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Abstract

Microbiota studies are an increasingly important issue today. In the
literature, there are limited studies on the antifungal resistance and biofilm
formation capacity of yeasts isolated from the mouths of young
individuals. For this reason, our study was carried out with 133 yeast
isolates isolated from the mouths of 17 young individuals between the ages
of 18-25 in 2018-2020. When the biofilm-forming capacities of 133
isolates were examined, it was determined that 99.25% were biofilm

Research Article

Corresponding Author producers by tissue culture plate method and 66.92% by tube method. One
Giilgin OZCAN ATES hundred thirty-three yeast isolates and seven reference strains were first
gulcinozcan@comu.edu.tr evaluated against fluconazole antifungal by agar disc diffusion method.
The isolates were found to be susceptible to fluconazole. According to this

ORCID of the Authors result, 20 isolates with strong biofilm-forming capacity were selected from
G.0.A: 0000-0002-8467-2378 133 yeast isolates. Antifungal resistance was evaluated with fluconazole,
M.O: 0000-0001-8977-1140 itraconazole, clotrimazole, amphotericin B and nystatin gradient test

strips. It was determined that 20 isolates were resistant to amphotericin B,

. and 18 were resistant to nystatin antifungal. It was determined that the

Received: 06.06.2023 sensitivity of itraconazole to 14 isolates and clotrimazole to 3 isolates was

Accepted: 20.06.2023 dose-dependent. As a result, azole group antifungals can be used mainly
in treating oral yeast infections.
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18-25 Yas Arasi Bireylerden izole Edilen Mayalarin Biyofilm Olusturma
Kapasitesinin ve Antifungal Direncinin in Vitro Olarak Degerlendirilmesi

!Canakkale Onsekiz Mart
University, Vocational School of
Health Services, Department of
Medical Services and Techniques,
Canakkale/Turkey

Oz
Mikrobiyota ¢aligmalar1 giiniimiizde 6nemi giderek artan bir konudur.
Literatiirde geng bireylerin agizlarindan izole edilen mayalarin antifungal
direnci ve biyofilm olusturma kapasitesi iizerine smirli sayida galisma
bulunmaktadir. Bu nedenle ¢alisma 2018-2020 yillarinda 18-25 yas arast
17 geng bireyin agzindan izole edilen 133 maya izolat1 ile
gerceklestirilmistir. 133  izolatin biyofilm olusturma kapasiteleri
2 . incelendiginde doku kiiltiirii plak yontemi ile %99.25'inin, tiip yontemi ile
Canakkale Onsckiz Mart 9666.92'sinin biyofilm olusturdugu belirlendi. 133 maya izolati ve 7
Department of Medical refe':rans sus ilk 6nf:e agar Qisk difiizyon yontemiyle ﬂukonaZf)l
Microbiology, Canakkale/Turkey antifungaline kars1 degﬁerlendlrlldl. Izplatlarm ﬂukonazgle duyarl oldugu
(Retired) bulunfiu. .Bu sonuca gore 133 maya 1zolat1.arasn.1(.1ri1p blyoﬁlm olusltulfn}a
kapasitesi giiclii 20 izolat antifungal direngliligin belirlenmesi i¢in
secilmigtir. Antifungal diren¢ flukonazol, itrakonazol, klotrimazol,
amfoterisin B ve nistatin gradyan test seritleri ile degerlendirilmistir. 20

University, Faculty of Medicine,
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izolatin amfoterisin B'ye, 18 izolatin ise nistatin antifungaline karsi
direngli oldugu belirlenmistir. itrakonazoliin 14 izolata ve klotrimazoliin
3 izolata duyarliliginin doza bagimli oldugu tespit edilmistir. Sonug
olarak, azol grubu antifungaller agirlikli olarak oral maya

This_work is licensed upder_ a enfeksiyonlarinin tedavisinde kullanilabilir.
Creative Commons Attribution ) o ) )
4.0 International License Anahtar Kelimeler: Antifungal direng, biyofilm, Candida, gradiyent test,

oral maya.

Introduction

Fungi constitute a small part of the oral microbiota; some species cause dental caries, periodontal
diseases, and endodontic diseases in the mouth [1-3]. Approximately 75% of healthy individuals carry
yeast species as a natural commensal of the oral microbiota. However, yeasts of the genus Candida are
an opportunistic pathogen that can cause acute or chronic infection in some individuals, especially under
various conditions that compromise host immunity. Candidiasis is the most common form of oral disease
caused by yeasts of the genus Candida [1-4]. C. albicans is the most common and pathogenic Candida
species and has been defined as the most common yeast in oral candidiasis. However, other non-albicans
Candida (NCAC) species may also contribute to the development of oral candidiasis [4]. It has been
determined that oral candidiasis has increased recently due to various factors such as age, prosthetic use,
diabetes, cell-mediated immunodeficiency, systemic steroid and antibiotic use, pernicious anemia,
malignancy, and head and neck radiation therapy. Therefore, the sensitivity of the oral mycobiota to the
antifungal drugs used in treating these diseases is important. Antifungal agents such as polyenes
(amphotericin B and nystatin) and azoles (fluconazole, itraconazole, and miconazole) are used to treat
oral candidiasis. Azole group antifungals are used in oral applications to treat these diseases because
they are mostly inexpensive and non-toxic. Although the resistance of fungi to polyenes is rare, they can
gain resistance to the azole group [1-3]. In addition, there is information about increased antifungal
resistance due to excessive or unconscious use of antifungal agents. Therefore, antifungal susceptibility
testing is needed for an effective treatment of oral candidiasis [1]. The mouth provides an ideal
incubation area with the temperature, humidity and nutritive environment required for the reproduction
and proliferation of microorganisms. Dynamic complex interactions between host and diet lead to the
colonization of microorganisms in the mouth and subsequent biofilm formation. Biofilm formed on teeth
or dental materials surfaces has been determined as a virulence factor in forming many oral infections,
especially dental caries, endodontic and periodontitis [5]. Pathogenic microorganisms have developed
techniques such as colonization, invasion, and pathogenesis, which will contribute to their virulence,
many of which are for survival and species continuity. Many virulence factors, such as hemolysis,
extracellular hydrolase production, phenotypic change, and adhesion, affect the pathogenesis of
Candida species. In addition, they produce large amounts of sticky substances in glucose-containing
environments. Biofilm formation is also an important factor contributing to the virulence of Candida

species. Biofilms of Candida species are often found on biomaterial implants, the host surface and in
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normal sites where they can more easily help escape host defense. They cause persistent infections as

they escape the host defense mechanism. Its extensive biofilm-forming ability on catheters and other
prosthetic devices contributes to its prevalence as an etiologic agent of intravascular nosocomial
infection. Antifungal-resistant Candida species producing biofilms pose a major challenge for
healthcare professionals and pharmaceutical companies, especially in designing therapeutic and
prophylactic strategies. In addition, it causes economic losses due to failure in treatment, high mortality
and long-term hospital stay [6-9]. Biofilm formation provides various advantages to microorganisms,
such as environmental protection, nutrient availability, metabolic cooperation, and the acquisition of
new properties [6-9]. Most importantly, biofilm formation protects microorganisms against natural
immunological defences and causes resistance to antimicrobial drugs [10, 11]. Depending on limited
nutrients, slow growth and stress conditions, the regulation of cell metabolism and cell density of
microorganisms change. This contributes to biofilm resistance. These properties are very important as
it is estimated that approximately 65% of human infections caused by microorganisms contain biofilm
[11, 12]. Additionally, biofilm-producing species have been associated with the death of infected
patients [11, 13-15]. For example, Candida cells that survive in prostheses after chemical or mechanical
treatment form a biofilm in the presence of nutrients, causing a relapse of chronic infection [10, 11]. In
addition, the oral cavity contains a wide variety of microbial species. Microbiota can interact intensely
as the biofilm structure is formed to perform physiological functions and induce microbial pathogenesis
[11, 16-18]. Biofilm-producing microorganisms are responsible for many persistent infections, and
biofilm-associated diseases pose a significant problem in society, both economically and health-wise.
However, an almost universal feature of biofilms is their resistance to chemical and physical injury, i.e.,
resistance to antibiotics and antifungals by various methods, including limited drug penetration to
microorganisms, reduced growth rate, and expression of resistance genes. Therefore, it makes it very
difficult to fight in clinical settings and is a burden that must be overcome regarding human health [5,
7,9, 11, 19-21]. The role of bacterial biofilms in disease has been investigated in detail for several years,
and there is substantial literature on their structure and properties. Since biofilm formation provides
resistance to antimicrobial agents, the biofilm-forming capacity of Candida species, which are
opportunistic pathogens, is critical for infection. Therefore, further recognition and understanding of
Candida biofilms are crucial in studying human candidiasis. Studies on oral yeast load and yeast
diversity in young individuals are limited in the literature. Ozcan Ates [22] has brought new information
to the literature on the subject between 2018 and 2020. There is no information in the literature about
the antifungal resistance and biofilm formation capacity of yeasts isolated from the oral mycobiota of
young individuals. Studies in the literature have generally determined the antifungal resistance and
biofilm-forming capacity of fungi isolated from individuals with various diseases. Therefore, this study
aims to determine the antifungal resistance and biofilm formation capacity of yeast isolates isolated from

the mouths of young individuals.
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Materials and Methods
Sampling

The study obtained 133 yeast isolates identified by matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) from 17 participants aged 18-25. Yeast isolates in stock
culture were resuscitated at 37°C using Sabouraud Dextrose Broth (SDB) (NCMO0147, Neogen, USA)
medium. Candida genus isolates were cultivated on HiCrome™ Candida Differential Agar (M1297A,
Himedia, India) medium, and Wickerhamomyces subpelliculosus (Kurtzman) Kurtzman, Robnett &
Bas.-Powers and Pichia manshurica Saito (1914) isolates were cultivated on Sabouraud Dextrose Agar
(SDA) medium (NCMO0147, Neogen, USA) and their purity was checked.

Determination of Biofilm Forming Capacity by Congo Red Agar (CRA) Method

Congo Red Agar (CRA) method was performed as described in previous studies [7-9, 23]. Yeast isolates
were first taken from the stock cultures, cultured in SDA medium, and incubated for 24 hours at 37°C.
Then each culture was inoculated into CRA medium (Congo red 0.8 g/L (HiMedia, India), Brain Heart
Infusion Broth 37 g/L (Oxoid, England), Agar 10 g/L (Liofilchem, Italy), Sucrose 50 g/L) and incubated
at 37°C for 24-48 h. After incubation, black or purple-coloured colonies with a dry crystal consistency
were interpreted as positive biofilm-producing strains and red-coloured colonies as negative for biofilm

production. This analysis was carried out in triplicate.
Determination of Biofilm Forming Capacity by Tube Method (TM)

A qualitative assessment of biofilm formation was performed as described in previous studies [7, 9, 24].
Stock yeast cultures were resuscitated in 5 mL of SDB medium. 10 uL of resuscitated culture was
cultivated SDB containing 8% glucose and incubated at 37°C for 48 hours. After incubation, the tubes
were emptied, washed with Phosphate Buffered Saline (PBS) (pH-7.2), and dried. The tubes were
stained with 0.1% v/v crystal purple (HiMedia, India). Tubes were washed with deionized water to
remove excess dye. The tubes were then dried in the inverted position for biofilm determination. Biofilm
formation was considered positive when visible film covered the wall and bottom of the tube. Ring
formation at the liquid interface was not considered biofilm. The tube containing only sterile SDB was

used as a negative control. This analysis was carried out in triplicate.

Determination of Biofilm Forming Capacity by Tissue Culture Plate (TCP) Method
(Crystal Violet Method)

Quantitative biofilm formation was evaluated by modifying the methods described by Muadcheingka
and Tantivitayakul [25] and Kivang and Er [26]. Yeast isolates were resuscitated overnight at 37°C in 5
mL of medium. Revived cultures were adjusted to OD600 = 1.0 (107 cells/mL) in an SDB medium

containing 8% glucose. Then, 200 uL of inoculated SDB medium containing 8% glucose was added to
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the wells of 96-well flat-bottom microplates. Microplates were incubated at 37°C for 48 hours. After

incubation, the microplates were washed 3 times with sterile physiological saline (PS, 0.85% NaCl).
After washing, 200 puL of 99% methanol (Merck, Germany) was added for fixation and incubated for
15 minutes. The plates were then emptied and dried at room temperature. Afterwards, 200 pL of 1%
(v/v) crystal violet was added to each well and incubated for 15 minutes. After incubation, the
microplates were washed twice with sterile distilled water, and the plates were dried at room
temperature. Then, 200 pL of 33% acetic acid (Merck, Germany) was added to the plates and evaluated
in a microplate reader (Thermo Multiscan FC) at 570 nm. Biofilm formation was evaluated with the
following formula: no biofilm production (ODs < ODxyc), weak biofilm production (ODyc <OD;s <

2.0Dy¢), moderate biofilm production (2.0Dy; < ODs < 4.0Dy), and strong biofilm production (4.0Dn¢
< OD;s) [27]. The study was carried out in two parallels and three repetitions.

Antifungal Disk Diffusion Method

In vitro antifungal resistance of 133 resuscitated isolates against fluconazole (25 mcg) (SD232-5CT,
Himedia, India) antifungal disc according to NCCLS M44-A [28] standard method Mueller-Hinton Agar
+ 2% Glucose, 0.5 pg/mL Methylene Blue Agar (MHA+GMB) (M1825, Himedia, India) medium. To
compare the antifungal resistance of the isolates, C. albicans (C.P. Robin) Berkhout ATCC 10231, C.
albicans ATCC 14053, C. albicans ATCC 24433, C. albicans ATCC 90028, Candida tropicalis
(Castell.) Berkhout ATCC 1021 Candida parapsilosis (Ashford) Langeron & Talice ATCC 22019,
Cryptococcus neoformans var. grubii Franzot et al. ATCC 90112 were used as reference strains. The
isolates were first resuscitated from stock cultures by seeding in an SDA medium and incubating
overnight at 37°C. The inoculum of the resuscitated isolates was adjusted to 0.5 McFarland (1-5x10°
cells/mL) with a McFarland densitometer with PS. Within 15 minutes after adjusting the turbidity of the
inoculum suspension, the suspension was inoculated with a sterile cotton swab (swab) by rubbing the
swab evenly over the entire agar surface of the dried surface of the MHA+ GMB petri plate. Fluconazole
antifungal disc was placed on the agar surface 15 minutes after inoculation. The plates were then
incubated at 37°C for 24 hours. Poorly grown ones were incubated for 48 hours. After incubation, zone
diameters were measured with a caliper (KMP150, OEM, CHINA). The study was carried out in 2

parallels.

Determination of Minimum Inhibitory Concentration of Antifungal Agents by Gradient
Test

Since 133 isolates were determined to be susceptible to fluconazole by the in vitro agar disc diffusion
method, 20 isolates known as strong biofilm producers were selected to determine the Minimum
Inhibitory Concentration (MIC). Fluconazole (0.016-256 mcg/mL, EMO072, Himedia, India),
itraconazole (0.002-32 mcg/mL, EMO073, Himedia, India), clotrimazole (0.002-32 mcg/mL, EM144,
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Himedia, India), nystatin (0.002-32 mcg/mL, EM145, Himedia, India) and amphotericin B (0.002-32

mcg/mL, EMO71, Himedia, India) gradient test strips were performed to determine MIC values as

specified in CLSI M27-A2 [29]. The inoculum suspension was adjusted as previously described. Within
15 minutes after adjusting the turbidity of the inoculum suspension, the suspension was inoculated with
a sterile cotton swab (swab) by rubbing the swab evenly over the entire agar surface onto the dried
surface of the petri plate containing RPMI 1640 agar containing 0.165 M MOPS + 2% glucose (M1972,
Himedia, India). Fifteen minutes after inoculation, antifungal gradient test strips were placed on the 90
mm diameter agar surface as 1-2 pieces. The plates were then incubated at 37°C for 24 hours. Poorly
grown ones were incubated for 48 hours. After incubation, MIC values were determined. Results were

compared in line with NCCLS guidelines and previous studies.
Statistical Analysis

In evaluating the data, the Chi-square homogeneity test and the one-way and two-way analysis of
variance were performed using SPSS Package Program (v23.0, IBM Corp) at a significance level of

0.05. Results are given as mean (M) + standard deviation (sd).
Results

The biofilm-forming capacities of 133 yeast isolates isolated from the mouths of healthy young
individuals were evaluated by three different methods: Congo Red Agar (CRA), Tube Method (TM)
and Tissue Culture Plate (TCP) method. Comparisons of the methods used for biofilm formation

determination of yeast isolates in three different methods are given in Table 1.

Table 1. Comparison of the methods used to determine the biofilm-forming capacity of isolates at the

species level
™ TCP
Species CRA Moderately Moderately
Weak strong Strong  Weak strong Strong

C. albicans 2 29 2 0 42 10 4
C. dubliniensis 2 18 4 4 16 13 11
C. parapsilosis 0 2 6 19 2 0 27
C. inconspicua 0 2 0 0 0 1 2
P. manshurica 0 3 0 0 0 0 3
W. subpelliculosus 0 0 0 0 0 0 1
Total 4 54 12 23 60 24 48

As seen in Table 1, oral yeast isolates were composed of 43.60% C. albicans, 30.08% C.
dubliniensis, 21.05% C. parapsilosis, 2.26% C. inconspicua, 2.26% P. manshurica and 0.75%
W. subpelliculosus. It was determined that C. dubliniensis and C. parapsilosis were the most isolated

species from 71 isolates of NCAC species, respectively. While it was determined that 47 isolates were

strong and 24 isolates were moderately strong biofilm producers by the TCP method, 23 isolates were
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determined to be strong biofilm producers, and 12 isolates were moderately strong biofilm producers by

the TM method. In the CRA method, only four isolates were identified as biofilm producers. The
comparison of the biofilm-forming capacities of 133 isolates at the species level with the TCP method

is given in Figure 1.

m B

m C. albicans
u C. dublinensis
C. parapsilosis
C. inconspicua
® Pichia manshurica

u Wickerhamomyces subpelliculosus

Figure 1. Comparison of biofilm-forming species with the TCP method

When the biofilm-forming capacities of the isolates were investigated, it was found that 99.25% of the
isolates were biofilm producers with TCP, and 66.92% were biofilm producers with TM. 53.45% and
65% of C. albicans and C. dubliniensis isolates were biofilm producers by TM and 98.28% and 100%
by TCP, respectively. For C. parapsilosis, 92.86% with TM and 100% with TCP were observed to be
biofilm producers. The chi-square homogeneity test was used to find whether it varies according to the
TM and TCP method used to determine the biofilm-forming capacity of the orally isolated species. As
a result, the Pearson Chi-Square value was detected as ¥2=3.271 and degrees of freedom (v=5). It was
determined P=0.658 and found that it did not differ according to the TM and TCP method used in
determining the species and biofilm-forming capacity (P>0.05). Regarding antifungal resistance, 133
isolates and seven standard strains were first evaluated against fluconazole antifungal by agar disc
diffusion method. As a result, 133 yeast isolates were sensitive to fluconazole. Regarding antifungal
resistance, 133 isolates and seven standard strains were first evaluated against fluconazole antifungal by
agar disc diffusion method. As a result, it was determined that 133 yeast isolates were sensitive to
fluconazole. The minimum and maximum values for fluconazole based on species are given in Table 2
in mm. Reference strains were also evaluated to assess the quality control range for antifungal resistance.

Disk diffusion results of reference strains are shown in Table 3.



Ozcan Ates and Otkun Sinop Uni J Nat Sci 8(1): 1-18 (2023)
ISSN: 2536-4383
Table 2. Maximum and minimum values in mm against fluconazole (FLC) antifungal

Species (n) max min
C. albicans (58) 45.16 20.24
C. dubliniensis (40) 44.79 28.07
C. parapsilosis (28) 51.01 20.81
C. inconspicua (3) 38.36 27.87
P. manshurica (3) 36.42 32.93
W. subpelliculosus (1) 33.69 33.69

As seen in Table 2, C. albicans and C. parapsilosis isolates against fluconazole antifungal have a
minimum inhibition zone of 20.24 and 20.81 mm and a maximum of 45.16 and 51.01 mm, respectively.
While the minimum inhibition zone values of C. dubliniensis and C. inconspicua isolates against
fluconazole are close to each other, their maximum values differ. On the other hand, there is no big
difference between the minimum and maximum inhibition zones of P. manshurica isolates against
fluconazole.

Table 3. Quality control zone diameters (in mm) recommended by CLSI for fluconazole (FLC)
antifungal and detected in our study

Referans strains FLC (25 ng) FLC (25 ng) (CLSI)
C. albicans ATCC 10231 38.33+0.62 -

C. albicans ATCC 14053 39.47+0.57 -

C. albicans ATCC 24433 37.57+0.31 -

C. albicans ATCC 90028 37.97+0.57 28-39

C. parapsilosis ATCC 22019 32.25+0.52 22-33

C. tropicalis ATCC 1021 27.77+0.26 -
Cryptococcus neoformans ATCC 90112 37.79+0.01 -

Table 3 shows that the fluconazole antifungal used in the study was within the specified standards as a
result of the evaluation with reference strains. Zone diameters regarding the participants and species are
given in Figure 2. As a result of the statistical analysis made considering the participant and the species,
it was determined that the inhibition zones against fluconazole (P=0.000) antifungal were statistically
significant. As a result of determining that all isolates were susceptible to fluconazole by agar disc
diffusion, 20 isolates, which are strong biofilm producers, were selected to determine their resistance to
itraconazole, clotrimazole, amphotericin B and nystatin antifungals. The resistance of 20 isolates to
itraconazole, clotrimazole, amphotericin B, and nystatin antifungals was evaluated with gradient test
strips, and antifungal resistance was expressed as the MIC against each isolate. MIC values against 20

isolates and 2 quality control strains, which are strong biofilm producers, are given in Table 4.
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Figure 2. Fluconazole zone diameters in mm against participant and yeast strain
Table 4. MIC values (in ug/ml).
II\Tglates Species Fluconazole Itraconazole  Clotrimazole  Amphotericin B Nystatin
S106 C. albicans 0.25* 0.50* 0.38 4 >32
S111 C. albicans 0.25* 0.50* 0.25 4 >32
S131 C. dubliniensis 0.125 0.125 0.008 1 12%*
S138 C. dubliniensis 0.50 0.38 0.023 g** >32
S144 P. manshurica 8* 4* 0.125 2 8g**
S145 C. albicans 0.75 0.25 0.023 8 >32
S148 C. parapsilosis 0.75 0.38 0.032 12 >32
S150 C. parapsilosis 1 0.38 0.032 8 >32
S154 C. dubliniensis 0.25 0.38 0.023 8** >32
S161 C. parapsilosis 15 0.50 0.023 8** >32
S164 C. parapsilosis 15 0.50 0.023 2 >32
S168 C. parapsilosis 0.75 0.50 0.016 12 >32
S207 C. dubliniensis 0.25 0.19 0.012 16 >32
S210 C. dubliniensis 0.25 0.25 0.012 16 >32
S216 C. parapsilosis 0.75 0.38 0.023 8 >32
S306 C. parapsilosis 0.25 0.125 0.012 16 >32
S308 C. parapsilosis 0.25 0.125 0.012 8 >32
S318 C. parapsilosis 0.125 0.19 0.016 8 >32
S342 W. subpelliculosus 1.5 0.19 0.023 12 >32
S470 C. albicans 1 0.25 0.38 4 >32
C. albicans ATCC - " *
- 90028 0.38 0.19 0.125 8 32
) C. parapsilosis - " * o
ATCC 22019 0.25 0.19 0.125 2 6

*detachable microcolonies, **small ellipse, resistant isolates
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Table 4 shows that 20 isolates that are strong biofilm producers and 2 quality control strains are

susceptible to fluconazole antifungal.It was determined that 14 isolates were sensitive to itraconazole, and
3 were dose-dependent on clotrimazole antifungal. On the other hand, all tested isolates were found to be
resistant to amphotericin B and nystatin antifungal. The obtained MIC values were interpreted according

to NCCLS guidelines and previous studies [1, 4, 29-33], and the values are given in Table 5.

Table 5. Interpretation of MIC values according to NCCLS guidelines and previous studies

Antifungal agents Interpretation criterion (nug/mL)

Susceptible Susceptible-dose dependent Resistant
Flukonazole <8 ug/mL 16-32 pg/mL > 64 pg/mL
Itrakonazole <0.125 pg/mL 0.25-0.5 pg/mL >1 pg/mL
Klotrimazole <0.125 ug/mL* 0.25-0.5 ug/mL* > 1 pg/mL*
Amphotericin B <1 pg/mL - > 1 pug/mL
Nystatin - - > 16 ug/mL

* Evaluated by the manufacturer's recommendations.

