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Research progress in GacS/GacA two-component system and
its mechanism of action in Pseudomonas
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Abstract: The signal transduction system helps microorganisms adapt to complex environmental
changes. In Gram-negative bacteria, the two-component system (TCS) composed of the sensor
kinase GacS and the response regulator GacA is a global regulatory system and plays an
important role in regulating secondary metabolism and signal communication. The GacS/GacA
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two-component system regulates multiple life activities of bacteria, including the adaptation to soil
environment, the pathogenicity in plants, and antibiotic resistance. GacS and GacA in Pseudomonas
present highly homologous structures and discrepant regulatory mechanisms in different species
and pathogenic variants. This paper summarizes the research progress of the GacS/GacA
two-component system in Pseudomonas from signal transduction, regulatory network, and main
regulatory functions. This review is expected to provide reference for the research on the

mechanism of the GacS/GacA two-component system in regulating bacterial pathogenicity.
Keywords: GacS/GacA; Pseudomonas; gene regulation; pathogenicity; signal transduction

TR R T FE S A RS S5 T LR KR
A, 2R Z P55 Sas AR d i ) S B R
BEAR M, W 4 2R 45 (two-component system,
TCS) & 4 R RBIME = 43+ 598 57 A= B 0 DL
N R SR T HZ —, HRIE TCS
Hh 2 24 R 18 (histidine  kinase, HK)FI 1 975
#%(response regulator, RR)iX 2 /MSF B 432 A,
FETE 2 DMRSF U Z A A T B IR BE A 1 55 7%, B
IS5 A0 B s v 2 A ke k. HK i A
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2% FRBAPH: 0 B H 25 52 24 20 #F GacS F1 GacA 19 [A]
WY, L KA (Escherichia coli), &1
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(Pectobacterium carotovorum subsp. carotovorum) .,
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4, [ % 4 (Azotobacter vinelandii)&s, ‘B 1XTH
VA 985 ) A8 A EEE Y, GacS/GacA
FEE T Gac/Rsm 155 PR IE 2 Ja 45 40 P 1 —
FAN ARG SN, X iR AR TE AN R B Ak HE AL
Ry, IEREARIER . GacS/GacA W5 &
G R IAT DAY — RSN R, A EE Y
WA, a7 A BRI AR 543+ [N-TE
FE 5 22 % BR N Ti5 (N-acyl homoserine lactone,
AHL) ML %, SRR A A, 5
2, S 5aAE IR . AR E B
Ao F i 2y pE

GacS/GacA Z I3 i fEMAE Y, TREZHE,
TE R L 3h P A N 1 o3 A AR U2 AR EE R LA
GacS/GacA NYIA KL, WorTHLI . (5= iE %
e SN 3 A2, RARHER AR E T
GacS/GacA [AA/EFIMLEL, e B I B 55 71 Al
T 243 1 4 ) R A 1 A LB

1 GacS/GacA AN R AN T
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TCS SRR (55 FIA 5 A AT
AT - 20 2D 90 4FARLIR, ATTXT GacS/GacA
AT TIRAINSY . GacS/GacA W ARG
PAFTE T IR A o (B IREHE T GaeS, I
450 LemA, B IURAE T B i (Pseudomonas
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LA T R A A P BT 1Y 5 S
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Figure 1

The signal response and transduction pathway of GacS/GacA two-component system in Pseudomonas.

