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Abstract  
     Genotoxic effects of crude bacteriocin extracted from Citrobacter freundii were 

detected on albino mice bone marrow cells in vivo, using micronucleus (MN) and 

comet assay. The mice were administered intraperitoneally with 37.5, 75, 150 and 

300 mg/kg of the extract for 24 hours. C. freundii was isolated from patients 

suffering from urinary tract infections (UTI). The bacteriocin producing isolates 

were determined using cup assayand the most efficient bacteriocin producers were 

selected. Bacteriocin was extracted from the efficient isolates via the induction with 

Mitomycin-C (2 mg/ml). Bacteriocin activity (320 U/ml) was determined by well 

diffusion method, while the protein concentration (2900µg/ml) was estimated by 

Lowery method. The results showed an acute dose-dependent toxic effect of the 

crude bacteriocin ; The higher doses (150 and 300 mg/kg) caused a significant 

increase (P≤0.05) in the micronuclei frequency in the bone marrow cells (4.62 and 

5.37%, respectively (. Furthermore, DNA damage   increased significantly (P≤0.05) 

and proportionally to higher bacteriocin doses (75, 150 and 300 mg/kg), as 

demonstrated by increased values of  tail length  (145.18, 267.73 and 295.08 %,( 

%DNA in tail (8.05, 13.87 and 14.31 %(, and olive tail moment (13.25, 22.72 and 

25.85 % , respectively. 

 

Keywords: Genotoxicity, Citrobacter Freundii, Bacteriocin, Bone Marrow 

Cells, Micronucleus(MN), Comet Assay.      

 

 تقييم السمية الجينية لبكتريهسين بكترياCitrobacter freundiiفي خلايا نخاع عظم الفئران البيض
 

 هند حسين عبيد  ،*رشا نهري حماد
 جامعة بغجاد، بغجاد، العخاق كمية العمؽم،قدػ عمؽم الحياة، 

 الخلاصة
في خلايا نقي ععػ  C.freundiiدرس التاثيخ الدسي الؽراثي لمبكتخيؽسيؼ الخام السدتخمص مؼ بكتخيا      

الفئخان البيزاء  باستخجام اختبارالانؽية الرغيخة والسحنبات  لتقييػ الزخر في السادة الؽراثية. حقؼ البكتخيؽسيؼ 
ساعة. تػ التحخي عؼ  ۲٤ممغخام/كيمؽغخام( لسجة  ۳۰۰,۳٧۰, ٥٧,  ۳٥.٧داخل الغذاء البخيتؽني بالجخع )

خيقة اقخاص الاكار. تػ اختيار العدلات السشتجة الكفؤة. استخمص العدلة السشتجة لمبكتخيؽسيؼ باستخجام ط
ممغخام/مل(. حجدت فعالية البكتخيؽسيؼ بطخيقة الحفخ ۲) C-البكتخيؽسيؼ بعج تحفيد الانتاج بسادة السايتؽمايديؼ

ائج مايكخوغخام/مل. اظهخت الشت۲۰۰۰وحجة/مل وقجر تخكيد البخوتيؼ بطخيقة لؽري وكان  ۳۲۰وكانت الفعالية 
ان التاثيخ الدسي الحاد لمبكتخيؽسيؼ الخام اعتسج عمى كسية الجخع السدتخجمة فقج سببت الجخع السختفعة) 

في تكخار الانؽية الرغيخة في خلايا نخاع   (P≤0.05)( زيادة معشؽية ممغخام/كيمؽغخام۳۰۰و۳٧۰
مبكتخيؽسيؼ قيج الجراسة ل فزلا عؼ ذلغ فقج سببت الجخع السختفعة عمى التؽالي. %)٧.۳٥, ٤..٤الععػ)
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في الزخر الحاصل في السادة الؽراثية في خلايا نخاع الععػ تتشاسب طخديا مع  (P≤0.05)ارتفاعا معشؽيا
 Tail length, %DNA)ممغخام/كيمؽغخام( لمسؤشخات الثلاثة السدتخجمة جسيعا ۳۰۰,۳٧۰, ٥٧ (زيادة الجخع

in tail and Olive tail moment) .   حيث كانت قيػTail length  (۳٤٧.۳۱ ,۲.٥.٥۳ ,
عمى التؽالي,  (۳۳۸.۳٤, ۳۳.۱٥, ٥٧.۱) DNA in tail%بيشسا كانت قيػ   (عمى التؽالي,۲۰٧.٥۱۸

 %(عمى التؽالي.۲٧.۱٧, ۲۲.٥۲, ۳۳.۲٧كانت ) Olive tail momentاضافة الى قيػ 
Introduction  
     Citrobacter freundii is a member of the genus Citrobacter within the family Enterobacteriaceae, 

which is present in the gastrointestinal tract of animals and human. It might become an opportunistic 

pathogen which causes urinary tract infection, diarrhea, peritonitis, meningitis, bacteremia and brain 

abscess [1, 2]. 

