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season in Edirne, Tirkiye

lIker Oruc™

YKirklareli University, Vocational College of Technical Sciences, 39010, Kirklareli, Tiirkiye

Abstract

The variation in daily Particulate Matter 2.5 (PM2) concentrations was studied in Edirne city center from September 1, 2019
to November 30, 2019 (autumn season). The values of daily PM2 s concentrations were between 5.65 and 77.59 ug m. The values
of PM2s concentration had the highest average value on Tuesdays compared to other days. The mean value of daily PMgys
concentrations on Tuesdays was 23.41 pg m=. The backward trajectories were computed and clustered by applying the Hybrid
Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model. The backward trajectories clustered in eight major clusters
during the autumn. In Cluster 4 (C4), which has more short-range transport according to the other seven clusters, the mean value of
PMa5 concentrations was 19.52 pg m=. The mean value of PM,s concentrations was 28.11 pg m® in C8 (3.3%), which has more
long-range transport than the other seven clusters. Potential source areas of PM2s have been determined by the Potential Source
Contribution Function (PSCF) model. The results of PSCF analyses illustrated that the north, northeast, south, and southeast regions
of the sampling area as major potential source areas for PM2s. The results obtained in this study can make important contributions

to the evaluation of PMg s concentration in the region in terms of health and long-range transport.

Keywords: Backward trajectory; HYSPLIT; particulate matter; PM,s; PSCF

1. Introduction

Due to their properties and weather conditions, pollutants
released into the atmosphere can be transported long distances
from emission sources (Lagzi et al., 2013; Ozdemir et al., 2021).
It has been described that when aerosols are generated by gas-
to-particle conversion, long-distance transport is possible
because the duration needed for gas-to-particle conversion and
the relatively small particle sizes produced by this process result
in long residence times in the atmosphere (Wallace and Hobbs,
2006; Flores et al., 2020). Various air pollutants released into the
atmosphere can be cited as the cause of many current and
potential environmental problems (Lagzi et al., 2013). Air
pollution in cities is very complex due to many emission sources,
meteorological processes, and chemical transformations (Ho,
2012). Because of the large number of anthropogenic emission
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sources in urban and industrialized locations, the concentrations
of various undesirable pollutants can cause deterioration of air
quality and visibility and reach levels that threaten human health
(Wallace and Hobbs, 2006). In a study carried out by Hao et al.
(2019), it was stated that the southerly route represents the main
transport route of PM.s for all seasons. It was noted that the
northwesterly transport route passes through the natural source
areas, while the southerly transport route passes through the
anthropogenic source areas. The percentage of pollution
trajectories in each cluster (C1, C2, C3, C4, C5, C6) during the
autumn season was 71.40%, 9.30%, 32.00%, 24.30%, 60.10%,
10.60%, respectively. The mean values of PM2s concentrations
were 142, 144, 119, 144, 129, and 117 ng m= in these clusters.
The study by Cheng et al. (2017) noted that the percentage of all
trajectories during the autumn season was 12.71% in C1, 3.84%
in C2, 11.10% in C3, 18.23% in C4, 31.01% in C5, 13.69% in

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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C6, 0.84% in C7, 6.84% in C8, and 1.75% in C9. They explained
that mean values of PM. 5 concentrations in these clusters were
73.12,41.52,69.93, 37.71, 50.24, 34.41, 44.97, 28.85, 60.64 pug
m-3, respectively. In the study performed by Zhao et al. (2015),
the mean values of PM. concentration in C1, C2, C3, C4, and
C5 during the autumn season were 63.14, 78.47, 119.94, 95.96,
and 38.34 ug m?3, respectively. Li et al. (2020) stated that the
distribution of air masses in the autumn season is similar to that
in the spring and winter seasons. In their study, the mean values
of PM_5 concentrations in C1, C2, C3, C4, C5, and C6 during
the autumn season were 8.79, 7.25, 9.88, 7.32, 8.75, and 9.76 ug
m-3, respectively. They explained that the percentage of all
trajectories in these clusters were 14.3%, 29.7%, 16.2%, 7.6%,
25.4%, 6.8%, respectively. Cluster analysis performed by Li et
al. (2017) indicated that Beijing in autumn was influenced by
trajectories from both the south and southeast. The percentage
of all trajectories during the autumn was 16.76% in C1, 36.08%
in C2, 13.32% in C3, 12.77% in C4, 5.72% in C5, and 15.34%
in C6. The mean values of PM; s concentrations in these clusters
during the autumn were 94.19, 41.64, 169.78, 46.56, 91.59, and
165.17 pg m3, respectively. In the study of Lv et al. (2021), the
number of trajectories was 2160 in autumn. It was stated that in
the autumn, other clusters except for C5 gathered trajectories
from the north, and these trajectories represented 91.90% of all
trajectories. The percentage of trajectory numbers of each
cluster in all trajectories during the autumn season was 41.02%
in C1, 24.91% in C2, 14.77% in C3, 11.20% in C4, and 8.10%
in C5. The average values of PM2s concentration in these
clusters were 38.35, 33.27, 34.06, 25.38, and 63.83 pg m?,
respectively.

In many studies, the PSCF approach has been performed to
identify potential source areas of PM2s (Wang et al., 2015;
Cheng et al., 2017; Mukherjee and Agrawal, 2018; Li et al.,
2020). It was stated by Wang et al. (2015) that the regional
emission source’s probable locations during relatively polluted
periods are mainly south and west of Beijing. It was explained
that the PM_5 sources are primarily areas on the regional scale
owing to the long-distance transport tendency. Cheng et al.
(2017) stated that the potential source areas of PM.,s extend
further northward in autumn, but the transport routes are the
same as in the spring. External PM. s source areas were reported
to be mainly located in the southeast and northwest in autumn.
The study by Li et al. (2020) noted that in the northern part of
Xinjiang are concentrated severe pollution source areas of PMa5
in autumn. According to the PSCF results in the study of
Mukherjee and Agrawal (2018), the northwest has been defined
as the main source area with a higher possibility of contributing
to the higher fine particulate matter load in Varanasi city.
Further, they stated that there are other possible sources from the
east and north directions. They also stated that the contribution
probability of the sources coming from the east direction is the
lowest. Li et al. (2017) stated that their study's potential source
areas of PMy and PMys are similar according to the
concentration weighted trajectory (CWT) and PSCF results. Wu
et al. (2018) explained that according to the PSCF analysis
performed in their study, the main reason for the high PMys
levels detected in northern Henan could be extraneous polluted
air masses.

In this study, daily PM2s concentrations in the Edirne city
center during the autumn season (between September 1, 2019,
and November 30, 2019) have been studied. The backward
trajectories have been run and clustered by applying the
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HYSPLIT Model. Transport pathways and potential source
areas of PM, s have been determined.

2. Materials and methods
2.1. Sampling location

Edirne Province is located between 41° 40' North latitude
and 26° 30' East longitude (Fig. 1). Edirne Province is a border
city neighboring Greece to the west and Bulgaria to the north. In
addition, Kirklareli and Tekirdag Provinces are located to the
east of Edirne Province, and Canakkale Province to the south.
Certain parts of the Meric, Tunca, Arda, and Ergene rivers are
located within the borders of Edirne Province. The continental
climate is dominant in Edirne Province (ECDR, 2020). Daily
PM_ s concentrations obtained from the Air Quality Monitoring
Station in Edirne city center were used (MEUCC, 2022).

2.2. Backward trajectories analysis

In this study, to define the origins and transport pathways
of air masses reaching the study point the HYSPLIT model was
used. The backward trajectories were computed and clustered at
1-hour intervals for 72 hours and at an arrival height of 1500
meters above the ground. The weekly stored data consisting of
1° resolution outputs of the Global Data Analysis System
(GDAS) were used as input (Stein et al., 2015; Rolph et al.,
2017). The Euclidean distance used for clustering backward
trajectories is presented below (Carslaw and Ropkins, 2012;
Carslaw, 2019).

n 1/2
di, = (Z((Xu’ — X+ (Y - Yzl-)f)
i=1
(Equation 1)

In the equation, X;, Y1 and X, Y. are coordinates (the
latitude and longitude) of the backward trajectories 1 and 2,
respectively. n is the number of backward trajectories points.

2.3. PSCF analysis

The PSCF approach is a widely used method to identify
possible source areas of pollutants (Begum et al. 2005; Pekney
et al., 2006; Carslaw and Ropkins, 2012; Li et al. 2017; Kuzu
and Saral, 2017; Carslaw, 2019; Neykova and Hristova, 2020;
Oruc, 2022). PSCF solves

PSCF,; = 4
ij =T
nij

(Equation 2)

In the equation, while the number of trajectories passing in
the ij" grid cell is defined as nj;, the number of times a source
concentration is high than a given value of criterion when
trajectories pass in the ij™" grid cell was defined as mj;. The value
of the criterion was specified as 75% of all samples (Jain et al.,
2017; Bieetal., 2021; Oruc, 2022). PSCF scores were multiplied
by weighting values. The weight values (W(nj)) given in the
equation below are used (Petroselli et al., 2018; Oruc, 2022).

In the equation, n represents the mean number of endpoints
per cell, which is calculated on every cell with at least one end-
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Fig. 1. Sampling location.

point. The figures in this study were created by applying the
OpenAiir statistical analysis package with the R-Studio program
(Carslaw and Ropkins, 2012; Carslaw, 2019).

1.00,n;; > 2t
0.75,/ < n;; < 27
0.50,71/2 < n;; <7t
0.15,n;; < 71/2

W(n;) =

(Equation 3)
3. Results and discussion

The mean value of daily PM2s concentrations measured
during the study period was 20.40 ug m=. The values of PMz5s
are relatively higher in October compared to September and
November (Fig. 2). The PM2s concentrations had the highest
daily values on October 29 (77.59 ng m) and, the lowest (5.65
ug m3) on September 11. The maximum concentration of PM; s
was 25.02 pg m™ in September. The minimum value for October
was 6.08 pg m. The mean values of PM; s concentrations were
10.61, 27.39, and 22.12 pg m™ in September, October, and
November, respectively. The PMj,s concentrations were
between 7.09 and 43.57 ug m in November.

The results shown on Fig. 3 demonstrate the variations in
the mean PMgys concentrations among the weekdays. The
shading expresses the 95% confidence intervals of the mean
PM.s concentration values. The mean values of PMas
concentrations were 22.81, 20.30,21.91, 19.04, and 18.10 ug m"
3 on Mondays, Wednesdays, Thursdays, Saturdays, and
Sundays, respectively. The minimum values of PM_ s concentra-
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tions were 5.92, 7.00, 5.65, 6.62, 5.99, 6.08, and 6.64 pg m=2on
Mondays, Tuesdays, Wednesdays, Thursdays, Fridays,
Saturdays, and Sundays, respectively. The maximum values of
PM2s concentrations were 50.62, 77.59, 43.57, 51.86, 45.95,
49.00, and 47.19 ug m™ on these days, respectively. The values
obtained during the study draw the trend of observing the highest
values of PMzs on Tuesdays (23.41 pg m?) and the lowest
concentrations on Fridays (17.42 pg m™3).

September-2019 October-2019

. - -
e

s s M T ow T F s s M T w T F
November-2019 40
1
2 3 4 L] 7 & 30
s 10 1 12 | 13 14 15
16 17 18 19 20 k-l 2z 20
23 24 25 2z | = | 2
10
0
s s M T ow T F PM;5
-3
(g m?)

Fig. 2. CalendarPlot of PM2s concentrations during the autumn in 2019.

The backward trajectories are clustered in an 8-cluster
solution (Fig. 4). Trajectories within C1 accounted for 11% of
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all trajectories. The values of PM; s concentrations were seen to
range between 5.65 and 31.22 ug m3in C1. Among the clusters,
the average value of PM2 s concentrations was the lowest in C1
(13.76 ng m3). The transport in C1 originated from Russia. It
was seen that arrived at the sampling area by passing over the
Sea of Azov, Ukraine, the Black Sea, and Bulgaria. Trajectories
within both C2 and C7 accounted for 14.3% of all trajectories.
In C2, the mean value of PM;s concentrations was 20.46 pg m°
3, 1t was observed that PM,s concentration values in C2 ranged
between 5.99 and 47.03 ug m3. The transport in C2 started from
Ukraine. It was seen that arrived at the sampling area via the
Black Sea and Bulgaria. The values of PM, s concentrations in
C7 ranged between 10.02 and 42.59 ug m=, with a mean value
0f26.78 ug m.

24 I~
~ 22 -
zﬂ £
g2
= 20 I~
18 -
I I I I I I I
Mon  Tue Wed Thu Fri Sat  Sun
weekday

Fig. 3. The mean PM2s concentrations on weekday.

The transport in C7 originated from the Mediterranean and
reached the sampling area by passing over Turkey's
Mediterranean, Aegean, and Marmara Regions. It was observed
that C3 (17.6%) originated from the Nederland-German land
border region. The values of PM,s in C3 were 8.76 and 50.62
ug m3, with a mean value of 20.08 pg m. The percentage of all
trajectories during the study period was higher in C4 (20.9%)
compared to the other seven clusters. The mean value of PM3s
concentrations in C4 was 19.52 ug m3. The values of PM_ s were
between 6.08 and 77.59 ug m3 in C4. It was seen that C4, which
has short-range trajectories according to other clusters,
originated from Bulgaria.

The study by Ecer et al. (2017) stated that backward
trajectories were grouped in 6 main clusters during the data
collection period. They suggested that the transport in these
clusters originates from Syria (C1), France and Southern Europe
(C2), Eastern Anatolia (C3), Mediterranean (C4), Middle East
(C5), and Central-Western Europe (C6). The percentage of all
trajectories in these clusters was 31.1%, 12.2%, 16.9%, 20.1%,
9.3%, and 10.3%, respectively. Zeydan and Wang (2019) stated
the backward trajectories during the study period were clustered
in 9 main clusters. C1 was noted to originate from the southeast
of the United Kingdom and C4 was noted to transport Saharan
dust to the sampling area. Tepe and Dogan (2021) pointed out
that the backward trajectories in the period of their study were
gathered in 5 main clusters. These clusters are named C1 as
Northern Europe, C2 as Central Europe, C3 as Anatolia, and the
Middle East, C4 as North Africa and Western Mediterranean,
and C5 as Levant Region and the Aegean Sea. They stated that
the highest percentage of trajectories from C3 with 41%,
followed by C5 (23%) and C4 (15%).
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cluster i % o

Fig. 4. Backward trajectory clusters.

The values of PM,5 concentrations in C5 were between
6.88 and 51.86 pg m=3, with a mean value of 19.58 ug m. The
transport in C5 originated from the west coasts of Majorca
Island. It was seen that reached the sampling area by passing
over the Mediterranean, Algeria, Tunisia, Italy, Greece, and
Bulgaria. It was observed that trajectories within C5 and C6
accounted for 9.9% and 8.8% of all trajectories, respectively.
The values of PM.s concentration were between 10.61 and
49.00 ug m in C6, while the mean value is 20.87 pug m™=,

It was observed that C6, which originated from the
Mediterranean, arrived at the sampling area via Greece and the
Aegean Sea. The percentage of all trajectories during the study
period was lower in C8 (3.3%) compared to the other seven
clusters. C8 had more long-range transport than the other seven
clusters. The values of PM2s concentration were observed to
range between 20.72 and 43.57 pg m™ in C8. Among the
clusters, the average value of PM2s concentrations was the
highest in C8 (28.11 pg m3). The transport in C8 originated from
the North Atlantic Ocean.

Fig. 5. PSCF distribution of PM2s.

PSCF analysis was carried out to enable the determination
of possible potential PM,s source areas. PSCF distribution
illustrated the sampling area's north, northeast, south, and
southeast regions as the major potential source areas for PMs
(Fig. 5).

The higher PSCF values were seen in Romania, Hungary,
Turkey, the Mediterranean, and Lebanon than in other locations.
In the study carried out by Kuzu and Saral (2017), they
explained that trajectories over the Sea of Marmara had the
highest PSCF scores on each of the particle sizes. They stated
that this confirmed the contribution of marine aerosols. They
also explained that sizes of particles between 7.2-3 and 3-1.5
pum, in addition to the marine aerosol contribution, appear to
have originated from the crust from the south of Istanbul.
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4. Conclusion

The mean value of daily PM2s concentrations was 20.40
ug m? in Edirne city center during the autumn season. The
lowest and highest values of daily PM;s concentrations ranged
between 5.65 and 77.59 ug m, respectively.

The values of PM> s concentration had the highest average
value on Tuesdays compared to other days, with a mean of 23.41
ug m3, The mean values of daily PM2s concentration had the
lowest daily mean value on Fridays (lowest days), Saturdays,
and Sundays to other days. The mean values of daily PM2s
concentrations these days were 17.42, 19.04, and 18.10 pg m,
respectively. It was determined that the percentage of all
backward trajectories of each cluster represented 11% in C1,
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Abstract

Cu doped ZnO (ZnCu0) is a very important candidate for electronic applications, since it has been shown that it possesses p—
type conductivity. In order to broaden its applications, it is crucial to tune optical and electronic properties. In this study, by doping
ZnCuO0 with magnesium, variation of refractive index, extinction coefficient, and band gap of thin films were investigated. Optical
constants were evaluated using a transmittance model which is derived from Fresnel equations. Refractive indices of thin films were
expressed as a dispersion relation in a polynomial form, while extinction coefficients were modelled as a convolution by Lorentzian
curves. It was observed that magnesium doping decreased the refractive index and also caused a blue shift in absorption edge which

is a clear indicator of band gap widening.

Keywords: Doping; refractive index; sol-gel; thin films; ZnO

1. Introduction

Owing to its superior physical properties such as direct
wide band gap of 3.37eV, high transparency in wide optical
region, radiation hardness, and tunable conductivity ZnO is
subjected to many studies (Look, 2001; Kang and Joung, 2007;
Sennik et al., 2015). Researchers aim to benefit from ZnO in
numerous fields such as gas sensors, lasers, field-effect
transistors, and solar cells (Ozgur et al., 2005; Park et al., 2012;
Sahin et al., 2014; Tulun et al., 2016; Ning et al., 2018; Zang,
2018).

Physical properties of ZnO can further be improved by
various dopant materials. For this reason, implementation of
various different elements into ZnO structure is widely studied.
For instance, group IIA elements and among them especially
magnesium doping to widen the band gap (Cao et al., 2013; Kim
et al., 2014), aluminum to increase electrical conductivity
(Tonbul et al., 2021), and yttrium to increase hardness (Kaya et
al., 2018). Influence of copper doping into ZnQO structure is
studied by many researchers. Mhamdi et al. (2014) showed that
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2 at. copper % doping greatly improves crystallinity of sprayed
ZnO thin films. Suja et al. (2015) showed that copper doping
introduces p-type conductivity to ZnO films, though this p-type
conductivity is not stable and turns to n-type conductivity over
time due to extrinsic defects.

ZnO is also a very important material for its catalytic
properties. Due to its catalytic nature, ZnO is subjected to many
studies in life sciences such as antibacterial activity and breath
analysis. In their study, Alev et al. (2021) showed that copper
doping increases density of point defects in ZnO structure and
thus greatly enhances ethanol sensing properties of ZnO based
nanorods. On the other hand, Yalcin et al. (2020) showed that
2% magnesium doping into ZnO structure greatly inhibits
hemolytic activity while leading an advanced antibacterial
property. Since antibacterial property is mainly driven by
interaction between incoming electromagnetic wave and
catalytic material, determination of optical constants of catalytic
materials is crucial.

