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CHAPTER IV
Searching for virulent Burkholderia pseudomallei genes by

immunoscreening the ZAPIl expressed genomic library

Materials and methods

4.1 Bacterial strains

The E.coli strain and gegolype used | &/ were follows:

E.coli strain

1. XL 1- BIUE MRF’ - hsdSMR- mrr) 173 end A1

strain SupE44 8C AT gyr A 96 rel A1 lac (F' pro AB

2. XLOLR _'.'{:=.;;:€ 8. A\ \mcr CB- hsd SMR- mrr) 173 end

3. BL21 (DE3) plysS F', ampT, hgd S, (g, m'y), dem, gal, (DE3), plys S,

ﬂuﬂﬂwﬂwswa1ﬂi
4.DH5Q 801 lac ZAME&, rec A1, en yr A96, thi-1,
ot A

JRAINRAUNFIUL IR

arg F) U169

o R, O(lac zya-
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4.2 Melioidosis sera and normal healthy control sera

Five melioidosis serum ( no 1,5,9, 10 and 15) were obtained from hospital
in-patients with positive blood cultures for B.pseudomallei. Five r:ormal serum
samples were obtained from healthy university students.The sera were kept at —

80 °C freezer until use.

4.3 ZAPIl expression genomic.li ﬁstructlon

4.3.1 DNA preparation ‘/‘/’
Bacterial chro ‘ J aQrom B. pseudomallei by

using the Wizard genomi Promega) as described in

D

of 1-2 kb fragments as ' ) The stan Jard, protocol ( 91). The reaction

Chapter Ill. The DNA w 3A to optimize production
volume of 20 microlitres ' & eS Of\B. pseudomallei DNA, 2
microlitres of 1 unit of Say r es OX BSA, 2 microlitres of buffer
and 4 microlitres of distillé waterz fhes ds incubated at 37°C for 30
minutes and then inactivated _K e 107 es. The igested DNA was run
on 1% agarose gel e .’-‘,._.Fi?;;;;;;;;;;;;;_;_-h,-_;_‘-;_«,r,_;::;;.—,s er 1. The bands were
visualized on a long wa\ﬁ v n)ﬁnd then the bands of 1-
2 kb were excised and ‘put in a mlcrovtnfuge tube. Extraction of DNA

reomens tom Bt ek VLRI AGILEI R Foor 1 ov o

extraction kit Qlaagn , according d¢o the manufacturer's instactions. Three
hundred rﬂrmaaﬂﬂgmjum&g1w Ha @ \EJre added to
the microcentrifuge tube containing the cut gel agarose. Then 10 microlitres of
QIAEX Il gel matrix was added to the tube and incubated at 50°C for 10 minutes.
The mixture was vortexed every 2 minutes. Then the tube was centrifuged at
10,0009 for 30 seconds and the supernatant carefully removed with a pipette.
The pellet was resuspended in 500 microlitres of buffer QX | and then the tube

was centrifuged at 10,000g for 30 seconds. The pellet was collected and
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resuspended in 500 microlitres of buffer PE 1, the tube again centrifuged at
10,0009 for 30 seconds, and the washing step with PE1 repeated. The pellet
was air dried until it turned a white color. Twenty microlitres of distrilled water
was added to the pellet and the mixture was incubated at room temperature for
5 minutes. The tube was centrifuged at 10,000g for 30 seconds and the
supernatent was collected for the next step of ligation.

4.3.2 Ligating the insert

Five mililitres of

)nsmtmg of 1 microlitre of ZAP

ExpressR vector (Stratag and CIA pretreated at 1
microgram/microlitre) \ \\ (1-2 kb fragment), 0.5
microlitres of ligase bu OmM rATP (pH7.5) and

distilled water. The react] rted Ry ad - its of T4 DNA ligase and

The isolated colony of E.coli X - ‘:@'@; inoculated in 50 ml of LB broth
containing 10mM Mg *‘._-._-,_V-.*-._-.._'._--.-...-_.-_--:,--T ,'.';" the tube was

i — i
incubated at 30°C witl S S collected by

U

centrifugation and resuspended in sterile 10mM MgSQ, at ODg,, of 0.5.

“3?1"1?&%?“%7]&17]‘57‘18’11‘]‘5

The protocol of 4ZAP Express Jedlgested glgapack 1 %Id cloning kit
Stratageﬁ) W{\OW meﬂ ﬁqé}%&q@ Hmoved from
the -80 freéker and kept on dry ice. The tube was quickly thawed by holding the
tube between the fingers until the contents of the tube (25 microlitres) just began
to thaw. Two microlitres of the ligated DNA from previous ligation mixture was
immediately added to the tube and mixed well by using a pipette. The tube was
quickly spun for 3-5 seconds and incubated at 25°C for 2 hours. Then 500

microlitres of SM buffer (appendix A ) was added to the tube. Twenty microlitres
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of chloroform was added to the tube with gentle agitation, and then the phage

solution was ready for the titering and amplification steps.

4.3.4 Titering
The phage in SM buffer was serially diluted to 10* and 10* dilution
and one microlitre of this diluted phage mixture was mixed with 200 microlitres

e tube was incubated at 37°C for 15

of fresh host cell E. coli XL1BlueM R '.\ ,
minutes. Three ml of 48°C Qo oot was added to the tube with
gentle mixing and immediately=po : e n """'i‘v agar plate. The plate was

allowed to harden at ro es and placed in a 37 &
incubater overnight. Th , Swere  counted and the
concentration of the librag cordlng to the dilution of

the phage.

ﬂUEJ'JVlEJﬂ‘iWEJ’]ﬂ‘i
ammn‘smum'swmaﬂ
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Figure 13  Schematic representation of pBK-CMV
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4.3.5 Amplifying the ZAP express library
The phage library suspension containing ~5X1O4pfu of bacteriophage

was mixed with 600 microlitres of fresh host cell E. coli XL1 Blue MRF'. A total of
20 reaction tubes were used to‘ amplify 1X10° plagues. The tubes were
incubated at 37°C for 15 minutes and then 6.5 ml of 48°C NzY top agar was
poured into each tube with gentle inversion. Then the suspensions were spread

evenly onto freshly poured 150 m plates. The plates were allowed to

/"xcubated at 37°C for 6 hours.

eat chbated at 4°C overnight.

% \\&.\o tube and another 2 ml

iSpensions were collected.

harden at room temperature_foi
Ten ml of SM buffer was
Then the bacteriophage su
of SM buffer was poure
» tes. The amplified library
supernatant was collecte f om' o 3% (V) final concentration and
stored at 4°C. The library gva % DMSO at -80°C. The phage
concentration in the amplifi ed by titering as previously
described .
/i i

4.3.6 Mass excisy D

The isolated c%]ony of E. coli XL1 Blue MRF’ was inoculated in 20

ot ey o G A BT Y Foso, e € co

XLOR strain was l%culated in 20 ml of NZY brotLBoth tubes wege incubated at
30°C wuth%wr] @hﬂqﬂ ?%H WQ%WtE r]nﬂe&lspended in
10mM Mg 8%4 to an ODg,, of 1.0 (8X10°cells/ml). The reaction tube consisted of
10'pfu of the lambda phage, 10° E. coli XL1 Blue MRF' and 10° pfu of ExAssist
helper phage. The tube was incubated at 37°C for 15 minutes to allow
absorption. Then 2 ml of the NZY broth was added to the tube and incubated at
37°C with shaking for 3 hours. The tube was heated to 65°C for 20 minutes and

centrifuged at 4,000g for 10 minutes. The supernatant was transferred to a new
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tube. One hundred microlitres of the supernatant was mixed with 200 microlitres
of E. coli XLOLR and incubated at 37°C for 15 minutes. Then 40 microlitres of
the 5X NZY broth was added to the culture tube and incubated at 37°C for 90
minutes. One hundred microlitres of the cell suspension was plated on an LB-kn
agar plate and incubated at 37°C overnight. Isolated colonies were randomly

selected for phagemid preparation, restriction analysis and gel electrophoresis.

