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Abstract Five bacterial isolates were screened for

resistance to organotin compound, i.e. tributyltin chlo-

ride (TBTC) up to 2 mM. The optimum pH, tempera-

ture and salinity for the growth of the isolates were found

to be 7, 28�C and 2.5%, respectively. The isolates were

tested for survival tolerance to heavy metals (mercury,

cadmium and zinc) and co-resistance to antibiotics viz.

ampicillin, kanamycin, rifampicin, streptomycin, penicil-

lin, chloramphenicol, tetracycline, nalidixic acid and

neomycin. Although our earlier study reported that

these five bacterial strains are of different species of

Pseudomonas, our present 16S rRNA gene sequence

analysis revealed that all the strains are Pseudomonas

aeruginosa. One of five isolates P. aeruginosa strain 25W

could grow in mineral salt medium with 2 mM of TBTC

as a sole source of carbon and survive up to 5 mM of

TBTC. In presence of 2 mM of TBTC there was

comparable up-regulation of 45 kDa protein in the cell

extract of the 25W isolate was found indicating involve-

ment of certain enzymes in TBTC resistance.
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Diversity � Mineral Salt Medium � Protein

Abbreviations

TBTC Tributyltin chloride

MSM Mineral Salt Medium

16SrRNA 16S ribosomal RNA

TBT Tributyltin

Introduction

The presence of organotin biocides in the aquatic

environment have been reported from different parts

of the world due to its extensive use in antifouling

paints (Fent 2003; Konstantinou and Albanis 2004). In

general, organotin toxicity to microbes decreases in the

following order: R3SnX > R2SnX2 > RSnX3 > R4Sn.

Microorganisms accumulate organotin in the cell wall

envelope by a non energy requiring process, organotins

such as tripropyl, tributyl and triphenyltin seem to be

highly toxic to bacteria and fungi (Cooney and Wuertz

1989; Laurence et al. 1989; Cooney 1995). Several

reports have been documented on isolation and char-

acterization of tributyltin (TBT) resistant bacteria

from soil, marine and estuarine environment (Hallas

and Cooney 1981; McDonald and Trevors 1988;

Wuertz et al. 1991; Fukagawa et al. 1992; Suzuki

et al. 1992; Pain and Cooney 1998; Stasinakis et al.

2005). The isolation and characterization of TBT

resistant marine bacterium, Alteromonas sp. M-l was

first record of its kind (Suzuki et al. 1992; Fukagawa

et al. 1994). These resistant bacteria could tolerate high

levels of TBT biocides due to their inherent capability

to (a) transform them into less toxic compounds viz.

