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B OE: R AR REBR SR LR IR, 7R VR T P 2R A 5 e AN 2 R R Ak e A A O T R 4
fEF . TANKZ; &1 (TANK-binding kinase 1, TBK1)/&—F 2 Ty RER) 2 208/ 73 A IR B AV, [ 2 515 PTEN T &
SE 1 (PTEN-induced putative kinase 1, PINK1)/Parkin i ##ii 14 FH (R i 1 2 bk F Wl 72 . a2 30T 78 B, TBKI T R AL
WAL 5 [ (optineurin, OPTN). p62/sequestosome-1. RastiIeGTP4E &£ 17 (Ras-related GTP binding protein 7, Rab7)%5 H W
MHREH, HN S AEES2 (nuclear dot protein 52, NDP52) 5 UNC-51#f H VG #EF 1 (UNC-51 like autophagy activating
kinase 1, ULK1)E & WHH4E 4, LR TAXI454 141 (TAX]-binding protein 1, TAX1BP1)5 W% AH )& 1 186453 (microtubule-
associated protein 1 light chain 3, LC3)A45 4, M1 B4 5RPINK 1/Parkin{f i P £ Ri 4R B W . TBK 1R A /E NAMPYEAY 2R (H i
(AMP-activated protein kinase, AMPK)/ULK1 [ I8 4% ¥ /5 F Y0 i B s, Pl B AL 20 I A X8R (11 (dynamin-related
protein 1, Drpl). Rab7{£#EPINK 1/Parkind 4 #i it £ biiA (50 . A< S0 TBK 14E PINK 1/Parkin 4 a4 1= 47 a2 i 4k 1 g o
HIFE FH B WLEIEAT T 4570k
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Abstract: Mitophagy is a process that selectively removes excess or damaged mitochondria and plays an important role in regulating
intracellular mitochondrial mass and maintaining mitochondrial energy metabolism. TANK-binding kinase 1 (TBK1) is a multifunc-
tional serine/threonine protein kinase, which is involved in the regulation of PTEN-induced putative kinase 1 (PINK1)/Parkin-depen-
dent and -independent mitophagy. Recent studies have shown that TBK1 phosphorylates the autophagy related proteins, such as
optineurin (OPTN), p62/sequestosome-1, Ras-related GTP binding protein 7 (Rab7), and mediates the binding of nuclear dot protein
52 (NDP52) to UNC-51 like autophagy activating kinase 1 (ULK1) complex, as well as the binding of TAX1-binding protein 1
(TAX1BP1) to microtubule-associated protein 1 light chain 3 (LC3), thereby enhancing PINK1/Parkin-dependent mitophagy. In
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addition, TBK1 is a direct substrate of AMP-activated protein kinase (AMPK)/ULK1 pathway, and its activation phosphorylates
dynamin-related protein 1 (Drpl) and Rab7 to promote PINK 1/Parkin-independent mitophagy. This article reviews the role and mechanism

of TBK1 in regulating PINK 1/Parkin-dependent and -independent mitophagy.
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ARLAARAE Ny dn i R fE b0, A2 R A0 AR
WEE. BRSO EEAEA Y. Zhiik
2 55 2 ff B8 £ f BV 1 [ BF 4 7 A 3 1 4 (reactive
oxygen species, ROS), Az 534 M 75 e S b i 45
K540« DNA JEAZ MR [ 5t 5 e 4 & 45 R A S B
B, LR T ST A B R B B, W
LA W (mitophagy) #4047 2R A A 25 1Y
HBEPUZ —o DRk J WAy —Fh A e £
DRSO A b R ORI R S A Eo R AN
BN B AR bR 5 R RS (T R B WA B
), AT 58 BOSZ 1 2R A B BEAFE . SRT,  BORLAA
H R o] S B IR KL, BRI R 2 A
(IR AT O R % )P BT
KU, IV R AR B R T PTEN i
S e s 1 (PTEN-induced putative kinase 1, PINK1)/
Parkin /i 3 1172 3 b % fif i& 42 )¢ BNIP3L (BCL2/
adenovirus E1B 19-kDa protein-interacting protein
3-like). BNIP3, FUNDCI (FUN14 domain containing
1). FKBP8/FKBP38 & /A [ 8 [ 41 5 1 52 A4 14U i
Mo %A i PR BT 5 2R R 3 Bk AR (0 4k T,
LKL WK 737 WL DS AEAS [R5 09 Hh AR
FHIE A 1 R JEL i

