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Fig. 1 Infection pathway of Legionella pneumophila in host
E1l mEmMmERAREEIRBRRRNERERE

1.1 X5 EHAEEIR A

W it 4 P T 3 R TRAG 1 I 2 E AN AR R il
W, G NI E R, 2807 T I
TWEZ 5, VB4 A i ik A 018 AN 1T E
il o W8 i 4= AT B Y JL A A R EE D I F A0 RexA
(repeat in toxin A) . LadC (L.pneumophila-specific
adenylate cyclase) . enhC (enhanced entry protein) .
MOMP (major outer membrane protein) L & Lcl
(L. pneumophila collagen-like protein) 1] )i 1 /g
it A= AT T O 2R A D B B HCREE 2 T EAnf N . 8
its 2 P TR 3 2 A1 R B T MOMP & — Rl fL & 1,
MOMP 5 15 3= 40 Jitd 22 181 A #MA AZ /K (complement
receptors) CR1FICR3IZEA )G, <A shin 40y
WALVERT o W It 4 1T TR e J5AF 28 1 Ll 5 40 M 5
AKX, Ll 2 5AMEZIACIQR 455 0 IR, 1B
VAT 8 AL G AR WA FH BRI 10 46 1 A i i
HEANTE FAAEN
1.2 LCVHIFR

Vg s 4 A1 B P 22 R L e 1 A Vs AR
ffimte, HhEEZENPRELLCV IE N, Wi
R G EAME , — 5 T e E R
Ryl 7, 53—y T I AR SR 1A N T ok I
RSS2 £ Sy ELA i 32 PN B ) AR
RILCV, ] LCV 515 R MHARIRL S, LA Ik

HEm (E2) ™, o —ab 25 1 34018 0/
GTPase & U BB R VIAHOC, A48 B 25 7690 Ji A4
75 A Rabl., H COPII (Coat protein I1) & A ATE
P B U B 1 BB S NN BT (ER) iz i 3]
1 R B A 5 3R 1 (cis-Golgi) , COPI (coat
protein 1) & & 1KA-F T COPI H ¥ 2H 73 D\ 5 /% 2k
P TRT 3 P T A B 0 B il A P R B TR B
WETR (ER) I ERAL A BEEIs, LUB I ER AiT
HERILCV, BRA R AR EE R, A
YHRRS , I it 2 1A R e L A R RN 2R SidM
X Ralf 43 5144 4 3 Rabl il ADP-#% 4l 346 - 1
(ADP-ribosylation factor 1, Arfl) F££E % LCV &
AT N I A P BRSOV AR SidMAE A e JEE R S
PRI Rabl SRV AZ IR # A F (GEF), i fif
T AL BTG Rabl, 6 (9 Rabl W) ) i SEC22b
(vesicle trafficking protein, SEC22 homolog B) 5
Zfifl A8 (synaxin) BIZEA 1" HAh, R
1 LidA g% Ph [ SidM Z£4E Rabl % LCV K1 .
1M SidM X Rab1 (1) it 1 Ak A& 1 W e 9l 25 B 17 AL g
SidD ffigi s, {#i GTP-Rabl 1] 5 GTP #Hi i & 1
LepB 454, MM 5E i Rabl FBLTG G ER 127, Arfl
(G PEAZ Ralf A H Y, Ralf &—Fh 40 44 1
R e 4 1 ¥, BB 15 £/ GTP i35 2 LCV.,
W it 2 8] T 550 2 1 AnkX R ECR P 19k B it 4
PRI MBI Rabl, X — B #HE Lem3 #i%% . AnkX
I3 3o B PR R AR AL A W 1 2 55 N A IZ B i Rab35 2k
T, DN 59 1 = 200 0 A A R b A ) o
G LCV Bl 1 IR A TR LA
1.3 WEALAEATEIVEL ML R ST

