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Abstract 

In This study a comparison between Proteus mirabilis DNA and Candida albicans 

DNA in Arthritis. Fourteen Proteus isolates (11.6%) were collected from 120 

specimens collected from midstream urine of patients of both sex and different ages 

attending different hospitals in Baghdad. Antibiotic sensitivity assay showed that All 
Proteus mirabilis recovered from UTI developed multidrug resistance and variable 

degree of resistance. Histopathological changes in model treated with Proteus 

mirabilis DNA revealed congestion, inflammatory cells infiltration, oedema, 

hemorrhagic exudates as well as necrotic cells. Furthermore, articular joints damage 

has been noticed with articular tissue in ligament and lining epithelium. In addition, 

an aggregation of lymphocyte was observed as well. While rats treated with 

Candida albicans DNA depict a congestion and a mild infiltration of inflammatory 

cells with oedema and augmented infiltration reaction inside the joint space. Serum 

Interleukine-6 (IL-6) levels peaked within 24 hours after injection of P. mirabilis 

DNA intraarticularly, while serum IL-6 levels did not increase in rats injected with 

C. albicans DNA and TE. The serum level of Anti-double strand antibody IgM 
(Anti-ds Ab) was assessed after 14 days and results revealed that Anti-ds Ab 

concentration was significantly higher (P< 0.01) in the animal model treated with 

Proteus mirabilis DNA  than those treated with Candida albicans DNA. Total white 

blood cell count has been assessed, Animal model treated with 30µg/100 µl P. 

mirabilis DNA showed a significant (P< 0.05) increasing in total count of WBC, 

while there were insignificant differences between animals treated with 30µg/100 µl 

C. albicans and control animal. 

 

Keywords: Septic arthritis, Unmethylated DNA. 

 

صابو في ا Candida albicans  الخميره دنابمقارنو  Proteus mirabilisدور دنا بكتريا 
 مفاصل الجرذان

 
 ىند حسين عبيد, حارث جبار المذخوري, *احمد فاضل كاظم

 العراق ,بغداد ,جامعو بغداد, كميو العموم, قسم عموم الحياه
 

: الخالصو
 Candida albicansودنا الخميره   Proteus mirabilisريا ن دنا بكتمقارنو بياجريت  ىذه الدراسوفي     

عينو جمعت من ( 120)تم الحصول عمييا من ( 11,6)% المفاصل اربعة عشر عزلو  المسببو اللتياب
. مستشفيات مختمفو في بغداد منمرضى مصابين بالتياب المجاري البوليو لكال الجنسين ومن مختمف االعمار 

التغييرات . Proteus mirabilisلكل عزالت  مقاومو متعدده لممضادات الحيويو اظيراختبار الحساسيو 
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خراجات دمويو وكذلك , وذمو, النسيجيو في النموذج المعامل مع دنا البكتريا اظيرت ترشيح خاليا التيابيو
. لمفصلوالخاليا الطالئيو المبطنو ل, االربطو, النسيج ,لوحظ ضرر في المفصل, فضال عن ذلك. خاليا ميتو

 بينما اظيرت الجرذان المعاممو بدنا الخميره ترشيح بسيط. باالضافو الى ذلك لوحظ تجمع لمخاليا الممفاويو
ساعو بعد حقن دنا  24خالل في مصل الجرذان  Interleukin-6مستوى  ارتفع.لمخاليا االلتيابيو مع وذمو

مستوى . TE Bufferالمعاممو بدنا الخميره والدارئ البكتريا في داخل المفصل بينما لم يزداد تركيزه في الجرذان 
Anti-ds DNA antibody  النتيجو زياده معنويو اظيرتيوم و 14تم تقديره بعد (0.01>P ) في النوذج

مجموع كريات الدم البيضاء تم . الحيواني المعامل مع دنا البكتريا مقارنو بتمك التي تم معاممتيا بدنا الخميره
في مجموع كريات ( P<0.05)الحيواني المعامل بدنا البكتريا والتي اظيرت زياده معنويو  تقييمو في النوذج

 .(Control)بينما التغيير غير معنوي بين الحيوانات المعاممو بدنا الخميره وحيوانات السيطره , الدم البيضاء
 

Introduction 
Septic arthritis is a key consideration in adults presenting with acute monoarticular arthritis. Failure to 

initiate appropriate antibiotic therapy within the first 24 to 48 hours of onset can cause subchondral 

bone loss and permanent joint dysfunction [1].  

Bacterial DNA differs from vertebrate DNA in having a much higher content of unmethylated CpG 
dinucleotides, in particular, base contexts that are termed ‘CpG motifs’. The vertebrate immune 

system appears to have evolved pattern recognition molecules that recognize ‘CpG motifs’ as foreign, 

and trigger protective immune responses which are strongly Th1-biased [2]. It has been initially 
expected that there would be a cell surface receptor for CpG DNA; it appears instead that the 

recognition of CpG motifs is accomplished through one or more intracellular CpG binding proteins 

[3]. Although many cell types are able to bind DNA on their surface, this binding appears to be non-

sequence specific [4]. DNA is then taken up by cells, also in a non-sequence specific fashion, into an 
endosomal compartment where the DNA is acidified and digested by nucleases [5, 6, 7]. It appears 

that this endosomal acidification of CpG DNA may be required for its immune stimulatory activities 

since inhibition of endosomal maturation with specific inhibitors such as chloroquine completely 
blocks the downstream signaling pathways induced by CpG [8,9]. 

