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Abstract – Water samples were collected from various sampling sites surrounding the ship building 
industries in Goa and plated on Zobell marine agar (ZMA), Nutrient agar (NA) and Mineral salt medium 
agar (MSMA) containing 0.1 mM tributyltin chloride (TBTC). The physico-chemical characteristics of the 
water samples were determined. The total viable counts of bacteria ranged from 58 × 10

2 
cfu/ml in 

MSMA+TBTC to 40.6 × 10
6 
cfu/ml in ZMA+TBTC. This clearly indicates predominance of TBTC tolerant and 

degrading bacterial isolates in marine water of Goa.  Although, several highly TBTC tolerant bacterial 
isolates were screened, one bacterial strain tolerated up to 7 mM TBTC and showed prominent growth in 
MSM supplemented upto 5mM TBTC. This clearly indicates that TBTC resistant bacterial isolate utilizes 
TBTC as a sole carbon source. Based on morphological, biochemical, and molecular characteristics (16S 
rDNA Sequence & taxonomic phenogram) this TBTC resistant isolate have been grouped in Al caligenes 
sp. swo. 

Keywords: Organotins, Alcaligenes sp. swo, Shipyard, Tributyltin, Carbon Source, 16 S Ribosomal DNA. 
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INTRODUCATION 

Tributyl tin (TBT) is an organotin compound most 
commonly used as a biocide in marine anti-fouling 
paints. It is also used as preservatives in paper, textile, 
leather and wood industries as a biocide, stabilizers 
and anti-yellowing agents in plastics, and as slimicides 
in cooling towers. It is highly toxic, bioaccumulative 
and a persistent chemical that damages the immune 
and reproductive systems of aquatic life. Its use over 
the last 35 years as an anti-fouling paint applied to the 
hull of boats and ships, marine cages, fishing nets and 
docks has spread TBT far and wide, making it a 
ubiquitous contaminant of coastal environments as a 
result of leaching due to hydrolysis from such paints. It 
binds to suspended particulates and can accumulate 
several thousand folds in sediments [8, 9, 27]. The 
highest levels of TBT are found near harbours and 
shipyards, along-with busy waterways. On account of 
increased shipping activities, erosion and transport, 
tributyltin (TBT) compounds accumulate in harbour 
water, higher organisms and sediments [3, 14]. 
Sampling sites chosen for this study were the Western 
India Shipyard Ltd., (W.I.S.L) in Murmagao Port Trust 
Harbour (MPT) and Goa Shipyard Ltd., (GSL), in 
Vasco-Da-Gama, the biggest shipyards in the west 
coast of India and hence a potential source of TBTC 
contamination. Many workers have reported on 

organochlorine pesticides, 
 
polychlorinated biphenyls 

(PCBs) and trace metals in the Indian marine 
environment[3,19]. However, there has been no 
report on screening and characterization of highly 
potent organotin tolerant bacterial strains from 
coastal environment of Goa. We report here the 
isolation and biological characterization of Tributyltin 
chloride resistant bacteria Alcaligenes sp. swo from 
marine water of Goa, India. 

MATERIALS AND METHODS 

Collection of environmental samples 

Marine water samples were collected from different 
suspected organotin polluted sites of Western India 
Shipping Ltd., (WISL) in Murmagao Port Trust (MPT), 
Goa Shipyard Ltd (GISL) in Vadem, local areas in 
Vasco-Da-Gama from West coast of India (Fig.1) by 
standard protocols [6,13,12]. Water samples from 
these suspected organotin contaminated sites were 
taken by immersing 500 ml polycarbonate containers 
previously rinsed in 20% HNO3 approximately 20 cm 
under the surface to prevent the inclusion of the 
surface micro-layer [6].  The containers were stored 
at 4

0
C.  These collected samples were used within a 

week for physiochemical and bacteriological analysis.  



 

 

Ramanna Krishna Murthy* 

w
w

w
.i
g

n
it

e
d

.i
n

 

2 

 

 Isolation and Biological Characterization of Highly Potent Tributyltin Chloride Resistant Bacteria 
Alcaligenes sp. swo Strain Sd from Goa, India 

The containers with the samples were shaken 
manually and kept undisturbed for 10 minutes in order 
to allow the particulate matter to settle down.  
Approximate volume of upper layer was then taken for 
physiochemical and bacteriological analysis [14].   

Physiochemical characterization 

The physicochemical characteristics of the water 
samples  were determined in terms of temperature, 
pH, salinity, alkalinity, organic and inorganic (Nitrate, 
Nitrite and Phosphate) content following standard 
protocol [18, 20] (Table-1).

