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Abstract: The type VI secretion system (T6SS) as a dynamic multi-protein complex has a clear
division of labor among its components, transporting effector proteins to compete for bacterial
growth. Studies have shown that T6SS mediates the competitiveness of Acinetobacter
baumannii in the microbial community and affects the drug resistance evolution and invasion in
the host. Particularly, the valine-glycine repeat protein G (VgrG), the proline-alanine-
alanine-arginine (PAAR), the hemolysin-coregulated protein (Hcp), and the effector-immunity
(E-I) pair play a key role. Although T6SS has been extensively studied, there are few articles
about its clinical application prospects, as this poses challenges to the identification,
characterization, transport mechanism revealing, and other basic research on their functional
proteins. We reviewed the research progress
characteristics, and transport mechanism of T6SS in A. baumannii and provided evidence for its

in the distribution, functional protein

application based on the application cases of T6SS. This review aims to promote the research
on the genes and functions of T6SS in A. baumannii and provide new targets and ideas for
developing new anti-infective vaccines, screening suitable inhibitors, and producing engineered
drug delivery tools.

Keywords: Acinetobacter baumannii; type VI secretion system; valine-glycine repeat protein G;
proline-alanine-alanine-arginine; hemolysin-coregulated protein; effector-immunity pair
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Figure 1 Schematic diagram of gene clusters*®’.
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Figure 3 The way in which VgrG and PAAR bind effector proteins!*****° %1 A: VorG binding effector
protein. B: PAAR binding effector protein.

x1 HELRHTEFZIINEEEIEN E-1 X

Table | Summary of characterized “E-I” pairs in Acinetobacter baumannii
Effector Immunity Type Bacteria Location Function References
LysM  LyMI Tae/Tge Ab 307-0294 VerG loci LysM, is a predicted peptidoglycan hydrolase, [51]
within the cytoplasm of E. coli cells did not
result in any cell toxicity but toxic in periplasm
Rhsl Rhsl1I Tde Ab 307-0294 VerG loci Rhsl1 shares amino acid identity with several — [51]
previously characterized T6SS Rhs family
nuclease effectors
Rhs2 Rhs2I Tde Ab 307-0294 VerG loci Rhs2 contains an AHH (alanine-histidine-histidine) [51]

Tsel Tli Tle Ab ATCC 17978
Tse2 Tdi Tde Ab ATCC 17978
Tse3 Tsi3 Tse Ab ATCC 17978
Tse4 Tsi4 Tae/Tge Ab ATCC 17978

VgrG downstream Tse2 contains a nuclease domain and can kill

motif in the C-terminal region, which is
characteristic of AHH hyperenzymes

VgrG downstream Tsel can catalyze hydrolysis of nucleic acid [28]

(most catalyze hydrolysis of deoxyribonucleic

acid, and part hydrolyse RNA)

[28,64]
fungi

VgrG downstream Tse3 plays an important role in bacterial killing [28,65]
VgrG downstream Tse4 contains a LysM PG binding motif and an [25,66]

M23 peptidase family domain, indicating that it
probably targets the PG; Tse4 exhibits both lytic
transglycosylase and endopeptidase activity in
Vitro

