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Regulation of autophagy by posttranslational modification of TFEB
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[ ABSTRACT ] Transcription factor EB (TFEB) is a member of the microphthalmia associated transcription factor
family. It plays an important role in lipid metabolism and other biological processes by regulating the expression of auto-
phagy and lysosomal related genes.  The activity and cellular localization of TFEB can be regulated by posttranslational
modifications of proteins.  This paper discusses the mechanism of autophagy regulation by TFEB posttranslational modifica-

tion, aiming to help understand the pathogenesis of related diseases caused by abnormal autophagy, and provides new ideas

and feasible intervention targets for the prevention and treatment of corresponding diseases.

[ KEY WORDS] transcription factor EB;  autophagy;

F Wt A 8 e JEE A sy O LR, 32 22 )
RE A oo Xt 2 P 5 00 e A R 14 o 496 1 e f
DA fif 7= 14 TR A iz 98 40 R DAY 400 I 114 06 3 1 )
T, RS T 40 A7 6 Ho R Y, b, A
Wit ik = B BT S B0 20 M ) R BRAE R B 2

postiranslational modifications

— G AR A A IAE T, 5 Bl Bk ok A
fhd YA 62 B S EB( transcription factor
EB, TFEB) /& [F WV 415 5300 8% v fe o B2 19 2 ot
PRI~ 2—, AT LA S [ e A i il R AH G e PR 3R 58
FENG AR AN DNA BB | P 9 o 38 5 ¢

[ EH]  2023-12-28 [fEEEHA] 2024-01-31
[E4TH] EZRAARFEELWH (91839107) ;b a5t A AR A T H (7242005)
[EEBEN] B2 R ZERL 5.0 1% % %, E-mail : m15901306003@ 163. com, M{S/EH T 52, 282, A5

A ST AR5 ) AR EE LA OGO LA B & AL B T 191, E-mail : wangwen@ cemu. edu. en,,



186

ISSN 1007-3949 Chin J Arterioscler, Vol. 32, No. 3,2024

A AR Wt AR v RS B 2z OC H LAY Y S, AT
FERW TFEB w] LI# i S IR 7 A W | g 7 20 A Al
i A R S DR ) 2 S i 3 Mg o o A A A1 HE , 1
SRR BT AG AS , E TI U B mC  l kok e A Ak 1)
JBU AT HRGE TFEB MY RERR S 517 £ i iR 1T
PP ) & AL T 2% DIAH OG- N7 B 7R 2% 15 38R s
(alzheimer’s disease,AD) F1, TFEB i3 %3k 7] L) o
PET H - D B TEM R T (amyloid-B,
AR) PR, ik HE T 1 1% M 48 (reactive oxygen spe-
cies,ROS) F= A= A JA T, T LG AR JE )

1 TFEB H&#945F a5 ThEE

TFEB 2R B AH 54 55 [ F ( microphthalmia-
associated transcription, MiT) ZJ% ) B 51, MiT 52 % ik
145 /) IR W JE A8 OC % 5% I+ ( microphthalmia-
associated transcription factor, MITF) | %% 53¢ A+ EC
(transcription factor EC, TFEC ) Fll¥% 5% K -F E3 (tran-
scription factor E3,TFE3) , MiT ZKJ& & H il & —
ANFEAN DNA G55 25 ke 35, 0 1 1R e - B - B3 e 245 4y
35 ( helix-loop-helix, HLH ) F1 4% % iR $ 4% &5 #4 45
(leucine zipper,Zip) ™' T2 R 17 B 45 b bl 45 # 4
S A MIT S0 B 5% 2 RETE D I [RDE 1 — 2R
A SR e T ) IR — R ARl S U — R AR —
45 DNA SERATIE R 35

TFEB ] {33 40 Jf Xk 4% Fft 7 3B o e iz
4 1 PR A A R R (L) A IR 3 AL
I P AR AR SE T TFEB (A% 2 (L FEL

T RT3 7 85 e 10 Bk PR 5 S, 401 dn 5 3 s il
PRILF L' FERARA R G rh, E AT LA
BT BR-S BO 2278 1 B B P A, G i AR OC
PR (R R PR 98742 | 3 30 A Wi 4 a2 400 T 15 b 8
IRATPEB I, 161 4n L 22 4 M) 2R A A6 AE ( amyotrophic
lateral sclerosis, ALS )" % B 09 BF 5% 26 W, i 0%
TFEB ] LAGE I DEAT I -y 24Ak Bi-Ari b 2071 A9 1L
U LA B ( vascular smooth muscle cell, VSMC) H
Wk , D2 1 I S 1 3 8 O 4100 o) 400 i o8 T, DA T 4
ShIk oK AR B AL BB i R L A IR R A g
20 B A O RS T O (AR 3 D T LA
ILERFE L 4 (polo like kinase 4, PLK4 ) 233 | 3k
HiRY) TFEB M TFE3 EBFIRAL, b5 et TFEB A
TFE3 #2550 LA B 19 W5 TRV AR AH DG HE PR 1Y 5 s
T, I TE R A P s o B A PO A E L X
XHERE RIR YT SR B T — Rk i R

2 TFEB BMEFEEIHEB R R rEEER
B AL

P55 Y #1155 5 181 ( post-translational modifi-
cation, PTM ) 2 7E — P B Z D AL MR AR AL A 45
B L BAB i Ak DT S T 2472 o A 1 S ) T g
MM TFEB RENS & A= Z 0B J5 184, Tt 3L
WAL, B, /N2 R A KA MY (small
ubiquitin-like modifier, SUMO ) 1k .72 & 1k . B 1k
A5 TE VR A0 A v s R bR R A
(£1),

