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Advance in molecular mechanism of host-microbe: invasion and
survival of Yersinia pseudotuberculosis in host cells
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Abstract: Three Yersinia species are pathogenic to rodent and human, include Yersinia pestis, Y.
enterocolitica and Y. pseudotuberculosis. Y. pseudotuberculosis can transport across microfold cell (M
cell) distributed on the peyers patch of small intestine of mouse. They initially take advantage of the
surface docks such as adhesins YadA or invasin to interact with B; chain of integrin receptors at the host
cell surface. Then, Yops are exported by the type III secretion systems (TTSSs) when secretion
channels open, and finally give rise to suppressed host immune response. Many studies about Y.
pseudotuberculosis have been published over the past 30 years. Advances about molecular mechanism
of interaction between Y. pseudotuberculosis and host cell have been reviewed here. Meanwhile, the
focal point and developing trend about Y. pseudotuberculosis were also discussed.
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B 4512 /R #R EQ T (Yersinia pseudotuberculosis)
R ARG & h—Fh AR SowR s, A
YRR, 2R, AERSIFEAEIY)
fgo W TE BRIz, R E N E R R
TG AR A5 A% B IR AR G T 19 3l ) 2R B0 2 LS5 4% 19
SR, AR OV L5 AR R SURAE ;. NG5 A AE
RBIA e . KIm . IEIRANAK 25 [RIE 5 [ f%
R ELE 58, 5 R R A A RLEREIR 2 WM £
i 4 Ry L AE 20104 A H /R R IG TR E 056 =K
PN B i sy s N R 5 s AT P VAN A
A W R ARG D, RSS2 A A, 82 20l
SERHI R AR R R LT SR T4EN,
TE 2% 22 H AR 5 A% HIS IR R T TR J8% % 114 191 o 8 2
R G T B B B 16%, A 1995 % 20061 4F
B), B A2 B 7R 2% FC R RSB U &% 95 % ML0.000 6%
B1%10.004 8%

TSR IN, (BB /R 2R LQ I 1) 3 2 B
S/ NHFERRSEHIAR S I Jz 41 2 (Follicle associated
epithelium, FAE), FAE L/437ida /Mol Gk ELZ,
(Peyer’s patches), {5542 ISR 2R FQ R gl /N TR
Gk 45 L A —FIRP R P R R A A (B PRl M
200l Microfold cell)ifHA TR0, A
B R MBI ZRE RIS . KA ZE e FIR
AR Z )RR . AT S 5% B0+
K HAUFI AR T T 28R, [RIBHET T B
BERI R TR TRBARFE RO 4y 2 G W S L %6 1)
SAARAE TS TR AT 3

1 RER. FWFEMESR

19854F, IsbergZFt it | — MRS HR /R AR G
PRI SO ORS00 5 Al A M R AR T 1Y B
PUEERIZH 91, B A I L Bk i A KT i
Escherichia coli K12, Y43%ALIE K IAAT i Bk L
JEREFE I LR AU (HEp2 41 i), Jeede— B
[ i F FHT AR 2R A SERE A R 2 TR A 20 87, 70
R AHEp2 i N B9 20T, T E T A5 A HIZR
AR DT B FE A B R IR T T ISR A BE T IR
JAAT K122 AHEp2 AL RE H11) . B, 19874F