4.4 Pooled melioidosis ser %
The serum was absor,—,E. co/i QF' lysate according to

the stratagene protocol wi

441 E. colilysate

The isolated f el L1 Blue MRF’ was inocutated in

200 ml of LB broth and in : 3! '. N 70 D a shaking incubator. The
: \ 0 minutes. Then the pellet

was resuspended in 3 ml of Jiri _' GBSy x A ') and kept in a freezer at

~70°C for 10 minutes. The free lsr;"'o 2SS was repeated 6 times. Then

the suspension wa ————;..;...::;-;,..:.- t high speed for 20

j

collected and kept at -70 9 until use.

w42 oo L B o e

Three Alindred mlcrohtre%of the E. Conll.. lysate was rrwed with 1 ml of

ris o QA ARG LIRS Tl VR B pocoss

nitrocellulos‘!e membrane were saturated with the lysate, put on the whatman

seconds, again repea -.; s s mus lysate of E. coli was

paper.and air dried at room temperature. After washing with TBST 2 times, the
membranes were blocked in blocking buffer (TBST+2% casein) for one hour at
25 °C. Then the membranes were washed with TBST 3 times and immediately

transferred to the next step.
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4.4.3 Serum absorption step

Forty microlitres of serum from each of 5 melioidosis patients were
pooled together in one tube. Then 1.8 microlitres of TBST was mixed with the
pooled serum and poured on one df the coated nitrocellulose membranes. The
membrane was gently rotated at 37°C for 10 minutes and discarded from the
serum. Then the absorbed pooled serum was transferred to the second coated

nitrocellulose membrane, which wa v, rotated at 37°C for 10 minutes. Then

the pooled melioidosis serum diluted to 1:2000 with TBST-

.sodium azide at its final

concentration. The poo( ary ~ iocessed using the same
procedure. v 4 \

4.5 Immunoscreening o, omic library

P
5

The libray was plated 3000 plague forming units

with XL1 Blue MRF’ cells in #op 5-:- ' ed in a 42°C incubator for 5
hours. Then a 10 mM 2ated nitrocellulose  membrane
(Amersham) was p ———-—-— ---------- ed gl 7 b7°c overnight. After
washing 2 times W|th TR o :‘ in blocking buffer

) U

(TBST-2% casein) for one hour at 25°C. Then the membrane was washed 3

times with TBSTﬁ%%Q% ﬂﬁﬂ@ﬁw §5018 ‘rﬁehOIdOSIS serum at

1:2000 for 2 hoursﬂat 25°C. After wasghing 3 times W|th TBST, th embrane was
e AR DERAA BEAN B, oo
m|crogram/ml) for one hour at 25°C. Then the membrane was washed with TBST
3 times and rinsed with 1X assay buffer (Appendix A). The substrate CDP-Star
(Applied biosystem, Adamantane-1,2-dioxetane phosphate) was added to the
membrane and the chemiluminescent reaction was detected by using X-ray film
in a dark room. Then the positive plaque was picked up and put on the SM

buffer. The released plagues were plated on NZY plate the same as the above
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protocol. The immunoscreening step was repeated as previously described. The

confirmed positive plaques were kept in SM buffer at e,

4.6 Plaque dot blot analysis
The positive plaques were diluted with SM buffer to 200-4000 plaque-
forming units per ml. Then 5 microlitres of the diluted plaque (1-20 plaque-

forming units) were spotted on th of an NZY plate with XL1 Blue MRF’

at 25 °C for 15 minutes and

Q a 10 mM IPTG treated

cells in top agar. The plate

then incubated at 42°C i

nitrocellulose membrane w e plate.an bated at 37°c overnight.
The membrane was pr }\\\ ~-\~~ ped  immunoscreening
protocol with both pool | efum and pooled absorbed

normal control serum. T, 'eacted only with pooled

'.“ 4 f d“—
O ,I AwA® |

RSN

AT

4.7 Clone characterization 257/ - /&

absorbed melioidosis seru haracterization.

4.7.1 Single-clongexcision
v;'_' LY |
An isolated fres . q. Blue MRF' or E. coli

J — B

XLOR was inoculated in 19 ml of NZY broth plus 0.2% (w/v) maltose and 10mM

MgSO, and szﬂ u H{}%W ﬁltw M’}f}‘iated at 30 °C with

shaking overmghtq’l'hen the pellets were collectgg by gently spinning at 1,000g

or 10 minfenb e ddH & 4B 9 Yo 0 GiEdisso. e

following components were combined in one tube: 200 microlitres of XL1 Blue

MRF" cells, 250 microlitres of positive plaque and 1 microlitre of the ExAssist
helper phage (>1X 10° pfu/ microlitre). The tube was incubated at 37°C in a
water bath for 15 minutes. Then 3 ml of NZY broth was added to the tube and
further incubated at 37°C with shaking for 3 hours. The tube was heated at 65°C

for 20 minutes and then gently spun at 1000g for 15 minutes. The supernatant
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containing the excised pBK-CMV phagemid vector was packaged as
filamentous phage particles. One hundred mililitres of the supernatant was
mixed with 200 microlitres of E. coli XLOR in one tube and incubated at 37°C
for15 minutes. Then NZY broth volumed 300 microlitres was added and
incubated at 37°C for 45 minutes. One hundred microlitres of the supension was
plated on an LB agar plate containing kanamycin (50 micrograms/ml) and

incubated at 37°C overnight. The ct on the plate contained the pBK-CMV

double-stranded phagemid NA insert. The positive clone

[ Qie and incubated at 37°C

0 % glycerol broth and kept

was restreaked on a n
overnight. The positive cl

in a freezer at —70°C.

The phagem Klom s from the host cell (E. coli
XLOR) by using the alkalifeflysis ‘me 064" ! The isloated fresh colony of
phagemid clone was inoculated 4.5 miof & th containing kanamycin (50
micrograms/ml) and mcubated W I, 2 aking overnight. The pellet was
collected by centrif g ion a __ .......... and resuspended in 200
microlitres of GET buffes ¢ X
300 mililitres of 3.0 ' potassuum acetate (appenlx A) was added to the

w04 45 PRI G e woe e

mlcrocentnfuged at 10,000 g for 10 mmutes at room t&yperature The

o R YT R I e s

(Dnase frea) was added to the tube at a final concentration 20 micrograms/ml

pipefting up and down. Then

and incubated at 37°C for 20 minutes. The supernatant was extracted with an
equal volume of chloroform by inverting the tube for 30 seconds. Then the tube
was again centrifuged at 10,000 g for 10 minutes and the upper aqueous phase
was transferred to a new microcentrifuge. The supernatant was extracted with

an equal volume of 100% isopropanol by inversion for 30 seconds. Then the
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tube was centrifuged at 10,000 g for 10 minutes and the supernatant was
completely discarded by aspiration. Five hundred microlitres of 70% ethanol
was added to the phagemid DNA pellet, the tube was inverted several times
and then centrifuged at 10,000g fdr 10 minutes. The DNA was collected and
dried under vacuum for 3 minutes. Then the DNA was dissolved in 100
microlitres of deionized distrilled water and kept in the —80 °C freezer. This

phagemid template preparation for restriction digest analysis,

transformation to another host r protein expression and as a

—

4.7.3 pBK-CMV tran 119 £, coli Xi-1 Blue MRF’

primary template for the

E. coli XL1 ) ant cells ere prepared by using a

chemical treatment ¥ wi >ations. Anisolated fresh colony of E.

for 5 minutes and resuspendéd, if*5 i of iée;cold 0.1 M CaCl,. The tube was

incubated on ice for 20 minutes fict Ce ed at 4,000g for 5 minutes. The

pellet was resuspen -_'- C ..-_ cubated on ice for 2
v = i)
hours. The phagemid“Was tran: competent cell by using a

heat shock method (97 One microlitre (50 nanograms) of phagemid was

added to the coﬂdﬁnmtﬂ W§ Wcﬂf&' ﬂwﬁj’;tes The tube was

moved to a water‘Bath (37 C) and mgubated for 5 minutes. They1 ml of the LB
o vasZe R B R ORI A 1 o fv runre
microlitres &f the cell suspension was spread on LB —Kn agar and incubated at
37°C overnight. The isolated colony was picked up and suspended in a 10%

glycerol broth. The stock of a positive clone was kept at —-80 °C freezer for the

protein expression study.
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4.7.4 DNA electrophoresis
The phagemid template was run on 1% agarose gel with the same
protocol as the plasmid in Chapter I'II.
4.7.5 Phagemid DNA sequehcing
The phagemid template was prepared as described in (4.6.2). 100
microlitres of DNA was mixed with 55 microlitres of 20% PEG/2.5M NaCl

(Appendic A) and incubated on ice fo inutes. Then the pellet was collected

at 4°C and rinsed with 500

@ and resuspended in 25

A was transferred to the

by centrifugation at 12,000
microlitres of 70% ethanol™
microlitres of distrilled

seqguencing step.

Sequencing Autif ' Big —deoxy terminator cycle
sequence kit (PRISM). Rea WEre ot pdn 0.5 ml thin soft walled microfuge

icrolitres premix, 200-400

nanograms of purified plasmid_te emplate S mol of primer T3 or T7, and the
addition of sterile l:";_,_..-.,.__~.~-ﬁ-..i'.-_--..-.--.z,_,,,.__.‘ j; rolitres. The reaction

mixtures were then '.!2} t Hybaid) and cycled

i
under the following conmons preheat at 94 C 1 minute, 28 cycles of 95°C 30

seconds: 50°C 1ﬁeﬁ"ﬁ ?OW E]f’w?ﬁ WEIN9

4.7.7 Extra8tion of sequencm%reactlons
Q%@ﬁ@rﬁ fsem\%dm%tm Elaqﬁ (%}‘mxture was
removed and placed in a sterile 1.5 ml microfuge tube containing 2.5 microlitres
of 3M NaOAc pH5.5 and 50 microlitres of 100% ethanol. This was then vortexed
briefly and incubated at 25°C for 15 minutes and centrifuged at 14,0009 for 20
minutes at 4°C. The fluorescent labeled extension products were collected and

washed with 70% ethanol and then dried under vacuum.
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4.7.8 Sequence determination
Following completion of the sequencing reactions, the extension
products were resolved on an applied Biosystems (ABI)373A Automated
sequencer (Perkin Elmer). The nﬁcleotide sequence was edited by using

SeqgEd-version1.03.