% 1. TFEB HEEFEIF/ING

Table 1. Summary of the post-translational modifications of TFEB

iz W T TFEB &4 {37 15 Al =GN
Rk mTORC1 S122 S142 $211 {&i# TFEB %% th [12]
MAP4K3 s3 ¥ TFEB i 5: 81 R [13]
ERK2 S142 {21t TFEB A% % [14]
GSK3B S138 {21t TFEB A% % Hh [15]
PKCB $462 8463 ,S467 S469 HEGER TFEB 5G4 [16]
PKB s467 i TFEB ¥ 5 {if [17]
CDK1/4/6 S142 {23t TFEB %5 [18]
AMPK $466 . S467 ,S469 W TFEB 54 5% 151k [19]
ERIHIL PP2A S109 S114 8122 S211 {23t TFEB #% % [20]

PPP3 S3 .S142 {E3E TFEB #% 5 i [21-22]

Z. Bk GCN5 K229 K274 T4t TFEB — &4k, 3R H 5 DNA 454 [23]
2.k SIRTI K116 50 TFEB % 15 1 [24]
1w £k STUBI — {2 3F TFEB 25 (A BEA R [25]
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(LSl WA T TFEB & i {v; 15 A SR
WiAEAL SetA S138 {3t TFEB 4% 5 i [26]
SUMO 4k — K316 1458 TFEB % 5435 1 [27]
LR AL — 212 {23k TFEB #% 5 {7 [28]
ROS % ft. H,0, C212 {23 TFEB #% 5 i [29]

L —" FRTCIEIRIL, mTORCI . FHIHEE R EZ A 1 (mechanistic target of rapamycin complex 1) ; MAP4K3 ; 22 24 J5 i A 25 1 4Bt 1 T
P4 3 (mitogen-activated protein kinase kinase kinase kinase 3) ; ERK2 : 4014 M5 5 7 8 2 ( extracellular signal-regulated kinase 2) ; GSK3p :
BEIF A BB 38 (glycogen synthase kinase 3B) ; PKCB : K 17 CB (protein kinase CB) ; PKB: 7 11 B protein kinase B) ; CDK1/4/6 . [
A IR 1/4/6 ( cyclin dependent kinasel /4/6 ) ; AMPK ; Bif 1 2 i fL 2 11 1§ [ adenosine 5’-monophosphate ( AMP ) -activated protein ki-
nase ] ; PP2A . 25 A MR 2 A ( protein phosphatase 2A) ; PPP3 ; 2 B4R 3 ( protein phosphatase 3) ; GCNS ; 21 8 H Z Bt F4 i GCN5 ( general con-
trol non-depressible 5) ; SIRT1 ; YLER {5 B &S5 K F 1 (Sirtuinl ) ;STUB1 ; STIP1 [RIJE M FI U-Box Z5F4 25 1 1 ( STIP1homology and U-Box structural pro-
tein 1) ;SetA ; R i 7% 1 B 24 07 2 1 SetA (legionella effector SetA) ;H, 0, ;1 S AL & (hydrogen peroxide) ,

2.1 TFEB RYBEER{L &1 S TFEB %) 83 ,S122 S142 S211 25 LM B R
TFEB (36 PE D E T LE i A% e E R 8L, 1 4k, TFEB B2 0 7 S o SR B A4 A,

TR E A B B S B, U Xy (DA R 2 B A A T, A A2 B T A

FiE 22 ARG EA B IRLE ok AT Y . 5 EFRBLZMAM D, TFEB 1 200 50 BE B w12

S TFEB % A= # 2 (b A& 1 (9 ¥ B A mTORC1'"™ | fk, REABRRILN TFEB JEA4IAE, ETTH I~

MAPK"™" | GSK3"") [ PKC'™  PP2A (PPP3 4 i [ i SOV A DCIE P i ek Y

HE D), EEFRFEENIERW MM, LR

1. TFEB EYREER LS R HLHIE
Figure 1. Mechanism diagram of the phosphorylation modification of TFEB

2.1.1 mTORC1 *f TFEB &84z mTORC1 & 5 &L W A AUE 5 1% 5 e R 2 A4 Mg g
—MhE R/ EARE LM E S, S 5% 5T 5 TEEBHAE R, mTOC1 A AR I8 5 727K F |
BN A Al e AME SRS A K R E S BEERASR I 5 R Ras MOC GTP 45448
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F (Ras related GTP binding, RRAG)/GTP &= &%)
FRPR A , T 368 Ao e PR A A 410 ) ik A MR g - - R -
SE R PRI HERE 7 R 7 G0 L%, 55 B X ¥ Tl 4 R
WA I AR Y, R R T E AT,
RRAG/GTP B & W) LA PERYIE A LE , i mTOCT
Sy BN AR, HEMI AR AL TFEB 1) S122 8142 |
S2U1 ) S211 (IR T Ay W R 24 IR/ W TR
R 45 & 5 1 (tyrosine 3-monooxygenase/ tryptophan
5-monooxygenase activation protein, YWHA) €] 1 T 15
RN EEG A E, ZH A EE 5 FET TFEB 1
A L 70 30 W e G ) AR 9 v ) B K B T
20, SRRSO F SR AT R
KW, @Rk TFEB 1 S211 {7 505 TFEB /5% i
TN, 1 I H A KR A7 AE mTORC1 (93845, [7]
i T @R b TFEB 1y S122 {37 2 AR K B b 3t
%7 mTORC1 #IFIXT TFEB 520, LI S122
MLEWRRRALXS TFEB 1% 5%€ i 2 X HL %, PN BKs S122
ifiE S mTORC1 Y BB fb A a1 . PRSI
ZHEFRXFE LT, RRAG RH7IETE MRS
(RagA 5% RagB 5 GDP 454, RagC 5% RagD 5 GTP
2541 3 mTORCT ANBREEFAZE R A BHANE [
I REsZ 230, TFEB 2 LIAE#E R (LR A 2E A 41
JA% SR T iR DA S AL R ik
2.1.2 MAPK *F TFEB #9384= MAPK & —Ff
22 Z IR/ 0 BIRVE G , TG AF 5 b R IR, IR 4%
2R M 5 1 336 00 00 e P TR, AR D 18 22 Fof i
R ANAR IS E oA JRE I T AN S B A F
FICfF. MAPK ZRIB ] i SN DU 240 i S5 5
VT 1/2 (extracellular signal-regulated kinases 1
and 2, ERK1/2) | c-Jun % 3& K Ui 3 B (c-Jun N-
terminal kinase ,JNK) \p38 2224 Ji 1% £k 25 11 U il (p38
mitogen-activated protein kinase,p38 MAPK) il ERK5™"
MAP4K3 J&F MAPK 1Y Ste20 W58 %, ‘& AT LA i it
W PKC A INK, fie HE 2 SRR mTORCT HL]
SRR O AL R SR T TREB (AP
TEZ AR I R IEH LT, MAPAK3 f77E T4
fsirh, dd it 5 TFEB 1Y B 34 BAR 54 A &
TFEB Y S3 i S #AL, 2L M558 TFEB Al mTORCI-
Rag GTP B G WAREAEM fff mTORC1 8RRk
TFEB 9 S211 v 5, i H 5 YWHA HE 454, TFEB
R 2 57 )P 910 0k 3 e 5 DA I 39 1 18 0 =X 88 1 4
BT, T U R R 3RSk 2 B AR
FRERZ 15T, MAPAK3 & (o fE I A, B A5
ABES M TFEB AR, TFEB Joik 28 g 42 ol
iR L S 2R LAY TFEB HE A 40 A% 3005 T s

