H LT/ RAORMSE L EY~ DR
(it 1o/ BHRIOBASE & £ FDF~ DI R)

B ME
EHEXRT BEER

C:=

AT, LA A=V FHl - Lo 2 8LV, S F VTR EE—4
—OEEEEFEEFEIL, A A ORNTHDZ AT EEIEE WD W) & OIS & R T 5 2 &
FEHMLE TS, HWATHARERE FOL EZHEAETD T EOMBREEZR~5 7012, Na' bRl
BANZ 7T RABE—H D MLy —REREERRE 1 513 27 A x>, A Bl
WEE L AOM@EOEME R Lz, £ORE, &4 M2 idBEE STl - Eo
BAERL, @B 722 5 & BRI Uiz, 2 OME HYSRERE — & — Tl 5 Kb & H
WEHEREFM U TH D, 010, MEOA A REEZELS LGS, BREAE Mo |aliHd
BELEBIZEE L, ZTOMBEE AREEFLEAOCTHERT S Z & 2RATL, FOMPEHRZAIL
SALFERT v M TR, MV I RER =y b DA F U OFE - R BB AN
FiER 62 EERL TN,

I. ARDt 5L
WIEOF 7 §HAI AT LIk, B, SR E 3 28R 7 3 A7 LA B g
L. T2 A= ML TEKS FOBBIZIERICTTRT 5 Z £ 2B & LET,
INOOFHFRERETH I LicL Y, EHE S 7 HUN DL ES TS E O R IR
. EESTFOTRANF—EMEEOMIA T B LET,

OI. ARAEEMR

1. IROEREAW

A7 YT IEEAREODEARDSAEBEMEEZ A7 Y 2—D LI ICERISED I EILY,
HEME ) & 15 TR T 2tk 35, FOERELFMAZEEET S5 2 & TR SHROERZIT, LV R
WEREEA~A Do TR BRI A T D, MBI i ~A B2 EIR S B 5 BH 2ot —F —
B EPEDAEATEY, EIPoMRENCRAT LI A DA F—inbE—F —
oOEEES (M) BEHNLTHWD PR THEDROEEEDHRE TH D,

87



ApBE— Y —IBUE, H BBV L Na' BEE) (o)
flagellar filament

BIAVHIS LTI Y . NN ARO A A L i s b

-|i|i:f1'f:i“ LD A A \/)(A'Th‘:_‘/\i_' I hEe—% _"j)l”l'l‘:_f';

I pm

JBIET B b0 k2 BTN D, KRR
B0 TIE, KB Eot, > H BRIV £ —

—BITLTWSED, ALTHLNSDA A s m
e N LIS L D &% & fisk ey

— %

pH PERADIE LD LAasL7edve, HY A A Filinent Na'
AERDOPT MRIGIAFE L . E— ¥ — LM
{l\ 4y r’ lI ll] J I z | / ‘J) { ‘f i/ )U?I.f“ : T ,lf f) T — i I nm O | ©uter membrane

2 L AR OMENT XMLV, ZhuSxEL ., L ] ( i Ting )| T

Pamiy
i v I3 Uk Bacillus SCHi 1 27 U A (Viblo — i:[ — T
alginolyticus) 0> 4, -> Na ' A€ — & — 13 2 0o \ —

OINMES 320 < . X500 H MERNI £ — & — 213 ot
054 Ry % &1 NatBREBHE £ — 4 — OB H S50

7S OB SBT3
A% — LIS TE A Y E— 2 —OBREMIT I VMBI THL 20z s (71) Lol &f
7oL A1 DAL Bacillus RPHEVEYE B 7Y A S350 B RHERET RS L T dnos - 2 Lip E g
o - LS TOMRTERE H BRIENRY Z b < Tl Tz, I IZ 2 o THEEME 77 U Ao BT 5l
(PR T G ey U, Na' BRIEVR & — % — ol S 20 E T H R oo dh b

Tk 1k, Na' SEIVR A A B — 7 — OB A T2 2 7= 000 & — 5 — o S 4 Ao 1= o [l e
AL, 2 26 LR MEe A BE—2 —0 M 2 FtEERD D = & & AFEO
Hit L L=, Na SRR oEiks b C. AJThD Na' OB (AR 2482 1225k X4
Fi-<A Bloiih D tamia 2B X, IWhThHE—2—Dnlizisd i+ 5 = b <_ALEE

