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INTRODUCTION
Bacteria commonly are able to attach themselves and make biofilm 
structures. Biofilms formation could be observed on natural, medical 
or industrial settings and causes adverse effects on human’s life or 
health [1]. Typically, in a mature biofilm, bacteria are more resistant 
to antimicrobial agents by different mechanisms [2].

P. aeruginosa is an important environmental organism which is capable 
enough to infect in human host [3]. It also causes acute and persistent 
infections in immunocompromised patients, especially Cystic Fibrosis 
(CF) individuals [4]. P. aeruginosa possesses many Virulence Factors 
(VFs) [5]. LasB or elastase B, encoded by lasB gene, is a bacterial 
metalloprotease which acts as a polysaccharide (alginate) secretion 
regulator, degrades elastin and surfactant protein D (SP-D). SP-D 
has been recognised to bacterial aggregation, alveolar macrophage 
function alteration and bacterial clearance regulation [6-9]. It has been 
shown that lasB is related to biofilm formation [6,10]. P. aeruginosa 
is a neuraminidase producer, which is encoded by nan gene. Some 
bacterial neuraminidase is responsible for airway colonisation, 
pathogenesis (i.e. respiratory tract infection), and biofilm formation 
[11,12]. Because of diverse issues by biofilm formation in bacteria, 
detection regulated forming genes in freely swimming cells may be a 
good strategy to encounter its’ formation. Therefore, we investigated 
the prevalence of two previously introduced biofilm regulation genes 
(lasB and nanI genes) and their association with biofilm formation in 
clinical isolates of P. aeruginosa.

MATERIALS AND METHODS
Bacterial isolates and culture conditions: The present study 
was a cross-sectional investigation which was conducted on 161 
P. aeruginosa isolates collected from clinical samples during March 
2014 to February 2015 in Ilam hospitals, Iran. P. aeruginosa isolates 
were identified by standard biochemical tests.

Biofilm assays: The biofilm formation was evaluated by 
recommended protocol by Hemati et al., [5].

Gene amplification: The PCR was performed by specific primers 
listed in [Table/Fig-1] [13,14].

STATISTICAL ANALYSIS
The SPSS software version 16.0 with χ2 and Fisher’s-Exact 
programs were applied for statistical analysis. The p-values <0.05 
was considered as statistical significance.

RESULTS
PCR results: Present study demonstrated that 80.7% of isolates were 
positive for lasB (n=130) and 24.8% of isolates showed nanI (n=40) in 
their genome. Notably, it was not observed a significant association 
between the presences of nanI with lasB (p>0.05) [Table/Fig-2].
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ABSTRACT
Introduction: Several acute and chronic infections in humans 
can be caused by Pseudomonas aeruginosa (P.aeruginosa). 
Biofilm formation by these bacteria threatens health setting via 
increasing resistance against antimicrobial agents.

Aim: To investigate the association between lasB and nanI 
genes with biofilm formation in P. aeruginosa clinical isolates.

Materials and Methods: A total of 161 P. aeruginosa clinical 
isolates were collected. The Microtiter Plate (MTP) method was 
applied for biofilm formation assay. Gene amplification was 
conducted by PCR method with specific primers.

Results: Present study findings showed that the prevalence of 
lasB and the nanI were 80.7% (130/161) and 24.8% (40/161), 
respectively. The biofilm formation results demonstrated that 
15.5% (25/161) of isolates were not able to produce biofilm. It 
was considerable that the prevalence of lasB in P. aeruginosa 
producing biofilm was higher.

Conclusion: lasB can be considered as an effective factor for 
biofilm formation in P. aeruginosa isolates.

Primer Sequence
Product 
length

annealing 
temperature References

lasB 
forward

5’-TTCTACCCGAAGGACTGATAC-3’

lasB 
reverse

5’-AACACCCATGATCGCAAC-3’ 153 bp 55 [13]

nanI 
forward

5’-CGCACTATACACAGGAACACG-3’

nanI 
reverse

5’-GCCTAGCGGAAGGATCGTCGC-3’ 620 bp 64 [14]

[Table/Fig-1]: Primers sequence and PCR condition [13,14].

[Table/Fig-2]: Electrophoresis of PCR products for nanI (lanes 1-3) and lasB (lanes 
5-7); ladder 100 bp (lane 4).
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structures, respectively [30], while Borucki MK et al., reported that 
most L. monocytogenes strains formed strong biofilm formation 
[31]. However, the biofilm formation assay method, kind of medium, 
geographically difference of isolates can significantly be influenced on 
the biofilm forming in different studies. In addition, important limitation 
for in-vitro biofilm formation assay is that these methods are not able 
to exactly reflection in vivo situations [32].