   

Determination of viable count  

Marine water samples stored at 4
0
C were kept at room 

temperature in the lab for 1 hour.  The samples were 
then kept over rotary shaker for 10 minutes at 180 rpm 
before use. 0.1 ml of each sample was serially diluted 
in 2% saline up to 10

-6 
dilution. 0.1ml of the serially 

diluted sample was spread plated on Zobell marine 
agar (ZMA), Nutrient agar (NA) and Mineral salt 
medium agar (MSMA) containing 0.1mM TBTC  and a 
ZMA plate without TBTC as a control. The plates were 
incubated for 24hrs, 48hrs, 72hrs and for a week at 
room temperature and then the viability was 
determined in terms of colony forming units/ml (cfu/ml) 
(Table-2). 

Screening of TBT resistant bacterial isolates 

The bacterial isolates which grew in MSM agar with 
0.1mM TBTC were sub-cultured continuously on MSM 
agar plates with varying concentrations of TBTC 
ranging from 0.5mM-7.0mM. Out of these, 3 isolates 
showing varying range of tolerance to TBTC viz., 2mM, 
3mM and 5mM, were selected for further 
characterization. 

Maintenance of TBTC resistant bacterial isolate 

The bacterial isolates, which grew on Mineral Salts 
Medium Agar (MSMA) supplemented with 2.0mM of 
TBTC, were repeatedly sub-cultured in MSM agar with 
increasing concentration of TBTC ranging from 
0.5mM-7.0mM. These TBTC resistant isolates were 
then maintained on ZMA plates; ZM Broth and MSM 
Agar plates supplemented with 2mM, 3mM and 5mM 
TBTC at 28ºC and were designated as S1, S2 and Sd 
for experimental convenience. 

Identification of TBTC resistant bacterial isolates 

Biochemical tests for all the three TBTC tolerant 
strains, S1, S2, and Sd (Table-3) were carried out 
according to Cruickshank et al. (1972) and Hi-media 
rapid biochemical identification test kit (Hi 24 
Enterobacteriaceae Identification Kit-KB003). Based 
on the results, the isolates were tentatively identified 
as per Bergey's Manual of Systematic Bacteriology 
[21]. Subsequently, the most potent TBT resistant 
isolate Sd was identified by 16S rDNA amplification 

and sequencing (Data not shown). The 16S rDNA data 
was further analysed by NCBI-BLAST homology 
search to identify correctly [2]. Taxonomic Phenogram 
was prepared using Clustal-X- analysis programme 
(Fig-2). 

RESULTS 

The physiochemical characteristics of the water 
samples showed more or less similar results. The 
Phosphate, Nitrite, Nitrate and Organic content was 
high at most places of Western India Shipyard Ltd., 
(WISL) than Goa Shipyard Ltd (GSL) due to higher 
anthropogenic activities (Table-1). The total viable 
count of all water samples obtained from Western 
India Shipyard Ltd., (WISL) and Goa Shipyard Ltd., 
(GSL) on different media viz., ZMA, NA and MSMA  
indicates that approximately 18.5% of natural bacterial 
population is resistant to 0.1mM of TBTC (Table-2). 
Out of 112 isolates growing in 2mM TBTC, 3 isolates 
showed consistent good growth in presence of 2mM, 
3mM and 5mM TBTC in MSM broth after 48hr of 
incubation. The optimum conditions for the growth of 
all isolates were i.e. temperature at 28

0
C, pH 7.8-8.0 

and 2.8-3.1% salinity.  The isolates designated as S1, 
S2 and Sd were screened and purified for further 
studies. On the basis of their growth on MSM agar with 
increasing concentrations of TBTC (2mM-5mM). 
Highly potent Alcaligenes sp.,swo. strain Sd growing in 
the presence of 5mM TBTC was chosen for further 
studies. This TBTC utilizing isolate was maintained on 
MSMA, ZMA and ZMB with 5mM TBTC and incubated 
at 28ºC. The colony characters of all three bacterial 
isolates (S1, S2 and Sd ) revealed that S2 and Sd  
were cream coloured colony which turned to brown 
after 48hrs of incubation, the other bacterial isolate S1 
showed yellow pigmentation. The Gram’s characters of 
all three isolates showed that these bacterial isolates 
were Gram’s negative S1 was short rods, S2 curved 
rods and Sd long rods.  Biochemical tests  for all three 
strains were initially done according to Cruickshank et 
al. (1972) (Table-3). On the basis of biochemical and 
carbohydrate fermentation tests according to Bergey's 
Manual of Systematic Bacteriology all the strains were 
tentatively identified, as Flavobacterium balustinum 
(Strain S1), Vibrio harveryi (Strain S2) and Alcaligenes 
sp, (Strain Sd) [21]. The identity of the most potent 
strains Sd was confirmed by 16S rDNA gene 
amplification by polymerase chain reaction (PCR). 16S 
rDNA was amplified, using Eubacterial forward primer, 
F’ 341 -CCT ACG GGA GGC AGC AG and reverse 
primer R’ 1387- GCC CGG GAA CGT ATT CAC CG of 
Escherichia coli 16S rRNA sequence.  Phylogenetic 
analyses using the BLAST program showed that strain 
Sd belonged to the gamma subdivision of the phylum 
Proteobacteria and that it was closely related to the 
genus Alcaligenes sp.,swo. [1, 23] (Fig-2). 

