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Abstract 

       A total of 82 Pseudomonas aeruginosa strains isolated from four hospitals in Baghdad. The isolates were 

studied by repetitive element based PCR (rep-PCR) using BOX primer.Methode: Biofilm determination method 

was used to screen the 82 isolates of forming biofilm .Collagenase production assay was used to screen the 28 

isolates that were strong biofilm formers Collagenase production assay was used to screen the 28 isolates that 

were strong biofilm formers.Results: collagenase production increases when bacteria switch from a planktonic 

to biofilm phenotype. This indicates that biofilms and collagenase are more virulent and have a greater ability to 

cause tissue destruction . The REP-PCR analysis using BOX-primer, showed a clusters genetic relatedness 

among the isolates. The isolates were grouped according to the REP-PCR in 9 different genotypes, named cluster 

1 to 3 which included  C1, C2 ,C3 with relatedness  :8 (80%), 8 (86%) ,3 (80%) respectively . A19 and A20 both 

of them were not included in any cluster , they have 78% similarity .The REP-PCR analysis showed that the 

genotypic relatedness is consistently high between the 8 producer isolates and non producer isolates (13),showed 

similarity reached 86% between collagenase and biofilm producers . 
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Introduction 

      Pseudomonas aeruginosa is an ubiquitous organism which has emerged as a major threat in the clininical 

and environmental habitates. This bacterium is the most frequently isolated Gram-negative organism in blood 

stream and wound infections, pneumonia and intra-abdominal and urogenital sepsis, and is a serious problem, 

infecting immunocompromised patients with cystic fibrosis (CF), severe burns, cancer, AIDS, etc. 
(1-2)

.  One of 

the most worrying characteristics of this bacterium is its low antibiotic susceptibility, which can be attributed to 

a concerted action of multidrug efflux pumps with chromosomally-encoded antibiotic resistance genes and the 

low permeability of the bacterial cellular envelopes 
(3-4)

. Pseudomonas aeruginosa is wonderfully adept at 

forming highly organized surface associated communities encased within an exopolysaccharide and protein 

matrix, known as biofilms 
(3)

, biofilm  represents a protected mode of growth that allows bacteria to withstand 

harsh environmental conditions. The ability of bacteria to colonize virtually any surface and form biofilms has 

made them a major cause of medical infections 
(5)

. Biofilm  structures  protect cells from environmental stresses, 

host immune responses and antimicrobial therapy 
(6)

. The first step in P.aeuroginosa infection is that adherence 

of P.aeuroginosa to epithilum surface is mediated by pili, flagella and Alaginate 
(7)

. the biofilm formation that 

helped P.aeuroginosa to escape from host defense mechanisms and resist to antibacterial action of antibiotics 
(8) 

 

the second step include colonization of P.aeuroginosa and produce several extracellular virulence factors which 

involved pyocyanin , hemolysine, alkaline protease ,elastease, neuraminidase, and exotoxins A,S,U,Y,T 

responsible for extensive tissue damage ,blood stream invasion and dissemination , many of these extracellular 

virulence factors are controlled by cell to cell signaling system 
(9)

. Collagens are the major protein constituents of 

the extracellular matrix and the most abundant proteins in all higher organisms. The tightly coiled triple helical 

collagen molecule assembles into water-insoluble fibers or sheets which are cleaved only by collagenases, and 

are resistant to other proteinases. Various types of collagenases, which differ in substrate specificity and 

molecular structure, have been identified and characterized. Bacterial collagenases differ from vertebrate 

collagenases in that they exhibit broader substrate specificity 
(10)

. Collagenase is a zinc metalloproteinase that 

catalyses the  hydrolysis of native collagens, requires zinc and calcium  ions as enzyme cofactors for its optimum 

activity with the  pH of 6.3-7.5.It normally target the connective tissue  in muscle cells and other body organs. 

