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The effect of Triphenyltin salicylate (TPS) was tested against six bacteria, Escherichia coli, Sta- 
phylococcus aureus, Shigella flexneri, Pseudomonas aeruginosa, Klebsiella pneumoniae and Sal- 
monella typhi and five fungi, Aspergillus f laws, Aspergillus fumigatus, Aspergillus niger, 
Rhodotorula spp. and Saccharomyces spp. Sensitivity tests were determined with 5-500 pg/ml of 
TPS. All organisms were sensitive to the compound except Klebsiella pneumoniae, Pseudomonas 
aeruginosa, Rhodotorula spp. and Saccharomyces spp, The minimum dose of TPS that can kill 
50% of the susceptible microorganisms is in the range 5-50 pg/ml. 

Membrane bound pyrophosphatase(s) from the organisms was non-competitively inhibited 
by 5pM TPS with K, values of 7.6, 18, 8.8 and 6.9pM for Escherichia coli, Shigellaflexneri, 
Aspergillus niger, and Aspergillus fumigatus, respectively. 

The physiological index of efficiency of the enzyme ( Vmax/&) for TPS susceptible organisms 
was reduced by 17-68% in the presence of 5-10 pM of the compound. In contrast the index for 
the non-susceptible organisms was unaffected. The mode of action of TPS is discussed. 

Keywords: Triphenlytin salicylate; Pyrophosphatase inhibition 

INTRODUCTION 

Organotin compounds are widely used in agriculture and industry. They 
possess one or more direct tin-carbon covalent bond(s) responsible for 
the specific properties of such molecules.' The biological properties of 

~ 

* Corresponding author. Fax: +81-958-43-2774. E-mail: fl197acc.nagasaki-u.ac.jp. 

41 1 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
18

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



411 A.J. NOK et cr l .  

organotin compounds are affected by both the number of carbon-tin 
bonds in the molecule and the nature of the group(s) covalently linked to the 
tin atom.* 

The antitumor, bactericidal. fungicidal and trypanocidal properties of 
organotin compounds have been well e~ tab l i shed .~-~  The focus in the syn- 
thesis of organotins for these purposes is towards less toxic and more easily 
degradable compounds. The core structure of organotin compounds pro- 
vides an excellent template for the synthesis of different derivatives with 
broad features and functions. 

In this paper, we show the efficacy of triphenyltin salicylate (TPS) on 
some microorganisms and the connection between their sensitivity and pyro- 
phosphatase inhibition. 

MATERIALS AND METHODS 

Materials 

All growth media Potato Dextrose Agar (PDA), Mueller Hinston Agar 
(MHA), Nutrient Agar (NA) and Nutrient broth were products of Sigma 
Chemical Co. All other reagents are of analytical grade. 

Methods 

TPS was synthesized as described previously.6 Escherichia coli, Staphylo- 
coccus aureus, Shigella jlexneri, Klebsiella pneumoniae, Salmonella typhi, 
Pseudomonas aeruginosu, Aspergillus fumigatus. Aspergillus niger, Aspergillus 
jlavus, Saccharomycrs spp. and Rhotlotorula were obtained from the Depart- 
ment of Microbiology, ABU Zaria, Nigeria. The bacteria were maintained 
in NA and the fungus on PDA slants under refrigerated condition. 

Inhibitory Activity of TPS 

Assay of the antimicrobial activity of TPS was done in 100 x 15 mm petri- 
dishes containing MHA and PDA for bacteria and fungi respectively. 

TPS was dispensed into four bored wells on the plates at the following 
concentrations; 5, 50, 200, and 500 pg/ml. The plates were incubated for 2 h 
to allow for diffusion. The MHA plates were incubated for 24 h at 37°C and 
the PDA at room temperature (28°C) for 48-72 h. At the end of incubation, 
the crescent of inhibition around the disc of  each well containing TPS was 
measured. Microbial susceptibility was done using RPMI 1640 medium for 
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PYROPHOSPHATASE INHIBITION 413 

the TPS-sensitive organisms in the presence of 25 pg/ml TPS. The effect of 
TPS on growth was determined by turbidity. 