 Bacterial DNA and synthetic oligonucleotides that express these CpG motifs rapidly stimulate B cells, 

T cells, and macrophages to proliferate, secrete Abs, and/or produce a variety of Th1-associated 
immunomodulatory cytokines, including IFN-g, IL-12, IL-6, IL-18, and TNF-a [10]. Further, CpG 

motifs may facilitate the development of Ag-specific immunity by initiating an innate, Ag-nonspecific 

inflammatory response at the site of vaccination [11]. Since DNA is readily taken up by leukocytes, it 

is logical to hypothesize that bacterial DNA, and specifically nonmethylated CpG oligonucleotides, 
are capable of causing inflammation in the joints and may contribute to disease progression and 

morbidity [12]. Bacterial infections can be localized to the joints, causing septic arthritis. Bacterial 

arthritis is a rapidly progressive and highly destructive joint disease in humans, other destructive joint 
diseases, including autoimmune disorders such as rheumatoid arthritis, are connected to an increased 

incidence of bacterial arthritis [12,13].  

Patients with arthritis can develop anti-ds DNA antibodies; however they are usually treatment related. 
Anti-TNFα biological therapies, such as adalimumab, infliximab and etanercept, can often induce the 

production of anti-dsDNA antibodies. They are usually low avidity and are only detectable transiently 

after treatment [14,15]. 

Material and Methods 
From September 2012 to February 2013, one hundred and twenty specimens were collected from 

patients, suffering from urinary tract infections, attending Al-Kindy teaching hospital, Al-Yarmouk 

hospital, the central health laboratories and educational laboratories/medical city in Baghdad. 
The collected specimens were streaked directly on MacConkey agar, blood agar and sabouraud agar; 

thereafter, incubated at 37°C for 24 hr. The pale non lactose fermenters colonies were selected then a 

single colony was streaked on blood agar for the activation, detection of bacterial ability to lyse red 

blood cells and observation swarming phenomena. All specimens were identified according to 
morphology, biochemical tests and confirmed by Vitek 2 system. 

http://en.wikipedia.org/wiki/Adalimumab
http://en.wikipedia.org/wiki/Infliximab
http://en.wikipedia.org/wiki/Etanercept
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Candida albicans was collected for mid stream urine from patients suffering UTI, these isolates were 

identified depending on the morphological features on culture medium and germ tube formation with 

the use of API-Candida system 

Antibiotic susceptibility of Proteus mirabilis 
This test was done by disc diffusion method according to Kirby-Bauer test [16]. After incubation, the 

diameter of each inhibition zone was measured in millimeter (mm) using a ruler. And the isolate was 

interpreted as either susceptible, intermediate, or resistant to a particular drug by comparison with 
standards inhibition zone as in table 1. 

 

Table 1- Inhibition zone diameter standards (CLSI, 2012) 

Antibiotics 

Concentratio

n 

(µg/disc) 

Diameter of inhibition zone (mm) 

R I S 

Amikacin 30 ≤ 14 15–16 ≥ 17 

Tobromycin 10 ≤ 12 13–14 ≥ 15 

Imipenem 10 ≤ 19 20–22 ≥ 23 

Ciprofloxacin 5 ≤ 15 16–20 ≥ 21 

Ceftazidime 30 ≤ 17 18–20 ≥ 21 

Gentamicin 10 ≤ 12 13–14 ≥ 15 

Trimethoprim-

Sulfamethoxazole 
1.25/23.75 ≤ 10 11–15 ≥ 16 

R= resistant, I= Intermediate, S= Sensitive 

 

Isolating of Genomic DNA from Proteus mirabilis and Candida albicans 

Proteus mirabilis DNA was extracted and purified using Wizard genomic DNA purification kit 

(Promega, USA) according to the protocol stated by the kit manufacturer. While Candida albicans 
DNA was extracted and purified using EZ-10 Spin column fungal genomic DNA Mini-Preps Kit (BIO 

BASIC INC.) according to the protocol stated by the kit manufacturer. 

Measurement and purity of DNA 

The concentration and the purity of the DNA samples were determined by measuring the absorbance 
using a UV spectrophotometer at 260 nm and 280 nm wavelengths; the D.W. was used as blank. The 

OD260 reading was considered as the concentration of DNA while the OD260/280 ratio reading was 

considered as the purity of DNA [12].  

The injection protocol  

        DNA dissolved in Tris-EDTA buffer (TE) in a volume of 100µl were all injected intraarticularly 

in the knee joints, these knees were first sterilized with alcohol. 
The right knee received an intraarticular injection of DNA (30 µg/100 µl), while the control was 

injected with 100 µl TE buffer only. All the intraarticular injections were performed on anesthetized 

Rats [12]. 

Blood sample collection 
EDTA anticoagulated blood has been used for counting white cells; the count was performed within 6 

hrs. And non- anticoagulated blood collected in a plain tube to obtain serum. 

Histopathologcal examination 
Histopathologic changes in joints was performed after routine fixation, decalcification, and paraffin 

embedding. Sections were cut and stained with hematoxylin and eosin. All the slides were coded and 

evaluated blindly[12]. 

Interleukin 6 level 

Interlekin-6 levels were measured in rats’ sera using Quantikine®ELISA kit according to the protocol 

stated by the kit manufacturer. 

Anti DNA antibodies 
Rat Anti-double strand DNA antibody were measured in rats’ sera according to AESKULISA dsDNA-

M kit using protocol stated by the kit manufacturer  

Total white blood cells count 
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Whole blood was diluted 1 in 20 in a WBC diluting fluid which haemolyzes the red cells, the white 

cells left to be counted.  

White cells were counted microscopically using a counting chamber (haemocytometer) and the 

number of WBCs of blood calculated in four corners of the chamber. 

Results and discussion  

Isolation and Identification of Proteus 

Fourteen Proteus isolates (11.6%) were obtained from 120 specimens collected from midstream urine 
of patients of both sexes and different ages attending deferent hospitals in Baghdad. Identification was 

achieved depending on cultural characteristics, microscopic examination, biochemical tests and 

confirmed by vitek 2 compact system. 
Fourteen isolates were suspected to belong to the genus Proteus appeared as small pale colonies, little 

convex and circular with smooth edges with a distinguishing fishy odour on MacConkey agar plates. 

