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POLAR FLAGELLAR ROTATION MEASURED BY
OPTICAL TWEEZERS AND FLUORESCENCE OBSERVATION
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Many bacteria swim in aqueous environments, propelled by rotating their flagella. The shape of the flagellum
is known to be unique to each type of bacteria. The shape and the location of the flagellum is known to be
unique to each type of bacteriabacterial species. Some bacteria, such as Vibrio alginolyticus and
Actinoplanes missouriensis, have their flagella at the cell pole. It is important to measure polar flagellar
rotation to understand their function, however, only a few results of speed measurements of polar flagella
have been published due to the difficulty of rotation measurements because of their location. In this study,
we aimed to observe the polar flagellar rotation in Actinoplanes missouriensis, which has many short polar flagella
and can swim at up to 200 um/s. We first attempted to apply optical tweezers to a single polar flagellum of V.
alginolyticus, and confirmed that we could estimate its motor speed from the periodic fluctuations of the trapped
cell body position. We then applied the same method to the motor of A. missouriensis, and found that the optical
tweezers were not suitable for measuring the motor speed of A. missouriensis because there was no correlation
between the periodic fluctuation of cell position and swimming speed. Therefore, we labeled the flagella of A.
missouriensis by fluorescent dyes and directly observed the motor rotation by fluorescence microscopy, and found
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that the motor rotation speed was much slower than expected from the swimming speed.

Key Words : flagellar motor, polar flagellum, optical tweezers

1. #8

2 < OMIEE, SAEBLE XIINDHMEWLEAMEEZ L
T iME A BlfiR X C, KPR WEKT B 72 OHEET) &
H9. RABOBIRCAENL, MEREI L ICERD. filz
X, KIBESSH LV EX T, HEOEBICAEEZHD
FEEETHY, BTV ABMEIL, MROBIZSAEE S
DOBEETHDH. SAEORILOMIRBEICIEE 5 ~AEE
— X=X, H™° Nat7e EO A A A4 v OBEKUALFHART
Ty VEEFIA L CEEED & AR TEE 45 nm 28D
[Al#Rsy - E— 4% —Th BH[1].

RAUEE—F —OBBEEIRIT 572012, T—F—0[H|

HOHE 25 2 LITEETH D, THE TOMIETIE,

TFICKBELH VTR THOFEBHE_RABIZOWT, K
BEORBI A T AT IARDRAEZFEE L CEIREGE A 852
T BTV — FuAESR, £ SE-HUNNe ©— X D[RR %
BT 2 —XETE—F —REEFHIAHE S TE .
—J7, B — ol & EIROR#A —B L TV A E
NRAEE G OHIETIE, T ORISR T F— K

BERE - XEEEAT A EBRETHE. TDD
WA EE S OMEIIE, ety b ERW B
NUELIEHAWLND.
AFFRTIXET, MIZ 1 KROXAFEE B D Vibrio
alginolyticus Z W TR >t v b RIEEEHAE D S ET
EBImol. WIC, MICEHBOSALEE S DR E
Actinoplanes missouriensis 2B >t MZ K 2 [EHRFHH]
DA EETH D 0ef L72[2]. 5, BREAED
HOEYAIZ L D b _RABRBROFHEZ B 2720, B
RAFENE DL DI O WK HEE ) & £ T O )i
HTbZ&aEME LT,

2. EBRAE

(1) XE Y FEAWVEBRAEOEHE
BARAEE—F —OERRFHIIINE 'y FEHNT
BIfpol. KT IEEE L—Y—THEEL, Z0&E
OLE O R B 72 28 b & b LIS — & —[Alds B % 5
L7z (K1) . HREET TRy ——0RENC L v 384



TONBEEEZEBET DL ENTERWEZD, RO
A 2 S A IR S T TR 2o 7.

F 7z, FHURF Ry 58 E A1 6-lodoamiloride Z %31 L T,
SRAMRIRSTIZ X 5 [ E THREO AR HH 2 HEIZ Lo T
B2 DE—F —[ERHE OB g 2 F I Lz, 2o
B 70 BRI > O [ E - LD AN A 3 [RIHS R 2 B
HL7z.

