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FI W (autophagy ) /& — &1 FE LR 5T (1 49 ot ok it A I
R AR R, A BELARTHOE OISR T 75
SRR R, (B HRTC AT 2E, i it Tl
TS A R G 2 Rz i g . B R AR A
FIAGRE AL AR R B R AR R R, e
B4y A3Fh: B H I (macroautophagy). 13 F I (microau-
tophagy) fl 4> ¥ fE 1B 8 H 4 5 1Y H W (chaperone-
mediated autophagy, CMA)”. i [ 15 245 f K i
BOBUISE R 1 15/ A (autophagosome) i1 HE If-12 1% 22 45 il
RHATRE MR, TR W T Vs Tl AR B P o il 2
P RERE ) B AL T B R I A 1B
A0 H W 7 TG PR A Y 8 5T
FEMAT EREE AT SRR, iz R EHA
PEATRE S 0 A0 B 1 AR S BIF S B R I TR A
K, BFSEANDULIE, AR DURdRik sttt 2, W
CIRYS 5o couy bz e e =1 P icgd i) ok m] &=

ORI B A R R B R R B A R R AR e o ey 1 R B R HEAT 47

WEHE B, SR A, WK A, R, R

EEZ ) IF NI S & X NDYS PN o) AU LN it e
PE AR . AR AR X RN, e A s 4k
AR F W (mitophagy) 5T [ 1 (ER-phagy) & H
fif{& F W (proteaphagy) #p#{A& H 1 (ribophagy) 1t
ALY BER F W (pexophagy) . I EEIA A 1 (lyso-
phagy). H&W#(lipophagy). 4% H Wii(nucleophagy) il 5 I
[ I (xenophagy) 2™ IR, BF5EE: 2 Al IR AR 2
ORI FIWE PN IR S U .
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17 ZMAFE LR [ WE— B 45 PINK 1 -PRKNA 5
MIZRLAR AW, I RS Sl R 5 LR AR F A i
MG . FEMTFLBh AN PN, PRI EEI IR . Zeokifk
T AU (BT 1 S Y T 5 S PINK 1-PRKNA 311
gk (gl PINK 1R —Fhalob (R 22 e/ 75 & R
W, R AN AZ DN A G 5 5 12 iy 28 2 iRk FE T RE.
EAFRAT, PINKIZEAME NG WG SHEikE
LRRLIR IR, SR 5 B SR (AR B i R BT 55 1, 59
YIJE FIPINK 1 F B X 2 B2 [l iz i 240l N I 48R
FI R AR R, SRR AL & A 228 5, PINK1iE
ALRAR N EAZRH, 4 KPINK IZELRAR SN |54k,
HASE3IZ £ HEHEFPRKNAR SE R ok AR Y, B,
PINK 13 £ — R IME it FEPRKN F1Z 2= A 05 1R 1k fik
K PRKNFHE3Z £ HEman 1", 1AL BYPRKNTT (i 4%
FR LRI TR (1 kA 2 Rz £k, EHEVDACIH
MFN1/2. 2Rz ZARILARIAR NS (R 9k 2 [
HrREE IR, f4%p62. OPTN. NDP52HINBRI
Ao SBT3 A L3 A FIR(LC3-in-
teracting region, LIR), Wil LIRIL/F55ILLC3HHE.
YEH, AU F WG 4 6 X 2 b AR A T S 1
SRR AR, B AR AR AR S AR ek
IR TR A

Bz RUKHE LA [ i — 248 Z RN R
RO FWE,  H AT ZL S0 A0 o A i kAR v
ZARFEAFUNDCI. NIX. BNIP3HIFKBP8%, jXit

ZAREE A TSNS, H&ALIRIEFE, Al 5LC3
HEAERN S22 ERAR G RR. A8A 2, 201945/
—IWEFE & B, NLRX1ZEZEHEE (Listeria monocyto-
genes, L. monocytogenes) s TR F W ) —Fhogr BIZk
B AU A, — e A B A A g
FE 4 2(prohibitin 2, PHB2)ML.L#fK (cardiolipin, CL)t
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HARFEENZ, A —LeZohi ik A a7 (A Re 6% 2k
RS, - a0 A A 3 5 2 AR
VERIREE A, I Sl 2 o okt s, i
Jiii (i (choline dehydrogenase, CHDH)ZE IE# T 0¢ T
TFLRARN I I, MLR AR R (7 #5145, CHDH T
GARARSME LR, H-l i L FB 1253k 5 p6o2 A AR
M, JEMCHDH-p62-LC3E W), i LMK AWKk
/EPY TBCID155TBCIDI 744k KifARab GTPaself{i
EA, ELRASIYIG, TBCID15 5 TBCID1 7T A F I
TRIK, BRNERIRTEE A A mE/MARE L LC3E A 5B
SRR, B PR O TR 5 WA R ] Y
Rab7{iftE, (H7 15 RS QLo b B A3 15 i 4 hr
NS 2 RN EL AU 5
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R, TS5 e KA N IR IR R 2
PAT LU M/ MR RIS SE, e 2k H: [ B S A
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121 mHEARIIRMEE R I BTHE