MacConkey agar was used for growing Proteus isolates because it differentiates them from other gram 

negative species and it contains all required nutrients for Proteus growth. 
Proteus isolates represented differences in some biochemical characteristics as shown in table 2. All 

Proteus isolates were oxidase negative, catalase positive, and urease positive. But variable results were 

noticed in indole test, and citrate utilization test. Biochemical tests were confirmed by VITEK
® 

2 
SYSTEM which gave similar results. 

 

Table 2:- Results of Biochemical tests of Proteus species 

Id Biochemical test P. mirabilis P. vulgaris 

1 Oxidase - - 

2 Catalase + + 

3 Indole - + 

4 Citrate Utilization v v 

5 Triple-Sugar Iron Agar K/A ++ K/A ++ 

6 Urease + + 

7 Methyl Red + + 

8 Vogas-Proskauer - - 

(+)  positive result, (-)   negative result, (v) variable result, K= Alkaline, A= Acidic 

 

Among Proteus isolates, P. mirabilis performed 85.7% (12 isolates) of total Proteus isolates, while P. 
vulgaris appeared only in 14.3% (2 isolates) of total Proteus isolates. The present study results are in 

agreement with a study done in Baghdad by Al-Rahho [17]; in which she mentioned that P. mirabilis 

performed 86.6% and P. vulgaris covered 13.3% of the total Proteus isolates in urine with patient 
suffering from UTI. Also in a study accomplished in Nigeria by Mordi and Momoh [18], P. mirabilis 

was the commonest followed by P. vulgaris.  

Identification of Candida albicans 
Four Candidal isolates were identified depending on the morphological features on culture medium 

and germ tube formation with the use of API-Candida system. The morphology of C. albicans 

colonies on sabouraud dextrose agar were white to creamy, round, soft, and smooth to wrinkled, with a 

characteristic yeast odor. C. albicans isolates showed a positive result since the formation of germ 
tubes was seen as long tube-like projections extending from the yeast cells. There was no constriction 

at the point of attachment to the yeast cells. These tubular extensions represent an early stage in the 

formation of true hyphae. 

Antibiotic Susceptibility of Proteus mirabilis 

Susceptibility test was done for all P. mirabilis isolates against seven antibiotics widely used for the 

treatment of Proteus infections; included Amikacin, Tobromycin, Imipenem, Ciprofloxacin, 
Ceftazidime, Gentamicin and Trimethoprim-Sulfamethoxazole. All Proteus mirabilis recovered from 

UTI developed multidrug resistance and variable degree of resistance toward  Trimethoprim-
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Sulfamethoxazole (100%), Ciprofloxacin (66.6%), Ceftazidime (58%), Gentamicin (58%),Imipenem 

(25%), Tobromycin (16.6%) and Amikacin (16.6%) figure-1. 

A review of the antimicrobial susceptibility profile of P. mirabilis from the clinical urine specimens 

showed that Trimethoprim-Sulfamethoxazole, Ciprofloxacin, Ceftazidime and Gentamicin were the 
less effective antibiotics (efficacy 0% - 42%), while the highest efficacy (75% – 83.4 %) appeared in 

Imipenem,Tobromycin and Amikacin. 

 

Figure 1- Multidrug resistance of P. mirabilis isolates 

 

A recent study achieved in Tikrit-Iraq presented by Al-Jebouri and Mdish [19] showed a similarity to 

Amikacin resistance, while no agreement appeared against Gentamicin and Ciprofloxacin. 

Nevertheless, Al-Jawadi [20] in Mosul-Iraq, agreed with our study in respect to Gentamicin and 
Amikacin susceptibility. In other study completed by Alsaimary et al. [21], no agreement appeared to 

Trimethoprim-Sulfamethoxazole. 

Resistance to Ciprofloxacin, Ceftazidime and Gentamicin developed by this study isolates were 
similar to studies done by Jombo et al. [22] in Nigeria, Manik et al.[23] in India, respectively. 

However, susceptibility of P. mirabilis to Tobromycin, Amikacin and Trimethoprim-

Sulfamethoxazole were in disagreement with findings of Amin et al. [24] in Iran. 

DNA Extraction 

The DNA was isolated from P. mirabilis isolate which developed the highest sensitivity towards the 

tested antibiotics. P. mirabilis DNA was isolated using a Wizard genomic DNA purification kit 

method. Whereas, C. albicans DNA was isolated using EZ-10 Spin column fungal genomic DNA 
Mini-Preps Kit, Genomic DNA was further analyzed quantitatively and qualitatively by gel 

electrophoresis, which showed one band of DNA. This indicates the methods utilities used in 

extraction and the purification of DNA figure-2. 
 

 
Figure 2- Electrophoresis of two repeats of   P. mirabilis isolate DNA (A) and two repeats of C. albicans isolate 

DNA (B). Running conditions: 0.8% Agarose gel, 5 volt/cm for 2 hrs, stained with ethidium bromide dye and 

visualised by UV light. 
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Concentration and Purity of DNA 

The spectrophotometer apparatus was used to determine the absorbance of DNA solutions with the use 

of distilled water as blank.  

The absorbance of P. mirabilis DNA at 260nm and 280nm were 0.323 and 0.182, respectively. While 
the absorbance of C. albicans DNA at 260 nm and 280 nm were 0.361 and 0.211, respectively. 

Accordingly, the concentration of P. mirabilis DNA was 161.5µg/µl and the purity (OD260/280 ratio) 

was 1.77. While the concentration of C. albicans DNA was 180.5µg/µl and the purity was 1.71. As a 
consequence, the extracted DNA was considered pure given that it was within the expected range of 

1.7 to 2 [25].   

Histopathological study 
The histological changes caused by purified DNA from Proteus mirabilis and Candida albicans were 

investigated using rat model. Normal appearance was observed in the knee joints of control rat as it is 

shown in figure 3. 

