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AMAC VE KAPSAM

Caucasian Journal of Science Dergisi 2014 yilindan bu yana araliksiz olarak yayinlanan uluslararasi
hakemli bir dergidir. Dergi, haziran ve aralik aylarinda olmak tzere yilda iki kez yayinlanmaktadir.
Caucasian Journal of Science dergisinin amaci; fen bilimleri, fen egitimi, mihendislik ve saghk
alanlarinda, arastirma makaleleri, kisa bildiriler, olgu sunumlari, derleme yazilari ve editore
mektuplar yayinlanmak ve bu sayede akademik calismalara destek saglamaktir. Fen bilimleri, fen
egitimi, miihendislik ve saglik alanlarinda, arastirma makaleleri, kisa bildiriler, olgu sunumlari,
derleme yazilari ve editére mektuplar gibi akademik calismalarin bagimsiz ve 6n yargisiz olarak
degerlendirilmesi en 6nemli ilkemizdir. Bu sebeple, cift kor hakemlik sistemi uygulanmakta ve
gerekli durumlarda Uglincli hakeme miiracaat edilmektedir. Yazilarin degerlendiriimesinde
ICMJE standartlari gozetilir. Yayinlanan yazilarin tam metinlerine erisim Ucretsizdir. Dergimizin
etik politikasi geregi, intihal tolere edilemez. Dergimize yayimlanmak Uzere gdnderilen tim

makalelerin igerigi, intihal denetimi yazilimi ile kontrol edilmektedir.
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Anahtar Kelimeler
Erkek tutumlari
Siddete maruz
kalma

Kadin

Hemsirelik

Bu arastirma, Turkiye'nin Kars ilinde yagayan erkeklerin kadina yonelik siddete ydnelik
tutumlarini belirlemek amaciyla yapilmistir. Tanimlayici ve kesitsel tipteki bu arastirma
Ocak-Mart 2019 tarihleri arasinda yapilmistir. Arastirmanin 6rneklemini 380 erkek birey
olusturmustur. Arastirmanin verilerinin toplanmasinda “Sosyodemografik Ozellikler”
formu ve “ISKEBE Kadina Yénelik Siddete Yénelik Tutum Olgegi” kullanilmistir.
Arastirmamizda erkeklerin kadina yonelik siddete karsi oldugu belirlendi. Bulgulara gére
arastirmaya katilanlarin %43,9'u ¢ocukluk déneminde siddete tanik olmustur. Ayrica
evlilerde, 46 yas ve uzeri, ilkokul mezunu erkeklerde ve ¢ocukluk déneminde siddete
tanik olmus erkeklerde kadina yonelik siddete yonelik tutumlarin ylksek oldugunu
bulduk. Kadina yonelik siddetle miicadele icin ailelere ve bireylere saglk personeli ve bu
alanda uzman Kkisiler, sivil toplum kuruluslari ve toplumda taninmis dini liderler
tarafindan dizenli egitim ve 6gretim saglanmahdir. Halkin aile i¢i siddet konusunda
dizenli egitim ve 6gretiminin amaci, kadin ve gocuklarin ve toplumun tiim Gyelerinin
saghigini gelistirmek ve korumaktir. Ayrica siddet uygulayan erkeklere yodnelik
psikososyal ve hukuki yaklagimlari destekleyecek programlar gelistirilmelidir.

Article Info

Abstract
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Accepted
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Keywords

Male attitudes
Violence exposure
Women

Nursing

This research was conducted to determine the attitudes of men living in Kars, Turkey,
towards violence against women. This descriptive and cross sectional study was
conducted between January and March 2019. The study sample consisted of 380 male
individuals. In data collection for the study, the “Sociodemographic Characteristics”
form and “ISKEBE Scale of Attitudes Toward Violence Against Women” were used. Our
study determined that men are against violence toward women. According to the
findings, 43,9% of study participants had witnessed violence during childhood. We also
found that attitudes toward violence against women were high in married, individuals
aged 46 and above, men with primary school education and men who had witnessed
violence during childhood. To combat violence against women, regular training and
education should be provided to families and individuals by health personnel and
experts in this field, non-governmental organizations and recognized religious leaders
in the community. The goal of regular training and education of the public concerning
the topic of domestic violence is to promote and protect the health of women and
children and all members of society. In addition, programs should be developed which
would support psychosocial and legal approaches for men who commit violence.

1 Kafkas Universitesi Fen Bilimleri Enstitiisii-Kars; e-mail: mehmetutkan-36@hotmail.com; ORCID: 0000-0003-4362-6903
2 Kafkas Universitesi Saglik Bilimleri Fakiiltesi Dogum ve Kadin Sagligi Hemsireligi Boliimii-Kars; e-mail: rahsantur@gmail.com; ORCID: 0000-
0002-1424-1564 (Sorumlu yazar)
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1. INTRODUCTION

Violence is an ever-increasing public health problem throughout the world and can
be seen in all aspects of human life. The World Health Organization (WHO) defines violence
as “the intentional use of physical force or power, threatened or actual, against oneself,
another person, or against a group or community, that either results in or has a high
likelihood of resulting in injury, death, psychological harm, maldevelopment or deprivation”
(WHO, 1996). Violence against women is defined as “any act of gender-based violence that
results in, or is likely to result in, physical, sexual or psychological harm or suffering to women,
including threats of such acts, coercion or arbitrary deprivation of liberty, whether occurring
in public or in private life” (United Nations (UN) General Assembly, 1993). Violence against
women is common in every society, regardless of geographical boundaries, economic
development and level of education, due to women's powerlessness in the social sense
(Directorate General on the Status of Women, 2012-2015;).

According to a study by the World Health Organization in 10 countries, women are
exposed to various types of violence. These include physical (13-61%), sexual (6-59%),
physical/sexual (15-71%), and emotional (20-75%) abuses against women (Garcia-Moreno et
al, 2005). The rates of women who are exposed to physical and/or sexual violence by their
spouses were 15% in Japan (Garcia-Moreno et al, 2005), and 68% in Kiribati (Asian
Development Bank, 2016). A study in eastern India found that 16% of women experienced
physical violence, and 25% experienced sexual violence by their spouses (Babu and Kar, 2010).
In other research, one-third of women in China and Vietham, and more than half of women in
Papua New Guinea and Vanuatu have been reported to experience physical violence by a
spouse (Parish et al, 2004; General Statistics Office (GSO) of Viet Nam, 2010; Lewis et al,
2008). One Turkish study found that 45.8% of women had experienced verbal violence, and
20.8% stated that they had been exposed to verbal and physical violence. Furthermore, 16.7%
of these women reported verbal, physical, and sexual violence (Turk et al, 2017). Another
study found that 38% of married women had been subjected to physical violence, 12% to
sexual and 44% to emotional violence by their spouse or partner (Research of Domestic
Violence Against Women in Turkey, 2014 The different types of violence that women
experience throughout their lives negatively affects their physical health (Research of
Domestic Violence Against Women in Turkey, 2014). It also affects their mental health

(Research of Domestic Violence Against Women in Turkey, 2014; Devries et al, 2013). Studies
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show that women’s personal negative health perception, difficulties in carrying out their usual
daily activities, drug use, mental problems, gynecological complaints, injuries, physical
complaints, and substance abuse are significantly higher in women who are victims of violence
compared to women who haven't experienced violence (Ellsberg et al, 2008; Cengiz-Ozyurt
and Deveci, 2010; Noroien and Schei, 2008).

Women are most often subjected to sexual, emotional or physical violence by their
partners or men. In this context, 4 out of 10 women are exposed to emotional violence and
abuse. In addition, approximately 4 out of 10 women are victims of physical violence.
(Research on Domestic Violence Against Women in Turkey, 2014). Therefore, in order to help
prevent violence towards women and to provide training and consultancy services by health
care professionals to men, it is imperative to understand the attitudes of men regarding
regarding violence against women. When these attitudes and behaviors are defined and
understood, it is believed that health care professionals, especially nurses, can help reduce

the health problems caused by violence against women.

2. MATERIALS AND METHODS

2.1. Study Design and Sample

We conducted this study as a descriptive and cross sectional to determine the attitudes
of men living in Kars towards violence against women.
The sample of the study comprised 380 men aged between 18-65 who knew how to read and
write. The minimum number of samples to be taken from the population was evaluated as 5%

acceptable error and 95% confidence rate.

2.2. Instruments

The questionnaire form was developed by the researchers after a survey of the
available literature to determine the socio-demographic characteristics of male individuals
(Bilican-Gokkaya, 2011; Heise, 2011; Kanbay et al, 2012; Jewkes et al, 2015). In order to
determine the attitudes of men concerning violence against women, the ISKEBE Attitude Scale

(The Violence Against Women Scale) was used (Kanbay et al, 2012).
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2.2.1 Questionnaire form

The questionnaire was comprised of two parts. The first part contained 8 questions
age, education, job status, monthly income, income level perception, women’s gender
prefence of children they wished to have, violence witnessed in childhood, and what kind of
violence they had witnessed. The second part asked six questions about study particpants’
personal information: family type, average monthly income of the family, mother's education

level, father's education status, mother's profession and father's profession.

2.2.2 ISKEBE Attitude Scale

The ISKEBE Attitude Scale is a scale which measures violence attitudes toward women.
For the purposes of our study, we found the ISKEBE scale to be appropriate in terms of scope,
content and structure. The scale consists of two parts with a total of 30 items which can be
named and collected. Part 1 concerns attitudes toward the body (Sexual and physical violence)
and has 16 items (3,4, 8, 9,10, 12, 14, 15, 16, 17, 20, 22, 25, 26, 28 and 30). Part 2 concerns
attitudes toward identity (psychological and economic violence), and it has 14 items (1, 2, 5,
6, 7,11, 13, 18, 19, 21, 23, 24, 27 and 29). We scored the 5th and 24th in reverse. The total
score of the scale was obtained by adding the scores obtained from the mentioned items.

The first part can be scored with a minimum of 16 points and a maximum of 80 points.
The second part can be scored with a minimum of 14 points and a maximum of 70 points. The
minimum score that can be obtained from the overall scale is 30 and the maximum score is
150. The Cronbach a value of the scale was. 86. In our study the score for the scale was. 80
for the first part, and. 83 for the second part. The Cronbach's Alpha reliability coefficient of
the ISKEBE Attitude Scale was a=0.92 for all 30 items, Cronbach's Alpha coefficient for the

n

scale's "attitude towards the body" subscale was a=0.89 for 16 items, and it was a=0.88 for

14 items the scale's "attitude towards the identity" subscale.

The high scores over 90 points indicate a negative view towards violence against
women (the person is against the violence against women) and scores below 90 points
indicate a positive view towards violence against women (the person is not against the
violence against women).

In order to apply the ISKEBE attitude scale, individuals had to be at least primary school

graduates, aged 15-65, male or female, married or single (Kanbay et al, 2012).
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2.3. Data collection procedure

This study was carried out in the Family Medicine Department of the Central
Community Health Center of Kars Provincial Health Directorate Public Health Services
Presidency. We explained the aim of the study to male individuals between 18-65 years old
who had applied to Family Medicine Units. Those who agreed to take part in the study were
provided with a data collection form which they filled out in approximately 15 minutes. The
number of questionnaires administered in one day ranged from 10 to 15. The data of the study

was completed between January and March 2019

2.4. Data analysis

We analyzed the study data using the Statistical Package for Social Sciences (SPSS) 23.0.
In analysis of the data, percentage, numbers, mean, standard deviation, the Kolmogorov
Smirnov normality test, One-Way Analysis of Variance (ANOVA), independent samples 't' test
and Tukey Test were used. The reliability of the scale was tested with Cronbach a coefficient,

and the “p <.05” was considered significant.

2.5. Permission and ethics

Before beginning the research, ethical approval to conduct the study was obtained
from the Ethics Committee of Kafkas University Faculty of Health Sciences dated 30.11.2018,
number 81829502.903 / 14 and numbered 02. Written permission was obtained from the
institutions where the study was to be conducted. After receiving information about the study,

those who wished to particpate gave their consent.

3. RESULTS

In this study, the ISKEBE attitude scale score average of married men (X=93.01) was
lower than the score average of single men (X=103.19), with a statistically significant
difference between them (t:-4.607, p<0.001). The average score of men in the 18-25 age group
(X=102,35) was higher than that of men aged 26-35 years (X=101.15), 36-45 years (X=96.33)
and 46 and older (X=87.04), with a significant difference between them (t:8.467, p<0.001). In
addition, the average score of men aged 46 and over was different from the average scores of
men aged 18-25, 26-35 and 36-45 years. The average score of primary school graduate men

(X=78.79) was lower than that of men with secondary education (X=93,72), bachelor's degree
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(X=106.17) and master's degree (X=96,16), with a significant difference (F:21,210, p<0,001).
The difference between the average scores of men with low income (X=95,00), moderate
income (X=99,86) and a high level of income (X=94,10) was insignificant (F:2,216, p>0,05).

Study results revealed that the average score of men aged 46 and over in the attitude
towards the body subscale of the ISKEBE attitudes scale (X=57.81) was lower than that of men
in the 18-25 (X=65.20), 26-35 (X=65.41), and 36-45 (X=62.28) age groups, with a significant
difference between them (t:6,242, p<0.001). The average score of men aged 46 and older in
the attitude towards the identity subscale of the ISKEBE attitude scale (X=29.24) was lower
than that of men in the 18-25 (X=37.15), 26-35 (X=35.74), 36-45 (X=34.05) age groups, and the
difference was significant (t:6.458, p<0.001). Our study found that the average score of
married men in the attitude towards the body subscale in the ISKEBE attitude scale (X=60.73)
was lower than the average score of single men (X=66.00), with a statistically significant
difference (t:-4.091, p<0.001).

In the attitude towards the identity subscale of the ISKEBE attitude scale, the average
score of married men (X=32.28) was lower than the average score of single men (X=37.19),
with a statistically significant difference (t:-3.898, p<0.001). According to the educational
status of the men, the average score of primary school graduate men in the attitude towards
the body subscale of the ISKEBE attitude scale (X=53.24) was lower than that of men with
secondary education (X=61.22), bachelor's degree (X=67.54) and master's degree (X=61.68),
with a significant difference between them (F:16.413, p<0.001). In the attitude towards the
identity subscale of the ISKEBE attitude scale, however, the average score of primary school
graduate men (X=25.56) was lower than that of men with secondary education (X=32.50),
bachelor's degree (X=38.63) and master's degree (X=34.47), with a significant difference
between them (F:14.699, p<0.001). In our study, the difference between the ISKEBE attitude
towards the body subscale averages of men with low levels of income (X=62.92), moderate
income (X=63.66) and high levels of income (X=61.10) was insignificant (F:0.294, p>0.05). In
the attitude towards identity subscale of the ISKEBE attitude scale, a significant difference was
found between the average score of the men with a low level of income (X=32.08) and the

men with moderate (X=36.20) and high (X=33.00) level of income (F:4.772, p<0.01).
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Table 1. Distribution of Mean Scores of ISKEBE Attitude Scale Sub-dimensions According to Some Socio-Demographic Characteristics of Men

Characteristics

Statistical analysis

Statistical Analysis

Attitude towards body Attitude towards identity
Age n % X+ SS t Diff. Xt SS t Diff. X+ SS t Diff.
18-25 126 33,2 102,35+21,27 b65,20+11,99 b37,15+12,59
26-35 107 28,2 101,15+20,51 b65,41+11,90 b35,74+12,18
8,467 a<b 6,242 a<b 6,458 a<b
36-45 80 21,1 b96,33+23,14 62,28+13,59 b35,05+12,51
46 ve Uzeri 67 17,5 ag87,04+21,28 a57,81+13,31 329,24+11,34
Marital status n X+ SS t Ort. £ S.S. t Ort. £S.S. t
Married 192 50,5 93,01+22,00 60,73%13,40 32,28+11,83
-4,607**" -4,091*** -3,898™*
Un married 188 49,5 103,19+21,04 66,00%11,64 37,19%12,72
Education n X+ SS F X+ SS F X+ SS F
Primary education 34 8,9 a78,79+18,41 21,210 a<b<c a53,24+14,07 16,413 a25,5619,17
Secondary 158 41,6 b93,72+20,73 b61,22+12,31 32,50+11,45
14,699
License 169 | 44,5 | <106,17+20,26 67,54+11,08 ©38,63+12,56 a<b<c
Graduate 19 5,0 b96,16+24,38 b61,68+15,17 b34,47+13,38
Income level detection status F F F
Low income 130 34,2 95,00£22,42 2,216 62,92+13,02 0,294 332,08+12,94
Middle income 240 | 63,2 99,86+21,52 63,66+12,63 b36,20+11,98
4,772** a<b
High income 10 2,6 94,10+28,52 61,10+15,60 233,00+14,60

***:p<0,001, **:p<0,01, *:p<0,05
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This study determined that the score average of men who had witnessed violence in their
childhood (X=94.47) was lower than the score average of those who had not witnessed
violence in their childhood (X=100.85), with a significant difference (t:-2.815, p<0.05). The
average score of men who had witnessed physical/psychological violence in childhood
(X=92.37) was lower than the average of those who had witnessed multiple types of violence
(X=106.40), with a significant difference (t:-2.789, p<0.01). In the attitude towards body
subscale of the ISKEBE attitude scale in this study, an average score of men who had witnessed
violence in childhood (X=61.55) was lower than the average score of those who had not
witnessed violence in childhood (X=64.74), with a significant difference between them (t:-
2.424, p<0.05). In the attitude towards the identity subscale of the ISKEBE attitude scale, an
average score of men who had witnessed violence in childhood (X=32.92) was lower than the
average score of those who had not witnessed violence in childhood (X=36.10), with a
significant difference between them (t:-2.478, p<0.05). In the attitude towards body subscale
of the ISKEBE attitude scale, the average score of men who had witnessed
physical/psychological violence in childhood (X=60.49) was lower than the average score of
those who had witnessed multiple types of violence (X=67.56), with a significant difference
between them (t:-2.477, p<0.05). In the attitude towards the identity subscale of the ISKEBE
attitude scale, the average score of men who had witnessed physical/psychological violence
in childhood (X=31.88) was lower than the average score of those who had witnessed multiple

types of violence (X=38.84), with a significant difference between them (t:-2.535, p<0.05).

115



Utkan, M. Delibalta-Tiirk, R. / Caucasian Journal of Science, 8(2), (2021), 81-95

Table 2. Distribution of average scores of ISKEBE attitude scale and sub-dimensions according

to men's witnessing violence in childhood

Statistical analysis statistical analysis
Attitude
Characteristics
Attitude towards body towards
identity
Witnessing
violence in n % X+ SS t X+ SS t X+ SS t
childhood
Yes 167 | 43,9 | 94,47+23,58 61,55+13,36 32,92+1286
- 2,424*
-2,478%*
2,815**
No 213 | 56,1 | 100,85+20,48 64,74+12,23 36,10+£12,06
Type of violence witnessed
Physical / -
142 | 85,0 | 92,37+23,08 60,49+13,25 31,88+12,44
Psychological - 2,477%
-2,535%
More than one 2,798%*
25 | 15,0 | 106,40+23,32 67,56+12,54 38,84+13,88

**:p<0,01, *:p<0,05

4. DISCUSSION

The World Health Organization defines violence against women as a violation of
women's human rights and a major public health issue. It also states that violence negatively
affects women's physical, mental, sexual and reproductive health and can increase the risk of
becoming infected with HIV (WHO, 2017). Thirty-five percent of women have been subjected
to physical or sexual violence during their lifetime, either by their partners or by others (WHO,
2013). It has been determined that more than 30% of women in the world have been
subjected to physical and sexual violence. (WHO,2017, WHO ,2020). In a study conducted
across Turkey, women were found to have been exposed to physical (36%), sexual (12%) and
emotional (34%) violence at some time in their lives (Research on Domestic Violence Against
Women in Turkey, 2014).

Since most of those who commit violence against women are male, this study aimed
to determine the attitudes of men regarding violence against women. Our study results

determined that the total and subscale score averages of the men aged 46 and older were
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lower than that of men in the other age groups, with a statistically significant difference
between them . This shows that the male participants in this study were more prone to
violence against women, violence towards the body (sexual and physical violence), and
violence towards identity (psychological/economic). In contrast to our study, another study
found that men aged 35-44 years committed the most physical violence against women.
Furthermore, while the rates of physical violence against women show an increase up to
men’s age of 44 years, the rates decrease after they become 45 years of age (Akkus and
Yildirnm, 2018). The Fernandez et al. study (2017) reported that the peak age range of men
who committed violence against women was in the 31-40 age range (Fernandez et al, 2017).
The reason for this difference in our study may be related to the fact that older generations
of men living in Kars province in eastern Turkey are more prone to violence.

Marital status is a fundamental feature that has the greatest impact on the level of
violence committed against women. A study conducted across Turkey in 2014 reported that
36% of married women had been exposed to physical violence by their spouses or partners at
some time during their lives (Research of Domestic Violence Against Women in Turkey, 2014).

In this study, the ISKEBE attitude scale total and subscale score averages of married
men were lower than the scores of single men, with a statistically significant difference
between them. These results show that single men opposed violence against women more
than married men. One study determined that married women suffered more violence than
singles (Yanik et al, 2014). In another study, a significant relationship has been found between
the length of the marriage and women's exposure to physical violence (Altinay and Arat,
2008). The results of their research support our study.

The increased educational level of women in Turkey has helped to reduce the
percentage of physical violence experienced by them. However, the rate of physical violence
experienced by illiterate women or by the women married before finishing primary school has
been found to be two times higher than the violence experienced by women who have a
bachelor's degree or higher (Domestic Violence Against Women in Turkey Survey, 2015).
Another study determined that the educational levels of women exposed to violence and the
educational level of their spouses was lower than that of women who had not experienced
violence (Sahin et al, 2012). Our study results showed that the average scores in the ISKEBE
attitude scale and its subscales of men with primary education were lower than the average
scores of men who have secondary education, undergraduate degrees and graduate degrees.
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It was determined that men with primary education were more prone to violence against
women than men with higher education. In their study, Boz et al. (2008) found that most
victims and perpetrators of violence had a primary education or lower (Boz et al, 2008).
Similarly, Gller's (2010) study found a statistically significant difference between the physical
violence experienced by pregnant women and the lower level of education of both the women
and their spouses (Gller, 2010). Another study found that women's exposure to domestic
violence decreases as their educational level increases (Bedir et al, 2017). The study conducted
by Ediz and Altan (2017) found that the women with only a primary education (36%) had been
exposed to violence (Ediz and Altan, 2017). These results show that in order to reduce and
prevent domestic violence, increasing the level of education for all citizens is very important.
Children who have witnessed or who have been the direct victims of domestic violence are at
risk for repeating similar behaviors (Holden, 2003). This study found that the average ISKEBE
attitude scale score and its subscale scores of men who had witnessed violence in their
childhood were lower than the average scores of those who had not witnessed any violence
in their childhood, with a significant difference between them . Men who had witnessed
violence in their childhood were found to be more prone to violence against women than men
who had not witnessed it. Kitzmann et al. (2003) observed that children who had witnessed
domestic violence exhibited more negative behaviors than those who had not witnessed it
(Kitzmann et al, 2003). A study by Ayan, which was conducted with secondary school students,
reported that students who experienced violence had a greater tendency to aggression (Ayan,
2007). Similarly, the study by Vahip and Doganavsargil (2006) determined a significant
relationship between the history of physical violence in childhood and the violence against
one's own child (p<0.01) (Vahip and Doganavsargil, 2006). This current study is in line with the
literature.

Hattery reported that children raised in families with violence-related behaviors
provide an important clue to their violent behaviors in later years (Hattery, 2009). Children
who witness domestic violence learn that men are aggressive and dominant, while women
are powerless and deserve mistreatment (McCue, 2008). In our study, it was determined that
the average ISKEBE attitude scale score and its subscale scores in men who had witnessed
physical/psychological violence in childhood were lower than the score averages of the men
who had witnessed multiple types of violence, with a significant difference between them .
These results show that individuals who had witnessed physical and psychological violence
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during childhood were more prone to violence. A study found that 71% of men had witnessed
domestic violence, 4% were victims of violence, and 25% were perpetrators of violence
(Rahmatian, 2009). Another study found that men who had been exposed to physical
domestic violence as children or who had witnessed their fathers commit physical violence
against their mothers were more likely to abuse their own wives (McCue, 2008).

The ISKEBE attitude scale score average of men in this study was X=98.04, whereas
average scores in the violence against the body and identity were X=63.34, and X=34.71,
respectively . Furthermore, the violence against women attitude scale scores of the study
participants were close to the positive end (Kanbay et al, 2017). These results show that the
men who took part in the study oppose violence against women.

Although the men in our study were shown to oppose violence against women, we
found that those who were married, primary school graduates, and who had witnessed
violence in childhood were more prone to violence against women than those who were
single, had higher education levels, and had not witnessed violence in childhood, respectively.
These results indicate that in order to combat violence against women, the education of all
society’s members must become a high priority. Education and training should be given to
families at regular intervals by health personnel, especially nurses and experts working in this
field, and NGOs and recognized religious leaders within their communities. It is believed that
these measures will be very important in focusing society’s attention on the detrimental
effects of domestic violence on its members.

In conclusion, the goal of education and training regarding domestic violence issues is
to help improve and protect the health of women, children and society in general. Included in
this would be the development of psychosocial and legal approaches for men who engage in

violence.
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Makalenin Alam: Bilgisayar Teknolojileri
Egitim 6mir boyu devam eden bir siirectir. Bu siireg, teknolojinin de gelismesi ile
Surekli gelisen teknoloji ile birlikte, egitimde

(o}
Bu gelismelerden biri de Artirlmis Gergeklik

Makale Bilgileri
devamli ilerleme gostermektedir.

kullanilan 6gretim teknikleri, materyaller ve uygulamalarin da teknoloji ile eg zamanh

Teknolojisidir. Artinlmis Gergeklik, gergek diinya nesneleri yerine dijital ortam

Technology
Augmented reality

studies
Science education

Evaluation rubric

Gelis Tarihi
30.09.2021
Kabul Tarihi gelisim gosterdigi gorulmektedir.
24.12.2021
Grianlerinin  kullanildigi gergeklik ortamidir. Egitimde artinlmis gergeklik ile ilgili
Anahtar“KeIimeIer calismalarda agirligin daha cok fen bilimleri alaninda yogunlastigi anlasilmaktadir.
Teknoloji Bu calismada alan yazindaki Fen Bilimleri egitiminde artirilmis gerceklige yénelik
Artirilmis - gergeklik arastirmalarin incelenmesi ve bu arastirmalardaki potansiyel bosluklarin ve eksikliklerin
<;aI|§mva'1If':1r|. tespit edilmesi amaglanmistir. Calismanin yontemi dokiiman incelemesidir. Bu amagla
Ferl eg't'm" bir degerlendirme rubrigine yer verilmistir. Bu rubrige gore 30 farkh artirilmis gergeklik
Deggfl'endlrme icerikli akademik g¢alisma incelenmistir. Daha sonra bu rubrikten elde edilen veriler,
rubrigi betimsel analize tabi tutulmustur.

Calisma sonucunda, artirlmis gergeklikle ilgili calismalarda, degerlendirme
asamalarinda 6nemli eksiklikler tespit edilmistir. Ayrica icerigin olusturulmasi ve
¢alismanin uyumlulugu agisindan da bazi temel problemler belirlenmistir.

Article Info Abstract
Received Education is a lifelong process. This process is constantly progressing with the
30.09.2021 development of technology. Along with the constantly developing technology, it is seen
that the teaching techniques, materials and applications used in education develop
Accepted simultaneously with technology. One of these developments is Augmented Reality
24.12.2021 Technology. Augmented Reality is a reality environment where digital media products
Keywords are used instead of real world objects. It is understood that studies on augmented
reality in education are mostly concentrated in the field of science. In this study, it is
aimed to examine the researches on augmented reality in science education in the field
and to determine the potential problems and deficiencies in these researches. The
method of the study is document review. For this purpose, an evaluation rubric is
included. According to this rubric, 30 different augmented reality academic studies were
examined. Then, the data obtained from this rubric were subjected to descriptive

analysis. As a result of the study, important deficiencies were identified in the
evaluation stages of the studies on augmented reality. In addition, some basic problems
were determined in terms of the creation of the content and the compatibility of the

study.
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1. Girig

Tarihsel siireg incelendiginde, egitim teknolojilerinin kara tahta ve tebesirden baslayip
yapay zeka ve sanal ortamlarin kullanildigi bir degisime ugradigi gorilmektedir. Her yeni
teknolojik gelismenin egitime entegre edilmesi ciddi ve etkili bir donlisim{ hazirlamaktadir.
Ozellikle bilgisayar ve internetin yayginlasmasi ile gelismeler bas déndiriicii hizla gesitlilik
kazanmaya baslamistir (Erbas ve Demirer, 2014). Bu teknolojileri kullanma becerisi ise
O0gretmenlerde aranan 6nemli bir nitelik olmaktadir. Bu teknolojileri kullanabilen 6gretmenler
yeni 6grenme ortamlari dizayn ederek avantajli konuma gelmektedir. Diger yandan bu
teknolojik yeniliklerin temini asamasinda saglanacak kolayliklar, ihtiyaca ¢6zim bulmak igin
dogru bir yaklasim olacaktir (Akkoyunlu,1995; Topraklikoglu, 2018; Kirikkaya ve Sentlrk,
2018). Yayginlik gosteren bu uygulamalardan biri olan artirilmis gerceklik teknolojisi, yeni bir
farkindalik yaratmak ve gorsellestirme asamasinda pozitif katki saglamak bakimindan ilk
siralarda yer almaktadir (Kirikkaya ve Sentirk, 2018).

Artirilmis gergeklik farkli sekillerde 6grenme ortamlarina sunulabilmektedir. Gergek ile
sanal olanin entegrasyonu, gercek zamanli etkilesim ve 3 boyutlu kayit olmak lizere li¢ 6nemli
ozelligi barindirmaktadir (Azuma,1997). Ozarslan (2011) artinlmis gercekligi gériinti kayit
cihazi ile sanal ve gergegin birlestirilmesi olarak tanimlar. Kagan ve Sahin (2017) ise artiriimis
gercekligi soyut verilerin insan zihninde gerceklik olgusunu olusturma olarak ifade etmektedir.
Diger bazi tanimlamalara bakildiginda da icerigin benzer oldugu ve gercek diinya lizerine sanal
materyallerin entegrasyonun ana eksende yer aldigi gériilmektedir (ibili ve Sahin, 2013; Alinli
ve Yazici, 2020; Bal ve icten, 2017; Topraklikoglu, 2018; Durak ve Yilmaz, 2019; Onbasili, 2018).
Farkli teknikler kullanilarak sunulan artiriimis gergeklik ¢alismalarinin somutlastirma, gorsel
algilama ve gerceklik hissi olusturma seklindeki katkilari ile 6grenmeye pozitif destek verecegi
belirtiimektedir (Timur ve Ozdemir, 2018; Giil ve Sahin, 2017).

Egitimde teknoloji kullaniminin bilgiye erisim, bilgi transferi, baskalarinin kullanimina
bilginin sunulmasi, analiz ve sentez basamaklarini daha hizli gerceklestirme ve etkin kullanma
gorevlerini Ustlendigi disinildiginde (Saritas ve Uner, 2013), artinlmis gerceklik
calismalarinin bu islevlere en yiksek diizeyde katki saglayacak yenilik¢i bir uygulama olacagi
ifade edilmektedir (Onder, 2007). Bu alandaki énemli ¢alismalardan birinde Sarikara ve
arkadaslari (2018) 26 artirlmis gergeklik icerikli calismayi incelemis ve fen alanindaki bu
calismalara artirilmis gercekligin anlasilma, bilissel yikl azaltma, motivasyon artirma,

kavramsal 6grenme, olumlu tutum gelistirme, eglenceli olma, laboratuvar yeterliliklerini
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gelistirme, kavram yanilgilarini giderme, sorgulama becerilerini artirma ve performanslarini
gelistirme agisindan 6nemli bir katki sagladigini tespit etmislerdir.

Fen konularinin ve o6zelde ise fen laboratuvari uygulamalarinin artirilmis gergeklik ile
gerceklestirildigi, buna bagli olarak her tirlii 6grenme ortaminin sinifa tasidigi calismalar da

bulunmaktadir (Elmas, Kahriman Pamuk ve Pamuk, 2020; Timur ve Ozdemir, 2018).

2. Materyal ve Metot

2.1. Aragtirmanin Tasarimi

Bu arastirma kapsaminda dokiman analizi yontemi kullanilmistir. Dokiiman analizi,
yazili galigmalarin igerigini sistematik olarak analiz etmek igin kullanilan nitel bir aragtirma
yontemi olarak tanimlanmaktadir (Wach, 2013). Bu arastirma 2010-2020 yillari arasinda
Tirkiye’de Fen Bilimleri Egitimi alaninda artirilmis gergeklik konusunda yapilan galismalari

inceleyen bir dokiiman analizidir.

2.2. Orneklem

Bu calismanin 6rneklemine, Ocak 2010- Ocak 2020 tarihleri arasinda Fen Bilimleri, Fen
Bilimleri Egitimi ve Teknoloji alanlarinda artirilmis gerceklik ile ilgili yapilmis calismalarin
literatlrin taramasi yoluyla ulasilmistir. Teknolojinin son yirmi yilda blyik ivme kazanmis ve
egitimde giin gectikce kullanimi artmistir (Ayas, 1995; Erdogan, 2004; Fyle, 2013).

Bu nedenden dolayi son yirmi yildaki calismalar incelenmistir. incelenen akademik
calismalarin tablosu, yazarlar, ¢alismanin alani ve ¢alismanin sonug etkisi olarak Tablo 1'de

verilmistir.
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Tablo 1. Arastirmada incelenen artiriimis gergeklik galismalari

Makale Konusu Etkisi

Altinpulluk ve Kesim, (2015) Teknoloji Somutlastirma destegi

Avci ve Tagsdemir, (2019) Fen Bilimleri Dikkat cekme etkisi ile egitimi destekleme
Cankaya ve Girgin, (2018) Fen Bilimleri Akademik performans artirma

Celik, (2019)

Cilek ve Cinar, (2019)
Dagdalan, (2019)
Demirel, (2019)

Demirer ve Erbas, (2014)
Demirer ve Erbas, (2015)
Elmas, Pamuk ve Pamuk, (2020)
Goto, Levec ve Smith, (1942)

Gl ve Sahin, (2017)
ibili ve Sahin, (2013)
icten ve Bal, (2017a)
icten ve Bal, (2017b)

Karakas ve Ozerbas, (2020)
Karaoglan ve Durak, (2019)
Kirikkaya ve Senturk, (2015)

Onbasili, (2018)
Onal, (2017)
Onder, (2007)
Ozdemir, (2017)
Shaljani, (2018)

Sirakaya ve Alsancak, (2018)
Timur ve Ozdemir, (2018)

Toprakhkoglu, (2018)

Tuncel ve Fidan, (2018)
Tald ve Yilmaz, (2012)

Usta, Korucu, Yavuzaslan, (2016)

Yalgin Celik, (2019)

Materyal Tasarimi
Fen Bilimleri

Fen Bilimleri

Fen Bilimleri
Teknoloji
Teknoloji

Fen Egitimi

Fizik

Bilisim Teknolojileri
Geometri
Teknoloji
Teknoloji

Fizik

Egitsel Oyun

Fen Bilimleri

Fen Egitimi
Matematik Egitimi
Fen Bilgisi
Teknoloji

Medya ve iletisim
Fen Egitimi

Fen Egitimi
Geometri

Fen Egitimi
Teknoloji
Teknoloji

Ogretmen Egitimi

Dersi zevkli hale getirme

Gorsellik ve akademik bagari destegi
Bilissel siireclere destek saglama
Akademik basariya katki

Teknolojide yeni ufuk agma

Soyut kavramlari i¢sellestirebilme
Ogrenme hevesi artisi

Gorsellestirme

Akademik basariya katki

ilgi ve dikkat cekme

is diinyasinda destek saglama

Gelecekte daha fazla kullanim gerekliligi
Analiz yeteneklerinin gelistirilmesi
Eglenceli, dikkat gekici ve etkili 6grenme
Doga bilimleri, matematik ve istatistige destek
Ogrenci tutum ve performans artisi
Motivasyon artisi

Akademik basari artis

Fen ve matematikte performans degisimi
Tuketici ilgisi saglama

Ogrenme tutumlarinin gelisimi

Ogrenme siireglerine katki saglama
Motivasyon ve zevkli hale getirme

Gorsel katki saglama

Ogrenme ve hayal etme becerilerinin gelisimi
Soyut kavramlari igsellestirebilme

Dikkat ve ilgi 6zelliklerinin artisi
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2.3. Veri Toplama Siireci

Arastirma veri toplama siirecinde ilk olarak, ilgili veritabani se¢imi yapilmis, anahtar
kelimelere gore ilgili galismalar segilmis, sonrasinda belirlenen kriterlere gére ¢alismalarin
analizi yapilmistir. Son olarak; sonuglarin raporlanmasi, bulgularin tartisiimasi ve arastirma

sonucu suregleri ise kosulmustur.

2.4. Veri Toplama Araci

Calismada “Google Scholar” ve “Yok tez” veri tabanlarinda "artirilmis gerceklik"”, "fen
egitiminde artirilmis gerceklik” ve "egitimde artirilmis gergeklik" anahtar kelimeleri ile tarama
yapimistir.

Tarama kapsaminda elde edilen arastirmalardan bazilari ¢alismanin kapsami disinda
birakilmigtir. Calismaya dahil edilen ve edilmeyen galismalara iliskin kriterler asagidaki tabloda

sunulmustur (Tablo 2).

Tablo 2. Calismaya dahil edilen ve edilmeyen ¢alismalara iliskin kriterler

Calismaya dabhil edilme kriterleri Calismaya dahil edilmeme kriterleri

-Cahismalar Yok Tez veya Google Scholar veri tabaninda yer -Kitap bolimleri.

almali -Artirilmis gergeklik icermeyen galismalar.
-Cahsmalar alan uzmanlari tarafindan degerlendirilmis olmali. -ingilizce olan ¢alismalar.
-Tam metin erisim imkani vermeli. -Tam metnine ulasilamayan ¢alismalar

-1 Ocak 2010- 01 Ocak 2020 tarihleri arasinda yayinlanmis
olmali.
Orijinal olmal.

-Egitimde artirilmis gergeklik kullanimu ile ilgili olmal.

Yukarida bahsedilen anahtar kelimeler kullanilarak arastirmaci tarafindan ulasilan
¢alismalar, 3 alan uzmani tarafindan taranip, tekrar eden calismalar cikarilmis ve eleme
kriterlerine gore filtreleme yapilmistir. Sonug¢ olarak toplam 63 calismaya ulasilmistir.
Calismalarin 6zet bélimlerinin incelenerek dn-analize tabi tutulmustur. On-analiz siirecinde
calismalarin konuyla ilgi olup olmadigi kontrol edilmistir. Sonucta, Fen Bilimleri Egitiminde
artirilmis gercgeklik ile ilgili toplamda 30 calisma degerlendirmeye alinmistir. Bu ¢alismalarin

secim sireci Sekil 1’de 6zetlenmistir.
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* Veritabanlarindan arama yapilmasi ]

* 63 calismaya erisilmesi

* On-analiz sonucu ¢alismalarin elenmesi ]

* 30 ¢alisma elde edilmesi

¢ Belirlenen kriterlere gére ¢alismalarin analizinin yapilmasi

Sekil 1. Calismalarin segim siireci

2.5. Verilerin Analizi

2.5.1. Verilerin Analiz Giivenirligi

Arastirmadan toplanan veriler i¢in alan yazin taranmistir. Kullanilan rubrik icin 3 alan
uzmanindan goris alinmis ve ¢ uzman tarafindan 19 maddelik rubrik olusturulmustur.
Olusturulan degerlendirme rubrigi ile arastirmadan elde edilen veriler betimsel olarak analiz
edilmistir. Degerlendirme rubrigindeki maddeler m1, m2 vb. ve incelenen makale isimleri ise
AG1, AG2 vb. seklinde ifade edilmistir. Tutarlilik katsayisi ylizde 75’in izerinde bulunmustur

ve bu tutarlilik ylizdesi Miles ve Huberman (1994)’e gére uygundur.

3. Bulgular

Bu calismada alan yazindaki Fen Bilimleri egitiminde artiriimis gergeklige yonelik
arastirmalarin incelenmesi ve bu arastirmalardaki potansiyel bosluklarin ve eksikliklerin tespit
edilmesi amaglanmistir. Bu kapsamda degerlendirme rubrigine gore incelenmis ¢alismalarin

betimsel analizi yapilmis ve asagidaki bulgular elde edilmistir.

3.1. Artinllmis Gergeklik Calismalarinin Betimsel Analizi

Artirilmis gerceklik calismalarinin degerlendirme rubrigine gore betimsel analizi Grafik
1’de verilmistir. Grafik incelendiginde m16, m17 ve m18’in frekans olarak en ¢ok evet olan
maddeler oldugu gorilmektedir. Bunun yani sira m5 ve m11’in frekans olarak en fazla kismen
oldugu ve diger maddelerin ise degerlendirme rubrigine gore hayir oldugu gorilmektedir.
Ayrica m15, m17 ve m18’in hi¢c kismen c¢ikmadig tespit edilmistir. Genel olarak artiriimis

gerceklik calismalarinin degerlendirme o6lgeginden hayir aldigi gorilmektedir. Yani
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degerlendirme rubrigine gbre ele alinan maddeler acgisindan incelenen c¢alismalarda

eksikliklerin oldugu tespit edilmistir.

30

25

20

15

10

5

1]

25
19
8
3 3
il Al
ml m2

2

3 23
22
19
14 14
1 13
1
9
7
6 6
5 5
4 44
3 3
AL 1
m3 m4 m5 mb m7  m8 m9

B Hayir W Kismen

16
14

88
“ |

26

22

25

22

6

3
2 N2
I th

28

24

21 21

g
6
5
4
2
ololo

20

a

ml0 mll ml2 ml3 ml4 ml5 milé ml7 ml8 ml9

M Evet

Grafik 1. Artinlmis gerceklik calismalarinin betimsel analiz grafigi

3.2. Artirilmis Gergeklik Calismalarin Her Birinin Betimsel Analizi

Artirlmis gerceklik calismalarinin her birinin degerlendirme rubrigine gore betimsel

analiz sonuclari Grafik 2’de verilmistir. Bu grafik incelendiginde ise AG3, AG18, AG22 VE AG24

kodlu calismalarin degerlendirme rubrigine gore daha fazla sayida evet ciktigi, AG1 VE AG5

kodlu galismalarda ise evet ve hayirlarin esit oldugu gorilmektedir. Ancak diger calismalar

incelendiginde ise cok biylik oranda degerlendirme rubrigine gore hayir ¢iktig1 goriilmektedir.
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Grafik 2. Artirilmis gerceklik calismalarinin her birinin betimsel analiz sonuglari grafigi
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3.3. Artinlmis Gergeklik Calismalarin Giris Boliimlerinin Aldiklari Puanlarin
Ortalamasi

Degerlendirme rubriginin giris bolimd ile ilgili maddesine (m7) gére makalelerin aldiklari
puanlarin ortalamasi incelenmis ve asagidaki grafik olusturulmustur (Grafik 3). Grafik
incelendiginde calismalarin arastirmada farkh dislincelere ya da alternatif aciklamalara

deginilmis midir sorusuna yapilan puanlamaya gore %73’tnin 1 (hayir), %14’inlin 2 (kismen)

ve %13’lniin 3 (evet) puan aldig goralmastir.

Grafik 3. Giris bolimu ile ilgili verilen puanlarin ortalamalari
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3.4. Artinlmig Gergeklik Calismalarin Yontem Boliimlerinin Aldiklari Puanlarin
Ortalamasi

Degerlendirme rubriginin yontem boélimine iliskin maddelerine gére (m1, m2, m4, m5,
m6, m11, m13, m14, m15) makalelerin aldiklari puanlarin ortalamasi incelenmis ve asagidaki
grafik olusturulmustur (Grafik 4). Grafik incelendiginde calismalarin yontem (arastirma deseni,
veri toplama araci, 6rneklem, arastirmacinin roli) ile ilgili yapilan puanlamaya goére %53’lnin

1 (hayir), %30’unun 2 (kismen) ve %17’sinin 3 (evet) puan aldig1 gorilmustir.

