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History of our lab

Fumio Oosawa

“Father of Biophysics” Yasuo Imae

Energetics of the flagellar motor

discovery of Proton-driven motor (1977) |
discovery of sodium-driven motor (1981) |

Michio Homma
Molecular biology and biochemistry

|dentification of stator genes (1997)
Stator behaviors (2005, 2009)
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BARAEFRYZHET SRF : FIhFEFIhG

KK148kDZEREPNLIE fIhG [T v TN 7z (Q109 amber)
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Kusumoto et al. (2008)



FIhF

a positive regulator that

determines flagellar
positioning
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FIhF-GFP flagella
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FIhF-GFP

flagellated cell pole

Host: AflhF

Kusumoto et al (2008)

Host: E. coli A(flhD-A)
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Host:  AflhF AfIhFG
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FIhF  FIhF FtsY Ffh GDPiES

Cytoplasm
Periplasm
SeclE &K
Bacillus subtilis E. coli
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Bange et al (2007)



FIhRFOGTPase motif & ¥8EDRIR

GTPase FIhF T306A
FIhF motif I e |
\ I] I) C 5 |
6306 T436 K | D E440 E.
M 2+ 6304 ( ) ‘ 0- ~
J D377 (lll) arabinose S

(%)

) =

host wt
WT

T306A

host AflhF

D439 [\
T436 J f

Bacillus subtilis FIhF dimer (2PX3)
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Kusumoto et al, 2009, Kondo et al, 2017



FINF? VX OB(XGTP/GDPFHE FCTEE

BFAERIFIhF
(CKICHis® %)

GTPase motif
ZEIN

buffer
50 mM Tris-HCI(pH 8.0)
150 mM NaCl

(F & A EDFIhFA
{E533R /0 T %

1 + Mg+, GTP

buffer
20 mM Tris-HCI(pH 8.0)
300 mM NacCl
10 mM MqgCl2
10 mM KCI

0.5 mM GTP

motif I I I \Y
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PPt | &R
sup oot

ppt

sup P

unbound

elution

]

~ FIhF-Hisé
(57.4 kDa)

— FlhF-His6

FIhFIZGTP/GDPEE T T

WT G299A G304A K305A T306A K311A D377A e A
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buffer 18 20 22 24 26 28 (fraction)
20 mM Tris-HClI(pH 8.0)
300 mM NaC - — — — — — ——
10 mM MgClz +eTP =

1 mM GTP or GDP

+GDP —

FIhF dimer size : #9114 kDa
monomer size : $J57 kDa

marker(kDa) 74 29
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Kondo et al (2018;)
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FIhA FliP FliH FIiG
FIhB FIiQ Flil  FliM
FIIO FliR FliJ FIiN
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FigM (exported)

MS ring
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MotB
MotA
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vector FIhF co-expression
FIiIF-GFP GFP-FIliF FliF-GFP GFP-FIliF

—

Host: rooNRIiEHk FIhF (T306A) co-expression
(NAEIVINDOBZHIRULIEW)
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Terashima et al, submitted; Inoue et al, unpublished
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Mono-polar flagellum
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FliF MS ring
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FIhG

the negative regulator for

polar flagellation
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KK148kDZEREPNLIE fIhG [T v TN 7z (Q109 amber)

> > Y > >
flhA flhF  fIhG flA 2 LS8, RIRET
(GTPase) (ATPase) BRATDSE A TN

Wild Type AFfIRF fIhG-(KK148)
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= GTPase, GTPIKEFE C_S4H = ATPase, ATP#KTF c_gﬂ:ﬁ/ﬁi
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Kusumoto et al. (2008)
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class 2
2
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fiEFGHIKFLMNOPOQR flhB(HBB)
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J, ¢-di-GMP N
FlaK FlaL FlaM r‘" ’
m (554)
FlaL-P' ™ Flam-P
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(Kojima et al., 2011)



HubP: EJUABDOEBRTRIZE UTEKEY VINOE

Takekawa et al (2016)

LysM TM /x repeats a-flagellum HubP-GFP merge
HubP | M
veriplasm cytoplasm
i1 IS 4

DNA HEEETYUAETH
Rt HUbP 3B (C/B7E L T L\ =
ParAl
’J JLS&ETClIE. FIhG(E
/ HubP (k% L CTIEBEL T3
HubP (452 25 ¥/ (O BZBRES
ZYENYT e LRs BHECTUAETE ?

(Yamaichi et al., 2012)
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FIhnG-GFP

Wild type AhubP
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FIhG(EMinD/ParA-type®ATPaselcHE=ND

. N ATPaseldMIinDD®RENICEETH S
catalytic stimulation

EcMminD ||| D40 D152 127

membrane AR
Ec MinD K'"GGVGK'6T binding . @ MinE
VaFIhG K3'GGVGK36S e T &
deviant walker A motif ADP  ATP Q
Ec MinD (3Q9L) Gt FIhG (4RZ3)

D171 D60
y
.

K31, K36 (K11, K16) : ATPE D#EE
D60 (D40) : HO7KD %= RRIE
D171 (0152) : SEMHEDHITE

FIRGDREEEICHE LW TATPase EF—DOMREIT®RE| & (& ?




