14

10



MotA MotB 2 FLiG,F1iM,FIiIN
MotA  FIiG

30

FLiGMN
H FliG MotA

Na* PomA MotA
FliG

FLiG,F1iM,FIIN

FIiG

FIiG N
F236V,D244Y,K273E, E302D

MotAB



FIIG

(Domain 11) (Domain 1)

MotA  FliG
FIiG,FLiM,FIiN,MotA,MotB
Mot
C
Mot
PomA  PomB N GFP GFP-PomA
GFP-PomB GFP
PomA PomB
B C
MotX MotY
Mot
PMF
Mot
FIiG,FLiM,FIiN
FIiG FLiM
FIiN
FIiG FIiM  FIiN



Vi

FIiGMN

tethered



(1)

pH
mot
FIiGMN
FIiGMN
Mot
fliG 3
Mashimo 2007
55
2001
2003
FliK
FliK Hirano
2005
FliK FliK
FliK FIiK

Shibata 2007

Hashimoto 2007



(2)

Mot

1)

MotA,MotB MotAM

Mot FIiGMN
37

Che

FIiG,FLiM,FIIN FLiGMN

20

Mot

TS



1 wr

N}

SINLT74 (F236V)
lic

w

SJW2827 (P127L)

~

SIWL770 (T1471)
iy

3}

SINL771 (6G132D)

fliv

=

SJW1799 (G103V)

1owr

2 MY6029 (EO033K)

3 MY6056 (ROS0L)
motA

4 MY6089 (G176S)

5 MY6097 (V207S)

6 MY6003 (AO37V)

motB 7 MY6018 (KO28R)

8 MY6051 (1029T)

Mot fl1iG26 flim12 fLiN7
4
A fl1iG6 fliMe
A
strain amino acid change
SIW1759 Q128H
SJwW1774 F236V
flic SJw2810 D244y
SJW2819 T132P
SJw2827 P127L
SJW2830 K273E
SIW1762 F131C
SJW1764 F131L
flin SJw1770 T1471
SIW1771 6132D
SJw1783 (133D
SJW1808 T147P
A TLiM(T1471, T147P) 2 Cccw
smooth fliG(P127L, Q128H,T132P) 2 fliM(F131L, F131C,
132D, G133D) 4 cw tumbly
TliG(F236V, D244Y, K273E)3 TlHiG(F236V, D244Y,

K273E)3



A

CCW only WT cw
SIwW1774 (F236V) SJw2827 (P127L)
flié none SJw2810 (D244Y) SIW1759 (Q128H)
SJW2830 (K273E) SJw2819 (T132P)
SIwi764 (F131L)
fliy SWL770 (TL471) none SJW1771 (G132D)
SJw1808 (T147P) SIW1783 (6133D)
30
35-37
A
fliG(F236V, D244Y, K273E)3
fIiG(F236V, D244Y, K273E)3 20
30 5
B
fliG(F236V, D244Y, K273E)3
A
(A) f1iG (Mot-)mutants
20 -40 520
100
e ese—
80 /j T
g 0" P127L
Se0 ® | —QusH
§ E ——T132P
i 0 20 §_ —— F236V
g £ D244Y
e -
\ , ——
0 e 0

0 5 10 15 20 25 30 35 40 45 50 55
time (min)

(B) f71iG (Mot-)mutants
20 -30 -20



80

[=2]
o

IS
)

motile fraction (%)

N
o

0 5 10 15 20 25 30 35 40 45 50 55

time (min)

(©) fliy (Mot-)mutants

80

60

40

motile fraction (%)

20

20

-40 -20

S e——

1 30

[
[

1 20

0 5 10 15 20 25 30 35 40 45 50 55
time (min)

FIiG

1 40

N w
o o

temperature ()

[
o

1 40

temperature ()

51 10

— WT

—— F236V
D244y

—— K273E

—— temperature

— WT
F131L
— G132D
—— G133D
——T1471
T147P

— temperature

T1iG(F236V, D244Y, K273E)3

fliG(F236V, D244Y, K273E)3

FIiG




1974

FIiGMN
C FIiM N FIiN

YFP CFP
3

FIIN

Silverman

YFP-FIiN

Simon

FIiN

FIiG

GFP

YFP



YFP-FIiN fliN
B

100nm
20nm
2
A
(a) (b}
4
Ly
ich (d)
; £
e L]}
2
1
C
B
E1] L6
N W
‘ 5 Ses
« .k // 10
z
|::r . 8 s f r
- @ S 10 15 20 25 30 35
l/. The mmmber of frame




2
C
IE
J{ 400
= {0

, |

4
55nm 1 gom

200nm




@



Mot

E. coli
MotA

PomA PomB

20%

30%

)
GST-PomA
MotB MotB MotA
MotB
MotA
V. alginolyticus
PomA PomB MotX MotY
E. coli MotA \MotB
PomA PomB
PomA  PomB
la
1. PomA
Ill w
H+-type f / Nat-type
L-ring [FigH) | ! ..'I
P-rng: [Figlh / Tering (Mot Y)
(e 1|
[ el bl b ba el

FN

ME-1ing {FF| Expadt apparalus (Fivda, FiH ||
A, 5 mm
@) )
pomB N motB  C pots ' potB
PotB  PomA Na*t PomA/PotB
E. coli  motA motB E. coli
Na* MotA/MotB
PomA/PotB
MotA 295
118 CR1
71 CR2 PomA 253
95 CR1 53 CR2 2
1b MotA CR1  Arg90  Glu98
Fl1iG
PomA CR1 MotA CR1  Arg90 Glu98 Arg88  Glu96
Lys Glu