If ZnO based materials are to be used in devices with
heterostructures that composed of layers of different materials

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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that provides carrier or optical confinement such as LEDs and
high electron mobility transistors (HEMTS), the most relevant
parameters would be the band gaps of each layer and the
valence- and conduction-band offsets between the individual
layers (Janotti and Van de Walle, 2009). Hence, success of
application of ZnO based materials relies on band-gap
engineering. In light of these discussions, it is also crucial to
investigate modulation of band-gaps of Cu doped ZnO thin films
(ZnCu0O) which can be achieved by introduction of magnesium
into material. To the best of our knowledge, variation of these
properties of ZnCuO films with magnesium doping has not yet
been investigated.

In this study effect of magnesium doping on optical
constants (refractive index and extinction coefficient) of
ZNgog—xClUg Mg, 0 (x=0.0, 0.01, 0.02, 0.05, and 0.1) thin
films were investigated. Optical constants were determined by
application of Fresnel Equations to transmittance data
numerically. Determined optical constants were then used
determine the band gap variation of samples.

2. Materials and methods

The Zng og_,Cug02M g, 0 thin films were deposited by sol-
gel dip coating method with a varying magnesium molar ratio of
x = 0.0 (Zng 9gCuy,0), 0.01, 0.02, 0.05, and 0.1. Zinc acetate
dihydrate, magnesium acetate tetrahydrate, and copper (Il)
acetate monohydrate were used as precursors while Methanol
was used as solvent and monoethanolamine (MEA) as sol
stabilizer.

All chemicals were analytical grade and used as they were
received from supplier (Merck). 0.25M precursor solution was
prepared in solvent and MEA was added dropwise as precursors
dissolved. MEA/total precursor molar ratio in solution was
arranged as 1:1. Resultant solution was stirred in ambient
conditions overnight to age. Soda-lime glass slides (ISOLAB)
were used as substrate.

In order to coat the glass slides, slides were dipped into
coating solution and withdrawn directly into vertical furnace. A
preheat treatment was applied at 300°C for 2 minutes to remove
organic materials, then coated substrate was cooled for 3
minutes. This process was repeated 20 times to achieve an
appropriate thickness of thin films.

Film coated slides were finally annealed at 600°C to obtain
crystalline structure. Shimadzu UV-mini 1240 spectrophoto-
meter was used to measure optical transmittance of thin films.

3. Results and discussion
3.1. Transmittance measurements

As shown in Fig. 1 all films exhibit high transmittance in
visible and NIR region. Besides slight fluctuation in
transmittance due to interference caused by internal reflections,
no other significant absorption troughs were observed. Average
transmittance slightly decreased with low magnesium doping
ratios of 1% and 2%, but further increase of magnesium doping
ratio resulted with distinctive increase in blue region of
spectrum.

While ZnogsCuoo20 film exhibit a sharp optical cutting
edge around 380 nm, cutting edge shifted towards shorter
wavelengths with increasing magnesium doping. Detailed
representation of this blue shift in cutting edge is shown as an
inset in Fig. 1.
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Fig. 1. Optical transmittance of the Znggg_,Cuy 92 Mg,0 thin films.
Inset figure shows close up view of transmittance in 360-390 nm
wavelength interval.

3.2. Determination of optical
transmittance of films

constants and modeling

Details of transmittance model of “Double Facet Coated

Substrate” (DFCS) were discussed in an earlier study of our
research group (Akcan et al., 2019). This transmittance model
can be summarized as follows:
Coefficients of reflection and transmission of the electric field
(r, and t;,, respectively) from one medium to another with
complex refractive indices (n, and n,, respectively) at a normal
incidence is given by:

N1—M2
112 o o i 1
2 = 1)
21M1
B0 T T 2
12 = - )

Here complex refractive index n is defined asn = n + ik, where
n is the refractive index and k is the extinction coefficient.
Resultant transmitted electric field is infinite summation of
coherent electric fields which is subjected to reflection from air-
film and film-substrate interfaces and experience wavelength
dependent phase shift which is given by 8 = 4mn ¢ dfiym /A
The resultant reflection and transmission coefficients of electric
field for air-film-substrate system (r,ss and t,y, respectively)
are given by:

Taf+TpsXexp(if)

T'afs = 1+raf><rfs><ex17(i9) ................................................. (3)
t _ tarxtpsxexp(if/2) (4)
afs = Ltray Xt poxexp(if) 11T

Using these coefficients reflectance and transmittance in air-
film-substrate direction can be calculated as:

Rafs = rafs X Tgfs .......................................................... (5)

n *
Tafs = Tl_i X tafs X tafs .................................................. (6)

where 75, and t,, are complex conjugates of reflection and
transmission coefficients, respectively. Considering absorption
loss of the substrate, which is given by U = exp (—@s,pdsup)
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where a,;, is absorption coefficient of substrate and dg,,, is the
substrate thickness (1.1mm), resultant transmittance DFCS
system is given by:

T _ TafSXTsfaXU (7)
SYSEEMN ~— T4 52 L2 tttrrrrrarrraiaasssairssassassssirssasiassisirsssass
Y 1-RZp,xU?

Various models are proposed and widely used to model
refractive index of a material. Some of them are rather complex
but also works well even in high absorption conditions, such as
Adachi-Forouhi-Drude model or Tauc-Lorentz model (Ferlauto
et al., 2002; Latzel et al., 2015). On the other hand, simpler
models such as Cauchy’s model or Sellmeier’s model work well
in low absorption conditions (Sun and Kwok, 1999; Ozgur et al.,
2005; Ozharar et al., 2016). Despite their limitations, all these
models work in a large wavelength interval. In this study,
inspired from series expansion of functions, refractive indices of
thin films were modelled as a 6" degree polynomial. This
method is advantageous as it is simple, possible to use in high
absorption conditions, and more sensitive to subtle variations in
refractive index, though it can only be used in narrow
wavelength intervals, since interval of convergence is limited.

Extinction coefficients were modelled as summation of
Lorentzian curves which is given by:

kpoy =— 2 B i, 8
N =7 W= 73 ©

where A, B, and C are peak heights; E,, Eg, and E. are peak
centers; and AE,, AEg, and AE, are peak widths.

Curve fitting was performed in 360-1100 nm wavelength
interval, and fitting was performed by using built in functions of
MATLAB software. Calculated refractive index of thin films is
shown in Fig. 2 and dispersion equations of refractive index
model is given in Table 1. The calculated refractive index values
are in accordance with the values in the literature (Baig et al.,
2020; El Hamidi et al., 2021). As seen in the Fig. 2, refractive
indices of films have a broad trend of decrease with increasing
magnesium doping ratio. A similar trend was also observed by
Yang et al. (2009) in Mg-doped ZnO thin films.

21
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Fig. 2. Variation of refractive index of Zng gg_, Cug 92 Mg, O thin films.

Calculated extinction coefficients of thin films are shown
in Fig. 3. Intense absorption due to intrinsic band - gap in UV
range can clearly be seen. Absorption edge shifts shorter
wavelengths with increasing magnesium doping ratio which also
was evident in transmittance graph [inset Fig. (3a)]. All films
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exhibit very low absorption in visible and NIR region. While
there’s no particular trend in variation of absorption in visible
region, in NIR region absorbance was greatly increased with 1%
doping but steadily decreased with further increase of
magnesium doping, as shown in the inset Fig. (3b). Parameters
of Lorentzian curves that constitute extinction coefficient are
given in Table 2. Negative peak heights in Zng 93Cug 02Mgg 050
and ZngggCug,Mgo100 thin films do not have a physical
significance. Since determination of extinction coefficient by
summation of Lorentizian curves is an emprical method,
“negative peaks” only act as a correction factor in their
respective regions.

Besides refractive index and extinction coefficient, this
model also enables determination of thickness of thin films.
Evaluated thin film thicknesses are shared in Table 3.

0.2
0.2 —2Zn0.98Cu0.020
0.18 3 ] (a)
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2 0.06 3 ] 0.005 ———0— ————
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Wavelength (nm)

Fig. 3. Extinction coefficients of Zngog_,CugoaMg,0 thin films.
Close up view of extinction coefficients in 360-400 nm and 950-1100
nm wavelength intervals were shown in inset figures (a) and (b)
respectively.

Transmittance of thin films were modelled from calculated
refractive index and extinction coefficient. Accuracy of
transmittance model is determined from correlation coefficient
R?. As seen in the Fig. 4, transmittance model is highly accurate
as R? values are very close to 1.

3.3. Determination of band gap

Energy gap or band gap (Eg) of a material is the energy
required to excite an electron from the valence band to the
conduction band. This energy gap obeys the relation which is
given as

(ahv)" = A(hv — Eg) ................................................... 9)

Here « is absorption coefficient, h is Planck constant, v is
frequency of incoming light, A is proportionality constant, and
E, is band gap of the material. The exponent n get its value
according to nature of electronic transition. Since ZnO is a direct
band gap material, n is equal to 2. E, can be estimated from
extrapolating linear part of hv vs. (ahv)? graph which is also
known as Tauc plot. Many studies evaluate a from Beer-
Lambert law, which is given by (Scarminio et al., 1999; Za’Aba
et al., 2014; Chen and Jaramillo, 2017).



D. Akcan Front Life Sci RT 3(3) 2022 101-106

Table 1
Refractive index dispersion relations with varying Mg doping ratio.
Mg Doping Ratio (at.%0) Refractive index dispersion relation (Wavelength — 4 — is given in um)
0 Npg=oy = 70.014 - A6 —347.99-2° + 7105 2* — 761.01 - 2°> + 449.96 - 12 — 139.41 - 1 + 19.451
1 Nyg=19 = 86.40 A6 —413.39: 25 + 813.52- 1* — 842.31 - 1% + 483.87 - 12 — 146.58 - 1 + 20.04
2 Npg=29o = —81.16 2%+ 360.17 - 2% — 644.25 - A1* + 590.32 - 1> — 289.08 - 2% + 70.10 - A — 4.59
5 Myg=s9 = 35.01 - A6 —181.50 - A5 + 393.94 - 2* — 455.86 - 1° + 294.56 - 12 — 100.35 - 1 + 15.65
10 Nyg=109% = —1.67 A6 —2.32-25+24.79 - 2* — 46.05- 2% + 37.91- 12 — 15.52- 1 + 4.23
Table 2
Lorentzian curve parameters of extinction coefficient.
Parameter Zny9gCug 20 Zngg7Co02MGo010  ZMgg96CUpo2MGo020  Znyg93CUg0;MGo050 ZngggCitg92MGgo.100
A 0.5181 2.0138 0.3386 0.2479 0.9114
B 0.0040 0.4137 0.0012 -0.0063 -0.0047
c 0.0059 0.0095 0.0098 0.0083 0.0129
E,4 (eV) 3.3739 3.7479 3.3900 3.4073 3.5046
Eg (eV) 3.0115 3.3874 2.5583 2.3980 2.1336
E; (eV) 1.4102 1.4146 1.4904 1.5790 1.7001
AE,4 (eV) 0.0535 0.0322 0.0640 0.0597 0.0379
AEg (eV) 0.1877 0.0571 0.1046 0.3652 0.2932
AE( (eV) 0.4073 0.6320 0.6708 1.3946 0.4721
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80 80 :
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Fig. 4. Comparison of transmittance model with measurement results: (a) Zno.esCuo0.020, (b) Zno.97Cu0.02Mgo.010, (€) ZNo.96CuU0.02M70.020,
(d) Zno.92Cu0.02Mgo.050, (€) Zno.ssCuo.02Mgo0.100.
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where [ is transmitted light intensity, I, is incoming light
intensity and t is film thickness. In order to obtain «, considering
1/1, = 1/T, equation (10) can be re-written as:

Table 3
Evaluated thicknesses of Zngog_,Cugo2Mg,0 thin films with
transmittance model.

Mg Doping Ratio (at.%o)

Film Thickness (nm)

0 302
1 295
2 290
5 305
10 320

where T is the transmittance of the sample. To be fair, this
approach is very simple and gives a rough idea about value of
the band gap of sample and allows to estimate the trends about
modifications made in samples. However, considering Beer’s
Law only to calculate band gap leads to errors, since thin films
have a finite thickness and light traveling through the film is
subjected to multiple reflections and interferences. For this
reason, the evaluated band gap value is slightly erroneous and
the error is considerable for applications requiring band gap
engineering. Band gap of Zng ¢gCu o, 0 thin film was calculated
using this method as an example. Tauc plot of subjected sample
can be seen in Fig. 5. Band gap of sample calculated with this
method was E; = 3.227eV. Considering theoretical band gap of
Zn0, this value is slightly less than expected.

4.5E+06

4.0E+06 -
3.5E+06 -

3.0E+06 -

iy

3
E 2.56+06 -
o
=
=

£ 2.0E+06 A
'
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3 31 3.2 3.3 3.4
hv (V)

Fig. 5. Tauc plot of Zny 9gCug o, 0 evaluated from Beer-Lambert Law.

Relation between extinction coefficient and absorption
coefficient is given as:

In order to calculate band gaps of deposited films accurately,
absorption coefficients of thin films were calculated from
extinction coefficients which are evaluated from transmittance
model.

Resultant Tauc plot of thin films is given in Fig. 6. As seen
in the figure, magnesium doping leaded extrapolation to shift
higher energies, which is a clear indicator of band gap widening.

As shown in the inset figure, evaluated band gap values has
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strong correlation with the relation E; = 0.0008x? +
0.0014x + 3.3147, where x denotes for magnesium doping
ratio. Evaluated band gap values are listed in Table 4.
Comparison of band gap values of Zn, o5 Cu, o, 0 determined by
different models shows that using Beer’s law results 2.5%
difference to the band gap calculated from transmittance model.

4000 -
1 | —Zn0.98Cu0.020 ==2Zn0.97Cu0.02Mg0.010
3500 { | —2n0.96Cu0.02Mg0.020 — Zn0.92Cu0.02Mg0.050
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3000 J
[l 3.42
2 2500 o
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:’; 2 226
1500 y . R*=0.999
= 324 o
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500 1 0 5 10
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0 ] T .
3 3.1 3.2
hv (eV)

Fig. 6. Tauc plot of Znggg_,Cug o2 Mg,0 thin films evaluated from
transmittance model. Inset figure shows variation of band gap with
increasing magnesium doping ratio.

Table 4
Evaluated band gap values of Znggg_xCugo2Mg,0 thin films with
transmittance model.

Mg Doping Ratio (at.%) Eqy (eV)
0 3.313
1 3.319
2 3.321
5 3.342
10 3412

4. Conclusion

In conclusion; optical constants, namely refractive index
and extinction coefficient of Zngqg_,Cugo,Mg,0 thin films
were calculated from experimental transmittance data
numerically with a transmittance model relying on Fresnel
equations. Refractive index is observed to be decreasing with
increasing magnesium doping ratio. Absorption edge of thin
films shifted towards higher energies, which is an indicator of
band gap widening. Band gap values are calculated from
extinction coefficients and a considerable increase is observed
from 3.313eV to 3.412eV for 10 at % magnesium doped films.

This study has shown that Mg increases the band gap in
exchange for lowering the refractive index. These results have
great importance in development of new and improved
antibacterial and sensing materials.
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Abstract

The aim of the study was to investigate the influence of physical conditions such as aeration rate (1, 3, 5 L/min) as well as
chemical conditions including sodium nitrite (NaNO3), urea (CHsN20) and ammonium chloride (NH4CI) on the biomass
productivity and fucoxanthin concentration of A. capitellata. The optimum cultures were cultivated in f/2 medium using sodium
nitrate (NaNOs3) in 2 L bubbling bottle photobioreactors under the light intensity of 100 uE/ m?s with aeration rate of 2 L/min. All
the bottles were then incubated at 22.0+2°C, under the light intensities of 300 pE/m?s with three different airflow rates of 1, 3, 5
L/min for 16 days. And then, culture medium was prepared with three different nitrogen sources to achieve higher biomass
productivity. During the production of A. capitellata, the maximum specific growth rate of 0.166 day, which conformed to the
doubling time of 4.166 day, was achieved at the light intensity of 300 pE/m?s with an aeration rate of 1 L/min when sodium nitrate
was used. Chlorophyll-a and fucoxanthin contents were also at the highest level in the same light intensity. Dry biomass amount
reached the maximum level of 0.66+0.17 g/L in case of NaNOx. In this study, it was defined that the airflow rate of 1 L/min, the
light intensity of 300 uE/m?s and sodium nitrate (NaNO3) were the optimum values not only for the growth of A. capitellata cells
but also for the production of biomass and a higher fucoxanthin concentration.

Keywords: Amphora capitellata; biomass; fucoxanthin; growth conditions; growth rate

1. Introduction (Lietal., 2019).

Diatoms (Bacillariophyta) as eukaryotic microalgae are

Microalgae have achieved much attention as an up-and-
coming material because of being a source for high feedstock
value industrial products such as food additives, biological
fertilizers, aquaculture feedstocks, biofuels etc. that are
manufactured from their cell mass. Additionally, microalgae are
easily produced compared to terrestrial plant-derived products
due to both short life cycle and requirement for a lower amount
of land area. However, the limitation of microalgae production
is its low mass productivity (Bayu et al., 2020; Nigam et al.,
2022). Microalgal biomass productivity depends on nitrogen-
rich nutrients included in the growth media and their valuable
metabolites are important for biofuels, health care and foodstuffs
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considered a crucially valuable source of chemicals, especially
fatty acids, and carotenoids, in the aquaculture feedstock, food,
pharmaceutical and nutraceutical industries. In addition, diatom
frustules (silica cell walls) are the most interesting material to be
used in nanotechnology. Diatoms are generally found
widespread in aquatic ecosystems such as rivers, lakes, oceans,
and marine areas which makes them frequently investigated
sources for diatoms. Diatoms are either unicellular or
multicellular microalgae with cell surfaces creating a
siliceous skeleton including the frustule composed of
amorphous silica [(SiO2)n(H20)]. They are aquatic organisms
that can move on their own in the water column (planktonic) and
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lie at the bottom of the underwater bed (benthic) (Brinkmann et
al., 2011; Jamali et al., 2012; Cointet et al., 2019). The pennate
diatom, Amphora capitellata, with a bilaterally asymmetrical
valve, sized about 12-18 pum in length and nearly 3-6 um in
width is an isolated halophilic diatom at Izmir Bay, Aegean Sea
(Demirel, 2016). Amphoroid taxa are acknowledged in the
bright field microscope by their robustly dorsiventral shell
outline; their linear ventral margin and raphe system are settled
nearby place the ventral margin, and their girdle-band is a
distinguishing characteristic group on the dorsal margin (Sato et
al., 2013).

Environmental and other affecting factors may be curial on
the algal biomass productivity, biomass compositions, and algal
photosynthetic performance (Markou and Muylaert, 2016).
Nitrogen can serve with a significant nutrient supply for the
diatom growth and reproduction. It can have an effect on
microalgae growth, subject to the amount, suitability, and type
of the nitrogen source (Li et al., 2019).

Nitrogen is the second most vital element required for the
cultivation of microalgae after carbon and performs a nitrogen
cycle in the cellular processes-containing lipid and fucoxanthin
production (Wang et al., 2018a). The major resources of
nitrogen for the microalgae are inorganic nitrogen as nitrate,
nitrite, ammonium, and many forms of organic nitrogen
including urea, amino acids, are utilized for the synthesis of
amino acids and proteins (Ruckert and Giani, 2004).

