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Two classes o f tributyltin  (TBT) resistant, spon taneous m utan ts o f  Escherichia coli K-12 were 

isolated, using a cytochrom e containing (W 1485) and a cytochrom e deficient (SASX76) strain. In 
contrast to the cytochrom e sufficient strain , the cytochrom e defic ien t stra in  was found to be fifty 
times more sensitive to TBT. The class I m utants, iso lated  from  stra in  W 1485, also show ed cross­
resistance to triphenyltin (TPT). As com pared to its wild type p a ren t, the T B T-resistant m utants 
exhibited mucoid colony type, ab erran t cell m orphology and reduced  uptake o f  TPT. Based on 
these results, it was suggested that the resistance o f  class I m u tan ts to TBT m ay be associated 
with above mentioned alterations.

The class II TBT-resistant m utants were isolated from  the  cytochrom e deficient strain, 
SASX76. In com parison to class I m utants, these class II m utan ts were found to have TBT-re­
sistant mem brane bound adenosine triphosphatase  (A TPase) w hich m ay account for their
resistance to TBT.

Introduction

Among many other biocides o f o rganom etallic 
category, tributyltin (TBT), an organotin  derivative, 
has been under extensive use in agriculture and 
industry, for the last three decades [1 -4 ] . TBT is 
found to be very effective against both, prokaryotes 
and eukaryotes [2, 4]. Regarding its biochem ical 
mode of action, it is known to catalyze h a lid e / 
hydroxyl exchange across b iom em branes [5 -8 ] ; 
inhibit oxidative and photophosphory la tion  by 
interacting with H+-translocating ATPase [7, 9 -1 2 ] ; 
and mediates leakage o f vital ions [13]. In add ition  
to the processes m entioned above it is also know n to 
inhibit amino acid transport, energy-dependent 
transhydrogenase and proton translocation in E. coli 
[8 , 14-16],

Exclusion, degradation and target site m odifica­
tion are mainly the three different ways by w hich 
microorganisms are known to resist the action o f 
antibacterial agents including heavy m etals [17, 18].

It is therefore, theoretically possible to isolate 
mutants resistant to the action o f antibacteria l 
agents by virtue of one or m ore o f the above 
mentioned alterations. In this paper, we report the 
isolation and properties o f TBT-resistant m utants o f
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E. coli K-12, showing either reduced uptake o f TBT 
or having a TBT-resistant ATPase, thus suggested to 
belong to exclusion and target site altered classes o f 
mutants, respectively.

Materials and Methods

Bacterial strains

E. coli K-12 strain W 1485 [19] and SASX76 [20] 
were obtained from Dr. J. R. G uest, U niversity o f 
Sheffield, England, and Dr. A. Sasarm an, U niversity 
of Montreal, Canada, respectively.

Chemicals

Tributyl- and triphenyltin chlorides were p u r­
chased from E. Merck (G erm any) and F luka AG , 
Buche SG (Switzerland), respectively. A m ino­
levulinic acid (ALA) was obtained from  Sigm a 
Chemical Co., St. Louis, Mo. USA.

Media

The com position of m inim al salts m edium  
(MSM) was the same as described by Spencer and 
Guest [21]. Glucose 0.5% (w/v) was used as carbon 
source, and the pH was adjusted to 6 .8 . The 
complex medium  (CM ), contained in add ition  to 
the above, 0.5% (w/v) bacto-peptone and bacto- 
yeast extract (Difco.). The above m edia were so lid i­
fied by the addition o f 1.5% (w/v) bacto-agar.
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Growth studies

Cells were grown in 30 ml o f various m edia in 
100 ml Erlenmeyer flasks fitted with sidearm  tubes. 
As inoculum. 0.4% (v/v) o f an overnight culture, 
grown in the same m edium  was used. In all cases, 
flasks were incubated at 37 °C  in a therm ostated  
w aterbath shaker (Adco, India) under aerob ic 
conditions (180 rev. m in-1). G row th was recorded as 
absorbance (540 nm) against a m edium  blank w ith 
either a Photo-Chem -colorim eter (M K II, India) or 
Bausch and Lomb Spectronic 20 Spectrophoto­
meter. For transport studies, cells were grown in 
200 ml of above m edia in one liter Erlenm eyer flask, 
under above conditions. Cytochrom e synthesis was 
induced in E. coli SASX76 by growing the cells in 
the above m edium  in the presence of 5 |ig /m l 
o f ALA.