Collagen, an inert, rigid protein found predominantly in skin, tendon, blood  vessels, ligaments and bones, a key 

component of the animal extracellular matrix, is made through cleavage of procollagen by collagenase 
(11)

. 

Trains of P. aeruginosa can be internally divided into subgroups by classical methods such as: biotyping, 

serotyping, pyocin typing, phage typing and antibiotic sensitivity of tested strains.However, the discriminatory 

power is much lower than that obtained by molecular typing methods. DNA typing methods have been 

frequently used to investigate the diversity of collections of P. aeruginosa 
(12)

. These methods include pulsed-

field gel electrophoresis (PFGE) 
(12-13)

, ribotyping 
(13-14)

 restriction fragment length polymorphic DNA analysis 

(RFLP) 
(14)

 random amplified polymorphic DNA assay (RAPD) 
(12-15)

 , arbitrary primed PCR (AP-PCR) 
(16) 

 

amplified fragment length polymorphism (AFLP) 
(12) 

, and repetitive element based PCR (rep-PCR) 
(13-14)

. Rep-
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PCR is amethod for fingerprinting bacterial genomes, which examines strain-specific patterns obtained from 

PCR amplification of repetitive DNA elements present within bacterial genomes. Three main sets of repetitive 

elements are used for typing purposes: the repetitive extragenic palindromic (REP) sequence, the enterobacterial 

repetitive intergenic consensus sequence (ERIC) and the BOX elements (17). The aim of this work was to 

determine the genetic patterns for differant Pseudomonas aeruginosa strains (collagenase producer and strong 

biofilm formers with non collagenase producers and moderate biofilm formers ) by using repetitive element 

based PCR (rep-PCR) using BOX primer  . 

  

Material and methods 

Bacterial strains. Eighty two strains of Pseudomonas aeruginosa were originally isolated from a variety of 

clinical specimens from different wards of the Hospitals, the main Hospitals in (Baghdad), and environmental 

isolates from hospital environment,soil , food , water  between May 2012 and October 2012. The isolates were 

identified as Pseudomonas aeruginosa according to biochemical patterns in the VITEC-2 compact system . The 

stock cultures were stored in BHI (Brain Heart broth, LAB) containing 20% glycerol at –80°C. 

Biofilm Formation Determination: BHI broth with 1% glucose was used as a medium for growth of bacteria 

and biofilm formation. In each test tube, containing 10mL of this medium one loopful of 18hrs fresh  culture of 

P. aeruginosa was inoculated and incubated for 24 hrs at 37°C. The cell suspensions were poured out off the 

tubes and washed with  distilled water and dried, keeping the tubes in inverted state. The walls of the tubes were 

stained with 1% crystal violet  for 15 min and then washed with distilled water. The tubes were again dried and 

the viscid layer produced on the walls were interpreted as biofilm production. Ring formation only at the liquid 

interface should not be considered as biofilm formation, it should be a visible ring along with the film lined the 

wall and the bottom of the test tube. Biofilm, production was scored as negative (-), weak positive (1+), 

moderate positive (2+) or strong positive (3+) 
(18) 

. 

Congo red agar method: BHI broth 37g, glucose 50g and agar 15g dissolve in 900 ml of D.W. then sterilized, 

cooled to 55 ºC, and 100 ml of congo red solution(congo red (Merck) 0.8g dissolve in 100ml D.W) was added 

and poured into sterilized Petri-dishes 
(19) 

.Then was inoculated with single colony of the bacteria by streaking, 

and incubated at 37ºC for 24 hr.; a black colonies with a dry crystalline consistency indicated biofilm formation 

while non-slime producers usually remain pink. The isolates that appeared as black colonies and black medium 

were given +++ or ++++ results and the isolates that gave red colonies without  black medium  were given ++ or 

+ . The experiment was performed in triplicate. 