di- and mono-butyltin by dealkylation mechanism or

(b) exclusion/efflux of these toxicants outside the cell

mediated by membrane proteins or (c) degradation/

metabolic utilization of them as carbon sources med-

iated by enzymes or (d) bioaccumulation of the biocide

U. Roy (&)
Department of Microbiology, Goa University, Taleigaon
Plateau, Goa, India
e-mail: upal11@yahoo.com

D. Nair
Centre for Studies of Environment and Resources,
University of Bergen, Bergen, Norway

Ecotoxicology (2007) 16:253–261

DOI 10.1007/s10646-006-0125-x

123



without breakdown, using metallothionein like pro-

teins (Blair et al. 1982; Fukagawa et al. 1994). Though

many authors have reviewed many proposed hypoth-

esis, very little is known about the actual resistance

mechanism of microorganisms to tolerate this biocide

(Wuertz et al. 1991; Dubey and Roy 2003). In this

process of investigation, many reports are available

which deals with cross-tolerance of metals and antibi-

otics of tributyltin chloride (TBTC) resistant bacteria

from many parts of the world (Wuertz et al. 1991; Pain

and Cooney 1998; Suzuki et al. 1992) suggesting that

resistant of heavy metals may be associated to organo-

tin resistance. These sporadic reports did not give any

clear idea about the organotin resistance mechanisms

or phylogenetic affiliation of organotin resistance

bacteria. Recent reports of extensive organotin con-

tamination of west coast of India, due to enormous ship

traffic in different shipyard and oil fields (Kanthak

et al. 1999; Bhosle et al. 2004), have raised the concern

of existence and diversity of organotin tolerant bacte-

ria in this area. Our earlier study reported the presence

of organotin resistance Pseudomonas sp. from west

coast (Roy et al. 2004), so the present work grew the

need for sound taxonomic framework for particularly

organotin resistance Pseudomonas strain. The diversity

of Pseudomonas was repeatedly discussed because, the

frequency of recombination among different P. aeru-

ginosa genotype was high leading to the random

association of alleles (Kiewitz and Tummler 2000),

thus diversity within the species is also possible

(Hummerjohann et al. 1998; Spiers et al. 2000). The

present study includes the comprehensive comparative

study of TBTC resistant P. aeruginosa with respect to

its biochemical and genetic diversity as well as we have

investigated the regulation of cellular protein involved

in organotin resistance.

Materials and methods

Culture

Five TBTC resistance bacterial isolates were obtained

from marine surface water sample of west coast of India

(Roy et al. 2004). The five strains were designated as

3(4Sub), 25B, 5Y2, 25W and 9(3A) and identified as

P. aeruginosa with 16S rRNA sequencing with primer

16F27N (CCAGAGTTTGATCMTGGCT CAG), 530F

(GTCCCAGCMGCCGCGG) and 16F 704A (GTAGC

GGTGAAATGCGTAGA) and submitted to GenBank

to get the accession no. DQ014539 (5Y2), DQ014538

(25W), DQ082859 [9(3A)], DQ082857 [3(4 Sub)] and

DQ082858 (25B), respectively. The same cultures were

deposited in NCIM, National Chemical Laboratory,

Pune, India and obtain the accession no. NCIM 5223

(5Y2), NCIM 5224 (25W), NCIM 5225 [9(3A)], NCIM

5226 [3(4 Sub)] and NCIM 5227 (25B), respectively.

These isolates were purified and maintained on mineral

salt medium (MSM) supplemented with 2 mM TBTC

(MSM + 2 mM TBTC).

Media and compound

Mineral salt medium (Mahtani and Mavinkurve 1979)

and Luria Bertani (LB) broth (Gerhardt et al. 1989) as

per the company provided and literature cited. Stan-

dard TBTC [1461-22-9] (MERCK, Germany) stock

solution was prepared in filter sterilized ethyl alcohol

and kept in dark at 4�C.

Antibiotics and metal salt solution

Antibiotic (SIGMA) stock solution (1 mg/ml) was

prepared in sterile de-ionized double distilled water

(D.W) and filter sterilized (0.2-lm syringe filter,

Nalgene, Rochester, NY, USA). The stock solution

was stored in dark at 4�C. Antibiotics used were

ampicillin, kanamycin, rifampicin, streptomycin, peni-

cillin, chloramphenicol, tetracyclin, nalidixic acid, neo-

mycin, spectinomycin, antimycin and amikacin. Stock

solution (1 M) of mercuric chloride (HgCl2), cadmium

chloride (CdCl2) and zinc sulphate (ZnSO4) were

prepared by dissolving the metal salt in 25 ml of D.W.

The solution was filter sterilized and stored at 4�C.

Determination of heavy metal tolerance limit

of bacterial isolate

Three heavy metals, i.e. Hg, Cd and Zn were chosen

for metal tolerance study. Metal tolerance of the five

strains was determined by growing the five isolates

with different increasing concentration of metal salts in

LB medium. After incubation at 28�C for 24 h, the

growth was measured as optical density of the culture

at 600 nm. The survival graph was plotted based on

percent growth of the strains at different concentra-

tions of metal salts. Minimum inhibitory concentration

(MIC) values of different metal salt viz. CdCl2, HgCl2
and ZnSO4 for five TBTC tolerant isolates were

determined from percent survival curve.