Isberg 54 H R ZEAZ HI R 2R [C T 1 inv BE R g iR
Wk K12 B A 1R AT L3 Y 240 L 1 e
FEH i —Fh R M Invasinf¥ 103 kD4 B 703 1f 2
U, SRR R AN = ARG IR HEp-241 it
invIEIR I RIBZ Z R A IR By, A | 2k
K& B BB ApHIASE, XFEE
T B G N FRovAI S 5 o TS IR XS
invFERIIREVER, Nagel58H—AN 8 A inv I
inv-phoA il 3£ B &85> —F5 IR EHEYPL (inv',
inv-phoA), LA Ke— >R G T4l A 5B fiinvk
T, (AT invEE B L5 A inv-pho ARG LR Y TR
YP2 (inv, inv-phod). MfiT&BL, *4YP17E25 °CHf:
b FRE A KIS, invIER R IR s 124
YP14bF37 °CHt, inv-pho AR HLFEEA: K 11 4 41 fifd
PSR RIA I T 1065 o SRR EE A ) R 25 A%
HB /R 7% EC T YP I B inv-phod 26 ik 76 KB 1 # K12
Hr, TCIR AL 25 °CiRJ&37 °CHIBIARRIL . ik
ALUL, KIGFF 0 inv R I A SZ IR EE Y, R
TR inv L AR B PR SE Y, Nagel SR A5 %
U R 2R EQ TR 14 2R R 4L 51 A 55 A inv-phod @il 5 T kL
pAKOO2 K IAAT I CC118ApirH, kA5 3 52 1
7R RIBMinv-phoAFATERERE, MITTHHE T RovAFE
PRI R i 35 DR GIIRLRE B VR, A AT T X i i )
FIEAT MR BT, B T inv I R Sl B
207 bpff7ERovATE H (s & i), AT LB,
RovA7E37 °CHYREME R K AR, T, inv3k
FEARIRYL R IR B BRI DI

Isberg 54/ 4345 76 2 PRI 42 11 [ Invasin A] BEJ2&
VB R BT i AR W 5 1 AR i SZ AR 554
1990 4¢, flufi 1485 th Sy A0 I K i 1) Integrin £
#& Invasin FY3ZK, Integrin 25 1/ By BERELAAE R =5
SRS EEAR, fEHHBRE IR R ICEH R A
YAt @4E, fA1&E Invasin K H C Y
192 MR IR 54 Integrin S5 G S5M I, 124510 158,
AT 575 TR, Hynes FI Isberg 2556 RN %
I Integrins J&— K7 T RIKEEBEE M, BefiE
B R 1 A AR RS . kR 5 Fh

o Inv
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Integrins HE-5 Invasin 254, 7370 (0sB - 0Py - asPi -
aeB1 Fl aBy), Integrins VE R AHMEANE T Y32,
EAES 540 A2 A A AR, Horb i
HAFR SR osfy, W/24Fi%EHH Fibronectin (Fn)
HZAAK, Invasin 5 By ZARAIEE G006 1 3240 8
RS, TR S A AN 0 RS R
Integrins A LE [ K A RO FEIRETHT, JoIk4%
/NHNERAE, (B M0 2=/ P
Integrin H1 Invasin 25 #1731 76 240 i 2, 3ty
SRR RE T R A2 i 3 B0 HB IR 2R IR B A S A 7E /1y
I b B2 2 X Be 4T it P . 1999 4F Hamburger 25 f# AT
T Invasin AL, &I Invasin FYAHHLAH
XA 5 NS, 5255 AL,

RGD %5 4 18, (Arg-Gly-Asp) 4] 42 7 £ 1% 5 1
ORI . BERS A T A0 I A B A = KF A, AE
Integrin®t H A IAFTEIZLEFIK . TiInvasinds &
WA RGDEEFIR, {H 2 PR 1 Al IntegrinAH BAE H
S AR P S5 R . Y & BlInvasinfilIntegrin A
REE M N 256 I HEER AL, Integrins £ 2L
MBS TR o B AN DX 5 i R 40 22
MHEAER, XX TFHE AR LA SE e, i
XA DX e % B 1 55 5 4 AL AR 2 ) AR AR
(B RARERS NN B B 112,

TEARZS 1 HE /R AR TG v & BRI ) — -S40
PR 28 e 2 200 B ) R B 2R ke R R B ) 1
YadA®, YadASEHIEAE19824F B & BLAY, Bolin%
IR B ORI RS AZ S R ARG YP I (PAE K
FE26 CCHIFREE IS, B AR R 4 & % S Hela
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%o B THFSEZIREBLE , Bolin S ia T o Pk
JFRL R 2 AE B FRYPIT(PT), AbAT] & AL YPII(P)
G326 °CHI3T CCIEE I, HA M HelaZ iy
RE o220 IF HAATHE26 °CEREEH, MRS #
HE /R £ G YP G B+ 4k /N B (Swiss albino
mice)f & HL, YPII (PO X EE & 2 10° 40 i/
B, Y IR AV B TR 30 10" B4 K 5 i /1N FRUBE
T-, AR AL T37 cCHAEE T, BRI 2R