Collagenase Detection : Mineral salt agar with collagen was used for this purpose 
(20)

. This medium is 

composed g/100ml :Glucose 1.0g,Collagen 0.4g,K2HPO4 0.1g,KH2PO4 0.05g,MgSO4.7H2O 0.05g 

,FeSO4.7H2O 0.01g,ZnSO4.7H2O 0.001g,CaCO3 0.2g Agar 1.5g,all these components were dissolved in 100ml 

of distilled water, pH was adjusted to 7. This medium was used for semi-quantitative screening for collagenase 

production.  

Collagenase production: The  medium was prepared according to 
(21)

 with some modification, it composed (g 

/00ml) :NaCl 1g,glucose 0.25g,Yeast extract 0.25g,collagen 0.5g(Bovina Achills tendon/Sigma Aldrich),all these 

components were dissolved in 100ml of distilled water, pH was adjusted to 7.  

DNA extraction. Isolates were grown in blood agar at 37°C for 24 h and DNA was extracted using the 

ZymoResearch Fungal/BacterialDNA MiniPrep
TM

 kit (USA). 

BOX-PCR typing. BOX-PCR fingerprinting was carried out using one primer of sequence 5'-

CTACGGCAAGGCGACGCTGACG-3'. Amplification was carried out with a 10 × PCR buffer (100 mM Tris-

HCl, 1 mM DTT, 0.1 mM EDTA, 100 mM KCl, 0.5% Nonidet P40, 0.5% Tween 20) in a total reaction of 50 µl 

containing 2.5 mM dNTP, 20 mM MgCl2, 100 pmol of primer, 2 µl of genomic template DNA,and 1 unit of Taq 

DNA polymerase (Promega, USA). 

BOX-PCR typing was carried out according to Dawson et al. (2002) using a PTC-100 Programmable Thermo 

Controller (MJ Research) according to the following procedure: initial denaturation at 94°C for 5 min followed 

by 35 cycles of PCR consisting of denaturation at 94°C for 1 min, annealing at 48°C for 2 min, and extension at 

72°C for 2 min; in the last cycle, the extension time was 5 min. The PCR product (10 µl) was analyzed using a 

2% agarose gel in the TBE buffer (5.4 g l–1 Tris, 2.75 g l–1 Boric acid, 0.37 g l–1 EDTA (pH 8.0)) and 

photographed under a UV light. The size of the products was analyzed using a M100–1000 bp ladder MW size 

marker (Promega, USA). 

 

Results : 
Screening of biofilm forming isolates Eighty two Pseudomonas isolates were screened for biofilm formation 

by two methodes included : 

 Qualitative methods by Congo-red agar method (CRA)Qualitative assay was applied by culturing on CRA, 

the non-producers form red colonies ,while the biofilm producers appear black 
(22)

 . All Pseudomonas isolates 

have the ability to produce slime layer that is very necessary for biofilm formation but in different degree as 
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shown in table (1) which depends on the color of the colonies pink (+), black(++),deep black (+++).Twenty nine 

Pseudomonas  represented high production of biofilm and twenty seven moderate while twenty two were low 

producers .  

Quantitative method (Micro-titer plate assay) Eighty two Pseudomonas were assayed for production of 

biofilm. The results are summarized in table (2) which includes, the statistical analysis of biofilm for all these 

isolates were considered as a biofilm producers but the suggested interval ranges are classified in three classes 

according to the mean values of each three replicates and  named ( weak, moderate, and strong) with respect  

(0.107, 0.198 and 0.289–0.386) respectively, red color represented strong biofilm producers . 

 

Qualitative screening of collagenase producing P.aeruginosa :   Twenty eight P.aeruginosa isolates that 

distinguished by their high biofilm production were selected and examined for collagenase production on a 

medium containing collagen . Only eight isolates grew on collagen medium after four days of incubation .  The 

ability of isolates to degrade collagen in the medium differed figure (2) .P.aeruginosa A3 ,A5 and A7 gave high 

growth zone (18mm for P.aeruginosaA3and A5 ,16mm for A7) while the other isolates can not grow in media 

containing collagen. 