 

 
Figure 3- Histological section of control rat joint 3 days after injected with 0.1ml of TE buffer shows a normal 

structure appearance of synovial lining tissue(S), joint space (JS) and connective tissue (Con).  H & E. X200 

 

    Histopathological examination of knee joints from rat intraarticulary treated with 30 µg/100 µl of P. 

mirabilis DNA revealed inflammatory cells infiltration, oedema, hemorrhagic exudates due to the lysis 

of blood vessels, necrotic cells, articular joints damage has been noticed with articular tissue in 
ligament and lining epithelium cells, and an aggregation of lymphocyte was observed as well figure-4. 
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Figure 4- Histological section of rat joint 3 days after injected with 0.1ml of 30 µg/100 µl of P. mirabilis DNA 

showing: A) synovial membrane damage (pentagon), inflammatory cells infiltration (black arrows), hemorrhagic 
exudates (white arrow) (X200). B) Necrotic cells (white triangles) (X100). C) Damage in the ligament and lining 

epithelium cells (X200). D) Aggregation of lymphocyte (X200).  E) Odema (OD) and mononuclear cells (MN) 

H & E (X200). 

 

The histological sections of rat joint that have been treated with 30 µg/100 µl DNA of C. albicans 

depict a congestion and a mild infiltration of inflammatory cells with oedema and augmented 
infiltration reaction inside the joint space as it is shown in figure 5. 

 

 
Figure 5- Histological section of rat joint 3 days after injected with 0.1ml of 30 µg/100 µl of C. albicans DNA 

showing augmented infiltration reaction which consist of infiltered cells (black arrow) and oedema (OD) inside 

the space of joint tissue ligament. H & E. X200. 

 

Taken together, the groups of rat treated with P. mirabilis and C. albicans DNA developed different 
histopathological changes with features relatively less intense in C. albicans than P. mirabilis.  
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The bacterial DNA differs from eukaryotic DNA in having a much higher content of unmethylated 

CpG dinucleotides. The vertebrate immune system appears to have evolved pattern recognition 

molecules that recognize unmethylated ‘CpG motifs’ as foreign, and trigger protective immune 

responses [2]. Moreover, many studies have also mention that Unmethylated CpG motifs were 
responsible for this induction of arthritis, as oligonucleotides containing these motifs produced the 

arthritis [25]. 

 Deng and Tarkowski [12] in their study hypothesized that bacterial DNA might induce arthritis. They 
injected bacterial DNA and CpG Oligodinucleotide directly into knee joints and they found that 

arthritis was induced by bacterial DNA or CpG ODN. This joint inflammation was caused by ssDNA 

as well as by dsDNA, in contrast, oligonucleotides lacking CpG or being methylated did not give rise 
to arthritis. 

The histopathological changes in joints treated with P. mirabilis DNA in our study, showed a strong 

agreement with by Deng and Tarkowski [12], there was synovial hypertrophy and infiltrating cells in 

the synovial lining cell layer, deep in the sublining space, as well as in surrounding synovial vessels in 
arthritic joint sections. In contrast, cartilage and bone destruction were not observed throughout the 

entire observation period. Zeuner et al. [26], in his study mentioned that induction of arthritis by CpG 

ODN, CpG-induced arthritis was characterized histological changes that included perivascular 
infiltration by mononuclear cells and hyperplasia of the synovial lining. Deng et al. [25]; showed that 

unmethylated CpG motifs were responsible for the induction of arthritis, as oligonucleotides 

containing these motifs produced the arthritis and indicate an important pathogenic role for bacterial 
DNA in septic arthritis. Ohshima et al., [27] in their study of arthritis, a severe arthritis induced which 

characterized by marked lining layer damage and dense mononuclear cell infiltration as well. 

In another local study carried out by Al-Mathkhury et al., [28], a marked inflammatory reactions 

appeared with nonmethylated DNA of Pseudomonas aeruginosa to rat lungs represented by 
infiltration of various inflammatory cells; macrophages, neutrophils and lymphocytes.  

Also Al-Mathkhury and Abdul-Ghaffar [29] intraurethreally injected a similar concentration of both S. 

aureus and C. albicans DNA in mice. Histological sections of the kidney treated with S. aureus 
revealed congestion and mild degenerative changes of renal tubules with mild inflammatory cells 

infiltration, the bladder showed edema with infiltration of inflammatory cells, while sections of kidney 

challenged with C. albicans DNA showed normal kidney and bladder structure. However, Al-

Mathkhury and Al-Shaybany reported that the high GC ratio P. acnes DNA developed higher 
inflammatory effects in skin of mice than the low GC ratio S. aureus DNA [30]. 

Assessment the Concentration of Interleukin-6 

The serum level of Interleukin-6 )IL-6( was assessed in three groups of rats, first group was treated 
with 30µg/100 µl of P. mirabilis DNA, the second group was treated with 30µg/100 µl of C. albicans 

DNA and the control group was treated with 100µl of TE buffer. Serum IL-6 levels peaked within 24 

hours after injection of P. mirabilis DNA intraarticularly, while serum IL-6 levels did not increase in 
rats injected with C. albicans DNA and TE Buffer, as appeared in figure 6. 

 

 
Figure 6- Interlukein-6 level in rat serum. Group 1, Group 2, and Control group represent rat groups 

intraarticularly injected with 100 µl of 30µg/100 µl of P. mirabilis DNA, 100 µl of 30µg/100 µl of C. albicans 

DNA and 100µl of TE buffer, respectively.  
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    In this regard, previous studie has shown that bacterial DNA directly activates macrophages [31]. 

