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Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin on birinci sayisim1 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 yayimlanmasini hedeflemektedir.

Bu diisiincelerle 2021 yil1 ii¢lincii sayisin1 yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katk1 ve
Elestirileri ile degerlendirme siireglerine katkilarindan dolay1 hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek imidiyle...

15.12. 2021
) ) 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 11th 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
ofLifeSciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food Biotechnology and
Genetics institutions and organizations in Turkey, and to publish solution based papers depending on the
principle of impartiality and scientific ethics principles, focusing on innovative and added value work,
discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the third issue of 2021 "International
Journal of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 12. 2021
Editorin Chief
Assist. Prof. Dr. Yilmaz KAYA
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Cagasan, C.U.G., et al., Production and Quality Evaluation of Wine from Jackfruit Co-Products.
International Journal of Life Sciences and Biotechnology, 2021. 4(3): p. 340-352.
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Production and Quality Evaluation of Wine from Jackfruit
Co-Products

Christian Ulysses G. Cagasan *** | Cail Aleksei V. Lingatong!** , Kyle Miguel T.
Pore!™™ , Raymond V. Ramada'** , Christan Daniel D. Restor:**', Roberta D.
Lauzon?

ABSTRACT o _ ARTICLE HISTORY
Ripe jackfruit is among the favorite fruits of many people. However, what is usually Received

eaten is the pulp. The other parts, known as co-products like rags, peel, pith, seeds and 19 November 2020
seed coat are just thrown away as wastes. This study was conducted to find out if Accepted

jackfruit co-products can be made into a high value product like wine and to determine 11 January 2021
the physico—chemical and sensory qualities of wine produced from jackfruit co-products.

The study had five treatments, with the type of co-products representing the treatments.

The wine products from these treatments were evaluated by 10 trained sensory panelists KEYWORDS
from the Department of Food Science and Technology in the Visayas State University. Jackfruit wine,
Results of the study showed that all of the sensory attributes evaluated (i.e., color, taste, sensory evaluation,
aroma, clarity and flavor) did not significantly differ among treatments. After two weeks physicochemical,
of fermentation, wine from the five treatments had general mean acceptability ratings properties

ranging from 5.30 (neither like nor dislike) for the wine from jackfruit rags (T3) to 6.2
(like slightly) for the wine from jackfruit peel (T4). In terms of physico-chemical
characteristics, the wine from seed coat, pith and peel had acceptable titrable acid (TA)
values of 0.53%, 0.5%, and 0.44%, respectively. Wine from all treatments also had
reduced TSS, which means that sugar was broken down into alcohol, a sign of successful
fermentation of the must into wine. These results suggest that the jackfruit co-products
are potential raw materials for the processing of wine.

Introduction

Jackfruit (Artocarpus heteropyllus Lin) is grown throughout Southeast Asia. Originally
a native of India, it is now cultivated in the Philippines. In 1996 to 2008 alone, 200
hectares of large-scale jackfruit planting in the islands of Leyte and Samar was made
possible through a government scheme called “plant now, pay later” [1]. The jackfruit is
the largest edible tree-grown fruit growing to as much as 35 kilograms in weight [2]. The
leaves are a glossy, dark green, and 10 to 15 cm long. The fruit grows right off the tree
trunk and the main branches [3]. One mature jackfruit tree can produce ten to two
hundred fruits [4-8]. The individual weight of the fruits varies between 2 and 20

! Visayas State University, Visca, Baybya City, Leyte, Philippines
*Corresponding Autor: Christian Ulysses G. Cagasan, e-mail: chanman.cagasan@gmail.com
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kilograms, and even approximately 50 kilograms fruits have been recorded [7,9,10]. It
IS a nutritious fruit, rich in vitamin C, B-complex group of vitamins and contains very
good amounts of vitamin B6 (pyridoxine), niacin, riboflavin, and folic acid [11,3]. The
skin of the fruit is more like a shell, with hard, spiny points all over it. The skin is pale
green, ripening to a yellowy-brown. When ripe, the fruit will give a little smell when
pressed and quite stinky. It does smell better when you get into it, like a combination of
banana and pineapple. When ripe, it should sound hollow, like a melon [12].

According to the Agribusiness and Marketing Assistance Division of the Department of
Agriculture, jackfruit has many uses [13]. The fruit of jackfruit can be processed into a
variety of products. Ripe jackfruit is mostly used for desserts. But what people eat is
only the pulp. The pulp only comprise an average of about 30% of the fruit weight
while the other 60% of the fruit are unutilized waste or co-products [6,14]. The
co-products (i.e., peel, rags, pith, seeds and seed coat) are just thrown away, adding to
the volume of wastes that we need to manage properly. One of the co-products of
jackfruit is called rags, [15]. It is the fibrous materials within the fruit which comprise
about 30-50% of the whole fruit. Few people use the rags for cooking, or as one of the
ingredients in fruit salads. Even if the rags are high in pectin, not everyone bothers to do
anything with it. Many people are not aware that when pectin which can be derived
from the rags are consumed,it bears important positive effects on human health
including reducing cancer development [16], lowering blood cholesterol and blood
glucose level [17,18], and stimulating the immune response [19]. They make it a habit
to throw the jackfruit rags away. In effect, a lot of jackfruit rags have been found in the
garbage areas since many people are unaware of the benefits it can bring. Most jackfruit
growers and consumers do not know that we can make several products out of the
jackfruit rags and consequently turns waste into useful and profitable one. Other wastes
or co-products of jackfruit are the peel, pith, seed coat and seeds. Like the rags, these
parts of jackfruit are just thrown away because most of the people do not know that
these can be processed into valuable products.

With the present economic crisis that we are facing, we do not want to throw leftovers
such as the jackfruit co-products. Hence, this study was conducted to explore the
feasibility of using jackfruit co-products or wastes (peel, pith, seed coat, rags and over

ripe pulps) into high value products such as wine. Aside from the possible additional
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income we can derive from the wine using jackfruit co-products, utilization of jackfruit
co-products can also help lessen the wastes in our surroundings and ultimately help in
the beautification and care of the environment. Thus this study was conducted to: (1)
Find out if jackfruit co-products like rags, peel, pith, seed coat and over ripe pulp could
be made into wine; and (2) determine the sensory qualities and physicochemical

properties of wine produced from jackfruit co-products.

Material and Methods

The jackfruit co-products were the main materials for the production of dinner wine.
These were taken from the Jackfruit Processing Plant of the Department of Food
Science and Technology (DFST) in the Visayas State University (VSU), Visca, Baybay
City, Leyte. This study had five treatments. What was varied here was the type of
co-products used as the main ingredients in the production of sweet wine. Treatments:
T1 - seed coat, T2 - pith, T3 — rags, T4 — peel, and T5 — overripe pulp. The amount of
the other ingredients (i.e., water, sugar, lemon juice and wine yeast) used for wine
production was held constant, or the same in all treatments.

Product formulation

The process of producing wine from jackfruit co-products is presented in Figure 1.
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Jackfruit co-products

]

Chop or homogenize (1part
jackfruit co-products: 1part water)

v

Strain and collect liquid

!

Liquid

-

Sugar (white) & acid (lemon)

Pasteurization
(Heating below boiling point, i.e.
82°C for 5 minutes)

:

Cooling (45°C)

!

Installation of water lock

¢

Fermentation
{unfil clear liquid was developed and no more
gas/bubbles were obsgrved in the water lock)

!

Harvest

|

Wine yeast inoculation

E

Fig 1 Process flow in producing wine from jackfruit co-products

Product quality evaluation
The jackfruit wine harvested from the different treatments was subjected to product

quality evaluation. The product quality parameters evaluated include sensory quality
and physicochemical properties (Fig. 2). The procedures followed in evaluating these

parameters are described below.
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IR

Quality Evaluation

Sensory Quality Physico-chemical
| Properties
Color
Aroma pH
Taste Total Soluble Solid (TSS)
General Acceptability Titratable Acid (TA)

Fig 2 Parameters and attributes considered in the evaluation of the quality of the wine produced
from jackfruit co-products

Sensory quality evaluation

The jackfruit wine representing the five treatments was evaluated by 10 sensory
panelists from the Department of Food Science and Technology (DFST). The sensory
attributes considered in the evaluation include the color, taste, aroma and general
acceptability of the jackfruit wine. Each attribute was rated by the panelists using the
nine-point Hedonic Rating Scale as follows: 1- dislike extremely; 2 — dislike very
much; 3 — dislike moderately; 4 — dislike slightly; 5 — neither like nor dislike; 6 — like
slightly; 7 — like moderately, 8 — like very much, and 9 — like extremely.

Data were analyzed using descriptive statistics, including totals and means. To
determine differences among treatments, the Kruskal-Wallis test was used.
Physicochemical properties evaluation

In addition to evaluating the sensory attributes of the wine from the jackfruit
co-products, their physicochemical properties were also determined. The
physicochemical properties that were considered in this study include the pH (to
measure the acidity of the wine), total soluble solid (TSS), titratable acid (TA) and

alcohol content. Standard procedures used in measuring these properties were followed.
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Results and Discussion

Sensory quality evaluation

Quiality description

Results of the quality evaluation of the wine produced from different jackfruit
co-products are summarized in Table 1. As perceived by the sensory evaluators, color of
the wine from the different jackfruit co-products ranged from brown to yellow. Among
the resulting wine, only that from over ripe pulp (Ts) got a yellow color. This could be
because the pulp when compared to its other parts contains higher amount of
carotenoids, a class of natural pigments which makes many fruits and some animals
have a yellow-reddish color [20]. According to recent studies the key carotenoids found
in  jackfruit are all-trans-lutein,  all-trans-g-carotene,  all-trans-neoxanthin,
9-cis-neoxanthin, and 9-cis-vio-laxanthin [21].

Regarding aroma, all of the wine products had slightly perceptible to moderately
perceptible jackfruit aroma. For taste, T3 (wine from rags) was perceived by the sensory
panelists to be bitter, while T1 (wine from seed coat), T2 (wine from pith) and T4 (wine
from peel) were perceived to have a slightly sour taste. Ts (wine from over ripe pulp)
was considered by the evaluators to have bitter to slightly sour taste.

In terms of the clarity of the wine, all of the treatments were perceived by the evaluators
to have cloudy appearance. This could be because of the short aging period which was
not enough to allow the sediments to settle and to make the wine clear. For flavor, T
(wine from seed coat), T2 (wine from pith), Ts (wine from rags) and T4 (wine from peel)
were perceived by the evaluators to have a moderate alcoholic flavor, while Ts (wine

from over ripe pulp) was perceived to have a weak alcohol flavor.
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Table 1 Quality description of wine from different jackfruit co-products

Treatments QUALITY DESCRIPTIONS
Color Aroma Taste Clarity Flavor
Ti1-Seed coat  Brown Slightly Slightly sour ~ Moderatelyto  Moderately
perceptible very much alcoholic
cloudy
To-Pith Brownish Slightly Slightly sour ~ Very much Moderately
yellow perceptible cloudy alcoholic
Ts-Rags Very light Moderately Bitter Slightly Moderately
brown perceptible cloudy alcoholic
Ta-Peel Very light Absent Slightly sour  Slightly Moderately
brown cloudy alcoholic
Ts-Over-ripe  Yellow Absent to Bitter and Slightly to Weak
Pulp moderately slightly sour ~ moderately
perceptible cloudy

Sensory acceptability rating

The acceptability ratings of the wine products in terms of their sensory attributes is
presented in Table 2.

Color

Of the five treatments, Ts (wine from over ripe pulp) had the highest mean color
acceptability rating of 6.90, which is equivalent to “like moderately” in the 9 — point
hedonic scale. This is possible because of all the co-products used in the study, it is only
the pulp that contains beta carotene as exhibited by its dark yellow color [22]. The beta
carotene could be the one responsible for the product’s yellow color. Results of the
Kruskal-Wallis test (Table 3), however, showed that the mean color acceptability
ratings of the treatments were not significantly different from each. This means that in
terms of color of the resulting wine, over-ripe pulp could not be considered as

significantly better than the other jackfruit co-products.
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Table 2 Mean acceptability ratings of wine from different jackfruit co-products

SENSORY ATTRIBUTES *

Treatments Color Aroma Taste Clarity Flavor General
acceptability

T1- Seed coat 5.50 6.40 5.40 5.90 5.90 5.90

To- Pith 5.90 6.60 5.60 6.50 6.50 5.90

Ts- Rags 6.40 7.20 5.50 6.60 5.50 5.30

T4- Peel 6.30 6.40 5.60 6.50 6.50 6.20

Ts- Over-ripe 6.90 6.90 5.00 5.70 5.60 5.60
Pulp

*N =10

Table 3 Results of the Kruskal-Wallis test showing differences among treatments in terms of their
sensory attributes

Sensory Attributes Chi-Square df Assymp. Sig. Remarks
Color 6.422 4 0.170 ns
Aroma 3.886 4 0.422 ns
Taste 0.474 4 0.976 ns
Clarity 4111 4 0.391 ns
Flavor 2.741 4 0.602 ns
General acceptability 3.083 4 0.544 ns

ns — not significant

Aroma

In terms of aroma, the wine from rags (T3) had the highest mean acceptability rating of
7.2, which is equivalent to “liked moderately.” However, as shown in Table 3, this
mean acceptability rating was not significantly different from the mean ratings of the
other treatments, which ranged from 6.4 to 6.9 (see Table 2). These ratings show that in
terms of aroma, the wine from the other jackfruit co-products were also liked slightly to
moderately by the evaluators.

Taste

As shown in Table 2, wine products from all of the five treatments had considerably
low acceptability rating in taste. The sensory panelists’ ratings of the products ranged
from 5.0 (for Ts) to 5.60 (for T2 and T4), which is equivalent to neither like nor dislike
in the Hedonic rating scale. This low acceptability rating in taste may be caused two
factors. First, due to time limitation, fermentation and aging time of the wine products
were shortened. This could be the reason why the wine products in all treatments were

still perceived as sour by the sensory evaluators. Second, the sensory evaluators were
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students of DFST. Even if they were trained sensory panelists, they are not used to
drinking wine, so they could have find it difficult to determine what is an acceptable
taste of a wine.

Clarity

Mean acceptability rating of the wine products from the five treatments did not differ
significantly as shown in Tables 2 and 3. The ratings ranged from 5.7 (neither like nor
dislike) for the wine from over ripe pulp (Ts) to 6.6 (like moderately) for Tz (wine from
rags) (Table 2).

Flavor

Wine from different jackfruit co-products exhibited alcoholic flavor that did not
significantly differ from each other (Table 3). As shown in Table 2, the mean
acceptability ratings for flavor ranged between 5.50 (neither like nor dislike) for the
wine from rags (T3) to 6.50 (like slightly) for T> (wine from pith) and T4 (wine from
peel).

General acceptability

Among the treatments, T4 (wine from peel) got the highest mean acceptability rating of
6.20, equivalent to like slightly. The other treatments (T1, T2, T3 and Ts) got a general
mean acceptability rating that ranged between 5.30 to 5.90, which fall under the “neither
like nor dislike” to “like slightly” categories of the Hedonic rating scale. Result of the
Kruskal-Wallis test (Table 3), however, showed that the mean general acceptability
ratings of the wine from the different jackfruit co-products did not differ significantly
from each other. Based on the results of the sensory evaluation, jackfruit co-products
are potential materials for wine making since the resulting wine were already liked even
slightly by the sensory evaluators even if the fermentation and aging time were only
short due to time limitation.

Physicochemical properties evaluation

Total soluble solids

Total soluble solids (TSS) measures the percent sugar as well as other dissolved solids
in solutions. It is measured using the Brix scale or degrees Brix. In producing certain
alcoholic beverages, the sugar concentration of the initial solution often affects the
alcohol content after the fermentation process [23].
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In this study, it was observed that the TSS values of all treatments decreased (Table 4).
All treatments had initial TSS values of 14, but after two weeks of fermentation the

resulting TSS values ranged only from 4.3 to 6.0.

Table 4 Physicochemical properties of the wine from jackfruit co-products

Treatments Total Soluble Solids (TSS) pH of the Titrable Acid
Initial Final must (TA)

(Initial) (Final)
T1- Seed coat 14 6.0 4 0.53%
T»- Pith 14 4.9 4 0.50%
Ts- Rags 14 4.9 4 0.13%
Ts- Peel 14 5.1 5 0.44%
Ts- Over-ripe Pulp 14 4.3 5 0.08%

This means that the fermentation was successful because the microorganisms in the
fermented solution were able to degrade the sugar and convert it into alcohol, which is
the desired outcome in wine making.

pH

The pH value measures the acidity of the wine. Solutions with a pH below 7 are acidic
whereas solutions with a pH above 7 are alkaline. In wine tasting, excessive acidity
leads to a sourness perception while low acidity decreases the flavor harmony [24]. In
this study, only the pH values of the must (liquid for fermentation) of all treatments
were determined. The pH values of the treatments after two weeks of fermentation were
not determined because the pH meter was out of order. As shown in Table 4, all
treatments had pH values below 7 indicating that the solutions were acidic. The
researchers, however, could not determine if there was increase in the level of wine
acidity after the fermentation process using pH value as the determinant [25].

Titratable acid

Wines contain organic acids which come from its fruit source. However, many other
acids are formed during and after the alcoholic fermentation [26]. To determine the
quantity of titratable acid (TA) in the wines produced from jackfruit co-products, a
procedure known as acid-base titration was performed. In the wine making industry, the
regulations dictate the minimum acid levels of 0.5 percent in table wines if the must or

wine is ameliorated. Most of the commercially produced wines contain acid levels in the
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range of 0.6 to 0.9 percent [27]. In this study, results showed that wines from seed coat
(T1) and pith (T2) had acceptable titratable acid values of 0.53% and 0.50%,
respectively. Wine from the peel (T4) even had a TA value of 0.44%, which is already
near the minimum acceptable level. These results suggest that the seed coat, pith and

peel of jackfruit are potential materials in the production of wine [28].
Conclusion

Based on the results of the study, it can be concluded that:

1. The jackfruit co-products are potential materials that can be processed into wine
because even only after two weeks of fermentation, the wine products already
got mean general acceptability ratings above 5.0.

2. The sensory qualities of the jackfruit wine were not influenced by the type of
co-products used for the processing of wine. Thus, any of the jackfruit
co-products are potential materials for the processing of wine.

3. Wine from jackfruit co-products had acceptability ratings between 5.0 (neither
like nor dislike) to 6.2 (like slightly), which indicates that there is still a need to

improve the process of wine production to improve its acceptability.
Recommendation

This study focused on the production and quality evaluation of wine from jackfruit
co-products (seed coat, pith, rags, peel, and over ripe pulp), which are not the usual
materials used in producing wine. This suggests that there is still a need to study further
the following aspects to improve the quality of the wine from jackfruit co-products:

1. Duration of the fermentation and aging process;

2. Production of wine from a mixture of jackfruit co-products;

3. Evaluation of the wine’s sensory qualities by experts in wine tasting.
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AB.STRACT . . . . . . . ARTICLE HISTORY
Brain iron accumulation increases with age and this is more common in patients with Received
neurodegenerative diseases such as Parkinson's disease. Also iron overload in addition to zinc 24 February 2021
accompanies with plaques containing B-amyloid (AP) of Alzheimer’s Disease. The blood- Accepted

brain barrier (BBB) is a dynamic interface between the blood and the brain that plays an 30 March 2021
important role in maintaining central nervous system (CNS) homeostasis.

In our study, protective effects of vitamin C and folic acid against iron overload in the in vitro KEY WORDS
blood-brain barrier model were investigated. Four different groups were created for the Vitamin C,
experimental procedure: 1) Control, 2) FeSQO4, 3) FeSO4 + Vit C, 4) FeSO, + Folic acid for TOI'C acid,
toxicity experiments. After iron overload, permeability differences of Vitamin C and folic g%gg\llﬁgi?magérrier
acid in vitro BBB model were assayed using Bovine Serum Albumin (BSA) Bradford protein

assay. Both substances were found to have a protective effect against iron sulphate-induced

damage. Also, vitamin C and folic acid significantly decrease the permeability after

increasing caused by iron sulfate in BBB model. Considering the toxic effects of high

concentrations of vitamin C, systemic effects of folic acid should also be investigated by in

vivo studies to compare with vitamin C in ageing.

Introduction

The blood-brain barrier (BBB) is a dynamic interface between the blood and the brain
that plays an important role in maintaining central nervous system (CNS) homeostasis.
Endothelial cells are interconnected by tight junctions that are critical both for the control
of BBB vascular permeability and for the protection of the brain from various circulating
toxins and other harmful molecules [1, 2]. Astrocytes and pericytes also contribute to the
formation and maintenance of BBB [3].

The major functions of BBB are: (1) maintaining different ionic composition required for

neuronal function, (2) special neurotransmitter pool, (3) low protein concentration, (4)
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preventing toxin exposure leading to neuronal damage, (5) reducing the traffic of
molecules and inflammatory cells to prevent local inflammation [4, 5].

Iron ions serving as transition metal molecules that catalyze hydroxyl radical production
through the Fenton reaction and Haber-Weiss cycle, accumulate in neurons, astrocytes
and microglia, causing neuron death [4]. It is known that damage due to reactive oxygen
species (ROS) and nitric oxide (NO) causes diseases such as cancer and Alzheimer's
disease (AD) [3, 6].

Vitamin C, which cannot be physiologically synthesized by humans and primates, can be
synthesized endogenously by some mammals (e.g., mouse and rat) [7]. Vitamin C, a
water-soluble vitamin, should be taken in a daily diet. Vitamin C is involved in critical
pathways for the body, such as protecting the integrity of vascular and connective tissue,
inhibition of lipid peroxidation and acts as a scavenger of free radicals in the brain [7, 8].
Folate plays an important role as a cofactor or coenzyme in the maintenance and repair
of the genome, regulation of gene expression, amino acid metabolism, myelin formation
and neurotransmitter synthesis [8]. Folate is hydrophilic vitamin of the B complex,
deficiency of which results in some disease such as hyperhomocysteinaemia, cerebral
folate deficiency syndrome [8].

In our study, protective effects of vitamin C and folic acid against iron overload in the in

vitro blood-brain barrier model were investigated.

Materials and Methods

in vitro Blood-Brain Barrier

ECV304 (ATCC® CRL—1998 ™) human umbilical vein endothelial cell line was used for
the in vitro blood-barrier model. DMEM (Dulbecco’s Modified Eagled Medium/High
Glucose, DMEM/High, Gibco 41966) including 10% fetal bovine serum (Gibco
10270106) and 1% penicillin-streptomycin (Gibco 15070063) was used as ECV304
medium. To produce monolayer-barrier models, 5x10* ECV304 cells were seeded in 1
ml of DMEM into the top well of the transwell plate (Costar 3450, 6-well polyester filter).
3 ml of DMEM was added to the bottom well of the plate [9].

Toxicity Studies

Four different groups were created for the experimental procedure: 1) Control, 2) FeSOa,
3) FeSO4 + Vit C, 4) FeSO4 + Folic acid. For first group, ECV304 cells incubated with
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only medium. On the other groups, 250 pl from 1mM FeSOs solution and 750 ul DMEM
were added and incubated with ECV304 cells during o/n. While in the third group firstly
100 pg/ml Vitamin C (Selenovita-C) for 24 hours then FeSO4 were added, in the last
group after 100ug/ml folic acid (Folbiol (5 mg) resolved in 1 ml DMSO and diluted with
DMEM medium) 24 hours incubation, FeSO4 was added. All group were incubated 24
hours.

Trypan Blue Cell Viability

All goups were washed with serum-free medium. Then incubated with trypan blue
solution for 5-15 min. Cells were then washed three times with DMEM with 0.1% BSA,
and the number of dead cells staining blue was counted under a phase-contrast microscope
[10].

Permeability Measurement

After iron overload, permeability differences of Vitamin C and folic acid in vitro BBB
model were assayed using Bovine Serum Albumin (BSA) Bradford Protein Assay Kit
protocol according to manufacturer instructions (Bio Basic Inc, SK3031). After creating
the BSA standard curve, 110 ug/ml BSA, serum free medium solution was added to the
upper well of the transwell. In the 30" and 60" minutes, 20 pl sample was collected from
both the upper and lower wells to the eppendorfs. 200 ul of Bradford Reagent (BioBasic)
was added to each sample. It was also turned in a shaker for 30 seconds and incubated for
10 minutes at room temperature. After incubation, their absorbances were measured in
595 nm.

Permeability was analyzed according to the formula below [11].

Papp (cm/s) = (Concentration of basal compartment ([C]g) x Volume of basal
compartment (Vg)) / the surface area available for permeability (A) x Concentration of

apical compartment ([C]a) X t)
Results and Discussion

In this study, protective efffects of vitamin C and folic acid against iron sulfate-induced
damage in the blood-brain barrier model were investigated. Trypan blue cell viability
results of 4 groups were shown in Figure 1. As shown in Figure 1B by the arrows on the
barrier model after FeSO4exposure, decreased cell adhesion and dead cell density stained

with trypan blue indicate the damage caused by FeSOa.
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Lockman et al. showed that iron causes oxidative damage and destruction in the in vitro
blood-brain barrier model [12]. Another effect of oxidative stress on BBB decreases
matrix metalloproteinases (MMP-1, -2 and -9) inhibitors and protein tyrosine kinase
(PTK) inhibitors. It is known that the increase in MMPs and PTK activities is parallel to
the disruption in tight junction (TJ) proteins [13]. Decreasing of intercellular tight
junctions increases the permeability in blood-brain barrier.

Brain iron accumulation increases with age and this is more common in patients with
neurodegenerative diseases such as Parkinson's disease [14]. Parkinson's patients have
been shown that their iron levels in the substantia nigra increase in the patients compared
to controls [3]. The elevation of chronic ferritin has been shown to result in age-related
progressive neurodegeneration of neurons containing midbrain dopamine. Iron overload
in addition to zinc accompanies with plaques containing 3-amyloid (AP) of AD [3].

In addition to Parkinson's Disease, it has been observed that oxidative stress leads and
aggravates the course of the disease in diseases such as Alzheimer's, ALS, and MS. It has
been reported that brain damage is triggered by increased damage and permeability in the
BBB [15].

Regulation of iron homeostasis includes many steps that control iron transport, storage
and regulation. Although iron ion plays an important role in many biochemical processes
such as neurotransmitter synthesis, myelination, oxygen transport and cell division, it is
known to cause toxic effects at high doses [15]. Increased amount of iron ions in cells
contributes to the production of reactive oxygen species (ROS) through Fenton reaction
[4].

Vitamin C has been shown to have a protective effect on the blood-brain barrier [16].
Vitamin C, in the form of deaccorbic acid, is known to increase the antioxidant capacity
in the central nervous system by crossing the blood-brain barrier via glucose transporter
protein 1 (GLUT1) [17]. Folic acid, a water-soluble vitamin, is essential for DNA
synthesis, repair and methylation in the cell. It is known that folic acid has anticancer,
cardiovascular and neuroprotective effects. Folic acid deficiency can affect various
processes in the body, including loss of extracellular matrix component collagen and

disruption of the blood-brain barrier [18].

356



In Figure 1C and 1D, barrier models that are exposed to metal after 24 hours incubation
with vitamin C and folic acid, respectively, are shown. Compared to the damage seen in

Figure 1B, both substances have protective effects against iron sulphate-induced damage.

Fig 1 A. Microscope image of a monolayer blood-brain barrier model after trypan blue staining,
B. ECV304 cells incubated with FeSQ,, C. After vitamin incubation for 24 hours, FeSO4 was
added. D. Folic acid incubation for 24 hours then FeSO4 was added

As seen in the graph given in Figure 2, iron sulfate increases barrier permeability.
Increased BSA transition indicates reducing cell-cell interactions and barrier damage.
Also it is seen that vitamin C and folic acid significantly decrease the permeability after
increasing caused by iron sulfate. Both folic acid and Vitamin C were found to have

similar protective effects compared to each other.
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Fig 2 Effects of iron overload, vitamin C and folic acid on BSA permeability in a monolayer
blood-brain barrier model

Conclusion

Vitamin C accumulates in the central nervous system and its level in the brain is much
higher than in plasma or other organs. Plasma vitamin C levels are lower in AD patients
than healthy individuals. Vitamin C has been shown to have a protective effect on the
blood-brain barrier. However, mechanisms of folic acid against iron overload in blood-
brain barrier are unknown. It has been shown in vitro that folic acid supplementation may
have a protective effect against increasing Fe concentration in the brain with aging.
Considering the toxic effects of high concentrations of vitamin C, systemic effects of folic
acid should also be investigated by in vivo studies to compare with vitamin C in ageing.

Abbreviations
AD: Alzheimer's disease; BBB: The blood-brain barrier; BSA: Bovine Serum Albumin
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ABSTRACT ARTICLE HISTORY
Natural products have a key role for drug discovery in pharmacology and medicine. Prunus Received
spinosa L. (blackthorn) grown in Canakkale province in western Turkey, is known as a iiiggg:(;y 2021

medicinal plant, a rich source of biologically active compounds such as phenolics, flavonoids
and anthocyanidins. The flower and fruit extracts of the plant are subjects of many studies, but
they usually lack details of its potential for bio-inhibition studies. Thus, this study aimed to
investigate the antioxidant, enzyme inhibition and antiproliferative activity studies of the
methanol, ethyl acetate, dichloromethane, and n-hexane extracts of the plant. The ethyl acetate KEY WORDS
and methanol extracts showed better antioxidant activity with DPPH, FRAP, CUPRAC, and  Prunusspinosal.,
TEAC assays. Enzyme inhibition studies of the extracts were performed using f-lactamase, e':;%’er::e'snh'b't'on‘
proteases and tyrosinase. The methanol (FL) and ethyl acetate (FL and L) extracts at the Eytotoxicity,
concentration of 10 mg/mL, displayed better inhibition against a-chymotrypsin, trypsin, and  antioxidant
papain with values of 22.6%, 34.7% and 92.1%, respectively. Furthermore, the methanol and

ethyl acetate extracts have displayed higher cytotoxic effect against cancer cells such as Hep3B

and HT29 compared to healthy cells (HUVEC) using MTT assay. The findings suggest that P.

spinosa L. extracts and their components may be potential for further investigations of novel

drug candidates from natural sources.

18 March 2021

Introduction

Medicinal plants that are generally used in the health area, are the most important primary
sources of naturally occurring bioactive compounds in the pharmaceutical industry [1].
There is an increasing interest to use these plants to prevent and treat chronic diseases
like cardiovascular (CVD) [2,3]. Therefore, searches must continue to find valuable lead

compounds from medicinal and aromatic plants [4]. Up to now, it was calculated that
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about 40% drugs in the pharmaceutical markets are derived from plant bioactive
components [5]. There are numerous medicinal plants that have not been investigated by
the researchers. Among those plants, Prunus spinosa L. possesses effective and valuable
secondary metabolites [5,6] for which limited information is available. P. spinosa L.
(Blackthorn or sloe, and also its name is “¢akal erigi” in Turkish) which belongs to the
Rosaceae family, is growing worldwide [6,7]. The taxonomy of the genus is complicated
due to polymorphism and wide ecological tolerance of the species. There has been no
taxonomic study of genus Prunus in Turkey since Browicz’s work, so it is indicated that
the studies are not enough to understand its genus and species [8,9]. It is widely used as
a source of natural bioactives which have an important role to prevent diseases such as
cardiac, hypertensive etc. [3]. It has reported that its leaves and flowers are used for
constipation and diuretic and also flowers are used as laxatives in Turkey [7]. According
to ethnopharmacological sources, the researchers have been interested in the flowers of
this plant due to its medicinal usages such as vasoprotective, diuretic, anti-inflammatory
and, spasmolytic activities [5,10,11]. The fruits of the plant have also been used for mild
inflammation of oral and pharyngeal mucosa [3,5,6]. Based on the literature reports,
highly rich biologically active compounds such as flavonoids, a large group of secondary
metabolites, have been identified in P. spinosa L. extracts. Especially anthocyanins are
present in the fruits and flowers of the plant. The active extracts were demonstrated for
its importance on human health [10,12,13]. The proanthocyanidins that are known with
their antioxidant activity, anti-inflammatory, and enzyme inhibition, have been
investigated in blackthorns [14]. Furthermore, total phenolics and antioxidant activities
of the fruit and flower extracts from some Prunus species including P. spinosa L. have
been investigated in several studies by Folin-Ciocalteu (FC) method and DPPH, ABTS
and, FRAP assays.

The enzyme inhibitory potentials of the compounds in the extracts can be determined with
the therapeutically important enzymes to find the new inhibitors for drug discovery
program. For instance, proteases can be given as an example due to their over activity in
diseases such as cancer and relationship with neurodegenerative disorders, inflammatory,
cardiovascular, and viral diseases [15-17]. The cellular roles of proteases make them
prime targets in drug developments. Such important roles have been highlighted in

previous works [15-17]. Inhibitors of serine proteases derived from various plants have
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been reported for their roles as repressors in tumor cell growth [18-20]. Another example
Is tyrosinase that possesses a role in melanin synthesis. In hyperpigmentation,
hydroxylation from L-tyrosine to 3,4-dihydroxyphenylalanine (L-DOPA) is catalyzed by
tyrosinase and tyrosinase like enzymes [21]. The overproduction of melanin results in
discoloration. Therefore, finding effective tyrosinase inhibitors is of prime importance for
developing skin whitening agents [22,23]. Recently, the researchers have focused on the
determination of new tyrosinase inhibitors from natural sources like plants for medicinal,
cosmetic and food industries due to their bioavailability and non-toxic properties on
human health [24-27]. Different extracts obtained from leaves of Prunus species were
investigated for their tyrosinase enzyme inhibition activities and compared to other plant
extracts [28]. Anti-tyrosinase activities at low doses of valuable plant bioactive
components including coumarins, anthocyanidins, chalcones, flavanols etc. were
reviewed in the latest study [29]. Lastly, p-lactam antibiotics including penicillin
derivatives are well known antibiotic drugs. s-Lactamases that hydrolyzes g-lactam rings
are important enzymes whose inhibitors like clavulanic acid, tazobactam and sulbactam
are preferred for the studies of drug discovery and development [30,31]. Therefore,
identification of natural inhibitors or synthetic derivatives and their combination with /-
lactamase inhibitors have gained an interest to prevent infectious diseases. To determine
new bioactive inhibitors from medicinal plants such as leaves of P. africana, anti f-
lactamase activity of the extracts was investigated in the literature [32]. As stated, plant
components could be proposed as an important source for enzyme inhibition studies [21].
Consequently, there are much needed novel enzyme inhibitors from medicinal plants for
prevention of those diseases and to be used in the food and cosmetic industry and
biotechnological applications. Antitumor potential of P. spinosa L. was also investigated
and associated with the enriched phenolic compounds in the fruit extracts [33,34]. In
addition, water extract obtained from the fruit of P. spinosa was investigated for its
apoptotic effect against human colon carcinoma cell line (HT29) with dose- and time-
response studies [33]. It is considered that P. spinosa L. extracts especially isolated from
flower gains importance for the treatment of cancer due to these limited, but promising
in vitro results.

In the light of these explanations, this study aimed to investigate the biologically active

extracts such as flowers, fruits and leaves of P. spinosa L growing in Turkey (Fig. 1). The
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content of total phenolics and antioxidant activities of the extracts were evaluated by
using Folin Ciocalteu method and DPPH (1,1-diphenyl-2-picrylhydrazyl), CUPRAC
(Cupric Reducing Antioxidant Capacity), FRAP (Ferric Reducing Antioxidant Power)
and TEAC (Trolox Equivalent Antioxidant Capacity with ABTS radical cation) assays.
Enzyme inhibitory potentials of the extracts were performed against selected enzymes
including proteases (trypsin, a-chymotrypsin, and papain), tyrosinase and g —lactamase.
Antiproliferative activities of the extracts on Hep3B (human hepatoma cell line), HT29
(human colon carcinoma cell line) and HUVEC (primary human umbilical vein
endothelial cells) were succesfully carried out. To our knowledge, this is the first study
that is based on the combination of antioxidant, enzyme inhibition and antiproliferative

activities of valuable P. spinosa L extracts.

Fig 1 Flowers, fruits and leaves of Prunus spinosa L.

Materials and methods

Chemicals and reagents

HPLC grade solvents including n-hexane, dichloromethane, ethyl acetate, methanol,
DMSO were purchased from Sigma-Aldrich and Merck. Biological activity reagents were
indicated in our previously reported study; the reference was given in the experimental
section. Additionally, human hepatoma carcinoma (Hep3B) and human colon carcinoma
(HT-29) cell lines were provided from Cardiff University and Animal Cell Culture
Collection (HUKUK, Ankara, Turkey), respectively. HUVEC (Human Umbilical Vein
Endothelial Cells) was provided from Bilkent University, Ankara, Turkey). Dulbecco's
modified Eagle's medium (DMEM), L-Glutamine, trypsin/ethylenediaminetetraacetic
acid (EDTA) solution and, Fetal Calf Serum (FCS) were from Gibco (USA). Silica gel
plates (0.25 mm, 60GF 254 ) were used to perform qualitative analysis with DPPH

spraying.
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Plant material and preparation of the extracts

Prunus spinosa L. was collected from Panayir place-Ayvacik which is a town and district
of Canakkale in Turkey. The geographic coordinates of Ayvacik are 39° 36' 4" North, 26°
24" 17" East. All parts were identified in the Herbarium Application Research Center and
Botanic Garden of Canakkale Onsekiz Mart University. Taxon's name was recorded as
P. spinosa L. subsp. dasyphylla (Schur) Domain and the altitude was defined as 270 m.
It spreads in the bushes and under the forest. It scatters up to 1700 m above sea level. To
prepare the plant extract, all parts that were dried without sunlight in the air, were grinded
by a blinder and stored at +4 °C in the refrigerator. The extraction was performed with
different solvents including n-hexane, dichloromethane, ethyl acetate and methanol,
respectively, by Soxhlet extraction. The solvents were removed by using a rotary
evaporator under vacuum and stored at +4 °C for further analysis.

Phenolic content determination

To determine the total phenolics, the most known method was applied to plant samples
by using Folin-Ciocalteu (F-C) reagent. The details were reported in our previous studies
[35,36]. The concentration of the extracts was prepared as 1 mg/mL. Ferulic acid was
used for preparing a standard calibration curve. Total phenolic contents of the extracts
were measured at 725 nm by spectrophotometrically using the Perkin Elmer lambda 25
UV spectrophotometer. The data was expressed as mg ferulic acid/100 g extract.
Determination of antioxidant activity

Qualitative analysis

Firstly, plant extracts were analyzed qualitatively using thin layer chromatography (TLC).
To detect the active extracts, DPPH solution (4 mg/50 mL in methanol) was prepared.
Then, each extract was run on silica gel plates in the mix of proper solvents using n-
hexane/ethyl acetate and dichloromethane/methanol and sprayed by DPPH solution. The
changings of color from purple to yellow were observed at 254 nm following 30 min
(Camag UV Cabinet 4). Hereby, active extracts were successfully determined with this
assay [36,37].

Quantitative analysis

For antioxidant activity studies, we used DPPH, CUPRAC, FRAP and TEAC assays.
DPPH radical scavenging activity was carried out with small modifications by the method

of Shoeb et al. 2007 as described in our previous work [36,38]. For this purpose, the serial
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dilutions (1-0.001 mg/mL) were prepared to be used in the assays. Then, sample solution
(500 pL) was treated with DPPH solution (500 puL; 8 mg/100 mL in methanol) for half
an hour and the absorbance values were determined at 517 nm spectrophotometrically.
ICso values for each solution were determined and then, scanning using a DPPH solution
was performed in the range of proper concentrations to identify the most active value.
Quercetin was used as a positive standard. CUPRAC assay was implemented according
to the literature [39]. Briefly, freshly prepared samples at 0.1 mg/mL concentrations were
reacted with copper (I1) chloride, alcoholic solution of neocuproine and buffer solution
with ammonium acetate for half an hour at the room temperature. The measurement of
the absorbances was performed at 450 nm. Quercetin was used as a standard. The data
was determined as quercetin equivalent flavonoid concentration. FRAP assay was
performed with small modifications [40]. In brief, freshly prepared working solution
using TPTZ, ferric chloride, acetate buffer was reacted with 500 uL sample (0.1 mg/mL)
and stood at 37 °C for 10 min and then, the absorbance values were determined at 593
nm. To prepare the standard curve, FeSO4.7H20 was used. FRAP values were identified
as mmol Fe*?/g of sample. Finally, TEAC assay was applied to the prepared solutions of
the extracts according to the literature [41]. In this assay, the experiment was performed
using ABTS radical cation. The absorbances for different volumes (50, 75 and 100 uL)
of the solutions (1 mg/mL) were determined at 734 nm to calculate the percentage of
inhibitions.

Determination of enzyme inhibitory potentials of the extracts

To evaluate the enzyme inhibitory potentials with various enzymes containing proteases
(a-chymotrypsin, trypsin and, papain), tyrosinase and p-lactamase (penicillinase), the
experiment was performed by the method of Rahman et al. 2001 [42]. Detailed procedure
was also given in our reported study [43]. Stock (10 mg/mL) and diluted (1 mg/mL)
solutions for all the parts of the plant were used in the assays. The experiment was
conducted in a 96-well plate and total volume was determined as 200 pL. The
absorbances were measured by using Molecular Devices Spectramax Plus 384 ELISA
microplate reader. Control reactions using PMSF as a positive control were run without
inhibitors.

Protease inhibition assay was applied to the extracts using a-chymotrypsin, trypsin and,

papain with their specific chromogenic substrates [43]. The optimized volumes for a-
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chymotrypsin, trypsin and papain were determined as enzyme (50 pL), Tris-HCI buffer
(pH 7.5) (40 pL), sample (10 pL and 30 pL for papain) and substrate (100 pL). The
absorbances of the mixtures incubated at 37 °C were measured at 410 nm. Tyrosinase
inhibition assay was applied like protease inhibition assay. Briefly, the experiment was
carried out using a dopachrome method in which L-DOPA was used as a substrate. The
reaction was held at 25 °C for 10 min and activity of tyrosinase was measured
spectrophotometrically at 475 nm. S-Lactamase inhibition assay that was similar to
protease assay, was performed by using penicillinase and nitrocefin. The conditions for 1
mg/mL solutions of the plant extracts were optimized as enzyme (10 uL), Tris-HCI buffer
(pH 7.5) (160 pL), sample (10 uL) and substrate (20 pL) for this assay. The volume of
the sample (10 mg/mL) was increased from 10 pL to 50 pL. After 10 min incubation at
30 °C, the absorbance was determined at 495 nm.

Cell viability

To investigate the antiproliferative activities of the extracts, the most-known method
(MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)) was applied.
Firstly, Hep3B, HT29 and, HUVEC cells were used (50.000 cells in each 96-well) and,
cultured overnight at 37 °C in a humidified incubator (5% (v/v) CO: in air). Then, the
cells were treated with different concentrations (1000 pg/mL, 500 pg/mL, 250 pg/mL,
125 pg/mL, 62.5 pg/mL in DMSO) of the extracts for 24 h and 48 h. According to our

study, the method was carried out [43].
Results

Phenolic contents in the extracts

The total phenolics of P. spinosa L. for all extracts was calculated for the first time
according to Velioglu's method as equivalent to ferulic acid [35]. The higher amounts of
phenolics were found in the extracts of methanol (FR) (19.00 = 0.01 mg FAE/100 g
extract), ethyl acetate (FL) (15.00 £ 0.01 mg FAE/100 g extract), and methanol (FL)
(12.70 £ 0.12 mg FAE/100 g extract). On the other hand, dichloromethane extracts
obtained from flowers and leaves of the plant possessed the lower phenolics (Table 2). In
this study, total phenolic content possessed the highest value following Soxhlet extraction
with methanol due to the efficiency of the solvent polarity. Table 1 shows that the total

phenolics in n-hexane extracts (FL, FR and L) were significantly higher than
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dichloromethane extracts that were found between 0.40 + 0.03 mg FAE/g and 2.50 + 0.08
mg FAE/qg.

Antioxidant activity

Qualitative analysis

Before investigation of the extracts in biological studies, the method is based on the
reduction of 2,2-diphenyl-1-picrylhydrazyl free radical, the active extracts including
strong antioxidants give the yellow spots on the TLC plates, was successfully applied to
the extract solutions obtained from P. spinosa L. and changings of the colors were
observed following the spray with DPPH solution. According to our observations, the
spots on TLC plates for active extracts such as ethyl acetate and methanol extracts of
flower, leaves and fruit and n-hexane extract (L) of the plant changed from purple to white
and yellow.

Quantitative analysis

Determining the radical scavenging activities of the P. spinosa L. extracts, well-known
SET based methods such as DPPH, ABTS, FRAP and CUPRAC were used. The
alterations of the solvent polarity, extraction method and the type of assay can affect the
results of antioxidant activities (Table 1). Following the qualitative analysis of plant
extracts using DPPH, inhibitory concentrations (ICso) of the different concentrations
prepared from extracts were determined as mg/mL by the measurement of absorbances at
517 nm. According to the results of DPPH assay, the highest antioxidant capacity was
provided by ethyl acetate extracts (FR =327 + 0.13 pg/mL, FL =387 + 0.08 ug/mL, L =
463 £+ 0.08 pg/mL) and methanol extracts (FL = 476 £+ 0.06 pg/mL, FR = 480 + 0.05
ug/mL), except methanol extract (L = 830 + 0.02 pg/mL) that was determined with its
highly phenolic content. Then, it was followed by dichloromethane and n-hexane extracts.
In CUPRAC assay, the highest activity as quercetin equivalent flavonoid concentration
was observed in ethyl acetate (FR) (0.36 = 0.01) and n-hexane (FL) (0.34 £ 0.05) extracts,
respectively. However, increasing activity between CUPRAC values of methanol flower
and fruit extracts have not been determined. As given in the results of FRAP assay,
methanol (L) (666.30 = 0.01 mM Fe*?) and dichloromethane (FR) (651.00 £+ 0.06 mM
Fe*?) extracts displayed better scavenging activity. According to ABTS assay, the similar
results have been determined in methanol (FR) and ethyl acetate extracts (FR). The values
were between 151.03 = 7.90 and 136.87 + 9.71 mM Tr/g. The highest percentage of
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inhibition values for sample volume (100 pL) were obtained with methanol and ethyl
acetate extracts, 48.94% and 54.16%, respectively. In conclusion, methanol and ethyl
acetate extracts showed higher antioxidant activity as a dose-dependent manner,
compared to other extracts. The ability of scavenging free radicals and reduction of metal
ions of active extracts has been explained clearly by the synergic effects of the
components. These results were shown in Table 1. It should be noted that antioxidant

assay may not generally correlate with each other.

Table 1 Total phenolic content and antioxidant activities of P. spinosa L. extracts

M-FL 12.70 £ 0.12 476 +0.06 0.16 £ 0.01 518.20 £ 0.01 142.19 £2.39
M-FR 19.00 £ 0.01 480 +0.05 0.18 £0.02 273.80 £ 0.01 149.46 £ 15.11
M-L 9.00 £ 0.01 830 +£0.02 0.30 £0.01 666.30 £ 0.01 136.87 £9.71
EAA-FL 15.00 £ 0.01 387 +£0.08 0.25+0.02 423.30+0.01 144.57 £ 9.66
EAA-FR 1.25+£0.04 327+0.13 0.36 £0.01 570.90 + 0.03 151.03 +£7.90
EAA-L 12.50 £ 0.07 463 +0.08 0.27+0.02 378.50 £0.02 144.62 £5.16
DCM-FL 0.40+0.02 580+ 0.01 - - 142.17 £ 16.81
DCM-FR 2.50£0.08 670 + 0.04 0.09 +£0.01 651.00 £ 0.06 138.59 £11.45
DCM-L 0.40+0.03 800 +0.02 0.17+0.02 320.00 £ 0.01 45.64 +10.30
H-FL 0.80 £ 0.00 850+ 0.01 0.34+£0.05 235.50 £0.01 73.33 +4.89
H-FR 0.80+0.01 1000 £ 0.02 - - 15.52 + 3.64
H-L 3.80+0.01 970 +£0.03 - - 22.36 £3.99

M-FL: Methanol Flower; M-FR: Methanol Fruit; M-L: Methanol Leave; EAA-FL: Ethyl Acetate
Flower; EAA-FR: Ethyl Acetate Fruit; EAA-L: Ethyl Acetate Leave; DCM-FL: Dichloromethane
Flower; DCM-FR: Dichloromethane Fruit; DCM-L: Dichloromethane Leave; H-FL: n-Hexane
Flower; H-FR: n-Hexane Fruit; H-L: n-Hexane Leave. Total Phenolic Content (TPC). Data is
expressed as mg of ferulic acid equivalent (FAE)/100 g of extract. ’Data is expressed as the value
of percentage of DPPH inhibition (%). “Data is expressed as the IC50 value of DPPH (pg/mL)
dCUPRAC (QERFC) (Quercetin equivalent of flavonoid concentration). ¢Data is expressed as
mM Fe*?/g extract. 'Data is expressed as mM of Trolox equivalent per gram of sample. The results
are expressed as mean + standard error

Enzyme inhibition studies

In this study, proteases, tyrosinase and fS-lactamase enzymes inhibitory potentials of the
extracts of P. spinosa L. were determined via using different reaction temperatures (25
°C and 37 °C) and different wavelengths in a microplate reader. Among the reactions,

maximal velocity (Vmax) values as milliunits per min for each of extracts were
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determined and inhibition values (%) were calculated by using these values. According
to protease enzyme inhibition results as given in Table 3, methanol extract (L)
demonstrated that the highest inhibition (20.77%) against a-chymotrypsin when
compared to methanol extract (FL) (0.39%) at 1 mg/mL solutions on the contrary of 10
mg/mL dose of the same extracts. In the reaction rate graph, Vmax values obtained with
trypsin enzyme were determined as 74.22 (inhibition of 9.50%) and 183.30 (inhibition of
34.70%) for 1 and 10 mg/mL doses of flower methanol and ethyl acetate extracts,
respectively. This correlation was similar to the inhibition of papain enzyme with

methanol (FR) and ethyl acetate (FL) extracts in papain enzyme inhibition study.

Table 2 Proteases enzyme inhibition of P. spinosa L. extracts

Extracts a-Chymotrypsin Trypsin Papain
1 mg/mL 10 mg/mL 1 mg/mL 10 mg/mL 1 mg/mL 10 mg/mL

Vmax | % Inh | Vmax | % Inh Vmax % Inh Vmax % Inh Vmax % Inh Vmax % Inh
M-FL 38.06 0.39 4361 | 22.67 74.22 9.50 359.00 - 32.92 5.15 13.08 77.34
M-FR 35.32 5.34 69.54 | 14.25 80.64 1.68 285.00 - 21.07 39.29 34.95 39.45
M-L 3040 | 20.77 | 7155 | 11.78 76.62 6.58 289.00 - 27.01 22.18 19.29 66.58
EAA-FL 39.32 - 21.66 20.36 77.45 5.57 183.30 34.70 28.29 18.49
EAA-FR 36.60 4.61 21.15 | 22.24 94.08 - 220.70 21.34 32.52 6.30 20.67 64.19
EAA-L 38.88 - 21.60 20.58 89.00 - 221.20 21.20 27.55 20.62 4.56 92.10
CT 34.82 57.74

M-FL: Methanol Flower; M-FR: Methanol Fruit; M-L: Methanol Leave; EAA-FL: Ethyl Acetate
Flower; EAA-FR: Ethyl Acetate Fruit; EAA-L: Ethyl Acetate Leave; CT-Control; Inh: Inhibition;

- (dashed line) indicates no inhibition. Asterisk (*) indicates the volume of sample as 10 pL in
the reaction. Control includes (enzyme + substrate + DMSO + buffer solution). Extract includes
(enzyme + sample solution + substrate + buffer solution)

In tyrosinase enzyme assay, the major inhibition was determined with methanol (FR and
L) extracts for 1 and 10 mg/mL doses, respectively. Although some of the extracts
obtained higher Vmax values at 1 mg/mL, there was no inhibition against penicillinase
enzyme (S-lactamase), the inhibition by all the extracts was provided with changing
values from 7.79% to 12.85%. When n-hexane extracts (FL, FR and L) were applied to
the reaction media containing enzyme and its chromogenic substrate, n-hexane extract
(FL) showed inhibitory activity against proteases, tyrosinase and penicillinase enzymes
at 1 and 10 mg/mL doses (Table 2,3). According to the literature, enzyme inhibitory

abilities of blackthorns can be associated with proanthocyanidins [31].
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Table 3 Tyrosinase and penicillinase enzyme inhibition of P. spinosa L. extracts

1 mg/mL 10 mg/mL 1 mg/mL 10 mg/mL
Vmax | % Inh. Vmax % Inh. Vmax | % Inh. | Vmax % Inh.
M-FL 73.01 - 44.15 16.14 68.63 3.66 68.59 8.35
M-FR 57.87 13.53 43.36 17.64 80.99 - 67.68 9.56
M-L 61.33 8.36 33.02 37.28 76.19 - 67.86 9.32
EAA-FL 61.42 8.23 36.31 31.03 69.15 2.93 65.22 12.85
EAA-FR 61.55 8.03 39.38 25.20 73.68 - 66.82 10.71
EAA-L 64.67 3.38 36.82 30.06 72.11 - 69.01 7.79
H-FL 62.21 7.05 56.86 - 72.60 - 44.38* 15.20*
CT 66.94 - 65.00 - 71.25 - 71.25 -

M-FL: Methanol Flower; M-FR: Methanol Fruit; M-L: Methanol Leave; EAA-FL: Ethyl Acetate
Flower; EAA-FR: Ethyl Acetate Fruit; EAA-L: Ethyl Acetate Leave; Hexane Flower; CT-
Control; Inh: Inhibition; - (dashed line) indicates no inhibition. Asterisk (*) indicates the volume
of sample as 50 pL in the reaction. Control includes (enzyme + substrate + DMSO + buffer
solution). Extract includes (enzyme + sample solution + substrate + buffer solution)

Antiproliferative activity of P. spinosa L. extracts

To investigate the antiproliferative activities of P. spinosa L. extracts on Hep3B and
HT29 cancer cells and HUVEC cells at various concentrations for the treatment of 24 h
and 48 h. For this reason, we evaluated in vitro cell growth of the cancer cells at increasing
doses of each extracts. When the extracts were applied to the cells at five different
concentrations that were changing from 62.5 to 1000 pg/mL, the cell growth was
inhibited at proper dose of the extracts. For instance, although the cytotoxicity of all
methanol extracts on HT29 cancer cells was observed for all doses at two different time
points, the components of methanol (FL and L) extracts inhibited the cell growth as a
dose-dependent (between 250 and 1000 pg/mL) for 24 h compared to DMSO as a positive
control. However, the effect of methanol (FR) extract on HT29 cancer cells significantly
reduced the cell viability at 1000 pg/mL for 24 h and 48 h treatments. Also, the percentage
of cell viability of methanol extracts (FR) was found as approximately 60% and 50% on
HT29 cancer cells at 62.5 and 1000 pg/mL doses in time-response manner study,

respectively. Whereas methanol extracts displayed different effects on Hep3B cells. The
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antiproliferative effect was observed at an active time points, especially for 48 h. The
methanol extract of fruit decreased the cell viability on Hep3B cells nearly 65% at 1000
ng/mL dose for 48 h. Most strikingly, methanol (L) extract showed dramatically
inhibition on cell viability of Hep3B cells for all doses for 48 h and the percentage of cell
viability was determined as 55% at 1000 pg/mL and 500 ug/mL doses. The methanol
extracts did not show any proliferative effect on healthy HUVEC cells. The inhibition
profiles of methanol and ethyl acetate extracts on HT29, Hep3B and HUVEC cells were
given in Fig 2-4.
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Fig 2 A. Antiproliferative effect of methanol extract (FL) on Hep3B and HT29 cancer cells and
HUVEC healthy cells. B. Antiproliferative effect of ethyl acetate extract (FL) on Hep3B and
HT29 cancer cells and HUVEC healthy cells
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In the cytotoxicity results of ethyl acetate extracts for all parts of P. spinosa L., there was
a major inhibition on cell viability of cancer cells. Although the ethyl acetate extract (L)
displayed linearly inhibition on HT29 cells from changing doses 62.5 to 1000 pg/mL for
24 h, the inhibition correlation was observed at 250, 500 and 1000 pg/mL doses on Hep3B
cells for 48 h. The ethyl acetate extract (FR) at 1000 pg/mL verified the cytotoxicity on
HT29 cells for 24 h and 48 h. Furthermore, the ethyl acetate extract (FL) showed the
antiproliferative effect on HT29 and Hep3B cells at 500 and 1000 ug/mL doses in time
response manner study with MTT assay (Fig. 2). When HT29 and Hep3B cells were
exposed to dichloromethane extract (FR) of P. spinosa L., significant inhibition was
determined at 250 pg/mL (approximately 50%) for 24 h (Fig. 5).
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Fig 5. Antiproliferative effect of dichloromethane extract (FR) on Hep3B and HT29 cancer cells
and HUVEC healthy cells. The decrease of cell viability on HT29 cancer cells was observed at
both 24 h and 48 h treatments between 62.5 and 1000 pg/mL doses. Whereas dichloromethane
extract displayed toxicity on healthy cells for 48 h. The cell viability on HUVEC cells at related
doses was remarkably decreased. These results may contribute to short time treatment like 24 h

Additionally, although n-hexane extracts (FL and L) reduced the cell viability of both
cancer cells at different doses, we observed the toxic effect on healthy cells. The methanol
and ethyl acetate extracts have a greater cytotoxic potential on studied cancer cells than
dichloromethane extracts (FL and L) and n-hexane extracts. Consequently, the decreasing

of cell viability on cancer cells were observed with dose- and time-dependent studies.
Discussion

Plant phenolics are known with their benefits to human health. They play an important
role for antioxidant activity. F-C reagent is used for determining the amount of phenolics

[44]. According to the literature findings, total phenol contents of P. spinosa L. extracts
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(FR and FL) were investigated by several researchers and the results were generally
expressed as equivalent to gallic acid [34,45-47]. In the literature, the total amounts of
phenolics in the extracts of P. spinosa L. have been indicated in alternative equivalents.
For instance, in one of the studies, the researchers reported the content of phenolics of
methanol extract prepared from fruits of the plant as equivalent to mg gallic acid (2548 +
18 mg GA/100 g extract) [47]. In the another study, the extracts including
dichloromethane, ethyl acetate, ethanol and water obtained from branches, leaves and
fruits of P. spinosa L. have been studied for determining antioxidant capacities and the
amount of total phenolics. The findings showed that the ethanol and ethyl acetate extracts
of branches (732.24 + 6.41 mg GA/g and 499.23 + 1.99 mg GA/g) and ethanol extract of
fruit (359.11 + 2.54 mg GA/g) had rich phenolic components. Some of the researchers
reported that the total phenolic amount of P. spinosa L. fruit samples obtained from
different solvents such as acetone, ethanol and water determined as changing values from
26.78 £4.44 t0 19.98 + 1.28 GAE/g dry weight [34]. Although the results were calculated
at different equivalents in this study, the phenolic content of methanol extract (FR) was
determined as 19.00 £ 0.01 FAE/100 g that was nearly similar to literature found
expressed as GAE [34]. However, synergism in the components of the extract may affect
results in the increasing values. Based on the obtained data, active extracts were
investigated with in vitro enzyme inhibition and cytotoxicity studies on cancer cells to
continue analyzing phytochemical behavior and anticancer potentials. To identify
qualitative analysis of antioxidant activity in the extracts, TLC that is a simple, easy, and
known method was carried out [36,37]. Indeed, the activity depends on the solvent
extraction changing polarity of the solvents and it is related with the studied parts of the
plant. When the different types of solvents were used, increasing activity was observed
on the results in in vitro applications. In conclusion, as it is understood from the
qualitative analysis, the methanol and ethyl acetate extracts of P. spinosa L. might
contribute to the major radical scavenging capacities with DPPH. In the previously
reported study, it was indicated that the extracts obtained from P. spinosa L. showed
changing antioxidant activity from low to moderate in the qualitative analysis with DPPH
[48]. Hydrogen Atom Transfer (HAT) and Single Electron Transfer (SET) have a role in
deactivation of radicals by antioxidants. To obtain more comparison results, the
antioxidant capacity was measured by using SET based methods in this study [49,50]. In
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one of the studies, the ethyl acetate extract (FL) of P. spinosa L. was identified with its
highly antioxidant activity in DPPH and FRAP assays compared to methanol extract [3].
Whereas the ethanol extract (FR) of P. spinosa L. possessed the good antioxidant activity
in DPPH (257.84 + 6.57 ug/mL), FRAP (0.10 + 0.01 Fe*?) and ABTS (184.43 + 3.88
ng/mL) assays than water and acetone extracts in a reported study [34]. The phenolic
compounds and DPPH scavenging activity correlation have been confirmed in one of the
reported studies [45]. Additionally, although blackthorn fruits have not been preferred to
be used as food products due to their properties such as acidity and bitter taste, rich
components having antioxidant properties have been determined in the studies [51].
These results may be led for further studies of P. spinosa L. extracts and/or its
constituents.

Several studies have been performed to identify the naturally occurring active compounds
from the plants and to be used for biological applications. For instance, coumarin based
two compounds isolated from the plants have been reported for its tyrosinase inhibitory
activity [52,53]. Therefore, showing of in vitro enzyme inhibition studies performed with
plant extracts may lead to the new concepts for the discovery of plant-based therapeutics.
In the literature, there are several studies performed with the medicinal plants to inhibit
these selected enzymes [29]. One of the studies suggested that the highest tyrosinase
inhibitory activity had been provided by white tea extract compared to green and black
tea extracts [21]. Most of the plant protease inhibitors have been determined in preclinical
studies. For instance, Solanum tuberosum L. inhibited proteases such as trypsin, a-
chymotrypsin, and papain at 0-20 mg/mL dose. In addition, Vigna unguicalata L. had
been determined as a potent inhibitor for trypsin at 2 pg/mL [17]. Valuable proteases
inhibitors isolated from plants like Bauhinia rufa trypsin inhibitor that inhibited trypsin
at 2.9 nM, tested for various diseases [17]. The antioxidant activity of the plant samples
can specify the tyrosinase inhibition potential [25,54]. However, in our study, methanol
extracts (FR and L) of P. spinosa L. exhibited remarkable inhibition against tyrosinase
enzyme (13.53% and 37.48%) compared to other studied extracts. These in vitro results
of methanol fruit extract could be related with its higher total phenolic content (19.00 +
0.01 mg FAE).

Our preliminary data from P. spinosa L. extracts could be shown potential anticancer

effects for further studies. Thus, in addition to antioxidant activity and enzyme inhibition
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studies, cell viability results were evaluated with time- and dose-response manner studies.
We were interested in studying liver and colon cancers, because the liver is a detoxifying
organ, colon cancer is also chosen because it is a part of the digestive system when taken
as a supplement. Herein, these obtained preliminary results may contribute to determine
the anticancer potential of P. spinosa L. active components. The extracts including
phenolics have gained an interest because of some activities including antioxidant,
anticancer etc. According to previously reported study, P. spinosa Trigno ecotype extract
investigated on human colon cancer cells such as HCT116 and SW480 cells for its
cytotoxic and apoptotic activities, the promising results were obtained [55]. According to
our study, the results demonstrate a higher cytotoxicity against HT29 cancer cells with
methanol extracts (FL and FR) than ethanol extract (L) at the decreasing doses. It was
reported that chlorogenic and caffeic acids decreased the cell proliferation on colon
cancer cell lines [56,57]. In the literature, the results generally were associated with the
bioactive components of the plant. Therefore, it is pointed out the contents of the extracts
and synergic effects of the compounds. P. spinosa L. active extracts may be potential

candidates for further pharmaceutical research.
Conclusion

The findings reveal that methanol and ethyl acetate extracts of P. spinosa L. growing in
Canakkale/Turkey seem to have antioxidant activity, enzyme inhibition and
antiproliferative properties. The workflow was given in Fig. 6. Solvent extraction affects
the isolation of the compounds from the plant. Therefore, the active extracts may have
potential for use by related industries for the preparation of natural-based products. We
hope that this study may lead to new investigations of P. spinosa L. to be used in

pharmaceutical applications.
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Fig 6 The workflow applied to our study

As stated above, the studies on this medicinal plant have been increasing day by day.
Thus, a future prospect of P. spinosa plant is the isolation of active components that can
be used in the treatment of various cancers and other diseases. Thus, the studies will show
anew avenue as well as synergic effect of the components in the extracts. We also thought
that the further investigations of the plant against different types of therapeutic enzymes

and on human cancer cells may keep light to determination of effect mechanism.
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activity in vitro of black cumin (Nigella sativa L.) seed
extracts
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ABSTRACT

This research work aims to investigate the anti-arthritic activity as well as the phytochemical
screening of black cumin seed extracts (aqueous and hydroalcoholic) in vitro. The dosage of
flavonoids has shown that the content found in the hydroalcoholic extract (134.7 £ 0.289 mg
QE/g) was significantly higher compared to the aqueous extract (48.495 + 0.035mg QE/g).
The photochemical tests of the studied seed extracts showed the presence of tannins,
saponins and reducing compounds and absence of alkaloids. The results of anti-arthritic
activity, showed an important impact of the aqueous and hydroalcoholic extracts
inflammation inhibition. This research work revealed that the seed extracts exhibited an
important anti-inflammatory effect.

ARTICLE HISTORY
Received

25 January 2021
Accepted

10 Mav 2021

KEY WORDS
Nigella Sativa L,
Inflammation,
Aqgueous extract,
Hydroalcoholic

Introduction

Rheumatoid arthritis is the most common chronic inflammatory rheumatism (between
0.4 and 0.8% of the general population). It is also the most serious of rheumatismin
particular by the risk of developing irreversible joint destruction, joint deformities and
sometimes significant handicap [1]. Current treatment for inflammation involves
steroidal anti-inflammatory drugs (Glucocorticoids) and non-steroidal (Diclofenac
sodium). These molecules, although effective from 15 to 20% [2]. The very wide uses
of medicinal plants for centuries by humans for treating various common pathologies
prompted researchers to study the activities and pharmacological properties of different
plant metabolites to confirm its properties on the one hand and on the other hand to
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identify the active ingredients at the origin of these virtues and consequently the use of
these natural medicines wisely in primary care systems [3-5].

Some plants can be a major source of drugs due to their richness in secondary
metabolites, these make and remain the subject of many researches, in particular the
research of new natural constituents such as phenolic compounds, saponosides,
alkaloids and essential oils [6,7]. Black cumin is a herbal plant belonging to
Ranunculaceae family, the seed is well known as black seed [8]. It’s widely utilized in
traditional medicine, because of the various properties of its different parts including its
seed. Black seed is used in the treatment of many health problems such as digestive
problems, liver, respiratory system, heart disease, and immune problems [9,10]. The
seed also has been used to fight intestinal worms [11]. This research work aim to test
the efficacy of black cumin seed aqueous and hydroalcoholic extracts on rheumatoid
arthritis by the determination of anti-arthritic activity in vitro and the phytochemical
screening of the prepared extracts.

Material and Methods

Plant material

The seeds of black cumin were bought from an herbalist located in Ain defla (Algeria).
The seeds were crushed with an electric grinder to obtain a powder. The powder was
then stored away from light and moisture.

Aqueous extract preparation

Ten grams of Nigella Sativa seed powder were macerated in 100 ml of distilled water to
obtain an aqueous extract. After stirring, the mixture was left for 72 hours. Then the
mixture was filtered and dried in an oven at forty Celsius.

Preparation of the hydroalcoholic extract

Ten grams of Nigella Sativa seed powder were macerated in 100 ml hydroalcoholic
solution. After contact for 72 hours, the mixture was filtered and dried in an oven at
forty Celsius [12].

Phytochemical analyzes

One of the essential goals of a phytochemical analysis is the detection of different
groups of secondary metabolites existing in the studied part of the plant by qualitative
reactions. These reactions are based on precipitation or coloring phenomena using

reagents specific for each group [13]. In this part the presence of the following groups
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"Alkaloids, Tannins, Flavonoids, Sterols, Triterpenes, Saponoids and Reducing
compounds" was tested using the standard techniques described by [14-16].
Determination of flavonoids content

The method used to estimate the flavonoid content was that described by [17], who
added 0.1 ml of each extract to 1.0 ml of 2.0% aluminum chloride solution (AICls3).
After incubation for 60 minutes at 25°C, UV-visible spectrophotometer was used to
measure the absorbance at 420nm. The amount of flavonoids contained in the samples
was determinated from the quercetin calibration curve and they were expressed in
milligram of quercetin equivalent per gram of extract (mg QE/g extract). The
concentrations of flavonoids contained in the extracts were calculated from the
calibration curve obtained by quercetin and they were expressed in milligram of
quercetin equivalent per gram of extract (mg QE/g extract).

In vitro anti-arthritic activity

Inhibition of protein denaturation

The reaction mixture was prepared by adding black seed extracts at specific
concentrations with diclofenac sodium and bovine serum albumin at a rate of 1% and
the pH was adjusted using hydrochloric acid at a temperature of 37. The mixture was
incubated at 37 ° C for 20 minutes for a short period of minutes after cooling, 2.5 ml of
phosphate was added and then the absorbance was measured at 660 nm [18]. Percent
inhibition of protein denaturation was calculated according to the following equation:
Percent inhibition (%) = (Ac- Ad Ac) x100

Where,

At Absorbance of the test sample,

Vc: Absorbance of control.

Inhibition of Albumin denaturation test

The reaction mixture (5 ml) consisted of 0.2 ml of egg albumin, 2.8 ml of phosphate
buffer saline (PBS, pH 6.4) and 2 ml of different concentrations of the extracts or the
standard drug (Diclofenac sodium). Then the mixtures were incubated at 37 = 2°C in a
BOD incubator for 15 minutes then heated to 70°C for five minutes. Aftercooling,
absorbance was measured at 660 nm [19]. The percent inhibition of albumin
denaturation was calculated using thefollowing formula:

% inhibition = 100 x [A¢/ Ac - 1]
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Where,

A:: Absorbance of the test sample,

Vc: Absorbance of control.

Statistical analysis

The information introduced in this investigation was examined utilizing XL Stat Pro 7.5
statistical software. The tests were done in triplicate. Results were introduced as mean
and standard deviation. One-way ANOVA procedure was used for multiple comparison

at a P< 0.05 significance level.
Results and Discussion

Phytochemical screening

Extraction yields

From the results obtained, we found that the hydroalcoholic extract of black cumin seed
presented asignificantly (p <0.05) high yield compared to the aqueous extract whose
yields are 12.62 + 0.2 and 8.02 + 0.2 % respectively. For yield results, it is difficult to
compare extraction results with those in the literature, because the yield is only relative
and seems to be related to the properties genetics of the seeds as well as the
geographical origin, and the conditions and duration of storage of the crop and also the
extraction methods applied.

Phytochemical analyzes

The results of the phytochemical tests are shown in Table 1. The phytochemical tests
carried out on the various extracts of Nigella sativa seed, revealed the presence of
tannins, flavonoids, sterols and triterpenes, while reducing compounds are found only in
the aqueous extract. Saponoids were detected in the hydroalcoholic extract. The alkaloid
test was negative with the aqueous and hydroalcoholic extract (Table 1).

Flavonoids content

The hydroalcoholic extract showed the highest content relative to the aqueous extract,
the contents of which are 134.7 + 0.28 and48.495 + 0.03 mg QE / g of extract
respectively (Table 2). Our results did not agree with the result found by [20], who
found a content of 16.66 + 0.48 ngQE / g of extract in total oil of Nigella sativa L, on
the other hand, the content found in the neutral fraction was 0.59 + 0.06 ug QE / g of

extract.
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Tablel Phytochemical tests results

Extracts Aqueous extract Hydroalcoholic extract
Tannins + +
Flavonoids + +
Sterols + +
Triterpenes + +
Reducing compounds + -
Saponoids - +

Alkaloid - }

Inhibition of protein denaturation

The 1Csp found with the hydroalcoholic extract was 52.74 + 1.86 mg/ml and the ICso of
Diclofinac sodium was 48.55 + 1.09 mg/ml, There is no obvious difference was found
between the ICsp of the hydroalcoholic extract and the ICso of Diclofinac sodium (Table
2). On the other hand, the aqueous extract of N. sativa showed significantly (p <0.05)
the highest inhibitory effect with an 1Cso 0f37.79 + 0.67 mg/ml (Table 2). According to
the results found by [19], the Oryza sativa sample from India with the concentrations of
100, 250 and 500 mg/ml showed a percent inhibition of 39.29; 52.78 and 60.47%
respectively, while Diclofenac sodium has showed inhibition of 93.20, 95.41 and
96.91% with the same concentrations respectively.

Inhibition of albumin denaturation

For the test of inhibition of albumin denaturation, the aqueous extract of N. sativa
showed significantly (p <0.05) the highest inhibitory activity with an 1Cso of 34.09 +
1.26 mg/ml, from the other side, there are no statistically significant differences
between the 1Cso of Diclofinac sodium and hydro-alcoholic extract of N. sativa with an
ICso of 48.55 + 1.09 and46.75 £ 1.74 mg/ml respectively (Table 2). The study by [21]
on the methanolic extract of Rhizophora mucronata leaves showed that the methanolic
extract with the concentrations of 100, 200, 300 and 400 mg/ml were able to inhibit the
albumin denaturation with percent inhibition of 67.90, 81.48, 87.65 and 90.12%
respectively.
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Table 2 Results of flavonoid content and inhibition of protein and albumin denaturation

Flavonoids Inhibition of protein Inhibition of Albumin
content denaturation denaturation
Extracts (mg QE/g of (1Cs0 mg/ml) (1Cso mg/ml)
extract)
Hydroalcoholic extract 134.7 £ 0.282 52.74 + 1.86° 46.75 + 1.74P
Aqueous extract 48.495 + 0.03° 37.79 £ 0.672 34.09 + 1.26%
Diclofinac sodium / 48.55 + 1.09° 48.55 + 1.09°

The results found showed that the aqueous and hydroalcoholic extracts of Nigella sativa
L seeds have an anti-inflammatory action which is mainly basedon three mechanisms:
inhibition of eicosanoids production; inhibition of synthesis of prostaglandins and
decreased production of nitric oxide. In addition, the extracts from Nigella Sativa L
seeds induced an anti-inflammatory effect comparable to that of Diclofinac sodium.
This activity is probably due to the presence of compounds which inhibit inflammation
such as thymoquinone. Several studies have reported that thymoquinone is the essential
active ingredientresponsible for the anti-inflammatory effect of Nigella sativa extracts;
thymoquinone was proved as a good inhibitor of thromboxane B2 and leukotrienes B4
by forbiding of cyclooxygenase and lipooxygenase respectively [22,23]. It is also an
effective inhibitor of the production of leukotrienes by inhibition of Leukotriene-C4-
synthase (LT4 synthase) [24]. Several authors have studied the anti-inflammatory
activity of extracts or pure compounds derived from black cumin seed. The study
carried out by [25] showed that the production of NO was reduced due to the dose with
the aqueous extract of Nigella Sativa which causes the inhibition of the NO synthesis
which is a pro-inflammatory mediator of inflammatory diseases especially in

rheumatism.
Conclusion

According to the results of the anti-arthritic activity of black cumin seed extracts,
perhaps this activity is a result of bioactive compounds such as polyphenoles which
inhibit rheumatoid arthritis progress using the inflammatory, the oxidative, and the

apoptotic pathways. The first one controlled by polyphenols through the MAPK
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pathway and through regulation of gene in osteoblasts, where thymoquinone is an

antiinflammatory inhibitor of several enzymes involved in inflammation and certain

mediators of the inflammatory reaction. In the future, it’s interesting to carry out other

in vivo research to investigate how these extracts work and to test and develop other

work, especially on the effects of black cumin for the Covid-19 treatment.
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Molecular Detection of Bacillus cereus in Milk by Polymerase
Chain Reaction

Begiim Terzi Aksoy™* "~ | Elif Bozkurt!™*' , Ozlem Ates Sonmezoglu®

ABSTRACT ARTICLE HISTORY
It is a valuable and good food source with the ingredients it contains in milk, but if Received
hygienic conditions are not ensured during milking, storage and processing, diseases 09 April 2021
related to milk and dairy products are likely to occur. More than 90% of these diseases Accepted
. . . . L L 26 May 2021
are of bacterial origin. B. cereus, found in the Bacillaceae family, is a significant source
of contamination in milk and dairy products due to the presence of psychrotrophic
strains. In recent years, it has been reported that milk and milk products contaminated KEY WORDS
with B. cereus have adverse effects on human health, and toxic substances are formed Bacillus cereus,

non-hemolytic

during the storage of contaminated milk and milk products. .
g g P enterotoxin (Nhe),

This study, it is aimed to molecularly identify the B. cereus bacteria species that cause

. T ; milk,
adverse effects such as food poisoning and loss of quality in milk. In this study, the molecular species
DNA of Bacillus cereus, one of the microorganisms found in raw milk, was isolated detection

and toxic gene regions were determined at the molecular level by PCR method using PCR
specific primers to the gene regions Bacillus cereus. Six primers specific for nheA,

nheB, nheC, hblA, hblC, hbID and 16S rRNA gene regions were used for molecular

detection of B. cereus in milk samples. At the end of the study, Bacillus cereus bacteria

were detected in 8 of the 13 milk samples. It has been revealed that B. cereus can be

detected quickly and reliably in milk and dairy products by molecular species
identification using specific primers.