When the standard strains and the interpretation criteria given in Table 5 are evaluated, the azole group
antifungal results show the accuracy of the tests. However, the quality control results of amphotericin B
and nystatin gradient tests are out of the manufacturer's results. Therefore, although 18 of 20 isolates
were resistant to nystatin and 19 of 20 were resistant to amphotericin B, different methods must confirm

these values.
Discussion

In this study, the biofilm-forming capacity of yeast isolates obtained from 17 participants aged 18-25
was examined by 3 different methods. It was determined that the most sensitive method among the
applied methods for determining the biofilm formation potential was TCP, followed by TM and CRA
methods. The results of this study are consistent with the results of the studies by Gogoi et al. [34] and
Shrestha and Shakya [9]. Gogoi et al. [34] identified 115 bacterial isolates from different clinical
samples, such as blood, and urine from urinary catheters, endotracheal tubes, tracheal aspirates, and
drainage catheters by standard microbiological methods. The isolates they identified and non-biofilm-
forming Escherichia coli (ATCC 25922) and Staphylococcus aureus (ATCC 25923) and biofilm-
forming Pseudomonas aeruginosa (ATCC 27853) cultures were evaluated by TCP, TM and CRA
methods in determining the biofilm formation. They determined that TCP, TM and CRA methods were
61.7%, 41.7% and 18.2% in determining the biofilm-forming capacity of the isolates. In another study,
Shrestha and Shakya [9] investigated the biofilm-forming capacities of 42 C. albicans isolates, which
they isolated from 200 oral rinse samples collected with 10 mL of sterile PS for 1 minute, using three
different methods. They defined the isolated C. albicans cultures according to their colony
characteristics, simple staining, germ tube and chlamydospore characteristics. With the CRA method,

they determined that 16 isolates were strong and moderate biofilm producers, while 26 isolates were
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weak or not biofilm producers. They calculated that the sensitivity of the CRA method was 27.77%, the

specificity was 16.66%, and the accuracy was 21.42%. They determined that 18 isolates were strong
and medium biofilm producers, and 24 were not weak or biofilm producers in the TM method. They
calculated that the sensitivity of the TM method was 71.4%, the specificity was 62.85%, and the
accuracy rate was 64.28%. In the TCP method, they determined that 29 isolates were strong and
moderate biofilm producers, and 13 isolates were weak or not biofilm producers. They stated that the
TCP method is more sensitive, specific and accurate for quantitative biofilm screening than the TM and
CRA methods. Comparing the results of this study with other studies, a high similarity is observed. In
the study, 132 of 133 yeast isolates were found to be biofilm producers with TCP, while 89 isolates with
TM were determined to be biofilm producers. As a result, it was determined that TCP is more sensitive
in evaluating the biofilm-forming capacity of orally isolated yeasts. As a result of the study, it was
determined that especially NCAC species isolated from the mouth are strong biofilm producers, while
only 6.70% of C. albicans isolates are strong biofilm producers. The study results are similar to those
of Pathak et al. [35] and Mohandas and Ballal [36]. Pathak et al. [35] evaluated biofilm formation on
the surface of dental acrylic resin strips of single-species and multi-species combinations of C. albicans
and NCAC. They isolated Candida isolates from many oral candidiases of neutropenic patients. After
growing the isolates in an 8% glucose SDB medium, they were evaluated with crystal violet. As a result,
they determined that single species (C. glabrata > C. krusei > C. tropicalis > C. albicans) and multi-
species combinations (highest for C. albicans and C. glabrata and lowest for all four species
combinations) had the biofilm-forming ability. The biofilm-forming ability of NCAC isolates was
higher than C. albicans isolates isolated from multi-species oral candidiasis of neutropenic patients.
Mohandas and Ballal [36] determined by the TM method that 81 (73%) of 111 Candida isolates out of
250 different clinical samples from patients treated in hospitals and nursing homes produced biofilms.
They found that only 51% (25/49) of C. albicans isolates produced biofilm. They determined that NCAC
species such as C. krusei and C. tropicalis formed stronger biofilms than C. albicans. Many protocols
and media are in the literature for evaluating biofilm formation. Studies on media used to evaluate the
biofilm formation of Candida species are available in the literature. Weerasekera et al. [37] evaluated
the biofilm-forming capacity of C. albicans and C. tropicalis isolates using MTT and crystal violet (CV)
methods in three different media (RPMI 1640, SDB, and yeast nitrogen base (YNB)). Researchers found
that mono or dual growth was highest in SDB (20 g/L) medium with high sugar content, followed by
YNB (18 g/L) and RPMI 1640 (2 g/L glucose) mediums. In addition, they determined that C. tropicalis
species exhibited maximum adhesion in the YNB medium containing 100 mM glucose, while C.
albicans and mixed Candida species achieved maximum adhesion with RPMI 1640 medium.
Researchers stated that the medium is important in determining the biofilm-forming capacity of Candida
species and that the methods should be standardized in this regard [37-39]. Mimicking the composition

of human fluids rich in amino acids, RPMI 1640 medium is a rich medium containing many different
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components, including high concentrations of L-Glutamine, L-Arginine, L-Asparagine, as well as

vitamins and inorganic salts. [37, 40]. However, the glucose content of the RPMI 1640 medium is quite
low compared to SDB and YNB mediums. For this reason, higher planktonic growth occurs in SDB
medium with high glucose content compared to other mediums. On the other hand, SDB and YNB media
are not rich in amino acids like RPMI 1640 media. However, the amino acid-rich composition of RPMI
1640 medium may promote a favourable biofilm formation. In addition, RPMI 1640 medium is
recommended according to the NCCLS M27-A3 protocol for evaluating antifungal agents against
planktonic cells [37]. Konecna et al. [41] investigated the effect of four different culture media on the
biofilm biomass formation of Candida genus yeasts. Due to their clinical importance, they focused on
C. albicans isolates in their studies. As a result, they stated that the presence of other components, such
as amino acids or proteins, in the culture medium, along with glucose, helps to promote the transition of
Candida yeasts to a stable form. They found that in vitro intact biofilm formation was increased,
especially in C. albicans isolates, especially in the medium supplemented with fetal bovine serum (FBS).
They stated that a culture medium with 10 g/L glucose and 10% (v/v) FBS added is important for the
biofilm production of C. albicans isolates in vitro. Considering the Konecna et al. [41] study, this study
used SDB containing 8% glucose. Especially C. parapsilosis strains were determined to be strong
biofilm producers in vitro. For this reason, analyses were performed using an SDB medium containing
8% glucose in the study. The agar disc diffusion method evaluated the antifungal resistance of 133 yeast
isolates according to the NCCLS M44-A standard. Then, considering the agar disc diffusion results, the
resistance of 20 yeast isolates to 5 antifungal agents was investigated according to the NCCLS M27-A
standard by selecting isolates with strong biofilm-forming ability. Accordingly, 20 yeast isolates and
two quality control strains isolated from the mouths of healthy young individuals and determined to be
strong biofilm producers were found to be susceptible to fluconazole antifungal. It was determined that
14 isolates were sensitive to itraconazole, and three were dose-dependent on clotrimazole antifungal.
However, it was determined that the results of the amphotericin B and nystatin gradient tests were
outside the MIC values determined by the manufacturer's recommendations in control of the quality
control strains. Therefore, these values need to be verified by different methods. Kuriyama et al. [4]
obtained 618 Candida isolates from 559 patients admitted to Dental Hospitals in Cardiff, Glasgow,
Belfast and London (Eastman) between 2000-2003. They evaluated the antifungal resistance of these
isolates against amphotericin B, nystatin, fluconazole, itraconazole, ketoconazole, miconazole, and
voriconazole using NCCLS M27-A guide broth microdilution method. They determined that 521 of the
isolates they obtained were C. albicans, and 0.3% were resistant to fluconazole. They determined that
the remaining 97 isolates were NCAC (C. glabrata, C. krusei, C. parapsilosis, C. tropicalis, other
Candida sp.) species. They found that both C. albicans and NCAC isolates were susceptible to
ketoconazole, miconazole and voriconazole antifungals. They determined that 23.7% of C. glabrata

isolates were resistant to itraconazole. They reported little difference in the antifungal susceptibility of
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Candida species isolated from patients who used and did not use antifungals before. Dhanasekaran et

al. [42] evaluated 30 Candida isolates they isolated from dental plaque in terms of antifungal resistance
against six clinically important antifungal agents such as amphotericin b, nystatin, clotrimazole,
fluconazole, ketoconazole, and itraconazole by agar disc diffusion method. As a result, they determined
that biofilm-forming isolates were significantly resistant to antifungal drugs compared to non-biofilm-
forming Candida isolates. In our study, the antifungal susceptibility of only biofilm producer isolates
was evaluated, and it was determined that they were susceptible to the azole group. The broth
microdilution reference method, used to determine the MIC values of antimicrobial agents and adapted
by CLSI, is a complex and time-consuming method to apply in the laboratory. Therefore, the gradient
test method used to determine MIC values is the simple disk diffusion method. The results of this method
have been used recently because they are compatible with liquid microdilution [1]. Koga-Ito et al. [43]
evaluated the resistance to amphotericin B, 5-flucytosine, fluconazole, and itraconazole antifungals of
30 C. albicans isolated from denture-associated oral candidosis patients and 30 C. albicans isolates from
control individuals using the CLSI reference method and gradient test method. The researchers found
that the agreement between the two methods was 66.67% for amphotericin B, 65% for flucytosine,
53.33% for fluconazole, and 45% for itraconazole. The researchers stated that the gradient test method
could be an alternative to the routinely used susceptibility test due to its simplicity and similarity of
sensitivity. Song et al. [1] determined the antifungal resistance of 39 C. albicans, 5 C. glabrata and 3 C.
tropicalis isolates they isolated from 45 patients with oral candidiasis and the C. albicans ATCC 90028
reference strain using the gradient test method. The MIC values against fluconazole, itraconazole,
voriconazole and amphotericin B antifungals were determined by gradient test after 24 hours of
incubation of each isolate on RPMI 1640 agar. They found that all Candida isolates were susceptible to
amphotericin B and voriconazole. However, they determined that all five C. glabrata isolates were
resistant to itraconazole, and two were resistant to fluconazole. In conclusion, the gradient test is a
simple and effective method for antifungal susceptibility testing of Candida species isolated from
patients with oral candidiasis. The results stated that amphotericin B and voriconazole are effective
alternatives in treating oral candidiasis. Therefore, in our study, the sensitivity of biofilm producer yeasts
isolated from the mouths of healthy individuals to antifungals was determined by a gradient test. CLSI
has determined a cut-off value (ECV) for some Candida (C. albicans, C. glabrata, C. krusei, C.
parapsilosis, and C. tropicalis) species by evaluating the results of epidemiological studies.
Accordingly, these Candida species were determined as S<2 and R>4 mg/ml for fluconazole and S<I
and R>1 mg/mL for amphotericin. In itraconazole antifungal, S<0.06 and R>0.06 mg/mL for C.
albicans, C. dubliniensis and S<0.125 and R>0.125 mg/mL for C. parapsilosis and C. tropicalis [44].
In line with these values, it was determined that 20 isolates were resistant to itraconazole and
amphotericin B antifungals and sensitive to fluconazole antifungals. However, MIC values of

amphotericin B antifungal need to be confirmed.
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Conclusion

In summary, it was determined that the sensitivity of the TCP method, one of the three methods used to
evaluate biofilm formation, is high. It was determined that 99.25% of the isolates formed biofilms with
TCP. MICs of antifungals for oral yeast strains could be determined quickly and successfully against
azole antifungals, except for amphotericin B and nystatin antifungals, using a simple gradient test
method. In conclusion, biofilm formation as a virulence factor is important for human health, and more
research is needed on opportunistic pathogenic fungi species found in both healthy and diseased
individuals. In addition, further studies with more clinical isolates are required to investigate the
antifungal resistance tendency in sick and healthy individuals. Finally, it is necessary to investigate the
resistance of yeasts isolated from the mouths of diseased and healthy individuals to antifungals after

forming a biofilm.
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Abstract

This research was carried out to determine the levels of Cd, Hg, Pb, As,
Al, Cu, Fe and Zn in the muscles of Trachurus mediterraneus ponticus.
The fish samples were collected from the Samsun coasts of the Black Sea
between September and December in both 2021 and 2022 and were
analysed by using Inductively Coupled Plasma Mass Spectrophotometer.
The metal values in the muscle tissues of horse mackerel were below the
permissible values. Zn has the higher mean concentration (5.475 mg/kg
wet weight (w.w.)) followed by Fe (mean concentration of 3.887 mg/kg
w.w.) and Cu (mean concentration of 0.178 mg/kg w.w.) The Cd was found
at the lowest (0.0077 mg/kg w.w.) mean concentration followed by Hg
(0.0096 mg/kg w.w.), Pb (0.0453 mg/kg w.w.), and Al (0. 1077 mg/kg
w.w.). The target hazard quotients (THQs) for individual metals and the
total target hazard quotients (TTHQs) were <1 in horse mackerel
indicating no health risk for consumption by infants, children, and adults.
The risk indexes (RIs) for Pb were from 1.93x1077 for adults in 2022 to
5.75x1077 for infants in 2021, indicating their insignificant carcinogenic
risks, whereas for As RIs were from 8.61x107 for adults in 2022 to
2.29x10* for infants in 2021, indicating their tolerable or acceptable
carcinogenic risks.

Keywords: Horse mackerel, toxic metals, target hazard quotient, risk
index

Trachurus mediterraneus ponticus Aleev, 1956 Tiiriindeki Metal Seviyeleri ve
Tiiketiciler icin Saghk Riski Degerlendirmesi

tUniversity of Sinop, Fisheries
Faculty, Department of
Hydrobiology, 57000 Sinop,
Tiirkiye

Oz

Bu arastirmada, Trachurus mediterraneus ponticus tiriniin kaslarindaki
Cd, Hg, Pb, As, Al, Cu, Fe ve Zn diizeylerini belirlemek amaglanmistir.
Karadeniz'in Samsun kiyilarindan 2021 ve 2022 yillar1 Eyliil ve Aralik
aylar1 arasinda toplanan balik 6rnekleri indiiktif Eslesmis Plazma Kiitle
Spektrofotometresi  kullamilarak ~analiz  edilmistir. Istavritin  kas
dokularindaki metal degerleri izin verilen degerlerin altinda bulunmustur.
Zn daha yiiksek ortalama konsantrasyona sahip olarak bulunmus (5.475
mg/kg yas agirlik (y.a.), bunu Fe (ortalama konsantrasyon 3.887 mg/kg
y.a) ve Cu (ortalama konsantrasyon 0.178 mg/kg ya) izlemistir. Cd en
diisiik konsantrasyon (0.0077 mg/kg y.a.) olarak bulunmus, bunu Hg
(0.0096 mg/kg y.a.), Pb (0.0453 mg/kg y.a.) ve Al (0.1077 mg/kg y.a.)
izlemistir. Metaller icin tek tek hedef tehlike katsayilari (THQ'lar) ve
toplam hedef tehlike katsayilar1 (TTHQ'lar) <1 olarak bulundu ve
bebekler, ¢ocuklar ve yetiskinler tarafindan tiiketilmesi i¢in saglk riski
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olmadigini gostermektedir. Pb igin risk indeksleri (RI'ler) 2022'de
yetiskinler i¢in 1.93x1077 2021'de bebekler i¢in 5.75x1077 olarak dnemsiz
kanserojen risklerini gosterirken, As i¢in RI'lar 2022'de yetiskinler igin
8.61x10'ten 2021'de bebekler igin 2.29x10*a olarak tolere edilebilir

This workis licensed under a veya kabul edilebilir kanserojen risklerini gostermektedir.

Creative Commons Attribution .
4.0 International License Anahtar Kelimeler: Istavrit, toksik metaller, hedef tehlike orani, risk

indeksi

Introduction

Fish is an important nutrient source, such as protein, omega-3 fatty acids, and a range of minerals and
vitamins [1, 2]. Many health organizations recommend that people include a serving of fish in their diet
at least a couple of times per week [3]. However, it is crucial to take into account potential risks
associated with consuming fish, such as the potential for exposure to pollutants including metals. Fish
consumption guidelines are often developed by health organizations to help people balance the potential
health benefits of fish consumption with these risks. For example, the Food and Agriculture
Organization (FAO), the World Health Organization (WHO) [4] and European Commission (EC)
Regulation [5] have developed guidelines for fish consumption that provide recommendations on the
species and amounts of fish that are safe to eat. These guidelines consider the contaminant levels
including metals species in different fish and the potential health effects caused by exposure to these
substances. It is important to follow the guidelines set by health organizations and to be mindful of the
potential dangers caused by the consumption of fish. The toxic metals, including non-essential metals,
such as cadmium (Cd), mercury (Hg), lead (Pb), arsenic (As), and aluminium (Al) can have significant
impacts on fish. These metals can be dangerous for fish species at extremely low amounts and can
accumulate in the tissues of fish through the process of biomagnification. Likewise, essential iron (Fe),
copper (Cu), and zinc (Zn) can have the same harmful effects on fish at high concentrations. Whether
essential or not metals can have a range of negative effects on fish, and exposure to these metals in
contaminated seawaters can be especially harmful to the health of people via consumption of
contaminated fish species. Principally, it is crucial to consider the potential risks associated with fish
consumption and to take steps to reduce the risk of exposure to contaminants, while also taking
advantage of the potential health benefits of including fish in the diet. Especially in the coastal
ecosystems of the marine environment, fish accumulates metals which fish may absorb metals from the
water directly or through their feed. The metals are natural components and non-biodegradable
chemicals occurring in the marine environment naturally or as results of anthropogenic activities such
as discharges from agricultural, touristic, fisheries and urban sewage, domestic and industrial wastes.
This study is aimed to determine the concentration of cadmium (Cd), mercury (Hg), lead Pb), arsenic
(As), aluminium (Al), copper (Cu), iron (Fe) and zinc (Zn) in the muscle tissue of Trachurus
mediterraneus ponticus Aleev, 1956 captured in Samsun coastal waters of the Black Sea and, find

whether the metal concentrations are in the allowable restricts informed by the national and international
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organizations. In addition, health risk assessment analyses were conducted for people consuming this

fish. The horse mackerel has been one of the commercially significant fish species in the Black Sea. In

2021, 19590.1 tons of this fish were captured in the Turkish Black Sea [6].

Materials and Methods
Sample Collection

Mediterranean horse mackerel were captured with the help of the local fisherman between September
and December in both 2021 and 2022. At least 25 samples (16+3 lengths; 33+5 weights) collected in

each sample washed, labelled, put plastic bags, and stored at -12 °C in a deep freezer until analysis.
Determination of Metals

The muscle tissues of the fish samples were removed with a plastic knife. Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) was used for metal levels. m-AOAC 999.10- method was performed for
metal analysis in the horse mackerel by authorised environment commercial analysis laboratory services
trade corporation (TURKAK Test TS EN ISO IEC 17025 AB-0364-T). European Standard method (EN
15763) was used [7]. The standard reference material (SRM) used in this study for quality control was
lobster TORT-2 [7]. The SRM's component accuracy varied by no more than 10%. The data were
analysed using the mean values, with each analysis being done in triplicate. The results were presented

in mg/kg wet weight.
Estimated Daily Intake

The equation below gives the estimated daily intake (mg/kg/day):

Csamples x CR

EDI =
Bwt

where: Csamples 18 the mean metal concentration in horse mackerel samples (mg/kg), CR is the daily fish
consumption rate and Bwt represents the mean body weight. It is well known that consumers' daily fish
intake varies depending on their weight and age groups [7, 8, 9]. The calculations in this study were
based on three groups and the data from the United Nations Scientific Committee on the Effects of
Atomic Radiation [10]. According to UNSCEAR [10], the average body weights of infants, children,
and adults were 10, 30, and 70 kg, respectively. 5, 10, and 15 kg fish are consumed yearly by infants,

children, and adults, respectively.
Hazard Quotient

The hazard quotient (HQ), which can be calculated as in the following equation, was used to estimate
the noncarcinogenic health risks for each element in Trachurus mediterraneus ponticus samples [7, 8,

9]:
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EDI

HQ =27 D.

where Rf. D. is the oral reference dose which shows the approximated maximal allowable health, risk
related with daily intake of metals in fish by people, expressed in mg/kg/day. The total hazard quotient
accurately captures the collective contribution of the investigated elements to the full potential threat to

human well-being. The following are some mathematical ways to express the total hazard quotient

(THQ):
THQ = Z HO

In this study, it was assumed that the cumulative effects of metals on one target organ were inversely
correlated with the likelihood of a health risk. While THQ < 1 suggests no possible health risk, THQ >1

discloses possible chronic danger.
Risk Index

The increasing lifetime cancer risk is one metric to measure the carcinogenic risk [7, 8, 9]. The equation

below represents the risk index (RI) in terms of:

RI = EDI x SF
The risk associated with a lifetime average contaminant dose is determined by the slope factor (SF).
Statistical Analysis

During the statistical analysis, the non-parametric tests were implemented. The differences in the
concentrations of heavy metals between the years (2021-2022) were as investigated with Mann

Whitney-U test. The statistical significance level, P value, was set as 0.05.
Results and Discussion

Results of the study showed that Zn has the higher concentration (mean 5.475 mg/kg w.w.) among the
other metals (Figure 1), Zn followed by Fe with a mean concentration of 3.887 mg/kg w.w. and Cu with
mean concentration of 0.178 mg/kg w.w. The Cd was found at the lowest (0.0077 mg/kg w.w.) mean
concentration followed by Hg (0.0096 mg/kg w.w.), Pb (0.0453 mg/kg w.w.), and Al (0. 1077 mg/kg

w.w.). There were no statistical differences between the years (P<0.05).
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Figure 1. The elements in the muscle tissues of Trachurus mediterraneus ponticus.