Isolation o f class I permeability altered mutants 
resistant to TB Tby the disc diffusion method

N utrient agar petri-plates were flooded with 
1.0 ml of an over night broth culture of E. coli 
W1485 (5 x 109 cells/m l), and the excess liquid  was 
drained off. After 1 5 -2 0  min, when plates were 
dried, the filter paper disc soaked in 10 m M  etha- 
nolic solution of TBT was placed in center and the 
plates incubated for 24 h at 37 °C. TBT-resistant 
colonies, which appeared in the inhibition  zone 
upon further incubation of plates, were then picked 
and purified twice on the selective plates.

Isolation o f class II TBT-resistant ATPase mutants

For the isolation of this kind o f m utants, a cyto­
chrome deficient E. coli K-12, strain SASX 76 was 
used. In contrast to cytochrom e containing strain  
W1485, the strain SASX76 was found to be fifty 
times more sensitive to TBT. The above m utants 
were isolated by direct selection for TBT resistance, 
from a non-mutagenized stock o f bacterial culture. 
The first step in m utant isolation consists o f treating  
the bacteria in liquid m edium  with TBT. For this 
purpose, 1 0  ml volume of growth m edium  lacking 
ALA, was inoculated with 0.2 ml o f stationary phase 
cells (108 cells/ml). As soon as growth com m enced, 
as indicated by an increase in tu rbidity , TBT 
(10 (.i m ) was added. After a 60 h incubation period at 
37 °C  the culture returned to original cell density 
present at the tim e of TBT addition. Sam ples 
of these cultures were spread on to TBT containing

plates which were then incubated at 37 °C. The 
colonies appearing earliest and largest were circled 
and tested for resistance to TBT.

Assay o f triphenyl tin uptake

Since TBT-resistant m utants were also found to 
be cross-resistant to triphenyltin  (TPT), a con­
venient spectrophotom etric m ethod was developed 
for the transport o f TPT. For such studies, cells 
were harvested and washed twice with 0.05 m  Tris- 
HCl buffer (pH 7.5) at the end o f log phase by 
centrifugation at 10,000 rpm for 10 min. (IEC-25 
refrigerated centrifuge, India, 4 °C ) . W ashed cells 
were resuspended in the sam e buffer but also 
containing 10 m M  M gCl2 at the desired cell density. 
Ethanolic solution o f TPT was added to cell suspen­
sions to obtain a final concentration o f 0.1 m M .  At 
an interval o f 0, 10, 20, and 40 min. 5 ml aliquots 
were removed and the cells were pelleted by centri­
fugation. The clear supernatant was rem oved care­
fully and the concentration of TPT was estim ated by 
measuring its absorbance at 221 nm in a Beckman 
Double Beam Spectrophotom eter (model 35) and 
was inferred from a standard curve.

Preparation o f membrane vesicles

M em brane vesicles were prepared from cells 
harvested at the end of the exponential phase by the 
m ethod of Konings and Kaback [22] as m odified 
in [23]. The vesicles were resuspended in 30 m M  

Tris-HCl buffer (pH 8.0), containing 1 m M  M gCl2 

and used subsequently for ATPase assay.

Enzyme assay

The ATPase was m easured as in [24] and protein 
was determ ined by the m ethod o f Lowry et al.,
[25] using crystalline lysozyme as the standard.