P4 actamicro@im.ac.cn, & 010-64807516
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Ab HPk, RETEEEEZAYHAEE DO
(National Center for Biotechnology Information,
NCBI) HF 48 R AR AR E RO 8 ) R SF D RESS
¥R 751, {8 B BLAST Eb X SF 2 RE3 1 [ U5
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(phylogenetic analysis)Z B, X4k AR50 2
FIB% 53 ok A SRR SR 32 N4, 15 AR 2
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(amidase). JL T JFififi(chitinase). JKIRHHK fiFE it |
VR TG A TR I 2, 8 R 2 HA P-5F Rhs
iR, 3 NS DUF4123 25ty gt—2
WFFE &P, Ab ATCC 17978 % iy VI At
JZ B 0 76 1 (type VI amidase effector, Tae)lF]
) H A 2 A 1 5% A L T (lytic  transglycosylase)
FI N KT (endopeptidase) & 1, BEMEHE [a] 25 Fh 4
B () 40 B BE D D-46i 20 BR (D-lysine) F{) 43 5 7] L
FEES pH (EIE N, HE5R Tae MTENE, RKH
HFE 5 824 [T AT, 7E Ab ATCC 17978
W VI RY R il 5500 & 1 (type VI DNase and
RNase effector, Tde)l i BR{# Ab 4T E R & M3k
2, PRI Tde [7l B LA A% I il AN B B0 7T 15 1Y),
TE AR 988 A FT- T8 (Agrobacterium tumefaciens) C58
H, Tde 2 E] VerG FEAR /MR IEE T6SS fir
WY, TssBC W AadH 2% R TE Tde f77E
ML T A2 & AR, N RORShFFE ADP1
H, T6SS BB EALMBNER S, 5
RO B T 0 A TR 1 S A R AR FH A AN A
[] o DA 00 304 £ o 100 5 DR R ARS8 i 2
DR TG, X ATREYS Ab hyiAE R 2k
AR RN, died ol TR IR A dE, G
P RSOV AR R R g s, il B
Ee =N CiVOIA AR My d o A (A O 0
JEBT Ik RS AN AT, E T SR Y i

W EF AN IS5 # E AR um AR L, A AT e e 52
Wil BEBON R ARG HOF R,
& AT U i —Fph Sz T E-1 X2 ) PPL R
1 BEHL ] (immunoenzyme mechanism) A #L{A
Bt Lopez 251 i 4 My sttt | KA
FIAEAL A F5E Ab ATCC 17978 Hr I RE R S
PO RN 1 Tse3 Y [A] IR S e 2 11 Tsi3 A,
R Tsi (AP EAA FREE A F BEH 208 A
fiff (formylglycine generating enzyme, FGE)%5#4
B, AAKATRE 2N Re RN, AHRALE TR %
% Tse WY, RPEHEE TH 7EHE A A
(Escherichia cloacae) e 2| H Fll L i ] P VI
4R W WAL 0 26 1 (type VI lipase effector, Tie)
BIVER, #h9e TXF T6SS fupE s 1 HeElE
T RE 00 B 1 Hp AN e EE R A B AR Y E AT
9% 2 1 43 25 AR 68 8 5 B 9 R S T R
T6SS RV 3K H ST , A b ZH N AL T6SS
PIEE A ZIR, LA AFH 1% T6SS.

3 N KH

3.1 BHERESE

Ab JLF-XIr A B Be A R A T I 2
FeUnpk E RIS SRMEE . BN EE, #
EXHHTHER, 28, MIAZHTZY Ab
HHEAE IR 2 BRIEAL F e bt A R iR BRI R
R ERHESEIK. BRI T&EMIAERD
WHETE, BILTEA NI IGTT I 2 DAtk
P& T A X BL S M 45 1 S 398 N B R NS
Jit 28 V22 Tl A T 937 16 Ao TR A 5 e Ay S e U740
BARARA Ab SEWAEIGIRE b N, (HEK
AR R X R — AR A TR B IR k. H
AT Ab FEW RS EEAFE AN . WA
AIE T . DNA SR . MRS NS 241
95 1 O B VLB T R T N KOG T, E AR R
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RERGGI R Z g N, B & 7
YA TFFERT); DNA RS 1R FH S
Fki A H &R 15 R R S g g, (B
FE—E e KT AR (I AR S
GRS R W, AR 1 v A A
T, DR A e DL B R oAk 22 Rl 23 K
-, AR A T — R
A9 D AT A B L RS O e i Iy 25 1
MY, A S A O S B S R G RN
PR G R A oy Je AL e ik, IRt my 4
ST SEALE RN KIS,