Cd, Hg, Pb and As have been the broadest heavy metals that caused human threatening [11]. Cd, Pb and
Hg are referred to as the "toxic trio" owing to their hazardous characteristics. These xenobiotics are
extremely nephrotoxic, and high levels can result in renal failure [12]. European Commission [5] and
Official Gazette of the Republic of Tiirkiye [13] determined the maximum level of Cd, Hg and Pb in
fish as 0.05, 0.5 and 0.3 mg mg/kg w.w., respectively. Cd is an extremely toxic metal for both fish and
humans. Cd accumulates in fish and is the primary source of human exposure through consumption. Cd
had the highest level in this study, which was 0.009 mg/kg w.w., but it was below the safe limit. However,
in terms of Cd, eating horse mackerel poses no threat to the general public's health. The mercury, an
extremely hazardous metal, is mostly obtained through dietary sources and is generally acknowledged
to be fish. In this study, horse mackerel had the maximum Hg, which was 0.011 mg/kg w.w. in September
2021. The value that was obtained was roughly 45 times below the safe limit value. The highest value
of Pb, one of the toxic metals, found in the current study is 0.059 mg/kg w.w. in December 2021. Pb
value was below the allowable limit in [5, 11]. The consumption of horse mackerel poses no risk to the
general public's health. The highest concentration of As was 0.13 mg/kg w.w. in the current study in

November 2021. This value was below the safe limit, 1 mg/kg w.w., specified in Official Gazette of the
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Republic of Tiirkiye [14]. The consumption of horse mackerel poses is no risk for people, in terms of

As. Cu is an essential trace element that is found in little amounts in many different types of cells, but it
is toxic if taken in large quantities. The recommended maximum level of Cu is 20 mg Cu/kg by Official
Gazette of the Republic of Tiirkiye [14] and the Ministry of Agriculture, Forestry and Fisheries [15]. In
this investigation, the highest Cu level was found at 0.24 mg/kg w.w. in September 2022. The maximum
Cu was found almost 83 times below the safe limit concentration. It can be claimed that horse mackerel
consumption poses no concern to the general public's health, in terms of Cu. Zn is not considered to be
toxic to humans, but extremely high exposure levels may have negative consequences. According to the
Official Gazette of the Republic of Tiirkiye [14] and the Ministry of Agriculture, Forestry and Fisheries
[15], Zn level recommended is 50 mg/kg w.w. The highest Zn concentration was 6.3 mg/kg w.w. in
September 2022 and this amount was quite low compared to the safe limit. Thus, consuming horse
mackerel does not cause any risk to public health in terms of Zn. No accepted value for Fe detected in
fish is given in the regulations. In this current study, however, the highest value in horse mackerel was
determined as 6.3 mg/kg w.w. in September 2022. Metal concentration may show variations among fish
species depending on their habitats, age, size, and feeding habits [ 16-19]. Horse mackerel is pelagic and
carnivorous and usually feeds on small crustaceans [20]. Comparing the present results with previous
studies in the Black Sea, it is noted that the metals concentrations in this study were generally lower or
similar found in the scientific literature on the sea (Table 1). The metal levels in horse mackerel are
below the allowable limit by national and international organizations. It was found that the EDI and
EWI values and THQs are below levels that are suitable for human consumption in fish samples
(TTHQs<1) for 2021 and 2022 (Table 2). The Rls for Pb were from 1.93x107 for adults in 2022 to
5.75x1077 for infants in 2021, indicating their insignificant carcinogenic risks, whereas for As RIs were
from 8.61x107 for adults in 2022 to 2.29x10 for infants in 2021, indicating their tolerable or acceptable
carcinogenic risks. In conclusion, the metal levels in the edible part of horse mackerel in the Black Sea

are safe for consumers.
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Conclusion

In the current study, the essential and non-essential metal levels in horse mackerel have been analysed.
The results of metals levels in the fish samples were not exceeded the allowable limits set for these
metals. The results of this study are found lower recommended values. All of the metals that were taken
into consideration, TTHQs were below the value of 1 for infants, children, and adults in 2021 and 2022,

hence the metals in horse mackerel do not appear to be toxic or dangerous for consumers.
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" Bu ¢alismada, Antalya ili Finike ilgesi marul tiretim alanlarinda Marul
mozaik virtsi (Lettuce mosaic viriis: LMV)’niin belirlenmesi amaciyla
yuritilmiistir. Viriisiin tanilama ¢alismalarinda DAS-ELISA (Double
Antibody Sandwich Enzyme Linked Immunosorbent Assay) ve IC-RT-

Sorumlu Yazar PCR (Immunocapture Ters Transkripsiyon Polimeraz Zincir Reaksiyonu)
Handan CULAL KILIC yontemleri kul.!amlmlstlr. Bu amagla arastirma alanindan 92 marul 6rnegi
handankilic@isparta.edu.tr toplanmistir. Ornekler LMV etmenine spesifik antibadiler kullanilarak
DAS-ELISA testine tabi tutulmustur. DAS-ELISA yontemine gore; 5

Yazarlara ait ORCID ornek LMYV ile enfekteli bulunmustur. DAS-ELISA testinde pozitif ¢ikan
H.C.K: 0000-0003-4020-9442 5 omek IC-RT-PCR c¢alismalarinda kullanilmistir. IC-RT-PCR
E.E: 0000-0001-5693-2585 calismalarinda, LMV ye 6zgii primer g¢iftleri (1196, 1087) kullanilmis ve

LMV’nin 800 bp’lik bir kism1 ¢ogaltilarak agaroz jel elektroforezinde
beklenen seviyede bant elde edilmistir. Bu ¢alisma ile Antalya ili Finike
Received: 22.02.2023 ilgesinde LMV nin varligi ilk kez ortaya konulmustur.
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Determination of Lettuce Mosaic Virus in Lettuce Production Areas in Finike District
of Antalya Province

Usparta Uygulamali Bilimler ApStraCt . S
Universitesi, This study was conducted for detection of Lettuce mosaic virus in lettuce
Ziraat Fakiiltesi growing areas in Finike district of Antalya province. DAS-ELISA (Double
Bitki Koruma Béliimii Antibody Sandwich Enzyme Linked Immunosorbent Assay) ve IC-RT-
Isparta/ Tiirkiye PCR (Immunocapture Reverse Transcription Polimerase Chain Reaction)

methods were used for virus detection. For this purpose, 92 lettuce
samples were collected from the research area. Samples were subjected to
DAS-ELISA test using specific antibody for LMV. According to DAS-
ELISA; the presence of LMV were detected in 5 samples. 5 samples that
tested positive as a result of the DAS-ELISA test were used for IC-RT-
PCR. In IC-RT-PCR studies, specific primer pairs (1190, 1087) were used
for LMV and 800 bp fragments of LMV was amplified and the respected
size of band was observed on agarose gel electrophoresis. In this study,
the presence of LMV was revealed for the first time in lettuce production
areas of Finike district of Antalya.
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Giris

Ulkemizde 6nemli bir yere sahip olan sebzeler; vitamin, mineral, protein ve karbonhidrat bakimindan
zengin olmalart nedeniyle insan beslenmesinde siklikla kullanilmaktadir. Sebzeler islenerek
degerlendirilebildikleri gibi taze olarak da tiiketilmektedir. Kok, govde, ¢icek, yaprak ve meyve gibi
kistmlar1 yiyecek kaynag olarak kullanilmaktadir [1]. Ulkemizin farkl ekolojik kosullara sahip olmasi,
her bolgede ve her mevsimde farkli iiriinlerin yetistirilmesine olanak saglamaktadir. Diinyada ve
tilkemizde en ¢ok tiiketilen ve tiretilen sebzelerden birisi de marul bitkisidir. Marul (Lactuca sativa L.)
Compositae familyasina ait serin iklim bitkisidir [2]. Diinyada marul {iretiminde yaklagik 29 milyon ton
ile Cin 1. sirada bulunurken [3] tilkemiz 500.000 tonluk marul {iretimi ile onuncu sirada yer almaktadir
[4]. Ulkemizde marul Akdeniz, Marmara ve Ege bélgelerinde yetistirilmektedir [5]. Antalya ilinde
yaklasik 14.669 dekar alanda marul iiretimi gerceklestirilmektedir. Bu alanda Gobekli marul tipi tiretimi
22.829 ton, Kivircik tipi 29.216 ton ve 3769 ton Aysberg tipi iiretim yapilmaktadir [4]. Antalya’nin
Finike ilgesinde nar ve narenciyeden sonra yogun olarak marul tretimi goriilmektedir [6]. Marul
yetistirilmesinde ¢ok sayida abiyotik ve biyotik faktorler etkili olmaktadir. Bu faktorler igerisinden
bitkilerde hastalik yapan viriisler marulda 6nemli zararlar olusturmaktadir. Diinyada farkl arastiricilar
tarafindan marulda tespit edilen onemli virlis hastaliklar1 sunlardir: Marul mozaik viriisii (Lettuce
mosaic virus: LMV), Mirafiori marul iri damar viriisii (Mirafiori lettuce big vein virus: MLBVV), Marul
iri damar viriisii (Lettuce big vein associated virus: LBVaV), Hiyar mozaik viriisii (Cucumber mosaic
virus: CMV), Yonca mozaik viriisii (Alfalfa mosaic virus: AMV), Seker pancari bat1 sarilik viriisii (Beet
western yellow virus: BWYV), Domates lekeli solgunluk viriisii (Tomato spotted wilt virus: TSWV),
Bakla solgunluk viriisii (Broad bean wilt virus: BBWV), Tiitiin rattle viriisii (Tobacco rattle virus: ToORV
), Tiitlin halkali leke viriisii (Tobacco ringspot virus: ToRV) ve Salgam mozaik viriisii (Turnip mosaic
virus: TuMV) [7, 8,9, 10, 11, 12]. Diinya’da ve iilkemizde; LMV marul tiretim alanlarinda ciddi zararlar
meydana getiren 6nemli virlisler arasindadir [13]. LMV, ilk kez 1921 yilinda Amerika’nin Florida
eyaletinde marullarda tespit edilmistir [14]. Marul mozaik virlisii Potyviridae familyasinin Potyvirus
cinsine aittir. Tek sarmal RNA genomu igermektedir. Viriis ipliksi yapida ve zarfsizdir. Tek pargali ve
9-12 kb arasinda genom biiyiikliigiine sahiptir. Viriisiin konuk¢u dizisi oldukga genistir. Compositae
familyasina ait 21 konukgu bitkiyi ve 121 tiirii enfekte edebilmekte ve mekanik olarak taginabilmektedir
[15]. Viriisiin tohum polen ve yaprak bitleri ile de tagindig: bildirilmektedir. Myzus persicae (Sulzer),
Aphis gossypii Glover ve Macrosiphum euphorbiae (Thomas) en 6nemli ve etkin vektorleridir. LMV,
marul yapraklarinda mozaik, deformasyon, nekrotik ve klorotik local lezyon ile bas olusturmama ve
bitki 6liimleri gibi simptomlara neden olmaktadir. Marulun yetistigi her yerde bu hastaliga rastlandigi
ve Ozellikle hassas ¢esitlerde %80-100’¢ varan iiriin kaybina neden oldugu bildirilmektedir [13, 16, 17].
Yapilan farkl iki ¢alisma ile Antalya ilinde marul iiretim alanlarinda Domates lekeli solgunluk viriisii
ve Mirafiori marul iri damar virlisii’niin varlig1 ortaya konulmustur [18, 19]. Bozdogan [18], Antalya ili

Merkez ve ilgelerinde domates, biber ve marul alanlarinda TSWV niin belirlenmesi ile ilgili yaptig
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caligmada viriistin varligini DAS-ELISA ve RT-PCR yontemleri ile ortaya koymustur. DAS-ELISA

yontemine gore hastalik oranini %88.25 olarak tespit etmislerdir. RT-PCR ¢alismalarinda ise; 276 ve
514 bp’lik bantlan agaroz jel elektroforezde gézlemlemislerdir. Erdas ve Culal Kili¢ [19], Mirafiori
marul iri damar viriisii’niin belirlenmesi amaciyla Antalya ili marul {iretim alanlarindan 240 marul
ornegi toplamis ve biitiin drnekleri DAS-ELISA yontemiyle test etmiglerdir. Testlenen 6rneklerdeki
hastalik oran1 %18.33 olarak belirlenmistir. RT-PCR ¢aligmalarinda ise; MiLBVV’ye spesifik primer
ciftleri kullanilmis ve MiLBVV’nin 469 bp’lik kilif protein gen bolgesi ¢ogaltilarak agaroz jelde UV
altinda goriintiilenmistir. Agaroz jel elektroforezde MiLBVV’ye 06zgii beklenen seviyede bant
gozlemlenmistir. Antalya ili Finike ilgesinde yapilan siirveyler sirasinda virlis benzeri belirtilerin
gozlemlenmesi ve ireticilerden gelen sikayetlerin artmasi sebebiyle bu calisma olusturulmustur.
LMV’nin marul 6rneklerindeki varligi serolojik yontemlerden DAS-ELISA, molekiiler olarakta IC-RT-
PCR yontemi ile ortaya konulmustur. Bu c¢alisma; bolgede ilk kez marul alanlarinda LMV ’nin

tanilanmas1 bakimindan onem arz etmektedir.
Materyal ve Yontem
Siirvey Calismalari

Antalya ilinin Finike ilgesinde marul iiretim alanlarmda 2018 ve 2019 yillarinda LMV’ nin saptanmasi
amactyla siirveyler yapilmistir. Siirveyler sirasinda viriis benzeri belirti gosteren bitkilerden toplam 92

marul 6rnegi alinmistir (Sekil 1).

Sekil 1. Siirvey sirasinda bitki orneklerinin toplanmast
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Alman yaprak ornekleri ayr1 ayr1 posetlere konulmus ve iglerine gerekli bilgileri kapsayan etiketler

yerlestirilmistir. Laboratuvarda érnekler derin dondurucuya yerlestirilmistir. Stirveyler sirasinda marul
bitkisinden alinan orneklerde yapraklarda mozaik, sararma, bitki boyunda kisalma, nekrotik leke

olusumu, damar a¢ilmasi, ve klorotik lezyonlar olan bitkiler tercih edilmistir.
Serolojik Calismalar

Viriisiin teshisinde ilk olarak bitkilere DAS-ELISA yontemi uygulanmistir. Testlemede viriise 6zgii
ELISA kitleri (Loewe) kullamlmistir. Yéntem, firmanin 6nerdigi dogrultuda yapilmistir. Oncelikle
ELISA tabaklarmin her bir ¢ukurcugu LMV’ye 6zgii antikor ile hazirlanmis tampon ¢ozelti ile
kaplanmis ve 37°C’de 4 saat bekletilmistir. Yikamay1 takiben ekstraksiyon tampon ¢6zeltisinde 6rnekler
ezilerek her bir ¢ukura 200’er uL konulmus ve +4°C’de tiim gece bekletilmistir. Konjugat buffer ve
konjugatlar sulandirilarak her bir ¢ukura ilave edilmis ve 37°C’de tekrar bekletilmistir. Son asama
olarak substrat tamponu ile hazirlanan substrattan her bir ¢ukura 200 pL konularak oda sicakliginda
bekletilerek renk degisimi gézlenmistir. Sonuglar 405 nm dalga boyunda okunmustur. Kontrol bitkisinin
absorbans degerlerine gore kontrol degerinin en az iki kat1 okuma degeri veren 6rnekler pozitif olarak

kabul edilmistir [20].

Immunocapture Ters Transkripsiyon-Polimeraz Zincir Reaksiyonu (Immunocapture
RT-PCR: IC-RT-PCR)

Calismada DAS-ELISA yoOntemi sonucunda pozitif olarak belirlenen o6rnekler IC-RT-PCR
caligmalarinda kullanilmisgtir. Bu yontemde; RNA izolasyonuna gerek duyulmadan LMV’e spesifik
antibadiler kullanilmis ve bitkideki viriis immunolojik olarak yakalanmistir. Oncelikle, PCR tiipleri
LMV’ye 6zgii antibadi ile kaplanmig ve 37°C’de 4 saat bekletilmistir. Yikama isleminden sonra,
ornekler tampon soliisyonunda ezilmis ve PCR tiiplerine eklenmistir. Ornekler +4°C’de tiim gece
bekletilmistir. Sonra yikama tekrarlanmistir. PCR tiiplerinin tizerine RT-PCR karigim1 eklenerek, RT-
PCR reaksiyonu tek asamali olarak gerceklestirilmistir. Reaksiyon karigimi 20 puL’den olusmustur. Tek
bir reaksiyon karigimi; 1 pL forward primer, 1.5 uL reverse primer, 10 uL master mix buffer ve 7.5 uL
ultra saf su ile hazirlanmigtir. LMV i¢in, Krause-Sakate ve ark., [21] ve Saglam ve Kamberoglu [22]
tarafindan yapilan ¢aligmalarda daha 6ncede kullanilan kilif protein gen bolgesine spesifik 800 bp’lik
bir kism1 amplifiye eden spesifik primer ¢ifti (1196 (5‘-AAG GCA GTA AAACTG ATG-3") 1087 (5¢-
TTT ATA CTA CAG TCT TTA-3’) kullanilmigtir. Amplifikasyon i¢in 55°C’de 40 dakika, 94°C’de 3
dakika, 35 dongii, 94°C’de 1 dakika, 42°C’de 2 dakika, 72°C’de 2 dakika ve son olarak 72°C’de 10
dakika programlanmigtir. RT-PCR iiriinlerinin goriintiilenmesi amaciyla agaroz jel caligmalari
ylritiilmiistiir. Bu amagla, %1°lik agaroz jel ve 1XTBE (0.089 M Tris Borate; 0.089 M Boric acid,
0.002 M EDTA) soliisyonu kullanilmig ve bantlar elektroforetik ayrima tabi tutularak LMV’ye 6zgii
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spesifik bantlarin varligi arastirilmistir. Boyama etidyum bromide ile yapilmis ve UV 15181 altinda

fotograflar ¢ekilmistir.
Bulgular ve Tartisma

LMV nin tanilanmasi amaciyla Antalya ili Finike ilgesinde marul iiretim alankarinda siirveyler yapilmig
ve virlis simptomu sergileyen 92 bitki ornegi toplanmistir. Orneklerde; yapraklarda mozaik,
deformasyon, kloroz, nekroz, damar agilmasi, bag biiylikliigiinde azalma, bitki boyunda kisalma gibi
belirtiler gézlemlenmistir (Sekil 2, 3). LMV’ nin bu belirtilere neden oldugu farkli ¢caligmalarda farkli
arastiricilar tarafindan rapor edilmistir [10, 22, 23]. Saglam ve Kamberoglu [22], LMV ile enfekteli
marul bitkilerinin yapraklarinda mozaik, nekroz, sararma, damar agilmasi, gelisme geriligi ve diizgiin

bas olusturamama gibi belirtilerin meydana geldigini belirtmislerdir.
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Antalya ili Finike il¢esi marul {iretim alanlarindan toplanan 92 adet 6rnegine olasi LMV enfeksiyonuna

karst DAS-ELISA yontemi uygulanmigtir. Buna gore testlenen 92 adet 6rnegin 5’i LMV ile enfekteli
bulunmustur. Test edilen 6rneklerin LMV enfeksiyon orani ise %5.43 olarak belirlenmistir. Benzer
sekilde Ozdemir ve Erilmez [24], Denizli ili biber, patlican ve marul iiretim alanlarinda yiiriittiikleri
calismada, marul 6rneklerinin %5.56’sinin LMV ile enfekteli oldugunu bulmuslardir. Ankara ili marul
tretim alanlarinda LMV’nin belirlenmesi ile ilgili yapilan ¢alismalarda orneklerin DAS-ELISA ile
testlenmesi sonucunda 324 6rnekten 25’inin (%7.71) LMV ile enfekteli oldugu tespit edilmistir [25].
Karanfil ve ark. [26] Marmara bolgesindeki LMV ile ilgili yaptiklari ¢alismada ise 307 drnekten 35”inde
LMYV enfeksiyonuna rastlamistir. Yesil ve Agca [11] Konya ilinde marul alanlarinda farkli viriislerin
belirlenmesi ile ilgili yaptig1 calismada LMV nin enfeksiyon oranini %12.37 olarak belirlemislerdir. IC-
RT-PCR ¢aligmalarinda LMV ’nin kilif protein geninin 800 bp’lik kismini ¢ogaltan 1196 ve 1087 primer
¢ifti kullanilmigtir. Caligmalar sonucunda DAS-ELISA testleri sonucunda pozitif reaksiyon veren 5
izolat molekiiler ¢alismalarda kullanilmis ve beklenen seviyede bant elde edilmistir. Negatif kontrolde
ise herhangi bir bant olusumu gozlenmemistir (Sekil 4). DAS-ELISA testinde pozitif reaksiyon veren
ornekler IC-RT-PCR yontemi ile de teyit edilmistir. Boylece LMV nin varlig1 serolojik ve molekiiler

olarak ortaya konulmustur.

DUV D

-

s

Sekil 4. |C-RT-PCR ¢alismalart sonucunda LMYV ile enfekteli 6rnekler M: Marker (DNA
ladder;100 bp) N: Negative control; 1-5 LMV ile enfekteli marul ornekleri
Benzer sekilde ¢esitli arastirmacilarda [21, 22, 25] LMV nin kilif protein geninin 800 bp’lik kismini
cogaltarak beklenen biiyiikliikte bant elde etmigler ve bu calismaya paralel sonuglar elde etmislerdir. Bu
calisma ile Antalya ili Finike il¢esi marullarinda LMV nin varligi DAS-ELISA ve IC-RT-PCR yontemi
ile ortaya konulmustur. Bolgede LMV nin varlig ile ilgili calisgma bulunmamaktadir. Calisma, bolgede
ilk kez marul alanlarinda LMV nin tanilanmast bakimindan 6nem arz etmektedir. Gergeklestirilen bu

caligmadan elde edilen sonuclarin ileride yapilacak olan ¢aligmalara katki saglayacag diigiiniilmektedir.
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Sonuclar

Virlis hastaliklarina kars1 herhangi bir kimyasalin bulunmamasindan dolayi; virlis hastaliklariyla
miicadelede ana yaklasim viral enfeksiyonu onlemek veya geciktirmek ya da etkilerini azaltmak
olmustur. Bu hedefleri gerceklestirmek icin; karantina 6nlemleri, hastalikli bitkilerin imhasi, viriissiiz
bitki materyali ve eradikasyon gibi bitki sagligina yonelik uygulamalarin yani sira iiretim faaliyetlerinde
degisiklikler, vektorleri kontrol etmek icin pestisitlerin kullanilmasi, dayanikl ¢esitlerin yetistirilmesi
gibi cesitli yollar kullanilmaktadir. LMV’ nin miicadelesinde de 6zellikle yaprak bitleri ile miicadele,
yabanci otlarla miicadele ve temiz tohum kullanim1 gibi kiiltlirel 6nlemlerin gergeklestirilmesi ve bu
konuda fireticilerin bilinglendirilmesi 6nem tasimaktadir. Ayrica daha sonra yapilacak ¢aligmalarda,
LMV’nin Antalya ilinin diger ilgelerindeki yayginlik durumu ve miicadelesine yonelik yapilmasi
gerekenler ile LMV nin izolatlarinin dizi analizlerinin belirlenmesi {izerine ¢aligmalarin yapilmasinin,

gerekli oldugu diislintilmektedir.
Tesekkiir -Bu ¢alismay1 maddi olarak destekleyen TUBITAK'a ¢ok tesekkiir ederiz.
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Oz

[Cu(smz)zbipy] kompleksinin teorik hesaplamalari DFT (Yogunluk
Fonksiyonel Teorisi) yontemi ile B3LYP ve LanL2DZ baz seti
kullanilarak hesaplanmistir. Hesaplamalar sonucunda elde edilen degerler,
deneysel yapmin geometrik parametreleri ile oldukga uyumludur. Bununla
birlikte sulfamethazin ligantinin DFT/B3LYP/6-311G baz seti
kullanilarak  hesaplanmistir ve sonuglar kompleks yap1 ile
karsilagtirilmistir. Kompleks optimize edildikten sonra Exomo Ve ELumo
degerleri saptanmistir. Sinir Molekiiler Orbitalleri (FMOs) ile kompleks
ve serbest ligant (Hsmz)nin kimyasal ve biyolojik aktiviteleri
karsilagtirilmistir.  Mulliken popiilasyon analizi, MEP (Molekiiler
Elektrostatik Potansiyel) ve MEP kontér gosterimi ile kompleksin
elektrofilik ve niikleofilik bolgeleri belirlenmistir. Kompleksin ve Hsmz
ligantinin deneysel IR (Infrared) sonuglari teorik olarak elde edilen
degerler ile karsilastirilmistir. Hirshfeld yiizey analizi yontemi ile
molekiiller arasi etkilesimleri ayrintili incelenmistir. Ayrica E. coli
bakterisi lizerinde olumlu sonuglar verdigi dikkate alinarak PDB (Protein
Data Bank)’dan Giraz Tip IIA Topoisomeraz ve DNA Giraz enzimleri
indirilerek molekiiler kenetleme g¢aligmasi yapilmigtir. Kompleks, in-
silico yontem ile ADME/T ozellikleri incelenerek ilag ozelligi tasiyip
tasimadigi tartisilmasgtir.

Anahtar Kelimeler: DFT hesaplamalari, Hirshfeld yiizey analizi,
molekiiler kenetleme, ADME, toksikoloji, UV-vis spektroskopisi

Investigation of Spectroscopic Properties with Computational Chemistry Method of
Copper(ll)-sulfamethazine-2,2'-bipyridine Complex: Molecular Modeling Study and

ADME/T

'Ondokuz Mayis Universitesi,
Karadeniz lleri Teknoloji
Aragtirma ve Uygulama Merkezi,
Samsun /Tirkiye

2Sinop Universitesi, Fen Edebiyat
Fakiiltesi, Fizik Boliimii,
Sinop /Tiirkiye

Abstract

Theoretical calculations of the [Cu(smz):bipy] complex were calculated
using the DFT (Density Functional Theory) method and the B3LYP and
LanL2DZ basis set. In the result of the calculations obtained are quite
compatible with the geometric parameters of the experimental structure.
However, it was calculated using the DFT/B3LYP/6-311G basis set of the
sulfamethazine ligand and the results were compared with the complex
structure. After the complex was optimized, Enomo and ELumo values were
determined. The chemical and biological activities of Frontier Molecular
Orbitals (FMOs) and complex and free ligand (Hsmz) were compared.
Electrophilic and nucleophilic regions of the complex were determined by
Mulliken population analysis, MEP (Molecular Electrostatic Potential)

39


https://orcid.org/0000-0002-0493-0446
https://orcid.org/0000-0002-5313-7807
https://orcid.org/0000-0002-0493-0446
https://orcid.org/0000-0002-5313-7807

and MEP counter notation. The experimental IR (Infrared) results of the
complex and the Hsmz ligand were compared with the theoretically
obtained values. Intermolecular interactions were investigated in detail
with the Hirshfeld surface analysis method. In addition, considering that
it gave positive results on E. coli bacteria, Gyrase Type IIA
Topoisomerase and DNA Gyrase enzyme were downloaded from PDB
(Protein Data Bank) and molecular insertion study was carried out.
ADME/T properties were examined with the complex, in-silico method

Bu calisma Creative Commons and it was discussed whether it has drug properties or not.

