaves extract of A. precatorius displayed the lowest and highest
inhibitory activity of 25% and 84.6% at the concentration of 6.25 and 50 mg/mL,
respectively. The results show that the inhibitory activity of A. precatorius leaves extract and
acarbose are increased proportionately to the increase in their concentrations, (Figure 1).
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Acarbose exhibited better inhibitory effects against glucose diffusion compared to A.
precatorius methanol leaves extract. The control of postprandial hyperglycaemia is critical
in the management of diabetes to reduce its complications [28]. Postprandial hyperglycaemia
strongly depends on the amount of monosaccharide absorbed by the small intestine [29]. The
control of postprandial hyperglycaemia can be achieved by retarding the absorption of
glucose through the inhibition of a-glycosidase, which cleaves oligosaccharide to
monosaccharide in the small intestine [30]. However, acarbose and other synthetic drugs
have undesirable toxic side-effects compared to traditional medicines, leading to an increased
interest in the use of traditional medicines [31, 32]. Two different studies indicated that long-
term use of acarbose cause side effects like flatulence, stomach distention, and diarrhoea [33,
34].
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Fig 1 The percent inhibition of a-glucosidase enzyme by methanol leaves extract of A. precatorius
and acarbose at various concentrations. Each value is the mean+ SD of three replicate analyses

Although present study showed that acarbose represents better result than the A. precatorius
methanol leaves extract, this A. precatorius showed a promising effect by exhibiting an
increasing pattern of glucose diffusion inhibition closely resembling those characterised for

acarbose. A. precatorius methanolic leaves extract showed good inhibitory activity of 65.4%
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and 84.6% at the concentration of 25 and 50 mg/mL, respectively, when compared to the
positive control (Figure 1). This could be a promising treatment in the management of
postprandial hyperglycaemia to avoid undesirable toxic side-effects of synthetic drugs. In
another study using aqueous extract the inhibitory activities of aqueous extract of twelve
medicinal plants for a-glucosidase enzyme were investigated; and out of the twelve medicinal
plants, the aqueous extract of A. precatorius leaves showed potent inhibition of 76.8% [35].
Thus, the present study established that the A. precatorius methanol leaves extract is more
potent than the aqueous leaves extract of A. precatorius. Therefore, further studies are
required to identify the potential bioactive compounds that act as a-glucosidase enzyme
inhibitors.

The effects of A. precatorius methanol leaves extract on glucose diffusion via in vitro
study

The present study shows that the effect of methanol leaves extract of A. precatorius at
various concentrations was very close to the control reading ( Figure 2). This study indicates
that methanol leaves extract of A. precatorius did not show any effect on glucose diffusion.
Nonetheless, a slight inhibition effect on glucose diffusion was observed at the concentrations
of 12.5, 25, and 50 mg/mL after 16 h when compared to the control. Besides, the methanol
leaves extract exhibits a higher effect (9.5%) of the 50 mg/mL concentration within 24 h
compared to other concentrations. Thus, concentrations higher than 50 mg/mL may show a
greater inhibitory effect on glucose diffusion. Generally, the study demonstrated that
methanol leaves extract of A. precatorius did not show effect on glucose diffusion in these
concentrations. However, previous studies showed that there is a relationship between the
viscosity of the soluble polysaccharide constituents of plants and their ability to inhibit
glucose absorption [21, 24, 26]. Further study is needed to investigate the role of the viscosity
of suspensions of A. precatorius methanol leaves extract on glucose diffusion or absorption.
Similar results were reported by another study that used the same method to assess the
potential of the ethanolic and aqueous extracts of Teucrium polium to retard the movement
and diffusion of glucose from a sealed dialysis tube into the external solution [23]. The results
showed that T. polium did not show any entrapment ability in decreasing glucose movement

into the external solution [23]. It is noteworthy that the methanol leaves extract of A.
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precatorius might show inhibitory effect on glucose diffusion at the concentration of 50
mg/mL, while T. polium did not show any inhibitory effect on glucose diffusion. This
observation suggested that the antidiabetic action of T. polium is not be related to glucose
diffusion and may depend on other mechanisms of inhibition of carbohydrate hydrolysing
enzymes, increased insulin production from pancreatic B-cells, or decreased insulin
resistance. Therefore, the antidiabetic activity of the methanol leaves extract of A. precatorius
might be due to a-glucosidase inhibition, which appeared to be more potent than retarding
the diffusion of glucose in the small intestinal tract or might also involve different mechanism

as an antidiabetic agent.
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Fig 2 The effect of methanol leaves extract of A. precatorius at varying concentrations on the
diffusion of glucose out of dialysis tube through 24 h incubation period. Each value is the mean +
standard deviation of four replicate analyses.

In another study, an aqueous extract of the whole plant for ten plants (Agaricus campestris,
Agrimony eupatoria, Coriandrum sativum, Eucalyptus globulus, Juniperus communis,
Medicago sativa, Persea americana, Sambucus nigra, Urtica diocia, and Viscum album)
with antihyperglycemic properties have been tested to evaluate their potential effects on

gastrointestinal glucose diffusion [21]. P.americana and A.eupatoria decreased glucose
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diffusion in vitro by more than 50%. Adqueous extracts of V.album, J.communis,
A.campestris, E.globulus, M.sativa, and C.sativum decreased the activity of glucose diffusion
significantly but were less effective than P.americana and A.eupatoria. Meanwhile, S.nigra
and U.diocia extracts did not significantly decrease glucose diffusion [21]. The study
indicated that the plants have antihyperglycemic properties, and some of them can inhibit
glucose diffusion. Whereas, other plants did not show any ability to inhibit glucose diffusion.
It is noteworthy that the antidiabetic plants have different mechanisms, which assist in
treating diabetes and its complications. These include glycosidase (glucosidase) inhibitor
mechanism, a-amylase inhibitor mechanism, inhibition of hepatic glucose metabolising
enzyme mechanism, antioxidant mechanism, inhibition of glycosylation of haemoglobin

mechanism and modulation of glucose absorption from the gut [36].
Conclusion

Based on the results, A. precatorius methanol leaves extract showed good inhibitory activity
for the a-glucosidase enzyme. On the other hand, it did not show any effect on glucose
diffusion, except a slight effect at the highest concentration of 50 mg/mL within 24 h. In our
opinion, the ability of A. precatorius plant to inhibit the activity of the intestinal o-
glucosidase enzyme is one of the reasons that can explain the traditional healer’s use of A.
precatorius leaves for the treatment of type Il diabetes. The 80% methanol leaves extract of
A. precatorius showed excellent inhibitory activity for the a-glucosidase enzyme. Therefore,
further studies are recommended to isolate and test the potential compounds responsible for
inhibitory activity of the a-glucosidase enzyme.
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OZET

Bu ¢alismanin amaci, Usak ili sert ¢ekirdekli meyve (¢ogunlukla kiraz ve visne)
iretiminde Treticilerin kargilagmig olduklar1 fitopatolojik sorunlar, tarimsal ilag
kullaniminda ireticinin egilimleri ve c¢evreyle olan iliskilerini belirlemektir.
Arastirma alanin1 Usak ili Merkez, Sivasli, Banaz ve Esme ilge merkezleri, bunlara
bagli kOy ve mabhalleler olusturmustur. Arastirmada kullanilan veriler 100 sert
cekirdekli meyve iireticisinden yiiz ylize anket yontemiyle elde edilmistir. Anket
verileri 2019 yili iiretim sezonunu kapsamaktadir. Ciftci kayit sisteminden (CKS)
tiretimin yogun oldugu yerlerden rastgele segilen 100 ireticiye 33 soru yoneltilmis
ve verilen cevaplar degerlendirilmistir. Arastirma sonuglarina gore, ilaglamaya karar
vermede kisinin kendi bilgileri ile ilaglama yaptigini ortaya koymaktadir.
Aragtirmaya katilan {ireticilerin % 39°u ilkokul mezunu, % 47’si 31 yildan daha uzun
stiredir yetistiricilik yapmakta, %40°1 1-10 dekar arasinda yetistiricilik yapmaktadir.
Ayrica iireticilerin % 69’u kiraz yetistiriciligi ile ugragmaktadir. Yetistiricilerin %
58’1 ara tarim yapmakta, en fazla domates, biber ve patlican yetistiriciligi
yapmaktadir. Yetistiricilerin % 54’0 diizenli olarak ilaglama yapmaktadir. Bitki
koruma tirtinleri ile ilgili kurs alan iiretici % 8’1 agmamaktadir. Pestisit kullanimi
cevreyi kirlettigi algis1 mevcut olup, ancak miicadeleyi daha 6nemli bulan {ireticiler
% 45’1 olusturmaktadir. Arastirmada {ireticilerin sorulara verdikleri yanitlar ile
olusturulan gruplar arasindaki istatistiki iligkiyi tespit etmek i¢in ki-kare analizi
uygulanmistir. Buna gore iireticilerin bir hastalik, zararli ve yabanci otu gordiigiinde
ilaglama yapma durumu bagimli degisken olurken, sosyo-demografik yapisi,
tarimsal {iretim ve tarimsal ilag kullanim 6zellikleri bagimsiz degisken olup, bu
gruplar arasindaki olasi istatistiki iligki ki-kare analizi ile test edilmistir.
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Determination of Approaches of the Stone Fruit Producers to
the Phytopathological Problems of Usak Province

ABSTRACT ARTICLE HISTORY
The purpose of this study is to determine the phytopathological problems of stone Received

fruit (mostly cherry, sour cherry) producers, producers’s tendencies in the use of 18 March 2020
pesticides and their relations with the environments in Usak province. The research Accepted

field is composed of Usak city center, Sivasli, Banaz and Esme district centers, 22 Aoril 2020

villages and neighborhoods connected to them. The data used in this study have been
obtained from 100 stone fruit producers through face-to-face survey method. The
survey data include 2019 production season. 33 questions were asked to 100
producers randomly selected from the places where production is intense on farmers
register system and the answers were evaluated. Study results reveal that people
decide on applying pesticides based their own knowledge. 39% of the producers in
the study is primary school graduate, 47 % of them has been cultivating more than
31 years, %40 of them has been cultivating on 1-10 decares of area. In addition, 69%
of the producers are engaged with cherry cultivation. 58 % of the producers engage
with intermediate agriculture and they cultiviate tomatoes, peppers and aubergines
most. 54 % of the producers applies pesticides regularly. The producer who takes
courses on plant protection products does not exceed 8%. Although there is a
perception that use of pesticide pollutes the environment, producers who find the
agricultural struggle more important constitute 45 %. Chi-square analysis was
implemented in the study in order to identify the statistical relationship between the
answers of producers to the questions and the established groups. Accordingly, while
the producers’ use of pesticides when they see a disease, pest and weed is the
dependent variable, their socio-demographic structure, agricultural production and
pesticide use characteristics are the independent variables and the possible statistical
relationship between these groups was tested by chi-square analysis.

KEY WORDS
Usak,stone fruits,
phytopathological
problems

Giris

Tarimsal tiretimde hizla artan diinya niifusunun besin ihtiyacini karsilayabilmek amaciyla
birim alandan elde edilen iiriin miktar1 ve kalitesi arttirilmaya ¢alisilmaktadir. Dolayisiyla
iiretim alanlarinin sinirl olmasi ve her gecen giin tarima uygun alanlarinin yiizol¢timiiniin
gittikce azalmasi durumun 6nemi daha da ortaya koymaktadir. Bu amagla tliretimde
kullanilan modern tekniklerin yaninda {iriin miktarinin ve kalitesinin arttirilmasina
yonelik tarim ilaglarinin da kullanilmasi tireticilere nemli maliyetler getirmektedir.
Ayrica {iriniin  korunmasinda bitki koruma uygulamalart agisindan {reticilerin;
karsilagilan hastalik ve zararlilarin tanilamasi yapildiktan sonra kiiltiir bitkisinin bu
hastalik ve zararlilardan korunmasi amaciyla alinmasi gereken tiim 6nlemlerin belirlenip,
uygulanmasini saglamak tarimsal miicadelede bitki koruma sorunlarinin giderilmesinde
biiyiik 6nem tasimaktadir [1]. Dolayisiyla tarimsal iiretimin ve kalitesinin arttiritlmasinda
biitiin modern tekniklerin kullanilmasi, verimli ¢esitlerin secilmesi ve yetistiricilikte tiim

bakim (sulama, budama, toprak isleme vs.) ve bitki besleme islemlerinin yapilmasinin
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yaninda hastalik, zararli ve yabanci otlar nedeniyle iiriin kayiplarinin en aza indirilmesi
bilingli bir tarimsal miicadele ile olmalidir. Bu etmenlere kars1 6nlem alinmasi gerektigi
ve miicadele edilmedigi takdirde {iriin kayiplarinin % 100’e kadar ulasabilecegi ve bu
neden ile miicadelenin zorunlu oldugu ifade edilmistir [2]. Etkili bir miicadelede ilk akla
gelen uygulama kolayligi ve hizli sonu¢ alinmasi nedeniyle kimyasal miicadele
olmaktadir [1] ;[2]. Hatta kimyasal miicadelede zirai ilaglar kullanilmadigi zaman tiriinde
% 45-65 oraninda kayiplar meydana geldigi belirtilmektedir [3]. Tarim ilaglarinin
bilingsiz ve kontrolsiiz kullanimi hem g¢evre, insan ve hayvan sagligini olumsuz
etkilemekte hem de havaya, suya ve topraga karisarak dogal yasami da olumsuz
etkilemekte ve tiiketilen gida maddelerinde de kalinti sorunu ortaya g¢ikarmaktadir.
Tarimsal iiretimde hastalik, zararli ve yabanci otlara karsi kullanilan bu kimyasallarin
dogal dengeyi ve ekolojik kosullar1 bozacak diizeyde uygulanmasi sonucu tarim
alanlarmin tretime elverisli olma ozelliklerini kaybettikleri belirtilmistir [4]. Tim
bunlarin yaninda ana zararlilarda direng olusurken, ekonomik zarara yol agmayan diger
zararlilar ana zararli durumuna gegmekte, yararlilarin popiilasyonun azalmasi nedeniyle
dogal denge bozulmakta ve bitkilerde fitotoksitesi goriillmektedir [3].

Sert ¢ekirdekli meyveler Rosales takimi, Rosaceae (giilgiller) familyasi, Prunoideae alt
familyasi icerisinde yer almaktadirlar [5]. Diinya genelinde 1liman iklim kusaklarindaki
tilkelerde ekonomik deger bakimindan onemli yer tutmaktadirlar. Prunoideae alt
familyasinda; kayis1 (Prunus armenica L.), kiraz (P. avium L.), visne (P.cerasus L.)
seftali (P. persica L.), erik (P.domestica L.) ve badem [ (P. amygdalus Batsch = P. dulcis
(Miller) D.A. Webb)] gibi bazi 6nemli meyve tiirleri bulunmaktadir. FAO (Food and
Agricultural Organization) 2018 yili verilerine gore; diinyada 57.2 milyon hektar alanda
33.9 milyon ton sert ¢ekirdekli meyve iiretimi yapilmakta olup, iilkemizde ise toplam
2913 hektar alanda, 15.462 ton sert ¢ekirdekli meyve iiretimi yapilmaktadir [6]. Usak Ili
2019 yili dretim alami yaklasik 15.000 dekar olup, tiretim miktar1 8000 ton olarak
kaydedilmistir. Usak Ili’nde ceviz (3.300 ton), elma (4242 ton), kiraz (2770 ton), badem
(1850 ton) ve vigne (1717 ton) en fazla yetistiriciligi yapilan meyve agaglar arasinda yer
almaktadir [7].

Ulkemizde 2017 yilinda toplam 296 milyon dolarlik sert ¢ekirdekli meyve ihracati
yapilmustir [8]. Kullanim alanlar1 sofralik, taze ve kuru olarak tiiketilmeleri yaninda gida

sanayii ve kozmetik sanayiinde 6nemli yere sahiptirler [9]. Ulke ekonomisine faydalar:
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fazla olan sert ¢ekirdekli meyve yetistiriciliginde ekonomik kayiplara neden olan birgok
hastalik zararli ve yabanci otlar bulunmaktadir [10]; [11]; [12].

Ulkemizde yetistiriciligi yapilan cesitli iriinlerde bitki koruma yéntemleri ve
fitopatolojik problemler ile ilgili ¢esitli anket ¢alismalar1 yapilmustir [13], [14], [15], [16],
[17], [18], [19], [20], [21], [22]. Etkili bir tarimsal miicadelede 6nemli olan Oncelikle
tireticilerin gerekli bilgi ve donanima sahip olmalaridir. Bilingsiz sekilde yapilan tarimsal
miicadele sonucu ciddi sorunlar ortaya ¢ikmaktadir. Ulkemizde de yanlis bilinen tarimsal
miicadele denilince akla sadece tek yonlii uygulan kimyasal miicadele olmaktadir.
Aydin’da yapilan anket calismasinda iireticilerin % 86.02’sinin [23], Antalya’da ise %
92’sinin [2] ortaya ¢ikan zararlilarla savasimda kimyasal miicadele yontemini tercih
ederek tarim ilac1 kullanildigini bildirmislerdir. Ayrica tek yonlii kimyasal miicadele
yapilmasinin zararlilarda diren¢ olusturmasi, tiriinde kalint1 ve ¢evre kirliligine neden
olmasi gibi sorunlara neden oldugu da ifade edilmistir [24]. Isparta’da kiraz iireticilerinin
ilindeki tarimsal iriinlerde kimyasal ila¢ kullanim amacini degerlendirilmesi agisindan
bir ¢alisma yapilmistir [25]. Gengsoylu ve Bagpinar (2004) ise 400 {iretici ile Biiyiik
Menderes havzasinda yapilan anket ¢aligmasi ile pamuk yetistirilen alanlarda zirai ilag
kullanim1 konusunu arastirmislardir [26].

Usak ilinde sert ¢ekirdekli meyve bahgelerinde iireticilerin yasadigi sorunlara yonelik
yapilmis herhangi bir arastirma tespit edilememistir. Bu nedenle 2019 yil1, Usak Ili Esme,
Banaz, Merkez ve Sivasli ilgelerinde, sert ¢cekirdekli meyve yetistiriciligi yapan ¢iftcilere
yonelik anket caligmasinda; {reticilerinin sosyo-ekonomik durumlari, bitki koruma
sorunlart ve yapmis olduklar1 kimyasal miicadele uygulamalari, insan ve cevre sagligi
acisindan ¢iftcilerin bilingliliginin Slgiilmesi irdelenerek, sorunlariyla ilgili bilgilerin
toplanmasi1 ve bunlara yonelik ¢6ziim Onerilerinin sunulmast amaglanmastir.

Anketlerin tamami yiiz yiize gorisiilerek yapilmis olup anket verilerin analizinde;
ireticilerin vermis oldugu cevaplara gore tanimlayici istatistikler (aritmetik ortalama,

frekans tablolari, yiizde (%) hesaplamalart) kullanilmastir.
Materyal ve Metot

Aragtirmanin materyalini 2019 yilinda Usak ilinde sert cekirdekli meyve iiretim
alanlarinin yogun olarak yapildig: yerler olan Merkez, Esme, Banaz ve Sivasli ilgelerinde
yiiriitiilmiistlir. Her ilgeden il genelinde yapilan iiretim yogunluga gore iireticiler ile bire

bir goriisiilerek anket formlar1 doldurulmustur. Calismanin ana materyalini yogunlukla
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kiraz yetistiriciligi yapan iireticiler (yiiriitiilen tez ¢aligmasi kapsaminda) olusturmustur

ve sorular bu {iireticilere yoneltilmistir (Tablo 1).

Tablo 1 Usak Ili ve ilgeleri 2019 yili kiraz ve visne iiretim alan1 ve iiretim miktari

Banaz Esme Merkez Sivash
Uretim  Uretim  Uretim Uretim Uretim Uretim Uretim  Uretim
Alanm Miktar1 Alam Miktar1 Alani Miktar1 Alam Miktar1
(da) (Ton) (da) (Ton) (da) (Ton) (da) (Ton)
Kiraz 964 720 1200 726 150 475 1900 753
Visne 1350 1100 57 61 100 324 510 96

Bolgede faaliyet gosteren sert ¢cekirdekli meyve tiretimi yapan iireticilerden basit tesadiifi
ornekleme yontemiyle % 95 giliven aralifi ve % 5 hata payr smurlar1 ¢ergevesinde
hesaplama ile 100 f{iretici ile anket yapilmasi hesaplanmistir [27]. Basit tesadiifi
ornekleme yontemiyle evrendeki her elemanin 6rnekleme segilme olasiligi esit olmakta,
ornekleme secgilen bir birimin digerini etkilememekte ve evren biiyiikk ve karigik
oldugundan 6rneklem segim siireci zor olmamaktadir [28].
n= N*g>*t

(N-1) * d> + 2 * t2
n= Ornek hacmi
N= Evren
s*= Varyans (s=Standart Sapma)
t= % 95 giiven smirinda bulunan t degeri (1.95)
d= Kabul Edilebilir Hata Pay1 (% 5 sapma)
Ureticilere arastirmanin amaci hakkinda bilgi verildikten sonra yapilan anketler
sonucunda veriler toplanmis, bilgiler degerlendirilmis ve verilerle uygun istatistiksel
analizler yapilmistir. Anket sorularinin ilk kismi iireticilerin sosyodemografik (adi
soyadi, yasi, cinsiyeti, il-ilgesi, koyli ve 6grenim durumu) bilgilerini igeren agik uglu
sorulardan olugmaktir. Anketin ana kismu sert c¢ekirdekli meyve iireticilerinin
fitopatolojik sorunlara yaklasimlarina yonelik 33 adet kategorik (¢oktan se¢meli) sorudan

olusmaktadir. Anket ¢alismasi sonucunda elde edilen veriler istatistik paket programinda
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(SPSS 23 for Windows) degerlendirilmistir. Buna gore treticiler; sorulara verdikleri
cevaplar ve bu cevaplar arasindaki istatistiki iligki ki-kare analizi [29] ile test edilmistir.
Calismada; treticilerin hastalik, zararli veya yabanci otu gérdiigiinde ilaglama yapma
durumu bagimli degisken olurken, sosyo-demografik, tarimsal {liretim ve tarimsal ilag
kullanim 6zellikleri bagimsiz degisken olarak belirlenmis ve anket sorular1 kategorik
oldugundan dolay1 en uygun istatistiksel analiz olarak Ki-kare testi uygulanarak
aralarindaki iliski/fark ortaya konmustur. Bagimsiz degiskene iliskin veriler tireticilerin
hastalik, zararl1 veya yabanci otu gordiigiinde ilaclama yapma durumuna gore crosstab
(¢apraz tablo) degerleri hesaplanarak tablo halinde verilmistir. Ki-kare testi iki veya daha
fazla kategorik degiskenli grup arasindaki fark olup olmadigini inceleyen istatistiksel bir
analiz yontemidir. Ki-kare testinde arastirma degiskenin kategoriler arasinda dagilimi
veya gozlenen-beklenen degerler arasinda anlamli bir fark olup olmadigi 6l¢timiidiir [30].
Ki-kare degerinin siirekli dagilim gdstermesi sebebiyle 0 ile +oo arasinda deger almakta
olup, homojenlik, uygunluk, varyans tahmini ve kontenjan katsayisinin hesabinda da
kullanilmaktadir [31].

Bulgular ve Tartisma

Tarimsal iiretim siirecinde TUreticilerimiz yetistirilen iriiniin birim alandan iiretim
miktariin ve kalitenin arttirilmasinda énemli sorunlarla karsilasmaktadir. Bu sorunlari
tespit edip ve elde edilen veriler dikkate alinarak ¢6zliim yollar1 olusturmak amaciyla
coktan se¢gmeli 33 soruluk anket galismasi ele alinmistir. Caligmanin ana materyalini
olusturan tireticiler yapilan tez calismasi ile paralel olarak, yogunlukla kiraz yetistiriciligi
yapan {reticilere sorular yoneltilmistir. Ankete katilan ireticilerin sosyo-demografik
degiskenlere iliskin tanimlayici istatistikleri Tablo 2’ de verilmistir. Ankete katilan
tireticilerin tamami erkek (n=100) iireticiler olup, yas ortalamasi 53.90 ve ortalama egitim

stireleri 1se 8.52 olarak belirlenmistir (Tablo 2).

Tablo 2 Sosyo-demografik degiskenlere iliskin tanimlayici istatistikler

Degiskenler Ortalama Minimum Maksimum Standart Sapma
Yas 53.90 23 82 12.144
Cinsiyet 1.00 1 1 0.000
Egitim Siiresi 8.52 0 17 4.091
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Usak II’inde Sivash (2400 da), Esme (1943 da), Banaz (964 da) ve Merkez (500 da)
ilgelerinde kiraz yetistiriciligi yogun olarak yapilmaktadir [7].

Merkez
8%

19% ™\

Sivasli
e - Sivasli
= Esme
- Banaz

- Merkez

27%

Sekil 1 Ankete katilan iireticilerin katilim oranlar1 (%)
Ankete katilan iireticiler Usak Ili Sivasl, Esme, Banaz ve Merkez ilcesi’nin farkli kdy ve
mahallelerinde ikamet etmektedirler. Katilim yogunlugunun en fazla % 46 ile Sivasli’da
oldugu bunu siras1 ile % 27 Esme, % 19 Banaz ve % 8 Merkez ilge takip etmektedir
(Tablo 3, Sekil 1). Anket yapilan yetistiriciden % 69’u kiraz, % 25’1 visne ve % 6’s1
badem yetistirmektedir (Sekil 2).

VLA | |
esve
0 10 20 30 40 50 60 70 80 90

B Ceviz M Badem M Visne MKiraz

Sekil 2 Ankete katilan iireticiler (ilge) ve yetistirdikleri sert ¢ekirdekli meyveler (%)

Arastirmada tireticilerin sosyo-demografik 6zellikleri ile hastalik, zararli veya yabanci ot
gordiiginde ilaglama yapma durumu arasinda istatistiksel bir fark olup olmadigini
belirlemek amaciyla tek orneklem ki-kare testi yapilmistir. Yapilan analiz sonucunda
tireticilerin sosyo-demografik 6zelliklerinden sadece ikamet ettigi ilgeye gore ilaglama

yapma durumu arasindaki iliski istatistiksel agidan 6nemli (¥*(3)=8.580, p=0.035) oldugu
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belirlenmistir. Sosyo-demografik 6zellikler acisindan istatistiksel olarak sadece ikamet

ettigi ilceye gore anlamli bir bigimde farklilastigindan Sivash (n=46) ve Esme (n=27)

ilgelerinde ikamet eden iireticilerin bir hastalik, zararli veya yabanci otu goriir gérmez

ilagclama yapmaya daha yatkin oldugu sdylenebilir. Dolayisiyla iiretim miktar1 ve

ekonomik olarak getirisi diger ilgelere gore fazla olmasi nedeniyle ilgede iireticilerin

yetistiricilikte bitki koruma sorunlarina farkindaligi ve hassasiyetinin daha yiiksek oldugu

kanisini olusturmaktadir (Tablo 3).

Tablo 3 Ureticilerin sosyo-demografik 6zelliklerine gére dagilimi

Degiskenler Hastalik, zararh veya yabanci otu gordiigiinde ilaclama yapma
Ureticinin Bulundugu ilge Evet Hayir Toplam e p
Sivash 27 19 46

Esme 16 11 27

Banaz 5 14 19 8.580 0.035*
Merkez 2 6 8

Toplam 50 50 100

Ogrenim Durumu Evet Hayir Toplam e p
Okuryazar 1 3 4

Tlkokul 21 18 39

Ortaokul 5 7 12 4.541 0.474
Lise 13 16 29

Universite** 10 6 16

Toplam 50 50 100

Meyve Uretim Alani (da) Evet Hayir Toplam e p
1-10 17 23 40

10-25 19 18 37 2.014 0.365
25 iistii 14 9 23

Toplam 50 50 100

Ciftcilik Stiresi (Y1) Evet Hayir Toplam e p

1-5 1 5 6

6-10 11 11 22

11-20 13 12 25 2.898 0.408
31 iisti 25 22 47

Toplam 50 50 100

*p<0.05 (istatistiksel olarak 6nemlidir)

**] Kisi Lisansiistii mezundur
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Goriir gormez ilaglama yapmayan tireticiler (% 49) ise, bunun nedeni olarak masrafli
oldugu i¢in atmadigini belirtirken (% 25), bazi iireticiler hastaligi 6nemsiz ve az gordiigii
igin (% 21) ilaglama yapmiyor oldugunu belirtmislerdir. Geriye kalanlar {ireticilerin ise
(% 5) diger nedenlerden dolay1 goriir gormez ilaglama yapmamaktadir.

Giineydogu Anadolu bolgesinde yapilan ¢alismada ise, iireticilerin hastalik veya zararliy1
goriir gormez ilaglama yapanlar (% 34) ve yapmayanlar (% 66) olarak belirlemislerdir
[32].