Introduction

Foodborne pathogenic microorganisms cause severe losses such as disease and death,
leading to public health problems that can reach epidemics by contaminating the food at
any stage of the process from food production to consumption [1]. It is known that raw
milk and its products are one of the main causes of foodborne diseases associated with
Listeria monocytogenes, Staphylococcus aureus, Escherichia coli O157: H7, Bacillus
cereus, Salmonella spp., Campylobacter spp., Clostridium botulinum [2,3]. Since milk is
a nutrient-rich food, it has a great place in human nutrition. Although the milk in healthy

breast cells is reported to be sterile, high water activity and neutral pH conditions may

! Karamanoglu Mehmetbey University, Faculty of Engineering, Department of Bioengineering,
Karaman/Turkey
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cause contamination of the milk by microorganisms if the production processes and
storage conditions are not under hygienic conditions. This situation poses a threat to
human health [4,5]. The enzyme production of psychrophilic, lipolytic and proteolytic
bacteria and changes in milk are the results of long-term storage of raw milk before
pasteurization. Therefore, problems are expected to occur during milk processing and in
maintaining the quality of dairy products [6,7].

Bacillus cereus bacteria cause foodborne illnesses due to their enterotoxin and emetic
toxin content [8]. Non-hemolytic enterotoxin (Nhe), hemolysis BL (Hbl) and Cytotoxin
K (CytK), which are enterotoxins originating from B. cereus, have caused food-borne
poisoning [9,10]. The emetic toxin is a peptide cereulide, a thermostable and acid-
resistant dipeptide. Nhe complex consists of 3 subunits, namely nheA, nheB and nheC.
The subunits of the Hbl complex are hblA, hblC and hblD [11].

Protease enzymes secreted by B. cereus, which is one of the psychrophilic bacteria, can
maintain their stability during the processing of raw milk and causes clotting in processed
milk products in a short time depending on the amount and activity of the enzyme. B.
cereus is a rod-shaped, gram-positive, facultative anaerobe, a spore bacterium [12,13] and
causes many different health problems, especially food poisoning, in terms of food safety.
Its spores show high resistance to other environmental conditions such as humidity, pH
and temperature. B. cereus has hydrophobic properties. They can adhere to surfaces (tool-
equipment) very quickly [14]. Diseases from B. cereus can be classified as non-
gastrointestinal and gastrointestinal diseases. Gastrointestinal diseases can be seen in two
different ways. One is diarrhea, and the other is the emetic form [15]. Different
enterotoxins from the diarrhea form, while the emetic form is formed by the heat-resistant
toxin (Cereulide).

Determination of foodborne pathogens is important for accurate and standardized clinical
diagnosis in the food industry and monitoring food hygiene [16]. Protocols for existing
traditional biochemical studies are routinely used to detect B. cereus require labour and
time consuming [17].

Recently, polymerase chain reaction (PCR), ELISA, commercial kits and tests based on
different cell cultures are used to diagnose and identification B. cereus toxins in foods
[18]. The proposed RAPD-PCR procedure for detecting large-scale Bacillus cereus was
reported by Nilsson et al. (1998) [19]. Hansen et al. (2001) reported a PCR analysis using
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16S rRNA as a target to identify the B. cereus group. Specific primers were selected for
16S rRNA detection of B. cereus group bacteria. It was used with consensus primers for
16S rRNA as a control in PCR [20].

The specificity and sensitivity of its identification, such as B. cereus, using the PCR test
were evaluated with different food samples types. As a result, the proposed multiplex
PCR is stated as a reliable and facile method for the simultaneous identification of the B.
cereus group in food samples in one tube [21].

Razei et al. (2017) used the multiplex PCR technique for the simultaneous detection of
Campylobacter jejuni, Bacillus cereus and Listeria monocytogens bacteria, which are
foodborne microorganisms that produce toxins in food (milk). As a result, the new
multiplex PCR method is introduced to detect simultaneous B. cereus, L. monocytogens
and C. jejuni, and it has been reported that these results can be used for the detection of
other toxin-producing bacteria in food [22].

Banyko et al. (2009) made species identification in raw and pasteurized milk for Bacillus
licheniformis and Bacillus cereus. It has been determined that B. cereus and B.
licheniformis both contaminate with the same strains in raw and pasteurized milk and
cause contamination with different strains (raw milk and yoghurt/pasteurized milk and
yoghurt). As a result, PCR analysis has been reported to be a useful method for
characterizing Bacillus populations in the dairy environment [23].

In another study, the presence of B. cereus toxins was determined by PCR in raw and
pasteurized dairy products. For that reason, PCR conditions were optimized for molecular
identification of Listeria monocytogenes and Brucella abortus strains in bovine milk.
Lesley et al. (2017) investigated the presence of B. cereus in formula and UHT milk
samples; As a result, B. cereus was detected in 41.7% formula milk and 30% UHT milk
samples, respectively [24].

Meena et al. (2019) identified B. cereus in dairy products and milk. In the molecular
analyzes, while the gyrB gene was detected in all isolates, the presence of cytK and hblA
was noted in 60% and 40% of the isolates, respectively. According to the study results, it
was emphasized that the presence of enterotoxigenic genes (cytK, hblA) in the isolates
should cause a potential health threat so that more samples should be studied from

different regions [25].
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A study conducted in 2019 that obtained the toxigenic profile of B. cereus strains in
cheeses was molecularly detected [26]. PCR technique was used to investigate Hbl, Nhe
and cytotoxin K toxic genes in the samples. According to study results, at least one gene
associated with enterotoxins has been identified in most strains (21/23), highlighting the
high toxigenic potential of examined cheeses.

This study aims to molecularly determine Bacillus cereus' presence in milk by using the

PCR method and primers specific to Bacillus cereus gene regions.
Materials and Methods

Production of bacteria and culture conditions

As a positive control, B. cereus (ATCC 11778 strain) was used. The spreading plate
method was applied using the MYP (Mannitol Egg Yolk Polymyxin) agar for bacterial
cultivation of Bacillus cereus. The bacterial culture was placed in an incubator at 37 °C
and left for two days of incubation. Bacterial colonies observed breeding was detected
morphologically. The morphologically selected bacterial colony was taken into the LB
broth medium and incubated at 37 °C for 150 rev/min overnight. DNA isolation was made
from colonies that multiplied after one night.

DNA extraction

The sample containing the bacterial colony was incubated the night before collected by
centrifugation. DNeasy Blood & Tissue Kit (Qiagen, Shanghai, China) was applied
according to the manufacturer's instructions for bacterial colonies' DNA isolation. After
DNA isolation, purified DNA samples were stored at -20 ° C in the elution buffer for
reuse.

Polymerase Chain Reaction

The polymerase Chain Reaction (PCR) process was performed using BIO-RAD C1000
Touch Thermal Cycler. PCR was performed by optimizing reaction conditions for each
primer and the PCR reactions were performed in a total volume of 25 ul containing 0,4
(IAC, 16S rRNA) or 0,6 (hblA, hblIC, hbID, nheA, nheB/nheC) uM of each primer, 2.5 ul
10X Tag Buffer with KCI, 1,6 (IAC, 16S rRNA) or 0,4 (hblA, hbIC, hblD, nheA,
nheB/nheC) mM of each dNTP (Thermo Scientific, USA), DNA Taq polymerase (1AC,
16S rRNA 2,5 U; hblA, hblC, hbID, nheA, nheB/nheC 1 U; Thermo Scientific, USA),
MgCl. (1AC, 16S rRNA 4 mM; hblA, hbIC, hblD, nheA, nheB/nheC 2 mM) and 2 ul DNA

preparation. The PCR cycle reactions are as follows: 10 minutes in the first denaturation
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at 95 °C, then 94 °C for 60 seconds, 50-60 °C for 60 seconds (the annealing temperatures
changing for each primer), 72 °C for 60 seconds and 72 °C is completed with a final
extension step of 10 minutes in. Thermo Scientific EC 1000 XL Power Supply
Electrophoresis system was used to execute DNA samples. BIO-RAD ChemiDOC MP
Imaging system (UV transilluminator) was used for imaging the gels where DNA and
PCR products were operated. PCR fragments were run for 30 min at 100 volts in 0.5 x
TBE buffer solution with 2% agarose gel electrophoresis added with ethidium bromide
and visualized under UV light. Agarose gels (120 ml of 2%) were prepared to contain 24
ml 5 x TBE, 96 ml ddH20, 2.4 g Agarose and 5 ul Ethidium Bromide (10 mg/ml).

The sequence of primer sets (IAC-F IAC-R, 16S-F 16S-R, 45c1 45c2, nheBC1 nheBC2,
HblA1 HblA2, L1a-F L1a-R, L2a-F L2a-R) used in this study and targeting specific gene
regions information, expected band sizes (bp) for B. cereus, and target gene regions are
given in Table 1.

Table 1 Expected band sizes and sequences information of primers used

Primer Primer Sequences Expected Band Sizes | Target Reference
Name (5’---3) (bp) for B. cereus (bp) | Region
AC-F GCAGCCACTGGTAACAGGAT
AC-R I GCAGAGCGCAGATACCAAAT 118 IAC [27]
HbIAL GCTAATGTAGTTTCACCTGTAGCAAC
DIAZ I ATCATGCCACTGCGTGGACATATAA 874 hblA [28]
6S-F GCGGCGTGCCTAATACTGC
6S-R 267 165 [29]
i CTCAGGTCGGCTACGCATCG rRNA
5c1 GAGGGGCAAACAGAAGTGAA
5C2 TGCGAACTTTTGATGATTCG 186 nheA | [27]
heBC1 |ACATTGCGAAAGATAGCTGGA nheB)/
heBC2 300 [30]
TGTTCTGCTGCAAAAGGATG nheC
Lla-F |AGGTCAACAGGCAACGATTC
FlaR - [CGAGAGTCCACCAACAACAG 205 hbID [28]
| 2a-F CGAAAATTAGGTGCGCAATC
L2a-R 411 hblC [28]
TAATATGCCTTGCGCAGTTG

Results and Discussion

In this study, primers specific to IAC, 16S rRNA, nheA, nheB / nheC, hblA, hblC and

hblD gene regions were used for molecular screening Bacillus cereus in DNA samples
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taken from milk samples. For this purpose, Bacillus cereus determination was performed
on 13 milk samples collected using six primers (16S-F 16S-R, 45cl 45c2, nheBC1l
nheBC2, HblA1l HbIA2, L1a-F Lla-R, L2a-F L2a-R) specific to different toxin genes.
Forall primers, 50 bp ladder (L), positive control (PC) and milk samples 1-13 were loaded
into the gel, respectively. The internal amplification control (IAC) is a non-targeted DNA
sequence used to prevent false-negative PCR results and eliminate the inhibitory effect.
It is amplified with the target sequence and takes part in the same reaction as the sample
[31]. Although the IAC design may vary, a general guideline for using IAC in the PCR
applications of pathogens has been proposed by the European Standardization
Committee. For this reason, IAC-F / IAC-R primers [27]. were used in this study. The
band results of the gel images of the molecular screening performed with the primers used

in the study are given in Table 2.

Table 2 PCR results of the primers used in the study

Milk Primer Name
Sample IAC-F 16S-F 45c1 nheBC1 Lla-F L2a-F HblAl
Numbers IAC-R 16S-R 45¢2 nheBC2 L1a-R L2a-R HblA2

PC + + + + + + +
1 + + + + + + +
2 + -

3 + + + + + + +
4 + -

5 + + + + + + +
6 + + + + + + +

7 +

8 + -

9 + + + + + + +
10 + + + + + + +
11 + + + + + + +
12 + -

13 + + + + + + +

PC: Positive Control, + and — represent the positive and negative result, respectively

Differentiation between the subtypes can be determined by PCR and can be concluded
quickly without pre-enrichment in clinical samples [31]. Ogawa et al. (2015) developed
multiplex PCR that allows the detection of B. anthracis virulence plasmids and can
distinguish genetically related strains of B. anthracis from other B. cereus group species

[32]. They designed six primer sets targeting similar strains, one chromosome of B.
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anthracis, two virulent plasmids (pXO1 and pX02), a bacterial gene (16S rRNA gene)
and a mammalian gene (actin-beta gene). These primers have been used to identify
genetically relevant clinical strains of B. anthracis and B. cereus isolated from outbreaks
of nosocomial infections in Japan. That study found that the newly developed primers are
an accurate and valuable method for detecting B. cereus and B. anthracis [32]. In this
study, primers designed specifically for the 16S rRNA gene region were used for the
molecular detection of B. cereus. The band profiles obtained as a result of the PCR are

shown in Fig 1.

k-
900 bp -
800 bp -
700 bp -
600 bp -
500 bp -
400 bp - 16S rRNA 267 bp

300 bp -
250 bp -
200 bp -

150 bp -
100 bp - IAC 118 bp
50 bp -

Fig 1 Molecular characterization with 16S-F 16S-R primer (L: 50 bp, PC: Positive Control)

In food microbiology, it is crucial to characterize suspicious isolates in terms of
pathogenicity and species identification to identify the toxigenicity of strains isolated by
molecular techniques.

In this study, it was determined that 62% of the milk samples resulting from molecular
screening performed with primers of 45c1 and 45c2 contained the nhA toxic gene region
of Bacillus cereus Non-haemolytic enterotoxin (nhe) caused food poisoning in an
organization in Norway in 1995, causing 152 people to get sick due to diarrhea. The nhe
operon system, consisting of 3 protein subunits, was 90% or more in B. cereus cultures
in molecular biology studies [18, 33].

In a different study, Moravek et al. (2004) observed that the samples isolated from baby
food based on diarrhea type food poisonings of B. cereus gave a 186 bp size band in the
gene region-specific studies of B. cereus 45c1 45c2 primers (nheA). According to our
research, the expected band size of samples including B. cereus was confirmed by using
45c1 45¢2 primers in milk samples [28].

Dierick et al. (2005) screened a total of 50 different strains with nheBC1 nheBC12

primers to detect B. cereus by PCR method specific to nheB / nheC gene regions. In this
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study, according to these gene regions (nheB / nheC), the molecular size screening for
nheBC1 nheBC2 primer set was obtained in which 8 of 13 samples in total were used
[30].

Hbl is an enterotoxin and was first described in 1984 by isolating B. cereus F837 / 76
strain [34]. The enterotoxin complex Hbl with hemolytic effect; consists of three large
proteins synthesized by three polycistronic genes consisting of hblA, hblC and hbID.
Molecular screening in this study using the L2a-F L2a-R primer revealed that 62% of 13
samples had the B. cereus hblC toxic gene. Similarly, due to molecular screenings with
the L1a-F L1a-R primer, 8 of the milk samples examined in this study were found to have
the HbID toxic gene region of B. cereus.

This study obtained that milk samples containing hblC and hbID toxin gene regions are
also positive for the hblA gene (Fig 2). Another study conducted a PCR study to detect
B. cereus isolates in cheese samples and used hblA and bal genes for molecular detection
[35]. As a result of the study, although the presence of B. cereus was low in cheese

samples, all isolates were found positive for genes encoding hblA enterotoxin.

L
— |
 —
.
——
—
—
———

Fig 2 Molecular characterization with HbIA1 HbIA2 primer (L: 50 bp, PC: Positive Control)

Yang et al. (2005) characterized one emetic and five different enterotoxins Bacillus
cereus toxin. Polymerase chain reactions were performed with 12 primer pairs to replicate
the enterotoxin and emetic specific sequences of the species in the B. cereus group.
Screening tests with the developed primers have been successfully applied to analyze 162
food poisoning and toxigenic potential of food-related strains. The results contained at
least one toxin gene among all B. cereus strains, and ten toxigenic patterns were identified
for all test strains. The two species are closely related, but the toxin profiles of B. mycoides

strains were significantly different from B. cereus (P <0.05). As a result of the study, the
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molecular detection of the species in the B. cereus group, along with the importance of
detecting toxin genes, was also indicated [36].

In another study, Ngamwongsatit et al. (2008) designed eight new PCR primer pairs
specific for eight toxin genes (nheA, nheB, nheC, hblC, hbID, hblA, entFM and cytK).
They used these primers in molecular screening on 205 B. Thuringiensis (43 serovars,
152 soil and ten food isolates) and 411 B. cereus strains (290 soil and 121 food isolates).
With the detection of these eight toxin genes, a total of 616 isolates were divided into four
groups [37].

Zhang et al. (2016) used multiplex PCR to investigate enterotoxin distribution in 62
enterotoxin-producing strains in milk powder, noodles, and rice to selectively detect
Bacillus cereus, which is responsible for various toxin outbreaks of foodborne diseases.
The specificity of the enterotoxin (cytK, nheA and hbID) genes of B. cereus was verified
using a single PCR [38].

Conclusion

In this study, a molecular determination was made using the PCR method and primers
specific to the gene regions of Bacillus cereus bacteria that cause negative effects in raw
and pasteurized milk samples. For this purpose 6 primers (16S-F 16S-R, 45cl 45c2,
nheBC1 nheBC2, HblA1 HbIA2, L1a-F L1a-R, L2a-F L2a-R) used that specific to 7 toxin
gene regions (16S rRNA, nheA, nheB / nheC, hblA, hbIC and hblD) of Bacillus cereus
bacteria was performed molecular screening. Bacillus cereus bacteria were detected
molecularly in 13 milk samples examined due to the study.

Microbiological properties in Turkey mainly do determination of microorganisms in
milk, but morphologically identified species do not always give accurate results. In this
study, B. cereus bacteria were detected molecularly, which causes adverse effects such as
food poisoning and loss of quality in milk. It is predicted that the results obtained and the
methods used will also help future studies for the detection of B. cereus bacteria in milk

and dairy products.

Abbrevations

PCR: Polymerase Chain Reaction, Nhe: Non-hemolytic enterotoxin, Hbl: hemolysis BL, CytK: Cytotoxin
K, MYP: Mannitol Egg Yolk Polymyxin, IAC: internal amplification control
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Aktif Yara Ortiilerinin Eldesinde Fotosensitizerlerin Kullanimi

Giil Merve Gencer>?" ““  Murat Akarsu'?

OZET

Isikla aktive olan fotodinamik tedavi (FDT), uzun zamandan beri dermatoloji, kanseroloji, kulak
burun bogaz, jinekoloji, gastroenteroloji, iiroloji vb. Cesitli hastaliklar i¢in onaylanmig bir tedavi
tiriidiir. FDT'de kullanilan FS, uygun dalga boyunda 15181 absorblayarak reaktif oksijen tiirlerini
(ROS) olusturabilen bir maddedir. ROS, hedef hiicrelerde mutajenik veya genotoksik etki
olmadan sitotoksik etkiler lireterek antimikrobiyal aktivite gdstermektedir. Ek olarak, bu siirecte
mikroorganizmalar da direng gelistiremezler. Fotosensitizor maddede bulunan kromofor gruplar
spesifik dalga boyundaki 1s18a maruz kalmasiyla hiicreleri 6ldiirme yetenegine sahip olan reaktif
oksijen tiirleri (ROS) ve reaktif azot (RNS) gibi zararli radikallerin tiretimi; 15181n dalga boyuna,
siddetine, kullanilan PS’iin miktarmna ve ¢esidine baghdir. Bu arastirmada olusan bu reaktif
tiirlerin konsantrasyonu ¢esitli faktorler ile ayarlanarak viicut dokularina zarar vermeden hasarli
dokuda enfeksiyona neden olabilecek i¢ ve dis kaynakli mikroorganizmalardan arindirmasi
ongoriilmektedir. Ayrica fotosensitizor boyar maddenin igerisine sabitlendigi hidrojel yara
oOrtiislinlin; yaranin nem dengesini korumasi, doku olusumunu arttiric1 etki gostermesi, yarayi
sogutarak aciy1 azaltmasi, gaz gecisini optimum diizeyde tutarak ortam kaynakli kontaminasyonu
engellemesi, matriks sisteminin emici 6zelligi sayesinde hasarli doku iizerindeki fazla siviyi
emerek yaranin daha gabuk iyilesmesine katki saglamasi gibi fiziksel 6zelliklere sahip olmasi
hedeflenmistir.
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The Use of Photosensitizers in the Production of Active Wound

Dressings

ABSTRACT

Light-activated photodynamic therapy (PDT) has long been used in dermatology, carcinology,
otolaryngology, gynecology, gastroenterology, urology, etc. and it’s a type of treatment that
approved for various diseases. PS used in PDT is a substance that can absorb light with the
suitable wavelength and form reactive oxygen species (ROS). ROS shows antimicrobial activity
by producing cytotoxic effects in target cells without mutagenic or genotoxic effects. In addition,
microorganisms cannot develop resistance in this process. The light-induced formation of the
harmful radicals such as reactive oxygen (ROS) and reactive nitrogen (RNS) species that are
capable of killing cells depends on the intensity and the wavelength of the light and the type and
amount of the PS used. It is envisaged that the concentration of these reactive species studied in
the study will be adjusted by various factors so as to eliminate the internal and external
microorganisms that can cause infection in the damaged tissue without causing harm to healthy
tissues. Furthermore, the hydrogel dressings containing a fixed photosensitizer dye in the matrix
are synthesized so as to protect the moisture balance on the wound area, to promote tissue
formation, to reduce pain by cooling the wound area, to prevent the contamination of the wound
while being permeable to gases and to contribute to the healing of the wound by absorbing excess
liquid formed by the damaged tissue.
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Giris

Giliniimiize kadar yapilan sayisiz arastirma ile yara iyilesmesinin asamalar1 siiflandirilarak,
iyilisme siirecinde meydana gelen degisiklikler belirlenmistir [1, 2]. iltihap ve koagiilasyon
olusumu yara iyilesmesinin ilk asamalarinda goriilmektedir. ilk asamada inflamatuar cevabr,
dermal ve epidermal hiicrelerin proliferasyonunu, migradasyonunu ve ardindan yara
boslugunu doldurmak ve cilt bariyerini yeniden kurmak i¢in matris sentezi ile devam
etmektedir [3, 4]. Yara iyilesmesinin son asamasinda doku onarimi ve farklilasma siireci ile
cilt dokusunun tam olarak iyilesmesi ve cilt estetiginin restorasyonu saglanmaktadir [5].
Ozetle yara iyilesme siirecinde asamali olarak, dnce boslugun derhal doldurulmasi, ardindan
epitelizasyon ve cilt bariyeri fonksiyonunun yeniden kurulmasi gézlenmektedir [6]. Yaranin
yeri, etiyolojisi, biiyilikliigii ve eslik eden hastaliklarin varligi gibi bircok faktor iyilesme
asamasinda 6nemlidir. Ornegin yara bélgesinde bakterilerin varligi, cesidi ve yogunlugu hasta
icin olduk¢a hayati 6nem tasimaktadir. Yaralanmamis bir ciltte, patojenik organizmalarin
kolonizasyonu ve biiylimesi, diisiik ylizey pH, sebum ve yag asitleri tarafindan inhibe
edilmektedir [7]. Fakat bakteriler hayatta kalmak i¢in kendilerini agik yaralar gibi ekolojik
olarak uygun oyuklara (nislere) sabitlemeye calisirlar. Bu nedenle enfeksiyon kutanoz
yaralarda sik goriilen bir problemdir ve yara iyilesmesinin durmasina bile neden olur. Bu
durum hastada morbidite ve hatta mortalite riskinin artmasina neden olmaktadir.
Antibiyotiklerin kesfi, enfeksiyonlarin tedavisinde devrim yaratmaktadir. Fakat patojenik
bakterilerin antibiyotiklere gosterdigi direngteki artis, lokalize enfeksiyonlar i¢in alternatif
tedavilerin arastirilmasina olan ilginin artmasina neden olmustur [8]. Yara iyilesme siirecinin
hizin1 ve kalitesini yonetmede tiim bu faktorler goz Oniine alinarak tedavi yontemleri
onerilmekte ve ¢esitli malzemeler tiretilmektedir. Bu amagla yara tedavisinde yaygin olarak
yara sargl malzemeleri kullanilmaktadir.

Yara sargis1 malzemeleri, nem ve oksijeni geciren, mikroorganizmalarin gegisini engelleyerek
onlara karst koruyucu bariyer olusturan materyallerdir [9]. Pasif sargilar olarak bilinen
tiirleri; gazli bezler, hidrojeller, kopiikler, hidrokolloidler (karboksimetil-seliiloz), alginat,
kollajen, seliiloz, pamuk / rayon, seffaf filmler (poliiiretan), sargilar vb. yaralarda lokal
hiicresel yanit iizerinde etkileri nedeniyle pasif olarak siniflandirilmistir [10, 11]. Bu yara
ortiileri; yarali cildi korumak, yara yiizeyinde uygun nemi saglamak, mikrobiyal biyofilmleri
onlemek veya kontrol altina almak, yaralanmis dokular1 temizlemek, agriy1 ortadan kaldirmak
veya en aza indirmek, 6lii alanlar1 ve yasayamayan dokular1 kaldirmak, yara kaynakli kokulari

kontrol etmek gibi amaglar i¢in kullanilir. Aktif sargilar ise, yara Ortiilerine antimikrobiyaller
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(topikal antibiyotik ve antifungal iiriinler), kollajen veya enzimatik debridman ajanlari
emdirilerek elde edilir. Ozellikle kronik yaralarda lokal enfeksiyonun &nlenmesi igin giimiis
siilfadiazin, metilen mavisi, kristal viyole, bal, polihegzametilen biguanid (PHMB) ve
kadeksomer iyodin antimikrobiyaller olarak yaygin olarak kullanilmaktadir [12, 13, 14]. Bu
tiriinler yara Ortilileri disinda, macun, krem, toz formiilasyonda da hazirlanmaktadir. Aktif
sargilar smifinda molekiiler emici filtreler veya tuzaklar gibi davranan koku kontrollii
pansumanlar da mevcuttur. Koku kontrollii pansumanlar yapilarinda aktif komiir vb.
malzemeleri barindirirlar ve yaralarin ve yanik kokularinin tedavisinde onerilmektedir. Aktif
yara Ortiilerinin nem ve kollajen agin tutunmasin arttirmasi, mikrobiyal biyofilm tabakasinin
olusumunu 6nlemesi, eksiidatlar1 (atiklar1) azaltmasi ve epitelizasyon siiresinin (hiicre olusum
stiresi) kisalmasimi saglamast gibi birgok avantaji bulunmaktadir [15]. Bu 6rtiilerinin
tiretilmesinde dogal, sentetik veya hibrit polimer yapilari tercih edilebilir. Sentetik polimerler
kullanilarak yara iizerine suni dermal bir tabaka ortiisii elde etmeyi amaglayan sistemler
oldugu gibi, dogal-biyouyumlu polimer yapili agirliklt olarak kollajen ve tohumlanmig
hiicrelerden veya kollajen ve kondroitin siilfattan yapilan sistemler de mevcuttur [16]. Ek
olarak, dokularm tamamen yenilenebilmesi igin segilen dogal veya sentetik polimerik
malzemelerin, biyouyumlu bir ekstraselliiler matriks (ECM) yapis1 saglamasi gerekmektedir.
Dogal polimerik malzemelere kolajen, fibrinojen, elastin, sentetik polimerik malzemelere ise
poliglikatik asit, polilaktik asit, polidioksanon, poli-g-kaprolakton, polivinilpirolidon, polivinil
alkol, polietilen glikol 6rnek olarak verilebilir. Dogal makromolekiiller sentetik polimerlere
kiyasla nispeten diisiikk bir mekanik mukavemet gostermektedir [17]. Bu sebeplerden dolay1
arastirmada, fiziksel dayanimi yiiksek, sisme davranislari 1y1 olan en uygun matriks sisteminin
eldesi i¢in ¢esitli sentetik ve dogal polimer kombinasyonlar1 ¢aligilmistir.

Yara tedavisi amaciyla iiretilmis olan ve yaranin evresi, derinligi, salgi miktari, bakteriyel
kontaminasyonu gibi yaranin bazi fizyolojik 6zelliklerine bagl olarak kullanilabilecek yara
ortiileri piyasada uzun zamandir satilmaktadir. Bu iirlinlerin amaci var olan enfeksiyonu
gidermekten ¢ok enfeksiyon olusum riskini azaltmak ve yaranin iyilesme siirecini nispeten
hizlandirmaktir [18]. Bu yara ortiilerine enfeksiyonu gidermek igin ¢esitli antibiyotiklerin
veya gilimiis gibi inorganik yapilarin emdirildigi sistemler yaygindir [19, 20, 21]. Fakat tedavi
amactyla kullanilan antibiyotiklerin mikroorganizmalar iizerinde selektif toksisite gostermesi
ve mikrooganizmalarda bulunan hedef spontan kolaylikla mutasyonlar ile degiserek direngli
hale gelebilmesi, bu yara Ortiilerinin etkinliklerini sinirlamaktadir. Farkli bir sekilde igerisinde
giimiis gibi inorganik maddeleri barindiran sistemler ise yiiksek antimikrobiyal aktivite

gostermelerine ve mikroorganizmalarin mutasyon gegirerek direncli hale gelmelerine firsat
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vermeden etki edebilmelerine karsin yara dokusunun kendisine de tahribat verebilmektedir
[22]. Bu gibi sorunlardan dolayr hasarli dokunun tedavisi igin ekstraselliiler matriksi
destekleyebilecek ve lokalize enfeksiyonlar igin kullanilabilecek alternatif tedavilerin
bulunmasi amaciyla literatiir taramalar1 yapilmis, yapilan arastirmalar sonucunda fotodinamik
terapinin yara tedavisinde etkili olabilecegi sonucuna varilmistir.

Isikla aktive olarak etki gosteren fotodinamik terapi (PDT), uzun zamandan beri dermatoloji,
kanseroloji, kulak burun bogaz, jinekoloji, gastroenteroloji, tiroloji vb. Cesitli hastaliklar i¢in
onaylanmis bir tedavi tiirtidiir [23, 24]. PDT'de kullanilan fotosensitizor (PS), uygun dalga
boyunda 15181 absorblayarak reaktif oksijen tiirlerini (ROS) olusturabilen bir maddedir [25,
26]. ROS, hedef hiicrelerde mutajenik veya genotoksik etki olmadan sitotoksik etkiler
tireterek antimikrobiyal aktivite gosterir [27, 28]. Ek olarak, bu siiregte mikroorganizmalar da
direng gelistiremezler. Fotosensitizor boyar maddede bulunan kromofor gruplar spesifik dalga
boyundaki 1518a maruz kalmasiyla hiicreleri dldiirme yetenegine sahip olan reaktif oksijen
tirleri (ROS) ve reaktif azot (RNS) gibi zararli radikallerin iretimi; 15181 dalga boyuna,
siddetine, kullanilan PS’iin miktarina ve ¢esidine baglhdir [29]. Olusan bu reaktif tiirlerin
viicut dokularina zarar vermeden hasarli dokuda enfeksiyona neden olabilecek i¢ ve dis
kaynakli mikroorganizmalardan arindirmasi hedeflenmistir [30]. Yapilan arastirmalarda
hasarli dokuda mikroorganizma kaynakli biyofilm olugsa dahi reaktif oksijen tiirlerinin
yiiksek antimikrobiyal etki gosterdigi saptanmustir [31]. Ayrica literatiir taramalarinda
fotosensitizor ajanlari aktiflestirmek i¢in kullanilacak 1sinlarin ayn1 zamanda doku olusumunu
uyarici role sahip oldugu ile ilgili baz1 ¢alismalara rastlanilmistir [32]. Bu ¢alismanin amaci;
151k ile aktive olarak biyoaktif o6zellik sergileyen, farkli bir katman gerektirmeksizin
kendiliginden yara yiizeyine tutunabilen, sivi emici Ozelligi sayesinde nem dengesini

koruyabilen hidrojel yara ortiilerinin gelistirilmesidir.
Materyal ve Metot

Yara tedavisinde kullanilacak fotosensitizer ajan yiiklenmis hidrojel eldesinde Oncelikle
matriks sistemlerin yapisinin belirlenmesi iizerine caligmalar yapildi. Calismada; Sigma-
Aldrich firmasindan temin edilen molekiil agirligi 125.000 civarinda olan polivinil alkol
(PVA, Mowiol 20-98), PEG 600, Gliserin, Toluidin Mavisi (TBO) ve Rose Bengal (RB),
Merck firmasindan temin edilen Disodyum tetraborat dekahidrat (DTBT) ve Metilen Mavisi
(MB) saflagtirnlmadan kullanildi. Fotosensitizorleri aktive etmek amaciyla 520 adet LED,
130W, 12V Dc, maksimum 11k giicii=9720 liimen olan LED cihaz1 6zel olarak firetildi.
PVA:DTBT orani agirlikga 10:0.5, 10:1 ve 10:1.5 olacak sekilde sirasiyla S-1, S-2 ve S-3
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sistemleri hazirlandi. Bu sistemlere ayrica PEG 600 katkilanarak, PVA:DTBT:PEG orani
agirlik¢a 10:0.5:1, 10:0.5:2.5, 10:0.5:5, 10:1:1, 10:1:2.5 ve 10:1:5, olacak sekilde sirasiyla S-
4, S-5, S-6, S-7, S-8 ve S-9 sistemleri hazirlandi. Matriks sistemlerin kati orani agirlik¢a %12-
16 araliginda sabit tutuldu. Elde edilen matriks sistemlerinin jellesme yiizdesi tayini, sisme
davranig tayini (farkli zaman, sicaklik ve pH parametreleri denendi), fiziksel dayanimini
saptamak icin de gorsel olarak ¢ekme kopma testleri yapildi. Sekil 1’de elde edilen dokuz

farkl hidrojel sisteminin goriiniimii yer almaktadir.

s7 S8 S9

Sekil 1 Farkli PVA:DTBT:PEG oranlarina sahip hidrojel sistemlerin goriiniimii

Hidrojellerin jellesme ve ¢oziiniirliik yiizdelerinin incelenmesi

Farkli polimer oranlarina sahip hidrojellerden belirli bir miktar tartilarak (wo) etiivde 80°C’de
sabit tartima gelinceye dek kurutuldu (w1). Ardindan hidrojeller, ortam kosullarinda (ortam
sicakligi: 23 + 2°C, bagil nem degeri: % 45 + 10) ve kapali bir kapta bulunan saf su igerisinde
(saf su belirli araliklar ile tazelendi) 48 saat siiresince bekletildi. Siire sonunda hidrojeller etiiv
icerisinde tekrar kurutularak sabit tartima getirildi (wijel). Jellesme ve ¢oziiniirliik ylizdeleri
sirastyla (1) ve (2)’de belirtilen esitlikler kullanilarak hesaplandi. Deneyler iicerli sekilde
tekrarlanip, verilerin ortalamasi alindi.

Jellesme Yiizdesi: wijer / w1 X 100 1)
Cozuniirlik Yuzdesi: [(wi-wijer) / wi] x 100 (2)

Tablo 1 Hidrojellerin jellesme ve ¢oziiniirlik yiizdeleri
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) ) Wo degeri Wi degeri | Wije degeri Jellesme Coziiniirliik
PVA:DTBT: () () (@) Yiizdesi (%) | Yiizdesi (%)
10:0.5: S-1 6.061 0.712 - - -

10:1: S-2 6.069 0.677 - - -
10:1.5: S-3 6.007 0.759 - - -
10:0.5: S-4 6.067 0.767 0.626 81.617 18.383

10:0.5: S-5 6.057 0.876 0.672 76.712 23.288
10:0.5: S-6 6.048 1.029 0,668 64.917 35.083

10:1: S-7 6.032 0.762 - - -

10:1: S-8 6.014 0.848 0.422 49.764 50.236

10:1: S-9 6.000 0.991 0,447 45.106 54.894

Hidrojellerin su tutma kapasitelerinin incelenmesi

Sabit tartima gelinceye dek etiivde kurutulan hidrojeller (w1) 48 saat siiresince ortam
kosullarinda saf su igerisinde bekletildi. Siire sonunda suyu emmis olan hidrojeller bir filtre
kagidi tizerine hafifge tutularak yiizeydeki asirt su tahliye edildi, hassas terazide tartildi (w2).
3’te belirtilen esitlik kullanilarak su tutma kapasiteleri belirlendi.

Su Tutma Kapasitesi: (w2-w1) / w1 x 100 (3)
Hidrojellerin su tutma kapasitesini etkileyen dinamikler temel olarak kimyasal yapiya ek
olarak capraz baglama oranini, ¢oziicii konsantrasyonunu ve ¢oziiciiniin yapisini icermektedir
[33]. Diisiik sisme dereceli hidrojeller %20-50, orta sisme dereceli hidrojeller %50-90, yiiksek
sisme dereceli hidrojeller %90-99,5, siiper absorbant hidrojeller ise %99,5 ve {istii su absorbe

edebilen hidrojellerdir. Tablo 2’de hidrojellerin su tutma kapasiteleri belirtilmistir.

Tablo 2 Hidrojellerin su tutma kapasiteleri

PVA:DTBT: Wo degeri (g) | w1 degeri(g) | Wxdegeri (g) Su Tutma (%)
10:0.5: S-1 6.061 0.712 - -

10:1: S-2 6.069 0.677 - -
10:1.5: S-3 6.007 0.759 - -
10:0.5: S-4 6.067 0.767 5.012 553.455

10:0.5: S-5 6.057 0.876 4.128 371.233
10:0.5: S-6 6.048 1.029 4.431 330.612

10:1: S-7 6.032 0.762 - -

10:1: S-8 6.014 0.848 14.135 1566.863

10:1: S-9 6.000 0.991 14.369 1349.949

Yapilan ¢aligmalar sirasinda S-1, S-2 ve S-3 Orneklerinin saf su igerisinde tamamen
¢Oziilmesi, S-7, S-8 ve S-9 Orneklerinin ise tutarsiz sonuglar vermesi sebebiyle sonraki
calismalarda S-4, S-5 ve S-6 sistemleri ile ¢alisildi.

Hidrojellerinin sisme davramslarinin incelenmesi

Hidrojellerin sisme davranislar1 zamana, sicakliga ve pH degerlerine kars1 incelenmistir.
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- Zamanla degisimi; 48 saat siliresince, pH degeri 7.4’e ayarlanmis simiile viicut sivist (SBF)
igerisinde (sekil 2),

- Sicakliga gore degisimi; 48 saat siiresince, pH=7.4’¢ ayarlanmis fosfat tamponu icerisinde
4°C, 25°C ve 37 °C sicakliklarda (sekil 3),

- Farkli pH degerleri; 48 saat stiresince, pH degerleri 1 (0,1M HCI ¢ozeltisi - simiile gastirik
stvist), 5,5 (10 mM Asetad tamponu - simiile cilt pH degeri) ve 7.4 (SBF sivisi) olan sivilarda,
Bekletilerek incelendi.

SIME DEGEN

4000

SAAT

Sekil 2 Hidrojellerin sisme degerlerinin zamanla degisimi

400.000

350,000

300.000 //
250,000 P
200.000

150.000 .

100.000 /

% SISME DEGERI
N

50.000

4 25 37 SICAKLIK

Sekil 3 Hidrojellerin farkli sicakliklardaki sisme davraniglari

Tablo 3 Farkli pH degerlerinde hidrojellerin sisme davranislari

PVA: DTBT:PEG

WpH=1 sisme
degeri (%)

WhpH=55 sisme
degeri (%)

WpH=7.4 Sisme degeri
(%)
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10:0.5: S-4 230.105 247.643 338.531
10:0.5: S-5 221.269 243.934 329.418
10:0.5: S-6 220.659 230.000 278.282

Fotosensitizor ajanlarin matriks sisteme yiiklenmesi ve antibakteriyel aktivite testleri
Fiziksel denemeler sonucunda optimum sonuglar elde edilen S-5 hidrojel sistemine Toluidin
mavisi (TBO), metilen mavisi (MB) ve rose bengal (RB) fotosensitizerleri, hidrojelin toplam
kiiltesinde fotosensitizer miktar1 sirasiyla 5, 10, 20, 40 ve 80 ppm olacak sekilde ilave edildi.
Antibakteriyel aktivite testleri gram negatif Escherichia coli (ATCC 11775) ve gram pozitif
Staphylococcus aureus (ATCC 25923) kiiltiirleri kullanilarak, JIS Z 2801 standardi modifiye
edilerek gerceklestirildi.

Toluidin mavisi (TBO), metilen mavisi (MB) ve rose bengal (RB)’in maksimum absorpsiyon
degerleri sirastyla 630nm (turuncu), 666nm (kirmizi) ve 550nm (sar1)’dir. Bakteri analizinde
her boyar madde icin belirtilen dalga boylara tekabiil eden renk araligina yakin 151k
kullanilarak kapali kabin icerisindeki LED cihazima yerlestirildi. Ornekler belirli dalga boyu
araligindaki 1s1k altinda 6 saat siiresince isinlandirildiktan sonra 24 saat 37°C’de inkiibe

edildi. Kontrol amaciyla ayn1 formiilasyona sahip farkli 6rnekler karanlikta 6 saat siiresince

bekletilerek, 151k gérmeden direk 24 saat 37°C’de inkiibasyona alindu.

Tablo 4 Antibakteriyel aktivite sonuglari

Sistemler iikte % azalma* Logaritmik azalma miktarlar
S-5+ TBO E. coli S. aureus E. coli S. aureus
0 ppm 0 0 - -
5 ppm 0 0 - -
10 ppm 30.82 25.53 0.16 0.13
20 ppm 90.00 90.00 1 1
40 ppm 99.90 99.90 3 3
S-5+ MB E. coli S. aureus E. coli S. aureus
5 ppm 0 0 - -
10 ppm 35.43 35.10 0.19 0.19
20 ppm 98.71 90.00 1.89 1
40 ppm 99.90 99.90 3 3
S-5+RB E. coli S. aureus E. coli S. aureus
5 ppm 76.01 66.25 0.62 0.47
10 ppm 99.26 99.00 2.13 2
20 ppm 99.90 99.90 3 3

*Petri kabina uygulanan bakteri yiikii yaklagik = 2x103

Tartisma
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Caligmada Oncelikli olarak fotosensetizér maddelerin depolanacagi uygun fiziksel 6zelliklere
sahip polimer sistemin eldesi iizerine c¢alismalar yapilmistir. Saf su igerisinde 48 saat
bekletilen 6rneklerden S-4 ve S-5 %75 ve iistii jellesme 6zelligi sergilemistir. Yapiya PEG
katilmasinin jellesmeye olumlu yonde etki ettigi fakat PEG miktarindaki fazla artisin
jellesmeyi azalttigi goriismiistiir. Ayn1 zamanda ¢apraz bag olusturma amaciyla kullanilan
disodyum tetraborat dekahidrat’in yapilan denemeler sonucunda PVA ile agirlik¢a oraninin
1/20 oldugu orneklerin yiiksek performans gosterdigi sonuncuna varilmistir. Bu polimer
oranlarindaki degisimin jellesme/¢ozilniirliige etkisinin; optimum polimer oranlar1 disinda
calisildiginda polimer zincirlerinin kiigiik kiimelenmeler olusmasi ve zincirlerin birbiri
arasinda zayif fiziksel baglar yapmasindan kaynaklandigi distiniilmektedir. Hidrojellerin su
tutma kapasiteleri, elde edilen ¢oziiniirliik yiizdeleri ile tutarlidir. S-4 hidrojeli kuru agirliginin
721.58 kat1 (coziiniirligli yliksek ve kolay bozulan yapida), S-5 hidrojeli kuru agirliginin
423.78 kat1 ve S-6 hidrojeli kuru agirliginin 321.294 kati saf su absorbe etmistir. S-6
sisteminde S-4’ten 5 kat, S-5 sisteminde S-4’ten 2.5 kat daha fazla PEG kullanilmistir. PEG
yaptya esneklik kazandirmasinin yani sira polimer zincirleri arasinda daha fazla fiziksel bag
olusumunu sagladigindan dolay1 saf su tutma kapasitesini azaltmigtir. Nitekim S-8 ve S-9
sistemlerinde de bu durum goriilmektedir. S-5 sisteminin farkli ortamlarda, sicakliklarda ve
kosulda siviyr tutma yeteneginin optimum diizeyde olmasindan dolayi fotosensitizerler bu
hidrojel sisteminde kullanilmistir. Antibakteriyel etkinligin belirlenmesi amaciyla kullanilan
E. coli gram negatif, S. aureus ise gram pozitif bakteri tiirleri arasindadir. Gram-pozitif
bakteriler, c¢ogunlukla besin maddelerinin, glikopeptitlerin, polisakkaritlerin  ve
fotosensetizorlerin gecirgenligine izin veren yapidadir. Dis zarlarinin gozenekliligi nedeniyle
daha kolay fotoaktif hale getirilebilmektedir. Gram-negatif bakteriler ise, sadece diisiik
molekiiler agirlikli molekiillerin porin kanallarindan gegisine izin vermektedir. Fakat gram
negatif bakterilerin hiicre duvarmin yapisindaki lipopolisakkaritler, gii¢lii bir negatif yiik
olusturdugu icin katyonik fotosensetizor bilesiklerin kendilerine ¢ekerler, difiizyon siirecini
kolaylastirirlar. Gram pozitif bakterilerin de hiicre duvarlar1 negatif yiikliidir [34]. Calismada
kullanilan TBO ve MB pozitif yilikli olmalari sebebiyle hem gram negatif hem de gram
pozitif bakterilere kars1 etkilidir. Ayrica katyonik fotosensetizorler yara dokusundaki
Okaryotik hiicrelere kiyasla bakteri hiicrelerine, bakteri hiicrelerinin bu fotosensetizorlere daha
hizl1 baglanmasi nedeniyle ¢evre dokulara hasar vermeden segicilik saglamaktadir [35]. Fakat
TBO ve MB, RB’e kiyasla diistiik singlet oksijen kuantum verimine sahiptir. Arastirmada RB
diger fotosensetizorlere kiyasla daha yiiksek antimikrobiyal etki gostermistir. RB literatiirde

gram pozitif bakterilere kars1 en ¢ok kullanilan bilesik olmasina ragmen [34] yiiksek singlet
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oksijen kuantum verimine sahip olmasindan dolay1 tez galismasinda iki bakteri tiirinde de

yiiksek antimikrobiyal etki gosterdigi diigiiniilmektedir.

Sonug¢ ve Oneriler

Deri patojenlere karsi ilk savunma hattidir ve mikrobiyal istilaya kars1 fiziksel bir engel
gorevi gormektedir. Bircok nedenden dolayr derinin yapisal biitiinlii§i bozularak yara
olusabilir. Olusan yaralarin iyilesmesinde, yaranin ¢esidine gore farkli asamalar mevcuttur ve
bu asamalarin saglikli bir sekilde siirdiiriilebilmesi i¢in cilt yiizeyinde patojen olmamasi veya
patojenlerin minimum diizeye inmis olmasi, gerekli nem dengesinin saglanmasi, optimum
oksijen iletiminin gerceklestirilebilmesi vb. hususlar gerekmektedir. Yapilan arastirmada yara
tedavilerinde kullanilmak {izere hidrojel yapida yara ortiisii gelistirismis olup, TBO, MB ve
RB fotosensetizor maddeleri elde edilen hidrojel yapilarin igerisine hapsedilmistir. Caligma
sonucunda; PVA:DTBT:PEG oraninin agirlikca 10:0.5:2.5 oldugu (S-5 sistemi) ve yaklasik
olarak %85 su iceren hidrojel sisteminin uygun oldugu sonucuna varilmistir. Ayrica S-5
sistemi i¢in jellesme yilizdesinin yaklasik olarak %77 oldugu ve su tutma kapasitesinin %371
oldugu goriilmistiir. Fotosensetizorlerin yap1 igerisine depolanmasindan sonra JIS Z 2801
standardi modifiye edilerek gergeklestirilen bakteri analizlerinde gram negatif Escherichia
coli (ATCC 11775) ve gram pozitif Staphylococcus aureus (ATCC 25923) kiiltiirlerine karsi
TBO i¢in 40ppm, MB i¢in 40ppm ve RB i¢in 20ppm konsantrasyonlarda fotosensetizor iceren
S-5 sistemleri i¢in log 3’lik antibakteriyel etki elde edilmistir. Sonraki ¢alismalarda farkli
fotosensetizOr maddeler ile daha yiiksek oranda aktivite gostermesi lizerine ¢alismalar

yapilabilir ayrica hidrojel sistemin eldesi i¢in kullanilan polimer sistemleri gelistirilebilir.

Kisaltmalar

DTBT: Disodyum tetraborat dekahidrat; ECM: Ekstraselliiler matriks; FDT: Fotodinamik tedavi/terapi; FS:
Fotosensitizor; MB: Metilen mavisi; PEG: Polietilen glikol; PHMB: Polihegzametilen biguanid; PVA: Polivinil
alkol; RB: Rose Bengal; RNS: Reaktif azot tiirleri; ROS: Radikal oksijen tiirleri; SBF: Simiile viicut sivisi; TBO:
Toluidin mavisi; W: Agirlik
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Araceae Familyasina Ait Baz1 Taksonlarin Siit Pihtilastirma

Ozelliklerinin Arastirilmasi
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OZET

Bu calismanin amaci Aracea familyasina ait Biarum aleppicum, Biarum bovei, Arum
rupicola gibi bazi bitkilerin yumru ve yapraklarindan siit pihtilastirma ozelliklerinin
aragtirilarak dogal bir yontemle yogurt tretmektir. Yaptigimiz caligmada siitiin
pihtilastirilmasinda kullanilan bitkilerin  kok yumrulart dilimlenerek, yapraklari ise
dogranarak dogrudan kullanilmistir. Mayalama isleminin ikinci kez tekrarlanmasi ve ikinci
islemden sonra elde edilen yogurt renginin daha beyaz, akiskanhiginin daha kati oldugu,
tadinin daha tath oldugu goriilmiistiir. Yaptigimiz bu calisma ile daha 6nce kullanimina
rastlanmamusg olan Biarum aleppicum, Biarum bovei, Arum rupicola bitkilerinin yumru kok
ve yapraklar1 kullanilarak yogurt benzeri tatl siit pihtis1 elde edilmistir.

Investigation of milk coagulation properties of some
taxa belonging to the Araceae family

ABSTRACT

The aim of this study is to investigate the milk coagulation properties of some plants such
as Biarum aleppicum, Biarum bovei and Arum rupicola belonging to the Aracea family,
and to produce yoghurt with a natural method. In our study, the root tubers of the plants
used in the coagulation of milk were sliced and the leaves were chopped directly. After the
second repetition of the fermentation process and the second process, it was observed that
the color of the yoghurt obtained was whiter, its fluidity was stronger, and its taste was
sweeter. With this study, yoghurt-like sweet milk clot was obtained by using tubers and
leaves of Biarum aleppicum, Biarum bovei, Arum rupicola plants, which were not used
before.
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Yogurt, eski caglardan beri kullanilmaktadir. Mayalandirilmis siit mamulleri daha ¢ok

gocebe topluluklar tarafindan gelistirildigi belirtilmektedir. Ilk zamanlardaki insanlarm
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stitii hayvan derilerinde muhafaza edip, daha sonra eksime ve pihtilasmaya biraktiklar
tahmin edilmektedir. Yogurt ilk kez Tiirkler tarafindan Anadolu’ya getirilmis olup,
Avrupa’ya da zamanla tanitmislardir [1, 2].

Bitkilerin alisilagelmis kullanimlarindan biri siit pihtilasmasidir. Asidik bilesiklerin
1sitilmasi ve eklenmesi, 1yi kiiltiirlenmis mikrobiyal maddeler, siitii yogurt ve peynir gibi
pihtilastirict tiriinlere doniistiiren enzimler gibi birgok alternatif vardir. Siitiin enzimatik
yontemlerle pihtilastirilmasi, gogu peynirin iiretiminde temel bir adimdir. Ote yandan, siit
hayvancilig: ciftliklerinde, iyi kiiltiirlenmis bakteriler yogurt yapmak igin kullanilir ve
site en sik eklenen ki bakteri Lactobacillus bulgaricus ve Streptococcus
thermophiles'dir. Ev diizeyinde enzimler ve bakteriler gibi pihtilastirici ajanlar elde etmek
zor oldugundan, bazi bolgelerde yore halki bunun yerine dogal ortamlarinda bulunan bitki
ozlerini kullanma gelenegi gelistirmislerdir. Belirtilen alanda bu bitkilerin kullanimi
cogunlukla yogurt olusumunu kolaylastiracagi varsayimiyla yapilsa da bitkilerin kimozin
gibi davranan enzimleri serbest birakabildikleri igin peynir olusturma olasiligimi da
giiclendirmektedir. Ote yandan, bitki 6zlerinin sentetik ilaglara ve gida katk1 maddelerine
gore daha az risk olusturdugu diisiintilmektedir [3].

Bitkisel pihtilagtiricilarin kullanilmasi ¢ok eskiye dayanmaktadir. Son yillarda ise bitkisel
pihtilagtiricilarin siit teknolojisinde kullanimi dikkat ¢ekici oranda artis gostermistir. Bazi
bitkilerde dogal olarak bulunan, siiti pihtilastirma yetenegine sahip pihtilastirict
enzimlerden yararlanilarak siit pihtilastirilabilmektedir. Bu bitkisel kokenli enzimler,
bitkilerin kok, govde, tohum, ¢icek ve yaprak gibi kisimlarinin kullanilmasiyla veya
belirli bolgelerinden elde edilmektedirler [3].

Tiirkiye zengin bir floraya sahiptir. Tiirkiye’de 167 familya, 1320 cins ve bu cinslere ait
toplam 11707 takson bulunmaktadir. Taksonlardan 3649 Tiirkiye i¢in endemiktir [4].
Anadolu bitki bilgeliginde bazi bitkilerin pihtilastirict olarak kullanilmaktadir. Siit
pihtilastirma 6zelligiyle bilinen 6nemli bitkiler arasinda incir (Ficus carica L.), altin ¢ilek
(Physalis peruviana L.), teleme otu (Euphorbia maculata L.), kenger otu (Gundelia
tournefortii L.), nohut (Cicer arietinum L.) gelmektedir [3]. Bu ¢alismada ise Araceae
familyasina ait bazi taksonlarin siitii pihtilagtirma 6zellikleri aragtirilmistir.

Araceae (Yilanyastigigiller) familyas1 105 cins ve 3300 tiir igerir [5]. Araceae Juss.
(Y1ilanyastigigiller) familyasinda yer alan Biarum Schott (Y1lanpancari) cinsi diinyada 21,

tilkemizde 11 tiir ve 6 alt tiirle temsil edilmekte olup, endemik takson sayis1 2°dir.
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Arum L. diinya genelinde 32, iilkemizde 17 tiir ve tiir alt: taksonla temsil edilmekte olup,
3 taksonu endemiktir [6, 7, 8, 9, 10,11].

Yapilan literatiir arastirmasinda, iilkemizdeki bazi bitkilerin geleneksel olarak siit
pihtilastirilmasinda kullanildig: gértilmistiir [3, 12, 13, 14, 15].

Bu calismada siit pihtilagtirma 6zelliginin olup olmadigi bugiine kadar arastirillmayan
Arum rupicola Boiss., Biarum aleppicum J.Thi¢baut ve Biarum bovei Blume gibi bazi

bitkilerin siitii pthtilagtirma 6zelliklerinin arastirilmasi amaglanmuistir.
Materyal ve Metot

Numunelerin toplanmasi ve hazirlanmasi

Calismada kullanilan bitkiler, Giineydogu Anadolu Bélgesinde tarafimizca toplanmis ve
Harran tiniversitesi herbaryumunda saklanmustir (Sekil 1). Bitki 6rnekleri Tiirkiye Florasi
[16] isimli eserden yararlanilarak teshis edilmistir. Arastirmada kullanilan bitkilerin

bilimsel isimleri, yerel ve Tiirkce isimleri [4] Tablo 1°de verilmistir.

rupicola
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Tablo 1 Siit pihtilastirma yapiminda kullanilan bitkilerin bilimsel ve yoresel isimleri ile yayilis
durumlari

Bitkinin Bilimsel Ad Bitkinin yoresel isimleri Ulkemizdeki yayihst

Arum rupicola Yilanyastigi, gavurpancari, kardi Akdeniz ve Giineydogu Anadolu
Bolgeleri

Biarum aleppicum Urfa yilanpancari, kardi Giineydogu Anadolu Bolgesi

Biarum bovei Ozge sucukotu, kardi Akdeniz, Dogu Anadolu ve
Giineydogu Anadolu Bolgeleri

Siitiin pithtilastirma asamalar:

Siitin  pihtilagtirilmasinda  kullanilan  bitkilerin - yumrulart dilimlenerek dogrudan
kullanilmigtir. Kaynatma islemi uygulanmis taze siit, 38-40°C'ye kadar sogutularak
tizerine dilimlenmis yumrular eklenmistir. Bir tath kasigi seker ve tuz eklenerek
karistirildi. Kavanozlarin tizeri hava ve 1sik almayacak sekilde ortiildii. 8 saat siirenin
sonunda kavanozlar buzdolabina alinarak 1 giin bekletildi. Mayalanmaya birakilan siit
buzdolabindan alinarak ic¢inden bitki yumrular1 ¢ikarildi. Elde edilen pihti vizkozite
acisindan akiskan olup bir sonraki islem i¢in maya olarak kullanildi. Mayalama islemi
ikinci kez tekrarlandi. Tkinci islemden sonra elde edilen yogurt renginin daha beyaz,
vizkozitesinin daha kat1 ve tadinin daha tatli olmasina dikkat edildi. Kullanilan bitki

materyalleri sekil 2’de, ilk mayalanma siireci sonundaki goriintiiler sekil 3’te, ikinci

mayalanma siirecindeki gortintiiler sekil 4’de verilmistir.

Sekil 2 Kullanilan bitki materyalleri, A-B. bovei yaprak, B-B. aleppicum yumru, C- B. bovei
yumru, D-A. rupicola yumru
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Sekil 3 Ik mayalanma siireci sonundaki gériintiiler, A- B.bovei yumru, B. bovei yaprak, B.
aleppicum yumru, A. rupicola yumru

Sekil 4 ikinci mayalanma siireci sonundaki goriintiiler A- A. rupicola yumru, B-B. aleppicum
yumru, C- B. bovei yumru, D- B. bovei yaprak

Bulgular

Elde edilen siit pihtilar1 i¢in duyusal analiz formu (Ek-1) diizenlenmis ve sonuglar Tablo

2’de verilmistir.

Tablo 2 Duyusal analiz degerlendirmesi sonuglari

1.giin 7.giin 14.giin

Numune

= 2 =

= e = e = £

= o 1f 2|2 2. |28 |2

6 | ¥ |[E |6 |2 |¥ |E |6 |2 |x &
Biarum 10 8 6 6 8 6 6 5 6 6 5 |4
aleppicum
Biarum 10 10 7 7 8 7 6 5 6 8 5 |4
bovei
Arum 10 9 6 6 8 6 6 5 6 8 5 |4
rupicola
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Elde edilen pihtilarin goriiniis, kivam (vizkozite), koku ve tatlar1 istenilen o6zellikte
¢cikmistir. pH dlgtimleri ortalama 5.30-4.80 arasinda degerler ile dlglilmiis ve istenilen pH
araliginda oldugu goriilmiistiir. Ornekler igerisinde en ¢ok begenilen numunenin Biarum
bovei’nin oldugu gorilmistiir. Degerlendirme sonucunda o6rneklerin bir haftalik
muhafaza siiresince goriiniis ve diger ozelliklerinde fazla bir degiskenlik olmadigi
goriilmistiir. Muhafaza siiresinin sonu olan 14. giinde yapilan analizlerde ise goriiniis ve

diger ozelliklerin bozuldugu gézlenmistir.
Sonuc ve Tartisma

Bitkisel pihtilagtiricilarin kullanilmasi ¢ok eskiye dayanmaktadir. Diinyada bitkisel
pihtilastiricilar Italya, Ispanya, Portekiz, Hindistan, Israil ve Fas gibi bir¢ok iilkede peynir
ve yogurt yapiminda kullanilmaktadir. Diisiik maliyete sahip bu bitkisel enzimlerin
endiistride kullanimina yonelik arastirmalarin arttirilmast gerekmektedir [3].

Fermente {irtinlerin tiretiminde problemlerle karsilasmamak i¢in tilkemiz siit Sanayiinde
genetik olarak tanimlanmis ve teknolojik 6zellikleri belirlenmis starter kiiltiirler (maya)
kullanilmaktadir. Tim fermente {irtinlerde kullanilan starter kiltiirler yurt disindan
alinmaktadir. Bu da iilke ekonomisine yiik getirmektedir.

Yapilan deneylerde gerek Arum gerekse Biarum bitkilerinden elde edilen yogurdun diger
yogurtlara oranla daha tath oldugu gériilmiistiir, yogurdun tadina bakan kisilerde tatl bir
izlenim birakmistir. Daha 6nce denenmemis bir yontemle tamamen dogal bir yogurt
yapilmistir. Ayrica yogurdun tath olusunun ¢ocuklar i¢in cezbediciligi bulunmaktadir.
Say ve Giizeler [3] tarafindan yapilan diger bir ¢alismada siitii pihtilastirma 6zelligine
sahip onemli bitkiler arasinda incir (Ficus carica), altin ¢ilek (Physalis peruviana),
teleme otu (Euphorbia maculata), kenger otu (Gundelia tournefortii) ve nohut (Cicer
arietinum) gibi bitkilere rastlanmistir. Yaptigimiz bu ¢alismada ise Aracea familyasina
ait bazi taksonlarin daha 6nce kullanimina rastlanmamis olup, bu bitkilerin yumru kok ve
yapraklar kullanilarak yogurt benzeri tatl siit pihtist elde edilmistir. Diisiik maliyete
sahip bu bitkisel enzim ve bakterilerin endiistride kullanimina yonelik arastirmalarin
arttirilmast  gerekmektedir. Etnobotanik kullanimi olan bagka tiirler {izerinde de
aragtirmalarin yapilmasi onerilmektedir.Bu ¢alisma ve bundan sonra yapilacak benzeri

calismalarin tilke ekonomisine katki saglayacagini iimit etmekteyiz.
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EK.1 YOGURT DUYUSAL ANALIZ FORMU
Birazdan size Yogurt 6rnekleri servis edilecek ve size iiriiniin bazi1 kriterleri hakkindaki diisiinceleriniz

sorulacaktir. Liitfen;

1-Size verilen Yogurt 6rneklerini agagida verilen siraya gore renk-goriiniis, tat-aroma, kivam ve genel
begeniniz yoniinden degerlendiriniz.

2-Uriiniin sizde biraktig1 etkiye gore, asagidaki skalayr kullanarak 1 ile 10 arasinda bir numaray: daire
icerisine aliniz.

Puanlandirmada, 1= Cok ¢ok Kkétii, 5= Ne iyi ne kotii, 10= Cok ¢ok iyi’ye esittir.

3- Uriin ile ilgili varsa yapmak istediginiz onerileri asagida ayrilan kisma yaziniz.

4-Her tiriinii tattiktan sonra, digerine gegmeden 6nce agzimizi su ile ¢alkalaymiz.

Sizin yapacagimiz diiriist bir puanlama bizlerin ¢alismasina yon verecektir.

RENK-GORUNUS

Biarum aleppicum

1 2 3 4 5 6 7 8 9 10
Biarum bovei

1 2 3 4 5 6 7 8 9 10
Arum rupicola

1 2 3 4 5 6 7 8 9 10
TAT-AROMA

Biarum aleppicum

1 2 3 4 5 6 7 8 9 10
Biarum bovei

1 2 3 4 5 6 7 8 9 10
Arum rupicola

1 2 3 4 5 6 7 8 9 10
KIVAM

Biarum aleppicum

1 2 3 4 5 6 7 8 9 10
Biarum bovei

1 2 3 4 5 6 7 8 9 10
Arum rupicola

1 2 3 4 5 6 7 8 9 10

GENEL KABUL EDILEBILIRLIK

Uriin hakkindaki diger diistinceleriniz: ..............oooviiviiiiiieiiieiiiiiiie i
Not: Liitfen ornekleri tercihinize gore siralayiniz.

Uriin hakkindaki diger diisiinceleriniz: ..................ccoeevivneiiiiiieeeiiieeeeeinnnn..

Not: Liitfen ornekleri tercihinize gore siralayiniz.
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The Effect of Hemp Seed Oil on Skin and Soap Performance

Miinevver Seker *** | Ozlem Esen*

ABSTRACT

The cannabis plant is essentially a variety of the Cannabis Sativa L. plant. It is used in the
textile, energy, automotive and cosmetics. The use of oil derived from hemp seeds has become
widespread in cosmetics. Hemp seed oil does not contain A9-tetrahydrocannabinol (A9-THC)
and it is used in the production of food, biodiesel and polymers as well as cosmetics. In this
study, different concentrations of hemp seed oil were used in cream and soap formulations,
which are among the cosmetic products, and effect on skin hydration, sebum and transepidermal
water loss (TEWL) on the skin was investigated. At the same time, the foaming test was applied
to soaps containing different concentrations of hemp seed oil to see effects of soap foam
performance. To analyse these, a rinse-off and leave-on product were selected. In soap
formulations, there is positive effect on skin hydration and TEWL with sebum decrease. The
most important change in cream formulations with respect to bar soap formulations is the
increases in sebum. The effects of hemp seed oil on soap foam performance were examined. As
a result of the study, its effect on the foam of the soap base which is used in this study is positive.
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The seeds of cannabis plant are used in cosmetics. Hemp seeds contain 20-25% protein, 20-

30% carbohydrates, 25-35% fat, and 10-15% insoluble fibers and a rich range of minerals

[1]. Hemp seeds are completely free of A 9-THC and can be used in the production of food,

cosmetics, biodiesel and polymers [2].

The use of oil derived from hemp seeds has recently become widespread in the cosmetics

industry. It has been suggested that hemp seed oil is perfectly balanced in terms of the ratio

of two essential polyunsaturated fatty acids (linoleic and linolenic acid (3: 1)). Due to this

property and the presence of y-linolenic acid, oil is used as an ideal ingredient for light body

oils and lipid-enriched creams known for their high penetration into the skin [3]. Table 1.

shows the percentage presence of fatty acids in hemp seed oil.
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Table 1 Hemp Seed Oil Fatty Acid Ratio [4]
Hempseed Oil Fatty Acid Percentage (%0)

C16:0 Palmitic 5,98 £ 0,02
C18:0 Stearic 2,41 £0,09
C18:1n9 cis Oleic 9,15+0,17
C18:2n6 trans Linolelaidic 0,86 +0,15
C18:2n6 cis Linoleic 55,64 £ 1,21

C18:3n6 gamma-Linolenic 5,30+0,12
C18:3n3 a-Linolenic (cis 9) 18,02 +0,19

C20:0 Arachidic 0,93 + 0,01
C20:1n9 Eicosenoic 1,71+ 0,17
unsaturated fatty acids 90,68 + 0,51

Hemp seed oil has been reported to be effective as a sunscreen, skin repairment, anti-allergy
and anti-aging, which is high-quality raw material for skin care products [5] and some of its
characteristics and properties have been studied. As far as the cosmetic properties are
concerned, some of the studies did not provide any particularly interesting result. There have
been studies related to the formulations, characterization and antibacterial properties of hemp
seed oil. One study evaluated the degree of oxidation of hot pressed and cold pressed hemp
seed oil stored in five different environments. The results showed that long chain unsaturated
fatty acids were oxidized. The oxidation products of hemp seed oil were analysed by
headspace solid phase micro-extraction gas chromatography-mass spectrometry (HS-SPME-
GC / MS) and high performance liquid chromatography (HPLC).

It has been found that seed oils stored at low temperature, protected from light and the
external environment, contain aldehydes, ketones and alcohols, which have a negative impact
on the health of consumers [5].

Hemp seed oil and its emulsions were tested against the growth of selected bacteria
(Micrococcus luteus and Staphylococcus aureus subsp.) using disk diffusion and broth
microdilution methods. It has been suggested that the formulation in the study does not
exhibit antibacterial activity due to hemp seed oil addition [6]. On the other hand, cannabis

seed emulsions were prepared with different HLB values. After 2 months 25 °C and 4 °C, it
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was observed that the hemp seed oil emulsion showed good stability without phase seperation
[6].

In spite of the not promising results quoted above, it might be considered that hemp seed oil
can have some positive effects on skin properties. Cannabidiol (CBD), a non-psychoactive
compound from the cannabis plant, has garnered significant attention in recent years for its
anecdotal therapeutic potential for various pathologies, including skin and cosmetic
disorders. Though a body of preclinical evidence suggests topical application of CBD may
be efficacious for some skin disorders, such as eczema, psoriasis, pruritis, and inflammatory
conditions, confirmed clinical efficacy and elucidation of underlying molecular mechanisms
have yet to be fully identified. [7].

One of these is transepidermal water loss (TEWL), one of the most reliable indicators of
epidermal barrier function; TEWL refers to the amount of water loss from a specific skin
area in a given time period [8]. The use of soap and harsh detergents causes xerosis and
exacerbates atopic dermatitis (AD) by a mechanism involving skin barrier breakdown [9].
Occlusive agents serve to reduce transepidermal water loss (TEWL) by forming a
hydrophobic barrier film over the skin surface to prevent evaporation of water from the SC,
trapping water in the skin’s uppermost layers [10]. Creams can have a delaying effect on
transepidermal water loss thanks to the occlusive oils they contain. Another effect of creams
IS to increase skin hydration.

And another reason for using skin products such as soaps and creams is to reduce sebum.
Most people think that excess facial sebum causes a shiny or oily looking face and want to
reduce facial sebum using cosmetics. Also, oxidized sebum or free fatty acids derived from
sebum can irritate the skin and cause skin problems such as seborrheic dermatitis and acne
[11].

Materials And Methods

Hemp seed oil was supplied from a local market in Tuzla, Istanbul, Turkey and used in the
moment of purchase without any pretreatment. GC and FTIR tests of the supplied hemp seed

oil have been completed by the Evyap® laboratories. 0.50, 1.00 and 1.50 w/w% of hemp
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seed oil was added to the soap and cream. Formulation of the products are formed by Evyap
Sabun Yag Gliserin San. ve Tic. A.S.®

Skin base measurement

20 volunteers with different genders and age groups and with different skin types were kept
in conditional room at 18 °C with 8% relative humidity for 15 minutes. The samples were
applied on a 25 cm? square on the forehead of the volunteers. Before the soaps and creams
were applied, the hydration value of the skin was taken from 3 points with Courage +
Khazaka electronic GmbH Corneometer® CM 825 and the averages were recorded.
Transepidermal water loss was recorded by averaging 10 values with Courage + Khazaka
electronic GmbH Tewameter® TM 300 in the same 25 cm? square area. Finally, with the
Courage + Khazaka electronic GmbH Sebumeter® SM 815, the sebum value was measured
3 times from the same area and the averages were calculated.

Soap measurement on skin

After having measured the base values on the untreated skin, 5 mg soap foam which is
including hemp seed oil was applied to the same 25 cm? area in forehead of the same
volunteers. After 30 seconds later, soap foam was rinsed from the skin using tap water.
After the soap was rinsed from the skin, there was no drying process and the skin was allowed
to dry naturally in the conditioned environment. TEWL and hydration and sebum were
measured 15 minutes, 30 minutes and 60 minutes after removal of the foam. The steps were
exactly the same for soaps containing 0.00%, 0.50%, 1.00% and 1.50% by weight. Results
are recorded as a negative expression indicates a decrease in the specified time interval, while
a positive expression indicates an increase.

Cream measurement on skin

1.00 gram of the cream containing hemp seed oil was taken and applied to the forehead in a
25 cm? square of the same volunteers. The hydration value of the skin was taken from 3
points with Courage + Khazaka electronic GmbH Corneometer® CM 825 respectively, from
the applied area and the averages were recorded. Transepidermal water loss was recorded by
averaging 10 values with Courage + Khazaka electronic GmbH Tewameter® TM 300 from
the applied area. Finally, the sebum value was measured 3 times with Sebumeter® SM 815

from Courage + Khazaka electronic GmbH, and their average was recorded. Corneometer
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and tewameter measurements were repeated for cream formulations of 0.00%, 0.50 %,
1.00%, 1.50% w/w hemp seed oil concentrations. After the application of the creams, the
same measurements were performed as 15 minutes, 30 minutes and 60 minutes, respectively,
and the results were recorded. Results are recorded as a negative expression indicates a
decrease in the specified time interval, while a positive expression indicates an increase.
Measurement of soap foaming performance

To determine the foaming performance of soaps, foam test method was applied to soap
samples. The 0.40 g soap sample was weighed and placed in a beaker. It was homogenized
for 5 minutes at 3600 rpm by adding 1000 mL of deionized water on it. After 5 minutes,
samples were poured into 3 measuring cylinders of 50 mL. Each of the metering cylinders
was rotated for 30 seconds on the spinner to determine the amount of foam per unit volume.
After 30 seconds the initial volume value of the foam was recorded. After 15 minutes and 30

minutes, foam volumes were measured and recorded as well. ,
Results

Characterization of hemp seed oil

When the GC results graphed in Figure 1. are compared with the hemp seed oil content in
Figure 2, the results largely overlap. The difference in the ratio of fatty acids in hemp seed
oil is due to the different structure of each plant. Detailed results of the graph in Figure 2

are shown in Table 2. FT-IR analysis results are shown in Figure 2.
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Fig 1 GC Analysis Result of Hemp Seed Oil
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Table 2 Hemp Seed Oil GC Analysis Results

Peak Retime Width Area Area% | Name
[Min] [Min] [pA*s]

1 5.3 0.0 0.0 0.0 C:8
2 6.0 0.0 0.0 0.0 C:10
3 8.0 0.0 0.0 0.0 C:12
4 11.0 0.0 0.0 0.0 C:14
5 14.4 0.0 487.1 8.8 C:16
6 18.1 0.1 170.2 3.1 C:18
7 18.9 0.1 1020.4 18.4 C:18:1
8 20.4 0.1 3106.6 56.1 C:18:2
9 22.0 0.0 756.5 13.7 C:18:3

R RAAE IR B 2 B S R i o B i T e I B B S R SR A B e v et ' ' T
o] %00 0 = “° o eLx "

Fig 2. FT-IR Result of Hemp Seed Oil

Chemical analysis

Heavy metal ion analysis of the water used at this stage was performed by SGS Istanbul -
Food Control & Agriculture® using EPA 200.8 analysis method. The pH, conductivity and
hardness analysis of the same water sample was carried out. Heavy metal values were given
in Table 3. The pH analysis result of the same water is 8,001; conductivity analysis result is

767.1. The water hardness analysis result is stated as 21 dH (hard).
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Soap measurements

Table 3 Heavy Metal lons Analysis Results of Soap Rinse Water

Analysis Result/ LOQ | Unit
Uncertainty
Antimony (Sb) | Not Detected 1 pg/L
Cadmium (Cd) | Not Detected 1 pg/L
Chromium (Cr) | Not Detected 1 pg/L
Cobalt (Co) Not Detected 1 pg/L
Nickel (Ni) Not Detected 1 pg/L
Copper (Cu) Not Detected 1 ug/L
Arsenic (As) Not Detected 1 pg/L
Mercury (Hg) Not Detected 1 ug/L
Lead (Pb) Not Detected 1 ug/L

Soap removes lipids in the skin's barrier and modifies trans-epidermal water loss and skin

hydration. The results for the control without hemp oil are reported in Table 4. A negative

expression indicates a decrease in the specified time interval, while a positive expression

indicates an increase.