o JEL A SR L A M I, A P S A A XU 32 AR
(pattern recognition receptor, PRRs)™] %5 & JFAAHH
4y T (pathogen-associated molecular patterns,
PAMPs), 75K e 2 > Qs 2 AURNATT LI BEPRRs
HIRIG- I FEZAK(RIG- I -like receptor, RLR)EH, B/
WO LR AR BTIN B75 5 85 H (mitochondrial antiviral sig-
naling protein, MAVS), I&HfLAIMAVSHI i —Hi%
STING-TBKI1-IRF3{5 il i, MIHOS IR TR
R AR, TR FIDNA LR 5 15 B A
B I mtDNAT LU cGASEAL, M IE cGAS-
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Figure 1 (Color online) Virus hijacks host mitophagy to facilitate their replication and persistent infection

STINGHt i & [ BT FE N> 1 T E % 7
FHS O R AR R EEE, TR 2L T
Yo ae 2 W 2B SR T, —LE R i
IO ZORLAAR [ W B A O AR, DT /D e 4
ERIMAVSFIRE I AL BT 9 2B /A DN A (mitochon-
drial DNA, mtDNA), #Emifi] 1 842 Oz, A F T
H S5 .

B AL A PR LR A B ) 2T S EORLR B
W] T AT V. 20214, A5 R, EBJG
7 (Epstein-Barr virus, EBV)Zit5 ) BHRF 1K A i i
AR LR B 12, {2 BEDNMIL/Drp 14 S YL b A %L
A8, MTT5 FPINK 1-PRK NS YLLK I, 2k 410
HIMAVSELSTINGH A S84 T BT . (15
TR, —SeRiEE Al S — s F R
MHEAER, MMZsALC3iE FL bR A LE, 4k
il T 2SR Z . G AR 2% #2378 (human parain-
fluenza virus type 3, HPIV3)AYFE & FAMA] LIS 3 3
Gbitk, HSLRRTuURIFELER FF(Tu translation
elongation factor mitochondrial, TUFM) B 4ZAH B.AEH,
PTG PINK 1-PRENE AR (9 Lok 14 F g, B4
T BT Z Y. SHPIV3ZEA, IUHR# (Han-
taan virus, HTNV)AYEFEME A (Gn) Rl id 5
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TUFMEEAH B AR, FRZELC3IARLRR A, A
M KA MAV S I e Z4mikl 1 BT 4R Z soni ™. sk,
20214F, BFFTIERH, ARG (influenza A virus,
IAV) )8 HPB1-F2t n] 3 i 5 TUFM AL C3AH & AE
WHPLRA AR, 3 HPB1-F2if5 5 LRI FH gt n]
M AEMAVS I T T4 R a7 AR, e,
WFFT R B, — o 3t m 38 R B LR AR 1 W5 Az 14k
SRR A g, DOREET [ BT R R . Sk
I 25 A E e #E2(severe  acute respiratory syn-
drome coronavirus 2, SARS-CoV-2)f{JORF 10 i 54k
LA A A2 RN BAE R 7% bR, JFHE5FLC3,
VLR e, TR T B0 2 s, 25 b
W, RGOS AR A AT e R TR
RN AR T B PR B N X B B e g
REE, Pk, WRAPEER SR TS FLohiik A
W (8 73R, X6 I & A %o i Sk e i B 4 AR 97
B HAEEAIESMA.
122 a4 5] A 0y &Rtk B vk 30 ) 40 B A =
YRR TR — R AL RS AR P 4 I AE TR
X, XEYnkEMALFES R CEZ. MEMT R
AL RN T S N TR T, AN T
FH A DR A MR T, H 40 2R T A2 AR
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A 8)), JET-Z R FE IR IR FE R 732 1 (tumor necro-
sis factor receptor 1, TNFR1). FaslA N TRAILRZ, H:
TNFR 152 1A HAES TR ZETARDD, KiJm4R55FADDHI
Hilf&caspase-8JE LT 155 & & ¥ (death-inducing  sig-
nal complex, DISC), Fas L2 5EFADD, fiij{#caspase-8
JERDISC, %% caspase-8 H i, K)o 55 Y% fkcas-
pase-3/7, ZKTIESAMEIE TP, N IEMEE TR 4
L B B XS0 (4 SN B, #E Caspase-3 3 i 5 4h
TEPEH TR AR A, WP A ERARIBAR T, i
AR A Bl e BB AR 73K 5y, 38 7E TR
PERZR T B R N AR S A Tl &, 1 SRR e T
M Bax 5Bak gy i ELKAREE L, 5L 5
AR, B SR SORR N A A R R B A, 5
APAF-1Z45GTE M RIKF- 15, fASENTAcaspase-9, M
MMl caspase-9, caspase-9 X 5§ VI caspase-3, 4k
ORI T AR AN TGRS A A
TG,