Tanrivermis (2000) Sakarya Havzasi’nda yapmis oldugu anket sonucuna gore tireticilerin
% 79’u tarim arazilerinde hastalik ve zararli gérmeden zirai ilag kullandiklarini
belirtmistir [33]. Emeli ve Ulusoy (2006), Seyhan ve Yiregir havzasinda yaptiklari
calismada; tireticilerin hastalik ve zararlilarin daha fazla cogalmadan yok etmek amaciyla
hastalik veya zararliy1 gézlemlemeden ilaglama yapmakta (% 65) oldugu, ancak zararliy1
goriir gormez ilaglama yapanlarin oranin iireticilerde % 38 civarinda oldugunu ifade
etmislerdir [22]. Karatas ve Alaoglu (2011) yaptiklar bir ¢alismada, iireticilerin % 56’s1
hastalik veya zararliyr goriir gormez ilaglama yapmadigini belirtmislerdir [34]. Ancak
hastalik veya zararlinin daha fazla ¢ogalmadan yok etmek amaciyla goriir goérmez
ilaglama yapanlarin oranin % 56 oldugunu saptamislardir.

Ankete katilan meyve tireticilerinin % 39’u ilkokul, % 12’si ortaokul, % 29°u lise, % 15’1
lisans ve % 1’1 lisansiistli mezunudur. Ayrica % 4’1 de okur-yazar durumunda olduklari

tespit edilmistir (Sekil 3).
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Sekil 3 Usak Ili ve ilgelerinde sert ¢ekirdekli meyve iireticilerinin egitim durumlari
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Katilim saglayan tireticilerin % 47 si 31 yildan daha fazla, % 25’1 11-20 y1l, % 22’si 6-10
yil, % 6’s1 ise 1-5 yildir yetistiricilik yapmaktadir (Tablo 3, Sekil 4).
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Sekil 4 Ankete katilan iireticilerin Usak ili ve ilgelere gore ¢iftcilik siireleri

Arazi biiyiikliigii bakimindan % 22’si 25 dekar iistiinde, % 37’si 10 ile 25 dekar arasinda
ve % 40’1 1 ile 10 dekar arasinda yetistiricilik yapmaktadir (Tablo 3).

Ureticilerin tarimsal iiretim o6zelliklerine gore hastalik, zararli veya yabanci otu
gordiigiinde ilaglama yapma durumunun degisimi Tablo 3’de verilmistir. Arastirmada
tireticilerin tarimsal tiretim o6zellikleri ile ilaglamaya karar verme durumu ile arasinda
istatistiksel bir fark olup olmadigini belirlemek amaciyla tek orneklem ki-kare testi
yapilmustir. Yapilan analiz sonucunda treticilerin tarimsal {liretim 6zelliklerinden meyve
agag araliklart (¥%(3)=8.979, p=0.030), ara tarim yapip yapmama durumu (y*(1)=4.105,
p=0.043) ve ara tarim iriinii olarak domates yetistiriciligi yapmast durumunun
(¥*(1)=4.762, p=0.029) istatiksel acidan oOnemli oldugu bulunmustur. Buna gore
tireticilerin meyve agag¢ dikim araliklart arttiginda, ara tarim yapmayanlar (n=42) ve eger
ara tarim1 domates disinda yapiyorsa (n=70) bir hastalig1, zararliy1 veya yabanci otu goriir

gbérmez ilaglama yapmaya daha yatkin oldugu sdylenebilir (Tablo 4).

Tablo 4 Ureticilerin tarimsal iiretim 6zelliklerine gére dagilimi

Degiskenler Hastalik, zararh veya yabanci otu gordiigiinde ilaclama yapma
Meyve Agac Araliklart (m) Evet Hayir Toplam e p

6*6 15 25 40

7 20 21 41

8*8 6 2 8 8.979 0.030*
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Diger 9 2 11

Toplam 50 50 100

Ciftcilerin Sulama Sekli Evet Hayir Toplam e p
Damla sulama 36 32 68

Karik sulama 1 7 8

Salma Sulama 8 6 14 9.307 0.054
Kuru Tarim 5 2 7

Yagmurlama - 3 3

Toplam 50 50 100

Ara Tarim Evet Hayir Toplam e p

Evet 24 34 58

Hayir 26 16 42 4.105 0.043*
Toplam 50 50 100

Ara Tarimda Domates Yetistiriciligi ~ Evet Hayr Toplam e p

Evet 29 29 58

Hayir 1 41 42 4.762 0.029*
Toplam 30 70 100

*p<0.05 (istatistiksel olarak 6nemlidir)

Ankete katilan tireticiler bahge plantasyonunda 7x7 (% 41), 6x6 araligi (% 40) ve 8x8

dikim araligin1 (% 8) tercih ederken, ve %11’ diger dikim araligi seklinde cevap

vermislerdir. Ureticiler meyve bahcelerinde sulama sekli olarak damlama sulama (% 68),

salma sulama (% 14), karik sulama (% 8) ve yagmurlama sulama (%3) yapmakta olup,

ancak kuru tarim (% 7) cevabini verenlerde kaydedilmistir. Ara tarim yapan giftgiler %

58 (Tablo 4) iken, ara tarimda en fazla sebze gesitleri (domates, biber ve patlican) (% 10)

ve hashas (% 10) ayrica nohut (% 5) ve diger iirlinlerin (keten, ¢orekotu, arpa, yonca,

fasulye, musir, susam, yer fistigi, kavun, karpuz) iretimini yaptiklarini belirtmislerdir

(Tablo 5). Sert gekirdekli meyve iireticilerinin % 42’si (Tablo 4) ise ara tarim

yapmamaktadir.

Tablo 5 Ureticilerin Ara Tarim Uriinlerine Gore Dagilinm

Ara tarim iiriinii n %
Domates 30 26.55
Haghas 21 18.58
Biber 20 17.70
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Patlican 15 13.27
Salatalik 5 4.42
Nohut 4 3.88
Bugday 4 3.88
Diger 14 12.39
Toplam 113* 100.00

*Birden fazla cevap verilmistir.

Aragtirmada treticilerin tarimsal ilag kullanim 6zellikleri ile hastalik, zararli veya yabanci

ot gordiigiinde ilagclama yapma durumu arasinda istatistiksel bir fark olup olmadigim

belirlemek amaciyla tek orneklem ki-kare testi yapilmistir (Tablo 6). Yapilan analiz

sonucunda iireticilerin tarimsal ila¢ kullanim o6zelliklerinden sadece ilaglama zamani

(sabah, 6gle ya da aksam) ve hastalik, zararli veya yabanci otu gordiiglinde ilaglama

yapma durumu istatiksel acidan 6nemli bulundugu (y*(1)=6.383, p=0.012) gozlenmistir.

[laglamay1 en fazla sabah saatlerinde (% 52) yapan iireticilerin yan1 sira aksam saatlerinde

(% 38) bir kisim ise 6gle saatlerinde (% 4) ilaglama yapmakta oldugu gézlenmistir. Buna

gore diizenli olarak ilaglama yapan tireticilerin zaman gostermeksizin ilaglama yapanlara

gore ilaglamaya karar vermede daha bilingli oldugu goriilmiistiir (Tablo 6).

Tablo 6 Ureticilerin tarimsal ilag kullanim &zelliklerine gore dagilimm

Degiskenler Hastalik, zararh veya yabanci otu gordiigiinde ilaclama yapma
Diizenli Araliklarla Ilaglama Evet Hayir Toplam e p
Evet 48 43 91

Hayir 2 7 9 3.053 0.081
Toplam 50 50 100

Ilaglama Sayis1 Evet Hayir Toplam 1 p

1 - 3 3

2 8 13 21

3 18 10 28 6.476 0.091
4 ve iizeri 24 24 48

Toplam 50 50 100

[laglama Zamam Evet Hayir Toplam e p
Diizenli (sabah, 6gle ve aksamiizeri) 50 44 94
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Diizensiz (zaman gdzetmeksizin) - 6 6 6.383 0.012*

Toplam 50 50 100

Ilaglama Kursu Alma Evet Hayir Toplam 1 p
Evet 4 3 7

Hayir 46 47 93 0.154 0.695
Toplam 50 50 100

Tarim ilact Kullanma Evet Hayir Toplam » p
Evet 46 49 95

Hayir 4 1 5 1.895 0.169
Toplam 50 50 100

Birden Fazla Ila¢ Karistirma Evet Hayir Toplam © p
Evet 30 31 61

Hayir 20 19 29 0.042 0.838
Toplam 50 50 100

Kullanilan Ilag Etkisi Evet Hayir Toplam »© p
Evet 37 36 73

Hayiwr 13 14 27 0.051 0.822
Toplam 50 50 100

*p<0.05 (istatistiksel olarak 6nemlidir)

Usak II’inde bitki koruma iiriinleri ile ilgili kurs alan meyve iireticilerinin sayis1 (% 8)
oldukea az olup, cogu iireticinin (% 92) ise hicbir kurs almadiklar1 kaydedilmistir.
Antalya’nin Korkuteli ilgesinde yapilan aragtirmaya katilan sert ¢ekirdekli meyve
yetistiriciligi yapan iireticilerin ¢ok az kismi (% 6) seminer veya kurs egitimi almis, geriye
kalan fireticilerin (% 94) ise herhangi bir egitim almadig1 belirtilmistir [2].

Ureticilerin % 95 meyve bahgesinde hastalik, zararli veya yabanci ota kars1 tarim ilact
kullanmakta, alinan cevaplarda kullanilan ilaglarin gogunlugu sirasiyla insektisit (% 52),
fungusit (% 38), herbisit (%7) ve nematisit (%1) olusturmaktadir. Ilaglar1 zirai ilag
bayilerinden (% 71), ziraat odasindan (% 20) ve kooperatiflerden (% 8) temin
etmektedirler. Ureticiler etkili olmasma (% 41), ekonomik olmasina (%17), ruhsath
olmasi (%12), taninmis olmasina (% 5) ve karigabilir olmasia (% 3) dikkat ettiklerini
belirtmislerdir. Giineydogu Anadolu bélgesinde tireticilerin biiyiik gogunlugunun (% 46)
zirai ila¢ kullandigini tespit etmislerdir. Ureticilerin zirai ilag segerken ilacin ¢ok etkili
olmasima (% 55); etkili olmasina ¢evre ve insan saghigina zararlilik diizeyine (% 26);
ucuz, etkili, denenmis olmasina (% 17); yeni iiriin olmasina ve daha 6nce kullanilmis

olmamasina (% 0.1) dikkat ettiklerini belirlemislerdir [32].
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Ureticilerin % 54’ diizenli olarak ilaglama yaparken, % 9’u diizenli olarak ilaglama
yapmamakta, ilaglama yapan tiim iireticiler sezon igerisinde en ¢ok 4 ve 4’den fazla
ilaglama (% 48) yapmaktadir. Geriye kalan iireticilerin % 28’1 3 defa, % 21’1 2 ve % 3’1
de 1 ilaglama yapmaktadir. Ureticilerin % 62’si zirai ilaglar1 karistirmadan kullanmakta,
% 38’1 kanistirarak uygulama yapmaktadir. Bu ireticilerin ise % 62’si birden fazla
hastalik, zararli veya yabanci otu yok etmek, % 20’si maliyeti diisiirmek ve % 18’1 de tek
bir hastalik, zararli veya yabanci otu kontrol altina almak amaciyla ilaglar
karistirdiklarini belirtmislerdir. Kullanilan zirai ilaglarin etkili olup olmadigi sorusuna
iireticilerin % 73’ etkili, % 27’si ise etkili olmadig1 cevabimi vermislerdir. Ureticilerin
cogunlugu etken maddenin yetersiz kalmasi (% 47) nedeni ile ilacin etkili olmadigini,
bazilarinin ise ilag dozlarmin yetersiz kaldigini (%15), ilaglarin zamaninda kullanilmadig:
(% 12) ve hastaliklarin etken maddelere karsi bagisiklik kazanmasindan (% 9) dolay1
etkisiz kaldigin1 belirtmiglerdir.

[limizde {ireticiler meyve bahgesi plantasyonlarinda fidan temininin % 53’iinii 6zel
sahislardan, % 35’1 6zel firmalardan, % 7’si kamu kuruluslarindan karsilamakta ve sadece
% 5°1 kendi {irettigi fidanlar1 kullanmaktadir (Sekil 5). Ay ve ark (2006) Antalya’nin
Korkuteli il¢esinde yaptiklari ¢alismada, sert ¢ekirdekli meyve bahgesi kuran iireticilerin
fidan temininde % 8’1 6zel firmalar, % 90’1 6zel sahislar1 ve sadece % 2’si kamu

kuruluslarini tercih ettiklerini bildirmislerdir [2].
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Sekil 5 Ankete katilan iireticilerin Usak ili ve ilgelere gore fidan teminleri

Meyve ireticilerinin hastalik salgmlarinin sebebinin iklimsel (yagis ve sicaklik)
degismelerden (% 47), ilag yetersizliginden (% 32) ve yapilan kiiltiirel islem hatalarindan
(% 11) kaynaklandigin1 belirtmislerdir. Ureticilerin bir kism1 fungal hastaliklarla yogun
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(% 23) olarak karsilastiklarini, birgogu da bazen (% 49) ve nadiren (% 28) gordiiklerini
ifade etmislerdir. Ureticilerin % 81°i hastaliklar1 tamdiklarin1 ve en fazla monilya
hastaligim1 (% 11) bildiklerini belirtmislerdir. Hastaliklarla sirasiyla en g¢ok hasat
zamaninda (% 35), cicek (% 32), meyve baglama (% 30) ve fidan doneminde (% 3)
karsilagtiklarini ifade etmislerdir (Sekil 6).
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Sekil 6 Ankete katilan iireticilerin Usak Ili ve ilgelere gore ilaglamaya karar verme dénemleri

Ankete katilan tireticiler karsilastiklari hastaliklara karsi en ¢ok ¢igek doneminde (% 50),
budamadan sonra (% 30) ve hasat doneminde (% 18) ilaglama yaptiklarini belirmislerdir.
Ilaglama yapmaya iireticilerin ¢ogunlugu kendi tecriibeleri (% 64) ile karar vermekte,
teknik eleman (% 29), komsu tavsiyesi (% 4) ve yazili tariflerden de (% 3) destek alarak

ilaglamaya karar vermektedirler (Sekil 7).
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Sekil 7 Ankete katilan iireticilerin Usak ili ve ilgelere gore ilaglamaya karar verme durumlari
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Ozkan ve ark. (2002), 83 iiretici ile yapilan bir anket ¢alismasinda, iireticilerin % 68.3ii
tarla ve bahgesinde hastalik ve zararliyr goriir géormez ilaglama yaptiklarini ve ilaglama
yapmaya kendilerinin karar verdiklerini belirtirken, % 20.2’sinin ila¢ bayilerinden, %
9.8’1 teknik elemanlardan destek aldiklarini ve % 1.7’sinin ise komsu tavsiyesi alarak
diger iireticilerin onerileri dogrultusunda ilaglama yaptiklarini belirtmislerdir [35].
Benzer arastiricilarin  yaptigi baska bir calismada,125 iireticinin katildigr anket
caligmasinda iireticilerin % 74.2’sinin bahgede hastalik ve zararlilar1 gordiigiinde, %
11.6’smin tarim il/ilge midiirliigii teknik elemanlarinin onerilerine gore, % 10.3°1 yakin
cevredeki bahgelerde hastalik ve zararlilar1 kendileri gozlemleyerek, % 4.1°1 ise ilag
bayilerinin Onerilerine uyarak ilaglamaya karar verdikleri belirtilmektedir [36]. Cikman
ve Yarba (2007), tarimsal miicadele konusunda bilgilenme ve faaliyetlere karar verme
konusunda % 81’inin zirai miicadele konularinda komsulardan ve ¢evreye bakarak, %
2’sinin ise yakinlarinda olan ziraat teskilatlarina danisarak karar verdigi, ilaglama
zamanini belirlerken ise % 57’sinin hastalik ve zararlilar ortaya ¢iktig1 zaman, % 18’inin
komsularina bakarak, % 9’unun ilaglama takvimine goére belirlediklerini kaydetmislerdir
[37].

[limizde meyve iireticilerinin gogunlugunun tarimsal kuruluslardan bilgi edinmedigi (%
51) herhangi bir sorunu olunca (% 28) bilgi aldig1, bazi iireticilerin ise drnek gotiiriip
danisarak (% 10) yararlandigi tespit edilmistir. GAP Bolgesi’ndeki {ireticilerin tarimsal
kuruluglardan yararlanmasi degerlendirildiginde her zaman yararlananlar (% 14), cogu
zaman Yyararlananlar (% 20), bazen yararlananlar (% 32), nadiren yararlananlar (% 31) ve
hicbir zaman (% 3) olarak belirlenmistir [32].

Calismamizda iireticilerin, tarimsal liretimde piyasaya ¢ikan yeni ilaglari, zirai ilag bayii
(% 68), tarim il midiirliiklerinden (% 20), zirai ilag firmalarindan (% 6), internetten (%
2), seminer ve brosiirler (%1)’den bilgi alarak 6grendikleri kaydedilmistir. Zirai ilaglama
yaparken tedbir alma konusunda ise % 25’1 eldiven ve gozliikk, % 24’ maske, %24’
tilbent veya ortii, % 4 6zel elbise kullanirken, %23’iiniin ise higbir énlem almadigi
belirlenmigtir. GAP bolgesi her ii¢ ildeki tireticilerin % 26’s1 maske takmakta, % 12’si
eldiven, % 7’si tulum (6zel is elbisesi) giymektedir. Hi¢cbir 6nlem almadan ilaglama
yapanlar % 29 olarak belirlenmistir [32].

Kavak (1998), Tokat iI’inde Kazova Ovasi’nda meyvecilik isletmelerinde 100 iiretici ile

yapilan anket ¢alismasinda ise ireticilerin % 81'inin kimyasal ilaglama sirasinda higbir
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koruyucu 6nlem almadigim kaydetmistir [38]. Karatas ve Alaoglu (2009) Manisa ili’nde
yaptiklari caligmada; ireticilerin karsilasilan bitki koruma sorunlarinda ilaglama
uygulamasi sirasinda % 50’sinin eldiven, maske, gozliik gibi koruyucu onlemler
aldiklarini saptamiglardir [34].

Ureticilerimiz bahgeyi ilaglama isleminden sonra kalan ilaglar1 bos araziye (% 45)
puskiirttiiklerini, bahgenin bir kenarina doktiiklerini (% 26), ayni araziye tekrar veya
komsu araziye piiskiirterek (% 24) degerlendirdiklerini, bazilar1 da kanalizasyona (% 4),
sulama kanalina veya akarsuya bosalttigin1 (% 1) belirtmislerdir. ilaglamadan sonra
kullanilan ekipmanlarin temizliginde su (% 91) ve dezenfektan (% 7) kullandigini
belirtirken, % 2’si temizlemedigini belirtmislerdir. Atik durumuna diisen bos ilag
kutularini yakip imha (% 62) ettiklerini, ¢c6p kutusuna (% 19), tarlanin bir kenarina (%13),
sulama kanali veya akarsuya attigimi (% 4) belirtirken, % 2’si ise gémdigiini
belirtmislerdir.

GAP bolgesinde anket calismasina katilan tireticilerin biiyiik bir kismi (% 55) bos
ambalajlar1 toplayip imha ettiklerini belirtmektedirler. Ayrica bos ilag kutularin1 bagka
amag i¢in Kullananlar (% 1), bos ambalajlart toplayip dereye atanlar (% 32), topraga
gomerek imha edenler (% 10) ve diger sekillerde (% 2) imha eden iireticiler
kaydetmislerdir [32]. Baska bir ¢alismada Demirkan ve Uysal (2011) Menemen’de
pamuk {ireticilerinin % 43’{iniin bos ila¢ kutularini rastgele attiklari, yaktiklarini (% 18),
biriktirip ¢ope attiklarimi (% 15), biriktirdiklerini (% 4) ve sattiklarim1 (% 2)
bildirmislerdir [39]. Karatas ve Alaoglu (2009), Manisa’da yapilan ¢alismada, {ireticilerin
% 65’inin bos ilag ve giibre atiklarini yakip imha ettiklerini saptamislardir [34].
Calismamizda zirai ilaglamadan sonra {ireticilerin bekleme siiresine dikkat etme
hususunda biiyiik ¢cogunlugunun (% 63) gerekli bekleme siiresine uydugunu ve diger
tireticilerin dikkat etmeyip % 19’u mahsuliin olgunlagmasina gore hasat ettigini, % 9’u
pazar kosullarina gore hasat ettigini ve geri kalan % 9’u ise bekleme siiresine uymadigini
belirtmislerdir. Kullanilan ilaglarin ¢evre kirliligine yol agmasi konusunda bilinci olup
olmadigini 6lgmek amaciyla soru yoneltildiginde, yetistiricilerin % 45’1 ilagh miicadele
cevreyi kirletiyor ancak miicadele gerekli oldugunu, % 36’s1 ilaglarin ¢evreyi kirlettigi
dogru ancak abartiliyor oldugunu belirtirken % 19°u ilaglarin ¢evreyi kirlettiginin dogru

olmadigini belirtmislerdir.
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Ankete katilan iireticilerimiz; kimyasal miicadele sirasinda uygulanan ilaglarin hedefi
disinda kullanilarak ¢evreyi kirlettigi (% 27), ilag atiklarinin ortalikta birakilmasi ile (%
23), ilaglarin gereksiz yerlerde (% 22) ve insanlarin bilingsiz kullanimi (% 17) ve
gereginden fazla kullamldiginda (% 11) g¢evreyi kirlettigini belirtmislerdir. Ureticiler
kalint1 sorununun 6nemi hakkinda ise; dnemli oldugu ancak ilacin yarar1 daha 6nemli
(%35), bazi iireticiler sorunun ¢ok onemli oldugu ilacin yararindan daha da 6nemli (%
35) oldugu goriisiinii vurgulamiglardir. Bazi Treticiler ise, kalinti sorununa dikkat
ettiklerini (%17) ve bazilar1 da hastaligi ortadan kaldirmanin daha da 6nemli oldugunu
(%13) belirtmislerdir.

Sonug¢ ve Oneriler

Calismada iireticilerin hastalik, zararli veya yabanci otu goriir gormez ilaglama yapma
durumuna verdikleri cevaplarin bagimli degisken olmasi nedeniyle istatistiksel analize
tabi tutulmustur. Calisma sonucunda {ireticilerin ikamet ettigi il¢e (6zellikle Sivash ve
Esme), meyve agac araliklari, ara tarim yapmasi ya da yapmamasi, diizenli zamanlarda
(sabah, 6gle ya da aksam) ilagclama yapmasi durumlar ile iireticilerin hastalik, zararl
veya yabanct otu goriir gormez ilaglama yapmasi arasindaki farklilagsmanin istatistiksel
acidan onemli (p < 0.05) oldugu belirlenmistir.
Usak ilinin Merkez, Sivash, Esme ve Banaz ilgelerinde sert ¢ekirdekli meyve iiretimi
yapmakta olan ve bu ¢iftgilerden tesadiifi olarak segilerek yapilan anket sonucuna gore;

- Ciftgilerin tamaminin okuma yazma bildigi,

- Sert ¢ekirdekli meyve iiretimi deneyim siirelerinin ortalama 20-25 yil oldugu,

- Sert ¢ekirdekli meyve liretim yapilan arazilerin genisliginin ortalama 12 da

oldugu,
- Fidan temininde herhangi bir sikintilarinin olmadigi ¢ogunlugun 6zel sahislardan
temin ettigi,

- llaglama yaparken dikkat edilmesi gereken kurallar1 bilmedikleri,

- Kiiltiirel miicadelede bilgilerinin eksik oldugu,

- Ciftci kurslarinin yetersiz kaldigy,

- Ciftci sorunlarimin giderilmesi i¢in herhangi bir yetkili ile irtibata gegmedigi,

- Tarimsal kuruluslardan yararlanmanin az oldugu,

- Biiylik cogunlugun direk pestisit kullanimini tercih ettigi,

- Bitki koruma tirtinleri ile ilgili kurs alan yetistirici sayisinin ¢ok az say1 oldugu,
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- Bitki koruma {iriinlerinin ¢evreye verdigi zararin farkinda olmadiklar1 sonucuna
varilmistir.

Calismamizin sonuglar1 degerlendirildiginde iireticilerin sorulara verdikleri cevaplar
dogrultusunda hangi konuda eksik bilgilere sahip olduklar1 ve yasadiklar1 sorunlar ortaya
konmustur. Tiim bunlar dikkate alinarak, gerek ziraat fakiiltelerinde gerekse tarimsal
kuruluslarda konularinda uzman olan kisilerin, kiiltiirel ve kimyasal miicadele hakkinda,
tarimsal uygulamalar ve bahgelerde goriilen hastalik ve zararlilar konusunda sunumlar
hazirlayarak tireticilere seminerler verilmesi sonucuna varilmistir. Ayrica, kalinti1 sorunu
ve kimyasal ilaglarin yol ac¢tigi olumsuz sonuglar konusunda c¢iftgiler daha fazla

bilgilendirilmelidir.
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ABSTRACT

This research investigated the toxicity and phytochemical analysis of aqueous, ethanol and pet
ether extract of Ceratotheca sesamoides leaves in albino wistar rats. Qualitative and
quantitative phytochemical screening of Ceratotheca sesamoides were carried out. The result
of the toxicity test revealed that aqueous extracts of Ceratotheca sesamoides leaf did not show
any fatality with dosage range (300 mg-5000 mg). This shows that the LDsg is greater than
5000 mg/Kg body weight. The phytochemical investigation shows the presence of glycoside,
carbohydrate and alkaloid in all the extract and only flavonoid was found in Aqueous and
ethanol extracts. This shows that C. sesamoides is safe for consumption and is rich in
polyphenols, flavonoids and tannins.
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Introduction

Ceratotheca sesamoides commonly known as false sesame is an annual vegetable crop [1]
belonging to the Pedaliaceae family. The Pedaliaceae has 16 genera and 60 species largely
in Africa, Indo-Malayan region, and tropical Australia [2]. The plant, Ceratotheca
sesamoides is described by many hairs on the stem and petiole, with leaf margin; the
flowers are pink with dots purple or brown and sub erect growth habit. The Ceratotheca
sesamoides is normally cultivated in Savannah or semi-arid areas of Africa. The native

tribes of the savanna ecological zones of Nigeria relish false sesame known as 'eku’ or
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‘bunga’ in Yoruba and 'karkashi' in Hausa [3]. The leaves are eaten raw or cooked with
starchy morsels prepared from cereals, cassava and yam.

The plant has the following medicinal activities: Anti-oxidant, anti-inflammatory, anti-
hypertensive, cytotoxic, anti-tumour, antiviral [4] parasitic infections, diarrhea and
dysentery and insecticidal activities [8]. It is also one of the sources of protein, minerals
and vitamins [3], Ceratotheca sesamoides has been used to treat childhood diseases such as
measles [6], the steeped and the slimy liquid of the leaves are dropped into the eye for the
treatment of conjunctivitis [7]. The leaves of C. sesamoidesis used in southern part of
Kaduna state to manage infective hepatitis but very little has been done to determine its
efficacy. Thus, the study seeks to investigate the Phytotochemical content, Total
polyphenol and total flavonoid content of the aqueous, ethanolic and petroleum ether leaves
extracts of Cereatotheca sesamoides.

General uses of Ceratotheca sesamoides: The mucilage is occasionally used as an emollient
and lubricant [7]. The leaves are eaten as food with solid such as tuwo and fufu.

At present only a few documents are available about the history of this plant and there is
lack of effective scientific research about the plant Ceratotheca sesamoides. The plant
indicates a potential to have antiviral properties [4] and is used in the southern part of
Kaduna state to manage hepatitis virus, but has not been scientifically proven. It is easy to
cultivate and it thrives well in all manner of soils even with minimal water supply. Present
study therefore, is to determine the toxicity and phytochemical analysis of Ceratotheca
sesamoides leave plant extract in order to ascertained the safety use of the plant while the
knowledge of the phytochemicals will give an inside of the type of phyto-metabolite readily
available in the plant.

Materials and Methods

Plant samples

C. sesamoides fresh leaves was sourced from Kafanchan, Kaduna state and authenticated at
the Biological Science Department ABU, Zaria and specimen with voucher number 2859
kept at the Department herbarium unit.

Plant extracts preparation
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The plant sample collected was thoroughly cleaned, shade dried and powdered by grinding
in mortar and pestle. About 500 grams of the powdered leaves was soaked in 2500 mLs of
Aqueous, Ethanol and Pet-ether solution for 24 hours at room temperature and filtered. The
extracts was concentrated by drying in a water bath maintained at a temperature of 40°C
until a residue was obtained and was kept in a sealed container refrigerated at 2-4°C until
when required.