A large fraction of total ammonia nitrogen which consists
of unionized ammonia (NHs) and ammonium ion (NH4*) is
unprotonated at higher pH values whereas ammonia strongly
drops pH at high temperatures. The toxicity of NHs; in algae has
also been reported (Markou and Muylaert, 2016; Ayre et al.,
2017; Berg et al., 2017). Therefore, ammonium (NH4" or NH3)
is the preferential nitrogen supply for different strains of
microalgae, but the high level of ammonium nitrogen is toxic,
inhibiting microalgae productivity. The reason for NH3 toxicity
at alkaline pH in microalgae may be that the algae take in carbon
dioxide due to the triggering of photosynthesis as a result of the
inhibited photosystem due to high pH (Ayre et al., 2017) or it
may perform photophosphorylation separately to reach a low pH
to enable the conversion of ADP to ATP (Kumar and Bera,
2020). For microalgae cultivation, ammonium-based fertilizers
at cheaper prices are preferred to other nitrogen sources
fertilizers (Li et al., 2019).

The purpose of this study was to observe the influence of
physical conditions such as aeration rate (1, 3, 5 L/min) in
NaNOs containing f/2 medium as well as chemical conditions
including sodium nitrite  (NaNO2), urea (CH4N;O) and
ammonium chloride (NH4CI) on the biomass productivity and
fucoxanthin concentration of A. capitellata. The growth rate,
doubling time, biomass dry weight and fucoxanthin amount
were detected at a continuous light intensity of 300 pE/m?s at
the late phase of the batch production process. Variations of the
aeration rate and nitrogen sources were used to measure the
fucoxanthin content and cell morphology of diatom.

2. Materials and methods
2.1. Diatom and growth conditions

The strain was supplied from Ege University Microalgae
Culture Collection with collection number of EGE MACC?2 on

agar-solidified f/2 medium for autotrophic cultivation.
The optimum cultures (control cultures) were cultivated in
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f/2 medium using sodium nitrate (NaNOs3) at the light intensity
of 100 umol/m?s with aeration rate of 2 L/min. The /2 medium
was prepared by Guillard’s recipe and contained (per liter) 20 g
of sea salt (Guillard and Ryther, 1962). The inoculum for all
experiments was set at 10% volume in 2 L bubbling bottle
photobioreactors. Cultures were then incubated at 22.0+2°C,
continuously under the light intensities of 300 wE/m?s with three
different air at rates of 1, 3, 5 L/min for 16 days.

Fig. 1. Cultivation of A. capitellata in prepared different nitrogen
resources in f/2 medium.

After, different nitrogen sources (sodium nitrite (NaNO3)),
urea (CH4N20) and ammonium chloride (NH4ClI) were added to
the culture media containing the same amount of nitrogen to
evaluate their effects on A. capitellata. These were cultivated
with airflow at rate of 1 L/min under the light intensities of 300
uE/m? (Fig. 1). The optimum culture was cultivated in /2
medium. The growth of diatom was observed by cell counting
using an improved Neubauer haemocytometer. Diatom densities
were measured every two days for 16 days using UV-Vis
spectrophotometry at 600 nm. The observed maximal growth
rate (n) was calculated using Equation 1 (Sener et al., 2022).
Based on the data for each experiment which contained three
analytical replicates, the mean values with standard deviations
were calculated.

u = (InXb —InXa) / (Tb —Ta) Eqg.1
where p=specifc growth rate, Xa=cell concentration at time Ta,
and Xb=cell concentration at time Tb. Doubling time=In 2/u.

Diatom cultures were precipitated by centrifugation (about
6000 rpm for 10 min) and then, the pellet was dried using
lyophilization and dried pellet was placed in the freezer at -20°C.

2.2. Fucoxanthin extraction and HPLC-DAD determination

For the extraction of fucoxanthin, a modified protocol
reported in our previous study was applied. For this purpose,
0.20 g of dry biomass was weighed and 0.20 g of CaCOs; was
added (Erdogan et al., 2022).

The mixture was treated using an ultrasonic bath for 15
minutes at 40°C (40 kHz, 300 W), and then the extracted sample
was separated by centrifugation for 2 minutes at 5000 rpm. The
supernatant was kept, and the precipitated was re-extracted (3
times) with fresh ethanol until decolourization of the biomass.
Finally, all extraction solutions were combined and filtered by
vacuum filtration using 47 mm of 0.20 um nylon filter paper.
The mixed solution was evaporated using a rotary
evaporator. The residue was resolved in chloroform stabilized
with ethanol and kept at -20°C prior to HPLC analysis.
Fucoxanthin determination was preformed with HPLC-DAD
using YMC Carotenoid Csp column (5 pm particle size, LxID
250%4.6 mm) at 450 nm with a flow rate of 1 mL/min according
to the previous work performed by (Erdogan et al., 2016;
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Erdogan et al., 2022).
3. Results and discussion
3.1. Microalgae growth optimization

Amphora capitellata culture was used to explore the proper
conditions for aeration, and light intensity, and also for revealing
the effect of different nitrogen sources on enhanced biomass
concentration, specific growth rate, and fucoxanthin content. In
this study, an experimental approach was applied to maximize
biomass concentration and fucoxanthin content in a bubbling
bioreactor.

Fucoxanthin, a primary marine carotenoid, constitutes,
over 10% of the approximate whole production of carotenoids
on earth, and is the major carotenoid pigment existing in
chloroplasts of microalgae, especially Bacillariophyta and
Haptophyta, and macroalgae brown seaweeds. Fucoxanthin can
harvest the light and transfer furthest 60% of the energy to
chlorophyll-a in diatoms (Li et al., 2018; Roychoudhury et al.,
2021). Physiological and biological properties of fucoxanthin
are reported in lots of studies, such as having anticancer,
antioxidant,  antihypertensive,  antiinflammatory, radio-
protective, antiobesity, hepatoprotective activities (Maeda,
2013; Sun et al., 2018; Wang et al., 2018b; Mohamadnia et al.,
2022).

Diatoms of microalgae, with nearly two-fold higher
fucoxanthin amount than brown seaweed, are much more
encouraging for fucoxanthin production. Bacillariophyta
samples including Phaeodactylum tricornutum, Odontella
aurita and Cyclotella cryptica were studied at an industrial scale
for utilization of their commercial productions of fucoxanthin
(Wang et al., 2018b). The present study aims to survey the
influence of various incident light intensities, aeration rates and
nitrogen sources on biomass and fucoxanthin productivity in A.
capitellata.

In the first experimental group, diatom was grown in f/2
medium using sodium nitrate (NaNQ3) at the light intensity of
100 pE/m?s with an aeration rate of 2 L/min. The growth of
diatom was not increased fucoxanthin content and then, diatom
culture was exposed to increasing light intensity and various
aeration rates. The highest irradiance treatment (300 uE/m?s)
exposited the most fruitful growth rates and increased the
fucoxanthin concentration of A. capitellata. It was found that
four diatom culture treatments resulted in similar cell densities
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during the growth (Fig. 2). However, treatments were
determined to double increase the fucoxanthin content from
6.36£0.12 to 19.66+0.39 mg/g at 300 uE/m?s with different
aeration rates. Considering the light-harvesting antennas of
fucoxanthin chlorophyll binding proteins, it can be concluded
that the production of this pigment and proteins enhanced the
cultivation of the diatoms. Therefore, for the high-quality
production of this precious material, optimal cultural conditions
may be determined.

Adequate light intensity and nitrogen sources are required
for the efficient production of microalgae. Because microalgal
production is a process as a result from the transfer of the energy
harvested from absorbed light to the photosynthesis complex
(Mata et al., 2010), in theory, increased growth rate can be
achieved with higher light intensities. However, both the growth
and cell mass yield were diminished with the highest light
intensity under phototropic conditions which may be explained
by the photo-inhibition (Wang et al., 2018a). Increasing light
intensity, the biomass and fucoxanthin concentration do not
inhibit photosynthetic activity of A. capitellata. Meanwhile, the
excessive light intensity cause photoinhibition and diminish the
growth conditions. For this reason, light intensity could be
calibrated to optimum conditions by the cell turbidity. Besides,
several studies were reported that low light intensities were
better than the relatively high light intensity on fucoxanthin
yield and biomass concentration (Guo et al., 2016; Gomez-
Loredo et al., 2016).

During the production, the maximum specific growth rate
(0.166 day) was reached with doubling time of 4.166 day, at
the light level of 300 pE/m?s at an airflow rate of 1 L/min in
NaNO; as presented in Table 1. The highest biomass
concentration (0.78 g/L) could be reached at airflow of 1 L/min
in NaNO,. On the other hand, the minimum fucoxanthin content
(6.36+0.12 mg/g) was determined at airflow of 2 L/min and the
light intensity of 100 umol photons/m?s in NaNOs. ChlorophylI-
a and fucoxanthin amounts were also at the highest level in the
same light intensity NaNOs. In this study, it was identified that
the airflow rate of 1 L/min and the light level of 300 uE/m?s
were the optimum values for the growth of A. capitellata cells
and production of biomass.

Nitrogen supply has a vital influence on biomass and
fucoxanthin concentration. In the culture with the enhanced light
level of 300 pE/m?s, NaNOj is consumed rapidly in f/2 medium.
Light intensity and nitrogen supply affects not only cell mass
productivity but also the quality of cells both physiologically

—fr—1 L min-1
—@—3 L min-1
=5 L min-1

—¢—2 | min-1

10 12 14 16

Fig. 2. Growth curves of A. capitellata in a photobioreactor under the light intensity of 300 pE/m?s at different aeration rates.
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Table 1
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Specific growth rate, biomass, fucoxanthin concentration and cell number of diatom cultivated with various nitrogen sources and different aeration

rates.

Fucoxanthin (mg/g) Doubling time (day) Growth rate (day™) Biomass (mg/L) Cell number (108 cell/mL)
NaNOs2 L/min 6.36+0.12 4.864 0.143 0.3120.05 7.1£0.2
NaNOs1 L/min 19.66+0.39 4.166 0.167 0.36+0.17 10.1+0.9
NaNOs 3 L/min 17.97+0.35 4.416 0.157 0.29+0.15 8.9+0.6
NaNOs5 L/min 19.29+0.38 4.659 0.149 0.28+0.18 8.2+0.3
NaNO, 1 L/min 9.64+0.19 2.7046 0.256 0.78+0.12 9.3+0.3
CH4N,O 1 L/min 10.110.20 6.7836 0.102 0.29+0.01 7.4+0.2
NH,CI 1 L/min 11.88+0.24 16.1845 0.043 0.17+0.02 3.6+0.6

and morphologically. Alterations in cell morphology were
observed with SEM photography analysis of diatom cells in
sodium nitrite (NaNO), urea (CH4N20), ammonium chloride
(NH4CI) and nitrate seem to be in correlation with the observed
alterations in chemical compositions (Figure 3-6). For instance,
Kaspar et al. (2014) defined that the wide variety in cell size, and
the changeable cell surface of Chaetoceros calcitrans grown in
the culture were attributed to nutrient depletion in growth
medium. This experiment proposed that the cell surface
alteration could be a result of nutrient starvation. However, the
relationship between the cell morphological state and the
concentration of the fucoxanthin has not yet been well studied.

—3m—f
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Fig. 3. SEM images of A. capitellata cultivated in f/2 medium prepared
using sodium nitrate.

Fig. 4. SEM images of A. capitellata cultivated in f/2 medium prepared
using sodium nitrite.

ig. 5. SEM iags of A. capitellata cultivated in f/2 medium preped
using urea.

Silica skeletons are the diatom walls existing as an
envelope of the cell surface, called frustule/shell. The shells of
diatoms are characteristic structure with a size and shape
indicative of the morphological features of diatoms
(Roychoudhury etal., 2016; Legalov and Reshetnikov, 2020).

As seen in Figs. 3-6, A. capitellata frustule alteration was
observed with different nitrogen sources in f/2 media at an
airflow rate of 1 L/min and light intensity of 300 uE/m?s. This
study aims to measure morphological frustule changes in the
monoalgal cultures of A. capitellata by cultivation in four
different nitrogen sources (Fig. 3, 4, 5, 6). Amphora silica
frustules are elliptic in shape with specific adornment and cells
possess size pores hierarchically organized in curved bands in
the cultivation both with NaNOs; and NaNO.. Nevertheless,
cultivated diatoms in urea and ammonium chloride do not clear
frustule pores and shapes as seem in the Fig 5, and 6. The
presence of macronutrients and micronutrients or pollutants is
valuable in inducing frustule morphology changes. In both
marine and freshwater diatoms changes in salinity alter the
morphological traits of the silica valve (Hervé et al., 2012). In
accordance with the results of these studies, our study indicated
that the volume of silica frustule decreased in Amphora cell
cultures grown in urea and ammonium.

B | e 7 Rp e oo 3 row | tom——|

Fig. 6. SEM images of A. capitellata cultivated in f/2 medium prepared
using ammonium chloride.

Diatoms absorb nitrogen from supplies such as nitrate,
ammonia, and urea in the growth medium. When ammonium is
utilized as the primary nitrogen source at high concentrations for
algal cultivation, it causes a decrease in cell viability and may
induce cell inhibition by diminishing the pH of the medium (Li
etal., 2018, Kumar and Bera, 2020).

Among all treatments, the lowest fucoxanthin content
(9.64+0.19 mg/g) was obtained in the same NaNO; containing
medium where the maximum biomass concentration (0.78+0.12
mg/L) and growth rate (0.256 day*) were achieved in bubbling
photobioreactor. Compared to the other nitrogen sources,
NaNOs significantly enhances the specific growth rate and
fucoxanthin content. Diatom cells absorb nitrogen to grow at
comparable rates nitrogen from supplies other than ammonium
and urea. In a study, cultures of Phaeodaetylum tricornutum
were cultivated in nitrate (NaNOs3), nitrite (NaNO2), ammonium
sulphate ((NH4)2S0.) or urea ((NH2).CO), and all of them were
prepared at 4 mg atom N/L concentration in media. Percentages
of nitrogen in various media converted into cellular-nitrogen
were determined by measuring productivities in dry weight of
biomass nitrate, nitrite, urea and ammonia in cultures (Fidalgo
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Paredes et al., 1995).

It was suggested that intracellular oxidative stress induced
by increased concentration of ammonium could affect the
specific activities of some enzymes and even cause deterioration
of lipid peroxidation in cellular level. The primary function of
microalgal pigments was to collect and convert light energy in
the photosystems to generate the chemical energy required for
the cultivation process. For this reason, inadequate energy
induced by ammonia toxicity has been shown to block the
photosynthesis of microalgal carotenoids (Li et al., 2019).
Although the culture medium containing H202/NaOCl is known
to cause oxidative stress by the formation of reactive oxygen
species, the microalgal pigment of fucoxanthin was increased as
41.83+0.92 mg/g (Erdogan et al., 2022).

The nitrate transport metabolism pathway is similar to that
of environmental plants, but their transport system was
interesting to prove that diatoms have a metazoan-like urea
cycle. Ammonia can be transported inside the cell by the nine
ammonium transporters (AMTSs). The nitrate transport
mechanism by chloroplast using GSII-GOGAT and urea
transport mechanism by mitochondrial using GSII-GOGAT
produce glutamine and glutamate, which must be transported
from these organelles to replace nitrogen elsewhere in the cell
(Smith et al., 2019).

Indrayani et al. (2020) reported that diatom Amphora sp.
MUR 258 was investigated to grow over various temperatures
and salinities with the aim of lipids and fatty acid profiles. The
diatom obtained its highest specific growth rate (0.607 day?) at
7% NaCl at 35°C, and its peak lipid concentration (57.69%) was
observed at 7% NaCl at 25°C. In another study, Cylindrotheca
closterium, P. tricornutum, Amphora sp., and Thalassiosira
weissflogii were growth in photobioreactors under different
physical conditions. The maximum growth rate of C. closterium
was substantially enhanced compared to that of the other three
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Abstract

The self-assembling of surface active antidepressant drug amitriptyline hydrochloride (AMT) has been studied to determine
the micellar solution behavior in the presence of polar (methanol and ethanol), dipolar aprotic solvents (acetone and 1,4 dioxane),
salt (NaCl) and water structure-breakers (urea) at 298 K using surface tension and electrical conductivity measurements. The
counterion binding parameter and the ionization degree of AMT micelles have been determined by electrical conductivity
measurements. To better analyze the influences of additives on micellar behavior of AMT, surface features of AMT were defined
using Gibbs Adsorption Isotherm in water and in association with various amounts of additives conducted by surface tension
measurements. Both conductometric and surface tension experiments were also used to detect the critical micelle concentration
(CMC) of AMT. The experimental results indicated that CMCs of AMT were influenced in the presence of additives. Self-
aggregation of AMT was totally inhibited when methanol, ethanol, acetone, 1,4 dioxane, and urea concentration is attained to a
certain value while the CMC of AMT reduced with the increase in concentration of NaCl.

Keywords: Amitriptyline hydrochloride; amphiphilic drugs; conductivity; critical micelle concentration; surface active drugs;
surface tension

1. Introduction

Most of drug molecules are surface active and tend to
aggregate in aqueous solution due to their surface activities and
these features of them relate well with their pharmacological
action (Attwood and Florence, 1983; Attwood et al., 1989;
Attwood, 1995; Schreier et al., 2000; Taboada et al., 2000;
Junquera et al., 2001; Srivastava and Nagappa, 2005; Alam et
al., 2008). Amitriptyline hydrochloride (AMT), one of the
surface active drugs, is a member of tricyclic antidepressant
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drugs (TCA). There is an alkyl amine side chain in its molecular
structure conferring on “surfactant-like” behavior with its planar
tricyclic ring system (Fig. 1). Among the numerous studies of
amphiphilic drugs, the study of their aggregation properties
represent an area of continued research interest (Din et al., 2010;
Ali et al., 2013; Rub et al., 2013, 2014; Sharma et al., 2014).
Within this scope, excellent studies on micellization behavior of
AMT are already available, thus this study aims to make an
effort to indicate effects of additives which are contributing to
the mechanism of surface activity on micelle formation of AMT
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in detail. Surface activity of AMT also relates with its
pharmacological action because of exerting its activity by
interacting with biological membranes. Furthermore, the
mechanism of the self-assembling of amphiphilic drugs plays a
crucial role in the pharmaceutically important process such as
drug delivery systems. However, it is essential to have extent
practice of the process about the associations of drugs since
drugs are always used in combination with different additives
(Erdinc et al., 2010; Alam et al., 2011; Gokturk and Var, 2012;
Ozcam, 2015; Ozan and Gokturk, 2021). This study deals with
describing the association of AMT with the additives in order to
express the effects of additives on micellization behavior and
interfacial properties of AMT using surface tension and
conductivity measurements. Both of these methods were
performed to observe the micelle formation of AMT alone and
in the presence of various amounts of methanol (MeOH),
ethanol (EtOH), acetone (Ace), dioxane (Diox), urea, and NaCl
in aqueous media at 298 K. MeOH and EtOH which form H
bonds with water were used to examine the effect on micelle
formations of AMT. To see the influence of dipolar aprotic
solvents on micelle formation of AMT Ace and Diox which
form strong H bonds with water were used. Urea, known as a
water structure breaker, were also used to see its effect on the
micelle formation mechanism of AMT. In order to find out the
effect of physiologic additives such as salt utilized in drug
administration, similar experiments were employed in the
presence of 0.45% (w/v), 0.9% NaCl (w/v).

« HCI

_CH
N O

CHj3

Fig. 1. Chemical structure of AMT.
2. Materials and methods

AMT was provided from Sigma (Germany) using without
purification (>98.0%purity). Methanol (MeOH), ethanol
(EtOH), acetone (Ace), dioxane (Diox), and urea were
purchased from E. Merck. NaCl was supplied from Merck. The
chemicals are spectroscopic grade products. All experiments
were performed with doubly distilled conductivity water.

