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Figure 1. The structure and assembly of type VI secretion system!'”.
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Table 1. The functions for the effector proteins of type VI secretion system
Target Effector  Organism Effector activity Function Reference
Cell wall Tsel Pseudomonas aeruginosa  Peptidoglycan amidase Peptidoglycan lysis [18]
Tse3 Pseudomonas aeruginosa  Peptidoglycan glycoside
hydrolase
Ssp1/2 Serratia marcescens Peptidoglycan amidase [29]
Tldel Salmonella enteritidis L,D-carboxypeptidase, Impair synthesis of [20]
L,D-transpeptidase peptidoglycan
Nucleic acid Tse2 Pseudomonas aeruginosa ~ RNase Degrade RNA, [26]
Tde Agrobacterium tumefaciens DNase Cause DNA damage, growth [22]
PoNe Vibrio Parahemolyticus DNase inhibition [30]
Membrane  Tlel Pseudomonas aeruginosa  Phospholipase Hydrolyze [24]
Tle5 Pseudomonas aeruginosa  Phospholipase D enzymes phosphati-dylethanolamine
VasX Vibrio cholerae Pore-forming Ion-selective pores [26]
Eukaryotic  VgrGl Vibrio cholerae Actin cross-linking domain Prevent cell cytoskeleton [28]
cell rearrangements,
Inhibit phagocytosis
VegrGl Aeromonas hydrophila ADP-ribosyltransferase domain Modifies host actin, induces [9]
apoptosis
VerGS5 Burkholderia pseudomallei Cell-fusion domain Induce multinucleated giant cell [31]
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AINY, — LT Cu™ B B SR R
MAMEREE 2 E R Cul, (HE7EFREE A 41
T, T6SS X 4RI Cu® fyad et 5 L AE A .
FESEVETTINF CueR JER IV R Ho 4R 8 1k B AR AL
FFid ot BHAS G T6SS Ja sl XUk 45 T6SS Y
FIRRBERL, EMRAFREEH, CueR ML FREE A
FS G T6SS I T6SS [ 241 M A si v &
FI, SXSERON B AT A S IR cu®', RE
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55 TonB IRHMESMIEELZ 8 (A BAEFKG Cu®'
BEAMAD, AP Cu* SR AR
FZ5 A IR e R 1, B IR Cu®' X
A2 B AR R DY A SRR BT Y H2-T6SS
FE— AR B0, MIREE R Cu” TR A
B, AT 4ERr i N A FR A, CueR 38 3 LTS
H2-T6SS HyFRAFIRENL, ML G HEM Azu Hiz
HAEF VerG2b —E M FIFA . [FE CueR
#% TonB K SMEFE 2 8 OprC, K5 Azu
5O CurHEZ BANMEY, B4R X AN Cu®
F B BB, DT 2 v 240 T A 4 PR v i) A A7 g
HB, X Fh i T6SS-Azu-OprC 43 B4 %% iz HL
Xof ] g R B BT PR O BR TS M R R G, JF
HAF T 40 15 N AR 278 A FERER

44 LREBEFS5 T6SS HFFikHAEE

T6SS MIHFEHLHIAE T S A, AR AT Z (8] £
E—E W25, (B IERE LG A5 B AR
(quorum sensing, QS). % fbIi ¥ (oxidative Stress,
0S). HARBIRILIER . WA /> R EGE GacS/GacA
Fl BaeSR %00, pbAh, )@ B FUAE4NE T6SS
RRIB R R EEEE/EM, FIU Burtnick F1
Brett /& IS JF {1 5 78 /R 75 DRI 28 S A1 v A IR A
B T6SS-1 (cluster] T6SS)AY A7 2k 25 1 Fl4E
B R,

Fur B R AN &R EAZ—, B 54
LD AR AR A A O, 38 Ao RN Ak S VA A A Y
T6SS [FE R FA) . M4l iy Py k3 7 & i 7
Fur 7] 5 T6SS JA 3+ X i Fur & %54 JFFH1E RNA
BB, INITIIH T6SS BHE %, %t iy o
DNA JREENG BRI S S . Y8 20, Fur
e Fur &, BEEHA GATC 37 &4 AL,
BH 1L Fur BFERREE S, LI T6SS LR Ab T35 Ik

A, BHHET, Fur ATE5A X EMIFE A AE T4
FMITE R H2-T6SS . W RAEMEKIGFT R T6SS
FHR R B BAE T Y T6SS HPT. 52235, JEH
R e AR TE T T6SS4 (clusterd, 28 IR H b A /R 12
FSL IS 6 4~ T6SS L FEH A 4 45
M F2I5 2 B S 1 Zur ITEEERY Zar J8 T4
PRI PR ROV L, 8 G A 7 A B TR
IR FAE SC L R L0, 308 Aok J 1 40 i P9 B 125 1
W AR ALY T6SS MR IR AIBERL , I it 44720
BRI Sh A Y 4R B ALY
WS, Zur A5 T6SS JA 1 XIH Zur G451
L5451 T6SS e 7 5 (HIE AN A By Tk
JERRARET, BFEFANREFHERN Zur BIRNIES,
DR HIVE I BEZ B, T6SS #iE ", Zur
YE R 255 ) T6SS #e S 5¢ , 2 RIS h e
TR B B R A . BMIRVE BB TS SR,
T e R A T I A

