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Abstract: Second messengers play important roles in the physiological activities of bacteria.
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3',5'-cyclic adenosine monophosphate (cAMP) as a second messenger exists ubiquitously in
bacteria. Under normal physiological conditions, the synthesis and metabolism of cAMP in
bacterial cells are in dynamic balance, and cAMP functions as a transcription regulator by
forming complexes with its receptor protein Crp. This article reviews the regulatory
mechanisms of cAMP-Crp in lethal stress response, bacterial population competition, and
biofilm formation, as well as the pathways through which cAMP affects the virulence of
different pathogens. It calls for researchers to pay attention to the upstream pathways of
bacterial cAMP in response to host or external environmental changes. Comprehensively
understanding the cAMP-mediated bacterial stress responses and virulence regulation may
contribute to the prevention and treatment of bacterial infections.

Keywords: 3',5'-cyclic adenosine monophosphate (cAMP); second messenger; cAMP receptor
protein Crp; stress response; bacterial virulence

Jefss —

5 {5241 (second messenger hypothesis)
T 1965 AF T RAR I, RV M 2 AR5 — 15
i (ML AME 5 ) A9 I8 55T 5% e B P 205 A5 {40+
FY7K, HETT IR 5 T e A LA L PR 58 A8
e BEFEWFIE R IBIR A, FEANER h R BT
MEZ B MG, I RE —EF s
T8 1223 3R R (cyclic guanosine
monophosphate, ¢cGMP)H1 & 11 ig 751k g 1k —
WEMR 5 (guanosine triphosphate, GTP)4: i, 7£
4118 1 (Rhodospirillum centenum)r, %ifid 21
iR FR AL A1 H 2 R B Crp [ R 4 B9 AR ]
rcl 3783 Fll rcl 3788 13RIk RS IE [n] fd i Ho A
PR R T S AN A e R 24 1 (Bacillus
subtilis)H & PLA A R F R (cyclic di-adenosine
monophosphate, c-di-AMP) Il 1 7 43§ = B iR
Ji#FF (adenosine triphosphate, ATP)4E-& i !,
BRI AR AR S B Ak, c-di-AMP R RETE TR
FU SR SN, FE A% A A0 MR BTEG i [EA
g h R EHE BB, B TS FRR (cyclic
di-guanosine monophosphate, c-di-GMP)H ¥/
¥ GTP 4Tk, Z S5 mbtA Rt |
BT S M R B A 2 AR A A R I HLAE A
BRI 2B MBI B S I 3 e EL A S A
WS BR-IRFE R (cyclic GMP-AMP, cGAMP) /&

LA IR & BRI TR B B B2 — A5 . 2012 4F,
Davies Z:UOE EELINE (Mibrio cholerae)d & FiL
HA GGDEF Z5#3(%) DncV 1, ZHEH#E
Rl FI ] ATP #1 GTP 1R R IEY) & L cGAMP,
FFUESE T X 50 AR M E LN 7E s £
RS SR E S . A, A 5 R RO
45 A 5 1Y 5 1 DU 85 R (ppGpp) A1 5 T #E IR
(pppGpp) W& 5 A5 B, A 520 40 18 19 &% 5% B
= ate IBuy

1963 4F Okabayashi Z"21F1 1965 4F Makman
U WF 5T 40 59 A WAk S8 AT 18 (Brevibacterium
liquefaci ens) Fll K Ji% #1 1 (Escherichia coli) H#6: ill
FIFRRFFBR(3,5'-cyclic adenosine monophosphate,
cAMP), /R T HAEM B hAE RS ZAF M1
Mo Wa, 1E 2505 A A ) )
REMEE S 5150, cAMP EHE AT
Y A5 2 BN (glucose effect) Fil 43 fg A i
HIVERB 2 iRIES, Ak, cAMP i85 545
A L ARV R . AR TR & LS B %
1B 5F Z R AE TR AR, 5 A0 TR AR AR AL
FR it 7 B S0 TR B35 1 R T s AR e

ARLERIEN AN cAMP 195 A 2
HAZRE AR L, B E AT cAMP E5%
M 24 7 107 98 S oy A g T T VR T, AR
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45 cAMP AHCAF Sl K ATTY, SR LA AN I i
3 N AEE R B o AL, DU 4T
T % cAMP VE & BT 00 # B2, 0 5 22 cAMP
slCHAMER AR 2 5 ) WS A0 ) B A
FIRMES