4.8 Protein expression study

The isolated colony of the
containing kn 50 micro : ‘ md incubated at 37°C with
shaking overnight. Then( vernig t ot 3{ transferred to one ml

i oculated_ in 2 ml of 2YT broth

of new 2YT broth containj iclograrm nd IPTG 10 mM. The tube

forg" \ n the pellet was collected
and resuspended in 50 mijgro of f ple b fer. The tube was boiled for
3 minutes and centrifuged B00°d forsiminuies at 4°c. The protein in the

described in Chapter Il.

4.9 Western blot an.

e
The expressed o*‘ll S S acrylamide gel were

transferred to the nitroce Iylose membrane ‘ty using a semi-dry electrophoretic

e o MR AT
410 VAR TR Harh) ) £

The nucleotlde sequence of inserted DNA of positive clones obtained from

both T3 and T7 primer sequence reactions were searched for similarity with
GenBank data by using the BLAST program ( and blasted against the B.
pseudomallei genome at the Sanger web site (http://www.sanger.ac.uk). The
whole sequence of the inserted DNA of each clone was obtained and then

searched for similarity with genbank data by using BLAST. The hit position on
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the B. pseudomallei genome was extended in both directions (right and left) for
around 2000 bps and cut for further DNA analysis. The whole insert DNA of
each clone was analyzed for inframed open reading framed (ORF) and genes
arrangment by using Macvector V7.0.1 (Accelrys company) and GeneMark
programn(so)' The antigenic index of each gene was analyzed by using Hopp

and Woods scales (Macvector V7.0.1).The secondary protein structure was

predicted by using Chou Fasman( / ‘ V7 0.1) and PHD program(aa)' The

transmembrane protein was ‘r;v Jicte HDhtm®®  and Kyte/Doolittle

h gene was analyzed by

ORFs according to the

AU HFHaY-COH -, ,’

molecular weight of T’]lnframed ORF was an

incomplete gene, the fuII sequence of the gene was searched for from the

extended sequeﬁ e Euﬂj wtﬁi‘%@tWCﬁ’aﬂ gf kg positive clone in

the B. pseudomallg" genome by using BLAST an GeneMark prggramn.
ARIANN I mﬂ'n wma t
4.12 Multlple sequence alignment and phylogenetic tree construction
The aligments were generated with the Clustal W program (Macvector
V7.0.1). The phylogenetic tree was constructed by distance based clustering

algorithm, specifically neighbor joining method (Macvector V7.0.1)
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4.13 Amplification of the gmhA and wcbM genes from the B.
pseudomallei chromosome by using polymerase chain reaction
(PCR) _

The full gene sequences of gmhA (594 bp) and wcbM (693bp) were
amplified from the whole genome of B. pseudomallei by using PCR 3 The

primers used in this PCR reaction were described in table 6. The B.

pseudomallei DNA was isolated as ; ye in 4.2.1. 50 microlitres of the PCR

reaction mixture consisted o udomallei DNA template (10-

100 nanograms), 5 microli

= 2
, 2 microliters of primM nol .2 micreliters of dNTP(5 mM each), 1

microliter of Taq polyme

tubes were then place int, Hybaid) and cycled

under the following cond * 95°C. o 45°C for 30 seconds and

finally 74°C for 90 seconds. é ‘tiac rated for 30 cycles. The

reaction mixtures were loa @ of el and electrophoresed as
—

described in Chapter Ill. The __ ualized by using long wave UV

'he DNA was extracted

in the dark room and.ggt to ean microfuge tubs. 3
eﬁ in 4.2.1. The DNA was
digested with two restrlcgon endonuclease enzymes, BamH1 and EcoR1, as

sorons n ORI Y B fos s on 1

agarose gel and %'Iectrophoresed The single b d at the position 594 bp and
e Mﬂﬁ@&mﬂ'ﬂ’m bm| G Bt on a new
microfuge tube The DNA was extracted from the gel by using QIAEXII (Qiagen).
The purified digested DNA genes of gmhA and wcbM were kept at 4 °C for the
ligation step. The expression plasmid vector PRSETA (Invitrogen) was isolated
from E. coli BL21 DE3 as described in Chapter IIl. The vector was digested with
two restriction endonulease enzyme BamH1 and EcoR1 as described in chapter

lll. The digested vector was loaded on 1% agarose gel and electrophoresed.
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The single band was cut under long wave UV in the dark room. Then the DNA
was extracted from the gel by using QIAEX Il ( Qiagen). The vector was ligated
with the digested DNA of both genes in 20 microlitres of the ligation mixture as
described in the standard protocol in Chapter. lll. The reaction tubes were _

incubated at 16°C overnight. Ten microliters of the ligated DNA was mixed with

100 microliters of E. coli DH5 QL competent cells and then incubated on ice for

30 minutes. The tubes were mo ‘_;i'-. 0 lad42°C incubator for 90 seconds and
incubated on an ice box for aa ,‘_. WS Then one ml of SOC broth was
added to the tube and INCubated at ':c- vifishaking for 45 minutes. One
hundred microliters of the on LB agar containg 50
micrograms/fﬁl of ampig } o O ) ¥night. An isolated colony
was randomly picked ugffordplds l..xs w"’b \ iction digestion analysis.
Colonies that contained e ifsg \ e with the gmhA and wcbM
genes were moved to furifeg te __ \\, om the positive clone was
transformed to a new host*cotfipet " coli BL21DE3. The gmhA and
wcbM clones in vectar pRSET A -'i drotein. expression study and
western blot analysi ainst—ooth- 7 elioidosis serum and

|

pooled absorbed norm%e'rum deseribed’in 4.9 L'J

ﬂ‘lJEl’mEWl‘iWEl’]ﬂ‘i
QW?ﬁ\ﬂﬂ‘iﬂJ AN Y



Figure14 Schematic representation of PRSET A
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Table 5 Sequence of oligonucleotide primer used to amplify the gmhA and

wcbM from Burkholderia pseudomallei genome

.gene Primer sequence (5" — 3)

gmhA  gmhA-forward CGG GAT CCA TGG AGA ATC GCG AAT TGA

T CTEZA€TGCT TCC CGA AAAT

gmhA-reverse

— AN |
WebM  webM-forwaid®™ AL OBA T6A BAG AAG CGA TCA TCTT

wcbM-reversé A / & s GATTC CGGA

T -
Nucleotides underlined in ac ‘f’.‘f 2nce show the positions of the
- T WA T
restriction endonuclez 5€ S OC

LV

..I
!

ﬂUEJ'JVlEJﬂ‘iWEJ’]ﬂ‘i
ammn‘smum'swmaﬂ
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Results

1. ZAP Il expressed genomic library construction
The titre of the amplified ZAP Il library was ~2.5x10° pfu/ml.The
phagemids obtained from the mass excision were demonstrated in figure15.

The phagemids were cut by using endorestriction enzyme Sac/ and Kpnl as

2. Immunoscreening o € ,f‘\ essionslibrary

The pooled absogs d afelio OsTS ~\\\\ en demonstrated to react
with only the B.pseudon i \\u \\ L1Blue MRF’ lysate by
using dot blot analysis - b nes were  isolated from
immunoscreening of 30 0Q : \ reacted only with pooled

absorbed melioidosis serum#& po )sOfbed normal serum by using
plaque dot blot assay as in figure~ -';f, ' amid of the positive clone were

% shown on figure 18.
: c,: ence analysis revealed

digested with restrict #------------'-"---v-—m: -
The clone insert size r%e
some clones that had agimilar DNA sequence with others;these could be

i s o LI VBINNSI B AR 0 .10 o

(4,5,20,10).The hs?lof suspected in’ vivo expressed ggelnes isefated from this

oo A SIS D10 B
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Table 7 List of suspected in vivo expressed genes isolated from the immunoscreening

experiment

insert size  average in vivo
clone ' size (bp) putative function

(bp) % G+C expressed genes
Bp 1 1378 59.29 % gmh A 594 phosphoheptose
isomerase
Bp 3 1738 69.68 % hypothetical protein
hypothetical protein

Bp 6 2500 70.16 % cell invasion protein
Bp 7 2303 67.54 % membrane protein
Bp 9 1303 63.69 % chaperonine protein

AULINENINYINS
ARIANTAUNNIING 1A Y
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Figure 15 Recombinant phagemid pBK-CMV isolated from the mass excision
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Figure 16
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ﬁ’{+ < -'J #

Figure 17 Plaque dot blot ans ySise =

2B T .
Fourteen positive « % d to react only with pooled

7;‘7'51{ d absorbed normal

]
l

absorbe c?i;f'

serum( A).

