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Abstract
Staphylococcus aureus is one of the most significant pathogens that cause several nosocomial and community infections. Adhesion to surfaces and biofilm
formation is considered the main step in staphylococcal infection. This study aimed to investigate the expression of ica(intercellular adhesion) genes in clinical
isolates of S.aureus. Material and Method: A total of 93 clinical S. aureus isolates were collected from hospitals in Tehran. Quantitative biofilm formation was
determined by using Congo red agar (CRA). Out of 93 isolates, only 18 (19.35%) isolates had positive biofilm formation, and they were examined for expression
the icaABCD genes by Real-time PCR method. Results: The Congo red agar assay results showed that attachment abilities in 4 (4.3%) strains were strong and
in 14 (15.05%) strains were moderate. All isolates were positive for icaABCD genes expression. The average gene expression for 18 strains was as follows for
icaA (9.332), icaB (1.485), icaC (17.612) and icaD (3.390), respectively. Discussion: The data obtained suggest that clinical S. aureus isolated from the evaluated
patients has a potential for biofilm formation. S. aureus clinical strains have different capacity to produce biofilm. This may be caused by a difference in the
expression of biofilm genes and heterogeneity in genetic origins.
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Aim
The collection of microbial cells that are connected tightly to
the surface with a polysaccharide matrix being microbial originally is called Biofilm. Biofilms can consist of one species or
a mixture of several species, being formed in different places
possessing losses and benefits [1]. Biofilms were explained regarding bacteria in 1978 by Custer ton. The stressed situation
causes the bacteria to connect to different surfaces. Generally,
the microorganisms live by the side of solid surfaces, in nature.
The connection with solid surfaces brings about the biofilm formation [2]. The bacteria’s through biofilm forming causes resistance against antimicrobial agents, resistance against the
host immune system and maintenance of physical and chemical conditions suitable for growth; so it induces resistance of
biofilms in unfavorable conditions. Also, the synergistic and
helping relations among bacteria or biofilm influences their
resistance against unfavorable conditions [3]. Staphylococcus
aureus is an optional anaerobic gram-positive coccus, considered to be the most important species in Staphylococcus genus
medically. The so mentioned bacteria causes a wide range of
infections, including simple skin infections (like acne, pimples,
anthracoid, sties and abscess) and life-threatening diseases
(like pneumonia, meningitis, osteomyelitis, endocarditis, toxic
shock syndrome, and septicemia) [4, 5]. The bacteria contains
genes, coding pathogenic factors, some of them are located on
chromosome and some are moving as genetic elements. The
pathogenic factors being coded, induce bacterial colonization in
the host, influx to damaged mucus and skin, spreading through
the body and invade from host defense mechanisms. Some of
the factors include:
Peptidoglycan, lipoteichoic acid, protein, hemolysin, enterotoxin, clamp factor, and biofilm formation. The above – mentioned bacteria can produce polysaccharide and protein factors connected to the surface, through this production process,
the bacteria is effective in biofilm production [6, 7]. In fact, a
Staphylococcus biofilm is a group of microorganisms related
to a network of internal canals in glycoprotein and extracellular polysaccharide matrix named extracellular polymeric substance. The Extracellular polymeric substance is composed of
polysaccharide, protein, phospholipid, teichoic acid, and other
hydrate and polymeric materials containing water of 85 to 95
%, making it able to adhere to pathogenic agents on the internal surface of carriers and food industry equipment surface,
the process causes different pathogenic microbes to be transferred. Locus ica (intercellular adhesion) is composed of genes
ica A, ica B, ica C, ica D, in which PIA is synthesized by synthesis mediated protein. The genes ica A and ica D are the most
effective form among locus ica in the formation of biofilm in
Staphylococcus Aureus and Epidermis. The gene ica A encodes
N-acetyl glucosaminyl transferees, that is the involved enzyme
in the synthesis of N- acetylglucosamine PCR oligo [5, 8]. It is
reported that ica D has a vital role in expressing the maximum
N- acetyl glucosaminyl transferees and it makes the phenotypic
expression of capsular polysaccharide possible [5,9]. The study
aimed to examine the expression of biofilm formation genes in
clinical isolates of Staphylococcus Aureus isolated from clinical
samples of Shariati Hospital in Tehran using the method Realtime PCR.
Material and Method
Sample collection and evaluation of biofilm formation by phenotypic methods:
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In a cross-sectional study, 93 isolates of Staphylococcus Aureus
were collected separated from patients referring to Hospital in
(year). All the isolated had been proved using biochemical tests
including catalase, coagulase, oxidase, fermenting the sugar
mannitol, DNase, and sensitivity to novobiocin. The number of
18 isolates from whole were able to produce biofilm. The phenotypic formation of biofilm was studied in Staphylococcus Aureus using the medium of CRA (Merck, Germany) containing 36
gr sucrose (sigma, USA) to evaluate its formation. The isolates
have been incubated at 37°C for 24 hours and room temperature for a night after culturing. The black colonies in isolates
were identified as biofilm forming strains, Red almost black
colonies as weak strains of biofilm formation and the bright red
colonies as strains unable to produce biofilm [10].
Draining expression of ica ABCD by Real-time PCR:
Real-time PCR was used to quantitatively analysis of ica ABCD
and 16 sr RNA (as an internal controlling gene) individually, by
the use of ferment as a kit and the presented primers in table 1.
For this purpose, RNA was extracted using micro kit RNeasy (Ki
agene). Reverse transcription reaction was done for cDNA synthesis using Hexamer primers produced by Ki agene company.
According to protocol, Master mix including synthesized cDNA
and primers (PCR mixture: 0.3 ϻM each primer, 0.2 ϻM each d
NTP, 1.5 ϻM Mgcl2, 1x PCR buffer, 1.5 Utaq polymerase) were
mixed in an appropriate volume, and the reaction was done by
Bio-Rad Real-time PCR device. The reaction volume was 25 ϻL
and included CDNA, sweep primer, master mix, and double distilled sterile water. Temperature cycling included initial denaturing in 95°C for 5 minutes, followed by 40 cycles in 95°C for
20 Seconds, 60°C for 20 seconds and 72°C for 20 seconds, and
a final cycle of 72°C for 5 minutes. The expression of ica ABCD
was compared with expression of 16sr RNA as housekeeping
gene. The reaction was done 3 times for each sample, and the
average resulted was considered to be the expression quantity of the sample. The relative reference formula of expression
(was used to determine the target gene expression. is obtained
through subtraction of of the clinical sample from of the standard sample of Staphylococcus Aureus ATCC 25923.
Table 1. Primer sequences used for icaABCD genes for Real-Time-PCR (8)
primer sequence

