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Functions of two methyl-accepting chemotaxis proteins of
Pseudoalteromonas arabiensis N1230-9

JIN Jiafan, SHU Guojing, ZHU Sidong, YANG Jifang, CHEN Jigang*

College of Biological & Environmental Sciences, Zhejiang Wanli University, Ningbo 315100, Zhejiang, China

Abstract: [Objective] Pseudoalteromonas, an endemic and dominant genus in the ocean,
possesses multiple methyl-accepting chemotaxis proteins (MCPs), the functions of which
remain unclear. [Methods] The chemotaxis of Pseudoalteromonas arabiensis N1230-9 isolated
from surface seawater of the Pacific Ocean towards 23 carbon sources was analyzed by a
plate-based assay for swimming motility. Two sCache domain-containing genes (woc28264 and
woc27036) encoding MCPs were deleted by homologous recombination. The chemotaxis of the
two mutants to 10 carbon sources was then analyzed. [Results] Strain N1230-9 showed obvious
chemotaxis to 10 carbon sources: trehalose, maltose, sucrose, N-acetylglucosamine, L-malic
acid, sodium acetate, sodium propionate, sodium pyruvate, citric acid, and succinic acid.
WOC28264 was a specific chemotactic receptor for L-malic acid and sucrose, while
WOC27036 was a specific chemotactic receptor for citric acid and succinic acid. Both
WOC28264 and WOC27036 were chemotactic receptors for N-acetylglucosamine and
trehalose. [Conclusion] WOC28264 and WOC27036 have overlapping carbon source effectors.
Keywords: Pseudoalteromonas; chemotaxis; methyl-accepting chemotaxis protein
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Table 1

FERSS R TR T A ) MCP LA i I &
2= . R, AR IR — PR BT R AR v
iz 32 *AJifd 7 (Pseudoalteromonas arabiensis)
N1230-9 ERARREM, it SCRIRALRDT 2 4>
HAT [F]— S iy S i TR e 32 (OB A0 2R 1 5 T ik ik
J5 Ak a] Y G HK o

1 MHE7%

1.1 ##
1L.1.1  E#RF0 R

R VAN = N £ ' = S (| <)
(Pseudoalteromonas arabiensis) N1230-9 A A< 5L
BWEWNRES IR 54 HUREEEHE, DIRF
HERZUFK(178.71°W, 12.51°N)H4F B HATK—Hk
HA LT RPEfRRE s . 1% Ak LA H- il
L X RAF TS50 %80 °CHAIRIR VKA . At
A P %) A TR AR R SR AN 3R 1 BT

Plasmids and bacterial strains used in this study

Strains and plasmids

Genotype/Relevant characteristics

Source

Escherichia coli strains

DH5a F ®80lacZAMI15A(lacZYA-argF) U169 recAl endAl hsdR17 (K™, mK*) Invitrogen
phoA supE44 A" thi-1 gyrA96 relAl
WM3064 Donor strain for conjugation, diaminopimelate (DAP) auxotrophic [22]
Pseudoalteromonas arabiensis strains
N1230-9 Wild-type strain isolated from pacific seawater This study
Awoc28264 N1230-9 with the chromosomal woc28264 gene deleted This study
Awoc27036 N1230-9 with the chromosomal woc27036 gene deleted This study
Awoc28264-C woc28264 cloned into Awoc28264 This study
Awoc27036-C woc27036 cloned into Awoc27036 This study
Plasmids
pK18mobsacB-Ery Kan®, Ery®, suicide vector for gene knockout [22]
pBBRIMCS-Ery Ery®, broad-host-range mobilizable plasmid [22]
pK18mobSacB-Ery-woc28264 pK18mobsach-Ery with 679 bp upstream fragment and 646 bp This study
downstream fragment of woc28264
pK18mobSacB-Ery-woc27036 pK18mobsach-Ery with 713 bp upstream fragment and 712 bp This study
downstream fragment of woc27036
pBBR1IMCS-Ery-woc28264 Ery®, Kan®; pBBR1Ery containing woc28264 and its own promoter This study
pBBR1IMCS-Ery-woc27036 Ery®, Kan®; pBBR1Ery containing woc27036 and its own promoter This study

