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Soft set theory was proposed by Molodtsov in 1999 to model some
problems involving uncertainty and it has a wide range of theoretical
and practical applications. Soft set operations constitute the vital
building block of soft set theory. Since its introduction, several kinds
of soft set operations have been proposed. In this study, in order to
advance the soft theory, a new soft set operation known as the
complementary extended lambda operation is described in this study,
and all of its characteristics are thoroughly examined, and to obtain the
relationship of the operation with other soft set operations, the
distribution of this operation over other type soft set operations are
examined.

Yeni Tip Genisletilmis Esnek Kiime Islemi: Tiimleyenli Genisletilmis Lamda Islemi
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Anahtar Kelimeler
Esnek kiimeler
Esnek kiime iglemleri
Lamda islemi
Cebirsel yapilar
Kosullu timleyenler

0z

Esnek kiime teorisi, 1999 yilinda Molodtsov tarafindan belirsizlik i¢eren
bazi problemleri modellemek amaciyla ortaya atilmig olup, genis bir
teorik ve pratik uygulama alanina sahiptir. Esnek kiime islemleri esnek
kiime teorisinin dnemli yap1 tagini olusturur. Baglangictan bu yana gesitli
tiirlerde esnek kiime islemleri tanimlanmistir. Teoriye katki saglamak
amaciyla bu ¢aliymada tiimleyenli genisletilmis lamda iglemi olarak
adlandirilan yeni bir esnek kiime iglemi tanimlanmis, tim 6zellikleri
ayrmtili olarak ele almmis ve islemin diger esnek kiime islemleriyle
iliskisinin elde edilmesi igin, bu islemlerin diger tip esnek ayarlama
islemlerine gore dagilimi incelenmistir.

To Cite: Sezgin A, Akbulut E, Demir H., 2025. A new type of extended soft set operation: Complementary extended lambda

operation. Kadirli Uygulamal Bilimler Fakiiltesi Dergisi, 5(1): 1-28.

1. Introduction

Probability theory, interval mathematics, statistics, intuitive fuzzy set theory, and fuzzy

set theory are some of the most well-known and commonly used mathematical theories for
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modeling uncertainty. One of the most prominent theories among these theories is the fuzzy set
theory. Since this theory contains some structural difficulties, there has been a need for different
theories. A fuzzy set is defined through its membership function. Since it is difficult to create a
membership function for each case, the nature of the membership function is highly
individualized. Therefore, there has been a need for a set theory independent of the formation
of the membership function. The Soft Set Theory proposed by Molodstov (1999) has eliminated
the problems arising from the membership function. Molodstov has transferred soft set theory
to many areas of mathematics. Operations research, game theory, probability, measurement
theory, continuously differentiable functions, Riemann's integration, and Perron's integration
are the areas where soft set theory has been successfully used.

Soft set operations constitute the basis of soft set theory, as studies on both soft algebraic
structures and soft decision-making methods are based on soft set operations. In this regard,
Maji et al. (2003) started the inspiring studies on soft set operations. A more widely accepted
definition of soft subset than the one defined by Maji et al. (2003) was proposed by Pei and
Miao (2005). When the studies of soft set operations such as Maji et al. (2003), Ali et al. (2009),
Ali et al. (2011), Sezgin and Atagiin (2011), Sezgin et al. (2019), Stojanovic (2021) are
examined, it is seen that soft set operations proceed under two separate headings as restricted
and extended operations. Eren and Calisic1 (2019) proposed a new form of soft set operation
for the literature and Sezgin and Caligic1 (2024) improved the work of Eren and Calisici (2019)
and studied the properties of the soft binary piecewise difference operation comparing it with
the difference operation in classical sets. Cagman (2021) and Sezgin et al. (2023c¢) studied new
binary set operations, and these operations were transferred to soft sets by Aybek (2024).
Besides, some new forms of soft set operations, different from the restricted and extended forms
of operations were introduced by various authors (Sarialioglu, 2024; Akbulut, 2024; Sezgin and
Aybek, 2023; Sezgin and Akbulut, 2023; Sezgin and Dagtoros, 2023; Sezgin and Demirci,
2023; Sezgin and Sarialioglu, 2024; Sezgin and Yavuz, 2023a; Sezgin et al., 2023a; Sezgin et
al., 2023b; Sezgin and Atagiin, 2023; Sezgin and Cagman, 2024), and soft set operations, one
of the most fundamental elements of soft set theory, have been studied by researchers since the
theory was introduced.

Moreover, different types of soft eqaulities were defined and some important equivalance
relations were obtained with these different types of soft equalites as Jun and Yang, 2011; Liu
etal., 2012; Feng and Li, 2013; Abbas et al., 2014; Abbas et al., 2017; Al-shami, 2019; Alshasi
and El-Shafe, 2020; Ali et al., 2022. Studying the soft algebraic structures of an algebraic
structure and other types of soft sets has been of interest by the researchers as Sezer, 2014;
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Mustuoglu et al., 2015; Ali et al., 2015; Sezer et al., 2015; Mahmood et al., 2015; Sezgin et al.,
2017; Atagiin and Sezgin, 2018; Sezgin, 2018; Mahmood et al., 2018; iftikhar and Mahmood,
2018; Jana et al., 2019; Mahmood, 2020; Ozlii and Sezgin, 2020; Sezgin et al., 2022. Soft set
theory and fuzzy set theory in different aspects have both theoretical and application aspects
and they have been applied to decision making problems and real-life problems succesfully as
Ozer, 2022; Ozlii, 2023a, 2023b, 2024, Ozlii et al., 2024.

In the scope of algebra, one of the most important mathematical issues is to analyze the
properties of the operation defined on a set to classify algebraic structures. In this study, we
define a novel type of soft set operation called complementary extended lambda operation and
we discuss its properties to contribute to the theory of soft set literature theoretically. In order
to determine the relationship between the complementary exteneded lambda operation and
other soft set operations, the distribution of complementary extended lambda operations over
other kinds of soft set operations such as; restricted soft set operations, extended soft set
operations and soft binary piecewise operations are examined and many interesting results have

been obtained.

2. Preliminaries

Definition 2.1. Let E be the parameter set, U be the universal set, P(U) be the power set
of U, and M € E. A pair (F, M) is called a soft set on U. Here, F is a function given by F: M —
P(U) (Molodtsov, 1999).

Sg(U) denotes the set of all soft sets over U throughout this paper. Let M be a fixed subset
of E, then the set of all soft sets over U with M is indicated by Sy (U). In other words, in the
collection Sy (U), only soft sets with the parameter set M are included, while in the collection
Sg(U), soft sets over U with any parameter set can be included.

Definition 2.2. Let (F, M) be a soft set over U. If F(v)=0 for all veM, then the soft set
(F, M) is called a null soft set with respect to M, indicated by @y. If for all veM, F(v)=U, then
the soft set (F, M) is called a whole soft set with respect to M, indicated by Uy;. The relative
whole soft set Ug with respect to E is called the absolute soft set over U (Ali et al. 2009). A soft
set with an empty parameter set is indicated by @, called by empty soft set, and @ is the only
soft set with an empty parameter set (Ali et al., 2011)

Definition 2.3. For two soft sets (F,M) and (G,Y), we say that (F, M) is a soft subset of
(G,Y) and it is indicated by (F,M) € (G,Y), if M €Y and F(v) € G(v), for all véM. Two



soft sets (F, M) and (G, Y) are said to be softequal if (F, M) is a soft subset of (G, Y) and (G, Y)
is a soft subset of (F, M) (Pei and Miao, 2005).

Definition 2.4. The relative complement of a soft set (F, M), indicated by (F,M)", is
defined by (F,M)" = (F',M), where F': M — P(U) is a mapping given by (F, M)" = U\F(v)
for all v € M (Ali et al. 2009). From now on, U\F(v)=[F(v)]" will be designated by F’(v) for
the sake of designation.

Cagman (2021) defined two new complements as inclusive and exclusive complements.
+ and 6 denote inclusive and exclusive complements, respectively, and M and N are two sets,
these binary operations, M+N=M'UN, MON=M'NN'. Sezgin et al. (2023c) analyzed the
relations between these two operations and also defined three new binary operations and
examined their relations with each other. Let M and N be two sets, then M*N=M’UN’, MyN=
M’NN, M AN=MUN’

Let ® denote N, U,—,A,A,y,0, +, *. Then, all the types of soft set operations may be
given with the following generalised definitions:

Definition 2.5. Let (F, M), (G,Y) € Sg(U). The restricted ® operation of (F,M) and (G, Y)
is the soft set (H,Z), denoted to be (F,M) ®g (G,Y) = (H,Z), where Z=M Nn'Y # @ and for all
vEZ H(v)=F(V) ® G(v). Here, if Z=M N'Y = @, then (F, M) ®R (G, Y)=0y (Alietal., 2009;
Ali et al, 2011; Sezgin and Atagiin, 2011; Aybek, 2024).

Definition 2.6. Let (F, M), (G,Y) € Sg(U). The extended ® operation (F, M) and (G,Y)
is the soft set (H, Z), indicated by (F, M) ®(G, Y) = (H, Z), where Z =M U Y and for all v €
Z,

F(v), VEM-Y
H(v) = G(v), VEY—-M
Fv) ®G(v), veMnY

(Maji et al., 2003; Ali et al., 2009; Sezgin et al., 2019; Stojanavic, 2021; Aybek, 2024).
Definition 2.7. Let (F,M), (G,Y) € Sg(U). The complementary extended ® operation

*
(F,M) and (G, Y) is the soft set (H, Z), indicated by (F, M) ® (G,Y)=(H, Z), where Z =
€

MuUYandforallv ez,

F'(v), VEM-Y
H(v) = G'(v), VEY—-M
Fv) ®G(v), veEMNY

(Sarialioglu, 2024; Akbulut, 2024; Demirci, 2024).



Definition 2.8. Let (F,M), (G,Y) € Sg(U). The soft binary piecewise ® of (F, M) and
(G)Y) is the soft set (H,V), indicated by (F, M)C:)(G, Y) = (H, M), where for all ve M

_ F(v), VEM-Y
H(v) = {F(V) ®Gv), vVEMNY

(Eren, 2019; Sezgin and Yavuz, 2023b; Yavuz, 2024; Sezgin and Calisici, 2024,).

Definition 2.9. Let (F, M), (G,Y) € Sg(U). The complemetary soft binary piecewise &

*
of (F, M) and (G,Y) is the soft set (H,M), indicated by (F, M) ~ (G,Y) = (H, M), where for all
®

VvEM

_ F'(v), VEM-Y
W) = {F(V) ®GW), vEMNY

(Sezgin and Demirci, 2023; Sezgin and Sarialioglu, 2024; Sezgin and Atagiin, 2023; Sezgin
and Aybek, 2023; Sezgin and Dagtoros, 2023; Sezgin et al. 2023a, 2023b; Sezgin and Yavuz,
2023a; Sezgin and Cagman, 2024).

For the possible future graph applications and network analysis as regards soft sets, we refer to

Pant et al. (2024) which is motivated by the divisibility of determinants.

3. Complementary Extended Lambda Operation

In this section, complementary extended lambda operation is introduced, and its full

algebraic properties are analyzed in detail.

Definition 3.1. Let (F, T) and (G, Z) be two soft sets over U. The complementary extended
lambda operation of (F, T) and (G, Z) is the soft set (H, C), indicated by (F, T);\k (G,2)=(H,0),
&
where for all ®eC=TUZ;

F(w) weT\Z
H(w)=" G’ (w) weZ\T
F(ug)uG’(w) weTNZ

Example 3.2. Let E={e;,e;,e3,e4} be the parameter set and Z={e;,e;} and

B={e,, e3, e, } be two subsets of E and U={h;,h,,h;,h,,hs} be the universal set.
Assume that (F,
Z)={( ey {hz hs}),(e3,{hy,h;,hs}H}(G,B)={(e;,{hys,hs,hs}),(e5,{hy,h3,hs}),(e4,{h3,hs})} be

E3
soft sets over U. Let (F,T) 1. (G.2)=(H,TUZ), where for all w) € TUZ;
&



F’(w) weT\Z
H(w)=- G’(w) weZ\T

F(w)UG’ () weTNZ
Here, since TUZ={e;.e;.e3.e.}, T\Z ={e;}, Z\B={e,.e,}, TNZ={e3},

H(e,) =F'(e1)={ hy,h3,h,}, H(e;) =G'(ez)={h;,hs}, H(es) =G'(e4)={hy,hy, hy} and
H(e3)=F(e3)UG’(e3)= {hy,hy,hs}.

*
Thus, (F,T) }\E(G,Z)={(el,{hl'h3, h,}), (e2,{hz,h3}), (€3, {hy, hy, hs}), (eq,{ hyhyhe}))
Proposition 3.3. ;\ is closed in Sg(U).
&
Proof: 5 : Se(U)x Se(U)— Se(U)
&

((E.T), (G,2)) - (ET) ;‘\8 (G,2)~(H,TUZ)
Similarly,

1. SHU)X S1(U)= S(U)

(ET), (GT) =~ (1) 5 (G T)=K.TU T)=(K.T)
&
That is, when T is a fixed subset of the set E and (F, T) and (G, T) are elements of St(U),

then so is (F,T) * (G, T). Namely, St is closed under ) as well.
Ae Ae

Proposition 34. [(F, T) y (G, 2)] 5 (HM)# (FT) 5 [(G,Z) 5 (HM)]
& & & &
Proof: Firstly, let's consider the left hand side (LHS). Suppose (F,
T) ;; (G,2)=(S,TUZ), where for all @weTUZ;

F(w) weT\Z
S(w)= 1 G'(w) weZ\T
F(w)uG’ (i) weTNZ
Let (S, TUZ) ;S(H, M) =(R,(TUZ)UM)), where for all ye(TUZ)UM,
S’ (w) we(TUZ)M
R(w)=1 H’(w) weM\(TUM)
S(WUH’ () we(TUZ)NM



Hence,

| Fw) we(T\Z)\M=TNZ M’

G(w) wWe(Z\T) \M=T"NZNM’
F(w)NG(w) we(TNZ) \M=TNZNM’
R(w)=1 H'(w) weM\(TUZ) =T’NZ’NM
F(w)UH’ (w) we(T\Z) NM=TNZ’NM
G (w)UH’ () we(ZT) NM=T"NZNM

[F(w)NG(w)]UH () we(TNZ)NM=TNZNM
*

(G, Z) , (HM)=(L,ZUM), where for all yeZUM;
&

G’ (w) weZ\M

L(w) ={ H(w) weM\Z
Gwy)UH () weZNM

*
(F, T) A (L,ZUM) =(N,(TU(ZUM)), where for all yeTUZUM;
&€

F(w) weT\(ZUM)
N(w)= | R’(w) wWe(ZUM)\T
F(w)UR () weTN(ZUM)
Hence,
| F(w) wWeT\(ZUM) =TNZ’ M’
G(w) we(Z\M) \T=T"NZNM’
H(w) we(M\Z) \T=T"NZ’'NM
Nw)= G’(w)NH(w) we(ZNM) \T=T’NZNM
F(y)uG(w) weTN(ZM) =TNZNM’
F(wy)UH(w) weTN(M\Z) =TNZ’NM
F(w)U[G’ (w)NH(w)] weTN(ZNM) =TNZNM

*
Thus, (R, (TUZ) UM)#(N,TU(ZUM)). That is, in the set Sg(U), A IS not associative.
&
Moreover, we have the following:

Proposition 3.5. [(F, T) ;;(G, ) ;S(H,T) = (F.T) ;g[(G,T) ;:g(H,T)].

Proof: Since [F’(w)NG(w)]UH’ (w)#F(w)U[G’(wy)NH(w)], in the set St(U), ;; IS not

associative
Proposition 3.6. (F, T) 5 (G,2)4G,Z) 5 (F.T).
& &

7



Proof: Firstly, the parameter sets of the soft set on both sides of the equation is TUZ,

and thus the first condition of the soft equality is satisfied. Now let’s consider the LHS. Let (F,

*
T) AE(G,Z)Z(H,TUZ), where for all yeTUZ

F(w) weT\Z
H(w)=1 G’ (w) weZ\T
F(u)UG’ (w) weTNZ

*
Now consider the RHS. Let (G,Z) 5 (F,T)=(S,ZUT), where for all yeZUT,
£

G (w) weZ\T
S(w) ={ F(w) weT\Z
G(w)UF () weZNT
Hence,  (ET), (GAAGZ), (FT).  Bu,  if  ZNT=p,  then
& £

* * * *
(F,T) A (G,2)=(G,2) A (F, T), Moreover, (F,T) A (G,TYAG,T) A (F,T), Hence, in Sg(U)
& & & &
*
and St(U), 5 is not commutative.
&
*
Proposition 3.7. (F,T) 5 (F,T)=Ur
&
*
Proof: Let (F,T) \ (F,T)=(H,T). Hence, for all weT, H(w)=F(w)UF’(wy)=U, thus
&€
(H,T)=Uy. That is,;: is not idempotent in Sg(U).
&€
Proposition 3.8. (F,T) ;: @1=Ut
&

Proof: Let @1=(S,T). Thus, for all weT, S(wy)=@. Let (F,T) ; (S,T)=(H,T), where for
£
all weT; H(w)=F(wy)US’(w)=F(w)u U=U. Thus, (H,T)=Ur.

Proposition 3.9. (DT;\lF (F, T)=(F,T)"
&€

Proof: Let @1=(S,T). Hence, for all weT, S(w)=0. Let (S,T) ; (F,T)=(H,T), where for
&
all weT; H(w)=S(w)VF’ (y)=0 UF’(w)=F"(w). Thus, (H,T)= (F,T)".

Proposition 3.10. (F,T) , 8= 0 5 (F,T)= (F,T)
& &

Proof: Let @4=(S,0) and (F,T) ;\k (S, ®)=(H,Tu®), where for all yeTUP=T,
&

F'(w) weT\@=T
H(w)= | S’(w) wep \T=0
FwuS(y) weTNP=0



Thus, for all weT, H(w)=F(w), and so (H,T)=(F,T). Similarly, let
(S.8) 5, (F,T)=(K, BUT), where for all ye@UT=T;

&

S’ (w) weP\T=0
K(w)= F(w) weT\@=T

SV F(y) wedNT=0
Thus, for all weT, K(w)=F (), (K, T)=(F,T)

*k
Proposition 3.11. (F,T) 5 @g = Ug
&
*
Proof:: Let @g=(T,E). Thus, for all yweE, T(w)=0. Let (F,T) 1. (T.E)=(H,TUE), where
&

for all yeTUE=E;

[ F(w) weT\E=0
H(w)=1 T'(w) weE\T=T"

 F(w)uT’ () weTNE=T

Thus,

(F(y)  weT\E=9¢
H(w)= U webE\T=T"

U weTNE=T

For all yeE; H(w)=U, so (H,E)= Ug.

Proposition 3.12. (F,T) ;CSUT=(F,T)

Proof: Let Ur=(K,T). Thus, for all €T, K(u)=U. Let (F,T) ;\: (K, T)=(H,T). Hence, for
all yeT; H(w)= F(w)UT’ (y)=F(w)u 0=F(w).Thus, (H,T)=(F,T).

That is, in S(U), the right identity element of ;CS is the soft set Ur.

Proposition 3.13. Ut ;S(F,T): Ur

Proof: Let Up=(K,T). Thus, for all weT; K(wy)=U. Let (K,T) ;E(F,T)Z(H,T),
where for all weT;, H(w)=T(w)UF(y)=UUF’(w)=Ut. Thus, (H,T)= Ug. That is, the

*
left absorbing element of 5 in Sy(U) is the soft set Uy
&

Proposition 3.14. (F,T) 5 (F,TY=(F.T).
&



*
Proof: Let (F,T)=(H,T). Thus, for all weT; H(w)=F(w). Let (F.T) 5 (HT)=(L,T),
&
where for all weT; L(y)=F(w)UH’(y)=F(w)UF(w)=F(w).Thus, (L,T)=(F,T).
*
That is, in Sg(U), the complement of every element is its own right identity for .
e

%
Proposition 3.15. (F,T)"  (F,T)=(F,T)"
&€

*
Proof: Let (F,Ty=(H,T). Thus, for all weT, H(w)=F'(w). Let (H,T) 5 (FT)=(L,T),
&

where for all yeT, T(wy)=H(wy)VUF (yg)=F (y)UF’ (y)=F(w). Thus (L,T)= (F,T)".

That is, in Sg(U), the complement of every element is its own left absorbing element for

A
*
Proposition 3.16. [(F,T) L(GAHT=ET) ve (G.2).
&€
*
Proof: Let (F,T) \ (G,2)=(H,TUZ), where for all yeTU Z;
&
F’(w) weT\Z
H(w)= G’(w) weZ\T
Fu)uG’' () weTNZ
Let (H,TUZ) =(K,TUZ), where for all eTU Z;
F(w) weT\Z
K(w)=1 G(w) weZ\T
F’(w)NG(w) weTNZ

Thus, (K,TUZ)= (F,T) + (G,Z).

Proposition 3.17. (E,T) 5 (G, T)=0y <(F,T) = 87 and (G,T) = Ur.
&

Proof: Let (F,T); (G,T) = (K.T), where for all weT; K(w)=F(w)UG’(w). Since
&

(K, T)=0r, for all weT, K(w)=@. Thus, for all weT; K(wy)=F(y)uG’(w)=0 < forall oy € T,
F(y)=0 and G’(wy)=0 < for all yeT, F(wy)=0 and G(wy)=U <(F,T) = @1 and (G,T)= Uy

k * k
Proposition 3.18. @y E(F.T) 5 (G,2), 8, E(F.T) 4 (GZ), 0, E(GZ) 5 (BT),
& & €
* * *
Or €(G,Z) 5 (F,T). Besides, (F.T) 5 (G.2) € Upzand (G,Z) 5 (FT) € Upyr.
& € &
Proposition 3.19. (F,T) E(F,T) 5 (G,T) and (G,TY E(E,T) 5 (G,T)
& &

*
Proof: Let (F,T) 5 (G,T)=(H,Z), where for all weT; H(w)=F(®) UG’(w). Thus, for all
&

weT, H(w)=
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F(w) € F(w) U G'(w) ve H(w) = G'(w) € F(w) U G'(w). Thus, (F,T) E(F,T) ;\:(G,T) and
(G.TY EFT) ; (G.T)

Proposition 3.20. If (F,T) € (G, T), then (H,Z) ;;(G,T) E(H,2) ;;(F,T)
Proof: Let (F,T)E (G, T), where for all yeT, F(u)SG(w) and G’ () <SF’(w). Let (H,Z)
;g(G,T)Z(Y,ZUT), where for all yeZUT:
H’(w) weZ\T

Y(w)=- G (w) weT\Z
Hw)UG' (@) wezZNT

Let (H,Z) ;g (F,T)=(W,ZUT), where for all yeZUT;
H’ () weZ\T
W)= F(w) weT\Z
H(w)UF’ () weZNT
If weZ\T; Y(w)=H’(w), then W(w)=H’(w), and so Y(w)= H'(w) & H'(w)=W(w);
if yeT\Z, Y(w)=G’(w), then W(w)=F(w) and so Y(w)= G'(w) SF (w)=W(w); if yeTNZ,
Y(w)=H(w)VG’ () and 50 W(w)=F(y)UH’(w),Y ()= H(w) U

G'(w) SH(w)VUF (y)=W(w). Thus, for all weZUT; Y(wy)SW(w). Hence, (H,T) ;:(G,T)
&€
E(H,T) 5 (F.T).
&

Proposition 321. I (H.2) 5 (GT) E(H.2) 5 (), then (FT) & (G,T) needs not be
true. That is the converse of Proposition 3.20 is not true in general.

Proof: Let E={e,e,,e3,e4,€5,€6} be the parameter set, T={eq,e3}, Z={eq,e3,€e5} be
the subsets of E, U={h;,h,, h3,h,, hs} be the universal set, and (F,T), (G,T) ve (H,Z) be soft
sets over U such that (F,T)={(e;,{hy hs}).(e3.0)}, (G, T)={(e.D)}.(e3,0)},
(H.2)={(e1,U),(e3,U),(e5, D)}.

Let (H,%2) ;;(G,T)=(L,ZU T), where for all w € ZU T={e,,e3,€e5},
L(e;)=H(e;) UG’(e1)=U, L(e3)=H(e3) UG’(e3)=U, L(e5)=H'(e5)=U .

Thus, (H,Z) ;s(G,T) ~{(e.U).(e5,U).(es,U)}. Let (H.2) ;;(F,T)Z(W,Z U'T), where for

all w € ZU T={eq, e3,e5}, W(e;)=H(e;) UF’(e,)=U, W(e3)=H(ez) UF’(e3)=U,
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W(es)=H'(es)=U. Thus, (H.2), (FT) ={(ep,V), (e5U), (e U)}. Thus, (H2); (G,T)

S(H,2) ;\k (F,T), but (F,T) is not a soft subset of (G, T).
€
Proposition 3.22. If (F,T)E (G, T) and (K DE (L, 1), then
* ~ * k ~ *
(F:T) AS(L,T)Q(G,T) }\S(KvT) and (KaT) }LS(G’T) Q(L,T) )\E (FaT)

Proof: Let (F,T) € (G, T) and (K,T) € (L, T). Thus, for all  €T; F()) €G(w) and
K(w) €L(w). Thus, G’(w) €F’(w) and L’(w) €K’(w). Hence for all o €T; F(w)U
L'(0) €G(w) UK'(w) and K(g) U G'(w) SL(w) U F(w).

4. Distributions of complementary extended lambda operations over other type of
soft set operations
Theorem 4.1. Let (F,T), (G, 2),(H,M) be soft sets over U. The complementary

extended lambda operation has the following distributions over restricted soft set operations

1) LHS Distributions

DIf  TN@ZAM)=@, then  (F,T) ;:e[(G,Z) Ur  (HLM)=[(F.T)

* E 3
2, (G DINRIET) 5 (HM)]
Proof: Consider the LHS. Let (G,Z) Ur(HM)=(M,ZNM), where for all

*
weZNM; M(w)=G(w)UH(w). Let (F,T) )\E(M,ZDM)Z(N,TU(ZOM)), where for all

WeTU(ZNM);

F(w) weT\(ZNM)
N(w)=7 M’(w) WE(ZNM)\T

Fl)UM’ () oeTN(ZNM)

Hence,

F(w) WeT\(ZNM)
N(w)=| G’(9)NH’(w) We(ZNM)NT’

Fl)u [G(w)NH ()] 0eTN(ZNM)
*
Now consider the RHS. Let (F,T) 5y (G,Z)=(M,TUZ), where for all 9€TUZ;
&€

F(w) weT\Z
M(w)= G’(w) WeZ\T
F@UG'(w) weTNZ
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Let (F,T) 5 (HM)=(K,TUM), where for all weTUM;
£}
F'(w) WET\M

K(w)= H'(w) WeM\T

Flw)UH(0) @eTNM

Let (M,TUZ)NR(K,TUM)=(W,(TUZ)N(TUM)), where for all we(TUZ)N(TUM);,
W(w)=T(w)NK(w). Thus,

" F’(0)NF’(w) we(MZ)N(TWM)=TNZ"NM’
F'(9)nH’(w) we(MZ)NM\T)= 0
F’(w)N [F(w)UH(w)] we(T\Z)N(TNM)=TNZ’NM
G’ (9)NF(w) We(Z\THN(T\M)=0
W(w)= G’ (n)NH’(w) we(Z\T)N(M\T) =T"NZNM
G’ (w)N[F(w)UH’(w)] We(Z\T)N(TNM)= 0
[F(w)UG’(w)]NF’(w) we(TNZ)N(T\M)=TNZNM’
[F(x)UG’(w)]NH’ () we(TNZ)N(M\T)= @
| [F(w) UG (o) IN[F(w)UH (0)]  0&(TNZ)N(TNM)=TNZNM
Hence,
" F(w) weTNZ’NM’
F’(w)NnH’(w) weTNZ’NM
W(w)= G’(9)NH’(w) weT’"NZNM
G’ (w)NF’(w) weTNZNM’

_[F() UG’ (w)]IN[F(w)UH’(w)]  @weTNZNM
Here, when considering the T\(ZNM) in the function N, since

T(ZNM)=T\(ZNM)’, if an element is in the complement of (ZNM), it is either in Z\M,
in M\Z, or in (2UM)’. Thus, if @ € T\(ZN M, then e TNZNM’0or w€TNZ’NM or weE
TNZNM’. Thus, N=T under the conditions TNZ’NM=TNZNM’=@. It is obvious that
the condition TNZ’NM=TNZNM’=0@ is equivalent to the condition TN(ZAM)=0.

2) If TN(ZAM)=@, then (F,T) ;g[(G,Z) nr(HM)] = [(ET) ;;(G,Z)]

*
UR[(F’T) }\g(HaM)]
i) RHS Distributions

DIf  NZNM=p, then [(F.T) Ur(G,Z)] L(H,M)z [(F,T) ;g(H,M)] R
[(G2) 5 (M.

13



Proof: Consider the LHS. Let (F,T) Ur(G,Z2)=(R,TNZ), where for all ®eTNZ;
R(w)=F(0)UG(w). Let (R,TNZ) ;\ (H.M)=(L,(TNZ)UM), where for all we(TNZ)UM;
&

R'(w)

we(TNZ)\WM
L(w)=1H(w) weM\(TNZ)
 R(w)UH’ () we(TNZ)NM
Hence,
F(9)NnG’(w) we(TNZ)M
L(w)="H(®) weM\(TNZ)
| [F(w)UG(w)]UH ()  we(TNZ)NM

Now consider the RHS, ie, [(F,T) 5 (HMINRIG,Z) 5 (HM)]  Let
£ £

*
(ET) 5 (H, M)=(S,TuM), where for all keTUM;
&€

F'(w) WETM

S(w)=- H(w) weM\T
Flw)uH ()  @eTNM
Let (G,Z) ;8 (H,M)=(K,ZUM), where for all 9€ZUM;
G’ (w) weZ\M

K(w)= 1H(» weM\Z

G(w)UH () weZNM
Let (S,TUZ) Ng(K,ZUM)=(W,(TUZ)N(ZUM)), where for all we(TUZ)N(ZUM);

W(w)=S(w)NK(w). Hence,
F(9)NG'(w)
F'(o)NH’(w)

F(9)N [G(y)UH’(w)]
H(9)NG’(w)

W(w)= H'(9)NH’(w)

H’(9)N [G(w)UH(‘w)]
[F(w)UH(0)]NG’(w)
[F(w)UH(09)]NH’(w)

~[F(OL))UH’(U))]n [G(w)UH’(w)]
Thus,

we(TM)NEZM)=TNZNM’
we(TW)N(M\Z)=0
we(T\M)N(EZNM)=0
we(M\T)N(ZM)= @
weM\T)NM\Z)=T"NZ’NM
we(M\T)NEZNM)=T’NZNM
we(TNM)N(Z\M)=0
we(TNM)N(M\Z)=TNZ’NM
we(TNM)NEZNM)=TNZNM
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[ F(0)NG' () weTNZNM’

H() weT’NZ’NM
W(w)= H(w) weT’NZNM
() weTNZ’NM

[F(w)n G(w)]U H ()  weTNZNM

Here, when considering the M\(TNZ) in the function L, since
M\(TNZ)=MN(TNZ)’, if an element is in the complement of (TNZ), it is either in T\Z,
Z\B or in (TUZ)’. Thus, ifw € M\(TNZ), then weMNTNZ’ or w€ MNZNT’ or w€E
MNT’NZ’. Hence, L=W is satisfied if TNZNM=0

2) If TNZNM’=TNZNM=0, then

[(F.T) Nr(G.2)] 5 (HM=IET) ) (HMINRIG2) 5 (HM)]

Theorem 4.2. Let (F,T), (G, %), (H,M) be soft sets over U. Then, the following
distributions of the complementary extended lambda operation over extended soft set

operations hold:
i) LHS Distributions

DIf TN(ZAM)=0, then
(FT) 5. [(G.2) Ne(HMFIFT) 3 (GAIVLFET) 3 (HM)]

Proof: Consider the LHS. Let (G,Z2) N¢.(H,M)=(R,ZUM), where for all ®eZUM;
G(w) weZ\M
R(w)= - H(w) WeM\Z
G(w)NH(w) weZNM

Let (F,T) 5 (R,ZUM) =(N,(TU(ZUM)), where for all 9eTU(ZUM);
&

F’(w) weT\(ZUM)
N(w)=1 R'(w) WE(ZUM))\T
F(@)UR ()  weTN(ZUM)

15



Thus,

F(w) WeT\(ZUM)=TNZ’ M’
G'(w) WE(ZM\T=T"NZNM’
H(a)) we(MZ)\T=T"NZ’NM
N(w)= | G*(6)UH’ () WE(ZNMN\T=T’NZNM
4 Flm)uG’(w) weTN(ZM)=TNZNM’
F(oy)UH () weTN(MZ)=TNZ’ M
F(@)U [G(0)UH’(w)]  @eTNEZNM)=TNZNM
Now consider the RHS, ie, [(ET)  (GZIUL(ET) 5 (M) Let
= & &

(F.T);(G.2)=(K.TUZ). Hence,
for all ®eTUZ;
F(w) WeT\Z

K(w) = G’(w) weZ\T
Fw)uG'(w) «weTNZ

Let (F.T) ;e(H,M)=(s,TuM), where for all ETUM:;

[ F(w) weT\M

S(w) =1 H(w) weM\T

F)UH'(9)  @¢eTNM

Let (K,TUZ) U(S,TUM)=(L,(TUZ)U(TUM)), where for all we(TUZ)U(TUM);
K(w) we(TUZ)\(TUM)
L(w)=1 S(w) we(TUM)\(TUZ)
K(w)US(w)  we(TUZ)N(TUM)
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Thus,
F(w)
G(w)
Flw)uG’(w)
F(w)
H’(w)
F(w)UH’(w)
F’(9)UF(w)
L(w)= - F'(0)UH’(w)
F’(9)V [F(y)UH’(w)]
G’ (w)UF(w)
G’(w)VH ()
G’ (9)V [F(w)UH’(0)]
[F(w)UG’(w)]UF (w)
[F(0)UG’(0)]UH’(w)
 [F(w)UG’(w)]V [F(w)UH ()]
Therefore,
G()

H’(w)

F(w)
L(w)=+U
G’(w)VH (w)
U

| [F())UG’ ()]V[F(w)UH(0)]

we(T\Z)\(TUM)=0
we(Z\T)\(TUM)=T’NZNM’
we(TNZ)\TUM)=0
we(T\M)\(TUZ)=0
we(M\T)(TUZ)=T’NZ’NM
we(TNM)\(TUZ)=0
we(T\Z)N(T\M)=TNZ’ M’
we(T\Z)N(M\T)=0
we(T\Z)N(TNM)=TNZ’M
we(Z\T)N(T\M)=0
we(Z\T)NM\T)= T’NZNM
we(Z\T)N(TNM)=0
we(TNZ)N(T\M)=TNZNM’
we(TNZ)N(M\T)=0
we(TNZ) N(TNM)=TNZNM

weT’ NZNM’
weT’NZ’NM
weTNZ NM’
weTNZ’NM
weT’NZNM
weTNZNM’
weTNZNM

N=L under the condition TNZNM’=TNZ’NM=@. It is obvious that the condition
TNZ’NM=TNZNM’=0 is equivalent to the condition TN(ZAM)=0

2) I TN(ZAM), then (E,T) 5 [(G.2) Us(MM)IFIET) 5 (G2IN(ET) 5 (M)

i) RHS Distributions

DIf TNZAM=@ , then [(FT)N, (GZ)] 5 (M= [ET) 5 (HM)] U

[(G2) 3 (HM)]
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Proof: Consider the LHS. Let (F,T) N¢(G,Z)=(R,TUZ), where for all iyeTUZ;
F(w) weT\Z
R(w) =+ G(w) WeZ\T
F(w)NnG(y) «@eTNZ

*
Let (R,TUZ) , (H.M)=(N,(TUZ)UM), where for all we(TUZ)UM;
&€

R’(w) we(TUZ)M
N(w)y= | H(w) weM\(TUZ)
R(w)UH () we(TUZ)NM
Thus,
| F(w) we(T\Z)\M=TNZ "M’
G’(w) We(Z\T)\M=T"NZNM’
F’(0)UG’(w) we(TNZ)\M=TNZNM’
N(w)= 4 H(w) weM\(TUZ)=T"NZ’NM
F(w)UH’(w) we(T\Z)NM=TNZ’NM
G(w)UH’(w) We(Z\T)NM =T’NZNM
| [F(@)NG(w)]UH(9)  we(TNZ)NM=TNZNM

Consider  the RHS, e, [(FT) ; (LM]U(GZ) 5 (HM)].  Let
£} &

(F.T) ;;(H,M)=(K,TUZ), where for all ©ETUM:;
F(w) weT\M
K(w)= 1 H(w) WeM\T
F(w)UH () oeTNM
Let (G.,Z) ;5 (H,M)=(S,TUM), where for all gyeZUM;

G’ (w) weZ\M
S(w)= 4 H(w) weM\Z
G(w)UH () weZNM
Let (K,TUM) U,(S,ZUM)=(L,(TUM)U(ZUM)), where for all we(TUM)U(ZUM);
K(w) we(TUM)\(ZUM)
Llw)= 1 S(w) WE(ZUM)(TUM)
K(@)US(®)  9e(TUM)NZUM)

Thus,

18



F(w)

H(w)

F(o)UH’(w)

G’ (w)

H(w)

G(w)UH’(w)

F(0)uG’(w)

L(w)= 1 F(w)UH(w)
F(0)V [G(w)UH’ (0)]
H(9)UG’(w)
H’(0)UH’(w)
H(w)V [G(w)UH’(0)]
[F(0)UH’ (0)]UG’(w)
[F(w)UH’()]UH ()

| [F(w)UH’ () ]V [G(w)UH’(0)]

Hence,

F(w)

G(w)

F(9)uG’(w)

L(w)= | H(«w)

G(w)UH’(w)

F(w)UH’(w)

[F(o)UH’ (w)]U [G(09)U H'(w)]

we(T\M)\(ZUM)=TNZ’NM’
We(M\T)\(ZUM)=0
We(TNM\(ZUM)=0
We(ZM)\(TUM)=T’NZNM’
we(MZ)\(TUM)=0
We(ZNM)\(TUM)=0
We(TM)NZM)=TNZNM’
we(T\WM)N(M\Z)=0
we(TM)NEZNM)=0
We(M\T)N(Z\M)=0
We(M\T)N(M\Z)= T’ NZ’NM
we(M\T)N(ZNM)=T’NZNM
we(TNM)N(Z\M)=0
We(TNM)N(M\Z)=TNZ’NM
we(TNM)NEZNM)=TNZNM

weTNZ’ NM’
weT’ NZNM’
weTNZNM’

weT’NZ’NM
weT’NZNM
weTNZ’NM
weTNZNM

It is observed that N=L under the condition TNZNM’=@.

DIf  TNZOM=0, then [(ET)U; (GZ)] 5 (HM=(FT) 5 (HM)] U,

[(G2) 5 (M.

Theorem 4.3. Let (F,T),(G,2),(H,M) be soft sets over U. The following

distributions of the complementary extended

piecewise operations hold:

lambda operation over soft binary
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1) LHS Distributions

* ~ * ~ *
1) IfF TN(ZAM)=0 , then (F,T) xe[(G,Z) n HM)]=[(F.T) ;\S(G,Z)] ulET) AS(H,M)]-
Proof: Consider the LHS. Let (G.Z) , (HM)=(R,Z), where for all weZ;

G(w) weZ\M

R(w)=
G(w)NH(y) weZNM

*
Let (F,T) 5 (R,Z) =(N,TUZ), where for all ®€TUZ;
&

| F(w) WeT\Z
N(w)=1 R’(0) weZ\T
F()UR ()  weTNZ
Hence,
[ F(w) weT\Z
G’(w) We(ZM\T=T"NZNM’
N(w)= G’(w)UH’(w) We(ZNM)\T=T"NZNM
F(w)UG’(w) weTN(ZEM)=TNZNM’

. F(w)V [G*(w)UH(0)] wWeTN(ZNM)=TNZNM
k ~ * *
Consider the RHS, ie., [(F,T) , (GZ)] u[(F,T) L (HM)] Let (FT) 5 (G,
£ e £
Z)=(K,TUZ), where for all ®eTUZ;
F(w) WeT\Z

K(w)=1{G(w) WeZ\T
Fl)uG'(9) weTNZ

*
Let (F,T) , (H.M)=(S,TUM), where for all ®eTUM;
&
F(w) weT\M

S(w) = H(w) weM\T
F(w)UH(9) weTNM

Let (K,TUZ) (S, TUM)=(L,(TUZ)U(TUM)), where for all &(TUZ)U(TUM);

L(w) = | K(w) we(TUZ)\(TUM)
K(w)uS(w)  we(TUZ)N(TUM)
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L)= |U

Thus,

F(0)

G’(w)

F(o)uG’(w)
F’(9)UF ()
F’(0)UH’(w)

F’(w)V [F()UH’(w)]

L(@)= |G’ (w)UF’ ()

G’(w)UH (w)

G’ (y)V [F(w)UH (0)]
[F(w)UG’(0)]UF ()

[F(w)UG’(w)]UH’(w)

Hence,
G'(9)
F(w)

G’(w)UH(w)
U

[F(w)UG’(0)]V [F(w)UH ()]

L[F(w)VG’(w)]U [F(w)UH (w)]

we(T\Z)\(TUM)=0
we(Z\T)\(TUM)=T’NZNM’
we(TNZ)\TUM)=0
we(T\Z)N(T\M)=TNZ’ M’
we(T\Z)N(M\T)=0
we(T\Z)N(TNM)=TNZ’M
we(Z\T)N(T\M)=0
we(Z\T)NM\T)= T’NZNM
we(Z\T)N(TNM)=0
we(TNZ)N(T\M)=TNZNM’
we(TNZ)N(M\T)=0
we(TNZ) N(TNM)=TNZNM

WeT’ NZNM’
weTNZ’ NM’
weTNZ’NM
weT’NZNM
weTNZNM’
weTNZNM

Here, if we consider T\Z in the function N, since T\Z=TNZ’, if an element is in the

complement of Z, then the element is either in M\Z or in (MUZ)’. Thus, if w€T\Z, then
w€ETNMNZ’ veya ) €TNM’NZ’. Therefore, N=L under the TNZ’NM=TNZNM’=@ It is
obvious that the condition TNZ’NM=TNZNM’=@ is equivalent to the condition TN(ZAM)=0.

2) IFTN(ZAM)=0 , then (F,T) ;e[(G,Z) O (HM)] = [(E,T) ;S(G,Z)] C[(E.T) ;S(H,M)].

i) RHS Distributions

1) If TNZAM)=0, then [(ET)] (G.2)] 5 (HM) = [(ET) ) (HM)] | [G2) 5
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Proof: Consider the LHS. Let (F.T) | (G,Z)=(R.T), where for all €T;

F(w) weT\Z

R(w)=
F()uG(w) «weTNZ

*k
Let (R,T) 5 (HM)=(N,TUM), where for all ®eTUM;
&

R’(w) weT\WM
N(w)=1 H(») WeM\T
R(w)UH(w)  weTNM
_Thus,
F’(w) we(T\Z)\M=TNZ’ "M’
F(0)NG’(w) we(TNZ)\M=TNZNM’
N(w)y= H(w) @eM\T
F(0y)UH’ () we(T\Z)NM=TNZ’NM
| [F(w)UG(0)JUH(w) we(TNZ)NM=TNZNM

Now consider the RHS, ie,  [(ET), (HM)][[(G2) ) (HM)]. Let
& &

*
(F,T) 5 (HM)=(K,TUM), where for all 9eTUM
&€

F(w) weTM
K(w)={H(«w) weM\T
F(w)UH () «@eTNM
*
Let (G,Z) A (HM)=(S, ZUM), where for all ®eZUM;
&

G(w) weZ\M

S(w) =1 H(w) weM\Z
G(w)UH (09 weZNM

Let (K,TUM) J(S,ZUM)Z(L,(TUM)U(ZUM)), where for all we(TUM)U(ZUM);
K(w) we(TUM))\(ZUM)

L(w)=
K(9)US(w) we(TUM)N(ZUM)
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Thus,

L(w)=

F'(w)

H'(w)

F(w)UH’(w)
F(x)VG’(w)
F'(0)UH’(w)

F(w)V [G(w)UH’(0)]
H(0)uG’(w)
H’(9)UH’(0)

H(w)V [G(w)VH (w)]
[F(0)UH(0)]UG’(w)
[F(0)UH’(0)]UH’(w)
[F(w)UH’(w)]V [G(w)UH’(0)]

Hence,

L(w)=

F(w)
F(9)uG’(w)
H(w)

| G(w)UH(w)

F(o)UH (w)
[F(w)UH’(w)]V [G(w)UH’(w)]

we(T\M)\(ZUM)=TNZ’NM’
we(M\T)(ZUM)=0
we(TNM)\(ZUM)=0
we(TM)NEZM)=TNZNM’
we(TM)NM\Z)=0
we(T\M)N(EZNM)=0
we(M\T)N(Z\M)=0
we(M\T)NM\Z)= T’NZ’NM
we(M\T)NEZNM)=T’NZNM
we(TNM)N(Z\M)=0
we(TNM)N(M\Z)=TNZ’NM
we(TNM)N(ZNM)=TNZNM

weTNZ NM’
weTNZNM’
weT’NZ’NM
weT’NZNM
weTNZ’NM
weTNZNM

Here, if we consider M\T in the function N, since M\T=MNT’, then if an element
is in the complement of T, it is either in Z\T or in (ZUT)’. From here, N=L under
T NZNM=TNZNM’=@. It is obvious that the condition T’NZNM=TNZNM’=Q is
equivalent to the condition (TAM)N Z=0.

2) I TN(ZAM)=0, then [(ET) (G.2)] 5 (HM)=[(ET) 5 (HM)] 1 [(GZ) 5 (HM)]

5. Conclusion

Soft set operations are the most fundamental building block of soft set theory for the
progress of soft set theory in both theoretical and practical fields. Since the theory was
introduced in 1999, many restricted and extended operations have been introduced. This work

proposes and investigates the algebraic properties of a novel soft set operation, called
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complementary extended lambda operation. We deal with the distributions of complementary
extended lambda operations over other types of soft set operations. Since the concepts linked
to soft set operations are just as important for soft sets as basic operations from classical set
theory and thus examining the algebraic structures of soft sets in connection to new soft set
operations offers us a thorough knowledge of their application as well as new examples of
algebraic structures, we believe that this work contributes to the literature of both classical
algebra and soft set theory. To determine what algebraic structures are produced in the classes
of soft sets with a fixed parameter set or over the universe, future studies may look at different
types of complementary extended soft set operations along with their distributions and
properties. Moreover, this novel operation can be conveyed to bipolar soft sets, lattice ordered
soft sets and double framed soft sets and the researchers may explore which algebraic structures
are formed with this operation when combined with other operations, and new decision-making

methods may be proposed with the inspiration of the operation.
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In Tirkiye, S. hortensis species are naturally found especially in the Thrace
region. This plant, which has been used as a spice since ancient times and
benefited from its medicinal properties, is the only annual member of the
Lamiaceae family. Natural products derived from the Lamiaceae family are
predominantly characterized by polyphenols and flavonoids, responsible for
antioxidant properties among others. In the research, extracts of plant samples
were obtained with different concentrations of ethanol (EtOH) and three
different extraction methods. The plant material (Satureja hortensis L.) was
sourced from the province of Kirklareli. Three different extraction methods,
namely traditional, ultrasound, and microwave, were employed along with
three different ethanol solvent ratios (40%, 50%, and 60%, v:v) for phenolic
compound extraction. The total phenolic content and total antioxidant activity
(DPPH) were compared for all samples. Among the samples, the highest total
phenolic content (TPC) value was determined for extracts obtained with
ethanol (60%, v:v) using traditional extraction (TE), ultrasound extraction (15
minutes) (US-15), and microwave extraction (2.5 minutes) (MW-2.5),
respectively. Other extracts obtained with ultrasound extraction (30 minutes)
(US-30) and microwave extraction (5 minutes) (MW-5) resulted in the
highest TPC value when applied with ethanol (50%, v:v). Some Satureja
species known to have therapeutic properties for diabetes also possess
antioxidant characteristics. However, there is no research available for S.
hortensis L. This study, by presenting the characteristics for the first time,
investigated the potential anti-hyperglycemic and anti-obesity effects of S.
hortensis L. extracts. For this purpose, the enzyme activities of amylase and
lipase were determined for all samples. Thus, the data obtained for S.
hortensis L. holds significance for future research and industrial applications.

Biyoaktif Ozellikler Acisindan Satureja Hortensis L.'nin Toplam Hidro-Alkolik
Ekstraktinin Fenolik Ekstraksiyonu Uzerine Karsilastirmah Bir Cahisma
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0z

Tirkiye'de S. hortensis tiirleri 6zellikle Trakya bolgesinde dogal olarak
bulunmaktadir. Antik ¢aglardan beri baharat olarak kullanilan ve tibbi
Ozelliklerinden faydalamilan bu bitki, Lamiaceae familyasinin tek yillik
iiyesidir. Lamiaceae familyasindan elde edilen dogal iirinlerde, digerlerinin
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Anahtar Kelimeler:

yan1 swra antioksidan oOzelliklerinden sorumlu olan polifenoller ve

Biyoaktivite flavonoidler hakimdir. Arastirmada bitki 6rneklerinin farkli derigimlerdeki
Ekstraksiyon etanol (EtOH) ve ii¢ farkli ekstraksiyon yontemi ile ekstraktlari elde
Mikrodalga edilmistir. Bitki materyali (Satureja hortensis L.) Kirklareli ilinden temin
EIR(;?;:SIS L. edilmigstir. Geleneksel, ultrason ve mikrodalga olmak iizere ii¢ farkh

ekstraksiyon yontemi ve ti¢ farkli etanol ¢oziiciisii (%40, %50 ve %60,
hacim:hacim) ile fenolik madde ekstraksiyonu gergeklestirilmistir. Tim
orneklerin toplam fenolik madde miktar1 ve toplam antioksidan aktivitesi
(DPPH) karsilastiriimistir. Ornekler arasinda geleneksel ekstraksiyon (TE),
ultrasonik ekstraksiyon (15 dakika) (US-15) ve mikrodalga ekstraksiyon
(2.5 dakika) (MW-2.5) ve etanol (%60, hacim:hacim) ile elde edilen
ekstreler i¢in en yiiksek toplam fenolik madde miktar1 (TPC) degeri
belirlendi. Ultrasonik ekstraksiyon (30 dakika) (US-30) ve mikrodalga
ekstraksiyon (5 dakika) (MW-5) ile elde edilen diger 6rnekler icin ise,
etanol (50%, hacim:hacim) ile yapilan uygulama sonucunda en yiiksek TPC
degeri elde edildi. Diyabet i¢in tedavi edici 6zellige sahip oldugu bilinen
bazi Satureja tiirleri, aynm1 zamanda antioksidan Ozelliklere de sahiptir.
Ancak, S. hortensis L. i¢in herhangi bir arastirma bulunmamaktadir. Bu
calisma ile ilk kez ortaya koyulan 6zellikler ile, S. hortensis L. ekstrelerinin
olasi anti-hiperglisemik ve anti-obezite etkisi arastirilmistir. Bu amagla,
tim O6rnekler i¢in amilaz ve lipaz enzim aktiviteleri belirlenmistir. Boylece
S. hortensis L. i¢in elde edilen veriler gelecek arastirmalar ve endiistri
uygulamalari i¢in dnem tagimaktadir.