- A=) A ‘;'_,',‘-7-/\._"\:'. ” L ) /‘i-.L \

2. WA
2.1 WEETOFAAE

S BE— Y —OBREA T D ETE—4 —1 HOMEOR F2GE LSBST D Z L
Clnh, A ETE—F—OREIMECIE “F Y= Feail” | “bL—WF R mens” ey

RdDHAs, Sk, “C—XWEEE 2HvwE, E—X [ ERE IR, ATA4 FHT RITHEIRE

SRR 1.0 pm B O B — K e S A BMEHE I S0 S, A BICENE S hui B X0 (i

88



o s e e (@) RoN
FHET S, SBOFHNZIE,. Z o — X[EE TN

BEHWE, E—X&FHTe—7 & LTH
WHZ EIckh, TOMERALE—F—IC
KEGAMEBEZTLEIZ EITESA, WIC
SESERE—XOBRERAVAILICLDE—

HB—|kka AN A S 2D Z ENAREIZRY |

cell body

[ v\
— 5 =D kb7 — AR A Y] S AT 5 [ A
LageE s (M2) . quadrant photodiode 3 pm
(b)
£ 03
2.2 MHEERAE go
@ 3
2.2.1 &E% = i
= 03
A6 G JH U 72 BB VR 7 A § 0|
(Viblo alginolyticus) NMB136 T Y, M & o 0 % @ w®
LTRAABE—F—OEEH B ETHY . (o (d)
EWERMTHD, e ~=
= 04 Bt - 1
2.2.2 MERE - EEFEEOMFE r : ?’?ﬂ\‘
B2 DEEICH2A—HF A Lol S8 E‘ 02} g S ‘:;;:
- . . - - oy Ol 01 —
A (M ERUREE TS L, 10T % £ — X0 Ok-m ¢_T .
3 100 200 300 . 03 0 03
4 4y ;JJII T4 N A A— RN W46, ¥4F4 Frequency (Hz) X-signal (jim)
— FhbEeh sl (Lii o> ) ﬂ,‘%i BEu ]”E'Ff\l‘i‘i 2 a) ~AEE—4—0OEEOHESEE.
ARIE L v A ER ARk S, TR O b) X.YABODEHN. ¢) XARDEADA~Y L,

) d) XY F0w ik
vy 2 BAEL DIRFICHLE LD

3. MERMRRUEBR

3.1 [EEREE— LY FE

.11 EEGEE - BIERFEDRIE

AR D X D NZRABE—2—O b Y Rt <5 720021 E, [RIRE & a2 4 < 25
BWidh 5, [l « R A2 RO S - DIZER 1.0 pm D E— X EFEG S <AL EE—Y —
oElfEod X, Y HHEE, A2 b, ROXY 7oy hOF42m9 (1K2) ML 9 M
A E, XY 7oy PLYEHEEREZRB OO ENRTESH, XY 7y bHAME TR, M
MIETHLOE, HIENHTZ A EMLBEIZFE SN THHOTERL, BdlicioTnhHize
Th ., BECEERIIAEMN O RO E 25,

89



(a)

3.1.2 E¥EEEDFER
[ 3 (2 AR Na ™ JIE (2 b 2 b pkod
S [l k) oo

OWFRHIE .~/ BE— 4 — O Rz

21z 1

iwErny, 27U TF

X Na'# oz e b2 EA- L, Na
“IJ!" ?}J‘J l ” 50 mM i JI l_,.f ”]\ .l'[:(llll
L L ftg & Ap o e

e Na' IIEA S k¥

el el
= S50mM LA L dnaud
SATE—Y—OML D L Bk dE
haL o LB 2 kDo,
E 7= 1.0,
U

0.85, 0.6 um O &— A%

Ty A BE— Y — DL £
L,
o S

e

120, 260, 500 Hz & 7z~ /=,
LD A2 D KD IE M
CUVZR ORI T o miErr L — - —IF
PRI COFTHEAE 700 - 1000 Hz TH

— A

HOT, 0.6 pm D E— K& fiT7-5%
(- b MELY{f T & il (0 7\ i A

MRLTHD Z EhbD, Ll 5 0.6 um
CORMBRICHBNTIE 4 R T7 4 A A—F
e Xh s E—ADEdh o b7 A FAvIE
Wit <o TLEH, 5%, LA BHHEC
DA L, L FARoKET O
&z IR, 2 b7 A NENT O
I ERAG T O L BT D & b D,