I s 26 VAT T ) 0 P 5 LR 1 TV LA R
4t (T4BSS) #VIAHIG, TABSS Hi 27 F i 11 B 4
U 3 T N O O o R S W= e 2|
T FANME ISR . TASS A S (1 43 b ik B A 45 3500
R R 2 g E 4 7 T4SS A3
BEAERANR: ZOBEKE A K (the core
transmembrane complex, CTMC) FI Dot/ICM %
IVB 1 it & & 1K (the Dot/Icm type IVB coupling
complex, T4CC)., CTMCIJE BS54 1 i £L
iE, H DotC. DotD. DotF. DotG. DotH Fll DotK
. TACC Y HIREZ R AR SFRN EH, H
DotL (IcmO) . DotM, DotN (IemJ) . IcmS.
IcmW ., LvgA. DotY FlDotZ £H 1% . %0 & H Al Lk



<1090 EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (5)
N EHEEE gm -, PN
EERE R
opp A0 Gre
GTP
Rabl
B GDP

Fig. 2 LCYV forming of Legionella pneumophila by hijacking vesicle trafficking
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Fig.3 Summary diagram of the regulation of SidE activity
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Table 1 Protein lysine acetyltransferase and deacetylase
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Table 2 YoplJ family effectors and their targets
R2 Yop)REH R REFZ NS
Yopl R A% o PR T T8 F A Bt
KIET- B S A

Yop)/YopP REEHR /R #R T : B ZWEREE, EEBF  IKp. MKK2. MKK6. TAK1 {I#MAPK-ERK 2 NF-kBf5 5 # 5 /b 4

SRR AR D
Joa i o ¢ B IR AR A

AvtA  ERWTTIRE BT, RO

VopA VA I K LR Tl
KR TR SR
HopZla T F{R¥AIH
Hopz3 T &R LR, A
AviBsT B i LIRS, B A

PopP2  HAE/RIKH LR W

MKK4. MKK7. p53

MKKI1. MKK6

AviB. RIPK. RIN4
ACIP1. SnRKI
RRSIR. WRKYZBHFIIT il A 44 [ A s

PA - 97 A2 B RE S R 5 A 3k B W 2 A P U
TIRAE 2 G S

I MAPK-INKAE 538 #% LA K% 1 3 4 92 B 4
St el R N fbei ) TR e
JMHMAPK-ERK . -JNK. -p38{55 il

Y, ® A% GmHID1. JAZ. Tubulin. ZED1 4| K & 5 80 HA 4L W& g%, BUEIAE Sl

B, T A0 23 K B U A P BE A SR B B
PR BORZARIA 3 S B 1
FHIRPM 1A S Bl 1

WIRACIPT S B I & s SR B

MAPK: 222305 TR i ; ERK . A0MAM A & 3 ; NF-xB: %K T«B; INK: c-JunZdIEAmE i ; p38: p3ssiimfbiE
PG, JA: SEFIRR; ZARL: P ; RPMI1: NB-LRRAJEZIK; ACIPL: ZEHLME/EMNENE]L,

22 BERREZEALEE

JERTIAE R, A Ok £
428 (F1). F—HRELEAH HDACI, HDAC2,
HDAC3 #1HDACS, %35k CBeAbi 3= 5 0 T4
Mz 55 SRR AL AL SR AN R AT 20 5y
J A ZEFITIB 2, TTA 2841 §5 HDAC4, HDACS,
HDAC7 FTHDACY, %A L EHLE HA — il
i, FZEMTHMAZ T . 1B 24 $E HDAC6
FIHDACI10, AWAMEIRA s, B2 M T4
BT, T2 T AR 2 B O Y & AL
P OB TR i ok, BEGHBRIR IR . 56
=240 45 Sirtuin 1~7 (SIRT1~7) & NAD i it 2=
Z WAL B B, Sirtuins 3 1 % 17 2 B 45 4 b
(Rossmann fold) 5 NAD'454, ¥ & BEAk 18 2=
Mg 5% 56 1 O SE Bk, 7 AR B 2 Tk R K
M B e (NAM)  #l O- £ Bt -ADP 1% %
(O-AADPR) ', S 9 7 40 g 2 157 35 Rl 92 o
SIS HE HDACHL, & —FeE s i i 25 2
P ARG, A A0 48 PN St 208 19 25 2 Bk Ak
B4