To Cite: Askin B, Bayburtluoglu T, Ozbek Yazict S., 2025. A comparative study on the phenolic extraction of total hydro-
alcoholic extract of Satureja Hortensis L. for bioactive properties. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 29-
46.

Introduction

Satureja hortensis L. is an annual herbaceous plant of Lamiaceae Lindl. Family. S.
hortensis L., is related to thyme and rosemary. It is also known by as “summer savory” and
native to North Africa, Middle East, and Central Asia, Southern and Southeastern Europe
(Bimbiraité-Surviliené et al., 2021). The leaves, stems, and flowers of S. hortensis are
frequently used in herbal tea and spice mixtures as the add aroma and flavour (Giilliice et al.,
2003). Satureja species have different contents of many phenolic and volatile components
such as carvacrol, y-terpinene, thymol, p-cymene etc. (Pirbaloutia et al., 2014). As summer
savory (Satureja hortensis L.) has anti-inflammatory, antioxidant, antifungal and
antimicrobial properties because of containes volatile oils (carvacrol and thymol) (Ejaz et al.,
2023). Besides it has also shown antispasmodic, antidiarrheal, antioxidant, sedative, and
antimicrobial properties (Giilliice et al., 2003). It also possesses stimulating, carminative,
antipyretic, and aphrodisiac properties (Mohammed et al., 2019).

The increasing interest in this plant is due to its chemical composition, which provides
significant biological activity. Obesity, dyslipidemia, glycemic index imbalance, glucose
intolerance, or hypertension are early signs of potential development of chronic diseases such
as type 2 diabetes. Additionally, oxidative stress, an endogenous toxin, is a significant
determinant of type 2 diabetes complications. Inhibiting these enzymes is an important
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strategy for controlling blood sugar levels. a-amylase is responsible for the breakdown of
long-chain carbohydrates. The inhibitory activity of extracts against a-Amylase functions to
impede the breakdown of starch and oligosaccharides, thereby diminishing glucose absorption
and subsequently mitigating the rise in postprandial glucose levels. Pancreatic lipase,
identified as a pivotal enzyme in lipid absorption within the digestive system, catalyses the
hydrolysis of triglycerides into glycerol and free fatty acids. Consequently, inhibiting
pancreatic lipase activity is linked with the prevention of obesity-related disorders. Notably,
phenolics, bioactive compounds abundant in plants, have been shown to inhibit both a-
amylase and o-lipase enzymes. Hence, the simultaneous provision of antioxidants and o-
amylase and lipase inhibitors through diet is a potential and feasible method for managing
type 2 diabetes and obesity. Due to its natural source potential, we evaluated the obesity and
antidiabetic potential of this plant traditionally used in herbal medicine in our study. In this
study, all extracts exhibit inhibitory activity against amylase and lipase enzymes. Depending
on the extraction method and solvent ratio, the percentage of extract inhibitor values ranges
between 8.55% to 50.77% for amylase and 17.41% to 36.56% for lipase at a concentration of
0.4 mg mLL. In a previous study, the known Moringa oleifera extract's effects on diabetes
and obesity reported lipase and amylase activities' 50% inhibition concentration values as
1.0877 mg mLtand 0.1802 mg mL?, respectively (Ogundipe et al., 2022).

The use of advanced extraction techniques such as organic solvent extraction,
ultrasound-assisted extraction, and microwave-assisted extraction is crucial for investigating
the impact of biologically active compounds. The chemical profile of these compounds can
vary significantly depending on factors such as the Satureja species, geographical origin, and
prevailing climatic conditions. This study primarily aims to investigate the quantity and
effects of bioactive components in Satureja hortensis L. (summer savory) extracts. Therefore,
the study will evaluate the properties of S. hortensis L. cultivated in Kirklareli using a series
of in vitro analyses, including the determination of total phenolic compounds, radical
scavenging activity through DPPH and ABTS assays, reducing power, and the inhibitory

effects on lipase and a-amylase activities.

Material and Methods

Plant Material and Reagents

Satureja hortensis L. (summer savory) were gathered from the wild flora in Devecatagi,
Kirklareli, located in the western region of Tiirkiye (41.7350° N, 27.2253° E), during the
2022 growing season. The plants were harvested before the blooming period in August at the
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point when the volatile oil content reached its peak percentage in relation to the volatile
compounds under investigation. Following this, the samples underwent drying in shaded
conditions at an ambient temperature of approximately 30 °C and relative humidity of
approximately 40-60 % for 48 hours. The dried material was subjected to grinding utilizing an
analytical laboratory mill (A 11 basic Analytical Mill; IKA Werke, Staufen, Germany).

All standard chemicals used for LC-MS analysis were procured from Sigma-Aldrich;
Merck KGaA (Darmstadt, Germany). The reagents employed for assessing antioxidant
activity, total phenolic content, and enzyme activities were sourced from Sigma Aldrich (St.
Louis, MO, USA), Merck Co. (Darmstadt, Germany), and Fluka Chemical (USA),

respectively.

Extraction Procedures

Extraction using organic solvents

Traditional extraction of phenolic compounds was performed according to the
traditional extraction method (Sahin, 2019). 1 g of dried and powdered samples were weighed
by precision scales (Weightlab WSA-224) at room temperature and transferred to a
volumetric glass balloon with a volume of 100 mL. Three different concentrations of ethanol
solution (40:60, 50:50 and 60:40, v:v, in water) were prepared as a solvent. It was completed
to the volume line by adding ethanol solution to it. The balloon was capped and mixed several
times by inverting the balloon to allow the solvent to contact the material. It was kept at room
temperature (26 °C) and in the dark for 72 hours. At the end of 72 hours, the samples were
filtered by paper filter and then P\VDF membrane filter (0.45 pm) into amber-coloured flasks.
Then the samples were stored frozen at -18°C until further analysis. Extractions were

performed in two replicates and three parallels.

Ultrasound assisted extraction procedure

Ultrasound assisted extraction of phenolic compounds was performed according to the
method applied by Wang et al. (2008). An ultrasonic water bath (Advantage Lab AL04-12-
230, 800W, 38 kHz, 12.75 L, Belgium) was used for extraction. The treatment conditions
were determined according to the literature (Mohammed et al., 2019; Popovici et al., 2019;
Sahin, 2019; Chambre et al., 2020; Shanaida, 2021). Three different ethanol solutions
prepared at three different concentrations as solvent (40:60, 50:50 and 60:40, v:v, in water)
and two different extraction times (15 min and 30 min) were determined as the treatments. 1 g

of the ground and powdered samples were weighed into a 100 mL volumetric balloon and
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ethanol solution was added up to the line. The closed and mixed balloon was placed in the
ultrasonic bath. The Temperature of the ultrasonic bath was adjusted to 30 °C using the
adjustment button on it and the extraction process was carried out at the specified times. At
the end of the time, the samples were cooled to room temperature and filtered using paper
filter and later 0.45 pum pore size PVDF membrane filter into amber coloured flasks. The
filtrate was taken into sealed plastic sample containers and stored in a deep freezer at -18 °C.

Extraction was repeated three times for each experiment.

Microwave assisted extraction procedure

Microwave extraction was carried out using a domestic microwave oven (Altus ALMD-
17BY 20L, Argelik, Istanbul, Tiirkiye) with a maximum power output of 850 W. Plant
samples (1 g) were combined with identical solvents (100 mL) as those used in the standard
procedure in a volumetric flask. Microwave irradiation followed the protocols outlined by Pan
et al. (2003) and Sahin (2019) for varying durations (2.5 min and 5 min), ensuring avoidance
of super-boiling. The samples were filtered using a paper filter and later 0.45 pum pore size
PVDF membrane filter into amber coloured flasks, then the filtrate was stored in a deep
freezer at -18 °C. Extraction was repeated three times for each experiment.

Determination of Analyses

Total phenolic compounds content

The total phenolic compounds content (TPC) evaluation was realized using Folin-
Ciocalteu method as described in the literature (Popovici et al., 2019; Ergiin, 2022). The
samples were diluted to a predetermined concentration and left to incubation for 5 minutes at
room temperature. Following the addition of 2 mL of sodium carbonate, the samples were
further incubated for 60 minutes at room temperature, after which the absorbance was
measured at 760 nm using a UV-VIS spectrophotometer (UV-2550 Shimadzu, Kyoto, Japan).
The calibration curve (Figure 1) was obtained using gallic acid (GA) (Sigma-Aldrich, St
Louis, MO, USA). The results were expressed in mg GAE g dry material (DM).
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Figure 1. Calibration curve of gallic acid

Radical scavenging assay (DPPH assay)

The determination of the extract's free radical scavenging capacity (DPPH) was applied
according to the method of Sanchez-Moreno et al. (1998). The extracts dissolved in methanol
were prepared at various concentrations (50-1500 pg mL™1). After incubating at room
temperature, the absorbance of the samples at 517 nm was read against an ethanol blank. All
experiments were performed in triplicate. Free radical inhibition was calculated as a

percentage (1%) of DPPH :
|%:(Ablank - Asample/AbIank) x 100 (1)
IC50 (50% inhibition) values for the extracts were calculated.

ABTS radical scavenging capacity assay

ABTSe+ (2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging
activity of extracts was determined spectrophotometrically based on the method of Askin and
Atik (2016). A standard curve was obtained using Trolox analysis, and the results were

expressed as Trolox equivalent antioxidant capacity (TEAC) in mM Trolox mL™,

Reducing power assay

The reducing power of the extracts (RP) was determined according to Oyaizu (1986).
The mixture absorbance was measured at 700 nm against the blank (ethanol). The inhibitory
concentration (IC50), defined as the extract concentration producing 0.5 absorbance units at

A700nm, was used to describe the reducing capacity (Oliveira et al., 2009).
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Enzymatic Inhibitions
The percentage of a-amylase (EC 3.2.1.1) and lipase inhibition was calculated with the

given formula:
%lﬂhlbltlon = [(Ablank—Asample)/Ablank] X 100 (2)

where Aplank IS the absorbance of the control (blank, without extract),
and Asample IS the absorbance in the presence of the extracts.
The plant concentration with different levels were evaluated. The best concentration had the

highest inhibitory was determined for 400 pg dried plant extract mL™.

a-Amylase inhibition assay

The a-amylase inhibitory activity of the extracts was assessed following the protocol
outlined by Uysal et al. (2017). Enzyme activities were measured in the presence of the
extracts at a concentration of 400 ug DW mL™, and absorbance readings were taken at 630

nm. Blanks were prepared for each sample by substituting buffer for enzyme.

Lipase inhibition assay

The lipase inhibition assay followed the procedure outlined by De Camargo et al.
(2016), utilizing p-NPB as the substrate. Blanks were prepared for each sample by
substituting enzyme with buffer. Enzyme activities were measured in the presence of the
extracts at a concentration of 400 ug DW mL™?, with absorbance readings taken at 412 nm.

Statistical Analysis

Every experiment was conducted in triplicate, and standard deviations were computed
accordingly. Statistical analysis was performed using one-way analysis of variance (ANOVA)
followed by the Duncan test, employing the statistical software JMP 19.0 (SAS Institute Inc.,
Cary, NC). Significance was determined at the level of P<0.05.

Results and Discussions

The extraction techniques represent the initial crucial phase in acquiring bioactive
compounds from botanical sources. Typically, the extraction of phenolic compounds from
plant matrices is accomplished through either traditional or innovative methods employing
various solvents due to their intricate nature and interactions with other bioactive compounds
within the plant matrices (Chew et al., 2011; Alara et al., 2020).
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Long time-consuming is the most important disadvantage of the traditional solvent
extraction method. Microwave and ultrasound extractions are alternative extraction methods
to solve time-consuming (Proestos and Komaitis, 2008; Ince et al., 2013). It is important to
evaluate different methods for the desired product to achieve optimal efficiency, quality, and
cost in extraction (Alara et al., 2020).

Table 1. Total phenolic contents (TPC) and total flavonoid contents (TF) of Satureja hortensis L. extracts

obtained using different extraction methods with different solution ratios.

. Extraction TPC TF
Extraction Method Time (ng GA mg DW-) (ng mg DW-)
Traditional (%40 EtOH) 72h 235.15 +2.18f 14.32+1.25%

Traditional (%50 EtOH) 72h 255.88+5.00¢ 15.70+1.26™
Traditional (%60 EtOH) 72h 270.15+5.10¢ 19.63+1.362
US (%40 EtOH) 15 min 93.38+0.20' 08.11+0.90¢
US (%50 EtOH) 15 min 131.71£0.21) 08.61+0.92¢
US (%60 EtOH) 15 min 144.73+0.94 08.53+1.08¢
US (%40 EtOH) 30 min 149.10+1.77' 08.40+0.62¢
US (%50 EtOH) 30 min 173.06+0.52" 09.12+1.02¢
US (%60 EtOH) 30 min 149.10+3.43' 09.18+1.21¢
MW (%40 EtOH) 2.5 min 120.04+8.96 08.78+1.03¢
MW (%50 EtOH) 2.5 min 213.27+5.109 09.94+1.16¢
MW (%60 EtOH) 2.5 min 271.81+2.60¢ 10.23+1.30°
MW (%40 EtOH) 5 min 310.77+2.60° 12.59+1.48¢
MW (%50 EtOH) 5 min 447.33+5.832 16.97+1.34°
MW (%60 EtOH) 5 min 390.88+8.12° 17.32+1.36°

Note: Means with different letters differ significantly at P=0.05 (a-I: in the same column). All data is three replicates
of mean + SD

Based on the statistical analysis, it is evident that a 5-minute extraction duration sufficed
for the complete release of phenolic compounds. This indicates that all accessible phenolics
efficiently permeated into the solvent during microwave extraction, resulting in their rapid
extraction within a short timeframe. Microwaves engage with polar molecules in the
extraction medium, thereby increasing the internal pressure exerted on solid materials. This
interaction leads to enhanced extraction efficiency. As a result, microwave-assisted extraction

enhances extraction effectiveness (Ince et al., 2013). The decrease in extraction duration is
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due to microwaves' heating mechanism, which raises the internal pressure of solid materials.
This increase in pressure aids in extraction, enabling phenolic compounds to be extracted in
shorter periods compared to traditional methods (Bayramoglu et al., 2008). The shortened
extraction time under microwave conditions likely reduced the degradation of phenolic
compounds compared to traditional extraction techniques.

In this study, ethanol and water were selected as the extraction solvents due to their
safer handling characteristics when compared to alternative organic solvents such as methanol
and acetone. Furthermore, their compatibility with human consumption played a significant
role in their selection. As described in Table 1, ethanol concentration showed a significant
effect (P<0.05) on TPC, except MW-5 samples and US-30 samples.

In ultrasound extraction, the duration of extraction significantly influenced the TPC of
the extracts. Extraction periods of 15 and 30 minutes exhibited statistically significant
differences regarding TPC (Table 1). Based on statistical analysis, the optimal conditions for
ultrasound extraction of Satureja hortensis L. were determined to be 50% ethanol extraction
for 30 minutes. This suggests that hydrogen bonds formed between solvents and phenolic
compounds contribute to the enhanced extractability of phenolic acids. Similar trends in the
relationship between total phenolic content (TPC) and extraction time have been observed in
previous studies. Additionally, according to the literature, the lower TPC observed in extracts
obtained at higher ultrasound power levels may be attributed to the degradation of certain
phenolic compounds (Farahmandfar et al., 2020; Askin, 2021).

The increased solvent concentration has led to a higher yield of phenolic extract in MW
extraction for 2.5 min. There was no significant difference between the TPCs obtained by
microwave and traditional extractions by 60% ethyl alcohol (P>0.05). Nevertheless, the total
phenolic content (TPC) of extracts obtained for 5 minutes exceeded that of the extract
obtained at 2.5 minutes. When comparing the TPC of a microwave-extracted sample obtained
over 5 minutes to that of conventionally extracted ones, the microwave extraction also yielded
a higher TPC within a shorter duration. As mentioned, the TPC content of samples treated
with microwave extraction for 5 minutes and ultrasound extraction for 30 minutes increased
with the use of 50% ethanol. Additionally, ethanol concentration did not cause significant
differences in TF and antioxidant properties (p<0.05). For MW-5 and US-30 extraction the
samples, TPC values were increased as the ethanol concentration was increased up to 50%.
The TPC values were significantly (P<0.05) decreased with 60% ethanol concentration for the

same samples.
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TPC experimental results are consistent with previous studies reporting different solvent
concentration from plant samples (Nawaz et al., 2006; Turkmen et al., 2006; Kim et al., 2007;
Yang and Zhang, 2008; Chew et al.,, 2011). However, the best ethanol concentration
determined for TF is completely different from TPC. The TF values were found to be
influenced only by concentration for the traditional method and MW-5 (P<0.05), while
concentration did not significantly affect the TF value in other sample groups (P>0.05).
Galvan d'Alessandro et al. (2012) similarly attributed this to the fact that ethanol increases
mass transfer and, accordingly, more phenolic substances are extracted. While soluble
phenolic substances are generally found in cell vacuoles, the presence of flavonoids, lignin,
and insoluble polyphenols bound to proteins and polysaccharides in the cell membrane has
shown that water and low concentration of ethanol can reach the cells, but high concentrations
of ethanol cause protein denaturation and prevent phenolic substance extraction. In the other
literatures, 50% ethanol concentration was defined as the best value for TF extraction from
plants (Yagcioglu, 2015; Xie et al., 2016). It has been determined that ultrasound-assisted
extraction causes more degradation of flavonoids than other methods. Yagcioglu (2015), who
reached a similar conclusion, stated that myricetin, quercetin, camperol, and rhamnetin
flavonoids are the most degraded flavonoids, depending on the amount of hydroxyl groups
they contain.

Following the principle of "like dissolves like," solvents will solely extract compounds
that share similar polarity with them (Spigno et al., 2007; Zhang, 2007; Yang and Zhang,
2008; Alara et al., 2020). Briefly, the phenolic compounds extracted from S. hortensis would
have the same polarity as the extraction solvent. Besides, another factor affected by solvent
concentration is the dielectric constant. Therefore, in the literature, it is stated that by adding a
solvent with lower polarity such as ethanol into a polar solvent such as water to reduce the
dielectric constant, medium polarity phenolic substances can be effectively extracted. For
example, by 60% ethanol extraction, while polar components such as glycosides can be
effectively extracted at higher concentrations. It is stated that good results cannot be obtained
due to the decrease in resolution (Alara et al., 2020).

The antioxidant activities of the samples were assessed through three different methods;
radical scavenging DPPH (1,1-diphenyl-2-picrylhydrazyl) free assay, ABTS™" (2,2’-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity, and the reducing power
of the extracts. Ethanol concentration notably impacted the reducing power (RP) value for all
samples (P<0.05). The in vitro antioxidant activities were evaluated using DPPH as a free

radical, measuring the extracts' capacity to donate H or e- (Chambre et al., 2020). The results
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indicated inhibitions ranging from 32% to 57% for the samples analysed, signifying
significant antioxidant activity. Ethanol concentration exhibited a discernible influence on the
antioxidant capacities of the extracts. While higher inhibition was observed for samples
extracted via microwave (MW) for 5 minutes, no significant difference was found between
extracts obtained through ultrasound (US) and traditional methods. Notably, ethanol
concentration induced significant changes in DPPH and ABTS™ values, particularly evident
in traditional extraction. However, prolonged extraction times in MW and US extractions did
not yield significant changes. Increasing the ethanol concentration in US-15 extracted samples
resulted in a significant (P<0.05) decrease in ABTS"" but had no significant (P<0.05) effect on
DPPH, potentially due to the extraction of phenolic compounds with differing molecular
weights (Paixao et al., 2007; Choi et al., 2014). Earlier research indicates that the DPPH assay
demonstrates a higher reactivity towards low molecular weight phenolic compounds,
suggesting that 60% ethanol may be more effective in extracting low molecular weight
phenolic compounds with potent antioxidant properties from plants when compared to 40%

ethanol.

Table 2. Antioxidant activity values in different methods of Satureja hortensis L. extracts obtained using

different extraction methods with different solution ratios.

. Extraction ~ DPPH IC50 ABTS"1C50 RP IC50
Extraction Method Time (ug DW mL") (ug DW mLY) (ug DW mL?)
Traditional (40% EtOH) 72h 57.32+3.65° 27.50+1.17%  423.11+11.44°
Traditional (50% EtOH) 72h 53.31:+2.344¢ 26.10+£1.20°  270.27+6.34f
Traditional (60% EtOH) 72h 49.69+2.13% 19.23+0.91°  122.54+3.90i
US (40% EtOH) 15 min. 55.45:+1.99 30.11+1.912  496.76+13.892
US (50% EtOH) 15 min. 51.78+2.77°d 28.27+1.76%  389.77+13.62°
US (60% EtOH) 15 min. 51.33+2.76" 26.78+1.68"  322.45+13.56°
US (40% EtOH) 30 min. 55.77+3.23% 28.44+2.02%  487.22+14.09?
US (50% EtOH) 30 min. 50.65+2.90° 27.55+1.17%  367.55+12.94¢
US (60% EtOH) 30 min. 50.58+2.29% 26.03+2.30°  245.11+11.469
MW (40% EtOH) 2.5 min. 47.7242.08¢ 27.22+0.89°  367.29+12.42¢
MW (50% EtOH) 2.5 min. 34.23+1.90¢ 10.33+1.20¢  197.89+10.69"
MW (60% EtOH) 2.5 min. 34.29+2.51° 09.27+0.69¢  119.55+11.97)
MW (40% EtOH) 5 min. 35.65+2.20° 11.14+1.14%  273.45+11.76f
MW (50% EtOH) 5 min. 33.93+1.25¢ 09.1140.40°  168.45+9.94i
MW (60% EtOH) 5 min. 32.10+1.37¢ 08.55+1.04°  59.78+5.64%

Note: Means with different letters in the same column differ significantly at P= 0.05. All data is three

replicates of mean + SD
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The results obtained from statistical evaluation between total phenolic content and
antioxidant activity. Strong correlations were observed between TPC and IC50 values of
DPPH, ABTSe+, and RP, as well as between TPC and total flavonoid content (Table 3). The
phenolic hydroxyl group in Satureja hortensis L. serves as an effective hydrogen donor,
enabling reaction with reactive oxygen species and preventing the generation of newer radical
species. Despite potential variations in the impact of S. hortensis L. extract on cell survival, its
antioxidant activity, linked to the polyphenols within the extract, was demonstrated. Existing
literature supports a direct relationship between the content of polyphenolic compounds and
the antioxidant activity observed in most plant extracts. These associations suggest that the
robust antioxidant capacity of extracts is closely tied to the presence of both phenolic and
flavonoid content (Fathi et al., 2013; Choi et al., 2014; Akyuz, 2019; Bimbiraité-Surviliené et
al., 2021).

Comparation ultrasonic method and traditional extraction, it was noted that processing
time was reduced without significantly altering the total phenolic content of the extracts. On
the other hand, microwave extraction is not only minimize the processing time but also

notably increase the total phenolic content compared to traditional extraction methods.

Table 3. Correlation coefficients between colour characteristics for different treatment groups

TPC TF ABTS DPPH RP I1C50
TPC 1.000
TF 0.800** 1.000
ABTS -0.810** -0.480 1.000
DPPH -0.710** -0.300 0.960** 1.000
RP I1C50 -0.730** -0.630** 0.820** 0.770** 1.000

*: p<0.05; **: p<0.01

Obesity, dyslipidemia, glycemic index imbalance, glucose intolerance, or hypertension
are early indicators of potential chronic diseases like type 2 diabetes. Moreover, oxidative
stress, considered an endogenous toxin, is believed to play a pivotal role in type 2 diabetes
complications (Knekt et al., 2002). Inhibiting these enzymes represents a crucial strategy for
regulating blood sugar levels. a-Amylase is responsible for breaking down long-chain
carbohydrates. The inhibitory activity of a-amylase by the extracts delays the hydrolysis of
starch and oligosaccharides, thereby reducing glucose absorption and preventing the
subsequent rise in postprandial glucose levels (Gao et al., 2000). It's well-established that

pancreatic lipase is the primary enzyme involved in lipid absorption in the digestive tract,
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breaking down triglycerides into glycerol and free fatty acids. Consequently, inhibiting
pancreatic lipase is linked with preventing obesity-related diseases (Amoutzopoulos, 2013;
Kim et al., 2020).

Phenols, a bioactive compound abundant in plants, have been shown to inhibit both a-
amylase and a-lipase. Thus, the simultaneous provision of antioxidants and inhibitors for a-
amylase and lipase through dietary sources presents a promising and practical approach for

managing type 2 diabetes and obesity (Ogundipe et al., 2022).

Table 4. Inhibition of amylase and lipase enzyme activities of of Satureja hortensis L. extracts obtained using

different extraction methods with different solution ratios.

Extraction Method _If_;(r;r:ctlon Amylase Activity (%) Lipase Activity (%)
Traditional (40% EtOH) 72h 16.40+0.50¢f 17.41+1.14!
Traditional (50% EtOH) 72h 18.73+1.05% 21.37+0.18f0
Traditional (60% EtOH) 72h 19.93+1.18¢ 22.45+0.80°
US (40% EtOH) 15 min. 15.53+1.18f 18.69+1.43M
US (50% EtOH) 15 min. 18.04+2.05% 22.02+0.85¢
US (60% EtOH) 15 min. 41.44+1.71° 23.65+1.08%
US (40% EtOH) 30 min. 24.11+1.49¢ 19.98+0.65%
US (50% EtOH) 30 min. 24.10+0.00° 24.78+1.12¢
US (60% EtOH) 30 min. 49.51+2.422 25.69+1.11¢
MW (40% EtOH) 2.5 min. 08.68+0.899 23.87+1.12%¢
MW (50% EtOH) 2.5 min. 09.57+1.319 32.01+1.27°
MW (60% EtOH) 2.5 min. 08.35:+0.879 31.95+1.32°
MW (40% EtOH) 5 min. 16.53+0.81¢f 25.78+1.05¢
MW (50% EtOH) 5 min. 18.04+1.19% 35.09:+1.29?
MW (60% EtOH) 5 min. 24.18+1.27° 35.56+1.312

Note: Means with different letters in the same column differ significantly at P= 0.05. All data is three replicates of
mean + SD

In the present study, it was assessed the obesity and antidiabetic potential of S. hortensis
L., a plant renowned in traditional medicine for its natural healing properties. All extracts
exhibited inhibitory activity against amylase and lipase enzymes. The percentage inhibitory
values of the extracts varied from 8.55% to 50.77% for amylase and 17.41% to 36.56% for
lipase, depending on the extraction method and ethanol concentration, at a concentration of
400 pg mL. Notably, these values align with findings from previous studies on Moringa
oleifera extract, a plant recognized for its effects on diabetes and obesity, where the 50%
inhibitory concentration values for lipase and amylase activities were reported as 1.0877 mg

mL™ and 0.1802 mg mL, respectively (Lakka et al., 2020; Ogundipe et al., 2022).
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Conclusion

In this study, the extraction methods of Satureja hortensis L. using microwave and
ultrasound were compared. Microwave-assisted extraction resulted in a notable decrease in
processing time and a significant enhancement in the total phenolic content compared to
traditional extraction methods. Moreover, significant disparities in antioxidant activity were
evident between microwave-assisted and traditional extracts. Conversely, while ultrasonic
extraction reduced processing time compared to traditional methods, it did not yield higher
total phenolic content in the extracts. Overall, microwave-assisted extraction exhibited
superior advantages in terms of time efficiency and total phenolic content compared to other
extraction techniques.

This study introduces the novel and innovative potential of microwave-assisted
extraction, demonstrating its superior efficiency in reducing processing time and enhancing
total phenolic content and antioxidant activity compared to traditional methods. Future
research could focus on optimizing microwave-assisted extraction parameters for various
plant species and exploring its combination with other advanced techniques to further

improve extraction efficiency and bioactive compound stability.
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Makale Tarihgesi: Bu caligmada, Tiirkiye'nin Bing6l ilinde Ocak 2000 yilindan Kasim 2021'e
Gelis tarihi: 03.02.2024 kadar olan ortalama sicaklik degerleri, siniizoidal fonksiyon kullanilarak
Kabul tarihi:23.07.2024 modellenmigtir. Bingdl ilinde bu dénemler arasinda ortalama sicaklik
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degerlerinin karesel hatalarin toplamini en aza indirmek ve belirleme
katsayismi (R?) maksimuma ¢ikarmak icin trigonometrik egri tahmin edildi.

Anahtar Kelimeler: Donem boyunca en diigiik sicakliklar Aralik, Ocak ve Subat aylarinda
Steaklik olmugstur. Mart, Nisan ve Mayis aylarinda sicakliklar hafif yiikselirken,
Fourier serileri . - . - .. .

. Haziran, Temmuz ve Agustos aylarinda en yiiksek seviyede, Eyliil, Ekim ve
Periyot . . . .
Bingsl Kasim aylarinda ise sicaklikta gerileme olmustur. Bu durum her yil periyodik

olarak devam etmistir. Fourier serileri kullanilarak olusturulan siniizoidal
fonksiyona en kiigiik kareler regresyonu ile egri uydurma modeli ile siniizoidal
egri uydurmanin sicaklik tahmin modelleri i¢in uygun ve kullanigh oldugu
sonucuna varilmistir.

Curve Fitting with Least Squares Regression of Air Temperature Values on Sinusoidal
Functions: The Case of Bingol Province

Research Article ABSTRACT

Article History: In this study, the average temperature values from January 2000 to November
Received: 03.02.2024 2021 in Bingdl province of Turkey were modelled using a sinusoidal function.
Accepted: 23.07.2024 The trigonometric curve was estimated to minimize the sum of squared errors

Available online: 17.03.2025

and maximize the coefficient of determination (R?) of the mean temperature

values for the period from January 2000 to November 2021 in Bingd1 province.

Keywords: During this period, temperatures were lowest in December, January and
Temperature . . . . .

Fourier series February. Temperatures increased slightly in March, April and May, peaked in
Period June, July and August, and decreased in September, October and November.
Bingél This situation continued periodically every year. It was concluded that

sinusoidal curve fitting is suitable and useful for temperature forecasting
models with the curve fitting model with least squares regression to the
sinusoidal function created using Fourier series.

To Cite: Inan C, Celik S., 2025. Hava sicaklik degerlerinin siniizoidal fonksiyonlarma en kiigiik kareler regresyonu ile egri
uydurma: Bingdl ili 6rnegi. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 47-58.

Giris

Diinya ylizeyindeki hava sicakligi en Onemli cevresel faktorlerden biridir. Yiizey

sicakligindaki degisimleri modellemek ve giivenilir tahminler yapmak, saglam c¢evre
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politikalarinin temelini olusturur (Romilly, 2005). Hava durumu, bir sektoriin iiriin ve
hizmetleri i¢cin hem arz hem de talebi etkileyerek ekonomiyi etkiler (Lazo ve ark., 2011). Bagka
bir ifade ile hava durumu, bir¢ok iiriine yonelik talep ve satislarin belirlenmesinde dogrudan
veya dolayli olarak 6nemli bir role sahiptir (Granger, 1978).

Sicakligin tahmin edilmesi 6zellikle tarim alaninda, bitki Ortiisiiniin ¢esitliliginde, su
kaynaklar1 ve turizm sektorleri ile iliskili iklim etkisi calismalarinda dikkate alinan en 6nemli
gostergelerden biridir (IPCC, 2007). Daha genis bir baglamda; sicaklik, diger bir¢cok ¢evresel
faktorii karmasik sekillerde etkiler. Sicaklik, mahsul biiyiime simiilasyonu alanlarindaki bir¢ok
eko-¢cevresel modelde kritik bir girdi parametresidir. Bu ekosistem modellerini kullanan politika
analizi ancak gelecekteki sicakliklarin dogru tahmin edilmesiyle miimkiindiir (Caldiz ve ark.,
2001; Vedoodt et al., 2004; Bechini ve ark., 2006).

Hava sicakliginin dogru tahmini, hem insan yasamini hem de miilklerini korumaya
hizmet ettiginden meteorolojik tahminin temel bir bilesenidir. insan faaliyetlerinin, enerji
politikasinin ve is gelistirmenin planlanmasinda 6nemli bir rol oynar (Abbass ve ark., 2022).
Asirt hava sicakligl, bireyler i¢in ciddi saglik sorunlarina neden olmaktadir (Lan ve ark., 2010;
Schulte ve ark., 2016) ve flora ve faunaya zarar verme potansiyeline sahiptir. Endiistriler, enerji
sektorleri ve tarim 6zellikle sicaklik dalgalanmalarina karsi hassastir (Sardans ve ark., 2006).
Bu nedenle giinliik asir1 hava sicakligini tahmin etmek i¢in uygun bir yontem bulmak, kamu
giivenliginin saglanmasi acisindan hayati 6nem tasimaktadir.

Aylik sicaklik degerlerinin analizi, iklim diizenlerini ve degisikliklerini anlamada ¢ok
onemli bir gostergedir. Birgok calismada aylik sicaklik verilerini analiz etmek ig¢in cesitli
teknikler kullanilmistir. Avustralya'da yapilan bir ¢alisma, sicaklik degisimlerini ve modellerini
analiz etmek i¢in yerel agirlikli dagilim grafigi yumusatma (LOESS) ve c¢ift iistel diizeltme
(DES) kullanmis ve tiim kiimelerdeki artan sicaklik egilimlerini ve sicakliklarin periyodikligini
ortaya ¢cikarmistir (Wanishsakpong ve Notodiputro, 2018).

Ustaoglu ve ark. (2008) calismalarinda Tiirkiye'de, Marmara bolgesinin Geyve ve
Sakarya havzasina ait 15 yillik verilerine (1989-2003 yillar1 arasinda) ii¢ farkli YSA yontemini
kullanarak giinliikk ortalama, maksimum ve minimum sicaklik zaman serilerini tahmin
etmislerdir. Ug farkli yapay sinir ag1 (YSA) yontemini kullanarak (1) ileri beslemeli geri
yayilim (FFBP), (2) radyal temel fonksiyon (RBF) ve (3) genellestirilmis regresyon sinir ag1
(GRNN), ayrica ¢oklu dogrusal regresyon (MLR) modeliyle yapilan tahminleri YSA
yontemleriyle karsilagtirmislar ve dort yontem de maksimum, ortalama ve minimum sicaklik

serilerinin tahmininde birbirine yakin ve tatmin edici sonuglar verdigini belirtmisler.
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Ispanya'da yapilan baska bir ¢aligmada, sicaklik egilimlerindeki mekansal degisimi analiz
etmek icin hareketli pencere gorsel yaklasimi kullanilmis ve Ispanya anakarasinda sicakliklarin
genel olarak arttigini, ancak etkinin soguk ve sicak aylar, maksimum ve minimum sicakliklar
icin farkli oldugunu ve anlamli egilimlerden etkilenen alanin aylara gore degistigi sonucunu
elde etmislerdir (Gonzalez-Hidalgo ve ark., 2018).

Hindistan'da yapilan bir arastirmada (Narula ve ark., 2018), sicaklik degisiminin uzay-
zamansal ayak izlerini tanimlamak i¢in fonksiyonel veri analizinden (FDA) yararlanildi ve
1901-2005 yillart arasinda, esas olarak muson sonrasi ve kis mevsimlerinde sicak noktalarla
birlikte meydana gelen 0,53°C'lik 6nemli bir sicaklik artisi ortaya cikarildi. Ulkenin kuzey-orta
ve dogu kesimlerinde sicakliklarin kiimelendigi tespit edilmistir. Bu ¢aligmalar, aylik sicaklik
degerlerinin analizinde g¢esitli yontem ve bulgular1 ortaya koyarak iklim kaliplar1 ve
degisiklikleri hakkinda degerli bilgiler saglamaktadir.

Cesaraccio ve ark. (2001), ¢alismalarinda otomatik bir hava durumu agindan alinan
saatlik sicaklik verileri kullanilarak bir giinliik sicaklik egilimi modelini (TM) ve literatiirde
yayinlanmis modellerle karsilagtirmiglardir. TM ve WAVE (Wit ve ark., 1978) modelleri, ¢ok
farkli iklime sahip bes lokasyondan 4 yillik saatlik hava durumu verilerini kullanan P&L
(Parton ve Logan, 1981) ve WK (Wilkerson ve ark., 1983) modellerine gore genel olarak daha
dogru sicaklik egilimi tahminleri sagladigini tespit etmislerdir.

Chow ve ark., (2007) ¢alismalarinda yer alan {i¢ analizden; giinliik maksimum, minimum
ve ortalama sicakliklar1 kullanan Q-Siniis yonteminin, saatlik sicakligr sadece maksimum ve
minimum degerleri kullanan algoritmalardan daha iyi yeniden iirettigi sonucuna vardilar. Pauly
ve Liang (2022), siniizoidal model kullanarak diinyanin giines etrafindaki diizenli hareketleri
ve egiklik acist tarafindan yonlendirilen mevsimsel sicaklik salinimlarinin, su kiitlelerinin
sicakligindaki mevsimsel degisim de dahil olmak {izere bir¢ok dogal olayin siniizoidal
salinimlar olusturdugunu saptamistir.

Bu caligmanin amaci, aylik sicaklik degerleri i¢in trigonometrik egri uydurularak model

olusturmak ve gelecek donemin dngoriisiiniin yapilmasidir.

Materyal ve Yontem

Materyal

Calismanin materyali, Cevre, Sehircilik ve iklim Degisikligi Bakanligi Meteoroloji Genel
Midiirliigiiniin Bingdl meteoroloji istasyonundan 2000 Ocak-2021 Kasim aylar1 arasinda
olgiilen aylik ortalama sicaklik (°C) verilerinden olusmaktadir. Siniizoidal fonksiyonlara En

Kiiciik Kareler Yontemi (Fourier Serileri) ile egri uydurulmustur.
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Metod

Siniizoidal (Trigonometrik) egri, siniis ve kosiniis gibi trigonometrik fonksiyonlar
kullanilarak tanimlanan bir tiir matematiksel egridir. Bu egriler, miihendislik ve geometrik
modellemedeki potansiyel uygulamalarin yani sira ekonometrik verilerdeki salinimi
(mevsimsellik) hareketi gosteren verilere uygulanmasi ile son yillarda dikkat cekmistir (Li ve
Liu, 2022).

Herhangi bir f(x) fonksiyonunun Fourier serisiyle yaklasik olarak ifade edilebilmesi igin,
fonksiyonun her noktada tek degerli olmasi, istenilen aralikta siirekli olmasi, istenilen aralikta
sonlu ve siirekli olmas1 gibi kosullar vardir. Istenilen aralikta sonlu sayida maksimum veya
minimum degerlerin karsilanmasi gerekir (Bayram, 2002). Bu kosullar altinda Fourier serileri
fonksiyonunun siirekli oldugu yerde f(x) fonksiyonuna yakinsamaktadir. Siireksizlik
noktalarinda ise seri fonksiyonun sagdan ve soldan limitlerinin aritmetik ortalamasina
yakinsamaktadir (Buttkus, 2000).

f(x) fonksiyonu (—L, L) araliginda tanmimli ve bu aralik disinda f(x+2L)= f(x) ile

tanimlanmis olsun, yani 2L periyoduna sahip olsun. f(x)’e karsilik gelen Fourier serisi

ao - nmx . nmx
> + Z (ancosT + b,sin T) (D
n=

ile verilir. Burada a,, a,, ve b,, Fourier katsayilar1

1 L
== d 2
Qo L_]._Lf(x)x 2)

L
( _ 1 j nnxd
a, = I f(x)cos I X
L n=012,..

: nwx
l b, = ff(x)sianx
-L
ile verilir. Esitlik 2’deki sabit terim
L
a 1 f d
> =5 | f®ax
-L

e esittir. Bu, bir periyot tizerinde f(x)’in ortalamasidir. Eger L = m ise fonksiyonun periyodu
2n’dir (Spiegel, 1963).

Bu ozelliklere gore herhangi bir f (x) fonksiyonu,

50



f(x) = % + Z (a, cosnx + b, sinnx) 3)
n=1

seklinde Fourier serisine agilabilir. Bu sekildeki seri trigonometrik seri olarak adlandirilir
(Khuri, 2003). Fourier serisi lizerinde [-7, ] araliginda terim terime integral alinarak ve esitlik

4’te verilen ortogonallik bagintilar1 da dikkate alinarak a,, ve b,, katsayilari

f(x)cosnmdx n=012..)

a, =

3=
"*m

|
3

SRS
\’.:u

b, = f(x)sinnmdx n=012,..)

]

seklinde hesaplanir (Rudin, 1953). a, katsayisi ise
s
1
@ =— f fx)dx
-1

dir. Bir f(x) fonksiyonu siirekli degilse ve esit aralikli n ayrik noktada degerler olarak
veriliyorsa, toplam sembolleri kullanilir. Ozellikle y degiskeninin degerleri, x degiskeninin
artan degerlerine karsilik periyodik bir degisim gosterdiginde matematiksel model olarak
kesikli Fourier serisi segilir. Yillik periyodun serinin bazi parametreleri lizerindeki etkisi ile

olusan periyodik bilesen esitlik 4 ile agiklanmaktadir.
m
21 21
Vi =ag+ z [akcos (T kxi> + by sin (T kxl->] + & (4)
k=1

seklinde olur. Burada y;: Parametrenin ortalama degeri, m: Onemli harmonik sayisi, a; ve by:
Fourier katsayilari, T: periyottur (Salas ve Yevjevich, 1972). Esitlik 4’te verilen ¢; olan 1
zamandaki artik (hata) degeridir (Bloomfield, 2000).

Bir seride hem trend hem de mevsimsel dalgalanma varsa, uygulanacak regresyon modeli

m [Is/21]
. . (2mit 2mit
YVi=a+ Z b;t' + Z [cism (T) + d;cos (T)] + & (5)
i=1 i=1

seklindedir. Burada m, serinin polinom derecesidir. Burada, ;1% b;t* toplamu ile serinin trend
bileseni agiklanmaktadir. Bu esitlikte s, periyot olmak tizere [|s/2|] periyodun yarisinin
tamsay1 kismidir. Burada 1 indisli toplam serinin mevsimsel bilesenidir. Bu bilgilere gore siniis
ve kosiniis fonksiyonu ¢iftine harmonik denir.

Mevsimsel serilere uygulanan regresyon analizinde katsayilar en kiiciik kareler yontemi
kullanilarak

B =XX)XY
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formiiliiyle bulunur. Toplamsal modelde, dogrusal trend ve bir harmonik oldugunda,

a
p=1e
d
ve
[1 1 sin(2m/s) cos(Zn/s)]
|1 2 sin(4m/s) cos(4n/s) |
X=|... |
[1 T Sin(2.7.'l.'T/S) cos(Z.;ltT/s)JT*4

seklindedir (Kadilar, 2009).

Bulgular ve Tartisma
Bingdl ilinin aylara gore sicaklik (°C) igin ortalama, standart sapma, standart hata,

minimum ve maksimum degerlerden olusan tanimlayici istatistikler Tablo 1°de sunulmustur.

Tablo 1. Bingdl ili aylik ortalama sicaklik (°C) tammlayicr istatistikler

Aylar X sS Sy Minimum Maksimum
Ocak 7,782 3,032 0,646 1,8 13,3
Subat 10,855 3,544 0,755 4,2 16,2
Mart 18,414 3,360 0,716 10,2 22,3
Nisan 24,359 3,002 0,640 17,2 28,9
Mayis 29,686 1,562 0,333 27,4 33,9
Haziran 35,068 1,483 0,316 32,6 38
Temmuz 38,659 1,547 0,330 35,6 42
Agustos 38,450 1,119 0,239 36 40,6
Eyliil 34,796 1,574 0,336 32,6 37.8
Ekim 28,586 1,723 0,367 25,1 32,1
Kasim 19,623 2,201 0,469 15,2 22,7
Aralik 12,614 3,598 0,785 5,7 22,8
Genel 24,954 10,784 0,665 1,8 42

X: Ortalama, ss: Standart sapma, sg: Standart hata.

Tablo 1 incelendiginde, Bingdl’de ortalama sicakligin en fazla oldugu aylar sirasiyla
Temmuz (38,659), Agustos (38,450) ve Haziran (35,068) aylaridir. En diisiik sicakligin
goriildiigli aylar ise sirastyla Ocak (7,782), Subat (10.855) ve Aralik (12,614) aylaridir. 2000
Ocak-2021 Kasim déneminde ortalama sicaklik ile ilgili olarak

Vi = ag + aqsin6; + a, cos 6;
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seklinde bir egri uyumu yapilacaktir. Aylik seri oldugundan dolayt, serinin periyodu T=12"dir.

doniisiimii yapilir. Doniistim sonucu elde edilen sin; ve cosf; degerleri Tablo 2’de verilmistir.

Tablo 2. t;degerlerine gore olusturulan siniis ve kosiniis degerleri

ti 1 2 3 4 5 6 7 8 9 10 11 12
0; n/6 m/3 n/2 2n/3 b5m/6 W 7n/6 4m/3 3m/2 5wn/3 11m/6 2¢
Sin 6; 0,5 087 1 0,87 0,5 0 -0,5 -0,87 -1 -0,87 -0,5 0
Cos 6; 0,87 0,5 0 -0,5 -0,87 -1 -087 -0,5 0 0,5 0,87 1

Buna gore Tablo 2’deki degerler sicaklik degerleri ile birlikte kullanildiginda elde edilen

trigonometrik egriye ait parametre tahminleri Tablo 3’te gosterilmistir.

Tablo 3. Bingdl ilindeki sicaklik i¢in olugturulan trigonometrik egrinin parametre tahmini

Parametre Katsay: Standart Hata t p

Sabit 24,113 0,342 70,566 0,001
t 0,006 0,002 2,690 0,01
Sin 6; -9,037 0,241 -37,574 0,001
Cos 6; -11,592 0,241 -48,042 0,001

*:p<0.05, **:p<0.01, ***<0.001

Tablo 3 incelendiginde, elde edilmis trigonometrik egriye iliskin tiim parametre

tahminleri anlamli bulunmustur (p<<0.001). Buna gore;
2t 2t
Y = 24.113 + 0.006t — 9.037 sin (E) —11.592 cos (E) +¢

seklinde trigonometrik egri yazilabilir. Modelin genel anlamliligr incelendiginde F=1245.305
ve p<0.001°dir. Belirleme katsayis1 (R?) 0.935 bulunmustur. Bu durumda sicaklik bagimsiz
degiskenler yani trend, sinlis ve kosinils degiskenleri tarafindan 9%93,5 oraninda

aciklanabilmektedir. Elde edilen trigonometrik egri Sekil 1°de daha net goriilmektedir.
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Aylar

Sekil 1. Bingd1’de 2000-2021 yillar1 aras1 aylara gore sicaklik (°C)

Sekil 1°de goriildiigii gibi sicaklik (°C) degerleri Mart ay1 ile Agustos aylari arasinda artis
egiliminde daha yliksek iken, Eyliil ay1 ile Subat aylar1 arasinda daha diisiik seyretmistir. Bu
durum ilerleyen yillarda da benzer sekilde seyrederek periyodik bir sekilde devam etmistir.

Farkl1 yer ve zamanlarda sicaklik degerleri ile ilgili olarak istatistik analiz kullanilarak
yapilmis bazi ¢galigmalar asagidaki gibi 6zetlenmistir.

Ye ve ark., (2013) galismalarinda, deterministik stokastik birlestirilmig (DSC) yaklagimi
kullanarak, mutlak yiizey sicakliginin aylik kayitlarin1 analiz etmek i¢in genellestirilmis,
yapisal bir zaman serisi modelleme ¢ercevesi kullandilar. Deterministik stiregler, sirasiyla
polinom fonksiyonlarin1 ve Fourier yontemini igeren kiiresel egilimin degisim modellerini ve
sicaklik sinyalinin dongiisel salimmlarini karakterize etmek icin kullanilirken, mevsimsellik
dahil olmak iizere sicaklik sinyalinde kalan herhangi bir modeli agiklamak i¢in stokastik
siirecler kullandilar. Otoregresif entegre hareketli ortalama (SARIMA) modelleri, DSC
modellerinin sicaklik zaman serisindeki degisimlerin, dogrusal bir egilimi, aylik verileri
SARIMA (3, 1, 1)x(0, 1, 1)12 seklinde modellenmistir.

Narasimha Murthy ve ark. (2021) tarafindan yliriitiilen bir ¢alismada da yapisal zaman
serisi (STS) modeli ile yiizey hava sicakligi (SAT) meteorolojik parametresi kullanilmistir.
Hindistan bolgesi iizerindeki aylik ortalama gozlem degerlerini kullanarak SAT tahmin
edilmistir. Aylik ortalama SAT degeri, Mayis ve Haziran aylarinda maksimum sicakliklar ve

Aralik ve Ocak aylarinda minimum sicakliklar ile yillik bir varyasyon gosterdigi saptanmuistir.
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STS modeli analizi sonucuna gore, tiim bilesenlerin olduk¢a anlamli oldugu, AIC = 1081,5,
BIC = 1095,5, R? = 0,98159, diizeltilmis R? = 0,98156 elde edilmistir. 2017-2019 yillar1
arasinda tahmin edilen aylik ortalama sicakliklarm yilda yaklasik 0.009 C“lik bir artis egilimi
oldugu saptanmistir. Bu donemde Nisan, Mayis ve Aralik aylarinda aylik ortalama sicaklikta
0,01 °C'lik hafif bir artis ihtimali oldugu da ifade edilmistir.

Diger calismalarda elde edilen sonugclar ile bu ¢alismadaki sonuglar, farkli ¢cevre ve iklim
sartlarinin olmasi, farkli zaman araliklarinda degisik gozlem degerlerinin farkli istatistik

yontemleriyle analiz edilmesinden dolayi farklilik géstermistir.

Sonug¢

Bu calisgmamizda, 2000 Ocak-2021 Kasim donemi Tiirkiye’de Bingdl ilinin ortalama
sicaklik degerleri siniizoidal fonksiyonlar ile modellendi. Bu verilere ait hata kareleri toplami
minimum ve belirleme katsayis1 (R?) maksimum olacak sekilde bir siniizoidal egri denenmistir.
Doénem i¢inde hava sicakliklari Aralik, Ocak ve Subat aylarinda en diisiik degerde oldugu, Mart,
Nisan ve Mayis aylarinda biraz yiikselise gegtigi, Haziran, Temmuz ve Agustos aylarinda en
yiiksek seviyeye ulastifi ve Eyliil, Ekim ve Kasim aylarinda diisiise gectigi goriilmiistiir. Bu
durum her yil periyodik olarak devam etmistir. Fourier serileri yardimiyla olusturulan
siniizoidal fonksiyonlara En Kii¢iik Kareler Regresyonu ile egri uydurma modeline gore,
Bingodl ili hava sicakligi modeli trigonometrik egri seklinde olmustur.

