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CHAPTER-I

1.1 Brief Background Of Organotin

Tin occurs naturally in the earth's crust with a concentration of approximately 2-3
ppm. Tin was one of the first metals to be used by man. Tin metal and its alloys
have been in use since the beginning of the Bronze Age (Hazdat, 2003). But
organotin compounds have been known for only the past 150 years, hence
remained of purely scientific interest for a Tong time, since their discovery around
1850. The actual application of organotin compounds started another 100 years
later, Organotin compounds were first developed as moth-proofing agents in the
1920s, and only later used more widely as bactericides and fungicides (Moore et
al. 1991). The first mention of a practical application of organotin compounds was
made in a patent issued in 1943, which indicated their potential in antifouling
systems (Tisdale, 1943). Organotins are one of the most toxic pollutants for
aquatic life known so far (Fent, 2003). All organotin compounds are toxic, but the
effect varies according to the number and type of organic moiety present (Table1.1).
Species

Insects
Mammals
Gram (— ) ve bacteria
Gram (I- ) ye bacteria, fish, fungi,
molluscs
Fish, fungi & molluscs
Fish & mites

R is most active
Ra SnX compound

CH3
C2H5
n-C3H7
C4 I-49

C6H5
Cyclo-C6H11, C6H5 ( CH3)2 CCH2

Table1.1 Species specificity of tri-organotin compounds, R3SnX (Craig, 1986).

Propyl and butyl groups bearing organotins are more toxic to fungi and bacteria
(Evans and Smith, 1975). The main organotin compounds in the marine
environment are the biocides tributyltin (TBT) (C4H9)3Sn+ and its associated
breakdown products, monobutyltin (MBT) and dibutyltin (DBT)), and triphenyltin
(TPhT) and its associated breakdown product, diphenyltin (DPhT), derived largely
from marine antifouling paints (de Mora et al. 2003). Once their biocide properties
were discovered during (1950s), the commercial production and wide applications
of TBT began in 1960's, when it was found that they inhibited the growth and
attachment of fouling organisms such as algae, bar nacles, tubeworms, mussels
and wood worm borers on ship and boat hulls ( Fig. 1.1), (Huggett et al. 1992;
Huet et al. 1996). Tributyltin was first introduced as biocide in antifouling paints
between 1959 to1961 and in 1970s, to prevent accumulation of barnacles and
slime on boat hulls, ship hulls, marine platforms and fishing nets because they are
10-100 times more effective than copper containing paints, (Bryan et al. 1986;
Wade et al. 1988). Tri-organotins (TOT) such as tributyltin oxide (TBTO), tributyltin
chloride (TBTC), triphenyltin chloride (TPTCI), tributyltin fluoride (TBTF), tributyltin
hydroxide(TBTH), tributyltin naphthanate (TBTN) and tris (tributylstannyl)
phosphate (TBTP) and TBT methacrylate are very extensively used as biocides in
antifouling paint formulations used on ship hulls, boats, fishing nets, marine
installations, aquaculture cages, and docks, to prevent settling of barnacles,
seaweeds or tubeworms, as slimicides in cooling towers, bactericides, pesticides,
miticides, insecticides, as fungicides in agriculture, as preservatives for wood,
textiles, papers, leather and as stabilizing material in PVC pipes, PVC food
wrappings, PVC gloves, vinyl flooring, as an anti-yellowing agent in dear plastic
1;

bottles, rigid potable water pipes, as an industrial biocide in textiles, brewing,
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paper-making and in power station cooling water, as an anti-bacterial agent
duvets, shoe insoles, pillows and nappies, and as a stabiliser in some plastics, for
example shower curtains, (Piver 1973, Craig, 1982; Halias et. al. 1982a; Short &
Thrower, 1986; Clark et al 1988; Bacci & Gaggi, 1989; Blunden & Evans, 1990;
Fukagawa et al. 1992; Horiguchi et al. 1994; Suzuki and Fukagawa, 1995; Fent,
1996; Mensink et at 1997; Champ 2000; Hoch, 2001). Through these applications
TBT finally finds its way into marine environment including water column &
sediments as a result of leaching where it eventually degrades into the less toxic
dibutyltin (DBT) and monobutyltin (MBT) (Fig. 1.2), (Clark et al. 1988; Comber et
al. 2001). A British survey revealed that unregulated dry dock practices clearly
result in the release of large quantities of TBT in marine environment (de Mora et
al. 1995), The relatively high toxicity of organotin compounds released into the
environment from varying applications has resulted in negative effects on nontarget organisms (Alzieu et al. 1986). Extensive use of organotins worldwide
provoked scientific interest on the toxic effect of organotin compounds on aquatic
and terrestrial biota (Smith, 1978; 1980; 1998). It is well known that these
compounds are capable of reacting with cell membranes, finally leading to their
decay, accelerating ion exchange processes, and inhibiting oxidative and
photochemical phosphorylation due to their ability to bind to cysteine and hystidine
moieties of proteins. TBT even at low concentrations of 1-2 ng/L causes chronic
and acute poisoning of sensitive non-target species, including algae, zooplankton,
molluscs and the larval stage of some fish, Pacific oyster Crassostrea gigaseffects
on growth rates in the common mussel Myti/us edulis and toxicity to larvae of
shore crab Hemigrapsus nudus and lobster Homarus americanus (Waldock and
Thain, 1983; Stebbing, 1985; Webbe, 1987; Lapota et al. 1992; Hoch, 2001).

3

Thickening of oysters and mussel shells as well as retardation of growth in various
species of aquatic snails, disruption of the endocrine system of marine shellfish
leading to the development of male characteristics in female marine snails and
impairment of the immune system of organisms (Alzieu and Heral, 1984; Laughlin
et al. 1986). One of the most serious effects of exposure to TBT is imposex in
female dogwhelk Nucella lapillus, the development of male sex characteristics due
to the competitive inhibition of cytochrome P450- dependent aromatase enzyme
metabolism of testoterone to 17-estradiol recorded in 118 species worldwide,
which can result in sterility, failure of the species to reproduce and the loss of
populations (Fig. 1.3). TBT at low concentrations could lead to genetic damage
and inhibit photosynthesis also. (Bryan et al. 1986; Thain, 1986; Roberts et al.
1987; Stewart et al. 1992; Stroben et al. 1995; Gibbs and Bryan, 1996; Smith,
1996; Bettin et al. 1996; Matthiessen & Gibbs 1998). Two widely published
events in 1980s, such as the near-collapse of oyster farming in Arcachon bay,
Western France and the demise of population of dogwhelk, Nucella lapillus at the
central boating activity of Southwest England, have been attributed to severe TBT
contamination. These alarming reports culminated in a number of surveys of TBT
pollution worldwide and indicated that the problem was global (Table 1.2)
(Maguire et al. 1982, 1986; Champ and Seligman, 1997; Evans, 1999; Hoch,
2001). Butyltins have been found to have carcinogenic, teratogenic, immunologic
and reproductive effects on seals and dolphins (Stenella coeruleoalba) population
of the western Mediterranean resulting in their mass mortalities (Scott et al. 1988;
Kannan et al. 1997; Troisi and Mason, 2000 and Fossi et al. 2001b). Other effects
include balling in oysters, death of mollusk larvae (Alzieu et al. 1986, 1989;
Dyrinda, 1992; Axiak et al. 1995; Horigushi et al. 1998). TBT gets bioaccumulated
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in humans through diet (sea food) causing hormonal disruption and neurological
disorder. In mammals (cetacean, rabbits, rats and sheep) it has been found to
disrupt the immune system (Dacasto et al. 1994a; 1994b; Kannan & Falandysz,
1997; Kannan et al. 1997). Organotins are characterized by relatively low
persistence in the water column days to weeks (Stewart & de Mora, 1990; Unger
et al. 1988). Organotin speciation shows strong pH dependence, with TBT and
TPhT present as cations at low pH, and as hydroxides at higher pH (Fent, 2003).
Some species of algae, bacteria, and fungi have been found to metabolise TBT
and degrade them by sequential dealkylation, resulting in dibutyltin, then
monobutyltin, and finally inorganic tin under aerobic condition (Barug, 1981;
Maguire et al. 1984). The degradation of butyltin follows: TeBT --> TBT DBT
MBT (Evans and Smith, 1975). Biodegradation is the major breakdown pathway
for TBT in water and sediments with half-lives of several days to weeks in water,
and from several days to months or more than a year in sediments (Maguire and
Tkacz 1985; Seligman et al. 1986, 1988, 1989; Stang and Seligman, 1986; Lee et
al. 1987; Clark et al. 1988; de Mora et al. 1989; Stang et al. 1992; Maguire, 2000).
In the mid 1980s, researchers in France and United Kingdom confirmed the
detrimental sublethal and lethal effects of TBT upon non-target organisms, which
led to restrictions of their use. France was the first country to ban the use of
organotin based antifouling paints on boats less than 25 m long in 1982 (Alzieu et
al. 1986; 1989; Uhler et al. 1993; Fent, 1996). In January 1986, the United
Kingdom banned the use of TBT-based anti-fouling paints in aquaculture and on
all vessels less than 25 m in length, and the retail sale of organotin paints was
restricted to copolymer paints containing <7.5% tin and free association paints
containing <2.5% tin in the dry film (Dowson et al. 1993). In 1987 Environmental
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Quality Standard (EQS) of 1 ng/L for TBT was set to protect marine life (WRC,
1988). The International Maritime Organization (IMO) has repeatedly expressed
concern about the harmful effects of the TBT based paints (Evans, 1999). For
reasons of their toxicity, persistence and bioaccumulation, several countries world
wide began to ban the potential use of TBT in antifouling paints such as New
Zealand in 1993 (Fent, 2003). United States in 1988, Sweden & New Zealand in
1989, Australia & Japan in 1990 and Denmark in 1991 (Champ & Pugh, 1987; de
Mora et al. 1989; Stewart & de Mora, 1990; May et al. 1993; Horiguchi et al. 1994;
Kure & Depledge, 1994; Stuer-Lauridsen & Dahl, 1995). Similar regulations were
also imposed in South Africa, Hong Kong and most European countries since the
late 1980s (Dowson et al. 1993; de Mora et al. 1995; de Mora. 1996; Minchin et al.
1997; Evans, 1999; Champ, 2000, 2001). In 1988, the United States Congress
passed the Organotin Antifouling Paint Control Act (OAPCA) (OSPAR, 1998) to
limit the use of TBT. Hence in November 1999, the International Maritime
Organization (IMO) agreed in principle to ban the application and use of TBTbased anti-fouling paints. This was confirmed at the IMO conference in London in
October 2001, when it was agreed to ban the application of TBT based antifouling paints in boats by 1 January 2003 and the total band of TBT use by 1
January 2008 (Champ, 1999, 2003). Tributyltin concentration in the aquatic
environment have been monitored for many years at many locations throughout
the world including the North Sea, Black Sea, Atlantic ocean, Pacific ocean and
Japanese waters (Table-1.2) (Maguire, 1984; 2000; Cleary and Stabbing, 1987;
Alzieu et al. 1989; Evans, 1999). The noticeable concentrations of organotins
reported are 38 pg g-L TBT in Suva harbour, Fiji, 10.780 ng g-L Hexyl-tin in
Vancouver, Canada, 518 ng g-L TBT in Boston harbour, U.S.A., 400 ng g-L TBT
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in lake Luerne, Switzerland and upto 380 ng g-L TBT in Puget sound, USA
(Maguire et al. 1986; de Mora et al. 1995; de Mora, 1996). Water concentrations
of TBT dropped dramatically in the years subsequent to enactment of organotin
antifouling paint control act (OAPCA) however; sediment concentrations have
shown only modest declines (OSPAR, 1998). Regulations in the use of TBT
seems to have been effective in reducing TBT contamination, producing a
decrease in the levels of imposex and a recovery of gastropod population in the
Adriatic sea (Bryan et al. 1986). The very first effective antifouling paints
contained copper its limitations as antifoulants were mainly due to the inability of
the coatings to release constant concentrations of biocide from the paint surface
for extended periods of time. Some fouling species were also tolerant to copper.
The self-polishing mechanism of TBT copolymers overcame these difficulties
by the constant release of biocide and continuous erosion of the coating
matrix. (Fig.1.2). Natural wood rosin was widely used for this purpose, but these
coatings rarely provided protection for periods longer than 2 years. Over recent
decades, the use of vinyl and other synthetic polymers has enabled the effective
life of soluble matrix paints to be extended out to 3 years or longer in
some instances. Broad spectrum antifouling performance has been incorporating
new biocides such as lrgarol 1051, Seanine-211 and Zinc Omadine (Brady, 2000).
The first fouling release coatings incorporated Teflon, but the most
successful fouling release coatings to date have been formulated using silicone
polymers. Natural antifouling products have been isolated from a broad range
of marine organisms, including bacteria, sponges, bryozoans, ascidians and
marine plants (Rittschof, 1999). Other techniques proposed to prevent fouling
attachment have included sound waves, electric currents, and fibrous surfaces,
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and often such techniques have proven effective in deterring or preventing the
attachment of particular fouling types. Copper compounds such as cuprous oxide
(Cu20), copper thiocyanate (CuSCN) or metallic copper are now utilized as the
principal biocide in antifouling paints (Voulvoulis et al. 2002). Copper exhibits
antifouling activity against most organisms, e.g. barnacles, tubeworms and algal
fouling species. In order to produce a complete antifouling paint a number of
"organic booster biocides" are now used in conjunction with copper. Organic
booster biocides are mainly agrochemicals, and among them includes lrgarol
1051, Diuron, Chlorothalonil, Thiram, Ziram, Zineb, Sea-Nine 211, Dichlofluanid,
TCMTB (i.e. 2- (thiocyanomethylthio) benzothiazole), Zinc pyrithione and TCMS
pyridine (i.e. 2,3,5,6-tetrachloro-4-(methylsulphonyppyridine (Omae, 2003).
Environmentally safe biocidal additives are currently being explored. Naturally
produced compounds have been isolated and also silicon technology is receiving
increasing attention as AF compound (Terilizzi et al. 2001). The immediate future
without tributyltin will mean a return to copper based products, so the study of
organotin becomes of prime importance and preference (Table 1.2) (de Mora et
al. 1996).
1.2 Physiochemical properties of organotins.

The organotin compound is defined as a compound containing at least one
metal-carbon bond (Sn-C) (Table 1.3), (Craig, 1982). Organotin compounds are
represented chemically by the type formulas RSnX 3, R 2SnX2, R 3SnX, R4Sn, in
which R is any alkyl or aryl group and X is an anionic species, for example halide
(TBTF, TBTCI), acetate (TBT-0Ac) and oxide (TBTO) (Smith, 1978; 1980; Pain
and Cooney, 1998; Gadd, 2000). The TBT compounds are a sub-group of the
trialkyl organotin family (Fig. 1.4). The alkyl group tends to be more toxic than the
aryls and the triorganotins are more toxic than mono, di and tetra organotins.
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Generally the toxicity of the organotin is influenced more•by the alkyl substituents
than the anionic substituents. TBT is lipophilic and poorly water soluble. TBT in
antifouling paints is chemically bonded in a copolymer resin system via an
organotin ester linkage. It is released slowly in a controlled rate as a result of
hydrolysis when the sea water comes in contact with the paint surface (Evans,
1999). Tributyltin (TBT) is considered to be the most toxic of its degradation
products: dibutyltin and monobutyltin, which affects the immune, endocrine and
central nervous systems. (Biunden et al. 1984; Singh, 1987).
Table 1.3 Chemical characteristics of organotin
SI.No.

Organotin
compound

Chemical
formula

Chemical
structure
(1'1
y--€f
GI

...„....e"„

1

2

3

Monobutyltin

Dibutyltin

Tributyltin

C4H9CI3Sn

C8ll18C12Sn

Ci2F127Cisn

Appearance
Colourless,
Transparent liquid,
peculiar irritating
odour
Colourless,
Transparent liquid,
peculiar irritating
odour

el

a

Colourless,
Transparent liquid,
peculiar irritating
odour

1.3 Applications of organotins.

Tri-organotins (TOT) such as tributyltin oxide (TBTO), tributyltin chloride (TBTCI),
triphenyltin chloride (TPTCI), tributyltin fluoride (TBTF), tributyltin hydroxide
(TBTH), tributyltin naphthanate (TBTN) and tris (tributylstannyl) phosphate (TBTP)
and TBT methacrylate are very extensively used as biocides in antifouling paint
formulations used on ship hulls, boats, fishing nets, marine installations,
aquaculture cages, and docks, to prevent settling of barnacles, seaweeds or
9

tubeworms, as slimicides in cooling towers, bactericides, acarickle, pesticides,
miticides, insecticides, as fungicides in agriculture, as preservatives for wood,
textiles, papers, leather and as stabilizing material in PVC pipes, PVC food
wrappings, PVC gloves, vinyl flooring, as an anti-yellowing agent in clear plastic
bottles, rigid potable water pipes, as an industrial biocide in textiles

,

brewing,

paper-making and in power station cooling water, as an anti-bacterial agent in
duvets, shoe insoles, pillows and nappies, and as a stabiliser in some plastics, for
example shower curtains (Fig.1.5), (River, 1973; Craig, 1982; Hallas, et. al. 1982a;
Short & Thrower, 1986; Clark et al. 1988; Bacci & Gaggi, 1989; Blunden & Evans
1990; Fukagawa et al. 1992; Horiguchi et al. 1994; Suzuki and Fukagawa, 1995;
Fent, 1996; Mensink et al. 1997; Champ, 2000; Favoreto, 2000; Hoch, 2001).
1.4 Fate of organotin compounds in the environment

The bio-toxicity of TBT is greatly dependent on the bloavailability in the aquatic
and terrestrial environment (Fig.1.6). The contamination of TBT is dependent on
its sediment matrices and other physiological factors (pH, temperature and light).
These factors greatly affect the availability of TBT since it is reported that thermal,
chemical and biological cleavages can degrade it into di-, monobutyltins and tin
oxides (Craig, 1986). There are several factors which regulate the fate and
distribution of TBT in the environment.
1.4.1 Physical Adsorption

The distribution of TBTs at the water-sediment interface is an important
environmental process in our understanding of the transport and the fate of these
compounds in the estuarine environment (Craig, 1986). Knowledge of the sorption
on sediments and partitioning (into interstitial water in sediments) processes is
essential for the prediction of the bioavailability of TBTs to aquatic organisms,
(Salazar, 1986). Studies made on the relationship of pH and salinities have
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reported that desorption increased sharply towards both higher and lower pH
values for TBT in seawater sample. It is noted that above a salinity of -15°/00, the
pH does not rise appreciably (due to the buffering influence of seawater and other
factors notably the presence of major seawater ions) and relative modifications in
TBT speciation may assume responsibility for changes in partitioning (Langston et
al. 1995). As mentioned TBT comprises of metal ions and hydrophobic materials,
the adsorption of TBT increases with increasing salinity. The adsorption
mechanism of organotin compounds is dictated by numerous physicochemical
parameters such as, pH, salinity, temperature, alkalinity etc., including the
mineralogical and chemical composition of the sorbent material and organic
content (Hoch et al. 2003).
1.4.2 Solubility of Organotins

The solubility of organotin is greatly affected by the presence of chloride from
seawater. It was reported that the chloride from the seawater inhibits the solubility
of tributyl- and triphenyltin compounds, probably by association with the cation to
form the covalent organotin chloride, (Craig, 1986). At intermediate salinities and
above, increasing chlorinity and pH tends to shift the equilibrium towards TBTCI
and the further stabilization of charged species, and there is a concomitant
increase in partition coefficient consistent with the behaviour of more hydrophobic
compounds, (Langston et al. 1995).
1.4.3 Chemical Cleavage

Chemical removal mechanisms of the TBT include chemical and photochemical
degradations. The degradation is the progressive loss of organic groups from the
Sn cation: R3SnX R2SnX2 RSnX3 SnX4.

Light emitted by the sun consists mostly of wave lengths > 290 nm at the earth
surface (Champ, 1996). UV radiation of wave length 290 nm possesses energy of
approximately 300 kJ ma i (Craig, 1986). The mean bond dissociation energies
for Sn- C bonds are in the range of 190-220 kJmol-1(Champ, 1996). Photolysis by
sunlight appears to be the fastest route of degradation but only the near UV
component of sunlight could cause direct photo degradation of Butyltins. The SnC bond can be heterolytically cleaved by both nucleophile and electrophile
reagents, such as mineral acid, carboxylic acid and alkalimetals, (Fig.1.7)
(Blunden & Chapman, 1986; Clark et al. 1988: Hoch, 2001: Suchiro et al. 2006).

si

MN,

Fe'
Figure 1.7 Heterolytic cleavage of organotins.
1.4.4 Biological cleavage of organotins

Some bacteria possess the ability to degrade organotin compounds with a
stepwise decomposition to di- and mono-butyltin and inorganic fin, Sn. The
breakdown of TBT to less toxic DST and MBT appears to be controlled by
biological degradation and not photolysis, (Wade et al. 1988). It is interesting to
note that, TBT was considered to be less degraded by the bacteria in sediment
than in water, (Maguire et al. 1985; Seligman et al. 1986; Kawai et al. 1998).
1.4.5 Biological degradation of organotins

Sheldon (1975) has proposed a very interesting scheme for degradation of
organotins involving microorganisms (Fig.1.8). The bacteria involved are
Pseudomonas aeruginosa, Cunninghamelia efegans, Pseudomonas putida and
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Alcaligenes faecalis which were found to be able to degrade organotin
compounds under certain conditions. Further studies on the mechanisms of TBT
utilization by Cunninghamella elegans and on the potential application of the
fungus for removal of the xenobiotic from polluted environments (Bernet et al.
2002). This provides abetter insight in the TBT biodegradation but this is limited
by conditions required by the organisms like light, temperature and nutrients.
1.4.6 Environmental problems of organotins

Research made so far is mainly on TBT and triphenyltin (TPhT) pollution because
these compounds directly enter the environment by industrially applied organotin
biocides. The sources of TBT causing environmental impact are namely: the
shipyard painting vessels and the painted vessel itself. Since vessels can be
painted with banned antifouling materials by boat yards in a country that does not
have TBT regulations and subsequently travel in international and regulated
national waters and thus bringing the impact back to the country which was trying
to prevent it. 'Unregulated' countries have unknowingly accepted the
environmental and human health risks to gain the economic benefits from painting
TBT on ships. According to physical nature of organotins, particularly TBT is
strongly bound to the fine-grained sediment fractions which are usually less than
63 pm (Craig, 1986; Queauviller et al. 1991; Langston et al. 1995; Stronkhorst et
al. 2003). During boat maintenance, paint stripping of a boat is being carried out
and the paint particles are attached to the fine sediments. The affected sediments
are usually accumulated near dry docks, marinas and harbour. Fine sediments
have a greater surface area per unit volume, which allow more surfaces for
adsorption but this is dependent on the matrix and nature of the sediments. The
depths of the marinas are regularly maintained through dredging, whereby the
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sediments are brought on land for disposal. The problems associated with TBTcontaminated sediments are further complicated when brought on land since little
or no research is done to describe the fate of the contaminants. In a high
hydrodynamic environment in which winds and tides transport most of the silty
materials into the sea and thus a substantial part of the dumped dredge waste is
reintroduced into the aquatic environment. The marine benthic resources at and
around the dumping sites can be adversely affected, (Stronkhorst et al. 2003).
The growing public concern regarding organotin compounds and their breakdown
products, such as mono-, di-, tri-and tetrabutyltin (MBT, DBT, TrBT, and TeBT),
respectively, and triphenyltin (TrPhT), are based on their potential environmental
accumulation, and harmful environmental effects, (Poerschmann et al. 1997). The
persistence of organotins in polluted ecosystems is a function of physical,
chemical and biological mechanisms (Table 1.4).
1.5. Organotin tolerant marine bacteria

Several reports have been documented on isolation and characterization of TBT
resistant bacteria from soil, marine and estuarine environments. TBT resistant
bacteria have previously been isolated from marine environments and some
resistance genes (transport and efflux genes) have been identified (VVuertz et al.
1991; Fukagawa et al. 1992, 1994; Fukagawa and Suzuki 1993; Jude et al. 2004:
Dubey et al. 2006). The isolation and characterization of TBT resistant marine
bacterium, Alteromonas sp. M-1 was the first record of its kind. It is interesting to
note that addition of TBT to the natural sea water specifically enriched TBT
tolerant bacteria (Barug and Vonk, 1980; Barug, 1981; HaIlas and Cooney, 1981 a;
McDonald and Trevors, 1988; Suzuki et al. 1992; Pain and Cooney, 1998). These
resistant bacteria could tolerate high levels of TBT biocides due to their inherent
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capability to (i) transform them into less toxic compounds viz. di- and monobutyltin by dealkylation mechanism or (ii) exclusion /efflux of these toxicants out
side the cell, mediated by membrane proteins or iii) degradation / metabolic
utilization of them as carbon sources mediated by enzymes or iv) bioaccumulation
of the biocide without breakdown using metallothionein like proteins (Blair et al.
1982; Fukagawa et al. 1994). Although little is known about the resistance
mechanism with which microorganisms tolerate this biocide, several organotin
resistant bacteria have been reported which includes

Escherichia coli,

Pseudomonas fluorescens, P. aeruginosa, Proteus mirabilis, Serratia
marcescens, Alkaligenes faecalis and Vibrio sp., which are Gram negative and
Staphylococcus aureus, S. epidemidis, Bacillus subtilis, and Mycobacterium phlei
which are Gram positive (Table 1.5) (Wuertz et al. 1991; Fukagawa et al. 1994;
Suzuki and Fukagawa, 1995; Gadd, 2000).
1.6 Degradation of Organotin compounds by biotic and abiotic factors
Organotin degradation involves sequential removal (dealkylation) of alkyl groups
from the tin atom, which generally results in a toxicity reduction (Blair et al. 1982;
Cooney, 1988; Cooney, 1995). This can be achieved by biotic and abiotic factors
with UV and chemical cleavage being the most important abiotic factors in aquatic
and terrestrial ecosystems (Barug, 1981; Blunden and Chapman, 1983;Clark et al.
1988). Although the degradation of organotins has been shown to be mediated by
microorganisms, information is still severely limited in relation to mechanism of
degradation, tolerance mechanism of microbes and their relative significance and
also the role of anionic radicals in degradation process in natural habitats
(Cooney, 1988; Gadd, 1993, 2000). Biotic processes have been demonstrated to
be the most significant mechanisms for tributyltin degradation both in soil as well

as in fresh water, marine and estuarine environment (Barug, 1981; Dowson et al.
1996). Rate of TBT degradation may be influenced by several biotic and abiotic
factors, such as nature and density of microbial population, TBT solubility,
dissolved suspended organic matter, pH, salinity, temperature and light.
1.6.1 Biotic factors

There are very few reports on biodegradation of TBT which is mediated by
microorganisms' viz. bacteria, fungi, cyanobacteria and green algae in terrestrial
and aquatic environment (Sheldon, 1978; Barug and Monk, 1980; Cooney, 1988;
Gadd 1993, 2000). Barug (1981) has reported that Gram negative bacteria viz.
Pesudomonas aeruginosa, Alkaligenes faeces and fungi viz. Tramatis versicolor
and Chaetomium globosum could degrade tributyltin oxide via dealkylation
process. Pure cultures of wood rotting fungi, Coniophora puteana and Corio lus
versicolor can also degrade this biocide to form di- and mono-butyltin derivatives
(Henshaw et. al. 1978). It is interesting to note that some of Pseudomonas sp.
have been reported to bioaccumulate tributyltin up to 2% of its dry weight (Blair et
al. 1982; Gadd, 2000). It has also been reported by Barug (1981) that several
other Gram negative bacteria also possess capability to accumulate Tributyltin
oxide without its breakdown. The high lipid solubility of organotin ensures cell
penetration and association with intracellular sites, while cell wall components
also play an important role (Gadd, 2000). It is evident that the site of action of
organotins may be both at the cytoplasmic membrane and intracellular level.
Consequently, it is not known whether cell surface adsorption and accumulation
within the cell, or both is a prerequisite for toxicity. TBT biosorption studies in
fungi, cyanobacteria and microalgae indicate that cell surface binding alone
occurred in these organisms, while studies on the effect of TBT on certain
bacterial strains indicated that it can also interact with cytosolic enzymes (White et
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al. 1999). The elimination of such hydrophobic compounds is facilitated by their
biotransformation to water soluble polar compounds. Thus metabolism of a
compound generally reduces persistence, increases removal or elimination and
results in a reduction of toxicity. Therefore, microbial degradation is probably the
most predominant process for the breakdown of TBT in near shore waters with
dibutyltin as the major degradation product (Page, 1989).
1.6.2 Abiotic factors
The biogeochemical cycle of organotin compounds clearly shows that
bioaccumulation, biomethylation and photolytic degradation are the major
processes involved in organotin transformation in nature, but knowledge on the
environmental fate of TBT in coastal water is still limited (Fig-1.6, 1.9). This fact
stimulated research interest on the aspect of biodegradation and bioaccumulation
of TBT in water columns and sediments, by microorganisms and also by higher
marine organisms. Environmental surveys from different locations throughout the
world have shown that tributyltin is present in three main compartments of the
aquatic ecosystem, the surface microlayer, the water column and the surface
layer of the bottom sediments (Table 1.2) (Clark et al. 1988). In aquatic
environment tributyltin and other organotins accumulate on the surface microlayer,
in sediments, and on suspended particulate matter. Binding of tin compounds to
sediments varies greatly with the sediments and tin species, and binding is
influenced by salinity, pH, and amount of particulate matter (Cooney, 1988). The
bio-availability of organotins to microorganisms is a key determinant for uptake,
bioaccumulation and toxicity, which depends on the chemical speciation of
organotin in aquatic milliue (Chaumery and Michel, 2001). Therefore,
environmental variables viz. temperature, pH and ionic composition are most
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important parameters governing bioavailability as well as degradation of
organotins. The result of these studies indicates that TBT can be degraded rapidly
in marine water column to di-butyltin and mono-butyltin with a half life of several
days. TBT degradation by photolysis alone proceeds slowly with a half-life of >
89days (Wuertz et al. 1991). Half life of TBT from a clean water site (0.03 lag/L of
TBT) were 9 and 19 days for light and dark treatments respectively (Seligman et
al. 1986), but photolysis probably is not a significant breakdown process for TBT
(Clark et al. 1988). In the case of TBT present in sediments, degradation takes
place sequentially to form DBT, MBT and Sn (IV) with half life of 2.1, 1.9 and 1.1
years respectively for TBT, DBT and MBT (Sarradin et al. 1995). Sheldon (1978)
has reported that C 14 labelled TBTO, TBTF and TPTF in soil was degraded faster
in aerobic conditions than anaerobic conditions. However persistence does not
necessarily equate to a compound being toxic, because it may not be bio
available (Evans, 1999). Interaction of microorganisms with organotin is
significantly influenced by environmental conditions. In aquatic ecosystems, both
pH and salinity can determine organotins speciation/ bloavailability and therefore,
biological activity. In one study K+ release was used as an index of toxicity, as
both the rate and the extent of K+ release was affected by salinity. Increased NaCI
concentration reduced the toxic effect of TBT, with the possible effects being due
to Na+ and CI' moieties, as well as possible osmotic responses of the organisms
which included changes in intracellular compatible solute and membrane
composition (Cooney et al. 1989). These environmental factors may also alter
selectively the resistance of microorganisms in polluted aquatic systems (White et
al. 1999). Biological and chemical degradation of TBT in marine and freshwater
sediments has been reported to be slow (Wuertz et al. 1991), as the half life of
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TBT in marine water has been found to be about a week, whereas in sediments it
was about 2.5 years (Atireklap et al. 1997). This clearly indicates that sorption of
TBT in the silty sediments strongly reduced the bioavailability of the biocide to
microorganisms (Stronkhors et al. 1999). Because of the low water solubility, TBT
preferably binds to suspended organic matter released from marine sediments. It
is interesting to note that the extent of binding of TBT to bottom sediments varies
with location, organic matter content and particle size (Laughlin et al. 1986).
Abiotic degradation processes have also been put forward as the possible
pathways for removal of TBT from soil sediments and water columns, as the Sn-C
bond could be broken by four different abiotic processes, viz., UV irradiation,
chemical cleavage, gamma irradiation and thermal cleavage (Sheldon, 1975).
Because gamma irradiation rarely occurs and the Sn-C bond is stable up to
200°C, gamma irradiation and thermal cleavage have a negligible effect on the
environmental breakdown of TBT. Only the near UV spectrum (300-350 nm) is
likely to cause direct photolysis of tributyltin, and due to low transmittance of UV
light, this breakdown process is expected to occur only in the upper few
centimeters of the water column (Clark et at. 1988). Numerous studies undertaken
on the fate of TBT have indicated that it degrades by stepwise debutylation
mechanism to the less toxic dibutyltin (DBT) and monobutyltin (MBT) which have
also been detected in the aquatic environment (Dowson, et al. 1993; Gadd, 2000).
Maureen and Willingham (1996) have reported that TBT degradation process may
be explained as a sequential toss of an alkyl group from TBT to form non-toxic
inorganic tin ultimately in the
following manner : R3Sn+-4- R2Sn2+--s RSn3+--, Sn(IV).
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The possibility of other degradation pathways for tributyltin species including a
number of possible redistribution reactions catalysed by environmental molecules
such as amines, sulfides or other reactants. The possibility of environmental
methylation of butyltins has been raised by a recent report of the presence of
mixed butylmethyltin species in sediments, presumably arising by biological
methylation of anthropogenic butyltin in the aquatic environment. A few of the
possible reactions of Sn-C includes:
(I) 2Bu3Sn+