Gene

Gene size

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

Results
Biofilm formation using the medium CRA showed that 18 isolates (19.3570) were able to form biofilm in which the black
colonies (strong biofilm) were numbered as 4 strains (4.3 %)
(Figure 1) and the black and Red ones (moderate biofilm) as
14 strains (15.05) ( Figure 2). 16sr RNA gene showed positive
results in all strains as the internal controlling gene and housekeeping one, suggesting accuracy in PCR reaction individually.
In examining the presence or absence of ica ABCD in 18 strains
under the study, in this essay, it was shown that all the strains
possessed it. Also, the results from Real-time PCR using cDNA
suggested that all the clinical strains expressed ica ABCD (figJournal of Clinical and Analytical Medicine I 469
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ure 3). The results from analysis of ica ABCD expression using qRT- PCR for standard strains and 18 clinical isolates is
shown in table 2. The curve of melting point for ica ABCD is
demonstrated in figure 3. The average of gene expression for
18 isolates of ica A was obtained as (9.332), and for ica B as
(1.485), for ica C as (17.612) and for ica D as (3.390). The graph
1 shows expression amount of the 4 genes in 18 isolates of
staphylococcus aureus.

Figure 1. Biofilm formation on Congo red agar medium (strongly)

Figure 2. Biofilm formation on Congo red agar medium (on average)

Figure 3. The melting curve for genes icaABCD
Chart 1. IcaABCD gene expression in 18 clinical S. aureus isolates
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Table 2. IcaABCD analysis of gene expression in biofilm-producing S. aureus
18 strains
Name
samples