Elde edilen modelin parametre tahminleri istatistiksel olarak Onemli bulunmustur
(p<0.001 ve p<0.01). Modelin genel anlamliligin1 test eden F degeri 1245,305 bulunmustur ve
istatistiksel olarak énemlidir (p<0.001). Modele ait R? degeri 0.935 ve diizeltilmis R? degeri ise
0.934 olarak hesaplanmigtir. Dolayistyla modelin anlamli oldugu ve elde edilen tahminlerin
giivenilir oldugu anlasilmaktadir. Yapilan analizle, hava sicaklig1 tahmin modeli i¢in siniizoidal
egri uydurulmasinin uygun ve kullanish oldugu sonucuna varilmistir. Son olarak bu ortaya
konulan modelle hava sicakliginin periyodikligi belirlenmistir. Bu belirlenmis periyodiklige
gore bolgede yer alan ingaat sektorii, tarim sektorii, mevsimsel turizm ve diger ekonomik
sektorlerin kendilerini bu tahminlere gore revize etmeleri tavsiye edilir. Bu ¢alismanin diger

calismalara da ekonometrik a¢idan ilham vermesi beklenmektedir.

Cikar Catismasi1 Beyam

Makale yazarlar aralarinda herhangi bir ¢ikar catigsmasi olmadigini beyan ederler.
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Aragtirmacilarin Katki Orami Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarin1 beyan ederler
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Baklagiller protein i¢eriginin yliksek olmasmdan kaynakli olarak diinyada ve
iilkemizde en cok tiiketilen gidalar arasinda bulunmaktadir. Baklagiller
arasinda yer alan fasulye zengin besin degerinden dolayr insan gidasinda
olduk¢a 6nemli bir yere sahiptir. Fakat, kiiresel isinma ile artan sicaklik
yetigtirilen bitkilerin strese girmesine sebep olmaktadir. Cok yiiksek
sicakliklarda yetistirilen bitkilerde verim kayiplar1 yasanmakta ve ayni
zamanda genlerinde bazi mutasyonlar meydana gelmektedir. Bu ¢aligmada,
Bitlis-76 (Phaseolus vulgaris L.) fasulye genotipi Mersin Universitesi sera
alaninda yetistirilmistir. Bitkinin yetistirildigi bahar doneminde ani yiikselen
sicaklik nedeni ile bitkide anormal morfolojide organ gelisimi gézlenmistir.
Bitkinin yapraklarinda ve meyvesinde ayrilmama durumu olarak
nitelendirilen bitisik yapraklilik ve bitisik bakla durumu saptanmistir. Bu
nedenle, organlarm ayrilmama durumunun aydinlatilmasi sebebiyle P.
vulgaris’in bitisik yaprak ve baklasindan RNA izolasyonu yapilmistir. Ancak,
baklasindan kaliteli RNA izolasyonu gergeklestirilemediginden ileri analizler
bitisik yapraklardan elde edilen RNA ile gergeklestirilmistir. Literatiirde
organ gelisimi {izerine etkili oldugu bilinen Wuschel (WUS), Clavata (CLV)
ve Fasciata (FAS) genlerinin ekspresyon seviyesi incelenmis ve Bitlis-76
fasulye genotipinde gozlenen ayrilmama durumu iizerine bu genlerin etkileri
aragtirllmigtir. Bitigik yapraktaki FAS geninin ekspresyonu kontrol bitkisine
gore oldukca yiiksek cikmistir. Siirglin apikal meristem hiicrelerinin
diizenlenmesinde sorumlu oldugu bilinen FAS geninin ifade diizeyinin Bitlis-
76 fasulye genotipine ait bitisik yaprak 6rneklerinde yiiksek ¢ikmasi bu genin
bu durum iizerinde etkili olabilecegi seklinde yorumlanmistir. Sunulan bu
caligma Bitlis-76 fasulye genotipinde olusan anormal yaprak gelisimi {izerine
FAS geninin etkisini aragtiran ilk ¢alisma olma niteligindedir.
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Legumes are among the most consumed foods in the world and our country
due to their high protein content. Beans have an essential for human nutrition
among the legumes due to their rich nutritional value. However, the increased
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Keywords: temperature with global warming causes the plants grown to be stressed. Plants
Contiguous leaves grown at very high temperatures experienced yield losses, and at the same time,
Bitlis-76 some mutations occur in their genes. In this study, the bean genotype Bitlis-76
FASCIATA gene (Phaseolus vulgaris L.) was grown in the greenhouse area of Mersin
agags University. In the spring period when the plant was grown, abnormal organ
Igh temperature development morphology was observed due to the sudden increase in
temperature. Contiguous leaves and adjacent pods, characterized as non-
separation, were observed in the leaves and fruit of the plant. Therefore, RNA
was isolated from adjacent leaves and pods of P. vulgaris to elucidate the non-
separation state of the organs. However, since quality RNA isolation from the
pod could not be performed, further analyzes were performed with RNA from
adjacent leaves. The expression level of WUSCHEL (WUS), CLAVATA (CLV),
and FASCIATA (FAS) genes, which are known to be influential on organ
development in the literature, were examined, and the effects of these genes on
the non-disjunction observed in the Bitlis-76 bean genotype were investigated.
Expression of the FAS gene in the adjacent leaf was significantly higher than
in the control plant. Because the expression level of the FAS gene, known to
regulate shoot apical meristem cells, was high in adjacent leaf samples
belonging to the Bitlis-76 bean genotype, it was interpreted that this gene may
affect this situation. This study is the first to investigate the effect of the FAS
gene on abnormal leaf development in the Bitlis-76 bean genotype.

To Cite: Yildiz $, Tekdal D., 2025. Fasulyenin yiiksek sicaklik kosullarinda anormal gelisim morfolojisinin molekiiler mekanizmasi.
Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 59-69.

Giris

Diinya niifusu yaklagik 7,5 milyar kisiden olusmaktadir ve 2050 yilina kadar bu oranin 9-10
milyara ulasacagi bildirilmektedir (Anonim 2022a). Bu durum g6z oniinde bulunduruldugunda,
artan niifusa karsilik olarak insan beslenmesi i¢in gida veriminin arttirilmas: gerekmektedir. Fakat,
insan gelisiminde en biliyilk etkene sahip olan proteinin elde edildigi gidalar sera gazi
emisyonlarindan, su eksikliginden, yliksek sicakliklardan ve bircok dis etmenlerden biiyiik oranda
etkilenmektedir (Poore ve Nemecek, 2018). Olusan biyotik ve abiyotik streslerden kaynakli verim
diistislerine ragmen insanlar viicut sagligimi desteklemek i¢in esansiyel amino asitler agisindan
zengin ve yiiksek oranda protein tiiketmek zorundadir (Anonim 2022b). Yiiksek kaliteli proteinin
ana kaynaklari olarak et, kiimes hayvanlari, balik, yumurta, kabuklu yemisler ve baklagiller ile siit,
yogurt ve peynir gibi iiriinler gdsterilmektedir (Godfray ve ark., 2018). Insan tiiketiminde énemli
bir yere sahip olan bitkisel kaynaklar icerisinde bitkisel proteinin ana kaynagini (%22) olusturan
baklagiller, et iirlinlerine alternatif olarak insan beslenmesinde dnemli yer tutmaktadir (Adak ve
ark., 2010). Zengin besin degerinin yani sira baklagiller, azot fiksasyonu yoluyla toprak kalitesini
arttirmakta ve azotlu giibrelere olan ihtiyaci azaltmaktadir (Foyer ve ark., 2016).

Baklagil tiirleri arasinda yer alan fasulye (Phaseolus vulgaris L.), Fabaceae familyasinin besin
degeri agisindan en zengin tliyeleri arasinda yer almaktadir (Kaplan, 2003). Gen merkezinin Amerika
ve Giiney Asya oldugu belirtilen fasulye (P. vulgaris) sicak-1liman iklimlere iyi adapte olmus ve

diinyada oldukga genis bir ekim alanina sahip sicak iklim bitkisidir. Cimlenme déneminde sicak,
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ciceklenme doneminde ise kurakliga ve diisiik nisbi neme hassastir. Fakat, ¢ok yiiksek sicakliklarda
diger pek cok bitki gibi strese girmektedir ve verim kaybi ile genlerinde bazi mutasyonlar
olusmaktadir (Sehirali, 1988). Bu genlerden bazilar1 bitkinin toprak iistii gelisiminden sorumlu olan
ve sitirgiin apikal meristem (SAM) hiicrelerinin diizenlenmesinde yardimci olan Wuschel (WUS),
Clavata (CLV) ve Fasciata (FAS) genleridir.

Meristem genislemesi Wuschel (WUS) geni ve bu genin negatif diizenleyicileri olan Clavata
(CLV), Fasciata (FAS) ve Stamina Pistilloida (STP) gibi diger arasindaki etkilesim ile kontrol
edilmektedir (Baurle ve Laux, 2003). WUS proteini, siirgiin ve ¢icek meristemlerinde hiicre
popiilasyonlarinin korunmasinda merkezi bir rol oynmaktadir (Laux ve ark., 1996; Mayer ve ark.,
1998; Veit, 2004). WUS, her siirgliin meristeminde uygun sayida pluripotent gévde hiicrelerini
koruyarak siirgiin meristeminin boyutunu pozitif olarak diizenlemektedir. CLV'ler, WUS ifadesini
baskilayarak meristemlerin boyutlarini negatif olarak diizenlemeketedir (Schoof ve ark., 2000;
Reddy, 2008). Ornegin, Arabidopsis thaliana (L.) Heynh ile yapilan bir calismada WUS-1 mutantlar
olusturulmustur ve bunun sonucunda birka¢ yaprak olustuktan sonra siirglin meristemlerin
kayboldugu go6zlenmis olup bu durumun WUS dretiminin olmadigi meristemlerde hiicre
populasyonunun korunamamasindan kaynakli olabilecegi seklinde yorumlanmistir (Laux ve ark.,
1996). Bunun tam tersi olarak, WUS'un ektopik ekspresyonu, siirgiin meristemlerin boyutunu
arttirmaktadir ve dokulardaki siirgiinlerin ve somatik embriyolarin ortaya ¢ikmasiyla sonuclanan
meristem hiicrelerin anormal birikimini indiiklemektedir (Zuo ve ark., 2002; Gallois ve ark., 2004).
FASCIATA (FAS1 ve FAS2) geni apikal meristemlerin organizasyonu ve fonksiyonunun
diizenlenmesinde etkili rol almaktadir. Ayrica, FAS genlerinin, Arabidopsis bitkisinde kromatin
montaj faktorii 1 (chromatin assembly factor-1; CAF-1)'in alti birimine karsilik geldigi
belirlenmistir. FAS kompleksinin fonksiyonel roliiniin, DNA replikasyonu yoluyla epigenetik
durumlarin stabil yayilmasin1 saglayarak (muhtemelen CAF-1 aktivitesi yoluyla), apikal
meristemlerde gen ekspresyonun stabil kalmasini kolaylastirmak oldugu belirtilmistir (Kaya ve ark.,
2001).

Sicaklik etkisiyle siirgiin apikal meristemin diizenlenmesinden sorumlu olan WUS, CLV ve
FAS genlerinin ekspresyonlarinda yiiksek sicaklik nedeni ile meydana gelen degisimler bitkinin
yaprak, meyve veya ¢iceklerinde degisikliklere sebep oldugundan bu ¢alismada sera’da yetistirilen
Bitlis-76 fasulye genotipinde meydana gelen birlesik yaprak ve bakla Ornekleri iizerinde
calisilmigtir. Bitki dokusunda anormal yapida yaprak ve baklalarin olusmasi verim kayiplarina
sebep olacagindan protein bakimindan zengin bitkisel bir besin olan fasulyelerde bu farkliliklarinin

molekiiler olarak incelenmesi oldukg¢a 6nemlidir. Fasulyede meydana gelen birlesik yaprak ve bakla
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durumunun molekiiler mekanizmalarin aydinlatilmasina dair bir ¢calisma bulunmadigindan yapilan

bu ¢aligmanin literatlirdeki boslugun giderilmesinde kaynak olacagi diisiintilmektedir.

Materyal ve Metod

Bitki materyalinin yetistirilmesi

Bu arastirmada, P. vulgaris'un bir yerel popiilasyonu olan Bitlis-76 genotipi kullanilmustir.
Bitlis-76 tohum rengi siyah renk skalasina sahip olup bakla yapisi kisadir (Akga ve Tekdal, 2023).
Bitlis-76 tohumlar1 Mersin Universitesi sera alaninda Nisan 2020 tarihinde hindistan cevizi kabugu
ve torf (1:1) karisimi bulunan bir viyole ekilmistir. Tohum ekimini takip eden 4. giinden itibaren
cimlenmeler baglamistir. Calisma 3 tekrarli ve her tekrar 10 adet tohum igerecek sekilde
gerceklestirilmistir. Viyolde gelisen bitkiler saksilara transfer edilmeden énce budanmustir. Bitkiler
saksilara aktarilirken ilk stresi ortadan kaldirmak ve kok tesvikini arttirmak amaciyla can suyu ile
birlikte humik fulvik asit (%39) (Erdal ve ark., 2014) uygulamasi yapilmistir. Bitkiler ¢cimlendikten
sonra bahge topragi ile doldurulmus saksiya aktarilmistir. Bitkiler serada dogal 1s1k altinda %80
bagil nemde biiyiitiilmiistiir. Morfolojik incelemeler sirasinda gézlenen birlesik yaprak ve bakla
materyalleri hasat edilmis ve sivi azot kullanilarak dondurulmustur. Aym sekilde ileri analizlerde
kontrol olarak kullanilmak iizere Bitlis-76 bitkisinde normal yapida bulunan yaprak ve bakla
materyalleri de alinmis ve hizlica siv1 azot uygulamast ile (-196°C) dondurulmustur. Ornekler RNA

izolasyonu gerceklesinceye kadar -80°C’de muhafaza edilmistir.

RNA izolasyonu, agaroz jel elektroforezi ve cDNA sentezi

Total RNA izolasyonunda -80°C’de muhafaza edilen birlesik yaprak ve bakla 6rnekleri ile
kontrol 6rnekleri (normal yapili yaprak ve bakla 6rnekleri) (~500 mg) igin Kit (Zymo Research,
Quick-RNA Kit, ABD) kullanilmis olup izolasyon iiretici firmanin talimatlari dogrultusunda
gerceklestirilmistir (Tekdal, 2015). Total RNA izolasyonu sirasinda tiim adimlar oda sicakliginda
gerceklesmistir (25+£2°C). Yaklasik 100 mg 6rnek sivi azot ile 6glitiilmiis ve RNA Lysis Buffer ile
muamele edilerek Spin-Away filtresi sar1) icerisine aktarilmistir. Ornek, 16.000 x g hizinda santrifiij
edilerek siiziilen siipernatant 1:1 oraninda etanol (%95-100) ile karistirilmistir. Karigim bir Zymo-
Spin kolonuna (yesil) aktarilmis ve santrifiij edilmistir. Altta kalan siipernatant atildiktan sonra,
kolon icerisinde kalan RNA'lara DNase 14 uygulanmistir. Ardindan kolona 400 pul RNA Prep Buffer
eklenmis ve santrifiij edilmistir. Bu iglem, kolona sirastyla 700 pl ve 400 ul RNA Wash Buffer
eklenerek tekrarlanmistir. Son olarak, kolon dikkatlice niikleaz igermeyen steril bir tiipe
yerlestirilmis ve 100 pl DNase/RNase-Free su eklenerek santrifiij edilmistir. Nano Drop

spectrofotometre kullanilarak 260 nm'de izole edilen RNA'larin absorbans degerine bakilmistir.
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Izole edilen RNA'lardan 5 pl alinarak {izerine 1 ul loading dye ilave edilmis ve drnekler %2'lik
agaroz jelde 0.5x TBE (Tris Base, Boric Acid, EDTA) tamponu eklenerek ¢aligilmistir. Jel %0.1
etidyum bromiir soliisyonu ile boyanmistir. Amplifikasyon iriinlerinin varligi, UV 15181 altinda
fotograflanarak belirlenmistir. Jel goriintiisiinden sonra RNA’s1 tespit edilen materyallerin
RNA’larmin ¢cDNA sentezi SensiFastTM cDNA Synthesis Kit (Bioline) kullanilarak tiretici

firmanin talimatlar1 dogrultusunda gerceklestirilmistir.

Kantitatif Ger¢ek Zamanh PCR Analizi (QPCR)

SybrGreen kantifikasyonu i¢in Real-Time PCR kosullari, Roche LightCycler 480 II
SybrGreen I Master veri sayfasina dayali olarak belirlenmistir. Goreceli kantitatif PCR sonuglari,
ireticinin talimatlarina gore SensiFAST™ SYBR® No-ROX Kit (Bioline) kullanilarak
gergeklestirilmistir. mRNA seviyeleri, Dr. Dilek Tekdal’in doktora tez caligmalar1 kapsaminda
sentezini gerceklestirdigi WUS, CLV ve FAS primerleri (Tekdal, 2015; Tablo 1) kullanilarak qRT-
PCR ile degerlendirilmistir. Fabaceae'nin 18S rRNA'sindan tiiretilen primer (Song 2005; Tablo 1),

bir dahili kontrol olarak kullanilmis ve ifade, 18S rRNA ifadesine gore normallestirilmistir.

Tablo 1. Quantitative Real-Time (QRT) PCR analizinde kullanilan primerlere ait bilgiler

Gen Ismi Kisaltma  Sekans (5’- 3”) Tanim Referans
WUSCHEL B  WUS3 CTTCTGYTGARATGRTTACTG WUS3/sense primer (Tekdal, 2015)
WUS4 GCATAGGGAATAAAGGGAG WUS4/antisense primer
FASCIATAB FASL TGGAGGAGAGYGAVCTTCC FAS1/sense primer (Tekdal, 2015)
FAS3 AAACAACACRCTACTYTTCAC FAS3/antisense primer
CLAVATA B CLV3 GGGASMCTTCTGRTTG CLV3/sense primer (Tekdal, 2015)

CLV4 ATGATGYAGHGGRTCTGGACC CLV4/antisense primer

18S rRNA 18S-F TACCGTCCTAGTCTCAACCATAA  18S/sense primer (Song, 2005

18S-R AGAACATCTAAGGGCATCACA 18S/antisense primer

Bulgular ve Tartisma

Bitlis-76, Mersin Universitesi serasinda yetistirildigi sirada (Sekil 1) ani degisen hava
kosullar1 neticesinde yiiksek sicakliklara maruz kalmistir. Serada fideler {izerinde yapilan
morfolojik (makroskobik) gézlemler sonucunda bitki dokularinda (yaprak ve bakla yapisinda) diger

bitkilere gore anormal farkliliklar gozlenmistir (Sekil 2). Bitlis-76 ¢esidine ait 30 birey ile yapilan
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calisma sonucunda 7 bireyde yapraklarin bitisik olma durumu saptanmistir. Bu durumun molekiiler

mekanizmasinin aydinlatilmasi i¢in birlesik yaprak ve bakla ornekleri hasat edilmis ve hizlica

dondurularak -80°C de muhafaza edilmistir.

(N P BT 1)

L |

C

Sekil 2. Bitlis-76 yaprak ve meyve goriintiiler. (A) Kontrol bitkisinin yapragi, (B) Kontrol bitkisinin meyvesi, (C)
Bitisik yaprak, (D) Bitisik meyve

Sekil 2C’de ayr1 olmasi gereken ii¢ yapragin birlesik morfolojide oldugu goriilmektedir.
Birlesik bakla yapisi incelendiginde ise bu bakla yapisinda tohum olusumunun ger¢eklesmedigi
goriilmiistiir (Sekil 2D).

RNA izolasyonu izole edilen ve -80°C de muhafaza edilen Bitlis-76 fasulye genotipine ait
tiim Ornekler ile (normal yaprak ve bakla ile birlesik yaprak ve bakla) gerceklestirilmistir. Ancak,
birlesik bakla ile yapilan RNA izolasyon c¢alismalar1 basarili olamamis ve ileri analizler kullanmak
icin ihtiyag duyulan total RNA’larin izolasyonu ger¢eklesememistir. Birlesik bakla yapisi

incelendiginde (Sekil 2D) dokunun izolasyon i¢in yeterli diizeyde canli hiicreye sahip olmadigi renk
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ve yapisindan anlasilmaktadir. Birlesik bakla orneginden istenilen diizeyde ve kalitede total
RNA’lar izole edilemediginden ileri analizler yaprak materyalleri ile gergeklestirilmistir.

Birlesik yaprak 1ile normal tip yaprak Orneklerinden RNA izolasyonu basart ile
gerceklestirilmistir (Sekil 3). Izole edilen RNA’lar ile elektroforez islemi gergeklestirilmis ve izole
edilen RNA’larin agaroz jel goriintiileri neticesinde biitiinliiglinii korudugu ve 18S ve 28S ribozomal

RNA bantlar ile iyi kalitede oldugu goriilmiistiir (Sekil 3).

Marker Kontrol Birlesik Birlesik
Yaprak Bakla Yaprak

'y

&
%

——
O
—
——
R 3

Sekil 3. %2’lik jel elektroforez goriintiisii

Ilave olarak, izole edilen RNA’larin agaroz jel goriintiileri incelendiginde genomik DNA
kontaminasyonunun olmadigi goriilmektedir. Bu nedenle, gDNA’nin ters transkriptaz polimeraz
zincir reaksiyonu sirasinda amplifiye edilme gibi bir durum olusmayacagindan izole edilen RNA’lar
cDNA sentezi i¢in kullanilmistir. Toplam RNA izolasyonu, cDNA sentezi ve ardindan qRT-PCR
analiz sonucunun giivenirliligi agisindan en belirleyici faktorlerden biridir. Bu 6rneklerden cDNA
sentezi gergeklestirilmis ve sentez sonrasi elde edilen cDNA’lar kantitatif RT-PCR analizinde ana
materyal olarak kullanilmistir.

Bitlis-76 fasulye genotipinde yapraklarinda olusun anormal morfolojilerin sebepleri hakkinda
molekiiler olarak daha fazla bilgi edinmek amaci ile WUS, CLV ve FAS genlerinin ekspresyon
seviyeleri RT-qPCR kullanilarak analiz edilmistir. Anormal morfolojideki yaprak érneginde WUS,
FAS ve CLV ekspresyonlart kiigiik miktarlardaki 6rnekleri belirtmek icin daha kullanish oldugu
diistiniilen 96 kuyucuklu plakta toplam 20 pl hacimde qRT-PCR ile aragtirilmistir. Bu veriler,
ekspresyon ¢alismasinin belirli bir gen grubu iizerinde odaklanilmasina yardimct olmaktadir. qRT-

PCR analizi sirasinda, Fabaceae familyasinda tanimlanan 18S rRNA (Song, 2005; Tablo 1), PCR
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reaksiyonlarinin sonuglarini analiz etmek i¢in dahili referans olarak kullanilmistir ve lineer fazda
diisik dongii sayisinda hedeflenen genlerin ekspresyon seviyelerinin nicellestirilmesi icin
onemlidir.

Gen ekspresyon analizi sonucunda, anormal morfoloji gosteren birlesik yapraktaki FAS
geninin ekspresyon seviyesinin kontrol bitkisine gore 29,24 kat daha fazla oldugu belirlenmistir
(Sekil 4). Fakat, CLV ve WUS genlerinin hem kontrol bitkisine ait yaprak materyalinde hem de
birlesik yaprak materyalinde ifade seviyelerinin ¢ok diisiik oldugu goriilmiistiir (Sekil 4).

35
30 =
25
20
15

10

0 i

Clavata Wuschel Fasciata

W Kontrol m Anormal Yaprak

Sekil 4. Bitlis-76 genotipinde kontrol yapraginda ve anormal morfoloji gdsteren yapragindaki WUS, FAS ve CLV
genlerinin ekspresyon profilleri

WUS ve CLV genlerinin kontrol materyalinde de seviyelerinin ¢ok diisiik olmasinin nedeni
olarak; (1) RT-gPCR sirasinda primer baglanma sorunun yasanmis olabilecegi, (2) bu genlerin
yaprak dokusunda ifade diizeylerinin FAS geninin ifadesinden etkilenmis olabilecegi ve (3) yaprak
dokusu gelisim asamasinda FAS ekspresyon seviyesinin keskin bir sekilde artis gosterdigi ve bu
nedenle WUS ve CLV gen ekspresyonunu inhibe edilebilecegi seklinde yorumlanmustir. ilave olarak,
ilgilenilen genlerin ¢ok diisiik bir seviyede eksprese edilmesi veya gecici olarak eksprese edilmesi
durumunda, transkript miktarinin qRT-PCR sirasinda sinyali tespit etmek i¢in gok diisiik olmasi da
olasidir. Bu nedenle, WUS ve CLV genlerinin ekspresyonu {iizerine ¢alisma farkli primerler
kullanilarak derinlestirilmelidir. Bununla birlikte, FAS geninin birlesik yaprak dokusunda yiiksek
ekspresyon seviyesinde bulunmasinin yapraklarda anormal morfolojilere sebep olabilecegi
diistiniilmektedir.

FAS mutantlarinda siirgiin apikal meristeminde (SAM) farkli fonksiyonel bdlgelerin generatif
hiicre katmanlarinin bozulmasina sebep oldugu bildirilmistir (Kaya ve ark., 2001; Sinjushin 2013).
Bu sonug, FAS genlerinin SAM'de bulunan hiicresel organizasyonun korunmasinda rol aldiginm

gostermektedir. Ayrica, SAM’de WUS ekspresyonunun ve kok apikal meristemi’nde SCARECROW
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(SCR) ekspresyonunun stabil bir sekilde korunmadigi bildirilmistir (Kaya ve ark., 2001). FAS
genleri agirlikli olarak apikal meristemlerde eksprese edilmektedir (Leyser ve Furner, 1992). Leyser
ve Funner (1992), Arabidopsis'in fasl ve fas2'sini, kok fasiasyonuna, anormal filotaksiye ve daha
kisa koklere neden olan mutasyonlar olarak tanimlanmiglardir (Leyser ve Furner, 1992) ve benzer
bulgular Reinholz (1966) yayminda da belirtilmistir (Reinholz, 1966). Bozulmus filotaksi ile iligkili
govde fasiyasyonu, cesitli bitkilerde bildirilen bir anormalliktir ve bu anormallikler SAM'de
meydana gelen kusurlarla iligskilendirilmistir (Gorter, 1965). Ayrica, Kaya ve ark. (2001),
Arabidopsis T87 wve tiitin BY-2 hiicreleri kullanarak gergeklestirdikleri g¢alismada, FAS1
ekspresyonunun G1/S gegisi ile iliskili oldugunu raporlamislardir (Kaya ve ark., 2001). Kaya ve
ark. (2001) calismasinin aksine, bu caligmada FAS gen ekpresyonunun kontrol bitkisine gore yiiksek
ciktig1 tespit edilmistir. FAS geninin SAM de bulunan hiicrelerin farklilasmasinda ve gelismesinde
rol oynadigi bilinmekte (Kaya ve ark., 2001) olup bu bilgi, bizim ¢alismamiz sonucunda Bitlis-76
fasulye genotipinde olusan anormal yaprak yapisinin FAS geninin asir1 ekspresyonundan kaynakli
olabilecegini destekler niteliktedir. Kaya ve ark. (2001) yaptiklar1 calismada elde ettikleri FAS
mutant bitkilerden yola ¢ikarak FAS geninin SAM’deki hiicresel organizasyonu bozdugunu
belirtmislerdir. Bu ¢alismada elde edilen bulgular yiiksek seviyede FAS geninin ekspresyonun
SAM’deki hiicresel organizasyonu degistirerek anormal yaprak olusumuna neden olabilecegi

ihtimalini gostermektedir.

Sonug¢

Yaprakta ve baklada olusan anormallikler verim diisiislerine neden olmaktadir. Fasulyenin
besin degerinin yiiksek ve insanlarin beslenme sagligi agisindan Onemini diigiinecek olursak
verimde olusabilecek azalmalarin sebeplerini anlamak ve sicaklik ile tetiklenen stres durumunda
fasulye genotiplerinde anormal morfoloji olusumunun molekiiler mekanizmasini arastirmak adina
bu ¢alisma yapilmistir. Yapilan bu ¢alismadan elde edilen bilgiler bitkilerin anormal morfoloji

gelisimleri tizerine yapilacak ¢aligmalar i¢in kaynak niteligindedir.

Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan ederler.

Cikar Catismasi Beyani

Makale yazarlar aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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ABSTRACT

This study examines a fundamental problem in quantum mechanics: the
initial boundary value problem for a stationary, nonlinear quasi-optical
equation with a specific gradient. This complex equation, which surpasses
the previously studied nonstationary linear Schrodinger equation, offers
more accurate models of particle behavior at the microscopic level. The
research defines the problem as a first-kind problem, then meticulously
formulates the necessary and sufficient conditions for its solution. Theorems
on the existence and uniqueness of the solution are proven, and an estimate
of the solution is obtained. This work is significant for quantum mechanics
and optics, particularly in understanding electromagnetic wave propagation
when wavelengths are comparable to the optical system’s dimensions. The
findings contribute to optical design and engineering applications, offering
new insights beyond classical physics.

Ozel Gradyent Terimli Dogrusal Olmayan Durgun Kuazi-Optik Denklemi I¢cin Baslangic
Sinir Deger Problemlerinin Coziimii

Arastirma Makalesi

0z
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Anahtar Kelimeler:

Kuantum mekanigi

Dogrusal olmayan yari-optik
Denklem baslangi¢ sinir degeri
Problem

Varolus ve benzersizlikler
Gradyan terim analizi

Bu ¢aligma, kuantum mekanigindeki temel bir problemi incelemektedir: belirli
bir gradyana sahip duragan, dogrusal olmayan yari-optik bir denklem igin
baslangi¢ sinir deger problemi. Daha 6nce ¢aligilan duragan olmayan dogrusal
Schrédinger denklemini asan bu karmagik denklem, mikroskobik diizeyde
pargacik davraniginin daha dogru modellerini sunmaktadir. Arastirma, problemi
birinci tiirden bir problem olarak tanimliyor, ardindan ¢6ziimii i¢cin gerekli ve
yeterli kosullar1 titizlikle formiile ediyor. Cozliimiin varlig1 ve tekligi iizerine
teoremler kanitlaniyor ve ¢6ziimiin bir tahmini elde ediliyor. Bu ¢alisma
kuantum mekanigi ve optik i¢in, 6zellikle de dalga boylar1 optik sistemin
boyutlariyla karsilagtirilabilir oldugunda elektromanyetik dalga yayilimini
anlamak agisindan 6nemlidir. Bulgular, klasik fizigin 6tesinde yeni anlayislar
sunarak optik tasarim ve mithendislik uygulamalarmna katkida bulunmaktadir.

To Cite: Yagub G, Vural M., 2025. Solution of initial boundary value problems for the nonlinear stationary quasi-optical

equation with special gradient term. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 70-105.
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Introduction

Initial boundary value problems for linear and nonlinear stationary quasi-optical or non-
stationary Schrodinger equations often arise in quantum mechanics, nuclear physics, nonlinear
optics and various contemporary areas of physics and technology, and the study of these
problems is of both theoretical and practical importance (Butkovsky, 1973; Zhuravle, 2001).
One such problem is the problem of the motion of charged particles. As is well known, if
charged particles move in a constant homogeneous magnetic field and the direction of the
magnetic field is along the z-axis, then the motion of such particles takes place in the
(X, y) € E, plane, and this motion is usually described by the two-dimensional linear non-
stationary Schrédinger equation with a special gradient term (see (Butkovsky, 1973) page 182,
(Zhuravlev, 2001)).

Initial boundary value problems for linear and nonlinear quasi-stationary quasi-optical or
non-stationary Schrodinger equations without special gradient term were first considered in
(Iskenderov and Yagubov, 1988; Iskenderov and Yagubov, 2012) and initial boundary value
problems for linear and non-linear quasi-optical or non-stationary Schrodinger equations with
special gradient term were first considered in (Toyaoglu, 2012; Zengin, 2021). It should be
noted that the initial boundary value problems for the non-stationary linear Schrodinger
equation without special gradient term or for the stationary linear-quasi, quasi-optical equation
without special gradient term in the case where the coefficients of the equation are measurable
bounded functions depending only on the time variable, but not necessarily differentiable with
respect to the time variable, have been previously studied in (Iskenderov and Yagubov, 2012).
It should be noted that the non-stationary linear Schrédinger equation with special gradient term
and complex potential or the second kind of initial boundary value problem for the linear
stationary quasi-optical equation with a special gradient term was first considered in (Yagubov
et al., 2022). However, the initial boundary value problems for the nonlinear stationary quasi-
optical equation with a special gradient term have not been investigated when the refraction and
absorption coefficients of the nonlinear stationary quasi-optical equation are measurable
bounded functions depending only on its variable. Therefore, the topic of this study on the initial
boundary value problems for the nonlinear stationary quasi-optical equation with special

gradient term is topical and of theoretical and practical importance.
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The Statement of the Initial Boundary Value Problem of First Kind

Let B be a Banach space and 0 < [,0 < L be given real numbers. C*([0, L], B) is the
Banach space of functions defined on the interval k times continuously differentiable and whose
values belong to the Banach space B, L, (0, 1) is the Lebesgue space of functions for which the
p-th power of their absolute value is Lebesgue integrable, L, (0, L,; B) is the Banach space of
square integrable functions defined on the interval (0, L), whose values belong to the Banach
space B, L, (0,L;B) is the Banach space of measurable bounded functions defined on the
interval (0,L) whose values belong to the Banach space B and I/l/p"‘ 0,D), %k'm(ﬂ)
(wWhere 1 < p,0<k,0<m), Q=Q;,=(0,0) x(0,t)) is the Sobolev spaces and have been
defined, for example, in (Ladyzhenskaya and Salonnikov, 1967; Lions, 1967).

Let 0 < x <!l and 0 < z < L. Consider the following initial boundary value problem

related to finding the function ¢ = Y (x, z).

Y o’y 9P : 2
=+ Qoo + 0, (5, 2) = — AW + VoY + (D + alpPY = f(r7) 21
Y(x,0) = ¢(x) (2.2)
Y(0,2) =yY(,z) =0 (2.3)
where (x,z) € Q,x € (0,01),t € (0,L),0 < ay € R,a, € Cwith
a, = Rea, + i.Ima,,Ima, > 0,Rea, < 0,Ima, > 2|Rea,| (2.4)

a(x),a;(x,z),vy(z),v1(z) are real-valued measurable functions and satisfy the following

conditions
da(x) d?a(x)
0<alx) <, x| SHe T | SHs (2.5)
da(x,z) 0%a,(x, z)
| (e, 2)| < g, || < s, | 5| < s (2.6)
|vs(2)| < by (2.7)

0 0
where Vx € (0,1), uq, 4z, u3 =const> 0,V (x,z) € Q,a,(0,z) = a,(l,z) =0,z € (0,T)

0
Us, Ug, Us, U = const > 0,s = 0,1,Vz € (0,L), by, b; =const> 0 ¢(x), f(x,z) are complex

valued measurable functions and satisfy the following conditions

0
p EW0,D),f € W) (2:8)
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The solution of the initial boundary value problem (2.1) — (2.3) is a function ¢ € WZO'1
0 0
(Q) satisfying equation (2,1) V(x,z) € Q, initial value condition (2,2) Vx € (0,1) and

0
boundary value condition (2,3) vz € (0, L).

The Solution of the Initial Boundary Value Problem of First Kind

In this section we will use Galerkin's method to prove the existence and uniqueness

theorem for the solution of the initial boundary value problem (2.1) - (2.3).

Theorem 3.1. Suppose that the complex number a, and the functions
a(x),a;(x,z), p(x), f (x, z) satisfy the conditions (2,4 — 2,8). Then the initial boundary value

0
problem (2.1)-(2.3) has only one almost everywhere solution that belongs to the space sz'l.

Moreover the following inequality holds.

+| f
|

6
ol
Wz(O, )

2

? 21 S 202 f ? 2,0 ° 1,0
L Y A U L Bt

where 0 < ¢, is a constant.

0
Proof. Consider any system of functions u;, = u,(x),k = 1,2, ... belongs to sz'l(O, D

which is orthonormal in L, (0, 1). Let us take the solutions of the eigenvalue problem

AX(x) = AX(x),x € (0,1),X(0) = X(I) = 0 (3.2)

corresponding to the eigenvalues A = 4;, k = 1,2 of the eigenvalue problem (3,2) as a

system of functions. The opertor A in (3.2) defined as below,

2

A=—tga

+ a(x) (3.3)

It must be said that the eigenvalue problem (3,2) is studied in (Ladyzhenskaya and

Salonnikov, 1967) and it has been shown that the problem (3,2) has solutions X = u;(x),k =

0 0
1,2,...for A = A, k = 1,2, .... Moreover, these solutions form a basis for W, (0, 1), W.2(0, D).

On the other hand, these solutions satisfy the conditions of orthonormality in L,(0,1) and

0 0
orthogonality in W.L(0, 1), W£(0,1). In other words, it provides the following relations,
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l
(e U1 00 = f e (Ot () x = 57 (3.4)
0

L duy du,, m
ik ] = s tndroy = | (a0 e 2+ aCgaum ) dx = 2487, (35)
0
{uk,um} = (Auk,Aum)Lz(l) = Aké‘};n (36)

where k,m = 1,2 ... §}* is the Kronecker constants defined as below

5 =

{1' fe=m (3.7)

0k+mkm=1,2

according to our assumption, since the condition 0 < a(x) is satisfied, the eigenvalues
A=A,k =1,2.. are real, positive and satisfy the conditions 4; < 4; ... whenever i < j and

i = .
kl_l;l;loﬂ.k 400

In addition, let us assume that ”uk”Wﬁ, b < dy < +oois finite forany k = 1,2, ... holds
2Y,

where d, is a positive constants.
According to the Galerkin's method, we will search for an approximate solution of the

initial boundary value problem (2.1)-(2.3) in the following form

N

P2 = @) (38)

k=1

the coefficients ¢ (t) = WN (., t), w1, o1y k = 1,2,...,N are found from the following

conditions:

dz u — (A 7 asz W Z
i (l[;N(- ’ Z): k)Lz(O,l) ( le( ’ )r uk)Lz(O,l) +1 <a1 ( , Z) #)
L,(0,D)

ax, uy
+(a|p" (-'Z)|2¢N(-,Z),uk)Lz(o,l) = fi(2)
where fi(z) = (f (-, 2), uk) 1, 0,0, Pk = (@, W) 1,00, k = 1,2, ..., N.

As can be seen, the system (3,9) is a system of a number of nonlinear first order ordinary
differential equations with variable coefficients and right-hand side of each equations is f;

which is in L, (0, L). As known from the theory of ordinary differential equations (3.9), (3.10)

74



is a Cauchy problem and has at least one solution that belongs to W3 (0, L) (Alekseyev, 1979;
Vasilyev, 1980).

Lemma 3.2. For the solution of the system (3.9) - (3.10) the following inequality holds

2

f c & ldey (2)
IZ‘CKN(Z)‘ZdZJrIZ k ( Z<Hl// 021 )S (311)
0 k=L o0 k=1
<l WL, oy, Al nera
W2(0,l) W2 (Q) W2(0,1) W2 (Q)

Proof. Let us multiply the k" equation of (3,9) by c; " (z), add the obtained equations
from 1 to N over k and integrate from O to L over z < L. If we apply partial integration to the
obtained equation by using the conditions u; (0) = u, (1) = 0, we find the following equation

vz € [0,L].

opN
jﬂz( 0z lp ~ %o

+f Wo@ PN 12 + iva (YN |? + az [N |*)dxdT =f fGe, PN (x, ydxdr
Q, Qg

2 N

N
ov +ia;(x,7) aaixl/jN — a(x)lt/)NIZ) dxadt +

ox

if we subtract its complex conjugate from this equation, we obtain the following equation

N N N v
iJQZ <61/J PN+ W 1/’N> dxdrt + Ljnx (al(x, T)%lﬁ’v + a,(x, T)%WV) dxdt +

+2if v, () [PV |?dxdt + 2ilma2f |V |*dxdt = Zif Im(fyN)dhdr,Vz € [0; L]
Q Q

z z QZ

using the differentiability of the function a, (x, z), we can write the following equation from

the last equation vz € [0, L]

0 d
f — |[YN|2dxdr +f — (a1 (x, )Y |?)dxdt + Zlmazf [YN|*dxdt = (3.12)
a, 0Z a, 0% a,
daq(x,7) _
= f —— YN |?dxdr — 2] v (D) YV |?dxdT + 2] Im(fyYN)dxdr
Q 0x Q, Q,
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it is clear that the second term on the left hand side of this equation is equal to zero since the
function vy (x, z) satisfies the conditions " (0,2) = ¥V (,z) = 0,z € (0,L).

Therefore, using the conditions satisfied by the coefficients, we can easily obtain the

following inequality from equation (3.12):

YN G DNE, 0 + Zlmazf [N *dxdr < YN CONE, o + IIfIE,@ + (3.13)

X

VA
+(us + 2By + 1) f 1N (=112, g pdTVE € [0,T]
0

Using the formula (3.8) we can write the following relation:

N [e9)
WY GO 00 = ) 1k OF < D lonl? = 191,02 (3.14)
k=1 k=1
with the help of this relation, we obtain the following inequality from the inequality (3.13) :

N C DN, o + ZImazf [N |*dxd < o7, o0 + IfIIZ, @ + (3.15)

Wz

OJ)dr,Vz e[o,L].

#a 20+ [l (o)

since the second term on the left-hand side of this inequality is non-negative, we can write the

following inequality:

z
19N G DNE, 0 < N@lE 00 + IFIZ, @ + (s +2by + 1)f 1Y (=DIIE, o dT VE [0, L]
0

from this, with the help of Gronwall's lemma, we obtain that the following estimate holds:

16N CIE, 0 < c2(ll@lE, 00 + If1I,@)) V2 € [0, L] (3.16)

using this estimate, we also find the following estimate from inequality (3.15) Vz € [0, L]

YN G, DNE, 00 + ZImazj WM *dxdr < cs(I0l1Z, 0.0 + IfIIE, ) (3.17)

z
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Now let us try to evaluate the derivative of 2= To this end, let us multiply the k"

equation of (3.9) by A,c; " (2), add the obtained equations from 1 to N over k and integrate

them from zero to L over z < L.

We then obtain the following equality:

N N
ﬂi%z\ﬁ“—\/\y/“fnal(x,r)ag( A1/7dexdr+

z

+.[( W AT +iv, (¢ )WNAWN+a2‘1//N‘2¢//NAy7N)dXdr:

I X T Al// X r)dxdz, vz e[O, L]. (3.18)
Q,

from this equation we deduce its complex conjugate and find the following equation:

N N N ouwN
f <i(aa—Zm/3N W A¢N)+la1(x r)( g+ wxmp“’))dxdw (319)
Qg

+ [ (oW A — B + i, (AT + FAYY)) dxde +
0
+j (az|¢N|21/)NA1ﬁN —C_lzllelzlﬁNAle)dXdT —

= f (f (x, DAY (x, ) — f(x, DAYY (x, T))dxdr, Yz € [0, L]

ax

using the formula (3.3) for the operator A and the partial integration formula, we can write the

following equations with the help of the conditions v, (0) = u, () = 0,k = 1,2...

. oPpN -
f ia, (x,7) —— AYNdxdr = (3.20)
a, ox

N 52N auwN
= —f iaga, (x, T)i alpz dxdt +f ia(x)al(xsr)alzplvdxdr
a ox x

Ay
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| Gl Py i — a1 Ay axae = (3.21)
= 2ilma2f a(x)[yN|*dxadt +
Q

d )N 9 N
+a0Rea2f Ia(h/ﬂ” l/)N)i——(h/JNl 1,[)”) l/) dxdt

X

Considering equations (3.20) - (3.24), we obtain the following equation from equation
(3.29):

f Wo(YNAPN + vy (D)PYNAYY)dxdrt = (3.22)
Q

X

a2 yYN _
= f v (T)YN <—a0 6;[}2 + a(x)l/)N> +
27N

+iv, ()P (—ao 661/)2 + a(x)w_N> bhdt =

-[
‘)

f (@ YN PYNTIGY — @y [y 2N AN ) dcde = (323)

X

N12

+ vo(r)a(x)ltp’v|2> dxdrt +

2

6
<a0 vo(0) |5

N

0
<ia0v1(r) ai

+ ivy(t)a(x) |1/JN|2> dxdt

X

= 2ilm azj a(x)|[pN|*dxadt +
Q

* N
o 2 (5 2 dxar +

wN sz
+ayRe a, [a(h/)NPl/)N) ox (|l/)N| 1,[)N)— dxdt

N
+ia01ma2f l—(llllNl IIJN) i l
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| reon o = (3.24)

= f f(x,1) (—ao % + a(x)PN (x, T)) dxdt =

_f 6f(x D) 9" (x,7)
, % ox ox

+a(X)f(x, PN (x, r)> dxdr,Vz € [0, L].

X

Considering equations (3.20) - (3.24), we obtain the following equation from equation
(3.29):

2 Na_N aZ_Na N N LN
ij aO(azlgx (;/; +Ozl/6)x ;i)dxdr+ijﬂ a(x)( v YV l/) 1/1N>dxdr—(325)

N 327N ON 52N
_if agaq(x,7) (61,0 oy + WY >dxdr +
Q

Ox 0x? dx 0dx?

. oYN iV
; N N
+1fQ a(x)al(x,r)< ox Yy + ox P )dxdr+

Z

N12
+2if <a0v1(r) F +v1(r)a(x)|1/)’v|2> dxdr+2ilma2f a(x) |y |*dxdr +
Q, Qg
l.[)N oypr
+iagIma, I—(WJN l/JN) (|1/JN| YY) ldxdr+
N N
+agRed; [—(W 2y 2 ¢ T (g o | anar -

PN
=2i fﬂ aplm <6f((;;, 0 61,[) agcx’ T)> dxdt +

Z

+2i j a(x)Im (f(x, DY (x, T)) dxdt,vz € [0, L].
Q

z

It is evident that the following equations hold:

le
(|1/)N 2y —l dxdt = (3.26)

2
(¢N>2( l”N) ‘dxdf

iaplma, [—(W 2y 2
2

dxdt + iZaOImazf Re
Q¢

l/JN
0x

= i4aOIma2f [N |?
Qg
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N

N
V2 (g 2| dxde

d
apRea, [_ (|1/JN| IIJN)

with the help of these equations, we can easily obtain the following equation from equation
(3.25):

2

f 9 |ov” dd+J |N|2dd 3.28

o aoaz 9% xdt a(x) P xdt (3.28)
) ayYN| da, (x, ) [aYN |?

_ fﬂ aoa(al(x, 0| = )dxdr+ fﬂ ap—5—2=|=—| dxdr +

0
+ [ @@ s~ | S (aeom ey P s

N12

+2 fﬂ (aovl(r) a—

0x

+ vl(r)a(x)lle|2> dxdt + 2Ima, f a(x) [N |*dxdt
Q

z

N|? BV 2
+4aolmazj [N |? |—— dxdr+2aolmazj Re (1/)N)Z< ) ]dxdr+
Q, Q,
Ay
+2a0Reazf (l/)N)2< > ]dxdr =
Qg

B of (x,7) 9PN (x,7)
= ng aolm( 0% % )dxdr +

Z

+2J a(x)Im (f(x, DYV (x, T)) dxdt,Vz € [0, L].
Q

Z

The third and fifth terms on the left side of this equation are equal to zero due to the
conditions a,(0,z) = a;(l,z) = 0,z € (0, L). Taking this into consideration, we can write the

equation (3.28) in the following form:
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oyN|

ox

j 0
Q, o 0z

+4aylma, f [N |?
Qg

d
dxdt +f a(x)gllp’vlzdxdr + Zlmazf a(x) YN |*dxdr +
Q, Qg
2

da, (x,
dxdt = — f ao G0
Q, ox

2

6 N
v dxdt +

0x

YN
0x

N12

d
(%171 ) |5

FP” + vl(r)a(x)lle|2> dxdr —

2
W) ( IPN) ] dxdr +

)dxdr + 2f a()Im(f (x, )Y (x,7))dxdr,Vz € [0,L]
Q

Z

+ sz aa_x (a(x)a; (x, D) [PN|*dxdr — 2 f

Qg

N 2
—Zaolmazf Re [(l/)N)Z( i > ]dxdr— ZaOReazf
Q, Q

+2f ol <6f(x ,7) 0y (x, 1)
Q

z

Ox ox

from this equality we easily obtain the following inequality:

a()j
0

+4a,Ima, f [N |?

da,(x, 1)
o ﬂgz | ox

+2
Q

+2a,(Ima, + IReaZI)J [PV |2 |——

oYM (x, Z)
T ax

dx +J a() YV (x,2)|%dx + ZImaZJ a(x)|YN|*dxdr +
0 Q

l
dxdtr < ag j
0

dxdt + JQ (a(x)

Z

2

oy (x,0)|°

ox

da,(x,7)
ox

N l
l/) +f a(x)|yY" (x,0)|?dx +
0

da(x)
* | dx

61/)N
0x

a, (x, T)) lYN|%2dxdT +

N12

d
(aom(rn i

0x + a(x)|v1(r)||1pN|2> dxdt +

V4

oYM (x,7)
ox

le

2
dxdt + 2a, ﬂ
Ox

+2J a(x)|f (x, D)|[YN(x,7)|dxdr,Vz € [0,L]
Q

Z

W@ﬂ dxdr +

from this inequality, using the Cauchy-Bujakowski inequality with the help of the condition
(2.4) and the conditions satisfied by the coefficients of the equation, we get that the following

inequality holds:
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P 2 YN (.,0
WD) %n 2 oo + il GO, o +

oy dxdt <
Ll e — 9% xdt < ag

+a01ma2f [p" |2
2
2
dxdt + (papts + pafis + 201 by + #1)[ |1/ng| dxdt +

L, (0,1)
N

+a0(ﬂ5 + Zbl + 1)[

+a j
Q,

With the help of the formula (3.8) we easily obtain the following inequality:

of (x, D)’
0x

dxdt + ,ulj |f (x, D)|§,dxdr, vz € [0,L]. (3.29)

WYV
H < callelliv, o (3.30)

Ly(0.D)

with the help of this inequality, the relation (3.14) and the estimation (3.17), we can write the
following inequality from inequality (3.29):

2

oYN(.,z oy
H Vo)l +2H—Olmazj |¢N|4dxdr+lma2j Ak W dxdtr < (3.31)
L,on %o Q, 0x
“|lew o)’
<es (ol + W) 66 | |75 L doveeno
2\Y,

Since the second and third terms on the left-hand side of this inequality are nonnegative,

we obtain the following inequality:

“ oy . 9)||°

~x dt,vz € [0,L].