One unit of enzyme activity is defined as that 
am ount which catalyses the hydrolysis o f 1 nm ole of 
substrate/m in. The specific activity is defined as 
units/m g protein.

Results and Discussion

I. Isolation and properties o f  altered 
permeability mutants (class I), resistant to TBT

When filter paper disc, soaked in 10 m M  ethanolic 
solution of TBT was placed in center o f plate.
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previously seeded with test organism , as a con­
sequence o f slow diffusion of TBT in agar, a sharp, 
circular, inhibition zone appeared around the 
periphery of the disc, w ithin 24 h of incubation, at 
37 °C. Upon further incubation, TBT-resistant 
colonies appeared in the inhibition zone. These 
colonies were then picked and purified twice on the 
selective plates. In this way, ten spontaneous TBT- 
resistant m utants were isolated and, one o f them 
was examined in som e detail with respect to follow­
ing properties:

1. Growth response o f wild type and m utan t strains

The mutants isolated by above technique, were 
screened further for their degree o f resistance to 
TBT, in liquid as well as on solid m edia. The 
growth o f wild type strain was com pletely inhibited 
by 1 m M  TBT com pared to that o f the m utant, 
which grew norm ally (Fig. 1). Survival o f  wild type 
and m utant strains in the presence o f various 
concentrations o f TBT is shown in Fig. 2. At 0.1 m M  

TBT, the colony form ing ability of wild type strain 
was decreased by 50% but the same concentration 
had no effect on the m utant strain. At 0.5 m M  level, 
the viability o f wild type was lowered by 90% 
com pared to tha t o f the m utant, which was slightly 
affected. In this way, the strains which grew on

T i m e  (h)

Fig. 1. Effect o f 1 m M  TBT on the growth o f E. coli 
W1485 ( • )  and its TBT-resistant m utant strain  (o) in 
minim al m edium  containing glucose (0.5%, w /v) as carbon 
source.

above media in the presence o f 1 m M  TBT were 
considered as TBT-resistant m utants.

While this work was in progress, TB T-resistant 
mutants of E. coli [26] and Pseudomonas 244 [27] 
were isolated from non-polluted and organotin- 
polluted environments, respectively. These m utants 
were found to be resistant to 0.147 m M  to 0.25 m M  

TBT.
In contrast to TBT-resistant m utants o f E. coli, 

isolated by Ito and Ohnishi [26], our isolate grew 
normally on agar plates in the presence o f glucose, 
succinate, acetate or m alate as carbon sources, 
which were used to differentiate between the energy 
coupled versus energy uncoupled m utants in the 
above study [26], On the basis o f this result the 
mutants described here belong to the energy 
uncoupled class. In case o f TBT-resistant m utants o f 
Pseudomonas [27], no distinctions were m ade b e­
tween the above m entioned classes.

2. Colony and cell m orphology o f m utan t strains

As com pared to non-m ucoid colonies o f wild type 
strain, all TBT-resistant m utants exhibited m ucoid 
colony morphology (results not shown), which may 
account in part, for their resistance to TBT. It has 
been reported [28] that the capsulated strain o f 
Klebsiella aerogenes was m ore to leran t to o ther 
heavy metals, like C u2+ and C d2+, com pared  to its 
non-capsulated strain. Thus, the resistance or to le r­
ance of mucoid an d /o r capsulated strains to heavy 
metals may be due to com plexation o f such m etals 
by mucoid capsular m aterials [29].

