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Brukholderia
pseudomeallei fliD (Capl Cap2)
cap2 B. thailandensis (B. pseudomallei )
B. pseudomallei  Capl Cap2
Capl Cap2 immunodomainat

[capl(0.5 ug/mL)  cap2(1 png/mL)] 96-well
1:32 capl 75%
71% cap2 81% 92%
fliC ( 93.8% 96.3%)
cap2 B. pseudomallel  B. thailandensis
fliC B. pseudomallei G(-) flic  fliD
2.5-5%

2.5-5%



Melioidosis is an emerging disease in gobal, can lead to patients with serious and fatal
infection. However, the spreading and prevalence of this diseaseis not clear in Taiwan. The
aim of this project was to develop a serological method for detecting the specific antibodies
to melioidosis, and then to survey the prevalence of seropositivity from healthy adultsin
Taiwan. Firstly, fliD (capping protein of flagella; including Capl and Cap?2) exhibits, using
bioinfomatic analysis, highly specificity and antigenicity. In particularly, cap2 proteinis
potential target for distinguishing between B. pseudomallei and B. thailandensis (mostly
source of interference in serological test for melioidosis). Both capl and cap2 protein genes
were cloned, expressed and their products were purified. These purified proteins as
antigenic target were examed the opitimal coating concentration to be 0.5 ug/ml (capl) and
1 ng/mL (cap2) for developing an indirect ELISA. The cutoff values were also determined
to be 1:32 in both capl and cap2 as antigenic targets. The sensitivity was shown to be 75%
and 81%, and the specificity was shown to be 71% and 92% in which capl and cap2
protein was respectively used as antigenic target. The cap2 protein was still suggested to be
used as antigenic target for distinguish between B. pseudomallei and B. thailandensis
although both specificity and sensitivity were not comfatable, compared as when fliC was
used as antigen, with 93.8% of sensitivity and 96.5% of specificity, in previously.
Furthermore, the seroprevalence of anti-flagellin antibodies was survey for serum samples
collected from hospitals in northern, central and southern Taiwan. Results indicated that
seropositivity was 2.5-5% amongsts of these geographical distributions. No certain areas or
disease population exhibited to be hyperprevalent. Thus, Taiwan is not included to endemic
areas. However, the 3.0 % seropositivity rate highlights the need for physicians managing
these patients in Taiwan to be aware of the possibility of community-acquired pneumonia
and sepsis arising from B. pseudomallei infection.

Key words: melioidosis, capping protein, seroprevalence



B. pseudomallel
(Leelarasmee, 2004) 24-48 h
40-60% (Chaowagul et al., 1993)
(emerging disease)( Hsueh et al., 2001) 1984
(Leeetal., 1985) 1994 (Hsueh
et al., 2001) (Lee et al., 1996; Chen et al., 1999; Hsueh et al.,

2001) (Chen et al., 2004)

B. pseudomallei protease phospholipase
exotoxin (Gauthier et al., 2000; Sexon et al., 1994) G(-)
protease connectivetissue  fiber (Sexonet al.,
1994) Phospholipase PhospholipaseC PLC
(Korbsristate et al., 1999) G(+)
G(-) Clostridium perfringens (Saint-Joanis et al., 1989) Listeria

monocytogenes (Smith et al., 1995) Pseudomonas aeruginosa (Ostroff et al., 1989)

B. pseudomallei 36 kDa  exotoxin
(Ismail et al., 1987) 19.5kDa 40kDa (Anuntagool et al., 1993) 36
kDa  exotoxin ( melioidin) IHA
(93%) (34%) (Sirisinhaet al., 2000) 19.5kDa 40

kDa

B. pseudomallei

(Ismail et al., 1987) HL60 Helacell (Haubler et



al., 1998) CCF crude culturefiltrate  (Brett and Woods, 2000)
albumin
(Brett et al., 1997)
( 96% 94%) (Chenthamarakshan et al., 2001)
12-96 kDa
(Wongratancheewin et al., 1993)

(Chenthamarakshan et al., 2001)

B. pseudomallei -Exopolysaccharides  EPS capsular
polysaccharides (Moxon et al.,
1990; Steinmetz et al., 2000) B. psudomallet  EPS MonoQ

EPS typell O-antigen polysaccharide
(Deshazer et al.,1998) 3 -B -D-(2-O-Ac)Gap-(1,4)-D- Gap-(1,3)-D-p
-Galp-(1,5)sB-KDO- (G2 E. coli Neisseria meningitidis
Moraxella nonliquefaciens Actinobacillus pleuropneumoniae (Reistad et al.,
1993) EPS monoclonal  polyclona
Ab Latex agglutination B. pseudomallel 80%

EPS G(-) LPS
23% (Sirisinha et al., 2000) EPS lgM
IgG titer (Cuzzubbo et al., 2000)
(70%) (77%) EPS B. thailandensis  EPS

cross-reaction

Brett et al (1994) B. pseudomallei (flagellin)
immunodominant epitopes (Pseudomonas sp., Salmonella sp.)