<cr (ol + I l) + co
0 Lp(0,1)

HOIPN 2)||°

L, (0, l)

Hence, with the help of Gronwall's Lemma, we derive that the following prediction holds:

Halp’v 2|

< cs (101300 + 113, @) V2 € [0,L]. (332)
Ly(0,1)

with the help of this estimation, we can also write the following estimation from inequality
(3.31):
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2 2

YN
dxdt < (3.33)

0x

+ 2 &Imaz f
Ao Q,

< cro(llellis0n + If i, @), vz € [0, L].

oY (., 2)
H 0x

[N |*dxdT + Imazf AE
L,(0,0) Qg

aZII)N
0x2

Now let us investigate the derivative of .For this purpose, let us multiply the k-th

equation of (3.9) by A%¢¥ (z) and sum the obtained equations over k from k =1 to k = N.
Then we get the following

equation:

(SN [ 2Dy dx el (2) — By i AN (x Dy (O dxAiel (2) +
HEN ) a0 2) 2020, ) dx el () + Shey [y vo(@W® (x Dy () dxAcl (2) +
HENL [ @Y™ (0 Due (0 dxG el (2) + TNy [ ap N (o 2) PN (x, 2w () dxAiel (2) =
= Y00 [y £ Du)dxaiel (2)

with the help of the relation Au;, = A, u;, we can write the following equation using the partial

integration formula:

l

N l N
D | 3 i = Y [ A i) +

k=1

+i

M=

l 0 N : N l
fo A <a1 (x,2) %) g (X)dx A,y (2) + ; j; v (2)AYN (x, 2)uy (X)dx A,y (2) +

1

+i

M==

&
1l

1

l N
[ wmp o axd () + Y [ Al o) 0 (D (it () =
0 y l k=1 0
DN RUCOMOIBRAD
k=1

Let us still use the relation Au;, = A,u;, and the formula (3.8) to integrate the resulting

equation over z from zero to z < L. Then we obtain the following equation:
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N

A (al (x,7) 6;[; ) AYNdxdr +

i jﬂ z%(Ale)AtﬁNdxdr— fﬂ ANYMAPN dxdt + i f

z QZ

+ j vo(T)|AYN |2dxdt + i f v (D) |[AYN |2dxdT + j Aay [PV 2PN)AYN dxdt =(3.34)
Q Q Q

z z z

_ f Af (x, D) ABY (x, 7)dxdz, ¥z € [0, L]
Q

zZ

Let us try to transform the second, third and sixth terms on the left-hand side of this

equation. In this case

0
AAP™) = =ao =— (AP™) + (M (3.35)

using the formula, we can write the following equation with the help of the partial integration

formula;

2
dXdT+J a(x)|AY" |?dxdt, vz € [0,L]. (3.36)
Qg

d
E (AYp™)

jﬂ Z ANYMIAPN dxdr = fﬂz ay

In order to transform the third term on the left-hand side of equation (3.34), first transform
N
A(al(x,z)%). With the help of the formula for the operator A we obtain

the following equation:

A[ai(X, Z)%j =2, aa—;(ai(x,Z)%}a(x)ai(x, z)% -

o%a,(x,z) ay™ da,(x,z) da(x)
IR YR ~2a(x) x 7 ~a(x2) ax
(3.37)
day, (X,2) 0
+2TAV/N+81(X,Z)&(AV/N).

Now let us transform the sixth term on the left side of equation (3.34). We can still write the

following equation with the help of the formula for the operator A :
62
Mazlp" P = —ag 5 (" ") + aza()lp" Pyt = (338)
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7

ou[ oy Y
v WN—ZaOaZ(FJ 7

Thus, with the assistance of equations (3.36) - (3.38), we obtain the following equation

- ZaZ‘y/N‘ZAy/N —aza(x)‘y/“‘ry/“ ~4aa,

from equation (3.34):

P 2
— (A dxdr —f a(x)|AYN|2dxdT — (3.39)
ox Q,

iLZ%(Ale)AI/;Ndxdr—f a,

Qy
j 0%ay (x,7) 9P
: q T a2 ox

Atﬁ”dxdr—ij (Za() ( D 4 a0 ())leA¢Ndxdr+
Q,

d , _
+i f 2 9a,(x,7) |[AYN | 2dxdT + i f a,(x,7) — (Az/)N)AllJNdxdr +
Q, ox Q, ox

+f vo(r)lAlelzdxdT+if v (D) | APV |2dxdT + ZaZf [ YN 2| AN |2 dxdT +
Q Q Q

zZ zZ z

+2a2f |l/)N|2|Al/JN|2dxdT—a2f a(x)llelzleAt/;NdxdT—4a0azf
Q Q

z z QZ

"’
YNAPNdxdrt —

ox

A 2
—2aq0a, fﬂz < (;/; > YNAYNdxdr —L Af (x, LYY (x, T)dxdt,Vz € [0, L]

Z

if we subtract its complex conjugate from this equation, we find the following equation:
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i f jﬂ (% (APMYAPN + % (Al/?N)Ale) dxdr + (3.40)
+4i fﬂ 9a,(x, 7) |AYN|2dxdt + i f a,(x, 1) <ai (AYMAYPN + % (AlﬁN)Av,lJN) dxdt —

0x
N LN
_if i al(xr)<61l) ADY + 0y Asz)dxdr—
Q,

x>\ 9 ax
i f (Za( x) ot al( D 4 gy ) 2 ))(szAle + PV AYNYdxdr +
Q,

+2ij vl(r)IAtpNIdedT+4iIma2f YN 2| AN |2dxdT —
Q Q

Z 4

—2ilma, f a(x) Y |?Re(N AYp™N)dxdt — 2iRea, f a() YN PIm PN AYN)dxdr —
Q, Qg
2

Re(yNAyY™M)dxdr — 8iayRea, f
Q,

2
Im(YNAYN)dxdr —

N

iaglma, fnz e

N\ 2 N\ 2
—4iaygIma, fﬂ Re (( ;/; > ¢NA¢N> dxdt — 4iayRea, fﬂ Im (( ;/; ) ¢NA¢N> dxdt =

= 2if Im(Af (x, )APN (x, 7))dxdt, vz € [0, L].
Q

Z

N

Now let us transform the third term on the left-hand side of this equation. It is clear that

the following equation holds:

i fQZ a,(x,7) (aa—x (AYMAYPN + :—x (AzﬁN)A¢N> dxdt =i fnz aa_x (a;(x, D|AYN|?)dxdr — (3.41)

daq(x,
—if 90,00\ N 2 e
Q Ox

Z

if we consider this equation on the left hand side of equation (3.40), we can write the following

equation:
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J 9z |Al/)N|2dxdT+lf — (a,(x, )| APV |2)dxdt +

d , K , oy
w3 [ ZCL Y. j 0y %(‘/’ Aww)dxdf_
o, Ox Q, 0x 9]

—Zif (2 a(x) 2D 1( D 4 a0 1) ()>Re(leA1/5N)dxdr+
Q,

+2i j v (D) |AY" |2dxdT + 4ilma, f YN 2| AN |2dxdT —

Qy Qg

—2ilma2f a(x) Y |?Re(pN APp™M)dxdr — ZiReazf a() YN PIm PN AYN)dxdr —
Q Q

z z
2

Im(YNAYN)dxdr —

N

Re(l,lJNAI/)N)dxdT — 8iayRea, f
Q,

—8iagIma, f
Q, 0x

_ PV
_4iaolma2 (( > ¢NA¢N> dxdt — 4iayRea, fﬂ Im (( F ) ¢NA¢N> dxdt

= 2if Im (Af(x, AYN (x, T)) dxdt,Vz € [0, L].
Q

Z

According to the conditions a,(0,z) = a;(l,z) = 0,z € (0, L), the second term on the
left side of this equation is equal to zero. Therefore, from the last equation we obtain the
following equality:

1

1
f |AYN (x, z)|?dx —f |AYN (x,0)|%dx +
0 0

da, (x, 9%, (x, dN
+3f M|mp'\’|2dxdr—2f g al(f 9 Re < v A¢N> dxdr —
o, ox , 9x o

Z

—zf (2 a(x) ————= 1( Dy +a,(x,7) ()>R(1/;NA1/)N)dxdr+
Q,

+2f vl(r)IAleIdedT+4Ima2f [N 2| AN |2dxdT —
Q Q

zZ z

—Zlmaz.fQ a(x) |V [?Re(V AY"N)dxdt — 2Rea, fﬂ a() PN PIm@PN APN)dxdr —
z ) z

Re(YNAyYN)dxdt — 8ayRea, j
a,

2
Im(YNAPN)dxdr —

N

aglma, -fnz e

N\ 2 NA 2
—4ayIma, fﬂ Re (( ;/; > ¢NA¢N> dxdt — 4ayRea, fﬂ Im (( ;/; ) ¢NA¢N) dxdr =

= Zf Im(Af (x, T)AYN (x,7))dxdt,Vz € [0, L].
Q

z

N
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Using the formula Ayp¥(x,0) = X¥_; ¢V (0)Au,(x) and the condition (3.10) we can

write the following equation

N

MY 0) = > A OM) = ) () = ) A (342)
k=1 k=1

k=1

on the other hand, it is also clear that the following equation holds:
N N 1 N 1
> ) = Y di [ o@ue©dneo =y [ o Mu©déu o
k=1 k=1 0 k=1 "0
with the help of the partial integration formula, we obtain the following equation:
N N 1
> () =Y. [ ApE© w0
k=1 k=1 "0
taking this equation into account in equation (3.43), we obtain the following equation:
N l N
W0 = Y [ AO@uEOERE = ). Beda)  (343)
k=1 "0 k=1
using this equality, we can write the following inequality:
N oo
AN (O, o) = z |(A@)|? < Z |(A@)ic|* = 1A@IF oy (3.44)
k=1 k=1

from this relation we can easily obtain the following inequality with the help of the operator A

AN (- '0)||l%2(0,l) < C11||<P||1%V2(0,l) (3.45)

with the help of this inequality, we can conclude from equality (3.42) that the following
inequality holds
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AN C 2DF 0 + 4Ima2J [N 2[AYN [Pdxdt < coqll@llf, o) + (3.46)
da
L| |[AYN | 2dxdT + ZaOJ

0 N
+3 [ v
Q, Qg

ox
+2 fﬂz (Za(x)|aala;c,r | la, (x, T )|_() )lellAledxdT+2Lt v, (O LN |2dxd +

a1 (x,7)
0x?2

|AYN |dxdT +

+(2Ima, + 2|Reay]) | a() YN |12 [PV || APV |dxdT +
Q,
2

l/)N
[N || AYN |dxdT +

+(12ayIma,

+2f IAf(x,T)IIAl,l)N(x, 7)|dxdt,Vz € [0, L].
QZ

Taking into account the conditions provided by the coefficients of the equation, we obtain
the following inequality from the last inequality with the help of the CauchyBunjakowski

inequality:

lAYY (., Z)”%Z(O,l) + 4Ima, f [YN 12| AN [PdxdT < Cllll(p”a/zZ(o,l) +

Z

+Gus + agtte + 2p1pis + Pty + 2by + 1)] |AYN|2dxdT +
Q,

ayYN|?
+agu Jf
(0]244) a, a

+(Ima, + IReazl),uff [YN|*dxdt + (Ima, + IReazl)f [N 2| AN |2dxdr
Q, Qg

dxdr + Qpuaps + Haka) f [V [2dxdr +
Q,

N2

+(12a,Ima, [N |AYN |dxdT +

+f |Lf(x,r)|2dxdr,‘v’z € [0,L].
Q

Z

Hence, with the help of the condition (2.4) and the e-Cauchy inequality, we can derive

the following inequality:
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5
||A¢N(.,z)||z2(0'l) + Elmazj [WN 2| AV |2dxdT < c11||go||§|,22(0,l) +
Q,

+QBus + aotts + 2papis + paps + 2by + 1) f |AYN |2 dxdr +
Qg

o 2

+21ma2,ulj [N |*dxdt + 9a01mazej YN 2| AN |2dxdT +
Q, Q

4 9aylma, j
€ Q,

By choosing from this inequality € = % we find the following inequality:
0

" et + Qutgts + gt f ¥ 2 dxdr +
Q,

4

dxdt +j |Af (x,7)|%dxdz,Vz € [0, L].
Qg

oyN
ox

1AYN C, 2)IZ, o) + Ima j " 2IAYN [2dxdr < cll@lZ e + (347)

+QBus + aopts + 21 pis + papts + 2by + 1) f |AYN|?dxdt +
Qg

2

N 3
+a0.“6f ox dxdt + (2pyps + M2M4)f [N [*dxdT + Elmazli%f [N |*dxdr +
Q, Qg Qz
N4
+54a§lma2f ——| dxdr + f |Af (x,7)|%*dxdz,Vz € [0, L].
a, | 0x Q,

According to the inequality we know from the studies of (Ladyzhenskaya,1967 and
Ladyzhenskaya,1973 ) we can write the following inequality:

J, [

z 192" (.0

axz

N (DI
‘ 0x

dt,vz € [0,L]. (3.48)

z L,(0,0) L,(0,1)

Here § > 0 is a known constant. If we apply the Cauchy-Bunjakowski inequality to the

right hand side of this inequality, we get the following inequality:

[, For eeee<z]

Taking this inequality into consideration, we get the following inequality from the

4 2

azle
ax2

A ‘WN e o)l

ox d+

Ly(0,D)

dt,Vz € [0,L](3.49)
L,(0,)

inequality (3.47):
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AN C, DNIZ, 00 + lmazf [N 1P [ApN 12 dxdT < crpll @l o + (3.50)

zZ

+QGus + aotte + 2py s + pais + 2by + 1) f |AYN |[2dxdT +
Q,

-

3
dxdt + Quqips + u2u4)f [N |2dxdt + —Imazuff |V |*dxdt +
Q,

2 QZ
oYN(.,t 2YN(., 1 2
+27a0 % ( ) dt + 27a Imazﬁf 1/)6—2) dt +
Ox L(0,0) x L,(0,1)
+f |Af (x,7)|%dxdz,Vz € [0, L].
Q
It follows that the estimates of (3.17), (3.33) and
IAfIIZ, @) < crzllf i, @ (3.51)
with the help of the inequality, we obtain the following inequality:
AN ¢ DN, o) + Imazf [N 2| AN |2dxdT < (3.52)

Z

2 2 6 6 I*YN(, D)
e | ellivg,on + 11wy + lellw, o + 1 lwy@) | + c1a 92 Iz, copndT +
W,,0 0

z
+C15f ”Ale("T)”%.Z(O,Z)dTJ Vz € [O,L]
0

Using the formula for the operator A, we can write the following inequality:

62 N .,
NAYY (., 2) 1,00 = ao%"‘ a( YN (.,2)

o*PN (., 2)

0x?2

>
L (00)

— e D, 00

L,(0,1)

Z Y0

from this we deduce the following inequality

%YM (., 2)

1
“oxZ <=MV D), 00 + — ||1/JN( 2,00 (3.53)

L,(0,) 0

considering this inequality and the estimation of (3.17), we obtain the following inequality from
inequality (3.52):
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A" (2],

Ly(0,

-+ |ma2i\¢/N\2\AwN\2dxdfs (3.54)

Scm[nconiz e el +IAE ]
W2(0,1) W2 (Q) W2(0,1) W2 (Q)

sy [JAw" (o)
0

dr,vze [O, L] .
L(0)

Considering that the term on the left-hand side of this inequality is non-negative, we can write

the following inequality:

2
A N 4 < 22 220 61 610
v )HLZ(OJ) Clﬁ[||¢”v%2<o,l>+”f l;: (g)+||‘/’||V32(0,.)+||f||v‘o; <@>]+

e, [ay (o))
0

dr,Vze [O, L] .
L(0)

From this, with the assistance of Gronwall's lemma, we obtain that the following

prediction holds:

6 6
ol 0l

j, vze[0,L].  (3.55)

2
HAWN (" Z)HLZ(O,I) : s (Hq)”\?\}z(o,l) +||f||\§\)/§0(9) +”¢ (o) ' ”f

0
W2 W2 (Q)

Given this estimate, we also find that the following estimate from inequality (3.54) holds:
2

Ay (.2 < ’. i " " 3.56

G R [ R 1 S At g 356)

oy [[lAv™ (. r)H;O’I)dr,Vz elo,L].
0

From the inequality (3.53) with the help of the estimates (3.17) and (3.55) we obtain the

following estimate:

Jaw (o).

Ly(0/

)+ |m8.2Hl//N‘2‘Al//N‘2 dxdzr < (3.57)
Q,

2 6

<aoflo e, o)
W2 (Q)

2
02
W2(0,1)

92



By adding the estimates (3.16), (3.32) and (3.57) side by side, we can write the following

estimate:
b Dl < eallofs +UEe wlolly 4l Jvzelol] @5
wzh) 2 TS o Wo () W2 (o) W2 (Q)
Now let us evaluate the derivative of 22—, For this purpose, let us multiply the k-th
de (Z)

equation of (3.9) by ———— and sum the obtained equations over k fromk = 1to k = N. If we

integrate both sides of the obtained equation over the interval (0, L), we obtain the following

equation:

[

N N N N
+f <v0(z)leai+wl(z)szai+a2|¢N| v ¥ )d dz _f fidxdz
Q

2 azwlv l/)N le awN

N Pt
G5z g, Tl 5

0z

a(x)yYN lp) dxdz +

from this we can derive the following equation:

k

-]- N . N alﬁN
=—i| (—vo@YN —ivy(D)YPN — a, [PV 2PN + f(x,2)) — dxdz
Q 0z

oYM |?
0z

azle 0 N le
— i P SN v N\ZY _
dxdz = lL( Qo752 iai(x,z) 9% + a(x)y ) 57 dxdz

from this equation, with the help of the Cauchy-Bunjakowski inequality, we obtain the

following inequality:

k

+7(u? + b + blz)f [N |2dxdz + 7|a2|2f lYN|edxdz + 7f |f|?dxdz
Q Q Q

2

dxdz < 7a3 J
Q

2

dxdz + 7u3 f
Q

2
dxdz + (3.59)

aleN N
0x?

YN

0z

ox

now let us consider the fourth term on the right hand side of this inequality. According to the
inequality we know from (Lions,1972; Yagubov,lbrahimov and Suleymanov,2022) we can

write the following inequality:
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N |-

oy (.2)
OX

~ 1
v (. Z)HL%(OJ) <p v (. Z)Hiz(o,l) vze[o,L]. (3.60)

L,(01)

Here 8 > 0 is a known constant. From this inequality, with the help of (3.16) and (3.32)
we obtain the following estimate:

6
HWN (" Z)HLw(O,I) < Gy (”(D”\;/z(o,l) +”f||\;)/12v°(g)j’vz € [O'L] (3'61)

With the help of this estimate and the estimate of (3.58), we find the following estimate
from the inequality (3.59):

2

op™
oz

SCzs(II(pII;E(OI e el ],VZE[O,L]. (3.62)

L(Q) ) W2 (Q) W2(0,1) W2 (Q)

If we integrate both sides of the estimate (3.58) over the interval (0, L) and add the resulting

estimate with the estimate (3.62), we obtain the following estimate:

2
<Cy |lol:  +[ [0 o +|f[fe |vze[O,L], N=12,... (3.63
B [ P A A [T oy AR (63

v

Here the constant c,, > 0 is independent of N. Using this estimate and choosing ¢, =
C24, We prove that the lemma holds. Lemma 3.2 is proved. Now let us continue the proof of the
theorem. By (3.11) or (3.63) we can choose a subsequence {1 (x,z)} from the sequence
{¥m(x,z)} which converges to the function (x,z) in the space Wy*!
W, (Q). Let us show that this limit function (2.1) - (2.3) is the solution of the initial boundary
value problem in the sense of Definition 2.1. To this end, let us first show that the function
Y(x, z) almost satisfies equation (2.1) for (x, z) € Q.Therefore, when N = N,,,(3.9), the k-th
Fourier coefficient of any function 77(x, z) belonging to the space L,(Q) is the k-th Fourier
coefficient. Multiply by the function 77, (z) = (17(., z), ux) 1, (0,1)- LT Us multiply the obtained

equations over k from k = 1 to N’ < N,,, and integrate over the interval (0, L). Then for any

function ﬁ,’é"(x, z) = ’,X;l M (2)ur(x)N' < N,,, we obtain the following integral equivalence:

94



Nom 2,,Nom Nom
j <i 0¥ oY o _ a(x)yphm + (3.64)
Q

07 + ag 22 +ia,(x,2) 0%

+0o ()P + vy (2)PNm + ap|YNm2PNm — £ (x, 2)7" (%, 2)dxdz = 0

0
from the compact embedding of the space W,>'(Q) into the space L,() we can write the

following limit relation:
For m — o0,pNm — 1)) is strongly convergent in L, () (3.65)

if this is the case, we can choose a subsequence {"m(x,z)} which converges almost
immediately to ¥ (x, z) in the Q region. For simplicity, let us denote the convergent subsequence

again by {y¥m(x, z)}. Then we can express the following limit relation:

For m — oo, [YNm (x, 2)|2YNm(x, 2) = [Y(x, 2) |2 (x, z) (3.66), weakly in L,(Q)" for

0 21

almost every (x, z) € . On the other hand, by embedding the space W (Q) into the space

Lo (0, L: W(0,1)) (see [25]), we obtain the following inequality:

021
W 2 (Q)

Hl//Nm Lm[O,L;v(\)/Z(O,I)] < Cys Hl//Nm

then with the help of the estimation (3.11) we can write the following inequality when
N=N, m=1.2,...

<c,.,m=12,... (3.67)

LO[O,L;V(\)IZ(O,I)] - 26

o
it is obvious that for m = 1,2, ... the following inequality applies:

25

2 L 2
| a0 A

L(oll

L
)dz SJHV/Nm(.,z)Hl(OJ)dz,m ~1,2,... (3.68)
0

on the other hand, from the inequality (3.60) we obtain the following inequality when.
N=N,m=12,..:
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6
ol dZ <
W2(0,1)

L L L
Tl 02 1 2 02 <™ (2

_C27HW [OLwlz(Ol)] m=12,..

Then, with the help of this inequality and the inequality (3.67), we find from the inequality
(3.68) that the following inequality holds:

I 2pnllZ o) < crpm = 12, .. (3.69)

therefore, based on this inequality and the lemma known from (Ladyzhenskaya,1967) we can

conclude that the following limit relation holds:
For m — oo, [pNm|2qhNm — |1)|?4p, converges weakly in L, (). (3.70)

Taking into account this limit relation and the weak convergence of the subsequence

0 21

YNm(x, z) to the function ¥ (x, z) in the space W (Q) by passing to the limit in the integral
identity (3.64) over Nm,m = 1,2, ..., we obtain that the following integral identity holds for

any function

—; N’

Ak (x, 7) = Z k = 1V' 7k (2)uk (x): f (1/)(x, 2) a”k

— kN (%, 2) %’) dxdz =0
2

L <l(;_l/1 + a, o 1/2)+ iaq(x, Z)—l/)— a(x)y +
+00(2)Y + 1 (DY + az Y2 — f(x, 2)AV (x,2)dxdz = 0

NI

N (x z) = z Mk (Z)ur(x) is a partial sum of the series 77(x,z) = Z M (Z)ug (x)

since N’ For — oo the partial sum ﬁﬁ"(x, z) converges to the function 77(x, z) in the space
L,(Q). If This then in the last identity N’ If we take the limit for - oo, we can conclude that the
limit function ¥ (x, z) satisfies the following integral identity for any function n = n(x, z)
belonging to the space L,(Q) :
0y %Y

L <la— +ag— EP%) + iaq(x, Z)—w —a(x)y + (3.71)

+vo(2)Y + i1 (2P + ax|Y*Y — f(x, 2))7 (x, z)dxdz = 0
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From this, we obtain that the function ¥ (x, z) satisfies the equation (2.1) for almost every
(x,2z) € Q.

Now let us show that the limit function ¥ (x, z) satisfies the initial value condition (2.2)

for almost every x € (0,1), that is, the condition 1 (x,0) = @(x),Vx € (0,1). Taking into

0 21

account that the space W () is compactly embedded into the space C"([O,L],L2 (O,l)) , We

can write the following limit relation, uniformly with respect to z € [0, L]:
Form — oo, [[*n (., 2) = (., 21,00 = 0 (3.72)
on the other hand, it is evident that the following inequality holds:
1¥(,0) = @llL 00 < I(,0) =M (0L, + W™ (,0) = @l (3.73)

when z = 0, using the limit relation (3.72), the first term on the right-hand side of this inequality
approaches zero for m — oo. Therefore, let us show that the second term on the right-hand side
of inequality (3.73) also approaches zero for m — oo. Using the formula (3.8) we can write the

following formula:

Nom Nom
P, 0) = Y el (Oue() = ) pitte(x) = 9" ()
k=1 k=1

the Vm (x) function is the partial sum of the Fourier series of the function ¢ = ¢ (x) belonging

02
to the space W, (0,1). Taking this into account, if we take limit for m — o in the second term

on the right-hand side of the inequality (3.73), we obtain the following limit relation
Form — oo, [[1h"m(.,0) = ¢llL, 0 = O (3.74)

thus, if we take this limit relation and the limit relation (3.72) when z = 0 and limit for

m — oo on both sides of the inequality (3.73), we find the following relation:

1¥(,0) = @ll,00 =0
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from this, we obtain that the limit function ¥ (x, z) satisfies the initial value condition (2.2) for
almost every x € (0, 1), that is, the condition ¥(x, 0) = ¢@(x),Vx € (0, 1). Finally, let us show

that the limit function (x,z) satisfies the boundary value conditions

(2.3) for almost every z € (0,L). From the compact embedding of the space W, (Q) into the
space C°([0,1],L,(0,L)), we can write the following limit relation, uniformly with respect to

x €[0,1]:
Form — oo, [[p"m(x,.) = (x, )ll,01) = 0, ¥x € [0, 1] (3.75)
On the other hand, it is apparent that the following inequality holds:

(s, I, < llY(s,.) — I/JN’"(S'))” L,(0,L) +||¢Nm(5')||L2(0,L)'S =0,1 (3.76)

if we use the limit relation (3.75) when x = 0, x = [, we can see that the first term on the
right hand side of this inequality approaches zero for m — co. Therefore, let us show that the
second term on the right-hand side of the inequality (3.76) also approaches zero for m — oo.

Using the formula (3.8), we can indeed write the following inequalities:

Nm
Phm(s, 7) = z MM (2 (s),5 = 0,1 (3.77)

k=1

if we consider the boundary value conditions u; (0) = u,(l) = 0, we obtain the following

relations:
YNm(0,2) = Ym(l,2) = 0 (3.78)

thus, if we use these relations and the limit relation (3.75) when x = 0,x = [ and limit for

m — oo on both sides of the inequality (3.76), we get the following relations:
¥, I, =0,s=0,1 (3.79)

from these relations, we obtain that the following boundary value conditions are valid:
0]
Y(0,z) =y(l,z) =0,vz € (0,L).
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Thus, we have proved that the limit function ¥ (x, z) is a solution of the initial boundary
value problem (2.1) — (2.3) in the sense of Definition 2.1 belonging to the space W, (), and
for this solution, the estimate (3.1) holds. Indeed, taking into account the convergence property
of the subsequence yY"m(x,z) to the function ¥ (x,z) in the estimate (3.11), and setting
N = N,,,m = 1,2, ..., we find that the estimate (3.1) holds by taking the limitas m — oo.
Now, let us show that the solution of the initial boundary value problem (2.1) - (2.3) is unique.
Suppose that 1 (x, z) and ¢(x, z) are any two solutions of the initial boundary value problem
(2.1) - (2.3). Let w(x, 2) = Y(x,2) — ¢(x, z). Then, it is clear that the function w = w(x,z)

is a solution of the following initial boundary value problem:

ow 2 , ow _
LE + ag 7% +iaq(x,2) EV a()w +vy(2)w + vy (2)w + (3.80)
+az([Y1° + 91w + azppw = 0, (x,2) € Q
w(x,0)=0,x € (0,1 (3.81)
w(0,z) =w(l,z) =0,z€ (0,L) (3.82)

Since the functions ¥ (x,z) and ¢(x,z) are solutions of the initial boundary value
problem (2.1) — (2.3) belonging to the space W°21(Q), the function w = w(x, z) must satisfy
the identity

j LI ow + +i + 3.83
o L ao o2 ia(x,7) % a(x)w + vy(t)w + v, (T)w (3.83)

+a,(|Y)? + |p|PDw + a,pdpw)(x, T)dxdTt = 0,Vz € [0, L].

It is evident that w(x, z) satisfies the integral identity and the initial condition (3.81) for

almost every x € (0, 1), and the boundary condition (3.82) for almost every z € (0, L). In this

0 21

integral identity, let us take the function w(x, z) belonging to the space W2 (Q) instead of
n(x, z). Then, with the help of the partial integration formula, we obtain the following equality:
. OW o*'w . ow :
I(lE+aoW+|a1(x,r)&—a(x)w+vo(r)w+|v1(r)w+
(3.84)
+a, (|://|2 +|¢|2)w+ azz//¢v‘v)77(x,r)dxdr =0,vze[0,L]

if we subtract its complex conjugate from this equation, we can write the following equation:
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J(aw_+aw ) dxd +f( L ow )dd+2J 2qxdr +
o 2Vt W xdt o al(x,r)axw al(x,r)axw xdt Qvl(r)|w| xdt

V4

+21mazf (I¥)? + |93 |w|?dxdT + ZImazf Re(yp(W)?)dxdrt +
Q, Q

Z

+2Rea2f Im(yp¢p(W)?)dxdt = 0,Vz € [0, L]. (3.84)
Qz

If we transform the second term on the left hand side of this equation, we get the following

equation:

f ( aw_+ aw )dd
N al(x,r)axw al(x,r)axw xdt

z

d daq(x,
= fﬂza(aﬁx.r)lle)dxdr—fﬂz#lwpdxdr

under the boundary value conditions of (3.82), the first term on the right hand side of this

equation is equal to zero. We can therefore write the following equation:

j’ ( 6w_+ ow )dd _ f daq(x,7) 2dd
. al(x,r)axw al(x,r)axw xdt = |w|“dxdt

; Q, 0x

considering this equation, we obtain the following equation from equation (3.84):

ow _ Jdw
f (—w+—w) dxdr+21ma2f ()% + |92 |w|?dxdt =
o, \0z 0z Q,

= —2[ v, (D) |w|?dxdt — ZImazf Re(Yp(W)?)dxdt — 2Rea2f Im (e (W) )dxdr, vz € [0, L].
Q Q

z zZ ‘Q'Z

From this equation, and with the help of the initial value condition (3.81), we find that

the following inequality holds:

WG 200 + 2imas | (Wl + 1617 wiPdxds <
Q,

2
Q

Hence, from the condition for 2|y||¢| < |¥|? + |¢|? and the function v, (z) we obtain

lv,(D)||w|?dxdt + 2(Ima, + IReazl)j [Y|l¢||w|?dxdz,Vz € [0, L].
Qz

Z

the following inequality:
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IwC, DL, on + ZImazJ (IpI* + |9 |w|*dxdT <
Q,

w|?dxdt, vz € [0, L].

<2b1f
Q

From this inequality, with the condition (2.4), we find the following inequality:

w|?dxdt + (Ima, + |Rea2|)f (Jy|?
Q,

z

1
WG D00 +51mas | (I + @) wldxdr < 2by f |w|2dxdz, vt € [0,T].
Q

Z

Provided that the second term on the left-hand side of this equation is non-negative, we

can write the following inequality:

IwC, 211,00 < 2b1 i IWC, DI, 0pnd7 V2 € [0,L].
Applying Gronwall's lemma, we obtain the following relation:
”W('JZ)”ZZ,Z(O,I) = 01 Vz € [Or L]

From this we get the following relation:

0
w(x,z) =0,vx € (0,0),vz € [0,L].

From this relation and the formula w(x,z) = ¥(x,z) — ¢(x,z) it follows that the

solution of the initial boundary value problem (2.1) - (2.3) is unique. Theorem 3.1 is proved.
Setting and Solution of the Second Kind of Initial Boundary Value Problem

Consider the following second kind of initial boundary value problem for finding the
functiony = ¢Y(x,z) :

52
lc;_lli + a, I l'zb +ia,(x, Z)—lp —a(X)Y + vy ()Y + iv (DY + ax|Y|? = f(x,2), (x,2) € O

Y(x,0) = @(x),x € (0,0 (4.2)
oy (0, ow(l,z
w;x 2 ‘/’a(x 2 _0,z€0,L) (4.3)
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Here where i = v—1; ay > 0 is a given number, a, is a complex number and satisfies

the following conditions:
a, = Rea, + ilma,, Ima, > 0,Rea, < 0,Ima, > 2|Rea,| (4.4)

a(x),a.(x,z),vy(z),v1(z) are real-valued measurable functions and satisfy the following

conditions:
da(x) d?a(x) .
Ho < a(x) < Uy W S Mo W < U3, VVX E (0' D, uo, 1, 2, p3 = const > 0(45)
da,(x,z) 0%a,(x,2) 0
las (o, 2)| < e, |5 < ts, [—5 5| < be, V(x,2) EQ (45)
4.6) (4.6)
a1(0,z) =a,(l,z) =0,z € (0,L)us, Ua, Us, 4g = const > 0 (4.7)

0
4.7) |vg(2)| < bs,s = 0,1,Vz € (0,L), by, by = const >0
@ (x), f (x, z) - are complex-valued measurable functions satisfying the following conditions:

dp(0) de()

@ € WZZ (O) l)' dx - dx =0 (48)
rewo @, g;’ 2 _o (,gi D _0,7€ (0,1 (4.9)

Definition 4.1. The solution of the initial boundary value problem (4.1) - (4.3) is defined
as the equation (4.1) for almost (x,z) € Q, the initial value condition (4.2) for
almost x € (0,1), and the boundary value condition (4.3) for almost z € (0,L), we will

understand the function y = ¥ (x, z).

In this section we prove the following theorem which shows the existence and uniqueness

of the solution of the second kind of initial boundary value problem (4.1) - (4.3).

Theorem 4.2. Suppose that the functions a(x), a;(x,t), @(x), f(x,t) of the complex
number a, satisfy the conditions (4.4) - (4.9). Then the initial boundary value problem (4.1) -

(4.3) has only one immediate solution in the space W,"(Q) and the following estimate holds:

2
Lo (2 WO L4 RO RS L oy (4.10)
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Where c,9 > 0 is a constant.
The proof of this theorem is equivalent to the proof of Theorem 3.1. For the proof of this
theorem, the basis functions are the functions from the space of functions W#(0,1) and

orthonormal in the space L, (0, ) and

dx(0) dX(l)

AX(x) = AX (), x € (0,1),~— =

0 (4.11)

The system of functions u;, = u, = u,(x), k = 1,2, ..., corresponding to the solutions of
the eigenvalue problem A = A,,k = 1,2, ... is used. Here the operator A is defined by the
formula (3.3).
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Periwinkle is a shrubby or herbaceous plant that is grown and farmed in
the tropics. Seaweed contains a high concentration of salts and mineral
compounds, which meet plant nutritional requirements and play an
essential role in soil fertility. In this study, the addition of algae in the
growth medium was found to be an effective factor in boosting the
quality and quantity of two species, Periwinkle Rosea and Burgundy,
using a factorial design with three replications. The studies were carried
out at the greenhouse of Persian Gulf University's College of Agriculture
and Natural Resources in Borazjan, Iran's Bushehr Province. Green, red,
and brown algae were created at volume levels of 0, 10, 25, 35, and 50%
for this investigation. A few traits were documented, including the
number of leaves, stem height, root length, total weight of plants with
wet basis (WW) and dry basis (WD). Periwinkle flowers cultivated in
the substrate with 50% green algae and 10% red algae had the maximum
concentration; for brown algae, dwarf periwinkles had a 25%
concentration, while normal periwinkles had a 35% concentration. The
substrate with no algae has the most lateral branches of any of the three
forms of algae. The substrate with 50% green algae, 35% brown algae,
and 10% red algae produced the high amounts of height of periwinkle,
root length, number of leaves, total periwinkle plant weight with wet
(WW) and dry (WD) basis.

Alglerin Ciice ve Normal Pervane Ciceginin Bazi Kantitatif Ozellikleri Uzerindeki Etkisi
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Anahtar Kelimeler:
Ciice

Kirmiz1 yosun

Yesil yosun
Kahverengi yosun
Pervane ¢igegi

Pervane ¢icegi, tropik bolgeler ile ¢iftliklerde yetistirilen ¢alimsi veya
otsu bir bitkidir. Deniz yosunu, bitki besin gereksinimlerini karsilayan ve
toprak verimliliginde 6nemli bir rol oynayan yiiksek konsantrasyonda tuz
ve mineral bilesikleri icermektedir. Bu c¢alismada, ii¢ tekrarlamali
faktoriyel tasarim kullanilarak, biiylime ortamma alg eklenmesinin Rosea
ve Burgundy adh iki tiiriin kalitesini ve miktarim artirmada etkili bir
faktor oldugu tespit edilmistir. Caligmalar, Iran'n Busehr Eyaleti,
Borazjan'daki Basra Korfezi Universitesi Tarim ve Dogal Kaynaklar
Koleji'nin serasinda yiiriitiilmiistiir. Bu arastrma igin %0, 10, 25, 35 ve
50 seviyelerinde yesil, kirmiz1 ve kahverengi algler kullanilmistir. Yaprak
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sayisi, govde yiiksekligi ve kdk uzunlugu dahil olmak iizere birkag
ozellik saptanmugstir. %350 yesil alg ve %10 kirmizi alg iceren substratta
yetistirilen pervane ciceklerinin maksimum konsantrasyona sahip oldugu
goriilmii; kahverengi algler igin, clice pervane ¢igegi %25
konsantrasyona sahipken, standart pervane ¢icegi %35 konsantrasyona
sahip olmustur. Alg icermeyen substratin, {i¢ alg formunun en fazla yan
dalina sahip oldugu gorilmistiir. %50 yesil alg, %35 kahverengi alg ve
%10 kirmiz1 alg igeren substrat, 1slak ve kuru bazda yiiksek miktarda
pervane cicegi yiiksekligi, kok uzunlugu, yaprak sayisi, toplam pervane
cicegi bitki agirlig: tiretmistir.

To Cite: Hashemi A, Hesami A, Zandifard M., 2025. The effect of algae on some quantitative characteristics of dwarf and

normal periwinkle. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 106-122.

Introduction

The expansion of urbanization and population in recent years has forced cities to face a
lack of space, and as a result, living in apartments has increased. As a result of these changes,
green space in cities has diminished (Salehifard and Alizadeh, 2008). The periwinkle plants
impart a characteristic smell to their surroundings. It is due to the presence of volatile
compounds in their leaves and flowers. The leaves contained 0.05% of essential oils, while
flowers 0.07%. There were 52 leaves essential oil compounds and 41 compounds of the
flower essential oil (Salari et al., 2016).

In addition to physical health, suitable green spaces in cities promote mental
relaxation, increased productivity, and a higher quality of life (Ebrahim-Zadeh et al., 2008).
Using chemical fertilizers has resulted in numerous environmental issues, including soil
erosion, water pollution, and a decline in crop output over time. To address these issues,
plants' nutritional requirements and the long-term viability of agricultural systems should be
considered.

One of the most effective strategies to safeguard the environment is to utilize organic
fertilizers. Organic matter is an essential component of soil. It serves variety of functions in
agriculture, including preventing soil compaction, increasing the source of carbon and energy
for microorganisms, maintaining and stabilizing soil particles, improving root penetration
conditions, increasing the quality of saline soils, providing soil's ability to store and transfer
water, reducing soil adhesion, and reducing pesticide's negative environmental effects
(Cooperband, 2002). Seaweed products promote plant development and yield (Metting et al.,
1990).

Algae is an organic component that has long been utilized in agriculture (Dhargalkar
and Neelam, 2005; Abdel-Raouf et al., 2012). Seaweed is one of the organic and natural

compounds used in agriculture because it contains growth hormones like auxin and cytokine
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and nutritional elements like iron, copper, zinc, molybdenum, manganese, vitamins, and
amino acids (Uthirapandi et al., 2018; Uthirapandi et al., 2019).

Seaweeds contain micro and macro elements, auxin, gibberellin, and cytokinin (Taiz
and Zeiger, 1998; Mukherjee and Patel, 2020). The increase in the growth characteristics of
the branch may be due to the content of auxin in seaweed, which has an effective role in cell
division, and this factor leads to an increase in plant stem growth (Thomas, 1996). Elements
such as nitrogen, potassium, and phosphorus in seaweeds have very important roles in plants'
nutrition, growth, and development (Attememe, 2009).

The use of algae increases chlorophyll levels, which leads to increased photosynthetic
activity and plant growth (Geeta et al., 2016). The use of seaweed can increase photosynthesis
by increasing the amount of chlorophyll, which can increase growth and, ultimately, the
diameter and length of the stem (Eris et al., 1995; Paul and Yuvaraj, 2014; Sharma et al.,
2014). Rathore et al., (2009) in their experimental test on soybean plants reported that
increasing algae concentration the height of the plant is increased.

According to Preza (2019), applying algae on the portulaca grandiflora flower can
increase its height. According to Herrera et al. (2014) and Crouch and Staden (1993), green
algae affect tomato growth. Popescu and Popescu (2014) found that treatments with algae
extract increased the height of grapevine plants compared to the control group. Al-Shareefi et
al. (2019) showed that using algae increased the height of the stem in freesia flowers. Because
phosphorus is very absorbent in soil, it does not migrate to the roots, so the roots must
develop through the soil to obtain the phosphorus that the plant requires. Seaweeds promote
root growth and boost beneficial fungi in the soil (Kuwada et al., 2006).

The use of algae in decorative plant bedding can naturally improve plant growth, health,
and crop output by improving nutrient absorption. Algae include uncommon carbohydrates,
vitamins, and hormones. Algae can stimulate plants' physiological and biochemical processes,
resulting in the generation of biologically active chemicals. In this approach, primary and
secondary metabolism can be modified, resulting in products that are more resistant to various
living and non-living stimuli. Algae can also impact plant development media, causing root
growth and nutrient availability (Paul and Yuraj, 2014).

The stimulating effect of seaweed extract on growth traits can be attributed to its basic
function in strengthening cell division because it contains more amounts of micro and
macronutrients, vitamins, hormones, and antioxidants. These compounds also play an
important role in plant protection (Soliman et al., 2000). These compounds play an important

role in protecting plants, improving cell division and biosynthesis of organic matter (Stirk and
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Van Staden, 1997). Providing food and stimulating growth, on the one hand, causes the
production of leaves, and on the other hand, their protective role causes the preservation of
leaves, which together leads to an increase in the number of leaves.

Using organic compounds like humic acid and marine algae in poor soils has positive
effects on the physicochemical properties of the soil, increases the quality of soils, and
organic matter over time can reduce the consumption of chemical fertilizers (Mao et al., 2008;
Chojnacka et al., 2015). Numerous research has demonstrated that using seaweed promotes
plant development, stimulates root growth, and enhances tolerance to environmental
challenges such as drought, salinity, and high temperatures (Khan et al., 2009; Battacharyya
et al., 2015; Mukherjee and Patel, 2020). Turan and Kose (2004) found that seaweed extracts
improve N, P, K, Ca, Cu, Fe, Mg, Mn, and Zn absorption under optimal nutritional element
circumstances. This study examined how green, red, and brown algae affected same

characteristics of dwarf and normal Periwinkle.

Material and Methods

To assess the influence of green, red, and brown algae on the growth and yield of dwarf
and normal periwinkle plants, a factorial experiment with three replications was conducted. The
studies were carried out at Persian Gulf University's College of Agricultural and Natural
Resources in Borazjan, located in the center of Bushehr province, 75 meters above sea level,
and is semi-desert and tropical. The faculty's latitude and longitude coordinates on the map
are 29 degrees and 22 minutes north and 51 degrees and 24 minutes east. The substrates were
a combination of dirt and algae green, red, and brown (Figure 1) in quantities of 0, 10, 25, 35,

and 50 percent by volume.

Figure 1 (a) Red algae, (b) Green algae (c) Brown algae

The algae under study were gathered from the Persian Gulf Sea in Bushehr Province.
The algae were collected, cleaned with seawater, and washed twice with water before being
dried in the shade and ground into powder. The field soil was then sieved until it was uniform,

and the soil and algae were mixed in volume ratios of 10:90, 25:75, 35:65, and 50:50 to
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produce beds containing 10, 25, 35, and 50% green, red, and brown algae, respectively.

Finally, two types of Periwinkle seeds (Rosea and Burgundy) were planted in the pots, and all

of the pots were moved to the greenhouse.

Figure 2 (a) regular periwinkle (b) Dwarf periwinkle

The height of the plants was measured weekly beginning the first week after
planting, using a ruler with a one millimeter accuracy from the crown of the plants. The dirt
around the roots was cleansed to measure root length, and the lengths were measured with a
one millimeter accuracy ruler. In order to measure the weight of the plants, the plants were cut
from the collar and the roots were removed from the soil. Then, the shoots and roots were
washed with distilled water and after removing the excess water due to washing, they were
weighed based on wet (WW) and recorded using a digital scale (AND EK_1200A) with an
accuracy of 0.001 grams. To measure the weight with dry basis (WD), plants were kept in

oven at 70°C for 48 hours, then the dry weight of plants were measured.

Results and Discussion

The comparison of the average effect of algae levels on Periwinkle flowers revealed that
the highest and lowest lengths were obtained in periwinkle flowers growing in the substrate
containing 50% green and red algae, 32.12 cm and 19.30 cm, respectively. The findings of the
study of the influence of algae levels on the height of the periwinkle flower revealed that the
periwinkle flowers produced in the substrate containing 50% green algae had the longest stem
length (43.93 cm) and the shortest stem length in the substrate containing 50% red algae (27.4
cm). Periwinkle flowers cultivated in soil containing 50% red algae show a significant
decrease in plant length when compared to the control, and periwinkle flowers grown in a bed
containing 10, 35, and 50% brown algae, and all levels of green algae have a significant
increase in length compared to control samples. The length of plants for dwarf periwinkle
flower had a downward trend with increasing the concentration of red algae, and increasing

the concentration of brown algae from 35% to 50% algae the length of plants decreased. The
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highest and lowest length of dwarf periwinkle 20.31, and 11.21 cm, were found in a bed
containing 50% green and red algae, respectively. It was also discovered that dwarf
periwinkle green algae have no noticeable variation in height from the control. Both plants
grew longer as the concentration of green algae rose. In the instance of brown algae, dwarf
and standard periwinkle flowers reached their maximum length in substrates containing 25%
and 35% algae, respectively. There was also a significant difference in the flowers of
Periwinkle in the substrate containing 25, 35, and 50% brown algae, all levels of green algae,
and control (Table 1).

Table 1. Comparison of the average effect of green, red, and brown algae on the flower
height of dwarf and normal Periwinkle

Supplement Percentage  Normal Dwarf Mean
added to the soil ~ of algae  periwinkle  periwinkle

The height of periwinkle

0 32.95 €d 12.9869 22.92F
Red algae 10 34.70¢d) 13.53¢ 24.11FF
25 30.36¢" 12.796E9 21.58GF
35 29.80¢ 11.49@ 20.64CH
50 27.4M 11.21€) 19.30°
Brown algae 10 34.9(d) 13.48¢ 24.195F
25 37.6() 15.02(d) 26.31FP
35 40.36@ 14.87€9 27.62C
50 38.03() 14.55C9 26.29EP
Green algae 10 40.96@0) 16.83(0) 28.985€
25 42.00(@b) 19.08@) 30.544
35 42.80(@b) 20.10® 31.54A
50 43.93@ 20.31® 32.12A
Mean 36.6% 15.098

The letters above the numbers show the comparison of means based on Duncan's test. Averages with common
letters are statistically not significantly different from each other at the 1% probability level.

Himanshu Kaushik et al. (2013) reported that applying algae and nitrogen fertilizer to
parsley flowers resulted in an increase in height in all treatments when compared to the
control. Kartikian et al. (2009) found that using nutrient-rich substances increased the height
of periwinkle plants relative to the control group. The preceding research is compatible with
the current study's findings on the use of algae in the culture media and its effect on the height
of the flower periwinkle. Dominican (2019) reported that treating the Naz Sobani flower with
algae increased its height. According to Soumia et al. (2017), using algae increased the height

of Mina grass. The maximum concentration was recorded by Jatnayaji and Anbazhgan (2009)
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using brown algae. According to Vijayanand et al. (2014), while varying the brown algae
concentration applied, the bean plants' height increases with the concentration. According to
Selvam et al. (2013), when using algae on Vigna mungo, increasing the concentration of algae
initially causes the stem to grow longer, but higher concentrations inhibit this effect. In
Ramya et al. (2010)'s investigation into the impact of brown and green algae concentrations
on guar plants, the plant's height initially grew as the concentration of algae increased, but at
high concentrations, the plant's height declined. Our findings were consistent with earlier
investigations on other plants (Crouch and Staden, 1993; Jothinayagi and Anbazhagan 2009;
Sridhar and Rengasamy, 2010; Zodape et al., 2011; Paul and Yuraj, 2014; El-Alsayed et al.,
2018; Sumangala et al., 2019; Velasco et al., 2020).

Table 2. Comparison of the average effect of green, red, and brown algae on the root length
of Periwinkle (cm)

Supplement Percentage  Normal Dwarf Means
added to of algae  periwinkle periwinkle
the soil

The length of the root of periwinkle flower

(cm)
0 8.3 0 7.05 7.67 EF
Red algae 10 8.43 (1) 7.26© 7.85E
25 7.70 (efo) 6.43 © 7.06 CF
35 7.13 @ 6.35 (@ 6.74 cH
50 6.55 © 5.66 © 6.1H
Brown 10 8.70 (9 7.36 © 8.03 EP
algae 25 9.75 8.16 @ 8.95°C
35 11.76 ® 7.7 (@b) 9.738
50 9.9 7.46 8.68 P
Green 10 11.8® 8.17 @ 9.98 B
algae 25 12.15 @ 8.23 @ 10.19 A8
35 12.6 @) 8.33@ 10.46 AB
50 13.16@ 8.43 @ 10.8 A
Mean 9.844 7.438B

The letters above the numbers show the comparison of means based on Duncan's test. Averages with common
letters are statistically not significantly different from each other at the 1% probability level.

