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Abstract 

Fish farming provides food and livelihood for many people around the world. The fact that trout is produced in many parts of the 

world and has a very rich content in terms of nutritional value increases the importance of trout. However, there are many problems in 

trout production due to bacterial factors, making fish production extremely difficult. Bacterial factors cause significant fish deaths and 

economic losses such as slowdown in growth. In addition to these, these factors also cause some damage to the DNA of fish and the 

formation of oxidations by disrupting the balance of free radicals in the tissues. Therefore, in this study; In the trout farms in our 

province, the trout with the main bacterial agents causing infection were determined and bacterial species (Staphylococcus 

epidermidis, Lactococcus garvieae and Bacillius subtilis) were determined by PCR. The brain and liver tissues of these fish were 

taken and the changes in antioxidant enzyme levels (SOD, CAT, GSH-Px), lipid peroxidation (MDA) and damage to their DNA (8-

OHdG) compared to the control groups were investigated. In the study, it was determined that the antioxidant defense system enzyme 

levels in all three species of bacteria decreased in tissues, while lipid peroxidation and 8-OHdG levels increased. 

As a result; Staphylococcus epidermidis, Lactococcus garvieae and Bacillius subtilis bacteria caused changes in antioxidant enzyme 

levels, lipid peroxidation and 8-OHdG levels in trout brain and liver tissues. 

Keywords: DNA Damage, Antioxidants, MDA, Rainbow Trout, Bacterial Diseases.   

Farklı Bakterilerle Enfekte Olan Gökkuşağı Alabalıklarının Beyin ve 

Karaciğer Dokularında Oluşan DNA Hasarı ve Antioksidan Değişimi 
Öz 

Balık üretimi, dünya çapında birçok insan için yiyecek ve geçim kaynağı sağlamaktadır. Su ürünlerinden alabalığın dünyanın birçok 

yerinde üretilmesi ve besin değeri bakımından oldukça zengin bir içeriğe sahip olması alabalığın önemini artırmaktadır. Ancak, 

alabalık üretiminde bakteriyel etkenler sebebi ile birçok sorun yaşanmakta ve balık üretimini son derece zorlaştırmaktadır. Bakteriyel 

etmenler önemli ölçüde balık ölümlerine ve büyümede yavaşlama gibi ekonomik kayıplar neden olmaktadır. Bunların yanında,  bu 

etmenler balıkların DNA'sında birtakım hasarlara ve dokularda serbest radikal dengesinin bozularak oksidasyonların oluşmasına da 

neden olmaktadır. Bu nedenle bu çalışmada; ilimizde bulunan alabalık çiftliklerinden enfeksiyon oluşturan başlıca bakteriyel ajanların 

bulunduğu alabalıklar belirlenerek ve PCR ile bakteri türleri (Staphylococcus epidermidis, Lactococcus garvieae ve Bacillius subtilis) 

tespit edilmiştir. Bu balıkların beyin ve karaciğer dokuları alınarak antioksidan enzim düzeylerindeki (SOD, CAT, GSH-Px) 

değişimler, lipit peroksidasyonları (MDA) ve DNA’larında meydana gelen hasarın (8-OHdG)) kontrol gruplarına göre değişimleri 

araştırılmıştır.  Çalışmada bakterilerin üç türünde de antioksidan savunma sistemi enzim seviyelerinin genel olarak dokularda azaldığı, 

lipit perksidasyonunun ve 8-OHdG düzeylerinin ise arttığı tespit edilmiştir. 

Sonuç olarak; Staphylococcus epidermidis, Lactococcus garvieae ve Bacillius subtilis bakterilerinin, alabalık beyin ve karaciğer 

dokularında antioksidan enzim düzeylerinde, lipit peroksidasyonununda ve 8-OHdG düzeyinde değişimine sebep olduğu 

belirlenmiştir. 

 

Anahtar Kelimeler: DNA Hasarı, Antioksidanlar, MDA, Gökkuşağı Alabalığı, Bakteriyel hastalıklar. 
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1. Introduction 

 Today, many deaths from viral diseases (Covid-19) are 

observed all over the world. It is also possible that the same 

situation is of bacterial origin. Although it is generally thought 

that bacterial fish zoonosis are mostly caused by Gram negative 

bacteria, some of the Gram positive bacteria have disease-

causing effects in humans (Nemetz 1993; Yeltekin et al. 2018). 