Determination of antibiotic resistance of bacterial

isolates

Antibiotic sensitivity of natural isolates was deter-

mined using different antibiotics such as ampicillin,
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kanamycin, rifampicin, streptomycin, penicillin, chl-

oramphenicol, tetracyclin, nalidixic acid, neomycin,

spectinomycin, antimycin and amikacin. Different

antibiotic plates were prepared using LB agar and five

bacterial isolates were spot inoculated on the plates

and incubated at 28�C for 24 h. After incubation, the

sensitivity of the isolates was detected based on their

inhibition of their growth on the respective antibiotic

plates.

Molecular identification and phylogenetic analysis

A single isolated colony of the selected bacterial

cultures were taken from agar plate and was suspended

in 50 ll of colony lysis solution (10 mM, Tris–HCl, pH

7.5, 10 mM EDTA and 50 lg/ml of proteinase K). The

reaction mixture was incubated at 55�C for 15 min

followed by proteinase K inactivation at 80�C for

10 min. The reaction mixture was centrifuged at

15,000 rpm at 4�C for 15 min. The supernatant contain-

ing genomic DNA was directly used as template in PCR

reaction. PCR amplification of almost full-length 16S

rRNA gene was carried out with eubacteria specific

primer set 16F27N (5¢-CCAGAGTTTGATCMTGG

CTCAG-3¢) and 16R1525XP (5¢-TTCTGCAGTCTAG

AAGGAGGTGWTCCAGGC-3¢) (Pidiyar et al. 2002),

in a 25-ll final reaction volume, containing about 10 ng

of genomic DNA, 1 · reaction buffer (10 mM Tris–

HCl, pH 8.8 at 25�C, 1.5 mM MgCl2, 50 mM KCl and

0.1% Triton X-100), 0.4 mM (each) deoxynucleoside

triphosphates (Invitrogen), 0.5 U of DNA Polymerase

(New England Labs, UK) and the final volume was

made 25 ll by adding sterile nuclease free water. The

PCR was performed in an automated Gene Amp PCR

system 9700 thermal cycler (Applied Biosystems, Foster

City, CA, USA) under the following conditions. The

amplification conditions were as follows 94�C for 1 min

(denaturation), 55�C for 1 min (annealing), 72�C for

1.30 min (elongation), 72�C for 10 min final elongation.

Expected PCR product of around 1.5 kb was checked by

electrophoresis of 5 ll of the PCR product on 1%

agarose gel in 1 · TBE buffer and stained with ethidium

bromide 0.5 lg/ml. The PCR product was precipitated

by PEG–NaCl (20% PEG in 2.5 M NaCl) precipitation

at 37�C for 30 min. The reaction mixture was centri-

fuged at 12,000 rpm for 30 min at room temperature.

The supernatant was discarded and the pellet was

washed twice with 70% ethanol. After drying the pellet

it was resuspended in 5 ll of sterile nuclease free water.

One microlitre (50 ng) of purified 16S rRNA PCR

product was sequenced by 16S rRNA specific primer,

i.e. 16F27N, 530F (GTCCCAGCMGCCGCGG) and

16R1525XP. The samples were sequenced by using

BIG DYE Terminator cycle sequencing ready reac-

tion kit (v3.1) in ABI PRISM 3730 Genetic Analyzer

(Applied Biosystems). The 16S sequence database

was used to create phylogenetic tree of the studied

isolates. Primarily, the analysis of sequences was

done at NCBI server (http://www.ncbi.nlm.nih.gov/

BLAST). Sequence of the isolates representing

different name but having identical sequences is

considered as single representative. The incomplete

sequences, sequences containing large gap or mis-

takes, undetermined nucleotides, which were lacking

any alleles, were excluded from the study. The

complete sequences were aligned using multiproces-

sor of CLUSTALW programmed at European Bio-

informatics site (http://www.ebi.eic.uk/clustalw).

