Iranian Journal of Pharmaceutical Research (2016), 15 (2): 653-660
Received: November 2014
Accepted: February 2015

Copyright © 2016 by School of Pharmacy
Shaheed Beheshti University of Medical Sciences and Health Services

Original Article

Effects of Silver Sulphadiazine on Production of Extracellular Proteins by
Strains of Staphylococcus Aureus Isolated from Burns Wound
Vahideh Javid Khojasteha*, Souad Alfakhrib and Howard Anthony Fosterc
Department of Microbiology,Faculty of Medicine, Guilan University of Medical Sciences,
Rasht, Iran .bBiomedical Sciences Research Institute, School of Environment and Life Sciences,
University of Salford, The Crescent, Salford M5 4WT, UK .cBiomedical Sciences Research
Institute, School of Environment and Life Sciences, University of Salford, The Crescent, Salford
M5 4WT, UK.
a

Abstract
Previous studies had shown that sub-inhibitory concentrations of silver sulphadiazine (AgSD)
stimulated the production of Toxic Shock Syndrome Toxin-1 in certain strains (responder strains)
of Staphylococcus aureus and that protease production was also affected. No changes were
detected in other strains (non-responders).
Extracellular proteins from eleven responder and non-responder strains grown with and
without AgSD were separated by SDS PAGE.
There were three classes of response, responder strains that showed enhancement of
synthesis of certain proteins, non-responder strains that showed no change and responder
strains that showed a general decrease in exoprotein production in the early stages of growth.
The results showed that the effects of AgSD were complex and that S. aureus strains were
heterogenous with respect to their response to sub-inhibitory concentrations of AgSD.
Keywords: Antimicrobial; Extracellular proteins; Silver sulphadiazine; Staphylococcus
aureus; Sub-inhibitory.

Introduction
Staphylococcus aureus is a major common
cause of skin and soft tissue infections, although
the majority of serious infections occur in
the health care setting and in hospitals (1).
Treatment of severe S. aureus infections can
be puzzling and mortality rate remains between
20-25% (2). Over the past 40 years, methicillin
resistant S. aureus had become widespread in
worldwide hospitals (3). Increasing incidence
of antibiotic resistance poses a serious risk to
human health (4). The invasion of host tissues
* Corresponding author:
E-mail: vahikj161@gmail.com

by S. aureus involves the production of an array
of secreted proteins, some of which become
cell bound e.g. adhesins, some are lipoproteins,
some are retained in the membrane and some are
truly extracellular. The latter group comprises
toxins that attack host cells include membranedamaging toxins e.g.a
Experimental
Bacterial strains and culture conditions
Eleven strains of S. aureus were used for this
study (Table 1). T1 (FRI1189S) was originally
isolated from a case of menstrual toxic shock
syndrome (MTSS) and supplied by M. S.
Bergdoll; T4 was from a burned patient with
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Table 1. Strains of Staphylococcus aureus used in this study and their characteristics
Strain

Gender/Age

Isolation
Site of Burn

Toxin

Sapi

Responder
Status

T1

unknown

MTSS

TSST-1

SAPI2

NR

T4

unknown

NMTSS

TSST-1

SAPI2

R

B3

M/3y

Right arm

TSST-1

SAPI2

R

B6

M/4y

Hand

TSST-1

SAPI2

NR

B10

F/10m

Chest

Ent C

B23

M/unknown

Chest

TSST-1/ Ent A

SAPI2

R

B35

M/11y

Skin

TSST-1

SAPI2

NR

B45

M/11y

Abdomen

TSST-1

SAPI1

R

B54

F/unknown

unknown

TSST-1

SAPI1

8325-4

Laboratory strain

TSST-1

NT

R
NT

RN4282
Laboratory strain
TSST-1
SAPI1
R
Key: NMTSS (non menstrual toxic shock syndrome), MTSS (menstrual toxic shock Syndrome), SAPI (Staphylococcus aureus
pathogenicity Island), TSST-1(toxic shock syndrome toxin-1), R (responder), NR( non-responder), NT (not tested).