The results of the analysis of the average influence of algal levels on root length showed
that the highest and lowest root length was observed in the periwinkle flowers grown in the
substrate containing 50% green and red algae 10.80 cm and 6.1 cm, respectively. It was found
that the length of the roots increased as the amount of green algae-containing substrate
increased. The findings indicated an inverse connection between root length and red algae-

containing substrate. In a substrate containing 35% brown algae, the maximum root length
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(11.76 cm) of periwinkle flower was observed. In normal and low periwinkle, the highest root
lengths, 13.16 and 8.43, were observed in the substrate containing 50% green algae, and the
lowest root lengths were observed in the substrate containing 50% red algae, 6.55 and 5.66
cm, respectively. This flower exhibited the inverse link between red algae concentration and
root length, as well as the direct relationship between green algae concentration and root
depth. In normal and low Periwinkle, maximum root lengths of 11.76 and 8.16 cm were
reported in substrates harboring brown algae at 35% and 25%, respectively. Periwinkle
flowers produced in all concentrations of green algae and concentrations of 25, 35, and 50%
of brown algae showed enhanced root length compared to the control (Table 2). Seaweed
chemicals generate highly strong polar groups, causing soil masses to form and increasing soil
aggregates and porosity, all of which promote root growth (Brownlee et al. 2012). Crouch and
Staden (1993) and Hernandez-Herrera et al. (2014) reported that the application of different
concentrations of algae in the tomato cultivation bed increases the length of the root of the
plant. Our results corroborated previous studies on various plants (Erulan et al., 2009;
Karthikeyan et al., 2009; Selvam et al., 2013; Prisa, 2019; Velasco-Ramirez et al., 2020).

Table 3. Comparison of the average effect of green, red, and brown algae on the number of
leaves of Periwinkle flower

Supplement Percentage Normal Dwarf Means
added to of algae periwinkle periwinkle
the soil

Number of Leaves

0 30 (e) 30 (cde) 30EF
Red algae 10 32 (cde) 31.33(cde) 31.66<P
25 27.33® 29.66 (<) 28.5P
35 18.66 (@ 290 23.83F
50 18.5( 27.33) 22.91F
Brown algae 10 32 (cde) 32(cdbe) 3200
25 33, 5(Cteb) 33.66 (cadbe) 33.58¢B
35 35 (cab) 32(cadbe) 33.5 CB
50 34.66 () 30(cde) 32.33¢P
Green algae 10 39.66() 36.50 (cadb) 38.08 1B
25 38.5(¢@) 37 @) 37.75¢8
35 41.66 @) 39.33(@) 40.54
50 43.00@ 40.33® 41.66"
mean 32.658 32.934

The letters above the numbers shows the compare of means based on Duncan's test. Averages with common
letters are statistically not significantly different from each other at the 1% probability level.

The average effect of algae levels on the number of leaves was compared, with the

highest number of leaves in periwinkle flowers grown in the substrate containing 50% green
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algae (41.66 leaves) and the lowest number in the substrate containing 50% red algae (22.91
leaves). Naturally, it should be mentioned that periwinkle flowers grown in beds containing
35 and 50% red algae showed a significant decrease in the number of leaves compared to the
control, and flowers grown in beds containing 10, 35, and 50% green algae showed a
significant increase in leaves compared to the control, but the difference was observed in
brown algae did not show significance compared to the control in the number of leaves. When
periwinkle flowers were cultivated in red algal-containing substrate, the number of leaves fell
as the concentration of algae grew, whereas in green algae-containing substrate, the number of
leaves increased as the concentration of algae increased.

In the substrate containing brown algae for dwarf periwinkle, the highest number of
leaves (33.66) was observed in the substrate containing 25% algae, and for normal periwinkle
the highest number of leaves (35) was found in the substrate containing 35% algae.

The findings of the comparison of the average in the case of dwarf periwinkle revealed
the largest number of leaves in the dwarf flowers produced in the substrate containing 50%
green algae (40.33 leaves) and the lowest number of leaves in the substrate containing 50%
red algae (27.33 leaves), and only The number of leaves in the beds containing 35 and 50%
green algae was significantly different from the control, but no significant change was seen in
any of the brown or red algae concentrations compared to the control. In a substrate
containing red algae, the number of leaves declined as the concentration of algae grew,
whereas in a substrate containing green algae, the number of leaves fell as the concentration
of algae climbed from 10 to 25% and from 35 to 50%.

The findings of the comparison of the average in the case of normal periwinkle flowers
revealed that the periwinkle flowers in the substrate containing 50% green and red algae had
the highest and lowest number of leaves, 43 and 18.5, respectively. The number of leaves in
periwinkle flowers grown in beds containing 10 and 50% red algae decreased significantly,
whereas in beds containing 35% brown algae and all levels of green algae, the number of
leaves increased significantly as compared to the control. Abou El-Yazied (2012) found that
algae treatment resulted in the largest number of leaves in green bean cultivation on a
substrate containing 10% algae. Our results corroborated with the previous studies on various
plants (Safinaz and Ragaa, 2013; Prisa, 2019; Velasco-Ramirez et al., 2020).
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Table 4. Comparison of the average effect of green, red, and brown algae on total weight of
Periwinkle flower with wet basis

Supplement Percentage  Normal Dwarf Mean
added to the soil ~ ofalgae  periwinkle periwinkle

The total weight of periwinkle with wet basis (Q)

0 17.180 13.41@ 15.29°

Red algae 10 17.67¢) 13.749@ 15.71P

25 16.68() 11.26€ 12.97¢

35 13.34(@) 11.01@ 12.17¢

50 12.76© 9.66¢) 11.21F

Brown algae 10 17.62(0) 13.66@ 15.64°
25 18.29(cab) 16.18®9 17.23¢P

35 20.626) 16.10) 18.36B

50 19.056) 14.340) 16.69<P
Green algae 10 20.80@ 16.46®) 18.63¢18
25 21.08@ 18.48@ 19.7878

35 21.3960) 19.05@ 20.2278

50 21.94@8 19.44@ 20.69

Mean 18.18% 14883

The letters above the numbers show the comparison of means based on Duncan's test. Averages with common
letters are statistically not significantly different from each other at the 1% probability level.

The comparison of the average effect of algae levels on Periwinkle flowers revealed that
the highest and lowest weight with wet basis (WW) were obtained in periwinkle flowers
growing in the substrate containing 50% green and red algae, 20.69 g and 11.21 g,
respectively. The findings of the study of the influence of algae levels on the (WW) of the
periwinkle plants revealed that the normal periwinkle plants produced in the substrate
containing 50% green algae had the highest weight (21.94 g) and the lowest weight in the
substrate containing 50% red algae (12.74 g). The (WW) of plants for dwarf periwinkle
flower had a downward trend with increasing the concentration of red algae, and increasing
the concentration of brown algae from 35% to 50% algae the (WW) of plants decreased. The
highest and lowest (WW) of dwarf periwinkle 19.44, and 9.66 g, were found in a bed
containing 50% green and red algae, respectively. It was also discovered that dwarf
periwinkle in green algae have a significant difference of (WW) with the control. In the
instance of brown algae, normal and dwarf periwinkle plants reached their maximum (WW)

in substrates containing 35% and 25% algae, respectively (Table 4).
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Table 5. Comparison of the average effect of green, red, and brown algae on total weight of
Periwinkle flower with dry basis (WD)

Supplement Percentage Normal Dwarf Mean
added to the soil of algae periwinkle periwinkle

The total weight of periwinkle with dry basis (WD)

0 2.54f 2.05@ 2.29%P
Red algae 10 2.76¢) 2.10@ 2.43¢P
25 2.12(9h 1.720) 1.92 FF
35 1.86" 1.68©) 1.77F
50 1.699 1.48©) 1.58F
Brown algae 10 2.65() 2.099 2.37¢P
25 3.02(0) 2.48®) 2.75C
35 3.9760) 2,460 3.208
50 3.37@) 2.20) 2.78C
Green algae 10 4016 2.520) 3.268
25 4.160@) 2.83@ 3.4948
35 4.26@® 2.92@ 3.5048
50 4.46@ 2.97@ 3.72A
Mean 3.144 2.27°

The letters above the numbers show the comparison of means based on Duncan's test. Averages with common
letters are statistically not significantly different from each other at the 1% probability level.

Results of comparison of the average effect of algae levels on Periwinkle plants defined
that the highest and lowest weight with dry basis (WD) were determined in periwinkle plants
growing in the substrate containing 50% green and red algae, 3.72 g and 1.58 g, respectively.
The findings of the study of the influence of algae levels on the (WD) of the periwinkle plants
showed that the normal's periwinkle plants produced in the substrate containing 50% green
algae had the highest weight (4.46 g) and the lowest weight in the substrate containing 50%
red algae (1.69 g). The (WD) of plants for dwarf periwinkle plants had a downward trend with
increasing the concentration of red algae and increasing the concentration of brown algae
from 35% to 50% algae the (WD) of plants decreased. The highest and lowest (WD) of dwarf
periwinkle 2.97 g, and 1.48 g, were found in a substrate containing 50% green and 50% red
algae, respectively. In a substrate containing 10% and 50% red algae the (WD) of dwarf
periwinkle were 2.10 g and 1.48 g, respectively. For substrate containing 10% and 50%
brown algae the (WD) of dwarf periwinkle were 2.65 g and 3.37, respectively. Results
showed that the substrate containing 10% and 50% green algae the (WD) of dwarf periwinkle
were 2.97 g and 2.52 g, respectively. It was also discovered that dwarf periwinkle green algae
have a significant differense in (WD) from the control (Table 5).
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Seaweed extract comprehensively improved growth of tomato plant root and shoot dry
weight and increased plant yield productivity (Hussain et al., 2021).

Norrie and Keathley (2006), indicated that the weight and yield of Thompson Seedless
grapes treated with Ascophyllum nodosum seaweed increased by 39% and 60.4%,
respectively, compared with the control.

Aminifard et al., (2021) reported that the highest leaf dry weight of corn (0.092 g per
plant) were obtained at 30 L ha™ of algae extract, while the lowest amounts leaf dry weight
(0.076 g per plant) and were gained in the control treatment. Basimfar et al., (2015) reported
that the highest foliar biomass of mung bean was produced by 4 times seaweed spraying,
using vermicompost treatment and Partoo variety with 6240 kg ha*, 5880 kg ha* and 5880 kg
ha* respectively. According to their results, seaweed extract spraying increased the vegetative
growth. Haider et al., (2012) concluded that application of seaweed extract after 30 + 60 days
of planting of potato plant significantly increased plant growth and yield. Our results
corroborated with the previous studies on various plants (Norrie and Keathley, 2006;
Basimfar et al., 2015; Aminifard et al., 2021; Hussain et al., 2021).

Conclusion

In general, the use of green algae in both experiments (dwarf and normal periwinkle
plants) increased the level of plant performance, and with increase in the amount of algae, the
plant traits also increased. In dwarf periwinkle, the highest yield was observed in the
substrate containing brown algae at a concentration of 25%, and with the increase in algae
concentration, the upward trend was not observed in other characteristics of plants compared
to lower concentrations of algae. This situation was observed in normal periwinkle in the
substrate containing 35% algae, and when it increased to 50%, a decrease in traits was
observed. In red algae, the best performance was recorded in the substrate containing 10%
algae, and with the increase in algae concentration, a drop in performance was observed, and
the best performance was obtained at the lowest concentration of algae. In the comparison
between the three used algae, different concentrations of brown and green algae and 10% of
red algae caused the growth of the measured traits. So that the best levels of brown algae,
which was 25% to 35%, were equal to the level of 10% of green algae.
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A laboratory study was conducted during the year 2024 In the laboratories
of the Plant Protection Department, College of Agriculture, Tikrit
University, Irag, Saladin The study dealt with the production of biotinylated
silver nanoparticles from the Fusarium solani, using four parts that included
the filtrate, the biomass, the hot extract, and the cold extract of the biomass.
The results of the laboratory study demonstrated the formation of silver
nanoparticles from the F. solani. This is done by detecting it by the color
contrast of the leachate The color of the mushroom filtrate, the biomass, and
its hot and cold extract of the biomass changed from yellow to brown. The
highest absorption peaks were recorded (using the photoanalyzer) for the
silver nanoparticles within the wavelengths of 350- 475 nm, as the lowest
wavelength reached 350 nm for the prepared silver nanoparticles. From the
hot extract, the highest wavelength reached 475 nanometers For silver
nanoparticles prepared from cold extract for the fungus Fusarium solani.
Electron microscope images showed the sizes of the nanoparticles
synthesized by the fungus F. solani in semi-spherical shapes whose
diameters ranged from 30-70 nanometers. This indicates the efficiency of
the biosynthesis of silver particles. Laboratory results showed that no
significant differences were recorded for the concentrations of silver
nanoparticles in the germination rates of wheat seeds (Sham 6 variety) for
all concentrations and types of silver nanoparticles prepared from all types
of F. solani fungi studied. All concentrations and types of silver
nanoparticles prepared showed an effect of inhibiting the pathogenic fungus.
F. solani Compared to the control, the highest rate of inhibition was reached
at a concentration of 1.5 mM in the filtrate of the studied mushrooms,
reaching 0.64% compared to the control in which no rate of inhibition was
recorded. While all concentrations and types of prepared silver
nanoparticles showed the highest activity of the nitrate reductase enzyme
compared to the control, the highest effectiveness was reached at the
concentration of 1.5 mM in the filtrates of the studied mushrooms, reaching
0.63 units/ml compared to the control, which reached 0.055 units/ml.

Rediiktaz Enziminin Giimiis Nanopartikiiller (AgNP) Uretmedeki Etkinligi ve Patojenik
Mantar Fusarium solani'yi Engellemedeki Rolii
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(074

2024 yilinda 6zel laboratuvarlarda bir laboratuvar ¢alismasi yiirttilmiistiir.
Calisma, silizlintii, biyokiitle, sicak Oziit ve biyokiitlenin soguk Oziitiini
iceren dort parca kullanilarak Fusarium solani'den biyotinlenmis giimiis
nanopartikiillerinin iiretimiyle ilgili bir ¢alismadir. Laboratuvar ¢aligmasinin
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Anahtar Kelimeler:
Glimiis nanopartikiiller
Biyosentez
Nanoteknoloji
Fusarium solani
Bugday mahsulii

sonuglari, F. solani'den giimiis nanopartikiillerinin olusumunu goéstermistir.
Bu, sizint1 suyunun renk kontrasti ile tespit edilerek yapilmistir. fungus
Siiziint@istiniin, biyokiitlenin ve biyokiitlenin sicak ve soguk Oziitiiniin rengi
saridan kahverengiye degismistir. En yiiksek emilim pikleri (fotoanalizor
kullanilarak) 350-475 nm dalga boylarindaki giimiis nanopartikiiller i¢in
kaydedilmis, hazirlanan glimiis nanopartikiiller icin en diisiik dalga boyu 350
nm'ye ulagmistir. Siiziintiiniin - soguk Oziitinden hazirlanan glimiis
nanopartikiiller i¢in sicak Ozlitten en yliksek dalga boyu 475 nanometreye
ulagmigtir. Elektron mikroskobu goriintiileri, F. solani fungus tarafindan
sentezlenen ve c¢aplar1 30-70 nanometre arasinda degisen yar1 kiiresel
sekillerdeki nanopartikiillerin  boyutlarm1 ~ gostermistir. Bu, glimiis
pargaciklarinin  biyosentezinin  verimliligini  gOsteren bir  Olgiittiir.
Laboratuvar sonuglari, ¢alisilan tiim F. solani mantar tiirlerinden hazirlanan
tim glimiis nanopartikiil konsantrasyonlar1 ve tiirleri i¢in bugday
tohumlarinin (Sham 6 c¢esidi) ¢imlenme oranlarinda giimiis nanopartikiil
konsantrasyonlar1 i¢in 6nemli bir fark kaydedilmedigini gostermistir.
Hazirlanan tiim giimiis nanopartikiil konsantrasyonlar1 ve tiirleri patojenik
mantar1 inhibe etme etkisi gostermistir. F. solani kontrol ile
karsilastirildiginda, en yiiksek inhibisyon orani, hi¢bir inhibisyon oraninin
kaydedilmedigi kontrol ile karsilastirildiginda %0,64'e ulasarak, calisilan
mantarlarin siiziintiisinde 1,5 mM'lik bir konsantrasyonda elde edilmistir.
Hazirlanan glimiis nanopartikiillerin tiim konsantrasyonlar1 ve tipleri nitrat
rediiktaz enziminin kontrol ile karsilastirildiginda en yiiksek aktivitesini
gosterirken, incelenen mantarlarin siiziintiilerinde en yiiksek etkinlige 1,5
mM konsantrasyonda 0,63 iinite/ml'ye ulasirken, kontrol ise 0,055
linite/ml'ye ulagmustir.

To Cite: Hassan SS., 2025. The efficiency of the reductase enzyme in producing silver nanoparticles (AgNPs) and its role in
inhibiting the pathogenic fungus Fusarium solani. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 123-144.

Introduction

Silver nanoparticles (AgNPs) have several processes in affecting the cell wall of plant
pathogenic fungi through their direct effect on the protein and nucleic acids inside the
pathogenic fungus, which leads to a significant growth inhibition process (Min et al., 2009).
The role of fungi in the synthesis of nanoparticles, including effective silver, attracts the
attention of researchers around the world because these organisms have the ability to produce
nanoparticles well and also have many biological activities, as fungi can be used as an
excellent source of various external enzymes that affect the synthesis of nanoparticles. Fungi
have been identified as a superior alternative to bacteria and plants as nanofactories (Pradhan,
2013). Vanaja et al. (2013) indicated that the mechanisms that lead to the production of
nanoparticles by fungi are limited to the use of mushroom extract, which leads to the
reduction of metals, including silver, into metal particles. Thus, the synthesis of nanoparticles,
and the process of ensuring the synthesis of nanoparticles takes place through several
methods, including a method of biosynthesis known as green synthesis, which is characterized
by being environmentally friendly. It produces materials that act as reductants and stabilizers
for nanoparticles, as well as providing nanoparticles of a fixed size and stability (Gupta and

Chauhan, 2017). The fungus Fusarium solani is one of the most common parasitic pathogens
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that infect a large number of different crop plants in warm parts of the world, reaching more
than 50 plant species belonging to different plant families, causing losses ranging between 30-
80% (Haq et al., 2012). It is also one of the most dangerous causes of wheat seedling death
and drop, root rot and wilting in tomato crops (Kipngeno et al., 2015).
So the aim of the research is to:
1. Biosynthesis of AgNPs from the fungus Fusarium solani using the green construction
method and studying their properties.
2. Evaluating the efficiency of these particles in controlling seedling death and drop
disease caused by the fungus F. solani on some Iragi wheat varieties.
3. Testing the effectiveness of the reductase enzyme in producing AgNPs from the

fungus F. solani.

Material and Methods

Preparing different concentrations of silver nitrate

Different concentrations of silver nitrate were prepared by adding AgNO3 silver nitrate

powder to sterile distilled water in liter-sized beakers, as follows:

1. Prepare a concentration of 0.5 mM by dissolving 0.085 g/L of water

2. Prepare a 1 mM concentration by dissolving 0.17 g/L of water

3. Prepare a 1.5 mM concentration by dissolving 0.25 g/L of water

4. Prepare a 2 mM concentration by dissolving 0.34 g/L of water

After obtaining the required concentrations the beakers containing the different
concentrations of silver nitrate were covered with aluminum foil and stored at a temperature
of 4°C.

Solutions for the determination of nitrate reductase enzyme. The solutions were
prepared according to the method Hassan and Hassan., (2021):
a) Preparation of solution (A): Prepare the solution from 30 mM AgNO3 with 25 ml
propanol, 5% concentration, in a liter of phosphate buffer.
b) Preparation of solution (B): Prepare the solution from (58 mM sulphanilamide and
0.05 mM N-(1-naphthyl ethyiene diamine dihydrochloride (NEED)
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Preparation of solid fungal medium: Potato Dextrose Agar (PDA)

Prepare the solid medium Potato Dextrose Agar (PDA) by dissolving 39 g of the
prepared medium (Indian Media Hi Company) in one liter of distilled water according to the
prepared company’s instructions, then sterilize the medium in an autoclave at a temperature of
121°C and a pressure of 1.5 bar for 20 minutes afterwards. The medium was cooled to a
temperature of 40°C, then the antibiotic Ampiclox was added at a rate of 100 mg/liter to the
medium, and finally the medium was poured into Petri dishes and left to solidify at room

temperature, and after solidifying, it was placed in the laboratory refrigerator.

Preparation of liquid fungal medium: Potato Sucrose Broth (PSB)

Prepare the liquid fungal medium, Potato Sucrose Broth (PSB), by adding 200 g of
potato pieces to 2 liters of distilled water, taking into account the amount of water evaporated.
Place the mixture in a 2-liter beaker on a heat source for 60 minutes. After the specified
period of time has passed, it was Filter the mixture using filter paper to obtain the aroma.
Complete the volume to one liter using distilled water Then 20 grams of sucrose were added
to it, then it was stirred continuously for 30 seconds, after which the liquid fungal medium
(PSB) was obtained. The medium was placed in 500 ml flasks, 250 ml/medium for each flask,
then sterilized in an autoclave at a temperature of 121 °C and a pressure of 1.5 bar for 20
minutes later, the medium was cooled to a temperature of 30°C, then the antibiotic Ampiclox

was added at a rate of 100 ml/liter of medium.

Inoculation of liquid medium (PSB) with the fungus Fusarium solani

The fungus Fusarium solani was inoculated by adding small pieces of the fungal
colony, 1 cm in diameter, using a cork drill to the previously prepared liquid nutrient medium
(PSB), The flasks were incubated in the incubator for seven days at a temperature 27 °C,
taking care to move the flasks 3 times a day. Growth was monitored daily until a complete

colony was obtained.

Preparation of silver nanoparticles from the fungus Fusarium solani according to
the previously used method (Hassan and Hassan, 2019)
Preparation of silver nanoparticles from the filtrate, biomass and hot and cold

extract of the fungus Fusarium solani
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Filter the F. solani mushrooms growing in the liquid medium (PSB) using separate filter
paper. After separating the biomass from the filtrate and obtaining the mushroom filtrate, the
filtrate was placed in 10 ml tubes. Then the tubes were placed in the centrifuge for 10 minutes
at a rate of 5000 rpm for the purpose of separation. The sediment from the liquid was
collected in 5 ml and placed in 10 ml tubes. Then different concentrations of previously
prepared silver nitrate (0.5, 1, 1.5, 2 mM) were added to it, each concentration separately in
the form of drops, at the rate of 5 ml for each concentration, with the control treatment, which
did not contain any of the concentrations mentioned, only the fungal filtrate clearing, which
serves as Zero concentration, and finally the tubes were incubated according to the optimum
temperature. For 72 hours in the dark, the tubes were followed for different time periods and
the color change of the different concentrations was recorded.

Prepare the hot extract of the biomass of the fungus Fusarium solani by adding 1 gram
of biomass/5 ml of distilled water at a temperature of 70°C. Place the mixture in a ceramic
mortar. The mixture is crushed until reaching a state of homogeneity and obtaining the hot
extract of the biomass. The extract was filtered using filter paper and transferred to 10 ml
tubes. Then the tubes were placed in the centrifuge for 10 minutes at a rate of 5000 rpm for
the purpose of separating the precipitate from the eluent. The eluent was collected in an
amount of 5 ml and placed in 10 ml tubes, then different concentrations of silver nitrate (0.5,
1, 1.5, 2 mM) in the form of drops, 5 ml for each concentration, with the control treatment,
which did not contain any of the concentrations, only biomass drippings from the hot extract,
which is considered a zero concentration. The tubes were incubated in the dark for 72 hours,
and the color variation for each concentration was recorded.

Prepare the cold extract of the cold biomass by adding 1 gram of biomass / 5 ml of
distilled water at a temperature of 5 °C. Place the mixture in a ceramic mortar. The mixture is
crushed until reaching a state of homogeneity and obtaining the cold extract of the biomass.
Filter the extract using filter paper. Place the extract. In tubes with a capacity of 10 ml, the
tubes were placed in the centrifuge for 10 minutes and at a rate of 5000 revolutions for the
purpose of separating the sediment from the clear. The liquid was collected in a quantity of 5
ml, and the liquid was placed in 10 ml tubes, then different concentrations of silver nitrate
(0.5, 1, 1.5, 2 mM), previously prepared in the form of drops, were added to it in the amount
of 5 ml for each concentration, along with the control treatment that did not contain At any of
the mentioned concentrations, only the biomass of the cold extract was detected, which is
considered a zero concentration. The tubes were incubated in the dark for 72 hours for the
purpose of obtaining color contrast.
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Biomass was prepared by adding 1 gram of biomass/10 ml concentration of previously
prepared silver nitrate (0.5, 1, 1.5, 2 mM), each concentration separately, except for the
control treatment, which contained 1 gram of biomass/10 ml of distilled water. The tubes
were incubated for 48 hours in the dark at room temperature, and after obtaining a color
change, the mass was separated from the filtrate. The tubes were placed in the centrifuge for
10 minutes and at a rate of 5000 revolutions for the purpose of separating the precipitate from
the eluent. The eluent was collected in an amount of 5 ml, then placed in 10 ml tubes and
incubated at a temperature of 25 °C in the dark for 72 hours for the purpose of obtaining the

color contrast.

Silver nanoparticle formation test

Chromatic contrast

Silver nanoparticles were detected by chromatography by changing their color state
after 72 hours of incubation at a temperature of 25 °C, through changing the color of the
filtrate from white to yellow and brown according to the concentration added to the fungal
filtrate, the hot extract of the fungal biomass, and the cold extract of the fungal biomass and
the mass. The vital activity of fungi individually (Al-Naimi, 2018).

Spectroscopic analysis using a spectrophotometer-uv-vis

The optical properties of silver nanoparticles resulting from mushroom filtrate, hot and
cold extracts of biomass, and mushroom biomass were determined using a spectrophotometer.
The sample was prepared by taking 2 ml of the previously prepared solutions. The samples
were placed for examination with the above-mentioned device at a wavelength of 200-500
nanometers, and the values were recorded. Absorbance at each wavelength (Al-Shammari,
2015) .

Scanning electron microscope (SEM)

The structural characteristics of the sample were determined in terms of shape and size.
The sample was prepared by placing drops of the previously prepared silver nanoparticle
solution on a glass slide and drying it at a temperature of 60°C for 30 minutes. It was then
dyed with crystal violet dye for 1 minute, then washed. With distilled water, the sample was
fixed using a solution of Camza dye for 1 minute, after which the sample was plated with gold
in a saturated gas surrounding. Arcon under a pressure of 50 Pascals and a current of 50 mA

for 50 seconds. Then the sample was examined with a scanning electron microscope (SEM) at
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75.000 X magnification. The experiment was used at the University of Technology at the

Nanocenter according to the method used before (Elamawi et al., 2018).

Concentrations of silver nanoparticles prepared from the fungus Fusarium solani
in the germination process of wheat seeds

Wheat seeds, variety (Sham 6), were treated with concentrations of silver nanoparticles
from the fungus Fusarium solani, previously prepared for the fungal filtrate, and hot and cold
extracts for biomass and fungal biomass at concentrations (0, 0.5, 1, 1.5, 2 mmM). The wheat
seeds were soaked in the above-mentioned treatments. The tubes were left for 2 hours, after
which the seeds were placed in petri dishes containing filter papers moistened with water. The
plates were then incubated at a temperature of 25 °C, and the plates were followed after which
the percentage of germination was recorded according to the following equation.

Germination rate % = Number of germinated seeds \ Total number of seeds x 100

Pathogenicity of the fungus Fusarium solani:

The pathogenicity of the fungus Fusarium solani was studied, estimated by the
germination rate of wheat seeds, by placing a disk of a newly growing colony of the
pathogenic fungus with a diameter (1 c¢cm) in the middle of a Petri dish containing solid
nutrient medium (PDA) using a cork drill. After the fungal colony grew and before it reached
the edge of the dish, it was placed The wheat seeds were then incubated in the plates in the
incubator at a temperature of 25 °C. Growth was monitored for different periods of time (4, 6,
8 days), and then pathogenicity was estimated based on the germination rates of the seeds
(Al-Obaidi, 2012).

Estimating the effectiveness of the nitrate reductase enzyme

The effectiveness of the nitrate reductase enzyme was estimated following the method
approved by (Hassan and Hassan, 2019), which is summed up by adding 2.5 ml of previously
prepared concentrations of silver nanoparticles for each of (the fungal filtrate, the hot extract,
the cold extract, and the fungal biomass, each separately, to 2.5 ml of solution (A) Previously
prepared at pH 7.5, the mixture was incubated at 25 °C for 60 minutes, then 1.25 ml of
solution (B) was added to it. To stop the reaction and note the color change to dark pink, the
absorbance of the solution was measured at a wavelength of 540 nm using a
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spectrophotometer, and the enzyme activity units were estimated based on the absorbance and

according to the following equation:

Absorbance at a wavelength af 540 nm

Enzymatic activity (units/ml) = 2.5 x 60

60 = reaction time (minutes)

2.5 = Added enzyme solution (ml)

Studying the effect of concentrations of silver nanoparticles on the fungus
Fusarium solani, which causes seedling death and drop disease
The effect of concentrations of silver nanoparticles prepared in this study on the growth of
the pathogenic fungus Fusarium solani was studied by placing a piece of the pathogenic
fungus with a diameter of 1 cm in the middle of dishes containing solid nutrient medium
(PDA) using a cork culturer, and upon the arrival of the fungal colonizer at a distance (1 cm)
from the middle of the dish. The dishes were treated with different concentrations of silver
nanoparticles (0.5, 1, 1.5, 2 mM). By making four holes at a distance of 2 cm from the fungal
colony, concentrations of 0.1 ml were placed in the holes and incubated at a temperature of 25
°C. When the mushrooms had completed growing in the control treatment (distilled water
instead of silver nanoparticles) to the end of the dish, the distance from the end of the dish

was measured. Colony edge to pits containing silver nanoparticles (mm).

Statistical analysis

The research experiments were applied according to a completely randomized design
(CRD) with a factorial experiment, and the results were analyzed using the Statistical
Analysis System -SAS (2012). The averages were compared according to the least significant
difference (LSD) test under the 0.05 level (Al-Rawi and Abdel Aziz, 2000).

Results and Discussion

Detection of silver nanoparticles by contrast chromatography

The results are shown in Figure (1) to detect the biosynthesis of silver nanoparticles
using color variation to change the color of the mushroom filtrate, the mushroom biomass,
and the hot and cold extract of the fungus Fusarium solani biomass from colorless to yellow
and brown with increasing concentration after 72 hours of adding silver nitrate. To mushroom

filtrate, mushroom biomass, and hot and cold extracts of Fusarium solani fungal biomass,
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This is evidence of confirmation of the synthesis of ultra-small silver nanoparticles by color

change within the solution, while no color change appeared in the control solution.

g A
i

Figure 1. Color variation of Fusarium solani fungus filtrate 72 hours after adding silver nitrate

The explanation for this phenomenon is attributed to the phenomenon of surface
plasmon resonance. This phenomenon has a property that occurs in many metals, including
silver, as a result of the diameter of its particles reaching the nanometer scale. Therefore, the
Spectrophotometer UV.VIS spectrophotometer is used at different wavelengths to prove the
formation of Silver nanoparticles (Krishnaraj et al., 2010; Bamsoud and Bahwirth, 2017).
This result was consistent with (Mahmoud, 2017) When he noticed a color change in the
filtrate of the fungus Entomophthora muscae after adding a solution of silver nitrate after 72
hours, from colorless to yellow-brown, which confirmed the formation of silver particles at

wavelength 420 using a spectrophotometer.

The optical spectrum of the studied fungi

Optical spectrum of cold Fusarium solani extract

The results of the optical spectrum in Figure (2) for the cold extract of the Fusarium
solani show that there is an increase in the absorbance values with increasing concentration of
the cold mushroom extract. The results also show that the highest range of absorption was
within the wavelength 400 450, as the highest absorbance value reached 0.71 at the
wavelength 450 for concentration 2 mM, followed by 0.66, 0.61, and 0.5 for concentrations of

1.5, 1, and 0.5 mM, respectively, at the same wavelength.
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Figure 2 of the cold extract of the fungus Fusarium solani

Optical spectrum of Fusarium solani extract:

The results in Figure (3) show that there is an increase in absorbance values with
increasing concentration of the hot Fusarium solani extract, that is, there is a direct
relationship between absorbance and concentration, that is, the higher the absorbance, the
higher the concentration. It is noted from the results in this figure that the highest range of
absorption was within the wavelength. 375_425, as the highest absorbance value was 0.81 at
wavelength 400 for the concentration of 2 mM, followed by concentrations of 1.5, 1, and 0.5

mM, as the absorbance reached 0.73, 0.63, and 0.55, respectively, at the same wavelength.
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Figure 3. Optical spectrum of hot extract Fusarium solani
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Optical spectrum of Fusarium solani fungus filtrate

The results of the spectrophotometric analysis show that the highest absorption range
was within the wavelength 400-450, as the highest absorption value reached 1.78 for the
concentration of 2 mM at the wavelength of 425, followed by 1.66, 1.61, and 1.55 for the
concentrations of 1.5, 1, and 0.5 mM, respectively, at the same wavelength of filtrate.
Fusarium solani As the results in Figure (4) show, there is an increase in absorbance values

with increasing concentration of the fungal filtrate at all wavelengths.
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Figure 4. Optical spectrum of the fungus Fusarium solani filtrate

Optical spectrum of biomass of the fungus Fusarium solani

The results are shown in Figure (5). When the concentration increases, the absorbance
values increase at all wavelengths of the Fusarium solani fungus biomass extract. The results
of the optical spectroscopic analysis of the fungus biomass extract show that the highest range
of absorption was within the 400-450 wavelength, as the highest absorbance value reached
2.037 at the wavelength. 425 for the concentration of 2 mM, followed by 1.96, 1.89, and 1.77

for the concentrations of 1.5, 1, and 0.5 mM, respectively, at wavelength 425.
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Figure 5. Optical spectrum of the biomass extract of the fungus Fusarium solani

The results above explain that the most important reason for the increase in absorbance
with increasing concentration may be attributed to the fact that these fungi have a high
effectiveness in the synthesis of silver nanoparticles, and according to the concentrations
studied, the higher the concentration, the greater the result of an increase in the synthesis of
Ag nanoparticles and thus an increase in the silver particles formed, as the higher the
concentration, the greater the The value of absorbance and the intensity of absorbed light, i.e.
there is a direct relationship between them (Bhattacharyya et al., 2012). The most important
range of wavelengths for silver particles falls within (390-475), which achieves nanoparticle
sizes within 5_100 nanometers manufactured by fungi (Soni and Prakash, 2013). The results
of previous studies indicated that the nanoscale dimensions of (5- 100) and according to the
wavelengths of the nanoparticles manufactured by fungi for (cold extract, biomass, and
filtrate), which were within the nanoscale range of (10 - 100), and this is what achieves the
formation of silver nanoparticles in The three cases. These results were consistent with
(Bhainsa and D’Souza, 2006) after they obtained the highest absorbance at a wavelength of
420 nm from the fungus Aspergillus fumigatus, which indicates the formation of silver
nanoparticles in the solution of the leachate, biomass, and cold extract. These results also
agreed with Vahabi et al., (2011) when silver particles were formed from the fungus
Trichoderma sp at wavelength 420.

As for the hot extract, it was smaller in size than the nanoscale (10-100) in some cases
due to the formation of silver nanoparticles. The reason for this is due to the lack of reduction
of silver nitrate by the nitrate reeducates enzyme that is released by in the solution of the hot
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mass extract. Which has the ability to reduce metals, especially silver nitrate (Al-Shammari,
2015). The reason for this is also due to the lack of irritation of plasmon vibrations at the
metal surface, which led to the non-formation of silver nanoparticles of their normal sizes
(Adebayo and Oloke, 2017).

Scanning electron microscope (TEM)

The results in Figure (6) show the detection of silver nanoparticles by scanning electron
microscopy (TEM), the formation and determination of the shape and size of silver
nanoparticles in oval and spherical shapes, and the size of silver nanoparticles at nanosizes of
30-70 nm.

Figure 6. Scanning electron microscope of silver nanoparticles (AgNPs) at 75,00kx
magnification

The above results prove the formation of silver nanoparticles at sizes 30-70 nanometers,
and this is what was stated in the study (Gopinath and Velusamy, 2013), which confirms that
nanoparticle sizes fall between 5-100 nanometers, and these results are consistent with (Duran
et al., 2005) and also agreed with (Al-Naimi, 2018).

Effect of concentrations of silver nanoparticles prepared from the fungus
Fusarium solani on germinating seeds of wheat variety (Sham 6) %

The results in Table (1) indicate the effect of concentrations of silver nanoparticles
prepared from Fusarium solani on the percentage of germination of seeds of wheat variety
(Sham 6), as the fungal biomass treatment outperformed the rest of the treatments, reaching

97.01%, with no significant differences with the hot extract treatment of the mass. The vitality
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of the mushrooms reached 97.00% compared to the treatments of cold extract of mushroom
biomass and mushroom filtrate, which reached 96.85% and 96.71%, respectively.

With regard to concentrations, the 0.5 mM concentration showed the highest seed
germination rate, reaching 97.54%, with no significant differences with the 1 mM
concentration, which reached 97.33%, compared to the 1.5 and 2 mM concentrations, which
gave 96.85 and 96.78%. As for the interaction The treatment with mushroom filtrate at a
concentration of 0.5 mM showed the highest seed germination rate, reaching 98.08%, with
significant differences with the treatment consisting of cold extract of biomass, which showed
the lowest seed germination rate, giving 95.10%.

Table 1. Effect of concentrations of silver nanoparticles prepared from the fungus Fusarium
solani on the germination process of wheat seeds (Sham 6) %

Transactions of silver Concentrations mM Transaction rate
nanoparticles
0 0.5 1 1.5 2

The filtrate 96.36 98.08 97.95 95.84 95.34 96.71

Biomass 96.74 97.61 97.66 96.24 96.83 97.01

Cold extract 95.10 96.88 96.82 97.69 97.79 96.85

Hot extract 95.67 97.60 96.96 97.63 97.17 97.00

Concentration rate 95.96 97.54 97.33 96.85 96.78 96.89

Minimum significant difference L.S.D. o5 for treatments 0.39 for concentrations 0.44 Interaction 0.95

The interpretation of the above results is that the concentrations of silver nanoparticles did
not have any negative effect on the germination process of wheat seeds in all fungal
treatments of silver nanoparticles, and that silver nanoparticles have the ability to increase the
water content, which in turn leads to an increase in moisture content. Moreover, Silver
nanoparticles increase cell division, which leads to a higher germination rate in plants (Farooq
et al., 2005). The reasons for the decrease or increase in germination % may also be attributed
to other compounds present in the fungal filtrate, biomass, or both hot and cold extracts, and
such compounds (alkaloids, phenols, enzymes). The presence of such compounds or their
interference with the concentrations of silver nanoparticles may encourage or discourage
germination. Seed germination (Wuttipong et al., 2017). On the other hand, the studied fungi
are different species and therefore there is a difference in their genetic structure and
physiological behavior, which is reflected in the production of medicinal compounds that may

encourage or inhibit seed germination (Chang and Miles, 2004).
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The pathogenicity of the fungus Fusarium solani, which causes death and fall of
wheat seedlings, estimated by the percentage of germination of wheat seeds, Sham 6
variety

The results in Figure (6) show the pathogenicity of the pathogenic fungus Fusarium
solani on the germination rate of wheat seeds (Sham variety 6), as it is noted that the
pathogenic fungus has a high impact on the germination rate starting after four days of
incubation, as the germination rate of wheat seeds reached 52.67%. After six days of
incubation, the germination rate decreased due to the influence of the pathogenic fungus,
reaching 26.6%. After eight days, the effect of the pathogenic fungus was very high, as the
germination percentage decreased to 11.48%.

52,67

Germination rate(%)

8 6 4
Incubation time :day

Figure 6. Pathogenicity of the fungus Fusarium solani estimated by the percentage of
germination of wheat seeds, Sham 6 variety. (LSD o.0s5: 9.15)

The reason for this is that the pathogenic fungus Fusarium solani has high virulence in
attacking its plant hosts. The fungus showed high virulence towards seeds through direct
penetration due to mechanical pressure by the appressorium, which in turn works to penetrate
the cells of the epidermis and cuticle through mechanical penetration as a result of the
pressure of the fungus on the epidermis and also Through the production of cell wall-
degrading enzymes, it kills the tissue by producing enzymes and hydrolytic toxins that lead to
dissolution, including Lytic enzymes, which work to completely destroy and collapse the cell
walls of the infected grains in the penetration area to help the fungus spores penetrate
(Schroeder et al., 2013).
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Estimation of the activity of the nitrate reductase enzyme using concentrations of
silver nanoparticles prepared from the fungus Fusarium solani

The results of the effectiveness of the nitrate reductase enzyme using concentrations of
silver nanoparticles prepared from the fungus Fusarium solani in Table No. (2) show that
filtrate treatment was superior to the other treatments. The results also show that the 1.5 mM
concentration in the filtrate treatment was superior to the rest of the concentrations of the
treatments, as it showed the highest rate of enzymatic activity, reaching 0.63 units/ml,
followed by the same concentration from the same treatment, reaching 0.52 units/ml,
compared to the 0 mM concentration of Treatment of the hot extract of biomass reached 0.02
units/ml. The results also showed an increase in the activity of the enzyme for all treatments
by increasing the concentration up to a concentration of 1.5 mM, then the activity decreased at
a concentration of 2 mM.

Table 2. Estimation of the effectiveness of the nitrate reductase enzyme using concentrations
of silver nanoparticles prepared from the fungus Fusarium solani

Transactions of silver Concentrations mM Transaction rate
nanoparticles
0 0.5 1 1.5 2
The filtrate 0.055 0.42 0.49 0.63 0.47 0.41
Biomass 0.027 0.24 0.31 0.37 0.34 0.25
Cold extract 0.032 0.36 0.43 0.52 0.38 0.34
Hot extract 0.022 0.15 0.21 0.26 0.18 0.16
Concentration rate 0.033 0.29 0.36 0.44 0.34 0.29
Minimum significant difference L.S.D. 05 for treatments 0.017 for concentrations 0.011 Treatments x concentrations
0.21

The above results explain that the enzyme nitrate reductase, released by
microorganisms, is one of the most important factors in the synthesis of silver nanoparticles.
Studies have shown that NADH- and NADH-dependent enzymes, especially nitrate reductase,
are important factors in the biosynthesis of metal nanoparticles (Hassan and Hassan, 2021).
During the reduction process, nitrate is converted to nitrite which in turn transfers electron to
silver ions and as a result, silver ions are converted into silver nanoparticles (Ghorbani, 2012)
The reason for the superiority of the filtrate as having the highest enzyme activity is that the
fungus produces the enzyme in its extracellular form to a greater extent than from the inside
of the cell. As for the cold extract of the biomass, the cooling conditions preserved the
effectiveness of the enzyme, which led to the enzymatic activity of the cold extract being
higher than that of the hot extract, which in turn was affected by the heat because the enzyme

138



consists of a protein and a mineral part. The reason for the decrease in the enzymatic activity
of the biomass is that the biomass Limited enzyme production for biomass in the presence of
different concentrations of silver nitrate compared to the filtrate, in which the enzyme is
produced by the fungus throughout the incubation period (Anil et al., 2007).

The reason for the decrease in enzymatic activity at a concentration of 2 mM is due to
the presence of compounds within the filtrate, the hot and cold extract, and the biomass of the
fungus, which have the effect of interfering with high concentrations of silver nanoparticles,
which led to a decrease in the effectiveness of the enzyme and such compounds (alkaloids,
phenols, enzymes, and (products fungal), The materials resulting from enzymatic activity are
determined by two factors: the first is the enzyme and the second is the concentration of the
base material with some reaction conditions. Whenever the silver ions increase to the highest
limit of the amount of the enzyme in the samples, this means that the enzyme is unable to
convert higher concentrations, and with changing reaction conditions (time + pH) it affects
This negatively affects the work of the enzyme as well, and this leads to a decrease in the
enzyme activity at a concentration of 2 mM, and the reason for the decrease in concentration
is 0 mM. Due to the absence of the base material for the enzyme, the reason for the maximum
enzymatic activity at the concentration of 1.5 mM is due to the high enzymatic activity of the
nitrate reductase enzyme, which converts silver ions into silver nanoparticles (Hamedia et al.,
2017).

Effect of concentrations of silver nanoparticles prepared from filtrate, mass, hot
and cold extracts of Fusarium solani on inhibition of growth of the pathogenic fungus
Fusarium solani

The results are shown in Figure (3) of the effect of concentrations of silver nanoparticles
prepared from filtrate, mass, and hot and cold extracts of the fungus Fusarium solani in
inhibiting the growth of the pathogenic fungus Fusarium solani, until there is an increase in
the rate of inhibition when the concentration increases up to a concentration of 1.5 mM in all
treatments, as the results show. To the superiority of all treatments in inhibiting the
pathogenic fungus Fusarium solani over the treatment of hot extract of the fungus biomass
The results also show that the mushroom filtrate recorded the highest rate of inhibition at the
concentration of 1.5 mM, reaching 0.64 mM, compared to the hot extract treatment at the

concentration of 0.5 mM, reaching 0.11 mM.
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Table 3. Effect of concentrations of silver nanoparticles prepared from filtrate, bulk, and hot
and cold extract of Fusarium solani fungus

Transactions of silver nanoparticles Concentrations mM Rate
0 0.5 1 15 2

The filtrate 0 0.14 0.26 0.64 0.48 0.30

Biomass 0 0.16 0.23 0.41 0.25 0.21

Cold extract 0 0.18 0.26 0.55 0.43 0.28

Hot extract 0 0.11 0.16 0.17 0.13 0.11

Concentration rate 0 0.15 0.23 0.44 0.32 0.23
Minimum significant difference L.S.D. o5 for treatments 0.053 for concentrations 0.059 Treatments x concentrations

0.11

Figure 7. Experiment on the effect of concentrations and treatments of silver nanoparticles on
inhibiting the pathogenic fungus Fusarium solani

The reason for the inhibition of fungi by concentrations of silver nanoparticles is that
silver nanoparticles have the ability to affect the DNA of the pathogenic fungus by causing
the DNA to lose its ability to copy and replicate, which leads to a defect in the process of
cloning the DNA strand (Kim et al., 2012). It also has the ability To penetrate the cell walls
(Al-Wakeel, 2103). This is because silver nanoparticles have the ability to adhere to the walls
of fungal cells and then penetrate, analyze and absorb the cell walls through interaction with
the metabolic and biological processes within the fungus, which leads to influencing the
regulatory processes of the proteins and enzymes of the fungus and thus inhibiting the fungus
(Narayanan and Hyun, 2011). They also have an effective role in damaging the proteins, fats,
and nucleic acids of fungal cells. Nanoparticles can also bind directly to the fungal cell
membrane, leading to the destruction of spores, fungal hyphae, and reproductive structures of

the pathogenic fungus (Hwang et al., 2008).
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Conclusions

1. The high ability of the pathogenic fungus Fusarium solani to produce silver
nanoparticles.
2. Silver nanoparticles biosynthesized from the pathogenic fungus Fusarium solani
have no effect on the germination rate of wheat seeds.
3. High efficiency of the reductase enzyme in the process of synthesis of silver
nanoparticles.

Recommendation:

1. The use of biosynthetic silver nanoparticles from the fungus Fusarium solani to inhibit
plant fungal pathogens.

2. Use of silver nitrate in the synthesis of nanoparticles

3. Using fungi in the biosynthesis of nanoparticles because of their high ability in the
biosynthesis process.

4. Testing the effectiveness of the reductase enzyme in using the biosynthesis process of
nanoparticles for the compatibility process between the particle production process.
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This study evaluates the RWH potential of Yesilkdy Prof. Dr. Murat
Dilmener Emergency Hospital, a 1000-bed facility, using a simplified
analytical approach. Satellite imagery and regional precipitation data were
employed, categorizing roof sections based on size, type, and material, with
aggregated segments simplifying the calculations. The analysis estimated an
average monthly RWH potential of 1261.00 m3, with December and January
demonstrating the highest potential at 2273.57 m?® and 2053.77 m’,
respectively, and July recording the lowest at 515.16 m?. Seasonal variability
was quantified through a standard deviation of 586.94 m?, a coefficient of
variation (CV) of 46.54%, a positive skewness of 0.50, and a kurtosis of -
1.36, indicating moderate variability and relatively stable harvesting
conditions. The study also shows that RWH can contribute between 2.77%
and 12.22% of the hospital’s monthly water demand, translating into
thousands of cubic meters of annual water savings. While these percentages
may appear modest, the benefits of RWH extend beyond immediate water
contributions, providing resilience during droughts or water supply
disruptions and fostering sustainable practices within healthcare
management. This preliminary assessment, conducted under conservative
assumptions such as treating sloped roofs as flat surfaces, underscores the
feasibility of implementing RWH systems even with limited data. Future
studies incorporating precise roof measurements, material analyses, and
dynamic rainfall simulations are expected to reveal even greater potential.
By demonstrating the viability of RWH, this study provides a foundation for
decision-makers, including government authorities and hospital
management, to integrate RWH into emergency healthcare infrastructure,
advancing sustainable water management practices.
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Yagmur suyu hasadi (YSH), su kithgmi ele almak ve kritik altyapilarda su
yonetiminin verimliligini artirmak igin siirdiiriilebilir bir yaklasimdir. Bu
caligma, 1.000 yatak kapasiteli Yesilkoy Prof. Dr. Murat Dilmener Acil Durum
Hastanesi’nin YSH potansiyelini basitlestirilmis bir analitik yaklasim
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kullanarak degerlendirmektedir. Uydu goriintiileri ve bolgesel yagis verileri
kullanilarak ¢at1 boliimleri boyut, tiir ve malzeme bazinda kategorize edilmis ve
hesaplamalar1 kolaylastirmak icin benzer segmentler birlestirilmistir. Analiz,
ortalama aylik YSH potansiyelinin 1261,00 m* oldugunu ve Aralik (2273,57

Anahtar Kelimeler:

m?) ile Ocak (2053,77 m®) aylarinin en yiiksek hasat potansiyelini, Temmuz’un

istanbul ise en diisiikk potansiyeli (515,16 m®) kaydettigini gostermistir. Mevsimsel
Yagmur suyu hasadi degiskenlik, 586,94 m® standart sapma, %46,54 degisim katsayis1 (CV), 0,50
Siirdiiriilebilir su yonetimi pozitif ¢arpiklik ve -1,36 basiklik degeri ile hesaplanmis ve bu durum, orta
Stirdiirtilebilirlik diizeyde bir degiskenlige ve nispeten sabit hasat kosullarina isaret etmektedir.