Determination of Phytochemical Constituents of the Extract

Phytochemical analysis of the dried extracts (saponins, tannins, alkaloids, flavonoids,
cyanogenic glycosides) was carried as described in the protocol of [10, 11, 12]
Quantitative estimation of total phenolic

Total phenolic contents of different extracts of C. sesamoides leaves were determined by
the modified Folin-ciocalteu method according to [13]. An aliquot of 0.5 ml of each extract
(Img/mL) was mixed with 2.5 mL of Folin- Ciocalteu reagent (previously diluted with
distilled water 1:10 v/v) and 2mL (75% w/v) of sodium carbonate (Na2COz). The tubes
were vortexed for 15sec and allowed to stand for 30min at 40 °C for colour development.
Absorbance was then measured at 765nm using spectrophotometer. Total phenolics content
of different extracts was expressed as mg/g tannic acid equivalent using the following
equation from the calibration curve.

Total phenolic contents of different extracts of C. sesamoides leaves were determined by
the modified Folin-ciocalteu method according to [14]. About 1ml of extracts and standard
solution of gallic acid (2-10mg/L) was added into 25ml volumetric flask containing 9mL of
distilled water. About 1 mL of Folin- ciocalteau reagent was added to the mixture and
shaken. After 5 minutes, 10mL of 7% sodium carbonate (Na.COs3) solution was added and
the solution was diluted to volume with distilled water and mixed. After incubation for
90minutes at room temperature, absorbance against prepared reagent blank 9 distilled
water) was measured at wavelength of 750nm. Total pheolic contents were presented as mg
Gallic Acid Equivalent (GAC)/g of extract. All samples were analysed in triplicates.

Total phenolic content (% w/w) = GAEXVxDx1078x100/W,

GAE - Gallic acid equivalent (ug/ml), V - Total volume of sample (ml), D - Dilution factor,
W - Sample weight (g).
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Quantitative estimation of total flavonoids

Total flavonoid contents of different solvent extracts was determined by the method
described by [15]. About 0.5mL of various solvent extracts (1 mg/mL) was mixed with
0.5mL of aluminium chloride prepared in (2% in ethanol). The resultant mixture was
incubated for 60min at room temperature for yellow colour development which indicated
the presence of flavonoid. Absorbance was measured at 420nm using UV-VIS
spectrophotometer(Shemazu 2012v). Total flavonoid content was calculated as quercetin
equivalent (mg/g).

C =Xx V/IN

Where: C= Total Flavonoid content (mg/g), V=volume of extract taken in mL, N=weight of
plant extract in g, V = 1mL and N = 0.002 g (2mg), X can be calculated from standard
curve

Toxicological studies

Acute oral toxicity of the extract was determined by Standard Official Methods of Analysis
of the AOAC Guideline 420 fixed dose procedure [16]. A sighting study was carried out by
administering different concentration of the extract to different rats to determine the
minimal and maximum toxic dose. The range of concentration below the minimum toxic
dose was the safety dose and was used in the main study. The main toxicity study was
carried out starting from the minimum toxic dose to classify the toxicity of the plant.
Statistical analysis

Data were analyzed using analysis of variance (ANOVA) with the aid of SPSS 20v for
Windows. Data’s obtained were expressed as mean + standard error of mean (SEM).
Difference between the various extracts were compared using DMRT. P value less than or

equal to 0.05 (P<0.05) was considered significant.
Result and Discussion

Toxicity test and Lethal Dose (LDso) of Ceratotheca sesamoides aqueous leaf extract
treatment of healthy albino wister rats with aqueous extracts of Ceratotheca sesamoides
leaf did not show any fatality starting with 300mg to 5000mg. This shows that the LDsg is
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greater than 5000mg. Other symptoms like change in eye and skin colour, lethargy,
respiratory distress and muscles paralysis were not observed. This observation showed
Ceratotheca sesamoides is non-toxic.

Qualitative phytochemistry of different leaf extract of Cereatotheca sesamoides In Table 1
shows the qualitative phytochesmistry of aqueous, ethanolic and petroleum ether leaf
extracts. Result from the table shows that polyphenols, flavonoids and tannins are presence
in aqueous and ethanolic extract, and are absent in petroleum ether extract. For the first
time, this study shows the presence of tannins, flavonoids and alkaloids in aqueous leaf
extract of Ceratotheca sesamoides. The presence of polar phytochemical could account for
antioxidant activity.

Table 1 The qualitative phytochesmistry of aqueous, ethanolic and petroleum ether leaf extracts

Extracts Phytochemicals

Carbohyd Steriods Cardiac Saponins  Flavonoid  Tannins Alkaloids Anthraqg

rates glycoside uinones
Agqueous  ++ - + - ++ + ++ -
Ethanol + + + + + - + -
Pet-ether + + + - - - + -

+ = positive, ++ = very positive, - = negative

Quantitative phytochemicals of aqueous, ethanolic and petroleum ether leaves leaf extracts
of Cereatotheca sesamoides in Table 2 shows the result for total polyphenol was found
high in Aqueous extract (63.828+0.667) followed by ethanol extract and the least was in
Pet-ether extract. Similar trend was also observed in Total flavonoid content as indicated in
Total polyphenol. The total phenolic content was (36.45mg/gm) expressed as gallic acid
equivalent per gram. While the contents of total flavonoid (66.8 mg/gm) were expressed in
terms of rutin equivalent.

Fruits and vegetables in the diet have been demonstrated in epidemiological researches to

be protective against some chronic diseases linked with aging such as some type of cancer,
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general cardiovascular illnes, cataracts, brain and immune dysfunction [17]. The protective
effects of these natural product have assign to several ingredient such as carotenoids,
vitamins C and E, and phenolic component and thiol (SH) compounds [18,21]. Several
research have emphasised on the biotic actions of such which are potent antioxidants and
free radical scavengers in quite a number of metabolic processes [19,22]. The concern in
phenolic compounds derived from plants such as garden plants and their functions in
nutrition are generally increasing [23,24]. The Phenolic chemicals from plants are also well
known to perform a significant function in stabilizing lipids metabolism against
peroxidation and inhibiting various types of oxidizing enzymes [20]. The differences in the
structure and function relationship of flavonoid structures and their substitutions influence
the phenoxyl radical stability, thus affecting the antioxidant properties of the flavonoids
[17]. Hence flavonoid part and phenolics compound of aeroponically grown plant were
discovered to be comparable to those grown in the soil [25]. The total produce crop was,
however, higher in aeroponically grown plant.

Table 2 Total polyphenol and total flavonoid content of aqueous, ethanolic and petroleum ether

leaves extracts of Cereatotheca sesamoides

Petroleum ether extract Ethanol extract Agueous extract

Total polyphenol

(mgGallic acid Equivalent/g)  2.612+0.25 16.884+0.167 63.828+0.667

Total flavonoid

(mg Quercetin/g) 0.269+0.002 0.795+0.009 0.878+0.002

Mean =+ SD of 3 triplicates

Conclussion

Ceratotheca sesamoides was extracted using aqueous solvent, ethanol solvent and
petroleum solvent. Chemical ingredients (qualitative phytochemical analysis, quantitative
polyphenols and flavonoids) were determined. Among the three different extracts of

Ceratotheca sesamoides leaf, aqueous extract and ethanolic extracts contain polar
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phytochemicals, but aqueous extract contains higher concentration of polyphenols. Further
studies is required to evaluate the possible interactions of Ceratoteca sesamoides leaves
with therapeutic drugs and or dietary components in order to clarify its possible use as
traditional herb. Although studies have shown that the plant is rich in polyphenols and
flavonoids, there is need to identify the specific phenolic compound and to test their
biological activity.
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ABSTRACT ARTICLE HISTORY
The amount of fertilizer used as source of nutrients play an important role for successful Received

growth of oil palm. In this study, the effect of different amount of nitrogen (N) and 06 March 2020
potassium (K) fertilizer on the biochemical properties of oil palm were studied. Oil palm Accepted

trees were supplied with fertilizer consist of constant amount of Bayovar rock phosphate 16 May 2020

(BRP), Kieserite (KS), and Foliar Boron as well as different levels of muriate of potash
(MOP) and ammonium sulphate (AS). The treatments were labeled as T1, T2 and T3.
Six planting materials indicated as A, B, C, D, E and F were tested. The total phenolic

content (TPC) and total flavonoid content (TFC) in the leaves of the oil palm trees were }P(hEYVI\./ORDS:
analyzed using Folin-Ciocalteu method and Aluminium chloride method, respectively. fla\e/gﬂolicc’i

From the results, the leaves of planting material A and F showed significant responses
towards different levels of fertilizer where the TPC and TFC contents reduced at the
highest fertilizer level. Planting material C and D responded quite similarly in terms of
TPC content with planting material A and F, respectively. Overall, different planting
materials showed different pattern of responses specifically for TPC and TFC towards
fertilizer level.

fertilizer

Introduction

Oil palm (Elaeis guineensis) is an important perennial crop in many countries such as
Malaysia, Indonesia, some African and Columbia. The oil palm belongs to the species
Elaeis guineensis and family Arecaceae. In 2016, the crude palm oil generated was 17.32
million tonnes, covering 5.74 million hectares land [1]. Suitable fertilizer application for
oil palm trees is important due to the nature of plants being vulnerable to nutrient
deficiencies. Unfortunately, most oil palm plantations have low soil fertility which is
needed for oil palms to produce optimum fresh fruit bunch yield. Therefore, balancing
fertilizers is necessary to maintain high yield and good nutritional status of oil palm and

prevent over-fertilization that possibly brings negative impact to the environments.
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Nitrogen is one of the most important nutrient elements for plant growth and
physiological health which make up chlorophyll, protoplasm, amino acids and proteins
[2]. On the other hand, potassium is necessary for sustaining osmotic balance,
photosynthesis, transports of phloem and fruit quality [3]. Generally, macro and micro
nutrients are vital in various functions in plant cells including providing resistance to
diseases [4]. Among the oil palm by-products are empty fruit bunches, palm pressed fibre,
oil palm fronds, palm kernel cake, palm oil mill effluent and oil palm trunk [5]. Oil palm
fronds can be used as ingredients for livestock feeding, an alternative way for by-product
disposal [6]. Several studies have reported that oil palm leaf extracts are rich in
antioxidant activity from carotenoid, tocopherol, and phenolic compounds [7, 8, 9].
Phenolic compounds are ubiquitous in plants. This compound act as antioxidants and
involves in plant defense system [10]. Flavonoids and phenolic acids are the two major
classes of phenolic compounds. Phenolic compounds such as flavonoid being the main
constituent that can be found in oil palm leaves alcoholic extract [11]. Flavonoid act as
antioxidant to protect plants from various biotic and abiotic stresses [12, 13] and served
as plant-derived foods and beverages. Depending on the progenies, oil palms may respond
differently to nutrient inputs. Therefore, this study aimed to determine the total phenolic
and flavonoid content in the leaves of oil palm from different planting materials when
treated with different levels of NK fertilizer.

Materials and Methods

Plant samples

Elaeis guineensis leaves from frond-17 were harvested from four-year old oil palm trees
planted in Johor, Malaysia. The leaves were taken from oil palm of different planting
materials indicated as A, B, C, D, E, and F, treated with different levels of NK fertilizer
(T1, T2, and T3). T1 (control) consist of 2 kg Bayovar rock phosphate (BRP), 1.25 kg
Kieserite (KS) and 0.125 kg Foliar Boron. T2 consist of 2.7 kg ammonium sulphate (AS),
1.75 kg muriate of potash (MOP) + control and T3 consist of 5.4 kg AS, 3.5 kg MOP +
control. After collection, samples were transported directly to the laboratory and kept in
the freezer at -80°C before further analysis. Leaves were washed and dried overnight in
the oven at 65°C for extraction process. The leaves were crushed into powder using

mortar and pestle and extracted with distilled water at a 1:10 (dry weight: volume) ratio
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for 1 hour at 90°C. The mixture was centrifuged at 9000 rpm for 10 min at 4°C. The
supernatant obtained was used for determination of total phenolic and flavonoid content.
Analysis of total phenolic content (TPC)

The total phenolic content was analyzed following Folin-Ciocalteu method [14]. Standard
curve of gallic acid solution at the concentration of 0, 10, 20, 30, 40, 50 and 60 pg/mL
were prepared. 0.2 mL of the supernatant was mixed with 0.8 mL of distilled water. 0.1
mL of Folin-Ciocalteu reagent was added and left for 3 minutes at room temperature.
Then, 0.8 mL of 20% (w/v) Na2COswas added into the mixture and incubated 2 hours in
the dark. The absorbance was measured using UV-Vis spectrophotometer at 765 nm. The
absorbance, y obtained after analysis for each Elaeis guineensis leaf sample was used in
the equation y=0.0121x — 0.048 obtained from the standard curve. Then, the value
obtained, x was substituted in C1 in the equation C=C1 x VV/m where,

C= Total phenolic content in GAE in pg/g

C1= Concentration of gallic acid established from standard curve in pg/ml

V= Volume of extract in ml

m= Weight of plant extract in g

Analysis of total flavonoid content (TFC)

The total flavonoid content was assessed by aluminium chloride colorimetric method
[15]. Standard curve of quercetin solution (in 80% (v/v) ethanol) at the concentration of
0, 20, 40, 60, 80, 100, 120, 140 and 160 ug/mL were prepared. 0.2 mL of the extract
supernatant was mixed with 0.15 mL of 5% NaNO:2 and incubated in the dark for 6
minutes at room temperature. Then, 0.15 mL of 10% (w/v) AIClzwas added to the mixture
and kept in dark for 6 min at room temperature. After that, 0.8 mL of 10% (w/v) NaOH
was added into the mixture and incubated in dark for 15 min at room temperature. The
absorbance was measured using UV-Vis spectrophotometer at 510 nm. The absorbance,
y obtained after analysis for each Elaeis guineensis leaf sample was used in the equation
y=0.0046x — 0.0187 obtained from the standard curve. Then, the value obtained, x was
substituted in C1 in the equation C=C1 x VV/m where,

Statistical analysis

All experiments were conducted in triplicates. Data reported are mean + standard error.

Microsoft Excel 2013 was used for statistical analysis.
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Results and Discussions

Total phenolic content in oil palm leaves

Fig 1 shows the total phenolic content (TPC) in oil palm leaves of planting material A-F.
For planting material A, results showed that the highest TPC was obtained in the oil palm
leaves at T2 fertilizer level, while the lowest TPC was recorded in the leaves of oil palm
at T1 fertilizer level. Data analysis showed significant differences of TPC content in T2
and T3 when compared to T1. In planting material B, no significant differences between
treatments were recorded. For planting material C, T3 treatment had significantly reduced
the production of phenolic compounds. This reduction was also observed at T2. The trend
was similar for planting material F. For planting material E, T2 significantly increased
the production of TPC, although the TPC level slightly dropped for T3. For some plants,
nitrogen deficiency will enhance the accumulation of phenolic compound in plant tissues
[16]. However, in this study, this pattern was observed only for planting material C and
F. Total phenolic content in plants may be influenced by different nitrogen source of the

fertilizer, besides other environmental factors during plant growth and developmental
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Fig 1 Total phenolic content in the leaves of oil palm. (A-F): Planting material A-F treated with
different amount of fertilizer. Data are mean =+ standard error, n=3. (* indicates significant
difference in total phenolic content compared to control using t-test; p<0.05)

Total flavonoid contents of oil palm leaves

Fig 2 shows the total flavonoid content (TFC) of oil palm leaves from planting material
A-F. The results showed that the highest TFC was obtained in the leaves of oil palm at
T2 fertilizer level, and the lowest TFC was recorded for oil palm leaves treated at T3
fertilizer level in planting material A. TFC of T3 treated leaves differ significantly
compared to T1. Another planting material that showed significant responses towards
different levels of fertilizer was planting material F. The lowest TFC was recorded at T3
while the highest TFC was found in the leaves of plants supplied with fertilizer at T1. It
can be concluded that the fertilizer at T2 and T3 had assisted the progeny to produce less

flavonoid compound.
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Fig 2 Total flavonoid content in the leaves of oil palm. (A-F): Planting material A-F treated
with different amount of fertilizer. Data are mean + standard error, n=3. (* indicates significant
difference in total flavonoid content compared to control using t-test; p<0.05)

In this study, different amount of NK fertilizer supplied to oil palm trees had shown
different responses in terms of total phenolic and flavonoid content of oil palm leaves,
depending on the planting materials. Although nitrogen is an essential element for amino
acids and construction of proteins, excessive amount of this nutrient in plant tissue can
cause mineral toxicity and reduce physiological and phenological responses to the plant
[17]. Similar to total phenolic content, several studies also reported that total flavonoid

content decreased with excessive nitrogen uptake [18, 19, 20]. Lower flavonoid content
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in plants that received high amount of nitrogen was observed previously in species such
as apple trees and Sesamum indicum L. seeds [21, 22]. This trend was presence although
not significantly observed in some planting materials with some non-synchronize trend
atT2.

Conclusion

Different planting materials showed various responses in the total phenolic and flavonoid
content when applied with different fertilizer treatments. For total phenolic content,
planting material F showed the highest TPC at T1. Even T1 contained only basic amount
of fertilizer, this treatment has led to high amount of phenolic content compared to T2
and T3. Similarly, T3 showed the lowest total phenolic content for planting material C.
For total flavonoid content, T1 showed the highest total flavonoid content for planting
material F, a similar trend to it’s total phenolic content. Nonetheless, different trends of
responses were recorded among the tested planting materials, hence total phenolic and

flavonoid content in the leaves of different progenies vary greatly with NK fertilizer level.
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ABSTRACT

Oil palm is an important commodity crop in Malaysia as major contributor to agriculture ARTICLE HISTORY

sector. Thus, the need for better yield production is urgent to accommodate rising local and 1Rff“ﬁd2020
global demand while reducing the land expansion for oil palm plantation. This can be A ptl d
achieved by identifying the agronomical important traits in oil palm using comparative 253‘3?1:2020

genomic approach. In this study, gene related to plant height, fruit development and fruit
ripening in oil palm were predicted by comparing Elaeis guineensis genome sequence with KEYWORDS
Arabidopsis thaliana and Solanum lycopersicum genome sequence. The model plant chosen
are based on its special attribute such as completely sequenced and fleshy fruit model. The
analysis begun with orthology analysis using InParanoid, and SonicParanoid. There are 9,624
orthologous genes identified common among species selected. The reformatted orthologous
genes were then annotated with Gene Ontology (GO) using Blast2GO program. The process
of annotation includes blast with local database (DIAMOND), mapping, annotation and
project statistical analysis. 100% of the orthologous gene has sequence of significant
similarity but only 61.79% of the sequence has GO assignment. By using the annotated
orthologous genes generated, only small amount of gene associated with trait of interest was
predicted i.e. gibberellins (GAs) 10 genes, bassinosteroids (BRs) 14 genes, auxin (9 genes),
fruit development (8 genes) and fruit ripeing (4 genes). These agronomical important genes
could be utilized in genetic engineering and molecular breeding to improve the production of
palm oils.

SonicParanoid,
comparative
genomic,
ortholog,

Introduction

Palm oil is the major contributor to the production of world’s oil and fat; and plays a

significant role in accommodating the rising demand for global edible oils. About 23% of
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world fat and oil are contributed by palm oil production in which 85% of world palm oil
productions are from Malaysia and Indonesia. The demand for palm oil increases
constantly at the rate of 4% every year [1], thus the need for oil palm that has superior
agronomic traits are more urgent than ever to accommodate high palm oil demands while
keeping land exploration and expansion for agriculture purpose at minimum. This objective
can be achieved in various ways such as breeding program and genetic modifications.

In 2013, oil palm genome has been completely sequenced and published by Singh and his
team. It was estimated that the genome size of oil palm is 1800 Mbp with 34,800 numbers
of genes has been predicted using a total of 1.535 Gb of assembled sequence and
transcriptome data from 30 tissues types [3]. The genome information could be viewed via

MyPalmViewer Genome Browser_http://gbrowse.mpob.gov.my. From here, more research

has been made to increase tolerance to biotic and abiotic stress with final goals is to
increase the quantity and quality of the yield produce, achieve sustainable agriculture and
reduce its carbon footprint [4, 5]

Comparative genomic is a way to predict genes function by comparing genes sequence
from two or more species. Furthermore, comparative genomic study also involves an
examination of gene loss, duplication, and horizontal gene transfer in evolutionary changes
among organisms [21]. By identifying and manipulating the agronomical important genes,
we can boost the quality and quantity of the yield produce from oil palm [2].In this
research, we aim to infer orthologous relationship between oil palm (E. guineensis) with
two dicot plants, which are model plants A. thaliana and tomato (S. lycopersicum) and to
identify and characterize the agronomically related genes of interest especially in height,
fruit development and fruit ripening.

Materials and Methods

Obtaining genomes sequences and bioinformatics tools

Genome sequence of A. thaliana, E. guineensis and S. lycopersicum are downloaded from
their respective database which are The Arabidopsis Information Resource (TAIR),
Genomsawit and Solanaceae Genomics Network. Blast package and its utility command are
acquired from National Center for Biotechnology Information (NCBI). Stand-alone
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InParanoid 4.1 and its extension MultiParanoid are acquired from Sonnhammer
Bioinformatics Group website. SonicParanoid installation is done with Ubuntu terminal
with manual instruction acquired from IWASAKI Lab/SonicParanoid page. Blast2GO
software (OmicsBox) was locally installed on Windows and subscribed with all the
functional annotation and analysis features. Genome sequence files which usually in
compressed gz and tar.gz format are uncompressed using gunzip command in Linux.
Orthology analysis

Orthology analyses in this study consist of combination of reciprocal BLAST and ortholog
group clustering InParanoid, and multi-species ortholog analysis (SonicParanoid).

Ortholog group clustering using inparanoid

The genome protein sequence for comparison (Arabidopsis, tomato and oil palm) which is
in uncompressed fasta format was assembled in this directory. The output format of the
analysis includes Human-readable text (Output.arab.fa-tomato.fa). Other than that, an
HTML file serving as a slightly stylized representation of the previous (orthologs.arab.fa-
tomato.fa.ntml) was generated. Furthermore, a tab-separated list listing each orthologous
group on its own line (sqltable.arab.fa-tomato.fa) and a tab-separated list listing a given
orthologous group across multiple lines (table.arab.fa-tomato.fa) can also be found.
Summary of the analysis were viewed at file ‘Human-readable text’.

Multi-species ortholog analysis using sonicparanoid

SonicParanoid program on the other hand, perform pairwise and multi-species ortholog
analysis in one process. The genomes sequence was not formatted manually since
SonicParanoid does not use blast search, but the file must be in fasta format. After the
genome has been assembled, the virtual environment was created and activated. The
Ubuntu terminal grep function are used to calculate the number of ortholog groups between
species and extracted for annotation with Blast2GO. This output file contains number of
total gene sequences, homolog sequences, in-paralogs in each species and groups of
orthologs.

Extracting protein sequence from genome database to orthologous gene I1Ds

The list of orthologous gene IDs from SonicParanoid contain both the pairwise and

orthologous of three species. Only the orthologous gene IDs between three species are
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selected for annotation. The gene sequence of the selected orthologous gene IDs are then
extracted from the Arabidopsis genome sequence to the newly created list using blastdb
command in Linux. The Arabidopsis genome database must first be formatted for blast
usage.

Blast search of orthologous A. thaliana protein sequence with NCBI database.

Three tools for Blast search used in this study includes Blast2GO high performance cloud
server BLAST search, stand-alone NCBI-BLAST+ with local database and DIAMOND
high performance analysis with local database. The local databases are acquired from NCBI
ftp site from Non-redundant (nr) protein database and its md5 files. The md5 files are
checksums to make sure the file is downloaded properly. The same files are used for
Blast2GO BLAST search except the files are used directly from its private fast cloud
server. For Blast2GO, the option for blast search and the parameters required can be chosen
directly from the OMICSBOX software. Parameters which include number of hits, E-value,
input types, output format and others are assign uniform among all blast tools.

Gene ontology annotation using BLAST2GO

The manually blast orthologous genes are loaded to the software for genes classification
with GO terms by Gene Ontology mapping under functional analysis. Gene ontology
annotation was then initiated with default set of annotation configuration. Successful
annotation for each query sequence will result in table colour change for the respective
sequence from light-green to blue at the Main Sequence Table, and only the annotated GOs
will remain in the GO IDs column. The results are visualized and summarized using GO
graph and charts.

Data mining for candidate genes

The GO IDs for plant height, fruit development and fruit ripening are identified by
generating a GO graph using GO description search in Blast2GO. The GO IDs for plant
height selected are GO:0009740 for gibberellic acid mediated signalling, GO:0009742 for
brassinosteroid mediated signalling and GO:0009851 for auxin biosynthetic process. While,
the GO IDs selected for fruit development and fruit ripening are G0:0010154 and
G0:0009835. Annotated sequences assigned with these specific GO IDs were extracted,

listed and discussed.
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Result and Discussion

Comparative analysis was undertaken to detect orthologous relationships by using
InParanoid program that applies all-versus-all sequence comparisons between two
genomes, followed by merging these data using Sonicparanoid. Orthologous measurements
can be divided into two categories; (1) cluster pairs of gene with the same biological
function and (2) phylogenetic trees to identify functional divergence occurrence. The
InParanoid program was used as an alternative to the phylogenetic method. In order to
obtain the results, three well establish genomes have been selected i.e. E. guineensis, A.
thaliana and S. lycopersicum. The results from the analysis were sorted and viewed
manually using Microsoft Excel program. The total numbers of genes shared among all
three species were obtained and calculated.

This research aims to identify gene that share similar function in three major group which
plant height, fruit development and fruit ripening. E. guineensis genome (as our important
crops) was compared to A. thaliana which is one of the established plant models and the
genome was also completely sequenced and annotated. S. lycopersicum genome was
selected as a representative of model plant for fleshy fruit specifically fruit development
and ripening process which is part of traits of interest for this study.

The result show that, 10,163 genes was predicted orthologs to S. lycopersicum, and 9,819
of E. guineensis genes show to share similar function with A. thaliana. Apart from that, A.
thaliana and S. lycopersicum seem to have the largest orthologous group compared to E.
guineensis. Fig 1 on the intersections of the three pair sets shows that all three species share
9,624 orthologous genes in total contributing to estimately 37% of E. guineensis gene
sequences (26,087). This latter set may reflect a basic gene(s) tool kit that important in
adaptation to the environment [6]. These sets of genes also provide the information for this
study which relating to the evolution of the species and the foundation set for selecting the

genes in plant height, fruit development and fruit ripening.
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Fig 1 Venn diagram represents the result of comparative genomic analysis between oil palm and
two dicot plants. Numbers in the area overlap indicate the number of orthologs predicted by
InParanoid with E value = 10 x 10-5. Total of 9,624 protein sequences are identified as ortholog
between all three species

Gene classification by gene ontology (GO)

Gene products are assigned to its respective class together with GO term, term that develop
to describe its function. The 9,624 orthologous query sequences were blast using NCBI-
BLAST+ tools, Blast2GO and DIAMOND to find high-scoring segment pairs (HSP).
Majority of the sequences were blast with local database downloaded from NCBI using
DIAMOND software since it has similar degree of sensitivity with NCBI-BLAST+ but
20,000 times faster [7]. General parameter set include E-value of 10x10-5 and 10 maximum
hits. Successfully blast sequence (100%) was loaded into Blast2GO for annotation. Hits
obtained by blast search contain the accession number of homolog gene that likely with
same gene function. A total of 11,732 GO terms were loaded through mapping to Gene
Ontology database. 5,947 or 61.79% of the query sequence (Table 1) are successfully
assigned based on Gene Ontology Consortium in biological process (Fig 2A), molecular
function (Fig 2B) and cellular components (Fig 2C). More than one term could be
associated per gene [8] and each category can be split into other subcategories for high

level classification [9].
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Table 1 Gene Ontology classification analysis generated using Blast2GO suite

Quantity Percentage
(100%0)
Sequence has significant similarity (e-value <10°) 9,624 100
Sequence has Gene Ontology assignment 5,947 61.79

GO classification consists of three major group i.e. biological process, molecular function
and cellular component. Biological process term graph at second level of GO classification
shows that gene for cellular process and metabolic process are the dominant conserved
genes between genome of oil palm, Arabidopsis and tomato with 20% (4039 genes) and
18% (3744 genes) of the total gene sequence assigned by GO term followed by biological
regulation (1854 genes), response to stimulus (1755 genes), regulation of biological process
(1612 genes), cellular component organization or biogenesis (1174 genes), developmental
process (1055 genes), multicellular organismal process (983 genes), localization (934
genes), reproduction (611 genes), reproductive process (608 genes), multi-organism process
(497 genes), signalling (459 genes), negative regulation of biological process (419 genes),
positive regulation of biological process (419 genes), growth (206 genes), immune system
process (129 genes), rhythmic process (56 genes), detoxification (51 genes) and cell
population proliferation (26 genes). Main plant cellular process and metabolic activity
include cellular respiration and photosynthesis.