Attribution 4.0 International Keywords: DFT calculations, Hirshfeld surface analysis, molecular
License ile lisanslanmigtir docking, ADME, toxicology, UV-vis spectroscopy
Giris

Sulfonamid grubu ilaglar, -SO.NH- yapisal o6zelligini degistirmeden farkli fonksiyonel gruplan
icermesiyle elde edilebilinir. Molekiiler yapisinin modifikasyonu, ilag-akseptor etkilesimleri ile ilgili
arastirmalarin oldukea ilgi gérmelerine neden olmaktadir. Sulfo ilaglari, ulasilabilir ve toksisitelerinin
az olmasi nedeni ile antibakteriyel ajan olarak kullanilmaktadir. Yeni bir kimyasal yapinin sentez siireci
zaman alic1 ve maliyetli olmasina ragmen, etkin antimikrobiyal aktif maddenin arastirilmasi hayati 6nem
tasimaktadir. Sulfonamid metal bazli bilesiklerin, HepG2 hiicrelerine karsi antibakteriyel [1], ditiretik
[2] ve antitiimor etkinligi dahil olmak tizere belirgin biyolojik etkinligi rapor edilmistir [3]. Sulfonamid
grubu iceren metal bilesikler, biyolojik etkinligi acisindan serbest formlarindan (farmakolojik ve
toksikolojik agidan) daha iyi bir aktivite gosterir [4]. Ag(l)-sulfadiazin kompleksi yanik tedavisinde [5,
6], Zn(ll)-sulfadiazin kompleksi ise yanik tedavisinde bakteriyel enfeksiyonun Onlenmesinde
kullanilmaktadir. Giimiig-sulfadiazinin, serbest sulfadiazinden daha aktif oldugu bilinmektedir [6]
Bilesige metal iyonu baglanmasiyla, kompleksin biyolojik ajan olarak etkinligini arttirmaktadir [6, 7].
Aromatik sulfonamid tiirevleri ve bunlarin metal kompleksleri, 6zellikle giiclii antibakteriyel aktiviteye
sahip olan bir¢ok uygulamaya sahiptir, diiiretik, antiglokom veya antiepileptik ilaglar olarak
kullanilmigtir [7-10] ve ayrica antifungal aktivite iginde kullanilir [11-13]. Bunlarin diginda bir¢ok
durumda metal kompleksinin biyolojik aktivitesinin tek basina liganddan ¢ok daha iyi oldugu
bilinmektedir. Sulfamethazin (Hsmz) (Sekil 1), insan ve veterinerlik tibbinda cesitli bakteriyel

hastaliklar1 tedavi etmek i¢in kullanilan bir sulfonamid ilacidir [14-16].

J
J
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Sekil 1. Sulfamethazin (Hsmz)
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Sulfamethazin, diger sulfa ilaglara benzer bir antimikrobiyal etki spektrumuna sahip bir anti-enfektif

ajandir. Hsmz ligand1 kompleks olusumunda pirimidin ve sulfonamid nitrojen atomlarinin yani sira
sulfonamid oksijen kullanilarak tek disli, iki disli ve ii¢ disli ligandlar olarak ii¢ farkli sekilde metal
iyonuna koordine olabilmektedir [17]. [Cu(smz)2bipy]-0.8H-0 kompleksinin deneysel ¢alismasi1 Oztiirk
[18] tarafindan yapilmistir. Bu ¢alismada Hsmz ligantinin ve kompleksin teorik ¢aligmalar1 yapilarak
hem birbirleri arasinda hem de kompleksin deneysel sonuglar ile kompleksin teorik ¢alismalarinin
karsilagtirilmasi incelenmistir. Teorik hesaplamalar i¢cin DFT/B3LYP/LANL2DZ kullanilmistir. Bu
yontemle IR frekans degerleri, bag uzunlugu, bag acisi, HOMO-LUMO (Highest Occupied Molecular
Orbital/En Yiiksek Dolu Molekiiler Orbital-Lowest Unoccupied Molecular Orbital/ En Diisiikk Dolu
Olmayan Molekiiler Orbital) analizleri incelenmistir. Enomo Ve Erumo degerleri ile elektron ilgisi,
iyonlagsma potansiyeli, kimyasal sertlik ve yumusaklik, elektronegatiflik, elektrofilik ve niikleofilik
indeksler hesaplanmistir. Hirshfeld yilizey analizi kullanilarak kompleksteki etkilesimler
gorsellestirilmistir ve X-ray sonuglari ile karsilagtirilmistir. AutoDockVina yazilimi ile Giraz TiplIA
topoizomeraz ve DNA Giraz enzimleri Protein Data Bank’tan indirilerek, kompleks bu enzimlere

kenetleme ¢aligsmasi yapilmustir.
Materyal ve Metot

[Cu(smz).bipy] kompleksinin teorik hesaplamalari i¢in Gaussian-09 ve GaussView-5.0 yazilimlari ile
DFT (Yogunluk fonksiyonel teorisi)-B3LYP hibrit metodu kullamldi [19-22]. Kompleksin
optimizasyonu ve IR titresimleri i¢in LanL.2DZ baz seti kullanilirken [23, 24], sulfamethazin liganti igin
6-311G baz seti kullanilarak [25] hesaplama yapildi. Bakir kompleksin elektronik gegislerini
hesaplamak i¢in TD-SCF metodu 6-311G baz setleri kullanildi. Orbital enerjileri, titresim enerjileri ve
gecis enerjileri GaussSum yazilimi yardimiyla gériintiilendi [26]. Tek kristalin CIF dosyast ile Hirshfeld
yiizey analizi yapildi. Bu analiz i¢in Crystal Explorer 17.5 yazilimi kullanildi [27]. E. coli’nin Giraz Tip
I1A Topoizomeraz ve DNA Giraz PDB (Protein Veri Bankasi) ’dan indirildi (Sirasiyla; PDB ID:3UC1ve
3LPX). Molekiiler modelleme galismalari AutoDock Tool (ADT) v1.5.6 ve AutoDock Vina kenetleme
yazilim ile gergeklestirildi [28]. ADT yazilimi ile enzimlerin sulari ihmal edilerek polar hidrojen
atomlar1 eklendi. Grid 1zgaras1 1A aralikli olarak olusturulmustur. Kompleks ve enzimler arasindaki
etkilesimler DS (Discovery Studio) yazilimi kullanilarak listelendi ve gorsellestirildi [29]. Bilesiklerin
ilag-benzerlik  ozellikleri, SwissADME web sunucusu tarafindan gerceklestirildi. ADME
parametrelerinin (Adsorpsiyon (A), dagilim (D), metabolizma (M), atillm (E)) yam sira kiigiik
bilesiklerin farmakokinetik 6zellikleri, ilaca-benzerlik dogasi, etkin ilag arastirmalari igin ¢alisilmistir
[30]. Bilesiklerin farmakokinetik 6zelliklerini incelemek i¢in OpenBabelGui ve SwissADME ¢evrimigi
yazilimi kullamilmistir [31] Ayrica, bu kimyasal bilesiklerin ¢esitli toksikolojik 6zelliklerini tahmin

etmek i¢in ticretsiz web sunucusu ProTox-Il (https://tox-new.charite.de/protox_I1/) kullanildi [32-34].
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Ila¢ toksisite calismasi ile erisilebilirlik, dogruluk ve hiz agisindan biiyiik avantajlar saglanmasi

hedeflenmistir.
Bulgular ve Tartismalar
Optimize Molekiiler Yap1

Kompleksin tek kristal XRD verileri Oztiirk ve ark. [35] tarafindan yapilan ¢alismadan alinarak (Sekil
2a), optimize molekiiler yapisi elde edilmistir. Optimize yap1 i¢in DFT-LanL2DZ baz seti kullanilmistir
(Sekil 2b). Optimize edilmis yapinin ve deneysel yapmin bazi bag uzunluklari, bag agilart ve torsiyon
acilar1 Tablo 1°de verilmistir. Kompleksin ekvator diizlemi, iki sulfamethazin anyonunun pirimidin
nitrojen atomlari ile 2,2'-bipiridin ligantinin iki nitrojen atomundan olusur ve bag uzunluklar1 2.007(2)-
2.019 (2)A araligindadir. Optimize yapida ise 2.027-2.092 A araligindadir. Eksenel bolge, iki
sulfamethazin anyonunun sulfonamido kisimlari tarafindan tanimlanir (Cul-N13 ve Cul-N13A). Bu
uzunluklar sirastyla 2.450 (2)A ve 2.485 (2)A(deneysel), 2.363A ve 2.369A (hesaplanan)’dir. Burada
deneysel ile hesaplanan Cul-N13 ve Cul-N13Amesafesinin her ikisinde hesaplanan degerin oldukc¢a
kisaldigr goriilmektedir. Korelasyon egrileri ¢izdirilerek korelasyon degerleri hesaplanmistir. Bag
uzunlugu, bag agis1 ve torsiyon agisi korelasyon degerleri sirasiyla 0.9553, 0.9833 ve 0.9288 olarak
bulunmustur. Korelasyon degerleri dikkate alindiginda bag acilarinin uyumlu oldugu goériilmiistiir. Bag
uzunluklarindaki en biiylik farkliliklar ise eksensel diizlemde yer alan metal-azot atomlarindaki kisalma
ve siilfiir atomunun ¢evresindeki atomlardan uzaklasmasidir. Hidrojen atomlar1 ihmal edilerek {ist-iiste
bindirilmis optimize ve deneysel yap1 Sekil 2¢’ de verilmistir. Sulfamethazin ligantinin R1—SO,-N-R>
grubundaki (Cul-N13A-S1A-C15A) torsiyon agist, deneysel yapida -92.9° optimize yapida ise 149.22°
olarak bulunmustur. Ust-iiste binmis optimize ve deneysel yapmin sekli gdz oniine alindiginda
sulfamethazin ligantinda bulunan benzen halkasi deneysel yapidan sapmis durumdadir. RMSE degeri

0.895’dir. Bu RMSE degeri metal kompleksler i¢in uygun araliktadir [36].

@ 4 9
)
@ Y7\ (b) o ©

Sekil 2. Kompleksin (a) deneysel yapist [35], (b) optimize yapisi, (c) optimize (kirmizi) ve deneysel
(sivah) yapilarin tist-iiste binmig goriintiisi.
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Tablo 1. [Cu(smz):bipy] kompleksinin optimize ve deneysel yapilarimn bazi bag uzunluklar: (4), bag
acilart (°) ve torsiyon agilart (°)

Bag uzunluklari (A) Optimize yapi1 Deneysel yapi[35]
Cul-N1 2.038 2.019 (2)
Cul-N2 2.064 2.014 (2)
Cul-N11 2.027 2.007 (2)
Cul-N11A 2.092 2.016 (2)
Cul-N13 2.363 2.450 (2)
Cul-N13A 2.369 2.485 (2)
N11-C11 1.394 1.332 (4)
N11-C14 1.359 1.382 (3)
N13-C14 1.362 1.338 (3)
N13-S1 1.797 1.595 (2)
0O11-s1 1.640 1.442 (2)
012-S1 1.636 1.434 (2)
C1-N1 1.349 1.327 (3)
C5-N1 1.364 1.350 (3)
C6-N2 1.363 1.347 (3)
C10-N2 1.349 1.336 (3)
C5-C6 1.481 1.471 (4)
C18-N14 1.395 1.373 (5)
Bag acilan (°)

N1-Cul-N11A 153.11 158.79 (8)
N2-Cul- N11 166.96 156.97 (9)
N13-Cul-N13A 163.54 165.30
N11-Cul-N13 61.48 58.93 (8)
N11A-Cul-N13A 60.34 59.22 (8)
N1-Cul- N2 80.18 80.89 (9)
N2-Cul-N11A 95.48 93.82 (9)
N1-Cul-N11 96.73 93.88 (9)
N11-Cul-N11A 92.85 98.48 (9)
C14-N13-S1 117.09 122.40 (18)
Cl11-N11-Ci14 119.71 119.1 (2)
012-S1-011 119.97 114.43 (14)
N13-C14-N11 110.32 1115 (2)
Torsiyon acilari (°)

Cul-N13A-S1A-C15A 149.22 -92.90
Cul-N13-S1-C15 5.96 -3.1
Cul-N11A-C14A-N13A 8.00 11.20
Cul-N11-C14-N13 2.29 1.40
Cul-N11A-C14A-N12A -172.21 -168.00
Cul-N11-C14-N12 -177.17 -178.20
Cul-N2-C6-C5 9.11 -0.4
Cul-N1-C5-C6 -12.93 1
N2-C6-C5-N1 2.69 -0.4
C7-C6-C5-C4 3.04 -1.2
C14-N13-S1-C15 -179.74 179.10
C14A-N13A-S1A-C15A 69.9 -59.10
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Sinir Molekiiler Orbitalleri (FMOs)

Sinir molekiiler orbitalleri olan HOMO (Highest Occupied Molecular Orbital/En Yiiksek Dolu
Molekiiler Orbital) ve LUMO (Lowest Unoccupied Molecular Orbital/ En Diisiik Dolu Olmayan
Molekiiler Orbital) molekiiler etkilesimlerde olduk¢a 6nemlidir. Enomo bir elektron verme enerjisi iken
ELumo bir elektron alma enerjisini temsil eder. Evomo Ve ELumo arasindaki enerji boslugu, molekiiler
elektron gegisini temsil eden elektron iletkenligi i¢in 6nemli bir parametredir [37]. Exomo-ELumo farki
ne kadar kiiciik olursa etkilesim o kadar kolay olacaktir [38]. Boylece reaktantlarin etkilesimi ve
reaksiyona girmesi o kadar kolay olacaktir. Enerji bosluklart molekiillerin kimyasal ve spektroskopik
ozelliklerinden de sorumludur. Popiiler Koopmans teoremine gore, Iyonlagma potansiyeli (I), elektron
ilgisi (Y), mutlak elektronegatiflik (®) [39], kimyasal sertlik (V') [40], mutlak yumusaklik (S) [41],
elektrofilik indeks (w) [42], niikleofilik indeks (g) [43], elektron kabul etme giicii (o*), elektron verme
giicii (") ve net elektrofiliklik (Aw*) [44], HOMO ve LUMO degerleri kullanilarak tanimlanir (Tablo
2).

Tablo 2. [Cu(smz),bipy] ve sulfamethazin ligantimin hesaplanan kuantum kimyasal tammlart
[Cu(smz)2bipy] Sulfamethazin
DFT-B3LYP/LanL2DZ DFT-B3LYP/6-311G

Kuantum kimyasal parametreler o p
Eromo (€V) -5.53 551 6.29
ELumo (8V) -2.61 -2.93 -1.67
AE = ELumo-Enomo (EV) 2.92 2.58 4.62
Y = -ELuwmo (elektron ilgisi) (eV) 2.61 2.93 1.67
| = -Enowmo (Iyonlasma potansiyeli) (eV) 5.53 5.51 6.29
¢ = % (Mutlak elektronegatiflik) (eV) 4.07 4.22 3.98
Y= % (Kimyasal sertlik) (eV) 1.46 1.29 2.31
S= % (Mutlak yumusaklik) (1/eV) 0.68 0.78 0.43
w = g (Elektrofilik indeks) (eV) 5.67 6.90 343
€= % (Niikleofilik indeks) (1/eV) 0.18 0.14 0.29
2

+ = ile 2131?[) (Elektron kabul etme giicti) (eV) 3.82 4.95 1.73

- = i?:;:)[ 2) (Elektron verme giicii) (eV) 7.89 9.17 5171
Aw* = 0™ + w~ (Net elektrofiliklik) (€V) 11.70 14.12 7.44

Elektronegatiflik bir fonksiyonel grubun veya atomun, elektronlarini veya elektron yogunlugunu
kendine ¢ekme ozelligidir. Kimyasal yumusaklik ve sertlik ise bir ligantin veya kompleksin kinetik
kararliligini veya kimyasal reaktivitesini tanimlayan kritik bir l¢iittiir. Kiiciik enerji bosluklarina sahip
molekiiller “yumusak molekiiller”, biiyiik enerji bosluklarina sahip molekiiller ise “sert molekiiller”
olarak tanimlanir [45]. Dolayisiyla yumusak molekiillerin sert molekiillere gore daha kararsiz oldugu

sOylenebilir. Elektrofilik indeks, HOMO-LUMO orbitallerinin arasindaki maksimum elektron akigina
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bagl azalan bir enerjiyi ifade eder [46]. Eger elektrofilik indeksi yiiksek veya niikleofilik indeksi kiigiik

ise o ligant veya kompleks igin yiiksek biyolojik aktiviteye sahip oldugu sdylenebilir. Cu(Il)-
kompleksinin 3 spinli orbitali i¢in EHomo=-5.51 eV, ELumo=-2.93 eV, sulfamethazin ligant1 i¢in Enomo=-

6.29 eV, ELumo=-1.67 eV olarak bulunmustur (Sekil 3).

LUMO (alfa) -2.61 eV

LUMO (beta) -2.93 eV

E car=2.92 eV Ec\p=2.58 ¢V

HOMO (beta) -5.51 eV
HOMO (alfa) -5.53 eV

Sekil 3. Kompleksin HOMO ve LUMO degerleri icin DFT/LanL2DZ yéntemi kullanilarak elde edilen
enerji seviyeleri ve molekiiler orbital yiizeyleri

AE degerleri bakir kompleks i¢in 2.58 eV, ve ligant igin 4.62 eV olarak bulunmustur. Sinir molekiiler

enerji degerlerine ait veriler Tablo 2’ de listelenmis ve bu veriler i¢in su sekilde ¢ikarimlar yapilabilir;

1. En kiiciik sertlige ve en biiylik yumusakliga Cu(Il) kompleksi sahiptir. Buna goére Cu(Il) kompleksi

sulfamethazin ligantina gore daha kararsizdir, dolayisiyla kompleks diisiik stabiliteye ve kimyasal

aktiviteye sahiptir.

2. Kompleksin serbest liganda gore elektron ¢ekme yetenegi fazladir. Yani daha ¢ok elektronegatiftir.

3. Cu(Il) kompleksinin elektrofilik indeksi Hsmz’e gore yliksek, niikleofilik indeksi ise daha diistiktiir.

Boylece kompleksin serbest ligant durumuna gore biyolojik aktivitesinin arttig1 sdylenebilir.

4. En yiiksek elektron alma ve verme giicii bakir kompleksindedir. Dogal olarak en fazla net

elektrofiliklige sahiptir. Tiim bunlar gz 6niine alindiginda Cu(IT)-kompleksinin,serbest ligant halinde

bulunan sulfamethazin ligantina gére kimyasal ve biyolojik aktivitesinde artis gézlenmistir.
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Mulliken Popiilasyon Analizi (MPA)

Popiilasyon analizlerinden biri olan Mulliken analizi, etkin atomik yiikleri hesaplamaktadir [47].
Elektronca zengin (niikleofilik) veya elektronca fakir (elektrofilik) indeksleri hakkinda kesin bir sonug
vermiyor olsa da yorum yapilmasina olanak saglayan Mulliken yiikk analizi, MEP (molekiiler
elektrostatik potansiyel), elektron yogunluk dagilimi ve kimyasal tepkimeye yatkin bolgeler hakkinda
onbilgi vermektedir. Mulliken popiilasyon analizi ile elde edilen kompleksin atomik yiikleri Tablo 3’de
verilmigtir. Tablo 3’teki veriler hidrojenlerin tiimiiniin pozitif yiikli oldugunu ve 0.2-0.3 ¢ araliginda
degistigini gostermektedir. Ayrica, N14 ve N14A atomlan diger N atomlarina gore en yiiksek negatif
degerlere sahiptir. Bunun nedeni molekiiller aras1 hidrojen baglarinin (N14—H14B---O11A!, N14A—
H14C---O11" ve N14A—H14D---O5"; (i) —x+1, y+1/2, —z+1/2; (ii) x—1, —y+3/2, z-1/2; (iii) x-1, y,
z—-1) varlig1 olabilir [35]. Molekiildeki diger atomlara gore; S1 ve S1A atomlar1 ise en yiiksek pozitif
yiiklere sahiptir (sirasiyla 1.0027 e ve 0.9793 e). En yiiksek negatif yiiklere sahip olan N14 ve N14A
atomlarma bagli C18 ve C18A atomlari da sterik etkiden dolay1 diger karbon atomlarina gore en yiiksek

pozitif yiiklere sahiptir (sirasiyla 0.4892 e ve 0.4935 e).

Tablo 3. Kompleksin Mulliken atomik yiikleri

Atom MPA Atom MPA Atom MPA Atom MPA

C1 -0.161741 C13A 0.341548 C18 0.493457 N1 -0.211482
H1 0.255957 C13 0.323326 C19A -0.394959 N2 -0.216711
C2 -0.162989 C12A -0.438628 H19A 0.216238 N11A -0.338851
H2 0.239439 H12A 0.242750 C19 -0.401706  N11 -0.317593
C3 -0.171643 C12 -0.423366 H19 0.218057 N12A -0.005664
H3 0.240706 H12 0.242599 C20A -0.193688 N12 -0.036936
C4 -0.264606 C11A 0.199129 H20A 0.273513 N13A -0.551669
H4 0.224942 Cl1 0.222837 C20 -0.140071  N13 -0.569982
C5 0.269815 Cl4A 0.197972 H20 0.274493 N14A -0.704759
C6 0.268002 C14 0.182148 C130 -0.737242  H14A 0.300369
C7 -0.275322 C15A -0.095089 HI13A 0.239712 H14B 0.299819
H7 0.230511 Ci15 -0.117301 H13B 0.218564 N14 -0.700501
C8 -0.177522 CI16A -0.171996 H13C 0.215954 H14C 0.303726
H8 0.237785 H16A 0.266031  C30A -0.748068 H14D 0.306174
C9 -0.164137 C16 -0.178004 H13D 0.294592 O11A -0.594137
H9 0.234637 H16 0.266987 H13E 0.228181 011 -0.581311
Ci10 -0.173804 C17A -0.394489  H13F 0.220674  O12A -0.583040
H10 0.256330 H17A 0.213258 C10A -0.734752 012 -0.612818
C110 -0.757060 C17 -0.393503 H11D 0.260177  S1A 0.979312
H11A 0.293268 H17 0.214708 H11E 0.208471 S1 1.002.715
H11B 0.213574  CI18A 0.489210 H11F 0.217247 Cul 0.516501

H11C 0.241726
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Molekiiler Elektrostatik Potansiyel (MEP)

Molekiiler Elektrostatik Potansiyel haritasi, elektrostatik potansiyel bolgelerini, niikleofilik veya
elektrofilik olarak aktif bolgelerini renk derecelendirmesi yaparak gosteren yararli bir aragtir [48, 49].
Kompleksin MEP 3D grafigi Sekil 4’te verilmistir. MEP haritasinda yer alan renkler, farkl: elektrostatik
potansiyel degerlerini gostermektedir; kirmizi en negatif bolgeyi, mavi en pozitif bolgeyi ve yesil, sifir
potansiyel bdlgesini temsil eder. Sirasiyla potansiyel renk degisimi; mavi>yesil>sari>turuncu>kirmizi
seklindedir. Kompleksin MEP haritasindaki renk kodu -0.113 a.u ve +0.113 a.u. arasinda degismektedir.
En giiglii ¢ekici atomlar mavi ile gosterilirken, en giiglii itici atomlar kirmizi ile gosterilir [50, 51].
Oksijen atomlarinin (O11A, O11, O12A, O12) etrafi Sekil 4’te goriildiigii gibi kirmizi renk ile
gosterilmektedir yani negatif potansiyel bolgeleridir. Pozitif potansiyel bdlgeleri ise azot ve hidrojen
atomlaridir. Kompleks hem niikleofilik hem de elektrofilik reaksiyonlara uygundur. MEP kontor
haritalari, pozitif ve negatif potansiyel ¢izgilerini iki boyutlu olarak gdsteren haritalardir (Sekil 4). En
yogun ¢izgilerin yer aldigi oksijen atomlar1 ve ¢evresindekiler elektronca zengin bdlgelerdir ve

molekiiliin potansiyel aktif bolgesi oldugu soéylenebilir.

Sekil 4. Cu(ll)-Kompleksin iist-iiste binmis MEP ve MEP kontor haritast

Titresim Spektrumu

Hsmz ligantinin ve kompleksin teorik hesaplamalari sonucunda hesaplanan titresim frekanslar1 Tablo
4’ de verilmektedir. Bu degerler arasinda sapmalarin oldukea kiigiik oldugu goriilmektedir. Bu sapmalar
korelasyon katsayist (0.918) kullanilarak diizeltilir. Boylece teorik ve deneysel degerlerin uyumlu
oldugu goriilmektedir (Sekil 5). Kompleksin Oztiirk [35] tarafindan yapilan analiz sonucunda amino
grubunun vas(NH) ve vs(NH>) titresim bantlar1 3470 cm™, 3445 cm™, 3355 cm?, 3234 cm™ ve 3216 cm
Yde, serbest Sulfamethazinin ise 3442 cm™ ve 3342 cm™ de gozlenmistir [35]. Bu titresim bantlarinin
yiiksek frekanslara kaymasinin nedeni; NH, ve SO, gruplart arasindaki hidrojen bagindan
kaynaklanmaktadir (Tablo 4) [36, 52, 53]. Teorik hesaplamalar sonucunda komplekse ait smz ligantina
ait asimetrik ve simetrik NH; titresim pikleri 3779 cm, 3773 cm™ ve 3640 cm, 3635 cm™? de iken,

serbest Hsmz’ nin NH; asimetrik ve simetrik titresim banlar1 siras1 ile 3748 cm™ ve 3620 cm™, Hsmz’ye
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ait N-H pik degeri ise 3571 cm™ olarak hesaplanmistir. Kompleks koordinasyonunda Hsmz ligantin —

SO,NH- boliimiin deprotone olmast ile sulfonamido grubunun NH piki IR spektrumunda goriilmedigi
bildirilmistir [35] 3114-2920 cm™? bélgesinde titresim bantlari, sulfamethazin CHs gruplarinin simetrik
ve asimetrik titresim modlari, fenil ve pirimidin halkalar1 ile 2,2'-bipiridin ligandinin C—H titresim
batlarinda oldugu ifade edilmistir [35]. Teorik hesaplamalar sonucunda 3265-3051 cm™® araliginda
oldugu gorilmiistiir. Kompleksteki -SO2 grubunun simetrik ve asimetrik gerilme bantlari sirasiyla 1384
cm?, 1308 cm? ve 1142 cm?, 1123 cm™'de gozlenmistir. Teorik hesaplama sonucunda korelasyon
degerinin 0.918 oldugu goriilmektedir. Kompleksin SO, asimetrik ve simetrik titresim degerlerinin daha
yiiksek frekanslarda olmasi beklenilmektedir. Deneysel olarak elde edilen X-1s1m1 analizi sonuglari
incelendiginde kompleksin S2-011 ve S2-012 bag uzunlarmin 1.442 A ve 1.434 A, S1A-O11A ve S1A-
O12A bag uzunlarinin 1.455 A ve 1.422 A oldugu belirtilmistir [18]. Teorik hesaplamalar sonucunda
bag uzunluklarinin ise siras1 ile 1.63531 A, 1.64080 A, 1.63652 A, 1.63997 A olarak elde edilmistir.
SO2’nin asimetrik ve simetrik titresim piklerindeki deneysel ve teorik degerler arasindaki farkliligin
nedenin teorik hesaplamalarin gaz fazinda molekiiller arasi etkilesimlerin géz ardi edildigi izole bir
molekiil oldugu gercegi dikkate alindiginda asimetrik ve simetrik SO, titresim piklerinin deneysel ve
teorik degerleri arasindaki farkliligin anlasilmasi miimkiindiir. Bag uzunluklarinda goézlenen bu

uzamanin titresim frekanslarinin diisiik frekanslar1 kaymasina neden olmasi ile agiklanabilir [52-54].

