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Effector and molecular mechanism of Legionella pneumophila
regulating host ubiquitination pathway: a review
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Abstract: Legionella pneumophila secretes a large number of effectors into the cytoplasm through its
unique Dot/Icm type-IVB secretion system, among which there are more than ten effectors known to
participate in regulation of host ubiquitination. These effectors achieve the purpose of evading surveillance
by the host immune system and proliferation by regulating the host ubiquitination pathway. The effectors
involved in regulating the host ubiquitination pathway include AnkB, SidC, LubX, SidH, LegU1, GobX,
RavD, DupA, DupB, SidJ, Ceg23, MvcA, MavC and SidE family proteins. Through the gradually in-depth
study of the functional experiments and structural biology of these effect factors, their relatively complete
molecular mechanism has gradually been revealed. This article reviews several important L. pneumophila
effectors and their biological structure and molecular mechanism, which is helpful to comprehensively
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understand the complex process of Legionella pneumophila involved in regulating the host ubiquitination

system.

Keywords: Legionella pneumophila, effector, ubiquitination, biological structure, molecular mechanism
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Figure 1 Types of E3 ubiquitin ligase
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Table 1 Summary of Legionella pneumophila effector proteins with E3 ubiquitin ligase activity

A RV E SEF R TRE TR S22 30k

Gene Effector Structural features Function References

Lpg2455 GobX U-box &5tHIEH E3 12 25 SR 1 [22]
U-box Protein E3 Ubiquitin-ligase enzymes

Lpg2830 LubX U-box Z5tHIEH E3 12 2 SR 1 [23-24]
U-box Protein E3 Ubiquitin-ligase enzymes

Lpg0171 LegUl F-box &#iaias A E3 12 2% HERRE 1 [18,25]
F-box Protein E3 Ubiquitin-ligase enzymes

Lpgl408 LicA F-box #iaiias A BLRT R A B [24]
F-box Protein Unknown

Lpg2144 LegAUI3/AnkB  F-box #5431 E3 12 2% HERRE 1 [26-27]
F-box Protein E3 Ubiquitin-ligase enzymes

Lpg2224 PpgA F-box &ifailas A BRI B A By -
F-box Protein Unknown

Lpg2525 = F-box #EHisE 5 BRI B A B -
F-box Protein Unknown

Lpg2510/Lpg2511  SdcA/SidC TCHHFAN 2R E3 12 3% % He s [28-29]

No structurally similar protein

E3 Ubiquitin-ligase enzymes
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Note: —: The effector has no specific protein name or related literature report
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Figure 2 Structural features of proteins with F-box domain
TE: Ay B F-box TR MAIZEMAFE; B: LegU1 £E7E R4 S 5z Z AT IFEMBLE; C: AnkB 2 51 AN Az 2 ALY,
AR ¥ ARG ; D: LicA 25 SKP1 454, A5 CULL A EAEITIE— 2T SCF A E3s & 414

Note: A: Typical F-box protein structure characteristics; B: The mechanism by which LegU1 participates in the regulation of

ubiquitination in host cells; C: AnkB is involved in the regulation of ubiquitination in host cells, but its substrate is not clear; D: LicA
only binds to SKP1 and cannot interact with CUL1 to form the SCF complex
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Figure 3 Structural characteristics of Legionella pneumophila effector SidC
TE: A\ B: SidC AL 4 NI SNL 25893 . PAC 2593 . INS Z5H380f CTD 45yt 5% i HE il — MU ; €. D: SidC
M1 PAC Z5H RIS T SNL S A3 1472 3R A0 % HE G A AL (82 5 (D446-H444-C46)

Note: A, B: SidC contains four domains: SNL domain, P4C domain, INS domain and CTD domain, they are tightly connected to form an
arch; C, D: The P4C domain of SidC covers the catalytic site of the ubiquitinated ligase which in the SNL domain (D446-H444-C46)
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Figure 4 Three different ways of ubiquitination pathways
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TE: A: M Els. E2s. E3s I 2 M2 RAL A B: MavC @i 54 2 BEE MRS VAL Ub 1943 2Bt RAE(Q40) 5 E2 IZ K4S
£ BF(UBE2N) Y1 S B2 % FE (K 92) 2 (8] L S Ik ;. C: LA SdeA SWARZRIY SIdE F 4R 11X IS M kA T B MR A% M b8 M
Note: A: The classic ubiquitination process regulated by Els, E2s, and E3s; B: MavC catalyzes the formation of isopeptide bonds

between the glutamine residue (Q40) of Ub and the lysine residue (K92) of E2 ubiquitin conjugase (UBE2N) through
transglutaminase activity; C: SidE family proteins represented by SdeA undergo phosphoribose ubiquitination modification on the

substrate
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Figure 5 The mechanism of effector MavC and MvcAPS!