T o AR ZE R HE R AR [C B M 26 °CHBE iR 3
37 CCHEIE, KBAE2 minNiESFAR—F 0T
HoH41-44 KDFCRIAMEER (), A THEX R R RN
FEAL, Wit YadA, YadATEAME AT LIE L = 2814,
TR 02638 52 B B R 3 f s B T S8 i o)
YadA R IR E5 % HS R AR QT 093 J1 IR 7 (R 2
R R AR R I B FE ARG 25 7, YadAtIFHE
TR SR T,

LR SCHRIRGE T Invasin 5 YadA 9% %, 1)
4N Yang Z57E 1993 4F & B, Invasin & FH Il A AL
AW YPIL(PY)' Invasin AT5230 HRM T RE MR BURL
IAEEE AL, TSR T YadA JFFAEHE ) Invasin
EHRZE YPII(P)H Invasin S20R40E RN AL,
Yang 5528 THUESE YadA S-S AR NALAIFERT, At
& YadA HIFEA R Bedfi AZAR pACYC184 H4 1Y,
pAY04 TThL, FAWEFETEE YP332(P™, inv),
RIEA pAY04 Fkifl) YP332(P™, inv)NALBRFA T
PRIGANR ABE 15 T 100 13521, Marra 25 1997
R inv B S R AR P-invDIIIE FI
P-invDI11A, %51 5¢ Invasin 5 Integrin FYZ5 5,
LM RERREAENNAR, K EL5HZIRMEE
F15 BRAFAB AR A5 Z RS A . 45
RN, DA TE A 1) i 28 A8 TR R AR A A1 1Y
AESI T P-BF A RIBEAR AN P-inv SE AR JA],
YA/ M 45 min P, FEA AR U4 2k
PR Gk EL 2, o it 1 58 AR (AR R A2 i 40 P
A6 RS, 1SR AE /NI T A P s e mm, B
)2 P-invDI1IE AL G2 IRBIRE ST, 18Rk
ZHME; T4 P-invDI11A FY Rk [ R A 8728 fdi
YadA KR ETRERT, HHERIH AT Invasin (1)
AT, X LE4E R L IR YadA (95— AT IRE
Invasin B A4 15 578 PR 40 B 70 /N i 200 B 22 1T Al 4
BT YadA FIFEZEDY, T YadA F1 inv 1 A 75
TRHIRDREER B PR , X BBZEREE S iny 6
ARRARACR (B 40 12 T LA Y YadA FFAE
FEAR R/ 200 ) 4 T P B B O

W5 KR BB A AZ ISR AR B B S T YadA R
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1A N 3t 33 A~ SR i 45 5 41 3% 25 1 ) Integrin
AR asBr, I SNZ AN R R AN L AR AE M
45 Wi 5 HIS 71 AR TG T B9 HIS R 2% IR B Hh ik & L 5
— Fh )R 22 R & Ail (Attachment invasion
locus)*233. - Afl J&— 7 py 41 BR Y £ 1R 32 1R 25 ) 1)
17 kD HISMERR 1, £ 37 °C B, A 2530k
A8 T/INA LS RABR ARG Al FIThEE, ALFEI
T B CRMA DU ) . BB AR AT R4
HHERT A SCHRAR S IS IR ZREC Y Al
WREMEIE T MUt , I FX PR T REFN/ NMAZE I %
HEJRZRICH —FE, Ail BBHE -5 FMA R 2 IR 12 FNiE
RN HIF T C4ab-454 75 11 (CABP) 545 &
I R FRMABTIEAE T, XA as G1E -5 40 Y 1
WA KRR, AR, HIERERGATE T
FERMREEAZ SRR G Al 8 A B R
AZHRIRE SIP, TR HALEE, Tsang Z54E
2013 A KR A KT Ail 1 3CEE o F 2 2P 1R
LERHR/R ARG YPIT |, IP2666, PBI1/+, IP31758,
1P32953 DA K BUEAT# KIMS ., CO92 #kfT T &E LMk
JPHN X, 5 R R 2R T S AR 2,
A5 /R AR G YP IR IP2666 (1) 43 {3 KA iR
RETHRARR, 126 MNHARICETRENEAR,
IP31758 F11P32953 HA 126 (i HYRFEIRAFAE 252,
MXFF PBIARYZEILIRITH 5 BUEFF o 1Y IR T
58 —50; IF HAT & BAE K AT i b Kk
YP A EREEAT B Adl R, i R AR AL
ML BE SRR 1 50%, TR 3k Bl
FFRIZE75 28 11 Ail-E43D % Ail-F126V I}, BRI
NHREARE TR KRIEAR, 76 BEFF IR Rk R A
BEAR, B R R M RE T BRI T
30%-50%, TRETZHR/RARICE YP I EAIAS S
REB AR AL B P B2 T, AT 33 R A T 4 i
BRI A O oA SO A (A% I R 7R [
YPIT Y Ail 955 7 e ad e T RaE b, ix
M Tsang SFMS5 A —20, FRATTHHEI X 7] 58 /2
T R Y o