  Genotype  : 

      BOX-PCR typing was carried out to differentiate  the twenty-one P. aeruginosa  isolates divided into two 

groups, the first included 8 collagenase producer and strong biofilm former and the second included 13 non 

collagenase producer and strong biofilm former (figure 3).  

The isolates were grouped according to the BOX-PCR to 9 different genotypes being their similarity (cut off 

point) were greater than 80 % as it depicted in figure (4), named clusters. BOX-PCR fingerprinting revealed 3 

main clusters as it is shown in table (4).  

Cluster 1 (C1) members shared 80% similarity consist of 6 environmental isolates and two clinical isolates. 

Nevertheless, cluster 2 (C2) with similarity 86% consist of 6 clinical isolates and two environmental isolates. On 

the other hand, cluster 3 (C3) has 80% similarity consisted 3 clinical isolates. What's more, P.aeruginosa A19 

and A20 both of them were not included in any cluster yet they have 78% similarity.The REP-PCR analysis 

showed that the genotypic relatedness is consistently high between the 8 collagenase producer isolates and the 13 

non producer isolates (the similarity reached 86% for collagenase producer isolates) as shown in (figure 5). 

      

 

    Discussion 
      Eighty two Pseudomonas isolates were screened for biofilm formation by two methodes included :   

Qualitative assay was applied by culturing on CRA.The Congo red dye directly interacts with certain 

polysaccharides, forming colored complexes 
(22)

 . All Pseudomonas isolates have the ability to produce slime 

layer that is very necessary for biofilm formation but in different degree.Twenty nine Pseudomonas  represented 

high production of biofilm and twenty seven moderate while twenty two were low producers .
(23)

 reported that 

the Congo Red method is a rapid, more sensitive, and reproducible  method  ,furthermore the colonies remaining 

viable on the medium. 

Quantitative method (Micro-titer plate assay) The microtiter dish assay is an important tool for the study of 

the early stages in biofilm formation, and has been applied primarily for the study of a wide variety of microbes 

.The isolate showed a different potential capacity to form biofilm under the same conditions of 

experimentation,The isolates from burns revealed  high biofilm formation then UTI , seputum and ear infections 

while wounds , keratitis , soil and sewage represented less biofilm formation .  Crystal violet is a basic dye 

known to bind to negatively charged molecules on the cell surface as well as nucleic acids and polysaccharides, 

and therefore gives an overall measure of the whole biofilm. It has been used as a standard technique for rapidly 

accessing cell attachment and biofilm formation in a range of Gram positive and Gram-negative bacteria 
(23-24)

 . 

The motile microbes typically adhere to the walls and/or bottoms of the wells, while the non-motile  typically 

adhere to the bottom of the wells. Pseudomonas  are motile organisms and form a biofilm at the air-liquid 

interface 
(25)

.  
(26)

demonstrated that P. aeruginosa rapidly colonizes burn wounds and formes biofilms primarily 

around blood vessels. 

 Qualitative screening of collagenase producing P.aeruginosa : 
   The ability of isolates to degrade collagen in the medium differed only eight degeraded collagen in medium 

other isolates could not, refer to cannot these isolates to produce collagenase or not hve the gene responsible to 

encode to collagenase ,in order to degraded collagen as a source of nitrogen necessary to live. 

Genotyping 

Genotyping, for discrimination of bacterial strains based on their genetic content, has recently become 

widely used for bacterial strain typing. The methods already used in genotyping of bacteria are quite different 

from each other 
(27) 

. 
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BOX-PCR fingerprinting is capplicable for typing of P. aeruginosa isolates and can be considered a useful 

complementary tool for epidemiological studies of members of this genus 
(28)

. 