A: The main components of GacS/GacA. B: The signal transduction pathway of GacS/GacA in Pseudomonas.
HTH: Helix-turn-helix; HCN: Hydrogen cyanide; 2,4-DAPG: 2,4-diacetylphloroglucinol.
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%, XA S RN AFEMGES A X, AR
5 SR RS D 25 R IR, IR R A AR 1k
MG AL HAMP Z5Mi %565 HK 454
5, I8 PR AR L B IR 1k . GacS 19JF]
Jo A I 235 F S A ML A M 5 R BT AN 4 5 b K 4
HELEEMEM. Hit, HAMP 2543k pY sk
B R GES TR Gac/Rsm Je k305 2,
HK Z5F 38 & A A TR A, S — 25l
R TRILTG Y ATPase. Wi FRYE RS 45 A0 3 11 5115
MR JE A ] it GacA Wl i 5 [ FA%38, Bl
DAZE A ATP JF HAT A TRV & 1, S8R
YA 2 R i Bk R A FL IR AL, DT )™ A= B i
AU, HK 250300 55 — A A IR AR 2 1 1
MR Ak, A5 Bl R 56 141 7 B 30 i) o 422 1AL 285 ) 3
(REC)M R AR5k Ik I, Bl Je % 5 4 2 TR
i 5 B (Hpt) 25 A 3 (0 28 — A A R b5 B
J& , BEIR LWL AL H] GacA B sRH T N T2k
SERIT P I ORSF R AR BRI I I 5 AR S IR B
555, GacS/GacA R AT FUFELIW =L, L
Wi 137 BRI 25 A6 BT (8] 1A). GaeS 1) HAMP 254
W57 GacS B H1k; GacS 1Y B BERR L A AE
RATE GaceS AR R A R 2 iy
GacA J&—FP L7 iy sz i 8 75 -, B —
%5 DNA 45419 C Ui B8 iE- 7% - S8 ie (HTH) 4544
RN SR S I (REC) AL (E 1B)'?, GacA
HORST I R AR RVE A IR fL 321k, R ik
GacA BTG (BRI 5%, e
SEJE A EIREE I )RR, GacA 1 HTH
SE R AT REYE T HXT DNA SRS A4 S

2 GacS/GacA XA % KM

BRBARETE Y Gac/Rsm VRIS &R 0T LIS
ZRRGACH = e, iR L BRERA
FI A4S, 50 GacS/GacA B TRFE ML %

i A AR TR oK R B 3Rk, gacS Fil
gacA Ji [R A% 17 R I 4 SR I 9 AE A [ S g
B R e B TR R U, TS 5T R W GacS/GacA &
Xt Rsm/Csr 55 5% )5 4%, Rsm/Csr i
B 2 A AGER Sy : RNA 2548 F FEHES RS/ RNA
(sSRNAY WF5E &, GacA WEMRILIG AT LIS
PRSF I REONE P 41 (GacA #E)ZS G, Ja 8l Rsm
IR, X SRNA HAT & AR (2L IR 254,
% GGA )7, 7F HHA 21 RNA 45450745,
XA sRNA A LLJE T RNA 2546 28 10 2
DRI 8% Al /R AP (% 1) BRI, Gac/Rsm i
¥ AT TR S S AT PR 24 A S L Y
BN, 2R AMEE 2P24 Y GacS/GacA L
Iy Z 50, GacS Al LLUSSZ LAMAAIE, KR53
I GacA W RS H, GacA & H ¥ T
SRNA 4K, X2 sRNA XiF H B9 5L 154 5%
PEAT IR, WIS AR A . FES G B TR
FETE—Fhi 6 B8 GacS/GacA B H T BE TR
FIAZ S A 71 GacA Y RsmX |
RsmY Fil RsmZ X 3 Fl' sSRNA f%% 5% ; sRNA A
PLJE T RNA 454 25 F1 RsmA Fl RsmE Xif #8 JE [X]
RO AR VR, R R AR 3E R =
(HCN). 2,4-— IR (2,4-DAPG) F A 2R
FIES (B 1B).,

3 GacS/GacA XA % KHER
ERATFHEEN®
3.1 GacS/GacA E5EYIRAIF AL

AW R T R B . AR R M A 22k
(extracellular polysaccharides, EPS)4H !, T
TR ST 7 A B B R ER 2 EPS WY F 27 .
Mok, THEMBMAME B728a " Fiks o A
B POV R £R 77 4 % GacS/GacA W 7 RS8R
P o BRTR AR 2 T A R BB A Ak Bk Bohs A A
(P. syringae pv. actinidiae) {312 YL 27 FHYIH
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Fz 1 GacS/GacA XERIREYIAIIEE