Aligned sequences were used for un-rooted phylo-

genetic tree with neighbour joining methods sub-

jected to a bootstrapping analysis of 1,000

simulations to assess topology. The analysis was

performed in programmed package (MEGA, Ver-

sion-2.1) with default parameters of Kimura-2 model

(Kumar 2001). During analysis of alignments with

maximum evaluation methods, gaps were considered

missing data points, genetic distances, estimated

using nucleotide/Jukes–Cantor models, where all

substitution were included in pair-wise distances

were estimated using 1,000 permutations. In addi-

tion, the original tested isolates were highlighted and

numbered in tree. The sequences obtained from

BLAST search were named as the accession number.

The classification of P. aeruginosa genotype was

performed by cluster analysis.

Determination of optimum concentration of TBTC

Pseudomonas aeruginosa strain 25W was grown on

MSM with different concentration of TBTC ranging

from 1 to 10 mM. After 48-h incubation, the growth

was observed with respect to protein content and

graphical representation was done as protein (lg/ml)

versus TBTC concentration. From same culture

broth, 0.1 ml of each sample was surface layered

on the MSM agar medium with different concentra-

tion ranging from 1 to 10 mM TBTC separately.

Respective plates were incubated at 28�C and after

incubation total viable count was determined as

colony forming unit (cfu)/ml. In both the cases, a

control experiment was set up with isolate in

MSM + 0.5% glucose medium. A comparable graph-

ical analysis was done with protein content and

viable count of the isolate with respect to different

concentration of TBTC.
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Protein profile (SDS-PAGE)

Cells were grown in different concentration of TBTC,

i.e. 0.1, 0.5, 1 and 2 mM, in MSM. The culture

was also grown in MSM + (0.5%) glucose and

MSM + 0.5% glucose + 2 mM of TBTC as a positive

control for same period. The culture was harvested

during exponential growth phase. Protease inhibitor

cocktail (SIGMA) was added to both cell and super-

natant (1 mg/ml final concentration) to inhibit the

protease activity. Cell pellet suspended in saline, was

sonicated to rupture the cells (65W, 30 S, repeated

three times). Sonicated samples were again centrifuged

and cell supernatant was separated from cell pellet.

Required amount of sample was boiled with 30 ll of

sample buffer for 10 min. The sample was loaded with

loading dye (2 ll). The SDS-PAGE was performed as

per Laemlli (1970) method at 30 V for 2 h and gel was

subsequently stained and de-stained to observe the

protein bands. Result was documented in gel docu-

mentation system.

Result

In our earlier study, five bacterial isolates were

primarily screened on the basis of TBTC utilization

(Roy et al. 2004). Most of the isolates which initially

grew on MSM agar supplemented with 2 mM TBTC,

lost their viability on the same medium after repeated

sub-culturing, because organotin compounds inhibit or

kill most of the aquatic microorganisms (Pettibone and

Cooney 1986), but five of the present isolates could

survive at higher concentration of TBTC, i.e. 2 mM.

The selected five isolates consistently showed good

growth on MSM agar supplemented with 2 mM TBTC

with zone of clearance within 7 days of incubation

(Fig. 1). With subsequent higher concentration, i.e. 3,

4 mM, etc., isolates did not grow in MSM broth or on

agar plate.

Cross tolerance to heavy metals, i.e. Hg, Cd, Zn

Metal resistance was observed in the range of lM to

mM concentration of heavy metals. The result was

summarized with respect to MIC values of three

different metal ions, i.e. Hg, Cd and Zn. The five

isolates showed comparatively higher level of Zn

resistance with maximum resistance of 11.6 mM for

3(4Sub) and lowest for 9(3A) isolates, which were

found sensitive as the MIC values obtained was 4 mM

(Table 1). In case of cadmium, all the five strains

showed equal level of resistance with MIC values

ranging from 4 to 5 mM (Table 1). The mercury

resistance of five Pseudomonas sp. were varied from

8 to 9.5 mM of Hg. Unlikely the 9(3A) strain showed

markedly high MIC values, i.e. 10.7 mM for Hg,

whereas the same isolate was comparatively sensitive

to zinc than other isolates.