VB R B T S B R R ——
i ZREECE Z K, B IC AR A TE 3,
FOR B AR . R RS etk 2
TENE . ) T A R v A 1) 15 T G i N B AR R
HE AT S A IR0 2 e SR AR SO B
PRAGAESE ,  LAGH 25 A 38 14 s 3147 BEL A5 41 1 %)
T £ R 2R . Ab VA RE P e B —
FE, T6SS CHLIEHS Ab S0 Rl it 25
PEBEYIMISE, B VerG B 798 A& R4
B, J& Ab BUR TR . AP i P i
X IAE A [R) Ab i BE RS (IR —14>97.63%)™
PRI A 538 P WV B B T Ak . Pazoki 26
M VgrG ) C-RImiERE T 2 M ORSF I G I 1k
X4 VerG 1263-2295 Hil VerG 1263-1608,
VerG 1263-1608 J7 A AR 5 4% 55 5 (Nei sseria
meningitidis)f*}) JC¥ C I (loopless C lobe, LCL),
i U b 5 2% T Ohae R A . B Rkl
fbia, #ET/NE Ab SRSl S5
/~, F LCL-VgrG %y i)/ B A R S bu ik
(immunoglobulin G, IgG)., 7EMHEFEH|# Ab X
diJa, B e 4 RNk B G 2 4N BRI A7 TG 5
439 R 33.3%F1 66.6%. FIt, VerG AIfRF X
AT BB WO RE T L g IR, AT LE

<l actamicro@im.ac.cn, & 010-64807516

XTI T6SS #4715 32 /8% i 3 == P B s AR
IR RPN 5 VarG PR F X34 T DIAE Rt
P HIRAE I Ab Jfdy, B JCH XT38 &= 20
BRI 1 0 AR AL 58 2 I R E ;. Alipouri 256
TE/N USRI i — 2B PP E A VerG i f s i
PR, 4 20 B I R 5 U B 3 56 (enzyme
linked immunosorbent assay, ELISA) ., & sl 4 3% Fl
BB e S AETE 28 . /N AL 2 B 4 B R
i G LSRR, FHEA VerG /MR E
A HE RIS 1gG 7KF-,  Jii A o 0% 40 5 171 £
HEAK, 3 dIFTERK 75%. VerG JE—F R
rE, BRI R DR —Fh ok i e e e 41t
AT R e S5 2N A Rk
PRI I, AT R B4R E FilF ., 1
JKE L JFHIE A PcTPRsl ., B J1[H 45 E A
CsuA/BP AR MR H , VerG 7= B g sh g
RICR T REAR At RV B Py ORAP P e, X — BB AEIR 1Y
His A B A ME, Fline &5z 2 el
TG ¥ 42 32 % W HE B Y B E W 970 7 (intensive
care unit, ICU) ABF; 768145 . S HEREMS K2 TF
AR B R KUK 1) JB 3 DL S B R T Y
FAE NS Hep 10 T6SS i& bR, T HE
HI] S22 7 25 1 #F B (Campylobacter jejuni) 56 5 114
MINRERE 1, A EUR L 53 o HE i il 28 4 L 2
T AT LA L T 448 TR 6 A I R 2 ol s B0 1 =S
5 R AT PR R AR 8 FE B Bom b, PRIk 2 1
Bl FAYT I H Y. Gorain S /N FRURE AU Hi:
W2 25 AT B 1Y Hep 7E 0 AW TE A5 1 92
Yinygs b, SEE Uk H AT AE N i P s S K P
PR Sk AT 0 77 A 3T R R A RO /N
MEWhEAfrE. R, HReARA
W5 REUER] Hep 76 Ab HH I REEEUN 1, FFH.
PAAR 1E Ab H A~ I REIA T 2k — 2 ]
o A E-1XSHE Ab p HoA MR 2R, i
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Z: 50T 24 sl S 7R B I & o DRI Hep
PAAR D)}z E-1 X SE ) BB AE B R AN A Ab
Y
3.2 EIBERS