\ ﬂ ﬁﬂ

Gegirgenlik (%)

-

L v v v - - -
4000 1500 1000 2500 2000 1500 1000 500
Dalgasayisi (cm')

Sekil 1. Kompleksin (a) deneysel ve (b) hesaplanan FT-IR spektrumlari
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Tablo 4. Kompleksin ve Hsmz ligantinin hesaplanan ve deneysel titresim pikleri (cm™) degerleri

o Hsmz [Cu(smz)2bipy]-0.8H20 ——
Titresim (den) Hsmz(hes) [52] [Cu(smz)z2bipy]-(hes)
v(Hz0) - - 3611wb -

Vas(NH2) 3442 3748 34703, 3445 3779
(N2 ¢ 3 27990 3773
3640
vs(NH>) 3342¢ 3620 3355¢, 32340m, 32160 3635
v(NH) 3241¢ 3571 - -
. 3265, 3264, 3253
V(CH) (bipy) - 3247, 3241, 3238, 3220, 3217
30940
v(CH)(phenyl) + 30670 4,90 3173 3251, 3245, 3244, 3231, 3228,
v(CH)(pyrimidine) ~ 30590m 31142-2920z 3224, 3195, 3191, 3191, 3188
30390
3003¢z
V(CHs) 2963cz  3117-3029 3176-3051
2922¢z
3(OH) - - 16610m 3311-3197
S(NH,) 1640¢ 1710 1626s 1689, 1688
Ring str(phenyl) 1597¢ 1634 1597s, 1578¢, 15585 1653, 1650, 112:;% 1627, 1532,
Ring str(bipy) - - 1647, 1646, 1622, 1611, 1532
Ring 1578s
str(pyrimidine) 15565 1604 1596, 1589, 1578, 1569
8as(CH3) 15075 1571-1514 15005 1513-1497
14770,
S(NH) Loy 14741317 - -
3(CH)(bipy) - - 1452¢ 1499
S6(CN) 1473 1483, 1478
1386¢
Vas(SO2) 1303¢ 889 1384s, 1308s 920,917
85(CHs) 13415 1457-1447 1344s 1445-1396
y(NH) 13265 1013 - -
3(CH)(bipy) - - 12565, 12415 1475
vs(SO2) 1146¢ 742 11420m, 1123s 803, 801
v(CN) 1092s,10 10765 1368
72s
V(CN)(bipy) - - 1365
v(CC) (bipy) - - 1029z 1335, 1320
V(SN) 974s 977 974s 949

(¢: cok siddetli; s: siddetli; o: orta siddetli; z: zay1f; ¢z: ¢ok zayif; om: omuz; s: simetrik; as: asimetrik; hs: halka
soluklanma; v: gerilme; &: diizlem-i¢i ag1 biikiilme; y: diizlem-dis1 ac1 biikiilme; o: dalgalanma; t: kivirma; r:
sallanma titresimlerinin temsilidir).

UV-Vis Spektroskopisi ve HOMO-LUMO Analizi

Kompleks ve Hsmz ligantinin hesaplanan UV-Vis spektrumlarini analiz etmek i¢in HOMO ve LUMO
enerjilerinden faydalanilmaktadir [55]. Cu (I1)-kompleksinin en biiyiik katkis, HOMO(B)(H-18 ve H-
19)ve LUMO(P) (L+1) molekiiler orbitallerinden gelir (Sekil 6). Bu orbitaller arasi gegislerin 760 nm
ve 670 nm de oldugu hesaplanmistir (Tablo 5).
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HOMO-18

d-d gegisi

LUMO+

HOMO-19

Sekil 6. Optimize Cu(ll) katkili kompleksin elektronik d-d gegislerinin HOMO-LUMO gésterimi

Tablo 5. Optimize Cu(Il) komplekslerinin ve sulfamethazin serbest ligantinin elektronik gegisleri
DFT/B3LYP with 6-31G+LANL2DZ

gé A (nm)  Titresim Biiyiik Katkilar
gerilmesi (1)
315 0.0149 H—L (%90) - -
g &5 293 0.0355 H-2—L (%38) H-15L (%51) -
T =2 289 0.0499 H-2—L (%30) H- H-1—L (%34)
2-L+1(%26)
760 0.0005 H-20(B)—>L+1(B)  H- H(B)—L(B)
, (%12) 18(B)—L+1(B)  (%11)
S o (%30)
S 610 0.0001 H-23(B)>L+1(B)  H- H-
(%13) 22(B)—>L+1(B) 19(B)—L+1(B)
(%16) (%28)

ILCT: Inter Ligand Charge Transition (Ligantlar aras1 yiik ge¢isi) =—n* and n—n*

Deneysel degerlerle de karsilastirildiginda bu gegislerin d-d gegisleri oldugu sdylenebilir (Sekil 7a). Bu
absorbsiyon piklerinin konumu, literatiir ile karsilastirildiginda Cu(Il) iyon ¢evresinin bozulmus
oktahedral koordinasyona sahip oldugu sdylenebilir [56, 57]. Hsmz ligantinin TD-SCF hesaplamasi ile
elde edilen spektrumunda, elektronik gegisler 315-289 nm dalga boyu araliginda goézlenmistir (Sekil
7b). Bu dalga boylar1 =—=n* ve n—n* (HOMO (H-2, H-1 ve H)’ dan LUMO (L ve L+1)’ a dogru)
gecislerine karsilik gelir (Sekil 8). Bu gecise “Ligantlar Aras1 Yiik Gegisi (ILCT)” denir.
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Sekil 7. Simule edilmis (a) Cu(Il)-Kompleksinin (b) Hsmz ligandmin UV-Vis spektrumu.
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Sekil 8. Optimize Hsmz ligantimin m—n* ve n—n* gegislerine ait HOMO-LUMO gosterimleri.

Hirshfeld Yiizey Analizi

Hirshfeld yiizey analizi, molekiiller arasi etkilesimleri gorsellestirir. Ayrica molekiiller arasi etkilegimler

hakkinda bilgi edinmemizi saglar. Hedef molekiil ile karsilik gelen reseptdr arasinda molekiiller arasi

etkilesimleri gdzlemleyebilmemiz sayesinde biyolojik aktivitelerin anlagilmasi acisindan ¢ok 6nemlidir.

Ayrica, iki boyutlu parmak izi analizi atom molekiiler arasi etkilesimlerinin yiizde katkisimi da

hesaplamaktadir. Hirshfeld yiizeyi ve iki boyutlu parmak izi grafikleri, X-1s1m1 kristal yap1 analizi sonucu

elde edilen CIF dosyasi kullanilarak Crystal Explorer programi ile hesaplanarak molekiiller arasi

etkilesimlerini gorsel olarak ortaya koymaktadir [58-64]. Hirshfeld yiizeyindeki her nokta i¢in, di (i¢

mesafe); Hirshfeld ylizeyinin i¢indeki en yakin atomunun ¢ekirdeginden yiizeye olan mesafeyi, d. (dis

mesafe) ise Hirshfeld yiizeyinin dis kismindaki en yakin atomun ¢ekirdeginden yiizeye olan mesafeyi
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tanimlar [62, 63]. dnorm kirmizi, beyaz ve mavi renklerden olusur. dnorm degeri Van der Waals (vdW)

yarigaplarindan kisaysa negatif, daha uzunsa pozitiftir. Molekiiller arasi etkilesimler Van der Waals
yarigaplarinin toplamindan kisa ise Hirshfeld yiizeyi iizerinde kirmizi bir nokta olarak gdsterilir. Ayrica,
Van der Waals yarigaplarinin toplamindan daha uzunsa mavi, yakin bir deger ise beyaz renk ile gosterilir
[65]. de ve di kombinasyonuna sahip bir 2D parmak izi grafigi, kristaldeki molekiiller arasi temaslarin
bir 6zetini ifade eder. dnom, di, de, yiizey indeksi ve egrilik indeksi haritalar1 Sekil 9°’da verilmistir. dnorm,
di ve de yiizeylerinin indeksleri sirasiyla -0.4241 ile 1.6711, 0.8592 ile 2.9827 ve 0.8603 ile 2.8011

arasinda elde edilmistir. Sekil indeksi ve egrilik indeksi sirasiyla -1&1 ve -4&0.4 arasinda gozlendi.

@) daorm

d) Shape index ¢) Curvedness
Sekil 9. Hirshfeld yiizeyine ait a) dnorm b) de C) di d) yiizey indeksi e) egrilik indeksi
Kompleksin dnom yiizeyi tizerinde molekiiler arasi etkilesimler Sekil 10’ da sunulmaktadir. Sekil 10°u
inceledigimizde, C8-H8---C6, C10-H10---O12, N14-H14B---O11 verici alict etkilesimlerini gdsteren
kirmizi noktalar belirgindir. Tablo 6 da kompleksin XRD ve Hirshfeld sonuglarina gore kisa molekiiller

arasi etkilesimleri verilmektedir.

Sekil 10. Molekiile ait dnorm yiizeyi tizerinde 3-boyutlu paket yapr gériintimii.

2 boyutlu parmak izinin gosterimi Sekil 11’ de verilmistir. Toplam Hirshfeld yiizeyinin katkilari
CeesH/He*C (%21.6), OeesH/He*¢O (%24.1), NeeeH/HeesN (%7) ve HeeeH/HeeeH (%45.6)

etkilesimlerine aittir.
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Sekil 11. Hirsfeld yiizeyine ait 2-boyutlu parmak izi gosterimi

Tablo 6. Komplekste XRD ve Hirshfeld sonuglarina gore kisa molekiiller arast etkilesimler

Etkilesimler H--A (XRD) A H---A (Hirshfeld) A
N14—H14B---Ol1 2.170 2.199
C10-H10---012 2.418 2.448

Molekiiler Kenetleme Calismasi

Sulfa grubu igeren antibakteriyel ilaglar, insanlarda E. coli den dolay1 olusan bakteriyel enfeksiyonlarin
tedavisinde en ¢ok tercih edilen etkili ilaglardandir. Literatiirde yer alan [Cu(smz)z(pyridine),] [66]
kompleksinin antibakteriyel ¢aligmasi géz 6niine alindiginda, kompleksin ve Hsmz ligantinin E. coli
tizerinde aktif oldugu anlasildi. [Cu(smz)z(pyridine).] [66] ¢alismasina benzer olarak [Cu(smz).bipy]
kompleksininde E. coli iizerinde aktif oldugu diistiniilerek, PDB’dan Giraz tip ITA topoisomeraz (PDB:
3UC1) ve DNA giraz A (PDB: 3LPX) enzimleri indirildi. Molekiiler kenetleme sonuglar
incelendiginde, bakir kompleksinin, Giraz tip IIA topoisomeraz igin LEU714, GLU658, ARG607,
GLUS522, LEU712, ALA609, VAL660, ALA814 ve HIS557 DNA Giraz i¢in ise VAL103, ALA93,
LYS198, ASP104, PHE513, MET101 ve ILE130en aktif bolgelerde yer alan kalintilardir. Tablo 7° de
Hsmz ligantinin aktif bolgeleri listelenmistir. Kompleksin ve ligantin bu enzimler ile hangi bolgelerde

ne tiir etkilesimler yaptig1 Sekil 12° de detayli olarak verilmistir.
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Tablo 7. Molekiiler kenetleme ¢alismasinda kompleksin ve sulfamethazin DNA Giraz (3LPX) ve Giraz
tip 1IA topoisomeraz (3UCI) ile etkilesim detaylar

Baglanma Uzakhk

Reseptor Ligant Ligant ve reseptorlerin baglanma bélgeleri Tipi (A)

smz anyonunun NHz grubu- A:LEU714:0 H-Bagi 2.4086

smz anyonunun NHz grubu - A:GLU658:0E2 H-Bagi 1.8163

A:ARG607:HH22 - sulfo grubunun O atomu H-Bagi 2.9613

g A:GLU522:0E1- smz anyonunun pirimidin pi halkast ~ Pi-Anyon 3.6532

8/ [Cu(smz)zbipy] A:LEU712:CD1 - bipy ligantinin piridin pi halkasi Pi-Sigma 3.8767

S bipy ligantinin piridin pi halkasi - A:ALA609 Pi-Alkil 5.1970

é bipy ligantinin piridin pi halkasi - A:VAL660 Pi-Alkil 4.5561

§ smz anyonunun pirimidin pi halkasi- A:ALA814 Pi-Alkil 45742

< A:HIS557 - smz anyonunun metil grubu Pi-Alkil 4.8885

% A:ARG589:HE -sulfo grubunun O atomu H-Bag1 2.7373
<

-(‘_—; A:ALAB819 — pirimidin halkasindaki metil grubu-1 Alkil 4.1864

Hsmz pirimidin halkasindaki metil grubu-1 - A:VAL555 Alkil 4.5856

pirimidin halkasindaki metil grubu-2- A:ILE554 Alkil 4.6857

A:TYRTY75 - pirimidin halkasindaki metil grubu-2 Pi-Alkil 4.3065

smz anyonunun NH; grubu - A:VAL103:0 H-Bagi 2.2820

smz anyonunun NH; grubu - A:ALA93:0 H-Bagi 2.3598

A:LYS129:HZ2 - sulfo grubunun O atomu H-Bag1 2.4124

A:LYS129:NZ - bipy ligantinin piridin pi halkas1 Pi-Katyon 3.7028

_ [Cu(smz)zbipy] A:ASP104:0D1 - smz anyonunun benzen pi halkasi Pi-Anyon 3.3336

é smz anyonunun benzen pi halkasi - A:PHE513 Pi-Pi istif 4.9630

O\_I:/ smz anyonunun benzen pi halkasi- A:AMET101 Pi-Alkil 4.8472
S

-5 smz anyonunun benzen pi halkasi- A:ILE130 Pi-Alkil 5.4096

<ZE bipy ligantinin piridin pi halkasi- A:MET101 Pi-Alkil 5.4963

- NH; grubu - B:ASP87:0D1 H-Bag1 1.9093

B:VAL90:CG1 - benzen pi halkasi Pi-Sigma 3.8356

Hsmz sulfo grubunun S atomu - B:PHE96 Pi-Sulfur 5.7060

pirimidin pi halkas - B:PHE96 Pi-Pi 4.7768

B:TYR266 - pirimidin halkasindaki metil grubu Pi-Alkil 4.8023

Kompleksin ve ligantin her iki enzime baglanma enerjileri incelendi ve kompleks ile Giraz tip I1A
topoisomeraz arasindaki Gibbs enerjisinin diger etkilesimlere gore en fazla oldugu goriilmiistiir. Gibbs
enerjisine bagli inhibisyon sabitleri hesaplandi ve 3UC1 ve 3LPX kodlu enzimler igin sirasiyla,
kompleks i¢in 0.028 uM ve 0.832 uM, ligant i¢in 12.250 uM ve 6.268 uM olarak hesaplandi (Tablo 8).
Inhibisyon sabiti ne kadar kiiciik olursa, enzim aktivitesini inhibe etmek icin daha az ilaca ihtiyag
duyulur [36]. Buna gore kompleks ile Giraz tip IIA topoisomeraz arasindaki etkilesimden hesaplanan

inhibisyon sabiti 0.028 uM olarak en diisiik K; seviyesine yani yiiksek afiniteye sahiptir. Giiniimiizde
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antibiyotikler diizensiz ve bilingsiz kullamnmindan dolay1 antibiyotiklere karsi direng olugmaktadir.

Ozellikle E. coli’ nin antibakteriyel ilaglara hizla direng gelistirdigi bilinmektedir. Molekiiler kenetleme
calismasindan elde edilen hesaplamalar sonucunda Cu (I1)-kompleksinin ilag sektoriinde sulfo grubu

iceren antibiyotiklere alternatif olabilecegi sdylenebilir.

DNA Giraz-Kompleks

[ree

DNA Girae-SMZ — oo
® = (b)

Sekil 12.Giraz tip l1A topoisomeraz (3UC1) ve DNA Giraz (3LPX) ile Cu(ll)-kompleksinin ve
sulfamethazin ligantimin yorelerinin (a) 3D goriintiisi, (b) 2D goriintiisii

Tablo 8. Bahsedilen proteinler ile kompleksin (K) ve sulfamethazin ligantinin (L) AG g ve K degerleri
Protein ID Serbest Baglanma Enerjisi AGg (kcal/mol) inhibisyon Sabiti, Ki (uM)

X-3LPX -8.3 0.832
X-3UC1 -10.3 0.028
L-3LPX -7.1 6.268
L-3UC1 -6.7 12.250
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ADME ve Toksikoloji

ADME, ilacin insanlar iizerinde etki mekanizmasi ve farmakokinetik 6zelliklerini inceler. Ilac, diizgiin
dagilmali, yavag metabolize edilmeli ve dogru ve zararsiz bir sekilde atilmalidir. ADME o&zellikleri
zayifsa, o ilag muhtemelen basarisiz olmustur [67]. Lipinski’ nin [68] bes kurali, ilag benzeri 6zelliklere
sahip olup ve olmadigini ayirt etmek i¢in 6nemlidir [68] Lipinski'nin [68] bes kurali su sekildedir;

1. molekiil agirlig1 500g/mol'den az olmali,

2. LogP degeri 5'ten kiiciik olmal,

3. H-bag alic1 sayist 10'dan az olmals,

4. H-bag verici sayis1 5'ten az olmalidir

5. Molar refraktivite 40 ile 130 arasinda olmalidir.

Bu kurallardan iki veya daha fazlasina uyan bilesikler yiiksek ila¢ benzerligine sahiptir. Ikiden az ise,
daha az ila¢ benzerligi gosterirler. Her iki bilesik de Lipinski'nin bes kuralina [68] gore
degerlendirildiginde, ii¢ kurala uyarken (2, 3 ve 4), iki kuralina uymaz (1 ve 5). Bilesigin fizikokimyasal
ozellikleri, ilaca benzerligi ve farmakokinetik 6zellikleri Tablo 9'da verilmistir.

Tablo 9. Bilesiklerin SwissADME tahmini ile fizikokimyasal ozellikleri, ilaca benzerligi ve
farmakolojik 6zellikleri

Fizikokimyasal Ozellikler Tlag 6zellikleri Farmokinetik Ozellikler
Kompleks | Hsmz Kompleks | Hsmz Kompleks | Hsmz
MA 778.41 | 278.33 | WLogP 3.55 2.37 | Gl Diisik | Yiiksek
H-A 8 4 ILOGP 0 1.73 | BBB Hayir Hayir
H-D 2 2 | XLOGP3 | 355 0.28 | P-9P Evet Hayir
substrat
]'I;I?SA;, - 181.24 [ 106.35 | SA 6.78 245 [ e e
N 4 3 | EsoL 7.1 -2.0 | inhibitor Y Y
baglar
CYP2D6
MR 223.38 73.48 inhibitsr Hayir Hayir
CYP3A4
Kirilma Csp3 0.24 0.17 inhibitor Evet Hayir
N atom 51 19 LogKj -8.19 -7.80

MA: Molekiiler agirlik (g/mol); H-A: H-bag: alic1 sayisi; H-D: H-bag1 verici sayisi; ESOL: ¢oziiniirliik; TPSA:
Toplam polar yiizey alani; MR: Molar kirtlma; Natoms: atom sayisi; WLogP, iLOGP, XLOGP3: lipofiliklik; SA:
Sentetik Erisilebilirlik; GI: gastrointestinal; BBB: Kan beyin bariyeri; P-gp: P-glikoprotein; CYP1A2: sitokrom
P450 ailesi 1 alt aile A iiyesi 2 (PDB: 2HI4); CYP2D6: sitokrom P450 ailesi 2 alt aile D iiyesi 6 (PDB:5TFT);
CYP3A4: sitokom P450 ailesi 3 alt aile 4 (PDB:4D75), Log Kp: Cilt gegirgenligi (cm/s)

Hem kompleksin hem de ana ligantin kan-beyin penetrasyonu (BBB) ve gastrointestinal absorpsiyon
(GI) ozellikleri BOILED-Egg (The Brain Or Intestinal EstimateD) permeasyon yontemi ile
incelenmistir. Bu yontem, ilag kesfi ve gelistirilmesinde olduk¢a 6nemlidir. Bilesigin BOILED-Egg
radar1 Sekil 13a'da gosterilmistir. Sar1 bolge, gastrointestinal sistemin yliksek emilimini temsil ederken,
beyaz bolge, kan-beyin bariyerine erisilebilirligi temsil eder. Nokta, sar1 bolgedeyse bilesik, merkezi
sinir sistemine (CNS) ila¢ taginmasinda sorun yasayan kan beyin bariyerini (BBB) gecebilir [69].
Komplekste nokta hem sar1 hem de beyaz bolgenin disinda kalmaktadir. Bu nedenle diisiik GI
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absorpsiyonu gosterir ve 6nemli BBB gecirgenligi gostermezler. Hsmz ligantinda ise nokta beyaz

bolgededir (Sekil 13c). Bu da ligantin yiiksek GI absorpsiyonu gosterdigini ve BBB penetrasyonu
sergiledigini gosterir. P-gp’nin substrati olma olasilig1 daha yiiksekse yani belirli bir CYP’ nin inhibit6rii
(Komplekste CYP3A4 inhibitdrii ki bu inhibitdr ilaglarin dnemli bir boliimiinii metabolize ederler.) ise
Tablo 9’daki gibi “evet” olarak yazilir. BOILED-Egg grafiklerindeki mavi ve kirmizi nokta bulunmasi

sirastyla kompleksin P-gp substrati oldugunu, ligantin ise P-gp substrati olmadigini 6ngortir.

wLoGH LIPO
865
7 HIA
o PcP
6 © PGP—
5 FLEX SIZE
i o
3
2
1
0
1 INSATU POLAR
2
3
B T — INSOLU
(@) (b)
LIPO
WLOGF
BBB
HIA
o PGP+
o  pop FLEX P i SIZE

INSATU U POLAR

INSOLU

0 20 40 60 80 100 120 140 160 180 TPSA

(¢) (d)

Sekil 13.Kompleksin (a) BOILED-Egg radar: (b) Radar grafigi; Ligandin (¢c) BOILED-Egg radari (d)
Radar grafigi (LIPO: Lipofilisite (WLogP), BOYUT: Molekiiler Agwrlik (MA), POLAR: Polarite
(TPSA), INSOLU: Coziinmezlik (LogS), INSATU: Doygunluk (Fraction Csp3), FLEX: Esneklik

(Dénebilen baglar))

Kompleksin radar grafigi (Sekil 13b), kompleksin doymamisligi ve lipofilikligi makul sinirlar i¢inde
olmasina ragmen ¢ozilinlirliigl, esnekligi, boyutu ve polaritesi sinirlarin diginda kalmaktadir. Coziiniir
bir molekiile sahip olmak, kullanim ve formiilasyon kolayligi olmak iizere bir¢ok ila¢ gelistirme
faaliyetini biiylik Ol¢lide kolaylastirir. Ayrica, oral uygulamayi hedefleyen kesif projeleri igin
¢ozliniirlikk, emilimi etkileyen 6nemli bir 6zelliktir. Bu nedenle kompleksin oral kullanim i¢in ¢ok uygun
olmadigi soylenebilir. Kompleks ve Ligantin WLOGP degerleri sirasiyla 3.55 ve 2.37 olarak bulundu.
5’ den kiiglik oldugu i¢in bu bilesikler lipofilik karaktere sahiptir, bu nedenle hiicre zarindan kolayca

gegebilir ve yagda c¢oziilerek kullanilabilir. LogK, degeri ne kadar negatif olursa, molekiil o kadar az
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deri gegirgenligine sahiptir. Kompleks, cilt yoluyla nispeten ortalama -8.19 cm/s, ligant ise -7.80 cm/s

hizinda emilebilir. Buna gére kompleks serbest liganda gore daha az deri gecirgenligine sahiptir.
Kompleks ve ligandin TPSA degerleri sirasiyla 181A2 ve 106A? olarak bulunmustur. Buna gore her
ikisinin de olduk¢a arzu edilen bir polar yiizey alanina sahip oldugu sdylenemez (Sekil 13d). Bu
ozellikler, kompleksin yan etkileri agisindan soruna yol agacagini gostermektedir. CADD aktivitelerinin
kilit yonlerinden biri de sentezlenecek ve biyolojik tahlillere veya diger deneylere sunulacak en umut
verici sanal molekiillerin secimine yardime1 olmaktir. Bu amacla sentetik erisilebilirlik (SA) faktorii, bu
secim siirecinde dikkate alinmalidir. SA faktorii 1 (¢ok kolay) ile 10 (cok zor) arasinda degisir. Yiiksek
SA skoruna sahip molekiillerin sentezlenmesi zordur, oysa diisitk SA skor degerlerine sahip molekiillere
sentetik olarak kolayca erisilebilir. Zaten tahmin edilebilecegi gibi Cu(II) kompleksi biiyiik bir yapiya
sahip olmasindan dolay1 SA skoru 6.78 olarak bulundu. Sentetik erigilebilirligi serbest liganda (2.48)
gore daha zordur. Tim bunlar goz oOniine alindiginda sentezlenen Cu(Il) kompleksi lipofilikligi
acisindan uygun olmasina ragmen suda ¢oziiniirliilk polaritesi, biiylikliigli a¢isindan ilag olarak ¢ok
uygun degildir. Ayn1 zamanda sentetik acisindan erisilebilirligi diigiiniildiglinde 6ncelik baska ilaglara
verilebilir. Buna ragmen P-gp substrati oldugunu diisiiniiliirse uygun kosullar saglandiginda ilag olma
0zelligi hi¢ yok denilemez. Daha dogru sonuglar elde etmek i¢in in vitro ve in vivo deneysel ¢alismalarla
desteklenebilir. Kompleksin LD50 degeri, ProTox-II sunucusu kullanilarak 1000 mg/kg olarak, Hsmz
liganti ise 5000 olarak bulundu. LD50 degeri ne kadar diigiikse dldiiriicii deger o kadar yiiksektir. Buna
gore kompleksin toksisitesi Hsmz’ e gore daha fazladir. Kompleks yutulmasi halinde zararli olabilecek
olan sinif 4’ tedir (300<LD50< 2000). Hsmz ise tam sinirdadir. Yani toksik etkisi varsa da ¢ok az oldugu
siif 57 e dahildir (2000<LD50<5000). Hem kompleks hem de Hsmz ligant1 hepatotoksisite, mutajenite,
immiinotoksisitesi, hepatotoksisitesi ve sitotoksisitesi inaktif bulunurken, kanserojenlikher ikisinde de

aktif oldugu bulundu (Tablo 10).