PomA Arg88Ala Lys89Ala Glu96GIn GIlu97GIn Glu99GIn



PomA CR1 MotA

MotA  PomA

pomA CR1
GST-PomA CR1 GST-PomA CR2

Arg90
PomA CR2

Glu9s

PomACR1  PomA CR2
pomA CR2 ~ GST
PomA/PotB

GST-PomA CR1  GST-PomA CR2

GST PomA  CR1 CR2
FL1iG PomA  PomB
GST-PomA CR1  GST-PomA CR2 PomA
motA
M526 POomA  potB GST
PGEX-5X-3 IPTG
pGEX-5X-3  MCS  pomACR1
303 bp pomA CR2 168 bp pITl plIT2
IPTG
pITl pIT2
IPTG
IPTG GST
GST 26 kDa
IPTG PGEX-5X-3 26 kba  GST
pITl
GST-PomA CR1 37 kDa plT2
GST-PomA CR2 33 kDa
GST
25 kDa PomA
PomA GST

GST-PomA CR1

GST-PomA CR1

IPTG GST-PomA CR1
GST-PomA CR1 debris
ppt sup
GST-PomA CR1
GST-PomA CR1
GST-PomA CR1
GST-PomA CR1
GST-PomA CR2 GST-PomA CR2
debris ppt GST-PomA CR2 sup

GST-PomA CR2

GST-PomA CR2

sup

CR2

GST-PomA CR2
GST-PomA CR2
GST-PomA CR2
GST-PomA
GST-PomA CR1

67kDa

GST-PomA CR2



GST-PomA CR2

GST-PomA CR1

GST-PomA CR1 2
DTT
ppt
GST-PomA CR1 sup
GST-PomA CR1
6 M
4 pH
ppt 16 25
pH7.5 sup
FI1iG

GST-PomA CR1
GST-PomA CR1

pH
GST-PomA CR1

GST-PomA CR2

GST-PomACR2  PomA

GST-PomA CR2

PomA

GST-PomA CR1

GST-PomA CR1  sup

8 M DTT
DTT ppt
DTT
sup
pH
PomA CR1

GST-PomA CR1

GST-PomA CR1

GST-PomA CR2

6 M

DTT

MotB

PomA H MotA/MotB
™ Asp Asp
MotA TM2 TM3
MotA FliG
PomA/PomB MotA/MotB H PomB MotB
MotA
FliG
PomA ™ TM G23C TM2 S34C TM3 MI169-D171
™4 A178C Cys a PomB
Cys L37-F39 PomA
P172C N
PomA-D170C TM3 PomB-S38C
PomA TM3 PomB TM

PomA-G23C (TM1) PomA-S34C (TM2) PomA-A178C (TM4)

PomB-S38C



PomA-D170C TM3

PomB-S38C Na+ PomA TM3
PomB TM Na' PomA-D170C (TM3) PomBS38C
120 kDa (XL120)
PomA PomB 60
kDa (XL60) PomA  PomB
PomA
PomA PomA
PomA  PomB PomB PomA
PomA PomB PomA/PomB
Na" PomB TM PomA TM3
TM3 b
PomA PomB (a) PomA/PomB
(b)
PomA mB

HiAA TI-".':'-' B2h0 T?_H&“ L%II!:E
Vihts St Ghine SAES, @S o
Oy TG U O G
"Ilﬂ'r:'l :E-;"G ¥ o FT:4 Ei B F:M
i . 1} o, Cyiaplasm
"H"- .E.__F_ I15_.Llr:|'l:'|?"' leﬂ“ -ﬂignh-p-1ll,-’-l.;='l‘"-’.'?.-u'
3 .-“:'H."DID'—_t .“,‘l Fro-16 '_5:_
- il __.____. "H"'\-D"E'-"E.\Il"
@) (b)
V. alginolyticus
GFP
GFP-PomA GFP-PomB V. alginolyticus
PomA PomB PomA PomB
green fluorescent protein; GFP
GFP PomA PomB N GFP-PomA GFP-PomB
GFP ara
pomA NMB190 pomB NMB192
GFP
GFP-PomA NMB190 GFP-PomB

NMB192



motility buffer
17 um/s  26% PomB NMB192
75 um/s  64%

(GFP)
Msal Beel Xhal I;-_le‘ldlll]

N Bar| Sact Bohl_HindIl!
=

oo o N pen | CaemA I}
I L T
saucr e TN BACH|eemAH}—

GFP 0.006%
NMB190 GFP-PomA
GFP-PomB NMB192 0.006%
GFP-PomA
GFP-PomB 50%
GFP
NMB190 NMB192
GFP-PomA GFP-PomB

GFP

GFP
GFP-PomA GFP-PomB 45 kD 66 kD



SDS-PAGE 50 kD
GFP-PomB 62 kD
GFP
GFP-PomB
GFP-PomB
PomB
GFP
pomA pomB NMB191
GFP-PomA
GFP-PomB pomB
GFP-PomA NMB191
NMBI191
GFP-PomA GFP-PomB
NMB191
GFP-PomA
pomA/pomB
GFP-PomB pomB pomA/pomB
GFP
GFP
PomA PomB
GFP
V. alginolyticus
GFP
GFP
alginolyticus
NMB196 FliF  MS
MS
GFP-PomA
fliF
GFP
GFP-PomA
GFP-PomA
pomA/pomB GFP
GFP GFP

GFP-PomA

GFP-PomB

GFP-PomB

32 kD

PomB

PomA

GFP-PomB
GFP
POmA

GFP-PomB

pomA

fliF

fliF

pomA pomB

NMB196

GFP-PomB



VI05

GFP-PomA  GFP-PomB GFP V105
0.02%
GFP-PomA GFP-PomB V105
GFP V105 0.02%
GFP-PomA V105 39%
66%
V105 0.006% GFP-PomA
GFP-PomB V105
0.02%
GFP VIOS
GFP
PomB C E. coli-MotB V.
alginolyticus-PomB C
PomB
C PomBAC PomA
PomB C
GFP-PomA PomBAC PomA GFP-PomBAC  pomA/pomB
NMB191 GFP-PomA PomBAC
PomA GFP-PomBAC
PomB C
GFP-PomA PomBAC PomA GFP-PomBAC
GFP N
GFP-PomA GFP-PomB  CHAPS Ni-NTA
GFP Ni-NTA
PomB PomBAC  GFP-PomA Ni-NTA
PomB  PomBAC PomA
GFP-PomB GFP-PomBAC Ni-NTA
GFP-PomA PomB PomBAC PomA GFP-PomB
GFP-PomBAC
MotX MotY GFP
MotX MotY GFP
motX NMB94 motY NMB117
NMB9Y%4 motX T488 (G489
Cys87 NMBI117 motY GIn32 CAG
TAG GFP-PomA PomB
PomA  GFP-PomB  motX NMB94
GFP-PomA  PomB PomA  GFP-PomB  motY NMB117
motX
motX motY PomA PomB
GFP motX motY



