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Abstract: Mycobacterium tuberculosis is the main pathogen causing tuberculosis, and its complex
secretion system plays a key role in the pathogenic process. In recent years, the ESX-4 secretion
system has attracted much attention. This paper introduces the ESX-4 secretion system from the
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structures and evolution of its coding genes, protein composition and functions, substrate
recognition and transport mechanisms, and transcriptional regulation. It focuses on how the ESX-4
secretion system guides the secretion functions of other ESX secretion systems, and its
physiological functions in regulating the death of host cells and participating in iron utilization. On
this basis, the analysis of existing studies reveals that ESX-4 secretion system may be involved in
the secretion of protein tyrosine phosphatase A (PtpA), a key virulence protein of Mycobacterium
tuberculosis. Finally, this paper makes an outlook on the future research directions of the secretory
system, aiming to provide some reference for in-depth study of the function of the secretory system
and for drug design and vaccine development targeting the secretory system.

Keywords: Mycobacterium tuberculosis; ESX-4 secretion system; pathogenic mechanism;

interaction of secretion systems
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KA (LEkaigmid) MR, 2023 4Rk
247 1080 JIES T A, 125 T NSET45%%
Joa, TS 22 24 T R AR 25 A A B2 40 7,
PR AR R I i R MR A . S5
G NS, BES3 M — FR N RN 3 T WA 1 ot
Feflg BV HEA E VA, T YRR 4 A
MTIRg, ek B REANA Y A0, A4S
ZEPY AR KRRE AR (R S
I RS

g3 kR ESX 77 i & 4t (6-kDa early
secretory antigenic target (ESAT-6) protein family
secretion systems), L FK A VIIAY 73 R 4t (type
VII secretion systems, T7SSs), J&%54% & HFR Sec
I W Z 4t (Sec secretion system, {1 §f SecAl
SecA2 41 Wb R 4t) A WUAE 2 IR 43 W &R 4E (twin-
arginine translocation, TAT)Zl, TREFRE ) —2K&
HHBMLRG, TESRENAELE . BUR L
516 ERMEAE bR EE BN . BETE
LR IE R A 55 5 4> BSX 7M R SE, 73
N ESX-1-ESX-5P1, ESX 43l RS 45 2 2%,
M 2R RS AL PF RIAT G EE A A, BERS
K — FR GRG0 W5 3 20 1 A A sl e 32 4

RPN, DTS2 M 240 T 5 1 3 400 Pt 1) A AR
Mo 5w, ESX-1 SEURMEREVIME, fe
A WA U ESAT-6 A1 10-kDa culture filtrate protein
(CFP-10)FHE MRS, XEEHFZ 555
PR I Ak i B A0 B T Py el R, X LR 7 32
20 R P ) A AT R Y 3 G 0 ESX-2 RS
FX AN (HIZ 5 R G2 ESX-1 il ESX-4
e [ ) 9 A W S ) 38 i 1, 52 CpnT/TNT Y
Beiz 50w ESX-3 M) S gk AR
TP HEI, X T 40 B A9 AR K TS AT
U2 ESX-4 MR B ESX AR SE, H
DIReAE T o 2z /b H T AR A5 3% T 4
T HAESEHEUS S B EEEN, 13
SRR/l R A A A W N PN A
A AEUSE S BSX-5 FE S5 AZ B R E SR . B
BT, DL 3 SRR R T RN S e kiR A
I & 2 AR U, ESX 20 R G e 45
B R R A CHER], L ESX-4 4
WA ZR GE AT Aok A2 B HOR B2 1) 56 TE . IRAWFSY
ESX-4 bR 40, A B T8/ 454 3 1 BUR HL
fil, AR RS

1 ESX-4 703 & G0 G54 41 1%
A B AL A B 45

1.1 EFBERS5#HL
ESX-4 41 2 45 09 4 i 56 PR FE A [R] 20 B AT

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Mixzs 55 | G980 BOFF B ESX-473 Uk R Gi bt 5 it Jie

563

B A — 2 R STE . ARSI, S5
54 ESX ARG, ESX-4 ARG R SHEN
ot/ PR S, ATREWER Y 21 ESX R4,
HoAth BSX F 45 0T HE i H 3 o 5 2 i 2 A4k
AR, g5 A TR A T8 ESX I R AR
BEAE AT, & B ESX 3 DR F5 A A2 f) R A R
4 ESX-4. ESX-3. ESX-1. ESX-2. ESX-5!'7,
YE R Feh 19 ESX R4, ESX-4 i T 4%
G BH P B 5 46 19 WXG-FtsK 3t [ #% , U &
FtsK/SpollIE 5 H EccC F1 2 > WXG £ H EsxU
1 EsxT, il 4 A eccB. eccD. mycP 3&H
e R ESX-4 JEH 7% . ESX-4 K& R &2 il
Bl —de iR, JFiE— A eccAd. eccE.
espl. espG. pe Fl ppe FFEH , ¥, ESX-4gvor
FERE, S ESX-4 5 HAth ESX BEPH % = ] i) itk
ferp g, Hopl A BN R o0 AT B 0 5 R 4l
Hg, ZadiBgKp2zERitl, SRZEIE R T
ESX-3. ESX-1. ESX-2 Fl ESX-5 43 & 4171,
B2, ESX-4 {E ESX /il R Gt itk A i 7 v ke
2T EEAMEN, X LR E0R T A
S
1.2 EEHAE/RSIEE