It has been shown that LasB initiates biofilm formation pathway 
through secreted polysaccharides regulation and nucleoside 
diphosphate kinase (NDK) activation [33,34]. We also observed high 
tendency for biofilm formation among lasB positive isolates. Although 
it has been demonstrated that neuraminidase has relation in biofilm 
formation [35], no significant association between nanl (p=0.102) 
and biofilm formation was seen. Therefore, biofilm formation may 
occur by different other mechanisms [36].

Limitation(s)
Because of financial limitations, present study was conducted 
in a small number of molecular gene analysis that was limited to 
the lasB and nanI prevalence. The second is that to have better 
understanding of the relationship between biofilm formation and 
presence of lasB and nanI genes, it was better that biofilm formation 
compared in both bacterial wild-type and mutant-type.

CONCLUSION(S)
P. aeruginosa isolates have high ability for biofilim formation. Biofilim 
formation in these isolates depended on different mechanisms, 
and lasB considered as an important effective factor for biofilm 
formation.
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Biofilm formation results: The results showed that 84.5% (n=136) 
isolates were biofilm producer, while 15.5% (n=25) isolates had 
no ability to produce biofilm. Notably, the majority of P. aeruginosa 
isolates produced moderate (47.2%) and weak (24.8%) biofilm 
formation [Table/Fig-3]. Present study findings showed that there 
was a significant association between the presence of lasB and 
ability for biofilm formation (p=0.01), while it was not considered for 
nanI (p=0.102).

Samples

Biofilm formation producer

total
No 

 producer
Weak 

producer
Moderate 
producer

Strong 
producer

Urine 5 (3.1%) 21 (13.0%) *34 (21.1%) 5 (3.1%) 65 (40.4%)

Tracheal 4 (2.5%) 8 (5.0%) *11 (6.8%) 7 (4.3%) 30 (18.6%)
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Sputum 0 (0.0%) 0 (0.0%) 0 (0.0%) *1 (0.6%) 1 (0.6%)

Total 25 (15.5%) 40 (24.8%) 76 (47.2%) 20 (12.4%) 161 (100.0%)

[Table/Fig-3]: Biofilm formation status in different samples.
*Majority form of biofilm formation producer

DISCUSSION
The pathogenicity of P. aeruginosa is multifactorial, including 
destroying host tissues, fighting host immune systems, biofilm 
formation [15,16]. P. aeruginosa is responsible for diverse human 
infections [17]. Here, most of the isolates were collected from urine 
samples (65, 40.4%). In previous published researches, maximum 
infection was reported from wound (45%), urinary tract (26.74%) 
and pulmonary tract (44%) infections [18-20].

These isolates also produces several proteolytic enzymes 
e.g., elastase B or pseudolysin (a Zn-metalloendopeptidase) 
endopeptidases enzymes that is encoded by lasB gene [21]. In the 
current study, lasB was presented in 80.7% of isolates. Although, 
Nikbin V et al., and Wolska K and Szweda P demonstrated that 
lasB presented in 100% and 96.8% of isolates, respectively [20,22]. 
Present study findings had also high frequency with lower quantity 
compared with mentioned results. The geographical difference and 
patient condition likely related to these variations.

Another important VFs in P. aeruginosa is neuraminidase, which 
encoded by nanI gene [20]. Its frequency (24.8%) was lower than 
lasB (80.7%). Mitov I et al., observed that 21.3% of isolates were 
positive for nanI, while lasB had 100% frequency [23]. The results 
of other studies were as follow: Nikbin et al.,: nanI (27.61%) and 
lasB (100%); Lanotte P et al.,: nanI (53%) and lasB (100%) [20,24]. 
Because nanI has the most prevalence in CF isolates [24], it can be 
probably the reason for low frequency in present study. Its frequency 
(89%) was also higher than elastase (84%) in CF isolates [25].

Present study finding demonstrated that 84.5% of isolates formed 
biofilm (12.4% strong, 47.2% moderate and 24.8% weak). Biofilm 
structures cause serious health problems by increasing bacterial 
resistance against host immune systems, biocides, antibiotics as well 
as various physicochemical agents [26]. Especially, biofilm formation 
in P. aeruginosa has been shown to play an important role in chronic 
infections in CF patients [27]. Wakimoto N et al., showed that 5.95%, 
3.45% and 90.59% of isolates formed biofilm as strong, moderate and 
none or weak forms, respectively [28]. Hemati S et al., demonstrated 
that 19.28%, 21.4%, and 56.42% of isolates formed biofilm as weak, 
moderate and strong forms, while 12.85% were not able to produce 
biofilm formation [5]. Karimi S et al., reported that 29.3%, 38.6%, 
23.3% of isolates formed strongly, moderately, and weakly biofilm 
respectively, while 8.6% of isolates were not able to biofilm forming 
[29]. Stepanovic S et al., showed that most Salmonella species and 
Listeria monocytogenes strains formed moderate and weak biofilm 
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