Tablo 10. Pro-TOX Il ile hesaplanan kompleks ve Hsmz 'nin toksisite tahmin degerleri ve sonuglar

Toksisite (olasilik yiizdesi)

Bilesik Hepatotoksisite Kanserojenlik Immiinotoksisite Mutajenite  Sitotoksisite (LE;;kg)
. . . . . Inaktif Inaktif 1000
0 0, o
Kom.  Inaktif (%65)  Aktif (%57)  Inaktif (%97) (%66) (%60) (%17)
. . . : . Inaktif Inaktif 5000
) 0, V)
Hsmz  Inaktif (%75) Aktif (%81)  Inaktif (%99) (%97) (%81) (%100)

Sonug¢

Oztiirk ve ark. [35] tarafindan tek kristal XRD analizi ile aydinlatilan [Cu(smz)2bipy] kompleksinin DFT
hesaplamalart B3LYP/LanL2DZ baz seti kullamilarak, Hsmz ligant1 ise B3LYP/6-311G baz seti
kullanilarak hesaplanmistir. Hesaplamalar, gaz fazinda, yani molekiiller arasi etkilesimlerin ihmal
edildigi izole bir ortamda gerceklesir. TD-SCF hesaplamalar1 sonucunda, elektronik gegisler elde

edilmistir. 550-750 nm araliginda goriilen bu bantlar d-d gegislerine atfedilmistir. Bu gecisler literatiir
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ile karsilastirildiginda; Cu (II) iyonunun ¢evresinin bozulmus oktahedral koordinasyona sahip oldugunu

gostermektedir. Kompleksteki en yiliksek negatif yiikler Mulliken popiilasyon analizi ile hesaplanmis ve
bu negatif bolgelerin kimyasal tepkimeye en uygun bdlgeler oldugu sdylenebilir. Oztiirk ve ark. [35]
tarafindan gerceklestirilen deneysel c¢alisma incelendiginde, bu bdlgelerin hidrojen bagi yapan
elektrofilik ve niikleofilik boélgeler oldugu goriilmiistiir. Sinir molekiiler orbitalleri (FMOs)
incelendiginde kompleksin Hsmz’e gore daha yiiksek reaktivite ve daha yiiksek biyolojik aktivite
gosterdigi goriilmiistiir. Hirshfeld analizi ile molekiiller aras1 etkilesimler ve atomlarin birbiri ile olan
etkilesimlerinin % katkisin1 hesaplanmistir. Bu katkilarin en etkin olanlart CeeeH/He**C (%21.6),
Os¢e*H/He+*O (%24.1) olarak gozlenmistir. Molekiiler modelleme ¢alismasinda, kompleksin Giraz Tip
ITA Topoizomeraz proteini ile skoru oldukga yiliksek bulunmustur. Buna bagli olarak inhibisyon sabiti
oldukga kiigiiktiir. Yani Hsmz’ e gore ¢cok daha az verilen bir ilag ile etkisi daha yiliksek olacaktir. Buna
bagli olarak yapilan ADME calismasinda Cu(ll)-kompleksinin P-gp substrati oldugu goriilmiis, ayni
zamanda hali hazirda kanser tedavisinde kullanilan Hsmz ligant1 gibi kompleksin de kansere kars1 aktif

oldugu ancak toksikolojik acidan daha ¢ok toksik oldugu tespit edilmistir.
Tesekkiir -
Fon/Finansman bilgileri - Herhangi bir kurum veya kurulus tarafindan desteklenmemistir.

Etik Kurul Onayt ve Izinler Calisma, etik kurul izni veya herhangi bir 6zel izin gerektirmemektedir

Cikar ¢catismalary/Catigsan ¢tkarlar- Herhangi bir ¢ikar ¢atigsmasi yoktur.
Yazarlarin Katkisi- Yazarlar ¢alismaya esit oranda katki saglamigtir.
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Abstract

In this study, dark and bright solitons of the (2+1)-dimensional
Kundu-Mukherjee-Naskar equation are constructed with unified solver in
terms of He’s variations method. In accordance with basic properties of
proposed technique, some dark and bright solitons are obtained. Moreover,
giving specific values to the achieved solutions, 2D and 3D graphics are
plotted with the help of software package.The unified solver technique
extract vital solutions in explicit way. It is an easy-to-use method applied
to obtain various exact solutions of nonlinear partial differential equations
arising in fluid mechanics, nuclear, plasma and particle physics.

Keywords: Wave transformation, unified solver technique, solitons

(2+1)-Boyutlu Kundu-Mukherjee-Naskar Denkleminin Birlesik Coziicii Teknik Yoluyla
Dark ve Bright Solitonlarinin Incelenmesi
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Tirkiye
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International License

Oz

Bu ¢alismada, (2+1)-boyutlu Kundu-Mukherjee-Naskar denkleminin dark
ve bright soliton ¢oziimleri varyasyonel metot aracilifiyla birlestirilmis
¢oziicii teknikle inga edilmistir.  teknigin temel Ozelliklerine uygun
olarak dark ve bright soliton c¢oziimleri elde edilmigtir. Ayrica elde
edilen coziimlere spesifik degerler verilerek, coziimlerin iki ve ii¢
boyutlu grafikleri paket program araciligiyla cizilmistir. Birlesik ¢ozim
teknigi, akigkanlar mekanigi, niikleer, plazma ve parcacik fizigindeki
kismi diferansiyel denklemlerin gesitli tam ¢oztimlerini elde etmek igin
uygulanabilen kullanimi kolay bir yontemdir.

Anahtar Kelimeler: Dalga doniisiimii, birlestirilmis ¢oziicii teknik,
solitonlar

Introduction

Solitons are the solutions to a broad variety of weakly nonlinear dispersive partial differential equations

that describe physical systems. The transfer of information in optical communication lines is based on

soliton propagation in the study of Doran and Blow [1], Hausand and Wong [2]. For more than a decade

the dynamic of solitons has received considerable interest in fibers [3—5]. Kundu-Mukherjee-Naskar
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(KMN) is a significant equation that explains solitons in optical fibers and contains mixed forms of

nonlinear effects. It is provided as follows:

Wy + athgy + iBY(YE — PFihy) =0, i =V/—1, (1)

here ¢(z,y,t) is wave function in nonlinear sense for optical solitons with the independent variables
x,y and t, asterisk sign shows complex conjugation. While ¢ denotes a temporal variable,  and y
symbolize spatial variables. The parameter « represents the dispersion term while /3 ensures the presence
of the distinct cases of nonlinearity media that does not fall into any of the forms non-Kerr and Kerr
medias. This model can be used to explain the movement of oceanic rogue waves, optical fiber waves
and ion-acoustic waves in a magnetic plasma [7-9]. First time, Kundu and Mukherjee [6] presented this
equation in 2013.

In literarute Biswas,Vega-Guzman and et al. [10], Yildirirm and Mirzazadeh [11] used Sine—Gordon
equation method; Yildirim [12] used trial equation; Rizvi, Afzal and et al. [13] used tanh—coth; Al-Ghafri
[14] used the ansatz approach; Mamedov, Demirbilek and et al. [15] used improved Bernoulli sub-equation
function; Onder, Secer and et al. [16] used Sardar sub-equation; Kumar, Paul and et al. [17] used new
auxiliary equation; Giinerhan, Khodadad and et al. [18] used extended direct algebraic; Kudryashov [19]
and Petrovic [20] used the Weierstrass and Jacobi elliptic functions methods; Ekici, Sonmezoglu and et
al. [21] used extended trial function approach; Rezazadeh, Kurt and et al. [22] used functional variable
technique; Cakicioglu, Cinar and et al. [23] used modified extended tanh method; Mohammed, Al-Askar
and et al. [24] used G’/G-expansion to get optical solitons of KMN equation.

In this work, optical soliton solutions of (1) are given via unified solver technique. Considered equation
has still infant stage, therefore future research on it can focus on its potential applications in a variety of
physical fields.

In the organization of this paper, in first section, basic structure of the unified solver technique is
expressed. In second section, considered method is successfully applied to the governing model and
graphical simulations of the solutions are plotted. Finally, some important conclusions and physical

meanings of solutions are given in last section.

Essential Framework of Unified Solver Method

This section contains description of unified solver technique. Consider the nonlinear partial differential

equation (NPDE) of the following form:

F((ba ¢t7¢x7¢tt,¢xm-~)- (2)

Applying the wave transformation ¢ (x,y,t) = ¢ (£), & = kix + koy + kst, (where k; = 1,3 are

velocity of the wave ) into (2) the following equation is obtained:

N (qb’ ¢2’¢/’ ¢//7 "') = 07 (3)

here N is a nonlinear ordinary differential equation (NODE) that has partial derivatives of ¢ dependent

on £. Based on He’s semi-inverse method [25-27], the variational model for (3) can be obtained by the
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semi-inverse method [27] which reads:

16¢) = [ cae, @)
where £ is Lagrangian function connected with the derivative of ¢ given in the form:
1, .2

here () is the potential function. We look for a solitary wave solution in the form

¢ (2,y,t) = Asech (1€) , ¢ (z,y,t) = Asech® (k€) , ¢ (w,y,t) = Atanh (kf), ()

where A and p are constants to be determined later. Assume that systems of equations can be reduced to

the form:
D" + Q2¢” + Q30 =0, ©)

in which €;, i = 1, 3 are real coefficients. Multiplying (7) by ¢’ and taking integral with respect to &:

Q Q
(¢)? +w4—;1¢4+ ﬁqﬁz +Qp =0, )

N =

where () is a constant of integration. Thus (7) can be written in the form:

oQ

Brrs Q=— (126" +mé*+ ), )

¢// —

where

Qs Q3

Y2 19, 1 50, 70 0 (10)

Implementing the semi-inverse method [25-27] to solve (7) that constructs the following variational

formulation from (8):

I:/ B ()% + 726" + 10 + 70/ de. (11)

Substituting (6) into (11) then making I stationary according to A and yu:

oI oI

9L _ 0. Ly 12
B O,au 0 (12)

Solving (12), we get A and p. Thus the solitary wave solution given by (6) is well determined.

The first family

The first family of solution is as follows:

¢ (&) = Asechd, 0 = ug, 13)
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Substituting (13) into (11), we get

oo

1

/ [ A2 1%sech?6 tanh? 6 + v A\*sech®@ + v1 A2sech?d + o | db.
o

0

Taking o = 0 as an integration constant, it is obtained:
A 2 3
== [20% + 83\’ + 12712 .
124

Making [ stationary in relation to A and p results in

ol 1
ol A

Solving these equations and using (13), the solution of (9) takes the form:

6(6) = iﬁsech (£v2ne).

Using (10), the first family of solution can be written as:

B(E) =+ _éizgsech (i }i‘”’g)

The second family

The second family of solution is as follows:

¢ (€) = Asech?d, 0 = pé.

The substitution of (19) into (11) leads to

‘:\y

/ 2Au2sech40 tanh? 0 + 9 \3sech®6 + 1 Asech?d + %] do.
0

Suppose that 7y = 0 then

2\2
1054

I= [14Mp® + 247920% + 3577 .

Making I stationary in relation to A and p results in

14Mp2 + 4879\ + 3571\ = 0,
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(14)

5)

(16)

A7

(18)

(19)

(20)

2

(22)
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14Ap? — 2479903 — 35y1A = 0. (23)

Solving (22)-(23) and using (19), solutions of (9) and (7) have following format:

—-35 5
$(&) = £ 367leech2 <i 671£> (24)

Using (10), the second family of solution can be written as:

—3503 9 5Q3
=4 h* [ £4/— . 25
9(¢) 180, ¢ ( 120 > 25)
The third family

Third family of solution is as follows:
¢ (§) = Atanh (0),6 = p&. (26)

Substituting (26) into (11), we have

1
[2)\2,u2sech4¢9 + 2 tanh® 6 + 41 \% tanh? 0 + ’yo} do

==

0\8 0\8

1
[V (WV +5 u2> sech®0 — A? (29202 + 1) sechZG] do

==

1 [o.¢]
+; (’)/2)\4 + ’71)\2 + ’70) /d@.
0

Under the condition

Yo ==X (2 A +m), (27)
we find that
\2
I= = [49%\* 4371 —p*] . (28)
3p

By resolving the two requirements, the values of A and p that makes I to be stationary with respect to A

and p are found:

ol -\
— = 167222 + 67, — 2% =0 29
o\ 3M[ Y2 V1 M] ) (29)
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oI A2
o= 32 [492A% + 371 + 4] = 0. (30)

Solving (29)-(30) and using (26), solution of (9) take the form:
6(&) = £, /;%21 tanh (£/—71¢) . 31)

Resultantly, the third family of solution in (7) has the following structure:

= 03

Application of The Proposed Method

Let us take the following stance to obtain the precise exact solutions of (1):

¥ (@,y,t) = u () e, (33)
u(§), ®(z,y,t) represent the amplitude and phase portion in the order given,

§ =01z + 0oy — d3t, (2, y,1) = —mx — 2y + st (34)

where d;,n; (i = 1, 2, 3) are real parameters different than zero. Also §; and d- are the width of the soliton
along x— and y— directions respectively, whereas 3 is the velocity of the soliton. The parameters 7;
and 79 indicate the soliton frequencies in the x- and y- directions respectively, 13 represents the soliton

wave number. Taking (34) and (33) into (1) produces imaginary and real parts as:

(53 = —01(77251 + 711(52), (35)

ad1029” — (03 + amma) — 2B8mi* = 0. (36)

If we compare (36) with (7) it can be easily seen that
M = ad102, Q2 = —(n3 + ammnz), Q3 = —26n. (37)

Having described the unified solver in previous section, below the formulae can be used to provide

solutions to (1):
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The first family solution

Taking into account (18), (32) and (33) the first family solution of (1) is get as:

2 .
Y12 (,y,t) = Fiy | wj;lwsech <i a?ﬁ;z (012 + 02y — (5315)) e~ i(ma—n2y+nst) (38)

Imafry Ixey,tl]
1

Figure 1. 3D graphs of V1 (x,y,t) fora = 1; 8 = 0.5;m = 2,1 = 25,13 = 5,y = 1; 01 = 1;
09 = 2.5;03 =0.5; =5 < x < 5,—5 <t <5, 2D plot fort = 1.

The second family solution

Considering (25), (33) and (34) the second family solution of (1) is obtained as:

fd 5 5 _ 6 t t(MT—n2Y1n3 . 3
V3.4 (7,y,1) j:z\/18( )sech (i 6a5152( 12 + 02y — d3t) | € (39)

N3 + anine

e i)
1

bos

:

T M
I -0.15

Figure 2. 3D graphs of {3 (z,y,t) fora = 1; § = 0.5;m = 2;m = 2.5;m3 =5,y = 1; 61 = 1;
09 = 2.5;03 = 0.5; =5 <z < 5,0 <t <5, 2D plot fort = 1.

The third family solution

Considering (32), (33) and (34) the third family solution of (1) is obtained as:

28m B

x,y,t) = £,/ ———— tanh | £i 51 + Gy — O3t) | e ma—myFnst) 40
5.6 (2,y,1) Er— < 25,5, 1%+ 02y — 03 )) (40)
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Tmlgixa.e1]
1

-4 -3 \‘\/u *
1

Figure 3. 3D graphs of V5 (x,y,t) fora = 1; 6 = 05;m = 2;m = 2.5;m3 = 5,y = 1; 01 = 1;
09 = 2.5;03 =0.5;, =6 < x < 5,0 <t <b, 2D plot fort =1.

Conclusion

This paper finds entirely soliton solutions for governing model with the help of unified solver technique.
The acquired solutions are hyperbolic function solutions. These solutions explain some interesting
physical phenomena in applied science and physics.

The hyperbolic secant (bright soliton) arises in the profile of a laminar jet, the hyperbolic tangent (dark
soliton) arises in the calculation of magnetic moment. Indeed, the options given comprised bright
and dark as well as soliton solutions. In this sense, 11 2 (z,y,t) and 34 (z,y,t) are bright solitons,
Y56 (x,y,t) are dark solitons of the considered model respectively.

By the selection of suitable values for the model’s parameters, structures of solitons are clearly depicted.
Graphs are presented to prescribe the dynamical behavior of selected solutions. Also the obtained
solitons with special parameters in the figures satisfy the KMN equation.

In the light of this results, it seems that the unified solver method has been influential for the analytical

solutions of nonlinear partial differential equations emerging in natural science.
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Abstract

In this study, we investigate the existence of quasi-para-Sasakian structures
on five dimensional nilpotent Lie algebras. There are six non-abelian
nilpotent Lie algebras. We show that quasi-para-Sasakian structures exist
only on one of these algebras. Quasi-para-Sasakian structures correspond
to the class G5 @ Gg in the classification of almost paracontact metric
structures. We show that a quasi-para-Sasakian structure on a five
dimensional nilpotent Lie algebra is either in G5 or Gs.
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Oz

Bu calismada 5 boyutlu nilpotent Lie cebirleri tizerinde kuasi-para-Sasaki
yapilarin varligi incelenmistir.  Birbirine izomorf olmayan alti tane
Abelyen olmayan nilpotent Lie cebri vardir. Kuasi-para-Sasaki
yapilarin bu Lie cebirlerinden sadece birinde oldugu gosterilmistir.
Kuasi-para-Sasaki yapilar hemen-hemen parakontak metrik yapilarin
siiflandirilmasina gore Gy @ Gg sinifina karsilik gelmektedir. 5 boyutlu
nilpotent bir Lie cebri iizerinde kuasi-para-Sasaki bir yapinin G5 veya Gg
siifindan oldugu kanitlanmastir.

Anahtar Kelimeler: Hemen-hemen Parakontak Metrik Yapi,
5-boyutlu Nilpotent Lie Cebri, Kuasi-para-Sasaki Yap1

Introduction

Almost paracontact structures on differentiable manifolds were introduced by [1] and after that many

authors have made contribution, see for example [2—8] and references therein. Almost paracontact metric

manifolds were classified according to symmetry properties of the structure tensor and there are 12 basic

classes and thus 2'2 classes of almost paracontact metric structures. Definitions of each basic class and

projections onto each subspace are obtained in [4] and [3]. An almost paracontact metric manifold is

called quasi-para-Sasakian if the fundamental 2-form is closed and the structure is normal. It is known

that the class of quasi-para-Sasakian structures is G5 @ Gg according to the classification in [3]. Our
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aim is to study the existence of quasi-para-Sasakian structures on non-abelian five dimensional nilpotent

Lie algebras classified in [9]. We prove that only one of the non-isomorphic non-abelian nilpotent Lie
algebras admits quasi-para-Sasakian structures and a quasi-para-Sasakian structure on a five dimensional
nilpotent Lie algebra is either in G5 or Gg. There is no quasi-para-Sasakian structure which is in
G5 & Gg properly. For the existence of some other classes of almost paracontact metric structures on

5-dimensional nilpotent Lie algebras, see [6]. For the almost contact case, see [10,11].

Preliminaries

In this section we give necessary preliminary information. One may also refer to [3] for definitions of
basic concepts. An almost paracontact structure on an odd dimensional differentiable manifold A/27+!

is an ordered triple (¢, &, n), where ¢ is an endomorphism, £ a vector field and 7 a 1-form such that
p=1-ne¢ € =10 =0, (0
there is a distribution

D:pe M — D, = Kern.

M is called an almost paracontact manifold. If an almost paracontact manifold M admits a semi-Riemannian

metric g satisfying

9(e(u), o(v)) = —g(u, v) + n(u)n(v) 2)

for all u,v € X(M), where X(M ) denotes the set of smooth vector fields on M, in this case M is called

an almost paracontact metric manifold. The 2-form defined by

(I)(uv U) = g(@uv U)

for all u,v € X(M), is said to be the fundamental 2-form. We denote the vector fields and tangent
vectors by letters u, v, w. Let F' be the tensor defined by

F(u> v, w) = g((vugp) (U)a w)v (3)

for all u, v, w € T, M, where T), M is the tangent space at p and V is the covariant derivative of g. Then

F has properties

F(u,v,w) = —F(u,w,v), (4)
F(u, e, pw) = F(u,v,w) + n(v)F(u,w,§) — n(w)F(u,v,§). Q)

The Lee forms associated with F' are

e(u) = gijF(eiaej>u)’ 9*(u) = gijF(eia gpejvu% w(u) = F(faévu)a
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where u € T,M, {e;, &} is a basis for T,,M and g% is the inverse of the matrix gij. Let F be the set of

(0, 3) tensors over 1), M which satisfy (4), (5). F is the direct sum of twelve subspaces G;,7 = 1,...,12,

see [3,4]. We give definitions of classes we use.

G Flu,v,w) = "EE o, puwpn(o) — (e, poim(u))
G+ F(u,,0) = —n(0)Fo,w,€) £ ()P, 0,€), ©

F(U,U,f) = F(v,u,ﬁ) = —F(QOU, QOU,S), QF(f) =0

An almost paracontact metric manifold is in the class G; @ G; if the tensor F' is in the class G; © G;

over T, M for all p € M. An almost paracontact metric manifold is normal if [3, 12]
P(Vup)v — (Veup)v + (Vun)(v)€ = 0,

or equivalently,

F(u,v,pw) + F(pu,v,w) + F(u, pv,n(w)) = 0.

An almost paracontact metric manifold is said to be quasi-para-Sasakian if the fundamental 2-form is

closed, that is,
d®(u,v,w) = F(u,v,w) + F(v,w,u) + F(w,u,v) =0 7

and the structure is normal. In this case, the characteristic vector field ¢ is Killing and the class of
quasi-para-Sasakian manifolds is G5 @ Gg [3]. In addition, for a quasi-para-Sasakian manifold it is

known that

(Vup)(v) = —g(Vu&, pv)€ — n(v)p(Vus), ®)

or equivalently,

F(u,v,w) = —g(Vu&, v)n(w) + n(v)g(Vué, pw), )

see [7].