 
(29)

 represented that BOX-PCR is a rapid, highly discriminatory and reproducible assay that proved to be 

powerful surveillance tools for typing as well as characterizing clinical P. aeruginosa isolates. The study of 
(13)

, 

in which the BOX-PCR method showed a high discriminatory power.The environmental isolates arranged with 

clinical isolates in the same genotype clusters; which may indicate the transmission of the pathogens from 

hospital environment -to-patients as well as spreading of the pathogens in the environment of hospital. The 

pathogens may also transmit from patient-to-patient either via contaminated medical equipment, via the air of the 

hospital environment which may be contaminated with those bacteria or via the hands of medical staff. 

     The differences in the distributions of virulence factor genes in the populations strengthen the probability that 

some P. aeruginosa strains are better adapted to the specific conditions found in specific infectious sites 
(30) 

. 

Many extracellular virulence factors secreted by P. aeruginosa have been shown to be controlled by a complex 

regulatory circuit involving cell-to-cell signaling systems that allow the bacteria to produce these factors in a 

coordinated, cell-density–dependent manner.  Additionally, the proteolytic potential slightly increased when 

biofilms are exposed to sublethal concentrations of selected antibiotics. This possibly explains the results of 

clinical studies that show increased severity of disease when subtherapeutic doses or inadequate duration of 

antibiotics are used 
(31)

. 

 

Conclusion 

All  P.aeruginosa isolates form biofilm but at differed levels weak ,moderate and strong but few of them can 

produce collagenase .Afew of isolates can produce collagenase . REP-PCR showed that 21 isolates were 

clustered into three different genotypes and the relatedness was 86% between eight strains that was collagenase 

and bioflim producer. 
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Table (1): Number and degree of colonies color of biofilm producer isolates on CRA  

No. of isolates CRA + CRA ++ CRA +++ 

82 26 27 29 

+pink colonies,++black colonies,+++deep black colonies 
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Table (2) : Summary of statistical analysis of biofilm formation by Pseudomonas aeuroginosa isolates 

  

Classes No. Mean Std. Dev. 
Std. 

Error 

95% Confidence 

Interval for Mean 
Min. Max. 

Lower 

Bound 

Upper 

Bound 

weak 29 0.168 0.021 0.004 0.160 0.176 0.107 0.193 

moderate 25 0.242 0.032 0.006 0.229 0.255 0.198 0.282 

strong 28 0.336 0.026 0.009 0.314 0.358 0.301 0.380 

 

Table (4) :Genotyping clusters and source of isolates with their description depending on collagenase and 

biofilm production   

Cluster Isolates Source of isolates Description 

C1 A9,A10 

A11,A12 

A13,A14 

A15 

A21 

Environment 

Environment 

Environment 

Wound 

Burn 

All of these isolates are moderate biofilm 

former and non-collagenas producer. 

C2 A1,A2 

A3,A4 

A5,A6 

A7,A8 

Burn 

Environment 

Burn 

Burn  

All of them strong biofilm former and 

collagenase producer. 

C3 A16,A18 

A17 

Wound 

Burn 

This cluster is non collagenase producer with  

moderate biofilm former. 

 

 
 

Fig.2: Growth zones (mm) of P.aeruginosa isolates on medium with 0.4 % collagen after 4 days incubation 

at 37ºC. 
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Figure (4) : BOX-PCR fingerprinting of P. aeruginosa isolates. A- Lanes 1-8 P.aeruginosa isolates of 

strong biofilm and collagenase producers. B – Lanes 9 to 21 - P. aeruginosa isolates of moderate biofilm 

formation and non-collagenase producers. Lane M: Molecular weight marker (MW100-1000bp) Lane C: 

Control positive. Lanes 1 to 8 - P. aeruginosa isolates of high biofilm formation and collagenase 

production 
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Figure (5): Dendrogram (cluster analysis) using BOX-PCR fingerprint patterns of 21 clinical and  

environmental P.aeruginosa isolates, red color referred to isolates from burns, wound insolates have blue 

color, while black color referred to environmental isolates. 
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