I BB Y M e AR AR A WERR B 7 T AT
FHb, WANRRY, ohiik b wEaT s 4T, 4
qn20134F, Kim% APOBFSEIEN], 2R 295 55 (he-
patitis B virus, HBV)Alilit BIRZebiiRzh 12, 1755
RAR ST ZERNZREAAR [ W 55 NIRRT, DA
HERFELIEYY. 20144F, b THIE 1 DI 9805 #5 (hepati-
tis C virus, HCV)Eyethnl 5]k ik, ik
PINK1-PRKNAM G RLR [ Wi, w40 4n i o,
PEHERG RSSO BRAT R RTEAL, 20194, BFFEHR
B ANZSRE5 R 78 (human herpesvirus 8, HHV-8)Zm A% 1)
i B TP Y A F 1 (viral interferon regulatory factor
1, VIRF-1)] B4 5 2RI A 132 AANIXES 5 305
NIXA SRR [, (bR i B, M
AT, bR T AR R,
Ja 7 ] I (R LRI [ WEPD R A0 T, A A
T A B RN p L B,

123 HaERALET| L E &R B T H] RN R
A

RUNMER—FZEAE AW, ATREUIE AN
TR 1R 25 oo [ AR ) S L), (R AT s 1
H S A N ORI A R N . HAT 2 #aE
RM/IMAEEANLRP1. NLRP3. NLRC4LAJZAIM2.
RM/MEE-caspase- VIEAL T L FF I SV V-6, i3
I caspase- 1R JE— 175 FIL- 1 BFIIL- 1 85542 & A 119
TSI T R MATT B 2 R N TR RIS MR P

JBOSE,  dns F AR, . ISR U 25,
WA, LekiihRsz g5, ekifiis P & (mitochondrial reac-
tive oxygen species, mtROS). =il E# (adenosine
triphosphate, ATP)LImtDNASFZ A 173 4H 5 43 F A5
ARG A AN I, 3 PTG e Pk /IMA . g e kafe
Sl AL S R /IMA BTG AL, (Bt AT — S
b SE T ) HEME AN BT LR B W AR R A
RAEIMERTEAL.

20164F, BIFERM, HERRAIEZAK 1T
pO2 i I 111} i A= B s 23 i S R AR5 493 A ik BETL- 1B
ST ISR TE BB RN LR ) EE B, R T A/ MA
(B, BAh, AT IRR TR e i e, 1AVl
WEFRALULK LA 11 77 = ik & 2 PR AHH AR 22
TR/ RIR L2 (receptor interacting  serine/threonine
kinase 2, RIPK2)JM LKA 1K, MM BRZY
LR AT M HINLRP3JE AIIL-18A97 ) FikfroE
W], — L RE AL SRR e ELORLIR 3 g AR R
B e VAN LNPR

SR EEISL, — Lo b ] R 1 R OR AR F
AT T HBE . 20194F, Zhang%}\[lg]iﬂiﬁ§%ﬁ
TR 2 WA B 3 ) PR 2R B R TR AT 1 K O(LLO) mI i i
NLRZ % 5 X I(NLR family member X1, NLRX1)(H
A BRI [] )7 51 YN ODFE AZ AR ST il 53 ) R4 T4k
RifA, et HLIRSLC345 G, V5 NLRX1A-FAZAL
PR EI, TR A AR A LA B R EAh, 20224F,
SongZE N "HYRFSEIEM, 4= 43R FF B (Mycobacterium
bovis) B4 B A AL 5 AT ROE Sobidk A mg, I B3
e TR 5 R B 4ok AR ) W T 8 Ao 3 A R i R 1k
TBK 4 3 04 5 058 W (i = B 8 P S 1] o i i 1A
o B AR T 1L AL, DI R T 200 T s 200 L P 1)
FEIT FEUR.