B VN s, ...
’QW‘\ a’ii“ﬁstu URIINYIAY
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Figure 18 Restriction endonuclease analysis of Bp3,5‘,ié and 7 clone.
Agargse el 1%7w’/“v) electraphoresisjof recémbihant phagemid
pBK—CMV digested with kpn/ and Saglk M:DNA marker A. DNA

°didésted RInal/A fradnehat size h bd are $howd on (e I‘éﬂ). Lanes
1-2:Bp3 clone. Lanes 3,5:Bp7 clone.Lane4: Bp6 clone. Lane 6: bp5

clone

88
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2.1 Clone Bp1(2,8,13), gmhA gene,Capsule gene
The inserted DNA size of clone Bp1 was 1378 bp as demonstrated in
appendix B.The restriction endonuclease analysis of insert DNA of this clone is
shown in figure 19.The average percentage of G+C base was 59.29% .The
signal of immunoscreening of this clone is demonstrated in figure 20. It
expressed one protein band with approximately MW of 25 kDa. When the insert

DNA was blasted against B.pseudamalleijgenome, it hit the chromosome 1 at

the position 3,341,332 -3,342, )OS )d/ positive strand ).With the

McVector analysis, CAWES=ONE | Qding frame( ORF 6, 537

bp) as shown in figure 21 . and BLASTanalysis revealed two genes
in the insert DNA, of whicif@r aearly fi ke gmhA(ORF 6, 537 bps)

) The direction of gene

expression of both ORFs 5z .;-. a T8 ¢ omoter of the pBK-CMV.The

arrangement of genes in t Ne Was'¢ ated in figure 22. Following a
.n*.v;-'!'f_u

BLAST analysis, the insert s Li NEe Was: £ain a capsule operon( around

20 genes, 38,280 bp) Both _&frg" 3 .# ’ osynthetlc capsule genes. The
hit area on the the ch -w;;;:;;;:;:;zz';;{j er the gmhA gene .
Then both gmhA an' - O l e first chromosome of
B.pseudomallei and analy%ed by using van%’s bioinformatic programns.

e LAY RIS PRI oo s

gene encodes a &otem of 197 amipo acid  with molecular gueight 20.8 Kd.
Blast analﬂ Wr]aa!‘aﬂ %M m’.}% WrBAr];asHom various
bacterial specnes such as gmhA of B.mallei ( S=382, E=e-105, 1=98%) :putative
phosphoheptose isomerase( Campylobacter jejuni, S=221,E=5e-57, 1=57%):
phosphoheptose isomerase( Clostridium acetobutylicum,S=204, E=7e-52,
1=51%): putative 6-deoxy-D-manoheptose pathway protein ( Yersinea
pseudotuberculosis, S=197, E=1e-49, 1=53%) . There were many conserved

domain hits to this protein such as COG 0279, pfam 01380(SIS domain),COG
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1737, COG 2103,COG 2222, COG 0794, COG 4821 as demonstrated in figure
23. The main function of the hit domain were carbohydrate transportation and
metabolism. Hopp/Woods hydropathy scale was applied to this protein as
illustrated in figure 24. There were many minima peaks( hydrophilic region or
antigenic site). The picture was supported by the secondary structure prediction

by using choua Fasman approach as demonstrated in figure 25. The protein

and 33.5% respectively. /

The full seque / ge 0 in appendix B. This gene

encodes protein of 230 afminé ' h leight 24.92 Blast analysis
revealed a high score gk thf® Wb I-I- p , E=e-129, 1=100%): D-
glycero-D-manno-heptbs -pfosp aw uar .‘e w ferase( Aneurinibacillus
thermoaerophilus, S:16 % =399 ) }ative sugar -phosphate
nucleotidyltransferase( Ca er je $=160, E=2e-38, |=41%): putative

6-deoxy-D-mannoheptose pseudotuberculosis, S=159,

y < X ‘
83, 7 09 UJ and COG 1210.By PHD

E=4e-38, 1=40%).The V“__-m; ------------- S to this protein , such
as COG 1208, pfam ‘il
approach, this protein coQS|sted of alpha r@x beta sheet and other as 23.9% |,

287%a”d474ﬂ‘idEW/71 EWI‘?W g1n3
’QW?@Nﬂ?ﬂJ AN Y
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whole insert 1378 bp

-~ <57bp>
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Vector
expression

i

Figure 22 Arrangemen‘. of genes in B clone using GeneMark
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Query= local sequence:
(197 letters)

Database: #cdd.v1.62

ain Search

NCBI NCBI

PubMed Nucleotide. ate N - e w Taxonomy

11,088 PSSMs; 2,717,223 total

orm igrm

197
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butQ
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Doma' elatives

.. This CD alignment includes 3D structure. To display structure, download Cn3D!

Figure 23 Conserved protein domains of gmhA protein
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expressed genes using a scanning window size 7 amino acids.

Transmembrane gene shows highest minima peak ( hydrophilic

region)
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Sequence Name: gmhA gene
Length: 198

Chou Fasman 2° structure

Helix

Sheet

Turn

Chou Fasman 2° structure
B Helix [l Sheet [l Tumn

Figure 25 Chou Fasman secondary structure of gmhA protein
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2.2 Clone Bp6 (18) , (SPI-1 like clusters)

The insert size of this clone was approximately 2.5 Kb as
demonstrated in appendix B. The_ average percentage of G+C base content
was 70.16% .The DNA insert hit the B.pseudomallei chromosome 2 at position
2,081,650-2,084,150.( negative strand/positive strand). The positive signal from
immunoscreening experiment is shown in figure 26.The expressed protein size

was ~ 45 Kd. The expressed protéi reacted only with pooled absorbed

melioidosis serum and not pooled absort al serum as demonstrated in

d .—‘_
figure 27.There was nowerginal | mecwence because of an
incompleted sequencin ' ‘ {:*‘l';q_ GeneMark anaysis, the
insert sequence at T3 si \,\Q RE. The inframed ORF may

R

be included both of bp DIR(SipD)(933bp)ORF.The direction

of the vector expressi OPK3 and bipD.The genes
arrangement in this wholej Strated in the figure 28. From
the BLAST study, this ins in the pathogenicity islands
(PAIs) of SPI-1 like cluster J three secretion protein( ~25
enes ).The full sizg=ef291 B gene Snd 833 B ddne were cut from the
g ) P2 Bng g8

second chromosome m BE . an@zed by using various

bioinformatic programns. ‘a

TR BRI ARNT sovenci .50

analysis of 291 br?]gene revealed laWw score withsputative HNSalike transcription
requiator W] Gosbhb Ghdaadeittn | S378bEESEY £ 1=aa00) e
protein enc?)ded by this gene has one conserved domain HNS, DNA-binding
protein .This gene encodes a protein of 96 amino acid with molecular weight
10.9 Kd.The protein secondary structure prediction was demonstated by PHD
approach.This protein contained alpha helix, beta sheet and other as 61.5%,

3.1% and 35.4% respectively.This gene is called bpH3 gene.
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The 933 Bp gene sequence is shown in appendix B.This gene
encodes protein of 310 amino acid with molecular weight 33.98 kd. Blast
analysis revealed low scores with some well known virulence factors such as
IpaD,secreted by the Mxi-Spa machinery, required for entry of bacteria into
epithelial cells ( Shigella flexneri, S=97.4, E=3e-19, 1=36%):SipD, pathogenicity
island 1 effector protein ( Salmonella enterica subsp.enterica serovar Typhi,

S$=97.4, E=3e-19, I=33%): ipaD p te Shigella dysenteriae, S=93.6, E=4e-18,

40 this protein.The hydropathy
ere many antigenic sites

(.structure prediction of this
// \\\\

Hh isted mainly of a mixture

y\ \ \ HD approach, this protein

consisted of alpha heiix oe .— w\\ 6.8%, 5.2% and 38.1%

in this Hopp and Woods apg

protein is demonstrated |

of both alpha helix anddbeié

respectively.This gene is name

f.fras ‘ :_J
L7575 I8

=

J) 1)

ﬂumwmwmm
’QW]Nﬂ‘ifMJWTAﬂE}’]ﬂH
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Figure 26 Immunorescreening of clone Bp6
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Figure 27 Expresyon of recombinant phagemnd BK-CMV in Ecoli XL1Blue

VRGN FL e duldra PRYAAL e

were subjected to SDS-PAGE, transferred to nitrocellulose, and

101

blotted with 1;1000 dilution of pooled absorbed melioidosis serum.

Lane 1-2:E.coli XL1 Blue MRF'. Lane 3: Bp3 clone. Lane4: E.coli
XL1 Blue MRF"with vector pBK-CMV only. Lane 5,9: Bp6 clone.
Lane6:Bp 7 clone.Lane 7:Bp1 clone. Lane8: Bp 9 clone.
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Sequence Name: bipD (sipD)gene /

Length: 311

Chou Fasman 2° structure

Helix I I I
Turn I I l
300
Chou Fasman 2° structure E
B Helix [l Sheet [l Tun
1.5
1.250 r ., 01\ .. . ‘a !
N B v ] y H = U
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0.500- I e /M ‘, RS, . T ..,
0.250- al Y21 N T b ; ) "] S .% J
0.000+ | . v Ve N
-0.25 q
-0.500 : T T
100 200 300

Figure 29 Chou Fasman secondary structure of bipD protein
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2.3 Clone Bp7(19) Transmembrane protein
The insert DNA size was 2303 bp as demonstrated in appendix B.
The percentage of G+C content was 67.54 % .The clone hit with the second
chromosome of B.pseudomallei at position 2,437,533-2,439,835( negative
strand/positive strand). This clone generated the stongest signal in the

screening reaction as shown in figure 30. It expressed one band of protein ~10

Kd.The western blot experiment W one band that reacted with only
pooled absorbed melioidos; %‘ystrated in figure 27. From

—
MacVector analysis, d en%ame ORF2 (571 bp) was
found . This inframed O 2K '3?5"- Bigte genes( 246 bp and 334

ene at the T3 site was

d in figure31. The size of
of low molecular weight of
the expressed protein ( ~1 JACcore € the size of the expressed

protein of this clone( 10 Kd) andidhe 4 ome part of the first gene( 246

G
e

bp) , the first gene Lv:r-l_-_"—:‘“—"'f'—"m-\'d. The full gene

of both 813 bp , 996 bn 3

rom ttﬁ second chromosome

of B.pseudomallei and analged by using warious bioinformatic programns.