Micellization of AMT in the presence of various amount of
MeOH, EtOH, Ace, Diox, urea, and NaCl have been studied and
the experiments were conducted by surface tension and
electrical conductivity measurement analyses at 298 K.

2.1. Surface tension measurements

Sigma 701 KSV Instruments computer-controlled
tensiometer (Helsinki, Finland) was used to study surface
tension measurements. The Wilhelmy-plate method was
employed. The presented surface tension values in this study are
mean quantities and all surface tension reading were taken in
triplicate. The standard deviation of the mean did not deviate
+1.1%. The accuracy of measurements within was 0.01 mN/m.
The data of surface tension of AMT in water and the presence of

Front Life Sci RT 3(3) 2022 113-120

various amounts of additives were used to specify the minimum
area per molecule (Amin) and maximum surface excess
concentration (/max) of surface active drug AMT based on a plot
of the surface tension (y) against AMT concentrations in water
and in the presence of additives. Gibbs Adsorption Isotherm was
applied to analyze the changes of surface properties i.e./max and
Amin. Here, C is the concentration of AMT, T is the temperature
in Kelvin and R is the gas constant.

1—‘maxz_i[ d?/ j
RT\dInC )

Anin (A% molecule™?) is determined from the value of 77 by the
Eq.2. (Na is the Avogadro constant);

1

N 2

(Florence and Atwood 1998; Gokturk and Tamer, 2018).

2.2. Electrical conductivity measurements

WTW Inolab (pH/Cond 740) (automatic temperature
compensated) conductivity meter were used for electrical
conductivity measurements. The cell constant is 1.0 cm™ with +
1% uncertainty in measurement. Standard KCI solutions was
used to calibrate the constant of the conductivity cell and
checked at least three times during the study. The specific
conductivity (k) measurements provided useful knowledge on
the electrical conductivity of the AMT solutions in water and in
the presence of additives. The conductometric method describes
the concentration dependence of conductivity on the basis of
attaining of a breaking point on the curves. The breaking point
seen in the plot corresponds to micelle formation. There are two
straight lines having different slopes in the concentration
dependence of specific conductivity (k) plots. From these plots,
the counterion binding parameter (B) can be determined from the
ratio of the slopes of the two intersecting lines. The values of the
ionization degree of the micelles (o) can also be calculated by;

B =1 — a (Hiemenz and Rajogopalan, 1986; Gokturk and
Aslan, 2014).

3. Results and discussion

The CMC of amphiphilic drug AMT was determined by
measuring a change in the surface tension and electrical
conductivity with various concentrations of AMT in water and
in the presence of additives as described in detail previously
(Florence and Atwood 1998; Gokturk and Aslan, 2014; Gokturk
and Tamer, 2018). The CMC of AMT obtained through different
measurements are consistent with the values in literature
(3.48x102 mol/L) (Schreier et al., 2000). The CMC values of
AMT determined by conductometry and tensiometry techniques
in water and the presence of additives were presented in Table
1. The micellization characteristics of AMT in the absence and
presence of additives in aqueous solutions have been conducted
by (i) surface tension, and (ii) electrical conductivity
measurements, and the effects of various concentrations of
additives (MeOH, EtOH, Diox, Ace, urea and NaCl) on micellar
and interfacial properties of AMT were discussed.

114



H. T. Ozcam et al.

3.1. Determination of surface properties of AMT (Imax and
Amin)

The influence of additives on the interfaces of AMT has
been detected by using surface tension measurements. The
surface excess amount of AMT was found by applying the Gibbs
adsorption isotherm (Eq. 1 and Eq. 2). The effects of additives
on surface properties of amphiphilic drug AMT were plotted by
the surface tension (y) against AMT concentration (Fig. 2, 3, 4,
5, 6 and 7). The values of AMT obtained from tensiometry in
the presence of additives were observed to be lower than those
in the absence of all amount of studied additives except for urea.

Front Life Sci RT 3(3) 2022 113-120

As seen in Fig. 2, 3, 4 and 5, with the increase in MeOH,
EtOH, Diox and Ace concentrations, micellization of AMT
diminished, and inhibited at the additive concentration of 10 %
(v/v). As presented in Table 1, the presence of NaCl decreased
the CMC of AMT. On the other hand, the CMC of AMT
increased in the presence of MeOH, EtOH, Diox and Ace. In the
case of urea there was seen no significant decrease in surface
tension values of AMT. However, the CMC of AMT increased
depending on the urea concentration due to its modifying
influence on the aqueous solution properties.

The adsorbed amount and the adsorbed area of AMT were
specified based on Eq. 1. Applying Gibbs Equation to determine
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Fig. 2. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 5, 10 and 20 % (v/v) MeOH at 298 K.

Fig. 5. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 5 and 10 % (v/v) Ace at 298 K.
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Fig. 3. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 5, 10 and 20 % (v/v) EtOH at 298 K.

Fig. 6. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 0.05 M and 0.1 mol/L urea at 298 K.
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Fig. 4. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 5 and 10 % (v/v) Diox at 298 K.

Fig. 7. Surface tension measurements vs. molar concentration of AMT
in water and the presence of 0.45 and 0.9 (w /v) NaCl at 298 K.
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quantitative surface properties was depicted in Fig. 8 and 9 for
EtOH and NacCl, respectively, as representative plots. Table 1
indicates the calculated /max and Amin Values. As seen in the data
given in Table 1 7/ma value of AMT was reduced and Amin
increased in the presence of various amounts of additives. The
change in tensiometry values and estimated surface parameters
showed the incorporation tendency of AMT increased in the
presence of additives. This can be explained by the addition of
additives decreasing the electrostatic repulsion between the head
groups of AMT, and thereby incorporating much more AMT
molecules at the interface. This is correlated with the fact that
greater value of Amini.e. additives increased the penetration of
AMT at the interface. No marked shift on surface parameters of
AMT observed in the presence of urea which can also be
explained by its superior water structure breaker properties for
the interaction of AMT compared to that of MeOH, EtOH, Ace,
Diox and NaCl.
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Fig. 8. Gibbs Adsorption Isotherm plots of AMT in water and the
presence of 5, 10 and 20 % EtOH at 298 K.
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Fig. 9. Gibbs Adsorption Isotherm plots of AMT in water and the
presence of 0.45 and 0.9 % (w/v) NaCl at 298 K.

3.2. Determination of degrees of ionization and counterion
binding parameter (a and p)

In order to see the influence of electrostatic interactions on
solution  behavior of AMT molecules conductivity
measurements were performed. For this purpose, variation of
conductivity of AMT was monitored in the absence and
presence of various concentrations of additives in aqueous
solutions. The measured specific conductivities were plotted
versus the AMT concentration. Since the same behavior was
observed, only the influence of various concentrations of EtOH,
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Diox and NaCl on the electrochemical properties of AMT are
shown in Figs. 10, 11 12 and 13 respectively, as representative
plots. As seen in these figs. there is a significant loss of ionic
charges since a fraction of the counterions is limited to the
micellar surface.

B values estimated from the ratio of the slopes gives the
average number of counterions per AMT ion in the micelle
(Evans, 1956; Rosen, 1978; Gokturk and Aslan, 2014).
Calculated o and B values of AMT were listed in Table 1. In the
presence of additives, the same behavior has been observed. 8
values increased and o values decreased in comparison with the
absence of additives in solutions.

#5%EtOH @10 %EtOH A20%EtOH +50 %EtOH AAMT
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Fig. 10. Specific conductivity vs. molar concentration of AMT in water
and the presence of 5, 10, 20 and 50 % (v/v) EtOH and CMC at 298 K
(arrows show the CMC).
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Fig. 11. Specific conductivity vs. molar concentration of AMT in water
and the presence of 5, 10, 20 and 50 % (v/v) Diox and CMC at 298 K
(arrows show the CMC).

The rate of neutralized charges in a micelle to the total
number of surfactant molecules in the micellar phase is defined
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as the incorporation degree of counterion to the micelle (Stellner
and Scamehorn, 1989). The surfactant molecules show different
behavior in aqueous solutions depending on their concentration.
The low concentration of surfactant solutions behaves as simple
electrolyte that involve free monomers in the aqueous solutions.
Besides, solution behavior changes with the increase in
surfactant concentration. At the concentrations above the CMC,
most of the surfactant molecules aggregate to form micelles and
the total monomer concentration remains almost constant.
Accordingly, after the CMC the gradient of conductivity
decreases which means that a larger area of micelle surface, for
a certain amount of counterions and the incorporation of
additives to AMT micelles occurs more remarkably.
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Fig. 12. Specific conductivity vs. molar concentration of AMT in water
and the presence of 0.45 and 0.9 % (w/v) NaCl at 298 K.
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Fig. 13. Specific conductivity vs. molar concentration of AMT in water
and the presence of 0.45 and 0.9 % (w/v) NaCl and CMC at 298 K
(arrows show the CMC).
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It is well known that organic and inorganic additives
significantly influence the properties of surfactant solutions,
especially CMC and micellization (Atwood and Florence,
1998). Studies on mixed alcohol-water systems have gained
more attention due to their interest for designing of micro-
emulsions (Liu and Guo, 2007). These studies reported that the
association of alcohols with the micelles produces significant
alteration in the micellar shape and their transport properties.
The blocking effect of cosolvent and diminishing micellization
at a certain concentration can be accounted for by reducing
hydrophobic forces due to its destructive action on structured
water molecules around the hydrophobic parts of the surfactant
(Zana, 1995).

The decrease in both conductivity and surface tension
values of AMT in the presence of various concentrations of
MeOH, EtOH, Ace and Diox supports this assessment. Apart
from preferential solvation of AMT in these cosolvents,
changing water structure, alteration the polarity of the media
(dielectric constant), cohesive energy changing are such
responsible factors on diminishing micellization of AMT and
inhibiting it at a certain concentration.

On the contrary, presence of NaCl decreased the CMC
value of AMT, while the presence of urea increased the CMC of
AMT (Table 1). The CMC of ionic surfactants reduces in the
presence of inorganic salts. The addition of inorganic salt causes
to break the hydration film and so the diffuse double is packed
in the region of the ionic head groups. Monomers in the micellar
surface layer can aggregate more closely, accordingly micelle
formation can be formed easily at lower concentrations because
of the decreasing the electrostatic repulsion with the addition of
salt (Rosen, 1978).

However, as seen in Table 1, an increment in the CMC of
AMT in the presence of urea can be expressed by the disruptive
power of the iceberg structure, except for any big alteration in
the micellar state by reducing the standard chemical potential.
The increase in CMC suggests a decrease in hydrophobic
attraction, followed by a great increase in the solubility of the
hydrocarbon tails in the participation of urea. Based on the direct
mechanism, urea increases the solubility of hydrophobic solutes
which is attributed to an enhanced solvation as a result of the
dislocation of the water molecules by a large number of urea
molecules in the solvation layer (Kuharski and Rossky, 1984;
Mizutani et al., 1989).

4. Conclusions

In this study, using surface tension and conductivity
measurements provided useful and important information on the
effect of additives for micellization process of AMT in aqueous
media. The experimental results obtained from surface
tensiometry studies are compatible with electrical conductivity
measurements. The CMC of AMT increased with the addition
of MeOH, EtOH, Ace and Diox in different concentrations, and
micellization of AMT were totally inhibited at an exact
concentration of cosolvents (~10% in volume). Obtained from
conductivity measurements, it was determined that the value of
counterion binding parameter (B) increased and o values
decreased. This can be supported by the data obtained from
surface tension measurements. 7nax Of AMT decreased and Anmin
increased with the addition of MeOH, EtOH, Ace and Diox
(vIv).

The self-aggregation of surface active molecules is expla-
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Table 1
CMC values and estimated parameters for AMT by conductometry and surface tension measurements in water and the presence of additives at
298 K.
MeOH Conductivity Surface tension
. -2
% (VIV) @ B CMC (mol/L) T (mmol/m2) A”‘é"g‘)lzo CMC (mol/L)
0 0.2776 0.7224 3.48x10? 8.380 1.982 3.50x10?
5 0.2133 0.7867 3.55x10? 6.196 2.680 3.55x10?
10 0.1788 0.8211 3.75x10? 4,026 4.120 4.00x10?
20 - - - - - -
50 - - - - - -
. -2
O/Eot(c\)/x) @ B CMC (moliL) e (MMol/m?) Am&"g‘)lzo CMC (mol/L)
0 0.2776 0.7224 3.48x1072 8.380 1.982 3.50x1072
5) 0.1807 0.8193 3.75x1072 6.029 2.750 3.70x1072
10 0.1754 0.8246 4.00x10? - - -
20 - - - - - -
50 - - - - - -
. -2
';‘/ze(f/"/\':; @ B CMC (mol/L) T (MMol/M?) Am&"/{‘)lzo CMC (mol/L)
0 0.2776 0.7224 3.48x10? 8.380 1.982 3.50x10?
5) 0.1619 0.8381 4.20x1072 3.680 4510 4.0x107?
10 - - - - - -
20 - - - - - -
50 - - - - - -
. A
0/'03 23;(\/) a B CMC (mol/L) i (MMol/M?) A”‘é"Ax)lzo CMC (mol/L)
0 0.2776 0.7224 3.48x10? 8.380 1.982 3.50x10%
5 0.1585 0.8415 4.00x10 3.807 4.360 4.50x10
10 = = = = = =
20 = = = = = =
50 - - - - - -
. -2
(nl:(:f/?_) o B CMC (mol/L) Tnax (Mmol/m?) Amé"g()lzo CMC (mol/L)
0 0.2776 0.7224 3.48x1072 8.380 1.982 3.50x107
0.05 0.2869 0.7137 4.00x10% 7.412 2.240 4.00x10%
0.1 0.3025 0.6975 4.50x107 7.142 2.320 4.50x10%
1.0 0.2281 0.7719 5.00x10? 7.210 2.450 5.0x10
. -2
(%')\'?Vf/il) o B CMC (mol/L) Thnax (mmol/m?) Am&"/{‘)lzo CMC (mol/L)
0 0.2776 0.7224 3.48x10? 8.380 1.982 3.48x10?
0.45 0.3399 0.6601 3.00x10 1.868 8.890 3.00x10?
0.9 0.3000 0.6999 2.50x107? 2.976 5.580 2.00x10

ined by hydrophobic association within

the nonpolar

CMC and making micelle formation difficult. It is also well

hydrocarbon part, and the electrostatic attraction of the ionic
polar head groups thereby forming aggregates. The tendency of
micelle formation in the presence of polar solvents, instead of
water, is called solvophobic interaction. The Gibbs free energy
of the system decreases due to micelle formation in the aqueous
media, associating the hydrophobic parts of the surfactant
molecules and repelling the water molecules around them. The
main factor directing micelle formation in aqueous solution is
entropy. The water structure, which is organized around the
surface active molecules, returns to its former disorder with the
formation of micelles. Based on these statements reduction in
conductivity values of AMT in the presence of MeOH, EtOH,
Ace and Diox can be explained by solvophobic interaction. As a
matter of fact, the same solvents rise the CMC of AMT up to a
certain concentration and then diminished micelle formation
which can be explained by decreasing the intermolecular
attraction density of water or the solubility parameter. The
presence of MeOH, EtOH, Ace, and Diox lower the dielectric
constant of the medium, increasing the repulsion between the
ionic head groups in the ionic AMT micelles, thus increasing

known that entropy change is an important factor in micelle
formation in aqueous media. Therefore, urea was used as a water
structure breaker in order to see its influence on the structure of
water. The presence of urea also increased the CMC of AMT
due to increased hydration of the hydrophilic group with the
breaking down of the water structure and making micellization
difficult. The presence of electrolytes in aqueous media caused
a reduction in the CMC of AMT, since especially ionic surface
active agents are very sensitive to small changes in the ionic
strength of aqueous solutions as in the case of cationic
amphiphilic drug AMT. The presence of NaCl in the
environment decreases the CMC by decreasing the electrostatic
repulsion between the head groups of AMT due to the screening
effect. Thereby, adding different concentrations of NaCl to ionic
AMT solutions reduced the CMC since less electricity is
required for micelle formation. In case of NaCl, the rise in
conductivity values of AMT can be explained by an increase the
salt concentration decreasing the electrical repulsions and
affecting the balance of the forces on which the micelle size is
dependent and causing the micelle size to grow.
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Surface tension measurements provided very useful
information on the surface activity of amphiphilic drug molecule
AMT at surfaces and interfaces that elucidate the penetration
behavior of AMT molecules at air-liquid interface in the absence
and presence of additives. Decreasing /max Values and increasing
Amin values can be attributed to the presence of additives
increasing the incorporation of AMT at the interface. The higher
Anmin and the lower 7max values are consistent with p and o
parameters obtained from conductivity measurements. All
parameters obtained from both experimental techniques
supported that amphiphilic AMT molecules can be incorporated
at the interface.

The results presented in this study can provide important
knowledge in elucidating the role of additives that contribute to
their practice in the relevant pharmaceutical processes as active
pharmaceutical additives. The determination of interfacial
properties of amphiphilic drugs and their associations with
pharmaceutically important additives are considered significant
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Antiviral peptidlerin  SARS COV-2 ana proteaz yapisina baglanma
etkinliklerinin protein-yanastirma yontemi ile incelenmesi: In silico bir ¢calisma
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Viriisler gilinlimiizde hastaliklarinin 6nemli etkenleri arasinda yer almaktadir. Viral hastaliklar i¢in tasarlanan tedavilerin
yetersizligi yeni tedavi yontemlerinin tasarlanmasi ihtiyacin1 dogurmaktadir. 2019 yilinda ortaya ¢ikan COVID-19 (SARS COV-2)
de yeni antiviral ajanlarin ihtiyaci oldugu goriilmiistiir. Yapilan caligmalar sonucu sunulan raporlarda viral direncin artigi
goriilmektedir. Bu ¢alismanin amaci, antiviral/antimikrobiyal etkinlige sahip peptidlerin SARS COV-2 ana proteaz yapisinda
protein-peptid yanastirma yontemiyle aragtirilmasidir. Antiviral aktiviteye sahip antimikrobiyal peptidlerin sayisi hala diisiik olsada,
hali hazirda farmasotik olarak temin edilebilen antiviral ilaglar olma yolunda muazzam bir potansiyel gostermektedir. Antiviral
etkinlige sahip alloferon 1, e ctry2801, temporin 1ta, dermaseptin s4, clavanin b, magainin b2 ve magainin b1 peptidlerinin SARS
COV-2 ana proteaz (PDB ID:6LU7) yapisinda protein ¢alismast CABSDOCK ile yapilmistir. Magainin b2 ve peptid ctyr2801
peptidleri baglanmalarinin yiiksek diizeyde oldugu, alloferon 1 ve magainin bl in orta diizeyde baglanma afinitesinin oldugu,
termorin 1ta, dermaseptin s4 ve clavanin b’nin diizey diizeyde baglanma afinitesine sahip oldugu gozlemlenmistir. Sonuglarimiza
gore; peptid ctyr2801 ve magainin b2 nin, SARS COV-2 ana proteaz yapisinda in vivo ¢alismalara ve diger ¢alismalara onciiliik
edecegi diisiiniilmektedir.