gE LR, —Sb R el 40 i il LAgS S 1E R 2Rk
F W38 N [R) SR M SR ALRAAR 1 Wl B, AT ]
FERPENE, WIS THR - E . T, &b
VAR BTEA LA RS 0 SR W, AR AR
YOO, (EAERRE, 202148, AWFFEIEM, Bk
PEhiE(newcastle disease virus, NDV)AJ il g5
PINK I-PRKNA/ S LR A [ Wik B 1 3 25 itk
fiff3(SIRT3), /R 4u Y fe Qi & A= Fo gm AR, A
TR B TR i R L S e E YRR
PR, FRATH IR A ML T s JEAR B0 R3 18 3 40 M 2ok
A 9 DS TE 23— DL DR R o & P R DG B9 11
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TR 36 SR S A P LA R L

2 SEIRAVEER AR PR

SR A W (xenophagy) &1 3 H 15 B 20 A P 9 it
PR —Fp S [ AL, FEACE S S R ARk g v &
PR CHEAPE L. R S A L AT ZL s A )5,
AN BRBITEAT EBENL P, B SR A o & A
JEAAR 8 B 90 23 I3 3R 01 BB T3 1 R e X 4%,
PEHEME A W A2 R (AP62. NDP52. OPTN)AR [ 4K i
1 H iz RE5 G 45 (ubiquitin-binding  domain, UBD)
BEFP LA S LIREE F7 4512 2 A 10 S A B3 87 2 A i J R
RIS A/ MA b, Am/IME SR BHARL G S
WA SR, BT A 03 B Bk 1 L 47 a4k,
R B I BFTE R, o LA IR 200 5 7T 38 ek 5 e
Tyt i SR A A 4 R AN Y S U8 A W, AT AT
L N A7 S AR (#12).

2.0 S U SR E R 2 T

SR M A R A B B R B, W AT
AN AAS SR AR, WSS A, 20 R RE RS i 4 ]

-

—

WA ) R 5 38 % PRy 2 IS 200 R o 3R adk ket 1 Wi
Sl BELEATT W5 INAR AT B s 3 i 1 AR i A 1Y
Fil 5 S IR AR A b3k S 1 e, AT 8 LT N A7 3% 1Y)
E S B EL I PR B FL#EE 2 (cholera toxin) 5
PR TR 7 A 1 i JE 75 28 /K P R - (anthrax  toxin ede-
ma factor) AJ i i B 4R A PANR H R (cyclic  adenosine
monophosphate, cAMP) R ™A= A il 75 B W B
I, (A ST e AMPHIR A 15k 4 ELARHLAR] 4 A I 1.
20 At P 30 e R ] e T o« o MR 1A e
B SR A WEALE TR, 2R I 2 WA 1 2 T ACtARE
MRS EA B A I R AR, LA R
STt 20 TR AR L R e g 0 e R AR Y R
(Shigella flexneri)fEt AU, 4HTRZRIAIEE FlcsAR]
VI H A SCHE [H 5 (autophagy related gene 5, ATGS)iR
S, SR E W, R PR QTR 23 WhIesB, TesBAlL
A LAZE G ATGS, I ATGS X Tes ARSI, i BH K
ATGS X2 B BRI, P 3209 S [ s,
WAL, 2R AT A 5 Tt g A LDy S 5 1 gkl e v
AW/ MARTE B, 3 21396k 505 W) B Y. e G
TR AT 439 % 45 GTPaseli i £ 1 (GTPase-activating

Anthrax toxin edema factor
Cholera toxin o’\\

B 2 (ROZ8 RROR (00 A B = 57 U W L)

E,%
RSy N s
“6 o @,
R W of}f

—

Cell membrane

== Inhibition
%, % <— Stimulation
G,
J//Q od, @ Ub
%
2 @ Lc3
3 W
& r . Adaptor
Bacteria

e Hydrolase

Fragments

Figure 2 (Color online) Molecular mechanisms of bacterial regulation of host xenophagy
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protein, GAP)ZEMI A VirATE . [HASF B, VirA
fie f1% BH Wr 2= 5 06 2L 30 W 4f L 11 g /N JE G RAB
GTPases(JE B H Wil i) —Fh 8 22 5 1) i 3G,  F
T RELE £ g/ MA R 1, b S 0 1 e AL,
WE N ZE A B (Legionella pneumophila) W] 18 13 H IV %143
W ARG I FEPERN 25 FIRavZ, RavZ il il V%] [ b
HIARSS T LC3& 1, FHIT AW/ MARIE AL, I HR0R
B3, HF/0 8 HRavZ Il B 4ii ) 1 st
R, KTV E (Salmonella)ib e TR H MR
B E IR, BRI, H I 1SpvC. SseFFl
Sse G4 AT 3 o Il [ W/ IS 1 TR LA 4 i) S UL 1 I
()&, b SpvCal i T H: 22 24 7 3 Ak AR 1 e
(mitogen-activated protein kinase, MAPK){5 5 i [,
i B mEAMARIE Y, 11 SseF A1SseG I3 1 I ULK 1
) A0 SR A W /MR BB B, DT A R R R B
plsss6l