Kan®: Kanamycin resistance; Ery®: Erythromycin resistance.

http://journals.im.ac.cn/actamicrocn



1644

JIN Jiafan et al. | Acta Microbiologica Snica, 2024, 64(5)

1.1.2 5|#

FHF kR N1230-9 Kk R 6l 2 5 AR (A48 1L Fl
DNA W5 ank 2 s .
1.1.3 1EFE. AFMEREFRZH

L fb B 3F B (minimal medium, MM) : BU&
HEAARFRAY A T 7K (0.4 mol/L NaCl, 0.1 mol/L
MgSO0,-7H,0. 0.02 mol/L KCl F1 0.02 mol/L
CaCl,'2H,0), MAZFIRBURZEIEK, 1x10° Pa
FEKEA RS, InAZdJERREE 50 mmol/L
HEPES Z & (pH 7.5). 19 mmol/L NH,CI,
0.33 mmol/L K,HPO43H,0 . 0.01 mmol/L
FeSO4-7H,O Flid Bk i 1Y Jo T ok 5 o 2 e ol

F2 FHATET{RMET DNA NFEISIH

MM HIEAR G RN AE MM B3R m A
0.25% 2 B BB K -

PCR ¥ #4357 & . DNA [R5 &, bt
DAEYFHH R AR\ ; T4 DNA 4R
BamH I. EcoR I, Pst1. Sal Il XhoI, 4%
TRECRIE)A R

E. coli R/ LB HiFRBE TR, BRI N
37 °C; P. arabiensis N1230-9 % H: 3t A i g g2 75
&K A Marine Broth/Agar 2216 };3E3(BD
Difco 2], VARIFR 2216 B30 B 9%, Kigt
Y E Sl 25 °C; E. coli WM3064 fdi F £ 0.3 mmol/L
BHRPENR 2,6- 4 PE R (2,6-diamino-pimelic

Table 2 Primers used for the construction of mutant strains, and for DNA sequencing

Primer names

Direction (5'—3")

Restriction enzyme

cutting site

woc27036-up-F
woc27036-up-R
woc27036-dn-F
woc27036-dn-R
woc27036-wS
woc27036-wA
woc27036-dS
woc27036-dA
woc28264-up-F
woc28264-up-R
woc28264-dn-F
woc28264-dn-R
woc28264-wS
woc28264-wA
woc28264-dS
woc28264-dA
woc28264C-F
woc28264C-R
woc27036C-F
woc27036C-R
pK18-F
PK18-R
pBBRIMCS-F
pBBRIMCS-R

CGCGTCGACGTTGGTGAGCGTAGTAGTGATTGGT
AGGTTGGTCTTACTGGCATCATCGAGCGATAACCGTGATACTTCATCATTACC
GGTAATGATGAAGTATCACGGTTATCGCTCGATGATGCCAGTAAGACCAACCT
CGCGGATCCTTGAGTATTTGATAGGGATTGCTCTGTT
CCTATGAGCATGACGAAGGAACATACAT
GCTGTAGCCACTTGAGTTGAACTGT
GGAGAAGGTGACTTAACTCAGCAACT
CGAGCTTGAAGCGGTTTACAACATC
AACTGCAGCTTCTTGCCCTTCTTCCACCTTTA
CTTCCATTGACGCTGCCGACATCGGACTTGTGATACTGCGAGATACC
GGTATCTCGCAGTATCACAAGTCCGATGTCGGCAGCGTCAATGGAAG
CGCGGATCCGCATATAAGAGGTTGCTACATCAGTATCAC
AGGCGAATTTGATGCGACTGTGTAT