1 cAMP By & B 5 K #f

cAMP fE NI R LSS A5, R
H R # L (adenylate cyclase, AC)ifL ATP &
AR A O AN LY cAMP (19 2E S
RHE— s #N, ATP 78 AC 1Y
AL T 54k cAMP FF R B R, [FAT
cAMP ] 7ERE M2 —Jig i (phosphodiesterase, PDE)

JEXS AR AT AC 5 PEY S A7 7E 25 5 9l dn
Xof T4 43 1% BA. i B (Pseudomonas aeruginosa),
H cAMP B KA 5235 U5 A5 AL B3 i 20 i 8
i e v A g 0 R T R I, R R TR L N
cAMP Mk S RRAEPY, 7 cAMP [FE R IR1R
Hi, PDE ZafS 3L A (%55 cAMP 5 A7 (K&
FOE S-SRI 45, PLRIE cAMP 12
AP A ST R (1)

BEARDLK ARG A ], 20 B 3 2o 42 ] 17
FRIAL T CyaA) TG cAMP 195 R
IR B, CyaA T V52 2R I B =X Dy i 2
(phosphoenolpyruvate, PEP)-fiik 7K fb & ¥ 2 i
% W 2 5t (phosphotransferase system, PTS)HY

FEARAE F T ookl AMPYS (B 1), AC myiE AR PTS 1N —FME 2GS R 5, MY
PEZ RN ZFMES /3 FROTEES, N cAMP BT BERR AL SUDOKS BEIR S A1 7 78 2 K S Ml 11 &2
AEREE MG AC BOIEPENS, —SeHE g AC BWI(EIDE A RRIE Th 220, YA A R B = B
A DU AR R R A RS Y kIR MR RN EIACC B Swimik, It S

. 3 AR

Il P i Bicarbonat

levels CO,

A N

Carbon ------ AC

source o i AMP-Crp

m .

/™ < '
o~ 9 e
\ et (|}‘ N N
W _) o— E ()’\Q/ ~A
o //P ~a o'

ATP cAMP AMP

El1 cAMPHERSHKIE  AC: IRHMRIUEE; PDE: BEMR e Ahrid CF MK EAZEERRE
TERI AR N R . #i Sk Rn e gt E T, T IRERATFRR MR, ML SRR i I -F EE X AR 40T AC i

YRR WA AR 22 5+

Figure 1 The synthesis and metabolism of cAMP. AC: Adenylate cyclase; PDE: Phosphodiesterase. Gray
diamonds without text indicate other potential influencing factors. Arrows indicate stimulating effects,
T-shaped symbols indicate inhibitory effects, and the dashed line indicates the differential effect of carbon
source on AC activity in different bacteria.
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CyaA MHEAEF, % cAMP B REG; SRT, 24
AR A e, ETAYC Wk omiefl, S34
CyaA RS, MM cAMP KRG, i
17 i/ 24 R Ak P At i Y8 P 04 26 R 38271

2 cAMP ZH&REH

TR cAMP 38 i f 5 HAZ K E 1 (cAMP
receptor protein, Crp)Zh &K KIEVEH . Crp J& T
M R PR F CRP/FNR R, &40 ) 4 )5
PN Z—. Crp SH[EIEE A TEA R 407
HIIZAFTEGR 1), X278 cAMP-Crp JH44E ]

£1 ATREAEET cAMP ZIAEHER
Table 1

TEAN G A8 3 Pk, L s a AR e R T
P (Escherichia coli) i 55 15 5 i T 12 FITEA
DARIAFEE cAMP-Crp i [ 1 45 15 5 SR A 58 R
i, WREEREAAE, MEA 4 cAMP, Crp
£ DNA Z5&d IeisvERY . A sk
T 2755 F cAMP 454 106 Crp,
Crp W RP A A5 78 16 B0 52 51 0 4 53 Pk 67 A
5'-AAATGTGATC TAGATCACATTT-3', IR} Ay
cAMP-Crp B G IREXT KIAFF R 50% 1) 5 [
AT SRR B R, DT 5 RS 40 T B 254
AR N IR AR ) Ay T AR

cAMP receptor protein information in different bacteria

g2t N} cAMP Z KB L AFR  NCBLFAI 5 A = R 1 [R)R  * Fe i

Bacterium Name of cAMP NCBI reference Homology of protein amino Resource
receptor protein sequence acid sequence* (%)

KA Crp NP _417816.1 100.00 [28]

Escherichia coli

it 4 5 B A T Crp (KP1_5071) YP_002921585.1 98.10 NCBI BLAST

Klebsiella pneumoniae

S B TE Crp (Rv3676) NP 218193.1 30.69 NCBI BLAST

Mycobacterium tuberculosis  Cmr (Rv1765¢) NP_216191.1 No significant similarity found NCBI BLAST
Rv0998 NP_215513.1 No significant similarity found NCBI BLAST