      Bacteriocins are proteinaceous or antimicrobial peptides, ribosomally-synthesized by producing 

bacteria to inhibit the growth of a closely related bacterial strain. It is secreted to the extracellular 

medium where they recognize specific receptors on the surface of sensitive bacterial cells [3,4]. There 

are more than 2000 different antimicrobial peptides (AMPs) produced by a diversity of living 

organisms. Bacteriocins produced by bacteria are a minor group, whose chemical structure is most 

complicated among all AMPs. Currently, about 280 different bacteriocins are known [5]. 

      Gratia first discovered bacteriocins in 1925, when he was searching for approaches to kill bacteria 

and observed that E.coli V can inhibit the growth of E.coli S. They were primarily termed as colicins 

and, later, their proteinaceous nature was resolved in 1946 by Fredericq who also demonstrated that 

the inhibitory activity of bacteriocins was due to the presence of specific receptors on the surface of 

sensitive cells [6,7]. Some investigators prefer separating ‘true’ bacteriocins, such as colicins and 

colicin-like bacteriocins, from so-called bacteriocin-like inhibitory substances (BLIS) [8]. There is a 

continuing interest in bacteriocins from lactic acid bacteria (LAB), and some authors suggest a sub 

classification for these AMPs [9]. Moreover, the broad variety of bacteriocins, their origins, 

complexities of production, and mechanisms of actions, justify the need for sub classifications for 

several other groups of bacteriocins [10]. 

      Several previous studies confirmed the lethal effect of bacteriocins on sensitive bacterial cells such 

as Pseudomonas aerugensa, Klebsiella pneumonia, E. coli and others [11,12]. Due to the prokaryotic 

cells which, requires specialized receptors to bind the protein to the target cells, bacteriocins have 

multiple targets to sensitive cells such as the biosynthetic apparatuses of the cells and bacterial 

membranes [13]. This fact led the researchers to investigate the effects of bacteriocins on eukaryotic 

cells such as mammalian cells that do not have a cell wall [14]. The lethal effect of these bacteriocins 

on eukaryotic cells could be through the effect on the plasma membrane, = the genetic material 

(DNA), or the process of protein synthesis through the effect on RNA [15]. The toxic effect of 

bacteriocins toward mammalian cells depends on the type of cells, the type of bacterium, the time of 

exposure and the concentration used. In general, normal cells are more resistant to the effect of 

bacteriocins than cancer cells because of the modifications that take place in the size and shape of 

cancer cells which become carriers of specialized receptors for the binding of  bacteriocins [16,17]. 

     A study conducted by Cebrián et al. [18] on the toxicity of AS-48 bacteriocin on human 

erythrocyte showed that the hemolytic potential of AS-48 bacteriocin varied with the concentrations 

used; hemolysis produced at the higher concentration (20μM) was very low (less than 1.2% ), whereas 

no hemolysis occurred at a low concentration of 5μM. Smarda et al. [19] conducted a study on the 

effect of colicin E on Euglena gracilis, which falls within the flagellum class. They concluded that 

Colicin E2 inhibits the proliferation of these cells by breaking down DNA into pieces. A study by 

Naghmouchi et al. [20] reveled that nicin A and pediocin PA-1/AcH bacteriocins reduced colistin 

toxicity on Vero cells as well as its hemolytic activity on fresh human RBCs. 

Materials and methods 

Bacterial isolation and identification 

      Citrobacter freundii isolates were obtained from 150 patients suffering urinary tract infection 

(UTI) referred to AL-Yarmuk Teaching Hospital in Baghdad. The urine samples were cultured on 

MacConkey agar and Eosin Methylene Blue agar for 18 - 24 hrs. at 37℃ for primary identification. 