2 HMES1E EAMZ R EAE T
2.1 “HugE HLE

Cossart &3 20 B =R A M 4 3205 05 A
Fifr, —REchbiE =, S —ficoheig =X, If
F HH 2% ST T R IS O 2R E T A P ML
“Pri BTSSR R R 518 F A2 AL,
Gt Es, Btk EEHE, MEERA; e
“f &AL, WV R (Salmonella) MIRERE TR
(Shigella flexneri), AHPEAFH— 5 a8 =ad A
1 Wb & 4t (Syringe-like type 3 secretion system,
T3SS)4t A O AR B 113 5 1 AR AL,

Y. pseudotuberculosis f= NV ZLAH MRS F1] FH 25 5
RGN 8 RS2, L R AT o 3 ik
M ER: (1) 4R . X — 2D AKRT4H B 42
1 XA E 24K, 2R EX— L wAR .
(2) Phagocytic cup FIIE . iIX—PRR-ZIRE 5
TER, Ml L& RS Y REFS, R
AW S . (3) Phagocytic cup J&H I H 45 0]
WLBh & AR,

22 MEG RGNS F

I #4530 R Ge 2 — A th Z R0 4 LN % iz
RN AR IR IE , Salmond il Reeves $2 H T 264433
RYGEZ AN HR F R 3R B Y HS R R A
EEBER: 2 i vl TR || i VS W U A e =
16 Ay, MBI RGH LS, EA—RIIH
% Yops (Yersinia outer proteins)f4%50v 2 1 T A IR
6 ERIRIRGPENE 5 Yops fRATE FAIMLE, T
ZAE M, WA AL E B
RRAGS . Hrm AT, MR AR ICE
TETE FERVAHMIAN R i 25

5 2RI 3 FhAR/R AR IR YHHA —1> 70 kb 1Y
kL pYV, WHEFRVEREME R, XAk 2R 2%
IRIEBEURREE AL, BB PIF1E T s R
1 AN EEE R R A58 4> T+ Yops Fil—2E3
B A BN T3SS B, S48 6 fif
Yops: YopH. YopE. YpkA/YopO. YoplJ/YopP.
YopT #1 YopM. YopT HAE/NAZE 2 I8 /K ARG
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Ry AR, MHE Yops 7E 3 FPHB/RAR G &R
. BHATHIE, BT YopM, H'E Yops 84k
EAMEIIRE, YopM myZhfie RAEDEU Ui SCik
B YopH &—Fh R E IR IR ; YopE J2
—F GTPase WIHHEIT; YopM s&—F 2R EH