.

Grafik 4. Yontem bolumdi ile ilgili verilen puanlarin ortalamalari

3.5. Artinlmig Gergeklik Galismalarin Arastirma Sorulan Boéliimlerinin Aldiklar
Puanlarin Ortalamasi
Degerlendirme rubriginin arastirma sorulari bolumd ile ilgili maddelerine (m9, m10) gére
makalelerin aldiklari puanlarin ortalamasi incelenmis ve asagidaki grafik olusturulmustur
(Grafik 5). Grafik incelendiginde calismalarin arastirma sorulari ile ilgili yapilan puanlamaya

gore %47’sinin 1 (hayir), %20’sinin 2 (kismen) ve %33’linlin 3 (evet) puan aldig1 gorilmuistir.

>

Grafik 5. Arastirma sorulari bolimd ile ilgili verilen puanlarin ortalamalari
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3.6. Galigmalarin Verilerin Analizi Boliimlerinin Aldiklari Puanlarin Ortalamasi
Degerlendirme rubriginin verilerin analizi bolimii ile ilgili maddelerine (m16, m17, m18)
gore makalelerin aldiklari puanlarin ortalamasi incelenmis ve asagidaki grafik olusturulmustur
(Grafik 6). Grafik incelendiginde ¢alismalarin verilerin analizi ile ilgili yapilan puanlamaya gore

%7’sinin 1 (hayir), %20’sinin 2 (kismen) ve %73’Unln 3 (evet) puan aldigi gorilmustar.

Grafik 6. Verilerin analizi bolimu ile ilgili verilen puanlarin ortalamalari

3.7. Artinlmis Gergeklik Calismalarin Bulgular Boéliimlerinin Aldiklari Puanlarin
Ortalamasi

Degerlendirme rubriginin bulgular bélimu ile ilgili maddelerine (m3, m12, m19) goére
makalelerin aldiklari puanlarin ortalamasi incelenmis ve asagidaki grafik olusturulmustur
(Grafik 7). Grafik incelendiginde calismalarin bulgular ile ilgili yapilan puanlamaya gore

%73’linlin 1 (hayir), %20’sinin 2 (kismen) ve %7’sinin 3 (evet) puan aldigi gértlmustdr.

Grafik 7. Bulgular bolimd ile ilgili verilen puanlarin ortalamalari

132



Kayalar, M. T. Baran, G. / Caucasian Journal of Science, 8(2), (2021), 123-138

4. Sonuglar ve Tartisma
Calisma icin hazirlanmis degerlendirme rubrigine gore hazirlanan grafikler ve bu
grafiklerden elde edilen verilere gore;

e Genel olarak artirilmis gergeklik ¢alismalarinin degerlendirme 6lgeginden hayir aldigi
gorilmektedir. Yani degerlendirme rubrigine gore ele alinan maddeler agisindan incelenen
calismalarda eksikliklerin oldugu tespit edilmistir. Bu durum Cuendet ve ark. (2013) yapmis
olduklari calisma ile paralellik gostermektedir.

o Artirilmis gerceklik calismalarinin her birinin degerlendirme rubrigine gore betimsel
analiz sonuglari incelendiginde daha fazla sayida hayir ¢ikmistir. Bu durum bize incelenen
calismalarin biyik bir bélimiinin degerlendirme rubrigine gore eksikleri oldugunu ortaya
koymaktadir. Billinghurst, Kato ve Poupyrev (2001) yapmis olduklari calismalarinda Artiriimis
gerceklik uygulamalarinin egitimde kullanilmakta olan diger bilgi islem tabanl teknolojilere
gore eksikleri oldugunu vurgulamistir.

e Arastirmada farkli diistincelere ya da alternatif aciklamalara deginilmis midir sorusuna
yapilan puanlamaya gore calismalarin farkh distince ve agiklamalara yer verme konusunda
yeterince iyi puan alamadiklari ortaya ¢cikmistir. Alan yazin incelendiginde yapilan calismalarda
bir okul ortaminda uygulanabilirliginin zor oldugunu belirtmislerdir(Billinghurst, 2002).

e YoOntem (arastirma deseni, veri toplama araci, 6rneklem, arastirmacinin rold) ile ilgili
yapilan puanlamaya gére calismalarin yontemsel acgidan yeterince iyi yapilandiriimadig
dislintlebilir. Yontem bolimiinde giris bolimine nazaran daha cok makaleye verilen
puanlarinin ortalamasinin 2 olmasina ragmen, ¢alisma hakkinda yeterince bilgi verilmedigine
inanilmaktadir. Yapilan c¢alismalarda genelde nitel arastirmalar tespit edilmistir. Nitel
arastirmalari nicel arastirmalar izlemistir. Bununla birlikte karma yontemleri kullanan
arastirmalara da rastlanmistir. Alan yazin incelendiginde artirilmis gerceklikle ilgili makalelerde
karma yontem daha yaygin bir sekilde kullanildigi géridlmdistir (Altinpulluk, 2018; Chen vd.,
2017). Bununla birlikte Altinpulluk (2018) tarafindan yapilan calismada nitel arastirmalarin
tezlerde kullanilmamasinin arastiriimasi gerektigi belirtilmistir. Nitel arastirmalarda
cogunlukla literatir inceleme calismalarina yer verilmistir. Korucu vd. (2016) tarafindan
yapilan ¢alismada incelenen arastirmalarin ¢ogunlugunun literatiir taramasi ve uygulama
inceleme amaci ile yapiimis oldugu bulgusuna ulasiimistir. Bu bulgu arastirmanin bulgusunu

destekler niteliktedir.
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e Arastirma sorulari ile ilgili yapilan puanlamaya gore calismalarin arastirma sorularinin
acik bir sekilde ifade edilmedigi veya arastirmanin asamalarinin arastirma sorulari ile tutarli
olmadigi duslnilebilir. Yapilan ¢alismalarda sonuglarin genellikle betimsel sonuglar icerdigi
bulgusuna rastlanmistir. Korucu vd. (2016) yapmis olduklari calismada literatiirde en cok
dokiiman incelemeye rastlamiglardir. Bu durum fen bilimleri egitiminde artirilmis gergeklik
¢alismalarinin Glkemizde hentiz yeni ¢alisiliyor olmasindan dolayi ortaya ¢ikiyor olabilir.

e Verilerin analizi ile ilgili yapilan puanlamaya gore ¢alismalarin ¢ogunlugunda verilerin
kodlanmasinda; birden fazla arastirmacinin yer aldigi, kodlama karsilastirilmasi yapildigi,
tutarhlik katsayilarinin hesaplandigi ve gecerli olmayan verilerin ayiklandigi distnalebilir.
Baltaci(2017), bir arastirmada oldukca cok veriye sahip olmaktan ziyade o verilerin analizinin
de 6nem arz ettigi belirtmistir.

e Bulgular ile ilgili yapilan puanlamaya gore ¢alismalarin ortaya konulan veriler ile agik
bir sekilde iliskilendirilmedigi, calismalarin sonuglarin veriler ile uyumunun disuik oldugu ve
calismalarin gozlem ve goriisme dokiimanlarinin bulgularda birbirleri ile mantikh ve iliskili
olarak uyumunun dustk oldugu dislinilebilir. Fen egitimi alaninda Glkemizde yapilan pek ¢ok
arastirmanin tekrarlana bilirlik 6zelliginin bulunmayisindan dolayi tekil bulgularin 6tesinde bir
nitelik tasimadigi séylenebilir(Erdem, 2011).

Arastirmanin genel sonuclarina bakildiginda ise;

Artirlmis gerceklik alaninda yapilan ¢calismalar bir bitin olarak ele alindiginda, farkl
¢alismalarda hazirlanan rubriklerin arastirmacilar tarafindan incelenmesi ve bu rubriklerde yer
alan maddelerin iyi analiz edilerek ¢calismalarin olgunlastirilmasi gerektigi ortaya ¢cikmistir.

Artirilmis gerceklikle ilgili calismalar tek tek ele alindiginda da “hayir” cevabinin hakim
oldugu gorulmektedir. Bu durum sadece biitlin halinde degil, bireysel olarak da makalelerin
rubrige gore 6nemli eksiklikleri icerdigininin tespiti olarak degerlendirilmektedir.
incelenen calismalarda arastirmacilarin dikkat etmesi gerek diger bir 6zellik ise ¢calismalarini
tek boyuttan cikararak farkhliklara yer verecek dilizeyde gelistirmeleri ve daha genis
perspektiften olaylara bakmalari gerektigi sonucudur. Grafik 3’te yer alan %73’lik “hayir”
cevabi tek boyutlu disiincenin ¢calismaya yansiyan oranidir. Bu bakis acisi calismalari monoton
hale getiren ve sadece bir parametrenin incelendigi sade calismalar olarak yansitmaktadir.

Bu tir calismalarin yapilandirilmasinda katiimcilara ayrintili bilgi verilmesi gerektigi

belirlenmistir. Grafik 4’tGin ortaya koydugu degerler bu tezi dogrulayan verilerdir. Bu nedenle
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benzer arastirmalari yaparken hazirlik asamasi daha agiklayici bilgileri igermeli ve ¢alisma daha
titiz sekilde yapilandiriimalidir.

Arastirmada incelenen ¢alismalarina veri toplama araglarinda sorulan arastirma
sorularinin daha acik olarak ifade edilmesi gerektigi de elde edilen genel sonuglardandir. Bu
durum arastirmanin asamalarinda ortaya c¢ikan tutarsizhigin sebebi olarak tahlil edilmistir.
Arastirmada incelenen makale ve galismalarda verilerin yapilandirilmasi ve kodlanmasinda
beklenen dagilim elde edilmistir. Elde edilen verilere gore tutarlihg olmayan verilerin
calismadan cikarildigi ve calismanin bu boyutu hatalardan ayiklandigi gorilmektedir.

Nihai olarak; incelenen c¢alismalarin veriler ile uyumunun dlsik seyrettigi ve
iliskilendirme yapildiginda kopuklugun oldugu genel bir kanaat olarak tespit edilmistir(Diinser
ve ark., 2008). Bu alanda yapilacak olan ileri tarihli calismalarda bu eksiklikler dikkate alinarak

calismalarin tesis edilmesi literatiire daha olumlu katki saglayacaktir.
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In recent years, Galleria mellonella larvae have been used as a model of infection. In
this study, the effects of Citrobacter freundii infection, which has many
pathophysiological effects such as urinary system, respiratory system, bacteremia,
catheter infections and meningitis in mammals, on ion balance in hemolymph of G.
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freundii infection, but there was no statistical difference. In the present study
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1. Introduction

Citrobacter spp. belong to a group of gram-negative bacteria, facultative and anaerobic,
within family Enterobacteriaceae. These bacteria are frequently found in soil, food, sewage
water, and the intestines of animals and humans. Citrobacter spp. are opportunistic
pathogens and the most frequently isolated strain is Citrobacter freundii. C. freundii can cause
various infections such as urinary system, respiratory system, bacteremia, catheter infections
and meningitis (Khorasani et al., 2008; Anderson et al., 2018; Liu et al., 2018).

The great wax moth (Galleria mellonella) is an important pest insect that causes economic
losses in beekeeping belonging to the Lepidopteran order. G. mellonella completes its life
cycle in four stages as egg, larva, pupa and adult (Kwadha et al., 2017). G. mellonella is used
as a model organism in the development of alternative new strategies against pesticides with
high toxic effects for the environment and non-target organisms used in agricultural areas
(Buyukguzel et al. 2010; Sugecti et al., 2016; Kastamonuluoglu et al., 2020; Tungsoy et al.,
2021; Buyukglzel & Buyukglizel, 2021). In recent years, invertebrate infection models have
been used to determine the effects of pathogenic bacteria on animals. Especially, G.
mellonella larvae are the most preferred invertebrate infection models (Asai et al., 2020;
Moore & Gitai, 2020; Ochoa et al., 2021). G. mellonella larvae are an important infection
model that is suitable for injection, can be quickly mass production and can survive at 30-37
°C after injection. In addition, the absence of ethical concerns in the use of this model
organism is an important factor (Harding et al., 2012; Ames et al., 2017; Sugecti & Blyukguzel,
2018; Sugecti, 2021).

lons have important roles in the regulation of homeostasis in insects. In addition, this ion
supports the functioning of the nervous and muscular system (Southall et al. 2006). In this
study, changes in ion amounts such as calcium (Ca), iron (Fe), potassium (K), magnesium (Mg)
and phosphorus (PHOS) of model organism G. mellonella larvae due to pathogenic bacteria C.

freundii infection were investigated.

2. Materials And Methods

2.1. Model insect

The G. mellonella larvae used in the experiments were mass-produced under laboratory
conditions. Larva, pupa and adult stages of G. mellonella were collected from apicultural areas

in Zonguldak, Turkey and transferred to glass jars (1000 ml). Newly emerged adults of G.
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mellonella were used for mass-production under laboratory conditions. Adults of G.
mellonella were transferred to a glass-jar (1000 ml) containing artificial diet. Then, newly
hatched larvae were reared artificial diet in incubator (FN 500, Niive, Ankara, Turkey) set at
28 + 2 °C and 65 £ 5 % relative humidity, with a photoperiod of 12:12 h (L:D) (Blyukglzel et
al., 2010; Sugecti et al., 2016). Artificial diet content; 420 g wheat bran, 150 ml filtered honey,
150 ml glycerol (Merck, Darmstadt, Germany), 20 g ground dark old honeycomb and 30 ml
pure water (Bronskill, 1961).

2.2. C. freundii Injection and Collection of Hemolymph

C. freundii (ATCC-8090) was obtained from a local company. C. freundii dose was prepared
in 0.5 McFarland units (approximately 1 x 107 (CFU/ml) per ml of 0.9% physiological saline.
Seventh instar larvae of G. mellonella were anesthetized by cooling on ice for approximately
5 minutes. The surface of the larvae was then sterilized with 95% ethanol. Prepared C. freundii
strains (10 ul) were injected from the G. mellonella abdomen of the insect. Hamilton syringe
was used for bacteria injection. In the control group, G. mellonella larvae were injected with
only 10 pl of 0.9% physiological saline.

In the present study, hemolymph from the abdomen of the G. mellonella (seventh instar
larvae) was obtained by amputating the second pair of prolegs. Samples were collected in
Microcentrifuge tubes (1.5 ml) kept in ice. A few phenylthiourea crystals (Sigma Aldrich,
Missouri, USA) were placed to prevent melanization. Samples were stored at -80 °C until

analysis.

2.3. Experimental Design

In this study, ion levels were performed with the Roche Hitachi Cobas c501 instrument
(Roche, Germany) using appropriate kits. Hemolymph extracts were prepared according to
the method of Hyrsl et al. (2007). Samples were centrifuged at 10.000 g for 10 min at 4 °C
(NGve FN 800R, Turkey). Calcium (Ca) (Kit no: 45055201), iron (Fe) (Kit no: 44323201),
potassium (K) (Kit no: 48497701), magnesium (Mg) (Kit no: 42773901) and phosphorus (P) (Kit
no: 44961201). lon levels assays were performed according to manufacturer’s instructions. All

experiments used 20 larvae per treatment. The experiments were repeated four times.
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2.4. Statical Analyses

In the current study, one-way analysis of variance (ANOVA) test was used to evaluate data
on ion levels. Tukey’s HSD test was used to determine the importance of the difference
between the averages. T-test was used compare to C. freundii infection effects at each
timepoint to physiological saline treatment at the same timepoint. All analyses were
performed in SPSS v.15.0 (SPSS, Chicago, IL, USA). A probability level of 0.05 was used to check

the significance of the difference between the averages.

3. Results

In this study, Ca levels significantly decreased in hemolymph of G. mellonella larvae 8
hours after the C. freundii inoculation when compared to the control group. In addition, Ca
levels statistically increased 2, 4, 6 and 8 hours after C. freundii inoculation when compared
to physiological saline treatment for same timepoint (F: 50.547, df: 4, p<0.001) (Fig 1A). Fe
levels significantly increased 2 and 4 hours after bacterial infection. However, it was
statistically reduced 8 hours after the C. freundii infection when compared to the control
group (F: 71.193, df: 4, p<0.001) (Fig 1B). Levels of K (F: 246.977, df: 4, p<0.001) and Mg (F:
68.354, df: 4, p<0.001) significantly increased 2, 4, 6 and 8 hours after C. freundii infection
when compared to the control group and physiological saline treatment for the same
timepoint (Fig 1C and Fig 1D). PHOS levels increased in hemolymph of G. mellonella larvae 8
hours after C. freundii infection, but there was no statistical difference (p>0.05). In addition, 6
hours after C. freundii infection, it significantly decreased when compared to the control group

(F: 25.295, df: 4, p<0.001) (Fig 1E).
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Fig 1. Effects of C. freundii infection on ion levels of G. mellonella (Bars represent the means
(£ S.D.) of four replicates. Means followed by the same letter are not significantly different
(p>0.05; * p< 0.05: compared with NaCl 0.9% (N) injected for same timepoint of C. freundii

(CF) infection) (Control: 8 hours after N injection)

4. Discussion

The cytotoxic effects of chemical and biological agents on organisms can cause oxidative
damage and disruption of ion balance (Sugecti 2021; Sertcelik et al., 2021; Akbaba et al., 2021).
In recent years, model insect G. mellonella has been used to investigate the deterioration of
ion balance, homeostasis and oxidative stress due to infections (Asai et al., 2020; Sugecti,
2021). In the current study, it was provided information about the effects of C. freundii
infection on ion levels in G. mellonella larvae. The results of this study showed that ion levels
were altered in the hemolymph of G. mellonella larvae due to C. freundii infection.

lons have important physiological roles in living organisms, including insects (Aci et al.,
2020; Sugecti, 2021). lons have physiological effects such as osmoregulation, homeostasis,
and contribution to oxidative stress in insects. Calcium acts as a second messenger in all cells.
In addition, this ion supports the functioning of the nervous system and muscular system
(Southall et al., 2006). In this study, the amount of calcium significantly decreased 8 hours
after C. freundii infection. The reason for the decrease in the amount of calcium may be as a
result of cell damage due to infection. In another study, it was reported that there were

changes in free calcium and hydrogen ions in the hemocytes of Bombyx mori, Exolontha
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serrulata and Spodoptera litura SL-1 cell line due to the toxic effects of destruxins. This study
reported that hemocytes to destruxins tend to rapidly increase and then decrease calcium
levels (Chen et al., 2014). Fe, which is an important transition metal, causes an increase in
reactive oxygen derivatives and oxidative stress in organisms (Gaete et al., 2017). Hydrogen
peroxide (H20:), which causes oxidative stress, is the result of Fenton reactions and the
interaction of Cu (Il) and Fe (ll) ions with hydrogen. In this study, although the amount of Fe
increased 2 and 4 hours after C. freundii infection, it decreased 8 hours after infection. When
Cu and Fe bind to proteins in organism, these ions become less susceptible to participating in
Fenton reactions. Therefore, non-enzymatic antioxidants such as albumin can bind metals and
protect the organism from oxidative stress (Roche et al., 2008). The decrease in the amount
of Fe ion in the hemolymph of G. mellonella larvae 8 hours after infection may be a result of
antioxidant defense. Additional experiments are needed to support this hypothesis. In the
present study, K and Mg ions were significantly decreased in the hemolymph of G. mellonella
larvae due to C. freundii infection. Magnesium plays important role in the physiological
function and intermediary metabolism of insects (Clark et al., 1958). K plays a key role in
important physiological functions, including maintenance of membrane potentials and cell
volume, acid/base balance, and nerve impulse transmission [Dunham, 2004; Marshall &
Grosell, 2006) In another study, Sowers et al. (2006) reported that K, Ca and Na levels in the
Litopenaeus vannamei exposed to artificial sea salt or mixed ion solution were adversely
affected by salt stress. Another study was reported that Na and K levels significantly increased
in G. mellonella larvae exposed to dichlorvos (8 ug/100 g diet). In the study was reported that
there were significant changes in ion levels and impaired homeostasis in G. mellonella larvae
due to dichlorvos (Kayis et al., 2015). In this study, the amount of P ion increased significantly
2 hours after infection. In addition, although the amount of P ion increased 8 hours after
infection, there was no statistical difference. Sugecti (2021) reported that 8 hours after
Klebsiella pneumoniae infection, the amount of P ion increased, while the amount of Mg, K
and Ca ions significantly decreased. These results show that pathogenic bacteria disrupt the
ion balance in insects.

In conclusion, this study showed that C. freundii infection disrupts the ion balance and
homeostasis of G. mellonella larvae. In addition, G. mellonella can be used as a model

organism in determining the effects of infections on the ion balance.
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Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one (1)'in potansiyel enerji egrileri
(PEC), bir fonksiyon dihedral agi ¢(C8-C9-) olarak hesaplandi. C10-01), 6-311++G (d,p)
temel seti ve distk karsilik gelen syn- ve anti-uyumlular ile birlikte B3LYP fonksiyonelini
kullanan hem baslangicta Hartree—Fock (HF) hem de Yogunluk Fonksiyonel Teorisinde
(DFT) enerji konformerleri belirlendi. Baslik molekiliiniin syn- ve anti-conformer'larinin
optimize edilmis molekiler yapilari, titresim dalga sayilari yukarida bahsedilen iki
yontemle elde edilmistir. 1H-NMR ve 13C-NMR kimyasal kayma degerleri ve sinir
molekiler orbitaller (FMO'lar), her iki konformerin optimize edilmis yapisindan 6-
311++G(d,p) temel seti ile DFT/B3LYP ve HF yontemleri ile hesaplandi. Ayrica TD-
DFT/B3LYP/6-311++G (d,p) hesaplamasi ile gaz fazinda her iki konformer malin UV-Vis
spektrumu hesaplanmistir. Anti ve syn konformerin denge durumu (temel durum) dipol
moment degerleri B3LYP/6-311++ G(d,p) ile 3.33 ve 3.01 Debye ve ab initio HF/6-311 ile
4.05 ve 3.88 Debye olarak hesaplanmistir. ++ G(d,p) yéntemi. Molekulin hesaplanan
geometrik parametreleri (bag uzunluklari ve bag-dihedral agilan) literatirdeki deneysel
degerlerle karsilastirilmis ve iyi bir uyum iginde olduklari gorilmistir. Hesaplama
dosyasindan uretilen ¢ikti chk.file, elektrostatik potansiyel haritasini ve HOMO-LUMO
orbitallerini GaussView5.0.9 programi kullanilarak gérsellestirmek igin kullanildi.
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The potential energy curves (PEC) of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-
one (1) were calculated as a function dihedral angle ¢$(C8-C9-C10-01) at both ab initio
Hartree—Fock (HF) and Density Functional Theory (DFT) using the B3LYP functional
together with 6-311++G (d,p) basis set and the syn- and anti-conformers corresponding
low energy conformers were determined. The optimized molecular structures,
vibrational wavenumbers of the syn- and anti-conformers of title molecule were
obtained with the two methods mentioned above. The *H- NMR and 3*C-NMR chemical
shift values and frontier molecular orbitals (FMOs) were computed from the optimized
structure of both conformers by DFT/B3LYP and HF methods with 6-311++G(d,p) basis
set. Also, UV-Vis spectrum of both conformers ware calculated in gas phase via TD-DFT/
B3LYP/6-311++G (d,p) calculation. The equilibrium state (ground state) dipole moment
values of the anti and syn conformer were calculated as 3.33 and 3.01 Debye by
B3LYP/6-311++ G(d,p) and 4.05 and 3.88 Debye by ab initio HF/6-311++ G(d,p) method.
The calculated geometric parameters (bond lengths and bond-dihedral angles) of the
molecule were compared with the experimental values in the literature and they were
found to be in good agreement. The output chk.file generated from calculation file was
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used to visualize the electrostatic potential map, and HOMO-LUMO orbitals using
GaussView5.0.9 program.

Introduction

Chalcones are one of the important compounds with an enormous number of diverse
biological activities. They are natural products exist in diverse plant kind such as in vegetables,
fruits, tea and soy (Middleton, et al. 2000; Nowakowska, et al. 2007). Synthesis and
characterization of new compounds containing chalcone and its derivatives continues
increasingly owing to their influence as a drug for variety of promising biological activities such
as different anti-diabetic (Hsieh, et al. 2012), anti-cancerous (Saxena, et al. 2007), anti-malarial
(Dominguez, et al. 2005), anti-inflammatory (Herencia, et al. 1998), anti-tumour (Kumar, et al.
2003), and tyrosinase inhibitor (Akhtar, et al. 2015), anti-oxidant (Jayasinghe, et al. 2006),
analgesic (Tanaka, et al. 2009), antiulcer (Batovska, et al. 2009), antimalarial (Ravichandran,
et al. 2015) and antihelmintic(Liu, et al. 2001). Also, they are great intermediates for the
synthesis of diverse heterocyclic compounds like isoxazole (Kaur, et al. 2013), pyrazoline
(Reddy, et al. 2016), epoxide (Farooq, et al. 2020), thiazine (Badshah, et al.2016), indazole
(Shakil, et al. 2013) and pyrimidine valuable in pharmaceutical industries (Bhat, et al. 2017).
Crystal structure of molecule (1) were determined experimentally using X-ray structure
analysis and spectroscopic methods (Vazquez-Vuelvas et al., 2015) but molecular properties
such as electronic energy, conformation and vibration analysis of title molecule have not been
determined. In this work, molecular structure, dipole moment, vibrational frequency, the
electronic structure and HOMO-LUMO energies of above-mentioned molecule have been
studied. The calculated geometric parameters (bond lengths and bond-dihedral angles) of the
molecule were compared with the experimental values in the literature and they were found
to be in good agreement. 'H NMR and 3C NMR chemical shifts calculations have been
performed. Also, the energy band gap of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one
molecule is calculated by using the highest occupied molecular orbital (HOMO) energy and
the lowest unoccupied molecular orbital (LUMO) energy. The molecular structure using

numbering scheme of the compound (1) is given in Figure 1
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Figure 1. Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one molecule numbering scheme

Computational detail

First, the initial geometry of the molecule was modeled in the GaussView 5.0.9
program (Dennington, et al., 2009) and used as input data to determine conformational
analysis. The conformational analysis were carried out by calculating the PECs as a function of
the torsion angles ¢(C8-C9-C10-01) at both ab initio HF and DFT (Kohn et al., 1965) method
with standard 6-311++G(d,p) basis set. In the result of conformational analysis, the anti and
syn conformers corresponding with low energy on potential energy curves obtained both
methods were determined. The molecular geometry of the determined conformers are
optimized without any symmetry constraint (preference) at both ab initio HF and DFT method
with a hybrid functional B3LYP (Becke's three parameter hybrid functional using the LYP
correlation functional) (Becke et al., 1988; Lee et al., 1988; Becke, 1993) in combination with
6-311++G(d,p) basis set. The optimized molecular structures, vibrational wavenumbers of the
syn- and anti-conformers of title molecule were obtained with the two methods mentioned
above. Also, TH-NMR and 3C-NMR chemical shift values and frontier molecular orbitals
(FMOs) were computed from the optimized structure of both conformers by DFT/B3LYP and
HF methods with 6-311++G(d, p) basis set. Also, UV-Vis spectrum of both conformers ware
calculated in gas phase via TD-DFT/ B3LYP / 6-311++G (d,p) calculation. The output chk.file
generated from calculation file was used to visualize the electrostatic potential map, and
HOMO-LUMO orbitals using GaussView5.0.9 program. The quantum mechanics calculations
were performed by the aid of Gaussian 09W program package (Frisch et al., 2010) in the gas

phase.
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RESULTS AND DISCUSSION

Conformational analysis

The conformational analysis were carried out by calculating the PECs as a function of
the torsion angles ¢(C8-C9-C10-01) at both ab initio HF and DFT method with standard 6-
311++G(d,p) basis set. The PECs were calculated by varying dihedral angle ¢ (C9-C10 single
bond) from 0° to 180° in 10° increments. In the result of conformational analysis, the anti and
syn conformers corresponding with low energy on potential energy curves obtained both
methods were determined. The PECs obtained both methods are given Figure 2. As seen from
figure 2., the calculated PECs exist two minima, one of these is corresponded syn conformer
with ¢(C8-C9-C10-01) of 180°. The other conformer, syn conformer with dihedral angle of
180°, exist local minimum, this is 1.27 kcal/mol and 2.35 kcal/mol higher in energy than anti
conformer at the DFT/B3LYP and HF methods, respectively. Also, the energy obtained by at
the DFT/B3LYP of orthogonal conformation is higher than that of HF method. The difference
energy of syn conformer relate to methods, the energy calculated HF method is 1.08 kcal/mol
than that of DFT/B3LYP method. In our previous studies (Ugurlu, et al. 2007; 2020), we have

not encountered a situation with such a large energy difference.

1> |[F=— B3LYP/6-311+G(d,p)
||+ HF/6-311+G(d,p)

-
o
1

o]
1

4 4anti conformer.

Relative Energy (kcal/ mol)

syn confmTe:r.

1.08 kcal/mol
2.35kcal/mol 1.27kcal/mol

T L L — T T
20 0 20 40 60 80 100 120 140 160 180 200
Dihedral angle C8-C9-C10-01 (degree)

Figure 2. The potential energy curves of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one molecule
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Molecular structure

The equilibrium state structures of (1) compound obtained by the HF/6-311++ G (d,p)
and DFT/6-311++G (d,p) methods are compiled. The X-ray crystal structures for studied
molecule is available in the literature (Vazquez-Vuelvas et al., 2015) and the calculated
parameter of studied molecule of both at the B3LYP/6-311++G (d, p) and the HF/6-311++ G
(d,p) methods in the ground state are tabulated in the Table 1. As seen from Table 1. in the
anti-conformer, the center C9-C10 single bond length of dihedral angle ¢(C8-C9-C10-01) is
1.4305A at the B3LYP/6-311++G (d, p) and 1.4480 A at HF/6-311++ G (d,p), In the syn-
conformer, 1.3643A at the B3LYP/6-311++G (d, p) and 1.3443A at HF/6-311++ G (d,p),
respectively. This observed value is 1.4236 A. For C9-C10 single bond, the calculated bond
lengths in the anti-conformer both methods are larger than the bond lengths in the syn
conformer and are closer to the experimental value. Also, regression analyses of the bond
length values in the Table 1 were carried out and in the results of regression analyses, it has
been shown that there is a linear correlation between experimental and theoretical bond
lengths. It was observed that the calculated optimal R? value was 0.9811 at anti-conformer
with B3LYP/6-311++G (d,p). In the anti-conformer, dihedral angle ¢(C8-C9-C10-01) is 0.02° at
the B3LYP/6-311++G (d, p) and 0.05° at HF/6-311++ G (d,p), in the syn-conformer, -179.18° at
the B3LYP/6-311++G (d, p) and -178.90° at HF/6-311++ G (d,p), respectively. The experimental
value of this dihedral angle was observed as -3.20° (Vazquez-Vuelvas et al., 2015). In the both

methods and both conformer, dihedral angle ¢(C8-C9-C10-01) is planer almost.

Table 1. Selected structural parameters of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one molecule

Bond length (A) anti-conformer syn-conformer
Atoms DFT HF Exp?. DFT HF
01—C13 1.3568 1.3389 1.3627 (17) 1.3525 1.3352
01—C10 1.3739 1.3470 1.3628(15) 1.3765 1.3847
c1—cC7 1.5032 1.5019 1.4882 (17) 1.5030 1.5802
02—C7 1.2256 1.1952 1.2218 (15) 1.2248 1.1944
C7—Cs8 1.4801 1.4896 1.4664 (18) 1.4803 1.4897
C9—C8 1.3485 1.3278 1.3308 (17) 1.3484 1.3276
C9—C10 1.4305 1.4480 1.4236 (18) 1.4335 1.4534
C12—C13 1.3625 1.3410 1.327 (2) 1.3643 1.3423
R2 0.9811 0.9794 0.9767 0.9594
Bond angle (°)

C2-C1-c7 118.77 117.86 118.43 (11) 117.78 117.90
Ce6-C1-C7 123.55 123.05 122.76 (12) 123.40 122.98
02-C7-C8 121.14 121.07 120.74 (12) 121.31 121.18
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02-C7-C1 119.87 120.07 119.78 (12) 119.92 120.10
C8-C7-C1 118.98 118.86 119.44 (11) 118.76 118.70
C8-C9-C10 126.31 125.33 127.34(12) 126.21 125.64
C9-C8-C7 120.16 119.96 121.16 (12) 120.34 120.10
01-C10-C9 119.35 119.22 118.76 (11) 115.97 115.76
Dihedral angle (°)

C2-C1-C7-02 10.01 15.93 19.4 (2) 14.32 18.38
C6-C1-C7-02 -169.05 -162.72 -159.66 (14) -164.25 -160.14
C2-C1-C7-C8 -169.00 -163.40 -158.15 (13) -164.90 -160.81
C6-C1-C7-C8 11.00 17.95 22.74 (19) 16.53 20.67
C10-C9-C8-C7 -179.21 -179.30 -176.31 (13) -178.98 -178.90
02-C7-C8-C9 2.77 8.09 -5.4 (2) 4.63 9.12
C1-C7-C8-C9 -177.84 -172.59 172.14 (12) -176.18 -171.70
C8-C9-C10-01 0.02 0.05 -3.2(2) -179.08 -177.21
C7-C1-C2-C3 -179.59 -179.39 -179.11 (14) -179.29 -179.35
C2-C1-C6-C5 0.03 0.00 -0.7 (2) 0.00 0.00
C7-C1-C6-C5 179.07 178.63 178.37 (13) 178.55 178.51
C1-Ce-C5-C4 0.43 0.06 0.80 (2) 0.60 0.69
C8-C9-C10-C11 179.96 179.95 173.72 (14) 0.99 3.09

((®) ref Vazquez-Vuelvas et al., 2015)

The surface of the highest occupied molecular orbital (HOMO) energy, the lowest
unoccupied molecular orbital (LUMO) energy and the electrostatic potential map are given

Figure 3 and 4., respectively.

HOMO/B3LYP/6-311++G (d.p)/ AE LUMO/B3LYP/6-311++G (d.p)/

Figure 3. The surface of HOMO-LUMO orbitals of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-
2-en-1-one
The anti-conformer of (1) molecule the transitions are calculated at wavelengths
384.65, 339.28 and 299.83 nm and for syn conformer at 385.80, 344.94 and 299.44 nm in the
gas phase at the B3LYP/6-311++G(d,p) level of theory.
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MEP/B3LYP/6-311++G (d,p)/anti MEP/B3LYP/6-311++G (d.p)/syn

Figure 4. the electrostatic potential map of Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-

one

Vibrational Frequencies

Chalcone (E)-3-(Furan-2-yl)-1-Phenylprop-2-en-1-one molecule consist of 25 atoms
having 69 normal modes of vibrations. The vibrational frequency values calculated B3LYP/6-
311++G(d,p) level were scaled with 0.958 for ( u> 1700 cm ! ), 0983 for ( u< 1700 cm 1)
(Celik, et al., 2021) and HF/6-311++G(d,p) level were scaled with 0.9607 (Govindarajan, et
al.,2018; Ugurlu, et al. 2018; 2020). Also, the calculated vibrational assignments of the normal
modes were performed on the basis of the Potential Energy Distribution (PED) and it has been
calculated using the Vibrational Energy Distribution Analysis VEDA 4 program (Jomroz, 2004).

The calculated IR and Raman spectrum of (1) molecule are given Figure 5 and 6., respectively.
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Figure 5. calculated IR spectrum of (1) molecule with 6-311++ G (d,p).

molecule are given Table 2 and 3., respectively.

Table 2. the vibrational frequencies of of (1) molecule with 6-311++ G (d,p)

anti Theoretical wavenumbers (cm™) ( Unscaled abbreviated as Unsc)
DFT HF (Scaled abbreviated as Sc)

Exp. Unsc. Sc. Unsc. Sc Assignments with PED (=10 %)

3123 3277 3140 3436 3116 vC11H(11) vC13H(81)

3123 3255 3118 3408 3090 vC11H(85) vC13H(13)
3244 3108 3396 3080 vC12H(91)
3215 3080 3384 3068 vC6H(39) vC8H(12) vCIH(46)
3201 3067 3371 3057 vC2H(27) vC4H(11) vC5H(53)
3195 3061 3359 3046 vC2H(13) vC8H(62)

3035 3185 3051 3350 3038 vC2H(15) vC3H(29) vC5H(35) vC8H(13)
3174 3041 3346 3034 v C2H(36) vC3H(53)
3168 3035 3335 3023 v C6H(47) vCIH(47)
3164 3031 3321 3011 v C4H(81)

1658 1714 1685 1923 1743 v 02C7(54) vC11C10(11)
1646 1618 1832 1661 v02C7(17) vC9C8(10) vC12C13(16) vC10C9(10)

1594 1635 1607 1786 1620 vC11C10(21) vCAC3(14)
1614 1586 1760 1596 vC4C3(40)

1545 1586 1559 1745 1582 v C2C3(51) BHC11C12(11)
1521 1495 1655 1501 vC1C6(13) BHC2C3(38)

1474 1504 1479 1647 1493 vC9C8(33) vC12C13(20) BHC1301(17)
1475 1450 1592 1443 vC1C6(16) BHC3C4(10) BHCHBC5(33)
1420 1396 1545 1401 BHC11C12(20) BHC1301(12) BC12C1301(35)
1364 1340 1471 1334 BHC6C5(29) BHCHCS5(24) BHCIC10(14)
1345 1322 1438 1304 vC5C4(48) BHC8CY(12)
1322 1300 1416 1284 vC5C4(11) BHC6C5(17) BHC8CY(27)
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1386
1339
1329
1311
1288
1274
1215
1195
1172
1125
1120
1113
1108
1100
1092
1081
1058
1031
1010
995
971
950
945
944
875
856
791
783
756
714
697
673
650
568
495
451
450
359
329
252
229
173
140
108
63
34
32

1256
1214
1205
1189
1168
1155
1101
1084
1063
1020
1015
1009
1004
997
990
980
959
935
916
902
881
862
857
856
793
776
717
710
685
648
632
610
590
515
448
409
408
326
298
229
207
157
127
98
57
31
29

vC8C7(10)HC6C5(17)

vO1C13 (14) BHCIC10(24)

C7C1(20) BHC11C12(20) BHC1301(10)

v C7C1(10) BHCIC10(35)

BHC3C4(42) BHC8CI(12)

vC5C4(11) BHC4C5(71)

vO1C10 (40) BHC11C12(10) BHC1301(29)

vO1C13 (10)

01C13 (14) BHC11C12(12)

vC1C6(10) vC6C5(11) BHC2C3(11) BCIC8C7(19)
yHC11C12(52) BC12C1301(13) BO1C10CI(11)
vC6C5(10) vC8C7(14) vC10C9(16) BC1OCICS(15)
vC6C5(28) BC6C5C4(32) BCICSCT(16)
yHCAC5C6(39) yHC6C5C4(13) yHC8CIC10(16)
yHC4C5C6(28) yHC6C5C4(20) yHC8CIC10(20)
yHC3C4C5(56)

yHC2C3C4(40) yHC6C5C4(20)

vO1C10 (23) v 01C13 (20) BC12C1301(10)
vO1C10 (13) BC11C1001(57) BC12C1301(10)
yHC9C10C11(25) yHC12C1301(40)
yHC8C9C10(13) yHCIC10C11(26) yHC12C1301(34)
BO2C7C8(15) BC5CAC3(14) BCIC8CT(10)
yHC2C3C4(45) yHC3C4C5(10) yHC5C6C1(12)
yHC11C12C13(69)

yHC5C6C1(23) yHCIC10C11(14) yHC11C12C13(10)
yHC1301C10(87)

vC8C7(19) vC7C1(12) BC11C1001(11) BO1C10CI(10)
yHC5C6C1(34) yO2C1C8C7(24) yC11C901C10(12)
yHC4C5C6(11) yHC5C6C1(15) yC1C6C5CA(26)
BO2C7C8(12) yO2C1C8C7(10) yC11C901C10(24)
B0O2C7C8(20) yC11C901C10(16)

BC2C3C4(33) yC5CAC3(32)

yHC12C1301(16) yC2C3C4C5(12) yC6C5CAC3(15)
BC1C6C5(12) yC1301C10(16) yC7C1CH(36)
yC6C5C4C3(18) yCIC8C7C1(14) yC7C2C6C1(19)
vC7C1(15) BO2C7C8(10) BC7C1CH(15)
yHC3C4C5(15) yC2C3C4C5(31) yC12C1201C10(24)
yC10C9C8C7(10) yO1C10CIC8(50) yC11C901C10(13)
BO2C7C8(18) BC6C5CA(12) BC1301C10(10)

v C10C9(24) v C7C1(12) BC2C3C4(10) BC8CTC1(15)
BC8C7C1(12) yC2C3CAC5(12) yCIC8CT7C1(15)
BC8C7C1(24) yCIC8CTCL(11)

yC2C3C4C5(11) yC6C5CAC3(11) yC1301C10C9(21)
yC1C6C5C4(23) yC10C9C8C7(20) yO1C10C9CS(14)
BC1C6C5(21) BC1301C10(10) BC8CTCL(27)
yC6C5C4C3(22) yC12C1201C10(28) yC1301C10C9(13)
yC8C7C1C2(82)

(v: stretching, B: in- plane bending, y: out-of-plane bending)
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Table 3. the vibrational frequencies of (1) molecule with 6-311++ G (d,p)

syn Theoretical wavenumbers (cm™) ( Unscaled abbreviated as Unsc)
DFT HF (Scaled abbreviated as Sc)
Exp. Unsc. Sc. Unsc. Sc. Assignments with PED (=10 %)
3123 3277 3140 3437 3116 vC11H(11)vC13H(81)
3123 3255 3119 3409 3091 vC11H(85)vC13H(13)
3244 3108 3397 3080 vC12H(91)
3201 3067 3370 3056  vC6H(39) vC8H(12) vCIH(46)
3200 3065 3368 3054  vC2H(27) vC4H(11) vC5H(53)
3188 3055 3353 3040 vC2H(13) vC8H(62)
3035 3183 3049 3350 3037  vC2H(15) vC3H(29) vC5H(35) vC8H(13)
3174 3040 3345 3033  vC2H(36) vC3H(53)
3166 3033 3334 3023  vC6H(47) vC9H(47)
3164 3031 3321 3011 vC4H(81)
1658 1713 1641 1925 1746 v02C7(54)vC11C10(11)
1641 1573 1821 1651 v02C7(17) vC9C8(10) vC12C13(16) v€10C9(10)
1594 1632 1564 1786 1620 vC11C10(21) vC4C3(14)
1614 1546 1763 1598  vCA4C3(40)
1545 1599 1532 1760 1596  vC2C3(51) BHC11C12(11)
1521 1457 1649 1495 vC1C6(13) BHC2C3(38)
1474 1497 1434 1647 1493  vC9C8(33) vC12C13(20) BHC1301(17)
1476 1414 1592 1443  vC1C6(16) BHC3C4(10) BHC6C5(33)
1423 1363 1542 1398 BHC11C12(20) BHC1301(12) BC12C1301(35)
1364 1307 1471 1334 BHC6C5(29) BHC6C5(24) BHCIC10(14)
1346 1290 1442 1307 vC5C4(48) BHC8CI9(12)
1330 1274 1429 1296  vC5C4(11) BHC6C5(17) BHC8CY(27)
1317 1261 1366 1238  v(C8C7(10)HC6C5(17)
1271 1217 1338 1213 vO1C13 (14) BHC9C10(24)
1230 1178 1325 1201 vC7C1(20) BHC11C12(20) BHC1301(10)
1202 1151 1307 1185 vC7C1(10) BHC9C10(35)
1192 1142 1288 1168  BHC3C4(42) BHC8C9(12)
1183 1133 1252 1135 BC5C4(11) BHCAC5(71)
1161 1112 1214 1101 vO1C10 (40) BHC11C12(10) BHC1301(29)
1116 1069 1200 1088 v0O1C13(10)
1107 1060 1172 1062 vO1C13 (14) BHC11C12(12)
1053 1009 1125 1020 vC1C6(10) vC6C5(11) BHC2C3(11) BCIC8C7(19)
1042 999 1121 1016 BHC11C12(52) BC12C1301(13)B0O1C1I0CY(11)
1028 985 1117 1013  vC6C5(10) vC8C7(14) vC10C9(16) BCLOCICS(15)
1017 974 1108 1004 vC6C5(28) BC6C5C4(32) BCIC8C7(16)
1012 969 1100 997 YHC4C5C6(39) yHC6C5C4(13) yHCBCIC10(16)
1008 966 1095 993 YHC4C5C6(28) yHC6C5C4(20) yHC8CIC10(20)
990 948 1081 980 YHC3C4C5(56)
969 929 1058 959 YHC2C3C4(40) yHC6C5C4(20)
946 907 1054 956 v01C10 (23) vO1C13 (20) BC12C1301(10)
904 866 1009 915 v01C10 (13) pC11C1001(57) pC12C1301(10)
889 852 986 894 yHC9C10C11(25) yHC12C1301(40)
881 844 973 882 BHC8C9C10(13) BHC9C10C11(26) BHC12C1301(34)
871 835 951 862 BO2C7C8(15) BC5CAC3(14) BCIC8C7(10)
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857 821 942 854  yHC2C3C4(45) yBHC3C4C5(10) yHC5C6C1(12) yHC6C5CA(14)
826 792 940 852  yHC11C12C13(69)
796 763 874 792  yHC5C6C1(23) yHCOC10C11(14) yHC11C12C13(10)
756 724 856 776  yHC1301C10(87)
739 708 791 717  (8C7(19)C7C1(12)C11C1001(11)01C10C9(10)
712 682 781 708  yHC5C6C1(34) y02C1C8C7(24) yC11C901C10(12)
699 669 756 686  yHCAC5C6(11) yHC5C6C1(15) yC1C6C5CA(26) yC10CICBCT(15)
654 626 706 641  BO2C7C8(12)y02C1C8C7(10) yC11C901C10(24)
645 618 693 629  BO2C7C8(20)yC11C901C10(16)
632 605 673 610  PBC2C3C4(33) BC5C4C3(32)
602 576 649 589  yHC12C1301(16) yBC2C3C4C5(12) yC6C5CAC3(15)
530 508 565 513  PBC1C6C5(12) BC1301C10(16) BC7C1CH(36)
455 436 493 447  yC6C5C4C3(18) yCIC8C7C1(14) yC7C2C6C1(19)
421 403 451 409  vC7C1(15) BO2C7C8(10) BC7C1CH(15)
411 394 446 404  yHC3CA4C5(15) yC2C3C4C5(31) yC12C1201C10(24)
321 307 345 313 yC10C9C8C7(10) yO1C10C9C8(50) yC11C901C10(13)
309 296 327 296  PBO2C7C8(18) BC6C5C4(12) BC1301C10(10) BC7C1CH(17)
231 221 244 221 BC10C9(24) BC7C1(12) BC2C3C4(10) BCBC7CL(15)
211 202 227 206  PBC8C7C1(12) yC2C3CA4C5(12) yCIC8C7CL(15)
163 156 170 154  BC8C7C1(24)yC9C8C7C1(11)
122 117 115 104  yC2C3C4C5(11) yC6C5C4C3(11) yC1301C10C9(21)
97 93 101 91 yC1C6C5C4(23) yC10C9C8C7(20) yO1C10C9C8(14)
62 59 63 57 BC1C6C5(21) BC1301C10(10) BC8C7C1(27)
33 31 35 32 yC6C5C4C3(22) yC12C1201C10(41)
28 27 23 21 yC8C7C1C2(82)
((®) ref Vazquez-Vuelvas et al., 2015)
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Figure 6. The calculated Raman spectrum of (1) molecule with 6-311++ G (d,p)
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The geometry of the studied molecule belongs to C1 point group symmetry and as

seen figure 3 and 4, all vibrations are active in both IR and Raman.