I HAR 9T 30, TANK 45430 1 (TANK-binding
kinase 1, TBK1) & [f] i} 2 5 i #5 £ 4 T P K (inter-
feron, IFN) {5 5 ¥ S A1 £ 0% B R Y 2 —, 1
VAT e B Sk E Rk gk T
T F A HEAE M, AT RESZ I 2 FhAH 2R B (40
o JUE I RRL 0 JIEE ) f) 90 S L L i AR
FUpEEREC U 2%, B, TBKI Al fE PINK1/Parkin
21 R R ER AL 4 42 5 [ (optineurin, OPTN)',
p62/sequestosome-1"" &5 £ 1) & 14 }2 GTP lf§ Ras 4
% GTP 45481 7 (Ras-related GTP binding protein 7,
Rab7)"™, Wi A5 2o i 1 W A 0 B 78 AT 12
PINK 1/Parkin JF 4 1% 5 11 T i 1 % 1 16 50 1 4H
%% H 1 (dynamin-related protein 1, Drp1)"* 2 H:57
A U BEL 1k 2R 3 B IR A 5 SO AR 1 A T B
PR 2R L A 5 o 7 9 B AR B RO TR SR, 3R
ATHEDN TBK1 W] B¢ 38 1 % B2 £ OPTN. p62. Rab7

A1 Drpl 2 5§ PINKI1/Parkin 4 i 1% M1/ 55 = 4R At 1%
WA SRR AN, FT I, AT IR FER
TBKI1 A TAREE, FFIAGN % PINK1/Parkin
HOBPERD / BRIV SR ik B iR ) W5, DA
129 TBK1 FH IR IR 25 RS2 i 22 Bkl

1 TBKI1i§ER

TBK1 /2 H Pomerantz 25 ") % B (1 — F0 £ Th &
L2 Z IR | T2 R e, | 729 DAL IRk
HRs, fEm s B FALOIEEHS 2 mERk.
TBK1 j&—fhF4 8t IKK i, 55 kB 3 & (IKKe,
NXRRIKKD) [FE, A8 N s e . 2 15
SR IRAN C S (MR e S5 A ek 1, MR 5 ey ek 2 S50
AR N Horb, O A R R O IR
(Leul64~Gly199), AN Serl72 A7 g i W2 A 7] 5
2 TBK1 ik U s 2 R LI 2 51 1% K
B 1t S FL 5 TEN A5 508 B AH DG B 1 TFN 5 [R5
3 (interferon regulatory factor 3, IRF3) H.AE "7, 2
g 1 A St TBK 258 s U, T MR e 5
Fdg 2 I B 0L 5 Bk iR B TANK. &K 1 «B
(nuclear factor x-B, NF-xB) & f£ ¥ M #H ¢ & F1 1
(NF-«xB-activating kinase-associated protein 1, NAP1).
NAPI L) TBK1 #%3k 8 1 (similar to NAP1 TBK1
adaptor, SINTBAD) FI OPTN F {F ", B9t iFsz,
TBKI1 A # 50 B AL R 7 [ 40 B LR TIR 4544
I 474% 8 A (TIR-domain-containing adaptor-inducing
interferon-B, TRIF). £k FiA$1I0 515 5 & H (mito-
chondrial antiviral signaling protein, MAVS) I IFN %t
] 3% [A] ¥ (stimulator of interferon genes, STING)]
BE LA 5 R SR g IR Y s TBKI 78 R 48 4 S 4l
MR 7 [ 0 A & -17 (interleukin-17, 1L-17)] 0%
DA 5 A 51 762 1A 980 S R 225 3 vl Az g 2 1 [
S S AR 5988 L R (kirsten rat sarcoma viral onco-
gene, KRAS)] #3& LAAm il g fg v v =, s, H
AT O AT TBK 2 4R AR 5 W £ Hh i) ¢ B i e 2
— P Oy AT T Parkin, OPTN A% £
1 52 (nuclear dot protein 52, NDP52) [1i& 4% LA H i
PR A DL A A8 T AMPK-UNC-51 ¥ H B B0E B
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fiif 1 (UNC-51 like autophagy activating kinase 1, ULK1)
RIS ™Y, 5 J7 A 572 % (ubiquitin,
Ub)> B A JERERR L OPTN P9, NDP52 ™, p62 11,
TAX1 454 H 1 (TAX1-binding protein 1, TAX1BP1) *,
Rab7 "1 Fil Drp1 " 42 Fh FBRAT K A -