icaA

icaB

icaC

icaD

N

1

1

1

1

U1

6597/0

0196/0

521/0

806/0

U2

556/10

5368/1

1/77

735/5

U3

8898/0

1445/0

099/0

339/0

u4

832/13

2116/0

979/0

515/1

W1

556/10

5800/1

0055/0

747/0

W2

765/18

0178/0

223/16

550/0

W3

81712/12

5315/0

285/0

0656/0

W4

426417/5

856/4

78/40

273/30

W5

784/22

1698/4

62/85

563/4

W6

010/4

004/1

051/2

005/1

T1

502/5

705/1

111/0

8969/9

T2

221/14

829/0

182/3

705/1

T3

282/8

7526/0

784/22

5987/0

W7

784/13

169/2

627/58

563/2

W8

010/4

0428/1

0518/2

005/1

T4

502/3

705/2

012 /1

989/1

Abse

382/10

515/0

404/2

569/3

Discussion
Biofilm matrix includes exopolysaccharides, protein, lipid, and
nucleic acids. The matrix has known structural role in defense
and protection, and causes new genetic features and provides
food and combined metabolic activity. The most important microorganisms that are effective in polymicrobial biofilm formation contain Staphylococcus aureus, Pseudomonas aeruginosa,
Staphylococcus epidermidis, some members of Enterobacteriaceae family, and the yeast Candida albicans. The first step
in infectivity of S. aureus is its adhesion to surfaces such as
medical devices, host tissues and so on; that is attributed to a
combination of extracellular factors like the ability to connect
or to form biofilm [11]. This step is mediated by cell–adhesive
polysaccharides or PIA in which protein in intracellular adhesion
agents ica A, ica B, ica C and ica D are involved in its production.
The collection is set on an operon [12, 8]. This polysaccharide is
synthesized following the expression of related enzymes by ica
A. Ica participation with locus increases synthesis in polysaccharide and induces capsule phenotype. Role of ica B is to De–
acetyle polysaccharide before adhesion to the cell membrane
and ica C genes encode a membrane protein helping in elongation and transudation of polysaccharide from the coll. The expression and operon ica ABCD increase by regulatory systems
like sar A and sigma B. On the other hand, ica R as a strong negative controller can decrease expression of genes in the operon
through adhesion to promoter area [13]. Therefore, the amount
of ica ABCD genes is obvious according to their direct effect on
biofilm formation and pathogenicity of Staphylococcus aureus
mac than before, to achieve a solution to combat this phenomenon. The paper is aimed to study the expression of operon ica
ABCD in Staphylococcus aureus strains that form the biofilm.
The previous studies suggested an important relation between
biofilm formation and presence of ica ADBC among S. aureus
clinical isolates [14 -16]. Although less attention was paid to
the expression of these genes and fewer studies reported the
ability of S. aureus clinical isolates in the expression of ica [3,
8]. Park et al. observed no difference in studying the presence
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of operon ica and the relation with biofilm formation on those
S. aureus ones, isolated from clinical samples and saprophytic strains; all possessing this gene [17]. However, none of the
strains produced biofilm, and it seems similar to the present
study in this regard. Atshan et al. suggested in a study on S.
aureus in 2013 that expression of operon induces production
of PIA and leads intracellular adhesion, some S. aureus strains
were also observed not producing biofilm, but possessing ica
[8]. It is found out in this paper that biofilm formation occurs
just when ica D and ica A are expressed simultaneously. It was
observed that ica C average along with ica A expression were
more influential in forming the biofilm in this respect, it was
inconsistent with the results of the study of Atshan [8]. This difference and inconsistency of expression under study may lie on
other factors including bacteria’s physiological conditions and
on the difference in bacteria’s genetic origin. Identifying possible sources and ways of infection may be effective in prevention from the initial biofilm formation, due to the significance
of S. aureus in medical departments and its ability in creating
multiple infections.
Conclusion
Clinical isolates of Staphylococcus aureus were able to form
biofilms, and the expression of all four ica genes in these isolates were high and therefore, and a significant relation was
observed between biofilm formation and presence of ica ADBC.
Scientific Responsibility Statement
The authors declare that they are responsible for the article’s
scientific content including study design, data collection, analysis and interpretation, writing, some of the main line, or all of
the preparation and scientific review of the contents and approval of the final version of the article.