The first step of activation encompasses the uptake of bacterial DNA or synthetic oligonucleotides by 

macrophages in a saturable, sequence-independent, temperature- and energy-dependent manner into an 

acidified intracellular compartment, where DNA degraded to oligodeoxynucleotides [32]. These 
transcription factors control the mRNA expression of a variety of cytokines and the secretion of 

proinflammatory cytokines, such as TNFα, IL-1β, IL-6, and IL-12 [33]. These cytokines are 

considered to exert proinflammatory activities in septic and aseptic arthritis, being able to mediate 
cartilage and bone destruction [34]. 

    Deng and Tarkowski, [12] showed that bacterial DNA can induce macrophages and lymphocytes to 

release IL-6 in serum of animal injected intraarticulary with CpG motifs in bacterial DNA, which 
serum IL-6 levels within 24 hours after injection has been increased while Serum IL-6 levels were not 

increased in model injected with calf thymus DNA (eukaryotic DNA) and control model as well. 

Ohshima et al. [27] in their study concluded that IL-6 plays a key role in the development of arthritis 

at both the induction phase and the effector phase, and the blockade of IL-6 is possibly beneficial in 
the treatment of arthritis. 

    When bacterial DNA or synthetic DNA, unmethylated oligonucleotides containing CpG motifs 

were injected into the knee joint of mice, arthritis developed quickly, while methylated DNA had no 
significant effect. Also, the affected tissue was characterized by monocyte and macrophage influx with 

the release of their associated cytokines and chemokines. Hostinflammatory cytokines, including 

interleukin-1 (IL-1) and IL-6, are released into the joint fluid by synovial cells [35]. 
Furthermore, Al- Mathkhury et al. [36] estimated IL-6 in rats' sera after injection the animal model 

with high GC content DNA and Low GC content DNA, DNA activates the immune system causing 

the production of proinflammatory cytokines. Bacterial DNA succeeded in stimulating the immune 

system of rats to produce IL-6. 

Assessment of Anti-Double strand Antibody  

    The serum level of Anti-double strand antibody (Anti-ds DNA Ab) was assessed in three groups of 

rats referred to as 1, 2, and 3 after 14 days of intraarticularly injection with 30µg/100 µl of P. mirabilis 
DNA, 30µg/100 µl of C. albicans DNA and 100µl of TE buffer, the latter considered as a control 

group. Results revealed that Anti-ds Ab concentration was significantly higher (P< 0.01) in the group 

1 than other two groups, as it is presented in figure 7. 

 

 
Figure 7- Anti-ds Ab level in rat serum. Group 1, Group 2, and Control group represent rat groups 

intraarticularly injected with 100 µl of 30µg/100 µl of P. mirabilis DNA, 100 µl of 30µg/100 µl of C. albicans 

DNA and 100µl of TE buffer, respectively 

 

    Because of the role of anti-DNA antibody in the pathogenesis of disease, we studied and measured 

anti-ds Ab in the sera of rats injected intraarticularly with pure eukaryotic and prokaryotic DNA. The 

strong association of anti-DNA with autoimmunity has been confirmed in experiments replicating 
lupus by immunizing normal mice with DNA. However, even when coupled to a protein carrier and 

presented in adjuvant, mammalian DNA fails to elicit significant antibody production [37]. On the 

other hand, bacterial DNA, by virtue of characteristic sequence motifs, can activate the immune 
system and drive the production of antibodies to sequential as opposed to backbone DNA 

determinants. In its antigenic properties, foreign DNA resembles foreign proteins in that it has an 
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epitope structure based on non-conserved sequences that are absent from the host and that are 

therefore not subject to tolerance [38]. 

    Subsequent studies on the specificities of these responses have demonstrated that Normal human 

serum can bind to DNA from many bacterial species, although, interestingly, they do not bind to DNA 
from Escherichia coli. This binding is very species specific. Thus, antibodies that bind to the DNA of 

one bacterial species do not bind cross-reactively to the DNA of another bacterial species [39]. 

Moreover, Pisetsky [37] mentioned that bacterial DNA induces abundant antibody production. By 
using bacterial dsDNA as the immunogen, the induced antibodies bind only to bacterial dsDNA 

without cross-reactivity to mammalian dsDNA. 

    Gilkeson et al. [40] in their study results suggested that anti-DNA antibodies induced by bacterial 
DNA bind to DNA structures dependent on both the base and the sugar phosphate moieties of the 

nucleic acid antigen and may resemble some anti-DNA antibodies expressed in spontaneous 

autoimmune disease in these binding properties. 

    Also, Pyun et al. [41] demonstrated that anti-DNA antibodies from normal mice, although induced 
by bacterial DNA, may display a broad range of antigen recognition and thus resemble lupus anti-

DNA antibodies, many of which are polyspecific, in their pattern of cross-reactivity. 

Gilkeson et al. [42] reported that immunization of normal mice with bacterial DNA induces a 
significant anti-DNA response that includes antibodies resembling some lupus anti-DNA in their 

binding properties, although lacking specificity for mammalian dsDNA.  

Furthermore, Al- Mathkhury et al. [28] demonstrated that the rats’ immune system was stimulated to 
produce anti DNA antibodies after intraperitoneally injection with bacterial DNA. 

Total White Blood Cells count 

    Rat blood was collected after 24 hrs. From the three rats’ groups and the total count of WBC is 

depicted in figure 8: 
   Animal model treated with 30µg/100 µl P. mirabilis DNA showed a significant (P< 0.05) increase in 

total count of WBC, while there were insignificant differences between animals treated with 30µg/100 

µl C. albicans and control animal. 
    Bacterial DNA was reported to have an immunostimulatory effect on leukocytes [43], since these 

molecules mediate leukocyte rolling, and thus control early steps of extra vasation of leukocytes 

during inflammation [44]. Elkins et al., (1999) demonstrated that DNA contains unmethylated CpG 

dinucleotides in particular base contexts (CpG motifs) are rapidly activate leukocytes and this 
activation are triggered by CpG motifs. 