YopT J&—F Pt =M 2 il ; YpkA S2—F 2 I6E
R, N-ii[R) i A% A W) 22 2 95 2 B8 B L R 4G
Wiy, '"BEHEE A —1 Rho-GTPase 455 45 fl—
A C-omfl R 45 G453 Yopl J2—A~22 1R/
TR 2 A Y, Shao 7 2008 4E & # T X
T HE IR AR LA T2 3500 43+ 19 AE 0 Ak 2 D e
ZEaRPY X 6 R & FIFETE AN AUER T
I REMBORAON LR 1, (HE X S
ST YK RIRESE , AT REAS SRR
AT I AN TEGHEN, Shao Mo f i He i
YopE. YopT Fl YpkA iX 3 F&i i £ I 7E LART AY SC
kIR IE AT RESS & Rho GTP [, 7EAWEAE I Hh ol iz
ML A 2R B HE, R X AR — g E AR P fig
& T H AT 7 ik BR A 16 ik S8 2R 1 T e Y i
Br, I Has S & DI Red A 7 TAE SR N
AR Bl — 5 . A SCERIRGE $8  BREAT
W RS RZHRR R ICE R IMG S5 I 9 HE R 2R G TR Y

1B BERAAE i e (A SE Rt i) T B30k ),
/NS RARARIREN 1B Bk, HYL AR
Ysa TTSS AERIANH7E B AU B REE , IFH A
A58 A 2 1 B4 2 i O R T — SE RS i
it %3 W ROV 53 F o HUA YopE S8 43§17,
(B IX A 731 28 G2 R D RE RN S5 R T 5875 AN R AR
LA, W ZE 4 HOR (Electron tomography)
REAS R[] — DX 3 22 A A 552 TR S 1) B A
JRBFFER G = ZE45H, BITEQPRPNE IR
HA M —VEREN . EAEEE . IS L
ENZ A AR =4E 25y, JUHES G ]
TERIBFIPRICEAR , XHE R 21 Z AR 3l
Bt RS mEAE A, DA T ) T
JEWAGEAR M Z RS, A BRI R Es %R
IR PR PR TR 5 1 2 40 i 2 1) EL A P ) 4 2
Legh&78 Ak, U0 He 5598 kR AT W BURBORSS
B AFBRICHAR MR,

HRZRAR R A ML M RGTE e 37 °C 3R
HhaRik B, Gl AL AE RS Yops B A 3
AR T ST R, M RAS SR AR R
518 AL AV BB HAE , Yop SON5rT-53,
YopB Fil YopD iX Wi~ T3SS 4 HIEY), A Bk

F1 BRARRER 6 MIIEHES FHREELRST. EYFREMBUR

Table 1 A summary of host targets, biochemical function and pathogenic effects for Yersinia type III effectors

ISR AR EC A T #3543 F EER i YT RE BURRL
Yersinia type 111 effectors Host targets Biochemical function Pathogenic effects

YopH FAETEE SR (P130°, FAK, Paxillin 8511, LBARRIL; WISFETENLA S 10 ] 0 WA FH A0 41 A P
Fyb. SKAP-HOM); LAT. SLP-76. Lck A=

YpkA Goq (HFZ5435%); RhoA/Rac (Rho GDI 25 BfRfL, I FAzs#He R AT, o
F350); Actin 1

YopE RhoA/Rac/Cdc42 SN GTP /K, i PR R B LAE T 5

i IL-1B 7= 4=
YopT RhoA/Rac/Cdc42 T 2 UK AR R BRI AE A A R A B LA
M, BB 53 ff

Yopl MAPK {55 ¥ MKKs; NF-KB @& ZBEM, FIEBERRIGER] Mflgni A=k, 5%
IKKs P EL A A g T

YopM RSK1 #ll PRK2 i IL-15(R), TH#E NK 4Hffd
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ZEARIE,  REAH AL AN MBS A A A0 A A A g

I Ak 1 At BSE I B T L 45 48 3l 5 Yse/Yop
T3SS 41 ELLEEHTHRB(E 1), BEER
Invasin, Ail Fll YadA R4S 58 Yops [#) 15 F 40
¥, IF HAE M 9Ty i R 2] 3k 2R
PRI A BR3¢ B 33k Aol DA 200 12 2 FE R 300 1 3 400
AN = IR T O M e B e — b AT T 4R
M Akopyan S5 F S92 HL B8 A5 HOR & Bam i T2 5
WARGHATINE AR T — A dash i E 2b
B, X AR AT AFE AN RS s R TR
IR G TEANZEAITE Chatterjee 25 2013 4F (2540
T RN SR A IS U B S H R 2R G
P o T AR 53 3R G0 0 AR08 Y 2 B AF TR T
Z P51, A TR 8 R G5 43 LR 2 T