confirmed non-menstrual toxic shock syndrome
(NMTSS, Bury and Rochdale Healthcare Trust,
UK), RN4282 was obtained from T.J. Foster,
University of Dublin, Ireland and 8325-4 from
R. Novick, New York University of Medicine,
USA. All other strains were isolated from burn
wounds (12). S. aureus RN4282, T4, B6, B23,
B45 and B54 were responders, T1, B3 and B35
were non-responders, 8325-4 had not been
tested and B10 did not produce TSST-1 and was
included as a control. All strains were confirmed
as S. aureus by performing Gram stain, catalase,
oxidase and Staphaurex (Murex Biotech Limited,
Kent, UK) tests.
Cultures were stored as slope cultures at 5 °C.
Universal bottles containing 10 mL Brain-heart
infusion Broth (BHIB, Oxoid, Basingstoke, UK)
were inoculated with a 10 μL loopful of each
strain and incubated for 24 h at 37 °C. Samples
(0.1 mL) were transferred to duplicate 250 mL
conical flasks containing 100 mL BHIB; 0.5 mL
of silver sulphadiazine was added to one flask to
give a final concentration of 25 m g mL-1 and both
flasks were incubated without agitation at 37 °C
for 24 h. Culture supernatants were obtained by
centrifugation at 1500 x g for 20 min and the
supernatant fluids were removed and stored at -20
°C.

BHIB were inoculated into fresh BHIB with and
without 25 m g mL-1 of AgSD and incubated at 37
°C as before. Flasks were removed at 2, 4, 8, 24,
48 and 72 h, turbidities were determined using
a Unicam SP600 spectrophotometer at 550 nm
using distilled water as a blank. Cultures with
optical densities above 0.7 were diluted 1:10 with
distilled water. The remainder was centrifuged for
20 min at 1500 x g and 4 °C and the supernatant
fluids removed and stored at –20 °C.
Preparation of protein
Ice-cold propanol-2 (100 mL) was added
to 100 mL of culture supernatant fluid in a 250
mL centrifuge tube, kept on ice for 30 min,
and centrifuged at 10,000 rpm for 15 min. The
pellet was collected and washed with 50% (v/v)
of propanol-2 in electrophoresis buffer and
centrifuged again at 10,000 rpm for 15min.The
pellet was collected and dissolved in 10 mL of
electrophoresis buffer (EB; 10 mM Tris-HCl,
1mM EDTA, both Sigma-Aldrich, UK, pH 8).
The sample was placed in a dialysis tube (Medical
International Ltd, UK) and dialysed against
EB for at least 2 h at 5 ºC. The preparations
were removed and stored at 0 ºC until used for
electrophoresis.
Electrophoresis
Sample (250 μL) was mixed with 250 μL of 5
% (w/v) SDS and 10 % (v/v) β-mercaptoethanol
in electrophoresis buffer solution (Pharmacia

Kinetics of exoprotein production in subinhibitory concentrations of silver sulphadiazine
Overnight broth cultures of S. aureus strains in
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Figure 1 (b).
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RN4282+AgSD; 4, B10 control; 5, B10+AgSD; 6, B6 control; 7, B6+AgSD; 9, B45