While for molecular function, binding (3499 genes) and catalytic activity (2836 genes)
overwhelmingly dominate the graph with 46% are occupied only for binding category.
These are followed by small percentage of transcription regulatory activity (476),
transporter activity (360 genes), structural molecule activity (151 genes), molecular
function regulator (148 genes), translation regulator activity (90 genes) and others. About
50% of the ortholog genes categorized in cellular component located at cellular anatomical
entity. The locations of other genes are at intracellular, protein containing complex and

only small ~1.15% percentage of gene located at cell (123 genes).
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Fig 2 Gene Ontology Classifications. (a) Biological process term at second level of GO
classification that was generated using BLAST2GO software. The metabolic process and cellular
process were the most dominant second level, with0% and 18%. (b) Molecular function at second
level of GO classification that generated using BLAST2GO software. There were 16 categories of
second level molecular function terms that have been successfully assigned for all sequences in
database with binding 46% as the dominant categories. (c) Cellular component at second level of
GO classification that was generated using BLAST2GO software. There were 4 categories assigned
cellular component term i.e. cell, intracellular, protein-containing complex and cellular anatomical
entity
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Data mining for candidate genes

Plant Height

Many of the earlier plant height studies have established gibberellin (GAs) and
brassinosteroids (BRS) as significant stem elongation hormones [10]. Auxin biosynthesis
and signalling also play an important role in controlling the length of the stem [11]. Thus,
genes involve in regulating GAs, BRs and auxin are the target genes for regulating plant
height in this study. The GO IDs identified for regulating ‘GAs’ is GO:0009740, gibberellic
acid mediated signalling which has relationship with 28 GO terms within the hierarchical
directed acyclic graph. Moreover, the GO IDs for regulating ‘BRs’ is GO:0009742 named
brassinosteroid mediated signalling with 30 related GO terms and the GO IDs for ‘auxin’
hormone is GO:0009851 named auxin biosynthetic process with 12 GO terms. All three
selected GO terms are annotated to biological process by gene ontology as visualized on
their respective ancestor charts.

The ancestral charts represent the relationship between node (GO term). GO's structure can
be represented as a graph, where each GO term is a node, and the connections between the
nodes are edges. From the table generated by Blast2GO containing annotated orthologous
genes, the genes of interest are identified using the selected GO terms (GO:0009740,
G0:0009742 & G0:0009851) which involve in regulating plant height. There are 10 genes
assigned to GO:0009740 which represent gibberellic acid mediated signalling in each
species which is PTKs, ZNFs 8, AT1G68360, GASA14, LFY, NF-YC9, PIF3, GA2,
GASAG6 and AT1G22690 (Table 2). While for GO:0009742, that represent brassinosteroid
mediated signalling were 14 genes from each species assigned to it such as transthyretin-
like protein (TTL), rapid alkalinization factor 23 (RALF23), AT1G48270, AT2G42080,
BSL2, AT1G63500, GSK1, VIK, scpl22, IWS1, BIM1, BEH4, BES1 and GF14 PHI (Table
3). For auxin biosynthetic process, GO:0009851, 9 annotated genes identified in each
species (Table 4), such as Walls Are Thin 1 (WAT1), aldehyde oxidase 4 (AO4), TSA1L,
YUC1, YUCS6, YUC6, YUC10, STY1 and LRP1. Each gene in Arabidopsis, oil palm and
tomato carry the same gene function within their respective cluster but the level of

expression during cell division and elongation for plant growth is not determined.
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Table 2 Orthologous gene in A. thaliana, E. guineensis and S. lycopersicum that assigned to GO
term gibberellic acid mediated signalling

Gene Short  Arabidopsis Oil Palm Gene Tomato Gene ID

Description Name Gene ID ID

Protein  kinase PTKs AT3G03940.1 p5.00_sc00008 p Solyc03g119610.

family protein 0027.1 1.1

zinc finger ZNFs AT2G41940.1 p5.00_sc00133 p Solyc03g058160.

protein 8 8 0046.1 3.1

C2H2 and AT1G68360.1 p5.00 sc00008 p  Solyc05g009170.

C2HC zinc 0041.1 2.1

fingers

superfamily

protein

GASA14 AT5G14920.1 p5.00_sc00005_p Solyc03g113910.
0101.1 3.1

LEAFY LFY  AT5G61850.1 p5.00_sc00057_p Solyc03g118160.

transcription 0088.1 21

factor

nuclear factor Y, NF- AT1G08970.1 p5.00_sc00042_p Solyc01g079870.

subunit C9 YC9 0116.1 3.1

phytochrome PIF3  AT1G09530.1 p5.00_sc00060_p Solyc01g102300.

interacting 0113.1 3.1

factor 3

Terpenoid AT1G79460.1 p5.00_sc00010_p Solyc08g005640.

cyclases/Protein 0155.1 3.1

prenyltransferas

es superfamily

protein

Gibberellin- GAS AT1G74670.1 p5.00_sc00035_p Solyc03g116067.

regulated family A6 0062.1 1.1

protein

Gibberellin- AT1G22690.1 p5.00_sc00045_ p Solycl1g017440.

regulated family
protein

0180.1

21
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Table 3 Orthologous gene in A. thaliana, E. guineensis and S. lycopersicum that assigned to GO
term bassinosteroid mediated signalling

Gene Description  Short Arabidopsis Oil Palm Gene ID Tomato Gene
Name Gene ID ID

transthyretin-like TTL AT5G58220.1 p5.00_sc00023 p0237.1 Solyc01g0809

protein 40.3.1

protein-coupled AT1G48270.1 p5.00_sc00004_p0261.1 Solyc08g0612

receptor 1 60.3.1

Chaperone Dnal- AT2G42080.1 p5.00_sc01517_p0001.1 Solyc03g0633

domain 50.3.1

superfamily protein

rapid alkalinization RALF2 AT3G16570.1 p5.00 sc00009 p0031.1 Solyc01g0995

factor 23 3 20.3.1

BRI1 suppressor 1 BSL2 AT1G08420.1 p5.00 sc00026 p0077.1 Solyc01g0092

(BSUL)-like 2 80.3.1

Kinase with AT1G63500.1 p5.00_sc00197_p0020.1 Solycl11g0648

tetratricopeptide 90.2.1

repeat domain-

containing protein

GSK3/SHAGGY-  GSK1 AT1G06390.1 p5.00_sc00065 p0093.1 Solyc07g0552

like protein kinase 00.3.1

1

VH1-interacting VIK AT1G14000.1 p5.00_sc00004 p0204.1 Solyc01g0109

kinase 50.3.1

serine scpl22 AT2G24000.1 p5.00 sc00044 p0010.1 Solyc02g0888

carboxypeptidase- 20.3.1

like 22

Transcription IWS1 AT1G32130.1 p5.00 sc00200 p0018.1 Solyc06g0663

elongation  factor 20.3.1

(TFHS) family

protein

basic  helix-loop- BIM1 AT5G08130.1 p5.00 sc00079 p0054.1 Solyc01g0800

helix (bHLH) 70.3.1

DNA-binding

superfamily protein

BES1/BZR1 BEH4  AT1G78700.1 p5.00_sc00059 p0105.1 Solyc02g0719

homolog 4 90.3.1

BR signaling BES1 AT1G19350.1 p5.00_sc00106_p0015.1 Solyc02g0630

positive  regulator 10.3.1

(BZR1) family

protein

GF14 protein phi GF14 AT1G35160.1 p5.00_sc00128 p0004.1 Solyc04g0121

chain PHI 20.3.1
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Table 4 Orthologous gene in A. thaliana, E. guineensis and S. lycopersicum that assigned to GO

term auxin biosynthetic process

Gene
Description

Short
Name

Arabidopsis
Gene ID

Oil Palm Gene ID

Tomato Gene ID

tryptophan
synthase alpha
chain

Walls Are Thin
1

aldehyde
oxidase 4

Flavin-binding
monooxygenase
family protein

Flavin-binding
monooxygenase
family protein

YUCCA9

Flavin-
containing
monooxygenase
family protein

Lateral root
primordium
(LRP) protein-

like protein

Lateral root
primordium
(LRP) protein-

like protein

TSA1

WAT1

AO4

YUC1

YUCG6

YUC9

YUC10

STY1

LRP1

AT3G54640.1

AT1G75500.1

AT1G04580.1

ATA4G32540.1

AT4G13260.1

AT1G04180.1

AT1G48910.1

AT3G51060.1

AT5G12330.1

p5.00_sc00072_p0034.1

p5.00_sc00134_p0082.1

p5.00_sc02118_p0001.1

p5.00 _sc00105 p0039.1

p5.00_sc00059_p0124.1

p5.00_sc00150 p0011.1

p5.00_sc00034_p0005.1

p5.00_sc00002_p0514.1

p5.00_sc00032_p0044.1

Solyc01g098550.3.1

Solyc04g080940.3.1

Solyc01g009235.1.1

Solyc06¢g065630.3.1

Solyc08g068160.2.1

Solyc06¢g083700.3.1

Solyc09g074430.3.1

Solyc02g062400.3.1

Solyc11g064800.2.1
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Fruit development and ripening

The development of fruit requires three fundamental stages. The first stage is the
development of the ovary and the beginning of the division of cells, together called a set of
fruit [12]. Cell division in the second phase and fruit grows in size during the third stage.
Then, the ripening process will take the place once the fruit cells have fully expanded and
the fruit has matured [13,14]. Each stage of fruit development and ripening involves
specific gene activity as shown by transcriptomic analyses [15,16,17]. As predicted, several
genes identified include transcription factors known to regulate major changes in fruit
development and ripening, such as the Cnr locus [18] and several MADS-box genes
expressed in the early stages of tomato fruit ripening [19, 20].

The GO IDs that was identified for fruit ripening is GO:0009835. In acyclic graph
generated (Fig 3), fruit ripening and fruit development GO terms are within the same
hierarchical directed acyclic graph. The GO IDs for fruit development is GO:0010154
which is the parent for GO term fruit ripening. The genes are annotated to biological
process which involve 14 other GO terms. As expected, fruit development and ripening
process involve heavily on the initiative for development of plant reproductive organ and
structure (cell multiplication and differentiation). This can be observed by the identified
GO terms in acyclic graph, which include anatomical structure development & reproductive
system to fruit ripening.

From the table generated by Blast2GO containing annotated orthologous genes, our
candidate genes are under GO terms (GO:0009835 & GO0:0010154) which involve in
development of fruit until ripening. There are 8 genes (CYP94B3, XET28, UBP15, AGB1,
XIK, RPL, AFO, and POP2) assigned to GO:0009835 which represent fruit development in
each species. While for GO:0010154 which represent fruit ripening has 4 genes from each
species assigned such as aminocyclopropane-1-carboxylate synthase 4 (ACS4), NAC-like,
activated by AP3/PI (NAP), ACS7 and ACS2. Each gene in Arabidopsis, oil palm and
tomato carry the same gene function within their respective row yet the level of expression

during cell division and elongation for plant growth still unknown.
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Conclusion

Comparative genomics approaches have provided connections between function and
evolution in complex biological structures and systems. The aim of this study was to
provide genes that were common emerge in group of plant height fruits development and
ripening in E. guineensis and two dicot plants namely A. thaliana and S. lycopersicum. The
objectives were successfully achieved using combination of bioinformatics tools i.e.
InParanoid, SonicParanoid, Diamond BLAST and Blast2GO. After all, only a small
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number of related trait genes are present as orthologous genes for each of the group(s). It

was suggested in the future work, these agronomical important gene(s) can be utilised not

only in molecular breeding but also in genetic engineering such as RNAi, TALENS, or

CRISPR techniques. These approaches were then will lead to discovery of new line or

variety that consists of desired genetic backgrounds.
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ABSTRACT ARTICLE HISTORY
The study assessed some of the probiotic characteristics of an isolate (AB4 29) of Lactobacillus Received
fermentum. AB4 29 was isolated from a faecal sample of an infant, fed with breast milk. The 22 April 2020
results indicated that the isolate had acceptable survival rates in gastric juice both in the presence Accepted
and in absence of pepsin. It also displayed acceptable sensitivity rates to eleven different 29 June 2020
antibiotics. Hydrophobicity test showed that the isolate had a good capacity to adhere to xylene. KEYWORDS
It could also destroy sodium salts. AB4 29 displayed the least survival rates in bile salt. These Lactobacillus
initial findings could suggest that infant faeces and breast milk could serve as good sources of
. . fermentum,
probiotic organisms. .
Acid tolerance,
Probiotic,

Surface hydrophobicity

Introduction

Currently, many of the commercial probiotic strains are obtained from the intestines of
healthy infants and adults. Current research therefore has mainly focused on the identification
of those bacteria which could survive in the gut and compete with other microorganisms [1].
In the selection of probiotic strains, the main consideration is their beneficial properties to
humans. The niche of these bacteria is the column. Probiotics are usually administered by the
mouth and thus they must survive the harsh conditions while passing through the
gastrointestinal tract (GI) to arrive at this final destination. Therefore, they are expected to
resist salivary enzymes, stomach acid, and bile acids and salts, on the way. The cells of a
probiotic strain should also form aggregates with themselves as well as with other

microorganisms. The self-clusters form a biological barrier in the cavities of the GI- and
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urogenital systems, whereas the heterogeneous accumulations are necessary for the
neutralisation of other bacteria [2-4].

Many probiotic microorganisms have been derived from genera known as lactic acid bacteria
(LAB). They are obtained from food sources and therefore are generally known as safe
(GRAS). Species of Bifidobacterium and Lactobacillus include many of the current probiotic
strains. They are Gram (+), and their morphology can be rod, spherical or both. They do not
form spores. They are relatively more resistant to stomach acids, and to lysozyme [5, 6].
Yeasts such as members of Saccharomyces, have also been used as probiotics [7].

Main metabolites produced by LABs include bio surfactants, carbon dioxide, di-acetyl, H20»,
lactic acid, and protein compounds (bacteriocin and bacteriocin-like substances) and they
generally have antimicrobial activities [8-10].

Lactic acid is a sour and odourless fermentation product [11]. During growth LABs also
produce hydrogen peroxide. It is a thermodynamically unstable compound and readily
decomposes into water and oxygen. The amount of H>O> produced differs from genus to
genus, between species, and even among the strains of the same species [12, 13].

The aim of the study was to demonstrate whether infant faeces would be a source for the
probiotic bacteria. Thus faecal samples collected belonged to the infants who were born by
natural means and fed with breast-milk only. Thus the first step involved the isolation and
identification of the LAB members and the second step included the studies performed for
the investigation of some of their probiotic characteristics. Probiotic properties were
screened by growing the isolated strain in simulated gastric- and intestinal juice, and in the

presence of antibiotics. In addition, surface hydrophobicity was also determined.
Materials and Methods

Isolation and identification of the faecal isolate

One-gram faecal sample was inoculated in 10mL liquid culture and grown for 12h at 37°C
(MRS, pH 6.3: 2% glucose, 0.2% K>HPO4, 0.02% MgSO4 - 7H20, 1% meat extract, 0.005%
MnSQO;s - 4H,0, 1% peptone, 0.5% sodium acetate, 0.5% yeast extract, 0.2% tri-ammonium
citrate). Colonies were obtained and purified by the streak method and by successive
passages on MRS-agar media. Bacterial stocks were prepared in 20% glycerol. The isolates
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were screened for Gram reaction and catalase activity. Gram (+) and catalase negative
isolates were saved at -80°C for further use.

For the molecular characterisation, DNA was prepared and used for the amplification of 16S
rRNA gene by using the method described in Bulut et al. (2004) [14]. Amplification was
carried out in a Thermo Cycler System (Thermo Electron Corp., USA). Nucleotide sequence
of the two oligo-primers used for the amplification were forward, 5'-
AGAGTTTGATCCTGGCTCAG-3" and reverse, 5-CTACGGCTACCTTGTTACGA-3’
[15]. Final reaction volume (50ul) included 200ng DNA template, 0.2mM dNTPs, 1.5mM
MgCl2, 10pmol each of the oligomers in 1x PCR buffer (10mM Tris—HCI, 50mM KCI, 8g
Nonident P40/I, pH 8; MBI Fermentas, Lithuania), and 1.25 U Tag DNA polymerase (MBI
Fermentas). Amplification reactions included 5 min initial denaturing step at 94°C; each of
the 40 amplification cycles included 1 min denaturation step at 94°C, 1 min annealing at
58°C, and 1 min elongation at 72 °C Amplification ended with a 10 min terminal extension
step at 72 °C.

Determination of probiotic properties of the isolates
Tolerance to low pH

Four MRS broth media with different pH (2, 3, 4, and 6.3) were prepared. Strain AB4 29, pH
6.3 (control) was inoculated into MRS broth and grown overnight in a shaking water bath at
37°C. The culture was divided into four sterile falcon tubes and the cells were precipitated
for 10 min at 5,000 rpm at 4°C. After removing the supernatant, cells were resuspended in
one of the MRS broths (10ml) with different pH [pH 2, pH 3, pH4, and pH 6.3 (control)].

Sequential dilution (10*2-fold) was performed in sterile 4.5 ml NaCl (0.85%). One hundred
microliters of the last two dilutions were inoculated by the pour-plate method. The cells were
then left for incubation overnight at 37°C. The colonies grown were counted and cfu/ml was

counted and plotted. Survival rate was calculated by using the formula below:
Survival rate (%) = (log cfu N1/log cfu No) x100%

(N1 = Total number of the cells survived after each of the pH treatments, No = Total number

of alive cells before the treatment) [16].
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Tolerance to gastric juice

To imitate gastric juice, 1x sterile PBS solutions, prepared at pH 2, pH 3, and pH4, were
supplemented with fresh 3g /L pepsin. The isolate AB4 29 was incubated in each these

solutions for 4h, and survival rate was assessed as before.
Tolerance to bovine bile acids

Four MRS liquid media, pH 6.8, each containing 0.5%, 1%, 1.5%, or 2% ox-bile, were
prepared. The isolate AB4 29 was incubated in each these solutions for 3h, and survival rate

was assessed as before.
Antibiotic resistance

AB4 29 strain was incubated overnight at 37°C in MRS broth, pH 6.3. One millilitre of the
overnight culture was then spread on MRS agar, pH 6.3. After waiting for 1 min, antibiotic
discs containing kanamycin K 30, ampicillin AM 10, streptomycin S 10, tetracycline TE 30,
gentamicin CN 30, chloramphenicol C 30, penicillin P 2 units, erythromycin E 15, rifampin
RA 5, neomycin N 30, vancomycin VA 30, and control 00 were placed onto the plates, and
allowed for overnight incubation at 37°C. Following morning, antibiotics sensitivity was
determined by measuring the diameters of the clear zones, formed around the discs, and the

measured values were plotted [17].
Tolerance to sodium salts

The AB4 29 isolate was grown in MRS agar overnight at 37°C. Sodium salts, 0.005 g/ml,
(sodiumglycocholate hydrate, sodium taurodeoxycholate, sodium taurocholic acid) were
prepared in MRS agar, pH 6.3. The colonies formed were immersed in the sodium salt
solution and left for overnight incubation at 37°C. Salt break-down by AB4 29 was checked
and the results were recorded [18].

Cell surface hydrophobicity test

AB4 29 was grown overnight at 37°C in MRS broth (pH 6.3). The culture was divided into
four aliquots in sterile tubes. Cells were precipitated and 10 ml of phosphate-urea magnesium
sulphate were added onto each of the cell pellets. This last step was performed twice. The
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initial cell densities were set to 1 at 450nm and then 0.6 ml of n-hexadecane, n-hexane, xylene
were added onto the cell suspensions (3ml). The final samples were then incubated for 15
min at 37°C by gentle mixing every 2 min. The samples were kept at room temperature until
a hydrocarbon layer formed. This step took approximately 25 min. The aqueous phase was
removed and the bacterial density of the remaining mixture was measured. The
hydrophobicity percentage was calculated by using the formula below.

Hydrophobicity % = (ODasonm NO-ODasonm N1) / OD4sonm X100%

(ODa4sonm N1 = absorbance value of the species after treatment with bovine bile acids, No =

absorbance value before application) [19].
Result and Discussion

Characterization of isolates

Morphological and partial biochemical characterization showed that all of the isolates were
Gram-positive, catalase-negative and non-spore forming rod-shaped bacteria (data not
shown). A phylogenetic analysis based on 16S ribosomal RNA (rRNA) gene sequence
comparison showed that the isolates belonged to Lactobacillus fermentum. The sequence was
submitted to GenBank (Accession Number: KJ865403).

Resistance to low pH, gastric juice, bile acids and sodium salts

AB4 29 strain produced a resistance curve similar to that of the control growth curves at pH
3 and 4. Small differences can be evaluated within the experimental error limits. Sensitivity
started at pH points below 3. There was a 1000-fold decrease in the number of live cells at
pH 2 and after two hour of incubation, beyond this point of time the number of the cells

appeared to be stabilised (Figure 1).
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Fig 1 The number of live cells at low pH

AB4 29 was incubated at three different pH in phosphate buffered salt solution (PBS),
containing pepsin. The cell number decreased approximately 100 times at pH 3 and 4, and

approximately 10 billion times at pH 2 (Figure 2).
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Fig 2 Survival rates of AB4 29

AB4 29 displayed the lowest resistance in this experiment. As can be seen (Figure 3), the

number of cells decreased between 100 million to 1 trillion times.
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Fig 3 Tolerance to bile salt

The detoxification of sodium salts was determined qualitatively by means of salt zones
formed around the colony. Enzymatic separation of the taurine portion from the deoxycholate
enables the formation of zones around the colonies. Strain AB4 29 appeared to be capable of

performing this reaction (Table 1).

Table 1 Break down of sodium salts

Sodium Sodium Sodium  Sodium
glycocholate torodeoxycholate torocolic toroglycolate
Bacteria hydrate acid
AB4 29 + + + )

High acid and bile tolerance of a probiotic candidate is very much desired because human
body appears to have combined almost all the hostile environments within the confines of
gastro-intestinal system. On one end, stomach pours in daily around 3 litres of strong acid,
and the liver produces approximately 1 litre of bile salts, on the other end [20]. It appears that
hydrolases seem to render the bacteria to be tolerant against bile salts [21,22]. It has been
known that LABs could generally show significant resistance to the bile salts, between 0.3%
and 0.4% concentrations at pH 7 [23]. This tolerance has seemed to decrease at pH points

below 7 [24]. In some studies, it has been reported that much lower bile salt concentrations
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could inhibit the growth of bacteria [25] and 0.3% could be the critical concentration [23]. In
one of the reports it has been argued that toleration to bile salts can even be strain-dependent,
that is it varied among the members of the same species [26]. In this study it was obvious
that much higher bile salt concentrations, than those of the literature, were employed (Fig.3).
Low tolerance could be a reflection of this approach. The acid tolerance profile of the strain
AB4 29 at pH 2 (Fig. 1) was similar to those found in the literature, and this performance is
likely to be improved further by adding glucose to the medium [27].

In the literature the maximum incubation time used was 100 min. In this study 5h of
incubation was performed and after two hours the survival rate did not change and the number
of live cells were stable. This finding might suggest that the protons of the medium were
somehow titrated by the cellular metabolism, as it seems unlikely for the surviving cells to
adapt to low pH in such a short time.

The survival rate obtained after the treatment with pepsin in an acid medium was also very
similar to the that obtained in the absence of pepsin. The results in the literature are usually
expressed in % rather than graphics, and the rates range from 60% to 98%. In this study, it is
possible to say that the negative effect of pepsin on cells is very low. On the other hand, it is
clear from the graphs that AB4 29 is more sensitive to trypsin.

Bacterial adhesion to hydrocarbons as a screening method for probiotic bacteria gives an
insight into the role of hydrophobic interactions in adhesion [28]. Cell surface hydrophobicity
of some strains of Lactobacillus has been found to be as high as 95% [29]. In some of the
other studies relatively lower percentages have been mentioned [30]. AB4 29 appeared to
have a rather weak surface hydrophobicity, ranging from 11 to 17% (Table 2), compared to
those found in the literature. This issue can be clarified by more precise and non-controversial
methods with devices measuring cell surface charge.

Table 2 Results of surface hydrophobicity

Solvent Hydrophobicity %
n-Hexadecane 11,69
n-Hexane 17,62
Xylene 23,17
H20 17,05
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To sum up, this initial study with a very limited project budget, suggests that LAB of infants
fed with breast milk may be a good source of probiotic bacteria.

Antibiotic susceptibility

The sensitivity of AB4 29 to antibiotics was assessed qualitatively by using 11 different

antibiotics (Figure 4).
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Fig 4 Antibiotic susceptibility of AB4 29

Surface hydrophobicity
Surface hydrophobicity was assessed by spectrophotometric measurement of cell turbidity in
three organic solvents (Table 2). Compared with water, it was found that the rate of adhesion

to n-hexadecane was lower than to that of water. The highest adhesion was obtained with

xylene.

Conclusion

The study was performed with a project with modest budget. It enabled us to study some of
the desired probiotic properties of the AB4 29 isolate of Lactobacillus fermentum. The

experiment aiming at the investigation of the bile tolerance should be repeated by using the
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much lower concentration figures indicated in the literature. Other findings were comparable

to those found by other studies.
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ABSTRACT

Particular communities are discarding banana (Musa acuminata) peels as household and
industrial food waste. It is high in nutritive value and a healthy source of food to consume. This
study aims to evaluate the antimicrobial activity of M. acuminata peels against four types of
Gram-positive bacteria, namely, Bacillus cereus, Staphylococcus aureus, Streptococcus
pneumoniae and Streptococcus pyogenes. The extract of M. acuminate peel was prepared using
a soxhlet apparatus for ethanolic extract and rotary evaporator to concentrate the ethanolic
extract. Antimicrobial activity was carried out on the extract using agar disc diffusion technique;
the inhibitory zones were recorded in millimetres. Results showed that the disc diffusion method
of ethanolic extract of M. acuminata peel was not effective against all the Gram-positive
bacteria strains. This result indicated that M. acuminata peel did not pose any potential
antimicrobial effect against Gram-positive bacteria. However, further study should be carried
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out using different extraction method and concentration in order to evaluate antimicrobial
activity.

Introduction

Banana (Musa spp) is the second most fruit crop plantation in Malaysia, and Musa acuminata
plantation coverage is about 50% of the total banana plantation area [1]. Most of the time
banana peel is discarded as waste by household and some industries. The bioactive

compounds in banana peels such as flavonoids, glycosides, alkaloids and tannins have
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various pharmacological and biological effects [2]. Mohapatra et al., (2010) stated that
banana peels are one of the good sources of pectin and nutrients such as dietary fibres, sugars
and minerals [3]. Other varieties of banana peels such as Musa sapientum and Musa
paradisica peels show effective antimicrobial activities against certain types of bacteria [4,5].
A wide range of pharmaceutical agents such as antibacterial, antiparasitic, antifungal and
antivirals drugs was encompassed by antimicrobial activity [6]. Antimicrobials agents can be
in the form of antibiotics, which helps to stop the growth or kill the microorganisms [7].
Encyclopedia Britannica stated that there were a number of natural origin antibiotics such as
gentamicin and tetracycline used commonly in antibacterial activity. Nowadays, plant-
derived antibiotics are mostly preferred for antimicrobial activities by pharmaceutical and
food industries [8]. In antimicrobial testing disc diffusion method is a suitable technique to
identify the zone of inhibition shown by the plant extract and nutrient broth agar method is
used to determine the minimum inhibitory concentration (MIC) according to Clinical and
Laboratory Standard Institute (CLSI) [9].

Gram-positive bacteria are multi-resistant bacteria that cause infections and lead to a
significant health problem for the public. They affect the mortality and mobility of a person
and cause an increase in the implementation of infection control measure and expenditure on
patient management [10]. Even though, there are certain antibiotics used in order to treat the
infections caused gram-positive bacteria; but they were still causing side effects [11].
Therefore, plant-derived antimicrobials are now preferable, and many researchers intend to
conduct research based on plant extract. Although, M. acuminata peels consist of certain
medical properties that can be used to treat diseases [ 12], the scientific evidence that has been
provided in the management of Gram-positive bacteria is not that much susceptible in
antimicrobial activity. Hence, this research was conducted to evaluate the potential

antimicrobial activity of M. acuminata ethanolic peel extract against Gram-positive bacteria.
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Materials and Methods

Sample extraction preparation

Musa acuminata fruit used in this research was collected from Kampung Parit Serong, 45500
Tanjong Karang, Selangor, Malaysia at the coordinate of longitude: 3.427186; latitude:
101.220844. Identification of M. acuminata peel was carried out at the Department of Crop
Science, Faculty of Agriculture, University Putra Malaysia (UPM) and the peels were taken
for an experiment at the herbarium. The peels of M. acuminata were rinsed with distilled
water; chopped into 0.5 cm — 1.0 cm and dried in an oven at 50°C for 12 hours. The dried M.
acuminata peel was grounded into a fine powder and soaked into hexane for defatting
method. Then, the peel once again dried using the oven at 10°C for 10 minutes [13]. A total
of 500g of powdered M. acuminata peels was soaked in 5 L of 85% ethanol and placed in a
water bath at 60°C for 8 hours. The supernatant was filtered using filter paper and evaporated
to dry by using a rotary evaporator at 40-50°C. The dried extract was dissolved in acetone
and stored at 0-4°C in an airtight container for further use [14].

