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Abstract: This study reports a sequential biopamning against serum obtamed from a patient nfected with
B. pseudomallei using a phage display peptide library. A peptide bearing the consensus sequence
NEKNSFDAWLQSF was obtained after 3 rounds of biopamning and it partly resembles the sequence
35FDAWLAAQEF44 of B. pseudomallei site-specific recombinase, which is a phage integrase family protein.
Overall, the mimotope obtained in this study could be a potential candidate for the development of a cost

effective diagnostic test or vaccine in the future.
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INTRODUCTION

Burkholderia pseudomallei is a soil saprophyte,
which 18 geographically restricted in distribution to
tropical and subtropical Australia and Southeast Asia.
This organism is widely disseminated in soil, streams,
ponds and rice paddies. Swveys conducted on the
soil and surface water of Sabah and West Malaysia for
B. pseudomallei showed that the orgamism 1s widely
distributed in Malaysia. The highest isolation rate of
14.6% was in surface water from wet rice fields (Babjee
and Aidah, 1994). In addition, the most striking finding in
the scil sampling was the high isclation rate of 27.8%
of B. pseudomallei from cleared fields. These surveys
suggest that nutritional requirements do not lumit the
geographical distribution of B. pseudomallei (Babjee and
Aidah, 1994). B. pseudomallei causes melioidosis which
exhibits several symptoms, including formation of skin
abscesses, sepsis and septic shock, abscess formation in
several internal organs and acute pulmonary disease
(Forbes et al., 1998). Infection with B. pseudomallei may
result in a subclinical infection and remain undetected for
a number of years. Moreover, both the chronic and
subclinmical forms generally can remain undiagnosed until
activated by a traumatic event or a decrease in
immunocompetence (Reckseidler et al., 2001). A high
mortality rate of 65% was reported in patients with the
septicemic form of melioidosis, which is characterized by
dissemination of the bacteria with multi-organ
involvement and isolation of the bacteria from the blood
and various organs (Puthucheary et al., 1992). In general,
the pathogenesis of melioidosis has not been completely

elucidated. A previous study has suggested that the
surface component of B. pseudomallei might serve as a
virulence factor and play a role in the attachment to the
host cell surface (Brown et al., 2002).

Biopanning 15 cne of the powerful approaches that
are usually carried out with a phage display library. A
phage display library is made up of many recombinant
phages, each displaying a different peptide or protein as
a fusion with coat proten on the surface of filamentous
bacteriophages (Smith et al., 1998). Proteins or peptides
that interact with the desired target such as antibodies,
enzymes, DNA-binding proteins and cell-surface
receptors are then screened for thewr epitopes using
biopanning. This approach has been widely applied in the
studies of antibodies (Shen et al., 2007, Tao et ai., 2005),
cancers (Chen et al, 2007, Akita et al., 2006), drug
discovery (Sergeeva ef al., 2006) and mimotope or epitope
mapping (Tungtrakanpoung et al., 2006). Therefore, in
this study, we set out to possibly uncover and
characterize the mmmunogemic surface epitope or
mimotope of B. pseudomallei which might play an
important role in the pathogenecity regarding host-cell
attachment.

MATERIALS AND METHODS

Biopanning: The biopanning process was carried out
using serum from a patient with melioidosis. E. coli
ER2738 was prepared in 10 mL of Luria-Bertari broth and
incubated at 37°C with shaking at 220 rpm. One hundred
and fifty microlitres of patient serum in 0.1 M NaHCO,
(pH 8.6) was prepared and mcubated overmght n a
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microtiter plate at 4°C. The solution was then discarded
and blocking buffer (10% skim milk in PBS) was added and
kept at 4°C for 1 h. After that, the wells were washed
5 times with PBS-T [PBS + 0.1% (v/v) Tween-20}]. A
5x10" pfu of the phage library in 150 pL of PBS-T was
dispensed into the wells and incubated for 1 h at room
temperature and the mixture containing unbound phage
was then discarded. The wells were washed 10 times with
PBS-T followed by trypsinisation for 30 min. The elute
containing the selected phage was transferred into a
microfuge tube and stored at 4°C overmight for further
use.

One microlitre of the phage elute was used for
titration. The elute containing the selected phage was
enriched by the addition of 10 mIL of E. ¢oli ER 2738 and
incubated at 37°C for 4 h with vigorous shaking, then
centrifuged at 13,000 rpm at 4°C for 10 min, followed by a
second centrifugation. A 1/6 volume of PEG/NaCl was
added to the supernatant in a new microfuge tube and
allowed to precipitate overmight at 4°C. The precipitate
was centrifuged at 13,000 rpm, 4°C for 15 min, the
supernatant was discarded and the pellet was dissolved
m 1 mL of PBS. This suspension was centrifuged at
13,000 rpm for 5 min to pellet residual cells and the
supernatant was precipitated again with 1/6 volume of
PEG/NaCl and mncubated on ice for 60 min. Supernatant
was discarded after centrifugation at 13,000 rpm for 10 min
and the pellet containing the selected phage was
suspended mn 200 uL of PBS, 0.02% Nal; and this was the
amplified phage elute.