Anahtar kelimeler: Antiviral peptid; CABSDOCK; protein peptid yanastirma; SARS COV-2 Mpro

Investigation of antiviral peptides in SARS COV-2 major protease structure by
protein-e docking method: An in silico study

Abstract

Viruses are among the important factors of diseases today. The inadequacy of the treatments designed for viral diseases
necessitates the design of new treatment methods. It has been seen that there is a need for new antiviral agents in COVID-19. In the
reports presented as a result of the studies, it was seen that the viral resistance has increased. The aim of this study is to investigate
peptides with antiviral/antimicrobial activity in the main protease (Mpro) structure of SARS COV-2 by protein-peptide docking
method. Although the number of antimicrobial peptides with antiviral activity is still low, they still show enormous potential as
pharmaceutically available antiviral drugs. Protein analysis of alloferon 1, ctry2801, temporin 1ta, dermaceptin-s4, clavanin b,
magainin b2 and magainin b1 peptides with antiviral activity in the SARS COV-2 Mpro (PDB ID: 6LU7) structure was performed
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with CABSDOCK. It has been observed that the binding affinity of magainin b2 and peptide ctyr2801 is high, alloferon 1 and
magainin b1 have a moderate binding affinity, and thermorin-1ta, dermaseptin s4 and clavanin b have a high level of binding affinity.
According to our results; Peptide ctyr2801 and magainin b2 are thought to lead to in vivo studies and other studies on the SARS

COV-2 Mpro structure.

Keywords: Antiviral peptide; CABSDOCK; protein peptide docking; SARS COV-2 Mpro

1. Giris / Introduction

Viral enfeksiyonlar eski zamanlardan bu yana bildirilmis
olsa da bilim insanlarinin daha sonra viriis olarak adlandirilan
“filtrelenebilir parcaciklar1” izole edebilmeleri ancak on
dokuzuncu yiizyilda miimkiin olmustur. O zamandan giiniimiize,
viral ¢cogalma, enfeksiyon ve as1 iiretiminin kontrolii ile ilgili
biiyliik atilimlar, ¢igek hastaliginin eradikasyonu, kizamik ve
cocuk felci bulasmasinin kontrolii gibi insan-viriis etkilesiminde
dikkate deger ilerlemelere yol a¢mistir. Bununla birlikte,
viriisler hala insan hastaliklarinin ana nedenlerinden biri olmaya
devam etmektedir. Bunun sebebi olarak yeni agilarin kesfinin ve
gelistirilmesinin  genellikle zorlu ve zaman alici olmasi
sOylenebilir (Mahmoud, 2016). Viral kontrol i¢in en yaygin
kullanilan tedavi yontemi antiviral ilag tedavisi olmustur (Lou,
2014).

Genel bir bakis agisiyla, antiviral ilaglar i¢in en yaygin etki
mekanizmalari, viriis hedefli antiviraller ve konak¢i hedefli
antivirallerdir. Viriis hedefli antiviraller, proteazlar ve
polimerazlar gibi Onemli transkripsiyon ve replikasyon
enzimlerinin inhibisyonuna veya viral yapisal proteinlerin
dogrudan inaktivasyonuna odaklanir (Kiser ve Flexner, 2013).
Bunun aksine, konak¢i hiicreyi hedefleyen antiviraller ise
replikasyon dongiisii sirasinda bazi virisler tarafindan kagirilan
onemli hiicresel faktorler oldugu bilinen inhibisyon siklofilinleri
(Lou, 2014), interferonlar gibi immiinomodiilatorlerin kullanimi
ve gama globiilinlere odaklanmaktadir (El Raziky ve ark., 2013;
Lin ve Young, 2014).

Birinci nesil antiviral molekiiller (60’larda ve 70’lerin
basinda tanmimlanmistir), zayif 6zgiilliklerinden dolayi insanlar
iizerinde ciddi yan etkilere sahiptir. Ornegin, bir replikasyon
inhibitorii olarak kullanilan bir adenosin analogu olan vidarabin,
sadece viral DNA polimerazi degil, ayn1 zamanda Okaryotik
analogu da etkileyebilmektedir. Bu alandaki arastirmalarin
ilerlemesi, herpes simplex viriisi (HSV) ve varicella zoster
viriisii (VZV) enfeksiyonlarinin tedavisinde basarili olarak
kabul edilen asiklovir, ilk niikleozid analogu ve antiviral ilag
gibi daha iyi molekiillerin tanimlanmasina yol agmuistir.
Spesifikligi nedeniyle (viral bir proteinin aracilik ettigi bir
fosforilasyon adimi1 gerektirir) bu molekiil, daha 6nce kullanilan
tedavilere kiyasla konakge1 i¢in daha diigiik toksisiteye neden olur
(Thompson ve Whitley, 2011).

H1N1, Ebola ve zika viriisii (ZIKV) viral salginlarinin
ortaya ciktiktan sonraki ilk 5 yilinda yapilan ¢aligmalarda
gozlemlendigi gibi kullanilan antiviral tedavilerin diisiik
etkinligi, viral direng ve artan viral enfeksiyonlar yeni raporlar
ile kanitlanmistir (Deming ve McNicholl, 2011; Le Page ve ark.,
2013; Hui ve ark., 2017; Marston ve ark., 2017; De Souza ve
ark., 2018). Bu nedenle, genis spektrumlu aktivite sunabilen
molekiiller i¢in artan tercihle birlikte yeni antiviral ilaglarin
iretimine olan talep her zamankinden daha fazladir (Lowe ve
ark., 2018). Bu yeni molekiillerin arastirilmasi, 6nemli viral
yapilar veya enzimler ile molekiil etkilesimine (Jesus ve ark.,

2012; Elshabrawy ve ark., 2014) ve dogal kaynaklardan elde
edilen yeni bilesiklerin izolasyonuna (Cantatore ve ark., 2013;
Rothan ve ark., 2014) dayanan biyoinformatik destekli
tahminler gibi farkli yaklasimlari igerir. Bu tiir teknikler
kullanilarak simdiye kadar birgok yeni molekiil tanimlanmistir
ve son zamanlarda antimikrobiyal peptidlerin tanimi dikkat
cekmektedir (Hakim ve ark., 2013; Ishag ve ark., 2013).

Son kanitlar, bir savunma bariyeri olarak antiviral proteinli
bilesiklerin islevini vurgulamaktadir ve bazi antimikrobiyal
peptidlerin ayrica genis bir viriis yelpazesine karsi aktivite
gosterebildigi ve bu nedenle antiviral peptidler (AVP’ler) olarak
adlandirildigy gosterilmistir (Chen ve ark., 2017; Altmann ve
ark., 2012). Bu molekiiller ayrica biyoinformatik araglarin
kullanilmastyla da elde edilebilmektedir ve daha sonra
tasarlanmig veya yapay AVP’ler olarak adlandirilmaktadir.
Yapay bir peptidin, bir yiizey glikoproteini veya dnemli bir viral
enzim gibi belirli bir hedefe kars1 etkilesim igin test edildigi yem
¢alismalarindan elde edilebilmektedir (Okazaki ve Kida, 2004).
Peptidlerin tahmini i¢in tasarlanmig 6zel yazilim kullanilarak in
silico’da elde edilmektedir (Mooney ve ark., 2012). Her iki
durumda da topoloji, amino asit bilesimi, yiik ve bir in antiviral
aktivitesini etkileyebilecek diger bircok kimyasal ve yapisal
Ozellik gibi birgok ayar dikkate alinir (Maccari ve ark., 2013;
Sharma ve ark., 2014).

AVP’lerin incelenmesi, son yillarda ¢ok sayida aragtirma
projesinin odak noktasi olmustur ve bu tiir molekiillerin yapilari
ve etki mekanizmalar1 daha 6nce gbzden gegirilmis ve hatta
antiviral peptid veritabant (AVPdb—http://crdd osdd.net/
servers/avpdb/) gibi ¢evrimi¢i veri tabanlarinda derlenmistir.
Ilgili sunucuda 2683 deneysel olarak test edilmis peptid girisi
oldugu goriilmektedir (Barlow ve ark., 2014; Mulder ve ark.,
2014; Qureshi ve ark., 2014). Etki mekanizmalart ile ilgili olarak
(Sekil 1), AVP’lerin viral partikiili dogrudan inhibe ederek
hareket ettiklerinde ¢ogunlukla viriisidal olarak adlandirilirlar
veya konake¢i hiicre zarindaki protein baglanti bolgesi igin
rekabet ederler. Bununla birlikte, viral gen ekspresyonunun
baskilanmasina neden olarak viral dongiiniin diger asamalarinda
da etkili olabilmektedir (Zapata ve ark., 2016).

CABSDOCK modelleme yontemi, CABS kaba taneli
modeli kullanilarak bir peptidin birlestirilmis baglanmasi ve
katlanmasmin etkin simiilasyon semasina dayanmaktadir.
CABS, ig¢sel olarak diizensiz bir peptidin katlanma ve baglanma
mekanizmasi, denatiire edilmis durumdan katlanmis duruma
kiiresel proteinlerin katlanma mekanizmalar1 (Jamroz ve ark.,
2014; Zambrano ve ark., 2015) protein dinamiklerinin
simiillasyonu, neredeyse- dogal yap: dalgalanmalari
(Steczkiewicz ve ark., 2014) ve protein yapisi tahminine
dayanmaktadir (Kurcinski ve Kolinski, 2007). CABSDOCK
otomatik protokoliinde (Nielsen ve ark., 2007), CABS kaba
taneli simiilasyonu, segilen yeniden yapilandirilmis modellerin
tiim atomlu yerel optimizasyonu ile birlestirilir.

Bu calismanin amaci peptidlerin antiviral aktivitesini
gosteren calismalarin sayisinin artmasi ve yeni antiviral ilaglara
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yonelik acil ihtiya¢ nedeniyle etkili ilaglar haline gelebilecek ve
halen tizerinde c¢alisilmakta olan en umut verici antiviral
peptidlerden protein-docking (yanastirma) yontemi ile SARS
COV-2 ana proteaz yapisina bu peptidlerin ilgisini belirlemektir.

2. Gerec ve yontemler / Materials and methods

Modelleme, esnek protein-yanastirma i¢cin CABSDOCK
web sunucusu kullanilarak (http://biocomp.chem.uw.edu.pl/
CABSDOCKY/) baglanma boélgesi hakkinda 6nceden bilgi sahibi
olmadan gerceklestirilmigtir. CABSDOCK bir baglanma
bolgesi igin kor arama sirasinda peptid yapisinin tam esnekligini
ve protein fragmanlarinin biiyiik 6lgekli esnekligini saglar.
CABSDOCK sunucusunun ayrintili agiklamast ve kiyaslama
testleri  yakin  zamanda  agiklanmigtir. CABSDOCK
uygulamalarmin ve uzantilarmin birka¢ 6rnegini de ifade eden
literatiir caligmasi mevcuttur (Nielsen ve ark., 2007).

2.1. Giris verileri / Input data

SARS COV-2 ana proteaz yapis1 (PDB ID: 6LU7) protein
data bankdan (https://www.rcsb.org/) alindi.  Antiviral
peptidlerden alloferon 1, e ctry2801, temporin 1ta, dermaseptin
s4, cavanin b, magainin b2 ve magainin bl yapilarinin amino
asit dizileri Uniprot’dan (https://www.uniprot.org/) alindi. Anti
viral peptidlerin biyokimyasal 6zelliklerine bakildiginda,
katyonik ve amfipatik 6zellikler ve pozitif net yiikler olup,
bunlarin tiimii bu peptidlerin antiviral ajan olarak galismasi igin
onemli bir 6zelliktir. Ayrica antiviral peptidlerdeki hidrofobik
olan yapilar zarfli viriislere kars1 6nemli aktiviteler gosterdigi
bilinmektedir (Badani ve ark., 2014).

3. Bulgular / Results

Antiviral peptidlerin protein-peptid etkilesimleri igin
proteinin peptide olan baglanma ilgisi (RMSD degeri) Tablo 1
de verilmistir. Antiviral peptidlerin SARS COV-2 Mpro (PDB
ID:6LU7) yapst ile birlikte yaptigimiz protein-peptid docking
sonuglarma gore en iyi baglanma modelleri Sekil 1-2-3-4-5-6-
7’de gosterildi. Sekil 1-2-3-4-5’de 6L U7 protein yapisinin aktif
bolgesine hedeflendigi de goziikmektedir. RMSD sonuglarina
gore en iyi baglanma Sekil 2’de goriilen e ctry2801 de ve Sekil
5’de goriilen magainin b2 de oldugu belirlendi. En iyi baglanma

Q .
Sekil 1 / Figure 1. Alloferon 1 in SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of alloferon 1 to the SARS COV-2
(6LU7) structure.
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modeli tahminleri de Ek Sekil 1-2-3-4-5-6-7’de gosterilmistir.

Tablo1/Table 1

Protein- peptid etkilesimlerinin RMSD degerleri, kiime yogunluklar ve
kiimede bulunan toplam element sayilari / RMSD values of protein-
peptide interactions, cluster densities and total number of elements in
the cluster.

Kiimede Bulunan

Peptidler RNvBD, Ifume, Toplam Element
Degeri Yogunlugu
Sayis1
Alloferon 1 3.60 39.40 142
E ctry2801 2.82 38.19 108
Temporin 1ta 7.30 29.01 212
Dermaseptin s4 8.64 25.22 218
Clavanin b 7.83 26.80 210
Magainin b2 2.85 38.53 110
Magainin b1 5.01 25.50 128

Sekil 2 / Figure 2. Peptid ctyr2801 in SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the peptide Ctyr2801 to the SARS
COV-2 (6LU7) structure.

_.

Sekil 3 / Figure 3. Temproin Ita’nin SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the temproin 1ta to the SARS
COV-2 (6LU7) structure.
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Sekil 4 / Figure 4. Dermaseptin s4’iin SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the temproin 1ta to the SARS
COV-2 (6LU7) structure.

B

Sekil 5 / Figure 5. Clavanin b’nin SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the clavanin b to the SARS COV-
2 (6LUT) structure.

Sekil 6 / Figure 6. Magainin b2’nin SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the magainin b2 to the SARS
COV-2 (6LUT7) structure.

Front Life Sci RT 3(3) 2022 121-127

Sekil 7 / Figure 7. Magainin bl’in SARS COV-2 (6LU7) yapisina
baglanma modeli / Binding model of the magainin bl to the SARS
COV-2 (6LU7) structure.

4. Tartisma / Discussion

COVID-19, 2020°de kiiresel bir salgin haline geldi ve etkili
bir antiviral ilag veya ag1 tam anlamiyla olusturulamadi (Genc,
2020). Ayrica, viriisiin delta ve omikron gibi farkli SARS COV-
2 varyantlarinin ortaya ¢ikmasi, diinya ¢apinda kiiresel saglik
icin ciddi bir tehdit olusturmustur (Li, 2021; Araf, 2022).
Salginlar ve pandemilerle iligkili ortaya ¢ikan bulasic
hastaliklara yanit vermede oOnceliklendirme ve acil durum
hazirligr son derece elzemdir. COVID-19’a kars1 etkili bir
antiviral arayis1 icinde, AVP’lerin SARS COV-2’ye karsi
potansiyel yeni antiviral ajan siniflarindan birini temsil
edebilecegine inantyoruz. Bu galisma daha 6nce SARS COV-2
yapisinda bilgisayar destekli modelleme ¢aligsmalariyla
incelenmemis olup ilk kez yapilmaktadir. Calisma
bulgularimiza gére magainin b2 ve peptid ctyr2801 peptidleri
baglanmalarinin yiiksek diizeyde oldugu, alloferon 1 ve
magainin bl in orta diizeyde baglanma affinitesinin oldugu,
termorin 1ta, dermaseptin s4 ve clavanin b’nin diisiik diizeyde
baglanma affinitesinin oldugu belirlenmistir.

Molekiiler yanastirmayi igeren sanal bir tarama siireci,
giivenilir gevrimigi tabanl veri tabaninda bulunan gesitli peptid
dizileri arasinda giivenilir antiviral terapotiklerin belirlenmesi
i¢in uygun bir yaklasim olarak kabul edilir. Ozellikle, bir protein
substratt ve bir peptid ligandi arasindaki etkilesimin bag
mesafesi ile baglantili olarak etkilesim tipi ve baglanma enerjisi,
molekiiler kenetlenmenin kullanimi yoluyla degerlendirilebilir.
Bu nedenle, baglanma enerjisi degerlendirmesine dayali olarak
¢ok sayida peptid dizisi arasinda makul bir peptid taramasi, en
yiksek peptid adaylarint yanastirma etkilesimine gore
degerlendirmek i¢cin molekiller yanastirma ¢alistirilarak
minimum siire i¢inde uygulanabilir. Ayrica, dogruluk elde
etmek icin hesaplama semasma dahil olmak icin g¢esitli
yanastirma  programlari  uyumludur  (Shoichet, 2006;
Hengphasatporn ve ark., 2020). Sonug olarak, hesaplamaya
dayali bir yaklasimi, SARS COV-2’ye kars1 antiviral peptid
adaymin yakalanmasi i¢in gilivenilir bir teknik oldugu
distiniilmektedir.
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COVID-19°da spike proteinin baglanma alaninda
mutasyon gosteren birkag SARS COV-2 varyanti ortaya ¢iktigi
Gupta, 2021 tarafindan belirlenmistir. Mpro homodimerik
sistein proteaz yapisindadir. Subsrat baglanma bdlgesi 3 cepten
olusur. ik cep olarak tanimlanan P1 cebinde Phe140, Asnl42,
Glul66, His163 ve His172 amino asit kalintilar1 olugur. P2 cebi
daha derinde ve His4l, Met49, Tyr54, Metl65 ve Aspl87
kalintilar1 olusur. P3 cebinde ise Leul68, Glul66, Prol68,
Gly170 kalintilart olusur. Ama en 6nemlisi Cysl5 ve His41l
amino asitleri katalitik 6zelligi sebebiyle proteolize etki eder.
Enzim yapisindaki bolinme genellikle Leu/Phe/Met-Gln |
Gly/Ser/Ala modelini takip eder (| boliinme bdlgesini belirtir).
P1 pozisyonundaki glutamin, proteolizin ger¢eklesmesi i¢in cok
onemlidir. Bu tiir boliinme bolgelerine sahip bilinen dogal insan
enzimleri olmadig: i¢in, konak hiicreler iizerinde toksik etkiler
icin diigiik bir risk oldugundan Mpro ideal bir ila¢ hedefi gibi
goriinmektedir (Hilgenfeld ve ark., 2014; Zhang ve ark., 2020;
Zhang ve ark., 2021). Viriisiin tiim varyantlarinda mutasyon
gozlenirken Mpro geninde mutasyon gdzlenmedigi Jukic ve
ark., 2021, tarafindan bildirilmistir. Bu sonu¢ Mpro’nun hedef
gen olabilecegini gostermektedir.

AVP’lerin antiviral aktivitelerini uygulamak igin
varsayilan etki mekanizmasi soyle goriinmektedir: (i) yiizey
karbonhidrat etkilesimi ile viral girisin erken asamalarini bloke
etmek, (ii) spesifik hiicresel reseptorlerle etkilesimler yoluyla
viral baglanmay1 veya konakg1 hiicrelere penetrasyonu bloke
etmek, (iii) viral zarf glikoproteinlerinin etkilesimi ve
inaktivasyonu, (iv) konak¢t hiicre antiviral tepkilerinin
modiilasyonu ve (v) viral genlerin hiicre i¢i ekspresyonunun
ve/veya viral proteinlerin {iretiminin bloke edilmesi. Bununla
birlikte, simdiye kadar AVP yapilari ile viral inhibisyon arasinda
kesin bir iliski ortaya ¢ikmamustir. Aslinda, peptidten peptide
carpici farkliliklar genellikle gozlenir. Mekanik olarak, birgok
AVP, virlis partikiiliiniin dig ylizey zarinin dogrudan
bozulmasiyla viriisidal etkilerini gosterir.