Wi/ MR Vs AR 5 B A N 25 ) 0 A e i v
AEH FHER— IR, SR, 2R 2R 25 Fh SR s ok
A~ AR MR A F SRR, 202 14E Y — TR
TR, VPITEREE /W ) 8 1 Ste ARE RS 1l 14 S B IR IEAL
B A- B2 (phosphatidylinositol-4-phosphate, PI4P)%5 &
M [ AR SRR AR AT KON REE T T2
AT B (Helicobacter pylori)r=A= 15 J1 KT s A4
MIEEZR (VacA)IAEE RIS F R A0, 55 A Sa )
AW, HAB S F v/ MA RO REE S ARG, (A2
Ve TR PN Bl = A 2 8 1 D (— > KB 1 3 T A K fi
ilE), VB AV PRI, A g, WFFs &
R, e D R 3 S T S T ORI i S A O,
20194FE ) — i fRIBHE i, G5BT IR (Mycobacterium
tuberculosis)iB 1175 5 5 U5 F WA i L PN 240 R A7 5 £l
Sk BRI T AR, AT SRR AR
A, WA ST P A I 20 L PN B s, DA T 400 ) 240 i
S5 W )R, (ERE HAAHL R v ANt 202 14
SR E 2R BIHAA 53 S (Burkholderia  pseudomallei)%
Je2x FIMNRID2(Z KKK, FEPNPLA2(Z S
N T B A ) B B R ) R R REAIK, AN BIRIAE W, S
MR AR R, SEMTI IR A 0, fE S S
T EG B e,

Zr Lk, RZ A IR RIS i A A R g
PR AR IR A Rt AR, (HA — L R R R
T5 B ) HARBLE AN e g . IR AW 4N
PEAERINTE T 40 M SR A 0 2 HILR AT D IR AR

JE S e R AR SR 2R, AR SCBOR TR T
P BLHr AR RIS

2.2 WiEE A

— NN BRI, i TN S A SR 1 R
BEIORL. 7 9 15 A RS 2 B 0 T 1 1,
NPT P A, R0 SR F W R
PR A9 B F W (virophagy). S 2 [ S 1 32 HUAE0 75 /8%
PepLflZ —, BUSER SR e SR i 6 5
4%, —J7TH, TEAKT L, e A W] Akt
RO R R AR, AR T A, S — T, —
o AZHR TR O bl Tk BRONEE R
LU AR SR, DA TTA M) T2 ) 2 o O (113).

T H WEVE N A B AR B EEFB, 7
S B I I ) B A R, AR 2 A W AR
KA 4 5 B B R R AR R ¥ A VR .
FAEEE TR (Sindbis virus, SINV)TEIEGLIA], it ik
JiL 5 & (I Beclin (F W/ IMATE s FE 222 5 R )RR %
TR SINVIE TR BT LR 2, M98 75 (A% 15 LA Kk
AP T, SR YR B R R P Y
YER. teAh, AWEZIAp62fEHS SSINVA R HA G,
FERER R A ST 1) B [ e /IMA HiE S AR & AR, T
AT G5 1 2 £ 9iE 22 40 I 4 SINVIE 53 A K p62 (1) L.
IARBFRE I, B EE H WEAE S i R R R A
HEAEM. E3-12 R iEHEESMURF 1 L) X FANCCHJfig
5 SINVAGEHE U EAEH, fE b F R & Az, AT
Uik, SMURF 15 FANCCHE 413 295 75 1 (herpes sim-
plex virus 1, HSV-1)H8F5E sk 81T 2B 1E
ple+-on

T EE A WERTEBRVEH, R EE sl A A
FBAm b A MR B R B Y. ThAE
K57 (pseudorabies virus, PRV FAUS3# i B
HEMIRPIBK-AKTI@E #%, i A W46 (5 5 Iam kil
FIRE E . R al T R M AR E A
ICP34.5 F # 5 Beclin 1 2554 il FY it 2 i BELWT5 75
FIE) WAk, A alits e AR FTUS LT LU A
Wik, (HAN 5 Beclin AHEAE H, T2 BLH: S PKR EL4EAEH,
R MR BT BT I R 2 T R
TR I8 FH S 929 B (Kaposi’s sarcoma-associated herpes-
virus, KSHV)JK74 15 H W8 I RubicontH HAEH,
3 128 LTV ps 34t 17 A ] s A s 2 i BEL IR B
W, A — B U RS G T R TR .
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Figure 3 (Color online) Molecular mechanisms of virus manipulates virophagy