►

Bu2Sn2+ Bu4Sn

(ii) Bu2Sn2++ Bu3Sn+
(iii) Bu3Sn+ + Me"

BuSn3+ Bu4Sn
Bu3MeSn

At present the source of methyl carbanion is unknown, but it may be due to
redistribution and biogenesis of methyltin species (Matthias et al. 1986a). In
aquatic ecosystem both pH and salinity determine organotin speciation and
therefore its reactivity (White. et al. 1999). Maximum toxicity to microorganism
occurred at pH 6.5 for Bu3SnCI, BuSnCl3, Ph3SnCl and at pH 5.0 the toxicity of
Bu2SnCl2 was maximum. Toxicity decreased above and below these pH values.
At an initial pH of 5.2, 0.3pM TBTC prolonged the lag phase of Aureobasidium

pullulans, which was followed by an exponential phase of similar rate to the
control culture. In natural water, organotin compounds are present predominantly
as neutral TOT-OH species or as

Tor cation depending on the pH value. At pH<

4 the predominant species is the cation Me 2Sn+ , while under environmental
conditions (pH 6-8) the species mainly found is Mee Sn(OH)2. Samuel et al. (1998)
suggested that single stranded DNA and dibenzyltin dichloride (phenanthroline)
complex indeed hydrolyse the Sn-Cl bond in appreciable amounts at physiological
pH i.e. 6.0. The distribution of tributyltin species also depends on pH and salinity
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(Hoch, 2001). The aqueous solubility of four organotin compounds, such as
tributyltin chloride (TBTC), Bis tributyltin oxide (TBTO), Triphenyltin chloride
(TPTC) and bis (triphenyltin) oxide (TPTO) was determined at various salinity, pH
and temperature (Inaba et al. 1995). The optimum degradation of TPT in sea
water was at pH 7-8.5 (Yamaoka et al. 2001). Blair et al. (1982) did not find
evidence of TBT metabolism by tin resistant bacteria isolated from Chesapeak
Bay, Canada although the organisms accumulated tin. Later on TBT
biodegradation was observed in sample collected during winter and incubated at
winter temperature, but sample collected during summer, degraded TBT to di and
monobutyltin. Exposure to incandescent fight during incubation stimulated
biodegradation, suggesting that photosynthetic bacteria may be involved in
biodegradation. The four year TBT degradation study of Brest Naval harbour
showed the formation of TBT degradation product i.e. DBT (Chaumery et al.
2001). Yamaoka et a1 (2001) have reported that Pseudomonas chiororaphis can
degrade triphenyltin in sea water with increasing temperature from 4°C to 37°C.
The solubility of organotin compounds decreased with increasing salinity (Inaba et
al. 1995). External NaCI also influences organotin toxicity. Interactions between
Bu3 SnCI and microbial biomass decreases with increasing salt concentration
(Avery et al., 1993). Microbial uptake of Bu 3SnCI was reduced at salt
concentration corresponding with that of sea water (— 0.5M NaCI) (White et al.
1999). The presence of NaCI can alter toxicity in three ways (i) Na + can reduce
interaction of the organotin with the cell surface by competing for binding sites or
interacting with the compound itself (Cooney et al. 1989), (ii) the membrane — lipid
composition may be altered, making the cells more resistant to membrane active
compounds (Cooney et at 1989). (iii) CI" can inhibit the solubility of tributyltin
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compounds by association with the cation to form covalent organotin chloride
(Blunden et al. 1984). Clearly the effects of organotin contamination varies in
freshwater and marine environments and the level of Na + or CI" ions is considered
in toxicity studies (White et al. 1999). The toxicity of butyltin was reduced by
salinity levels approximately to sea water conditions which emphasizes the
significance of environmental factors in determining organotin toxicity. A reduction
of salinity in the medium also increased monobutyltin chloride toxicity possibly as
a consequence of increased availability of the hydrated tributyltin cation i.e.
(Bu3Sn(H20)2i + (Gadd, 2000). Influence of media constituents on apparent
organotin toxicity has been previously reviewed (Cooney and Wuertz, 1989).
Jonas et al. (1984) have reported that the medium composition would be expected
to alter the physiochemical equilibrium of the metal species compared to natural
water. The selectivity of the nutrient medium depends on the microbial community
that can be cultured under the chosen nutrient medium. In other observation,
Serine and hydroxyflavone enhanced inorganic tin toxicity, while gelatin and
humic acids increased resistance of the estuarine microorganisms. Complexation
of tin with the smaller molecules may facilitate transport across the membrane,
while larger molecules may be excluded on a size basis. When NaNO3 and KNO3
were substituted for NaCI and KCI as the inorganic salts, a three fold increase in
cell viability was reported (HaIlas et al. 1982b). Inhibition of nitrification by four
heterotrophic bacteria such as two Bacillus sp, an unidentified Gram-positive rod,
and a Pseudomonas sp., occurred at nanomolar levels of butyltin. In these
organisms nitrification is independent of growth and is assumed to follow the
pathway (NH4+ —> NH2OH —> NO2 - —> NO3). For each of the four organisms, TBT
inhibited growth; NH4+ uptake and accumulation of NH2OH and NO2" . Effect on
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NH4+ uptake were deemed to be as a result of general toxicity and not due to
direct inhibition of process steps. DBT inhibited NH4+ uptake and accumulation of
NH2OH and NO2 at the concentration, which did not inhibit cell growth (White et
al. 1999). Though each organism has its own pattern of response to the three
butyltin, suggesting that the organisms do not carry out nitrogen metabolism in
identical ways and /or that they respond differently to these butyltins. It may
account that TBT's interference with nitrification event is because of its disruption
of cell function in prokaryotes and eukaryotes (Miller & Cooney, 1994).
Characterization of organotin as metal or organocompounds in the environment,
and prediction of uptake mechanisms depends on speciation (White et al. 1999).
Types of exchangeable cation, pH values, salinity and the mineralogical and
chemical composition of the adsorption material are important parameters
controlling the adsorption behaviour of organotin compounds (Hoch, 2001).
1.7 Heavy metal tolerance In TBTC resistant bacteria

Among the 19 heavy metals arsenic, cadmium, mercury and lead have no known
essential biological function and are extremely toxic to microorganisms. Residual
effect of most of these heavy metals on aquatic biota are long lasting and highly
deleterious as they are not easily eliminated from these ecosystems by natural
degradative processes. These metals tend to accumulate in sediments and move
up in the aquatic food chain, ultimately reaching to human being, in whom they
produce chronic and acute ailments (De et al. 2003). At higher concentration
heavy metal ions form unspecific complex compounds in the cell, which leads to
toxic effects. Some heavy metal cations e.g. Hg +, Cd+ form strong toxic
complexes, which makes them too dangerous for any physiological function. Even
physiologically important trace elements like Zn 2+, Ni2+ and especially Cu 2+ are
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toxic at higher concentration (Nies, 1999). Depending on their concentration in
sea water four classes of heavy metals can be easily differentiated as possible
trace elements: frequent elements with concentration between 100 nM and 1 pM
(Fe, Zn, Mo), elements with concentrations between 10 nM and 100 nM (Ni, Cu,
As, Mn, Sn ,U) rare elements (Co, Ce, Ag, Sb) and finally elements just below the
1nM level ( Cd, Cr, W, Ga, Zr, Th, Hg, Pb) (Nies, 1999). Living or dead microbial
biomass can be used to bioremediate waste-water contaminated with toxic metals
(Dubey and Rai, 1987; Dubey and Rai, 1990a; Dubey et al. 1993).
Microorganisms have developed a resistance mechanism for each metal. The
efficiency of these mechanisms depends on many parameters, such as the metal
itself, the species studied, time, temperature, pH and interactions of the metal with
other adsorbents etc. Reduce uptake, highly specific efflux pumping, intra or
extracellular sequestration by metallothioneins and enzymatic detoxification which
converts a more toxic ion to a less toxic one, are the possible mechanism adopted
by micro-organisms to survive in metal contaminated environment (Silver, 1996).
Most cells solve this problem by using two types of uptake system for heavy metal
ions; one is fast and non-specific used for a variety of substrates, constitutively
expressed. The second type of uptake system has high substrate specificity, is
slower and often uses ATP hydrolysis for energy (Nies & Silver, 1995). Virtually all
bio-molecule have high affinity to toxic metals and radionucleides. Several
mechanisms by which metals interact with microbial cell walls and envelopes are
well established. However, some biomolecules function specifically to bind metals
and are induced by their presence. These are metallothioneins or metalloproteins
produced by microbes and have got possible involvement in metal detoxification
and metal ions homeostasis. These metalloproteins play structural and catalytic
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roles in gene expression. They exert metal responsive control of genes involved in
respiration metabolism and metal specific homeostasis, such as iron uptake and
storage, copper efflux and mercury detoxification. The metallothioneins are small
cysteine rich proteins that bind heavy metals. It is interesting to mention that
metallothioneins are present in all vertebrates, invertebrates, plants and even
lower eukaryotes such as yeast and prokaryotes such as Vibrio alginolyticus and
several cyanobacterial strains (Higham et al. 1984; Turner and Robinson, 1995;
Pazirandeh, et al. 1995; 1998). They play very important role in various biological
and metabolic processes, including toxic metal detoxification. Other molecules
with significant metal binding abilities, like fungal melanins, may be overproduced
as a result of exposure to sub-lethal concentration of heavy metals and
interference with normal metabolism. The cell wall of bacteria also has several
metal binding components which contribute to the biosorption process. The
carboxyl group of the peptidoglycan is the main metal binding site in the cell walls
of Gram positive bacteria, with phosphate groups contributing significantly in
Gram negative microorganisms (Gadd and White, 1993). Organomercurials may
be detoxified by microbial enzyme, organomercurial lyase and the resulting ionic
Hg2+ gets reduced to elemental mercury Hg ° by mercuric reductase enzyme.
Microbial dealkylation of organometallic compounds such as organotins can result
in the formation of ionic species which could possibly be removed using
biosorptive biomolecules like metalloproteins (Gadd and White, 1993). Pain et al.
1998 have reported that most of the TBT resistant bacteria are also resistant to six
heavy metals (Hg, Cd, Zn, Sn, Cu, Pb) which suggest that resistance to heavy
metals may be associated with resistance to organotins. Pseudomonas ambigua
and Pseudomonas fluorescens are highly resistant to chromate which is plasmid
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mediated (Ohtake et al. 1987). Fukagawa et al. (1994) have reported 11 bacterial
strain which are resistant to TBT and methyl mercury. Wuertz et al. (1991) have
4.

reported that the bacteria isolated from fresh water and estuarine environment are
resistant to Zinc as well as TBT. Usually the TBTC tolerant strains also show
cross tolerance to methyl mercury (Suzuki et al. 1992). It may be possible that
genes conferring metal resistance are mostly plasmid borne whereas genes
conferring organotin (TBTC) resistance are located on chromosomal genome
(Fukagawa et al. 1993; Suzuki et al. 1994)
1.8 Antibiotic resistance in TBT resistant bacteria

Bacterial isolate obtained from nature possess multiple antibiotic resistance which
is not surprising. It is very clear that multiple metal resistance (Hg, Zn, Cd, Pb, As
etc) and antibiotics resistance (Penicillin, Ampicillin, Streptomycin, Chioromycin
etc.) are wide spread among TBTC resistant microorganisms isolated from both
estuarine and freshwater sites. In this case both the antibiotic and heavy metal
resistance may be plasmid mediated (Wuertz et al. 1991). It is known that
bacterial isolates screened from toxic chemical waste more frequently contain
plasmids and demonstrate resistance to antimicrobial agents. Bacteria isolated
from Barceloneta Regional Treatment plant, Barceloneta, Puerto Rico are
resistant to Penicillin, Erythromycin, Nalidixic acid, Ampicillin, m-cresol and
quinine along with bis-tributyltin oxide and also possess plasmid (Baya et al.
1986). All TBT resistant bacterial isolates were resistant to three antibiotics such
as Flavobacterium sp. strain OWC-7 and Pseudomonas sp strain NOWC-1 were
resistant to several antibiotics tested along with TBTC resistance. On the contrary,
some of the bacterial strains such as Bacillus sp. strain MC-24, Proteus sp. strain
MC-26 and Proteus sp. strain MC-29 do not show any resistance to any antibiotic

26

though they are resistant to organotin (Wuertz et al. 1991). Resistance to
antibiotics occurs typically as a result of drug inactivation/modification, target
alteration and reduced accumulation owing to decreased permeability or
increased efflux (Poole, 2002; Wright, 2003; McDermott et al. 2003).

1.9 Biochemical basis of organotin (TBTC) resistance in bacteria
1.9.1 TBTC induced pigment production

Pigmented bacteria are predominant in areas subjected to stress conditions such
as intense sunlight, nutrient limitation, high concentration of organic pollutants,
heavy metals, drugs and high salt concentrations (Seligman, et al. 1986). These
bacteria produce different types of pigment for example Vibrio sp. produces
zeaxanthin and pheomelanin while

Pseudomonas sp. produces zeaxanthin

besides phenazines (Weiner, 1997).The yellow compound pyoverdine isolated
from the bacteria

Pseudomonas chlororaphis has significant role in triphenyltin

(TPT) degradation (Inoue et al. 2003). The degradation of TPT by pyoverdine
decreased with increase of phosphorus at 0-35 mg/L and Fe-EDTA at 0-2 mg/L.
The degradation was unaffected by manganese and zinc (Yamaoka et al. 2002).
It is interesting to mention that fractions F—I and F-la of pyoverdine which were
produced by Pseudomonas

chlororaphis

can degrade triphenyltin to

monophenyltin via diphenyltin (Inoue et al. 2003). It has also been reported that
the process of pigment formation converts potentially toxic metabolite into
innocuous end products or pigments (Williams, 1973). There are reports that
pigmented bacteria show heavy metal resistance possibly encoded on the same
or co-transmissible plasmids along with antibiotic resistance therefore they show a
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higher survival rate in harsh environments and are capable of degrading a wide
range of pollutants (Higham et al. 1984).
1.9.2 TBTC induced EPS production

Microbial exopolysaccharides have gained wide commercial importance because
they offer advantages over plant and sea weed derived marine polysaccharides
Microorganisms offer more attractive alternative as they can be grown under
controlled condition and they greatly extend the range of available polymers
because of their unique properties (Ashtaputre et al. 1995 a & b). Bacteria have
devised complex regulatory circuits controlling exopolymer synthesis at the level
of gene expression (Vandevivre et al. 1993). A wide range of bacteria from clinical
and environmental habitat, is known to produce complex and diverse
exopolysaccharides (EPS), occurring as capsular polysaccharides intimately
associated with the cell surface or as slime polysaccharides, loosely associated
with the cell. These are distinguished by the degree of cell association following
centrifugation (Royan et al. 1999). Microbes whose exopolysaccharides have
been commercially exploited include Leuconostoc mesenteroides, Xanthomonas
campestris, Pseudomonas sp., Azotobactor sp. and Sphingomonas paucimobilis
(Ashtaputre et al: 1995 b). In case of Rhodococcus rhodochrous S-2, the addition
of EPS promoted the emulsification of aromatic fraction of sea water, the growth
of bacteria and degradation of the aromatic fraction. This fact suggests that EPS
produced by

Rhodococcus rhodochrous

S-2 could be useful for the

biodegradation of spilled oil in marine environments, and especially for the
bioremediation of polyaromatic hydrocarbons (PAH'S) that remain in the
environment even after a traditional bioremediation treatment (lwabuchi et al.
2002). Many bacteria produce EPS under various stresses viz. metals, toxins,
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nutrient limitation etc., thus providing a mechanism to protect cells from toxic
effects. EPS buffers cells quickly against the toxic and environmental changes like
pH, salinity or nutrient regimes and thus protect the cells against toxic metals and
other toxins. Besides, it creates a microenvironment around the organisms
allowing it to operate, metabolize and reproduce more efficiently. ft also helps in
the transfer of heavy metals and organo-metallic compounds from water column
and sediments, and serves as an important energy source for protozoans. As the
exopolymer is surface active molecule, it possesses high binding affinities for
many dissolved compounds present in sea water. Comparatively few studies have
directly examined the binding of organic compounds to exopolymers. It also binds
with a wide variety of metals such as Pb, Sr, Zn, Cd, Co, Cu, Mn, Mg, Fe, Ag and
Ni. Exopolymer binding processes can be important in the downward transport of
metals in ocean environment (Decho, 1990). It has been reported that
Xanthomonas campestris, Sphingomonas sp. and Escherichia coil of gram
negative genera secretes exopolysac,charides, acquired resistance to antibiotics
bacitracin by stopping synthesis of exopolysaccharides (Pollock et al. 1994). The
majority of these exopolymers are composed of polysaccharide, glycoproteins and
lipopolysaccharides, which may be associated with proteins. Generally, a
correlation exists between high anionic charges of EPS and their metal
complexing capacity (Gadd and White 1993). Microbial cells can attach to solid
surface forming biofilms with the help of EPS where it sequesters and localizes
nutrients, hence increases biofouling of pipeline, boat and ships (Wilkinson, 1984).
1.9.3 Protein profile of TIM resistant bacteria

In general, the toxicity of triorganotin compounds is believed to be due to their
ability to bind sulphydryl group of proteins, and the results obtained so far permit
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to propose that cysteine and histidine residues are involved which bind with
organotin compounds, indicating that a highly specific binding site is required to
bind with the organotin compounds (Santroni et al. 1997). Among the TBTC
resistant bacteria, Vibrio sp., (Alteromonas sp. strain M1) isolated from natural
marine environment revealed interesting results when grown with TBTC. It was
found that in the mid log phase of growth, synthesis of two polypeptides viz., 12 &
30 kDa was induced (Suzuki et al. 1994). Protein profile of Vibrio sp. clearly
showed that biosynthesis of 30 KDa and 12 KDa polypeptides increased
dramatically when the strain was cultured in the medium supplemented with 125
pM TBTC, although the function of the polypeptides are not known definitely.
Preliminary studies have shown that both polypeptides were detected in the 0.1 %
CHAPS (3-[(3-cholamidopropyl) dimethylammonio]-1-propane sulfonate)
(detergent) treated protein fraction, but not in the cytosol indicating that they are
transmembrane (bound) proteins. These polypeptides might have similar function
in organotin resistance as do 56 KDa and 16 KDa polypeptides of Hg-resistant
bacteria (Fukagawa et al. 1992). It was also known that Pseudomonas aeruginosa
produces a copper binding protein called azurin and also a metalloenzyme
(protein) which initiates the metabolism of herbicides atrazine.
1.10 Genetic basis of organotin (TBTC) resistance in bacteria

Genetic studies on TBT resistant and degrading bacterial strains from terrestrial
and aquatic environment are extremely limited with very few reports
demonstrating presence of plasmids but no correlation with TBT resistance (Singh
and Singh, 1984; Singh, 1987; Fukagawa and Suzuki, 1993; Suzuki et al. 1994;
Miller et al. 1995). In most of the cases, it has been demonstrated that the
resistance conferring genes are located on chromosomal genome (Suzuki et al.
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1994; Suzuki and Fukagawa, 1995). Fukagawa and Suzuki (1993) have reported
for the first time the presence of genes conferring TBT resistance in Alterornonas
sp. strain Ml. They have successfully isolated, cloned and sequenced the gene,
which seems to be involved in efflux of TBT employing a membrane bound TBTC
induced transport protein, possessing 108 amino acid residues encoded by an
ORF of 324 nucleotides. This membrane protein has 48.5% hydrophobic residues
and shows more homology with transglycosylases of E. coil and other bacterial
strains (Fukagawa and Suzuki, 1993). Therefore, this membrane protein has been
predicted to be the most prominent resistance mechanism in this marine bacterial
strain. Suzuki et al (1994) have further confirmed the taxonomic position of this
strain by 16SrRNA sequencing and genomic sizing by Pulse field gel
electrophoresis (PFGE) using contour clamped homogeneous electric field
(CHEF) technique. These studies have revealed that Alteromonas sp. strain M1
possesses a genome of 2,240 Kb. it is interesting to note that this strain is devoid
of any plasmid suggesting the exclusive presence of TBT resistance genes on
chromosomal genome (Fukagawa and Suzuki, 1993). TBTC resistance in
Pseudomonas stutzeri 5MP1 was found to be associated with the presence of an
Operon, called tbtABM, a multidrug efflux pump belonging to RND family (Jude et
al. 2004). Gene specific primers may be successfully used to screen and localize
bacterial genes located in chromosomal genome or extra- chromosomal genome (
plasmids), with advancement of PCR techniques, now it has become easier to
directly PCR amplify and clone genes of interest into vectors depending on the
requirement. It may be cloning/sequencing/expression vector.
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Figure 1.1 Marine fouling on ship surfaces without TBTC coating (Champ
1996).

Figure: 1.2 Removal of TBT coated paint in seawater due to hydrolysis
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IN.

Figure 1.3 Female dogwhelk (Nucella lapillus) showing severe imposex stage.
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1"ribut tin chloride

bis-Tributyltin ,exide

Tributyl in acetate
Figure 1.4 Structural formulas of major tributyltin compounds
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TRANSFORMER OIL
STABILIZERS
tetraphenyltin

PVC STABILIZERS
dibutyltin dilaurate; dibutyltin maleate
dibutyltin laurate-maleate; dibutyltin
biglaurylmercapticle); dibutyttin S, S' bis(isooctylrnercaptoacedate); dibutyltin
/3 mercaptopropionate; dioctyltin maleate;
dioctyttin S, S' bis(isooctylniercaptoacetate);
dioctyttinf3 - mercaptopropanoate
dimethyltin S,S'-bis(isooctylrnercaptoacetate)

CATALYSTS
CURING AGENTS FOR
SILICONE RUBBERS
dibutyftin diocetanoate
dibutyftin dilaurate
BIOCIDES

RODENT REPELLENTS,
MOLLUSCIDES, FUNGICIDES
INSECTICIDES, MITICIDES
tributyltin chloride
triphenytin acetate
triphenyltin chloride
triphenyftin hydroxide
dibutyltin dilaurate
tricyclohexyltin hydroxide

URETHANE AND ESTERIFICATION
CATALYSTS
dibutyltin diacatate
diethyttin dioctanoate
dibutyttin dilaurate
dibutyttin dichloride
dibutyttin bis(laurylmercaptide)
diocanoate
dimethyltin dichloride
dibutyttin dioctoate
stannous octoanoate
PRESERVATIVES FOR WOOD,
TEXTILES, PAPER, LEATHER,
AND GLASS.
bis(tributyttin) oxide (TBTO);
tributyltin linoleate

Figure1.5 Major Applications of organotin compounds
35

Figure 1.6 Fate of organotin compounds in the environment
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S.No
Location

Yr of
detection

Amount
of TBT

1982

N.D

2

Ontario lakes and rivers,
Canada
Vancouver harbor, Canada

1982-85

3
4
5
6
7

Arcadian Bay, France
South West England
SanDeigo Bay, USA
SanDeigo Bay, USA
Pool Harbor, USA

1982-85
1986
1986
1986
1985-87

8
9

Atlantic Coastal waters
Boston Harbor, USA

1988
1988

10

Mediterranean Sea
(French, Italy.Turkey, Egypt
Coast
East Gulf &Pacific Coast of
USA
Mariana, Hong Kong

11,000
gig/g. dry wt
N.D
ND
N.D
0.005 mg/It
520 ng/g
dry wt
N.D
518 ng/g
dry wt
N.D

1

11
1
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Auckland, New Zealand
Boston Harbor, USA
Funk Bay, Hokkaido, Japan
Hakodate Bay, Hokkaido,
Japan
Bohemia river, Chesapeake
Bay USA
Sewage and sludge in 5 cities
of Canada
Cadiz in SW-Spain
Portland and Boot Bay Harbor,
USA
Mariana, Hong Kong
Kanpur-Unna Ind.Region.
India
Coast of Thailand
Suva Peninsula, F_iji
Strait of Malacca & Tokyo Bay
Killeybegs Harbor, Ireland
Harbors of western
Mediterranean Sea
Coastal Environment of China
Alang Ship Building, India

1986-91
1988-89
1990
1990
1990
1991
1991
1990-91

770 ng/g
dry IAA
1160 ng/g
dry wt
N.D
N.D
N.D
N.D

1992

590 ng/g
dry wt
N.D

1990-92

N.D

1994

12400 ng/g
dry wt
3200 ng/g
dry wt
32.6 ng/
Sn/It
4500 ng/g
dry wt
N.D
N.D
N.D
244 ng/g
dry wt
N.D
N.D

1995
1995
1995
1996
1993-96
1997
2000
2001
2001

Reference

Maguire, 1986
Maguire et al. 1986
Alzieu, 1989
de Mora et at 1995
Seligman et al. 1986
Seligman et al. 1986
Langston et al. 1987
Alzieu et al. 1989
Krone et a11996
Gabriellides et at
1990
Krone et a1.1996
Lau, 1991
de Mora et at 1995
Wuertz et at 1991
Fukagawa et at 1992
Fukagawa et at 1994
McGee et at 1995
Chau et at 1992
Gomez Ariga et at
1999
Krone et a1,1996
Ko et at 1995
Ansari et at 1998
Atirekalp et at 1997
Davis et at 1999
Hashimato et at 1998
Wuertz et al 1991
Diez et at 2000
Gui-bin et at 2001
Kanthak et at 2001

Table-1.2 Marked Tributyltin effected areas in the world
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Phytoplankton

Mollusc

Arthropoda

Fish

Specific name
Green algae
Ankistrodesmus
falcatus
Haptophyceae
Isochrysis galbano
Japanese oyster
Crassostrea gigas
European oyster
Ostrea edulis
Blue mussel
Mytilus edulis
Blue mussel
Mytilus edulis
Gyraulus
Biomphaloria
glabrata
Crabs
Rhithropanopeus
harrisit
Sheephead minnow
Cyprinodon
variegates
Mullets
Liza aurata
Chinook salmon
Oncorhyinchus
tshawytscha
Carp
Cryprinus carplo
Crucian carp
Carasstus carasstus
grandoculis

Mollusc

Fish

Specific name
Blue mussel
Mytilus edulis
Sheepshead
minnow
Cyprinodon
variegates

Biological accumulation factor
30,000
(TBTO:20fg/L)
5,500

Author
Maguire et al.
1984
Laughlin et
al. 1986

6,000 (TBTO:0.15fg/L)
2,000 (TBTO:1.251g/L)
1,500 (TBTO:0.151g/L)
1,000 (TBTO:1.251g/L)
1,000-I-7,000
(IBTO):0.0231-0.67fg/L)
5,000-I-60,000

<50

60 (TBTO:0.281g/L)
2,600 (TBTO:0.9612.07fg/L)

20-30 (Liver, Kidney)
(TBTO): Jg/L)
4,300 (liver)
1,300 (brain)
200 (muscle)
(TBTO):1.49f2/L)
1,000(IBTO):0.0018 0.0024fg/L)
36013,400 (TBTCI)

Excretion speed
Half-life
Organic tin: 40 days
Total tin: 25 days
Excretion rate after 20 days
Muscle:74%
Internal organs:80%

Waldock et
al. 1983

Laughlin et
al. 1986
Cheng and
Jensen
(1986)
Allen et al.
1980
Allen et al.
1980
Ward et al.
1981
Bressa et al.
1984
Short and
Thrower
(1986)
Tsuda et al.
1987
Tsuda et al.
1986

Author
Cheng and
Jensen
(1989)
Ward et al.
1981

Table lA Internal fate (accumulation and excretion) of tributyltin
compounds in various organisms.

40

Aeromonas sp.

TBTC tolerance limits
2.0 pg/lit

Reference
Roy et al. 1988

Alkaligenes sp.

0.6 pM

Wuertz et al. 1991

Alkaligenes faecalis

2 mg/lit

Barug, 1981

Alteromonas sp.

100 pM

Suzuki et al. 1995

Arthrobacter globiformis

2 mg/lit

Barug, 1981

Bacillus sp.

4.2 pM

Wuertz et al. 1991

Bacillus subtilis

2 pg/mL

Singh, 1987

Bacillus subtilis

5 mg/lit

Barug, 1981

Citrobacter sp.

>84 pM

Wuertz et al. 1991

Enterobacter sp.

37.1 pM

-Do-

Escherichia coil

500 pg/mL

Singh, 1987

Escherichia cofi

>500 mg/lit

Barug, 1981

6.3pM

Wuertz et al. 1991

500-1000 pg/lit

Jonas et al. 1984

Mycobacterium pheli

0.5 mg/lit

Barug, 1981

Nocordia paraffinae

2 mg/lit

-Do-

Nocordia rubropertincta

5 mg/lit

-Do-

Pseudomonas aeruginosa

2.5 ppm

Suzuki et al. 1992

Pseudomonas aeruginosa

>500 mg/lit

Barug, 1987

Pseudomonas fluorescens

100 pg/lit

Singh, 1987

Pseudomonas fluorescens

>500 mg/lit

Barug, 1981

Pseudomonas putida

>500 mg/lit

-Do-

Proteus mirablis

>1000 mg/lit

Singh, 1987

Serratia sp.

>84 pM

Wuertz et al. 1991

Staphylococcus aureus

2 pg/mL

Singh, 1987

Streptococcus lactis

5 pg/mL

-DO-

Vibrio sp.