Table I Homologous and function of GacS/GacA
Yfh GacS/GacA [Al %) Z VAN sSRNA  UIfE 2% 3CHk
Species GacS/GacA homologue Regulated sSRNA Function Reference
BEGAR AL GacS/GacA RsmX, RsmY, M. #EIEEE . RpoS. =3tk [17]
Pseudomonas fluorescens RsmZ Protease, phospholipase, RpoS, motility
L ey ) GacS/GacA RsmX, RsmY  N-JKEmm 22 BRI BR . 7507 AR (18]
Pseudomonas aeruginosa wEh M. BT . T3SS. T6SS
N-acyl homoserine lactone, virulence,
biofilm, motility, metabolism, T3SS,
T6SS
T BB M R GacS(LemA)/GacA RsmX1-5, RsmY, A4 | TRERIE R . iEshtk. #m [11]
Pseudomonas syringae RsmZ N s = 17 N T
Growth, amikacin, motility, alginate,
virulence, quorum sensing
ZRET R A B GacS/GacA RsmX, RsmY,  BEARY . A¥0E . HON, #gehE.  [9]
Pseudomonas RsmZ IRk . E
chlororaphis Quorum sensing, biofilm, HCN,
trehalose, siderophores, motility
RIGHH BarA/UvrY CsrB, CsrC A, Btk . B, [B]
Escherichia coli gt F . BRI
Metabolism, motility, biofilm, stress,
resistance, virulence, quorum sensing
B N R T ExpS/ExpA RsmB ML ohE . B ). HEE . T2SS. TeSS  [3]
Pectobacterium Extracellular enzymes, virulence,
carotovorum subsp. flagella, T2SS, T6SS
carotovorum
FERLINEA VarS/VarA CstB, CsrC, FEAORN . AW, #E ) dRMDEAR (7]
CsrD

Vibrio cholerae

Quorum sensing, biofilm, virulence,
cell shape

HYERF, —HAFEARE " R R, Els
FEAE W RETE Al A v S B e B e Y A
YIRS R e OB T A TR X IR R PR . It R B A
F7E 5 22 40 i B4 PE 1Y, Ali-ahmad
GUSL B, 7 5% B B (P, aeruginosa)
gacA 5 K i i 2 T B E W BOY i RE T AR 2 1E
WHKFEH 52— GaeS FE7E—H 126 %
JLH 1Y GacSPD 4543k , Olivares Z2 V5541 1T
Wil 2% A T PAK H' GacSPD HUIhfE, &K%
I B GacSPD &4 Il AE AE W) B 1y T 3
th 5 PAKAgacS FHMIMFR A, Az R 5 B a1
% PAK B A= BUTRBR 0 DU 43y 2 — . AR5 OF e %
WIFE T A& R BB BOR A2 Fh b, gacS HE A

B B T PR HR A W IS R TE B RE S 2 5
gacA JE DR i 2K 1) TR R rh A W A T 8 R 0 BH
V5 . BHH GacS/GacA Xif A= W) B B Y R L
Hil, A BTG RN R, JLH
A Sy o DR 52 82 i i 4 T ) 4 SR L e
A R 25 MR A A R A R e 22
3.2 AT AHL B974%
fEYEA QS ARG AR TN, M
KRR B IR I B 1 QS BN AN F &
PN AME AR S, A A AR B AR Y
R R SR R 2R3k 5 6 22 FRBA R A B
XRAE 4T & AHL; BN R 5 T
{5 B3 S U A B B728 (B A B RE At
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ZHER A L s s R U BT R,
QS AT S GacS/GacA BYFRIL, T GacA I
R AER SRR, EfRE R REE, Fe
GacS/GacA TFiif 2 LN R A w2 T+
o TR, A I v B A K 2 T 2 43
Wil GacS/GacA 550 P, REXKES
RKFEEE LAAAS A AFTAL Yu 28R T 4 B
T 4% 51 % 24 0 1% (P. chlororaphis) 30-84
GacS/GacA W @AW E 221, FHERT
GacS/GacA I AHL JL:[RIVE I Hl L A ik ;
SRETECR A 30-84 AL SEALEE R, gacA
EHWNZHEEWRELEI A RS KEN
(phzXYFABCD #il phzO)fy %1k ; 5 b [E i,
GacS/GacA ] P4 AHL & LR phzl 193k ;
XERE Gac/Rsm i % AT LA E 308 15 Wy R 2540
AZ R, nT LUl AHL 43 [R5 08 7wy
We P A M. kA, Tsai SFPOVLEL,
GacS/GacA 7] JH17 QS 1554 F AHLs W& 1L,
W25 QS. ML AN, T AR
o7 X6} T 22 Bl 4185 7 R 0 7 A R b e b T
fy, WEAREMEERY, Tsai ZPVL B, 4Lk
% B0 T PAOT HY gacA J [A] 6 e gk 23 91 3R I3
/> C4-HSL ., RhIR Fl LasR My7=4, Sk i
H P EAE 2 LRy AHLs, —FP N-3-4t
R B -L- = 22 24 BR W iR (30-C12-HSL), H
LasR/Lasl QS &G & WA ; S5 —FhjE N-T
W -L- 755 22 % R N I (C4-HSL),  Hid s it T
RhIR/RhII ) QS &% . 4k, Ahmed ZEPHF5Y
T GacS/GacA X AHL fE#ENLH, Kbk
rsmY Fl rsmZ 43540 C4-HSL M7=, FE4R 2%
R gacA Bl 28 AR R s B T TR RE
MBS .
3.3 GacS/GacA =X KR SH4IF1 RS MNEERY
e