Solubilization of Pyrophosphatase (PPase) 

About lOml of the microorganism culture was incubated with 20ml of 
60mM Tris-HC1 pH 8.8 (containing 0.5% wjv cholate, 20% vjv ethylene 
glycol, 0.5M MgC12, and 0.5M EDTA) at 4°C for 30min and then cen- 
trifuged at 27 ,000~ g for 2 h. The supernatant was brought to 12% wjv with 
50% polyethylene glycol (PEG) 4000 in 0.1 M Tris-HC1 pH 8.8, centrifuged 
at 27 ,000~ g for 1 h, and then again raised to 14% saturation with PEG. 
The recovered precipitate was dissolved in 0.1 M Tris-HC1 pH 8.8 (contain- 
ing 0.1 M MgC12, 0.2mM EDTA, and 2% Triton X-100). The enzyme 
solution was then loaded onto a DEAE-cellulose column (2 x 15cm) pre- 
equilibrated with 60 mM phosphate buffer pH 6.9. The enzyme emerged in 
the flow through fraction and was chromatographed on Sephadex G-75. 
The active fraction that emerged from the void volume was utilized as the 
pyrophosphatase source. The protein content was determined as described 
by Lowry et a1.I 

Enzyme Assay 

The enzyme activity was measured as described by Celis et aL8 For inhibi- 
tion studies, the enzyme was preincubated with TPS or an ethanol control 
for 15 min prior to addition to the reaction system. Dialysis of the Enzyme- 
Inhibitor complex (E-TPS) was done overnight against 0.1 M Tris-Maleate 
buffer pH 6.5 and the dialysate was assayed for PPase. Kinetic data were 
analyzed by the Cricket Graph program Version 1.3.2. 

RESULTS 

The effects of TPS on bacteria and fungi are summarized in Table I. When 
the bacteria and fungi were exposed to TPS, inhibition was observed in a 
dose-dependent fashion. Shigellaflexneri, a gram negative bacillus, was sen- 
sitive even at 5pgjml. Staphylococcus aureus, a gram positive cocci, was 
apparently resistant at 5 pgjml but sensitive at all other levels of TPS. How- 
ever, Salmonella typhi, a gram negative typhoid bacillus, was sensitive only 
at 500 pgjml. Escherichia coli was sensitive at all concentrations of TPS used 
whilst Klebsiella pneumoniae, a gram negative diplobaccili, was resistant at 
all tested levels of TPS. The compound also exhibited fungicidal effects 
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TABLE I 
5 -500 pg ml o f  TPS 

Orgnriimi Zone o f  Inhibition (mm) 

Effect of TPS on bacteria a n d  fungi i n  the presence of 

Shigeliu Jlerneri 20 
Stapliylococcus aureus 0 
Salmonella ryphi 0 
Esclierichia coli 9 
Pseudomonus aeruginosu 0 
Klebsiella pneumoniae 0 
Aspergillin niger 9 
Aspergillus, furniga t us 7 
Aspergillus,flmiis 0 
Saccharoniyces spp.  0 
Rhodororula spp, 0 

25 
18 
0 

18 
0 
0 

16 
15 
14 
0 
0 

27 
22 
0 

20 
0 
0 

18 
18 
16 
0 
0 

30 
23 
26 
22 
0 
0 

20 
20 
20 
0 
0 

The MHA and PDA plates were inoculated with bacteria and fungi respectively. 
Four wells on each plate were bored with punch No. 3. To each well S-SOOpg/ml of 
TPS were dispensed. The plates were kept for 2 h to allow for diffusion. Incubation of 
MHA was done at 37'C and the PDA plates at room temperature (28°C). The zone 
of inhibition was measured in millimeters. Results are the average of three experiments. 

TABLE I1 
5-25 h period 

Inhibitory effect of 5pgfml TPS on bacteria a n d  fungi over a 

Orgrmr o n  Brictericicialifungicidal activity 

5 h  10h 15h 2Oh 25h 

Bacteria 
Escliericiiia coli 
Sraplivkoccus aureus 
Slzigella flesneri 
Salnionellr~ t g h i  
Control  (negative) 
Control  (positive) 
Sli igella ,fle.meri 

Aspergillu niger 
Aspergillin fun~igatus 
Aspergillus f l a w s  
Control (negative) 
Control  (positive) 
..ispergillus niger 

Fungi 

++ 
+ 

+ 

++ 

+t 
+ 

i 

++ 

++ 

+++ 

+++ +++ 

+++ +++ 
Organisms were inoculated into RPMI media and the growth noted at intervals of S h 
using turbidity measurements. (+) Little growth (no inhibition). (++) High growth (no 
inhibition). (+++) Very high growth (no inhibition). (-) N o  growth observed implying 
TPS inhibition. Control (negative) Contains the culture only. Control (positive) Culture 
with microorganism but without TPS. Results are the average of three expenments. 

except for Saccharomyces spp. and Rhodotorula that were resistant even at 
500 pg/ml of TPS (Table I). 