125 pM

Fukagawa et al. 1992

Bacterial strains

Flavobacterium sp.
Leginonella pneumophila

Table 1.5 Tributyltin resistant bacteria and their TBTC tolerance limits
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AIMS AND OBJECTIVES OF PRESENT WORK
Organotins such as Tributyltin chloride, Triphenyitin Chloride, Tributyltin hydroxide
ere extensively used as biocides in antifouling paints on ship hulls, boats and
docks as slimiddes in cooling towers, as fungicides, bactericides and also as
preservatives for wood and textiles (Clark et al. 1988). These organotin have
wide ranging toxicological properties and their biocidal uses have been reported to
have detrimental environmental impacts (Inoue et al. 2000). A British survey on
the inputs of TBT to the marine environment from shipping activities revealed that
unregulated dry dock practices clearly resulted in the release of large quantities of
TBT (deMora et al. 1995). Tributyltin compounds are found to be effective against
bacteria and fungi, whereas tricyclohexyltin compounds have miticidal properties,
in general organotin toxicity to microbes decreases in the following order.
R3SnX>R2SnX2>RSNX3>R4Sn. There are a few reports on organotin tolerant
marine bacteria from United States and Japan (Cooney, 1988; Suzuki et al. 1992).
Many marine bacterial strains have an inherent capability to degrade and
biotransform the organotins (TBTs) that enter into the marine environment in the
form of insecticides, fungicides and antifouling paints. Natural degradation of
these biocides in ambient environment may take several years; therefore, it is
important to consider ways or strategies which can accelerate the organotin
degradation process (Gadd, 1993; Alzieu, 2000). There are very few reports on
biological organotin degradation, which are exclusively restricted to only
laboratory scale experiments (Barug, 1981; Gadd, 1993). inspite of serious
environmental threat of organotin biocides to non- target organisms, still no report
is available on in situ bioremediation of these biocides involving living organisms
(Cooney, 1988). Little is known about the incidence of microbial organotin
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resistance, and the resistance mechanism with which microorganisms tolerate
high levels of organotins (Wuertz et al. 1991; Gadd, 1993; 2000). Earlier
investigations have revealed that the outer cellular membrane is the primary target
•

site for TBT binding due to its lipophilic characteristics. Ultimate cellular ATPase
depletion could be induced in living organisms or delipidation of anionic
phospholipids or by formation of tributyl, stannyl and peroxy radicals, resulting in
lipid peroxidation (Gray et al. 1987). There are several TBTC resistant bacterial
strains such as Escherichia coli, Pseudomonas fluorescens, P. aeruginosa,
Proteus mirabills, Serratia marcescens as Gram negative and Staphylococcus
aureus, S. epidermidis, Bacillus subtilis and Mycobacterium phlei as Gram
positive, but the biochemical and genetic basis of resistance in these bacterial
isolates is not yet understood (Singh, 1987). It is interesting to note that Fukagawa
et al. (1992; 1995) have mentioned that Alteromonas sp. M1 possess
"transglycosylase" genes on chromosomal genome which confers tbt resistance.
In another interesting report Pseudomonas stutzeri have been found to show TBT
resistance due to presence of TBT resistance genes which belong to RND family
of multidrug efflux pump encoding genes (Jude et al. 2004). Organotin

p.

degradation involves sequential removal of organic groups attached to tin atom,
which generally results in reduction of toxicity (Cooney, 1988). Although the
degradation of organotins has been shown to be mediated by several
microorganisms including bacteria, fungi, algae and yeast, information is still very
limited in relation to biochemical and genetic mechanism of degradation (Belliveau
et al. 1987; Cooney, 1988; Gadd, 1993). It is interesting to note that biotic
processes have been demonstrated to be the most significant mechanisms for
tributyltin degradation in fresh water, marine and estuarine environment (Dawson
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et al. 1993). Genetic studies on TBT resistant and degrading bacterial strains from
aquatic environments are extremely limited with very few reports demonstrating
the presence of plasmids but no correlation with TBT resistance (Singh, 1987;
Wuertz et al. 1991; Fukagawa and Suzuki, 1993; Fukagawa et al. 1994; Miller,
1995; Suzuki and Fukagawa, 1995). The paucity of information on environmental
fate of this extensively used biocide and antifoulant present in marine environment
prompted us to study ecophysiology and to explore the role of TBT tolerant
bacteria in biodegradation (biotransformation) process as they are naturally
enriched in organotin contaminated marine environment (Fukagawa et al. 1994).
Fascinated with all these facts on organoting (TBT) tolerant marine bacteria. I
propose to study the biodiversity, ecophysiology and molecular biology of
organotin (TBTC) tolerant bacteria from coastal environment (water and sediment)
of Goa. These studies will definitely help us to screen novel TBTC tolerant strains
which may be used for bioremediation of organotin contaminated sites and also
for genetic manipulation of tbt resistance gene(s) & promoters to develop
microbial sensors for organotin monitoring.
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THE MAIN OBJECTIVES OF THE STUDY

•

Ecological studies with special reference to biodiversity of organotin
tolerant marine bacteria isolates from sediments.

•

Physicochemical characterization of environmental samples such as pH,
salinity, alkalinity, organic and inorganic contents.

•

Physiological and biochemical characterization of organotin tolerant marine
bacterial strains with reference to growth behaviour, exopolysaccharide
production, pigment production, organotin tolerance , tolerance to other
heavy metals such as cadmium, mercury and arsenic.

•

Biological characterization of isolates with reference to organotin (TBT and
DBT) degradation, protein profile to study the biochemical mechanisms of
organotin resistance.

•

Molecular biological studies of organotin tolerant bacterial isolates with
reference to identification and localization of TBT resistance genes using
PCR and gene specific primers.
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CHAPTER II

MATERIALS AND METHODS
2.1 Collection of environmental samples

Marine water and sediment samples were collected from different organotin
polluted sites of west coast of India (Goa) such as Western India Shipping Ltd.,
(WISL), Sada, Goa Shipyard Ltd., (GSL) Vadem, local areas in Vasco-Da-Gama
and Vipul Marine Engineering works, Dabolim (Fig-3.1). The geographical
locations of each sampling sites were ranging from (Latitudes 15 ° 35' 061' N to
15° 27' 703' N) and longitudes (73 ° 44' 213' E to 73 ° 49' 985' E) (Table-3.2). The
water and sediment samples were collected from different locations viz., over the
berth, berth wall, ship wall, near the ship, sediment from dredger (WISL) and paint
yard. 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. The containers were brought to laboratory and then stored at
4°C in cold room. Sediment sample from the dredger at WISL was collected by
scraping the surface portion that had not touched the metal wall of the dredge into
polyethylene bag, sealed and stored at 4°C. These collected samples were used
within a week of collection for physiochemical and bacteriological analysis.
2.2 Physicochemical analysis of sediment & water samples:

The physicochemical parameters of the water and sediment samples with
reference to (pH, temperature, salinity, alkalinity, organic and inorganic (Nitrite,
Nitrate and Phosphate) content were analysed following procedures adopted by
Grasshoff, (1983).
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2.2.1 pH
After standardization of pH meter 50 mL of the sample was taken into a beaker
and the pH electrode was dipped into the water sample. The pH values were
recorded within 30 seconds (Grasshoff, 1983).

2.2.2 Temperature
50 mL of the water sample is taken into a beaker and a digital thermometer is
dipped into the beaker. The values are recorded within 5 seconds (Grasshoff,
1983).

2.2.3 Salinity (NaCI)
This method consists of titrating halide ions in seawater to a standard silver nitrate
solution using potassium chromate as an indicator (Appendix-C.1) (Grasshoff;
1983). Exactly 10 mL of seawater sample was pipetted into a 250 mL conical flask
and about 20 mL of distilled water was added to it followed by six drops of
potassium chromate indicator solution (10 % stock solution).The content was
mixed well and titrated against silver nitrate solution. When silver nitrate solution is
run down from a burette, a white precipitate begins to form and the solution turns
yellow. The first rough colour change appeared when solution becomes dull red
by the excess addition of silver nitrate and then disappears on shaking. From this
point onwards silver nitrate solution was added drop wise every time stirring well
and observing the color of the solution. This procedure was repeated till the end
point is reached i.e., when the entire solution becomes dull red /dirty orange in
color which persist for at least 30 sec by the addition of one drop of silver nitrate
solution. The burette reading i.e., the volume of silver nitrate solution is
determined and salinity was calculated using Harvey table (Appendix-C.1).
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2.2.4 Alkalinity
Total alkalinity of the sample is the number of milli equivalents of H + ions that are
neutralized by 1 liter of seawater when excess of acid is added (Appendix-C.2)
(Grass hoff, 1983). 10 mL of sea water is taken in a 250 mL conical flask to which
10 mL of Potassium hydroxide and 3 drops of methyl orange indicator is added
and shaken very well. This is titrated against 0.1 N HCI taken in the burette; end
point is the colour change from yellow to pink. The total alkalinity is then
expressed as m.eq.L -1
2.2.5 Organic content
Organic content in the sea water is determined in terms of dissolved oxygen by
Winkler's iodometric method (Appendix-C.3). 100 mL of the water sample is taken
in a bottle. The air bubbles should be driven out by tapping at the bottles without
intermediate stoppering till it becomes brimful Without intermediate stoppering 1
mL of Winkler's 'A' reagent followed by Winkler's 'B' reagent is added, stoppered
carefully and the bottle is shaken very well for 2 minutes. The precipitate formed
is allowed to settle down for 30 mins. 3 mL of 50% HCI is added, stoppered and
shaken well to dissolve the precipitate. 50 mL of this sample was taken in a
conical flask and titrated against Na2S2O3 till a pale yellow colour develops. Then
5-6 drops of indicator (Starch) was added and again titrated against Na2S2O3 till
the blue colour disappeared. It is based on iodometric titration according to the
Winkler method. Manganous hydroxide is precipitated in the bottle filled with water
sample, by the reaction of Manganous chloride with alkaline Potassium iodide
solution. The dissolved oxygen present in the sample quickly oxidizes the
manganous hydroxide to brown manganese hydroxide (Koroleff, 1983).
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2.2.6 Nitrite content (NO2)

Determination of nitrite in sea water are based on the reaction of NO2 with an
aromatic amine leading to the formation of diazonium compound which couples
with a second aromatic amine to form an azo dye (Appendix-C.4) ( Koroleff, 1983
). 10 mL of sample was taken into 50 mL graduated tubes and 10 mL of distilled
water was added followed by 1 hit_ of Sulphanilamine and 1 mL of N-napthyl
ethylene diamine-di- hydrochloride. The volume of the solution was made up to 50

mL with distilled water and the absorbance was measured after 20 min using
Spectrophotometer (SHIMADZU, UV-1601) at the wavelength of 543 nm. The
concentration of nitrite is determined using standard curve of sodium nitrite, which
was prepared by plotting concentration of NO2 vs. O.D. at 543 nm.
2.2.7 Nitrate content (NO3)

The reaction is based on reduction of nitrate to nitrite, which is then determined
via the formation of an azodye. The reduction of nitrate is performed in the
heterogeneous system using cadmium granules (Appendix-C.5) (Koroleff, 1983).
10 mL of sample was taken in 125 mL polyethylene bottle and the volume was
made up to 100 mL with distilled water. 2 mL of concentrated ammonium chloride
solution was added to this solution. It was then eluted through the column and
concentration of nitrate was determined indirectly from nitrite.
2.2.8 Phosphate content (PO4)

Phosphate dissolved in water when treated with acidic ammonium molybdate
gives phospho-molybdic complex, which can be reduced with ascorbic acid to give
phospho-molybdenum blue (Appendix-C.6) (Koroleff, 1983). 10 mL of sample was
taken in 50 mL graduated tube and distilled water was added to make the final
volume of 50 mt._ This solution was treated with 1 mL of mixed reagent and mixed
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thoroughly. 1 mL of ascorbic acid was added to this and shaken well. After 15
minutes the absorbance of the solution was measured at 880 nm using
(1.

spectrophotometer. Standard curve of phosphate was used to estimate the
concentration of phosphate in water samples.
2.3

Determination of viable count of TBT resistant bacteria isolates

Marine water samples stored at 4 °C were kept at room temperature in the lab for
1 hr. 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 0.9% saline up to 10 -6
diluton.01mLfhesrialydutmpewsradltonZbemri
agar (Appendix-A.4), Nutrient agar (Appendix-A.2) and Mineral salt medium agar
(Appendix-A.1). These plates consisted of 0.1 mM TBTC (Appendix-E.1) and a
ZMA plate without TBTC was taken as a control. All these respective plates were
incubated for 24 hrs, 48 hrs and 72 hrs and for a week at room temperature and
then the viability were determined in terms of (cfu/mL) (Table-3.2).
2.4

Screening of TBTC resistant bacterial isolates

The Bacterial isolates which had grown initially in MSM agar with 0.1 mM TBTC
were sub-cultured continuously on MSM agar plates at gradually increasing
concentrations of TBTC viz., 0.5 mM, 1.0 mM, 1.5 mM, 2.0 mM, 2.5 mM, 3.0 mM,
3.5 mM, 4.0 mM, 4.5 mM, 5.0 mM, 5.5 mM and 6.0 mM. Out of the 128 bacterial
isolates, 48 isolates, that showed consistent growth in MSM+2 mM TBTC were
selected for further study. Out of these 48 bacterial isolates, 5 isolates with
different colony morphology, showing varying range of TBTC tolerance i.e., 2 mM5 mM TBTC were finally selected for further biological characterization (Table3.3).
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2.5

Maintenance of TBTC resistant bacterial Isolate

The bacterial isolates, which appeared on Mineral Salts Medium Agar (MSMA)
(Appendix-A1) supplemented with 2.0 mM of TBTC (Appendix-E.1), were
repeatedly sub-cultured in MSM agar with gradually increasing concentration of
TBTC i.e., 0.5 mM, 1.0 mM, 1.5 mM, 2.0 mM, 2.5 mM, 3.0 mM, 3.5 mM, 4.0 mM,
4.5 rnM, 5.0 mM, 5.5 mM and 6.0 mM. . All the bacterial isolates were tested for
their growth on MSM agar up to 6 mM TBTC. The viable cells of isolates S3 & Sd
were observed up to 5 mM TBTC. For isolate S1 and S2 level of TBTC was 2 mM
and isolate Sp was viable upto 3 mm TBTC. Therefore all these five bacterial
isolates, which were growing well in MSM spiked with TBTC varying from 2-5 mM;
repeatedly subcultured and maintained at their optimal TBTC levels in ZMA, ZMB,
MSM broth and MSM Agar plates. For experimental convenience five chosen
bacterial isolates are designated as S1, S2, S3, Sd and Sp respectively. The
optimal levels of TBTC varies with the isolate or strain S1 and S2 grow very well
at 2 mM, strain Sp at 3 mM and strains S3 and Sd showed better growth at 5 mM
TBTC.
2.6

Identification of TBTC resistant bacterial isolate

Biochemical tests for all the five TBTC tolerant bacterial strains i.e. 51, S2, S3, Sd
and Sp were done according to Cruickshank et al. (1972) and tentatively identified
using Bergey's Manual of Systematic Bacteriology (Krieg, and Holt 1984) and
Himedia rapid identification kit (Hi-24 Enterobacteriaceae Identification KitKB003). The identity of the most potent TBTC tolerant strains S3 and Sd was
subsequently confirmed by 16s rDNA sequencing and homology search after
gene specific PCR amplification in the laboratory of Prof. Satoru Suzuki (C.M.E.S.

Mpuyama, Japan). NCBI-BLAST (Alschul et al, 1990)
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facilitated the homology search using 16s rDNA sequence of the bacterial strains
S3 and Sd and determined the identification upto genus and species level (Fig3.3).
2.6.1 Microscopy
2.6.1. a Phase Contrast Microscopy

The bacterial cells were examined during the exponential phase in the Zobell
marine broth at an Asoo nn, of approximately 0.4-0.7. The cell suspensions were
gently pelleted centrifugation (5000 rpm) at 4 °C. Pellets resuspended in 0.9 %
(v/v) filter sterilized saline. Thin smear of the overnight grown bacterial cultures
viz. SI, S2, 53, Sd and Sp was prepared over a glass slide and air dried. Gram
staining was performed using standard protocol (Buck, 1982) (Appendix-B), and
cell morphology was observed using standard microscope using phase-contrast
illumination and a 100 X oil immersion objective (Olympus BXF40).
2.6.1.b Scanning electron microscopy (Appendix-D)

The bacterial culture of isolate S3 was centrifuged at 5000 rpm at 4 °C for 5 mins
and the supernatant was discarded. The pellet was dispensed in 50 mM
phosphate buffer (pH.7.0) and smeared on the stub; which was later on fixed in 2
mL of 2.5 % glutaraldehyde fixative (pH 7.2-7.4) overnight at room temperature.
The stubs were placed in phosphate buffer followed by 30% acetone and
incubated for 30 mins at room temperature. The acetone dehydration procedure
was carried out with 50 %, 70 % and 90 % acetone for 10 mins, each and finally in
100 % acetone for 30 mins. The stub was then put in critical drying device,
wherein the acetone gets replaced by liquid carbon dioxide at high pressure. This
was evaporated by raising the temperature to 45 °C, eventually liquid CO2 gets
converted to gaseous CO2 and escapes, within 1 hr. The stub was then placed on
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the sputter coater (spi-module) specimen holder, after drying. The position of the
stage is set in such a way that the specimen is approximately 50 mm from the
bottom of sputter head. Thin film of the specimen was coated with gold. The stub
was placed in the sample chamber of scanning electron microscope (JOEL-5800
Iv].
2.6.3 Physiological and biochemical characterization of TBTC resistant
bacterial isolates.

Bacterial isolates were grown at 28°C, colony morphology and Gram characters
were determined after 12 hrs incubation on ZMA. Biochemical and physiological
tests for five selected tributyltin resistant bacterial strains viz. S1, S2, S3, Sd and
Sp, were performed according to the Bergey's Manual of Systematic Bacteriology
(Krieg and Holt 1984). Several physiological and biochemical characteristics of
five selected tributyltin tolerant bacterial isolates were examined and tabulated
(Table 3.4) : oxidation /fermentation of sugars (Appendix-A.6 & 7) (Hugh and
Leifson 1953), reduction of nitrate and nitrite, catalase activity, gelatin liquefaction,
arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, acetoin
production (Voges-Proskauer test), indole and H2S production. The hydrolysis of
starch (Amylase), lipase, and casein (Caseinase) was determined on the plates of
basal nutrient agar containing 0.4% starch, 1% Tween 80 and 5 % of skimmed
milk powder. Acid production from carbohydrates was determined on TA
supplemented with 0-001 % (wlv) bromocresol purple and one of the following
substrates at a concentration of 1 % (wlv) such as L-arabinose, sucrose, Dmannitol, galactose, lactose or glucose. Susceptibility to antibiotics was tested by
the conventional diffusion plate technique using solid Muller Hinton agar medium
and discs impregnated by using Kirby Bauer's method (Appendix-A.8). The
commercial miniaturized API20E-system (Biomerleux, France) strips were also
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used for selective cultures S3 and Sd in parallel with conventional biochemical
tests.
.2.7 Determination of environmental optima's for TBTC resistant bacterial
isolates
2.7.1 Determination of optimum pH for growth of isolates

Optimum pH of the growth medium for five potential TBTC resistant isolates S1,
S2, S3, Sd and Sp was determined by, inoculating 5% of overnight grown cultUre
in MSM broth supplemented with 2 mM TBTC. The pH of culture was separately
adjusted to different pH values (5.0 - 9.0) before inoculation and flasks were
incubated on an incubator-shaker for 24 hrs at 28 °C. Growth was determined in
terms of absorbance at 600 nm and presented as graphical representation of
growth and also as total protein content using Lowry method (Lowry et al. 1951).
The pH value of the growth medium supporting best growth of the isolate is
referred as optimum pH.
2.7.2 Determination of optimum temperature for growth of marine isolates

Optimum temperature of the growth medium for five potential TBTC resistant
isolates S1, S2, S3, Sd and Sp was determined by, inoculating 5% of overnight
grown culture in MSM broth supplemented with 2mM TBTC and incubated on an
incubator-shaker for 24 hrs at three different temperatures viz. 28 °C, 37°C and
40°C. Growth was determined in terms of absorbance at 600 nm and total protein
content using Lowry method (Lowry et al. 1951). The temperature supporting best
growth of the isolate is referred as optimum temperature.
2.7.3 Determination of optimum salinity (NaCi Conc h ) for the growth
of bacterial isolates

Optimum salinity of the growth medium for five potential TBTC resistant isolates
S1, S2, S3, Sd and Sp was determined by, inoculating 5% of overnight grown
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culture in MSM broth supplemented with 2 mM TBTC varying concentrations of
NaCI (1%0 — 4 %, (w/v), and flasks were incubated on an incubator-shaker for 24
hrs at 28°C. Growth was determined in terms of absorbance at 600 nm and
presented as graphical representation of growth and also as total protein content
using Lowry method (Lowry et al. 1951). The salinity supporting best growth of the
isolate is referred as optimum salinity.
2.8 Determination of organotin tolerance limit of bacterial isolates.

Organometal, Tributyltin chloride and Dibutyltin chloride were of analytical grade
obtained from Merck. The stock solutions of required concentrations were
prepared by dissolving them in absolute ethanol (Merck). In order to determine the
organotin tolerance limit of isolates, S1, S2, S3, Sd and Sp., all the bacterial
isolates were grown in MSM broth supplemented with varying concentrations of
TBTC (Appendix-E.1). Growth was measured in terms of absorbance at 600 nm.
Total protein content was also estimated after 24 hrs incubation at 28 °C
respectively. Similarly growth of these five isolate was determined as Asoonm and
total protein content in zobell marine broth spiked with gradually increasing TBTC
levels.
2.9 Determination of cross tolerance limit of bacterial isolates to Hg, Cd and
As
2.9.1 Heavy metal

All the heavy metals used were of analytical grade obtained from Merck and other
reputed companies. Stock solutions of heavy metals viz. HgC12 (10 mM)
(Appendix-FM, CdCl 2 (10 mM) (Appendix-F.2), (Merck), and As203 (10 mM)
(Appendix-F.3), (Qualigens), were prepared fresh in deionized double distilled
water and membrane filtered (0.22 pm, Millipore) into sterile glass vials.
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2.9.2 Determination of MC for different metals

The TBTC tolerant marine bacterial isolates viz. (S1, S2, S3, Sd and Sp were
tested to determine the minimal inhibitory concentrations (M1Cs) of test heavy
metals viz. Hg, Cd, As). The experimental test tubes (8 mL) contained 3 mL Luria
Bertani broth (LB) and test heavy metal at varying concentrations such as 0.1
mM, 0.5 mIV1, 1,0 mM 1.5 mM, 2.0 mM, 2.5 mM, 3.0 mM, 3.5 mM, and 5.0 mM of
Hg2+ , Cd 2+ and As203 respectively. One mL of the culture suspension
approximately equivalent to (1 x 10 6 cfu/mL or A

nm =

0.25) was added to each

tube containing varying concentration of test metal and LB. The tubes were
incubated for 24 hrs at 28° C and growth was recorded turbidometrically. The
lowest concentration of test metal(s) that inhibited growth was defined as
Minimum inhibitory conc h (WC) of that metal. A control of the bacterial isolate was
carried out under similar conditions, but without the addition of metal (s).
2.9.3 Metal Tolerance Limits:

Three heavy metals i.e. HgCl2, CdCl2 and As203 were chosen for determining the
metal tolerance limit of all five bacterial isolates which are TBTC resistant. Metal
tolerance was determined by growing the five isolates with increasing
concentrations of test metals (0.5 mM — 5 mM) Luria Bertani broth (100 mL)
dispensed in sterilized 250 mL Erlenmeyer flasks and inoculated with 2 % (v/v) of
overnight grown culture. After incubation at 28±2 °C for 24 hrs on an incubator
shaker at 180 rpm. 5 mL of the samples were withdrawn at regular intervals of 2
hrs for growth measurements turbidometrically as well as in terms of total protein
content (pg/mL). Experimental control was carried out under same conditions but
without the addition of metal(s). The percent survival graph was plotted based on
percent growth of all the strains at different concentrations of metal salts.
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2.10 Determination of antibiotic resistance of TBTC tolerant bacterial
isolates
2.10.1 Antibiotic Resistance

Sensitivity of the five (S1, S2, S3, Sd & Sp) selected TBTC resistant bacterial
isolates towards the chosen antibiotics (Amikacin 30 pg/mL, Amozycillin 30
pg/mL, Ampicillin 500 pg/mL, Antimycin 300 pg/mL, Cephalothin 50 pg/mL,
Ciprofloxacin 25 pg/mL, Chloramphenicol 30 pg/mL, Erythromycin 20 pg/mL,
Gentamycin 30 pg/mL, Kanamycin 300 pg/mL, Nalidixic Acid 50 pg/mL, Neomycin
12 pg/mL, Novobiocin 300 pg/mL, Norfloxacin 15 pg/mL, Penicillin 400 pg/mL,
Polymixin-B 125 pg/mL, Rifampicin 100 pg/mL, Spectinomycin 100 pg/mL,
Streptomycin 250 pg/mL, Tetracycline 20 pg/mL and Vancomycin 25 pg/mL) was
tested using Himedia octa-disc (Appendix-G). Sensitivity or resistance of the
bacterial isolates to a particular antibiotic were decided in accordance to
conformance standards for antimicrobial disc susceptibility test (Bauer et al.
1966). Which is approved by National Committee for clinical laboratory standards
(NCCLS). The cases in which zones of inhibition were greater than the defined
intermediate value were considered to be sensitive and those less than the
defined value were treated as resistant.
2.11 Study of growth behavior of TBTC resistant isolates in different
media (ZMB, NB, LB and MSM).

The growth behavior of organotin tolerant marine bacterial isolates 51, S2, S3, Sd
and Sp in different nutrient media viz., Zobell marine broth, Nutrient broth, Luria
Bertani broth and Mineral salts medium supplemented with varying concentrations
of TBTC was determined in terms of absorbance at 600 nm. 2% of overnight
grown cultures were inoculated in ZMB, NB, LB and (5%) in MSM broth with 1
mM, 2 mM, 3 mM and 5 mM of TBTC. Incubated in an incubator shaker at 28 °C
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12 hrs and absorbance was recorded at 600 nm by calorimeter. Growth behaviour
of potent strains S3 and Sd was determined in terms of total protein content both
in the presence of 1 mM — 5 mM TBTC and 1 -7 mM DBT (Appendix-E.2).
2.12 Selection of potential strains for TBTC degradation studies

5% of overnight grown cultures were inoculated in MSM with various
concentrations of TBTC viz. 0.1 mM, 0.5 mM, 1 mM, 1.5 mM, 2 mM, 2.5 mM, 3
mM, 3.5 mM, 4 mM, 4.5 mM, 5 mM, 5.5 mM, 6.0 mM, 6.5 mM and 7.0 mM and
then incubated on incubator-shaker at 180 rpm for 48 hrs at 28°C. Final growth
yield after 48 hrs was determined in terms of absorbance at 600 nm for respective
concentration of TBTC. The highest level of TBTC which still permits growth of the
bacterial isolate is termed as tolerance limit.
2.13 Biochemical characterization of Akaligenes sp. 2-6
2.1311 TBTC utilization and growth of bacterial cells.

In order to evaluate the ability of Alcaligenes sp. 2-6 to utilize TBTC as a sole
carbon source. Bacterial cells were grown in MSM supplemented with TBTC.
Pseudomonas aeruginosa strain PAO1 served as a control since it is highly
sensitive to TBTC. The overnight grown cultures of the respective strains were
inoculated in MSM with 2 mM TBTC and incubated in incubator-shaker and
growth was measured in terms of absorbance at 600 nm at an interval of 0 hr, 6
hrs, 12 hrs, 24 hrs, 48 hrs, 72 hrs and 96hrs.
213.2 Regulation of TBTC toxicity by thiol ((i- mercaptoethanol) and
chelating agent (EDTA-Na2) analysis

In order to find out the non inhibitory level of (thiol) 13-mercaptoethanol (AppendixL.1) and chelating agent (EDTA-Na 2) (Appendix-L.2). 5% of overnight grown
culture was inoculated in MSM containing 5 mM TBTC with different
concentrations of fl-mercaptoethanol and EDTA-Na2 separately and incubated for
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48 hrs at 28°C in an incubator shaker at 180 rpm. Growth was measured in terms
of absorbance at 600nm after 48 hrs incubation. From the graphical
representation of growth vs. concentration of fi-mercaptoethanol and EDTA-Na2
separately, the optimum concentration of thiol and EDTA-Na2 for the growth was
determined and the same was used for further experiments to study TBTC toxicity
regulation. Overnight grown culture (5%) was inoculated in MSM with different concentrations of TBTC supplemented with optimum concentration of p-

mercaptoethanol and EDTA-Na2 separately. The tubes were kept at 28°C in
incubator shaker at 180 rpm for 48 hrs. After incubation, the growth was
measured in terms of absorbance at 600 nm.
2.13.3 Effect of selected carbon sources on growth
In order to determine the effect of selected carbon sources on growth of
Alcaligenes sp. 2-6. 5% overnight grown culture was inoculated in MSM

containing 5 mM TBTC, supplemented with different concentrations viz. of carbon
sources such as glycerol (0.5%, 1.0%, 1.5%, 2%, 2.5%, 3% and 3.5%), succinate
(0.5%, 1.0%, 1.5%, 2%, 2.5%, 3% and 3.5%), glucose ( 0.5%, 1.0%, 2%, 3% and
4% ) and ethanol (0.01, 0.05% and 0.07%) and incubated on an incubator shaker
at 180 rpm for 24 hrs at 28°C (Appendix-H, I, J). Growth was measured in terms
of absorbance at 600 nm at an interval of 2 hrs till 12 hrs. The optimum
concentration of succinate, glycerol, glucose and ethanol for growth was further
determined in terms of total protein content of the bacterial isolate after harvesting
cells at 24 his of incubation and extraction of protein as per the procedure of
Lowry et al. 1951.
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2.13.4 Selection of suitable media for organotin (TBTC and DST)
Degradation

Although Alcaligenes sp. 2-6 grows in ZMB, NB and LB but best growth is
observed in Zobell marine broth. In order to select a suitable media for organotin
(TBT & DBT) degradation several nutrient rich media viz. ZMB, NB, LB and low
nutrient media (MSM) were chosen to grow the bacterial cells with organotin and
subsequently to analysie the degradation product (TLC analysis). Since nutrient
rich media interferes with degradation process, mineral salts medium was
selected for degradation studies. This medium is also free from both carbon and
nitrogen sources. TBTC serves as the sole source of carbon.
2.14 Study of organotin degradation (TLC profile & Spectrophotometric
analysis)

Since Alcaligenes sp. 2-6 grows very well up to 5 mM TBTC and 7 mM of DBT in
MSM broth. Cell pellet was harvested after 72 hrs by centrifugation at 8000 rpm
model (REM!, C-24, and CUCT-5578) and supernatant was collected separated.
The degradation product was extracted from cell pellets with double volume of
distilled chloroform using separating funnel. The organic layer was collected in a
fresh test tube. Chloroform extract was concentrated using nitrogen gas and the
concentrated samples were analyzed by thin layer chromatography (TLC)
(Hamilton and Hamilton, 1987) using petroleum ether (40 °C -60°C) and glacial
acetic acid in the ratio of (9.5:0.5) as solvent system. After the solute had run over
the plate approximately (70%) the TLC plates were exposed in iodine chamber to
develop the spot, if any present. Simultaneously the supernatant and the
Chloroform extract were scanned spectrophotometrically between 190 -700nm.
MSM broth and chloroform were used as blank respectively.