Quasi-para-Sasakian Structures on g;

Each left invariant almost paracontact metric structure (p, &, 7, g) on a connected odd dimensional Lie
group G induces an almost paracontact metric structure on the Lie algebra g of G. We use the same
notation for the structure on the Lie algebra. According to the classification of 5 dimensional nilpotent

Lie algebras in [9], there are six non-abelian non-isomorphic nilpotent algebras g; with basis {e1, ..., e5}
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and non-zero brackets:

g1 : |e1,€e2] = €5, |€3,€4] = €5
g2 : [e1,e2] = e3, e, e3] = es, [e2, e4] = €5
g3 : [e1,e2] =e3,[e1,e3] = eq, [e1,e4] = e5,]e2,e3] =e5

g5

[e1, ea] [e3, ea]
[e1; ea] [e1; e3]
[e1; ea] [e1; e3]
g4 [e1, 2] = e3,[e1, €3] = ey, [e1, e4] = €5
[e1, e2] [e1, es]
g6 : [e1, ea] [e1, €3]
First note the following.

Proposition 1. Let (M, p, &, 7, g) be a quasi-para-Sasakian manifold, thatis M € G5 @ Gs. If 0p(§) =
0, then M is in Gg.

Proof. Let (M, p, &, n, g) be quasi-para-Sasakian. Then (9) implies

—n(v)F(u,w, &) + n(w)F(u,v,8§) = —n(v){—g(Vu&, p(w))} + n(w){—9(Vu& ¢(v))}

= F(u,v, ). (10)
Since ¢ is Killing, by (9)
F(pu, v, €) = =9(Vpul, 9*0) = =9(Vpul,v) = 9(Vol, pu) = —F(v,u,), (11)
since (V) = Vol [71,
F(u,v,§) = =g(Vug, 0v) = 9(0(Vug), v) = 9(Voud, v) = —g(Vi§, pu) = F(v,u,9). (12)

If 0 (&) = 0, then defining relations (6) hold and as a consequence the quasi-para-Sasakian manifold is
in Gg.

We study the existence of quasi-para-Sasakian structures on 5 dimensional nilpotent Lie algebras and

deduce the result below.

Theorem 1. A five dimensional nilpotent Lie algebra has a quasi-para-Sasakian structure if and only if
its Lie algebra is isomorphic to g;. Moreover, a quasi-para-Sasakian structure on g; is either in the class
G5 or Gg.

Examples of quasi-para-Sasakian structure on g; are given in the proof of Theorem 1.

Proof. For the proof of Theorem 1, we investigate each Lie algebra separately. Assume that (p, &, 7, g) is
aleft invariant quasi-para-Sasakian structure on a connected Lie group (g; with corresponding Lie algebra
gi» @ = 1,...,6 and g is the metric such that the basis {eq,...,e5} is g-orthonormal and g(e;, e;) =
¢; = *1. Denote the corresponding quasi-para-Sasakian structure on g; by the same quadruple. The

Levi-Civita covariant derivatives and also the subspaces of Killing vector fields are evaluated in [6].
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The algebra g;: Since ¢ is Killing, £ = &se; [6] and g(&,€) = €265 = 1 implies 5 = 1, €2 = 1. Let the

endomorphism ¢ of the quasi-para-Sasakian structure be given by

p(e1) = ajer + ...+ ases, @(e2) =bre; + ...+ bses,
p(es) =cie1 + ...+ cses, pleq) =dier + ...+ dses, p(es) =0.

Since @ is a 2-form, ®(e;,e;) = g(p(ei),e;) = 0, and we have a3 = by = c3 = dg = 0. Also
g(p(ei),es) = —g(ei, p(es)) = 0 implies a5 = bs = c5 = d5 = 0. We evaluate F'(e;, e;, e) both from
(9) and (3) by using the Levi-Civita covariant derivatives in [6] and find the possible nonzero structure

constants:
1 1

F(€1,€17e5) - 5@2 - —F(€1,€5,el), F(€1,€3,€5) == 502 == _F(61765763)7
1 1

F(€1,€4,€5) = §d2 = —F(€1,€5,€4>, F(62,62,€5) = —551 = —F(€2,65,62),

1 1
F(€2,€3,€5) = —561 = —F(€2,€5,€3), F(€2,€4,€5) = —§d1 = —F(€2,€5,€4),

1 1
F(es,e1,e5) = 5@4 = —F(e3,e5,6e1), F(es, ea,e5) = 51)4 = —F(es, es5,€2),
1 1
F(63)63)65) = 504 = _F(63765763)7 F(€47€1765) = —503 = _F(645655 61)7
1 1
F(eq,e2,e5) = —553 = —F(eq,e5,€2), Fleq,eq,e5) = —ids = —F(es,e5,¢€4).

From (9), it is obvious that F'(es, e;, e) = 0. On the other hand evaluating F'(es, e;, e) from (3) and

comparing with (9) implies

as + €169by = 0, (13)
a4 + €2e3bz = 0, (14)
€r€qaq + b3 =0, (15)
— a3 + eg2e4bg = 0, (16)
—e1€3a3 + by = 0, (17)
and

cq + €3€4d3 = 0, (18)
— 1 + €2€4dy = 0, (19)
—e1€3c1 +do =0, (20)
co + €164d = 0, 21D
€segzco +dp = 0. 22)

In addition calculating (7) for basis elements gives

Co = a4 = a, dQZ*CLg:b, 01:*174267 dlzbgzd. (23)

The normality condition is satisfied, it does not give any restriction on structure constants. Now we show
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that a quasi-para-Sasakian structure in g; is either in the class G5 or Gg. There is no quasi-para-Sasakian

structure which is strictly in G5 @ Gg, that is
G5 ® Gg = G5 U Gg

for quasi-para-Sasakian structures in g;. By direct calculation,

0r(&) = g7 F (e ej,€) = %5{61@2 — €9by + €34 — €4d3}, (24)
where {e1,e2,...,§ = &se5} is the g-orthonormal basis. Comparing (14) and (15), we get a4 =
—egezbs = —e1€4b3, thus eae3 = €1¢4. Multiply both sides by e2€4. Then we also have €;e3 = €3e4. By

(13) and (18), if €165 = €3e4 = 1, then as = —b1, ¢4 = —d3 and the Lee form (24) is

Or(§) = %5{(61 + €2)az + (€3 + €a)ca} (25)
If €169 = €364 = —1, then a9 = by, ¢4 = d3 and (24) becomes

&
Or (&) = o (61 — €2)az + (€3 — €4)ca}. (26)

We know that e = 1. For other ¢; there are six cases: Since €1e5 = e3¢4 = £1 and the signature is
(3,2),

l.eg =1,e =1,€e3 = —1, ¢4 = —1. In this case, 0p(§) = &5(az — c4). By (13-23), we have

as = —by,cqy = —d3,co = a4 =dy = bz =aand —a3 = dy = by = —c¢; = b and thus

p(e1) = ageq — beg + aeq, p(e2) = —agey + aes + bey,

p(es) = —ber + aez + cieq, p(es) = aer + bea — cae3, p(es) = 0.
From (1), ¢%(e1) = e; and this implies

—ad+ b +a*=1, (27)
alaz —cq) =0,
blag — c4) = 0.

If ag—cq = 0, then Op(§) = &5(az—c4) = 0 and by Proposition 1, a quasi-para-Sasakian structure
is in Gg. If ag — ¢4 # 0, then equations (27) imply @ = b = 0 and —a2 = 1, which can not hold.
So for these ¢;, a quasi-para Sasakian structure can not be in the class Gs. In this case a quasi-para

Sasakian structure has the property that 67 (£) = 0 and is in Gg.

2. € =—1,ea =—1,e3 =1, ¢4 = 1 Similar to case 1, a quasi-para Sasakian structure is in the class
Gs.

3.ecg =1, = —1,e3 =1, €4 = —1 HF(g) = 55(a2 + 64). Equations (13-23) yield as = b1,
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¢4 =ds, co =aq4 =d; = bs =a, —a3 = dy = —by = ¢; = b and endomorphism ¢ is of the form

p(e1) = agea — bes + aeq, @(e2) = azer + aes — bey,

p(e3) = ber + aea + cqeq, @(eq) = aey + bea + caez, @(es) = 0.

Then ¢?(e1) = e; implies

a3 — b 4+a® =1, (28)
a(ag + ¢4) =0,
b(agz +c4) = 0.

If ao+c4 = 0, then by Proposition 1, the quasi-para-Sasakian structure is in Gg. If as+c4 # 0, then
by (28), a = b = 0 and a2 = 1. Since ¢?(e3) = e3, we also have c? = 1. Since as + ¢4 # 0, az
and ¢4 are both equal to 1 or both equal to —1. Then the quasi-para-Sasakian structure (o, &, 7, g)

%, pler) = ez, plea) = e,
ples) = eq, p(eq) = es, p(es) = 0 satisfies the defining relation of the class Gs. Also for

suchthate; = 1, e = —1,e3=1,e4 = -1, e5 =1, =e5,n =€

ay = ¢4 = —1, structure (¢, &,m,9), where e; = 1,e9 = —1l,e3 =1, €64 = —1,65 = 1, = e,

n=¢ pler) = —ea, p(e2) = —e1, p(ez) = —ea, p(es) = —e3, (es) = 0 is in Gs. Similarly
for cases below, a quasi-para Sasakian structure is either in the class Gg or Gs.

4. 61_—1,62:1,63:1,64:—1

5.ea=1,e0=—-1,e5=—-1,e4=1

6. € =—1,ea =1,e3 = —1, ¢4 = 1 Now we give an example of a quasi-para-Sasakian structure in
Gg. The quasi-para Sasakian structure (¢, &, 7, g) satisfying e; = 1,2 = 1, e3 = —1, ¢4 = —1,

e5 = 1,6 =e5,m = e, p(e1) = ey, p(ea) = e3, p(e3) = ea, p(es) = e1, p(es) = 0 satisfies
the defining relation of the class Gg, so in g1, there are quasi-para Sasakian structures of type G5

or Gg, however there are no quasi-para Sasakian structures which contain parts from both G5 and
Gs.

The algebra go: Since ¢ is Killing, £ = &zes [6] and g(&,€) = 265 = 1 implies €5 = 1, &2 = 1.

Endomorphism ¢ of the quasi-para-Sasakian structure is of the form

p(e1) = are; + ...+ ases, (ea) =bre; +...+bses, @(es) =cier + ...+ cses,
p(es) = drer + ... +dses, p(es) =0

and a1 = by = c3 = dy = 0 since g(¢(e;), ;) = 0. In addition g(¢p(e;), e5) = —g(ei, p(es)) = 0 gives

as = bs = ¢5 = ds = 0. We evaluate the possible nonzero structure constants F'(e;, €j, ey ) of the tensor

81



Aktay & Kocabas Sinop Uni J Nat Sci 8(1): 75-86 (2023)
ISSN: 2536-4383

F by (9):

F(ei,e1,e5) = %ag = —F(ei,es,e1), F(e1,ea,e5) = %b?, = —F(e1,e5,€2),
F(e1,eq,e5) = %dg = —F(e1,e5,eq4), Fleg,e1,65) = %a4 = —F(eq,e5,€1),
F(eg,eq,e5) = %b4 = —F(eg,e5,6e3), Fl(ea,e3,e5) = %C4 = —F(eq,e5,€3),
F(es, e, e5) = —%bl = —F(es,e5,¢e3), Fl(es, es,e5) = 50 = —F(es,e5,¢€3),

1 1
F(€3)64)65) = _§d1 = —F(€3,€5,€4), F(64561)65) = —5(12 = _F(64765761))

1
F(e47e37e5) - _562 - —F(€4,€5,e3), F(647€4765) - _§d2 - _F(647657 64)'

Now from (7) we get

0= F(e1,ea,e5) + F(ea,e5,e1) + Fles, e1,e2) = %{bg — a4},
0= F(e1,eq,e5) + F(eq,e5,e1) + Fles, e1,eq4) = %{dg + as},
0= F(eg,e3,e5) + F(es, e5,e2) + Fles, ea,e3) = %{04 + b1},
0= F(es,eq,e5) + F(eq,e5,e3) + Fles, e3,e4) = %{—dl + o},

thus bg = a4, d3 = —ao, c4 = —by and cg = dyi. Setbg = a4 = a,d3 = —ao = b, cy = —b1 = ¢,
Cy = d1 = d. Then

p(e1) = —bey + azesz + aeq, p(e2) = —cer + aes + byey,

@(e3) = crer +dea + ceq, (e4) = dey + daez + bez, @(es) = 0.

We evaluate F'(e;, e, ;) from (3) and compare with (9):

Cc

0= F(elye2ae4) = g((V61§0)(€2),€4) = _5647
0= F(e1,e2,e1) = g((Ve,p)(e2), €1) = —%161

imply ¢ = 0, ¢; = 0. Similarly, since F(eq,e1,e2) = 0, F(ej,e1,e3) = 0, F(ey,es,eq) = 0,
F(ei,eq,e3) = 0, F(eg,e1,e2) = 0, we getag = 0, b = 0, by = 0, da = 0, d = 0 respectively.
Thus ¢(e4) = 0 and (2) does not hold for u = v = ey.

0 =g(p(ea), p(es)) = —g(ea, es) + n(es)n(es) = —e4 # 0.

Thus there is no quasi-para Sasakian structure on go.
The algebra g3: In this Lie algebra if ¢ is Killing, £ = &se; [6] and g(&,€) = &2e; = 1 implies &2,
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€5 = 1. Similar to g; and go, ¢ is of the form

p(e1) = agex + ages + ases, (e2) = biey + bzes + baey,

@(e3) = cre1 + caea + caeq, @(eq) = diey + daea + dzes, p(es) = 0.

By (9), nonzero structure constants F'(e;, e;, e) of the tensor F' are

1 1
F(ei,er1,e5) = 504 = —F(e1,es,e1), F(er, e, e5) = 554 = —F(e1,es5,€2),

F(e1,e3,e5) = 504 = —F(e1,es,eq), F(ea,e1,e5) = 50,3 = —F(eq,e5,€1),
F(eg,eq,e5) = %bg = —F(eg,e5,¢e3), Fl(eg,eq,€5) = %d:g = —F(eq,e5,¢4),
F(eg,e5,e2) = —%bg = —F(eq,e2,¢5), Fl(es,e1,e5) = —%ag = —F(es,e5,¢€1),
F(es,es,e5) = —%cz = —F(e3,e5,e3), Fl(es, eq,e5) = —%dg = —F(es, es5,€4),
F(eq,e9,e5) = —%bl = —F(eq,e5,63), Fl(eq,e3,65) = —%cl = —F(eq,e5,€3),

1
F(€4,€4765) = _idl = —F(€4,€5,€4).

Then from (7) we get

1

0= F(e1,ez,e5) + F(eg,es5,e1) + Fles,e1,e2) = 5{54 —as},
1

0= F(e1,e3,e5) + Fes, e5,e1) + F(es, e1,€3) = §{d3 + az},
1

0= Fl(eg,e4,e5) + Feq, e5,e2) + Fes, ez, e4) = §{d3 + b1},

1
0 = F(es, eq,e5) + Fleq, e5,e3) + F(es, e3,e4) = 5{—612 + 1},

thus b3 = a4, c4 = —a9,ds = —byand dy = ¢q1. Letby = a3 = a,¢c4 = —as = b, d3 = —b1 = ¢,
¢1 = dy = d. Then

@(e1) = —beg + ae3z + aseq, @(ea) = —cey + bzes + aey,
@(e3) = dey + caea + bey, (es) = die1 + deg + ce3, @(es) = 0.

By comparing (3) with (9) for basis elements, we have a = a4 = d = co2 = b = 0. Then ¢(e;) = 0 and
(2) does not hold. As a result there is no quasi-para Sasakian structure on gs.
The algebra g4: The Killing characteristic vector field ¢ is of the form £ = &se; and g(€, &) = E2e5 = 1

gives £2, €5 = 1.

p(e1) = agea + ages + ageq, p(e2) = bieg + bzes + byey,

p(es) = cre1 + caea + caeq, (eq) = dieq + daea + dges, @(es) = 0.
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By (9),

1 1
F(€1,65761) = —§CL4 = —F(€1,61,65), F(61,€5,63) = —504 = —F(61,63,65),

1
F(€4,€5,€2) = §b1 = —F(64,62,65), F(€4,65,63) = 501 = —F(€4,€3,€5),

1 1
F(€4,€5,€4) = §d1 = —F(64,64,€5), F(61,62,65) = 5()4 = —F(€1,€5,€2).

From (7),

1
0= F(e4v€5762) + F(65,62,64) + F(€27€4,€5) = le’

1
0= F(ei, e, e5)+ F(ea,es,e1) + Fles, er,e2) = §b4,
thus by = 0, by = 0 and p(ez) = bzes. Also

1

0= F(e1,es,e3) + Fl(es,e3,€e1) + Fles,e1,e5) = — 5

1
0= F(ea,e5,e3) + F(es,e3,eq) + Fles,eq,65) = 501,

thus ¢4 = 0, ¢y = 0 and ¢(e3) = c2es. (3) and (9) yield

b3
— €4,

0= Fl(e1,e2,e4) = g((Ve,0)(e2), €4) = 2

thus b3 = 0 and ¢(e2) = 0. Then (2) is not satisfied and there is no quasi-para Sasakian structure on g,.
The algebra g5: Since £ is Killing, £ = 4e4 + &5e5.

p(e1) = are; + ...+ ases, (ea) =bre; + ...+ bses,
ples) =cre1 + ...+ cses, pleq) =dier +...+dses, o(es) = fier +...+ fses.

Since g(¢(e;),e;) = 0, we have a; = by = ¢3 = dy = f5 = 0. In addition, 0 = g(p(eq), ) gives
ds = 0and 0 = g(p(es),&) implies fy = 0. We calculate F'(e;, e;, ex) by (9) and by (3). By (3), we
have

a4

1
5 €1 + §{d1€1 + daez + dses}, €;).

F(eg,e1,6;) = g(ereq

By (9), F(es,e1,¢e;) = 0 fori = 1,2,3. Comparing these two equations we get ay = +dj, d2 = 0
and d3 = 0 from i = 1,2, 3 respectively. Also by (9), F(e1,e1,e2) = F(e1,e1,e3) = 0 and by (3),
F(ei,e1,e2) = —%¢s and F(e1,e1,e3) = —%¢5 and thus ag = a5 = 0. In addition ay = +d; = 0.
Thus ¢(e4) = 0. The equation (2) for u = v = ey implies 0 = —e4 + &7 and thus £3 = ¢4 = 1.
Now since g(£,&) = E3eq + 265 = 1, we have & = 0. Since & = &4eq and 0 = g(p(e;), €), we get
by = ¢4 = 0. The equation (9) implies F'(e3,e1,e1) = F(es,e1,e2) = F(es,e1,e3) = 0. Comparing
with (3), we get fi = fo = f3 = 0 and thus ¢(e5) = 0. Thus (2) is not satisfied for v = v = e5. So

there is no quasi-para Sasakian structure on gs.
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The algebra gg: Since ¢ is Killing, £ = £4e4 + &5e5.

cp(el) =aie1 + ...+ ases, @(62) =bie1 + ...+ bses,

ples) =cie1 + ...+ cses, @leq) =dier +...+dses, @(es) = fier + ...+ fses.

Since g(¢(e;),e;) = 0, we have a1 = by = ¢3 = dy = f5 = 0. Also since 0 = g(p(eq),&), we
get ds = 0 and 0 = g(p(es),&) implies f4 = 0. We calculate F'(e;, e, e;) by (9) and by (3). From

9), F(e1,e2,e1) = 0 and comparing this with (3) implies ¢; = 0. Similarly, F'(e1, ez, e3) = 0 yields
by = 0. In addition,

F(eg,e1,e1) = F(ea,e1,e2) = F(ea, e1,e3) = F(e1,e3,e1) = F(es, e1,e2) = F(ez, e3,€1)

= F(es, e2,e3) = F(eq,e2,e1) = F(e1, e2,e5) = Fes, e1,e3) = Fes, ea,e4) =0
imply a3 = co = a5 = dy = ds = f1 = f3 = b3 = ¢5 = ag = ¢4 = 0 respectively. Then p(e3) = 0 and
(2) does not hold. Thus there is no quasi-para Sasakian structure on gg.
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Oz

Bu c¢alismada, Elektrokoagiilasyon (EC) prosesinin temel mekanizmast,
prosesi etkileyen isletme parametrelerinin tekstil atiksuyundan kirletici
giderimi lizerine etkileri tartigilmistir. Tekstil endiistrisinin gelismesiyle
beraber olusan kirleticilerin konsantrasyonlar1 artmis ve bu durum ¢esitli

Sorumlu Yazar cevresel problemler olusturmustur. Tekstil atiksulari, yiliksek askida kati
Kasim ATMACA madde igerigi, bulaniklik, kimyasal oksijen ihtiyaci ve renk ile karakterize
katmaca@sinop.edu.tr edilir. Olusan atiksularin ¢evreye desarji 6ncesi etkili ve verimli aritma
proseslerine ihtiyag vardir. EC, ¢ok yonliiliigii, kurulum kolayligi ve gevre

Yazarlara ait ORCID dostu olmasi nedeniyle son yillarda endiistriyel atiksularin aritilmasinda
K.A: 0000-0002-6570-4127 yaygin olarak kullanilmaktadir. EC prosesi i¢in enerji gereksinimi ve

olusan ¢amur miktar1 diger aritma proseslerine gore ¢cok daha azdir. Bu
gibi avantajlarindan dolayr EC nin tekstil atiksularinin aritiminda
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Investigation of Textile Wastewater Treatment by Electrocoagulation Process
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Mimarlik Fakiiltesi, Cevre . . . .
Miihendisligi Bolimii In this study, the basic mechanism of the Electrocoagulation (EC) process

Sinop/Tiirkiye and the effects of operating parameters affecting the process on pollutant
removal from textile wastewater are discussed. With the development of
the textile industry, the concentrations of pollutants have increased and
this has created various environmental problems. Textile wastewater is
characterized by high suspended solids content, turbidity, chemical
oxygen demand and color. There is a need for effective and efficient
treatment processes before the resulting wastewater is discharged to the
environment. EC has been widely used in the treatment of industrial
wastewater in recent years due to its versatility, ease of installation and
environmental friendliness. The energy requirement and the amount of
sludge formed for the EC process are much less than other treatment
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Giris

Giinlimiiz diinyas1 bir siirdiiriilebilirlik ¢agina girmis olup, ¢evre kirliliginin getirdigi zorluklarla acilen
basa cikmak gerekmektedir. Atiksular, olustuktan sonra aritilmadan alici ortama desarj edilmesi
durumunda hem su rezervlerinin tiikkenmesine neden olur hem de gelecek nesiller icin tehdit olusturur
[1]. Su kaynaklarinin korunmasi yirmi birinci ylizyilin en biiyiik zorluklarindan biridir. Niifus artist,
ormanlarin yok edilmesi, hizli kentlesme, sanayilesme ve kiiresel iklim degisikligi gibi ¢esitli sorunlarla
miicadele etmek gerekmektedir. Gliniimiizde, saglikli igme suyuna erisim sinirlidir ve stres altindadir;
su kirliligi, su ekosistemlerini ve saglikli tatli suyun mevcudiyetini ciddi sekilde etkilemektedir. Bu
nedenle, atiksularin aritilmasi ve yonetilmesi, su kalitesinin korunmasi i¢in verimli teknolojiler ve
yaklagimlar gelistirmeye ihtiyag vardir [2]. Tekstil atiksulari, endiistriyel atiksular arasinda kirlilik yiikii
fazla olan atiksulardandir. Yiiksek oranda kimyasal oksijen ihtiyact (KOI), toplam organik karbon
(TOK), bulaniklik ve tuz igerigi tekstil atiksularimin 6zelliklerindendir. Tekstil atiksularinin

karakterizasyonu Tablo 1’de verilmistir.