31LIRAEE—F—DELEMILVDRKEY
LR
SNET 47
SRR R (T AN

[nlfid 2 b — X [ ik,

AP BT —DIRETDH ML T S

L=k, WEd 5 =X,

A2 MAEKICHDD

FEET I, N TR

Rotational Speed (Hz)

Swimming speed (um/s)

100

80

60 ® Swimming speed

40

(] 1 1 1 1 1 J
0 50 100 150 200 250 300
[Na'] (mM)
600
®
500 F
® |.0 um beads
400 ® (.85 um beads
® (0.6 pm beads
300
]
200
@
100
() 1 1 1 1 1 ]
0 50 100 150 200 250 300
[Na'] (mM)
3 bEGGERE (a) . EIEREME (b) O NatiRERFE
(I pet - BMa't 6N a n"J
i term of ratution. wem of revolution
¢
)
Bl K
N £ bvur: frictional coefTicient ol bead
! f e @ frictional coetticient of filament
b N« the coetlicient of viscosity of solution

I =502 pm
15.8 nm

=0.14 pum
16 pm
000096 Pa

{ Muramoto eral . 1995 )

2rle/ (2N +4N )Y
4 ) In(2A/d)-05)

| bilamens
[ (A

Torque = 21( [ bead + f fitament ) X Speed

| 2n(foead+ fiiamenr)

—

7

Speed (Hz)

Torque (pNnm)

B4 RAZEE—SI—OFEEFILIORIEY
90



=~}
—

47 A2 b RO HUER o b ol 1 o
%

Tﬁ f‘é (}J{l 4) G 5000 1:635 um LRS. )
E @@ o
c ot &R, ©
3.1.4 RAEE—S—DEEHR— FILYEE g 30001 L2 /0 "
45 a)l, Na'BEEVR~ABE— & — Otk & ué 2000 o3
ot 0 h;lm'...
L2 OBRA S, 727 LB 0.46~1.65 um o> S 1000} e
F—H# 35 G LN FERT —# Th 575, no bead 00 : 260 i 460 : G(IIO A i
IZOWTIEEE L LT L—— It B BB Speed (Hz)

KoTHLNIET =420 LD TH S, HH b)

B HA SR L SIS, (KEEEE TiaRA a7 i3z 5000
=T, mhadsiiic /e 5 2384 kb 27 e

I L TS Z &b Ad, 2O Na' R~

i "}‘ + 50 mM

Torque (pNnm)
8
8

NEE—F—oOWisi— hv 7 BRIE, —7 Of SELLUN

M, e RREA bv 7 ZBWTHL, HY BREVR A~ A 8 1000 [ ﬁi&}* & o

— & =T D KN T oo Felgil B & Mk o ¢ 00 = 2(':; “~%bb i Xt
oz, TOIZ Lk Nat B, HT BRI S A EE Speed (Hz)

—H =W & bR A B = X ATzl % %L 5 a) HAauBEOE—XERLEIRg -
LTWE = b AR LTS, LD R, b) S A UREEELE

BEOEIEH — FILY EF

31.5 A A v iREDEE

Na BRI R A BE— ¥ —2FRICAWD Z L DR RO A ) » MESNBA 4 RS 2T
PFCEHRUCHDH, €I C, HiliA A BERTR LIS, B — ML 2R ED L S
AT L H W< THZ, 5 bIZAR Na JRIE 4 3,10, 50 mM & Bk S8 GO/ R 4k,
706 B W 6 e & 9 ITHN Na " BIEA B(L S5 & R b7 Bekillisdiit Zh 2h
IS0 [ A /A 5 A NP/ b | A [E1 78 1 e e TS I 123 A1 I T 5 0 s IS W R (1 N 7
BIgho T,

3.2 ETIL~ADEE

F—F—OFEONEY L, BRSO A A RIS, BN X D EXERT v v i
L oA A B Th D,

A A H ) = AY¥Y—59 log [Na' o,/ [Na ']

T, AVIEEENL, [Na' i [Na'] o IEENERANGNAOS b U T LA A RIETHD, 14

91















