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Abstract 

Pseudomonas aeruginosa is one of the most important bacterial pathogens difficult to treat in clinical practice. Being a 

ubiquitous organism, the mode of acquisition and spread of this organism is always controversial. Various methods had been 

tried to find out molecular markers for tracing the spread of P. aeruginosa from environment to clinical settings. In an attempt to 

do so a total of 50 isolates collected from environmental sources such as water, soil, air, industrial effluents and clinical sources. 

The isolates were confirmed and analyzed for resistotyping as well as molecular typing. When resistotyping with clinically useful 

antibiotics were not promising, the molecular typing was promising to differentiate the isolates. Two different oligonucleotide 

RAPD primers (decamer) were used to amplify reproducible polymorphisms proved to be useful in the differentiation of strains 

isolated from various sources. Discriminatory power as Simpson's index was calculated and found that Pa-272 having 90.5 %. 

Moreover, Primer Pa-272 differentiated the isolates into ten types while Primer Pa-208 differentiated into seven types. 
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Introduction 

Pseudomonas aeruginosa is a ubiquitous, gram 

negative, aerobic, bacillus and primarily a nosocomial 

pathogen (Harris et al., 1999). The ability to grow in 

minimum nutritional requirements is a survival advantage 

of this organism (Favero et al., 1971, Lantos, 1966). Being 

ubiquitous, patients get infected even from solutions 

purported to have antiseptic activity (Plotkin and Austrian, 

1958; Mitchell and Hayward, 1966; Cragg and Andrews, 

1969), medications, utensils, and medical instruments 

(Jessen, 1965; Bruch, 1971) as well as from the hospital 

environment. Pseudomonas aeruginosa displays an 

epidemic population structure, with frequent recombination 

events leading to the evolution of highly successful 

epidemic clones (Prinay et al., 2002). Molecular typing has 

been used to explore the diversity of various populations of 

P. aeruginosa strains and to evaluate the rate of genetic 

recombination in the species. Most of these studies have 

focused on specific diseases such as Cystic fibrosis (CF) 

(Denamur et al., 1993; Kiewitzand Tummler, 2000; 

Lomholt et al., 2001) and ulcerative keratitis (Craig 

winstanley et al., 2005). In general there are only few 

studies addressing the clonal diversity of P. auroginosa 

from variety of sources. So, the present study was 

conducted to investigate the diversity of P. aeruginosa 

strains isolated from a variety of environmental and clinical 

sources. Antibiogram of all the isolates against clinically 

significant groups of antibiotics were also evaluated for the 

same purpose. 

Materials and Methods 

Pseudomonas aeruginosa isolates 

A total of 50 isolates had been collected for this 

study. Environmental samples were collected from sources 

such as soil, air, water, industrial effluent. Clinical samples 

were collected from a tertiary care hospital from Salem. 

Each source represents a group and each group comprises 

of 10 isolates.  

Identification 

The bacterial isolates were identified by standard 

biochemical methods as well as by using a rapid 

biochemical kit NEFERM-24 (LA CHE MA co., bmo, 

Czech Republic).   



Ashokkumar et al., 2012 

Antibiogram 

The agar disc diffusion method (Bauer et al., 

1966) according to CLSI was followed to perform the 

susceptibility test for the Pseudomonas aeruginosa isolates 

with 7 commercially available antibiotics of clinical 

importance such as Gentamycin (10 µg), Imipenem (10 

µg), Ciprofloxacin (5 µg), Netilmicin (30 µg), Amikacin 

(30 µg), Ceftazidine (30 µg), Piperacillin (100 µg)(HI-

MEDIA).The Muller Hinton agar (MHA) plates were 

uniformly inoculated with an actively growing culture of 

the organism and antibiotic discs were placed and 

incubated at 37oC for overnight. The zone of inhibition was 

measured from the centre of disc to clear zone in millimetre 

using HI Antibiotic Zone Scale-c (HIMEDIA). The zone of 

inhibition was compared with standard. 

