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Advance in secretion signal of type 3 secreted proteins
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Abstract: Since the concept of a type 3 secretion system was proposed, the study of related molecular
mechanisms has furthered our understanding of it. In contrast to the signal peptide in other secretory
machineries, there is no conserved signal sequence when the protein is secreted or transported through the
bacterial type 3 secretion system. A variety of secretory signals that guide the secretion of type 3 secreted
protein have been discovered in the recent study. This article introduces the categories of bacterial type 3
secretion system, the types of secreted proteins in the secretory system and focuses on molecular characters
of secretion signals, providing new ideas for the development of new antibacterial drugs.
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VI 22 5 22 TG B P 30 1 A0 5 2= IC PR AVE BUR 1
RN AR 00N R 1 R R s AL, BRTE
SR 8 FITMARGL, srlan4s o T1SS-T8SS. H:
FR Al =753 2 45 (Type 3 secretion system, T3SS)
77 RN, B VT 22 0 22 TR P B0 T A DG B
B A . MR B RG IR Y 20 FE
AR Z &AL S EY, RO, B
INAMILIE , 5% B (Flagellum)fi H 25 B A L [H 1Y
TP AR T3SS 500 [ BT AR
18 EAM A, IS FAIEE . (55
Hpimts, WORTE ERELE], fESFaEIGE, =
ORI R

YT YR =R M R B AE M AR Y18 FiX —
AR A OCHER, XTI S e B R
A 16 EYRE R B L s N AR E By
BeEAYE MRS, AR R FEIN 250
2 E ] T3SS MLhReREOR IR . Cf
WIS B W] T3SS S-S B B S AT i
WIMAVER T RSE, MEER: R EE 1 R R h 48
TR EY—aZ ], e LSRR
PEM] T3SS By &E 4 EspB. EspF 1 Map,
{HAS R M 25 F GroEL U635 iP5k & BH,
& 2wl S A TR = B3I R G R AR A
PR B (ICs0) M 1.5 pg/mL HAEEIARRE IR
SRR . I3, 4 =R 50
F AN A AT BE A2 0 240 TR AR 4 A9 1 O T I
T, PR R B 5 e A B 2 ) R
AT R BT Salicylidene acylhydrazides Z5{L-&W)
FER IR R Z M ERE AL, #7n Tz s
P T3SS Mo FHLHIMY, X Lesh KM, T3SS
INGE R S R B — S T St R
MEFIIRE, A I LB R I W R R 25 )
I H B A &G il 25 i A . SR, ZHER 3
O3 A F G0 G LAy R A By BAR LR H F
WIANERE, BHAG TIZRAY I kiR, BHitk, 8@
T 0 20 B = B 3 b R G AH OGS AL A T R A
5%, ATLUCAETRITA: R B A SR g iy L

1 ZRIGWRGRE
1.1 WE=BINIhRSG

B = A0 53 0 FR G R 5 3 R S 1) A T — A
SrFRGAT LIRSS . EBURWMIRY AL, 3
FAE B YRR DR, SEERE, i =Ry
Wb Z2 550 S R MU D 2 s e A TR v O R T BRI
TR EE

B = 53 b 2R 0 R 5 3 R S 1R A T — R
SR GRS A = B A, MR HAER
230 A, FHERSMEHN FIC, FURRHIE2ZEN
A LLE SR AV R T, R = R IR S
AHICLH 23 O RE il 552 ATP [ FII AR SN, B 289IFSE
FEI2 M SN TR = B 0 R G = AL R S
AT DL3E 1 PR B RS G R 4 3 B AR AN [ Y B Ay
BIERANER, &A% AR IIRE 2 WA F 1Y)
LT, PR IR ) S 2 Bl R A b R 2R
1, AT B red T e (s Sl
1.2 FHSR=ZBEERERS

HOAMIE RN R G e — A S MR
AR Z EE A4 REPRE &Y, Atk
FROMARHEBAN R =R R G, HEEM LI KA
A R SR E AL e EoEtER
TP, LEE %77 S iS4 i — 50 R Ge 4122
IRGEF R EspA BARLLRGAY, HiEA R 120 A7,
EspA W2 8] AT LAE A5 T EE( Coiled-coil )2 Fa il
YEFIE X EspA A 224R 4544 . EspA WE ISR £ 20
LAREEF IR, X — s B SR AR R U
WP BAIESE BspA 5B 22 36 (g BAR A ] fig
TE R M 4 R DX AR L (K P41 i = 04y
W ARG KL AT B B B S R = A R 5
Ffpl, TFEE ATP filf EscN B99K3) . /48 EspA #l FliC
TELEH FARL, {HJ2 EspA /b T AT LLELTE TLRS 15
S FEXIF DO, T FIC M7 Kb K,