IH and 3C NMR Chemical Shift

Table 4. The calculated chemical shifts (ppm) of (1) molecule with B3LYP

anti- 6-31G 6-31G+(d) 6-31G+(d,p) 6-31G++(d) 6-31G++(d,p)
No Exp?®. GAS DMSO  GAS DMSO  GAS DMSO GAS DMSO  GAS DMSO
C7 189.9 181.48 183.24 178.64 181.17 180.34 182.71 189.47 201.18 171.43 182.92
C10 151.69 150.29 149.37 149.66 148.94 151.63 150.48 160.27 168.19 142.49 150.67
C13 14498 140091 143.81 139.50 143.16 140.52 14470 149.99 162.54 131.28 143.94
C1 138.16 135.05 135.03 13450 134.65 136.47 136.19 145.24 15239 127.43 136.53
C4 13282 12743 129.44 126.74 129.32 127.79 130.86 137.26 147.84 118.58 130.14
C9 130.72 125.79 127.58 126.00 127.97 127.32 129.51 136.64 145.56 118.13 129.06
C2 128.47 125.67 125.19 125.92 125.26 126.97 126.79 136.53 143.00 117.93 126.17
C6 128.47 124.42 125.18 123.71 125.23 124.80 126.77 134.40 142,59 115.77 126.03
C3 12847 12355 12491 123.21 12490 124.14 126.44 133.76 142,54 115.01 125.93
C5 128.47 123.27 124,80 122.57 124.70 123.66 126.24 133.00 142.27 114.40 12551
C8 11930 11541 118.99 113.78 118.01 114.64 11955 12435 135.84 105.76 118.87
Cl1 116.33 115.34 115.02 113.27 113.09 114.46 114.63 12430 127.83 105.60 114.51
Cl12 11274 111.08 112.67 108.01 109.91 109.09 11145 118.54 127.57 9995 110.86
R? 0.9915 0.9958 0.9906 0.9962 0.9886 0.9962 0.9903 0.9919 0.9886 0.9962
H1 8.04 8.51 8.36 8.45 8.33 8.70 7.87 9.12 8.39 8.96 8.61
H7 8.04 7.89 7.92 7.69 7.75 7.99 7.30 8.36 7.83 8.25 8.08
H6 7.61 7.85 7.91 7.37 7.48 7.76 7.02 8.02 7.57 8.01 7.88
H10 7.58 7.82 8.06 7.96 8.22 8.19 7.76 8.65 8.27 8.48 8.49
H5 7.52 7.57 7.84 7.46 7.75 7.73 7.29 8.14 7.79 8.01 8.05
H2 7.52 7.51 7.69 7.45 7.62 7.62 7.17 8.12 7.70 7.90 7.84
H3 7.49 7.45 7.72 7.51 7.78 7.65 7.32 8.18 7.81 7.92 7.95
H4 7.47 7.44 7.69 7.43 7.68 7.60 7.23 8.12 7.72 7.90 7.91
H8 6.72 6.65 7.00 6.56 6.92 6.83 6.46 7.23 6.97 7.13 7.25
H9 6.51 6.51 6.79 6.41 6.66 6.70 6.21 7.07 6.61 6.99 7.01

((®) ref Vazquez-Vuelvas et al., 2015)

The *H NMR and *3C NMR chemical shifts of Chalcone (E)-3-(Furan-2-Yl)-1-Phenylprop-

2-en-1-one molecule are calculated using the gauge-independent atomic orbital method

(GIAO method) and the hybrid three-parameter B3LYP density functional in combination and

Hartree-fock methods with different basis sets such as 6-31G, 6-31+G(d), 6-31+G(d.p), 6-

31++G(d), and 6-31++G(d.p) basis sets in gas phase and in solvents (DMSO).

The calculated 'H and 3C chemical shielding values calculated B3LYP/6-31G, B3LYP/6-

31+G(d), B3LYP/6-31+G(d.p), B3LYP/6-31++G(d), and B3LYP/6-31++G(d.p) are given in the

Table 4. The calculated *H and 3C chemical shielding values calculated HF/6-31G, HF/6-
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31+G(d), HF/6-31+G(d.p), HF/6-31++G(d), and HF/6-31++G(d.p) are given in the Table 5. Also,
the value 3C NMR chemical shifts are carried regression analyses and the results were

indicated linear correlation.

Table 5. The calculated chemical shifts (ppm) of (1) molecule with HF

anti- 6-31G 6-31G+(d)(3) 6-31G+(d,p)(4) 6-31G++(d) 6-31G++(d,p)

No Exp? GAS DMSO | GAS DMSO | GAS DMSO | GAS DMSO | GAS DMSO
c7 189.95 | 200,29 202,85 |187,68 |190,71 |189,05 |192,45 |187,96 |191,29 |189,40 |192,72
C10 |151.69 | 158,95 156,86 |151,60 |149,42 |153,30 |151,47 (151,81 |149,92 |153,59 |151,89
C13 |144.98 | 154,56 157,47 | 147,29 |150,43 |148,06 |151,55 (147,61 | 151,08 |148,45 |151,66
C1 138.16 | 142,40 141,92 | 137,55 |135,99 |138,62 |138,04 |137,82 |136,54 138,96 | 141,74
C4 132.82 | 141,10 142,37 | 136,78 |137,22 |138,47 | 138,53 | 137,01 |[137,80 |138,75 | 138,78
C9 130.72 | 140,00 144,14 | 134,82 |140,06 |135,78 |141,49 |135,07 | 140,62 |136,10 | 138,26
C2 128.47 | 138,62 137,93 | 134,73 |133,72 | 135,58 | 134,93 |135,03 | 134,33 |135,91 |135,20
C6 128.47 | 135,17 137,17 | 130,96 |132,92 |131,79 |134,11 (131,27 | 133,53 | 132,19 |134,42
c3 128.47 | 132,89 133,41 | 127,25 |127,69 |128,25 |129,05 (127,54 |128,30 |128,62 |129,35
(65) 128.47 | 131,60 133,14 | 125,82 |127,37 |126,81 |128,70 (126,11 | 127,98 |127,18 |129,02
C8 119.30 | 124,61 121,30 | 118,64 |112,77 (119,27 | 114,09 |118,92 |123,82 |119,67 |124,56
C11 [116.33 (122,96 129,46 | 114,53 |123,23 |115,50 | 124,23 | 114,70 |113,23 |115,71 | 114,23
C12 [112.74 (118,10 119,18 | 109,72 |110,36 (110,70 |111,69 |110,02 (111,00 111,09 |112,03

R? 0.9902 0.9686 |0.9774 |0.9478 |0.9776 |0.9517 |0.9774 |0.9600 |0.9777 |0.9747
H1 |[8.04 9,70 9,55 9,39 9,34 9,47 9,36 9,40 9,29 9,49 9,38
H7 |8.04 9,18 9,27 8,78 8,97 8,86 8,97 8,79 8,90 8,87 8,98
H6 |7.61 8,54 8,57 7,81 7,98 8,00 8,10 7,80 7,90 7,99 8,09
H5 |7.58 8,72 9,04 8,61 9,00 8,70 9,01 8,63 8,95 8,71 9,03
H10 |7.52 8,55 8,86 8,12 8,50 8,19 8,49 8,11 8,43 8,20 8,50
H2 |7.52 8,25 8,47 7,99 8,26 8,04 8,25 8,01 8,22 8,07 8,28
H3 |[7.49 8,38 8,73 8,18 8,58 8,21 8,54 8,19 8,53 8,23 8,56
H4 |7.47 8,17 8,48 7,93 8,30 7,98 8,28 7,94 8,25 8,00 8,30
H8 |6.72 7,49 7,96 7,11 7,63 7,27 7,71 7,12 7,57 7,29 7,73
H9 |6.51 7,22 7,54 6,76 7,10 6,96 7,23 6,78 7,05 6,98 7,25

((®) ref Vazquez-Vuelvas et al., 2015)

The 13C NMR chemical shifts calculated B3LYP, R? 6-31G, 6-31+G(d), 6-31+G(d.p), 6-
31++G(d), and 6-31++G(d.p), 6-31+G(d) have been 0.9915 ppm, 0.9906 ppm, 0.9886 ppm,
0.9903 ppm, 0,9886 ppm (gas phase) and 0.9958 ppm, 0.9962 ppm, 0.9962 ppm, 0.9919 ppm,
0.9962 ppm DMSO) for 13C-NMR chemical shifts values. The 3C NMR chemical shifts
calculated HF, R? 6-31G, 6-31+G(d), 6-31+G(d.p), 6-31++G(d), and 6-31++G(d.p), 6-31+G(d),
have been 0.9902ppm, 0.9774 ppm, 0.9776 ppm, 0.9774 ppm, 0,9777 ppm (gas phase) and
0.9686 ppm, 0.9478 ppm, 0.9517 ppm, 0.9600 ppm, 0.9747 ppm DMSO) for 13C-NMR
chemical shifts values. In the 13C NMR chemical shifts calculated B3LYP, R? vales in the DMSO
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are larger than that of in the gas phase and in the 13C NMR chemical shifts calculated B3LYP,
R2 vales in gas phase are larger than that of in the DMSO. These results show that there is a

good agreement between the experimental values and the theoretical values.

Conclusion

The potential energy curves of (1) molecule were calculated as a function dihedral
angle ¢(C8-C9-C10-01) at both ab initio HF) and DFT/ B3LYP with 6-311++G (d,p) basis set and
the syn- and anti-conformers corresponding low energy conformers were determined. The
optimized molecular structures, vibrational wavenumbers of the syn- and anti-conformers of
title molecule were obtained with the two methods mentioned above. The 1H- NMR and 13C-
NMR chemical shift values and frontier molecular orbitals (FMOs) were computed from the
optimized structure of both conformers by DFT/B3LYP and HF methods with 6-311++G(d,p)
basis set. The anti-conformer of (1) molecule the transitions are calculated at wavelengths
384.65, 339.28 and 299.83 nm and for syn conformer at 385.80, 344.94 and 299.44 nm in the
gas phase atB3LYP/6-311++G(d,p) level of theory. The equilibrium state (ground state) dipole
moment values of the anti and syn conformer were calculated as 3.33 and 3.01 Debye by
B3LYP/6-311++ G(d,p) and 4.05 and 3.88 Debye by ab initio HF/6-311++ G(d,p) method. In the
the both methods and both conformer, dihedral angle ¢$(C8-C9-C10-01) is planer almost.
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1. Introduction
Let A be a class of functions f of the form

f(z):z+ianzn (1.1)

n

=2
that are analytic in the open disk U ={z:|z|<l}. Denote by A(n) the class of functions

consisting of functions f of the form

f(2)=2-Yaz", (a 20) (12)

which are analyticin U..
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We recall that the convolution (or Hadamard product) of two functions

f( _Z+Zaz and g(z —Z+Zb2

n=2

is given by

(f+g)(z)=z+> abz"=(g*f)(z), (zeV).

Note that f *xg € A.

Next, following the earlier investigations by (Goodman, 1957), (Ruscheweyh, 1981),
(Silverman, 1995), (Altintas & Owa, 1996; Altintas et al., 2000) and (Srivastava & Bulut, 2012)
(see also Aktas & Orhan, 2015; Caglar & Orhan, 2017; Caglar & Orhan, 2019; Caglar et al., 2020;
Darwish et al., 2015; Deniz & Orhan, 2010; Keerthi et al., 2008; Murugusundaramoorthy &

Srivastava, 2004; Orhan, 2007), we define the (n,&)—neighborhood of a function f e A(n)
by

N, (F)

For e(z) =z, we have

N,s(e)= {geA( sz andz |b|<5} (1.4)

Afunction f € A(n) is a —starlike of complex order y, denoted by f €S («, ) ifit satisfies

{geA( sz andz la, bn|£5}. (1.3)

the following condition

‘R{l —(Zf (2) 1]}>a, (ye\{0}, 0<a<1 zeU)

7\ f(2)
and a function f €A(n) is & —convex of complex order y, denoted by f eG; (a,y) if it

satisfies the following condition

sn{l AL )}>a, (yel\{0}, 0<a<1, ze V),

y 1'(z)

The Miller-Ross (Miller & Ross, 1993) function E, (z), defined by

zvi

=T v+n+1)

2", (v>-1 ¢>0, ze V) (1.5)

The Miller-Ross function E, (Z) does not belong to the class A . Therefore, we consider the
following normalization for the function E,  (2):
= ¢'T(1+v)

E,.(2)=T(1+v)Z"E,, :Z

n+1
2 V+n+1) , (ZeU). (1.6)

In terms of Hadamard product and E, () given by (1.6), a new operator &, :A —A can

be defined as follows:
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= T (1+v)a,, .
gv’cf(Z)Z(gV'c*f)(z):Z+;1—‘(V+—n_|_l)lz 1, (ZEU). (17)
If feA(n) is given by (1.2), then we have

= c'T(1+v)a
g f(2)=2-) ——2 ;™ (zeU) 1.8
o (2) ; I'(v+n+1) ( ) (1.8)
Finally, by using the differential operator defined by (1.8), we investigate the subclasses
M (a,7) and R (a,7;9) of A(n) consisting of functions f as the followings:
However, throughout this paper, we restrict our attention to the case real-valued v,c with

v>-1and c>0.

Definition 1.1: The subclass M (a,7) of A(n) is defined as the class of functions f such
that

z f(z2)]
—[6” ( )] -1l|<a, (zel), (1.9)
where y €l \{0} and 0<a <1.

Definition 1.2: Let R (a,7;9) denote the subclass of A(n) consisting of f which satisfy
the inequality

-2 e oo () g < (110

where y €] \{0}, 0<a<land 0<9<1.

In this paper, we obtain the coefficient inequalities, inclusion relations and neighborhood

properties of the subclasses M " (a,7) and R (a,7;9).
2. Coefficient Inequalities For M (., 7) and R (2, 7;9).

Theorem 2.1: Let f € A(n). Then f eM (a,7) if and only if
© C”_1F(1+v)

for y ell \{O} and 0<a<1l.

Proof. Let f € A(n). Then, by (1.9) we can write

7| ¢, f (z)]'

R T(Z)—l >—a|]/|, (ZEU). (22)
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Using (1.2) and (1.8), we have,
" T (1+v)

—gr(w ) [n-1]a,z"

=T (1),
=2 Fvrn) ¥

R

>-aly|, (zeV). (2.3)

Since (2.3) is true for all z € U, choose values of Z on the real axis. Letting z — 1, through the
real values, the inequality (2.3) yields the desired inequality
c" l1"(1+v

Conversely, supposed that the inequahty (2.1) holds true and |Z| =1, then we obtain
c" T (1+v)

z[gmf(z)]’ ; I(v+n) [n-1a,z

&,.f(2) B L i c“’ll“(l+v)a n
= T(v+n) "
= ¢ (1+v)
-1
nz;‘ I'(v+n) [n ]a”
= "I ( 1+v)
~.C
1-
nz;‘ I(v+n)
< |;/|

Hence, by the maximum modulus theorem, we have f(z)eM ' (a,), which establishes

the required result.

Theorem 2.2: Let f € A(n). Then f eR (a,7;9) if and only if

c" l1“(1+v

for y e \{0}, 0<a<land 0<9<1.

Proof. We omit the proofs since it is similar to Theorem 2.1.
3. Inclusion Relations Involving N ;(e) of M (,7) and R (e, 7;9)

Theorem 3.1: If
3 2a|7| (1+ v)

Cc(l+aly)’ (r1<1). .

then M (a,7)= N ;(e).
Proof. Let f (Z) eM/, (a,}/). By Theorem 2.1, we have

168



Kazimoglu, S. / Caucasian Journal of Science, 8(2), (2021), 165-172

( +V) n=2
which implies
= aly|
a < . 3.2
2 (1+aly]) >
(1+v)
Using (2.1) and (3.2), we get
C o0 0
< 1-
Tz = a2
. 2ay| _
(1+aly))
That is,
© 20¢|7/|
na =0
= )
(1+v)

Thus, by the definition given by (1.4), f(z)e N ;(e), which completes the proof.
Theorem 3.2: If

2ay|(1+v)

_cariiity) 1), 3.3

c(1+9) (|7| < ) (3.3)

then R (a,7;9) =N, 5(e).

Proof. For f(z)eR;(a,7;9) and making use of the condition (2.4), we obtain

C o0
1+ 9 <
(1+V)( + )nZ:;an a|7|
so that
Sa, < C“& (3.4)
n=2 1+9
(1+ v)( +9)
Thus, using (2.4) along with (3.4), we also get
: |7| 1+v Za
< aly+ c(9-1)a |7’|(1+V)
B (1+v) c(1+9)
< 29a|7|
(1+9)

Hence,
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ina SZa—|;f|:5

o))

which in view of (1.4), completes the proof of theorem.

4. Neighborhood Properties For The Classes M " («,7,7) and R (a,7,17;9)

Definition 4.1: For 0<7 <1 and ze U, A function f(z)eA(n) is said to be in the class
M. (. 7.17) if there exists a function g(z)eM ' (a,7) such that

‘ f(z) 4

9(2)

Analogously, for 0<7<1 and ze U, A function f(z)eA(n) is said to be in the class

<1-n. (4.1)

R (a,7,m;9) if there exists a function g(z)eR/ (a,7;9) such that the inequality (4.1)

holds true.

Theorem 4.1: If g(z)eM ' (a,7) and

. 50(1+0(|}/|)
T e al) el @] (42

then N ,(g)cM ] (a,7.n).
Proof. Let f(z)e N, ,(g). Then,

S nfa, ~b,|< 5, (4.3)

n=2

which yields the coefficient inequality,

o o
Z:;|an —b,| < > (nell).
Since g(z)eM (e, 7) by (3.2), we have
S, < - an (4.4)
? (1+alr)

(1+v)

and so
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f(Z) i|an_bn|

_ < n=2
9(2) 1-3b
C
g s (1+V)(1+a|y|)
2 ¢

(1+V)(1+0‘|7|)_0‘|7|
= 1-n.
Thus, by the definition, f(z)eM (a,y,n) for n given by (4.2), which establishes the
desired result.
Theorem 4.2: If g(z)eR (a,7;9) and
Sc(1+9)

2|:C(1+:9)—K‘|}/|(1+V)]’

then N _;(9)<=R . (a,7.m;9).

n=1 (4.5)

Proof. We omit the proofs since it is similar to Theorem 4.1.
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Siddetli akut solunum sendromu koronaviris 2'nin (SARS-CoV-2) neden oldugu COVID-
19, ilk olarak Aralik 2019'da Cin'in Vuhan kentinde tespit edildi. Su anda viris igin etkili
bir tedavi veya bagisiklama yok ve yiksek 6lim oraniyla hizla yayiliyor. Hem viral
replikasyonun hem de transkripsiyonun baslatilmasinda rol oynayan ¢ok 6énemli bir
CoV enzimi olan COVID-19 ana proteazi (Mpro), arastirmacilar igin gekici bir hedeftir.
SARS-CoV-2'nin neden oldugu COVID-19'un erken agamalarini tedavi etmek igin acilen
yeni terapotiklere ihtiyag vardir. Bu nedenle, potansiyel COVID-19 Mpro inhibitorlerini
bulmak igcin Onosma cinsinden naftokinonlar, Mpro enzimi lzerindeki olasi etkilerini
bulmak icin tarandi. Bu ¢alismada, mevcut dogal trin veritabanlarindan SARS-CoV-2
Mpro'nun potansiyel inhibitorlerini ortaya cikarmak igin molekiler yerlestirme ve
MM-GBSA dahil olmak tizere bir dizi hesaplama yaklasimi kullandik. Bulgularimiza gére
deoksishikonin, 3-hidroksi-izovaleril shikonin, propionil shikonin ve asetil shikonin
molekillerinin Mpro enzimine yiksek baglanma afiniteleri vardir. Ayrica diger shikonin
bilesiklerinin anti-Mpro enzim aktivitesine sahip oldugu gozlendi. Yerlestirme
similasyonlari ve molekiler mekanik, shikonin tiirevlerinin etkili anti-SARS-CoV-2
bilesikleri olabilecegini disiindlirmektedir.
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COVID-19, which is caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first detected in December 2019 in Wuhan, China. There is currently
no effective treatment or immunization for the virus, and it is spreading rapidly with a
high mortality rate. As a crucial CoV enzyme involved in initiating both viral replication
and transcription, the COVID-19 main protease (Mpro) is an appealing target for
researchers. Novel therapeutics are urgently required to treat the early stages of COVID-
19 caused by SARS-CoV-2. Therefore, to find potential COVID-19 Mpro inhibitors,
naphthoquinones from the Onosma genus were screened to find out their possible
effects on the Mpro enzyme. In this study, we employed a range of computational
approaches, including molecular docking and MM-GBSA, to uncover potential inhibitors
of SARS-CoV-2 Mpro from existing natural product databases. According to our findings,
the molecules deoxyshikonin, 3-hydroxy-isovaleryl shikonin, propionyl shikonin, and
acetyl shikonin have high binding affinities for the Mpro enzyme. In addition, it was
observed that the other shikonin compounds have anti-Mpro enzyme activity. Docking
simulations and molecular mechanics suggest that shikonin derivatives might be
effective anti-SARS-CoV-2 compounds.

1 1gdir University Vocational School of Health Service Department of Medical Services and Techniques-Igdir; e-mail: namikkilinc@igdir.edu.tr;

ORCID: 0000-0002-9102-1370

173


mailto:namikkilinc@igdir.edu.tr

Kiling, N. / Caucasian Journal of Science, 8(2), (2021), 173-184

1. Introduction

The coronavirus disease, which was officially designated as Covid-19 by the World
Health Organization on February 11, 2020, originated in Wuhan, China, in December 2019 and
has rapidly spread around the world in an epidemic manner (Lillie et al., 2020). The new
coronavirus was called SARS-CoV-2, according to the International Virus Classification
Commission. COVID-19 is not the first virus to be linked to a coronavirus-related severe
respiratory disease (Lai et al., 2020). Coronaviruses, on the other hand, have produced three
pandemic infections in the last 20 years: SARS-CoV-2, MERS-CoV, and SARS CoV (De Wit et al.,
2016). COVID-19 cases have been recorded in many countries throughout the globe (Wu et
al., 2020).

Coronavirus is a member of the Coronaviridae family, which is part of the Nidovirales
order. Coronaviruses are a wide family of positive-sense, single-stranded RNA viruses (Yan et
al., 2020). Coronaviruses have been detected in mice, poultry, swine, cattle, rats, turkeys,
dogs, rabbits, horses, cats, and humans, with genomic RNA measuring 26—32 kb and being
capped and polyadenylated. Coronaviruses may cause a variety of severe ailments, including
gastroenteritis and respiratory tract infections (Van Der Hoek et al., 2004). Pneumonia is the
most common indication and symptom of SARS-CoV-2 infection. Other symptoms include
headache, shortness of breath (dyspnea), cough, chest discomfort, tiredness, diarrhea,
muscular soreness, fever, anorexia, sore throat, vomiting, disorientation, and nausea. At least
four comprehensive investigations on clinical and epidemiological aspects of SARS-CoV-2
infected individuals have been conducted. Fatigue, cough, and fever were reported by 96
percent, 68 percent, and 90 percent of patients, respectively, in this study (Zheng, 2020).

There is currently no treatment available for COVID-19. As a result, medicines that may
suppress SARS-CoV-2 are required. The Main Protease (Mpro) is one of the main therapeutic
targets for combating coronaviruses (Figure 1). Polyproteins produced by viral RNA
transcription are processed by the Mpro, which is responsible for this processing in the cell
(Hilgenfeld, 2014). From humans to other animals, the amino acid sequences of the Mpro of
all SARS-like CoVs are substantially conserved (Ortega et al., 2020). The Mpro has a proclivity
towards forming dimers (protomer A and B). Three domains can be found in protomers. An
antiparallel B-barrel structure is formed by domain | (residues 8—101) and domain Il (residues
102-184). A cleft between these two domains contains the substrate-binding pocket. Domain

Il (residues 201-303) forms an antiparallel globular cluster with five a-helices (Jin et al., 2020).
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Figure 1. Crystal structure of COVID-19 Main Protease in complex with the inhibitor N3 (PDB
ID: 7BQY)

More than 150 species are known to exist in the genus Onosma (Boraginaceae) (El -
Shazly et al. 2003 ). In the flora of Turkey, the genus Onosma is represented by 97 species, 4
variations, and 1 hybrid species (102 taxa), 50 species and 1 variety of which are endemic, with
a 50% incidence of endemism (Binzet and Orcan, 2009). Naphthoquinones (alkannin, shikonin,
and alkannin/shikonin derivatives) are found in the roots of several Onosma species (Ozgen
et al., 2011; Kagramanyan and Mnatsakanyan, 1985; Sut et al., 2017; Ozgen et al., 2006). In
this study, the possible inhibitory effects of naphthoquinones in the Onosma genus on the
Main Protease (Mpro) enzyme, which is responsible for the replication of the coronavirus in

the cell, were investigated.

2. MATERIALS AND METHOD
Online bibliographic sources such as Science Direct, PubMed, Web of Science, and

Google Scholar were used to acquire data on Onosma naphthoquinones.

Protein Preparation
The RCSB Protein Data Bank (PDB) was used to get the X-ray crystal structure of COVID-
19 Main Protease (PDB code: 7BQY). The Protein Preparation Wizard of Schrédinger Molecular

Modelling Suite was used to pre-process and prepare the X-ray crystal structure. Converting
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selenomethionines to methionines, assigning bond orders, filling in missing side chains and
loops (if any) (using Prime), adding hydrogens to protein structures, generating het states at
pH 7.0+ 2.0 (using Epik), creating zero-order bonds to metals and disulfide bonds, and deleting
water molecules beyond 5 from het groups are all processes performed by Protein Preparation
Wizard. PROPKA was used to improve H-bond assignment at pH 7.0 with several water sample
orientations. The OPLS3e force field was used to minimize the energy of protein structures

under physiological parameters.

Ligand Preparation

A ligand library including 13 shikonin derivatives from Onosma species was generated
as a starting point using PubChem's 2D structures. The 2D structures of the medications
favipiravir, remdesivir, and hydroxychloroquine used in covid therapy were retrieved from
PubChem for comparison. Maestro's LigPrep module was used to create 2D structure
drawings of all ligands to be docked into the Mpro protein, as well as 3D transformations of
these structures. With the OPLS3e force field, the LigPrep module was also utilized to create

potential ionization and optical isomers of ligands at physiological pH.

Possible Binding Site Identification And Grid Generation

The main protease protein's ligand-binding sites were predicted using the Schrédinger
suite's SiteMap tool. SiteMap looks for all probable binding sites on the protein surface and
ranks them using the Dscore scoring function. Five potential binding sites for the main
protease protein were discovered as a consequence of SiteMap. Using Maestro's Receptor
Grid Generation module, a grid box of 20 A x 20 A x 20 A was formed on the best-scored

binding site predicted by SiteMap.

Extra Precision (XP) Docking

Schrodinger Maestro software was used to conduct all docking simulations and
visualizations of shikonin derivatives against the Mpro receptor (Schrédinger, 2020). The Glide
Extra Precision (XP) docking approach was used to the top-scoring binding site previously
discovered by SiteMap for a total of 13 compounds collected from Onosma species. The
receptor sites are maintained rigid throughout the XP docking technique, but the ligands are

permitted to move freely (Kiling, 2021).
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Binding Free Energy Calculation Using Molecular Mechanics/Generalized Born
Surface Area (MM/GBSA)

The free binding energies of the protein and ligand complexes were investigated using
the MM-GBSA (Molecular Mechanics, the Generalized Born model, and Solvent Accessibility)
approach. The optimum binding energy of the chosen complexes with the lowest docking
score was calculated using the Prime module of Schrodinger program. The VSGB 2.0 model
was used for the investigation, using an OPLS3e force field that included an implicit solvent
model as well as physics-based modifications for hydrophobic interactions, mt-it interactions,

and hydrogen bonding self-contact interactions (Genheden and Ryde, 2015).

3. RESULTS

Molecular docking studies using two distinct approaches were used to investigate the
possible effects of 13 shikonin derivatives in Onosma species on the Mpro enzyme. To begin,
the SiteMap module of Maestro was used to find the probable ligand binding sites for the

Mpro enzyme (Table 1).

Table 1. Five top-scored ligand binding sites of main protease enzyme

Name Dscore volume phobic philic residues

Chain A: 25,26,27,41,44,49,52,54,140, 141,142,
Sitel 1,04 2648 093 0,89 143,144,145, 163,164,165,166,167,168, 172,

187,188,189, 190,191,192

Chain A:8,107,108,109,110,111,127,151,153,
Site2 0,81 249,4 0,40 1,01 200,201,202,203,240,242,246,249,292,293,
294, 295,298
Chain A: 218,219,220,221,267,270, 271,274,
275,279

Site3 0,53 107,7 0,16 1,04  Chain A:15,17,18,19,31,69,70,71,97,119,120

Site4 0,49 73,40 0,44 1,14

Site5 0,34 53,20 0,25 1,47  Chain A: 3,4,5,207,282,284,288,291

Using the extra precision (XP) docking methodology, thirteen naphtoquinones
identified in onosma and three positive control compounds were docked to the ligand binding
site defined for the target protein. All naphtoquinones were docked flexibly to the Mpro
enzyme binding site. Additionally, we used the Prime MM/GBSA module to calculate the free

binding energies of naphtoquinones and positive control medicines to the Mpro receptor,
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allowing us to get a better understanding of the thermodynamic factors governing their
binding activities. Table 2 shows the XP docking findings and Prime MM/GBSA free binding

energy results of naphtoquinones against the Mpro receptor.

Table 2. XP docking and MM-GBSA results of naphtoquinones and reference compounds

against Mpro receptor

Name Cwore. XPGSore L absa
Deoxyshikonin -7,49 -7,50 -38,98 -44.37
3-hydroxy-isovaleryl shikonin -6,51 -6,53 -55,59 -59.02
Propionyl shikonin -5,95 -5,96 -48,05 -48.19
Acetyl shikonin -5,85 -5,87 -46,91 -45.98
Shikonin -5,65 -5,66 -37,94 -34.85
1-(5,8-dimethoxy-1,4-dioxo-1,4-

:::Z:;ﬁ,:anih;h:r:e: y2| ‘2’” 4 5,62 -5,62 43,80  -39.53
methylbutanoate

B,B—Dimethylacryl shikonin -5,58 -5,59 -49,36 -46.93
Isobutyryl shikonin -5,51 -5,52 -47,83 -45.92
Isovaleryl shikonin -5,38 -5,39 -58,85 -44.52
(E)-2-(4-hydroxy-4-methylpent-2-en-

1-yl)-5,8-dimethoxynaphthalene-1,4- -5,07 -5,07 -43,03 -38.00
dione

5,8-0-dimethyl deoxyshikonin -4,85 -4,85 -46,31 -44.95
5,8-0O-dimethylacetyl shikonin -4,59 -4,60 -50,34 -46.21
5,8-dimethoxyisobutyryl shikonin -4,31 -4,31 -45,94 -41.34
Remdesivir -8,48 -8,48 -75,77 -68.45
Hydroxychloroquine -5,19 -5,19 -36,23 -24.86
Favipiravir -3,77 -3,77 -24,11 -18.31

DISCUSSION AND CONCLUSION

The use of plants to cure diseases is a widely used practice across the globe.
Ethnobotanical research forms a large part of the practice of scientists. Health care for 80
percent of the world's population still heavily depends on herbal treatments (Oladele et al.,

2020). Numerous studies are showing that herbs have antibacterial, antifungal, and antiviral
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effects. Plants show these effects through phenolic compounds, secondary metabolites, and
other chemicals in their content (Tada et al., 1994; Koch et al., 2008; Mukhtar et al., 2008; Tan
et al., 2013; Mikaili et al., 2013). SARS, MERS, dengue, and influenza virus symptoms have
been treated using plant-derived antiviral medications (Theisen and Muller, 2012; Yu et al.,
2012; Zandi et al., 2012). Natural compounds originated from plants, such as flavonoids and
xanthones, as well as other chemical components with antibacterial, antiviral, and anti-
inflammatory properties, might interact well with SARS-CoV-2 targets. As a consequence,
herbal drugs containing these compounds as key ingredients might be beneficial in the
treatment of SARS-CoV-2 infections.

Shikonin is a key naphthoquinone natural substance obtained from Onosma species'
roots (Ozgen et al., 2011; Sut et al., 2017). Shikonin has a diverse set of pharmacological
properties, including anti-cancer, anti-oxidant, antibacterial, and anti-inflammatory
properties. Shikonin has been reported to have antiviral effect against the adenovirus and
human immunodeficiency virus-1 (HIV-1) (Anddjar et al.,, 2013; Chen et al., 2003). These
properties of the shikonin compound have increased the interest in this compound and its
derivatives. Therefore, our current study was designed considering that shikonin and its
derivatives may have a potential effect on SARS-CoV-2 virus. For this purpose, the potential
effects of shikonin and its derivatives on the SARS-CoV-2 Main Protease enzyme were
investigated using molecular docking and molecular mechanics techniques.

Molecular docking simulations showed that the best scoring compound was
Deoxyshikonin. Although deoxyshikonin scored lower than Remdesivir, it scored better than
the other positive control compounds hydroxychloroquine and favipiravir. Deoxyshikonin
made hydrogen bonding with amino acid residues LEU141, GLY143, GLU166, and GLN189 at
the active site of the Mpro enzyme (Figure 2 and 3). In the molecular mechanical calculations
for the Deoxyshikonin compound, it was determined that the free binding energy for the Mpro
enzyme was -44.37 kcal/mol (Table 2). 3-hydroxy-isovaleryl shikonin compound, another high-
scoring compound against SARS-CoV-2 Mpro enzyme, was found in hydrogen bond interaction
with ASN142, GLU166, GLN189, and GLN19 residues in the active site of the enzyme, similar
to the deoxyshikonin compound (Figure 2). The 3-hydroxy-isovaleryl shikonin compound was
determined as the compound with the highest free binding energy value (59.02 kcal/mol)
among the shikonin derivatives, whose possible inhibition effects against the Mpro enzyme

were investigated. The free binding energies of Propionyl shikonin and Acetyl shikonin
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compounds, whose docking scores against the SARS-CoV-2 Mpro enzyme were very close to
each other, were similarly close. While the propionyl shikonin compound hydrogen bonded
with the amino acid residues LEU141 and GLN189, Acetyl shikonin hydrogen bonded with the
residues of GLU166 and THR190 in the catalytic active site of the Mpro enzyme (Figure 2).
Propionyl shikonin and Acetyl shikonin both outperformed the positive control compounds
hydroxychloroquine and favipiravir. Considering the free binding energies and docking scores
of these two compounds, it can be said that they have a potent affinity for the SARS-CoV-2
Mpro enzyme. Other shikonin derivatives other than the best-scoring deoxyshikonin, 3-
hydroxy-isovaleryl shikonin, propionyl shikonin, and acetyl shikonin compounds against Mpro
enzyme also showed very high affinity for Mpro enzyme regarding their docking scores and
binding free energies.

Novel therapies for treating the early stages of COVID-19 induced by SARS-CoV-2 are
urgently needed. Mpro is one of the antiviral targets that might be used to treat SARS-CoV-2.
Natural resources abound, which may be used to find pharmacologically important natural
compounds. In this study, to find possible inhibitors of SARS-CoV-2 Mpro from existing natural
product databases, we used a variety of computational techniques, including molecular
docking and MM-GBSA. The molecules deoxyshikonin, 3-hydroxy-isovaleryl shikonin,
propionyl shikonin, and acetyl shikonin exhibit great binding affinities for the Mpro enzyme,
according to our findings. Furthermore, it was discovered that the other shikonin compounds
displayed potential anti-Mpro enzyme activity. Shikonin derivatives may be strong anti-SARS-

CoV-2 drugs, according to docking simulations and molecular mechanics.
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Figure 2. 2D ligand interaction diagrams of deoxyshikonin (A), 3-hydroxy-isovaleryl shikonin

(B), propionyl shikonin (C), and acetyl shikonin (D).

Figure 3. 3D surfaced and 3D detailed binding mode of deoxyshikonin compound. Ligand

binding sites of the Mpro enzyme are represented as solid surfaces.
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Electroluminescent relevant literature. According to the theoretical and simulation results obtained from
molecules the B3LYP 6-311G++(d,p) and CAMB3LYP 6-311G++(d,p) basic set calculations of the
Density functional DFT (Density Functional Theory) method used in this study; when the HOMO-LUMO
theory energy differences were examined, it was determined that from among the studied

candidate molecules, there were potential molecules that have/could have
optoelectronic features. Therefore, it is expected that the study will shed light on
synthetic organic chemistry procedures in terms obtaining optoelectronic materials.
Organic electronic devices are quite remarkable due to their optoelectronic features.
These devices can be examined under three main headings. These are organic light
emitting diode (OLED), organic thin-film transistors (OTFT) and organic solar cells. These
devices are usually structured in the form of anode-organic material-cathode layers
placed on top of each other.

Giris

Elektronik endistrisi, dizlistu bilgisayarlar, akilli telefonlar, kameralar ve televizyonlar
gibi Urdnlerle diinya capinda her yil trilyonlarca dolari hareket ettirmekten sorumlu olan
kiiresel ticaretin en 6nemli yapitasidir. Tim bu cihazlar, gipler veya mikrogipler olarak bilinen
entegre devrelere dayanmaktadir. Bu bilesenler oncelikle inorganik vyari iletken
malzemelerden uretildigi ve en dnemli kimyasal elementin silikon oldugu bilinir. Ancak, son
yillarda Organik Elektronik olarak bilinen yeni bir arastirma bolimi ortaya ¢ikmaktadir. Bu
teknolojiler arasindaki fark, organik diyotlar, transistorler ve sensoérler gibi bazi bilesenlerin
Uretiminde inorganik malzemelerin yerini organik bilesiklerin almasidir. Bu bilesiklerin ana
avantaji mikrogipler ve hatta biyik esneklige sahip mikroislemciler olusturma olasiligidir. Bir
diger 6nemli avantaji da, glinimiizde Organik Isik Yayan Diyotlar (OLED) ekranlarin imalati igin
kullanilan 1sik yayan cihazlar yaratma yetenegidir. Ancak, bu elektro-isildayan organik
bilesiklerin bircogu, ekranlarin imalatinda uygulanmasini engelleyen genis emisyon bantlarina
sahiptir. Bu sorun, l¢ degerlikli nadir toprak iyonlari iceren bilesiklerin kullaniimasiyla asilabilir
(Gallardo ve ark., 2011; Sabbatini ve ark., 1993). Organik 1sik yayan cihazlarin (OLED'ler) ilk
gosteriminden bu yana, OLED'leri diiz panel ekranlarda ve kati hal aydinlatmalarinda ticari
uygulamalara getirmek icin kapsamli arastirmalar yapiimistir (Wu ve ark., 2009).

Organik elektronik cihazlar, optoelektronik 6zellikleri nedeniyle oldukca dikkat
cekicidir. Bu cihazlar lic ana baslik altinda incelenebilir. Bunlar; organik isik yayan diyot (OLED),
organik ince film transistorler (OTFT) ve organik giines pilleri olarak siniflandirilir. Bu cihazlar
genellikle birbiri Gzerine yerlestirilmis anot-organik malzeme-katot tabakalari seklinde
yapilandirilmistir. OLED'ler, bir elektrik akimi uygulandiginda ince bir zar tabakasindaki organik
molekiiller araciligiyla isik Giretebilen cihazlardir. iki metal arasina bir veya daha fazla organik

yari iletken tabaka yerlestirilerek hazirlanirlar. Hem anot hem de katot yari gecirgen olabilir.
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Elektroliiminesans sirasinda isik yayan cihaza OLED denir (Forrest, 2004; Malenfant ve ark.,
2002).