Antibacterial activity of Musa acuminata peel

The disk diffusion method was used to evaluate the antimicrobial activity. Bacterial
suspensions (100 pl) were spread using glass spreader (90° bend). An amount of 10 pl plant
extract concentration of 10 mg/ml was loaded on sterile filter paper discs and placed on the
top of Mueller-Hilton agar plates. Ampicillin (10 pg), Gentamicin (10 pg) and Tetracycline
(10 ng) discs were also loaded on the same Mueller-Hilton agar plate as control. The plates
were kept in an incubator at 37°C for 24 hours. Using a Vernier caliper, the zone of inhibition

was measured [15].
Result and Discussion

The Musa acuminata ethanolic peel extract does not show zone of inhibition (0.00mm) on
four types of tested organisms, as presented in Table 1. The results revealed that ethanolic
extract of Musa acuminata peel was resistant to all the Gram-positive bacteria tested. The
previous study reported that Gram-positive bacteria had shown the lowest inhibition zone in
other variety of banana Musa spp. [4,5]. However, Rattanavichi & Cheng (2014) reported

that there was the antimicrobial activity of the hot-water extracts of M. acuminata peel
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against pathogens from aquatic animals [16]. Different extraction methods can be used to test
the effectiveness against Gram-positive bacteria. The disk diffusion method was used in this
study to evaluate the antimicrobial activity of the M. acuminata and antibiotics such as
Ampicillin, Gentamicin and Tetracycline against the Gram-positive bacteria such as Bacillus
cereus, Staphylococcus aureus, Streptococcus pneumoniae and Streptococcus pyogenes.
Figure 1 shows the inhibition zone of Musa acuminata ethanolic peel extract and antibiotics
against Staphylococcus aureus. This method has been used widely in the previous study
[13,14]. However, in this study, the value of MIC was not determined; thus, the result
obtained did not justify the concentration of extract used. A study by Mokbel and Hashinaga
(2005) showed that with a MIC value of between 140 - 750 ppm, it was unable to inhibit all

the Gram-positive bacteria [17].

Table 1 Inhibition zone (mm in diameter) of Musa acuminata ethanolic peel extract and antibiotics
(positive control) against four different organisms

B. cereus S. aureus S. pneumoniae S. pyogenes
Musa acuminata 0.0 mm + 0.0 mm + 0.0 mm + 0.0 mm +
peel extract (Resistant) (Resistant) (Resistant) (Resistant)
Ampicillin 10.0 mm + 7.0 mm + 7.0 mm + 9.0 mm +
(Resistant) (Resistant) (Resistant) (Resistant)
Gentamicin 24.0 mm + 24.0 mm + 21.0 mm + 20.0 mm +
(Susceptible) (Susceptible) (Susceptible) (Susceptible)
Tetracycline 8.0 mm + 23.0 mm + 7.0 mm + 20.0 mm +
(Resistant) (Susceptible) (Resistant) (Susceptible)



Fig 1 Inhibition zone (mm) of (a) Musa acuminata ethanolic peel extract, (b) Ampicillin, (c)
Gentamicin, and (d) Tetracycline against Staphylococcus aureus

Conclusion

It was concluded that the M. acuminata ethanolic peel extract did not pose any antimicrobial
effect against Gram-positive bacteria Bacillus cereus, Staphylococcus aureus, Streptococcus
pneumoniae and Streptococcus pyogenes. Future study can be conducted by measuring the
Minimum Inhibitory Concentration (MIC) of the extract and using different extraction

method.
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Effects and Quantity Ranges Of Some Auxins On
Embryogenic Callus Induction From Upland Rice Cultivars:
An Overview

Sulaiman Mohammed!*

ABSTRACT

Embryogenic callus induction from indica rice sub-species, upland cultivars has remain ARTICLE HISTORY
a challenging task, but plant growth regulators (PGRs) have been found to play a vital Received

role in enhancing the production. Hence, solving this tricky problem and achieving 03 January 2020
optimum embryogenic callus induction from this special type of rice is a welcome Accepted
development as a food security concern, while proper examination of the appropriate 22 April 2020

PGRs is the only solution. Here we reviewed on two auxins-PGRs that promote the
embryogenic callus induction from upland rice, viz., 2,4-D and NAA with their

recommendable quantity ranges. 2,4-D and NAA were the most commonly employed KEYWORDS
and discovered best growth hormones in PTC irrespective of explant in all cereal plants. Upland rice,
They are found the most suitable hormones and positively upgrade the production of callus induction,
reproducible callus. Classical analyses implies that medium supplemented with such PGRs,

PGRs provides necessities for quality callus from upland rice. Evidences indicated that 2,4-D,

callus induction or somatic embryogenesis from matured seeds of upland rice is persuade NAA,

by 2,4-D between 1.0 — 2.5 mg/L concentrations. Whereas for NAA, to obtain its desired Auxin

effects on upland rice callus induction it must be fortified in concentrations ranging from
0.5 mg/L to 10 mg/L. But convincingly, 0.5 — 5.0 mg/L NAA with other PGR like 2,4-D
would be more proper. Hence, extensive studies of these hormones and others will
provide insights on their potentialities to embryogenic callus induction and

probably identify more of their roles in PTC analysis.

Introduction

Rice or its botanical name Oryza sativa L. is divided into three sub-species which includes
indica, japonica and javonica [1]. Indica sub-species, precisely upland, is planted and
grown in dry-land, rain-feeding or short irrigation condition [2]. Farming of these rice
varieties may lessen the laborious irrigation, save plenty of water and probably reduce
water pollution. Up- land rice is a special rice type which comprises almost 80% of the
world cultivated rice and found in many Asian nations [2-5]. For example, Malaysia has

diverse number of upland rice cultivars [6], mostly cultivated in Sabah and Sarawak [7].
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Regarding all these advantages over wetland rice varieties, upland rice contributes only
12% of global rice production [2, 3].

Evidences exist to show that upland rice has the potential to be explored as alternative
com- pare to wetland rice [2]. Whereas, research on upland rice improvement has gained
little at- tention because of its unstable grain yield which occurred due to poor agronomy
management practices and lack of application of suitable nutrient as described by Musa,
Azemi [8]. Thus, to increase the production of this rice species; calluses induction and
regeneration (biotech- nology approach) through plant tissue culture (PTC) as well as
genetically (molecular ap- proach) improve the cultivars via biotransformation are the
alternative solutions to this pecu- liar problem. PTC or plant micro-propagation describe
the aseptic culture of explant under control physical and chemical condition in vitro [9,
10]. It is considered the best approach for demonstrating the plant cells totipotency and
its utilization for various practical solicitations [11]. Also, the case is not different in
Oryza sativa L. as earlier discovered by Koetje, Grimes [12], Croughan and Chu [13] and
Oinam and Kothari [14].

In plant tissue culture (PTC), the explant can either be mature or immature seeds, leaves,
buds, node or tips of root [15]. The explant callus induction, growth and development and
morphogenic response in tissue culture depends on genotype, explant type, environment,
cul- ture medium and plant growth regulators (PGRs). According to Khanna and Raina
[16], Oza- wa, Ling [17] Gairi and Rashid [18], Karthikeyan, Pandian [19], Meneses,
Flores [20], [Bho- jwani and Dantu [11], 21], embryogenic callus induction massively
rely on PGRs, medium composition (as they can be easily manipulated) along site with
explant genotype and culture environment. Interestingly, media supplemented with PGRs
provides necessities for quality and reproducible calli [22]. Embryogenic calli production
is the prerequisite for achievable regeneration and remain problematic in indica sub-
species such as upland rice. However, proper examination of the appropriate medium and
its supporting supplement(s) that may in- duce qualitative and quantitative embryogenic
calli is significant. Reports have indicated that optimizing the culture media for indica
culture using PGRs, precisely auxins have yielded a recommendable outcome [3, 23-28].
Therefore, the aim of this review is to provide an insight overview of two most commonly
used auxins namely; 2,4-Dichlorophenoxyacetic acid (2,4- D) and Naphthaleneacetic acid

(NAA) and their recommendable quantity ranges that make embryogenic callus from
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upland rice cultivars.
Plant Growth Regulators (PGR) and Their Classification

As far as PTC is concerned, the important point is that, due to the plasticity and totipo-
tency of the explant [29, 30]. Precise media manipulations can be practice to direct
embryo- genic callus development in culture. Manipulation or optimization of medium
are either from carbon source, amino acids basis, vitamin or growth regulators [31].
Reports have shown that phytohormones (PGRs) are the critical constituents for
determining the target callus in addi- tion to the developmental pathway of the plant cells
[32].

effects of hormones (PGRs) have been widely investigated in tissue culture tech- nology.
They are widely considered as essential parameter(s) in determining the success of
embryogenic callus induction [33]. Trejo-Tapia, Amaya [34] communicated that,
combina- tions of hormone type and its various concentration can greatly promote the
morphogenetic development leading to calluses production. The employed PGRs in plant
tissue culture analysis are classified into five (5) main classes, they include; Auxins,
Cytokinins, Gib- berellins, Abscisic acid and Ethylene.

The first four class of PGRs mentioned above are used so open, whereas the first two are
mostly fortified in upland rice analysis. According to Skoog and Miller [35], auxin and
cytokinin ration determine the type and extent of organogenesis in plant cell cultures.
Never- theless, pieces of reports described the vitality of auxins as a constituent in upland
rice culture and dedifferentiation processes in in vitro cultures. The most commonly used
auxins in upland rice culture are the synthetic analogues, viz, 2,4-Dichlorophenoxyacetic
acid (2,4-D) and Naphthaleneacetic acid (NAA). Therefore, in order to obtain
embryogenic callus from upland rice specimen, auxin(s) hormones should be added into
the medium. Although their rations required are not universally same. Bhaskaran and
Smith [36] reported that there is erraticism on the quantity ratio of such hormones required
for callus induction among genera, species, sub-species and cultivars.
2,4-Dichlorophenoxyacetic acid

In monocotyledonous plants, the use of auxins as growth regulator or promoters of cell
indifferentiation is absolutely possible. These enhances induction of indirect somatic
embryo- genesis as reconfirmed by Meneses, Flores [20], Karthikeyan, Pandian [19],

[31]. Auxins have significant effect by inducing embryogenic competence on the scutellar
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cells of rice seeds, leaves and other organs. Rice cultivar’s genotypic difference shows
diversification in their specificity towards response to auxins concentration [18, 37].
Among the various auxins, 2,4-D is the best regulator discovered so far. 2,4-D is the most
employed in tissue analysis irrespective of explant in all cereal species. This synthetic
auxin provides a desirable and effi- cient embryogenic calli when supplemented in upland
rice tissue culture regardless of the medium type. 2,4-D has chemical formulae
C8H6CI203 and schematic diagram as shown in figure 1.

Zhu, Sun [38] revealed on the suitability of 2,4-D on embryogenic callus induction.
Others have recommended 2,4-D as an in vitro plant regulator for development of callus
in upland rice culture and hence always employed in medium either; singly, in
combination with other auxins or cytokinin [33]. Endress and Endress [39] reported that,
2,4-D generate DNA hypermethylation which uphold cells in active mitotic stage and
therefore, in favour of em- bryonic phase.

Previous reports indicated that embryogenic calli production from indica sub-species face
a major set-back due to its low tissue response [24, 40]. But recent evidences demon-
strated that callus induction or indirect somatic embryogenesis from matured seeds of
upland rice is persuade by 2,4-D at different concentrations [31]. Thus, the concentration
of the hor- mone used, the culture period and sub-culture time control the responses and
virtually recon- version of embryos-to plants. However, distinct 2,4-D responses has been
observed as a func- tional enhancer of callus production from upland genotype; since they
are characterized for having difficulties in tissue responsive [2-4, 20, 24]. The use of 2,4-
D in high concentration is necessary in some upland varieties as they provide positive
responses towards embryogenic calluses production, but simultaneously they exert an
inhibitory effect on plant regeneration because the hormone residues remain within the

embryo cells.

¢l i OH

el CC

Fig 1 Schematic representation of (A) 2,4-D and (B) NAA growth regulator
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Shahsavari, Maheran [2] discovered that using 2,4-D alone at 2 mg/L gave the earliest
and optimum callus induction (84%). This is consistent with other earlier reports that
higher callus induction were observed using 2 mg/L 2,4-D [41]. The highest percentage
of callus in- duction (85%) were obtained on media containing 5 mg/L 2,4-D [42]. In
another report by Shahsavari [43] reveal that 2 mg/L 2,4-D in combination with other
hormones gave up to 95% callus induction frequency. This concentration is almost the
same with that of Ahmad, Johan

[4] and Karthikeyan, Pandian [19] whose reported that 2.5 mg/L 2,4-D gave optimal
induction in Malaysian upland rice. Evenly, 2.5 mg/L 2,4-D plus NAA fortified in another
Malaysian upland rice culture, optimum induction were achieved [44]. Also, 3 mg/L 2,4-
D was reported and optimal callus induction (90%) was obtained [5]. Conclusively, many
reports recom- mended the use of 1.0 — 2.5 mg/L 2,4-D for callus induction from upland
rice tissue [18, 19, 33].

a-Naphthalene-acetic acid

NAA is another essential synthetic auxin hormone that is routinely used for the vege-
tative propagation of plants. It is widely used in agriculture for various purposes and for
tissue culture research [2, 24]. NAA is an organic compound with the formula
CioH7CH2CO:H [schematic diagram (fig. 1b)] and auxin family that prevents premature
dropping and thinning of fruits from stems. NAA has been shown to greatly increase
cellulose fiber formation in plants when paired with another phytohormone called
gibberellic acid. This plant regulator plays a role in both embryogenic callus production
and regeneration from upland cultivars as communicated by Aananthi, Anandakumar [45]
and Din, Ahmad [5]. The effect of NAA on callus growth is greatly reliant on the time of
applying and its concentration. The hormone is only slightly toxic when applied at higher
concentration. Thus, this is to understand that in- creased amounts of NAA can actually
have negative effects, however, cause growth inhibition to the development of crops such
as rice.

For plant growth, NAA is used after 4-weeks to stimulates shoot growth, while full- time
use limits the plant growth. When used in 4-week pulse, adventitious root growth is
greatly increased. In micropropagation NAA is typically added to a media containing
essential nutrients for explant survival. It is added to help induce embryogenic callus
induction [26, 43], shoot and root development [24, 33, 45].
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For NAA to obtain its desired effects in upland rice callus induction, it must be forti- fied
in concentrations ranging from 0.5 mg/L to 10 mg/L as recommended by Zuraida, Naziah
[26]. Many have used the concentration between 0.5-5.0 mg/L, but so far it is only
Zuraida, Naziah [26] and Zuraida, Zulkifli [42] that obtained maximum callus production
from upland rice at 10 mg/L of NAA. Whereas, high concentration may leads to optimum
induction from upland rice, nonetheless depend on genotype. Going by all the practiced
concentrations, 10 mg/L was the highest used for upland rice callus induction which may
affect the quality of the callus or even shoot. As earlier discussed, NAA at high
concentration is toxic, therefore the use of maximum concentration (10 mg/L) may be
problematic to crop quality. As less as 1 mg/L can make optimum callus from upland rice
(Malaysian cultivar) [44]. Also 3 mg/L proved to be beneficial for callus induction [46],
but all depend on the genotype. Using a slightly high concentration around 5 mg/L as
described by Shahsavari [43] is also appropriate. Convincingly, supplementing 0.5 — 5.0
mg/L NAA with other PGR like 2,4-D for callus in- duction from upland rice it would be

more proper.
Conclusion

Embryogenic callus induction is the prerequisite for micropropagation, regeneration and
ge- netic transformation. Achieving optimum embryogenic callus induction from upland
rice cul- tivars is a welcome development as a food security concern. 2,4-D and NAA
were found the most useful auxin growth hormones and positively upgrade the production
of reproducible callus. There is a need for appropriate utilization of these PGRs at a
certain range of concen- tration. Usually, tissue culture of upland rice without any of the
reviewed hormones yields no embryogenic callus. Therefore, this review achieved the
aim of providing useful information on such auxins (2,4-D and NAA) and their
concentration range that would yield maximum embryogenic callus from upland rice.
However, extensive studies of these plant regulators will provide more significant insights

to their potential in callus induction and identify more of their roles in PTC analysis.
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Bitkilerde Aktif Oksijen Tiirleri ve Oksidatif Stres

Ali Dogru'”

OZET

Aerobik organizmalar i¢in oksijen vazgegilmez bir molekiildiir. Biyotik ve abiyotik
stres faktorleri altinda bitkilerde elektron taginimu ile ilgili reaksiyonlar aktif oksijen
tirlerinin olusum hizimi artirir. Bu reaksiyonlarda elektronlar stres faktorlerinin
etkisiyle asil hedef molekiil yerine oksijene verilir. Bu sekilde baglayan zincirleme
reaksiyonlar bitki dokularinda siiperoksit radikali, hidrojen peroksit ve hidroksil
radikali gibi aktif oksijen tiirlerinin birikim gdstermeye baslamasina yol agar.
Antioksidant sistemin yeterince aktive edilememesi durumunda oldukga reaktif olan
aktif oksijen tiirleri hiicresel bilesenlere zarar vermeye baslar. Bu olay oksidatif stres
olarak bilinir. Aktif oksijen tiirleri bitki hiicrelerindeki bir¢cok organelde olusabilir.
Kloroplastlar bitki hiicrelerinde aktif oksijen tiirlerini olusturma kapasitesi
bakimindan en aktif organellerdir. Bunun disinda mitokondriler, peroksizomlar,
endoplazmik retikulum gibi organellerle apoplastik bolgede de aktif oksijen olusumu
gozlenir. Stres kosullar1 altinda sekonder bir stres olarak ortaya ¢ikan oksidatif stres
tarimsal verimliligi tehdit eden en 6nemli faktor olarak kabul edilmektedir. Bu
derlemede bitki hiicrelerinde aktif oksijen tiirlerinin olusumuna neden olan metabolik
olaylar, bu bilesiklerin kimyasal oOzellikleri ve oksidatif hasar olusturma
mekanizmalar1 tartigilmistir.

Active Oxygen Species and Oxidative Stress in Plants

ABSTRACT

Oxygen has been an indispensable molecule for aerobic organisms. The reactions
related to electron transport in plants under biotic and abiotic stress factors may cause
acceleration of the formation rate of active oxygen species. In these reactions, electrons
are delivered to the oxygen instead of main target molecule as the result of stressful
conditions. Thus, a chain reaction starts and this leads to the accumulation of the active
oxygen species in plant tissues, such as superoxide, hydrogen peroxide and hydroxyl
radical. In the case of lower antioxidant activity, active oxygen species begin to be
harmful to cell components, which is known as oxidative stress. Active oxygen species
may be produced in several cell compartments in plant cells. Chloroplasts, for
example, are known to have the highest potential to produce active oxygen species in
plant cells. In addition, mitochondria, peroxisomes, endoplasmic reticulum and
apoplast are included in the formation of active oxygen species in plants. Oxidative
stress, which appears secondary stress under stressful conditions, has been accepted as
the most serious threat for agricultural productivity. In this review, metabolic reactions
leading to the formation of active oxygen species in plants, the chemistry of these
reactive compounds and their mechanism to produce oxidative stress are discussed.
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Giris

Diger aerobik organizmalar gibi bitkiler de etkili bir sekilde enerji iiretebilmek icin
oksijene ihtiya¢ duymaktadirlar. Molekiiler oksijen (O3) ilk olarak yaklasik 2,7 milyar yil
once fotosentetik organizmalardaki oksijen evoliisyonu reaksiyonu sonucu olusmus ve
aktif oksijen tiirleri (AOT) aerobik yasamin bir pargast haline gelmistir [1]. Ancak
oksijenin varlig1 hiicresel yapilarin ve reaksiyonlarin siirekli oksidatif bir tehdit altinda
olmasina yol agmaktadir [2]. Bitki hiicrelerinde oksijenin suya tam olarak indirgenmesi,
gerekli enerjinin aciga ¢ikmasini saglarken, oksijenin tam olarak indirgenememesi ise
oldukca reaktif olan ve DNA, proteinler ve lipidler gibi bircok makromolekiile zarar veren
AOT’lerin olusumuna neden olmaktadir [3]. AOT’lerin hiicresel yapilarda hasar
olusturmas1 ise “oksidatif stres” olarak tamimlanmaktadir. Kloroplast ve
mitokondrilerdeki redoks reaksiyonlar1 sirasinda, bazi stres faktorleri nedeniyle
elektronlarin asil alict molekiil yerine molekiiler oksijene verilmesi sonucu AOT’ler
olugmaya baglar. Agir metaller, kuraklik, yiiksek ve diisiik sicaklik, mekanik yaralanma,
ultraviyole (UV) 151k, fotoinhibisyona yol agan yiiksek 151k yogunlugu, patojen
enfeksiyonu ve hava kirliligi gibi stres faktorlerinin de AOT olusumuna ve oksidatif
strese neden oldugu bilinmektedir [4,5]. Bu durumda oksidatif stres, bitkilerde biyotik ve
abiyotik stres faktorlerinin etkisiyle ortaya c¢ikan sekonder bir stres olarak
nitelendirilebilir.

AOT’ler peroksizomlar, kloroplastlar ve mitokondriler gibi farkli hiicresel organellerde
lokalize olan metabolik reaksiyonlar sirasinda ara iiriin olarak da meydana gelebilir [6,7].
Gelismis bitkilerde fotosentez olay1; oldukea iyi organize olmus tilakoid membranlara
sahip olan kloroplastlarda meydana gelen bir olaydir. Tilakoid membranlar optimum 151k
absorbsiyonu i¢in gerekli yapisal 6zelliklere ve bilesenlere sahiptir. Fotosentez boyunca
kloroplastlarda olusan oksijen, elektron tasimim reaksiyonlarindan gelen elektronlari
alarak stiperoksit radikalini (O2") olusturabilir. Normal kosullar altinda AOT’ler ¢esitli
antioksidant savunma mekanizmalar1 ile detoksifiye edilir [8]. Ancak tuzluluk, UV
radyasyonu, kuraklik, agir metaller, asir1 yliksek ve diisiik sicakliklar, besin eksikligi,
hava kirliligi, herbisitler ve patojen saldirilar1 gibi biyotik ve abiyotik stres faktorleri,
AOT’lerin olusum ve detoksifikasyon hiz1 arasindaki dengeyi bozabilir. Bu da hiicresel
yapilarda hasarlara neden olan AOT’lerin hiicre igindeki miktarinin hizla artmasina yol

acar (Sekil 1) [9].
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Sekil 1 AOS (antioksidant sistem) ve AOT (aktif oksijen tiirleri) arasindaki denge [13]

O2" radikali gesitli reaksiyonlar sonucunda hidrojen peroksit (H202), hidroksil radikali
(OH") ve diger AOT lerin olusmasina yol acar. O radikali, H202, 02 (singlet oksijen),
HO.~ (perhidroksi radikali) ve OH~ radikali gibi AOT’ler oldukga reaktiftir ve toksik
etkilere sahiptir. Farkli ¢gevresel stres faktorlerinin etkisiyle bitki dokularinda meydana
gelen AOT ler {irlin kayiplarinin temel sebebidir [10-12]. AOT’ler niikleik asitlerde hasar
olusturarak, proteinleri okside ederek ve lipid peroksidasyonuna neden olarak bir¢ok
hiicresel fonksiyonda bozulmalara neden olur [8].

Bitkilerde, AOT’lerin toksik etkilerinden korunmak i¢in etkili bir antioksidant savunma
sistemi bulunmaktadir. Bu sistemin enzimatik ve enzimatik olmayan bilesenleri
AOQOT’lerin olusumunu engelleyerek ya da olustuktan sonra AOT’leri detoksifiye ederek
hiicresel yapilarin oksidatif stres hasarlarindan korunmasini saglar.

Bu derlemede ¢esitli AOT’lerin olusum reaksiyonlart ve lokasyonlari, AOT lerin bitki

hiicrelerinde meydana getirdikleri hasarlar tartigilmistir.
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Okside Edici Bilesiklerin Kimyasi

Oksijen yer kabugunda en yaygin olarak bulunan elementtir [14]. Ayn1 zamanda suyun
kiitle olarak %89’unu olusturdugundan canli organizmalarda da kiitle bazinda en fazla
miktarda bulunan elementtir [ 15]. Oksitleme yetenegi bakimindan ise flordan sonra ikinci
sirada bulunmaktadir [16,17]. Atmosferde bulunan oksijenin temel formu O2’dir. Bu
molekiiliin paylasilmamis iki elektronu vardir ve bu elektronlarin paralel spinli
olmasindan dolay1 temel durumdaki oksijen (O2) diisiik bir reaktiviteye sahiptir. Bu olaya
“spin kisitlamas1” ad1 verilir. Yani Oz kimyasal olarak ¢ok fazla aktif olmadig1 gibi ayni
zamanda aerobik organizmalar i¢in toksik de degildir. Yiiksek bir reaktiviteye sahip
olmasi i¢in O2’ye spin kisitlamasini ortadan kaldiracak bir enerji girisinin gergeklesmesi
gerekir. Bu enerji bircok kimyasal ve biyokimyasal reaksiyondan, elektron taginim
reaksiyonlarindan, UV ve iyonize radyasyondan saglanabilir. Biyolojik sistemlerde
bulunan birgok AOT arasinda 10z, OH~, H202, Oz~ ve nitrik oksit (NO~) oksidatif stresi
indiikleyen en 6nemli AOT lerdir [11]. Bunun disinda peroksil, alkoksil ve hidroperoksil

radikalleri ile peroksinitrit, ozon ve hipoklorik asit de diger 6nemli AOT lerdendir.
Molekiiler Oksijenin indirgenmesi ve Aktivasyonu

Molekiiler oksijenin indirgenmesi, birbirini takip eden, her basamakta tek bir elektronun
oksijen tarafindan alinmasimi ve farklit AOT lerin olusumunu saglayan dort agsamadan
ibarettir. Bu olaya “monovalent rediiksiyon” ad1 verilir [18,3,19]. Monovalent oksijen
rediiksiyonu yoluyla olusan c¢esitli AOT’ler sekil 2’ de goriilmektedir. Bu reaksiyon
zincirinin ilk basamagi enerji gerektirmektedir. Ancak diger basamaklar1 ekzotermik
ozellige sahiptir ve bu nedenle kendiliginden veya kataliz yoluyla gerceklesebilmektedir
[20].

.'/> ™ \ :"f \- J \
|‘<., : y: I" 2 /I : 3 :
O; 4 ¢———2 05 + ¢+ 2H" — < H,0; + (¢ ="+ OH- + ¢ + H
Fe, Cu veyn
Mn

4 .
{ \
| & |
\ )

“e HLO

Sekil 2 Monovalent oksijen rediiksiyonu sonucunda meydana gelen AOT” ler [21]

Oksijenin aktivasyonu, klorofil molekiiliiniin uyarilmasi (eksitasyonu) araciligiyla 1s18a
bagimli reaksiyonlarla da saglanabilmektedir [22]. Bu reaksiyonda 1sik enerjisinin
absorblanmasi ile klorofil molekiiliindeki bir elektron temel durumundan (Klo, So),

yiiksek enerjili bir duruma (Klo*, S2) firlatilmaktadir. Klorofil molekiilii ¢ok kisa bir siire
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icerisinde bu elektronunun enerjisinin bir kismin1 kaybederek daha diisiik enerjili bir
duruma (S1) ve daha sonra yine enerji kaybi ile triplet (T*) duruma gegmektedir. S1
durumundan triplet durumuna doniisiim sirasinda, klorofil molekiiliiniin uyarilmis
elektronunun spini de degismektedir. Enerjinin triplet klorofil molekiiliinden temel
durumdaki oksijene transferi ile klorofil molekiilii temel durumuna dénerken; bu kez de
temel durumdaki oksijenin elektronlarindan birinin spini degismekte ve sonugta O
(singlet oksijen) olugsmaktadir [23]. Sekil 3’te singlet oksijenin olusum mekanizmasi

gorilmektedir.