BLASﬁuSEL%%] E mgfwaﬂqﬂ sﬁores with probable
transmembrane p’gtein of Ralstonia solanaceasum( S=2 O, EE4e.-53 |=41%)
and putatﬂ w%aéﬂtﬂ(g mm;;] goﬂﬂﬁl:ﬁ:ﬂ Bordetella
parapertuss;‘s(Sﬂ25,E:8e-31,l:30%) -There was no conserved domain hit to
this protein.The full gene sequence is demonstrated in figure appendix B.The
gene encodes a protein of 270 amino acid with molecular weigth 28.8 kd.This
protein is consisted of 76 % of hydrophobic  amino acid group such as

glycine, alanine, isoleucine, leucine, methionine, phenylalanine, tyrosine,

tryptophan, valine, cysteine or proline. The hydropathy scale of both Hopp/
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Woodsand Kyte/ Doolittle were applied to this protein as demonstrated in figure
32. There were many of high broad maximum peaks of hydrophobic region as
revealed by Kyte and doolittle scale.The high minima peaks of the antigenic
site were also observed with Hopp end Woods antigenicity scale.The secondary
structure of the protein was predicted by using chou and Fasman approach as

illustrated in figure 33. The beta —sheet structure was covered nearly all of the

protein sequence.The percentage of j&d econdary protein structure in the

protein of alpha-helix, beta-she ( revealed by PHD programn
were 52.59%, 10.74% andeeb:64-% red c@e transmembrane regions

in protein was predicted b g Argos ‘Helix t ansmembrane and Von Heijne

. N :
transmembrane approach. a8 gure84.There were many broad

high maxima peaks that g#€xtg Ver 20 amino acids lenght in both

methods.The PHDhtm alsg elices at the position of

Allt 4

amino acid 28-52, 57-74, \1\ 198-217 and225-242.This

gene is named transmembrafle protein ge

i

AULINENINYINT
A TUAMINYAE
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Figure 30 Immunorescreening of clone Bp7
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whole insert
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TP, (813 bp) (996 bp) TP, (399 bp)
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Figure 31 Arrarﬂement of genesgin Bp 7 cl e by GeneMark program
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Sequence Name: transmembrane protein

Length: 271

Kyte/Doolittle hydrophobicity: Window size = 7

4.000-

Score .

3.000+
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-1.000+
-2.000+
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-3.000-

Hopp/Woods antigenicity: Window size =7
B Score :

1.

0.500+
0.000+
-0.500+
-1.000+
-1.500

Figure 32 Kyte/Doolittle; Hopp/Woods antigenicity analysis of clone Bp7
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Sequence Name: transmembrane protein gene Bp7
Length: 271

Chou Fasman 2° structure

Helix

Sheet

Turn

Chou Fasman 2° structure
Il Helix [l Sheet

B Turn
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Figure 33 Chou Fasman secondary structure of transmembrane protein
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Argos Helix transmembrane: Window size = 7
B8 Score

1.4
1300 -
1.2004
1.100+
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|
200

von Heijne transmembrane: Window size = 21
Score
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0.4004
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Figure 34 Argos Helix tragsmembrane andgVion Heijne transmembrane analysis
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2.4 Clone Bp3( Conserved hypothetical protein and hypothetical signal
peptide protein)

The insert DNA size was approximately 1738bp as shown in
appendix B. The average percentage of G+C base content was 69.68% . The
clone DNA hit the B.pseudomallei chromosome 1 at position 1,131,998-
1,130,260.( positive strand/ negative strand). The original insert could not be

identified according to incomplete ,séguencing. The signal of immunoscreening

with 2 bands with onlyy - 0sis serum as demonstrated in

s.; may be ORF2 (321 bp)

andORF2 (731 bp) as s /e \\\ rec
mdr‘ d

on of both ORFs was the
5 Kb around the inserted
DNA sequence was analy Fkp ~ »

N\

8/.The 462 bp gene and 738 bp

man,showing the first gene at

738 bp.The arrangement of

genes in this clone is demon —PE‘*FW

gene were cut from e first chromosom: e Of B psetdomallei and analyzed by

-

LY
using bioinformatic :.‘-':

The full sequerlpe of 462 bp gene was illustrated in appendix B.This

gene codes a pﬁlﬂcﬂ@aﬂrﬂaw ‘vthch’]aﬂ‘i;ht 17.49 kDa Blast

analysis demons%ted that this gene codes forﬁonserved hyagthetlcal protein

Ra/ston/q W’]:ab&ﬂ m%% /-Fa m &leq a &l? conserved
protein domalns hits to this protein ; COG2947 and DUF 589 .These conserved
protein function were unknown. The hydropathy scales of this protein revealed
many high peaks antigenic sites as demonstrated in figure 24.The secondary
structure prediction of this protein was shown in figure 38. The protein

consisted of mainly both alpha helix and beta — sheet structure.However, this
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protein contained alpha helix , beta sheet and other as 16.2%, 13% and 70.8%
respectively.This gene is named conserved hypothetical protein gene.

The 738 Bp gene sequence is shown in appendix B. This gene codes
a protein of 245 amino acid with molecular weight 25.63 kDa.Blast analysis
revealed high scores with conserved hypothetical protein; hypothetical protein(

Burkholderia fungorum, S =272, E = 3e-72, 1=66%); hypothetical protein

(Ralstonia metallidurans, S=204 | 11752%); hypothetical signal peptide

protein (Ralstonia solanaceaft ., 1=56%). There were three

be located in the peripla € membrane Therewere many minima peaks
it . ORdary structure prediction
of this protein is show 30t Nelix structure is located in
nearly all the protein segliegcé , ch, this protein contained

alpha helix, beta sheet and @thefaas .;' ] . » and 33.5% respectively.This

ﬂ‘lJEI’J‘VlB‘VliWEI']ﬂ‘i
ammnmumwmaﬂ



113

Figure 35 Immunore N :{n‘i.’i'-i-'.’v’. SE ol 1
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A

whole “insert 1738 bp

v

CS, (462 bp)

YL TSI 7 e

162bp —> < 321bp
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Vector expression 5
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Figure 37 Arraﬂ'!;ement of geneg in Bp 3 clone by usinggGeneMark
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Chou Fasman 2° structure
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Sequence Name: hypothetical signal peptide gene
Length: 246

Chou Fasman 2° structure
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2.5 Clone Bp9 groEL, Chaperonine protein

The inserted DNA size was 1300 bp as illustrated in appendix B.The
average percentage of G+C base content was 63.69% .The signal of
immunoscreening of this clone is illustrated in figure 40. The original insert
could not be found. The clone hit the first chromosome of B.pseudomallei

genome at position 3,223,718 -3,225,021( negative strand/ positive strand). The

expressed protein could not be rated via SDS-PAGE. From sequence

éjly complete groEL gene. The
: mthe first chromosome of

ST .2 ‘w programn as shown

amino acid with molecular

analysis, this insert DNA w
full gene size of groEL
B.pseudomallei genome b
in appendix B.

The groEL gene @bdgk &

weight 55.57 kDa.Blast afaly@is szied high W|th chaperonin protein

from many bacterial gbe & 'fc,' 4 (Burk o/deria thailandensis,
P iores

S=868,E=0,1=90%): 57 kD= hiillﬁ protein  groEL  (B.vietnamiensis,

S=860,E=0,1=89%); 57 kDa r-‘?r{%?f ein groEL (B.cepacia ,S=858

,E=0,1=89%). There ~..;_,--.—;;;ﬂ;:.‘:;;=;;;;.‘.:;:;-:..'.1""; in hits to this protein

Vi
;Grol and pfam 00118 . u ﬁshock protein 60 family

are posttranslational mod|f¥:at|on protein t over and chaperones. There were

S s pﬂ%&’ﬂ@%‘l{%%’l%ﬂ b Ve |prein sequence o

Hopp/Woods apyroches as illustpated in fi gue 24.The segondary protein
structure &wr} aﬂa ﬁ gm &I msr]a’ajm m’la1 Bhe protein
contained mostly both alpha helix and beta sheet structures. However, by PHD
htm, this protein contained alpha helix, beta sheet and others as 49%, 16.4%,

34.7% , respectively.
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Figure 40 Immunorescreegingfof él6ne |
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Sequence Name: Translation of /usr/tmp/aaaa13291
Length: 532

Chou Fasman 2° structure
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Figure 41 Chou Fasman §econdary structLgs of groEL protein of clone Bp9

ﬂﬂﬂ?ﬂﬂﬂﬁwmﬂﬁ
’QW’lﬁNﬂiﬁu UAIINYAY



121

2.6 Clone Bp 4(5, 20), ompA

The size of this DNA insert was 1427bp as illustrated in appendix B The
average percentage of G+C b__ase content was 60.06 %.The signal of
immunoscreening of this clone is showed in figure 42. The clone hit the first
chromosome  of B.pseudomallei at position 3,039,125- 3,040,551(positive
strand/positive strand) .The original insert and inframed ORF could not be

identified. The expressed protein, a uld not be demonstrated via SDS-

gene ORF 1(675 bp) that

PAGE. From sequence analysis, there e
- _‘

located near the T3 site.("asshown in figur e direction of expression of
this gene was opposite S arrangement of genes in this clone is

shown in figure 44. Th Uil g126f of was cut from the first
chromosome of B.pseudafaleifdd 2 lize C blomformatlc programs.