 

 
Figure 8- White Blood cell count in rat groups. Group 1, Group 2, and Control group represent rat groups after 

24 hrs. intraarticularly injected with 100 µl of 30µg/100 µl of P. mirabilis DNA, 100 µl of 30µg/100 µl of C. 

albicans DNA and 100µl of TE buffer, respectively 

 

Comparison between P. mirabilis DNA and C. albicans DNA 
    The results of the present study indicate that histological changes caused by C. albicans DNA were 

generally with a lower potencythan that of P. mirabilis DNA. Nevertheless, they were of 
approximately similar GC content DNA organism the approximate similarity in GC% between P. 

mirabilis DNA (38.9%GC) and C. albicans (35.1%GC) (Pearson et al., 2008). Hence, the differences 
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observed in histological changes, IL-6, and Anti-ds Ab were not due to the difference in frequency of 

CG (fCG). As that the dinucleotide [CG] showed a frequency as expected from the individual G+C 

content and that an increase in CG went along with increased immunestimulation [46] [47] [48]. 

Candida albican DNA has mitogenic properties for immune cells that are similar to those of bacterial 
DNA, which correlated with the presence of nonmethylated CG dinucleotides and suggest that the 

CpG motif-containing DNA may contribute to the development of inflammatory responses after 

infection with C. albicans. In addition C. albicans DNA may contain as yet unidentified 
immunostimulatory structure other than CpG motifs that may be present at a higher frequency in this 

organism [49][50].  

    Several explanations may clarify why C. albicans DNA may not be a strong inflammatory agent 
include: the degree of methylation affects the immunostimulatory nature of DNA. C. albicans DNA 

contains about 0.1% 5-methylcytosine during growth in the yeast phase and significantly less during 

mycelial growth, a methylation known to diminish the activity of CpG DNA via interaction with 

TLR9 [51-53]. Ramirez-Ortiz et al. [54] reported that the fungal pathogen Aspergillus fumigates DNA 
contains unmethylated CpG sequences. It stimulated the production of proinflammatory cytokines; 

however it was less than bacterial DNA based on the methylation content since CpG motifs in A. 

fumigates DNA had a low level of methylation.  This result could reflect the differences in CG content 
in C. albicans and P. mirabilis DNA since the amounts of stimulatory induced by DNA were strongly 

correlated with the frequency of CG dinucleotides in the genome. TLR-9 recognizes unmethylated 

CpG dinucleotides which abundant in prokaryotic DNA and rare in eukaryotic DNA [55].  

References 

1. Mathews, C. J. Weston, VC. Jones, A. Field, M. and Coakley, G. 2010. Bacterial septic arthritis 

in adults. Lancet. 375(9717), pp:846–855. 

2. Krieg A. M. 2001. Immune effects and mechanisms of action of CpG motifs. Vaccine 19, pp: 
618–622 

3. Krieg A.K., Yi A-K., Matson S. 1995. CpG motifs in bacterial DNA trigger direct B-cell 

activation. Nature 374:546–9. 
4. Zhao, Q. Waldschmidt, T. Fisher, E. Herrera, C. J. and Krieg, A. M. 1994. Stage-specific 

oligonucleotide uptake in murine bone marrow B-cell precursors. Blood 84, pp:3660–6. 

5. Tonkinson, J. L. and Stein, C. A. 1994. Patterns of intracellular compartmentalization, trafficking 

and acidification of 5%-fluorescein labeled phosphodiester and phosphorothioate 
oligodeoxynucleotides in HL60 cells. Nucleic Acids Res 22, pp:4268–75. 

6. Bennett, R. M. Gabor, G. T. and Merritt, M. M. 1985.  DNA binding to human leukocytes. 

Evidence for a receptor-mediated association, internalization, and degradation of DNA. J Clin 
Invest 76, pp:2182–90. 

7. Krieg, A.M. Tonkinson, J. and Matson, S. 1993. Modification of antisense phosphodiester 

oligodeoxynucleotides by a 5% cholesteryl moiety increases cellular association and improves 
efficacy. Proc Natl Acad Sci USA 90:1048–52. 

8. Yi, A. K Tuetken, R. Redford, T. Kirsch, J. Krieg, A.M. 1998.  CpG motifs in bacterial DNA 

activates leukocytes through the pH-dependent generation of reactive oxygen species. J Immunol 

160, pp:4755–61. 
9. MacFarlane, D. E. and Manzel, L.  1998. Antagonism of immunostimulatory CpG-

oligodeoxynucleotides by quinacrine, chloroquine, and structurally related compounds. J 

Immunol 60, pp:1122–31. 
10. Ballas, Z.K., Rasmussen WL. and Krieg A.M. 1997. Induction of natural killer activity in murine 

and human cells by CpG motifs in oligodeoxynucleotides and bacterial DNA. J Immunol 157, 

pp:1840–5. 
11. Elkins K. L., Rhinehart-Jones T. R., Stibitz S., Conover J. S. and Klinman D. M. 1999. Bacterial 

DNA Containing CpG Motifs Stimulates Lymphocyte-Dependent Protection of Mice Against 

Lethal Infection with Intracellular Bacteria. J Immunol  162, pp:2291-2298 

12. Deng G.M. and Tarkowski A. 2000. The Features Of Arthritis Induced By CpG Motifs in 
Bacterial DNA. Arthritis & Rheumatism 43(2) , pp : 356–364 

13. Goldenberg DL. 1998. Septic arthritis. Lancet 351, pp:197–202. 

14. Hanauer SB. 1999. Review article: safety of infliximab in clinical trials.  Aliment. Pharmacol. 
Ther. 13 (4) , pp: 16–22; discussion 38.  



Kadhim et.al.                       Iraqi Journal of Science, 2014, Vol 55, No.3B, pp:1170-1182 

1181 

15. Hyrich KL., Silman AJ., Watson KD., 2004. Anti-tumour necrosis factor alpha therapy in 

rheumatoid arthritis: an update on safety. Ann. Rheum. Dis. 63 (12), pp: 1538–43.  