5 REMEZ

VIEL G WA R Ge 0 2= IR PR T b i AR R Y
KAV IS, BT S. 18 EEORHE L &
RBEIE 5y TR A i B AR . I Se4E R
RURHRFR MR, X T6SS By HARZS A 454
DA RHAD AR AR SF B3 T LR TR B 1Y
AR, (HJE T6SS By 4Ll L K Z FE Ak & 1
A SEATHLRAT 5 E— BT 5T . T6SS A4 3 (9 3 2
WHEWIZE . “GLW RN H (cargo  effectors)Fl1“fF
kAL R 2 1 (specialized effectors), ‘A1 BT 2
Lj(Hep-)VegrG-PAAR AHEAE R s A4 7oK v il A5 1
HHF) T6SS MLk 1o FES LiF, T6SS il
) 2B 28 22 oA [i] 4 28500 2 1 A — Ui 4 A v
e Wt 2, JF H—Fhow 8 3ol
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DL 5 2 BN [ B T6SS 4 F ikt 1tz . FIA
BN AR s I 7R T T6SS SN 8 1
Feia R SRR IR, R0 A R s E A2
FZ AR SR, BEERR S RS E
M, IS S ERE A S G DL o) A LT 45
AN 2s 18], B4 A T6SS LR B FF45 4 HAh
AR A IR 4, eI Ry
SR RN B A TR 7 AN ] e B T A Rl

VA SRS PV &SP sty )R- AL TR 2 L A =
FE— U0 Wb A R MRS B 7 X 2[R

B A RrPRTT o RO 2 A AR FIAE T s i 2
FEPEHLETS T6SS B 51 5T . T6SS R
FIGLEAFME T Z A4 7E, I HATRefEA T4
[F) () 200 B R, [) N 7K PR B A ) L i i ik
SN iR C et LI S Ik A S R E 2 = = (V|
T 40 5 A RONE B 1 R PR AR M, AR
T 44 1 5 4 205007 2 1 U R T Tz AR
T A S Ao Ll PR 2 A RIS AL T R AR 45 5 R
12 DA K A= WA 2 0 i (OF) R AE 6 DR A B AR <7
SEFBEA T TN ) %57 2 FEAHT Y T6SS A5 ik
1, KRR T FeA 1% T6SS Hzhfe K H T T 4014
T 4R TE 32 200 S5 B RIPLE IR . T6SS AT L
ﬁﬁﬁmﬁﬁiﬁi%ﬁ%,Mﬁﬁmﬁﬁii
POV IVA Wk s o N e 7 O 1B = AL O
i%ﬁ%%%%ﬁ&gﬁ%ﬁTws&Aﬁmﬁﬁ
IBIEFE AT BE AT 2 Rl AN TR A O IR T i 46
o 7o, BT T6SS RN K L2 ThRE, FTLAJF
RETXT T6SS HE s BT TR 245 W4 1 2400z 2 11 F A7
RO N2 T I & T6SS FTE A il 5]
WAL Dt T 7 i 4 DAY fdt B BT A v 119 5 2 B ) DA
AT AN e o AT AR T6SS 4 @ SR BN RE )
WH5Eo T6SS TEAH A 5o 4+ A AH ELAE FHERHE 158
ORISR, 2 TR DR AR 1 2k RN B B
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Abstract: Bacterial secretion systems can deliver specific effector molecular to outer environment or directly into
target cells, resulting in the adaptive advantage from interaction between bacteria and host or bacteria in microbial
communities. The type VI secretion system (T6SS) is a macromolecular secretory apparatus which is functionally
and structurally analogous to the needle-like contractile tail of bacteriophages, wide-spreading in Gram-negative
bacteria. It can translocate diverse enzyme and toxins of bacteria into eukaryotic or prokaryotic target cells in a
contact-dependent manner. After delivery, the effector proteins can make an impact on both interbacterial
competition and pathogenicity. In addition, some effectors can also enter the extracellular milieu in a non-contact
dependent manner to help bacteria obtain scarce metal ions, which is essential for the maintenance of intracellular
metal homeostasis under stress conditions. In this review, we summarize the advances in understanding the relevant
aspects from the structure and assembly to the function of T6SS. We also focus on the broad area of T6SS effector
and its mechanism of metal ion translocation, which contributes to our comprehension of the crucial role of T6SS in
the microbial competition and host infection.

Keywords: type VI secretion system, effector proteins, interbacterial competition, pathogenicity, metal ion
acquisition
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