CTTCCATTGACGCTGCCGACAT

TTGCCTCGGTGCTTGCTGTTG
AAGTGTGACCTAACCTAAGCCTTATAACG
CCGCTCGAGATGGCGCTATCAATTCAGCAA
CCGGAATTCCCTAACCTAAGCCTTATAACGGCT
CCGCTCGAGGAGCATGACGAAGGAACATAC
CCGGAATTCTTGTCGTTAGTCGAGCTTGAAGCG
ATTCCGCTGGCAGCTTAAG

GGTAACGCCAGGGTTTTCC

TCGTTAAATAGCCGCTTATG

AATTTCACACAGGAAACAGC

Sal 1

BamH I

Pst1

BamH I

XhoT
EcoR 1
Xho I
EcoR 1

F indicates the forward primer and R indicates the reverse primer. Underlined and italicized sequences indicate restriction enzymes.

<l actamicro@im.ac.cn, & 010-64807516
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acid, DAP) LB (LB-DAP)}; 75 322 35 | 555500
JER 37 °C; WAtk HE G 5L A 1/2 SW-LB-DAP
[EREN == S e o 1 b AR /N v s Ay
1 5%k i REREIY 2216- B R 32 302 Mg s
oK, BEFRIEPE 15 ng/mL ML R
1.2 MCP wi3ERE R HE &S

#ikk P. arabiensis N1230-9 43t H4H £ 52
A I JF (GenBank % 5 %5 : CP090419.1 &
CP090420.1)Y, JLF NCBI I JGI %d i)
P RE R A RS A, ARTS AR N1230-9 B9 MCP
S L] F) FH InterPro i3 1% (https://www.ebi.
ac.uk/interpro/) L W MCP 254438,
MAFFT #¢{4:(http://mafft.cbrc.jp/alignment/server)
WA T 2546 3ok 22 FE R e 41 ) U L X
1.3 FHEERBIEFR HBE G

PRBCRA T Y5 R0 = 2216 gk, 25°C,
180 r/min %53% 6-8 h Z 40 XA K] Hh iy
(ODgoo 10 0.5). HUANE S F%W, 4 500 r/min
B0 5 min WURTEIR. WK TG A TigKE
ORI 2 WA, RIS T ACKE 40 Jf i
JA#EZ ODgoo M 0.5, MWL 1:100 (IKFRLL)
Fb 3 Z 5 i MM 5 3R B PR G 9%, IR
B SR R R BT ERORE R A O B R e s A
YIi¥) ODgoo 1B o FFASLIRFEAITRE 3 NMEY
SEE . MM B FREEIRIN A B U5 -l hr A
Wi VM . ZZEME . FLBE . REME. D-ARME.
HEgt . HEREE. pD-#AE . N-Z B L4
B LSRR . D-2BELRE . N-ZE e 5Lk 3L
i, D-IHAYAE . L-RUEHE . LA N DB
Wi D-ABE. FPEERR . BREIRR . LR, IR
BT TR R B IX 23 R T AR — A, S
2L ok 10 mmol/L,
14 FHEEHRBIEBLE DG