Phage titration: The amplified elute was titrated on
LBAPTG/Xgal plates. Phage titers corresponding to the
plaque formed were determined and this was used
to obtain an input volume corresponding to at least
1%10" pfu. Then a second round of biopanning was
carried out using the first round of amplified phage elute
as the mput phage. The amplified elute from the second
round then became the input phage for a third round of
biopanning.

Ten-fold seral dilutions of phage in LB were
prepared. Two hundred microliters of the mid-log phase
E. coli ER 2738 was dispensed into each microfuge tubes.
Ten microlitres of each dilution was then aliquoted mto
separate tubes, mixed and incubated at room temperature
for 5 min. Infected cells were transferred to culture tubes
contaiming the 45°C agarose top and unmediately poured
and spread evenly on LB/APTG/Xgal plates which were
incubated ovemnight at 37°C and on the following day, the
blue plaques were counted.

ELISA assay: Two wells of a microtiter plate were coated
overnight at 4°C with 100 puL of 100 pug mL ™" melicidosis
patient serum in 0.1 M NaHCO, (pH &.6) and 100 ug mL™

Bovine Serum Albumin (BSA) (as negative control) in
0.1 M NaHCO, (pH 8.6), respectively. The following day,
excess target solution was discarded and each well was
filled with blocking buffer and incubated at 4°C for 1 h.
After that, the wells were washed 6 times with PBS-T and
phage solution was added to the 2 coated wells which
were incubated at 4°C for 1 h. The wells were then washed
with PB3-T and 200 pL of diluted HRP-conjugated anti-
M13 antibody (1:5000) (Pharmacia) was added to each well
and incubated at room temperature for 1 h. The plate
was washed with PBS-T and HRP substrate solution
(0.02% (w/v) ABTS, 50 mM sodium citrate, 30% (v/v)
H,0,;) was added to each well for enzymatic reaction
which led to colour development. Optical Density (OD)
readings at 415 nm were obtained using a microplate
reader (Multiskan MCC/340P).

Phagemid DNA extraction and sequencing: After the
third round of biopanning, 50 ul. of phage and 100 pl. of
the E. coli ER2738 were mixed together in 10 mL of LB
broth and incubated at 37°C, with shaking at 220 rpm for
4 h. After that, the cultwre was spread onto a
LB/IPTG/Xgal plate and incubated overnight at 37°C. Five
single colomes were randomly selected from the plate and
inoculated into separate 10 mL LB medium with 100 ul. of
E. coli ER2738. These cultures were incubated at 37°C for
4 h with shaking at 220 rpm. Following this, the culture-
pellets were collected after centrifugation. Conventional
alkaline lysis technique was used for phagemid extraction
(Sambrook et al, 1989). Phagemid DNA was then
dissolved in 50 pl. of dH,O and ready for
sequencing using the -96 glIl sequencing primer: 5°-
CCCTCATAGTTAGCGTAACG-3".

Database search and analysis: The nucleotide sequence
obtained was then translated into deduced amino acid
sequence and subjected to database search against
B. pseudomallei proteins. Non-redundant GenBank CDS
database was searched using NCBI Blast and the hit
representing the highest score, sequence coverage and
the lowest E-value were selected.

RESULTS

Biopanning: The agar plates with blue plaques contaming
10-fold dilutions of phage titration (data not shown),
represent the recombinant phage from the phage library
that carries the lucZe gene. Table 1 shows the number of
blue placues counted. Consistent increase of plaque
numbers from the first to the third round of biopanning
showed that binding, between the peptide displayed by
phages and the patient serum, had become more specific
1n subsequent rounds of biopanning.
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5 TTATTC GCA ATT CCT TTA GTG GTA CCT TTC TAT TCT CAC TCT
Leu Phe Ala e Pro Leu Vil Val Pro Phe Ty Ser His Ser

Start of mature 12-mer peptide-gITT fusion NKNSFDAWILOQSF
*AAT AAG AAT AGT TTIT GAT GCK TGG TTA CAG AGT TTT GGT GGA GGT
Asn Lys Asn Ser Phe Asp Ala Trp Lean GIn Ser Phe Gly Gly Gly

TCG GCC GAA_ACT GTT GAA AGT TGT TTA GCA AAATCC CAT ACA GAA....3°

Ser Ala Giu Thr Val Glu Ser Cys Leu Ala Lys

Ser His Thr Glu

Fig. 1. Sequencing result of clone binding to serum of patient with melioidosis (Sequence in bold is the peptide that

potentially can bind to patient serum )

Table 1: No. of plaques on LB/IPTG/Xgal plates after biopanning
Plaque formation

Unamplified phage (output

phage after panning process) Amplitfied phage
as input phage for
Biopanning  Dilution _ Result* next round of biopanning
First 10 Confluent growth  0.56x109
round 108 Confluent growth
10° Confluent growth
10* 98
1% 23
Second 10 Confluent growth  1.67=109
round 108 Confluent growth
108 Confluent growth
10* 123
10 35
Third 10 Confluent growth -
round 108 Confluent growth
108 Confluent growth
10 145
10 48