TBKI1 K Z MRS 52/ 04
HRIG BRI AR . i dn, TBKI AJ 3 i 3B i 1k A
SAOMAE H 170 (centrosomal protein 170, CEP170)
5IKE) & A K 1 2B (kinesin family member 2B,
KIF2B) #H4i &, LU 3% A 2253 2445 T H (nuclear
mitotic apparatus protein, NuMA) 53/ /12 H (Dynein)
MG, Tt AL an i g 22 o 2k fe 7
TBK1 ] it i i 1 AL WL A A 5 2R A A T il
M 9 A58 A A B 375 3 10 i J R 52405 . e 4k,
TBK1 75 A] 75 4= 73 KA 175 3 3 0T 9 S 0o 4 1 38
I BERR AL IRF3 W0 T il i B F IR R & R IR R
H I 8 (cysteine containing aspartate specific protease-8,

Caspase-8), M 1E 815 40 A T 29

2 TBK12 5iB#FPINK1/ParkinfRk i Lehi
=]

PINK 1/Parkin {5 5 i 2% 2 Wi 7L 240 il A ) 32 Gohit
P R LA A S A - ZEIEFEAEIL T,
JH 5 R PINKL 5 563 i 55 24 0 44 A1 5 e A7 il
(translocase of outer membrane, TOM) H_{E i N\ 28
AR TR B B, 5 2R R A P IS % 67 Bl (translocase
of inner membrane, TIM) H.1F 1] % /i1 & 28 b 4K N
it B, O 2R R A N IR 1 AR G AR R
(presenilin-associated rhomboid like, PARL) " Fl1£& i
A B Joit 5 R N Tk (mitochondrial-process-
ing peptidase, MPP) ™ H] 8747 PINK1, i JL M 28k
TN AR A T, B AR I ) B3 32 R
[ vz 2% B2 1§ E3 1% 4> N- iR %) & [ 1 (ubiquitin
protein ligase E3 component N-recognin 1, UBR1).
UBR2 Fll UBR4] £ & [ B AR i@ A e B 5 2 2k
AL BRI, PINKT K& BRE LR b A b,
I IR AL AN/ B R A AB M E3 2 R E B
Parkin 55 Ub, i Parkin M i 5 %% 17 25 28 bii 4k 41 i
Tz mERLAR R R B LUB S B2 R e, SLi
ZERESLEA p62 i K C iz A AR,
PR H N o S A B E 1 42 8% 3 (microtubule-
associated protein 1 light chain 3, LC3) 454, Fiz &4k
LR TREE TR N F R, S A A A A

[24, 35-37]

5 B o WEF RN, M5t N TBKI AliE 5
Parkin i7 250D B U AH 45 451 #4002 52 R i Ak
b B S A 4 DA R R AL S, R A G B
H 200 kDa 5% AH B.AF H 85 A (family interacting
protein of 200 kDa, FIP200). £¢#%& 1 (OPTN, NDP52,
p62. TAXI1BPI) #1 [ Bk AH 5¢ &5 [ 13 (autophagy-
related protein 13, ATG13) {K IR 57 28 52 F1 26 R AAk DA
ZEN SRR . Hd, R¥E A OPTN,
NDP52. p62. TAXIBP1 3L A4 2 S H 2 245
A K LC3 45403 B, T FIP200 A1 ATG13 7] 4y
SR HE TR ) B RO ) AR R AR R AR K 4 S
LC3 P, KW Fess BB, fE Parkin KM% 14
T, TBKI Heidd 52 Rz 25455 UL A BiR
LBGE, LI TBKI FRE B R (b LR 1R A
F1 GTP [i§ Rab7 I/ FHMEH S 2 52 5 BEMH 4,
H VAL E WA, ik 2h i Fm 0122
2.1 Parkin{@#TBK1 5% 53 REtBES