16. Atlas R.M.; Brown A.E. and Parks L.C. 1995. Laboratory manual of experimental microbiology. 

Mosby-year book, Baltimore. 
17. Al-Rahho H.N. 2011. Extraction of Proticine From Clinical Strains of Proteus mirabilis and 

Study Some of Its Properties. M.Sc. Thesis, College of science. University of Baghdad/ Baghdad 

Iraq. 
18. Mordi R., Momoh,MI. 2009. Incidence of Proteus species in wound infections and their 

sensitivity pattern in the University of Benin Teaching Hospital. Afr. J. Biotechnol. 8 (5), pp: 725-

730  
19. Mohemid M. Al-Jebouri, Salih A. Mdish

. 
2013. Antibiotic Resistance Pattern of Bacteria Isolated 

from Patients of Urinary Tract Infections in Iraq. Open Journal of Urology. 3(2), pp:124-131 

20. Al-Jawadi D. A. 2007. Urinary Tract Infections among pregnant women attending Al-Batool 

Maternity Teaching Hospital. Nineveh College of Medicine University of Mosul. Mosul-Iraq. 
21. Alsaimary I. E., Alabbasi A. M. and Najim J. M. 2010. Antibiotics susceptibility of bacterial 

pathogens associated with otitis media .2(4), pp: 41-50 

22. Jombo G. Emanghe, U. Amefule, E. and Damen J. 2012. Nosocomial and community acquired 
uropathogenic isolates of Proteus mirabilis and antimicrobial susceptibility profiles at a 

university hospital in Sub-Saharan Africa. Asian Pacific Journal of Tropical Disease, pp:7-11 

23. Manik S., Ganesapandian S., Singh M. and Kumaraguru A.K. 2011. Antimicrobial Susceptibility 
Pattern of Urinary Tract Infection Causing Human Pathogenic Bacteria. Asian J. Med. Sci., 3(2), 

pp: 56-60 

24. Amin M. Mehdinejad M. and Pourdangchi Z. 2009. Study of bacteria isolated from urinary tract 

infections and determination of their susceptibility to antibiotics. Jundishapur Journal of 
Microbiology  2(3), pp: 118-123 

25. Deng G.M., Nilsson M., Verdrengh M., Collins V. and Tarkowski A. 2001. Intra-articularly 

localized bacterial DNA containing CpG motifs induces arthritis. Nature Medicine 5:702 – 705. 

26. Zeuner R.A.; Ishii K.J.; Lizak M.J.; Gursel I.; Yamada H.; Klinman D.M. and Verthelyi D. 2002. 

Reduction of CpG-Induced Arthritis by Suppressive Oligodeoxynucleotides. Arthritis Rheum. 

46(8) , pp: 2219–2224. 

27. Ohshima S., Saeki Y., Mima T. sasai M., Nishioka K., Nomura S. and Kishimoto T. 1998. 
Interleukin 6 plays a key role in the development of antigen-induced arthritis. Proc. Natl. Acad. 

Sci. 95, pp: 8222–8226 

28. Al- Mathkhouri H. F., Utba N. M. and Al-Alusi N. S. 2012. Low GC and High GC bacterial DNA 
impact on anti DNA antibodies, IL-6 and IL-12 level in rats. International Journal for Sciences 

and Technology 7(2) , pp:90-93 

29. Al-Mathkhury J.F. and Abdul-Ghaffar S.N. 2011. Urinary Tract Infections Caused by 
Staphylococcus aureus DNA in Comparison to The DNA Extracted From Candida albicans. 

M.Sc. Thesis. College of science, University of Baghdad, Baghdad Iraq. 

30. Al-Mathkhury H. J.F. and Al-Shaybany M. 2012. Murine Skin Damage caused by 

Staphylococcus aureus DNA and Propionibacteriun acnes DNA. Int. J. Rec. Sci. 3, pp: 940 -945.  
31. Stacey KJ., Sweet MJ. and Hume. DA. 1996. Macrophages ingest and are activated by bacterial 

DNA. J Immunol 157, pp:2116–22. 

32. Zhao Q., Song X., Waldschmidt T., Fisher E., Krieg A.M. 1996.  Oligonucleotide uptake in 
human hematopoietic cells is increased in leukemia and is related to cellular activation. Blood 88, 

pp:1788–95. 

33. Baeuerle PA. and Henkel T. 1994. Function and activation of NF-kB in the immune system. Annu 
Rev Immunol, 12, pp:141–79. 

34. Joosten LA., Lubberts E., Helsen MMA.and van den Berg WB. 1997. Dual role of IL-12 in early 

and late stages of murine collagen type II arthritis. J Immunol 159, pp:4094–102.   

35. Shirtliff1 M. E. and Mader J. T. 2002. Acute Septic Arthritis. Clin. Microbiol. Rev. 15(4) , pp: 
527–544 

36. Al- Mathkhouri H. F., Utba N. M. and Al-Alusi N. S. 2012. Low GC and High GC bacterial DNA 

impact on anti DNA antibodies, IL-6 and IL-12 level in rats. International Journal for Sciences 
and Technology 7(2) , pp:90-93 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754871
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754871


Kadhim et.al.                       Iraqi Journal of Science, 2014, Vol 55, No.3B, pp:1170-1182 

1182 

37. Pisetsky D. S. 1998. Antibody Responses to DNA in Normal Immunity and Aberrant Immunity. 

Clin. Diagn. Lab. Immunol. 5(1) , pp:1-6 

38. Pisetsky D. S. 1996. The immunologic properties of DNA. J Immunol 156, pp:421-3 

39. Wu Z. Q., Drayton D. and Pisetsky D. S. (1997). Specificity and immunochemical properties of 
antibodies to bacterial DNA in sera of normal human subjects and patients with systemic lupus 

erythematosus (SLE). Clin. Exp. Immunol. 109, pp:27–31. 