H-antigenic target (Brett et al., 1994)



(Chen et a., 2003)

(Chen et al., 2004)

cluster
cap protein

Capl

proteomics tools

B. pseudomallei

(Chen et a., 2003)

B. pseudomallei

flic fliD fliE fliS fliD  flagellin
B. pseudomallei Pseudomonas aeruginosa  fliD
Cap2 N-terminal B. pseudomallei

MHCclassl Classll  epitope

Cap2 N-terminal Degenerate Probe
Southern hybridization B. pseudomallei (Chen et a.,
2003) B. thailandensis (Chen et al., 2002) Cap2
B. thailandensis fliD  Cap2
( B. thailandensis) fliC indirect ELISA

(Chen et a., 2003)

fliD fliCc



fliD

B. pseudomallei  fliD gene degenerate primer PCR
Denature 94  1min. Anneal 55  30sec Extention 72  1min. specific
amplicon BamH| EcoRI pGEX4T-2 E.coli BL21
DNA (Sambrook
and Russell, 2001)
GST-fused truncated flagellin
E.coli BL21 pGEXA4T-2/fliD 250 uM IPTG
sonication  protein extraction kits
glutathione column GST-liD GST
1 U/ml  thrombin glutathione column PBS fliD
Western blot
FliD epitopes  cross-reactivity
FiD SDS-PAGE Hybond-P membrane
(Amersham) membrane rabbit anti-flagella polyclonal Ab
37°C 30 PBS(pH 7.2) glycine saline buffer (150 mM NaCl,
200 mM glycine[pH 2.8]) 30 Tris buffer (pH 9.8)

(Chiaet al., 1998)

blot fliD

Western



(n=30) (n=60)

(n=100) Pseudomonas group,

Klbsiella group, E. coli, Salmonella, Enterobacter choacae, other gram-negative bacteria

group (Citrobacter freundii, Serritia marcescens, Moraxella sp., Chromobacterium sp.,

Aeromonas sp., other gram-positive bacteria group (Saphyl ococcus sp., Sreptococcus sp.

-80

(n=200) (n=180) (n=220)
Indirect ELISA

fliD lug/mi U-shape 96 well
mg/mL) blocking PBS-T 37 1lh

peroxidase-labeled anti-human 1gG 37 1h

H.0, 30 min (405nm)
cut-off (Chen et a., 2003) P<0.05
Bayes' theorem (Winkel et al., 1989)

et al (1989) (Winkel et al., 1989)

BSA(1
PBST

ABTS

3SD

Winkel



1 fliD

B. pseudomallei Sanger
(http://www.sanger.ac.uk/Projects/Microbes) B.
pseudomeallei (fliD) Capl Cap2 (Fig. 1) FIiD
gene  primer unique sequence bioinformatics tools (Primer3)

(Table 1) PCR specific amplicon BamHI EcoRl
pGEX4T-2 E.coli BL21
SDS-PAGE fliD (fliD1=39.6 kDa; fliD2=52.8 kDa)
(Fig. 2)
2. fliD
fliD
Western blotting flibl1  fliD2 (Fig. 3)

immuno-reactive band

indirect ELISA fliD coating concentration 0.1-5 pg/mL
mouse anti-fliD polyclonal antibody Capl protein
0.5 ng/mL (Fig. 4) Cap2 protein 1 pg/mL ( )

capl(0.5 ug/mL)  cap2(1 pg/mL)

1:32-1:1024 (cap 1) 1:32-1:512 (cap 2) (Table 2)
fliD immunodominant motifs
3.HiD cross-reactive  background
fliD cross-reactivity
16 (n=32) (n=60) (n=100) capl

10



(Table3) cap2 (Table4) full-lengthfliC (Table5) truncated fliC (Table 6)

antigen indirect ELISA
capl
75% 71% cap2 81% 92%
4.
365 11(3%) (Table 3)

