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Background and aim: Staphylococcus aureus biofilm formation is key role in resistance to antibiotic. 

The possibility of biofilm formation on the surface and implicated devices such as catheters is one 

of the most important virulence factors in S .aureus.  The aim of this study was assessment of 

biofilm formation and determination of the frequency of ica ADBC genes among these isolates. 

Materials and methods: In this study, 350 samples of blood, sputum, skin lesions, sneezing and urine 

were collected from hospitalized patients. A total 280 clinical isolates of S. aureus were obtained 

and identified from various infectious origins. Phenotypic biofilm formation was performed by 

using Congo red agar method. Prevalence of each of icaA, icaB, icaC and icaD genes were 

conducted by RT- PCR method.  Results: Biofilm formation on CRA showed that 61 strains were 

biofilm producers, which 4 (6.6%), 43 (70.5%) and 14 (23%) of them were strong, mediate and 

weak biofilm producers, respectively. All strains has a strong biofilm formation that has icaD gene 

expression and 75% of these isolates were positive for icaA , icaC and icaB genes. The frequency of 

icaA/icaD genes in strains with mediate biofilm formation was 76.7%, however, these value for 

strains with weak biofilm formation was 28.6 %. 

Conclusion: in this study, more than half of S. aureus isolates showed biofilm formation among 

which the majority amplified icaA, icaC, icaD genes, and therefore it was shown a significant 

relationship between biofilm formation and icaADBC genes.  

 

 
Copyright © 2013 - All Rights Reserved - Pharmacophore 

To Cite This Article: Pedram Ehterami*, Mahboobeh Rajabpour, Sahar Honarmand Jahromy, Fatemeh Noorbakhsh, vahid 
hasani, (2017), “Evaluation of icaabcd operon expression in staphylococcus aureus strains biofilm producers”, 
Pharmacophore, 8(6S), e-1173108. 
 

Introduction 

Staphylococcus aureus is one of the most significant infectious factors in hospitals and society. The bacteria are able to 

produce several toxins including Enterotoxin, Pantone valentine, and exofoliative toxin [1]. Biofilm formation is one of 

pathogenic factors of staphylococcus a. providing connectivity to different surfaces and also an increase in antibiotic 

resistance pattern. Biofilms are a group of growing bacteria’s on living and not living surfaces causing connection of bacteria 

to the surfaces and the connection is a key phase in biofilm formation [2, 3]. Biofilm is a structure composed of a bacteria 

population, produced through an exopdyroeric matrix provided by enclosed bacteria. Researchers showed that the first phase 

in staphylococcus a. infectivity is its connectivity to surfaces like medical devices, host tissues and so on relating to a 

combination of external factors regarding cells such as connectivity and biofilm formation [4, 5]. Intercellular cohesive 
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polysaccharide is supposed to be main factor in biofilm formation in staphylococcus aureus strains. Infections resulting from 

S. aureus relating to biofilm are still a serious clinical concern in patients using medical tools. Biofilm formation causes a 

decrease in sensitivity to antibacterial treatments, leading high treatment expenses for patients [6, 7]. Biofilm formation is a 

result of operon activity called icaABCD, as the most important factor in creation of ISO polysaccharide matrix and it is 

polysaccharide intracellular adhesion (PIA). The genes icaC, icaB, icaA and icaD are controlled by various regulatory 

systems. The mentioned systems include sar A and sigma (B). In addition to ica ABCD operon system, agr system plays a 

role in biofilm formation, too. Molecular studies have shown that in the last phase of adhesion in which the structures adore 

to each other for the first time and they develop after that and then create a biofilm, all of them occur using polysaccharide 

intercellular adhesion (PIA), that is synthetic product of the operon icaABCD. The synthetic ability of polysaccharide 

intercellular adhesion (PIA) is the most important factor in adhesion and development of staphylococcus aureus biofilm. 

Intercellular adhesion (ICA) is composed of four genes of icaABCD, coding the mediated protein PIA. Operon icaABCD 

expression in internal environment of anaerobic makes an increase in biofilm development. Other influential conditions in 

gene expression includes: the amount of sugar, ethanol, an increase in osmolality, temperature, and antibiotics like 

tetracycline. The necessity for search on the changes and expression and the rate  of icaABCD expression is obvious more 

than ever, according to their direct impact on development of biofilm and pathogenicity of staphylococcus aureus, aiming to 

attain a strategy to struggle this phenomenon. The real- time PCR approach can be used to study the effect of contributing 

factors in pathogenicity including biofilm. The present study is carried out in order to discuss the frequency of genes ica 

ABCd among staphylococcus aureus strains isolated from clinical samples. 

