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Abstract:

With the development of nanotechnology, nanomaterials are increasingly used in
biomedicine, material, chemical, and other fields, providing more effective means for clinical
medical applications such as bioimaging, nanodrug, and disease treatment. However, the
potential occupational exposure risks and health hazards in the nano-industry pose new
challenges to occupational health. In recent years, the association between nanomaterial
and autophagy has gradually been revealed. Mitophagy, as a selective autophagy, is a way for
cells to selectively remove redundant or damaged mitochondria. It plays an important role in
regulating mitochondrial number and maintaining mitochondrial functions and cell homeostasis,
and determines cell survival or death. Abnormal activation of mitophagy is closely related to
various diseases. This review summarized the molecular regulation mechanisms of mitophagy,
and illustrated the roles of mitophagy in the biological effects of nanomaterials and its possible
mechanisms. Current studies have found three main pathways for mitophagy, and the mitophagy
induced by nanomaterials is mainly mediated by PINK1/Parkin signaling pathway. PINK1/Parkin
signaling pathway mediated mitophagy might be one of the major mechanisms involved in the
regulation of cellular stress induced by nanomaterials, and is also one of the important protective
mechanisms for cells to resist nanomaterials-induced damage.
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I SRAN KR S| Z S BN 72X
Ao A B FEMAARSNER, HFARREE
BESEEEYMFERX, fNEEEEERMEEEE
M, MR B % (mitophagy) BT /E%E, 24 @Ed
B I HLER B RR T R LR AR RITIE 1,
JEMESR (reactive oxygen species, ROS) . B E. 4
R=RE. NEFRRDELEAALEEZRLRGE, 1§
S—RINLREBREXERENL, FIRBRVLRIK
iR aRHBWEPRENEERE, 54
FEIARL S 2R A AN K (A B RAES (K, REBWAEE
ABERR, ZAABRRESHAERITHER. 1ERRA
MEBES ZMRFEN A EZREREX 2, ZXIE
(5] 55 P FL. =h ) 40 B £ HL 1K B ik 3= 2 A AL A B9 B A
L, FEERINCTARMELS EhiE B AR I
K, EBRLERLA B IR KR R S PR ER &
HATgENE, RARMEER ML 2 IEN AR
’EtEE,

1 L&A REEERFES
1.1 PINK1/Parkini&f&
ERMBERBKOIELRFSHNERE HEE1L
[phosphatase and tensin homologue (PTEN) -induced
putative kinase 1, PINK1] ;2 FH PINK1 B R 4mhZRILLH]
AR/ HRERER N, BEAARGHNEERER
N2, LRENABBRELENTERF. LAKER
B, 28 PINKL BT &R A IMES (IS (translocase
of the outer membrane, TOM) £ & K A & 5 fiL
B 23 3 N L& K18, 48 K K 0 T AL ES (mitochondrial
processing peptidase, MPP) AJ Z5 bR PINK1 AY £ Kl 1K &
{5, R{ARNIEERBSILIES (presenilins-associated
rhomboid-like protein, PARL) RIIFR EH EEEF 5, fF
PINKL G FAFF I N LR R A B Bk AR =), SRR AR
&, SR ERN, BREA TREEEER. BTEAIE
FEEEITRZ , PINK1 REEEE LhIANER, oI5 MPP
FPARLINT, MES5 TOMIRELES Y, TEZIMLNIA
SMR ERFR, tRR KA, IRBURREAZARY PINKL E
YA PINKL D FARH S H D FElBiRIiEx,
B E Parkin B ZMANIK EMEES R, Parkin
= PARK2 B AYRIZHY E3 2 RIEZES, ©5 PINKLT
B85 BohERIK B %, Parkin B EFILNIKE A
FEERR 1L, A EREEERZEUHSZRES
EHp62/FBF 1 (sequestosome 1, SQSTM1) iR 51,