1511 T 1 | S| '
by | e- + 010 =———— 0:0: veya 0:0:
RO Co. |

'/-; /‘—\ $ ) \
% o 0l10),

Klorofil Klorofil

So

Sekil 3 Molekiiler oksijen (O,) ile triplet klorofilin (T*) etkilesimi sonucu singlet oksijenin (*O5)

olusumu [21]
Bitkilerdeki Aktif Oksijen Tiirleri

Siiperoksit radikali (O2")

Temel durumdaki oksijen (O2) bir elektron alarak spin kisitlama 6zelligini kaybedebilir.
Bu elektron bitki hiicrelerindeki elektron taginim reaksiyonlar1 veya nikotinamid adenin
diniikleotid fosfat (NADPH) oksidaz enziminin katalizledigi reaksiyon sirasinda gergek
hedefine ulastirilamayan bir elektrondur. Oksijenin bu sekilde bir elektron almasi ile
stiperoksit radikali veya siiperoksit anyonu (O2”) olusur. Siiperoksit radikalinin yar1 6mrii
1-1000 ps arasindadir ve olustugu yerden difiizyonla ancak birka¢ pm’lik mesafeyi kat
edebilir [24].
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Siiperoksit radikali birgok reaksiyona katilabilir ancak oncelikle bir H" alarak
hidroperoksit radikalinin (HO2") olusumuna neden olur. Bu bilesik siiperoksit radikaline
gore hem daha reaktif hem de daha stabil bir yapiya sahiptir ve biyolojik membranlar1
gecebilir. 1ki molekiil hidroperoksitin reaksiyona girmesi ile Oz ve H.02 meydana gelir.
Bu reaksiyona “siiperoksit dismutasyonu” adi verilir. Yani dismutasyon reaksiyonu
sonucunda aynt maddeden yapisal olarak iki farkli {irtiin meydana gelir. Siiperoksit
radikali biyolojik makromolekiillerde kimyasal bir degisime yol agmaz ancak oksidatif
stresin ana kaynagi olarak kabul edilir. Ayn1 zamanda diger AOT’leri indirgeyerek daha
kuvvetli oksitleyici molekiillerin olusumuna yol agar [25]. Siiperoksit radikali Fe*® ve
Cu*? iyonlarmi Fe*? ve Cu* formuna indirgeyebilir. Olusan indirgenmis demir ve bakir
iyonlar1 da HO: ile reaksiyona girerek hidroksil radikalini olusturabilir. Hidroksil
radikali de neredeyse biitiin makromolekiillerde yapisal degisimlere neden oldugu i¢in
oksidatif stres i¢in merkezi bir role sahiptir. Ayrica stiperoksit ve hidroperoksit radikalleri
nitrik oksitle reaksiyona girerek asir1 derecede reaktif olan peroksinitrit ve alkil
peroksinitrit radikallerini olusturabilir.

Bitki hiicrelerinde olusan siiperoksit radikallerinin temel kaynaginin kloroplast ve
mitokondrilerdeki elektron taginim sistemlerindeki elektron kagaklar1 olduguna
inanilmaktadir [26-30]. Elektron tasinim sistemlerindeki elektronlarin yaklasik %1-5inin
sistemden c¢ikabilecegi ve bunlarin bir kisminin Oz ile reaksiyona girerek siiperoksit
radikalinin olusumuna yol ac¢tig1 bildirilmistir [31]. Stiperoksit radikali biyosentezi stres
altinda olmayan bitkilerin dokularinda da gerceklesen bir olaydir. Ancak stres altindaki
bitkilerde bu radikalin sentez hizi artar ve antioksidant sistemin detoksifikasyon
kapasitesinin {izerine ¢ikar. Kloroplastlarin tilakoid membranlarindaki fotosistem I (FSI)
ve fotosistem II’ de (FSII) meydana gelen elektron kagaklarmin lokasyonlar1 sekil 4 te
gosterilmistir [32,33]. Bunun disinda mitokondriyal kompleks I ve kompleks II de
elektron kagaklarinin meydana gelebildigi bolgelerdendir [29,34].
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Sekil 4 FSI ve FSII’de siiperoksit olusumunun gerceklestigi bolgeler (ITK: 1s1k toplayici
kompleks; OEK: oksijen evoliisyon kompleksi; Mn: mangan; Feo: feofitin; Qag: Kinona ve
kinong; PQ: plastokinon; Fd: ferrodoksin) [15]

Yapilan arastirmalar feofitin, kinona ve sitokrom b559” un FSII’nin akseptor bolgesinde
O.’yi indirgeyerek siiperoksit radikali olusturma kapasitesine sahip oldugunu ortaya
cikarmustir [35,36, 33,37]. Bunun disinda FSII’nin dondr bolgesinde de siiperoksit
radikalinin tretildigi rapor edilmistir [38,39]. Ancak FSI kloroplastlardaki siiperoksit
radikalinin tiretimi bakimindan en aktif bolgedir [32,40]. Siiperoksit radikali FSI’in
akseptor bolgesinde bulunan psaA ve psaB iizerindeki 4F-4S (Fx), psaC iizerindeki A/B
birimleri ve ferrodoksin (Fd) tarafindan olusturulur [41].

Peroksizomlar normal kosullarda fotorespirasyon, yag asitlerinin oksidasyonu, azotlu
bilesiklerin metabolizmasi ve AOT detoksifikasyonu gibi fonksiyonlardan sorumludur.
Ancak patojen saldirisi, kadmiyum toksisitesi, tuzluluk, herbisit ve ksenobiyotik
maddelerin uygulanmasi sonucunda peroksizomlarda siiperoksit olusumu gézlenir [6,42].
Peroksizomlarda siiperoksit radikalinin olusumu ile ilgili iki farkli mekanizma
bulunmaktadir. Bunlardan birincisi hiicresel matriksteki ksantin oksidaz enziminin
katalizledigi reaksiyondur. ikincisi ise peroksizom membranindaki NADH/NADPH-
bagimli kiiciik elektron tasinim kompleksidir. Bu kompleks NADH ferrisiyanit rediiktaz,
sitokrom b, monodehidroaskorbat rediiktaz ve NADPH:sitokrom P450 rediiktaz
enzimlerini igerir ve belli oranda sitosoldeki siiperoksit radikali tiretiminden sorumludur

[43,6,44].
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Yiiksek 1s1k yogunlugu, UV 1sinlar, herbisitler ve ksenobiyotikler bitkilerde kloroplastlar,
mitokondriler ve peroksizomlardaki elektron tasinim olaylarini olumsuz yonde
etkileyerek siiperoksit radikalinin olusum hizimi artirir. Bu stres tiplerinde elektron
tasinim sisteminden gergeklesen elektron kacgaklari oksidatif stresin primer sebebini
olusturur. Ancak tuzluluk, patojen saldirilari, mekanik yaralanma, kuraklik, yiliksek
sicaklik, diistik sicaklik, agir metaller, ozon ve sel stresi durumunda elektron taginim
sistemlerinde meydana gelen anormallikler stres cevabinin sonraki basamaklarinda ortaya
c¢ikan sekonder etkiler olarak kabul edilmektedir. Bu durum muhtemelen stres
olusumundan hemen sonraki donemde ortaya c¢ikan asir1 oksidatif stres yliziinden
antioksidant etkinligin azalmasindan kaynaklanmaktadir.

Hidrojen peroksit (H202)

Hidrojen peroksit bitki hiicrelerinde 6nemli fizyolojik fonksiyonlara sahip olan en stabil
AOT’dir [25,40]. Hidrojen peroksit paylasilmamis elektronlari bulunmayan zayif asit
karakterinde bir bilesiktir. Siiperoksit, hidroksil ve singlet oksijen radikalleri ile
karsilastirildiginda daha kararli bir yapiya sahiptir. Yine de canli dokulardaki yar1 6mrti,
hidrojen peroksidi parcalayan enzimlerin aktivitelerinden dolay1 bir saniyeden daha azdir
[25]. Sitoplazma oldukca indirgenmis, antioksidantlar bakimindan zengin bazik bir
yapiya sahiptir. Hiicre dis1 bosluklar ise asidik karakterdedir ve hem hidrojen peroksidi
hem de stiperoksit radikali gibi hidrojen peroksidin 6nciisii olan bilesikleri parcalayan
enzimler bakimindan fakirdir [45,46]. Bu nedenle apoplastik bolgede hidrojen peroksit
birikimi ve oksidatif stresin derecesi fazladir.

Bitkilerde hiicre hacminin yaklasik %95’in1 vakuol olusturdugundan sitoplazma oldukc¢a
ince bir tabaka halindedir. Bu nedenle hiicre i¢inde iiretilen hidrojen peroksit, plazma
zarindaki akuaporinlerden gegerek hizla hiicre disina difiize olabilir [47]. Bitki
hiicrelerinde hidrojen peroksitin diger kaynaklar1 ise apoplastik bolgedeki NADPH
oksidazlar ve hem igeren simif-11I peroksidazlardir [11].

Bitki hiicrelerinde siiperoksit radikalinin olustugu bolgeler ayni zamanda hidrojen
peroksit olusumunun da orijini olarak kabul edilmektedir. Peroksidaz grubu enzimler
biyotik stres faktorlerine maruz kalan bitkilerde hidrojen peroksit olusumundan sorumlu
tutulmaktadir [48,49]. Yapilan bircok arastirma bakir iceren amino oksidazlar ve
poliamin oksidazlarla, glutatyon ve askorbat oksidazlar gibi sinif-IIl peroksidazlarin

tuzluluk, agir metal, yiiksek 151k yogunlugu ve diger abiyotik stres faktorlerinin etkisiyle
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aktivitelerinin arttigint ve bitki dokularinda AOT iiretimi i¢in Onemli oldugunu
gostermistir [50-52].

Bitkilerde oksidatif stresin hidrojen peroksit molekiilii ile indiiklendigine inanilmaktadir.
Hidrojen peroksidin oksitleyici 6zelligi zayiftir. DNA, amino asitler ve lipidlerde
kimyasal bir degisime neden olmaz. Ancak hidrojen peroksit dogrudan dogruya siilfidril
gruplar ile etkilesime girer ve asil hedefi hidroksil radikaline doniismesini saglayacak
olan ge¢is metallerini baglayan bolgelerdir [53,54]. Hidrojen peroksidin fruktoz
bifosfataz gibi bazi enzimleri inaktif hale getirdigi rapor edilmistir. Ancak bu
inaktivasyonun sebebinin aslinda c¢ozeltilerdeki gecis metalleri oldugu ortaya
cikarilmistir ve birgok proteinin gegis metali icermeyen ¢ozeltilerde 100 mM’lik hidrojen
peroksit konsantrasyonunda stabil kalabildigi bildirilmistir [25].

Hidroksil radikali (OH")

Hidroksil radikali oksidatif stres boyunca lipid peroksidasyonu ile niikleik asitler ve
proteinlerde meydana gelen oksidatif hasardan en fazla sorumlu olan AOT’dir. Bunun
disinda, oksidatif stres sinyali ve programlanmis hiicre 6liimleri ile dogrudan iligkili
oldugu da rapor edilmistir [55,56]. Hidroksil radikali bitkilerin strese maruz kalmasindan
hemen sonra olusmaya baglar ve hem kalsiyum hem de potasyum kanallarin1 aktif hale
getirerek kalsiyumun hiicre i¢ine girmesine, potasyumun da hiicre disina ¢ikmasina neden
olur [56]. Hidroksil radikalinin in vivo ortamdaki yar1 6mrii yaklasik 1 ns, difiizyonla
katedebilecegi mesafe ise 1 nm’den daha azdir [57]. Ancak bir¢ok organik molekiille
reaksiyona girme yetenegi oldukca yiiksektir. Canlilarda hidroksil radikalini
temizleyecek ya da detoksifiye edecek herhangi bir enzim sistemi yoktur. Mannitol,
sorbitol, dimetil sulfoksit ve tiyoiire gibi bazi bilesiklerin etkileri hidroksil radikalinin
detoksifikasyonu ile degil; bu bilesiklerin hidroksil radikali onciileri ile reaksiyonu ve
gecis metallerini selatlamalart ile ilgilidir.

Hidroksil radikali biyosentezi i¢in Fenton rekasiyonlari 6nemlidir (Sekil 5). On
dokuzuncu vyiizyllda Fenton tarafindan gerceklestirilen calismanmna amaci Fe'?
iyonlarinin tartarik asit lizerindeki etkilerinin arastirilmasi idi [58]. Ancak elde edilen
bulgularin 6neminden dolayr bir asirdan uzun siiredir kullanilmaktadir. Giiniimiizde
Fenton kimyasi ve Fenton benzeri reaktifler gibi ifadeler, hidrojen peroksit ve gegcis
metallerinin varliginda meydana gelen hidroksil radikali, su ve siiperoksit radikali

olusturan reaksiyonlar i¢in kullanilmaktadir [59].
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Me'2 - O0OH »  Mer + OH- « M3+ OH-+0H- (III)

Sekil 5 Bitkilerde hidroksil radikalinin olusmasina neden olan reaksiyonlar (Me: metal) [15]
Fenton reaksiyonlar1 sirasinda bir¢ok ara iiriin olusmasina ragmen, net reaksiyon sekil

6’daki gibidir [60, 61].

Me{ind) + H,O, » Me(oks)+ OH- + OH- (n

Me(oks) + H,0, = Me(ind) + HO,~+ H” (11)

Sekil 6 Fenton reaksiyonu (Me: metal; ind: indirgenmis; oks: oksitlenmis) [60]

Bitkilere UV-B stresi uygulamasi sonucunda hidroksil radikalinin bitki dokularindaki
asir1 iretimi biiylimenin inhibisyonuna neden olmaktadir [62,63]. Arabidopsis thaliana
koklerinde de tuz stresi etkisiyle hidroksil radikali liretiminin arttig1 rapor edilmistir.
Sonugta hidroksil radikali birikimi potasyum kanallarin1 aktive ederek hiicrelerin
potasyum kaybetmesine, potasyuma bagimli proteazlarin ve endoniikleazlarin
aktivasyonuyla da programlanmis hiicre 6liimlerine yol agmustir [56]. Hidroksil radikali
birikiminin fotosentetik aygitta da 6nemli hasarlara yol agtig1 belirlenmistir [64]. Stres
kosullar1 altinda hidroksil radikali her iki fotosistem tarafindan da iiretilebilir. FSI’deki
elektron kacaklar1 siiperoksit birikimine neden olur. Olusan siiperoksit radikalleri
dismutasyon reaksiyonu ile hidrojen perokside doniistiiriilir. Daha sonra stromada
birikim gosteren hidrojen peroksit serbest gecis metalleri ile hidroksil radikaline doniisiir
[65]. FSII’de muhtemelen gegis metallerini baglayan ii¢ bolge hidrojen peroksitten
hidroksil radikali olusumuna neden olur [66]. Boylece olusan oksidatif stres sonucunda
kloroplastlarin fonksiyonu bozulur.

Singlet oksijen (*O2)

Oksijenin kloroplastlarda FSII’ nin reaksiyon merkezi olan P680’in 15181 absorbe etmesi

sonucunda aktive edilmesi, oldukga reaktif olan singlet oksijen radikalinin olusumuna yol
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acar [67,32]. Singlet oksijen reaksiyon merkezinde bulunan B-karotenin yani sira su,
tokoferol, indirgenmis plastokinon ve flavonoidler yardimiyla hizla detoksifiye edilebilir
[68,67,32,69,70]. Bitkilerde Ozellikle fotooksidatif stres gibi abiyotik stres kosullari
altinda singlet oksijenin iiretim miktar1 artig gosterebilir [11,32,70]. Sonugta oksidatif
hasar meydana gelir ve programlanmais hiicre 6liimleri tetiklenir [71,72].

Singlet oksijenin dokulardaki yar1 6mriiniin ve difiizyon mesafesinin sirasiyla yaklasik
3,5 us ve 190 nm oldugu belirlenmistir [32]. Baz1 aragtiricilar da singlet oksijen igin
kloroplastlardaki diflizyon hizinin sadece birka¢ nm oldugunu belirtmis buna gerekce
olarak da hiicre 6z suyunun yiiksek viskozitesini ileri siirmiislerdir [73]. Ancak son
yillarda 6zel sensorlerle yapilan arastirmalar singlet oksijenin bitki hiicrelerinde
sanildigindan daha stabil bir yapiya sahip oldugunu, diflizyonla kloroplastlarin digina
cikarak hiicre ceperine kadar ulasabildigini gostermistir [74,75]. Buna gore singlet
oksijenin bitki hiicrelerinde bircok makromolekiille reaksiyona girerek oksidatif hasara
neden olma kapasitesine sahip oldugu soylenebilir. Sekil 7’de bitki hiicrelerindeki

AOT’lerin olusum bolgeleri ve reaksiyonlar1 6zetlenmistir.
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Sekil 7 Bitki hiicrelerinde AOT’ lerin olusabilecegi bolgeler (3-FGA: 3-fosfogliserat; ER:
endoplazmik retikulum; RuBisCo: ribuloz-1,5-bisfosfat karboksilaz oksigenaz) [21]



Bitkilerde Oksidatif Stresin Temel Hasar Mekanizmalari

Lipid peroksidasyonu

Oksidatif stres proteinler, niikleik asitler, karbonhidratlar ve lipidler gibi
makromolekiillerde geri doniisiimlii veya geri doniisiimsiiz modifikasyonlara yol agar
[28, 76]. Bunlar arasinda 6zellikle lipid oksidasyonu veya lipid peroksidasyonu oldukca
tehlikelidir. Clinkii bu olay neden oldugu bir seri reaksiyon sonucunda daha farkli serbest
radikallerin olusumuna neden olur ve oksidatif stres gostergesi olarak kabul edilir [76].
Lipid peroksidasyonu baslama, yayillma ve sonlanma olmak {izere ii¢ basamakta
gerceklesen bir olaydir [77,76]. Lipid peroksidasyonunun baslama evresi lipid
molekiilinden bir hidrojen atomunun hidroksil, alkoksil, peroksil radikalleri ile
peroksinitrit yardimiyla uzaklastirilmasi ile tetiklenir. Bu olayda hidrojen peroksit ve
stiperoksit radikali etkili degildir [25]. Hidrojen atomu molekiildeki metilen (-CH>-)
grubundan ¢ikarilir ve sonugta karbon merkezli bir lipid radikali (-CH'- veya L') meydana
gelir. Fosfolipidler radikallere ve peroksidasyona duyarhidir ¢iinkii yag asitlerinin
yapisindaki ¢ift baglar C-H baglarin1 zayiflatir ve hidrojenin uzaklastirilmasini
kolaylastirir. L' oksijeni aktive eder ve oksijen merkezli bir lipid peroksil radikali (LOO")
olusturur. Bu radikal de komsu yag asidinden bir hidrojen atomu uzaklastirarak bir lipid
hidroperoksit (LOOH) ve ikinci lipid radikalini (L) meydana getirir [77]. Boylece
yayillma evresi baglar. LOOH indirgenmis demir ve bakir gibi ge¢is metalleri ile
indirgeyici bir kirtlmaya ugrayabilir lipid alkoksil radikalini (LO") meydana getirir. Bu
radikal de oldukga reaktiftir ve bagka bir yag asidinden bir hidrojen atomu koparabilir.
Lipid peroksidasyonunun diger énemli bir mekanizmasi da ¢ift baglarin fotosistem II
reaksiyon merkezindeki singlet oksijenle direkt reaksiyonu sonucunda LOOH
olusumudur [78,72,76].

Siddetli lipid peroksidasyonu membranlarin zarar gérmesine, secici gegirgen 6zelligin
zayiflamasina, organellerin pargalanmasina, DNA, RNA ve proteinlerin fonksiyonlarini
kaybetmesine neden olur [25,76]. Lipid peroksidasyonunun son iiriinleri (malondialdehit
4-hidroksi-2-nonenal, 4-hidroksi-2-hegzanal ve akrolein) oksidatif stres markorii olarak
kabul edilmektedir.

Protein modifikasyonlari

AOT’ler proteinogenik amino asitleri oksitleyebilir [79,80]. Proteinlerin yapisindaki bu

tip modifikasyonlar spesifik metabolik, yapisal, diizenleyici ve taginim gibi proteinlerle
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gerceklestirilen fonksiyonlarin bozulmasina veya tamamen kaybolmasina yol agar.
Protein oksidasyonu ayni zamanda toksik protein {iriinlerinin olusumuna ve sonugta hiicre
Olimlerine yol acabilir [80]. 4-hidroksinonenal ve malondialdehit gibi lipid
peroksidasyonu {irtinleri lizin ve histidin gibi amino asitlerle reaksiyona girerek bu
molekiilleri oksitleyebilir. Proteinlerdeki oksidasyon sonucunda olusan hasarlarin
¢ogunun geri doniisiimsiiz olduguna inanilmaktadir. Ancak metionin ve sistein gibi
kiikiirt igeren amino asitler bu konuda istisnadir [81-83]. Bir¢ok aminoasidin oksidasyonu
patofizyolojik bir olay olarak kabul edilirken, kiikiirt iceren amino asitlerin
oksidasyonunun, protein katlanmasi 6rneginde oldugu gibi, diizenleyici bir rolii vardir.
Sisteinin AOT’lerle reaksiyonunun geri doniisiimlii olmast bu aminoasidin tam olarak
oksitlenmemesi ile ilgilidir. Proteinlerin yapisindaki farkli amino asitlerin oksidasyona
ugramasi fonksiyonel olarak da farkli sonuglar dogurmaktadir [81,84,83]. Ornegin
metionin AOT’lere karsi oldukca duyarlidir. Bu amino asit kolayca ve geri doniistimlii
bir sekilde oksitlenir ancak bu durum metioninin yapisinda bulundugu proteinin
fonksiyonunu etkilemez. Metionin ayrica bazi durumlarda proteinin yapisinda bulunan
diger amino asitlerin oksidasyona ugramasini da engelleyebilir. Sisteinin oksidasyonu ise
oldukca 6nemli diizenleyici sonuglara neden olur.

Karbonil grubunun olusumu (karbonilasyon) en yaygmn oksidatif protein
modifikasyonlar1 arasindadir [85]. Karbonilasyonun meydana gelebilmesi i¢in metionin
ve sisteinin oksidasyonundan daha fazla enerji gerekir. Ayrica karbonilasyon daha fazla
amino asit tizerinde etkili olur ve proteinlerin yap1 ve fonksiyonunda daha ciddi etkiler
yaratir [86,85]. Karbonilasyon sonucunda genellikle reaktif ketonlar ve aldehitler olusur.
Lizin, arjinin, prolin ve treoninin yan zincirlerinde meydana gelen oksidasyonlar primer
protein karbonilasyon reaksiyonlari olarak kabul edilir. Sekonder protein karbonilasyon
reaksiyonlar1 ise lipid peroksidasyonu boyunca meydana gelen aldehitlerin ilavesi ile
meydana gelir. Karbonilasyon, polipeptid zincirine biiyilk ve reaktif gruplarin
eklenmesine neden olur. Protein yapisinda molekiiller arasi kovalent capraz baglanma,
kirilma veya protein degredasyon hizinda degisimler gibi ciddi sonuglara yol agar. Bu tip
degisimler de proteinlerin fizyolojik ve enzimatik aktivitelerini inhibe eder. Tuzluluk,
kuraklik ve agir metal toksisitesi gibi birgok stres faktoriiniin bitkilerde protein

karbonilasyonuna neden oldugu rapor edilmistir [86-88].
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Karbonhidratlar iizerindeki etkiler

Karbonhidratlar bitkilerde en yaygin bulunan organik bilesiklerdendir. Ancak oksidatif
stres ve stres sinyali bakimindan en az calisilan bilesiklerdir. Karbonhidratlar ¢eper
yapisina girerek bitkilere mekanik destek ve sekil verir, indirgenmis karbonun
depolanmasini saglar, enzim aktivitesini ve ozmotik basinci diizenler ve enzimatik
olmayan antioksidant savunma saglar. Karbonhidratlarin oksidasyonu bitkiler igin
zararhdir.

Hidroksil radikallerinin ksiloglukanlarla ve pektinlerle enzimatik olmayan bir sekilde
reaksiyona girdigi, bunlar1 pargaladigt ve ¢eper yumusamasina neden oldugu
bildirilmistir [53]. Bu olay aslinda bitkilerde hiicre biiylimesi ve meyve olgunlasmasi
bakimindan faydalidir [53,54]. Ancak stres kosullar1 s6z konusu oldugunda ve katalitik
bakir ve demir aktiviteleri arttiginda patofizyolojik sonuglar ortaya cikabilir [89,90].
Mono ve disakkaritlerin AOT temizleyicisi olarak rol oynadig: bildirilmistir [91]. Buna
gore AOT temizleme konusunda en etkili olan karbonhidrat maltoz, etkisi en zayif olan
ise sorbitoldiir [92]. Bir¢ok bitki tiirtinde glukoz, fruktoz, sukroz, trehaloz ve mannitol
gibi karbonhidratlarin birikimleri ile oksidatif strese diren¢ arasinda bir korelasyon
belirlenmistir [93,91]. Bu karbonhidratlarin bazi antioksidant enzimlere ait genlerin
expresyonunu olumlu yonde etkiledigi rapor edilmistir [93].

Niikleik asitler iizerindeki etkiler

Oksidatif DNA hasar1 tohum stoklarinin yaglanmasindan ve tarimsal 6neme sahip olan
bitkilerin Sliimiinden sorumlu olabilir [94]. Bu hasarlar yanlis baz eslesmeleri, cift
zincirde meydana gelen kirilmalar ve bazlardaki kimyasal degisimler olmak iizere ii¢
grupta incelenmektedir [95,96]. Hidroksil radikalleri niikleik asitlerde, niikleotid
bazlarna ¢ift bag ilave ederek ve hem 2-deoksiribozun her bir C-H bagindan ve timinin
metil grubundan hidrojen atomunu ¢ikararak hasar olusturur [97].

Bitkilerde DNA hasarlarinin tamir edilmesini saglayan bir onarim sistemi vardir. Bu
sistem molekiiliin hasar goren kisminin dogrudan onarmmini sagladigi gibi baz ve
niikleotid degisimini de saglar [98]. Bu koruma konusunda sitosol ve organellerdeki
antioksidant savunma da onemli rol oynar. Yapilan arastirmalar niikleustaki AOT
detoksifiye eden enzimlerin DNA’ nin oksidatif stresten korunmasi konusunda yetersiz

kaldigin1 gostermistir [99]. Aynm1 zamanda stres kosullar1 altinda katalaz ve sitosolik
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askorbat peroksidaz enzimlerinin niikleer DNA’nin oksidatif hasardan korunmasini

sagladig bildirilmistir [99].
Cevresel Faktorlerin Bitki Oksidatif Stresine Etkisi

Tuz stresi

Toprak tuzlulugu diinyanin kurak ve yar1 kurak bolgelerinde tarimsal bitkilerin iiriin
miktar1 ve kalitesini smirlayan stres faktorlerinden biridir. Tuz stresi bitkilerde iyon
toksisitesi, besin eksikligi, genotoksisite ve ozmotik stresin yani sira oksidatif strese yol
acarak hasarlar olusturmaktadir [100]. Bitkilerde tuz stresinin hakim oldugu siire boyunca
stomalarin iletkenligi azalmakta ve COz alinimi kisitlanmaktadir. Boylece Calvin
dongiisiinde kullanilacak hiicreler arast CO2 konsantrasyonu azalmakta ve oksitlenmis
NADP* miktarinin azalmasi sonucunda NADP*’ye verilmesi gereken elektronlar
oksijene verilerek Oz~ radikalinin olusumu gerceklesmektedir [101]. O2~ radikalinin
enzimatik ya da enzimatik olmayan mekanizmalarla dismutasyonu sonucu meydana
gelen HyO,, tuz stresi altindaki bitkilerde Fenton reaksiyonu sonucunda asir1 derecede
reaktif olan hidroksil radikaline doniisebilir. Bunun disinda fotosistem II’nin reaksiyon
merkezinde, tuz stresi nedeniyle gozlenen yetersiz enerji dagitimi sonucunda triplet
Klorofil molekiillerinden singlet oksijen olusumu da gozlenmektedir [102]. Farkli bitki
tiirlerinde yapilan arastirmalar tuz stresinin neden oldugu oksidatif stresin altinda yatan
temel sebebin dokulardaki H20> ve siiperoksit birikimi oldugunu gostermistir [103-109].
Kuraklik stresi

Kiiresel 1sinmanin bir sonucu olarak etkisi her gecen giin daha yogun bir sekilde
hissedilmeye baglayan kuraklik stresi, bitki biiylimesini ve tarimsal iiretimi olumsuz
yonde etkileyen gevresel stres faktorleri arasindadir [110]. Bitkilerde kuraklik stresinin
etkileri arasinda dokulardaki su miktarinin azalmasi, yaprak dokularinin su potansiyelinin
azalmasi ve turgor kaybi, stomalarin kapanmasi, hiicre biiylimesinin yavaslamasi, enzim
aktivitelerinin degismesi ve fotosentetik aktivitenin azalmasi sayilabilir [111]. Ayrica
aktif oksijen tiirlerinin miktarindaki artis sonucunda ortaya c¢ikan oksidatif stres de
bitkilerde kuraklik stresinin sekonder etkisi olarak kabul edilmektedir. Yapilan
arastirmalar kuraklik stresi altindaki Arabidopsis thaliana, Brassica napus, Helianthus
annuus, Stevia rebaudiana, Triticum aestivum, Oryza sativa and Sorghum bicolor gibi
bitki tiirlerinin dokularinda kuraklik stresi sonucu H2O> ve O2™ miktarinin belirgin sekilde

arttig1 belirlenmistir [112-118].
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Diisiik sicakhk stresi

Diisiik sicakliklar 6zellikle 1liman iklime sahip bolgelerde bitkilerin cografi dagilimini,
bliylime ve gelismesini, verimini ve canliligini etkileyen abiyotik stres faktdrlerinden
biridir [119]. Diusiik sicaklik stresine maruz kalan bitkilerde birgok fizyolojik,
biyokimyasal ve molekiiler degisim gozlenmektedir [120]. Diisiik sicakliklarin bitki
metabolizmasina yol agtig1 degisimlerin temelinde iiretim hiz1 artan siiperoksit, hidrojen
peroksit ve hidroksil radikali gibi bilesiklerin neden oldugu oksidatif strestir [119].
Mercimek, domates, Solanum lycopersicum, arpa ve piring gibi bitkilerde diisiik sicaklik

stresinin dokulardaki AOT miktarini artirdigi tespit edilmistir [121-125].
Sonuc¢

Metabolik olaylar sirasinda bitki hiicrelerinde farkli aktif oksijen tiirleri siirekli
olugsmaktadir. Antioksidant sistemin enzimatik ve enzimatik olmayan bilesenleri aktif
oksijen tiirlerinin neden olabilecegi oksidatif hasara karsi korumaktadir. Ancak biyotik
ve abiyotik stres faktorleri bitki hiicrelerindeki aktif oksijen tiirlerinin olusum hizini
artirmakta ve antioksidant sistemin kapasitesi hiicresel bilesenleri koruma konusunda
yetersiz kalabilmektedir. Bu durumda tarimsal bitkiler s6z konusu oldugunda ciddi verim
kayiplar1 ortaya ¢ikmaktadir. Giinlimiizde ekonomik 6neme sahip olan bitkilerin gesitli
stres faktorlerine kars1 direncini artirmak ve iiriin kayiplarini en diisiik seviyeye indirmek
icin molekiiler tekniklerle bitkilerin antioksidant kapasitesi artirilmaya calisilmaktadir.
Bunun disinda bitkilere antioksidant sistemi uyaracak hidrojen peroksit gibi bilesikler
veya antioksidant sistemin metabolit gereksinimini daha iyi1 karsilamak amaciyla
askorbik asit, glutatyon ve a-tokoferol (E vitamini) gibi antioksidant etkiye sahip
bilesikler uygulanarak bitkiler oksidatif strese daha direncli hale getirilmeye
calisilmaktadir. Buna gore, bitki dokularinda aktif oksijen tiirlerinin olusumu, kimyasi ve
oksidatif hasar olusturma mekanizmalarinin daha iyi anlasilmasi iirlin kayiplarinin da

azaltilmasi1 bakimindan faydali olacaktir.