Table 4 Skin hydration, TEWL, Sebum Measurement Values of Soap Containing 0.00 % Hemp

Seed QOil
Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
s P Voluntee
eed rs 0-15 | 15-30 | 30-60 | 0-15 | 15-30 | 30-60 | 0-60

Oil Min Min Min Min Min Min Min

(%)
1 -18.2 -19.1 -15.7 -14.1 -12.6 -1.5 33.0
2 -3.2 -11.7 -2.6 -6.7 -9.2 -3.2 -97.0
3 -4.1 -0.8 0.0 -0.9 9.1 -5.3 -21.0
4 -22.2 -20.5 -18.3 -3.2 -7.9 -5.3 -28.0
5 -0.4 -15.7 -4.5 -7.1 -5.6 -4.1 7.0
6 -10.2 -15.9 -5.5 9.1 -11.1 -10.5 -18.0

0.00 7 -19.9 -17.3 -14.7 -0.8 -8.2 -4.2 -34.0
8 -9.0 -54 -5.3 -12.3 -10.2 -1.7 18.0
9 -21.2 -2.8 -1.2 -2.4 -13.4 -11.2 -45.0
10 -12.3 -7.6 -54 -18.6 -20.6 -13.4 22.0
11 -15.8 -3.9 -2.5 -15.3 -12.5 -34 38.0
12 -17.1 -5.2 -4.3 -2.8 -3.3 -0.2 -2.0
13 -0.8 -0.1 -0.2 -4.7 -5.8 -4.2 -45.0
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14 -4.2 -9.4 -9.8 -0.2 -2.9 -1.1 -31.0
15 -13.6 -1.4 -3.6 -0.6 -7.8 -6.9 -54.0
16 -5.7 -12.2 -10.4 -3.5 -12.4 -5.3 -94.0
17 -1.4 -8.1 -14.3 -0.7 -2.2 -0.2 43.0
18 -20.3 -19.5 -18.4 -11.4 -14.3 -9.9 -65.0
19 -2.1 -2.6 -2.2 -3.3 -8.3 -2.7 -67.0
20 -3.3 -0.3 -0.4 -1.4 -10.6 -3.8 -32.0
Average -10.5 -9.3 -7.0 -6.0 -94 -5.2 -23.6

Table 5 shows the skin hydration, TEWL and sebum data of soap with 0.50% hemp seed oil
content for 20 people in detail. Data were taken as the average change between specified
minutes. Based on the mean values of 7 volunteers, the use of hemp seed oil appears to have
a positive effect on skin hydration. Although there was a decrease of -6.2 in skin hydration
between 0 and 15 minutes, an increase in hydration was seen in the following measurements.
When the same results were evaluated for TEWL, soap containing 0.50% hemp seed oil was
not shown significant results during 60 minutes. The value of TEWL was quite small. 0.50%
concentration will not cause a change for TEWL.

The change in sebum values were evaluated for the first 60 minutes and are reflected in Table
5. It has been observed that hemp seed oil reduces sebum with a value of -31.8.

Table 5 Skin hydration, TEWL, Sebum Measurement Values of skin treated with foam from Soap
Containing 0.50 % Hemp Seed Qil

Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
P Volunteer

Seed s 0-15 15-30 30-60 0-15 15-30 30-60 0-60

Oil Min Min Min Min Min Min Min

(%)
1 -8.3 3.1 12.7 -4.1 2.0 -15 18.0
2 -04 -14.7 8.9 -04 5.0 -1.7 -70.0
3 -0.5 -1.9 4.0 2.9 -0.1 -1.6 -31.0
4 -16.7 2.0 3.3 -0.2 -2.5 -2.5 -32.0
5 4.8 -13.7 -1.5 -0.2 1.7 -2.2 -3.0

050 6 -6.1 -54 2.9 0.0 -14 -0.8 -36.0
7 -17.9 10.3 114 -0.8 4.4 -24 -65.0
8 -6.4 -2.3 4.4 -0.1 2.3 -3.5 -21.0
9 -18.2 -9.2 2.7 -4.4 1.2 -24 -18.0
10 -4.3 -2.3 7.6 -2.1 -2.5 -1.6 -34.0
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11 -12.5 -8.8 -2.4 2.3 -1.2 -3.2 -42.0
12 -11.7 -4.9 6.3 -4.9 3.4 -1.9 12.0
13 -0.3 0.0 7.7 3.6 4.2 -2.6 -27.0
14 -3.2 -2.7 4.6 -2.7 1.9 -0.2 -39.0
15 -9.8 -2.6 5.0 -0.1 -2.6 -1.2 -43.0
16 -2.9 -2.3 5.1 -2.5 3.6 -2.1 -56.0
17 -5.6 -14 2.9 -3.1 0.8 -4.2 -28.0
18 0.0 0.0 6.6 -2.6 -1.3 -0.1 -19.0
19 -1.9 -11 13.5 3.5 -0.3 -2.5 -34.0
20 -2.8 -1.2 18.9 0.0 3.9 -0.7 -67.0
Average -6.2 -3.0 6.2 -0.8 11 -1.9 -31.8

Table 6. shows the data of soap with 1.00% hemp seed oil content as hydration, TEWL and
sebum. Considering the data as the mean change between the specified minutes, it is seen
that the mean values of 20 subjects showed an incredible effect when soap containing hemp
seed oil increased from 0.50% to 1.00%. Although there was a decrease in skin hydration in
the first 15 minutes, it was increased dramatically between 15-30 minutes. Skin hydration
tended to return to its original state after 30 minutes. At the end of 60 minutes, there was
almost no change in skin moisture with respect to initial values. There was a steady decrease
in TEWL. Although the soap increased TEWL when first applied to the skin, there was a
decrease in water loss with the effect of hemp seed oil.

The change in sebum have been evaluated for the first 60 minutes and are reflected in Table
6. It has been observed that hemp seed oil reduces sebum with a value of -36.7 with respect
to 0.50% hemp seed oil. There was 17% decrease in sebum after 60 minutes.

Table 6 Skin hydration, TEWL, Sebum Measurement Values of Soap Containing 1.00 % Hemp

Seed Oil
Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
Volunteer
p S 0-15 15-30 30-60 0-15 15-30 30-60 0-60
Seed Min Min Min Min Min Min Min
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Oil
(%)

1 -16.9 12.2 5.4 -1.7 2.3 -3.0 -97.0

2 2.6 -3.1 -5.9 3.7 2.0 2.4 -125.0

3 -2.2 -6.9 -3.3 2.0 0.3 -1.3 65.0

4 -21.7 2.7 3.8 -0.2 6.3 12.5 -39.0

5 -10.0 13.8 -9.5 3.1 0.1 -0.4 -16.0

6 3.4 0.7 3.0 2.6 -2.9 -0.4 -28.0

7 19.9 8.4 0.1 1.9 1.6 -3.3 -16.0

8 -8.7 5.7 6.3 3.2 2.5 115 -23.0

9 2.3 6.4 4.2 5.7 1.8 -0.2 -53.0

10 -1.2 25 3.1 0.4 15 -0.8 -61.0

1.00 11 -10.9 -5.2 2.4 1.2 4.4 -11.2 -38.0

12 -1.4 -3.3 -15.7 -3.7 0.0 -1.1 -78.0

13 2.4 5.9 4.8 -2.9 11 3.6 -18.0

14 -1.7 2.1 1.2 2.2 13 3.7 -43.0

15 -5.4 -2.4 -7.1 6.1 2.6 0.0 -27.0

16 -1.7 3.9 -4.4 3.9 -3.1 -0.2 -19.0

17 -3.3 7.9 3.2 8.2 0.5 3.1 -27.0

18 -5.6 4.8 6.1 5.1 0.3 2.9 -30.0

19 -11 12.3 -11.3 3.9 15 2.2 -21.0

20 -1.4 9.9 2.2 11 1.6 -1.2 -39.0

Average -3.4 3.9 -0.8 1.8 1.3 0.9 -36.7

Table 7. shows the data of soap with 1.50% hemp seed oil content as moisture, TEWL and
sebum. The data were interpreted as the average change between the specified minutes, and
by looking at the average values of 20 volunteers, it can be said that by increasing the ratio
of hemp seed oil to 1.50%, the skin moisture decreased considerably in the first 15 minutes,
but then it started to increase rapidly until 60 minutes.

When the same results were evaluated for TEWL, although it was observed that it increased
based on the value of 2.4 in the first 15 minutes, there was a significant decrease between 15
and 30 minutes. Within 30-60 minutes the skin tended to return to its initial state.

The change in sebum were evaluated for the first 60 minutes and were reflected in the Table

7. It has been observed that hemp seed oil significantly reduces sebum with a value of -44.29.
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Table 7 Skin hydration, TEWL, Sebum Measurement Values of Soap Containing 1.50 % Hemp

Seed Qil
Hemp Skin Hydration [g/min] TEWL (g/ hm?) Sebum
Seed QOil | Volunteers [o.15 [ 15-30 30-60 | 0-15 | 15-30 | 30-60 | 0-60
(%) Min Min Min Min Min | Min Min
1 -11.1 -6.7 4.8 -1.3 -0.2 -2.2 -59.0
2 -1.2 -7.6 -1.7 9.4 -2.0 2.4 -85.0
3 -10.7 -2.3 7.1 0.6 14 -0.5 -10.0
4 12.6 -2.4 -6.6 2.0 -3.9 -2.0 -7.0
5 -2.1 -2.7 2.0 25 -0.9 -2.5 -6.0
6 -26.7 -1.6 5.9 04 -5.7 4.1 -35.0
7 -17.2 3.3 7.9 4.0 -34 0.4 -108.0
8 -9.5 -2.5 14 2.3 1.2 1.9 -34.0
9 -13.7 -4.7 -2.4 3.1 1.6 15 -67.0
10 -24.1 -12.8 -6.3 3.5 -2.4 -3.4 -73.0
1.50 11 -13.1 -3.6 2.1 5.2 3.1 1.2 -32.0
12 -14 4.4 3.7 2.3 -3.6 -6.2 -96.0
13 2.1 2.6 2.9 1.7 -2.8 2.3 -54.0
14 -7.9 1.1 35 -1.9 -3.4 1.1 -41.0
15 -4.4 -2.9 2.4 2.5 -5.8 15 -35.0
16 -11.1 -5.6 -1.9 3.1 -14 2.7 -28.0
17 -1.6 4.8 5.2 4.7 4.4 -1.6 -29.0
18 2.1 -1.3 3.6 -3.2 -7.1 -5.1 -24.0
19 -3.2 -2.8 4.6 3.6 -1.5 3.4 -49.0
20 -5.6 -4.5 7.8 3.8 -6.8 2.5 -51.0
Average -7.8 2.4 2.3 2.4 -2.0 0.1 -46.2

It has seen 0.50%, 1.00% and 1.50% hemp seed oil content data in Table 8. As can be seen,

the highest level was observed at 0 minutes. Subsequently, it has gradually decreased and

reached the minimum level in 30 minutes.

Table 8 Soap Foaming Test Results with Hemp Seed Oil Ratio Variation

Hemp Seed Oil (%) 0. Min 15. Min 30. Min
0.00 2.28 1.35 1.12
0.50 2.24 1.65 1.28
1.00 1.88 1.57 1.28
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1.50

2.43

2.08

1.48

Hemp seed oil has been observed to yield only 1.50% effective results at minute 0, based on

the soap base measurement according to Table 8. However, considering the 15th and 30th

minutes, it was observed that the amount of soap foam increased with the increase in the

concentration of hemp seed oil.

Cream measurements

Cream formulation is contained emollients and humectants. Emollients are created a barrier

on the skin. Hydration, TEWL and sebum for the skin treated with cream without hemp oil

are reported in table 9.

Table 9 Skin hydration, TEWL, Sebum Measurement Values of Cream Containing 0.00 % Hemp

Seed Qil
Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
P Volunteer

Se?d s 0-15 15-30 30-60 0-15 15-30 30-60 0-60

Oil Min Min Min Min Min Min Min

(%)
1 -3.5 -2.2 13.9 3.5 15 -2.3 120.0
2 -28.9 -23.3 -13.7 9.0 -6.8 4.5 87.0
3 -4.5 0.2 2.3 -2.3 5.4 3.9 34.0
4 -23.8 -12.4 0.1 -11.2 -12.1 -95 27.0
5 -2.3 3.5 3.0 0.8 -2.3 2.0 45.0
6 -29.5 -21.5 -8.1 3.8 -1.7 1.2 129.0
7 -23.2 -12.0 -1.9 4.6 -2.5 2.7 134.0
8 -27.3 -22.3 -18.4 3.1 -2.5 4.8 137.0
9 -31.6 -18.4 7.1 2.6 -3.1 2.5 32.0

0.00 10 -17.3 -12.8 -8.2 4.2 -5.7 6.5 76.0
11 -19.3 -11.5 0.5 6.8 -25 0.1 98.0
12 -8.2 -6.6 -2.1 11.3 2.9 0.4 79.0
13 2.1 3.5 0.1 4.2 -4.4 3.7 73.0
14 -5.9 0.4 6.5 -8.9 5.1 -4.1 44.0
15 -29.4 -17.3 2.5 -2.1 0.3 1.1 60.0
16 -32.9 -3.6 -1.9 3.6 -3.5 0.9 45.0
17 -11.1 -8.8 -2.6 -15 -2.1 5.7 54.0
18 -7.2 -14 11.7 -5.1 -8.9 -2.6 111.0
19 -3.7 -5.3 2.4 2.8 -1.2 55 134.0
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20 -18.5 -13.9 -15 0.4 -9.4 -2.1 76.0
Average -16.5 -9.3 -0.4 15 -3.7 0.7 79.8

Table 10. contains skin hydration, TEWL and sebum data of the cream with a 0.50% hemp
seed oil content. There was a significant reduction in skin hydration in the first 15 minutes.
However, as the absorption level increased, the hydration level increased over time.

There was an increase in water loss in the first 15 minutes for cream with a 0.50% hemp seed
oil content. The water loss decreased significantly in the following minutes because the
moisture was too much at the beginning and the rate of water loss was very fast. As the
absorption occurred on the skin, the moisturization level increased. Transepidermal water
loss in 30-60 minutes increased slightly compared to 15-30 minutes and reached -3.3.
Sebum values were evaluated for the first 60 minutes and reflected in Table 10. Hemp seed

oil was found to increase sebum with a value of 114.7.

Table 10 Skin hydration, TEWL, Sebum Measurement Values of Cream Containing 0.50 % Hemp

Seed Qil
Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
P Volunteer

Seed s 0-15 15-30 30-60 0-15 15-30 30-60 0-60

Oil Min Min Min Min Min Min Min

(%)
1 -5.6 -4.2 5.4 -24 -5.6 -34 134.0
2 -3.6 1.1 2.7 5.6 2.5 5.1 89.0
3 -12.8 -3.1 6.8 -4.2 15 -2.8 45.0
4 -18.9 -11.1 1.0 -7.9 -9.6 -4.6 76.0
5 -21.4 -8.9 -3.7 0.4 -3.1 -11 82.0
6 -12.5 -12.4 -1.1 3.7 -6.4 -6.7 187.0
7 -6.8 -6.3 -2.3 11 -7.2 -2.5 145.0

050 8 -21.6 -12.1 -4.9 3.6 11 4.9 165.0
9 -2.1 -6.6 0.9 2.1 2.8 4.4 56.0
10 -6.1 25 1.7 6.9 -3.9 3.4 85.0
11 -21.5 -12.4 -3.0 2.7 4.6 5.1 101.0
12 -17.4 -9.8 -2.9 -2.9 9.1 -7.8 132.0
13 -20.6 -2.5 0.1 0.8 -3.6 -2.1 108.0
14 -1.7 -3.2 -1.3 -15.9 -13.4 -11.4 112.0
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15 -19.4 -11.6 -1.4 -9.0 0.4 0.2 134.0
16 -18.1 -12.5 -10.2 2.6 -0.1 -4.9 126.0
17 -16.3 -8.4 8.5 3.1 -4.4 -7.3 103.0
18 -11.1 -10.9 5.2 0.3 -1.5 -4.2 176.0
19 -21.9 -13.5 3.3 -1.9 -1.2 -0.9 102.0
20 -20.1 -16.2 0.1 2.5 -3.2 -9.1 136.0
Average -14.3 -8.1 0.2 -0.4 -3.3 -2.3 114.7

Table 11. contains the skin hydration, TEWL and sebum data of the cream with 1.00% hemp

seed oil content. The cream containing 0.50% hemp seed oil had the same effect on skin

hydration as the cream containing 1.00% hemp seed oil. While there was a significant

decrease in the first 15 minutes, the penetration of the oil into the skin increased the skin

hydration as 2.7 at the end.

Considering cream containing 1.00% hemp seed oil. During 60 minutes, there is no

significant change in TEWL. It does not affect the water loss on the skin.

Sebum values were evaluated for the first 60 minutes and are reflected in Table 11. as the

average value per minute. Hemp seed oil was found to increase sebum by 123.8.

Table 11 Skin hydration, TEWL, Sebum Measurement Values of Cream Containing 1.00 % Hemp

Seed Qil
Hem Skin Hydration [g/min] TEWL (g/ hm2) Sebum
P Volunteer
Se‘?d S 0-15 15-30 30-60 0-15 15-30 30-60 0-60
Oil Min Min Min Min Min Min Min
(%)
1 -1.6 -1.3 -1.4 1.1 5.0 -8.9 204.0
2 -19.2 5.2 -9.5 5.2 -10.0 0.4 145.0
3 -1.8 -4.6 -2.0 -7.6 -0.5 1.6 71.0
4 -16.2 -8.1 12.7 -16.2 -13.6 -11.1 125.0
1.00 5 1.7 -154 12.0 5.6 -7.1 5.2 45.0
6 -22.1 -2.3 9.8 2.9 -6.1 0.7 175.0
7 -17.9 2.3 -2.8 1.7 -1.8 3.9 174.0
8 -12.2 -8.7 4.3 4.6 -2.5 1.7 68.0
9 -8.9 -2.5 3.8 2.7 -3.1 1.8 87.0
10 -16.5 -114 1.7 -2.6 -5.9 -3.6 99.0
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11 -2.7 3.7 6.9 -1.2 -3.3 1.7 112.0
12 -13.7 1.6 3.5 6.8 2.6 5.1 153.0
13 -16.9 -6.2 -4.5 -8.9 -11.8 -6.9 89.0
14 -4.7 0.5 3.1 -1.5 -9.6 -4.7 93.0
15 -21.7 -3.8 8.6 0.4 1.7 3.1 79.0
16 -19.7 -11.4 1.9 5.2 3.9 5.9 110.0
17 -3.1 4.6 11.6 4.8 2.1 2.2 121.0
18 -2.6 0.9 -2.3 -15 -8.3 1.2 142.0
19 -4.7 -1.8 0.2 -4.8 -12.8 -5.3 197.0
20 -11.1 -5.4 -3.9 -6.2 -7.1 -11.0 187.0
Average -10.8 -3.2 2.7 -0.2 -4.4 -1.3 123.8

Table 12. contains the skin hydration, TEWL and sebum data of the cream with 1.50% hemp
seed oil content. As 0.50% and 1.00% hemp seed oil content; 1.50% hemp seed oil the same
effect on skin hydration in cream formulation. It decreased in first 15 minutes. When the data
are considered as the average change between the determined minutes, it is possible to say
that the hydration is not different from the other dosages and decreases in the first 15 minutes,
but increased over time. It reached the 5.8 in the 30-60 minutes range.

An increase of 2.5 was observed in the first 15 minutes, the transepidermal water loss
decreased significantly in 15-30 minutes and reached -3.00 However, it increased a slightly
more in 30-60 minutes and the value was recorded as -7.5.

Sebum values were evaluated for the first 60 minutes and reflected in Table 12. Hemp seed

oil was found to increase sebum by 155.0.

Table 12 Skin hydration, TEWL, Sebum Measurement Values of Cream Containing 1.50 % Hemp

Seed Qil
Hem Skin Hydration [g/min] TEWL (g/ hm?) Sebum
P Volunteer
Seed s 0-15 | 1530 | 30-60 | 0-15 | 15-30 | 30-60 | 0-60
Oil Min Min Min Min Min Min Min
(%0)
150 1 -13.8 12.0 0.9 -1.9 4.6 -2.8 199.0
' 1.1 -4.6 3.4 28.2 -27.8 -3.3 146.0
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3 -2.9 -8.6 5.8 11 -4.1 6.8 76.0
4 -31.1 -4.0 13.3 -4.2 -28.6 -11.4 160.0
5 -1.4 -4.9 10.8 2.5 -3.6 3.4 148.0
6 -20.3 -1.7 7.5 -1.3 -3.0 -1.4 196.0
7 -6.7 1.3 0.3 -4.8 1.5 -0.3 192.0
8 -8.5 -6.2 3.6 -3.6 -9.7 -4.9 78.0
9 -12.5 -3.7 2.1 2.5 -12.4 -9.7 98.0
10 -11.6 -1.8 4.8 -1.8 -6.3 -3.1 112.0
11 -21.7 -3.9 6.6 -6.7 -16.9 -11.1 143.0
12 -8.9 -2.4 114 -2.1 -2.2 0.4 211.0
13 -15 3.7 2.2 -3.4 -4.1 0.8 98.0
14 -9.6 -11 15.0 1.9 -3.6 3.6 102.0
15 -3.6 -4.6 11 5.3 -9.4 -1.7 167.0
16 -6.4 -1.7 2.2 2.8 2.1 7.9 175.0
17 -10.9 -4.4 6.8 7.7 -3.8 9.2 198.0
18 -11.1 -2.3 15 8.1 -5.7 -2.6 174.0
19 -13.7 1.8 8.9 5.5 -14.9 -2.8 226.0
20 -21.7 -5.2 7.2 14.9 -15 0.1 201.0
Average -11.1 -2.1 5.8 2.5 -1.5 -11 155.0

Discussion

As can be seen from the results of the analysis in Table 2., palmitic acid in hemp seed oil is
8.8%. When the values compared to the literature values in Table 1., hemp seed oil which
was used in this study is greater than literature value. The same applies to stearic acid, oleic
acid, linoleic acid. However linolenic acid is less in hemp seed oil which was used in this
experiment. Contrary to literature, arachidic and eicosenoic acid were not found in the hemp
seed oil which was used.

FT-IR analysis results are shown in Figure 2. The peak in the range of 2500-3300 refers to
carboxylic acids [12]. As can be seen from the results of the analysis, between 2500 and 3300
peaks were found. Likewise, FT-IR results prove the presence of fatty acids. Also, no heavy
metals were found in the tap water used for rinsing.

By using hemp seed oil at different rates of 0.00, 0.50, 1.00 and 1.50 %, the effect on the
subjects was examined and the change in skin hydration was compared in Table 4, 5, 6 and

7. It was clearly demonstrated that soap containing hemp seed oil significantly reduced skin
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hydration in the first 15 minutes, increased skin hydration in the next 15 minutes, and
continued to increase skin hydration except soap containing 1.00% hemp seed oil between
30-60 minutes. Therefore, soap containing 1.00% hemp seed oil had a quick effect, but it lost
its effect quickly. It has been observed that hemp seed oil increases skin hydration.

The effect of hemp seed oil in terms of transepidermal water loss is given in Table 4,5,6 and
7. Looking at the average data of the volunteers, there was an increase in transepidermal
water loss in the first 15 minutes, except for soap containing 0.50% hemp seed oil. While
increasing hemp seed oil in the same minute interval caused an increase in transepidermal
water loss, the same result was not valid for the other minute intervals. Soap with 1.50%
hemp seed oil was most effective at intervals of 15-30 minutes. The skin tended to return to
its normal state at 30-60 minute intervals.

The reduction of sebum is generally considered a good factor for skin health. The sebum
must be in balance. As can be seen in Table 4,5,6 and 7; the rate of sebum decreased
significantly in the first 60 minutes with the increase in the ratio of hemp seed oil. The
recorded value of -31.8 at 0.50% was recorded as -36.7 at 1.00%, and finally the least sebum
was provided with a value of —46.2 at 1.50%. The effect of hemp seed oil on soap foam has
been studied. Table 8. shows the results of the study conducted with a base that does not
contain hemp seed oil. The volume of soap foam in 1 mL was read as 2.28 at 0 minutes.
Afterwards, it gradually decreased to 1.12 in the 30th minute.

When the effect of hemp seed oil used in cream in different proportions on the subjects was
examined. Skin hydration decreased for the first 15 minutes, but then increased depending
on time. After 15 minutes skin moisture increased significantly compared to the first 15
minutes. It can be said that the dosage of hemp seed oil used on a general basis is proportional
to the skin hydration according to Table 9, 10, 11 and 12.

Hemp oil 0.50% and 1.50% increased transepidermal water loss, but the cream containing
1.00% hemp seed oil reduced it negligibly. The cream worked between 15-30 minutes and
reduced transepidermal water loss. After 30 minutes, the skin tended to return to normal, but
it had a positive effect on the skin by reducing transepidermal water loss at three dosages of
the initial level. 0.50% hemp seed oil increased the TEWL at 0-15 min. The decrease of
TEWL was seen at 15-30 and 30-60 min. However the most effective skin barrier function
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was seen at 15-30 minutes measurement. Therefore, depending on the hemp oil concentration
and formulation, the duration of hemp seed oil efficacy may chance.

When the proportion of sebum with hemp seed oil is examined, it increases with increasing
hemp seed oil concentration. Depending on the cream formulation, these sebum values may
change. For instance, for lower sebum values, cream formulations with lower oil phase can

be prepared.
Conclusions

Hemp seed oil has effect on skin hydration, TEWL and sebum. To analyse these, a rinse-off
and leave-on product were selected. In soap formulations, there is positive effect on skin
hydration and TEWL with sebum decrease. The most important change in cream
formulations with respect to bar soap formulations is the increases in sebum.

The effects of hemp seed oil on soap foam performance were examined. As a result of the
study, its effect on the foam of the soap base which is used in this study is positive.
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The Response of Common Bean (Phaseolus vulgaris L.) to

Different Levels of Organic and Inorganic Fertilizers

Ahmad Yar Ahmadi *** | Mohammad Jan Arain?

ABSTRACT

The high cost and excess use of inorganic fertilizers are the important concerns for high and
beneficial yield of common bean and at the same time the integrated crop management practices
are the universal demands for agriculture and environment. Therefore, the research was carried
out from June to September of 2018 in the botanical garden of Agriculture Faculty, Kabul
University, Afghanistan to evaluate the influence of sole and combine application of
diammonium phosphate (DAP) and Poultry Manure (PM) with different concentrations on the
growth, yield and yield components of common bean. According to the results achieved, it was
found that combination of 80 kg DAP ha'! + 5 ton PM ha! improved the performance of
common bean, with respect to 2272.33 kg grain yield (GY ) ha over the alone used of DAP
and PM (10 ton PM ha'?, 130 kg DAP ha', respectively) and control. In addition, the application
of 5 ton PM + 80 kg DAP ha showed positive effects on growth and yield attributes while no
significant effects were observed on control (without any fertilizer application) for any trait of
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common bean. There were also strong positive correlations within the growth and vyield yield
components which indicate the importance for common bean GY. The present research showed

that integrated application of DAP + PM is a good source of Phosphorus and other primary

elements for the growth and yield performance of common beans.

Introduction

The genus Phaseolus has about 80 cultivated species, but common bean (Phaseolus
vulgaris L.) is the most cultivated once worldwide [1]. There are other synonyms for
common beans like dry bean, French bean and green bean [2, 3, 4]. Phaseolus vulgaris
is an annual self — pollinated crop that belongs to the family of Fabaceae [5, 6] and
domesticated in Mesoamerica and Andes about 7000 years ago [5]. In developing
countries common bean is very important in the nutrition of an increasing population
where they deliver a fairly cheaper source of protein in the diet [7], fodder for animals [8]
and source of elements for plant nutrition are the other benefits of common beans [9, 10].
Itis broadly cultivated all over the world with a total global production of about 25 million

metric ton with a productivity of 792 kg ha* [11]. The top five countries that export more

1 Shaikh Zayed University, Faculty of Agriculture, Department of Agronomy, Khost, Afghanistan
2 Wardak University, Faculty of Agriculture, Department of Agronomy, Wardak, Afghanistan
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dry bean are Myanmar, China, United States of America, Argentina and Canada,
respectively. Afghanistan is also the country which produced about 20.25 thousands
metric tons dry bean annually [12]. By 2050, an increase in cereal food supply is required
to feed the predicted world population of 9.8 billion people [13]. Common bean like
other crops, its yield affected by many external and internal factors (soil fertility
degridation, less input of fertilizers, soil properties, irrigation, weed and pest control,
genetic improvements etc.), that decrease its yield [14, 15]. For soil fertility and
nutrational management there is need for new strategies in fertilzer formulation and
application techniques [16]. To raise and improve the yields of common bean, there are
different adopted management practices. The use of an integrated organic and inorganic
fertilizers is practice that often lead to increase organic matter (OM) in soil, improved soil
structure, increase water holding capacity, improved nutrient cycling and helps to
biological activities of living beings in soil [17]. For better crop productivity, it is
important to input inorganic fertilizers, but for a long period the use of an inorganic
fertilizer is associated with decline in some soil properties and crop yields [18].
Worldwide, the requirement to use recharge forms of energy and reduce expense of
fertilizing crops has revitalized the use of organic amendment [19].

Organic amendments can be used for improving and availability of soil Phosphorus (P)
to crop growth [20] among them, Poultry Manure (PM) is the concentrated basis of P and
other elements for improving crop growth [21]. Microorganisms in soil act and
decompose organic molecules and release inorganic P by phosphate energy, thus
improving the phosphorus availability for crops growth in soil [22].

Phosphorus is the primary essantial element for plant growth that makes up approximately
0.2% dry weight of plant [23]. Phosphorus (P) is vital to plant growth and is found in
every living plant cell. It is involved in several key plant functions, including energy
transfer, photosynthesis, transformation of sugars and starches[24]. Phosphorus as
a plant-essential nutrient plays a dynamic role from germination to maturity viz., root
development, flower and seed formation, strengthening of stem and stalk, fixation of
nitrogen in legume crop and crop resistance to diseases [25, 26]. Phosphours deficiency
is a major abiotic stress that limits plant growth and crop productivity [27] and it also
results in establishment of small leaves and a reduction in stem diameter of crops [28].

Phosphorus levels are high in most soils. [29] but the chemical nature and nutritive status
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of soil reaction may be limited the availability of P to crop plants[30, 31]. Farmers use
large amount of P fertilizer but it become unavailable to the crops due to the fixation with
soil mineral [32] and there is need for P management to get optimum yield and reduce the
P fixation with soil particles. Therefore, an integrated use of both inorganic fertilizers
with organic manures is an ecological approach for nutrient use efficiency and reducing
nutrient losses [33].

Based on the results of investigations, it was found that the combine application of organic
and inorganic fertilizer significantly increased the crops yield compare to isolat
application of them[17, 34, 35, 36], but Santosa et al. [37] founded in his research that
the use of 50: 150: 50 kg ha™ dose of NPK, produced the high value of plant height (PH),
pods per plant (PP) and growth attributes on grean bean against to the application of cow
manure and control.

The sufficient use of PM can enhance the growth of legumes compared to inorganic
fertilizers[38, 39, 40]. The foliar spray of NPK can increase the grain yield of Phaseolus
vulgaris compared to PM and DAP [6]. Thus, the current research was projected to study
the influence of DAP and PM ( alone and in combination) application on the growth and
yield of common bean and to find the correlations among the growth and yield attributes
to common bean grain yield (GY).

Material and Methods

Study area

This research was conducted on an experimental field at the botanical garden, Agriculture
Faculty, Kabul University (altitude of 1791 m above sea level, latitude 34° 54' 44" N and
longitude 70° 10' 09" E) from June to September, 2018. The soil (0-25 cm) texture is
sandy loam, pH of 8.4, with a soil organic matter (SOM) of 0.90%. In addition, the total
nitrogen content, available phosphorus and potassium contents of the soil are 2.2%, 6.9
mg kg and 190 mg kg, respectively. Temperature and rainfall for the growing season

are presented in Fig 1.
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Fig 1 Rainfall and temperature during the study year, 2018

Experimental design, treatments and plant material

The treatments contained different levels of diammonium phosphate (DAP) and poultry
manure (PM), alone and cmbined including the control for comparison (Table 1).
Randomized Complete Block Design (RCBD) with three replications was used for the
experiment. Local variety of common bean (Phaseolus vulgaris L.) by the name of
Capsuly was cultivated.

Table 1 Treatments list used in this study

Treatments Description
TO Control( without any fertilizer use)
T1 DAP 130 kg ha'!
T2 PM 5 ton ha'!
T3 PM 10 ton ha?
T4 DAP 30 kg ha* + PM 10 ton ha*
T5 DAP 80 kg ha* + PM 5 ton ha

Sowing and data collection

The land for trail was ploughing a depth 20- 25 cm along the decay poultry manure (PM
) before planting to mix with soil for fast decomposition. Individual plot size was 2 x 3m
(6m?) and space between blocks and plot was 1 M. The common bean crop was grown
by hand on both ridges of the furrow, space between the ridge was 40 cm and apart from
the crop was 20 cm. Some agriculture practices (weeding and irrigation) were done by

the need of common bean during the growing season. The data were ollected for plant
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height (PH), number of leaves per plant (NLP), number of branches per plant(NBP),
number of pods per plant( NPP), Hundred seed weight (HSW) and grain yield( GY)
parameters.

Statistical Analysis

Collected data were subjected to analysis of variance (ANOVA), using Statistical Tool
for Agriculture Research (STAR) software (version 2.0.1). To separate significant
differences in the means of the treatments, Tukey’s Honest Significant Difference (HSD)

test was used at p< 0.05 % probability level.
Results and Discussion

Growth of common bean

The growth responses of common bean (Capsuly bean) that were applied by inorganic
and organic fertilizers were significant for Plant height (PH), number of leaves plant™
(NLP)and number of branches plant™® (NBP), Table 2.

The data in Table 2 show that there are significant difference (p<0.01) among the
treatments. The high mean value of PH was produced in T5 treatment (39.13a) while the
TO (control) produced the minimum value (28.91d), but the effects on non-combined
applications were insignificant {Table 3 and fig. 2 (a)}. The greater PH might be
attributed to the gradual release of essential nutrients needed by beans from PM fertilizer
and the availability of P and N elements from DAP manure during the growing time. Our
finding is confirmed by Baghdadi et al. [41] who reported that 50% of NPK + 50% PM
ha! resulted the same PH which was produced by 100% NPK used and also confirm by
Saleem et al. [35] and Mitchell et al. [42] , who stated that, 50%PM + 50% inorganic
fertilizer resulted in the tallest corn plants in corn-legume cropping system against to
control. Similarly the combine application of PM and DAP in T5, responded well to NLP
and NBP (55.89a and 18.42a respectively) followed by alone and unamended (control)
treatments by producing the lowest means {Table 3 and Fig 2 (b) and (c)}. It is harmony
with Saha et al. [17] who founded that the integrated use of PM and NPK produced better
growth in maize crop compared to alone and combined used of NPK and other FYM and
also agreement by Lima et al. [43] who reported that due to the application of organic

amended the yield of crop is increased and soil properties are improved.
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Table 2 Analysis of Variance (ANOVA) for the bean observed parameters: Plant height (PH),
number of leaves plant? (NLP), number of branch plant® (NBP), number of pod plant, number
of seed plant?, 100 seed weight (HSW) and grain yield (GY)

Mean Square

Source of

Variance df PH NLP NBP NPP NSP HSW GY
Replication 2 4.80 1.80 2.25 0.85 0.16 3.50 27376.22
Treatments 5 37.71** 107.84*  27.68**  12.25**  1.24*  73.83** 254209.82**
Error 10 2.29 21.90 0.80 1.34 0.23 10.63 70852.62
CV% 4.50 10.02 6.27 6.79 1152 6.13 13.90

**Significant difference at 1%, *significant difference at 5%, CV: coefficient of variation, df; degrees of
freedom

Table 3 Response of growth, yield and yield components of common bean to DAP and PM

Treatments  PH(cm) NLP NBP NPP NSP HSW(qg) GY(kg)
TO 28.91d 37.25b 9.23c 14.41c 3.13b 46.67c 1600.00bc
T1 33.97bc 45.72ab 14.41b 17.79ab 4.11ab 52.67abc 1779.00ab
T2 31.30cd 46.64ab 13.16b 15.71bc 4.03ab 48.67bc 1635.33b
T3 33.08bcd 45.95ab 15.27b 16.38bc 4.16ab 54.33abc 2062.33ab
T4 35.66ab 48.80ab 15.38b 18.17b 4.43ab 56.67ab 2136.67a
T5 39.13a 55.8%a 18.42a 20.12a 5.12a 60.00a 2272.33a
LSD 4.29** 13.27* 2.54** 3.29** 1.36* 9.24** 484.25**

**Significant difference at 1%, *significant difference at 5%, LSD: least Significant Difference , PH: Plant
height, NLP: Number of leaves plant™, NBP: Number of branches plant, NPP: Number of pods plant?,
NSP: Number of seed pod*, HSW: Hundred seeds weight and GY: Grain yield
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Fig 2 Effects of organic and inorganic fertilizers on (a) plant height, ( b) number of leaves plant
L and ( ¢) number of branches plant™ Upright bars sharing a letter in common are not
significantly different at p<0.05. Treatments description are same as in table 3

Yield and yield components of common bean

The yield components of common bean which play major roles in yield production are
NPP, NSP and HSW. In the present research, these attributes were significantly high
(20.12a,5.12a and 60.00a, respectively) on T5 while the lowest were noted (14.41c, 3.13b
and 46.67c, respectively) on TO (control), {Table 2 and Fig 3. (d), (e), (f)}. The data on
GY of common bean are also indicated highly significant differences in results by
combining application of PM and DAP from all other isolated applications.
The treatments consisted of sole application showed non-significant variation as
compared to combined while both of them showed significance from control (Table 2).
The Maximum GY was recorded on T5 and T4 (2272.33a and 2136.67a), respectively.
While minimum GY was documented in control (1600.00bc) as shown in Fig 3 (g). The
findings of this study confirm with the results of Zafar et al. [34], Maman et al. [36] and
Baghdadi et al. [38] who reported that the integrated application of organic and inorganic
fertilizer produced better yield and yield components compare to individual use.
Mohamed et al. [44] and Timsina [45] also observed that increase in the yield components
might be associated with the release of essential micro and macro soil nutrients by the
PM. Similar reports were also made by Dorahy et al. [23] who reported significant
increases in the maize yield biomass and other yield components with the application of
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PM + NPK but Rahman et al. [6] reported that the foliar application of NPK result better
in yield compare to DAP and PM.
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Fig 3 Effects of organic and inorganic fertilizers on (d) number of pods plant™, (¢) number of seed
pod?, (f) hundred seeds weight) and (g) grain yield of common bean. Upright bars sharing a letter
in common are not significantly different at p<0.05. Treatments description are same as in table
3

Correlation among the growth and yield components

The correlation between growth, yield and yield components of common bean in this
research is given in Fig 5. It is seen from the figure that there are positive correlations
within all growth, yield and yield components. There are strong positive correlation
among the PH and NLP (r=0.85***), PH and NBP(r=0.86***), PH and NPP(r=0.77**%*),
PH and HSW/(r= 0.81***), NLP and NBP(r= 0.78***), NBP and NPP (r= 0.76***), NBP
and NSP (0.82***), NBP and HSW(r= 0.79***) and HSW and GY (0.74***). Our result

is harmony with Zafar et al. [34], who founded positive correlation among the yeild and
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yield components within the treatments which were applied by DAP + poultry manure
compared to sole applications.
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Fig 5 Correlations and distribution of the growth (PH: Plant height, NLP: number of leaves, NBP:
number of branch plant™), yield components (NPP: Number of pods plant™, NSP: Number of seed
pod?, HSW: Hundred seeds weight) and GY: Grain yield of common bean

Conclusion

From the findings of the current research it can be concluded that integrated application
of PM and DAP showed outstanding effects on the growth, yield and yield components
of common bean. The combined application of DAP + PM produced better GY (2272.33a
and 2136.67a) on T5 and T4, respectively while the use of DAP and PM alone effects
were low on growth, yield and yield attributes. Therefore, PM can be applied with DAP
together to increase the bean productivity. Additional investigation should be conducted
on DAP + Poultry manure application to study the duration of its effects on environment

and economic benefits for soils fertility and crops.
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ABSTRACT ARTICLE HISTORY
In our study, it was aimed to create a new drug delivery system by loading the Received
chemotherapeutic drugs into exosome vesicles. This system act as a Trojan horse to targeting 3 September 2021
GBM cancer. Exosomes were isolated from the T-98G cell line, and characterized. Exosomes Accepted

were encapsulated with Temozolomide. Then, the effectiveness of this new delivery system 10 October 2021

was evaluated by using MTT, LDH, TAC, TOS, GR. MTT results show a dose-dependent
decrease in the TMZ, and Exolimer+TMZ groups. But this rate decreased significantly in the KEYWORDS

Exolimer+TMZ groups. The lowest viability was observed at the Exolimer+TMZ 800 ng/ml Exosome,

concentration. Our results in LDH, GR, TAS, and TOS analyzes shows correlation with MTT. glioblastoma,

Based on this study, we think that targeting the exosome to cancer by combining with special TEM,

molecules, and nanotechnology will bring a new perspective to cancer treatment. temozolomide
Introduction

Glioblastoma Multiforme (GBM) is the most common primary malignant brain tumor,
comprising 16% of all primary brain, and central nervous system neoplasms [1]. The
incidence rate is 3.2 individuals per 100,000 population. In these individuals, cancer as
location; is seen in all four lobes of the brain, frontal (25%), temporal (20%), parietal
(13%), , and occipital (30%), , and sometimes in the brain stem, cerebellum , and spinal
cord (12%) [2].

Exosomes are secreted by various cell types, including immune, and tumor cells. These
vesicles are produced within multivesicular endosomes , and are released through the
plasma membrane [3]. The diameter of exosomes released from cancer cells ranges from
30 to 100 nm. Released exosomes as content; proteins (including oncoproteins) [4], lipids
[5], DNA [6], and RNAs [7, 8], microRNAs [miRNAs (including resistance genes)] , and
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other non-coding RNAs It carries a variety of bioactive molecules such as [ncRNAs] [9].
In addition, tumor-derived exosomes promote tumor progression by regulating drug
resistance. These drug resistance mechanisms; (1) tumor cells can use exosome secretion
to metabolize anticancer drugs; (2) reducing therapeutic effects of anticancer drugs by
competing with exosome (3) exosomes transmit resistance from drug-resistant cells to
drug-sensitive cells [10].

Nanoscale drug delivery systems, which are used to increase the therapeutic effectiveness
of chemical , and biomolecular drugs, are of great importance today [11]. However, these
transport systems have some limitations. Besides of small capacity, the cancer exosome
shows the cytotoxic effects, and rapidly was removed by the reticuloendothelial system
(RES) or the mononuclear phagocyte system (MPS) [12]. In recent studies, it is
emphasized that these vesicles can be used as a drug delivery system as a result of
modification, and that the drug delivery system developed with this method will be more
advantageous than other methods. However, studies on the use of exosomes as a drug
delivery system are very few in the literature. These studies, on the other h, and, are
mostly in the form of compilations [13, 14].

Based on this information, and this deficiency in the literature, we are planning to create
a new drug delivery system by loading chemotherapeutic agents into exosome vesicles
used as Trojan horses in vitro. However, with the help of the new drug-immuno-active
transport system developed, it is thought to eliminate drug resistance, and increase

treatment efficacy.
Material Method

Chemical and reagent

Temozolomide, High glucose Dulbecco eagle medium, Fetal Bovine Serum (FBS),
Antibiotic, Hanks Balanced Salt Solution (HBSS) were obtained from Sigma, USA.
Exosome isolationand characterization

Exosome isolation

Exosomes isolated from T98G cells. For this aim T98G cells were seeded in a fresh
medium (High glucose DMEM, FBS %10, Antibiotic %1). After reaching 70%
confluency ratio. The cells were kept in FBS free medium for 48 hours. At the end of the

48" hour, the liquid in the flask was obtained and various centrifugation processes were
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done. The supernatant was taken and ultracentrifugation was performed. All
centrifugation processes were carried out at 4 °C.

Exosome characterization

Transmission electron microscope (TEM)

TEM results were obtained from Ataturk University DAY TAM center. Briefly, exosomes
were mounted on grids, and after adding 1% glutaraldehyde it washed in sterile distilled
water for 5 minutes at pH 7. More cellulose was removed, and the samples were dried for
permanent protection. TEM was used to image exosome samples at a voltage of 80 kV.
Temozolamide Exolimer loading

For the bulk synthesis of nanocapsules (NCs), a solution of PDMS-PEG in THF was
prepared under appropriate conditions. Nanoprecipitation, and formation of NCs were
accomplished by adding this solution dropwise to water under vigorous stirring.

For drug-loaded NCs, Temozolomide was dissolved in CDCL3 (Deuterated chloroform)
, and mixed with polymeric (PDMS-PEG , and Pluronic® F-127) solution.

For the microfluidic synthesis of nanocapsules (NCs), a solution of PDMS-PEG/Pluronic
in THF was prepared under stirred conditions, and then fed to the microchip as the
mainstream. The water flows act as a non-solvent, and the lateral flow ensures self-
assembly during mixing. The flow rate between polymer, and water streams can be easily
adjusted using Syringe Pumps to change the degree of focus, and thus mixing time.

For drug-loaded NCs, TMZ was dissolved in THF at four different initial loadings of 5,
10, 15, and 20% by weight mixed with the polymeric solution. A mixture of Pluronic
F127,,and TMZ (10 wt% initial loading weight) without polymer at a constant flow rate
of 0.076 was used as control samples.

Cell culture

T98 cell line for our study was obtained from Ataturk University (Erzurum, Turkey)
Medical Pharmacology Department. Briefly, the cell suspension was centrifuged at 1200
rpm for 5 minutes. Cells were resuspended in a fresh medium (DMEM, FBS 15%, and
antibiotic 1%), and seeded in flask (stored in an incubator 5% CO.; 37 °C). When 80%
of the flask was covered with cells, it was removed with Trypsin- EDTA (0.25% trypsin-
0.02% EDTA) to 96 well plate.

Cytotoxicity analysis
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MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) analysis

To determine the cytotoxicity of the materials, the 'direct contact test method' was applied,
and an evaluation was made with the MTT substance (Sigma Aldrich inc, St. Louis, USA)
containing 3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltatrazilium bromide. To determine
cytotoxicity with the MTT test, a mixture of 5 mg MTT powder in 1 ml of PBS was
prepared, passed through a sterile 0.20 pum filter (Corning, Wiesbaden, Germany), , and
kept at +4 °C until the time of use after its outer surface was covered with aluminum foil.
After the medium liquids of the incubated cells were withdrawn, the previously prepared
samples were placed in each well and incubated again for 24 , and 72 hours at 37 °C in
an environment containing 5% CO,. Thus, the cytotoxic effects of the materials used at
the end of 24, and 72 hours were evaluated.

To solubilize the formazan crystals formed as a result of the application of MTT, 99.4 ml
dimethylsulfoxide (DMSQO), 0.6 ml (HCI), and 10 g sodium lauryl sulfate (SDS) were
added to the mixture as 100 ul/well and incubated again for 4 hours. After this process,
absorbance (optical density) was measured in a spectrophotometer (uQuant, Bad
Friedrichshall, Biotek) at a wavelength of 570 nm. The data are presented as graphs after
SPSS analysis [15].

Measurements of lactate dehydrogenase (LDH) activities

Ready-made elisa was taken as a kit from Elabscience (Houston, Texas, USA). Cells
lysed with the help of the Kits were prepared in accordance with the protocol, and the
results were determined by spectrophotometric method

Measurements of glutathione reductase (GR) activities

Ready-made elisa was taken as a kit from Elabscience (Houston, Texas, USA). Cells
lysed with the help of the Kits were prepared in accordance with the protocol, and the
results were determined by spectrophotometric method.

Oxidant and antioxidant activity analysis

Detection of total antioxidant capacity (TAC), total oxidant number (TOS) and
presence of oxidative stress in the cell

The determination of total antioxidant capacity (TAC) level , and Total Oxidant Status
(TOS), were determined by commercial kits produced by Rel Assay Diagnostics®
(Gaziantep, Turkey)[16].
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By adding Reagent 1 solution TAC, and TOS first absorbance were read at 660 nm and
530 nm respectively. Then the second read was done after adding the Reagent 2 solution.
Absorbance value was read at the same wavelength as the first reading. TAC levels in
were determined as Trolox Equiv./L™ , and mmol TOS levels were determined as H20
Equiv./L[17].

Results

Exosome, and Exolymer+TMZ characterization

TEM

TEM images showed that the size of the exosomes, and Exolimer. Using TEM imaging,
a well-accepted technique for nanoparticle validation, we observed that the diameters of
our particles were in the expected range for exosomes (40-150 nm). In addition, in the
direction of the data obtained from the image, it was determined that the exosomes were

spherical, and circular structures. (Fig 1).

Fig 1 TEM image a) Exosome b) Exolimer

Cytotoxicity analysis

MTT results of T98-G cells

At the end of T 98-G 24, and 72 hours, the cytotoxicity results of the application groups
(Exosome, Polymer, Polymer-TMZ, Exolimer, TMZ, and Exolimer-TMZ) are given in
Fig. 2-4. Cell viability was increased by %21 in the Exosome 200 ng/ml group compared
to the control group. According to our results, we observed that T98-D cancer cells
increase the proliferation of cancer exosomes. Studies are showing that exosomes
belonging to the cell in which they have secreted increase cell proliferation, and cell
migration.[18]. Our results show a correlation with the literature.
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T98-G MTT Results
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Fig 2 MTT results of control, and positive controls (exosome, polymer, exosome, and polymer
exosome (200 ng/ml)). (The data in Fig. are expressed as percent (%) values compared to the
control group. Only the Exosome group was found to be statistically significant in the data
obtained. (P<0.05)

According to the MTT results of TMZ applied at different doses, the viability rate
decreased in both hours depending on the dose (Fig. 5). After 24, and 72 hours of
application, the viability rate decreased the most (%29) at TMZ 800 ng/ml, and was
determined as 72.99+1.78, and 71.06+0.6438, respectively. The results of the TMZ 800

ng/ml group were found to be significant when compared to the control (P<0.05).

T98-G MTT Results
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Fig 3 MTT results of control, and different doses of TMZ (50,100,200,400, and 800 ng/ml) are
expressed as percent (%). (* P<0.05 values are marked as significant, ** P<0.001 values are
marked as very important).
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The Exolimer+TMZ group significantly decreased cell viability in both hours compared
to the control group. Cell viability at Exolimer+TMZ 50 ng/ml was found to be
88.11+2.1776, and 89.34+6.5328 at 24, and 72 hours, respectively. Cell viability was
found to be 84.83+2.925, and 86.27+5.85 at Exolimer+TMZ 100 ng/ml, to be 78.46+
3.56, and 86.19+7.13 at Exolimer+TMZ 200 ng/ml. It was found to be 73.70+1.28, and
72.29+3.86 at 400 ng/ml. Exolimer+TMZ 800 ng/ml group caused the most cytotoxicity
in both hours. Cell viability decreased by %39, and %45, respectively. The values
obtained were 69.66+2.33, and 55.77+6.99. The results were statistically significant at
P<0.05, and P<0.001.

T98-G MTT Results

o 1 1l .
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Fig 4 MTT results of control, and different doses of Exolimer+TMZ (50,100,200,400, and 800
ng/ml) are expressed as percent (%) values. (* P<0.05 values marked as significant, (* P<0.05
values marked as significant, ** P<0.001 values marked as very important)

Our MTT analysis results of T98-G cells show that the Exolimer carrier system has a
cytotoxic effect on cancer cells.

LDH results of T98-G cell

In the T 98-G cell line, it was found that the Exosome 200 ng/ml, Polymer, Exolimer 200
ng/ml, and Polymer + TMZ 200 ng/ml groups increased lactate dehydrogenase activity
compared to the control group, but no significant difference emerged. Despite this, a
slight difference was observed in the Polymer + TMZ 200 ng/ml (72h) group compared
to the control. However, this observed difference was statistically significant (Fig 5).
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Fig 5 LDH results of Control (Negative Control), Positive Control (Exosome 200 ng/ml, Polymer,
Exolimer 200 ng/ml, Polymer + TMZ 200 ng/ml) groups at 24, and 72 hours

Similar to MTT results, significant groups were observed at TMZ 400, and 800 ng/ml

doses . It was observed to be three times more cytotoxic than the control at both 24, and

72 hours (P<0.05, P<0.001).

LDH Results
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LDH Activity
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Fig 6 LDH results of the control, TMZ 50 ng/ml, TMZ 100 ng/ml, TMZ 200 ng/ml, TMZ 400
ng/ml, TMZ 800 ng/ml groups at 24, and 72 hours. (* P<0.05 values are marked as significant,

** P<0.001 values are marked as very important)

Although significant results were found in TMZ 800 ng/ml, the results were 52.6+3.8,
and 60.7+1.74 hours at 24, and 72 hours, respectively, in the TMZ group encapsulated
with Exolimer (Exolimer+TMZ 400-800 ng/ml), and 70.0+8.59, and 92.5+7.23, and the
result was observed to increase almost 10 times compared to the control (Fig. 7). The data

obtained were found to be statistically significant (P<0.05, P<0.001)
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Fig 7 LDH results at 24, and 72 hours for Control, Exolimer+TMZ (50 ng/ml, 100 ng/ml, 200
ng/ml, 400 ng/ml, 800 ng/ml groups. ((* P<0.05 values) significant), ** P<0.001 values marked

as very important)

GR results of T98-G cells
There was no significant change in GR level in positive controls compared to control in

T98-G cells, with almost similar results with control (Fig 8).

GR Analysis
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Fig 8 GR results of Control (Negative Control), Positive Control (Exosome 200 ng/ml, Polymer,
Exolimer 200 ng/ml, Polymer + TMZ 200 ng/ml) groups at 24, and 72 hours

Contrary to positive controls, both hours of the TMZ high dose decreased the GR level to
61.43+0.921, and 61.69+1.868, and statistical significance was found only in this group

(P<0.05).
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Fig 9 GR results at 24 , and 72 hours for the control, TMZ (50 ng/ml, 100 ng/ml, 200 ng/ml, 400
ng/ml, 800 ng/ml groups. (* P<0.05 values significant, ** P<0.001 values marked as very

important)

As a result of the GR of the T98-G cell line, MTT, and LDH levels decreased
considerably. Especially at the 72nd hour, the viability level at Exolimer+TMZ 400, and
800 ng/ml concentrations was determined as 58.125+6.66, and 50.95+5.79, respectively,
and it was found to be statistically significant (P<0.05, P<0.001).
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Fig 10 GR results at 2, and 72 hours for Control, Exolimer+TMZ (50 ng/ml, 100 ng/ml, 200
ng/ml, 400 ng/ml, 800 ng/ml groups. (* P<0.05 values are significant, ** P<0.001 values are
marked as very important)

Antioxidant Activity Measurement
Total Antioxidant Capacity (TAC) of T98-G Cell
T98-G is given in Fig 11-13. Control and positive control values have close values and

have no statistical significance. While the TAC value of the control group was 5.2+0.31
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at the end of 24 hours, it was 5.3+0.01 at the end of 72 hours. The lowest value in the
positive group belonged to the Polymer+TMZ 200 ng/ml group, and the value was the
same in both hours, and was found to be 4.6+0.111, and 4.6+0.032, respectively. No

significant difference was found among the controls (P>0.05).

Total Antioxidant Capacity

5 I g 1 |1 . I = I
= I I
g 4
X [
O
e 3
=
o
= 2 i |
= ‘ | '
l u
0 ! . .
CONTROL EXOZOM 200 ng/ml POLYMER EXOLIMER 200 ng/ml POLYMER+TMZ 200
ng/ml

W24 w72

Fig 11 TAC test results of the control and positive control groups. The data in Fig are expressed
as values in mmol Trolox Eqiv/L™ compared to the control group. * p<0.05 values are marked as
important, ** p<0.001 values are marked as very important

Although the TMZ group created a significant difference on the T98-G cancer line in
correlation with MTT, and other cytotoxicity tests, it showed less effect than the Exolimer
encapsulation formulation applied at the same dose. When the TMZ 400 ng/ml and TMZ
800 ng/ml values are compared with the control, significant results are obtained. TAC
level was found to be 3.8+0.125, and 3.4+0.09 at 24 hours, respectively, and 3.4+0.056,
and 3.1+0.21 after 72 hours (p<0.05).

Values obtained at the end of 24 hours from low dose to high dose in the Exolimer+TMZ
group, respectively, were 4.8+0.1, 4.4+£0.04, 4.1+£0.06, 3.1+0.3, and 2.8. Despite this, it
was determined as 4.4+0.21, 4.1+0.032, 3.3+0.43, 2.9+0.12, and 2.5+0.076 after 72
hours. According to the results obtained, it was observed that the TAC level decreased
almost half as much as the control. The results obtained were statistically significant
(p<0.05, and p<0.001).
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Fig 12 TAC results of the control, and TMZ group. The data in Fig. are expressed as values in
mmol Trolox Eqiv/L™ compared to the control group. * p<0.05 values are marked as important,
** p<0.001 values are marked as very important
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Fig 13 TAC results of the control, and Exolimer+TMZ groups. The data in Fig. are expressed as
values in mmol Trolox Eqiv/L™* compared to the control group. * p<0.05 values are marked as
important, ** p<0.001 values are marked as very important

TOS values of T98-G cells
Compared to the control group, exosome 200 ng/ml, polymer, and Exolimer 200 ng/ml
groups increased oxidative stress in T-98G cell line at both 24, and 72 hours, but no

significant difference was observed.
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Fig 14 TOS test results of control, and positive control groups. The data in Fig. are expressed as
values in mmol H,O; Eqiv/L™? compared to the control group. * p<0.05 values are marked as
important, ** p<0.001 values are marked as very important

It was concluded that TMZ groups (50, 100, 200, 400, and 800ng/ml) compared to the
control group increased oxidative stress at both 24, and 72 hours depending on the
increasing dose. Compared to the control group, the most significant result after 72 hours
was detected in the TMZ 400, and TMZ 800ng/ml groups, which increased oxidative
stress by 1.64, and 1.84 times, respectively.

Total Oxidant Status
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Fig 15 TOS test results of the control, and TMZ groups. The data in Fig. are expressed as values

in mmol H,O, Eqiv/L™ compared to the control group. * p<0.05 values are marked as important,
** n<0.001 values are marked as very important

Fig 16 showed that the Exolimer + TMZ (50, 100, 200, 400, and 800 ng/ml) groups
increased oxidative stress at 24, and 72 hours depending on the increasing dose,

negatively affected T-98G cell viability, and led to cellular death. These results we
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obtained reveal that the Exolimer positively increases the TMZ efficiency depending on
the increasing dose. The most significant result compared to the control group was found
in the Exolimer + TMZ 800ng/ml group, which increased oxidative stress by 2.04 times
at the end of the 72" hour.
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Fig 16 TOS test results of the control, and Exolimer+TMZ groups. The data in Fig. are expressed
as values in mmol H,O:Eqiv/L* compared to the control group. * p<0.05 values are marked as
important, ** p<0.001 values are marked as very important

Considering its effectiveness on T98-G, encapsulation of the drug with the Exolimer
offered many advantages together as it was predicted. These two systems, which also
have many disadvantages, came together, and increased each other's power, thus

increasing the effectiveness of the drug in parallel.
Discussion

Exosomes take an active role in different cancer physiopathology. Exosomes released
from GBM cancer play a role in many important tasks such as suppression of the immune
response against cancer, cancer spread, and metastasis. Today, with the advancement of
biotechnology, the use of exosome-based drug delivery systems against cancer is
increasing rapidly [19-21]. For this reason, the use of these vesicles as carriers has gained
importance in new studies. However, the low carrying capacity of exosomes, and the
difficulty of elimination of various bioactive substances they carry limit the effective use
of these vesicles. In our study, we produced new carrier molecules, which we call
Exolimers, by combining these vesicles with new nanotechnological methods. In order to

investigate the anticancer activity of these carrier nanocargoes, after characterizing the
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particles obtained at different stages, we designed in vitro experiments to evaluate them
in terms of anticancer activity. The aim of our study is to target cancer cells such as trojan
horse of the Exolimers produced. Thus, we plan to increase the potency of the TMZ drug,
which is widely used in the classical treatment of GBM, by ensuring that it is more
effectively transported to cancer cells. For this purpose, we examined the effectiveness
of our encapsulated drug with cytotoxic analysis, oxidant, and antioxidant analyzes at the
end of the experiment.

Its use as an exosome transporter has been shown in different studies, and it has been used
especially as a miRNA transporter in these studies. Jianxing Yin et al.[22] used exosomes
to reduce drug resistance to temozolomide in their study in 2019. In this study, cancer
cells were transfected by loading the exosomes obtained from the TMZ-resistant
glioblastoma line. Their findings showed that as a result of transfection, the amount of
mirl238 increased in target cells, and became sensitive to TMZ drug. Thanks to the data
obtained, it has been proven that the Exosome transport system effectively penetrates the
cancer microenvironment, and cancer cell more easily [22]. In our study, a mixture of
polymer, and exosome was used instead of the pure form of different exosomes. In this
way, the content of exosomes is discharged, and the carrying capacity is increased. In
addition, the small amount of pure exosome obtained would cause the obtained material
to be limited, so a higher amount of carrier material was obtained with the newly formed
encapsulation with the polymer. When we look at the MTT result graphs in our
experiment, the pure TMZ effect is weaker than the Exolimer-TMZ. The reason for this
is that TMZ transported by the Exolimer is more effectively transported into the cell.
Munoz JL et al. [23] showed in their study in 2014 that high doses of TMZ led to an
increase in LDH levels, and a decrease in GR values in cancer cells, leading to cell death.
However, studies have also shown that resistance to TMZ causes a decrease in cell death
rate, and LDH levels. In our study, the highest LDH activity in the TMZ group was
observed between the TMZ 400-800 ng/ml groups. The 24-hour result was 58.9+1.37,
and 68.8+1.68, while the 72-hour result was 75.5+6.02, and 85.3+6.88. At the highest
dose, LDH activity increased almost 6-fold. However, it was determined that the absence
of resistance in our Exolimer groups increased cytotoxicity, and cellular stress.

In the treatment of glioblastoma, oxidative stress caused by the damage of anticancer

drugs in cancer cells has been shown in many studies. In their study conducted in 2018,
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Emsen B et al. [24] showed that the total oxidant , and antioxidant ratios of anticancer
drugs were correlated with the mortality rate. In addition, Tuzgen S et al [25] investigated
total antioxidant levels in their study in glioblastoma patients in 2007. The data obtained
in both studies reported that the oxidant level increased, and the antioxidant capacity
decreased depending on the effectiveness of the treatment against cancer cells. The data
obtained in both studies reported that the oxidant level increased, and the antioxidant
capacity decreased depending on the effectiveness of the treatment against cancer cells
[25]. Similar results were obtained in our study. However, in this study, the use of pure
drug was compared with Exolimer+TMZ , and it was foun that the oxidant level increased
, and the antioxidant level decreased in the Exolimer+TMZ groups compared to the
equivalent dose.

Recently, targeted studies in cancer treatment have become widespread. Exosomes have
an important role in cellular signal transmission, thanks to the biomarkers they carry.
With these features, it is seen as a new hope in the treatment of many diseases, including

cancer.
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Biyoteknolojide Biyosensor ve Biyocip Uygulamalari

Ziilfii Titylek*™

OZET

Biyosensorler esas itibariyla, bir biyo algilama materyali ve bir transdiiser igerir.
Biyolojik ve kimyasal etken maddelerin tespitinde kullanilir. Enzimler, antikorlar,
niikleik asit calismalari, hiicreler, dokular ve organelleri iceren biyolojik algilama
malzemeleri, elektrokimyasal, optik, piezoelektrik, termal ve manyetik cihazlar gibi
hedef analitleri ve transdiiserleri secici olarak tespit edebilir ve nicel olarak
goriintiileyebilir. Biyogipler, biyolojik olarak kullanilabilen mikroislemciler olarak
tanimlanir. Bir biyogip, ultraminyatiirize test tiipleri seti olarak algilanabilir. Bu sistem
pek ¢ok testin ayn1 anda ve ¢ok hizli bir bicimde yapilabilmesine imkan saglar. Biyogip
ayni zamanda, bir numuneden birgok farkli bolgeye bakabilme avantaji da sunar. Son
yillarda biyomedikal uygulamalarinda biyosensér ve biyogipler siklikla tercih
edilmektedir. Ciinkii biyosensorler ve biyogipler hastaliklarin erken tanisinda ve yasam
kalitesinin yiikseltilmesinde 6nemli bir yere sahiptir. Nanoteknoloji veya chip teknolojisi
kullamilarak gelistirilen yeni nesil biyosensorler, sonuglarin daha kolay izlenmesi ve
degerlendirilmesini saglamaktadir. Insanlar atomlari anlamaya, atomlari yeniden
diizenlemeye, bir¢ok yapiy1 atomik (mikro, nano vb. Olgeklere) boyutlara indirgemeye
calisirken birgok icat ortaya ¢ikmustir. Bunlardan biri siiphesiz MEMS teknolojisidir. Bu
calismada, biyosensor ve biyogip uygulamalari {izerine yapilan ¢aligmalar incelenmistir.
Yeni teknolojinin kullanim alanlari arastirilmistir. Biyosensor ve biyogip alaninda
yapilan uygulamalar incelenmistir.

Biosensor and Biochip Applications in Biotechnology

ABSTRACT

The biosensors essentially comprise a biosensing material and a transducer. It is used in
the determination of biological and chemical active substances. Biosensing materials
including enzymes, antibodies, nucleic acid studies, cells, tissues and organelles can
selectively identify and quantitatively display target analytes and transducers such as
electrochemical, optical, piezoelectric, thermal and magnetic devices. Biochip, at the
same time offers the advantage looking at many different regions from one sample. In
recent years biosensors and biochips have been frequently preferred in biomedical
applications. Because biosensors and biochips have an important place in the early
diagnosis of diseases and the promotion of quality of life. New generation biosensors,
developed using nanotechnology or chip technology, provide easier monitoring and
evaluation of results. Many inventions have arisen as people try to understand atoms,
rearrange atoms, and reduce many structures to atomic (micro, nano, etc.) dimensions.
One of them is undoubtedly MEMS technology. In this study, studies on biosensor and
biochip applications are examined. The areas of use of the new technology have been
researched. Biosensor and biochip applications have been examined.
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Cc};i;rl;:ismﬁzde biyosensor teknolojileri lizerine yapilan ¢alismalar sonucunda elde edilen
gelismeler dikkat ¢ekmektedir. Dikkat g¢ekici gelismeler incelendiginde biyolojik ve
kimyasal ajanlarin tarimsal liretimi, gida isleme ve cevresel izlenmesi yaninda klinik
teshisler, ilag testi, biyolojik isleme ve biyolojik savas gibi faaliyetlerin yiiriitildiigi
goriilmektedir [1]. Canlilarin ekolojik sistemdeki degisiklikleri algilamalar1 ve bunlara
cevap vermeleri, biyosensorlerin gelisiminde ana c¢alisma alanini olusturmustur.
Biyolojik bir tepkiden bir sinyal formu tiretmek i¢in bir ara¢ olarak gorev goriir [2].
Canlilar, yasadiklar1 ortamdaki degisiklikleri algilama ve yagamlarin1 devam ettirebilmek
icin degisime ayak uydurmak zorundadir. Bu algilama mekanizmasi, laboratuvarda
biyosensorlerin (yapay kosullarda) gelistirilmesi i¢in temel olusturmustur. Yapilan
arastirmalar sonucu mikroelektronik alaninda elde edilen gelismeler ve biyolojik
yapilarin olagan stii duyarlilikta cevap verme kapasiteleri kesfedilmistir. Bu sayede
biyosensor teknolojisi hizla gelismeye baslamistir. Biyosensor teknolojisi, molekiiler
tanimlama ve ¢ogu biyokimyasal reaksiyonun sinyal isleme ve iletimini gli¢lendirmek
icin elektronik ve optik teknolojinin yetenegi ile entegrasyonunu miimkiin kilmigtir [3].
Bu hizli gelisme sayesinde bir¢ok farkl: tipte biyosensor gelistirildi ve liretim agamasina
gecildi. Giintimiizde biyosensorlerin farkli alanlarda kullanilan birgok uygulamasi
karsimiza ¢ikmaktadir. Bu gelistirilen biyosensorler, tip, eczacilik, gida giivenligi, cevre
kirliligi, askeri uygulamalar gibi birgok alanda kullanim imkani bulmaktadir. Ornegin
nanotip alaninda, biyosensorler ve minyatiir yapilar (biyogip) gelistirilmis ve erken teshis
(nanodiagnostik) uygulamalarinda kullanilmaya baglanmistir. Bu teknolojilerin
gelistirilmesi sayesinde tani testleri, tibbi tani1 alaninda yakin gelecekte teshis amagh
olarak kullanilacak birgok biyociplerin yayginlagsmasina neden olacaktir. Arastirmalar
sonucunda biyogcipler, karmagik yapili genetik bilgileri kisa stirede ¢oziimleyebilecek hale
geleceklerdir. Giiniimiizde niikleik asit prob sensorler, bir bireyin genetik yapisini
arastirmak ve genetik hastaliklarla iligkili genlerin veya mutant genlerin goriiniimiini
sunmak i¢in kullanilmaktadir [4]. Biyogiplerde elde edilen ilerlemeler sayesinde idrarda,
kanda ve tiikiiriikte bulunan DNA ile etkilesime giren belli bir viriisii, bakteriyi ya da belli
bir hastaliga iligkin kalitsal geleri belirlemek ¢ok daha kolaylasacaktir. Giinlimiizde
kullanllan ~ DNA  biyosensorleri ile  DNA-ilag etkilesimleri  basariyla
gerceklestirilmektedir. Bu  gergeklestirme islemi DNA’nin  elektroaktif baz

(guanin/adenin) sinyali veya analiz edilecek ilacin elektrokimyasal sinyali yoluyla
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saglanmaktadir. Sinyallerde gozlenen degisimler sonucu DNA-ila¢ etkilesimi hakkinda
veriler elde edilebilmektedir [5]. Biyosensor gelisimi igin reseptdr segimine, farkli
transdiiksiyon tekniklerinin kullanimina ve biyosensoriin gidalardaki uygulamalari igin
hizl1 tarama stratejilerine ve cevresel giivenlik ve izlemeye 0Ozel vurgu yapmak
onemlidir. Bu nedenle biyosensor liretimi, uygulama gesitliligini saglamak i¢in 6nemlidir
[6]. Biyosensor immobilizasyonunu gelistirmek i¢in altin, giimiis, silikon ve bakir
nanopartikiiller, grafit, grafen ve karbon nanotiipler gibi karbon bazli malzemelerden
genis bir yelpazede nanomateryaller kullanilmaktadir. Ek olarak, nanopartikiil bazli
malzemeler elektrokimyasal ve diger biyosensor tiirlerini gelistirmek icin biyiik
hassasiyet ve Ozgiillikk saglar. Metalik nanopartikiiller arasinda, altin nanopartikiiller,
oksidasyona kars1 stabiliteleri nedeniyle potansiyel kullanima sahiptir [7].

Farkli alanlardan bilim adamlarinin katkilariyla kimya, fizik, biyoloji, bilgisayar ve
mithendislik gibi yeni ¢ok disiplinli alanlarda genis 6l¢ekli yaratict biyosensor gelistirme
firsatlar1 ortaya ¢ikti. Biyoteknoloji sirketlerinin bu alanla ilgili birgok Ar-ge ¢alismasi
yiiriitmekte olduklar1 gériilmektedir. Oncelikle klinik teshisler, kan 6rneklerinin analizi,
bulasici hastaliklarin teshisi, tarimsal liretim, gida analizi ve ¢evresel izleme gibi bir¢ok
alanda biyolojik ve kimyasal maddelerin tespitinde g¢alismalarin yogunlastigi
goriilmektedir [8]. Yapilan ¢alismalarda géze ¢arpan amaclardan birisi tek kullanimlik
biyogiplerin tiretilmesidir. Giinlimiizde farkli alanlarda kullanilan tek kullanimlik birgok
biyogiplerin iiretildigi ve kullanim kolayhi@ sagladigimi gérmekteyiz. Ornegin kanda
bulunan hepatit gibi bircok viriisiin tanisin1 yapmaya yonelik iretilen biyogipler
bunlardan sadece bir tanesidir. Canli viicudunun 6nemli 6gelerinden olan goérme, duyma,
koku alma, tatma, dokunma gibi algilama sistemleri en miikemmel dogal biyolojik
sensOrler olarak karsimiza ¢ikmaktadir. Bu biyolojik sensorler, biyosensor ve biyogip
aragtirmalart icin giizel 6rnekler teskil edecek uygulamalar igermektedir. Makalemizde

biyosensor ve biyocip uygulamalari lizerinde durulacaktir.
Biyosensor Teknolojisi ve Uygulama Alanlar

Canlilar ekolojik sistem igerisindeki degisimleri aninda algilar ve yasamlarini
siirdiirebilmek icin bu degisimlere ayak uydurmaya calisirlar. Yapilan aragtirmalara
bakildiginda canlilarin hayal bile edilemeyecek Olgiide duyarlik performansi
sergiledikleri tespit edilmistir. Ornegin kdpeklerde koku alma duyarlik performansimin

insanlara gore 100.000 kat daha fazla oldugu gorilmiistiir [9]. Kelebeklerin, eslerinin
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yaydig1r birka¢ molekiilii algiladiklart saptanmistir. Alglerin zehirli maddelere karsi
olduk¢a duyarli olduklari goriilmiistiir. Yilan baliklar1 tonlarca suda, birka¢ damla
yabanct maddeyi aninda tespit ederler. Bu ornekleri saymakla bitirmemiz miimkiin
degildir. Canlilarda bu uyarilar tespit etmeyi miimkiin kilan biyolojik maddelerin analiz
sistemlerinin bir araya getirilmesi sayesinde biyosensor yapilar gelistirilerek
kullanilmaya baslanmistir [10]. Biyosensorlerle ilgili bir tanimlama yaparken parcalayip
anlamlandirma yontemini kullanmak yerinde olacaktir. Biyo kelimesi biyolojik sistemler
ve objeler, canlilik ya da yasam anlamina gelmektedir. Sensor kelimesi ise algilama,
algilayici anlamina gelmektedir. Simdi bu iki kelimeyi bir araya getirdigimizde biyolojik
sistem ve objelerin algilanmasi anlami ortaya c¢ikmaktadir. Bu da biyosensdrlerin
tanimina karsilik gelmektedir. Biyosensorler, biyoaktif bilesenin segici olarak analiz
edilecek element ile etkilesimi sonucu iiretilen sinyalin, bir algilayict tarafindan
birlestirilmesi ve Ol¢ililmesi olarak tanimlanir. International Union of Pure and Applied
Chemistry (Uluslararast Temel ve Uygulamali Kimya Birligi) tarafindan yapilan tanim
ise bir kimyasal bilesige verilen biyolojik bir yamiti optik, termal ya da elektrik
sinyallerine doniistiiren cihazlar seklinde yapilmistir [11]. Biyosensorler temelde
biyoaktif tabaka (biyoreseptor), doniistiiriicii (transduser) ve elektronik pargalardan
olusur. Biyoaktif katman genellikle analiz edilecek madde (analit, 6rnek) ile secici olarak
etkilesime giren biyoaktif bir bilesenden olusur. Donistiiriicliler, gerceklesen
etkilesimden kaynaklanan biyokimyasal veya fizikokimyasal sinyalleri elektrik
sinyallerine doniistirmek ve verici sistemlere iletmek igin tasarlanmigtir. Elektronik
boliimde iletilen sinyal, amplifikatorler, sinyal isleme, kaydediciler ve gostergeler gibi
sistemlerden olusur ve elde edilen veriler okunabilir bir sekilde goriintiilenir [12]. Bu
yapilarda hiicreler, bir doniistiiriiciiniin kaydedip iletebilecegi elektrokimyasal tepkiyi
gosteren cok cesitli analitlerle etkilesime girebilir (tiim hiicre tabanli biyosensor ilkesi).
Iyi hassasiyetleri, yiiksek secicilikleri ve algilama yetenekleri sayesinde bu biyosensérler,
cevresel izleme, gida analizi, farmakoloji, agir metallerin tespiti, pestisit, organik
kirleticiler ve ilag taramasinda basariyla kullanilmaktadir [13]. Biyoaktif katman,
doniistiiriicii ve elektronik bilesen yapilarini inceledigimizde Sekil 1'in olusturulmasi

yerinde olacaktir.