Fish bacterial zoonosis are transmitted to humans as a result of 

contact of contaminated fish tissues and water with wounds on 

the skin or consuming more contaminated fish products as food 

(Auistin 1999; Öter and Zorer, 2020; Yeltekin and Sağlamer 

2019). Bacterial fish zoonosis often results in localized 

infections under the skin or tissues in humans, mostly symptom-

free gastroenteritis. However, they can sometimes cause high 

mortalities (Nemetz 1993). 

 Pollution occurring in waters, as in the whole environment, 

brought with it many problems related to fish farming. Because 

the source of most of the disease-causing organisms is water 

contaminated with waste water. Microorganisms need water, 

energy source, nitrogen source, vitamins and minerals in order to 

grow and reproduce. Aquatic organisms create a favourable 

environment for microorganisms (Arda 2000; Yeltekin et al., 

2018). Some microorganisms can affect each other with 

metabolites that have antagonistic effects that they synthesize in 

the organism in which they settle and cause the death of the 

living creature on which they live (Güven and Zorba 2013). 

 In aquaculture, the presence of many fishes together and in 

close contact compared to free-living fish in nature, causes more 

diseases to occur. The fact that the environment in which the fish 

live provides nutritious, physical, chemical, biotic and abiotic 

optimal living conditions leads to the emergence of many 

infectious diseases (Arda et al. 2000). Although it was thought 

that 15-20 bacteria species were pathogenic for the fish, 

approximately 70 bacteria species were isolated from naturally 

infected fish (Austin and Austin 1999). It is reported that 

bacterial diseases cause large economic losses in farms where 

intensive fish farming is carried out (Roberts and Stepherd 

1997). 

 As in all living things, bacterial diseases in fish affect the 

immune system and defence mechanisms of living metabolism. 

In this study; after determining the rainbow trout containing the 

main bacterial agents causing infection in trout farms, it was 

aimed to investigate how the antioxidant enzyme levels, lipid 

peroxidation and DNA damage of these fish varies compared to 

healthy fish. 

 

2. Material and Method 

2.1. Fish 

 The study was carried out with the decision of the Animal 

Experiments Local Ethics Committee of Van Yüzüncü Yıl 

University dated 31.01.2019 and numbered 2019/01. The 

rainbow trout (Oncorhynchus mykiss) used in the study was 

taken from the companies that produce offspring. For this 

purpose, a total of 45 fishes, 9 of which were from 5 different 

enterprises, were purchased. In the sampled fish, fish with 

symptoms such as slowdown in movements, separate swimming, 

darkening in colour, symptoms such as bilateral exophthalmos 

and acid, swimming disorder, fin rot were chosen. 

2.2. Identification of bacteria 

 Real-Time PCR protocol used in the study is given below 

(Table 1). In trout sampled from farms, 10 Lactococcus 

garvieae, 9 Bacillus subtilis and 8 Staphylococcus epidermidis 

agents were isolated. 

2.3. Analysis of antioxidant enzyme  

 Superoxide dismutase (SOD) enzyme activity was measured 

at 505 nm at 37 ° C in the autoanalyzer with the Randox -

Ransod enzyme kit (Xia et al., 1995, Flohe and Ötting, 1984). 

Catalase (CAT) enzyme activity was determined at 240 nm by 

UV spectrophotometric method of Aebi (1984) based on the 

degradation of Hydrogen peroxide (H2O2) by catalase. 

Glutathione peroxidase (GSH-Px) enzyme activity was 

measured at 37 ºC with Randox-Ransel enzyme kits in the 

autoanalyzer by 340 nm ultraviolet method (Paglia and 

Valentine, 1967; Flohe and Gunzler, 1984).  

2.4. Analyses of 8-OHdG levels 

 Homogenates prepared in 8-OHdG analysis were used. The 

steps of the kit procedure were applied in order for the analysis 

(ELISA kit, Catalog No: 201-00- 0041/SunRed). 

2.5. Analyses of Malondialdehyde (MDA) levels 

 Homogenates for analysis Mis et al. (2018) prepared 

according to the modified method Malondialdehyde (MDA) 

level Placer et al. (1966) was measured by the method based on 

the spectrophotometric measurement of pink colour absorbance 

resulting from the thiobarbituric acid (TBA) and MDA reaction. 

2.6.Statistical analysis 

 The values obtained as a result of the analyses are expressed 

as mean ± standard error. For multiple comparisons, ANOVA 

and Tukey’s test were followed to make a difference. The 

difference between the values was made according to 0.05. 

