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1.1 BEREAHENRS

i 3k 38 [ [ 37 AR R AR B 0 B 2 (Na-
tional
NCBI, https : //www.ncbi.nlm.nih.gov/) ¥ % H #l . &
(1 T8 I A B EC A R DR LA L, 2800 W A R LR A
WS13 (NZ_CP028435.1) , Jii WAy FL IR A CN-32
(NC_009438.1) . J& M4 FL G W FDAARGOS_681
(NZ_CP046329.1) , J& W 4y kL [C I NCTC12093
(NZ_LR134303.1), J& W 4 R K & 200
(NC_017566.1) i) £ 11 28 1 5 5 41 )3 91 He o g g
7 IC B WS13 (NZ_CP028435.1) 42 M B 35 H &}
IR 3 B A 0 B, % 3 B T TCSs 132 38 Ak
fiE, HT A B G B L DR 4L 8 A B T A
TCSs 75 A7) JE W A BC EC B B bk PP A 40 A 25 57
1.2 TCSs W&E&ERALETE

2 BT R A5 USIRY Jy v RS AR 5 55 R 4
HK #1 RR 25 H R 5% 25 44 353 # J WAy G G R
WS13 K&K 20 ] GEAFTE Y TCSs ., AWF5E 9 HK
il RR 45+ 5>k A Pfam 2 1 8048 /% (hitp : //pfam.
xfam.org/), 4r #| A HATPase_c (Pfam00512,
Pfam01627 . Pfam02518 . Pfam02895 . Pfam06580 .
Pfam07536 .Pfam07568 . Pfam07730)#1 Response_reg
(Pfam00072) . it H Bk Y A= P15 B 2= WF 58 r (Eu-
ropean Molecular Biology Laboratory —European
Bioinformatics Institute, EMBL-EBI) #f % 19 HM-
MER 4 9 hmmbuild 74>, K28 B HK Al
RR PR5F O 7 8 5 4 1 B B R B R A AY | B 5
fifi H hmmsearch iy 2> X} Ji§ WAy FLEG B WSI13 22 H
AT R X, o i % B P 4 b i) HKs A
RRs, i NCBI f§ BLASTp 23 %18 2 HK 1
RR #4784 . B AR/ T 300 bp 9 HK F1 RR
BTN R e TCS, Wi HK A1 RR 4544 38k [7] Fsf
WEE— DN EAFIINE b, IBAZEAE LN
FlE& HK; iR HK A1 RR #4245 3% #) RR 1
HK, % 84N HK F1 RR & A 9RJL HK FI K
JLRR,
1.3 S&H5IhEEsH

F| H SMART (http : //smart.embl-heidelberg.de/
VKA TCS AR T fELR, TMHMM Serverv.2.0

Center for Biotechnology Information,

(http : //www.cbs.dtu.dk/servicessTMHMM-2.0/) H T
oI A BT R e 4 A8 S8, A MEGA7.0 ) A
9 MUSCLE #E47 Z2 H P81 toxt, IR A NJ 3544
AL, A H BLASTp (https ://blast.ncbi.nlm.nih.
gov) B F7 AT 5 S0 AR ARLPE B XS 43 A, O R AT D hg
TERE, T Ar M4 R A DI RE . A STRING
(https ://string—db.org/ ) i & TCSs M HAEE 1, M
KEGG 48 5 i 3k B TCS DI fgfs 8, Rnt &%
SCHk AR IE X 4% TCS #EAT I RE T