V. alginolyticus PomA PomB MotX MotY V.cholerae  pomA/pomB/motX/motY

VcAXYAB MotX
MotY V. cholerae  pomA/pomB VcAAB
pomA/pomB/motX/motY VcAXYAB GFP
GFP-PomA  PomB PomA  GFP-PomB VcAAB

GFP-PomA  PomB
PomA GFP-PomB VcAXYAB

VcAAB VcAXYAB GFP
MotX MotY
GFP-PomA GFP-PomB PomB
PomA
PomA PomB PomA/PomB
FIiG
PomB C
GFP
PomB C Vibrio MotX MotY
MotY V.
alginolyticus MotX Moty
MotX  PomA/PomB Vibrio
MotX MotY
= Ly
—P g
- T
™ .“::”_ - MS Y
PomA/PomBfE & &
E. coli MotA MotB

V. alginolyticus
PomA PomB



@)

PomA/PomB
MotX

PomA

FIiG

MotY

Na*

GFP

H+



CREST

CRES

CREST

CREST




CREST
CREST
CREST
JST
D3
Bdellovibrio
JST

D2




PF

S.grandis
Ph.D
Lis Sockett
JST
Colin Hughes
JST
1) 0 35

Lee, S.K., Stack,A., Katzowitsch,E., Aizawa, S.-l., Suerbaum, S., and Josenhans, C.,
Helicobacter pylori flagellins have very low intrinsic activity to stimulate human
gastric epithelial cells via TLR5. (2003) Microbes & Infections, 5, 1345-1356.

Kobayashi, K., Saitoh, T., Shah, D.S.H., Ohnishi, K., Goodfellow, 1.G., Sockett, R.E.,
and Aizawa, S.-l., Purification and characterization of the flagellar basal body of
Rhodobacter sphaeroides. (2003) J.Bacteriol. 185, 5295-5300.

Chen Yona-Nadler, Tatiania Umanski, Shin-Ichi Aizawa, Devorah Friedberg and llan
Rosenshine, Integration host factor (IHF) mediates repression of flagella in
enteropathogenic and enterohaemorrhagic Escherichia coli. (2003) Microbiology 149,
877-884.



Makinoshima, H., Aizawa, S.-l., Hayashi, H., Miki, T., Nishimura, A., and Ishihama, A.,
Growth phase-coupled alterations in cell structure and function of Escherichia coli.
(2003) J. Bacteriol. 185, 1338-1345.

Hou, S., Saw, J.H., Lee, K.S,, Freitas, T.A,, Belisle, C., Kawarabayasi, Y., Donachie, S.P.,,
Pikina, A., Galperin, M.Y., Koonin, E.V., Makarova, K.S., Omelchenko, M.V., Sorokin, A.,
Wolf, Y.I1., Li, Q.X., Keum, Y.S., Campbell, S., Denery, J., Aizawa, S.-l., Shibata, S.,
Malahoff, A., & Alam, M. (2004) Genome sequence of the deep-seay -proteobacterium
Idiomarina loihiensis reveals amino acid fermentation as a source of carbon and energy.
Proc. Natl. Acad. Sci. USA, 101, 18036-18041.

Shibata, S., Alam, M., and Aizawal, S.-l. (2005) Flagella of the deep-sea bacteria
Idiomarina loihiensis belong to a family different from Sal/monel/a flagella, J.Mol.Biol.
352, 510-516.

Hirano, T., Shibata, S., Ohnishi, K., Tani, T., & Aizawa, S.-l1 (2005) N-terminal signal
region of FliK is dispensable for length control of the flagellar hook. Mol. Microbiol. 56,
346-360.

O’Shea, T.M., DeLoney-Marino, C.R., Shibata, S., Aizawa, S.-1., Wolfe, A.J., and Visick,
K.L. (2005) Magnesium promotes flagellation of Vibrio fischeri. J. Bacteriol., 187,
2058-2065.

Kanbe, M., Shibata, S., Jenal, U., and Aizawa, S.-1. (2005) Protease susceptibility of the
Caulobacter crescentus flagellar Hook-Basal-Body; a possible mechanism of flagellar
ejection during cell differentiation. Microbiology, 151, 433-438.

Kanbe, M., Yagasaki, J., Zehner, S., Gottfert, M., Aizawa, S.-1. (2006) Characterization
of two sets of sub-polar flagella in Bradyrhizobium japonicum. J. Bacteriol.189:
1083-1089.

Maezawa, K., Shigenobu, S., Taniguchi, H., Kubo, T., Aizawa, S.-l1., & Morioka, M.
(20069 Hundreds of the flagellar basal bodies cover the cell surface of the
endosymbiotic bacterium Buchnera aphidicola sp. APS. J. Bacteriol.188: 6539-6543.

Fredericks, C.E., Shibata, S., Aizawa, S.-l., Reimann, S.A., Wolfe, A.J. (2006) Acetyl
phosphate-sensitive regulation of flagellar biogenesis and capsular biosynthesis
depends on the Rcs phosphorelay. Mol Micro. 61: 734-747.