Son zamanlarda heterosiklik bilesiklerle ilgili bir¢ok literatiir ortaya ¢ikmistir (Bahgeci
ve ark., 2016; Kog ve ark., 2020; Ozbek ve ark., 2019; Oztiirkkan ve ark., 2021; Oztiirkkan Ozbek
ve ark., 2020; Sertcelik, Akbaba, ve ark., 2021; Sertcelik, Oztiirkkan Ozbek, ve ark., 2021;
Turhan Irak & Beytur, 2019; Ugurlu & Beytur, 2020; Ulas, 2021, 2020). Yeni heterosiklik organik
bilesiklerin gelistirilmesi, chemical (Beytur & Avinca, 2021; Boy ve ark., 2021; Ciftci ve ark.,
2018; Kardas ve ark., 2016; Kotan ve ark., 2020; Turhan Irak & Beytur, 2019), iyonik veya
biyolojik problar (Beytur, 2020), kemosensorler (Wang ve ark., 2015), dogrusal olmayan optik
malzemeler (Beytur ve ark., 2019; Guezguez ve ark., 2014), glines pilleri icin verimli ylik tasima
ve/veya floresan malzemeler (Shirota & Kageyama, 2007), organik 1sik yayan diyotlar (OLED)
(Danel ve ark., 2015; Ulla ve ark., 2014; Zhang ve ark., 2015), diz panel ekranlar (Wang ve
ark., 2004) ve aydinlatma teknolojileri (Sun ve ark., 2006; Zhao ve ark., 2017) gibi potansiyel
floresan uygulamalari nedeniyle blyik ilgi gdrmustdr.

Gunumizde, Schiff bazlari cok 6nemli organik bilesikler sinifidir ¢linki sentezlenmeleri
ve katalizorler (Gupta & Sutar, 2008), gorsel pigment (Arun ve ark., 2010), kemosensor (Zhou
ve ark., 2012) ve genis bir biyolojik faaliyetler (Murthy ve ark., 2011) gibi sayisiz uygulamalarla
tasarlanmalari kolaydir.

Bu calismada kullanilan DFT (Yogunluk Fonksiyonel Teorisi) yonteminin B3LYP 6-
31++G(d,p) temel seti hesaplamalarindan elde edilen teorik ve simiilasyon sonuglarina gore;
HOMO-LUMO enerji farkhiliklari incelendiginde, 2-[3-(metil/etil/p-metilbenzil)-5-okso-1H-
1,2,4-triazol-4(5H) arasindan )-il]-izoindolin-1,3-dion (lkizler & Yuksek, 1996) molekillerinin,
optoelektronik o6zelliklere sahip olabilecek potansiyeli oldugu belirlendi. Bu nedenle
¢alismanin optoelektronik malzemelerin elde edilmesi agisindan sentetik organik kimya

prosedirlerine 1sik tutmasi beklenmektedir.
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Sema 1: 2 Tipi bilesigin sentez yontemi; a) R= CHs, b) R= CH,CHs, c¢) R= CH,CsHaCH3(p-)

Materyal ve Yontem

Hesaplama Yéntemleri

Korozyon inhibitorlerinin belirlenmesinde deneysel ydntemler kadar hesaplamal
kimya yontemleri de 6nemlidir. Deney yapilmadan bir inhibitériin aktivitesi bazi kuantum
kimyasal verileri kullanilarak yorumlanabilir (Li ve ark., 2011). Kuantum kimyasal
hesaplamalari ile organik bilesikler arasinda korozyon onleyici gibi davranabilen bilesikler
tasarlanabilmektedir. Korozyonla ilgili teorik ¢alismalarda siklikla kullanilan kuantum kimyasal
parametreleri atomik yikler, molekiler yoéringe enerjileri ve enerji basliklari altinda
toplanabilir (Karelson ve ark., 1996). Yani korozyon inhibitorlerinde molekiiler aktivite, yapi ve
ylk gibi parametrelerin hesaplanmasi gerekmektedir. Molekiliin olasi yapisi, sterik engele
veya inhibitoriin metal sollisyon arayiziine nasil yaklastigina biraz isik tutabilir. Baska bir
yaklasimda, yoringe enerjilerinde ve yoriinge enerjilerindeki farkhliklar, inhibitoriin ¢cevrede
elektrokimyasal olarak nasil davrandigini da gosterebilir.

Hesaplamali kimyada ise molekiiller, ab initio, yari deneysel ve molekiler mekanik
olmak Gzere U¢ temel yonteme gore hesaplanir. Yogunluk Fonksiyonu Teorisi (DFT) (Kohn &
Sham, 1965), Hohenberg ve Kohn tarafindan teorize edilen, son 20 yilda arastirmacilar
tarafindan en yaygin olarak kullanilan yontemdir. DFT, bir molekilin toplam elektron
enerjisinin, o molekdlln elektron yogunluguna bagh olarak bulunmasi ilkesine dayanir.

Gaz fazindaki ve temel durumdaki molekiillerin yaklasik geometrisi GaussView5.0
(Dennington ve ark., 2009) molekiler gorintileme yazihminda cizildi ve Gaussian09W
software (Foresman & Frisch, 1996; Frisch ve ark., 2009) yaziiminda hesaplandi. Yapilarin
elektronik 6zelliklerinin daha iyi belirlenebilmesi icin elektron yogunlugunu dikkate alan ve bu
elektron yogunlugu Ulzerinden istenilen verileri Ureten DFT yodntemi kullanildi. Ayrica

Gaussian09W vyaziliminda uygun hibrit fonksiyon B3LYP 6-311G++(d,p) ve CAMB3LYP 6-
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311G++(d,p) (Becke, 1996) temel setleri kullanildi. 2-[3-(Metil/etil/p-metilbenzil)-5-okso-1H-
1,2,4-triazol-4(5H)-il]-izoindolin-1,3-dion (lkizler & Yiiksek, 1996) bilesikleri optimize edildi ve
yogunluk fonksiyonel teorisi (DFT) hesabi kullanilarak ve zamana bagh DFT (TD-DFT) yontemi
kullanilarak enerji seviyelerinin (singlet ve triplet) yerleri hesaplandi. Teorik hesaplamalarla
optimize edilen molekillerin HOMO-LUMO sekilleri elde edildi. Her molekilin HOMO-LUMO
enerji farki (AE) ve S1 ve T1 durumlari arasindaki enerji boslugu (AEst) eV cinsinden hesaplandi.
Sonuglar ilgili literatlirden elde edilen degerlerle karsilastirildi. DFT ve TD-DFT ydnteminin
B3LYP/6-311G++(d,p) ve camB3LYP/6-311G++(d,p) temel set hesaplamalarindan teorik ve
similasyon sonuglari elde edildi.

En Yuksek Dolu Molekiler Yoriingenin Enerjisi (Esomo) ve En Dulsik Bos Molekiler
Yoringenin Enerjisinden (ELumo), tim geometri icin optimize edilmis yapilardan elektronik yapi
tanimlayicilari olan LUMO-HOMO enerji boslugu (AEgap), mutlak sertlik (n), mutlak
yumusaklik (o), elektronegatiflik (x), kimyasal potansiyel (Pi), elektrofiliklik indeksi (w),
nukleofilik indeksi (€) ve dipol momenti (1) ve korozyon dnleme aktivitesi ile iligkili transfer

edilen elektron fraksiyonu (AN) hesaplanmistir.

Bulgular ve Tartisma

Geometrik Optimizasyon

CGalisilan tiim yapilarin gaz fazi geometrisi optimizasyonlari éncelikle MM2 yéntemi ve
ardindan yari deneysel PM3 tutarli molekiiler orbital (SCFMO) yontemi kullanilarak belirlendi.
B3LYP/6-311G++(d,p) taban seti kullanilarak gelismis geometri optimizasyonlari saglandi. Her
yap! i¢cin normal mod analizi, her li¢ hesaplama yonteminde de herhangi bir negatif frekansla

sonuclanmadi (Turhan Irak & Gumus, 2017).

Organik Elektroliiminesan Ozellikleri
2-[3-(Metil/etil/p-metilbenzil)-5-okso-1H-1,2,4-triazol-4(5H)-il]-izoindolin-1,3-
dionlarin (lkizler & Yiiksek, 1996) HOMO ve LUMO dagilimlari, B3LYP 6-311++G(d,p) ve
CAMB3LYP 6-311++G(d,p) temel setleri (Becke, 1996) kullanilarak yogunluk fonksiyonel teorisi
(DFT) hesaplamalartiile belirlendi. Sekil 1'de gosterildigi gibi, Tum bilesikler icin, DFT/ B3LYP 6-
311G++(d,p) 'ye gore, 2a, 2b ve 2c'nin hesaplanan HOMO/LUMO eneriji seviyeleri sirasiyla
-6.62/-2.96, -7,46/-2,94 ve -6,56/-2,94eV olarak hesaplandi. Ayrica, TD-DFT/6-311

G++(d,p)'ye goére 2a, 2b ve 2c'nin hesaplanan B3LYP / CAM-B3LYP eneriji seviyeleri sirasiyla
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0.033/0.112, 0.032/0.106 ve 0.029/0.099 eV olarak belirlendi. Molekuller hesaplanan AE ve
AEst degerlerine gore degerlendirildi. Bir molekiliin OLED olarak kullanilabilmesi igin yari
iletken Ozellikler sergilemesi gerekir. Yari iletken malzemelerin AE degeri 0,5 ila 4,0 eV
arasindadir. 2a-c bilesiklerinin hesaplanan AE degerleri 4 eV'nin altindadir. ikinci olarak
HOMO-LUMO vyoringe bolgeleri incelenmistir.  HOMO-LUMO bolgeleri birbirinden

ayrilmalidir. Degeri 0,5 eV'den kiiglk olan molekiiller aday molekdller olarak kabul edilir.
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Sekil 1. Bilesiklerin (2a-c) temel durum geometrisi (GSG), HOMO ve LUMO goriinimleri.
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Tablo 1. Hesaplanan organik elektrominesans ozelliklerinin sonuglari (Tim veriler eV

cinsindendir)

DFT TD-DFT (AEsr)
B3LYP/6-311G++(d,p) B3LYP CAM-B3LYP
R HOMO LUMO  AE 6-311G++(d,p)  6-311G++(d,p)
2a -CH3 -6,62 -2,96 3,66 0,033 0,112
2b -CH,CH3 -7,46 -2,94 4,52 0,032 0,106
2c -CH,CeHaCH3  -6,56 -2,94 3,62 0,029 0,099

Elektronik Parametreler

incelenen molekiillerin Gauss cikti dosyasindan elde edilen elektronik yapiya bagh 1H-
1,2,4-triazol-4(5H)-yl]-izoindolin-1,3-dion tlirevlerinin elektronik yapilarindan tiretilen
parametreler En Yiiksek Dolu Molekiler Yoriingenin Enerjisi (Enomo), En Distik Bos Molekdler
Yoringenin Enerjisinden (Eumo) elde edilmistir [43]. LUMO-HOMO enerji araligi (AEgap),
mutlak sertlik (n), mutlak yumusaklk (o), elektronegatiflik (x), kimyasal potansiyel (Pi),
elektrofiliklik indeksi(w), ntkleofilik indeksi (g) ve dipol momentin (u) gibi elektronik 6zellikler
incelenmistir.

Koopman teoremine gore, herhangi bir kimyasal tirin EHOMO ve ELUMO degerleri,
iyonlasma enerjisi ve elektron afinite (Koopmans, 1934; Sastri & Perumareddi, 1997), Enerji
boslugu (AEgap) (Jesudason ve ark., 2009), mutlak sertlik (n) (Gokce & Bahcgeli, 2011), mutlak
yumusaklik (o) (Arivazhagan & Subhasini, 2012) elektronegatiflik (x) ve kimyasal potansiyel
(Pi) (Masoud ve ark., 2012) degerleri ile iliskilidir ve asagidaki sekilde hesaplanabilir.
Elektrofiliklik indeksi (w), verici ve alici arasindaki maksimum elektron akisindan kaynaklanan
enerji tiikenmesinin bir 6lctstdir (Kiyooka ve ark., 2013). Denklem 8'deki gibi verilmistir. Yeni

bir molekiler yapi tanimlayicisi olan nikleofilik indeksi (¢) (Pearson, 1988) denklemdeki gibi

hesaplanr.

= -Eromo (1)
A= -Erumo (2)
AE= ( Erumo — Eoo) (3)
n=(1-A)/2 (4)
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o=1/n (5)
x=(1+A)/2 (6)
Pi= X (7)
w= P?/2n (8)
e=Pixn (9)

Tablo 2. 1H-1,2,4-triazol-4(5H)-yl]-izoindolin-1,3-dion tiirevlerinin elektronik ozellikleri (Tim

veriler eV cinsindendir).

Comp. 2a 2b 2c
Subst. -CH3 -CH2CHs -CH2CsH4CH:s
I 6.620 7.461 6.560
A 2.961 2.939 3.619
AE 3.660 4.422 2.941
c 0.0025 0.0031 0.0020
X 4.790 5.200 5.900
€ 4.0462 3.2744 5.0344
w 0.0283 0.0413 0.0257
Pi -4.790 -5.200 -5.900
n 1.830 2.261 1.471
Sonug¢

Bu ¢alismada, molekiiller, hesaplanan AE ve AEST degerlerine gore degerlendirilmistir.
Bir molekuliin OLED olarak kullanilabilmesi igin yari iletken 6zellikler sergilemesi gerekir. Yari
iletken malzemelerin AE degeri 0,5 ila 4,0 eV arasindadir. 2a ve 2c'nin hesaplanan AE degerleri
4 eV'nin altindadir. ikinci olarak HOMO-LUMO yériinge bélgeleri incelenmistir. Molekiillerin
HOMO-LUMO bolgeleri birbirinden belirlenmistir. Son olarak, EST degeri 0,5 EV'den disuk
olan molekiiller, aday molekiiller olarak kabul edilir. incelenen bilesikler arasinda, 2b bilesigi
HOMO-LUMO enerijileri, AE ve AEst verileri olarak yari iletkenlik 6zelligi acisindan 2a ve 2c

bilesiginden daha iyi oldugu belirlenmistir.
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Biological, Radiological, Nuclear Events

Cagatay KADIRSOY?, Gokhan NUR?, Hiiseyin KAFADAR?

Makalenin Alani: Saglik Bilimleri, Miihendislik
0z
Kimyasal, Biyolojik, Radyolojik ve Niikleer (KBRN) sahalari, niteligi bakimindan oldukga
cesitli riskler barindirmaktadir. Kimyasal, biyolojik, radyolojik ve niikleer tehditler ayri
ayri riskler olusturabildigi gibi komplike riskler de olusturabilmektedir. Bu sebeple olasi
bir KBRN kazasi veya afeti durumunda olay yerinde olusabilecek riskler tespit edilmeden

Makale Bilgileri

olay yerine girilmesi mimkin olamamaktadir. Bu durumda olay yerindeki risklerin
tespiti i¢in gegen siire uzun olmakta ve siire boyunca higbir ekip olay yerine girerek bilgi
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Anahtar Kelimeler
ve miidahale sansi bulamamaktadir. Bu calismada 6zellikle KBRN sahalari gibi girilmesi
gilivenli olmayan sahalarda olabilecek olgularda, olay yerindeki vakalarin genel saglik
durumunun tespiti icin termal kamera ile durum tespiti yapilabilmesi (zerine
cahsilmaktadir. Ulasilmasi giic veya yiksek tehlikeli alanlardaki (KBRN sahalari)
olgularda, olay yeri hakkinda yasayan birey ve yaralanan durumu gibi bilgilerin alinmasi

ihtiyacinin oldugu ve olmaya devam edecegi agiktir. Bu ¢alismada yasamsal bulgulardan,
birden ¢ok kisiye ayni anda uygulanabilirligi ve temassiz tespit edilebilirligi gibi
avantajlariyla beraber termal kameralarin insansiz hava araglarina entegre bir bicimde
kullanilabilmesi sebebiyle viicut isisi yani ates 6lgimi Gzerine odaklaniimistir. Bununla
birlikte elde edilen géruntiler Gizerinde otonom analiz teknikleri Gzerine calisiimistir.
Calismamiz kapsaminda KBRN olgularinda viicut isisi (izerinden yasam bulgusu ve
etkilenme seviyesi degerlendirmesi amaciyla termal kameralarin nasil kullanilabilecegi

Uzerine bir 6n ¢alisma yapilmistir.

Chemical, Biological, Radiological, Nuclear (CBRN) areas contain various risks due to
their structure. Chemical, biological, radiological, and nuclear threats can create

Abstract
separate or combined risks. For this reason, it is not possible to enter the scene safely
without detecting the risks that may occur in a possible CBRN accident or disaster. Since
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Deep Learning In this article, it is studied the determination of the general health status of people in
Infrared hazardous CBRN zones via a thermal camera. It is obvious that there is a continuous
Thermography need to obtain information about the scene of the incident such as the alive, sick, and

Thermogram injured people in the situation of hard-to-reach and highly hazardous CBRN areas. In
Feverly addition, autonomous analysis techniques were studied on the obtained images.
In this study, it is focused on the determination of health status according to body
temperature measurement, which is one of the vital signs, by the advantages of

applying to more than one person without contact provided by thermal cameras
integrated into a UAV. In addition, autonomous analysis techniques were studied on the
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obtained images. Within the scope of the study, a preliminary study was implemented
on how thermal cameras can be used to evaluate vital signs in CBRN cases and to
evaluate exposure levels according to body temperature.

Introduction

Today, vital signs can be easily observed with current technologies in disasters and
emergencies where many people are affected. As it is known, the first step in all disaster and
emergency cases, scene safety comes first in the response process. Also, considering the
chemical, biological, radiological, and nuclear threats, it is extremely important how to treat
people exposed to the incident. In this case, it is extremely important to get information about
the general health condition of the people exposed to the incident and determine how many
people were affected as sick or injured by the CBRN incident and calculate the probability of
survival (Richard et al., 2013).

In this study, the approach of collecting the local or general body temperature data of
affected people is proposed to understand the damage caused by CBRN threats. According to
this approach, the possibility of determining the health condition of the affected people is
studied by analyzing the data obtained from the thermal camera images.

The main purpose of the study is to put a preliminary study on the effect of thermal
cameras for obtaining vital signs in various CBRN incidents. Crime scene safety is achieved
quickly in many cases but in CBRN situations it is difficult to ensure (AFAD, 2021). The main
reason is CBRN incidents are complex cases. Many CBRN research and application studies in
the fields of industry, energy, and health have indirectly increased the probability of accidents.
The accidents that occurred during these studies have taken a place in memory as they have
caused many fatal disasters in the history of the world (Eksi, 2016). It must keep in mind that
CBRN agents can be used as weapons of war or for terrorist purposes. Expanding impact areas
and successional CBRN reactions may occur in CBRN attacks or CBRN disasters (Sari and
Seyhan, 2012; Marsella and Sciaretta, 2018).

For this reason, a contactless, non-invasive, and remotely controllable analysis
technique compared to existing measurement technologies was deemed necessary to
evaluate the conditions of people in CBRN events. In this manner, the usability of the
thermography method relating to body temperature data for vital sign detection has been

investigated.
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Body Temperature (Fever)

Since the earliest times, body temperature has been seen as one of the most basic vital
signs. The main reason is body temperature has a quite wide etiology. It appears as the main
variable in many cases such as inflammatory (infectious) diseases, various enzyme and
hormonal changes in endocrinology, chemical agent or drug use, radiation absorption, and
death. Body temperature changes obser ve most effectively on the skin. Body temperature
change has been observed most effectively on the skin. The body temperature causes
radiation emitted from the skin and the radiation level can be measured by infrared

spectroscopy. (Ring et al., 2010).

Body temperature variability in CBRN circumstances

According to analysis, it is observed that CBRN agents caused direct or indirect variability
in body temperature. It is known that most biological infectious agents increase body
temperature (Erkekoglu and Koger, 2018). In addition, the direct effects of radiation in
radiological incidents on body temperature are known. In nuclear incidents, a specific increase
occurs in body temperatures according to the ambient temperature rise due to radiation
(Ayan and Donmez, 2018). Chemical agents cause various reactions on the body and indirectly
cause changes in body temperature (Ganesan et al., 2010).

Mass deaths are one of the most negative situations that may happen in CBRN incidents.
It is especially important to get information about the number of dead and alive in the CBRN
area. In a death situation, the metabolic activities gradually decrease and stop. Thermal
cameras provide highly specific life-saving information in this field.

Due to the wide etiology of body temperature, it is difficult to determine what kind of
CBRN agent caused the body temperature change. For this reason, it is hard to make a definite
diagnosis based on body temperature. However, detecting the common body temperature
variability will strengthen the assumption of influence and simplify the elimination of
misdiagnoses. For this reason, observation with a thermal camera in CBRN incidents is

promising as it saves time by performing collective analysis.

Infrared radiation and human infrared
Electromagnetic radiation waves cover a very wide range of wavelengths and

frequencies between gamma rays and radio waves. The infrared spectrum represents the part
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after visible light in the region of non-ionizing radiation. The wavelength of infrared radiation
is 0.75-1000 um (micrometers) (Gade and Moeslund, 2014; Balci and Sensoy, 2004).

Every object above zero temperature emits a specific infrared wave. The wavelength,
and frequency of the emitted infrared radiation change in direct proportion with object
temperature. Although this wide range of radiation, the infrared waves emitted by a normal
person are in a very narrow range of 8 -12 um. So, thermal images can provide distinctive data

(Psokoski, 2000; Usamentiaga et al., 2014).

Thermal infrared cameras and their usage areas

Thermal imaging studies were first started on night vision in the USA in the 1940s.
Studies have progressed day by day and had been used in many fields, up to today's modern
thermography technique (Gade and Moeslund, 2014). A thermal infrared camera detects
infrared waves emitted by an object and converts them into electronic signals and creates
thermal images. While the thermal images are defined as thermograms, the name of this
technique is defined as infrared thermography (IRT) (Usamentiaga et al., 2014).
Infrared thermography has many advantages:
1. IRTs are non-contact thermometers: there is no need to contact the heat source for
measurement. In this way, extremely hot objects, or dangerous products such as acids can be
safely measured and keep the user out of danger.
2. IRT provides two-dimensional thermal images that users can make comparisons between
target areas.
3. IRT quickly scans stationary targets, fast-moving targets and compares rapidly changing
thermal patterns.
4. IRT has no harmful radiation effects like X-ray imaging technology has. It is suitable for long-
term and repeated use.
5. IRT is a non-invasive and painless technique. There is no interventional interference with
the target in any way (Speakman and Ward, 1998).

One of the most critical areas of use of thermal cameras is human thermal imaging. The
infrared thermal imaging studies were first found for night vision purposes in the 1940-1950s,
human use studies started in 1963. The first infrared thermograms appeared in the black and

white format (Barnes, 1963).
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Infrared thermography (IRT) is a fast, passive, and non-invasive technique compared to
other techniques. The biggest advantage of body temperature analysis with a thermal camera
is thermal cameras do not need to focus on a single point. Thus, body temperature obtained
according to thermal image can give an idea about a large part or all the body. Body
temperature distribution can be seen as an inhomogeneous color map in thermal camera
measurements. The main reason is the various parts of the body are at different temperatures
and their surface areas are variable. For this reason, when there is a local temperature
increase, a color change is also observed in the thermal camera. Other advantages are,
thermal cameras are not affected by the skin color of humans, produce thermal images
independently of daylight, and capture images on a large group of people at the same time
(Ilvanescu and Ciupitu, 2010; Tkacova et al., 2011).

Considering the latest technologies, the use of special thermal infrared imagers in the
medical field is increasing day by day. It is used successfully in the field, especially in the
detection of cancer types, diabetes, neuropathy, peripheral vascular disorders, and many
similar diseases, and it can also be used in research such as the variables of activity result and
the investigation of body comfort (lvanescu and Ciupitu, 2010; Jackers, 2014).

Today, advanced thermal imaging devices with high sensitivity are being developed and
used, especially in the medical field. The human body is variable in terms of vascular structure,
muscle distribution, distribution of joints, skin thickness, regions of organs, and
endocrinological factors that cause temperature differences in terms of body regions apart
from various illnesses. Due to this variability, body temperature is not distributed
homogeneously. For this reason, very distinctive features are observed in terms of color

distribution in human thermography (Lahiri et al., 2012).

Use of thermal camera in disaster or accident situations

Firefighters, search and rescue personnel, emergency medical personnel, and security
units can benefit from the use of thermal cameras in case of an accident or disaster (Doherty
and Rudol 2008). The main reason is thermal cameras can be used in many areas such as scene
security, number, and location of the sick and injured people, emergency classification of the
sick and injured people (Amon et al.,, 2005). Many field examples can be given such as
remotely detecting casualties in a large area, detecting overheated areas, making risk analysis

in the crisis area, using night vision feature for search and rescue in a dark area, detecting
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general information of health condition of people, disease diagnosis, and eliminating
misdiagnoses. (Amon et al., 2005; Doherty and Rudol 2008).

Although thermal cameras are a very efficient technology on their own, they can be used
in combination with various robotic systems according to the characteristics of the research
field today (Lock and Amon, 2008). Images taken from the thermal camera can be instantly
transferred to long distances via mobile network systems. The location tracking can be made
via GPS systems. In the search and rescue field, thermal cameras integrated onto UAVs and
combined with a mobile network system and GPS system are used. (Amon and Lock, 2008;
Rodin et al.,, 2018). Unmanned aerial vehicles (UAVs) are defined as reusable motorized
aircraft that can be remotely controlled autonomously or semi-autonomously without a
manned pilot, depending on the task to be performed, and that perform special tasks in the
atmosphere or outside for a certain period, with different loads depending on their
characteristics (Blyenburgh Van, 1999). It offers very economical and practical solutions to
affordable prices, especially due to its remote-control capability.

Another technology is the smartphones with thermal camera features, as well as
thermal cameras with the ability to connect to phones with simple interfaces (Rodin at al.,
2018). In this way, the use of thermal cameras in the relevant field has become extremely easy
and accessible. In addition, today's technology works on the processing and classification of
images. Through the help of software, people detection, counting, and situation analysis can
make simultaneously (Lee et al., 2015). In this way, automatic thermal image analysis becomes
possible with remotely controlled UAVs in case of disasters and CBRN incidents. Its usability is
promising especially in dangerous situations where incident scene safety cannot be provided.
The research has been done on the use of thermal cameras in the CBRN field, and it is
concluded that deep learning studies with thermographic data in CBRN fields will yield

successful results (Nguyen et al., 2017; Arora and Singh, 2020).

Global difficulties for thermal camera use in CBRN field

Infrared Thermography is a sensitive measurement technique due to its structure.
Working with Infrared Thermography, it is necessary to consider many factors that affect the
interpretation of thermographic data, so the results are consistent and meet validation
parameters. These factors are divided into three main groups as environmental factors,

individual factors, and technical factors (Quintana and Sillero, 2015).
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Environmental factors are related to the environment in which the measurement is
made. These are ambient size, ambient temperature, relative humidity, atmospheric pressure,
and ambient radiation level. The ambient size should be wide enough to meet the factors such
as the distance and angle required to take the image. Ambient temperature, atmospheric
pressure, and relative humidity level affect the body temperature of living objects in the
environment. The ambient radiation intensity also should not be ignored, as the radiation level
can both increase the temperature of the living thing and degrade the infrared wavelength
(Shterenshis, 2017).

Individual factors are gender, age, anatomical features (height, weight), physiological
characteristics (metabolism rate, hormonal status, skin blood supply level), circadian rhythm
(the amount of heat exchange between various times of the day), hair density, skin emission,
medical condition (genetic factors, food intake status, drug intake, use of various chemicals).
It should be considered that most of these factors can influence body temperature, as well as
the clarity of the thermal image. Technical factors are accuracy, reliability, technical protocols,
distance vision capability, camera position and angle, camera features (temperature range,
resolution, margin of error) (Shterenshis, 2017).

To standardize these factors, the University of Glamorgan has prepared the Glamorgan
protocol as a standardization that will form the basis for medical thermography. Although it
may seem complex to have so many variables for thermal imaging, it should be considered

during studies (Ammer, 2008).

Conclusion

In this study, new techniques were discussed to obtain information on the overall level
of exposure, number of dead and alive, or to make a preliminary assessment in terms of
exposure in a CBRN event. The focus of the study is the Infrared Thermal Imaging (IRT)
technique via body temperature for non-contact, non-invasive, simultaneous measurement,
and simultaneous scanning of a group of people.

Body temperature is one of the basic vital signs with a wide etiology. It is obvious that
many diseases, physiological variables, and death status influence body temperature. In this
study, a detailed literature review has been made over body temperature changes that
occurred in CBRN instances (Uzun, 2007; Ring et al., 2010). The technical study could not be

performed due to the difficulty of finding samples affected by CBRN agents. When previous
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studies were investigated, it is observed that chemical agents, especially nerve agents and
some capacity-disrupting agents, directly affect body temperature. And caustic, turmoil
control, and suffocating agents indirectly affect body temperature in both the short and long
term (Ganesan et al., 2010; Clark, 1979). In biological agent exposure, despite the effects has
not seen quickly, it is observed that all infectious microorganisms can cause changes in body
temperature (Erkekoglu and Koger, 2018; Kilig, 2006). It has been observed that the body
temperature rises in direct proportion with the absorption of radiation in radioactive events
or in acute radiation syndrome. In nuclear incidents, it is found that body temperature
changes are observed in proportion to the radiation emission to the environment (Ayan and
Dénmez, 2018; Ozcan and Topguoglu, 2008). More increase has been observed in body
temperature in the CBRN area that is exposure to chemical agents, biological agents, or
radiation. As an example, in choking agents, an increase in temperature in the chest due to
lung infection is expected, while in caustic agents, the temperature increase is expected more
in the face area where the mucosa density is more. Biological agents also cause a predominant
increase in temperature in the infected tissues. It is observed that this situation caused a
change in the non-homogeneous distribution of normal body temperature.

In the rest of the study, body temperature measurement technologies were
investigated, and research was made on the usability of the Infrared Thermal Imaging (IRT)
technique in CBRN events. The advantages of infrared thermal cameras indicate the various
level of body temperature in assorted colors, the simultaneous analysis of a whole part of the
body or a large group of people, and the applicability of autonomous image processing and
classification techniques with deep learning, which is an area of artificial intelligence, were
considered and the infrared thermography technique was recommended. By the infrared
thermography method, the body temperature change and the body temperature distribution
can be analyzed. The thermogram image of the body under normal conditions and under the
presence of the CBRN agents can be compared for differences (lvanescu and Ciupitu, 2010;
Tkacova et al., 2011). For example, the temperature level close to the radioactive material is
higher than in other regions, and the color of the region in the thermogram image is expected
to turn towards red tones. In addition, the usability of infrared thermal cameras with different
technologies has been investigated. It is seen that the usability of thermal cameras and the
obtained images can be transferred simultaneously with mobile networks via long distances,

without entering the CBRN zone (Amon and Lock, 2008; Rodin et al., 2018).
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In this study, it is seen that body temperature analysis can be performed by using
Infrared Thermal Cameras in CBRN events, disasters, and emergency zones, and preliminary
information can be given on the presence of CBRN exposure. From this point, this study
showed that infrared thermography (IRT) is a highly promising method for CBRN exposure

level measurement.
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the valence shell of the Boron atom. Boron atom attracts a OH™ anion from water in agqueous

solutions to fill its valence shell (Zepeda-Valesquez, 2015, pp.6-7)

H—OH/—\ oH
HO OH H'

\B/ HO\B\
—_— S OH

R/Ar R/Ar

Figure 1. Acidic behavior of boronic acid in aqueous solution.

Previously, all boron-containing compounds were assumed to be poisonous, and their
use was limited except for some ant poisoning chemicals. But recently, this prejudice has been
broken and boron compounds have been acquitted in this regard, so their use in
pharmaceutical chemistry has been paved (Baker et al., 2009). Because of their importance in
chemical and medicinal studies such as Boron Neutron Capture Therapy (BNCT) (Tjarks et
al.,1992) preparing medicines (Kar, 2003, pp.143-146), etc. a huge number of studies has been
undergone about spectroscopic and structural properties of the organoboron compounds
particularly on boronic acids and their esters. These studies generally survey the molecular
structures as a dimer or monomer-dimer equilibrium Lu et al., Zheng et al., Rani et al.,

Karabacak et al., 2012, Zheng et al., 2011, Sachan et al., 2014, Erdogdu et al., 2009).

HO\?/OH R\EF,R' HO\?/OH
OH Rll R
boric acid Borane boronic acid
i
o
R'O—p—-OR' R'.__OH
B B B ~
| R/ \O/ \.R [|3
R boroxine R
boronic ester (Cyclic boronic anhydride) borinic acid

R,R',R"= alkyl or aryl

Figure 2. Oxygen-containing organoboron compounds (Hall 2006)

210



Kunduracioglu, A. / Caucasian Journal of Science, 8(2), (2021), 209-223

In some recent studies, researchers have handled their effect on the formation of
biofilm, production of virulence factors (elastase and pyocyanin) and swarming motility in
Pseudomonas aeruginosa (Akalin&Ulusoy, 2018).

CAPBA is a white to Brown solid with a melting point of 229-234°C (URL1). Apostolova
et al. experimentally found the molecular properties of the title compound 4-
Carbamoylphenylboronic acid (AKA 4-Aminocarbonylphenylboronic acid / CAPBA) in a
crystallographic study (Apostolova et al.,, 2010). But unfortunately, there is no other

experimental spectral data for this compound so far.

EXPERIMENTAL

Computational Details

In all calculations, the SPARTAN 14 computational chemistry suite (Hehre, 2014) was
used. Calculations were undergone according to the DFT method in the B3LYP level and
6.31G* basis set (Becke, 1993, Hehre, 2014, Jensen, 2017, Onishi, 2018, Peter et al., 2011,
Silverstein et al., 2005). The calculated and experimental results were tabulated in relational
tables for comparisons. Recently, DFT method has gained a rising popularity among the
researchers. Most researchers especially the ones investigating d-block metal complexes
prefer to use this method with or instead of HF. (Beytur&Yuksek, 2018). Some small molecules
such as boronic acid derivatives or benzoic acid derivatives are investigated using both DFT
and HF and mostly In many studies, it was seen that the results of the DFT method were more
compatible with the experimental results than the HF method (Kotan&Yuksek, 2019).

The DFT method has also been successfully used in the study of other small groups of
molecules such as pyrazoles and their derivatives (Turhan irak&Beytur 2019).

Molecular Structure CAPBA has a dimeric structure like other boronic acid derivatives
which has been investigated in depth so far. But in these studies, CAPBA never was handled
for its tautomeric forms. Due to the lack of a survey on its tautomers, in the following study,
it has been handled considering its tautomeric forms and conformational isomers on the same
hand. The dimeric structure was omitted for clarity (Figure 3 a and b). The group of —B(OH)>
has four conformers which will be abbreviated as “CC”, “CT”, “TC” and “TT” in the following

pages (C= Cis, T=Trans).

211



Kunduracioglu, A. / Caucasian Journal of Science, 8(2), (2021), 209-223

-576.9598857 -576.9646054

-576.9651013

-576.9614014

C
¢ ¢
-576.9314281 -576.9368200 -576.9362271 -576.9332460

Figure 3. The isomeric forms and tautomeric transformation of the compound CAPBA

(energies in Hartree)

Molecular Structure

As mentioned before, CAPBA had been investigated for its crystallographical structure
via single-crystal X-ray spectroscopy (Apostolova et al., 2010). Both the experimental and the
calculated bond lengths and bond angles have been tabulated in Table 1 and Table 2
respectively. Besides calculated dihedral angles have been given in Table 3 for gaining an idea
about the torsion of some parts in the molecule. Unfortunately, experimental dihedral angles
are not available in the literature.

As seen in Table 1, the calculated bond lengths are very close to the experimentally
measured ones. Since the least energetic form of the compound is TC the error% values were

calculated between the experimental values and the ones that belong to TC.
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Table 1. Bond distances (,&) for the compound CAPBA

Distance (A) cc1 cc2 cT1 CcT2 TC1 TC2 ™ T2 EXP*  Error%

H3,03 3.149 0971 3.145 0971 3.149 0971 3.145 0971 «xx X
H4,03 2460 2354 2457 2351 2459 2353 2456 2349 xx X
01,H2 0966 0.966 0966 0966 0.970 0.970 0967 0.967 0.820 18.29
02,H1 0966 0966 0970 0970 0.967 0.966 0967 0967 0.820 17.93
H4,N1 1.012 1.024 1.012 1024 1.012 1.024 1.012 1024 0.860 17.67
H3,N1 1.010 3.084 1.010 3.085 1.010 3.083 1.010 3.084 0.860 17.44
N1,C7 1376 1271 1378 1272 1376 1271 1378 1272 1.298 6.01
03,C7 1.224 1371 1224 1371 1225 1372 1225 1372 1.246 -1.69
c7,C3 1504 1490 1503 1489 1503 1.489 1503 1489 1.505 -0.13
c2,C1 1394 1390 1393 1390 1393 1390 1393 1390 1384  0.65
c3,Cc2 1401 1.403 1.402 1402 1402 1403 1402 1403 1.397 0.36
Cc4,C3 1401 1.402 1401 1403 1400 1.402 1401 1403 1.388 0.86
C5,C4 1391 139 1391 1393 1391 1394 1391 1394 1384 051
C6,C5 1.407 1.404 1.407 1405 1406 1.404 1407 1404 1391 1.08
C1,C6 1406 1408 1.405 1407 1406 1409 1406 1408 1.391 1.08
B1,01 1368 1367 1374 1374 1367 1366 1375 1374 1.351 1.18
B1,02 1367 1368 1366 1367 1374 1374 1374 1374 1.393 -1.36
C6,B1 1580 1580 1.571 1571 1571 1571 1564 1564 1.546 1.62
H6,C2 1.087 1.08 1.087 1.085 1.087 1.085 1.087 1.085 0.930 16.88
H5,C1 1.089 1.089 1.090 108 1.086 1.086 1.086 1.086 0.930 16.77
H7,C4 1.085 1.088 1.085 1.088 1.085 1.088 1.085 1.088 0.930 16.67
H8,C5 1.089 1.089 1.086 108 1.090 1.089 1.086 1.08  0.930 17.20

*Received from Ref. (Erdogdu et al., 2009) xx=no data for this value in lit. X= not calculated.

As seen in the table, the bonds between C and C or C and Heteroatom were calculated
with small deviations which are between 0.36% and 6%, from the experimental values. But
the bonds between H and C or H and heteroatoms were calculated with deviations between
16% to 18%. Also, another point to notice, most values are very close to each other despite
the tautomeric activity except for the H3-0O3 bond which changes dramatically from one form
to another due to H3 immigration between N1 to 03. As the last word for bond distances,
between two tautomers for every isomer, the bond distances change slightly between 0 to 2
A on the phenyl and —B(OH) parts. But the differences increase to 100 A’s when the turn

comes to bonds between N1, C7 and O3.
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The bond angles for the compound have been tabulated in table 2. According to these
values, the most mobile parts of the molecule are again the group of -B(OH); and carbamoyl

part.

Table 2. Some bond angles (°) for the compound CAPBA

Angle (°) cc1 cc2 CT1 CT2 TC1 TC2 1 T2 EXP* err%

H3,03,C7 22.92 109.71 23.06 109.65 22.94 109.55 23.08 109.45 XX X
03,C7,N1 121.86 121.85 121.78 121.75 121.77 121.80 121.61 121.67 120.80 0.80
C7,N1,H4 115.13 110.00 114.90 109.92 115.12 109.94 11494  109.84 120.00 4.07
H3,N1,C7 120.23 19.13 119.88 19.06 120.23 19.15 119.93 19.03 120.00 0.19
H4,N1,H3 116.32 91.25 116.11 91.20 116.36 91.18 116.23 91.14 120.00 3.03
N1,C7,C3 116.24 121.26 116.16 121.34 116.26 121.40 116.19 121.56 118.80 2.14
03,¢7,C3 121.88 116.89 122.05 116.90 121.96 116.79 122.18 116.76 120.40 1.30
C7,C3,C2 123.52 119.29 123.28 119.21 123.58 119.40 123.33 119.37 122.20 1.13
C3,C2,C1 120.17 120.17 120.03 120.03 120.30 120.29 120.19 120.21 121.10 0.66
C4,C3,C2 119.06 118.91 119.11 118.91 119.08 118.93 119.15 118.96 117.80 1.09
C5,C4,C3 120.25 120.34 120.36 120.49 120.12 120.22 120.30 12041 121.20 0.89
C6,C5,C4 121.59 121.54 121.36 121.30 121.68 121.60 121.24  121.20 120.80 0.73
C1,C6,C5 117.35 117.25 117.49 117.37 117.46 117.37 117.85 117.74 118.20 0.63
C2,C1,C6 121.57 121.78 121.63 121.88 121.35 121.58 121.26 121.47 120.80 0.46
B1,01,H2 111.96 112.14 113.16 113.29 110.65 110.76 114.84  114.96 XX X
B1,02,H1 112.05 112.04 110.73 110.69 113.22 113.27 114.92 114.87 XX X
C6,81,02 122.22 122.17 118.41 118.38 123.83 123.92 118.01 117.94 121.60 1.83
C6,B1,01 122.15 122.21 123.87 123.85 118.43 118.34 117.98 117.97 119.40 0.81
C1,C6,B1 121.25 121.44 122.20 122.40 120.21 120.32 120.98 121.23 119.50 0.59
C5,C6,B1 121.40 121.30 120.31 120.23 122.32 122.31 121.16 121.03 122.20 0.10
H6,C2,C1 119.39 121.38 119.55 121.44 119.32 121.27 119.43 121.32 119.50 0.15
H5,C1,C6 119.67 119.57 120.21 120.08 119.00 118.91 119.22 119.11 119.60 0.50
C2,C1,H5 118.74 118.63 118.15 118.02 119.64 119.51 119.52 119.42 119.60 0.03
H7,C4,C5 121.45 119.15 121.32 119.02 121.52 119.20 121.39 119.09 119.40 1.78
C3,C2,H6 120.39 118.45 120.39 118.53 120.34 118.44 120.33 118.46 119.50 0.70
H8,C5,C4 118.79 118.69 119.66 119.60 118.16 118.07 119.57 119.48 XX X
01,81,02 115.63 115.62 117.73 117.77 117.73 117.74 124.02 124.09 118.90 0.98
C2,C3,C7 123.52 119.29 123.28 119.21 123.58 119.40 123.33 119.37 XX X
Cc7,C3,C4 117.41 121.80 117.60 121.88 117.34 121.67 117.52 121.67 120.00 2.22
H7,C4,C3 118.30 120.46 118.32 120.44 118.37 120.53 118.31 120.45 119.40 0.86
C6,C5,H8 119.62 119.75 118.97 119.09 120.15 120.32 119.18 119.31 119.60 0.46
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As seen from Table 2 the error margin is between 0.03% and 4%. An important point
to be noticed from the table, there is a 5-6° difference between the tautomeric forms when it
comes to carbamoyl groups such as N1, C7, C3 and 03, C7, C3 angles. But in the phenyl part
and —B(OH); group, the values only change slightly. For example for C6, B1, O2 the values are
123.83° and 123.92°, for O1, B1, 02 angle 117.73° and 117.74° between two tautomers for TC
isomer.

In the literature, there is no data for the torsional properties of CAPBA, for this reason,
Table 3 has no experimental values column. Since the values in Tablel and Table 2 are close
to the experimental results enough, it can be considered that Table 3 is also reliable.

As seen in Table 3 torsion angles in the CAPBA molecule differs according to the
sections. In the phenyl part, as expected, for example, dihedral angles are about 1-2 degrees.
For instant H6, C2, C1, H5 -1.93 / 0.64° for TC isomer and C1, C2, C3, C4 has 0.78 / -0.93°. But
03, C7,C3,C2 and N1, C7, C3, C4 has 160.83° / 157.24° and —-162.87° / —155.72° respectively.

Table 3. Dihedral angles for CAPBA and conformers.

