rh E 40 2B Y022 244 Chinese Journal of Cell Biology 2024, 46(2): 336344 DOI: 10.11844/cjcb.2024.02.0016

WE Fifi & ] 3R 2 B < 18] B E+E AL )

T FEilE PREEDT ERFEAL RN
(HREEITIE 2% A G 22, R 350117: R I AC 22 R )7 AE MU 8 9T o, 8 350117)

WE 2 E AR (Legionella pneumophila)# —7FF 2 K IAME R E, ©TATIRALXER
F. K E HH A Dot/lemayrik A A LB RiT 2T 2 X TR, L6 8 £ mI0 R 515 29 3304 B
Eo, B IR S BT 47 w0 T F — £ 5 BARRIE T mIe S A SED, TR
B 5 eG54z 8. B G T AR R AL ZHIR, I E H ) Sl 5 2 otk aeh iR
PEAE R T L E R E A 5% E@Fes, Atk E A E As mie N E s, R
H 3L & 6 8 T 58 BT AR 6 B 5 LR BT Rt B | e AR F B B A & G 18] 69 4E R AL
AR A BAVIE— T AR 0. 1% EBxt A E A 69 BRI AR SO B8 1) 49 R S AL
HATT 4k, Ait— T MG H 0 SRR T — R Ak

X§8A MBI R R Dovlem il R 45 AN A5 AHEAEH]

Regulatory Mechanism Between Effector Proteins of Legionella pneumophila

KANG Lina'?, HUANG Shiging', CHEN Taotao'*, OUYANG Songying"**

('College of Life Sciences, Fujian Normal University, Fuzhou 350117, China;
*FJNU Biomedical Research Center of South Fuzhou 350117, China)

Abstract Legionella pneumophila is a Gram-negative bacterium that causes Legionnaires’ disease in hu-
mans. The Dot/Icm secretion system is very important to the L. pneumophila pathogenesis, which transports about
330 effector proteins into host cells to manipulate various host cellular processes by modifying cell regulatory
factors and inhibiting cell apoptosis, thus promoting its proliferation and infection. In order to avoid unnecessary
damage to the host physiology, L. pneumophila has evolved a complicated and precise regulatory mechanism to
balance the virulence of L. pneumophila and host homeostasis, so as to ensure the survival of L. pneumophila in
the host cell. In recent years, breakthrough has been made in the study of the function and molecular mechanism of
Legionella effector proteins, and the mechanism of action between Legionella effector proteins has become a hot
topic for further study. In this paper, the pathogenesis and the regulation mechanism between effector proteins of L.
pneumophila were reviewed, providing some references for further understanding of the pathogenic mechanism of L.
pneumophila.
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Fig.1 Phosphoinositol conversion on Legionella LCV
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Table 1 The known metaeffector-effector pairs of L. pneumophila

JURUN B NE) W R A 2 R S 3
Metaeffector Gene ID Activity Effector Gene ID  Activity
LegAll/Ank] Lpg0437 Unknown SidL/Cegl4 Lpg0436  Translation inhibitor
LegL1 Lpg0945 Competitive Rav] Lpg0944  Transglutaminase
factor
Leml14 Lpgl851 Synergistic MavQ Lpg2975  PIP kinase
with SidP
Lpg2149 Lpg2149 Unknown MavC Lpg2147  Deubiquitinase
MvcA Lpg2148
LubX Lpg2830 E3 ubiquitin SidH Lpg2829  SdhA homolog
ligase
LupA Lpgl148 Deubiquitinase LegC3 Lpgl701  Glutamine
(Q)-SNARE-like
protein
MavE Lpg2344 Unknown LegC7 Lpg2298  SNARE-like protein
Mesl Lpg2505 Unknown Sidl/Ceg32 Lpg2504  Mannosyltransferase
SdbC Lpg2391 Lipase SdbB Lpg2482  Lipase
SidJ Lpg2155 Calmodulindependent SidE Lpg0234  Ubiquitin ligases
transglutamylase SdeA Lpg2157
SdeB Lpg2156
SdeC Lpg2153
SidP Lpg0130 PI3P MavQ Lpg2975  PIP kinase
phosphatase
DupA Lpg2154 Deubiquitinase DupB Lpg2509  Deubiquitinase
AnkX Lpg0695 Deadenylase Lem3 Lpg0696  Deadenylation
RomA Lpgl683 Methylase LphD Lpg2163  Deacetylase
SidC Lpg2511 Ubiquitination SdcA Lpg2510  Ubiquitination