471



BIYOSENSORLER

Analit Biyoreseptérler Transdiiserler Elektronik Veri Isleme
(Ornek) $ (Bivobilesen) (Déniistiiriiciiler) (Sinyal Giiclendirici) (Mikroelektronik)

AV !4

I LI | 1
- Enzimler - Elektrokimyasal (potansiyometrik,
- Antikorlar amperometrik, voltametrik ve alan

- Niikleik Asitler etlili)

- Mikro-organizmalar - Optik (Isigm iletimindeki degisimin
- Hiicreler tlciilmesine dayali)

- Ylapay Biyolojik Reseptér - Kalorimetrik (Termal)

1 (Immuno Ajanlar) I & Alkustik (Ses ve Konum) '

Sekil 1 Biyosensor bilesenleri

Biyosensorleri taniyici, gevirici ve elektronik boliim seklinde tanimlamak yerinde
olacaktir. Taniyict boliim, taniyan (ligand) ile tanmanin (analit) etkilestigi boliimdiir.
Yani biyoaktif tabakadir. Cevirici, ger¢ceklesen etkilesim sonucu olusan degisimi elektrik
sinyaline dontstiiriir. Bu islemi gergeklestiren sistemler ise doniistiiriiciilerdir. Elektronik
boliim ise olusan elektrik sinyalinin degerlendirme islemini yaparak sinyali okunabilir
veriye doniistiiriir. Taniyict boliimde, immobilize edilmis ligandlarin varligr s6z
konusudur. Bu ligandlar biyolojik materyal oldugunda (enzim, antikor/antijen,
oligopeptit, mikroorganizma) sistemler biyosensor olarak adlandirilir [14]. Canlilarin
cevrelerindeki degisimi algilamalar1 ve bunlara yanit vermeleri icin altyapr olarak
kullandiklar1 biyolojik sistemler, biyosensdrlerin gelistirilmesi i¢in temel olugturmustur.
Bunun yaninda kimya, biyokimya, biyoloji, miihendislik gibi (sekil 2) bircok bilim
dalindaki bilgi birikiminden faydalanilmistir. Boylece biyolojik sistemlerin segicilik
ozellikleri ile mikroelektronik tekniklerin islem yeteneklerinin birlestirilmesi sonucu

gelistirilmis biyoanalitik cihazlar elde edilmistir.

—~

Biyokimya Biyoloji Mihendistik

Bivosensérler

Sekil 2 Biyosensorler alaninda gerceklesen etkilesim

Biyosensor tasarimi ilk olarak kandaki glukoz seviyesinin Ol¢limiiyle baglamistir.

Sonrasinda biyosensorlerde elektron alict olarak elektron alig-verisinin gergeklestigi
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kimyasal tepkimeler kullanilmigtir. Daha sonraki calismalarda enzimin indirgenme
yiikseltgenme merkezi ile elektrot yiizeyi arasinda dogrudan elektriksel iletisim
saglanmistir. Biyosensorlerde gelinen bu son nokta sayesinde indirgenme yiikseltgenme
aracilarina gereksinim kalmamistir. Biyosensorlerde biyobilesenlerde, doku kiiltiirleri,
mikroorganizmalar, organeller, antikorlar ve niikleik asitler ile enzimler kullanilmaya
baslanmigtir. Gelistirilen bu yeni yapilar, 6lgme yontemlerine gdre amperometrik,
potansiyometrik, termal, piezoelektrik, akustik ya da optik sensor olarak
siniflandirilmistir.  Giinlimiize kadar yaklasik 180’in iizerinde farkli madde icin
biyosensor hazirlanmistir. Bunlarin igerisinden ancak bugiin yaklasik 25 tanesi ticari
amach olarak {iretim asamasina gecmistir. Ornegin genetigi degistirilmis organizmalar
yeni biyoteknolojik yontemlerle bitkilere aktararak, bu bitkileri bu alanlarda en temel
anlamda yetistirmek miimkiindiir. Bu ¢alismalarda, canli organizmalarin ¢esitliligi, yani
biyocesitlilik ortaya ¢ikmaktadir. Tarimdaki biyogesitlilik, biyogesitliligin tiim gida ve
tarimla ilgili bilesenlerini igerir [15]. Biyosensdrlerde taniyici olarak hayvan ve bitki
hiicreleri kullanilmaktadir. Ayrica soguga adapte olmus bazi organizmalar, mikrobiyal
kontaminasyonu Onlemek, hiicre dokularinin dondurularak korunmasini artirmak ve
dondurulmus gidalarin dokusunu ve lezzetini korumak i¢in gida endiistrisinde yaygin
olarak kullanilmaktadir [16]. Karaciger hiicre fonksiyonlari bir¢ok biyokimyasali bagka
tiirlere ¢evirdiginden biyosensorler i¢cin en ideal uygulama alani olarak karsimiza
cikmaktadir. Bu hiicrelerdeki ilk uygulama karaciger dokusu arjininin tanisinda
kullanilmistir. Karaciger hiicreleri arjini sensor yiizeyine konularak dnce ornitin ve iireye
cevrilmis, Sonra iire lireaz ile amonyaga doniistiiriilmiis ve amonyak elektrodu ile 6l¢lim
gerceklestirilmistir. Yiiksek ozellige sahip biyosensorler, renkli ve bulanik ¢ozeltilerde
genis derisim araligi igerisinde dogrudan Ol¢iim yapabilme imkéan saglar. Fakat
biyobilesenlerde pH, sicaklik, iyonik gii¢c gibi ¢evresel sartlar biyosensorlerin kullanim
omriini kisaltmaktadir. Biyosensér uygulama alanlari tip, eczacilik, tarim, gida, ¢evre
kirliligi, savunma sanayi gibi bir¢ok endiistriyel kullanima sahiptir [17]. Otomasyon ve
kalite kontrolii gibi ¢caligmalarda 6nemli rol oynamaktadir. Sensor alaninda en iyi pazara
sahip olan biyomedikal cihaz biyosensoérlerdir. Ilk uygulanan biyosensorler enzim
sensorlerdir. Ik olarak seker hastaligini teshisinde, kan ve idrarda glukoz tayininde
kullanilmistir. Ayrica viicuttaki glukoz, iire, seker gibi biyolojik {iriinlerin takibi

yapilmakta ve kanserlerin izlenmesi ve mikrobiyal ajanlarin tespiti amaciyla da
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kullanildig1 gorilmektedir [18]. Enzim elektrodlarinin tibbi analizdrlere takilmasiyla
yogun bakim iinitelerinde kullanilmaya baslanmistir. Biyoteknolojide kullanilan enzim
biyosensorleri basta glukoz olmak {izere monosakkaritler, amino asitler, organik asitler,
iire ve alkol tayininde kullanilir. Kotii amacli kullanilan ilaglar ve uyusturucu maddelerle
miicadelede biyosensér uygulamalarina da rastlanmaktadir [19]. Sensorlerde bulunan
biyobilesenler; enzimler, mikoorganizmalar, organeller, doku bdliimleri, antikorlar,
niikleik asitler ve biyolojik zarlara gomiilii kimyasal reseptorler olarak kullanilir. Uygun
enzimin bulunmamasi ya da enzimin kararsiz olmasi1 durumunda bir maddenin tayini i¢in
hiicre sistemleri ve mikroorganizmalar kullanilir. Déniistiiriiciiler, reseptdrlerin biyolojik
tepkisini Olcerek fiziksel sinyale doniistiiriir. Biyokimyasal reaksiyon diisiiniilerek
dontistiirticii se¢imi yapilir. Elektrodlar ise amperometrik ve potansiyometrik ol¢iim
sirasinda kullanilir ve burada hedef analittir [15]. Glinlimiizde piyasada kullanilan
biyosensorlerin cogu amperometrik enzim biyosensdrlerdir. Amperometrik biyosensorler
referans elektroda sabit bir potansiyel uygular ve elektrod yiizeyindeki akimin 6lgiilmesi
islemi sirasinda kullanilir. Amperometrik biyosensorler redoks enzim tabanlidir. Tercih
edilmelerindeki en biiyiik nedeni yag asitleri, sekerler, amino asitler, aldehitler ve fenoller
tizerinde etkilesebilen oksidorediiktaz enziminin kolay sekilde temin edilebilmesidir.
Potansiyometrik biyosensorler ise memran boyunca olusan potansiyel farki analiz eder
ve derisimi hakkinda bilgi tasimakta kullanilir [20]. Giinlimiizde biyosensorlerin ¢ok
farkli kullanim alanlar1 mevcuttur. Biyosensorler, biyolojik veya kimyasal etken maddeye
secici, hizli ve siirekli olarak baglanarak reaksiyona girmelidir. Bunu saglayabilmesi i¢in
ise su Ozelliklere sahip olmasi gerekmektedir.

- Biyoaktif ve biyoalgilama materyalinin bulunmas1 gerekmektedir.

- Bu materyaller ilgilenilen 6geleri ya da analitleri taniyabilmelidir.

- Biyoalgilama malzemesi doniistiiriicii ile yakin temas i¢erisinde bulunmalidir.
Genel olarak, bir biyosensor biyolojik, kimyasal ya da biyokimyasal sinyali dlcer ve
islenebilir elektrik sinyaline doniistiiriir. Sonra elektriksel sinyal kimyasal veya fiziksel
doniistiiriiciiyle birlestirilir. Algilama materyali igeren gorilintiileme cihazi yardimiyla
sonuglar gosterilir [21]. Bu nedenle biyosensorlerin 6zellikleri ve kullanildigi ortamda
bulunan sartlar 6nemlidir. Ayrica algilayici se¢iminin de géz Oniinde bulundurmak
gerekmektedir. Biyosensorlerdeki islem basamaklari, veri temini ve kontrolii, veri taban

ve modelleme, ag baglantist ve kablosuz iletisim gibi birimlere ihtiyag duyar.
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Biyoalgilama materyallerinin doniistiiriiciilere baglanmasi asamasinda etkin sabitleme
teknigi kullanilir [22]. Ornekleme akisi, belirli ve tespit edilebilen sinyallerin alinmasi
esnasinda hedef analitin ayristirilmasi1 ve konsantrasyonu kritik 6nem tasir. Daha
minyatiir (biyog¢ip) biyosensorlere dogru gidildikge, gelismis mikro ve nano iiretim
tekniklerine ve yazilimlara ihtiya¢ duyulmaktadir. Biyosensorler 6rnekleme, algilama,
cevirme ve hesaplama igeren yapilara sahiplerdir. Bu teknolojik yapilar biyoloji, kimya
ve mithendislik yaklagimlari tizerine bina edilmistir [23]. Nanotellerin ince yapisi, ¢evreyi
ve ayrica viicut i¢i algilamay1 incelemek i¢in uzak nanobiyosensorleri gelistirmek igin
onemli bir faktor olmaya devam ediyor [24]. Giiniimiizde nanoteknoloji ya da chip
teknolojisi kullanilarak gelistirilen ve modern zaman biyosensorleri olarak adlandirilan
yeni nesil biyosensorlerin kullanildiklar1 goriilmektedir. Bu biyosensorler sayesinde
sonuclarin daha kolay izlenmesi ve degerlendirilmesi miimkiin olmaktadir. Gelismis
teknolojiler kullanilarak bir objeye biyogip yerlestirildiginde, tespit asamasinda ortaya
cikan degisimleri hastaneye gitmeye gerek kalmadan takibi miimkiin olmaktadir. Ornegin
nanaoteknoloji alaninda niikleotit ¢ogaltma ve goriintiileme tekniklerinde elde edilen
gelismeler sayesinde, giliniimiizde niikleotit temelli biyosensdrler yaygin bir sekilde
kullanilmaktadir [25, 26].

Biyosensorlerin gelecekte 6nemli iletisim kurma teknikleri igerisinde siiperoksit ve nitrik
oksit (NO) bilesenleri yer alacaktir. Boylece kisa dmiirlii hormonlar ve nérotransmitterler
(uyaricilara tepki) sayesinde, dogal ortamlardaki diisiik konsantrasyonlu maddelerin
tayini miimkiin olacaktir. Ayrica biyolojik ya da biyolojik kokenli materyaller
kullanildig1 biiyiik 6lgekli iiretim siireclerin niikleik asit diizeyinde izlenmesi, ilaglarin
alicilara etkisi ve 6zellikle alic1 / verici etkilesimi gelecekte biyosensorlerin 6nemli tibbi
uygulamalari arasinda yer alacaktir [27]. Ayni zamanda biyolojik sistemler kullanilarak,
proteinler arasi iliskilerin anlagilmasi ve insan genom projesinin devami olan protein
analizi calismalarinda kullanilan biyosensorlerin gelistirilmesi ve ¢esitliliginin artirilmasi
da hedeflenmektedir. Genom projesi g¢ergevesinde, hastaliga sebep olan bakteri ve
mikroorganizmalarin genetik kodlar ilag gelistirme asamasinda kullanildiginda bazi
ilaglarin ilag yerine zehir olusumuna sebep oldugu gorilmiistiir [28].

Belirtmis oldugumuz bu aragtirma/gelistirme ¢aligsmalar1 giinlimiizde bir¢ok biyosensor
Ozelliginin gelistirilmesinde basamak tegkil ettigi goriilmektedir. Bu ¢alismalar sayesinde

giinliik hayatta yasam kalitesini artiracak birgok uygulama ve arastirma yoOnelik
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caligmalar yapilmaktadir. Bunun sonucu olarak yeni biyosensorler gelistirilmekte ve
kullanim izinleri alinmaktadir. Ticari boyut kazandiginda ise yaygin olarak bir¢ok alanda
kullanima sunulmaktadir. Arastirmalar sonucu gelistirilen katyonik polimerler, esneklik
ve kolay sentez dahil olmak tlizere benzersiz 6zellikleri nedeniyle genleri iletmek i¢in viral
olmayan vektorler i¢in bir arag olarak kullanilmaya deger kabul edilir. Fizyolojik olarak
elektrostatik kuvvet ¢cekimi yoluyla DNA gibi makromolekiillerle temas halindedir [29].
Yar iletken kuantum noktalarinin, makromolekiiller (DNA-RNA protein) ve insan
hiicreleri i¢in iyi duyarli, basit, secici ve hizli biiyliyen biyosensorlerin sentezi igin
baslangi¢ araglar1 olarak yaygin sekilde kullanildigi goriilmektedir [30]. Ancak
biyosensorlerin iiretimini engelleyen bazi faktorler vardir. Bunlar biyoreseptorlerin,
antikorlarin ve enzimlerin uzun vadeli stabilizasyon sorunlari, sensorlerin mikroptan
arindirilabilmeleri, canli yapilardaki uygulamalarda biyouygunluk sorunlari, diger
maddelerle spesifik olmayan adsorbsiyonlar, enzim bazli biyosensdrlerde immobilzasyon
ve mediator sorunlari, gidalardaki diger bilesenlerden kaynaklanan etkilesimin
azaltilmasindaki sorunlar, sensorlerin kiigiiltiilmesindeki  sorunlar  sayilabilir.
Biyosensorlerde ortaya ¢ikan olumsuzluklari gidermek amaciyla multidisipliner yaklagim
yontemine gerek duyulmaktadir. Bunun iginde biyologlar, kimyagerler, fizik¢iler,
elektrik-elektronik  miihendisleri ve tasarim miihendisleri arasinda isbirligi
yiirtitiilmektedirler. Yine de bu teknolojinin arzu edilen diizeyde yayginlagmasi ¢ok uzak
degildir [31]. Biyosensorlerde sterilizasyon islemi bir¢ok agidan énemlidir. Korumasiz
olan sensor boliimiinde analitten kontamine olabilecek mikroorganizma ya da enzimlerin
olusturacag sorunlar dikkate alinmak zorundadir. Digeri ise biyosensor materyalinden
olusan sizintt ya da kontaminasyon etkisi ile ortaya cikabilir. Ayrica biyosensor
hazirliginin uzun siirmesi, molekiiler biyolojik siiregler hakkinda yetersiz bilgi gibi
sorunlar biyosensor kullaniminin yayginlagsmasinin 6niinde 6nemli bir engeldir [32]. Son
yillarda, molekiiler biyolojideki biyoteknolojik gelismeler, ilk RT amplifikasyon adimini
takiben dongii aracili izotermal amplifikasyon (LAMP) gibi hizli testlerin gelistirilmesini
miimkiin kilmistir. Umut verici bir ticari LAMP tabanli hizli tespit testi olan ID NOWTM
COVID Testi, pozitif sonug i¢in 5 dakika ve negatif sonuglar i¢in 13 dakika gibi kisa bir

stirede hizli sonug geri doniisii olmaktadir [33].
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Biyocip Teknolojisi ve Uygulama Alanlari

Son yillarda, mikroakiskanlarin analitik teshis alaninda yapilan bir¢ok uygulamasinin
bulundugu gorilmektedir. Farkli seviyelerde disiplinlerarast ¢alisan arastirmacilar
icin mikroakigkan ¢ip teknolojisinin yayginlasmas1t ve kolay ulagilabilir olmasi
onemlidir. Bunun ic¢in viskozite ve elastisiteyi bir arada barindiran PDMS
(Polydimethylsiloxane), organik ve hidrofobik yapilara ihtiya¢ duyulur [34]. Bu yapilar
giinimiiz teknolojisinde en ¢ok tercih edilen mikroakiskan ¢ip malzemesi olarak
kullanilmaktadir. Bu tip mikrofabrikasyon cihazlar1 Lab-on-a-chip (gip tizerinde
laboratuvar) olarak tanimlanmaktadir. Bu entegre sistemler “Lab-on-a-chip” (LOC) veya
“mikro toplam analiz sistemleri” (WTAS) olarak da bilinir. Mikroakiskan bazli LOC
cihazlar1 genellikle biyomedikal arastirma ve yasam bilimlerinde bir doniim noktasi
olarak kabul edilmektedir [35]. Basit bir alt tabaka iizerinde kimyasal ve biyokimyasal
laboratuara ait 6nemli bilesenler yer almaktadir. Lab-on-a-chip teknolojiler, ¢ip lizerinde
aktif duyulara hakim olan yapilarin tam islevsel 6rnegi oldugu icin etken madde tasiyici
sistemler (ilag tasiyici sistemler) icerisinde dnemli yere sahiptir [36]. Diinya iizerinde
saglik kaynaklarinin sinirli olmasi nedeniyle diisiik maliyetli, tasinabilir, hizl1 teshis,
kullanim1 i¢in uzman personel gerektirmeyen analitik cihazlar tercih edilmektedir. Bu
gerekgeler g6z oniinde bulundurularak Lab-ona-chip uygulamalarinda ve diger biyolojik
analiz kullanimlarinda mikroakiskan cihazlar; cam, PDMS (polidimetilsilokzan), silikon,
plastik ve diger polimerler iizerine kanallar kaliplanarak ya da asindirilarak {iretilir.
Gliniimiizde, bu tiir uygulamalarda kagit tabanli mikroakiskan teshis cihazlar
kullanilmaktadir. Kagit bazli mikroakigkan cihaz tasariminda genellikle ylizey olarak
emici, sogurucu ozellige sahip kromatografi kagidi kullanilmaktadir [34]. Giiniimiizde
biyogipler, farkli amaclar i¢in bir¢cok biyolojik analitin hizli taranmasinda kullanilan,
kiiciik, kat1 destek yiizeyler iizerinde kiigiiltiilmiis test bdlgeleri igeren ve sinyalin
iletilmesi amaciyla yariiletken yapilt DNA, protein, antikor gibi biyolojik maddeler
kullanan eszamanli biyokimyasal tepkimeler gerceklestiren tiimlesik elektronik ya da
mikromekanik cihaz kisimlarindan olusan bir donanima sahiptir. Etkin yilizey alani
yaklasik birka¢ cm? biiyiikliigiinde olan ve binlerce gen analizini yapabilme 6zelligine
sahip olan bir teknolojidir. Elektronik alaninda kullanilan ¢ipler 6rnek alinarak
gelistirilmistir. Bu nedenle hazirlanmasi esnasinda kullanilan malzemeler ve kullanilan

teknikler benzerlik gostermektedir. Biyogip teknolojisini kararli bir sekilde yanit
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vermesini saglamak i¢in elektronik kismin ayarlanmasi iyi yapilmali ve sistemin takip
edilmesinin saglanmasi gerekir [37].

Canlilardaki biyokimyasal olaylar1 ylriiten protein ve birgok biyomolekiiliin
(Polisakkarit ve niikleik asitler gibi) taninmasi, sahip olduklar1 fonksiyon ve
etkilesimlerin aciga ¢ikarilmasi igin yeni yontem ya da tekniklere ihtiya¢ duyulmaktadir.
Bu amagla gelistirilen Biyogip/biyosensor teknolojisi en dnemli alanlardan sayilsa da
heniiz kendisinden istenilen Olglimleri kolay, hizli, duyarli ve ekonomik boyutta yerine
getirmek icin yeterli sayida yontem ve cihazlar kapsayacak diizeye ulasamamustir [38].
Giliniimiizde biyogip hazirlama yontemlerinden biri olan ve kendiliginden diizenlenen tek
tabakalt (self assembled monolayers) farkli yiizeyler {iizerinde gergeklestirilen
nanoboyutlu tasarimlara ait arastirmalar yapildigi goriilmektedir. Herhangi bir ¢evresel
degisimin etkisi olmaksizin kendi kendine olusabilen diizenleme yontemleri, biyocip
teknoloji uygulamalarinda 6nemli bir kistas olarak karsimiza ¢ikmaktadir. Yiizey lizerine
yapilan ¢esitli uygulamalarda izlenecek yolun ortam etkilerinden uzak olmasi
gerekmektedir. Ayrica islemlerin kolay gergeklesmesi, kullanilan yontemin ucuzlugu,
molekiille ilgili diizenlemeler ve istenilen tasarimlar diger dikkat edilmesi gereken
unsurlardir [39]. Bu yeni teknoloji iizerindeki ilk uygulamanin, meme kanseri iizerinde
yapildigint gérmekteyiz. Ciinkii meme kanseri bugiin kadinlar arasinda en sik goriilen
kanser ¢esididir. Yaklasik olarak her on kadindan biri, yasaminin belli bir periyodunda
meme kanserine yakalanma riski tasimaktadir. Bu sebeple, meme kanseri tanisinda
alisilagelen diizen icinde yapilan fiziksel muayene, ultrasonografi ve mamografi gibi
tetkikler 6nemlidir [40].

Biyocip teknolojisinde gerceklestirilen ilk ticari iiriin Gene Chip ® adli Affymetrix
firmasinin Lipshutz ve arkadaglarinin yapmis olduklar1 calisma iizerine kurularak
gelistirilen DNA ¢ip’idir. Giiniimiizde hem DNA hem de protein ¢ipleri iireten birgok
sirket faaliyet gostermektedir. Bu firmalarin elektronik alani icin iirettikleri ¢iplerde
biyocip malzemesi olarak uzun yillardir silikon kullandiklar1 goriilmektedir. Ayrica, cam,
silisyum dioksit (Si02) ve plastik gibi malzemelerin kullanimlar1 da s6z konusudur. Cip
yiizeyinde bulunan molekiillerin 6zelliklerini ve kimyasal tepkimeleri belirlemek
amaciyla tespit edilebilen molekiiler yapilar kovalent baglarla baglanmaktadir [41].
Biyogiplerin olusturulmasi esnasinda takip edilen diger bir adim ise tespit edilebilen

molekiillerin  yiizeye yerlestirilmesidir. Bunun i¢in ¢esitli kimyasal ajanlar
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(Biyolojik, kimyasal ya da fiziksel degisiklik yapma becerisine sahip) i¢inde
bulunduklar1 molekiillerin karakteristik kimyasal reaksiyonlarindan sorumlu belli atom
gruplarini aktif ederler ve tespiti yapilabilen molekiillerin kimyasal tepkimeyle yiizeye
kovalent baglanmasini saglarlar. Cip yilizeyinde herhangi bir aynali aragla ekran iizerinde
olusturulan yiizlerce goriintii bolgesi (spot) bulunur. Her bir spot da binlerce ayni tiir
tespiti yapabilen oligo elementler bulunmaktadir. Oligo element (demir, bakir, iyot,
¢inko, mangan, selenyum, krom, kobalt ve molibden) tiirli sadece noktadan noktaya
(spottan-spota) degisir. Ornegin, bir DNA ¢ipinde bdyle bir yap1y1 olusturmak i¢in énemli
tic teknik kullanilir. Birinci teknik fotolitografi yontemidir. Bu yontem elektronik
mikrogip hazirlamada yaygin olarak kullamilan bir tekniktir. ikincisi mikrospotlama
digeri ise miirekkep piiskiirtme (ink jet) yontemidir [42]. Tespit edilebilir oligolar1 tasiyan
c¢iplerin hazirlanmasi son islem basamagi ise 6l¢iim yapacak diizenegin hazirlanmasidir.
Bunun i¢in tanist yapilacak DNA molekiilleri 6nce agilan DNA zincirlerinin tekrar
birlesmesini engelleyen tek sarmal zincirler haline doniistiiriiliir ve daha sonra igaretlenir.
Bu islemler i¢in yaygin olarak lazere duyarli fluorasan maddeler kullanilir. Tanisi
yapilacak olan yapay olarak ¢ogaltilmis ve DNA problar1 olarak hazirlanmis 6zel DNA
karigimi ¢ip lizerine konur, niteligi arastirilacak olan hedef DNA molekiilii ile birlestirme
stirect gergeklestirilir. Bu islem sonucu DNA yiizeyde eslenigi buldugunda, tam
hibridizasyon iglemi gerceklesmis olur. Daha sonra elde edilen veriler belirli bir islemi
yapmak tizere hazirlanmis programlar yardimiyla kullanima hazir hale getirilir [43].
Lazerin, mikrogip teknolojisinde kullanilmasiyla gelistirilen teknoloji sayesinde, biyopsi
analitlerinde hiicre ylizey markirlart profili tespit edilmektedir. Bu sayede hiicre
yiizeyinde yer alan peptid ve kiicik molekiiler yapilar dinamik olarak
incelenebilmektedir. Tiim bu veriler incelendiginde, hiicre hatlarinda farkli evrelerde
bircok hiicre membranina ait molekiillerin dinamik incelenmesi miimkiin oldugu
goriilmektedir [44]. DNA yapisinda bulunan genler ve bunlarin dizilimleri biyocipler
yardimiyla bulunabilir. Kriminolojik arastirmalarda ¢ok hizli olarak DNA testi yapilabilir
ve suclu belirlemesinde kullanilabilir. Hastaliklarda ortaya ¢ikacak olan mutasyonlar
incelenerek tani koyulabilir. Gen ekspresyon kontrolii ve diizenlemesi zaman igerisinde
nasil degistigi incelenerek hastalifin gelismesi/gerilemesi takip edilebilir. Gelistirilen
yeni ilaclarin olas1 toksik etkileri hizli bir sekilde izlenebilir. Ilaglarin farmakolojik

etkilerinin tespiti kolayca ¢ip iizerinde yapilabilir.
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Glinlimiizde RNA bazinda da 6nemli aragtirmalar yapilmaktadir. RNA bazinda yapilan
calismalarda gen ekspresyonuna ait ¢alismalar 6n plana ¢ikmaktadir. Dogum Oncesi ya
da dogum sonrasi tanm1 gibi rutin genetik uygulamalarda kullanilmaktadir. Giliniimiizde
tiim genom polimorfik belirteglere bakilarak uniparental dizomi (bir kromozom ¢iftinin
her 2 iiyesinin de bir ebeveynden gelmesi) tespit edilmektedir. Genomic imprinting
(Genomik baskilanma), genin anneden ve babadan gelmesine bagl farkli hastaliklarin
goriilmesine yardimci olmaktadir. Tiim bu bulgular, halen tim rutin uygulamalara
girmese de, proteinlerin analizinde biyogiplerin 6nemli bir rolii olacaginin habercisidir.
Ozellikle, ¢oklu markirlarin ¢alisilacag: panellerin, bircok hastaligin tan1 ve tedavisinin
takibinde 6nemli ipuglari ortaya koyacag agiktir [45].

Bir organizma ya da dokunun genomu tarafindan ifade edilen protein aragtirmalarda
kullanilmak iizere protein ¢ipler gelistirilmistir. Gelismis teknolojiler kullanilarak ¢ipler
olustururken tespit edilebilir olarak yiizeye yerlestirilen proteinlerin ii¢ boyutlu yapilari
bozulmamalidir. Ciinkii proteinin tamaminin bir ligand olarak kullanmak yerine, aktif
bolgeleri, yani oligopeptidlerin yapay olarak yapilmasi, peptit kiitiiphanelerinin
olusturulmasi ve protein ¢iplerinde kullanilmasit s6z konusudur. Biyocipler tasarlanirken
mikrofabrikasyon teknikleri kullanilarak mikrokanallar cam, silikon ya da polimer
tizerinde olusturulur. Olusturulan bu mikrokanallar sayesinde ¢ip igindeki sivilarin
hareketi, karistirilmasi ve islenmesi gibi yontemlerle gerceklestirilir. Biyogip igerisine
elektronik yapilar monte edilerek analitik olglimlerin yapilmasi saglanir. Elektronik
yapilar optik metodlar kullanilarak c¢ip lizerine yerlestirildiginde, gerceklesen olaylar
gozlemlenir ve Olgiimler yapilabilir. Biyogipler sayesinde kimyasal ayrigtirmalar
(elektroforez, kromatografi gibi) yapilabildigi gibi, klinik analizi, DNA analizi, protein
analizi, kimyasal maddelerin sentezi ve analizi, toksik (zehirli) yapilarin tespiti gibi
bir¢ok islem yapilabilir [46].

Bu teknolojilerin en 6nemli uygulamalari, hastaliklarin teshis ya da ilerleyisinde
kullanilan pratik ve hizli testler gelistirilmesidir. Giinlimiizde biygiplerle ¢ok hizli ve ucuz
bir sekilde DNA testleri yapilmaktadir. Hizli, pratik, ucuz, segici ve yiiksek hassasiyetle
6l¢gme imkan sunan iyi bir alternatif teknoloji olarak karsimiza ¢ikmaktadir. Son yillarda
triptamin tayini i¢in yapilan ¢alismalarda ise, karbon nanomateryallerin kullanimina
dayali ¢alismalar yapilmaktadir [47]. Nanomalzemelerin, viral antijenlerin veya DNA

veya RNA gibi molekiillerin dogrudan uygulanmasi dahil olmak {izere, asilama
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baglaminda immiin hedefli nanoterapdtikler yoluyla, antijene 6zgii bir sekilde bagisiklik
sisteminin diizenlenmesine yardimei olabilecegi farkli stratejiler vardir [48]. Ornegin,
SARS-CoV-2 S-glikoprotein ile birlestirilmis nanopartikiillerin kullaniminin, bir fare
modeli kullanilarak bu patojene karsi kesin bir antikor tepkisi olusturabilecegi one
stiriilmiistiir [49]. Biyogip teknolojisi sayesinde binlerce gen tahlili, yapilabilmektedir.
Gelistirilen bu yeni teknolojinin amaci tek ¢ip lizerinde tim genomun izlenmesi ve
aralarindaki etkilesimin belirlenmesidir. Saglik alaninda kullanilan bu teknolojinin esas1
biyosensor yapilara dayanmaktadir. Biyogip telnolojisinden 6nce yapilan calismalar
sonucu bir¢cok farkli biyosensor iiretimi gerceklestirilmistir. Bu calismalar biyogip
teknolojisinin alt yapisini teskil etmektedir. Klinik uygulamalar i¢in kii¢lik boyutlarda
tasarlanip iiretimi gerceklestirilen cihazlara ait ilk ¢alismalar, Amerika Birlesik
Devletlerindeki Clinical Micro Sensors (CMS) adli Amerikan sirketi S. Mikkelsen’in
kullandig1 teknolojinin lisansini almasi ile baglamistir. Boylece DNA mikrogiplerinin
klinikte kullaniminin ilk adimlari atilmis ve kullanima sunulmustur [50]. Tim bu
calismalar ¢ok yakin bir gelecekte elektrokimyasal DNA mikrociplerin kullanimini daha
yaygin bir hale getirecektir. DNA ¢ipler sayesinde genomics kapsamda caligmalar
yapmak miimkiin olacaktir. Hastalik esnasinda ortaya ¢ikan mutasyonlari izlemek, tani
koymak, gen goriiniimiiniin zamanla nasil degistigi (gelismesi/gerilemesi) kontrol etmek
miimkiin olacaktir [51].

Mikroorganizmalarin neden oldugu olaylarda kullanilmak iizere olugturulan DNA problu
cipler {iretildiginde ¢ogu bulasici hastaliklarin tanisi kolaylasacaktir. Bu tiir ¢ipler
sayesinde tiim bakteriyel ilag direng genleri hazirlanabilecek, patojen ve konake1
kromozomal hastaliklar belirlenecek ve hasta ile uyumlu en elverisli ilag listesi
olusturabilecektir. Ayrica tedaviye verilen yanit1 degerlendirme 6zelligine sahip biyocip
tasarim ¢alismalar1 yapildig1 da goriilmektedir. Mikroorganizmanin belirlenme siiresinin
kisalmas1 sonucu klinik mikrobiyolojik acil durumlar artik sorun olmaktan ¢ikacaktir. Bu
molekiiler laboratuarlar otomatik olarak mikropompalar, mikro mikserler ve sensorler ile
filtreler ve optik dedektorler iceren Micro Total Analysis System (mikro toplam analiz
sistem) ad1 verilen yeni analiz sahasi fikrini gelistirmistir [52].

Gilinlimiizde kullanilan diger bir mikrogip ise protein mikrociplerdir. Protein mikrog¢ip
teknolojisinde temel amagc, 6zel hazirlanmis bir lam lizerindeki protein bilgilerinin, uygun
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teknoloji gelistirilerek kullanilan yontemler iki grup ayrilmaktadir. Birincisi tek bir
protein lriiniine 6zgiin olarak gelistirilen sistemler digeri ise tim proteinlerin birlikte
kullanima alinmasina 6zgiin kullanimlar. Kullanilan proteinlere ait bilgiler, uygun
bilgisayar yazilimlar1 sayesinde islenir ve elde edilen wveriler farkli hastalik
uygulamalarinda ne gibi degisiklikler gosterecegi incelenir [53]. Belli bir proteini bulmak
icin hazirlanan protein dizisi yonteminde biyolojik materyal, cogunlukla bir idrar ya da
kan olmaktadir. Uygun kosullarda hazirlanan 6rnek lamlardaki proteinlerin varligi,
mikroarray teknolojisi kullanilarak arastirilmaktadir. Ozellikle ¢ip teknolojisi ve
mikroakis sistemlerinin gelismesi ile 6ne ¢ikan mikroarrayler (mikrodiziler), birden fazla
Ornegi ayni anda analiz etme yeteneginden dolay1 tibbi tami1 alaninda kullanilmaya
baslanmistir. Yiiksek spesifik ozelliklerinden dolayr DNA-RNA veya spesifik bir hedef
molekiile baglanan yapilar (oligoniikleotid veya peptit molekiilleri) ile kombine edilen
mikroarrayler, bircok genetik hastaligin, nokta mutasyonunun, ilag ve zehrin
belirlenmesinde yayginca kullanimi s6z konusudur [54]. Bulunmak istenen proteinlere
yiiksek oranda baglanabilme o6zelligi saglayan molekiiller elde edilmektedir. Iyi bir
molekiil, istenen proteine baglanmali ve yikanmadan etkilenmemelidir. Bu islem i¢in en
uygun antikor se¢imi yapilmalidir [55]. Hala kendini kanitlama agsamasinda olan yeni bir
teknolojidir.  Giinlimiizde mikrogip teknolojisi sayesinde 3 boyutlu yazicilar
gelistirilmistir. Gelistirilen bu 3 boyutlu yazicilarin hayatimizin her noktasina girmesiyle
kopriiden bina yapimina, makine parcasindan implant malzeme iiretimine kadar birgok
alanda kullanilmaya baglanmistir. Ozellikle saglik alaninda birgok uygulamasi mevcuttur.
Bu teknoloji gelistigi takdirde medikal alanda birgok yeniligin Onciisii olacagi
diisiiniilmektedir. Gilinlimiizde kullanilan pek ¢ok implant malzemesinin 3 boyutlu
yazicidan ¢iktist alinarak iiretimleri yapilmaktadir. Yapilan liretim ¢aligmalar1 sayesinde
hastalara 6zel titanyum kemik parcalari, ortodontik kullanima uygun malzemeler ve
protezler daha kullaniglh hale gelecektir. Ayn1 sekilde kulak, burun ve benzeri organlarin
daha miikemmel olacak sekilde yapimi da miimkiin olmaktadir. Ug boyutlu yazicilar ile
tiretilen hastaya 6zgii sentetik biyotiriinlerin kullanilmasi ilgi ¢ekici ve heyecan uyandiric
orneklerdir [56]. Giiniimiizde 3 boyutlu yazici teknolojileri sayesinde doku miihendisligi
ve tip alaninda yasanan gelismeler sonucu yapay hiicre iskeleti, yapay doku ve organ
olusturulmasi gibi arastirmalar yogun c¢alismalara sahne olmaktadir. Bu alandaki

uygulamalar incelendiginde kemik, karaciger ve yapay deri iiretimi gibi bircok dokuya
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basariyla uygulandigi goriilmektedir. 3 boyutlu yazicilardaki tiim siire¢ robotik olarak
yapildigindan laboratuvarda istediginiz organin tomografi verisinin islenmesi, robotik
sistemle kan alinmasi, dis hekimliginde robotik uygulamalar gibi bir¢ok akilli sistem
yakin gelecekte saglik alaninda daha fazla yer alacaktir. Hastaligimizla ilgili birgok bulgu
viicudumuzla iligkilendirilmis bulunan mikro robotlar araciligiyla ilacin zamana bagh
olarak otomatik dozu belirlenerek uygun miktarlarda salinabilmektedir. Giliniimiizde
kullanilan gelismis ilag tarayicilar sayesinde ciltteki yara analiz edilmekte ve zarar
gormiis deriyi kaplamak i¢in 3D (3 boyutlu) yazicidan suni bir deri olusturma ¢alismalari
yapilabilmektedir. Yakin gelecekte savag alaninda yaralanan askerlerin tedavisi igin
kullanilabilecek bir boyut kazanacag: diisiiniilmektedir. Oxford Universitesi’nde calisan
arastirmacilar gelecekte organ olusturmak i¢in kullanilacak insan kok hiicrelerini 3D
yazici kullanarak iiretmek i¢in ¢alismalar yapmaktadir. Bu, yakin gelecekte insanlarin
ihtiya¢ duydugu organlarin insan viicudu ile uyumlu olarak 3D yazicilarla tiretilebilecegi
anlamina gelmektedir [57, 58].

MEMS cihazlar, kiigiik boyutlari, kisa siireli ¢alisabilme yetenekleri ve fizyolojik olarak
ilgili kosullar altinda hareket etme kabiliyetleri nedeniyle, biyolojik uygulamalar icin
ozellikle ¢ekici olan analitik platformlarin iiretimi icin benzersiz bir firsat saglar.
MEMS’ler i¢in en popliler malzeme yari iletkenler icin kullamilan fiziksel ve ticari
ozelliklerinden dolay: silikondur. Genellikle MEMS teknolojisi ortak bir silikon yiizey
tizerinde mekanik elemanlar, sensorler, motorlar ve elektrik-elektronik cihazlardan
olugmaktadir. MEMS sensorleri; mekanik, termal, biyolojik, kimyasal, optik, manyetik
vb. olgiimlerle gevreden verilerin toplamasinda giiniimiiziin vazgecilmez teknolojileri
arasindadir. Tehlikeli kimyasal ve biyolojik ajanlari tespit etmek igin biyogiplerde,
yiiksek verimli ila¢ tarama ve secim icin mikro sistemlerde ve viicut i¢i veya disi
implantlarda kullanilir. BioMEMS, biyolojik veya biyomedikal uygulamalara sahip
MEMS'in bir alt kiimesidir. Bu minyatiirlestirilmis cihazlar, mikrofabrikasyon
teknolojisinden esinlenen {iretim tekniklerini kullanir. Biyolojik veya kimyasal
orneklerin islenmesi, dagitimi, manipiilasyonu ve analizi ve / veya yapimi bu mikro
cihazlarda yer almaktadir [59]. DNA ve protein mikro dizilerindeki teshisler,
mikroakigkan platformlari, kalp pilleri, biyosensorler, ilag dagitim sistemleri vb. Gibi
BioMEMS uygulamalarina ilgi ¢ok hizli bir sekilde artmaktadir [60]. Uyarici noral

implantlar, kor hastalarin tedavisi igin retina implantlar1 ve fiziksel agridan muzdarip
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olmayr Onlemek i¢in asilama icin mikroigneler BioMEMS uygulamalarinin bazi
ornekleridir. BioMEMS teknolojisinin biyoteknolojideki son gelismelerle (6r. genomik,
proteomik, doku miihendisligi) birlesmesiyle birlikte, BioMEMS cihazlarinin
uygulamalarini gelistirmek i¢in heyecan verici firsatlar saglar. BIOMEMS tespit (6rn,
Antikor tespiti, bakteri tespiti, viral tespit), analiz (6rn. bakteri ve antibiyotik
duyarliliginin belirlenmesi), teshis (6rn. Kanser ve otoimmiin hastaliklar), izleme (seker
hastalarinda kan sekeri izleme), ila¢ dagitimi (6rnegin, antibiyotiklerin uygulanmast),
hiicre kiiltiirii (6rnegin, OOC platformlari), mikroteknolojilerdeki gelismelerle elde edilen
pratik uygulamalardan bazilaridir [61]. Tipki bilgisayar devrimlerinde mikroislemcilerin
onemli roli gibi, BIoOMEMS cihazlar1 da biyomedikal biliminin geleceginde énemli bir
role sahiptir. BloMEMS teknolojisi, ¢esitli biyomedikal uygulamalara sahip minyatiir
cihazlar gelistirmek i¢in doktorlarin, biyolojik bilimcilerin, elektrik, mekanik, kimya ve
malzeme mithendislerinin yenilik¢i yeteneklerini bir araya getirir [62].

Hastaliklarin molekiiler ve hiicresel biyolojisinin iyi anlagilmasi sayesinde yeni
ligantlarin (ilag tastyici sistemleri) kullanilmasi sonucu hastaliklarin etkin ve akilct bir
sekilde tedavileri yapilabilecek teknolojiler gelistirilmektedir. Teknoloji ve malzeme
bilimindeki gelismeler sayesinde ilaglarin mikrogiplerde depolanmasi ve bu ilaglarin dis
sinyaller sonucunda viicutta salinmasi gibi islemler daha giivenli bir sekilde
gerceklestirilecektir. Bu mikrogiplerin kiiciik rezervuarlarinda depolanabilen siirh
miktardaki ilaglar nedeniyle fazla miktarlarda ilag gerektiren tedaviler icin yeterli
degildir. Bu istenmeyen durumun asilmasi i¢in ¢caligsmalar glinlimiizde tiim hiz1 ile devam
etmektedir. Biyogip tarafinda erken salinan ya da geciktirilen bir ila¢ saglik agisindan
riskler olusturabilir. Daha kullanish ve gelismis biyogip yapilar elde edebilmek ig¢in
yogun ¢alismalar yapilmaktadir. Bu ¢alismalardaki gelismeler ivme kazandik¢a dnemli
birgok hastaligin tedavisi yapilabilecektir. Ilag salim mikrogipleri Biyo MEMS denilen
biyolojik mikroelektromekanik sistemlerdir. Salim mekanizmas: kati, sivi ya da jel
formundaki kimyasallarla doldurulmus mikrodepolarin ince bir altin membranla
kaplanmasi sonucu elde edilirler. Bu minyatiir yapili cihazlar Lab-on-a- chip olarak
tammlanir [63]. Ilacin hedeflenen bolgeye tasinmasi farmasétik ve biyoteknolojik
alanlarin en biiyilik sorunlarindan biridir. Bu nedenle ilag dagitim sistemleri her zaman
arastirmacilarin ilgisini ¢ekmistir. Biyoteknoloji alanindaki yeni gelismeleri diger bilim

dallarindaki aragtirmalar etkilemis, bu sayede bir¢cok yeni ila¢ bulunmusg ve kullanilacagi
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ortam i¢in elverisli bir sekilde tasarlanarak tiretimi gerceklestirilmistir. Viicudun digina
yerlestirilen ve buradan viicutla etkilesime giren farkli 6zelliklere sahip farmasotik
tirtinler ve biyoteknolojik cihazlar biyomalzeme olarak siklikla kullanilmaktadir [64].
Gelistirilen ilaglarin ¢ogu, zayif ¢oziiniirliik, zayif ¢oziiniirlilk nedeniyle ilag birikimi,
yiiksek toksisite, yiiksek doz, spesifik olmayan tasima, in vivo degradasyon ve kisa
yarilanma émrii nedeniyle kullanimlari sinirlandirilmistir. Glintimiizde, ilaglarin kullanim
problemlerini en aza indirmek ve yeni gelismeleri klinik etkinlige doniistiirmek igin
bircok arastirmaci belirli yeni ilag dagitim sistemleri gelistirme c¢abasi igerisine
girmislerdir. Giintimiiz hedeflendirilmis ila¢ dagitim sistemlerde ilaglar daha etkilidir. Bu
teknoloji sayesinde ilaglar viicudun istenilen bolgesine daha pratik bir sekilde ulastirilir,
hasta uyumu artirilir, ilacin yar1 dmrii uzatilir ve saglik bakim maliyetleri diisiiriiliir. Bu
nedenle, patolojik hiicre, doku veya organ ilaglar1 segici olarak tasiyabilen tekniklerin
gelistirilmesi ilag arastirmalarinda en 6nemli alanlardan biri haline gelmistir [65]. Tlag
tasiyict sistemlerde olusabilecek arizalar dikkat edilmesi gereken hususlardan birisidir.
Sonugta bu sistem bir biyogip yapili elektronik cihazdir. Zaman icerisinde hatali ¢alisma
riski olabilir. Bununla birlikte, bu cihaz bir ila¢ tasiyorsa erken veya asir1 dozda ilag
salinimi ¢ok ciddi sorunlarin ortaya ¢ikmasima neden olabilir. Ilag tasiyici sistemler
viicutta ¢oziinemeyen bir malzemeden yapilmis oldugundan islevleri bittiginde disari
cikarilmalar1 gerekmektedir. Ilag rezervlerini bosaltmis bir ilac tasiyici sistemin viicut
igerisinden ¢ikarilmasi gerekir. Bu da ikinci bir cerrahi operasyon anlamina gelmektedir
[66]. Giiniimiizde bu siireci onlemek igin viicutta zararli kalinti birakmayan biyolojik
olarak parcalanabilen cihazlarin iiretimi konusunda calismalar yapilmaktadir. Bu
gerceklestiginde sorun ortadan kalkacaktir. Nanoteknoloji alanindaki gelismeler sonucu
bircok uygulamasi bulunan nanopartikiillerin ila¢ sektoriindeki kullanimi artacaktir.
Nanoteknoloji nanopartikiiller, nanokapsiiller, miseller ve dendrimerler igindeki tedavi
ile 1ilgili genel Ozelliklerin bilinmesine odaklanir. Bu yapilar, hastalikli bolgeye
hedeflenen ila¢ dagitimina izin verir. Nanopartikiiller, bircok hastaligin teshis ve
tedavisinde kullanilma potansiyeline sahiptir [67]. Nanotipin farkli biyomedikal

arastirma alanlarinda uygulanmasi ve hedefleri sekil 3'de gosterildigi gibidir.
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NANOYAPILAR voe NANOCIHAZLAR

HEDEFLI TEDAVI
THERANOSTIKLER ve
fLAC TESLIMI
ANALITIK . i v I
GORUNTULEME TIBBi BAKIM NOKTALARI: MUHENDISLIGI
ARACT GELISMIS TANI ve TEDAVi ONLEME RU'LG;K““

GUVENLIK ve UYUMLULUK

Sekil 3 Nanotip hedefleri [68]

flag tastyici sistem teknolojisi ¢ok yakin zamanda hayatimizda daha fazla yer alacaktir.
Saglik alanindaki ¢esitli bilim dallarinin nanoteknoloji uygulamalart i¢in yaptiklar
caligmalar yayginlastikca yeni ilaglar geleneksel ilaglarin yerini alacaktir. Tim bu
gelismeler, halen rutin kullanima girmese de, hastaliklarin analizinde ve ilaglarin
saliiminda biyogiplerin 6nemli bir rolii olacaktir. Bu siirecte ¢esitli etken maddelerin
parcalanmasini ve kaybmi en aza indirmek, zararli yan etkilerini Onlemek,
biyoyararlanimini ve biyouyumlulugunu artirmak, g¢esitli etken madde salim sistemlerini
ve hedefleme sistemlerini gelistirmek kacinilmaz olacaktir [69]. Biyogiplerin
uygulanacag1 bolgeye yerlestirilebilmesi i¢in bir cerrahi operasyona (ameliyat) ihtiyag
duyulacaktir. Bu da enfeksiyon riskini beraberinde getirmektedir. Bu nedenle hijyen
kosullar1 ve cerrahin yeterliligi son derece 6nemlidir. Ayrica biyogip cihazin yerlestirme
isleminin basarisi en iist seviyede olmalidir. Clinkii cihazin uygulandig1 bdlgede hastaya
rahatsizlik vermemesi gerekmektedir. Hasta uygulamalarin yan etkisinden en asgari
seviyede etkilenmelidir. Kullanilan malzemenin uygulandigi bodlgedeki uyumu da
onemlidir. Viicut igerisinde istenmeyen yan etkilere yol ag¢mayan, biyouyumlu
malzemeler kullanilmalidir. Uzun siire viicutta kalacak olan bu mikrogipler biyouyumlu
malzemelerden yapilmis olmasi gerekmektedir. Aksi takdirde saglik acisindan riskler
ortaya cikabilir. Bu nedenle ¢iplerle birinci dereceden ilgilenen biyomalzeme bilimi
kurulmustur. Bu alanda daha uyumlu biyomateryal iiretilmesi i¢in c¢alismalar devam

etmektedir [70].
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Sonuc ve Oneriler

Bugiin biitiin insanlarmn dahil oldugu bir teknoloji ¢aginda yasiyoruz. Oyle ki ¢cocuklarmn
elektronik aletlere olan yatkinliklar1 hayret uyandiracak diizeydedir. Dolayisiyla
elektronik cihaz kiiltiirii toplumlarda hizla gelismektedir. Elektronik cihazlarla her gecen
giin daha fazla icli dish oluyoruz. Ornegin cep telefonlarimiza o kadar giiveniyoruz ki
artik 6demelerimizi bile onlar iizerinden yapiyoruz. Bu anlamda gelecege bakarsak bir
sonraki adimin bedenlerimizi elektronik cihazlara emanet etmek olacagi ongoriisii yanlis
olmayacaktir.

Biyosensor ve biyogip teknolojileri bazi temellere dayanmaktadir. Bu temelleri inceleyen
disiplinlerdeki gelismeler, biyosensorlerin ve biyogiplerin gelistirilmesine de imkan
saglamaktadir. Arastirmalarda yapilan gdzlemlerin elde edilebilirligi, zamaninda
midahaleye imkan sagladigindan, saglik alaninda biiyiik ¢apli liretimler esnasinda olusan
risklerin en aza indirilmesinde, is giicii ve hammadde kaybinin 6nlenmesi 6nemlidir.
Saglik alaninda kisa siirede spesifik ve hassas sonuclara ulasilmasi, genel olarak
kullanim1 kolay, kullanim i¢in fazla egitime gerek duyulmamasi, gelecekte yogun bir
sekilde kullanilacagi anlamina gelmektedir. Gelecekte hasta basinda ya da doktor
gozetiminde daha hizli, daha giivenilir ve daha ucuz analizlerin yapilmasina imkan
saglayacak onemli adimlar atilmaktadir. Analizlerine dayali tasarlanan ya da yeni
sentezlenecek olan antibiyotik, antiviral, antikanser ilag¢ ve ilag tasiyici sistem ¢aligmalari
onem kazanacaktir. llagc hammaddesinin daha duyarl olarak tayinini yapmak amaciyla
gelistirilecek biyosensor ve biyogip teknolojileri yogun gelismelere sahne olacaktir.
Bugiin bu teknolojiler; klinik teshis ve tibbi uygulamalarda, gida kalite kontrollerinde,
ilag iretiminde, atik su kontrolinde ve askeri savunma sanayinde yaygin olarak
kullanilmaktadir. Ayrica yasam kalitesini ylikseltmek amaciyla bir¢ok uygulama ve
arastirmada vazgecilmez bir analiz ve tayin cihazi olarak kullanilmaktadirlar. Minyatiir
yapilar olusturulmasi amaciyla nanoteknoloji alanindaki ¢alismalar ivme kazanacaktir.
Nanopartikiillerin tedavi amaclh kullanimlari ve karsilagilan sorunlar kapsamli olarak ele
alinacaktir. En etkin tedavi yontemlerinin olusturulabilmesi i¢in bilim diinyasinda ar-ge
calismalari tiim hiziyla devam etmektedir. Lab-on-a- chip cihazlar, bir ¢ip tizerinde aktif
duyulara sahip sistemlerin tam islevsel bir 6rnegi olduklar i¢in etken madde tasiyici

sistemlerde daha verimli kullanim alanlarina kavusacaktir. Biyomalzeme biyosensor ve
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biyocip alaninda yerimizi almamiz {ilkemiz agisindan olduk¢a 6nemlidir. Bu ¢aligmalarin

gerisinde kalmak yasam standardimizi agisindan oldukg¢a 6nemlidir.
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SARS-CoV-2’nin Hizh Tespiti Icin Tasarlanan Biyosensorler

Tugba Begiim Karakas'** , ilayda Demirdis®

OZET
Siddetli akut solunum sendromu koronaviriis 2’nin (SARS-CoV-2) dikkat g¢ekici bir hizla

MAKALE GECMISi

yayilmasi sonucunda 2019 yilinda diinya ¢apinda “salgin” olarak nitelendirilmeye baslanmistir. Gelis
COVID-19 hastalarina yapilan testlerde yanlis negatif ve yanlis pozitif sonuglar, genis bir 23 Ocak 2021
popiilasyona yapilan tespit testlerinin uzun siire almasi ayrica yiiksek maliyeti ve saglik Kabl_"
personellerinin yasadig: sikintilar géz oniine alindiginda diinyanin daha hizli hareket etmesi 02 Nisan 2021
gerekmektedir. Bu ylizden COVID-19 viriisiinii kontrol altina alabilmek i¢in etkili, hizli ve son ANAHTAR
derece hassas yontemlere ihtiya¢ duyulmaya baslanmistir. SARS-CoV-2 ile enfekte olan KELIMELER
hastalarin teshisi ve izolasyon siireclerinin baslamasiyla bir¢ok sirket ve enstitii bagta SARS- SARS-COV-2,
CoV-2’nin proteinleri olmak iizere antikorlar, antijenler iizerinde c¢alisarak viriisiin hizli hizh tespit,
tespitine yonelik testler gelistirmeye baslamistir. Bu derlemede SARS-CoV-2 viriisiiniin biyosensor,
yapisini, SARS-CoV-2 i¢in yapilan tespit testleri, tespit testlerinde yasanan problemleri ve COVID-19,

SARS-CoV-2’nin hizli tespiti i¢in tasarlanan biyosensdrleri tartismaktayiz.

Biosensors Designed for Rapid Detection of SARS-CoV-2

ABSTRACT
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) started to be described as
"epidemic™ worldwide in 2019 because of the remarkable rapid spread. Considering the false
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negative and false positive results in the tests performed on COVID-19 patients, the long 23 January 2021
duration of the detection tests performed on a large population beside the high cost and the Accept_ed
difficulties experienced by the healthcare personnel, the world should move faster. Therefore, 02 April 2021
effective, fast, and highly sensitive methods are needed to control the COVID-19 virus. With KEY WORDS
the diagnosis and isolation processes of patients infected with SARS-CoV-2, many companies SARS-CoV-2,
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structure of the SARS-CoV-2 virus, detection tests for SARS-CoV-2, problems encountered in COVID-19,

detection tests, and biosensors designed for rapid detection of SARS-CoV-2.

point-of-care testing

Giris

Aralik 2019°da siddetli akut solunum sendromuna sebep olan korona viriisiin (SARS-
CoV-2) neden oldugu salgin Cin’in Wuhan kentinden rapor edilmistir. Enfekte olan
hastalarin  bronkoalveolar lavaj sivisindan metagenomik RNA  sekanslamasi
gerceklestirilmistir. Yeni tipte bir RNA virlisii oldugu tespit edilmistir. Yapilan

filogenetik ve genomik analizler sonucunda viriisiin viriisiin koronaviriis gibi SARS ile
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yakin bir genetik benzerlige sahip oldugunu ortaya koymustur [1]. Uluslararas: Viriis
Taksonomisi Komitesi (ICTV) yeni tespit edilebilen bu viriisii Siddetli Akut Solunum
Sendromu Koronaviriis 2 (SARS-CoV-2) olarak isimlendirerek literatiirde yerini
almasini saglamistir. Diinya Saglik Orgiitii (WHO) tarafindan SARS-Cov-2 Uluslararasi
Oneme Sahip Halk Sagligi Acil Durumu (PHEIC) olarak ilan edip, diinyay1 yeni tip
koronaviriise kars1 duyarli olmaya cagirmistir [1, 2]. Diinya Saglik Orgiitii’niin verilerine
gore diinya ¢apinda kaydedilen 127.877.462 vaka sayis1 ve 2.796.561 6liim sayis1 kayda
gecmistir [3]. Viriis, kisiye solunum damlaciklari, aerosoller ve abiyotik yiizeyle temas
yoluyla yayilabilecegi gibi diskidan da bulagma ihtimali oldugu bilinmektedir [4]. SARS-
CoV-2'nin kiside enfeksiyona sebep olmadan once 2—7 giinliik bir inkiibasyon siiresi
oldugu bilinmektedir ancak daha da Onemlisi inkiibasyon siiresi boyunca goriilen
asemptomatik durumlar nedeniyle daha da bulasici bir hal almasidir. Asemptomatik olan
kisilerin saglikli kisilere viriisii bulagtirma ihtimali bu nedenle artmaktadir. Yapilmasi
gereken uygun izolasyon kosullari altinda tedavilerin gerceklestirilmesidir. Enfekte
kisileri tarayip, izole etmek ve hemen tedavi altina almak bu noktada kritik 6neme sahiptir
[4, 1]. SARS-CoV-2’nin tespitinde yaygin olarak kullanilan 3 temel strateji mevcuttur.
Bunlar: Bilgisayar tomografisi taramasi, Ger¢ek zamanli polimeraz zincir reaksiyonu
teknigi ile riboniikleik asit (RNA) saptamasi ve yanal akis immiinokromatografik serit ya
da enzim bagli immiinosorbent deneyi ile antikor saptanmasidir [4]. En ¢ok uygulanan
yontem RT-Qper’dir ancak bu yontem de dahil olmak {izere sonuglar1 almanin olduk¢a
uzun stirmesi (1-3 giin aras1) ve yliksek yanlis negatif sonu¢ oraninin fazla olmasi yeni
yontem arayislar1 getirmistir. Ayrica, 6rnek hazirlama ve saflagtirma ihtiyaci, yiiksek
maliyetli cihazlar ve cihazlarin bakimlari, nitelikli personel gereksinimi ve diisiik
hassasiyet nedenleriyle tarama asamasinin hassas, dogru, hizli ve diisiik maliyetli olmas1
noktasinda yeni teshis araglariin gelistirilmesine ihtiya¢ duyulmaya baslanmistir [1, 2,
4]. Bu yontemlerin sahip oldugu dezavantajlar nedeniyle kitlesel niifusu tarayip, teshis
etmek bizlere kesin dogru sonucglar vermemektedir. Bu derlemenin amaci viral solunum
yolu enfeksiyonlarin teshisinde kullanilan farkli biyosensor tiirlerinin incelenmesi,
SARS-CoV-2'nin hizl1 tespiti i¢in tasarlanmis olan yeni tip biyosensdrlerin tasarimini ve
biyosensorlerin kitlesel sorunu ¢dzmedeki hizli teshis performans beklentilerini ve

gelecege yonelik perspektiflerini tartismaktir [1, 2].
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SARS-CoV-2’ye Genel Bakis

Ik olarak Aralik 2019°da Cin’in Wuhan kentinde ortaya cikan viriis 2020 Ocak ay1
baslarinda SARS-CoV-2 (siddetli akut solunum sendromu koronaviriis 2) olarak
adlandirilmigtir. Kontrol altina alinamayan viriis, tim diinyaya yayilmistir ve Mart
2020’de, COVID-19 olarak isimlendirilmistir [5]. SARS-CoV-2, zarfli, pozitif ve tek
sarmalli RNA (+ssRNA) viriislerinden olusmaktadir ve 3-koronaviriis cinsine aittir [6].
SARS-CoV-2’nin de igerisinde bulundugu CoV (Koronaviriisler)’in ortak 6zelliklerine
bakildiginda insanlarin, kuslarin ve diger memelilerin solunum sistemlerini,
gastrointestinal sistemlerini ve merkezi sinir sistemlerini enfekte edebilen zarfli, tek
sarmalli pozitif RNA (+ssRNA) viriisleri oldugu bilinmektedir [7]. Bilinen bir¢ok
koronaviriis enfeksiyonu insanlarda sadece soguk alginligina neden olurken, SARS
(siddetli akut solunum sendromu) ile iligkili koronaviriisler (SARS-CoV)’de yeni bir beta
koronaviriis ajani ortaya ¢ikmaktadir. Ortaya ¢ikan yeni beta koronaviriis ajani ise bir¢ok
onemli insan hastaliklarina sebep olabilmektedir [7]. Nidovirales takiminda bulunan,
Coronaviridae ailesinden gelen ve Coronavirinae alt ailesinde bulunan koronaviriisler,
viral ylizey proteinlerini géomiilii halde bulunduran ve konakgi hiicreden tiiretilmis bir
lipid membrana sahip zarfli viriislerdir [8]. Nidovirales takiminda bulunan tiim
koronaviriislerin genomlar1 pozitif polariteye sahip tek sarmalli bir riboniikleik asit
(RNA) bi¢gimindedir. RNA’nin baz dizisi 5'—3' yonelimindedir ve sonraki haberci RNA
(mRNA)’ya karsilik gelmektedir [9]. Corona virlis genomu, 26,4-31,7 Kkilobaz
uzunluguyla bilinen tiim RNA viriisleri arasindaki en biliylik RNA genomudur [10].
Koronavirlis genomunun organizasyonu, 5'-lider-UTR-replikaz-S(Spike)-E(Zarf)-
M(Membran)-N(Niikleokapsid)-3'UTR-poli(A) kuyrugunu igermektedir [11]. Viral
RNA, RNA genomunu gevreleyen niikleokapsid (N) ve 3 zar proteinini; S-glikoprotein,
Matris (M) protein, zarf protein (E)’yi kodlamaktadir [6].

Sarmal bir niikleokapsid olusturmak amaciyla niikleokapsid protein, genom RNA’y1
paketlemektedir. Niikleokapsid protein, lider sekans ve viral membranin i¢ yliziinde
bulunan M proteinleri araciligiyla genomik RNA’ya baglanmaktadir. Niikleokapsid
proteini ayn1 zamanda koronaviriiste en ¢ok bulunan proteindir. Niikleokapsid proteini
fazlasiyla immiinojenik bir fosfoproteindir ve bu protein koronaviriisiin teshis

tahlillerinde bir belirte¢ olarak kullanilmaktadir [12].
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Koronaviriisler, diger viriislerin aksine igerisinde RNA polimeraz enzimini igermezler
¢linkii koronaviriisler gibi pozitif polariteli, tek iplikli RNA (+ ssRNA) viriislerinde RNA,
mRNA ya benzer bir aktivite gostermektedir. Boylece, viral genom dogrudan konak
hiicrenin ribozomlar1 tarafindan translasyona ugramaktadir. Zarf (E) proteini enfekte
hiicrelerde ¢ekirdek ¢evresinde ve hiicre ylizeyinde bulunmaktadir. Membran (M)
proteinleri i¢ tarafta bulunan niikleoproteinlere baglanarak, ¢ekirdek yapisin
olusturmaktadirlar [13]. Spike (S) protein, viriise antijenik 6zellik kazandirmaktadir.
Spike (S) protein, membran proteinlerine baglandiginda, CoV’larin yiizeyindeki viral
zarfta bulunan S-glikoproteinin, insan hiicrelerinin yiizeyindeki reseptorlere ve
anjiyotensin doniistliriicii enzim 2’ye (ACE2) baglanabilmesini saglamaktadir [14].
ACE2, insanlarin alt solunum yolunda bulunmaktadir ve hem insanlar arasindaki
bulagsmay1 hem de tiirler arasindaki bulagmayi diizenlemektedir [15].

Spike protein konak hiicre yiizeyinde bulunan sialik asite baglandiginda, viriis
hemagliitinasyon yetenegini kazanmis olmaktadir [11]. Hemaglutinin-esteraz (HE)
proteini bazi B-CoV’larin yapisinda bulunmaktadir. Bu protein siyalik asitleri yiizey
glikoproteinlerine baglayabilmektedir. HE, protein aktivitelerini, S proteini aracili hiicre
girisini ve mukozadan yayilan viriisleri arttirabilmektedir [16]. CoV’larin, sahip oldugu
RdRp genetik bilginin kopyalanmasindan sorumludur ve hata oran1 fazlasiyla ytiksektir.
Bu nedenle de CoV’ler yiiksek bir mutasyon oranina sahiptir [17]. Ayrica, homolog
rekombinasyonlar biiyiik cogunlukla CoV’larda meydana gelmektedir [18]. Bu 6zellikleri
nedeniyle viriisiin evrimi ve yeni suslarinin olugmasi siklikla ger¢eklesmektedir. Bu
nedenle, dogada biiyiik bir CoV g¢esitliligi bulunmaktadir [18]. Insanda koronaviriis
enfeksiyonuna karst olusan IgM ve IgG antikorlart humoral yamitta, COVID-19
hastaligin1 tespit etmekte ve plazma tedavisinde kullanilmaktadir [19]. Sekil 1°de
yukarida kisaca bahsedilen SARS-CoV-2’nin hedef bolgeleri ve IgM, IgG antikorlari

gosterilmistir.
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a) SARS-CoV-2 ve Hedef Bolgeleri

Membran protein (M)
Hemaglutinin-esteraz (HE)

Niikleoprotein (N)
Zarf proteini (E)

Genomik RNA Spike glikoprotein (S)

Sekil 1 a) SARS-CoV-2 ve hedef bolgeleri b) IgM ve IgG antikorlar1 (BioRender.com (2020), web
sitesinden adapte edilmistir.)

SARS-CoV-2 Tespit Testleri

Hastalardan basariyla izole edilen SARS-CoV-2 viriisiiniin izole edilmesinden sonra
genom dizileme teknigi kullanilarak viriisiin genom dizisi tanimlanmistir. Sonrasinda ise,
SARS-CoV-2'yi saptamak amactyla pek ¢ok yontem ve kit gelistirilmistir [20]. SARS-
COV-2’de tespit edilecek hedef bolgeye bagli olarak, COVID-19 tanisal testleri ve
COVID-19 taramasi ile ilgili {i¢ ana yaklagim vardir [21]. Tlki niikleik asit testleridir. Bu
testler viral RNA’y1 hedeflemektedir ve viral genomun niikleik asit amplifikasyon testleri
(NAAT'ler) olarak tanimlanmaktadir. Tespit i¢in RT-PCR'ye dayali bir amplifikasyon
yontemi kullanilmaktadir [21]. Ikinci test antijen testleridir. Viriisiin yapisal
proteinlerinin tanimlanmasiyla viral bir antijenin varlig1 tespit edilebilmektedir [21].
Ucgiincii olarak serolojik test olarak bilinen antikor testleri bulunmaktadir. Antikor testleri,

SARS-COV-2’ye karsi iiretilen antikorlarin varligini tespit edebilen bir yontemdir. En
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¢ok kullanilan antikor testleri arasinda enzime bagl immiinosorbent tahlilleri (ELISA),
kemoliiminesans tahlilleri (CLIA) ve yanal akis tahlilleri (LFA) bulunmaktadir [22].
Niikleik Asit Amplifikasyonuna Dayal Yontemler

Niikleik asit amplifikasyonu (NA) viral ajanlarin tespiti i¢in en yaygin olarak kullanilan
yontemdir. Bu yontem sayesinde, MERS ve SARS-CoV gibi koronaviriislerin neden
oldugu salginlarin tespiti i¢in kapsamli sekilde tarama yapilabilmektedir [22]. Niikleik
Asit Amplifikasyon Testleri (NAAT), niikleik asitlerin 6zgiil dizilerinin amplifikasyonun
ve niikleik asitlerin saptanmasinda kullanilan bir tekniktir. NAAT teknigi kullanilarak,
ters transkripsiyon polimeraz zincir reaksiyonu (RT-PCR) ile aktif SARS-CoV-2
enfeksiyonlar1 belirlenmektedir. RT-PCR teknigi genel hatlariyla dort basamakta
gerceklesmektedir. Oncelikle siiriintii ile &rnekler alinmaktadir. Viral RNA’nin
saflastirilmasindan sonra revers transkriptaz enzimi yardimiyla tamamlayici DNA sentezi
gerceklestirilmektedir. Son olarak da tamamlayict DNA’nin sentezi ile gen ekspresyon
analizleri yapilabilmektedir. Kisa bir siire 6nce literatiire gegcen SARS-CoV-2 virlisii igin
yapilmasi tasarlanan RT-PCR testlerinin daha 6zgiil olabilmesi igin viriisiin genom
dizilemesinin, primerlerin ve problarin tasariminin gelistirilmesi gerekmektedir. Bu
boslugu doldurabilmek igin farkli primer/prob setlerini kullanan gesitli RT-PCR testleri
gelistirilmistir. Bu dogrultuda tasarlanacak primer/prob testleri SARS-CoV-2 viriisiiniin
farkli bolgelerini hedeflemelidir [23]. Washington Universitesi’nin ¢alismasinda,
primer/prob setleri [23] viriisiin E genini hedeflerken, N2 gen primer/prob setlerinin
SARS-CoV-2 tespiti i¢in daha yiiksek hassasiyete sahip oldugunu rapor edilmistir.
Diinya Saglik Orgiitii tarafindan primer/prob setlerini kullanarak RT-PCR testlerini
gerceklestirilen klinikler, primer/prob se¢imine bagli olarak testin duyarliliginda 6nemli
farklilik bulgularini bildirmislerdir. Tespit ettikleri fark diisiik viral yiike sahip numunede
daha da belirgin diizeydedir. SARS-CoV-2'nin genetik siiriklenmeye ugramasindan ve
tespit sirasinda koronaviriislerin diger koronaviriis tiirleri ile capraz reaksiyonundan
kacinmak i¢in en az iki molekiiler hedef secerek RT-PCR yapilmasi Onerilmektedir.
Bununla beraber hedeflenecek olan bdlgelerden birinin evrimsel siirecte korunmus bir
bolge olmasina dikkat ¢ekilmektedir. RT-PCR teknigi her ne kadar kullanigh bir metot
gibi goriinse de aslinda dezavantajlari  bulunmaktadir. Oncelikle bu testi
gerceklestirebilmek icin teknik anlamda egitimli elemana ihtiya¢ vardir [23]. Yapilan

tespit testleri genis bir popiilasyona yapildig1 i¢in olduk¢a maliyetlidir. Ayn1 zamanda
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tespit i¢in kullanilan PCR cihazlar1 da maliyetlidir. RT-PCR, COVID-19'un Kesin
teshisinde kullanilmasina ragmen, duyarliliginin gogiis BT incelemelerinden daha diisiik
bir orana sahip oldugu da bilinmektedir. Bu dezavantajlardan kaynakli olarak RT-PCR’a
alternatif olarak Dongii Aracili Izotermal Amplifikasyon (DAIA) reaksiyonu olan baska
bir molekiiller yontem gelecek vaat etmektedir. LAMP teknigi, izotermal
amplifikasyonda, sabit sicaklik altinda gergeklestirilebilen ve DNA’y1 hizli ve yiiksek
secicilik ile ¢ogaltabilen bir tekniktir. Ayrica, LAMP teknigi, 6zel ekipmana ve egitimli
kisilere ihtiyag duymadan COVID-19 tespitini daha yiiksek amplifikasyon verimliligi ve
RT-PCR'e gore daha hizli gergeklestirdiginden daha avantajhidir [24].

Antijen Tespitine Dayal Yontem

COVID-19 pandemisinin yarattig1 kiiresel sonuglar gbz oniine alindiginda, daha hizli ve
ucuz tespit yOntemlerinin ihtiyact dogmustur. Gelistirilen antijen bazli testler bir
immiinolojik test formunda olmakla beraber, viriisiin S (spike) proteinini, HE proteinini
(hemaglutinin glikoprotein), niikleokapsidini, zarf veya zar proteinlerini hedeflemektedir.
Viral antijen 6zgiil olarak antikora baglandiginda enzime bagli immiinosorbent tahlilleri
(ELISA) veya immiinofloresan boyama gibi geleneksel yaklagimlarin yanm sira optik,
manyetik, elektrokimyasal ve yiizey plazmon rezonansina dayali teknikler ile viriis tespiti
gerceklestirilmektedir [21]. RT-PCR teknigine gore daha hizli ve ucuz olmasinin yaninda
bazi1 dezavantajlart1 da bulunmaktadir. Cok 6zgiil bir test olmasina ragmen bu testi
yapabilmek icin oldukca egitimli personele ihtiya¢ vardir. Bu testin en biiyiik
zorluklarindan biri SARS-CoV-2 virlislinlin, 6zgiil proteinler i¢in antikor eksikligi
problemi ile karsi karsiya kalmasidir [21, 24]. Viral yiikiin, COVID-19 hastalarinda
hastaligin baglangi¢ zamani ile 6rnek toplama zamani arasinda gegen siire ile, 6rnegin tipi
ve kalitesi ile, hastaligin siddeti ile ve hastanin yas1 gibi faktorlerle degisebilecegi rapor
edilmistir. Antijen testleri, RT-PCR ile yapilan testlere gore daha az duyarlidir. Yukarida
belirtilen faktorlere bagl olarak, azalan viral yiikkte COVID-19 tespiti, giivenilir sonuglar
vermemektedir. Bu dezavantaji1 yok etmek i¢in, SELEX yontemiyle sentezlenen SARS-
CoV-2'ye 0zgii aptamerler kullanimi amaclanmaktadir. Aptamerler, SARS-CoV-2
viriisiinlin spike proteininin reseptdr baglanma alanini hedeflemektedir. Aptamerlerin
iiretimi antikorlara gére daha ucuz, daha kolay ve virlise karsi daha Ozgiildiir.
Aptamerlerin kullanimi ile antijen tespitine dayali testlerin gelistirilmesi saglanmalidir

[21, 24].
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Serolojik Testler

Serolojik testler viral antijenleri test etmek yerine test icerisinde bulunan viriise karsi
gelistirilen antikorlar1 (immiinoglobulin G (IgG) ve M (IgM)) tespit etmektedir. Viriis
enfeksiyonunun dolayli olarak tespit edilmesini saglayan bir yontemdir. Virilis
organizmadan temizlendikten sonra antikorlar genellikle birkag yil daha kan dolagiminda
varligimi siirdirmeye devam etmektedir. Bu yaklasim teshis acisindan avantaj
saglamaktadir. Ciinkii 1iyilestikten sonra bile kanda uzun siire kalabilen IgG
konsantrasyonu, ge¢mis enfeksiyonun bir gostergesidir. Serolojik testler, SARS-CoV-
2’nin hastadaki enfeksiyon ge¢misine dair bilgi vermekle beraber gegirilen enfeksiyon

sayisinin ve boyutunun belirlenmesine dair de bilgi elde edilmesini saglamaktadir [2, 21].
SARS-CoV-2 Tespitinde Karsilasilan Problemler

SARS-CoV-2 RNA Tespitinde Karsilasilan Problemler

SARS-CoV-2’nin RNA bakim noktasi testi, diisiik algilama hassasiyetine sahiptir [26].
Diisiik viral yiiklere sahip pre-semptomatik ve asemptomatik hastalarda ve RNA
ekstraksiyonu bulunmayan numunelerde yaniltici sonuglar verebilmektedir [26, 27].
Bunun disinda uzun siire gerektiren SARS-CoV-2’nin RNA tespit siiresi, siipheli
COVID-19 hastalar1 ve sonrasinda etkilesimde bulunabilecekleri insanlar i¢in biiyiik
problemlere neden olabilmektedir.

