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Analysis of whole cell protein profiles of Salmonella
serovars isolated from chicken, turkey and sheep faeces

by SDS-PAGE

A. AKSAKAL

Faculty of Veterinary Science, Yuzuncu Yil University, Van, Turkey

ABSTRACT: This study was carried out to determine the whole cell protein profiles of Salmonella serovars from

chicken, turkey and sheep faeces by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). A

total of 34 Salmonella strains were included in the study, 14 of them were isolated from chicken, 14 from turkey

and six from sheep. SDS-PAGE was carried out using 12% (w/v) separating and 4% (w/v) stacking gels. The results

showed more than 30 protein bands ranging in size from 97 kDa (kilodaltons) to below 14.4 kDa as determined by

visual assessment of their approximate molecular masses. Protein bands of 78.1, 51.2, 41.5, 37.3, 35.1, 33.9, 30.7,

27.6, 25.4, and 24 kDa were detected in all Salmonella serovars. Salmonella strains used in this study were closely

related and could not be differentiated depending on the whole cell protein profiles using SDS-PAGE.
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Salmonella species are members of the Entero-
bacteriaceae family and are classified into more
than 2500 serovars using the Kauffmann-White
schema. Individual serovars are determined on
the basis of somatic (O), flagellar (H), and cap-
sular (Vi) antigens present in the cell walls of
Salmonella organisms (Rementeria et al., 2009).
Although all Salmonellae are recognized as major
zoonotic pathogens of considerable clinical and
economic importance and cause important infec-
tions both in animals and humans, there exists a
remarkable difference in the invasive capacites of
different Salmonella serotypes in different hosts.
Salmonella (S) Typhi is highly invasive in humans,
S. Gallinarum and S. Pullorum in chicken, S. Dublin
in cattle, S. Abortus-equi in horse, S. Abortus-ovis
in sheep and S. Choleraesuis in swine (Carraminana
etal., 1997). Contamination of poultry with salmo-
nellae results from infected breeders, contaminated
feed and environmental factors. Contaminated
food of animal origin, especially poultry, remains
the major source of these pathogens for humans.
(D’Aoust, 1994; Solano et al., 1998). S. Enteritidis
and S. Typhimurium are common pathogens in hu-
man food poisoning due to consumption of con-

taminated poultry meat (Carraminana et al., 1997;
Solano et al., 1998).

Biochemical properties, serotyping and phage
typing are routinely used in reference laborato-
ries for the identification and characterization of
Salmonella isolates, but their overall low discrimi-
native power mean that these methods are of lim-
ited use as discriminative tools in epidemiological
studies (Heir et al., 2002; Rementeria et al., 2009).
A number of genotyping and genetic methods rep-
resent the major techniques for the characteriza-
tion of bacteria from food and other biological
substances. Electrophoretic separation of whole
cell and outer membrane proteins, or lipopolysac-
charides by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), pulsed field gel
electrophoresis (PFGE), plasmid profiling, DNA
amplification finger printing (DAF), random ampli-
fied polymorphic DNA analysis (RADP-PCR) and
restriction fragment length polymorphism (RFLP)
analysis are the molecular techniques used for the
characterization of bacterial macromolecules (Mare
et al,, 2001; Heir et al., 2002; Ngwai et al., 2005;
Durrani et al., 2008; Foley et al., 2009). In addition,
molecular techniques could also be an important
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tool to reveal epidemic patterns, trace sources of
infection and aid the development of reasonable
intervention strategies to reduce the presence and
spread of Salmonella infections in animals (Heir et
al., 2002). Several studies have been carried out on
Salmonella serovars using SDS-PAGE to evaluate
the whole cell lysate (Nakamura et al., 2002; Acik
et al., 2005; Ngwai et al., 2005; Begum et al., 2008;
Hassanain, 2008).

The aim of this study was to determine the whole
cell protein profiles of Salmonella serovars from
chicken, turkey and sheep faeces by SDS-PAGE.

MATERIAL AND METHODS

Bacterial isolates

Thirty-four strains, biochemically and serologi-
cally identified as Salmonella serovars, were test-
ed in this study. The strains were provided by the
Bacterial Culture Collection of the Microbiology
Department at the Yuzuncu Yil University, Van,
Turkey. Their clinical sources are listed in Table 1.
All Salmonella strains were isolated by classical
bacteriological methods (Holt et al., 1994). These
strains were serotyped in the Refik Saydam National
Public Health Agency, Ankara, Central Veterinary
Control and Research Institute-Etlik, Ankara,
Turkey and Hamburg Hygiene Institute, Germany.
All institutes are reference laboratories. Out of a
total of 34 Salmonella strains analyzed in this study,
14 were isolated from chicken, 14 from turkey and
six were from sheep. In addition, S. Enteritidis 538
strain obtained from the Refik Saydam National
Public Health Agency was used as a positive con-
trol.