Lambert, C., Evans, K.J., Till, R., Hobley, L., Capeness, M., Rendulic, S., Shuster, S.,C.,
Aizawa, S.-1., and Sockett, E. (2006) Characterising the flagellar filament and the role
of motility in bacterial prey-penetration by Bdellovibrio bacteriovorus.Mol Micro., 60:
274-286.

Woods, R.D., Takahashi, N., Aslam, A., Pleass, R.J., Aizawa, S-l., and Sockett, R.E.
(2007) Bifunctional Nanotube Scaffolds for Diverse Ligands Are Purified Simply from
Escherichia coli Strains Coexpressing Two Functionalized Flagellar Genes. Nano Lett.,
7:1809-1816.

Mashimo, T., Hashimoto, M., Yamaguchi, S., and Aizawa, S.-l. (2007) Temperature
hyper-sensitive sites of the flagellar switch component FIiG in Salmonella enterica
serovar Typhimurium. J. Bacteriol., 189: 5153-5160.



Shibata, S., Takahashi, N., Chevance, F.F.V., Karlinsey, J.E., Hughes, K.T., and Aizawa,
S.-1. (2007) FIliK regulates flagellar hook length as an internal ruler. Mol Micro., 64:
1404-1415.

Chaban, B., Ng, S.Y.M., Kanbe, M., Saltzman, I., Nimmo, G., Aizawa, S.-l., and Jarrel,
K.F. (2007) Systematic deletion analysis of the fla genes in the flagella operon identify
several genes essential for proper assembly and function of flagella in the archaeon,
Methanococcus maripaludis. Mol. Micro. 66: 596-609.

Chevance, F.F., Takahashi, N., Karlinsey, J.E., Gnerer, J., Hirano, T., Samudrala, R.,
Aizawa, S., and Hughes, K.T. (2007) The mechanism of outer membrane penetration by
the eubacterial flagellum and implications for spirochete evolution. Genes Dev.
21:2326-2335.

Schwan, W.R., Shibata, S., Aizawa, S.-l., and Wolfe, A.J. (2007) The Two-Component
Response Regulator RcsB Regulates Type 1 Piliation in Escherichia coli. J. Bacteriol.,
189: 7159-7163.

Hashimoto, M., Mashimo, T., Hirano, T., Yamaguchi, S., and Aizawa, S.-l1. (2008)
Functional roles of the hook in a rotating tethered cell J. Mol.Biol. 375: 367-375.

Taguchi, F., Shibata, S., Suzuki, T., Ogawa, Y., Aizawa, S.-1., Takeuchi, K., and Ichinose,
Y. (2008) Effects of glycosylation on swimming ability and flagellar polymorphic
transformation of Pseudomonas syringae pv. tabaci 6605. J. Bacteriol. 190: 764-768

Yorimitsu T. Mimaki A. Yakushi T.& Homma M. (2003) The conserved
charged residues of the C-terminal region of FIiG a rotor component of Na*-driven
flagellar motor. J. Mol. Biol. 334 567-583.

Sowa Y. Hotta H. Homma M. & Ishijima A. (2003) Torque-speed
relationship of the Na+-driven flagellar motor of Vibrio alginolyticus. J. Mol. Biol. 327
1043-1051.

Asai Y. Yakushi T. Kawagishi I. & Homma M. (2003). lon-coupling
determinants of Na*-driven and H*-driven flagellar motors. J. Mol. Biol. 327 453-463.

Fukuoka, H., Yakushi, T. & Homma, M. (2004). Concerted effects of amino acid
substitutions in conserved charged residues and other residues in the cytoplasmic
domain of PomA, a stator component of Na+-driven flagella. J. Bacteriol. 186,
6749-6758.

Yakushi, T., Maki, S. & Homma, M. (2004). Interaction of PomB with the third
transmembrane segment of PomA in the Na*-driven polar flagellum of Vibrio
alginolyticus. J. Bacteriol. 186, 5281-5291.

Yakushi, T., Kojima, M. & Homma, M. (2004). Isolation of Vibrio alginolyticus
sodium-driven flagellar motor complex composed of PomA and PomB solubilized by
sucrose monocaprate. Microbiology 150, 911-920.

Yorimitsu, T., Kojima, M., Yakukshi, T. & Homma, M. (2004). Multimeric structure of



the PomA/PomB channel complex in the Na*driven flagellar motor ofVibrio
alginolyticus. J. Biochemn. (Tokyo) 135,43-51.

Sowa Y., Rowe, A.D., Leake, M.C., Yakushi, T. Homma, M., Ishijima, A. & Berry, R.M.
(2005). Direct observation of steps in rotation of the bacterial flagellar motor . Nature
437, 916-919.

Fukuoka, H., Yakushi, T., Kusumoto, A. & Homma, M. (2005). Assembly of motor
proteins, PomA and PomB, in the Na*-driven stator of the flagellar motor. J. Mol. Biol.
351, 707-717

Okabe, M., Yakushi, T. & Homma, M. (2005). Interactions of MotX with MotY and with
the PomA/PomB sodium ion channel complex of the Vibrio alginolyticus polar flagellum.
J. Biol. Chem. 280, 25659-25664.

Yakushi, T., Hattori, N. & Homma, M. (2005). Deletion analysis of the carboxyl
terminal region of the PomB component of the Vibrio alginolyticus polar flagellar motor.
J. Bacteriol. 187, 778-784.

Terashima, H., Fukuoka, H., Yakushi, T., Kojima, S. & Homma, M., (2006)The Vibrio
motor proteins, MotX and MotY, are associated with the basal body of Na*-driven
flagella and required for stator formation. Mol. Micro. 62(4):1170-1180.

Yagasaki, J., Okabe, M., Kurebayashi, R., Yakushi, T. & Homma, M. (2006) Roles of the
intramolecular disulfide bridge in MotX and MotY, the specific proteins for
sodium-driven motors in Vibrio spp. J. Bacteriol. 188(14):5308-14.