PLEAIESE, Parkin ££7Z FAE MR & E )G ]
TEH K6 K11, K48 Fl K63 257 5 1 % Bz 24k Y,
TBK1 JU 7] 3 i 3 Lys30. Lys401 7 £ 55 K63 A5 Hx
(1) 2 Bz 2 A 25 G DU 33 Serl 72 7 s B R 1k
PO, BT RS AL E 2 B RLR F i k| e P
Gao % PV st Bon, FARTE RIFE T EAR/N RO
o i 3 22 5 AR R A B W I, SR I 4Rk
p-TBKI1 Ser172. p-p62 Ser403. Parkin, LC3-II &
FEE NI, R ROS AKRE., ZEMEH
T p53 5 p21 EEEFRIA LK B- L FLNE T (B-galac-
tosidase, B-gal) 754 2 L 5 tbAh, =EZ O
Jfi N Parkin it FRIA AT {2 3 TBK1 Lys30. Lys401 fir
M5 Ke3 fE M 2 Rz R G, i EiRZk
iR p-TBKI1 Ser172. p-p62 Serd403. LC3-II #K %
i5F1 R ROS A pli . pS3 5 p2l R RIELL K
B-gal iEPE, FEAHLONIANAEME TS SR, 7E Parkin
I RIA I O 45T TBKI #iii 55) BX795
F-HjE ik H W R I RN B 1 4, $2 7R Parkin B
W {2k TBK1 5 K63 fhE I 2 K2 R &
5 TBKI i&fk, i1 36 52 22 0 UL ZR KA B I
P i o

WAL, TBKI #4407 2 52 Rtk L A 5
W 7 Al @R R L OPTN i fii o 15 22 T iz ZEk AR &5
A S, Heo %5 A1 Richter 45 P 43 5l F F £k bt
AP IRCEE R 1 S5 5 R 5 P RICE A0 HFT 48
i DA K F B FE B AL E R i (carbonyl cyanide chloro
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phenyl hydrazine, CCCP) 4t ¥ HeLa 4HA0 5 &8, 1E
PINK 1/Parkin {K#i ()15 50, — 751 TBK1 @& 1k
OPTN Serd73. Ser513 i i (VZ Z &5 /3 N ) DL
fff OPTN 5 K63 #LI 2 iz R &, ik
i £ ki 4k p-TBK1 Ser172. OPTN & H %Kik, &
—J5 T TBK1 W21k, OPTN Serl77 fir. &5 (LC3 &5 #
) PAGER OPTN 5 LC3 HAE. Manford 25 ™ 1)Ky,
TBK1 1l OPTN 7E P [7] 1l 42 28 b A4 15 W iod 72 v v] g
FAAE IE BALE < 7R 2Rk 2: it 72 , TBK1
BN B2 I SR R AL TR P B 11 OPTN Serd73
55 Ser513 fir s, 413 OPTN 55 K63 FAEL 1 £ &z
RHEMSE G, BUETE 20 TBKI B 554 2 ikl
PR BRIE S 35 B, i TBK 3 R 1k OPTN
Ser177 A7 5 LLIE{# OPTN 5 LC3 HAE, H&FHS
SRR LN

M2, TERRR bt fE e, TBKI Jeidid
H Lys30. Lys401 fi7 i 5 K63 #IL I 2 5RiZ REEAM
iU HBRABOE, BRI OPTN Mgt H 5
K63 fiECI 2 iz mEE AL &, I S 4R A
H WE, {H A& Bk OPTN LL4b, HAh i & A (i
NDP52. p62. TAXIBPI) 552 HiZz REEMHLE &
DA S TBKI 7E = H AR By A Rk —
A 553 LA B
2.2 TBK1& 5Bz i i ARk AR L