W 2 A 2k i v R B LS W5/ IR T L Sk B Al
HE— XL RIS, RAPIR B IR A E R
PEAL SR I RO AR, — A T80 P 161 3 B IR
J5 989 B (poliovirus), 57 FH I W75 S350 b FHL2H At w] 184 fin
AHE DRI EE RS, TTREAIR A I/ IMATE Bl G 3
PRL %) 2 6 D) P o) A ], 3o 108 BH A6 5 8 5 27
e ER AV B A R T A B2 H. BRI, HREK
JT A 90 B 2R F12BCHIB AR 238 FELC3 IR AL AR
Wi/ IMA T B, 1 W/ MR Ay 5B RS 9 0 15 1) 52 1l 2
T —A R AN, B HEPRTE (dengue virus,
DENV) A 38 5 9815 4 AL B A g ke S5 0 5 F v
AR HAE 7Y, Aok, REWIR A AS ST
TR, WO R AR R
AR AT U B B S e R A0 R B B W2 R] 1R OE R
TorRE AR, AT T 25T 2 M TR AR N
W ) SR, AT B T VR I T R AR AT % B A A

wiz.
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3 R ET L B AR R (R

DA BT X 2 LA A P B KA R B 25, ph A
PRSP IR B T 0 Y6 RN LA 3 P B A5 B A R, 2R
BTSNz, 2SR S A A S At (an
Ga " WE . 5 HADAR AL, PR M4
SRR, DM B B B e s LA R D RE Y IE
HislT. MApZBEE . RS SE R E RN R
RAEFRE B = A5 RSN FR PR R B T S BN
JoT IS, Ay 8 figk N T T g O T O A, A L 25 B
R N AR 3178 5 1 [ W (unfolded protein response,
UPR) AL b #e, DL BM&E A mdrEae .
TR PE I 0 N BT XA DG 2 1 T A A 2210
PR JSE PN 7 R AT 2 B 11 507 T 9T P 5 D) ] s (ER -
phagy). PTG AE 2R 20 B RS S LA K P9 X 4
Hh R AR EEAERTTY. AR T 3
AFRERNF: (1) BN A B (macro-ER-phagy),
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(micro-ER-phagy), 48§ N5t/ Bt ELEE9E A% AR/ il
R AR IR, (3) LCIMRAS 14 2 01z Han %) P Joit
1 % (LC3-dependent vesicular transport), & P 5t B £ 4k
B A A PN B W 2 R ) Rt 5 R TR
BHREmT. AR, BT RB, PRI E S
R AB AR BE IR, AR Sl A Py 5 9
W LRI T 1 B AT A g™,

3.0 AJEI E R 5 THL

WS N BT R B Y D BRI DL G Ry 22 ) PR AR S
(pleiotropic signals)FlPA TR H1.0MF5(ER center sig-
nals) A, Z2 PR A5 SR YU N B LA K i B 240 i
IR PN JB P IR ); PR B I - A2 i LA PN B Ry
UL — LRI, AN N RS R AT S R R 2R
L P R IR AR, D R s D AR R e s A I )
RSB E P R, WA S AT L 5
F . PN BT I — ELEO, A3 A P o A 5 e )
JE SEAARE AT 55 2 9 5 0 FRERR T 14 L S P A G 32
St D SR P PR A WEAE DG AR U A H A,
B Fe L M A B i A i L% P JB DS i 1% R T il
G BT, BCE N B i B A S T A I R
Jo BRI e, B VA A 4 5 N o I A A ) S I
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Table 1 ER-phagy receptors

DA D) 9 I ) T B T N I A sz AR, B H
HIA Ik, —3EA 10Rh PN BT I A W SZ AR B S e (3R 1), R
PEEVTAERINLE AN, AT AR P9 5 1 14 9 J5
DR 9 I 2 AR LA R LI P J5 D) ] Iz 4K

(1) PSR BN B A sz ik, HRTE 26 8Fh
RS NN F A2 AR, X SR A — R Y
FEAR BN & ALIRELY, RBiE4sALC3. X8Fazik
I3 WEFAMI347E A% SEC62. RTN3L. CCPGI.
ATL GTPase. TEX264. TRIMI13LL & STING™ .
FAMI1344 53R & M, 7052 FAMI134A. FAM134B.
FAMI34C, X8 2 H MRS Ss R NE .
FAM134A 5FAM134C =B R7E RN R R 2 L,
TEIERN A N AT ARBOEE, — BN W,
FAM134A 5 FAM134CHEMSIE [ P42 A 5 R 1 ™,
MFAMI134B £ 278 R AR B b, FEJERE 250 S b T
BORIRE, A B, FAMI34BLAMRNET YK A IE
A AFFE(FAM134B-15FAM134B-2), FAMI134B-27£11
HRRAS T REA S B3 AN R0 1 i 2 2. e,
FAM 134B&7 P 5t M 5] R 25 74 48 (reticulon-homology
domain, RHD)JE/T, REMES [ P I I ity 3 15 LA S,
Wrsd, AR THEWAIER. FAMI134# )75 FALIR,
REAEZE A LC3, T E N A SR L LC3A- T
TEWLIZ R A BT [ AR, R e | ™ A
15 15 [ FSEC62, 2553 A= A & U 1 5 v 2 M Ji
W R B2 IkAh, SEC627ECIH A B A —BE
LIR, REREZEALCIHEIE TN [ Mg, A F T A
T N 4 RS e ) RINSLAFA45IR 9
b, HIIBEIARY, REASAEIETE B il v o5 A A% AR Y