Yakushi, T., Yang, J.-H., Fukuoka, H., Homma, M. & Blair D. (2006). Roles of charged
residues of rotor and stator in flagellar rotation: Comparative study using H*-driven
and N+*-driven motors in Escherichia coli. J. Bacteriol. 188, 1466-1472.

Kusumoto, A., Kamisaka, K., Yakushi, T., Terashima, H., Shinohara, A., & Homma, M.
(2006). Regulation of polar flagellar number by the f7hF and 7/hG genes in Vibrio
alginolyticus. J. Biochem. (Tokyo) 139, 113-121.

Shinohara, A., Sakuma, M., Yakushi, T., Kojima, S., Namba, K., Homma, M., Imada, K.
(2007) Crystallization and preliminary X-ray analysis of MotY, a stator component of
the Vibrio alginolyticus polar flagellar motor. Acta. Cryst. 63(2): 89-92.

Kojima, M., Kubo, R., Yakushi, T., M., Homma, M. Kawagishi, I. (2007) The
bidirectional polar and unidirectional lateral flagellar motors of Vibrio alginolyticus are
controlled by a single CheY species. Mol. Micro. 64(1):57-67.

Fukuoka H, Sowa Y, Kojima S, Ishijima A, Homma M. (2007) Visualization of functional
rotor proteins of the bacterial flagellar motor in the cell membrane. J. Mol. Biol.
367:692-701.

@
Blocker, A., Komoriya, K., and Aizawa, S.-1., Type Ill secretion systems and bacterial
flagella: Insights into their function from structural similarities. (2003) PNAS, 100,



3027-3030

Aizawa, S.-l., Flagella, (2004) in “The Desk Encyclopedia of Microbiology” ed. by M.
Schaechter, Academic Press, 470-479.

Tohru Minamino & Shin-Ichi Aizawa, Biogenesis of flagella, export of flagellar proteins
via the flagellar machine.(2003) in " Protein secretion pathways in bacteria”, ed. by B.
Oudega, KLUWER Academic Publishers (The Netherlands), pp.249-270.

Aizawa, S.-l. (2005) Bacterial Gliding Motility: Visualizing Invisible Machinery. ASM
News feature article. 71, 71-76.

(2003) I 10
P.220-225
2004
(2005) Vol .108, P._44-45.
2006 NewsLetter Research on HFSP in Japan

No.19 http://jhfsp.jsft.or.jp/

2006
(2007)
2004
59 403-414.
2004 10

pp-179-214.

Homma, M. & Yakushi, T. (2004). Bacterial Flagellar Motor in Reflexive Polymers and
Hydrogels (Yui N., Mrsny R.J., and Park K., edit.) pp.49-65, CRC Press LLC, Washington,
D. C.

2005
45 22-27

2006
61 325-337.

, 2006
46 341-344.

2007
52:309-316.



COE 2005.6.22

Aizawa, Sl. 105th ASM 2005.6.5-6.9. Symposium”Supramolecular
assembly on the cell surface: From genes to Ultrastructure. Convener

Aizawa, Sl., Department Seminar at British Columbia University 2005.7.21
Aizawa, Sl., Department Seminar at Simon Fraser University 2005.7.22

Aizawa, Sl., XIlIth lTUMS 2005.7.23-7.28, Symposium “From
Cytoplasm to cell surface: Export, secretion, and assembly in prokaryotes. Convener &
Speaker.

Aizawa, Sl., Pseudomonas2005. 2005.8.27-8.31, Control of the flagellar number in
Pseudomonas.

Aizawa, Sl., Department Seminar at Basel University 2005.9.5

Aizawa, Sl., Department Seminar at ETH 2005.9.8

2005.12.1

Aizawa, Sl., Institute of Enzymology (Budapest, Hungary) 2006.5.3. Department
Seminar

Aizawa, Sl., ASM&FEMS Conference (Crete, Greece) 2006.5.6-10. Invited speaker,
Aizawa, Sl., ASM 106th Annual Meeting (Orlando,USA) 2006.5.21-25. Convener &
Speaker, Overview of the Filamentous Structures

Aizawa, Sl., Brandeis University (Boston, USA) 2006.5.30. Department Seminar

8 2006.7.6-7
2006.9.28-29
2006 2006.12.6-8
S.-l.Aizawa ,2004.1.
S.-l.Aizawa convener (New Orleans),ASM 104th Annual Meeting(
104 ),2004.5.,

Hirano, T., Shibata, S., Ohnishi, K, Tani, T., & Aizawa, S.-I. ,



BLAST 2005.1., CYTOPLASMIC ROLE OF FIliK IN THE HOOK LENGTH
CONTROL

S-1. Aizawa, Convener ASM 105th Annual Meeting( 104
),2005.5.,

Y. Ichinose, F. Taguchi, K. Takeuchi, S. Shibata, S-1. Aizawa; ,
ASM 105th Annual Meeting( 104 ),2005.5.,  Glycosylated
Flagellin and Flagellar Assembly in P. Syringae pv. tabaci: How Does the Glycosylation
Occur and Affect the Flagellar Formation?

S-1. Aizawa, Convener 1UMS 2005,7
S-1. Aizawa, Pseudomonas2005 2005.8
, , 16 ,2003.10.18, How does the flagellar motor rotate

by ion translocation?

, , (6 ,2003.10.17, Analysis of
stator and rotor interaction in Vibrio alginolyticus and Escherichia coli flagellar
systems

, , 40 ,2003.10.14,
Na+ MotX Moty
PomA PomB
) , 29
,2003.12.16,
7 I 29
,2003.12.16, Nat PomA
,2004.3.8, MotY Tsr
,2004.7.24,
, , 41 ,2004.10.,
Vibrio alginolyticus
, , 30 ,2004.12.16 Na+
)

. , 30 ,2004.12.16,



GFP

vs ,2004

Na+

, Alex Rowe

Jung-Hoon Yang
,2005.6.23-24,

to motor rotation:

,2005.6.23-24,

,2005.3.2-3.4, H+

,2005

,2005.5.