Biotech, UK) in a 1.5 mL Eppendorf tube and
boiled for 5 min. SDS-PAGE (Sodium Dodecyl
Sulphate-Polyacrylamide Gel Electrophoresis)
was performed using Phastgel 10-15 gradient
polyacrylamide gels (Pharmacia) with a
continuous 10-15 % gradient and 2 % crosslinking. Protein preparations (3 µL) were
applied and electrophoresis performed at
250V (10.0 mA) for 60 Vh. Protein markers
(α-lactalbumin 14,000; trypsin inhibitor, 20,000;
carbonic anhydrase, 30,000; ovalbumin, 43,000;
bovine serum albumin, 67,000; phosphorylase

b, 94,000: Amersham Biosciences, UK) were
included on each gel for calibration.
Detection of proteins
The proteins were detected by staining with
silver stain (Amersham Biosciences, UK). All
staining solutions were prepared freshly before
use as direction provided with the kit. The gels
were washed x 3 with distilled water for two
min on a rotary shaker. Dry gel solution (35 mL;
Invitrogen Ltd) was added and shaken for 15
min. The gel was placed between two cellophane
655
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sheets (Invitrogen Ltd) and left overnight to dry.
The gels were photographed using an
Alpha Imager™2200 system (Alpha Innotech
Corporation, UK) and the Rƒ values and the
molecular weight of each protein band was
automatically calculated using the Alpha
Imager™2200 and Alpha Ease™ software using
the protein markers to calibrate each gel.

and Bovine serum albumin as standard (both
from Sigma Aldrich, UK).
Results
The strains of S. aureus were cultured for 24 h
with and without a sub-inhibitory concentration
of AgSD and exoproteins isolated from the
culture supernatants. The total amounts of
exoprotein varied from 8.7 to 13.3 mg 100 mLl
. Total protein remained the same with AgSD
in the non-responder strains but increased by

Estimation of protein concentration
Protein concentration was measured by the
Bradford method (14) using Bradford Reagent
656
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6-15% with AgSD in responder strains. In strain
B10, which does not produce TSST-1 and cannot
be classified as a responder/non-responder, total
exoprotein increased by 5 % in the presence of
AgSD which proteins were fractionated by SDS
PAGE. There was no clearly detectable increase
in overall protein production in responder strains
compared to non-responder strains. There were
three patterns of exoproteins produced when
cultures were grown with and without AgSD.
All three strains previously identified as nonresponders showed few detectable changes
in the proteins (T1, B3, B35; Figure 1). Three
strains previously identified as responder strains
(T4, B54 and B23), showed a visible increase in
the relative amounts of some proteins (arrowed).
Some responder strains showed a reduction with
AgSD (RN4282, B54) and two responder strains
showed no change (B6, B45). Strain 8325-4 had
not previously been classified and B10 did not
produce TSST-1, both showed a reduction with
AgSD (Figure 1). Most strains produced 20+
detectable bands but some bands were unique to
particular strains.
As the differences may have been due to
changes in growth rate between the strains and
between different strains the electrophoresis was
repeated for strains incubated with and without
AgSD for 2 to 72 h and the growth curves
determined (Figure 2). There was generally
little effect of AgSD on growth but there were
some differences in growth rate between strains
(Figure 2). Strains B10, T1 and B45 had similar
growth curves and had entered stationary phase
by 48h, strain B45 was the only strain to show
a decline after 48 h. Strains RN4282, B3, B23,
B54 and 8325-4 had similar growth curves,
grew more gently and were still in exponential
phase by 72 h. Strains B6, B35 and T4 showed
growth decelerating after 24h and were in
stationary phase by 48 h (Figure 2). The kinetics
of exoprotein production in three representative
strains is shown in Figures 3. In the responder
strains e.g. T4, there was inhibition of exoprotein
synthesis by AgSD up to 4 h, especially of
proteins of 60-90 kD (Figure 3). Stimulation of
proteins of 60 and 94 kD occurred after 6h and
there was a general stimulation of protein by
AgSD after 8 h, especially proteins of 22, 30, 60,
70 and 97 kD. There were few differences with