Samples preparation

Whole cell lysates of Salmonella serovars for
SDS-PAGE analysis were prepared essentially as
described by Nakamura et al. (2002). Briefly, one
colony was picked from MacConkey agar (MCA,
Merck), inoculated into 100 ml of Tryptic Soy Broth
(TSB, Merck) and incubated overnight at 37°C.
Subsequently, the broth culture was centrifuged
(Sigma, 3-18K, Germany) at 15 000 rpm for 15 min
at 4°C. The sediment was resuspended in 10 ml of
phosphate buffer solution (PBS, pH 7.2). One ml
of the suspension was transferred into 1.5 ml mi-
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Table 1. The Salmonella serovars used in this study

Strain Salmonella bjourcg Serogroup
No. serovars of isolation

1 S. Enteritidis chicken D,
2 S. Enteritidis chicken D,
3 S. Enteritidis chicken D,
4 S. Enteritidis chicken D,
5 S. Enteritidis chicken D,
6 S. Enteritidis chicken D,
7 S. Enteritidis chicken D,
8 S. Typhimurium chicken B
9 S. Agona chicken B
10 S. Corvallis chicken C,
11 S. Corvallis chicken C,
12 S. Corvallis chicken C,
13 S. Corvallis chicken C,
14 S. Enteritidis chicken D,
15 S. Enteritidis turkey D,
16 S. Enteritidis turkey D,
17 S. Virchow turkey C,
18 S. Augustenborg turkey C,
19 S. Augustenborg turkey C,
20 S. Augustenborg turkey C,
21 S. Enteritidis turkey D,
22 S. Enteritidis turkey D,
23 S. Enteritidis turkey D,
24 S. Enteritidis turkey D,
25 S. Cambridge turkey E,
26 S. Anatum var. 015 turkey E,
27 S. Anatum var. 015 turkey E,
28 S. Anatum var. O15 turkey E,
29 S. Saintpaul sheep B
30 S. Saintpaul sheep B
31 S. Saintpaul sheep B
32 S. Saintpaul sheep B
33 S. Saintpaul sheep B
34 S. Saintpaul sheep B
35 S. Enteritidis 538  positive control D,

crocentrifuge tubes and centrifuged at 15 000 rpm
for 15 min at 4°C. The sediment was suspended in
10 pl of 10% SDS (AppliCem) and an equal volume
of loading buffer [0.125M Tris (hydroxymethyl)
aminomethane (Tris, AppliCem), 4% SDS, 10%
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2-mercaptoethanol (Merck), 0.2% bromophenol
blue (AppliCem); pH 6.8] was added. After vigor-
ous shaking by vortex, the prepared samples were
boiled for 10 min at 100°C, centrifuged for 1 min
(15 000 rpm at 20°C) and the supernatants were
stored at —20°C until use.

Electrophoresis

The SDS-PAGE was carried out using the method
of Laemmli (1970) using 12% (w/v) separating and
4% (w/v) stacking gels. The protein concentrations
of the whole cell lysates were measured accord-
ing to the method of Lowry et al. (1951). Five pl
of samples were electrophoresed on 12% acryla-
mide (Sigma) gel for 3 h at 30 mA using a small
electrophoresis chamber (Thermo EC120 Mini Gel
Vertical System, USA). In each gel a wide range
molecular weight marker (Sigma) was included.
The gels were stained in 0.25% Coomassie Brilliant
Blue R250 (Sigma) in methanol:acetic acid:distilled
water (5: 1 :5) for 90 min with gentle shaking.
Then the gels were destained in methanol:acetic
acid:distilled water (2 : 3 : 35) overnight and vis-
ualized with the GI-5000 visualization system
(Spectronics Co., USA).

RESULTS AND DISCUSSION

The whole cell protein profiles of the Salmonella
serovars were determined using SDS-PAGE using
12% (w/v) separating and 4% (w/v) stacking gels.
More than 30 protein bands could be resolved rang-
ing in size from 97 kDa to below 14.4 kDa as deter-
mined by visual assessment of their approximate
molecular masses. Seventy-eight point 1, 51.2, 41.5,
37.3, 35.1, 33.9, 30.7, 27.6, 25.4, and 24 kDa pro-
tein bands were detected in all Salmonella serovars.
Protein bands of 78.1, 51.2, and 41.5 kDa appeared
as major bands in all strains.