Richard Berry
Na+

David F. Blair,
Na+

,2004.1.

Na+

,2005.3.29,

21,

, lon coupling

What is different between H+ and Na+-driven motor?

Toshiharu Yakushi, Jung-Hoon Yang, Hajime Fukuoka, Michio Homma and David F. Blair,

,BLAST

meeting,2005.1.16-21,

ELECTROSTATIC

STATOR AND THE ROTOR COMPONENTS IN THE NA+-DRIVEN FLAGELLAR MOTOR

INTERACTIONS BETWEEN THE

Yoshiyuki Sowa, Alexander D. Rowe, Toshiharu Yakushi, Michio Homma, Akihiko Ishijima

and Richard M. Berry,
FLAGELLAR ROTATION

Alex Rowe
2005.6.23

Jung-Hoon Yang
2005.6.23

,BLAST

Na+

meeting,2005.1.16-21,

Richard Berry

David F.Blair

Na*

2005.9.8-

STEPS IN SLOW
2 21
2 21

Jin Yagasaki, Mayuko Okabe, Rie Kurebayashi,Hiroyuki Terashima, Toshiharu Yakushi,

and Michio Homma 78 2005.10.19-22 Vibrio alginolyticus
MotX  MotY
78 2005.10.19-22
P Figl

The role of the intramolecular disulfide bond in Flgl, the flagellar P-ring component
of Escherichia coli



2005.11.5-6 GFP

Alex Rowe Mark Leake

2005.11.23-25

41

Richard Berry

28
2005.12.7-10 Na+ MotX MotY
28
2005.12.7-10 MotA/MotB
31
2005.12.19-21 Vibrio alginolyticus
31 2005.12.19-21
MotX MotY
Richard Berry,
31 2005.12.19-21
P Flgl
2006.3.5-7
PomA/PomB
, 2006.3.5-7
Vibrio alginolyticus
2006.3.5-7 P
Flgl

Alexander D. Rowe, Mark C. Leake , . , & Richard

M.Berry 2006.3.5-7
) 2006.3.5-7

2006.3.24 Na+ MotX
MotY

79 2006.3.29-31



Vibrio alginolyticus FIhF  FIhG

79
2006.3.29-31 Nat MotX  MotY
43
2006.10.19-20 Vibrio alginolyticus MotX  MotY
T
43
2006.10.19-20 Vibrio alginolyticus
FIhF
18 2006.10.25-26
Na® MotY
32
2006.12.14-15
2006

JST 2007.3.5-7 Genes for the regulation of flagellar number and

location on cell of Mbrio alginolyticus

MotY

Aizawa, S.--1. BLAST IX MEETING 9
Laughlin, Nevada 2007.1.14-19 Roles of the hook in a rotating tethered cell

Seiji Kojimu, Akari Shinohara, Katsumi Imada, Toshiharu Yakushi, Mayuko Sakuma, Michio
Homma  BLAST IXMEETING 9 Laughlin,
Nevada 2007.1.14-19 Crystal structure of MotY, an essential component for the torque
generation of  sodium-driven polar flagellar motor of Vibrio alginolyticus

, , , 41 ,2003.9.23,
Erwinia carotovora subsp.carotovora EC1

, , , 41 ,2003.9.23,
polyhook mutant mot

, , JenalUrs, , 41
,2003.9.23, Caulobacter crescentus



41

,2003.9.23, Helicobacter pylori

; , ) 41 ,2003.9.23,
Bradyrhizobium japonicum
, , ) 41 ,2003.9.23,
Bradyrhizobium japonicum DJ2
, 42 ,2004.12.15,
Azospririllum brasilence
) 42 ,2004.12.15,
, 42
,2004.12.15, FLiK
, 42 ,2004.12.15, Pseudomonas
aeruginosa fleN
, 42 ,2004.12.15,  Saprospiragrandis
, 42

,2004.12.15, Monoterpene Volatiles Salmonella typhimurium

Erwinia
carotovora subsp .carotovora EC1

Shibata, S. Alam, M. and Aizawa, S.-1. , BLAST 2005.1., SYMMETRY
IN THE FLAGELLAR WORLD; FLAGELLAR POLYMORPHISM IN THE DEEP SEA BACTERIA Idiomarina
loihiensis

H. Mizusaki, Y. Yamazaki, K. Akimitsu, S-1. Aizawa; , ASM 105th Annual
Meeting( 104 ),2005.5., Monoterpenes of Plant Essential Oils
Specifically Inhibit the Type Ill Secretion of Salmonella Virulence Factors

T. Hirano, J. Yagasakil,, N. Haga, S-1. Aizawa; , ,ASM 105th Annual
Meeting( 104 ),2005.5., Analysis of Protein Secretion Systems

in Bradyrhizobium japonicum

Nyles W. Charon
2005.11.23-25 Borrelia burgdorferi

2005.11.23-25



2005.11.23-25

Azospirillum
Kelly Hughes
2005.11.23-25 FLiK
2005.11.23-25
2005.11.23-25  Salmonella typhimurium Monoterpene
T. Hirano, J. Yagasaki, N. Haga, S-1. Aizawa, 105" ASM

2005.6.5-6.9. Analysis of Protein Secretion Systems in Bradyrhizobium japonicum

Mizusaki, H., Yamazaki, Y., Akimitsu, K., & Aizawa, SI. 105™ ASM
2005.6.5-6.9. Monoteroenes of plant essential oils specifically inhibit the type Il secretion of
Salmonella virulence factors.

Ichinose, Y., Taguchi, F., Takeuchi, K., Shibata, S., & Aizawa, SI. 105%™ ASM
2005.6.5-6.9. Glycosylated flagellin and flagellar assembly in P. syringae pv.

Tabaci.