FZMEEEAIE—F =B RS, BT
RETE R R R B BEA AR T BE . i,
YOI ECHE SPI-1 Wi =30 RS AE A1 40
MLZ B RAEVERT, TEANTR S5 M b R A ) s
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[ FEBAHN A IE 5 17 SPI-2 ZmAs i — AU 50 ik R 55
IEA TR E A FAZ AN MU S A B, (AR iiE
g EANL S A B ARSI 1.

2 BURGRSUWEATR

T RS A 1 RE S A O s T A
M, FCor i AR e S PR AR = L5 A
SREDRE 1 Fes R g Y,
IR e RS R BRANE 52 = RO IR G AL 5y — %
B HE ) A ) B SR8 2R AR

x1 WEZBDWARFSESFFRZBRERFEI L

Ui AT A = RN S A a5,
21 “BEPouER—REERR

I SIS AR T, RIVEH AT
REHFILICF LSRR BRI . WBBEUETE R
FFIE LEE #2415 (Locus of enterocyte effacement)fi
A% B 25 11 EscC A EscD 4%, B A4 & — 43k
RYEPIRGE 2 EscF BURAIRL, A S50
W BRIE escF & , AT =153 RGN 3 s
RO

Table 1 Comparison of the flagellum-T3SS and the injectisome-T3SS

T3SS Flagellum-T3SS Injectisome-T3SS
Difference (1) Number=1 (1) Number>1
(2) Not released at the beginning of infection (2) Plays different roles during different stages
(3) Can activates TLRS signaling (3) Cannot activates TLRS signaling
(4) FIiC flagella diameter 230 A (4) EspA filament diameter 120 A
Similarity (1) Commom ancestor with evolutionary relevance

(2) Similar in structure
(3) Similar biosynthetic mechanism
(4) Both require ATPase to provide energy

Host cell membrane

Bacterial outer membrane

Bacterial internal membrane

1 WE=BSNREENEE
Figure 1 Structural organization of the T3SS

A Gatekeeper
-

Translocator . Effector
Chaperon
Tip
Needle
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22 “HhEPSER—FEEH

SERAIRGE RS RS, <P SLiR, RAE4is
EEATFIRW, i B A RESTETE SN L2
— ANz miE T SRR TR A 2R G
EspA S5#E[ EscF #Hi%, 584 EspA 23K Ui
Fe 8 & A T LA AR A M E 5 . 2010 44
WK WG BORE R W5 1285 H EspB F
EspD 28 A i 7 41 2 A3 AT LA bR 2 11 70 WY
ZEUS AR ] EspB HURT 20 N2 L sk Sk
A SR A E R B R R AR R
(W52 26 YopD [IRT 5 A5 1] IME N /&
JE BRI s S0 ARSI A M R A R s R
PopD A& i /55 AR 2R 1 PerH #F2 HA
WAL e
23 “FRESRER—YNEH

— H 575 BB A EM, SR s
Fef, BIEE T B A A0 B R 43, an s Bow
YK 1# h EspF. EspG. EspH. Tir Al Map,
YITREH GtgA. CigR. GogB. SseL. SteD,
/R ZRECH ' YopH . YopM 2501, A4 p o 4%
A EE EAN R, S 7EAN IR T L sh &
M S 0 SR IRCIREE# , TR SR b Bz 20 B ) 58
Wk, S AE BB & R B
ZH RN ER 401 00 68 J1 B9 B0 TR 8 23 4 W — FR 1R
B S ARSI BN R T, A0 B B0 P K AT R LA
Fr e 5 AU T8 AT 277 4 NleA, HARAR
SEAE AN R RS, AT AR 3200 4 W

*2 BHFEUEXBTERAE=ESWAKHEIEAR

Table 2 Components of type III secretion systems from EPEC

Rk
24 Hfth

SRR R, e ME B4 R, i
B2z FUC 7] LAE ) 35 7 B i () 58 B 40 7l —
RN IR G VAT HSRE BMTH FUC & PR
20 A~ R 0% fof L o A0 TR — AL R SR
B