SARS-CoV-2 NP Antijeni ve Viriis Partikiil Tespitinde Karsilasilan Problemler
Testlerin yapildig: klinik ortamlarda, bazi COVID-19 hastalarinin diisiik viriis ytiklerine
sahip oldugu siklikla gézlenmistir [26, 27]. Giincel kullanilan SARS-CoV-2 testlerinin
de viriis partikiil tespit yonteminde eksiklikleri bulunmaktadir [25]. Virilis tespit
yontemlerindeki eksiklige ek olarak NP ekspresyonunun, SARS-CoV-2 ile enfekte olmus
hiicrelerde, SARS-CoV ve MERS-CoV ile enfekte olmus hiicrelere oranla daha diisiikk
ciktigi gozlenmistir. Bu da SARS-CoV-2 hastalarinin  viicut sivisindaki NP
konsantrasyonunun daha diisiik oldugunu diisiindiirmektedir [28]. Bu yiizden de NP
antijeni ve virlis partikiil tespitinde daha giivenilir ve net sonuglar almak i¢in son derece
hassas tespit teknolojilerine acil ihtiya¢ duyulmaktadir.

SARS-CoV-2 Antikorlariin Tespitinde Karsilasilan Problemler

Baz1 koronaviriis ile enfekte olmus hastalarda virlis viicuda girdikten sonra
6l¢ebilecegimiz bir antikor diizeyi olugturamaz yani bazi hastalar serokonversiyona sahip

degildir ve diisiik bir anti-SP antikor seviyesine sahiptir [29]. Bu enfekte hastalarin dogru
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bir sekilde tanimlanmasi gerekmektedir, bunun iginde daha hassas bir tespit yontemine
ihtiyac bulunmaktadir. Bunlarin yaninda, anti-RBD ve anti-NP antikorlarinin
seviyelerinin, hastaliin erken asamalarinda c¢ok disik c¢iktigi goézlenmistir [25].
Dolayisiyla aslinda pozitif ¢ikmasi gereken bir¢ok enfekte hastanin pozitifliginin
anlagilamamasi gibi sorunlar ortaya ¢ikabilmektedir. COVID-19’un inkiibasyon siiresinin
5-6 giin oldugu bilinmektedir [30]. Bu yilizden de, pre-semptomatik ve asemptomatik
hastalarin tasidigi viriis, hastalarin anti-RBD ve anti-NP antikor testleri kullanilarak
tanimlanmasindan once yakinlarinda temas ettikleri insanlara yaymalar fazlasiyla
olasidir. SARS-CoV-2 antikorlarinin tespitinde kullanilmak iizere acilen daha hassas,

daha ucuz ve daha hizli tespit yontemleri gelistirilmelidir.
SARS-CoV-2 Tespitinde Gelistirilen Potansiyel Biyosensorler

P-FAB: Covid-19 Tespiti icin Gelistirilen P-FAB Biyosensor Cihazlar:

Tasinabilir plazmonik fiber optik absorbans biyosensorii olan P-FAB teknolojisi SARS-
CoV-2 virtis partikiillerini minimum diizeyde 6n islem ile dogrudan tiikiiritk numunesi ile
calisan tek adimli biyosensor tipidir [31]. P-FAB ile antijenler ve endotoksinler de dahil
olmak iizere gesitli analit gruplarini test edebilecek kadar genis tanima 6zelligine sahiptir.
P-FAB teknolojisi temelde bir ¢ift yesil LED ve fotodedektor kullanarak U-biikiilmiis
optik fiber proba sahip bir sistemdir. Fiber optik prob i¢inde yayilan 1siktaki yogunluk
sayisindaki degisiklie dayanan bir sistem sayesinde Ol¢lim gergeklesmektedir.
Biyosensorde altin nanoparcaciklari, 1giktaki artan ya da azalan gii¢ kaybinin 6l¢limiinii
daha fazla giiclendirmek i¢in kullanilmaktadir. Etiketli altin nanoparcaciklar igeren
biyosensdr, numunenin 25 pL'sinde birka¢ yliz analit molekiili tespiti
gerceklestirilebilmektedir. Tasarlanan bu algilama stratejisi, idrar 6rneginden tiiberkiiloz
teshisini 15 dakikada gerceklestirebilen testin ¢alisma prensibine dayanmaktadir [31].
Fiber optik probun biyo islevsizlestirilmis ve U seklinde biikiilmiis algilama bdlgesi,
numune igerisindeki hedeflenen N-proteinini tespit ederek ve biyosensor matrisinde dalga
emilimine yol acarak SARS-CoV-2 tespitini gerceklestirmektedir [31]. P-FAB
teknolojinin N-protein tayini gergeklestirebilmesi igin iki farkli yontem gelistirilmistir.
[k ydntem etiketsiz biyoanaliz, ikinci yontem etiketli biyoassay yontemidir [31].
Etiketsiz biyoanaliz yonteminde, biyosensor matrisi, altin nanopargacik iceren U seklinde
biikiilmiis fiber optik prob iizerinde hareketsizlestirilmektedir. Ardindan anti-N protein

monoklonal antikorlart uygun bir kimyasal olan tiyol-PEG-NHS’e kovalent
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konjugasyonu gerceklestirilmektedir [31]. Afinitesi yliksek olan aptamerler, SPR ve
ELISA testleri ile degerlendirilmektedir. Antikorlar, hareketsizlestirilmis problara, sigir
serumu igeren alblimin ile muamele edilmektedir. Burada, 6zgiil olmayan baglamalari
engellemek i¢in BSA kullanilmaktadir. Bu sekilde biyofonksiyonellestirilmis problar ile
numune igerisindeki N proteinlerin 15 dakika iginde tespiti gerceklestirilmektedir.
Etiketli biyoassay yontemi, sandvi¢ immunoassay yonteminden baz almaktadir. Bu
yontemde, altin nanoparcaciklar kullanilarak etiketleme yapilmaktadir ve yakalama-
detektdr antikorlar1 kullanilmaktadir. Oncelikle, biyosensdr matrisinin, anti-N protein
monoklonal antikorlarinin (yakalama antikorlarinin) U-biikiilmiis fiber-optik prob
iizerinde hareketsizlestirilmistir. Ozgiil olmayan baglamalar1 engellemek igin sIgir
albumini kullanilmaktadir. Sonraki asamada ise, enfekte olmus bir hastadan elde edilen
numune drnegi, anti-N protein monoklonal antikorlar1 ve konjuge altin nanoparcaciklar
ile 5 dakika karistirilmaktadir. Karisim, kompleksin biikiilmiis probunun algilama
bolgesine eklenmektedir. Numune icerisindeki N proteinlerinin 15 dakika i¢inde tespiti
gerceklestirilmektedir [31].

Transistor Tabanlh Biyosensor Kullammm ile Insan Nazofarengeal Siiriintii
Orneklerinde COVID-19 Viriisiiniin (SARS-CoV-2) Hizh Tespiti

Klinik 6rneklerde SARS-CoV-2 tespiti gerceklestirebilmek icin etkili transistor (FET)
tabanli biyosensor cihazi gelistirilmistir. FET tabanli biyosensor cihazi kullanimi ile az
miktardaki numunelerde son derece hassas ve hizli viriis tespiti hedeflenmektedir [32].
Grafen kapli biyosensor sayesinde, yiizeydeki degisikliklere immiinolojik olarak
hassasiyetle tan1 konulmaktadir. FET tabanli biyosensor, grafen kapl yiizeyin SARS-
CoV-2 spike proteinine kars1 6zgiil bir antikorla kaplanmasiyla iretilmistir. Biyosensor
tasariminda ylizeyi grafenle kaplayarak grafenin altigen seklinde iki boyutlu karbon atom
yapisindan dolayi, yliksek elektronik iletkenlik, yiiksek tasiyict hareketliligi ve genis 6zel
alan Ozelliklerinden faydalanilmaktadir [32]. SARS-CoV-2 spike antikoru, grafen kaplh
biyosensoriin yiizeyine verimli bir arayiiz birlestirme ajan1 olan 1-pirenebiitirik asit N-
hidroksistiksinimid ester (PBASE) araciligiyla immobilize edilmektedir. FET tabanh
biyosensoriin algilama sinir1 1 fg/mL diizeyindedir. Biyosensoriin SARS-CoV-2'yi tespit
smirt LOD: 1,6x10! pfu/mL ve klinik 6rneklerde tespit sinir1 LOD: 2,42x102 kopya/mL
diizeyindedir [32]. Sensoriin performansinin degerlendirilmesi hastalardan alinan antijen

proteini, kiltiirlenmis viriis Ornegi ve nazofarengeal siiriinti  Grnekleriyle
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belirlenmektedir. Gelistirilen sensor klinik orneklerde SARS-CoV-2 viriisiini tespit
etmekte oldukca basarili olmustur. FET tabanli biyosensoriin sagladigi en biiyiik
avantajlardan biri; SARS-CoV-2 antijen proteini ile MERS-CoV'un antijen proteinini
birbirlerinden ayirabiliyor olusudur. Basarili sekilde tiretimi gergeklestirilen FET tabanl
biyosensoriin numune On islemi veya etiketleme gerektirmiyor olusuyla oldukga hassas
bir sekilde SARS-CoV-2 tespit edilebildigi kanitlanmistir [32].

eCovSens-Ultrahassas Yeni Devre Kart Tabanh Elektrokimyasal Biyosensor
Cihaz

Tasarimi bir sirket tarafindan yapilmis olan iki tip eCovSens biyosensorii mevcuttur.
eCovSens biyosensorleri tiikiiriik numunelerinden nCovid-19 spike protein antijeninin
(nCovid-19 Ag) tespiti icin tasarlanmis olan ticari potansiyostat cihazlaridir [33]. ilk
eCovSens biyosensér modeli olan FTO tabanli immiinosensor, spike edilmis tiikiiriik
orneklerinde nCovid-19 spike antijeninin (nCovid-19Ag) tespiti i¢in Altin nanopargacikli
(AuNPs) flor katkili kalay oksit elektrot (FTO) kullanilarak potansiyostat bazli bir
sensordiir. Elektriksel iletkenlikte meydana gelen degisiklikleri 6l¢gmek i¢in nCovid-19
monoklonal antikor (nCovid-19Ab) ile hareketsizlestirilmistir. Ikinci eCovSens
biyosensor ise SPCE bazli biyosensordiir. SPCE biyosensorii, nCovid-19 Ab'yi ekran
baskili karbon elektrot (SPCE) tizerinde hareketsiz hale getirerek elektriksel iletkenlikte
meydana gelen degisikligi 6lgmek i¢in tasarlanmistir [33]. Her iki tipteki biyosensoriin
performanst nCovid-19 Ab'nin kendine 06zgii nCovid-19 Ag ile etkilesimine
dayanmaktadir. Optimum kosullar altinda FTO tabanli immiinosensdr ve dnerilen SPCE
bazli biyosensor cihazi test edilmistir. Test sirasinda 1 fM ila 1uM arasinda degisen
nCovid-19 Ag'nin tespiti i¢in her iki biyosensor modeli de erken tespitte oldukg¢a basarili
ve hizli sonuglar vermistir. Ayni zamanda biyosensorlerin yliksek hassasiyetli 6l¢iimleri
de rapor edilmistir [33].

Tasmabilir Yiizey Plazmon Rezonans Algilamal Biyosensor Cihazi ile SARS-CoV-
2 Antikorlar I¢in Hizh ve Kantitatif Serum Testi:

Yiizey plazmon rezonans (SPR) sensorii, seyreltilmemis insan serumunda SARS-CoV-
2’ye 0zgli olan niikleokapsid antikorlarinin tespitini gergeklestirebilen yeni bir biyosensor
cthazidir. Tagmabilir bir SPR cihaz1 3-MPA-LHDLHD-COOH tabakasiyla modifiye
edilen SPR yiizeyi SARS-CoV-2 niikleokapsid rekombinant protein ile

islevsellestirilerek nanomolar aralikta anti-SARS-CoV-2 antikorlarin1  tespit
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edilebilmektedir [34]. SPR sinyalinin suda stabilizasyonu gergeklestirildikten sonra
yizey 1:1 sulu 100 mM N-hidroksisiiksinimid (NHS) ve 400 mM N-etil-N'- (3-
dimetilaminopropil) karbodiimid hidrokloriir (EDC) soliisyonu ile modifiye edilerek
hareketsizlestirme tamponuyla 20 saniye durulanmaktadir. SARS-CoV-2 niikleokapsid
rekombinant (rN) proteini (MBS569934, MyBioSource, ABD) ile 20 dakika reaksiyona
konulmaktadir. SARS-CoV-2 antikorlarmmin saptanmasi ig¢in ELISA testindeki
performansin1  gOsteren son raporlar nedeniyle de kullanima uygunluk agisindan
secilmistir [34]. SPR tabanli sensor ile numune/sensér temasindan sonraki 15 dakika
icinde sonuglar ¢ikmaktadir. Bu tespit yontemi genel olarak diger SARS-CoV-2
antijenlerine uygulanabildiginden bir dizi antikor sensdriiniin klinik 6rneklerde analizini
gerceklestirebilmek icin uygundur. SPR cihazinin tasmabilirligi ve hizli sonug
verebilmesi ile kisa siirede sahada kullanilmas1 beklenmektedir [34].

Optik Biyosensorler

SARS-CoV-2 tespiti igin gelistirilen optik biyosensorler, plazmonik fototermal
(PPT) etki kullanilarak ve LSPR’nin algilama semasinda bulunan transdiiksiyon
ilkeleriyle beraber kullanilmistir. Bdylece COVID-19 hastaliginin dogru teshisi i¢in optik
bir biyosensor gelistirilmistir [35]. Nanopargaciklarin ve 1s18in LSPR algilamasinda
kullanimiyla, plazmonik rezonans frekansinda daha 6nce de iyi sonu¢ alindigr bilinen
termoplazmonik nesil bulunmaktadir. Yapilan bir c¢alismada, termoplazmonik 1s1
kullanilarak in situ hibridizasyon sicakliginin yiikseltilebilecegini ve boylece de iki
benzer gen dizisinin ayrimimin dogru bir sekilde yapilabilecegi diisiiniilmektedir.
Gergekten de tasarlanan bu LSPR biyosensoriiniin ¢ok sayida gen igeren bir karisimda,
secilen SARS-CoV-2 sekanslarina karsi yiliksek bir hassasiyet sergiledigi goriilmiistiir
[36]. Nanofabrikasyon teknikleriyle [36] ve mikroakiskanlarla kombine edilen LSPR’in
[35] gelistirilmesiyle duyarliligin daha da artirilabilecegi ve tagmabilir formatlarda
kullanilabilecegi diistiniilmektedir [36, 38]. Bahsedilen nedenlerden 6tiiri, LSPR’nin
nanomalzemelerle kullanimiyla birlikte teshis dogrulugunu arttirmakta biiyiikk bir
potansiyeli oldugu vurgulanmistir. Viral enfeksiyonu dogrulayan analitlerin dogrudan
algilanmasmin yaninda, optik biyosensorlerin ayrica SARS-CoV-2 viriisiinlin yliksek
¢Oziiniirliikte goriintiilenmesinde de biiyiik rol oynayabilecegi planlanmaktadir [36]. Wei
ve ark. [39] yaptigi bir ¢alismada, lazer diyot uyarimina bagli olarak viris

goriintiilenmesinde optik biyosensdrlerin kullanimina dayali bir sistem gelistirilmistir.
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Gelistirilen bu sistem, akill1 bir telefonun kamera modiiliine kolaylikla entegre edilebilen
bir optomekanik baglanti formuna dayanmaktadir. Goriintilleme platformunun
¢Oziinlirligi 50 nm’den az olup, kisilerin virlis tespitlerinde akilli telefonlarin

kullaniminin saglanmasini igermektedir [39].
Sonug¢

Sonug olarak, antikor saptama testleri ve niikleik asit saptama testleri SARS-CoV-2
enfeksiyonunu tanimlamak ve viriisiin yayilmasini azaltmak adina enfekte hastalarin
izole edilmesinde ©nemli rol oynamaktadir. Bununla birlikte, su anda giincel
kullanilmakta olan SARS-CoV-2 RNA saptama testlerinin uzun siireleri, diisiik
hassasiyet gostermesi, sadece klinik drneklerden RNA 6ziitleme ihtiyaci, bu testlerin
klinik uygulamasini1 simirlandirmaktadir ve hatali sonuglara yol acabilmektedir [25].
Disiik virlis yiiklerine sahip hastalarda ve ayrica enfekte hastalarda erken donemde
gozlenen kandaki diisiik antikor seviyesi hastalifin daha fazla yayilmasina neden
olabilmektedir. Bunun nedeni ise tespit testlerinin hassasiyetinin diigiikk olmasi nedeniyle
verilen yanlis negatif sonuglarla birlikte, enfekte hastalar virlisi daha da
yayabilmektedirler [40]. Bu nedenle, hizli, ucuz, yiiksek hassasiyetli ve tasinabilir
taramayla laboratuvarlardan bagimsiz, kisisellestirilmis ve bakim noktast tani

yaklasimlar1 gelistirmek fazlasiyla 6nemlidir.
Gelecek Perspektifleri

Bu yazimizda, biyosensorlerin hizli, yiiksek hassasiyetli ve klinik ¢alismalarda SARS-
CoV-2 RNA tespiti i¢in biiyiik potansiyellere sahip oldugu vurgulanmigtir. Ayrica SARS-
CoV-2 RNA tespitiyle ilgili olarak, dogrudan amplifikasyon i¢in klinik 6rneklerden elde
edilecek SARS-CoV-2 RNA’larin daha basit ve daha hassas algilanmasi i¢in daha fazla
calisma yapilmasina ve gelistirilmesine ihtiya¢ bulunmaktadir. SARS-CoV-2 RNA’nin
hizli, gergek zamanli ve oldukea hassas tespiti i¢in bir¢ok teknolojinin ve disiplinler arasi
caligmalarm  gerekliligi  agiktir.  Ayrica,  biyosensorlerin,  nanoteknolojiyle
birlestirilmesiyle gelecekte daha hizli ve daha hassas tespit stratejilerinin gelistirilmesi
acisindan olduk¢a oOnemlidir. Bizi gelecekte hangi viral veya patojenik mikrobiyal
salginlarin bekledigini bilemiyoruz fakat elimizdeki teknolojiyi kullanarak ve bunu daha
da gelistirerek en azindan yeterli 6nlemleri alabilme sansimiz bulunmaktadir. Molekiiler

biyoloji ve sentetik biyolojideki ilerleme sayesinde, nanobodiler ve aptamerler gibi yeni
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baglayict ajanlarin  kesfi gergeklestirilecektir. Bu ajanlarin  biyomiihendislikte

kullanilmasi ile de viriisleri tespit etmekte yiiksek segicilik saglanacaktir. Biyosensorlerle

birlikte kullanilabilecek yapay zeka ve yeni algilama stratejileri herhangi bir potansiyel

hastaligin kontrolsiiz yayilmasinin 6niine gegebilmek ve kontrol altina alabilmek igin

biiyiik kolaylik saglayacaktir [41].
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ABSTRACT o
Biomaterials are a large group of vitally important materials with many different MAKALE GECMISI
inorganic and organic types. Biocomposites are produced by using materials such as Gelis

. . . - : - 15 February 2021
polymer, metal, and ceramics. Bone tissue engineering deals with materials that can Kabul
mimic the real bone structure found in the body. These materials used in the human 15 April 2021
body must be capable of many aspects such as their mechanical strength related to the
area where they are used, as well as their properties such as biocompatible, K_E_YWORDS
biodegradable, and non-toxic. If the material is intended to treat the bone structure, it Silica .
should be biodegradable, but it should be resistant to degradation if intended to be nanoparticles,
used for a long time. With the advance in technology, nanoparticles have become mesoporous,
appealing in bone tissue engineering due to their many unique properties. In recent tissue engineering,
years, mesoporous silica nanoparticles (MSNSs) have been prominent biomaterials in biomaterials

the medical field due to their properties such as alterable size structure, large pore
volume, and surface area. This study aims to give information about the biomedical
properties, synthesis methods, and importance of MSNs with unique properties in
bone tissue engineering applications. This study is compiled by examining many
studies in the literature.

Introduction

Nanotechnology science includes different fields such as physics, chemistry, biology,
environment, engineering and medicine. Developments in nanotechnology and the use of
nanoparticles that emerged in the diagnosis, imaging, and therapy of diseases have
provided benefits in the medical field [1, 2, 3]. Materials with at least one dimension and
particle sizes between 1 and 100 nm are called nanomaterials [4, 5]. They exhibit
properties such as good mechanical strength, superior bioactivity and resorbability. In
addition, the decrease in particle size causes a significant increase in particle boundaries
and changes the general physicochemical properties [5]. Nanoscale materials are a
suitable structure for the transport and distribution of related drugs in the treatment of
diseases such as cancer, Alzheimer's, and Parkinson's. Nanomaterials can reduce

interaction with healthy tissues by targeting sick cells to alleviate the harmful effects of
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chemotherapy [4, 6]. There are many nanoparticles (NPs) used in biomedical
applications. Table 1 shows these and their application areas.

Amorphous silica is one of the basic materials that can be produced by sponges, diatoms,
and plants, which are abundant in nature, and are widely used in modern industry. It is
used in a variety of applications such as cosmetics, heterogeneous catalysis, coatings, bio-
imaging and drug delivery, especially due to its morphological controllability [7, 8, 9].
Silica is essentially the largest component of sand and can be produced synthetically. Due
to its porous structure, it is suitable for the adsorption of various water-soluble elements.
Thanks to its adsorption and photocatalytic properties, silica nanoparticles can be used in
the field of concrete and ceramics [10]. In recent years, bioactive glass particles and silica
nanoparticles have been used in biomaterials for the development of some biomedical
properties. It has been reported that with the addition of bioactive silica phase, mechanical
strength improves, biocompatibility of osteoblasts and bone formation of polymers are
greatly increased [11].

Silica nanoparticles used in the biomedical field can be found in mesoporous (2-50 nm
pore size) [12] and non-porous (solid) or a mixture of both, which is amorphous. Porous
ones carry their active charges by physical adsorption or chemical bonding, while non-
porous ones carry their charges through encapsulation or drug-silane conjugation [13, 14].
The pores and nano size of silica nanoparticles enable the drug release rate to control in
order to make the continuous drug delivery effect efficient [15]. It has been pointed out
that silica is non-toxic and does not show any side effects in rats even at concentrations
as high as 50.000 mgL™ [16]. Silica has been classified as generally considered safe by
the Food and Drug Administration (FDA) [17, 18, 19].

Table 1 Biomedical application examples of some nanoparticles

Nanoparticles Application Reference
Gold Bone filler and its treatment Drug release [20, 21]
TiO, Bone tissue engineering [22]
Silver Colon cancer therapy, Bioimaging [23, 24]
Zn0O Breast cancer therapy [25, 26]
CuO Bone tissue engineering, Drug delivery [27, 28, 29]
CeO, Cancer therapy [30, 31, 32]
Calcium phosphate Bone regeneration, Cancer therapy [33, 34, 35]
Magnetic nanoparticles  Drug targeting, Tissue scaffold [36, 37]
Mesoporous silica Drug delivery, Bone tissue engineering, Cell

nanoparticles (MSNs) monitoring [38, 39, 40]
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While studies on the use of mesoporous silica nanoparticles (MSNs) in drug release have
increased rapidly in recent years, studies on its use in bone tissue engineering are
increasing at an interesting level. However, studies on the use of MSN in bone tissue
engineering are limited. In this study, silica and mesoporous silica nanoparticles with
unique biomedical properties and their synthesis methods are discussed. Differently, bone
loss, treatment and features of bone structure are briefly examined. In recent years, the
usability, healing effect and importance of MSNSs in bone tissue engineering applications
have been investigated in the light of the literature.

Mesoporous Silica Nanoparticles (MSNs)

Amorphous silica was first recognized as a drug carrier in 1983 [18]. In 1992, Kresge
[41] synthesized sequential mesoporous molecular sieves. This breakthrough paved the
way for silica-based nanocarriers. In 2001, a mesoporous silica nanoparticle called MCM-
41 (mobile crystalline material) [42] was developed for the first time as a drug delivery
system for the encapsulation of ibuprofen drug [18]. According to the molar composition
of the reaction environment, the pores were reported to be hexagonal (MCM-41, 2D or
SBA-15), cylindrical (M41S) [43] or cubic (MCM-48, 3D) structure [42, 44, 45, 46].
TEM image of MSNs in microsphere structure is given in the Fig.1.

Although the pores are in a crystalline structure, the pore walls are amorphous [47].
Amorphous silica shows better biocompatibility, unlike crystalline silica [48]. By 2003,
MSNSs were functionalized with cadmium sulfide and used for controlled drug release.
This study revealed that MSNs have high biocompatibility and high drug delivery
efficiency [18].

0.0‘.‘

100 nm

Fig 1 TEM image of MSNs [49]
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Thanks to their many unique properties such as high surface area (1000 m?g?) [45, 49]
adjustable particle shape, easy functionalization of the inner and outer surface, pore
volume (1 cm®g?) [45], which allows high drug loading, high thermal and chemical
stability [50], high adsorption capacity [51] strength [52] and biocompatibility [19],
MSNs have become an interesting material in medicine [1, 6, 53, 54, 55, 56]. In recent
years, applications in the field of adsorption, catalysis, chemical separation, imaging,
targeted anti-cancer agent, drug release, cell monitoring [40] biosensor, and solar cell [57]

have been increasing rapidly (Fig. 2) [50, 54, 58].
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Fig 2 Some common medical applications for MSNs

Hollow mesoporous silica nanoparticles (H-MSNSs) attract the attention of researchers
due to their large pore volume. Hollow mesoporous silica nanoparticles (H-MSNSs) with
uniquely sized internal cavities and mesoporous shells are used in fields such as drug
release, cancer treatment, bioimaging, and catalysis due to their rare properties such as
low density, large surface area, adjustable size, good biocompatibility, and presence of
Si-OH bond on the surface [59, 60, 61]. The drug loading capacity and mass transfer
properties of the H-MSNs structure are more improved compared to MSNs [55, 61, 62].
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Hollow mesoporous silica nanoparticles (H-MSNs) can be produced by a variety of
methods, including hard templating (using polymers and metal oxides among others) and
soft templating (vesicles, micelles, and emulsions) [63, 64].

Synthesis methods of silica nanopatrticles

The formation of silica nanoparticles has two parts, nucleation and particle growth [65].
Silica occurs in nature by condensation of silicic acid. However, in synthetic production,
obtained by hydrolysis of alkoxysilanes and subsequent condensation of the hydrolysis
products. Cationic or modified cationic surfactant template methods can be used [66, 8].
Stober method (sol-gel method) [19], reverse microemulsion method, hydrolysis,
polycondensation, thermal annealing, spray drying, template method are some of the
methods used in the preparation of silica nanoparticles [13]. Since silica nanoparticles are
generally produced by flame pyrolysis in dental applications, they have a non-porous
structure [48]. Some of the commonly synthesized types of silica nanoparticles and the
synthesis methods are given in Table 2.

Staber Method

1

Silica Nuopanitlec i—’ Gas Phase

Micro Emulsion

Precipitation ==
Hydrolysis =

Fig 3 The common methods used in silica nanoparticle production

With the Stober method, a sequential pore system can be created with structure-regulating
agents [48]. Some studies have been reported in which spherical mesoporous silica
nanoparticles were synthesized synthetically by using sodium silicate instead of tetraethyl
orthosilicate (TEOS) as a source of silica by Stober method [9]. Generally, TEOS is
chosen as the silica source, distilled water or ethanol for the solvent requirement, and
ammonia as the catalyst [65, 9]. Nucleation occurs when soluble TEOS monomers in
homogeneous liquid form solid particles. TEOS hydrolyzes to silicic acid, silicic acid
condenses to produce silica particles with siloxane bridges (Si-O-Si) [65]. This method
offers advantages such as controlling size (Fig. 4), shape, and surface area [19]. Reaction

temperature, pH, surfactant, and silica source are factors for controlling these parameters
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[67]. Another method used to produce silica nanoparticles is the hydrothermal method.
TEOS or sodium silicate can be used as a source of silica. However, the hydrothermal
method has defects such as cost and high energy consumption that prevent large-scale

production [57].

¢
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Fig 4 The schematic reaction of MSNs synthesis by using TEOS as silica raw material with Stober
method [14]

Table 2 Common production methods of silica nanoparticles and silica sources used

Silica Nanoparticles Method Silica source Referans
SiO2 NPs Sol-gel process TEOS [68]
MSNs modified interfacial TEOS [38]
synthesis procedure
MSNSs Sol-gel process Sodium silicate [9]
MCM-41 Sol-gel process TEOS [43]
Silica NPs Stéber method TEQOS [69]
H-MSNs modified hard template TEOS [62]
and etching routes
Silica NPs Stober TEOS [70]
MCM-41 Non-hydrothermal TEOS [57]
gelation
H-MSNs One pot synthesis TEOS [59]
MCM-41 and MCM- Direct hydrothermal TEOS, [47]
48 Sodium silicate
SiO2 NPs Stober method TEOS [19]
MSNSs Sol-gel TEOS [71]
MCM-48 Sol-gel TEOS [45]
MSNs Modified Stober TEOS [52]

Bone Structure and Mesoporous Silica Nanoparticles

A bone, an essential tissue in the human body, protects other tissues and organs in the
body by structurally supporting it and provides the mechanical support that the body
needs by storing hematopoiesis and minerals (Ca*? and PO*) [72, 73, 74]. Bone tissue
has a complex and compatible structure consisting of many organic and inorganic

components in the macro and nanoscale range [75]. The bone organ consists of calcium
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phosphate and is a hard mineralized structure containing hydroxyapatite
(Ca10(POs)s(OH)2), bone marrow, collagen, cartilage, endosteum, periosteum, blood
vessels, nerves, osteoblasts, osteoclasts, osteocytes, osteogenic cells and water. The
composition of bone tissue, which performs many mechanical functions, may vary
depending on factors such as age, gender, and anatomical location of an individual [54,
76, 77, 78, 79]. Differences in the chemical composition of hydroxyapatite change the
physical properties and solubility of the structure. The amount of mineral phase is 60-
70% by weight, and the amount of water is between 5 and 10% by weight. The remaining
is an organic composition of collagen and other proteins [79]. In the skeletal system, there
are more than 206 bones in the limbs (cylindrical shape and providing movement), short
bones in the wrists (supporting), flat bones in the skull (flat and with a large surface area),
and irregular bones in the pelvis and vertebrae. Bones are either in a compact or spongy
form [72, 80].

Tissue engineering is a discipline that includes many sciences that study bone structure
and bone mechanics [81], involving the clinical sciences, engineering, and biology
sciences, which includes osteoconductive scaffolds for organs or bones that have lost their
function and the formation of osteogenic agents [77, 82]. Tissue transplantation is
performed for many organs worldwide, and bone ranks second in this order [71].
Although bone has the ability to repair itself, bone deficiency or defect may occur due to
severe traumatic injury, surgical removal of tumors, cancer, inflammation, age-related
bone diseases [83], or congenital diseases and can be repaired with bone graft [73, 84].
Bone deficiency and defects are an important, serious, and social problem all over the
world and there is a need for further research and development of biomaterials used for
bone tissue therapy [73]. The treatment of bone defects can be difficult due to limited
bone grafts. Therefore, metals, polymers, bioceramics, polymer-ceramic composites [75]
are used in the treatment of bone defects [71, 84]. These materials, especially polymers
and ceramics, have the ability to form a suitable environment for mechanical strength,
cell proliferation, and attachment, and to mimic extracellular matrix [84]. Although
metallic scaffolds seem to be suitable materials for treatment, they cause some limitations
due to toxic ion release and lack of bioactivity [71]. An ideal material used in artificial
bone applications should be biocompatible, biodegradable, osteoconductive [11] non-

toxic, easy to manufacture and purchase [85]. It should show a direct degradation and
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preserve its structural integrity, taking into account the healing rate of the tissue in the
area where it is used [86]. Studies have shown that the viscoelasticity and time-dependent
behavior of bone should be taken into account and play an important role in implant
design optimization [74]. In addition, the biomaterial should be porous enough to allow
the tissue to develop, vascularize and neuronize within the material [86]. Bones can be of
different structures. For example, bone marrow is present in the trabecular bone canals
and the level of porosity ranges from 50% to 90% [87]. Inorganic and organic composite
materials aim to mimic the structure of a real bone. Therefore, creating bioactive materials
by combining the hardness of a polymer phase with the compressive strength of an
inorganic phase improves the strength and resistance properties [80].

Frequently used ceramic biomaterials are inorganic materials with high biocompatibility,
non-toxic or non-carcinogenic properties, stable and light structure, thus used as implants
and filling materials. However, their mechanical strength is low [88]. Researchs have
focused on mesoporous structures that can also be used as drug delivery agents and have
high biocompatibility [89]. Although there are many studies explaining the high
biocompatibility of MSNSs, studies on toxicity are limited. The reason for this may be that
the structure and composition of the MSN used have different properties, surface areas,
surface loads, and differences in the cell type and tissues studied [1]. It is a suitable
material for targeted drug release and controlled drug release due to its shape, size and
easy functionality [71]. However, MSN needs surface modification to deliver drugs in a
targeted and controlled manner [49].

The biodegradability of MSN is affected by particle size and shape, porosity,
physiological environment components and duration [90]. Yamada et al. reported small
size amorphous silica particles dissolve more easily than colloidal silica. However, small
size silica has been reported to increase cell toxicity. Particles that are not very small and
have a large surface area increase their degradability as their contact surface with water
increases. In addition, it has been concluded that the outer surface width is more important
in degradability [91]. Many studies have attempted to improve the biodegradation of
MSN. It is thought that MSN doped with metals degrades faster. This is because the Si-
O-Si bond is stronger than the Si-O-M (M: metal elements) bond. Si-O-Si network
structure makes the biodegradability of MSN difficult. Therefore metal modified MSN

can break down more easily. Further studies are needed to improve MSN's degradability
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[53]. Hao et al. reported that changing PEG to MSN affected the rate of degradation. As
MSN started to degrade from the particle surface, MSN-PEG facilitated degradation
through the particle. It was also seen that the spherical MSN deteriorated faster than the
rod-shaped MSN [90].

A bone structure is a living mineral filled with cells [78]. Silicium is an important material
for bone formation [92]. Silicium has been used in the treatment of teeth and bones for
half a century due to its properties such as strength and biocompatibility [19]. Amorphous
silicate network-based materials can link to bone matrix [93]. Silicates stimulate type |
collagen formation and osteoblastic differentiation. Silicates are needed for the formation
and calcification of bone tissue in metabolic processes [69]. In bone, it links to
glycosaminoglycans and plays an important role in the formation of crosslinks between
collagen and proteoglycans. Although present in all tissues in the body, it is mostly found
in bone structure later in skin, hair, arteries, and nails [92]. Studies have shown that silica
nanoparticles improve bone mass to modulate the differentiation of osteoblasts in mice
and culture and also inhibit the differentiation of osteoclasts [19]. It has been reported
that Si ions released from the MSNs structure support mineralized nodule formation,
colagen synthesis, and osteoblast expression of osteogenic related genes [12]. Also,
thanks to the adjustable size of MSNs, they can easily match the size range of natural
bone fragments (such as hydroxyapatite crystals). This makes them promising candidates
for bone tissue repair [54].

For bone treatment, silica nanoparticles can be used like bioceramic particle [70].
However, the bioactivity and osteogenesis ability of MSNs used alone is limited. The
polymer matrix can be used to increase the specific surface area and pore volume [48], or
the bone-forming bioactivity of MSNs can be increased by adding nutrients important for
the human body such as calcium and magnesium [12]. Silica nanoparticles consist of two
surface groups, hydrophobic siloxane and hydrophilic silanol group [48]. Silanol-
containing surfaces can be functionalized with appropriate organic molecules that provide
better control in the release of bioactive substances that bind to the mesoporous channels
and organic coatings of MSNs [82]. Since the larger the pore volume, the better biological
degradation, it is also possible to determine the type of interactions that occur in its
contact with the cell [67]. Therefore, those with unique surface properties and porosity

emerged as bioactive materials for bone regeneration [42]. It is also known that the silicate
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used as an additive improves the mechanical properties and structure of the final product
[69].

Beck and his working group investigated the relationship between 50 nm sized silica
nanoparticles with bone metabolism. The results revealed that osteoblast differentiation
and mineralization occurs and they reduce osteoclast differentiation. In studies conducted
on mice, it has been determined that injected nanoparticles are beneficial in increasing
bone mineral density [16]. Another study using polymeric scaffolds for bone regeneration
used MSNSs for drug release. Qui et al. designed the aminated MSNs they synthesized as
the delivery vehicle for dexamethasone (DEX). Polylactic acid/poly (e-Caprolactone)
(PLA/PCL) was used as a nanofibrous scaffold and composite with DEX loaded MSNs.
This drug-loaded composite scaffold presented significant osteogenic differentiation and
mineralization [82].

In a study where MSN was synthesized using TEOS as a source of silica, peptide release
was tested in vitro. Adsorption results have shown that MSNs have superior loading
capacity and long duration peptide release rate. It has been observed that the
functionalization of MSNs with peptide increases bone matrix mineralization [12]. MSNs
can also be used to reinforce biomedically used polymers. Mechanical strength of some
polymer membranes used in bone therapy needs improvement. For example, by adding
MSNss to the electrospun poly (g-caprolactone) membrane, it can be used as a composite
for bone treatment. The addition of MSNs has been shown to improve the tensile
properties of the material [70].

Wang et al. used the synthesized H-MSNs for bone tissue regeneration. When the in vitro
release properties of H-MSNs loaded with Ibuprofen (IBP) were examined, it was
determined that there was rapid release for the first 12 hours, and then the drug release
slowed down and continued for 60 hours. Hydroxyapatite formation was observed by
examining the bioactivity of the SBF (simulated body fluid) solution. Experiments were
continued with in vivo studies. H-MSNs and IBP-H-MSNs were implanted in the bone
defects. New bone tissue formation was observed in both of them 4 weeks after the
procedure [89].

In a study focusing on bone therapy, functionalized MSNs loaded with Alendronate and
Ibuprofen was used. Bone tissue treatment was performed by delivering drugs with MSNs
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[38]. In another study, poly-lactide-co-glycolide as a biodegradable polymer was used to
create the MSNs-polymer scaffold [39]. Both studies had positive results.

Martinez-Carmona et al. have synthesized MSNs using the Stober method. MSNs have
been used for bone cancer treatment. Doxurubicin (DOX) used as anticancer drug loaded
on MSNSs. In the results, it was determined that it has approximately 100% antitumor
activity against osteosarcoma cells [52]. Kanniyappan et al. (2021) have investigated the
biocompatibility and bioactivity for bone tissue engineering in vitro (fibroblast cells and
osteosarcoma cells) and in vivo (in zebrafish), using a very high concentration of MSNSs.
As a result of extensive biological studies, MSNs have been reported to be non-toxic and
biocompatible, as well as osteogenic and angiogenic. These biomedical properties of

MSNs make them an important material for bone tissue engineering [71].
Conclusion

In recent years, nanomaterials are used frequently in bioengineering. Despite its
nanoscale dimensions, it has paved the way for its use in medical research due to its large
surface area, quantum effects and porous structure. Bone loss or treatment of bone defects
is a vital and serious issue in terms of quality of life. There is a need for porous,
biocompatible and non-toxic materials in bone tissue engineering. MSNs have become
an important material in bone tissue engineering due to their adjustable pore size, particle
shape and functionality. It is promising due to its use as an implant material and its
therapeutic properties. As a result of this evaluation, the fact that MSNs can both treat the
bone organ and mimic bone tissue thanks to its porous structure proves to be an important
biomaterial. Research is needed on the improvement of biodegradability and toxicity.
However, biodegradability can be improved by modifying MSNs with metals or
polymers. It is predicted that MSNs will be a more used material in bone tissue
engineering in the future.
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OZET

Cogu bitkinin NBS-LRR proteinlerini kodlayan hastalik dayanikliligr ile ilgili R genleri,
sistemik olarak kazanilmig imminitede islevseldir, kisaca ETI olarakta bilinir. Patojen
organizmalar hiicre yiizey reseptorleri ile harekete gecirilen PTI immiiniteyi bertaraf ettikten
sonra, daha sonraki asamada ETI immiinite aktif hale gegmektedir. Ayni zamanda patojen
organizmalarin efektorleri direkt sitoplazmaya ulasinca, efektorleri taniyan R proteinleri
araciligi ile PTI’nin etkisinden daha hizli ve gii¢lii bir ETI immiin tepki gelismektedir. Patojen
efektorlerinin ¢ogu, epitop-paratop iliskisindeki yapisal interaksiyona benzer sekilde direkt
veya indirekt olarak R-gen proteinleri ile reaksiyona girerler. Bilinen biitiin biyotik faktorlere,
birbirine benzer tepki veren bitkiler ne tiir mekanizmalarla ¢ok gesitli patojen efektorlerini
tamimaktadirlar? Ancak bitkilerdeki hiicre igi ornek-tanima reseptorlerinin molekiiler
mekanizmalariyla ilgili birgok yaklasim mevcut olmakla beraber, her mekanizmaya ait sonuglar,
kigisel olarak arastirmacilarin kendi 6zel ¢alismalarindan elde edilmistir. Cok ¢esitli efektor-
reseptor tanimanin molekiiler interaksiyonunda gegerli olan toplam kag farkli strateji modelinin
islevsel oldugu bilinmemektedir. Bu nedenle sunulan derlemede, birgok farkli efektorler ile
intraseliiler reseptorleri arasindaki fiziki baglantinin molekiiler mekanizma ¢esitlerine
odaklanilmugtir.

Plant Disease Resistance Proteins: R-gene Products as
Immune Defense Molecules

ABSTRACT

Disease resistance-related R genes encoding NBS-LRR proteins are functional in systemic
acquired immunity, briefly referred as ETI, in plant pathology. Upon infection of pathogens at
first stage of plant immune responses, if plant pathogens subvert PTI immunity that activated
by cell membrane surface receptor, then ETI immunity is initiated the relay to second step of
defense. Also when pathogen effectors are directly translocatedinto cell cytoplasm across host
membranes where can be faced with plant R proteins, ETI immunity develops faster and
stronger than PTI efficacy. A great number of pathogen effectors are directly or indirectly
reacted with R-gene proteins in similar to epitope-paratope structural interaction. With what
kind of mechanisms do the plants that show similar immune responses to all known biotic agents
recognize the effectors of a wide variety of pathogenic organisms? However, many approaches
are available involved in molecular mechanisms of intracellular pattern-recognition receptors in
plants, findings for each mechanism have been obtained from specific workings of personally
researchers. It is not known how many different strategy models prevailing in molecular
interaction of a wide variety of effector-receptor recognition are functional. So in the presented
review article is focused just to molecular mechanism kinds of physical connection between
many different effectors and intracellular receptors.
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Giris

Cesitli patojen mikroorganizmalarin saldirisina siirekli maruz kalan bitkilerin,
patojenlerle aralarindaki amansiz savas durmaksizin siirmektedir. Tarimin baglangicindan
itibaren bitkisel hastaliklar nedeniyle meydana gelen {iiriin kayiplari aglik, yetersiz
beslenme gibi sorunlar1 da beraberinde getirmektedir [1, 2]. Bu nedenlerle bitki hastalik
kontroliiniin 1slah arastirmalarinda, fitopatoloji ve tarimsal kimya endiistrisi biiyiik bir
Oneme sahiptir. Bitkilerin hastalik kontrol mekanizmalar1 tarafindan neden olunan
seleksiyon baskisini patojen organizmalar ¢ok hizli ekarte etmekte, bunun sonucunda da
bitki hastalik dayaniklili§i ve pestisidlerin etkinligi siirekli olamamaktadir [2, 3]. Son
yillarda molekiiler bitki-patojen interaksiyonlarinda yeni anlayislar ortaya ¢ikaran temel
arastirmalar iizerinde yogun caligmalar yapilmakta olup,®‘fitopatojen organizmalarin
bitki immiinitesini nasil devre dis1 biraktigi, patojeni tantyan bitki hiicre reseptorleriyle,
patojene ait efektor-elisitor biyolojisi, bitkisel hiicrelerin sinyal yolaklari’” gibi konular
ilgi odag1 olmaya baglamistir [4, 5, 6]. Besin giivenligi ve bitki hastalik dayanikliligini
artirmak icin bitki sinyal yolaklarinda islevsel olan hiicresel olaylarin aciga ¢ikarilmast,
genetik olarak bitki korumada 1slah amacl yeni yaklasimlarin gelistirilmesinde 6nemli
bir potansiyele sahiptir. Bitki patojenlerinin infeksiyon stratejilerini anlamak i¢in sadece
bitki savunmasinda gorev alan bilesenlerin (veya molekiillerin) ortaya ¢ikarilmasi yeterli
degildir. Ayn1 zamanda efektdrlerin viriilenslik mekanizmasinin da bilinmesi gereklidir.
Bitki hiicrelerinin biyotik bir sinyali hiicre yiizey reseptorleriyle algiladiktan sonra
sitosolik reseptorlerle baglantili olarak karmasik bir ag mekanizmasiyla niikleusa kadar
ilettigi bilinmektedir [7]. Bu sinyaller yoluyla bitkiler kendi hiicrelerinde 6nceden
mevcut olan sekonder antimikrobiyal kimyasallar1 kullanarak ve savunma tepkimelerini
tesvik ederek, patojen saldirilarina karsi koymaktadirlar [8]. Bitkiler ¢ok 6zel patojen
wrklarmin infeksiyon sirasinda lrettigi proteinleri tayin edebilen karmasik tanima
sistemleri gelistirmislerdir. Efektor olarak isimlendirilen patojene ait bu proteinler, bitki
hastalik dayaniklilik (R; Resistance) proteinleri araciligi ile son derece 6zel olarak
taninmaktadirlar [9]. Gliniimiize kadar bitki immiin sistemlerine ait yaklasik olarak 600
farkli R geni rapor edilmistir [10]. Bu derlemede, reseptor olarak islev goren farkli R gen
ve irilinlerinin, fiziki olarak reseptor-efektér baglanma modeli ve dolayisiyla da
fizyolojisini ilgilendiren Ornekler son geligsmelerle birlikte verilerek bitkilerde hastalik

kontroliiniin yeni uygulamalar1 ve gelecekteki potansiyelleri 6zetlenmistir. Once temel
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savunma ve tesvik edilen savunma arasindaki farklara kisaca deginilmesi daha yararli

olacaktir.
Bitki Hastalik Dayaniklihginda Temel Savunma

Bitkiler, immiin reseptorleriyle patojenleri algilayacak bir¢ok stratejiler gelistirmislerdir.
Klasik olarak bitkiler, baglica iki temel hastalik dayaniklilik modeline sahiptirler, bunlar
1) temel savunma ve 2) R-gen araciligi ile gelisen savunmadir [11, 12]. Temel savunma
hem konukguya 6zel (host-specific) hem de konuk¢uya 6zel olmayan (non-host specific)
dayaniklilik seklinden ibaret olup, ‘‘konuk¢uya ozel olmayan dayanmiklilik’> modeli ¢ok
fazla patojen takimi ile meydana getirilir ve infeksiyonlara karst savunmanin ilk
asamasini olusturan bitkiler i¢in genel bir dayamikliliktir [13, 14, 15]. Eger hastalik
dayaniklilig: bitki ¢esidine 6zgii ise *“konuk¢uya ézel dayaniklilik’ olarak ifade edilir ve
0zel organizmalar tarafindan tesvik edilir [16]. Bitkiyi istila eden patojenlerin salgiladigi
hidrolitik enzimlerle pargalanan bitki hiicre duvarindan agiga ¢ikan fragmentlerden
lipopolisakkaritler, kitin, glukan, flagellin gibi bitkiye zarar veren molekiiller PAMP
(Pathogen-Associated Molecular Patterns; Patojenle Ilgili Molekiiler Ornekler) grubunda
yer alir ve bunlar bitki temel savunmasinin elisitérleridirler [17, 18, 19]. Patojen
organizmalar gibi apatojen organizmalar da yukarida adi gecgen elisitor (yani
PAMP/MAMP gibi; MAMP Microbe- Associated Molecular Patterns; Mikropla Ilgili
Molekiiler Ornekler) grubu molekiiler bilesenlere sahip olduklari igin bitkilerde temel
savunmay1 tesvik edebilmektedirler [20, 21]. Epitop gorevi yapan PAMP/MAMP
molekiilleri genellikle bitki hiicrelerinin hiicre dis1 yiizey reseptorleri ile algilanmakta
olup, bakteriyel soguk sok proteini, translasyon elongasyon faktor-Tu gibi baz1 PAMP’lar
da hiicre dis1 molekiillerdir [18]. PAMP molekiilleri bitkide PTI (PAMP-Triggered
Immunity = Patojenle Ilgili Molekiiler Ornekler ile Uyarilan iImmiinite) savunmay: tesvik
ederken, hiicre i¢i patojen efektorleri de 6zel R proteinleri ile tayin edilir ve ETI (Effector-
Triggered Immunity = Efektor ile Uyarilan Immiinite) immiiniteyi tesvik ederler [22].
Sekil 1’de 6zet olarak verildigi gibi eger patojen PTI savunmanin iistesinden gelirse,
ardindan ETI immiinite aktiflenmeye baslar. Ancak sadece bitkiye adapte olabilen
mikroorganizmalarin efektorleri, bitkinin R-gen iirlinii olan proteinlerini aciga
cikarabilmektedir. Boylece bitki R-gen protein reseptorleri yardimiyla patojen efektorleri

algilanarak bitkide gii¢lii bir savunma tepkisi olugmaktadir [20].
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Sekil 1 Elisitor/efektor-reseptor interaksiyonunun genel semasi [23]

Sekil 1’e gore PTI, bitki hiicrelerinin sitoplazma membran ylizeyinde lokalize olan
reseptorlerin (PRRs; Pattern Recognition Receptors = Ornek Tanima Reseptdrleri)
aktivasyonuyla tetiklenir, bu reseptorler genellikle reseptor-kinaz proteinleri veya
reseptor-benzeri proteinlerden ibarettir (RLPs/RLKSs reseptdr benzeri proteinler/kinazlar
olarak da bilinirler). ETI tepki ise, sitoplazmik NB-LRR yapida olan dayaniklilik veya R
gen proteinleri ile baglatilir [24, 25].

Tesvik Edilen Savunma: Bitki R-gen Dayamikhilig:

Bitkiler, kendilerini istila eden fitopatojen organizmalarin aviriilenslik (Avr) faktorleri
olarak salgiladiklar1 efektor proteinleri tayin edecek olan R-genleri tarafindan kodlanan
reseptorler sayesinde algilanan ve sonugta bitki immiin tepkiyi uyandiracak savunma
modeline de sahiptirler. Eger patojen Avr (Antiviriilens) genine sahip degilse, bitkideki
ilgili R-geni de etkin olamaz. Fitopatojen bakteriler salgi sistemleri (T3 SS) araciligiyla,
aviriilens genleri (Avr) tarafindan kodlanan diger ismi ile ‘‘efektdr gen’’ olarak
isimlendirilen gen iirlinii molekiillerini direkt olarak bitki hiicresinin sitoplazmasina
birakarak bitkiyi infekte ederler [26]. Bu efektorler sayesinde bitkinin fizyolojisi, ya
patojenin konukgu bitkiyi kolonize etmesine yardimci olmak i¢in ya da konukgu bitkinin
savunma reaksiyonlarina engel olmak amaciyla patojenin amacina uygun olarak
degistirilir. Buna karsin bitkiler de, patojen dayanikliliginda fonksiyonel olan R-gen
aractli dayaniklilik proteinlerini iireterek immiin tepki gelistirirler [27]. Gen-I¢in-Gen
iligkisi icinde ele almman bu dayaniklilik modelinde, sadece hastalik dayaniklilik geni

tastyan bitkiler belli efektdrlere sahip olan patojen irklarina engel olmaktadirlar. Bakteri,
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viriis, fungus, oomiset, bocek gibi ¢esitli organizmalarda bulunan efektorler sayesinde bu
zararl ajanlar, konukcu olduklar1 bitkide dayaniklilik tepkisini harekete gecirmektedirler.
Bu tarz bitki dayaniklik tepkimeleri; programli hiicre dliimleriyle (PCD) sonug¢lanan
Hipersensitif Reaksiyon (HR) ve HR’nin geri planinda bulunan sinyal mekanizmalarinin
harekete ge¢mesiyle hiicre dis1 alandan hiicre icine Ca*? girisi, anyon miktarindaki artisla
oksidatif stres artis1, savunma genlerinin aktiflenmesi, sonug olarak da lokal ve sistemik
dayaniklilik yani kalitatif dayaniklilik gelismektedir [28]. Pas funguslarina ait efektorler
de, infeksiyon sirasinda haustoriumlar vasitasiyla konuk¢u bitkinin sitoplazmasina
taginmaktadir [29]. Tipik 6rnekler RTP1 ve AvrM efektorleridir, viriilenslik fonksiyonlart
bilinmemekle beraber bu efektérlerden RTP1’in reseptorii heniiz rapor edilmemistir [30,
31, 32].

Bitki R-gen Protein Simiflar

Bitki R gen grubunda yer alan dayaniklilik gen proteinlerinin siniflandirilma temeli
standart olmayip, molekiil i¢indeki amino asit dizilimi, hiicre membraniyla baglantili
protein domain alanlari, referans alinan bitki c¢esitleri, dayanikliligin molekiiler
mekanizmalar1 gibi gesitli 6zelliklere dayali siniflandirilma 6rnekleri bulunmaktadir [20,
24, 25, 33, 34]. Angiosperm bitkilerin R-gen proteinleri domain alanlart ve protein
organizasyon yapilari esas aliarak siiflandirilmaktadir [35, 36].

Bitki hastalik dayanikliligindaki R-genleri; ¢ok biiylik ve ¢ok ¢esitli bir protein sinifini
kodlar ve bakteri, viriis, fungus, nematod, bocek gibi ¢esitli biyotik organizmalarin tayin
edilmesinde gorev yaparlar. R-gen proteinleri yapisal olarak NBS-LRR (Nucleotide-
Binding Site Leucine-Rich Repeat; bazen kisaca NLRs olarak da ifade edilmektedir)
molekiilleridir [37]. Bitki NLR grubu molekiillerin hepsi sensor veya dedektor gorevi
yapan, bitkilerde bol miktarda bulunan, molekiiler agirhig biiylik olan ve g¢esitli
fitopatojen mikroorganizmalar1 tanityan proteinlerdir [38]. Sekil 2’de NLR’nin genel
modiiler yapisi verilmistir [39]. Bir NLR molekiilii dort farkli domain alana sahip olup bu
domainler linker molekiiller ile birbirlerine baglidir. Domain alanlar1 degisken olan bir
N-terminal domain, NBS domain, LRR domain alan ve degisken olan bir C-terminal
domain alana sahiptir [37]. Her alan immiiniteyi harekete gegirmede Onemli rollere
sahiptir. Kapsamli bitki genom analiz sonuglar1t NLR’lerin ¢ok ¢esitli oldugunu gostermis
olup, biitiin R gen proteinleri sinifinda yer alan reseptdrlerin domain alanlarinin énemli

bir yiizdesi NLR yapidadir (Sekil 2). Bu NLR dedektor molekiilleride DNA baz dizi
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yapisina bagli olarak ekzon-intron yapilarina gére TNL, CNL ve RNL seklinde kladistik
smiflara ayrilmaktadir [34, 35, 40]. TNL; N-terminal Toll-interleukin NBS-LRR (TIR-
NBS-LRR) CNL; Coiled-coiled-NBS-LRR (non TNL); RNL; Resistance powdery
mildow8 (RPW8)-NBS-LRR (non TNL).
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Sekil 2 NLR’nin basit modiiler yapisi [37] (a), NLR nin aktif duruma gegisi [39](b)

Sekil 2’ye gore reseptor-efektoriin taninmasi ii¢ adimda gergeklesir: 1) mikrobiyel
molekiil, efektér veya efektoriin konukcuda degisime ugrattigi konukcunun molekiilii
direkt ya da indirekt olarak NLR aracilif ile fiziksel baglanti kurar. Bu tanima olay1 ile
ilk molekiiler diizenlenme gerceklesir ve NB domain bolgesinden LRR domain bolgesi
serbest hale geger. Boylece LRR’nin de inhibitor etkisi ortadan kalkar. 2) NB domain
alan1 inter- veya intra-molekiiler olarak karsilikli niikleotit degisimleri i¢in hazir hale gelir
ve ardindan NLR aktif hale geger. 3) Bu dongii devam ederken ikinci bir konformasyon

degisimi ile N-terminal domain bolge serbest kalir. Ardinda da savunma olaylar1 gelisir.
Sitoplazmik NLR’nin Yapis1 ve Islevi

Belirli CC ve TIR domain yapilarinin varligryla beraber N-terminal bdlgesinin, bekgi
hioptezine (guard hyphothesis) gore hiicre i¢inde gdzlenen yabanci proteinlerle veya
epitop-paratop baglantisindan sonraki gelisen olaylarda yer alan sinyal molekiilleriyle
protein-protein interaksiyonlarinda yer aldigi diistiniilmektedir [41]. NBS domain
bolgesi; *NB-ARC domain olarak da isimlendirilir [42, 43, 44, 45]. Bu domain alan farkli

motif yapilarina sahiptir ve hastalik sinyal yolaklarinda ATP nin baglanmasi/hidrolizi ile
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aktif-inaktif doniisiimle salter gorevi yapmaktadir. Hayvansal NB domain alan,
oligomerizasyon igin gereklidir [40]. C-terminal’de bulunan LRR domain alan ise,
efektoriin taninmasindan sorumlu bolgedir ve oto-inhibitor olarak goérev yapar. Yani
reseptor-efektor baglantisindan sonraki gelismesi gereken olaylara ait sinyallerin
otomatik olarak kendi kendine aktif hale gegmesine engel olur [46]. Baz1t NLR’lerin LRR
bolgelerinin silinmesi otoimmiinitenin siirekli olarak tesvik edilmesine neden olmaktadir
[47, 48]. C-terminal domain alan, farkli N-terminal domain alanlarina sahip NBL’lerde
de farklilik gostermektedir [37]. *NB-ARC: Nucleotide-Binding Adaptor Shared by
APAF1 (Apoptotic Protease- Activating Factor 1), R proteinleri ve CED-4).

R Proteinlerinin Hiicre-ici Algilama Mekanizmalari

Bitki hiicreleri, sitoplazmalarinda mikrobiyel efektorlerin algilanmasindan sorumlu
cesitli mekanizmalar gelistirmislerdir. Genel olarak bu mekanizmalar asagida Gzetle
aciklandigr sekildedir (Sekil 3). Konukgu bitkinin sitoplazmasinda bulunan patojene ait
bazi efektorler, bitki R proteinleriyle direkt interaksiyona girebilmektedir. Baz1 efektorler
ise konukgu bitkideki fizyolojik degisimlerden sorumlu olup indirekt olarak
algilanmaktadir. Transkripsiyon aktivator-benzeri efektorler (TALEs: Transcription
Activator-Like Effectors) de executor genleri (yOnetici gen olarak diisiiniilebilir) aktif
hale getirerek bitki duyarlilik genlerinin transkriptlerini degisime ugratarak fonksiyonel
olmaktadir. Bir kisim bitkilerde patojen efektorlerine karsi direkt veya indirekt duyarlilik
kayiplar1 meydana gelmek suretiyle veya resesif olan dayaniklilik genleri aktif hale
gelerek dayaniklilik kazanilmaktadir. Bazi efektorler de APR (Adult Plant Resistance)

genleri ile olgun bitkilerde kismi dayaniklilik saglamaktadir.
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Sekil 3 R proteinlerinin sematik molekiiler mekanizmasi [33]. Semada 1 ve 2 nolu: mekanizma

bitki membran yiizey reseptorlerinin ektraseliiler algilamast ile ilgili olup, 3-9 arasi mekanizma
ise hiicre i¢i algilamayi ilgilendirmektedir
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Bitkide bazi hiicre ici efektorler bitki R proteinleriyle direkt olarak algilanmaktadur.
Efektorlerin sitoplazmik NLR’lere direkt baglanmasiyla direkt algilamanin fiziki yapisi
da ortaya c¢ikmakta, bu da alginin molekiiler mekanizmasma ulagilmasini
kolaylastirmaktir. Konuyla ilgili birgok ¢alismalar mevcut olup ketene ait L5/L6/L7
reseptorleri efektorle baglandigi zaman reseptdriin agik-kapali pozisyonunda nasil
stabilize oldugu asagida Orneklenmistir [49]. Bu reseptdr proteinler, pas fungusu
Melampsora lini’nin polimorfik AvrL567 efektorlerinin  6zgiil yapisiyla ayirt
edilmektedir. L5 ve L6 proteinleri, ilgili efektdrle direkt olarak interaksiyona girerek
dayaniklilik reaksiyonlarini tetiklemektedir. Polimorfik olan L6 ve L7’ nin molekiiler-i¢i
ve -arasi interaksiyonla, AvrL567 efektorlerinin reseptorlere baglanmasi ya tesvik
edilmekte veya engel olunmaktadir. Bdylece gereksiz bir sekilde immiin olaylarin
tetiklenmesi de dnlenmektedir. Dolaysiyla ortamda efektor varsa ilgili immiin genlerin
aktivasyonu, inhibisyonu veya otoinhibisyonu gelismektedir, efektor yoksa L
reseptoriiniin biiyiik bir kismi1 inaktif olmakta az miktarda kismi1 da muhtemel bir efektore
kars1 aktif pozisyonda hazir bulunmaktadir. Sonugta L gen bolgesinde sinyal vermeden
sorumlu olan bolgede goriilen polimorfizm ortaklasa bir etkilesimle kiimiilatif bir etki
yaratabilir.

Patojen efektorlerinin ¢ogu konukg¢u bitki sitoplazmik NLRs’lerle indirekt olarak
algilanmaktadir. Efektorlerin konukgu tarafindan indirekt algilanmasi ¢ sekilde
gelisebilir; ya konukgu proteinleri ile efektorlerin interaksiyonlar: konukcuya ait diger
aract molekiillerle gozlemlenerek veya konukgu proteinlerinde godzlenen enzimatik
degisimlerle ya da hiicresel homeostaz degisimleri gozlenerek bitki immiin tepkisi
gelismektedir [33]. Her lic mekanizmaya ait 6rnekler asagida verilmistir. Konukcu bitki
proteinlerinde meydana gelen konformasyonel degisimler yoluyla yaratilan yeni
proteinler ya efektorii hedeflemekte ya da efektdr hedefinin taklitciligi yoluyla etki
gostermektedir. Burch-Smith ve ark. [50], yaptig1 ¢alismada tiitiinde bir R geni olan N
proteini ile tiitlin mozaik viriisiiniin replikaz molekiiliiniin (p50 olarakta isimlendirilir)
indirekt baglantisin1 rapor etmistir. Hem bitki N proteini hem de virlis p50 proteini
sitoplazmada da niikleusta da bulunabilmektedir. Viriisiin p5S0 efektdrii niikleusta yer alsa
da bir immiin tepki gelismemektedir. Asagidaki sekil 4’te gorildiigii gibi viral p50
efektort, bitkinin sitoplazmik N proteinin TIR-NB bolgesine baglaninca oligomerize olan

N proteini konformasyonel degisim gecirmektedir. Ardindan da N proteinin NB- LRR
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domain alani ilgili efektdre baglanmaya hazir hale gelmektedir. Bu degisimin niikleusta
yer alan N proteinine bilinmeyen bir mekanizmayla iletilerek N’nin aktif hale gegmesinin
saglandig1r ve boylece konuk¢u savunma tepkimeleri harekete gecirildigi bildirilmistir

[50].
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Sekil 4 Viriise ait p50 efektérﬁyle bitki N proteinin intefakéiyonu sonucu reseptoriin aktiflenmesi
[50]

Arabidopsis R proteini olan ZAR1’in aktiflenmesiyle konuk¢uda gézlenen proteinlerin
enzimatik degisimlerden dolay1 efektor indirekt algilanmaktadir. Bu model sisteme gore,
fitopatojen Pseudomonas syringae’nin efektorii olan HopZ1a, Arabidopsis’in sitoplazmik
reseptorii ZAR1 (HopZ-Activated Resistance) proteini tarafindan dolayli olarak
taninmaktadir [51]. Efektér HopZla, aviriilenslik fonksiyonu i¢in direkt olarak
Arabidopsis’e ait ZED1 (HopZETI-Deficient) proteinini hedef alir. Bitkiye ait ZEDI ise
gercek bir katalitik kinaz etkinligi olmayan bir pseudokinaz proteini olup efektér HopZ1la
tarafindan asetile edilir. [52, 53]. ZED1 asetile olduktan sonra bir bitki R proteini olan
ZAR]1 tarafindan tanminmaktadir [53]. Boylece efektor HopZla, bitki proteini ZED1
araciligi ile tuzaga diistiriilerek ZAR1 yoluyla immiin tepki harekete gecirilmektedir.
Bazi NLR molekiilleri ise hiicre homeostazini takip etmektedir. Cesitli biyolojik olaylarda
gorev alan MAP Kinazlar bitkilerde biyotik ve abiyotik streslere tepki olarak hormonal
faaliyetler, hiicre boliinmesi, bitki gelisimi ile ilgili olaylarin diizenlenmesinde karsimiza
cikmaktadir [54]. MAP Kinaz yolaginda yer alan MEKK1, MKKI1/MKK?2 ile MPK4
MAP kinazlar hem pozitif hem negatif diizenleyici olarak bitki immiinitesinde g¢ift
fonksiyona sahiptirler [55]. Tipik 6rneklerden P. syringae’nin HopAl efektorii, konukgu
MPK4’iin aktivitesine engel olur ve MKK1 MKK2 2’nin baskilanmasina bagli olarak
immiin olaylar baglar [56].

Baz bitkiler, patojen efektorlerini tanimak icin NLR reseptiorlerine entegre olan ilave
domain alanlarina sahiptirler [57, 58]. Arabidopsis RRS1 [59] ve ¢eltik RGAS ile Pik

NLR [9] reseptorlerinin sahip olduklar1 entegre domain alanlar1 detayli olarak
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calisilmigtir. Bunlardan c¢eltik NLR’lerinden olan RGA4 ile RGAS5 gen bolgeleri
calistimis [9] ve Magnaporthe oryzae’dan Avr-Pia [60], AVR-Pita [61], AVR-Pik ile
AVR-Pii [60], AVR-Piz-t [62] ve AVR1-CO39 [63] efektorleri ise klonlanmuistir.
Yukardaki efektorlerden AVR-Pia ve AVR-CO39 efektorleri, reseptor RGA4/RGAS gifti
tarafindan tanimnmaktadirlar. Sekil 5’te goriildiigii gibi bu tanima olayr da patojen
efektoriiniin geltik R geni olan NLR RGAS bolgesine entegre olan HMA (Heavy-Metal-
Associated) domain alan ile direkt baglanmak suretiyle ger¢eklesmektedir [64, 65].
Konukeu hiicrede AVR-Pia efektorii yoksa RGA4 ve RGAS fiziki olarak interaksiyona
girerek hiicre Oliimiine engel olmakta, efektoriin varliginda ise bu interaksiyon son
bulmaktadir [9]. Yine ¢eltik NLR Pik-1/Pik-2’de AVR-Pik’i tanimakta ve HMA domain
alani ile baglant1 kurmaktadir [60, 66]. Patojen izolat ile ¢eltik varyetelerindeki niikleotit
polimorfizmi evrim siiresince silahlanma yarisinda, konukgu-patojenin birlikte
evrimlesmesi sonucuna gotiirebilir [67, 68, 69, 60]. Boylece patojene ait ¢esitli AVR
proteinleri, konuk¢unun bir tek NLR bolgesinin ortak domain alani ile direkt baglanti
kurabilmektedir. Bu da gostermektedir ki, bir¢cok efektdrlerle konukcuya ait bir tek hedef
tizerinde kantitatif etki olusturulmaya ¢alisilmistir (Sekil 5a).

Fujisaki ve ark. [70]’1n yaptiklar1 ¢alismanin sonuglarina gore yine geltikte NBL Pii
reseptoOrii, patojene ait Avr-Pii efektoriinii indirekt algilamaktadir. Bir entegre domain
bolge olan NOI (NOI; Nitrate (NO3) Induced Domain, NOI domain igeren proteinle
nitrojen metabolizmasinin baglantis1 yoktur) ¢eltik bitkisi Pii-2 reseptor bolgesi iginde
yer alir. Avr-Pii efektoriiniin esas hedefi olan ¢eltik proteinlerinden OsExo70-F3 ile direkt
baglanti kurduktan sonra Pii-NOI ile interaksiyona girebilmektedir. Ardindan konukcu
immiin savunmasi gelismektedir (Sekil 5b). NOI-domaine sahip olan protein ailesinin
bitkilerde biyotik savunma (patojen bakteriler gibi) olaylarini kontrol ettigi bildirilmistir
[71]. AvrRpt2 tarafindan da hedeflenen NOI igeren proteinlerin amaci PTT’yi diizenlemek

suretiyle viriilens hedefleri agmak olabilir [72].
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Sekil 5 NLR reseptorlerine entegre olan domain alanlar [73]. Magnaporthe oryzae efektorleri (A),
ve bitkideki ilgili NLR proteinleri. A) M. oryzae’nin AVR-Pik, AVR-Pia, AVR-Pii efektorlerine
ait allellerin polimorfik pozisyonlar1 gosterilmektedir. AVR-Pik ve AVR-Pia efektorleri MAX
efektor ailesinden olup farkli sekanslara sahip olsa da ana c¢ekirdek yapisi olan MAX
(Magnaporthe Avrs ve ToxB-Like) bolgesi evrimsel olarak korunmustur. B) Celtik R gen tirtinleri
olan Pik, Pia (RGA4 ve RGAS5) ve Pii proteinlerine entegreolan HMA domain alanlart
vurgulanarak gosterilmektedir. NOI domain bolgesi de entegre domain bir alandir

Bitkilerde stresle ilgili gen promotdr bdlgelerinde bulunan W-box bir DNA cis- regiilator
elementi olup, WRKY transkripsiyon farktorleriyle taninir ve patojen efektorleriyle
interaksiyona girerek immiin tepki uyanmasini saglar [74]. Arabidopsis’te bir NLR olan
RRS1’in WRKY domain bolgesi patojen efektoriiyle etkilesir ve RPS4- baghh immiin
reaksiyonu tesvik eder, boylece WRKY transkripsiyon faktor domain bolgesi promotore
entegre olmus bir ¢esit tuzak olarak caligmaktadir [59]. Arpa da WRKY transkript
elementlerinin varligin1 gosteren bir caligmada Fusarium culmorum ile infeksiyon sonrasi
8 WRKY gen transkript diizeylerinin yiikseldigi bildirilmistir (75). Bitki immiinolojisi
heniiz kesfedilmemis bir¢ok aracit molekiil ve mekanizmay1 barindirmaktadir. Entegre
domain bolgeleri (IDs; Integrated Domains) araciligi ile patojen tanima olaylarina ait
calisilan 6rnek sayis1 simdilik birkag adet ile sinirlidir. Sinyal yolak olaylariin molekiiler
diizeyde ag18a ¢ikarilmasiyla efektoriin direkt ve/veya indirekt hedefine uygun antagonist
etkili bitki koruma ilaglarmmin gelistirilmesi yeni arastirma alanlarina da onciiliikk
yapacaktir.

Bir R gen cesidi olan executor genler (E genes), transkripsiyon aktivator-benzeri
efektorler (TALEs: Transcription Activator-Like Effectors) ile aktif hale
getirilmektedir [33].

TALE’ler Xanthomonas ve Ralstonia tiirlerine ait efektér molekiiller olup [76, 77, 78, 79]
ayrica endosimbiyont tiir olan Burkholderia rhizoxinica’da da rapor edilmistir [80, 81].
TALE’ler, biber ve domates patojeni olan Xanthomonas campestris pv vesicatoria
(Xcv)’nin AvrBs3 efektor proteinin genetik ve yapisal 6zelliklerinin ortaya ¢ikarilmasiyla

kesfedilmeye baslanmistir [82]. Patojene ait olan TALE proteinleri, bitkinin duyarlilik
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genlerinin promotdr bolgesine 5'—3' yoniinde yerlesmekte ve duyarlilik gen
proteinlerinin transkriptlerini degistirerek bitkiyi hastaliga dayanikli hale getirmektedir
[83]. R genlerinin promotor bélgelerindeki 6zel baz dizilerine baglanan TALE’ler
konuk¢unun  kilit konumundaki  duyarliblk  faktorlerinin  transkripsiyonunu
degistirmektedir. Boylece bitkiler promotor bolgeler araciligi ile TALE efektorlerine
tuzak hazirlayacak bir mekanizma gelistirmislerdir (Sekil 6). Ancak dayanikliligin

mekanizmasi hentz bilinmemektedir.
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Sekil 6 Executor R gen modeli [84]. A) Bitki Rr allelerinin promotéf sekans -t:arkhhklarl patojenin
TAL efektoriine baglanma etkinligini degistirmektedir. r allelinde bulunan null bélgesi efektoriin
promotdre baglanmasina engel olur ve uyumlu interaksiyon sonucunda patojen infeksiyonu
basarili olur, yani bitkide hastalik gelisir. Dominant R alleli ise efektorii baglar ve uyumsuz
konukgu-patojen interaksiyonlar1 sonucu bitki de HR tepkisi gelisir. B) Farkli allellere sahip E
gen promotdrlerinin dominant ve resesif allellerinde saptanan polimorfizm goriilmektedir

E geni ile ilgili ¢alisilan 6rneklerin sayis1 fazla olmamakla beraber bugiine kadar 5 adet
executor gen klonlanmistir. Bunlar ¢eltik Xa27 [85], Xal0 [86] ve Xa23 [87] genleri ile
biberden Bs3/Bs3-E [88] ile Bs4c-R [89] genleridir. ETI immiinite de TALE efektorleri
bitki tarafindan direkt taninmamakta, bitki duyarlilik genleri {izerinden dayaniklilik
mekanizmalar1 gelismektedir.

Gu ve ark. [85], celtik R gen proteini olan Xa27 araciligiyla celtik yaniklik hastalig
etmeni olan Xanthomonas oryzae pv oryzae (Xoo) bakterisine karsi gelisen dayaniklilik
Ornegini rapor etmistir. Xoo patojeni AvrXa27 efektoriinii TIIISS ile konukcu celtik
hiicrelerinin niikleusuna birakmaktadir. R gen proteini Xa27 de ¢eltik bitkilerinde adi
gecen hastalifa dayaniklilik saglamaktadir. Celtikte dayaniklilik, Xa27’nin allelik

farkliliklarina gore ya konstitiitif olmaktadir ya da indiiksiyonla gelismektedir.
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Dayaniklilik alleline sahip geltik varyeteleri Xo00 ile infekte oldugu zaman uyumsuz
(incompatible) bitki-patojen interaksiyonu sonucunda R proteini ifade olmakta
(expression) ve sonugta bitki hastalik dayaniklilig1 gelismektedir. Duyarlilik allelerine
sahip celtik varyetelerinin polimorfik olan promotor bolgelerindeki 6zel TALE sekanslari
aracilifiyla bilinmeyen bir mekanizmayla hastalik dayanikliligi konstitiitif olarak
gelismektedir. Promotor ile ilgili transgenik varyete analiz ¢aligmalarindan elde edilen
sonuglara gore, Xa27 promotdriiniin null allel bolgesi X00 i¢in hem uyumlu ve hem de
uyumsuz konukgu-patojen iligkisi iginde Xa27’nin ektopik ekspresyonuna neden
olmaktadir. Boylece bitkiye uyumlu konukgu-patojen i¢in hastalik olusumuna konstitiitif
bir dayaniklilik saglamaktadir. Promotore bagli bu dayanikliligin, transkripsiyon sonrasi
degisimlerden kaynakli olabilecegi vurgulanmistir. Ancak patojen AvrXa27 efektorii
celtik Xa27’nin promotoriine direkt mi veya indirekt mi etki ettigi bilinmemektedir.
Onemli bir diger sonugta indiiksiyon sonrasi1 dayanikli bitkide ilgili gen ifadesi artarken
duyarli varyetelerin ektopik ifadesi siireklidir. Duyarlilik alleline sahip olan bitkiler
promotor taklit¢iligi gelistirerek evrimlesmisler ve efektoriin bitkide hedef aldigi substrati
engelleyecek sekilde savunma tepkimeleri tetiklenmekte ve patojen bertaraf edilmektedir
(Sekil 6).