(Table 4)
(2.8-5%)

11



90%(Sirisinha et a., 2000)
culture filtrate 96% 94%
B. pseudomallei
(Chenthamarakshan et al., 2001) Bps-1
recombinant protein 69.7%
(Wongprompitak et al., 2001)
recombinant flagella protein (fliC  fliD)

Immunodominant epitopes fliD
G(-) truncated flagellin
recombinant protein 93.8% 96.3%
fliD G(-) cross-reactivity
tuuncated flagellin fliD (cap2 ) B. thaliandensis  B.
pseudomallei (B. thaliandensis B. pseudomallei
) flib  fliC
indirect ELISA
B. pseudomallei 300-600 mm (Kao et dl.,
2003) B. pseudomallei
(Dance,
2000) B. pseudomallei
( ) B. pseudomallei
2.5-5% -
>60
3%

12



FIiD  fliC

94 1 )
(94
7 )
B. pseudomallei( ) B.thaliandensis( )[DOH94-DC-1055]
B. pseudomallei
fliC 2.5-5%
( ) (8 7))
Q) flic fliD (fliC  central regions
G(-) fliD  cap2 B. pseudomallei  B. thailandensis
) epitope typing epitope
(2 indirect ELISA (
)
) ( ) B
pseudomallei (Dance, 2000) B. pseudomallei 30-60 cm
(Dance, 2000; Chen et al., 2003)
B. pseudomallei
flic  fliD target immuno-PCR DGGE(denature gel gradient

electrophoresis) B. pseudomallei
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Fig. 1. The carton of fliD gene maps. The black line represents the numbers of amino acid
sequence of capl protein (Upper) and cap2 protein (bottom). The light block in black line
represents the unique sequence compared to other G(-) bacterial cap proteins. Thefill
circles represents the highly conserved regions campared to other G(-) bacterial cap protein.

Cap2 fliC1 fliC2 Marker Capl

Fig. 2. SDS PAGE for purified flagella antigens. Cap2 represents cap?2 proteins of fliD gene
products. fliC1 represents full-length of flagellin of fliC gene products. fliC2 represents
truncated flagellin of fliC gene products. Marker represents the
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Fig. 3. Western blotting analysis for fliD protein.
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Fig. 4. Thetitration curve of ELISA. The cap 1 protein (0.5 pg/ml) was used for coating on
microplates. The sera admitted to melioidosis patients were serialy diluted ranging from 8
to 128 fold of dilution. The linearity of optical densitity was shown herein. With regarding
the coating concentration of cap 2 protein, the optimal concentration of 1 ug/ml was choiced

(data not shown).
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Table 1. The sequence and amplicon size of fliD genes
The primer design of fliD genes

Primer sequence Expected size (bp)
fliD1 Forward: 5'-ggtttcgatccgaagcaca-3’ 345
(Capl protei n) Reversed: 5'-gaaatcgctctgcttccagg-3’
fliD2 Forward: 5'- atgtccacgcecgtcacca-3' 774

(Cap? protein) Reversed: 5'- ggcgaacttgatgccgatcg-3’

Table2 1gGtitresof ELISA in the serafrom melioidosis patients

flagella antigens
fliC fliD
full-lelngth truncated capl cap2

<1:32 8 6
1.64 10 8
1:128 4 6 8
1:256 2 2 2 6
1:512 2 26 2 4
1:1024 20 4 4

>1:2048 4
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Table3 1gG resultswith Capl antigen in anindirect ELISA

antibody titers (diluted fold)
<1:32  1.64 1:128 1:256 1:512 >1:1024  positive

b

B. pseudomallei g 10 6 2 2 4 75% (24/32)
Pseudomonas sp. 4 12 3 3 0 0 33% (8/22)
Klebsiella sp. 10 5 0 0 0 0 20% (3/15)
E. coli 7 2 1 1 0 0 36% (4/11)
Salmonella sp. 8 1 1 1 0 0 27% (3/11)
Enterobacter sp. 9 0 1 1 0 0 18% (2/11)
Other G(-) sp. 10 2 1 3 1 1 44% (8/18)
Other G(+) sp. 9 1 0 2 0 0 25% (3/12)
Healthy group 44 10 4 2 0 0 20% (12/60)

a the numbers of serawith positive result
b: the numbers of serawith antibody titers above or equal to cutoff value/ the numbers
of serawith antibody titers below cutoff value, with the cutoff value of 1:64.

