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Much effort has been devoted to the development of mouse
monoclonal antibodies that react specifically with Burkholderia
mallei and Burkholderia pseudomallei for diagnostic and/or
therapeutic purposes. Our present study focused on the
screening of a phage-displayed nonimmune human single-chain
Fv (scFv) antibody library against heat-killed B. mallei and B.
pseudomallei for the generation of human scFv antibodies
specific to the two pathogenic species of bacteria. Using two
different panning procedures, we obtained seven different scFv
phage antibodies that interacted with the heat-killed whole
bacterial cells of B. mallei and B. pseudomallei. Our results
demonstrate that panning of a human scFv antibody library
against heat-killed whole bacterial cells may provide a valuable
strategy for developing human monoclonal antibodies against
the highly pathogenic bacteria. Exp Biol Med 232:550-556, 2007
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Introduction

Burkholderia mallei and Burkholderia pseudomallei are
gram-negative facultatively anaerobic pathogenic bacteria.
Burkholderia mallei, the causative agent of glanders, is a
host-adapted Burkholderia species. It is closely related to B.
pseudomallei, a human pathogen that exists predominantly
in subtropical areas and is the causative agent of melioidosis
(1). Both species can cause infections in humans through
direct inoculation into wounds and skin abrasions or
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inhalation of contaminated material. Despite aggressive
regimens with certain antibiotics to treat the infections, the
mortality rate of melioidosis remains very high (2, 3). Due
to the possibility of aerosol dissemination and the highly
pathogenic nature of these 2 species in humans, B. mallei
and B. pseudomallei may potentially be misused as biologic
warfare agents (4). Thus, efficient identification and
therapeutic approaches are needed against infections of B.
mallei and B. pseudomallei.

Mouse monoclonal antibodies specific to the capsular
polysaccharide, lipopolysaccharide, or proteins of B.
pseudomallei have been developed; studies on passive
protection against B. pseudomallei infection in the mouse
model have also been conducted (5). Mouse monoclonal
antibodies specific to the B. pseudomallei lipopolysacchar-
ide have been used for the immunologic detection and
identification of B. pseudomallei (6-8). Monoclonal anti-
bodies against lipopolysaccharides apparently have limita-
tions in distinguishing between closely related Burkholderia
species, especially among B. mallei, B. pseudomallei, and
Burkholderia thailandensis, a closely related nonpathogenic
species. Therefore, monoclonal antibodies with higher
performance in affinity and specificity to the pathogenic
species of Burkholderia bacteria are highly desirable for
bacterial detection assays and passive immune therapies.

Phage-displayed single-chain Fv (scFv) library tech-
nology is a powerful approach to quickly develop mono-
clonal antibodies in the scFv format to a wide variety of
antigens (9—11). In this approach, coding sequences of
antibody light chain and heavy chain variable regions from
pools of peripheral blood B lymphocytes are amplified and
linked together by linker sequences, and the resulting scFv
genes are cloned into an M13 phage-based expression
vector (12). The scFv antibodies fused with an M13 phage
protein are expressed on the phage surface for convenient
screening (panning) procedures. Using phage-displayed
human scFv libraries, one can directly obtain the coding
sequences of variable regions of human antibodies. This
greatly facilitates antibody manipulation procedures.

The development of mouse scFv antibodies against B.
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pseudomallei exotoxin has recently been published (13);
however, development of human scFv antibodies to B.
pseudomallei or B. mallei has not been reported. In the
present study we report screening of an existing nonimmune
human scFv library (14) using 2 different approaches
against heat-killed B. mallei and B. pseudomallei whole
bacteria and characterization of the resulting scFv anti-
bodies.

Materials and Methods

Bacterial Culture Conditions and Sample Prep-
aration. Burkholderia mallei (ATCC 23344), B. pseudo-
mallei (ATCC 23343), B. thailandensis (ATCC 700388),
Burkholderia cepacia (ATCC 700070), Burkholderia sta-
bilis (ATCC BAA-244), and Burkholderia vietnamiensis
(ATCC BAA-248) were grown separately in Luria-Bertani
(LB) medium at 37°C overnight with shaking. Bacterial
cells were collected by centrifugation at 4000 g for 10 mins
and resuspended in 1X phosphate-buffered saline (PBS).
The bacteria in PBS were killed by heating at 65°C for 45
mins. Each heat-killed whole bacterial sample was quanti-
fied by total protein concentration with detergent-compat-
ible protein assay reagents (Bio-Rad Laboratories, Hercules,
CA).