IR R A ek

AI UL MAPAK3 V20 Jifd 5 o 4% Bf 32 31 2 HE R 7K
SERYSEN | IF AT mTORCL FifE, %F TFEB 5 i fl
WS B

BRULLASE 18 R 20 i A 4 1 3298 545 BT, ERK2
(Em IR A LU ER b TFEB 19 S142 i g, fiff
TFEB {r B 7E 40 M5, 4] ERK2 {2 i TFEB 14%
it
2.1.3 GSK3 #f TFEB #5i83% GSK3 j&—Fh 22
R/ F3 A FR I , CUE I T PR R A WA TS AL
JEREEAR P A SR, GSK3 AT W R A B
GSK3a il GSK3B™" | A5 £, 7F mTORC1 #4435
RS T, GSK3B ] ISR L TFEB Y S138 i 5K
P A B RO R A IR ST
I, GSK3a W2k PKB 1Y S312 i £ AT LA K i PKB,
il PKB 2 1L TFEB A9 S467 7 i, i AR i iR 1k
TFEB HE A 41 A%, B0T6 T Ui 1 W 3 R A R k7
GS3p i fig B 23 o B 2 /b mTOR (1) S859 i 4 7
mTORC1 {55 FERFEVER, [RIEE A s R
WS GSK3 #uk B ] LAFE mTORCT 1y £ 1 45 A -+
ZETYEREALAE & 514 2 (tuberous sclerosis protein com-
plex subunit 2, TSC2) , #—25 5 mTORC1 F47I ],
MT3E S R 8 mTORC i TFEB Z:#iRR b A%, 23k
Ve A A BRI SEFE IR (3 k
2.1.4 PKC *F TFEB #4384  PKC 2—F 2%
1R/ 95 S TR BRI, oA S | A rh 2 & Ly
LR Z R L BRI S ST AR NG S
S A IRERE A A B — A E
HEAMZ I, F7E 1986 45—~ PKC K 9% il
ORI B 5O & BAFAE PKC o B F y = FE
R Bt TR RS PKC Y45l L % He Tl fig
WA B, HRTE A =4 PKC WHE % . 4
L7 PKC ( classical or conventional PKC, cPKC) , £
1 o B Al y WA Hr PKC (novel PKC,nPKC) , £
i 8.e.m Fl 6 WAL JE LAY PKC (atypical PKC, aP-
KC) A4 o Fl ¢ WA FEREgnp b s %
T B L& 5Z K 3 7% # (receptor activator of
nuclear factor kappa-B ligand , RANKL) % 4i]3# , PKCB
A LABERR AL TFEB 3 $462 ,$463 467 Fl S469 fif
A MRS R A A Y R R R e L
AN B BF5E E B PKCa M1 PKCS A9 38436 7T LA 410 il
GSK3B, MM 14l TFEB S134 F1 S138 {7 s i B iR
b, {2t TFEB % 5 (v Fjias

ST PR 748 2R 1 S I 7 ZKSCANS &
—Fh TFEB #5507, FEE TR F & W&, H 5 A5
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HMRAZ I I VE 22 [ R B AR AR DG SE R F
5522 H PKC REIKTE INK Fll p38 MAPK, i/ ifi # i 1k
H A5 Kriippel # & & ( Kriippel-associated box
KRAB) fil SCAN %5 #4135 (the SCAN domain, SCAN )
1) BE T8 % ok 1 B B Bt ZKSCAN3, 7 3
ZKSCAN3 Ji% - or BN MM i, {2 i TFEB ()44 %)
f 0 BEAh, A BFSE & PR, 5B-0- 24 U5 R Fi-20 -
S 1 5 5 ( 5B-0-angelate-20-deoxyingenol , HEP14 )
A FH T 4438 PKCa A1 PKCS 3 1 IF 3k — 2 fih &
TFEB 335 , [ i % &b HEP14 4b B AR 0i mTORCI
HIIE , 2B PKCa F11 PKCS 43/ TFEB #% %) {378
1t GSK3B LI mTORC1 Jh~7 iy =k A 1) |
2.1.5 PP2A *F TFEB #4384 Va5 4L
T MR 0T L4y PPL A PP2,PP2 XA LAY Ky
PP2A PPP3 I PP2C, B A 138 2 A 1k 37 25 1 9 15
FLZ AL A A B R SR P e 5 1, Ok
P ME DY Hod PP2A R PPP3 2 5
K AN AT 40T R 4N AR 3h
= AT JE B4 o B 22 o s R A