The appearance of the G-ve isolates was identified dependent on microscopic, cultural and 
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biochemical tests (catalase, oxidase, indole, methyl red, vogas-proskaurs, citrate, urease, kliglar iron 

agar (KIA), lactose fermentation) [21], as well as chromogenic agar and Vitec-2 system.  

Detection of C. freundii bacteriocin-producing isolates by cup assay 

     The isolates of Citrobacter were subjected to a screening process that was performed to investigate 

their competitive activities to inhibit the growth of a sensitive isolate (E. coli). The ability of these 

isolate to produce the bacteriocin was assayed using the cup assay. The isolates were cultured in brain 

heart infusion broth with 5% glycerol and incubated at 37 ˚C for 18 hrs. After the incubation period, 

the growing bacterial isolates were heavily streaked on brain heart infusion agar + 5% glycerol and 

incubated at 37 ˚C for 18 hrs. An indicator isolate suspension was prepared and compared with 0.5 

McFarland standard solution. The suspension of the indicator isolate was spread on the surface of 

nutrient agar and left to dry at 37°C for 10 min. Each isolate was plated in a duplicate. A cork porer (5 

mm diameter) was used to make discs on the brain heart infusion agar that contains the producer 

isolates. The discs were removed from the agar medium, translocated gently on the surface of nutrient 

agar spread by the indicator isolate, and incubated overnight at 37° C. The efficient bacteriocin-

producing isolates were selected depending on the size of the inhibition zone around the agar disk 

against that produced by the indicator isolate [22]. 

Extraction of crude C. freundii bacteriocin [23] 

      Test tubes were cultured with the efficient isolates, each containing 2.5 ml of the sterile brain heart 

infusion broth, and incubated at a temperature of 37° C for18 hours; A liquid medium of heart infusion 

broth (100 ml) with 5% glycerol was distributed in appropriate flasks. Inoculations of the bacterial 

cells were cultured in the first step (2.5 ml), then incubated in a shaker incubator (150-200 cycle/min) 

at 37 ° C until the cells reached about 3 × 10
8
 cells / ml after14 hrs. at. After the end of the incubation 

period, mitomycin- C was added with a final concentration 2 mg/ml to induce bacteriocin production , 

followed by another shaking incubation step for 3 hours. The culture was centrifuged at 5000 rpm for 

30 min in a cooling centrifuge. Chloroform was added for the killing of any cells that might be found 

in the supernatant.  All supernatants were cultured on brain heart infusion agar in order to confirm the 

absence of any cells. Thereafter, they were stored at 4°C until used. The supernatant was taken to 

evaluate bacteriocin activity using the well method [24] and the concentration of protein was 

determined using Lowery method [25]. 

Genotoxicity effects of C. freundii bacteriocin in albino mice 

     Six to eight weeks old albino male mice  (weighed 25-30 gm) were used. Mice were supplied from 

the Iraqi Center for Cancer and Medical Genetics Research. All the living conditions were provided 

including diet and drinking water  under controlled conditions of 25 ± 5°C and 12 ± 2 hours light/dark 

cycles.  Different doses of bacteriocin were prepared (37.5, 75, 150 and 300 mg/kg) according to the 

LD50 of C. freundii bacteriocin which was previously determined [26]. Animals were injected intra-

peritoneally with 0.3 ml of each of these doses (Three mice for each concentration), while the control 

mice were injected with 0.3 ml of normal saline. After 18 hrs., the animals were sacrificed by cervical 

dislocation and dissected to obtain the femur [27]. 

Micronucleus assay 
      Cytogenetic analysis of the MN in the bone marrow was conducted using standardized procedures 

[28]. 

     The femoral bones of each mouse were excised, the surrounding muscle  was trimmed, and both 

ends of the bone were cut to collect the bone marrow cells. Bone marrow cells were flush out with 1 

ml of inactivated fetal calf serum (FCS) into Eppendrof tubes using a 1 ml syringe. Then, the tubes 

were centrifuged at approximately 1000 rpm in a micro centrifuge for 5 min. The supernatant was 

removed  and the cells were resuspended with 500μl of FCS. A volume of 50μl of cell suspension was 

placed on the end of a glass slide, spread to make a smear, fixed with methanol, and stained with 

Giemsa stain. Finally, the percentage of MN was calculated using the following equation: MN% = 