it A 78 25 15T 53 0 R e SR 1 LA
ti] 7 23 % 2K 11 0T — L2 25 W sk 2 U AT 5 1)
P, Wettstadt 2B HOKE T6SS T 24k Jyidh
R G LK H AR a0 3 40 B AR s 2
JfL b S R R A AR . FIUR VerG AT DRk
S AR I 9K By L [R]85 0 A 1 A AR 4 X — A
R B AL SR LI, R A P RLON 45 4 S A
F|— I VerG 1Y C AR, BARTE 1% KRR
FRrgEZE SRR, A AL R B R LR
K o pE—2E5R I T T6SS 4kl gn 4k Hix
PRGN, B S B e & R
1 PR 328 6 R AR Al EL I 5 1 T g I 2 R Tl 1 P 3R
W& . Ting ZEBF & A 3 1 40 i (programmed
inhibitor cells, PICs)if i & 1H 44 K40 AR = 1
PSRN, f# TeSS HAH: FIH#EmIhfE,
DA A /)N ) IS0 B A0 P I 52 = B v P A 4
Hersch 2B F FIERLINE K VerGl (& A WLEh
TE PSSR B8) . VgrG3 (35 4 V4 T 45 R )
PAAR2IY Cre BmAIBEMALG, MY TG T
Cre IR B Z RGN, JFE ST PAAR2 14
AN T6SS RN HIRE ST , #E— K W] T6SS
ViR 1% RGN 2 T REE - Kreitz S50 M40 18 K
TR A A T US4 7 B 22 ¢ (extracellular contractile
injection systems, eCISs)ifiid A\ T8t AlphaFold
TFBHIT REVEM MR BGE S, I 25
DRtk AR N VTG Cas9 . Bl 5E 4 2% )
B 2 I JR AN B shig (R D9 R S sk o I
4 S 72 Bl >k 12 2 4 T (Amoebophilus) H & BHL )
T6SS™ 1t F K #4 B A 43 T ik Ak 25 07 Thi 249 52 BH i
Y eCIS RGN B FE MM, B4 T6SS £

o] RUF A 4 i T Boks — R 504 TR 3R A s
AR AR, ARt —E 05T,
FIRT Ab ARSCINREE FAE 8 Tl Ak ik T2 A
RN o

4 B2

T, T6SS FHMEAR A T4 4 /s, T6SS
16 Ab IR IIRE R A R ek, 7St
— AR HRAT SRR, DU A T
fi#% T6SS T 25 MO HLE . ik, T6SS H[H
SRS Ab PSR YIMEE, AR5
[ Ab HY T6SS H PR A7 7E By ik 2 1y Jit R i 2 3 —
HAUESE . Ab H T6SS JERUE B AFTE S AL R L
FOXFPEERL SRR AT RESE Ab HEF TP PN SE S0 5%
i, SRR R Ab SERERR AT R A )
JRH 2 —, TR IT i — 2 e .

MR, AFIERNE M, EEMEN T6SS
TR )L RAFRER), [ T6SS J&i iy
W ZAEAL RN B AR SR A R R R . AR
N I E PR Re L HA 2, R
M EATHE 2R SR — A B2k, (HEE
B C &I R T 200 5 vk 5 s A4~ 50 i Bk
o Ab HHRRON LR A B TR AN RAE, 7RI
U TEATI IR Ry 800 2 1 %) e B R T R R AIE
BN TARKM =S 8] . H AT K a4 s
LA TG PEAR AN, AR WS B A= 8 2 H T
5% T6SS A Z M T A, I HA AP 2E )
ST VR IEAT A B 2 1 0 — 25 I R B
SESE TR SRR ol B R A T
RS, AT RS T6SS 45t ik
1 FEMBCE A 800E 38 1, A 1 B 22000 38 11 1Y)
RIMFINRERAL,  LLHLE A X X SE R0 2 1
TEAN I A o 3 3 mT DL e s HLA B BB TR R
PRI, R B A T P AR 2 AR R T &
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PRAAE MG R . S H N oy eh iR U Ge
MIZE R, — BN A & R0 2 1 b A,
A R AR R Al G 2Rk, Rk
A DL I — 4R T R i F ST, LA g
(IR, i Ab BEfT A R i .

ROV AR 1 36 1 B ) 2 — B — AR R
TR ), AR K iF 9 % W] Hep . VerG . PAAR
FE T R HEOCHE R, AT ENMER
S T B L fE IR TR AR Oy SR B
% B RE LA LA K ANn] fish % o3 WA B 5 S5 R 2
Do XFF T6SS MIsLhri A, VerG & # ke
& RSN B T g8 A 3 1) SV B 33 T B S A
o, AR ARG R N S ) A i e v
B89, JRSLEEA IS Ak alis 2 T B 45 Ab
SV BRLASE J2E VT LA D% i ik I 00 g2 S PR i A
PEIZAERE T O SEA G IR EET B ILoh,
X Hep. VgrG. PAAR J& I H AT A H
U 1) 43 38R, DR LA A A it 16 AR
ik — 2 TR SE I 1A B5G8 %
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