75 A W5 2% W 1 S0 Mk R A TR — L 43 &
G IF G SepL KU TR EH, FTLISTHE
B Orf12 Z5APY. FATE i i v K
0157 HATHISETR R, LT SepL RELA Uiy
48 A SEIR X I AT L3R i 800 2B 1 Tir 925 6
Az B RN R 1A ). K SepL 44
Ko 70 MEIEIR S B-NBEREREIR 2 H Rl G 5 &
LA A, g st gk 2,

3 HWEEWSWES

E R 5 A IR AR T B XS FL R, 2R
P13 3 20 TR — R AU R G 3 Wb B e e A AT
PUNBIRSHE S, o WA R0 38 (AN e H
MBS, AR DIE], B DM T 3 4 i
T AN RSN R G R BN SR
WA FA5 5K, R TR 1 2 o S ] 40 Ry — 75
SR RGEN? BE TN WME 5 T8 U4
We? FAE 1997 i a1 HR R AR G
RS FR G 3 WA AN, B 1B R 3T 43 A S
s, BPAN & 1A 2 /0 AR X5 | 0

Function

T3SS Component
Pore forming element ~ EspB, EspD
Tip EspA
Basal body EscC, EscD, Escl, EscJ, Orf16, etc
Needle EscF
Gatekeeper SepD, SepL
Effector Map, NleA, SepZ, Tir, etc
Chaperon CesA, CesB, CesD, CesF, CesT, etc
ATPase EscN

Forming translocation pore

Elements of the apparatus

Elements of the apparatus

Elements of the apparatus

“Switch” from secretion of translocators to secretion of effectors
Virulence factors

Stabilize proteins and aiding secretion

Providing energy to the system
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BRI AL S — AN X I TR S A ARG
20 A FERR , B g R it 43 A 15 5 (N-terminal
secretion signal, NSS), &5 AN TZIET 140 4~
AR, RIAER & A 45 A X 5 % (Chaperone
binding domain, CBD), X5 ilbf5 0] LAlsT
AT SIREFERERS ARG DT, sl 2 FR .

3.1 #HEERZERXEES

Y TR — T8 43 Wb FR B TR/ 22 0 AR AR AR
A TARN W, EATEE 5B ME S
SFHRES G XSS G, B E A E A
BN R W E FTER N BRI ZE G S 4
TN T SR UARE T AR B 1 25 A X T2
Ui 50-100 MEIERRIXIL, I LU R R IESEAE
PHRE AR, FIBEA S = e 5 55,
T — SN A BT IR AR T, 7T LA
TR s .

BrULZ A, AR 25 A X aad T LAFE S e
W5, WTEHRRARICE Y, FEEEM SycO 454
FRNEF YopO MRS A X5, ATLARH
1 YopO TEZH B 9 3Rk s 13220,

32 SEXRKEDBES

GIHER i 43 WME 5 B U SR TR S A AR it
W R RS WME S, BT DT 5 | S0
AR =R R G ek AR R ik, WO
B VR R Ui HT 20-30 N2 IR R A 5 H A0
SRIE S A BRI E R, FEEP BRI A

F S FA S mRNA B2 T

321 #ERIES
(1) AT SHAERREX RS 78 ) RNA (55
HIFFE DT TECE 42 SRR 25 1 H i

N-terminal RN I R R

2 piESTEE
Figure 2 Schematic representation of the secretion signals

5 Rk 8 11 (GtgA, CigR, GogB, SseL, SteD),
SR R HAL T SARBIR X AT S8 Y 25 bp
RNA JFHI L5 f8 Cya A& 8 5512 208 4t

FAMR R g B 24 E AR AiC FEH, 7
FHARBIF X A LR 26 LI 173 bp P41, LU
A 0 6 3 1 K T R s T AR il R OR 25 M 25 i
[ Pebl 25 125550 iy b fre il
Ji SR R L i e ek 2 g S R TR R 1) 32
LB o

() T4t X mRNA {55

A B Z ST IS S XI5 mRNA 55
17, CaRIEIR/R AR AU YopN.
THEERFEPEN AviB F AvrPto LK Byl P
MU EE 1 AveBs2 BRI 15 NIRRT TS5 2878
Ja, HOMMESIhEEARZ ), HA TR
XL A _EUFE B X. mRNA RS 52X
mRNA {55915 H, K YopN 1 7[R LR G &
BELWTEL AR, B0 25 AR T X JURP 2R (43I 5
Sl mRNA 20,