A R R — PSR AL AR A, 5 A5 R R RE A
FRAEE , T B L2 AT (AR JE ) 5 B P | B2 b 1 R
OIS PEAT E DNA 45140 | P J5E R 98, 1 W6 AR 4 A
FIE . ARFGE R I, PP2A (44t Ak s 3 45 3TV 35 1 it
AR A A L BHL 11 3 A R £ 175 S 19 TFEB S211
A TFEB S321 {7 45 L8 ML, i ik — 25 i
98, ESE TAESAAL R SR T, PP2A F] DL LR 1k
TFEB ¥ S109 .S114 ,S122 . S211 fii 2 Hop | i
SCEAR R TFEB S211 v 5 etk vl L5 e
5 YWHA tHE 4S54 TFEB A% 8 57 5 5 g B e 1 LA
B[R P Wt =< R U T U N T E B
(Atg9b Atgl6l1 F1 Uvrag) F19%5 il 4 5L K] ( Atp6v0d2 |
Atp6vOel Atp6vlh Ctsa Ctsf %) FIFERZ 2IH >
2.1.6 PPP3 st TFEB #iA4 PPP3 & PPI,
PP2A [f]J&@ TH B EREG PPP ik ™, & —Fh
22 53R/ A TR R 5 1Y) B B R 1, A1 ot mT LA ik
ZBERR AL ] TFEB B35 4 MM 52 B X+ TFEB
PR o 5 1 R B A Sk — ol 605 0 S e 1 R I, 5
=2 SE LIRSS TFEB (953 8 b e 1) 7 e gk
YERIPY . AT R, 54 R BT LR 5 (0%
Ty AT, T 5 - 2 A L 605 ) I e 44K it 1%y =4
TFEB # %) i, 7E1E & i & if ok = iz M T,
mTORCI A LL#BR L TFEB I35 YWHA 75 A BAER
1k TFEB # G ; YU ANZ sh [a], mTORC1 15 1
ZE 0, B B AR S 8 GE 2 W B AE 1 (transient
receptor potential mucolipin channel 1, TRPMLI ) #Ji%

FERETCES B8 1, L5 805 5 e B o O e
TR G 5 45 U8 25 1 45 6 1 g0 , 2R {1k TFEB
) S3 1 S142 {37 45, {2 F TFEB A% 5 v, e 1k | W5
T B A AR SCHE R e 2
2.1.7 PKB *F TFEB #i84%  PKB J&—Fh#%
1%/ 7 2 I 7 11 O , QR Sy Ak, 78 41 B 7735 20
JLYR TP S T A A E R, AR R
TEE S EE AT, PKB HifR 1L TFEB 1) S467 fif
JEIERHHAZ 5 067 5 1 N B MK2206 PKB 41 il 571 J
PKB i M2 20, 17 580 TFEB 9% 5 7, A2 ifF
VSBR[ WS R A LA, S — s A
SRR PR, = SE Ak ] 1 o o A I UL 3-
¥ B ( phosphatidylinositol 3-kinase, PI3K )/PKB/
mTOR 3l J% 175 5 E W 4 M [ 0, 30 5 sl ik ol A i 4L
Hh I TR SR T ) AN R T, 0 T s L B ko
FEE AL | [R] A 38 Ao 41 2F o A5 S ¥ AL 40 A 0
KRy sh ko RERE AL BEbR AR 2
2.1.8 CDK1/4/6 *f TFEB # 84 CDK j&—
B2 R/ 0 TR A R 55, 55 20 L AR X
I RERR AL R 4 MR 0, A RIS SR A A
JAIE) G1/S L WITE] , CDK1 7T LABERR fL TFEB fY
S122 S142 {3 5., CDK4/6 0 LA%E 4wk 1k TFEB
1) S142 35, T ZE 20 AR 53 248 1 ] TFEB & 444
FH,A32E TFEB 2% R i SR 05 | 3] 19 R i il
UNGEL7/Y da R
2.1.9 AMPK #} TFEB #9843 AMPK & —Fh
22 2R/ 93 TR B B, A 2B W Re A R
EH) R AT, X TFEB 41875 32 320K 978 38 1
B HEWERR 1L TFEB 401 mTORC1 #7] TFEB F 5
TFEB M3 R e ik = Fh " |
FEEFEYI B Z (50T, AMPK W] DL 20
R4k TFEB F{) S466 .S467 (S469 11 &5, {2 i# TFEB )
BESETRPEDS S0 [ W R A RO A B & AR S AR
WS I ERER ST S E P T, e
thAf DIVERR HTT HEH 28— A 7 CAG =% H
FREE 7 5 B9 P 3G 7= A 10 2 B4 [ B (polyglu-
tamine , PolyQ) , f7 B2 iR Y7 BL 2SR 28 1R 17 1 35 s 44
B e 50 55—, AMPK #3005, 3% 1L 5
AMPK A AR TSC2 19 T1227 1 S1345 37 55, A
M #E TSC1/TSC2 &2 & W /Y GTP i ¥ % & A
( GTPase-activating protein, GAP) i %4 RHEB-GTP
BAk SR o M RHEB-GDP IR 2%, RHEB 41 S 119
mTORCI 38035 # 5 M1, AMPK 34 7] LA B 43 W iR 1k
mTOR V¥ HE FH (regulatory associated protein of
mTOR , Raptor) ) S772 F1 $792 {ii /5, 3 YWHA 5
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Raptor AY%5 4, FLF Raptor 5 mTOR 5 mTOR JEY)
W25 £, Wi mTOR {5 5l %, TFEB By LB 1L
IR, HE R U F LR A A,
{HAL 1y AMPK i Al DLW R b Xk & 8 1 03
(forkhead box protein 03, Fox03) , Tl S HH
FEEAH ¢ 5 H 2 ( S-phase kinase-associated protein 2,
SKP2) 3k, i H0E K 1HH G G 2R HY kA B i
1 ( coactivator-associated arginine methyltransferase 1,
CARMI) JC ¥ Bk ¥ f#% , CRAM1 3 3% b, HAE
TFEB (L0 P 7S v (AL I8 i 251
2.2 TFEB MZEL S X ZEELIE