Input phage for first round of biopanning = 4= 10" pfi. *No. of blue plaques
on LB/IPTG/Xgal plate

Assay of selected phage display peptides for target
binding by ELISA: One well of a microtiter plate was
coated with patient serum and another well with BSA as
a negative control. This procedure was carried out in
triplicate. The colour change in wells coated with patient
serum showed that the phage had successfully bound to
patient serum. The mean OD,,. reading of the ELISA
assay in wells coated with patient serum was 0.111, which
was approximately 3 fold higher than the negative control
BSA (OD415= 0.035).

Sequencing: Similar DNA sequences were obtained from
5 randomly selected phagemids that expressed reactive
peptide. The nucleotide sequence and deduced amino
acid sequence of the peptide that potentially can bind to
the patient serum are shown in bold in Fig. 1.

Database search and analysis: After searching from non-
redundant GenBank CDS database using NCBI Blast, the
amino acid sequence revealed homology to part of the
sequence, 35SFDAWLAAQEFA4, of B. pseudomallei site-

specific recombinase, a phage integrase family protein,
with the score of 22.3, E-value of 23 and sequence
coverage of 58.3%.

DISCUSSION

Phage display technology was used for the study of
B. pseudomallei by Chan and Nathan (2005) to decipher
an antigenic peptide presenting a consensus peptide
sequence, TKSMALSG, which closely resembles part of
the active site sequence, 435GTSMATPHVAG445, of
B. pseudomallei serine metalloprotease. Using the same
approach, Nathan ef al. (2005) subsequently identified
chimeric mouse-human antibody fragments (Fabs) that
had neutralizing properties agamst B. pseudomallei
protease. Using two different pemming procedures,
Zou et al. (2007) obtained seven different scFv phage
antibodies that interacted with the heat-killed whole
bacterial cells of B. pseudomallei and B. mallei. All these
studies prove the usefulness of phage display technology
in seeking novel peptides which are of diagnostic and
therapeutic value.

In the present study, serum obtained from a patient
with melioidosis was used as the template and phage
display technology applied to identify the immunogenic
mimotope. The mimotope sequence acquired after
translating from the mucleotide sequence carried by a
phagemid was NKNSFDAWLQSF, partly homologous to
B. pseudomallei site-specific recombinase which 1s a
phage mtegrase family protein. Site-specific recombinases
are present in all bacteria and contribute to the evolution
of their virulence and antibiotic resistance properties
(Hartl and Jones, 2002). Hach type of site-specific
recombinase binds with a specific sequence in duplex
DNA. When the site is present in each of two duplex
DNA molecules, the recombinase brings the sites together
and catalyzes a reciprocal exchange between the duplexes
(Hartl and Jones, 2002). An example of a site-specific
recombinase 15 an enzyme called the Cre recombinase,
encoded by a gene in the Escherichia coli bacteriophage

4001



J. Applied Sci., 8 (21): 3999-4003, 2008

P1, which initiates recombination by cleaving and
exchanging preferentially on the bottom strand of its loxP
target sequence (Van Duyne, 2001).

Other novel antigens of B. pseudomallei obtained in
other studies using different approaches are a LolC
homologue (Harland et al., 2007), a 18.7 kDa recombinant
protein expressed by a B. pseudomallei-specific gene,
pBps-1 (Wongprompitak et al., 2001), a 57.1 kDa protein
homologous to the chaperonins encoded by groFEL
gene (Woo et al, 200la) and a 44.4 kDa protein
homologous to the maltose-binding protein encoded by
malE (Woo et al., 2001b). Mouse model and cloning
methods were being applied in those studies. Other
approaches such as proteomic-based approaches have
also been extensively used for this purpose. For instance,
Harding et al (2007) reported the identification of nine
mmmunogenic surface protems of B. pseudomallei
following screening B. pseudomallei proteomes with
human sera. The utilization of Caenorhabditis elegans
host system has also been reported in the 1dentification of
novel virulence factors of B. pseudomallei (Gan et al.,
2002).

Since a reliable commercial diagnostic kit for
melioidosis is still in demand, the discovery of all these
immunogenic proteins, as well as the mimotope obtained
n our study, with downstream testing for their specificity
and sensitivity for melioidosis, brings a ray of hope for
the development of a more specific and rapid diagnostic
method or vaccine. It 1s important that the disease 1s
diagnosed in the early acute stage and also in the chronic
and subclinical stages, so that appropriate intervention
can be carried out.

CONCLUSION

This study has shown the utility of peptide phage
display as a method for isolating B. pseudomallei
immunoegenic mimotopes that interact with serum from
patients infected with melioidosis. Further studies should
be carried out to evaluate this peptide for its sensitivity
and specificity as a diagnostic reagent.
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