 

Table 1. Protocol used in Real-Time PCR phase 

Pre-denaturation 95 oC  10 minute 

Denaturation 94 oC  45 sec 

Connecting 45 cycles 56 oC  30 sec 

Elongation 72 oC  45 sec 

Last elongation 72 oC  7 minute 
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3. Results  

3.1. Real-Time PCR analysis results 

DNAs obtained from isolated bacterial agents were used as 

templates in Real-Time PCR. Real-Time PCR procedure was 

performed to identify the isolates. Real-Time PCR results 

performed with Universal (27F-1492R) primers are given below 

(Figure 1). In line with Real-Time PCR results, it was observed 

that bacterial DNAs gave positive results in SYBR Green-based 

fluorescence irradiation by binding with Universal primers. 

 

   

 

Figure 1. Real-Time PCR image performed with bacterial 

DNAs isolated in the study (Sigmoidal curves positive, negative 

control sample below the threshold value). 

3.2. Bacterial identification 

The nucleic acid sequences obtained after Sanger One-Way 

sequencing with Real-Time PCR amplicons are given below. As 

a result of the Blast process of the nucleic acid sequence 

performed on NCBI and CLC web bases, all of the isolated 

bacteria had 100% sequence overlap (Figure 2,3,4). 

 

Figure 2. Sequence results of Staphylococcus epidermidis 

 

Figure 3. Sequence results of Bacillus subtilis 

 

Figure 4. Sequence results of Lactococcus garvieae 

3.3. Antioxidant Activities 

The levels of antioxidant defence system enzymes (SOD, 

CAT, GSH-Px), which are the first defence system against free 

radicals, are as follows. 

The change of SOD levels of control group fish with other 

bacterial fish groups was found significant. It was determined 

that the brain tissue SOD enzyme activity of bacterial fish 

decreased significantly compared to the control group fish 

(Figure 5)(p<0.05). 

The change in liver tissue SOD levels between the control 

group fish and bacterial fish groups was found to be statistically 

significant. It was observed that liver tissue SOD enzyme 

activity decreased significantly in all three bacterial species. 

Bacillus subtilis bacteria fish were found to have a low level of 

liver SOD (Figure 5)(p<0.05). 

Bacillus subtilis and Lactococcus garvieae bacteria were 

observed to decrease statistically significantly in brain tissue 

CAT enzyme levels (Figure 5) (p<0.05). 

It was determined that the liver tissue CAT enzyme levels of 

all three bacterial fish groups decreased statistically 

significantly. In particular, the Bacillius subtilis bacterial fish 

group was observed to be quite low (Figure 5) (p<0.05). 

It was found that the brain tissue GSH-Px level of 

Staphylococcus epidermidis and Lactococcus garvieae bacteria 

showed a statistically significant decrease compared to the 

control group. In the Bacillus subtilis bacteria group, it was not 
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found statistically significant despite the decrease (Figure 5) (p 

<0.05). 

The liver tissue GSH-Px enzyme levels of all three bacterial 

trout groups were statistically significant compared to the 

control group. Especially, Bacillius subtilis bacteria group 

showed a more significant decrease (Figure 5) (p <0.05). 

 

3.4. MDA and 8-OHdG results 

 

It was observed that the level of malondialtehyde, which 

indicates the oxidation rate of lipids, increased in each group. 

However, it was found that the brain tissue malondialdehyde 

levels of Staphylococcus epidermidis and Lactococcus garvieae 

bacterial trout showed a statistically significant increase (Figure 

5) (p <0.05). 

The liver MDA level change showed statistically significant 

increases in all three bacteria groups compared to the control 

group. Especially in Lactococcus garvieae bacterial group, the 

level of malondialdehyde increased to very high levels (Figure 

5) (p <0.05). 

In the advanced stages of oxidation, some damage occurs in 

the DNA chain. 8-OHdG is the most prominent product of these 

damages. In our study, the brain tissue 8-OHdG level of 

Staphylococcus epidermidis and Lactococcus garvieae bacteria 

showed a statistically significant increase (Figure 5) (p <0.05). 

The liver tissue 8-OHdG levels of Staphylococcus 

epidermidis and Lactococcus garvieae bacterial trout groups 

showed a statistically significant increase compared to the 

control group. Although there was an increase in Bacillius 

subtilis bacterial trout group, it was not found statistically 

significant (Figure 5) (p <0.05). 

