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Abstract

Autophagy is the process by which cells transport their components to lysosome
for degradation, and its dysfunction can lead to neurodegenerative diseases and so on.
At present, there are compounds that can regulate autophagy, such as Rapamycin.
However, these compounds do not directly target autophagy machines, so their target
specificity is poor, leading to potential risks. Therefore, specific and efficient
compounds that regulate autophagy need to be further screened and studied. LC3B is
a key protein in the fusion and volume expansion of autophagosome lipid membranes.
If compounds that specifically bind LC3B can be screened, it is expected that
autophagy levels can be specifically regulated, so as to be applied to the degradation
of pathogenic proteins in neurodegenerative diseases. On the basis of previous
screening, this study confirmed that LC3B binding compound PAZ can promote
autophagy flow without dependence on autophagy regulatory protease ATG4, and
does not change global ubiquitination modification or lysosome biogenesis by using
immunofluorescence and western blot. The key proteins mediated by PAZ were
further screened by BiolD and mass spectrometry. Finally, PAZ was found to reduce
the accumulation of wild-type and mutant ATXNI1 in mouse neural precursor cells,
promote autophagy in fibroblasts and human iPSC-derived neurons of Huntington's
disease patients, and save degenerative neurons. In this paper, LC3B binding
compound PAZ has been found for the first time to enhance the specific overall effect
of autophagy level, which is expected to have important applications in the field of
degradation of pathogenic proteins in neurodegenerative diseases.
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[ % 2 41 e S AR AR 1) 5 1 A 0 L 24 55 2 0 e (0 B, R B 248026 2 VR Il A 4 B
RIS, EARRYITER. SiERE. A RKEE PIEHELR, mEshfexaL
S FEMAZIBITHERIRD A, FED 9, AR ERELD., 3 IR ORI SRE K AR5
Ohsumi 7E B BERH AT 76 B 1E W 1R DS BRI TS, SR T Wk ks R 42 L AT
AR AT BET B WAL AR A T BT B A, AMURT BAE— PR 5T B AL
i, 10 LRSS B AR e R R AR TR RN . BT, O R AR S
Y% W& 1A% % (Rapamycin). Lithium. Sodium valproate. Carbamazepine ;% H:'t
/N3 (Trehalose. Trifluoperazine. Penitrem A)4%, {HIX 64l &4 3|k B 240
o) I WEALA, SR P SR R AN, DT AR AE TR R, T DARE 57 e Ak e 1
AW S fE S ImE AT 7. LC3B 2 H RN B H, NiTEH
Wi OGEEFR AR, BEFE LC3B M4 G LA TR B R AIHLEIE BRI 5. 25 #ir iy
[ 0 D 172l £ 25 A2 A0 20 ) v L AT 73 81 LC3B 45 & W& PAZ (el Jed
W15 S0 R BHAZA B T LU SR M S 1) 1 LS, (R 1 WA A VA e a2 AT
P F WK, AR LIRS i 75— PR A
1.2 HARGR
1.2.1 H#5 LC3 &EH

[ 4 2 0 S 281 T A T o AR 1) T AT S A TR, KB A
—2%: BEEHME (macroautophagy). il HW# (microautophagy) 14T BN FHIH
W% (chaperone-mediated autophagy, CMA). F W (LR RIRREME) #il N2 H
W ¥ 32 B AL, SHARBRIRBAALL, OCF S M SN IRNR 2, JE SO
BEXTIX — SR (1) B Wk R T R R 0100 W AR I, 2 P B PN Jo PP T s b S B (i
FRAFWEAR) 5 B B ELHE ] V85 M A7 S5 AN 20 M0 38 1 P9 1R — /NS o 4E MR, 2 1l 1 e
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CCR Molecular Pathways AACGR
B 1-1 R % A S R

