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Vibrio alginolyticus, a Gram-negative marine bacterium, has two types of flagella; the polar flagellum (Pof)
constitutively expressed for swimming in liquid, and the lateral flagella (Laf) induced in viscous
environments for swarming over surfaces. Both types of cells exhibit chemotactic responses to L-cysteine
mediated by a single Che signal transduction pathway, but the response of the swarmer cell is weaker than
that of the swimmer cell. Here | demonstrated that a transmembrane protein named VaMIp9 (V. alginolyticus
methyl-accepting chemotaxis protein-like protein) mediates chemotactic responses to amino acids, including
cysteine. In spite of its weaker cysteine response, the swarmer cell expressed VaMIp9 at a higher level.
Methylation of VaMIp9, by contrast, is less stimulated by cysteine in the swarmer cell. | therefore suspect
that the cysteine response involves some periplasmic binding protein(s). | identified CtpA, an ABC
transporter component as a periplasmic cysteine receptor by demonstrating that the ctpA deletion abolished
the cysteine response. Overexpression of both CtpA and VaMIp9 in a V. cholerae strain lacking the major
amino acid chemoreceptors gave the ability to respond strongly to cysteine, suggesting that CtpA functions
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as a soluble chemoreceptor coupled to VaMIp9 to mediate taxis to cysteine.

Key Words: cell differentiation, chemoreceptor, periplasmic binding protein, signal transduction

1. #8

HEFEM A Vibrio alginolyticus 1X4MBRBE IS & bE TS
(Pof) & IE(Laf) Z AR BEICEDETHEND T D7 T A&
METH D, WAKRP TIXLAROWEZ VN ClEER) L,
KA OIRFEE 72 ERPED S VR TIZEOME & 3t
WCEBOMEEZAESLLE D L) IctETe[l]. AiE Oz
A ~w—Hld, BEOMIRE AT 4+ —~—HildL L5 &
HHOMIEY, £ 0HE LWERE BT 5 EMHISE
TR, TOMME Y 7 niER(Che v AT L) 33k
ThHHTLPIrb6T, AL —HRTIZTATA Vb
BREDEONDICH LAY 4 —~— MR TIE AT A VR
BREITIERW2]. ZOBRE LT, YATA U EEHNT D
EMEZBREROBILRME SN TWEND EB 2T, £
ITYVATA VERSFREOBFEM TH D VaMIp9 D51
BRKRESE, VAT A EMISE RN LTz, vamlpd @
REZED AT A KT DFBINEITH o7t
L2, VaMlp9 OFBIEZ kT 5 &, A A ~—Hild L
DAY 3 —<—HIOFTNENZ ERDh-T2. LLEORE
REWE X T, VaMIpd OBNT 2 AT A VEHIREIC

1%, U TTRLDRESF R0 8 CipA NEIAMEZ AR
E LTG5 ReEE e L.

2. ERAE

V. alginolyticus 138-2 Bk DYetafk DNA L A —H A
K7 % —Z T VaMlp9, CtpA OEG & KIESE
7=[8l. 138-2 HhoYefafk DNA Z#RI L LT VaMlp9,
CtpA D= —F ¢ v FHE A #IE - 7 o — kL, ko
RERICBALTRESE. vV, VAT A U EME
S, FA I T oA T L. £

VaMlp9 OFEEIL, Hi Mlp24 peri HiiELH FLAG Hifs%
Anwizo 2z oray s 0 o 7IEICL VR L.

3. ERBRLER

V. alginolyticus ® > A7 A EMWISE LI MLP
DOfFEAf & LT, V. cholerae 27 2/ B2 A Mlip24,
MIp37 & [FI#EIC PAS-like domain % 2 - % D E @A & A
B VaMIp9 IZ& B L7z, £7°, vamlp9 a1 K Kpk & i
LCHT L7ZE 25, VAT A VEBEISEMET Lz (K



1) . ZDOZEMND, VaMIpd v AT A EEINEICE G
THZERELNIe o7, 72B VaMIp9 13t U VBN
FIZHB5E7 5 (not shown).