DNA isolation 

Approximately 1.5 ml of culture was transferred 

to a micro centrifuge tube and was centrifuged at 5,000 rpm 

for 2 min. The pellet was suspended in 567 µl of TE buffer. 

To this suspension 30 µl of 10% SDS and 3 µl of 

Proteinase K were added and incubated at 37oC for 1 hour. 

After incubation, 100 µl of 5 M NaCl was added and mixed 

thoroughly. To the mixture 80 µl of CTAB/ NaCl solution 

was added, mixed thoroughly and incubated at 65oC for 10 

minutes. One volume of 24:1 chloroform: isoamyl alcohol 

was added and mixed thoroughly. Then it was centrifuged 

at 5,000 rpm for 5 minutes. The supernatant was transferred 

to a fresh centrifuge tube. One volume of phenol: 

chloroform: isoamyl alcohol (25: 24:1) was added and was 

centrifuged at 5,000 rpm for 5 minutes. The supernatant 

was transferred to a fresh centrifuge tube. To the 

supernatant 0.6 ml of isopropanol was added and was 

mixed gently till the DNA was precipitated. This was 

incubated for 1 hr in deep freezer (-20oC). The tubes were 

centrifuged at 6,000 rpm for 5 minutes for settling the DNA 

pellet. The supernatant was discarded and the pellet was 

washed twice using one ml of 70% ethanol. After washing, 

supernatant was removed and the pellet was allowed to dry. 

It was dissolved in 100 µl of TE buffer and stored at -20oC 

till further use.   

 

 

RAPD 

Two different oligonucleotide primers (decamer) 

were used to amplify reproducible polymorphisms suitable 

for differentiation of P. aeruginosa and the protocol were 

followed as per (Eshwar et al., 1996). The primers used 

were 

Pa-208 - 5’ ACGGCCGACC 3’ 

Pa -272 - 5’AGCGGGCCAA 3’  

A fifty microliter reaction were set up with 100 

ng of genomic DNA, 1.5 U of Taq DNA polymerase, 200 

µM deoxy nucleotide tri phosphate mix (dNTP mix), 2.5 

mM magnesium chloride and were used in a 1X PCR 

buffer (Bangalore Genei, India). 50 pmoles of primer Pa-

208 (Sigma Aldrich, Bangalore) and for RAPD with Pa -

272 (50 p moles – Sigma Aldrich, Bangalore) was used. 

The reaction mixture was placed in thermocycler 

(Eppendroff, India). 

(i) 4 cycles with 1 cycle consisting of 5 min at 

94°C, 5 min at 36°C, and 5 min at 72°C. 

(ii) 30 cycles with 1 cycle consisting of 1 min at 

94°C, 1min at 36°C, and 2 min at 72°C, 

followed by a final extension step at 72°C for 

10 min.  

The amplicons were resolved by electrophoresis 

through an agarose gel of 0.8% (w/v) concentration with 

ethidium bromide at a concentration of 0.5 g/ml. The 

electrophoresis was performed for one hour at 70V in a 

electrophoresis apparatus (BIO-RAD, USA). DNA ladder 

(100 bp) was used in the first well to measure the amplicon 

size. A concentration of 6X DNA loading dye was used to 

load the DNA samples in to the gel. After electrophoresis, 

the gels were observed in a gel documentation system 

(BIO-RAD, USA) and recorded. All the experiments were 

repeated twice to check the stability and reproducibility of 

the bands produced. Discriminatory power as Simpson's 

index was calculated in the manner described (Hunter et al., 

1988) using the formula,   
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Where, N -  is the total number of strains in the test 

population,  

s   -  is the number of strain types observed,  

nj -  is the number of strains in the 

population that belong to the jth strain type.  

Results  

Fifty percent of soil, water and industrial isolate 

shown resistance against one or more antibiotics. Among 

the 10 clinical isolates 7 of them were shown resistance in 

which 4 were found to be resistant to more than one 

antibiotic and 2 were resistant to all the seven antibiotics. 