Results of bactericidal and fungicidal activity of TPS on the selected 
organisms that were TPS sensitive are shown in Table 11. There was no 
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PY ROPHOSPHATASE INHIBITION 415 

observable growth by all organisms after 10 h of cultivation. The partially 
purified membrane bound pyrophosphatase(s) from the organisms was 
assayed in the absence and presence of 5, 10 and 25pM TPS. Figure 1 is a 
representative plot of initial velocity plot for Escherichia coli pyropho- 
sphatase with increasing substrate concentration under the given conditions. 
The plot indicates a dose-dependent pattern for inhibition by TPS. 

Dialysis of the Enzyme-Inhibitor complex (E-TPS) did not restore the 
activity of the enzyme (Figure 1). 

Kinetic analysis of the inhibition revealed a non-competitive patterns. 
(Figures 2-5). Computed inhibition binding constants, K,, at 5 pM TPS 
(1 0 pM) against pyrophosphatase from Escherichia coli, Shigella jlexneri, 
Aspergillus niger and Aspergillus fumigatus were 7.6 (4.6), 18 (17), 8.8 (6.6) 
and 6.9 (5.0) pM respectively. 

By raising the inhibitor level from 5-10 pM, the percent inhibition 
increased about two fold (34-65%), (17-35%) and (35-60%) for Escher- 
ichia coli, Shigella j’lexneri and Aspergillus niger respectively. In the case of 
Aspergillus fumigatus the inhibition quadrupled (17-68%) from the two 
fold increase in the concentration of TPS. 

8 

A Nolnhibitor 

A 10 rMTPS 
0 10 p M T P S / d W  

S , M T P S  

NaPPi (mM) 

80 

60 

40 

20 

0 

FIGURE 1 Initial velocity plot of Vo versus NaPPi (mM) for Escherichia coli pyrophos- 
phatase in the presence of TPS. The activity of the enzyme is expressed in terms of the 
production of inorganic phosphate Pi pmol/h. Results are the average of three experiments. 
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50 

0 

FIGURE 2 
of TPS. Results are the average of three experiments. 

Hanes Wolf Plot of S #  L'o versus S for Erlierichia coli in the presence and absence 

90 
y = 36.996 t 2 2 . 4 1 4 ~  

. y = 31.073 + 1 6 . 7 5 2 ~  
y I 25.815 + 1 4 . 5 9 3 ~  

R " 2 =  1.000 
R"2 = 0.999 
RA2 = 0.999 

80 - A 10pMTPS 
. a 5 p M T P S  

0 No Inhibitor 
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60 - 

50 - 

40 - 

30 - 

20 I 
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NaPPi (mM) 

FIGURE 3 
dbsence of TPS Results are the average of three experiments 

Hanes Wolf Plot of S V" versus S for Shigella fleuneri in the presence and 
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0 1 2 
NaPPi (mM) 

3 

FIGURE 4 Hanes Wolf Plot of S/V, versus S for Aspergillus niger in the presence and 
absence of TPS. Results are the average of three experiments. 

0 1 2 
NaPPi (mM) 

3 

FIGURE 5 
absence of TPS. Results are the average of three experiments. 

Hanes Wolf Plot of S/ V, versus S for Aspergillus fumigutus in the presence and 
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P. aeruginosa 

S.typhi 

E.coli 

S. f/exneri 

A.furnigatus 

A. niger 

A.J. NOK et 01. 

lOpMTPS 
5 pMTPS 
bblnhibitor 

0 .  

0 00 0 02 0.04 0 06 0 08 0 10 

Vmax/KM 

FIGURE 6 
C;,,,,:Kbl. Results are the average of three experiments. 

Effect of TPS on bacterial and fungal PPase index of physiological efficiency 

The index of physiological efficiency ( Vmax/KM) for the organisms with 
respect to TPS is shown in Figure 6. While the Escherichiu coli pyropho- 
sphatase efficiency is reduced by about three fold at 10 pM of TPS, the pyro- 
phosphatases of the TPS-insensitive Salmonella typhi and Pseudomonas 
crrruginosn were unaffected. Similarly, amongst the fungi group, this ratio 
for the pyrophosphatases from Aspergillus niger, Aspergillus .flaws and 
Aspergillus fiiniigcitus was reduced by about two fold, but unchanged in the 
TPS-insensitive fungi. 