2 #R5WR
21 BEWARKE WS13 ERFAH TCSs (o H
FI IR ST G5 46 B0ORT F WA B IR T WS13 4 5k
K4 i TCSs #EATH 2, 25 R R B, 8 A FL IS
B WS13 Bk HEA 31 4~ HKs 1 36 4~ RRs, Hh
HK 5 RR WX TCS A 3 %F, @ld HK 4 3 1>,
UL HKs #1 RRs 435k 25 A~ H1 33 4~ #9071 I
HeF 77 303 RR-HK (% 1), AS[R) i WA L LG A
PR AL HK/RR A9 B0 AT, 1 6 WAy O EC A
WS13 H B TCSs %t B /b T HE 4 BRI IK
7 LG, I HB> HK-RR HE5 )57 Y TCS, 1%
Al BE 5 68 WAy BU G B WS13 1y 3£ R 4 4 K/ F 1
B4 MREA XK (R 2), WAk, X Fh TCS ZHetE2H
A BE 5 AR BB T A ¢ JE A BLIR I CN-
32 JE W7 FL G FDAARGOS_681 LA K& K 7 BL
[T 200 3% 3 #RIE 5355 B CHLY CA A I8 ) R
B, Hahd HK =¥k 5, £ FE WA KIRH
WS13 A HK %, 5 i 58 18R I8 09 5
A LI NCTC12093 28K, filf HK AL x)
[ TCSs X5 5 A9 Wi 1o B Jin 2 306 , ml 58 R B o A
b X A TR H A {7 T I S AT AR K Y
Ji Ve A B LK B AT 43 i s A LR P e LR B 15 G
HLIR T Hh 1) JE T A B B TR 2 T X6 A i A 5% [
BHRBE) iz R & R BT, Horh s B s B
ST G R BT Y b | 4 8 S
JCER P B VR A M A B I R DU T X
I N S A% ) A R PR L PRRRTR R IR A AN TR i)
AE P BOX UMK TE Z M8 L 75 S A e 26 5%, il ™
" TCSs 73 A Y 25 5%
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Table 1

BWARKE WSI3EREAH TCSs KWEH ID fakH
Protein ID and types of TCSs in the whole genome of S. putrefaciens WS13

TCS £ #

& m 1D

TCSs(RR-HK)

k4 HK
IRNIL HK

(01)WP_011789576.1/WP_011789577.1; (02)WP_025007618.1/WP_025007619.1; (03 )
WP_025007933.1/WP_025007934.1

(01)WP_011788995.1; (02)WP_025007562.1; (03)WP_128090270.1

(01)WP_011787427.1; (02)WP_011787496.1; (03)WP_011790295.1; (04)WP_011790877.1;

(05)WP_011918470.1; (06)WP_011918496.1; (07)WP_011919441.1; (08)WP_011919453.1;
(09)WP_014609564.1; (10)WP_025007509.1; (11)WP_025007695.1; (12) WP_025007839.1 ;
(13)WP_025007861.1; (14)WP_025008336.1; (15)WP_025008530.1; (16) WP_025008575.1 ;
(17)WP_061782889.1; (18)WP_061782945.1; (19)WP_061783040.1; (20) WP_061783060.1 ;
(21)WP_061783061.1;(22)WP_061783391.1; (23)WP_128090133.1; (24)WP_128090183.1;

(25)WP_128090199.1
IRJL RR

(01)WP_006079718.1; (02)WP_007644695.1; (03)WP_011623460.1; (04)WP_011787535.1;

(05)WP_011787598.1; (06)WP_011787648.1; (07)WP_011787994.1; (08 )WP_011787998.1;
(09)WP_011788017.1;(10)WP_011788181.1; (11)WP_011788245.1; (12)WP_011788854.1;
(13)WP_011789087.1; (14)WP_011789095.1; (15)WP_011789255.1; (16)WP_011790420.1;
(17)WP_011790737.1; (18)WP_011790767.1; (19)WP_011790889.1; (20)WP_011791129.1;
(21)WP_011918560.1; (22)WP_014611380.1; (23)WP_025007657.1; (24) WP_025007729.1 ;
(25)WP_025008408.1; (26)WP_025008415.1; (27)WP_025008418.1; (28) WP_025008490.1 ;
(29)WP_025008546.1; (30)WP_061782828.1; (31 )WP_128090206.1 ; (32) WP_128090283.1 ;

(33)WP_128090291.1

®2 BRARLKE WSISSEEE#ERAS TCSs # M HERLLE

Table 2 Comparison of TCSs distribution in genomes WS13 and other strains of S. putrefaciens