1 vty bEAWEE— 2 — BRG]

(2) BREBREFORAEE—F —EERETA

RNAUVEZF 1 DDBIZHER L DIEEE Amissouriensis T,

FKE LY FMELEABEERAVVEEGHAZS 4
f=. BMBHEIXFER (WT) & Chel, Che2, pil R&k#k
(Flic(wt)) , FliC (wt) MO FIiIC ISR T4 U BEFEA
L7=#k(S260C) D 3O EMERAWTEHAZE o 1=
KE LY FEHEETRIFSEHTTHVOEIZE S
CHofz. HAZRAVLEEREHRIETIE S260C HERORA
ET 45+ M%E Alexad88-maleimide THfE L TEHEL,
ZTORYHNEEEN S E—F —EinREZEL LT-.

3. HRLEEE
(1) E—42—EHGEEELICLIEEFHOEE

FEDEY FEHABETIE, ERSN L—F—HEAANIE
BEEZ5. TOH, REGZBERTEIHRIREETT
DEBRERF Lz #REGTEHEHN TE—42—DEE
BEROHAHONEZOICKL, BREETIE 15 240E
EEtRlZEIgEIC Lz (K 2) .

PFEEHZHAU=EHAITIL, 47 HIO RSN EEEREE L
FETAIL (R13) . FHMERELTIEIE 214Hz THY,
BEFLENEAETEERICHLT DB N £z,
E—4—OWNHREREILFY 1321 Hz THofzZ &h
5, E—42—5HY 6 EOREFIEARENTIV LR
wHontz (K4) .

V.alginolyticus D E—4 —(&, BEEFHREL T 13 EH
HFRAFENDAREENRE STV, SEOKENS,
EEFECTEIESAFBEOEDNZIEOBREFIEAAEN
L5 EMNh ot

L, EEEE
@ :
e 8
2 o :
®
oo :
E o )

e S o o
2 HRERIET & BRI T T O R FEHSER

m;

3 BPEREE AL O fET

0,06
0.04

a
0.0z
0.00

10 20 30 a0
speeditiz)

*V\U&f" ‘“‘!\@W‘

_1--_

I )‘—'- ) .‘ Eav --_/—.——f
£ -

X4  FEET 1 ESAES I EREE 0O 5546

(2) BIZEBRNAEE L DRBRE O EEREHR

KE EY FEHEEEERAWCE— 4 —AGREFZH T
Li=& 23, WT TIZF1J46.5 Hz, FIiC (S260C) ZEk
TI&F1 1001 Hz THoTz. BHEEICELTIET WT @
HHRWNSH, E—F2 —REREHNRVAIERE Tk <
EWSHEERELE -, —A, BRXERAV-EEGERERAE
TIE S260C DE—4 —EERREILFH 272Hz THY, &
Evty FMHARLEELR DR ELG >z (B5) .
A.missouriensis DEEFIEFH 15 KORAEFEL DI
o, FHAlEhEEMIBLILIZERDE—4 —RERIZER
JTHMBRIADIREITHS. V. alginolyticus & 3 [ZHEIZ 1
KORAEZHEDIHERL, KBHEDOLSIZERRAEEZR
12T 385A1FK XEVEY FTEHEIShSZEMIBEEN
RAEBE—2—1 EOREF - (FEFEDOEEDFHEZE
KRBT 2. SEIOERMN D, Amissouriensis DWEFDAN
AEE, BRORNAZEZRGPSIEDILLEEEL TS
CEMNTREIR, XEVEY MK BEERFHRICIEES A

WIEAHLMELE ST
oo u II Flicwt] | I $260C
o * SEM(H

l 5 7‘5%% Lf_jﬁzﬁlﬁii%@#&@]
4. 5

Pl EofkER X v, V.alginolyticus @ % > Na*BEEHRI~ A E
T H — TR AR T C6 HRE DM E 12 A £
nNodZ ENRgEnic. £7-, Amissouriensis OlEE T D
BEARDORAEBEERIZFE L T 2 & DRE X .

SEXH

1) Santiveri M. et al. : Structure and function of stator units of the

bacterial flagellar motor, bioRxiv The Preprint Server For
Biology, 2020

2)Uchida K.

missouriensis spore flagella, Microbiology, 77, 2559-2562,

2011

et al. : Characterization of Actinoplanes