TFEB £ It A AT 4F 2K Bl 32 Hh i) — Fof i 284 B 15
JEEM , AR A A i A7 T 2 1 5T %) R Bk
b, AR TFEB (% K116 1 5 L Bk & i
FTLAGEHE /N 0 50 40 3 5 B 3 B A K 1T ((amyloid
beta peptide, AB) B B WE-74 B 1K & 12 [ A |4
Hh AR RIIKE TFEB (9 K116 o7 50 (9 2 R 28 A8
NG AR, B 2% £ WA AE 1 2> MR AZ 42 5 TR
I/ Wil i R BB i X TFEB #% 5 i
HAHEREZ N,

HHARBT R R, 7E GCN5 [ fiEfL T, TFEB 7E
K229 Hil K274 fii xi K A LTEAL B i 25 140 TFEB /Y
) — 3R A R S U SR AL, R AR H: 5 R0k I A
CLEAR )3 shF ik 1 St 8
WF5 e IRAE 20 M o P 21 8 13 25 S BE AL I 6 (histone
deacetylase 6 ,HDAC6) 7] DL i 2% £, it {b TFEB 3k
PAT GV R W] TFEB 19 2 B4k 52 i 5 S
WU TERESRIY NRK-S2E 40, /N o3 0
7| Tubastatin A 4] HDAC6 ,{E£#f TFEB Z k4L, nf
BTN TFEB A% 5 i1, A 18 4 B g 114 K U L v
Tubastatin A BH 1k T 4547 & 19 8 1 BT R R R
TRV /NVE b B AR, s 1 A PR Y R BRI T
B/ INE AR SE T, b 1B /N 8] 5 D i T
PR,

SIRT g — 7ol A T g i MR Ve A TR RS 11
ST, 30 2ok %o 40 2 1 AR 2 2R Y 2 SRR B
T R A I R 2 A RFFER W, SIRTL Wl L
L OBEAL TFEB (19 K116 7k, fedt IR B v 20 i
FI DT 400 20 B 0 T, A B DR IR 40 Bl ik ok e el
TEERHERTRE (& 2) o
2.3 TFEB #0iz R H I

STUBI J&—Fh AR M Pk B3 72 3% 4 p ™
FEGE N RBERR L TFEB RIRRASTELERE B -1 il
RIBAR R RS TN LKL A ) K A P A SC B AE

TEEFFF R IR, LR mTOR B fL TFEB, &
BOTFEB {5 VR A 7EYUE ], STUBT 2 R ALARIC
BRI TFEB Jfi8 i £ B R AR 48 o) e, 1T (%
R TFEB S (o7 21 4 M A% , K #5 H G s i 1
REE T I A R W A OC Bk IR i 3R (K2) 1
STUB1 SRFEZNAE T, iR AL B TFEB AN RERZ R 1k
PRI 7 T AT R e, B 2R 3 Y W ER {1 TFEB AR
£t SAEM R LY TFEB JE 5 — R Aok it
— LK TFEB B35 1, 80 TFEB 9% 5 f /b ;
T S A ) T A 1 B ) 0 B A y VRO T 1
( peroxisome proliferator-activated receptor-gamma co-
activator-lalpha , PGC-1a ) /22L& A= T RE
B =R T TFEB (3G MR S
H PGCla I/l , TS SRR A W) et R
£ STUBL SRFALII H , TFEB 1 P B AR 5 350 w15
Wi AR i A RN AR A 4 2 1 32 B 2

2.4 TFEB BIHEELIER

Z IR BRI SE A B M 2 th 22 IR
PR 42 b 58 4 18 ( poly ADP-ribose polymerase, PARP)
PEALIRAT 7T 33 Bl SE B IRIE 2, 7T LIS 2 ADP-#X
YR DA IR Tk g o V22 04 — 4% 7 R ( nicotinamide adenine
dinucleotide , NAD" ) #: %% P ZREHA s . 4 WNT/
B-EEPNHE A o B TS I S AR S 1
(tankyrase 1, TNKSI ) 25 22 i — % M2 % b 56 1k
TFEB, ‘T8 530E 7 B- A E A T 4K
IR EL 3 58 5 ( T-cell factor/lymphoid enhancer-binding
factor, TCF/LEF) & W 0 = RAK & & W fi B, 4 oF
TFEB 5 (7 F40H%> ,

A ST 3 B 7 I s 4 141 T J e 3B 1) i 3 A N
AR TFEB BOMEHEA , 25 a0 8 W55 o)
RBRE R HERE . SetA 75 I L 20 4 40 M v A1 5 %
KGR TFEB R4 5 A, IF Hax M o A i 12
FEBUET SetA HOHI A ML LR B0G L), BE— 20
WFF R, SetA 76 W > 8t X W& i TFEB ; H 78
GSK3B BERRALAL AL S138 i 2 #HHE AL TFEB 2> IR
TFEB #4055 , JE 07 5 2 TFEB 75 40 M A% h &
A IR E T A A AEAL 5 YWHA 254 0 8 S211
FHAT (4 22 28 TR AN 5 & TR 5% 2 7%, B 7% TFEB 5
YWHA [ ELZEA EAR T i X P 2% i A e ik
U A R B R DGR Y R K O (| 2)