GO

2.14.1Time course study of TBTC degradation
Alcaligenes sp. 2-6 was inoculated in MSM (5% inoculum) broth with 5 mM TBTC

and 7 mM DBT respectively. incubated in an incubator shaker at 28 °C and 180
rpm, to monitor the degradation of TBT and DBT with time. 10 mL of culture broth

was initially taken out at 0 hr, 24 hrs, 48 hrs and 72 hrs and subsequently at the
intervals of 24 hrs upto 45 days for TBTC and upto 9 days for DBTC. The
equivalent amount of fresh medium was replaced. Degradation product was
extracted from cell pellet as described earlier. TLC was also performed as per
standard protocols. TLC plates were exposed to iodine vapour to visualize the
disappearance of TBTC spot and appearance of the spot of degradation product.
The supernatant of culture broth was taken as negative control for TLC analysis
experiments.
2.15 Study of TBT induced EPS production
Standard protocol of Fishman et al. 1997 was followed to extract
exopolysaccharide from Alcaligenes sp. 2-6 under TBTC stress. 5% of overnight
grown culture was inoculated in MSM and 2% in ZMB separately, each containing
1 mM, 2 mM and 5 mM TBTC along with control flask of ZMB and MSM without
TBTC (Appendix-A.4). Subsequently these flasks were incubated in incubatorshaker at 180 rpm for 48 hrs at 28°C. The cells were harvested by centrifugation
at 10,000 rpm for 30 minutes and the supematant was collected. The cell pellet
was treated with 10 mM EDTA. The extracted EPS was pooled with the
supernatant EPS solution and filtered through 0.22 µm membrane filters,
concentrated at 35°C. The concentrated EPS was then precipitated using ice-cold
absolute ethanol while continuously stirring at 4°C overnight (Bhosle et al. 1995).
The supernatant was decanted; the precipitate was redissolved in minimum
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volume of distilled water and dialysed for 48 hrs using 8 KDa-MW cut off dialysis
bags against double distilled water to remove salts. During dialysis, the water was
changed every 10 hrs. The high molecular weight EPS retained in the dialysis bag
was then reprecipitated lyophilized and stored at -20 °C until further analysis. The
dialyzed sample was then used to estimate EPS. Total sugar was estimated by
Phenol — Sulphuric acid method (Dubois et al. 1956).
2.15.1 Hydrolysis of the Exopolymer
2 mg of lyophilized exopolymer was taken into a clean glass ampoule and 2 mL of
6N HCI was added, kept in an oven at 110 °C for 24 hrs, flushed with nitrogen gas
and sealed on a flame, the hydrolyzed sample was used for further chemical
characterization.
2.15.2 Wet weight/Dry weight
The amount of EPS obtained after ethanol precipitation of the supernatant is
called as the wet weight. The EPS obtained after the precipitation, dialysis and
lyophilization is called the dry weight.
2.15.3 Correlation of growth with EPS production
Organotin tolerant bacterial culture

Alcaligenes sp. 2-6 was grown for

exopolysaccharide production and maintained as batch cultures in optimized
mineral salts medium (MSM) with sodium chloride at a final concentration of 2.0
(w/v), 1 mM, 2 mM and 5 mM TBTC as the carbon source. The pH of the medium
was adjusted to 7.5 with 1 N NaOH. The medium (250 mL) was dispensed in 500
mL Erlenmeyer flasks, sterilized and inoculated with 2% (v/v) of an overnight
grown culture into ZMB and 5 (v/v) into MSM and then incubated at room
temperature (28±2 °C) in a rotary shaker at 180 rpm. The sub samples (5 mL)
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were drawn at regular intervals for both exopolysaccharide production and growth
kinetics. Bacterial growth was estimated by turbidometric method at 600 nm.
2.15.4 Physiological characterization of Exopolymer

Solubility of the lyophilized EPS was tested in water, 1N NaOH, and 1N HCI.
Sugars were estimated as total carbohydrate content by phenol sulfuric acid
method with glucose as standard (Appendix-M.1) (Dubois et al. 1956). Uronic
acids were estimated using the carbazole method of Bitter and Muir, (1962) and
Fazio et al. (1982) with galacturonic acid as standard (Appendix-M.2). Sulphated
sugars were determined by measuring sulphates according to the barium chloride
gelatin method of Dudgson and Price (1963) with K2SO4 as a standard (AppendixM.3). Methyl pentoses were detected by Dische shettie's method (1948) method
with Rhamose as a standard was (Appendix-M.4). The protein content of the EPS
was determined according to Lowry et al. (1951) with bovine serum albumin as
standard (Appendix-N).
2.15.5 FTIR

The major structural groups of the purified EPS were detected using Fourier
transformed infrared (FTIR) (Abu et al. 1991). Pellets for infrared analysis were
obtained by grinding a mixture of 2 mg polysaccharide with 200 mg dry KBr,
followed by pressing the mixture into a 16-mm diameter mold. The Fourier
transform-infrared (FT-IR) spectra were recorded on a SHIMADZU- FTIR 8201 PC
instrument (Shimadzu, Japan) in the 4000-400 cm -1 region and spectra traced
with a Hewlett Packard plotter.
2.16 Study of TBTC induced pigment production

In order to evaluate TBTC induced pigment production, 5% overnight grown
culture of Alcaiigenes sp. 2-6 was inoculated in ZMB (control) and in MSM +
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TBTC (1 mM, 2 mM and 5 mM). These flasks were then incubated on an
incubator-shaker at 180 rpm for 24 hrs at 28± 2 °C. When cell growth reached an
absorbance of 0.8 at 600 nm, growth was monitored throughout the growth cycle
and samples were withdrawn periodically up to 24 hours to detect induction of
stress pigments by UV-Vis Spectrophotometry. The culture was harvested by
centrifugation at 8,000 rpm for 10 min and the clear supernatant was scanned in
the range of 190-700 nm using a spectrophotometer (SHIMADZU). Pigment
sample were excited between 181 to 780 nm and emission range recorded at 181
nm (Gaber, 1973).
2.16.1 Pigment extraction

Potent organotin tolerant Alcaligenes sp. 2-6 was harvested from late logarithmic
phase, the cells were removed by centrifugation at 8000 rpm for 10 mins at 4 °C
and washed twice in ice cold 0.05 M Tris-NCI buffer. To extract the intracellular
pigments, the cells were disrupted by sonication (B. Braun. Biotech 450, microtip,
50 % cycle duty, output 45 Watts) for 3 minutes. While sonification the suspension
containing cells-facetone was kept over ice and the tip of the sonicator allowed to
touch the culture-suspension and to cool between 30 seconds bursts. Cell debris
was removed by centrifugation (12,000 rpm for 10 minutes). The clear
supernatant was collected in acetone. The extracted pigment samples were
filtered through 0.45 mm syringe filter prior to spectral scan and kept at -20°C until
use.
2.17 Protein profile under TUC stress

In order to evaluate the induction of stress proteins organotin tolerant Alcaligenes
sp. 2-6 was grown in Zobell marine broth with a starting absorbance of 0.08 at
28±2 °C. When A600 readings reached an absorbance of 0.5-0.6 at 600 nm, the
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culture was transferred to MSM broth supplemented with 2 mM and 5 mM TBTC,
5 mM and 7 mM DBTC. When cell growth reached an Asoo of 0.6 or growth was
monitored throughout the growth cycle and samples were withdrawn periodically
at an interval of 2 hrs up to 24 hrs to detect induction of new proteins by SDSPAGE. For all experiments, control cultures were incubated under identical growth
condition to the tests but without the addition of TBTC.
2.17.1 Extraction of cellular proteins

20 mL of the culture suspension was centrifuged at 10,000 rpm for 5 minutes at
4°C (Remi cooling centrifuge, C-24 rotor). The pelleted cells were resuspended in
50 mM Tris-HC1 at pH 8.0 and cellular proteins was extracted by the disruption of
the cells by sonication (B. Braun. Biotech 450, microtip, 50 % cycle duty, output
45 Watts) for 3 minutes. While sonication the cells were kept on ice-water
containing ethanol and the tip allowed to cool between 30 seconds bursts. Cell
debris was removed by centrifugation (12,000 rpm for 15 minutes, at 4 °C). The
clear supernatant was collected and stored at -20°C until use. Similar procedure
was followed for the extraction of proteins from the supernatant and the controls.
The soluble protein concentration was determined by the Lowry method before
performing gel electrophoresis. 1.5 mL samples were taken from the stressed
and unstressed cultures during the growth cycle and centrifuged at room
temperature for 5 minutes. The cells were washed in 50 mM Tris-HCI at pH 8.0,
and resuspended in the same buffer. One volume of two-fold protein gel loading
buffer was added to the sample, then the mixture was placed in boiling water bath
for 6 minutes and then placed on ice. The samples were centrifuged for 2 minutes
to remove unlysed cells, prior to loading into the SDS-PAGE.
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2.17.2 Estimation of protein concentration

The method modified from that described by Lowry et al. (1951) was used. 10 pL
of the sample in 50 mM Tris buffer at pH 8.0 was added to 0.5 mL of solution A
(Appendix-N.1) (0.1 mL of 5 % CuSO 4 , 0.9 mL of Na2CO3 in 10 mL of 0.5 M
NaOH). After - incubation at 37 °C for 10 minutes in a water-bath, 1.5 mL of
solution B (Appendix- N.2) (1 mL Folin-Ciocalteu's, reagent plus 10 mL Milli-Q
water) was added and then vortexed immediately. The sample was incubated for
20 minutes, absorbance was recorded at 660 nm using a Shimadzu
spectrophotometer. Standards, ranging from 0 to 100 pg, were treated the same
as samples and prepared from 1 mg/ mL BSA solution (50 mM Tris buffer, pH
7.2). CuSO4 solution (5 %) was stored at 4 °C and sodium carbonate solution was
kept at room temperature. Reagents A and B were prepared immediately before
use from stock solutions.
2.17.3 SDS-Polyacrylamide gel electrophoresis

Proteins were resolved by Polyacrylamide gel electrophoresis (SDS-PAGE)
(Appendix-0.1) (Laemmli, 1970), using 10 % homogenious gels (Protean II unit,
Bio-Rad) overlaid with a 5 % stacking gel. Wells contained either 50 pg of proteins
per sample or a constant amount of cellular material (A600nm = 0.6-0.7) as
determined from A600 of the original sample. Electrophoresis was carried out in lx
Tris-Glycine Electrophoresis buffer at 10 °C, with temperature control achieved by
a cooling unit (Remi, Ltd.). Samples were electrophoresed at 30 mA until the
tracking dye entered the resolving gel, during which the mA was increased to 70
mA for 5 hours. Medium range molecular weight (MWM) 14.3-97.4 KDa (Gene',
Bangalore, India) was used as standard markers. The Polyacrylamide gel was
visualized by Coomassie blue and photographed when required.
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2.17.4 Polyacrylamide gel staining
2.17.4.1 Coomassle brilliant blue staining

A 0.5-mg/ mL solution of Coomassie brilliant blue R-250 (Sigma) was prepared by
dissolving the dye in five parts methanol before addition of one part acetic acid
and four parts MiIli-Q water (Appendix-0.2). Gels were stained for 30 minutes at
room temperature with gentle shaking. The gels were rinsed in Milli-Q water and
transferred into destaining solution (one part acetic acid, four parts ethanol and
five parts Milli-Q water) then gently shaken at room temperature until blue bands
and a clear background was obtained. Fresh destaining solution was added when
required. The gels were kept in Milli-Q water overnight after destaining, and then
dried using a gel air dryer.
2.17.5 Gel photography

Gel photography was performed using a digital camera (Canon Power shot A75,
3.2 mega pixels).
2.18 Molecular biological studies of Alcaligenes sp. 2-6 strain S3
2.18.1 Plasmid purification and agarose gel electrophoresis

Plasmid DNA of Alcaligenes sp.2-6 was purified using Alkaline Lysis method
because plasmid yield was better than other two methods used Boil prep method
and Kado and Liu (1981) method (Appendix-P.1.A, 1.6,1.c) (Bimboim and Doty,
1979; Holmes & Quigley, 1981). The isolated and purified plasmid was stored at 20°C for further use.
2.18.1.a Alkaline Lysis Method (Bimboim and Doty, 1979):

A single bacterial colony was transferred into 100 mL of Luria Bertani broth and
incubated overnight at 28°C at 180 rpm. 1.5 mL of culture was taken in a
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microfuge tube and was centrifuged at 8,000 rpm for 5 mins at 4°C. The
supernatant was discarded leaving the bacterial pellet as dry as possible. The
pellet was suspended in 100 pL of ice-cold solution I (glucose tris EDTA buffer)
which was vortexed and kept in ice for 10 mins (Appendix-P.1.a.i). 200 pL of
freshly prepared SDS (solution II) was added and the contents were mixed by
inverting the tube rapidly 4 -5 times, making sure, the entire surface of the tube
came in contact with solution II (Appendix-P.1.a.ii). The tube was stored in ice for
10 mins. Then 150 pL of ice-cold solution ill (Potassium acetate) was added and
the tubes were gently mixed by inverting, to disperse solution Ill through the
viscous bacterial lysate (Appendix- P.1.a.iii). The tubes were stored on ice for 3-5
mins, after which it was centrifuged at 12,000 rpm for 5 mins at 4°C. The
supernatant was then transferred to a fresh microfuge tube. Plasmid DNA (ds
DNA) was precipitated with double volume of the ice-cold ethanol. The contents
were mixed gently and allowed to stand for 2 hrs in ice. The tube was centrifuged
at 12,000 rpm for 5 mins at 4°C. The supernatant was decanted and the tube was
inverted on a paper towel, to drain all the fluid. The pellet of DNA was rinsed with
70% (v/v) chilled ethanol and centrifuged at 12,000 rpm for 5 mins at 4°C. The
supernatant was discarded and the pellet was air dried for 10 min and then
dissolved in 50 pL of TE buffer containing DNase free RNase (20 pg/mL)
(Appendix- P.1.a.iv). The tubes were gently mixed by tapping and Plasmid DNA
stored at -20°C.
2.18.1. b Boil Prep method (Holmes and Quigley, 1%1 ):
A single bacterial colony was transferred into 10 mL of Luria Bertani broth and
incubated overnight at 180 rpm. 1.5 mL of culture was taken in a microfuge tube
and was centrifuged at 8,000 rpm for 5 min at 4°C. The supernatant was removed
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leaving the bacterial pellet as dry as possible. The pellet was suspended in 350
pL of STET buffer (Appendix- P.1.b.i). 25 pL of freshly prepared solution of
lysozyme (Appendix- P.1.b.ii) was added to the tube and mixed by inversion. The
tube was placed in dry bath at 95°C for 2 mins and the bacterial lysate was
centrifuged at 12,000 rpm for 10 min at room temperature. The pellet of bacterial
debris was removed from the tube and supernatant was collected separately. To
the supernatant 40 pL of 2.5 M sodium acetate and 420 pl. of chilled isopropanol
was added. The contents were mixed gently and the tubes were stored for 5 mins
in ice. The pellet of nucleic acids was recovered by centrifugation at 12,000 rpm
for 5 mins at 4°C. The supernatant was removed and the tubes were allowed to
stand in an inverted position on a paper towel to drain all the fluid. The pellet was
rinsed once in 1rnL of 70% (v/v) ethanol and centrifuged at 12,000 rpm for 5 mins
at 4°C. Again all the fluid was removed and the pellet of nucleic acids was
dissolved in 50 pL of TE buffer containing DNase free RNase (20 tag/mL)
(Appendix-P.1.a.iv). The tube was gently mixed by tapping and DNA stored at 20°C.
c Kado and Uu ( Kado and Liu 1981, Modified)

A single bacterial colony was transferred into 10 mL of Luria Bertani broth and
incubated overnight at 180 rpm. 3 mL of culture was taken in a microfuge tube
and was centrifuged at 12,000 rpm for 5 mins at 4°C. The supernatant was
removed leaving the bacterial pellet as dry as possible. The pellet was suspended
in solution containing 1 mL of 0.04 M Iris acetate and 0.02M EDTA (AppendixP.1.a.v). 2 mL of lysis buffer was then added and mixed thoroughly. It was then
subjected to incubation at 60 °C-68°C for 30 to 45 mins. 6 mi. of phenol/chloroform
(1:1 by volume) was added to the hot sample and gently mixed to complete
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c. Running of the gel:

The lid of the electrophoresis chamber was closed. The electrodes were
connected to the power supply by means of connecting wires. The voltage was
adjusted to 70V and the electrophoresis was carried out at constant voltage for 3
hrs. The run was usually stopped when the lowest molecular weight dye had
reached the end of the gel.
d. Visualization of DNA:

After electrophoretic run the gel was washed with Milli-Q water briefly, the gel was
then observed on a UV photodyne transilluminator and the photograph of the
Ethidium bromide stained bands in the gel was captured using a Gel
documentation system (Biorad, U.S.A).
2.18.3 Restriction digestion of plasmid DNA

5 pL of the plasmid DNA of Alcaligenes sp.2-6 were taken in separate microfuge
tubes. Buffer for the respective enzymes was added in a final concentration of lx.
Then BSA for specific enzyme was also added in a final concentration of 1X.
Sterilized milli-Q water was added to make up volume of reaction mixture. The
restriction enzymes (MBI Fermentas) were added to a final concentration of
1 U/pL. The total volume was usually maintained at 10 pL and restriction digestion
was carried out with Hind Ill, EcoRl and Barnes I and incubated at 37°C for 180
mins according to the manufacturer's instructions. Restricted DNA was analyzed
by horizontal electrophoresis in 1 % agarose gel, carried out at 90 V for 90 mins,
and stained with ethidium bromide; 100 by DNA ladder (MBI fermentas) was used
as a standard marker and the amplified gel pictures was taken by BioRad Gel
documentation system and the molecular weight of plasmid DNA fragmented by
different restriction enzyme calculated.
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2.18.4 Plasmid curing with acridine orange
In order to confirm plasmid mediated TBTC resistance and degradation, an
attempt was made to eliminate the plasmid of Alcaligenes sp.2-6 by treating with
curing agent acridine orange, which inhibits the replication of bacterial plasmids at
the site of semi-conservative DNA replication by mutation in absence of light
(Appendix-P.4). Cells of Alcaligenes sp.2-6 were grown in the presence of
increasing concentrations of acridine orange ranging from 25 lig/mL to 200 gg/mL
subsequently their viability was checked by percent survival which indicated that
the culture Alcaligenes sp.2-6 showed nearly '30 percent survival in presence of
25 tg/mL acridine orange. The culture was sub-cultured for more than 10 times in
the presence of 25 µg/mL acridine orange. During each sub-culturing in the
presence of 25 µg/mL acridine orange, the gradual loss of Plasmid was observed
with complete loss after fifth subculture in case of Alcaligenes sp.2-6. These
Plasmid cured cells were still able to utilize TBTC as sole carbon source. This
showed that, the TBTC resistance and degradation is governed by genes located
on chromosomal genome.
2.18.5 Genomic DNA purification.
Isolated colony of Alcaligenes sp.2-6 was inoculated in to ZMB broth, incubated
overnight at 100 rpm at 28 °C. 10 mL of the subsequent culture was taken in
respective tubes centrifuged at 5000 rpm for 5 mins. The supernatant was
decanted and then 1 mL of saline EDTA was added and mixed well by vortex and
centrifuged for 5 minutes at 6500 rpm. The supernatant was discarded and 250
1.11_ of saline EDTA+20 tit of lysozyme from (20 mg/mL) stock were added mixed
well by vortexing. Incubated over a water bath, temperature set at 37 °C for 1 hr,
with regular mixing by inversion at every 10minutes. Cooled for a while, 250 [IL of
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Buffer 'A' is added, cooled in ice for 5 minutes proteinase K (20 mg/mL) was
added and incubated for 30 minutes at 37 °C. 500 !AL of Tris-buffered phenol pH
7.4 was added and centrifuged at 5000 rpm at 4°C for 10 minutes. There was the
formation of three layers, to the aqueous layer, PCI (25:24:1) (phenol: chloroform:
iso-amyl alcohol) was added and mixed well by inversion till a turbid white layer
appeared at the top, then it was again centrifuged at 5000 rpm at 4 °C for 10 mins.
Three aqueous layers appeared, to which about 0.1 volume of 3M sodium
acetate was added and again centrifuged at 5000 rpm at 4 °C for 10 minutes. The
aqueous phase was gently pipetted out into fresh eppendorf tube and an equal
volume of ice-cold ethanol was added and incubated at —20°C. On the next day it
was again centrifuged at 10,000 rpm for 10 mins. The supernatant was discarded
and the pellet was washed with 70% ethanol, centrifuged at 10,000 rpm for 10
minutes and finally the pellet was resuspended in 0.3 mL of TE buffer. After the
extraction of DNA, it was dissolved in TE buffer, the concentration was measured
by diluting 10 ul of DNA into 1 mL of TE buffer(1:100) and the absorbance was
measured first at 260 nm and then at 280 nm (Appendix-P.2).
2.18.6 Identification and localization of TBT resistant gene using specific
PCR Primers

Genomic DNA was isolated from Alcaligenes sp.2-6 by using the method of Jones
and Bartlet (1990). The analysis of 16 s rDNA genes was aided by using PCR to
amplify target sequences in the strain. Two PCR primers viz. forward primer (17mer, Tm=58°C), 341 f (5'-CCT ACG GGA GGC AGC AG -3') and Eub reverse
primer (20-mer, Tm=62.5 °C), 1387r (5'-GCC CGG GAA CGT ATT CAC CG -3')
were used to amplify approximately 1.4 Kbps of a consensus 16 s rDNA gene
(Marchesi et al. 1998)(Appendix.P.5).
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CHAPTER
PHYS1CO-CHEMICAL
CHARACTERIZATION OF
ENVIRONMENTAL SAMPLES, VIABLE
COUNT, SCREENING, IDENTIFICATION
AND PHYSIOLOGICAL
CHARACTERIZATION OF
TBTC RESISTANT MARINE BACTERIAL
ISOLATES

RESULT AND DISCUSSION
3.1. Physicochemical characteristics of environmental samples
The sampling sites chosen for the present study i.e. W.I.S.L (MPT Harbour), Goa
Shipyard Ltd., (GSL) and Vipul marine engineering works (Dabolim down) are
directly. or indirectly connected with estuarine water, which brings in large amount
of nutrients from land to the sea (Fig. 3.1). The environmental samples were
collected during the months of August-Oct, 2002. The samples collected from
various locations of W.I.S.L (MPT Harbour) showed range of pH from 7.8-8.04,
range of temperature 28°C-28.5°C, range of salinity 31.40-31.87%0, range of
alkalinity from 2.26-2.38 meq1 -1 , range of organic content from 178-298 mg/L,
range of Phosphate from 0.672-1.22 pmol.dm -3L, range of Nitrate from 2.98-4.14
pmol.dm 3L and range of Nitrite from 0.58-0.8204 pmol.dm 3L (Table-3.1). The
sample collected from paint yard showed highest organic content (298 mg/L) and
lowest near the ship (178 mg/L), the sample collected over berth showed highest
phosphate content (1.12 pmol.dm -3L) and lowest (0.672 pmol.dm 3L) near ship.
The sample collected from paint yard showed highest nitrate value (4.18 pmol.dm 3 L) and lowest near ship (2.98 pmol.dm -3L). The sample collected from berth wall

showed highest nitrite value (0.84 pmol.dm -3L) and lowest near ship. The water
samples collected from varying locations of Goa Shipyard Ltd., showed pH
ranging from 7.8-7.9, range of temperature 27.4 °C-29°C, range of salinity 31.03 31.77 c1/00, range of alkalinity 2.28 -2.34 meq1 -1 , range of organic content 198-266
mg/L, range of Phosphate 0.644-1.14 pmol.dm 3L, range of Nitrate 2.2.48-4.08
pmol.dm-3 L and range of Nitrite 0.78 0.8101 pmol.dm -3L respectively. The
sample collected from sediment showed highest alkalinity (2.34 meq1 -1 ) and
lowest (2.28 meq.L-1 ) near ship and paint yard. The sample collected from the
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paint yard showed highest organic content (266 mg/L), highest phosphate content
(1.14 pmol.dm-3L), highest nitrate (4.08 pmol.dm -3L) and highest nitrate content
(0.81 pmol.dm-3L). The sample collected near ship showed lowest organic content
(198 mg/L), phosphate (0.644 pmol.dm -3L) and nitrite (0.78pmol.dm -3L). The
sample collected from the sediment and berth wall showed the lowest nitrate
content (2.48 pmol.dm -3L) respectively. The water samples collected from
different sites of Vipul marine engineering works at Dabolim showed pH ranging
from 7.88 - 7.9, range of temperature 28 °C-28.7°C, range of salinity 31.65 32.05%0, range of alkalinity 2.30-2.36 meq.L-1 , range of organic content 196-258
mg/L, range of Phosphate 0.712-0.724 pmol.dm -3 L, range of Nitrate 3.88-3.985
pmol.dm-3 L and range of Nitrite 0.78-0.82 pmol.dm -3 L.The sample collected from
paint yard showed the highest organic content (258 mg/L) and lowest near the
ship. The temperature, pH and salinity of water sample of specified sampling sites
ranged from 27.4-29°C±2 °C, 7.8 -8.0 pH, and 31.03-32.04 %o respectively (Table3.1). Though there were slight variations in the values obtained especially in the
sample collected from paint yard, sediment, berth wall and near ship. As these
sampling sites are in coastal and continental shelf area of Arabian Sea, slight
variations in the values is not surprising. With reference to above physicochemical
parameters of marine samples, the salinity of surface water of Arabian Sea varies
between 34-37 %0 (Subramanyam and Sambamurthy, 2000). It has been reported
that in surface water the concentration of nitrate was high at most of the places
during monsoon and post monsoon. The high surface values of nitrate can be
attributed to land run-off during monsoon. The phosphate and nitrate content of
the water sample from W.I.S.L (MPT Harbour) was higher than Goa Shipyard Ltd.,
(GSL) at Vadem and Vipul at Dabolim down. Where as the nitrite content of Vipul
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at Dabolim down was similar to W.I.S.L (MPT Harbour) and Goa Shipyard Ltd.,
(GSL). This data (Table 3.1) clearly indicated that nutrient content of estuarine
water is higher than open sea. The Zuari estuarine network receives a large influx
of fresh water from the rainfall; this in turn causes changes in the salinity,
- - - alkalinity, temperature, organic and inorganic nutrients. The distribution of nutrient
elements in the marine and estuarine waters are controlled by constant
circulation, mixing and other physical process, together along with biological,
sedimentological and chemical processes (Aston, 1980). The biogeochemical
cycling of inorganic nutrient in the estuaries play a dominant role with compared to
the marine waters. The biodiversity of organotin tolerant estuarine microflora
largely depends upon above characteristics. Since organotins are present in these
estuarine econiches in appreciable amount, interestingly, bacterial strains which
can tolerate and degrade them get enriched. Therefore several TBTC degrading
bacterial strains are abundant in these econiches (habitat) (Wuertz et al. 1991). In
addition to dissolved molecular nitrogen the sea water also contains low
concentrations of inorganic and organic nitrogenous compounds. The main
inorganic forms are nitrate (1-500 pg/L), nitrite (< 0.1- 50 pg/L) and ammonia (< 150 pg/L). Sea water also contains low concentrations of dissolved and particulate
organic nitrogenous compounds which are associated with marine organisms as
products of their metabolism and decay (Riley and Chester, 1980). Likewise the
levels of organic and inorganic nutrients (phosphate, nitrites and nitrates)
increases. A correlation exists between dissolved oxygen and salinity, indicating
that an increase in the salinity decreases the DO, as the solubility of DO is more in
the fresh waters with compared to the saline waters (Bourgois et al. 2001). During
the present study, the levels of physico-chemical parameters in estuaries (GSL,
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WISL and Vipul marine engineering works) showed the values as temperature
(27.4°C -29.0°C ±2° C); pH (7.8- 8.04); salinity (31.03 - 32.05 %o in Estuaries and
33 - 34 %Din marine waters); Alkalinity (2.28 - 2.48 meq.L.." 1 in estuaries and 2.082.17 meq.L.." 1 in marine waters); Organic content 178-368mg/L; Phosphates (0.644
— 1.22 pmol.dreL in estuaries and 0.45-0.64 pmol.dreL in marine); nitrates
(2.48-4.08 pmol.dreL in estuaries and 2.64-3.05 pmol.dreL in marine waters);
nitrites (0.58 - 0.8204 pmol.dreL in estuaries and 0.18-0.28 pmol.dm -3L in marine
waters) ; respectively (Table-3.1). The ambient inorganic nutrient concentrations
in the marine waters were recently reported during monsoon by (Vaz, 2005).
3.2 Viable count of bacteria in environmental samples

The total viable count of all water samples obtained from Western India Shipyard
Ltd., (WISL) in (MPT harbour) at Sada was ranging from 24.6 x 10 6 to 42.3x106
when platted on ZMA without TBTC as control (Table 3.2). But, when plated on
Zobell marine agar+0.1 mM TBTC viability ranged from 18.9 x 10 6 to 41.6 x 106
4 to 93.4 X 104cfu/mL.TheviabltyonNA+0.1mMTBCrangedfo14.X0
2 to 89 X 102cfu/mLandoMS+0.1TBCviabltyrngedfom24X10
cfu/mL,indatgproxely2.96%fnaturbceilponf
Western India Shipyard Ltd., (WISL) to be resistant to 0.1 mM of TBTC, as it
utilizes TBTC as sole source of carbon (Table- 3.2). Viable count of water sample
obtained from Goa Shipyard Ltd., (GSL) ranged from 40 x 10 6 to 50.8x106 when
platted on ZMA without TBTC as control. But, when plated on Zobell marine
agar+0.1 mM TBTC viability ranged from 36.4 x 10 6 to 39.6 x 106 cfu/mL. The
viable count of the same samples on NA + 0.1mM TBTC ranged from 64.3 X 10 4
4 cfu/mL and on MSM + 0.1mM TBTC ranged from 58 X 10 2 to 66 Xto68.9X10
102 cfu/mL. It clearly indicated that approximately 15 % of natural bacterial

77

102 cfu/mL. it clearly indicated that approximately 15 % of natural bacterial
population is resistant to 0.1 mM TBTC. The viable count of the samples collected
from VIPUL marine engineering works ranged from 9.6 x 10 6 to 31.8x106 when
platted on ZMA without TBTC as control. But, when plated on Zobell marine
agar+0.1 mM TBTC viable count ranged from 17.8 x 10 6 to 27.6 x 106 cfu/mL. The
viable count of the same samples on NA + 0.1mM TBTC ranged from 41.4 X 10 4
4 cfu/mL and on MSM + 0.1mM TBTC ranged from 40.8 X 10 2 to 51 X to54.6X10
102 cfu/mL indicating clearly that approximately 13.5 % of natural bacterial
population is resistant to 0.1mM TBTC. (Table-3.2). These studies have shown
that bacterial flora of Western India Shipyard Ltd., (WISL) are more resistant than
Goa Shipyard Ltd., (GSL) the reason is due to the fact that W.1.S.L receives both
cargo and passenger ships for repairs and construction, apart MPT Harbor
houses many cargo and passenger ships at its various berths for weeks together
which is the due reason for high level of tolerance. This is evident from similar
findings which state that the antifoulant in ship paints, shipyards, harbours is
considered to be the prime source of TBT in the marine ecosystem (de Mora and
Pelltier, 1997). Western India Shipyard Ltd., (WISL) is the biggest of its kind west
coast of India with modem ship repairing systems involved in the repair and
construction of commercial ships. Goa Shipyard. Ltd., (GSL) is also one of the
important shipbuilding yards of west coast of India, involved in the repairs and
construction of commercial and naval ships, therefore organotin level are
invariably high in surface water and sediments around Western India Shipyard
Ltd., (WISL), Goa Shipyard Ltd., (GSL) and Vipul marine engineering works
involved in the repair and construction of barges. Similar findings have been
already reported, that the coastal water near harbours is appreciably
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contaminated with TBTC (de Mora et al. 1995; Chau et al. 1997) and
considerably high amount of organotin has already been reported in different
coastal and harbour areas of the world (Table-3.2).
3.3 Screening, isolation, purification and identification of TBTC
resistant bacterial strains.
The bacterial isolates which appeared on Mineral Salts Medium Agar (MSMA)
with 0.1 mM TBTC were repeatedly sub-cultured separately in MSM broth with
increasing concentrations of TBTC. The bacterial isolates which were growing well
in MSM broth supplemented with 2-5 mM TBTC after subsequent sub-culturing,
were selected for further studies. These TBTC utilizing and resistant isolates were
maintained in MSM broth with 2 mM TBTC and incubated at 28°C, which is
ambient temperature of marine and estuarine samples. Since the aim of the study
was to screen for a bacterial isolate which has inherent capability to resist and
degrade TBTC, all the bacterial isolates were sub-cultured with increasing
concentration of TBTC (0.1 mM — 6 mM). Most of the bacterial isolates could not
grow in presence of higher concentration of TBTC i.e., 2 mM due to cellular
toxicity and inhibitory effect of TBTC on metabolic processes and viability of
bacterial strains. Predominant isolates were gradually purified and screened on
the basis of their growth on MSM agar supplemented with increasing
concentrations of TBTC. The TBTC concentrations used were 0.1 mM, 0.5 mM, 1
rnM, 1.5 mM, 2 mM, 2.5 mM, 3 mhil, 3.5 mM, 4.0 mM, 4.5 rnM 5.0 mM, 5.5 mM
and 6.0 mM respectively. Out of the forty eight isolates selected from 128 isolates,
only five bacterial isolates S1,S2, S3, Sd and Sp showed consistent good growth
in presence of 2 mM , 3 mM and 5 mM TBTC in MSM broth after 48 hrs incubation
at 28° C and pH 7-8.5 (Table 3.3). These isolates have been designated as S1,
S2, S3, Sd and Sp respectively (Fig. 3.2). Although Singh (1987) and White et al.
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(1999) have reported the range of microbial resistance up to 0.07 mM for different
organotin compounds, but bacteria utilizing TBTC as sole source of carbon has
if

not been reported so far. Debutylation of TBT compounds to di and mono-butyltins
is known to occur in bacteria, algae and fungi and this provides one route for
detoxification of Tributyltins. In addition, microorganisms are capable of
accumulating TBT compounds, which is another mechanism of removal of TBT
from marine environment (Gadd, 2000). The high lipid solubility of organotins
ensures the interaction of TBTC with intracellular sites by penetrating through cell
wall and cell membranes (Gray et al. 1987; Gadd, 2000). It has already been
reported that TBTC tolerant bacteria are present in sea-water and Pseudomonas
aeruginosa can degrade tributyltin oxide at 2.5 ppm level (Barug, 1981; Fukagawa
et al. 1994). Although a few researchers have reported degradation of TBT by
environmental microorganisms, isolation of TBT utilizing bacteria has not been
accomplished so far (Suzuki and Fukagawa, 1995). Further more

