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Research progress in the role of phosphatidylinositol lipids in
Legionella pneumophila pathogenesis
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Abstract: Legionella pneumophila, the causative agent of the severe pneumonia known as
Legionnaires’ disease, uses its [VB secretion system to transport effector proteins into host
cells. The effectors interact with host proteins and lipids to form a unique bacterial phagosome,
Legionella-containing vacuole (LCV), which is required for the growth of Legionella in host
cells. Phosphatidylinositols (PIs), a group of essential lipids for cells, are involved in signal
transduction and vesicle transport. The available studies have demonstrated that L. pneumophila
uses its effectors to regulate the host PI metabolism and the lipid composition of LCV
membrane to promote the LCV maturation. We review the studies about the pathogenesis of
L. pneumophila and the modulation of host PI metabolism and the related enzymes by the
effectors of L. pneumophila, expecting to provide a reference for further understanding the
regulation mechanisms of host lipid metabolism by Legionella.

Keywords: Legionella pneumophila; pathogenesis; phosphatidylinositol; lipid metabolism
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Figure 1
(modified from reference [32]).
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Distribution of phosphoinositides on LCV in different infection stages of Legionella pneumophila
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Table 1
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WA A T AR TS FARfE, i K E AR
A T S T AL Pl TR il D S RS R 1 K
N, EHE/EAT PLARR, A3 LCV B
PLAgIR4IAL, DIME#E LCV B

(1) & it 4= 141 T Wl A ot UL B o B2 I (P1
phosphatases)

2 W1 151 i Tt UL P s TR g — M LA DR )
“CXSRVEESY, HEMEZH A 5 “CX5R”
B RO B PLBEER TG PECY . S 2
FI SidF #% %5 e 5y 1E st —F
RN, T4 B E £ R E AT LCV,
A W NEME LS -3-WE R IS P, W] LU kK
fiff W N e LI 3,4 - 5 R [phosphatidylinositol
3,4-bisphosphate, PI(3,4)P,]FIBEAGHEALEE-3,4,5-
— W% MR [phosphatidylinositol 3,4,5-trisphosphate,
PI(3,4,5)P;], ABI TG R LCV X |- PI4P
AR gy kI SidF i 2593 LCV

Effectors of Legionella pneumophila binding to phosphatidylinositol

Gene Effector Targeted lipids Biological function References
Ipg0356 LtpM PtdIns(3)P Glucosyltransferase [34]
Ipgli2] Cegl9 PtdIns(3)P Unknown [33]
Ipg1483 LegK1 PtdIns(3)P ATP-dependent kinase [35]
Ipg1488 Lgt3 PtdIns(3)P Inhibition of host translation [36]
Ipg1683 RavZ PtdIns(3)P Cysteine protease [37-38]
Ipgl1978 SetA PtdIns(3)P Glucosytransferase [39-40]
Ipg2222 LpnE PtdIns(3)P Interacts with OCRL1 [41]
Ipg2248 LotA PtdIns(3)P Deubiquitinase [42]
Ipg2311 Ceg28 PtdIns(3)P Inhibiting vesicle trafficking [43]
Ipg2464 SidM PtdIns(4)P RABI recruitment to the LCV; Modulation of RAB1 activity [44]
Ipg2511 SidC PtdIns(4)P Ubiquitination of Rab1 [45-46]
Ipg2510 SdcA PtdIns(4)P E3 ligase activity [47]
Ipg0160 RavD PtdIns(3)P, PtdIns(4)P Deubiquitinase activity [28]
Ipg0695 AnkX PtdIns(3)P, PtdIns(4)P Modulation of RAB1 and RAB35 activity [48]
Ipg0940 LidA PtdIns(3)P, PtdIns(4)P Protection of Rab1/Rab8 from GAPs [49]

http://journals.im.ac.cn/actamicrocn



2528

HE Daming et al. | Acta Microbiologica Sinica, 2023, 63(7)

JE b PI4P Z545 200 2 11 SidC Ay A kb
T LCV B 1Y PI4P A B T 5524E SidC 8300
EHEMPY, REEIZER R AsidF 27T

NS A2 AT R TR A EA P A, BFSE N
HEAT T R B AR A SE I PR IT AN 25 1 SidF Ry AR
Thsg, H#HEM SidF INEERTE LCV B Fy7 4
PI4P, &7 LCV R K PLALA, fEdk LCV &K

PO S B 1 SidP WL HLA PI B R Ik
,ﬁf PARHI AT AR S P K A i Al Tk LB -3,5- — i
[phosphatidylinositol 3,5-bisphosphate, PI(3,5)P;]
Sy W% BE Wt L % -5- ®% BR (phosphatidylinositol
5-phosphate, PISP)LA K ¥ PI3P /Kf# k PI, 1LAh
SidP i it H C g I 5 200 2 1 MavQ 454,
FHAL e MavQ Sl MI 2 IR, S 518 =
ER B I (% PI3P 414%, HEshfs & ER fEE P,
ROV 1 LppA #5858 R —FiRe ok 0 /S B R AL
PEWERR MG, PIKARMEE R RE G MR E .
FPIREA RN TS+, MR E A
5 e B RR B R Al R ARG, R AL,
I LppA XHHEFRER MK i AE A FI T 424 7
AR