BEd 5 B ERXERREHS3 (light chain 3, LC3)
g, BN AREXEE BWE, (LR RfERE,
ISR IESE PINKL 77 S B9 Parkin JEMRF 14 LR KA B
BRAYFZTE ', (B Parkin BVZTERTNA PINK1 15 S8 EK,
HEeR LR BRI AR
1.2 Nix/BNIP3i&fE

Nix 2 BZH M EEE -2 & 5 (B cell lymphoma-2,
Bcl-2) X & FR M — %5 BCL2- [B) R 14 3 45 #9137 (Bcl-2
homology domain 3, BH3) BYRE &, & i F & A A 5h
f2, TRFERTHARLEIZEPIENIE B, 3R
Nix B K o] S AT R L bl (A5 bR H BLPERS 10, Nix AJ
BERANABERNEREZE, BI5M I LC3EEE
X3, (LC3-interaction region, LIR) &&, B&ELC3E
SRR FEHS BRALES, MMmEEEAL{ET (G
(TR T IR VNI BR Y . TEMZLEhYI4RRE
A, Nix EBFERIRER ——Bcl-2/BNIP3, —E#E
I HEE RS ENR —RUWHEA TEAIE, T4
FIHEE EAR AR DY, BELRIKBMES@E, Nix E
ERTEIBZ M TENAEBRAERKTE, MBNIP3
ZITBET ENSNKE RS R4 T W,
1.3 FUNDC1 7T SR HI 7k BB

FUNDC1 (FUN14 domain containing 1) &HH FUNDC1
BERRENERAENEEZER, TESS5RENEWN
FRABEM, EEREFHT, FUNDCL EBEER 1K
SHESGINzZENHEEMMEEERE M, @
HENAEBNEZE. BRARLKM, B2 EH1L
(Bcl-2 like protein 1, BCL2L1) -BEER H MR T (U EE S
(phosphoglycerate mutase 5, PGAMS) -FUNDC1 4 X
FREFSHENEEBREEERE ™, BCL2L1 7]
IMEIRAERAES L3 HE (L REZHT, BCL2L1
R AR S B PGAMS J&E 1L, 11K FUNDCL 7 Ser13 5%
R, FHS L3 B ER LUBUE&RALA B %R,

2 GRMESSRFBE
2.1 GRMERESHERIRIRH1ER

ROS A A AN AR AR IR E VS 1ER
NHEBENHZ— LAAEEEAMEMROSHER
PR, 12 ROS WY E BEEAT. LAIIRZRMEL
RIEMMRSHMEZEMAEEZ— 7 BRIEXS
KA RHEE AR LN AT FEER AR HBRI R IR
BR%E, BIEANFRENE. Eminls. eEH
[ R EVME AR, LA NFRESF. Lhllk
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SR AFIHEERE IS B IF LMK MBI F N IE
22—, RASHENEEENSNARATERRA
MERNAL. F90 : HREIMHPK AW (Si0,)
AT SHO AR AL, RI AN K
BK. IEHPIZREL EEH R U MLRIAR S 1), X—4%
MR SHEREREEAKENE (AL, 2 &
W EERNART. REMRRAI, 49K Si0, 7]
B B AIS A BUER Ay FEUE R F 1o/
IR EF / R A REAF A S SEEBRING MmERN
BB ERIE SR, BEERAERAENE,
R ERIAROS £ 5L, FFLNIAKDH, WIRLHIK
I 0, 5%, 30 & = B B& BR B (adenosine triphosphate,
ATP) &Rl 4RRRPEIR LUKz ATP BESE M, SR RIIALE
MFNINEERERS ) ; FHIFSLNIAEML. AREEC
B, RZET B2 N SHARM - ZhHAERFRS %
AT PV, RIANARIE L, KB SHLLL
RINBEFERS. PNBRMIN 8K, I8 0PN - LR AL A 3%
it K EESAMNSBRAKRY, (€ ca® MRBRME:
BELRE, NMELNATSBERLEN S
ATER 2, b, $EIERLERAFIE S LR KR
R ERRAT A EEE ENMERS. b :
SRR RNER 2 B S ATHA K TN ] 158
FERREBRBREIAT R, HIEAFERNEIES
AR LR RIRTHRE S, HDHIMEIE Y& AR PRIRES —
SHBRREBENRIA, SEINEER ps3FRA_ L.
4HAE A HA s HARR A ARAR L FEINS] 2,
2.2 PRMENESLENEE S