Rescue of scFv Phage. The human nonimmune
scFv library in the form of frozen Escherichia coli cells was
kindly provided by Dr. Kim D. Janda of the Scripps
Institute, La Jolla, California. The scFv phage library used
for panning experiments was prepared as described (14).
Briefly, 10 ml of the expanded E. coli scFv library glycerol
stock (~5 X 10'° cells) was inoculated into 1 liter of SB
medium (30 g tryptone, 20 g yeast extract, 10 g MOPS, 1
liter ddH,O; pH 7.0) containing 2% glucose, 50 pg/ml
carbenicillin, and 20 pg/ml tetracycline and incubated by
shaking at 37°C until ODgpo = 0.5-0.7. Then 4 X 10" pfu of
VCSM13 helper phage and 2 ml of 0.5 M isopropyl B-p-
thiogalactopyranoside (IPTG) were added to the culture,
which was incubated without shaking at room temperature
for 30 mins. The culture was then diluted to 5 liters by SB
medium containing 50 pg/ml carbenicillin, 20 pg/ml
tetracycline, and 0.5 mM IPTG and incubated at 30°C for
2 hrs. Kanamycin was added to 70 pg/ml, and the culture
was incubated by shaking at 30°C overnight. The library
phage was precipitated from culture supernatant by adding
20% volume of 40% PEG-8000 containing 2.5 M NaCl. The
pellet was resuspended in 5 ml of PBS + 2% bovine serum
albumin (BSA) + 0.7% dimethyl sulfoxide, aliquoted into
0.5-ml samples, and stored at —70°C.

Panning of scFv Phage Library. The procedure
for panning of the human phage library against the free
(nonimmobilized) heat-killed whole bacterial cells was
performed as follows. In each panning whole bacterial
suspension in the designated amounts was mixed with 1 X
10" pfu of the library phage (first panning) or amplified
phage preparation from the previous panning in 1 ml of PBS

+ 2% BSA + 2% skim milk at room temperature for 2 hrs.
Bound phage particles were pelleted with bacterial cells at
5000 rpm for 5 mins at room temperature. The pellet was
resuspended in 1 ml of PBS + 0.1% Tween-20 and pelleted
again at 5000 rpm for 5 mins at room temperature. After
repeating this procedure 10 times, the pellet was resus-
pended in 0.5 ml of elution buffer (100 mM HCI, adjusted to
pH 2.2 with solid glycine and containing 0.1% BSA) to
elute the bound phage from the bacterial cells. The elute was
neutralized with 30 pl of 2M Tris base (pH not adjusted) and
used to infect log-phase E. coli XL1-Blue cells for scFv
phage rescue and amplification. A small portion of the
infected E. coli cells was plated on LB plates containing
carbenicillin (50 pg/ml) and tetracycline (20 pg/ml) to
calculate the phage recovery of each panning. The amplified
scFv phages were then used to start the next round of
panning.

The procedure for panning of the human phage library
against the heat-killed bacteria immobilized on the immuno
sticks was as follows. Nunc Immuno Sticks (Nalge Nunc
International, Rochester, NY) were coated with designated
amounts of heat-killed B. mallei cells in 0.1 M Na,CO5 (pH
9.6) at room temperature overnight. After coating, the sticks
were blocked with PBS containing 2% BSA and 2% skim
milk at room temperature for 4 hr and then stored at —20°C
before use. Library phage (1 X 10" pfu) or amplified phage
preparation from the previous panning in PBS with 2% BSA
and 2% skim milk was incubated with the immuno sticks at
4°C overnight with gentle rocking. Unbound scFv phage
was removed from the immuno sticks by 10 washes with
PBS + 0.1% Tween-20 (PBST) followed by 10 washes with
PBS. The specifically bound phage was eluted by incubation
with 0.5 ml of elution buffer at room temperature for 10
mins. The elute was neutralized with 30 pl of 2M Tris base
(pH not adjusted) and was used to infect log-phase E. coli
XL1-Blue cells for scFv phage rescue and amplification. A
small portion of the infected E. coli cells was plated on LB
plates containing carbenicillin (50 pg/ml) and tetracycline
(20 pg/ml) to calculate the phage recovery of each panning.
The amplified scFv phages were used to start the next round
of panning.