PN A A 7%

firE PRSI R A

FAM 342 A Fi% ZIEAE SRR R HME S Fi P 1) [ I AL C3 R (4 A 15
SEC62 ZInHAES N TR HE S ARSI g E LS
RNT3L Z A SN E R OGS AL
CCPG1 L PEAE SRR M TME S ENA IR A

R B
TEX62 EALLEX R PN I
TRIM13 R M5 ERAAENELA
ATL3 LS PN T I
STING W HOME S SRS CREL A
CALCOCOL1 LR ST
-~ A
CDK5RAP3 A LN R EAAENELA
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SN A WA CHEA, — BN AR,
RTN3LAES 13 7 T K A om a5 A5k i 61~ D RELIR 3
JPS5LC3H B AR, LA IE P 5 9 R A 24 A5 4 P9 Jo
W - B 336 A A, 20 i R I R PR 1 (cell-cycle
progression gene 1, CCPG1)/&—FhEHESIYFEFHEM
FEIE B IR 1, AR, CCPG1A] LB 11 e i i v 40
JHL P S5 D R P 2 3l R R, U A R
WO H A —BLIREFAENS SLC3MI AR, %
PR I W, LR 5 s P B X SZ AR AN ] 9 /2, CCPG
A —BEFIP200%2 1. X I8 (FIP200-interacting  re-
gion, FIR), RERS5FIP200%%5 4, MiCCPG1[RI5LC3E
FIRIFIP200AH B AFE FZ 1755 [ W AR A B A a5 1 b
BAAEES ATL GTPasedE [ Z WA N 4 IR Il A 14
FHERE D S B EIR N 4%, 41735 ATL1. ATL2LA K
ATL3=FEN. AWK, ATLIYEI S AL
AR N AR TR B WK, X — IR ZEATL2 6k
KB o 3, ATL2H A EHE5LC3454G, MES
FAMI134B3t 5207, 1 TFAM134B F il & 4 Y,
{HR BRSNS, SATL2AFIRY R, ATL3A —
BtGABARAPH HAEH ¥ (GABARAP-interacting
motif, GIM)BENS B 5 ATG8HE 1 K % H IIGABARAP
FIE AR, A8 R b o 4 3 B i A )
TEX264 )& — 1~ HA LI L5 A — RSP LIRSEL T
NI, AHECHAB P BT A2 1R, TEX2645
LC3MIAHEAE AR, TRIM13 AL T P4 5 190 fi
b, i s R 63(lysine 63, K63)EHEMTZ BHEiAT
Az #Zfb, HEEp62E MM L HEGTERE &Y,
TS W59 25 PR 5 TR JE 5 | g 5 0 9 e,
201 74E B —THBFFE & B, STINGEHIPAMP)S 5 2 P i
D7 38, TS i P B I I, Xt B TR R BIS TING
FEN LR A g i E S, BRFR LI, STING & A
LIREE, AL EESLCIHE/EMPY,
STINGIHZE Ry P9 it X WAz A B 42 R . STING7E
TR A I AP A E AR EEER. PRE
B, EFENRT, OBZERTE(foot-and-mouth  disease
virus, FMDV)EZL 415 T A M, (HJEAr kg
STING /% i 20 M J5 FMDV A 23175 5 40 il %2 £E 1 I
11T H.STING HY il 5% 2 BELWT P J5 10 333 A, R
STINGTER BRI G AT R 38 izt 5 | A J5i P90 o 98 i ] 92
FRATRR [, EIRAFTE R, STINGTE P9 [
P K PN 5 ) [ s 4k o EE R .
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(2) MERN R F EZAA. H R HA PR
L5 A B 4 R T I W AZ AR, AT T N
WG i 4 7 5 22 D9 IO X B 30 2 43R . LTy, CALL-
COCOI1RI&5 ) 5 A W32 ANDPS2 L L TAX 1BP 1
KW, HA—ANEIMBILIRIER, 768 RS s 5
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M, B AOREST K BR, HAE IRy 4 i 5 . AT
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PN Jo 0 7 3809 1), CDKSRAP3:d it -5 P o IR AH G 1992
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W s A T R A S R RIAE . T
ZARINARZ DI REMF AT I ANETR A, FRATTX AR HIHL
il M AN T4 T, AR BIBIFST AT LASE T P 5 ) 0
ZARAE B ELAARLE],  LAES BhFRATT S 4 b B AR P 5 D)
I
312 AR E%RRE