Romer ve ark. [90] biber, ¢eltik ve Xanthomonas tiirlerinde yaptig1 ¢alismada, TALEs
efektoric AvrBs3’lin biberde bir R geni olan Bs3’iin promotor bolgesinde bulunan ve
sadece TALE efektorlerine ait 6zel olan UPT kutusu (UP regulated by TAL effectors) ile
etkilesimi sonucunda tanindigini bildirmistir. Ancak geltik Xa27 R geninin baglantili
oldugu TALEs ile interaksiyonun tanimlanmadigini rapor etmislerdir. Mono- ve di-
kotiledonlarda UPT kutusu ile TALEs’in kodlanan baz dizilerinde bir homoloji
bulunamamis olup bdylece mono- ve di-kotiledon bitki tiirlerinde TALEs ile ilgili
dayaniklilik mekanizmalarinin birbirlerinden bagimsiz evrimlestigi diigiiniilmektedir
[90]. Patojen TALEs efektorlerinin konuk¢u DNA’sinda TALEs’e 6zgiil baz dizilerine
baglanma Ozelliginin anlasilmasiyla, Xanthomonas tiirlerine karsi sentetik executor
genler araciligl ile immiin dayaniklilik gelistirme arastirmalar1 da dikkat ¢ekmeye
baslamistir [90, 91, 92].

Bitki R genlerinin sahip oldugu diger bir mekanizma bitkide aktif duyarlilik kaybi olup,
bitki patojenin istila stratejisini etkin olarak kesmekte ve patojeni direkt

etkisizlestirmektedir [33]. Bu mekanizmaya ait ¢esitli fikirler ileri siiriilebilir. Ornegin,
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bitkiye ait immiin sinyal mekanizmalar1 ya siirekli ifade olmakta veya ifade miktar
artmaktadir. Bitki, mantar ve bakteriler ribozomlar1 inaktif eden proteinlere (RIP:
Ribosome-Inactivating Proteins) sahiptirler [93, 94, 95, 96]. Celtik genomuna, DNA’nin
ektopik pozisyonunda yerlestirilen bir genin asir1 eksprese olmasi sonucunda geng celtik
varyetelerinin kuraklik, tuzluluk gibi kosullara dayanikli oldugu rapor edilmistir [97].
Dayanikliligin mekanizmasi bilinmemekle beraber, RIP’le tesvik edilen protein sentez
mekanizmasinin engellenmesiyle proteinler biyotik ve abiyotik streslere karsi tekrar
organize olmaktadirlar [98]. Protein replikasyonunu hedefleyen dayaniklilik sistemi
birgok konukcu bitki-viriis sistemlerinde mevcuttur. Konu ile ilgili son yillarda yapilan
calismalardan olan Phytolacca americana L. bitkisinin tirettigi PAP (Pokeweed Antiviral
Protein) proteini ve bunun birgok izoformlar1 antiviral-antifungal olup ribozom
aktivitesine engel olmaktadir, ayrica ribozomdaki piirinleri de hidrolize etmektedir [99].
Domashevskiy ve ark. [100]’da TEV (Tobacco Etch Virus) RNA piirinlerinin, bitki PAP
proteini ile hidroliz edildigini bildirmistir. Boylece bitkide immiin sistem daha harekete
gecmeden viriisler ekarte olmustur. Resesif dayanikliliga diger 6rnek ise;el F4E genin bir
izoformu olan elFiso4E geni mutantli olan A. thaliana bitkisi Tobacco Etch Viriis
(TEV)’ne karst dayaniklilik gostermistir [101]. A. thaliana’da bol miktarda bulunan
elF4E, translasyona baslama faktor proteinlerindendir. Benzer sekilde domates
hiicrelerinin hiicre i¢i membraninda Tm-1 gen iiriini, tiitlin mozayik viriisiiniin RNA’s1
tizerinde yer alan replikasyon protein genlerine baglanarak virlisiin replikasyonunu
onlemekte ve boylece bitki dayaniklilik kazanmaktadir [102, 103]. Tm-1, domates
mozayik viriisii (ToMV)’ne kars1 dayaniklilik genidir. Domates mozayik virtisii (ToMV)
de pozitif-kolonlu bir RNA viriisiidiir.

Baz bitkiler resesif R genleriyle, patojenin konukcudaki esas hedefinde interaksiyon
kaybr yaratarak indirekt (veya pasif) duyarlihk kaybina neden olmaktadir.
Transkripsiyon Aktivator-Benzeri Efektorler (TALEs: Transcription Activator-Like
Effectors), Xanthomonas cinsi fitopatojen bakterilerde bulunan 6nemli efektérlerdir
[104]. Celtikte bakteriyel yaniklik etmeni Xo0 nin TALEs proteinleri, konuk¢u bitkileri
infeksiyon i¢in gerekli olup aym1 zamanda konukguya ait resesif duyarlilik gen
transkripsiyonunu aktifleyen bir faktordiir. Sekil 7°de goriildiigli gibi patojen bakteri X00,
TALEs proteinlerini tip III bakteriyel salgi sistemi aracilig1 ile konukcu bitki geltige

injekte ettikten sonra konukcuya ait bazal bir transfripsiyon faktorii olan TFIIAYS ile
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direkt interaksiyon kurmaktadir. Bu interaksiyon duyarlilik genlerini ¢alistirarak bitkiyi
hastaliga tesvik etmektedir [105]. Ayni arastiricilar calismalarinda, transkripsiyon
faktoriinde yaratilan mutasyonla RNA1 araciligiyla Xo0’ya dayanikliligin artirildigini da
gostermislerdir. Sonugta konukcunun TFIIAYS gen ekpresyonu azaldigi zaman bitki
duyarliligi da azalarak hastaliga dayanikli hale gelmektedir. Boylece bakteri TALEs
proteinlerinin konukgudaki hedefi ile olusan interaksiyon kaybi bitkiyi hastaliga
dayanikli yapmaktadir. Yukarda agiklamalarda ele alinan TALEs ile farki kisaca su
sekilde Ozetlenebilir; Xoo-geltik interaksiyonlarinda TFIIAyS faktorii ¢ift fonksiyona
sahiptir, birincisi Xoo’nun bitkiyi hastalandirmasi i¢cin TALE efektorii gereklidir.
Patojene ait TALE ile bitki transkripsiyon faktorii TFIIAYS interaksiyon kurduktan sonra
duyarlilik genleri ¢alisarak bitkiyi hastaliga hazir hale getirmektedir. Ikinci fonksiyonu
ise konuyla ilgili ¢eltik R geninin promotdr bolgesinde TALE’yi baglayan 6zgiil baz
dizileri sayesinde bitki hastaliga karst1 korunmaktadir. Ancak mekanizmanin
biyokimyasal ve genetik detaylari heniiz bilinmemektedir. Kisaca TALE’ler konuk¢u
bitkide R gen allellerine bagli olarak ya direkt promotdre baglanarak bitkiye dayaniklik
saglamaktadir ya da konukcu transkripsiyon faktorleri ile baglanti kurarak duyarlilik
kayb1 yaratmak suretiyle bitkiyi hastalia tesvik etmektedir. Bu iki durumdan hangisinin
gelisecegi, TALEs efektorlerinin 6zel 6zelligi ile bitkinin ilgili R gen alleline bagli olarak
belirlenmektedir. Tarimsal biyoteknolojide TALEs tasiyan patojenlere karsi, bitki
duyarhilik genlerinin aktivitesini azaltacak bitki koruma ile ilgili ila¢ ¢aligmalari, dogal
seleksiyonla veya molekiiler biyolojik yontemlerle 1slah ¢aligmalari yeni bir uygulama

stratejisinin gelistirilmesinde 6nemli potansiyellere sahiptir.

Sekil 7 Xanthomonas bakterisi ile infekte olan geltik bitkisinin hastalik egilimi bitkinin 6zel bir
transkripsiyon faktorii ile tesvik edilir [105]. Bakterinin TALE efektorii, bitkinin bir
transkripsiyon faktorii olan TFIIAyS araciligiyla bitki duyarlilik genini tegvik yoluyla infeksiyon
icin promotor lizerinde 6zel bir bolgeye baglanir
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Bazi konukgu bitkiler R genlerinden farkli genlerle patojene karst kismi dayaniklihk
saglayarak belli oranda hastalik gelisimine olanak vermektedirler [106]. Bu grupta yer
alan genler “Adult Plant Resistance” (APR) genleri olarak isimlendirilir [106]. Hastaliga
kars1 duyarlilig1 azalan genlerle ilgili stratejiye gore patojen efektorlerini hedef alan bitki
proteinlerinin gen fonksiyonlarinda degisimler veya kayiplar meydana gelmektedir. Bitki
gen fonksiyonlarinda ki kayiplar ve hasarlar bitkiyi genetik olarak hastaliga dayanikli
kilmakta olup genis spektrumlu bir dayaniklilik sekli olan bu duyarlilik kaybi resesif bir
karakterdir [107, 108]. Ancak bu mekanizmada dominant negatif alleller de dahil olabilir
[33]. Mekanizmas: tam olarak bilinmemekle beraber bu grupta yer alan dayaniklilik
genleri bitki yasamimnin daha geg¢ evrelerinde etkilidir [106]. Mono- ve di-kotiledon
bitkilerde genis olarak dagilim gdsteren MLO alleli (MLO; Mildew Locus O), bitkiye ait
0zel bir integral membran proteini kodlamaktadir, arpada kiilleme etmeninin
penetrasyonu i¢in kritik dneme sahiptir [109]. Buna gore arpa MLO allellerinde meydana
gelen fonksiyon kaybi, bazi ascomycetes fitopatojenlerine karsi konukgu bitkiye 6zel
olmayan genis 6l¢ekli bir dayaniklilik saglamaktadir [109]. Yani MLO gen ailesinin belli
homologlari, kiilleme hastaliginin duyarlilik faktorleridir ve MLO’da goriilen fonksiyon
kayiplar1 bir¢ok bitki tiirlerinde stirekli siirdiirtilebilir MLO dayaniklilig1 saglamaktadir
[110].

Sonug¢ ve Oneriler

Efektor-reseptor iliskisinin  biyolojik sonuglari tarimsal 1slah ve bitki koruma
miicadelesinde Onemli ve yeni bir konudur. Hala bilinmeyenleri ¢ok fazla olan ve
kesfedilmeyi bekleyen bitki sinyal yolaklarina ait efektoér biyolojisinin alt arastirma
konular1 olan NLR molekiillerinin kofaktoér gereksinimleri, NLR aktivasyonunda
sekonder ara olaylar gibi caligmalar da siirekli genislemektedir. Biyotik bir canliya ait
olan ve konukgu bitkiye yabanci bir kimyasal madde, reseptor olarak isimlendirilen bitki
hiicre sensorleri aracilify ile fiziksel kontak kurar ve hemen ardindan konukgu hiicre
icinde bir dizi molekiiler olaylar serisinin harekete ge¢gmesiyle meydana gelen hiicresel
tepkiye neden olan islemler toplami sinyal yolaklar1 (signal transduction) olarak
isimlendirilmektedir. Bu yolda islevsel olan molekiiller, bir bilgisayarin iletisim agina
benzer sekilde, birbirleriyle etkileserek koordineli olarak bir kombinasyon agi
olustururlar. Patojen organizmalar, sinyal yolaklariin herhangi bir ara asamasinda

karsisina ¢ikan engelleri alt etmek icin siirekli olarak evrimlesmektedir. Benzer sekilde
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bitkilerde yeni savunma stratejileri gelistirmektedirler. Boylece bitki immiinitesi
dahilinde bitki korumaya yonelik yeni stratejilerin gelistirilmesi dezorunlu hale
gelmektedir. Ozet olarak bitki immiinitesinin yeni savunma strateji hedeflerinin ana
hatlar1 asagidaki sekilde degerlendirilebilir;

1) Patojen efektorleri veya analoglart tek veya efektorler kokteyli seklinde
bitkiye 6nceden uygulanmak suretiyle bitkinin immiinitesi tesvik edilebilir boylece kismi
dayaniklilik saglanabilir. Ornegin Rhizobium sp. tiirii nodozite bakterilerinin baklagil
koklerinde bitkilerle simbiyotik bir iligki i¢inde yasadigi bilinmektedir. Nodiilasyon i¢in
cesitli efektorleri bitkilere gonderen rhizobiyumlarin bazi efektorleri bitki savunma
tepkimelerini de harekete gecirebilmektedir, baz1 efektorleri ise savunmayi
baskilamaktadir. Ayrica rhizobiumlar marul, kanola, Arabidopsis gibi baklagil
familyasindan olmayan bitki tiirlerinin koklerini de kolonize edebilmektedirler [111].
Bitki korumada biyolojik pestisit olarak kullanilan Bacillus thuringiensis modeline
benzer sistemler gelistirilerek Rhizobium gibi patojenik olmayan mikroorganizmalar da
sentetik kimyasallar yerine dogal kimyasallar olarak bitki immiin savunmay1 harekete
gecirmede Oneri olarak sunulabilir.

2) Yine bitki korumaya yonelik genel ilagclama yerine direkt efektorleri hedef
alarak bunlarin etkisini zayiflatacak veya inaktif edecek kimyasal/biyolojik miicadele
yontemleri  gelistirilebilir. Mikroorganizmalarin  kendi aralarindaki antagonistik
mekanizmalara dayali birbirlerine zit etkili efektorlerin arastirilmasi gerekmektedir.

3) Patojenler tarafindan efektorler bitki sitoplazmasina injekte edildikten sonra
sitoplazmik R-gen proteinleriyle dolayli veya dolaysiz baglanti kurmaktadir. Bu baglanti
yollar1 ortaya ¢ikarilip kimyasal/biyolojik uygulamalarla bloke edilebilir veya reaksiyona
girecegi bitki R-gen proteinleri kimyasal yolla manipule edilebilir boylece efektorle
interaksiyon engellenebilir.

4) Bitkilerin duyarlilik gen fonksiyonlar1 degistirilerek bitkiye dayaniklilik
saglanabilir. Bazi patojen efektorleri bitki R-gen transkriptleriyle interaksiyona girerek
bitkinin hastalik duyarliligini artirmaktadir. Bu R-gen transkriptleri kimyasal/biyolojik
uygulamalarla inaktif edilerek efektorle baglantisi fiziki olarak kesilirse, bitki dolayli dayaniklilik
kazanabilir.

5) Patojen efektorlerinin etkisini bitkiler tarafindan dogal azaltacak

mekanizmalar tesvik edilebilir. Ornegin bazi bitkiler ribozom-inaktif eden proteinlere
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(RIP protein) sahiptir, bu proteinler antiviral ve antifungal 6zelliktedir ve organizmalarin
niikleik asitlerine ya da ribozomlarina zarar vererek patojeni etkisizlestirmektedir.
Boylece bitki immiinitesi harekete ge¢meden bu tarz mekanizmalar ve indiiksiyonla
tesvik yollar1 arastirilabilir.

Bitki R-gen promotorleri patojen efektorlerle interaksiyona girebilmektedir. TALEs
efektor orneginde oldugu gibi bitkinin R gen allel 6zelligine bagli olarak bazi TALE
efektorleri duyarlilik genlerinin promotdriine baglanir. Bu promotor bolgeler aslinda bitki
tarafindan gelistirlen TALE’leri tuzaga diisiirme yontemidir. Boylece promotor
taklitciligiyle tuzaga diisiiriillen efektorler bitkinin dayaniklilik genlerini ¢alistirmaya
baslar. Bitkiler de TALE baglayan gen bdlgelerinin varlig1 tespit edilirse, promotdre
uygun analog efektorlerle dayaniklilik genleri ¢alistirilabilir.

Efektor-reseptor biyolojisi, fizyoloji, biyokimya, molekiiler biyoloji, genetik,
biyoinformatik gibi interdisipliner alanlardan elde edilecek bilgiler 1s1ginda
aydinlanacaktir. Ama en 6nemli konu ise buradan elde edilecek kiimiilatif sonuglarin
tilkemizde bitki koruma 1slahina uygulanabilirligi, bu teknolojilerden ne gibi sonuglar
tiretilecegi, nasil yarar saglanacagi ve gida giivenligi mutlaka temin edilmelidir. Bu
dogrultuda siirdiiriilebilir yeni bitki koruma planlari olusturularak, bitki-patojen
interaksiyonlarinin hangi asamasinda ve nasil etkili miicadele yontemleri gelistirilmesi
gerekliligi konusuna zemin hazirlanacaktir.

Bitki immiinitesi, bitkilere gen nakilleri yapilmadan bitkinin mevcut sistemleri harekete
gecirilerek kismen veya tam dayamklilik saglama olasiliklart sunmaktadir. indiiksiyon
icin ¢ok cesitli kimyasallarla uygulanabilir, stirdiiriilebilir, pahast makul olan ve
insan/¢evre zararini minimumda tutacak dogal, sentetik/yar1 sentetik maddelerin kesti ya
da biyolojik yolla uygulamay1 miimkiin hale getiren projeler gelistirilmesi gerekir. Sonug
olarak bitki hastalik dayaniklilik 1slah1 amagh arastirmalarda bitkisel sinyal transdiiksiyon

olaylar1 ¢ok biiyiik bir potansiyel tasimaktadir.
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ABSTRACT

The fact that foods can provide additional medicinal health benefits beyond basic energy
requirements and nutritional needs for survival, has been proven through rigorous scientific
researches over the years. Although Turkey is historically believed to be the ancient origin of a
decent number of fermented probiotic foods and beverages, there is still little awareness
amongst the overall populace regarding the usefulness of these medicinal products also known
as functional foods. Hence, the current review article discusses probiotics as a top notch variety
of functional foods and encapsulates their history as well as some proven beneficial effects of
some known probiotic microorganisms on human health. More importantly, greater emphasis
is placed on elucidating scientific data on seven fermented traditional probiotic beverages of
Turkish origin namely boza, kefir, ayran, shalgam, hardaliye, koumiss and gilaburu juice. The
paper concisely describes their main characteristics, probiotic microbiota composition,
production techniques as well as nutritional properties and some potential health benefits
derivable from their consumption.

Probiotics concept: An overview
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The term “probiotic” has its roots in the Greek word “probios” meaning “For Life”. After

knowledge of the existence of probiotics came to the forefront, several definitions have been

proposed by various experts and scientists [1, 2, 3].

The most widely accepted definition given by the World Health Organization (WHO) and

currently in use today describes probiotics as “Live microorganisms which, when

administered in adequate amounts, confer a health benefit on the host.” [4].

Prebiotics and synbiotics

Prebiotics and synbiotics are the two terms that usually appear to play a complementary role

wherever probiotics are mentioned or used. Prebiotics are non-digestible food components
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which improve the health condition of a host via stimulation of the activity and/or growth of
a limited number of microorganisms resident in the gastrointestinal tract (GIT) [5]. Prebiotics
are also described by experts as non-viable food constituents that impart a benefit to the host’s
health through the modulation of gut microbiota [6]. Although prebiotics are found in natural
products, they may also be added to foods in order to improve their health and nutritional
values. Several foods viz. asparagus, banana, chicory roots, onions, garlic, tomato, alliums
and Jerusalem artichoke are very rich in the prebiotics fructo-oligosaccharides (FOS) and
lactulose whereas raffinose and stachyose are naturally present in beans and peas [7].

The term “Synbiotic” refers to a combination of probiotics and prebiotics acting
synergistically to improve the host’s health [5]. They are also defined further as mixtures of
prebiotics and probiotics which beneficially impart the host’s health by improving the
implantation and survival of live microbial dietary supplements in the host’s GIT [8].
Typical examples of synbiotic combinations used in nutrition include: Lactobacillus + inulin;
Bifidobacterium and Lactobacillus + inulin; Bifidobacterium, Lactobacillus and
Streptococcus + FOS; Bifidobacterium and Lactobacillus + oligofructose [9].

History of probiotics at a glance

The knowledge of the benefits of lactic acid fermentation on man’s health dates back to
prehistoric times. The Bible has records of sour milk consumption by our forefathers, and in
fact, it is believed by Persian traditions that Abraham owed his longevity and fecundity to
habitual yogurt consumption [70]. The Bible in Genesis 18:8 also reveals further that
Abraham did not only consume fermented sour milk but also customarily entertained guests
with it. Furthermore, several records have shown that between 2000 and 3000 BC, fermented
milk products (milk, butter and cheese) were commonly used in different civil establishments
such as Egyptians, Indians, Greeks and Romans [10]. In ancient Greece and Rome, fermented
milk consumption was recommended for children and convalescents. The Roman naturalist
Pliny the Elder also suggested the consumption of fermented milk for the treatment of
intestinal problems [10].

Even though the term “probiotics” which is currently being used today to describe bacteria
associated with beneficial health effects, was not coined until mid-1960, the unprecedented

works done by Henry Tissier and Eli Metchnikoff in the beginning of the twentieth century
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had already given some inspiring shreds of scientific evidence towards the probiotics
concept. A French pediatrician at the Pasteur Institute in Paris, Henry Tissier in 1906 reported
that infants with abundant bifidobacteria in their intestinal system had minimal
gastrointestinal troubles, as evidenced by low diarrheal problems. On the contrary, stool
samples of children suffering from diarrhea were found to have a very low amount of these
“bifidobacteria” [11]. Tissier, therefore, suggested the administration of these bifidobacteria
to patients suffering from diarrhea in order to help restore a healthy gut microflora. In the
same vein, in 1908, Eli Metchnikoff, a Russian immunologist and scientist also at the Pasteur
Institute in Paris, won the Nobel Prize for medicine for his research revealing that destructive
microbes could be substituted by beneficial ones to treat intestinal disorders and illnesses.
Metchnikoff had observed that the countryside residents of Bulgaria lived long in spite of
severe poverty and unfavourable climatic conditions. They had an average lifespan more than
the richer Europeans, and he reported that they consumed fermented milk products heavily
populated with lactic acid bacteria (LAB). He hypothesized that those LAB offered a special
kind of protection against intestinal autointoxication. Metchnikoff, therefore, concluded that
the LAB present in the fermented milk products had antiaging health benefits [12]. The
pioneering works of these two scientists - Henry Tissier and Eli Metchnikoff are known to
be the studies that established scientific hypotheses regarding the existence and use of
probiotic microbes.

History of probiotics at a glance with the Turkish and Turkic People

The ancient Turkish people who dwelt as nomads in Asia were the first to make yogurt which
was called “yoghurut” (Turkish: yogurt) [64]. Hence, the name “yogurt” as popularly known
today is widely documented to have originated from the Turkish word “yogurmak”, meaning
“to coagulate, thicken, or curdle” [65]. The Turkish-originated yogurt which had been
invented in modern day eastern Anatolia (Eastern Turkey) - a part of the erstwhile
Mesopotamia - dates back to five thousand years ago. Furthermore, the use of yogurt by
medieval Turks was also recorded in the books Diwan Lughat al-Turk and Kutadgu Bilig
which were both written in the 11th century [66, 67, 68]. The word “yogurt” was mentioned

in the texts and its use by nomadic Turks was reported. The Turks were also reported as the
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first to evaluate the medicinal use of yogurt for various illnesses and disease symptoms, such
as diarrhea and cramps, and for alleviation of the discomfort from sunburnt skin [68].
Probiotics as an ideal and typical functional food

The term "Functional Food" refers to special foods that have curing and/or preventive effects
beyond their nutritional value. In other words, functional foods are substances or supplements
which are consumed to obtain a specific result [13].

There are varieties of functional foods recently developed many of which are being produced
all around the world. These include foods enriched with prebiotics, probiotics, synbiotics,
anthocyanins, phytosterols, antioxidants, and isoflavones as well as other functional foods
like salt-reduced, fat-reduced, and sugar-reduced foods. The first choice to exert beneficial
effects on human health among these foods are functional probiotic foods [14].

Table 1 highlights the proven beneficial health effects of some globally studied probiotic
strains.

Table 1 Beneficial effects of some probiotics on human health*

Probiotic Probiotic Species Proven Benefits on Human Health
Group
Lactobacillus casei . Treatment of lactose intolerance;
Shirota . Treatment of antibiotic, bacteria and virus-associated diarrhea
Lactobacilli (i.e. rotavirus, Clostridium difficile).
Lactobacillus . Remediation of inflammatory conditions via the modulation of
rhamnosus GIT microbiota;
GG . Reduction of the duration of antibiotic- (erythromycin) induced
diarrhea;

. Downregulation of the immune-inflammatory response in milk
hypertensive subjects.

Lactobacillus casei . Stimulation of the immunity of the GIT;

. Alleviates the symptoms of Crohn’s disease;

. Reduction of the severity and duration of diarrhea;
. Exhibition of strong antimicrobial activities.

Bifidobacte | Bifidobacterium . Inhibition of enteropathogen-cell interactions by adhering to
ria breve human intestinal epithelial cells;
. Augmentation of anti-rotavirus or anti-influenza virus IgA
production;

. Activation of the humoral immune system.
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Bifidobacterium . Reduction of the incidence of diarrhea;

bifidum . Prevention of infectious diarrhea (by a small protective effect
which is observed as reduced shedding of rotavirus);

. Competing successfully for nutrients and space against
putrefactive or pathogenic bacteria;

. Increases seroconversion rates and antibody responses;

. Secretion of acetic and lactic acids (which help the inhibition of
invasive pathogens like Candida spp. and Escherichia coli).

Bifidobacterium . Reduction of the risk of acute diarrhea in human;

animalis . Normalization of the intestinal motility of obstipated subjects.
Yeasts Saccharomyces . Reduction of the risk and the duration of antibiotic associated

cerevisiae Boulardii diarrhea (AAD);

. Prevention of traveler’s diarrhea. It alters the GIT microbiota in a
healthy mode and treats AAD or Clostridium difficile diarrhea;

. Inhibition of the development of pathogenic colitis and
enterocolitis.

*Adopted and modified from [15]
Fermented traditional probiotic beverages of Turkish origin

Up to date, there are only a few individual reports on each fermented traditional Turkish
beverage encountered in the literature [16, 17, 18, 19, 20] and two reviews highlighting some
popular products [21, 25]. Thus, the current paper aims to fill in the existing knowledge gap
by combining reports of individual studies in a clear, concise and unprecedented manner, and
holistically reviewing all the major fermented traditional probiotic drinks (kefir, ayran, boza,
hardaliye, shalgam, gilaburu juice, and koumiss) produced and consumed in different regions
of Turkey. The study provides concise information with regards to their characteristics,
production techniques, probiotic microbiota composition, nutritional data and health benefits.
Kefir

Kefir is a slightly acidic mildly alcoholic fermented beverage which is widely consumed in
Turkey, and it has been described as the 21% century yoghurt [22]. The name ‘“kefir”
originates from the Turkish word “Keyif” which means “Joy/Pleasure” and it is used to
describe the contentment experienced from drinking this beverage [23, 24]. Kefir can be
produced by the fermentation of milk from cow, goat, ewe, or other sources [25]. For
example, milk derived from plants such as coconut has been used to produce kefir in India
and some other parts of the world [26]. Traditionally, it is produced by inoculating the starter

culture “kefir grains” (i.e. a consortium of bacteria and yeasts in a polysaccharide matrix) to
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pasteurized milk [24, 27]. The microbial constituents of kefir grains include lactic acid
bacteria (LAB), lactose-fermenting yeasts (produce ethanol and CO3), acetic acid bacteria
(AAB), and non-lactose fermenting yeasts. The LAB are mainly responsible for lactose
conversion into lactic acid, resulting in a pH drop and enhancing preservation [28]. Kefir’s
main fermentation products include ethanol, lactic acid and CO2, which confer on the
beverage low alcohol content, acidity and viscosity. Some minor components such as amino
acids, acetaldehyde, diacetyl and ethyl may also be produced, contributing to its flavor
composition [28]. The microbiological quality and physicochemical properties of kefir are
influenced by the microbial property of used kefir grains, the grains to milk ratio, incubation
temperature and time, storage temperature and sanitation conditions [29]. Kefir has been
reported to exhibit antimicrobial activity which is attributable to lactic acid, bacteriocins,
hydrogen peroxide, acetaldehyde, volatile acids, diacetyl, and/or carbon dioxide produced by
the bifidobacteria and the LAB present in the drink [30].

The traditional procedure for kefir production is described in figure 1 below.

Faw milk

/

Fat standardization

J

Homogenization

Cooling to incubation temperature

/

Pasteurization (2 min at 90 =)

Inoculation of 2 % w/v kefir gramns

/

25 °C Incubation for 24 hours

Femoval of kefir grains with sterile sieve

/ N\

Packaging of Kefir beverage EKefir grains

Storage by Pefriperation Waszh with sterile dizstilled water & re-inoculats grains

Fig 1 Traditional method of kefir production [29]
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Ayran
Ayran otherwise known as yoghurt drink is a delicious fermented milk beverage. It is

produced by either the addition of water to yoghurt or by inoculation of starter cultures
containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus to
pasteurized and standardized milk [31]. In other words, the blending of yoghurt with 30-50
% of water and 0.5-1 % of salt results in the generation of the beverage called ayran [32].
Ayran is consumed widely as a national drink across the length and breadth of Turkey. It is
a highly valuable and readily digestible drink that is rich in calcium and vitamin. The
chemical composition of ayran depends on the kind of milk used, the efficiency of fat
removal and the dilution rate [25].

It has been proven that by using inulin as prebiotic and L. acidophilus and Bifidobacterium
spp as the probiotic strains, the improvement of ayran’s functional and probiotic properties
is possible. This improved product was reported to have a better taste and higher
Lactobacillus count [33].

The two different methods of ayran production are highlighted in figure 2 as follows.

Milk Standardization Standardization of milk

|
Dilution of milk Homogenization
Homogenization (3-20 min) Pasteurization 85-95 °C
! \
Pasteurization 83-835 °C (5-20 min) Inoculation
/ l
Incculation Incubation (43-44 *C)
|
Incubation (43-44 *C) Cooling (20 *C)
Cooling (20 *C) Addition of water
Addition of szlt and mixing Addition of salt and mixing
/ \
Ayran Ayran

Fig 2 Two industrial techniques for ayran production [25, 34]
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Boza

Boza is a fermented traditional non-alcoholic Turkish beverage manufactured by a
combination of yeast and lactic acid fermentation of cereals or grains such as maize, millet,
rice semolina, rye or wheat, and mixed with sugar or saccharine. It is consumed widely in
Turkey and many Balkan countries owing to its pleasant flavor, taste and nutritional
properties [35].

The two kinds of fermentation that occur in boza production are lactic acid fermentation by
LAB as well as alcoholic fermentation by yeasts. Antimicrobial metabolites such as lactic
acids are produced by the LAB and these increase acidity which imparts a preservative effect
whereas the metabolites produced by the alcoholic fermentation of the yeasts bring about the
odor and mouthfeel of boza [25, 37, 38]. The utilization of different kinds and amounts of
cereals and/or cereal products as raw materials as well as the uncontrolled fermentation
conditions can result in different compositional variations in boza drinks [35, 36].

The production technique of boza is briefly described in figure 3 below.

Cleaning & milling of raw materizls (cereal)

A ddition of water to the cerasl at ratio 5:1

Bepiling for 1-2 hours

Filtration & Femoval of bran, ball

Cooling by stirring

Addition of suzar'saccharine powder (20-25 %) a3 substrate for LAB & yeasts

Agddition of Starter calture (previons Bazs)

Fermentation at 30 =C (24 howrs)

Packzzing in plastic or glaz:s container

Fig 3 Industrial production of boza [37, 38]

553



Hardaliye
Hardaliye is a red grape-based fermented traditional non-alcoholic beverage produced in the

Thrace region (the European side of Turkey) [39]. Hardaliye has been classified as a non-
dairy probiotic beverage due to its rich LAB flora [40].

The nutritional value of hardaliye emerges from grapes and the fermentation process. The
functional properties and health benefits of hardaliye are attributable to its ingredients i.e.
grapes, mustard seeds (contain etheric oils, allyl isothiocyanate and sinigrin which is a
carcinogenesis-suppressing agent). Grapes are known to be very rich in phenolic contents,
thus hardaliye provides high antioxidant effects, thereby preventing oxidative stress and
contributing to the inhibition of carcinogenesis. Furthermore, hardaliye’s high phenolic
content and strong antioxidant capacity also decreases serum homocysteine concentrations
[41]. Besides its nutritional value, hardaliye also aids digestion system and helps in the
prevention of coronary heart disease [40]. In addition, mustard oils have been found to exert
medicinal effects on circulatory disorders, common cold and bronchitis, and possess
antimicrobial properties [41]. One glass of hardaliye contains 39 g of carbohydrates and
supplies 170 kcal of energy. Owing to its palatable, salt-free, nonalcoholic, low-fat and non-
dairy characteristics, it is suitable for consumption by vegetarians, children, hypertensive,
dairy intolerant, and people with high cholesterol levels [41].

The traditional technique of producing hardaliye is described in figure 4 below.

Shalgam (Salgam)

Shalgam is a cloudy, red-colored and sour black carrot juice that is produced by lactic acid
fermentation of a mixture of black carrot, bulgur (broken wheat) flour, turnips, salt and water.
The raw materials of shalgam juice are rich in sugars that can be fermented by yeasts and
LAB. Shalgam juice is a highly nutritional beverage due to its high mineral, amino acid,
polyphenol, and vitamin contents [44, 45]. It is reported to possess 88.3—114.1 mg/L of the
anthocyanin called cyanidin-3-glycoside. The extraction of this compound from black carrot

into the shalgam juice occurs during processing [46].
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Washmg of crapes
Crushing & transfer to a wooden (eak) or plastic barrels

Weighing of 0.2 %% crushed mmstard seeds (Brassica nigra(L.) n a cloth bag

!

Mixing with crushed cherry leaves (Prumus cerasus L) to enhance aroma

l

Heating mixture to 50 “C in a small amount of grape juice
Addition of 0.1 % benzoic acid
Cooling

!

Fermentation at room temp.: 7-10 days (Recirculation of the juice twice every day)

Filtration & bottling

/

Storage at 4 °C for 3 to 4 months

Fig 4 Industrial production of hardaliye [42, 43]

According to Yilmaz-Ersan and Turan’s study, the mineral contents of shalgam juices
obtained from domestic markets in Bursa, Turkey comprise calcium, phosphorus,
magnesium, potassium, and sodium as the major elements, with about 1 mg/L of heavy

metals [47]. The traditional technique of shalgam production is briefly explained in figure 5
below.
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Mixing of bulgur flour, salt & water

Addition of sourdough (obtained by overnight fermentation of baker’s yeast dough at room temp.)

l

1" (Sourdough) Fermentation
Fermentation of the mixture for 3-5 days
{To increase the LAB & veast mmmbers)

Extraction of the mixture with water

Addition of sliced black carrot, tumip & salt to the extract in a tank

/

2" (Carrot) Fermentation
(For 3-10 days)

Filtration of gha]gam juice

/

Packaging in bottle or plastic container

Fig 5 Traditional method of shalgam production [45, 48, 49]

Gilaburu juice

Gilaburu juice is a fermented fruit juice made from the European cranberry bush (Viburnum
opulus L.) which is the fruit of a deciduous shrub belonging to the family Caprifoliaceae. It
is mainly grown indigenously in the Central Anatolia Region of Turkey, and traditionally the
fruits are collected at the end of autumn. The barks and fruits of European cranberry bush
tree have wide use in pharmacology. Its antispasmodic properties were independently
discovered by European, Asian and Native American people. In addition, it is also being used
for relief from asthma, fever, cold, menstrual cramps, stomach ache, nervousness, cough,
blood pressure, water retention problems, infertility and uterine infections [50].

Fermented gilaburu (European cranberry bush) juice may be considered as a potential
functional food as it contains a couple of antioxidants such as anthocyanins, ascorbic acid,

flavonoids and phenolic acids at high levels. Furthermore, considering the large amounts of
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LAB species present in the fermented fruit juice, it may also be regarded as a potential
probiotic product [16]. Owing to its astringent taste, this juice has low acceptability but it is
however believed that the local consumers can suppress its extremely sour and bitter taste by
a longer fermentation period [51].

The traditional method of gilaburu juice production is summarized in figure 6 as shown

/ Washing of Fibwrnum opulus(L. fruite with water \

Transfer mto plastic jars & fill with water

/

Spontaneous fermentation at room temperature (3-3 momnths)

below.

Seuashing of the fruits to obtam juice

Addition of some water & supgar (if desirad)

\_ . Y,

Fig 6 Traditional method of gilaburu juice production [51]

Koumiss

Koumiss also known as “Kimiz” in Turkish is a mildly alcoholic and sour traditional dairy
product which is produced from the fermentation of mare’s milk. Koumiss which is believed
to have first originated from the Central Asian nomads possesses a smell similar to that of
sour buttermilk or sour cheese and gives foamy appearance when shaken. The name
“koumiss” is also mentioned in Divan-Lugat at-Turk where it is described by Kashgari
Mahmut as “soured mare's milk” and it is found in Turkish dialects till today [66]. Even
though it is a significant beverage especially for Turkish, Bulgar and Mongol peoples, it is
also valuable for the people of Kazakhs, Kyrgyz, Uygurs and Yakuts origin [60]. It is
especially widely consumed in Mongolia as a national drink and in Russia for its therapeutic
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values. Slightly similar to kefir but in contrast to the solid kefir starter, i.e. “kefir grains”,
koumiss is made from a liquid starter and has a sharp acidic and alcoholic taste [69]. Owing
to the limited availability of mare’s milk, cow milk which is richer in fat and protein content
but lower in lactose than mare’s milk, is now being used for the commercial manufacture of
koumiss [52]. Koumiss is a long-lasting drink, thus it has been consumed for many years by
nomadic Turks both for quenching thirst and for health improvement [69].

The production technique of koumiss is described in figure 7 as follows.

Fresh Mare's or cow milk

/

Heating (for 5 min at 50 - 92 “C)
Cooling to 27 *C

Inoculation of starter culture (Laciobacius and yveast)

/

Incubation at 28 °C (until acidity reaches 0.7 - 0.8 %%)

/

Agitation (every 1-2 hours)

Stirring & Cooling (to 20 °C)

/

Packaging

/

Cold Storage (4 °C for 24 hours)

Fig 7 Steps involved in the production of koumiss [52]
Lastly, table 2 summarizes the available scientific data on the seven major fermented
traditional probiotic beverages of Turkish origin giving concise information about their

sensory or organoleptic properties, raw materials, nutritional data and probiotic microbiota
composition.
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Table 2 Summary of fermented traditional probiotic beverages of Turkish origin*

Beverage Nutrition Data Sensory Property and Substrate Microbiota/Probiotics Composition References
Nature
Per 100 g: fat 1-5 g, protein 3-0— | Effervescent milk, Sour, | All kinds of milk | Lactobacillus. brevis, L. acidophilus, L. kefiri, L. | [21, 25, 29,
Kefir 3-4 g, and lactose 2-0-3-5 g, lactic | acidic and slightly alcoholic, | (cow, goat, camel, | bulgaricus, L. plantarum, L. casei, L. kefiranofaciens, L. | 53, 54, 55,
acid  0-6-1-0ml/100  ml(19), | viscous, self-carbonated, | sheep,  buffalo) | helveticus, L. buchneri, L. caucasicus, Strep. 56]
vitamins B1, B12, B6, K, ascorbic, | elastic  consistency, and | and milk | thermophilus, S. durans, Leuconostoc mesenteroides,
folic acid, amino acids, Mg, Ca, P | uniform creamy, perceivable | substitutes, e.g. | Lactococcus lactis, L. cremoris, Bifidobacterium bifidum,
yeast aroma, tart flavour, | soya milk, | Pediococcus acidilactici, Kluyveromyces marxianus K.
slightly foamy body with | coconut and rice | lactis, Candida inconspicua, C. kefyr, S. cerevisiae,
white/yellowish colour milk Cryptococcus humicolus
Total DM (1-07-11 %), fat (0-1-3 | Low viscosity and non- | Cow Milk or | Streptococuus thermophilus, Lactobacillus delbrueckii | [21, 25, 34,
Ayran %), protein (1-44-3-48 %), salt | alcoholic others subsp. Bulgaricus 53]
(0-17-1-75 %) and high content of
vitamins and Ca
Lactic acid, carbohydrate, protein, | Colloid suspension, Viscous | Millet flour, | Lactobacillus plantarum, L. brevis, L. acidophilus, L. | [21, 25, 36,
Boza vitamins and fibre such as | liquid, slightly sweet or sour | maize, rye, oat, | fermentum, L. coprophilus, Lactococcus sp., Leuconostoc | 37, 40, 53,
pyridoxine, riboflavin, thiamine, | flavour, pale yellow, acidic | and barley flour or | mesenteroides, Lc. reffinolactis, Pediococcus sp., Sacch. | 97 58]
and nicotinamide and alcoholic odour Wheat and rice | cerevisiae, Candida glabrata, Candida tropicalis,
semolina Geotrichum candidum and Geotrichum penicillatum
Antioxidants, phenolic content, | Acidic, non-alcoholic, | Red grape juice | Lactobacillus paracasei, L. brevis, L. acetotolerans, L. | [25, 39, 40,
Hardaliye | Sinigrin (from mustard seeds) original colour of the grapes | and casei ssp. Pseudoplantarum; L. pontis, L. sanfranciscensis | 42,43]
Pomace
Vitamins (A, C, and B), minerals | Red-coloured, Black (purple) | Lactobacillus plantarum, L. brevis; L. paracasei, L. | [44, 45, 49,
Shalgam | (Ca, K, and Fe), amino acid and | cloudy, sour, non-alcoholic | carrot delbrueckii, L. buchneri, Leuconostoc mesenteroides ssp. | 59, 61]
polyphenol content (Daucus carota), | cremoris, L. mesenteroides ssp.  Mesenteroides,
turnip (Brassica Pediococcus pentosaceus, Yeasts
rapa)
Antioxidants e.g.  flavonoids, | Non-alcoholic and astringent | Cranberry  bush | Lactobacillus brevis, L. casei, L. plantarum, L. buchneri, L. | [16]
Gilaburu | anthocyanins, ascorbic acid, and | without the addition of sugar | (Viburnum opulus | harbinensis, L. pantheris, L. parabuchneri, Leuconostoc
juice | phenolic acids L.) pseudomesenteroides
Ash 0.4-0.5%, Ethanol 0.6-2.5%, | Milky gray colour, acidic, | Mare’s milk or | Lactobacillus casei, L. bulgaricus L. acidophilus, L. | [23, 60, 62,
Koumiss | CO2 0.5-0.9%, Lactose 3.5-4.3%, | mildly alcoholic and sour, | cow milk fermentum, L. salivarius, L. buchneri, L. heveticus, L. | [69].

Lactic acid 0.7-1.8%, Protein 1.7—
1.9%, Lipid 0.6-1.3%, Total solid
10.6-11.3%, Ca, P, Mg

slightly carbonated
fermented dairy beverage

plantarum, L. kefiranofaciens Torula
Saccharomyces lactis, Streptococcus lactis

koumiss,

*Adopted and modified from [63
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Conclusion

Taking into account the numerous historical records describing the various health benefits
that have been derived by man from the consumption of fermented foods, it goes without
saying that probiotics have an ancient history, and particularly so with the Turkish and Turkic
people. It can also be inferred that the long lifespan of people in prehistoric age is attributable
partly or wholly to their regular consumption of health-promoting fermented probiotic
products as encapsulated in this review. Furthermore, considering the many scientific
researches that have been published worldwide over the years, there is sufficient data to show
that probiotics are unarguably gaining more popularity than other functional foods. More
importantly, it has been established in the current paper that Turkey is an origin country for
several probiotic-containing functional beverages such as yogurt, kefir, boza, ayran, shalgam,
hardaliye, gilaburu juice and koumiss, which have been concisely discussed in order to stir
up deeper academic research interest. Owing to the fact that there is already more than enough
data in the literature about yogurt globally, it has not been separately discussed in detail in
the current review, rather the paper has focused on highlighting the other seven major
beverages which seem not to have gained as much popularity as does yogurt. In conclusion,
further research and publications especially aimed at demonstrating the medicinal health
benefits of these indigenous Turkish beverages are recommended in order to promote more

awareness about them and also encourage their habitual consumption by the populace.
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OZET

Giinlimiizde genom dizileme ve biyoinformatik alaninda elde edilen basarilar daha 6nce tek
hiicreli organizmalar ile sinirli oldugu diistiniilen yatay gen transferlerinin (YGT), bitkiler
dahil ¢ok sayida gelismis organizmada da yaygin bir sekilde var oldugunun anlasilmasi
genetigi degistirilmis organizma (GDO)’lar kapsaminda yapilan tartigmalara farkli bir bakis
acis1 sunmaktadir. Ozellikle biyoteknoloji alaninda ortaya konan genom diizeltme ve
nanobiyoteknoloji gibi yeni metodolojik yaklagimlar ile yakin gelecekte bunlara ait tarimsal
tirlinlerin GDO 6zelinde yapilan tartismalardaki yeri Ve bu iiriinlerin dogal {iriin kategorisinde
degerlendirilip degerlendirilmeyecegi biiyiik bir merak konusudur. Alglerden yiiksek bitkilere
kadar farkli organizmalar arasinda DNA, RNA ve organel genomu gibi degisik boyutlarda
ortaya ¢ikan genetik materyal transferlerinin bitki 1slah1 agisindan ele alinmasi ve ortaya ¢ikan
yeni bilgiler 1g181inda bitkilerde dayaniklilik mekanizmalarinin gelistirilmesi kendi igerisinde
onemli bir potansiyel barindirmaktadir. Ancak giincel metodolojik yaklagimlar kullanilarak
yakin gelecekte ortaya ¢ikacak iirtinlerin de GDO kapsamindaki tartigmalara dahil edilmesi
hem ilgili teknolojilerin gelismesine hem de iriinlerinin potansiyel kullanimlarinin
siirlandirilmasina neden olabilecektir. Bu nedenle genetik modifikasyonlar ile GDO
kavramlarinin farkli bir bakis agisi ile ele alinarak yeniden degerlendirilmesi gerekmektedir.
Bu caligmanin amaci bitkilerde dogal olarak meydana gelen YGT ve genetik modifikasyon
kavramini GDO bakis agist ile yeniden ele almak ve ilgili alanda yetersizligi ve eksikligi
oldugu diisiiniilen tanimlayict bir GDO terminolojisini ortaya koymaktir. Bu nedenle
ayristirici ve daha tanimlayici olmasi i¢cin GDO teriminin Evrimsel GDO, (eGDO), Tarimsal
GDO (tGDO) ve Biyoteknolojik GDO, (bGDO) seklinde siniflandirilmast ilgili alanda yapilan
tartismalara 6nemli katkilar sunacaktir.
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Genetically Modified Natural Plants: Horizontal Gene
Transformation

ABSTRACT ARTICLE HISTORY
Current achievements on genome sequencing and bioinformatics revealed that horizontal gene ZRg(ilvﬁd2021
transformation (HGT) is not limited to single cellular organisms and is very common in Acceprtled

several developed organisms as well, including plants which brought a new perspective on 07 Juﬁe 2021

debate about genetically modified organisms (GMOSs). There is a big curiosity whether or not
agricultural products of new methodological approaches such as genome editing and

nanobiotechnology will be classified as natural products or as GMOs. Transduction of genetic KEY WORDS
materials such as DNA, RNA or organelle genomes among various organisms brings its own GMO,

potential to develop resistant/tolerant mechanisms under the light of new knowledges when it genetic modification,
is considered with plant breeding perspectives. However, including the products of new plant,
methodological approaches into GMO discussions will limit both development of related terminology

technologies and the potential use of their products. Therefore, concepts of genetic
modifications and GMOs need to be reevaluated with a new perspective. The aims of this
study are to evaluate the concepts of HGT and GMOs with plant perspective and to provide a
more descriptive terminology for GMOs which are currently insufficient to reveal all type of
genetic modifications. To be parser and more descriptive, GMOs term can be classified as
Evolutionary GMOs (eGMOs), Agricultural GMOs (aGMOs) and Biotechnological GMOs
(bGMOs). This new classification can make a significant contribution to GMOs dilemma.

Giris

Ulkemiz dahil tiim diinya genelinde genetigi degistirilmis organizmalar (GDO)
kapsaminda yapilan tartigmalarda bilimsel icerikleri birbirlerinden ¢ok farkli olan dogal
bitki, atasal bitki, genetigi korunmus bitki ve organik bitki gibi ifadelerin ayn1 kavramlar
gibi ele aliip tartisildigr goriilmektedir. Bu tartigmalarin odak noktasinda ise hali hazirda
tarimi yapilan hibrit bitkiler dahil tiim kiiltiir bitkilerinin genetiginin degistirildigi, bu
bitkilerin insan ve hayvan saglig1 ile dogal vejetasyonun korunmasi adina bazi riskler
tasidiklart belirtilmekte [1-5] ve bunun ¢6ziimiine yonelik olarak da genetigi degismemis
oldugu diisiiniilen yabani bitkiler ya da atasal tohumlardan elde edilen bitkilerin
tilketilmesi gerektigi ifade edilmektedir [6-8]. Bu tartigmalara yakin zamanda
uygulanmaya baglanan genom diizeltme [9, 10] ve nanobiyoteknoloji [11-13] gibi yeni
metodolojik yaklasimlar ile bunlarin iirlinlerinin de dahil edilmesi yukarida belirtilen
tartisma konusunu daha da karmasik hale getirmektedir. S6z konusu tartigmalarda hem
genetik degisikligin kendisinin ve hem de bu degisikliklerin kimin tarafindan yapildiginin
cok onemli oldugu goriilmektedir. Ozellikle genetik degisikligin kendisinin &nemli
oldugu durumlarda bitkiler ile viriis, bakteri, fungus, parazit bitki ve bocekler arasinda,
insan miidahalesi olmadan gergeklesen yatay ya da diger ifade ile lateral gen
transferlerinin nasil degerlendirilmesi gerektigi biiyiik bir merak konusudur. Bitki 1slah1

acisindan degerlendirildiginde biyoteknoloji, nanobiyoteknoloji ya da genom diizeltme
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yontemlerine ait bitki ve bu bitkilere ait tirinlerin hem terminolojik hem de igerik
bakimindan sadece GDO iizerinden degerlendirilmesinin yeterli olmadigi/olmayacag,
konunun yasal diizenlemeler dahil giincel bir bakis agisi ile yeniden ele alinmasi ve
degerlendirilmesi gerektigi sliphe gotiirmeyen bir gergektir. Bu calisma bitkilerin
evrimlesme siirecinde dogal olarak kendiliginden meydana gelen kalitsal genetik
degisiklikler ile canli organizmalar arasinda meydana gelen genetik materyal alig-
verigleri, 6zelde GDO genelde ise tiim tarimsal biyoteknolojik iiriinler kapsaminda
yapilan tartismalara ve ilgili alanda kullanilan terminolojiye farkli bir bakis agis1 getirmek

amactyla hazirlanmigtir.

Bitkilerde Dogal Yollarla Meydana Gelen Dikey ve Yatay Gen
Transferleri

Dikey gen transferi (DGT) eseysel lireme yoluyla bir jenerasyondan digerine (6rnegin,
ebeveynlerden yavru dollere) meydana gelen gen, gamet hiicreleri diisiliniildiigii zaman
genom(larin) gegisleri olarak tanimlanirken yatay gen transferi (YGT) evrimsel siireg
icerisinde filogenetik olarak birbirinden uzak canli tiirleri arasinda ya da sitoplazmik
organeller arasinda meydana gelen gen ya da genetik materyal transferlerini ifade etmek
icin kullanilmaktadir [14, 15]. Bitki 1slah1 agisindan bakildiginda DGT’nin agirlikli olarak
ayn1 bitki tiirii igerisinde yer alan bitki ¢esitleri, hat ya da genotipleri arasinda, daha diisiik
oranlarda ise tiirler arasi1 hatta cinsler arasinda (wide crosses) dogal ya da farkli aracilar
yoluyla meydana gelen melezlemeleri kapsadigi goriilmektedir [16]. Nitekim patojenlere
kars1 dayanikli bir bitki ¢esidinde dayaniklilik genini hedef bitki ¢esidine aktarmak igin
yapilan melezleme ve devaminda uygulanan geriye melezleme caligmalari tiir ici
melezlemelerin pratikte uygulanan en yaygin 6rnegini olusturmaktadir [17-20]. Diger
taraftan tiirler aras1 meydana gelen DGT’ne ise kolza tiirleri arasinda hem dogal hem de
insan eliyle gercekles(tiril)en melezlemeler [21], cinsler arasinda meydana gelen DGT’ne
ise Ozellikle son yillarda dayaniklilik genlerinin bugday genomuna transferi amaciyla
yapilan melezleme calismalar1 ornek olarak gosterilebilir [22, 23]. Bu agidan
degerlendirildiginde ister dogal ister insan eliyle yapilsin tiim melezleme iiriinlerinin
aslinda bir gen transferi ya da diger bir ifade ile genetik modifikasyon uygulamasi oldugu
aciktir. Hatta s6z konusu melezlemelerin bir sonucu olarak genler arasindaki baglilik
(linkage) durumlar1 g6z oniine alindiginda dikey gen transferi kavraminda adi gecen

“gen” ifadesinin boyut degistirerek daha biiyilkk DNA parcalarini ve hatta bir adim 6teye
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giderek kromozom ya da genom boyutunda meydana gelebilen genetik modifikasyonlara
neden olabilecegi bilimsel bir gercektir [24]. Ornegin, klasik 1slah uygulamalarinda
genom katlanma ¢alismalar1 sonucu olusturulan allo- ve auto-poliploid bitkiler [25-27]
ile kromozom ve bu kromozomlar iizerinde yer alan genlerin genom igerisindeki
fonksiyonlarmin anlasilmasina yonelik olarak ortaya konan yer degistirilmis kendilenmis
hatlar [28-31] ya da kromozom eliminasyon galismalart [32] bu uygulamalara 6rnek
olarak gosterilebilir [33-35]. Diger taraftan melezleme yoluyla sitoplazmik erkek kisir
bitkiler gelistirmek amaciyla 6zellikle polen alicisi hatlarda yapilan mitokondriyal
organel transferlerinin de bu kapsamda degerlendirilmesi gerektigi aciktir [36, 37].

Gerek prokaryot ve gerekse Okaryotlarin evrimsel siiregleri goz Oniine alindiginda
YGT’nin biyogesitliligin olusmasi ve mevcut canlilarin degisen ¢evre sartlari ile biyotik
ve abiyotik stres faktdrlerine uyum saglayabilmeleri agisindan ¢ok 6nemli bir yer tuttugu
goriilmektedir [38, 39]. Giliniimiizde artan sayidaki 6karyot genomuna ait genom dizisinin
varlig1, giincel genomik ve biyoinformatik yaklagimlarla birlikte degerlendirildiginde
YGT nin ortak yasama alanlarinda yaygin olarak birlikte bulunan canli tiirleri arasinda
meydana gelme olasiliginin uzak habitatlardaki canli organizmalara gore cok daha yiiksek
oldugunu gostermektedir [40]. Bu nedenle, parazit (viriis, fungus, bakteri ve parazit
bitkiler) ve bitki hiicreleri arasinda dogrudan meydana gelen temasin bitkilerde ortaya
cikan dogal gen transferlerinin olusmasinda Onemli bir mekanizma oldugu kabul
edilmektedir [14, 15, 41]. Ornegin, heterotrof ve tam parazit olan bitkiler emeg (haustoria)
ad1 verilen yapilarla konaklarma baglanmalar1 sadece ihtiya¢ duyduklar1 besin
elementlerini degil ayn1 zamanda fonksiyonel genetik materyale ait ara tirinler (MRNA
ve miRNAs) ile genetik materyalin kendisinin de transferine imkan sundugu
anlagilmaktadir [42-45]. Gerek parazit bitkiler ile onlarin konaklar1 arasinda meydana
gelen tek yonlil iligkide gerekse baklagil bitkileri ile Rhizobium spp. bakterileri arasinda
meydana gelen simbiyotik yasam formlarinda ortaya ¢ikan YGT’nin temelinde hem
konak hem de organizma arasinda ortaya c¢ikan esansiyel besin ihtiyaglarinin
giderilmesinin belirleyici oldugu [46, 47] ve evrimsel siirecte bu ihtiyaglarin uzun vadede
garanti altina alinmasini1 saglayabilmek amaciyla karsilikli olarak konak ve parazitler
arasinda dogal gen ya da genetik materyal transformasyonlarinin meydana geldigi
anlasilmaktadir [48]. Nitekim yapilan birgok c¢alisma canavar otu ve kiiskiit gibi tam

parazit bitkilerde mRNA gibi transkripsiyon iiriinlerinin ge¢is yaptigini ve bu durumun
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yatay gen transferinin ara bir formu olabilecegine isaret etmektedir [44, 49, 50]. Daha
sonra yapilan caligmalar ise s6z konusu genetik materyal gegislerinin transkriptom
tirtinlerinden daha ziyade dogrudan genomik DNA pargalar1 oldugunu gostermistir [43].
Hatta 6kse otu gibi parazit bitkilerde bu genetik materyal gegislerinin mitokondriyal
transferi boyutunda oldugu belirlenmistir [51, 52]. Bu bitkilerde YGT’ne konu olan
genetik materyalin 6zellikleri ve ¢esitliligi incelendiginde, transfer olan genlerin ayn1 gen
ailesinden geldikleri ve s6z konusu gen gecislerinin tesadiifi olmaktan daha ziyade
canlimin degisen gevre sartlarina adaptasyonuna yonelik dinamik modifikasyonlar ve
uyarlamalar oldugu anlagilmaktadir [14].

Ortak yasam alanlar1 temelinde parazit bitkiler disinda, bitkiler ile dogrudan iligkili olan
patojen bakteriler arasinda meydana gelen YGT’nin en iyi Orneklerden birini
Agrobacterium spp. ile bitkiler arasinda meydana gelen dogal gen transferleri
gosterilebilir. Toprak bakterileri olan Agrobacterium tumafaciens ve Agrobacterium
rhizogenes tiirlerinin patojen irklart kendilerinin sentezleyemedikleri, ancak ihtiyag
duyduklar1 karbon ve azotga zengin bilesikleri (opinler) bitki hiicrelerinde sentezlettirmek
ve sonrasinda sentezlenen bu bilesikleri kendi ihtiyaglari dogrultusunda kullanabilmek
amaciyla plasmid DNA’larinda yer alan ¢ok sayida geni (onkogenler) bitki hiicresine
aktararak bitki genomuna entegre etmektedir [53, 54]. Bu tiir dogal gen transferlerinin
varlig1 basta tiitiin (Nicotiana spp.) ve nevruz otu (Linaria vulgaris) olmak tizere dogrudan
insan gidasi olarak tiiketilmeyen birgok bitki tiiriinde dogal olarak meydana gelen genetik
miithendisligine ornek olarak gosterilmektedir [54-56]. Nitekim bitkilerde ilgili gen
transferinin nasil gerceklestiginin anlasilmasi, glinlimiizde genetik miihendisligi yolu ile
arzu edilen gen(ler)in hedef bitkiye transfer edilerek transgenik ya da diger bir ifade ile
genetigi degistirilmis (GD) bitkilerin elde edilmesi imkan1 dogmustur [57]. Yakin
zamanda yapilan metagenomik analizler ise A. tumafaciens ve A. rhizogenes tiirlerine ait
iki farkli transfer DNA (T-DNA) dizi homologunun (IbT-DNA1 ve IbT-DNA2) kiiltiirii
yapilan tathi patates bitkisinde (Ipomoea batatas [L.] Lam.) hem var oldugunu hem de
farkli bitki dokularinda islevsel oldugunu gostermistir [58]. Bu bulgular giiniimiizde
insanlar tarafindan dogrudan tiiketilen ve dogal olarak kabul edilen diger bir¢ok bitki
tiriinde de dogal genetik miithendisligi tirtinlerinin bulunabilecegini ve bu durumun GDO
kavramina farkli bir bakis agis1 sunacagi degerlendirilebilir. Kargilikli etkilesim halinde

olan ve ortak yasam alanlarin1 paylasan organizmalar arasinda meydana gelen YGT nin
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diger orneklerini ise nematodlar ile toprak bakterileri arasinda [59-62] ve insan mide
florasinda yer alan mikroorganizmalarin kendi aralarinda ortaya c¢ikan YGT’leri
gosterilebilir [62]. Tim bu sonuglar yatay gen transferinin olabilmesi igin ilgili
organizmalar arasinda fiziksel temasin bir gereklilik oldugunu, YGT’nin heterotrofik
bitkilerde ototrofik bitkilere gére ¢ok daha yiiksek oranlarda gergeklestigini ve bu
bitkilerin konaklarimna ait ¢ok sayida geni paylasabildiklerini gostermektedir [63].

Diger taraftan hem meyve hem de sebze tiirleri arasinda ¢ok uzun siireden beri geleneksel
olarak yapilan agilama uygulamalar1 bitkiden bitkiye dogal yollarla gergceklesen ve
hiicresel temasi gerektiren YGT nin diger bir Ornegini olusturmaktadir. Temelinde
dayanikli uzak akraba tiirler ile ticari ¢esitler arasinda gergeklestirilen bu uygulamalarda
dogrudan hiicresel temasin bir sonucu olarak genomik, organel DNA pargalar1 ya da
transkripsiyon iriinlerinin (mRNA, RNA1) hiicreler arasindaki mikroskobik bosluklar
(plasmodesmata channel) ve mikrokesecikler yolu ile karsilikli paylasildig: belirlenmistir
[64, 65]. Ancak giincel literatiir bilgileri 6zellikle s6z konusu YGT’ne yonelik gegislerin
sadece as1 bolgesindeki hiicreler ile simirli oldugunu, bu taginimlarin apikal meristem
hiicrelerine ve dolayisiyla ¢igek tomurcuklarindaki generatif hiicrelere ulasmadigi ve bu
nedenle sonraki dollere aktarilmadiklarini gostermistir [66]. Ast noktasindaki hiicreler
arasinda meydana gelen genetik materyal transferleri sonucu ortaya ¢ikan kimerik
genlerin ne kadar siireli ve hangi seviyede islevsel olduklari, aktarilan genetik materyalin
lokal hiicre genomlarina entegre olup olmadiklari hali hazirda cevaplanmasi gereken

sorular arasinda yer almaktadir.
YGT ile Aktarilan Genetik Materyalin Islevselligi

YGT ile aktarilan ¢ogu genetik materyalin islevsel (fonksiyoner) olmadig belirtilmekle
birlikte, islevsel olan genlerin ise kendi igerisinde iki ana grup altinda
degerlendirilebilecegi rapor edilmistir [48]. Bunlardan birincisi alic1 organizmada daha
once var olmayan ve aktarilan gen ile yeni bir fonksiyon kazanilmasini saglayan genler
(innovative transfers)’dir. Digeri ise alic1 organizmada mevcut bir genin fonksiyonunu
iistlenen veya genomda daha 6nce var olan ancak fonksiyonunu kaybeden bir genin
islevini yerine getiren ve boylece hiicre i¢gindeki devamliligin saglanmasina imkan sunan
stirdiiriicli (maintenance transfer) genler [48]. Yenilik¢i gen fonksiyonu kazanan genlerin
genelde alict organizmanin biyotik ya da abiyotik stres sartlarindan korunma ve

adaptasyon kabiliyetlerinin artirilmasinda etkili oldugu belirlenmistir [48]. Bu nedenle,
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YGT ile yapilan ve islevsel olan bir¢ok genin bu kapsamda yer alan genler oldugu
goriilmektedir [48, 67]. Yapilan ¢aligmalar YGT ile aktarilan yabanci DNA’nin hedef
genom igerisine dogrudan entegre olmadigi, bir seleksiyona ya da kontrole tabi
tutulduktan sonra RNA seviyesinde transkripsiyona ugrayarak islevsellik kazandigi
yoniindedir [48]. Bunun en giizel 6rnegini kiiskiit genomuna YGT ile aktarilan genlerin
yabanci DNA gibi algilanarak siRNAs mekanizmasi ile sessizlestirilmeleri gosterilebilir
[68]. Diger taraftan protein kodlayan genlerin transkripsiyon ve devaminda translasyonu
sonucunda genom seviyesinde bir islevsellik kazandiklar1 ve kazanilan islevselligin
organizmanin hayatta kalmasi bakimindan bir avantaj sagladig1 anlagilmaktadir. Nitekim
yiiksek otlak ayrigi (Thinopyrum elongatum) genomuna funguslardan YGT ile aktarilan
Fb7 (Fusarium basak yanikligi 7) geninin kodladigi glutathione S-transferaz (GST)
enzimi sayesinde bu bitkiler Fusarium patojenleri tarafindan iretilen trichothecene
toksinlerinin zararl etkilerinden (detoksifikasyon) korunarak patojene karsi tolerant hale
gelebildikleri belirlenmistir [69]. Bugday iiretiminde biiyliik kayiplara neden olan bu
patojene kars1 ekmeklik bugdaya aktarilan ayni genin bugdayda da ayni patojene karsi
toleranslik sagladigi gosterilmistir [69]. Bunun tam tersi bir durum ise ¢ok yakin zamanda
tiitiin beyaz sineginde (Bemisia tabaci) gosterilmistir. Tiitiin beyaz sineginin genomunda
bulunan bitki spesifik BtPMaT1 (Bemisia tabaci fenolik glukozit melonyl transferaz 1)
geninin kodladig: fenolik glikozit melonyl transferaz enzimi sayesinde, bitkilerde yaygin
olarak bulunan ve tiitiin beyaz sinegine toksik olan fenolik glikozitlerin zararli etkisinden
korunabildikleri tespit edilmistir [70]. Aym1 ¢alismada BtPMaTl geninin ters
transkripsiyonuna ait dizinin domates bitkisine aktarilmasi sonucunda elde edilen
transgenik domates ile beslenen boceklerde BtPMaT1 genin sessizlestigi ve bunun sonucu
olarak boceklerde fenolik glikozitlere dayanikliligin kalktigi ve boceklerde %100’lere
varan Olimlerin meydana geldigi gosterilmistir [70]. Bu bilgi ve bulgular YGT leri ile
parazit organizmalardan bitki genomlarma ya da bitki genomlarindan parazit
organizmalara dogal yollarla aktarilan islevsel genlerin bitki islahi programlarinda
yenilik¢i yaklasimlarla ele alinarak dayaniklilik islahi acisindan etkili bir sekilde
kullanilabilecegine isaret etmektedir. Gilinlimiizde bitki dahil ¢cok sayida organizmaya ait
genom dizi bilgisi kullanilarak yapilacak biyoinformatik analizler ¢ok sayida yeni islevsel
genin belirlenmesini ve bu genlerin bitki 1slah1 agisindan dogrudan kullanimlarina imkan

sunacaktir.
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Diger taraftan YGT ile aktarilan genetik materyal hedef organizma genomuna entegre
olamaz ise bu durumda s6z konusu DNA ya konak hiicrenin genetik kontrol
mekanizmalari ile yabanci genetik materyal olarak algilanarak par¢alanmakta ve boylece
zararsiz hale getirilmekte ya da mutasyona neden olan bir DNA dizisi olarak genoma
entegre olmaktadir [48, 71]. Bu tip bir entegrasyona ornek olarak neredeyse tiim canli
genomlarinda yaygin olarak bulunan ancak oransal olarak dkaryot genomlarinin biiyiik
bir boliimiinii olusturan hareketli (transposable) DNA elementleri (TES) gosterilebilir [72,
73]. Bu nedenle, TEs Okaryot genomlarmin hem yapisal hem de fonksiyonel
modifikasyonlarinda biiyiik 6nem tasirlar. Ancak daha ziyade epigenetik diizenlemelerle
ve dikey gen gecisi ile iligkili olan TES, yatay gen gegislerine konu olan islevsel
genlerdeki gibi konagmna avantaj saglayabilecek 6nemli bir gorev iistlenmedikleri
belirlenmistir [72].

Prokaryotlardan okaryotlara dogru olan YGT’lerinde aktarilan genetik materyalin
islevsellik kazanmasi daha kompleks ve anlagilmasi daha gili¢ bir durumdur. Zira
prokaryotlara ait genlerin transkripsiyon ve translasyon mekanizmalar1 6karyotlara gore
onemli farkliliklar gostermektedir [74]. Prokaryotlardan 6karyotlara dogru kalitsal olarak
meydana gelebilecek basarili bir YGT nde aktarilan genin iglevsel olabilmesi igin 6karyot
gen yapilarinda yer alan intron-ekzon ve GC igerikleri yaninda ayni zamanda okaryotik
promotor ve terminatdr gen bolgelerinin de entegrasyonu gerekmektedir [48, 75]. Bu
nedenle, YTG ile transfer edilen DNA par¢asinda intronlarin olmasi onlarin okaryot
genomlarinda islevsellik kazanmasinda etkili olabilecegine isaret etmektedir [40, 76, 77].
Nitekim YGT ile aktarilan ve islevsel olan birgok gende intronlarin varlig1 yaygin olarak
goriilen bir durumdur [75]. Ancak bu intronlarin bazilarinin genin kendisinden daha
ziyade genin isleyisini kontrol eden 5’-UTR ya da 3’-UTR gen bdlgelerinde lokalize
oldugu belirlenmistir [78]. Tim bunlar YGT ile aktarilan genetik materyalin gen
ozelliginde aktive edilmesinin engellenmesi ya da islevsel olmasinda belirleyici
olmaktadir. Ayrica YGT ile aktarilan genlerin hedef genoma entegrasyonlarinin tesadiifi
olmadigi, genellikle daha az korunakli ve TES’lerce zengin ya da daha az islevsel gen

bulunduran kromozom boélgelerine entegre olduklar gosterilmistir [79].
YGT ile islevsel Genlerin Belirlenmesi

Her ne kadar giincel yaklasimlar ile genetik materyal gegislerinin tespit edilmesi ge¢mise

gore daha kolay olsa da hedef organizmanin dizi bilgilerinin elde edilmesi sirasinda
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meydana  gelebilecek genetik materyal bulagmalarinin  (kontaminasyonlarin)
biyoinformatik analiz sonuglarinin hatali bir sekilde yorumlanmasina neden olabilecegi
g6z ard1 edilmemesi gerekmektedir [80, 81]. Bu agidan YGT sonucu transfer olan genetik
materyale ait kaynagin dogru bir sekilde belirlenmesi olduk¢a 6énemlidir [82]. YGT ne
konu olan genetik materyalin belirlenmesinde iki temel problem ile karsilagilmaktadir.
Bunlarin basinda bakteri genomunun farkli organizmalardan kdken alan ¢ok sayida DNA
pargasina sahip olmasi gelmektedir [75]. Bu nedenle, YGT ile aktarilan gen ayn1 evrimsel
siire¢ icerisinde diger organizmalardan bakteri genomuna aktarilan ve dolayisi ile testin
yapildig1 anda bakteriyel genomu olarak kabul edilen genetik materyalin tespit edilmesi
sorunudur [80, 81]. ikince sorun ise, filogenetik analizlerde kullanilan farkli yontemsel
yaklagimlar, farklilasmis gen kayiplar1 ve uygun olmayan taksonlarin bu amagla secilmesi
genin kaynaginin belirlenmesinde baska Onemli sorunlarin yasanmasina neden
olabilmektedir [81]. Ornegin, Escherichia coli yatay gen gecisleri ve kayiplarinin
yasandig1 iyi bir model organizma olarak degerlendirilmektedir. Yaklagik 5.000 adet
protein kodlayan gene sahip olan bakterinin biitiin tiir ve suslar1 dikkate alindiginda (pan-
genome) bu organizmanin sahip oldugu gen sayisinin 15.700’1ere ¢iktigi, ancak bunlarin
sadece %6’smin tim E. coli wklarinda ortaklasa paylasildigi rapor edilmistir [38].
Yukarida verilen ornekler genom dizilemesi ve biyoinformatik yaklasimlarin etkin
kullanilmaya baslandig1 glintimiizde YGT’ne konu olan genetik materyalin bitki 1slah1
acisindan ele alinarak ayrica degerlendirilmesinin dayaniklilik 1slah1 agisindan ¢ok
onemli olabilecegine isaret etmektedir. Sonuglar ayn1 zamanda YGT’ne konu olan ve
bitki 1slah1 acisindan degerlendirmeye alinacak olan hedef genlerin belirlenmesinde ¢ok

dikkatli olunmasi gerektigini de ortaya koymaktadir.
Genetik Modifikasyon, YGT ve GDO Terminolojisi

Terminolojik olarak “gen transferi” genetik materyalin bir yerden bagka bir yere
taginmasi, bir organizmadan baska bir organizmaya dogrudan ya da farkli aracilar
(vektorler) kullanilarak (canli ya da cansiz) aktarilmasi ve aktarilan genetik materyalin
hedef canli organizmanin genomuna kalic1 sekilde entegre olmasi anlamina gelmektedir.
Genetik mihendisliginde s6z konusu genetik alig-verise araci olma laboratuvar
sartlarinda modern biyoteknolojik yaklasimlar kullanilarak gergeklestirilirken, klasik
bitki 1slah1 uygulamalarinda genetik alig-verise araci olma tarla, sera ya da iklim

odasi/kabini gibi fiziki mekanlar kullanilarak melezleme ya da mutasyon gibi metodolojik
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yaklasimlar kullanarak gerceklestirilmektedir. Ozellikle klasik 1slah uygulamalarinda hali
hazirda kullanilabilir bir genetik materyal yoksa ya da arzu edilen bitki materyali mevcut
degilse genetik tabani birbirinden ¢ok uzak olan bitkiler melezlenmekte ve devaminda
acilim gosteren F» jenerasyonlarinda seleksiyon uygulamalari ile istenilen 6zellige sahip
bitkiler belirlenmeye ¢alisilmaktadir [83-85]. Hatta bu uygulamalarda, melezlemede
kullanilacak ebeveyn bitkiler bazen dogada uyusmaz olduklari ve normalde verimli doller
veremedikleri halde kontrollii sartlarda (in vitro tozlanma ve déllenme, embryo kurtarma,
tiirler aras1 melezleme vb) melezlemeler yapilarak dol verebilir hale getirilebilmektedirler
[86-88]. Ancak eger melezlemeye girebilecek ebeveyn bitki materyali yoksa bu durumda
fiziksel ya da kimyasal mutajenler kullanilarak hedef bitki genomunda tesadiifi kalici
mutasyonlar olusturulmakta ve bu mutantlar arasindan arzu edilen 6zellikleri tasiyanlar
mutant bitkiler tespit edilmeye ¢alisiimaktadir [89-91]. Yukarida belirtilen gerek
melezleme ve gerekse mutasyon uygulamalari sonucu elde edilen bitkilerin, hedef
bitkinin DNA yapisinda meydana gelen genetik degisiklikler esas alindiginda “genetigi
degistirilmis” bitki (GD bitki), yaygin olarak kullanilan diger bir ifade ile GDO olarak
tanimlanabilecegi muhakkaktir. Ancak hedef bitkinin DNA yapisinda meydana gelen
genetik degisiklik ya da farkliliklar esas alinarak ortaya konan bu bilimsel ger¢egin GDO
karsitligina, 6zellikle de klasik 1slah uygulamalar1 olan melezleme (6rnegin, hibrit tohum)
ve mutant bitkiler 6zelinde yapilan tartigmalara bir kaynak ya da dayanak noktasi
olugturmamasi gerektigi, tam aksine yukarida bilimsel esaslarla ortaya konan YGT ve
DGT o6rneklerinde oldugu gibi giiniimiizde insanlar tarafindan “dogal” ya da “genetigi
degis(tiril)memis” oldugu varsayilarak tiiketilen birgok bitkinin aslinda ne kadar “dogal”
oldugunun sorgulanmasina ve bu yoniiyle toplumun GDO algi ve bakisina yeni bir
yaklagim getiren bir durum tespiti oldugu tekrar vurgulanmasi gereken onemli bir
konudur. Diger taraftan eger konu nihai {irin ya da canli organizmanin “DNA yapisindaki
degisiklik’ten daha ziyade degisikligin elde edilmesinde kullanilan yontemin kendisi
(modern ya da klasik metotlar), genetik degisikligin meydana getirildigi fiziki mekan
(tarla, sera, laboratuvar) veya genetik degisikligin olugmasini saglayan vektoriin/aracinin
(viriis, fungus, bakteri, parazit bitki ve insan) Gzellikleri esas alinarak yapilacak bir
degerlendirmede ise “GDO” kavraminin biitiin bu degiskenleri tek basina tanimlamak ve
aciklamak i¢in yeterli olmadigi, giiniimiizde konu ile yapilan bilimsel igerikten uzak

tartismalara kaynak teskil ettigi ve etmeye devam edecegi goriilmektedir. Bu nedenle,
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GDO terminolojisinde kullanilacak genetik alig-verise araci olma ya da miidahale etmede
kullanilan yontemin, aracinin nitelikleri ve meydana gelen genetik degisikligin olus
mekanizmalar1 da dikkate alinarak birden fazla GDO tanimlamasinin yapilmasi
gerekliligi kendiliginden ortaya ¢ikmaktadir. Yapilacak ayristirmada hedef organizmanin
DNA yapisinda meydana gelen degisikligin “degistirilmis” ya da “degismis” oldugu da
g0z oniine alinarak ilgili alanda kullanilacak terminolojiyi buna gore uyarlamak daha da
yerinde bir yaklasim olacaktir. Zira nihai organizmanin DNA yapisindaki degisim
“degismis” olarak kendiliginden ortaya ¢ikabildigi gibi bu makale cercevesinde ele
alindig1 lizere ¢ogu zaman insan ya da insanin digindaki aracilar (viriis, fungus, parazit ya
da bocekler) ile “degistirilmis” olarak da meydana gelebilmektedir. Yukarida konu edilen
bakis acis1 ile giincel terminolojik kavramlar da g6z Oniine alindiginda GDO
terminolojisinin daha ayristirici ve daha tanimlayict olmasi bakimmdan Evrimsel GDO
(eGDQO), Tarmmsal GDO (tGDO) ve Biyoteknolojik GDO (bGDO) seklinde
kullanilmasinin daha yerinde olacagi degerlendirilmistir. Her bir terminolojik ifadenin
kapsam ve igerigi asagida ayrica belirtilmistir.