8 /1. SIdEZK L35 RN 25 [ SidE(Lpg0234).
SdeA(Lpg2157). SdeB(Lpg2156). SdeC(Lpg2153),
ALK T ATP AR 2 81 2 RS 1 R 5
T IR . SIdEZK B 5 mART(momo-ADP-
ribosyltransferace) 4t #43 F. 5 ADP-AZ b 3L ¥4 2 iy
W, AT E R B T NAD, ¥ ADP-#ZHk
SN IE BB UbI 28 4247 Arg I, T/ ADPR-UbRY,
ADPR-Ub JUIl 4 5 A % B2 — I8 g 075 1% 1Y) PDE 45 #4) 45
DI, Bt ADPHKG PR-UbSE RS 28 K4 [ W7 £ A
Ji W AH ¢ Ex 1 RAB33B(Ras-related protein Rab-33B)
J¢ RTN4(Reticulon-4)]_E#E 1T 4% 0 -2 AL 1B 1 (PR-
ubiquitination)™, 418 3 NI M IFRES, 55 mE
YMIFET o T RN 2K T SidIAE R — i i 2 i
BRI, @t A 2k SIdEZ 8 [ 41 SdeA
(R VAL R 2R 860AL A Z R AT HL 2R I% PO AN 2R
SidJ(Lpg2155)%t 2 8 [ SidE ik i HiF 6 Fl
TR LM A NS . R SidIRE T,
SdeAANREEIF LCVR I, SidIX T SidEZ % I 4L iR

Gy AT AT SIE KR E [ D Be A i 1 4% Ry mT R B7)
(K2).

R A LubX (Lpg2830) B WA 5 M A%
U-boxAHARI &5 13k, 18 B E3i2 RIEHRIE M, ©
5i7 RE5 A UbcHSamk UbcHSe E2B4E &, feligiz
F AR 2 1 SidH(Lpg2829), {2k SidH )[4
ik, M0 SidH A ThEECY, 1 = 240 i N SidH 1 T g
i AN A8, {H SidHE M i 2 [ B 2408 B 1 SdhA 1) 2%
U E . SdhAIE I 4ERFE LCV I 76 8 1 DU i3k g i
T A E A P A B, R, 7E T R e
L, SidH AT BT Bh T 4EFFLCV e 3P (1E2)

R H LupA(Lpg1148) 42 — Fi i J ik 22
12 F % [ i (deubiquitinase, DUB), /5 %M & A
LegC3(Lpgl701) 2z =4 B M. LegC3RUMH H 1)
e 5B AW (Q)-SNARERR 138l . 7 [ B Ik e
ST, LegC3E 5 Mt 5 K5 2 M2 (R)-SNAREZE /U AH
KM 2 [ 4(vesicle-associated membrane protein 4,
VAMPH Y E G H R R LCV _E, i ik 4 4]
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(D MavQ and SidP co-regulate the conversion of phosphatidylinositol on LCV; @) after LegC3 is modified by ubiquitination of an unknown protein,
LegC3 is deubiquitinated by LupA, promoting LegC3 bound to VAMP4 to avoid lysosomal degradation; G LegL1 and RavlJ can bind directly in the
cell; @ LubX ubiquidization modifies SidH and inhibits SidH function; & effectors Mesl/Sidl and LegA11/SidL inhibit protein translation by direct
interaction, but the interaction mechanisms of effectors Mesl/Sid and LegA11/SidL remain unclear; ® Lpg2149 can directly bind to MavC and MvcA,
and inhibit the ubiquitin deamidation activity of MvcA; @ SidJ protein can inhibit SdeA activity through calmodulation-dependent glutamyltransferase
function.
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Fig.2 Action mode of effector proteins in host cells (modified from the reference [33])
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i £ 1K) Dup A1 DupB IR 7l 3 V) 15431 ffi PR-Ub %y
T MAB 5 IR e R i g i 2 A T A J o 2%
LRIHLH T AR =AW . 0, BMEA
Ceg3(Lpg0080)E A ADP# B % (ADP-ribosylation,