GacS/GacA #iE 114 2 M AN FINVR AR 15)

R IR, W WE T R 2% (pyoverdine Al
pyochelin) fl & J7 [H U 2 N FLUnEEH
# (phz) . HCN(hcnABC) Al 2,4-DAPG(phl)]7E 2
[ N A ¢ I i 1 = () L
GacS/GacA AJ¥EHIE A MR RL, It
SRNA T ¥ 8 ik G = e i r=A" . #e
B AR DG A B CHAO ', & BH GacA B
P AEYEEHIRFRsmX., RsmY. RsmZ)J4:
P ik gacS B gacA 2 KRR HCN,
2,4-DAPG JIrf7 2 315, T 15 58 A8 PR 4%
RETEZT EMEENC, 1Ak, @a i i
fif(Tryptophan sidechain oxidase) g "5|Wg-3-2 iR
G R S — A R B, e B4
2GR LB CHAO 132 5 GacS/GacA 11
PEFERO R R R A AR T R 11 B Y
TR, V52 B HRAR S PR A A = BB BRT S
53 NFRAE B, Sacherer 2P HA{IESE gacA
IR AR BRI TR ™ A 2 ol I S/ (B 11 6 R
BEMG O LB, TEHE P ARBFTF R, M
T RsmB/RsmA X Jitl S il 3k 0417 i V6 I 38 i
gacA Bk 58 AR (A7 A R I 2Lk g . B I AN 2T
Y R EEARE AR, Wk, VAR
Py F L 1A T Bk ) — 34, GacS/GacA J¢
FCRFE AR AT DA S #EbR I A Sl AE s it 1 1Y)
ot 50 0 A B R 5 0
3.4 GacS/GacA &

I S5 21 T 3 o U Y TR 49 0 2R G (type TIT
secretion system, T3SS)MIVIZEY 43I R 5 (type VI
secretion system, T6SS)I¥)3Z kYt 2Pk
PERYLEY . GacS/GacA T JAHIR 1 40 RGN
Fik, A4 T3SS HI T6SSPY . Al £ A1 2L B A2
— P A A BEOR R, AT SR 2 RE
PR o 5 S A B A T R e 28 e A e PR 2T
#e 4k (cystic fibrosis, CF)J i ; CF & fw)#

h RG2S
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PR 2Ry, SRR T RS FRIK T K
M P I SE 50 ; GacS/GacA ATk Rsm £
23 87 1) 81 5 A IR AR DG Y T3SS, T ) 15
SR SE R T6SSPY, IvAl, V5 AarkR
PR SR R EWHE Z 3] RsmA/RsmF
F 52 ] 9 5 3 RsmA/RsmF S — i 51 L 1) 41 i Iy
fH50F, ERNEFRE rsmArsmF 1, 4l
MY RsmA/RsmF A] {2 JE 240 i N 2P JI A G
IR F (kB0 9T W, Ca* il it Gac/Rsm
15 S T5 T i Tl SR ) 18 M RE
e ARDY
3.5 GacS/GacA AT AEMEEIE
A5 it A R 1 B 8 B 08 BlRe )
VLI 8 B T2 FARYI R, 755 1 PR 5
TARTEY AN . 1B By A A G Al R A
P HEREZ —, BRI A 3 FhizshZesl, Al
Wigsh, BEEMEEF 0. Muriel Z5PMESE, 2%
FANETE F113 A3X 3 Fiz shAHSCR B3 GacS/GacA
By f R $EE s Ah, P. fluorescens HY gacS fit ik gk
AT H Rk R, WARER, 7E
P. syringae pv. tomato DC3000 F1 P. syringae pv.
syringae ', Gac W/ RGtM¥EE R Eiz5),
1E P. syringae pv. tomato DC3000 H', GacS/GacA
I AP S MRE R IZ 5, T RsmA 67 ) 445
SEREE 8, RAEIEsED; X8 T Gac/Rsm
TR s S Y 25 24 . Gac/Rsm 7]
WD MR AR N fleQ FRIE, DT REAIR M TR
HIZBhRE ST, XFRHIE AT R rsmA il
rsme Mk H U7, Zhang PRI,
gacA KL PR ) 2k S8 AR BUT A R B A SRR B
S AR B Bl PR DRSS
3.6 GacS/GacA T SHIMERM 2514
EAR, PAERNLEMEHRET Z2E
I, CRIBPUA = 25 L A
AN L B R IE L YU R B AmEE 0 A