w
o

cfu/capillary(1x10"4)
[
S

[Cys] (mM)
1 vamlp9 REDIRAT A VIEEITHT IR

2 v — ML AT F—~—HRD T AT A V)SENE
DEWNT VaMIp9 OFBEIZE bbb DEEX . 22T
VaMIp9 OIH % b3 2 72, Hi Mlp24 peri Hiik %
Wiy 2 AF T 0T 7 TYAIR DNA SRR E
5 vaMip9 2t L7z, LavL, VAT A B bHsE
MMETFT DA T 4 —~—HED I3 VaMIp9 %z R BN 5
WZ EMNHAS N E 57 (not shown) . T 72b b,
VaMlp9 FEEEDIEW TIIGEEDENZ B TE 20,

ZRE (b LB T AT 2 —H—) 13F51#)
Bk oTAFMEEND. T, YATAVFHETT
VaMlp9 O A FMAUITHETTT DA 9 0. A4 ~—Hilld
LAY —~—HREOW T TR~ (K2) . 'V AE
TTAFMLENTZ VaMlp9 D &L, AA ~—HfliffndE 2o
F—<w—HECRBEETH- 7. ZHIZHHL, VATA
WINIRFIZ X, A A ~—Hlla Tk VaMlp9 @ 2 F Ak %& ki
THIENTER., LML, AUx—~—HlaTiX
VaMlIp9 O A FUALDEATEAWITFE L /hEhote. 2
D LMD, VATA UEWNE, AUt —~—H{ifla TR
DH SN AMOR T E2NEE T 52 L ARE ST

swimmer cells swarmer cells
Marker VaMip17 VaMIp9 Marker VaMIp17 VaMIp9
Mol Mass Mol Mass
®03  — Ser Cys — Ser Cys (0 _ ger Cys — Ser Cys

75—

~ 75—=

2 vamlip9 RED VR TA VIEEITHT 88

I L ZHE Mlps 1%, ) 77 XAMEKICTFEL ABC b
TUAR—=H =L LTI 56< SatA LA LB Y ik
PEISEZ NI 54]. 22T, VAT A VERIGEICKHE
L ENB RMEZFERER T OBEM % V. alginolyticus
138-2 8K/ AFCHIN B LIfER, ABC b7 v AR —
X —DfEE L o RITE (HEE) Ba— T 5 ctpA % R
L7z, ctpA REMREERL, $x T V7 vt A T
L, VATAUEMSENMET L. ZhuE, CtpA »
VAT A VEMMEISEIIMATHE DS Z L ERBEL TN D
(X3) .

cfuicapillary(1x10%4)

o a
O N B OO OO N B

Q 1 10 100
[Cys] (mM)

3 CtpARKDIRTA VIEEIZHT I2RE

% 2T, CtpA WAEMEZ AR L 72> T VaMIp9 O X
TA VISE N T B EFRBD 728, vamlp9, ctpA Eix
T&H7nm—=271, V.cholerae TE 7 3 / [RAEMZEEK
WA RIEE (AmIp24 AmIp37) (CBREIER S E-. Fv v
ZUT vl A DOFER, VaMlp9 & CtpA #LRH - 5 HI1T,
VATA N LIS FEIINE AR LT (K4 . 2oz
E1E, CtpA 2% VaMlIp9 & 8 L Cid7z & < AliEtEsz &R
ThHDHIEHEFRBELTND.

[
(=}

VaMipg + CtpA

=y
o

VaMip9 _.--~

o

cfu/capillary(1x105)
o

o
(=1
A%

100

1 10

[Cys] (mM)

4 ALSHIET7 S/ BRBERRREDOSATA Y
FEMHBEIZHT B VaMip9, CtpA £ RIBOEE

4. #®E

R A VaMIpd 23t U o>, VAT A EIREICE D
5 MLP THEHZEEHLMNI L. VAT A EIRE
(2%, VaMIp9 7217 Tid72z <, N U 77 X AEHAE CtpA »°
METHD. CtpA & VaMip9 ORI L Y v 2T A
JSENRL fe BT LD CipA BRMAMESZ AR L LT
VaMIp9 & #4595 Z L AR E 7. LarL, CtpA O3
BINARYIZA T —~ — MR CHIH S D E S dE
ERHATHD. 5%HIT, AL ~—, AU+ —~—(li#ifa<T
D CtpA B SK — L BRI D MR B D

BE 3

1) McCarter, L. & Silverman, M. (1990) Mol Microbiol
4:1057-1062

2) /hPESE (2010) fEEFRSC IEBORSERERE AT FER

3) Le Roux et al, (2007) Appl. Environ. Microbiol. 73,
T77-784

4)  Yamamoto-Tamura, K. (2015) & £353C IKBORSP R
Bt L=2dh e