FERFREA AL ZN b, BWFNE Sz =4 (UBL) SEHEMRKRS, AT
H &L (phagophore) (93, 737l 4 Atgl2-Atg5-Atglo B &Y Atg8/LC3 R4t
IS, LC3 RAMUE MR AR HE 3, RMFREh ATGS Hr A LE M FL 3 P2 o Hh i) A U
), 5 LC3A. LC3B. LC3C =ANIEAY, Hrh LC3B 7F ATG4B %577 ZREHA &
FE N B LC3B-1%748 4 LC3B-1I, JfE i & Hg/Medr, LC3B fEE HIRE S
R G R G U, LC3B-IIH & & AT/ A & A WoK-F i EE AR, [
iF LC3B-II 1 f0¥F p62. NBR1. NDP52 £ H Wi 32 4k [y 45 & 171,
1.2.2 BEISRRRE

B RS2 A0 N AN BRSNS S, BRE FRDUR . RN 2 AL
A KR F AR A SE IS, mTOR J2& H Wi i) i 4% R, LA A S N8 R e s 5
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[ W T 2 0 850008 B T P B e, AL REME RO, IR, TR Ca iR S R34
S U S R AR I B R 2 (CAMKK?2/CaMKKp) #i% AMPK Jf:
7 E EHBRE, ghAh, PSR R R TS S A B (UPR) {55165k
FSE AN, HE RS YN S SEmst s 20, BIE7E AR L0 1S IR
THOLR, SREREZ A KE T AR A S E A, L2858 mTOR ki
TN 2R EFTR, fESG5H mTOR MY H W& A2 I HEA _E 7] $2 /& mTOR 4k
AT 14 11 Wk 7K ST 75 %68 T B30 £ 1 P P e S0 K A 0 9, {F 1 AR SR e 4
M2y B BT, Hggod BEOE 2 S B ae -2, ik, anfera B
WA 10 3 L R A A e o PR GRRAT TG 1) B W L 88 52 400 LA AE BRI, 4R 1k 2
= KT B T4 R B e B IR Th R, R e EL s o 4 R 1 A S AR
AR I .
1.2.3 FIH LC3B & E&WiRE M

LC3B ffiy & [ WP 1 B E AL M & G M EEE A, X+ LC3B
SEE A A IR0 WG B SEBINT [ W /KT RS v TR 4%, BT LA BAR 7 U T i
TGS : —2 LC3B 45 & WS VIRE S £ BEAR L4 BT, IXAEIRIT I AIRAT
P AT 5 2 S AU B A S T 5. — 2 LC3B 45 L&A el 38 304k 1 1 K
-, A2 [ 456 LC3B FJRA) (75 AR v 25 11 o B4 i 28 45D {8 FLgE N B A
T I B 5 BSOS B 1 B A AR AE o it TR A AR A AR 4 7, HoAl
HAHEZENHED)RE, S LC3B 45 &b SV S e e s R A 7 1 N
DI RITFERE TRIEAE, 4R AR T T B e — BN . filtn, (R
RES RIS 44 LC3B A 14k &4l F WO A2 PR IR /KT, HRES H3L
DR i S5 HERRITT 51 5 0993 230 B T 22 R AT PR S8 1 L WK P PE 3844 |
FETEIRY, BRIk, §RiE G IE 1 LC3B 45 &b & T SE B AR A 13 s F /KT,
Wi A5 BN T = % (Huntington’s disease, HD), 5 i /I i L 57 2 1 1 A
(Spinocerebellar Ataxia Typel, SCA1) ZEFIZIRAT MR VG IT 2 o il fl 5]
BRI E LC3B &G e, Jht—SRE o B s, SRt
VE F B B AL AR 20 RAT 00003 Hh AR L S AE B AR R T BB B s 11 )i
Ok, St EaBAT M IR T SR A T T
1.2.4 FEPURE A



T SR S B DR R Y, BN EER) HTT (1 exonl [ CAG A HH 7
(>35) 3lid, HRITBMITEA HTT (mHTT) 2K PS4 P S84 7 R IR 44 7
AR, SBUNSCIREME IO, ISR ZIZIES) . ARG EAER,
IR FHWRIET: . mHTT nlid@id B H R 20, B TR Sk AR E0R & K
SR AR RE AR
1.2.5 FREDMILT R 1 B