] £ 1R L Vit NP 249343.1 67.00 [29]

Pseudomonas aeruginosa

RAGFED TG Crp NP_462369.1 98.10 NCBI BLAST

Salmonella typhimurium

AL Crp WP_000242749.1 94.29 NCBI BLAST

Vibrio cholerae

R HR IR 2R QR Crp WP_002212297.1 97.14 NCBI BLAST

Yersinia pestis

TR A Crp WP_000242758.1 98.10 NCBI BLAST

Klebsiella oxytoca

h Z AL TN Crp WP_000242755.1 98.57 NCBI BLAST

Edwardsiella piscicida

A ST Crp WP_004246872.1 97.14 NCBI BLAST

Proteus mirabilis

B 7 9 Crp WP _011079297.1 94.29 NCBI BLAST

Vibrio vulnificus

* LERIGHFFIE Crp 8 2 AT W] PR 4 L X

*: Homology alignment was performed using the Crp protein of Escherichia coli as a reference.
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3 cAMP & T MR M

3.1 cAMP FEHAEHILMEDNHPHIER

R TR R B R T, A
H T Z R ALHRDY, o cAMP-Crp & A1
TEIX — i B A ¥ LR R

TERIGFFE Y, #%50E PTS-cAMP 77 &
gt B 23 T BOR WA B 2 Rt A 2 AT 557
FEA TN A M . cAMP A R A DR 2 (6 Bk 3
N =R BRAG PR o) W T Al RO IR MR A, X
TGS A T A0 B E e 0 JBh 38 Y v 54 7% R
ATP G, AT 20 B 2 IO 0T A (7] 0 8 058 18 4%
T3 F v S B R it i TS 2 /e 1 Y. 2T 5
LWL, AR cAMP A T IR S 0 T
H (reactive oxygen species, ROS)F{ Huli g |
ROS {HBREEST, ATORI A S 52 DL 0 7%
P340 RGN cAMP KPR IR
SR et B AL E R T ik B R, X
SN cAMP AP REIL S BOLAZ R B 11 Crp #B
SRAE, Crp BT T2 rpoS L Kk m M) I
PAN N1 STIPN7E R RN DR =R C AT X8 VAN 12
1G5 LN X R A S 4 AR £ ROS Y BE
H1B31 AN, Donovan 2P e PR B S0 PE K
% ¥F 1 (uropathogenic E. coli, UPEC)" & i,
cyaA B, crp My Ek K 7EfE #F RpoS FRIKAIIENL T,
Whn T UPEC B MR XTI S Ak & R 38 1Y $E
Vi FilE, Jiang ZCHRAG T —ANE cAMP K F
P& R AN TR 24 2 B 01 e AT ) o 7 i
FESIEE cAMP-Crp E &R FRIRIG N, K
AT RN 22N 7 B R T 2 M A R P R
VORI o MR A Ve BE IR, cAMP-Crp
RGPS , NI ROS 19 7= A= F1 A AL N
FE{E it DNA B K, xS {0 A B T R R A
TR R AR A0 I RN R DR 9 A8 48 (i ik R T AR ]
i 25 RS L I

cAMP K F 1Y B N T Ay B
(Mycobacterium sp.) %471 A4 2 B . 2542 4
F T 1 (Mycobacterium tubercul osis)H Fii il 2 /1
A 15 D EES AC BYFERCY ) S A3 25 4% R AT
WA LLGEA R cAMP 7EMEE (RS2
AT G S AN AR s N . Flan, 454
SIEAFR T g AC 1 5EIR Rv3645/mackE #iJk
J5, HT cAMP KPHIREAL, 145 Mt-Pat 754
M2 cAMP RN R0 16 Pt il 2 BT, AT
SRR iR A I . oA X =R IR A AR AR
W, [FIB R H F AL B A & 1 . X P ZEEL T RE
AR I R A . B AL ZERL AR K
BLREAR, DA 45 A% 23 ASOFF TR 6 Bt A R i) 0%
PR AN SR, FEHEIR 43T 1 (Mycobacterium
smegmatis) mc2155 H1, Rv1339 F[K bty — Ff
PDE, HE 4 F ik fl cAMP /K- T[4 T 29 66.7%
FECT EEAN N RE W A Y REZ BRI AR
RWEA YA A KT, AT S5 S R o) 4 R
PR 25 (AN S e T B . D-IR 22 AR AT Ty
B 20 AT 52 PR R A

WAL, FEmBERSNT, KGR L
TE A TN AT PN Y cAMP K-8 1 X5 3 s ) 2
A FEESLYD TR (Salmonella: choleraesuis)
o, orp 78S AT RESZ NN 1 40 MURE B 2 B ER A A
AT S5 A5 240 T 440 B ) 3 a2 M, I 34 5 240 TR XHIG
pH {E AR LR (BT
3.2 cAMP EHEHAZFHHIER

o o I A P PR BB A, A0 S AT
Z ) T e o L AR AR e A TEX — R p
CAMP XA AEREAR P . 38 HE Fl
I T H AR .