W% S5, A% 7 pro-LC3 Al /b & ATG4
YIE T A M BT E A7 ) LC3-1, LC3-1 F 5 i A5 Bk
NGRS &, FEA N E T H AR ) LC3-11,
I OPTN. NDP52. p62 [ TAX1BP1 4 844
A SRR LIRS LC3-I HAE, M
TR BEAR s M AW RE G, ATG4 2
JE Ak LC3-11 S H M WAk SRR,  7EFDH] B
WA FE % 4D 0 A [T LC3-IT DAEE 4 P 7F ) A
Ik ATG4 % LC3 BEEA N FHALIRAIER, TRK
P R (RS EL A B W 22 B A VE A B B R
FRARKW, ELRE LR Y, TBKI BEA]
W R L SE M) & (1 OPTN P00 47481 0 Npp52 1450,
p62 "1 TAXIBP1 "% & GTP F§ Rab7 " DL{E 3t
LR B WA G, 7R TRtk LC3C Ser93/96 F1 /
B y- EUEE T RS2 G R LR 2 (y-aminobutyric
acid receptor-associated protein-like 2, GABARAPL2)
Ser87/88 LABH 1E LC3C/GABARAPL2 5 ATG4 #H 45
A, HE R 55 ATG4 % g 46 H DL 4E #F LC3C/
GABARAPL2 IR AR, 555 G F WA ik 2,

2.2.1 OPTN

PLEAESE, 7E Parkin fK #1446 44 F, TBKI A]
% B& 1. OPTN LA IE % I %5 £ Fi A& B Wi 14 T2 e
Moore %5 " 3R iE g i, 7EHE N CCCP i 5 HeLa 4
Jfl (Parkin ik 1k ) Ze Witk £ WAk f5, Zekifk LC3
HEFRIA T B4 5 ¥ Parkin 5| A CCCP 4 f5
] HeLa 4l ffd, 45K E7R, Z&kifk TBK1. OPTN,
LC3 % A £i& L K TBK1 5 OPTN., OPTN 5 LC3
FELRRIAR I KP4 2% B 5 {H siRNA T
Pt TBK1 ik ] F 41 Fik A4k, W45 T OPTN
Serl77A FEAF R (WEBR L K5 ) B J5, OPTN 5
LC3 fEZ ik b3t /KPR B, ik, 4
T OPTN Serl77E FRAZ4A (4B 6 ) Ak BH 0 7] &
i m OPTN 5 LC3 fE & kifk b3k g K. %
T TBK1 W] # i 4k, OPTN Ser177 *®, Moore 25 41
HEMILE Parkin {OBE LR, HRY)&E H OPTN 7£5
£ 2 2R LR LA S 75 TBK BB AL B0 DA & 4% 2L
YER], HrP OPTN Serl77 i stk L HS 5N G
LRI A WEATE K. K, 7E Parkin A S 28R0I1A H
W RE T, ARSI OPTN W 5 £ Rz REEH
SEA MR RE TBK #4407 55 52 45 28 ki A 3 Joy 30 4 4 LA
A BERR AL, 1E1b 0 TBKI 3T R 14 OPTN Serd73
55 Ser513 LU##5% OPTN 52 Riz REEM L5, €
i85 2 ) TBK1 5545 &2 M4 kifk, BEED TBK1 %
4k, OPTN Ser177 LA in OPTN 5 LC3 HAE, %
I FERLA A WEATE R ™. HEEE N Z, Wang
2 BB SUIRIR, 7R/ BROVE AR T 40 i 2R 44 25 A Ak
R, AT Parkin BT OL T, BEAEL R
AR F ) PINK1 36 A @ i i R 4k Ub Ser65 {2 i3t
OPTN #% fir & £ ki 44, Fifi Rl TBK1 % B2 ft. OPTN
Serd73. Ser513 J% Serl77, f8i5ZH 2 bifA 1 W f4
L T PR AN TE R . BRIAT L, £E Parkin 81
AR %44, PINK1 ¥ 7] 4 5 TBK1-OPTN
FHOR IR AR F EARTE B, SR1M Parkin 75 & H g
SRR AE AT B A M 2R AR e i, L HARE
FH v 7 3t — B R TN
2.2.2 NDP52