AR K

23T TCSs

Bk
/Mb At IAs

&4 HK/A  38)L HK/A  38)U RR/AS

HK-RR/A  RR-HK/A~

WS13
CN32
FDAARGOS_681
NCTC12093
200

4.38 3
4.66 9
4.66 17
5.05 6
4.84 14

0

6
9
4
6

3 3 25 33
3 5 27 38
8 5 24 30
2 13 36 44
8 5 25 32

2.2 HKs W& HIE B M5y 2

SMART % 145 44 35 53 A7 25 5 s i W A BO
[CH WSI13 SLH 4y 31 4> HKs BA 16 fhasi
WA RE (B 1), 11 R #3241 s X HKs
() N it k5 R X, HKs 119 i85 B X 5 R 37 A
S TER Y TCSs o, I X BN 1~3 4,
1Ml HKs 185 Ry 1~12 4, o &
HKO1 My #5EIX 2 12 4>, 28 > HKs [ C i B A
LY (%) HATPase_c A Ak 25 44 380 ; 1 3 46 3 1>
# JL HKO1. K JL HKO3 A1 fK JL HK17 i it
BLASTp 43471 & LB A 2l HATPase_c ¥ i fi: fk.

SER I FR4r HKs 19 C 3 2 CheW #2338 |
DNA &5 5 5 Mutl,_c 23 — SR &5 4 B ; fil
4 HKs i B REC 25443k,

LAY HK A 3 A2 B 43 7 B 1 A
Y2 OiRE 55 1 5 R N A s ol B A AR Ak 5
2 WA TTERE N AR Al C AR X3 25 3 H A
h B YA BRI C uh IR 245 F 5 LAk iR
— Mz A0 HK, BIER T 81 HK 25k 38041, 7]
Bb I B A — A R AR R 1 52 S 32 AR Al 254
BANE X ] HKs 7028 . & A PAS #l GAF 45
PR I BT RN, HK ;3 85 1B X HAMP 4544
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B M A BN HK s DL A & A 85 155 X R HAT-
Pase_c ) RN, HK® MR P8 70 745 5, 8 WA FUEG
B WSI13 (1 HKs 48 K 2 %002 M 1 J8 iy i R gk
PRI FEZEA IR AL -, B A HisKA
HATPase_c 45 #3819 HKs A 12 4, R &FH
HAMP HisKA #il HATPase_c %5 3 /) HKs A 8
A, HAa ) HKs HA Z RS54, 10 PAS,
PAC .HPT H-Kinasedim %2538, HisKA J& R
ZARGE R 38 s HAMP 382 — B R A4 DU IBUIE 3R, ] fig
R [ R R R A AR Y Wl R b R SRR T
TEA B Z R T i SRR A5 52, PAS S5 F5AE
ML NG R TR AE R S e R A RDIE L i
Bl AT YBR[ R A5 AN W) 5 1 & AR R

HHH & B =&

PAC "M PAS, Al g5 B T PAS i &, BR
T AR HKs 5, 0L HKO1 HAT TOP2c
i, 5 DNA #hib S Eg 1T Dhaesa ¢, L
HK10 9 C %A — 4 DNA 4 Bt & & & A 454 55,
—> Mutl_C A i — R A5 B, X 2 DNA B2 E L
il H 2 1E A A A R Y B F . UL HK21 [ N
Ui HPT 4544 38, h#4 H-Kinase dim %5 #4358,
C 3t A —> CheW #5238, FL 454 15 5K WiR S50 I
) B 1 2 T AR B P HKO2  (RS05925) 45 FAH B
HPT 2544 4% 7T 4 5 HKs 1 RRs 8] (915 5 % 1%
H-Kinase dim 42 & A 1% 45 ¥ 18 1) 20 22 2 184 16 T2
B RARE K3 ; CheW 25 41 T8 14 05 5 1%
R

- ¢0-E b

I ke @& HaEe= - B
B ) ] — Bl b=
i @4@EEdE B - HE-B
I —E= 1 1e-8e= I 18 =
= - @-——68< |t