BHEANRALTE R 1 AR — P G O B BL A R AT YRR, & T 58
BB (PolyQ) MR, HI ATXNI KW =% HIR (CAG) HEEY 5,
FEELFRIAEE-1 (ATXN]) 1 PolyQ WK SFH, 5 REL itk N ik
(IIB)%), ATXNI IBs # & 2R H 5, BHE AL ISR, 2 RMHK
g, WP E A, PAEREIFRE OCH I AN MU T RE, AT 51 S SCAL
HAREIR, BERHE /NN ZEAR, DR T AR R R A R,

13 RN ES B

ACIE T WesternBlot $ KRR 78 PAZ X H WK RIS, #EERFTE/EH 2
BT ATG4 HEAMG . 2RI RS, —EEWERNEY G, BEE
BAEHIIO GRS RS, RIRIT PAZ X T 40 b B WSR2, 28518 A BiolD
BARG G FSAHT, WWEAYWERTTE LC3B A AMEN 2R, I EREA
BEAT siRNA Gk, ik PAZ fEFH AT e SHORBEE, &Ja 127 @ &
1T AEA B AT R iPSC Z3 A A4 70 LA B/ BRI 1A 4 L F 4R 58 PAZ 1A
He



— MR 5%

2.1 LR
2.1.1 HESARFEM

NIEBF4IM (HEK-293T) /MRS REF4E400 (MEF). %S 26 T4
iPSCs. STHdhQ”Q7 /]N B3 44 25 HiT PR 4 i .

2.1.2 Hilk
A ST R B IR 2-1 B
®2-1 HiEER
Pk AR AT R s
mCherry-Tag Mouse mAb Abmart M40012M
GFP-Tag Mouse MeAb Proteintech 10025566
HA-Tag(26D11) mAb Abmart M20003
Rabbit Anti-TFEB Bethyl 042767-APC.200
LC3B polyclonal Antibody Invitrogen PA5-32254
Anti-NBR1 antibody Abcam Ab126175
Anti-polyQ specific Antibody, clone MW1  Sigma-Adrich MABN2427
Anti-SQSTM1 / p62 antibody Abcam Ab109012
B-Tubulin Mouse mAb Abclonal AC021
Goat Anti-Rabbit IlgG-HRP Abmart M21002
Goat Anti-Mouse IgG-HRP Abmart M21001
2.2 LB et USR5
ANV ST A Y A % TS B R ke 2-2 P -
*® 22 LRI

=Ry GV | s
LR -

DMEM/High Glucose Cytiva SH20243.01
DMSO Sigma-Aldrich D5879

FBS Cytiva SH30396.02
Lipofectamine™ 2000 % 447 Thermo scientific 11668019
Lipofectamine™ 3000 %% 45 Thermo scientific L300075



http://www.ab-mart.com.cn/page.aspx?node=%2059%20&id=%20963
http://www.ab-mart.com.cn/page.aspx?node=%2059%20&id=%20963

Opti-MEM
Antibiotic-Antimycotic
Phosphate Buffered Saline (1x)
TrypLE™ Express

Trypan Blue

5T IikE:

Agar

NaCl

Tryptone

Yeast Extract

i PR PCR

T A 5 3R OB R $ R &
ToK L

75% £

SRR

Gel-red

LDS Sample buffer

TAE

DL2,000 DNA Marker
BRI

DTT

=G E H Marker
NuPAGE LDS Sample Buffer
Phosphatase inhibitor cocktails
Triton X-100

TBS/Tween ZZ{H1#{
NON-Fat Powdered Milk
SuperSignal™ West Pico PLUS
Stripping Buffer

