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Brian K. Kobilka�

The Nobel Prize in Chemistry 2012 was awarded "for studies 
of G-protein-coupled receptors"�
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Brian K. Kobilka�
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Smooth swimming

Smooth swimming

Tumbling

Swimming.paFern.of.cells.
with.the.peritrichous.

flagella.

ŜƉŜƉŶ¬¨*XǅǒƧǒ�



ǅǒƧǒuÛŸ�ýå 

Power/generator = 1.75 x 105 pN nm s-1 !
 ( x 70 of kinesin,  x 400 of myosin,  x 450 of F1-ATPase)!

ǁƼƩǅǒƧǒŸ�Ă�

ǁƼƩǅǒƧǒŸƮǌƙ²¬��� Ìãžƌ�ƠƢƬǃ 



イオン流を回転エネルギーに変換する様子のアニメーション 
ƒƳǌƘǒS�æÕŸ�ĂƨƏưǂƙƢŴ8sŸ
&kŷűŜŲŹŦŸƍƱǄǤƠǉǐŹÄŞŲŜŶŜŖ� 21.

žƌ�ǅǒƧǒFüƍƱǄ(Ė ƽǎơƑƙƮ,�Ǖ�

žƌ�ixƍƱǄ(Ė ƽǎơƑƙƮ,�Ǖ�

žƌ�ŸĆ�X�

žƌ�Ć�XS±�Ÿ3ĕ.

physical.selecNon.

ă0)�ƇŠƋ|�
ŷązŪƇ�



UßãŸĆ�X�ĈŷƄƇǁƪƺǐƚ.

J..Lederberg.&.Tatum.(1946). ±ŶŰŮS±Ƌ{ŰŮǚűŸ�
â�Đų�7šúŦŰŮ�

�u¬��
1958eŷƴǒƿǌ¬«ZǑ2Zøğǟ!
Ć�XÍ�ŞşƄŻÌãŸĆ�¨ù
ŷđŪƇ²é�

UßãŸĆ�Xǁƪƽ.

Flagellar.region.I.

Flagellar.region.III.Flagellar.region.II.
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�â�LHŴžƌ�ixŴ�ÛŷqèŶĆ�X. ÌãƜƴǃ�[ŸƧƏǃƬǒƼǌ�

ASM News vol.66, p.727- (2000) 

Ìã¬@�ŸîíHŹì�ŧƈŮ�



žƌ�Ÿ�Ă�

flgN$
flgM$
flgA$
flgB$
flgC$
flgD$
flgE$
flgE$
flgF$
flgG$
flgH$
flgI$
flgJ$
flgK$
flgL$
.
�flhE$
flhA$
flhB$
$
flhC$
flhD$

fljA$
fljB$

fliZ$
fliA$
fliB$
fliC$
fliD$
fliS$
fliT$
fliE$
fliF$
fliG$
fliH$
fliI$
fliJ$
fliK$
fliL$
fliM$
fliN$
fliO$
fliP$
fliQ$
fliR$

ƞǌǅƳǊã� ǔUßãǕ�

ŦŸǁƪƽƋ�ŜŮ�ŹŕĆ�X
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�â�LHŴžƌ�ixŴ�ÛŷqèŶĆ�X.

¢āJƠǉƪƙƋŠťŮƞǌǅƳǊãŸėXĚpĎ(·� žƌ�Oć�Ÿć*�Ă.

HOB!!(flaL)!

CAS!(flaFIV)!

BAB!!(flaFV)!

Suzuki!et!al.,!!J.!Bacteriol.!(1978)!



Table.(.flagellar.parNal.structures.detected.in.non.
flagellate.mutants).

Suzuki!et!al.,!!J.!
Bacteriol.!(1978)!

žƌ�ixĄ¾Ÿ1978eǅƭǌ.

Suzuki!et!al.,!!J.!Bacteriol.!(1978)!

3ÊŶ�ĂŠƅçĔŶ�ĂŽ	žŮ�

ªKŸžƌ�ixĄ¾Ÿǅƭǌ� ƞǌǅƳǊãžƌ�þĀæÕŸǅƭǌ 

(Minamino et al.より引用)!





�žƌ�.

�žƌ�.

ƹƼǋƔãŸėXĚpĎ(·.

(cited.from.MMBR.65;.p445V,.2001).

ƹƼǋƔãŸ�žƌ�Ŵ�žƌ�ŸƢƏƪƩ.

Na+-driven
Polar flagellum

H+-driven
Lateral flagella

High viscosity

Low viscosity

H+

Na+

�ËƏƔǐ�

ưƮǋƐǃƏƔǐ�

��(,%+"'	�
#���-�����

26 MS-ring 
(FliG) 

~34 C-ring 
(FliM & FliN)  

�*%+"' 
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ƏƔǐƩǆƳǌŷşťƇĒƏƔǐązu!