and without AgSD at later times (Figure 3a). In
contrast, in the responder strain B6, production
of exoproteins was reduced in the presence of
AgSD up to 8 h, particularly in the range of 1545 kD. Amounts had recovered by 24h and there
were few further differences up to 72 h (Figure
3b). In non-responder strain T1, there were few
differences during the growth cycle except for
reduced amounts of a band at 22 kD at 6h and
bands at 40, 50 and 70 kD after 8 h (Figure 3c).
It was possible to tentatively identify some
of the proteins on the basis of their molecular
weight by comparison with published data (12,
13).
Discussion
The effects of sub-inhibitory concentrations
of silver sulphadiazine on exoprotein synthesis
were complex. There were three classes
of response, responder strains that showed
enhancement of synthesis of certain proteins,
non-responder strains that showed no change
and responder strains that showed a general
decrease in exoprotein production in the early
stages of growth.
The extracellular proteins produced by S.
aureus strains were dissimilar in different growth
phases. Some of the exoproteins were produced
throughout growth, some were only produced
in exponential phase, some were produced only
in late exponential phase and some were only
produced in stationary phase in both responder
and non-responder strains. A number of factors
have been shown to affect exoprotein synthesis.
Expression of hla, tst and spa was strongly
repressed in the presence of sodium chloride (1
M) or sucrose (20 mM), expression of tst requires
O2 and CO2 and is affected by concentration of
Mg2+ (15-19).
The synthesis of many exoproteins is
regulated by agr and sar, so that is highest in
stationary phase which was reached by most
stains at 48 h in the present study. The cell
density was approximately 10 to 20 times lower
than in shaker (aerated) cultures (unpublished
observations) but cell densities are still higher
than the1.2 x 108 cfu mL-1 needed for induction
of agr by 24-48h depending on the strain.
The control of exoprotein gene expression is
657
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a complex interplay between different regulatory
systems (20-28). Sar regulates expression of agr
mainly during the transition between exponential
and stationary phases of growth and also has
direct effects on expression of some exoproteins
independent of agr (29-32).
It has also been reported that strains that

produce TSST-1 produce lower amounts of
extracellular proteins (32-34). No mechanism
has been proposed for this. In the present study
the TSST-1 negative strain B10 did not produce
significantly more exoprotein than the TSST-1
producing strains. The reduction in exoprotein
production in TSST-1 positive strains may not
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be a general phenomenon or may not have been
expressed under the growth conditions used here.
The increases seen in this study were modest
compared to the 8-32 fold increases in TSST1 and changes in proteases seen in our previous
study (12, 13). One difference is that static
cultures were used in present study, whereas
shaken cultures (aeration) were used in previous
studies. The production of TSST-1 has been
shown to be affected by aeration and CO2 levels
(18, 19)and specific growth rate (33) and there
is clearly an interaction with the stimulation of
TSST-1 synthesis by AgSD and aeration which is
not simply due to the higher cell densities formed
by aerated cultures.
Overall the effects of sub-inhibitory
concentrations of AgSD were complex with three
classes of responses recorded in the strains tested.
This may reflect differences in susceptibility to
AgSD and, although MIC’s were similar, this
could be tested by investigating the effects of
different concentrations of AgSD. The results
support the work of Kaur et al. (34) who showed
that 70 μg/mL of Ag+ decreased synthesis of
haemolysin, deoxyribonuclease and protein A but
increased coagulase production in that the effect
of Ag+ are dependent on exoprotein.
Some of the proteins were tentatively identified
on the basis of their apparent molecular weight
when compared to published data but there were
a number of proteins that could not be identified.
The pattern of exoproteins will depend on whether
a particular strain carries the gene for a particular
protein and may be complicated by activation of
exoenzymes by cleavage by proteases e.g. lipase
and serine protease (35) and by modification of
surface proteins such as FnbA and protein A by
proteoytic cleavage (27) the cleavage products of
which will be present in the medium. The proteins
that could not be identified from results published
in previous studies may reflect the use of different
strains and culture followed by MALDI/TOF
(Matrix Assisted Laser Desorption Ionization/
Time of Flight) mass spectroscopy should allow
identification of the proteins.

support for SE and Smith and Nephew Ltd for gift
of silver sulphadiazine.
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