S TS )
B nmaswn @&
& nawezns 4
B} onapmzms D

PAS £H8
HPT £141 ]
PAC £5151 =
REC £  —ais]
G cewgzy P tomesw )

B HaTPase o E (L HH
iy ENC
Coiled_coli 115
MutL_C 43— BEEHK

BEBYE_RELHR

1 BRHRKE WS13 f HKs K438 H X
Fig.1 Structural domain composition of HKs in S. putrefaciens WS13

2.3 RRs K& A 52

5 HKs M I, RRs 75 45 14 3800 2H 18 b AR X )
SF, BN S B AR ST  E R A SR i S 1 W
ZARYEZ B (REC) , LA K C i ) 4y Hh &5 44 35 5 35
AL TMHMM (1 5 % X 53 B 45 2R i 7R RRs 24

AEAEBEX WA TURE WSI13 HEH 4 It
A 36 1~ RRs, SR, HA 10 Fpghitly sl 28 e X
(181 2), BEMas AL b & A REC 4514
B, R R 32 IR 25 F BT RRs AT, 15 4
RRs J& T REC F1 Transreg_C ¥ Ff 45 #4) 33 21 1l 2
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A, 14 RRs J& T 2 4~ REC Z5# sl 1 i =0, 23
A~ RRs J& T i 84 REC 45438 REC 25+ 5
How C i Ao 4 5 A A B 3 C i 1) i S 4
P 4 R 2 T AL CheW 45 #4350 AAA 2540 38
HTH_LUXR %i#y5% EAL %5 ¥4 .GGDEF 4544 1,
A HDc 258938k . ARG C ity 9 B 1S 45 4 3 7
RRs MUARTRIBITIRE, F1U0, CheW 45 k4 38k 5 41 B ¥4

Trans.
@ reac”

FEAEAS B T X s AAA 5 F 302 5 2l 200 i 3%
B AH ) ATPase ; HDe 45 ¥4 382 B A O/ 57 &5 44 1)
4 T MM W R /K AR T, B 1 PRRAZ AT R W 1R /K
fif Bl s HTH_LUXR 258938, & nl 3006 A= 9 & O di
P+, WA fie 5 DNA B 58 AE ARG EAL S5 #4388
HLAT 51 R W R 18 5 15 M ; GGDEF 25 f93 H
A S TR AR T,

ce © © -

Cwm> S w &F

& <

E: o, Transreg_C £5195
@ AAA G158

@ EAL 1415

e ©

HDc £33 - HTH_LUXR £15#

GGDEF £ 15

2 BWARKE WS13  RRs B4 #3348 5
Fig.2 Structural domain composition of RRs in S. putrefaciens WS13

2.4 HKs #1 RRs #{ 4#r

R T B WA BL G WST3 JE K 20 v TCSs
AL S Z |, 23 B Ir A HKs #1 RRs #1727 5]
Fexd At A A (K 3a,3b), ML R K F
HKs #2500 4 N RE (K 3a), AES5HE ST

< NEE-
2 x
% 2 2§58 o
4 2% Rs5 & .&
o 92 s =XN$ 4

7 ) e oS
®o;, % % & %QQQQ'(? SIS
70, 7. 7 > S P (©

W 75, % > 5

R oo gy 0 S ¢F A
?500? )QI’ : { ?0'1' 90%11

WP 0250, 95 7 P o0
907861.1 we 06178304

WP 1280901 33.11 WP 025007839.1
5008336- 02.