(Number of MN cells /100) × 100.Alkaline comet assay 

     Bone marrow was collected from the femur bone through injection with warm PBS (37°C). The 

cells suspension was of a final concentration of 1×11
5
 cells/ml. Low melting agarose (LM) was melted 

in a beaker of boiling water for 5 minutes and placed in 37°C water bath for at least 20 minutes to 

cool. Cell suspension was mixed at 1 x  11
5
/ml with molten LM  agarose (37°C) at a ratio of 1:10 (v/v) 

and 50 μl of the mixture was immediately pipetted on a comet slide. Flat slides were kept at  4°C in 

the dark  for 10 minutes. Afterwards, a 0.5 mm in diameter clear ring appeared at the edge of the 
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comet slide.  Slides were immersed in 4°C lysis solution for 30-60 minutes and then in Alkaline 

Unwinding Solution for 20 minutes at room temperature or for 1 hour at 4°C, in the dark. For the 

comet assay electrophoresis (ES-unit), ~850 ml of 4°C Alkaline Electrophoresis Solution was added, 

then the slides were placed in an electrophoresis slide tray. Power supply was settled to 21 volts for 30 

minutes. Excess electrophoresis solution was drained gently and the samples were immersed twice in 

dissolved H2O (after NaOH is dissolved) for 5 minutes each, then in 70% ethanol for 5 minutes. The 

samples were then dried at 37°C for 10-15 minutes.  100 μl of diluted SYBR Green was placed onto 

each circle of dried agarose for 30 minutes (room temperature) in the dark. Slides were dried 

completely at 37°C and viewed by fluorescence microscopy.  

Quantification was performed using image analysis software comet score, which calculates different 

parameters for each comet. Three parameters were estimated, which were tail length, %DNA in tail 

and olive tail moment. Olive tail moment is defined as the product of the tail length and the fraction of 

total DNA in the tail [29, 30]. 

Statistical Analysis 

     The Statistical Analysis System- SAS 2012 software [31] was used to detect the effect of difference 

factors in the studied parameters. The results were expressed as mean ± S.D.. Least significant 

difference (LSD) test (Analysis of Variation-ANOVA) was used to compare between means in this 

study. 

Results and discussion 

C. freundii Bacteriocin-producing isolates 

     Percentage of C. freundii isolated from UTI patients was 2                          C. freundii 

bacteriocin producers, as detected by the cup assay, exhibited a mean inhibition zone of 30 mm, 

whereas the extracted bacteriocin yielded a protein concentration of 2900 µg/ml and an  activity at 320 

AU/ml. 

Effect of C. Freundii bacteriocin on MN frequency 

      C.freundii bacteriocin caused a significant increase (P≤0.05) in MN frequency (5.37 ± 0.79%) at a 

dose of 300 mg/kg as compared to the control (3.55 ± 0.57%), while MN frequency was 3.87 ± 0.86% 

at a dose of37.5 mg/ kg at. No significant differences were recorded between  the MN frequency of the 

control and the bacteriocin at the doses of  37.5, 75 and 150 mg/kg (3.87 ± 0.86, 4.05 ± 0.95 and 4.62 

± 0.56%) . In addition, no significant differences were observed among the used doses (37.5, 150 and 

300 mg/kg) (Figure-1).  

     Micronuclei are formed as a result of chromosomal aberrations and acentric fragments excluded 

from the main nucleus on late stages of anaphase. MNs can be produced through the two mechanisms 

of chromosomal breaks (clastogenesis) or distruption of the mitotic apparatus (aneugenesis). MNs are 

used in the detection of cytogenetic damages in inhabitants exposed to genotoxic agents. It can be also 

implemented in the detection of polychromatic erythrocytes in vivo [32- 34]. 

     The results of this study observed that the higher doses (150 and 300 mg/kg) of  C. freundii  

bacteriocin elicited significant increases in MN frequency in the bone marrow of mice. This indelicate 

segregation of chromosomes may result from hypo-methylation of repeat sequences present in DNA, 

dysfunctional spindle apparatus, or irregularities in kinetochore proteins or their assembly. The 

resulting MN frequency could potentially arise to increased DNA repair proficiency, a decrease in the 

number of cellular DNA double strand breaks, an increase in cellular proliferative index, increased 

apoptosis of erythroblasts, or harboring DNA damage, based on the length of the erythrocyte cell cycle 

[35,36]. 
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Figure 1-Effect of C. freundii bacteriocin on Frequency of Micronuclei (MN%) in bone marrow cells. 