TBKI if ] i@ i £ # NDP52 5 ULK1 & &%
(ULK1-ATG13-FIP200) F_{f LA 1EE 5 Parkin {5t
PR 2K AR [ W, Vargas 28 W B 5 i oR, {E Parkin
W) LR, 1S AL B TBKI W] 38 i 45 4 NDP52
() SKICH %% #4) 33 LA {2 i3 NDP52 5 FIP200 H.1f,
b8 P NDP52 7 5 ULK1 fH45 & H 48 2z Rk
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Kk LA Sk [ W . Nozawa 25 B %f 5] A\ Parkin
ff) HeLa 4045 T HE R S5Iim R G408, 255
&7, HelLa 4 i 28 i 48 TBC1 45 K9 38 5 e i i 9
(TBC1 domain family member 9, TBC1D9). p-TBKI1
Ser172. NDP52 5 ATG13 FHFIAHE LiF, gl
ittt 2 C LAV HE 1T (cytochrome C oxidase subunit
I, COXII) & [k &3 N ; @k TBCID9 v
BOs B FIRAR A, A &7 A 77 BAPTA-AM
A 5 22 Ri4A TBC1D9. p-TBK1 Serl72 1 NDP52
HEHREHE T 54, 5] A Parkin ] HeLa
4 Jf b B TBK 7] 2 3% N 1 4ok /& NDP52 85
ik, DL EZ5HEFE TBCIDY A feilid a5 1155
A1 Parkin <6 AL 1) 5% 7 22 24 LR ki pk, A5
TBK1 i&{LI-# 5 NDP52 5 ULK1 B A5 Y) 4 52 ik
Bk, RAFEFEPIAANE. HAEWRER, TBKI
ARk NDP52 () SKICH 45 #4332, {5 H H Ak
FRAAL RUE A R FTAESE o

B4k, Heo % " MM AB R SMBRBAL
P 5] X\ Parkin ) HFT 48 jfg (Parkin (X3 1k ), 78U
S H 2% i & p-TBK1 Ser172. OPTN 5 NDP52 % [
FIE R RS B R BB i 5 fiBR TBKI A] 23
NI RLA OPTN 5 NDP52 £ [ K1k [ 2 ki 15
B % 10 X g B OPTN 5 NDP52 A 4 F X fik B
OPTN i &, H 4k ki{k p-TBKI Serl72. LC3-II &
H IR M2 AR TE BR 2N % N, 3275 1E Parkin
W% %44 F, NDP52 5 OPTN W Geth [ & 5 IE
PR TBK1 A 5 1 b A 1 1 . Ke 25 PO B 52 R
FH 35 25 2 kb B FF % Huh7 40 M0 o] 2 2% B R 26 ki &
PINKI1. Parkin. p-Ub Ser65 fl p-TBK1 Ser172 &[4
F& LK pTBKI Serl 72 15 LC3. OPTN 4 LC3, NDP52
5 LC3 fEZehifk FILm K, mAHIFERAKH
Wik 7 T J%, T LE B %5 25 Ak B (¥ Huh7 28 i A i B
OPTN & NDP52 33 u] A 2 # | B Wi 44 T ple, 250 fd
ARLR B WIS B, 42 3 A5 3 n AR {2 iF Parkin-
TBK1-OPTN/NDP52 3 [ FF &bi A 5 W, 1 H W
WOE & A 51 Huh7 40 i BEARAL IS A AT AN W A
T EER A, Moore 25 i CCCP 4b# 5] A\ Parkin
i) HeLa 41 i J5 75 & 3 26 Fi /& NDP52 #F H £ ik .
NDP52 5 LC3 7E £k ki fA b3k £ K ~F 2 % iR,
SRS TBK #1771 BX795 4t TBK1 £ i& J&
Xf IR TG B RS, $E7R NDPS2 75 ] RE7E AN
MO TBK1 BI15 0L~ 2 5175 Parkin 4 3 (1) 2 kL
EEE. DL EBFRE REY], £ Parkin 4R 1) 550

N, NDP52 #] fig 5 OPTN ¥ [A] /1 5 26 K A4 B Wk 4
ek, HiZdfE 2 75 % TBKI BRAL I il e 5
ANFEMERRA K, HEENHTIE RFRAT T
2.2.3 p62

