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Advances in assembly mechanisms and functions of bacterial
type VI secretion system effectors

AN Ying, DONG Tao

School of Life Sciences, Southern University of Science and Technology, Shenzhen 518000, Guangdong, China

Abstract: Bacterial protein secretion is an important way of cell-cell interaction between
species, which plays a crucial role in interbacterial competition and pathogenesis.
Gram-negative bacteria could use the type VI secretion system (T6SS) to deliver effector
proteins to the extracellular environment or prokaryotic and eukaryotic cells, thereby
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promoting their fitness during competition between microorganisms or host-microbe
interactions. This paper summarizes the latest advances in the structures and components of
T6SS, with focus on effector assembly and effector-immunity pairs, providing new strategies
for the development of antibacterial drugs in the future.

Keywords: type VI secretion system; effector protein; assembly; immunity protein; mechanism of

inhibition
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Figure 1

Overview of the T6SS*?. A: Schematic structure of the T6SS. OM: Outer membrane; IM: Inner

membrane. B: Top view of the periplasmic gate formed by TssM, which is shown in the surface representation
(top) and the ribbon representation (bottom), respectively. Five TssM molecules were depicted in different

colors (PDB code: 6HS7).
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M T T6SS ZH 3 Al 3 Wb 1 b e Hh AR 5 227
FERIMRETE, B2 fE 52 an ol FAIK el
T6SS i e m¥ U 25 45 Jo AR L 7 B0 E 2 19 TH
FE7 BUN R T AL T6SS 4% rhify 8 35 (B RE Y
fA{0? Liang Z57E 2019 4% PLEALINE HA7EAE
— Rl B ML, BEBS A LAY B I 5L
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(rearrangement hotspot, Rhs) X IR H, HEEL
IR R AR T A Tsel ™ R0 PG I iR 14
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B R G5 EA TE T6SS HILEH 5 1 (Hep . VerG
I PAAR) I, (A% T 4iER RN
A X EE I RE (1R 2), Mougous Al Noreen 2547 1)
LR AR PN R F 25 12055 T T Hep 82 1454 6 4

http://journals.im.ac.cn/actamicrocn



3432

AN Ying et al. | Acta Microbiologica Sinica, 2023, 63(9)

— PAAR

j| VerG

ii{ii{ii

I

(LT
g

v

Covalent bond

Side view ‘

Top view [

Specialized effector: protein
fused with toxin domain

B2 T6SS MM EHRZEHLF

g9

v v
Noni)co(:l\aalent Binary mode
o3
v
e &
Cargo effector i/ * 8

Chaperone Q)

Figure 2 T6SS effector loading mechanisms through the covalent bonding by attaching a toxin domain to
T6SS structure proteins (left), non-covalent interactions between cargo effector and structure protein

(middle), and binary interaction mode (right).
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Z 57T Tse2 Fll Tse3 W43, HILR Ser-31 HS
5T Tse2 W5+l B4R Hep F2 573 Tse
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B 14> NADase £5#445° . Quentin 25 & i Tse6
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1/~ TMD, 14> PAAR 25435 . 1 4~ Rhs 2543
A 1AEERIX, W RhsACH Rhs10 ) &6H
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MIFEFIES B9 2 43 F SciW TRV R 3R A,
SRJ5 Rhsl 19 N Smgs bl as S7e<v 7 4RI, DU
JERFFRALE AR 2 73 F 1 SciW AHE AR,
SciW 5 Rhsl #HEAEHEEEFE prePAAR-PAAR
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7 2 DA —Fh 4 Re -8l A A AR, A
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i) Tse3-Tsi3 A W45, Tsi3 B9 3 4~ loop
X [RIFESS G 1E Tse3 RIS A X (Y TG PRI ),
B R & Tse3 F=A 4 K AR G AL (&
3A). AN, WFSSIE A PSS T4 Tse3 LG
PELL K Tse3 5 Tsi3 AHHAE F#RAR# B>

G938 B 1 AT S8 2 T8 B2 [V BEL, 5% K
I 28 TG PE O S SR A AR R, SR B
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Figure 3 Gram-negative bacteria neutralize effector-induced toxicity. A: Lock-key model (left) and overall
structure of Tsel-Tsil pair shown in cartoon representation with a transparent surface (right); PDB code:
3VPIUY, Tsel is shown in green and Tsil in wheat. B: Steric hindrance model (left) and overall structure of
Tse2-Tsi2 pair depicted in cartoon representation with a transparent surface (right). Tse2: Pink/Yellow; Tsi2:
Green/Cyan; PDB code: SAKO¥. C: Inhibition via enzymatic reversal of the modification. D: Self-inhibition
model (left) and cryo-EM structure of RhsA, which is shown in cartoon representation with a transparent
surface (right); PDB code: 7Q97[63]. Plug domain: Yellow; Rhs domain: Green; Toxin domain: Red; Black

circle indicates the active sites of effector.

SRR VU RIR (& 3B £7). 25 Tsi2 MR HiES
Tse2 A7 & (Arg-14, Ser-80, His-122)MHH AF
M, ABiE R ZS RIAIRE, i Tse2 TLILES G Y (E
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IR IT YIRS, fAAEfe sk, X dum
YT Tsi2 MR AL A R ST

Zhang S5 i B 0 [ R BHIE M A 18 A0 B SE VDT
[C A 1) Taed-Taid &G W45 R /R T Taid 417k
M5 Tsi2 ML, [A]E} StTaed-EcTaid B A Y)4h
FZEH, AR StTaid Ml EcTaid ZFER 751 ) [H]
PRPEARTE, (HERTE B T AR RLR) = 4e2hty, Rt
A AGE A TRl — 250 85 K (Taed) ) XHIERE T

[Fi) A 4 22 ) R 58 AR E MLERT S S 4, 2018
4 Ting S AT T ASTEBEVD B QI Trel-Tril 4
Wight, KB Tril HASEMGRIENLH, BRT
WIS Trel MEALALAE Glu-415 FHE AR R0
AL, BATIE S FEER Trel Xt FtsZ 1 ADP #Zpk
B, RAESREEMVER(E 3A i 30)T7,

Br T BB Ge e Lsl o, T6SS 1 3 41 ik A]
FI RN B B B 0 25 F R RAE SR A i gk
XN EE A 2 E L LI
VerGl M ILENHE 17158 1 45 #h) 3 45 48 B v F
TS %45k F W] VerGl B9 N 3l VerGl AL
SR SR EE F I 2 [H] (1) loop X HA EEELAY A4
RS, IEHWIE T, XBELFRY loop X434
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HVIRI RS I, BATHIEEAS, EE AR
TR HIIIRE ; 24 ATP A1 Hr BH S T~ (Mg* al Mn*)
EAER), IR X B TCFRY loop X & kA ¥,
B EIX, TGS VerGl b s, i
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