Aciklama ve tesekkiir

Bu ¢alisma Hacettepe Universitesi Bilimsel Arastirma Fonu tarafindan 0201601005 numarali proje ile
desteklenmis ve Ali Dogru’nun doktora tezinden tiretilmistir.

Cikar catismasi

Yazar ¢ikar ¢atigsmasi olmadigini beyan eder.

220



Kaynaklar

1.

10.

11.

12.

13

14.
15.

16.

17.

18.

19.

20.

21,

22,

23.

Halliwell, B., Reactive species and antioxidants. Redox biology is a fundamental theme of aerobic
life. Plant Physiology, 2006. 141(2): p. 312-322.

Alscher, R.G., J.L. Donahue, and C.L. Cramer, Reactive oxygen species and antioxidants:
relationship in green cells. Physiologia Plantarum, 1997. 100(2): p. 224-233.

Dat, J., et al., Dual action of the active oxygen species during plant stress response. Cell and
Molecular Life Science, 2000. 57(5): p. 779-795.

Bray, E.A., J. Bailey-Serres, and E. Weretylnik, Biochemistry and Molecular Biology of Plants,
1. Baski, American Society of Plant Physiologists, 2000.

Oncel, 1., Y. Keles, and A.S. Ustiin, Interactive effects of temperature and heavy metal stress on
the growth and some biochemical compounds in wheat seedlings. Environmental Pollution, 2000.
107(3): p. 35-320.

del Rio, L.A,, et al., Activated oxygen-mediated metabolic functions of leaf peroxisomes. Plant
Physiology, 2006. 104(4): p. 673-680.

Navrot, N., et al., Reactive oxygen species generation and antioxidant systems in plant
mitochondria. Plant Physiology, 2007. 129(1): p. 185-195.

Foyer, C.H. and G. Noctor, Redox homeostasis and antioxidant signaling: a metabolic interface
between stress perception and physiological responses. Plant Cell, 2005. 17: p. 1866-1875.
Bhattachrjee, S., Reactive oxygen species and oxidative burst: roles in stress senescence and signal
transduction in plants. Current Science, 2005. 89(7): p. 1113-1121.

Mittler, R., Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science, 2002. 7(9):
p. 405-410.

Apel, K. and H. Hirt, Reactive oxygen species: metabolism, oxidative stress, and signal
transduction. Annual Review of Plant Biology, 2004. 55: p. 373-399.

Khan, N.A. and S. Singh, S, Abiotic Stress and Plant Responses, 1. Baski, IK International, 2008.
Canavar, S., Bazi arpa (Hordeum vulgare L.) genotiplerinde tuz toleransinin fizyolojik ve
biyokimyasal olarak arastiriimasi. Yiiksek Lisans Tezi, Biyoloji Boliimii, Sakarya Universitesi,
Sakarya, Tiirkiye, 2018.

Guido, V., Fundamentals of physics and chemistry of atmosphere, 1. Baski, Springer, 2001.
Demidchik, V., Mechanisms of oxidative stress in plants: From classical chemistry to cell biology.
Environmental and Experimental Botany, 2015. 109: p. 212-228.

Renda, A., et al., On the origin of fluorine in milky way. Monthly Notices of Royal Astronomy
Society, 2004. 354: p. 575-580.

Dowling, D. K., and L.W. Simmons, Reactive oxygen species as universal constraints in life-
history evolution. Proceeding of the Royal Society Part B Biological Science, 2009. 276: p. 1737-
1745.

Salin, M.L., Toxic oxygen species and protective systems of the chloroplast. Physiologia
Plantarum, 1987. 72: p. 681-689.

Edrewa, A., Generation and scavenging of reactive oxygen species in chloroplasts: a submolecular
approaches. Agriculture, Ecosyststem and Environment, 2005. 106: p. 119-133.

Vranova, E., et al., Plant Signal Transduction, 1. Baski, Oxford University Press, 2003.

Dogru, A., Kolzanin (Brassica napus L. ssp. oleifera) baz1 kislik cesitlerinde diisiik sicaklik
toleranst ile ilgili fizyolojik ve biyokimyasal parametrelerin aragtirilmasi. Doktora Tezi, Biyoloji
Boliimii, Hacettepe Universitesi, Ankara, Tiirkiye, 2006.

Hippeli, S., I. Heiser, and E.F. Elstner, Activated oxygen and free oxygen radicals in pathology:
new insight and analogies between animals and plants. Plant Physiology and Biochemistry, 1999.
37:p. 167-178.

Niyogi, K.K., Photoprotection revisited: geneic and molecular approaches. Annual Review of
Plant Physiology and Molecular Biology, 1999. 50: p. 333-359.

221



24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kavdia, M., A computational madel for free radicals transport in the microcirculation. Antioxidant
Redox Signal, 2006. 8: p. 1103-1111.

Halliwell, B., and J.M.C. Gutteridge, Free radicals in biology and medicine, 1. Baski, Oxford
University Press, 1999.

Smirnoff, N., The role of active oxygen in the response of plants to water deficit and desiccaiton.
New Phytologist, 1993, 125: p. 27-58.

Lesser, M.P., Oxidative stress in marine environments: biochemistry and physiological ecology.
Annual Review of Physiology, 2006. 68: p. 253-278.

Moller, .M., P.E. Jensen, and A. Hannson, Oxidative modifications to cellular components in
plants. Annual Review of Plant Biology, 2007. 58: p. 459-481.

Rinalducci, S., L. Murgiano, and L. Zolla, Redox proteomics: basic principles and further
perspectives for the detection of protein oxidation in plants. Journal of Experimental Botany, 2008.
59: p. 3781-3801.

Takahashi, S., and M.R. Badger, Photoprotection in plants: a new light on photosystem Il damage.
Trends in Plant Science, 2011. 16: p. 53-60.

Moller, 1.M., Plant mitochondria and oxidative stress. Electron transport, NADPH turnover and
metabolism of reactive oxygen species. Annual Review of Plant Physiology and Plant Molecular
Biology, 2001. 52: p. 561-591.

Asada, K., Production and scavenging of reactive oxygen species in chloroplasts and their
functions. Plant Physiology, 2006. 141: p. 391-396.

Pospisil, P., et al., Hydroxyl radical generation by photosystem Il. Biochemistry, 2004. 43: p.
6783-6792.

Hirst, J., M.S. King, and K.R. Pryde, The production of reactive oxygen species by complex I.
Biochemical Society Transaction, 2008. 36: p. 976-980.

Ananyev, G.M., et al., The production of superoxide radicals and the superoxide dismutase
activityof photosystem 1. The possible involvement of cytochrome b559. Photosynthesis
Research, 1994. 41: p. 327-338.

Cleland, R.E., and S.C. Grace, Voltammetric detection of superoxide production by photosystem
1. FEBS Letter, 1999. 457: p. 348-352.

Pospisil, P., et al., Evidence that cytochrome b559 is involved in superoxide production in
photosystem Il. Effect of synthetic short-chain plastoquinones in a cytochrome b559 tobacco
mutant. Biochemical Journal, 2006. 397: p. 321-327.

Chen, G.X., J. Kazimir, and G.M. Cheniae, Photoinhibition of hydroxylamine-extracted
photosystem Il membranes: studies of the mechanism. Biochemistry, 1992, 31: p. 11072-11083.
Chen, G.X,, et al., Superoxide contributes to the rapid inactivation of spesific secondary donors of
the photosystem 1l reaction center during photodamage of manganese-depleted photosystem Il
membranes. Biochemistry, 1995. 34: p. 2317-2332.

Foyer, C.H., and G. Noctor, Redox regulation in photosynthetic organisms: signaling, acclimation
and practical implications. Antioxidant Redox Signal, 2009. 11: p. 861-710.

Asada, K., The water-water cycle in chloroplasts: scavenging of active oxygen species and
dissipation of excess photons. Annual Review of Plant Physiology and Plant Molecular Biology,
1999. 50: p. 601-639.

Reumann, S., and A.P.M. Weber, Plant peroxisomes respire in the light: Some gaps of the
photorespiratory C2 cycle have become filled. Biochimica et Biophysica Acta, 2006. 1763: p.
1496-1510.

del Rio, L.A., et al., Reactive oxygen species, antioxidant systems and nitric oxide in peroxisomes.
Journal of Experimental Botany, 2002. 53: p. 1255-1272.

Lopez-Huertas, E., et al., Stress induces peroxisomes biogenesis genes. EMBO Journal, 2000. 19:
p. 6770-6777.

222



45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

Hernandez, J.A., et al.., Antioxidant systems and O27/H;O, production in the apoplast of pea
leaves. Its relation with salt-induced necrotic lesions in minor veins. Plant Physiology, 2001. 127:
p. 817-831.

Mhamdi, A., G. Noctor, and A. Baker, Plant catalases: peroxisomal redox gurdians. Archieves of
Biochemistry and Biophysics, 2012. 15: p. 181-194.

Dynowsky, M., et al., Plant plasma membrane water channels conduct the signaling molecule
H>0. Biochemical Journal, 2008. 414: p. 53-61.

Bolwell, G.P., and P. Wojtazsek, Mechanisms for the generation of reactive oxygen species in
plant defence-a broad perspective. Physiological and Molecular Plant Pathology, 1997. 51: p. 347-
366.

Bindschedler, L.V., et al., Peroxidase-dependent apoplastic oxidative burst in Arabidopsis
requirred for pathogen resistance. Plant Journal, 2006. 47: p. 851-863.

Rodriguez, A.A., K.A. Grunberg, and E. Taleisnik, Reactive oxygen species in the elongation zone
of maize leaves are necessary for leaf extension. Plant Physiology, 2002. 129: p. 1627-1632.
Rodriguez, A.A., et al., Salinity-induced decrease in NADPH oxidase activity in the maize leaf
blade elongation zone. Journal of Plant Physiology, 2007. 164: p. 223-230.

Chang, C.C.C., et al., Arabidopsis chloroplastic glutathione peroxidase play a role in crosstalk
between photooxidative stress and immune response. Plant Physiology, 2009. 150: p. 670-683.
Fry, S.C., J.G. Miller, and J.C. Dumville, A proposed role of copper ions in cell wall loosening.
Plant and Soil, 2002. 247: p. 57-67.

Fry, S.C., Primary cell wall metabolism: tracking the careers of the wall polymers in living plant
cells. New Phytologist, 2004. 161: p. 641-675.

Demidchik, V., et al., Free oxygen radicals regulate plasma membrane Ca*?- and K* permeable
channels in plant root cells. Journal of Cell Science, 2003. 116: p. 81-88.

Demidchik, V., Reactive oxygen species, oxidative stress and plant ion channels, 1. Baski,
Springer-Verlag, 2010.

Sies, H., Strategies of antioxidant defence. European Journal of Biochemistry, 1993. 215: p. 213-
219.

Fenton, H.J.H., Oxidation of tartaric acid in presence of iron. Journal of Chemical Society
Transactions, 1894. 65: p. 899-911.

Goldstein, S., D. Meyerstein, and G. Czapski, The Fenton reagents. Free Radical Biology and
Medicine, 1993. 15: p. 435-445.

Koppenol, W.H., The Haber-Weiss cycle-70 years later. Redox Reports, 2001. 6: p. 229-234.
Haber, F., and J. Weiss, On the catalysis of hydroperoxide. Naturwissenschaften, 1932. 20: p. 948-
950.

Jain, K., S. Kataria, and K.N. Guruprasad, Oxyradicals under UV-B stress and their quenching by
antioxidant. Journal of Experimental Biology, 2004. 42: p. 884-892.

Kataria, S., K. Jain, and K.N. Guruprasad, Involvement of oxyradicals in promotion/inhibition of
expansion growth in cucumber cotyledons. Journal of Experimental Biology, 2005. 43: p. 910-
915.

Sersen, F., and K. Kralova, EPR spectroscopy-a valuable tool to study photosynthesizing
organisms exposed to abiotic stresses, 1. Baski, Intech, 2013.

Snyrychova, 1., P. Pospisil, and J. Naus, Reaction pathways involved int he production of hydroxyl
radicals in the thylakoid membrane: EPR spin-trapping study. Photochemical and Photobiological
Science, 2006. 5: p. 472-476.

Pospisil, P., Production of reactive oxygen species by photosystem Il. Biochimica et Biophysica
Acta-Bioenergetics, 2009. 1787: p. 1151-1160.

Schweitzer, C., and R. Schmidt, Physical mechanisms of generation and deactivation of singlet
oxygen. Chemical Reviews, 2003. 103: p. 1685-1757.

223



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.
91.

Trebst, A., and B. Depka, Role of carotene in the rapid turnover and assembly of photosystem Il
in Chlamydomonas reinhardtii. FEBS Letter, 1997. 400: p. 359-362.

Kruk, J., and A. Trebst, Plastoquinol as a singlet oxygen scavenger in photosystem Il. Biochimica
et Biophysica Acta-Bioenergetics 2008. 1777: p. 154-162.

Fischer, B.B., E. Hideg, and A. Krieger-Liszkay, Production, detection, and signaling of singlet
oxygen in photosyhtetic organisms. Antioxidant Redox Signaling, 2013. 18: p. 2145-2162.
Fornazari, M., et al., Redox properties of the adenoside triphosphate sensitive K* channel in brain
mitochondria. Journal of Neuroscience Research, 2008. 86: p. 1548-1556.

Pryzybla, D., et al., Enzymatic, but not non-enzymatic O.-mediated peroxidation of
polyunsaturated fatty acids forms part of the Executerl-dependent stress response program in the
flu mutant of Arabidopsis thaliana. Plant Journal, 2008. 54: p. 236-248.

Krasnovsky, A.A.J., Singlet molecular oxygen in photobiochemical systems: IR phosphorescence
studies. Membrane Cell Biology, 1998. 12: p. 665-690.

Flors, C., et al., Imaging the production of singlet oxygen in vivo using a new fluorescent sensor,
Singlet Oxygen Sensor Green (R.). Journal of Experimental Botany, 2006. 57: p. 1725-1734.
Driever, S.M., et al., Imaging of reactive oxygen species in vivo. Methods in Molecular Biology,
2009. 479: p. 109-116.

Farmer, E.E., and M.J. Mueller, ROS mediated lipid peroxidation and RES-activated signaling.
Annual Review of Plant Biology, 2013. 64: p. 429-450.

Catala, A., An overwiev of lipid peroxidation with emphasis in outer segments of photoreceptors
ant the chemiluminescence assay. International Journal of Biochemistry and Cell Biology, 2006.
38: p. 1482-1495.

Krieger-Liszkay, A., C. Fufezan, and A. Trebst, Singlet oxygen production in photosystem Il and
related protection mechanisms. Photosynthesis Research, 2008. 98: p. 551-564.

Moller, L.M., P.E. Jensen, and A. Hansson, Oxidative modifications to cellular components in
plants. Annual Review of Plant Biology, 2007. 58: p. 459-481.

Avery, S.V., Molecular targets of oxidative stress. Biochemical Journal, 2011. 434: p. 201-210.
Shacter, E., Quantification and sifnificance of protein oxidation in biological samples. Drug
Metabolism Reviews, 2000. 32: p. 307-326.

Bechtold, U., D.J. Murphy, and P.M. Mullineaux, Arabidopsis peptide methionine sulfoxide
reductase prevents cellular oxidative damage in long nights. Plant Cell, 2004. 16: p. 908-919.
Onda, Y., Oxidative protein-folding systems in plant cells. International Journal of Cell Biology,
2013. 585: p. 431-446.

Cecarini, V., et al.,, Protein oxidation and cellular homeostasis: emphasis on metabolism.
Biochimica et Biophysica Acta, 2007. 1773: p. 93-104.

Lounifi, I., et al., Interplay between protein carbonylation and nitrosylation in plants. Proteomics,
2013. 13: p. 568-578.

Tanou, G., et al., Proteomics reveals the overlapping roles of hydrogen peroxide and nitric oxide
in the acclimation of citrus plants to salinity. Plant Journal, 2009. 60: p. 795-804.

Bartoli, C.G., et al., Mitochondria are the main target for oxidative damage in leaves of wheat
(Triticum aestivum L.). Journal of Experimental Botany, 2004. 55: p. 1663-16609.
Romero-Puertas, M.C., et al., Cadmium causes the oxidative modification of proteins in pea plants.
Plant Cell and Environment, 2002. 25: p. 677-686.

Becana, M., and R.V. Klucas, Transition metals in legume root nodules: iron-dependent free
radical production increases during nodule sescence. Proceeding of the National Academy of
Science USA, 1992. 89: p. 8958-8962.

Moran, J.F., etal., Drought induces oxidative stress in pea plants. Planta, 1994. 194: p. 1994-1999.
Coueg, 1., et al., Involvement of soluble sugars in reactive oxygen species balance and response to
oxidative stress in plants. Journal of Experimental Botany, 2006. 57: p. 449-159.

224



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Morelli, R., et al., Fenton-dependent damage to carbohydrates: free radical scavenging activity of
some simple sugars. Journal of Agriculture and Food Chemistry, 2003. 51: p. 7418-7425.

Shen, B., R.G. Jensen, and H.J. Bohnert, Increased resistance to oxidative stress in transgenic
plants by targeting mannitol biosynthesis to chloroplasts. Plant Physiology, 1997. 113: p. 1177-
1183.

Britt, A.B., DNA damage and repair in plants. Annual Review of Plant Physiology and Plant
Molecular Biology, 1996. 47: p. 75-100.

Cooke, M.S., et al., Oxidative DNA damage: mechanisms, mutation and disease. FASEB Journal,
2003. 17: p. 1195-1214.

Yoshiyama, K.O., K. Sakaguchi, and S. Kimura, DNA damage response in plants: conserved and
variable response compared to animals. Biology, 2013. 2: p. 1338-1356.

Wang, Z., et al., Characterization of the Arabidopsis heterotrimeric G protein. Journal of
Biological Chemistry, 2008. 283: p. 13913-13922.

Tuteja, N., et al., Molecular mechanisms of DNA damage and repair: progress in plants. Critical
Review of Biochemistry and Molecular Biology, 2001. 36: p. 337-397.

Vanderauwera, S., et al., Extranuclear protection of chromosomal DNA from oxidative stress.
Proceeding of the National Academy of Science USA, 2011. 108: p. 1711-1716.

Shah, Z.H., H.M. Rehman, and T. Akhtar, Redox and ionic homeostasis regulations against
oxidative, salinity and drought stress in wheat (a systems biology approaches). Frontiers in
Genetics, 2017. 8: 141-148.

Hossain, M.S., and K.J. Dietz, Tuning of redox regulatory mechanisms, reactive oxygen species
and redox homeostasis under salinity stress. Frontiers in Plant Science, 2016. 7: p. 548-554.
Krieger-Liszkay, A. Singlet oksijen production in photosynthesis. Journal of Experimental Botany,
56, 33346, 2005.

Acosta-Motos, J.R., et al., Long-term resistance mechanisms and irrigation critical treshold
showed by Eugenia myrtifolia plants in response tos aline reclaimed water and relief capacity.
Plant Physiology and Biochemistry, 2017. 111: p. 244-256.

Hernandez, J.A., et al., Salt induced oxidative stress mediated by activated oxygen species in pea
lesf mitochondria. Physiologia Plantarum, 1993. 89: p. 103-110.

Hernandez, J.A., et al., Salt-induced oxidative stress in chloroplast of pea plants. Plant Science,
1995. 105: p. 151-167.

Hernandez, J.A., et al., Antioxidant systems and O./H,O production in the apoplast of Pisum
sativum L. leaves: Its relation with NaCl-induced necrotic lesions in minor veins. Plant Physiology,
2001. 127: p. 817-831.

Mittova V., et al., Up-regulation of the leaf mitochondrial peroxisomal antioxidative systems in
response to salt-induced oxidative stress in the wild salt-tolerant tomato species. Plant Cell and
Environment, 2003, 26: p. 845-856.

Gomez, J.M., et al., Differential response of antioxidative enzymes of chloroplasts and
mitochondria to long-term NaCl stress of pea plants. Free Radical Research, 1999. 31: p. 11-18.
Mittova, V., et al., Salt stress induces up-regulation of an efficient chloroplast antioxidant system
in the salt-tolerant wild tomato species Lycopersicon pennellii but not in the cultivated species.
Physiologia Plantarum, 2002. 115: p. 393-400.

Furlan, A.L., E. Bianucci, and S. Castro, Signaling role of ROS in modulating drought stress
tolerance, in Drought Stress Tolerance in Plants, vol 1: Physiology and Biochemistry, Tran, L.S.,
Ed., Springer, Cham, Switzerland, 2016.

Mattos, L.M., and C.L. Moretti, Oxidative stress in plants under drought conditions and the role
of different enzymes. Enzyme Engineering, 2015. 5: p. 1-6.

Ben Rejeb, K., et al., Hydrogen peroxide produced by NADPH oxidases increases proline
accumulation during salt or mannitol stress in Arabidopsis thaliana. New Phytologist, 2015. 208:
p. 1138-1148.

225



113.

114,

115.

116.

117.

118.

119.

120.

121.

122,

123.

124,

125.

Hasanuzzaman, M., et al., Nitric oxide pretreatment enhances antioxidant defence and glyoxalase
systems to confer PEG-induced oxidative stress in rapeseed. Journal of Plant Interaction, 2017.
12: p. 323-331.

Baloglu, M.C,, et al., Antioxidative and physiological responses of two sunflower (Helianthus
annuus) cultivars under PEG-mediated drought stress. Turkish Journal of Botany, 2012. 36: p.
707-714.

Hajihashemi, S., and A. Sofo, The effect of polyethylene glycol-induced drought stress on
photosynthesis, carbohydrates and cell membrane in Stevia rebaudiana grown in greenhouse. Acta
Physiologia Plantarum, 2018. 40: p. 142-151.

Gong, H., et al., Silicon alleviates oxidative damage of wheat plants in pots under drought. Plant
Science, 2005. 169: p. 313-321.

Sharma, P., and R.S. Dubey, Drought induces oxidative stress and enhances the activities of
antioxidant enzymes in growing rice seedlings. Plant Growth Regulation, 2005. 46: p. 209-221.
Zhang, J., and M.B. Kirkham, Lipid peroxidation in sorghum and sunflower seedlings as affected
by ascorbic acid, benzoic acid, and propy! gallate. Journal of Plant Physiology, 1996. 149: p. 489-
493.

Hu, Z.R., et al., Comparative photosynthetic and metabolic analysis reveal mechanism of
improved cold stress tolerance in bermuda grass by exogenous melatonin. Plant Physiology and
Biochemistry, 2016. 100: p. 94-104.

Bajwa, V.S, et al., Role of melatonin in alleviating cold stress in Arabidopsis thaliana Journal of
Pineal Research, 2014. 56: p. 238-245.

Moalem, S.K., R.M. Amiri, and S.S.K. Shahandashti, Effect of cold stress on oxidative damage
and mitochondrial respiratory properties in chickpea. Plant Physiology and Biochemistry, 2018.
122: p. 31-39.

Ding, F., M. Wang, and S. Zhang, Overexpression of Calvin cycle enzyme SBPase improves
tolerance to chilling-induced oxidative stress in tomato plants. Scientia Horticulturae, 2017. 214:
p. 27-33.

Liu, T., etal., Exogenous 5-aminolevulinic acid pretreatment ameliorates oxidative stress triggered
by low temperature stress of Solanum lycopersicum. Acta Physiologia Plantarum, 2018. 40: p.
210-221.

Begovic, L., et al., Induction of oxidative stress in barley by drought and chilling. Free Radical
Biology and Medicine, 2018. 124: p. 566-569.

Han, Q.H., et al., Effects of melatonin on antioxidative systems and photosystem Il in cold-stressed
rice seedlings. Frontiers in Plant Sciences, 2017. 8: p. 785-792.

226



Derleme makale / Review article

Giil, U.D., Biyoteknolojik Tekniklerle Mikrobiyal Vitamin Uretimi. International Journal of Life
Sciences and Biotechnology, 2020. 3(2): p. 227-240 DOI: https://doi.org/10.38001/ijlsh.669770

Biyoteknolojik Tekniklerle Mikrobiyal Vitamin Uretimi

Ulkiiye Dudu Giil*”

OZET

Insan saglig1 icin son derece 6nemli olan vitaminlerin metabolizmada ¢ok gesitli
islevleri bulunmaktadir. Vitaminler o6zellikle metabolik yolaklarda rol alan
biyokimyasal reaksiyonlarin gergeklesmesi i¢in gerekli enzimlerin yapisina katilirlar.
Bu 6nemli rolleri nedeniyle vitaminler farkli islevlere sahip organlarin fonksiyonlarini
gerceklestirmede katki saglayan bilesiklerdir. insan saghgi icin bu denli Snemli
bilesiklerin iiretimi 6nem arz etmektedir. Ekonomik degeri yiiksek biyoteknolojik
iiriinler arasinda yer alan vitaminlerin kullanimi gida katki maddesi, terapdtik ve
medikal ajan olarak kullanimlarinin yani sira kozmetik {iriin iiretimi gibi genis bir
kullanim alanina sahiptir. Bu derleme ¢alismasinda ekonomik degeri yiiksek
vitaminlerin 6nemi ve bu vitaminlerin biyoteknolojik olarak mikroorganizmalar
kullanilarak tiretim teknikleri incelenmistir.

Production of Microbial Vitamins by Biotechnological

Tecniques

ABSTRACT

Vitamins, which are very important for human health, have various functions in
metabolism. Vitamins are particularly involved in the structure of enzymes necessary
for the biochemical reactions taking place in the metabolic pathways. Because of these
important roles, vitamins are compounds that contribute to the functioning of organs
with different functions. The production of such important compounds is important for
human health. Among the biotechnological products with high economic value,
vitamins have a wide range of applications such as food additives, therapeutic and
medical agents as well as cosmetic products. In this review, the importance of vitamins
with high economic value and the production techniques of these vitamins by using
microorganisms via the biotechnological techniques were investigated.
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Diinyada Canlilarin metabolik faaliyetlerini siirdiirebilmeleri i¢in karbonhidratlar,

proteinler ve yaglar gibi temel besin maddelerinin yan1 sira vitaminler ve mineraller de

gereklidir[1].  Vitaminler canlilarin  gelismesine  yardimct  olmak,  gesitli

makromolekiillerin metabolik reaksiyonlarinda gorev almak ve sinir sisteminde gesitli

fonksiyonlara sahip olmak gibi gorevleri lstlenmislerdir. Vitaminlerin viicuttaki
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gorevleri ayrintili bir sekilde tablo 1'de 6zetlenmistir. Bu 6nemli gorevlerinden dolay1
insanlar dahil tim canlilarin saglikli beslenebilmeleri i¢in vitaminlere gereksinimleri
vardir.