DISCUSSION 

All the data clearly indicates that nutrient content of 
estuarine water is higher than open sea. Since 
organotins are present in these estuarine econiches in 



 

 

Ramanna Krishna Murthy* 

w
w

w
.i
g

n
it

e
d

.i
n

 

3 

 

 Journal of Advances and Scholarly Researches in Allied Education 
Vol. IV, Issue No. VII, July-2012, ISSN 2230-7540 

appreciable amount, bacterial strains which can 
tolerate and degrade them get enriched [28]. All these 
isolates could grow on MSMA supplemented with 
TBTC, utilizing it as a sole source of carbon. These 
studies show that bacterial flora of Western India 
Shipyard Ltd., (WISL) are more resistant than Goa 
Shipyard Ltd., (GSL) due to higher shipping activities. 
As evident from similar findings which state that the 
anti-foulants in ship paints, shipyards, harbours is 
considered to be the prime source of TBT in the 
marine ecosystem. Similar findings have been already 
reported, where the coastal water near harbour areas 
is appreciably contaminated with TBTC [5, 10, 11]. 
Most of the bacterial isolates could not grow in 
presence of higher concentration of TBTC (2mM) due 
to cellular toxicity and inhibitory effect on metabolic 
process and viability of bacterial strains [22]. Although 
Singh (1987) and White, et al. (1999) have reported 
the range of microbial resistance up to 0.07mM for 
different organotin compounds, but bacteria utilizing 
TBTC as sole source of carbon has not been reported 
so far. Debutylation of TBT compounds to di and 
mono-butyltins is known to occur in bacteria, algae 
and fungi, which provides one route for detoxification 
of tributyltin. In addition, microorganisms are capable 
of accumulating TBT compounds, which is another 
mechanism of removal of TBT from marine 
environment [17]. It has already been reported that 
TBTC tolerant bacteria are present in sea-water 
(Fukagawa et al. 1994) and Pseudomonas aeruginosa 
can degrade tributyltin oxide at 2.5 ppm level [25]. 
Although a few researchers have reported degradation 
of TBT by environmental microorganisms, isolation of 
TBT utilizing bacteria has not been accomplished so 
far [26]. Furthermore, not much is known on TBTC 
degradation rates under ambient environmental 
conditions in marine coastal waters and it is expected 
that the fate of TBTC will be dependent on direct 
biological degradation by TBTC tolerant bacteria 
present in the ambient marine environment [15, 24]. 
The selected three isolates consistently grew on MSM 
agar supplemented with 2mM (S1&S2), and 5mm 
TBTC (Sd) with in 48hrs. In subsequent higher 
concentration of TBTC i.e., 6mM, 7mM etc., isolates 
did not grow (Fig.3). This study clearly showed that, 
the bacterial isolates of WISL are more resistant than 
GSL. This may be due to heavy ship traffic and also 
MPT harbour is one among the oldest port of India 
(since 1934), receiving cargo and passenger vessels 
at its various berths, which dock for weeks, during 
which TBT leaches to the marine environment due to 
hydrolysis as earlier reported  moreover WISL with its 
latest ship repairing systems is the only one of its kind 
in the west coast of India [10]. Likewise GSL 
(commissioned in 1957) involves repairing and 
construction of naval ships. During this process, old 
paint is being blasted out, which finally ends up in to 
the marine environment where gradually TBT leaches 
[10]. Chau and co-workers, (1997) have demonstrated 
that heavy contamination of coastal waters by TBT 
was associated with major commercial harbours and 
ship repair activities involving removal of the old paint 
from the hull and application of a new coating which 