T AR SR N7 2 200 TR RS v g — A4 4t e 2
JFE RSN (5 RS, AT ) Ao A
AT T IO R0 R I D R A N ] L
WAL, YW AGAE —EM8RE, &8
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Bl — ZRANAH N L B SRR, DAE T AR
HERAT AW YEETLIKE (Mbrio cholerae) 17
ISR AR Al AR, T i RS o S SR Y,
cAMP Z IR Crp AT LS G EFLINE A
1755 1 (cholera autoinducer 1, CAI-1)AJ44)
B A S AN T CAT-1 JE—Fh Ry
H5 071, GBS HapR AN, 7EEELIK
# Y, HapR P40 100 N IER A EIL, 72525
HAREARE T . il RE ) BRI ik Sk 378
J i B N5 S 2 b AR oM v R AR,
Crp VB — P AR 0% 7, BEAS L HapR
MR, DRI ESLINEr RS, ML
A BRI L cAMP 55165, LIgEHIAE
KILR B, Besh, Crp W REE AN
FEE I 42 R~ TepP/H G 3%, iR WOG ERLEE R
e SRR s i OCHE I, BRI, Crp WFEEL
SICER 1 2 1A AR VR M.

IS, cAMP i AT DL i 2 15| e 5 R
U0 o1 ] ¢ s P L T Y N v 22 IR A T T T
(s 2 AR B, TG R T K AT B e &
] 2 A1 B B O P VR S A ) RN I i R TR S 8
Ferp iy RPN, 72 RAGFEVD T G (Salmonella
typhimurium)H, cAMP-Crp AJ L& 3o 3505 2 A
SAiA %G 52 G I b 40 7= £ %) A R ) o
N-TE3E i 22 2R IR, TS B B 98 VD 1]
FC B TE M i rp i B
3.3 cAMP FEHEE YR EE R RIER

W R A Y T, i
ST ZHE . BRI, BT, ZAKAILA DNA 45
2H 1Y 2 i 1 3R & W) 3 5T (extracellular polymeric
substrates, EPS), ¥ H 5 2% 7 Horp () — F i
T RAENRDO LR BE ELAT 1 B 1 s ) S b
I [R] A8 fb Ak K RE A% 38 221 5306 EPS e U728 41 1 AE
FEARSE BRI 25, DAARS By L3 AN [
PR

R . F Y & K E (Serratia
marcescens) . it 72 H5 F # (Kl ebsiella pneumoniae)
EHFF R, cAMP-Crp & A A RE %38 2 7 17
B B B B 1 A TR A B A TR B BT
TERWFF I, cAMP-Crp B A RFEA DI B
JEE R R AR EE R BMER™: (1) cAMP-Crp
REME A A 2T 4R 05 . 2 Ml o B A S 40
ARIETT I —E 4y, S5 403 B 1E 40 iR Y
BhbFE, LU sh AR IE &, 1 cAMP-Crp
AT A 0 3R 8 6 th 41 4E 6 L i = 2R 4 [
- CsgD H#E s, T A2 2B P T 1% (2)
cAMP-Crp V¥ 8 & 10 A= W16 1 o 8 K AT 1Y
AEYIEIE St B rh, BB AR — R LR
AN AR WS S IR IR S LG 5. KIgAT
W HHEE A G I SR 2 50 MR, X
SeSEH R a8 h 2 A1k FIhDC il i
cAMP-Crp RERSIE [0 fINDC A3, MR fs
HEE A AP R AR TE . (3) cAMP-Crp
ELREINE T rpoSHE s, T R IAAT IRE Wi
VIR R, rpoS AR RBENS ;= A —Fh A i
S, TEFRECE KB B A P I 7 A
FW] RpoS A fEXT A=W AT B LA 7 AT,
R, cAMP-Crp il i #1Hil] rpoS ¥ 55 kA i#F 4=
YIRS IE B o

