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Isolation and biological characterization of a tributyltin chloride 
degrading marine bacterium, Vibrio sp. from Bombay 
High Oil Field, India

Tri-organotins have a broad range of ap­
plications with an annual world production 
of approximating 50,000 tons/yr. These are 
most commonly used in marine antifoul- 
ing paints, PVC stabilizers, as a biocide in 
agriculture and as preservatives for wood, 
leather, textiles and paper. Unfortunately, 
these compounds finally end up in the 
marine environment as a result of leaching. 
Their persistence in the marine environ­
ment has lethal, imm unological, carcino­
genic and teratogenic effects on non-target 
organisms. There are reports of few bacteria 
that can tolerate and degrade tributyltin 
chloride (TBTC) and evidences suggest 
that biodegradation is the major break­
down pathway in sedimentary environ­
ment. Although little is known about the 
resistance mechanism  with which m icro­
organisms tolerate TBTC, several TBTC- 
resistant marine bacteria have been isolated 
and characterized, Alteromonas sp. M-l 
being the first record of its kind, where 
the presence of genes conferring TBT- 
resistance was reported1-11. Despite the 
regulations enforced to lim it their use as 
anti-foulants, tributyltins are still present 
at toxic levels in the water columns and 
sedim ents3. It is interesting to note that 
there are microorganisms predominating 
in sediments of decks and harbours and also 
colonizing antifouling paints that contain 
high levels of TBTC3'5'12-14. Though 
bacterial strains from these econiches are 
slow TBTC degraders, they may prove to 
be a natural tool for biorem ediation of 
marine sediments contam inated with or- 
ganotins and other heavy metals. Hence 
it is important to isolate and study TBTC- 
resistant bacteria. This correspondence 
presents screening and biological charac­
terization of a TBTC degrading bacterium 
from Bombay High Oil Field with reference 
to its growth behaviour in the presence of 
TBTC, limit of TBTC tolerance, TBTC 
utilization, cross tolerance to metals, viz. 
Cd, Hg and Mn, effect of TBTC on pigment 
and exopolymer production and plasmid 
profile.

The sample collected from Bombay 
High Oil Field was serially diluted and 
spread plated on Zobell Marine agar with 
20 |^M TBTC. The isolates obtained were 
subcultured in Zobell Marine Broth (ZMB)

and maintained. The colony characteris­
tics of the isolates were recorded and 
identified using biochem ical tests, ac­
cording to B ergey’s Manual o f Systematic 
Bacteriology15. One isolate which was 
circular, convex, butyreous, lactose, glu 
cose and sucrose-fermentative, catalase 
and oxidase-positive, nitrate-reductive, 
facultative anaerobe, indole and MR- 
negative, VP-positive grew on TCBS 
medium producing green pigment and 
showed TBTC optim a of 50 ^M  which 
was used for further studies, although it 
tolerated 100 ^M  of TBTC. Tolerance of 
the isolate to TBTC was checked by an 
antibiotic filter-disk m ethod16. Growth in 
ZMB and m ineral salts m edium (MSM) 
with and w ithout TBTC was determined 
in terms of absorbance at 600 nm after 
every two hours till the stationary phase 
was reached, and total cell protein was 
estim ated using Lowry’s method17. TBTC 
degradation was carried out using thin 
layer chromatography18. Intra and extra­
cellular pigment was extracted by grow­
ing the culture in MSM broth with and 
w ithout TBTC at pH 7.4, sonicating the 
cells (pulse of 15 s for 2 min) using ice 
jacket in acetone and centrifuged to col­
lect clear supernatant (pigment extract). 
Pigm ent extract was scanned in the U V - 
visible range (190-500 nm) using a spe­
ctrophotometer. Extracellular pigment was 
extracted by standard procedure and 
scanned spectrophotom etrically in the 
U V -visible range (190-500 nm). Growth 
and EPS production by the TBTC-

1.2

degrading bacterial isolate was studied in 
m ineral salts m edium supplemented with 
NaCl (1.5%) and glucose (0.2%). The 
exopolymer was recovered from the cul­
ture supernatant using the cold ethanol 
precipitation-dialysis procedure19. Stock 
solutions of heavy metals CdCl2H20 ,  
HgCl2 and M nS04 were prepared sepa­
rately in sterile, double-distilled water and 
filter-sterilized by passing through Milli- 
pore membrane filter (0.45 |^m). LD50 
values of heavy metal ions were deter­
m ined in terms of growth and absorbance 
(Aeoo) recorded at an interval of every 
2 h. The plasmid was isolated from over- 
night-grown cells by an alkaline lysis 
method20. The culture was cured with 
acridine orange (10-100 ng/ml). Colonies 
obtained after curing were checked for 
their ability to grow on TBT + MSM agar. 
The same colonies were then checked for 
the presence of plasmid in order to corre­
late loss/retention of TBTC resistance 
w ith loss of plasmids.