TBK1 75 A] 38 i % R {1k p62 Ser403 {i2 i/ Parkin
A LR [ AR BT B . Matsumoto 25 M #f 58
R, H CCCP Ab#E 5| N Parkin ) N2A 4ff g 7] i
R LA, {f TBK1 5 OPTN L [FZEE R
FAbebifk, Bl TBKI Ja ik 4 it i B o R 1h %
i, LR TBKI BEER1L p62 V2 45 /445 1) Ser403
RS, RAE p62 4 HiEHZ AR LC3 LUK
R RLR FI WA s M, 7R EIR 20 N Bk TBK 1
TR ] p62 EAk, AT FHLIE SR B R A4 TR
B, 3% B TBKI A3 i #5816 p62 Ser403 DL Aie i
Parkin /1 § 12 ki A& [ WK T iR » Garcia-Garcia 25 Y
AR RN, il B3z RIEEMN =B EFEAQ 27
(tripartite motif-containing protein 27, TRIM27) K]
HEK293 4 4 £k ki A& p-TBK1 Ser172. p62 5 LC3
B RIEFIZRL AR B AR 22 T, 1R
5 TRIM27 1AW G A 0¥ % EiRAR4 5 78 i B
R p62 Bt i TBK 1 4145771 MRT67307 35 7] i
F PR R TRIM27 8 RIA T H AR £ B, 42
7 TRIM27 A] GeHR A6t TBK1 Fl p62 A7 %8 52 i Aokt
IR 2R R R F R TE . %5 T TRIM27 76 %
S M (G o SR B i DL gE e B A
Rk, 1N TR EWE &S 5540 T R
TRIM27. TBKI1 H1 p62 Z [a] 7] GEAFLE I AH BAF H 5%
T AN BAA RN SR A
2.2.4 TAX1BP1

£ Parkin 4K i V£ 2% £ T, TBKI 0] 1E % i 4%
TAXI1BP1 3 R4k B W A4 T8 O #2 . Lazarou
& W B CCCP 4b ¥ 5] A Parkin [¥] HeLa 40 g, 45
REIR, F¥EA OPTN. NDP52. p62. TAX1BPI
HINBRI 44 54 2 2 Lk bk, 76 SLIERE 1 [F 1)
bR IR FLRR LR (bR ) RTEA R i COXII &
H A mtDNA # D13, SRR ki fh B Wi ml 552
BH ; Lazarou S5 7E % — Ik & AN R A G KM,
Bk 55 OPTN. NDP52 8% TAX1BP1 33k 1] £ &%
T T B A N R AR B R D RE R RS, R
OPTN. NDP52 1 TAX1BP1 # a] {i¢ # Parkin 415 )
28 ki A [ . Moore 25 "' Ff] CCCP 47 5| A Parkin
(") HeLa 41 ffd, 51/ 2k ki f& TAX1BP1 & 1 K ik,
TAX1BP1 5 LC3 7E£kfifk I ik V53 i,
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457 TBKI 41 7] BX795 &b ¥ ] B & K I £ ki
& TAX1BP1 & [ % ik P}z TAXIBP1 5 LC3 7E 4%
bidk e A K, $78 TAX1BPL 7] 78 TBKI1 &
WS T S50 SRk A WA B Ak,
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4 1. TBK15 § A8 X & @ 49 KIRBAT RALIK B 2 69 A421E A
Table 1. The relationship between TBK1 and autophagy-related proteins and its regulatory effect on mitophagy

Autophagy-related proteins Relationship

Effect References

Ub Binds to K63-linked polyubiquitination
LC3C/GABARAPL2 Phosphorylates LC3C Ser93/96 and