EMRwHEMAET, 3 BEERET 40
W6 SR AT IE BUAE W, 2 A P I i A A 4
SHZER SRR A SR N K SR, Crp fig
it HHEAE G B RO T 1 B 3 BT B
IR EE 11T KP1_4563 )5 3h T X 8ok
XPH AT RO E, SRR 3 BB DI6RE .
it 3 A W B T R R JE VD T IR
(Salmonella typhimurium)#, cAMP-Crp A] LI H
AR FEA DALY yihU | yshA #RINT-HY%E
s, IWIMEGE R NAYIER T, XREETE
AR ) 0 FERRER IR A B, cAMP-Vfr
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A R RERE RV AE YIS S de, e it
R RIE Y

4 cAMPETHEEN

R 1 0T 24 B 1 % BRBE 38 15 I A1, cAMP
B o2z AR TR (0 BT LA B 4 6 i Bl 5 T e A
M, FEEERIh BB P EE AR DG 1y R
Ko cAMP AT DL o 845 240 0 2 1l L 9T
E N TR A RE BT E RS .
cAMP Z S5iR¥E A E AR, A5G HE T
IR SR RS E: 7 I SOl S
PEAN AR A HE H cAMP K H 32 AR5 1 4 21
P B T I RZ IR (3 2).
41 FRZHBREEH

TEN S FE R AR, cAMP-Crp 245 F 518
1 P TR B M JE B £ B (capsular  polysaccharide,
CPS)%F — S H 218 J) K 11 2 35 5 AT IE ] 5%
M 24 BT PR D o I 4R o vl AT TR S R 1 R
3 AU EANAEfE EAn sk an s 1Y, X
IS TR B AE R R B B 18 1 -, REABARE 1F
A= W BT B O s O i gk T E A B R
KP1 4563 JLRA T 1 BUA0 3 BIpH R A H T,
it —MEEE M, Crp RSN THS
P IXI, AR, KP1_4563 HH k0
T YN BT RE 1, Crp REMSE N B A F
HoB sh 7 X ok 45 KP1_4563 RY%ESE, T
KP1_4563 L4 H AR AE 20 i 4 3 B B 1Y
Difie, Crp FEXAN b o (B H2 b 1 ] 9855 17 40
AR S, Crp B REREIE AT allS LR
sk, ANS B BEGE A& s B A #  # )
HNFZ—MRER, AR alS)H3hF Xk
RIT Crp BUFESEE DNA HAIFES, Crp 7] B
i EES alSHshFr RS G, et alls
SR, EUM R O A 77 1T

CPS YEA 4 s s AR Y F 28 1 =2 —,

AT LS Bl 4 TR A T 0 A B B I e ek
Yl g LB, Crp Al LU CPS WIAEYI&
A, Crp 5G54T resA S B F X8,
X Gt —A> CPS 5 5% K, cAMP-Crp
A DL E A CPS AW & I e 5 . AR
Acrp ZEASKEAT LU= AR 20 CPS, (HXT/NERAY
AU S - Acrp RASEH AR CPS PP dE
{HIFARRERS AR N crp B2k 7 5 B0ry Hofth 40
PR 7 77 A AR

2 KT B BG i mT LAsk 2D 40 i N 5 AR
fifi cAMP 7742, Ffff cAMP-Crp {553 %3
Ay OGRS M A B AT U e R AR A
IR, MR A I 98 5 B A B 5 | kS JH T i g
B, MeREAE MR 28 M B 1) & A 2 i TR
PRI R, IF ELAE BRI AR X IS vk
FERARE AT, MR SRS RN A
i CPS BYE:IA galF. wz #il manC )ik, f
A 2 45 40 T G B RE 1 AR 1 RmpA F11
OmpA JHE5%, RmpA 1N e AR P&
BB SIINT, BB HEIEWER A, TR
B B B U s AR AL 2 S BB MR ) B
ke B N (Tp:h 1B R T
4.2 RSBRATE