BCA X

BRIt

Bovine serum albumin

4% 23 A B ] 52 v

DAPI 445
PRI RE il

Gibco
Gibco
Cytiva
Gibco

Invitrogen

Pk

Pk
OXOID
OXOID
TOYOBO
TIANGEN
Pk

Pk

Pk
Beyotime
Invitrogen
Beyotime

Takara

Invitrogen
Thermo scientific
Invitrogen
ROCHE

Sangon

b

Sangon

Thermo scientific
o ita

Beyotime

Sangon
Solarbio
Beyotime

Beyotime

11058021
15240062
SH30256.01
12605028
T10282

10000561
10019308
LP0042B
LP0021B
KOD-211
DP117
10009218
80176961
40064360
D0140
NP0008
ST716
3427A

R0O861

26619
NP0008
11836170001
A600198
PS103
A600669
34580
CW0056M
P0011-1

A600332
P1110
C1005
P0126




BiolD:

Tris-HCI (pH7.4) Beyotime ST774
Tris-HCI (pH7.5) Beyotime ST775
Tris-HCI (pH 8.1) Beyotime ST781

SDS /ak7iy 30166428
EDTA PR 10009617
Streptavidin Beads Beyotime P2151
Glycine Pk 62011516
AR ST AE F ) & T SE B AEA 3K 2-3 PR

R 2-3 SLWFEM

RIS G I ] w"s
Nunc™IfLiE # & Thermo Scientific 170356N
AT SIS B RC UNV
Microtubes BT AXYMCT150CS
PCR Tubes BT PCR-02-C
21 M 15 77 Thermo Scientific 156367

6 LR R 353244

96 LK BT 3358
Rt BT 28 35 Py 7 188105
Empi Parafilm PM-996
R FEAE CAVOY SC-3606
R/ E V=R ] REY LTT002025
A FE Jit 3 B F840
UM U = I Invitrogen C10228

15 mL —XPEES O R CFTO011150
50 mL —IXTEREOE WEREY CFT011500
1.5 mL T B O AXYGEN MCT-150-C
YA Beyotime FMS012
NuPAGE™ 4-12% Bis-Tris Gel Invitrogen NP0336PK2
iBlot™ 3 /NI FR 21 24 31 4% E I 24 Invitrogen 1B33002
PCR Purification Kit QIAGEN 28104
AR SC TS ) 45 TSR B A AR U 35 2-4 Fo
K 2-4 TRALE

R rirs L S




S1 B E WA Thermo Scientific 9541

2 & B 7 L-200XLS
i B AL WX L550
e AL Eppendorf 5424R

EH KA HET R Tl SHB-III
FAER Kylin-Bell GL-150B

151 B L IR AR W A ZEISS LSM-880
Countess 1T 4= H Z 40 it i+ Ed% Invitrogen AMQAX1000
i =y KA RS DK-8D

TR 75 Y 4 R B A QSONICA Q800R3

TR RS 35X Scientific industries ~ SI-0236
BEARA (LR 20O PerkinElemer 2105

/NP HE P KA Invitrogen A25977

B K Bk CAVOY SC-1212
iBlot 3 Western Blot ¥#4E[1 & 4; Invitrogen IB31001
Veriti™ 96 FLHIEHAHHX Applied Biosystem 4375305

W RKICHE 25t LI 6100

FL A X TR AR BG4 GZX-9070MBE
it e IR Kylin-Bell TS-8

RIR VKA HEFIN HYC-85FD
Milli-Q &fi7K{% Merck ZIQ7000TOC
BN TS DiSARE 24 SW-CJ-1G

2.3 LA

AR SCAE FH 1 2% T 52 56 444 40 R« ZEN blue (2.3lite, ZEISS). Image J (1.51j8,
NIH). GraphPad Prism 9 (GraphPad Software).
2.4 LTI
2.4.1 HpuEEY

H Lipofectamine 2000 7E4H g 70 ~ 90%i A I #4755 4%, 7E Opti-MEM 1% 3%
P HiBE Lipofectamine 7%, JF7E Opti-MEM 35 7% 5 th #i B DNA . K 4 B 1Y
DNA #% 1:1 W0 AN # B Lipofectamine 2000 X771+, 254F 15 min, 7AJ5 M
4L i DNA-JR R E &0 AfIfE 37°C R E5 5% 6 h, TEH I DMEM 54
F3 (90%DMEM + 10%FBS).
2.4.2 Western Blot