40. Gilkeson GS., Pritchard AJ. and Pisetsky DS. 1991. Specificity of anti-DNA antibodies induced 
in normal mice by immunization with bacterial DNA. Clin Immunol Immunopathol. 59(2) , 

pp:288-300. 

41. Pyun EH., Pisetsky DS. and Gilkeson GS. 1993. The fine specificity of monoclonal anti-DNA 
antibodies induced in normal mice by immunization with bacterial DNA. J Autoimmun. 6(1):11-

26. 

42. Gilkeson G.S.,  Bloom D.D.   Pisetsky D.S. and   Clarke S.H. 1993. Molecular characterization of 

anti-DNA antibodies induced in normal mice by immunization with bacterial DNA. Differences 
from spontaneous anti-DNA in the content and location of VH CDR3 arginines. The Journal of 

Immunology 151(3) , pp:1353-1364 

43. Sparwasser T., Miethe T. and Lipford G. 1997.  Macrophages sense pathogens via DNA motifs: 
induction of tumor necrosis factora-mediated shock. Eur J Immunol 27, pp:1671–9. 

44. Springer T. A. 1994. Traffic signals for lymphocyte recirculation and leukocyte emigration: the 

multistep paradigm. Cell 76:301. 
45. Elkins K. L., Rhinehart-Jones T. R., Stibitz S. Conover J. S. and Klinman D. M. 1999. Bacterial 

DNA Containing CpG Motifs Stimulates Lymphocyte-Dependent Protection of Mice Against 

Lethal Infection with Intracellular Bacteria. J Immunol  162:2291-2298 

46. Bohacek J.; Kocur M. and Martinec T. 1971. Deoxyribonucleic Acid Base Composition of 
Serotype Strains of Staphylococcus aureus. J. Gener. Microbiol. 68, pp: 109-113. 

47. Bak A.L. and Stenderup A. (1979). Deoxyribonucleic Acid Homology in Yeasts. Genetic 

Relatedness within the Genus Candida. J. gen. Microbiol. 59, pp: 21-30. 
48. Dalpke A.; Frank J.; Peter M. and Heeg K. 2006. Activation of Toll-Like Receptor 9 by DNA 

from Different Bacterial Species. Infect. Immun. 74(2) , pp: 940–946. 

49. Miyazato A.; Nakamura K.; Yamamoto N.; Mora-Montes H.M.; Tanaka M.; Abe Y.; tanno D.; 

Inden K.; Gang X.; Ishii K.; Takeda K.; Akira S.; Saijo S.; Iwakura Y.; Adachi Y.;  Ohno N.; 
Mitsutake K.; Gow N.A.R.; Kaku M. and Kawakami K. 2009. Toll-like receptor 9-dependent 

activation of myeloid dendritic cells by deoxynucleic acids from Candida albicans. Infect. 

Immun. 77(7) , pp:3056-3064. 
50. Remichkova M.; Danova S.; Tucureanu C.; Lerescu L.; Salageanu A. and Dimitrova P.  

 
2009. 

Effect of Candida albicans dsDNA in Gastrointestinal Candida Infection. Mycopathologia. 

167(6) , pp: 333-340. 
51. Russell P. J.; Welch J. A.; Rachlin E. M. and McCloskey J. A. 1987. Different levels of DNA 

methylation in the yeast and mycelial forms of Candida albicans. J. Bacteriol. 169, pp:4393-

4395. 

52. Harris T.H.; Cooney N.M.; Mansfield J.M. and Paulnock D.M. 2006. Signal Transduction, Gene 
Transcription, and Cytokine Production Triggered in Macrophages by Exposure to Trypanosome 

DNA. Infect. Immun. 74(8) , pp: 4530–4537. 

53. Nakamura K.; Miyazato A.; Xiao G.; Hatta M.; Inden K.; Aoyagi T.; nShiratori K.; Takeda K.; 
Akira S.; Saijo S.; Iwakura Y.; Adachi Y.; Ohno N.; Suzuki K.; Fujita J.; Kaku M. and Kawakami 

K. 2008. Deoxynucleic Acids from Cryptococcus neoformans Activate Myeloid Dendritic Cells 

via a TLR9-Dependent Pathway. J. Immunol. 180, pp: 4067-4074. 
54. Ramirez-Ortiz Z.G.; Specht C.A; Wang J.P.; Lee C.K.; Bartholomeu D.C.; Gazzinelli R.T. and 

Levitz S.M. 2008. Toll-Like Receptor 9-Dependent Immune Activation by Unmethylated CpG 

Motifs in Aspergillus fumigatus DNA. Infect. Immun. 76(5) , pp: 2123–2129. 

55. Dalpke A.; Frank J.; Peter M. and Heeg K. 2006. Activation of Toll-Like Receptor 9 by DNA 
from Different Bacterial Species. Infect. Immun. 74(2), pp: 940–946. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gilkeson%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=1706971
http://www.ncbi.nlm.nih.gov/pubmed?term=Pritchard%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=1706971
http://www.ncbi.nlm.nih.gov/pubmed?term=Pisetsky%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=1706971
http://www.ncbi.nlm.nih.gov/pubmed/1706971
http://www.ncbi.nlm.nih.gov/pubmed?term=Pyun%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=8457283
http://www.ncbi.nlm.nih.gov/pubmed?term=Pisetsky%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=8457283
http://www.ncbi.nlm.nih.gov/pubmed?term=Gilkeson%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=8457283
http://www.ncbi.nlm.nih.gov/pubmed/8457283
http://www.jimmunol.org/search?author1=G+S+Gilkeson&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=D+D+Bloom&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=D+S+Pisetsky&sortspec=date&submit=Submit
http://www.jimmunol.org/search?author1=S+H+Clarke&sortspec=date&submit=Submit