45K TR BSX-4 41 Wb 7 4t g 5 3k R R A F
rv3444c—rv3450c Xk, 27 DMEEH, i
H A& — R 5 - SF 45 8 6% 43, U0 EccE,
EccB. EccC. EccD F1 MycP %5 (& 1A), EccE
& AR B, DR e g o 40
TR T B 1B B R 5 #U8 EceB 10 &1 i 4%
P 3585 W T AR VA T PlyCB HLAT [R5, Tl fig
2 5 IREMELE AU, BeeC 11 5 SR 3h IS 1 B5 543
W, H: ATPase 45 Fa 3 FIE £2 X 4 A KR W) 2
PRPY: BeeD #E4r b R G SZ AR R, H
2 ANV 3 AT A R 28 e i 1 R AR MycP
S — P AL A B ZE TR TR A 1 ) R B
fitg, FAEIL SR & R R S, Hl
& B ESX 41 AHCH 1 B (EspB)J& MycP1 [
Y, ARz FEEE AL ESX RGP i VE TS
AN FP XS E (A B EME, LR T

ESX-4 il RS ZE A FERE , BRI A |
FEAs F3 0

TEIRY) b #2d, EceC Y ATPase 7% 1
RYELE LHAER . ATP WY/ % S W 5 s i
RAtaeE, XY A H EceB. EccC. EccD
EE AL S . SR, H AT TR
5 R s ok A b g B G L An RS Al 5 5
ST | A A TE A B R A Rt —
HWFIE
1.3 ESX-4 573 R GBI E 53 i L&l

ESX-4 WIEY R A& H LAY =T EEr
RAPATH, BAT#E T ESX-4 70 R G Wiis
FIMAEH ML, S8 EAMRAHEAER, Wi
M B PO SO 1 72 . ESX-4 B PIAL45 EsxT FI
EsxU S5 M, X S8y 5 HA R 10 0 s
S, U C Kuify YxxxD/E 37, %575 TS
Y5 R GNP S E L TR, ER
T Esx AR, S8 H ESX-1 RGN
EsxA (ESAT-6)#1 EsxB (CFP-10)45: 7% [ HA — &
AIFRE , X557 4 RE O 2 AR Sl AR ST 51
W5 R, EsxU Ml EsxT A4 4 MK H6 T ESX-4
RGEREYE, MRGEHH) R EceB4 ik
R, R4 2 52 5] i 5 Y, ESX-4
P AT HE B BE R A OC B 1 B A I B A G
LY T e & S 5 80k BRI SR .
1.4 FRiEE

WhiB35 J2& 25 #% I th WhiB 8 5 % 14 5 5% 94
R i RS R T A B, WhiBS5 #] i
FEALFG gD BESX-4 43 R G FEHFE N 58 4~
RN EL . EES WhiBS £ikJ5, ESX-4
KEE A B, XKW WhiB5 X ESX-4 R4t
2B A REENWEER, ZEEREERE
FAATEREIRR, WREILF S 545 R
s A P B e EOW ML, Naeem™ F
CRISPRi $ AR XF 454 1# H37Ra T #k Y esx-4 3
PRl i B S B« THPL 28, RNA P45 5% BoR
H o6 sk kA, Hd 37 ANEE LE,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



564 (PSS ik Microbiol. China

X

: :
1
1 1
& L {3’& as&s*Q . ‘ i
: ]
1 1

c&h c‘o o)
ESX-4 =m0 :>->—>nz>
N

\S I AT ARG A \
@Q@ e*QQ @Qo Q\c\ c& &L Cc Q&Qe .g& & iy c5) Q & é@ c&

ESX-1 =mpupmpmp -M:>->—W:1>$E>-b:>->4—«-<:4-

cgﬂ 000 Q@ &l ? D o. q;zéb 5)” \]cg &1 Py

ESX-2 [:>—N-NE>¢-PE>E>->E>->

) % » 5ol
c& @c& ecﬁo QQ’S QQQ/' = s&w o& mc o&

ESX-3 ->:>—»->d>:>-»:>->:>

5 R o %x‘ﬂsmbmg 5 5\
Fa 3 {quqe JESRUGRD Q@\ %&P" com & &

ESX5  )mmpummr)mup om0 mp e mp) mmp

EsxMN EsxGH EsxCD EsxAB

WO
[\ frvereer

AR
OM - {i RO RO
<% = S
Mycp4 2 2 L
m M| %
m
EccB4 cC
frrererired EccD4 U NN
Mg RUR TR
A c ESX-4 ESX-1/2/3/5
ESX-4
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Figure 1 Schematic diagram of the ESX secretion system gene locus and ESX-4 secretion system model of Mb.
A: The gene locus of the Mth ESX secretion system. The red dashed box represents the Esx protein family, and
the blue dashed box represents the cpnT site of tuberculosis bacteria. B: The structure and secreted proteins of the
ESX-4 secretion system. The ESX-4 core complex is assembled in the inner membrane (IM), and the EsxEF-
EsxUT complex is exported to the surface of tuberculosis cells. EsxUT forms a non-standard complex with
EsxEF, exporting CpnT and small Esx proteins such as EsxAB, EsxCD, EsxGH, and EsxMN to the outer

membrane (OM). These Esx proteins may act as outer membrane channels, promoting the secretion of substrate
proteins in each Esx system.
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