Antibiotic resistance

A broad range of antibiotics were tested ranging from 1

to 900 lg/ml. The list of concentrations compiled in

Table 2 was the threshold concentration for the five

isolates found resistant to those antibiotics. All the five

isolates were found more resistant to penicillin, ampicil-

lin, rifampicin, kanamycin, neomycin, spectinomycin,

antimycin and streptomycin including some other anti-

biotics viz. amikacin, chloramphenicol, tetracyclin and

nalidixic acid (Table 2). Only strain 5Y2 was sensitive to

Fig. 1 Growth pattern of TBTC resistant isolates (as identified
biochemically) on MSM agar supplemented with 2 mM TBTC. 1
Pseudomonas aeruginosa strain 25B, 2 Pseudomonas aeruginosa
strain 5Y2, 3 Pseudomonas fluorescens strain 3(4Sub), 4 Pseudo-
monas stutzeri strain 9(3A), 5 Pseudomonas aeruginosa strain
25W

Table 1 MIC values of different heavy metals (Zn, Cd and Hg)
for the five TBTC resistant bacterial isolates

Bacterial isolates Metal salt
(mM) ± 1.5 mM

ZnSO4 CdCl2 HgCl2

Pseudomonas aeruginosa strain 25W 10 5 8
Pseudomonas aeruginosa strain 25B 10.5 5 9
Pseudomonas fluorescens strain 3(4Sub) 11.6 4 9.5
Pseudomonas aeruginosa strain 5Y2 9 5 9
Pseudomonas stutzeri strain 9(3A) 4 5 10.7
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amikacin, whereas strain 9(3A) was sensitive to both

kanamycin and spectinomycin at 400 and 100 lg/ml,

respectively. Both the strains were found sensitive even

at lower concentration of kanamycin and spectinomycin.

Biodiversity study

The initial BLAST analysis of all five isolates showed

that they are very close to P. aeruginosa. The

phylogenetic tree of 16S rRNA gene revealed five

cluster based genome diversity of the studied

sequences as well as other species of Pseudomonas

sp. (Fig. 2). The strain 25W and 3(4Sub) were fallen in

one cluster with AY360347 and DQ95913 sequences of

the NCBI database and both the sequences showed

high homology to each other. The sequences of strain

25B showed genetically closer to AY631058 and

AF531099, like 9(3A), which showed 99% similarity

to AY162139. The strain 5Y2 remains out of the any

cluster but fairly closer to AY268175 and AY738268.

The total phylogenetic representation explained genet-

ic uniqueness of the strain though they fall in mono-

phyletic group.

Selection of potent strain for TBTC degradation

study

Among the five isolates, P. aeruginosa strain 25W

showed rapid growth within 48 h in MSM broth with

2 mM TBTC and prominent degradation ability (Roy

and Bhosle 2006). Thus this isolate was selected for

further characterization. The strain 25W was further

characterized to detect its organotin tolerance limit.

The comparative graphical analysis in Fig. 3, showed

that the protein content of the culture broth was

markedly decreased from the control when it was

exposed to 1 mM of TBTC, though it increased with

2 mM TBTC, the subsequent increase in concentration

decreases the protein content up to 5 mM of TBTC. At

higher concentration of TBTC a consistent amount of

protein was observed which was insignificant. The trace

Table 2 Antibiotic resistance limit of TBTC tolerant marine
bacterial isolates

Serial
no.

Antibiotic
(concentration in lg/
ml)

25W 25B 3(4Sub) 9(3A) 5Y2

1. Chloramphenicol (25) + + + + +
2. Rifampicin (100) + + + + +
3. Tetracyclin (15) + + + + +
4. Kanamycin (400) + + + - +
5. Ampicillin (400) + + + + +
6. Nalidixic acid (50) + + + + +
7. Streptomycin (240) + + + + +
8. Neomycin (100) + + + + +
9. Spectinomycin (100) + + + - +
10. Penicillin (500) + + + + +
11. Antimycin (300) + + + + +
12. Amikacin (3) + + + + -