Siirdiiriilebilir sehirler ve toplumlar Calisma ayrica YSH'nin hastanenin aylik su talebinin %2,77 ila %12,22'si

arasinda bir katki saglayabilecegini, bunun yillik binlerce metrekiip su
tasarrufuna doniistiigiinii gostermektedir. Bu ylizdeler miitevazi goriinebilse de,
YSH'nin faydalar1 anlik su katkilarinin 6tesine gecerek kuraklik veya su
teminindeki kesintiler swrasinda direng¢ saglamakta ve saglik yOnetiminde
stirdiiriilebilir uygulamalar1 tesvik etmektedir. Egimli catilar diiz ylizeyler
olarak ele almarak yapilan muhafazakar varsayimlar altinda gerceklestirilen bu
on degerlendirme, sinirli verilerle bile YSH sistemlerinin uygulanabilirligini
vurgulamaktadir. Gelecekteki caligmalar, hassas ¢at1 Olglimleri, malzeme
analizleri ve dinamik yagis simiilasyonlarini igerecek sekilde bu potansiyeli
daha da gelistirebilir. Bu galismayla YSH'nin uygulanabilirligini gostererek,
hiikiimet yetkilileri ve hastane yonetimi gibi karar vericilere YSH nin acil saglik
altyapisma entegrasyonunu tesvik edecek bir temel saglanmakta ve

stirdiiriilebilir su yonetim uygulamalar1 desteklenmektedir.

To Cite: Muftuoglu TD., 2025. A preliminary investigation of rainwater harvesting potential in emergency healthcare facilities:
Case study of Yesilkoy Prof. Dr. Murat Dilmener Hospital. Kadirli Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 145-172.

Introduction

The issue of water scarcity is one of the most significant problems faced by the world
today, due to the rapid urbanization of cities, the increase in the world population, and global
warming. Rainwater Harvesting (RWH) has become a sound and sustainable solution to the
water shortage by collecting, storing, and reusing rainwater for nonpotable, and in some cases
potable, use. RWH not only reduces dependence on conventional water supply systems but also
mitigates urban flooding and enhances environmental sustainability. Despite its demonstrated
benefits in various urban and rural settings, the application of RWH in emergency healthcare
facilities has received limited attention in academic and practical domains. Given the large roof
areas typically available in hospitals and the significant rainfall in many regions, these facilities
present considerable opportunities for implementing RWH systems.

This study focuses on Yesilkdy Prof. Dr. Murat Dilmener Emergency Hospital as a case
study to assess the feasibility and potential of RWH in an emergency healthcare setting. Using
a simplified analytical approach, the study integrates roof area, material type, and regional
precipitation data to estimate RWH potential. Roof sections were categorized and grouped
based on size, type, and material to streamline calculations, while assumptions such as flat roof
surfaces were made to ensure a timely and preliminary assessment. Although these assumptions
introduce some limitations, they highlight the significant promise of RWH, even under

conservative conditions.
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The primary aim of this study is to provide a foundational understanding of the potential
benefits of RWH in emergency hospitals and to encourage decision-makers, including
government authorities and hospital management, to integrate RWH strategies into healthcare
infrastructure. By showcasing potential water savings and sustainability benefits, the findings
serve as a stepping stone for future, more detailed analyses that incorporate roof slopes and
precise dimensions. Ultimately, this research underscores the role of RWH in advancing
sustainable water management practices within the healthcare sector.

RWH systems in healthcare facilities also support broader urban sustainability goals.
RWH systems have demonstrated significant water and energy savings, particularly in hospital
environments. Guidelines for water safety and quality in healthcare premises emphasize the
importance of ensuring reliable water supply systems, which aligns with the potential of RWH
systems to improve water management in hospital settings (Scottish Health Technical
Memorandum 04-02, 2015).

RWH systems at hospital building sites have shown tremendous potential for both water
and energy savings, especially when combined with metal roofs (with a runoff coefficient of
0.95) and optimum tank sizes. Yet cost and long payback times for larger, more efficient tanks
suggest the importance of compromising with environmentally sustainable and economic
feasibility (Nasif et al., 2016).

RWH systems in hospitals represent great potential for substantial freshwater and
operational cost savings. For example, the University College Hospital Ibadan found that a 12
m? tank could satisfy 78.1% of its water demand, resulting in savings of $51,072 over a period
of 50 years, with a quick one-year payback period (Lade and Oloke, 2017).

In large hospitals located in semi-arid areas, RWH systems, when paired with demand-
side measures like low-flow fixtures and xeriscaping, have demonstrated external water savings
of around 25%. This decrease is largely a function of several crucial design variables such as
rain catchment area, facility dimensions, and storage tank characteristics (Fulton, 2018).

All hospitals can benefit from water management goals through RWH systems, upon
which they can rely: increase groundwater recharge, stormwater management (leads to less
flooding), reduce potable water consumption. For example, a case study at AIIMS Hospital,
Raipur, brought out the primary design factors and their associated costs and the twofold
purposes of the urban water level management system serving both as a water system and a
groundwater recharge system (Das, 2019).

RWH systems have shown a great promise to meet emergency water needs in health care

facilities. For example, at Dilla University Referral Hospital in Ethiopia, RWH can provide
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94.5-238.5% of emergency water demand, which suggests that RWH is a reliable alternative
water source during public health emergencies like the pandemic of COVID-19 (Kanno et al.,
2021).

Rainwater for drinking (RFD) systems in the hospital, especially in relatively rural
regions, serves as a tool to increase the reliability of water supply by implementing a rigorous
training and monitoring system. These systems have been used for increased confidence in
operations and assurance in meeting drinking-water standards, addressing SDG 6 (Lee et al.,
2021).

Assumptions and Limitations

This study is based on several key assumptions to facilitate the preliminary assessment of
rainwater harvesting (RWH) potential. First, sloped roof surfaces were treated as flat to simplify
calculations, which may underestimate the actual harvesting potential. Second, the runoff
coefficients were derived from literature values for similar roofing materials, as on-site
verification was not feasible. Third, the analysis relied on satellite imagery for roof area
measurements, which may introduce minor inaccuracies compared to precise on-site
measurements. Additionally, the study did not account for potential losses due to evaporation,
leakage, or first-flush diversion. These assumptions and limitations highlight the need for future
studies to incorporate detailed roof measurements, dynamic rainfall simulations, and on-site

validation to refine the estimates further.

Material and Methods

Case study hospital

Yesilkdy Prof. Dr. Murat Dilmener Emergency Hospital, located in Istanbul, Turkey, was
established to address critical healthcare needs during emergencies, including pandemics and
natural disasters. Constructed in just 52 days on the grounds of Istanbul Atatiirk Airport, the
hospital spans 125,000 square meters, with a covered area of 75,000 square meters. It features
1,008 beds, including 432 intensive care units, 16 operating theaters, and around 100 dialysis
units (Wikipedia, 2020). Named after Prof. Dr. Murat Dilmener, a prominent physician who
passed away due to COVID-19, the facility symbolizes Turkey's commitment to enhancing
healthcare infrastructure (Ministry of Health, 2020). In Figure 1, the geographical location of
Yesilkoy Prof. Dr. Murat Dilmener Emergency Hospital is presented. In Figure 2, the satellite

image of the hospital is given.
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Figure 1. Location of the case study hospital
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Figure 2. Satellite image of the case study hospital

Water consumption of the case study hospital

Accurate data on the water consumption of Yesilkdy Prof. Dr. Murat Dilmener
Emergency Hospital is unavailable due to constraints in accessing detailed operational records.
Comprehensive water consumption records often require formal requests and processing
through administrative channels, which can be time-intensive and were not feasible within the
timeline of this study. Therefore, an estimated consumption range is derived based on
established benchmarks for hospitals in similar settings.

Studies and guidelines indicate that water consumption in healthcare facilities varies
depending on factors such as geographical location, services provided, and facility size. For
instance, the U.S. Environmental Protection Agency (EPA) reports that the median hospital
uses approximately 315 gallons (about 1192 liters) of water per bed per day (U.S.
Environmental Protection Agency, 2012). In a similar vein, the Central Public Health and
Environmental Engineering Organisation in India prescribes 450 liters per bed per day for
hospitals that have a bed count larger than a hundred. (Central Public Health and Environmental
Engineering Organisation, 2016) A study conducted in Turkey on 118 public hospitals
calculated the average water consumption per year to be about 192.26 m?® per bed, which is
approximately 526.74 L/bed/day (Teksoy and Altan, 2022). We have taken this value as a
reference in this article because the assumptions would be specific for Turkey's water usage

system and facilities in public hospitals, therefore the results could be localized.
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At Yesilkoy Prof. Dr. Murat Dilmener Emergency Hospital, a scenario-based method was
employed to analyze water use and water impact for calculating RWH potential. When
examining three different situations:

Base Scenario: Based on the national statistic average for Turkish public hospitals of
526.74 liters per bed per day.

Moderate Demand Scenario: We calculate this amount to be 600 liters per bed per day to
allow for higher water consumption like what is expected in emergency medical treatment units.

High Demand scenario: assuming 800 liters/bed/day, which is peak water demand in any
of the world's comparable facility.

A moderate load case of 600 L/b/d was used as the main basis for the calculations. This
estimate represents a compromise between the amount of water required to operate an
emergency healthcare facility and the capacity to realize its RWH potential. The study
highlights the realistic role of RWH in satisfying water demand with this value by showing that
it is neither overestimating nor requiring strictly institutional-type data. Future studies with full
hospital records input could potentially minimize these estimates to determine the best method

of contributing to sustainable water management.

Climatic conditions of the case study hospital location

Istanbul’s distinctive climate, shaped by its strategic position at the crossroads of Europe
and Asia and its proximity to the Black Sea and the Mediterranean, exhibits considerable
variability. Table 1 provides meteorological data for Istanbul spanning from 1950 to 2022,
emphasizing the importance of precipitation patterns in evaluating the potential for rainwater

harvesting.
Table 1. Rainfall records for Istanbul from 1950 to 2022 (Turkish State Meteorological Service).

Period Average Monthly Total Rainfall (mm)
January 89.7
February 70.5

March 63.1

April 47.5

May 32.6
June 27.9
July 22.5
August 24.6
September 40.5
October 66.7
November 76.0
December 99.3
Annualy 660.9
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Assessment of rainwater harvesting potential for the case study hospital

The RWH potential of the hospital’s roof is calculated using the equation 1 provided by
Gould and Nissen-Petersen (1999):

S=RxAxCr Q)

Here, S represents the RWH potential in cubic meters, R denotes the monthly rainfall in
meters, A is the roof area in square meters, and Cr is the runoff coefficient. Mothly rainfall data
are already obtained from Table 1.

The sloped roof surfaces of Yesilkoy Prof. Dr. Murat Dilmener Emergency Hospital have
been treated as flat in this study due to the absence of precise measurements for ridge height
and slope angles. While sloped roofs typically offer a larger effective harvesting area and thus
higher RWH potential, assuming flat surfaces provides a conservative estimate. This approach
ensures straightforward calculations while still showcasing the significant RWH potential of
the hospital. By demonstrating considerable harvesting possibilities under these simplified
conditions, the results emphasize the importance of integrating RWH strategies. Future studies,
incorporating slope measurements and ridge heights, would likely reveal even greater potential,
further validating the need for sustainable water management practices.

The roof area was determined using satellite imagery and the polygon measurement tool
in Google Earth Pro, a practical method given the infeasibility of on-site measurements. High-
resolution images were utilized to accurately identify roof boundaries, with sloped surfaces
assumed flat for simplicity. This conservative assumption simplifies calculations while
delivering a reliable preliminary estimate of RWH potential.

Using the polygon tool, roof perimeters were traced directly on satellite images, allowing
the tool to automatically compute enclosed areas in square meters. To streamline the process,
roofs were grouped based on geometry, size, and connectivity. Identical or similar sections were
aggregated into single measurements, simplifying the overall calculation without
compromising accuracy. The total roof area was then obtained by summing the measurements
and applied as the A parameter in the RWH potential equation.

The hospital roof is assumed to consist of metal sandwich panels, as indicated by
Teknopanel, the supplier for both Yesilkdy Prof. Dr. Murat Dilmener and Sancaktepe
Emergency Hospitals. According to Teknopanel, these panels are composed of stone wool
insulation and metal cladding, likely made of galvanized steel or aluminum. While the exact
type of metal is unspecified, the difference in runoff coefficients between galvanized steel and
aluminum is negligible compared to materials such as wood or concrete. Both metals generally

have runoff coefficients exceeding 0.90, making them highly efficient for RWH applications.
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This durable and impermeable roofing material further highlights the suitability of the hospital’s
roof for rainwater collection. The runoff coefficient values were applied as the Cr parameter in
the RWH potential equation, alongside the total roof area.

To facilitate the analysis, the hospital’s main buildings were grouped into eight categories
based on geometry, size, and material composition. Buildings with identical shapes and
dimensions were grouped together for simplicity, and materials were classified into sandwich
panels (likely metal or aluminum) and concrete. This grouping enables a streamlined yet
accurate evaluation of the RWH potential.

Assuming these roof materials enables the study to proceed without requiring on-site
verification, delivering practical and reliable insights into the hospital's RWH potential. Future
investigations incorporating detailed material analyses and slope measurements could refine
these estimates and further enhance the accuracy of RWH potential assessments.

Figure 3 presents an overview of the grouped roof sections, while Figures 4-11 illustrate
each roof section in detail. Table 2 summarizes the roof numbers along with their respective
areas and material types, and Table 3 provides the runoff coefficients for various roofing

materials.
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Figure 3. Overview of the grouped sections
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Figure 4. Roof group 1 and its polygon area measurement
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Figure 5. Roof group 2 and its polygon area measurement
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Figure 6. Roof group 3 and its polygon area measurement
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Figure 7. Roof group 4 and its polygon area measurement
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Figure 9. Roof group 6 and its polygon area measurement
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Figure 10. Roof group 7 and its polygon area measurement
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Figure 11. Roof group 8 and its polygon area measurement
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Table 2. Categorization of hospital roofs by shape, size, and material type

Roof Number Roof Material Roof Area (m?)
1 Sandwich panel (galvanized steel / iron or aluminum) ~ 700
2 Sandwich panel (galvanized steel / iron or aluminum) =90
3 Sandwich panel (galvanized steel / iron or aluminum) =~ 1450
4 Sandwich panel (galvanized steel / iron or aluminum) ~ 1700
5 Sandwich panel (galvanized steel / iron or aluminum) =~ 15500
6 Sandwich panel (galvanized steel / iron or aluminum) ~ 1800
7 Sandwich panel (galvanized steel / iron or aluminum) ~ 3500

7 SECTIONS TOTAL ~ 24740
8 Concrete ~ 900
1 SECTION TOTAL ~ 900

8 SECTIONS GRAND TOTAL ~ 25640

Table 3. Runoff coefficient for different roof types (AFPRO-UNICEF, 2006)

Roof Type Runoff Coefficient
Galvanized Iron Sheet 0.90
Asbestos Sheet 0.80
Tiled Roof 0.75
Concrete 0.70

To validate the results, the RWH potential estimates were compared with findings from
Nasif et al. (2016) and Kanno et al. (2021), both of which examined RWH potential in hospital
settings. The comparison showed that the estimated percentage of water demand met by RWH
closely aligns with their reported ranges, supporting the credibility of the results within a
healthcare facility context.

Future research is recommended to incorporate dynamic rainfall simulations and
scenario-based modeling to enhance the analysis of RWH potential under various climatic
conditions. Such simulations could capture temporal rainfall variability and provide insights

into the system's performance during extreme weather events.

The fundamental rwh system components

A RWH system tailored for the roof groups of Yesilkdy Prof. Dr. Murat Dilmener
Emergency Hospital utilizes practical and effective components. The process begins on the
roof, where the selection of roofing material is pivotal for ensuring water quality.

The hospital's roofs are assumed to consist of metal sandwich panels, likely composed of
galvanized steel or aluminum, based on supplier information. These materials are advantageous
for RWH as they resist corrosion and minimize debris accumulation, unlike materials such as

asphalt shingles, which can release contaminants over time and compromise water quality.
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Figure 12 illustrates the fundamental components of the proposed RWH system,
showcasing the flow of harvested rainwater from the roof surface to the storage system and

emphasizing its efficient and straightforward design.
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Figure 12. Fundamental RWH components (Muftuoglu and Oral, 2024)

Rainwater from the roof is directed into gutters specifically designed to accommodate
heavy rainfall, as illustrated in Figure 13. To prevent blockages, a mesh leaf screen is installed
to filter out larger debris such as leaves and twigs. While the screen effectively captures most
contaminants, finer particles may still pass through. Featuring a mesh size capable of filtering
particles larger than 1-2 mm, the screen ensures that cleaner water enters the storage system
while minimizing the risk of downspout blockages. The flow capacity of this design depends
on the dimensions and specifications of the mesh and screen, allowing for adaptability to

varying rainfall intensities.
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Figure 13. The leaf screen

The water passes through a first flush diverter on its way to the storage tank, effectively
removing heavier pollutants that may have bypassed the leaf screen. Figure 14 provides an

illustration of this diverter.
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Figure 14. The first flush diverter system (Miiftiioglu, 2024)

The first flush diverter, incorporating a ball valve within a vertical pipe, plays a crucial
role in separating contaminated water from the clean flow directed to the storage tank. When
the ball valve reaches its capacity, it seals the pipe, effectively capturing dirt and impurities.
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The trapped water can then be repurposed for irrigation using a slow-release valve or nozzle.
While this method does not ensure complete purification, it significantly improves water
quality. Additional filtration, desalination, or purification processes can further enhance the
water's usability.

Water storage tanks, commonly constructed from materials such as plastic, concrete, or
metal, share several essential features. The first critical component is the access port, which
enables regular maintenance, cleaning, and repairs. The second is the ventilation opening,
designed based on fluid mechanics principles to prevent vacuum formation and potential
implosion when water flows in or out. The third vital element is the overflow opening, fitted
with a pipe equal to or larger than the inflow, ensuring excess water is safely discharged during
heavy rainfall. This overflow can also be linked to adjacent tanks for additional storage and to
prevent spillage.

The fourth essential feature is the outlet, which facilitates water distribution for various
applications. For instance, a hose can be attached for irrigation, or the system can be connected
to sprinklers through pumping equipment. The tank material must endure environmental
conditions such as humidity and sunlight, resist chemicals, and prevent biological growth,
including mold and algae, which could compromise water quality. Sludge accumulation at the
tank base can reduce efficiency; positioning the outlet above the sludge or at the tank's base can
help mitigate clogging. Additionally, extending the inlet pipe beyond the first flush diverter and
maintaining a gap minimizes sludge buildup.

The key components of the storage tank are depicted in Figure 15.

Access Port Vent

—— 7, Overflow

Outlet * " Hose / Sprinkler Source / Re-use Supply Tap

Figure 15. The tank and its associated components (Miiftiioglu, 2024)
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Results
The rainwater harvesting potential for the roof sections of the case study hospital is

calculated using Eq. (1) and presented in Table 4.

Table 4. Rainwater Harvesting Potential of the Hospital Roof (7 metal sections and 1 concrete section)

Months RWH Potential (m?)
January 2053.77
February 1614.16
March 144473
April 1087.56
May 746.40
June 638.79
July 515.16
August 563.24
September 927.28
October 1527.16
November 1740.09
December 2273.57

Statistical analysis offers meaningful information about possible trends, patterns, and
variation in RWH potential during various months. Descriptive statistics specifically are
essential for summarizing and understanding important features of a dataset. Common
measures included mean, medians, standard deviation, range, variance, coefficient of variation
(CV), skewness, and kurtosis.

The mean, which provides an average for all the variables in a population, is a measure
of central tendency. On RWH analysis, average monthly value is the average amount of
rainwater harvesting potential received in one average month. It is essential for planning and
resource criteria in RWH systems. Based on the values provided in Table 4, the mean monthly
RWH potential for the hospital is calculated as approximately 1260.997 m?. This average
reflects a reasonable baseline for understanding the overall water harvesting capacity
throughout the year. However, deviations from this mean, such as the significantly higher
potential in December and January, or lower potential in July, highlight the importance of
flexible strategies to accommodate seasonal variations in rainwater availability. The simple

expression for obtaining the mean is presented in eq. (2).

n

Mean(u) = %Z X; 2)

i=1
Where:
x; s the individual value (e.g. monthly rainwater potential)

n is the number of values (12 for months in this case)
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The median represents the middle value in a dataset when all data points are arranged in
ascending order. In this study, the monthly rainwater harvesting (RWH) potential values
provided in Table 4 were sorted, yielding the following sequence (in m?): 515.16, 563.24,
638.79, 746.40, 927.28, 1087.56, 1444.73, 1527.16, 1614.16, 1740.09, 2053.77, 2273.57. As
there are 12 data points, an even number, the median is calculated as the average of the sixth
and seventh values in the ordered dataset, 1087.56 m?® and 1444.73 m?3. The resulting median
value is 1266.15 m®.

Unlike the mean, which is 1260.997 m?, the median is less influenced by months with
extremely high or low rainwater harvesting potential. This makes the median a more robust
indicator of a "typical” month's potential, particularly when extreme values are present. The
similarity between the median and mean values suggests a relatively balanced distribution of
rainwater harvesting potential across the months. This balance is indicative of moderate
variability in monthly rainfall, making it feasible to design rainwater harvesting systems that
can accommodate the observed trends without extensive adjustments for extreme months.

The standard deviation quantifies the dispersion or variability of data points around the
mean, providing insight into the degree of fluctuation in rainwater harvesting (RWH) potential
across different months. Based on the data provided in Table 4, the standard deviation of
monthly RWH potential is calculated as 573.62 m?. This value indicates the average deviation
of monthly RWH potential from the mean value, which is 1260.997 m®.

A higher standard deviation, like the one observed here, suggests significant variability
in monthly rainwater harvesting potential. For instance, while some months, such as July
(515.16 m?), exhibit low harvesting potential, others, such as December (2273.57 m?), show
considerably higher potential. This variability necessitates the implementation of flexible
rainwater harvesting system designs that can accommodate fluctuations, such as storage tanks
with sufficient capacity for high-rainfall months and contingency measures for low-rainfall
periods.

Conversely, a lower standard deviation would indicate more consistent RWH potential,
making system design and management simpler. However, in this case, the observed variability
underscores the importance of incorporating robust planning strategies to ensure the system can
handle periods of extreme deviations effectively, ensuring both efficiency and sustainability.

Obtaining the standard deviation can easily be done by performing the Eq. (3).
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1 n
o = ;;(xi—u)z (3)

Where:
o is the standard deviation
u is the mean
x; is the individual value
n is the number of values

The range is a measure of the spread in a dataset, calculated as the difference between the
maximum and minimum values. This simple yet powerful metric highlights the total variation
within a dataset. In the context of rainwater harvesting, the range indicates the disparity between
the months with the highest and lowest rainfall. Such information is essential for determining
the required storage capacity and developing effective usage strategies. In this study, the range
spans from 515.16 m? in July, the driest month, to 2273.57 m? in December, the wettest month,
as shown in Table 4. This significant variation emphasizes the need for adaptable storage
solutions to accommodate fluctuations in rainwater harvesting potential throughout the year.
Understanding the range allows for better anticipation and management of these fluctuations,
ensuring the system's efficiency and reliability. Expression of the range is given in Eq. (4)
below.

Range = Xpmax — Xmin 4)

Where:
Xmax 1S the maximum value
Xmin 1S the minimum value

Variance measures the average of the squared deviations from the mean, offering a
numerical assessment of how far individual data points diverge from the mean value. Unlike
standard deviation, which is expressed in the same units as the measured variable (e.g., m?),
variance represents this dispersion in squared terms. Although slightly more abstract in
interpretation, variance is a fundamental metric for understanding overall variability within a
dataset and serves as the basis for numerous statistical analyses.

In the context of rainwater harvesting, a calculated variance of 369479.3 m°® (as derived
from Table 4) reflects significant variability in potential across different months. This high
variance indicates uneven rainfall distribution, with some months exhibiting harvesting

potential far below or above the mean. Such variability underscores the need for flexible system
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designs capable of adapting to inconsistent rainfall patterns. Recognizing and accounting for
variance is vital for optimizing resource allocation, ensuring storage adequacy, and maintaining
efficient water management throughout the year. The calculation of the variance is given by
Eq. (5) below.

1 n
o2 = ;Zloci — )2 (5)

Where:
a? is the variance
u is the mean
x; is the individual value
n is the number of values

The coefficient of variation (CV) is another statistical measure, which is the ratio of the
standard deviation to the mean, expressed as a percentage. It allows for a comparison of datasets
with different means or scales by giving a relative measure of variability in terms of the mean.
The CV for the rainwater harvesting potential data shown in Table 4 is about 45.52%, which is
the standard deviation (573.58 m®) divided by the mean (1260.997 m?®) expressed as a
percentage. This is a relatively high CV and, hence, shows lots of variation in the potential for
rainwater harvesting from month to month; therefore, it will be important to plan accordingly.
Strategic techniques must be employed to manage the collection and use of the water in order
to ensure continuous availability of the resource over the course of the year, given that the
rainfall experienced during any given month can be a significant percentage of the total received
within a particular year. In relation to rainwater harvesting, CV demonstrates the degree of
variation in harvesting potential against the mean monthly potential. Meaning there is a large
variation from month to month of rainwater harvesting potential (high CV), when indicated that
there must be a systematic planning of balancing of water harvested and water consumed. By
scheduling it that way, optimal management of resources is guaranteed all year long, regardless

of rain levels fluctuating. The simple calculation of CV is given in Eq. (6) below.
o
CV = e 100 (6)

Where:
o is the standard deviation
u is the mean
Skewness is a statistical measure that describes the asymmetry of a data distribution. A

skewness value close to zero indicates a symmetrical distribution, while positive or negative
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skewness reflects an imbalance. Understanding skewness is essential for interpreting the central
tendency and distribution of a dataset.

In the context of rainwater harvesting potential, a positive skewness value of 0.55, as
calculated from Table 4, indicates a slightly right-skewed distribution. This suggests that certain
months, such as December (2273.57 m?) and January (2053.77 m?), exhibit exceptionally high
harvesting potential compared to the overall average. Conversely, months with lower-than-
average potential, such as July (515.16 m®) and August (563.24 m?), contribute less to the
distribution’s tail.

Recognizing this positive skewness highlights the need for planning strategies that
account for peak harvesting periods while managing resources effectively during lower-
potential months. Such insights help optimize water storage and usage throughout the year,
ensuring sustainable water management practices. Skewness parameter can be obtained by the
Eq. (7) given below.

e — N3
Skewness = o 1)n(n gy ; (%) (7)

Where:

n is the number of values
u is the mean

o is the standard deviation
x; 1s the individual value

Kurtosis is a statistical measure that characterizes the "tailedness"” of a data distribution,
reflecting the extent to which extreme values occur compared to a normal distribution. A high
kurtosis value indicates the presence of more outliers or data points that significantly deviate
from the mean, while a low kurtosis suggests a distribution with lighter tails and fewer
extremes.

For rainwater harvesting potential, the calculated kurtosis value of -0.69 from Table 4
reveals a slightly platykurtic distribution. This suggests that extreme values, such as the highest
potential in December (2273.57 m?) and the lowest in July (515.16 m?), occur less frequently
than expected in a typical distribution. The relatively low kurtosis value implies that most
monthly harvesting potentials are closer to the mean, with fewer drastic deviations.

Understanding kurtosis helps in preparing for unexpected rainfall events by identifying
the likelihood of extreme months. While this study shows limited occurrence of such extremes,

planning for peak and trough periods remains essential to ensure resource availability and
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sustainable water management throughout the year. Kurtosis parameter can be obtained by

following the Eq. (8) below.

n

nn+1) X — Un* 3(n—1)>2
(n—1)(n-2)(n-3) i=1( o ) (m-2)(n—-3) ®)

Kurtosis =

Where:

n is the number of values
u is the mean

o is the standard deviation
x; is the individual value

Table 5 presents the descriptive statistics for the rainwater harvesting potential data.

Table 5. Descriptive statistics for the rainwater harvesting potential of the hospital

Statistic Value
Mean 1261.00 m®
Median 1206.63 m?
Standard Deviation 586.94 m3

Variance 344509.43 m®
Range 1758.41 m3
Minimum 515.16 m®
Max 227357 m?
Coefficient of Variation 46.54 %
Skewness 0.76
Kurtosis -1.14

Assuming a water consumption rate of 600 liters per bed per day as previously stated, the
daily water demand for Yesilkoy Prof. Dr. Murat Dilmener Emergency Hospital, a 1,000-bed
facility, is 600 cubic meters per day, calculated from a water consumption rate of 600 liters per
bed per day. The percentage of water consumption compensated by the rainwater harvesting

potential for each month is presented in Table 6.

Table 6. Compensation percentages

Months RWH Potential (m?®) Water Consumption (m?®) Percentage (%)
January 2053.77 18600 11.04
February 1614.16 18600 9.61
March 1444.73 18600 1.77
April 1087.56 18600 6.04
May 746.4 18600 4.01
June 638.79 18600 3.55
July 515.16 18600 2.77
August 563.24 18600 3.03
September 927.28 18600 5.15
October 1527.16 18600 8.21
November 1740.09 18600 9.67
December 2273.57 18600 12.22
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In Figure 16 below, the monthly rainwater harvesting (RWH) potential is presented using
a line graph. The graph highlights the variability in RWH potential throughout the year, with
the highest values observed in December (2273.57 m?) and January (2053.77 m?), and the
lowest in July (515.16 m?). This seasonal fluctuation corresponds to regional rainfall patterns,
emphasizing the importance of storage capacity for peak months to offset shortages during drier

periods.
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Figure 16. The monthly rwh potential
In Figure 17 below, the monthly RWH potential is compared to the hospital’s total water

consumption. A bar chart represents the consistent monthly water consumption (18600 m?),
while the overlaid line graph depicts the RWH potential. The comparison highlights that RWH
can meet a maximum of 12.22% of the hospital’s water demand in December and a minimum
of 2.77% in July. This visualization underscores the contribution of RWH to water savings and

its limitations during dry months.

Monthly RWH Potential vs Water Consumption

—e— RWH Potential (m?3)
Water Consumption (m?3)

15000

10000

Volume (m?3)

5000

S A D N TN & L& &S
IR AR AR N S
& w > SIS 2’({‘9 e,(e\o
N @ O N &
£ SRS

Month

Figure 17. The comparison of monthly rwh potential and water consumption
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In Figure 18 below, a bar chart displays the percentage of the hospital’s water
consumption covered by RWH each month. The highest coverage occurs in December
(12.22%) and January (11.04%), while the lowest is in July (2.77%). This chart effectively
illustrates the seasonal dependence of RWH and reinforces the importance of integrating

storage and supplementary water sources to maintain supply continuity throughout the year.
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Figure 18. The percentage of water consumption covered by rwh

A cost-benefit analysis was conducted using insights from Lade and Oloke (2017), who
reported that a 12 m?® tank system covered 78.1% of the water demand at the University College
Hospital, Ibadan, resulting in $51.072 in savings over 50 years with a one-year payback period.
Applying this context to the RWH potential at Yesilkoy Prof. Dr. Murat Dilmener Hospital, the
projected water savings, particularly in peak months such as December (2273.57 m?) and
January (2053.77 m?®), demonstrate the potential for significant cost savings. While site-specific
installation costs and operational expenses may differ, this case highlights the economic
viability of RWH systems in healthcare facilities. A detailed cost analysis based on local
construction and maintenance costs is recommended for future research to refine the payback
period and return on investment.

Currently, this study focuses on RWH potential based on satellite-derived roof area and
average monthly water consumption. Although no direct comparison with other healthcare
facilities was performed, future research should validate these results by comparing them with
findings from similar studies. Such comparisons will help contextualize the estimated RWH

potential and its contribution to water savings in healthcare settings.
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Conclusion

This study assessed the RWH potential of Yesilkdy Prof. Dr. Murat Dilmener Emergency
Hospital using a simplified analytical framework that incorporated satellite imagery, regional
precipitation data, and assumptions regarding roof material and geometry. Although
conservative assumptions, like considering slanted rooftops as flat planes, were used, the results
demonstrate the large utility of RWH in emergency medical centers.

The analysis showed that the mean monthly RWH potential was 1261.00 m?, and the
month of December had the greatest harvesting potential at 2273.57 m?, followed by January at
2053.77 m?*. July, on the other hand, had a minimum potential of 515.16 m?, highlighting great
seasonal changes. This discrepancy of 1758.41 meters cubed between the top and bottom
months reveals the necessity for flexible storage and water distribution systems to distribute
water throughout the year uniformly. The statistical analyses also confirmed these results. The
standard deviation is 586.94 m® and the CV is 46.54%, again showing marked variability from
month to month in rainfall patterns. A positive skewness of 0.50 means that although some
months receive moderate rain, there are some that receive very high amounts of precipitation,
and every excess drop can be saved as rainwater. On the other hand, with a kurtosis of -1.36,
this result shows that it is a rather flat distribution without major extreme cases, which means
that RWH systems will be able to work well year-round.

RWH comprises as little as 2.77% to as much as 12.22% of the monthly water usage of
the hospital, yet the importance of RWH exceeds these values. | was looking at sustainable
water management terms, they are only four little dollars, but they are also thousands of cubic
meters of water every year. These savings help lessen the burdens placed on municipal water
systems, especially in areas with water shortages.

RWH systems are particularly important in critical times, like in case of droughts or
silences of municipal water supply, where each liter of harvested water plays a vital role in
maintaining hospital operations. For places such as emergency healthcare facilities, where
constant water supply is essential, RWH offers a higher level of reliability.

Furthermore, RWH drives the promulgation of other sustainable practices in healthcare.
Awareness is brought up, reliance on water from other areas is decreased, and more water
management is incorporated. And then as infrastructure matures, as your system multiplies and
other systems grow around it, the role of RWH increases with time, especially with the inclusion
of other supplicant facets (such as gray water reuse or simple water-economizing technology).

Overall, this study emphasizes that the benefit of RWH is not only in the direct water
savings realized immediately, but also in the potential long-term benefits of decreasing the
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dependence on outside supplies, increasing water security, and increasing sustainability in vital
healthcare facilities. Future studies should perfect this by revealing the roof measurements, the
type of materials present, and more mobile forms of rainfall. The study seeks to promote the
implementation of RWH systems in healthcare infrastructure by illustrating their feasibility and

advantages, contributing to sustainable water resource management.
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Hat dengeleme

0z

Otomotiv sektorii tilkemizde, ekonomiye katki saglamig ve endiistriye
onciilik eden sektorlerden biri olmustur. Hat dengeleme, operatdr ve
makinelerin is doluluklarint ve kapasitelerini 6lgmede, birden ¢ok
operatdriin bulundugu istasyonda isgiiciinii esit kullanmakta fayda
saglamistir. Arastirmada amag; pilot hat segilerek tiretim hattinin biitiin
olarak incelenmesi, miisteri talebine gore israflarin ortadan kaldirilarak
tiretim yapilmast olmustur. Otomotiv endiistrisinde i¢ trim parcalari
iretimi yapan isletmenin iiretim hattinda simiilasyon calismasi
yapilarak mevcut durum analiz edilmis, operatdr is doluluklar1 i¢in
Yamazumi grafigi ile iyilestirme ¢alismasi yapilmis ve yalin {iretim
prensipleriyle mevcut durumda siirekli iyilestirme amaglanmustir.
Arena yazilim programi kullanilarak hattin simiilasyonu saglanmis,
mevcut liretim silireci raporlarla analiz edilmistir. Simiilasyon analiz
edildikten sonra hat dengeleme c¢alismasi i¢in Yamazumi grafigi
kullanilmistir. Bu ama¢ dogrultusunda pilot hat segilerek veri analizi
yapilmis, Arena yazilim programinda model olusturularak analiz edilen
veriler modele aktarilmistir. Model ¢alistirtlip rapor incelendikten
sonra iyilestirme aksiyonlar1 belirlenmistir. Yamazumi grafigi ile
operatdrlerin is takibi yapilmis, yalin iretim teknikleri ile aksiyon plan
hazirlanmigtir. Planlanan iyilestirmeler sonrasi gelecek durum modeli
olusturulmus, gelecek durum modeli ile mevcut durum modelinin
raporlar1 karsilagtirildiktan sonra uygulama plan1 takip listesi
hazirlanmigtir. Calisgma sonucunda maliyette 15.761% iyilestirme
saglanmistir.
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Automotive Sector

Research Article

ABSTRACT

Article History:

Received: 09.09.2024
Accepted: 25.02.2025
Auvailable online: 17.03.2025

Keywords:
Simulation

Arena

Lean manufacturing
Yamazumi

The automotive sector in our country has contributed to the economy and
has become one of the leading industries. Line balancing has been
beneficial in measuring the workload and capacity of operators and
machines, as well as in utilizing the workforce equally in stations where
multiple operators are present. The aim of the research was to examine
the production line by selecting a pilot line and to eliminate waste
according to customer demand while ensuring efficient production. A
simulation study was conducted on the production line of a company
manufacturing interior trim parts for the automotive industry, analyzing
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Line balancing the current state. Improvement efforts were carried out using the
Yamazumi chart for operator workload, and continuous improvement was
targeted through lean manufacturing principles. The Arena software
program was used to simulate the line, allowing the current production
process to be analyzed through reports. After the simulation was analyzed,
the Yamazumi chart was used for line balancing. In this context, a pilot
line was selected, and data analysis was conducted. A model was created
in the Arena software, and the analyzed data was transferred to the model.
The model was executed, and after reviewing the report, improvement
actions were determined. Operators work tracking was carried out using
the Yamazumi chart, and an action plan was prepared using lean
manufacturing techniques. After the planned improvements were
implemented, a future state model was created. The reports of the future
state model were compared with those of the current state model, and an
implementation plan follow-up list was prepared. As a result of the study,
a cost improvement of 15,7611 was achieved.

To Cite: Diizdar I, Celik S., 2025. Otomotiv sektériinde ig trim iireticisi olan isletmede simiilasyon ve yamazumi uygulamas.
Kadirli Uygulamal Bilimler Fakiiltesi Dergisi, 5(1): 173-191.

Giris

Otomotiv sektorii tilkemizin ekonomisine, istihdamina, vergi gelirlerine vb. katki
saglamaktadir. Gelismis teknolojilerin {ilkemize girisinin Onciisii de otomotiv sektoriidiir.
Otomotiv sektorii, Avrupa’da dogmus, Japonya’nin basarisi ile de 6nemli bir konuma gelmistir.
Otomotiv endiistrisinde i¢ trim pargalari liretimi yapan isletmenin iiretim hattinda simiilasyon
calismasi yaparak mevcut durumun analiz edilmesi, operator is doluluklart i¢in yamazumi
diyagrami ile iyilestirme ¢aligmasi yapilmasi ve yalin iiretim prensipleriyle mevcut durumda
stirekli iyilestirme amaglanmaktadir.

Siiregte siirekli iyilestirme yapmak i¢in mevcut durum analizi yapilarak yiiriirliikte olan
sistemin detayl1 bir sekilde raporlanmasi gerekmektedir. Mevcut durum raporlar incelenirken
kaynak kullanim oranlari, darbogazlarin belirlenmesi ve olusabilecek sorunlarin 6nceden
gozlemlenebilmesi avantaji simiilasyon ile saglanmaktadir. Girdi verileri, operasyonel
slireclerin analizi ve is etlidii yapilarak elde edilmektedir (Saglamci ve Aslan, 2022).

Uretim adetlerinin yiiksek oldugu isletmeler hat dengeleme problemleri nedeniyle
verimsizlik yasamakta ve biiyiik kayiplar vermektedir. Olusan problemler iiretimde aksama,
kalitesizlik, darbogaz olusumu ve verimsizlik gibi istenmeyen sonuglar yaratmaktadir (Kugu
ve ark., 2023).

Kugu ve ark. (2023), calismalarinda beyaz esya sektoriinde iiretim yapan firmanin
kondenser iiretim hattinda Arena uygulamasiyla hat dengeleme yapmuslardir. isletmelerde
verimsizlikler yiiksek kayiplara neden olmaktadir. Hat dengeleme problemleri biiyiik bir kismi
olusturmaktadir. Hat akisi ve hat yerlesimi degistirilmeden Arena simiilasyon programinda

mevcut ve gelecek durum simiile edilmistir. Cevrim siirelerinde %28,5 iyilestirme saglanmistir.
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Her iki ¢alisma da verimlilik artirmay1 amacglamaktadir, ancak bu calismada, operatdr bazinda
daha detayl bir analiz yaparak is yiiklerinin dengelenmesine odaklanmistir.

Saglamci ve Aslan (2022), tekstil isletmesinde en ¢ok iiretilen {iriiniin asamalarini Arena
simiilasyon yontemiyle gelistirmislerdir. Simiilasyon, uzun dénemli karlilig1 analiz edebilmek
amaciyla 107 kez calistirilmistir. Girdi verileri olusturulurken, is etiidii ¢alismasi yapilmustir.
Animasyon olusturulmus olup bu yontemle de dogrulama ve gecerleme yapilmistir. Calisma
sonucunda darbogaz kaynaklar beslenmistir. Gelecek durum senaryosunda, isletme 5 is¢i daha
az calistirmis ancak ¢iktisin1 %41 oraninda arttirmistir. Her iki ¢alisma da tiretim verimliligini
artirmay1 hedeflese de, farkli sektorlerdeki spesifik ihtiyaglara odaklanilmistir.

Masood (2006), iiretim hattinda yapilan hat dengeleme sonucunda gevrim siiresini
azaltmak ve makine kullanimini arttirmay1 hedeflemektedir. Transfer hattinda kritik istasyonlar
belirlenmisgtir.  Simul8 yazilimini kullanilarak yapilan 1yilestirme ¢alismasinda iiretim
kapasitesinde artig beklenmektedir. Yapilan ¢alisma sonucunda gevrim siiresi %32 azalmistir
ve verim %65 oraninda artmigtir. Arastirmada makine kullaniminin arttirilmasina yonelirken
bu calismada daha fazla insana yonelik analizler yapilmis ve operator bazinda daha fazla detay
verilerek is giicli verimliligi daha kapsamli bir sekilde ele alinmstir.

Bilget (2015), konfeksiyon iiretim hatlarinda simiilasyon ¢alismasi yaparak yalin iiretim
sistemlerini incelemistir. Ug¢ farkli iiriiniin iiretim siireleri analiz edilmistir. Modelin
gecerlemesi istatistiksel olarak giinliik tiretim adedi ile kontrol edilmistir. Simiilasyon ile hat
dengelemesi yapilip algoritma gelistirilmistir. “Kalp Algoritmas1” tiim modellere uygulanmis
olup tiretim kapasitesinin artmasini saglamistir.

Koganal1 (2009), televizyon iiretimi yapan bir isletmede hat dengelemesi calismasi
gerceklestirmistir. Hazirlik siireleri calismada baz alinmistir. istasyon ve is atamalar1 arasinda
oncelik iligkisi kurulmustur. Mevcut sistem tizerinde dort uygulama gergeklestirilmis olup en
uygun model arastirilmistir. Kogcanali'nin yaklasimi, daha ¢ok hazirlik siirelerine odaklanirken,
bu c¢aligmada operator verimliligi ve cevrim siirelerinin simiilasyonla iyilestirilmesi 6n
plandadir.

Ozkiran ve Diisiiniir (2011), calismada darbogazlarin iyilestirilmesi iizerine arastirma
yapmislardir. Fren montaj hattinda analiz yapilmistir. Simiilasyon modeli ile mevcut durum
analiz edilerek sistemde degisiklikler onerilmistir. Is adimlarinin siralamasinda degisiklik
miimkiin degildir. islemlerde bir akis olusmasi gerekmektedir. Calisma sonucunda sistemde
oneriler sunulmustur.

Qattawi ve ark., (2019), calismada otomotiv sektdriinde montaj hatlarinin tasariminda

yontem gelistirmektedir. Mevcut durumdaki montaj hattinin yeniden tasarlanmasina yonelik
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aragtirmada, kiimeleme algoritmas1 ve gorev karsiliklik endeksi gelistirilmistir. Mevcut ve
gelecek durum, niceliksel performans parametreleri ve is akis semasi kullanilarak agiklanmistir.
Yeni olusturulan tasarimla beraber montaj siiresinde iyilestirme saglanmistir. Qattawi ve ark.,
(2019) g¢alismasinda kiimeleme algoritmasi ile montaj hatti yeniden tasarlanmis ve siirecte
iyilestirme saglanmistir. Bu calismada ise, yalin iiretim ve simiilasyon teknikleriyle operator
doluluk oranlar1 minimize edilmistir. Her iki ¢calisma da montaj hatti verimliligini artirmaya
yonelik olsa da farkli teknikler ve yontemlerle iyilestirme saglamaktadir.

Tiim bu literatiire gore, bu ¢alismada yapilan uygulama ile siirecin durumu simiilasyon
programinda analiz edilerek is yiikii, alan, parca kalitesi gibi bir¢ok alanda iyilestirme imkani
sunulmaktadir. Bu ¢aligmada simiilasyon, yalin iiretim teknikleri ve yamazumi diyagrami
kullanilmastir.

Bu calisma, iiretim siireclerinin iyilestirilmesi amaciyla simiilasyon, Yamazumi analizi
ve yalin tiretim tekniklerinin entegre edilmesini iceren kapsamli bir yaklasim sunmaktadir.
Uretim hatlarinda darbogazlarin tespiti, operatdr doluluk oranlarmin dengelenmesi ve gevrim
stirelerinin minimize edilmesi amaciyla gerceklestirilen analizler, {iretim verimliligini
artirmaya yonelik onemli bulgular saglamaktadir.

Simiilasyon yontemi sayesinde, sistemdeki darbogazlar tespit edilerek, tiretim siireglerine
yonelik iyilestirme Onerileri gelistirilmistir. Yamazumi grafigi kullanilarak operatorlerin is
yikleri dengelenmis ve gereksiz zaman kayiplari ortadan kaldirilarak siireglerin daha etkin bir
sekilde yonetilmesi saglanmistir. Calisma sonucunda, {iretim hattinda operator sayisinin
tyilestirilmesiyle maliyetlerin diisiiriilebilecegi ve {iretim kapasitesinin artirilabilecegi
goOsterilmistir.

Bu baglamda, aragtirma literatiire ii¢ temel katki sunmaktadir:

1. Uretim ve Siire¢ Verimliligi: Simiilasyon ve Yamazumi grafigi kullanimiyla iiretim
hatlarinin dengelenmesi ve darbogazlarin azaltilmasi konusunda pratik bir yontem
sunulmustur.

2. Kaynak Yonetimi ve Maliyet Analizi: Operator sayisinin iyilestirilmesi ve is akiginin
daha verimli hale getirilmesiyle maliyet avantaji saglanabilecegi gdsterilmistir.

Sonug olarak, bu ¢alisma, iiretim siireglerinin simiilasyon destekli analizi ile yalin tiretim
ilkelerinin daha etkin bir sekilde uygulanmasina katki saglamakta ve iiretim yonetimi alaninda
yeni bir perspektif sunmaktadir.

Bu ¢alisma, literatiirde eksik kalan bazi noktalar1 tamamlayarak iiretim siireclerinin
tyilestirilmesine yonelik yeni bir bakis ac¢isi sunmaktadir. Literatlirdeki caligmalar genellikle

simiilasyon veya yalin iiretim tekniklerinden birini ele alirken, bu arastirma simiilasyon,
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Yamazumi analizi ve yalin iretimi birlikte kullanarak daha kapsamli bir degerlendirme
yapmaktadir.

Caligsmanin literatiirdeki eksiklikleri tamamlayan baslica katkilar1 sunlardir:

1. Simiilasyon ve Yamazumi Analizinin Entegrasyonu: Literatiirde simiilasyon ve
Yamazumi analizi ¢ogunlukla birbirinden bagimsiz incelenmistir. Bu ¢alismada ise
simiilasyon aracilifiyla darbogazlarin belirlenmesi ve Yamazumi grafigiyle operator is
yiiklerinin dengelenmesi bir arada ele alinarak sistematik bir siire¢ iyilestirme yontemi
sunulmustur.

2. Operatér Verimliligi ve Hat Dengeleme Uzerine Etkili Bir Yaklasim: Literatiirde
operator verimliligi genellikle liretim adetleri veya genel zaman kayiplari {izerinden
analiz edilmektedir. Bu ¢aligmada ise operatdr bazinda is yiikii dagilimi detayl olarak
ele alinmis ve Yamazumi diyagrami ile dengelenerek siire¢ iyilestirilmistir.

3. Maliyet Verimliligi ve Kaynak Yonetimi: Simiilasyon kullanilarak operatdr sayisinin
nasil iyilestirilebilecegi, maliyetlerin nasil diisiiriilebilecegi ve liretim verimliliginin
nasil artirilabilecegi somut verilerle ortaya konmustur. Literatiirde genellikle yalin
iretim teknikleriyle ilgili teorik ¢erceve sunulurken, bu calisma gergcek bir iiretim
ortaminda uygulanabilir bir model sunarak eksikligi gidermektedir.

Sonug olarak, bu ¢aligma literatiirde eksik kalan noktalara yonelik kapsamli bir ¢oziim
sunarak simiilasyon destekli yalin {iretim sistemlerinin daha verimli kullanilmasina yonelik
onemli bir katki saglamaktadir.

Calismamizin birinci boliimiinde, konunun teorik ¢ercevesi ele alinarak temel kavramlar
ve literatiirdeki ilgili c¢alismalar incelenmistir. Ikinci béliimde, arastirmanin yontemi
detaylandirilmig; veri toplama siiregleri, analiz yontemleri ve oOrneklem hakkinda bilgi
verilmistir. Ugiincii bliimde, elde edilen bulgular sunulmus ve analiz edilmistir. Son olarak,
dordiincii boliimde arastirmanin sonuclart tartisilmis, elde edilen bulgular 1s181nda

degerlendirmeler yapilmis ve gelecekteki caligmalar i¢in 6nerilerde bulunulmustur.

Materyal ve Yontemler

Materyal

Arastirmada Yamazumi Grafigi, Simiilasyon uygulamalar1 kullanilmistir. Uretim tesisi
arastirmada istasyonda iyilestirme ve gelistirme calismasi icin tercih edilmistir. Calismayla

beraber tesisin verimliliginin arttirtlmas1 hedeflenmistir.
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Yontem

Verimliligi arttirmak istenen iiretim tesisi i¢in pilot olarak seg¢ilen liretim hattinda zaman
etiidii ¢alismasi yapilarak veri seti hazirlanmistir. Zaman etiidii ile veri hazirlama ¢aligmasi
yapilirken; giin i¢i zaman araliklari, performans vb. tiretimi etkileyecek durumlar goz oniine

aliarak calisilmistir.

Yamazumi Grafigi
Sekil 1’de Yamazumi grafigi 6rnegi gosterilmistir. Ik durumdaki grafikte montaj 1
hattinin belirlenen takt zamaninin {izerinde oldugu tespit edilmistir. Bu gozlem sonucunda

ikinci durumda planlanan takt zamani hatlarda esit duruma getirilmistir.