Dihedral CC1 cC2 CT1 CT2 TC1 TC2 TT1 112

H3,03,N1,H4 135.70  -155.87  -134.05  -157.00 135.86  -155.61  -134.62  -157.49
H3,03,C7,C3 -165.14 16.94 164.54 16.02  -165.26 17.05 164.79 15.61
H4,N1,C7,03 -9.66 2.41 10.09 2.33 -9.83 2.47 10.23 2.30
H3,N1,C7,03 -156.81 14.32 155.79 13.65 -157.05 14.49 156.36 13.42
H4,N1,C7,C3 17167 -178.70  -171.31  -178.65 17145  -178.57 -171.02  -178.58
H3,N1,C7,C3 2453  -166.79 -25.61  -167.33 2422 -166.55 -24.89  -167.46
H3,03,C7,N1 16.27  -164.12 -16.95  -164.92 16.09 -163.94 -16.53  -165.23
H1,02,01,H2 -20.84 -21.27 170.00 171.95 172.16  -170.16 -0.08 0.12
H1,02,81,01 173.43 173.23 -1.88 -1.49 175.90 -174.84 -0.24 -0.13
H2,01,B81,02 173.36 173.30 174.76 175.78 -1.46 1.82 0.15 0.26
C5,C6,B81,01 147.07 146.74 163.07 164.96 166.06  -164.50 179.26  -179.71
C5,C6,81,02 -32.94 -33.22 -16.70 -14.68 -14.26 15.73 -0.82 0.24
C1,C6,81,01 -33.42 -32.85 -16.47 -14.50 -14.55 15.82 -0.36 0.61
C3,C2,C1,C6 -0.39 -0.06 -0.45 0.18 -0.26 0.85 -0.17 0.42
C3,C4,C5,C6 0.23 -0.43 -1.21 -0.38 0.48 0.32 -0.73 0.04
H7,C4,C5,H8 1.25 -1.37 -0.90 -2.30 133 -2.79 -0.57 -2.11
B1,C6,C1,C2 -179.91  -179.85  -179.96 179.62  -179.56 179.51  -179.68  -179.92
B1,C6,C1,H5 -1.62 -1.11 -0.64 -1.58 -0.05 -0.55 0.75 -0.07
B1,C6,C5,H8 -1.02 -1.67 0.57 -0.09 -1.51 0.49 0.03 -0.82
B1,C6,C5,C4 179.99  -179.91  -179.22  -179.53 179.44 17991  -179.86 179.69
H6,C2,C1,H5 -1.08 1.04 2.33 1.11 -1.93 0.64 1.66 0.34
C1,C6,81,02 146.56 147.19 163.75 165.86 165.12  -163.96 179.56  -179.44
N1,C7,C3,C4 -162.43  -156.40 161.28 -157.32  -162.87  -155.72 162.34  -156.67
N1,C7,C3,C2 18.66 22.73 -19.56 22.10 17.90 23.75 -18.43 22.76
C1,C2,C3,C4 1.08 -0.68 -0.42 -0.61 0.78 -0.93 -0.80 -1.00
H1,02,B1,C6 -6.56 -6.80 177.91 178.18 -3.78 4.94 179.85 179.92
H2,01,B1,C6 -6.65 -6.67 -5.02 -3.86 178.23  -177.97 -179.94  -179.80
03,¢7,C3,C2 -160.00  -158.33 159.03  -158.84  -160.83  -157.24 160.31  -158.08
03,C7,C3,C4 18.90 22.54 -20.13 21.74 18.41 23.29 -18.92 22.49
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Briefly, it can be said, the molecule is almost planar in the phenyl section and twisted about

15° and 35° in the substituted parts (Figure 4).

Figure 4. Deviation from planarity in parts of CAPBA

Mulliken Charges Analysis

Like every molecule, CAPBA’s atoms have different electronegativities. For this reason,
the electronic distribution on the molecule is not homogenous. The more an atom is
electronegative, the more electrons it gathers up. This heterogeneity causes different partial
charges on atoms of the same molecule. If a certain section of a molecule is electronically rich,
it is a partially negative site and so on. Electron-rich parts of the molecules are more suitable
for electrophilic attacks and electron-poor sites are open for nucleophilic attacks. Mulliken
charge distribution is important for predicting the potential reaction mechanisms that the
molecule is involved (Jensen, 2016). ESPMap surface determines the distance that a certain

positive charge can interact with the molecule enough to form an attraction or repulsion so
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that they can have a bonding possibility for complexation reaction. Molecular ESP (Vr) is

calculated via Eq. 2 (Peter et al., 2011).

V=Y Zs —Ip(r)dr' Eq.2
4R, -r 7(r'-r)

Figure 5 and Table 4 exhibit the Mulliken charges of CAPBA which are also depicted in
figure 2 as colors. At a glance the most remarkable points are briefly:
1- C atoms of the molecule are divided into two parts; C1,2,4 and 5 are negatively charged
and C3, 6 and 7 are charged positively. C7 has the highest positive charge and its charge
dramatically changes between tautomeric forms.
2- All H atoms have positive charges and the most striking differences are seen on H4 and

H8 according to tautomeric changes.

3- All O atoms have negative charges and according to tautomeric activity only the charge
of O3 changes.
4- N atom has a considerable negative charge and as expected it changes between

tautomeric forms.

5- B1, O1, 02, H1, H2 and H3 are not affected by tautomeric transformations.
cC1 CT1 TC1 TT1
200
l!
]
cC2 CT2 TC2 T2

i

-200

Figure 5. Mulliken Charge distribution of CAPBA according to isomeric and tautomeric forms
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Figure 6. Mulliken Charge distribution of CAPBA
Table 4. Mulliken Charge distribution of CAPBA
Charges ccl cc2 cT1 CT2 TC1 TC2 M M2
c1 -0.218 -0.218 -0.214 -0.215 -0.198 -0.199 -0.196 -0.197
c2 -0.171 -0.141 -0.171 -0.143 -0.174 -0.143 -0.176 -0.147
C3 0.072 0.108 0.071 0.110 0.073 0.107 0.074 0.110
c4 -0.145 -0.196 -0.148 -0.200 -0.148 -0.196 -0.151 -0.202
C5 -0.218 -0.216 -0.199 -0.196 -0.215 -0.212 -0.197 -0.194
Ccé6 0.054 0.053 0.081 0.082 0.082 0.081 0.080 0.079
c7 0.531 0.428 0.528 0.428 0.531 0.427 0.528 0.427
01 -0.548 -0.547 -0.575 -0.574 -0.562 -0.560 -0.560 -0.558
02 -0.548 -0.548 -0.560 -0.562 -0.574 -0.574 -0.558 -0.560
03 -0.497 -0.600 -0.497 -0.601 -0.500 -0.601 -0.501 -0.603
B1 0.397 0.397 0.382 0.381 0.381 0.382 0.371 0.371
N1 -0.752 -0.602 -0.751 -0.605 -0.752 -0.602 -0.751 -0.605
H1 0.405 0.403 0.409 0.409 0.413 0.412 0.393 0.394
H2 0.403 0.406 0.411 0.413 0.409 0.409 0.393 0.394
H3 0.333 0.298 0.332 0.296 0.333 0.296 0.331 0.293
H4 0.343 0.130 0.341 0.111 0.341 0.157 0.339 0.150
H5 0.126 0.173 0.107 0.169 0.153 0.170 0.145 0.166
H6 0.136 0.135 0.132 0.131 0.133 0.131 0.129 0.128
H7 0.168 0.128 0.165 0.155 0.164 0.108 0.161 0.147
H8 0.128 0.409 0.155 0.410 0.109 0.409 0.148 0.409

Molecular Orbitals analysis (HOMO-LUMO) and UV-Vis spectra

HOMO (Highest Occupied Molecular Orbital) represents the highest energy level that
at least one electron exists around the molecule. As just opposite LUMO (Lowest Unoccupied
Molecular Orbital) represents the lowest energy level around the molecule in which there is
no electron. The HOMO-LUMO gap is very important for charge transfers which affect the

biological and chemical reactivities of the molecules. The molecules with small energy gaps
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are expected to be chemically reactive and called soft molecules. HOMO LUMO levels also
determine the acidity or basicity of the molecules.

In the molecule, CAPBA HOMO-LUMO gap is 5.4 eV which means this molecule can be
supposed to be a “soft” molecule and of course the opposite is also true (figure 6.). The larger
HOMO-LUMO gap always refers to higher kinetic stability and lower chemical reactivity.
Molecule's hardness can be calculated via Eq. 3a and softness (S) can be calculated via Eq 3b.
N = (€Lumo — €Homo) Eq. 3a
S=1/n Eqg. 3b

While hard molecules which have a large gap between HOMO&LUMO do not change
their electron density easily, the soft molecules with a small gap of HOMO&LUMO change

their electron density relatively easily (Sahin et al., 2015, Pearson, 2005).

4 LUMO+1 E= 0.20 eV
LUMO
E= -1.40 eV
AE.=6.60 eV
AE=5.60 eV AE,=5.40 eV
E= 6.80 eV
HOMO
HOMO-1
E= -7.00 eV

Figure 7. Electron transfers and corresponding E values and HOMO-LUMO gap (AE>) for TC
form of CAPBA
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Table 5. The energy equivalencies for the transitions between conformers for the compound

CAPBA
Energy Diff. Dip.
Energy Eq. Freq.
Conformers (kcalmol Moment
(Hartree)  (Hartree) (eV) (cm?)
1) (Debye)
CcC - 0.0052150 3.272463 0.141907 1144.56 3.57
CcT - 0.0004960 0.311245 0.013497 108.86 4.09
TC - 0.0000000 0.00 0.00 0.00 2.29
TT - 0.0037000 2.321786 0.100682 812.06 5.24

Table 6. MO energies and differences with Amax values (simplified) for conformers of the

compound CAPBA

HOMO- AE (eV) Amax
Conf. HOMO LUMO LUMO+1
1 AE; AE; AEs Calc. (Vac)
CC -7.3 -6.9 -1.5 -0.6 58 54 6.3 213.77 229.60 196.80
CT -7 -6.8 -1.4 -0.3 56 54 6.5 22140 229.60 190.74
TC -7 -6.8 -1.4 -0.2 56 54 6.6 221.40 229.60 187.85
TT -6.8 -6.6 -1.2 0 56 54 6.6 22140 229.60 187.85

Table 7 Calculated Allowed electron transitions and corresponding Amax values for CAPBA

nm Strength mo nm Strength MO
Comp.% Comp.%
203.46 0.0046 HOMO-4 -> LUMO 66 193.13 0.0039 HOMO-5 -> LUMO 7
HOMO-5 -> LUMO 23 HOMO-3 -> LUMO+1 16
203.92 0.0794 HOMO -> LUMO+1 34 214.71 0.0616 HOMO -> LUMO+1 58
HOMO-3 -> LUMO+1 22 HOMO-1 -> LUMO+1 28
HOMO-2 -> LUMO+1 20 220.24 0.1069 HOMO-3 -> LUMO 55
HOMO-1 -> LUMO 14 HOMO -> LUMO+1 13
CC  206.77 0.037 HOMO-3 -> LUMO 76 TC HOMO -> LUMO 12
228.57 0.2988 HOMO -> LUMO 66 222.74 0.2627 HOMO-2 -> LUMO 41
HOMO-2 -> LUMO 16 HOMO-3 -> LUMO 32
239.69 0.0361 HOMO-2 -> LUMO 79 HOMO-1 -> LUMO 12
249.07 0.0103 HOMO-1 -> LUMO 55 250.42 0.0175 HOMO-1 -> LUMO 45
HOMO -> LUMO+1 33 HOMO-2 -> LUMO 22
HOMO-2 -> LUMO+1 15
284.98 0.0035 HOMO -> LUMO 70
HOMO-1-> LUMO 19
192.87 0.0024 HOMO-5 -> LUMO 88 211.18 0.0292 HOMO -> LUMO+1 61
200.45 0.081 HOMO -> LUMO+1 42 HOMO-2 -> LUMO+1 26
HOMO-3 -> LUMO+1 24 219.6 0.0438 HOMO-3 -> LUMO 80
HOMO-2 -> LUMO+1 15 223.93 0.4045 HOMO-2 -> LUMO 61
HOMO-1 -> LUMO 13 252.89 0.019 HOMO-1-> LUMO 65
T 208.03 0.0564 HOMO-3 -> LUMO 82 T HOMO-2 -> LUMO+1 14
230.32 0.3379 HOMO -> LUMO 62 284.51 0.0036 HOMO -> LUMO 64
HOMO-2 -> LUMO 17 HOMO-2 -> LUMO 23
240.37 0.0442 HOMO-2 -> LUMO 78
251.23 0.0214 HOMO-1 -> LUMO 55
HOMO -> LUMO+1 26
HOMO -> LUMO 13
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Figure 8. Calculated UV-Vis spectra for the compound CAPBA

CONCLUSIONS

In this study, the compound CAPBA was investigated for mainly its molecular structure
using computational methods. Imported experimental values such as bond lengths and bond
angles were compared to corresponding calculated ones (and were found to agree). Also, the
molecule was surveyed for its UV-Vis spectra and HOMO&LUMO analysis beside Mulliken
charge distribution. The HOMO&LUMO energy gap and UV-Vis spectra and also the hardness
of the molecule were discussed. The obtained results were tabulated in corresponding
sections and some results were depicted in graphs and figures. In calculations, the 6.31G*
basis set was used under DFT’s B3LYP level. The SPARTAN 14 quantum chemical calculation
software was used in this study. The experimental and calculated results were compared in
tables and verified each other.

The author declares that there is no Conflict of Interest with any person and/or

institution.
Supplementary material

All requests from the readers who would like to obtain extra information such as

pictures, tables, etc. will be responded with pleasure by the corresponding author.
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Tirkiye’de 2017 yilinda program gelistirme calismasi gergeklestirilmistir. Bu program
gelistirme ¢alismasi mevcut programin yeniden gilincellenmesini icermektedir. Bu
degisiklik 2017-2018 egitim-6gretim yilindan itibaren 5. siniflarda uygulanmaya
baglamistir. Bu ylizden mevcut literatiir incelendiginde yenilenen programi tam olarak
iceren bir basar testi bulunmamaktadir. Mevcut programda degisiklikler olmustur.
Onceki programda 151k konusu ‘Isigin ve Sesin Yayillmasl’ Gnitesi altinda yer almaktadir.
Son degisikliklerden sonra i1sik konusu ses konusundan ayrilarak ‘Isigin Yayillmasi’ adiyla
yeni bir Gnite olarak diizenlenmistir. Ayrica 6nceki programda 6. Sinifta yer alan ‘Dlzgin
yansima, daginik yansima ve yansima kanunlari’ konulari 5. Sinif ‘Isigin Yayilmasi’ Gnitesi
kapsamina alinmistir. Buna ek olarak tam goélgenin biyukligini etkileyen degiskenler;
‘Tam goblgenin olusumunda sadece cismin ve 15k kaynaginin konumlari ile golgenin
biyukligi arasindaki iliski Gzerinde durulur.’ seklinde sinirlandirilmistir.  Onceki
programin kazanimlarinda giines ve ay tutulmasinin da birer golge olayl oldugunun
belirtiimesi seklinde bir agiklama yer alirken son diizenlemelerden sonra bu agiklama
kaldirilarak geleneksel gélge oyunlarinin tam golge olayi ile iliskilendirilmesi seklinde bir
aciklama gelmistir. Tum bu degisiklikler 5. Sinif ‘Isigin Yayilmas!’ tinitesi ile ilgili yeni bir
basari testi gelistirilmesi ihtiyacini dogurmustur. Bu arastirmanin amaci, ortaokul 5. Sinif
dgrencilerine ynelik ‘Isigin Yayilmasi Unitesi Basari Testi’ gelistirmektir. Bu arastirmada
tarama modeli kullaniimistir. Test ve 6lceklerin gegerliligini belirlemek amaciyla 258
ortaokul 6grencisi ile pilot uygulama yapiimistir. Pilot uygulama neticesinde; 30 sorudan
olusan coktan secmeli ‘Isigin Yayilmasi Unitesi Basari Testi (IYUBT)’ hazirlanmistir. Basari
testinin maddelerinin yapisal gecerliligi icin madde giclik ve madde ayirt edicilik
indeksleri hesaplanmistir. Guvenirlik analizi i¢in ise Kuder Richardson-20 teknigi
kullanilmigtir. Test gecerliligi icin kapsam gecerliligi, gorinls gecerliligi ve yapi
gegerliligine bakilmistir. Yapilan gegerlilik ve glvenirlik ¢alismalari neticesinde, ‘Isigin
Yayilmasi Unitesi Basari Testi’ nin gegerli ve giivenilir nitelikte oldugu belirlenmistir.
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development study includes re-updating the existing program. This change has been
implemented in the 5th grades since the 2017-2018 academic year. Therefore, when
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Achievement Test and Sound'. After the last changes, the subject of light was separated from the subject
Light of sound and organized as a new unit with the name of 'The Propagation of Light'. In
ScienceEducation addition, the topics of 'Smooth reflection, diffuse reflection and reflection laws', which
Scale Development were in the 6th grade in the previous program, were included in the 5th Grade

'Scattering of Light' unit. In addition, the variables that affect the size of the full shadow;
It is limited as "Only the relationship between the positions of the object and the light
source and the size of the shadow is emphasized in the formation of the full shadow."
While there was a statement stating that solar and lunar eclipses are also shadow events
in the achievements of the previous program, this explanation was removed after the
last regulations and an explanation was made that traditional shadow plays were
associated with full shadow events. All of these changes have led to the need to develop
a new achievement test for the Grade 5 'Diffusion of Light' unit. The purpose of this
research is to develop the 'Light Propagation Unit Achievement Test' for middle school
5th grade students. Scanning model was used in this study. A pilot study was conducted
with 258 secondary school students to determine the validity of the tests and scales. As
a result of the pilot application; Multiple choice 'Light Propagation Unit Achievement
Test (IYUBT)' consisting of 30 questions has been prepared. Item difficulty and item
discrimination indices were calculated for the structural validity of the items of the
achievement test. Kuder Richardson-20 technique was used for reliability analysis. For
test validity, content validity, face validity and construct validity were examined. As a
result of the validity and reliability studies, it has been determined that the 'Light
Propagation Unit Achievement Test' is valid and reliable.

1. GIRIS

Fen bilimleri bircok soyut kavram iceren bir derstir. Bu durum 6grencilerin bircogunun
fen konularini anlamakta sikinti cekmesine ve bu konularla ilgili kavram yanilgilarina sahip
olmasina neden olmaktadir (Sevim, 2013). Bunun yaninda 6grenciler 6grendikleri bilgileri
glnlik yasamlariylailiskilendirmekte zorluk yasamaktadirlar. Bu ylizden 6grencilerin derslerde
ogrendikleri bilgileri ne kadar kazandiklarinin belirlenmesi ve bilgilerini ginlik yasamda
kullanabilme vyeterliliginin de belirlenmesi gerekmektedir(Ayas, Karamustafaoglu, Sevim ve
Karamustafaoglu, 2001; Sevim, 2013; Sevim ve Tarim, 2017)

Ogrencilerin giinlik yasamdan edindikleri kavramlar bazen alternatif kavramlar
gelistirmelerine sebep olmaktadir. Ornegin, Galili ve Hazan (2000),6grencilerin optik
derslerindeki alternatif kavramlarinin kaynagini, i1sik ile ilgili, 6rnegin 1sik hizi, dalga boyu gibi
fiziksel parametrelerin insanin algisindan uzak olmasina ve glnlik hayatta cogu kez tecriibe
edilememesine, glinliik hayatta kullanilan, “g6ziin parlamasi“, “odayi 1sigin doldurmasi“ gibi
fiziksel yanhs deyim veya ifade sekillerine baglamaktadirlar.

Bircok farkl Glkedeki arastirmacilar optik derslerinde karsilasilan 6grencilerin alternatif
kavramlari Gzerinde c¢alismalar yapmaktadirlar (Stead ve Osbornel980, Andersson ve

Karrqvist 1983, Guesne 1984, Jung 1986, Ramadas ve Driver 1989, Saxena 1991, Selley 1996,

Galili ve Hazan 2000, Sevim, 2013). Turkiye‘de ise, bu alanda yapilan arastirmalara ancak son
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yillarda rastlamaktayiz. Ayni zamanda Turkiye’de de 2017 yilinda program gelistirme galismasi
gerceklestirilmistir. Bu program gelistirme c¢alismasi mevcut programin yeniden
gincellenmesini icermektedir. Bu degisiklik 2017-2018 egitim-6gretim yilindan itibaren 5.
siniflarda uygulanmaya baslamistir. Bu ylzden mevcut literatir incelendiginde yenilenen
programi tam olarak iceren bir basari testi bulunmamaktadir. Mevcut programda degisiklikler
olmustur. Onceki programda isik konusu ‘Isigin ve Sesin Yayilmasi’ {nitesi altinda yer
almaktadir. Son degisikliklerden sonra 151k konusu ses konusundan ayrilarak ‘Isigin Yayilmasr’
adi altinda bir Gnite olarak diizenlenmistir. Ayrica 6nceki programda 6. sinifta yer alan ‘Diizgln
yansima, daginik yansima ve yansima kanunlar’’ konulari 5. sinif ‘Isigin Yayilmas!’ Gnitesi
kapsamina alinmistir. Buna ek olarak tam golgenin blyuklGgiuna etkileyen degiskenler; ‘Tam
golgenin olusumunda sadece cismin ve isik kaynaginin konumlari ile gélgenin biyuklGgu
arasindaki iliski Gzerinde durulur. seklinde sinirlandiriimistir.  Onceki programin
kazanimlarinda glines ve ay tutulmasinin da birer golge olayi oldugunun belirtilmesi seklinde
bir aciklama yer alirken son diizenlemelerden sonra bu aciklama kaldirilarak geleneksel gélge
oyunlarinin tam golge olayi ile iliskilendirilmesi seklinde bir agiklama gelmistir. Bu yizden
mevcut literatlir incelendiginde yenilenen programi tam olarak iceren bir basari testi
bulunmamaktadir. Tim bu degisiklikler 5. Sinif ‘Isigin Yayilmas!’ Unitesi ile ilgili yeni bir basari
testi gelistirilmesi ihtiyacini dogurmustur.

“Olgek kavrami" éziinde dlgme sonuclarinin matematiksel niteliklerini gdstermekle
birlikte (Turgut ve Baykul, 1992) egitim ve psikoloji gibi davranis bilimlerinin bircok alaninda,
hedeflenen kisi(ler), sistem, konu ya da igerik agisindan veri/bilgi toplamak amaciyla kullanilir.
Torgerson (1958), olcekleri uygulanis bicimine gore iki grupta toplamaktadir; (a) yanitlayici
merkezli ve (b) gbzlemleyici merkezli 6lgekler. Coktan se¢meli testler, tutum oOlgekleri, anketler
gibi 6lgme araglari yanitlayici merkezli dlgekler kapsamindadir. Diger taraftan gozlemleyici
merkezli 6lgekler igin gézlem formlari, rubrikler vb. 6rnek olarak verilebilir

Olcek gelistirme calismalari, genellikle deneysel siire¢ ya da kuramsal siirecler ile
gerceklestirilir. Deneysel slirecte literatlir ya da uzman yaklasimlari sayesinde aday 6lcek
formu elde edilir ve hedef kitle ile benzer 6zellikler tasiyan bir 6rneklem grubuna deneme
uygulamasi yapilarak olcek maddelerine iliskin psikometrik o6zellikler belirlenerek ideal
maddelerden nihai form elde edilir. Bu sirecin karakteristik 6zellikleri ise; nicel bir calisma

ozelligi tasimasi, genellikle faktor analizlerinin kullaniimasi ve bliylk 6rneklem gerektirmesidir.
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Bu sirece iliskin genel yaklasim ve bilgiler Tezbasaran (1989) ve Torgerson (1958) tarafindan
ayrintili bir sekilde agiklanmustir.

Bu arastirmanin temel amaci; ortaokul 5. sinif 6grencilerine yonelik, Fen Bilimleri
dersindeki «lsigin Yayilmasi» Unitesi ile ilgili kazanimlarla iliskili fen okuryazarliginin

bilesenlerini iceren “Basari Testi” gelistirmektir.

2. MATERYAL VE METOT

2.1. Arastirma Modeli

Bu arastirma bir 6lgcek gelistirme calismasidir. Bu bolimde, ¢alisma grubu, Isigin
Yayilmasi Unitesi ile ilgili arastirmacilar tarafindan gelistirilen testin gelistirilme asamasi ve

pilot uygulama ile ilgili bilgiler yer almaktadir.

2.2. Calisma Grubu
Arastirma kapsaminda verilerin toplanabilmesi igin arastirmacilar tarafindan
hazirlanan 6lgme araglari, 2017-2018 egitim 6gretim yilinda Denizli ilinden rastgele secilen 4

okulda 6grenim goren 258 tane 5. sinif 6grencisine uygulanmistir.

2.3. Veri Toplama Araglarinin Gelistirilmesi

Veri toplama aracinin gelistirilmesinden 6nce, 5. sinif Fen bilimleri dersi 6gretim
programinda yer alan Isik konusu ile ilgili kazanimlar tek tek incelenmis ve bir kazanim havuzu
olusturulmustur. Daha sonra bu kazanimlar incelenerek, Basari Testi’ndeki her bir madde, ilgili
kazanimla uyumlu olacak sekilde hazirlanmistir. Bu kazanimlarin neler oldugu ve kazanimlarin
ilgili oldugu testteki soru numaralari Tablo 1’de verilmistir. Test maddeleri hazirlama
asamasinda bu alanla ilgili literatlr taranmis ve Isigin Yayilmasi ile ilgili hazirlanmis 6lgme
araclari incelenmistir. incelenen bu élgme araglarindaki maddeler dil uzmanlarinca inceletilmis
olup hicbir madde aynen alinmamis, belirlenen ilgili kazanimlar ile uyumlu olanlar,
arastirmacilar tarafindan kazanima uygun hale getirilmistir. Kazanimdaki maddeler ile 6lcme
aracindaki maddelerin birbiri ile uyumlu olup olmadigi, maddelerin ilgili kazanimi icerip
icermedigini sorgulamak icin alaninda uzman 3 6gretim Uyesi ve derslerini bu kazanima goére
isleyen 2 fen bilimleri 6gretmeninin gorislerine basvurulmustur. Ogretmenlerin gérisleri
neticesinde gerekli diizenlemeler yapilarak gelistirilen 6lgme araci pilot uygulama icin hazir

hale getirilmistir.
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Tablo 1. 5. Sinif ‘Isigin Yayilmas!’ Uinitesi belirtke tablosu

KAZANIMLAR SORULAR

F.5.5.1.1. Bir kaynaktan gikan 1s1gin her yonde ve dogrusal biryol 1,2,3,4,5
izledigini gézlemleyerek gizimle gosterir.

F.5.5.2.1. Isigin diizglin ve plrizli ylizeylerdeki yansimalarini 6,7, 8,9, 10
gozlemleyerek ¢gizimle gosterir.

F.5.5.2.2. Isigin yansimasinda gelen isin, yansiyan isin ve ylizeyin 11, 12, 13, 14, 15
normali arasindaki iliskiyi agiklar.

F.5.5.3.1. Maddeleri, 15181 gegirme durumlarina gore siniflandirir. 16, 17, 18, 19, 20

F.5.5.4.1. Tam golgenin naslil olustugunu gozlemleyerek basit isin 21, 22, 23, 24, 25
gizimleri ile gosterir.

Tam golgeyi etkileyen degiskenlerin neler oldugunu deneyerek 26, 27, 28, 29, 30
kesfeder.

2.4. Pilot Uygulama

Arastirmacilar tarafindan hazirlanan testin pilot uygulamasi i¢in, Denizli ili merkezinde
ogrenim goéren 300 6. sinif dgrencisine, Denizli il Milli Egitim Mudirligi’den gerekli izin
alinarak veri toplama araci uygulanmistir. Pilot uygulama esnasinda 6grencilerin testteki
sorulari anlamakta zorluk cektikleri, takildiklari yerler not alinmis, daha sonra gerekli
diizenlemeler yapilmistir. Pilot uygulama 6ncesinde ve sonrasinda alaninda uzman 3 6gretim
Uyesinin (fen egitimi, 6lcme degerlendirme uzmani, istatistik uzmani olmak lzere) ve 2 fen
bilimleri 6gretmeninin gorislerine basvurularak veri toplama aracindaki maddeler ile ilgili
gerekli diizeltmeler yapilmistir.

Ayrica hazirlanan bu veri toplama aracinda yer alan olgekler yazim ve imla kurallari,
alaninda uzman bir Turkge egitimi 6gretim (yesi tarafindan kontrol edilmesi saglanarak teste
son hali verilmistir. Son hali verilen test 2017-2018 egitim 6gretim yilinda Denizli ilinden

rastgele secilen dort okulda 6grenim géren 258, 5. sinif 6grencisine uygulanmistir.

3. BULGULAR
Bu béliimde “Isigin Yayilmasi” Unitesine ydnelik gelistirilen basari testinin gecerlik ve
givenirlik calismalarina yénelik veriler sunulmustur. Oncelikle gelistirilen dlcege yonelik

gecerlik calismasinin verilerine yer verilmistir. ikinci bélimde ise testin giivenirligine ydnelik
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elde edilen veriler sunulmustur. Basari testinde kullanilan her bir sorunun 6lgilmek istenen
ozellige sahip olanlar ile olmayanlari ayirip ayirmadigini 6grenmek icin, “madde ayirt edicilik
indeksi” hesaplanmisg, her bir maddenin dogru cevaplanma oranini bulmak igin de, “madde

glclik indeksi”ne bakilmistir.

3.1. Olgme Aracinin Gegerlilik ve Giivenirlik Calismasi

Arastirmada kullanilan 6lgme araci igin guivenirlik ve gecerlilik galismalari yapilmistir.
Pilot uygulama yapilan kisi sayisi madde sayisinin yaklasik 10 kati oldugu icin 6lcme aracinin
deneme uygulamasi icin orneklem sayisi yeterli olarak degerlendirilmistir (Akgil & Cevik,

2005; Tavsancil, 2010).

3.2.Bagari Testi Gegerlilik Calismasi

Testin kapsam ve gorinils gecerliligi icin alaninda uzman (fen egitimi, 6lgme
degerlendirme uzmani, istatistik uzmani olmak Uzere) 3 6gretim Uyesi ve 2 fen bilimleri
O0gretmeninin gorusline basvurulmustur.

Gorlints gecerliligi icin basvurulan uzmanlara gore; pilot uygulamadaki 19. ve 4.
sorularin soru kokinln tekrar diizenlenmesi gerektigi belirtilmis, bu sorular tekrar diizenlenip
incelendiginde, 6lcme aracinin kullanildigl amag icin uygun oldugu, gerekli verileri toplayacak
durumda oldugu ve 6lgme aracinin gergekten istenen 6zelligi Olgebilecek goriindigu igin
gorlinus gecerliligin var oldugu uzmanlarca tespit edilmistir.

Testin kapsam gegerliligi i¢in yine ayni uzmanlar tarafindan 6lgme araglarinin
maddeleriincelenmistir. Testteki sorularin, lgme aracinin 6lgmeyi amacgladigi konulari dengeli

bir sekilde temsil ettigi tim uzmanlar tarafindan belirtilmistir.

3.3. Basari Testi Giivenirlik Calismasi

Pilot uygulama neticesinde 300 6grenciye uygulanan c¢oktan se¢cmeli “Isik Konusu”
Basari Testi’nden elde edilen veriler incelenmis ve buna gore diizenlenmistir. Son sekli verilen
30 sorudan olusan coktan se¢cmeli basari testi 258 5. Sinif 6grencisine uygulanmis ve
o0grencilerden elde edilen veriler kullanilarak Testin glivenirligine bakilmistir. Testin i¢ tutarhk
katsayisi KR-20 formdiili uygulanarak hesaplanmis ve .80 olarak bulunmustur. Bir test icin
hazirlanan glvenirlik katsayisinin .70 ve daha yuksek olmasi test puanlarinin glvenirligi icin

genel olarak yeterli gorilmektedir (Blylikoztiirk, 2011).
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Buna gore arastirmaci tarafindan hazirlanan 30 soruluk Testin glivenilir bir 6lgme araci
oldugu soylenebilir.

Test, coktan secmeli 4 secenekli sorulardan olusup, dogru yanitlara 1 puan, yanlis ya
da bos yanitlara 0 puan verilerek degerlendirilmeye alinmistir. Bir test maddesinin, o madde
ile 6lglilmek istenen 6zellige sahip olanlar ile olmayanlari ayirip ayirmadigini 6grenmek igin,
“madde ayirt edicilik indeksi” hesaplanmis, her bir maddenin dogru cevaplanma oranini
bulmak icin de, “madde gliglik indeksi”ne bakilmistir.

Madde ayrit edicilik ve madde guglikindeksi asagidaki formil ile hesaplanmistir

(Gonen, Kocakaya ve Kocakaya, 2011).

po n(dii) + n(da) D= n(dii) - n(da)
Nii + Na Niiveya Na

P="Madde giiclik indeksi
D= Madde ayurt edicilik indeksi
n(dii) = Maddeyi iist grupta dogru cevaplayanlar
n(da)=Maddey alt grupta dogru cevaplayanlar
Nii= Ust gruptaki dgrenci sayisi
Na= Alt gruptaki dgrenci sayisi

Tablo 2. Testte yer alan maddelerin ayit edicilik indeksleri (D) ve gligliik dereceleri (P)

Soru  Gruplar P Degeri D Degeri
(Madde Giigliik indeksi) (Madde
Ayirtedicilik
indeksi)
1 Ustgrup (%27=70) Alt grup 0,642 0,485
(%27=70)
2 Ustgrup (%27=70) Alt grup 0,450 0,442
(%27=70)
3 Ustgrup (%27=70) Alt grup 0,657 0,571
(%27=70)
4 Ustgrup (%27=70) Alt grup 0,364 0,471
(%27=70)
5 Ustgrup (%27=70) Alt grup 0,578 0,642
(%27=70)
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Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
Alt grup (%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Ustgrup (%27=70)
(%27=70)

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

Alt

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup

grup
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0,450

0,607

0,642

0,714
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24 Ustgrup (%27=70) Alt grup 0,550 0,514
(%27=70)

25 Ustgrup (%27=70) Alt grup 0,550 0,514
(%27=70)

26 Ustgrup (%27=70) Alt grup 0,592 0,671
(%27=70)

27 Ustgrup (%27=70) Alt grup 0,578 0,642
(%27=70)

28 Ustgrup (%27=70) Alt grup 0,450 0,442
(%27=70)

29 Ustgrup (%27=70) Alt grup 0,442 0,714
(%27=70)

30 Ustgrup (%27=70) Alt grup 0,657 0,571
(%27=70)

Tablo incelendiginde Testin maddelerinin ayirt edici ve glivenilir oldugu gorilmektedir.
Testin ortalama gugliigu; (Puanlarin aritmetik ortalamasi= 16,37)/(Testten alinabilecek en
yuksek puan= 30) olarak hesaplanmis olan bu deger 0,546 olarak tespit edilmistir. Bir testteki
maddelerin her birinin gliclik dizeyi farkh olsa da bunlarin ortalamasi alinarak bulunacak olan
testin ortalama gicliliginin 0,50 civarinda olmasi arzu edilen bir durumdur (Cepni vd.,
2008). Ayrica testin madde ayirt edicilik indeks degeri 0.40 ve (izerinde ise maddenin ayirt
etme glclniln yiksek oldugu sonucuna ulasilir (Tekin, 2010). Bu arastirma icin elde edilen
ortalama madde ayirt edicilik indeksinin 0.50 oldugu gorilmektedir

Buna gore Testin madde ayirt edicilik ve madde gligliik indeksleri bir lgme araci igin

beklenen seviyededir.

4. TARTISMA VE SONUC

Bu arastirmanin amaci, ortaokul 5. Sinif 8grencilerine yonelik ‘Isigin Yayilmasi Unitesi
Basari Testi’ gelistirmektir. Bu amacla gelistirilen test olusturulurken bazi basamaklar
izlenmistir. Bu basamaklar; testin amaci ve kapsaminin belirlenmesi, maddelerin yazilmasi ve
diizenlenmesi, 6n uygulamanin yapilarak maddelerin analiz edilmesi ve son olarak testin
olusturulmasi, uygulanmasi ve puanlanmasidir. Egitim alaninda alan yazin incelendiginde

yukarida bahsedilen test gelistirme basamaklarinin kullanildigi gérilmistir (Akbulut ve Cepni,
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2013; Fidan, 2013; Cakir ve Aldemir, 2011; Gonen ve diger., 2011; Kingir, 2011; Kizilcik ve Tan,
2011; Sen ve Eryilmaz, 2011; Tekbiyik ve Akdeniz, 2010; Kili¢ ve Saglam, 2009).

Bu arastirmada, yukarida bahsedilen test gelistirme basamaklari uygulanirken gegerlik
ve glivenirlik calismalari ayrintili bir sekilde yuratilmustir. Bu arastirmada da 6ncelikli olarak
basari testinin amaci belirlenmis, Isigin Yayilmasi Unitesine ait kazanimlar incelenerek bu
kazanimlara uygun sorular hazirlanmistir. Kazanimlar ve bu kazanimlara karsilik gelen sorulara
yonelik belirtke tablosu olusturulmustur. Olusturulan bu niteliklerin uygun olup olmadigini
anlamak amaciyla uzman goérisiine sunulmustur. Bdylece testin kapsam gegerliligi
saglanmistir. Uzman gorusleri alinarak son hali verilen 30 soruluk basar testi, 258 kisiden
olusan 5. sinif &grencilerine uygulanmistir. Oncelikle uygulanan basari testi icin her bir
maddenin ayri ayri madde ayirt edicilik ve glicliik indeksleri, ayrica ortalama madde gliclik
indeksleri ve madde ayirt edicilik indeksleri hesaplanmistir. Testin ortalama glicligQ;
(Puanlarin aritmetik ortalamasi= 16,37)/(Testten alinabilecek en yiksek puan= 30) olarak
hesaplanmis olan bu deger 0,546 ve ortalama ayirt edicilik indeksi 0.50 olarak tespit edilmistir.
Bir testteki maddelerin ortalama gigliligiinin 0,50 civarinda olmasi arzu edilen bir durumdur
(Cepni ve diger., 2008). Bu durumda bu arastirmada 6grencilere uygulanan basari testinin
ortalama madde glglik indeksinin 0.50’ye yakin olmasi, testin 6grencilerin diizeyine uygun
oldugunu gostermektedir. Ayrica testin madde ayirt edicilik indeks degeri 0.40 ve lizerinde ise
maddenin ayirt etme glictiniin yiksek oldugu sonucuna ulasilir (Tekin, 2010). Bu arastirma icin
elde edilen ortalama madde ayirt edicilik indeksinin 0.50 oldugu gorilmektedir. Bu deger,
hazirlanan basari testinin ayirt edicilik dizeyinin yiksek oldugunu géstermektedir.

Bir 6lgme araci gelistirilirken yukarida bahsedilen 6zellikler disinda dikkate alinmasi
gereken bir diger nokta testten elde edilen puanlarin giivenirligidir. Bu amacgla testten elde
edilen puanlarin glvenirligini tespit etmeye yonelik bazi analizler vardir. Bunlardan en ¢ok
tercih edilen yontemler KR-20, KR-21 ve Cronbach Alpha glvenirlik katsayilarinin
hesaplanmasidir. Alan yazinda basari testi calismalari incelendiginde glivenirligin saglanmasi
icin bu yontemlerin kullanildig1 gézlemlenmistir (Simsek, 2007; Tasdemir, 2004; Yalgin, 2012).
KR-20 bir testin tekrari, paraleli ya da iki yarisi yerine, testteki tim maddeler arasindaki
tutarhgin bir 6lglsind verir. Bir kez uygulanmis olan bir 6lgme aracinin, giivenirligi hakkinda
bilgi verir ve “i¢ tutarlilk katsayisi” olarak adlandirilir. Bir testin KR 20 glivenirlik katsayisi

yiksek bulunmus ise, bu testteki maddelerin ayni yeterligi 6lctligi (testin tek boyutlu oldugu)
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anlamina gelir. Yapilan bu galismada da 5.sinif 6grencilerine uygulanan EK-1’de verilen “Isigin
Yayilmasi” Unitesi basari testi sonuglari icin giivenirlik analizleri yapilmis olup, KR-20 katsayisi
hesaplanmistir. Testin KR-20 givenirligi 0,807 olarak tespit edilmistir. Sonug¢ olarak 5.sinif
diizeyinde “Isigin Yayilmasi” Unitesine ydnelik olarak alan yazina katki saglayabilecek gecerli

ve guvenilir bir basari testi gelistirildigi soylenebilir.
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EK ISIGIN YAYILMASI’ UNITESi BASARI TESTi*

SORU 1. F.5.5.1.1.

5-Z sinifi 6grencisi Erkin, Fen Bilimleri dersinde yaptigi bir deneyde o&ncelikle 1 m
uzunlugundaki hortumu diiz tutarak mum alevine bakmis ve mum alevini gérebilmistir. Daha
sonraki agamada ise hortumu bikerek mum alevine bakmis, fakat mum alevini gérememistir.
Erkin, yaptigl bu deney sonucunda asagidaki sonuglardan hangisine ulasmistir?

A) Isik, dogrusal bir yol izler.

B) Isik, boslukta da yayilabilir.

C) Isik, dalgalar halinde yayilir.

D) Isik, madde ile karsilastiginda yansiyabilir.

SORU 2. F.5.5.1.1.

Can, Mert ve Ece oncelikle bos bir ayakkabi kutusunun her tarafina delikler agarlar. Daha sonra
ayakkabi kutusunun icine bir isik kaynagi yerlestirirler. Siniflarinin perdelerini kapatarak sinifin
icini karanlk hale getirirler. Kutunun igindeki 1sik kaynagini agtiklarinda ayakkabi kutusunda
actiklari deliklerden isik yayildigini gézlemlerler.

Can, Mert ve Ece’nin yaptigi deneyin amaci asagidakilerden hangisidir?

A) Isik, dalgalar halinde her yone yayilir.

B) Yansima agisi ile kirilma agisi birbirine esittir.

C) Bir kaynaktan c¢ikan isik dogrusal bir yol izleyerek her yonde yayilir.

D) Isik kaynagindan gikan isik, tek bir yonde yayilir.

SORU 3. F.5.5.1.1.

Bir 151k kaynagindan ¢ikan isigin izledigi yol yukaridaki resimlerin hangisindeki gibi olamaz?
A) Yalniz | B) Il ve lll
C)lvelll D) lvell
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SORU 4. F.5.5.1.1.

‘Bir kaynaktan gikan isik isinlari ............... bir yol izler.’
Yukaridaki ifadede gosterilen bosluga hangisi yazilabilir?
A) Dairesel B) Dogrusal

C) Eliptik D) Noktasal

SORU 5. F.5.5.1.1.

X ( 0

Y JEE
e 0

Yukaridaki gorselde sekilleri farkl bahce hortumlari verilmistir. Hangisi ya da hangileri ile

bakildiginda mum alevi gorilebilir?

A) Yalniz X B)XveZ C)YalnizZ D)X, YveZ
SORU 6. F.5.5.2.1.

DUZGUN YANSIMA DAGINIK YANSIMA
1- Diiz Ayna 4- Hali
2- Burusturulmus 5- Burusturulmamis
aliminyum folyo aliminyum folyo
3- Durgun su ylizeyi 6- Asfalt

Ulas, sinifta yaptigi bir etkinlikte diizglin yansima ve daginik yansima yapan ylizeyleri tabloya
yerlestirmistir. Ancak tabloda bir hata yapmistir. Ulas’in yaptigi tablonun hatasiz olabilmesi
icin hangi iki yizey yer degistirmelidir?

A)1ved B)2ve5 C)3ve6 D)lve5s
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SORU 7. F.5.5.2.1.

Yukaridaki gorselde verilen yansima cesidi ile ilgili olarak asagidaki ifadelerden hangisi

yanhstir?

A) Dlizglin ve purizsiz ylizeylerde gercgeklesir.