UBE2N Ub

{E: A: MavC i INS 58938 . CG 2548 . Tail 454438 =032, INS Z5HAA Tail Z5K355HB1IF45 G UBE2N 5 Ub. 1E4S
£ UBE2N 5 Ub ZJii , INS Z5H438 15 Tail Z5A4380#0 & LRI 1 , iff UBE2N 15 Ub FEIT CG 45T P.L>, MavC fifk UBE2N
5 Ub Z [l IKESE; B: MveA 5 MavC 2501, tipl INS 25438 CG Z5M3 . Tail 25 =80/ 4. LT CG Zlimfift
Ll 5 UBE2N-Ub 2565 RAEIZRHE M, INS Z5H58 5 Tail S5H35R 1040 S 75 [n15E4% , 4TJF UBE2N-Ub [l fr) 57 ik i

Note: A: MavC is composed of INS domain, CG domain, and Tail domain. The INS domain and Tail domain recognize and bind UBE2N
and Ub, respectively. After combining UBE2N and Ub, both the INS domain and Tail domain rotate counterclockwise, making UBE2N
and Ub close to the enzymatic center of the CG domain, and MavC catalyzes the isopeptide connection between UBE2N and Ub; B:

MvcA is similar to MavC, and also consists of three parts: INS domain, CG domain, and Tail domain. The catalytic center located in the
CG domain binds to UBE2N-Ub and exerts deaminase activity. The INS domain and Tail domain rotate in opposite directions to open the

isopeptide bond between UBE2N-Ub
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#] ADPR-Ub Hr iy £ ol R 5 A U R A% B2 R
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3 E(E 6A) T, HETMATERER R, mART 45
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AP, SidE ZIK&E A ATLL PR 12 AL L5015

FEA, JEmERE S AR, PR IZ RILIK
Y45 FAM134 K% . TEX264 Fil RTN3 [
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B, SRIERE N BT R R B b BN IR,
J5 WA A AR A 2 A, A T A N T A
AR Atlastins W A% SidE FiEEH PR
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FibR R PRIZ F b — e 15 EE AT
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T W il ZE 1A TR A AR AN R Sidd AT A
SidE M EE A T4 2 FR Ak A8 T A B i A 1 B
FLETEYE, SRR B R Rk, A
W5/ N SidT ML Y BFFE & B Sid) 7Y C i
AN EEAEN CaM 1) 1Q JL)¥, 7E4h
A CaM MTEBLT , SidT A4 S ok e TS 1 8 5
AR AMP A ST, Sidl-CaM B &Y%} SidE
FI R AT S R A B, Wi M B AL SR AL T
mART G543 OIS PR (B 6B)™ . 22&
Wi 5 B mART Z5 #5225 T4 Ub i b &
ADPR-Ub fURE ST, SidE %8 16 M R e 2 240
B Ak, RAE T b &2 BT B A% b
2R AELE , XA ) B S S AL ) 2
TAAET B AN M i A Tt — R Bl
ROV R F D REAF ST R WTIER A | 704 R A
(R 2k, ik B R AR 2 8Ly7 R AL AR (10 & B
o B AR e T S A LI RAE T8 A BE

3 FERE R B R RS A BN
EH
EARMEZ R DR, B2 R
(Deubiquitinases, DUBs)& F &% 7] DL i K A1z
FORHAR TR | IR ECH S IR, F R B
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Figure 6 Molecular mechanism of SidE family proteins and effector SidJ

SidJ-CaM

0
|
_— >
AMP N I
0

Glu860

139]

TE: A ZRIDTH 42 (R BRSETE mART S5HISHEAL T BB il ADPR-Ub, Ffi)i7, PDE 45#4isit— % ADPR-Ub )
WERR Mt , A2 PR-Ub JEIFIDE PR-Ub JLMNIE LS RPN 22 2 FR52E b5 B: BOMIN T Sid) 455 ¥59HE R CaM Ji, 1E AMP

AT T XFLL SdeA SHARFRIY SidE FIE#E 174 2 R Tk & i

Note: A: The arginine at position 42 of the ubiquitin molecule is first modified into ADPR-Ub under the catalysis of the mART domain.
Then, the PDE domain further cleaves the phosphodiester bond in ADPR-Ub to generate PR-Ub, and simultaneously the PR-Ub is
covalently linked to the serine residue of the substrate; B: After the effector SidJ binds to calmodulin CaM, the SidE family proteins

represented by SdeA are glutamated under the mediation of AMP

TRz R RS, LAlilE EE R4, HRE
ISF R 2 Y fE E AN H AW AT AR MRS
KB, v il ZE P B b Rl AR A 2 HAT DUBs 164
IRV AR, X ROV 2 A4S DupA. DupB.
RavD # Ceg23 %5,
3.0 SHIpR#MEBEEEzZRVERNEZRK
fi& DupA/B

TEXTNH T SdeA LIREWIFEIN &L, SdeA
HA —> PDE Z5H30, G565 RT LAME AL B IR A%
Wz ZARW A RS T R, O

[AF Lpg2154. Lpg2509. Lpgl496., Lpg2239 K
Lpg2523 Hh#k4u 4 PDE 45#418°°, JLrh Lpg2154
Ml Lpg2509 HA 70%AHLIE, EATERREA % A
BERRAZ M 2 ALY oK iR PR-Ub, R4
144N DupA (Deubiquitinase for PR-Ubiquitination)
F1 DupB; DupA 5 DupB il i1k PR-Ub R
LA 55 ) 22 2 R 22 ) PO ol T P S D 5, (e e P A%
Wiz ZACM Y B PR-Ub, Ik KR
(7). DupA/B J SidJ #AI LIS 518¥E i SidE K
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Figure 7 Molecular mechanism of effector DupA/DupB
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