H
%l
il

N~

\

YA FAR AL B A A PG T Y. Li
ORI gacS MR AT FEARAR 2% AL TR PAK
XRRER . TR R MRS R R/
BT (MIC), X W] GasS/GacA W] LLiH#
YT P AE R P

AR, GasS/GacA i3 iy
BREETE 12 5 A0 1P R 2P . GaeS/GacA
i@ RsmA/RsmZ S 55X AR E | A%
FERAN BRI R A: R B 254 1)
AT TEENT BRI E T, % Gac/Rsm
VT A BTE S AR R 2 FE4R
LA PA14 Hh gacS BB 2 S B Y iR
I35 R A U K1 Wa o= 0K @ L e D) [T
3.7 GacS/GacA X FNEFHIFRIEIEIE

TEAE Y RS s IS Al TR, GacS/GacA U
2H 3 F2 Ge 0 I T BN 42 G i 32 AT ) R Y
RIREHEEEENERD, i 8 NIRRT #
Hr, GacS/GacA RUEH 53 22 58 1E P42 200 T R A I
IVES5 WD W& &3 N (R e e ]|
TIEN pel . peh Al celV ByFIL, ISR TR YLTs
FHMAYRE ST, RINHZRR IR B gacA JEH S
4 T B S IR P19 B (Xanthomonas
oryzae pv. oryzae)FlI7K fF 4 KEJ 4 (X. oryzae pv.
oryzicola)d', 2k GacS/GacA W4 4 RGiHT,
95 T T B0 P AR OG22k IR 1 3R ik 2 a2 g
GacS/GacA A i o 55 il £ Fh i S5 RN 3t IR ¥
SRR EE S H PR A FES IR S BOR I
B SR M P &K BE, GacS/GacA EIHFER T
HNFRXWFEERGEZ —, K Rem F %5
R KA,

4 HEH5RE

TCS X 21 PR A < FE W A2 2% i FR b 28 ¢ T
%, GacS/GacA 2=—Fh HA 2R HERE I
TCS, it Gac/Rsm {55 Bk KRR,
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RELAEENAT GacS/GacA IR N 45 il
GacS/GacA W 5 RGETEWMEEEAE T Hy F TN
AE. GacS/GacA XA 7F ARG 25 5T E
B AR T . BRI . R A
A A I I, e R R B TR AN
FY LR R 15 o GacS/GacA %F AHL ¥4 /E i
HAF S M AR5 BN 2%, A [R5 =i
% 22 1] PR B e W LS R A b T i 24 TR £
15 I IR AR 2 AR IR 25 o SRTT, XT GacS/GacA
WAy 25825 P81 40 T B0 P DL A 5EA4T)
ARZ REFMIAEEL: (1) FETC GaeS HIIE
T, GacA TUFLIEKHAER IEH sk RKiE, (2)
GacS/GacA R 43 7 G o Jgksz Hh BRI 45
TR RIS, ERTE TCS (8] /7 AL AT
ANiEHE, flhn, 7 P. syringae pv. phaseolicola
1448A #, GacS/GacA Ufif 5 CvsS/CvsR #H.
YEHIFE IR T T3SS H hrpR Al hrpSi ik . R It
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