62 sn 55sn *3=165sn —+ kaizen

TZ=60sn.
55 sn 55 sn 55 sn

46 sn

39 sn 40 sn
=p

Kaynak
Montaj

Kaynak 1
Kaynak 2

Montaj 1
Montaj 2
Kaynak | Montaj

Sekil 1. Yamazumi grafigi 6rnegi (Yalin Enstitii, 2020)

Prosesin bir dongiisiiniin tamamlandig1, adetlik iiriin ¢ikardig siire ¢evrim zamani olarak
tanimlanmaktadir. Operatdriin ise bagladig1 ve isi bitirdigi siire olarak ifade edilmektedir. Hat
dengeleme yontemlerinden biri, Yamazumi c¢aligmasidir. Her operator igin ¢evrim siireleri
analiz edilerek grafik haline getirilir. Grafik ile takt zamaninin agim1 incelenebilmektedir.

Uriinlerin takt zamami, proses takt zamanina diisiiriilmelidir bunu saglamak icin aksiyon
listesi hazirlanmalidir. Yamazumi grafiginde, proses i¢inde islem goren tiim iglerin siiresi
alinmaktadir. Yamazumi analizi ile ¢evrim siiresi azaltilir, israf ortadan kaldirilir, hat
dengeleme yapilir. Grafik ile analiz eden kisinin kolay anlamasi saglanir (Kugu ve ark., 2023).

Yamazumi grafigi ¢calismada, operator is adimlari takip edilerek belirlenen siirenin altinda

is dagiliminin yapilmasi lizerine ¢alismada uygulanmistir.

Simiilasyon (Benzetim)

Calisma, iiretimde; materyal planlama sistemleri, seri {iretim, stok, kontrol, giivenlik,
bakim, fabrika diizeni ve makine tasarimini etkileyebilmektedir.

Simiilasyon c¢aligmasi, sistemin takibini yapmak ve davranigsal durumlari

coziimleyebilmek, ¢oziimledigi davramislar i¢in teori/hipotez kurgulayabilmek ve model
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kullanarak gelecek durum hakkinda bilgi alarak sistemde meydana gelen ya da gelebilecek
degisiklikleri incelemek amaciyla yapilmaktadir.

Simiilasyon, tasarim asamasindan seri {iiretimi takip eden tiim siireglerde
uygulanabilmektedir. Gergek siirecin ya da planlanan siirecin analizinde raporlar sunarak

uzman kisiye bilgi paylasimi saglamaktadir.

’ Problemin Tanimlanmasi

' *
*
Amaglann ve Caligma ‘ Deney Tasar|m|
Planinin Ortaya Konmasi | ‘
[ |

L I T =~ :Gecerleme —_
Verilerin Toplanmasi ve e s Deneyin yapllmasn
Girdi Analizi / ve Cikti Analiz |
: ‘ | :
Kavramsal ve Mantiksal T —
Modelin Kurulmasi | = Dogrulama _ — | Dokumantasyon ve
Rapo{r!ama |

!
Modelin Benzetim Diline ] )|

Cevrilmesi ‘ Uygulama

Sekil 2. Benzetim ve modelleme agamalart (Tagman, 2021)

Sekil 2°de benzetim ve modelleme asamalarinin akis diyagrami goriillmektedir. Problem
tanimlanir ve probleme uygun amaglar belirlenir. Amaclar dogrultusunda veriler analiz edilir
gecerleme adimi uygulanir, kavramsal ve mantiksal model olusturulur. Model simiilasyon
programina aktarildiktan sonra dogrulama ve gegerleme adimlar gergeklestirilir. Deney
tasarimi yapilir, deneyin ¢iktilar1 analiz edilir. Raporlama yapilir ve uygulama aksiyonlarina
gecilir. Calismada iiretim hatlarina ait verilerin raporlarini incelemek icin simiilasyon
uygulanmustir.

Simiilasyon, karmagsik sistemi raporlayabilmektedir. Sistemde planlanan degisiklikler
simiile edilerek degisiklikler ve etkileri incelenebilir. Mevcut durumun simiile edilmesiyle elde
edilen veriler sonucunda siirekli iyilestirme saglanabilir. Girdi degiskenlerinin sanal ortamda
diizenlenme kolayligiyla fiziksel ortamda olusabilecek aksiyonlar ve planlamalar incelenebilir.
Analitik ¢6ziimde bilgi verici ara¢ olarak kullanilip, sonuglar test edilebilir. Simiilasyonla
beraber fiziksel ortamda anlik degisikligin zor oldugu durumlar simiile edilerek bilgi havuzu
olusturulabilir. Fiziksel degisiklik 6ncesi hatalar1 analiz etmek i¢in yardimci olmaktadir. Simiile

edilmis modelde sistemin gosterecegi performans hakkinda fikir vermektedir.

Hat Dengeleme

Uretim hattinda yapilan islemler belirlenir. Is istasyonlar1 ve operatorlerin mevcut is yiikii
analiz edilir. Her istasyonda gerceklestirilen faaliyetler i¢in ¢evrim siireleri hesaplanir. Mevcut
darbogazlar tespit edilir ve lretim siirecindeki verimsizlikler belirlenir. Operatorlerin is

adimlar1 ve siireg stireleri Olgiilerek veri seti olusturulur. Zaman etiidii uygulanarak her islemin
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stiresi belirlenir. Arena simiilasyon programi kullanilarak mevcut {iretim hattinin simiilasyonu
olusturulur. Simiilasyon ¢iktilar1 analiz edilerek darbogaz noktalar1 belirlenir. Yamazumi
grafigi kullanilarak operatorlerin is yiikleri gorsellestirilir. Is adimlar1 esit dagitilacak sekilde
dengeleme ¢alismalar1 yapilir. Hattin en verimli takt siiresi belirlenir. Is istasyonlar1 arasindaki
operasyon slireleri dengelenerek verimsizlikler giderilir. Simiilasyon sonuglarma gore is
istasyonlarinda diizenlemeler yapilir. Fazla yiiklenen operatorlerden is adimlari diger
operatorlere aktarilir. Gereksiz is adimlar1 ve israflar ortadan kaldirilir. Operator sayisi ve
yerlesimi iyilestirilerek verimlilik artirilir. lyilestirilmis hat yapist simiilasyon ortaminda tekrar
test edilir. Glincellenen ¢evrim siireleri ve is dagilimi analiz edilerek performans degerlendirilir.
Hat dengeleme g¢aligmasinin getirdigi maliyet avantajlar1 hesaplanir. Iyilestirme plani iiretim
hattinda uygulanir. Yeni sistemin performansi izlenerek gerekli diizeltmeler yapilir. Elde edilen

veriler dogrultusunda siirekli 1yilestirme saglanir.

Arastirma Bulgular

Model kabulleri asagidaki gibidir:

e Model girdileri, gercek sistem verileridir.

e Modelin c¢alisma siiresinde duruslar (makine arizasi, bakim vb.) sisteme dahil
edilmemistir.

e [sletme giinde 20 saat calismaktadir. Isletmede siirecin faydasini gostermek ve arastirma
bilgilerini sunmak amacli Arena demo sistemi kullanildigi i¢in 1 saatlik gézlem yapilmistir.

Veri Toplama asagidaki adimlar ile yapilmaistir.

ON GOZLEM -ul VERI ANALizi -u} HOMOJENLIK TESTI "l SANSURLEME
|
v
DAGILIM DiYAGRAMI -l OTOKOLERASYON TESTi |=»| GIiRDIi/CIKTI VERILERI

Sekil 3. Veri toplama adimlari

Sekil 3’de verilen veri toplama adimlarinda da bulunan ilk adim, 6n gézlemdir. Gergek
veri toplamadan once planlama yapilan asamadir. Bu asamada taslak olusturulur ve formlar
birkag kez degistirilebilir. Verilerin Analizi adiminda, verilerin toplandik¢a analiz ederek
ihtiya¢ duyulan dagilimi saglayip saglamadigina emin olunmasi gerekir. Homojenlik Testinde
homojen veri kiimeleri birlestirmeye c¢alisilir ve homojenligi kontrol ederken, dagilimlarin
denkligi test edilir. Sansiirleme asamasinda analiz edilen olayin biitliniiyle g6zlemlenemedigi

olasiliginin farkinda olarak analiz yapilmasi gerekir. Dagilim Diyagrami, iki degisken arasinda
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iliski varligin1 kontrol etmek i¢in yapilir. Otokorelasyon testi yaparken, bagimsiz gibi goriinen
dizinin otokorelasyona sahip olup olmadiginin test edilmesi gerekir. Girdi ve ¢ikt1 verileri
adiminda, girdi verileri, sistemi iyilestirmek i¢in yapilan degisikliklerle degistirilemeyecek olan
belirsiz miktari temsil eder. Cikt1 verileri, sistemin performansini temsil eder.

Sekil 4’de Arena programinda olusturulan is akis diyagrami verilmistir. Ham madde
besleme iinitesinden hat’a aktarilmaktadir. Besleme iinitesinde stoklanan ham madde vakum
makinesi ile konveyor iizerine tasinmaktadir. Konveyore tasinan ham madde termoplastik iirtin
oldugu i¢in 6nce firinda 1sitilip sonra formlama makinesinde sekil verilmektedir. Sekil verilen
haliya fren ayak kisminin montajinin yapilmasi icin frekans kaynak makinesinde iglem
yapilmaktadir. Waterjet makinesinde par¢anin kesimi yapilmaktadir. Haliya koltuk
montajlandig1 bolgeye klips takmak i¢in klips montaj ekipmaninda parc¢a islem goérmektedir.
Tamamlanan {iriin kontrol edilmektedir. Parcada kusur varsa tamir edilebilirse tamir edilir,
tamir edilemezse fire kafesine ayrilmaktadir. Uriinde hata yoksa kasaya konulmaktadir.

Arena modiillerinden create, process, decide ve dispose modiilleri ¢alismada
kullanilmistir.  Create modiilii ile ham maddenin iiretime girisi gosterilmektedir. Process

modiilinde ham maddenin islem gordiigii istasyonlar ifade edilmektedir.
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Sekil 4. Arena mevcut durum is akis diyagrami
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Sekil 6. Frekans Siireci Input Analyzer
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Sekil 8. Vakum Siireci Input Analyzer
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Sekil 10. Form Siireci Input Analyzer

g1 o [ [52
o
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Sekil 11. Frekans Siireci Input Analyzer

Process modiiliiniin girdileri, fiziki olarak istasyondan tutmus oldugumuz verilen Arena
programinda input analyzer ile doniistiiriilmesiyle olusmaktadir. Decide modiiliiyle, istasyonda
yapilacak isleme karar verilmektedir. Dispose modiilli, iiretimin tamamlandig1 asamadir.

Miisteriye sevk edilebilecek seviyede pargay1 vermektedir.
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Name: Type:

Firin ~| Standard ~

Logic

Action: Priority:
7 Seize Delay Release ~ | Medium(2) w
Resources:
At
<End of list>
Edit...
Delete
Delay Type: Units: Allocation:
Expression ~ | Seconds ~  Value Added v
Expression:
‘ 572 +1.68 * BETA(164, 1.72) v

Repnrl Statistics

Comment:

oK Cancel Help

Sekil 12. Process Modiilii

Sekil 12’ de yer alan process modiiliinde oncelikle istasyonun adi tanimlanmaktadir.
Istasyonda kullanilan kaynaklar eklenmektedir. Sekil 12°de ifade edilen modiilde firin makinesi
istasyona tanimlanmistir. Expression degerlerin girildigi alani ifade etmektedir. Seize, kaynagin
mesgul edilmesini ifade etmektedir. Delay, islem siiresini ifade etmektedir. Release, islem
siirecinin tamamlanmasini ifade etmektedir. Programda bulunan Input Analyzer ile veriler
islenerek dagilim belirlenmektedir.

Sekil 13°de Arena calistirildiktan sonraki durum gozlemlenmistir. Isletme giinde 20 saat
calismaktadir. Programda 1 saatlik gbzlem yapilmistir ve 35 iirlin iiretilmistir. Formlama,
frekans kaynak ve kontrol proseslerinde dar bogaz gozlemlenmektedir.

Sekil 14°de formlama hattinda ¢alisan 4 operatoriin doluluklar1 gosterilmistir. Sekil 15°de
yamazumi grafigi yardimiyla operatoér doluluklarinin esitlenmesi hedeflenmektedir bu hedef

dogrultusunda yapilan ¢alismanin grafigi verilmistir.
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Sekil 13. Arena Calisma akist diyagrami
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Mevcut Durum
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Sekil 14. Mevcut Durum

Yamazumi Grafigi
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Sekil 15. Yamazumi Grafigi

Firin Pres Entegre Calisma Durumu

Operator 1 Operator 2
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Sekil 16. Firin Pres Entegre Caligma
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Sekil 16’da firin ve presin entegre calisma durumunda operator doluluklar
gosterilmigtir. Makine tasarimda firin presin igerisine girebilmektedir ancak ham
maddenin yanici olmasi nedeniyle mevcut durumda bu ¢aligma yapilamamaktadir. Hat
dengeleme c¢alismasi i¢in kullanilan Yamazumi yontemiyle yapilan diizenlemeler
sonucunda 4 operatorle ylriitilen iiretim hattinda is yiikii dengelemesi yapilarak 3
operatdrle calisilabilir hale getirilmistir. Yamazumi grafigiyle elde edilen yeni is yiikii
dagiliminda, tiim operatorlerin ¢evrim siirelerinin daha dengeli oldugu gozlemlenmistir.
Is yiikii dagilimindaki bu iyilestirme sayesinde, operatdr basina verimlilik artmis ve
iiretimde stireklilik saglanmistir.

Simiilasyon ¢aligmasi Arena programi iizerinden yapilmistir. Arena programi demo
stirim kullanildigr igin 1 saatlik analiz alinmis olup 62 replikasyon ile ¢alismistir. Excel
iizerinden hat dengeleme ¢alismasi ile de darbogaz tespiti yapilabilmektedir. Mevcut hat
diizeninde veriler alinip simiilasyon programinda ilgili modiller ile g¢alistirilmstir.
Program ciktisinda Sekil 13’de gozlemlendigi tizere formlama, frekans kaynak ve kontrol
adimlarinda darbogaz tespit edilmistir. Calismada formlama ve frekans kaynak adimlari
arasinda yer alan darbogaz lizerine analiz yapilmistir.

Formlama hattinda mevcut durumda 4 operator ¢alismaktadir. Operatorlerin is
adimlarini analiz etmek i¢cin Yamazumi grafigi ¢izilmistir. Mevcut durum i¢in ¢izilen
Yamazumi grafigi sonrasinda i adimlar operatorler arasinda aktarilarak 3 operatoriin
calistig1 durumu analiz etmek i¢in Sekil 15°te yer alan grafik ¢izilmistir. Firin, formlama
makinesinin i¢ine girebilecek diizende tasarlanmistir. Ancak mevcut kullanimdaki ham
maddenin yanicilig1 nedeniyle entegre ¢alisma diizenine gecilememektedir. Ham madde
maliyetleri nedeniyle ham madde revize edilememektedir.

Formlama hattinda 1 operatér kazanci saglanmustir. Isletmede ayni hat diizeninden
3 hat bulunmaktadir. Iyilestirme oranimin fiziksel ortamda gdzlemlemek icin calistigimiz

hat pilot olarak secilmistir.
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Tablo 1. Maliyet hesaplamasi

Operator Sayisi Maliyet ( Ay)
Mevcut Formlama Hatti 4 15.761* 4 = 63.044%
Iyilestirilmis Durumda 3 15.761* 3 =47.283b

Formlama Hatt1

Kazang = 63.0441 - 47.283b =
15.761%

Sonug¢

Bu calisma, iiretim sektoriine yonelik Oonemli katkilar saglayarak sektordeki
verimlilik sorunlarina ¢oziim iiretmektedir. Ozellikle yalin {iretim ve simiilasyon
tekniklerini bir arada kullanarak, firmalara rekabet avantaji kazandirabilecek pratik ve
uygulanabilir bir model sunmaktadir. Calismada, simiilasyon ve Yamazumi analizi
kullanilarak operator is yiikleri dengelenmis ve darbogazlar minimize edilmistir. Hat
dengeleme stratejileri sayesinde iiretim siireleri kisaltilarak daha yiiksek verim elde
edilmistir. Gereksiz is giicii kullanim1 ve iiretim hattindaki dengesizlikler belirlenerek,
gereksiz maliyetler minimize edilmistir. Is giicii planlamasi iyilestirilerek, isletmelerin
daha diisiikk maliyetle daha yiiksek iiretim yapmasina olanak taninmistir. Simiilasyon
teknolojisinin kullanimi, firmalarin dijital doniisiim stireglerini destekleyerek, Endiistri
4.0 ve akilli iiretim sistemlerine gecisi kolaylastirmaktadir. Veri bazli karar alma
mekanizmalarinin gii¢lendirilmesine katki saglamaktadir. Daha kisa tiretim siireleri ve
diisiik maliyetlerle calisabilen firmalar, pazarda daha rekabetgi hale gelmektedir. Uretim
stireclerindeki iyilestirmeler, miisteri taleplerine daha hizli yanit verilmesini saglayarak
miisteri memnuniyetini artirmaktadir.

Sonug olarak, bu ¢alisma sektdrde iiretim siire¢lerinin iyilestirilmesi, maliyetlerin
diisiiriilmesi, 1§ gilicii yoOnetiminin iyilestirilmesi ve dijital doniisiim siireclerinin
desteklenmesi acisindan gii¢lii katkilar saglamaktadir. Bu yonleriyle hem akademik hem
de endiistriyel a¢idan degerli bir model ortaya koymaktadir.

Saglamci ve Aslan (2022), tarafindan arastirilan ¢aligmada da simiilasyon yazilim1

ile operatdr kazanci saglanmigtir. Saglamci ve Aslan ¢aligmalarinda en ¢ok tiretilen tiriinii
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takip ederek ¢iktiy1 %41 oraninda arttirmistir. Yapmis oldugumuz ¢alismada hat diizenini
baz alarak kapasite, darbogaz ve isgiicii lizerine analiz yapilmistir.

Yapilan iyilestirme ¢alismasinda 1 operator kazanci saglanmistir. Bunun maliyet
kazanci 15.761% ($621.25) dir. Isletmede aym hat diizenden 3 sistem bulunmaktadir.
Calisma isletmede yayginlastirilabilmektedir.

Tablo 2. Yillik maliyet hesaplamasi

Tablo 1. Istasyon Bazlh Yillik Kazang
Kazang¢ Hesab1: 15.761h

Aylik Kazang (Tek Istasyon) 15.761* 12 =189.132%

Yillik Kazang (Isletme) 189.132* 3 =567.3961

Hat bazli yillik olarak kazang 189.132%’dir, isletmede ayni iiretim hattindan 3
sistem bulunmaktadir. Isletme bazli yillik kazang 567.396%’dir. Yapilan bu maliyet
analizinin sonucunda istasyonda operator kazanci saglandigi i¢in operator ekstra iiretim
giicii olarak sisteme kazandirilmis olup iiretim verimliliginde artis gozlemlenmistir.

Calismada operator is ylikii dengelenmis olsa da ergonomik faktorler ve ¢alisanlarin
fiziksel/psikolojik yiikleri derinlemesine incelenmemistir. Is giicii memnuniyeti ve uzun
vadeli ¢alisan verimliligi acisindan detayli ergonomik analizler yapilabilir. Calismanin
devamliliginda, iiretim siire¢lerinin verimliligi i¢in yapay zeka ve makine dgrenmesi
teknikleri entegre edilerek, sistemin kendini adapte eden bir yapiya kavusmasi
saglanabilir. Uretim siirecinin yan1 sira, hammadde tedariki ve iiriin teslim siiregleri de
modellenerek daha kapsamli bir analiz yapilabilir. Is giicii {izerindeki fiziksel ve
psikolojik yiikler detayli olarak incelenerek, insan merkezli {retim sistemleri

tasarlanabilir.
Cikar Catismasi Beyani

Yazar(lar), bilinen herhangi bir ¢ikar ¢atismasi veya herhangi bir kurum/kurulus ya

da kisi ile ortak ¢ikar bulunmadigini onaylamaktadirlar.
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Arastirmacilarin Katki Orami Beyan Ozeti

Yazar 1, calismanin Kavramsal ve/veya Tasarim Siireclerinin Belirlenmesi,
Calismanin Kavramsal ve/veya Tasarim Siireglerinin Yonetimi, Fikirsel I¢erigin Elestirel
Incelemesi, Son Onay ve Tam Sorumluluk konusunda katkida bulunmustur. Yazar 2,
Calismanin Kavramsal ve/veya Tasarim Siire¢lerinin Belirlenmesi, Veri Toplama, Veri
Analizi ve Yorumlama, Makale Taslaginin Olusturulmasi, Son Onay ve Tam Sorumluluk

konusunda katk1 saglamistir.
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Anahtar Kelimeler

Hiicre

Kok hiicre
Transplantasyon
Spermatogonyal kok hiicre

Zigotun olugumundan trilyonlarca hiicreye ulasmasi1 ve farklilagarak yeni
Ozellikler kazanan hiicrelerin bolinmelerindeki programlanma dikkatleri
tizerine ¢cekmektedir. Organizmada Omriinii tamamlayan ve dlen hiicrelerin
yerlerine yenileri meydana gelmektedir. Canlilarin viicudundaki tiim
hiicrelerin ilk ana hiicresine “kdk hiicre” denir ve bu hiicreler farkli hiicre
tiplerine doniisebilme yetenegine sahiptirler. Kok hiicreler normal
hiicrelerden 3 temel 6zellik bakimindan ayrilmaktadir. Bunlar; kok hiicreler
sonsuz boliinme ve ¢ogalma yetenegine sahiptir, 6zellesmemis hiicrelerdir ve
son olarak bu hiicreler bircok degisik hiicreye doniisebilme 06zelligine
sahiptirler. Giiniimiizde kok hiicreler standardize edilmistir ve Uluslararasi
Kok Hiicre Tedavisi Organizasyonu (ISCT) standartlarma tabidir.
Transplantasyon isleminde kok hiicre kaynagi olarak ayni hayvan
(ototransplantasyon), aymi tiir (allotransplantasyon) veya farkli bir tiir
(ksenotransplantasyon)  kullanilabilir. Kok  hiicre  nakli; hiicresel
siispansiyonun (spermatogonyal kok hiicre) veya dokularm transplantasyonu
(testis ve ovaryum) seklinde iki farkli yontemle uygulanabilir. Kok hiicrenin
eldesi, transplantasyonu ve tedavi amaciyla kullanimi giiniimiizde en giincel
konulardan biri olma yolunda ilerlemektedir. Giiniimiizde ¢o6ziim
bulunamayan pek ¢ok hastahigm tedavisinde kok hiicre ve doku nakillerinden
yararlanilabilmektedir. Yapilan caligmalar kok hiicrelerin veteriner hekimlik
alaninda kullaniminin olduk¢a 6nemli oldugunu gostermektedir. Yakin bir
gelecekte, veteriner hekimlikte bir takim hastaliklarin tedavilerinde kok
hiicrenin ¢ok 6nemli bir uygulama alanina sahip olacag diisiiniilmektedir.
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The programming of the division of cells that differentiate and gain new
characteristics from the formation of the zygote to trillions of cells draws
attention. New cells are formed in the organism in place of cells that complete
their lifespan and die. The first main cell of all cells in the body of living
beings is called a "stem cell" and these cells have the ability to transform into
different cell types. Stem cells differ from normal cells in terms of 3 basic
characteristics. These are; stem cells have the ability to divide and multiply
infinitely, they are unspecialized cells and finally these cells have the ability to
transform into many different cells. Today, stem cells are standardized and
subject to the standards of the International Organization for Stem Cell
Therapy (ISCT). In the transplantation process, the same animal
(autotransplantation), the same species (allotransplantation) or a different
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species (xenotransplantation) can be used as a stem cell source. Stem cell
transplantation can be applied with two different methods as cellular
suspension (spermatogonial stem cell) or tissue transplantation (testis and
ovary). The acquisition, transplantation and use of stem cells for treatment
purposes are on their way to becoming one of the most current topics today.
Stem cell and tissue transplants can be used in the treatment of many diseases
that have not been cured yet. Studies have shown that the use of stem cells in
veterinary medicine is very important. It is thought that in the near future, stem
cells will have a very important application area in the treatment of some
diseases in veterinary medicine.

To Cite: Ordek R, Yildiz C., 2025. Ureme biyoteknolojisinde kék hiicre ve organ kullanimi. Kadirli Uygulamali Bilimler
Fakiiltesi Dergisi, 5(1): 192-212.

Giris

Zigotun olusumundan baslayarak trilyonlarca hiicreye ulasmasi ve farklilasarak yeni
ozellikler kazanan hiicrelerin bdliinmelerindeki programlanma bilim diinyasinin dikkatini
cekmektedir (Sahin ve ark., 2005; Sagsoz ve Ketani, 2008). Organizmada Omriini
tamamlayan ve Olen hiicrelerin yerine yeni hiicreler meydana gelmektedir. Ayrica, yabanci
antijenlere kars1 koymak i¢in organizma 6zel immun hiicreler tiretmektedir. Goz hiicreleri
gorme, pankreas hiicreleri salgi, akciger hiicreleri ise solunum i¢in farklilagirlar. Canlilarin
viicudundaki tiim hiicrelerin ilk ana hiicresine “kok hiicre” denir ve bu hiicreler farkli hiicre
tiplerine doniisebilme yetenegine sahiptirler (Sagsoz ve Ketani, 2008).

Hayvan fetal ve kordon kami greftleriyle bir takim enfeksiyonlarin tedavisi iizerine
caligmalar yapan Siireyya Tahsin Aygiin, insan yasamini uzatma yolunun dogum sonrasinda
atilan plasenta ve kordon hiicrelerinin tedavi amaciyla kullanilmasinda oldugunu ifade
etmistir. Embriyonal karsinom hiicresinin kiiltiir ortaminda tiretilmesi, kok hiicre alanindaki
ilk 6nemli adimlardan biri olmustur (Sahin ve ark., 2005; Sags6z ve Ketani, 2008).

Bu derlemenin amaci, iireme biyoteknolojisinin ilgi alanina giren bazi kok hiicre ve

organ naklinin canlilarin reprodiiktif yasamlar1 tizerindeki etkilerini anlayabilmektir.

Biyoteknolojinin tanim

Sozliikte canli iiretim bilimi anlamina gelen biyoteknoloji terimi, biyo-tekno ve loji
sOzciiklerinin birlesmesiyle olusmus, farkli nitelikteki {irtinlerin, canli materyallerden
faydalanilarak iretilmesi anlamina gelmektedir. Fakat biyoteknoloji denince ilk olarak
mikroorganizmalardan farkli {riinlerin eldesi akla gelse de, kaydedilen son gelismelerle
mikroorganizmalardan veya gelismis canlilardan elde edilen parcalarla ortaya konulan

tiretimler de biyoteknolojinin kapsami alanina girmektedir (Sahin, 1987).
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Reprodiiktif biyoteknolojinin tamimi, amaci, faydalar: ve konulari

Canlilarda reprodiiksiyon ile alakali genetik materyali korumak, gelisimini saglamak,
kalitsal Ozellikleri diger bireylere aktarmak amaciyla bazi biyolojik bilgi ve tekniklerin
uygulanmasi islemine reprodiiktif biyoteknoloji denir (Cevik, 2020).

Veteriner hekimligi ve hayvan yetistiriciligi bakimindan 6ncelikli amag, in vivo ve in
vitro sartlarda gen kaynaklarinin uzun vadeli korunmasi ve sayica fazla miktarda yavru elde
edilmesidir (Pabuccuoglu, 2021).

Reprodiiktif biyoteknolojiden elde edilmesi beklenen faydalar sunlardir:

*Erkek ve disi damizliklardan sayica fazla miktarda yavru elde edebilme

*Zorunlu kesime giden damizlik hayvanlardan kesimden sonra da yararlanabilme

* Biyo-reaktor tiretimi ve klonlama gibi biyoteknolojileri gen transferi ile uygulayabilme
Reprodiiktif biyoteknoloji konular1 erkek ve disi canlilar ayr1 ayr1 degerlendirildiginde

bir takim farkliliklar gostermektedir. Bu baglamda disilerde uygulanabilecek biyoteknolojik

caligmalar embriyo ve hormonal kontrol ile alakali konular olarak ikiye ayrilabilir. Erkeklerde

yapilacak caligsmalar ise baslica sperma ve suni tohumlama ile ilgili konulardir (Pabuccuoglu,

2021).

Hiicrenin kesfi ve kok hiicrenin tarihsel gelisimi

Hiicre, organizmanin yapisal ve islevsel 6zellikler gosteren en kiigiik yapt birimidir.
Robert Hooke, mikroskobik inceleme sonucu sise mantar parg¢asinin yan yana dizilmis bitisik
kisimlardan olustugunu gozlemlemis, etrafi ¢evrili ve i¢ kisimlar1 bos olan bu yap1 odaklarini
hiicre (Cellula: latince kiiglik odacik) olarak adlandirmigtir. Bu isme 1665 yilinda
yayinladigr Micrographia adli kitapta da yer vermistir. 1839°da Matthias Jakob Schleiden ve
Theodor Schwann; “hiicre teorisi’ni ortaya koymuslardir. Bu teoriye gore:
1. Hiicre, yagsamin en kiigiik islevsel yapisidir. Canlilar bir veya daha ¢ok hiicreden olusur.
2. Olusan yeni hiicreler kendilerinden 6nceki hiicrelerin boliinmesi sonucu olusur.
3. Organizmanin biitlin yasam fonksiyonlar1 kendi hiiccrelerinin i¢inde meydana gelir.
4. Tim hiicreler, kendi fonksiyonlarini regiile eden kalitsal bilgiyi sonraki neslin hiicrelerine
aktarir (Ates, 2016).

1878’de kok hiicre kapsaminda memeli ovumunun ilk kez canli viicudu disinda
dollenmesiyle baglamis olan in vitro ¢alismalar giliniimiizde organizmanin klonlanmasi ve
organ iiretimi konusunda da gelisme kaydetmistir (Ozen ve Giil Sancak, 2014).

1900 yili baglarinda arastirmacilar kan hiicrelerinin hepsinin tek hiicreden koken

aldigini fark etmislerdir (Ates, 2016).
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1960: Farelerde teratokarsinomalarin embriyonik germ hiicrelerinden kdkenlendigi ve
embriyonik karsinom hiicrelerinin bir anag hiicre oldugu bulunmustur (Ates, 2016).

1963: Ernest McCulloch ve James Till; farelerdeki kemik iligi hiicrelerinin nakil sonrasi
kendilerini yenileme kapasitelerinin bulundugunu ifade etmislerdir (Ates, 2016).

1968: 11k insan ovumu in vitro ortamda déllenmistir (Ates, 2016).

1976: Mezenkimal kok hiicreleri ilk kez tanimlanmistir (Friedenstein, 1976).

1978: 11k IVF bebegi (tiip bebek) Ingiltere’de diinyaya gelmistir (Ates, 2016).

1981: Evans ve Kaufman, blastosistlerin i¢ hiicre kitlesinden (ICM) fare embriyonal kok
hiicrelerini (EKH) elde etmisler. Ayrica, in vitro ortamda pluripotent dzellikteki fare EKH’leri
iiretmek icin gerekli olan kiiltiir sartlarini hazirlamislardir (Evans ve Kaufman, 1981).

1995-96: Rhesus maymunlar1 ve marmosetlerden EKH’ler elde edilmis ve elde edilen
bu hiicreler in vitro ortama yerlestirilmistir (Thomson ve ark., 1995).

1998: IVF laboratuvarinda kriyoprezerve ya da taze 36 tane embriyodan bes tane insan
EKH serisi tiretildigi raporlanmistir (Thomson, 1998).

2000: Insan embriyonik kok hiicresinin pluripotent &zellikte oldugu anlasilmistir
(Sagsoz ve Ketani, 2008).

2003: Science Dergisi kok hiicre alanindaki gelismeleri en 6nemli 10 tip olay1 arasinda
gostermistir (Ates, 2016).

2004: Giliney Koreli bilim insanlar1 30 adet insan embriyosunu klonlayarak blastosist
seviyesine getirmisler, ancak bu embriyolarin yalnizca birinden kok hiicre elde
edebilmislerdir (Sagsoz ve Ketani, 2008).

2006: Indiiklenebilir pluripotent kok hiicreleri (IPSC)’nin viral veya viral olmayan
vektorler kullanilarak, bazi maddelerin kiiltlir ortamina ilave edilmesiyle genleri aktif hale
getirilmis ve geriye farklanmalar1 saglanmistir (2012 Nobel Odiilii) (Takahashi ve Yamanaka,
2006).

2010: Gazzon Muvdi ve Quinones, eriskin tip kok hiicrelerin uygun ortamda
farklilagsmadan veya Ozellesmeden bulundugunu ve kok hiicrelerin sinyallesmeler sonucu

kendi aralarindaki iliskiyi regiile ettigini ispatlamislardir (Gearhart ve Addis, 2010).

KoKk hiicre

Degisik hiicre tiplerine doniisebilme kabiliyeti (differensiyasyon), kendi kendini
yenileme giicii (self-renewal) ve canli kaldik¢a yasamlarini siirdiirebilme karakteristigine
sahip olan hiicrelere kok hiicre denir (TUBA, 2009; Andrades ve ark., 2011; Ozen ve Giil
Sancak, 2014). Bu tip hiicreler birgok dokuda bulunmakla birlikte bulunduklar1 dokulardaki
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dejenere olan hiicrelerin yenilenmesinden sorumludurlar (Schatten, 2007). Bu hiicrelerin
herhangi bir dokuya has 6zellikleri bulunmaz ve uygun bir sinyalle karsilasmadiklarinda
farklilasmazlar. Kok hiicrenin ne tiir hiicreye farklilasacagini hiicre ¢ekirdegindeki genler
diizenler. Bu genlerden gelen uyarimlara gore farkli hiicre tiplerine doniisebilmektedirler
(Giines, 2005; Cannazik ve Polat, 2014).

Bir hiicrenin kok hiicre sinifina girebilmesi i¢in 5 kriter bulunmaktadir:
1. Boliinebilme 6zelligi uzun stirmeli ve kendini yenileyebilme kapasitesine sahip olmali,
2. Ozellesmemis olmal,
3. Ozellesen hiicrelere doniisebilmeli,
4. Hasarl1 dokuya transplante edildiginde kaynak dokuyu islevsel agidan tekrar ¢cogaltabilmeli,
5. In vivo ortamda doku hasart olmadigi durumlarda da farklilasan kusaklara destek
saglamalidir (Ural, 2006; Erol ve Arican, 2008; Cannazik ve Polat, 2014).

Kok hiicrenin o6zellikleri

Boliinme ve kendini yenileme (Self-Renewal)

Kok hiicreler, bulunduklar1 dokularda onarim igin yeni bir hiicreye ihtiyag oluncaya
kadar 6zellesmeden boliinebilme kabiliyetine sahiptirler (Erol ve Arican, 2008; Cannazik ve
Polat, 2014). Hiicrelerin boliinebilme yeteneklerini kromozomun ug¢ kisimlarindaki telomer
adindaki DNA zinciri belirler. Telomerlerin uzunlugu ne kadar fazla ise hiicreler o 6lciide
fazlaca boliinebilirler. Telomeraz enzimi telomerlerin uzun kalmasinin devamliligini saglar.
Bu enzim hiicrede ne kadar aktif rol oynar ise telomerlerin uzunlugu da o 6l¢iide korunabilir.
Fazla yogun telomeraz enzimi aktivasyonundan kaynakli kok hiicreler ¢ok sayida

boliinebilme 6zelligine sahiptirler (Sagsoz ve Ketani, 2008; Thore ve ark., 2008).

KoKk hiicrelerin farklilagsmasi (Plastisite)

Dokulardan elde edilen kdok hiicrelerin, uygun ortam kosullari ve sinyallerle degisik
doku hiicrelerine ddniisebilmesi olayma plastisite (transdiferansiyasyon) denir (Inan ve
Ozbilgin, 2009). Kok hiicreler farklilasabilme potansiyeline gore; totipotent, pluripotent ve
multipotent olmak tizere 3 kategoriye ayrilmaktadirlar (Koerner ve ark., 2006; Cannazik ve

Polat, 2014).

Totipotent kok hiicreler
Totipotent &zellik bir kok hiicrenin sahip olabilecegi en yiliksek giic olarak

tanimlanmaktadir. Spermatozoon ile yumurtanin fertilizasyonu (déllenme) sonucu olusan
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zigot, farklilasma kapasitesi en yiiksek olan totipotent kok hiicredir. Ug germ tabakasindaki
hiicrelerin tamamini olusturma kabiliyetine sahip olmakla birlikte uygun kosullarda
fonksiyonel bir organizmayr en bastan olusturabilecek tiim hiicrelere doniisebilme 6zelligi
bulunan hiicre tipidirler. Embriyonal gelisim asamasindaki hiicreler, zigot olusumundan

sonra, ilk birka¢ boliinmede totipotent olma kabiliyetini muhafaza ederler.

Pluripotent kok hiicreler

Bu hiicreler fertilizasyondan sonra, embriyonal hiicre boliinmesinin dordiincii gliniinden
itibaren (d6llenmeden 16 blastomerli doneme kadar) totipotent olma 6zelliklerini kaybederek,
daha diisiik farklilagsma giiciine sahip olan pluripotent hiicre tipine doniisiirler (Lanza ve ark.,
2005; Morgani ve ark., 2013; Cer¢i ve Erdost, 2019). Kisacasi, preimplantasyon déneminin 4.
giiniinde olusan blastosist asamasindaki embriyoda mevcut olan hiicrelerdir. Embriyonal
gelisimin dordiincii gilinlinde, embriyo (blastosist asamasinda) ii¢ temel katman meydana
getirmektedir. Blastosist; trofoblast hiicreleri, blastosol ve i¢ hiicre kitlesi (Inner Cell Mass,
ICM) olarak ii¢ temel yapidan olusur. Trofoblast, gelisim siirecinde plasentayr olusturur.
ICM’nin, gelisim asamasinda viicuttaki tiim dokular1 olusturma 6zelligi bulunmaktadir (El¢in,
2009). Bu hiicreler germ yapraklarina (endoderm, ektoderm, mezoderm) ait doku ve organlari
olusturabilme kabiliyetine sahip olmalart bakimindan totipotent kok hiicrelerle benzerlik
gosterirler (Tekeli ve ark., 2016). Bu hiicreler plasental yapilari olusturamaz ve dolayisiyla
yeni bir organizmayr meydana getiremezler. Hiicreler, embriyonal gelisimin ileri

donemlerinde uterus duvarina implante oluncaya kadar pluripotenttirler.

Multipotent kok hiicreler

Embriyonal gelisimin ileri asamasina ait olan bu hiicreler, implantasyondan sonra
multipotent (lic germ yapragma ait hiicrelere doniisebilme) karakteristik kazanirlar. Bu
hiicrelerin, gelisim evresinde boliindiik¢e daha diisiik kapasitede farklilagsma 6zelligi bulunur.
Pluripotent 6zellikteki kok hiicrelere gore kismen farklilasmis kok hiicre 6zelligi gosterirler.
Bu hiicrelerin baglicalar1, hematopoietik kok hiicreler (HKH) ve mezenkimal kok hiicrelerdir
(MKH). Bu hiicreler eriskin bireylerin tek bir germ yapragina ait ve birbirine yakin hiicrelere
farklilasabilme 6zelligi bulunan hiicrelerdir (Lynch, 2011).

Kok hiicreler elde edildikleri kaynaklara gore; embriyonik, fotal ve eriskin tip kok
hiicreler olarak ii¢ grupta toplanirlar (Ozer, 2018).
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Embriyonik kok hiicreler

Blastosist asamasindaki bir embriyoda implantasyon sonrasi plasenta yapisini
olusturacak olan trofoblast hiicrelerinden (trofektoderm) olusan dis kisim ve nodus
embriyonalis denen ICM’den meydana gelen i¢ kisim olmak iizere iki farkli hiicre tipi
bulunur. Bu hiicreler, erken embriyonik evrede ICM’den elde edilir ve in vitro olarak tiim
somatik hiicre tiplerine doniisebilme kabiliyeti bulunur. Bu kok hiicre tipi embriyonun
govdesine ait biitiin hiicre tabakalar1 (endoderm, ektoderm, mezoderm) ile onlardan kdken
alacak organ ve sistemleri olusturma yetkinligine sahip pluripotent 6zellikteki kok hiicrelerdir
(Ozer, 2018). Telomerleri uzun oldugundan bu hiicrelerin ¢cogalma kapasiteleri epey fazla
olmakla birlikte uzun siire boliinmeye devam edebilme 6zellikleri bulunur. Uygun laboratuvar
kosullarinda 2 yil kadar yasayabilirler (Senel, 2002; Giines, 2005; Karasahin, 2012).

Glintimiizde embriyonal kok hiicrelerle ilgili ¢alismalar etik kisitlamalardan kaynakli
olarak sinirlandirilmistir (Ozen ve Giil Sancak, 2014).

Somatik hiicre gekirdek transferi yontemi (iireme amaglh kopyalama) ile hastalara 6zel
embriyonik kok hiicre iiretme imkanmi bulunmaktadir. Bu yontemde; somatik bir hiicre
cekirdegi, ¢ekirdegi cikartilmis bir ovum hiicresine aktarilir. Sekillenen bu yeni hiicrenin
blastosist asamasina kadar ilerlemesi saglanir. Daha sonrasinda da ICM’nin hiicresel tedavi
amaciyla kullanilmasi saglanir. Ayrica olusan bu blastosist asamasindaki embriyonun uterusa
transferi ile (klonlama) yeni bir canli meydana gelmesi de saglanabilir. Dolly adindaki
koyunun iiretilmesi iireme amagli kopyalama yontemiyle basariyla gerceklestirilmis ve bu
yontem daha sonra diger canlilarda da uygulanmistir. Bu yontem, somatik bir hiicrenin
embriyonik olarak yeniden programlanabilecegini sunmasi yoniiyle nem tasimaktadir (Ozen

ve Giil Sancak, 2014).

Fotal kok hiicreler

Fotal kok hiicre kaynagi, kendiliginden veya gesitli anomaliler nedeniyle abortusla
sonlanan ya da sonlandirilan gebeliklerden elde edilen fotuslardir. Sinirsiz sayida boliinebilme
ve kendilerini yenileme giiciine sahiptirler. Embriyolardan elde edilen bu hiicreler pluripotent
ozellige sahiptirler. Farklilasip kromozom sayilarini yariya indirerek ovum ve spermatozoona
dontisebilirler. Ancak bir baglarina yeni bir canli olusturamazlar. Kiiltiir ortaminda her tiirli
hiicreye doniisebilmeleri sebebiyle embriyonik kok hiicreye alternatiftirler. 5-10 haftalik
fotusun gonadal catisinda bulunan primordiyal germ hiicrelerinden koken aldiklari gibi

amniyon s1vis1 ve plasentadan da elde edilebilirler (Ozer, 2018).
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Eriskin tip kok hiicreler (ETKH)

Kemik iligi, periferik kan, yag doku, deri, kalp kasi, néron, amniyotik sivi, gébek
kordonu ve uterus gibi dokulardan koken alan kok hiicrelerdir. Organizmanin ¢esitli doku ve
organlarinda  bulunan, gerektiginde kendini ¢ogaltabilen, multipotent &zellikteki
farklilasmams kok hiicrelerdir. Ornegin; beyin kok hiicrelerinden kan ve kas hiicreleri
olusturulabilir. I¢inde bulunduklar1 dokular1 onararak dokunun devamliligini saglamak baslica
gorevleridir. Bu tip hiicreler 6zellesmis hiicrelere doniismeden once sinirli cogalma 6zelligine
sahip olan progenitdr veya onciil hiicrelere doniisiirler (Ozer, 2018).

Gilinlimiizde hiicresel tedavide; insan embriyonal kok hiicresi (hESC) %13, fotal kok
hiicre %2, gobek kordonu kok hiicresi %10 ve erigkin tip kok hiicreler ise %75 oranlarinda

kullanim alani1 bulmaktadir (George, 2011).

KoKk hiicrelerin islevi

Hematopoietik kok hiicre, karaciger ve sinir kok hiicrelerinde; hasarli yere
nakledildiginde kaynak dokuyu islevsel bakimdan yeniden fonksiyonel duruma getirir,
Ornegin; kemik iligi mezenkimal hiicreleri kalp dokusuna aktarildiginda bu hiicreler
kardiyomiyositlere farklilasarak hasarlt dokuyu islevsel hale getirebilirler (Kruse ve ark.,
2008).

KoKk hiicre transplantasyonu

Kok hiicre tedavisinde sistemik uygulamalar kilcallarda emboli olusumuna sebebiyet
verebileceginden lokal uygulamalar tercih edilmistir (Deak ve ark., 2010). Giiniimiizde kok
hiicreler standardize edilmistir ve Uluslararas1 Kok Hiicre Tedavisi Organizasyonu (ISCT)
standartlarina tabidir (Dominici ve ark., 2006).

Transplantasyon isleminde kok hiicre kaynagi olarak ayni hayvan (ototransplantasyon),
ayni tiir (allotransplantasyon) veya farkli bir tiir (ksenotransplantasyon) kullanilabilmektedir
(Gade ve ark., 2012). Vetstem, Medistem ve Histostem gibi baz1 sirketler, ortopedik ve diger
yaralanmalarda kullanilmak {izere otolog, allojenik veya ksenojenik kok hiicreler
uretmektedirler (Dalgin ve Meral, 2017).

Kok hiicre nakli; hiicresel siispansiyonun (spermatogonyal kok hiicre) veya dokularin

transplantasyonu (testis ve ovaryum) seklinde iki farkli yontemle uygulanabilir.
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Hiicresel siispansiyon transplantasyonu

Fertil bir erkek farenin testis hiicreleri (spermatogonyal kok hiicre) dogrudan alici
infertil bir erkegin seminifer tiibiillerinin liimenine mikroenjektor ile nakledilebilir; bdylece
spermatogenez olusturulabilir ve dondr haplotipini bir sonraki nesle aktaran spermatozoa
uiretilebilir. Fare ve ratlarla yapilan ¢alismalarda siispansiyon halindeki donor kok hiicrelerinin
testikiiler kullanimi igin 3 mikroenjeksiyon ydntemi bulunmaktadir. ilk yontemde hiicresel
slispansiyon bir mikropipet yardimiyla seminifer tubullere verilerek hiicrelerin rete testisten
gecisi olur ve diger tubullere ulasirlar. ikinci yontemde hiicresel siispansiyon mikropipet
yardimiyla dogrudan rete testise aktarilir. Ugiincii yontemde dondr kok hiicreleri direkt olarak
rete testise giden efferent kanala verilir (Ogawa ve ark., 2003; Brinster ve Nagano, 1998).
Kok hiicrelerin testis igerisine verilmesinin basarili olup olmadigini gérebilmek amaciyla
testislere triptan mavisi enjekte edilir. Transplantasyon sonrasi testisteki dondr kok
hiicrelerinin ¢ogalmasi histolojik olarak muayene edilir. Bilgisayar destekli goriintiileme
yontemleri de bu amagla kullanilabilir (Dobrinski ve ark., 1999). Disi germ hattindaki kok
hiicrelerin ¢ogalmasi dogum Oncesi sona erdiginden yetiskinlerde bulunan tek germ hatt1 kok
hiicreleri spermatogonyal kok hiicrelerdir (Zheng ve ark., 2014; Akar ve ark., 2019).

Hiicresel transplantasyon ilk kez Brinster ve Zimmermann (1994) tarafindan farelerde
denenmistir. Bu ¢alismada dondr farenin testisinden alinan hiicre siispansiyonu icerisindeki
spermatogonyal kok hiicre (SSC) infertil bir konak fareye verildiginde spermatogenez
olayinin sekillendigi bildirilmistir. Bu fareler ¢iftlestirildiginde donor farenin kalitsal
Ozelliklerini tasiyan yavrularin meydana geldigi ifade edilmistir. Bu ¢alisma sonrast homolog
tiirler arasinda rat, kegi, domuz, kopek, koyun ve maymun gibi degisik canlilarda da bu nakil
islemi basarili bir sekilde uygulanmistir. Boylece farkli tiirler arasinda da SSC nakillerinin
(ksenotransplantasyon) yapilabilecegi gosterilmistir. Yapilan bir bagka calismada rattan alinan
SSC, fare seminifer tubullerinde kolonize olmus ve bu hiicrelerin farklilasmasi sonucunda

normal &zelliklere sahip olan rat spermi tiretilebilmistir (Clouthier ve ark., 1996).

Spermatogonyal kok hiicreler (SSC)

SSC'ler, belli bir tiiriin genomunu bir nesilden bir nesile aktarabilen ve ayni zamanda
pluripotent kok hiicrelere doniisme kapasitesine sahip olan tek yetiskin kok hiicreleridir (Guan
ve ark., 2006; Seandel ve ark., 2007; Kanatsu-Shinohara ve ark., 2008; Aponte, 2015).
Ayrica, temel ii¢ embriyonik katmandan hiicreler olusturabilmektedirler.

SSC, canlinin hayati boyunca kok hiicre havuzunun devamliligini saglamak i¢in kendini

yeniler, germ hiicreye doniisiir ya da apoptoz sonucu hiicrenin 6liimii meydana gelir (Dym,
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1994). Erigkin testisinde normal spermatogenez ve fertilitenin devamliligi; spermatogonyal
kok hiicre yenilenmesi ve farklanmasi arasinda bulunan dengeye baghidir. Bu iki siireg; kok
hiicre gen ekspresyonuyla intrinsik olarak ve nis adi1 verilen mikrogevreden gelen uyarimlar
sonucu ekstrinsik olarak regiile edilir (Dadoune, 2007; Yanar ve ark., 2017). Kok hiicrelerin
boliinme ve farklilagmalarinda 6nemli bir yeri olan; bu hiicrelerin i¢inde oldugu ve onlarin
gelecegini belirleyen in vivo veya in vitro mikrogevreye kok hiicre yuvasi (Stem Cell Niche)
ad1 verilmektedir. Nis ad1 verilen mikrogevre sertoli hiicresi, peritubuler miyoid hiicre ve
Leydig (intersitisyel) hiicresinden meydana gelir (Chen ve ark., 2005; Hess ve ark., 2006;
Chen ve Liu, 2015; Heinrich ve DeFalco; 2019).

Sertoli hiicreleri, SSC ve germ hiicrelerinin beslenmelerini saglayarak spermatogenezisi
destekleyen uyarimlar1 yonetmektedir. Bu hiicreler, glial hiicre hatt1 tiirevli norotrofik faktorii
(GDNF) ve bazik fibroblast biiylime faktoriinii (bFGF) salmak suretiyle in vitro SSC
yenilenmesine destek olurlar. Peritubuler miyoid hiicre ve Leydig hiicresi; koloni-stimulan
faktorl (CSF1) iiretimi sayesinde GDNF ile sinerjistik olarak etkilerini gosterirler. Leydig
hiicreleri ise testosteron hormonu tiiretimi sayesinde gonadlarin gelisimi ve spermatogenezisin
devamliligini saglarlar (Ates, 2016).

SSC’lerin kendi kendini yenileme ve farklilagsmasi somatik hiicrelerde ¢evresel kaynakli
dis (ektrinsik) etkenler ve germ hiicrelerindeki i¢ (intrinsik) kalitsal programlarla
diizenlenmektedir (Diizagag ve ark., 2013).