PRECRA VR 1R T 2216 B3 %Erp, 25°C,
180 r/min }53% 12-16 h, W H, BUMER IR

Fie 1:100 (PRFHLEG) Eb 42 Fh 22 97 i 2216 3557 2
W, AkSEEEE 6-8 h 4N X BUE K R
3 800 r/min #.0> 5 min WEERK, HIRHAILHE
N TKEOUERE 2 e, Hibs KA TiE
K 240 it e BE 9% 4% 2 ODgop M 0.6, HU 5 pL
WA 2 AR FBRIE R MM 3R -
e, BT 25 cCEIRIEFRA I SR, I ERE G
5 18 /NG i ¥ Ak Pl B4 . MM 3R B IR 35 77
FERBRIEAINE Y H 0.5 mmol/L, PAATINE
Al BR PR B MM 3R B R 55 357 365 R BRI X B4 .
A LA E 3 M EYFER.
1.5 EFERRERTAREHHKEIDE
IR R B S 56 e ) Wang 25122V ST (852
B BRI TR R DR R R DA wioc27036 ik [ i 5
), ST AR B R B AP PR . PR 5 1)
(Woc27036-up-F/woc27036-up-R F1 woc27036-dn-F/
woc27036-dn-R)4 3§ [X (1) |1 7 B (713 bp)
TR BL(712 bp), 4k A 51905 (woc27036-
up-F 1 woc27036-dn-R)# 474 PCR, #£15
i BRI U A Be G R B R RS B
M Sal I/BamH 1 MU YI 5 W o B 2= H AR Bk
pK 18mobsacB-Ery H3£15 H2H Jivkv pK 18mobsacB-
Ery-woc27036 . K & 41 Jii i ¥ L & E. coli
WM3064 t, IR 514 pK18-F/pK18-R i
17 DNA /5 B 0E o i 1o () #2674l B
RITRLN WM3064 75 2 1/ Pk N1230-9 Hr, 5
F[RIVRE 2 A PR R S B, B I IR 1) TSR
BRI DASE 1 WSt AR G AR A A 1
Ery Hit R TR, FIHE Ery 19 2216 B3¢
FEH e A A — IR ASH i v, I ] woc27036-dS/
Wwoc27036-wA 5| ¥yXt ik 1) SR 4T PCR B
HEo DASE 2 YR S8 48 5 K TR AR X6 TR 8 S0 1
NGRS, I 2216 IR 5% 37 5 7 ok 5 [R] Bl
KB, FEFAH 3 XF 514 % (woc27036-dS/
woc27036-wA . woc27036-wS/woc27036-wA Fil

http://journals.im.ac.cn/actamicrocn
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Wo0c27036-dS/woc27036-dA) X i 1 A B [A] Bk 2k
ZARRIELT PCR BIE

8 o S I N Y R e SN A [ A
pBBRIMCS-Ery"””. DIB#k N1230-9 K 41
DNA Mt , 20 5IF 519X woc28264C-F/
woc28264C-R 1 woc27036C-F/woc27036C-R it
17 PCR Y14, 345 & A A B 5 3119 woc28264
FE R BRI woc27036 J: R F B, 340 PR
TElE % Fkl pBBRIMCS-Ery 1, FR75 35 40 Jfi ki
pBBR1MCS-Ery-woc28264 F1 pBBRIMCS-Ery-
woc27036, K 2 A~ 41 ik 43 5% A WM3064
o, 4K 8 5 1 40% pBBRIMCS-F/pBBRIMCS-R
PEFT DNA R IRIES , g 8a 05 K50
W HH % Awoc28264 Fl Awoc27036 1, #1715
FE DA [ALAM AR Awoc28264-C Fil Awoc27036-C.,
1.6 ERFERRERTIRKIFEELEN T

R 1.4 PRYSCIR AR, R R B 5%
A AR I R [ B AR i U R TR BB T . DA AR

PR AR N B X R BRT R, LA SE g g 2= /e
3 A E A AR SRR E] D B TR Y
575 18 /INIRF o R PRl R A8 (AR Bl IR [ b R
148 T Pl A 15 B A e bk R AL R ELAR 1 1
EVSE R R (R

2 HZRE5OM

2.1 BE#R N1230-9 #8L Z KR EE

Bk N1230-9 JE[H 41K/ 4 627 470 bp,
G+C iy 40.85%, 4t 4 202 A~EFP,
FEHF R R BN, Wk N1230-9 BE[H4H 3t
% 28 1~ MCP (&l 1). InterPro %4k 22 T 25
RN, 28 > MCP 23 H 3 FgsrEiE, 4
FEA BB X A LBD ., JGESBIX{H4 LBD, LK
HEEXEJ LBD (& 1), It4sh, LBD 255
KAWL R Z R, ANEAAFER#E InterPro
BRI 8 A AILE I (4HB . HBM .
sCache, dCache, Tar, PAS. PDCI1 #l PDC2),