Zhao ve ark. (2012), peptid ctyr2801’in Hepatit B
viriisiiniin replikasyonunu % 40 oranda engelledigini ve hepatit
B viriisii igin zayif bir inhibit6r olacagini bulmuslardir. El Bitar
ve ark. (2015) akrep zehirlerinden elde edilen magainin b1’in
hepatit ¢ viriisiine kars1 6ldiiriicti aktivitesini bulmuslardir.

Farkl1 bir ¢calismada antimikrobiyal etkisi olan dermaseptin
s4’tin HIV-1 viral enfektesini in vivo olarak inhibe ettigi
gosterildi (Lorin ve ark., 2005). Antimikrobiyal etkide bulunan
clavanin b’nin HIV-1 viral enfektesinin inhibitorii olabilecegini
vurgulayan caligmalar literatiirde kayithdir (Wang ve ark.,
2004). Wachinger ve ark. (1992), alloferon 1 in HIV-1’in
inhibitorii olabilecegini ayrica alloferon 1’in herpes simpleks
viriisiine kars1 etkili bir inhibitdr olacagini savunan ¢aligmalar
bulunmaktadir (Wachinger ve ark., 1992; Egal ve ark., 1999).
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Ek / Supplementary

Receptor residue
ASP A295
PHE A 254
THR A 292
VALA 202
GLY A183
CYS A 160
ASN A 151
ASNA 151
PHE A 112
THRA 111
GLNA110
GLY A 109
PRO A 108
GLNA 107
GLN A 107
ARG A 105
VALA 104
MET A6

Peptide residue
GLYB2
GLYB2
GLYB2
GLNB S8
HISB 12
VALEB 3
SERB4
HISB1
HISB1
HISB 1
VALB 3
GLNB S8
HISBY
GLNB S8
SERB4
VALEB 11
GLYBS
HISB 1

Receptor residue
ARG A 298
PHE A 294
THR A 292
GLUA240
ILE A 200
TYRA 182
ILEA 152
ASNA 151
PHEA 112
THR A 111
GLNA110
GLY A 109
PROA108
GLNA107
GLNA107
ARG A 105
ARGA 105
PHEAS

Peptide residue
HISB1
HISB6
GLNEB 8
HISB9
GLNB 8
VALB 11
HISB1
GLYB2
VALB3
GLYB2
SERB 4
HISB9
GLY B 10
HISB9
GLYB5
HISB12
SEREB 4
HISB1
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Receptor residue
ASP A 295
PHE A 294
ILE A 249
ILE A 200
TYRA182
SERA 158
ASNA 151
PHEA 134
THRA 111
GLNA 110
GLNA110
PROA108
GLNA 107
GLNA 107
ILEA 106
ARG A105
VALA 104

Peptide residue
HISB 1
HISB 1
GLYBT
HISB9
HISB 12
SERB4
VALB 3
HISB 12
VALB 3
GLYB5
GLYB2
VALB 11
GLYB 10
HISB 6
VALB 11
GLYB5
SERB4

Ek Sekil 1/ Supplement Figure 1. Alloferon 1 in SARS COV-2 (6LU7) yapisindaki baglanma bélge tahminleri / Binding site predictions in the

SARS COV-2 (6LU7) structure of alloferon 1.

Receptor residue
ARG A 298
ASP A 295
PHE A 294
PHE A 294
PRO A 293
PRO A 252
ILE A 245
ILEA200
ASPA153
ILEA152
ILEA152
ASN A 151
PHE A 112
THRA 11
GLN A 110
GLY A 109
GLN A107
PROAS
PHEASB
METAG

Peptide residue
PHEB 1
SERB3
ALABSB
LEUB2
SERB 14
ILEB 12
ALAB 13
PHE B 16
GLYB7Y
ILEBS
PHEB 1
LEUB 4
LEUB 4
SERB3
SERB 14
PHE B 16
PHE B 16
LEUB2
LEUB2
SERB3

Receptor residue
ARG A 298
VALA 297
PHE A 294
PHE A 294
PROAZ293
LEUA253
ILE A 249
VALA 202
TYRA 154
ASPA153
ILE A 152
ASNA 151
SERA113
THR A 111
GLNA 110
GLNA 110
GLN A 107
ILE A 106
PHEAS
ALAAT

Peptide residue
LEUB2
ALAB S8
ILEB S
SERB3
PHE B 16
ILEB 12
SERB 14
PHE B 16
PHEB 1
PHEB 1
LEUB2
ILEB5
LEUB 4
LEUB 4
LEUB 15
LEUB 4
LYSB17
ILEB 5
SERB3
SERB3

Receptor residue
ARG A298
VAL A 297
PHE A 294
PHE A 294
PHE A 294
THR A 292
LEU A 250
ILEA 249
SERA 158
ASPA 153
ILEA 152
ASNA 151
PHE A 150
THRA 111
GLNA 110
GLNA 110
GLY A 109
ILE A 106
PHEAS
PHEAS

Peptide residue
SEREB3
ILEB 12
SERB 14
LEUB 4
PHEB 1
PHE B 16
ILEB 12
ILEB 12
PROB®G
PROB#®
LEUB 4
PRCB®
LEUB 4
ILEB5
PHE B 16
ILEB5
LEUB 15
LEU B 15
LEUB 4
PHEB 1

EKk Sekil 2 / Supplement Figure 2. Peptid ctyr2801 in SARS COV-2 (6LU7) yapisindaki baglanma bdlge tahminleri / Binding site predictions
in the SARS COV-2 (6LU7) structure of peptid ctyr2801.
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Receptor residue Peptide residue Receptor residue Peptide residue Receptor residue Peptide residue
PHE A 294 ILEB 12 ASP A 295 PHEB 1 ARG A 298 PHEB 1
PHE A 294 LEUB 2 PHE A 294 PROB 3 PHE A 294 VALB 8
THRA 252 ILEB 12 PROA293 ILEB 12 PHE A 294 PHEB 1
ASP A 248 ARGBT ILEA 249 ARGB7 ILE A 249 VALB 8
GLU A 240 LEUB 13 ASPA245 ARGBT HIS A 246 GLYB 11
VALAZ202 GLYB 11 ASNA203 ILEB 12 GLUA 240 GLYB 11
ASPA153 LEUB 2 ILE A 200 ILEB 12 ILE A 200 LEUB 13
ASNA 151 LEUB 2 ILE A 152 PHEB 1 ASPA153 PHEB 1
GLN A0 ILEB 12 THR A 111 PHEB 1 ASN A 151 PHEB 1
GLNA110 LEUB 2 GLNA 110 LEUB 4 GLNA110 VALE 8
GLY A 109 ILEE 12 GLY A109 LEUB 13 GLNA 110 PHEEB 1
GLN A 107 LEUB 9 GLNA 107 LEUB 13 PROA108 LEUE 13
VALA 104 LEUB 2 ILE A 106 LEUB2 ILEA 106 LEUB S

EK Sekil 3 / Supplement Figure 3. Temporin Ita’nin SARS COV-2 (6LU7) yapisindaki baglanma bolge tahminleri / Binding site predictions in
the SARS COV-2 (6LU7) structure of temporin 1ta.

Receptor residue Peptide residue Receptor residue Peptide residue Receptor residue Peptide residue
VAL A 297 TRPB 3 SER A 301 ALAB 1 SERA301 LEUB2
PHE A2594 LEUBT PHE A 294 LYSB 9 PHE A 294 LEUB 11
PRO A 293 TRPB 3 PROA293 LEU B 11 PHE A 294 LEUB 6
PRO A 252 THRB5S LEU A253 TRPEBE3 THR A 292 LEUB 11
LEU A 250 TRPB 3 PRO A 252 ALAB 1 PRO A 252 TRPEB 3
ILE A 249 VALB 10 ILE A 249 LEU B 11 ILE A 249 ALAB 15
ASP A 245 ALAB 15 ILE A 249 TRPEB3 ILE A 249 LEUB 6
PRO A 241 VALB 23 THR A 243 ASNEB 19 THRA243 LEU B 22
GLUA240 ALAB 20 GLU A 240 VALB 23 PROA241 ASN B 19
ASN A203 LYSB 16 GLU A 240 LYSB 16 GLUA 240 ASN B 19
THR A 156 ALAB 27 THR A 198 ALAB 25 VAL A 202 LYSB 16
GLY A 195 ASN B 26 GLY A 195 ALAB 27 THR A 196 ASN B 26
ASN A133 ASN B 26 ASN A 151 LYSB 9 SERA 158 LYSB 12
PROA 132 ALAB 25 PROA 132 ASN B 26 ASNA133 ALAB 25
PROA108 ALAB 1T PROA108 ALAB 20 GLY A 109 LYSB 16
GLN A107 LYSB 16 GLN A 107 ALAB 17 PROA108 LYSB 16
GLN A107 LYSB 12 GLN A 107 ALAB 13 GLNA 107 ALAB 14
VALA 104 LYSB 12 ILEA 106 LYSB 12 GLNA 107 LEUB 11

Ek Sekil 4 / Supplement Figure 4. Dermaseptin s4’iin SARS COV-2 (6LU7) yapisindaki baglanma bélge tahminleri / Binding site predictions
in the SARS COV-2 (6LU7) structure of dermaseptin s4.



I. Demirhan ve ark.

Receptor residue
THRA 252
ASP A 245
THRA243
PRO A 241
GLUAZ240
ILE A 200
GLY A 183
ASN A 151
PROA 132
PHE A 112
GLNA110
PRO A 108
PRO A 108
GLNA107
ILEA 106
VALA 104

Peptide residue
PHEB 4
ILEB9
HISB 11
HISB 11
ILEB 9
VALB 12
PHE B 19
PHEB 2
VALB 18
PHEB 2
PHEB 2
VALB 16
PHEB 4
ILEB 8
LEUB5
LEUB S

Receptor residue
PHE A 294
ASP A 245
ASPA245
PROAZ241
GLU A 240
MET A 235
PROA184
ASPA153
ASNA133
ARGA131
GLN A 110
GLY A 109
PROA108
GLNA 107
GLNA107
ARGA105

Peptide residue
PHEB 2
HISB 10
ARGB7T
VALB 22
HISB 1
VALB 22
PHEEB 19
VALB 1
PHEE 15
VALB 16
PHEB 4
PHEB 4
VALB 12
VALB 12
PHEB 4
LEUBS
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Receptor residue
ILEA 249
ASP A 245
PRO A 241
GLUA 240
TYRA239
THR A 198
TYRA 182
PHEA 134
PRO A 132
THRA 111
GLY A 109
PRO A 108
GLNA 107
GLNA 107
ILEA 106

Peptide residue
ILEB9Y
ILEB &
PHEB 23
VALB 12
VALB 22
PHEB 15
VALB 16
VALB 16
PHEB 15
PHEB 2
VALB 12
GLYB 13
GLYB 13
LEUBS
PHEB 2

Ek Sekil 5 / Supplement Figure 5. Clavanin B’nin SARS COV-2 (6LU7) yapisindaki baglanma bolge tahminleri / Binding site predictions in

the SARS COV-2 (6LU7) structure of Clavanin B.

Receptor residue
SER A 301
ARG A 298
VAL A 297
PHE A 294
PRO A 293
PHE A 291
PRO A 252
ASP A 245
VAL A 202
PHE A 112
GLN A110
GLY A109
PRO A 108
GLN A107

Peptide residue
VALB 20
VALB 20
PHE B 16
SERB &
PHEB S5
ILEB2
GLYB 13
LEUB6
GLYB 1
LYSB 4
LYSB 4
ILEB2
ILEB2
GLYB 3

Receptor residue
GLY A302
ARG A 298
VAL A 297
PHE A 294
PROA293
THR A 292
LEU A253
ILE A 249
VAL A 202
ASN A 151
GLNA 110
GLNA 110
PROA108
GLN A 107

Peptide residue
LEUE 17
SERE 23
VALB 20
PHE B 16
SERB S
ILEB2
PHEB 5
ILEB2
ILEB 2
LYSB 4
HISB7
ILEB 2
GLYB 3
LEUB®6

Receptor residue
GLY A 302
SER A 301
ARG AZ298
VAL A 297
PHE A 294
PRO A 293
GLN A 256
ILE A 249
ASN A 203
TYRA154
THRA 1M
GLNA 110
GLY A 109
PRO A 108

Peptide residue
METE 21
LEUB 17
GLUB 19
SERB 8
PHEB 5
ILEB 2
LEUB 17
PHEB 5
ILEB2
LYsB 22
LYSB4
GLYB 3
GLYB 1
GLYB1

Ek Sekil 6 / Supplement Figure 6. Magainin b2’nin SARS COV-2 (6LU7) yapisindaki baglanma bolge tahminleri / Binding site predictions in
the SARS COV-2 (6LU7) structure of magainin b2.
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Receptor residue Peptide residue Receptor residue Peptide residue Receptor residue Peptide residue
PHE A 2534 PHEB 3 ASP A 295 GLYB 1 VAL A 297 PHEB 3
PRO A 293 PHEE 3 PHE A 294 GLYB 1 PHE A 294 LYSB2
THR A 252 GLYB1 THR A 292 PHEEB 3 THR A 292 HISBS
ASP A245 SERB6 ILE A 249 PHEB 3 ILE A 249 LEUB 4
GLU A 240 SERB6 GLUAZ240 ALABT THR A 243 SERB&
ILEA 200 HISES VALA 202 HISB5 ASN A 203 HISBS5
GLY A183 LYS B 12 PROA 184 PHEE 10 PRO A 184 GLYB 11
TYRA 182 LEUB 15 GLY A183 PHEE 10 GLY A183 GLY B 11
ASN A 180 PHEB 14 PHE A 181 LYSB 12 TYRA 182 LYSB 12
ASP A 176 LYS B 12 ASPA1TE PHEE 14 ASN A 180 LYSB 12
PHE A 134 PHEE 10 ASNA 151 GLYB 1 ASN A 151 LYSB2
ASN A133 GLYB S8 ASNA133 LYSB9 ASNA133 PHE B 10
THR A1 GLYB1 ARG A 131 PHEE 10 PROA132 PHE B 10
GLN A 110 LEUB4 GLNA 110 HISB5 GLNA 110 ILEB 20
GLY A109 HISBES GLNA 110 GLYB 1 GLNA 110 LYSB2
PRO A 108 ALABT PROA 108 PHEE 10 PROA108 LEUB 15
GLN A 107 VALB 18 GLNA 107 METB 19 PROA108 HISBS
GLN A 107 HISB5 GLNA 107 SERB6 GLN A 107 ALABT
ARGA 105 GLY B 21 ILE A 106 METB 19 GLNA 107 LEUB 4
ARG A 105 PHEE 14 ARG A 105 METB 19 ARGA105 ILEB 20

EK Sekil 7 / Supplement Figure 7. Magainin b1’in SARS COV-2 (6LU7) yapisindaki baglanma bolge tahminleri / Binding site predictions in
the SARS COV-2 (6LU7) structure of magainin b1l.
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Uretkenlik karsit1 is davranislarinin is kazalarmna olan etkisinde giivenlik
ikliminin diizenleyici rolii; makine ve ekipman imalati sektorii 6rnegi

Fahri Oluk™ "2, Ahmet Gokcan?2, Goksel Demir?
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Gtivenlik iklimi, 6rgiitlerde ¢alisanlarin is kazalarina kars1 davranis ve tutumlarini olumlu veya olumsuz yonde sekillendiren
belirleyici etki olarak goriilmektedir. Caliganlarin sergilemis olduklar: iiretkenlik karsiti is davraniglar: i ortamlarindaki giivenlik
iklimini olumsuz ydnde etkileyen davranislar olarak karsimiza ¢ikmaktadir. Yapilan bu ¢alismada, “Makine ve Ekipman Imalat1”
sektoriindeki ¢aliganlarin iiretkenlik karsiti is davraniglarinin is kazalarina olan etkisinde giivenlik ikliminin diizenleyici roliiniin
tespiti amaglanmistir. Bu amagla belirlenen is koluna ait 6zel sektérde calisan 394 kisiden anket formu yontemiyle veriler
toplanmistir. Elde edilen verilerle IBM SPSS 26.0 ve AMOS 24 Programi kullanilarak analizler ger¢eklestirilmistir. Analizler
sonrasinda diizenleyici etkinin durumsal olarak nasil degistigi hakkinda ayrintili fikir sahibi olabilmek i¢in egim analizi (slope)
gergeklestirilmistir. Sonug olarak elde edilen bulgulara gore is kazalarina, tiretkenlik karsitt is davraniglarinin olumlu yénde ve
anlaml, giivenlik ikliminin olumsuz ydnde ve anlamli etkilerinin oldugu tespit edilmistir. Bu sonug, giivenlik ikliminin diisiik olmasi
durumunda, iiretkenlik karsit1 is davraniglarinin is kazalarma olan etkisinin daha da arttigini ve liretkenlik karsit1 ig davranislari-is
kazalar1 arasindaki iligkinin, giivenlik iklimi tarafindan diizenlendigini gostermektedir. Yol analizine dahil edilen tahmin
degiskenlerinin is kazalar1 iizerindeki degisimin yaklasik %15’ini agikladigi sonucuna ulasilmistir. Elde edilen sonuglar,
arastirmanin yiirtitiildiigi sektdrde is kazalar1 konusunda iiretkenlik karsit1 is davraniglarinin ve giivenlik ikliminin etkisi agisindan
Onemli ipuglar1 saglayabilecektir.

Anahtar kelimeler: Giivenlik iklimi, is giivenligi; is kazasi, tiretkenlik karsiti is davranislar

The regulatory role of the safety climate in the effect of counterproductive work
behaviors on work accidents; example of machinery and equipment manufacturing
industry

Abstract

The safety climate is seen as the determining effect that shapes the behavior and attitudes of employees towards occupational
accidents in a positive or negative way. The counterproductive work behaviors exhibited by the employees appear as behaviors that
negatively affect the safety climate in the workplace. In this study, it is aimed to determine the regulatory role of the safety climate
in the effect of the counterproductive work behaviors of the employees in the “Machinery and Equipment Manufacturing” sector on
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occupational accidents. For this purpose, data were collected from 394 people working in the private sector belonging to the
determined business line, using the survey form method. Analyzes were carried out with the obtained data using IBM SPSS 26.0
and AMOS 24 Program. After the analyses, slope analysis was carried out in order to have a detailed idea about how the regulatory
effect changed situationally. As a result, according to the findings, it has been determined that counterproductive work behaviors
have positive and significant effects on occupational accidents, and the safety climate has negative and significant effects. This
result shows that if the safety climate is low, the effect of counterproductive work behaviors on occupational accidents increases
and the relationship between counterproductive work behaviors and occupational accidents is regulated by the safety climate. It was
concluded that the estimation variables included in the road analysis explained approximately 15% of the change in occupational
accidents. The results obtained will provide important clues in terms of the effect of counterproductive work behaviors and safety
climate on occupational accidents in the sector where the research is conducted.

Keywords: Counterproductive work behaviors; occupational accident; occupational safety; safety climate

1. Giris / Introduction

Son yillarda teknolojide meydana gelen hizli degisimler ve
gelisimler endiistri alaninda biiyiik bir mekanik ¢aligma ortamini
olustursa da halen kas giiciine dayanan nitelikli calisanlara
ihtiya¢ duyulmaktadir (Akkaya, 2019). Sektdrlerin tiiketicilerin
ihtiyaglarma karsilik verebilmesi, kendilerini gelistirebilmesi ve
bliylimesinde nitelikli sayida ¢alisan giici biiyilk rol
oynamaktadir. Bu nedenle isverenler, tecriibeli g¢aliganlarini
kaybetmek istemeyecekleri igin c¢alisanlarint kotii  yonde
etkileyebilecek konular iizerinde durulmasi zorunlu hale
gelmektedir (Polat, 2020). Yoneticiler tarafindan calisanlara
yonelik diizenlemeler bazen ters tepki vermekte ve calisanlar
tarafindan tretkenlik karsiti is davranislari olarak tanimlanan
istenmeyen olaylar meydana gelebilmekte ve caliganlar hem
calisma arkadaslarima hem de igverenlere yonelik zarar verme
niyetiyle kasitli eylemlerde bulunabilmektedirler (Spector ve
Fox, 2005).