‘‘+’’ indicates resistant, ‘‘-’’ indicates sensitive

Pseudomonas aeruginosa AY360347 

Pseudomonas aeruginosa S25 DQ095913 

 34SUB 

 25W 
Pseudomonas aeruginosa JB2 AY738263 
Pseudomonas aeruginosa strain  

 ATCC 27853    AY268175   

 5Y2 

 25B 
 Pseudomonas aeruginosa ATCC BAA-           
1006 AY631058 
Pseudomonas aeruginosa  AF531099 

Pseudomonas aeruginosa strain BHP7-6  
AY162139 

 9(3A) 
Pseudomonas sp. pDL01  AF125317 

Pseudomonas aeruginosa strain MO2   
AY162138
Pseudomonas aeruginosa  AY360347  

Pseudomonas aeruginosa strain HPC7  
AY838298

Fig. 2 Phylogenetic
dandrogram calculated with
16S rRNA sequence of the
isolates obtained using
maximum likelihood
approach. All tested strains in
the present study are
highlighted in bold

Survival of Pseudomonas aeruginosa strain 25W at
different concentration of TBTC
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Fig. 3 Survival of Pseudomonas aeruginosa strain 25W at
different concentration of TBTC

123

Biodiversity of organotin resistant Pseudomonas from west coast of India 257



amount of protein was from inoculums as it was

compared with protein content of the inoculums. In

case of bacterial viable count highest count was

observed in presence of 2 mM of TBTC although it

was less than control and till 5 mM of TBTC the viable

count was 55 cfu/ll. At higher concentration no viable

count was observed. Thus in this study, protein content

and viable count of the culture inferred that it can

tolerate up to 5 mM of TBTC, although the optimum

growth is at 2 mM of TBTC.

Analysis of TBTC induced protein

SDS-PAGE analysis of P. aeruginosa strain 25W

clearly revealed that cells exposed to TBTC at 0.1

and 0.5 mM levels inhibit synthesis of certain proteins

(Fig. 4; lanes 2 and 3). The protein profile of the

extract obtained from cells grown in MSM + glucose

(0.5%) and MSM + glucose (0.5%) + 2 mM TBTC

showed almost similar profile (lanes 4 and 5). The up-

regulation protein of the cell extract obtained from

cells grown in MSM + 1 mM TBTC also revealed a

protein band of 27 kDa (Fig. 4; lane 6) which was

consistent in control lane (Fig. 4; lane 4). Unlike other

lanes, MSM + 2 mM TBTC grown cells clearly ex-

pressed a 45-kDa protein (Fig. 4; lane 7).

Discussion

A number of approaches have been adopted time to

time to investigate the organotin resistance mechanisms

in microorganisms, study them and implement it in

organotin bioremediation. After isolating five organo-

tin resistant Pseudomonas strains (Roy et al. 2004), our

study was more focused on parameters of characteriza-

tion and classification of these five natural isolates.

Initially, during the growth parameters study, cultures

were incubated at three different temperatures viz. 28,

37 and 42�C, but optimum growth was found at 28�C

only, whereas, all five isolates showed highest growth

yield at stationary phase at pH 7 in terms of protein

content as compared to cultures growth at pH 5.

Therefore, natural growth conditions were compara-

tively more favourable than acidic conditions, for all the

strains. The present observation also revealed that

TBTC is cytotoxic at acidic pH of growth medium (i.e.

pH 5), which correlates the findings by Gadd (2000). As

in aquatic system, both pH and salinity determine

organotin speciation and therefore bioavailability and

reactivity. These environmental factors also alter selec-

tively for TBT resistant microorganisms in polluted

system as it was evident from selective enrichment of

TBTC resistant bacterial strains in TBTC contaminated

marine environment (Fukagawa et al. 1994; White et al.

1999). Growth of five isolates showed a similar pattern

of growth in MSM broth as growth increased propor-

tionately with increase in salt (sodium chloride) con-

centration up to 2.5% and that was found to be

optimum condition for growth. Since, the aqueous

solubility of organotin compound such as TBTC was

decreased with increased salinity (Inaba et al. 1995).

The observation revealed that TBTC toxicity is reduced

at higher salinity levels, as the availability of TBTC is

high at low concentration of NaCl.