FAMRA ARSI, SR ARG
iz YopQ A mRNA {550 T H 5/ A
30 MEFEEN . YopQi.10-Npt (B R mE 1)
SRR T SRR G #4758 B 9
BRFEIEA TR LA IS YopQi.io-Npt s AN AE4: 6 H
e, X PEH YopQy.1o 19 mRNA {55 52 H M ME 51
ST EEMER YT RBRAEZE
YopQ.1o-Npt AEES W, {HJE YopQ.is-Npt /35K A]
PLGTI, AEEXTZ G T B AR 0 UM 5 i 5
fETET mRNA W, (HEFSTEAAT (RNA
mRNA HHE AP,

N-terminal secretion signal

&S Chaperone binding domain signal

%) Other signal

=22 Carboxy-terminal
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H HI A & AFFELR ST RNA P91t — s
PRI AR R IE 5 o X RN B (5% 32 1R SIEsE oA
s T ARG AR A BT LA Bk PR 2RO B 1T A R
HEERT, SR EJET mRNA (= RM0BM5 5
BT I AN BB 50 4 A B A T — T84 43 DA S 400 1) i 2
REE:E 8
322 EBES

FURIEVDT T IR A —FP RN 2 1 SopE (5515
WA IR AR T, AT LA S B 4 AL sh 2 (1
HE), A S50 7] SopE 5'UTR Y mRNA ¥4 A2
SRt R, S T B S A T ALK,
Karavolos 7€ FRAFEVD | T R TARLN 25 11 SopE AYZ
B i I T TR 5, 25 R BN AU W B A
IR IR B RR F AN B 15 A, ISR A R A
15 D ILRNT T SopE MY/ TR, X
AR IE R T AE 4 W B v 2 LA it 2 LR S 41 11
RS AT R 1 Inv] AORFSS s AR
[FZsIe, AT RS 4-7 D2 R 5 W
T BT KIS LA T R AR S Ay AN 2
ZEPFEC . ST TER AN 81T SptP (1 SRS
33 ARSI TR AL AR I , AR KRR L2 T e
iR/

YopD EMBRAEZI/RAFRENHZEN,
YopD [ 5" mRNA JFFFTHLA S Ko, (H
SN S IE R A IR 2 (A R
TIRFCHR R AR B a8 2 1 YopE B4 IME S,
W 5705 33 A LA S AR AL T, FE A AR
IR yerd SRBAVET YopE (1 50t 4-33 fl
B RAD S, HormRmEm L, SZMR, 17
] 578 M AS 23 fdf YopE 970 Wi /b, IRt YopE
1) %, 35 R ity 2 JRE PR T 4 0 — L 4y b R 4 1 HE R
fHEm,

ERXFHRRARICTA & . AR E . MsomtR
WAkFiE . EPRIREEE |« BN T S0 AR 2
R WMe 5 T R S A FE WL E R . 5
LR . RAMERGAINERR, msk/ ki
SR B T BRI B AR R ARG 50 A

SR, EMHEAEG I PR E S AR, M=
KRG . 5B RAER ™. M miE v
AT 50 ANEIEIR W g S 2 AR i = KA
MR, 5 mRNA {55 B—FE, ZILmE SRk
RIAETERSF T
323 FERimSESIRAIHEH

XML SAERIEX AT SPS ) RNA {55
51 55532 B 1 80 WO B 4 W ) 4 T HL
Niemann &8¢ —FpfEi, RIAIVT TR EH Hig
(ZF RNA WG E AT LU 255 grgd
RNA, T1fi Hfg-RNA Z&Y0T 6625 25 51X
— i AR,

X FE IR T IG5 T W JURMER -

(1) W Rtz & H EspD 22
KSEE 1-171 DFRILALS 2 W ETEGE e, HAZ
JEXT T EspD MYTIRE 43 0G5 2t SR a5
*ﬁ%%, HiSé-ESPDl-mE?@?@*‘ﬂﬂ%?ﬁ%ﬁ?% 4
SR 24 45 G b i 1 ok 22 2 R AR 1) I 2 /N B 2
TR, Hise-EspDy.17 2407 pH MK H 5 A8
b, FHZEE R o-S8E S gy 7 6% e
Y |, Hise-EspDy.g7y TRV 544, HElix
— AT LI #F EspD-EspD 2 5 AL FI7E 40 |
BALH,