Only one isolate from air found to be resistant to any of the 

tested antibiotics. Details of the antibiogram have been 

given in the table 1. 

Table 1. Antibiogram of fifty isolates 

 Soil 

isolate 

Industrial 

effluent 

Air 

isolates 

Water 

isolates 

Clinical 

isolates 

Cf - - - - 3 

Nt 1 - - 2 5 

I - 3 - 2 2 

Ca 2 1 1 - 4 

G - - - - 3 

Ak 1 - - 1 3 

Pc 3 3 1 4 5 

 

RAPD  

  Primer Pa-208 differentiated the 50 isolates into 

seven types of which three contained seven isolates each 

and three contained five isolates each. The other type 

contained fourteen isolates. The discriminatory power was 

found to be 84.9. The P. aeruginosa ATCC strain used 

alongside gave a matching pattern with one of the isolates. 

The detailed strain distribution is shown in the table 2. 

Primer Pa-272 differentiated the 50 isolates into ten types 

of which one was limited to pairs. Another one type 

contained three isolates. One type contained four isolates. 

Five types contained five isolates each. Two types contain 

eight isolates each. The discriminatory power was found to 

be 90.5 %. The P. aeruginosa ATCC strain used alongside 

gave a matching pattern with one of the isolates. The 

detailed strain distribution is shown in table. 3.  

 

Discussion 

Pseudomonas aeruginosa is a ubiquitous, gram 

negative, aerobic, bacillus. It is an opportunistic pathogen 

of recurrent infection in hospitalized or 

immunocompromised individuals. P. aeruginosa is 

recognized as one of the leading causes of severe hospital-

acquired infections (Korvick et al., 1991). It is often 

resistant to multiple antibiotics (Michel-Briand et al., 1989; 

Thabaut et al., 1988). Infections with multi-drug resistant 

P. auroginosa are frequent in ICUs and similar settings 

where there is a high antibiotic pressure. Hospital 

environment and equipments become repeatedly colonized 

by this organism. It becomes the major source of infection 

as well as the reservoir. 

Table 2. RAPD pattern of Pseudomonas areuginosa 

isolates with primer Pa-208 

*Each figure represents strain number 

Outbreaks are often occurs and the source has 

been traced to hospital environment. Clonal studies have 

proved this fact beyond doubt. Most of the clonal studies 

were addressed specific clinical settings and disease 

conditions like cystic fibrosis, keratitis etc., in general the 

clonal diversity is not been investigated in isolates from a 

wide range of environmental and clinical sources. In the 

present study, the clonal relations were investigated in 

order to understand the type distribution among the isolates 

obtained from various sources including hospital isolates.  

The antibiotic susceptibility assay used only 7 drugs most 

commonly and traditionally used for treatment of 

Pseudomonas infections. Mainly β-lactam drugs, amino 

glycosides and  fluroquininoles. Among the groups studied,  

Type PrimerPa-208 

A 1,2,5,6,8,9,12 

B 16,19,20, 23,27 

C 15,21,22,24,25,26,28, 29,30,33,34,36,37,40 

D 3,4,10,11,14,18,38 

E 23,13,7,31,35 

F 41,42,43,39,32 

G 44,45,46,47, 48,49,50 
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clinical isolates were the most resistant group. Seven out of 

ten clinical isolates had resistance to one or more 

antibiotics probably due to their previous exposure to 

antibiotics. This is followed by soil, industrial effluents and 

water. The least resistance was seen in air isolates. This is 

easy to explain as the exposure of various environmental 

stresses is the key factor in developing survival advantage 

in microbes. Air isolates being least exposed to chemical or 

antibiotic stress showed least resistance. Still one of the air 

isolate showed resistance may be due to a de-novo 

mechanism. Antibiotic sensitivity analysis showed that 

there is a wide spread occurrence of β- lactam resistance in 

P. aeruginosa .The clinical isolates were the most resistant 

ones showing high level resistance to most of the 

antibiotics, whereas the air isolates were the least resistant 

ones. All other groups in the decreasing order of soil, 

industrial effluents and water. Though this preliminary 

observations are very interesting, need to be evaluated in a 

larger and controlled design. 