DISCUSSION 

The organotin compound TPS has been shown to possess growth inhibitory 
properties on some bacteria and fungi. Experiments conducted at  a level of 
up to 5 pg’ml proved very effective on most of the microorganisms that were 
susceptible to the compound. 

The mode of action of organotin compounds is the inhibition of oxidative 
phosphorylation so arresting ATP synthesis as well as promoting anion- 
hydroxide exchange reaction across mitochondria1 inner membrane.* 
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PYROPHOSPHATASE INHIBITION 41 9 

Reports have shown that the mechanism of the inhibition of ATP syn- 
thase by organotin is multisite and differs from that of oligomycin which is 
unisite.'"' 

Our data suggested that the ability of TPS to inhibit the pyrophos- 
phatases amongst the different organisms tested was related to the organ- 
ism's susceptibility to TPS. The efficiency of pyrophosphatase enzyme of the 
sensitive Escherichia coli, Aspergillus jlavus, Aspergillus fumigatus was 
reduced in the presence of 5 and 10pM of TPS by one to three fold. Their 
respective activities were considerably reduced by 17-68%. However in the 
moderately susceptible organisms Salmonella typhi, and Staphylococcus spp. 
their pyrophosphatase enzymes were unaffected by the compound. The fail- 
ure of dialysis of the Enzyme-Inhibitor complex (EI) in excess of Na-PP to 
reverse the inhibition suggests strong covalent interaction as the basis of 
inhibition. 

TPS resistance by these organisms could imply that their pyrophos- 
phatases are protected or modified thereby making their binding sites 
unavailable to TPS. Other factors could involve hydrophobic interactions 
of some amino acids and other cell wall components that are critical to the 
oligomeric stability of the enzyme. 

The resistance of some microorganisms to some organotins have been 
linked to heavy metals toxicity resistance.' Whether this phenomenon applies 
to the TPS-resistant organisms described here remains to be elucidated. 

Inorganic pyrophosphatase is an enzyme essential for the synthesis of 
steroids and ATP. It is a highly efficient catalyst for reversible phosphoryl 
transfer from the simplest phosphoric acid anhydride, pyrophosphate, to 
water." During P-oxidation in the metabolism of fatty acid, the activation 
of acetyl CoA is driven by the hydrolysis of ATP to generate AMP and PP. 
The latter is split to form 2Pi by the enzyme making the subsequent reaction 
thermodynamically favourable. 

Resistance to TPS implies this process is not compromised and ATP and 
sterol synthesis needed for cell division and growth proceeds. This is seen in 
the uninterrupted and spontaneous growth of Salmonella typhi, Staphylo- 
coccus aureus, Rhodoturolla spp. even at high levels of TPS. Furthermore, 
the uninhibited growth of Shigellajlexneri and Aspergillus niger cultured in 
the absence of TPS is an attestation to the microcidal efficacy of TPS. 

References 

[l] A. Pain and J.J. Cooney (1998) Arch. Envir. Toxicol., 35,412. 
[2] G.J. Klause, A. Ole and R. Mogens (1989) Appl. Organornetalic Chem., 3,225. 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
18

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



420 A.J. NOK cr ( I / .  

[3] J.N. Andrew. K . A . N .  Esievo. A. Adaudi. S.  Ogeche. C.E. Gimba and J.A. Kagbu (1992) 

[4] B.N. Briddle and J.S. Gray (1989) .App/. Orgtrmmerrrlic Cheni., 5. 537. 
[j] U.S. Attahiru. T.T. I!ani\vura. A.O. Adaudi and J.J. Bonire (1991) Vet .  Huniun Tosico/., 

[6] G.M.J. Vanderkerk and J.G.A. Luijten (1956)J. .4pp/. Chern., 6.49. 
[7] O.H. Lowry. N.J. Rosebroueh. A.I. Farr and R.J. Randall (1951) J .  Biol. Chem.. 193.265. 
[8] H. Celis. S. Escobedo and I. Romero (1998) Arcli. Biocliini. Biophjx.. 358. 157. 
[9J A. Matsuno-Yagi and T. Hatefi (1993a) J .  Biol. Chwi.. 268. 1539. 

[lo] A. Matsuno-Yagi and T. Hatefi (l993b) J .  Biol. C/wtn., 268.6168. 
[ I  I ]  P. Heikinheimop. J .  Lehtonen. A.A. Baykov. R. Laut. B.S. Cooperman and A. Goldman 

J .  Cliri. Biochem. St r t r . .  13. 81. 

33.499. 

(1996) Srrmure .  4. 1491. 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
18

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