Takahashi, H., Aizawa, S.-1. and Hughes, K.T. 105" ASM

2005.6.5-6.9. Length Determination of the Bacterial Flagellar Rod is Intrinsic
to the Rod structural Subunit FIgG and Hook-Length Control Protein FliK

Fujii, M., Shibata, S., and Aizawa, S.-1I. 105" ASM
2005.6.5-6.9.Classification of the Flagellar Polymorphic Family by Helical Parameters

Morehouse, K.A., Kanna, M., Evans, K.J., Aizawa, S.-I1. and Sockett, R.E.
105" ASM 2005.6.5-6.9. Assaying the roles of Flagellar Motor
Proteins and the Fate of Predator Flagelar Filaments During Predation by Baellovivrio

Mashimo,T., Yamaguchi, S., and Aizawa, S.-I. 2006.1.22-27,
Temperature sensitivity of the flagellar switch components FIiIGMN in torque generation.

Kanbe.M., Stephens, B., Alexandre, G., Ebisawa, T., Aizawa, S-1.,
2006.1.22-27. Characterization of the two flagellar systems of Azospirillum
brasilense.

Shibata, S., Takahashi, N., Chevance, F.F.V., Hughes, K.T., and Aizawa, S.-I. Fifth East Asian
Biophysics Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan
Okinawa Convention Center 2006.11.12-16 Correction between the flagellar hook length and

FliK molecular size

Hashimoto,M., Mashimo, T., and Aizawa, S.-I. Fifth East Asian Biophysics Symposium &
Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa Convention Center



2006.11.12-16 Influences of the hook length on the rotational vibration of a tethered cell

Kanbe, M., Ebisawa, T., Stephens, B., Alexander, G, and Aizawa, S.-I. Fifth East Asian
Biophysics Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan

Okinawa Convention Center 2006.11.12-16 Structural analysis of the flagella in the soybean
symbiont Azospirillum brasilence

Takahashi N., Chevance, F.F.V.,, Hughes, K.T., and Aizawa, S.-I.  Fifth East Asian Biophysics
Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa
Convention Center 2006.11.12-16  Analysis of the flagellar rod in flgG mutants

Mashimo, T., Hashimoto, M., Yamaguchi, S., and Aizawa, S.-I.  Fifth East Asian Biophysics
Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa
Convention Center 2006.11.12-16 Templeture sensitive sites n the rotor components of flagellar
motor

Mizusaki, H., Yamasaki, Y., Akimitsu, K., and Aizawa, S.-I.  Fifth East Asian Biophysics
Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa
Convention Center 2006.11.12-16 Generegulation for a specific inhibition of the typelsecretion
of Salmonella typhimurium virulence factors by monoterpene of plant essential oils

Kanbe, M., Yamasaki, J., Zehner, S., GOttfert, M., and Aizawa,S.-I, BLAST(Bacterial Locomation
& Signal Transduction) IX Meeting Laughlin, Nevada January 14-19, 2007 Characterization of
two sets of sub-polar flagella in Bradyrhizobium japonicum

Shibata, S., Takanashi, N., Chevance, F., Hughes, K., and Aizawa, S.-I. BLAST(Bacterial
Locomation & Signal Transduction) IX Meeting Laughlin, Nevada January 14-19, 2007 The real
role of FliK in the hook length control

Takanori, Hirano., Noriko Takahashi, Shin-Ichi Aizawa and Kelly Hughes. @ BLAST(Bacterial
Locomation & Signal Transduction) IX Meeting Laughlin, Nevada January 14-19, 2007 Hook
length versus rod plus hook length: longer rod structure bypasses negative regulation of flagellar
assembly in salmonella

k4 I I 76 ,2003.4.1,

MotX  MotY

; , 16 ,2003.4.1,
MotX
, , 41 ,2003.9.23, Na+
PomB
s , 41 ,2003.9.23, Nat
PomA
’ ’ ’ 41 ,2003.9.23,
Na+ MotX  MotY

. , 41 ,2003.9.23,



Na+

, , 16 ,2003.10.17,
Purification and characterization of soluble from of MotY, an outer membrane motor
component of the Na+-driven flagella

, , 16 ,2003.10.17, Alteration
in the localization of PomA/PomB complex upon co-expression of MotX, an outer membrane
motor protein of the sodium-driven flagella

7 7 29
,2003.12.15, PomA-Pomb
, , 17 ,2004.4.3, Na+
s , 42 ,2004.12.15,
Na* PomA PomB

,Assembly of the stator proteins, PomA and PomB, into flagellar motor

s , , 42
,2004.12.15, P- Figl
) , 42 ,2004.12.15, Na'
PomA
, , 42
,2004.12.15, Vibrio alginolyticus FIhF  FIhG
s , , 42
,2004.12.15, X
MotY
Alex Rowe Richard Berry , , 42
,2004.12.16,
, , 42
,2004.12.15, Na+
s s , 30
,2004.12.16-18,
7 I 30 ,2004.12.16_18,

MotY



7 ’ ,2004.1.,

) ,2004.1.,
Okabe, M., Yakushi, T. & Homma, M. , (New Orleans) ,ASM 104th Annual Meeting(
104 ),2004.5.,
Yy ,(New Hampshire),Gordon Research Conferences Bac cell

surfaces,2004.6.27-7.2,,

Jung-Hoon Yang,Jung-Hoon Yang, Toshiharu Yakushi, Hajime Fukuoka, Michio Homma and
David F. Blair, ,BLAST meeting,2005.1.16-21, STUDIES ON ROTOR-STATOR
INTERACTIONS IN THE FLAGELLAR MOTOR OF E. COLI

Akiko Kusumoto, Kenji Kamisaka, Toshiharu Yakushi, Hiroyuki Terashima, Akari
Shinohara, and Michio Homma, ,BLAST meeting,2005.1.16-21, REGULATION OF
THE POLAR FLAGELLAR NUMBER BY FLHF AND FLHG IN VIBRIO ALGINOLYTICUS