B)Net bir gorlintli olusmasini saglar.

C) Yiizeye paralel olarak gelen isik i1sinlari yine paralel olarak yansir.

D) Dalgali su ylzeyinde gerceklesen yansima, buna 6rnek olarak verilebilir.

SORU 8. F.5.5.2.1.

Asagidaki ylzeylerin hangisinde yukaridaki gérselde gosterilen yansima ¢esidi gozlenmez?

A) Hali  B)Asfalt C) Toprak D) Diiz ayna

SORU 9. F.5.5.2.1.

» Duz ve parlak bir ylizeye birbirine paralel olarak gelen isinlar paralel olarak yansir. Buna

............ X..oooveennee.. denir.

» Puruzlt bir yizeye birbirine paralel olarak gelen isinlar farkli yonlere yansir. Buna

...... Y....o..... denir.

Yukaridaki ifadelerde X ve Y ile gosterilen bosluklara ne gelmelidir?
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X Y
A) | Tam golge Yari golge
B) | Diizgiin Yansima Daginik Yansima
C) |Isima Sogurulma
D) | Paralel Yansima Kirilma

SORU 10. F.5.5.2.1.

Yukaridaki gorselde ylizeyden yansiyan isin gosterilmistir. Buna gore ylzeye gelen i1sin hangi

noktadan gegerek ylizeye ulasir?

A)1l B) 2 C)3 D)4

SORU 11. F.5.5.2.2

Yukaridaki gorselde K, L ve M seklinde gosterilen kisimlar hangi secenekte dogru verilmistir?

K L M

A) | Gelen lsin Normal Yansiyan
Isin

B) | Normal Gelen Isin | Yansiyan
Isin

C) | Yansiyanlsin | Normal Gelen Isin

D) | Normal Yansiyan Gelen Isin

Isin
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SORU 12. F.5.5.2.2

Yukaridaki gorselde K isininin yizey ile yaptigi aci 30%ir. Buna goére yansima acisi kag

derecedir?
A) 30 B) 90 C) 180 D) 60
SORU 13. F.5.5.2.2

Yansima Kanunlari ile ilgili olarak;

I- Gelen 1sIn, normal ve yansiyan i1sin ayni dizlem igindedir.
II- Gelme acisi ile yansima acisi birbirine esittir.

IlI- Yiizeye dik olarak gelen isin zit yonde geri doner.

ifadelerinden hangisi ya da hangileri dogrudur?

A) Yalniz | B) lvell
C) llve lll D)1, llvelll
SORU 14. F.5.5.2.2

Yapisinda farkli acgilarla yerlestirilmis diiz aynalar bulunan ve 6zellikle deniz altilarda suyun

ylzeyinin gdzetlenmesini saglayan araca ne ad verilir?

A) Periskop B) Mikroskop
C) Teleskop D) Stetoskop
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SORU 15. F.5.5.2.2

K

Yukaridaki ki gérselde gelen isin ile yansiyan 1sin arasindaki aci 150°dir. Buna gore yansima
acisi kac derecedir?

A) 30 B) 75 C) 90 D) 60

SORU 16. F.5.5.3.1.
Isig1 geciren maddelere saydam madde denir. Buna gore asagidakilerden hangisi saydam

madde degildir?

A) Pencere cami B) Seffaf naylon
C) Dikiz Aynasi D) Hava
SORU 17. F.5.5.3.1.

Ogretmen: Isig1 kismen geciren maddelere yari saydam maddeler denir. Béyle maddelerin
arkasindaki cisimleri net olarak gdéremeyiz. Bana yari saydam maddelere ornek verebilir
misiniz?

Eda: Tll Perde Seda: Yagli kagit  Ayla: Fon kartonu  Fulya: Buzlu cam

Hangi 6grencinin verdigi 6rnek yanhstir?

A) Eda B) FulyaC) Ayla D) Seda
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SORU 18. F.5.5.3.1.

Bazi maddelerin kalinliklari arttirilarak saydamlik durumlari degistirilebilir.
ifadelerden hangisi bu durumla iliskilendirilebilir?

A) Diiz aynalarda cismin net gorintisiniin olusmasi

B) Derin bir havuzun dibinin net gorilememesi

C) Ylzeye dik olarak gelen isinlar zit yonde geri donmesi

D) Bir kaynaktan g¢ikan 1sik 1sin1 dogrusal yolla yayilmasi

SORU 19. F.5.5.3.1.

> Uzerine gelen 1sik 1sinlarini diger tarafa gegirmez.

» Bir tarafindan bakildiginda arkasindaki cisimler goriilmez.

Asagidaki

Yukarida bir maddeye ait 6zellikler siralanmistir. Asagidakilerden hangisi bu maddeye 6rnek

olarak verilemez?

A) Tahta B) Ayna C) Cam D) Duvar

SORU 20. F.5.5.3.1.
I- Opak maddeler 15181 gegirir mi?
II- Yari saydam maddelerin arkasinda yer alan cisimler net olarak gorulebilir mi?

IlI- Hava, saydam maddelere 6rnek olarak verilebilir mi?

Yukaridaki sorulari ‘Evet’, ‘Hayir’ seklinde yanitladigimizda asagidaki hangi secenekteki sira

olusur?
I i
A) Evet Evet Evet
B) Hayir Hayir Evet
Q) Evet Hayir Evet
D) Hayir Evet Evet
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SORU 21.F.5.5.4.1

Bir 11k kaynagindan yararlanarak bir cismin golgesinin herhangi bir yere disirilmesi ile
yapilan sanat cesidine golge oyunlari denir. Asagidakilerden hangisi geleneksel bir golge
oyunumuzdur?

A) Keloglan B) Nasreddin Hoca

C) Karag6z-Hacivat D) Kirmizi Baslikh Kiz

SORU 22.F.5.5.4.1

Tam golge olayi ile ilgili asagidaki ifadelerden hangisi yanhstir?

A) Isigin dogrusal yolla yayllmasi, tam golge olayina sebep olur.

B) Saydam cisimlerin golgesi en net golgedir.

C) Bir cismin perde Uzerindeki gblgesini basit gizimler yaparak tespit edebiliriz.

D) Tam golgenin olusabilmesi icin bir 1sik kaynagindan ¢ikan isinlarin opak cisme ulasmasi

gerekir.

SORU 23.F.5.5.4.1

Karanlik bir ortamda bir i1sik kaynagi ile opak cisim perdenin 6niine yerlestirildiginde, cismin
perdede olusan golgesi yukaridaki gibi oluyor. Buna gore opak cisim asagidakilerden hangisi

olabilir?

A) B) C) D)
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SORU 24.F.5.5.4.1

I-Kalem [I-Cam llI-Silgi

Fatma, sinifta yaptigi bir etkinlikte el fenerinin éniine farkh cisimler koyarak tam gélge
olusturmak istemektedir. Fatma, yukaridaki cisimlerden hangisini ya da hangilerini el

fenerinin 6nline yerlestirirse tam golge elde edebilir?

A) Yalniz | B)lvell  C)lvelll D)I,Ilvelll

SORU 25. F.5.5.4.1

Yukaridaki sekilde X, Y ve Z ile gosterilen kavramlar hangi secenekte dogru verilmistir?

X Y YA
A) Isik kaynagi Tam golge Opak cisim
B) Isik kaynagi Opak cisim Tam golge
Q) Opak cisim Istk kaynagi Tam golge
D) Opak cisim Tam golge Isik kaynagi
SORU 26. F.5.5.4.2.

Berke Can, elindeki feneri vazoya tutarak vazonun duvardaki goélgesini gozlemlemektedir.
Berke Can vazonun daha bliyik bir gdlgesini olusturmak icin;

| — El fenerini vazodan uzaklastirmak

Il — El fenerini vazoya yaklastirmak

Il — Vazoyu duvara yaklastirmak

islemlerinden hangisini ya da hangilerini tek basina yapmalidir?

A) Yalniz Il B) lvell C)llvelll D)1, llvelll
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SORU 27. F.5.5.4.2.
5-C sinifi 6grencisi Ceren bir el feneri ve tenis topunu kullanarak duvarda tenis topunun
golgesini olusturmak istemektedir. Ceren tenis topunun en kiigiik golgesini elde etmek igin

nasil bir diizenek kurmalidir?

Isik kaynaginin cisme uzakhgi Cismin perdeye uzakhgi
A) 5cm 5cm
B) 4cm 6 cm
Q) 7 cm 3cm
D) 2cm 8 cm
SORU 28. F.5.5.4.2.

» Cisim, 1stk kaynagindan uzaklastirilirsa tam goélgesinin biyUkIlGgi artar mi?
» Cisim, perdeye yaklastirilirsa tam gélgesinin buyukligu azalir mi?
Yukaridaki sorularin yanitlari sirasiyla hangi segenekte dogru verilmistir?
A) Evet-Evet B) Hayir-Hayir
C) Evet-Hayir D) Hayir-Evet

SORU 29.F.5.5.4.2.
Sokak lambasinin yaninda oyun oynayan iki arkadastan Enis, sokak lambasina yaklagsmakta;
Meri¢ ise sokak lambasindan uzaklasmaktadir. Bu slirecte Enis ve Meri¢’in golge

blyukliklerinin degisimi nasil olur?

Enis’in gdlgesinin buyuikliga Meri¢’in gélgesinin blayuklGg
A) Kagulir. Blydr.
B) Blydr. Kugulir.
Q) Baydr. Degismez.
D) Degismez. Kugtlar.
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SORU 30. F.5.5.4.2.
Perde

Cisim

» ==
’F""
* =
. =

&

il

Bir arastirmaci yandaki diizenekte bir i1sik kaynagini sirasiyla K, L, M ve N noktalarina koyarak
perdede olusan goélge boyunu gozlemlemistir. Arastirmacinin bu deneydeki amaci
asagidakilerden hangisidir?

A) Cisim ile perde arasindaki uzakhgin gélge boyuna etkisini gdzlemlemek

B) PlrizlU yiizeylerde daginik yansimayi gézlemlemek

C) Cismin buyuklugu ile gdlge boyu arasindaki iliskiyi gozlemlemek

D) Isik kaynagi ile cisim arasindaki uzakligin golge boyuna etkisini gézlemlemek
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Bu ¢alisma 6gretmenlerin uzaktan egitime yonelik algi ve tutumlarini farkli degiskenler
agisindan incelemek amaciyla gergeklestirilmistir. Calisma tarama modeli ile
yurutllmastir. Calismaya basit tesadifi 6rnekleme yontemi ile segilen toplam 263
dgretmen katilmistir. Calismaya iliskin veriler “Uzaktan Egitim Algi Olcegi”. “Uzaktan
Egitim Tutum Olgegi” ve “Kisisel Bilgi Formu” ile toplanmistir. Calismanin veri analiz
islemleri icin betimsel istatistikler ve bagimsiz gruplar t-testi, tek yonli varyans analizi
(ANOVA), post-hoc testlerinden Games-Howell ve Gabriel testleri kullanilmistir.
Calismadan elde edilen bulgular 6gretmenlerin uzaktan egitime yonelik algl ve
tutumlarina iliskin puan ortalamalarinin birbirine olduk¢a yakin degerlerde ve orta
diizeyde oldugunu gostermistir. Ayrica Ogretmenlerin uzaktan egitime yodnelik
algilarinda yas ve mesleki deneyim agisindan anlamli farklar oldugu, cinsiyet, 6grenim
durumu, brans, uzaktan egitimle ilgili bilgi sahibi olma ile bilgi ve iletisim teknolojileri
(BiT) kullanma yeterlilikleri bakimindan ise anlamli farklar olmadigi anlasiimistir. Buna
ek olarak 6gretmenlerin uzaktan egitime yonelik tutumlarinda mesleki deneyim, brans
ve uzaktan egitimle ilgili bilgi sahibi olma bakimindan anlamli farklar oldugu, cinsiyet,
yas, 6grenim durumu ve BIT kullanma vyeterlilikleri bakimindan ise anlamli farklar
olmadigi belirlenmistir. Sonug olarak 6gretmenlerin uzaktan egitime yonelik algl ve
tutumlan farkh degiskenler bakimindan anlamli degisimler gostermistir. Bu durumun,
o6gretmenlerin uzaktan egitime yonelik algi ve tutumlari Gzerinde yas, mesleki deneyim,
brans ve uzaktan egitim ile ilgili bilgi sahibi olmanin etkili olmasindan, kaynaklandigi
soylenebilir.
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This study was carried out to examine teachers’ perceptions and attitudes towards
distance education in terms of different variables. The study was carried out with the
survey model. A total of 263 teachers, selected by simple random sampling method,
participated in the study. The data of the study were collected by Scale of Distance
Education Perception, Scale of Distance Education Attitude and Personal Information
Form. For data analysis processes of the study, descriptive statistics and independent
samples t-test, one-way analysis of variance (ANOVA), Games-Howell and Gabriel tests
from among post-hoc tests were used. The findings obtained from the study showed
that the average scores of teachers' perceptions and attitudes towards distance
education were very close to each other and at a moderate level. In addition, it was
understood that there were significant differences in teachers’ perceptions towards
distance education in terms of age and professional experience, and there were no
significant differences in terms of gender, educational status, branch, sufficiencies of
having knowledge about distance education and using information and communication
technologies (ICT). In addition, it has been determined that there are significant
differences in teachers' attitudes towards distance education in terms of professional
experience, branch and knowledge about distance education, but there are no
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significant differences in terms of gender, age, educational status and sufficiencies of
ICT usage. As a result, teachers' perceptions and attitudes towards distance education
showed significant changes in terms of different variables. It can be said that this
situation is due to the fact that age, professional experience, branch and knowledge
about distance education are effective on teachers' perceptions and attitudes towards
distance education.

1. GIRiS

Bilgi ve iletisim teknolojilerinin, egitim amacli bilgi edinme ve bu bilgiyi paylasma adina
zaman ve mekan kavramlarina bagh kalmamasi bu araglar ile farkl bir egitimin yapilmasina 6n
ayak olmustur. Bu uzaktan egitimi isaret eden bir durumdur. Uzaktan egitim farkli
teknolojilerin ise kosulmasini ve zaman ve mekan kavramlarindan bagimsizligi benimseyen bir
egitim seklidir ve Moore ve Kearsley’in (2011) uzaktan egitimi, geleneksel yapiya ek olarak
cesitli teknolojiler kullanilarak iletisimin saglandigi, genel olarak 6gretimin degisik mekanlarda
gerceklestirilebildigi 6gretim ve bir plana uygun olarak yiritilen 6grenme faaliyeti olarak
ifade etmesi de bu yondedir.

Uzaktan egitim geleneksel egitim kurumlarinin bir uygulamasi olarak distinidimis ve
uygulanmis bir egitim sekli olsa bile alan secgimi, egitim sirecinin zaman ve mekandan
bagimsizhg gibi farkl esnekliklerinden (Ozkul & Aydin, 2016) dolayi giinimiizde bagimsiz bir
egitim modeli olarak anilmaktadir. Ozarslan, Kubat ve Bay’in (2007) uzaktan egitimi, 6grenen
ve Ogretenlerin mekan ve zaman sartina bagl kalmadan birbirlerine baglandigi ve farkh
teknolojiler ile iletisim kurulan egitim ortamlari oldugunu ifade etmesi ve isman’in (2011)
uzaktan egitimin bireyin yasam sartlarina uygun egitim imkanlari saglayan, geleneksel egitime
gore daha esnek Ozellikleri olan ve bireyin yasam sartlarina gore farkli sekillerde
diizenlenebilen bir egitim modeli oldugunu ifade etmeleri de bu yonde goruslerdir. Uzaktan
egitimin sahip oldugu bu esnek vyapi egitimin farkh alanlarda yaygin bir sekilde
kullanilabilirligini artirmaktadir. Ozellikle 6rgiin egitimin mimkiin olmadigi durumlarda
uzaktan egitim bireylerin egitim ihtiyaclarini karsilamak adina ise kosulabilmektedir. Bu
anlamda uzaktan egitim 6zellikle bireyler arasi firsat esitligini saglamak adina da oldukca gigli
bir model olarak gorilmektedir. Uzaktan egitimde farkli teknolojiler kullanilarak mesafeler
ortadan kaldirilmis ve orgin egitime alternatif olmaktan ziyade egitimde firsat esitligini
saglayarak orgin egitimi destekleyen bir kimlik kazanilmistir (Saiegh-Haddad, 2011). Boz
(2019) bunu “uzaktan egitim bireyin bilgiye ulasmak adina zaman ve mekan sinirlamasina

olmadan ulasmasini saglamasinin yaninda sosyal, ekonomik, cografi ve 6zel nedenlerden
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dolayr geleneksel egitimden faydalanamayan bireylerin dezavantajlarini asgari dlzeye
indirerek firsat esitligine imkan sunabilmektedir” (s. 8) seklinde ifade etmistir. Ayni zamanda
uzaktan egitim, sinirli kosullar ¢cercevesinde egitimde bireylere firsat esitligi saglayip, bireylerin
egitim Ogretim gereksinimlerini belirli 6lgllerde karsilayip, yenilik¢i 6gretim yaklasimlari
sunarak ve 6grenci sayisinda hizli bir artis saglayarak disiplinler arasi bir bilim alanina donistp
(Firat, 2016) bu amaca 6nemli bir katki sunmustur. Bu durum 6zellikle 6grenciler agisindan
uzaktan egitimin firsat esitligini saglamada etkili ve kullanish bir egitim modeli oldugunun
isareti olarak gorilebilir.

Uzaktan egitimin sundugu firsat esitligini etkili ve amacina uygun olarak saglayabilmesi
icin 6gretmen rollerini gdzden kagirmamak gerekir. Nitekim uzaktan egitimde 6gretmenin,
orgin egitimdekinden daha kapsamli rollere sahip oldugu ifade edilebilir (Kocaoglu & Altuntas,
2011). Egitim Ogretim faaliyetlerinde uzaktan egitimin ve buna bagh olarak gevrimigi
0grenmenin 6neminin giderek artmasi uzaktan egitimde gorev alan 6gretmenlere yeni roller
vermigstir (Kocaoglu ve Altuntas, 2011). Uzaktan egitim siurecinde 6gretmen, 6grenci kadar
onemli bir pozisyondadir, cgesitli roller Ustlenir ve sirecin farkli asamalarinda yer alir.
Ogretmenlerin uzaktan egitim siirecinde 6zellikle 6grenci merkezli anlayisi &n plana ¢ikarma,
farkli strateji, yontem ve teknikleri ise kosma, cesitli teknolojileri derslerinde etkin ve etkili bir
sekilde kullanabilme ve 6lgme ve degerlendirme sireclerini yonetebilme rolleri dikkate
degerdir ve bu roller 6gretmenler tarafindan iyi benimsenmelidir. Buna ek olarak 6gretmeler
uzaktan egitim slirecinde 6grenme hedef ve amaglarini acgik bir sekilde sunma, amacglara
ulasmak igin gerekli kaynak ve stratejilere acik bir sekilde vurgu yapan etkinlikleri tasarlama,
basariya ulasilip ulasiimadigini géstermek adina bir plan gelistirme (Ozkul & Aydin, 2016)
konularinda da ¢esitli roller Ustlenerek bu siirece oldukga 6nemli katkilar sunabilmektedir.
Oyle ki uzaktan egitim de 6gretmenler sadece belli bir zaman diliminde degil, 5gretim siirecinin
her asamasinda geleneksel egitimdeki gorev, sorumluluk ve rollerini uzaktan egitim de aynen
devam ettirmektedir (Ulkii, 2018). Bu anlamda &gretmenlerin uzaktan egitimdeki gérev,
sorumluluk ve rollerinin 6nemi, 6zellikle pandemi siireci ile birlikte uzaktan egitime olan ilginin
artmasiyla, daha da artmis ve dikkate deger gorilmistar.

Ogretmenlerin uzaktan egitimde Ustlendikleri gérev, sorumluluk ve rolleri amacina
uygun olarak benimsenmesi ve yerine getirmesi adina uzaktan egitime yonelik algl ve
tutumlarinin olumlu yénde olmasi gerekmektedir. Oyle ki 6greticilerin uzaktan egitim

sistemlerini kullanma diizeylerini ortaya koymak adina dikkat edilecek degiskenler arasinda
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uzaktan egitime yonelik algi ve beklentilerde vardir (Can, 2020). Ayrica uzaktan egitim
sistemlerine yonelik teknoloji kullanimindaki en gigli engellerden birinin tutum olmasi bu
anlamda dikkate degerdir (Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur & Sendurur, 2012).
Algi, gercek diinyanin kisisel olarak yorumlanmasini ifade eder ve algilar orijinal uyaricilarin
birebir aynisi iken genel anlamda bireysel deneyimlerimiz tarafindan degistirilir, manipile
edilir veya bozulur. (Plotnik, 2009). Tutum, ise “yasanti ve deneyimler sonucu olusan, ilgili
oldugu blitlin obje ve durumlara karsi bireyin davranislari Gizerinde yonlendirici ya da dinamik
bir etkileme giicline sahip duygusal ve zihinsel hazirhk durumu” (Allport, 1935) olarak ifade
edilebilir. Bu anlamda uzaktan egitime yonelik algi ve tutum, 6gretmenlerin bu alandaki duygu
durumlarinin yaninda, slrecteki davranislari Gzerinde de etkileyici ve yonlendirici bir etkiye
sahip olacaktir. Uzaktan egitim faaliyetlerinin beklentileri karsilamasi adina, uzaktan egitime
yonelik algi onemli bir faktor olarak gorilmektedir (Basar, Arslan, Glinsel & Akpinar, 2019).
Buna ek olarak bireylerin 6grenmelerini olduk¢a ©nemli olglide etkileyen duyussal
Ozelliklerden biri olan tutumda (Erden, 1995; Gardner, 1985; Tavsancil, 2010) uzaktan egitim
surecinde goz ardi edilemeyecek bir kavram olarak goriilmektedir. Nitekim Okcu ve Agir'in
(2006), Mocosoglu ve Kaya'nin (2020), Kocayigit ve Usun’un (2020), Gok ve Cakmak’in (2020)
ve benzeri bircok calismanin bu yonde yapilmasi da buna isarettir. Bu anlamda uzaktan egitim
sureclerinde 06gretmenlerin uzaktan egitime yonelik algi ve tutumlari dikkate deger
kavramlardir. Sonuc¢ olarak bu calisma, yukarida belirtilen durumlar goéz O6niinde
bulundurularak uzaktan egitim siirecinde yer alan 6gretmenlerin uzaktan egitime yonelik algi

ve tutumlarinin incelenmesi gereklilig§inden hareketle gergeklestirilmistir.

1.1. Amag
Bu calismanin amaci, Milli Egitim Bakanlhgi’'nda (MEB) gbrev yapan o6gretmenlerin
uzaktan egitime yonelik algi ve tutumlarini cinsiyet, yas, mesleki deneyim, 6grenim durumu,
brans, uzaktan egitimle ilgili bilgi sahibi olma ve bilgi ve iletisim teknolojilerini (BiT) kullanma

yeterliligi acisindan incelemektir.

1.2. Aragtirma Sorular
1. Ogretmenlerin uzaktan egitime yonelik algi ve tutumlari hangi diizeydedir?
2. Ogretmenlerin uzaktan egitime ydnelik algi ve tutumlari;

2.1. Cinsiyet,
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2.2. Yas,

2.3. Mesleki deneyim,

2.4. Ogrenim durumu,

2.5. Brans,

2.6. Uzaktan egitimle ilgili bilgi sahibi olma,

2.7. BIT kullanma yeterliliklerine gére anlamli farklihk géstermekte midir?
2. Yontem

2.1. Arastirma Modeli
Arastirma tarama modeli ile yuritilmistir. Bu model var olan bir durumu oldugu
haliyle betimlemeyi ve arastirma kapsamindaki kisi, olay veya nesneyi mevcut sartlar dahilinde
tanimlamayi amag¢ edinmektedir (Karasar, 2008). Bu calismada da 6gretmenlerin uzaktan
egitime yonelik algl ve tutumlarinin cinsiyet, yas, mesleki deneyim, 6grenim durumu, brans,
uzaktan egitimle ilgili bilgi sahibi olma ve BIT yeterliligine gére farkhlasip farklilasmadig

incelenmistir.

2.2. Evren ve Orneklem

Arastirmanin evrenini 2020-2021 egitim 6gretim yili, bahar yarilinda, Kars ili merkez
ilcesindeki devlet ve 06zel okullarinda farkli branslarda goérev yapan 0Ogretmenler
olusturmaktadir. Arastirma o6rneklemini ise evren icerisinden basit seckisiz drnekleme
yontemiyle belirlenmis 263 6gretmen olusturmustur. Calismaya katilan 6gretmenlere iliskin

demografik bilgiler Tablo 1’de yer almaktadir.

Tablo 1. Ogretmenlere iliskin demografik bilgiler

N %
Cinsiyet
Erkek 116 441
Kadin 147 55.9
Toplam 263
Yas
21-30 73 27.8
31-40 111 423
41-50 63 23.9
51-60 16 6
Toplam 263
Mesleki Deneyim
1-5 82 31.1
6-10 59 22.5
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11-15 54 20.5
16-20 28 10.6
20 yil Gstd 40 15.3
Toplam 263
Ogrenim Durumu

On lisans (iki yillik egitim enstitiisii veya egitim yiiksek okulu) 5 1.9
Lisans (dort yillik egitim fakultesi ve dort yillik yiiksekokulu) 216 82.2
Lisans Ustl (Yuksek Lisans, Doktora) 42 15.9
Toplam 263

Brang

Matematik 22 8.3
Sinif 65 24.8
ingilizce\Almanca 21 7.9
Turkge\Turk Dili ve Edebiyati 23 8.8
Beden Egitimi 8 3
Fen ve Teknoloji\Biyoloji\Kimya\Fizik 23 8.8
Din Kultari\Meslek Dersleri 14 5.3
Rehberlik\Psikolojik Danis. 11 4.1
Bilgisayar 6 2.2
Ozel Egitim 11 41
Okul Oncesi\Cocuk Gelisimi 15 5.7
Sosyal Bilgiler\Tarih\Cografya 20 7.7
Felsefe 5 1.9
Gorsel Sanatlar 5 1.9
Teknoloji Tasarim 6 2.2
Diger (Elektrik, El San., Adalet, Blro Yon., Pazarlama, Ulastirma Hiz.) 9 3.4
Toplam 263
Uzaktan Egitimle ilgili Bilgi Sahibi Olma

Cok az bilgiye sahibim 7 2.6
Yeterince bilgiye sahibim 232 88.2
Yeterince bilgiye sahip degilim 24 9.2
Toplam 263

Bilgi ve iletisim Teknolojileri Yeterliliginiz

Cok lyi 53 20.3
yi 139 52.8
Orta Dlzey 71 26.9
Toplam 263

Tablo 1'de calismaya katilan 6gretmenlerin cinsiyet, yas, mesleki deneyim, 6grenim
durumu, brans, uzaktan egitimle ilgili bilgi sahibi olma ve bilgi ve iletisim teknoloji

yeterliliklerine iliskin bilgiler yer almaktadir.

2.3. Veri Toplama Araglari

Uzaktan Egitim Algi Olgegi (UEAO)

Uzaktan Egitim Algl Olcegi Gok (2011) tarafindan gelistirilmistir. Olcek “temel bakisa
iliskin algi”, “kaynaklara erisim” ve “egitim 0©gretimi planlama” olarak (¢ faktorden
olusmaktadir. Olgek temel bakisa iliskin algi faktérde 10 madde, kaynaklara erisim faktoriinde

6 madde ve egitim O6gretimi planlama faktériinde 5 madde olmak (zere toplam 21 maddeden
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olusmaktadir. Olcegin genelinden alinabilecek en disiik puan 21, en yiiksek 105 puandir.
Olgekten alinan puanlar 21-49 puan arasi ise algi diizeyi diisiik, 49.01-77 arasi orta, 77.01-105
arasi ise yiiksek olarak nitelendirilir. Olgegin Cronbach’s Alpha i¢ giivenirlik katsayisi .91’dir ve
dlcek toplam varyansin % 56,88’ aciklayabilmektedir (Gok, 2011). Olgegin bu calismadaki
Cronbach’s Alpha i¢ glivenirlik katsayisi ise .89’dur.

Uzaktan Egitim Tutum Ol¢egi (UETO)

Ogretmenlerin uzaktan egitime ydnelik tutumlarini belirlemek adina kullanilan Uzaktan
Egitim Tutum Olgegi Agir (2007) tarafindan gelistirilmistir. Olgek toplam 21 maddeden
olusmaktadir. Olgegin 14 maddesi olumlu, 7 maddesi ise olumsuz 6zelliklerden olusmaktadir.
Olgege iliskin bu maddeler uzaktan egitimin avantajlari ve sinirhliklari faktorleri altinda
siralanmistir. Olcege iliskin faktérler toplam varyansin %60.1’ini aciklamaktadir. Olcegin
Cronbach’s Alpha i¢ tutarlihk katsayisi 0.88’dir. Olgegin bu calismadaki Cronbach’s Alpha ig

glvenirlik katsayisi ise .90 olarak belirlenmistir.

Kisisel Bilgi Formu

Kisisel bilgi formu arastirmaci tarafindan olusturulmustur. Katiimcilarin demografik
bilgilerini belirlenmek i¢in hazirlanan formda cinsiyet, yas, mesleki deneyim, 6grenim durumu,
brans, uzaktan egitimle ilgili bilgi sahibi olma ve bilgi ve iletisim teknolojilerini kullanma
yeterliligi basliklari bulunmaktadir. Formda cinsiyet icin “kadin-erkek”, yas i¢in “21-30, 31-40,
41-50 ve 51-60” yas araliklari, mesleki deneyim icin “1-5, 6-10, 11-15, 16-20 ve 20 yil Gstd”
secenekleri, 6grenim durumu igin ise “On lisans (iki yillik egitim enstitlisi veya egitim yuksek
okulu), lisans (dort yillik egitim fakultesi ve dort yillik yliksekokulu) ve lisans Ustli (Yiiksek
Lisans, Doktora)” secenekleri yer almaktadir. Ayrica formda brans, uzaktan egitimle ilgili bilgi
sahibi olma ve bilgi ve iletisim teknolojileri yeterliliklerini belirlemeye yonelik segenekler

bulunmaktadir.

2.4. Veri Toplama Siireci

Calisma icin ilk olarak gerekli izinler alinmistir. Gerekli izinler alindiktan sonra Kars Milli
Egitim Muadirligh web sitesinden merkez ilcede bulunan okullara iliskin giincel bilgiler
incelenmis ve veri toplanacak okullar belirlenmistir. Okullara iliskin bu bilgiler gz 6nilinde

bulundurularak Kars Milli Egitim Mudurligd’nden alinan izin belgesi ile birlikte belirlenen
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okullara ziyaretler gergeklestirilmistir. Ziyaret edilen okullarda ¢alismanin veri toplama araglari
olan kisisel bilgi formu, uzaktan egitim algl Olcegi ve uzaktan egitim tutum Oolgegi ile

ogretmenlerden gonillilik esasina uygun olarak veriler toplanmistir.

2.5. Verilerin Analizi

Calsmada ogretmenlerin uzaktan egitime yonelik algl ve tutumlarinin belirlemek igin
betimsel istatistikler kullanilmistir. Calismanin veri analiz islemleri icin kullanilacak testlerin
belirlenmesi igin verilerin normal dagilm gosterip géstermedigi kontrol edilmistir. Bu islem
icin verilerin carpiklik (skewness) ve basiklik (kurtosis) degerleri dikkate alinmistir. Carpiklik ve
basikhiga iliskin degerlerin -1.5 / +1.5 araliginda olmasi verilerin normal dagildigini ifade
edebilmektedir (Tabachnick, Fidell & Ullman 2007). Calismadan elde edilen verilere iliskin
carpiklik ve basiklik degerleri belirtilen araliklar arasinda yer almistir.

Calismada betimsel istatistiklerden yararlanilmistir. Calismadan elde edilen verilerin
normal dagildigi ve genel varsayimlarin (6lgim duzeyi, gézlemlerin bagimsizligi, segkisiz
orneklem ve varyanslarin homojenligi) saglandigi (Pallant, 2016) g6z énlinde bulundurularak
istatistiksel analiz islemleri icin parametrik testlerden yararlaniimistir. Degiskenler arasinda
istatistiksel olarak anlaml bir fark olup olmadigini belirlemek igin bagimsiz gruplar t-testi ve
tek yonli varyans analizi (ANOVA) testi kullaniimistir. Ote yandan farkin hangi grup veya
gruplardan kaynaklandigini ortaya koymak adina Post-Hoc testleri kullanilmistir. Bu anlamda
varyanslarin esit oldugu durumlarda Gabriel testinden yararlaniimistir. Gabriel testi varyanslar
esit ve orneklem blyukliklerinin farkl oldugu durumlarda kullanilir (Gabriel, 1978). Diger
taraftan varyanslarin esit olmadigi durumlarda ise Games-Howell testi kullanilmistir. Games-
Howell testi varyanslarin ve 6rneklem boyutlarinin esit olmadigi durumlarda kullanilir (Games,

1971) .

2.6. Arastirma Etigi

Calisma icin Kars Valiligi il Milli Egitim Midirligi 06/11/2020 tarih ve 16303785 sayili
Valilik Makam Onayi ve Kafkas Universitesi Sosyal ve Beseri Bilimler Etik Kurulu 07/10/2020
tarihli 14 sayili oturumda 4 nolu karari ile izin alinmistir. Calismada veri toplama araci olarak
kullanilan olgekler icin ilgili arastirmacilardan gerekli izinler alinmistir. Calismada yapilan
alintilar bilimsel kurallara uygun bir sekilde gergeklestiriimis olup, bltin alintilar kaynakca

boliiminde belirtilmistir.
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3. BULGULAR
Ogretmenlerin uzaktan egitime yonelik algi ve tutumlarinin hangi diizeyde oldugunu

ortaya koymak adina yararlanilan betimsel istatistikler Tablo 3’de sunulmustur.

Tablo 2. Ogretmenlerin uzaktan egitime yoénelik algi ve tutumlarina iliskin betimleyici

istatistikler
N Min. Mak. X Sd
Algi 263 32.00 83.00 59.42 11.04
Tutum 263 36.00 86.00 61.52 10.02

Tablo 2 incelendiginde 6gretmenlerin uzaktan egitime yonelik algi puan ortalamalarinin
(X = 59.42) ve tutum puan ortalamalarinin (X = 61.52) birbirine oldukga yakin degerlerde ve
O0gretmenlerin uzaktan egitime yonelik algi ve tutumlarinin orta diizeyde oldugu gortlmustur.
Ogretmenlerin uzaktan egitime yonelik algi ve tutumlarinin cinsiyetlerine gére anlamli bir
farklihk gosterip gostermedigini belirlemek icin yapilan bagimsiz gruplar t-testi sonuclari Tablo

3’te yer almaktadir.

Tablo 3. Ogretmenlerin cinsiyetlerine gére uzaktan egitime yonelik algi ve tutumlarina iliskin

bagimsiz gruplar t-testi sonuclari

N X Sd t df p
Erkek 116 58.38 11.40
Alg Kadin 147 60.23 10.72 135 261 178
Erkek 116 60.36 11.56
Tutum oo - o a5 s -1.61 205.64 108

Tablo 3’e gore erkek dgretmenlerin uzaktan egitime yonelik algi (X = 58.38) ve tutum

(X = 60.36) puan ortalamalarinin kadin 6gretmenlerin algi (X= 60.23) ve tutum (X = 62.43)

puan ortalamalarindan daha diisiik oldugu gérilmistiir. Ogretmenlerin cinsiyetlerine gére

uzaktan egitime yonelik algi ve tutum puanlari arasinda istatistiksel olarak anlamli bir fark
olmadigi belirlenmistir (p>.05).

Calismaya katilan 6gretmenlerin uzaktan egitime yonelik algi ve tutumlarinin yaslarina

gore istatistiksel olarak anlamli bir farklilik gdsterip gostermedigini tespit adina yapilan ANOVA

testi sonuclari Tablo 4’te verilmistir.
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Tablo 4. Ogretmenlerin yaslarina gére uzaktan egitime yénelik alg ve tutumlarina iliskin

ANOVA testi sonuglari

Yas N X sd F P Games-Howell
21-30 73 6426  7.02
31-40 111 5830  14.12 21-30,31-40
Alg! 41-50 63 5846  11.61 >:22 002 21-30,41-50
51-60 16 5487  12.94
Yas N X sd F p
21-30 73 6341  10.15
31-40 111  59.99  11.04
Tutum 41-50 63 6074  9.80 165 178 -
51-60 16 60.93 8.40

Tablo 4 incelendiginde 21-30 yas arasindaki 6gretmenlerin uzaktan egitime yonelik algi
(X= 64.26) ve tutum (X= 63.41) puan ortalamalarinin diger yas gruplarindaki 6gretmenlerin
algl ve tutum puan ortalamalarindan daha yiiksek oldugu belirlenmistir. Ogretmenlerin
yaslarina gore uzaktan egitime yonelik algi puanlari arasinda istatistiksel olarak anlaml bir fark
oldugu (p<.05), tutum puanlari arasinda ise istatistiksel olarak anlamli bir farkin olmadigi tespit
edilmistir (p>.05). Games-Howell testi sonuclari da uzaktan egitime yonelik algi puanlar
bakimindan 21-30 yas grubu ile 31-40 ve 41-50 yas gruplari arasinda istatistiksel olarak anlaml
bir fark oldugunu gostermistir (p<.05).

Ogretmenlerin uzaktan egitime yénelik algi ve tutumlarinin mesleki deneyimlerine gére
anlaml bir farkhlik gosterip géstermedigini ortaya koymak icin yapilan ANOVA testi sonuglari

Tablo 5’de yer almaktadir.

Tablo 5. Ogretmenlerin mesleki deneyimlerine gére uzaktan egitime yonelik algi ve

tutumlarina iliskin ANOVA testi sonuglari

Mesleki Deneyim N X sd F p Games-Howell

1-5 82 62.56 9.48

6-10 59 62.59 11.59 1-5, 20 yil distil
Algi 11-15 54 58.83 8.59 5.745 .000 ! .

6-10, 20 yil Ustl

16-20 28 58.39 12.93

20 yil Gstii 40 53.92 11.52

Mesleki Deneyim N X sd F p Gabriel

1-5 82 64.31 10.73

6-10 59 62.03 9.04 1-5, 20 yil st
Tutum 11-15 54 60.88 7.63 3.161 .015 !

16-20 28 58.89 10.59

20 yil Gstl 40 58.57 10.84
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Tablo 5’den 1-5 ve 6-10 yillik mesleki deneyime sahip 6gretmenlerin uzaktan egitime
yonelik algi puan ortalamalarinin diger gruplarin algi puan ortalamalarindan daha yuksek
oldugu anlasilmistir. Ogretmenlerin mesleki deneyimleri agisindan uzaktan egitime yonelik alg
puanlari arasinda istatistiksel olarak anlamli bir fark oldugu belirlenmistir (p<.05). Games-
Howell testi sonuglarina goére 1-5 ve 6-10 yillik mesleki deneyimi olan 6gretmenlerin algi puan
ortalamalari ile 20 yil Gstli mesleki deneyimi olan 6gretmenlerin algl puan ortalamalari
arasinda istatistiksel olarak anlamli bir fark oldugu tespit edilmistir (p<.05). Ote yandan 1-5
yillik mesleki deneyime sahip Ogretmenlerin uzaktan egitime yonelik tutum puan
ortalamalarinin (X= 64.31) diger gruplarin tutum puan ortalamalarindan daha yiiksek oldugu
ve Ogretmenlerin mesleki deneyimleri bakimindan uzaktan egitime yonelik tutum puanlari
arasinda istatistiksel olarak anlamli bir fark oldugu gorilmistir (p<.05). Gabriel testi sonuglari
ise 1-5 yillik mesleki deneyimi olan 6gretmenlerin tutum puan ortalamalari ile 20 yil Gstu
mesleki deneyimi olan 6gretmenlerin tutum puan ortalamalari arasinda istatistiksel olarak
anlaml bir fark oldugunu gostermistir (p<.05).

Calismaya katilim gdsteren 6gretmenlerin uzaktan egitime yonelik algl ve tutumlarinin
O0grenim durumlarina gore istatistiksel olarak anlamh bir farklihk gosterip gostermedigini

belirlemeye yonelik olarak yapilan ANOVA testi sonuclari Tablo 6 ile verilmistir.

Tablo 6. Ogretmenlerin 6grenim durumlarina gore uzaktan egitime yonelik algi ve tutumlarina

iliskin ANOVA testi sonuglari

Ogrenim Durum N X sd F p
On Lisans 5 63.60 1.67

Algi Lisans 216 59.18 11.88 2.112 123
Lisans st 42 62.92 10.37
Ogrenim Durum N X sd F p
On Lisans 5 64.80 .83

Tutum Lisans 216 61.54 9.79 1.619 .200
Lisans st 42 58.66 14.13

Tablo 6’ya gore 6n lisans mezunu dgretmenlerin uzaktan egitime yonelik algi (X= 63.60)
ve tutum (X= 64.80) puan ortalamalarinin diger gruplarin algi ve tutum puan ortalamalarindan
daha yiiksek oldugu gorilmistiir. Ogretmenlerin 6grenim durumlari bakimindan uzaktan
egitime yonelik algl ve tutum puanlari arasinda istatistiksel olarak anlamli bir fark olmadigi

belirlenmistir (p>05).
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Ogretmenlerin uzaktan egitime iliskin algi ve tutumlarinda branslarina gére istatistiksel

olarak anlaml bir farkhlik olup olmadigini belirlemek icin yapilan ANOVA testi sonuglari Tablo

7’de sunulmustur.

Tablo 7. Ogretmenlerin branslarina gére uzaktan egitime yonelik algi ve tutumlarina iliskin

ANOVA testi sonuglari

Brang N X sd F p
Matematik 22 64.22 12.52
Sinif 65 57.75 13.19
ingilizce\Almanca 21 6042 565
Turkge\Turk Dili ve Edebiyati 23 62.47 13.05
Beden Egitimi 8 63.75 1.38
Fen ve Tekn.\Biyoloji\Kimya\Fizik 23  54.04 17.32
Din Kultiru\Meslek Dersleri 14 62.28 6.79
Rehberlik 11 63.09 2.34
g I%ilgisa}/.ar 6 58.16 1.16 1395 150 -
Ozel Egitim 11 58.18 6.16
Okul Oncesi\Cocuk Gelisimi 15 58.06 15.49
Sosyal Bilgiler\Tarih\Cografya 20 60.95 1.66
Felsefe 5 66.40 .89
Gorsel Sanatlar 5 65.40 18.74
Tekn. Tasarim 6 54.00 4.42
Diger(Buro Yon.,Pazarlama.,
Elektrik., Ulastirma Hizm., 8 59.75 1.28
Adalet., El San.)
Brans N X sd F p Games-Howell
Matematik 22  62.54 10.12 Sinif-Diger
Sinif 65 61.09 942 Sinif-Bilgisayar
ingilizce\Almanca 21  63.80 4.99 ingilizce\Almanca-Beden Egitim
Tiirkge\Tirk Dili ve Edebiyati 23 59.65 15.51 Beden Egitim-Din Kiltiri\Meslek
Beden Egitimi 8 57.87 2.99 Dersleri
Fen ve Tekn.\Biyoloji\Kimya\Fizk 23  53.47 13.69 Beden Egitim-Gorsel Sanatlar
Din Kilttiri\Meslek Dersleri 14 6842 6.07 Beden Egitim-Diger
Rehberlik 11  65.09 3.85 Fen ve Tek.\Biyoloji\Kimya\Fizik-
Bilgisayar 6 6733 1.03 Din Kultiri\Meslek
g Ozel Egitim 11 6190 7.24 ;‘?lkf‘-\B'V°'°J'\K'mya\F'Z'k'
2 Okul Oncesi\Gocuk Gelisimi 15 65.06 9.06 3.320 .000 F;ﬁ'izyar
~ Sosyal Bilgiler\Tarih\Cografya 20 56.95 9.06 . - L
Felsefe 5 50.40 11.50 ;’aelszi}:rlyolou\Klmya\ka—GorseI
Gorsel Sanatlar > 66.60  3.04 Din Kulttiru\Meslek Dersleri-
Tekn. Tasanm 6 6150 4.3/ Sosyal Bilgiler\Tarih\Cografya
Bilgisayar-Sosyal
Diger(Buro Yon., Pazarlama., Bilgiler\Tarih\Cografya
Elektrik., Ulastirma Hizm., 8 6800 130 Sosyal Bilgiler\Tarih\Cografya-

Adalet., El San.)