Uretkenlik karsit1 is davranislarmin  tanimlanmasina
yonelik literatiirde birgok farkli tanim yer almasina karsin,
Robinson ve Benett (1995) tarafindan yapilan en genis ve
kapsamli tanima gore; tretkenlik karsiti is davranislari,
igyerinde calisanlar tarafindan gosterilen sapkin davraniglarin
yonetim tarafindan c¢alisma ortammi diizenleyen O6nemli
normlart ihlal eden hem igverene, hem diger ¢alisanlara, hem de
¢aligma ortamina ciddi zararlar veren bilingli davranislar olarak
tanimlanmasidir. Yapilan ¢aligsmalarda iiretkenlik karsiti is
davranislar1 su sekilde siralanmistir (Glinska-Newes ve Lis,
2016);

e (Calisma ortamt igerisinde diger ¢calisma arkadaslarina
yonelik taciz, tehdit, gérmezden gelme gibi hem
fiziksel hem psikolojik olarak zarar veren davranislar,

e Calisanlarin  gorevlerini  kasitlh  olarak  yerine
getirmemesi ve gorevlerini ihmal etmeleri,

e  (Calisma ortamina kasitli olarak zarar verme,

e Hem igyerine hem de ¢alisma arkadaslarina ait 6nemli
irilinlerin ¢alinmasi,

e Isten kaginma, gerekcesiz izin kullanma, ise kasitl
olarak ge¢ gitme ve erken ayrilma, uzun siireli molalar
verme gibi davraniglar iiretkenlik karsiti is davranislart
olarak degerlendirilmektedir.

Caligma  ortaminda  goriilen  iretkenlik  digt s
davraniglarinin kasith olarak hem ¢alisma ortamina hem de diger
caligsanlara zarar vermesi giivensiz davranislarin temelini
olusturmaktadir. Hem iiretkenlik karsit1 ig davraniglart hem de is

kazalarmin nedenleri arasinda gosterilen giivensiz davranislar
calisanlar1 ve igyerini olumsuz bir sekilde etkilemektedir (Tong
ve ark., 2022). Is kazalarinin nedenlerinin arastirilmasina
yonelik yapilan ¢alismalarda; kazalarin %10’unun giivensiz
durumlardan, %88’inin giivensiz davranislardan ve %2’sinin ise
onlenemeyen kazalardan meydana geldigi goézlemlenmistir
(Seber, 2012; Yagimli ve Ergin, 2017).

Caligma ortaminda giivensiz davraniglardan dolay1
meydana gelen is kazalarinda bir¢ok calisan yaralanmakta ve
hatta hayatlarint1 kaybetmektedirler. Calisma alanlarinda
meydana gelen Olimlii is kazalari sebebiyle yasanan isgi
kayiplart hem igveren i¢in hem de devletler i¢in biiyiik bir endise
kaynagi olmaktadir. Diisiik oranlarda dahi olsa galisanlarin
hayatin1 kaybetmesi sosyal ve ekonomik yonden olumsuz bir
durum olarak goriilmektedir (Zermane ve ark., 2020). Meydana
gelen is kazalarinin hem sosyal etkileri hem de insan acilar
hesaplanamaz olsa da, ekonomik etkileri, sosyal ve kurumsal
kayiplar1 da dahil olmak {izere toplumun her safhasi i¢in olduk¢a
onemli bir sorundur (Melchior ve Zanini, 2019). Bu sebeple
calisma ortaminda meydana gelebilecek is kazalarinin
Onlenebilmesi i¢in giivensiz davranis olarak nitelendirilebilecek
olaylarin tespit edilmesi ve Onlenebilmesi biiyiik énem arz
etmektedir (Yagimli ve Ergin, 2017). Is kazalarma neden olan
giivensiz davranislarda en 6nemli etkenin insan faktoriiniin, yani
calisanlarin oldugu goriilmektedir. Is kazalarmin kaynagini
olusturan ve en 6nemli etken olan ¢alisan faktori irdelenmeli ve
giivenlik iklimi diizeyleri degerlendirilmelidir (Gokcan, 2022).

Meydana gelen is kazalarinda galisanlarin biiylik rol
oynamasi nedeniyle giivenlik iklimi is kazalarinin 6nlenmesinde
anahtar faktorlerden birisidir (Kim ve ark., 2019). Giivenlik
iklimi iizerine yapilan birgok arastirmada; giivenlik ikliminin
calisanlarin davraniglarmi etkilemesi yoluyla daha saglikli ve
giivenli bir galisma ortaminin olusturulmasinda biyiik rol
oynadig1 gosterilmektedir (Bronkhorst ve ark., 2018). Giivenlik
iklimi, ¢alisanlarin liderlik, iletisim ve is organizasyonu gibi
giivenlik durumuna iligkin risk algilar1 olarak tanimlanmaktadir
(Doyen et al., 2020). Giivenlik iklimini 6lgmeye yonelik yapilan
caligmalarin temelinde calisanlarin giivensiz davraniglarinin
tespit edilmesi, is kazalarinin ve yaralanmalarin Oniine
gecilmesine yonelik sektore oOzgii Onlem yodntemlerinin
gelistirilmesi bulunmaktadir (Probst ve ark., 2019). Is
hayatindaki 6ncelikli hedef, saglik ve giivenligi korumak ve bu
durumun devamliligini saglamaktir. Bu nedenle planlanan
sistemli ve biitiinsel ¢aligmalarin tamamu is saghig1 ve giivenligi
olarak tanimlanabilir. Is saghig1 ve giivenligi is yerlerinde pozitif
giivenlik iklimi olusuma katk1 saglayan dnemli bir roldiir (Celik,
2014). Is giivenligi igin yiiriitiilen faaliyetlerinin genel
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amaglarindan bir tanesi; is kazast ve meslek hastaliklarini
onlemek ve olusturacagi olumsuz sonuglarindan ¢alisanlart ve
isletmeyi koruyarak maddi ve manevi zararlar1 ortadan
kaldirarak giivenli ¢alisma ortami olusturmaktir (Kurt, 2013).
Bu caligmada, makine ve ekipman imalati sektoriindeki
caliganlarin {iiretkenlik karsit1 is davramiglarinin is kazalarina
olan etkisinde giivenlik ikliminin diizenleyici roliinlin tespiti
amaglanmigtir. Elde edilen sonuclarin g¢aligma hayatma ve
orgiitsel davranig literatiiriine katki sunmasi1 beklenmektedir.

2. Gerec ve yontemler / Materials and methods

Bu c¢alisgmada makine ve ekipman imalati sektorii
caligsanlarinin sergiledikleri tiretkenlik karsit1 ig davranislarinin
is kazalarina olan etkisi incelenerek, ¢alisanlarin giivenlik iklimi
algilarinin bu etki tlizerinde diizenleyici rolii olup olmadig:
arastirilmistir. Arastirmaya yol gosterici olmasi ve hipotezin
olusturulmasi agisindan Sekil 1°deki model kurulmustur. Bu
model, iiretkenlik karsiti is davranislari, giivenlik iklimi ve is
kazasi arasindaki iliskileri incelemeyi amaglayan bir modeldir.

Giivenlik Iklimi

Uretkenlik Karsit1 Is

Is Kazas1
Davraniglari

Sekil 1/ Figure 1. Arastirmanin modeli / Model of the research.

Bu c¢alisma igin toplanan wverilerin sunulan modele
uygunlugu, AMOS 24 Programi kullanilarak Dogrulayict Faktor
Analizi (DFA) ile test edilmistir. ki boyut ve toplam 15
maddeden olusan giivenlik iklimi 6l¢eginin birinci diizey ¢ok
faktorlii yapisi icin yapilan inceleme neticesinde verilerin
normal dagilim gostermesi nedeniyle Maximum Likelihood
hesaplama yontemi kullanilmistir.

2.1. Hipotez / Hypothesis

Bu c¢alismanin amacma ve s6z konusu modele uygun
olarak olusturulan hipotez asagidaki gibidir:

Ha: Uretkenlik karsit1 is davramslarmin is kazalarina olan
etkisinde giivenlik ikliminin diizenleyici rolii vardir. Giivenlik
ikliminin digiik olmasi durumunda iiretkenlik karsit1 is
davranislarinin is kazalarina olan etkisi yiiksek olacaktir.

2.2. Arastirmanin evren ve drneklemi / The universe and
sample of the research

Bu c¢aligmanin Orneklemini makine ve ekipman imalati
yapan 6zel sektor ¢alisanlar1 olusmaktadir. 2020 SGK verilerine
gore “Makine ve Ekipman Imalati” yapan ozel sektor
igyerlerindeki calisan sayisi 183,302 olarak tespit edilmistir. Bu
verilere istinaden 6rneklem biiyiikliigiiniin evreni temsil etmesi
acisindan %95 giivenlikle Cohen, Manion ve Morrison (2017)’a
gore belirlenen is kolundan 423 calisan {izerinde belirlenen
Olgekler uygulanmis ve yapilan degerlendirmeler sonucunda 29
ankette eksik boliimlerin oldugu tespit edilmis ve analizlere
dahil edilmemistir. 394 c¢alisanin eksiksiz olarak doldurmus
oldugu anket formlar1 analize tabi tutulmustur.
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2.3. Veri toplama araglari / Data collection tools

Katilimcilardan veri toplamak amacryla iki farkli dlgekten
ve demografik bilgilerin yer aldigi anket formundan
faydalanilmistir.  Calisanlarin  giivenlik  iklimi  algisiin
belirlenmesi amaciyla Choudhry ve ark. (2009) tarafindan
gelisgtirilip, Turen ve ark. (2014) tarafindan giivenilirlik ve
gegerlilik testlerinin gergeklestirilerek Tiirkce’ye uyarlanmast
yapilmis olan “Giivenlik Iklimi” 6lgegi kullamlmistir. Toplam
14 maddeden olusan bu olcekte, is arkadaslar1 ve giivenlik
egitimleri ile yonetimin bakis acis1 ve kurallar olmak tizere iki
farkli boyut yer almaktadir. Caliganlarin iiretkenlik karsiti is
davraniglarini  6lgmek amaciyla Spector ve ark. (2006)
tarafindan gelistirilen ve Ocel (2010) tarafindan giivenirlik ve
gegerlilik testlerinin gergeklestirilerek Tiirkge’ye uyarlamasi
yapilan “Uretim Karsit1 {5 Davranislar1 Olgegi” kullanilmustir.
Bu dlgek toplam 32 madde ve sabotaj, kotilye kullanma, geri
cekilme ile calma olmak iizere dort boyuttan olugsmaktadir.

3. Bulgular ve tartisma / Results and discussion

Bu ¢aligma icin kullanmig oldugumuz 6l¢ekler daha dnce
gelistirilmis ve Tiirk¢e’ye uyarlanmis olmasi nedeniyle toplanan
verilerin sunulan modele uygunlugu, IBM SPSS 26.0 ve AMOS
24 Programi kullanilarak analiz edilmistir. Gergeklestirilen
analizler sonucunda 6rekleme ait demografik bulgular Tablo
1’de 6zetlenmistir.

Tablo1/Table 1
Katilimcilarin demografik 6zellikleri / Demographic characteristics of
participants.

Frekans %

18-30 126 32,0

31-40 141 35,8

Yas 41-50 97 24,6
51 ve tistii 30 7,6

Toplam 394 100,0

Cinsiyet Erkek 394 100,0
Kadin 0 0,0
Okuryazar degil 3 0,8

Tkogretim 161 40,9

Egitim Lise 168 42,6

Universite 62 15,7

Toplam 394 100,0

1-10 223 56,6

11-20 100 25,4

Tecriibe 21-30 48 12,2
31 ve stil 23 58

Toplam 394 100,0

Evet 92 234

Kaza Gegirme Hayir 302 76,6

Toplam 394 100,0

Tablo 1’e gore arastirmaya katilan ¢alisanlarin yas
dagilimlar incelendiginde calisanlarin 126’smin (%32) 18-30
yas, 141’inin (%35,8) 31-40 yas, 97’sinin (%24,6) 41-50 yas ve
30’unun (%?7,6) ise 51 ve iizeri yas araligina sahip oldugu tespit
edilmistir. Calismaya katilanlarin cinsiyet grubu incelendiginde
belirlenen sektér nedeniyle 394’1 (%100) erkelerden olustugu
tespit edilmistir. Calismaya katilanlarin  egitim durumlari
incelemesinde ¢aliganlarm 3’{iniin (%0,8) okur yazar olmadigi,
161’inin (%40,9) ilkogretim, 168’inin (%42,6) lise mezunu ve
62’sinin  (%15,7) tniversite mezunu oldugu saptanmistir.
Calisan bireylerin tecrilbe durumlar1 incelemesinde ise

130



F. Oluk ve ark.

223’{iniin (%56,6) 1-10 y1l, 100{iniin (%25,4) 11-20 yil, 48’inin
(%12,2) 21-30 y1l ve 23’{iniin (%5,8) 31 y1l ve lizeri tecriibeye
sahip oldugu tespit edilmistir. Calisamaya katilanlarin 92’sinin
(%23,4) is kazasi gecirdigi, 302’sinin (%76,6) is kazasi
gecirmedigi tespit edilmistir.

3.1. DFA bulgulari / CFA results

Yapilan DFA sonucunda istenilen uyum iyiligi degerleri
elde edilememistir. Bu nedenle diizeltme indekslerinin
incelenmesi neticesinde gerekli modifikasyonlar yapilmis ve
anlamsiz faktor yiikiine sahip oldugu tespit edilen guvl maddesi
modelden ¢ikarilarak analiz tekrarlanmistir. Tekrarlanan analiz
neticesinde elde edilen uyum indeksleri 6l¢iim modelinin
dogrulandigina isaret etmistir. DFA neticesinde elde edilen
uyum iyiligi degerleri (X?[60, N=394]=180,095; p< ,01; X?/sd=
3,002; CFI= ,95; RMSEA= ,07; SRMR= ,05) onerilen iki
faktorlii modelin veri ile uyumlu ve kabul edilebilir oldugunu
gostermektedir. Bu sonuglar giivenlik iklimi dlgeginin
ongoriilen  kuramsal yapismin  (iki  faktorli  model)
dogrulandigin1 gostermistir. DFA sonucunda ulagilan uyum
iyiligi degerleri ile kabul edilebilir asgari uygunluk degerleri
(Gurbuz, 2021) ise Tablo 2’de gosterilmistir.

Tablo 2/ Table 2
DFA degerleri tablosu / Table of CFA values.

Indeksler Kabul edilebilir degerler GIO
X2/ sd 3<X?/sd<5 3,0
Say1 CFI ,90 <CFI< .95 ,95
SRMR ,05<SRMR<,08 ,05
RMSEA L,05<RMSEA<,08 ,07

GIO: Giivenlik Iklimi Olgegi

Tablo 3/ Table 3
YEM analizine iliskin parametre tahmin degerleri (N=394) / Parameter
estimation values for SEM analysis (N=394).

Madde Path Faktor Bo B1 S.E. C.R. P
guvl0 <--- GUVEN1 897 1,000
guv9 <--- GUVEN1 835 925 041 22,739 <0,001
guv8 <--- GUVEN1 859 ,933 ,039 24,084 <0,001
guv7 <--- GUVEN1l 821 903 ,041 22,005 <0,001
guvé <--- GUVEN1 /753 894 047 18,829 <0,001
guvs <--- GUVEN1 783 798 025 31,370 <0,001
guv4 <--- GUVEN1 652 616 ,041 15,003 <0,001
guv3 <--- GUVEN1 674 692 ,044 15764 <0,001
guv2 <--- GUVEN1 691 ,639 ,039 16,378 <0,001
guvl4 <--- GUVEN2 717 1,000

guvl3 <--- GUVEN2 776 1,086 ,079 13,751 <0,001
guvl2 <--- GUVEN2 771 1,041 076 13,680 <0,001
guvll <--- GUVEN2 764 1,124 083 13579 <0,001

Bo=Standart yol katsayilar1 B;= Standart olmayan yol katsayilari.

Tablo 3’teki bulgular incelendiginde gergeklestirilen DFA
neticesinde GUVEN1 ve GUVEN2 altinda yer alan tiim
maddelere ait yol katsayilar1 istatiksel olarak anlamli
bulunmustur. Standartlastirilmis yol katsayilarina bakildiginda
GUVENI fizerinde en fazla etkiye sahip olan maddenin guv10
oldugu (Bo=0,897), GUVEN?2 {izerinde en fazla etkiye sahip olan
maddenin ise guv13 oldugu (B¢=0,776) goriilmektedir.

Toplam 32 madde ve dort alt faktérden olusan tiretkenlik
karsit1 i davranislari 6lgeginin birinci diizey ¢ok faktorlii yapisi
dogrulayic1 faktdr analizi (DFA) yontemi ile test edilmistir.
Verilerin normal dagilim gostermesi nedeniyle Maximum
Likelihood hesaplama yo6ntemi kullanilmigtir. Yapilan DFA
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sonucunda yazinda kabul edilen uyum iyiligi degerlerine
ulasilamamistir. Bunun iizerinden diizeltme indekslerinin
incelenmesi neticesinde gerekli modifikasyonlar yapilmis ve
analiz tekrarlanmigtir. Tekrarlanan analiz neticesinde elde edilen
uyum indeksleri 6l¢iim modelinin dogrulandigina isaret etmistir.
DFA neticesinde elde edilen uyum iyiligi degerleri (X?[454,
N=394]=1585,917; p< ,01; X?%sd= 3,493; CFI= ,91;
RMSEA=,08; SRMR=,04) 6nerilen dort faktorlii modelin veri
ile uyumlu ve kabul edilebilir oldugunu gostermektedir. Bu
sonuglar tiretkenlik karsiti is davraniglar1 6lgeginin 6ngoriilen
kuramsal yapisinin (dort faktorli model) dogrulandigim
gostermistir. DFA sonucunda ulasilan uyum iyiligi degerleri ile
kabul edilebilir asgari uygunluk degerleri (Gurbuz, 2021) ise
Tablo 4’de gosterilmistir.

Tablo 4/ Table 4
DFA degerleri tablosu / Table of CFA values.

Indeksler Kabul edilebilir degerler UKIDO
X2/ sd 3<X?/sd<5 34
CFI ,90 < CFI <,95 91
SRMR ,05<SRMR<,08 ,04
RMSEA ,05< RMSEA<,08 ,08

UKIDO: Uretkenlik Karsit Is Davramslar Olgegi

Tablo5/ Table 5
YEM analizine iligkin parametre tahmin degerleri (N=394) / Parameter
estimation values for SEM analysis (N=394).