The full sequence@f GF5fbp gent
i

codes a protein of 224 amiho (ﬁi@
i

|n appendix B. This gene
eight 24.07. Blast analysis
revealed high score with hypo "ir-m G | Blrkholderia fungorum, S=279,
E=2e-74, 1=77%); hypotheticalfatateint R a_metallidurans, S=225, E=5e-
58, 1=53%); probable #ﬁ-"'-'-':‘ﬂ'_i’::'; ---------- Saisiofia. Solanacearum, S=220,
E=1e-56, 1=53%): outeﬂn < urﬁr( Bordetella pertussis,
S=160, E=2e-38, I= 48%} auter membr protein A precursor(Bordetella

HEIRRa g, ‘ﬂ’ %@@ 7] 8%@ w“ﬂﬂ ﬂﬁﬁ%) There were 3

conserved protein domain hits €to  this erotein  includiig C0OG2885
(ompA);pfﬂmgﬂ ﬁbi Qnﬁ)ﬁdﬂelﬂ@g mdesl:]nail
q

protein structure is a porin-like integral membrane protein , with half of its C-

otein) .This

terminal a conserve domain of ompA..This gene is called ompA gene.
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Bp5 whole insert, Bp genome
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ompA gene

(675 bp)
147 bp

<—233 bp—>

T7

“\.Vector expression

Figure 44  Arrangement o g lestin 'ﬁ ~ by usingGeneMark
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3. Antigenic index analysis

The Hopp and Woods hydropathy scales were applied to 6 suspected in
vivo expressed genes as illustrated in figure 24. All of the genes have been
demonstrated to contain many antigenicity peaks. The transmembrane protein

has highest minima peaks of hydrophilicity.

4. Multiple aligment analysis ngenetic tree construction
Multiple aligment of ap at€deof gmhA is shown in figure 45
The aligment was generatee™with: the ProgranmClustal W (MacVector V 7.0.1)

using a gap penalty of 10, Qe adxiend gap penalizof 0.05. The gmhA showed

\\\

? allei (98% identity, 100%
e m 4%, Positive). The gmhA protein

crsed Bacterial population. The

high similarity to other gg pilarity to B.pseudomallei
1026 b strain (98% idg
positive), A.thermoaefo
had a conserved domé'
phylogenetic tree of gmhA > 46. The tree revealed the
cluster of Burkho/deria groups 4h " ly related to an environmental

bacteria, Aneurinibag s thermoacrophilus———————— =

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’]ﬂ‘i
ammnmumfmmaﬂ
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Figure 45. Multlrﬂ %"E} rﬂf%] %jwlﬁ w&y}fnﬁ of B.pseudomallei

( K96243), B.pseudow)alle/ gmhA( GenBa@k accession &meer AAK 49@ 1), B.mallei

e A WAR AT TR SN 1T BIDRRS omne

(GenBank acgession number.AF 46176915), Campylobacter jejuni gmhA(GenBank

accession number.H81287), Helicobacter pylori gmhA(GenBank accession number.AAD

06367.1), Leptospira interrogans gmhA( GenBank accession number.NP 712273.1),

Aneurinibacillus thermoaerophilus gmhA( GenBank accession number. AF 3248364),

Methanocaldococcus jannaschii gmhA( GenBank accession number.Np248337.1).Where

four or more amino acids are identical, they are boxed in shade.Amino acid numbers for

each protein are on both sides.
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K96243 138 |AK|A[K G M]T c[v RIGGEEMRELCDLLL|EVPS|IADTPKIQE|G 177
1026b 138 |AK|AIK G M|T ¢ GIEMRELCDLLL|E[VPS|ADTPKIQE|G 7177
B. mallei 138 |AK|A[K G Mf1 EMRELCDLLLIEVPSIADTPKIQE|G 777
Y. pseudotuberculosis 736 T|K E|L LKEIDYSINVPS |C 174
C. jejuni 131 [AKE GLS G f{MIMIN KL C D|H N|L|vIv P S M 170
H. pylori 133 |AK _ S|LIAlG K PLDIALIVPS M 172
L. interrogans 159 |A L  GRemKIN(L[SID LD]viIlve S S 198
A. thermoaerophilus 134 C|KE , L CD[Y C|I|K|VP S S 173
M. jannashii 86 ‘ LL[Gik Gie VIDCAL|vlves C 125
K96243 178 [HL VAGH z H{S[T.Flc 197
1026b 178 [H V'L @H I W e H ' 197
B. mallei 178 v 4G T %G « ; ' 197
Y. pseudotuberculosis 775 |4 I[gJt « ATYVEK|V|LE N 196
C. jejuni 171 [H TEHEN i ‘ 186
H. pylori 173 BT L W 192
L. interrogans 199 HI GE'IICISIV L 218
A. thermoaerophilus 174 HIVI TEALV KFVSVK 798
M. jannashii 126 [H L[T|I|Y[H E K 143
. -
..:}L/

Figure 45 (continue)
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L. interrogans

C. jejuni

H. pylori

M. jannashii

Y. pseudotuberculosis

A. thermoaerophilus
K96243
1026b

AU INENINEANT
o ARIRIAIUNBIANL AR, e

tree based on amino acid sequence of gmhA using phylogenetic inference

. mallei

(distance methods). The tree was constructed from distance data by using
neighbor joining method. The number of each node indicated the percentage

of bootstrap replicates (of 100 total)
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5. PCR cloning of gmhA and wcbM gene from the B.pseudomallei
genome.
The gmhA gene (594bp) anq wcbM gene (693 bp) were amplified from
the whole B.pseudomallei by using PCR as demonstrated in figure47. The
amplified genes and vecter pRSET A were digested with endorestriction

enzyme BamH1 and EcoR1 as demonstrated in figure 48. The recombinant

clones of gmhA and wcbM in host cellyf.¢o i DH5 were demonstrated in figure

Coptattied the inserted gene size of 594

bp and 693 bp as shown ih'.';---ﬂ—-o he@ isolated from both clones
were transformed to a ne / \\ Il
. / \\\x

49 . Both gmhA and wcbM clo

3 pLYS, the expressed
protein were then demon gure 51.The western blot

of expressed protein fromfg

BN \\ h both pooled absorbed

ﬂl.a.l

melioidosis serum and Pog @ ‘ 3l serum could not be
demonstrated . \

B

f.fras ‘ :_J
L7575 I8

<
)

ﬂumwmwmm
’QW]Nﬂ‘ifMJWTAﬂE}’]ﬂH
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Figure 47 PCR amplification of .gmhA and;MQj:M genes from the

B pseudoma?lwgenomaAgamsageLuMz)ﬁlectrophore3|s of
PCR products M: DNA marker 1 Kb.Lanes 1 2 gmhA gene. Lanes
3-4: webM gene
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Figure 48 Restriction endonug_ga,sg.@n

"ﬂ.’i;“f.ﬁ .:-y- ‘

S

lgaseana _ CR products of gmhA and
- (’ <l N

PCR producﬂ d.nRSE| %mm and EcoR1. M:

DNA marker Hgb Lane 1: gmhA e;ne( 594 bp). Lane 2: webM gene

6%%@’3%%?18’11;15
QW’]Mﬂ‘iﬂJ UANINYAY
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Figure 49 The recomBinant clones of gmhA and wcbM in host cell E.coli

DH8«OLAgarosel gell (1 YoV electrophoresisof
recombinant pRSETa . Lanes 1,12: pRSETa with out insert
oNA. Lanes 2101 gmhA recombinant clones! Lands 13-14:

wcbM recombinant clones

132
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Figure 50 Restriction endonuclease analysns of recombnnant clones of gmhA

o B PTG ononer

pRSETgJ digested with B%mH1 and EcoR1 (fragment size in bp are

RN G AR W P come.