Screening for scFv Positive Phage Antibodies
by ELISA. To screen for the scFv phage antibodies
specific to B. mallei and/or B. pseudomallei, enzyme-linked
immunosorbent assays (ELISAs) were performed using the
detection module for the recombinant phage antibody
system (Amersham Pharmacia Biotech, Piscataway, NIJ).
Briefly, E. coli XL1-Blue colonies harboring recombinant
phagemids were cultured individually in 1.5-ml Eppendorf
tubes and rescued to produce recombinant scFv phage. The
scFv phage lysates were incubated with PBS + 2% skim
milk at a 1:1 ratio at room temperature for 30 mins. One
hundred microliters of the above mixture was added to each
well of ELISA plates coated with heat-killed whole-cell
samples. The positive control for the ELISA reaction was
used with the positive control antigen and positive control
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Table 1. ELISA Results of Panning Against Immobi-
lized B. mallei Cells
Clones Positive Positive
tested clones? rates
Panning round 1 47 0 0
Panning round 2 144 71 49.3%
Panning round 3 143 106 74.1%
Panning round 4 48 47 97.9%

4ScFv phage clones with ELISA ODg4gs readings 5X or greater than
background (OD40s = 0.05) were considered positive.

phage provided by the company. After incubation for 2 hrs,
ELISA plates were washed with PBST 9 times with an
EL403H Microplate Autowasher (Bio-Tek Instruments,
Winooski, VT). Secondary antibody interactions were
accomplished with 100 pl of a horseradish peroxidase
(HRP)—conjugated anti-M13 monoclonal antibody diluted at
1:5000 in PBS + 2% skim milk. After incubation for 1 hr at
room temperature and washing with PBST, 100 pl of 2,2'-
azino-bis(3-ethyl-benzthiazoline-6-sulphonic acid peroxi-
dase substrate solution was added to each well. After
incubation at room temperature for 1 hr, the absorbance was
read at 405 nm on a V max kinetic microplate reader
(Molecular Devices, Sunnyvale, CA).

Phage Antibody Characterization by DNA Se-
quencing. ScFv phage antibodies that showed an ODyps
reading of 5-fold or higher compared with the negative
control were chosen for a repeated ELISA to eliminate false
positives. The scFv gene of individual ELISA-positive
phage was amplified by PCR with the flanking primers
pelBS (5'-ATG AAA TAC CTA TTG CCT ACG-3') and
flag3 (5'-GTC ATC GTC ATC TTT GTA GTC-3'). The
PCR products were gel-purified and sequenced from both
ends with primers pelB5 and flag3.

Immunoblot. Heat-killed whole-bacteria samples
were lysed with 1% SDS. One aliquot of each lysis was
treated with proteinase K to remove proteins. Lysates were
separated by SDS-polyacrylamide gel (14 cm X 12 cm X 0.75
cm) electrophoresis (PAGE) and transferred onto a nitro-
cellulose membrane (Bio-Rad Laboratories, Hercules, CA).
The membrane was blocked with 2% skim milk in PBS and
cut into 4-mm strips. Each strip was incubated with individual
scFv phage antibody diluted in PBS + 2% skim milk at room
temperature for 2 hrs. The strips were washed 6 times with
PBS + 0.1% Tween-20 and incubated at room temperature
with HRP-conjugated anti-M13 monoclonal antibody diluted
1:2000 in PBS + 2% skim milk. The strips were washed with
PBS + 0.1% Tween-20, incubated with the ECL reagent
(KPL, Gaithersburg, MD), and exposed to X-ray films.