2.5 TFEB K SUMO {L1&1f

SUMO AR B i e 3k TS N/ INz R PB4 X 2
FUBEAT B S B 1, HAB i B I 8 3 2 AL T4
B, oA OKXE BT 51 (51K 2R 5 K
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MR, X ATEEAKRmR) 7 AR, MIT %
BB VRS Y /N2 ZE ARG A 700 U7 A5 P R o R
B A2 3 SUMO &4, Hor  TFEB 1Y K316 &b £
Al &A: SUMO fhi& i, 358 TFEB G s e,
2.6 TFEB Mt RE ML IEIH

e Jie SR B L ] AR S A, A 4 o 40
PIE S e, b 2 1R i Ik A A 42 ik L 5 i e Ik
VA I B i, AT kA8 26 R BE ™ AR &
B TFEB 11 C212 fii sipl AT FI T 5 HAth TFEB
S FIE AR Y, AT T B 1k mTORC1 fiff TFEB 2%
T TEILRACPE T, YWHA 556 5 R 745 4l {4
e o R 5 I O A7 A AR IR B IR KR R ik, R E
FRH 2 A AL N A &R, TFEB-S211 A1 TFE3-
S321 LML KBl JE 1 YWHA fif 55 2 88 1

e o

B T l%ﬁ#@ﬂi

GRAT a5, T B AR T 88 11 0T 19 DY R 45 1, 5 3K
TFEB 1% 2 ¥ 18 i 38 fin, ff S211 A1 S321 A 5 #t
mTORC1 #Z3r , N fii BH 1B T B R 1k & 5 YWHA
AR E AR, ST TFEB (%5 172 (K 2) .
2.7 TFEB By ROS SEL1&1H
ROS H H,0, . 7% 3 H 1 % (hydroxyl radicals,

- OH) i %A H M Z£ B B+ (the superoxide anion
radical , 0, ) 2 A%, ‘A TR A A T ARl = A=
IR, SO TR AL BRI B AT A i 0
B, A5 H,0, AT TFEB 4 €212 5%
K& TN B TFEB 5 RRAG GTP it AH B4 T, ff
TFEB i A\ 4 f %, {2 2 1 W 5 DX (Atg9b | Atgl6ll FI
Uvrag ) FIVE AR ( Atp6v0d2 , Atp6v0el Atp6vlh
Ctsa , Ctsf %) (G  (& 2) .

TEWEE ¥ W A
‘

B 2. TFEB HIZ Btk 2R HEEL SUMO Bt RSB &L . ROS S IEIHHLH E

Figure 2. Mechanism diagram of acetylation, ubiquitination, glycosylation, SUMO-ylation,

cysteination, and ROS oxidation modification of TFEB

3 TFEB = sh Bk B0 5 FHLH

AR T8 TR AR LA A B 3 I S N i o
AR A 5, B 5 SR < 0] al LAWLEE B i 5
SRR RGN, TFEB & R0 IR B i e
FNTZ— B LI IR Bz g i, b n] DL Y

NRITATIE , 3300 T LAZ K EE i J5 AR 2200 58 P 4 i 32 1)
SHRHE R Bl ks FERE g BAA H 2
3.1 TFEB 5lER#%EEH

TFEB i 52 Wi 1 40 i 73 AL P 36 (cluster of
differentiation 36, CD36) | J5 18 K 5Z & A ( scavenger
receptor A, SR-A) (ATP 45 & G iz 8 H Al (ATP
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binding cassette transport protein A1, ABCA1) Al At
HHERYRIK, W IR B IS, TEAS [ 19 2% 748 0 5
T, 3K B AR 1 2 S A T L W 0 i 3R T
S BRI AN A & B IR 2 A, AT R, 22
BEFR AT 09 75 3 7 97 1 38 o 7 B A A e AR
PR AL E TFEB 9% 55 1, T4 i 5 i 240 e 12
[ SRS F1 ABCAT 25 FH YR IK, IR | CD36
il SR-A ) mRNA /K- X KW TFEB BE2 it i
5 240 i o e e R &7 0 1 o S 90 PR, SO e
[T A RIS T T2 B DGR R  ), T A
I P Jo B M sl W 4 L i S5 R 3R R ek 3 B0 ik
o R R AL SR 0 1) LE R
3.2 TFEB 5BERpERR

TEBRZ E IR BTN, AR 3R A 40 5 v ) i TR
XU RELEAE 0 BT I A WEAA SR 5 5 W B Rl 5
BIRNENR 17 Tt ee fige LA 7= A 18 v JIEL T e 0 3 25 s I
MR, AR, TFEB A2 3 PGC-la, W 1d 4
A 40 il A 14 5 0 380G T 3Z R o ( perixisome prolifera-
tion-activated receptor alpha, PPARa ) Jf-4% il i 5t [%
fift , 2B TFEB i ik 7 WV il 1A i A2 5 i 5T e A 2
VIO A VR 208 IESE 13X — 3 2 A 15 JIg o
PRI, 30051 2l Jok ot A R Ak S5 ) 1 Je >

4 NEERE

LR LTIk, TFEB R A0 22 R B (4 ¥ 78 16 I
HL, HA ) Z BT AT S, TREB 38 95 75 H A9 52
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Wi 1 P A IR AL, Rk T 2R Dy 2l K o6 e s
S5 WS T OB B B 16 B AT G S8 R
L B —E RN X

[ &% 3Cik]

[1] CAOW Y, LIJ H, YANG K P, et al. An overview of autophagy :
mechanism, regulation and research progress [ J ]. Bull Cancer,
2021, 108(3) : 304-322.

TREE, AR, RATr, % BN A WETE S Kok AR RE 1L
PR BT (1], o E SRk AE AR, 2019, 27(5) .
439-444.

WANG B Y, LIF F, WU D F, et al. Research progress of macro-
phage autophagy in atherosclerosis[ J]. Chin J Arterioscler, 2019,
27(5) : 439-444.

LI M, WANG Z, WANG P, et al. TFEB: a emerging regulator in

—
[38)
[

—
W
[

lipid homeostasis for atherosclerosis [ J ]. Front Physiol, 2021,
12 639920.

[4] SONG J X, MALAMPATI S, ZENG Y, et al. A small molecule
transcription factor EB activator ameliorates beta-amyloid precursor
protein and Tau pathology in Alzheimer’s disease models[ J]. Aging
Cell, 2020, 19(2) : el3069.