SN BT B AR i AR P9 9 2 A RSB AR
3 BRSBTS AR AL 1 BE
cAMP VEN—FPEEEL RIS A5 6, AMUAT LA )
SR BT TR AR B 2R Ak, I8 1855 4
PR R A BRI AU 2, foff HERE A% 38 A [F] A R 58
ZET ) NN R IR Sy . AR, A5
BAF W RE RS @ L P AR T i) cAMP SR 15 3
TN A Y. AC BERE A it i
cAMP, SEEWEAMEAN cAMP KFFA P,
1M = K-/ cAMP X B Wi i 2L A #EVEH
AT AP A g D RE L 2 R A st T, ANITA F)
TEE B RAE T AR TS FIY 6
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#Fz2 cAMP-Crp/Crp EARIHAEFFATHESHHAR
Table 2 cAMP-Crp/Crp regulates virulence in various bacterial species
i) cAMP-Crp/Crp JAHE [ /3% K AR S DR AR B0
Bacterium cAMP-Crp/Crp regulated proteins/genes Affected physiological Direction of Reference
activities/virulence factors regulation
Jii 98 e e A T T KP1_4563 (1% 3t M 1ET] [69,72]
Klebsiella Negatively regulate the transcription of Pilus Positive
pneumoniae KP1 4563
TE I P allS kst PRAER 1E[] [73]
Positively regulate the transcription of allS Allantoin Positive
B3R IE galF . wzi Al manC 3k | fiEJESME JERE 1E[] [74]
ZE 1 RmpA il OmpA 131k Capsule Positive
Enhance the expression of genes galF, wzi, and
manC, and promote the expression of outer
membrane proteins RmpA and OmpA
SO fiLiE RpfA Y1k PRIRARZS 1 FE RIS 1E ] [75]
Mycaobacterium Promote the expression of RpfA protein Reactivation of dormancy Positive
tuberculosis IEM AR serC. whiBl f3834 HERRE 1] [76-77]
Positively regulate the expression of serC and Growth state Positive
whiBI
5 FrdA ) L3z X kah & BRI G 1EM [78]
Binding to the upstream region of FrdA Succinate cycle Positive
Wi P HID (7535 11 4300 R 56 i [79]
Salmonella Regulation of the hilD expression Type III secretion system Positive
PEPE R P spv 3RO TR T 1] [80]
Regulation of spv operon expression in plasmids Flagellum Positive
JAYE ENANT i 351k T IR 1EJi] [81]
Regulation of EITAN" expression Carbon source utilization Positive
HBIR #R LG TR JA¥E Pla B AR FEA 111 B 53U R 4 1E ] [82]
Yersinia Regulation of Pla protease expression Type III secretion system Positive
Y CsrB Al CsrC 14 AT TE ] [83]
Regulating the synthesis of CsrB and CsrC Expression of virulence factors Positive
FERR TR G aroX I NRPS #0714 53 TV HfE#ER IET) [84]
Klebsiella oxytoca  Activating transcription of aroX and NRPS TV cytotoxin Positive
operons
FPEER MR RN RGE . RSN R RhbHE 1E1A] [85-86]
Enterotoxigenic Regulation of secretion system and enterotoxin ~ Adhesion Positive
E. coli gene expression
GEESSFRE oNe) ¥ jasR, ChP RG2S R e s B8l 1E ] [87-89]
Pseudomonas Regulate the transcription of multiple genes, such Motility Positive
aeruginosa as jasR and ChP system
B3I SN Z2 R e R JeE s AR XU [90]

Vibrio vulnificus

Affecting multiple virulence phenotypes

Capsule, motility and adhesion Bidirectional

i R4 miE N U Br e R B, A
BT ARBRABERR, BT orp RN L5 0k
FF TR 7E /)N BRURE Y 0 W 40 i rh 9 A K R P R

Crp L HATE 3 4> cAMP S5 G300 4
e — 5 b R R EA R E R DI,
B ERZRHE Th 2D 100 DMER, Z—Fb
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A A A K 2 AR U1 Crp T DL E B
P GG A B p— S EE L A K . i,
Crp A LI i 45 52 5 fie i A+ RpfA B3Rk,
FLAE DR MR 45 4% 53 BOFT 81 355 52 0 1 BT s vh &
FEVERT, Crp i 18 2 ) B TR 22 2 IR I il
IR serC YRR, 22 &R A YA kG &
SRS B R AR, Crp B UE
A LA B 3 0F 1 PR 4 whiBl (323577, whiBl 4ifid
APl & & i IR wbl K (i,
AT A A5 A A I B % AR K. 4, Crp B
5 & SR R RS G FrdA () E i X 84
4, XEY Crp 25 T 45RO B IR
AR AR T, DA 5 i L I Ty RETS

PhoP fEl—# DNA 254555+, ALk
SO N RO IE, XA BT R B S
i3 N 1 S Y e w ¥ o e
% Crp WA¥sH BAE R AR, ¥z 5|
PhoP (W%, BEfRILAY PhoP 2k T Crp 7EH
PRIEH B R BT BRI Ak, S5 A
FFIRT 2T AL K% g ) FAE KRB 1B
FHUOT RS WEANIEET S, cAMP WX
Crp ZTHALRTATE AT BESy HHEEM Crp 55 DNA
WM EAER; CBABVERT Crp 19 C i DNA
SEABNRSFIOEE 193 Ui R, JF o £t
BERRBRUEAT Y s S5 BAF BEE B Crp
F Ik A K Crp 55 193 il & R iG] 3% 2 Bk Ak
KA I ZE A% S AT B TE T AR A AN
43 WIIKHE