KcsA....prokaryotic K+ channel!
                 similar to Shaker type!
         (Science, Doyle et al., 1998)!

ƏƔǐązƻƎǌƧǒ,!
�čŸǋǐƚ©ŷĈÕũŮĉË5XųŕÝ�A
ũŮK+ ƏƔǐŴ¶��­ũŕŭŸÝ�AŸƒƳ
ǌƘǒƋÒAŪƇŖ!
!

ŦŸ��ųǁƪƗƴǐ4Rš2003eŷƴǒƿǌ1Zø9ø�





E.)coli!3%-.4�2,�#3NaCl4� &��
!

0 mM NaCl! 100 mM NaCl!

M254 (motB mutant) expressing MotA/MotB (WT)!

0 mM NaCl! 100 mM NaCl!

M254 (motB mutant) expressing PomA/PotB7!

�����������������%-.3E. coli4��
#3NaCl4� &�
2,���

�����������������%-.3E. coli4�2,0'!

PomA/PotB7!

WT-MotA/MotB!

PomA/PotB7!

WT-MotA/MotB!

�ËƏƔǐĝ0û.

ưƮǋƐǃƏƔǐĝ0û.

ƵƏƼǋƪƯƗǄǊǅǒƧǒŸ�Åǟ�
ưƮǋƐǃƏƔǐų0ţUßã�

ƊǒǓ.
�ũŜƒǐơǐůǓ�



べん毛モーター部分の構造 

L271P�

L270R�

L259Q�

.�

! The.L259Q,.L270R.and.L271P.mutaNons.
abolished.the.moNlity.and.the.polar.
localizaNon.of.stator..
! These.mutaNons.may.cause.structural.
change.of.the.CVterminal.domain.and.the.
mutant.FliG..is.probably.not.able.to.interact.
with.PomA...
.
�

C−terminal.region.of.FliG�

FliG.ŴPomAŸĐŸ¶��­ŷ
ƄƆŕ/ǔƮǌƙǕš�ƅƈƇ�

FliGの予想されるダイナミックな動き 

ǔNature,.46:996V1000,.2010Ǖğ�

FliG.is.speculated.to.move..dynamically.in.the.motor.complex.to.change.
the.direcNon.of.motor.rotaNon...�

We.want.to.directly.detect.the.interacNon.between.
FliG.and.PomA.to.understand.how.to.generate.a.torque�

FliG.ring�

スピロヘータ菌のクライオ電子顕微鏡像 



スピロヘータ菌のべん毛基部体のトモグラフィー像 スピロヘータ菌のべん毛モーター模式図 

ƹƼǋƔã�žƌ�!
Oć�ŸdM��

ǔc��jǕ�

ƙǊƏƔėXĚpĎųë^ũŮƹƼǋƔãǂƱƤǌ�

60.
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�
EǙŔưƴǄǒƧǒŴŜŝŸŹǔǠǕ*ŸǙƤǐƩǄǒƮǌŖ.
(1)10�.(2).100�.(3).1000�ğ.(4)1!ğ(5)10!Ŕ(6).100!.
E2ŔÌãžƌ�OćǅǒƧǒŸµmŹÉǔǠǕưƴǄǒƮǌŖ.
(1)  1.(2).5.(3).10.(4).50.(5).100.(6).500.
E3ŔUßãŸžƌ�ǅǒƧǒŹ�*Đŷ�FüŪƇŸǠ.
(1)  20.(2).200..(3).2000..(4).20000.(5).200000.
E4Ŕžƌ�ǅǒƧǒŸFüŸƒƳǌƘǒ£ŹǠ.
(1) ƚǌƝǒƢ.(2)NADH.(3)#.(4)ATP.(5)ėX¡.(6)ƏƔǐ¡.
E5ŔÃÚă0ŸƒƳǌƘǒ£ŹǠ.
(1)ƚǌƝǒƢ.(2)NADH.(3)#.(4)ATP.(5)ėX¡ǔ6)ƏƔǐ¡.
E6ŔÌãžƌ�ǅǒƧǒŹ�ų)�ŲŜƇŸǠ.
(1)ŔƧǐƷƙù.(2)DNA.(3)RNA.(4)Çğ(5)Üù.
E7Ŕžƌ�Ƌ�Ɔ�ÛŧŬƇ¥ŷqèŶĆ�X�ŹÉǠŖ.
(1).Ǚǘ.(2).ǚǝ.(3).ǝǘ.(4).Ǚǘǘğ(5)ǚǘǘ.(6)ǝǘǘ.
E8ŔÌãŸžƌ�ÔÐŴǅǒƧǒƋűŶŤ�ĂŸ=½ŹǠ.
(1)ǎƪƯ.(2)ơǉƏǐƮŔ(3)ƵƪƽŔ(4)ƗǆƪƽŔ(5)ƻƪƙ.


