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In the present paper, we describe cloning and expression of
two outer membrane proteins, BpsOmp38 (from Burkholderia
pseudomallei) and BthOmp38 (from Burkholderia thailandensis)
lacking signal peptide sequences, using the pET23d(+) expres-
sion vector and Escherichia coli host strain Origami(DE3). The
38 kDa proteins, expressed as insoluble inclusion bodies, were
purified, solubilized in 8 M urea, and then subjected to refold-
ing experiments. As seen on SDS/PAGE, the 38 kDa band com-
pletely migrated to ∼ 110 kDa when the purified monomeric
proteins were refolded in a buffer system containing 10 % (w/v)
Zwittergent® 3-14, together with a subsequent heating to 95 ◦C
for 5 min. CD spectroscopy revealed that the 110 kDa pro-
teins contained a predominant β-sheet structure, which cor-
responded completely to the structure of the Omp38 proteins

isolated from B. pseudomallei and B. thailandensis. Immunoblot
analysis using anti-BpsOmp38 polyclonal antibodies and peptide
mass analysis by MALDI–TOF (matrix-assisted laser-desorption
ionization–time-of-flight) MS confirmed that the expressed
proteins were BpsOmp38 and BthOmp38. The anti-BpsOmp38
antibodies considerably exhibited the inhibitory effects on the per-
meation of small sugars through the Omp38-reconstituted lipo-
somes. A linear relation between relative permeability rates and
Mr of neutral sugars and charged antibiotics suggested strongly
that the in vitro re-assembled Omp38 functioned fully as a dif-
fusion porin.
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INTRODUCTION

Burkholderia pseudomallei is a Gram-negative bacterium that
causes melioidosis, a potentially fatal disease in humans and other
animals, including dolphins, sheep, pigs and goats [1–3]. In
Thailand, melioidosis is endemic and is most widespread in the
north-east region, where, for instance, in an hospital it was re-
sponsible for 19 % of community-acquired sepsis and 40 % of
deaths from community-acquired septicaemia. The clinical spec-
trum of melioidosis consists of four major forms, including acute
fulminant septicaemia, sub-acute illness, chronic infection and
subclinical disease. Syndromes may be localized or disseminated
and affect different organs, depending on whether the disease
is acute or chronic. In humans, the incubation period generally
takes approx. 2–3 days. However, the disease can be developed
6–26 years after exposure [4]. By comparing the 16 S rRNA
gene sequences of bacterial species in the genus Burkholderia,
B. pseudomallei was shown to be phylogenetically closely related
to Burkholderia thailandensis, with only 15 nucleotide dis-
similarities [5]. The main characteristic for separation of the two
species is the difference in their ability to utilize L-arabinose.
Almost all clinical isolates of B. pseudomallei are unable to utilize
L-arabinose as a single substrate (Ara−), while B. thailandensis
can utilize L-arabinose (Ara+) [6,7]. Moreover, these two bacteria
have a distinct difference in their relative virulence. The LD50

(50 % lethal dose) for B. pseudomallei in the Syrian hamster
model of acute melioidosis is less than ten organisms, whereas
the LD50 for B. thailandensis is approx. 106 organisms [8]. Suc-

cessful treatment of melioidosis has been difficult due to the lack
of effective drugs and the inherent resistance of B. pseudomallei
to various groups of antibiotics, including β-lactams, amino-
glycosides, macrolides and polymyxins [9,10]. It has been sug-
gested that the resistance may be associated with low permeability
of antibiotics through porin channels located at the outer
membrane of the bacterium [11].

Bacterial porins have been classified into non-specific (general
diffusion) and specific porins. Non-specific porins allow the
passage of hydrophilic solutes up to an exclusion size of Mr ∼ 600
and show a linear relation between the permeation rate and solute
concentration gradient [12,13]. On the other hand, specific porins
exhibit Michaelis–Menten kinetics for the transport of specific
solutes [14]. A number of bacterial porins with related structures
has been characterized, for instance OmpF, PhoE, Omp32 and
LamB [15–17]. Most porins, if not all, are stable in trimeric
form [18]. This rigid structure generally is detergent-resistant, but
heat-sensitive [19]. The entire polypeptide of a porin subunit
typically comprises 300–420 amino acids, which fold into a 16- or
18-stranded antiparallel β-barrel. X-ray crystallography [15,20]
and neutron crystallography [21] have demonstrated that the hy-
drophobic part of the β-barrel is inserted into the core of the outer
membrane to form the transmembrane pore. The pore is, in turn,
constricted by an internal loop or eyelet that folds inwardly and
is attached to the inner side of the barrel wall. The β-strands are
connected on the periplasmic side by short loops or turns and
on the extracellular side by long irregular loops [18]. These loops
display high sequence variation among homologous porins, which
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