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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

25 K% (tuberculosis, TB)A/5 & 4= BRI [l Py 7™
RN NS A A 2 T A [0 R, S5 A% 73 BT
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ISR R EER IR o T TIA 202 2024 4F
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LA, DTS2 Ml 240 T 5 1 32 400 Pt T A AR
o 5w, ESX-1 SEURMEEVIMSE, fe
A WA U ESAT-6 A1 10-kDa culture filtrate protein
(CFP-10)FHE RS, XEEHFZ 555
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Bl ZEROBATRESXD U RGEEERESX4T M AGRRETER A SN RESX /R
GERLIN R . LI EORRMERREsxE AR, W OB N R A epn T fi. B: ESX-473 MW RGT45H
P . BSX-4A%.0 E S WITE N EAM) P 1%, 5 EsxEF-EsxUT &2 45 1) it 3] 235 8% 11 40 i 3R 1
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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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278 MEEH T IE, I H s TR IEH TEF3 fil
A (H2A B 2-C) Y dm i iR 4 &/ M .
XUEM T ESX-4 XF 15 EA IR 45 A B M o4
SRR, R 2 B Bk £ 5 i 1
TN IR F B 2 kA, AT RERS i 45 1% 1A
TEAE AN N I A AF IR B RIBURRE 1. Ah,
FF 5T % B BSX-4 3 R A1 5 26 11 A0 2 i 37 2] ity
HNIIRE o 1 SigM BYIETT, SigM MR 4 4
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ESAT-6 JSBIINRE, M4 A% i -5 1 32 40 i 4
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PEBGE R F, SigM EES LG esxd I RSN —
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TE % N I BSX-4 43 b #L %5 LA S A [ EsxEF-
EsxUT #E &Y, i H ESX-4 /Ml R4 HE SigM
AT, i CpnT WIEE I M H C RifER
SERER TNT. SRR R, MIOR T 45 R TE
SR o TR P RE A AR 5 I 5T AR TRRS I b R T HE
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2 ESXAQWAREEEE X
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2.1 ESX-4 i RGESHAM ESX 737k
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g5 Jr Ho AR Y EsxEF-EsxUT # 8 & ¥1 (18 1B).
o LI, YRR cpnT 58 esxUT #: 9\,
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A= TR RR B 5 Sk B ET L, ESX-4 &
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EEZOIER, TIae i HAMNEW B E &)
e ST XHAL Esx &5 (1M 76

Mendum ZEPVF T K B, 25 1% T IR e B
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WIE 2280k, B2 BFEE S5
[FOCZR, AT REIE o AH B BME R 8 7 4w 5 1
R A BRI 5 A% B A A0 B P R AR AT
FEGE . FES5 R BER CpnT MM e, &
FURHS ESX-4 2%, 1 TNT ANHE R mEA R
I 240 L 85 M e B IR AR WA, X — 3
i ESX-1. ESX-2 Ml ESX-4 % 4 4t [a] 58 ',
HIEEE 1 CpnT 9% H RN W3 1R i 24 02 ESX-4
KGO FIIEE, Kl T ESX-4 7R
CpnT IJj fig Fl 45 #% T 4 e 5 Pk b g 2% 0 AE H .
ESX-4 #% > & 11 EccB4. EccC4. EccD4 Hl
MycP4 £ 4t T CpnT 5 i & 4t 19 B AR 43,
EsxEF &5 W i 1 /ML, X S AN TR]
I3 Ub Z2 8 AE S AR P AR ] BE Y B — S AH
PMER LS, [R50 R i AR D e
22 EIEEEMMRET

i, BESX4 B F R K H M CpnT
(rv3903c) 1) 3 M T PR 45 15 A6 T . ESX-4 Xf
CpnT %%z A1 TNT #9401 3 i ] Bk 2= 6
BRI R AKX R Gy A R P
CpnT. EsxE-EsxF & &1k K CpnT-IFT & &A%
ESX-4 51U R G057 Wb 2 L ZE M R RIS, EsxE-
EsxF & AR T30 W8 18 2Rk MR, I3
W CpnT-IFT & &R ZE AN . 11 J5 CpnT-IFT
AR, CpnT #E—2L8 KA N-R b fLiE
gt #4 I8 (N-terminal channel domain, CpnT NTD)
FI C- 7R iy 3% 1 45 #4 38 (toxic C-terminal domain
tuberculosis necrotizing toxin, TNT), CpnT NTD
TEAMEE_EJE AL 18 I 97 5% H i S 4 0 25 08 57
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