(2) WFFE 3R K A AR QTR — B 7 RS 3K
o £ 1 Bte A287 5 M T ME H R R E & 5 o 12,
TR AsF s, FEPERT FRSARR, 7E 200 mmol/L
W™ WA SRS P iU R R SR iE
BteA287 ZEA U] 31 RIS LRI H LM 5
H; BteA ZERuGZFIEUZZTNREN, 1T 130 1N
SR AT A7 YA A P L FIE AR EE T BteA XY
£, PR TR B TS AR TR IX [,

(3) A SCEAE R T 4 M EE( ) AN FE S5 4 3
HLIE RN = R T A DR M A
VEFRRGSeTR 255 AT — B4 00 2R e 385007 26 &
FA i PP I AE HA e A A 1 ik 3 v 22 i R B
AR PE R ZE, S AR 25 ZEEL AT LU 2503
SEMMERY, RIS R, M AN = RS
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RO fefitaE Ry ATP MELESE A BTt FE v 3
JEPIEIN AR SRR LA S AR T — B 0 M R GG
PR &F TN, X PR R T2
FEA IO Z5 A B TR RIS IT-IEY) , Rt
T DA 5 S A i ) 2 R T REAE M s 517
XEAE S5 | /IR A ke B AL, IRYAR LA
JR T I a2 % 2 A i 2 A P R DX DA R AR
SYUAEIE , AR YIRS SN A0
AT RS Ay g AR,
4 FMESHET

H i Y 22 =403 0 R 58 03 WME 5 i WF T T
Sl R R IR SE R, SEIFR AT
R 5 [F] LA RARFTE I RIB O, 8
S A MRS I DA KRN B I s SR e A, (IR
P 28 38 AL 3 B 1T B2 A 1L (Adenylate cyclase,
CyaA). B-PNEHZHE(B-Lactamase, Bla)Flf: %R
(Cys)55 ) 1z TEPR T, B A G T w R 1
(Alkaline phosphatase, AP). £g{f75¢ )8 F (Green
fluorescent protein , GFP) LA & — & M- g if Jit fiff
(Dihydrofolate reductase, DHFR)fY o-fk55EAE) 123
PR E A %Y EPEC 1 =R WEHSH
TUARE ST IRR BB AN CyaA SEAHAL G, HAHR
2 20 A EERR R AL AL 05 Y A0 TR — B 1
%%z, 1 Bla, CyaA Hl GFP SRhR% i R ¥
B, Cys Hl GFP S54R% 88 1 AT UM TS24 1Y)
RN, Bla DUAT HIE A0 2 % is 218 40
H R

iz TR A 5 7058 1 ) SL 978 e VR A 9% 43 IR
S T2 O H R R i S . g
WBRAEIERIGH T AUG J5 A S bR A% 1
R, i H SRR 7 4 U T ORFF mRNA JP 41 B4
AR [A] LR 2R DNA F By B B~ i
XJ (R GRAR FEAS 25 5 B4 G L 22 R IR 1) 4 % , L D [
TE T E W B 58 fiJ5 R R, X b
SEE RS mRNA JP, (HAS AR S R
JFo1,

5 HEERE

A SIS R =R UME S R T A E A, B
BT AFF R T T EspA @RI S RN
[ Map BYRT 20 NMEBER B Z 5, SRS
RO B A 2L I A S o TR Al A
2] LUK A AEHEE — B 50 W RGN 5 A8 AH G )
SRR Z AT, X R BRI 2 A
RYHURIRT I R T A B R BEA DGR 1 FsX
FIRT 12 NEIEFRECAT AviPro 2 3SR T LS
WA, T8 BH 20 TR — 8 430 R 9 A A ) 15 2 o B AT AR
AU FER BT T LIS % IR SEI v,
1 A3 WG TR BB AR 1 43 W5 5 i L
PRIR BB LR R0 2 B T RE

B T R B PRI ST 430 5 LA, R
SRR S5 2 8 PopD VR MBRINFSY M5
SR [ PopD A 2 AN BB B R E
G55 —MEEENFHRE A0S, A— M TE
PSR FEA S, ik 2 Fias, Al 1% F PopD Y
i Hh s B O T AR A B R AR EG e R )
FERBIEE I YscUCC IRHEA N 15 P2 BLIRsk AL
A LU H a5 500, BATE 2 AE AT A Az
BTN B R R e R A —ad AR
SYEEELNY, BRI SR R BT IME S I I RE RN Z
Fob ARG e e B AT TIA TR B A B AL
Jry B T bt X3

AL, T =R R G HLAT 43I B T BE
TR F BRI T, Bl Orar b i fn 2
HBaifb S . 2018 4EA W0 R BAE AL FEVDT T IRTA
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