ANFEFPTTRE T, cAMP 2 (R 1
SRR BE D7 AN )RR B ) I 1) AR A <
EGLTTRE S, Acrp RAEKAR Y 40
(RE ) B FRAR, HodE e R 22—l
IHAEES 1 (SPI-1)ZA% Y T 1430 2 55 (T3SS)! ),
ZR G W BV 2 11 SopB il SipB fES AT
B0 EEL TR A cAMP-Crp

524 AR % 38 R i ) R B HIID fYER
BT E SPI-1 Rk, 3520 SPI-1 Zwiith ()
T3SS W4 INRE , F 3% & A SopB Al SipB
TR H st iR e AR 28 s b
HRLEIRE ST, HAR SPI-1 WFVbI ] R YL 2 ¢
U, (HILERIE T 0 R R A AR 23 0 28 AN T
A KR 2, cAMP-Crp %) SPI-1 #H
KL PR R IR 1 PR e A oA B T v A R 3
o7 A AR

FERGFEIDT TR R T, cAMP A A2
VB 11 B3k o 28 A8 PR 1Y) B 7 [ RE 2505, A AE
T W 5 302 sk B! Toik O
8 AL 4% 2 bk L g AN R SR Y IR T
R FEVD 1 FC B 25 0 Bk (1 spy B0 F 2R 16
SFHCEE I REALE, AR, IR Acrp ZRAERE
ARG FEVD T IRIA G, HofE 4 E Tk
b SR B TG . FLERAKOF- . ORI AN
ATP KE-¥ A BEAA, £ Crp v HEE T
$8 58 0 A0 6 R A TS S B B BE T
Crp i A] LI #1390 BIANT (—Fh 55 S8 X1
AACH PTS BMmiakik, i ULV TIR A RE
0 S AT SR PR TR, I 2 7 A R
4.4 BRRIZIKE

cAMP Z{KZE F1(Crp) [ AF A2 BUZEHR R R [G
1 (Yersinia pestis) Y 8 254 ¥ K 1, 2 H
T BT TR AR R ER R ARG, crp
BRI 2 28 /0 6%5E T i &% 53, ¥ e S ik
PRACH A EE 15 2 A7 H, /N IRFIEE T
JEY B HI R AR R i A ep, erp AR S 3
HA S0 B AR,

RovA il Crp ¥4 815 B HI /R AR A A=
RN BE 7 A S HE PR 3k BT O 55 1 2 R I
T BT RS PhoP/PhoQ 2 Bl HE /R #x
PG 7= A A W B B o 5 A TS O LA SR el
w2 T AT A R A M N A L B
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SLME AN, PhoP/PhoQ REME X Crp A2 I8 1
FHU20 Hrp PhoP R3] crp 1 cyaA By 35 1 X 3,
DA Bl g RS 7K AR ER A P 1 35 1A G (K] . PhoP
REAE EL A rovA A 1Y T RovA REfE ]
Al crp Al phoP %5 51, i PhoP, Crp
Fl RovA 4151842 Jay 4 188 o0t B HIS R AR LR AT
SRR R I B ) A4 AR LR, Crp I8 W]
PAVAY T3SS #29\F Pla ZH FAREAY IR, Iiiin]
R B2 R T i B R i 2 ) B 2124,

WA, SR BRREME DR AES
cAMP-Crp Bk A G R G Z RIFAAERE R o
CsrC 1 = AL/ Mk B i B FR i h Rk
ELFE DA 2 B Dy S i I ) 1 7 S v H SRk A7
FPHINST, BHFIE KB, Crp RERE MR CstB Al
CsrC Wif Csr RNAs A& ™, Hidr, CsrC ok
R RERBE B R B 1T RovA Rk
TR, HR R R R X ROy S RE R
FEROLE B TR R R, AT RE 6 ] % A J%
P R iy EE 1 9T B B S i
4.5 HtbE

FEIR v B A T (Kl ebsiella oxytoca) & A2
EHORTE, H 5™ 5 R E R AE 1 7 WA %
B IR A7 2 R (tilivalline, TV)4HMITEE . TV 7]
S o 45 B R U2, AR U R A
AroX FIEEY\T NRPS Fifit i ik oix g 120, 1
FERBL, Crp AILLEHZB0E aroX Fl NRPS #:4L
TR, T TV AR D, orp AEk
I RERE A ™ PR SO B (A B X HeLa 2 Jfd 1) 41 A
BEPERY,