Results

Panning and ELISA Screening Against Heat-
Killed B. mallei and B. pseudomallei. The human
scFv phage library was panned in 4 separate screening

experiments against heat-killed whole bacterial cells of B.
mallei and B. pseudomallei, free in suspension and
immobilized on immuno sticks, respectively.

For panning with heat-killed whole bacterial cells in
suspension, the nonimmobilized bacterial cells served as the
solid phase. The phage library (1 X 10" pfu) was incubated
with bacterial suspension at total bacterial protein quantities
of 100 pg, 50 pg, 20 pg, and 20 pg for panning rounds 1, 2,
3, and 4, respectively. No significant increase in the yield of
scFv phage after each round of panning was observed using
either B. mallei or B. pseudomallei cells compared with that
of the previous round of panning. To screen for scFv phage
clones positive for B. mallei or B. pseudomallei binding, we
examined 94 scFv phagemid-containing E. coli colonies
each from the titration plates from panning round 4 against
B. mallei and B. pseudomallei. The individual scFv phages
were grown, rescued by helper phage VCSM13 to produce
scFv phage antibodies, and assayed against heat-killed B.
mallei or B. pseudomallei cells coated on 96-well ELISA
plates. Out of each set of 94 E. coli colonies studied, we
obtained 20 and 21 clones that produced scFv phage
reacting positively (ODy4ps > 0.25) with B. mallei and B.
pseudomallei, respectively. In cross-examination by ELI-
SAs, all of the 20 scFv phage clones obtained by panning
against B. mallei also strongly reacted with B. pseudomallei,
while none of the 21 svFv phage clones obtained by
panning against B. pseudomallei cross-reacted with B.
mallei.

In panning experiments using immuno sticks, 50 pg, 10
ng, 5 pg, and 5 pg of B. mallei or B. pseudomallei were
immobilized on immuno sticks for panning rounds 1, 2, 3,
and 4, respectively.

A 30-fold increase in the yield of scFv phage was
observed after 4 rounds of panning against B. mallei whole
cells immobilized on the immuno sticks as target antigens.
Table 1 shows the number of E. coli colonies that were
grown and rescued for ELISA from titration plates after
each round of panning. After the first round of panning, O of
the 47 scFv phage clones (0%) examined was found to
produce phage that would react positively with B. mallei. In
comparison, after the second round of panning, 71 of 144 E.
coli colonies (49.3%) examined were found to produce scFv
phage that reacted positively with B. mallei. Moreover, 106
of 143 scFv phage clones (74.1%) examined from the third
round of panning and 47 of 48 scFv phage clones (97.9%)
examined from the fourth round of panning were found to
produce B. mallei-reacting phage. All of the scFv phage
clones selected by panning against B. mallei showed low or
undetectable cross-reaction with B. pseudomallei in ELISA.

Our panning against B. pseudomallei immobilized on
the sticks failed to produce any positively reacting scFv
phage clones that reacted positively against B. pseudomallei
in ELISA screening.

Sequencing Analysis of the Selected scFv
Phage. The scFv genes of selected positive phage anti-
bodies were amplified by PCR and sequenced. All of the 20
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Table 2. Studies of Positive scFv Phage Clones Selected by Panning Against B. mallei Immobilized on
Immuno Sticks

Average ELISA reading (OD4gs)

Sample group Member in group Anti-BM Anti-BP scFv size (bp)
1F3 22 1.05 0.074 738
4F1 40 1.07 0.049 645
2C5 1 0.76 0.051 744

3G5 1 1.296 0.061 738
4G10 2 1.490 0.046 663
Positive control 1.44

positive phage clones obtained from panning against heat-
killed free B. mallei cells were found to contain the same
scFv gene sequence—they were apparently 1 identical scFv
phage antibody (designated BM1). Similarly, all 21 positive
phage clones obtained from panning against heat-killed B.
pseudomallei cells were found to contain an identical scFv
gene sequence; thus, all clones represented one identical
scFv phage antibody (designated BP1). We sequenced scFv
genes of 72 positive phage antibodies derived from panning
against heat-killed B. mallei cells immobilized on immuno
sticks. Sequence analysis of the scFv genes of these phage
revealed that there were 5 different scFv phage antibodies
(designated 1F3, 2C5, 3GS5, 4F1, and 4G10 in Table 2).
scFv phage antibodies 1F3 and 4F1 had multiple members;
2C5 and 3G5 each had a single member; and 4G10 had 2
members. All 5 scFv phage antibodies reacted specifically
with B. mallei and showed little cross-reaction with B.
pseudomallei in ELISA (Table 2). The GenBank entries for
the 7 scFv genes are DQ915095-DQ915101.