WOC wOoC wOC wWOC wOC wWOC wOC wWOC wWOC wOoC wOC wOC wWOC WwWOC wOC WwoOC

26735 28595
wWOC WOC
27095 28618
wocC

wocC
28396

@ — HAMP region

28247

[j = Ligand binding domain

28120 H — Transmembrane helix O — MCP signaling domain

1 HE#k Pseudoalteromonas arabiensis N1230-9 ¢, 3 B 5 2 gy £ M R T~

Figure 1

channels and chemotaxis receptors; HBM: Helical bimodular; 4HB: Four helix bundle;

Domains display of chemoreceptor of Pseudoalteromonas arabiensis N1230-9. Cache: Calcium

PDC:

PhoQ/DcuS/CitA sensor domains; PAS: Per-Arnt-Sim. Chemoreceptors are present in higher oligomeric
states in vivo but are shown as monomers for simplicity. WOC numbers mean GenBank protein ID.

<l actamicro@im.ac.cn, 010-64807516
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AL FE R BE B B R TN AV 7E LBD 4544
) (Bl 1), 7E L&A LBD 451 MCP
H1, 6~ MCP ik HAMP 54938 (& 1), Joik
B BAR SR 2 T I R S SR T, I
3% 6 4~ MCP & JorhRetE 2 KBk i 1 .
2.2 HEH¥k NI1230-9 ESESERRBERE
R N1230-9 54 19 M S 15 2 8 1 il
K (che), 4% 1 4> cheD .2 4~ cheR.2 1~ cheB,
1/~ cheA. 3> cheW. 2> cheV. 6 1~ cheY, 11~
cheZ i1 1 4~ cheX, iX 19 /> che & H, 12 4
che FE KB 1 2 N JFE R % (cluster 1. cluster 1T,
Kl 2), A che JE KN /3B SE R Al b 3
— P LB R B, PR N1230-9 14 2 /> che %
% 55 #4415 5 fifd 1 (Pseudomonas  aeruginosa)
PAOI1 Y 2 /> che JE [H % P i) che i [5] 20 ji Fif
i AR AR (B 2). HAT, B&uEss
P. aeruginosa PAO1 ¥ cluster I Fl cluster V JE i,
HA LTI RER Fe AYif i (che), 1M cluster 1IJE
B F7 B (che2)id B B T RE M AT 281250 LUt
HEWT, AR N1230-9 H5EPE P. aeruginosa
PAOI1 f4 2 /> cluster (I FID)AHXEN AY cluster (1
I A EIZPIIIEE . dah, cluster TTHAY
woc26077 Fr 4k & XF )i P. aeruginosa PAOI
cluster 117 i) 4 8 32 A 4 15 3 K] mepB/aer2., [)

cheY, cheZ ched,

Pseudomonas aeruginosa PAO1
F6 (che)

Pseudoalteromonas arabiensis
N1230-9 cluster | che, ched,

Pseudomonas aeruginosa PAO1

F7 (che2) cheY, cheA,

Pseudoalteromonas arabiensis
N1230-9 cluster II

cheY, cheZ ched,

cheW,

cheW,

PRk LU i Z B, WOC26077 & kT A 4
T2 I H 5 MepB 243 R 17 41 — S0 5 i 19 2R
F1(56%), FILHAEN WOC26077 W fE 2 @ #k
1230-9 (W4 Z 14
2.3 BE#K N1230-9 *F 23 FhxiE A& 014
J T AT RR N1230-9 ARG F| FHRE 15
WA E Z BIER R, A E B IE 1%
RIS 23 Rl it it R R BE T o B 5 R 7 07 52
E R R, Bk N1230-9 fELL L-B R4 |
L B 0E . TN . R RERE . BREIRR .
D-H A . N-CBEZ AN . L-F R . N-&
Tz S 2U0E . SR . TR R N s PN TR R
ME—fRIEAE R, TARELLH S . HEEm . 7
B, D-SRME . D-2RFLBE. p-InALEE . L-FUEE
D-HME . D-ARWEB TR A ME— kA K.
A S 25 B B, bR N1230-9 AS{H i 50
P HERE . N-Z MR LAY . LSRR
BHIMR . SR . NEREN AN EREREH 9 Fhol f
Ay IE — i 5 SRR A B A K BB TR LA Rk
HXAFBEIRIX 1 BN BEAE Ry e — Rk I S 4 DA bk
AR R aIE B A IR RE L T A 13 R
YT HLRE T (K 3). BLAbh, #a bt mah ik
7N, BERE N1230-9 X768 R 3% F1R 1Y) a1k Ak
T3 Feni, T PR R ) R Ak e D B 55 (1B 3)