3 EMEAENNESNSHNEBRZHER
H1EiH

A O RS B 2 BB L[R] 98 1y 2
FUR B, el AR E R e &y

W TR EE S A% Bl R 251 FE v S TR i 4 L D) RE
TE WG I 22 AT TR TP A AE— S 3 RON B A3 T Sk
TRABR, X BER50N B A X g it 42 1A B AR 78 £ 4
Ja A BA EEAEH
3.1 GNATXK&ZEEFEBEE

VipF 1 4y W8 il 42 1A B rh ORS1 A% O R800; R 1
RS EMMANAERK T LR, VipF 58
IR L AL T 51 254G Lo b 7 o A4
PR AT T TE Y S AT A 256 3807, JF H VipF
WoR I A @R ORI E T DY SR
WFFE R, VipF BIPD GCNS 4544 3 1o 5 45 B 4%
R ASBBIEAR, R UE (K4, XPA

1 122 136

267 286 aa

LBREEA

LT AHEEA

Fig.4 Structure of the VipF—acetyl-CoA complex
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Table 3 GNAT family of L. pneumophila
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Fig. 5 Sequence alignment of YopJ acetyltransferase family
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BRI AT, SR YL E] RomA X H3K 14 11 H 3
K2 W B A%, AT WL LphD 1 RomA 2 Hi4~
FERIR ARV B, — AR08 AT P = 2RI
T — AR AT . I BLAFST & BL, LphD 1
RomA #43 Lh TR G £ Sl 45 & 2 A 1) KATT S
b, UrEHERDNE A0 e o T APPSR . 6
2, LphD ()2 Z BEAL & BE % P [F] RomA 521 g
i 7 R PR % R AR g, AR T A0 PR e A F2 R
WHEF TR

4 ZEALEmERRESRIRERIER

o SRS 2o 3 A g PR - IR 1 A R A
Thee, DASEETEE EN R HIGTE . Hd, ikl
BT FA 3 0 SR AE AR PSSR AR e S I
5 F N B I EAF RS EEAVE o A I Y
LT RS O A P AR I T S BRAR R
Wi, s I RE QB R BERR A A, (L Bk AR A
W R BRSO WA E A5 Ak, &
WA S5 HAL B E B , ani Efe BERR LRz R
AT ZME R, ARPTMAG TS
A T B R A IR
41 ZEBUEIGHELEEEESES, BFEER
¥z B 1

TEHRR AR IR S, 18 oMl 22 245
AL (MAPK) @, A WA 552
JRRYLTRA, AR W T B S A, ISR 2% PR e H
= b R G (T3SS) 43 b 19 B J1 KL F Yopl
(Yersinia outer protein J) FHIKT MAPK i [ A #05 -
YopJ BEf% B # 5 MAPKKs (MAPK kinases) f145
MAPKK1/2/3/4/5/6 %§ 5 £ H.AF , I X MKK6
(MAP kinase kinase 6) 12 JE iR Ser’”. Lys™ #il
The?' LA & MKK2 ' ) Ser® Fl The #E17 Z, BEfL1&
M, A MAPKK (Y B R AL 0SS 4b,
Yopl it & X} IkB J# 1 B (IxB kinase B, IKKB)
Thr' SR EE AT WA B, S0 HHORE G P, B
K FHNF-«B 5 S B Wr . €W IR
(Salmonella typhimurium) 53 W IR 2 1 AvrA H
B O R 0 Ve, @ £ ek 18 3 MKK4 Fl
MKK 7 I8 1 410 i i 5 200 M i) MAPK-INK iR A2, ik
TP An g T = SHRRAR IV A E], VT

PR — PRI N BO TR, A1 R 4 e o 1 DU AR
FHAEE RN AEL . LA, AviA B I 2
Tk AL 200 o 30 4 v e 935 1 ps3, Bk ps3 Y #E
B LR i O o 4 115 i 11 R
K A R PG 1Y 8 R F VopA J& F 43 WA 1Y B
SR FREWS £k MKK6 . MKK1 M % & BE i i
(FAK), #flCym s ok S Ak, A3 il 4 it
AT