Evrimsel GDO (eGDO)

Gecmisten gilinlimiize evrimsel silire¢ igerisinde kendiliginden ortaya ¢ikan genetik
modifikasyonlar1 tanimlamak i¢in kullanilacaktir. Yatay (horizontal) ya da lateral gen
transferleri ile dikey (vertical) gen transferleri sonucu ortaya ¢ikan her tiirlii genetik
modifikasyon ya da degisiklik eGDO kapsaminda degerlendirilecektir. Bu kapsamda
dikey gen transferi eseyli iiremenin bir sonucu olarak ge¢misten gilinlimiize genetik
materyalin ebeveynden yavru dollere gegisi, tiir i¢i ya da tiirler aras1 kendiliginden (dogal)
ortaya ¢ikan genetik modifikasyonlari ifade ederken yatay gen transferi filogenetik olarak
birbirlerinden uzak canli organizmalar arasinda aracisiz ya da insan digindaki canli
organizmalar aracilif1 ile ortaya ¢ikan dogal genetik modifikasyonlar: tanimlamak igin
kullanilacaktir. Dikey gen transferleri genelde dogal bariyerler (tiir igi vb) ile kontrol
edilerek sinirlandirilirken, yatay gen transferlerinde bdyle bir sinirlamanin olmadigi, cok
farkli canli tiirii arasinda sadece olus mekanizmalar1 bakimindan degisebilecek genetik
modifikasyonlar: icermektedir.

Tarmmsal GDO (tGDO)

Tarimsal acidan 6nemli olan bitki, hayvan, su iiriinleri, bocek ya da mikroorganizmalarin

insan eliyle gelistirilmesi ya da kiiltiire alinmasi amaciyla klasik ya da geleneksel
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yontemler kullanilarak yapilan tiim gen transferi ya da genetik modifikasyonlar ifade
etmek i¢in kullanilacaktir. Genetik modifikasyonun gerceklestigi fiziksel mekanlardan
(tarla, sera, laboratuvar vb.) bagimsiz insan eliyle yapilan melezleme, mutasyon ve
klonlama amaciyla yapilan doku kiiltiirii uygulamalarinin kendisi ve firiinleri bu
cergevede degerlendirilecektir. Bu kapsamda tGDO kavrami ve igerigi giiniimiizdeki
GDO tartigmalariin {izerinde tarimsal agidan 6nemli olan bitki, hayvan, su iiriinleri,
bocek ya da mikroorganizmalarin DNA yapisinda 1slahgilar tarafindan olusturulan
genetik degisiklik ya da farkliliklar1 ifade etmek i¢in kullanilacaktir.

Biyoteknolojik GDO (bGDO)

Genom diizeltme, nanobiyoteknoloji ve rekombinant DNA teknolojileri dahil
laboratuvar ortaminda modern biyoteknolojik metotlar kullanilarak elde edilen, insan
disindaki tiim genetik modifikasyonlar ve onlarin irilinlerini ifade etmek icin
kullanilacaktir. Doku kiiltiirii uygulamalari ile elde edilecek somatik hibridizasyon

tiriinleri de bu kapsamda degerlendirilecektir.
Sonuc¢

Olus sekli (metodolojisi) ve olusmasina araci olan vektor organizmadan (insan, viris,
bakteri, parazit bitki) bagimsiz olarak kalittm materyali olan DNA’da (tek bir niikleotit,
gen, genler, kromozom, ¢ekirdek genomu ya da organel genomlari dahil) meydana gelen
tim modifikasyonlarin (ekleme, c¢ikarma, yer degistirme ya da kopya sayisinin
artirtlmasi) esasen kalitsal bir genetik degisiklik ya da modifikasyon oldugu bilimsel bir
gercektir. Ancak transgenik bitkilerin elde edilmesinden itibaren giiniimiize kadar
kullanilmaya devam edilen GDO kavraminin genetik materyal iizerinde meydana gelen
modifikasyonlarin kendisinden daha ziyade kullanilan metodolojik yaklagimlarin ve
insan aracili olup olmadig1 esasina dayandirilarak yapilmasi GDO kapsaminda yapilan
tartismalar1 sonugsuz birakmaktadir. Bu tartigmalara glinlimiizde kullanilmaya baglanan
genom diizeltme ve nanobiyoteknolojik iiriinlerin de dahil edilmesi tartismalar1 daha da
iginden ¢ikilmaz bir hale sokmaktadir. Bu makale ¢er¢evesinde terminolojik olarak ortaya
konan eGDO, tGDO ve bGDO yaklagimmin GDO tartismalarina farkli bir bakis agis
getirmesi ve genetik modifikasyon kavraminin ayristirilarak tartisilmasina katki sunmasi

beklenmektedir.
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Kisaltmalar

GDO: Genetigi Degistirilmis Organizmalar; DGT: Dikey Gen Transferi; YGT: Yatay Gen Transferi; DNA:
DeoxyriboNiikleik Asit; mRNA: mesajc1 RiboNiikleik Asit; miRNAs: mikro RiboRiikleik Asitler; T-DNA:
Transfer-DNA; GD: Genetigi Degistirilmig; RNAi: RNA interferaz; siRNAs: kii¢iik interferaz RNAs; Fb7:
fusarium basak yamikhigi 7 geni; GST: Glutathione S-Transferaz; BtPMaT1: Bemisia tabaci Fenolik
Glukozit Melonyl Transferaz 1 geni; IbT-DNA1 ve IbT-DNA2: Ipomoea batatasT-DNAL ve Ipomoea
batatasT-DNA2; TEs: tagmabilir elementler; UTR: ifade edilmeyen boélge; eGDO: Evrimsel GDO; tGDO:
Tarimsal GDO; bGDO: Biyoteknolojik GDO
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Karbohidrat Bazh Terapotikler

Nebiye Pelin Tiirker'*"*' | Elvan Bakar?

OZET

Yasam bilimlerinde karbohidratlarin 6nemi giderek artmaktadir. Karbohidratlar ¢ok farkli
biyolojik rollere sahiptir. Bu rollerden bir tanesi de onlarin tedavideki etkinlikleridir.
Karbohidrat bazli terapotikler, enflamatuar hastaliklar ve anti-trombotik tedavilerden yara
iyilesmesine kadar degisen kardiyovaskiiler ve hematolojik hastaliklarin tedavisinde
kullanilmaktadir. Heparin, en yaygin bilinen karbohidrat bazli ilagtir. Karbohidrat bazli
terapotikler; polisakkarit ve oligosakarit igerikli anti-enflamatuarlar, antikoagiilan ve
antitrombotik ajanlari, dogal ve sentetik kaynaklar1 icermektedir. Bu bilesiklerin bazilari,
artritik ve anti-HIV aktiviteler gosteren biyolojik etkilere sahiptir. Son yillarda hem dogal
hem de sentetik monosakkaritler, in vivo anti- kardiyoprotektif ve enflamatuar czellikleri
acisindan arastirllmaya baglanilmigtir. Bu derlemenin amaci karbohidrat bazh
terapotiklerin, hastaliklarin tedavisindeki 6nemini vurgulamaktir.

Carbohydrate Based Therapeutics

ABSTRACT

The importance of carbohydrates has been increased in life sciences. Carbohydrates have
very different biological roles. One of these roles is their activities in therapy. Carbohydrate-
based therapeutics are used in the treatment of cardiovascular and hematological diseases
ranging from inflammatory diseases and anti-thrombotic therapies to wound healing.
Heparin is the most widely known carbohydrate-based drug. Carbohydrate-based
therapeutics include polysaccharide and oligosaccharide-containing anti-inflammatories,
anticoagulant and antithrombotic agents, natural and synthetic sources. Some of these
compounds have biological effects showing arthritic and anti-HIV activities. In recent years,
both natural and synthetic monosaccharides have been investigated for in vivo anti-
cardioprotective and inflammatory properties. The purpose of this review is to emphasize the
importance of carbohydrate-based therapeutics in the treatment of diseases.
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Karbohidratlar, pek ¢ok hiicresel molekiile veya hiicre yiizeyi reseptorlerine sinyal

gonderen hiicresel etkilesimde onemli rol oynayan kompleks biyomolekiillerdir [1].

Glikoproteinler, glikolipidler ve glikosile dogal iiriinler basta olmak iizere temel
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glikokonjugatlar olusturmak igin ¢ok ¢esitli monosakkarid ve oligosakkarid kalintilari
glikosidik baglarla baglanirlar. Hiicre yiizeyi glikanlarinin yapisindaki herhangi bir
degisim, hastaligin ilerlemesi i¢in gerekli olan bilgileri kodlamalarini saglar. Bu nedenle,
glikan aracili etkilesimleri indiikleyebilen karbohidratlar, ¢esitli patolojik hastaliklar
tedavi etmeyi amaglayan farmasdtik terapotik ajanlar olarak hedeflenmektedir [2]. Dogal
olarak izole edilmis bir¢ok karbohidrat baslangicta kanser teshis araglarinin gelistirilmesi
i¢in kullanilmistir. Zaman igerisinde bilim insanlari, Ulusal Saglik Enstitiileri tarafindan,
kanser prognozunun onemli biyobelirtegleri olarak kaydedilen, tiimorle iliskili
karbohidrat antijenlerini (TACA) sentezlemeye yonelmistir. Bazi durumlarda,
TACA'larin tek basina zayif bir sekilde immiinojenik oldugu, T hiicresine bagli bir
bagisiklik tepkisini indiikleyemedigi ve kanser terapisi i¢in Kritik oldugu sonucuna
varilmistir[3]. Baslangigta, bu asilarin tepkileri umut verici olmakla birlikte, daha ileri
caligmalarla, bu protein tasiyicilarinin kendi kendine immiinojenik olarak hareket ettikleri
ve antijene 6zgii immiinojeniteyi baskiladiklar1 goriilmistiir. Sonraki siiregte TACA'lar
kismen gelistirilerek zwitteriyonik polisakkarit, prostat sperifik antijen (PS Al), Toll
benzeri reseptor 2 (TLR2) ligand, Pam3CysSerK4 ve T-hiicresi peptit epitoplar1 ile
birlestirilmistir. Bu sekilde gelistirilen asilardan bazilari, klinik deneylerin farkli
asamalarina ulagabilmistir, 6rnegin GM2, globo H, Ley, kiimelenmis Thomsen nouveau
(Tn), kiimelenmis Thomsen-Friedenreich (TF) ve glikosile edilmis miisinl (MUCL1)
antijenleri, Faz Il prostat kanseri hastalarinin tedavisi ic¢in kullanmilmistir [4-7].
Karbohidrat bazli timor antijenlerinin yani sira, kanser hiicreleri ayrica membran
yiizeylerinde sirasiyla karbohidrat kisimlarini tagiyabilen veya baglayabilen artan sayida
glikoz tasiyicilart (GLUT'lar) ve lektinleri igermektedir. Kanser hiicrelerinin
cogalmasinda artan enerji talebi, normal hiicrelerden daha yiiksek oranda glikoz aliminin
artmasina izin veren GLUT lar tarafindan karsilanir [8]. Karbohidrat dayali hedefli ilag
dagitimi1 pek c¢ok bilim insanitarafindan tasarlanmistir. Karbohidratlar, glufosfamid,
klorambusil, busulfan, dosetaksel, paklitaksel gibi ¢esitli sitotoksik maddeler ile
glikokonjuge edilmis ve ana aglikonlara gore saglikli hiicrelerde daha az toksik olduklari
bulunmustur. Bu seker 6n ilaglarinin ¢esitli hiicre i¢i glikosidazlar tarafindan pargalandigi
diistiniilmektedir. Karbohidrat bazli 6n ilaglarin ¢ogu farmakokinetik o6zellikleri
iyilestirmek i¢in kullanilmaktadir. Bu ilaglarin glikosidaz etki bolgesi tipik olarak hiicre

disidir ve aktif ilaglarin salinmasina izin vermektedir. Bununla birlikte, bu ilaglarin
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GLUT aracili hiicresel alimi veya GLUT inhibisyonunu dogrulamak igin daha fazla
arastirma gereklidir. Degistirilmis glikosilasyon ile N-glikanlar gibi belirli glikanlarin
biyosentezi de kanser ilerlemesi i¢in iyi bilinen ayirt edici bir 6zellik olarak kabul
edilmektedir. N-asetilglukosaminiltransferaz V gibi ¢esitli glikosiltransferazlarin
ekspresyonu, tiimér hiicrelerinde artan N-glikanlardan sorumludurlar [9-11].

Sonug olarak, ila¢ tasariminda uygun polivalent karbohidrat dizilerinin gelistirilmesi i¢in
yogun calismalar siirdiiriilmektedir. Karbohidrat bazli ilag 6rnekleri arasinda heparin
bazli antikoagiilanlar, polisakkarit asilar1 ve aminoglikozit antibiyotikler bulunmaktadir
[12, 13].

Antikoagiilan: Heparin

Heparin (veya heparin siilfat), (L-iduronat (al-4) GIcNAc2-6disiilfat (al4) ilk olarak
1935'te bir antikoagiilan olarak kullanilan karbohidrat temelli bir ilagtir. Proteoglikan
heparinin etkinligi, pihtt olusumunu inhibe etme aktivitesi, yapisinda basit bir
pentasakkaritin varligina dayanir. Diger proteaz pihtilasma faktorlerini inhibe eden bir
serin proteaz heparin baglanmasi trombin ve Faktor Xa inaktivasyonunu hizlandirir [12,
14, 15].

Antidiyabetik: Azasugarlar

Diyabette, yemekten sonra bagirsak duvarindan emilen glikoz akisinin azaltilmasi
amaclanmaktadir. Glikoz emiliminin azaltilmasi, diyet karbohidratlarinin glikoza
dontlisimiinii yavaslatarak, diyabetik tedavide basarili oldugunu kanitlamig akarboza
benzeyen azasugarlar gibi glikoz hidrolaz inhibitorleri ile gerceklestirilebilir. Miglitol,
maltaz ve siikrazin bir baslaticis1 olan 1-deuximmojirimisin tirevidir ve diyabet
tedavisinde de etkilidir [12, 15].

Diiiretik: Mannitol

Mannitol, viicut tarafindan metabolize edilen ve intraven6z olarak verildiginde oncelikle
bobrekler tarafindan hizla atilan ve agizdan alindiginda zayif bir sekilde emilen alti
karbonlu, dogrusal, basit bir sekerdir. Mannitol; kafa i¢i basincini1 ve beyin kiitlesini
azaltmak, goz i¢i basincini digiirmek, akut bobrek yetmezligini tedavisinde ditirezi
arttirmakve toksik maddelerin ve metabolitlerin atilimini tesvik etmek i¢in kullanilir [16].
Anemi tedavisi: Eritropoietin

Rekombinant glikoproteinin klasik bir 6rnegi, eritroid progenitor hiicrelerde kemik iligi

baskilanmasimin neden oldugu anemiyi tedavi etmek i¢in uygulanan eritropoetindir.
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Dogal olarak olusan eritropoetin 4 sialil kompleks N-bagli oligosakkaritdir. Rekombinant
eritropoetinde dogru glikolizasyon, biyolojik aktivite i¢in gereklidir ve yanlis glikosile
molekiiller, tam biyolojik aktivitenin sadece %10'una sahiptir. Bunun nedeni, dogru
glikosile olmayan molekiillerin hepatositler ve makrofajlarda Gal/GIcNAc/Man
reseptorleri tarafindan dolasimdan ferentiasyon tropoietini hizla uzaklagtirmasidir [17,
18].

Antibakteriyeller: Glikokonjugat antibiyotikler

Hiicre yiizeyindeki karbohidratlarin as1 gelistirme i¢in, optimal hedefler oldugu
kanitlanmistir. Polisakaritlerin bir tasiyict proteine konjugasyonu, glikan kismima T
hiicresine bagli bir bagisiklik tepkisini tetikler. Ruhsatli glikokonjugat asilar,
meningokok, pnomokok ve Haemophilus influenzae tip b'nin neden oldugu menenjiti
onlemek i¢in kapsiiler polisakkaritlerin kimyasal konjugasyonu ile iiretilmektedir.
Bununla birlikte, O-antijenler, ekzopolisakaritler, hiicre duvar: yapisinda yer alan teikoik
asit gibi biyomolekiiller, agilarin gelistirilmesi i¢in 6nemli hedefler olarak goriilmektedir.
Asilama, genis spektrumlu antibiyotik kullaniminin azaltilmasina yardimci olabilmekte
ve asilanmamis bireylere de siirli bagisikhigi ile koruma saglayabilmektedir [19].
Giliniimiizde birgok antibiyotik glikokonjugattir. Bunlar, aerobik Gram (-) basillere ve
Staphylococcus aureus ve Enterococcus spp. Gram (+) bakterilere karsi etkili olan
streptomisin, gentamisin, tobramisin, netilmisin ve abekasin gibi aminoglikozit tiirevi
antibiyotikleri kapsamaktadir. Antibiyotiklerde molekiil glikosilasyonunun degistirilmesi
daha faydali veya zararli etkilere yol agabilir. Antibiyotiklerin glikosilasyonunun
degistirilmesi, ortaya c¢ikan antibiyotik direnci karsisinda yeni ve aktif bilesiklerin
gelistirilmesi igin yararli bir yontem olarak kanitlamistir. Ornegin, vankomisinin
glikosilasyonunun degistirilmesi, daha once direngli Enterococcus suslarina etkili olan
bir iiriin ortaya koymustur. Everninomisinler, metisiline direngli Staphylococcus ve
vankomisine direngli Entrococcus’u tedavi etmek i¢in kullanilan ortosomisin ailesine ait
yeni glikokonjugat antibiyotiklerdir. Baz1 glikozit antibiyotikler kanser tedavisinde anti-
neoplastik ajanlar olarak da kullanilir. Daunorubisin ve doksorubisin, bir O-glikosidik
bag yoluyla tetrasikline baglanan, alisilmadik bir amino seker olan daunosamine kovalent
olarak bagl tetrasiklin halka yapilari igerir. Daunosamin, DNA baglanmasinda 6nemli
bir rol oynar. Daunorubisin esas olarak hematolojik neoplazilerde etkilidir. Doksorubisin

ayrica akut losemilerde ve lenfomalarda etkilidir ancak ek olarak bir dizi kati neo-
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plazmada da (6rn. meme kanseri, sarkomlar, akciger kanseri, noroblastomlar) aktiftir.
Bleomisin ve tirevleri aym1 zamanda anti-kanser ajanlar olarak kullanilan
antibiyotiklerdir. Bleomisinler suda c¢oziiniir glikopeptidlerdir. Farkli bleomisinler
alternatif terminal amin bakiyeleri tasir. Hiicre dongiisiinii bloke ederler ve tedavi
edilmesi zor olan bazi tiimérlere, 6rnegin Jung'un yassi epitel hiicreli karsinomuna ve bas
ve boyun kanserlerine karsi etkilidirler. Istenmeyen bir yan etki olarak pulmoner
fibrozise neden olduklar1 igin akcigerler igin toksiktirler. Mithramycin, kanser
tedavisinde kullanilan baska bir antibiyotiktir. Bununla birlikte, ciddi yan etkileri
kullanimmmi1  smurlar.  Birgok antibiyotik  glikokonjugattir, bu antibiyotiklerin
glikosilasyonlarin1 degistirmek patojenik bakteriler tarafindan gelistirilen antibiyotik
direncinin tstesinden gelmek i¢in yeni antibiyotikler tiretmenin bir yolu olabilir. Bazi
antibiyotikler anti-proliferatif ajanlar olarak islev goriirler ve bu nedenle anti-kanser
ilaclart olarak da kullanilirlar [13].

Norolojik bozukluklarmm tedavisinde glikokonjugatlar

Topiramat, geleneksel anti-konviilsan ilaglar ile birlikte kullanilir ve epilepsinin
tedavisinde etkili olan d-fruktozun bir tiirevidir. Gama aminobutiratin (GABA) noronlar
tizerindeki inhibitor secilmesini arttirir ve a-amino-3-hidroksi-metilizoksazol-4-
propionikasit (AMP'A) tipi glutamat reseptoriiniin uyarici etkisini engeller. SygenTM adi
verilen bir ilag formiilasyonu GM1 gangliosidine dayanir. Inme, omurilik yaralanmasi ve
kronik norolojik hastaliklar, 6rnegin Parkinson hastaligi gibi akut travmayi tedavi etmek
icin kullanilmakla birlikte etkinligi tam olarak bilinmemektedir [20, 21].

Hyaluronan ve diger glikozaminoglikanlarin elasto-viskoz ézellikleri

Hyaluronan, benzersiz fizyolojik ozellikleri nedeniyle biyomedikal ve farmasotik
uygulamalar igin ¢ekici bir biyomateryal olarak kapsamli bir sekilde arastirilmistir.
Omurgal1 glikosaminoglikanlarin bir bileseni olan dogal olarak olusan bir polisakkarittir
ve elasto-viskoz o6zelliklere sahiptir. Hyaluronan, polimerin elastik ve kayganlastirma
ozelliklerinin yararli oldugu cerrahide basariyla kullanilmistir. Dehidrasyonu ve
dolayisiyla doku hasarin1 onledikleri i¢in goz cerrahisinde hyaluronik asit iriinleri
kullanilmaktadir. Hyaluronan ve kolesterolit siilfat, keratan siilfat ve dermatan stilfat gibi
diger hiicre dist matris (ECM) bilesenlerinin kaybi, gézdeki osteoartrit ve makiiler
dejenerasyon gibi birgok kronik duruma yol agar. Bu gibi durumlarda, bilesenleri

degistirmeyi veya rejenerasyonlarini uyarmayi amaclayan karbohidrat bazli maddeler
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kullanilabilir. Ozellikle hyaluronan, normal diz eklemlerindeki sinoviyal sivinin énemli
bir bilesenidir ve sinoviyal siviya viskoelastik 6zellikler saglar. Osteoartritik eklemlerde
sinoviyal sivi, benzersiz viskoelastik ve kayganlastirma ozelliklerini kaybeder.
Osteoartritik diz eklemlerine eklem i¢ci HA enjeksiyonunun, sinoviyal siviya
viskoelastisite ve yaglama yeteneklerini geri kazandirdigina inanilmaktadir [22].
Goriintiileme cahsmalarinda karbohidratlar

Radyoetiketli 2-deoksi-2-floro-d-glikoz, pozitron emisyon tomografisi (PET taramasi)
igin bir goriintiileme maddesi olarak kullanilir ve 6zellikle merkezi sinir sisteminin
goriintiilenmesinde yararlidir. Maddenin kotiiye kullanimindan kaynaklananlar da dahil
olmak iizere yaralanma bolgelerinin ve norolojik bozukluklarin teshisini ve ayrica beyin
fonksiyonlarini arastirmay1 saglamaktadir. Noronlar tarafindan alinir. Glikoz yerine,
metabolize edilmez ve boylece beynin yiiksek diizeyde noronal aktivitesinin oldugu
bolgelerde birikir. Primer tiimorleri ve metastazlarimi goriintiilemek igin kanserlerin
oligosakaritlerine kars1 yonlendirilen monoklonal antikorlar kullanilmaktadir. Potansiyel
hedef ¢alismalar1 arasinda Tn epitopu ve MUC1 miisin bulunmaktadir [23, 24].

Ila¢c dagitiminda karbohidratlar

Baglayicilar, dolgu maddeleri ve kaplamalar gibi polisakkaritler

En bol bulunan dogal polimerlerden biri olan polisakkaritler, hayvanlarda, bitkilerde ve
mikroorganizmalarda yaygin olarak bulunmaktadir. Oligosakaritlerden farkli olarak,
polisakkaritler genellikle glikosidik baglarla baglanan on veya daha fazla
monosakkaritten olusur. En yaygin bulunan polisakkaritler, seliiloz, hemiseliiloz, pektin,
nisasta, kitosan, sodyum aljinattirFarkli kategorilerine ve kaynaklarina bagli olarak,
polisakkaritler, kendilerine benzersiz biyolojik aktiviteler ve fonksiyonel o6zellikler
saglayan farkli monosakkarit bilesimlerine ve glikosidik baglara sahiptir. Ornegin,
kitosanin antibakteriyel 6zelliklerinden yapisinda bulunan amino gruplari sorumludur ve
stilfat gruplari, sodyum aljinatin antioksidan 6zelliginin ana nedenini olusturmaktadir [25,
26].

Yeni nesil ila¢ uygulama bilesikleri

Ila¢ uygulama sisteminin, verimli ve kesin bir sekilde, gerekli miktarda ilaci, hedeflenen
bolgeye, gerekli siire boyunca vermesi beklenir. Ilag molekiillerinin istenmeyen
Ozelliklerinin aza indirilmesi i¢in siirekli olarak farkli tasiyict  malzemeler

gelistirilmektedir [27]. Bunlarin arasinda siklodekstrinler (CD), olusum yoluyla konuk
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molekiillerin fiziksel, kimyasal ve biyolojik o6zelliklerini degistirme kabiliyetleri
nedeniyle potansiyel adaylar olarak bulunmustur [28]. CD’ler kimyasal olarak, a-(1,4)
glukosidik baglarla baglanmis en az 6D (+) glukopiranoz birimi igeren siklik
oligosakaritlerdir. Lipofilik i¢ bosluklara ve hidrofilik dis yiizeylere sahip CD'ler,
kovalent olmayan inkliizyon kompleksleri olusturmak i¢in ¢ok ¢esitli konuk molekiiller
ile etkilesime girebilirler. CD’ler ve bunlarin tiirevleri olan diger sakkaritler, hidrofilik
bir i¢ ¢ekirdege sahip olan, ¢oziiniirliigi arttiran, 6zellikle zayif ¢6ztintirligii olan ilaglar,
yeni ilag verme bilesikleri olarak ilacin kendisi ile kompleks olusturmak igin, biiyiik umut
vaat etmektedir [29, 30].

Biyo yapiskan maddeler

Bir polisakkarit olan kitosan, a-(1-4) bagli 2-asetomid-2-deoksi-pB-D-glukopiranoz ve 2-
amino-p-D-glikopiranoz birimlerinden olusur. Sadece bir mukoadhesif polimer degil,
ayn1 zamanda mukozal epitelyumda bir emilim arttiric1 fonksiyona sahiptir. Kitosanin N-
deasetillenmis tiirevleri de bu amagla kullanilmaktadir [31]. Biyo-yapiskan vezikiil olarak
kullanilan bir bagka polisakkarit, hyaluronattir (HA). Dogal olarak olusan bir polisakkarit
olan HA, mitkemmel biyouyumluluk, viskoelastisite, biyolojik olarak pargalanabilirlik ve
higroskopik ozellikleri nedeniyle bozulmamis haliyle eklem yaglama ve okiiler tedavi
i¢in kullanilmaktadir. HA, Kkarboksil ve hidroksil gruplarmin kimyasal modifikasyonu
yoluyla kolayca islevsellestirilebilir. Son zamanlarda, HA'nin ¢esitli biyolojik islevleri ve
HA ile biyolojik dokular arasindaki etkilesimin avantajlarindan yararlanilarak bir dizi
Ozellestirilmis uygulamalar tizerinde yogunlasilmistir. HA, viicuttaki HA reseptorlerine
hedef spesifikligi olan ilaglarin kan dolasim siiresini arttirmak ve doku miihendisliginde
hidrojel iskeleleri hazirlamak i¢in kullanilmaktadir [32]. Erken asamada, HA insan gébek
kordonundan ve horoz taraklarindan izole edilmistir. [33, 34]. HA, biiyiik 6l¢ekli bir
mikrobiyal fermentasyon stireci yoluyla verimli bir sekilde iiretilebildiginden , cesitli
biyomedikal alanlara kapsamli bir sekilde uygulanmaktadir [35]. HA, gbz cerrahisi
sirasinda vitreus takviyesi ve osteoartritik eklemlerin sinovyal sivisina bir takviye olarak
kullanilmaktadir Cesitli terapotik uygulamalar igin tibbi ihtiyaglara gore, HA tiirevleri,
hidrojeller, nanopartikiiller, ilag konjugatlar1 ve benzerleri dahil olmak tizere farkli
platformlar olusturmak i¢in gelistirilmistir. HA’nin kimyasal olarak modifikasyonu ile
polimerler, mikrokiireler, siingerler, filmler gibi ¢esitli formlarda mevcuttur. Gliniimiizde

bu polimerlerin Kklinik etkinligini gostermek igin, (osteoporozu onlemek amaciyla
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menopoz sonrasi kadinlarda Kkalsitoninin vajinal yolla uygulanmasinda oldugu gibi)
tedavi edici ajanlar olarak kullanilmasina yonelik ¢alismalar devam etmektedir [32].
Epitelyal hiicre zarlarinda tasima

Vesikiil aracili transseliiler tasima veya basit¢e "transitoz"”, lipoproteinler, antikorlar ve
alblimin gibi makromolekiilleri polarize bir hiicrenin bir yiizeyinden digerine tasimak i¢in
kullanilan hiicresel bir tasima sistemidir. Bu mekanizma, alim, sitozol yoluyla difiizyon
ve salim yoluyla meydana gelen anyonlar, katyonlar ve amino asitler gibi kiiciik
molekiillerin gecisine zittir ve ayrica hiicreler arasindaki paraseliiler sizintidan farklidir.
Daha da onemlisi, transsitoz, makro molekiilleri ¢ok hiicreli bir organizma igindeki
komsu ancak benzersiz iki mikro ortam arasinda segici olarak hareket ettirmek igin bir
stireg olarak gelismistir. Lipoproteinlerin dolasim sisteminden dokulara hareketi ve
immiinoglobulinlerin mukozal yiizeylere tasinmasi 6rnek olarak verilebilir. Taginmanin
endotelyal veya epitelyal hiicreler tarafindan gergeklestirilip gerceklestirilmedigine
bakilmaksizin, transitozgenellikle bir ligandin bir endositik vezikiil i¢ine reseptor aracili
alimini, tagtyicinin sitoplazma iginden diizenlenmis gegisini ve bir ekzositik olay yoluyla
yiikiin salinmasini igerir. Ilag emiliminde cok yaygim problemler arasinda, bircok ilacin
makromolekiil olmasi, zayif lipid ve ya kolayca bozunmalari sayilabilir. Bu yonler,
onlarin hiicre zarlar1 gibi biyolojik bariyerler tizerinden tasinmasinda sorun yaratir. Altin-
karbohidrat kompleksler, hiicre membran stabilizasyonu arttirici etkilerinden dolayi artrit
tedavisinde kullanilmaktadirlar [36].

Lipozom hedefleme ve ila¢ uygulamalarinda lektinler

Ilaglarm, genellikle oral veya nazal yollariyla basarili bir sekilde uygulama girisimlerinde
birgok yaygin sorunla karsilasilmaktadir. En temel olanlardan biri, ilag emilimi igin
mevcut zamanin ¢ok kisa olabilecegidir. Bu gibi durumlarda, ilag emilmeden &nce
bozulabilmekte veya mekanik olarak uzaklastirilmaktadir. ilacin, hedef hiicrenin
membranina yapisan bir tasiyict molekiile baglandigi gelistirilmis biyo-yapiskan ilag
dagitimint miimkiin kilan bir yaklasim sunabilir. Lektinler, hiicre yiizeyinde bulunan
glikokonjugatlarin taninmasi1 yoluyla spesifik olarak bagirsak veya nazal mukoza
hiicrelerine baglanmaktadir. Bu yapisma, ilacin plazma membranini bagarili bir sekilde
gecmesine izin verebilmektedir. Tla¢ dagitimini iyilestirmenin basarili bir yolu ilac1 bir
lipozom i¢ine dahil etmektir. Lipozomlar, bir lipit ¢ift tabakasini (tek tabakali lipozomlar)

veya sulu bir boslugu cevreleyen birkag es merkezli lipid ¢ift tabakasini (g¢ok tabakali
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lipozomlar) igerir. Hem hidrofobik hem de hidrofilik ilaglarin verilmesi igin
kullanilabilirler. Lektine yonelik ilag dagitimi, lipozomlarin kullanimi ile de ittifak
edilebilir. Bu durumda, lektin, bir proteo-lipozom iiretmek icin dogrudan lipozomun
yiizeyine konjlige edilir. Bu, lektinlerin bagirsak veya burun mukozasi gibi hedef
hiicrelerin sakkaritlerine spesifik baglanma o6zelligini kullanir [37]. Lektin-sakkarit
etkilesimi, lipozomun plazma zarina baglanmasint kolaylastirir. Deneysel olarak,
lektinler lipozomlar1 tavuk Kriyositleri, fare dalak hiicreleri, Hela hiicreleri, fare
fibroblastlar1 ve bakteri hiicreleri gibi bir dizi farkli hiicre tipine hedeflemek i¢in basariyla
kullanilmigtir. Lektinlerin  bir baska uygulamasi, ilaglari, hastaliklardan sorumlu
bakterilerin yiizeyine yonlendirmektir. Gram (+) bakterilerin hiicre duvarlari
peptidoglikanlar agisindan, Gram (-) bakterilerin ise lipopolisakkaritler ag¢isindan
zengindir. Bu hiicre yiizeyi glikokonjugatlari, lektinler i¢in potansiyel baglanma
bolgeleridir ve bu nedenle hedefli bir ilag dagitimi olabilmektedirler. Lektinler ¢esitli
sekillerde ilag tedavisi icin yararli olabilir. Biyo-yapiskanlar olarak bakteri hiicre yiizeyi
glikanlarin1 hedeflemek i¢in proteolizozomlarda kullanilabilirler [37, 38].
Antienflamatuar tedaviler

Karbohidrat bazli veya modifiye edilmis terapétikler, enflamatuar hastaliklar ve anti-
trombotik tedavilerden yara iyilesmesine kadar degisen kardiyovaskiiler ve hematolojik
tedavilerde yaygin olarak kullanilmaktadir. Karbohidrat bazli terapétikler, polisakkarit ve
oligosakarit anti-enflamatuarlari, dogal ve sentetik kaynaklardan elde edilenler ile yapi-
fonksiyonel iliskilere gore tasarlanmig olan antikoagiilan ve anti-trombotik ajanlari igerir.
Bu bilesiklerin bazilari, yapisma 6nleyici, anti-HIV ve artritik aktiviteler gosteren ¢oklu
biyolojik etkilere sahiptir. Kompleman inhibitorlerinin kiigiik molekiilleri, tiirevleri veya
mimetikleri, iskemi/reperfiizyon yaralanmalarinin sinirlandirilmasinda kullanilmak tizere
detaylandirilmistir. Hem dogal hem de sentetik monosakkaritler, in vivo anti-enflamatuar
ve kardiyoprotektif 6zellikleri agisindan arastirilmistir. Dogal tiriinlerin glikosilasyonuyla
modifikasyon veya glikosilasyonu taklit eden modifikasyon, plazma yari 6mriiniin
artmasi Ve istenen fonksiyonlarin iyilestirilmesi veya artirilmasi dahil olmak iizere ana
molekiil izerinde 6nemli bir etkiye sahiptir [39].

Selektin-ligand etkilesiminin engellenmesi

Kanser metastazi, uzak dokulardaki kanser hiicreleri ve endotel hiicreleri arasindaki

hiicre-hiicre etkilesimleriyle kolaylastirilir. Ek olarak, trombositler ve 16kositlerle kanser
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hiicresi etkilesimleri, kanser hiicresi yapismasina, ekstravazasyona ve metastatik
lezyonlarin olusumuna katkida bulunmaktadir. Selektinler, sialillenmis, fukosile glikan
yapilarina baglanan ve endotel hiicrelerinde, trombositlerde ve l6kositlerde bulunan
karbohidrat baglayic1 molekiillerdir. Aktive trombositler ve endotelyal hiicreler tizerinde
eksprese edilen P-selektin, 16kositler tizerinde bulunan L-selektin ve aktive edilmis
endotel hiicrelerinde eksprese edilen E-selektin olmak tizere selektin ailesinin g tiyesi
vardir. Enflamasyon, immiin yanit ve hemostaz gibi fizyolojik siireclerde selektinlerin
kabul edilen rollerinin yani sira, selektinlerin kanser metastazi da dahil olmak tizere bir
dizi patofizyolojik siirece katkida bulunma potansiyeline iliskin kanitlar bulunmaktadir.
Selektinlerle kanser hiicresi etkilesimleri, karbohidrat belirleyicilerinin gesitli kanser
tirlerinden tiimor hiicrelerinin hiicre yiizeyindeki selektin ligandlarinin mevcudiyeti
nedeniyle miimkiindiir. Kanser hiicreleri tarafindan selektin ligand ekspresyonunun
derecesi, kanser hastalar1 i¢in metastaz ve kotii prognoz ile iliskilidir. Selektinlerle
kolaylastirilan kanser hiicrelerinin ilk adhezyon olaylari, integrinlerin aktivasyonu,
kemokinlerin salimi ile sonuglanir ve bu durum muhtemelen metastatik mikro ortamin
olusumu ile iligkilidir. E-selektin, metastaz sirasinda basglayan adhezyon olaylarindan biri
olarak degerlendirilirken, P-selektin ve L-selektin aracili etkilesimlerin de bu siirece
onemli olgiide katkida bulundugu bilinmektedir [40]. Lokosit alimina ve enflamatuar
yanita dahil olan her ti¢ selektin (E-, P- ve L-selektin) ligand olarak taninmaktadir ve bu
nedenle inhibitor sakkaritler selektin aracili etkilesim i¢in umut verici goriinmektedir.
sLe* tiirevleri, enflamatuar yanitin potansiyel inhibitorleri olarak test edilmis ve diisiik
konsantrasyonlarda bile hem akut hem de kronik inflamasyonun hayvan modellerinde
umut verici sonuglar vermistir. En iyi bilinenlerden biri Cylexin'dir (CYL). CYL, bir P-
selektin ve E-selektin ligandi olan sLe* oligosakaridinin sentetik bir analogudur. CYL, P-
selektin i¢in benzer afiniteyi paylasarak, miyokardiyal reperfiizyon hasar1 ve travmatik
sokta notrofillerin endotele yapismasini engelleyebilmektedir. Hiperakut reddi, dnceden
duyarli hale getirilmis allogreft ve ksenograftlarda ana sorundur. Endotel hiicreleri,
hiperakut reddinde ana hedeftir [41, 42]. Bu nedenle CYL, klinik ¢aligmalarda hayal
kiriklig1 yaratan sonuglar vermistir ve kullanimi durdurulmustur.

sLeX gliko-mimetikleri

Gliko-mimetikler, bir sakkarit yapisinin minimum fonksiyonel alanina dayanan kiigiik

molekiillerdir. Gliko-mimetikler, potansiyel olarak, dogal olarak olusan glikan tizerinde
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gelismis stabiliteye veya serum yarilanma omriine sahiptir. E-selektin i¢in dogal olarak
olusan oligosakkaritten daha yiiksek afiniteye sahip bir gliko-mimetik gelistirilmistir.
Diger sakaritlerin gliko-mimetikleri gelistirilme asamasindadir ve ¢esitli hastaliklarin
tedavisinde faydali olacag: diisiiniilmektedir. sLe* ve sLe? gibi biyolojik olarak 6nemli
oligosakaritlerin aktif 6zelliklerini islevsel olarak taklit etmeye hizmet eden kimyasal ve
fizyolojik olarak stabil glikomimikler veya glikoepitoplar formunda bir dizi bilesik
saglar. Bu yapisal Glikomimetiklerin, akut ve kronik hastaliklarin tedavisinde ve ayrica
astim tedavisinde faydali oldugu gosterilmistir. Bu bilesiklerden ayrica enflamasyon,
kanser, diyabet, obezite, akciger vaskiiliti, kalp ve reperfiizyonhasari, tromboz, doku
reddi, artrit, enflamatuar bagirsak hastaligi ve pulmoner enflamasyon gibi selektin aracili
diger bozukluklarin tedavisinde de faydalanilmaktadir [43].

Glikosiltransferazlarin downregiilasyonu

Kronik enflamatuar bozukluklarin tedavisine alternatif bir yaklasim, Fuc-TVII
glikosiltransferaz gibi sLe* sentezinde yer alan glikosiltransferaz enzimlerinin tiretimini
asag1 regiile etmektir.

Mannoz-6-fosfat

Mannoz-6-fosfat; artrit, sedef hastaligi, diyabet ve multipl skleroz tedavisi i¢in bir anti-
enflamatuar ajan olarak umut vermektedir. Lokositlerin vaskiiler baz membranlardan
gecisini saglayan ve bu nedenle enflamatuar durumlarin alevlenmesinde rol oynayan
bozunur lizozom enzimlerini (6rn. Heparanaz) inhibe ettigi disiiniilmektedir. Bu
enzimler, mannoz-6-fosfat reseptorii yoluyla bazal membrana yapisabilmektedir ve bu
nedenle ¢oziiniir mannoz-6-fosfat ile yer degistirebilirler.

Bir anti-enflamatuar ajan olarak (f#1-4)-D-Mannan

(B1-4)-D-Mannan, Aloe vera bitkisinden izole edilmistir. Makrofaj mannan reseptoriiniin
aktivasyonu yoluyla immiin sistemi uyarici 6zelliklere sahiptir. Yara iyilesmesini tesvik
etmek, iilseratif kolit ve enflamatuar bagirsak hastalig1 gibi enflamatuar durumlar: tedavi
etmek igin kullanilir [43]. Canl1i sistemler ve tipta karbohidratlarin 6nemi konusundaki
farkindalik, biyolojik ve farmakolojik uygunluklar ile artmaktadir [39]. Karbohidrat bazli

bazi terapotikler ve kullanim alanlar1 Tablo 1’de 6zetlenmistir.
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Tablo 1 Karbohidrat bazli terapotikler ve kullanim alanlart

Kullanim Alani Baz1 Karbohidrat Bazh Terapotikler

Antikoagiilan Heparin

Antidiyabetik Miglitol

Ditiretik Mannitol

Anemi tedavisi Eritropoietin

Antibakteriyel Streptomisin, Gentamisin, Tobramisin, Netilmisin, Abekasin,
Everninomisin, Daunorubisin, Doksorubisin, Bleomisin,
Mithramycin

Anti-neoplastik Daunorubisin. Doksorubigin, Bleomisin, Mithramycin,
Etoposid, Siklofosfamid, Izofosfotamid

Antienflamatuar (B1-4)-D-Mannan, Mannoz-6-fosfat, sLe* inhibitorleri

Norolojik Hastaliklar Topiramat

Goriintiileme Ajani 2-deoksi-2-floro-d-glikoz

(Tn epitopu ve MUC1 adaylar molekiillerdir)

Artrit Hyaluronan, n-glukozamin, kondroitin siilfat

Mikrobiyal, viral ve paraziter enfeksiyon inhibitorleri

Birgok bakteri ve viriis; hiicre baglanmasi, kolonizasyon veya istilaya aracilik etmek igin
sakkarit-reseptor etkilesimlerini kullamir. Istila ettikleri organlarin hiicre yiizeyinde
bulunan oligosakkarit yapilarini taniyan, adhezinler adi verilen lektin benzeri molekiiller
tiretirler. Birgcok parazit tarafindan da enfeksiyona lektin-sakkarit etkilesimleri aracilik
eder [12]. Adhezinler tarafindan taninan ligandlarla 6zdes veya benzer yapidaki
¢ozilinebilir oligosakkaritler kullanilarak rekabetgi inhibisyon ile bakteriyel baglanmanin
engellenmesi miimkiindiir. Bununla birlikte, biiyiik miktarlarda glikokonjugatlarin izole
edilmesinin zor oldugu kanmtlanmistir. Yapisma onleyici farmasotik ajanlar test etmek
amaciyla ¢ok biiyik miktarlarda ilgili oligosakkaritlerin sentezini kolaylastirmak igin
glikosiltransferazlarin bakteriyel hiicrelerin igine klonlanmasi gelecek vaad eden bir
tekniktir. Bir oligosakkaritin genellikle bu durumda etkinligini arttirdigindan
oligodendromerlerin gelisimine ¢ok ilgi duyulmaktadir [13, 44].

Viral proteinler iizerindeki glikanlarin en kritik islevlerinden biri konagin bagisiklik
sisteminin manipiilasyonudur. Patojen adaptasyonu dinamik bir siirectir ve yanit olarak

glikosilasyondaki degisiklikleri igerir. Ilging bir sekilde, yeni glikosilasyon bslgelerinin
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eklenmesi, sadece uyumu iyilestirmekle kalmayacak, ayni zamanda dengeleyici bir
mekanizma olarak giris reseptoriine olan baglanmayr modiile edecektir [45]. Viral
fonksiyon igin gerekli bolgeye 6zgii glikanlar siklikla korunur. Bu nedenle, hizli
mutasyon gegiren viriisler arasinda korunmus glikosilasyon sablonlarinin tanimlanmasi,
etkili asilarin gelistirilmesi icin yiiksek dncelige sahiptir. Ornegin, influenza susu H5'in
kok bolgesindeki  korunmus glikozitlerin  tanimlanmasiyla yeni as1 adaylari
olusturulmustur. Bazi korunmus glikozitlerin mutasyonuyla, homolog, heterolog ve
heterosubtipik viriislerin nétralizasyonunun artmasi ve B hiicresi yaniti ile sonuglanan bir
asinin  gelistirilmesi miimkiin olmustur [46]. Immiinojenler iizerindeki glikan
yogunlugunu modiile etmek, as1 tasariminda kullanilan yaklasimlardan biri olmustur [47,
48]. N-glikan sayisinin artisi, hepatit viriis kii¢iik ylizey antijeninin immiinojenisitesini
arttirmustir [49]. Buna karsilik, HIV-1 zarfli glikoprotein trimer {izerindeki N'ye bagl
coklu glikosilasyon alanlarinin silinmesi, deneysel kanitlarin nemini vurgulayarak
glikan korumasinin genel biitiinliigiinii saglamistir [47].

Glikana bagiml epitoplar1 taniyan HIV-1'e kars1 genis 6l¢iide notralize edici bir dizi
antikor izole edilmistir [50]. Sonug olarak, bu tiir antikorlarin indiiksiyonu i¢in sentetik
karbohidrat antijenleri arastirilmistir. Ne yazik ki, bu asilama stratejileri gp120'ye karsi
zayif reaktiviteye yol agmis ve nétralizasyon saglamamistir [51, 52]. HIV envelo-1 zarf
glikoproteininin dogal glikosilasyonu hakkinda onemli kanitlar olmasina ragmen az
sayida ¢alisma dogal trimerler ile asilamaya odaklanmustir [53, 54].

Grip insan influenza viriisii

Insan influenza viriis A ve B, lipozomlar ve neoglikoproteinler dahil ¢ok degerlikli
siaillenmis glikokonjugatlar, insan solunum yollarinin epiteline baglanmalarini saglayan
Sia (a2-6) Gal baglayict hemaglutininler iiretir.

Epitel doku hiicrelerine viral baglanmay: bloke edebilen polimerler, lipozomlar ve
neoglikoproteinler dahil ¢ok degerlikli sialile glikokonjugatlar gelistirilmistir. Diger
benzer enfeksiyon islemlerine uygulanabilecek bir yaklagim, biiyiik 6l¢iide hidrofobik,
karbohidrat olmayan yapilara ek olarak sialik asit kalintilar1 ile siislenmis polimer
kiitiphanelerinin tiretilmesidir. Bunlarin, influenza viriisii baglanmasini bloke etmede
etkinlik agisindan taranmig olmasi, viriisiin baglanma bolgesi ile ilgili olarak sialik
asitlerin ve karbohidrat olmayan bilesenlerin diizenlenmesi nedeniyle, son derece etkili

oldugu goriilmiistiir. Sialidaz inhibitorleri, viral replikasyonu 6nledigi ve enfeksiyonun
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siddetini/siiresini azalttigi i¢in influenza viriisii enfeksiyonuna karsi terapétik araglardir.
Inhalasyon maddesi olarak uygulanan sialik asit analogu RelenzaTM (Glaxo SmithKline
tarafindan {iretilir), sialidaz ve baglanma yoluyla taninir, influenzay: inaktive eder [12,
55].

Helicobacter pylori enfeksiyonu

Helicobacter pylori enfeksiyonu, kronik gastrit ve mide ilseri ile iliskilidir. Baglanma,
H. pylori bakteriyel adezinin tanindigi gastrointestinal sistemin epitel hiicreleri
tizerindeki Lewis b (Le®) antijeni araciligiyla gerceklesir. Cesitli serbest sekerler ve
sialilasyon ve fukosilasyon glikokonjugatlari bakimindan zengin olan anne siitii,
bebeklerin enfeksiyondan korunmasinda rol oynayabilir. H. pylori enfeksiyonunun
onlenmesi ve tedavisi i¢in karbohidrat bazli profilaktikler gelistirme fikri bir olasiliktir,
ancak klinik arastirmalar ikna edici faydali sonuglar verememistir. Gegmiste, sadece bir
insan patojeni oldugu ve hi¢cbir hayvan modeli bulunmadigi i¢in H. pylori enfeksiyonunu
incelemek zor olmustur. Son zamanlarda, mide epitelinde insan Lewis al, 3/4 Fuc-T'yi
eksprese eden transgenik fareler iiretilmistir. H.pylori, bu hayvanlarin mukozasina Leb
bagimli bir sekilde baglanir. Normal ve transgenik farelerin midesinden izole edilen H.
pylori organizmalarinin sayist esdegerdir. Transgenik hayvanlarda H. pylori hem
mukusta hem de mukozal hiicrelerin yiizeyi ile iliskili gastrik ¢ukurda bulunmustur ancak
normal farelerde H. pylori sadece mukusla iliskilendirilmistir [12, 13, 55]. Bakterilerin
hiicresel baglanmasi, H. pylori hiicre yiizeyi Le® yapilarma karsi yonlendirilmis
antikorlarin tretilmesi de dahil olmak iizere bir bagisiklik sisteminin aktivasyonuyla
sonug¢lanmistir.

Insan immiin yetmezlik viriisii-1 (HI1V) enfeksiyonu

Insan immiin yetmezlik viriisii-1 (HIV-1) ¢ogu hiicrede CD4'ii tanimaktadir. EK olarak,
bazi CD4 negatif hiicreler, 6rnegin noéronlar ve kolon epitheliyum iizerinde bir sakkarit
ligandini isaret etmektedir. Deneysel bir sistemde, bu sakkaridin yap1 analoglari, HIV
enfeksiyonunu bloke edebilmektedir. Bunun, HIV enfeksiyonunun onlenmesi veya
kontrol edilmesi i¢in yeni yaklasimlarin gelistirilmesinde gelecekteki arastirma gabalari
igin umut verici bir alan olacag diistiniilmektedir [56].

Antiviral ajanlar olarak imino seker tiirevieri

Imino sekerler N-butildeoksinojirimisin (NB-DNJ) ve N-nonil-denxynojirimisin (DNJ),

bazi proteinlerin yanlis katlanmasina ve endoplazmik retikulum iginde tutulmasina neden
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olur. Bu ajanlar, sigir viral ishal viriisii ve hepatit B viriisii de dahil olmak tizere gesitli
virtislere kars1 antiviral bir etkiye sahiptir. Antiviral etkinin glikosilasyondaki dagilimdan
kaynaklanip kaynaklanmadigi konusunda tartismalar vardir. Ornegin, hepatit B viriisii
(HBV), enfeksiyoz viriis olusumu igin gerekli olan ti¢ adet N-glikosile edilmis yiizey
proteini igerir. NB-DNJ'nin, kronik HBV enfeksiyonu olan bir dag sigan1 modelinde
antiviral aktiviteye sahip oldugu gosterilmistir [57].

Bakteriyel toksinler

Bakteriyel toksinlerin sakkarit tanima yoluyla gastrointestinal epitelyuma baglanmasi,
kolera gibi hastaliklarin ciddi semptomlarinin temelini olusturur. Karbohidrat bilesikleri,
salgilanan toksinleri uzaklastirmak icin gelistirilme asamasindadir ve antibiyotik tedavisi
ile birlikte kullanilmak {izere tasarlanmistir. Antibiyotiklerle tedaviden sonra bakteri
olimi, normalde karbohidrat ilacina baglanmasiyla zararsiz hale getirilebilen bakteri
toksinlerinin 6nemli 6l¢giide salinmasina neden olur. Bu, binlerce sentetik oligosakkaritten
olusan bir iriin kullanilarak hemolitik tiremik sendromun tedavisinde uygulanmustir.
Toksinler tastyict tizerinde mevcut olan oligosakkaritleri baglar ve tasiyict matris, tirliniin
bagirsaga giivenli bir sekilde gegmesini, gastrointestinal sistemde tutulmasimi ve
enfeksiyon bolgesinde yiiksek konsantrasyonlarda oligosakkaritlerin birikmesini saglar.
Benzer bir yaklasim, bagirsak mikroflorasi antibiyotik tedavisinden sonra degistiginde
ortaya ¢ikan Clostridium dificile iliskili ishalin tedavisine de uygulanmistir. Karmasik bir
oligosakkaritin ii¢ boyutlu yapisin1 inceleyen karbohidrat gruplari tasiyan organik bir
molekiiler ¢ekirdek olan bir 'karbohidrat' gelistirilmistir. Aktif karbohidrat gruplar
kimyasal olarak bir tasiyiciya baglanmis ve boylece bakteriyel toksinlerin sakkarit
tantyan reseptorlerini baglayarak, nétralize etmistir. Uriin, dogal oligosakkarit ile uyumlu
olarak benzerlik gostermis ancak enzimatik hidrolize karsi daha iyi bir dirence sahip
olmustur. Boylece daha uzun bir yar1 6miir ve daha iyi bir etki saglamistir [12, 13].
Bakteriyel enfeksiyonlar

Bakteriyel enfeksiyonlara karsi oligo ve polisakkarit asilar, hastaliga neden olan
mikroorganizmalara kars1 bagisikligi uyarmada biiyiik potansiyele sahiptir. Bazilari uzun
zamandan bu yana basartyla kullanilmaktadir. Bunlar Neisseria meningitidis, Salmonella
typhi ve Streptococccus pneumoniae'ye karsi asilart igermektedir. Daha fazla antibiyotige
direngli bakteri susunun giderek artan ve endise verici sekilde ortaya ¢ikmasiyla birlikte

bu yaklasim gelecekte biiyiik klinik 6neme sahip olacaktir. Karbohidrat bazli asilar
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genellikle ¢ok kiiciik g¢ocuklarda ve bagisikligi zayiflamis hastalarda etkisizdir. Bu
durum, glikanin bir immiinojenik polipeptit tasiyicisina konjiige edilmesiyle asilabilir. Bu
tip yaklasimin basarili uygulamalar1 Haemophilus influenzae tip b (Hib) ve Streptococci
pneumonia'ya karsi bir as1 gelistirilmesini igerir. Shigella enfeksiyonuyla (dizanteriye
neden olan) miicadele etmek i¢in tamamen sentetik bir glikan-peptit asis1 gelistirilmistir
[12, 13, 55].

Ameliyat sonrast enfeksiyonlar

B-glikan reseptortinii notrofiller {izerine hedefleyerek bagisiklik sistemini  uyaran
karmasik bir karbohidrat tiriinii, kolorektal cerrahi hastalarinda test edilmis ve umut verici
sonuglar ile cerrahi sonrasi1 enfeksiyonu énlemeye yeni bir yaklasim olusturmustur.
Anti-fungal ajanlar

Karbohidratlar, funguslarin hiicre ¢eperi yapisinda yer alirlar. Candida ve C. neoformans
yiizey polisakkaritlerinin, asagi akis immiin yanitlarin1 belirleyen PAMP-patojen tanima
reseptoric (PRR) etkilesimlerinde rol oynadiklari tespit edilmistir [58]. Buna gore,
Candida hiicre duvar1 ve C. neoformans kapsiil tiirevi polisakkaritler, ilgili hastaliklara
kars1 olasi as1 hedefleri olarak test edilmistir. Bakteriyel polisakkarit asilarinin
gegmisinden iyi bilindigi gibi, diiz poliyor oligosakkaritler T hiicresinden bagimsiz
antijenlerdir ve bebeklerde az olmasi, varsa immiinojenligi, immiinolojik hafizay
indiikleyememe Ve yiiksek afiniteli antikorlar gibi ciddi dezavantajlardan yoksundur.
Ayrica tim yas Simiflarinda uygulanabilirligini sinirlar. Bu sinirlamalar, yiiksek afiniteli
antikor treten plazma hiicrelerinde ve bellek B hiicrelerinde farklilasmalar1 igin
polisakkaride 6zgii B hiicrelerine T hiicresi yardimini tetiklemek igin gereken T hiicresi
epitoplarini saglayabilen protein tasiyicilarina konjugasyon yoluyla ¢oziilmiistiir [59].
Buna gore, immiinojenisitelerini incelemek i¢in birka¢ fungal karbohidrat antijeni,
secilmig protein tasiyicilarina konjuge edilmistir. Ayrica sakkarit tabakasin1 bozarak ve
sporlarin gelismesini engelleyerek Aspergillus'u hedef almak igin tasarlanmig mantar
onleyici bir terapi gelistirilmistir.

Kanser tam ve tedavisinde glikanlar

Kanser erken teshisi, risk tahmini ve tedavisi igin yeni yaklasimlara acilen ihtiyag
duyulmaktadir ve glikanlar, yeni invaziv olmayan biyobelirteglerin gelisimi i¢in umut
vaat etmektedirler. Kanser tanisi ve malign ilerlemenin izlenmesi i¢in klinik olarak en sik

kullanilan serolojik markaorlerin yani sira hastalik niiksiiniin prognostik biyomarkorlerden
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bazilar1 glikoproteindir [60, 61]. Kanser tiirlerinin teshisinde mevcut biyobelirtegler
Tablo 2°de gosterilmistir. Bu serolojik biyomarkaorlerin hepsinin kanserde anormal bir
glikosilasyona sahip olduklar1 gosterilmis olsa da tarama stratejileri ve teshis potansiyeli
i¢in kullanimlarini ortadan kaldirarak, diisiik 6zgiilliikleri nedeniyle smirli uygulamaya
sahiptirler. Kanserin erken tespiti i¢in bu testlerin 6zgilliiginin ve duyarliliginin
azalmasi, kanserin erken tespiti icin daha yiiksek spesifiklige sahip bir biyomarkoriin
kurulmasina katkida bulunabilecek belirli bir proteinin spesifik glikoformlarinin
saptanmasina Ve Ol¢iilmesine dayanan yeni biyobelirteglerin arastirilmasina neden
olmustur. Bu konuda dikkat ¢ekici 6rnek, karaciger hastaliklarinin tespiti i¢in kullanilan
bir gliko-biyomarkor olan hikayesidir. AFP, (HCC)' un teshisi igin genis Olglide
onaylanmis bir proteindir. Bununla birlikte serum AFP seviyeleri HCC ve iyi huylu
karaciger hastaliklar1 arasinda ayrim yapilmasina izin vermez [62]. Bu nedenle, HCC
hastalarinda kronik karaciger hastaliklarina kiyasla fukosilasyon indeksinde oldukca
anlamli bir artis gosteren glikosile edilmis bir AFP formuna (AFP-L3 fraksiyonu)
dayanan ek bir timor markorii onerilmistir. Fukozillenmis AFP-L3 fraksiyonu, HCC'nin
baslamasindan hemen once, karacigerde Siroz asamasinda, serumda goriilen HCC'nin
erken saptanmasi igin bir isaretleyici olarak FDA tarafindan onaylanmistir, bu nedenle
HCC olan hastalarda en iyi onaylanmis isaretleyici olarak kabul edilir [62].

GP73, kininojen ve haptoglobin gibi diger karaciger salgilanan proteinlerin, HCC'nin ve
hastalik ilerlemesinin erken tespiti i¢in timit verici biyobelirtegler olarak islev goren
fukosil oldugu gosterilmistir. Yeni teknolojilerin ve glikan analizi i¢in yeni yontemlerin
ortaya ¢ikmasiyla, kanserle iliskili bircok anormal glikan 6rnegi kesfedilmistir [63].
Yiksek verimli kiitle spektrometrisi yaklasimlar1 ile kombine edilen memeli hiicre
hatlarinda son zamanlarda kesin ve stabil glikojen diizenlemesinin uygulanmasi, yeni
biyolojik bilgileri agiklayan ve varsayilan hastalik biyomarkorleri iireten kanser
hiicrelerinin O-glikoproteomunun Karakterizasyonuna katkida bulunmustur. Buna ek
olarak, yeni gelistirilen yiiksek verimli platform teknolojileri ayrica biiyiik ornek
gruplarinin verimli bir sekilde analiz edilmesini saglamistir [63].

Son zamanlarda, mide kanseri olan hastalardan alinan serumda CD44 dolasiminda STn
antijeni bulunmustur [64]. Ek olarak, STn, bagirsak metaplazisi ve gastrik karsinomu olan
hastalardan alinan serumdaki plazminojende bulunmustur. Ek ¢alismalar PSA'da prostat

kanseri icin spesifik benign prostat hiperplazisinden ayirt edebilen spesifik bir
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biyobelirteg¢ olarak glikosilasyonun (hem fukosilasyon hem de sialilasyon) degistigini
gostermistir [65]. Bu nedenle, glikanlarin protein omurgas: ile kombinasyon halinde
hedeflenmesinin, klinik uygulamalar igin yeterli hassasiyet ve 6zgiilliik ile daha biiyiik
teshis ve prognostik performans saglayacagi muhtemeldir.

Ek olarak, baz1 glikokonjugatlarda zenginlestirilmis dolasimdaki ekzomomlar, kanserin
erken tespiti i¢in biiyiik bir potansiyele sahiptir. Bu, dolasimdaki pankreatik kanser
eksozomlarini tanimladigr ve bu kanserin erken saptanmasimna izin verdigi gosterilen
proteoglikan glifikanl (GPC1) 6rnegidir.

Tablo 2 Kanser tiirli ve biyobelirtegler

Kanser Tiirii Biyobelirtecler

Prostat Prostat spesifik antijen (PSA)

Yumurtalik Karsinom antijeni-125 (CA125), Musin-16 (MUC16)

Kolon SLe?, CA19-9, Karsinoembriyonik antijen (CEA), Epidermal Biiyiime
Faktorii (EGFR)

Meme MUCL1 (CA15-3)
ER / PR (6strojen reseptorii / progesteron reseptorii) HER-2 / neu

Mide SLe? CA19-9, CD44, STn, HER-2 / neu

Pankreas SLe?, CA19-9

Hepatoselliler karsinom | a-fetoproteinin (AFP), Fukosil

Gastrik karsinom STn

Akciger EGFR, KRAS, EML4/ALK

Kemoterapi ilaglart

Doksorubisin, etoposid ve bleomisin gibi bir¢ok kemoterapi ilaci gliko-konjiigattir.
Bazilar1 antibiyotiktir. Glikosilasyonun manipiile edilmesi, bu bilesiklerin daha etkili
formlarini gelistirme potansiyeli ile iligkilidir. Bu durum, ana bilesige direngli timorlere
kars1 etkili olan hem yar1 sentetik doksorubisin analoglari olan epirubisin ve MEN 10755
i¢in gecerlidir.

Dogal olarak olusan kemoterapétik ajanlarin glikosilasyonunun degistirilmesi, drnegin
toksisitelerini veya yan etkilerini azaltarak diger ozellikleri de etkileyebilir.
Siklofosfamid ve izofosfotamid gibi sitotoksik alkilleyici ajanlara dayanan glikosile

edilmis on-ilaglar, ya asit hidroliz ya da enzimatik labil glisidik bagli in-vivo aktif ilaglara
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dontistiriilir.  Glikozidik  baglantilar, kemoterapi ilaglarinin  glikosilasyonunun
degistirilmesi etkilerini artirabilir.

Anti-kanser asilart

Kanser hiicreleri glikosilasyon bozuldugundan kaynaklanan, normalde saglikli yetiskin
hiicrelerde bulunmayan boyutta oligosakkarit zincirlerine sahiptirler. Bu nedenle, kansere
bagl glikotoplara karsi yonlendirilmis anti-kanser asilari gelistirme ¢abalar1 mevcuttur.
Polisakkarit asilarin, 6zellikle modern konjuge asilarin, bazi hastaliklar1 6nlemede gok
etkili oldugu kanitlanmistir. Glikosfingolipidler, Tn epitopu (GaINAc-OSer / Thr), sialil
Tn ve miisinle iliskili oligosakkaritler, 6rnegin MUCL gibi kesilmis glikanlar, bu tip
misin yaklasimi igin 6zellikle giiglii adaylardir. Normal hiicrelerden yoksun, ancak
birgok kanser (kolon ve meme kanseri) tarafindan tiretilen bir sakkarit yapis1 olan sialil
Tn'den olusan bir as1, protein tasiyici anahtar deligi deniz salyongozu haemosiyanin ile
kovalent olarak baglandi ve meme, pankreas ve kolon kanseri ¢alismalarinda umut verici
sonuglar verdi. "Theratope" adi altinda GMK adi verilen bir as1, melanom hiicrelerinin
%095'inin yiizeyinde bulunan glikolit olan GM2 gangliosid kullanilarak gelistirilmistir
[55]. ActHIB/OmniHIB, Haemophilus influenza tip b'nin (HiB) neden oldugu ¢ocukluk
¢ag1 menenjitini 6nlemek i¢in kullanilan bir konjuge asidir. [66]. Prevnar, kulak agrisi,
menenjit, kan zehirlenmesi ve zatiirreye neden olabilen pnomokok enfeksiyonlarini
onlemek i¢in kullanilmaktadir. Typhim Vi, hijyen ve sanitasyon standartlarinin yetersiz
oldugu, gelismekte olan iilkelere seyahat edenler igin tavsiye edilmektedir. Asi, etken
madde Salmonella typhi‘'den yapilmakta olup diger Salmonella tiirleri veya diger
bakterilere karsi koruma saglamamaktadir. Bu asilarin ¢ogu, ¢esitli kanserlere karsi
etkinlikleri agisindan analiz edilmektedir ve bu calismalar tiimoérle iliskili karbohidrat
antijenlerine karst monoklonal antikorlarin iiretilmesi esasina dayanmaktadir [67-69].
Timorle iliskili karbohidrat antijenlerinin bagisiklik sistemi tarafindan yabanci olarak
taninmasina ragmen, bagisiklik tepkisi nispeten zayiftir ve kanser hiicrelerini yok etmede
etkisizdir. Kanser hiicresi glikanlarinin kimyasal modifikasyonunun, karbohidrat
antijenlerine kars1 daha biiyik bir bagisiklik tepkisini uyarabilecegi ve dolayisiyla
timorlerin ortadan kaldirilmasini Saglayabilecegi varsayilmistir. Bu nedenle, belirli
kanserlere karsi asilarin liretilmesi ve tasarlanmasi i¢in bir dizi sentetik glikopeptid
kullanilmaktadir. Timorle iligkili karbohidrat antijenlerinden iiretilen monoklonal

antikorlar (mAb'ler), anti-kanser ilaglarini kendi spesifik etki bolgelerine ulagtirmak igin
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de kullanilabilir. Bu nedenle, lipozomal anti-kanser ilaglarinin ligand aracili hedeflenmesi
yoluyla anti-kanser ilaglarinin terapotik endekslerini arttirmanin miimkiin oldugu
kanitlanmistir. Bu lipozomlar veya fosfolipid iki tabakali vezikiiller, hidrofilik sulu i¢
kisimlarinda hapsolmus veya hidrofobik ¢ift tabakalari ile baglantili ilaglar1 tasimak igin
kullanilabilir. ila¢ paketi, hedef hiicresine homing antikoru kullanilarak génderilir ve
daha sonra, lipozom-ilag tinitesinin lizozomal ve endozomal enzimler tarafindan
parcalanmasindan Once aktif ilact serbest birakarak igsellestirilir. Doksorubisin ve
vinkristin 6nemli 6lgtide bu sekilde kullanilan etken maddelerdir. Son zamanlarda yapilan
bir inceleme, ligand hedefli lipozomal terapdtiklerdeki yeni gelismeleri agiklamakta ve
bu tiir stratejilerde karsilagilan muazzam avantajlar1 ve birgok sorunu vurgulamaktadir
[70, 71].

COVID-19'un karbohidrat bazh teshisi

Yeni Koronaviriis hastaligina (COVID-19), Siddetli Akut Solunum Sendromu
Koronaviriis-2 (SARS-CoV-2) neden olmaktadir [72, 73]. Alfa («), beta (8), gama (y) ve
delta (&) gibi dort ana tip koronaviriis tanimlanmis olup bunlar arasinda sadece a- ve -
koronaviriisler insanlar i¢in patojenik suslardir [74]. COVID-19 semptomlar1 arasinda
oncelikli olarak ates, siddetli solunum problemleri ve zatiirre bulunmaktadir. Tim
diinyadaki COVID-19 salgini, bu tehlikeli enfeksiyonun hizli teshisi, profilaksisi ve
iyilestirilmesinde birgok zorluk yaratmistir. Yaygin olarak kabul edilen ve kullanilan tani
testi, yani ger¢ek zamanli polimeraz zincir reaksiyonu (RT-PCR) yorucu ve pahalidir.
Ayrica, SARS-CoV-2'ye kars1 asilar, antikorlar (Abs) ve ilaglar dahil olmak {izere
birlestirilmis standart tedavi stratejisi heniiz kesfedilmemistir. Su anda, bilim adamlari,
virlisii notralize edebilen Abs iiretmeye baslamak igin bagisiklik sistemini uyaran gok
amagh asilar gelistirmeye c¢alistirmaktadirlar. Bununla birlikte, SARS-CoV-2'nin
genomik ve proteomik ¢esitliligi, as1 gelistirme i¢in bir zorluk haline gelmektedir [75].
Koronaviriisler, COVID-19 patogenezinde énemli bir rol iistlenen ve konake1 bagisiklik
tepkilerini indiikleyen sivri glikoprotein (S-proteini) iceren zarfli tek sarmalli RNA
virtisleridir [75, 76]. SARSCoV-2'nin S-proteinin, her biri 10'a kadar farkli glikan
tarafindan isgal edilebilen 66 glikosilasyon bolgesi i¢erdigi bulunmustur. Bu S-protein ve
glikanlarin (karbohidratlar) yeni teshis tekniklerinin yani1 6ncelikle asilar ve sonrasinda
kiiglik molekiillii ilaglar veya biyolojik tedavi stratejilerinin  gelistirilmesinde ana
hedefler oldugu varsayilmaktadir[77]. Geleneksel Cin bitkisel ttbbinda karbohidrat bazli
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biyomolekiillerin daha az toksik, biyo-uyumlu ve immiinojenik oldugu bildirilmektedir.
Viriis reseptoriinii taklit eden sentetik glikan molekiilleri, viriislerin teshisinde umut verici
olarak gortilmektedir [78]. Kitosan (CS), glukanlar, dekstran, intilin gibi hem bitki hem
de mikroorganizmalardan tiiretilmis polisakkaritler, hem antikora dayali hem de hiicresel
bagisikligin uyarilmasiyla immiinojenik davranis gostermistir, bu nedenle bunlar asilarin
gelistirilmesinde yardimci biyomolekiiller olarak kullanilmaktadir [79]. CS, aljinat ve
karragenan (CRG) gibi ¢ok sayida karbohidratin gesitli viriislere kars1 etkili oldugu ve
antiviral ajanlar olarak kullanildigi bulunmustur. Ayrica antiviral ilaglar olarak glikan
bazli birgok molekiil klinik deneme asamasindadir [80]. Maria ve arkadaslari, insan
influenza viriisii X31'in (H3N2) tespiti icin glikan bazli bir teknik gelistirmislerdir.
Glikonanopartikiiller tasarlayarak (tiyollii ti¢ degerlikli a — 2,6-tiyo baglantili SA tiirevi
ile iglevsellestirilmis AuNP'ler), H3N2 viriisiinii basariyla tespit etmislerdir [81]. Son
zamanlarda, SARS-CoV-2 yiizeyinde bulunan glikanlari hedefleyerek COVID-19 tam
yaklasimi gelistirilmis ve bu glikanlar mutasyon sirasinda degismeden kalmistir [77].
Teshis kitlerinde segilen karbohidrat molekiillerinin 6zellikle hedef patojenler (influenza,
COVID-19, vb.) tarafindan tanindigi ve viriisii tespit etmeye yardimci oldugunu
aciklanmistir. Bu teshis teknigi su anda klinik ¢alismalar kapsamindadir. Gelistirilen
kitte, yaklasik 15 dakika iginde nazofarengeal siiriintii alinarak elde edilen bir 6rnekte
viral enfeksiyonun varligin1 gostermislerdir. Boylece, viriisiin insan hiicreleri boyunca
sekerlerle etkilesimini tespit eden dogru ve hizli bir akis testi saglanmustir. Test Kitlerinin
ana bilesenleri, kagit diizlemine veya altin nanopartikiillere yerlestirilmis glikan
igermektedir. Bu testin ana ¢alisma prensibi, viriisiin varliginda pozitif sonuglar gosteren
kirmiz1 bir ¢izgi olusturmak igin altin NP'leri kaplayan kagit yiizeyinde bulunan sekerlerle
numuneyi bagliyor olmasidir. Daha 6nceki birkag ¢alismada da viriislerin tespiti igin
karbohidratlar (glikan) kullanilmistir. Hieu vearkadaslari, viriisiin reseptor taklidi olarak
bir dizi sentetik glikan gelistirmisler ve daha sonra bu glikan kanallarini, kiigtik
odaklanmis bir mikrodizi olusturmak igin bir ara par¢canin ucundaki serbest bir amin
araciligryla ticari bir cam slayta yazdirarak viriislerin tespitini saglamislardir. Bu mikro

dizi ile, Influenza A viriisiiniin farkli tiirlerini tespit etmislerdir [78].
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Karbohidrat Baglayiaa Ajanlar: COVID-19 Terapisi i¢in Yeniden Kullamim
Potansiyeli

SARS-CoV-2 tarafindan tetiklenen atipik pnomoniyle miicadele etmek icin yeni aday
asilar ve potansiyel antiviraller gelistirme dogrultusunda yasanan son artis, bu kiiresel
pandemiyi ¢ozmede yeni ve kesfedilmemis yaklasimlara ihtiyag duymaktadir. COVID-
19'a kars1 belirli antivirallerin veya asilarin bulunamamasiyla, kendi kendine mesafe, siki
hijyen, kendi kendine karantina, seyahat kisitlamalar1 ve hasta izolasyonu gibi stratejik
kontrol 6nlemleri, bu enfeksiyonun yayilmasini 6nlemek i¢in mevcut birkag segenektir.
Bu nedenle, mevcut ilaglarin yeniden kullanilmasi bir kurtarici olarak ortaya ¢ikmaktadir.
Bitki lektinleri gibi karbohidrat baglayici ajanlarin (CBA'lar) ve lektin benzeri peptidik
olmayan taklit Pradimisin-A'nin (PRM-A) koronaviriis dahil zarfli viriislere karsi
antiviral aktiviteye sahip oldugu gosterilmistir [82-84]. Bitkiler, algler ve siyanobakteriler
gibi cesitli kaynaklardan saflastirilan lektinlerin bu antiviral aktiviteyi sergiledigi
bilinmektedir. Daha spesifik olarak, Hippeastrum hibrid lektin (HHA), Galanthus nivalis
aglutinin (GNA), Allium porrum aglutinin (APA) ve Narcissus pseudonarcissus
aglutinin (NPA) gibi Mannoz (Man) baglayici lektinlerin SARS-CoV'a kars1 antiviral
aktivite sergiledigi gosterilmistir. Benzer sekilde, Urtica dioica aglutinin‘den (UDA) N-
asetil glukozamin (GIcNACc) spesifik lektinler ve Nicotiana tabacum'un (Nictaba) da
SARS-CoV'a kars1 giiglii antiviral aktiviteye sahip oldugu gosterilmistir [83]. CBA'larin
gozlemlenen antiviral aktivitesinin, viral glikoproteinlerde Man agisindan zengin N-bagli

glikanlarmn varligina bagli oldugu bilinmektedir [85, 86].