A sequence comparison with Ig sequences using
IgBlast (http://www.ncbi.nlm.nih.gov/igblast/) revealed that
1F3 and 3G5 contained VHI and VL k3 subfamily, 2C5
contained VH6 and VL 3 subfamily, BM1 contained VH3
and VL k2 subfamily, and BP1 contained VHI and VL A
subfamily. The VH regions of 4F1 and 4G10 are almost
identical (2 amino acid difference) and produced no hits in
immunoglobulin databases. The VL regions of 4F1 and
4G10 differ markedly and both belong to the k3 subfamily.

Immunoblot Analysis. To examine the nature of
antigens recognized by the scFv phage antibodies obtained
above, we propagated each of the phage antibodies and
adjusted their final titers to 1 X 10'" pfu/ml in PBS + 2%
BSA. Immunoblot analysis was performed on membrane
strips prepared by proteins transferred from SDS-PAGE of
B. mallei and B. pseudomallei lysates with or without
proteinase K pretreatment. The results of immunoblot
experiments with scFv phage antibodies BM1, BP1, 1F3,
2C5, 3G5, 4F1, and 4G10 are shown in Figure 1.

The phage antibody BM1, which was obtained through
panning with heat-killed B. mallei whole bacterial cells free
in suspension, generated a strong multiband signal ranging
from approximately 20 to 130 kDa on the membrane strips
made from both B. mallei and B. pseudomallei lysates (Fig.

1). However, the strong signal was highly sensitive to
pretreatment of the bacterial lysates with proteinase K,
indicating that the nature of the epitope recognized by the
monoclonal phage antibody is most likely composed of a
specific peptide sequence. The phage antibody BP1, which
was obtained through panning against free heat-killed B.
pseudomallei whole bacterial cells, did not produce any
signals on the membrane strips from either B. pseudomallei
or B. mallei lysates. The phage antibodies 2C5, 4F1, and
4G10 also did not generate any positive signals on the
membrane strips from either B. pseudomallei or B. mallei
lysates in immunoblot, despite their strong reactivity to B.
mallei whole bacterial cells in ELISA. Both of the phage
antibodies 1F3 and 3GS5 reacted positively with a single
protein band of approximately 92 kDa on the membrane
strips of B. mallei lysate in the immunoblot experiment (Fig.
1). They also weakly cross-reacted with a band on the
membrane strip of the B. pseudomallei lysate.

Reactivity with Other Nonpathogenic Burkhol-
deria Species. We examined the reactivity of the phage
antibodies to some other species of Burkholderia by ELISA.
Equal amounts of heat-treated whole bacterial samples and
SDS lysates of B. cepacia, B. mallei, B. pseudomallei, B.
stabilis, B. thailandensis, and B. vietnamiensis were coated
on an ELISA plate. The phage antibody BMI1 reacted
positively with both whole-cell bacteria and SDS lysates of
all of the tested Burkholderia species with comparable
intensities except that of B. thailandensis, which showed a
complete lack of reaction. The phage antibodies 1F3 and
3G5 reacted positively with both the whole-bacteria and SDS
lysates of B. mallei and weakly cross-reacted with those of B.
pseudomallei and other Burkholderia species tested. The
phage antibody BP1 reacted positively only with whole
bacterial cells of B. pseudomallei but not with its SDS lysate.
Similarly, phage antibodies 2C5, 4F1, and 4G10 reacted
positively only with the whole bacterial samples of B. mallei
but not with its SDS lysate (Fig. 2). The ELISA results
agreed with results obtained in immunoblot assays. We also
performed ELISAs against 2 gram-negative bacteria,
Pseudomonas aeruginosa and E. coli, whole cells and SDS
lysates with each scFv antibody. None of them cross-reacted
with these 2 non-Burkholderian species of bacteria (data not
shown).
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Figure 1. Analysis of reactivity of scFv antibodies with immunostrips. The immunostrips (5 X 0.4 cm) were made by separation of lysates of B.
mallei (BM) or B. pseudomallei (BP) on SDS PAGE followed by transfer to nitrocellulose membrane. The scFv antibody used in each assay is
indicated below the strips. The molecular weight of each positive signal or signal range was determined in separate immunoblot experiments
including a molecular marker. BMK, proteinase K—treated lysate of B. mallei; BPK, proteinase K—treated lysate of B. pseudomallei.