 

Effect of C. freundii bacteriocin on DNA damage by comet assay 

Tail length 

      Figure-2 shows a significant increase in tail length value in the treated mice for the doses of 75, 

150 and 300 mg/ kg  (145.18 ± 11.92, 267.73 ± 14.06 and 295.08 ± 234.58%, respectively) as 

compared to the control (6.36 ± 0.71%). While no significant differences were observed at the dose 

of37.5 mg/kg in comparison with the control. Whereas, when the comparison was made among the 

doses (37.5, 75, 150 and 300 mg/kg), the results showed a significant increase in tail length value 

(295.08 ± 234.58%) at the dose of 300 mg/kg (P≤0.05).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-Effect of C. freundii bacteriocin on DNA damage (Tail length). 

 

Percentage of DNA in tail 

       Results in Figure-3 show significant increases (P≤0.05) at higher doses of150 and 300 mg/kg 

(13.87 ± 1.04 and 14.31 ± 1.11%, respectively) in comparison with the control (2.17 ± 0.19%). In 

addition, no significant differences were noted with the dose of 37.5 mg/kg), while a significant 

increase was recorded at dose the dose of 75 mg/kg (8.05 ± 0.32%). Moreover, significant differences 

were observed when comparing the lower (37.5 and 75mg/kg) and the higher doses, with the value 

reaching 14.31 ± 1.11% at the dose of 300 mg/kg. 
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Figure 3-Effect C. freundii bacteriocin on DNA damage (%DNA in tail). 

 

Olive tail moment  

     Results in Figure-4 reveal a significant increase (P≤0.05) in olive moment values in mice treated 

with C. freundii bacteriocin at higher doses of 150 and 300 mg/kg with (22.72 ± 1.71 and 25.85 ± 

3.06%, respectively)  in comparison to the control (0.981 ± 0.08%). However, no significant 

differences were found between the control (1.058 ± 0.12%) and the lower dose (37.5 mg/kg). The 

comparison among the doses (37.5, 75, 150 and 300 mg/kg) recorded significant increases, reaching a 

highest value of 25.85 ± 3.06% at the dose of 300 mg/kg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-Effect C. freundii bacteriocin on DNA damage (Olive tail moment). 

 

      Single cell gel (SCG) is implemented to detect DNA damages using the alkaline method that 

allows the detection of double and single strand breaks and alkali-labile sites. It became the most used 

approach due to its broad- spectrum of detection of DNA damage. Comet assay allows to detect breaks 

in DNA strands in both interphase and mitotic cells, which can be visualized by the increased 

migration of free DNA segments, resulting in images similar to comets. This method was used by a 

number of investigators to trace DNA defects and to determine the quantity of DNA by measuring the 

exchanges between the genetic material of the nucleus and the consequent tail [34].   

      Alkaline comet assay of analysis of DNA content in the comet tail was used to demonstrate the  

effect on DNA integrity and chromosomal damages (Figure-5), bridges, fragments and other types of 

disorders, in the interphase nuclei of murine bone marrow cells after acute exposure to these 
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bacteriocin types. Nevertheless, the mechanism of these effects on DNA integrity remains unknown. 

Probably, the detected effect is caused by the non-adaptation of the animals to the chemosignal used at 

the level of the bone marrow interphase nuclei. It is also possible that the damaged cells will 

accumulate after 24 h due to their inability to enter mitosis [37, 38]. 

      Accordingly, comet assay was used to evaluate DNA damages in apoptotic cells due to its easy 

implementation and low costs. Although the comet assay has been used to predict apoptosis, the 

presence of hedgehog comets, characterized by a small head and a long or absent tail, is not 

considered as an apoptotic indicator. It is well established that necrosis also leads to DNA 

fragmentation [39, 34]. 

 

 

 

 

 

 

 

 

 

 

A. Normal DNA                                     B. Effected DNA 

 

Figure 5-DNA from bone marrow cells of albino mice exposed to C. freundii Bacteriocin A. Normal 

DNA: refers to DNA without damage   B. Affected DNA:  refers to DNA with damage.  

 

Conclusion 

    The micronucleus (MN) and comet assays has been t widely used as the most reliable and sensitive 

in vivo approaches to assess the induction of chromosomal aberrations and strand breaks in DNA 

which is caused C. freundii bacteriocin. 

Recommendations 

     Further studies should be performed to investigate the effect of C. freundii bacteriocin on the level 

of nucleotides, to show mutagenicity of changes in the sequence of standard base pairs or abnormal 

chemical structure in DNA. 
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