[5] BECKMANN H, SU L K, KADESCH T. TFE3: a helix-loop-helix

[

protein that activates transcription through the immunoglobulin en-
hancer muE3 motif[ J]. Genes Dev, 1990, 4(2) . 167-179.

[6] JEONG E, MARTINA J A, CONTRERAS P S, et al. The FACT
complex facilitates expression of lysosomal and antioxidant genes
through binding to TFEB and TFE3 [ J]. Autophagy, 2022, 18
(10) : 2333-2349.

[7] CHUA J P, DE CALBIAC H, KABASHI E, et al. Autophagy and

ALS: mechanistic insights and therapeutic implications[ J]. Auto-

phagy, 2022, 18(2) ; 254-282.

CHEN Z Z, OUYANG C X, ZHANG H Z, et al. Vascular smooth

—
o]
[

muscle cell-derived hydrogen sulfide promotes atherosclerotic plaque
stability via TFEB ( transcription factor EB)-mediated autophagy
[J]. Autophagy, 2022, 18(10) : 2270-2287.

[9] KAOCH, SUTY, HUANG W S, et al. TFEB-and TFE3-depend-
ent autophagy activation supports cancer proliferation in the absence
of centrosomes|[ J]. Autophagy, 2022, 18(12) . 2830-2850.

[10] Rz, Kli/MIS, RTIE. 2 BRHE B M e 8 1 5T- 2 1 5
AHE AR R E L) ]. Bl2dE e, 2017, 62(8) : 759-769.
HOUTY, LU X P, ZHU W G. Importance of protein post-trans-
lational modifications in finding partners [ J ]. Chin Sci Bull,
2017, 62(8) : 759-769.

[11] TAKLA M, KESHRI S, RUBINSZTEIN DC. The post-translational
regulation of transcription factor EB (TFEB) in health and disease
[J]. EMBO Rep, 2023, 24(11) ; e57574.

[12] VEGA-RUBIN-DE-CELIS S, PENA-LLOPIS S, KONDA M, et
al. Multistep regulation of TFEB by mTORCI1 [ J]. Autophagy,
2017, 13(3) : 464-472.

[13] HSU C L, LEE E X, GORDON K L, et al. MAP4K3 mediates a-
mino acid-dependent regulation of autophagy via phosphorylation of
TFEB[J]. Nat Commun, 2018, 9(1) ; 942.

[14] WANG S G, NI HM, CHAO X J, et al. Impaired TFEB-mediated

[N

lysosomal biogenesis promotes the development of pancreatitis in
mice and is associated with human pancreatitis[ J]. Autophagy,
2019, 15(11) ; 1954-1969.

[15] CHOI H J, CHA S J, LEE J W, et al. Recent advances on the
role of GSK3B in the pathogenesis of amyotrophic lateral sclerosis
[J]. Brain Sci, 2020, 10(10) : 675.

[16] NAPOLITANO G, BALLABIO A. TFEB at a glance[ J]. J Cell
Sci, 2016, 129(13) . 2475-2481.

[17] PALMIERI M, PAL R, NELVAGAL H R, et al. mTORC1-inde-
pendent TFEB activation via Akt inhibition promotes cellular clear-
ance in neurodegenerative storage diseases [ J]. Nat Commun,
2017, 8. 14338.

[18] YINQY, JIANY L, XU M, et al. CDK4/6 regulate lysosome bi-
ogenesis through TFEB/TFE3 [ J]. J Cell Biol, 2020, 219
(8): €201911036.

[19] PAQUETTE M, EL-HOUJEIRI L, C ZIRDEN L, et al. AMPK-
dependent phosphorylation is required for transcriptional activation
of TFEB and TFE3[J]. Autophagy, 2021, 17(12): 3957-3975.

[20] MARTINA J A, PUERTOLLANO R. Protein phosphatase 2A stim-



CN 43-1262/R 1 [E sh ik fb42ids 2024 4F55 32 555 3 )

193

[21]

[22]

[23

[

[24]

[25]

[26]

[27]

—
[\"]
oo

[

[29

[

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

ulates activation of TFEB and TFE3 transcription factors in
response to oxidative stress[ J]. J Biol Chem, 2018, 293 (32):
12525-12534.

SU H B, WANG X J. Proteasome malfunction activates the PPP3/
calcineurin-TFEB-SQSTM1/p62 pathway to induce macroautophagy
in the heart[ J]. Autophagy, 2020, 16(11) . 2114-2116.
MEDINA D L, DI PAOLA S M E, PELUSO I, et al. Lysosomal
calcium signalling regulates autophagy through calcineurin and
TFEB[J]. Nat Cell Biol, 2015, 17(3) : 288-299.

WANG Y S, HUANG Y W, LIU J Q, et al. Acetyltransferase
GCNS5 regulates autophagy and lysosome biogenesis by targeting
TFEB[J]. EMBO Rep, 2020, 21(1) . e48335.

ZHENG Y H, KOU J Y, WANG P Y, et al. Berberine-induced
TFEB deacetylation by SIRT1 promotes autophagy in peritoneal mac-
rophages[ J]. Aging (Albany NY), 2021, 13(5): 7096-7119.
SHA Y B, RAO L, SETTEMBRE C, et al. STUBI regulates
TFEB-induced autophagy-lysosome pathway[ J]. EMBO J, 2017,
36(17) ; 2544-2552.

BECK W H J, KIM D, DAS J, et al. Glucosylation by the legio-
nella effector SetA promotes the nuclear localization of the tran-
scription factor TFEB[J]. iScience, 2020, 23(7) ; 101300.
MILLER A J, LEVY C, DAVIS 1], et al. Sumoylation of MITF
and its related family members TFE3 and TFEB[ J]. J Biol Chem,
2005, 280( 1) : 146-155.

MARTINA J A, GUERRERO-GOMEZ D, GOMEZ-ORTE E, et
al. A conserved cysteine-based redox mechanism sustains TFEB/
HLH-30 activity under persistent stress[ J]. EMBO J, 2021, 40
(3): el05793.