ADPr) L FEBE 1, & 2B MLk AR P 5 ATP/ADP
A\ i (adenine nucleotide translocators, ANTs)H 4
RAIRIMIRIE, FEANTSIRE K1, Tk e A RAR N
JiE_E ¥ ADP/ATPAZ #id 72, H ANTs & 2> TR 4ok
PRI 447 T 24082 4 11 Lpg0081 HAT ADProK fif iy
(ADP-ribosyl-arginine hydrolases, ARHs)i& 1, 7] LA
BB ANTsH £ B ADPr, M5 Ceg3 /3 £k
ARSI NI R , SR iA IE 5 & 4= ADP/ATP
(RIAZ 4l

Ub A, 58 T 7 A1 B 4 g0 1E 32 3R s i R
rh, H RGN 2R 11 AnkX(Lpg0695) E A i R HH A (phos-
phocholine, PC)#EFE B v 14, IR — AN ik i HEL Al 32 [ 4]
NN TE 405 RAB1YL B3R 18 A N &
PEIR, 10 RON 2K 1 Lem3(Lpg0696)HEf% 22 bR &1
PERT . 208 E ) SidMAE N IR R i 7 i1 AMPALS
ST INEI RABL B AE H AL TR 8L BUHIRAS | 1808
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2 YA P9 IS i 1 G B R T DR T, e il 7 R e
AnkX/Lem3. SidM/SidD4E:F RAB1IHE, MM fRFE
5 W il 25 [ T A i B vh 1 32 N T A ) TR
7.
2.1.3  H¥EAREAERAF09dE AR b T i
BB ISRV E A, Bt oS Hd v] Lodid B
LG T U A J7 A0 ) B RN B B D RE
IR it 2 [ 181 295087 2 1 SidI(Lpg2504) RE S 4141 15 3= 40
PP A SR, A BT v it A LA v R e
PRLFRI AR B S B2, AL 1 3 i o e PR 4t )
olEAMZET, SAR T EARLETE FAR AN =R
o SidLEAT GDP-H- #& HH AR 0 A5 7K fiff il 7% 12
H PR RIS . SidIfY45#) (PDB: 8JHU) & R,
SidLE A —AMtRNA-mimicry %4 f43,, H AT 4 H) 15 35
BRI FE R RE R . 7E M5 GDP-H 82 W5 A7 1E 1B L
N, SidUH & BB EAAZBE 1 T E0R PR A 52 245, i
JR AR BE R R AR R, T S B2 RF S B
i MAP3K20(mitogen-activated protein kinase 20)[] %
RN , ETTBERR A0 H B0 B g p38iY, iR
VI 5% Rl 1 3(protein activating transcription factor 3,
ATF3) WAHHJT ) 4% H AR R, 5 S A MRIET
FER [P 5300k, fERMIBt T B B FU RN, B8
B MesIn] LLELFE 5 SidIZh & T da 2 248, M
P 250 2 1 SidI B B4, Rk Mes Ik DR WU 45 g firt
AR AETE F A B R Y. MesIFE N-gii il
C-uii 545 Sidl, (HANZ M Sidl 5 )Y eEF 1A (eukaryotic
translation elongation factor 1A)Z [A]IFHEAEH , EA
MeslH 5 SidIZR i 485 & F X3 A 52, 1H MesI Y &
PREERY IR, MesIff] a6/07. a8/09F1 al0/al 1HE et H
A71E VUK 5 & (tetratricopeptide repeat, TPR) Fi Bt, Hr]
TERMIREAS SidIgs & A2 e IR RAEVE R B, Be s &
AL s A VE AT DA 7~ MesTH) SidlE: 14 (1) 2 F-AL] , LA
FMesl/e 752 5 SidIFT A 3 AR 5 S BE(F12) o

LegA11(Lpg0436) /2 — T e A K1 B R £ 1
B AT PGS & Ceg14/SidL(Lpg0437) J 4| He i k. 4
SidL7E FLAZ 4H M b S A R IA I, SidL g % il WL 5)
A (Actin) TEMI N IR B, LegA 11 FIN-Ji [X 3k £
SHIE A EE K4 (PDB: 4ZHB), il & 5E A -E
AR ELAE B8, AT DB 245 6 R8N B 1 Sid L0 il
T 2 4 i 2 1 0T 1 N (B2)

RUNLEE 1 Lpg2 14943 52808 i -l MavC(Lpg2147)-
MvcA(Lpg2148) ELHZAEH, #fi MavC5 MveARTEE.