FIhRGDATPase motif & BB8EDEI R

WT FIhG at cells with no
pole flagella
FIhG-GFP WT + + 91%
K3TA — 18%
K36Q — 18%
D60A + 38%
DI71A + + + 96%
K3TA/DT171A — 18%
D6OA/DI171A + + + 90%
30 (Ono et al., 2015)
N FIhG ATPase
s K31, K36: ATPED#EE
g D60 : ARIELERfy
g D171 &I
10
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FIhGDATPase motif & e DRI{R

FIhG at cells with no
pole flagella
FIhG-GFP WT + + 91%
K3TA — 18%
K36Q — 18%
K31A K36
U D60A + 88%
- DI71A + + + 96%
K3TA/D17TA — 18%
D60OA/DI171A + + + 90%
30 (Ono et al., 2015)
N FIhG ATPase
3 K31, K36 : ATPE DS
g D60 . BRI SR
: D171 &Ml
o 10
5 ATPIEE BRI DZEEM
0 l‘ ! ' B -v. BEETE 4R
& L F o g BEIRIE L THENAE
@ N v\°\ v\°\ ATPase;B (7R LY
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FIhGDATPase motif & e DRI{R

FIhG at cells with no
pole flagella
FIhG-GFP WT + + 91%
K3TA — 18%
K36Q — 18%
K36Q D1 1A DEOA " 8%
DI71A ++ + 96%
K3TA/D171A — 18%
D6OA/DI171A ++ + 90%

(Ono et al., 2015)

K31, K36 : ATPE D#EE
D60 . ARYEERAL
D171  SETERIE

Pi release (uM)

ATPase S EHIESDEE
SRUMBRFTE
WEIFIBT B EENAE
= L\ATPaSe/§ |$




FIhGDATPase motif & e DRI{R

FING at cells with no
pole flagella

WT + + 91%
K3TA — 18%
K36Q — 18%
D60A + 88%
D171A +++ 96%
K3TA/D171A — 18%
D60OA/D171A +++ 90%

(Ono et al., 2015)

K31, K36: ATPED#EE
D60 . BRI ER(L
D171 . SE I

Pi release (uM)

D60A/D171AZ (K
ATPaseTH (LD, BUIFINGEEE

ATPICHEE UM CHEERKEEZHKIRT 5




c-di-GMP(ZHIBHRDER(ICIRR BEEZRIEFT

Purification
(Co-TALON / imidazole)

g
Incubated with 0.5 mM ATP/ADP 10 min

ﬁ

Ultracentrifugation to remove aggregates

- .
Size exclusion column

20 mM Tris pH8.0
300 mM NaCl
10% (w/v) glycerol
5 mM MgCl,

65 mM Imidazole
0.5 mM ATP/ADP

- .
Immunoblot to confirm FIhG
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A Kojima et al, 2020
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ATP ADP
151 34.1 kDa 35.0 kDa

(12.3 mL) r\\ (12.2 mL)
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9 10 11 12 13 14 15 16
elution volume (mL)

Purified FInG (34.4 kDa)

fractions
7 8 9 10 11 12 13 14 15 16 17 18

ATP == <
ADP » GEg—— i
markers A A A
(kDa) 43 13.7 6.5
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ATPaseZdsZEMEDT IViEBO20OV NI 57 1 —

Kojima et al, 2020
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K31A DGOA

25 - - - - . 25
__ 20| ATE ADF I 20f ATP ADP
5 350kDa /7y ~33.2kDa 34.1kDa ,, 34.1kDa
QE: 15+ (12.2 mL) ; \\. (12.4 mL) 1 15¢ 123mL) [/ (12.3 mL)
<
0.
-5 . J .
9 10 11 12 13 14 15 16 9 10 11 12 13 14 15 16
elution volume (mL) elution volume (mL)
fractions fractions
8 9 10 11 12 13 14 15 16 17 18 8 9 10 11 12 13 14 15 16 17 18
-- -
ADP —— < ADP —— <

ATPaseldEzZ=k > T ZERH ATPIKREL
—E2MRIEHZEL LU TTULVR LY
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A2go (MAU)

ATP

ADP

K31A

ADP

ATP
35.0 kDa ~ 33.2kDa
(122mL) [ § “\\ (12.4 mL)

10 11 12 13 14
elution volume (mL)

15

fractions

8 9 10 11 12 13 14 15 16 17 18

= 4

| ————

-

16

ATP

<4 ADP

D60A

ATP ADP
34.1 kDa 34.1 kDa
(123mL) [f X\ (12.3mL)

12
elution volume (mL)

10 11 13 14 15

fractions
8 9 10 11 12 13 14 15 16 17 18
1..1"-- -
-
. 4

Kojima et al, 2020
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D171A

20t
15}
10}

ATP ADP
42.1 kDa . 34.1kDa
(11.4 mL) / ‘-,\ (12.3 mL)
i

ATP

10 11 12 14

13
elution volume (mL)

fractions

8 9 10 11 12 13 14 15 16 17 18

I-l‘..‘-.-"
— —

ADP

.':
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single polar flagellum

_ inactive
0 FIhG

-~ %{}@

@ active

e @9 &) FIhG
J.

\jﬂ/

N/
cell pole

@ inactive FIhF
@ active FIhF

@ inactive FInG
@ active FIhG

FIhGIEIMINDEERG D, RICHEEET
HubPICERR L TEMIET B

M CFIhFZBRZE UNAEFEKRZINZ D

FINFICK B NAEFRIRESCTPIEBERDEEHR —_SHNEBS DN ?
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