 

Materials And Methods 

Sample collection: 

In this cross-sectional study of 12-month (2016), a total of 350 samples of blood, phlegm, dermal wounds, sneezes and urine 

were collected from patients in hospitals located in Mazandaran province. To identify S. aureus isolates, biochemical tests 

including catalase, coagulase, mannitol salt agar, desoxyribonuclease enzyme, bacitracin test and Novobiocin test were used 

to identify S.aureus strain [11]. Demographic data regarding collected clinical samples such as collecting place, patient’s 

gender, age and collecting date were study on biofilm formation in Congo red agar (CRA) method: 

In the present study, staphylococcus aureus isolates were (Sigma, USA) for 24 hours at 37°C, to form biofilm of strong, 

weak and medium. 

RNA extraction and CDNA synthesis: 

To extract RNA, RN easy kit (Qiagen Company) was used. Thereby, logarithmic phase of bacteria’s growth was applied to 

extract RNA. Treatment and omission of DNA were done using DNase kit (Qiagen) and then c DNA synthesis was carried 

out using reverse transcriptase and primer Oligo-d T, [11]. 

RT-PCR reaction: 

The polymerase chain reaction was done in 25 ϻL and included mastermix composed of PCR primer buffer 1x for each 

primer, 0/3 ϻM 0/2 ϻM each dNTP, ϻM MgCl and 1/5 UTaq polymerase. The used polymerase to amplify gene areas of ica 

ABCD is shown in table 1. The polymerase chain reaction was done in BioRAD device as follows.  

The initial denaturation step was done at 94°C for 33 cycles, including secondary denaturation at 94°C for 60ʺseconds, then 

annealing step or connection temperature at 55°C for 60 seconds, for ica A gone (56°C for 1 minute for ica D gene) , (59°C 

for 1 minute for genes ica B and ica C), and extension step at 72°C for 1 minute and the final extension phase at 72°C for 1 

minute.  

After PCR, to identify ica ABCD genes, electrophoresis was done on agarose gel 1/5% and after staining the gel, in order to 

observe band on agarose gel using Etihidium bromide, the gel Doc device Biorad was used.  

Statistical analysis: 

Results from statistical software of SPSS 720 were used to specify expressed gene’s frequency among biofilm forming 

strains and frequency syrxhronization. The chi-square test was used to examine the relation among each gene using bacteria 

biofilm formation. 

 

Results 

A number of 350 clinical samples of blood, phlegm, dermal wounds, sneezes and urine of patieats in hospitals were 

collected. A total of 280 S.aureus isolates were confirmed by phenotypic and biochemical tests. A total of 61 samples of S-

aureus included 15 wounds, 21 urin samples, 10 chips, 7 throats, 5 sneezings and 3 blood ones in which biofilm formation on 

Congo red agar showed that 61 isolates were able to form biofilm of strong, average and weak, 4 (6/6%), 43 (70/5%) and 14 

(23%), respectively. The gene ica D was observed by a band of 198 bp, ica C by 192 bp, ica B by 190 bp, and ica A by 188 

bp (figure 1). According to table 2, a total of 4 samples formed strong biofilms in which the frequency of gene ica D was 3 

samples, the relation in genes ica B and ica C was the same but in ica D, 4 positive samples were observed. In addition, in 

average biofilm production a number of 23 samples out of 43 ones included ica A and a number of 11 ones included ica B 

and 10 samples ica C, the 33 samples included ica D. 
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But in weak samples in this relation a number of 4 samples out of 14 ones had ica A, 2 samples had ica B, 3 ones had ica C 

and the other 4 ones had ica According to table 3, the most frequent percentage of ica D in strong biofilm samples was 

100%. Also, in samples of weak biofilm by a total of 43 samples, the most gene frequency related to ica A and ica D (by 

76/7%). And in weak biofilm samples, the most frequency belonged to ica D and ica A (by 28/6%), that is significant (P < 

0/001). Based on table 4, the relation between expression of each gene in biofilm formation strains (strong, average) and 

those lacking biofilm (weak) is significant. 

 

Discussion And Conclusion 

Biofilm is a population of growing bacteria’s on living or not-living surfaces, locating in an extracellular matrix produced by 

itself (self-product) from Exopolysaccharide (EPS), proteins, and a number of Nano molecules like DNA. The most crucial 

microorganisms playing a role in multi microbial biofilm formation, include staphylococcus aureus, pseudomonas 

aeruginosa, staphylococcus epidermis, some of the family of Entrobacteriaceae and the yeast candida albicans [13]. The first 

phase in infecting of S.aureus is its adhesion to surfaces like medical tools, host tissues and so on, contributing to a mixture 

of extracellular factors like the ability of adhesion and biofilm formation [14]. In the present study, S.aureus isolates from 

hospital were cultured in CRA for 24 hours at 37°C in order to examine biofilm formation, and were studied regarding weak, 

average and strong and disability in biofilm formation. Synthesis of this polysaccharide happens following the related 

enzyme by ica A. Association of this loci with ica B causes an increase in polysaccharide synthesis and capsule phenotype 

formation. The role of ica B is to acetylate the polysaccharide before adhesion to cell membrane and ica C encodes a 

membranous protein, helping elongation and secretion of this polysaccharide from the cell. The expression and operon ica 