Sonuc¢

Son yillarda karbohidratlarin biyolojik rollerine ilgi giderek artmistir ve sonug olarak
karbohidratlarin ¢ok cesitli hastalik siireglerinde rol oynadigi yapilan birgok ¢aligsma ile
desteklenmistir. Ornegin, diisiik molekiiler agirlikli heparin bazli iiriinlerdeki egilim,
ortopedik cerrahiden sonra venéz tromboembolizmi onlemek igin sentetik bir
pentasakkaridin onaylanmasiyla sonuglanmistir. 2019 yilindan beri diinya ¢apinda hizla
yayilmaya devam eden siddetli akut solunum sendromu koronaviriis 2 (SARS-CoV-2)
viriisiiniin viicuda girisi, Spike glikoproteinin, konak hiicrelerde mevcut anjiyotensin
doniistiiriicii enzim 2 (ACE2) reseptorii araciligiyla saglanmaktadir. Spike glikoproteyini
hem reseptor baglanmas: hem de viral fiizyon icin gerekli oldugundan SARS-CoV-2

enfeksiyonunda ¢ok 6nemli bir rol oynamaktadir. Bu nedenle de antikorlar1 nétralize
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etmek i¢in anahtar hedeftir. Spike glikoproteini, énemli rolii nedeniyle asilarin ve
terapotiklerin gelistirilmesi icin dnemli bir hedef olarak durmaktadir. Spike glikoprotein,
reseptor baglanma alanini ve major B hiicresi ve T hiicresi epitoplarini tasimaktadir. Bu
yiizden, asilar ve terapotikler i¢in potansiyel bir hedef oldugunu gostermektedir. COVID-
19 icin yaygin olarak kullanilan as1 platformlari, alt birim, viriis benzeri parcaciklar
(VLP'ler), DNA, RNA ve viral vektor tabanli platformlart igermektedir. Bu as1
adaylarimin ¢ogu, etkili bir bagisiklik tepkisi saglamak i¢in Spike glikoproteini hedef
almaktadir. Su anda viral enfeksiyonun tedavisinde noéraminidazi bloke eden iki
monosakkarit glikomimetik ilag, grip tedavisi i¢in kullanilmaktadir. Karbohidrat bazli
terapotiklerin 6neminin ilag kesfi i¢in basarili bir yaklasim oldugunu gosteren detayli
caligmalarin yapilmasi1 gerekmektedir. Ayni sekilde, karbohidrat bazli terapotiklerin ilag
kesfini nasil hizlandirabilecegini gosteren orneklere de ihtiyag vardir. Son on yildaki
karbohidrat bazli terapétiklerin basarist icin en onemli faktor, glikobiyoloji ve
karbohidrat kimyasi alanlarinda devam eden galismalardir ve bu ¢alismalar oniimiizdeki

yillara igin umut vaad etmektedirler.

Kisaltmalar

GABA: Gama-aminobutirat; AMP’A: a-amino-3-hidroksi-5-metil-4-izoksazolepropiyonik asit; ECM:
Hiicre dig1t matris; HA: Hyluronan; sLe: Sialil Lewis; H.pylori: Helicobacter pylori; HIV-1: Insan immun
yetmezlik viriisi-1; NB-DNJ: N-butildeoksinojirimisin; HBV: Hepatit B viriisii; SARS-COV-2: Siddetli
akut solunum sendromu koronaviriis-2; ACE-2: Anjiyotensin doniistiiriicii enzim-2, CYL: Cylexin, CD:
Siklodekstrinler, GIcNAc: N-asetil glukozamin, H3N2: /nsan influenza viriisi X31, TACA: Tiimérle iliskili
karbohidrat antijeni
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OZET

Bir iilkenin ana kaynagi olan tarim, ekonomik kalkinmanin en 6nemli temel taglarindan biridir.
Her toplum i¢in hayati dneme sahip olan tarim sektorii, ekonomik gelismisliginde 6nemli bir
unsurudur. Tirk Dil Kurumu’nun yayiladig Tiirkge Sozliik ’te “bitkisel ve hayvansal iirlinlerin
iretilmesi, kalite ve verimlerinin yiikseltilmesi, uygun kosullarda korunmasi, islenip
degerlendirilmesi ve pazarlanmasi, ziraat ve kiiltiir” olarak ifade edilmekte olan tarim, iilke ve
toplumun kalkinmasinda 6nemli rol oynamaktadir. Ekonomik sistemin kiiresellesmesi, rekabet
ortaminin yogunlagsmasi ve piyasa kosullarinin hizli degismesi ile giderek daha fazla 6nem
kazanmakta, toplumun sagligi ve gelisimi ilizerinde 6nemli etkilere sahip olmaktadir. Bu
¢alismada Sovyet Sosyalist Cumhuriyetleri Birliginin (SSCB) dagilmasindan sonra bolgede
kurulan milli devletler igerisinde tarim potansiyeli yiiksek, islenebilir topraklarin beste birine
sahip, giiniimiizde tarimsal {riin iireticisi ve ihracatcisi olan Kazakistan’da tarimin XIX.
yiizyilda Kazak toplumunda sosyo-ekonomik ag¢idan dnemi iizerinde durulmustur. Calismanin
temelini Kazak bilim adami iinli Cokan Cingisovi¢ Valihanov’un birincil kaynak olan
Sobraniye Sogineniy V Piyati Tomah adl1 ansiklopedik derlemenin birinci cildinde yer alan “O
Hlebopasestve-Tarim Hakkinda” adli eseri olusturmaktadir. Calismanin amaci Rus dilinde
yazilmig olan bu eserin XIX. yiizyilda tarimin Kazak toplumu iizerindeki sosyo-ekonomik
acgidan 6nemi ve etkilerini analiz etmektir.
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Agricultural Activities Of Kazakhs in the 19th Century
According To Kazakh Scientist Chokan Valikhanov

ABSTRACT ARTICLE
Agriculture, which is the main resource of a country, is one of the most important cornerstones HISTORY
of economic development. The agricultural sector, which is vital for every society, is also an Received

26 May 2021

important element of economic development. Agriculture is expressed in the Turkish Dictionary Accepted

published by the Turkish Language Institution as "production of plant and animal products, 24 September 2021
increasing their quality and yield, preserving under appropriate conditions, processing,
evaluating and marketing, agriculture and culture”. Agriculture plays an important role in the

i _ | ) KEY WORDS
development of the country and society, and it has become more and more important with the Agriculture,
globalization of the economic system, the intensification of the competitive environment and Kazakhstan,
the rapid change in market conditions. It has also had significant effects on the health and agricultural
development of society. In this study, the socio-economic importance of agriculture in the economy, Central
Kazakh society in the 19" century, which has one-fifth of the arable lands with high agricultural IFLQ\:ipaunb-llgg;kic

potential among the national states established in the region after the collapse of the Union of
Soviet Socialist Republics (USSR), and which is also a producer and exporter of agricultural
crops today. The basis of the study is Kazakh scientist Cokan Chingisovich Valihanov’s work
titled “About the Hlebopasth and Agriculture” in the first part of the encyclopedic compilation
called Sobraniye Soginiy V Piyat Tomah. The aim of the study is to analyze the socio-economic
importance and effects of agriculture on Kazakh society in the 19th century.

Giris

Toplumlarin saglikli beslenmesi ve de ekonomik degere sahip olmasi agisindan tarim
sektorii, bu giine kadar tlkelerin ekonomik ve sosyal gelisiminde ¢ok dnemli gorevler
istlenmistir. Tarim sektorii, gelecekte de bu gorevleri iistlenmeye devam edecektir.
Rostov’a gore tarimsal faaliyetler, toplumsal yapilanmada oncelikli konumdadir ve
geleneksel toplumlarin temel faaliyetleridir [1]. Tarim, insanlarin yeryiiziinde gorildigi
ilk donemlerden itibaren yasanilan cografyanin toprak yapisina, iklim kosullarina gére
degisim gostermektedir. Tarim {iiretimi, verimliligi, liretimin devamlilifin1 ve tiretilen
irlinlerin pazarlanmasin1 da gerektirdigi icin daha Once gocebe bir yasam siiren
topluluklarin yerlesik hayata ge¢gmesine neden olmustur. Toplumun gida ihtiyacini
karsilayacak olan tarimsal faaliyetler iilkelerin 6nemli bir gelir kaynagidir. Toplumlarin
tarimsal faaliyetlere baslamasi, topragi ekip bigmesi ve ekili alanlar1 terk
edemeyeceklerini anlamasi sonrasinda topraga bagimli bir duruma gelmeleri, yani
yerlesik hayata gecmeleri hayvancilikla ugrasan konar-goger topluluklar: da etkilemistir.
Tarim ve hayvancilik ticari faaliyetleri daha da arttirmis, ticari faaliyetler araciligr ile
kiiltiirler aras1 etkilesim de gelismistir. Ticari faaliyetler sehirlesmeyi de beraberinde

getirmis, sehirlesmeyle birlikte sanayilesme ve hizmet sektorii 6n plana ¢ikmis ve
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tarimsal faaliyetler geri planda kalmigtir. Bu durum tarimda iiretim azalmasina neden
olmustur [2,3].

Heniliz sanayilesme hamlesini tamamlayamamis toplumlarda hayvancilik ve topragin
kalitesine gore tarimsal faaliyetler o toplumlarin gelismesi i¢in biiyiik 6neme sahiptir.
Tarim sadece temel gida ihtiyaclarinin karsilanmasinda degil ayni zamanda sanayi,
hayvancilik gibi diger sektorlerin ham madde ihtiyacini karsilamada da ¢ok dnemlidir.
Tarimsal iirlinlerin artan niifusun gida ihtiyacini karsilayamamasi gida fiyatlarinda artisi
ve disa bagimlilig1 da beraberinde getirmektedir. Tarim toplumlarinin gelismesi, tarimda
verimliligin artis1 ayn1 zamanda tarim sektoriinde teknolojik gelisimleri takip edilmesi ve
uygulanmasi ile miimkiin olabilir [4,5,6].

Bu caligmada Orta Asya’da hayvancilikla ugrasan, yar1 gocebe bir toplum olan
Kazaklarda XIX. yiizyillda Kazak bilim adami1 Cokan Cingisovi¢ Valihanov’un birincil
kaynak® Sobraniye Sogineniy V Piyati Tomah adli ansiklopedik derlemenin birinci
cildinde yer alan “O Hlebopasestve-Tarim Hakkinda” adli Rus dilinde aktardigi eserinde
Kazakistan’da tarim iiriinlerinin cesitliligi ve tarimsal ekonominin gelismesi hakkinda

verdigi bilgiler analiz edilerek aktarilmistir.
Kazakistan Hakkinda Genel Bilgi

Kazakistan, Avrasya kitasinin derinliklerinde, Orta Asya’da ye alan yiiz dl¢iimii 2 724
900 km? olup Rusya, Cin, Amerika Birlesik Devletleri, Arjantin, Brezilya, Kanada,
Hindistan ve Avustralya’dan sonra diinyada dokuzuncu en genis topraklara sahip bir
tilkedir. Toprak genisligi bakimindan BDT (Bagimsiz Devletler Toplulugu) tilkeleri
arasinda ikinci sirada yer alan Kazakistan’in topraklari, Avrupa Birligi’nin 12 iilkesinin
toplam yiiz 6l¢iimiinden daha biyiiktiir [7]. Yiiz 6l¢timii bakimindan oldukga genis toprak
parcasina sahip olan Kazakistan’in, 6zellikle kahverengi ve kestane renkli topraklarinin
durumu tilke i¢in biiyiik endise kaynagidir [8]. Yogun tarimsal ekonomik faaliyet
alanlarinda, dogal verimliligini koruyan kahverengi ve kestane renkli topraklar1 6nemli
oranda erozyona ugramistir. Toprak bozulmasi, su anda Kazakistan Cumhuriyeti’nin

cevresel, ekonomik ve ulusal giivenligine tehdit olusturan en 6nemli sosyo-ekonomik

8 Kendi déneminde olusturulmus kaynaklara ana kaynak; dénemine yakin bir zamanda ve dénemin kaynaklarindan
faydalanilarak meydana getirilmis olan kaynaklara ise birinci elden kaynak denir. Bkz. Miibahat S. Kiitiikoglu, Tarih
Arastirmalarinda Usil. Ankara: Tiirk Tarih Kurumu Basimevi, 2011.
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sorunlardan biridir [9]. Kazakistan Cumhuriyeti’nde 90 milyon hektardan fazla erozyona
ugramis ve erozyon tehlikesi olan topraklar bulunmaktadir. Ayrica Akmola, Kostanay,
Kuzey Kazakistan, Pavlodar ve Karaganda bolgelerinin koyu kestane topraklarindaki
tarim arazilerinde su erozyonu olusmasi ve tarim arazilerinde azalma olasilig1 oldukga
yiiksektir [10].

Bolgelerin genisligi ve okyanuslardan uzakligy, iilkelerin kendine 6zgii iklim kosullarini
belirlemektedir. Kazakistan’in iklimi, soguk kislar ve sicak yazlar, ¢6l ve yar1 ¢olden
olusan, esit olmayan yagis dagilimiyla keskin bir sekilde karasaldir. Kazakistan, ihtiyac
duydugu su kaynaklarinin sadece % 35’ine sahiptir ve topraklarinin % 66’s1 ¢ollesmeye
maruz kalmaktadir [11].

SSCB’nin dagilmasinin ardindan BDT (Bagimsiz Devletler Toplulugu) i¢ine dahil olan
Orta Asya Tiirk Cumhuriyetleri arasinda, gerek iklim gerekse toprak faktorleri ve tarimsal
potansiyelleri bakimindan, ¢ok c¢esitli farkliliklar bulunmaktadir. Bu iilkeler; tarimsal
tretimde genel verim dusikligl, gida tiiketiminde disa bagimlilik, sicaklik-yagis
iliskilerinin genel elverigsizligi nedeniyle tarimda sulamaya bagimlilik gibi ortak
sorunlara sahiptir [12].

Tarim, madencilik endistrisinden sonra Kazakistan ekonomisinin en Onemli
sektorlerinden biridir. Genel olarak karasal iklimden kaynaklanan risklere ragmen,
diinyanin en biiyiik 10 tahil ve un ihracatgisi arasinda [13] olan Kazakistan tarimsal
liretimin gelistirilmesi icin bilyiik bir potansiyele sahiptir. Ulkenin kuzeyindeki iklim
kosullari, bugday, yulaf, arpa ve diger tahil mahsullerinin yetistirilmesini kolaylastirir ve
ayrica sebze, kavun yetistiriciliginin ve bir dizi endiistriyel mahsuliin (aycigegi, keten,
tiitlinlin vb.) yetistirilmesine olanak taniyarak Kazakistan ekonomisinin kilit sektoriinii
olusturur [14].

Kazakistan’in dogal kosullari, bitki ¢esitliligi, hayvanciligin gelismesi i¢in énemli bir
potansiyele sahiptir. Kazakistan’da insanlar geleneksel olarak koyun, at, deve ve sigir
yetistiriciligi ile ugrasir. Kazakistan’in giineyinde, dag eteklerinde ve ¢ok sicak olan
vadilerinde yapay sulama yontemleri ile meyve ve iiziim yetistiriciligi yapilabilirken,

pamuk, seker pancari, sar1 tiitiin, piringten yiiksek verim elde edilir [15].
Kazaklarda Tarimin Tarihsel Gelisimi
Sulama teknolojisinin gelistirilmesi ve Otrar vahasinin sulama aginin iyilestirilmesi VII-

IX. ylizyillarda gergeklesmistir. Yazili kaynaklara gore, bu donemde Orta Asya ve
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Kazakistan topraklarinda erken feodal devletler kurulmustur. Orta Asya’nin yerlesik
tarimsal vahalarinda Bat1 Tiirk Kaganligi’nin siyasi egemenliginin kurulmasi, Orta Asya
ve Kazakistan halklar1 arasindaki ekonomik ve siyasi baglarin giiclenmesine katkida
bulunmustur [16]. Mogol istilalarindan etkilenen Kazakistan topraklarinda XIII. yiizyilin
sonu — XIV. ylizyilin baginda (Otrar, Tiirkistan ve digerleri) tarim kiiltiiriiniin ve sehirlerin
kademeli bir sekilde ekonomik canlanmasi ve restorasyonu goriilmektedir. Bolgede XIV.
yiizyildan itibaren gogebe ve yar1 gocebe sigir yetistirme ekonomisi gelismis, hem Kazak
topraklarinda hem de Orta Asya’nin diger iilkeleriyle ticari iliskiler yeniden kurulmustur
[17].

Yazili kaynaklara gore, Orta Cag’in sonlarinda Tiirkistan, genis bir tarim bolgesi halinde
birlesmis ¢ok sayida yerlesim yerinin merkezi olmustur. Bolge sakinleri tahil
yetistirmenin yani1 sira sulu tarim ve satis icin diger tarimsal iirlinlerin ekimiyle
ugrasmiglardir. Timur’un vakifnamesinde XIV-XV yiizyillarin baglangicina bdlgede
biiyiik ekili ve iyi sulanan alanlarm varhgindan séz edilmektedir. Iki yiizy1l sonra aym
arazi alanlarinda Hoca Ahmed Yesevi Tiirbesi’ne ait olduklar1 dogrulanan baska bir
belgede Tiirkistan cevresinde Onemli arazi alanlarinin sulanmasinin yapildigi, bazi
ariklarin listelendigi hususunda bilgilere rastlanir. Bu belgede sulu tarim yapilmasi i¢in
olusturulan Yangi¢c hendegi, Mir-Karasu hendekleri, Signak ve Cornak, Kara-bulak,
Sazat-bulak adlarin1 tasiyan su kaynaklaridir. Tirkistan bdlgesinde sulanan bu
topraklarda tahil iiriinlerinden 6zellikle bugday, arpa ve ayrica kavun, karpuz, meyve,
sebze ve liziim yetistirilmistir [18].

XV-XVIII. yiizyillarda Kazak Hanlig1 bagimsiz bir ekonomik, politik, sosyal ve kiiltiirel
devlet olarak var olmustur [19]. XV. yiizyilin sonlarinda ve XVI. ylizyilin baslarinda,
Kazak Hanlig1 ekonomik olarak giiclenmis ve Kazaklarin etnik topraklarinin énemli bir
kismu da dahil olmak iizere bolgesel olarak genislemistir. Kazak Hanligi’nin giiclenmesi
ve Kazak Hanligi’'na Uysin, Kanli, Dulat, Kipgak, Karluk, Tele, Yama, Oguz
kavimlerinin katilmasiyla Kazak adi Hazar Denizi’nden Altay’a, Sirderya’dan Oral
sahasina kadar olan cografyada yasayan Tiirk kavimlerinin ortak ad1 olarak kullanilmaya
baslanmistir. Bu kavimlerin birlesmesindeki siyasi, sosyal, etnik ve ekonomik faktorlerin
yani sira ana etken Ozellikle bolgenin hayvancilia ve tarima elverigli arazileri, su
kaynaklar1 ve hayvancilik icin gerekli olan yaylaklar ve kislaklardir[20]. Bagimsiz bir

Kazak Hanligi’nin kurulmasi 6zellikle Kazakistan’in giineyinde ekonomik ve sosyal
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durumun iyilesmesine, tarim ve hayvanciligin gelismesine de olanak saglamistir [21].
Daha sonra Orta Asya bolgesindeki zorlu savaslar, ¢ekismeler, niifusun irili ufakli gé¢leri
ortaminda, Han Kasim yonetiminde, hanlik niifusu 1 milyon kisiye ulasti. Kazak
niifusunun hizla arttigi, dolayisiyla artan niifusun toprak ve otlak ihtiyacindan dolay:
ilerleyen yillarda sinirlarin genisledigi ve XVII. ylizyilin sonlarinda neredeyse bugiinkii
Kazakistan sinirlarina ulasildigi bilinmektedir [22]. Niifusun artmasi ve daha genis
topraklara ihtiyag duyulmasimi, A. A. Kaufman’a goére: “... tarim sorununun Oz,
insanlarin bir sebepten otiirii tahsis edilen arazide sikisip kalmasina dayaniyor. Ilk, acil
ihtiyag - bu nedenle, koyli topraklarinin kullanim hakkini genisletme ihtiyaciydi.”’[23]
diye ifade etmistir.

Tarihi kaynaklara gore Kazaklarin 1445-1521 tarihleri arasinda yoneticiligini yapan
Kasim Han’in Kazaklarla ilgili ayrintili bir aciklamasi bulunmaktadir. Kasim Han
Kazaklarin etnokiiltiirel portresi ile ilgili aktardig: bilgiler XVI. yilizyilin bagindan XX.
yiizyila kadar bir¢ok tarihi kaynakta da yer almaktadir. Kasim Han’in, “Biz bozkirin
sakinleriyiz; ne ender ne de pahali seylere ne de mallara sahibiz, ana servetimiz atlardan
olusur; etleri ve derileri bize en iyi yiyecek ve giyimi sunar ve bizim i¢in en hos igecek
stitleridir ve ondan hazirladigimiz olandir (kimi1z). Topragimizda bahge veya bina yok;
eglencemizin yeri sigir otlaklar1 ve at siiriileri ve biz de atlarin gdsterisini hayranlikla
seyretmek icin siiriilere gidiyoruz.” seklinde ifade ettigi gibi Kazaklar, cogunlukla et
yiyip kimiz igen, gé¢ebe bir yasam tarzi siirdiiren ve tarimla ugrasmayan bir halktir [24]
diye tanimlanmaktadir. Oysa daha 6nceki donemlerde oldugu gibi Orta Cag’da da Sir
Derya’nin alt kesimlerinde yasayan Kazaklar, esas olarak sigir yetistiriciligi, sulu tarim

ve balik¢iligr birlestiren ilkel yari yerlesik ciftgilikle ugrasiyorlardi [25].
Cokan Valihanov’un Hayati ve Calismalan

Cingis Han soyundan gelen bir ailenin ferdi olarak 1835 yilinda, Rusya imparatorlugu’na
bagli Bat1 Sibirya Valiligi sinirlan igerisinde yer alan Kusmurun Bolgesi’nde dogan
Cokan Valihanov*, Kazakistan tarihi agisindan ¢ok &nemli bir konumda olup XIX.

ylizyilin en segkin aydini, arastirmacisi, bilim adami, tarihgi, etnograf ve Kazak

4Cokan’m dogdugu Kusmurun bélgesi simdiki Kostanay bolgesi, Cetigol (Yedigol) ilgesi, Soptigdl koyiidiir. Aman-
Karagay bolgesinin idari merkezi, 1835 yilinda Kusmurun’a tasindi. Bundan dolay1 bu bélge idaresi artik Kugmurun
adiyla anilmaya baslandi. Burada Kusmurun Istihkimi insa edildi. Valihanov ailesi de oraya tasindi. 1853’te Bati
Sibirya Carlik Idaresi Genel Valisi'nin emriyle Kusmurun Bélgesi Idaresi ilga edildi. Onun yerine Isim Nehri
kenarindaki Atbasar’da yeni bir idari bolge kuruldu. Boylece Cingis ailesiyle birlikte ata yurdu Sirimbet’e tasindi.
(Valihanov, a.g.e., s. 12-13.)
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diisiiniiriidiir. Cokan Valihanov Kazak hanlik siilalesine mensup Abilay Han’in iiglincii
kusaktan torunudur. Kazak Hanliginin 18. hani olan Abilay Han Rus Egemenligine
girmeyi kabul etmis, siyasi ve ekonomik olarak Kazak-Rus isbirligini savunmustur. [26].
Valihanov’un egitimi ve fikri hayatinin gelismesinde ailesinin ¢ok biiyiik etkisi oldugu
bilinmektedir. Erken yasta Arap¢a okuma ve yazmayi, ayrica dogu dilleri, cografya, tarih,
matematik ve Kkarakalem resim yapmayr Ogrenmistir. Babasinin bilim insanlari,
cografyacilar, sarkiyat¢ilar bu g¢evrenin ileri gelenlerinden olusan entelektiiel ¢evresi
Cokan’in gelecekteki sahsiyetini etkilemistir[27].

1847 tarihinde Omsk Askeri Kadet Okulu’na giren burada Rusga, Fransizca, Tiirkce,
Mogolca, Arapga, Fars¢a dil derslerinin disinda cografya, edebiyat, felsefe, fizik gibi
temel bilimlerde de 6grenim gormiistiir[28]. Bu okulda F. M. Dostoyevskiy ve S. F.
Durov gibi sahsiyetler ile tanimis ve entelektiiel ¢evresini genisletmistir. 1853 tarihinde
Omsk Askeri Kadet Okulu’nu bitiren Cokan Bati Sibirya Genel Valisi General Gasfort’un
emir komutasinda gorev almis[29], 1855’te General Gasfort’un Kazakistan, Semireci,
Tarbagatay bolgelerine diizeldigi kesif harekatina katilmis, bu sirada Kazak halkinin 6rf
adetleri, gelenek-gorenekleri, tarihi-edebi varligi ve dini yaklasimi hakkinda ¢ok genis
kaynaklara ulagsmistir. Bu sirada derledigi oykii, destan, siir gibi eserlerden yola ¢ikarak
Rus kamuoyunun ve diinyanin Kazak tarihi ve edebiyatina ilgisi arttiracak makaleler
ortaya koymustur [30]. Ayrica Kazak, Kirgiz cografyasi, tarihi, orf ve adetleri
konularinda sozlii edebi eserleri derlemis 1857 Aladag Kirgizlart alaninda yaptig1 saha
calismalar1 sonunda Manas destanini yaziya aktarmistir[31]. Ozii itibari ile Kirgiz ulusal
kahraman1 Manas’in sahsiyetinden yola ¢ikarak Kirgiz toplumunun mitolojik evrenini
konu edinen Manas Destani’nin yayimlanmasi sonrasinda [32] Rus Cografya Kurumu’nun
tiyeligine secilmistir. 1858-59 tarihli Kaggar seyahatinde de 6nemli veriler toplamis,
“Jungarya Tasvirleri”, “Tan-Lu” ve “Altigehir Ulkesinin Vaziyeti” adli makaleleri
yazmistir. Bu makaleler Ingilizceye gevrilerek Batili bilim insanlarinin da erisimine
acilmistir[33]. 1860 tarihinde Petersburg’a ¢agrilan Valihanov burada Genel Kurmay
Askeri Hesap Subesi, Asya Dairesi ve Cografya Kurumu’nda calismalar yapmus,
haritacilik faaliyetlerinin yani sira edebi eserleri tetkik etmistir. 1864 tarihinde
Cernyaev’in Evliya Ata Kalesi askeri harekatina katilan Valihanov bu bdlgelerin
Rusya’ya katilmasimin askeri harekat ile degil diplomasi kanaliyla olmasi gerektigini

diistindiigii ve Cernyaev’in sivillere yonelik davraniglarini onaylamadigi i¢in tepki olarak
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Verniy kalesine c¢ekildi, bu nedenle riitbesi diisiiriilmiistiir. Alban boyunun sultani
Tezek’in koyline yerlesmis, sultanin kiz kardesi ile evlenmistir. Yakalandig1 akciger
hastaliginin neticesinde 1865 tarihinde burada hayata go6zlerini yuman Cokan
Valihanov[34] 29 yillik kisa hayatinin biiyiik bir boliimiinii Kazak tarihini, edebiyatini,
etnografyasini, cografyasini ve lilkesinin manevi zenginliklerini incelemeye adamis ve bu
konuda biiyiik bagarilar elde etmistir. Bunlar Kazak Halk Agiz Edebiyati, Kazak Halkinin
Etnografyasi, Kazak Halkinin Tarihi, Kirgiz Halkinin Tarihi, Etnografyasi ve Cografyasi,
Dogu Tiirkistan ve diger Tiirk Halklar1 Hakkindaki ¢alismalar1 olup Orta Asya’daki Tiirk
Halklarinin dili, kiiltiird, tarihi, cografyasi, yagsam bi¢imleri gibi konularda 6nemli bilgiler
aktarir.[35].

Valihanov’un 6liimiinden sonra Rusya Cografya Dernegi 1867 yilinda Valihanov’un
eserlerinin bir kiilliyat halinde yayimlanmasina karar vermistir. P.P. Semenov ve K.K.
Gutkovski derleme ¢alismalarina baslamis, fakat Gutkovski’nin 6liimii {izerine derleme
calismasina uzunca bir siire ara verilmistir. Bu ¢alisma 1887°de Petersburg Universitesi
profesorlerinden N. I. Veselovskiy editorliigiinde, Potanin’in destegiyle tamamlanmastir.
Rusya Cografya Dernegi’nin siireli yayimi olan Aragtirma Notlar’'nin XXIX. cildi
Socineniya Cokana Cingisoviga Valihanova adiyla yayimlanmis (Petersburg 1904) ve
uzun yilar Valihanov hakkinda temel basvuru kaynagi olmustur. Biiytik bir titizlikle
toplanan bilimsel makaleleri, notlari, mektuplari, elyazmalar1 ve resim c¢aligmalari
6liimiiniin 100. y1ldénlimiinde Sobraniye Sogineniy v Pyati Tomah adiyla bes ciltlik bir
kiilliyat halinde yayimlanmistir. Daha sonra (Alma-Ata 1961-1972), bu kiilliyat,
diizeltmeler ve eklemelerle birlikte Kazak bilim adami Alkey Margulan tarafindan
derlenerek 1984-1985°te tekrar basilmistir. Kiilliyat’a Valihanov hakkinda yapilan biitiin
caligmalarin toplandig1 kapsamli bir bibliyografya cildi de eklenerek alti cilt halinde Kop
Tomdik Sigarmalar Jinagi ismiyle Almati’da 2010 yilinda Kazak Tiirkcesine ¢evrilip
yayimlanmistir. Yapilan bu ¢alismaya kaynak teskil eden Cokan Valihanov’un Sobraniye

So¢ineniy v Piyat1 Tomah “Tarim Hakkinda™ adli eseridir.

Cokan Valihanov’un Sobraniye Soc¢ineniy v Piyati Tomah “Tarim
Hakkinda” Adh Eserinde Kirgiz Kaysaklarinda Tarimsal Faaliyetler

XIX. ylizyilda Kazaklar arasinda gelisen tarim konusunda énemli bilgiler aktaran Kazak
bilim adami, tarih¢i, etnograf, folklorcu, seyyah, egitimci ve oryantalist olan Cokan

Valihanov’un Sobraniye Sogineniy v Piyati Tomah adli eserinin birinci cildinde yer alan
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“Tarim Hakkinda” adli ¢calismasinda Kazakistan’da tarimsal iiretim, iirlin ¢esitliligi, bu
tirtinlerin ekimden hasada kadar gecen siirecteki isleyisi konusunda ayrintil bilgilere yer
vermektedir.

Cokan Valihanov’un bu eserinde Kazaklarin yasadigi bolgede topragin durumu, ekim
yontemleri hakkinda bilgiler aktarmaktadir. Topragin verimliligini, burada tarim

13

yapmanin kolayligin1 anlatmak i¢in “...Topragin yumusakligi, burada Sibirya’da oldugu
gibi gercekten bir saban gerektirmez. Cok kiiclik bir demir parcasi, topragi gerekli bir
derinlige kadar hasat etmek i¢in (siirmek i¢in) yeterlidir. Saban demiri (u¢ demiri)
tahtadan yapilan saban yerine saglikli ve masif bir demir ¢iviye benzer. Sabanin sadece
bir kismi1 agaca tutturulur ve iki boga tarafindan ¢ift siiriiliir.” ifadelerini kullanmistir.
Ayrica Sibirya Kazaklar1 tarafindan kullanilan ¢ekilir tip sabanlar1 (pulluklar1) Kirgiz-

5 nasil kullanacaklarimi bilmediklerini ve bu aletlerden korktuklarini

Kaysaklari’nin
eklemistir. Valihanov Kirgiz Kaysaklari’nin yasadigi Biiyiik Orda’da, ¢etin kig sartlari
nedeniyle siit iiretimi olmadigindan agirlikli olarak siitiin yerini tutmasi igin dari
yetistirdiklerini, ayrica son donemlerde bolgede oOzelikle Kirgiz zenginleri kendi
ithtiyaclari icin Cin bugday1 ekimi de yaptiklarin1 aktarmaktadir.

Valihanov’un aktardigina gore Biiyiik Orda’da ekilebilir tarim XVII. yiizyilin baslarinda
Canis boyu atalarindan biri olan Baykibil zamanindan beri yapilmaktadir. Baykibil
akrabalarindan kendisine kacan bir Kalmik’in yardimiyla Kirgiz-Kaysaklar arasinda
cift¢ilik yapmaya ilk baglayan kisidir. Valihanov’un eserinde Biiyiikk Orda halkinin
anlatimlaria gore, bugday buradaki ekilebilir araziye XVII. yilizyilin basinda Kasgar’dan
Kara Kirgizlar (Burut) yoluyla getirilmistir. Biiyilk Orda’da XIX. yiizyilda bilinen
tohumlar sunlardir: sonbaharda atlar1 beslemek i¢in ekilen bugday, dari, kunak, daha
sonra tohumlart Cin’den getirilen musyuy6, bezelye, arpa, mercimek, keten, misir
(sorgum) ve yine Cin’den ithal edilen susam ekimi yapilmaktadir. Kimi Kirgiz-Kaysaklar
tarafindan ¢avdar ve pamuk da yetistirilmeye calisilmis, ancak bu bitkilerin yetistirilme
denemeleri bolgenin Agustos ayinda bile soguk olmasi nedeni ile basarili olamamaistir.
Kirgiz-Kaysaklar’nda ekimden hasata onemli bilgiler aktaran Valihanov ozellikle

hububat iirlinlerinin hasatinda hafifce biikiilmiis, daha ¢ok bir bicaga benzeyen Kaysak

5 Kazak tabirinin kullaniminin XIV. yiizyila kadar gittigi tesbit edilmistir. En erken Rus seyyahlar1 Kazaklar’1 énceleri
Kirgiz-Kazak (Kaisak) olarak adlandirirken XIX. yiizyildan itibaren sadece Kirgiz kelimesini kullanmiglardir.

6 Tahil, hububat, tarlada yetisen besleyici bir bitki.
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orag1 kullanildigin1 Kaysaklarin iyi ve yogun bir ekin hasadi oldugunda, giinde en fazla
25-30 demet biiyiikliigiinde ekin bigebildigini, hasat edilen ekinlerin tanelerinin
saplarindan ayirma isleminin 6nceden sulanan, ezilen ve tekrar kurutulan killi toprak
zemin lizerinde yi1gilan harmanin 6kiizlerin ¢ektigi dogenlerle yapildigini, bir Kaysak’in
ekonomik imkanma bagli olarak, harman yerinde en az alt1 6kiiz bulundugunu
belirtmektedir.

Bolgede dar1 iiretiminin de oldugunu Valihanov’un su sodzlerinden anlamaktayiz.
“...Soguk ve uzun gecen kis aylarinda ailelerin ihtiyaci i¢in ayrilan dar1 veya diger
tahillarin miktarin1 hesaplayan Kirgiz-Kaysaki, bu tirlinleri aula (kOye) Triinlerin
islenmesinden sorumlu olan kadinlara gotiiriir. Dar1 kadinlar tarafindan [uzun siire] bir
dokme demir kazanda kizartilir, bir havanla doviiliir ve daha sonra bu soyulmus ve
kizartilmis tahil saklanmak amaciyla hazirlanan 6zel gii¢lii yiin torbalarin i¢ine konur....
Ekilebilir arazideki fazla miktarda ham dar1 stokunun geri kalan1 ¢ukurlara gomiiliir ve
toprakla kaplanir, burada ya biitiin kis ya da kisin ilk ihtiyaca kadar depolanir.”
Valihanov Kirgiz Kaysaklar1 arasinda bahgecilik faaliyetlerinin de gelistigini,
bahgecilikle ugrasanlarin Kirgiz-Kaysaklarindan daha ¢ok, Calakazaki’ olarak
adlandirilan bazi Taskent yerlileri oldugunu, bolgede dikilen tiziim baglari, kayisi, elma
ve diger meyve agaclarininin bu endiistrinin iyi gelistigi Tagkent’ten ya da Uygur Dogu
Tiirkistan’1n kadim sehirlerinden Kulca ve Kagsgar gibi sehirlerden Kaysak’a aktarildigini
ifade ederken bahgecilikle ugrasan Kaysaklarin ise topraklarini bahgecilik isini 6grenmek
icin Tagkentlilere verdiklerini sdylemektedir. Ele aldigimiz eserinde bahgecilik
konusunda ayrintili bilgilere yer veren Valihanov dikimden sulamaya ve giibrelemeye, ne
tiir Uiriinlerin ekiminin yapildigina ve bu iirlinlerin tiirlerine yonelik bilgiler aktarmaktadir.

3

Ornegin bu konuda su bilgileri aktarmaktadir. ... Taskentlilerden gecen bahceciligin,
Kaysaklar arasinda daha da gelistigi soylenebilir. Tagkentlilerin dikim i¢in bahgelerde
olusturduklar: ariklarin boyutlar1 Kazaklardakinden farkli olup uzunlugu iki arsin ve
genisligi bir buguk arsinlik kiigiik ariklar yaparlar. Sulama, ekilebilir arazilerde oldugu
gibi, bahgenin oluklarina izin verilen ve her sirtin zikzaklarini saran ariklarla yapilir.

Salatalik ve karpuzun ekildigi topraklarda giibre kullanilmaz, havug ve fasulye gibi basit
bir sekilde ekilir, ...”.

7 Kazaklar ve Tatarlarin, Sartlarin, Uygurlarin ve diger halklarin evlilikleri neticesinde ortaya gikan etnografik bir
gruptur. Cala Kazaklar veya Sala kazaklar etnik ad1 18.-19. ylizyillarda kullanilmistir.
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Valihanov’un eserinde ekimi yapilan {riinlerin mensei, sekli, biyiikligl, lezzeti
konularinda da ayrintili bilgilere ulasilmaktadir. Ornegin tohumlari Cin’den gelen
salataligm, on yedi versok® uzunluguna ulastigmi, seklinin diizgiin olmadigini,
tohumlariin nadiren olgunlastigini ve yerli salatalik kadar lezzetli olmadigini belirtirken,
Taskent, Yarkand, Kokand’dan gelen kavunlarin ise lezzetli, son derece biiylik ve
kocaman bir balkabagi seklinde oldugunu sdoylemektedir. Ayrica Tohumlar1 Tagkent’ten
ve kismen Cin’den ithal edilen Karpuzlarin lezzetli, sekerli, sar1 ve 15 ila 45 funt®
agirliginda oldugunu, biiyiik ve dis kabugunun balkabagina benzedigini, fakat bolgede
pembe karpuz goriilmedigini aktarmaktadir. Yine Valihanov bolgede diger tiriinlerin yant
sira uzun bogazli ve Kirgiz-Kaysaklar1 tarafindan su kabi olarak kullanilan biiyiik bir
siseye benzeyen Cin sukabagi; fasulye, pancar, sar1 havug, turp, bezelye, Cin tiitlinii ve
digerleri de ekildigini belirtmektedir.[36]

Tarimda sulama konusuna de deginen Valihanov, Kazaklarda tarimin topagin parsellere
ayrilmast yoluyla yapildigini, kii¢iik sulama yapilarinin oldugunu, sulu tarim yapilan
yerlerde sulama amagli basit (tekerleksiz) degirmenler insa edilmesi yontemi buraya
Taskent’ten getirildigini aktarmaktadir. Sulama teknolojisinin gelismesiyle birlikte, su
kaldirma mekanizmalar1 ortaya ¢ikmaya basladi ve su ile hareket eden “sakiye”(Bahge ve
tarlalar1 sulamaya mahsus su arki, su dolabi, su kanali) Orta Asya’da yayginlasti. Ayrica
dogal olarak nemlendirilmis topraklarda (hoyiik ve hali¢ tarimi1) da tarim yapilmaktadir.

Kirgiz-Kaysaklarinda temel tarim {irtinii dar1 ekimi oldugunu, bunun disinda baska tiirde
mahsullerin de ekiminin yapildigin1 Turgay Askeri Valisi’nin 1903 tarihli raporunda
gormekteyiz. Bu raporda “En fazla verimin dar1 iiretiminde oldugunu, ardindan bugday,
yulaf, cavdar, patates, keten, bezelye, arpa ve kenevir gibi iiriinlerin geldigi
belirtilmektedir” .

Bolgede topraklarin su ve riizgar erozyonundan korunmasi i¢in de ¢iftgilik, bir 6nceki
yildan kalan aniz {izerinde bir pulluk ile ger¢eklestirilmektedir[37]. Kazakistan’da XIX.
yiizyilda kullanilan tarim aletlerine iliskin baz1 fotograflar, ¢izimleri ve ekilen tohumlarla

ilgili gorseller asagidaki sekillerde paylasiimistir.

8 16. yiizyilin kaynaklarinda yer alan eski Rus uzunluk birimidir. Bu 6l¢ii birimine gére 1 versok = 4,445 cm =
44,45 mm.

9 D.I Mendeleev tarafindan gelistirilen sistem, 30 Nisan 1917 tarihli Gegici Hiikiimetin zorunlu bir karar1 olarak
tanitild: ve 21 Temmuz 1925 tarihli SSCB Halk Komiserleri Konseyi kararnamesiyle uygulandi. Bu sisteme gore Rus
Funtu =0,40951241 Kg.
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Suyun kuyulardan ¢ikarilmasina yarayan sakiye,
Cigir(Sakiye)- X-XII yiizyillarinda Otrar vahasinda. V.A.Trosev tarafindan yeniden yapilanma;
sanat¢1t A.E. Gorbatov
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Otrar yerlesiminden dar1, arpa, bugday taneleri [38]

Yukarida aktarilan bilgilerden de anlasildig1 gibi Kazak toplumunda tarimin az gelistigine
dair ifadeler hem tarihsel gergeklige uygun degil hem de dogru degildir. Kazakistan’da
baz1 bolgelerde tarimin Rus yerlesimciler tarafindan yapildigina dair saptamalar da
yanlistir. Buralarda Rus yerlesimciler gelmeden 6nce de tarim yapilmaktaydi. Ornegin,
XX. ylizyilhn basinda, Semiregye’nin gogebe ve yart gocebe Kazak ekonomisini
inceleyen P.P. Rumyantsev’in sundugu bilgileri dikkatlice analiz eden P.G. Galuzo,
Kazaklarda tarimin yalnizca koyliilerin (Rus yerlesimciler), - gd¢menlerin etkisi altinda
gelismeye basladigr iddialarimi reddeder. Semirecye bolgesindeki Kazaklarin, sadece
icinde Rus Kazak koylii yerlesimlerinin kurulmasindan 6nce degil, ayn1 zamanda bolge
Rusya’ya ilhak edilmeden ¢ok Once de tarimla ugrasmaya basladigina dair bilgiler
bulunmaktadir. Bolgede ilk Kazak kdylerinde yasayan topluluklarin % 40’1 ile % 50
arasindaki bir boliimii heniiz Rus kdyliilerine ait tarim yerlesimleri kurulmadan once de
tarimla ugragsmaktadirlar. Kuzey boélgelerde yasayan Kazaklar Rus kdyliilerinden
etkilenerek evler insa ettiler, ek binalar yaptilar, hayvancilik i¢in kapali barakalar yaptilar.
Ancak Kazaklarin tarimsal iiretim kaynakli yeni ekonomi bi¢imlerine gecisini yalnizca
Rus kiiltiiriiniin etkisiyle iliskilendirmek yanlis olur. Bu ge¢is, 6ncelikle sosyo-ekonomik
nedenlerden kaynaklanmis, XIX. yiizyilin ikinci yarisinda, ekonominin genel olarak
yogunlagmasina bagl olarak tarim, Kazak bozkirinda énemli 6l¢iide gelismistir. Tarim
Kazaklarda XIX. yiizyilin sonu - XX. ylizyilin baslarinda, niifusun énemli bir kisminin
ana ge¢im kaynagi haline geldi. 1897 niifus sayimina gore, Tiirkistan Bélgesi’nin toplam

tarimsal niifusunun %55,4’linii koyliller—gogmenler ve Kazaklar olusturuyordu’[39].
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Sonug¢

Cokan Valihanov’un Sobraniye Soc¢ineniy V Piyati Tomah adli kiilliyatin birinci cildinde
yer alan “Tarim Hakkinda” adli Rusga eserinin temel alindigi bu ¢alismada Cokan
Valihanov’a gore XIX. ylizyllda Orta Asya Tirk Topluluklari arasinda o6zellikle
Kazaklar’da tarimin gelisimi tizerine durulmustur. Ayrica Kazaklarda tarimsal {iretimin
ve tarimsal ekonominin gelismesi hususunda yazilmis olan Rus¢a kaynaklardan da
yararlanilmistir. Bu ¢alisma ile temel amacimiz VII-XX. yiizyillar arasinda gliniimiiz
Kazakistan’in tarimsal iiretimde kat ettigi yol ve iiriin ¢esitliligi lizerinde durulmustur.
Gortildiigii tizere Kazaklar hem kendi ihtiyaglart hem de hayvanlarini beslemek i¢in temel
besin kaynagi olarak dar1 ekimi yapmistir. Darinin disinda diger tarim {iriinleri arpa,
bugday, keten, kenevir bitkisi, kunak, mercimek, bezelye, fasulye, misir (sorgum), daha
sonra tohumlar1 Cin’den getirilen musyuy'?, susam, patates, pancar, sar1 havug, turp, Cin
sukabag1, kavun, karpuz, salatalik, Cin tiitiinii ekimlerinin yansira bagcilik ve bahgecilik
alaninda da tiziim, elma bu boélgede bol miktarda yetistirilmektedir.

Kazakistan topraklarinin ¢ok énemli bir sorunu olan toprak erozyonunun onlenmesi ve

bolgede modern tarimin yapilabilmesi i¢in 6nemli adimlar atilmasi gerektigi de gz ardi

edilmemelidir.
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Pollination in the Tropics: Role of Pollinator in Guava
Production

Nurul Alia Omart* , Nur Athirah Zariman!*', A. Nurul Hudal”

ABSTRACT
Pollinators are the key point for successful pollination in most flowering plants ARTICLE HISTORY
where around 90% of plants depend entirely on them. Majority of the pollinating Rece"’?ld
species are wild, comprising bees, certain species of flies, wasps, moths, butterflies, 01 April 2021

. - . . Accepted
thrips, beetles, bats, birds and other vertebrates, and among them insect pollinators 17 June 2021
are the most crucial. Fruit crops benefit in an impressive way from insect
pollination, where there is a remarkable improvement both in the productivity and
the quality of self-fertilized, self- incompatible and cross-cropping crops worldwide. KEYWORDS
The pollinators are responsible for assisting these flowering plants with their !35|d|um guajava,
reproduction. However, the crisis of the pollinator’s decline (wild and managed Insects,
pollinators) which could seriously disrupt pollination activities in the ecosystems foIt_ crops,
has attracted the attention of the world. Despite the growing concern about the pOHIﬂatIOfL
decline in pollinators worldwide, some issues remain uncertain as data are often reproduction

limited and undermined. Guava, Psidium guajava is a marketable fruit in numerous
tropical and subtropical regions around the world. There has been a growing interest
in pollination studies on guava because of its great economic importance. In guava,
self-pollination is evident, however, it benefits greatly from insect pollination. This
article aims to provide an overview of tropical pollination and pollination problems
that have occurred around the world with a focus on pollination activities in guava.

Introduction

Pollination process is the act of pollen transfer to ensure reproduction. The meaning of
pollination also includes the allocation of sustainable pollen from the mature anther to the
receptive stigma, where the flowers are vector dependent to move pollen [1]. The
Convention of Biological Diversity (CBD) has recognized pollination as an important
component in the maintenance of biodiversity and plays a role in the ecosystems [2].
Pollinators are essential for the environment in which around the world 90% of the species
of angiosperm are reliant on biotic pollination, for the reproduction and maintenance of
genetic variability [3]. Pollinators show vital role in our daily lives by pollinating an

estimated 35% of overall food volume [4]. Insects like bees are the most familiar

! Department of Plant Science, Kulliyyah of Science, International Islamic University Malaysia (11UM),
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pollinators in the production of fruit. Apart from bees, butterflies, beetles, and flies are
important pollinators during the day while bats and moths pollinate during the night [1].
Pollination success can be measured based on the percentage of fruit- and seed-set.
Therefore, better quality fruit production can be assessed by studying the pollinator
species and their roles in pollination activities [5].

However, the world is facing the decline in both wild and domestic pollinating insects for
many reasons that could greatly disrupt pollination activities. The progress of pollination
studies and their application in crop production, especially in the tropic are slow and
complete study is yet to be carried out to utilize these pollinators to increase crops or
horticultural productions. Nevertheless, the factors that lead to pollinator decline need to
be clarified first in order to manage the issues. As for guava or goyave (Psidium guajava
L.) from family Myrtaceae, it is native to tropical America and Mexico and well known
as the “apple of tropics” [6]. Guava is now widely dispersed throughout the tropical and
subtropical areas of the world where the chief producer of guava fruit is India followed
by Pakistan, Mexico, Brazil and other countries such as Thailand, Egypt, Indonesia,
Colombia, Sudan, Venezuela, Cuba, Bangladesh, the US, Vietnam and Malaysia [7].
Guava is a cross-pollinated crop but self-pollination also occurred [8,9]. In guava, studies
showed that the distribution of cross-pollination by insects is about 35% and it is said that
cross-pollination was the most common form of pollination in guava [10].

The present review aims to provide a general overview of the pollination in the tropics
and the pollination issues that happened worldwide with emphasized on the pollination
activities in guava. This review specifically highlights the guava pollination requirements
and the diversity of possible guava pollinators which will be able to help produce better
crop and increase productivity. Besides, the potential issues of pollination that occurred
all over the world are discussed in order to measure the global crisis of declining

pollinators. Finally, the future prospects for research on pollination in guava are analysed.
Pollination and Role of Pollinator in Crops Production

Pollination include transferring pollen to ensure fertilization and reproduction that give
rise to fruits and seeds [10]. The pollen grain will germinate and pollen tube grows,
developing through the supporting style to the ovary after landing on a receptive stigma
[11]. Usually, angiosperms exhibit two types of pollination which are self-pollination or

selfing and cross-pollination or outcrossing [12]. Self-pollination takes place within a
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flower while cross-pollination occurs when pollen from one flower is passed to the stigma
of another flower. The pollen cannot move by itself as it is a non-mobile spore, so it must
be transported from the anther to the stigma by some vectors. The vectors include the
action of abiotic forces such as water and wind, however, 80% of the flowers count on
biotic forces including butterflies, bats, flies, birds, beetle and other insects [11].
Pollinators need to forage on plants or flowers to ensure fruits productions for crop
productivity. Report suggested that a sufficient number of pollinators are able to increase
the fruit crop productions [13]. Moreover, pollination has economic importance where
more than one third of human diet resources are contributed by insect pollinators [14].
Pollinators also play a significant role in most terrestrial ecosystems and represent a
fundamental ecosystem service that is mandatory for maintaining both wild plant
populations and agricultural yield [15]. The effectiveness and efficiency of pollinators
can be measured by the amount of pollen deposited by insects, so it is important to have
access to the role of pollinators and species. Besides, pollination success can also be
measured based on the percentage of fruit-set and seed-set [5]. Apart from this, plants and
pollinator have mutualistic relationships where insects need food such as nectar while
plants need these pollinators services for reproduction [14]. Moreover, the productivity
and quality could be improved by pollinators, where good pollination activities could
improve the stability of agricultural production, reducing yield variability annually,
protecting the effects of climate change and changing land use. If there are not enough
suitable insects to pollinate the crops that need them, then they will not yield to their full
force.

It was mentioned that around 73% of global crops are based on pollination by different
types of bees, 19% from flies, 6.5% from bats, 5% from beetles, 5% from wasps, 4% from
moths and butterflies and 4% by birds [16]. Research found that the main groups of insects
pollinating plants belong to the four largest orders namely Hymenoptera (bees, ants and
wasps), Diptera (flies), Coleoptera (beetles), and Lepidoptera (butterflies and moths) [17].
Hymenoptera is a large order of insects which consists of sawflies, wasps, bees and ants.
They can be found in most habitats, particularly in tropical and subtropical regions where
bees are the most abundant and prosperous pollinators because they depend entirely on
flowering plants as they only feed on pollen and nectar
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during their lifetime [1,18]. Diptera such as male mosquitoes, pollen-feeding Sryphidae
and midges also able to pollinate flowering plants [17]. Meanwhile, some beetles families
such as Scarabaeidae, Elateridae and Cerambidae are known to visits flowers and could
also pollinated them [19]. As for Lepidoptera, some butterflies are known to visit flowers
with a variety of morphologies and colours [20]. The minority of pollinators includes the
Orthoptera that feed on pollen and some Heteroptera that visit flowers for nectar as well
as the insects that use the flowers as spots to attract their prey. Thrips (Thysanoptera) are
found on flowers and frequently fodder on flower tissues and pollen which give more
damage than good. Among pollinators, insects are vital in the production of most of the
fruits and vegetables consumed and for the regeneration of many fodder crops used by
livestock [21].

Bees are the native pollinators that are found abundant in tropical countries including
Malaysia that pollinates local crops such as starfruits, guava, citrus, mango, watermelon,
durian and coconut [22]. Recent studies reported that pollinators that visited guava
flowers consisted of insects that belongs to the family Hymenoptera, Diptera and
Lepidoptera [10]. Meanwhile, other researchers stated that guava visitors includes
Hymenoptera, Diptera and Coleoptera [23]. Hymenopteran are said to be the most
dominant pollinators in guava [10,23]. Study conducted on tropical mango orchard found
that insect pollinator services contributed about 53% of total mango fruit production [24].
In addition, Hymenoptera and Diptera order are most dominant pollinators in mango
orchards, although other order such as Lepidoptera and Coleoptera were recorded but they
are remarkably not so much important pollinators [25]. Other than that, there are about
94% of bees that visited watermelon where out of these, 85% are honeybees and 15%
wild bees [26]. In apple fruit crop, solitary bees contributed to more than 50% of
pollination service in three out of four varieties (Cox, Gala and Bramley) meanwhile
bumblebees contributes about 38% of services in Braeburn and less than 21% in other
varieties [27]. In addition to that, honeybees contributed to around 23% to 28% of total
crop while hoverflies contributes to less than 3% of pollination to all apple varieties [27].
For avocado and citrus, there are three major pollinator orders found visiting their flowers
which are Hymenoptera, Lepidoptera and Diptera with visits that accounted for 42%, 33%
and 25%, respectively [28].
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Pollinator Issues, Status and Impact

Pollination services are expected to add billion dollars to global crop productivity and
contribute greatly to dietary security. Developed countries, such as the United States,
Europe, Japan and China count on natural pollinators for crop production, while less
advanced regions, such as South Asia, India and Sub-Saharan Africa rely highly on
natural pollinators to produce crops that provide essential nutrients [29]. Some studies
have shown that number of pollinators is decreasing and eventually lead to a decrease in
plant production owing to poor pollination, despite the fact that the global demand for
pollination services is high at all times and is likely to grow continuously [30]. However,
so far, no complete research has been done on the pollinator’s overall performance.
Although there are increasing concerns in this regard, data on the current status and
population trends of most pollinating species worldwide remain unknown and generally
is taxonomic and geographically biased [31]. Furthermore, information on pollinators in
other countries outside Europe and the United States is almost inaccessible. Most of the
data on the declines of pollinators globally are said to be biased because it is highly
restricted to Western countries only. Besides the published evidence of pollinator declines
likely to come from Western countries, there is also increasing data on the decline of
pollinators in other regions such as Asia, although it is not well established. For example,
some researchers have reported a decline in local bee populations such as the loss of Apis
andreniformis in Thailand and Vietnam, Apis koschevnikovi in Malaysia, Apis dorsata in
Cambodia and Apis laboriosa in Vietnam [32]. The pollinating species will disappear
with time and the world will lose the key and irreplaceable species for ecosystems. When
the pollinators disappear, there will be huge environmental influences and the number
and variety of wild plants will decrease and disturb the balance of the ecosystems.

Wild and managed insects provide the pollination services that depended heavily on the
number of insects and could be improved by various pollinating communities. However,
with the long-term decline in species distributions, pollination services for wild crops and
plants are expected to be reduced in the long term. As a society that increasingly
dependent on pollinators, the decline in both wild and domestic pollinators could
significantly disrupt pollination activities, as pollinators bring significant economic

importance to plant production by enhancing the quality and quantity of crops [33].
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Research suggested that the decline in pollinators would have an impact on three main
crop categories, including edible fruit, vegetables and oilseeds [29]. In the region that is
heavily dependent on pollinators for the production of crops, lack of pollinators could
result in loss of nutrients such as vitamin A, folate and iron deficiencies [4]. The decline
in pollinating populations could lead to a significant increase in preventable diseases
associated with nutrient diets, particularly in areas that are vulnerable to nutrient
deficiencies. Moroever, simultaneous decline in native and managed pollinators could
also affect various ornamental plants, crops for fibers, biofuels, fodder, wood and
protection plants that depend on pollinators [34]. Their pollination services are
responsible for global biodiversity and the maintenance of human food supply. This
pollination crisis can threaten worldwide and native food security, which can exacerbate
the existence of species and the flexibility of ecosystems.

The loss of diversity and abundance of pollinators has been debated in many studies and
reviewed worldwide [15,35] where there is a significant reduction in the abundance and
diversity of wild bees recorded in continental Europe and Britain [36]; Asia [37]; South
America [38]; North America [39]; and South Africa [40]. Other pollinators such as
honeybees, hoverflies, butterflies, moths, flower-visiting wasps, birds and mammals also
have been observed to decline in their diversity and abundance. Study found that the
request and intake of insect-pollinated crops is increasing at a higher rate than managed
bee colonies [41]. The reduction of the pollination service can lead to inadequate seed
formation and reduce the quality of fruits that disrupt food supply in natural communities.

This would entail a huge loss for farmers and create an economic gap.
Potential Cause of Pollinator Decline

In year 1998, the first major global conference was held in Sao Paulo, Brazil to discuss
any major problems related to the decline of pollinators. This conference was attended by
more than 60 pollinators experts representing different countries in the New and Old
World [17]. The issues discussed were the documentation on the decline of pollinators;
the reasons of the drop and restoration of pollinators; increase study on non-honeybee
pollinators; conservation of pollinators and increasing awareness of pollinator services.
However, to manage these issues, the factors leading to the reduction of pollinators should

first be identified. The causes of the decline of pollinators continue to be widely
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discussed. Globally habitat loss due to land use transformation and land management
changes following agricultural intensification are the main reasons [30]. However, the
reasons for pollinator declines may differ according to each region. Degradation and
fragmentation of near and semi-natural habitats could alter pollinating populations and
harm insect pollinators communities [42]. In addition, the rate of genetic erosion due to
habitat fragmentation and degradation by reducing the genetic flux between demes would
increase the probability of extinction in populations and species. Besides, the other
possible reason for the decline in pollinators was the loss of significant resources, such as
food, foraging ground, nesting area and reproduction because of habitat transformation,
fragmentation and degradation for human demand and needs [43]. Since some wild
pollinators may need habitat without disturbance to nest and search for food, they are very
vulnerable to habitat fragmentation and degradation.

In most parts of the world, the intensification of agriculture appears to be an important
factor in the decline of the insect populations. Increase on the use of agrochemicals,
leading to possible habitat deprivation within agricultural regions [44] that results in
major declines in insect biomass and diversity. The intensification of agriculture leads to
misuse of pesticides particularly herbicides and insecticides that may pose as imminent
threat to pollinators [15]. Pesticides and herbicides used to control pests and weeds could
also cause loss of direction in bees and could have unintended direct and indirect effects
on the beneficial pollinators [45]. The use of insecticides may also have killed useful
pollinators by direct poisoning [46] and may lead to local changes in the diversity and
abundance [47]. Moreover, fertilizers and herbicides may indirectly influence pollinators
by reducing the inflorescence availability [48]. All handled or wild pollinators must be
protected against excessive use of pesticides and other chemicals that may interrupt
reproduction when these chemicals reduce the sources of nectar for pollinators, reduce
nesting materials for bees, and destroy host plants of butterflies and moths larvae [45].
The other factor that calls for the decline of pollinators is the inception of invasive alien
species including plants, pollinators, parasites and pathogens. The introduced exotic
plants can thrive by evading the biological regulation of population size, by possessing or
evolving phenotypic characteristics or by occupying a vacant ecological niche in the
receiving ecosystem evolving phenotypic traits that confer a competitive advantage to
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indigenous plant species [49]. As a result, pollinators may physiologically or behaviorally
compensate for spatial and temporal variations in nutrient accessibility due to invasive
alien plants, which effects are indirect, chronic and possibly not detected before or when
in combination with other stress factors. For example, alien plant Impatiens glandulifera
in Northwestern Europe increase the persistence of native bumblebees when native nectar
were depleted where the alien plants with attractive flowers reduced the reliance of native
bees on native plants [50]. Meanwhile, the introduction of managed pollinators for crop
pollination and honey production may influence native pollinators through competition
for resources. For example, the rivalry of extraterrestrial bees has transformed the
behaviour and reproductive success of indigenous pollinators. The possibility is that with
little competitive displacement of native pollinators, the super-generalist bee introduced
becomes readily incorporated into native pollinator systems by inhabiting a distinct
ecological niche [49]. The result of transcontinental transport of pollinating bees beyond
their native areas leads to a higher probability of transfer of pathogens and parasites to
new hosts that may cause the population of indigenous pollinators to decline. Evidence
shows that transferred alien bees can also surge the risk of pathogens spreading, including
the spread of Varroa mites which is a virus transmitter in hives that affect honeybees [45].
Climate change could also be one of the most damaging threats to pollinating biodiversity
that affects the spatial-temporal dynamics of plant-pollinator relationships [51,52]. Most
effects of weather on pollinators are on butterflies, although research on other pollinators
is still scarce [15]. Bumblebees mainly show adaptations to colder climates due to their
thick hair, which is also one of the reasons why they are so good pollinators [53]. Yet, a
relationship between the climate niche and the decline in British bees where their
population is declining due to closer climate change was observed [54]. The effects of
climate change occur at all organizational levels, from the individual level, through the
genetics of the population, movement at the species level and at community level.
Estimates of the reaction of pollinators to climate change depend to a large extent on the
ability of species to adapt to the warmest climate and/or to disperse and colonize new
appropriate areas [53]. In addition, climate change causes incompatibility in temporal and

spatial coincidence and in morphological and
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physiological interdependencies of plants and pollinators that react differently, which
could disrupt their interaction [15].

Pollination of Flowering Plant with Emphasize on Tropical Guava

Psidium guajava; apple of tropic

The genus Psidium has about 150 species [55,7] that are all trees or fruit shrubs
originating in tropical and subtropical America and Psidium guajava is one of the most
important fruits of this genus. Guava (Psidium guajava L.) belonging to the Myrtaceae
family, originated from southern Mexico and Central America, was already widespread
in the American tropics, Asia, Africa and the Pacific Islands a long time ago [56]. Guava
is known as guayabo or guayavo in Spanish, goyave or goyavier in French, guyaba or
goejaaba in Dutch, guave or goejaba in Surinamese, goiaba or goaibeira. in Portugese,
kuawa in Hawai, abas in Guam and guava or jambu batu in Malaya [57]. There are a
number of marketable varieties of guava worldwide and in Malaysia, the common
cultivars include ‘Kampuchea’, ‘Jambu Kapri’, ‘Jambu Biji’, ‘Putih’, ‘Hong Kong Pink’,
‘Bentong Seedless’, ‘Maha 65°, ‘Taiwan Pear’ and ‘Vietnamese’ [7,58].

Guava fruit can weigh about 100-250 g and 5-10 cm in diameter with four or five sepals
protruding at the apex. The fruit comes in various forms including spherical and ovoid
and surfaces from rough to smooth. Depending on the cultivars, the unripe fruit is usually
dark green colour that changes to yellow-green, light yellow and yellow with red flushing
at the ripening stage. The seed cavity in the center of the fruit may be small or large with
many hard or semi-hard seeds. Due to the presence of stone cells (78%), which have
highly lignified cell walls, the outer mesocarp of the fruit of the guava is sandy or thick
in texture while the endocarp tissue is high in parenchymatic cells and weak in the stone
cells [7]. Guava is widely known as food cultivation and medicinal plant that benefits
humans. Apart from being consumed due to its sweet-sour taste and pleasant aroma,
guava fruit consists of high vitamins, phenolic compounds, tanins, essential oils,
sesquiterpene alcohols, flavonoids and triterpenoid acids which are considered healthy.
The guava plant is traditionally used in many countries as a medicinal plant for treatment

of variety of diseases as all parts of the tree are considered useful to treat illnesses [59].
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Pollination requirement of guava

Pollination requirements needed by guava tree is not commonly known to the public due
to insufficient studies published [54]. The authors [54] focused on the pollination of guava
cultivar ‘paluma’ that widely cultivated in Northeastern Brazil as an important crop. The
concept of pollination of the guava flowers such as the time of stigma receptivity, duration
of anthesis and the type of pollination that usually occurred in guava flowers was
discussed in the paper. The claimed included that the stigma becomes receptive 2 days
before anthesis and during pre-anthesis that lasts for 30 hours. They also stated that when
anthesis occurs, the stigma becomes receptive, and this occurred 2 to 3 hours after flower
opening. Adding to that, the research stated that the maximum set of fruits occurs when
the stigmas are pollinated within 2 hours after anthesis and the greatest period of
susceptibility to stigma is within 1 hour of flower opening in the wild species of Psidium
[54]. Nevertheless, for a pollinating agent to be considered effective, their foraging
behaviour should favours the pollination requirements, visiting the flowers during the
stigma receptivity hours and performing in a way that provides the transport of pollen
from the anthers to the stigma of that flower or another flower [60].

In majority of guava cultivars studied in India, the peak opening (anthesis) is between
5.00-7.00 a.m. though anthesis starts at 4.00-10.00 a.m. while the dehiscence of anthers
occurs about 15-20 minutes after anthesis [61]. Adding to that, the authors mentioned that
in guava even though in the early times of the day, visits made right after the flowers
opened, theoretically can lead to better pollination rates [54]. They added that the stigma
iIs more receptive at this period and lasts for about 2 hours before starting to become
unreceptive. At this moment, the flower has a pleasant aroma and releases most of the
pollen, attracting many floral visitors. This account is strengthened by the fact that the
morphology of guava flowers indicates a tendency towards melitofilia as they have white
flowers that discharge sweet odour during the day, anthers with a lot of pollen and flowers
without depth that ease the access of the pollinators [6]. Guava bears a hermaphrodite
flower and can self-pollinate. However, self-pollination are unusual without the help of
pollinators [62]. Besides, cross-pollination are considered as the most frequent form of

pollination in guava [6].
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Moreover, study showed that the distribution of cross-pollination by insects is about 35%
where it is said that cross-pollination was the most common form of pollination in guava
because of the two appearances/criteria [10,63]. As mentioned earlier, the first criteria
include the morphology of the guava inflorescence that points to a tendency towards
melitofilia. Moreover, the style is longer than filaments thus self-pollination is uncommon
in guava. The second criteria include the fact that guava flowers are likely to be visited
by solitary and social bees. Several studies on guava pollination mentioned that bees,
especially honey bees are their major pollinators [64—66] that contribute about

25.70 t0 41.30 % cross pollination [10]. The authors added that cross pollination in guava
could lead to a better fruit yield, higher production of fruit mass and number of seeds.
Generally, if flowers are not fertilized early, they may fall early or insufficient pollination
may lead to distorted fruits. Even auto-pollinated varieties produce more and better fruits
when they are cross pollinated than when auto-pollinated [13]. The studies of pollination
in guava is not widely done yet. Nevertheless, the effect of different pollination treatments
on guava fruit yield was observed [67]. The authors stated that in the cross-pollination
between plants of the same cultivar and between plants of different cultivars followed by
free pollination gave the best results in fruit retention. At harvest, cross-pollination
treatments of the same cultivar or a different cultivar also produced the highest number
of fruits avenged. In guava, different types of pollination were compared and observed
which showed that cross-pollination produces significantly more fruits compared to self-
fertilization and restricted pollination [67]. Besides, the existence of floral visitors to
promote cross-pollination favours increase in fruit production in guava[6].

The viability of pollen is crucial in plant breeding as it marked the fecundation and
fertilization efficiency of the male gamete [68]. It is important to control the profitability
of pollen in order to ensure possible germination and pollination. The viability of pollen
can also be considered as an additional parameter when selecting genotypes in the
selection of parents [69]. The most common method to tests for pollen viability is staining
method as it ensures rapid results based on colour changes. Pollen viability test can also
be done through in vivo and in vitro germination. Staining methods expressed the

germination potential, meanwhile in vivo and in vitro show the
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occurrence of germination. In vivo germination will stimulates natural germination and
more valid than in vitro germination, but, it is requiring considerable time and effort [70].
Other than that, a good nectar content also important for guava production. Flower nectar
can influence the type, schedule, and behaviour of pollinator visits and affect both pollen
transfer and fitness [71].

In addition, guava harvest is greater in the open pollination treatment, where this could
be explained by the pollinators' act, in particular insect pollinators, where several species
of bees have been reported visiting guava flowers favouring cross pollination [67]. They
found out that the bees Apis mellifera, Trigona spinipes, Xylocopa frontalis, Melipona
subnitida and Partamona cupira are important floral visitors. Aligned with the findings,
guava flowers are moderately dependent on bee pollination such as honeybees, bumble
bees and wild bees [72]. Research claimed that the first insect that visited guava is the bee
where, during the anthesis, it would search for pollen by attacking the petals in order to
remove the obstacle and as the daytime where temperature increases, other insect
pollinators may appear too. In this context, the role of insect pollinators especially bees
in guava production has to be realized and enhanced to attain better yield of fruits [61].
In addition, the abundance and diversity of insect associated with guava plant were
observed and they were classified as pests, predators and pollinators [64]. The authors
found that the pollinators species range from 1.5% to 30.1% and consisted of 10 species
in 8 families and 3 orders (Lepidoptera, Diptera and Hymenoptera) and it was suggested
that among the pollinators, house fly showed the highest abundance. Studies also found
3 different insects species that visited organic and conventional guava ecosystems which
includes Hymenoptera, Diptera and Lepidoptera species where Hymenoptera species was
the most dominant pollinator group that accounted for maximum relative abundance of
95.85% for organic guava ecosystem and 94.42% for conventional guava ecosystem [10].
After fertilization, the flowers will develop into ripe fruits that are berries or capsules,
varying in size from 2.5 to 10 cm in diameter and have 4 or 5 outstanding floral remnants
at the apex. The form of the fruit may be ovoid, elongated, globose, or pear-in diameter.
The surface of the fruits can be smooth or rough. The colour of the skin of some varieties
can be pink, salmon, white or yellow [73]. The interior walls of the carpels are lush and
variable in thickness and the seeds are incorporated into the pulp.
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The fruits may have thick pulp with only a few seeds in a small central cavity, or thin
flesh with numerous seeds incorporated in a large mass of pulp [7]. Moreover, most
commercial varieties are diploid, while the seedless variety is triploid and crosses have
been made between these two varieties to produce a variety with fewer seeds and better
yield potential. The seeds are small, bony, kidney-shaped, flattened, light yellow or
yellowish brown. Depending on the temperature during the development of the fruit, the
days from the anthesis to the harvest may differ from approximately 120 to more than

220 days, where the variation between the different cultivars can be up to 60 days [74].
Future Prospect and Conclusion

Pollination leads to seed production and is important for breeding in many crops around
the world. There is less value in improving resistance to crops and diseases if it is not
accompanied by high quality, so it is necessary to give priority to the development of
good fruit quality. As for guava, its demand is increasing worldwide for fresh and
processing purposes, as guava fruits offer the consumers diverse of shape, skin and fresh
colour and flavour. Research on the pollination of guava has been conducted over the past
decades. Although pollination studies have been conducted all over the world, the
available information on the pollination of guava remains limited and focuses mainly on
the countries that produce higher guava crops such as India and Brazil. In addition, the
use of pollinating insects is not well known in countries producing smaller guava crops.

Many of the newly grown species and cultivars require or benefit from insect pollination
mostly by bees such as honeybees in guava. The pollination of insects preserves the
genetic diversity of plant populations and offers benefits such as increasing the quality
and quantity of fruits, seed production and fertility, leading to a better vigour of the next
generation. Both community and species-level studies are important for understanding
current trends in plant-pollination interactions. Studies on bee pollination are widely
studied, however, for non-bee pollinators are clearly underwritten. Pollinators such as
butterflies, moths, wasps, flies, mammals and birds may be important for certain plant
crops. More studies are required to highlight the importance of these poorly studied
pollinators. There are many ways for action to help these issues include collaboration

among interested biologists through the management
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of habitat protection plans for several threatened species if the land stewards also able to
participate along with the stakeholders. In addition, the biologists strive to conserve
known areas to naturally host healthy pollinator populations.

Among temperate environments, there is a large number of studies which provides
significant evidence that cross pollination between trees is essential for effective
pollination and fruit plethora. With regard to guava cultivars, further study should be
made of the pollination of wild guavas and native wild-type cultivars. For insect
pollinators their places of origin should be investigated to better understand the
pollinators that could be used for commercial orchards. Moreover, since tropical insect
pollination studies are less compared to temperate countries, the pollination of insects in
the tropics should focus more on the search for new effective native pollinators of crops
such as guava and the use of their already known pollinators such as honeybees.

In conclusion, this review suggests that understanding pollination requirements and the
impact of pollination problems on crops such as guava are fundamental to the success of
pollination leading to better crop productivity. Interactions of environmental factors such
as temperature, relative humidity, wind speed and their effects on crops and insect
behaviour, especially in tropical climate, should also be taken into account. Many types
of pollinators, habitats and regions have received little attention, which is why this review
is designed to encourage researchers, farmers, horticulturalists and researchers to look
more closely at the role of pollination and to identify new innovative ways to produce

better crops production in the future.
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