WP 02507 e Wy 29008575 4

65’\137' 'b°"\ S 07776‘

WP m@ﬂ A% éq"" %7, 8995'7

?Qq, %(gb o:‘\"‘;\h‘_‘_.(.»o 0\_2, 28,

W NS S8 0d %, %
S FTIELTY B
e85 % %

~ ~
S gy
o o
K3 é % % 4
(a)HKs

HKs A AN R #EAOCER . ok TCSs H Y HK
(WP_011789577.1) F1 HK3 (WP_025007934.1) %
F—, HARENFESZXFR, M HK2
(WP_025007619.1) i F 74— H K. 3 ARG
HK, 53 3060 T 3 A5, R B RBm 7]

2 s <o
2 = - © o 0~
QD O ~ N 9O ©
% 0% f£88& &
w282 EEEES o
Wi hah BSELES,
Ry 72 &, BB %a.o_e\':\‘b &
775 G0, 0 % > SS&L, NN & A
WpO )‘90 0‘96‘?2) $$Q Q° qff)Q 19‘3'5'
2500520577+ e SQeSe® o4
WP 01179, 978 e o e
We o1 ’7875195(; 1 W, o117ees76!
WP 025008408:1 WE 007644695.1
\p 025007884 Wp o 16234601
0907—9 SN Wy 02 0085
A2B0” 900\ Y 07, 96,1
WP o® SN : 17/% 0,.778s
AT W Qo" \§ 2&4 %. 7)& 7817
&S E T
S EFe323% %% %
SLEIIRER2B B
L FTEIELEE3 2 % 7
LI NESILIE S ¥,
SEEFFIELY
™ 3 3 N 0)‘ 2o
(b)RRs

3 BMARKE WS13 1 HKs #1 RRs 89 R Gt L 4 47
Fig.3 Phylogenetic analysis of HKs and RRs in S. putrefaciens WS13
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e E A AN FDIRERE 8 . NG RGBT AT 51 Lkt
MR A RRs BUARSFIE b HKs 25k —ut | Hok
fEms 2R 5 6 R (Kl 3b), T TCSs
) RRs 2% % 2 T K W ® #% , H & RRI
(WP_011788995.1) #I RR3 (WP_128090270.1) %3
S T4 5 FIEh 6 i, R HEG X R T IL X
5 HK B P& R 26l A0 T W) —JHEAY HKs #l
RRs W 7R BT 1 26 % 06 2 Ml i BE I R, A
] g HAT AT A T EE
25 m 3t TCSs fif& HKs M EEEB TR
Ih R T

FIFH STRING *F J§ W Ay BC IR B WS13 - B XS
TCSs Flfil & HKs 0 BAEE B 47704, 45 R WK
4 iR, B TCSs 52 F&E M E/ERN 8
it Blast P Al KEGG & 11408 127 v B X H 1) fig it
TRV AN S8 (3 3), 5 TCSsO1 776 M A FH Y
HH FEA pdsR & HEF (ABP75463.1) (ZH AR I
fitt ( ABP76854 .1 . ABP75462.1 . ABP76854 .1 .
ABP77677.1) 43 % i (ABP75465.1) | 43 3% g 0 26
FI (ABP75464.1) , R 8 WE W B 1 A% W L i 7% il
(ABP76895.1), BLASTp %4 % % ] .TCSs01 H
PdsR/PsdS #%t, HTHIZ TCS & G 1E 4 i i )y
REARM, 456 KEGG £ds 245 R aT #Ell TCSs01
BLEA Z WA G 0L, T RS R 20 R RE AR (3R 3)
T TCSs02 Wy HE R M A 5 4 & R
( ABP76854 .1 (ABP76486.1) . % & & H
(ABP76707.1) .4 BEBGHT 2 11 (ABP76704.1) \Difig
AR DUF 158 11 (ABP76703.1) ABC #4124
H # B (ABP76705.1) RNA ® & ¥
(ABP74445.1) B4 4Lid 5 & 1 (ABP74700.1) , —
i B 52 e 26 11 (ABP74702.1) , BLASTp 7E B4 #r
TCSs02RR 7] figJ& T NirC W W5, #EI TCSs02 1