HLRIEA T T HE— 25

A AZHR R AR B A B /s 2, i
Zhang Z54E 2011 38 T {45 HIS R 77 FC B Y VI
WA FRGE T6SS 32 TR k421, 3 HAAT 1 % B OmpR
BEfS BRSO 1E T6SS4 BN 13 3 T b 45 H:
ik, I HXF PR pH S0,
3 Bg¥

X TR 45 R B /R 2R IR BT 98 B R et =
SRR, SRR HUEGE 4 TR B BF S
BT ERIPERE . RTE AL, RE5ER R
O 516 EAIAiRgl . 254, MAESMBRSEA
BN A TR, DL AR R A — R4 T4
S SPRAEAE AL, BT Tix —d A4 T4

"\lq
3
&
R :
2p®
< > @
YopO YopP
e e 2
YopH 9 SyeT
0
%SRD ATPase = CD ADP YﬂpiTP Intestinal villus
YopB,D <|::| YopM
M
|1 Ysc injectisome P
o ore

Invasion YadA

s
\“\e%‘\“

YopP/YopJ

M cell

Goblet cell

1 /NBAZRTE Yops £ Ysc FI AR 5 M 4l fnsti=
Figure 1 Secretion of Yops by the Ysc injectisome and translocation across the M cell membrane
T HRESZIRR AR R RSB ) M AIBEET, M AR E, Yse (Yop secretion)il AMKEHEE, —RFIAY Yop HHBLAM. 440
WAL T IAET B, —28 Yops BT Syc fEARIN RIE 454y, — B4 S M 4, HEMR YadA sl 28RN S
M 2RI Integrins ZHANGAEN], (SE7EAIR I, SRR /HBEIETTIF, Yops $/rbihi 2, [AIIf YopB #1 YopD 7EAHARI 1-TE
LG, ROV o i IR E B0 E AR, YopM A2 M ANAEAZ. EM: AN, Po JIREEME; IM: il
Note: When Y. pseudotuberculosis moved M cell, the Ysc injectisome is installed and a stock of Yop proteins are synthesized. During their
intrabacterial stage, some Yops are capped with their specific syc chaperone. Upon contact with the M cell, the adhesins YadA or invasin

interact with integrins and the bacterium docks at the cell’surface. Then, the secretion channel opened and Yops are exported. YopB and
YopD formed a pore in M cell membrane and Yops are translocated across this pore into M cell cytosol. YopM migrated to the nucleus. EM:

Extra membrane; P: Peptigoglycen; IM: Plasma membrane.
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PERAFFFHE— 25T, FRAVE BT B ity
KRNG5 Fhric B AR 25 A 10 P 3ot ik — A B4R
Frift— 0, He U028 1 41 i W2 A%
BEAR, RIS AEAIZUMANH T A FRRES T DR 7R
BERES, B2 2ok, VIR SRR X —o
TR s AL, Hoh, HRRARIKE A
F LB R M PR R R — B, PRI HR /R R
ICHERYLTE TR, 7E18 AR EE th 2 IR Ja s
AR SRR R R, BTk e
Z A RO S 2 AN GV, TR Y
15 )3 DNA. RNA FIE A REZ)ZKF, X5
T (RIS 0 ol i 210 S5 o, Scaemim thdi
B T RZERZHB /R AR FC A A S 2e 3 37 3] pH A8 {b
(RS, o] 42 P RS A ATL T 02 ) TR A
o LR R T IXA RS K B84 i B9 4
%, WHRZHIFIE T 5 5 K e s KF
PR,

Bt AL R A A F AT R AT (NIBS) A A TAE
RAEG T &, BAHTE P I K T 69485 Ao
&L,

2 % X u
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