2005.5.21
Na+
2005.9.8 Na+t MotX
MotY
2005.11.23-25 GFP
Jung-Hoon Yang David F.Blair
2005.11.23-25
Na+
2005.11.23-25 Vibrio alginolyticus CheY
2005.11.23-25 Na+ MotY
2005.11.23-25 Vibrio alginolyticus FIhF  FIhG

Subcelluler localization of the polar-flagellar number regulators FIhF and FIhG in
Vibrio alginolyticus

2005.11.23-25 P Figl



2005.11.23-25 Na' MotX Moty

2005.11.23-25 MotB

2005.11.23-25 Dissection
of role of MotY in the Na'-driven flagellar rotation of Vibrio alginolyticus

Alexander Rowe Mark Leake

31 2005.12.19-21
31 2005.12.19-21
MotY
31 2005.12.19-21 GFP
31 2005.12.19-21
MotX MotY
31 2005.12.19-21 Vibrio
alginolyticus 1

Hajime Fukuoka, Yoshiyuki Sowa, Seiji kojima, Akihiko Ishijima, and Michio Homma
06 2006.1.22-27 Functional GFP fusions of rotor and stator
of the bacterial flagellar motor

Yoshiyuki Sowa,Alexander D. Rowe, Mark C. Leake, Toshiharu Yakushi, Michio Homma,
Akihiko Ishijima & Richard M. Berry 06 2006.1.22-27 Direct
observation of steps in the bacterial flagellar rotation

Seiji Kojima, Yukio Furukawa, Tohru Minamino, Keiichi Namba 2006
(US2006.2.21) Structural and mutational studies of the periplasmic domain of
MotB, a stator component of the bacterial flagellar motor

, 8 2006.3.29-30
Regulation of polar flagellar number by the F/AF and fIhG genes in Vibrio.

32



2006.12.14-15

2006
2006.12.6-8
2006
2006.12.6-8
2006
2006.12.6-8
2006
2006.12.6-8
MotY
2006
2006.12.6-8 PomA C
80
2007.3.26-28 FIhG  FIhF Vibrio alginolyticus 1

Seiji Kojima, Yukio Furukawa, Tohru Minamino, Keiichi Namba 20" IUBMB International
Congress of Biochemistry and Molecular Biology and 11™ FAOBMB Congress  Kyoto
2006.6.18-23 Biochemical studies of the periplasmic domain of MotB, a stator component of the
bacterial flagellar motor

Hajime Fukuoka, Yoshiyuki Sowa,Seiji Kojima, Akihiko Ishijima, Michio Homma 20™ IUBMB
International Congress of Biochemistry and Molecular Biology and 11™ FAOBMB Congress

Kyoto 2006.6.18-23 Visualization of rotor and stator components in a rotating bacterial flagellar
motor

Akari Shinohara, Katsumi Imada, Mayuko Sakuma, Toshiharu Yakushi, Seiji Kojima and Michio
Homma Fifth East Asian Biophysics Symposium & Forty-Fourth Annual Meeting of the
Biophysical Society of Japan Okinawa Convention Center 2006.11.12-16 Crystal structure of
MotY ; an essential component of the torque generator of Na'-driven flagellum in Vibrio
alginolyticus

Tomoyuki Wada, Hajime Fukuoka Seiji Kojima Michio Homma, Fifth East Asian Biophysics
Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa
Convention Center 2006.11.12-16 Localization of the stator of the Na'-driven flagellar motor
dependent on Na+ ion

Hiroyuki Terashima, Seiji Kojima, Michio Homma, Fifth East Asian Biophysics Symposium &
Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa Convention Center
2006.11.12-16  Attempt of functional reconstitution of stator of the bacterial flagellar motor



Madoka Obara, Toshiharu Yakushi, Seiji Kojima, Michio Homma, Fifth East Asian Biophysics
Symposium & Forty-Fourth Annual Meeting of the Biophysical Society of Japan Okinawa
Convention Center 2006.11.12-16 The role of charged residues in C-terminus of PomA in V.
alginolyticus

Akiko Kusumoto, Hiroyuki Terashima, Akari Shinohara, Toshiharu Yakushi, Seiji Kojima, Michio
Homma, Fifth East Asian Biophysics Symposium & Forty-Fourth Annual Meeting of the
Biophysical Society of Japan Okinawa Convention Center 2006.11.12-16 Mutational studies of
GTP-binding motif of FIhF in regulation of the number and location of flagella in Vibrio
alginolyticus

Hiroyuki Terashima, Hajime Fukuoka, Toshiharu Yakushi, Seiji Kojima and Michio Homma,
BLAST(Bacterial Locomation & Signal Transduction) IX Meeting Laughlin, Nevada January
14-19, 2007 MotX and MotY from the T-ring on the basal body of Na'-driven flagella and are

required stator formation

()
)
1.
© )
()
17 10 6
17 10 6
17 10 14
17 10 14

17 10 20



H18.3.24

H17.12.19-21
H19, 3, 5-7 120
H19. 9. 11 30
()

(2)

(1)




CREST






	１．研究実施の概要
	２．研究構想及び実施体制
	（１）研究構想
	（２）実施体制

	３．研究実施内容及び成果
	３．１ べん毛モーターの回転子の機能解析および実験手法の再検討
	（１）研究実施内容及び成果
	（２）研究成果の今後期待される効果

	３．２ Mot複合体の構造機能解析および細胞膜上での分布解析
	（１）研究実施内容及び成果
	（２）研究成果の今後期待される効果


	４．研究参加者
	５．招聘した研究者等
	６．成果発表等
	（１）原著論文発表
	（２）その他の著作物
	（３）学会発表
	（４）特許出願
	（５）受賞等

	７．研究期間中の主な活動
	８．研究成果の展開
	９．他チーム、他領域との活動とその効果
	１０．研究成果の今後の貢献について
	１１．結び