1 i % {8 48 [C B (Edwardsiella piscicida)
o, crp R SR AR IR By Tk = HE B G LT R B
iE B VER D AR, W55 T kR TE 3 SR T R
MBES, s,

7= W58 R KA FF i (enterotoxigenic E. coli,
ETEC) & A JEF14& 37 sl 5 d5c i WL AR I 22

—, BA R FSMNE cAMP fRE S22 Bifge 3
B, cAMP-Crp & &9 7] LAJH ¥ ETEC #5310 &
a0 UM 2 5 a2 S R A 1 R Rk
JCI U c AMP I R 18142 21 T 26 B AH 56 3%
, {2k ETEC 2 BfF 1 = ™2,

TEAR AR BT, B AE A PLRAL Beds
REfS BN EAR TGS, B cAMP G
A, AR A R , RERRE AR, Xt
YHTRARELN cAMP i R BUR. B cAMP
AL E 30 jasR, ChP ARG 2R A 5%,
T I [ R S0 2 A P g 751341930

1EAI5 9 (Mibrio vulnificus)Hr, Crp XA
)8 1 MR & ¥ 35 WCER A - orp ZE R A 28
R R RN EE T, M T A
B L I b | s S R A A
) 85 B e, ik 2 B . H Acrp RAEIR T3 T
HeLa 4 Il () 4 I B 4L s HE , bR 5 RixAL B R
R T 4 e O

5 ReE5RE

g5 FRTR, S AR cAMP TEAN G T
WAETE, W 5HZREALSS, TR
ARG SISO, o ARSI iR1E , cAMP-Crp
T L3 o 5 e AR S B R 4 R B R Y
RpoS 114 215 PR 40 B R 38 S B, 5 ml 8 1 A
JERN, A= W) BT B35 M) 200 7 R S 5 4 P RN PR 35
ST VA -7

cAMP-Crp B A 1KEE Crp & H X 5 H 7
JIE T HoA 2 2. AR H Crp 5% 5
JIRER 3 R B 2R (R 2), 1 Crp X [l —
2R P AN ) 5 7 DR HA S A s 1 R PO,
Eb AN e il R 72 T A B H Crp 0 CPS ITE AL,
{EAT RE 02 o H At 25 7 IR F I A XK T
A BN G SE cAMP-Crp 5 40 T8 2 1 M DGR
FEMELER S, WITREM S EM cAMP-Crp
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TEA R0 5 AN [R5 7 28 R e 35 0 e ek

2 T A QI AT RE 2 A TR B T 5 T 2k G R B
HKVIAL . FIRMAERFREN ™Y, A
Bl T 98 m 15 0 B AL, i 2 0 DA D T 4
PR P A R MAF G, TR B 40 PR i 24 BL A T R
SN TR A B R A AR T I HR 2B
TR 24 P 39 R R A TR R T R R N
A ™ ELA TR 7 7 5 2 PR T =22 ) A RN
S FALRI A ReRoE . A28t cAMP-Crp
EodTaHWE N SWMAENXER, A
cAMP-Crp JH¥ ik f3 23 WK 37 4 T X Z A i 2k &R
BT ST B3G50, A P AR AT B TR R A
U4 3 H cAMP-Crp 7K V- 4 1 25 /1
ISR T A — B 2). R [l B 20 T £ it
TE cAMP-Crp ARG S5HiA K52 R P 1
FRUA436T 3 B 3% 40 A Q] A 2 40 1 o
15 A R 25bE 22 AT g dly, n s 2ok
()% 77 5 T 250 22 (8] 19 5% 28 FT RE 2 R Sk 40 78 A
B SRR A AT 22 5%

cAMP BN AN B 5 W HL T A 0
o HAT, cAMP i Wik IE AR 46 1 _E R S
MLHIBF I8 IR AL 273 i cAMP-Crp 2 5 )
WO N BRI — LRI 58 Crp T Ui# A L HE s 2F
17, [EEEAEEEE S cAMP-Crp 7] DAE T
i SR S 00 20 T 2 0 A 258 R RS (3% 2). 1B
cAMP ]I A RSN T, DL
TEAE F 5 5 R L5 5 BT S5 S5k i
PSR ) R RV R R, B,
cAMP-Crp VA5 i LI IRE ] BB cAMP
IEEER 0 IO SE
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