FH 2@ (1%Triton X-100 in PBS + 1x2 (ARSI R@ELNH, H BCA
VR E AW E . NN 4xNuPAGE LDS Sample Buffer 71 10xDTT, 24N
ZEARFMARR, 70°CHN# 10 min. f# ] 3-8%5A L, 4-12%FF £ (Thermofisher
Scientific) 7r B H . {3 FH iBlot3 A #5440 107 5%y B4 7% B H IR 21 4t 3% T |
(25V, 6 min), S5%MifIEA4- i3 1 h, TBST ¥EI 3 K. 20 HIAEE AR AN A N
(1) “—H1”, 7£ 4°CHFF IR, TBST BE¥ 3 K. IO “Z=H1” ZiRIFE 1 h, TBST
Ve 3 . LA BRI, P ROCRB RS LR . e E A Stripping
Buffer, & TR Lk 30 min, H45 EFE T T — IRIGPUIAR T & 1S .
2.4.3 REBEFRAEA

¥ F 70% ARV I 55 3% 7 72 PBS HR e, B 70 7S FLARUR 50 s & PBS
FH TR Bt 3 B B kA8 A7 o PB4 B 0 a5 O R B TR0 o KR S 4
B MEBEANRN, +FRBERS, BT 33°CHEIREFRATRIR, BREM
MG BELE 50% /e A I 37 2335 97 88, NN 4%ZH 2340 ffu 8] 58 W [E € 10 min. #5535
¥ 1: 500 V& T PBS H1[) 3342 (DAPL) HebbinZE NFUIR N (5 8ER 2@t) , 4°C
WEE 5Smin, FEYLRL, PBS PEik—IK. TEEILA PO IR TR K E
A, RSFREOE, BT830 b, G lE IR RKEE =
ANEHEZN WD, BT 4°CRAF. & S AThAR S, WHE 4%H 24 & &
WIS € 5, AN 5% Triton X-100 %% 10 min, #2% 4% BSA & 20 min, FJ0
A 1: 400 FiET 4%BSA FH—Hi B T 4°CHF B L% - [FIU—HT, PBS ik —IX,
FHINN 1: 400 #iFE T 4% BSA I 91, =i HE 1h, RJEHKXAEH DAPI 4
BRIEAT Gt I 3 AR A7 o 5558 ] Zeiss-LSM880 #37) # 4t 58 A B dE AT 40 % .
2.4.4 FRIHIE

BT A RS 12000 rpm B0 5 min, FHI0%F N B ) ddH.0 7 20,
¥ FRR BB YIR A, FktE] 10 uM, PCR MNAK R 1% 2-5 FTzr, PCR R MNFE
FFanE& 2-6 AR

& 2-5PCR £
44 3
10xBuffer SuL
2 mM dNTPs SuL

2.5 mM MgSO4 2 uL




51%) (F+R)

3uL

BB DNA (ki 50 ng; JERZH: 10-200ng) 1L

DMSO 1L
ddH,0 32 uL
KOD plus 1 uL
# 2-6 PCR RN R
SN B R I} ] TEIEL
TIAE 4 98°C 3 min
A 98°C 10s
Bk 72°C 20's
ST 68°C . 35 cycles
A S e 72°C 5 min
RAF 4°C %

] PCR P 4ifl iR & 4lifk PCR =4, KXY 51253 7 V) B i A
PCR 77¥), ¥ 8 H T4 BEEMHEREAF B 0 B, SR E 30 min JEEUK E
BX 10 pL IO 50 uL /&322 40 fih (DHSa), #K¥ 30 min, 42°CH#E 45s, MK
VKR 2 min, FHRSERIMAERIIA 200 uL TThuliFedt (LW 2-7 ) i,
BT 37°CRARHPY REEFR 1 he 835, HU 100 pL BB AT T X0 BT (1 [ 4 5
Frdk FET 37°CHIERE TR 12-16 h, PRIURRETEE T 37°CRR T KGR, HE
ORI, EEXHI 455, e IR R 3 225 SR L R AT BORL AR