Tablo 1. Tekstil attksularimin karakterizasyonu [1]

Parametre Konsantrasyon
pH 9.5-12.5
Biyokimyasal Oksijen Ihtiyaci1 (mg/L) 25-433
Kimyasal Oksijen Ihtiyac1 (mg/L) 1835-3828
Toplam Organik Karbon (mg/L) 26.390-73.190
Amonyum (mg/L) 2-3
Kloriir (mg/L) 1200-1375

Uygun sekilde aritilmadan alic1 ortama desarj edilen tekstil atiksular1 sucul ekosistemlerde yasayan
canlilar {izerinde ve insanlarda zararh etkilere neden olabilir. Ornegin baz1 tekstil boyalar1 ve bunlarin
bozunmus tiirevleri, suda yasayan organizmalarin biiyiimesini olumsuz yonde etkilemektedir. Ayrica
insanlarda, bagirsak kanserine, beyin anormalliklerine, {ist solunum yollarinda, gbzde ve ciltte tahrige
neden olmaktadir [1]. Tekstil endiistrisi atiksulari, farkli islemlerde kullanilan kimyasallar nedeniyle
kirletici bilesimi agisindan biiylik 6lgiide farklilik gosterir. Diinya ¢apinda ¢ok ¢esitli boya tiirleri
iretilmekte ve tekstil, kozmetik, kagit, deri, ilag ve gida endiistrisi gibi c¢esitli endiistrilerde
kullanilmaktadir. Boyalar asidik, bazik, direkt, azoik renkler, vat, kiikiirt, reaktif ve metal kompleks
boyalar olarak siniflandirilabilir. Tahmini yillik {iretimi 7 x10° tonun iizerinde olan 100.000'den fazla
ticari olarak temin edilebilen boya vardir. Tekstil endistrisi, {irliniin gerekli sekil ve &zelliklerini
iiretmek i¢in ¢ok ¢esitli makine ve siirecleri igerir. Hagillama, yikama, agartma, merserize etme, boyama,
baski1 ve terbiye gibi ¢esitli islemlerde biiyiik miktarlarda atiksu iretilir. Bu atiksu esas olarak yan
tiriinler, artik boya, tuzlar, asit/alkali, yardimci kimyasallar ve temizleme solventleri igerir. Literatiirde
fiziksel veya fizikokimyasal, kimyasal, biyolojik ve elektrokimyasal olarak smiflandirilabilen renk

giderme teknikleri ile ilgili ¢esitli ¢alismalar rapor edilmistir. Renk giderme mekanizmalari, fiziksel
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boya ayrimi, boyalarin par¢alanmasi ve adsorpsiyon/biyodegradasyon yoluyla renk gidermedir. Fiziksel

veya fizikokimyasal teknikler arasinda koagiilasyon/flokiilasyon, adsorpsiyon ve membran filtrasyon
yontemleri yer alir. Koagiilasyon, kiikiirtlii ve dispersif boyalarin gideriminde etkilidir. Bununla birlikte,
koagiilasyon yonteminde biiyiik miktarlarda gamur olusumu gozlemlenmistir. Adsorpsiyon, atiksudaki
¢cOziinmiis organiklerin konsantrasyonunu diisiirmek icin etkili bir yontemdir. Ancak adsorbent
rejenerasyonu pahalidir ve adsorbent kaybini icerir. Membran filtrasyon yonteminde ise, uygun
membran her tiirlii boyayi giderebilir. Alan gereksinimleri daha azdir ve gamur olusumu yoktur. Ancak,
membranlarin ve ekipmanin yiiksek maliyeti, membranin kirlenmesi nedeniyle zamanla azalan
verimlilik ve konsantrelerin atilmasi yontemin dezavantajlarindandir [3]. Biyolojik aritma metotlar
arasinda anaerobik prosesler, oksidasyon havuzlari, damlatmali filtreler, aktif camur prosesi sayilabilir.
Mikrobiyal biyokiitle, endiistriyel atiklarin aritilmasi ig¢in de yaygin olarak kullanilmaktadir. Algler,
mantarlar, bakteriler ve mayalar gibi mikroorganizmalar, belirli tipteki boyalari bozabilir. Ancak
biyolojik aritmanin genis bir arazi alan1 gerektirmesi, bazi kimyasallarin toksisitesine kars1 hassasiyeti
ve aritma siiresinin ¢ok uzun olmasi nedeniyle uygulamalar sinirhidir. Ayrica, baz1 boyalar genellikle
toksiktir ve biyolojik islemle kolayca biyolojik olarak bozunmazlar [4]. Koagiilasyon, sularda bulunan
ve kendi agirliklartyla ¢okelemeyen kolloidal partikiillerin ¢esitli kimyasallar yardimiyla ¢okebilir hale
getirilmesi islemidir [5]. Atiksu aritiminda kullanilan kimyasal koagiilantlar arasinda aliiminyum kloriir
[6, 7], aliiminyum siilfat [8-10], demir kloriir [11, 12], demir siilfat [13], polialiminyum kloriir [14, 15]
sayilabilir. Koagiilasyon/flokiilasyon ve EC arasindaki teori temelde aynidir. Her iki yontem de
partikiillerin suda asili kalmasini saglayan itici kuvvetlerin kararsizlastirilmasi/notralize edilmesi
yoluyla partikiillerin atiksudan uzaklastirilmasini1 hedefler. iki proses arasindaki temel fark EC de
koagiilantin uygun bir anot malzemesinin elektrolitik oksidasyonu ile yerinde iretilmesidir [16].
Proseste genellikle kullanilan elektrotlar demir, aliiminyum, yumusak ¢elik ve paslanmaz celiktir.
Atiksuyun EC ile aritilmasi, kimyasal koagiilasyon ile karsilastirildiginda %10 ila 15 oraninda daha
yiiksektir ve ayrica islemden kaynaklanan ¢amur, kimyasal koagiilasyona gore daha azdir. Bu islemin
bir diger avantaji, bu yontemin endiistriyel Olgekte oldugu kadar pilot Olgekli olarak da
uygulanabilmesidir. EC prosesinin ek avantaj ve dezavantajlar1 Tablo 2’de verilmistir. Bu islem

sayesinde, geleneksel yontemlere kiyasla koagiilant miktar1 6nemli 6lgiide azaltilabilir [1].

Tablo 2. Elektrokoagiilasyon isleminin avantaj ve dezavantajlar: [1]

Avantaj Dezavantaj
Basit donanimli, isletimi kolay olmasi ve daha az Bakim ihtiyaci ve elektrotlarin diizenli
bakim gerektirmesi, olarak degistirilmesi.
Sisteme herhangi bir harici kimyasal ilavesi Yiiksek atiksu iletkenligi.
olmadigindan ikincil kirlilik yoktur.
Renk, koku, KOI vb kirleticiler igeren her tiirlii Elektrot ylizeyinde oksit tabakasi olugsumu
atiksuyu aritmak i¢in kullanilabilir. elektrotun aginmasina yol agar.
Elektroliz sirasinda olusan gaz kabarciklari, kirleticiyi ~ Baz1 yerlerde elektrik kullaniminin pahali
¢Ozeltinin yiizeyine tastyarak giderebilir. olmasi.
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EC prosesinin genel dizayn goriintiisii Sekil 1’de gosterilmistir.

Gug Kaynag
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Sekil 1. EC prosesinin genel goriintiisii

EC, su ve atiksu sistemlerindeki organik [17-19], inorganik [20-22], ve patojenik [23-25] kirleticileri
aritabilir. Genis uygulama alanindan dolay1 EC evsel atiksu [26-28], kentsel atiksu [29], yeralt1 suyu
[30-32], deniz suyu [33, 34] ve endiistriyel atiksularin [35-37] aritiminda kullanilmaktadir.

EC Prosesinin Mekanizmasi

EC, kirleticilerin giderilmesi igin hem fiziksel hem de kimyasal mekanizmanin dahil oldugu bir ayirma
teknigidir. Bu islem esas olarak, elektrotlar arasinda elektrik akimi uygulayarak sulu ortamdaki askida,
¢oziinmiis veya emiilsifiye edilmis kirleticilerin kararsiz hale getirilmesidir [1]. Elektrokoagiilasyon
prosesi temel olarak anottan metal katyonlarin ¢éziinmesini ve katotta ayni1 anda hidroksil iyonlar1 ve

hidrojen gazi olusumunu igerir:
M — M*+ne Q)
2H,0 — OH + Hy 2

Metal elektrottan gegen elektrik akimi, metali (M) kendi katyonuna (M*) oksitler (Denklem 1). Ayni
anda su, hidrojen gazina ve hidroksil iyonuna (OH") indirgenir (Denklem 2). EC sirasinda, anotta olusan
yiiksek yiiklii katyonlar (AI**, Fe?"), monomerik ve polimerik hidrokso kompleks tiirlerinin olusumuyla
koloidal partikiillerin dengesini bozar. Bu metal hidrokso kompleksleri, kirleticilerle giiclii agregalar
olusturan yiiksek adsorpsiyon ozelliklerine sahiptir. Metal hidrolizinin derecesi, toplam metal katyon

konsantrasyonuna, pH'a ve ¢ozeltide bulunan diger tiirlerin tipine ve konsantrasyonuna baglidir.
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Demir elektrot varliginda elektroliz sonucunda olusan Fe?* lar anodik oksidasyon neticesinde Fe(OH),

tretir ve burada n 2 veya 3 olabilir. Fe(OH)n) sulu fazda amorf bir siispansiyon olarak kalir, bu da

kirleticileri atiksudan komplekslestirme veya elektrostatik ¢ekim ve ardindan pihtilasma yoluyla giderir
[35].

EC Prosesini Etkileyen Parametreler
pH

Cozeltinin pH'1l, elektrokoagiilasyonda Onemli bir operasyonel parametredir. Maksimum kirletici
giderme verimliligi, belirli bir kirletici ig¢in optimum ¢o6zelti pH'inda elde edilir. Bir kirleticinin
cokelmesi belirli bir pH'da baslar. Kirletici giderim verimliligi, ¢6zeltinin pH 1n1 optimum pH dan
artirarak veya azaltarak azalir [3]. Verma ve ark. [38] elektrokoagiilasyon kullanarak sentetik ¢6zeltiden
alt1 degerlikli kromun giderimini incelemis ve ¢ozeltinin pH'inin Cr (VI) giderim verimliligi tizerinde
onemli bir etkiye sahip oldugunu bulmustur. Farkli pH da yapilan deneyler sonucunda pH 4'te
maksimum krom giderme verimi elde etmislerdir. Elektrokoagiilasyon islemi sirasinda ¢ozeltinin pH"
degisir ve nihai pH genel aritma performansini etkiler [39, 40]. Baslangi¢ pH degeri 4 ten diisiik
oldugunda (asidik) ¢ikis pH min arttigi, baglangic pH degeri 8’den yiiksek oldugunda (bazik) azalma
egiliminde oldugu ve baslangi¢ pH degeri notr araliktayken (6-8 civarinda) ¢ikis suyunun pH'inin ¢ok
az degistigi bildirilmistir. Bu durum, elektrokoagiilasyon sirasinda geleneksel kimyasal koagiilasyondan
farkl bir pH tamponlama etkisine isaret etmektedir. Bu pH tamponlama kapasitesi, elektrokoagiilasyon
sirasinda hidroksil iyonlarmin iiretimi ve tiikketimi ile ¢dziiniir aliiminyum bilesiklerinin aliiminyum
hidroksitlere nihai doniisiimiinden 6nce yiik notralizasyonu ihtiyaci arasindaki dengeye baglanabilir.
Ote yandan, EC sirasinda nihai pH degerlerinin hizla artigi ve EC sonunda ulasilan nihai pH
degerlerinin 8-9 dan biiyiik oldugu da bildirilmistir. Bu durum, katotta siirekli hidroksil iyon {iretimi
meydana gelmesiyle iliskilendirilebilir (Denklem 2). Alkali kosullar altinda Al (OH)4~ komplekslerinin
olusumu pH'daki diisiisiin ana nedenidir [35]. Bener ve ark. [41], ii¢ farkli pH degerinde (5, 8 ve 10) Al
elektrotlar kullanarak gercek tekstil atiksuyundan TOK giderme verimliligi tizerindeki -etkisini
aragtirmiglardir. Maksimum TOK giderimini (%65), pH 5 de elde etmislerdir. Demirbas ve Kobya [42],
metal isleme sivisi atiksuyunda hem Fe-Fe hem de AI-Al elektrotlarin gesitli pH kosullarinda
kullanimini aragtirmigtir. Fe elektrotun pH 7.5 de en iyi sonucu verdigi, Al elektrotun ise pH 6.5 de daha

iyi performans gosterdigi bulunmustur.
Akim Yogunlugu

Akim yogunlugu, EC prosesinin verimliligini etkileyebilecek koagiilant dozaj oranini, kabarcik liretim
hizini, yumaklarin boyutunu ve biiylimesini belirledigi i¢in ¢ok Onemli bir parametredir. Akim
yogunlugunun artmasiyla anot ¢oziinme hizi artar. Bu durum, metal hidroksit yumaklarinin sayisinda

bir artisa yol agarak kirletici giderme veriminde artisa neden olur. Akim yogunlugunda optimum akim
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yogunlugunun lizerinde bir artig, kirleticinin ¢okeltilmesi igin yeterli sayida metal hidroksit yumaklari

mevcut oldugundan, kirletici giderme verimliliginde bir artisa neden olmaz [3]. EC prosesinde akim
yogunlugu, elektrotlardan metal iyonunun ayrismasi sonucunda ortaya ¢ikan elektron salinim hizini
diizenler [43]. EC prosesinde uygulanan akim yogunlugu genel olarak 0.01 ile 880 A/m? arasinda
degismektedir [44, 45]. Uygulanan akim yogunlugunun, ¢ozeltideki metal iyonlarinin salinmasina ve
ayrigmasina karsilik gelmesine ragmen, fazla akim, koloidal yiikiin olusumu ile yerinde ikincil
reaksiyonlara izin vererek EC isleminin performansini 6nemli 6lglide azaltabilir. Bu durum proses
verimliligini diistirerek elektrot dmriinii kisaltmaktadir. Bu nedenle, akim yogunlugu, istenen aritim
performansini elde etmek i¢in optimize edilmesi gereken ¢ok 6nemli bir parametredir [46]. Cesitli
caligsmalarda, farkli kirletici igeren atiksularda uygulanan akim yogunlugunun etkisi aragtirilmustir [47,
48, 42]. Rahman ve ark. [49], turba atiksuyundan yapmis olduklari aritim ¢alismasinda 25 A/m? akim
yogunlugu degerinde %98.5 KOI, %98 bulaniklik, %92 TOK ve %100 renk giderim verimliligi elde

etmislerdir.
Elektrotlar Aras1 Mesafe

Elektrostatik alan anot ve katot arasindaki mesafeye bagl oldugundan, elektrotlar arasi mesafe EC de
onemli bir rol oynar. Elektrotlar arasinda optimum mesafe korunarak maksimum Kirletici giderim
verimliligi elde edilir. Elektrotlar arasi1 mesafenin minimum olmasi durumunda kirletici giderim
verimliligi diisiiktiir. Bunun nedeni, flok gorevi goren ve kirleticiyi ¢okelme yoluyla uzaklagtiran metal
hidroksitlerin, yiiksek elektrostatik ¢ekim nedeniyle birbirleriyle carpisarak bozulmasidir [50].
Elektrotlar arasi1 mesafenin minimumdan optimum mesafeye kadar artmasiyla kirletici giderim
verimliligi artar. Bunun nedeni, elektrotlar arasindaki mesafeyi daha da artirarak, iiretilen iyonlarin daha
yavas hareket etmesine neden olan elektrostatik etkilerde bir azalma olmasidir. Elektrot mesafesi
optimum elektrot mesafesinden daha fazla arttirildiginda, kirletici giderim verimliliginde bir azalma
olur. Bunun nedeni, elektrotlar arasindaki mesafenin artmasiyla iyonlarin hareket siiresinin artmasidir.
Bu durum elektrostatik ¢cekim kuvvetini azaltarak kirleticilerin ¢okelmesi i¢in daha az flok olusumuyla
aciklanabilir [3]. Pek ¢ok calismada, farkli atiksular igin optimum elektrotlar arasi mesafe araliginin
0.5-1 cm oldugu bildirilmistir [51-53]. Lakshmi ve Sivashanmugam [54], yag tabaklama atiksuyundan
KOI giderimi iizerine (KOI giris: 25.000 mg/L) elektrotlar aras1 mesafenin etkisini incelemislerdir.
Calisma sonucunda, 15 dakika sonunda >%90'lik en yiiksek KOI giderim verimliligine ulagmak igin 15
mm'lik elektrotlar arasi araligin optimal oldugu sonucuna varilmistir. Prajapati ve ark. [55], icki
fabrikas1 atiksuyundan renk ve KOI giderimi iizerine (KOI giris: 11500 mg/L) elektrotlar arasi
mesafenin etkisini incelemislerdir. 10 mm elektrotlar aras1 mesafede ve 178.5 A/m? akim yogunlugunda

sirastyla %90 KOI ve %86 renk giderimi elde etmislerdir.
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Literatiir Calismalarindan Ornekler

Literatiirde, EC prosesi ile tekstil atiksuyundan kirletici giderimi {izerine yapilmis bazi calismalar
asagida verilmistir: Kobya ve ark. [56], tekstil atiksuyundan kirletici giderimi tizerine yapmis olduklart
calismada (KOI giris: 1940-2060 mg/L, TOK giris: 450 mg/L) optimum deneysel kosullar altinda (akim
yogunlugu: 65 A/m?, deneysel siire: 80 dakika) aliiminyum elektrotlar igin %77 KOI ve %72 TOK
giderimi elde ederken, demir elektrotlar igin %85 KOI ve %76 TOK giderimi elde etmislerdir. Kobya
ve ark. [57], tekstil atiksuyundan KOI ve TOK giderimi iizerine yapmis olduklari ¢alismada (KOI giris:
2020 mg/L, TOK giris: 480 mg/L), optimum deneysel kosullar i¢in (Anot: Aliiminyum, Katot:
Aliiminyum, pH: 5.6, Akim yogunlugu: 52.5 A/m?, deneysel siire: 33.9 dakika) %68 KOI ve %69 TOK
giderimi elde ederken (Anot: Demir, Katot: Demir, pH: 5.5, akim yogunlugu: 63.2 A/m?, deneysel siire:
30.4 dakika) %77 KOI ve %82 TOK giderimi elde etmislerdir. Tezcan ve Aytac [58], tekstil
atiksuyundan yapmis olduklar1 KOI giderim ¢alismasinda (KOI giris: 1953 mg/L, Anot: Demir, Katot:
Demir, pH: 9.01, akim yogunlugu: 20 mA/cm?) %96.88 KOI giderimi elde etmislerdir. Bayramoglu ve
ark. [59], yapmus olduklar1 calismada (KOI giris: 3422 mg/L, bulaniklik: 5700 NTU) deneysel kosullar
(Anot: Aliiminyum, Katot: Aliiminyum, pH:3, akim yogunlugu: 200 A/m?) %61 KOI giderimi elde
edilirken, %100 bulaniklik giderimi elde ederken, demir elektrot ciftleri kullanarak yaptiklar1 deneyde
ise (Anot: Demir, Katot: Demir, pH: 3, akim yogunlugu: 200 A/m?) %47 KOI giderimi elde ederken
%75 bulaniklik giderimi elde etmislerdir. Shin ve ark. [60], tekstil atiksuyundan KOI giderimi igin
yapmis olduklar1 ¢alismada, (KOI giris: 766 mg/L, Anot: Demir, Katot: Demir, akim yogunlugu: 426
A/m?) %81 KOI giderimi elde etmislerdir. Cerqueira ve ark. [61], tekstil atiksuyundan EC metodu ile
yaptiklar1 KOI giderim ¢aligmasinda, optimum kosullar altinda (KOI giris: 1179-2553 mg/L, Anot:
Aliiminyum, Katot: Aliiminyum, pHgiris: 5, akim yogunlugu: 1.5 mA/cm?, deneysel siire: 30 dakika)
%87 KOI giderimi elde etmislerdir. Zaroual ve ark. [62], gergek tekstil atiksularindan EC prosesiyle
KOI ve renk giderimi {izerine yaptiklari ¢alismada (KOI: 485 mg/L, BOIs; 80mg/L, kloriir: 27,069 mg/L,
As20: 0.663 cm™, Aszs: 0.415 cm?, Auge: 0,286 cmt, pH: 10.6, Voltaj: 600 mV, deneysel siire: 3 dakika)
%84 KOI ve %100 renk giderimi elde etmislerdir. Daneshvar ve ark. [63], asit orange 7 azo boyasindan
KOI ve renk giderim calismasinda, optimum deneysel kosullar altinda (pH: 8, akim yogunlugu: 3.5
mA/cm?) %84 KOI ve %98 renk giderimi elde etmislerdir. Can ve ark. [64], tekstil atiksuyu ile yaptiklari
KOI giderim ¢alismasinda (KOI giris: 3422 mg/L; TOK: 900 mg/L; iletkenlik: 3.99mS/ cm; bulaniklik:
5700 NTU; pH: 6.95) aliiminyum elektrotlar i¢in pH: 5.5 ta %60-65 KOI giderimi elde etmislerdir.
Zongo ve ark. [65], iki adet tekstil endiistrisi atiksuyundan EC prosesiyle yapmis olduklart KOI giderim
calismasinda (1. Atiksu igin: KOI: 1790 mg/L; bulamklik: 115 NTU; iletkenlik: 2.8mS/cm; pH: 7; ikinci
atiksu i¢in KOI: 1240 mg/L; bulamklik: 110 NTU, iletkenlik: 2,4mS/cm; pH: 9, akim yogunlugu 5-
20mA/cm?) 1. atiksu igin %74, 2. atiksu i¢in %88 KOI giderimi saglanmistir. Bener ve ark. [41], tekstil
atiksuyundan optimum deneysel kosullar altinda (kullanilan elektrotlar: Al-Al, elektrotlar aras1 mesafe:

20 mm, akim yogunlugu: 25mA/cm?, pH giris: 5, deneysel siire: 120 dak) %18.6 KOI, %83.5 bulaniklik
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giderimi elde edilmistir. Khemila ve ark. [66], tekstil atiksuyundan yaptiklari aritim sonucunda

(kullanilan elektrotlar: Al-Al, elektrotlar aras1t mesafe: 10 mm, akim yogunlugu: 10-40 mA/cm?, pH
giris: 7) %99 bulaniklik ve %95 renk giderimi elde etmislerdir. VVerma [67], tekstil atiksuyundan KOI
ve renk giderimi iizerine yaptig1 calismada (kullanilan elektrotlar: Fe-Al, elektrotlar arasi mesafe: 30
mm, akim yogunlugu: 2 mA/cm?, pH giris: 8, deneysel siire: 80 dak) %90 KOI ve %90 renk giderimi
elde etmistir. Mohamad ve ark. [68], tekstil atiksuyundan yaptiklart kirletici giderim ¢alismasinda,
(kullanilan elektrotlar: Fe, akim yogunlugu: 75 A/m?, deneysel siire: 45 dakika) %55 askida kat1 madde,
%82 bulaniklik ve %52 KOI giderimi elde etmislerdir. Naje ve ark. [69], tekstil atiksuyundan EC-EOQ
prosesleriyle yaptiklar1 KOI giderim ¢alismasinda, (akim: 0.6 A, pH: 6, elektrotlar arasi mesafe: 1.0 cm,
karistirma hizi: 500 rpm) %93.5 KOI, %97 toplam askida kat1 madde ve %97.5 renk giderimi elde
etmislerdir. Naje [70], tekstil atiksuyuna EC-EQ proseslerini uygulamis ve (akim: 0.6 A, pH: 6, deneysel
siire: 90 dakika) %90 KOI giderimi elde etmislerdir. De Maman ve ark. [71], EC prosesiyle tekstil
atiksuyu aritim calismasinda (akim: 0.3 A, deneysel siire:) %80 renk, %91 bulaniklik ve %30 KOI

giderimi elde etmislerdir.
Sonuglar

EC, atiksu aritma sistemlerinde 6n aritma ve aritma iglemi olarak goérev yapabilir. EC siireci, ¢ok ¢esitli
kirleticileri gidermek i¢in etkilidir ve operasyonel olarak uygundur. Maliyet etkinligi, daha az ¢amur
olusumu, gevresel uyumluluk ve giivenli siireg, EC siirecinin ek faydalaridir. EC, diger aritma teknikleri
ile birlestiginde, aritim verimliligini artirabilir ve tek basina EC ile karsilastirildiginda operasyon
stiresinin azaltilmasina yardimci olur. EC prosesi ile ilgili en biiylik problem ¢amur olusumudur. Olusan
camurun ingaat amaclh 6zellikle yap1 tasi, beton vb. yapiminda kullanilmasiyla bu sorun asilabilir.
Kimyasal lic, termal ve diger islemler yoluyla EC ¢amurundan metal geri kazanimi, camuru yonetebilen
diger bir segenektir. EC siirecleri sadece pratik olarak uygulanabilir ve ¢evre dostu teknikler degil, ayni
zamanda uygun maliyetli teknolojilerdir. Literatiirde bildirilen galigmalarin ¢ogu, sentetik ¢ozeltiler
kullanilarak laboratuvar 6l¢eginde gerceklestirilmistir. Gergek endiistriyel atiklarin aritilmasi igin EC
kullanma olasiligin1 arastirmak igin gercek endiistriyel atik kullanarak pilot tesis Olgeginde

elektrokoagiilasyon deneyleri yapmak i¢in ¢aba gosterilmelidir.
Tesekkiir -

Fon/Finansman bilgileri -

Etik Kurul Onayt ve Izinler Calisma etik kurul izni gerektirmemektedir.
Cikar catismalary/Catisan cikarlar-

Yazarlarin Katkisi- Yazar makalenin son halini okumus ve onaylamugtir.
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