ZHOU J, LIX Y, LIU Y ], et al. Full-coverage regulations of au-
tophagy by ROS: from induction to maturation [ J]. Autophagy,
2022, 18(6) : 1240-1255.

SABIO G, DAVIS R J. TNF and MAP kinase signalling pathways
[J]. Semin Immunol, 2014, 26(3) : 237-245.

HOFFMEISTER L, DIEKMANN M, BRAND K, et al. GSK3: a
kinase balancing promotion and resolution of inflammation [ J].
Cells, 2020, 9(4) . 820.

WANG C'Y, WANG H F, ZHANG D Y, et al. Phosphorylation of
ULKI affects autophagosome fusion and links chaperone-mediated au-
tophagy to macroautophagy[J]. Nat Commun, 2018, 9(1) ; 3492.
CHAKLADER M, ROTHERMEL B A. Calcineurin in the heart.
new horizons for an old friend[ J]. Cell Signal, 2021, 87 110134.
SETTEMBRE C, DI MALTA C, POLITO V A, et al. TFEB links
autophagy to lysosomal biogenesis [ J ]. Science, 2011, 332
(6036) ; 1429-1433.

BATTAGLIONI S, BENJAMIN D, WALCHLI M, et al. mTOR
substrate phosphorylation in growth control[ J]. Cell, 2022, 185
(11) . 1814-1836.

NNAH I C, WANG B, SAQCENA C, et al. TFEB-driven endocy-
tosis coordinates MTORC1 signaling and autophagy[ J]. Autophagy,
2019, 15(1): 151-164.

SU Q, ZHENG B, WANG C Y, et al. Oxidative stress induces
neuronal apoptosis through suppressing transcription factor EB
phosphorylation at Ser467 [ J]. Cell Physiol Biochem, 2018, 46
(4): 1536-1554.

[38]

[39

[

[40

[

[41]

[42

[

[43

[

[44]

[45

[

[46

[

[47]

[48]

[49

[

[50

[

[51

[

—
W
S}

[

[53

[

[54]

(IS

INOKI K, OUYANG H J, ZHU T Q, et al. TSC2 integrates Wnt
and energy signals via a coordinated phosphorylation by AMPK and
GSK3 to regulate cell growth[ J]. Cell, 2006, 126(5) : 955-968.
ONO Y, KUROKAWA T, FUJII T, et al. Two types of comple-
mentary DNAs of rat brain protein kinase C[J]. FEBS Lett,
1986, 206(2) : 347-352.

NEWTON A C. Protein kinase C: perfectly balanced[ J]. Crit Rev
Biochem Mol Biol, 2018, 53(2) : 208-230.

OUYANG X S, BAKSHI S, BENAVIDES G A, et al. Cardiomyo-
cyte ZKSCAN3 regulates remodeling following pressure-overload
[J]. Physiol Rep, 2023, 11(9) : el5686.

SAFTIG P, HAAS A. Turn up the lysosome[ J]. Nat Cell Biol,
2016, 18(10) : 1025-1027.

LI'Y, XU M, DING X, et al. Protein kinase C controls lysosome
biogenesis independently of mTORCI [ J]. Nat Cell Biol, 2016,
18(10) : 1065-1077.

INGEBRITSEN TS, COHEN P. The protein phosphatases involved
in cellular regulation. 1. Classification and substrate specificities
[J]. Eur J Biochem, 1983, 132(2) . 255-261.

FANG S H, WAN X, ZOU X Y, et al. Arsenic trioxide induces
macrophage autophagy and atheroprotection by regulating ROS-de-
pendent TFEB nuclear translocation and Akt/mTOR pathway[ J].
Cell Death Dis, 2021, 12(1): 88.

LIY]J, CHENY Y. AMPK and autophagy[ J]. Adv Exp Med Bi-
ol, 2019, 1206 85-108.

LITY, YINLM, KANG X Y, et al. TFEB acetylation promotes
lysosome biogenesis and ameliorates Alzheimer’s disease-relevant
phenotypes in mice[ J]. J Biol Chem, 2022, 298(12) . 102649.
BRIJMOHAN A S, BATCHU S N, MAJUMDER S, et al. HDAC6
inhibition promotes transcription factor EB activation and is protective
in experimental kidney disease[ J]. Front Pharmacol, 2018, 9. 34.
ZHANG ] B, WANG J G, ZHOU Z H, et al. Importance of TFEB
acetylation in control of its transcriptional activity and lysosomal
function in response to histone deacetylase inhibitors[ J]. Autoph-
agy, 2018, 14(6) : 1043-1059.

FERREIRA J V, ROSA SOARES A, RAMALHO J S, et al. Exo-
somes and STUB1/CHIP cooperate to maintain intracellular pro-
teostasis[ J ]. PLoS One, 2019, 14(10) : 0223790.

PAHI Z G, BORSOS B N, PANTAZI V, et al. PARylation during
transcription; insights into the fine-tuning mechanism and regulation
[J]. Cancers (Basel), 2020, 12(1): 183.

KIM S, SONG G, LEE T, et al. PARsylated transcription factor
EB (TFEB) regulates the expression of a subset of Wnt target
genes by forming a complex with B-catenin-TCF/LEF1[J]. Cell
Death Differ, 2021, 28(9) : 2555-2570.

LI X S, ZHANG X, ZHENG L B, et al. Hypericin-mediated sono-
dynamic therapy induces autophagy and decreases lipids in THP-1
macrophage by promoting ROS-dependent nuclear translocation of
TFEB[J]. Cell Death Dis, 2016, 7(12) : €2527.

EVANS T D, ZHANG X Y, JEONG S J, et al. TFEB drives PGC-
law expression in adipocytes to protect against diet-induced metabolic
dysfunction[ J]. Seci Signal, 2019, 12(606) ; eaau2281.

i)