could release TBT as wastewater discharge. Although 
the degradation of organotins has been shown to be 
mediated by microorganisms, information is still limited 
in relation to the mechanism of degradation, tolerance 
mechanism of microbes and their relative significance, 
and also the role of anionic radicals in the degradation 
process in natural habitats [7, 16, 17]. Biotic processes 
have been demonstrated to be the most significant 
mechanisms for tributyltin degradation, both in soil as 
well as in freshwater, marine and estuarine 
environment [4, 10]. Organotins are thus pollutants of 
anthropogenic origin. They make their way from a 
variety of industrial and agricultural sources into 
aquatic ecosystems, where they can be concentrated 
up to 10,000-fold in the surface microlayer and up to 
4,000 times in oily sediments [6,8]. Ecotoxicological 
effects of organotins include morphological and 
reproductive aberrations and metabolic disruption in a 
variety of nontarget organisms, including shellfish and 
finfish. They can be bioaccumulated in 
microorganisms, which are at the base of the food 
web, and from there into higher organisms. Though 
microorganisms have been shown to bioremediate 
heavy metal and aromatic hydrocarbon of polluted 
sites, but bioremediation of organotin contaminated 
sites mediated by microbes is far away from real 
large scale commercial process, since very little work 
has been done to explore the exact biochemical 
mechanism of organotin biodegradation and genes 
involved in the process. The highly potent isolates 
identified as Alcaligenes sp. swo (Strain Sd) 
tolerating up to 7mM TBTC and growing very well in 
5mM TBTC, could be really very promising in the 
bioremediation of organotin contaminated marine and 
estuarine environment of Goa in west coast of India. 

ACKNOWLEDGEMENTS: 

Dr. R. Krishna Murthy thank the authorities of WISL 
and GSL for allowing to collect marine water 
samples, thank Prof. Satoru Suzuki and Dr. Kitamura 
from CMES, Ehime University, Matsuyama, Japan for 
16 S rDNA sequencing and finally thank Dr. Santosh 
Kumar Dubey, (JSPS Fellow), Professor and Head, 
Dept. of Microbiology, Goa University, research guide 
and mentor for his never ending support throughout 
the research. 

REFERENCES: 

Altschul, S.F., Madden, T.L., Schaffer, A.A., Zhang, 
J., Zhang, Z., Miller, W. and Lipman, D. J. 
(1997) Gapped BLAST and PSI-BLAST: a 
new generation of protein data base search 
programs. Nucleic Acids Res  25: pp. 3389–
3402. 

Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and 
Lipman, D.J. (1990) Basic local alignment 
search tool.  Journal of Molecular Biology 
215: pp. 403–410. 



 

 

Ramanna Krishna Murthy* 

w
w

w
.i
g

n
it

e
d

.i
n

 

4 

 

 Isolation and Biological Characterization of Highly Potent Tributyltin Chloride Resistant Bacteria 
Alcaligenes sp. swo Strain Sd from Goa, India 

Babu Rajendran, R., Karunagaran, V.M., Babu, S. and 
Subramanian, A.N.  (1992) Mar Pollu Bull 24: 
pp. 567. 

Barug, D. (1981) Microbial degradation of bis 
(tributyltin) oxide. Chemosphere 10: pp. 1145-
1154. 

Chau, Y.K., Maguire, R.J., Brown, M., Yang, F. and 
Batchelar, S.P. (1997) Occurrence of 
organotin compounds in the Canadian aquatic 
environment. Water Qual Res J (Canada) 32: 
pp. 453- 521. 

Cleary, J.J. and Stebbing, A.R.D. (1987) Organotin in 
the surface microlayer and subsurface waters 
of Southwest England. Mar  Pollu Bull  18: pp. 
238-246. 

Cooney, J.J. (1988). Microbial transformation of tin and 
tin compounds. J Ind Microbiol  l 3: pp. 195-
204. 

Cooney, J.J. (1995). Organotin compounds and 
aquatic bacteria - a review. Helgoland 
Meeresunter  49: pp. 663-677. 

Cooney, J.J. and Wuertz, S. (1989). Toxic effect of tin 
compounds on microorganisms. J Indus 
Microbiol  4: pp. 375-402.  

de Mora, S.J., Stewart, C. and Phillips,  D. (1995). 
Sources and rate of degradation of Tri(n-butyl) 
tin in marine sediments near Auckland , New 
Zealand. Mar Pollut Bull  30: pp. 50-57.  

de Mora, S.J. and Pelltier, E. (1997). Environmental 
tributyltin research: past, present and future. 
Environ Technol  18: pp. 1169-1177. 

de Mora, S.J., Fowler, S.W. and Cassi, R. (2003). 
Assessment of organotin contamination in 
marine sediments and biota from the Gulf and 
adjacent region. Mar Pollut Bull  46 (4): pp. 
401-409. 