MvcA & MavC I [ElE 1 (B 65%AHLE), REfz
R TS 400 A RS Bl AL, # Ublr L0 i
¥ 217 #2454 UBE2N(ubiquitin-conjugating enzyme
E2N), $01il] UBE2N {3 14 2 1 #7011 3 200 M 1 628 I
N0, Lpg2149iid 5 %0 8 F MavCAHT MveA EH#AH
HAEHTE R E BEY), #H] MacV 5 MveA Rz
PRI, HETIIH) NF-«xBE 5@ #% . Lpg2149ifiid H
T T B4 S Mve A ) R DX SRR 1 7 i 5, AE 23]
T BHIT N B FAMve A 1772 2 MRS P (12) o

BN, 208 K F SidP(Lpg0130) H A fil AR L LS
(phosphatidylinositol, PT)i#RR Ml % 1, HAEAARSN ATy
S 1 R S TR VLIS -3, 5- — % [phosphatidylino-
sitol 3,5-bisphosphate, PI(3,5)P2]/K fift A HE AL
M -5-T§ R (phosphatidylinositol 5-phosphate, PISP)
LAz Ks PI3P/K fiA N P2, SidP ()T g ok AL s ik R iy
TP T PRI G (BI85 B R 1 MavQIF M 2 b A
A/, MavQ 2 — R UL B, 5 SidP—i&e mT
DA 9 1 32 40 N B IR LR AR . kA, SidPid
Tt H C-3i 45 #3805 20 55 MavQ(Lpg2975) B #%
gh4, R MavQ 5l iR N R N I =335, HE
R 15 AR L (0 PIBPALER, FTHESNTE 2 9 R
A ) L 130, R, M 5N Lem 14—
AEFRILIS, SidPXEE R A % 1, fHLem14 5 SidP1E
PIPACHH 1 (1 /E FH i AN 2 P9 MavQ SidPLL &
Lem 148 [FIfEA, FEFIETE T 15 3 PIP AR (&
2).
22 FNEAEBHEERLE

H AT, %538 52 <P [7 2408 25  (para-effec-
tors)” [P, IXFh P [F] RS i 1 2] (] — S e A gk
ITARIMEMER, A8 T 7280 KIEL A6
X e G R B [ — AR PR RS R R R AR
H, BA &R AR, A BT 5o e = 4
(10 35 R 2 8 18 32 400 1 7 400 L Ay ) 52 050 gl
XN RomA (Lpg1683) 4 % 58 A — Fih 1 B 56 5
i, T DA A TE A0 M2 R (T H3 IS 14030 R
(H3K 14me3), LAIIHITE 3 1G98 S B2 8, T #E 15
Y1 ff A 2H 8 1 H3 IS 14476 2 B T 4 HBO 1 (UK
KATT) R [ LB R B A B RT3, 330K 3 5
R HRomARI IRE . A BRI, W2 B 5
WA B R B 2 1 LphD(Lpg2163)E g —Ff Zn> 4 i ik
W2 CMAGES, PIRE R I R 1A 4 2R 1 H3, JEXT
A 14 R BT 2 2B AL 81, i RomA B 4
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Hi7EH3K 14 FEAT SRR, 52805 % I RomA )
[FE AT D RE, DAYRE 1 S 240 i ) 5% DN R0 Fn
i[66,69] R

IeAbh, B8 EE 1 SidF A A PI3PRGS 14, 75 % 4]
B TE AR e T LCVIE -, feas R A
ATPEAL PI3PAE B P14P, DLAE 2L M % (4 SidCHE
LCV L&A, SidC(Lpg2511) K H [F¥E & (4
SdcA(Lpg2510) A1z RiEHME T, &HMRTFM
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