Bacterial based bioremediation needs that the

microorganisms should function in presence of target

contaminant as well as other contaminant. The prob-

able reason of high zinc resistance (5 mM) of the five

isolates must be involving some mechanisms to remove

this metal from cell or to prevent their entry into the

cell. In case of P. aeruginosa, the resistance patterns to

different heavy metals were studied earlier (de Vicente

et al. 1990; Barkay et al. 2003). Fukagawa et al. (1994)

have reported that out of the 55 bacterial strains, which

are TBT resistant (250 nM), 11 of them showed cross

resistance to methyl mercury (20 nM). In the present

study, the high mercury tolerant bacterial strain 9(3A)

might possess one of these mechanisms and according

to our knowledge that is highest resistance by Pseudo-

monas sp. The study made it evident that TBT tolerant

bacteria may possess common mechanisms. As it is

known that most of the antifouling paints contains

many biocides including heavy metals, mainly zinc

(Sanchez-Bayo and Goka 2005), it was expected that

these organotin tolerant bacteria would develop a

 KDa 
205  

97.4 

  66  45 KDa
43 
29 

27 KDa 

20.1 
  14.3 

 6.5

3.0 

1   2 3    4   5   6   7 

Fig. 4 Protein profile of Pseudomonas aeruginosa strain USS25
(SDS-PAGE). 1 Broad range protein marker (PMW-B), 2
protein sample of cells grown in MSM + 0.1 mM TBTC, 3
protein sample of cells grown in MSM + 0.5 mM TBTC, 4
protein sample of cells grown in MSM + 0.5% glucose, 5 protein
sample of cells grown in MSM + 0.5% glucose + 2 mM TBTC, 6
protein sample of cells grown in MSM + 1 mM TBTC, 7 protein
sample of cells grown in MSM + 2 mM TBTC
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mechanism of resistance to heavy metals that is

commonly present in these paints.

The resistance patterns of P. aeruginosa strains to

different antimicrobial agents were studied. Wuertz

et al. (1991) reported TBT resistant bacterial (8.2 lM)

isolates from Boston harbour, which were resistant to

cephalothin, ampicillin, novobiocin, carbenicillin,

erythromycin and penicillin. Many workers have

reported earlier about multi-drug resistant mechanism

Pseudomonas sp. (de Vicente et al. 1990; Esiobu et al.

2002; Bruins et al. 2003) and P. aeruginosa (Sader et al.

2002). These facts also satisfy the findings of Esiobu

et al. (2002) which reported that Pseudomonas sp. has

plasmid mediated multiple drug resistance, such as

ampicillin, penicillin, tetracycline, streptomycin, kana-

mycin, etc. These reports clearly confirm that organo-

tin resistant natural bacterial communities invariably

demonstrate resistance to commonly used antibiotics,

although sensitivity of strain 9(3A) and 5Y2 to kana-

mycin, spectinomycin and amikacin, respectively, was

an exceptional phenomenon. Though present study

reconfirms previous reported fact, it is still yet to

answer how these bacteria develops resistance to

antibiotics which is not commonly present even in

organotin contaminated water.

Our earlier study on biochemical analysis revealed

that strain 25W, 25B and 5Y2 are P. aeruginosa and

biochemically they were 93.7–97.5% similar to each

other (Roy et al. 2004) (Fig. 5), which reflects the

diversity of phenotype. At the genetic level, sequences

analysis of housekeeping loci of P. aeruginosa has low

sequence diversity (Kiewitz and Tummler 2000). The

biochemical characteristics of bacterial isolate 3(4Sub)

and 9(3A) were led to identification as Pseudomonas

fluorescens and Pseudomonas stutzeri (Roy et al. 2004)

and they have 79.4 and 89.2% similarity with rest of the

strains, but 16S rRNA analysis confirmed it as P.

aeruginosa. Although the sequence analysis of 16S

rRNA gene confirmed its identity, the possible reason

of difference in biochemical characteristic could be

environmental stress. Pseudomonas is considered more

evolvable than other bacteria and evolution arises by

variation, which causes due to mutation or recombi-

nation process in bacterial population (Spiers et al.