,

not much is

known on TBTC degradation rates under ambient environmental conditions in
marine coastal waters (Seligman et al. 1986) 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 (Dubey and Roy, 2003).
3.3.1 Identification of TBTC resistant bacterial isolates

Initially colony characters of all selected five bacterial isolates (S1, S2, S3, Sd and
Sp) revealed that S2, S3, Sd and Sp were cream coloured colonies which turned
brown after 48 hrs of incubation, whereas bacterial isolate S1 showed yellow
pigmentation. The detailed colony characters are mentioned in the table (Table3.4). The Gram's characters of all the five isolates showed that these bacterial
isolates were Gram negative. Bacterial isolates S1, S3 and Sp were short rods,
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where as S2 curved rod and Sd long rod (Fig.3.3). Biochemical tests for all five
Gram negative strains were initially done according to Cruickshank et al. (1972)
(Table 3.4). On the basis of biochemical tests and carbohydrate fermentation tests
TBTC resistant strains were tentatively identified as Flavobacterium balustinum
(strain S1), Vibrio harveryi (strain S2), Alcaligenes sp. (strain S3), Alcaligenes sp.
(strain Sd) and Pseudomonas fluorescens (strain Sp) Bergey's Manual of
Systematic Bacteriology (Krieg and Holt, 1984). Most potent strains S3 and Sd
were further confirmed as Alcaligenes sp.2-6 and Alcaligenes sp. swo by 16s
rDNA sequencing and NCBI — BLAST search (Fig.3.5) (Altschul et al. 1990).
3.4 Biological Characterization of TBTC resistant bacterial strains
3. 4.1 TBTC tolerance limits
The selected five isolates consistently grew on MSM agar supplemented with 2
mM (S1&S2), 3 mM (Sp) and 5 mm TBTC (S3 & Sp) with in 48 hrs of incubation.
In subsequent higher concentration of TBTC i.e., 6 mM & 7 mM except isolates
,

S3 and Sd other isolates did not grow due to cellular cytotoxicity. Because
organotin compounds inhibits or kills the aquatic microorganisms (Pettibone and
Cooney, 1986). The highest total protein content determined after 24 hrs of
incubation indicated their optimum TBTC level and the lowest total protein content
indicated the TBTC tolerance limit (Fig. 3.6).
3. 4.2 Optimum temperature for growth
In order to determine the optimum temperature for the growth of all the five TBTC
tolerant isolates, they were grown in MSM +2 mM TBTC at three different
temperatures viz. 28 °C, 37 °C and 40 °C (Fig.3.7). Growth behaviour of each
isolate was determined separately by checking the absorbance at Asoo nm. In all
five isolates growth was observed at all three temperatures. The isolates S3 and
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Sd showed considerably higher growth when compared to isolates Si, S2 and Sp
after 24 hrs incubation. Maximum growth was obtained at 28°C, but the isolates
also grew well at 37°C and 40°C. The total protein content of the isolates viz. S1,
S2, S3, Sd and Sp, determined after 24 hrs of incubation was 507 pg/mL, 503
pg/mL, 561 pg/mL, 510 pg/mL and 481 pg/mL respectively at 28 °C (Fig. 3.8). It
was interesting to note that the total protein content of the isolates grown at 28°C
was high as compared to the total protein content of isolates grown at 37°C and
40°C. It is also interesting to note that Aiclaigenes sp. 2-6 strain S3 showed
maximum growth at 28°C, whereas the lowest growth was recorded at 40 °C for all
the isolates after 48 hrs of incubation. Therefore it was evident from this
experiment that all five isolates grew and utilized 2 mM TBTC better at ambient
temperature of sea water i.e. 28°C, whereas at 40°C, growth as well as TBTC
utilization declined significantly. Similar findings have been seen in Pseudomonas
chlorophis which showed its optimum growth and triphenyltin degradation activity
at 28°C (Inoue et al. 2000). On the contrary, Fukagawa et al. (1994) and Callow
and Willingham, (1996) have reported that 25°C is the optimum temperature for
growth of Vibrio sp. in presence of TBTC and other bacteria respectively. Lower
than 28°C i.e. 25°C, prolonged the incubation period for appearance of colonies
on sea agar plates (Callow and Willingham, 1996).
3. 4.3 Optimum pH for growth
Organotin compounds are the most toxic environmental pollutants known for
aquatic life. The bioavailability of organotin compounds depends on the pH and
organic matter (Fent, 2003). Considering this fact all five isolates were grown at
different pH values i.e. 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5 and 9 in order to detemine the
optimum pH required for the growth of the TBTC resistant isolates. The five
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selected isolates were grown in MSM + 2 mM TBTC. Growth behaviour of each
isolate was determined separately by measuring the absorbance at Asoo nm
(Fig.3.9). In all five isolates growth was observed at all p1-1 ranges, although all five
TBTC resistant isolates showed lower growth at pH ranging from (5.0-6.5), better
growth occurred in the range of pH 7.0 and 8.5. Evident by measuring the total
protein content after 24 his of incubation. The highest protein content obtained,
for isolates Sd (660 pg/mL) and S3 (618 pg/mL) at pH 7_5, Sp (575 pg/mL) at pH
7.0, S2 (560 pg/mL) at pH 8_5 and S1 (510 pg/mL) at pH 8.0 indicated their
optimum pH value (Fig.3.10). These pH values correlates well with the previous
findings of Gomez --Ariza (1999), which revealed that, the butyltin compound
remained stable in unacidified sea water at 4°C for 7 months. So, easy accessible
of stable organotin helps the bacterial isolate to grow in the medium. On the
contrary, there was marked decrease the amount of total protein for all isolates
grown at pH 5, 6 and 9. As all these isolates grew well between pH 7-pH 8.5
therefore, slightly alkaline growth conditions were favorable than acidic conditions,
for the growth of all these isolates. The factor that affects the growth was pH
dependent solubility of TBT in water; it was observed that the minimal solubility of
TBTs in water at 25°C was 1mg Sn /L at pH 6-8 and 15 mg Sn /L at pH 7-8 at the
same temperature (Inaba et al. 1995). Thus, it is evident from this experiment that
TBTC is cytotoxic at acidic pH of growth medium (i.e. pH 5). Similar observations
have also been reported by Gadd (2000). It is interesting to note that reduction in
pH of the medium results in enhanced TBTC toxicity possibly due to increased
availability of the tributyltin cation, iBu3Sn(H20)2J + in the medium. Microbial
interaction with organotins is influenced by environmental conditions. As in aquatic
system, both p1-1 and salinity may determine organotin speciation and therefore

bioavailability and reactivity. These environmental factors like pH may also alter
selectivity for TBT resistant microorganisms in polluted system as it is evident
from selective enrichment of TBTC resistant bacterial strains in TBTC
contaminated marine environment (Fukagawa et al. 1994; White et al. 1999).
3. 4.4 Optimum salinity for growth
TBTC is a hydrophobic compound; its solubility depends greatly on pH and salinity
of the environment (Alzieu, 2000). The aqueous solubility of organotin compound
decreases with increase in salinity (Inaba et al. 1995). When all the five isolates
were grown in MSM supplemented with 2 mM TBTC containing different
concentrations of NaCI ranging from 1 °/00 to 4 700. All isolates showed growth
between 1 Too and 4 % NaCI concentration. Growth behavior of each isolate was
determined separately by measuring the absorbance at A nm (Fig. 3.11).
Isolate S3 and Sd showed highest growth (530 pg/mL and 464 pg/mL) evident
from total protein content after 24 hrs of incubation at 2%0 NaCl. Similarly isolates
S1 and Sp showed highest growth in terms of total protein content (416pg/mL and
406 pg/mL) at 2.5% NaCI and the isolate S2 showed highest growth (473 pg/mL)
at 3% NaCI (Fig.3.12). These results suggest that TBTC toxicity is reduced at
higher salinity levels. As the availability of TBTC is high at low concentration of
NaCI, it becomes toxic to the cells; the toxicity of TBTC is attributed to Na + and CImoieties as well as the possible osmotic response of the organisms that included
changes in intracellular compatible solutes and membrane composition (Cooney
and Wuertz, 1989). Amelioration of metal toxicity in the presence of NaCI could
possibly be due to formation of anionic co-ordination complexes of test
compounds with Cr, which could be comparatively less toxic to microbes than the
free metal cations (Dubey and Rai, 1990a).
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3.5 Study of growth behavior of TBTC resistant bacterial isolates in different
growth medium (ZMB, NB, LB and MSM supplemented with TBTC).
The growth behavior of organotin tolerant marine bacterial isolates

Flavobacterium balustinum (strain S1), Vibrio harveyi (strain S2), Alcaligenes sp.
2-6 (strain S3), Alcaligenes sp. swo (Strain Sd) and Pseudomonas fluorescens
(strain Sp) in different nutrient media vim, Zobell marine broth (ZMB), Nutrient
broth (NB), Luria Bertani broth (LB) and Mineral salts medium (MSM)
supplemented with varying concentrations of TBTC i.e., 1 mM, 2 mM and 5 mM
was determined in terms of absorbance at 600 nm. All the isolates grew very well
in nutrient rich medium such as ZMB, LB and NB with and without TBTC. There
was no growth in Mineral salts medium (MSM) as it is a minimal medium without
any carbon or energy source. But growth was observed in MSM supplemented
with 1 mM, 2 mM and 5 mM TBTC. Indicating TBTC to serve as a source of
carbon. However all isolates showed different growth pattern in different medium.
Flavobacterium balustinum showed an initial lag of 2 hrs and an exponential log of

8 hrs in ZMB, LB and NB with and without TBTC (Fig. 3.13, 3.14, 3.15). It was
interesting to note that this isolate showed a lag of 4 hrs at 1 mM and 5 mM
TBTC, but at 2 mM TBTC showed a lag of 2 hrs and an exponential log of 8 hrs
(Fig. 3.16). Indicating 2 mM (TBTC) as the optimum concentration for growth.
Vibrio harveyi showed an initial lag of 2 hrs in ZMB, LB and NB supplemented

with 5 mM TBTC (Fig. 3.17, 3.18, 3.19). But interestingly the isolate did not show
any lag in the presence of 1 mM and 2 mM TBTC in the same medium whereas
the exponential log remained till another 6 - 8 hrs respectively. interestingly this
isolate showed an initial lag of 2 hrs at 1 mM and 2 mIV1TBTC, which remained till
4 hrs at 5 mM TBTC in MSM and the exponential log remained for another 6 hrs
(3.20). It was really to note that Alcaligenes sp. 2-6 did not show any lag and
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exponential log remained till 8 hrs of incubation in ZMB, LB and NB (Fig. 3.21,
3.22, 3.23). Whereas this isolate showed an initial lag of 2 hrs and an exponential
log of another 8 hrs in MSM supplemented with 1 mM, 2 mM and 5 mM (TBTC)
(Fig. 3.24). Alcaligenes sp. swo showed an initial lag of 2 hrs and an exponential
log of 8 hrs in ZMB, LB and NB supplemented with 1 mM, 2 mM and 5 mM
(TBTC) (Fig. 3.25, 3.26, 3.27). Whereas in MSM this isolate showed a lag of 4 hrs
and an exponential log of 8 hrs in the presence of 5 mM TBTC (Fig. 3.28).
Pseudomonas fluorescens grew very well without any lag and an exponential log

of 8 hrs in ZMB and NB, but showed an exponential log of 10 hrs in LB (Fig. 3.29,
3.30, 3.31). But this isolate showed an initial lag of 2 hrs and an exponential log of
6 hrs in MSM supplemented with 1 mM, 2 mM and 5 mM TBTC (Fig. 3.32). The
reduction of lag phase observed in complex medium indicated, reduction of
toxicity of TBTC in that medium due to complexation of TBTC with organic
compounds such as tryptone, yeast extract, peptic digest of animal extract in LB
and ZMB, as compared to minimal medium lacking any source of carbon or
nitrogen. This results in the increase of lag phase due to TBTC acclimitation by
the cells, as TBTC becomes readily available to the cells, thus increasing toxicity
of TBTC. However, all the isolates grew very well in all growth medium such ZMB,
LB and NB and also in MSM supplemented with 1 mM, 2 mM and 5 mM TBTC.
Maximum growth was observed at their opmimal TBTC concentrations (Fig. 3.6).
As all these isolates grew well in minimal medium such as in MSM supplemented
with TBTC i.e., (1 mM, 2 mM and 5 mM) as a sole carbon source it indicates their
ability to utilize and degrade TBTC.
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3.6 Cross tolerance to heavy metals ( Hg, Cd and As)
Heavy metal(s) are widespread pollutants of great environmental concern as they
are non-degradable and thus persistent. Among the pollutants of serious concern,
toxic metals are important since they accumulate through the food chain and
cause environmental hazards (Rani & Mahadevan 1993). Highly toxic heavy
metals and organometals are common contaminants of marine and estuarine
waters (Forstner and Wttmann, 1979). Sources of these substances include
industrial and domestic wastewater, atmospheric deposition, erosion, and even
direct application, e.g., algicides and antifouling coatings. India has a coastline of
nearly 7000 kms, rivers discharge 1645 km of fresh water annually, of which 75%
enters the Bay of Bengal (East Coast) and 25% the Arabian Sea (West Coast).
About 25% of the 700 million people five in or near costal areas and are directly or
indirectly, dependent on the sea for their living. (Sanzgiry et. at 1988) (Table-3.5).
The distribution pattern of mercury in seawater along the west coast of India
ranged up to 0.116 pgIL during the year (Kaladharan et. al. 1999). They have
become a source of health hazard to humans as well as aquatic life. Such toxic
environmental pollutants exert selection pressure for the evolution of metalresistant organisms (Hada and Sizemore 1981; Malik and Ahmad, 1994). These
anthropogenic and biogeochemical perturbations are a matter of crucial interest
since many heavy metals generated by such activities are potentially toxic for
marine and terrestrial life, above certain concentration levels (Nriagu and Pacyna,
1988). About two-third of the total mining activities in Goa are located along the
Mandovi and Zuari basin. There are 27 large mines that generate 1500-6000 tons
of rejects/day per mine. A substantial portion of which can be expected to
ultimately end up in the river. Arsenate concentration in the surface values ranged
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from 0.40 to 0.78 mg/L and from 0.34 to 0.79 mg/L for the bottom waters of the
Mandovi estuary. For Zuari estuary, it ranged from 0A5 to 0.79 mg/L at the
surface and from 0.42 to 0.78 mg/L at the bottom. Arsenate concentration in the
sediments ranged from 9.27 to 9/2 mg/g (dry wt) for sediments of Mandovi; while
for Zuari it ranged from 7.97 to 9.22 mg/g (dry wt) (Maheswari, 1994). There are
several sources for mercury exposure and contamination, such as dental
amalgam fillings, household products, fluorescent light bulbs, broken
thermometers, and industrial settings (Morel et al. 1998). Cadmium is also a
serious lethal occupational and environmental toxic metal, known for its high
toxicity, which may affect living systems in various ways. Cadmium is primarily
used in plating iron and steel to prevent corrosion, and manufacturing of nickelcadmium batteries, plastics, ceramics, paints and various solder and brazing
alloys, solar cells, television tubes, lasers, and cadmium telluride devices
prepared by semiconductor manufacturers. Anthropogenic point sources
contributing to arsenic in the marine environment include smelter slag, coal
combustion, runoff from mine tailings, hide tanning waste, pigment production for
paints and dyes, volcanic activity, coal burning, arsenical pesticides and the
processing of pressure-treated wood (e.g., copper chromated arsenate) acid mine
drainage, organoarsenic compounds and wood preservatives (Jain and Ali, 2000;
Smedley and Kinniburgh, 2002).
3.6.1 Cadmium (Cd
When all the five isolates were checked for their survival in presence of CdCl2, the
isolates S1 and S2 showed highest resistance to Cd 2 as LD so value was 2.0 mM
(Fig.3.33, 3.34), while isolate Sd showed LD50 value of 1.5 mM (Fig.3.36), where
as isolates S3 and Sp showed LD50 values of 1 mM respectively (Fig.3.35, 3.37)
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(Table 3.6). These findings definitely matches with earlier reports on phenol
degrading Pseudomonas sp. (Yoon, 1998). This observation is very similar to
present findings. In case of Cd resistance, plasmid governed system of membrane
proteins that pump toxic ions out of the cells are already known (Neis and Silver,
1989; Silver and Laddaga, 1990; Tisa and Rosen, 1990). The mechanism of
cadmium resistance was through efflux, operating due to plasmid p1258 in
Staphylococcus aereus. Unlike the Hg and As resistance systems that are highly

homologous in all bacteria studied, Cd resistance appears to have evolved at
least three times, giving rise to
(i) Efflux ATPase enzymes in Gram positive bacteria (Ji and Silver, 1995).
(ii) Chemiosmotic cation-proton antiporter in Gram negative bacteria (Neis, 1992).
iii) Metallothioneins of cyanobacteria and few bacteria (Turner and Robinson,
1995; Pazirandeh et al. 1998).
The resistance towards cadmium exhibited by all these five TBTC resistant
isolates may be attributed due to presence of chemiosmotic cation-proton
antiporter efflux system as all these isolates are gram negative.
3.6.2 Mercury (Hg2+)
It was very interesting to observe that isolates S3 and Sd which showed highest
resistance to TBTC i.e., 5 mM, showed low level of resistance to Ng, with LD50
values of 1.5 mM and 1 mM respectively (Fig.3.35, 3.36). The isolate S1 and S2
which showed low level of resistance to TBTC i.e., 2 mM showed highest level of
resistance to 1-ig2+ as LD50 values were 2.5 mf► il and 3 mM respectively (Fig. 3.33,
3.34). The isolate Sp which showed low level of resistance to TBTC i.e., 3 mM
also showed the lowest level of resistance to Hg 2+ with LD50 value of 0.5 mM (Fig.
3.37) (Table 3.6). All the five isolates showed varied level of resistance to

g9

mercury, though the exact mechanism of resistance is not known in all these
isolates. But, these findings definitely matches with earlier reports on phenol
degrading Pseudomonas sp. (Yoon, 1998), where the mechanism of mercury
resistance was through volatilization, similar to S. flexneri (Yoon, 1998). Vasishta
et al. (1989) mentioned that Pseudomonas aeruginosa is resistant to both mercury
and cadmium. We are not aware of any such metal resistance mechanisms
operating in these TBTC tolerant bacterial strains. Bacterial resistance to
inorganic and organic mercuric compounds is one of the most widely observed
phenotypes in eubacteria. Mercury resistant Gram positive or Gram negative
bacteria typically possess a mercuric reductase enzyme that reduces reactive
Hg+2 to inert elemental mercury vapour (Hg °) which leaves the cell through
passive diffusion or volatization (Foster, 1987; Barkay et al. 2003). Resistance to
mercuric compounds is well studied for both Gram positive and Gram negative
bacteria. The genetic determinants are usually located on plasmid or transposons,
particularly in Gram negative bacteria (Summers and Silver, 1978). Another
detoxification mechanism is the production of mercuric sulfide due to the action of
H2S on Hg. There have been speculations that permeability barriers to Hg +2 may
also exist, limiting the access of the toxic ion to sensitive intracellular targets
(Summers and Silver, 1978; Robinson and Tuovinen, 1984). In the present study,
the high mercury tolerant bacterial isolates S1 and S2 may possess one of these
mechanisms. Fukagawa et al. (1994) have reported that out of the 55 bacterial
strains which are resistant to TBT (250 nM), only 11 of them showed cross
resistance to methyl mercury (20 nM). Most of the isolates were identified as
Vibrio sp. and it is evident that TBT tolerant bacteria may possess common

90

genetic determinants for mercury, cadmium and methyl mercury on plasmid or
chromosomal genome.

3.6.3 Arsenic (As)
It was really very interesting to note that all five isolates grown in the presence of
Arsenic oxide showed moderate level of resistance to Arsenic. Bacterial isolate S1
& S2 showed highest resistance to As203 with LD 50 value of 2.0 mM (Fig. 3.33,
3.34). But isolates S3, Sd and Sp showed the highest level of resistance with LD
so value of 2.5 mM each respectively (Fig. 3.35, 3.36, 3.37) (Table 3.6). The varied

level of resistance of five isolates to arsenic oxide may be due to the presence of
efflux pump like mechanism. As there are reports stating TBT resistant isolates to
be resistant to several heavy metals. Bacterial resistance to toxic metals could be
plasmid or chromosomally mediated, although most resistance systems appear to
be encoded by plasmids. Resistance systems have been shown for Ag 4-, As02
3 , Cd 2+ , CO24 , Cr0 42 -, Cu2+, Ni 2÷, Pb2+, Te032- ,

Tr, and Zn2+ (Silver As04 &

Phung, 1996). These systems are primarily energy dependent efflux systems
although a few involve enzymatic transformations. Energy dependent efflux
systems appear to function as chemiosmotic ion and proton exchangers (i.e.,
Cd24-' Zn2+, Co2+ and Ni2+ in Gram negative bacteria) (Nies & Silver, 1995).
Resistance to arsenic can either be conveyed by an ATPase or by a
chemiosmotic transporter. In some bacteria, resistance to arsenite is conferred by
enzymatic oxidation to the less toxic arsenate (Cervantes et al. 1994). The arsenic
resistance efflux system transports arsenite using alternatively either a two
component (ArsA and ArsB) ATPase or a single polypeptide (ArsB) functioning as
a chemiosmotic transporter. The third gene in the arsenic resistance system,
arsC, encoded an enzyme that converts intracellular arsenate [As (V)] to arsenite

91

[As (Ill)), the substrate of the efflux system. In the case of arsenate, the lack of
toxicity could be related to similar mechanisms. Mutation of key proteins involved
in the phosphate uptake system was found to hinder entering of phosphate and
arsenate ions, thus resulting in a resistance to arsenate. Arsenate entering the cell
would be decreased to arsenate, which can be specifically excreted outside the
cell by specific efflux systems (arsenite efflux transporters), thus avoiding the
accumulation of the metalloid inside the cell. This mechanism of resistance was
described previously in E.coti and other bacteria (Silver and Phung, 1996).
Table-3.6 LDso values of TBTC tolerant bacterial isolates to different heavy
metals

Bacterial isolates

Metal Salt (mM)
Hg 24

Cd"

As203

2.5

2.0

2.0

3.0

2.0

2.0

1.5

1,0

2.5

1.0

1.5

2.5

0.5

1.0

2.5

Flavobacterium balustinum (strain S1)

Vibrio harveyi (strain S2)

Alcaligenes sp 2-6 (strain S3)

Alacaligenes sp swo (strain Sd)

Pseudomonas fluorescens (strain Sp)

3.7 Antibiotic resistance
All the five TBTC resistant bacterial isolates were found to be resistant to most of
the broad range of antibiotics used, such as Amikacin, Amozycillin, Ampicillin,
Antimycin, Cephalothin, Chloramphenicol, Erythromycin, Gentamycin and
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Kanamycin (Table-3.7). Flavobacterium balustinum (strain S1) was resistant to
most of the antibiotics used except for Kanamycin, Spectinomycin and
Tetracycline. Vibrio harveyi (strain S2) was sensitive to only Spectinomycin and
resistant to all the antibiotics. Alcaligenes sp.2-6 and Alacaligenes sp. swo (strain
Sd) showed similar pattern of resistance, both the isolates were resistant to most
of the antibiotics used, except for Ciprofioxacin, Chloramphenicol, Rifampicin and
Tetracycline. It was really very interesting to note that, the isolate Pseudomonas
fluorescens (strain Sp) showed resistance to all the antibiotics used. Wuertz et al.
(1991) has reported that TBT resistant (8.2 pM) bacteria, which are isolates from
Boston harbour were resistant to Cephalothin, Ampicillin, Novobiocin,
Carbenicillin, Erythromycin and Penicillin. It has also been reported that most of
the bacterial isolates, which can resist high level of heavy metal, can resist high
concentration of different antibiotics. Often, antibiotic resistance genes encoding
resistance to a variety of antibiotics, such as p -lactams, chloramphenicot, and
aminoglycosides, are found integrated in a site-specific manner in a mobile gene
cassette or integron (Recchia and Hall 1997). Extra-chromosomal genetic
elements of the bacterial cells may be the reason for the resistance to different
antibiotics. Bruins et al. (2003) have reported that a strain of

Pseudomonas

pickettii which is resistant to cadmium as well as some broad range antibiotics.
Pseudomonas aeruginosa has been reported to be multi-drug resistant like
Ampicillin, Penicillin, Amoxicillin, Clavulanic acid, Piperacillin, Streptomycin,
Gentamycin (Sader et al. 2002). Yomoda et al. (2003) also reported that
Pseudomonas putida has resistance to several antibiotics like Amikacin,
Norfloxancin, Piperacillin, Ceftazidime, Tobramycin etc. These facts also satisfy
the findings of Esiobu et al. (2002) which reported that Pseudomonas sp. has

93

plasmid mediated multiple drug resistance such as Ampicillin, Penicillin,
Tetracycline, Streptomycin, Kanamycin, etc. These reports clearly confirm that
organotin resistant natural bacterial communities invariably demonstrate
resistance to toxic heavy metals as well as commonly used antibiotics. The
genetic determinants (gene) for microbial resistance are generally plasmid borne.

3.8 Selection of potent TBTC resistant strain for degradation studies
Among all the five isolates viz. Si, S2, S3, Sd and Sp grown in MSM
supplemented with 1 mM, 2 mM and 5 mM TBTC (Fig. 3.16, 3.20, 3.24, 328 and
3.32). Alcaligenes sp. 2-6 showed rapid growth within 24 hrs in MSM broth with 5
mM TBTC without any lag and prominent degradation ability. Thus this isolate was
selected for further characterization. It was interesting to note although an initial
lag phase was restricted to 1-2 hrs depending on the concentration, growth yield
was high upto 5 mM of TBTC in MSM broth, whereas at 1 mM and 2 mM of TBTC,
marked decrease in growth was observed clearly. This indicated that they
inherently possess inducible/constitutive enzymes to metabolize high levels of
TBTC, certainly up to 5 mM of TBTC. Above this level cells get killed due to
cytotoxic effects on cell metabolism, which involves Ca t{ overload, cytoskeletal
damage, and mitochondria! failure leading to apoptosis (Stridh et al. 1999a;
1999b). Thus optimum level considered for the growth of isolate S3 was found to
be 5mM TBTC in MSM broth. It is interesting to mention that this isolate
surprisingly exhibits 3 times higher TBTC tolerance as compared to Pseudomonas

aeruginosa strain USS25W which showed 2mM tolerance to TBTC and 50 times
more tolerance than other TBTC tolerant Gram positive or Gram negative
bacterial strains viz. Bacillus, Alteromonas, Vibrio and Pseudomonas spp., as it is
known that these bacteria could tolerate up to 100 1.1M TBTC (Yamada, et al.
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1978; Boopathy and Daniels, 1991; Suzuki et at 1992; Fukagawa, et at 1992;
Suzuki et at 1994; Sinha, 1997).
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Table 3.1 Ph sico-chemical characteristics of environmental (water & sediment) samples
Sampling site

pH

WISL
Over berth
8.0
Berth wall
Near ship

8.0
7.8

Sediment

8.04

Paint yard

8.0

GSL
Sediment

7.9

Berth wall

7.9

Near ship

7.8

Paint yard

7.9

Temperature
(°C)

Salinity
(%o)

Alkalinity
(meq.L -1 )

Inorganic content

Organic
content
(mg/L)
Phosphate
(umol.dm-3 L)

Nitrate
(iimol.dm4L)

Nitrite
(pmol.dm -3L)

28

31.87

2.38

288

1.12

3.84

0.82

28

31.87

2.36

268

1.02

3.85

0.84

28.4

31.40

2.36

178

0.672

2.98

0.58

28 .5

32.04

2.48

198

1.22

3.78

0.79

28

31.07

2.26

298

0.918

4.18

0.8204

27.6

31.77

2.34

222

1.08

2.48

0.8101

27.4

31.77

2.34

218

0.678

2.48

0.80

29

31.03

2.28

198

0.644

3.28

0.78

28

31.65

2.28

266

1.14

4.08

0.81

28

31.75

2.36

236

0.717

3.985

0.78

28.7

31.65

2.33

196

0.724

3.88

0.78

28

31.05

2.30

258

0.712

3.98

0.82

VIPUL
Ship wall

7.9

Near ship

7.9

Paint yard

7.88
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Sampling site

Viable counts
(cfux106cells/mL)
± se in ZMA

Geographical positions

Viable counts
Viable counts
(cfux104cells/mL) (cfux102cells/mL)
± se in MSMA
± se in NA

W.I.S.L

Latitude

Longitude

0MM TBTC

0.1MM TBTC

0.1MM TBTC

0.1MM TBTC

OVER BERTH

15°27'628'N

73°49'842'E

28.6±3

41.6±1

89.6±1

80±2

BERTH WALL

15°27'628'N

73°49'842'E

34.6±6

38.9±2

93.4±2

81±2

SHIP WALL
(Barnacles)
SEDIMENT

15°27'628'N

73°49'842'E

38.5±5

40.6±2

79±9

73±1

15°27'628'N

73°49'842'E

24.6±6

18.9±2

14.4±6

89±2

NEAR SHIP

15°27'628'N

73°49'842'E

42.3±3

28.4±1

76.8±4

71±4

PAINT YARD

15°27'628'N

73°49'842'E '

31.0

20.4±4

34.2±5

24±4

SEDIMENT

15°27'703'N

73°49'985'E

50.8±8

36.4±3

64.3±8

66±1

NEAR SHIP

15°27'703'N

73°49'985'E

41.6±6

37.6±4

65.8±8

58±1

PAINT YARD

15°27'703'N

73°49'985'E

39.6±5

68.9±2

64±8

SHIP WALL

15°27'703'N

73°49'986'E

31.8±2

17.8±16

48.8±6

47±6

NEAR SHIP

15°27'703'N

73°49'986'E

9.6±2

27.6±22

54.6±2

51±1

PAINT YARD

15°27'703'N

73°49'986'E

26.9±2

18.6±8

41.4±8

40±6

.

...1

G.S.L

'

40±2

VIPUL

Table- 3.2 Total viable count of bacteria in environmental (water and sediment) samples
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W.I.S.L

Latitude

Longitude

Viable counts
(cfux102cells/mL)
±: se in MSMA
0.1MM TBTC

OVER BERTH

15°27'628'N

73°49'842'E

80±.2

2

BERTH WALL

15°27'628'N , 73°49'842'E

81±.2

3

6

2

2

1

15

15

4

Sampling site

Geographical positions

Screening of organotin tolerant marine bacterial isolates
mM
0.5 mM 1,0 mM 2.0 mM
TBTC TBTC TBTC TBTC

SHIP WALL

15°27'628'N

1 73°49'842'E

73±.1

SEDIMENT

15°27'628'N

73°49'842'E

89±.2

25

NEAR SHIP

15°27'628'N

73°49'842'E

71±.4

4

PAINT YARD

15°27'628'N

73°49'842'E

24±.4

16

12

7

2

SEDIMENT

15°27'703'N

73°49'985'E

66±.1

18

11

11

1

NEAR SHIP

15°27703'N

73°49'985'E

58±.1

6

2

PAINT YARD

15°27'703'N

73°49'985'E

64±.8

15

7

SHIP WALL

15°27703'N

73°49'986'E

47±.6

8

3

NEAR SHIP

15°27'703'N

73°49'986'E

51±,1

6

PAINT YARD

15°27'703'N

73°49'986'E

40±.6

10

4.0
mM
TBTC

6.0
5.0
mM TBTC mM TBTC

TBTC
Tolerant
Isolates

2

1

1

S3

3

1

1

Sd

G.S.L

1

S2

1

1

Sp

VIPUL

MO

8

3

1

No

S1

Table 3.3 Screening of organotin tolerant marine bacterial isolates
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Bacterial

Bacterial

Bacterial

Bacterial

Bacterial

strain S1

strain S2

strain S3

strain Sd

strain Sp

Circular, yellow,

Circutar, cream,

Circular, cream,

Circular, cream,

Circular, cream,

entire, opaque;

entire, opaque,

entire, opaque,

entire, opaque,

entire, opaque, flat,

raised, non-motile,

raised, motile,

raised; motile,

raised, motile,

motile, gram

gram-negative, short

gram-negative,

gram-negative,

gram-negative,

negative, sticky,

rods.

curved rods.

sticky, short rods.

sticky, long rods.

short rods.