Table 3. RAPD pattern of Pseudomonas areuginosa 

isolates with primer Pa-272 

Type Primer Pa-272 

A 1, 3, 4, 10, 19 

B 11,13,14,23,17,38,31,32 

C 2,6,9,39,40 

D 46,47,49 

E 8,15,18,25 

F 45,50 

G 21,27,29,30,24,22,26,28 

H 5,7,12,16,20 

I 41,42,43,44,48 

J 33,34,35,36,37 

 *Each figure represents strain number 

RAPD technique was chosen as one of the 

techniques because it enabled to study the overall genome 

of any organism without focusing a specific portion alone. 

RAPD has been utilized to type a wide range of bacteria 

including P. aeruginosa (Hoogkamp-Korstanje et al., 1995; 

Kersulyte et al., 1995) and the method described by Eshwar 

Mahenthiralingam et al. (1996) proved very useful for 

discrimination among P. aeruginosa CF isolates. The 

primers Pa-208 and Pa-272 selected for this study was 

proved to be useful in terms of discriminatory power, 

reproducibility and typeability for P. aeruginosa. Variables 

that influence the results include magnesium chloride 

concentration, primer concentration and Taq polymerase. 

Variations in DNA concentrations 0.5 to 10 µg/µl had little 

effect on RAPD patterns. Other factors like buffer 

composition and thermal cycler performance probably also 

play a role in band pattern. Since all our reactions were 

performed with the same buffer composition and the same 

thermo-cycler (ABI 9700), these factors of variation could 

be omitted. Another problem with RAPD is variation 

between amplifications. Some of the amplifications in our 

experiment were less efficient and were repeated. However, 

typeability has never been a problem. RAPD results with 

primer Pa-272 had produced ten types with a 

discriminatory power of 90.5%. There was no considerable 

clustering of the isolates into a particular type.RAPD 

results with primer Pa-208 had produced seven types with a 

discriminatory power of 84.9%. There was considerable 

clustering of the isolates into a particular type (C). 

 The merits and demerits of any typing method is 

evaluated by three basic criteria namely type ability, 

reproducibility and discriminatory power. All the 

techniques that we had tried were found to be reproducible 

and all the isolates used were found to be type able, so the 

ultimate criterion for analyzing types was discriminatory 

power. Among these two methods, RAPD with primer Pa-

272 had a higher discriminatory power with a D value of 

90.5. Whereas, primer Pa-208 had produced only 7 types 

with discriminatory power of 84.9.In case of primer Pa-272 

type D, F, and I were exclusively of clinical origin. 

Similarly type G was exclusively of air isolates and type J 

was of water isolates. All other types had mixed population 

represented two or more groups in the study. In case of 

primer Pa-208, among the 7 types G type was exclusive, 

containing only clinical isolates. The C type was the most 

frequent having 14 isolates, considered a significant 

clustering. Surprisingly there was no representative from 

soil and clinical groups. 



Ashokkumar et al., 2012 

The present study was conducted to evaluate 

some of the existing molecular typing methods used for 

Pseudomonas aeruginosa strains isolated from a variety of 

environmental and clinical sources. It is also planned to 

evaluate the antibiogram of all the isolates towards 

clinically significant groups of antibiotics. The present 

study is an effort to compare the antibiogram of                 

P. aeruginosa isolated from various natural sources and 

their molecular types. Clinical isolates were most resistant 

compared to their environmental counterparts may be due 

to their constant exposure to antibiotics/ exposure induced 

selection. The molecular typing showed that most of 

clinical isolates in the same cluster. This shows the 

similarity of molecular mechanisms responsible for 

resistance most probably due to plasmids or similar 

transferable elements. Molecular typing is a superior 

method for epidemiological purpose. Since we studied only 

a limited number of isolates any such conclusion need to be 

evaluated in large number of isolates.  
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