(2) Wi 22 [A1 T ol R T9E UL B384 8 (kinases)
RO LepB & — i 5 — W IR BHE0S

#H F(GTPase-activating protein, GAP)FE TG
16 3 Rabl, TS 1 40 PN 5 0 8900 (138 4.
IAh, LepB A N 25 #448(N terminal domain,
NTD)H A B A T LR -4- P4 B 1, 7T AR Sk
o PI3P ¥4 46k PI(3,4)P,, 1M PI(3 4P, 1E M
FERR LR G SidF WYYy, dE—KiEN
PI4P®Y, W 2K 11 MavQ HA %EEW@HHMM
Pt-3-P MBS, AT LARE SV PLFR 1R PI3P;
PI3P 11 LepB MM, B b4 PI(3,4)P,°,
Bt P %000 B L SidF 7K i A PI4P, 1E g i
TR LCV B FIE R H PI =4 PI4P [« =%
N i (B 2)e BEAR, SN 8 LegAS B

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

A W N R UM -3- Sl s, M PT R
PI3PP7, 4K, Hi LegAS fiEfk ™41 PI3P R
“WE?@ LepB [IRYIHEA iR By« = SO Rk I
*, 77 PIAP, BISTF LCV I 1 f) PI4P L E
E/ﬂm BT Rk, LCV B I PIAP (4 L 4%
BLRHIAS BB Hh LA A7 2R 04 < = 5 0 9% Bk 52 ™ i
R, IR

(3) Wi ZE AT 7 4 A T (phospholipase)

W it 2% A P Je e e 4 i o R e 0 0 P 25K
WA F VipD BABEIEEE A1 i5E, ilid 5 Rabs
5f Rab22 455G MHAE . REZKff1E 32 P ARRR L)
PI3P, WA EAN R i@te, TN
(18 B0 00 T2 0 LA R 8 DA DA J5E 1) 81 1 J BR A4 1) s
iy, A D A RS S, R FE T CegCl
B BRBEE T, nIFEMR PI3P, IR HARBEAYER

PERYT, &0 B 1 LpdA /£ 8 —FhiiE S D,
WA FH C R 1Y -CaaX 37 1) 57 1% — Itk
B E TRV b, KO bR B A I H
(phosphatidylglycerol, PG). i Jg it L EE (PT) Al
PI3P LA K PI4P, BT P ot 9 55 g - A 22 [a] )
TEJL I i, I A D B R S AR 1) 8 A )
222 ZEEEF A TE 3 5 B8 B AN B AOEE A0 i R
E§IE1E LCV B9 PI 4H AR

OV EE 1 RalF (4 Sec- [F] 45 # 3 1F
ADP ¥ HiFEAL I F 1 (ADP ribosylation factor 1,
ARF 1) 5 R 22 e [ F (guanine nucleotide
exchange factors, GEF)¥} Arfl Z:4E & LCV F1i#%
i, WO 9 ARF 1 E— P41 5515 3 P1-4-3 111B
(phosphatidylinositol 4-kinase IIIB, PI4KIIIB), 5 ¥
L PIAP, BN LCV il PI4P W, LA,
ROV [ SidM FER Rabl (19 57 R A K+, %
Rabl #1552 LCV Jf#E, 1 1LH0 Rabl 5578
TS e LA -4,5- — W2 [phosphatidylinositol
4,5-bisphosphate, P1(4,5)P, W2l OCRL1 & i
IO R TS ) IS, L F LOV R



ik B SE | SR P24, 2023, 63(7) 2529
u/.<,/‘\ /\,,)] ../I.:{”‘./\ /\,,j o ":.:/\’“/\r/\ S
" ) e ) Ny [ |
g = J LepB 0 < rJ SidF — )
!y \ —_— S
' e ‘\1 N VR I\
| /\)
N NS s N S By By N
. PI3P - PI(3.,4)P, .~ Ppl4p
! Sidp .
Ma\N SidF
” 4‘/‘%(‘,/\._/\_ ‘ i “/‘I:I<H./-\/\H,l\
LY g Geaal
/-‘—cm [ S g
— ( jJ 1;Fk[i -
. 5B H_‘_ i
‘ ‘
N \ /I/ K‘
\/\u/\ N~ i S
I (L PI3.4,50P,
Vi i (Ve
i - \“/\\/\.‘_J\ i (,/"\“/\,/\
r ' & 3 & f w ﬂv‘l’ '\.
=t I, ™ = —4\/_)— 1
. k(TK /ﬁ Sidp - SR = S o
e ™
L K N j/H
HEL e \/\‘/l W™ N I\/\/
L_J PIG3,5)P, ~~ PIsP

B2 EREHARYNNEBSSTRNSBIRIERE

Figure 2 Legionella pneumophila effectors are involved in different phosphatidylinositol pathways.
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