GABARAPL?2 Ser87/88

OPTN Phosphorylates OPTN Ser473,
Ser513 and Ser177

NDP52 Phosphorylates NDP52

p62 Phosphorylates p62 Ser403

TAX1BP1 Phosphorylates TAX1BP1

Rab7 Phosphorylates Rab7 Ser72 and Thr71
Drpl Phosphorylates Drpl Ser637

ULK1 ULK1 phosphorylates TBK1 Ser172

Facilitates the mitochondrial membrane (25,421

localization and activation of TBK1
Prevents premature cleavage of LC3s from 7
nascent autophagosomes by ATG4, and then

promotes the formation of the

autophagosomal membranes

Increases the binding of OPTN to poly-Ub 7244
chains and then promotes the mitochondrial
translocation of TBK1; Promotes
mitophagosome formation via enhancing
OPTN binding to LC3

Promotes mitophagy via enhancing the
interaction of NDP52 with ULK1 complex;
Promotes mitophagosome formation via
enhancing NDP52 binding to LC3

Promotes mitophagosome formation via

[7,23, 40, 45, 49, 50, 53]

[11,52]

enhancing p62 binding to LC3
Promotes mitophagosome formation via [ 23,40.431
enhancing TAX1BP1 binding to LC3
Promotes the recruitment of ATG9 and
FLCN/FNIP1 to damaged mitochondria;

Promotes targeted recruitment of damaged

[12, 60]

mitochondria to lysosomes

Abrogates the mitochondrial fission of Drpl ~ **
and promotes mitophagosome formation
Promotes targeted recruitment of damaged ~ !'*¥
mitochondria to lysosomes via increasing

the phosphorylation of TBK1

TBK1: TANK-binding kinase 1; Ub: ubiquitin; LC3C/GABARAPL2: microtubule-associated protein 1 light chain 3C/gamma-
aminobutyric acid receptor-associated protein-like 2; ATG4: autophagy-related protein 4; OPTN: optineurin; NDP52: nuclear dot protein
52; ULK1: UNC-51 like autophagy activating kinase 1; p62: sequestosome-1; TAX1BP1: TAX1-binding protein 1; Rab7: Ras-related
GTP binding protein 7; FLCN/FNIP1: folliculin/folliculin interacting protein 1; Drp1: dynamin-related protein 1.

WE LR RS 5, IR F AR R U B R
I A A7 JEIR B IR R E0E 9 TBK A A HIRiZTT
TERE BT RU7E I PR A 2 2 AU 3 3 i 30 B s
Uve- S i

e BE N
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Fig. 1. The role of TANK-binding kinase 1 (TBK1) in PTEN-induced putative kinase 1 (PINK1)/Parkin-dependent and -independent
mitophagy. In PINK1/Parkin-dependent mitophagy: Parkin facilitates the mitochondrial localization and activation of TBK1 through
promoting K63-linked polyubiquitination of TBK1; TBK1 phosphorylates optineurin (OPTN) to increase the binding of OPTN to
K63-linked ubiquitin (Ub) chains and then promote the mitochondrial translocation of TBK1; TBK1 phosphorylates OPTN, p62/
sequestosome-1, TAX1-binding protein 1 (TAX1BP1) to enhance their binding to microtubule-associated protein 1 light chain 3 (LC3);
TBKI1 phosphorylates nuclear dot protein 52 (NDP52) to enhance the interaction of NDP52 with UNC-51 like autophagy activating
kinase 1 (ULK1) complex, ULK1-autophagy-related protein 9 (ATG9)-family interacting protein of 200 kDa (FIP200), and enhances
NDP52 binding to LC3; TBK1 phosphorylates Ras-related GTP binding protein 7 (Rab7) to promote the recruitment of ATG9-posi-
tive vesicles to damaged mitochondria; TBK1 phosphorylates LC3C and gamma-aminobutyric acid receptor-associated protein-like
2 (GABARAPL?2) to enhance autophagosomal engulfment of damaged mitochondria. In PINK1/Parkin-independent mitophagy:
AMP-activated protein kinase (AMPK) activation leads to TBK1 phosphorylation possibly via ULK1; TBK1 may promote the forma-
tion of autophagolysosome through phosphorylation of Rab7 and/or interacting with OPTN, p62. Furthermore, activation of several
proteins, TIR-domain-containing adaptor-inducing interferon-f (TRIF), mitochondrial antiviral signaling protein (MAVS), cyclic
guanosine monophosphate-adenosine monophosphate synthase (cGAS)-stimulator of interferon genes (STING), interleukin-17 (IL-17)
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