Gram's stain

gram ye

gram—ve

gram—ye ,

gram—ye

gram—ve

Motility

.,

+

+

+

+

Catalase activity

-

+

+

+

-

Oxidase activity

.,

+

+

+

+

HI. Media (A/FA)

FA

FA

A

FA

A

V.P test (Acetoin)

Nb

-

-

-

+

MR

Nb

+

+

+

-

lndole

+

+

-

+

-

Utilization of Glucose

+

+

+

+

+

Utilization of Sucrose

-

-

(d)

+

Utilization of Arabinose

-

-

-

+

-

Utilization of Mannose

.,

+

+

(d)

Utilization of Mannitol

-

+

(d)

(d)

-

Utilization of Galactose

-

+

-

+

..

Utilization of. Lactose

.,

-

-

(+)

Characteristics

Colony Morphology

—
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Vv-

Utilization of Salicin

+

-

-

-

-

Utilization of Raffinose

-

-

-

-

_

Utilization of Maltose

+

-

-

.

-

Utilization of Rhamnose

-

-

+

-

-

Utilization of Xylose

Nb

ND

+

+

ND

Utilization of Adonitol

ND

ND

-

-

Utilization of Cellubiose

ND

ND

+

+

ND

ND

ND

+

+

ND

Utililation of Saccharose

Nb

ND

+

+

ND

Utilization of Trehalose

ND

ND

+

ND

Casein hydrolysis

+

+

+

-

Gelatin hydrolysis

+

+

-

+

-

Starch hydrolysis

-

+

-

-

-

Tween 80 hydrolysis

+

+

+

+

+

Growth on TS! Media

ND

+

+

+

Growth on MaConkeys agar

+

+

+

Growth on NA

+

+

+

Growth on ZMA.

+

+

+

Growth on LBA

+

+

+

Growth on MSMA

+

Urease activity

+

Fluorescent pigment production

-

Nitrate reduction
Lysine Decarboxylase

Utilization of Melibiose

•

-

+

+

+

-

ND

+

+
-

-

+

+

+

+

-

+

+

+

-

Nb

+

-

-

-
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-

-

-

-

+

+

+

-

+

+

ND

Vibrio sp.

Alcaligenes sp.

Alcaligenes sp.

Pseudomonas

Ornithine Decarboxylase

-

+

Thiosulphate Citrate Bile Sucrose Agar

-

+

Citrate utilisation

-

+

H2S production

ND

Tentative Identification

Flavobacterium

-

sp.

sp.
16 , S rDNA sequence

ND

ND

Alcaligenes

Alcaligenes sp.

sp.2-6

swo

ND

(+)= Positive, (-)=Negative, (d)= Doubtful, 0= Oxidat've, A= Aerobe, FA= Facultative aerobe and N.D= Not Done

Table- 3.4 Morphological and Biochemical characteristics of organotin tolerant marine bacterial isolate.
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Figur*. 32 Growth of TBTC resistantbacterial isolates on zobell marine agar,
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Figure 3.3 Phase contrast and Scanning electron (Isolate S3) microscopic view of organotin tolerant marine bacterial isolates
S1, S2, S3, Sd and Sp.
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Pieudomonso aortiginose U88 NW
1000

Psoudomonse soruginoss PA01
Aics/Igenos sp. swo
771
9d

Achromobacter xylosoxidens
0,01

816
89

Mailmen sp. 24

Figure, 2,4 Taxonomic phenogram of highly potent TrIbutyltin chloride resistant marine
bacterial Isolates 83 and Sd
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SI.No

Location

Source

Heavy metal

Sourte

1

Chittagong,
Bangladesh

Geochemical and anthropogenic
activities

Hg, Cd, As (PCBs), &
Tributyltin

Down to Earth, Aug 31,
1999

Industrial effluents &

Chlor-alkali Plants

Cd, Cr, Hg, &oraariochlorine
compounds

September 2001,
www.indiatooether com

2

Vapi, Machua,
Lali, Chid,
Gujarat, India
Kanpur, Uttar
Pradesh, India

Industrial effluents & Chlor-a kali
Plants:

Cr, Hg, As, Cd & Pb

3

Down to Earth,Aug 31,
1999

Singrauli,
India

Thermal power effluents, Smelting

Hg, As, Cd, Cr, and Pb

31st August,1999
Down to Earth

Nandesari,
Sarangpur,
I3apunagar,
Ankaleswar,
Guarat, India
Eloor, Kerala,
India

Dyes, paints, pigments,
pharrnaceuticals,chemical &
pesticides

Cd, Hg, Cr, organochlorine
compounds,

Down to Earth,Aug 31,
1999

Dyes, paints, pigments,
pharmaceuticals,chemical &
pesticides
Mining, shipping, Chlor-alkali
Plants, Industrial effluents

Hg, Cd, Cr, & organochlorbg
compounds

14th December,1997
The Week

As, Cd & Hg

Kaladharan et al.1999

Shipping, Chlor-alkali Plants and
industrial effluents

As & Cd

Aug 31, 1999 Down to
Earth.

5

6

Mormugao,
Goa
Mumbai
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9

10

11

Tuticorin,
Kodaicanal,
Tamilnadu

Shipping and industrial effluents,
thermometers

Chlor-alkali Plants
Panipat , Industrial effluents
Harayana
Caustic-chlorine industry
Delhi
Industri al effluents

12

Patancheru,
Andhra
Pradesh

Cd, Hg and Tributyltins

15th July, 2001
Down to Earth

Hg, Pb, Cd and Pb

Down to Earth,Aug 31,
1999

Mg

September, 2002
, i 111:0 chagei ndi a. org

WW1A

Hg, Cd, Pb, Cr ans As

Down to Earth,Aug 31,
1999

Chlor-alkali Plants

level of mercury (mo/L) ip industrial effluents
Permissible limit (industrial effluent)

0.001

Industrial Area, Panipat (Haryana)
0.268
Barsai Road, Panipat (haryana)
0.074
Machua Village, Vatva (Gujarat)
0.115
Lali Village, Vatva (Gujarat)
0.211
Chili Village.Vapi (Gujarat)
0.096
Sarangpur Village,Ankleshwar (Gujarat)
0.118
Bapunagar, Ankleshwar (Gujarat)
0.176
Pocharam Village,Patancheru (Andhra Pradesh)
0.058
Source : Down to Earth, Aug 31, 1999

Table-3.5 Most Heavy Metal Polluted Sites in India
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CHAPTER IV

PHYSIOLOGICAL AND BIOCHEMICAL
CHARACTERIZATION OF HIGHLY TBTC
TOLERANT

Alcaligenes sp. 2 6 (strain S3)
-

RESULT AND DISCUSSION
4.1

Selection of suitable growth medium for TBTC degradation study

Alcaligenes sp.2-6 was grown in different growth media such as Luria Bertani
(LB), Nutrient broth (NB), Zobell Marine Broth (ZMB) and MSM supplemented with
5 mM TBTC to choose best media for growth and TBTC degradation experiments
(Fig.320, 321,-3.22). Irrespective of the presence or absence of TBTC the
bacterial isolate showed better growth in nutrient rich media like ZMB, LB, and NB
as compared to MSM supplemented with 5mM TBTC (Fig. 3.23). Interestingly no
lag was observed for cells grown in ZMB, LB and NB supplemented with 5 mM
TBTC and tog phase remained for 12 hrs. This isolate grew very well in ZMB than
in NB and LB with or without TBTC. In comparison to nutrient rich media a lag of 2
hrs was observed for cells grown in MSM containing 5 mM TBTC. Singh, (1989)
have reported that E. coil shows a reduction in lag phase when grown in complex
medium containing TBTC compared to any minimal medium such as MSM. The
absence or reduction of lag phase observed in complex medium indicated,
reduction of toxicity of TBTC in that medium as compared to minima! medium.
This reduction of toxicity could be due to complexation of TBT with organic
compounds present in extract added in the complex medium such as tryptone,
yeast extract etc. Organic compound like yeast extract, tryptone were present in
LB and Peptic digest of animal extracts were present in ZMB. This made it clear
that TBTC toxicity to cells could not be studied virtually in any complex media.
This was the confirmation of already reported information that nutrient rich media
do not help in degradation (Inoue et al. 2000). In the present study MSM broth
was found to be the most suitable medium for TBTC degradation experiments. in
the present investigation it was found that toxicity of TBTC was more in Mineral
salts medium (MSM) as compared to complex media tested. In case of E. coil,
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toxicity of TBTC was increased atleast three fold in minimal medium than in
complex medium. As mentioned earlier in complex media TBTC forms complex
with organic ligands present in complex media. As TBTC is the only organic
source used in MSM broth, it is confirmed that the test organism was utilizing
TBTC as a sole source of carbon for their growth. The slow and steady growth in
specified medium i.e., indicated that it was utilizing TBTC with slow biosynthesis
of enzymes involved in metabolism and degradation. It is definite that the growth
of the test organism was due to TBTC utilization. As there was no other organic
compound in this medium, the reduction of TBTC bioavailability and toxicity due to
complexation can be ruled out. Similar findings have been reported by Singh
(1989) that E. coil cells were found to be more sensitive to TBTC in minimal
medium than in complex medium. Therefore Mineral salts medium (MSM) was
selected for further characterization of this TBTC. degrading marine bacterial
isolate, with reference to TBTC, degradation.
4.2 Effect of selected carbon sources on growth
4.2.1 Carbon Sources: Glucose, Glycerol, Succinate and Ethanol

In order to determine the optimum concentration of all the above selected carbon
sources. The TBTC degrading marine bacterial isolate, A/ea/genes sp. 2-6 was
grown in presence of various carbon sources at different levels such as glucose,
glycerol, succinate and ethanol (Fig-4.1, 4.3, 4.5, 4.7). The test bacterial isolate
responded differently when grown in presence of glucose, glycerol, succinate and
ethanol in MSM supplemented with varying concentrations of TBTC (1 mM, 2 mM,
3 mM and 5 mM) (Fig-4.1, 4.3, 4.5, 4.7). In the presence of 2.5% glycerol and
TBTC (5 mM) the isolate showed maximum growth as the total protein content
was 1100 pgirnt. estimated after 24 hrs of incubation (Fig.4.4). In presence of 2%
succinate and 5 mM TBTC the isolate also showed better growth as total protein
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content was 930 ugtmL after 24 hrs of incubation (Fig.4.6). Further increase in
concentration of succinate or glycerol resulted in decrease of growth. When the
bacterial isolate was allowed to grow with different concentrations of glucose, it
was very interesting to note that with increase in concentration, there was marked
increase in growth, as maximum growth was recorded at 3% of glucose and TBTC
(5 mM) as total protein content was1060 pg/mL after 24 hrs of incubation (Fig.4.1,
4.2). The isolate also showed good growth in the presence of 0.07% ethanol, it
showed maximum growth at 0.07% ethanol and TETC (5 mM) as the total protein
content was 750 pgimL estimated after 24 hrs of incubation (Fig.4.7, 4.8). It was
observed that all four carbon sources supported the good growth of the bacterial
isolate in MSM with 5 mM TBTC. As the bacterial culture showed best growth in
the presence of glucose (3%), it appears that glucose is most preferred carbon
source. The isolate showed best growth in presence of glucose + TBTC (5 mM)
followed by glycerol, succinate and ethanol supplemented with same
concentration of TBT. Inoue et al (2000) has reported degradation of triphenyltin
(TPT) in presence of glycerol and succinate as the carbon sources as the
degradation increased several folds as compared to control. It might be possible
that succinate and glycerol also helps in degradation of TBTC due to higher
population density of the degrading organism as well as higher levels of enzymes
involved in degradation (debutylation) process. In order to compare utilization of
TBTC by the bacterial isolate it was grown in MSM+Ethanol (0.07%), MSM + 5mM
TBTC + Ethanol and MSM+ 5mM crude TBTC respectively. it was interesting to
note that growth of the test organism was best in MSM supplemented with 5mM
TBTC + Ethanol (0.07%), due to higher availability of TBTC to bacterial cells since
ethanol is a diluent for TBTC. Whereas less growth was observed in culture grown
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in presence of MSM supplemented with 5 mM crude TBTC, since TBTC is less
available to the growing bacterial cells (Fig. 4.9).
4.3 TBTC utilization and growth.
In order to evaluate the potential ability of Alcaligenes sp.2-6 to utilize TBTC as a
sole carbon source. TBTC utilization and growth study was carried out with
Alcaligenes sp.2-6 keeping TBTC sensitive Pseudomonas aeruginosa (strain
PAO1) as control and another TBTC resistant strain i.e.,

Pseudomonas

aeruginosa (strain USS25W) in MSM+2 mM TBTC (Fig. 4.10). Cultures were
incubated for 96 hrs and absorbance recorded after every 6 hrs at 600 nm.
Alcaligenes sp.2-6 showed faster growth without any lag phase. Where as
Pseudomonas aeruginosa (strain USS25W) showed an initial lag phase of 12 hrs,
then an exponential log phase, which lasted till 24 hrs. Where as Pseudomonas
aeruginosa (strains PA01) showed an initial lag of 24 hrs and an exponential log
of 72 hrs. In the MSM broth without additional carbon sources the uptake of TBTC
was very slow and steady (Fig-4.10). Alcaligenes sp.26 showed faster utilization
of TBTC than PA01 and USS25W. As the bacterial surface is highly negatively
charged due to full deprotonation of surface carboxyl and phosphate sites (Fein
and Delea,1999) and in aquatic environment TBTC is present in cationic form
(Hoch, 2001). These negative charges of bacterial cell surface and free cation of
TBT (TB-11 have ionic attraction, which might be a cause of biosorption of TBTC.
It has been suggested that the organic moieties of organotins become associated
with the surface of biological membranes rather than penetrating them (Avery at
al. 1993). It has been suggested that there is release of IC + from cells, arising from
increased cytoplasmic membrane permeability, which occurs because of
organotin binding or as a consequence of insertion into the membrane (White et
al. 1999). The other possible mechanism of TBTC utilization of the strain
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Alcaligenes sp.2-6 is chelation of organotin with EPS or siderophores which have
affinity to bind with heavy metal and organic compound. Some strains of
Pseudomonas aeruginosa are known to produce EPS (Holden et al. 2002) and
siderophores (Inoue et al. 2003), it is quite possible that the present strain also
has adapted one of the above mentioned mechanisms. High lipid solubility of
organotins ensures cell penetration and association with intracellular sites while
cell wall components also play an important role in btaccumulation of TBTC
(Gadd, 2000). The present strain showed better growth and utilization of TBTC
than strains PA01 and USS 25W, hence can be used for adsorption and
concentration of TBTC present in the marine environment which will be an
important control mechanism in bioremediation of organotin from the
environment.
4.4 Effect of thioi (p-rnercaptoethanol) and chelating agent (EDTA-Na2) on
TBTC toxicity

When Alcaligenes sp. 2-6 was grown in MSM±TBTC (5 mM) with varying
concentrations (0.1% - 3%) of thiol (6-mercaptoethanol) and chelating agent
(EDTA-Na2) the growth of isolate increased upto 1.5% and inhibited at higher
concentrations of thiol and EDTA-Na2 respectively (FigA.11). Considering 1.5% of
thiol and EDTA-Na2 as an optimum concentration, the culture was grown with
varying concentration of TBTC (1 mM — 10 mM) in MSM. It was observed that in
presence of thiol or EDTA the culture could tolerate upto 10 mM TBTC, showing
maximum growth at 7 mM for both thiol and EDTA-Na 2 respectively (Fig 4.12).
The successive reduction of growth at higher concentrations of thiol and EDTANa2 could be due to decreasing enzyme activities (Lo et al. 2003). This
observation indicated that thiol and EDTA-Na2 has a similar effect of reducing
TBTC toxicity. Generally it was observed that heavy metal resistant
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microorganisms such as yeast, cyanobacteria (Synechococcus sp.) and bacteria
(Pseudomonas putida, Vibrio alginolyticus) induce metallothionine like proteins,
which are capable of binding heavy metal ions via thiolate co-ordination. This
plays a very important role in sequestering metal ions intracellularly by rapidly
binding to them as they enter the cell, thus effectively reducing the toxicity
(Higham et al. 1984; Robinson and Tuovinen, 1984; Gadd, 1986; Khare et al.
1997). The present study showed that thiols and EDTA-Na2 reduced the toxicity of
TBTC to cell. A similar kind of observation was also made by Dubey and Rai
(1989a), which revealed that mercaptoethanol and dithiothireitol reduced the
cellular toxicity of chromium and tin. The better protective efficiency of
dithiothreitol and mercaptoethanol could be due to restoration of proton transfer
across the biomembrane. The toxicity of the heavy metal or organic compounds
gets reduced by formation of complexes with S - and SO4 ions, which are unable to
cross the interior of biomembranes because they are too large (Dubey and Rai,
1989b). It has been reported that some of the organotin compounds, including
TBTC, act like organomercurials and inhibit the activity of many enzymes by
interacting with thiol groups of protein (Hallas and Cooney, 1981a). In case of
E.co/i, the inhibitory effect of TBTC on the growth was reduced by 10-25% in
presence of dithiothreitol. This inhibitory effect of TBTC on above process was
completely abolished in presence of various mono- and dithiols (Singh, 1989).
4.5 TBTC induced EPS production.
Alcaligenes sp.2-6 showed variation in growth pattern and EPS production when

grown in ZMB and MSM supplemented with 1 mM. 2 mM, and 5 mM TBTC
respectively (Fig.4.13, 4.14, 4.15, 4.16, 4.17, 4.18, 4. 19). The isolate showed
better growth in nutrient rich medium i.e., ZMB, but showed poor growth in MSM
supplemented with TBTC. When the isolate was grown in ZMB alone, produced
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38 pg/m1.. of EPS after 24 hrs of incubation. It is interesting to note that the
bacterial isolate grown in ZMB supplemented with TBTC (1 mM, 2 mM and 5 mM),
produced 46.3 pg/mL, 61.8 pg/mL and 98.3 pg/mi.. of EPS after 48 hrs of
incubation (Fig- 4.20). Interestingly, the isolate significantly showed less
production of EPS i.e., 21.8 .ig/mL, 32.1 ligtml. and 46.8 pglmL when grown in
,

MSM supplemented with TBTC (1 mM, 2 mM and 5 mM).and incubated for 48 hrs
(Fig. 4.21). The total carbohydrate obtained in MSM supplemented with TBTC (1
mM, 2 mM and 5 mM) after 96 hrs of incubation was Opg/mL, 72 pg/m1_, 86 pgirriL
and 98 pglmL (Fig.4.22). EPS production of the marine isolate increased
gradually with increase in the concentration of TBTC, but maximum yield
obtained both in ZMB and MSM was 98.3 pg/rni.. and 46.8 pg/ml. respectively.
Most bacteria use carbohydrates as a carbon and energy source and amino adds
or an ammonium salt as a nitrogen source (Sutherland, 1982). The composition of
EPS and the physio-chemical properties of these biopolymers can vary greatly,
but it is generally independent of the carbon substrate (Sutherland, 1982; Decho,
1990). Uptake of substrate is one of the first limitations on EPS production, and
the presence of a carbohydrate substrate such as glucose results in optimal EPS
yields (Sutherland, 1979). However the isolate Alcaligenes sp.2-6 grew very well
only in the presence of 5 mM TBTC rather than other selected carbon sources
such as Glucose, Glycerol, Succinate and Ethanol. Marine bacteria may produce
EPS during growth in seawater alone and during carbon limitation as many
species can make use of non-sugar sources for EPS biosynthesis (Sutherland,
1979; Decho, 1990). Hence we can hypothesize that Alcaigenes sp. 2-6 may be
producing EPS for sequestering the toxic effects of TBTC and rendering the cells
more tolerant to TBTC. Most exopolysaccharides are produced both in the
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exponential and stationary phases (Uhlinger and White, 1983); an exception has
been noted by Williams and Wimpenny (1977) for a non-marine pseudomonad,
which produces exopolysaccharide only in the stationary phase. EPS production
is more obvious under nutrient rich conditions probably due to increased biomass,
as observed in the case of Ataigenes sp. 2-6 in ZMB. As lipid solubility nature of
the organotin compound ensures the association of TBT molecule to cell wall
component (Gadd, 2000), it is quite possible that attachment of TBT molecule to
the cell surface also enhances the EPS production. It has been reported that cell
attachment increases the EPS production in

Pseudomonas aeruginosa,

Pseudomonai putida and Pseudomonas fluorescens (Read and Costerton, 1987;
Danese, et at 2000). Exopolymers itself possess high binding affinities for many
suspended compounds in sea-water. It forms a micro-environment around the
microbial cell, which allows it to operate, metabolise and reproduce efficiently
under controlled conditions and even in presence of heavy metals and toxins
(Decho, 1990, Ashtapurte and Shah, 1995a). Sphingomonas gattibidus and Vibrio
sp. are reported to produce geilan like polymer (Saralin et al. 1995) and E.coli
also produces exopolysaccharides (Pollock et al. 1994). There are reports stating
that Gram negative bacteria producing exopolysaccharides are resistant to
antibiotics (Pollock et al. 1994). EPS from Ochrobactrum anthropi has been used
for removal of chromium, cadmium and copper from aquatic environment
(Ozdemir et al. 2003). The aromatic hydrocarbon degrading bacterium
Pseudomonas putida G7 produces exoploymer, which has high metal binding
activity (Kachlany et al., 2001). EPS production by Pseudomonas aeruginosa has
been well characterized (Ashtaputre and Shah, 1995b).The EPS described in the
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present study increases our understanding of the mechanisms of TBTC resistance
and degradation by this well known protobacterium.
4.5.1 Chemical analysis of EPS
The chemical analysis of the bacterial exopolymers showed gross differences in

composition of the exopolysaccharide. The analysis showed that the exopolymer
was acidic in nature and the contents of the exopolymer were, neutral sugars (38,
46.3, 61.8 and 98.3 pg/mg), proteins (156, 158, 171 and 208 pg/mg), uronic acids
(114.6, 117.4, 122.8 and 136.7 pg/mg) and methyl pentoses (174, 196, 243 and
274 pg/mg) in ZMB supplemented with TBTC (1 mM, 2 mM and 5 mM). Similarly
neutral sugars (21.8, 32.1and 46.8 pg/mg), proteins (78, 96 and 164 pg/mg),
uronic acids (84.4, 88.1 and 114 pg/mg) and methyl pentoses (96, 137 and 186
pg/mg) in MSM supplemented with 1 mM, 2 mM and 5 mM (TBTC) respectively.
The sulphate contents were below the detection limits.

Alcaligenes sp.2-6

showed the highest exopolymer production with reference to yield (pg/mL) and
chemical contents i.e. total carbohydrates, uronic acids, proteins, sulphates and
methyl pentose (Table 4.1).
5.5.2 Fourier Transformed Infrared Spectroscopy (FT R) of the exopolymer
The FIIR spectrum of the purified polysaccharide of Alcaligenes sp.2 6 grown in
-

ZMB as control revealed characteristic functional groups of broad stretching at

3400 crn-1 characteristic for hydroxyl group, an asymmetrical stretching peak
noticed at 1662 cm-1 reveals the presence of carboxyl groups, a broad
assymetrical stretching of P=0 noticed at 1095 cm-1 corresponded to the
presence of Phosphodiesters (P02), an intense symmetrical peak noticed at 909
cm-1 corresponded to the presence of Glycosidic linkage especially at the
"Anomeric region" and a very weak peak observed at 549 cm-1 corresponded to
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the fingerprint region (Fig.4.23). Where as the FTIR spectrum of the EPS
extracted from the culture grown in the presence 5mM TBTC revealed
characteristic functional groups of broad stretching at 3416 cm 1 , characteristic for
hydroxyl group, an assymetrical weak C—H stretching band of methyl group at
2925 cm-1 , a C=0 stretching and CN bending of proteins and peptide amide was
noticed at a weak peak of 1656 cm-1, a weak peak at 1404 cm-1 reveals the
presence of C=0 stretching symmetrical of

coo- and C-0 bend COO-, a broad

assymetrical stretching of P=0 noticed at 1078 cm-1 corresponded to the
presence of Phosphodiesters (P02), a weak assymetrical peak noticed at 871
cm-1 corresponded to the presence of Glycosidic linkage especially at the
"Anomeric region" and a very weak peak observed at 539 cm-1 corresponded to
the fingerprint region (Fig.4.24). The FTIR spectrum of Alcaligenes sp.2-6 reveals
the similar stretching at 3400 cm-1 (control) and 3416 cm -1 (TBTC) corresponding
to hydroxyl groups, a similar broad assymetrical stretching of P=0 noticed at
1095 cm-1(Control) and 1078 cm -1 (TBTC) corresponded to the presence of
Phosphodiesters (P02), a similar intense symetrical peak (Control) noticed at
909 cm-1 and a weak assymetrical peak (TBTC) at 871 cm 1 corresponded to the
presence of Glycosidic linkage especially at the "Anomeric region" and a similar
weak peak at 549 cm-1 (Control) and at 539 cm' (TBTC) corresponded to
fingerprint region. Finally in the presence of TBTC two additional peak was
obtained corresponding to an assymetrical weak C—H stretching band of methyl
group at 2925 cm 1 , and a weak peak at 1404 cm-1 revealing the presence of
C=0 stretching symmetrical of COO" and C-0 bend COO - . The stretching at 1404
cm-1 could be assigned due to stretching of S=0 sulphate groups. The frequency
and type of functional groups present in the EPS affect the structure and overall
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physicochemical characteristics of the polymer in the surrounding aqueous
environment (Decho, 1990). Exopolymers are highly hydrated molecules (up to
99% water) possessing hydroxyl and carboxyl groups, which can have a
hydrophilic character in aqueous solutions (Sutherland, 1977; Decho, 1990). Up
to 20% to 50% of EPS produced by marine bacteria may be uronic acids (pKa
3.2-3.4) (Kennedy and Sutherland, 1987). These are carboxylated sugars,
conferring a net negative charge and acidic properties to the EPS at the pH of
seawater (pH 8) (Corpe, 1970).
4.6 TBTC induced pigment production.
Alcaligenes sp.2-6 produced light yellowish green pigment when grown in MSM +

TBTC (1 mM and 5 mM) respectively, which got enhanced with increase in TBTC
concentration (Fig-4.25, 4.26). When the isolate was grown in ZMB alone
produced an extracellular yellowish green pigment with highest peak intensity of
275.2 nm. When grown in MSM supplemented with 1 mM TBTC it was interesting
to note that two peaks were obtained an intense peak at 275.2 nm and a
additional weak peak at 462 nm respectively, which turned to dark brown in
colour upon further incubation for 48 hrs (Fig.4.25). It was really very interesting to
note that, the highest peak intensity obtained at 275.2 nm decreased with the
increase in TBTC concentration and the second peak with an absorption maxima
of 642 rim which showed weak intensity at 1 mM TBTC showed an increase in
intensity at 5 mM TBTC (Fig. 4.26). The pigment peaks of cells grown in MSM + 5
mM TBTC were significantly higher as compared to the TBTC deficient control
culture broth (Fig 4.25). These results indicated that TBTC significantly stimulates
the production of extracellular pigments, which are secondary metabolites like
EPS, which may be involved in TBTC sequestration and degradation. The above
observations indicated that, with the increasing concentration of TBTC, pigment
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production of the isolate also increased. It is quite possible that production of
pigment acts as a defensive mechanism for cells against TBTC. The same was
observed among the Pseudomonas sp. (Deley, 1964; Decho, 1990). Inoue (2000)
reported the involvement of pyoverdin in co-metabolism of triphenyltin (TPT). In
present study also pigment has a role in cometabolising TBTC or inhibit TBTC to
enter in to the cell. It has been reported that pyoverdin from. Pseudomonas

chlororamphis CNR15 has a major role in triphenyltin degradation. This suggests
that organotin degradation by pyoverdin may be considered a co-metabolism.
Therefore, the degradation reaction of organotin compounds is likely to occur by
chelation of certain types of siderophores (Inoue et al. 2003). The bacterium

Bacillus megaterium ATCC 19213 is known to produce two hydroxamate
siderophores, which c.helates with aluminum, iron and organic substrate and
removes them from environment (Hu and Boyer, 1996). Further characterization
of this pigment and its role in TBTC resistance or degradation will help us to
understand the role of pigment in removal of toxic substance from aquatic
environment.
4.6.1 Identification of fluorescent pigment.
This extracellular light yellow-green fluorescent nature of the pigment was
indicating that the pigment was either pyoverdin or pyocyanin (Fig.4.25). It was
interesting to note that the isolate, which was producing yellowish green pigment,
got converted to dark brown on further incubation. The spectrophotometric
analysis of the acetone extract showed several peaks with the highest absorption
at 275.2 nm (control) and weak peak in the range of 462 nm which was exactly
correlating with the spectral analysis of standard phenazine methosulfate (NMethyldibenzo pyrazine methyl sulfate salt) dissolved in chloroform. The
pigmented culture broth of Alcaligenes sp.2-6 grown in 5 mM +TBTC was used for
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spectrofluorimetric study separately, in which culture broth was excited between
181-780 nm and a sharp emission was observed at 462 nm (Fig. 4.27). The
pigment was confirmed as phenazine pigments as the colour got intensified on
addition of few drops of concentrated HCI to pigmented culture broth. This is a
distinctive character of phenazine compounds (Gerber, 1973). This observation
clearly indicated that Afeafigenes sp.2-6 produces phenazine pigments during
stationary phase of growth. The production of pigments like pyocyanine,
phenazine is very common in different strains of Pseudornonas aeruginosa. As it
was observed that the cultures produced pigment even in ordinary laboratory
conditions, it confirmed that the pigment is phenazine, because phenazine
pigment appears if the culture has been kept for long time in ordinary laboratory
condition (Krieg and Holt, 1984). The darkening of the culture broth with
Concentrated HCI also proves that Alcaligenes sp. 2-6 produces phenazine
pigment. Phenazine produced by cells of the selected isolate is a distinctive and
novel feature of TBTC resistant Alcaligenes sp. 2-6.
4.7. Organotin degradation (TBTC & DBTC).
4.7.1 Spectrophotometric analysis of Bacterial Cell extract

In order to confirm the bioaccumulation of TBTC and DBT by Alcaligenes sp.2-6,
cell pellet extract was spectroscopically scanned in the range of 190 — 700 nm. It
was observed that TBTC and DBT absorbs maximally at 241 nm and 263 nm
respectively. It was really interesting to note that chloroform extract of cell pellet of
Alcaligenes sp.2-6 grown in MSM+5 mM TBTC exhibits decrease in peak intensity
upto 72 hrs starting from zero hours tested showing absorption maxima of 241 nm
(Fig-4.28). Page, (1989) postulated that higher bioaccumulation can help in
degradation. The cell supernatant obtained after four days 1, 2 and 3 weeks of
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incubation revealed the presence of DBT in the medium which showed absorption
maxima of 263 nm (Fig-4.29). The chloroform extract of the cell pellet of
Alcaligenes sp2-6 grown in MSM+5 rriM TBTC incubated for 1, 2 and 3 weeks
confirmed the presence of DBT in the cell extract which showed an absorption
maxima of 263 nm these observations confirms that, the isolate accumulates
TBTC prior to degrade as suggested by Page (1988) (Fig-4.30). The chloroform
extract of the cell pellet after 45 days of incubation revealed the presence of an
additional compound being formed showing an absorption maxima of 280 nm
which may be attributed to MBT (Fig-4.31). These results confirmed that the
marine isolate Alcaligenes sp.2-6 degraded TBTC to MBT with in 45 days of
incubation at 28°C at 180 rpm. The chloroform extract of the cell pellet of the
isolate grown in 7 mM DBT (optimum concentration) showed the presence of a
new compound with absorption maxima of 280 nm after 4 days of incubation,
which intensifies after 6 and 9 days respectively (Fig-4.32). The above
observation reveals that the Alcaligenes sp.2-6 bioaccumulates DBT rapidly and
degrades it to MBT completely within 9 days of incubation.
4.7.2 TLC analysis of Bacterial Cell extract

