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SR B B, 201042 58 PRI % B 1
B ) 1 E O R R IR A A = % R I (vacuolar-type
ATPase, V-ATPase))Z A B 2N & H SidK. SidK-5 5
TR R A VatALE &, JHIATPK AR 1
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Table 1 Protein components of L. pneumophila TABSS
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Figurel Life cycle of L. pneumophila in host cells (the yellow color turning darker in lysosomes on the left side represents an increase in acidity, and
the change in the membrane color on the right side represents a change in membrane composition)
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ZLCVR M HBIEARF1, £ EEAK % H (membrane
coat proteins) \LCV I &5 /R 544 G T P54 FF [1] ER 1,
RURLER H Ank X BER L IH AR AL 12 1TRAB1 X RAB35, I
i FLvE P, BH L P 5 AT AR R e R AR I T 174
&, WTTIAE s TR 2R T TLevit, s, g
it 25 ) A 29808 2 1 % s R 4 /NG TPER i 28, (#45
T AU 1 PN 53 X B8 R AR AR BRI AT R A
RAEFAGR WL, FRFELCV I R

2 NERMEEAET SR H RN

WM 2 — MRS G aiiuds, S 5EEM. oK
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munoglobulin protein)% 1% B E A= RITE. EAE
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(protein kinase, PKR)FFER¥ M (protein kinase RNA-
like ER kinase, PERK). #i%#% %K T 6(activating
transcription factor 6, ATF6)HI 7 ZILELRAF1(inositol
requiring enzyme-1, IRED)". 7E# HURESK, 24k
PERK, IRE1, ATF6 5BiP4 &, Him Mz 2I#0H]. 2440
i3z BRI, ROREART & B BRI S R AL
P DX Y HERR, BT R R A S, A P 5 Y AR AR
BiP B2 AR E vk, #EmEas e S8 8 RNV IE BE .
AR B 25 1 S AT AR 5GP J5E I 82 3 e S PR Rk
W, WBiP. R T FCCAATHRE AL & E A
JEH I (CCAAT enhancer binding protein homologous
Protein, CHOP) M i % 53¢ [K -T-4(activating transcrip-
tion factor 4, ATF4)*74%

RAEAENT S BB N, = A2 AR 53 750 B 0
% APERK 5 BiP 7y 2 J5 & A4: — B AL I B BERR AL 0T,
WU AL B AR 4R K T2 £ (eukaryotic  in-
itiation factor 2, elF2o)fER k. &1k HelF2afie 3E I
FUATFARE (A M3RIE. ATFARE (IR 41 A% A {2
A% P4 53 I 87 3R 5% B 1 CHOP X DN A% 15 5 8
(DNA damage-inducible protein 34, GADD34)55 #% 3% &
V. CHOPTE A Ji I 245 TCIE Pk 2 16 17 S g 1%,
GADD34 R X BERR G elF2a AT U I 4%, {3 25

(o

/%

WAL, SZARIRE | BAT 22 5 /5 e 2 Wk e A W W %
%, 5BiP/ B a, KA R I B BRI, FOE
IRE 138 i H 4% 1R I I B 5 X-box 45 & 2 1 1(X-box
binding protein 1, XBP1)ImRNAZE{T7BI$;, fif
XBPImRNA#25 AHXBP1IsmRNA, #1374 XBP1si&
M. XBPIs&H AFB 2 MMiZ N LM E A5k
35 AR 7 P 3R RS, B2k ATF6 5BIPHREES g, %
P E BRI, EEABFSIPAIS2PIIYIENEH R a4
ATF6[INAK ¥iij 2% [1(ATF6 N-terminal protein, ATF6-N).
ATF6-NZE [ 135 N\ 20 M % L 10 2 352 K] ) et g gl 2 )
(E2).
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Jun amino-terminal kinases, JNK)#% 5 4% i il
IRE 1-XBP 1t %7 2E ] N IV EmRNA B BERE SO 2 i
J6 R o P SRR B R 15 5 2L K B I (retinoic  acid-in-
ducible gene I, RIG-D)k M0 T8 2 U4 15 K13 (inter-
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Figure 2 Signaling pathway of unfolded protein response
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R, 2 AAPERK B #2454 Janus i1 (Janus kinase-1,
JAKY), 1235 5 5% 57 A% S0 73 (signal transdu-
cer and activator of transcription 3, STAT3) R 1L, I
TEJAK1-STAT3i# #%, {2k (1 & -6(interleukin- 6, IL-
6)I= A, SBR[ SY, Ab, 52 APERK X IRE1RE
5 T3t FE ) 8 [ (stimulator of interferon genes,
STING)E# HAE, {2 IRGMP-AMP & & (cyclic
GMP-AMP synthetase, cGAS)5STINGIcGAS-
STINGIBER (0%, FHIFNBRIZIADY. sz, Je4id
NS5 A0 R IR G SN