Tablo 1 Vitaminlerin viicuttaki fonksiyonlari [2]

Vitamin Gorevi

Vitamin A Retinada fotoreseptér mekanizmasi, epitelyum butiinligi,

lizozom kararlilig, glikoprotein sentezi

Vitamin D Kalsiyum ve fosfor absorbsiyon, kemik mineralizasyonu ve
maturasyonu

Vitamin K Protrombin fonksiyonu, normal kan koagiilasyonu

Vitamin C (Askorbik Asit) Osteoid dokular i¢in esansiyel, kollajen olusumu, vaskiiler

fonksiyonlar, doku solunumu ve yara iyilesmesi

Vitamin B1 (Thiamin) Karbonhidrat metabolizmasi, santral ve periferik sinir

fonksiyonu, miyokard fonksiyonu

Vitamin B2 (Riboflavin) Enerji ve protein metabolizmasinin birgok yerinde, mukoz

membranlarin biitiinligii

Vitamin B3 (Niasin) Oksidasyon-rediiksiyon reaksiyonlarinda,

Karbonhidrat metabolizmasinda

Vitamin B5 (Pantotenik Asit) Koenzim A yapisinda, agil transferaz kofaktorii

Vitamin B6 Nitrojen metabolizmasinin bir¢ok yerinde, transaminasyon,

porfirin ve hem sentezi, triptofanin niasine ¢evrilmesi

Biyotin Oksaloasetik asit karboksilasyonu ve dekarboksilasyonu,

aminoasit ve yag asidi metabolizmasi

Vitamin B12 Eritrosit maturasyonu, noral fonksiyonlar, DNA sentezi,

metionin ve asetat sentezi

Vitaminler memeliler tarafindan sentezlenemeyen hayati agidan énemli mikrobesinler
olarak tanimlanirlar. Cogu vitamin canlilarin metabolizmasi i¢in gereklidir ve viicutta
sentezlenemedikleri icin disaridan temin edilmeleri gereklidir. Dogada vitaminlerin
sentezlenmesi ise bitkisel ve mikrobiyal metabolik faaliyetlerle gergeklesmektedir.
Endiistriyel olarak iiretilen vitaminler ¢ok ¢esitli kullanim alanlarina sahip oldugu icin
ticari acidan 6nemli bilesiklerdir[3]. Global vitamin ve takviye endiistrisi tarafindan
yapilan aragtirma sonuglarina gore vitamin ve diger takviyelerin kiiresel piyasasi 68

milyar dolar civarindadir[4]. Bu yiiksek kazanctan dolayr vitaminlerin endiistriyel
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liretimi giiniimiiz piyasasinda énem kazanmistir. Bu ¢alismada ekonomik degere sahip
olan vitaminlerin mikrobiyolojik iiretimi lizerine yaymlanmig makaleler taranmis olup,

bu konu ile ilgili bilgiler derlenmistir.
Biyoteknolojik Vitamin Uretimi

Endiistriyel olarak iiretilen birgok vitamin gida, farmasotik ve kozmetik {iriinlerin
iretiminde kullanilmaktadir. Giinlimiizde bir kisim vitamin kimyasal yollarla
uiretilirken, diger kisim da 6ziitleme yoluyla iiretilmektedir. Bu {iretim islemleri yiiksek
enerji gereksinmelerinin yani sira fazla miktarda atik olusumuna da neden olmaktadir.
Vitamin tiretim islemlerine ilgi 6zellikle besin katki maddelerinin giivenligi nedeniyle
artmistir. Bu nedenle son zamanlarda biyoteknolojik iiretim islemleri iizerine
yogunlasma olmustur. Vitaminlerin biyoteknolojik iiretim islemleri hizli bir sekilde
gerceklestigi icin kimyasal liretim islemlerine gore tercih edilmektedir. Tablo 2’de

literatiirde bulunan biyoteknolojik yollarla iiretilen vitaminlere 6rnekler verilmistir.

Tablo 2 Literatiirde bulunan biyoteknolojik yollarla tiretilen vitaminlere 6rnekler

Kullanilan
Vitamin  Mikroorganizma/Enzim Yontem Kaynak
E vitamini Euglena gracilis (alg) Glikoz kullanilarak fermantasyonla tiretim [5]
Soya oziitii kullanilarak fermantasyonla
K vitamini Bacillus subtilis firetim [6]
. - - IRt

C vitamini 2,5-diketo-D-glukonik asit 2-keto-L-gulonik asitin fermantasyon iglevi [8]
(Askorbik asit) rediiktaz ile L-askorbik asitin kimyasal dontistimii

Cynobacterium sp. esnasinda

Serratia marcescens  Genetik olarak modifiye bakteri ile glikozdan

(fermantasyon) fermantasyonla {iretim [9]

Biyotin

Bacillus sphaericus Mutant bakterinin biyotin biyosentezi yapan

(Coklu enzim sistemi) enzim sistemi kullanilarak diaminopimelik
asitten doniisiimle iiretim
. . Glikozdan fermantasyonla iireti
) . Eremothecium ashbyii, y et 10
Riboflavin Ashbya gossypii, Bacillus [10]
sp.
o Propionibacterium
Vitamin B12 shermanii, Glikozdan fermantasyonla iiretim [11]
Pseudomonas
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denitrificans

Vitaminlerin Mikrobiyolojik Uretim Siireci

Vitamin ve vitamin benzeri bilesiklerin diinya marketindeki degeri 2007 yilinda
yaklasik 2.3 milyar dolar olarak rapor edilmistir. Genel olarak tiretilen vitaminlerin
cogunlugu yaklasik %50 oraninda hayvan beslenmesinde kullanilmakla birlikte bu orani
%22 ve %17 ile sirastyla besin desteginde ve gida endiistrilerinde kullanimi takip
etmektedir. Kozmetik {iriinlerin iiretiminde ise %11 oraninda {iretilen vitaminler
kullanilmaktadir. Artan diinya niifusu ile birlikte O6zellikle besinlerde destekleyici
vitaminlere ilgi de artmistir. Bunlara ilaveten vitamin takviyeli besinlerin saglik {izerine
olumlu etkileri ile ilgili raporlar da vitamin iiretimine ilgiyi arttirmistir.

Yilda birka¢ milyar dolarlik piyasaya sahip vitaminlerin g¢ogunlugu canlilarin
beslenmesi i¢in ticari olarak {iretilmektedir[12]. Mikroorganizmalar tarafindan ticari
olarak iiretilen vitaminler; Vitamin B12 (siyanokobalamin), vitamin C (L-askorbik asit),
vitamin B2 (riboflavin),vitamin B5 (pantotenik asit) ve biyotin'dir[13].
Mikroorganizmalar tarafindan {retilen vitaminler ve bu vitaminleri ireten

mikroorganizmalar tablo 3’de verilmistir.

Tablo 3 Mikroorganizmalar tarafindan iiretilen vitaminler ve tireten mikroorganizmalar

Vitamin Mikroorganizma Referans

Riboflavin (B2 vitamini) Eremothecium ashbyii [14]
Ashbya gossypii [15]

B12 vitamini Pseudomonas denitrificans [16]

Propionibacterium freudenreichii [17]

C vitamini Cryptococcus terreus [18]
[19]

Saccharomyces cerevisiae [20]

Vitamin B6 Propionibacterium shermanii [21]
E.coli [22]

Mikrobiyolojik Yollarla Uretilen Vitaminler
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C vitamini (L-askorbik asit) iiretimi

Insanlar kadar hayvan beslenmesinde de dnemli yere sahip vitaminlerden biri olan C
vitamini antioksidan olarak rol oynar ve yilda 100000 tonluk kiiresel {iretim
potansiyeline sahiptir[3]. L-askorbik asit esansiyel bir besin igerigi oldugu ig¢in
insanlarda farkli fiziksel fonksiyonlar i¢in gereklidir[23]. C vitamini eksikligi bu
vitaminin kollajenin translasyon dncesi modifikasyonu esnasinda gergeklesen roliindeki
eksiklikten kaynakli hastaliklara neden olmaktadir. L-askorbik asitin en 6nemli
fonksiyonu ise dokular1 oksidatif {iriinlerin zarar verici etkisinden korumasidir[24]. Bu
nedenle L-askorbik asit gida endiistrisinde vitamin olarak kullanimmin yani sira
antioksidan olarak da kullanilmaktadir. Bu antioksidan fonksiyonundan dolayr L-
askorbik asit hem gida takviyecisi hem de farmasotik {riinlerin iiretiminde
kullanilmaktadir. Ayrica kollajen iiretimini uyardigi i¢in kozmetik iirlinlerde katki
maddesi olarak da yaygin olarak kullanilmaktadir[25]. C vitamini biyosentezinde rol
alan biyokimyasal reaksiyonlar1 igeren islev Reichstein Siireci (Sekil 1) olarak
tanimlanmistir. Endiistriyel olarak C vitamini iiretiminde kullanilan bu siire¢ adin1 bu
stireci bulan kisiden almistir. Kimyasal C vitamini siireci; bu siirecin kimyasal yollarla
gerceklesmesi esnasinda bir¢ok basamaginda yiiksek sicaklik ve/veya basing gerekliligi
oldugu i¢in oldukca fazla enerji gerektiren bir iiretim siirecidir. Bunlara ilaveten, bu
siirecte birgok kimyasalin transformasyonu icin aseton, silfiirik asit ve sodyum
hidroksit gibi bilesiklere, inorganik ve organik coziiciilere ihtiya¢ duyulmaktadir. Bu
nedenlerden dolayr ciddi bir atik kontrol maliyeti ile sonuclanan bu iiretim siireci
cevresel kontrol agisindan takip gerektirmektedir. Bu ekonomik faktorler L-askorbik
asitin mikrobiyal biyostransformasyonla tretimine ilgiyi arttirmaktadir[26; 27]. Son
zamanlardaki fermantasyon stireclerindeki inovatif ilerlemeler ile biyokimya ve
rekombinant DNA teknolojisindeki gelismeler biyoteknolojik yollarla L-askorbik asit
iiretimine olanak saglamaktadir[28]. Sekil 1'de goriildiigii lizere Reichstein siireci 6
kimyasal adimdan olusan bir fermantasyon olayidir. Bir biyodoniisiim reaksiyonunu
faydali hale getiren Reichstein siireci Gluconobacter oxydans tarafindan D-sorbitoliin
L-sorboza okside edilmesi reaksiyonu ile baglamaktadir. Bu reaksiyon sonunda ytiksek
sorbitol konsantrasyonuna direngli olarak se¢ilen mutant G. oxydans kullanimiyla 200
g/l D-sorbitol 2009/l L-sorboza doniismektedir. Reaksiyon dizini tamamlandiginda D-

glikozdan L-askorbik asit sentezlenmektedir.
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Y fermentasyon CH.CO0H HS0
D- glikoz —— 0 —————> Dsorbitol ey L 50rb02 ey diaseton L-sorboz

2-keto-L-glukonlk asit

2-Keto-L-glukonik asit metilester

-

L-nskorbik asit

A

Sekil 1 Reichstein siireci ile L-askorbik asit (C vitamini) tiretimi

B12 vitamininin iiretimi

B12 vitamini insan metabolizmasinda metiyonin sentaz ve R-metilmalonil-CoA mutaz
enzimlerinin aktivitesinde gorev almaktadir ve giinlik yaklagtk 1 mg alinmasi
zorunludur. Bu nedenle yillik ticari olarak 10 tondan fazla Vitamin B12 iiretimi farkl
bakteri tiirleri kullanilarak gergeklestirilmektedir. Vitamin B12 terimi yaygin olarak
kobalamin grubu bilesikleri tanimlamak i¢in kullanilmaktadir. Dogal formlar
adenozilkobalamin, metilkobalamin ve hidroksikobalamindir. Vitamin B12 olarak
tanimlanan siyanokobalamin ise dogada bulunmayan ve endiistriyel olarak iiretilen
kararli bir kobalamin formudur[29]. Vitamin B12 ¢ogunlukla fermantasyon islemi ile
elde edilmekte olup, diinya genelinde talebi karsilayabilmek icin bir¢ok farmasotik
sirketi tarafindan tretilmektedir. Merck 1952'de Pseudomonas denitrificans kullanarak
vitamin B12 iiretmeye baslamistir ve daha sonralar1 mikrobiyal tarama ve genetik
modifikasyonlarla orjinal toprak izolatina gére 30 kat daha verimli iiretim yapabilen
kiiltiirleri gelistirmistir[30]. Son yiizy1lda verimli bir sekilde vitamin B12 iireten bircok
bakteri tlirli bulunmustur. Tablo 4'de vitamin B12 iireten gesitli mikroorganizma tiirleri
listelenmistir. Vitamin B12 biyosentezinin basamaklar1 P. denitrificans, Salmonella
typhimurium ve Propionibacterium freudenreichii tiirlerinde karakterize edilmistir.
Tipik bir bakteri genomunun yaklasik %1'lik kismin1 olusturacak 30'dan fazla geninin

denovo kobalamin sentezinde rol aldigi bildirilmistir[31]. Dogada Vitamin B12 i¢in 2
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farklt biyosentez rotasi bulunmaktadir. Bu rotalardan biricisi; P. denitrificans gibi
organizmalarda bulunan aerobik veya ¢ogunlukla oksijen bagimli yolaklar, ikincisi ise
Propionibacterium shermanii, S. typhimurium ve Bacillus megaterium gibi
organizmalarda bulunan anaerobik yani oksijen bagimsiz yolaklardir.

Tablo 4. Vitamin B12 iireten ¢esitli mikroorganizma tiirleri ve tiretim miktarlari

Vitamin B12 Uretimi

Mikroorganizma Tiirii (mg/L)
Propionibacterium freudenreichii 206
Rhodopseudomonas protamicus 135
Propionibacterium shermanii 60
Pseudomonas denitrificans 60
Nocardia rugosa 18
Rhizobium cobalaminogenum 16,5
Micromonospora sp. 11,5
Streptomyces olivaceus 6
Nocardia gardneri 4,5
Butyribacterium methylotrophicum 3,6
Pseudomonas sp. 3,2
Arthrobacter hyalinus 1,1

B2 (Riboflavin) vitamininin iiretimi

Riboflavin (B2 vitamini) insan ve hayvan beslenmesinde katki maddesi olarak
kullanilmaktadir. Riboflavin eksikliginde insanlarda sa¢ dokiilmesi, gorme bozuklugu
ve biiylime yetersizliginin yani sira bu vitaminin iltihaplanma ile iliskili oldugu
bildirilmistir. Ayrica bu vitaminin migren[32] ve sitma[33] gibi hastaliklarin tedavisinde
basarili oldugu tespit edilmistir. Bu vitamin ticari olarak kimyasal sentez, fermantasyon
veya hem kimyasal hem de fermantasyonun kombinasyonuyla iiretilebilmektedir. Son
yillarda fermantasyonla iiretim tek bir adimda saglanabildigi ve bu nedenle de 6nemli
Ol¢iide maliyeti disiirdiigli i¢in yaygin olarak tercih edilmektedir. Diger taraftan
kimyasal tiretim stire¢leri hem ¢ok asamali hem de ¢ok fazla maliyetlidir. BASF, Roche,
ADM/Aventis, Hubei Guangji gibi {ireticilerin ¢cogu kimyasal sentez yerine fermentatif
tiretimi tercih etmektedir[34]. Clostridium sp. gibi bakteri tiirleri ve Candida sp. gibi
maya tiirleri iyi Ureticiler arasinda yer almasina karsin, birbiri ile yakin iligkili

Askomyset mantar ailesine dahil olan Eremothecium ashbyii and Ashbya gossypii tiirleri
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en iyi riboflavin ireticileridir[35]. Demir iyonlar1 Clostridium sp. ve Candida sp. gibi
diisiik ve orta derecedeki iireticilerde riboflavin iiretimini inhibe etmektedir. Diger
taraftan Eremothecium ashbyii ve Ashbya gossypii tiirleri ise demirin bu etkisini
baskilama yeteneginde olduklar1 i¢in en 1iyi riboflavin iireticileri olarak kabul
edilirler[19].

Ashbya gossypii tiirii kullanilarak fermantasyonla riboflavin iiretimi i¢in melas[36],
palm yagi[37], musir likorii[38], peyniraltt suyu[39] gibi farkli karbon kaynaklari
denenmistir. Ashbya gossypii tarafindan peynir alt1 suyu, kepek, glisin, pepton, siikroz,
maya Oziiti ve soya fasulyesi gibi farkli maddeler bulunan ortamlarda tiretilen
riboflavin miktarlari sirasiyla; 389.5, 120, 87.5, 78.3, 68.4, 23.2 ve 17.5 mg/L'dir.
Bacillus subtilis tiirii kullanilarak fermantasyonla riboflavin tiretiminde klasik genetik
ve rekombinant DNA teknolojisi kullanilmistir. Klonlama ve DNA niikleotidi
sekanslamasi1 gostermistir ki, riboflavin biyosentezi igin gerekli enzimlerin 4.3 kb'lik tek
bir operon olarak gorev yapan gen organizasyonu tarafindan kodlanmaktadir. Riboflavin
tireticisi olan B. subtilis susu Perkins ve ark. (1999)[40] tarafindan gelistirilmistir.
Corynebacterium ammoniagenes tiirii kullanilarak fermantasyonla riboflavin {iretiminde
ise rekombinant DNA teknikleri kullanilarak metabolizma miihendisligi temelli
caligmalarla gelistirilen C. ammoniagenes tiirleri kullanilmistir. Biyosentetik genlerin
ekspresyonunu arttirmak i¢in C. ammoniagenes'deki promotor aktiviteye sahip DNA
pargast izole edilmistir. Son iirlin inhibisyonunun enkilenmeyen en iyi modifiye
riboflavin treticisi 5 litrelik kavanoz fermentorde 72 saat sonrasinda 15.3 g/L riboflavin
tretmistir[41].

Lactococcus lactis tiirii kullanilarak fermantasyonla riboflavin tliretimiinde ise [42] hem
mutajenez hem de metabolik miihendislik tekniklerini kullanarak riboflavin ve folat1 en
verimli sekilde iiretebilen Lactococcus lactis susu gelistirmistir.

Biyotin vitamininin iiretimi

Biyotin (H vitamini) prokaryotik ve Okaryotiktlerin metabolizmasindaki merkezi
yolaklarda rol alan en etkileyici kofaktdrlerden biridir. insanlar ve hayvanlar giinliik 100
mikrogram biyotine ihtiya¢ duyarken, bitkiler ve mantarlar kendi kofaktdrlerini
sentezletebilme 6zelligine sahiptir. Biyotin yillik 10- 30 ton market payma sahiptir ve
bir¢ok besin ve kozmetik {iriiniiniin i¢ine eklenmektedir. Satisa sunulan biyotinin biiyiik

bir ¢ogunlugu kimyasal olarak sentezlenmektedir. Ancak, kimyasal sentez yliksek
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miktarda c¢evre kirliligine yol agtig1 icin son donem biyoteknolojik ¢aligmalar biyotin
tireten mikroorganizmalarin gelistirilmesi {lizerine yogunlagmistir. Diigiik iiretim
maliyeti nedeniyle biyotinin fermentatif {iretimine ilgi fazladir. Biyotinin biyosentetik
yolagi Escherichia coli[43], Bacillus sphaericus[44], Bacillus subtilis[45] ve
Sphingomonas sp.[46] gibi farkli mikroorganizmalarda rapor edilmistir. B. sphaericus

detiyobiyotini (+)-biyotine doniistiirebilmesine ragmen, biyotin iiretiminde sadece son

L-alanin

Pimelil CoA sentetaz

Pimelik asit ——>  pimelil CoA —> 7-keto-8-aminopelargonik asit (KAPA)
2+ KAPA sentaz
ATP, Mg 3 .
ATP, Mg™* l DAPA aminotransferaz

7.8-diaminopelargonik asit (DAPA)
DTB sentetaz

Detiyobiotin (DTB)
l Biyotin sentaz

Biyotin

basamak olan detiyobiyotinin (DTB) enzimatik olarak biyotine doniisiimii tam olarak
¢oziilebilmis degildir. Pimeli-CoA'dan biyotin sentezinde rol alan metabolik yolak en
iyi E. coli ile yapilan galismalar sonucunda anlagilmigtir. Biyotin tiretimindeki yolakta
olusan {i¢ ara iiriin; 7-keto-8-aminopelargonik asit (KAPA), 7,8-diaminopelargonik asit
(DAPA) and DTB'dir. Biyotinin biyosentetik yolagi Sekil 2'de gdsterilmistir. Biyotin
sentezindeki en biiylik sorun biyotinin sentezde rol alan tiim enzimler iizerindeki
baskilayict  etkisinden  kaynaklanmaktadir.  Biyotin  sentezi i¢in  modifiye
mikroorganizmalarin kullanimi {izerine ¢aligmalar bugiin hala devam etmektedir.

Sekil 2 Biyotin sentez yolagi
Sonug¢ ve Oneriler

Son birka¢ yilda yapilan ¢aligsmalarla vitamin Onciisii, biyopigment, antioksidan gibi
cesitli saglik alaninda kullanilan {irlinlerin biyosentez yollaklari; bakteriler (Escherichia
coli, Serratia sp., Bacillus sp., Lactobacillus sp., Pseudomonas sp., Gluconobacter sp.,
Sinorhizobium sp., Agrobacterium sp., Hiphomicrobium sp., Propionibacterium sp.,
Rhodobacter sp., Rhodococcus sp.), mayalar (Saccharomyces sp., Candida sp.,
Xanthophyllomyces sp. , Yarrowia sp.), mantarlar (Blakeslea sp., Ashbya sp.,
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Mortierella sp. , Mucor sp., Monascus sp.) ve yesil mikroalgler (Dunaliella sp., Euglena
sp., Haematococcus sp.) gibi bircok mikroorganizmada ayrintili bir sekilde
incelenmistir[47- 51]. Ote yandan, bu yeni kesfedilen biyosentez yolaklarmin ve
metabolik  diizenlemelerin  kompleks olmasindan dolayr bazi1  vitaminlerin,
biyopigmentlerin ve c¢esitli saglik {irlinlerinin istenilen yiliksek diizeylerde mikrobiyal
tiretimi konusunda giicliikler ¢ekilmektedir. Bu tiir giiclilkler nedeniyle gliniimiizde
onemli bir saglik biyoteknolojisi triinii olan gama-aminobiitirik asit (GABA)
iiretiminde ¢ok daha yiiksek verimli iiretim olan tek adimda gerceklesen dogrudan
glikoz fermantasyonu siireci yerine halen iki asamali islemde iiretim siireci
kullanilmaktadir[52]. Ozellikle de endiistriyel diizeyde vitamin ve saglik iiriinleri
iiretimi konusunda ciddi zorluklar bulunmaktadir. Ornegin ileri diizeyde genetik olarak

modifiye edilmis Bacillus subtilis susu ile B ve Bg vitaminlerinin {iretiminde maliyeti

yiiksek Onciil ara bilesiklere ihtiyag duyulmasinin yani sira bu vitaminlerin iiretim
miktar1 da ticari boyuttaki iiretime gore oldukga diisiiktiir. Ote yandan son zamanlarda
karigik kiiltiir kullanilarak fermantasyonla biiyiik 6l¢ekte C vitamini liretimi basarilt bir
sekilde yapilabilmektedir. Ayrica, giiniimiizde temel olarak anaerobik bakteri ve
arkelerden olusan barsak mikrobiyotasinin da konakgilart i¢in vitamin tedarikgileri
oldugu bilinmektedir, ancak bu konuda yeterince arastirma literatiirde
bulunmamaktadir[53]. Bu mikroorganizmalar endiistriyel boyutta vitamin ve gesitli
saglik trlnlerinin iiretimi agisindan yeni genlerin kaynagi olarak kullanilabilirler. Bu
baglamda endiistriyel boyuttaki {iretim ic¢in istenilen verimde vitaminlerin,
biyopigmentlerin ve antioksidanlarin {iretimi i¢in genetik ve biyoteknolojik yontemlerle
modifiye edilen bakteri, maya, mantar veya mikroalg kiiltiirlerinin gelistirilmesi
miimkiin olabilecektir. Yiiksek verimle {iretim iizerine yapilan tarama metodolojileri
incelendiginde endiistriyel mikrobiyal suslarin molekiiler genetikleri, mikrobiyolojik
sistemlerde metabolik miihendislik ve modelleme ile ilgili bilimsel calismalardaki
atilimlarla birlikte enzim ve hiicre miihendisligindeki gelismelerin de endiistriyel
boyutta vitamin ve vitamin benzeri bilesiklerin iiretimine olanak sagladigi goriilmiistiir.

Bunun en garpict 6rnegi Ashbya gossypii susu kullanilarak fermantasyonla Bo vitamini

tretimidir. Bu Ornekte metabolik miithendislik, karsilastirmali genom ve transkriptom
analizleri, genomik meatbolik yaklasimlarin kombinasyonuyla birlikte klasik mutajenez

teknikleri ile gelistirilen suglar endiistriyel verimliligi yiliksek oranda vitamin iiretimi
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yapmak i¢in kullanilmistir[54; 56]. Gelistirilen bu susla yapilan yiiksek verimli ve

basarili {iretim neticesinde endiistriyel diizeyde kimyasal islevlerle Bp vitamini

tiretimini yerine glinimiizde mikrobiyal fermantasyona dayali iiretim islevinin
kullanim1 tercih edilmektedir. Kimyasal iiretim siireci yerine biyoteknolojik iiretim
siirecinin uygulanmasi ile liretim ve ¢evre koruma maliyetinin %43 oraninda azaldigi

tespit edilmistir[52]. Buna ilaveten, biyoteknolojik iiretimle CO2 emisyon oraninin da

%30 oraninda azaldig1 saptanmistir. Sonug olarak ¢ok asamali kimyasal isleme kiyasla
tek ana adimla gerceklesen fermantasyonla iiretim maliyetinde hem tasarruf edilmis
hem de iiretimde ¢evre dostu bir yontem kullanilmistir[57]. Ayrica, yonlendirilmis
evrim ve rasyonel protein deseni hesaplama araglarinin kullanimi ile yeni enzimlerin
yaratilmas1 ve bu enzimlerin vitamin Oncilileri gibi kimyasal bilesiklerin biyosentezle
tiretimi alaninda kullanim potansiyelin yayginlagmasi da 6nem kazanmistir. Giiniimiizde
mikrobiyal enzimler ve hiicrelerle asimetrik biyokataliz kullanilarak yiiksek verim ve
enantiyo-segicilige sahip vitamin Onciileri de dahil olmak {izere ¢ok ¢esitli kiral
iriinlerin iiretimi gergeklestirilebilmektedir. Bugiin artik organik sentezle iiretim yapan
biyokataliz yontemi ile iiretilen biyokimyasallar kimyasal olarak firetilen iirlinlere
alternatif olarak tercih edilmektedir. Cesitli endiistrilerde yeni kiiltiir teknikleri, hizli
ornekleme ve biyosensdr metodolojileri ile biyoreaktor tasarimlarindaki gelismelerin
hepsi birden endiistriyel mikrobiyoloji ve biyoteknoloji temelli iiretim islemlerine olan
ilginin artmasina katkida bulunmaktadir. Hiicre biyokimyasi, metabolik diizenleme ve
hiicre biyolojisi alanlarindaki bilgilerin eksikligi nedeniyle tasarim tabanli endiistriyel
mikrobiyal sus miihendisligi teknolojilerinin gelismesinde engeller s6z konusudur.
Biyoloji ve sentetik mikrobiyoloji teknolojilerindeki gelismelerin bu bilgi boslugunu
doldurma da katkida bulunabilecegi diisiiniilmektedir. Ozellikle bu alanlardaki
gelismelerin birada kullanimi ile endiistriyel olarak mikrobiyal temelli vitaminler ve
diger saglik iiriinlerinin yiiksek verimle iiretimine olanak saglayacak uygun mikrobiyal
suslarin iiretilebilecektir.

Gelecekte sentetik biyolojideki gelismeler yiiksek verimde vitamin ve diger saglik
Uiriinlerini iiretebilen {iretici suslarin insasina olanak saglamasi beklenmektedir.
Ozellikle de vitamin {iretiminde mikrobiyal siireclerin kimyasal {iretim siireclerine gore
avantajlar1 oldukg¢a fazladir. Kimyasal siireglerle iiretilen iirlinler daha ¢ok rasemik

karisimlar iken, fermantasyon ya da biyodOniisiim reaksiyonlar: ile iretilen {iriinler
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istenilen form olan enantiyomerik bilesikler seklindedir. Buna ilaveten biyokimya ve

DNA teknolojilerindeki gelismeler biyoteknolojik vitamin tiretimi ile ilgili ¢cok c¢esitli

secenekler sunmaktadir. Genel olarak biyoteknolojik siliregler ve lriinlerin gevre ve

insan sagligr iizerindeki olumlu etkileri vitaminler gibi maddelerin bu siireclerle

tiretimine yonelik ilgiyi arttirmaktadir. Bunlara ilaveten biyoteknolojik iiretimlerde

maliyetin diisiiriilmesi ile yiiksek pazar payma sahip iiriinlerin hem ekonomik hem de

cevre dostu yontemlerle iiretiminin saglanabilmesi ongdriilmektedir.
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