Discussion

Developed in the early 1990s phage-display scFv
libraries have become an important resource for developing
antibodies for a wide variety of antigens of both pure and
complex nature. Studies using scFv libraries to develop
antibodies using spores and whole bacterial cells have been
reported (15-18). Here we report a study using heat-killed
whole bacteria of B. mallei and B. pseudomallei as
screening targets to develop antibodies from an existing
nonimmune scFv phage library (14).

Two different screening approaches were performed: (i)
panning against heat-killed whole bacteria in suspension and
(ii) panning against heat-killed whole bacteria immobilized
on immuno sticks. In the first approach, heat-killed B. mallei
and B. pseudomallei whole bacteria were used as both the
target antigens and the solid phase. Panning was performed
by incubating the scFv phage library with heat-killed whole
bacterial cells. Unbound phage were removed by washing
and centrifugation. In the second approach, the scFv phage
library was panned against heat-killed B. mallei and B.
pseudomallei whole bacteria immobilized on immuno sticks.

Four rounds of pannings were performed against whole-
cell suspensions of B. mallei or B. pseudomallei. For panning
against each species, we sequenced 20 and 21 ELISA positive

phage clones obtained from panning against B. mallei and B.
pseudomallei, respectively. Sequence analysis revealed that
all of the ELISA-positive phage clones selected against each
Burkholderia species produced identical scFv phage anti-
bodies. Hence, 1 scFv antibody each to B. mallei (BM1) and
B. pseudomallei (BP1) was produced with this approach
against B. mallei and B. pseudomallei, respectively.

Phage antibody BM1 reacted strongly with molecules
of a wide range of molecular weight and produced a smear-
like immunoblot pattern (Fig. 1). The BM1-reacting bands
were abolished by pretreating the bacterial lysates with
proteinase K, indicating that the nature of the binding
epitope is protein or protein-associated moieties. The BM1
also reacted strongly in ELISAs with some other Burkhol-
deria species including B. pseudomallei, B. cepacia, B.
stabilis, and B. vietnamiensis (Fig. 2). It did not cross-react
with P. aeruginosa, which belongs to a different genus
phylogenetically close to Burkholderia. However, surpris-
ingly BM1 also did not interact with B. thailandensis (Fig.
2), although B. thailandensis is genetically closer to B.
mallei and B. pseudomallei than any of the other
Burkholderia species examined. Interestingly, by immuniz-
ing mice with B. mallei and B. pseudomallei and screening
mouse hybridomas in a separate study, we also obtained a
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Figure 2. ELISA of phage antibodies against whole bacteria and SDS lysate of various Burkholderia species. Equal amounts of whole bacterial
sample of Burkholderia species without and with SDS treatment were separately coated on each well of the specified columns. A specified scFv
phage antibody (1:50 dilution) was added in each row of wells. The OD4o5 was obtained with a mean background reading of 0.05. A reading of
0.2 or higher was considered positive in this study. BM1 reacted positively with both the whole bacteria and the SDS lysates of all Burkholderia
species tested (OD4o5 = 0.2—1.0), except B. thailandensis. BP1 reacted positively with whole bacteria of B. pseudomallei (OD4s = 0.4) but not
with the SDS lysate (OD4o5 = 0.06). 1F3 and 3G5 reacted positively with both whole bacteria and SDS lysate of B. mallei (OD 405 = 0.4—1.0) and
cross-reacted weakly with B. pseudomallei and other Burkholderia species tested (OD40s = 0.1-0.2). 2C5, 4F1, and 4G10 also reacted
positively with whole bacteria of B. mallei (OD 405 = 0.2—0.3) but not with the SDS lysate (OD405 < 0.1). 1E2, an scFv obtained from panning with

immuno sticks, weakly reacted with B. mallei (OD4os = 0.1).