When the protein profiles of S. Enteritidis origi-
nating from chickens and turkeys were compared,
no differences were found among the isolates within
this serovar (Figure 1). Similarly, when the isolates
of the serogroups B, Cl, Cg, and E2 were compared,
there were no differences among all the isolates
examined (Figure 2).

Conventional identification and typing methods
still have an important role in routine microbiologi-
cal diagnosis (Durrani et al., 2008). The bacterial
protein profiles are a reflection of the genome of
the strain; therefore, determination of the whole
protein content plays an important role in clas-
sification, identification, typing, and comparative
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Figure 1. The WC proteins of S. enteritidis from chicken and turkeys. Lane 1 = S. Enteritidis (strain No. 3), Lane 2 =
S. Enteritidis (strain No. 4), Lane 3 = S. Enteritidis (strain No. 7), Lane 4 = S. Enteritidis (strain No. 14), Lane 5 =
S. Enteritidis 538 (strain No. 35), Lane 6 = M (molecular weight marker), Lane 7 = S. Enteritidis (strain No. 16), Lane
8 = S. Enteritidis (strain No. 21), Lane 9 = S. Enteritidis (strain No. 22), Lane 9 = S. Enteritidis (strain No. 23), # marker,

€ strains
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Figure 2. The WC proteins of Salmonella serovars according to serogroups. Lane 1 = S. Corvallis (strain No. 10), Lane
2 = S. Augustenborg (strain No. 19), Lane 3 = S. Typhimurium (strain No. 8), Lane 4 = S. Agona (strain No. 9), Lane
5 = M (molecular weight marker), Lane 6 = S. Enteritidis 538 (strain No. 35), Lane 7 = S. Enteritidis (strain No. 1),
Lane 8 = S. Enteritidis (strain No. 21), Lane 9 = S. Cambridge (strain No. 25 ), Lane 10 = S. Anatum var. O15 (strain

No. 26), ® marker, 4 strains

studies of bacteria (Kustos et al., 1998). SDS-PAGE
is also an important molecular technique used for
identification at the species level (Durrani et al.,
2008). In microbiological analysis associated with
the epidemiological investigation of outbreaks, it
is often necessary to obtain a more detailed iden-
tification and characterization of the organisms
involved than can be provided by conventional
methods such as plasmid analysis and whole cell
protein analysis.

Several studies have been carried out on Salmo-
nella serovars using SDS-PAGE to evaluate the
whole cell lysate (Nakamura et al., 2002; Acik et
al., 2005; Ngwai et al., 2005; Begum et al., 2008;
Hassanain, 2008). Nakamura et al., (2002) reported
that the whole cell proteins of S. Typhimurium and
S. Enteritidis showed similarity in analysis by SDS-
PAGE. Both strains yielded major bands at 71.4,
67.7, 44.0, and 30.3 kDa. In another study, Ngwai
et al. (2005) reported analysis of the whole cell pro-
teins of S. Typhimurium strains by SDS-PAGE and
detected 36.5 and 65 kDa proteins while the protein
profiles of all strains were similar. Hassanain (2008)
noted that protein profiles of Salmonella strains
show many bands between 77.5 and 11.4 kDa and
protein bands of 77.5, 55.2, 33.1 and 16.2 kDa
are common. The whole cell protein profiles of
54 Salmonella serovars, including S. Typhimurium,
S. Enteritidis, S. Agona, S. Anatum, S. Virchow,
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and S. Corvallis, have also been compared using
SDS-PAGE (Begum et al., 2008). A protein band of
37.8 kDa was detected in all serovars and protein
profiles did not differ among the serovars. Also,
Acik et al. (2005) have argued that electrophoretic
banding patterns obtained using the SDS-PAGE
method are insufficient for reliable differentiation
of Salmonella species.

In this study, 78.1,51.2, 41.5, 37.3, 35.1, 33.9, 30.7,
27.6,25.4, and 24 kDa protein bands were detected
in all Salmonella serovars and the 78.1, 51.2, and
41.5 kDa bands were observed to be major bands
in all strains. Unfortunately, the Salmonella strains
could not be differentiated according to whole cell
protein profiles using SDS-PAGE, similar to previ-
ous reports (Nakamura et al., 2002; Acik et al., 2005;
Ngwai et al., 2005; Begum et al., 2008).

Our results suggest that Salmonella strains sero-
typed in reference laboratories are closely related.
However, for the definitive characterization and
differentiation of Salmonella serovars, alternative
molecular techniques such as plasmid analysis,
PFGE or RFLP should be employed.
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