In addition to colony m orphology, the cell m or­
phology was also different in the wild type and 
mutant strains. For exam ple, the light and electron 
microscopic studies have revealed that the cells o f 
mutant strains were 5 - 6  tim es bigger than  the wild 
type (results not presented). In previous studies 
[26, 27, 30] no m ention was m ade w ith respect to 
colony or cell m orphologies o f inorganic and 
organic tin resistant estuarine and non-estuarine 
bacteria. A berrant cell m orphologies are often o b ­
served when bacteria are subjected to heavy m etal 
stresses and has been reported for Ag2+ [31], 
Hg2+ [32], and C d2+ [33]. It is quite possible tha t 
abnormal cell m orphology m ay be related  in som e 
way to the alteration of cell perm eability  involved 
partly in bacterial resistance to heavy m etals, 
including TBT.
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T BTC (mM)

Fig. 2. Effect o f various concentrations o f TBT on the 
viability o f E. coli W1485 ( • )  and its TBT-resistant 
mutant (o).

3. Uptake of triphenyltin  in wild type 
and m utant strains

Microorganisms possess m echanism s by which 
heavy metal cations can be taken up and accum u­
lated from the environm ent. There appears to be 
two main types o f metal uptake by organism s. The 
first involves non-specific b inding o f the m etal to 
the cell surface, slime layers, extracellular m atrices 
etc., whereas the second m echanism  involves m e tab ­
olism-dependent intracellular accum ulation  [29]. In 
order to differentiate between the two classes of 
permeability mutants, we investigated the transport 
and/or binding of triphenyltin  (TPT) in our TBT- 
resistant mutant, which is cross-resistant to form er 
compound.

A convenient spectrophotom etric m ethod was 
developed by us to m easure the uptake o f T PT  in 
whole cells o f the test organism . The assay is based 
on the fact that TPT shows very strong absorp tion  
maxima in the UV region. The spectral charac ter­
istics of this com pound in ethanol and T ris-buffer

W a ve le n g th  ( nm)

Fig. 3. Absorbance spectra of triphenyltin (TPT) in abso­
lute ethanol (A) and in 0.05 M, Tris-HCl buffer, pH 7.5 
(B). The scale at right and left hand sides are for spectrum  
A and B, respectively.

(50 m M  Tris-HCl, containing 10 m M  M gC l2, pH  7.5) 
are shown in Fig. 3. There is a strong blue shift 
(5 nm) in the absorption spectra o f T PT  in Tris 
com pared to that o f ethanol.

The time course o f TPT uptake an d /o r  b ind ing  
by whole cells of W1485 and its m utan t strain  is 
shown in Fig. 4. Both, the steady state as well as the 
initial rate of TPT accum ulation was low ered by 
40% and 80%, respectively, in m utan t strain  as 
com pared to W1485. This finding is also consistent 
with the already reported reduced transport o f 
heavy metals by C o2+-resistant m utants o f Proteus 
vulgaris [34] and A. aerogenes [35], C d2+ and C u 2+- 
resistant mutants o f Staphylococcus aureus [36, 37], 
and E. coli, respectively. O ur results could not be 
directly compared with TBT-resistant m u tan t o f 
Pseudomonas 244 due to lack of com parab le m etal 
uptake data for the wild type strain [27], C onsistent 
with the findings of Y am ada et al. [39] on trip ro- 
pyltin chloride accum ulation by E. coli, the trans­
port of TPT in the present case seems to be 
mediated by a non-m etabolic process, since starved
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TIME (min)
Fig. 4. Time course of TPT uptake by whole cells o f E. coli 
W1485 ( • )  and its TBT-resistant mutant (o).

T i m e  (h)

Fig. 5. Effect of 10|iM TBT on the growth o f E. coli 
SASX76 (o) and its tbl-l mutant ( • )  in the absence o f  
5-aminolevulinic acid (ALA).

cells alone, with and w ithout glucose or in the 
presence of glucose and N aN 3 (a m etabolic in­
hibitor) accum ulated sam e am ounts o f TPT. S im ilar 
results were also obtained in the case o f TBT- 
resistant m utant o f Pseudomouas [27]. In contrast to 
Pseudomonas [27], the heat killed or boiled cells o f 
wild type E. coli did not bind m ore TPT, and in 
fact, the uptake was reduced by 80% in such cells 
compared to unheated control.