Lanes 3-4: wcbM clone.
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g o
AULINENINYINS
care S AIABIATRIUAI DAY 7

amhA clone. Lane5: Bp1 clone (in E.coli XL1 Blue MRF’). Lane 6;
PRSETa without insert in E.coli BL21 DE3 pLYS. Lane 8: wcbM

clone
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Discussion

The results from this immunoscreening approach demonstrate that the
developed protocols work very well,. with at least 6 genes expressed in vivo of
the bacteremic melioidosis patient. All of the isolated genes are potentially
good diagnostic antigens for melioidosis. Two genes belonged to a well known

virulent gene- the capsule gene (gm josynthetic capsule gene) and type

three secretion protein gene PAl « f SPLE ster, bipD). There were also
two other genes that aresGlassiied a8 hybothieteal conserved proteins, the
conserved hypothetical proteiaCen hypethe cal signal peptide protein

,\‘
interesting, the transmemjafa \ \

gene. There was one geng . Chaperonine protein. More
: veI gene that generated
the strongest signal from ghe Ction. This transmembrane
protein should be the mosif€a e ¢ 4le t .\ igen. None of the isolated

clones reacted with the po serum in plaque dot blot

analysis. These findings -&Mf}* at the bacterial genes that are
expressed only in a 0‘5‘--f—--—~---——--—-—--——i ------------- --~—--- Id be virulent genes.
e 'y

Although some isolated @ m nown functions, further

experiments are needed to examme their role(s) in melioidosis pathogenesis.

e sl YRR AU P ore e s

chromosome of B“'u pseudomallei atghe capsulehoperon. Thlsogapsule cluster
contains %Wa@%ﬁvjlmo%%’qq%ﬂg ﬂ &r}anged in a
similar way ?o the group 3 capsule gene found in other gram negative bacterial
pathogens such as Neisseria menigitidis, Hemophilus influenzae and E. coli.
The common features of this group of genes are as follows: always coexpressed
with O serogroup, not thermoregulated, transferred by an abc-2 exporter

system, and do not contain KpsU and/or kpsF genes. The genes are organized
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in to 3 regions and divergently transcribed. Regions 1 and 3 are generally
conserved and contain genes involved in the export of the polysaccharide. The
biosynthesis genes are not conserved between serotypes and are located
between regions 1 and < These capsule genes encode an

exopolysaccharide that is an wunbranched polymer of a repeating
tetrasaccharide unit with the structure —3)-2—O-acetyI-B-D-Galp—(1-4)—alpha-D-

Galp-(1-3)—[3-D-Galp-(1-5)—B—D-KD “) The bacterial capsule has long

been recognized as a major vi uler of many both gram- negative
and gram- positive bacteri enst Th@e enables bacteria to evade
adaptive and specific immupe echanisms. he most well known effect

of the capsule is to prev ) ' complement deposition

evasion and attachment to eth ells® A enable the organism to survive

-m-"'__.p #J

within the host. There.i§ §ome eviden: ._:;;,'.._._. .......... S_view - a non-capsulated
X

strain of B. pseudoma l'“~ insertati . i of some genes such as
| |

WCbA, wzt2, wcbE, wcbB, wch wcbP or wcbO was markedly less virulent than

e e s 4 EBF S B Y1 o

unable to indudé a protective immune re sponse in m;&g ; passive

iz | adibacy @ i capiid retidEps i ety of nfection

in mice ; énd an antibody response develops to the capsule during an acute

infection ®” The capsule may help the bacterial B. pseudomallei to disseminate
to other sites of infection and develop bacteremia in vivo. There are some solid
evidences to support this possibility, as H. influenzae type b, N. menigitidis and

S. pneumoniae bacteria are all highly encapsulated, and are the major cause of
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“" When the bacteria N. meningitis is isolated in

(91).

bacterial meningitis in children
carriers, it usually does not produce a capsule

The gmhA and wcbM genes were amplified from the whole B.
pseudomallei genome. Both of expréssed protein from gmhA and wcbM did not
reacted with the pooled melioidosis serum in a west-ern blot experiment.The

nature of antigenicity of gmhA may be conformational antigenicity that lost
during the SDS-PAGE denature pri \
gmhA was expressed in vive TQ/

analysis, gmhA shows aﬁn

This preliminary data indicates that

elioidosis patient. From blast

ilq_’ity mhosphoheptose isomerase

ylogenetic tree of gmhA

saccharide cores of gram n T " The gmhA gene in
B.pseudomallei mayu.ﬁ}n ion in a similar v ‘thermoaerophilus. This
gene should be expressed inside the o Sugar production during

I
active growth in vivo to :ght against the body immune system. There are some

bacterial cells thﬁﬂ@fﬁ%ﬂw‘%w gf‘fﬁ'aﬁ%tlve defense of the

host during early ifection that give tpe gmhA pr'(')ntfln to exposeﬁ\yth the immune
system . e E33 Trihlellelf| mad bindiec] idprce of neavy
capsule praduction in the early phase of melioidosis infection. The capsule
operon of group A streptococcus has been reported to be induced when the
organism was introduced to the pharynx or in the blood stream SR addition,
the gmhA gene was not found in Burkhoderia thailandensis under a southern
blot hybridization study , which supports the importance of this gene in virulence

determination. The role played by the gmhA biosynthetic capsule gene in the
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pathological mechanism associated with melioidosis infection requires further
investigation.

The Bp 6 clone contained bpH3 and bipD genes that belonged to part of
the type three secretion system (TTSS) operon. This TTSS cluster consisted of
30 genes T he organization of the genes in this cluster are similar to TTSS-
Spl-1 (inv/spa/prg) of Salmonella typhimurium and TTSS (ipa/mxi/spa) of

shigella ® There are another two operons in the B. pseudomallei

genome; TTSS- hrp (hyper sensitive respe pathogenicity) and the TTSS
3 operon which is similar tg . Other pla ntFT Sﬁs. The TTSS-hrp and TTSS3
H

divergent to suggest tha TSS te jay have different roles %

thailandensis *°" TTSS 3 | ¥ 8" pseldomallei and B. mallei. Some

specialized secretion systern

vifulent gene in more than 12

genera of gram negative bac; Dothsanimals and plants. The TTSS

"'".-F

functions as a machipé to deliver the effector molectilé. s/into the cytoplasm of

the host cell or at the I 1w ector molecules may have

|
different functions, sucj as interfering W|th or subvertmg normal cells by

o o2 SR AR YT Y Ao o e

ruffing and apo sis of infected ‘.macropha%.s medlatmgd;ytotoxmty or
erernd RGP TR N Tl Beice 1 e
phagosome unharmed by host cell defenses ®) The TTSS is usually associated
with pathogenicity islands (PAls) that have a distinct boundary locus ‘ ** The
TTSS could be a very useful tool in at least three ways - the targeted delivery of
engineered proteins to influence cellular signal transduction and other

processes; they may prove especially suited for delivery of highly toxic or labile
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compounds; and they may provide targets for new drugs which specifically
attenuate bacterial pathogens without affecting the commensal flora s

The role of the TTSS-Spl-1 like operon in melioidosis pathogenesis is
unknown. This cluster contains the Same average percentage of G+C content as
the whole B. pseudomallei genome. According to the highest molecular weight
of protein expressed band of the Bp6 clone(~45 kDa) , both bpH3 and bipD

should be expressed. The protein

ﬁcts with the antibodies in a western
blot experiment should be bpH W\l & The antibodies in the pooled
absorbed melioidosis w@a@nti@ may react with more than

one antigenic site in the e

er rthe bipD gene has been
reported to be expresse [ ' ente. (8 he PCR cloning of bpH3
from the whole genome il }rn blot experiment would
support the role of this ecreted protein that may
function as a translocator n in the bipD gene not only
disrupts the ability of B. ps ‘ embrane protrusion and an
actin tail but also renders it uﬁiﬁt@ dpe from endocytic vesicles. The
mutant bipD strain of B} pseudomallei ,.iﬁ..._....,~,~--f-,~‘-“‘ exclusively observed

in association with LAL
|

glycoprotein-1) s Qﬁeudoma//el has been demonstrated to be able to

invade eukaryoﬂ qﬂlﬁ@ %Eﬁf]@. Wrﬂp’ﬂaﬂ‘inc cells, and then

escape from the &lnagosome 8 pseudoma/l may use the Same strategy as

Trssipalapipa pEyiddd G Sidd %’1@ padoforpéirid apsence o

mtracellulaﬁ replication of the bipD mutant of B. pseudomallei in murine

ome -associated-membrane

macrophage-like cells may be caused by either the confinement of these strains
to endosomes and later endosome-lysosome fusion or inability to inhibit the
normal killing mechanism of the phagocyte. Salmonella typhimurium sipB and
sipC and sip D and sopE2 proteins have been demonstrated to regulate

inducible nitric oxide synthase (iINOS) ®* So it is possible that homologues of



140

these proteins perform a similar function in B. pseudomallei. The role of this
bipD gene in melioidosis pathogenesis requires further study.