ABCD increase using regulatory systems such as Sar A and Sigma B [14]. In the present study, biofilm formation on Congo 

red Agar showed that 61 isolates were able to form biofilm of strong, average, and weak by 4 (6/6%), 43 (70/5%) and 14 

(23%), respectively, also, ica ADBC expression was higher in biofilm forming isolates than biofilm-lacking isolates. In this 

study, strong biofilm isolates had ica ADBC, meaningfully. For instance, 100% of strong biofilm forming isolates had ica D 

and 75% of them were ica A and ica C and ica B. While prevalence of these genes in weak and average biofilm isolates or 

biofilm-lacking isolates was much less. In a study by Mirzaee et.al, similar results were observed [15]. Regarding 

synchronization of biofilm forming genes, a total of 75% isolates were strong, 23/3% were average and 14/3% were weak 

holding all genes, and synchronization of ica A and ica D was more rather than other genes. In a study by Ghasemian and 

Mirzaee, it was observed that adhesion genes of CIFA/B, Fnb A/B, Can, Fib and also eno, along with ica genes showed a 

higher frequency in biofilm-forming strains [16, 17]. 

Gad G et.al studied S.aureus regarding biofilm production using molecular method of PCR an Tissue culture  plate (TCP), 

technique and found out that 83% of isolates were positive regarding having genes related to biofilm ica D and ica A. From 

among 302 strains resistant to Methicillin, 257 isolates (97%) had ica D and 27 strains (9%) didn’t show the gene. In 

addition, ica A was reported positive in all negative ica D strains [19]. In a study by Martin, the frequency of ica B was 

reported as 89% [20]. Furthermore, in a study by Atshan, all 4 genes were found in all sensitive and resistant isolates to 

Methicillin [21]. The reasons of variance in the results of present study and the others lie on the number of isolates under 

study, bacteria isolation source, biofilm production condition in under study strains and the molecular method that is used. It 

can be stated from the results of studies, that genes ica A and D play an important role in polysaccharide bio-synthesis, if 

there exists biofilm production relating to operon ica; and the gene ica B plays a minor role in synthesized polysaccharide 

process. 

 

Conclusion 

As observed in the present study, more than half of staphylococcus aureus clinical isolates were able to produce biofilm and 

the expression of all 4 genes of ica in these isolates existed to a high extent, than there is a significant relation between 

biofilm formation and presence of ica ADBC.  

 

PCR-sequence used for genes icaA/B/C/D for RT primer. Table1 

 

 

 

 

srequency of using primers Gene The size of amplification 

band (bp) 

5-GAGGTAAAGCCAACGCACTC-3 

5-CCTGTAACCGCACCAAGTTT-3 
icaA 188 

5-ATACCGGCGACTGGGTTTAT-3 

5-TTGCAAATCGTGGGTATGTGT-3 
icaB 190 

5-CTTGGGTATTTGCACGCATT-3 

5-GCAATATCATGCCGACACCT-3 
icaC 192 

5-ACCCAACGCTAAAATCATCG-3 

5-GCGAAAATGCCCATAGTTTC-3 
icaD 198 
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icaABCD Table2. number and frequency of genes 

genes / Biofilm 

formation 

Strong 

(n=4) 

Medium 

(n=43) 

Weak 

(n=14) 

P value 

icaA 3.4 33.43 14.4 P<0.001 

icaB 3.4 11.43 2.14 P<0.001 

icaC 3.4 10.43 9.14 P<0.001 

icaD 4.4 33.43 4.14 P<0.001 

 

Table3. percent of frequency of genes icaABCD 

 

 

 

 

 

 

 

 

square test-result of chi .Table4 

 

 

 

                     Represent significant at probability level 5℅ and nonsignificant ns* 

 

 
Figures 1. Frequency electrophoresis of icaA, icaB, icaC and icaD genes among clinical isolates of staphylococcus aureus 

 

 

 

 

genes / Biofilm 

formation 

Strong  

(n=4) 

medium 

(n=43) 

Weak 

(n=14) 
P value 

icaA %75 %76.7 %28.6 P<0.001 

icaB %75 %25.6 %14.3 P<0.001 

icaC %75 %23.3 %64.3 P<0.001 

icaD %100 %76.7 %28.6 P<0.001 

test Value Significant level (sig) 

chi-squar 15.231 *0.019 
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