panel of mouse monoclonal antibodies that produced a
similar unique immunoblot pattern. These mouse mono-
clonal antibodies also reacted strongly with all tested
Burkholderia species except B. thailandensis. Furthermore,
the epitopes recognized by these mouse monoclonal anti-
bodies were sensitive to proteinase K treatment. We believe
that this group of monoclonal antibodies, as well as BM1,
reacts with an epitope that is present on many Burkholderia
proteins with a wide range of molecular weights. This
prominent Burkholderia epitope had evidently “selected,” in
high efficiency, the specific phage clone of BM1 that was
expanded quickly in the panning process.

The phage antibody BP1 was strongly positive to B.
pseudomallei in ELISAs while negative to other Burkhol-
deria species tested. However, BP1 showed negative

interaction in SDS-PAGE/immunoblot analysis and in
ELISA with SDS lysates as target antigens (Fig. 2),
suggesting that it may recognize a conformational epitope.

Four rounds of panning were performed against heat-
killed whole bacteria of B. mallei or B. pseudomallei
immobilized on immuno sticks. In panning against B.
mallei, 5 different positive phage clones were obtained
(1F3, 2C5, 3GS5, 4F1, and 4G10). The phage antibodies 1F3
and 3G5 each recognized a single protein band from B.
mallei and weakly cross-reacted with a protein band from B.
pseudomallei. Phage antibodies 2C5, 4F1, and 4G10 did not
show any reaction in the SDS-PAGE/immunoblot, although
they showed reactivity in the ELISA with whole bacterial
cells (Fig. 2), suggesting that they too might be recognizing
conformational epitopes. In panning against B. pseudomal-
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lei immobilized on immuno sticks, we failed to produce any
positive phage antibodies. The reason for this is not clear,
but we speculate that whole-cell bacteria of the particular B.
pseudomallei strain (ATCC 23343) may adhere badly to
immuno sticks because of its polysaccharide capsule.

Apparently the 2 different panning approaches have
different preferences in producing binders since no over-
lapping scFv antibodies were generated to the same target B.
mallei. Both approaches can be used in complement to each
other to obtain more scFv antibodies. In this study an
approximately equal number of scFv antibodies were
obtained against protein antigens (BM1, 1F3, and 3G5)
and putatively conformational epitopes that are sensitive to
SDS treatment (BP1, 2C5, 4F1, and 4G10). In a different
study on panning a scFv library against Helicobacter pylori
whole bacterial cells, Reiche er al. (16) obtained 2 scFv
binders that recognized only native antigens. Our results
also support that panning the scFv library against whole
bacterial cells has a higher tendency to produce binders that
recognize conformational epitopes or the native form of
antigens than hyperimmunization in animals.

In conclusion, we have established alternative ap-
proaches for screening phage antibody libraries against
surface antigens on heat-killed whole cells of highly
pathogenic bacteria. A panel of human scFv antibodies that
are potentially useful for diagnostic and therapeutic
purposes against B. mallei and B. pseudomallei were
obtained. The scFvs obtained in this study will be finally
tested for applications in clinical diagnosis and/or treatment
of B. mallei or B. pseudomallei infections. We are now in
the process of restoring the scFvs to full human IgG format
by fusing the heavy and light chain variable regions with the
human 7v- and x-chain constant regions, respectively, and
expressing them in cultured cells. Functional studies such as
bacteria-neutralizing ability will be performed with the full-
format antibodies. We are now also in the process of further
characterizing the epitopes recognized by the obtained scFv
phage antibodies, especially those recognized by BMI,
which may be a dominant antigen epitope common to many
Burkholderia species. This unique epitope(s) may prove to
be highly valuable in the diagnosis and/or treatment of
Burkholderia bacterial infections.
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