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strains are diverse

Yun Khoon Liew & Rukman Awang Hamat &
Syafinaz Amin Nordin & Pei Pei Chong &

Vasanthakumari Neela

Received: 15 May 2014 /Accepted: 18 February 2015
# Springer-Verlag Berlin Heidelberg and the University of Milan 2015

Abstract Several studies have shown that protein expression
patterns vary in unrelated bacterial strains due to genomic
plasticity and gene regulation, resulting in enhanced heteroge-
neity in the infection potential. However, exoprotein expres-
sion patterns of closely related clonal strains have not been
well characterized. Here, we used medium-range (pH 4–7)
immobilized pH gradient–two-dimensional gel electrophore-
sis to investigate the exoproteome from closely related
Staphylococcus aureus clonal isolates. Interestingly, we found
that, under identical in vitro experimental conditions, a num-
ber of protein spots were uniquely present in samples from
each clonal isolate irregardless of the similarity of the geno-
type and the same virulence gene profile. Only a few abundant
invariant proteins were found among identical genotypic iso-
lates. Our results clearly shown that heterogeneity in the
exoproteome was present even among clonally related strains.
We suggest that this heterogeneity may contribute to the de-
gree of virulence even within one clonal genotype. The het-

erogeneity in the exoproteome of closely related S. aureus
strains observed in the current study postulates that pre-
existing antibodies are not very protective during recurrent
infection with the same strain. Therefore, our findings under-
score the importance of taking all clonally related strains into
account during proteome analyses.
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Despite the large numbers of studies which have been carried
out over the past 130 years on Staphylococcus aureus, the
emergence of multidrug-resistant strains with a heterogeneous
virulence potential is still on the rise (Sakoulas andMoellering
2008; Hongo et al. 2009; Ventura et al. 2010; Muthukrishnan
et al. 2011; Alonzo III et al. 2012). Heterogeneity in
exoprotein expression patterns has been observed for distinct
genotypes of S. aureus (Bernardo et al. 2002; Ziebandt et al.
2010). This variation in exoproteins increases S. aureus fitness
by enhancing its pathogenicity potential, including attachment
and invasion/evasion of host defenses, as well as by promot-
ing growth in different niches in the environments of the hu-
man host. However, the question of whether clonally related
S. aureus strains [as defined by a pulsed-field gel electropho-
resis (PFGE) profile with>80 % similarity and sharing of the
same sequence type) display a homogeneous pattern at the
protein level once subjected to medium-range immobilized
pH gradient (IPG)–2-DGE remains unanswered. To address
this question, we randomly selected six clinical isolates of
three S. aureus clones, namely, ST1, ST30 and ST8 (2 isolates
per clonal type), for 2-DGE comparison. PFGE patterns and
virulence gene profiles for each isolate were also determined

Y. K. Liew
Department of Life Sciences, School of Pharmacy, International
Medical University, 57000 Kuala Lumpur, Malaysia

Y. K. Liew :R. A. Hamat : S. A. Nordin :V. Neela
Department of Medical Microbiology and Parasitology, Universiti
Putra Malaysia, 43400 Serdang, Malaysia

P. P. Chong
Department of Biomedical Sciences, Universiti Putra Malaysia,
43400 Serdang, Malaysia

V. Neela (*)
Department of Medical Microbiology and Parasitology, Faculty of
Medicine and Health Sciences, Universiti Putra Malaysia,
43400 Serdang, Malaysia
e-mail: vasantha@upm.edu.my

Ann Microbiol
DOI 10.1007/s13213-015-1064-7