P I AL A N L A 2R, =RV 2
bR 2 —. i JE AR IR e T AR S s TE £ 40
J PR o Y ) AR B R N AR B R RN S
AR T1E EAIMLE BRI SN, T8 BR AR B9
&, Fltn, 7= ERTEE R KT B (Shiga-toxigenic E.
coli) 53 WA IR FF 25 At BT (Subtilase) 23 D) #11 40 il 1
BiP, ‘FHDNAF B A AR B 85 1 SOV A 3 1 24 i
T R A R A5 B R I3 TR A M e ot A
KIGAT TR 73 ) G B 3 R 75 5 PN Joi PR 485 8 R TSR I
WPERK-CHOP @ #%, 517 i PN 5T X B2 A 1)
MR TR0 gbAh, FE4H/N B (porcine parvovirus
virus, PPV)"" J2 75 J& 55 7 (West Nile virus, WNV)P**
S5 IR AR R G A A0 S 2 0 15 £ 4 B Y PERK -
elF20-ATF4-CHOPiti i, 51 A fd L4RF T2, 1L FEER
T SR A 1) B ). DR, SR AT S 2R 1 R I 1 S
20 0 ) O T DA )0 SR AR E A 3 4 I ) B A R
B, 21 2 2 PR S A B G A R AL 2 —.

2.3 ERRAE T4 A R R S TR AR

T8 UG A A R, V220 AR R TE A
J& 2 T F G P 5 N DhRe, TS KA 2
AR S E A RN, SR, AR AR T Dk £t
HE T F AR AR SR B R BLER, R E S
AA7.

o B 114 52 1) 75 SR FH 1 = P J5 D 7 A 0 B PR 45 1)
HE ARG EE. B, 5 E S T HE E 4
MO E A Rk, 3T R TE R AR AR B B RO
DRI, ¥ 22 9 B a4 HA A [F) ) SR s 400 1) i = 24 o A Joi
W AEFT B E R, (R B S AR B,
P BT 28 9% 7 (hepatitis C virus, HCV)F 34 25 4 1
(envelope glycoproteinl, E1). ZEJEHEEE H2(envelope
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glycoprotein2, E2)ft5 N5 EIPERKES &, i
PERK U JeelF2a BBk, #Em#pdldEr S & H
J% ’PERK-elF20-ATF4-CHOPS % ({80, sl
3% 7% (herpes simplex virus, HSV)EJLfs 340 )5,
HWE S A (glycoprotein B, gB)5PERK S & FHil 1) i i
W, WHEAET B E AR, AT & RO R E B
2, WSS TN K E R ZH, AKEH
M99% B (human cytomegalovirus, HCMV)2#1Iii|PERK
N el F2aff Rk,  FR I PERK IS [ B 15 o fF
gh6HE H VR ER G F IR R 2 fhagie, (2t
A Y,

SRR oAt AR, BIAHEE . A AR A rT i
B ERAET S E AN, BN, S KA # Brucel-
1)\ B A A AT R T AN 2
FARMN AT EM, BugdEi&E A RN, [2FIRE]
Fis B, BoEZAE S EE RMIERE. XA
& I B ¥ (Brucella-containing  vacuole, BCV)j%
SIS A, A AT K1 2 2% R 1 R AR T
AR RN CHOPS| R4 =1, nveeC 4,
S 6 P A D R T U A S,
16 32 40 i N B IMAZ A% TR (microRNA, miRNA)K L,
VPG AN R AT B & R,