Gorsel Sanatlar
Sosyal Bilgiler\Tarih\Cografya-
Diger
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Tablo 7 incelendiginde felsefe 6gretmenlerinin uzaktan egitime yonelik algi puan
ortalamalarinin (X= 66.40) diger gruplarin algi puan ortalamalarindan daha yiiksek oldugu ve
O0gretmenlerin bransglari bakimindan uzaktan egitime yonelik algi puanlari arasinda istatistiksel
olarak anlamh bir fark olmadigi goriilmustir (p>.05). Diger taraftan din kiltir\meslek dersleri
ogretmenlerinin uzaktan egitime yonelik tutum puan ortalamalarinin (X= 68.42) diger
gruplarin tutum puan ortalamalarindan daha yiliksek oldugu tespit edilmistir. Calismaya katilan
o0gretmenlerin branslari bakimindan uzaktan egitime yonelik tutum puanlari arasinda
istatistiksel olarak anlaml bir fark oldugu belirlenmistir (p<.05). Games-Howell testi
sonuglarina gére de sinif-diger, sinif-bilgisayar, ingilizce\Almanca-beden egitim, beden egitim-
din kaltiri\meslek dersleri, beden egitim-gbrsel sanatlar, beden egitim-diger, fen ve
Tekn.\biyoloji\kimya\fizik-din kaltiri\meslek, Tekn.\biyoloji\kimya\fizik-bilgisayar, fen ve
Tekn.\biyoloji\kimya\fizik-gérsel ~ sanatlar, din  kilturi\meslek  dersleri-  sosyal
bilgiler\tarih\cografya, bilgisayar-sosyal bilgiler\tarih\cografya, sosyal bilgiler\tarih\cografya-
gorsel sanatlar, sosyal bilgiler\tarih\cografya-diger branslarindaki 6gretmenlerin tutum puan
ortalamalari arasinda istatistiksel olarak anlaml bir fark oldugu gortlmustir (p<.05).

Calismaya katilan Ogretmenlerin uzaktan egitime iliskin algi ve tutumlarinin
O0gretmenlerin uzaktan egitimle ilgili bilgi sahibi olma durumlarina gore anlamli bir farklilk
olusturup olusturmadigini ortaya koymak adina yapilan ANOVA testi sonuglari Tablo 8'de yer

almaktadir.

Tablo 8. Ogretmenlerin uzaktan egitimle ilgili bilgi sahibi olmalarina gére uzaktan egitime

yonelik algi ve tutumlarina iliskin ANOVA testi sonuglari

Uzaktan Egitimle ilgili Bilgi

Sahibi Olma N X sd F P
_ Cokaz bilgiye sahip 7 56.00 6.00
%" Yeterince bilgiye sahip 232 5995 12,92 2.326 .100 -
Yeterince bilgiye sahip degil 24 54.45 10.12
lsJazra‘:(I:iaglmigltlmle ligili Bilgi e sd E b Gabriel
g Cokaz bilgiye sahip 7 59.42 4.54 Yeterince bilgiye
g Yeterince bilgiye sahip 232 6166 10.73 4.668 .010 sahip-Yeterince
= Yeterince bilgiye sahip degil 24 54.83 9.37 bilgiye sahip degil

Tablo 8 uzaktan egitimle ilgili yeterince bilgiye sahip 6gretmenlerin uzaktan egitime
yonelik algi puan ortalamalarinin (X= 59.95) diger gruplarin algi puan ortalamalarindan daha

yiksek oldugunu ve 6gretmenlerin uzaktan egitimle ilgili bilgi sahibi olmalari bakimindan
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uzaktan egitime yonelik algi puanlari arasinda istatistiksel olarak anlaml bir fark olmadigini
gostermistir (p>.05). Bununla birlikte uzaktan egitimle ilgili yeterince bilgiye sahip
dgretmenlerin uzaktan egitime yonelik tutum puan ortalamalarinin (X= 61.66) diger gruplarin
tutum puan ortalamalarindan daha yliksek oldugu ve 6gretmenlerin uzaktan egitimle ilgili bilgi
sahibi olmalari acisindan uzaktan egitime yonelik tutum puanlari arasinda istatistiksel olarak
anlamli bir fark oldugu gorilmustir (p<.05). Gabriel testi sonuglari da 6gretmenlerin uzaktan
egitimle ilgili bilgi sahibi olmalarina gore yeterince bilgiye sahip olanlar ile yeterince bilgiye
sahip olmayanlarin tutum puan ortalamalari arasinda anlamli bir fark oldugunu gostermistir
(p<.05).

Ogretmenlerin uzaktan egitime iliskin algi ve tutumlarinda 6gretmenlerin BiT kullanma
yeterliliklerine gore anlamli bir farklilik olup olmadigini belirlemek icin yapilan ANOVA testi

sonuglari Tablo 9’da verilmistir.

Tablo 9. Ogretmenlerin BIiT kullanma yeterliliklerine gére uzaktan egitime yonelik algi ve

tutumlarina iliskin ANOVA testi sonuglari

BiT Kullanma Yeterlilikleri N X sd F p
Cok iyi 53 60.92 8.83

Algi iyi 139 60.12 11.79 1.001 369
Orta diizey 71 58.23 11.85
Cok iyi 53 62.69  10.58

Tutum yi 139 61.91 10.13 2.010 .136
Orta diizey 71 59.36 10.09

Tablo 9’a gore BIT kullanma yeterlilikleri ¢cok iyi olan 6gretmenlerin uzaktan egitime
yonelik algl (X= 60.92) ve tutum (X= 62.69) puan ortalamalarinin diger gruplarin algi ve tutum
puan ortalamalarindan daha yiiksek oldugu gorilmustiir. Ogretmenlerin BiT kullanma
yeterlilikleri bakimindan uzaktan egitime yonelik algi ve tutum puanlari arasinda istatistiksel

olarak anlaml bir fark olmadigi belirlenmistir (p>05).

4. TARTISMA, SONUC VE ONERILER

Bu calismada 6gretmenlerin uzaktan egitime yonelik algi ve tutumlari cinsiyet, yas,
mesleki deneyim, 6grenim durumu, brans, uzaktan egitimle ilgili bilgi sahibi olma ve BiT’i
kullanma yeterliligi acisindan belirlenmeye ¢alisiimistir. Uzaktan egitim faaliyetlerinin oldukga

yaygin bir hal aldigi son zamanlarda egitim Ogretimin onemli bilesenlerinden biri olan
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O0gretmenlerin uzaktan egitime yonelik algi ve tutumlarinin farkh degiskenlere gére ortaya
konulmasi gelecekte yapilacak ¢alismalara yol gésterebilecektir.

Gahsmada 6gretmenlerin uzaktan egitime yonelik algl ve tutumlarinin orta diizeyde
oldugu anlasiimistir. Ogretmenlerin uzaktan egitim siirecinde cevresini siirekli olarak
degerlendirerek buna yonelik belli algilar olusturmasinin ve bu algilar ile hareketlerinin
temelini olusturmasinin (Kalagan, 2009) duruma etki ettigi diisiinebilir. Ogretmenlerin uzaktan
egitim surecine iliskin kendi yetkinliklerine dair algilari, uzaktan egitime yonelik tutumlari ve
uzaktan egitim konusunda sahip olduklari kisisel distinceleri de (Yenerer, 2021) olusan
duruma etki etmis olabilir. Nitekim Balaman ve Hanbay Tiryaki (2021) 6gretmenlerin uzaktan
egitimi yeterli gormemekle birlikte, 6zellikle 6grencilerin derslerden uzaklasmama, egitim
O0gretim ortamlarindan sogumama ve buna benzer sebeplere yonelik bir arag olarak
gorduklerini ifade etmeleri ve Metin, Glirbey ve Cevik’in (2021) yaptiklari calismalarindan elde
ettikleri bulgulara gore 6gretmenlerin, genel olarak uzaktan egitime yonelik gorislerinin
olumsuz yénde oldugunu belirtmeleri de bu anlamda dikkate degerdir. Bircok 6gretmen igin
uzaktan egitim slreci ve uzaktan egitimle iliskili yapilar, yeni ve aliskin olmadiklari kavramlari
icerdiginden bu durumun ortaya ¢ikmasi olasi bir durumdur. Bu anlamda elde sonuclar Salyers,
Carter, Barrett ve Williams’in (2010), Ulkii’niin (2018), Kocayigit ve Usun’un (2020), Gok ve
Cakmak’in (2020), Mogosoglu ve Kaya’nin (2020), Tirkiresin’in (2020), Karaca, Karaca,
Karamustafaoglu ve Ozcan’in (2021) ve Gékbulut’'un (2021) arastirma bulgulari ile benzer
niteliklerdedir. Ancak Nasser ve Abouchedid’in (2010) okul yoneticiligi yapan 6gretmenlerin
uzaktan egitim faaliyetlerini gerceklestirme konusunda olumsuz tutum icerisinde olduklari
yonundeki arastirma bulgulari ile celismektedir. Bu durum 6gretmenlerin idareci kimligini on
plana cikararak géris bildirmesinden kaynaklanmis olabilir. Oyle ki uzaktan egitime yonelik
algi ve tutum Uzerinde d6rneklemin sahip oldugu 6zelliklerin 6nemli etkileri olabilmektedir. Bu
anlamda gelecek ¢alismalarda 6rneklemlere iliskin farkli 6zellikler g6z 6niinde bulundurularak
uzaktan egitime yonelik algi ve tutumun nitel arastirma yontemleri ile daha derinlemesine
incelenmesi alana énemli katkilar sunabilecektir.

Calisma sonucunda kadin 6gretmenlerin erkek ogretmenlere gore uzaktan egitime
yonelik algilarinin daha yliksek oldugu ve uzaktan egitime yonelik alginin cinsiyete gore
degismedigi belirlenmistir. Olusan durum kadin Ogretmenlerin uzaktan egitime yonelik
deneyimlerinin daha fazla olmasindan veya sahip olduklari deneyimleri daha iyi organize

edebilmelerinden kaynaklanmis olabilir. Oyle ki algilar genellikle kendimize 6zgi
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deneyimlerimiz tarafindan dizenlenir (Plonik, 2009). Nitekim kadin 6gretmenler erkek
o0gretmenlere gore teknoloji kullaniminda kendilerini daha iyi hissederler (Yilmaz, Tomris &
Kurt, 2016; Turgut & Basarmak, 2019). Elde edilen sonuglar Kocayigit ve Usun’un (2020),
Kurnaz, Kaynar, Barisik ve Dogrukok’iin (2020), Mogosoglu ve Kaya’'nin (2020) ve Karaca ve
digerlerinin (2021) arastirma bulgulari ile benzerlik gostermektedir. Calismadan elde edilen
farkh bir sonug ile 21-30 yas arahigindaki 6gretmenlerin uzaktan egitime yonelik algilarinin
diger yas gruplarindaki 6gretmenlere gore daha yliksek oldugu ve yasa gore uzaktan egitime
yonelik alginin anlamli bir farkliik gosterdigi anlasiimistir. Uzaktan egitime yonelik algi
bakimindan 21-30 yas araligindaki 6gretmenler ile 31-40 ve 41-50 yas araligindaki 6gretmenler
arasinda anlamli bir farkhlik oldugu belirlenmistir. Bu durum yasi daha gen¢ olan
O0gretmenlerin zorunlu goérilen acil teknik degisimlere daha hizli bir sekilde adapte
olabilmelerinden kaynaklanmis olabilir. Bu anlamda normal kosullar altinda yiiz yiize, karma
veya uzaktan cevrimici olarak yiritilen egitim 6gretim faaliyetlerinin, kriz durumlarindan
kaynakli olarak gecici bir sekilde alternatif secenekler ile yiritiilmesini ifade eden acil uzaktan
egitim (Ferri, Grifoni & Guzzo, 2020; Hodge, Moore, Lockee, Trust & Bond, 2020) yas! daha
geng 6gretmenler tarafindan daha ¢abuk kabul gormustir. Bu yas grubundaki 6gretmenlerin
uzaktan egitime yonelik teknik bilgi ve becerilerinin daha fazla olmasinin ve bunlari etkili bir
sekilde kullanabilmelerinin de duruma etki ettigi distnebilir. Calisma sonuglari Arslan’nin
(2021) yasi daha geng olan 6gretmenlerin uzaktan egitime yonelik algilarinin daha yliksek
oldugu yoniindeki bulgular ile benzerlik gosterirken, uzaktan egitime yonelik alginin yasa gore
anlamli bir fark olusturmadigina iliskin bulgulari ile gelismektedir. Bu durum belirtilen
¢alismanin 6rnekleminin ortaokul 6gretmenleri olmasindan kaynaklanmis olabilir.

Cahsmanin diger bir sonucu ile mesleki deneyime gore uzaktan egitime yonelik alginin
anlaml bir degisim gosterdigi belirlenmistir. 1-5 ile 20 yil Gsti ve 6-10 ile 20 yil Gstli mesleki
deneyime sahip 6gretmenlerin uzaktan egitime yonelik algilari arasinda anlamh bir farkhlik
oldugu anlasiimistir. Bu durum meslege yeni baslayan 6gretmenlerin uzaktan egitim sirecini
daha cabuk benimseyebilmelerinden kaynaklanabilir. Ayrica bu gruptaki 6gretmenlerin egitim
ogretim faaliyetlerine yeni teknikleri dahil etme konularinda da etkin ve etkili olmalarinin da
bu duruma etkisi olmus olabilir. Bu durumu gruptaki 6gretmenlerin teknoloji kullanimi
bakimindan en giicli engellerden biri olarak goriilen bilgi ve beceri diizeylerinin (Ertmer et al.,
2012) istenilen seviyede olmasi da etkileyebilir. Ote yandan olusan durum uzaktan egitim

sirecinin mesleki deneyimi daha fazla olan 6gretmenler icin ¢ok yeni ve farkli bircok
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kavramlari beraberinde getirmesinden kaynaklanabilir. Bu anlamda mesleki deneyimi daha
fazla olan Ogretmenlerin, uzaktan egitime yonelik algisi teknoloji korkusundan olumsuz
etkilenmistir (Gok & Cakmak, 2020). Bu agidan 6gretmenlerin uzaktan egitime iliskin bilgi ve
becerileri arttirilarak teknoloji kullanimina yonelik korkulari azaltilir (Ertmer & Ottenbreit-
Leftwich, 2010). Calisma sonuglari Arabaci’nin (2020) mesleki deneyimi daha az olan
o0gretmenlerin uzaktan egitime yonelik algilarinin daha yliksek oldugu yoniindeki bulgulari ile
benzerlik gostermektedir. Ancak galismadan elde edilen sonuglar Arabaci’nin (2020), Kurnaz
ve digerlerinin (2020) ve Karaca ve digerlerinin (2021) uzaktan egitime yonelik alginin mesleki
deneyime gore anlamli bir farklihk gostermedigine iliskin ¢alisma sonuglari ile gelismektedir.
Bu durum ¢alisma 6rneklemlerinin uzaktan egitime yonelik sireglerle ve bilgi ve iletisim
teknolojileri ile ilgili bilgi ve becerilerindeki farkhliklarindan kaynaklanmis olabilir. Oyle ki
uzaktan egitimdeki hizmet kalitesinde 6gretmenlerin bu ortamlara yonelik bilgi, beceri ve
deneyimleri olduk¢a 6nemlidir (Sae-Khow, 2014; Cabi, 2018).

Gahsmadan 6grenim durumuna gore uzaktan egitime yonelik alginin anlamli bir degisim
gostermedigi anlasiimistir. Olusan durum uzaktan egitime yonelik algida 6grenim durumunun
cok fazla etkili olmadigini isaret edebilir. Bu anlamda 6gretmenlerin 6grenim durumlarindan
ziyade bireysel olarak yeni teknolojilere karsi yatkinliklari onlarin uzaktan egitime yoénelik
algilarina daha olumlu katkilar (Gok & Cakmak, 2020) sunar. Elde edilen sonuclar Kocayigit ve
Usun’un (2020), Mogosoglu ve Kaya’nin (2020) ve Karaca ve digerlerinin (2021) ¢alisma
bulgulari ile benzerlik gostermektedir. Diger taraftan ¢alismada 6gretmenlerin branslarina
gore uzaktan egitime yonelik algilarinda anlamli bir degisim olmadigi belirlenmistir. Bu durum
O0gretmenlerin uzaktan egitime yonelik algilari Gizerinde branslarinin belirgin bir etkisinin
olmadigini ifade edilebilir. Nitekim farkh teknik arag, gerec ve sirecler ile sirekli etkilesim
icinde olan branslardaki 6gretmenlerin algi puanlarinin diger branslardaki 6gretmenlerin algi
puanlarina yakin degerlerde olmasi buna isaret edebilir. Olusan durum o6gretmenlerin
branslarindan ote bireysel olarak uzaktan egitimi, uzaktan egitim teknolojileri ve bilgi ve
iletisim teknolojilerini benimseme durumlarindan kaynaklanmis olabilir. Calismaya katilan
o0gretmenlerin bu kavramlari benimseme konusunda benzer tepkiler vermesinin duruma etkisi
olmus olabilir. Olusan durumla baglantili olarak ¢alisma sonuglarindan 6gretmenlerin uzaktan
egitimle ilgili bilgi sahibi olma durumlari ve BIiT kullanma vyeterlilikleri bakimindan uzaktan
egitime yonelik algilarinda herhangi bir farklilik olmadigi anlasilmistir. Ogretmenlerin dnemli

bir cogunlugunun uzaktan egitimle ilgili yeterince bilgi sahibi olmalari ve BIT kullanma
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yeterliliklerinin yeterli diizeyde olma durumlari géz 6éninde bulunduruldugunda bu sonug
dikkate degerdir. Oyle ki uzaktan egitime yonelik sahip olunan bilgi uzaktan egitime iliskin
yarar algisini etkilemektedir (Yildiz & Erdem, 2018). Olusan durumun 6gretmenlerin uzaktan
egitimle ilgili bilgi sahibi olma ve BIT kullanma yeterlilikleri bakimindan benzer 6zelliklere sahip
olmalarindan kaynaklanabilecegi de ifade edilebilir.

Cahsma ile kadin 6gretmenlerin erkek 6gretmenlere gére daha yiiksek uzaktan egitime
yonelik tutuma sahip oldugu belirlenmistir. Ayrica uzaktan egitime yonelik tutumun cinsiyete
gore degismedigi anlasiimistir. Bu durum uzaktan egitime yonelik tutumda cinsiyetin etkili bir
degisken olmadigini ifade edebilir. Olusan durum kadin 6gretmenlerin duygusal ve zihinsel
acidan uzaktan egitime iliskin sireclere erkek 6gretmenlerden daha hazir olmalarindan ve
egitim oOgretim faaliyetlerinde uzaktan egitime gecisle gerceklesen degisime davranislarini
daha iyi yonlendirerek ayak uydurabilmelerinden kaynaklanmis olabilir. Elde edilen sonuclar
GUnduz’'tin (2013), Kutluca ve Yalman’nin (2013), Baris’in (2015), Yildiz’'in (2016) ve Kocayigit
ve Usun’un (2020) arastirma bulgulari ile benzerdir. Ancak Yenilmez, Turgut ve Balbag’in
(2017) arastirma bulgulari ile benzesmemektedir. Ote yandan calisma sonuglari 21-30 yas
araligindaki 6gretmenlerin uzaktan egitime yonelik tutumlarinin diger yas gruplarindaki
O0gretmenlere gore daha ylksek oldugunu ve yasa gore uzaktan egitime yonelik tutumun
anlamh farklihk géstermedigini isaret etmistir. Yasi daha genc¢ olan 6gretmenlerin uzaktan
egitime yonelik duygu, distince ve davranislarini organize eden egilimlerinin daha yliksek
olmasinin durum (zerinde etkili oldugu duslndlebilir. Ayni zamanda bu gruptaki
O0gretmenlerin uzaktan egitime iliskin inang ve bilgileri ile olumlu duygusal tepkilerinin
(Tavsancil, 2010) diger yas gruplarindaki 6gretmenlere gore daha fazla olmasinin da duruma
kaynaklik ettigi soylenebilir. Calisma ile ulasilan sonuglar Alea, Fabrea, Roldan ve Farooqi’nin
(2020) ve Mocgosoglu ve Kaya’nin (2020) arastirma sonuglari ile benzerlik gostermektedir.
Calismanin farkli bir sonucundan mesleki deneyime gore uzaktan egitime yonelik tutumun
anlamli bir degisim gosterdigi anlasiimis olup, 6gretmenlerin uzaktan egitime yonelik tutumlar
bakimindan 1-5 ile 20 yil Gsti mesleki deneyime sahip gruplar arasinda 1-5 yillik mesleki
deneyime sahip grup lehine anlamli bir farklihk oldugu tespit edilmistir. Ogretmenlik
mesleginde yeni olan 6gretmenlerin uzaktan egitme yonelik bakis acilarinin diger gruplardaki
O0gretmelere gore daha olumlu olmasinin bu duruma etkisi oldugu séylenebilir. Ayrica bu
gruptaki 6gretmenlerin diger gruplardaki 6gretmenlere gore farkli alanlardaki bilgi ve iletisim

teknolojilerine daha asina olmalarinin ve bu teknolojieri benimseme konusunda yabancilik
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cekmemelerinin de buna kaynaklik ettigi distinebilir. Olugan bu durum 6gretmenlik meslegine
iliskin deneyimi daha az olan 6gretmenlerin, farkli tekniklerle erken yaslarda etkilesimde
bulunmalarindan, glinlik yasamlarinda bu teknolojileri etkin ve etkili bir sekilde
kullanmalarindan, dolayisiyla bu teknolojilere yabanci olmamalarindan kaynaklanmistir (Agir,
2007). Elde edilen sonuglar Okgu ve Agir'in (2006), Agir'in (2007), Begimbetova’nin (2015),
Kocayigit ve Usun’un (2020), Mogosoglu ve Kaya’'nin (2020), Alea ve digerlerinin (2020) ve
Akman’in (2021) arastirmalarindan elde ettikleri sonuclar ile benzerlik gdsterirken, Ulkii’niin
(2018) arastirma bulgulari ile ¢elismektedir. Bu durum belirtilen calismanin 6rnekleminin
sadece ilkokul 6gretmelerinden olusmasindan kaynaklanmis olabilir.

Calismadan gruplarin 6grenim durumuna gore uzaktan egitime yonelik tutumlarinda
anlamh bir farkhlik olmadigi anlasiimistir. Uzaktan egitime yonelik tutumlar (zerinde
dgretmenlerin égrenim durumlarinin ¢ok fazla etkili olmadig distinilebilir. Ogretmenlerin
mezun olduklari bolim ve programlarda uzaktan egitime ve bilgi ve iletisim teknolojilerine
yonelik aldiklari derslerin yeterli dizeyde olmamasinin bu duruma etkisi olmus olabilir.
Calisma sonuglari Agir'in (2007), Kocayigit ve Usun’un (2020), Mogosoglu ve Kaya’nin (2020)
ve Karaca ve digerlerinin (2021) arastirma bulgularina benzer niteliktedir. Ancak Ulki’niin
(2018) ilkokul ogretmenleriyle ve Arslan’nin (2021) ortaokul 6gretmenleri ile yaptig
¢alismalarina iliskin sonuglari ile farkhlik gostermektedir. Diger taraftan calismanin farkh bir
sonucundan, 6gretmenlerin branslarina goére uzaktan egitime yonelik tutumlarinda anlamli bir
farklilik oldugu ve 68retmenlerin uzaktan egitime yonelik tutumlarinin farkli branslar arasinda
anlaml degisimler gosterdigi belirlenmistir. Farkh branslardaki 6gretmenlerin uzaktan egitim
ve uzaktan egitimle baglantili kavram, sire¢ ve yapilar hakkinda sahip olduklari duygu ve
duslincelerin cesitliligi olusan duruma kaynaklik etmis olabilir. Buna ek olarak mevcut durum
ogretmenlerin uzaktan egitime yoénelik sahip oldugu bilgi diizeyi ve BIT kullanma
yeterliliklerine iliskin niteliklerindeki farkliliklardan da kaynaklanabilir. Elde edilen sonuglar
Baek, Zhang ve Yun’un (2017), Yahsi ve Kirki¢’in (2020) calisma sonuglari ile benzerlik
gosterirken, Agir'in (2007), Ulki’niin (2018), Kocayigit ve Usun’un (2020) ve Akman’in (2021)
arastirma bulgulari ile ¢elismektedir. Calismanin uzaktan egitime yonelik tutumun uzaktan
egitimle ilgili bilgi sahibi olma durumuna goére anlamh bir sekilde farklilastigi ve uzaktan
egitime yonelik yeterince bilgiye sahip 6gretmenler ile yeterince bilgiye sahip olmayan
O0gretmenler arasinda anlamli bir farkhlik oldugu yoniindeki sonuglari bu sonucu destekler

niteliktedir. Ogretmenlerin uzaktan egitime iliskin kavram ve siireclere yénelik bilgi
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seviyelerindeki farkliliklar olusan duruma katki sunmus olabilir. Ogretmenlerin énemli bir
¢ogunlugunun daha 6nceden bilgi sahibi ve asina oldugu teknolojileri benimseme konusunda
sikinti yasamamalarinin da bu duruma etkisi olmus olabilir. Calismadan elde edilen sonuglar
Agir'in (2007), Ergin’in (2010) ve Simsek, iskenderoglu ve iskenderoglu’nun (2010) calisma
sonuglari ile benzer nitelikte olup, Ayvaz’in (2012), Horzum, Albayrak ve Ayvaz’in (2012) ve
Akman’in (2021) arastirma bulgulari ile farklihklar gostermektedir. Calismanin baska bir
sonucundan BIT kullanma vyeterliligi agisindan 6gretmenlerin uzaktan egitime yonelik
tutumlarinin anlaml bir farklilik géstermedigi belirlemistir. Ogretmenlerin BiT’ e yénelik bilgi
ve becerilerinin benzer niteliklerde olmasinin bu durumun olusmasina etki ettigi diisiintlebilir.
Ogretmenlerin giinliilk yasamda bircok alanda oldukca yaygin bir sekilde kullanilan bilgi ve
iletisim teknolojilerine yatkinligl ve bu teknolojileri benimsemelerinde zorluk yasamamalari,
BIT kullanma vyeterliliklerini etkileyerek bu sonuca katki sunmus olabilir. Nitekim uzaktan
egitim, BIT araciligiyla icerik aktariminin yapildigi ve etkilesimli dgrenmenin saglanmaya
calisildigi bir 6gretim yéntemi (Moore & Kearsley, 2011) olarak goriildiigi icin BiT kullanma
yeterliliklerinin istenilen diizeyde olmasi uzaktan egitime yonelik tutumu 6nemli dlglde
etkileyebilmektedir.

Sonuc olarak bu calismada 6gretmenlerin uzaktan egitime yonelik algl ve tutumlarina
iliskin puan ortalamalarinin birbirine olduk¢a yakin oldugu ve orta diizeyde oldugu
belirlenmistir. Ayrica 6gretmenlerin uzaktan egitime yonelik algl ve tutumlarinin farkl
degiskenlere gore degisiklik gosterdigi ortaya konulmustur. Calismadan 06gretmenlerin
uzaktan egitime yonelik algilarinda yas ve mesleki deneyim agisindan anlamli farklar oldugu,
cinsiyet, 6grenim durumu, brans, uzaktan egitimle ilgili bilgi sahibi olma ve BIT kullanma
yeterlilikleri bakimindan ise anlamli farklar olmadigi anlasiimistir. Ote yandan c¢alismada
O0gretmenlerin uzaktan egitime yonelik tutumlarinda mesleki deneyim, brans ve uzaktan
egitimle ilgili bilgi sahibi olma bakimindan anlamh farklar oldugu, cinsiyet, yas, 6grenim
durumu ve BIT kullanma yeterlilikleri bakimindan ise anlaml farklar olmadig belirlenmistir.
Ogretmenlerin yas, mesleki deneyim, uzaktan egitimle ilgili bilgi sahibi olmalari arttik¢a ve
branslari farklilastikca, farkh teknolojileri kabullenme ve kullanma konusundaki algilarinin ve
tutumlarinin farkhlasmasi bu duruma etki etmis olabilir. Olusan durum 6gretmenlerin uzaktan
egitime yonelik algi ve tutumlarn Uzerinde farkli degiskenlerin etkili oldugunu

gosterebilmektedir. Bu anlamda gelecekte yapilacak calismalarda belirtilen durumlarin
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dikkate alinmasi yapilacak ¢alismalarin alana 6nemli katkilar sunmasina yardimci olabilecektir.

Cahsmadan elde edilen bulgulara baglh olarak bazi 6neriler sunulabilir:

e (Calismada 6gretmenlerin uzaktan egitime yonelik algl ve tutumlarinin orta diizey
oldugu anlasilmistir. Ogretmenlerin uzaktan egitime yénelik algi ve tutumlarini Gst
diizeylere ¢ikarmak adina dgretmenlere ydnelik olarak uzaktan egitim ve BIT ile ilgili
daha fazla ¢alismanin yapilmasi diigtinebilir.

e  Bucgalismanin galisma grubu Kars ili merkez ilgesindeki 6gretmenlerden olusmaktadir.
Gelecekte yapilacak galismalarin ¢calisma grubu daha fazla 6gretmeni icerecek sekilde
olusturulabilir.

e Calisma tarama modeli ile yiritilmustir. ilerde yapilacak ¢alismalarda nitel
arastirma yontemleri kullanilip, daha derinlemesine analizler yapilarak farkh
bulgulara ulasilabilir.

o Milli Egitim Bakanligina bagli okullarda 6gretmenlere uzaktan egitime yonelik hizmet

ici kurslar verilebilir.
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Bu calismada kristal yapilari 6nceki calismalarda belirlenmis olan diaquabis(4-
florobenzoat)bis(nikotinamid)  kobalt  (Il) ve  diaquabis(4-bromobenzoat)bis
(nikotinamid) kobalt (1) komplekslerinin molekuller arasi etkilesimleri Hirshfeld Yuzey
Analizi ile belirlenmistir. Molekiiller arasi etkilesim katki yGzdeleri iki boyutlu parmak izi
grafiklerinden elde edilmistir. Komplekslerin etkilesim enerjileri CrystalExplorer
programi yardimiyla B3LYP/6-31G ve HF/3-21G temel setleri kullanarak belirlenmistir.
Komplekslerin elektrostatik potansiyel haritalari CrystalExplorer programi ile HF/STO-
3G temel seti kullanarak olusturulmustur. Calismada ayrica komplekslerin Koronaviris
spike proteini ve spike protein ile anjiyotensin donistiriici enzim 2 (ACE2) katalitik
baglanma bdlgesindeki etkilesimleri Molekiler Docking yardimi ile incelenmistir.
Komplekslerin absorpsiyon, dagilim, metabolizma, atiim ve toksisite (ADMET)
ozelliklerine iliskin tahminler SwissADME ve ProTox-Il g¢evrimigi veritabanlari
kullanilarak yapilmistir. Hirshfeld ylzey analizi sonuglarina gére komplekslerin Hirshfeld
ylzeyinde H..H, H...C/C..H, H..O/O..H, F..H/H..F, H..Br/Br..H, C..C, C..0/0..C,
C..N/N...C, F..O/O...F, N..F/F..N, H..N/N...H, C..Br/Br..C, O...Br/Br...0, N...Br/Br...N,
Br...Br ve N...N gibi molekuller arasi etkilesimler tespit edilmistir. Kompleks 1 ve 2'nin
toplam enerjilerine en buyuk katkiyi elektrostatik ve dispersiyon enerijilerinin sagladig
belirlenmistir. Komplekslerin SARS-CoV-2’nin spike proteini ve spike protein ile ACE2
baglanma bdlgesine karsi substrat etkileri in siliko olarak incelendiginde, hidrojen bagi,
karbon-hidrojen bagi, m-m istiflenmesi, m-m T-sekilli etkilesimleri, elektrostatik
etkilesimler, halojen, m-katyon, m-alkil, amid-rt etkilesimleri ve alkil etkilesimleri gibi
bircok etkilesim vasitasiyla proteinlere karsi antagonist etki sergileyebilecegi tespit
edilmigtir.
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Hirshfeld surface the HF/STO-3G base set. In addition, the interactions of the complexes with the
analysis Coronavirus spike protein and spike protein-ACE2 catalytic binding site were
Sars-CoV-2 investigated with the help of Molecular Docking. Predictions of the complexes'
Carboxylate absorption, distribution, metabolism, excretion and toxicity (ADMET) properties were
Complexes made using SwissADME and ProTox-Il online databases. According to the results of

Hirshfeld surface analysis, There are intermolecular interactions such as H..H,
H...C/C..H, H...0/O...H, F...H/H...F, H...Br/Br..H, C...C, C...0/0...C, C..N/N...C, F..0/O...F,
N...F/F..N, H..N/N..H, C...Br/Br...C, O... Br/Br...O, N...Br/Br...N, Br...Br and N...N on the
Hirshfeld surface of the complexes. It was determined that electrostatic and dispersion
energies provided the greatest contribution to the total energies of Complexes 1 and 2.
When the substrate effects of the complexes against the spike protein of SARS-CoV-2
and the spike protein and the angiotensin converting enzyme 2 (ACE2) binding site were
examined in silico, it was determined that they could exhibit antagonist effects against
proteins through many interactions such as hydrogen bonding, carbon hydrogen
bonding, -1t stacking, m-rt T-shaped interactions, electrostatic interactions, halogen, m-
cation, m-alkyl, amide-m interactions, and alkyl interactions.

GIRIS

Kovalent olmayan etkilesimler kimya, fizik ve 6zellikle biyodisiplinlerde hatta bilimin
tamaminda O6nemli bir rol oynamaktadir. Bu etkilesimler, DNA ve proteinler gibi
biyomakromolekdllerin yapisini belirlerler ve molekiiler tanima siirecinden sorumludurlar
(Cerny & Hobza, 2007). Biyolojik molekiillerin kovalent olmayan etkilesimleri, metabolizmanin
diizenlenmesi basta olmak Uzere biyolojik streclerin yonetilmesini saglamaktadir (Frieden,
1975). Kovalent olmayan etkilesimler canli sistemlerin yani sira kimyasal molekdllerin
yapilarinin kararliligina da 6nemli katki sunmaktadir (Cerny & Hobza, 2007). Molekiiler yapllar,
yeni materyallerin ve ilaglarin tasarimi da dahil olmak Uizere biyoloji ve kimyanin birgok alanini
yoneten kovalent olmayan etkilesimleri kolayca tanimlamaz. Bu nedenle, son yillarda
arastirmacilar bu etkilesimleri tanimlayabilmek igin bilgisayar destekli programlar
kullanmaktadirlar (Beytur, 2020; Beytur et al., 2019; Beytur & Avinca, 2021; Johnson et al.,
2010; Ugurlu & Beytur, 2020). Molekiiler Docking, bir hedef proteinin (reseptor) baglanma
bolgesi icindeki ligand (ilag) molekillerinin etkilesiminin incelenmesi yoluyla ila¢ kesfi ve
gelistirilmesi icin umut verici bir aractir (Boy et al., 2021; Cheke, 2020; Singh & Florez, 2020).
Aralik 2019'da, bir pnémoni salgini baslamis ve bulasma kolaylgl nedeniyle kiiresel saglik
endiselerini artirmistir. Cok sayida ¢alismadan sonra, hastaligin nedeni olarak yeni bir siddetli
akut solunum vyolu sendromu koronaviriis 2 (SARS-CoV-2) tanimlanmis ve hastaliga
"koronaviriis-19" (COVID-19) adi verilmistir. Son derece bulasici olan bu hastaligi hizli bir
sekilde teshis etmek ve kontrol altina almak icin sipheli kisiler izole edilmis ve hastalarin
epidemiyolojik ve klinik verileri (izerinden teshis/tedavi prosedurleri gelistirilmistir (Brodeur

et al., 2021; Esakandari et al., 2020). Pandeminin yarattigi ¢coklu tehditler ve dizensizlikler g6z
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ontine alindiginda, diinyanin dort bir yanindaki bilim adamlari SARS-CoV-2'yi ve daha birgok
hastaligl anlamak ve potansiyel tedavileri ve etkili terapdétik ilag adaylarini bulmak igin hala
calismalar ylrtutmektedir. Metal kompleksler ve gesitli organik ligandlarin ilag 6zelliklerine
iliskin cok sayida ¢alisma bulunmaktadir (Bahgeci et al., 2017; Ciftci et al., 2018; Irak & Beytur,
2019; Kog et al., 2020; Sertcelik et al., 2018; Sertcelik et al., 2018). Giiniimiizde, bircok viral
hastalik icin ilag tedavisinde kullanilan ilag materyalleri sinirlidir. Pandeminin baslangicindan
bu yana SARS-CoV-2 tedavisinde kullanilan ilaglarin bazilari halen kullanimdayken bazilarinin
kullanimi durdurulmustur (Fakhar et al., 2021; Jain et al., 2021; Rothan & Byrareddy, 2020;
Verma et al., 2021). Hesaplamali yontemler, hem vyapisal 6zelliklere iliskin hem de ilag
arastirmalari icin hipotezler sunar. Spike protein (S) koronavirlis genomu tarafindan sentezi
gerceklestirilen ana proteinlerden biridir. Koronaviris icin gelistirilecek ilaglar icin de
hesaplamali yontemler sayesinde bazi tahminler yapilmasi mimkindir. Spike protein,
anjiyotensin donustilriici enzim 2 (ACE2) reseptoridir ve yapilan arastirmalar sonucu insan
ACE2 reseptori ile glicll bir afiniteye sahip oldugu bulunmustur. SARS-CoV-2 virlistiniin Spike
proteini akcigerlerdeki pnomositler tizerinde bulunan anjiyotensin dénistirici enzim 2 (ACE-
2) reseptorlerine baglayarak solunum hiicrelerine girerek enflamatuar ve bagisiklik
reaksiyonlarinin aktivasyonunu indikledigi birgok g¢alismada rapor edilmistir (Demir Tekol,
2020; Wan et al., 2020). Bu bilgiler 1s1ginda, bu calismada daha 6nceden yapilari belirlenmis
olan diaquabis(4-florobenzoat)bis(nikotinamid) kobalt (lI) (Kompleks 1) ve diaquabis(4-
bromobenzoat)bis(nikotinamid) kobalt (ll) (Kompleks 2) komplekslerinin molekiller arasi
etkilesimleri, etkilesim enerjileri ve elektrostatik potansiyel haritalari CrystalExplorer programi
yardimi ile belirlenmis ve koronaviriise ait spike protein ve ACE2 baglanma bdlgesi ile
etkilesimleri Molekiiler Docking ¢alismalariile incelenmistir. Ayrica potansiyel ilag 6zelliklerine
iliskin yorum vyapabilmek adina absorpsiyon, dagilim, metabolizma, atiim ve toksisite

parametreleri hesaplanmistir.

YONTEM

Hirshfeld Yiizey Analizi, Etkilesim Enerjisi Hesaplamalari ve Elektrostatik Potansiyel
Haritalarn

Calismada yapilari 6nceden belirlenmis olan komplekslerin (Caylak et al., 2007;
Hokelek et al., 2007) (Sekil 1) molekuller arasi etkilesimlerini gorsellestirmek icin Hirshfeld

ylzey analizi yapilmistir (Hirshfeld, 1977; M. A. Spackman & Jayatilaka, 2009a). CrystalExplorer
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V21.5 programi ile (P. R. Spackman et al., 2021) komplekslerin kristallografik bilgi dosyasi (cif)
kullanilarak, Hirshfeld yiizeyi (McKinnon et al.,, 2007) ve 2D parmak izi grafikleri (M. A.
Spackman & Jayatilaka, 2009a), etkilesim enerjisi hesaplamalari CrystalExplorer programi
binyesindeki Tonto Quantum Chemistry paketinin CE-B3LYP/6-31G(d,p) ve CE-HF/3-21G
(Mackenzie et al., 2017) temel setleri ile kullanilarak hesaplanmis ve elektrostatik potansiyel

haritalari (M. A. Spackman et al., 2008) HF/STO-3G temel seti kullanilarak olusturulmustur.

Molekiiler Docking Analizi

Komplekslerin baglanma afinitesini hesaplamak igin Autodock Vina programi (Trott &
Olson, 2009) kullanilmistir. SARS-CoV-2 yapisal proteinin (PDB kodu: 6M0J (Lan et al., 2020))
X-1sin1 kristal yapisi, 2,50 A ¢ozinirlik faktort ile X-isini diffraksiyon yontemi kullanilarak
¢Ozlilmiis, PDB wuzantili dosyasi RCSB Protein Veri Bankasindan alinmistir (https
://www.rcsb.org). Ligand icin komplekslerin kristallografik bilgi dosyasi (.cif) kullaniimistir.
Modelleme calismalari yapilacak olan enzimler dncelikle BIOVA Discovery Studio Visualizer
2021 (BIOVIA, 2021.) ile optimize edilmistir. Aktif bolgede komplekslerle enzimi etkilestirmek
ve ligand-protein etkilesimlerini gorintileyebilmek icin AutoDockTools 1.5.7 programi (Trott
& Olson, 2009) kullanilmistir. Gorsellestirme islemleri BIOVA Discovery Studio Visualizer 2021
(BIOVIA, 2021) kullanilarak gerceklestirilmistir.

ADMET Hesaplamalari

ila¢ tasariminda, ila¢ adayi molekiillerin farmakokinetik ve toksikokinetik 6zelliklerinin
belirlenmesi, coklu deneylere gerek kalmadan hem zamandan hem de maliyetten tasarruf
saglamakta ve basari oranini yiikseltmektedir. Absorpsiyon, dagilim, metabolizma, atilim ve
toksisite parametreleri (ADMET), bir ilag molekilinln tasimasi gereken 6zellikleri tanimlar.
SwissADME cevrimigi veritabani (Daina et al., 2017), komplekslerin absorpsiyon, dagilim,
metabolizma ve atiim degerlerini tahmin etmek icin kullaniimistir. Toksisite degerlerini

tahmin etmek icin ProTox-1l cevrimici veritabani (Banerjee et al., 2018) kullaniimistir.

BULGULAR VE TARTISMA
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Hirshfeld Yiizey Analizi

Komplekslerin dnorm haritalarinda mavi, kirmizi ve beyaz renkler goériilmektedir. Van der
Waals yarigapindan daha kisa mesafelere sahip etkilesimler (yakin temaslar) kirmizi renk
seklinde gériilmektedir. Ozellikle hidrojen baglarinin yogun bulundugu bdlgeler koyu kirmizi
renk ile temsil edilmektedir. Van der Waals yaricapindan daha uzun mesafelere sahip
etkilesimler (uzak temaslar) mavi renk ile gosterilmektedir. Beyaz renk Van der Waals
yaricaplarinin toplamina esit olan etkilesimleri gostermektedir (Sekil 2a ve 3a). Komplekslerin
3D Hirshfeld ylzeylerinde dnorm haritalari, -0,610 — 1,363 a.u (Kompleks 1) ve -0.493 -
1.4180 a.u (Kompleks 2) araliginda oldugu belirlenmistir (M. A. Spackman & Jayatilaka, 2009b).

el

Kompleks 1 Kompleks 2

Sekil 1. Komplekslerin molekiler yapilari.

a b C

Sekil 2. Kompleks 1'in dnorm haritasi, sekil indeksi ve kavislilik haritasi.
Sekil 2b ve 3b’de komplekslerin sekil indekslerinde gorilen bitisik kirmizi ve mavi lggenler,

yapidaki benzen-benzen, benzen-piridin ve piridin-piridin aromatik halkalari arasindaki C-H-mt

ve -1t etkilesimlerine atfedilmektedir (M. A. Spackman & Jayatilaka, 2009a).
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Sekil 3. Kompleks 2’nin dnorm haritasi, sekil indeksi ve kavislilik haritasi.