PR RES | AL RAIRG, DA EEL
NABWETE T E i, ZRAEBREENEKRES
HEREWXBEHTR T Z— REHLNEEY B
BIER, S#RFARNEE. AAMELESAREE
NARIERETZ, IELBHKMEIEIET 60 E 8%
REGTEY. AERKRE, SRHAMEURKE. A
KR, pAREMWMELE (zno). &4 (Cuo).
Ak (Tio,) S MK MY IE S B %
WEE, BEIENEERNHREEEDED
WK E £, BIEK SO, HHEE TS (CdTe
quantum dots, CdTe QDs) %, REEIRLHIAEE (S
SHHNRAIFR O REHEFZER IR K TN 0] E (1L
BRI, FEEXMAKTRIELNANTRR, LLh
AREI—ERRENRG, BUE Parkin BES, BRNLEKL
RERIIES, (EAAEXT ZRREs BB R,

NFLANK Si0, BT H1E 5 LR AR ESEIE T AEX 2
FASLENEBRIEE ™, B BRENRITER
99K Si0, FF AMEBEARARLHIAB®ELE D, [F
¥ CdTe QDs ISR I E N2 AR LKL AR (A BUELE
TR =1

PINK1/Parkin @ E& /T S HVE KA B A BE R K
MELE AR BIAEN—MEZENG, SIREH
KB SIERNEBEHIPNSIZ— 2, fli0, g9%
Zn0 BIE S/ /N R 41 BE BV-2 R Fu 1A L 30 A Bk
EHEBWE, EF Parkin MABBE R B &RNIKTZIE 2, B
BSEWNE, PINKIEFNA AT NEHZSNARS S
YER. PINK1 B ETERBYAYLRRIIK Parkin TRIAZPEE R
FHAEE, HH caspase- I RAZAEFH S, [EHE,
9K Zn0 IFES LA BB & £ 1E A FEUIRARE
CAL7 AfEH B, SXTERLAMLL, RBHBWHEXE
H LC3-Il. PINK1 FRAIE /N, p62 FiX T ; Parkin 7EAE
RRIETRE, BEANAERELE ; FERZHIPINKL
5 LC3 HENL, WEALNK Zn0 BT IREAAMIS PINKL 5
EELNIKRINE L, BE Parkin FEBIEHEBREL
RI{AK, fELRhfA_ERVEEE Bz R i@ p62 5 LC3
SE, BRRRENRTEEREEHITER. Rtz
4h, PINK1/Parkin 18 B& 7E 1 73 8 I b 1% & 10 BX 90 K B
WIS | ERLhA B iR P i R X B Em B, £/
Parkin siRNA PEBT X RMI{A B[S, 1Z 99K FH 0940 A8
FMHIEEMR, A2, HhEKNAEREREE S
5 AR AR MBS ER R BRI SR
H—F R,

SGhRE—MeESHAEss, Bl Ao
MERFRS. FNAELEBRF BT —RIIRE
EHIRERFBESNER, FESHISNRE DR /R
A Z Lo Natarajan F B WHARER, SK Tio, (ERT
JFART4RE, SEAMAERNWNIH, LR{ARRB (L
FRAR, LRRIAh FERE (RERD. DRIEZ), A
K sio, B AMERNEAR B FELNAEDNFEE
i, SHNEDPRXBHF—— I HEBHEXERL
(dynamin-related protein1, Drp1) F19324%&H 1 (fission 1,
Fisl) IREFAEE XY, KHEDH, BENES
BRI —Fh A, BNV ARBURKEE
SEEXNEBME, H90 . AKX ELIES Drp1l It
SHERATH ) F KM, THEERERSFMLNIR B RH %
4, 1EoRANER IR A F AR B TR A AT IE AR
FhEE AR RI R A T 1ER B Ltboh, Parkin &L b {ARR
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BER (mitofusin) 1/2 72 R HIER, SELERADH
DU Kz e YRR IR B