The pigmented isolate has been tenta­
tively identified as Vibrio sp. according 
to B ergey’s M anual o f Systematic Bacte­
riology15. The growth pattern in terms of 
protein content17 at different concentra­
tions of TBTC revealed that 50 ^M  of 
TBTC was the optimal, and was hence 
used for further studies. Study of growth 
pattern of the isolate in ZMB with TBTC, 
showed an initial lag of 4 h. This is a new 
organic compound for which there is no 
known m etabolic pathway for breakdown 
(Figure 1). The TLC profile of the deg-

Figure 1. G row th of Vibrio  sp. in m edia containing TBTC.
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radation product clearly reveals depletion 
of TBTC and gradual transform ation of 
this biocide into dibutyltin chloride (DBTC; 
Figure 2). It is interesting to note that 
pigment production was enhanced four­
fold under TBTC stress. In a separate study 
exopolymer production in different media, 
viz. ZMB only, ZMB-TBTC (50 nM), and 
MSM-TBTC (50 |^M), showed maximum 
yield in nutrient-rich media. The isolate 
showed a tolerance limit of 4.5 mM (CdCl2),
4.0 mM (M nS04) and 0.2 mM (HgCl2). 
The plasmid profile of the isolate showed 
the presence of a supercoiled plasmid. 
Loss of plasmid and concurrent presence 
of TBTC resistance in colonies of the 
isolate confirm ed that TBTC resistance 
genes are not plasmid-borne.

M orphological characteristics and bio­
chem ical tests indicate the isolate to be a 
marine Vibrio  sp., which produced blue- 
green extracellular pigment on TCBS, a 
selective medium. Though this marine 
isolate could tolerate up to 100 |^M of 
TBTC, the optimum level of TBTC was 
found to be 50 |^M. Interestingly, a lag of 
8 h was noticed in the culture grown in 
MSM + TBTC (50 nM), whereas in ZMB 
it showed a lag of only 4 h. This lag might 
be due to the time taken by the isolate to 
acclimatize and utilize TBTC as a sole 
carbon source. The TLC profile of the 
chloroform  extract of the cell pellet ob-

Figure 2. TBTC degradation by Vibrio  sp. 
TLC profiles: Lane 1, crude TBTC; lane 2, Chlo­
roform extract of cells after 24 h; lane 3, 
C hloroform  extract of cells after 48 h and lane 
4, Chloroform  extract of cells after 72 h.

tained after 24, 48 and 72 h of incubation 
revealed the presence of the degradation 
product which may be attributed to DBTC. 
The R f  values of TBTC and the transformed 
compound were 0.8 (solvent front -  15 ± 2, 
TBTC -  12.5 ± 1.5) and 0.94 (solvent 
front -  15 ± 2, product -  14.1 ± 2) res­
pectively. This shows that the organism 
has some inherent mechanism  to degrade 
TBTC21. The pigment produced by this 
isolate under TBTC stress showed that 
TBTC enhances the production of pig­
ment, which could possibly act as a de­
fense mechanism for cells against TBTC. 
Inoue (2000) reported the involvem ent of 
pyoverdin in co-metabolism  of triphenyl- 
tin (TPT). It has been reported that pyo­
verdin from Pseudomonas chlororaphis 
CNR15 has a major role in TPT degrada­
tion. Interestingly, the isolate showed 
maximum yield of EPS when grown in 
ZMB + 50 nM of TBTC than in MSM + 
50 |^M of TBTC. As m any reports sug­
gest, most bacteria use carbohydrates as 
a carbon and energy source and the in­
creased production may be attributed to 
TBTC/toxic metal sequestration. The iso­
late tolerated up to 4.5 mM CdCl2i
4.0 mM of M n S 0 4 and 0.2 mM HgCl2. 
Plasm id-m ediated bacterial heavy metal 
resistance has been extensively revie­
wed22. This TBTC-resistant marine isolate 
revealed the presence of a supercoiled 
plasmid. It is interesting to note that even 
after acridine orange curing of plasmid 
DNA, the bacterial isolate was able to 
grow on MSM agar with 50 ^M  TBTC. 
Thus, it clearly confirms that TBTC re­
sistance is not plasmid-mediated.
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