ige T BE Rl NurX/NtrY , 1% TCS 7 B 75 T A M8 1R
ST 21 240 B v nl 52wl i 4/ RS 14 2B BT 5% 1) 20
RUTEASRE ) BL Ak, T BE 5 i 20 i BE A 35 AN 2, 1 2 R
R, TCSs03 1T g 1Y BLAF 8 P AL F5 4% S8 7 1
(ABP73784.1 ABP76790.1). #i % i& ATP [
(kdpB kdpC kdpA) . #& 7 fI5 45 3 v 2H 24 12 I ity
(ABP73785.1) K * il i {5 5 ¥ 3 41 & MR ¥k i
(ABP76791.1), # & B 1% IR 4% 41 & W ¥ W
(ABP75803.1), 41 % Mk ¥ B§ (ABP76854.1,
ABP75703.1), {F B4 Hr 3 W1 TCSs03 1 ) fié [F]
kdpDE , 45 &0 K55 A BERE, 5
fl A5 HKO1 7776 A0 B AE FH 9 & A0 95 21 20 2 U g
(ABP76854.1) LuxR % % 0 % % W W F
(ABP75968.1) .L-Jiifi & 2 ¥t & B (ABP76812.1) |
CTRGHTER A 5 EE (acsA) .CheA 1§ 55 5 4H & R
Ul (ABP76277.1) . 1 B4 B & IRl & HKO1 7]
25 Na/lfi ARG iz It 5 =W HOE A, 5
filt A HKO2 17 76 T 4E (1 2 1 A0 6 41 2 R 34 1l
(ABP76040.1) , Jui 29 55 7 32 A 8 15 (1) CheW &
I (ABP76214.1 . ABP76517.1 ,ABP76320.1) . %% 5*
WA F (ABP75664.1), Rl HKO02 &% A WalK
(NF033092 ) j# 5 5 1 DR ST 45 1) S — ol 248 Jif 2 4
WAL AN A 2 PR , 456 BLASTp %5 5, 4kl
4 HKO2 n[fE2 58 iE VA, JF 5 40 i B 1L
WY BUAH G . flG HKO3 1Y BAFE 2 Al fg

1% 40 % R % B (ABP76854.1 . ABP76040.1) .LuxR
F IR ST T (ABP75364.1) XU 4 1R 3 4k
fitf (ABP76798.1) . i 2 18 7 77 52 {98 35 1Y CheW
1 (ABP76214.1) . ¥ B4 Hr & I RL A HKO3 7]
e SR Y, S =W R A 2E, 3 4
filt 4y HK 26 TorS 45 #y 4 | 75 75 FUIC# ', Tor 78
BRI TS5 S0 = R, R RES =

®3 BWARKE WS13 TCSs Hhatf
Table 3 Functional prediction of TCSs in S. putrefaciens WS13
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Fig.4 Interaction proteins of TCSs in S. putrefaciens WS13
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Abstract Shewanella putrefaciens is a kind of specific spoilage organism of aquatic products, which possess strong cold

adaptability and spoilage ability. Two—component signal transduction systems (TCSs) is one of the most important regula-

tory systems in bacteria, and plays an important role in the perception and response of bacteria to complex environment.

In order to explore distribution and function of TCSs in S. putrefaciens. In this paper, the distribution, classification,
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structure and function of TCSs in S. putrefaciens from aquatic products, were systematically analyzed by bioinformatics
methods, including whole genome identification, multiple sequence alignment, phylogenetic analysis, protein structural
prediction and interaction protein analysis. The results showed that there were 31 histidine kinases (HKs), 36 response
regulators (RRs), 3 pairs of TCSs and 3 fusion HKs in S. putrefaciens WS13. There are 16 types of structural domain
compositions in HKs, 15 of which possess HATPase_c kinase catalytic domains. RRs havelO types of structural domain
compositions, all of which contain REC domains. Multiple sequence alignment and evolutionary analysis showed that HKs
and RRs with different structural domains had different evolutionary relationships, which suggested functional diversity of
these proteins. The biological functions of 3 pairs of TCSs and 3 fusion HKs were predicted to be mainly involved in re-
sponse to signal stimulation, regulation of various metabolic processes and transport of substances in cells. Moreover, 3
fusion HKs were related to the formation of trimethylamine. The results provide references for further exploring the func-
tion of TCSs in S.putrefaciens from aquatic products.

Keywords aquatic products; Shewanella putrefaciens; two—component signal transduction system; bioinformatics