Komplekslerin kavislilik haritalari Sekil 2c ve 3c’de verilmistir. Halkalarin diizlemselligi sekilde

gorilen genis mavi ylzeyler ile temsil edilmektedir. Bu yizeyler m-m istiflemelerinin

varligindan kaynaklanmaktadir. Halkalardan uzaklastik¢a diizlemsel bélgeleri birbirinden mavi

seritler ile ayrilmaktadir ve mavi boélgeler kavislilikleri temsil etmektedir.

Tablo 1. Kompleks 1 ve 2'nin molekiler arasi etkilesim ytzdeleri.

Etkilesim Miktan (%)

Etkilesim Tirii Kompleks 1 Kompleks 2
F-C/CF 3,0

C-0/0-C 0,4 0,9
H-C/C-H 17,5 24,9
C-N/N-C 0,2 0,8
c-C 6,8 4,2
O-F/F-0 1,1

H-F/F-H 10,7

N-F/F-N 0,8

H-H 32,9 26,1
H-N/N-H 2,6 2,2
H-0/0-H 23,9 19,3
C-~Br/BrC 2,9
O-Br/Br-0 0,9
H-Br/Br-H 15,6
N-Br/Br-N 0,6
Br-Br 1,4
NN 0,2
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iki boyutlu parmak izi grafikleri molekiiller arasi etkilesimlerin katki yiizdelerini belirlemektedir
(Tablo 1). Sekil 4 ve 5’te gorilen iki boyutlu parmak izi grafiklerinde kompleks 1 ve 2’nin baskin
molekiller arasi etkilesimleri gortlmektedir. Tablo 1'de gorildigi gibi komplekslerin
yapisindaki hidrojen bollugundan dolayi molekiler ylizeye en 6nemli katkiyt H-H etkilesimleri
saglamaktadir. Bu etkilesimlerin Hirshfeld ylizeyine katkilari kompleks 1 ve 2 igin sirasiyla %
32,9 ve % 26,1’dir. H~O/0~H etkilesimleri kompleks 1 i¢in en 6nemli ikinci etkilesim ylizdesine
sahip iken, kompleks 2 icin en 6nemli ikinci katkiyi H~C/C+~H etkilesimleri saglamaktadir.
H-~O/O~H etkilesimleri her iki kompleksin yapisindaki O—H+O hidrojen baglarindan
kaynaklanmaktadir. Kompleks 1 i¢in H--F/F~H ve kompleks 2 i¢in H~Br/Br-H etkilesimleri kristal
yapilarin kararliigina 6nemli katki sunmustur. Bu katkilarin miktari sirasiyla % 10,7 (H-F/F-H )
ve %15,6’dir (H-Br/Br~H). C-H etkilesimleri aromatik halkalarin C-H-1t etkilesimleri ve m-nt
istiflemelerine atfedilmektedir. Kompleksler icin en ©6nemli katkilardan biri C-C
etkilesimleridir. Ayrica C-C etkilesimleri de m-nt istiflemelerinden kaynaklanmaktadir.
Hirshfeld ylizeyinde metal atomunun herhangi bir atom ile etkilesiminin bulunmadig
belirlenmistir. Tablo 1 incelendiginde, halojen grubunun degisimi ile etkilesim ylzdeleri
acisindan cok buyuk farkhliklarin ortaya ciktigi gériilmektedir. Hirshfeld yuzeyinde C~0/0C,
C-N/N-C, F~O/O-F, N~F/F~N, H~N/N-H, C-Br/Br-C, O-Br/Br-0O, N-Br/Br-N, Br--Br ve N-N gibi

dislik katki saglayan molekiller arasi etkilesimler bulunmustur.

di di [ di

000802 T4 1618202224 0608 IO T2 A T T 8202224 VE OB T T2 AT E T8 202224
Tum Etkilesimler H-H Etkilesimleri H~-0/O~H Etkilesimleri
de 5 | de ) | de
2.4 14 4
2.2 22 2
20 2.0 c0
18 1.8 1.8
1.6 1.6 1.6
1.4 14 14
1.2 1.2 1.2
1.0 1.0 1.0
)8 ).8 ).8
1.6 | )6 )6
di di di
D508 TITOT 2T T8 Y8 202228 OO TO T2 T AT O TR 2022727% DO TOT 2T T VS 20222%
H-C/C~H Etkilesimleri H-F/F-H Etkilesimleri C-C Etkilegimleri

Sekil 4. Kompleks 1’in 2D parmak izi grafikleri.
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di di
OO TO T2 T Te T E202228 0508 TO T2 11618207 1/4 DO TOTZ TR T T 702278

TUm Etkilegimler H-H E(kxleymlen H~-C/C-H Etkilesimleri

ﬂ & de
24
" 22 )
2.0
1 I8
di

i di
VSO0 T2 T4 08202224 nhosITAtIAtT IR I 2 0 0608 TO T2 TAT6 18202224

H-0O/0O-H Etkilesimleri H-Br/Br-H Etkilesimleri C-C Etkilegimleri

Sekil 5. Kompleks 2’nin 2D parmak izi grafikleri.

Etkilesim Enerjisi Hesaplamalari

Toplam molekiiller arasi enerji (E_tot, kJ/mol), referans molekiile gére dort ana enerji
bileseninin (elektrostatik (E_ele), polarizasyon (E_pol), dispersiyon (E_dis) ve degisim itme
(E_rep)) toplamidir. B3LYP/6-31G(d,p) temel seti icin olcek faktorler k_ele = 1,019; k_pol =
0,651; k_disp = 0,901 ve k_rep = 0,811’dir. HF/3-21G temel seti i¢in 6lcek faktorler k_ele =
1,057; k_pol = 0,740; k_disp = 0,871ve k_rep = 0,618’dir. Enerji hesaplamalari CE-B3LYP/6-
31G(d,p) ve CE-HF/3-21G temel setleri kullanilarak yapilmistir (Tablo 2). Enerji degerlerinin
tahmininin dogrulugunu artirmak igin CrystalExplorer yaziliminin iki farkh enerji modeli
kullanilmistir. Kompleks 1 igin her iki temel setinde E_tot degerleri benzerdir. Kompleks 2 igin,
Tonto Quantum Chemistry paketi B3LYP/6-31G(d,p) modelini hesaplayamamistir. Kompleks 2
icin yalnizca HF/3-21G temel setine iliskin sonuglar bulunmaktadir. Komplekslerin yapisindaki
tek fark benzen halkasinin 4- pozisyonuna bagh halojen gruplarinin farkli olmasidir (Sekil 1).
Elde edilen sonuclar degerlendirildiginde toplam enerji degerine en blyik katkiyi dispersiyon
enerjisi (E_dis) ve elektrostatik enerji (E_ele) degerlerinin katkisinin bulundugu belirlenmistir.
Onceki calismalarda, hidrojen baglarinin elektrostatik enerjiye katki sagladigi bildirilmistir.
Etkilesim enerji degerleri incelenen Kompleks 1 ve 2’nin yapisinda bulunan N-H::-:O ve O-H~O
hidrojen baglari ve zayif C-H...mt etkilesimleri elektrostatik enerjiye énemli 6lclide katkida

bulunmaktadir (Mackenzie et al., 2017). Kompleks 2'nin toplam enerjisi dispersiyon
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enerjisinden blyik o6lglide etkilenmektedir. Dagilim enerjilerinin buyudklGginin toplam
enerjilere en blytk katkiyi sundugu onceki ¢calismalar ile desteklenmektedir. Elektrostatik
terim 6nemsiz degildir, ancak her durumda itme ile biyik o6lglide iptal edilmektedir (Maloney
et al., 2015). Komplekslerin enerji cerceveleri Sekil 6 ve 7'de verilmistir. Toplam enerjinin ve
onun elektrostatik ve dispersiyon bilesenlerinin enerji cergeveleri bigiminde gorsellestirilmesi,
molekdiler kristallerin mimarisine i1sik tutarak gercek kristal 6zelliklerine potansiyel bir baglanti
saglamaktadir. Kovalent olmayan etkilesimlerden etkilenen elektron yogunlugu, molekiler
elektrostatik potansiyele ve elektrostatik tamamlayicilik gibi kalitatif kavramlarin degisimine

neden olmaktadir.

Toplam Enerji

Elektrostatik Potansiyel 3 Y M‘

Enerji Dispersiyon Enerjisi

Sekil 6. Kompleks 1’in etkilesim enerijisi haritalari

.
Toplam Enerji

Elektrostatik Potansivel
Enerji Dispersiyon Enerjisi

Sekil 7. Kompleks 2’nin etkilesim enerjisi haritalari
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Kompleks N[ Simetri Kodlar R Temel Set E ele | E pol | E_dis | E_rep | E_tot
2 X, YV, Z 12.00 B3LYP/6-31G(d,p) -13.7 -2.3 -31.0 18.1 -32.0
2 X, YV, Z 8.93 B3LYP/6-31G(d,p) -98.5 | -26.2 | -72.3 | 121.0 | -111.8

x+1/2,y+1/2, -
4 9.69 B3LYP/6-31G(d,p) -38.8 | -11.3 | -34.8 43.4 -53.0
z+1/2
x+1/2,y+1/2, -
4 9.75 B3LYP/6-31G(d,p) -13.3 -3.0 -35.3 19.5 -35.0
z+1/2

1 2 XV, Z 14.96 | B3LYP/6-31G(d,p) 84 | -15 | -256 | 69 | -10.2
0 HF/3-21G -20.0 -4.3 -31.0 12.7 -40.8
0 HF/3-21G -105.3 | -36.4 | -72.3 95.2 |-118.9

0 HF/3-21G -38.1 | -14.1 | -34.8 31.8 -53.6

0 HF/3-21G -15.9 -3.7 -35.3 15.1 -38.2

0 HF/3-21G 13.0 -2.0 -25.6 4.8 -7.2

2 X, Y, Z 10.11 HF/3-21G 15 -4.3 -60.7 22.1 -38.1

2 X, Y, 2 13.12 HF/3-21G 2.1 -5.8 -47.7 26.0 -23.6
2 2 X, Y,z 9.96 HF/3-21G -91.8 | -37.5 | -86.6 78.4 |-132.3
2 X, Y,z 7.62 HF/3-21G -78.4 | -27.2 | -60.6 63.5 | -100.7

2 X, Y, 2 14.32 HF/3-21G -58.8 | -18.0 | -22.6 42.8 -57.3

Molekiiler Elektrostatik Potansiyel Haritasi

Kristal paketleme ile iliskili elektrostatik tamamlayiciliklari yorumlamak igin, Hirshfeld

ylzeyinde -0.050 ila 0.050 a.u. araliginda ortalama elektrostatik potansiyeli haritalanmistir.

Hirshfeld ylzeyindeki mavi bdlgeler, hidrojen verici alanlari gosteren pozitif elektrostatik

potansiyellere karsilik gelmektedir ve kirmizi bolgeler, hidrojen alici alanlari gosteren negatif

elektrostatik potansiyellere karsilik gelmektedir (Sekil 8) (M. A. Spackman et al., 2008).
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Kompleks 1 Kompleks 2

Sekil 8. Komplekslerin molekiler elektrostatik potansiyel haritasi

Molekiiler Docking Calismalari

Molekiiler Docking, bir molekil baska bir molekiile baglandigi zaman oryantasyonunu
tahmin etmeye izin veren bir biyoinformatik yontemidir. Molekiler Docking icin iki ana
yaklasim vardir. ilk yaklasim, proteini ve ligandi tamamlayici yiizeyler olarak tanimlar. ikinci
yaklasim, serbest baglanma enerjisine (AG) dayah olarak ligand protein etkilesimini
hesaplayan yerlestirme siirecini simiile eder (Singh & Florez, 2020). Kompleks 1 ve 2’nin SARS-
CoV-2'nin 6nemli proteinlerinden biri olan spike protein ve spike protein ile ACE2 arasindaki
katalitik bolgede etkilesimlerini incelemek igin Molekuler Docking calismalari yapilmis,
baglanma afiniteleri degerlendirilmis ve ligand etkinligi hesaplanmistir. spike protein, hiicre
zarindaki ACE2 ile etkileserek hiicreye girer (Demir Tekol, 2020; Wan et al., 2020). Kompleks 1
ve 2, hem spike protein hem de spike protein ve ACE2 icin yiksek bir baglanma enerjisine (AG)
sahiptir. Bu nedenle spike protein + ACE2 arasindaki katalitik bélgeye yerlestirilen kompleks 1
ve 2, bir antagonist gorevi gorebilir ve hiicreye girmesini engelleyebilir. Kompleks 1 ve 2, spike
protein ve spike protein ve ACE2 icin sirasiyla -8,10 kcal/mol ve -7,90 kcal/mol baglanma
enerjisine sahiptir (Tablo 3). Kompleks 1 ve 2, koronaviris spike proteini ve spike protein +
ACE2 ile baglanma bdlgesinde, hidrojen bagi, karbon-hidrojen bagi, n-mt istiflenmesi, m-rt T-
sekilli etkilesimleri, elektrostatik etkilesimler, halojen, m-katyon, m-alkil, amid-mt etkilesimleri
ve alkil gibi bircok etkilesim yaptigl tespit edilmistir. Ozellikle komplekslerin yapisindaki
hidrojen bagi akseptor ve donor gruplarinin varligindan dolayi, komplekslerin koronaviris

spike proteini ile glcli hidrojen bagi etkilesimleri yaptigi belirlenmistir (Sekil 9-12).
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Kompleks 1 ve 2'nin yerlestirme sonuglari.

Alkil

PRO389

r-Alkil

PRO389

Baglanma
Ligand
Enzim Kompleks | Etkilesim Tur( Amino Asit Enerjisi
Etkinligi
AG(kcal/mol)
Hidrojen Bagi GLY496, ASN501,
THR500, GLN498,
Spike GLN493, SER494
1 -8,1 0,34
protein Karbon-Hidrojen Bagi TYR495, GLY496,
ni-mt Istiflenmesi TYR505
m-it T sekilli etkilesimleri TYR449, TYR505
Elektrostatik etkilesimler | HIS34, LYS417
Hidrojen Bagi ASP30, ASN33,
Spike
LYS26, ARG403,
protein +
Karbon-Hidrojen Bagi LYS417
ACE2 ile | 1 -7,9 0,33
Halojen ARG403, GLU406
baglanma
m-Katyon HIS34
bolgesi i
-1 Istiflenmesi HIS34
Te-Alkil PRO389, LYS417
Hidrojen Bagi GLY496, GLNA498,
ASN500, ASN501,
Spike THR500, SER494
2 -8,1 0,34
protein Karbon-Hidrojen Bagi TY495
n-t istiflenmesi TYR505
ni-mt T sekilli etkilesimleri TYR449, TYR505
Elektrostatik etkilesimler HIS34, ARG393,
ARG403,
Spike Hidrojen Bagi HIS34, ARG393,
protein + TYR505, ALA387,
ACE2 ile | 2 ARG403, -7,9 0,33
baglanma n-Katyon HIS35
bolgesi Amid-mt etkilesimleri GLN388, PRO389
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Sekil 9. Kompleks 1 ve koronavirlsiin spike proteininin kenetlenme sonucu (solda) ve

Kompleks 1'in spike proteinin aktif bolgesindeki amino asitlerle iki boyutlu etkilesimleri

(sagda).

Sekil 10. Kompleks 1 ve koronavirisiin spike protein + ACE2 baglanma bdlgesinde
kenetlenme sonucu (solda) ve Kompleks 1'in spike protein + ACE2 baglanma bolgesindeki

amino asitlerle iki boyutlu etkilesimleri (sagda).
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Sekil 11. Kompleks 2 ve koronaviristin spike proteininin kenetlenme sonucu (solda) ve
Kompleks 2'nin spike proteinin aktif bolgesindeki amino asitlerle iki boyutlu etkilesimleri

(sagda).
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Sekil 12. Kompleks 2 ve koronavirisiin spike protein + ACE2 baglanma bdlgesinde
kenetlenme sonucu (solda) ve Kompleks 2'nin spike protein + ACE2 baglanma bdlgesindeki

amino asitlerle iki boyutlu etkilesimleri (sagda).

ADMET Hesaplamalari

ilac adayi bilesiklerin farmakokinetik ve toksikokinetik 6zelliklerinin tahmin edilmesi,
ilac kesfinde hedefe ulasma basarisini artirmaktadir. Lipinski ve ark. bir bilesigin ilac olmasi icin
bes kural onermistir (Lipinski et al., 1997). Kompleks 1 ve 2, Lipinski’'nin dort kuralina
uygundur. Her iki bilesigin molektler agirligi 500 g/mol'iin tizerinde oldugu icin Lipinski’nin bir

kuralina uymamaktadir. Bilesiklerin hacimli dogasi nedeniyle, gastrointestinal absorpsiyonlari
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dlsUktlir, kan-beyin bariyerini (BBB) gecemezler ve P-glikoproteinin substratlari olarak
kullanilamazlar. Komplekslerin oktanol/su igindeki ¢ozinrlikleri rijit yapilarindan dolayi
dusliktir. Kompleksler sitokrom P450 enzimi olan CYP2C19’u indiikleyebilir veya inhibe
edebilir. CYP1A2, CYP2D6, CYP2C9 ve CYP3A4 ile etkilesime girmez. Komplekslerin yapilarinda
lipofilik gruplarin olmamasi da deri gegirgenligini veya lipid gegirgenligini azaltir (Daina et al.,
2017). Komplekslerin tahmini toksisite degerleri incelenmis ve bilesiklerin orta diizeyde toksik
sinifta oldugu belirlenmistir (Toksisite sinifi alti sayidan olusur. 1 numara toksik anlamina gelir;
6 numara toksik olmayan anlamina gelir). Tahmini letal doz miktarlari, kompleks 1 ve 2 i¢gin
sirasiyla 2000 mg/kg ve 2500 mg/kg olarak bulunmustur. Kompleks 1 hepatoksiktir. Kompleks
2, hepatotoksisite, karsinojenisite, immiuinotoksisite, mutajenite, sitotoksisite ve
mitokondriyal membran potansiyeli inaktiftir, yani toksik degildir. Tim bu avantaj ve
dezavantajlar goz online alindiginda Kompleks 2'nin aday ilag olabilecegi, ilag formilasyonu
¢alismalarinin yapilabilecegi ve benzer molekilleri arastiranlara yol gosterici olacagi
ongorulmektedir (Banerjee et al., 2018). Kompleks 1 ve 2 icin tahmini farmakokinetik 6zellikler

Tablo 4'de verilmistir.

Tablo 4. Kompleks 1 ve 2'nin farmakokinetik ozellikleri.

Kompleks
Ozellikler (1) (2)
Molekal Agirligi (g/mol) 614,42 739,23
Atom Sayisi 65 65
Agir Atom Sayisi 24 24
Bag Sayisi 68 68
Dénebilen Baglar 10 10
H-Bag Akseptorleri 10 8
H-Bag Donorleri 4 4
Molar refraktvite 134,39 149,87
TPSA 167,10 A? 167.10 A?
Log Pojw 2.66 3,84
Gl absorpsiyonu Dislik Dusuk
BBB Gegirgenligi Hayir Hayir
P-gp substrat Hayir Hayir
CYP1A2 inhibitor Hayir Hayir
CYP2C19 inhibitor Evet Evet
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CYP2C9 inhibitor Hayir Hayir
CYP2D6 inhibitor Hayir Hayir
CYP3A4 inhibitor Hayir Hayir
Toksisite Sinifi 3 4
Tahmin edilen LDso (mg/kg) 2000 mg/kg 2500 mg/kg
Hepatotoksisite Aktif inaktif
Kanserojenlik inaktif inaktif
Immiinotoksisite inaktif inaktif
Mutajenite inaktif inaktif
Sitotoksisite inaktif inaktif
Mitokondriyal Membran Potansiyeli inaktif inaktif
SONUC

Bu ¢alismada Hirshfeld ylizey analizi ile komplekslerin kristal yapisindaki fonksiyonel
gruplar vasitasiyla kovalent olmayan etkilesimler olusturdugu belirlenmistir. Komplekslerin
Hirshfeld ylzeyinde H~H, H~C/C~H, H~O/O-H, F~H/H-F, H-~Br/Br-H, C-C, C-0/0~C, C-N/N-C,
F-O/0~F, N-F/F-N, H-N/N-H, C-Br/Br-C, O-Br/Br-O, N-Br/Br-N, Br-Br ve N-N gibi
molekdiller arasi etkilesimler bulunmustur. Kompleks 1’in elektrostatik (E_ele), polarizasyon
(E_pol), dispersiyon (E_dis) ve degisim itme (E_rep) ve toplam enerijileri CrystalExplorer (CE)
yaziliminin B3LYP/6-31G(d,p) ve HF/3-21G olmak uzere iki farkli modeli kullanilarak
hesaplanmistir. Kompleks 2’'nin elektrostatik (E_ele), polarizasyon (E_pol), dispersiyon (E_dis)
ve degisim itme (E_rep) ve toplam enerijileri CrystalExplorer (CE) yaziliminin HF/3-21G modeli
ile hesaplanmistir. Kompleks 1’in her iki temel sette hesaplanan enerji degerlerinin birbirine
yakin oldugu bulunmustur. Halojen grubu degisimi ile farkl yapilara sahip olan iki kompleksin
farkli enerji degerleri gosterdigi tespit edilmistir. Kompleks 1 ve 2 yapi aktivite iliskisi agisindan
degerlendirilmis ve sonuclar arasinda blyldk bir fark bulunmadigl tespit edilmistir.
Komplekslerin substrat etkisi, kiiresel pandemiye neden olan SARS-CoV-2 proteinlerine karsi
in siliko olarak arastirilmis ve tatmin edici sonuglar bulunmustur. Kompleksler koronaviriis
spike proteini ve spike protein ile ACE2 baglanma bdlgesi ile hidrojen bagi, karbon-hidrojen
bagi, r-n istiflenmesi, -t T-sekilli etkilesimleri, elektrostatik etkilesimler, halojen, m-katyon,
rt-alkil, amid-mt etkilesimleri ve alkil etkilesimleri gibi bircok etkilesim bulunmaktadir. Elde
edilen verilere dayanarak, 6zellikle kompleks 2 icin in vitro/in vivo deneylerinin yapilabilecegi

ve daha sonraki arastirmalar icin umut verici olacag diisinlilmektedir.
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Cikar Catismasi

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Yazar Katkisi

Arastirmanin planlanmasi, Verilerin Toplanmasi, Teorik Hesaplamalarin yapilmasi ve
yorumlanmasi (Molekiler Docking ve Hirshfeld Yizey Analizi, Etkilesim Enerji Hesaplamalari ve
Elektrostatik Potansiyel Haritalari Olusturulmasi) ve yazim ve Diizenleme Fiireya Elif Oztiirkkan; Teorik
Hesaplamalarin Yorumlanmasi (Molecular Docking ve ADMET) ve yazim ve diizenleme Giray Bugra
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Mikrobiyal enzimler biyoteknoloji alaninda siklikla kullanilan 6nemli araglardir. Hicre
ici biyolojik reaksiyonlarda rol oynayan bu mikrobiyal enzimler gok farkli endustrilerde
kullanilmaktadir. Lipaz, proteazlar ve amilazlar hidrolitik enzimlerin 6nemli birer
Uyelerindendir. Hidrolitik enzimler arasinda en yaygin kullanim alanina sahip olan lipaz
enzimi, lipit moleklll arasindaki ester baglarinin hidrolizini katalizleyen bir enzimdir.
Lipaz enziminin aktivitesi yaygin olarak spektrofotometrik yontemle 6lgiilmektedir.
Kinetik analizler icin yaygin olarak p-nitrofenol esterleri tercih edilmektedir.
Spektrofotometrik analiz yonteminde p-nitrofenol ester substratlarin lipaz enzimi
tarafindan hidroliz edilmesi sonucunda renkli Girlin 6l¢ciim yapilmaktadir. Bu galismada
farkli lipaz varyantlarin aktivite ve kinetik parametrelerin 6l¢limdi igin p-nitrofenil asetat
(Asetik asit 4-nitrofenil ester) , p-nitrofenil bltirat (Butirik asit 4-nitrofenil ester), p-
nitrofenil oktanoat (Oktanoik asit 4-nitrofenil ester, 4-Nitrofenil kaprilat), p-nitrofenil
dodekanoat (Dodekanoik asit 4-nitrofenil ester), p-nitrofenil palmitat (p-Nitrofenil
palmitat, Hekzanoik asit 4-nitrofenil ester) substratlari kullanilmistir. Farkli karbon
uzunluklarina sahip substratlarin lipaz enzimi ile belli surelerde inkiibasyon sonucu
olusan Urtnler spektrofotometrik olarak 6lglilmustir. Denemeler 25C'de 5dk-120dk
araliginda gerceklestirilmistir. Dort tekrar yapilan deneyler sonucunda lipaz enzimin
aktivitesinin substratlarin karbon zincirinin uzunluguna gore degisim gosterdigi tespit
edilmistir. Lipaz enzimin p-nitrofenil palmitat Gzerindeki aktivitesinin cok disik oldugu
belirlenmistir. Yabanil lipaz enzimin Vmax degerleri pNP-asetat, pNP-biitirat, pNP-
oktanoat, pNP- dodekanoat, pNP-palmitat icin sirasiyla 0.42 U/mg protein, 0.95 U/mg
protein, 1.1 U/mg protein, 0.78 U/mg protein, 0.18 U/mg protein olarak hesaplanmistir.
Yabanil lipaz enzimin 8 karbon zincir uzunlugunda olan pNP- oktanoat substrati
Uzerindeki aktivitesinin diger substratlara gore daha yiiksek oldugu belirlenmistir.
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Microbial enzymes are important tools that are frequently used in the field of
biotechnology. These microbial enzymes, which play a role in intracellular biological
reactions, are used in many different industries. Lipase, proteases and amylases are
important members of hydrolytic enzymes. Lipase enzyme, which has the most
common usage area among hydrolytic enzymes, is an enzyme that catalyzes the
hydrolysis of ester bonds between lipid molecules. The activity of lipase enzyme is
commonly measured by spectrophotometric method. P-nitrophenol esters are
commonly preferred for kinetic analysis. In the spectrophotometric analysis method,
the colored product is measured as a result of the hydrolysis of p-nitrophenol ester
substrates by the lipase enzyme. In this study, p-nitrophenyl acetate (Acetic acid 4-
nitrophenyl ester), p-nitrophenyl butyrate (Butyric acid 4-nitrophenyl ester), p-

1 Altinbas University Vocational School Medical Laboratory Techniques-Istanbul; e-mail: nurcan.vardar@altinbas.edu.tr ; ORCID: 0000-0003-

0994-5871

292


mailto:nurcan.vardar@altinbas.edu.tr

Vardar-Yel, N. / Caucasian Journal of Science, 8(2), (2021), 292-303

nitrophenyl octanoate (Octanoic acid 4-nitrophenyl ester, 4 -Nitrophenyl caprylate), p-
nitrophenyl dodecanoate (Dodecanoic acid 4-nitrophenyl ester), p-nitrophenyl
palmitate (p-Nitrophenyl palmitate, Hexadecanoic acid 4-nitrophenyl ester) substrates
were used. The products formed as a result of incubation of substrates with different
carbon lengths with lipase enzyme periods were measured spectrophotometrically.
Trials were carried out at 25°C between 5min-120min. As a result of the experiments
carried out in four repetitions, it was determined that the activity of the lipase enzyme
varies according to the length of the carbon chain of the substrates. Vmax values of wild
lipase enzyme were calculated as 0.42 U/mg protein, 0.95 U/mg protein, 1.1 U/mg
protein, 0.78 U/mg protein, 0.18 U/mg protein for pNP-acetate, pNP-buritate, pNP-
octanoate, pNP-dodecanoate, pNP-palmitate, respectively. It was determined that the
activity of lipase enzyme on p-nitrophenyl palmitate was very low. It was determined
that the activity of wild lipase enzyme on the eight-carbon chain pNP-octanoate
substrate was higher than the other substrates.

INTRODUCTION

Enzymes are biocatalysts that regulate most of the metabolic reactions in living cells
and ensure the maintenance of biological activities. Today, some enzymes are used in many
industrial areas, especially in the food, textile, detergent, pharmaceutical and cosmetic
industries. Proteases and lipases are the most commonly used enzymes commercially. One of
the most widespread group of enzymes for industrial use are lipases (Dror et al., 2014).
Generally, lipases hydrolyze oils and fatty acid esters (Sharma et al.,, 2001). Their
biotechnological potential is enormous, due to their resistance to organic solutions, broad
substrate specificity, regioselectivity, stereoselectivity, and lack of cofactors. (Jaeger & Reetz,
1998; Jaeger & Eggert, 2002). The ability of lipase enzyme to be resistant to high temperatures
and to remain stable in alkaline environments has provided many advantages in bioprocesses
(Hasan et al., 2006; Rua et al., 1997). Especially the small size of bacterial lipases provides ease
of use in enzyme studies and their substrate specificity makes these enzymes valuable in
biotechnological fields. It has many application areas in industry. This reveals the importance
of the lipase enzyme.

For example, biodiesel production, biopolymer synthesis, paper manufacturing, yogurt
and cheese making, washing powder production, biosensor manufacturing, cosmetics and
perfume industry, leather industry, tea making, applications in medicine, detergent and textile
industry, waste water treatment, food and pharmaceutical industry (Jaeger & Reetz, 1998;
Schmid & Verger, 1998; Califano et al., 2015; Hasan et al., 2006; Kimtun et al., 2015; Maharana
& Ray, 2015; Speranza et al., 2016). The most commonly used bacterial lipases are Novo
Nordisk A/S (Bagsvaerd, Denmark), Novozyme (Bagsvaerd, Denmark), Amano (Nagoya, Japan),

Sigma-Aldrich (St. Louis, United States), Boehringer Mannheim (Mannheim, USA). It is
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produced and marketed by biotechnology companies such as Germany), Genencor (New York,
United States), Asahi (Tokyo, Japan), and Biocatalysts (Wales, United Kingdom). Examples of
the most widely used commercial lipases in biodiesel production are Novozym 435 (Deng et
al., 2005), Lipopan 50BG (Verdugo et al., 2011) and Lipase AK (Soumanou & Bornscheuer,
2003) (Hwang et al., 2014). Among European countries, especially Denmark is leading in the
field of lipase production and marketing. Since the use of lipase enzymes in various chemical
and bioprocess industries is a billion dollar trade, there is great pressure to isolate new lipase
enzymes with improved properties. There is a great need for a new generation of these
enzymes with more advantageous features such as increased activity against various natural
substrates, resistance to extreme temperature and pH conditions, and easier and cheaper
production. For example, the availability of more effective lipases could enable the
development of process technologies that produce biodiesel from vegetable oils.

Rapid developments in protein engineering techniques enable the production of lipase
enzymes with desired properties (Hwang et al., 2014). Examples of commercial lipase variants
whose properties have been improved by protein engineering methods are Lipolase Ultra and
LipoPrime manufactured by Novo Nordisk A/S (Walsh, 2002). Protein engineering is a process
that can improve substrate specificity and stability, as well as increase the catalytic function
of enzymes. There are three main areas in protein engineering: rational design, quasi-rational
design, and directed evolution. The rational design method, which requires detailed
information about the three-dimensional structure and function of the enzyme, and using this
information, the position to be mutated and which amino acid will be predicted by computer
methods before proceeding to the experimental stage (Steiner & Schwab, 2012). In the
directed evolution method, which requires no prior knowledge of the enzyme's three-
dimensional structure and function, a large number of mutations are randomly added to the
enzyme structure, and then a functional scan is performed for the desired feature (Bloom &
Arnold, 2009; Goldsmith & Tawfik, 2012; Turner, 2009; Wang et al. ., 2012; Packer & Liu, 2015;
Denard et al., 2015). The quasi-rational design method was created by combining rational
design and directed evolution techniques (Bornscheuer & Kazlauskas, 2011; Bornscheuer &
Pohl, 2001; Bornscheuer et al., 2012; Bottcher & Bornscheuer, 2010). With this method, the
amino acid position to be mutated is predetermined and 19 other possible amino acids are
placed in this position. In this way, the best amino acid required to be in a specific position for

the desired trait can be discovered after functional screening.
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In this study, kinetic analysis and characterization of new lipase enzymes, which will
support the development of bioprocess industries with protein engineering methods, were
carried out by partial purification. In this study, different substrares such as p-nitrophenyl
acetate (Acetic acid 4-nitrophenyl ester), p-nitrophenyl butyrate (Butyric acid 4-nitrophenyl
ester), p-nitrophenyl octanoate (Octanoic acid 4-nitrophenyl ester, 4 -Nitrophenyl caprylate),
p-nitrophenyl dodecanoate (Dodecanoic acid 4-nitrophenyl ester), p-nitrophenyl palmitate (p-
Nitrophenyl palmitate, Hexadecanoic acid 4-nitrophenyl ester) substrates were used to

determine the enzyme activity.

Tables and Figures
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Figurel. P-nitrophenol (pNP) calibration curve
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Figure2. Vmax, Km, Vmax/Km values of lipase enzyme on different 4-Nitrophenol esters
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Tablel. 280 nm absorbance values of three different variant and wild type samples and

corresponding mprotein/ml value

280nm mprotein/ml
V1 3,81 4,953
V2 5,57 7,241
V3 2,96 3,848
Wit 3,01 3,913

Table2. Vmax, Km, Vmax/Km values of wild type and variants

Vmax (U/mg total Km (mM) Vmax/Km
protein)
Wit 0,92 1,1 0,83
Vi 0,48 1,6 0,3
V2 1,09 1,2 0,9
V3 0,22 1,5 0,14
MATERIALS AND METHODS

Materials

Environmentally isolated lipase enzyme was developed by protein engineering method
in our previous study and cloned into E.coli BL21 to use in this study. p-nitrophenol (pNP), p-
nitrophenyl acetate (Acetic acid 4-nitrophenyl ester), p-nitrophenyl butyrate (Butyric acid 4-
nitrophenyl ester), p-nitrophenyl octanoate (Octanoic acid 4-nitrophenyl ester, 4 -Nitrophenyl
caprylate), p-nitrophenyl dodecanoate (Dodecanoic acid 4-nitrophenyl ester), p-nitrophenyl
palmitate (p-Nitrophenyl palmitate, Hexadecanoic acid 4-nitrophenyl ester), acetonitrile,
protein assay kit were obtained from Sigma Aldrich and Merck companies. Multiskan go
microplate spectrophotometer and Skanlt Software 4.1 for Microplate Readers RE, ver.

4.1.0.43 from thermo scientific was used for spectrophotometric analysis

Enzyme purification
A single colony was selected from the culture incubated overnight at 37°C in LB
medium containing ampicillin. BL21(DE3) cells containing E.coli wild-type plasmid and variants

were grown in 50 mL of LB-ampicillin broth at 37 °C. Protein expression was induced by adding
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isopropyl-B-D-thiogalactopyranoside (IPTG) to the medium when the OD600 value was 0.2-
0.3. The induced cultures were incubated for an additional 18 hours at 25 °C. Grown culture
centrifuged at 6500 rpm for 5 minutes in a cooled centrifuge and the supernatant was
transferred to Amicon Ultra-15 tubes. It was concentrated by centrifugation at 4500 rpm for
20 minutes at 4 °C. The concentrated enzyme was washed with 25 mM NaPO4 buffer, pH 7.0.
Protein concentration was measured using the Pierce Coomassie Protein Assay Kit (Thermo

Scientific).

p-Nitrophenol calibration

Eight different concentrations (OmM, 0.02mM, 0.05mM, 0.1mM, 0.25mM, 0.5mM,
1mM, 2mM) p-nitrophenol (pNP) solutions were prepared and their absorbance at 405 nm
was obtained. The standard curve graphic was drawn according to the concentration and

absorbance value (Figurel).

Protein Assay

To determine the amount of protein, the absorbance at 280 nm of the eluates collected
from chromatographic studies was investigated. The Bradford protein method was used to
determine the amount of protein for both the high activity tubes collected from the column
and the homogenate. Ready-to-use Bradford Reagent containing Coomassie Brilliant Blue G-
250 was used as paint. To prepare Standard Protein solution, bovine serum albumin (BSA)
solution at a concentration of 1 mg mL? was prepared. Then, six eppendorf tubes were taken
and 0.0, 2.5, 5.0, 7.5, 10.0, 12.5uL of 1 mg mL* concentration of BSA solution were put into
the tubes, respectively. Different volumes were taken for the homogenate and column
samples and added to the new eppendorf tube. The volume of each tube content was made
up to 100 pL with distilled water. Then, 1 mL of ready-to-use Bradford Reagent was added to
all tubes and mixed with vortex. After waiting in the dark for 20 minutes, the absorbance
values against the blank were read at 595 nm. Protein concentrations of 1/20 dilution wild

type and variants samples are shown in Table 1.

Lipase activity measurement
Lipase activity using pNP substrates determined by spectrophotometric method by

using Microplate Spectrophotometer. The amount of p-nitrophenol (pNP) released from pNP-
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substrates were measured periodically at 405 nm at 25 °C. 20mM pNP substrate solutions
were made by mixing with acetonitrile. 25mM NaPO4, pH 7.0 solution was used as buffer
solution. Seven different concentration of substrate (OmM, 0.05mM, 0.25mM, 0.5mM, 1mM,
2mM, 4mM) were examined with 10 uL of the enzyme concentrate. The plate was designed
to have a total volume of 200 pul. All experiments were repeated three times. 25mM NaPO4
buffer and acetonitrile mixture were used as blank. For kinetic analysis, measurements were
taken at ten different time points. For kinetic analysis, five different substrate concentrations
were studied as 0.05, 0.25, 0.5, 1, 2, 4mM. Ten different time points were used to calculate
the most appropriate values. While performing the spectrophotometric analysis,
measurements were made at the 1st, 5th, 10th, 15th, 30th, 45th, 60th, 90th, 120th and 150th
minutes after the enzyme was added to the mixture at last.

Initial velocity (Vo) was calculated from time-pNP concentration graph. Km and Vmax values
were determined with the help of Lineweaver-Burk plot drawn between velocity values and
substrate concentration. Wild type and different variants were compared to obtain relative

results. Standard deviation was also calculated.

RESULTS AND DISCUSSION

In this study, the absorbance of the pNP product formed as a result of the degradation
of the pNPP ester by the effect of lipase was measured spectrophotometrically. Many studies
have used the spectrophotometric method for the activity and kinetic analyzes of the lipase
enzyme (Ozarslaner&Albayrak, 2013; Pencreac'h& Baratti, 1996; Smeltzer et al., 1992;
Mosmuller et al., 2009; Sibali¢ et al., 2020; Ciuffreda et al., 2009).

The activity of the same lipase enzyme on substrates of different carbon lengths was
investigated. In addition, the effects of lipase variants with different activating properties on
similar substrates were examined and a compared. Five different 4-Nitrophenol esters were
used in this study. P-nitrophenyl acetate (Acetic acid 4-nitrophenyl ester), p-nitrophenyl
butyrate (Butyric acid 4-nitrophenyl ester), p-nitrophenyl octanoate (Octanoic acid 4-
nitrophenyl ester, 4 -Nitrophenyl caprylate), p-nitrophenyl dodecanoate (Dodecanoic acid 4-
nitrophenyl ester), p-nitrophenyl palmitate (p-Nitrophenyl palmitate, Hexadecanoic acid 4-
nitrophenyl ester) substrates were used. The products formed as a result of incubation of
substrates with different carbon lengths with lipase enzyme periods were measured

spectrophotometrically. Trials were carried out at 25°C. Figure 2 shows the Vmax, Km and
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Vmax/Km values of lipase enzyme on different substrates. The Vmax value of the wild type
lipase enzyme increased up to the eight-carbon (C8) substrate, p-NP octanoate, and decreased
with the twelve-carbon (C12) pNP dodecanoate. The lowest Vmax value was obtained with
the sixteen-carbon (C16) pNP palmitate substrate, while the highest Vmax value was obtained
with the pNP octanoate substrate (Figure2). The catalytic efficiency values were also
calculated on the Lineweaver-Burk plot for different substrates. Considering the Vmax/Km
value, p-NP butyrate (C4) gives the highest result among the other substrates with a value of
0.83. The catalytic activity for the pNP palmitate substrate was measured at the lowest value
of 0.063.

It has also been seen in similar studies that different substrates have effects on the
catalytic activity of lipase enzyme. The activity of the lipase enzyme obtained from
Thermomyces lanuginosus has been shown to be greatly affected by substrate hydrophobicity.
In this study, the activity of substrates with different aliphatic chain lengths (p-nitrophenyl
benzoate, p-nitrophenyl acetate, p-nitrophenyl butyrate, p-nitrophenyl hexanoate, p-
nitrophenyl octanoate, p-nitrophenyl laurate and p-nitrophenyl palmitate) examined on lipase
enzyme. It has been shown that the effect of the modified enzyme on short chain substrates
is higher than on long chain substrates (Noro et al., 2020). The activity and catalytic efficiency
of wild type and three different lipase variants (V1, V2, V3) were analyzed spectroscopically.
Among the variants, the Vmax value of the V2 type lipase enzyme was found to be 1.3 times
higher than that of the wild type. Since Km values are similar to wt, the catalytic efficiency
Vmax/Km value increased 1.18 times for the V2 type. Both Vmax values of V1 and V3 variants
were calculated as 0.48 and 0.22 respectively (Table2). Although the Vmax value of these
variants is lower than the wild type, the Km values are also higher, so the Vmax/Km values are
much lower than both wild type and V2 types. (Table2). Since the activities of wild type and
different variants will be compared in this study, pNP butyrate was used as the substrate,
which gave the best results compared to the results obtained from the previous study.

Enzymes have a great use in scientific studies. Metabolic enzyme can be used as
marker to measure cellular stress (Tungsoy et al., 2021). In addition, enzymes are widely used
in many biotechnological fields. Lipases have a wide range of applications, especially in the
food, pharmaceutical, textile, detergent, paper and cosmetic industries. Lipase enzymes are
widely used in the processing of fats and oils in the food industry. In addition to the food

industry, lipase enzymes are widely used in detergent formulations. Lipases are of great
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importance to the detergent industry, which are very helpful in removing oil stains, oily food
stains and greasy soiling from fabrics. Lipases obtained from different organisms can show
activity at different temperatures. Alkaline yeast lipases can operate at lower temperatures
than bacterial and mold lipases. Lipases, which are active in cold environments, are preferred
because they are advantageous in both energy consumption and textile durability. Protein
engineering methods are frequently used to enable lipase enzymes to show activity at low
temperatures (Hasan et al., 2006). In order to increase the usage areas of enzymes in the
industry, many studies are carried out such as increasing the catalytic activities of enzymes,
changing the enantioselectivity, changing the substrate selectivity, increasing the thermal
stability, changing the pH stability. For these purposes, mostly protein engineering methods
are applied. Although the changes as a result of mutation on the enzyme are mostly unlikely
to increase the activity, the protein engineering method is a good method for all of these
purposes mentioned above (Rigoldi et al., 2018; Rotticci et al., 2001; Ruslan et al., 2012;
Rubingh, 1997; Widersten, 2014; Mala et al., 2001; Patkar et al., 1998).

As a conclusion, with this study, the importance of the lipase enzyme in the industry
has been emphasized once again. The activity of wild type and variant enzymes was analyzed
spectrophotometrically and the results were compared with the variants. The catalytic activity
of the V2 type, which is one of the lipase variants developed by protein engineering, was
increased compared to the wild type. It is planned to carry out genetic studies on the basis of
the results obtained from these studies. It is planned to determine the region of the enzyme
where the mutation is located, and to examine the effects of amino acid changes on the three-

dimensional structure of the protein.
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