FH L0995 U P A Y Yopd R0 Rt B AN
[ 0 1 AR, BT 35 00 Ge e B AR T A2 1
. HopZ1 J& 5 | S 40 B P B s vs A s st o T
AR (P syringae) Froribhiysun K-+, 7
i DA Y 1 A, HopZla 23 & Mt fk Jaz
(Jasmonate ZIM domain proteins) ¥ i JA/ET
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42 ZHigimEmEEEAMNTEHEmEML R
EE
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Ah, Sk H/NZ IREE TR LR AL Bl GCNS L1k
B4 H WA DG Atg8, fedt LAY H WgEREfg .
43 ZELEnRERREESN

CBEAAB T AT LASRE o sl 3 I e v 1, I
JHE R 97 71 PhoP/PhoQ XUZH 4 R GE 1 4 A
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<1096+ EMUEEEYIEER

Prog. Biochem. Biophys.

2023; 50 (5)

HFREREEG . VY21 TECE PhoP (1) 2 BEAL X Hid: )
FEREE, WA AL, PhoP [ H~#i& iR
FRAE K201 F1 K102 AT RA43 5l 9k £ I 354 A% il Pat Al
AcP ZHt4k, 25 T PhoP i& PRI, K201Q %
A S B 200 B ) A K R S 0N R RS 1 B 0
50 ULk, PhoP 55—~ e BE LR ST 0 i 22 R 5 Ik
K88 Z LAk &1 M) 55 T PhoP 1) — RAATE A 5,
I H 5 DNA S5 GRE ), FEBRGFEDTTIRE
FE SIS o R B0 TR A I R IR 2 D) AE W s
SBERIY, 3O R R A P R SO TR AR AL T IR
fifi HOR 32 45 5 e L A A R A5 . LuxS &
TR 3 7= ) SRR, S 5K AR
YIRS IE A, LuxS B2k 10 2828 A e /N BB B v 3¢
PR A A= BB BCRE I 1458 . LuxS K437 55 A9 2. it
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The Role of Acetylation in The Pathogenic Process of Legionella pneumophila
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Abstract Acetylation is a reversible post-translational modification of proteins mediated by acetyltransferases
and deacetylase. Acetyltransferase engages in transferring the acetyl moiety of acetyl-CoA to the amino acid
residue of the substrate protein, and the acetyl moiety of protein is removed by deacetylase. Acetylation is
involved in the regulation of many basic biological processes, acting on histones and non-histone proteins, thus
affecting a series of cellular processes such as gene transcription, regulating mRNA stability, mediating protein
localization and degradation, efc. More and more studies have shown that protein acetylation plays an important
role in the pathogenic process of pathogenic bacteria. Legionella pneumophila (L. pneumophila) is an
intravacuolar pathogen that can cause acute pneumonia in susceptible human hosts. L. pneumophila can be
airborne to infect macrophages in human lung tissue. Successful intracellular survival in hosts depends on the
formation of the specialized Legionella-containing vacuolar (LCV). Upon invading host cells by phagocytosis,
more than 300 different effectors are delivered into host cells via the Icm/Dot type IV system (T4SS) into host
cells. These effectors hijack a variety of host cellular processes by diverse mechanisms, redirecting components of
the host cell secretory pathway to remodel and maturate the LCV, and play an extremely important role in
L. pneumophila survival and replication in host. Chief among them are mediated the post-translational
modification that perturb host signal pathway. Among L. pneumophila effectors are quite a bit proteins that show
primary amino acid sequence homology to eukaryotic GNAT family acetyltransferases or prokaryotic serine/
threonine acetyltransferases. This article mainly reviews acetylation modification, the pathogenic mechanism of
L. pneumophila, and the role of acetylation in the pathogenic process of the pathogen and highlights the known
virulence as acetyltransferase and their role in host interaction, providing a reference for understanding the

mechanism of acetylation modification in the pathogenic process of L. pneumophila.
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