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Elucidation of infection establishment of Bordetella pertussis and application
for the vaccine development
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Current acellular pertussis vaccine protect against disease but fail to
prevent infection and transmission of Bordetella pertussis, which is epidemiological agent of
pertussis (whooping cough). This causes that detailed infection mechanisms of the bacterium are well

not understood. To resolve the problem, 1 focused on Bordetella intermediate protein A (BipA) that
is strongly expressed in B. pertussis grown on upper airway temperature (30° C), and analyzed its
function. The experiment using BipA-deficient mutant of B. pertussis demonstrated that BipA plays a
role in bacterial adhesion to human lung cell line. Furthermore, | generated a novel pertussis
vaccine that contains not only current vaccine antigens, but also BipA. In addition, 1 found a B.
pertussis isolate not expressing major virulence factors due to impaired function of BvgAS system in
the course of this study.

BipA



Bordetella pertussis
1,500~6,500
1DWR
201447020A
Warfel et al, PNAS. 111(2):787-792, 2014
2 BipA
BvgAS
1 37
pertussis toxin: PT filamentous
hemagglutinin: FHA Bvg*
phase
Bvg phase Bvg-intermediate Bvg' phase
Bvg'
phase EHET E | BEET
Bordetella intermediate protein T ' ; :
A BipA Bvg' phase 2 :
1 :
Stockbauer et al, Mol Microbiol. -
39(1):65-78, 2001  BipA g
2
©
[0]
r o
Bvg” phase BinA Bvg phase Bvg” | Bvg' | Bvg*
P HERE ~25°C I 30%C ! 37°c
PT EHA BipA BE RBICES | BRORI? | BEAOHRME
1 Bvgphaset BREFOHRBEDOE R
3 BipA

Conover
et al, Mol Microbiol. 77(6):1439-1455, 2010
BipA
de Gouw et al, Emerg Microbes Infect. 3(1):1-9, 2014

BipA
BipA
BipA
BipA
BipA
BipA
BipA
BipA BipA

BipA BipA



1 BipA
416 1982~2016
BipA
5 mM MgS04 Bvg' phase 5 mM MgS04 Bordet-Gengou BG
ELISA BipA
recombinant BipA Balb/c
BipA
2 BipA
double cross-over Tohama
bipA BipA BipA 5 mM MgSO,
Bvg' phase Bvg* phase A549
colony forming unit CFU
C57BL/6 4
CFU BipA
3 BipA
Tohama Stainer-Scholte SS 5 mM MgSO,
PT FHA BipA PT FHA BipA
Balb/c BipA ELISA
3 4
4 BipA
recombinant BipA Balb/c
Tohama 4 CFU
BipA
1 BipA
416 414 BipA BipA
BipA 2 PT FHA
BvgAS 1 bvgS 955
BvgS 319
1 197 198
BipA
bvgA bvgS BipA PT FHA
BvgAS
BvgS
319 BvgAS
2 BipA
BipA
Bvg' phase BipA BipA A549
Bvg’ phase BipA
BipA Bvg' phase
BipA
Bvg" phase Bvg' phase BipA
BipA

@



B
Bvi

3
PT

ipA
g' phase BipA
Bvg’ phase BipA
Bvg' phase BipA

BipA
FHA BipA BG

Tohama ODss0=0.1 SS 36 24
0Ds50=0.003 SS 36 48

BipA

4
re

FHA

5mM MgSO, 120 36
PT FHA

BipA
BipA

BipA
combinant BipA BipA
PBS

BipA

BipA

BvgS 319 BvgAS
BvgAS
PT FHA PT
bvgS

10
Hiramatsu Y, Sakamoto D, Satho T, Irie K, Miake F, Maeda M, Kashige N. Lactobacillus
plantarum induces genomic DNA-dependent and TLR9-mediated elafin secretion from
Caco-2 cells. Asian Pac J Allergy Immunol. In press
DOI: 10.12932/AP-021017-0174.
Zomer A, Otsuka N, Hiramatsu Y, Kamachi K, Nishimura N, Ozaki T, Poolman J, Geurtsen
J. Bordetella pertussis population dynamics and phylogeny in Japan after adoption
of acellular pertussis vaccine. Microb Genom. In press
DOI: 10.1099/mgen.0.000180.
Fukui-Miyazaki A, Toshima H, Hiramatsu Y, Okada K, Nakamura K, Ishigakia K, Shinzawa
N, Abe H, Horiguchi Y. The eukaryotic host factor 14-3-3 inactivates adenylate
cyclase toxins of Bordetella bronchiseptica and B. parapertussis, but not B.
pertussis. mBio. 9(4). pil: e00628-18 (2018)
DOI: 10.1128/mBio.00628-18.
Hiramatsu Y, Miyaji Y, Otsuka N, Arakawa Y, Shibayama K, Kamachi K. Significant
decrease in pertactin-deficient Bordetella pertussis isolates, Japan. Emerg Infect
Dis. 23(4):699-701 (2017)
DOI: 10.3201/e1d2304.161575.
Hiramatsu Y, Yoshino S, Otsuka N, Shibayama K, Watanabe M, Kamachi K. The proline
residue at position 319 of BvgS is essential for BvgAS activation in Bordetella
pertussis. Pathog Dis. 75(1):ftx011 (2017)
DOI: 10.1093/femspd/ftx011.
Moriuchi T, Toda K, Hiramatsu Y, Otsuka N, Shibayama K, Kamachi K. Molecular
epidemiology of Bordetella pertussis in Cambodia determined by direct genotyping
of clinical specimens. Int J Infect Dis. 62:56-58 (2017)
DOI: 10.1016/j-1jid.2017.07.015.



Moriuchi T, Otsuka N, Hiramatsu Y, Shibayama K, Kamachi K. A high seroprevalence
of antibodies to pertussis toxin among Japanese adults: qualitative and quantitative
analyses. PL0S One. 12(7):e0181181 (2017)

DOI: 10.1371/journal .pone.0181181.

Kamachi K, Moriuchi T, Hiramatsu Y, Otsuka N, Shibayama K. Evaluation of a commercial
loop-mediated isothermal amplification assay for diagnosis of Bordetella pertussis
infection. J Microbiol Methods. 133:20-22 (2017)

DOI: 10.1016/j-mimet.2016.12.009.

Hiramatsu Y, Saito M, Otsuka N, Suzuki E, Watanabe M, Shibayama K, Kamachi K. BipA
is associated with preventing autoagglutination and promoting biofilm formation in
Bordetella holmesii. PLoS One. 11(7):e0159999 (2016)

DOI: 10.1371/journal .pone.0159999.

Uyeda S, Sharmin T, Satho T, Irie K, Watanabe M, Hosokawa M, Hiramatsu Y, Nakashima
Y, Kashige N, Toda A, Mishima K, Miake F. Enhancement of the production of specific
antibodies to OVA and Ag85B by myrcene in mice. Asian Pac J Allergy Immunol.
34(4):314-323 (2016)

DOI: 10.12932/AP0734.

6
Lactobacillus plantarum D2905 EPS
139 2019 3
% Vag8
71 2018 10
Functional analysis of
Bordetella pertussis autotransporter, Vag8 91 2018 3
Construction of a novel vaccine strain
Bordetella pertussis Tohama co-producing Fim2 and Fim3 91
2018 3
138 2018
3
48
2016 11

http://bactoxl.biken.osaka-u.ac. jp/LabWeb/