The chloroform extract, which was used for above analysis, were used for TLC
analysis. The observation revealed that the pure TBTC compound has different
profile than the TBTC mixed in MSM broth (Fig. 4.33, Lane-1 and 2). When the
cell extract was observed on TLC, it was noted that the MSM+TBTC complex had
become light and a faint spot appeared on the top of the lane which may be
attributed to DBT and MBT after 45 days (Fig 4.33, Lane-3 and 4). The Rf. values
of TBTC and the transformed compound was 0.8 (Solvent front -15±2, TBTC 12.5±1.5) and 0.94 (Solvent front - 15±2, Product - 14.1±2) respectively and
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compared standard values (Orsler and Holland, 1982). The above observation
reveals that though TBTC forms a MSM+TBTC complex in the medium, as the
culture grows, it takes up the complex on the cell surface because of lipophilic
nature of the cell surface. This study demonstrates that outer membrane of
bacterial cell plays an important role in TBT biodegradation in aquatic system, but
limited number of these microorganisms have been identified till now. It has been
reported that two Chioreila species can metabolize TBT to the less toxic species
DBT. The microalgae species Skeletoneam costatum is capable of degrading TBT
and some bacteria like Pseudomonas aeruginosa, Pseudomonas putida and
Alcaligenes faecalis are able to degrade organotin compounds (Hoch, 2001).
4.7.3 Time course study of TBTC degradation
TBTC degradation study performed with regular time interval revealed that within
72 hrs of incubation, no degradation product was detected on TLC plate. The
degradation product starts appearing after 21 days of incubation (Fig 4.33, Lane3). The TBTC+MSM complex starts disappearing with successive incubation,
which could be detected through 45 days extract The 45 days extract showed
that there was disappearance of TBTC+MSM complex in a great extent (Fig 4.33,
Lane-2). Incase of the isolate grown in 7 mM DBT, the degradation product with
an absorption maxima of 280 nm appeared after nine days of incubation (Fig-4.34,
Lane-3). Time course study revealed that, though the culture utilizes TBTC during
initial growth phase, due to acclimatization or biosorption of TBTC by cells, the
degradation process was very stow, hence no degradation spot could be detected
through TLC in one or two days old cell extract. Even the reason of not getting any
degradation spot on TLC plates within 7 days, might be the presence of very little
amount in the extract. In the extract of subsequent incubation period, culture
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started utilizing the TBTC+MSM complex and transforming it to some other
compound. The disappearance of TBTC+MSM complex in the extracted samples
of 21 and 45 days also indicated the same. The 45days extract clearly indicated
that TBTC was almost utilized by Aicaftgenes sp.2-6. In laboratory condition, it
was found that the half life of TBT found in the freshwater sediment was 360 days
(initial concentration of 450 nglg) (Dowson et al. 1996), whereas in situ studies on
TBT using marine sediments revealed that TBT half-life was ranging from 0.91-5.2
years, but there was very little difference in time course study of TBTC
degradation profile (de Mora et al. 1989; Dowson et al. 1996). In the present
4study the culture could degrade TBTC into respective DBT and MBT within 45
days of incubation which is a very promising report.
4.8 Protein profile
Heavy metal induced specific polypeptides play a very important role in metal ion
homeostasis in cyanobacteria (Olafson et al. 1979). Similarly some bacterial
strains are also known to synthesize cysteine rich low molecular weight
polypeptides which play an important role in biosorption of these metals and
ultimately resulting in immobilization of toxic metals and protection of vital
metabolic processes which may get adversely affected due to toxic effect on
enzymes (Higham, et al. 1984; Gadd, 2000). Alcaligenes sp.2-6, grown in ZMB
supplemented with TBTC (1 mM, 2 mM and 5 mM) and DBTC (1 mM, 2 mM, 5
mM, 7 mM and 10 mM) showed maximum growth, total protein content was 600
pg/mL at 5 mM TBTC and 1100 pgimi_ at 10 mM DBT (Fig. 4.35, 4.36). It was
very interesting to note that, the control showed total protein content of 380
pg/mL. Where as in MSM total protein content was 920 pg/mL at 5 mM TBTC and
1100 pg/mL. in 7 mM DBT (Fig. 4.37, 4.38). This showed that TBT and DBT
formed coordination complexes with organic compounds present in the medium
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thus reducing the toxicity of TBT and DBT and enabling bacterial growth. Where
as in MSM, as there are no organic compound, the only source of carbon being
TBTC and DBT, the isolate showed low production of protein in the initial stages,
but the increase in the production was noticed at 5 mM TBTC and 7 mM DBT,
suggesting that at this level there was induction of either inducible or constitutive
enzymes which could metabolize TBTC and DBT (Fig. 4.37, 4.38). However,
SDS-PAGE analysis of Alcaligenes sp. 2-6 clearly revealed that cells exposed to 2
mM TBTC showed the synthesis of certain proteins which appeared as faint band
(42, 38 and 32 Kda) (Fig.4.39). The band formed in the presence of 2 mM TBTC
got intensified in the presence of 5 mM TBTC. Suggesting the presence of low
molecular weight cysteine rich polypeptides like stress proteins that reduces the
toxicity by sequestering TBT. These protein bands of (42, 38 and 32 Kda) could
not be observed in the presence of 5 mM, 7 mM DBT and in the control (Fig.4.39,
Lane-4, 5 and 6). This confirmed that at higher concentration of TBTC,

Alcaligenes sp. 2-6 produced certain cysteine rich polypetides that could prevent
cytotoxicy and cell death, these polypeptides may be attributed to metallothioneins
like proteins, which play a vital role in intra or extracellular sequestration
(Fukagawa, et al. 1992). The expression of 42, 38 and 32 KDa proteins in

Alcaligenes sp. 2-6 was different from earlier observations. The protein band,
which gets intensified in presence of 5 mM of TBTC, is noteworthy. The possible
reason could be that this level of TBTC which is optimum for growth may induce
metailothionine like proteins. So, at this concentration of TBTC i.e., 5 mM only, the
42, 38 and 32 KDa proteins gets induced. This indicated that 42, 38 and 32 KDa
proteins are stress induced proteins. Certain heavy metal tolerant bacteria such
as Pseudomonas putida and MO alginolyticus commonly show induced
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synthesis of low molecular weight, cysteine rich polypeptides like proteins which
bind with specific metals such as cadmium and copper making them unavailable
to the bacterial cells (Higham et al, 1984; Gadd, 1992; 1993; Pazirandeh, et
a1.1995; 1998). There is evidence that the site of toxic action of organotins may be
both at the cytoplasmic membrane and intracellular level. While 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 chloropiast by causing ion exchange through membranes and inhibiting
phosphorylation and ATPase. Some of the enzymes like glucose dehydrogenase,
glucose-6-phosphate dehydrogenase, p-gaiactoside galactohydrase and alkaline
phosphatase are affected by TBT except for ATPase and NADH oxidase. In case
of Bacillus sp ATPase gets activated in presence of TBTC. The NADH oxidase
activity was stimulated as the concentration of TBT was increased in relatively
resistant strain of Pseudomonas putida TBT-6 and Pseudomonas sp BP-4 (Tsing
and Cooney, 1995). The above identified proteins might be one of them. These
studies have confirmed that even toxic compound could affect protein synthesis. It
has been reported that a 45 KDa protein produced by

Acinetobacter

radioresistens is highly effective in stabilizing the solubilization of hydrocarbon,
including polycyclic aromatic hydrocarbon (Ron and Rosenberg, 2002). Dubey &
Roy, (2003) had reported the production of stress induced protein of 45 KDa by
Pseudomonas aeruginosa USS 25W in presence of 2 mM TBTC.
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Table 4.1 Chemical analysis of EPS produced by Alcaligenes sp. 2-6 in ZMB and
MSM supplemented with 1 mM, 2 mM and 5 mM TBTC.
Wet weight

Dry weight

TCHO

Protein

Uronic acid

Sulphate

S3 in ZMB (Control)

48 mg/mL

4.3 mg/mL

38 pglmg

156 pg/mg

114.6 pg/mg

-ye

Methyl
Pentose
17414/mg

Control+1 mM
TBTC
Control+2mM
TBTC
Control+5mM
TBTC
S3 in MSM (Control)

66.2 nig/ml..

6.5 mg/mL

46.3 pglmg

158 pd/mg

117.4 pg/mg

-ye

19614/mg

81.8 mg/mL

7.6 mg/mL

61.8 pglmg

171 pg/mg

122.8 pg/mg

-ve

243 pg/mg

128.3 mg/mL

13.0 mg/mL

98.3 pglmg

208. pg/mg

136.4 pg/mg

-ye

274 pg/mg

ND

ND

ND

ND

ND

ND

ND

34 mg/mL

2.9 mg/mL

21.8 pg/mg

78 pglmg

84.4 pg/mg

-ye

96 pg/mg

48.6 rng/mL

4.2 mg/mL

32.1 pg/mg

96 pg/mg

88.1 pg/mg

-ye

137 pg/mg

68 mg/mL

7.4 mg/mL

46.8 pglmg

164 pg/mg

114 pg/mg

-ye

186 pg/mg

Control+1 n1M
TBTC
Control+2mM
TBTC
Control+5mM
TBTC
ND = Not detected

-ye = Below detection limit

154

2.500

1.2752 nm at 0A79 Abs
2.275.2 nm at 0.176 Abs
3.462 nm at 0.1395 Abs

-

A

b

3

now
190.0

700.0

450.0
Wavelength (nm.)

Figure 4.25 Spectrophotometric scan of pigment produced by Akeligenes sp. 24
in ZMB only (Control) and I mM TBTC+Controi

2.500
1. 462 nm at 1.36 Abs
2. 275.2 nm at 0.113 Abs.,

A
b 1.250

0.000
190.0

700.0
450.0
Wavelength (nm)
Figure. 4.26. Spectrophotometric scan of pigment prouduced by
Alealigenes sp. 24 grown in MSM+5 mM TBTC.

155

1000_000

1

IF

4_ 462 nm ad0.484 Abs.

0

15,

0000
1811.10

Il

4805
Wave
(nm)

Figure 427 Spectrefluothnebic scan of pigment produced by
Akafigenes sp. 24 in riSel. 5 mt4 ETC

•

156

500.0
400.0
Wavelength (nm)

600.0

700.0

Figure 4.28 Spectrophotometric scan of chloroform extract of cell pellet of
Ncallgenes sp. 24 grown in MSM+5 mM TBTC obtained after
0. 24. 48 and 72 hrs of Incubation
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Figure 4.29 Spectrophotometric scan of chloroform extract of
cell pellet of AlCalig$11$5 sp. 2-6 grown in MSM+5 mM TBTC
obtained after 4 days, 1.2 and 2 weeks of incubation.
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Figure 4.30 Spectrophotometric scan of chloroform extract of cell pellet of
Alcallgenes sp. 24 grown In MSM+5 mM TBTC after
1, 2 and 3 weeks of incubation.
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Figure 4.31 Spectrophotometric scan of chloroform extract of cell pellet of
Akaligenes sp. 24 grown in MSM+5 mM TBTC after 45 days of
incubation.
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Figure 4.32 Spectrophotometric scan of chloroform extract of cell
pellet of Alcatigenes sp. 2-6 grown in MSM+7 mM DBT
after 4, 6 and 9 days of incubation.
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Fig- 4.35 DBT degradation profile of Alcaligenes sp. 2-6
after 6 and 9 days of incubation.
1. DBT (Control).
2. Extract of cells grown in MSM+7mM DBT for 6 days.
3. Extract of cells grown in MSM+7mM DBT for 9 days.
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Figure. 4.36 Growth (Total Protein content) of A/ca//genes sp. 2-6
in ZMB supplemented with TBTC
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Figure. 4.37. Growth (Total Protein content) of ilicaiisrenes sp. 2.G in MSM supplemented with TBTC
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Figure 4.40 Protein profile (SDS-PAGE) of Alcaligenes sp. 2-6 grown
in ZMB, MSM With 2 mM, 5 mM TBTC and 5 mM, 7 mM DBT
respectively.

Lane. 1 & 7 Medium range protein marker (14.3 - 97.4 KDa)
Lane. 2. S3 in MSM+5mM TBTC
Lane. 3. S3 in MSM+2mM TBTC
Lane. 4. S3 in MSM+7mM DBTC
Lane. 5. S3 in MSM+5mM DBTC
Lane. 6. S3 in ZMB (Control)
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CHAPTER V
MOLECULAR BIOLOGICAL AND
GENETIC CHARACTERIZATION OF
HIGHLY TBTC TOLERAN T

Alcaligenes sp. 2-6 (strain S3)

RESULT AND DISCUSSION
The TBTC resistant Alcaligenes sp.2-6 was subsequently studied in order to
explore molecular and genetic characteristics involved in TBTC resistance and
degradation.
5.1 Purification of piasmid DNA and Agarose Gei Electrophoresis.
Alkaline lysis method (Bimboim and Doly, 1979), revealed a small plasmid, when
cells of Alcaligenes sp. 2-6 were processed accordingly. It is interesting to note
that yield of the plasmid DNA was better using alkaline lysis method than boil prep
method (Holmes and Quigley, 1981) and Kado and Liu method (1983), therefore
alkaline lysis method was followed for further experiment to purify and
characterize plasmid DNA. Agarose gel electrophoresis of plasmid DNA on 1%
agarose gel revealed the presence of a small supercoiled plasmid (Fig 5.1).
5.2 Restriction mapping of !Amid DNA
In order to determine the size of plasmid of Alcaligenes sp.2-6, purified plasmid
DNA was digested with three restriction endonucleases such as

Hind III, Eco RI

and Barn HI and the resultant DNA fragments were analyzed by agalore gel
electrophoresis on 0.8% agarose gel using Tris-acetate-EDTA buffer as electrode
buffer (Fig.5.2). During this experiment 100-2,000 bps DNA ladder was used as
molecular size marker to determine the size of DNA fragments. The closed
circular form of the plasmid when digested with Hind Ili produced 3 bands of 2.0
kb, 0.7 kb and 0.2 kb (Fig.5.2, lane 2). Where as when the plasmid was digested
with Eco RI and BamHI, it generated 2 bands of 2.0 kb and 0.9 kb each (Fig.5.2,
lanes 3 and 4). Uncut plasmid DNA is seen as a single band (Fig.5.2, lane 5). This
clearly indicates that the size of the plasmic! of Alcatigenes sp.2-6 is approximately
3.0 kbps (Fig.5.2). It has been reported that bacterial strains from toxic chemical
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contaminated sites, more frequently, posses plasmids (Silver,1992). For example,
Pseudomonas aeruginosa has several plasmids which are responsible for
degradation of xenobiotics such as pyridine, phenol, o-xylene, toluene, 1, 2, 4trimethylbenzene etc., (Barbieri et al. 1989, Laddy et at 1995; Yoon, 1998; Mohan
et al. 2003) and also exhibit resistance to several heavy metals viz. mercury,
cadmium, chromium, copper and silver (Cervantes and Ohtake, 1988, Vasista et
al. 1989, Cervantes and Silver 1996, Bruins et at. 2003). It is interesting to note
that this TBTC hypertolerant -marine bacterium possesses a small superooiled
plasmid (3.0 kbps) (Fig-5.2), and presence of this plasmid reveals a possibility of
plasmid mediated TBTC resistance and degradation.

5.3 Acridine orange curing of plasmid.
Earlier studies on Pseudomonas spp. and Alcaligenes sp. have shown that
plasmids may confer resistance to metals such as Hg, Cd and As and
organometals TBTC and DBT. Keeping in view these facts we tried to cure the
plasmid DNA of the test organism Alcaligenes sp. 2-6. lnorder to reveal whether
TBTC tolerance was plasmid mediated or not. Acridine orange (25 pg/mL) was
used to cure plasmid of Alcaligenes sp_ 2-6 which was determined by % killing
curve of acridine (Fig.5.3). it has been reported that acridine orange inhibits the
replication of bacterial plasmids by causing mutation in absence of light at the site
of semiconservative DNA replication. The percentage survival (killing) curve of
acridine orange indicated that the culture of Alcaligenes sp. 2-6 showed 30
percent survival in presence of acridine orange (25 pg/mL) (Fig-5.3). Cells were
subcultured 10 times in presence of acridine orange (25 pg/mL). During each
subculturing in presence of 25 pg/mL acridine orange, culture was diluted and
plated on TBTC containing agar plates to obtain isolated colonies. It is interesting
to note that gradual loss of plasmid from acridine orange treated cells was noticed
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during each subculture, with complete loss after sixth subculture in presence of
acidine orange (Fig- 5.3). it is interesting to mention that plasmid cured cells were
able to still utilize TBTC (5 mM) as carbon source, therefore it is definitely correct
that TBTC resistance and degradation by Alcai!genes sp.2-6 is governed by
genes located on chromosomal genome than plasmid genome. Similar findings
have already been confirmed by Lee et al. (2001) that acridine orange cured cells
of Pseudomonas aeruginosa and Pseudomonas putida still show cadmium
resistance since the genes are not plasmid borne. Genetic studies on TBTC
resistant and degrading bacterial strains from marine environments are extremely
limited with very few reports demonstrating the presence of plasmids, but no
correlation with TBTC resistance (Suzuki et al. 1992; Fukugawa and Suzuki,
1993; Miller, et 1995; tvlinchin et ai. 1997). Though the TBTC resistance
mechanism may be either plasmid mediated or governed by chromosomal
genome, generally it has been demonstrated that the genes conferring resistance
to metals, organometals and PAH are located on chromosomal genome. One
such TBTC resistant bacterial strain Afteromonas sp. (strain M1) showed TBTC
resistance mechanism which is governed by genes on chromosomal genome.
TBTC resistance gene has been successfully cloned in pUCI9 and has also been
sequenced (Fukagawa and Suzuki, 1993). Nucleotide sequence of the shortest
1.8 Kb Hind ill fragment revealed an ORF of 324 bps (108 amino acids). 48.5%
amino acids of this protein were hydrophobic suggesting that encoded polypeptide
is a membrane protein of 12 KDa belonging to transglycosylase (Fukagawa and
Suzuki, 1993). Kitamura and Suzuki (2003) have also reported that Sec A is
another gene which is also involved in conferring TBTC resistance in
Pseudoatteromonas sp. (strain M1) (Unpublished data). This gene was present on

168

4.6 Kbp Pst I fragment and possesses an ORF of 2,700 bps. It is interesting to
note that this gene shows 70.8% homology with E. coil Sec A and 70.4 %
homology with Vibrio aiginolyticus, Sec A (Kitamura and Suzuki, 2003). They have
hypothesized that Sec A (116 KDa) is a TBTC binding cystosolic protein which
shows TBTC induced production of this polypeptide. it also appears that Sec AATPase is also resistant -to TBTC, though normally ATPase and other ATPase
related enzymes are strongly repressed by TBTC.
5.4 Identification and localization of TBTC resistance genes using specific
PCR primers and Genomic DNA as template.
5.4.1 les rRNA gene amplification

Genomic DNA was isolated from Alcaligenes sp.2-6 by using the method of Jones
and Bartlet (1990). The analysis of 16 s rRNA genes was aided by using PCR to
amplify target sequences in the strains. Two PCR primers viz. forward primer (17
mer, Tm 58°C) 341 F (5'-CCT ACG GGA GGC AGC AG -3') and cub reverse
primer (20 rner, Im 62.5 .4C) 1367r (5'-GCC CGG GAA CGT AU CAC CG -3')
were used to amplify approximately 1A Kbps of a consensus 16 s rRNA gene
(Marchesi et al. 1998) (Fig 5.5). Alcaligenes sp.2-6 produced 16 s ribosomal DNA
amplicon of 1.4 Kbp. This size corresponded to the predicted size of the 16 s
rRNA genes from the primer pair used in this study.
5.4.2 PCR analysis of genomic DNA
The PCR analysis of genomic DNA to find out presence of tbt B gene of tbt ABM

operon revealed that Alcaligenes sp. 2-6 is PCR (+) ve for this gene (1.42 kbps)
which encodes transporter protein belonging to RND family (Fig. 5.5). These
studies have clearly revealed that tbt B gene amplicon of (1.42 kbps) is present
only in Alcaligenes sp. 2-6 (strain S3), as no positive results (amplicon) were seen
in case of Pseudomonas aeruginosa PA01 Pseudorrionas aeruginosa USS-25W,
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Alcaligenes sp. swo (Fig. 5.5). Wurtz et at (1991) have described TBTC resistant
bacteria that contained plasmids and had multiple heavy metal and antibiotic
resistance. Miller et at (1995) have also reported TBT resistance along with
chromium resistance in Pseudomonas aerugirios-a. Suzuki and Fukagawa, (1995)
have reported about TBTC resistant bacteria from polluted and unpolluted
estuarine and freshwater sediments. Fukagawa et at (1992) isolated one TBTC
resistant marine bacterium, Alteromonas sp. M-1, and characterized TBT
resistance gene(s) involved in TBTC resistance in this bacterium (Suzuki and
Fukagawa, 1995). It is very interesting to note that very little is known about TBT
resistance gene(s) and their encoded mechanism for resistance/ degradation in
microorganism. TBTC resistance in Pseudomonas stutzeri 5MP1 was found to be
associated with the presence of an operon, called tbtABM, that is a multidnig
efflux pump (Jude et at 2004). This is the only tbt r (resistance) mechanism
known so far in bacteria. Dubey and Roy, (2004) have earlier reported
chromosomal mediated (not characterized) resistance in Pseudomonas

aeruginosa USS-25W, which tolerated 2 min of TBTC. Aicaligenes sp. 2-6 grows
and utilizes TBTC (5 miV1) without showing any lag, degrades TBTC into DBT and
MBT respectively with in 45 days of incubation and since curing with acridine
orange revealed the disappearance of the plasmid after sixth generation, it was
clearly evident that gene(s) for TBTC resistance and degradation are present on
the chromosomal genome.
These studies have clearly demonstrated that this TBTC resistant isolate is
capable of tolerating such a high level (5 midi) of TBTC due to inherent presence
of tbtABM operon and also due to its capability to transform (degrade) TBTC to
DBTC and MBTC gradually.
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Figure. 5.1 Plasmid profile of Alcaligenes sp. 2-6
Lane 1-

Plasmid DNA

Lane 5 — DNA marker (100-2,000 bps)
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Figure 5. 2. Restriction mapping and Agarose gel electrophoresis
of Plasmid DNA of Alcaligenes sp. 2-6 (strain S3).
Lane 1. DNA Marker (100-2,000 bps)
Lane 2. Hind III (cut) 2.0 kb, 0.7 kb and 0.2 kb
Lane 3. Eco RI (cut) 2.0 kb and 0.9 kb
Lane 4. Barn H1 (cut) 2.0 kb and 0.9 kb
Lane 5. Plasmid DNA (uncut)
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Fig. 5.3 % Survival of Alcaligenes sp.2-6 (strain S3)in acridine
orange
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Fig. 5.4 Acridine orange curing of plasmid DNA of Alcaligenes sp. 2-6.
Lane 1. DNA marker (100-2000 bps)
Lane 2. Plasmid DNA
Lane 3. Plasmid DNA (Cured)
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tbtB gene

Fig. 5.5. PCR analysis of genomic DNA to find our tbtB gene
PCR primers:
tbtB3 primer -f : 341- 5'cgccggcgcgttatcgctgg-3'
tbtB4 primer —r : 1387-5'ggtggcgcacagcgccgggg-3'
Lane 1 & 2. Negative control (E. coli genomic DNA)
Lane 3. 1 kbps DNA marker
Lane 4. Pseudomonas aeruginosa PA 01 genomic DNA as template
Lane 5. Pseudomonas aeruginosa USS-25W genomic DNA as template
Lane 6. Alcaligenes sp. swo genomic DNA as template
Lane 7. Alcaligenes sp. 2-6 genomic DNA as template
Lane 8 & 9. 1 Kbps DNA marker
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Salient features
O

Surface water and sediment samples were collected from different sites of
coastal Goa, India viz., W.I.S.L (Western India Shipyard Ltd.) G.S.L. (Goa
Ship yard Ltd.) and Vipul marine engineering works at (Chicalim Down)
local areas in Vaso-da-gama.

Physicochemical characteristics of water and sediment samples were
determined as temperature 28°C- 30°C, pH 7.9-8.0 and salinity 31-32

Too.

Viable count of bacteria in these water sample revealed that majority of
natural bacterial population (13.5% - 22.86%) can grow up to 0.1 mM of
TBTC.

•

The five potent TBTC resistant bacterial isolates were selected among 128
isolates after continuous sub culturing in MSM in presence of varying
concentrations of TBTC and were designated as Si, S2, S3, Sd and Sp.

sti These five bacterial strains have been identified as

Havobacterium

balustinum. (strain S1), Vibrio harveyi. (strain S2), Alcaligenes sp. 2-6
(strain S3), Alcaligenes sp. swo (strain Sd) and Pseudomonas fluorescens
(strain Sp).

•

All these isolates were found to grow from 2 mM-5 mM of TBTC in MSM
broth as well as on MSM agar as they utilize TBTC as a sole carbon
source.

175

•

The optimum temperature, pH and salinity for the growth of all five isolates
were found to be 28°C, pH-7-8 and 2-3 700 respectively.

O

All the five isolates grew very well in ZMB, LB, NB supplemented with
TBTC without any lag but an exponential log of 8 hrs. But in MSM with
TBTC showed a lag of 2-4 hrs and an exponential log of 8 hrs.

All the five isolates were cross tolerant to heavy metals viz. Hg, Cd and As
and some common antibiotics such as Penicillin, Ampicillin, Tetracycline,
Chloramphenicol and Streptomycin including some other antibiotics viz.
Neomycin, Spectinomycin, Rifampicin, Kanamycin, Nalidixic acid etc.

On the basis of growth and TBTC utilization as carbon source,

Alkaligenes sp. 2-6 (strain 53) was selected for further biological
characterization with reference to TBTC degradation and its molecular
mechanisms,

•

It was observed that MSM was the best medium for growth and TBTC
degradation by Alkafigenes sp. 2-6 (strain S3).

O

Among the various tested carbon sources viz. glucose, glycerol succinate,
and ethanol. Glucose and glycerol was found to be the best carbon source
for growth of Alkatenes sp. 2-6 (strain S3).
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40

The spectrophotometric analysis of chloroform extract of cells grown in
TBTC Containing medium showed a sharp absorption peak at 241 nm
(TBT), 263 nm (DBT) and 280 nm (MBT) after 0 — 72 hrs, 2 weeks and 45
days of incubation. Preliminary TBTC degradation studies (TLC analysis)
have revealed that TBTC is definitely transformed to different organotin
derivatives, but very slowly. Time course study of TBTC degradation has
revealed that the bacterial isolate can degrade TBTC within 45 days of
incubation.

•

The test organism Alkaligenes sp. 2-6 (strain S3) also produces yellowish
green fluorescent

pigment in the growth medium, which has been

identified as phenazine and it is interesting to note that TBTC causes
signifi ca nt increase in pigment synthesis.

•

SDS-PAGE analysis of protein sample of Alkaligenes sp. 2-6 (strain S3)
has revealed expression of three novel proteins of 42, 38 and 32 K.Da.

•

TBTC resistant Alkaligenes sp. 2-6 (strain S3) possesses a plasmid
approximately of 3.0 Kbps. We have also confirmed that it has no role in
TBTC degradation, since plasmid cured bacterial cells still showed TBTC
resistance and degradation capability. Therefore we can infer that gene
governing TBTC degradation in Alkaligenes sp. 2-6 (strain S3) is located in
genomic DNA.
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The PCR analysis of genomic DNA revealed the presence of tbt B gene of
tbtABM operon indicating that, Alcaligenes sp. 2-6 is PCR (1-) ve for this
gene (1.42 kbps) which encodes transporter protein belonging to RND
family. These studies have clearly revealed that tbtB gene amplicon of
(1.42 kbps) is present only in Alcaligenes sp. 2-6 (strain S3).
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Future prospects of the present study
Microorganisms indigenous to polluted sites often have a limited ability to
degrade xenobiotics and toxic pollutants which are highly substituted or which
have especially novel chemical structure (Pipke et al. 1992). 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. We have isolated
five bacterial strains viz. and studied Alkaligenes sp. 2-6 (Strain S3) extensively
as a potent strain for organotin (TBTC) degradation in marine and estuarine
environment of Goa coast of India. It has novel characteristics to produce EPS
which shows significant surfactant activity to emulsify TBTC in the medium. The
structural analysis of the EPS may give rise to the exact molecular basis of the
TBTC solubilization in the medium and subsequent degradation of the biocide
which is a serious threat to marine biota. As this pigmented isolate can
bioaccumulate TBTC on the cell surface, therefore this bacterial isolate can be
used for immediate removal of TBTC from the contaminated marine and
estuarine sites. Role of EPS in emulsification and biosorption of TBTC needs to
be explored in detail in order to answer various questions related to TBTC
biodegradation and bioremediation. The molecular biological and genetic studies
have confirmed that the TBT degradation gene(s) is located on chromosomal
genome. We have planned to find out the gene(s) responsible for degradation.
Further characterization of the gene(s) may certainly reveal exact molecular
mechanism of TBTC degradation and resistance. We can explore and examine
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these TBTC inducible genes by cloning these genes in lux reporter plasmid
pUCD615 (Gift from Dr. Kado) using standard techniques (Sambrook et al.
1989). Therefore, we suggest that much focused research is required to
elucidate the mechanism of TBTC bioaccumulation, biodegradation and
bioremediation in TBTC resistant marine bacteria employing molecular biological
and genetic tools (Sambrook et al. 1989). This study would ultimately enable us
to check the potential of these natural as well as genetically engineered bacterial
strains for bioremediation of TBTC contaminated marine and estuarine sites of
coastal Goa, India.
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APPENDIX

A. Media composition
A.1 Mineral Salt media (single strength) for 1L:
(Seubert, 1960; Mahtani and Mavinkurve, 1979)
Ferrous sulphate (green crystals)

a06 gm

Dipotassium hydrogen orthophosphate(12.6%)

100 mL

Potassium dihydrogen ortho phosphate (18.2%)

20 mL

Ammonium nitrate (10%)

20 mL

Magnesium sulphate (1%)

20 mL

Manganese sulphate (0.6%)

0.2 mL

Sodium molybdate (0.6%)

0.2 mL

Calcium chloride (dihydrate) (1%)
Double Distilled Water

15 mL
1000 mL

pH adjusted to 7.5 with 0.1 N NaOH
For use: 10 mL of double-strength media made to 20 mL with Double Distilled
Water and sterilized for 10 min at 120°C temperature and 15 lbs pressure. To

prepare MSM agar, MSM broth is mixed with agar (1.5%) and autoclaved
accordingly.
A.2 Nutrient Broth

peptone

100 gm

Beef extract

3.0 gm

Sodium-chloride

5.0 gm

Double Distilled Water

1000 mL

pH was adjusted to 7.5 with 0.1 N NaOH
For nutrient agar, t5 gm of agar added to 100 mL nutrient broth. Digested in
water-bath and sterilized accordingly.
A. 3 Luria Bertani (L.B) Broth (Gerhardt et al., 1994)

Tryptone
Yeast extract

10.0 gm
5.0 gm

Sodium Chloride

10.0 gm

Double Distilled Water

1000 mL

Adjusted to pH 7.5 with 0.1 N NaOH
For LB agar, 1.5 gm of agar is added to 100 ml LB broth. Digested in water-bath

and sterilized accordingly.
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AA Zobell marine Broth (ZOO, C.E.1941)
Peptic digest of animal tissue

5 gm

Yeast Extract

lgm

Ferric citrate

O. 1g m

Sodium chloride

19.45 gm

Magnesium chloride

8.8 gm

Calcium chloride

1.8 gm

Potassium chloride

0:55,gm

Sodium sulfate

3.24 gm

Sodium bicarbonate

0.16 gm

Potassium bromide

0,08 gm

Strontium chloride

0.034 gm

Boric acid

0.22gm

Sodium silicate

0.004 gm

Sodium fluorate

0.0024 gm

Ammonium nitrate

0.0016 gm

Disodium Phosphate
Agar
Double Distilled Water

0.008 gm
15 gm
1 lit

Adjusted to pH 7.5 with 0.1 N NaOH
For agar plates add 1.5% agar to Zobell marine broth and sterilized (autoclaved).
A5. Thiosulfate Citrate Bile Sucrose Agar (TCBS)
Selective agar for Vibrio sp, (Kobayashi et al, 1963)
Peptone from casein

5.0 gm

Peptone from meat

5.0 gm

Yeast extract

5.0 gm

Sodium citrate

10.0 gm

Sodium thiosulfate
Ox bile
Sodium Opiate
Sucrose
Sodium chloride_
Iron (III) citrate
Thyrnol blue
Bromothymol blue

10.0 gm
5.0 gm
3.0gm
20.0 gm
10,0 gm
1.0 gm
0.04 gm
0.04 gm
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Agar-agar

14,0 gm

Preparation: Suspend 88 g/liter and pour plates, Do not autoclave. pH: 8. ± 0.2 at
25 °C.
The plates are clear and green-blue:
AG. Hugh L-eifson's medium

Peptone

2 gm

Sodium Chloride

4 gm

DiPotassium Hydrogen Phosphate

0:3 gm

Bromothymol Blue

2 mL

Agar

4 gm

Glucose Op%)

20 mL

Distilled Water

1 Lt

pH 7.5
5 mL glucose (stock) was sterilized separately and 0.1 mL added to sterilized
medium.
A7. Peptone sugar medium for sugar utilization.