IEANETE TR RN A, PN E SRR 3R B
DT D) AR A S RPN B I A A L R LC3 A A
Wi ss. FEE N AW, PR A S s,
PR S5 I A2 A 3 0ok B S B R G, ST Y
H W Z AR IR 52 AT G885 1 K A 51 (LC3 5 % GABAR-
AP), FEHBREEIN - Begl b sk B v MA, gk A
W/ IMARSNZ I S RIS, AW MANZ
FrPITEI  B 1) N R TT  A i

FEMFELSI R, BTGRP o e AL T
FEIEAIEARBARA. 20184 (1) — IR 5E BB, A ST
B BRI A PSR 7 5. (ER exit - sites,
ERES) ELHz 13 1o N 5 9 05 B2 S5 R R 7, T
Wes bR BE . 20194 —TiRIFSE B, 76N 5
N SRR A IR], SECO2MB i P4 5t X B 423 1 ok 9 o
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PRI B 1 T A R D P 5 I v & 2E 955 PN 5 43
15 B S AR AT, ol PR (2 S8 AR 1
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B PR ATZ R A Wi 36 B 4 i W25 ke 3k, 5
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NE=N
HE.
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i W B, PRI L LA A
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sociated athanogene 2, BAG2)#{ & PLREMS 75T W 41 it
(R PR SR I B, DA R 5 A% 40 BT T T 5 e ) PR
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> FC PR R R A BR R, Bt 5 S P S X 1 38, ki
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IO 452 ARFAM134B4k, RTN3 8 & SAE TR T -4 95
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The role of selective autophagy in pathogen infection
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Autophagy is a highly conserved physiological process of material degradation and recycling. According to the different
pathways of degrading cargo, autophagy is classified into three types: Macroautophagy, microautophagy and chaperone-
mediated autophagy (CMA). Macroautophagy refers to the process in which cargos to be degraded are wrapped in double-
membrane autophagosome and transported to lysosomes for degradation. Microautophagy refers to the process in which
lysosomal membrane invagination or protrusion wraps the cargo to be degraded and directly degrades it. Chaperone-
mediated autophagy refers to the process in which molecular chaperones restore intracellular proteins from the folded state
to the unfolded state, and then transport them to lysosomes for degradation. Autophagy was previously defined as a non-
selective process induced under starvation conditions. However, developments in autophagy-related research and in-depth
studies have revealed that autophagy can be either a non-selective or selective process. Selective autophagy refers to the
selective cellular degradation process that targets and degrades dysfunctional organelles, misfolded proteins, or invading
pathogens. According to the different targets of degradation, selective autophagy is divided into mitophagy, endoplasmic
reticulum autophagy (ER-phagy), proteasome autophagy (proteaphagy), ribosomal autophagy (ribophagy), lipophagy,
nucleophagy, and xenophagy, and so on. Currently, mitophagy, ER-phagy, and xenophagy are hot research topics.
Mitophagy is an autophagic process that selectively targets and degrades damaged or redundant mitochondria and is
essential for mitochondrial quality control and maintenance of cell homeostasis. In recent years, accumulating studies have
shown that some viruses or bacteria regulate the mitophagy process by various direct or indirect strategies, thereby
weakening innate immune responses such as type I interferon response, apoptosis, and the activation of inflammasome to
facilitate infection. Further, ER-phagy is a selective autophagic process that targets and degrades damaged endoplasmic
reticulum fragments and plays essential roles in endoplasmic reticulum quality control and maintenance of cellular
homeostasis. The on-going studies on ER-phagy mechanism are limited compared with those on mitophagy mechanism,
but studies have reported that ER-phagy plays a vital role in the immune escape of pathogens. Xenophagy refers to the
process in which eukaryotic cells recognize and degrade invading pathogens through selective autophagy. However, some
studies have reported that some invading pathogens such as Mycobacterium tuberculosis and Salmonella inhibit xenophagy
in host to achieve intracellular survival. Selective autophagy is a process that targets different cargo that is to be degraded
and shares some crucial autophagy-related proteins. When multiple selective autophagy processes simultaneously occur,
these processes compete for the shared proteins. However, studies on the crosstalk between different selective autophagy
processes are limited. In summary, this article reviews the molecular mechanisms of mitophagy, ER-phagy, and xenophagy
and their roles in pathogen infection to provide a reference for selective autophagy-related studies.
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