Table4  1gG results with Cap2 antigen in an indirect ELISA

antibody titers (diluted fold)

<1:32 1.64 1:128 1:256 >1.512 positive

B. pseudomallei 6° 8 8 6 4 68.4% (26/32)°
Pseudomonas sp. 20 1 1 0 0 9.0% (2/22)
Klebsiella sp. 15 0 0 0 0 0 % (0/15)
E. coli 10 0 0 1 0 9.1% (V11)
Salmonella sp. 11 0 0 0 0 0% (0/11)
Enterobacter sp. 10 0 1 0 0 9.1% (V11)
Other G(-) sp. 17 0 1 0 0 5.6% (1/18)
Other G(+) sp. 12 0 0 0 0 0% (0/12)
Healthy group 57 3 0 0 0 5 % (3/60)

a the numbers of serawith positive result

b: the numbers of serawith antibody titers above or equal to cutoff value/
the numbers of serawith antibody titers below cutoff value, with the cutoff
value of 1:64.
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Table5  1g9G results with full-length flagellin antigen in an indirect ELI1SA

antibody titers (diluted fold)
<1:64 1:128 1:256 1:512 1:10241:20481:4096 positive

B. pseudomallei 0 4 2 2 20 2 2 T75%(24/32)"
Pseudomonas sp. 3 10 3 1 5 0 0 23% (5/22)
Klebsiella sp. 4 5 1 1 4 0 0 27% (4/15)
E. coli 3 3 2 0 3 0 0 27% (3/11)
Salmonella sp. 4 3 0 1 3 0 0  27%(3/11)
Enterobacter sp. 4 3 2 1 1 0 0 9% (1/11)
Other G(-) sp. 9 2 1 2 4 0 0  22%(4/18)
Other G(+) sp. 9 3 0 0 0 0 0 0% (0/12)
Healthy group 27 16 6 3 8 0 0  13% (8/60)

a the numbers of serawith positive result
b: the numbers of serawith antibody titers above or equal to cutoff value/ the numbers
of serawith antibody titers below cutoff value, with the cutoff value of 1:1024.

Table6  1gG results with truncated flagellin antigen in an indirect ELISA

antibody titers (diluted fold)

<1:64 1:128 1:256 1:512 1:1024 positive

B. pseudomallei 0? 2 12 14 4 93.8 % (30/32)°
Pseudomonas sp. 19 2 0 1 0 4.5 % (1/22)
Klebsiella sp. 14 1 0 0 0 0 % (0/15)

E. coli 8 2 0 1 0 9.1% (V11)
Salmonella sp. 7 3 0 1 0 9.1 % (1/11)
Enterobacter sp. 9 0 1 1 0 18.2 % (2/11)
Other G(-) sp. 16 1 0 1 0 5.6 % (1/18)
Other G(+) sp. 11 1 0 0 0 0% (0/12)
Healthy group 47 13 0 0 0 0 % (0/60)

a the numbers of serawith positive result

b: the numbers of serawith antibody titers above or equal to cutoff value/
the numbers of serawith antibody titers below cutoff value, with the cutoff
value of 1:256.
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Table 7. The antibody titersin geographical distribution in Taiwan

Anti-flagellin antibody titers®

Group Totalcases <16 3264 12 8>256  Seropositive rate”

Southern Taiwan 220 53 57 49 50 11 5.0(32*) %
Middle Taiwan 180 36 6849 22 S 2.8 (15) %
Northern Taiwan 200 72 7234 14 8 4.0 (11) %

a The antibody titers were determined with indirect EL1SA using truncated fagellin
antigens.

b: The seropositive rates were determined at serum dilution fold of 1:256 (1:128), *
represents the highest groups significantly (P<0.05).

Table 8. Seroprevalence of melioidosis with diabetes mellitus
Individual patients with diabetes mellitus

(Ages)
Male Female

Antibody titer <40 41-59 >60 <40 41-59 > 60 Total
<16 15 23 30 17 26 42 153
32 7 22 29 9 15 25 107

64 1 15 19 4 8 12 59

128 2 1 15 1 5 12 36

256 1 1 1 3 6

512 2 2

>1024 1 2 3

Seropositivity* (%) 0% 16% 11% 0% 3.6% 71% 3.0%

* The antibody titers were determined with indirect EL1SA using truncated fagellin
antigens.
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