Peptone
NaCI
Phenol red

10 gm
5 gm
0.2 gm

Distilled Water

1 Lt

pH 7.2
5 mLof medium was dispensed in test tubes along with Durhams's tubes and
sterilized sugars (10% stock) were sterilized separately at 15 psi for 10 min and
0.5 mL of sugar solution was added to sterilized medium.
A.8. Muller's Hinton Agar (For antibiotic assay).

Meat infusion
Casein hydrolysate
Starch
Agar

2.0 gm
17.5 gm
1.5 gm
13.0 gm

pH 7.4+0.2 at 25°C.
-

B Gram staining reagents:
1. Primary stain

Crystal violet (8.5%) dye

20 gm
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100 mt.

Ethanol (95%)
2. Grams's Iodine
Iodine crystals

1gm

Potassium iodine

lgm

Na bicarbonate (5%)

600 mt.

Double distilled water

240 mL

3. Decolorizer
100 mL

Ethanol (70%)
4. Counter stain
Saffranin

2.5 gm

Ethanol (95%)

100 mL

C Reagents for Estimation of Salinity, Alkalinity, Organic content (Dissolved
oxygen), Nitrite, Nitrate and Phosphate contents.
C.1. Reagents for estimation of Salinity of environmental samples:
1. AgNO3 solution:
Pure crystallized Silver nitrate (27.25 gm) was dissolved in *IL of double distilled
water. This solution was mixed well and stored in amber colored bottle.
2. Potassium chromate indicator solution:
Pure potassium chromate (10 gm) was dissolved in 100 mt. of double distilled
water.
3. Harvey correction table

Burette Readiing (mL)

Correction

Burette reading (mL)

Correction

40

-0.15

24

+0.20

38

-0.08

22

+0.22

36

-0.03

20

+0.23

34

+0.03

18

+0.23

32

+0.07

16

+0.23

30

+0.11

14

+0.20

28

+0.15

12

+0.19

26

+0.17

10

+0.16

8

+0.15
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C.2. Reagents for estimation of Alkalini of environmental samples:
1. 0.1N HCI:
This solution is prepared by dissolving about 9.0 mi of Concentrated HCI in one
litre of distilled water.

2. Methyl orange indicator (0.05%):
Dissolve 0.5 gm of methyl orange in 100 mL of distilled water.
C.3. Reagents for Organic content (Dissolved oxygen)

1. Winklers A reagent:
40 gm of manganous chloride is dissolved and made up to 100 mL distilled
water.
2, Winklers B reagent:
60 gm of potassium iodide and 30 gm of potassium hydroxide are dissolved
separately in minimum amount of distilled water and combined. The solution
is made up to 100 mL with distilled water.
3. H2404 solutions
50 mi of concentrated Sulphuric acid is added carefully to 50 mL of
distilled water.
4. Sodium thiosulphate method:
0.25 gm of Na2S203 is dissolved in distilled water and volume is made up to
100 mL.
5. Starch solution:
1 gm of starch is dissolved in distilled water by boiling and the starch solution is
made up to 100 mL with distilled water after cooling.
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6. Potassium iodide solution:
0.3567 gm of potassium iodide is dissolved carefully and made up to 1000 mL
with distilled water.
C4. Reagents for Nitrite estimation

1. Suiphanliamine:
Sulphanilamine (1 gm) was dissolved in 10 mL concentrated HCI and the
solution was made up to 100 ml with double distilled water.

2. N-(1-napthyl) ethylene di-amine di-hydrochloride :
In 100 mL of double distilled water, 0.1 gm of reagent was dissolved.

3. Standard NaNO2 solution:
Pure analytical grade NaNO2 (0.1725 gms) was dissolved in 250 mL of double
distilled water (1 mL contains 10 pg atom of NO 2-N).

4. Working solution A:
Above mentioned standard NaNO2 (2.5 mL) solution was diluted to 250 mL with
double distilled water (1mL contains 0.1 pg atom of NO2-N).

5. Working solution 8:
Working solution A (50 mL) was diluted to 500 mL with distilled water. (1 mL
contains 0.01-pg atom of NO2-N).
C5. Reagents for Nitrate estimation
1. Concentrated Ammonium Chloride (NH4CI):
NH4CI (62.5 gm) was dissolved in a 250 mL volumetric flask with distilled water.
2. Diluted Ammonium Chloride (NH4C1):
The above concentrated NH4CI (5 mL) was diluted to 200 mL with distilled
water.
3. Amalgamated Cadmium granules:
This reagent (100 gm) is treated with 500 mL of 2 % solution of CuSO4.Then
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the amalgamated Cadmium granules are washed several times with distilled
water and stored in dilute WWI.
4. Sulphanilamide:
The reagent (1 gm) was dissolved in 10 mL of concentrated HCI and the
volume was made to 100 ml with distilled water.
5. N-(1-napthyl)- ethylene diamine dihydrochlorlde :
The reagent (0.1 gm) was dissolved in 100 mL of distilled water to prepare the
stock solution of the reagent.
6. Standard KNO3 solution:
KNO3 (0.1 gm) was dissolved in 100 mL of distilled water.

7: Working solution of KNO3 (standard):
The above solution (2.5 mL) was diluted to 25 mt. with distilled water.
C6. Reagents for Phosphate estimation:
1.9 N H2SO4:
Concentrated H2SO4 (25 mL) was added to 75 mL double distilled water.
2. Ammonium moibydate solution:
Ammonium molbydate (9.5 gm) was dissolved in 100 mL of double distilled
water.
3. Ascorbic acid:
Ascorbic acid (7 gm) was dissolved in 100 mL double distilled water.
4. Potassium antimonyl tartarate:
Potassium antimonyl tartarate (3.25 gms) was dissolved in 100 mL Double
distilled water.
5. Mixed Reagent:
Ammonium molbydate (22.5 mL) solution, 100 mt. of H2SO4 and 2.5 ml of
Potassium antimonyl tartarate solution was mixed together.
6. Standard phosphate solution:
Potassium dihydrogen ortho phosphate (KH2PO4) 0.1361 gms was dissolved
in 100 mL of double distilled water.
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D. Scanning Electron Microscopy (S.E.M Sample preparation)

Concentration

Volume

Acetone N

Acetone

Volume

Total Volume

Distilled water

10

5

45

po

20

10

40

50

50

25

25

50

80

40

10

50

-90

5

50

95

45
47.5

2.5

50

100

50

0

50

E Preparation of organotin stock solutions
E.1. Tributyltin chloride (TBTC) (C121127CISn) (F.W-325.49g/mol),obtained
from MERCK , Germany.
Preparation of 1M stock of TBTC

Absolute ethanol (filter sterilized) (72.2m1) + TBTC (27.8 ml) (3.7M) was mixed
and the final volume was made up to 100 mL. The solution was kept in amber
coloured bottle in cold and dark condition.
E.2. Dibutyltin chloride (DBT)(C8H18C12Sn)(F.W-303.83 glmol) from MERCK,
Germany.
Stock solution of DBTC (1 M).

Absolute ethanol (Filter sterilized) (50 mL) +DBTC (15.1989 gm) (1 M) was mixed
to make up the final volume of 50 mL. The solution was preserved in amber
coloured bottle in cold dark condition. The fresh stock solutions were prepared
when required.
F. Preparation of stock solutions (Heavy metals)

The stock solutions for Heavy metal ions HgCl2 (10 mM), CdC12 (10 mM) (Merck),
As203 (10 mM) (Qualigens). All stock metal solutions, with the exception of Sn 2+ ,
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were made up in double-distilled water, syringe-filtered (0.22 pm, Millipore) into
sterile glass vials. Sn 2+ was dissolved in 50 % ethanol and stored in a sterile
polypropylene tubes
F.1. Mercuric chloride (HgC12)( F.W-271.50)

Stock solution (10 mM) - HgC12 (0.2715 gm) was dissolved in 100mL of Deionized Double Distilled Water. The solution was filter sterilized and stored at 4°C
in a dark place.
F.2. Cadmium chloride (CdC12) (F.W-183.31)

Stock solution (10 mM) - CdC12 (0.1834 gm) was dissolved in 100 mL of Deionized Double Distilled Water. The solution was filter sterilized and stored at 4°C
in a dark place.
F.3. Arsenic oxide (As203)

Stock solution (10 mM) - As203 (0.1978gm) was dissolved in 100 mL of Deionized Double Distilled Water. The solution was filter sterilized and stored at 4°C
in a dark place.
G. Antibiotics

Antibiotic stock (10 mg) was weighed and dissolved in 1mL of sterile De-ionized
Double Distilled Water sterilized by filtration through 0.22 pm filter (Millipore, GS).
Antibiotic used were Chloramphenicol and Rifampicin (Methanol), Nalidixic acid
(1N NaOH), Tetracyclin (70% ethanol), Erythromycin ,Gentamycin, Streptomycin,
Neomycin, Kanamycin, Ampicillin Penicillin, Antimycin, Amikacin, Novobiocin and
Antimycin (Double Distilled Water). All solutions were stored in light-safe glass
vials at 4 °C, except tetracycline, which was stored at — 20 °C and working
solutions were freshly made prior to prescribed.
H. Glycerol

Sterile glycerol (autoclaved) was added to the medium (v/v) to obtain the required
concentration.
I. Succinate
Succinate

10 gm

Double Distilled Water

100 mL

The stock solution was autoclaved and used for experimental purpose.
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4. Glucose

D-Glucose
De-ionized Double Distilled Water

20 gm
100 mL

The stock solution was filter sterilized and used for experimental purpose.

K. Acridine orange
Acridine orange (50 mg) was dissolved in 100 mL of double distilled water and
filter sterilized. The solution was kept in amber coloured bottle at 4°C in a dark
place. (The final stock concentration was 500 {gig/mL).
L. Thiols and Chelating agents:
L.1. 2-mercpatoethanol -(MW- 78.13, Specific gravity —111.5) (SIGMA).
mercapto ethanol was used v/v in medium to obtain the required
concentration. 1mM stock solution - 2-mercpatoethanol 714 IA in 10 mL
Double distilled water.
L.2. Disodium EDTA - (MW-372.34 git)
EDTA

20 gm

Double Distilled Water

50

Required amount of concentrated NaOH was added to dissolve EDTA and final
volume was made up to 50 mL.
1mM stock solution -Disodium EDTA 0.0372 gm in 10 mL Double distilled water
M. Reagents for chemical estimation of Exopolysaccharides
M.1. Reagents for sugar estimation (Phenol sulphuric acid method) (Dubois et
al. 1956) Phenol sulphuric acid method for (Total Carbohydrates).
1. 5 % phenol: - 5 gm of redistilled phenol (reagent grade) dissolved in Double
distilled water and diluted to 100 mL
2. Sulphuric acid: - 96 %, analytical grade
3. Standard Glucose solution:-0. 1 mg of glucose dissolved in 1mL of Double
distilled water.
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Procedure
To the known amount of sample, 1 mL of Conc.H2SO4 was added followed by the
addition of 1 mL of 2.5 % aqueous phenol and 4 mL of Conc. H2SO 4.The tubes
were rapidly kept in ice bath and held for 10 min(s) at room temperature. The
yellow arrange color obtained was measured at 490 nm against distilled water
blank. Standard curve was plotted using glucose (0-100 pg/mL as the standard.
Factor F was calculated and the concentration of the total sugars in the samples
was determined.
M.2. Reagents for Uronic acid estimation (Carbazole method).
1. Sulphuric acid reagent: (H2SO4)
0.025 M Na —tetraborate in Concentrated H2SO4 (0.5485 gm in 100 ML)
2. Carbazoie reagent:
(Q.125 % carbazole in 20 mL of ethanol).
3. Standard Galactouronic acid:
0.1 mg of galactouronic acid dissolved in lmL, of double distilled water.
Procedure
5 mL of H2SO4 reagent in tube was cooled to 4 °C using ice bath. To this a known
amount of test sample was added and the tube was closed with a stopper and
shaken gently and later on vigorously on a vortex mixer with constant cooling the
tube was heated for 10 min(s) in a boiling water bath and cooled at room
temperature 0.2 mL of carbazole reagent was then added and after mixing, the
samples were heated in a boiling water bath for 15 min(s), cooled to room
temperature and the absorbance was measured against reagent blank at 530 nm.
Concentration of uronic acid was determined using Galactouronicacid (0-100
pg/mL) as standard.
M.3. Barium chloride-Gelatin method for sulphate estimation:1. BaCl2-Gelatin reagent'
Dissolved 2 gm of gelatin in 400 mL of hot Double distilled water (60-70 °C) and
allowed to stand at 4 °C overnight. Further dissolved in 2 gm of BaCl2 in the semi
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gelatinous fluid and the resultant cloudy solution allowed standing for 2-3 mins
before use.
2. 3% wlv Tricholoroacetic acid:
Dissolved 3 gm of TCA in 100 mL of Double distilled water.
3. Standard K2504 solution:
Dissolved 1.1814 gm of K2SO4 in 10 mL of IN corresponds to 10014/mL of
sulphate.
Procedure: To the known amount of sample, 1 mL of 1 N HCL was added in a glass ampoule.
The ampoule was flushed with N2 gas and sealed .the sample was hydrolyzed in
an oven for 105°C for 16 hrs. The content of the tube was cooled and mixed
before opening the tube and the content added to another tube containing 3.8 mL
of 3 % TCA 0.1 mL of BaC12-Gelatin reagent was then added. Mixed thoroughly
and kept at room temperature for 20 mins. Absorbance of the white sulphate
precipitate was measured at

no nm against a blank containing 1 mL of 1 N HCL.

Factor F was calculated using K2SO4 (0-100 1.ig/mL) as the standard and the
concentration of sulphates in the sample was determined.
MA Cysteine Hydrogen chloride method for Methyl pentoses
(Dische et at.1948)
Reagents for Methyl pentoses
1.1-12SO4: H2O mixure:
Added 1:6 (WV) of H2O and H2SO4.
2.3 % Cysteine hydrogen chloride:
0.3 gm in 10 mL of Double distilled water
3. Standard Arabinose solution:
0.1 mg of arabinose dissolved in 1 mL of Double distilled water.
Procedure
To the known amount of sample, 4.5 mt of chilled 1:6 (v/v) of H2O and H2SO4
was added and the mixure was then held at room temperature for few minutes
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and then in a boiling water for 3-10 mints) and cooled under running tap water 01
mL of the 3 % Cysteine hydrogen chloride was added and the absorbance of
greenish yellow color was read at 396 nm and 430 nm; Rhamnose 0-100 pg/mL)
was used as a standard and the readings of 430 nm were subtracted from 396 nm
in order to calculate the F factor.
N. Reagents for Protein Estimation
1. Reagent A: Sodium Cirbonate reagent
Na2CO3
NaOH (0.1N)

2 gm
100 mL

2. Reagent B: Copper sulphate solution
Sodium potassium tartarate

1 gm

Copper sulphate

0.5 gm

Double distilled water

100 mL

3. Reagent C: Alkaline Copper sulphate solution
Reagent A:

50 mL

Reagent B:

mL

Reagent C was prepared fresh at the time of estimation
4. Reagent D Folin Clocalteau (FC reagent)
FC reagent commercial grade

10 mL

Double distilled water

20 mL

Freshly prepared at the time of estimation.

Procedure
To the known amount of sample, 5mL of the Copper sulfate solution was added
and kept at room temperature in the dark for 10 mints). 0.25 mL of Foknciocalteau phenol reagent was added and kept in the dark for 20 mints).
Absorbance was measured at 660 nm against reagent blank and the
concentrations of the unknown samples were determined from standard graph
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and factor F was calculated using Bovine serum albumin as the standard (0-100
pg/mL).
0.1. Reagents for protein separation by SDS-PAGE (Laemelli. 1970)

t. Monomer solution (30 % T, 27 % C)
Acryiamide

29.2 gm

Bis-acrylamide

0.8 gm

Double distilled water

100 mL

Stored at 4 °C in dark conditions
TEMED (use as purchased)
ii. Ammonium persulfate (prepare freshly)

Ammonium persulfate

10 mg

Dissolve in 1.0 mt. Double distilled water
iii. Buffers
Resolving Get buffer

1.5 M Tris,
45.4 gm of Tris : Dissolve in 150 ml._ distilled water
Adjust pH to 6.8 with 6 N HCI
Fill to 250 mL with distilled water
iv. Stacking gel buffer (0.5 M, pH 6.8)
Tris Base

3 gm

Double distilled water

50 mi.

pH was adjusted to 6.8 with 6 N HCI, stored at 4 °C
v. 10 % SDS

Sodium dodecyl sulphate

1 gm

Double distilled water

10 mt.

vi. 10 X Electrophoresis Running Buffer

(250 mM Tris, 1.92 M glycine, 1 % SDS)
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30.3 gm

Tris
Glycine

144.0 gm
10.0 gm

SDS
Fill to 1 liter with distilled water

To make 1 liter of I X running buffer, add 900 mL of distilled water to 100 mL of 10
X running buffer.
vII. Sample Buffer with SOS
(60 mM Tris, 2 % SDS, 5 %13-mercaptoethanol, 10 % glycerol, 0.025 %
Bromophenol blue)
Distilled water

25.0 mL

0.5 M Tris,

6.58 mL

Glycerol

5.26 mL

10 % SDS

10.5 mL

0.5 % Bromophenol blue

2.63 mL

pH 8.8
Fill to 50 mL with water in a volumetric flask
To prepare fresh working sample buffer, add 50 pL of p-mercaptoethanol to
950 pL of the stock sample buffer before adding to the sample.
0.2. Protein Staining and Developing Solutions
i. Staining Dye (Coomassie Brilliant Blue)
(0.2 % Coomassie Brilliant Blue-R250, 20 % methanol, 10 % acetic acid)
Coomassie Blue-R-250

0.4 gm

Methanol

40 mL

concentrated acetic acid

20 mL

Fill up to 200 mL with distilled water

ii. Destaining Solution (10 % acetic acid, 20 % methanol)
Concentrated acetic acid

100 mL

Methanol

200 mi.

Fill to 1 liter with distilled water
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Guide for the Preparation of Gels of Diffennit Acrylainide Concentrations

12% Acrylamide
concentration

10% Acrylamide
concentration

7.0% Acrylamide
concentration
1 gel

2 gels

4 gels

i gel

2 gels

4 gels

1 gel

2 gels

4 gels •

Distilled water

2.5 ml..

5..0 ml.

10,0 ml.

2.0 mI,

4.0 ml_

8.0 ml.,

25 la

3.4 ml.

6.7 ml-

M .axis liC1, pH. 8.8

1. 1 ml..

25 mt.

5.01M,

13 mt.

2.5 nil,

5.0 nil.

1.3

ml.

2.5 ml.

5.0 ml,

SDS (10%)

50 mi..

1M

ml„.

2011 ml.,

50 mL,

100 m1-

200 ml.,

50 ml,

160 ml.

200 ml,

Aerylamide (30%)

1.2 ml..

2.3 ml.

4.7 ml.

1.7m1..

33 nit.

63 ml.

2.0ml.

4.0 ml.

8.0 int. •

Ammonium persuifute*
1 0 % ) fresh

25 mi.

50 ml.

100 nil.

25 nil,

5n ml,

1110 ml,

25 ml,

50 ml.,

100 ml.

TENTED*

1 m1„

5 ml,

ID ml„

3 ml„

5 m1,

10 ml„.

3 MI.

5 ml.,

ID ml.

Total volume

5 inl...

10 inl.

20 ml. • 5 ml,

10 - ml„ •

20 .rul..

5 ml.

10 ml.

20 ml - .

1. - i

-

P. Reagents for plasmid DNA isolation:

P.1.a. Alkaline Lysis Method (Birnboim & Doly, 1979)
i). Solution I (pH 8.0)

Glucose

0.9 gm

Tris- chloride

0.394 gm

EDTA

0.292 gm

Double distilled water 100 mL
ii). Solution H

SDS

1.0 gm

0.2 NaOH

100 mL

iii). Solution Ill (pH 5.0)

5M Potassium acetate

60.0 mL

Glacial acetic acid

11.5 mL

Double distilled water

28.5 mL

iv). TE buffer :

Tris HCI

0.156 gm

EDTA

0.029 gm

Double distilled water
pH

100 mL
7.6-8.0
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v). Tris acetate EDTA (TAE) buffer (pH 8.0)

50X: Tris Base

2.42 gm

0.5 M EDTA

1 mL

Tris base and 0.5 M EDTA was dissolved in 10 mL of Double distilled water and
pH was adjusted to 8.0 with glacial acetic acid (0.57 mL) and the final volume was
made up to 500 mL.

P.1.b. Boll Prep method (Holmes and Quigley, 1979).
1). STET buffer
Sucrose

8 gm

Triton X 100

5 mL

50 mM EDTA

5 mL

50 mM Tris

5

Distilled water

100 mL

ii). Lysozyme soin:
15 mg lysozyme is dissolved in 1 mL of Tris HCi (pH-8), vortexed and stored at
-20°C.

iii). 2.5 M Sodium acetate

P.1.c. Kado and Liu. ( Kado and Liu 1981, Modified)
I). Tris acetate 0.04 M
6.304 gm of Tris acetate was dissolved in 1000 mL of Double Distilled
water.

11). EDTA 0.02 M
Dissolve 7.444 gm of EDTA in 1000 mL of Double Distilled water.

P.2. Reagents for Genomic DNA isolation
TE buffer: (10: 0.1); 10 mM Tris HCI) 0.1 mM EDTA, pH 7.6-8.0
10 % w/v Sodium dodecyl sulphate
20 mg/mL Proteinase K
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Phenol chloroform (1:1)
Isopropanol
70 % ethanol
3 M Sodium acetate (pH -5.2) (40.82 gm in 100 mL of Double distilled water)
P.3. Electrophoresis
I). Agarose gel

Agarose

- 0.8 gm

1X TAE buffer - 100 mL
ii). Ethidium bromide solution (intercalating dye)

Ethidium bromide - 10 mg
Distilled water

-1 mL

Stock solutions was prepared and kept in cool and dark place. The final
concentration used for agarose gel was 5 leg/mL.
iii). Bromophenol blue (tracking dye)

Bromophenol blue - 0.25 gm
Sucrose

- 40 gm

0.1 M EDTA

-10 mL

1 % SDS

- 10 mL

Distilled water

-100 mL

Tracking dye was stored at 4 °C

P.4. Plasmic! Curing agents

Sodium Dodecylsulphate 10 % (1 gm in 10 mL)
Acridine Orange

10 mg/mL

Ethidium Bromide

10 mg/mL
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P. 5. PCR Reaction conditions:
95 °C
94 ° C
55 °C
72 °C
72 °C
15 °C

10 mins
1 min
1 min 30 cycles
3 mins
7 mins
infinity

Reaction volume: 50 uL
Amplitaq DNA Polymerase along with 10 X Amplitaq buffer and also MgCl2
(250mM)
stored at -20°C the concentration was checked.
1
2
3
4
5
6
7
8

Milli Q DDW
10X Amplitag cold buffer
MgCl2 (25mM)
dNTP's (2mM each)
Forward Primer (EuB f-341)
Reverse Primer (EuB r-1387)
Amplitaq
DNA
Gold
Polymerase
Total Volume

31.5 pi_
5 pL
5 pL
5 pL
1 pL
1 pL
0.5 pL

66.5 pL X2
10 pL X2
10 pL X2
10 pL X2
1 pL X2
1 pL X2
0.5 pL X2

133 pi_
20 pL
20 pL
20 pL
2 pL
2 pL
1.0 pL

49 pL

99 pL X2

198 pL

1p1.. DNA template of strain S3 was mixed with 99 pL of the reaction mixture and
then run PCR Reaction.
Q. Analytical techniques
0.1 UV- Visible spectrophotometry
UV-Visible scans of the culture supernatants and other samples were done using
UV-1601 Shimadzu spectrophotometer.
Q.2 Thin layer chromatography (TLC) (Hamilton and Hamilton, 1987)
The slurry, prepared by mixing 6 to 8g of Silica Gel G (Acme's synthetic
chemicals) in 15 mL of distilled water, was poured on glass plates (20 x 20cm)
and drawn into thin layer of 02 mm. The plates were air-dried and then activated
at 110°C for 30 min. Samples were spotted on the activated plates using thin
glass capillaries. After drying the spots, plates were developed in solvent
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chambers, which were previously saturated overnight. Solvent was allowed to run
up to 3/4th of the plate, the solvent front was marked and coloured spots, if any,
were noted. The plates were then placed in iodine chamber. Rf values were
calculated using the formula: Rf = Distance travelled by solute /Distance travelled
by solvent.

Q.3 Protein and sugar estimation
a. Protein estimation by Folin-Lowry's method (Lowry, et al. 1951):
The protein concentration in samples was quantitated by Folin Lowry's method.
To 1 mi. of sample; 5 mt. of alkaline copper sulphate reagent was added. Mixture
was thoroughly mixed and incubated at 28°C in dark for 10 minutes. To this
solution, 0.5 mL of diluted Folin-ciocalteau reagent was added and incubated in
dark for 30 minutes at 28°C. Absorbance of this solution was taken in dual beam
UV-Visual Spectrophotometer (Shimadzu UV 1610) against protein blank at 660
nm.

b.Sugar estimation by phenol sulphuric acid method:
Samples were analyzed for their sugar content by the phenol-sulphuric acid
method (Dubois, et al. 1956). To 1 mi. of aqueous sample containing
polysaccharides, 1 mi. of 5 % aqueous phenol was added. The tubes were placed
in ice and 5 ml of concentrated sulphuric acid was added carefully into the tubes.
Tubes were incubated in ice for 10 min and subsequently kept at 25-30°C for 10
min. The absorbance was measured at 490 nm. Standard curve was plotted using
glucose (0-100 mg/mL) as standard.
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R. Standard graphs

a. Standard graph of phosphate

b. Standard graph of nitrate
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0.. D a t543nm

Standard graph of nitrite
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b. Standard curve of nitrite
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d. Standard graph of sugar
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Standard curve of protein (Bovine Serum Albumin)
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e. Standard graph of protein
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SCIENTIFIC CORRESPONDENCE

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 applications with an annual world production
of approximating 50,000 tons/yr. These are
most commonly used in marine antifouling 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 environment has lethal, immunological, carcinogenic 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 breakdown pathway in sedimentary environment. Although little is known about the
resistance mechanism with which microorganisms tolerate TBTC, several TBTCresistant marine bacteria have been isolated
and characterized, Alteromonas sp. M-1
being the first record of its kind, where
the presence of genes conferring TBTresistance was reported ]-11 . Despite the
regulations enforced to limit their use as
anti-foulants, tributyltin are still present
at toxic levels in the water columns and
sediments3. 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 TBTC 3•5•12-14. Though
bacterial strains from these econiches are
slow TBTC degraders, they may prove to
be a natural tool for bioremediation of
contaminated with nr- •
ganotins and other heavy metals. Hence
it is important to isolate and study TBTCresistant bacteria. This correspondence
presents screening and biological characterization 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 µM TBTC. The isolates obtained were
subcultured in Zobell Marine Broth (ZMB)

and maintained. The colony characteristics of the isolates were recorded and
identified using biochemical tests, according to Bergey's Manual of Systematic
Bacteriology 15. One isolate which was
circular, convex, butyreous, lactose, glu
cose and sucrose-fermentative, catalase
and oxidase-positive, nitrate-reductive,
facultative anaerobe, indole and MRnegative, VP-positive grew on TCBS
medium producing green pigment and
showed TBTC optima of 50 gM which
was used for further studies, although it
tolerated 100 gM of TBTC. Tolerance of
the isolate to TBTC was checked by an
antibiotic filter-disk method 16. Growth in
ZMB and mineral salts medium (MSM)
with and without 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
estimated using Lowry's method". TBTC
degradation was carried out using thin
layer chromatography 18. Intra and extracellular pigment was extracted by growing the culture in MSM broth with and
without TBTC at pH 7.4, sonicating the
cells (pulse of 15 s for 2 min) using ice
jacket in acetone and centrifuged to collect clear supernatant (pigment extract).
Pigment extract was scanned in the UV—
visible range (190-500 nm) using a spectrophotometer. Extracellular pigment was
extracted by standard procedure and
scanned spectrophotometrically in the
UV—visible range (190-500 nm). Growth
and EPS production by the TBTC-
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degrading bacterial isolate was studied in
mineral salts medium supplemented with
NaC1 (1.5%) and glucose (0.2%). The
exopolymer was recovered from the culture supernatant using the cold ethanol
precipitation—dialysis procedure 19. Stock
solutions of heavy metals CdC12H20,
HgC12 and MnSO4 were prepared separately in sterile, double-distilled water and
filter-sterilized by passing through Millipore membrane filter (0.45 gm). I-Dso
values of heavy metal ions were determined in terms of growth and absorbance
(A60o) recorded at an interval of every
2 h. The plasmid was isolated from overnight-grown cells by an alkaline lysis
method". The culture was cured with
acridine orange (10-10014/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 correlate loss/retention of TBTC resistance
with loss of plasmids.
The pigmented isolate has been tentatively identified as Vibrio sp. according
to Bergey's Manual of Systematic Bacteriology°. The growth pattern in terms of
r9protein content" at _different concent—
dons of TBTC revealed that 50 pM 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 metabolic pathway for breakdown
(Figure 1). The TLC profile of the deg-
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Figure 1.

Growth of Vibrio sp. in media containing TBTC.
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radation product clearly reveals depletion
of - TBTC and gradual transformation of
this biocide into'dibutyltin chloride (DBTC;
Figure 2). It is interesting to note that
pigment production was enhanced fourfold under TBTC stress. In a separate study
exopolymer production in different media,
viz. ZMB only, ZMB—TBTC (50 µM), and
MSM—TBTC (50µM), showed maximum
yield in nutrient-rich media. The isolate
showed a tolerance limit of 4.5 mM (CdC1 2),
4.0 mM (MnSO4) and 0.2 mM (HgC12).
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 confirmed that TBTC resistance
genes are not plasmid-borne.
Morphological characteristics and biochemical tests indicate the isolate to be a
marine Vibrio sp., which produced bluegreen extracellular pigment on TCBS, a
selective medium. Though this marine
isolate could tolerate up to 100 µM of
TBTC, the optimum level of TBTC was
found to be 50 RM. Interestingly, a lag of
8 h was noticed in the culture gown ,in
MSM + TBTC (50 p.M), 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-

1 2 3 4
Figure 2. TBTC degradation by Vibrio sp.
TLC profiles: Lane 1, crude TBTC; lane 2, Chloroform extract of cells after 24 h; lane 3,
Chloroform extract of cells after 48 h and lane
4, Chloroform extract of cells after 72 h.
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tained after 24, 48 and 72 h of incubation
revealed_the presence of the degradation
product which may be attributed to DBTC.
The Rf 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) respectively. 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 pigment, which could possibly act as a defense mechanism for cells against TBTC.
Inoue (2000) reported the involvement of
pyoverdin in co-metabolism of triphenyltin (TPT). It has been reported that pyoverdin from Pseudomonas chlororaphis
CNR15 has a major role in TPT degradation. Interestingly, the isolate showed
maximum yield of EPS when grown in
ZMB + 50 1.1M• of TBTC than in MSM +
50 i.tM of TBTC. As many reports suggest, most bacteria use carbohydrates as
a carbon ..and. eneray source and the increased production may be attributed to
TBTC/toxic metal sequestration. The isolate tolerated up to 4.5 mM CdC1 2,
4.0 mM of MnSO4 and 0.2 mM HgC12.
Plasmid-mediated bacterial heavy metal
resistance has been extensively reviewed22. 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 µM TBTC.
Thus, it clearly confirms that TBTC resistance is not plasmid-mediated.
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