Madde Path  Faktor o B. SE. CR. P
ukid32 < F1 0,857 1,000

ukid3l < F1 0905 1,048 0041 25479 <0,001
ukid30 < F1 0,899 1,059 0042 25125 <0,001
ukid29 < F1 0,841 0967 0044 22121 <0,001
ukid28 < F1 0,887 1,042 0043 24484 <0,001
ukid27 < F1 0,865 0,960 0041 23327 <0,001
ukid2s < F1 0825 0837 0039 21,378 <0,001
ukid24 < F1 0,803 0,838 0041 20423 <0,001
ukid23 < F1 0,854 0,683 0030 22746 <0,001
ukid21 < F1 0835 0979 0045 21,854 <0,001
ukid20 < F1 0885 1,029 0015 67,055 <0,001
ukidl9 < F1 0912 1,056 0041 25894 <0,001
ukidlg < F1 0838 1,005 0046 21975 <0,001
ukidl7 < F1 0873 0999 0042 23696 <0,001
ukidl6 < F1 0879 1,035 0043 24,013 <0,001
ukid26 < F2 0,639 1,000

ukidl4 < F2 0,668 0897 0081 11,058 <0,001
ukidl3 < F2 0619 0994 0096 10,405 <0,001
ukidl2 < F2 0,650 0,957 0,088 10,822 <0,001
ukidll < F2 0724 1022 0087 11,774 <0,001
ukidl0 < F2 0708 1,043 0090 11578 <0,001
ukid§ < F2 0691 1,03 0097 11,354 <0,001
ukids < F2 0,658 0,947 0087 10925 <0,001
ukidd < F3 0,611 1,000

ukid6 < F3 0739 1,324 0120 11,069 <0,001
ukid7 < F3 0613 1117 0115 9715 <0,001
ukid9 < F3 0678 1075 0103 10456 <0,001
ukidls < F3 0,650 1,065 0,105 10,154 <0,001
ukid22 < F3 0,748 1,382 0124 11,153 <0,001
ukid3 < F4 0,572 1,000

ukid2 < F4 0813 1341 0178 752  <0,001
ukidl < F4 0,601 0978 0119 8245 <0,001

Bo=Standart yol katsayilar1 B;= Standart olmayan yol katsayilar.

Tablo 5’teki bulgular incelendiginde gergeklestirilen DFA
neticesinde F1,F2,F3 ve F4 altinda yer alan tiim maddelere ait
yol katsayilar1 istatiksel olarak anlamli  bulunmustur.
Standartlastirilmis yol katsayilarina bakildiginda F1 {izerinde en
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fazla etkiye sahip olan maddenin ukid19 (f0o=0,912), F2 {izerinde
ukid11 (Bo=0,724), F3 iizerinde ukid6 (Bo=0,739), F4 iizerinde
ise ukid2 oldugu (Be=0,813) goriilmektedir.

3.2. Diizenleyici etki bulgulari / Regulatory effect findings

Diizenleyici degisken, tahmin degiskeni ile sonug
degiskeni arasindaki iligkinin yoniinii ve siddetini etkileyen bir
degiskendir. Diizenleyici degisken iki degigsken arasindaki
iliskinin hangi durumlarda arttigini, azaldigmi veya yon
degistirdigini (olumludan olumsuza doénmesi) anlamamiza
yardimci olan bir degiskendir (Gurbuz, 2021).

Caliganlarin  tretkenlik karsitt is davraniglariin, is
kazalarma etkisinde giivenlik ikliminin diizenleyici roliinii test
etmek amaciyla AMOS 24 Programi kullanilarak gerekli
analizler  gerceklestirilmistir.  Gergeklestirilen  analizler
sonucunda elde edilen yol analizi sonuglart Sekil 2’de
verilmistir.

Zscore(lkid)
(=1)
-36
15

. 17
09 Zscore(guivenlik) ' kaza

14 -,09

ZXW

Sekil 2 / Figure 2. Diizenleyici model ¢izimi / Editorial model drawing.

Yapilan diizenleyici etki analizi neticesinde elde edilen
veriler Tablo 6°da gosterilmistir. Gergeklestirilen yol analizinde
Maximum Likelihood ydntemi kullanilarak gerekli incelemeler
yapitlmigtir. Analiz gergeklestirilmeden Once diizenleyici
degisken ve tahmin degiskenine iligkin degerler standardize
edilmistir. Kurulan model {izerinden gergeklestirilen analiz
sonuglarina gore yol analizinde kullanilan tahmin degiskenleri,
is kazalar ile ilgili degisimin yaklagik %]15’ini (R?=,146)
aciklamaktadir. Is  kazalarma, iretkenlik karsit1  is
davraniglarinin olumlu yonde ve anlamhi (5= ,27, p<,001),
giivenlik ikliminin olumsuz yénde ve anlaml diizeyde (= -,17,
p<,001) etkilerinin oldugu tespit edilmistir. Uretkenlik karsit is
davranislar1 ve giivenlik iklimi degiskenlerinin, is kazalari
iizerindeki etkilesimsel etkisinin (diizenleyici etki) anlamli
oldugu saptanmistir (5= -,09, p<,05).

Tablo 6/ Table 6
Diizenleyici etkiyi gosteren yol analizi sonuglart (N=394) / Path
analysis results showing regulatory effect (N=394).

Degiskenler p SH t p
Uretkenlik karsiti is 27 053 5,38 <0,001
davranislari(X)

Giivenlik iklimi(W) -, 171%** ,053 -3,35 <0,001
X,W -,095* ,054 -1,99 <0,046

Not: R?=,146; ***p<,001, *p<,05, S,H,: Standart Hata, Standardize edilmis beta
katsayilari (f) raporlanmustir.

Bu islemden sonra diizenleyici etkinin durumsal olarak
nasil degistigi hakkinda daha ayrintili fikir sahibi olabilmek igin
degiskenin yiiksek ve diisik oldugu durumlar1 ortaya koyan
egim analizi (slope) yapilmasi gerekmektedir. Bagka bir
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anlatimla giivenlik ikliminin farkli durumlarinda (ytiksek-
diisiik) tiretkenlik karsit1 is davranislarinin, i kazasi tizerindeki
etkilerinin anlamli olup olmadigina dair egim analizi yapilmasi
gerekmektedir.

Gergeklestirilen egim analizi sonucunda diizenleyici
degiskene ait etkiler Sekil 3’te grafiksel olarak verilmistir.
Diizenleyici etkinin ayrintilar1  incelendiginde giivenlik
ikliminin diisiik (5=,36, p<,001) oldugu durumlarda tiretkenlik
karsiti i3 davranislarinin is kazasma olan etkisinin artig
gbzlenmigtir. Buna karsin giivenlik iklimin ylksek (f=,17,
p<,05) oldugu durumlarda iiretkenlik karsit1 is davraniglarimnin,
is kazasima olan etkisinin daha az arttig1 tespit edilmistir. Bu
bulgular dogrultusunda Hi hipotezi desteklenmistir. Sonug
olarak, giivenlik ikliminin diisiik olmast durumunda, tiretkenlik
karsit1 i davranislarinin is kazalarina olan etkisinin daha da
arttigt ve bu durum tretkenlik karsit1 is davraniglari-is kazalari
arasindaki iliskinin, giivenlik iklimi tarafindan diizenlendigi
anlamina gelmektedir.
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2.5000

Kaza

2.0000

1.5000

1.0000

0.5000

0.0000
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‘ —— Diisiik Giivenlik (W)  ---m---Yiiksek Giivenlik (W)

Sekil 3 / Figure 3. Giivenlik ikliminin diizenleyici etkisinin grafiksel
gosterimi / Graphical representation of the regulatory impact of the
security climate.

Ulusal ve uluslararasi literatiirde iiretkenlik karsiti is
davranislarinin is kazalarina olan etkiyi inceleyen ¢ok az sayida
¢alisma bulunmaktadir. Bunun yani sira iretkenlik karsiti is
davraniglarinin is kazalara olan etkisinde giivenlik ikliminin
diizenleyici rolii ile alakali yapilan bir ¢aligma mevcut degildir.
Bu sebeple gerceklestirilen bu ¢alismanin iiretkenlik karsit1 is
davraniglar ile is kazalar1 arasindaki iliskinin incelemesi ve bu
iliskide diizenleyici rol olarak giivenlik ikliminin etkisini
aciklamasi nedeniyle literatiire katki saglamasi beklenmektedir.

4. Sonugclar ve oneriler / Conclusions and recommendations

Arastirmada elde edilen sonuglara gore is kazalarina,
iretkenlik karsiti ig davraniglarinin olumlu yonde ve anlamls,
giivenlik ikliminin olumsuz yonde ve anlamli diizeyde
etkilerinin oldugu tespit edilmistir.

Uretkenlik karsiti is davramslar1 ve giivenlik iklimi
degiskenlerinin, is kazalari {izerindeki etkilesimsel etkisinin
(diizenleyici etki) anlamli oldugu saptanmistir. Giivenlik
ikliminin diisik oldugu durumlarda iretkenlik karsitt is
davranislarinin is kazasma olan etkisinin artii gézlenmistir.
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Buna karsin giivenlik iklimin yiiksek oldugu durumlarda
iretkenlik karsitt is davraniglarinin, is kazasina olan etkisinin
daha az arttig1 tespit edilmistir.

Giivenlik ikliminin diisiik olmast durumunda, tiretkenlik
karsiti ig davraniglarinin is kazalarina olan etkisini daha da
artirdigt ve iretkenlik karsitt is davranislari-is kazalari
arasindaki iligkinin, giivenlik iklimi tarafindan diizenlendigi
kanaatine varilmistir. fleride yapilacak calismalar icin, iilkemiz
acisindan goriiniir ve goriinmez birgok ekonomik zarara sebep
olan, tiretkenlik karsit1 is davranislarinin is kazalarina etkisinde
bireylerin kisilik 6zellikleri, orgiitsel 6zdesleme, orgiitse adalet
ve yonetim davraniglart gibi degiskenlerin diizenleyici roliiniin
arastirilmasi onerilebilir. Farkli 6rneklemlerde tiretkenlik kargiti
is davraniglarinin ¢alisan performansi, isten duydugu tatmin,
orgiite olan baglilik gibi olumlu 6rgiitsel ve bireysel durumlar
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Abstract

Strigolactones (SLs) are synthesized in roots and control plant development. As phytohormones, SLs regulate plant
architecture, including roots. Recently, the inhibiting effects of SLs on adventitious rooting have been identified. Olive (Olea
europaea L.) is consumed for oil and table in Mediterranean countries and is an economically important crop. Turkey is one of the
countries with the highest olive production. Olive has mostly propagated asexually via cuttings, however, the rooting capacities of
some agriculturally important olive cultivars are very low. Indole Butyric Acid (IBA) is commonly used to promote the rooting of
olive cuttings, however, it can be inadequate. Ayvalik is an easy-to-root cultivar and one of the most common cultivars grown for
oil production and Domat is a hard-to-root cultivar in which IBA is insufficient for inducing rooting. In our study, the effects of
synthetic SLs rac-GR24 and SLs biosynthesis inhibitor TIS108 on the rooting ability of olive cuttings were investigated. As a result,
the adventitious rooting ability was increased when a hard-to-root cultivar was treated with TIS108, indicating a promising future
for olive-cutting rooting. Therefore, our study will provide potentially new tools for propagation strategies using SLs in fruit trees.

Keywords: Cutting rooting; GR24; olive; strigolactones; TIS108

1. Introduction

Strigolactones (SLs) are carotenoid-derived plant
metabolites and known to be germination stimulants for parasitic
plant seeds for a long time (Cook et al., 1966). Then, they are
found to be involved in the mutual interaction with arbuscular
mycorrhizal fungi (Akiyama et al., 2005) and involved in the
inhibition of lateral bud growth (Gomez-Roldan et al., 2008;
Umehara et al., 2008). As endogenous phytohormones, SLs
control plant architecture. Up to date, lots of studies have been
carried out about SLs also affect root growth, primary root
length, lateral root formation, root-hair elongation, adventitious
rooting, root tip anatomy, stem elongation, leaf expansion in
Arabidopsis thaliana, maize, petunia, rice, Medicago
truncatula, Vitis vinifera, and Solanum lycopersicum. (Stirnberg
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etal., 2002; Snowden et al., 2005; Kapulnik et al., 2011; Ruyter-
Spira et al., 2011; Arite et al., 2012; Guan et al., 2012; Kohlen
et al., 2012; Rasmussen et al., 2013; de Saint Germain et al.,
2013; De Cuyper et al., 2015; Santoro et al., 2020; Xu et al.,
2021).

Olive (Olea europaea L.), one of the oldest cultivated trees
in the Mediterranean Region (Rugini, 1986; Zohary et al., 2012)
is commercially important since olive oil and table olive are
consumed quite a lot in the Mediterranean diet. Therefore, olive
production is one of the important agricultural sectors that have
the potential for high income. Olive can be propagated by
cuttings, grafting, or in vitro techniques, however, propagation
via cuttings is the most widely used method in many countries
(Fabbri et al., 2004).

Olive has generally propagated asexually via cuttings in a
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humid environment since the production of seeds is slow.
However, the rooting capacities of some agriculturally important
olive cultivars are very limited and can only be propagated by
inoculation (Fabbri et al., 2004; Cetintas Gerakakis and Ozkaya,
2005). The exterior and interior factors that affect rooting
capacities such as time of planting, size of cuttings, and
properties of rooting media were reported (Cetintas Gerakakis
and Ozkaya, 2005). Ayvalik is one of the most common cultivars
grown in Turkey for oil production and is an easy-to-root
cultivar (ER). The Olive Ayvalik cultivar is cultivated for its
high oil quality (Isfendiyaroglu et al., 2009) and comprises 19%
of the olive trees in Turkey (Kiralan and Bayrak, 2013).

Many studies revealed that auxins have the best effect on
adventitious rooting (Fabbri et al., 2004). The olive cuttings are
usually treated with Indole Butyric Acid (IBA) to promote
rooting and the concentrations of plant growth regulator treated
also affect the rooting abilities (Serrano et al., 2002). However,
for a hard-to-root cultivar (HR) Domat, which bears large fruits,
IBA is insufficient for inducing rooting (Cetintas Gerakakis and
Ozkaya, 2005; Turkoglu and Durmus, 2005).

Recent studies on SLs are mostly carried out on model
organisms, such as Arabidopsis or rice. However, little is known
about the effects of SLs on fruit trees. Olive is an economically
important crop in Mediterranean countries, and therefore, we
investigated the effects of rac-GR24 as an SL analog and
T1S108 as an SL inhibitor (Ito et al., 2013) on olive ER and HR
cuttings. Finding a solution for rooting problems of HR cultivars
is so important since grafting techniques are quite expensive. As
a result, this study shows that TIS108 usage for HR olive
cultivars provides new tools for cutting propagation strategies of
fruit trees.

2. Materials and methods

Olive is mostly propagated via cuttings (Fabbri et al.,
2004). For this reason, we aimed to determine the effects of rac-
GR24 and T1S108 applications on the rooting ability of cuttings.
We used the ER and the HR cuttings (Cetintas Gerakakis and
Ozkaya, 2005).

A

Fig. 1. A) Olive Cuttings prepared from olive trees, 25-30 cm each. B)
Cuttings treated with rac-GR24 and TIS108 and planted in growing
blocks. C) Callus formation on stem cuttings. D) Root formation on
stem cuttings.
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For each cultivar, 700 cuttings were tested (Fig. 1A). We
treated cuttings with 1, 5, and 10uM rac-GR24 or TIS108
(Strigolab, Turin, Italy), and non-treated control groups were
also included. Thus, for each treatment group, we had 100
cuttings for each cultivar.

For the applications, the basal pieces of both two olive
cultivar cuttings were dipped into the plant growth regulator
solutions (1, 5, and 10uM) one by one for 5 seconds and then
planted into growing blocks that have a high water-holding
capability (Fig. 1B). The cuttings were held in greenhouse
conditions (25°C, 90-95% humidity) in the Edremit Directorate
of Olive Production Station (Edremit, Balikesir). Ten weeks
later of the treatment, the cuttings were evaluated in terms of the
formation of both callus and roots since the callus formation
from the wounded parts is the first stage of adventitious rooting
of cuttings (Fig. 1C-D).

3. Results

We investigated the callus formation and rooting ability of
ER Ayvalik and HR Domat cuttings in the presence of either
rac-GR24 or TIS108.

At the end of the 10 weeks, 46% of explants belonging to
the ER control group produced callus (Fig. 2). In the rac-GR24
treatment groups, callus production varied from 30 to 36%,
while T1S108 induced callus in 36 to 57% of the explants for the
ER. In all application groups for rac-GR24 in the ER, the callus
formation rates are lower than the control group while the 5 uM
TIS108 group in which the callus formation was increased.
However, only 9% of the explants belonging to the control group
of HR-produced callus (Fig. 2). In the rac-GR24 treatment
groups, callus production varied from 4 to 12%, while TIS108
induced callus 2 to 16% of the explants for the HR. For rac-
GR24 applications, only the 10 uM applied group showed a
slight increase in callus formation compared to the control and
for TIS108 applications both 5 and 10 uM applied groups
showed an increase in callus formation and this increase is
compatible with the dose increase. According to these data, the
best results for ER group were achieved with 5 uM TIS108
application (57%) and for HR cultivar with 10 uM TIS108
application (16%).
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Afterwards, the cuttings which have roots were counted. At
the end of the 10 weeks, the rooting rate was 1% in the control
group of the ER (Fig 3). In the rac-GR24 treatment groups,
rooting rates varied from 0 to 2%, while TIS108 induced rooting
of 4 to 8% of the explants for the ER. For rac-GR24
applications, only the 10 uM rac-GR24 applied group did not
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show any roots. For HR, the rooting rate was 1% in the control
group (Fig. 3). In the rac-GR24 treatment groups, rooting rates
varied from 1 to 4%, while T1S108 induced rooting of 0 to 3%
of the explants for the HR. For TIS108 applications, while 1 uM
application did not show any roots, 5 and 10 pM applied groups
showed increased rooting compared to the control group.
According to these results, TIS108 is promising for inducing
callus production and rooting of cuttings for both ER and HR
olive cultivars.
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Fig. 3. Rooting percentages of ER and HR olive cultivars.
4. Discussion

The rooting abilities of some economically important olive
cultivars are very limited. Therefore, we determined the effects
of rac-GR24 and TIS108 on cuttings of HR and ER olive
cultivars. SLs have been shown to suppress adventitious rooting
in plants such as tomato, A. thaliana, and pea (Kohlen et al.,
2012; Rasmussen et al., 2013). Similarly, in this study rac-GR24
suppressed both callus formation and adventitious rooting in
cuttings of ER. For HR, 1 and 5 uM rac-GR24 applications
could suppress callus formation and root formation. It is unclear
whether this suppressive property of SL is direct or indirect
(Kohlen et al., 2012). This feature may arise because of the
shortage of the transport of auxin hormone, which promotes
adventitious rooting, to the lower parts of the plant. (Crawford
et al., 2010; Shinohara et al., 2013). Besides, in A. thaliana and
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pea, it was stated that the decrease in cell division or
differentiation in the tissue expected to form adventitious roots,
indicates that SL restricts organogenesis (Rasmussen et al.,
2013).

For ER, 10 uM rac-GR24 application suppressed rooting
completely while the same dose increased rooting for HR. For
TIS108 applications all groups showed an increase in
adventitious rooting for ER and HR except the 1 M TIS108
application group for HR. Increased adventitious rooting was
also observed in petunia, tomato, A. thaliana, and pea SL
mutants (Kohlen et al., 2012; Rasmussen et al.,, 2013).
According to these results, a more detailed analysis might be
required to explain the effects of TIS108 for adventitious rooting
in HR.

In conclusion, finding a solution to the rooting problem in
hard-to-root olive cultivars will replace the very expensive
grafting technique and pave the way for the development of less
costly and easier methods. Enlightening the usage areas of SLs
in woody plants will provide new opportunities in breeding,
propagation, or productivity programs. Besides, in this study, the
SLs inhibitor TIS108 increased the callus production and rooting
ability of cuttings for HR cultivar, which is promising for
quitting the expensive inoculation technique.
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