The Bp7 clone has been shown to be the strongest positive signal clone
in immunoscreening. Gene analysis. indicated that the protein encoded by 2_46
bp of transmembrane protein gene reacted to the antibodies in the
immunoscreening. The strong signal is supported by antigenic index analysis of

transmembrane proteins (figure

hydrophobic maxima peak ( yte/Dool ighest minima peak of the
antigenic site (Hopp/Wood Y "The natu eln is transmembrane not
globular, as it contains r(‘

protein spans its helix parts

is protein has both the highest

amlno acids. This integral

3l membrane and leaves all

of the 4 outside regions exyfosé the-im " \ 2 . This membrane protein

structure may be the causé of ifs nunoscreening. In addition,

there is another similar gegé ane called transmembrane 2

that is located beside the hogio CARE " Fig 31). This arrangement of

the genes in this clone may enhance i€ response to a transmembrane

protein. The role of iAis gene in melicidosis pathe esis requires further
| ' E '\
investigation. However, 2 Ogenicity and a novel gene

|

property, this transmemr?ne protein should be a good candidate diagnostic

rigen e fiad $4) 1) 84 ATHEA A o1 o

express a protem'uhat reacts more strongly with ant;bodles i e melioidosis
¢

o e QAR T AN NYA E

The %ps clone contains two expressed genes named the conserved

hypothetical protein gene and hypothetical signal peptide protein gene. The
conserved hypothetical protein has two conserved protein domains covering
nearly all the protein length. The nature of this protein is not a transmembrane
protein. Members of this protein of unknown function have been found in many

bacterial species. The role of this gene in melioidosis pathogenesis is unknown.
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The hypothetical signal peptide protein has three conserved domains of proteins
of unknown function. More interesting with the DUF541 domain, members of this
family have been found in bacteria, mouse (GenBank:144450) and humans
(GenBank:Al478629). A mouse fémily member has been named SIMPL
(signaling molecule associated with mouse pelle-like kinase). This SIMPL
appears to facilitate and/or regulate complex formations between IRAK/mPLK

(IL-1  receptor-associated kinase)k ' IKK (inhibitor of kappa-B kinase)

containing complexes, and tH S T ‘ ppa-B activity Bk Separate
experiments demonstrat ﬂmember (named LaXp189)
binds the Listeria monoc rotein c*tLA, which is a virulent factor
that induces actin polymegZatic ) min, a protein involved in
signal transduction and i LT dynamic P bacteria,
its function is unknown,
membrane. Both the cons BWE hetical‘protein, and the hypothetical signal
peptide protein have been o) R o h @,g00d antigenic index, and both
should be good diagnostic e J n {_;,,f- 'idosis diagnosis. The role in

()
et

!

pathogenesis of melipidosis re rther investiaati
Bp9 contains néarly the full ge shaperonine protein gene.
The full gene size of groEL gene is 1,596 bp WhICh Is shorter than previously

s .50 G TS| 5 W A o s

protein contains 48% alpha helix syucture and 16 4% beta-s et with a good
snioeric pAfE )y FELLAHI e B?@tﬂwamy nighly
conserved gtress inducible or constitutive proteins that maintain homeostasis in
eukaryotic and prokaryotic cells Ll Clostridium difficile infection, groEL
encodes a protein of 58 kDa surface exposed adhesin mediating adherence to

(100 ).

culture cells The chaperonine protein may function as a protein folding

support in stressful conditions ® The role of this groLl gene in melioidosis is

unknown. This groEL gene has been demonstrated to be a highly antigenic
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protein in B. pseudomallei. Its recombinant protein and monoclonal antibody
may be useful for melioidosis serodiagnosis B THe groEL gene sequence may
potentially be useful for a hierarchical identification of medically important

Burkholderia at the genus and species level T experimental data indicate

magnitude signal than this groEL clone.

The Bp5 clone contains only.o ne in the inserted DNA. Even though

that the transmembrane protein in the Bp7 clone generates a stronger
onstrated via SDS-PAGE, the

e@resﬁbis gene is located only 233

a good antigenic index that

the expressed protein band
ompA gene has a high p

bp from the T3 express ( :
makes this protein a g " W of“melioidosis. This is not a

transmembrane protein. ¢ 1served. domain at the C-terminal.

Many experimental tnaLe' _‘E{Eﬁn ning were performed to improve

lambda ZAPII expresséd, vector to ir Y of clone production “*
" The protein A conjugated alkaline phosphatase was used instead of using

e csnfh BN Y SITINEY Y i s

antibodies, howeleér, only 2 of them 4‘r;an be used at one time. There are at least

2 o) 45 P THHRY IR GG ) Bl mooran

dlsadvantaa;e of protein A is its failure to bind effectively to the subclass from

102).
3( )

human IgG CDP-star was used as a chemiluminescent substrate to

increase the sensitivity of signal detection. CDP-star has MW 496 g/mol with
structure  disodium 2-chloro-5-(4-methoxyspiro(1,2-dioxetane-3,2'-(5-chloro)-
tricyclo(3.3.1.1 3'7)decan)-4—yl)—1-phenyl phosphate ' The signal was strong

and stable for a long time, so that the x-ray film could be exposed many times.
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The reagent substrate was ready to be used and the used reagent could be
repeated more than one time. It is usually recommend that the immunoscreening
experiment is reacted with the pooled absorbed melioidosis serum as the first
step, then the positive plaques will‘be picked up for reacting with the pooled
absérbed normal serum in plaque dot blot assay. This experimental was

designed to decrease labor and reagent costs in the immunoscreening. Our

hould contain all types of

\'\\

antibodies to the expressg 13 -5 pseudomallei. The main
reason to collect the se 3\ \ idosis patients who were
admitted to the hospital w ﬁm \ M known melioidosis cases

areas do not return to the

2.Before moving to a S| A%,' ,4, ing of each suspected in vivo
expressed gene, the ig 'L"_"':{';";:;;;z;;;:‘::;z;i'i ormed against each
melioidosis patient ser'

/.

localized infection, or dlsaemlnated acute éﬁptlcemlc patient. In addition, the

seom tom eacBi LRI AR PHNES bBk Feostue bactera

infections such as £, coli, Pseudomenas or nonfggmentative organisms, should

ce o R PR I T A TINETR E

3The ZAP 1l expressed genomic library need to be reconstructed

eﬂe such as bacteremia,

according to many isolated positive clones that contained the same genes .
There would be meaningless if the more library clones continue to be
screened by immunoscreening. The first step of amplification of the ZAP |

express library is a critical step that may lead some groups of recombinant
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phage dominant than others. Although the phagemids obtained from the mass
excision were demonstrated to contain different size of DNA insert.

Bacterial infections are complex and dynamic processes .There are only
a few number of bacterial species that can cause disease in human being.The
unique features of the bacterial pathogen are the ability to compete with the
normal bacterial flora and proliferate in the host enviromment. The factors that

support the bacteria to becom

factors. The virulent fact \ 'efined as

responsible for n, oxwuon, colonization) and

61).

the gene products

The Robert Koch po iar Koch postulate became

(61).

the gold standard to def = g /ItAysome limitations The
classic characterization agd iflef .:' | A \~ virulent genes are carried
out by the generation of ragda .‘ | 3" 1en séarch for avirulent phenotypes.
This approach is helpful buffa i ; g?‘ es are discovered (¢ The

growing data indicated tat ‘&tﬁ" in a diffrent gene expression

between in vivo and i Ao concdiion IR /naolgenes expression are

regulated by many charﬁe - trmt could not be simulated

in vitro condition ‘%" Clopig and identifi@ion and characterization of in vivo

expressed genﬂ lulﬂo’rjam %] Wc@sﬁcﬂgﬂtﬂ iolecular bacterial

pathogenesis. Maﬂy new moleculag biological gechniques ames developed to

astect in A WprdsN ok o tbdel bathoded WidoubB & hew insghis

q
of pathogenesis are demonstrated in some bacterial pathogens, there are

some limitations to be noted >

The protocol developed in this study has been demonstrated to
work very well. Two well known virulent genes operon are recovered by this
approach. In addition all of the isolated genes are potentially good diagnostic

antigens for melioidosis. These findings support our hypothesis that the genes
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that are expressed only in a patient and not in a normal person would be
virulent genes. Although some isolated genes are novel genes with unknown
function, further experiments are needed to examine their role(s) in melioidosis
pathogenesis. At the same time as this study, there were two reports of
immunoscreening of ZAPIl expressed genomic libraries of B.pseudomallei, in
which only the groEL gene could be isolated by using ECL chemiluminescence
detection '’ and one novel 18.; \ mbinant protein was recovered by
using enzyme immunoassay. \»2: ' @es of the current study could

be demonstrated as folloy ) ; d no genetic manipulation

in the pathogen required: 3van : ‘host: potential to detect

stage stage and/or rout I-speci hnically simple, fast and

be highly expected to be | Sec ; e ne onstructed ZAPIl expressed
genomic library are screengd?’@»,!

’N Irger.number of convalescence

confirmed to be expresfﬁ crmt detection by RT-PCR in

both clinical specimens af\%. animal modeU,n comparison with other molecular

technique, siﬂa%ﬂaﬁaeﬂ r&]t%k%sw Hsﬂﬂgaproach, only one

biosynthetic oper& is detected “05)'¢'With drastieally increase insgenomic datas
n Genosi 385 doplvirl i bbrachl i 4o bitbriahd & moecuir
biology, thlS current study could be efficiently isolate in vivo expressed genes
in other bacterial pathogens. The isolated genes profile would be useful for

pathogenesis study, vaccine development , treatment and diagnosis.
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