SRR ERE—IE XTI, 1EE B WX 44
IEEINEABRIPER, BE&NARGREERT
—TERE, ZNAEINEEREBSSHERINEESZ R,
REI, K ALO, BES | SR T LR b (A iE BB (1 1K,
SHENIREREE B, FEERSHEMNIER, &
RZIINE, Lk ERAIE %, ShiAF AR
BILoR, HNHILLRIR BRI I1E cuo HKFRIXT ME
WS IER, B4K cuo BUEMLRIIFE R
EUSEL2ERZHREN A, SRABARGBLENIETR
BRUNAKEMBREABFF=4%, 51 LEMRIFET >, m
B, dEMLRA B A IR & F4AMmET o,
Ite, ERBRAR R IE ERUE &R B Y R S E SN
BRI, KN ERBERIELEFZRFERE
KEMIER. WHEHRFEAEERHT PINKL/Parkin B E&
ERRERT, TEANSKNABERNAEMSRZ
MERATERRMS A, EM&ERBIOINEE
pERS o FRAEER B SIS ENABRRE
X b4, Bt BIEEMAR, X2 EMAE, K
MR P n] ERIA BRI ES 5, 10 49K
TiO, B ALZFBHE L ERNRMEH, BEHAEE
% (BIELNEBN), MHRRINEEY ; Pk zn0
BT BUE PINKL/Parkin 11T S BILR KL {4 B WX i &2 40 AR
FEEERGBIER ", BILAIR, SRR B rTRES
A EFSHIRE, 5| AN ATNEYN LT LR,
B PAM RN A EEYRN N R AN BT,
THAREF AT IR HEAHM (NEAM) 8T, AR
ERaT IR G Ho

3 RE

BEE N A RB K B K S IE TR BT
BT, MR LR X T FTHRM B4 55
EHEXRA L, BB, BrRIxg KR SR
RERIAFAENRL, HEXNGIHREEEFE
PINK1/Parkin /T S HVEEE , BINAETTS, EENDF
AENG S RTEEE, BERIBEERIIRE,
Ak, KM SEERERG. LREBRAAR
MUK AAERINEHNEEE ZRSL NS 1, BAL
KR BB 0] BE B BES | R &M RS RN AR MBI E
BINR, BHARAENENAERGIIET LA
BREMA L, thil : O FRERE SR iR

WIESEREBB IR LNIIR, ERSBEBENELE Y,
SRR BB AR RIPEAERRBIERES
X515 NRIBINARMEHERRBGES VT RIEE
SRR ERRERIR N, AlaeBm, Al A S X
Lo R EPIBE S AR R SE B BB, 48
KB, EAAN KERAFEX, MFH—THR.
REZRDU T BEXRNE], A EEBNABARMEIES
LA BRAVRRER EARRIRE, EAEXHAFTER
PRI L EIEF KT, LRmaTr iRt E 2 EA
FEMMTG . BBEAREKI, Parkin BIEHF ——
2R WEE USP30 BEB B FRIZ RN FIMNEEH,
DA SR AN L KR B BRAY & & 1), #0% usp3o M =]
fRF LA B NR, RN REIEE, HAT
MXREREATT (RERR) o LI, ZEMKM
FIXS LKL B 89 IE S AR, A UG RMEHE
MIREMTIERESE, ANEANTESEHLSE
HIRSHARNF, XBARKMEHRHERNT 3
BYN A AT =R
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