4. Discussion  

Fish are constantly in contact with microorganisms due to 

their environment. Therefore, bacterial diseases, intensive fish 

farming causes great economic losses in farms (Tanrıkul et al. 

1997). SOD and CAT levels of offspring Indian fish (Cirrhinus 

mrigala) infected with Aeromonas hydrophila have been found 

to be significantly reduced (Kumar et al. 2018). Tarnecki et al. 

(2018) it has been stated that the antioxidant levels of these fish 

have decreased significantly by detecting Red Drum (Sciaenops 

ocellatus) which contain Acinetobacter, Bacillus, 

Corynebacterium, and Pseudomonas bacteria. According to the 

results of the study, it is stated that bacterial infections in 

aquaculture negatively affect the fish production efficiency. In 

our study, it was seen that antioxidant enzyme activity values of 

all three bacterial groups show parallelism with these studies. It 

has been stated that many streptococcus species bacteria enter 

the brain and nervous system of the fish and infect them and 

cause the decrease of brain tissue antioxidant enzymes. Thus, it 

has been stated that some changes occurred in the movement of 

fish as a result of the slowing of brain functions over time 

(Yanong and Francis-Floyd 2002; Austin and Austin 1999; Eldar 

et al. 1999). The present study supports this situation in the 

changes in antioxidant enzymes in the brain tissue and MDA and 

8-OHdG levels. When the activity of antioxidant enzymes in the 

liver is monitored, an intense decrease is observed in all three 

types of bacteria. However, it has been determined that the 

antioxidant enzymes of Bacillus subtilis bacterial fish are 

observed at very low levels and MDA and 8-OHdG levels are 

increased. This can be thought to be caused by toxic substances 

that Bacillus subtilis bacteria produce as a result of their 

reproduction in the tissue in which they settle. In a study 

investigating the xanthine oxidase, reactive oxygen species and 

nitric oxide levels of Rhamdia quelen infected with 

Streptococcus agalactiae, it was found that reactive oxygen 

species increased significantly compared to the control group 

(Souza et al. 2017). Silver catfish infected with Aeromonas 

caviae bacteria, which cause high mortality in fish, have 

decreased antioxidant levels and increased malondialdehyde 

level. In the study, it was found that reactive oxygen species 

increased significantly in liver tissues (Baldisseraa et al. 2018). 

In our study, in accordance with these articles, it was observed 

that it decreased antioxidant enzyme levels and increased MDA 

and 8-OHdG levels in tissues originating from bacteria. 

Enzymes such as superoxide dismutase, glutathione peroxidase 

and catalase are the first and most important steps to defend 

against stress (Pandey et al. 2003). In our study, it is seen that 

antioxidant enzyme levels respond differently according to the 

types of bacteria and the characteristics of the tissues (brain and 

liver) in which they are located. In the later stages of oxidation 

in the cells, some damage occurs in the DNA chain. Reactive 

oxygen types lead to the formation of oxidative damage products 

in more than 20 base types in the DNA structure (Dizdaroğlu 

1998). Among the damaged bases, 8-OHdG is highly sensitive 

and is the most common oxidative DNA damage marker (De 

Martinis and Bianchi 2002). A study investigating DNA damage 

in fish with Deinococcus grandis bacteria has been conducted. It 

has been determined that bacteria in the fish have more DNA 

damage than the control group (Satoh et al. 2016). In our study, 

it was determined that all three bacterial species cause 

significant damage especially on the tissue in which they settle, 

and as a result, both lipid peroxidation and 8-OHdG levels 

increase.  

5. Conclusions  

 According to the results of this research; the habitat of the 

fish, water quality, fish density, water temperature and the 

characteristics of spring water that feeds ponds can lead to the 

development of some bacterial species, causing economic losses 

in enterprises. These bacterial species multiply rapidly in fish 

tissues, creating oxidative stress. It was observed that 

antioxidant activity levels decreased, lipid peroxidation and 8-

OHdG levels increased with the increase of free radicals as a 

result of stress. Consumption of these bacterial fish by humans 

and other creatures in the case of bacteria, it may also spread 

bacteria and may develop more resistant bacteria species over 

time. Therefore, with this study, we are of the opinion that it is 

important to pay attention to the importance of cleaning fish 

habitats, patient fish isolation, the quality of water sources and 

feeds in terms of providing less living loss and healthier food 

production for businesses. 
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Figure 5. Change of brain and liver tissue antioxidants (SOD, GSH-Px, CAT) activity, MDA and 8-OHdG levels of rainbow trout 

with different bacteria 

 