Com pared to actively growing cells, w here the 
effect o f TBT was potentiated by EDTA (Singh and 
Singh unpublished results), the bound form o f TPT 
by non-growing cells were released when washed 
with 1 m M  EDTA. It seems that TBT and TPT may 
be sequestered in some m anner in the cell envelope, 
as suggested by Y am ada et cd., [39, 40] for E. coli 
and tripropyltin. This view is also consistent with 
inhibitory effect o f TBT on am ino acid transport in 
whole cells and on the transhydrogenase activity in 
everted m em brane vesicles o f test organism  [8 , 
14-16],

II. Properties o f  TBT-resistant (class II)
A TPase mutants

As shown in Fig. 5, the growth of strain SASX76 
(in the absence o f ALA) was com pletely inh ibited  
by 10 |jm TBT as com pared to tbt-I m utant strain, 
which grew normally under above conditions. Using 
this kind of selection technique, ten TBT-resistant 
mutants (tbt-I to tbt-10) were isolated, and out o f 
these only tbt-I was further characterized in this 
study.

TBT and its derivatives are very potent inhibitors 
of membane bound ATPase o f m itochondria [9] and

Table I. Effect of tributyltin (TBT) on membrane bound 
ATPase of E. coli SASX76 and its TBT-resistant mutant 
strain, tbt-1.

Concentration o f TBT

[m]

ATPase activity (% control)

SASX76 tbt-1 mutant

0 . 0 1 0 0 1 0 0 a
1 . 0 55 77
2.5 48 74
5.0 36 69
7.5 1 1 67

1 0 . 0 0 64

a The 100% control values for SASX76 and tbt-1 mutant, 
were 906 and 861 nm ol/m in/m g protein, respectively.
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E. coli [41], We com pared the effect o f this agent on 
the membrane bound ATPase of wild type (SASX76) 
and its TBT-resistant m utant. C om pared to wild 
type, the m em brane bound ATPase in tbt-1 m utan t 
was resistant to TBT. For exam ple, TBT at a con­
centration of 1 0  (.im com pletely inh ibited  the wild 
type ATPase, while m utant ATPase was affected 
only to the extent o f 36% (Table I).

Recently, TBT-resistant m utants of a cytochrom e 
containing wild type E. coli K-12, isolated by Ito 
and Ohnishi [26], were found to be cross-resistant to 
uncouplers and ATPase inhibitors like azide and 
dicyclohexylcarbodiimide (D C C D ). It is interesting 
to note that our tbt-1 m utant, isolated from a 
cytochrome deficient strain SASX76 o f E. coli 
K-12, does not show cross-resistance to above com ­
pounds. Furtherm ore, the azide resistant m utants o f 
strain SASX76 isolated by Singh and Bragg (un­
published results) have azide sensitive ATPase. 
Contrary to the view of Ito and O hnishi [26], it is 
evident, from these results that resistance to azide in 
E. coli and other bacteria is not always associated 
with azide resistant ATPase [42],

It has been reported that TBT and other organotin 
derivatives affect only the m em brane bound 
ATPase (F\ • F0, complex) o f chloroplast [11], m ito ­
chondria [10], and E. coli [41, 43] and is w ithout

effect on soluble ATPase (/r]). A detailed study on 
the isolation and characterization o f tbt-1 m u tan t 
F\ • F0 complex will help to resolve the specific site 
of action of TBT on E. coli ATPase; this work is in 
progress in our laboratory.

In conclusion, the resistance o f class I m utants o f
E. coli in this study may be related to production  o f 
mucoid colony type, aberrant cell m orphology and 
altered passive perm eability. On the other hand, the 
resistance of class II m utants m ay be due to 
presence of a TBT-resistant m em brane bound 
ATPase. However, there may be o ther m echanism s 
not mentioned here which may be involved in the 
resistance of both the classes o f m utants to TBT and 
this possibility requires further investigation.
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