cheB, motd  motB orf3 orf4  cheW,
N

N
A P
14

V
motB  pard cheW, cheW,

cheB,  motd
mcpB/aer2 cheR, cheD cheB,

woc26077 cheR, cheD cheB,

2 E# Pseudoalteromonas arabiensis N1230-9 1 Pseudomonas aeruginosa PAO1 B9k 5@ 8% LL i 3 #12)
Figure 2 Comparative analysis of chemosensory pathways of Pseudoalteromonas arabiensis N1230-9 and

Pseudomonas aeruginosa PAO 1%,

http://journals.im.ac.cn/actamicrocn
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Bl 3 kshFERERN Pseudoalteromonas arabiensis N1230-9 3 23 kiR Ao #&1kL 1%

Figure 3 The chemotaxis phenotype of Pseudoalteromonas arabiensis N1230-9 to 23 carbon sources in
swimming plate assay. L-Mla: L-malic acid; Mal: Maltose; Sua: Succinic acid; Ca: Citric acid; Tre: Trehalose;
Scr: Sucrose; GlcNAc: N-acetylglucosamine; Sp: Sodium propionate; Soa: Sodium acetate; Sop: Sodium
pyruvate; Man: Mannose; Mtl: Mannitol; GalNAc: N-acetylgalactosamine; Las: Lactose; D-Glu: D-gluconate;
D-Fru: D-fructose; D-Gal: D-galactose; D-Sor: D-sorbitol; D-Rbs: D-ribose; D-Xyl: D-xylose; L-Rha:
L-rhamnose; L-Fuc: L-fucose; L-Ara: L-arabinose; NC: Negative control.

2.4 FEFEERK IR 3T R ilR B S K Mo
CAHSRERN, e EEMAHE
sCache 7 LBD [ MCP J&& ) 3135 b ik 5 261
T, ARUFFE LIS A sCache 1 LBD, [W]Af H.
H HAMP 253819 2 4~ MCP Zitish 3 R A #E bR
B, A RIEEAE AR E T woc28264
Bl R AE A Awoc28264 il woc27036 ik 2 AR A
Awoc27036 (& 4A . 4B), 4k 7 ix 2 %
TR ERE T . BRI IR, 2 A
G AR T A P e DA 1 a1k BB 7 B A AE A ] s
FEERNR Z AL . MRS, 2 ADNRAENT 2R
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AR B8RS, 1 Awoc27036 XX B Ak IR
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Identification of the mutants by colony PCR. A: PCR detection of Awoc28264 double crossover

mutants using three primer pairs. B: PCR detection of Awoc27036 double crossover mutants using three
primer pairs. M: DNA marker. PCR templates used are: 1-9, nine independent colonies that can grow on the
selective plate after mating. WT: N1230-9 wild-type strain. NC: Negative control.
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Figure 5 Participation of woc28264, woc27036, woc28264-C and woc27036-C in the chemotactic responses
to 10 carbon sources demonstrated in swimming plate assays. A: Chemotactic responses to 10 carbon sources
with WT and two mutants (Awoc28264 and Awoc27036). B: Chemotactic responses to 10 carbon sources
with WT and two complement mutants (Awoc28264-C and Awoc27036-C).
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