Diez, S., Abols, M. and Bayona, J.M. (2000). 
Organotin contamination in sediments from the 
Western Mediterranean enclosures following 
10 years of TBT regulation. Water Res  36 (4): 
pp. 905-918. 

Dowson, P.H., Bubb, J.M. and Lester, J.N. (1993). 
Temporal distribution of organotins in the 
aquatic environment: five years after the 1987 
UK retail ban on TBT based antifouling paints. 
Mar Pollu Bull  26: pp. 487-494. 

Dubey, S.K.  and Roy, U. (2003). Biodegradation of 
Tributyltins (organotins) by Marine Bacteria. 
Appl Organometal Chem; 17: pp. 1-6. 

Gadd, G.M. (1993). Microbial formation and 
transformation of organometallic and 
organometalloid compounds. FEMS Microbiol 
Rev  11: pp. 297-316. 

Gadd, G.M. (2000). Microbial interaction with tributyltin 
compounds, detoxification, accumulation and 
environmental fate. Sci Total Environ; 258: pp. 
119-127. 

Grasshoff, K. (1983). Determination of salinity. In 
Methods of seawater analysis. 2nd Ed. 

Iwata, H., Tanabe, S., Sakai, N. and Tatsukawa, R. 
(1993). Environ Sci. Technol. 27: pp. 1080. 

Koroleff, F. (1983) Determination of nutrients. In: 
Methods of sea water analysis. 2nd Ed. (Eds. 
Grasshoff, K., Ehrhardt. M., Kremling, K). 
Verlag chemie publication, Germany;   pp. 
125-187. 

Krieg, N.R. and Holt, J.G. (1984). Bergey’s Manual of 
Systematic Bacteriology, The Williams & 
Wilkins Co, Baltimore, USA, vol. 1. 

Pettibone, G.W. and Cooney, J.J. (1986). Effect of 
organotins in fecal pollution indicator 
organisms. Appl Environ Microbiol 52: pp. 562-
566. 

Sanger, F., Nicklen, S., Coulso, A.R. and  Proc. Natl. 
(1977). Acad. Sci. USA. 74: pp. 463. 

Seligman, P.F., Valkris, A.O. and Lee, R.F. (1986). 
Degradation of tributyltin in San Deigo Bay, 
California. Environ  Sci  Technol   20: pp. 
1229-1235. 

Suzuki, S., Fuagawa, T. and Takma, K. (1992). 
Occurrence of tributyltin tolerant bacteria in 
tributyltin or cadmium containing sea water. 
Appl  Environ  Microbiol   58: pp. 3410-3412. 

Suzuki, S. and Fukagawa,  T. (1995). Tributyltin 
resistant bacteria: a summary of recent work. J  
Indus  Microbiol 14: pp. 154-158. 

Upal, R., Dubey, S.K. and Bhosle, S. (2004). 
Tributyltiin chloride-utilizing bacteria from 
marine ecosystem of west coast of India. 
Current Science  86: pp. 702-705. 

Wuertz, S., Miller, C.E., Pfister, R.M, Cooney, J.J. 
(1991). Tributyltin-Resistant bacteria from 
estuarine and freshwater sediments. Appl 
Environ Microbiol 57: pp. 2783-2789. 

 

 



 

 

Ramanna Krishna Murthy* 

w
w

w
.i
g

n
it

e
d

.i
n

 

5 

 

 Journal of Advances and Scholarly Researches in Allied Education 
Vol. IV, Issue No. VII, July-2012, ISSN 2230-7540 

Table-1: Physicochemical characteristics of 
environmental samples 

 

Table-2: Viable count of bacteria in environmental 
samples 

 

Table-3. Morphological and Biochemical 
characteristics of all TBTC tolerant bacterial 

isolates. 

 

 

 

 

SYMBOLS FOR FIGURE-3 

 

ABBREVIATIONS: 

(+)= Positive, (-)=Negative, (d)= Doubtful, O= 
Oxidative, A= Aerobe, FA= Facultative aerobe and 
N.D= Not Done, cfu= Colony forming units, 
ml=Milliliter, TBTC=Tributyltin Chloride,  NA= Nutrient 
agar, ZMA= Zobell Marine Agar, MSMA=Mineral Salt 
Medium Agar, LBA= Luria Bertani Agar, HL= Hug 
leifson, MR=Methyl Red, V.P=Vogues Proskuer, 
WISL=Western India Shipping Limited, GSL=Goa 
Shipping Limited, ‰= meq.1

-1
 = mg/l =µmol.dm

-3
l= 
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