3 BRI RS E AR A R
R

KERFERY], WEIZERELCVITE K S51E F4
i PR 5 PR A 2 L 2R 7, i 2 T 3o L A £
RN AR A B L g, I A A B RN B A
Mav Qi — P IR LN LBE3 -, B8 m) P Joid 9 -4 Py
Jo3 R P Tl I TR LI 2 A0 R i I TR LR 3 - 1R, 5
FEANE 2R, EN RN, AN R
Sde AR 7] H3Z 2 A6 N J5iT % WX AR 44 -4 (reticulon-4,
RTN4), 98 Py J5 0, i i 22 [ 1 3454 2 2 110 )
T 20 A o DX P AT B B R, W M 4 A U
Jetid LA R HH SN N T B EE FIBIPELCY, 3
HBIP 52 HEH R NAE KK ZAPERK, IRE1K
ATF64r B, WiE N o I AR 4 B 21 1 SO Y AH O d
U707 I R R 1 LegK 43 i B IR (L A5 M 1 240
28 HHsp70(the 70-kD heat shock proteins, Hsp70),
i 1E F 4B & B s E e, gEm s 3RS E B R
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AU R, ZE ] T A B RS RS RE Lt R K
RiEE FLgtl, Lgt2%Legt3EH T1E F 40 AIIRELIEAR,
HIHIRE] FIIXBP12E A MImRNAR T 8747, ix
ol 300 i1 T B8 5 Log ¢ 5K R 4 RE S Ak s 1 1 K P
eEF 1A 3 15 32 28 A OB 527> g il 72 4]
B IEXBP1 mRNAFL KB E: 7= £ XBP s [ 5410
ZYNMRZ N B URAE DGR R IA,  H0HITE A0 i AR
BEARRTY, W7 A1 Re i B Bk & A
TEANTS KA 40 P R 3T 8 8 R SR L T
FH BRI, 84 T 1 MBI T Toes AR I, i
ZE BB 1) 2 AR08 B 1 nlpg0519, 1pg213 1 s ik 4
B ATFOIR IR, 11X Al G 77 SR T AR R AR 1)
3z SR A BES1P/S2PHI I . RIS, miBRLgt 5 3 K]
{14 i 72 [ MR A A S, (P BE S 4T B 2R
SN AR S AR N B [ K FBiP, CHOP J2 ATF4%45 3 [A ]
Feik, BHAETE EANBE R A T 3 10 WA W it ZE [ B A7 A
ZRUNEARYER T EEMRNIERTSEAKR
J§, {HIXBERE N 8 BARE BiEAE 2T B, gkl
R @ AR FEALER S N RNAET S E AR
JNE, TP A 32 5 N 5 i B AR A R AR A

S 3

4 RBEi5RY

P ] 10 A 47 2 11 I S AS (SO0 4465 240 Jf AN 2 24
FAASEEOCHE L, 1 ELAE R Y 4H AR 04 S B A AE i L A
ok S AR AL SR A RGeS RS S 0 e 3240
MR AR B AR, XA R T e 4R B R AR e
FESNE, T RN HIR A, R, AR B9 AR T A
TP T B AR & R A RN R, et
H S R AW eRm], w2 3w iE e A
A AL R4 1 R R AR B 8 AR, (EVF S 1A
A ANIE2E, B, 18 32 40 B R g i 22 ] IR A s
AR Y855 T Ao~ A DAEAT 3 24 PR G 8 S AN R R AR
1 i 2 AT T 2 ] R 42 7 3 200 M FRD R 37 28 B 1 S L DAY
TH S AR, LR B R R A AT T g
il 2 B e 515 BRI B RN KRR N
FHSR BB, 3% e AR R S B Ty ). IR FUE it
FEHEER S B E A RNIRR, AR T
7 A XS B S LA R IR e B IR AR, B B AR AE 7
AR ARG R IR L, DR T AR SR SR
RHET.
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Research progress on the regulation of host unfolded protein
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Endoplasmic reticulum (ER) is one of the important intracellular organelles implicated in the maturation and transport of intracellular
proteins, and its homeostasis is closely relevant to cell survival and immune responses. The unfolded protein response is one of the
critical mechanisms to maintain ER homeostasis, it participates in natural immune responses of cells and plays an important role in
host cell resistance to pathogen invasion. Legionella pneumophila is a gram-negative bacterial pathogen that infects the human
alveolar macrophages, thus causing severe pneumonia. After invading host cells, L. pneumophila transports more than 330 effector
proteins into the host cell through its type IV secretory system, which interfer with various cellular processes of the host cell, so as to
form a niche for its survival and replication—Legionella-containing vacuole (LCV). Moreover, the formation of LCV is closely
relevant to the ER of host cells. In this paper, we mainly reviewed the L. pneumophila pathogenesis, host unfolded protein response
(UPR) and its relationship with pathogens, and regulation of host UPR by L. pneumophila, in order to provide a reference for
understanding the relationship between pathogens and ER stress.
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