Expression icaABCD genes in staphylococcus
7. Azimian A, Havaei SA, Fazeli H, Naderi M, Ghazvini K, Samiee SM, et al. Genetic
analysis of a vancomycin-resistant Staphylococcus aureus strain isolated in Iran.
MBio. 2012;3(6):e00442-12.
8. Atshan SS, Nor Shamsudin M, Sekawi Z, Lung LTT, Hamat RA, Karunanidhi A, et al. Prevalence of adhesion and regulation of biofilm-related genes in
different clones of Staphylococcus aureus. BioMed Research International.
2012;2012:976972.
9. Itoh Y, Wang X, Hinnebusch BJ, Preston JF, Romeo T. Depolymerization of β-1,
6-N-acetyl-D-glucosamine disrupts the integrity of diverse bacterial biofilms.
Journal of bacteriology. 2005;187(1):382-7.
10. Arciola CR, Campoccia D, Gamberini S, Cervellati M, Donati E, Montanaro L.
Detection of slime production by means of an optimised Congo red agar plate
test based on a colourimetric scale in Staphylococcus epidermidis clinical isolates
genotyped for ica locus. Biomaterials. 2002;23(21):4233-9.
11. Donlan RM. Biofilms and device-associated infections. Emerging infectious
diseases. 2001;7(2):277.
12. Cramton SE, Gerke C, Schnell NF, Nichols WW, Götz F. The intercellular adhesion (ica) locus is present in Staphylococcus aureus and is required for biofilm
formation. Infection and immunity. 1999;67(10):5427-33.
13. Archer NK, Mazaitis MJ, Costerton JW, Leid JG, Powers ME, Shirtliff ME. Staphylococcus aureus biofilms: properties, regulation, and roles in human disease. Virulence. 2011;2(5):445-59.
14. Ghasemian A, Peerayeh SN, Bakhshi B, Mirzaee M. The microbial surface components recognizing adhesive matrix molecules (MSCRAMMs) genes among clinical isolates of Staphylococcus aureus from hospitalized children. Iranian journal
of pathology. 2015;10(4):258.
15. Ghasemian A, Najar-Peerayeh S, Bakhshi B, Mirzaee M. High Prevalence of
icaABCD Genes Responsible for Biofilm Formation in Clinical Isolates of Staphylococcus aureus From Hospitalized Children. Archives of Pediatric Infectious Diseases. 2015;3(3).
16. Ghasemian A, Najar PS, Bakhshi B, Mirzaee M. Comparison of Biofilm Formation between Methicillin-Resistant and Methicillin-Susceptible Isolates of Staphylococcus aureus. Iranian biomedical journal. 2016;20(3):175-81.
17. Park HY, Song JW, Hong SP, In SM, Kim HJ. Lipoteichoic acid from Staphylococcus aureus induced expression of MMP-9 in human middle ear epithelial cells.
International journal of pediatric otorhinolaryngology. 2012;76(4):475-9.
How to cite this article:
Evaluation Expression icaABCD Biofilm Formation Genes in Staphylococcus Aureus by Real-Time PCR. Ehterami P, Rajabpour M, Jahromy SH, Noorbakhsh F. J Clin
Anal Med 2017;8(suppl 4): 468-71.

Animal and human rights statement
All procedures performed in this study were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. No animal or human studies were carried out by the authors for this
article.
Funding: None
Conflict of interest
None of the authors received any type of financial support that
could be considered potential conflict of interest regarding the
manuscript or its submission.
References
1. Gad GFM, El-Feky MA, El-Rehewy MS, Hassan MA, Abolella H, El-Baky RMA.
Detection of icaA, icaD genes and biofilm production by Staphylococcus aureus
and Staphylococcus epidermidis isolated from urinary tract catheterized patients.
The Journal of Infection in Developing Countries. 2009;3(05):342-51.
2. Mack D, Rohde H, Dobinsky S, Riedewald J, Nedelmann M, Knobloch JK-M, et
al. Identification of three essential regulatory gene loci governing expression of
Staphylococcus epidermidis polysaccharide intercellular adhesin and biofilm formation. Infection and immunity. 2000;68(7):3799-807.
3. Mirzaee M, Najar-Peerayeh S, Behmanesh M, Moghadam MF. Relationship between adhesin genes and biofilm formation in vancomycin-intermediate Staphylococcus aureus clinical isolates. Current microbiology. 2015;70(5):665-70.
4. Lowy FD. Staphylococcus aureus infections. New England journal of medicine.
1998;339(8):520-32.
5. Singhal D, Foreman A, Bardy JJ, Wormald PJ. Staphylococcus aureus biofilms.
The Laryngoscope. 2011; 121(7): 1578-83.
6. Arciola CR, Campoccia D, Speziale P, Montanaro L, Costerton JW. Biofilm formation in Staphylococcus implant infections. A review of molecular mechanisms and
implications for biofilm-resistant materials. Biomaterials. 2012;33(26):5967-82.

4 | Journal of Clinical and Analytical Medicine

Journal of Clinical and Analytical Medicine I 471