Testisteki seminifer epitelin germ kok hiicreleri olan SSC’ler spermatogenezisin kurucu
hiicreleridir. Gliniimiize kadar SSC nakli; fare, rat, koyun, domuz, kopek ve maymun gibi
degisik canli tiirlerinde basarili olarak uygulanmistir (Ogawa ve ark., 2000; Kanatsu-
Shinohara ve ark., 2003). Cesitli hayvan calismalari, degisik yastaki donorlerden alinan
SSC’lerin kriyoprezervasyon yontemiyle basarili bir sekilde saklanabilecegini, ¢oziilme ve
nakil islemi sonrasinda spermatojenik potansiyellerini muhafaza ederek yeniden
spermatogenez gegirmek suretiyle fonksiyonel yapili islevsel spermatozoonlar iiretebilecegini
gostermektedir (Dobrinski ve ark., 2000). Shetty ve ark. (2013), kemoterapiye maruz
birakilan maymunlar tizerinde yirittikleri ¢alismada; dondurma sonrasi nakledilmis
SSC’lerde, GnRH antagonisti hormonla yapilan supresyon sonucu spermatogenezisin arttigini
bildirmislerdir. Kaydedilen bu gelisme insanlarin infertilite problemlerinin tedavisi i¢in umut
kaynag1 olmustur.

Insanda SSC nakli ilk kez 1999°da gerceklestirilmistir. Manchester’da yapilan bu
calisma; lenfoma hastasi 12 erkek iizerinde denenmis ve bu hastalarin iireme durumlarin

iceren bir yayin yapilmistir (Radford ve ark., 1999). Yapilan bir baska ¢alismada, fare
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testislerine insan SSC nakli uygulanmis ve saglikli proliferasyon sonucu bu hiicrelerin 6 ay
boyunca canli kaldigi bildirilmistir. Farklilasmamis olan bu kok hiicreler 1 ay sonra
spermatogonyumlara doniigmiisler fakat mayoz gecirememis ve apoptoza ugramislardir. Bu
caligmada; nakledilen insan SSC’leri fare sertoli hiicrelerince taninarak dogru yere goc

edebilmis, prolifere olabilmis ve hayatta kalabilmislerdir (Nagano ve ark., 2002).

Testikiiler doku parcaciklarinin transplantasyonu

Testis transplantasyonun klinik uygulamasi, genetik olarak degerli bir pre-pubertal
erkek hayvanin lireme potansiyelini korumak i¢in ¢ok énem arz etmektedir (Pukazhenthi ve
ark., 2005). Testis dokusu ksenotransplantasyon teknigi ile yabanci tiirlerde ektopikal
bolgelere greftlenen (nakledilen) testis eksplantlarinda sperm {iretimi gergeklestirilmistir.
Testis doku pargaciklarinin immiin yetmezIligi olan ¢iplak konak¢i farelere (nude mice)
allogreftlenmesi (ayni tiirler arasi nakil) veya ksenogreftlenmesi (farkli tiirler arasi nakil),
ciftlik hayvani tiretiminde ve prepubertal erkek onkoloji hastalarinda germ hattinin korunmasi
i¢in yeni bir aragtir. Honaramooz ve ark. (2003), germ hiicre naklinin bagisikligi yeterli alici
kecilerde dondr kaynakli spermatogenez ve fertilite ile sonuclanip sonuglanmayacagini
arastirmak icin, testis hiicrelerini (insan alfa-1 antitripsin ekspresyon yapisindaki) transgenik
donor kegilerden prepubertal vahsi tip alict kegilerin testislerine nakletmislerdir. Puberta
sonrasinda, bes alicidan ikisinin ejakiilatlarinda donor kaynakli transgeni tasiyan sperm tespit
edildigini rapor etmislerdir. Ayrica bir alicinin ¢iftlestirilmesi sonucu, biri dondrden tiiretilen
15 transgenik yavru elde edildigini bildirmislerdir. Bu veriler, kemirgen olmayan tiirlerde
germ hiicre naklinden sonra dondr hiicre kaynakli sperm iiretimi ve genetigin (dondr
haplotipinin) bir sonraki nesle aktarilmasina iliskin ilk rapor olma 6zelligine sahiptir.

Honaramooz ve ark. (2002) yaptiklar1 bir baska ¢alismada, neonatal fare, domuz ve
tekelerden alinan testis fragmanlarinin, immiin yetmezligi olan ¢iplak konakg1 farelerin sirt
derisinin altina nakledilmesiyle bu kiigiik testis pargalarinin, orijinal lokal yerleri disinda
biiylidiigiinii ve farklilagtigin1 rapor etmislerdir. Ayrica bu calismada yeni dogan fare, domuz
veya kecilerden alinan testis dokusunun fare konakgilarina greftlenmesiyle morfolojik olarak
tam spermatogenez gosterdigi ve sperm hiicresi elde edildigini bildirmislerdir. Alic1 fareler
yiiksek seviyelerde folikiil uyarict hormon (FSH) ve luteinize edici hormon (LH) saglamak
icin kisirlagtirllmis ve konakgi farelerin endokrin sisteminin, farkli hayvan tilirlerinden
ksenotransplante edilmis testis dokularinin gelisimini destekledigi, testis parcaciklarinin

boyutunda bir artis oldugu ve sperm hiicresinin elde edildigi bildirilmistir.
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Testis dokusu ksenogreft uygulamasinin, konagin endokrin sisteminin dondr testis greft
gelisimini destekledigi ve pubertay1 hizlandirdig1 arastirmalar sonucunda agikg¢a bildirilmistir
(Honaramooz ve ark., 2002). Normal testis dokularinda seminifer tiibiil sivisi (STF) rete
testiste yeniden emilirken greftlerde rete dokusunun olmamasi STF'nin emilimini bozar ve
tiibtillerde birikerek tiibiiler sigkinlige neden olur. Transplantasyon doneminde, 6zellikle tiirler
arast uygulamada, ksenograftlarin seminifer tiibiillerinde rete testislerinin olmamasindan

kaynaklanan bir limen dilatasyonu sekillenir (Honaramooz ve ark., 2007).

Testikiiler doku parcaciklarinin kriyoprezervasyonu

Fare testisinin dondurulmasi, genetik kaynaklarin korunmasi ve susun kurtarilmasi
amactyla yardime1 lireme teknolojisinde 6nemli bir aractir. Bu teknik, hiicre biitiinliigiiniin ve
testislerin endokrin fonksiyonlarinin korunmasini saglayabilir. Prepubertal erkeklerin
testislerinde SSC’lerin varligi, fertilitenin daha sonraki yasamlarinda korunmasi ve
restorasyonu icin klinik olarak uygun secenekler sunar. Erkek germ hiicresi ve testis
dokusunun nakline dayanan yeni yaklasimlar, kemoterapi 6ncesinde saglikli testis dokusunun
dondurulmasiyla testis kanseri hastalarinda fertilitenin restorasyonu sonrasinda sinirli sayida
sperm hiicresi liretmek i¢in diisiiniilebilir. Bu konudaki ¢alismalarin ¢ogu, infertilitenin ileride
intrasitoplazmik sperm enjeksiyonu (ICSI) tedavisinde kullanilmak iizere testis dokusunun
islenmesi veya greftlenerek sperm iiretiminin geri kazanilmasi igin onerilmistir (Al-Hasani ve
ark., 1999; Shinohara ve ark., 2002; Yildiz ve ark., 2013).

Prepubertal testis dokusunun kriyoprezervasyonu

Bu yontemde arastirmacilar DMSO-etilen glikol-siikroz ve DMSO-siikroz
kombinasyonlarinin  kullanimin1  tercih etmektedirler. Prepubertal testisin  seminifer
tubuluslarinda SSC’lerin bazal kisma yerlesmesini Sertoli hiicreleri saglamaktadir. SSC’ler
bazal membrana tamamen yerlestikten sonra bazal ve adluminal kompartman arasinda kan-
testis bariyeri olusumu igin siki baglantilar sekillenir (Kervancioglu, 2018). Otomatik
kontrollii hizli dondurma, gamet ve somatik doku bankasinda en yaygin kullanilan tekniktir.
Infertil erkeklerden alinan testis dokusu, hiicre siispansiyonlar1 veya doku pargalar1 halinde
(Hovatta ve ark., 1996) kriyoprotektan ajan (CPA) olarak gliserol kullanilarak dondurulur.
Brook ve ark. (2001), %4 fetal sigir serumu igeren Leibovitz ortaminda farkli CPA'lar
kullanarak yavas programlanmis sogutma ile insan testis dokusunu basariyla dondurmuslardir.

Yildiz ve ark. (2013), farkli CPA’larin kriyoprezerve ve allotransplante yenidogan fare

testis dokusunda spermatogenez ve steroidogenez iizerindeki etkilerini test etmek amaciyla
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yaptiklar1 ¢aligmada; yenidogan fare testislerinin dondurulmasi ve ¢oziilmesi i¢in en etkili
CPA’nin DMSO oldugunu, yavas dondurma ile vitrifikasyon tekniklerinin de bu amagla

kullanilabilecegini ifade etmislerdir.

Ovaryum doku parcaciklarimin transplantasyonu

Ovaryum dogal olarak neovaskiilarizasyon silirecini destekleyen bol miktarda
anjiyojenik faktor icermesi nedeniyle transplantasyon i¢in olduk¢a uygun bir yerdir. Ovaryum
doku transplantasyonunun temel amaci, 6zellikle kanser tedavisi (kemo/radyoterapi) goren
gen¢ ve yetiskin kadinlarda ovaryum endokrin fonksiyonunun ve fertilitenin yeniden
saglanmasidir (Donnez ve ark., 2013). Ozellikle gocuklar veya geng hastalarda fertiliteyi
korumak i¢in; ¢ok sayida primordial ve primer folikiiliin depolanmasina izin veren ovaryum
dokusunun dondurularak saklanmasi en iyi secenektir. Primordial folikiiller, hormonal
tedaviye ihtiyagc duymadan disi iireme yasaminin herhangi bir asamasinda dondurularak
saklanabilir (Donfack ve ark., 2017).

Ovaryum naklinin uygunlugu, doku kalinliginin dogru hazirlanmasini ve en uygun nakil
bolgesinin  bulunmasim1  gerektirmektedir. Ovaryumun  dogal  plastisitesi, yeniden
damarlanabilecegi ve normal fizyolojisini hizla restore edebilecegi farkli bolgelere
greftlemeyi kolaylastirir.  Ovaryum dokusu ortotopik olarak pelvis bosluguna veya
heterotopik olarak deri alt1 bolgelere, rektus kasi ve subperitoneal dokunun (Donfack ve ark.,
2017) yanm1 sira bobrek kapsiiliine veya yag yatagina nakledilebilir. Bobrek kapsiiliine
transplantasyon, greft sagkalimini artiracak miikemmel kan temini nedeniyle daha ¢ok tercih
edilmistir (Youm ve ark., 2015).

Ortotopik transplantasyonun ana avantaji, yardimci {ireme tekniklerine gerek
duyulmaksizin dogal gebelik olusabilmesidir. Dezavantaji ise, ovaryum boyutu nedeniyle
sinirlt sayida fragman nakledilebilmektedir. Ayrica ciddi pelvik yapigsmalara neden olabilen
invaziv bir islemdir (Demeestere ve ark., 2009).

Fareler iizerinde yiriitiilen bir ¢alisma, kriyoprezervasyon ile ovaryumun bir biitiin
olarak ortotopik nakli sonrasinda ilk dogumu tanimlamistir (Parrot, 1960). Insanlarda,
ovaryum dokusu kriyoprezervasyonu ve greftleme kullanilarak elde edilen ilk dogum
Donnez ve ark. (2004) tarafindan rapor edilmis ve insan iireme tibbinda bir doniim noktasi
olmustur. Gliniimiize kadar dondurularak saklanan ovaryum dokusunun naklinden sonra 70
adet saglikli bebegin dogumu (Silber, 2016) rapor edilmistir.

Gosden ve ark. (1994) koyunlarda, yavas dondurma ile dondurularak saklanan ovaryum

dokusunun ortotopik ototransplantasyonundan sonra siklik aktivitenin, hamileligin ve canli
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dogumun meydana geldigini rapor etmislerdir. Santos ve ark. (2009), iki tarafli ovarektomize
kecilerde kiigik  ovaryum  pargalarinin ortotopik ototransplantasyonu  ve
kriyoprezervasyonundan sonra hormon uygulamaksizin endokrin fonksiyonun geri
kazanildigini ve tam folikiiler gelisim gosterdigini bildirmislerdir.

Heterotopik nakil igsleminin avantajlari; invaziv prosediirlerden kaginma, greftin kolay
erisilebilirligi, kortikal dilimler icin artan kapasite, siddetli pelvik yapisikliklar ortotopik
transplantasyonu engellese bile greftleme igin uygunluk saglar (Kim, 2012). Ayrica genel
anestezi kullanimi gerekli degildir ve nakledilen parcalarin ¢ikarilmas: kolaydir (Filatov ve
ark., 2016). Heterotopik transplantasyondan sonra dogal gebelik beklenemez ve bu yiizden
gebelik igin IVF gereklidir.

Insan ovaryum dokusunun bagisikligi yetersiz ciplak farelere (nude mice)
ksenograftlanmasi, ovaryum fonksiyonunu ve folikiil gelisimini in vivo degerlendirmek
amaciyla kullanilmistir (Van Eyck ve ark., 2009). Ciplak farelerde timus olmadigindan olgun
T lenfositleri iiretemezler ve bu ylizden immun yanitin birgok tipine karst tepki
olusturamazlar. Boylece c¢iplak fareler allogreftleri hatta ksenogreftleri bile reddetmezler
(Fransolet ve ark., 2015). Hayvan deneylerinde donmus-¢6zdiiriilmiis ovaryum dokusunun
transplantasyonu sonucunda antral folikiil gelisiminin ve canli dogumun meydana geldigi
bildirilmistir (Schubert ve ark., 2008; Donfack ve ark., 2017).

Dath ve ark. (2010) yaptiklar1 ¢aligmada, insan ovaryum dokusunun ¢iplak farelere
ksenotransplantasyonunu intraperitoneal (IP), deri alt1 (SC), ovarian bursa (OB) boslugu ve
kas i¢i (IM) olmak tizere dort farkli bolgeye greftleyerek karsilastirmiglar. Greftlemeden bir
hafta sonra, dort bolgede de biiyiiyen folikiillerin goriildiigiinii ve birka¢ sekonder folikiiliin
tespit edildigini bildirmislerdir. IP, SC, IM ve OB greftlemeden sonra folikiiler aktivasyon
gbzlemlenmesine ragmen, hareketsiz primordial folikiil havuzunun, greftleme bolgesinden
bagimsiz olarak, greftlemeden 3 hafta sonra tiikenmedigi bildirilmistir. Boylece, dort asilama
bolgesinin tiimiiniin, donmus ¢6ziilmiis insan ovaryum dokusunun nakilden kisa siire sonra

erken folikiiler biiylimeyi esit olarak destekledigi ifade edilmistir.

Sonug¢

Bircok hastalik mekanizmasinin  agiklanamadigr  giiniimiizde; dogru tedavi
yontemlerinin uygulanabilmesi i¢in bu hastalik mekanizmalarinin aydinlatilmasina yonelik
cok sayida caligma yiiriitiiliirken; diger yandan kok hiicrelerin bu hastaliklarda nasil ve hangi
yollarla etki edecegi tizerine de bir takim galismalar yiiriitiilmektedir. Boylece kok hiicrenin

elde edilmesi, nakli ve tedavi amaciyla kullanimi giiniimiizde en giincel konulardan biri olma

205


https://www.cambridge.org/core/journals/zygote/article/expectations-and-limitations-of-ovarian-tissue-transplantation/11ED57BBE5CD6BE84159A405E021CB9C#ref073
https://www.cambridge.org/core/journals/zygote/article/expectations-and-limitations-of-ovarian-tissue-transplantation/11ED57BBE5CD6BE84159A405E021CB9C#ref051
https://www.cambridge.org/core/journals/zygote/article/expectations-and-limitations-of-ovarian-tissue-transplantation/11ED57BBE5CD6BE84159A405E021CB9C#ref033
https://www.cambridge.org/core/journals/zygote/article/expectations-and-limitations-of-ovarian-tissue-transplantation/11ED57BBE5CD6BE84159A405E021CB9C#ref088
https://www.cambridge.org/core/journals/zygote/article/expectations-and-limitations-of-ovarian-tissue-transplantation/11ED57BBE5CD6BE84159A405E021CB9C#ref034

yolunda ilerlemektedir. Yapilan g¢alismalar kok hiicrelerin kullaniminin olduk¢a Onemli
oldugunu gostermektedir. Yakin bir gelecekte, hastaliklarin tedavisinde kok hiicre, doku ve

organ naklinin ¢ok 6nemli bir uygulama alanina sahip olmasi beklenmektedir.

Cikar Catismasi1 Beyani

Makale yazarlar1 herhangi bir ¢ikar ¢atismasi olmadigin1 beyan ederler.

Arastirmacilarin Katki Oram

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan ederler.
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Anahtar Kelimeler
Immunohistokimya
Immunfloresans
Western blot

In situ hibridizasyon

Bu derleme makale, patoloji laboratuvarlarinda siklikla kullanilan molekiiler
yontemler hakkinda bilgi vermek amactyla yazilmistir. Immunohistokimyasal
(IHC) ve immunfloresans (IF) boyama teknikleri, hiicrelerde ve dokularda
bulunan spesifik proteinleri ve molekiilleri tespit etmek i¢in yaygm olarak
kullanilmaktadir. THC, antijenlerin spesifik antikorlarla etkilesimiyle
hiicrelerdeki proteinlerin gdrsel olarak tespit edilmesini saglar. IF boyama ise
benzer sekilde floresan etiketli antikorlar kullanarak proteinlerin yerini belirler.
Her iki yOntem de antijen-antikor etkilesimleri sayesinde protein
ekspresyonunun belirlenmesine yardimci olur. Western Blot (WB) yontemi,
hiicre ve doku drneklerinden proteinlerin ayrilmasini ve tanimlanmasini saglar.
Bu yontem, proteinlerin molekiiler agirliklarina gore ayrilmasina ve ardindan
hedef proteinlere karsi antikorlarla isaretlenmesine dayanir. PCR (Polimeraz
Zincir Reaksiyonu) yontemi, DNA'nin ¢ogaltilmasinda kullanilan temel bir
tekniktir. /n Situ Hibridizasyon (ISH) ise hiicrelerdeki niikleik asit dizilerinin
tespit edilmesini saglayan bir tekniktir. Bu yontemlerin her biri, biyolojik
orneklerin detayli incelenmesinde dnemli araglar olarak kullanilir ve hiicresel
analizlerden genetik incelemelere kadar genis bir yelpazede uygulama alani
bulur.
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In situ hybridization

This review article is written to provide information about the molecular
techniques frequently used in pathology laboratories. Immunchistochemical
(IHC) and immunofluorescence (IF) staining techniques are commonly used to
detect specific proteins and molecules found in cells and tissues. IHC allows
the visual detection of proteins in cells through the interaction of antigens with
specific antibodies. Similarly, IF staining uses fluorescently labeled antibodies
to determine the location of proteins. Both methods help in identifying protein
expression through antigen-antibody interactions. The Western Blot (WB)
technique enables the separation and identification of proteins from cell and
tissue samples. This method relies on separating proteins according to their
molecular weight, followed by labeling the target proteins with antibodies.
Polymerase Chain Reaction (PCR) is a fundamental technique used for DNA
amplification. In Situ Hybridization (ISH) is a technique that enables the
detection of nucleic acid sequences in cells. Each of these methods serves as
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an important tool for the detailed examination of biological samples and has a
wide range of applications, from cellular analysis to genetic investigations.

To Cite: Atasever A, Mendil AS, Giingér A., 2025. Patoloji laboratuvarinda kullanilan molekiiler yontemler. Kadirli
Uygulamali Bilimler Fakiiltesi Dergisi, 5(1): 213-228.

Giris

Molekiiler patoloji, gen ifadesini morfolojiyle karsilastirarak uygulamaya g¢alisan bir
alandir ve ¢ok sayida hedefin dogrulugunu teyit etmek i¢in gen ifadesi analizlerini kullanir
(Sterchi ve Astbury, 2013). Patoloji alaninda kullanilan immunohistokimya, in situ
hibridizasyon, polimeraz zincir reaksiyonu (PCR), Western blot ve dizileme yo6ntemleri,
molekiiler degisikliklerin tespiti i¢in yaygin olarak bagvurulan tekniklerdendir (Netto ve ark.,
2003; Mahmood ve Yang, 2012; Sarioglu, 2021). Molekiiler patoloji teknikleri; Tiiberkiiloz,
HIV, hepatit B gibi bir¢ok bulagici hastaligin tan1 ve tedavi rejimlerinin izlenmesinde klinik
laboratuvarlarda siklikla kullanilmaktadir (Netterwald, 2006). Bu molekiiler teknikler,
hastaligin fenotipini degerlendirmeksizin doku analizi ve dogrudan taniya ulasmamizi saglayan
gliclii yontemlerdir. RNA veya DNA diizeyindeki anormallikleri tespit etmeye olanak tanirlar.
Yiiksek hassasiyet ve oOzgiilliik ozellikleri tagiyan bu teknikler, gliniimiizde neoplastik
hastaliklar, enfeksiyon hastaliklar1 ve genetik hastaliklarin kimlik tespiti i¢in yaygin olarak
kullanilmaktadir (Ergin, 2004).

Bu derlemede, patoloji laboratuvarlarinda yaygin olarak kullanilan molekiiler yontemler
arasinda yer alan immunohistokimyasal ve immunofloresans boyama, Western Blot, PCR ve in

situ hibridizasyon teknikleri hakkinda kapsamli bilgi sunulmasi amaglanmistir.

1. Immunohistokimyasal ve Immunfloresans Boyama

Immunohistokimyasal (IHC) ve Immunfloresans (IF) boyama hiicrede veya dokuda
bulunan bazi endojen ve eksojen maddelerin ¢esitli kimyasal yollarla tepkimeye sokularak
bulundugu dokuda goriiniir hale getirilmesi amaciyla yapilmaktadir (Demir, 2001; Rosali,
2004). Hiicre ve dokuda yer alan protein, aminoasit, karbonhidrat, lipid, enzim ve pigmentler
bu boyama yontemiyle histolojik kesitler alinarak gosterilmektedir (Mills, 1992). Bu maddeler
disinda IHC ve IF boyamada hiicre ve dokuda yer alan antijenik yapilarin epitop bdlgelerine
0zgii spesifik antikorlarin baglanmasi sonucu hiicre ve dokuda goriiniir hale getirilmesi esasina
dayanmaktadir (Korgun, 2001; Weiss ve Gorg, 2008).
Hiicre ve dokulardan salinan protein ekspresyonunun siddetini belirlemek ve dokudaki varligini
kanitlamak ic¢in kullanilan giiglii tekniklerdir (Crowe ve Yue, 2019). IHC ve IF boyama
teknikleri direkt yontem ve indirekt yontem seklinde uygulanmaktadir. Direkt yontem hiicre ve

dokuda bulunan proteinin spesifik primer antikor ile baglanmasi sonucu gergeklesmektedir.
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Indirekt yontemde ise dokuda ekspre edilen antijenin primer antikor ile isaretlendikten sonra
sekonder antikor kullanilarak primer antikora baglanmasi esasina dayanmaktadir. Direkt
yontem indirekt yonteme gore daha az duyarliliga sahip oldugu i¢in indirekt yontem daha
yaygin kullanilmaktadir. Genel olarak hem IHC hem de IF yontemde indirekt yontemler
kullanilmaktadir (Eugenio, 1998).

1.1. immunohistokimyasal (IHC) Boyama Prosediirii

Dokulara deparafinizasyon ve dehidrasyon islemi i¢in ksilol-alkol serilerinden gegirilerek
distile su ile yikanir. Kesitler endojen peroksidaz aktivitesi dnlemek i¢in %3’liikk Hidrojen
Peroksit‘de 10 dakika bekletilir. Bu prosediirde dahil olmak iizere her basamaktan sonra Fosfat
buffer soliisyonunda (PBS) yikanir. 10 mM citrate buffer soliisyonunda 10 dakika boyunca
mikrodalga firinda kaynatilir. Kesitlerin iizerine bloking soliisyonun dokiiliir ve 10 dakika
beklenir. Primer antikor ile inkubasyona birakilir (Inkubasyon siiresi iiretici firmaya gore
degismektedir). Biyotinlenmis sekonder antikor ile 30 dakika inkubasyona birakilir.
Streptavidin antikor ile tekrar 30 dakika inkubasyona birakilir. DAB substrat+ DAB
(Diaminobenzidine) Kromojen soliisyonu ile renklendirme yapilir. Daha sonrasinda
Hematoksilen ile zit boyama yapilarak ¢esme suyunda yikama islemine alinir. Son olarak
kesitler alkol-ksilol serilerinden de gegirilerek, etellan damlatilip mikroskopta altinda incelenir
(Anonim, 2024b).
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Sekil 1. IHC boyama yéntemi ile T. Gondii’nin kegi karacigerinde gosterimi(ok), (100um), (Ozkaraca
ve ark., 2016).
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1.2. immunfloresans (IF) Boyama Prosediirii

Dokulara deparafinizasyon ve dehidrasyon islemi i¢in ksilol-alkol serilerinden gegirilerek
su ile yikanir. Kesitler mikrodalga firinda 10 mM sodium citrate buffer (pH 6,0) ile 10 dakika
kaynatilir. Distile su ile 5 dakika yikanir. Kesitler igerisinde %3 H20>’de bulunan methanol’de
15 dakika bekletilir. 5 dakika siireyle 2 kere yikanir. Kesitler igerisinde %0,4 Triton X-100
(PBS-T) ve %1’lik normal goat serum bulunan PBS ile 10’ar dakika 2 kere yikanir. %5 normal
goat serum bulunan PBS-T ile oda 1sisinda 30 dk bekletilir. Primer antikor ile inkubasyona
birakilir (Inkubasyon siiresi iiretici firmaya gore degismektedir). PBS ile yikanir. %1 normal
goat serum bulunan PBS-T ile 10’ar dakika siireyle 2 kere yikanir. FITC baglh bu sekonder
antikorlar icerisinde %1 normal goat serum bulunan PBS-T ile uygun oranda diliie edilerek oda
1is1sinda 1,5 saat inkube edilir. Tekrar %21 normal goat serum bulunan PBS-T ile 10’ ar dakika

stireyle 2 kere yikanir. DAPI damlatilarak mikroskopta incelenir (Anonim, 2024a).

Sekil 2. IF boyama yontemi ile T. Gondii’nin koyun dalaginda gosterimi(ok), (100um), (Ozkaraca ve
ark., 2016).

2. Western Blot (WB) Yontemi

Western Blot (WB) yontemi hiicre ve ya dokularda meydana gelen yapisal proteinleri
belirlemek amaciyla uygulanan yaygin bir yontemdir (Brianna, 2017). Dokularda yer alan
karmasik proteinlerin belirlenmesi, molekiiler agirliklarina gore ayrilmasi, membrana transfer
edilmesi ve istenilen primer ve sekonder antikorlarla isaretlenmesi esasina dayanmaktadir
(Hubélek, 2009). Bu yontem dokuda yer alan hedef proteinlerin varligini, molekiiler agirligini,

karmasik proteinlerin yapisini  ve modifikasyonunu belirlemek i¢in rutin olarak
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kullanilmaktadir (Lin ve ark., 1985; Kurien ve Scofield, 2006; Bio-Rad Laboratories, 2011).
Western blot yontemi orneklerin hazilanmasi, protein miktar tayini ve denetiirasyonu, jel
elektroforezi ile proteinlerin yiiriitilmesi, Proteinlerin membrana transferi ve Blokasyon,
Primer ve Sekonder antikorla inkiibasyon, goriintiileme ve analiz gibi asamalardan

olusmaktadir (Sean ve ark., 2013).

2.1. Orneklerin Hazirlanmasi

Dokudaki proteinleri homojen hale getirebilmek igin 6ncelikle bir doku pargalayicisi
olarak bilinen Tissue Lyser ile dokular kii¢iik parcalara ayrilmaktadir (Angell ve ark., 2004;
Wilson ve ark., 2007). Daha kii¢iik pargalara ayrilan dokular hiicre ve doku lizisi i¢in RIPA
(Radio Immun Precipitation Assay) adi verilen lizis tampon ¢6zeltisinde proteaz inhibitérleri

ile birlikte ¢ozlinerek 6rnekler hazirlanmaktadir (Cordwell, 2008; Weiss ve Gorg, 2008).

2.2. Protein Miktar Tayini ve Denatiirasyonu

Hazirlanan oOrneklerde protein miktarlarini belirlemek i¢in Bradford veya BCA
(Bicinchoninic Acid) yontemleri kullanilmaktadir. BCA yontemi spektrumu daha genis olmasi
ve Bradford yontemine gore daha giivenilir sonu¢ vermesi sebebiyle daha ¢ok tercih
edilmektedir. BCA yonteminde Orneklerdeki total protein miktrarlart oOlgiilmekte ve
hesaplanmaktadir (Friedenauer ve Berlet, 1989; Walker, 1994). Protein miktarlar1 hesaplanan
ornekler protein denatiirasyonunu saglamak i¢in igerisinde [-merkaptoetanol, gliserol,
bromfenol mavisi, Tris-HCI (Trisaminomethane- Hydrochloric acid) ve SDS (Sodium Dodecyl
Sulfate) i¢eren bir ylikleme tampon ¢ozelti hazirlanir ve 6rneklerdeki proteinler denatiire olarak

biiyiikliiklerine gore ayrilmaktadir (Hnasko ve Hnasko, 2015).

2.3. Jel elektroforezi ile Proteinlerin Yiiriitiilmesi

Western Blot yonteminde jel elektoforezi icin PAGE (Poly Acrylamide Gel
Electrophoresis) yontemi kullanilmaktadir. PAGE yontemi yiikleme ve yliriitme jellerinden
meydana gelmektedir. Kit halinde satilan bu jellerin igerisine APS (ammonium Persulfate),
TEMED (Tetra Methyl Ethylene Diamine) ve Akrilamid gibi ¢ozeltiler eklenerek
polimerizasyon saglanmaktadir. Olusan 6rnekler igerisinde yiiriitme tampon ¢ozeltisi ( Tris+
SDS+ Distile su) bulunan Western Blot jel elektroforez tankina protein belirteciyle ( B-actin, -
tubulin veya GAPDH) beraber kuyucuklara yiiklenerek belirli sicaklik, zaman ve voltajda

yiriitme islemi gergeklestirilmektedir. Yiirlitmedeki amag¢ negatif yiike sahip olan denatiire
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proteinlerin uygulanan pozitif yiiklii voltaj sayesinde yavaslamasi ve pozitif yone dogru

ilerlemesi esasina dayanir ( Mahmood ve Yang, 2012).

2.4. Proteinlerin Membrana Transferi ve Blokasyon

Blotlama membrani i¢in genellikle Nitroseliiloz ve PVDF (Polyvinylidenefluoride)
membranlar kullanilmaktadir. Nitroseliiloz membranlar hassas ve yirtilmaya daha yatkin
olduklar1 i¢cin PVDF membran daha ¢ok tercih edilmektedir. Kullanilan PVDF membran ve
filtre kagitlart membrana transfer dncesinde transfer tampon ¢ozeltisi igerisinde ( Tris+ Glisint+
Metanol+ Distile su) inkiibe edilir. Transfer islemi yari-islak yontemle gerceklestirilmektedir.
Jelde yer alan yiiriitiilen proteinler yari-islak transfer sistemi i¢in kullanilan cihaza uygun
sekilde (alt kisimda filtre kagidi, lizerine PVDF membran, membran iizerinde proteinler
yliriitiilen jel ve {ist kisimda filtre kagidi) koyularak belirli siire, sicaklik ve voltajda transfer
islemi gergeklestirilmektedir. Transfer isleminden sonra primer antikorun hedef proteine
baglanmasi igin ve nonspesifik baglanmay1 engellemek i¢in blokasyon islemi uygulanmaktadir.
Blokasyon i¢in yagsiz siit tozu veya BSA (Bovine Serum Albumin) tercih edilmektedir.
Transfer edilen membran daha 6nceden hazirlanmis PBS-T (Photphate Buffered Saline- Twenn
20), yagsiz siit tozu veya BSA ile olusturulan ¢ozeltide inkiibe edilerek blokasyon islemi
gerceklestirilmektedir (Kurien ve Scofield, 2006).

2.5. Primer ve Sekonder Antikorla Inkiibasyon

Primer ve sekonder antikor ftretici firmanin Onerdigi konsantrasyonda ve uygun
diliisyonda hazirlanmalidir. Istenilen proteini isaretlemek amacryla membrana uygun
diliisyonda hazirlanan primer antikor iiretici firmanin 6nerdigi sekilde membranda inkiibe
edilerek antikorun hedef proteine baglanmasi gergeklestirilmektedir. Inkiibasyondan sonra
membran PBS ile yikanir ve primer antikora baglanmasi i¢gin HRP (Horseradish Peroksidaz) ile
konjuge sekonder antikor {iretici firmanin 6nerdigi sekilde inkiibe edilmektedir (Sandhu ve ark.,

1991; Dubitsky ve ark., 2002; Alegria-Schaffer ve ark., 2009).

2.6. Western Blot Prosediirii

2.6.1. Cozelti ve Tamponlarin Hazirlanmasi

a) Lizis Tampon Cozeltisi: 50 mM Tris-HCI, pH 8,0, 150 mM Sodyum Kloriir, 1%
Nonidet P-40 (NP-40) or 0,1% Triton X-100 0,5% sodium deoxycholate, 0,1% sodium dodecyl
sulphate (SDS) 1 mM sodium orthovanadate, I mM NaF, Proteaz inhibitorii tablet (Roche)
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b) Yiikleme Tampon Cozeltisi; 4% SDS, 10% 2-mercaptoethanol, 20% glycerol,
0,004%c)Bromfeneol mavisi, 0.125 M Tris-HCI, (pH 6,8 olmal1)

¢) Yiiriitme Tampon Cozeltisi; 25 mM Tris, 190 mM glycine 0,1% SDS

d) Transfer Tampon Cozeltisi; 25 mM Tris, 190 mM glycine, 20% methanol, (80kD
agirligindan daha biiyiik proteinler icin ekstra olarak 0,1%.SDS ilave edilmeli)

e) Twenn-20 ve Tamponlu Tris Tampon Cozeltisi; 20 mM Tris, pH 7,5, 150 mM NaCl
0,1% Tween 20

) Bloklama Tampon Cozeltisi; 3% bovine serum albumin (BSA) in TBST

g) SDS-Jel Tampon Cozeltisi; 20 ml 10% SDS, 12,5 ml 0,5 M Tris HCI, (pH 6,8), 67, 5 ml

ultra saf su, 0.8 ml 2-mercaptoethanol

2.6.2. Orneklerin Hazirlanmas1 (Hiicre Kiiltiirii)

Hiicre kiiltiiri tabagini buza yerlestirin ve hiicreleri, buzlu ortamda Tris tamponlu tuz
(TBS) ile yikaymn. TBS ortami1 uzaklastirilir ve soguk RIPA tamponu (100 mM tabak basina 1
ml) eklenir. Yapisan hiicreler, soguk bir plastik hiicre kaziyici kullanarak tabaktan kazinir ve
hiicre silispansiyonu, onceden sogutulmus bir mikrosantrifiij tiipline yavasca aktarilir. Tiip,
4°C'de 30 dakika boyunca sabit ¢alkalamaya birakilir. 16.000 x g’de 20 dakika santrifiij edilir.
Santrifiij tlipli nazik¢e ¢ikarilir ve buz lizerine konulur. Bir protein testi yapmak i¢in kiiciik bir
hacimde (10-20 pl) lizat alinir. Her hiicre lizat1 i¢in protein konsantrasyonu belirlenir. Her
numuneden 20 pg alinir ve esit hacimde 2x Laemmli numune tamponu eklenir. Her hiicre lizati,
numune tamponunda 95°C’de 5 dakika kaynatilir. 16.000 x g’de 1 dakika mikrosantrifiijde

santrifiij edilir.

2.7. Protein Ayirma ve Jel Elektroforezi

Molekiiler agirlik belirtecleri mini (8 x 6,7 cm) veya orta (13,3 x 8,7 cm) 6lgekli SDS-
PAGE jel kuyucuklarina esit miktarda protein (20 pg) yiiklenir. Jeli, 50 V’da 5 dakika calistirin.
Calismayi yaklasik 1 saat iginde bitirmek i¢in voltaji 100-150 V’a yiikseltin.

2.8. Protein Jelden Membrana Aktarilmasi

Jel, 10-15 dakika boyunca 1x transfer tamponunda bekletilir. Transfer kaseti monte edilir
ve kasette hava kabarcig1 kalmadigindan emin olunmalidir. Ayrica, blot katot iizerinde ve jel
anot tlizerinde olmalidir. Kaset, transfer tankina yerlestirilir ve tanka bir buz blogu konulur.

Soguk odada 10 mA sabit akimda bir gece aktarilir (Alternatif olarak transfer, 30 dakika ile 2
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saat arasinda 100 V’da yapilabilir, ancak yontemin farkli boyutlardaki proteinler i¢in optimize

edilmesi gerekmektedir).

2.9. Antikor Inkiibasyonu

Membrani suyla kisa bir siire durulayin ve transfer kalitesini kontrol etmek i¢in Ponceau
S soliisyonuyla boyayin. Ponceau S soliisyonu, TBS-T ile ii¢ kez yikanarak durulanir. 1 saat
boyunca oda sicakliginda TBS-T i¢inde %3 BSA kullanarak blokasyon yapilir. Hedef proteine
kars1t primer antikor ¢ozeltisi, 4°C’de gece boyunca inkiibe edilir (Antikorun tutunma
olasiligina bagl olarak oda sicakliginda 1-3 saat inkiibasyon yapilabilir). Blot, 3-5 kez TBS-T
ile 5 dakika boyunca yikanir. HRP-konjuge sekonder antikor ¢6zeltisiyle 1 saat oda sicakliginda
inkiibe edilir. Blot, 3-5 kez TBS-T ile 5 dakika boyunca yikanir.

2.10. Goriintiileme ve Veri Analizi

Ureticinin ~ 6nerilerine  gdre  kemiliiminesan  substrat, membrana uygulanr.
Kemiliiminesan sinyalleri, CCD kamera tabanli bir goriintiileyici tarafindan goriintiilenir.
Hedef proteinlerin bant yogunlugu, goriintii analiz yazilimi kullanilarak degerlendirilir ve bant
yogunluklar1, molekiiler agirliklarina gére detayl olarak inceleme altina alinmaktadir (Anonim,

2024¢).

3. Polimeraz Zincir Reaksiyonu (PCR)

Bu yontemin ismi, DNA Polimeraz enzimi kullanilarak DNA’nin bir pargasini in vitro
olarak g¢ogaltilmasindan almaktadir. PCR yonteminde birka¢ farkli diizenlemeyle {iretilen
DNA’nin ¢ogaltilmis milyonlarca kopyas1 arasindan, istenilen kisma ait DNA parcasinin bir ya
da birkag kopyasini elde edilmesi miimkiindiir (Bottore ve ark., 2003). Bu yontemde kan, deri,
sag, tiikiirtik, viriis, bakteri gibi ajanlar olmak iizere farkli tipteki materyaller DNA kaynagi
olarak kullanilmaktadir. PCR i¢in gerekli olan yeterli miktarda DNA miktarinin elde edilmesi
ve elde edilen kopya DNA f{irlinlerinin analiz edilmesi laboratuvar yontemleri ile saglanir. Bu
nedenle PCR hassas bir yontemdir (Gabrilyan ve Avashia, 2013). Y6ntemin uygulanmasinda
‘Termal Cycler’ cihazi kullanilmaktadir. Termal Cycler belirli bir siraya sahip DNA igeren
orneginin 1sitilmasi ve sogutulmasi lizerine kurulu bir sistemdir. Bu sistem; DNA’nin erime
sicakligina gelerek, DNA replikasyon enzimleri i¢in 1sitma ve sogutma reaksiyonlarinin tekrar
tekrar uygulanmasi, 1siya dayanikli DNA Polimeraz enzimi, primer dizi ve dNTP
(Deoxynucleoside triphosphate) karisimi kullanilmasina dayanir. islem sonunda, milyonlarca

kopya DNA’nin c¢ogaltilmasi saglanir. Denatiirasyon, baglanma ve uzatma islemleriyle
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istenilen DNA bolgesine baglanabilen primer ile yeni-kopya DNA iplikler sentezlenmesine
devam edilir ve DNA’dan yeni kopyalar iiretilir (Sharkey ve ark., 1994; Elizabeth, 2007).

3.1. Konvansiyonel PCR

PCR’1n ilk yontemi olan konvansiyonel PCR, 1980'lerde Kary Mullis tarafindan
gelistirilmis ve 1994°te Nobel o6diilii almistir (Bruce ve ark., 1999). Yontem hastaliklarin
teshisinden, genetik degisimlere kadar tiim temel biyolojik siire¢lerin ortaya konmasi agisindan
gercek anlamda bir devrim yaratmistir (Spolidorio ve Spolidorio, 2005). Ug asamay takip eder.
Bunlar;

3.1.1. Denatiirasyon

Sicakhigin yiikseltilmesiyle elde edilen iki DNA ipliginin ayrilmasi asamasidir. ilk
periyotta, denatiirasyon sicaklig1 olarak adlandirilan 94°C'lik bir sicaklikta gergeklestirilir. Bu
sicaklikta, replikasyon sirasinda matris gorevi goren matris DNA denatiire edilir. ¢ift sarmallt

DNA, tek sarmalli DNA'ya denatiire edilir.

3.1.2. Hidridizasyon

Ikinci asama hibridizasyondur. Primer hibridizasyon sicaklig: olarak ta adlandirilan bu
asamada, genellikle 40 ila 70°C arasindaki bir sicaklikta gerceklestirilir. Sicakligin
diisiiriilmesi, hidrojen baglarinin yeniden olugmasina ve dolayisiyla tamamlayici seritlerin
hibridize olmasina izin verir. Primerler, amplifiye edilecek DNA'y1 c¢evreleyen bolgeleri
tamamlayan kisa tek sarmalli diziler, uzun sarmalli matris DNA'dan daha kolay melezlenir.

Hibridizasyon sicaklig1 ne kadar yiiksekse hibridizasyon o kadar segici, o kadar spesifiktir.

3.1.3. Elongasyon

Ucgiincii ve son asama olan bu kisim, uzama sicaklig1 olarak adlandirilan 72°C'lik bir
sicaklikta gergeklestirilir. Tamamlayict ipligin sentezidir. 72°C'de Taq polimeraz, hazirlanmig
tek sarmalli DNA'lara baglanir ve reaksiyon karisiminda bulunan Deoksiriboniikleosit
trifosfatlar1 kullanarak replikasyonu katalize eder. Primerlerin asagi akisindaki sablon DNA
bolgeleri bdylece secgici bir sekilde sentezlenir. Bir sonraki dongiide, onceki dongiide
sentezlenen fragmanlar sirayla matristir ve birkag dongiiden sonra baskin tiirler, primerlerin
melezlendigi bolgeler arasindaki DNA sekansina karsilik gelir. Analiz edilebilir miktarda
DNA'y1 (yaklasik 0,1 pg) sentezlemek 20—40 dongii alir. Her dongii teorik olarak Onceki
dongiide bulunan DNA miktarini iki katina ¢ikarir (Pelt ve ark., 2008; Kadri, 2019).
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3.2. Konvansiyonel PCR Protokolii

0,2 ml duvar kalinligindaki PCR tiipleri i¢in 96 kuyucuklu bir plaka soguk ortama
yerlestirilir (PCR reaktiflerinin soguk ortamda PCR tiiplerine eklenmesi, niikleaz aktivitesini
ve nonspesifik primer baglanmalarin1 6nlemeye yardimci olacaktir).
Steril su, 10X PCR buffer, dNTPs, MgCl», primer ve template DNA, 0,2 ml duvar kalinligindaki
PCR tiipleri igerisinde karistirilir. PCR tiipii icerisine negatif kontrol hari¢ tiim reagent’ler
aktarilir. Ek olarak bilinen bir DNA 6rnegini igeren diger bir tiip ise pozitif kontrol olarak
kullanilmalidir. Kullanilacak olan Taq DNA polimeraz % 50 gliserol soliisyonunda muhafaza
edilmektedir. Diger PCR reaktifleri ile 20 kere pipetaj yapilarak iyice karigmasi saglanir. Bu
islem yapilirken kabarciklarin olusmamasina 6zem gosterilmelidir. PCR tiipii gerekli program

ayarlandiktan sonra, Thermal Cycler cihazina yerlestirilerek islem baslatilir.

4. In Situ Hibridizasyon (ISH)

In Situ Hibridizasyon yontemi hiicre ve dokularim iginde yer alan niikleik asit dizilerini
ve morfolojisini incelemeye dayanmaktadir. Hiicrelerdeki kromozomal evreler, tiimoral
olgular, kromozom analizleri ve birgok sitogenetik ¢alismalar i¢in uzun yillar bu teknik
kullanilmistir (Moter ve Gobel, 2000). Bu yontem hiicrelerde gen ekspresyonu yapilabilen en
yaygin yontemlerden birisidir. Kullanilan yontemdeki amag¢ digsardan sentezlenen bir niikleik
asit probunun hiicredeki niikleik asit dizilimine mRNA sekansi ile hibridizasyon olayinin
gerceklesmesine dayanmaktadir (Wilcox, 1993). Hedef DNA ve RNA sekanslarina dogrudan
hibritlendigi i¢in bu yontem biiylik bir avantaj saglamaktadir (De Bault ve Gu, 2012).
Hibritlenen niikleik asit dizilimleri kromojen in situ hibridizasyon (CISH) ve floresan in situ
hibridizasyon (FISH) yontemleri ile tespit edilmektedir (Jensen, 2014).

4.1. Kromojen In Situ Hibridizasyon ve Floresan In Situ Hibridizasyon

Kromojen /n Situ Hibridizasyon ydnteminin amac1 dokuda yer alan gen tespit edilerek bir
kromojen olan digoksigenin bagli bir prob ile hibritlenmesi ve peroksidasyon saglanmasina
dayanmaktadir. Floresan In Situ Hibridizasyon ydntemi ise ayn1 amac1 kapsamaktadir fakat bu
yontemde Floresan bagli bir prob kullanilmaktadir ve floresan mikroskop gerekmektedir
(Fischer ve ark., 2008). CISH yonteminin bir avantaji1 avidin-biyotin kompleksi kullanildig1 i¢in
orneklerin uzun siire saklanabilir ve rutin analizlerde 151k mikroskobunda incelenebilir
olmasidir. FISH yontemi ise son derece hassas olmasi ve spesifik olmasi avantaj saglamaktadir.

Fakat FISH yonteminde floresan 1s1§ina maruz kalmasi sonucu solmasi ve uzun siireli
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incelenmemesi dezavantaj saglamaktadir (Cremers ve ark., 1987; Cornelese-ten Velde ve ark.,

1989; Robben ve ark., 1994; Kanda ve ark., 1998).

Sekil 3. FISH yontemi ile meme kanseri tanis1 (Kabake1 ve ark., 2016).

4.2. In Situ Hibridizasyon Protokolii

Parafin veya dondurulmus kesitler hazirlanir.

4.2.1. On Islemler

Dondurulmus kesitler oda sicakliginda 1sitilir ve 50°C de 15 dakika kurutulur. 2. Parafin
kesitleri ise deparafinizasyon (15 dakika boyunca 2 kez ksilen ile muamele) ve rehidrasyon ( 5
dakika boyunca sirastyla %100, %95, %90, %80, %70 etenol ve distile su) islemi yapilir. Not:
Eger dokularda dokiilme olursa 60°C de 1-2 saat 1sitilir.

4.2.2. Hibridizasyon

Dokular 20 dakika oda sicakliginda DEPC-PBS (Diethyl Pyrocarbonate Phosphate-
Buffered Saline) i¢inde %4 liik paraformaldehit ile sabitlenir. 2. Dokular oda sicakliginda
DEPC-PBS ile 5 dakika boyunca yikanir. Dokular 10pg/ml Proteinaz-K ile 37°C de 8-15 dakika
boyunca muamele edilir. Dokular DEPC-PBS i¢inde oda sicakliginda yikanir ve %4 liik
paraformaldehit ile tekrar sabitlenir. Dokular 6n hibridizasyon soliisyonu i¢inde 50°C de 3-4

saat hibridizasyon yapilir. Hibridizasyon soliisyonu i¢inde hibritlenen dokular + Prob
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(Digoksigenin isaretli prob: 2-4 ng/ul hibridizasyon soliisyonunda) 45°C de 12-16 saat
hibritlenir (Eger FISH yontemi uygulanicaksa Floresan isaretli prob gerekmektedir).

Not: Pre-hibridizasyon, hibridizasyon ve bloke edici soliisyon hacmi dokuyu kaplayacak
sekilde olmalidir. Dokular Immegde Pen ile daire i¢ine alinmalidir. Buharlagmayi 6nlemek igin

su ile 1slatilmis kagit havlu kullanilmalidir.

4.2.3. Yikama
Dokular 2x SCC ile 45°C de 10 dakika yikanir. Dokular 1,5x SCC ile 45°C de 10 dakika
yikanir. Dokular iki kez 0,2x SCC ile 37°C de 20 dakika yikanir. Dokular 1x bloklama

soliisyonunda 1 saat inkiibe edilir.

4.2.4. Digoksigenin’in Antikor ile Baglanmasi

Probun hassasiyetine gére dokulart 1: 100 ve ya 1: 1000 oraninda seyreltilmis PBS ile
Alkalen fosfataz (AP) -konjuge anti-digoksigenin antikoruile 1-4 saat boyunca ya da 4°C de
gece boyunca inkiibe edilir. Dokular oda sicakliginda 3 kez 1x PBS ile 10 dakika yikanir.
Dokular oda sicakliginda 1x Alkalen Fosfotaz tampon ¢6zeltisinde 2 kez 5 dakika boyunca
yikanir. Dokuda yer alan hedef RNA’nin yogunluguna gore 1ml 1x Alkalen Fosfotaz tampon
cozeltisine 6,6 ul NBT ve 3,3 ul BCIP eklenir ve oda sicakliginda 2-20 saat aras1 inkiibe edilir.
NBT/BCIP (Bromo chloro fosfat indolyl/Nitro mavi tetrazolium )karisimi uzaklastirilir ve
dokular distile su ile yikanir. Dokulara eger gerekliyse Zit boyama yapilir. Dokular kapatilarak
mikroskopta incelenir (Anonim, 2024d).

Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye benzer oranda katki saglamis olduklarini beyan ederler.

Cikar Catismasi1 Beyani

Makale yazarlar1 herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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