2000). These changes in genetic makeup show the

biochemical difference in the same strain.

The study gives a comparative analysis of genetic

and biochemical evidence based classification of the

five natural P. aeruginosa, obtained from the marine

surface water. It also confirmed the fact that analysis of

conserved sequences are tool for bacterial identifica-

tion although the biochemical method supports the

detection of extraordinary diversification within Pseu-

domonas sp. Finally, the ecological forces are the

ultimate determinants of patterns of diversity, although

genetic factors are equally significant to locate the root

of divergence.

Diversification is a solely ecological process. With-

out variation there is no evolution and no divergence.

Variation arises by mutation and recombination and

both processes operate in Pseudomonas (like other

bacteria) because of its ubiquitous distribution and

remarkable adaptability (Spiers et al. 2000). This might

be the reason why out of the five studied bacterial

strains only strain 25W showed tolerance limit up to

5 mM of TBTC with optimum growth and degradation

ability at 2 mM TBTC. This indicated that this strain

might possess enzymes to metabolize high levels of

TBTC, certainly up to 2 mM. Above this level, cells get

killed due to cytotoxic effects on cell metabolism,

which involves Ca2+ overload and cytoskeletal damage

(Stridh et al. 1999). Interestingly this isolate certainly

exhibits much higher TBTC tolerance as compared to

other reported TBTC tolerant bacterial strains (Boop-

athy and Daniels 1991; Suzuki et al. 1992, 1994;

Fukagawa et al. 1992), so the strain might have

adapted some biochemical or genetic factor to get

through the ecological force.

This comparable up-regulation of protein have been

mentioned earlier in TBTC resistant Vibrio sp., which

exhibited enhanced synthesis of two polypeptides of 30

and 12 kDa when cells are grown in presence of

125 lM TBTC (Fukagawa et al. 1992). The 45-kDa

protein in P. aeruginosa strain 25W was different from

earlier observations, which is expressed in presence of

2 mM of TBTC. The possible reason could be that the

level of TBTC which is optimum for growth and

induction of metallothionein like proteins. So at that

concentration only the 45-kDa protein gets induced,

while the 27-kDa protein, which is present in all the

conditions, gets up-regulated, which might be constit-

utive. Certain heavy metal tolerant bacteria such as

Pseudomonas putida and Vibrio alginolyticus com-

monly show induced synthesis of cysteine rich poly-

peptides like proteins which bind with specific metals

such as cadmium and copper making them unavailable

to the bacterial cells (Pazirandeh et al. 1995, 1998).

There is evidence that the site of toxic action of

organotins may be both at the cytoplasmic membrane

and intracellular level. Studies on the effect of TBT on

certain microbial enzymes indicated that in some

bacteria TBT can interact with cytosolic enzymes

(White et al. 1999). TBT acts on mitochondria and

chloroplast by causing ion exchange through mem-

branes and inhibiting phosphorylation and ATPase.

Some of the enzymes like glucose dehydrogenase,
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glucose-6-phosphate dehydrogenase, b-galactoside ga-

lactohydrase and alkaline phosphatase are affected by

TBT except for ATPase and NADH oxidase. On the

contrary, Bacillus sp. ATPase gets activated in pres-

ence of TBTC and the NADH oxidase activity was

stimulated as the concentration of TBT was increased

in relatively resistant strain of P. putida TBT-6 and

Pseudomonas sp. BP-4 (Tsing and Cooney 1995). The

identified proteins suggested that there must be one

constitutive and one inducer protein present in or-

ganotin resistant Pseudomonas sp. As P. aeruginosa

was proven to be harbouring wide range of enzymes

which it utilizes for growth (Hummerjohann et al.

1998), so under the growth condition tested with

organotin, the up-regulation of 27 kDa protein and

induction of 45 kDa protein represent some uncharac-

terized enzymes involved in organotin resistance. More

work is required both at the biochemical level and at

the level of gene organization to characterize the

function of protein in TBTC resistance.
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