R 2-7 BEREITT
A LB i ffiiorst (10) LB [A 574 (10
Tryptone 10 g 10g
Yeast Extract 5¢g 5¢g
NaCl 10 g 10g
Agar — 15¢g
INAGE A 1000 mL 1000 mL

i1 mL IMNaOH, KE&ME: 121°C, &EFEHA, 20 min.

2.4.5 BiolD

YHHFE YL BirA-Myc, Myc-BirA-LC3B Jiiki, 48 h JGhinANAEM %K. 72h 5,
Fi BiolD Z4f# 2% M (50 mM Tris-HCI (pH7.4), 500 mM NaCl, 0.4% SDS, 5 mM
EDTA, 1xEEBEFNHI], 1<BEEREGHNHIF])D £ 25°CT 2R, Il A B L)

10



#— 8717 DNA. H1I 2% Triton X-100, $RJ5 FkHE AL, BOMEMS 4°C,
16,000 rpm, 15 min), A 1/5 A& F 1) 50 mM Tris-HCI (pH7.5) A Streptavidin
Beads, 4°CH¢E . MM 1/5 AR 5xSDS, 1E 95°C R hn#k. fEUK I 1P
ZZ P (Lysis Buffer, 50 mM Tris-HCI (pH 7.4)), &0 B E THE 28 12y Bk S,
3% 1%, B 1 mL Washing Buffer (PBS (pH 7.4), 0.05% Tween-20) HIA 73 5545 2|
WREER, TR B EEEE, K O0EE T E 5 1 min, LB,
HEE WS 3-4 K. B, AR 100uL Acid Elution Buffer (0.1M Glycine
(pH2.0)), RAEEIRMFE 5min, REETH I EHE 1 min, ¥ HiEET
HEOEY, BT -20°CHRAF.
2.3.5 #E TR

HCH AR 2048 iPSC ZH il e T2 89, B0 a3 i, A TARES
IR FRRIT AN, 37°C 5% CO2 N#53%. Day 2 #uifi, Day 4 #1415 &
BRI (5 10%LE) , Day 5 #4536 5557, Day 9 HI+-4H
L5 3 A B FRBCR AP S A T R R e, B0FEE BiGE, InA+41
Wi S R TR (& B27) &R TR, BRI, E A Day 30. WIS
BELE, BLFEEFEE, AR, 37°CHAL 3 min; JIAMETE 2R
W, BOEFRE R IAMEICTE AR, WITEEER D, UEE RIS,
HE R, WERA LG, B4 AL Laminin (1:30 #8) S8 A7 24 FLIk
W, T 37°C 5% CO, FH;7%.

LTI S e &R 72 485 mL DMEM/F12 + 5 mL 100* N2 + 5
mL 100* NEAA + 5 mL L-Glutamax; £ 05€ 45578 : 485 mL Neuronbasal + 5
mL 100* N2 + 10 mL 50* B27 + 100 pg/mL BDNF/GDNF/IGF + 200 pg/mL
Vitamin C; iPS 4 5¢ 45597 : 392.5 mL DMEM/F12 + 5 mL 100* NEAA + 2.5
mL 100* L-Glutamax + 3.5 uL beta-ME +100 mL KOSR + 10 ng/mL BFGF .
2.3.6 HIES T SHIE

R T RS LA IR B B 22 7, BLP<0.05 FoRfA gt ER, Hrb*
P<0.05; **P<0.01; ***P<0.001; ****P<0.0001, {#H] GraphPad Prism 9 i
K, HIELCPIME £ ArvEiR (Mean + SEM) KR

11



=\ MREGR

3.1 PAZ &= H g KF

p62 REMFZ R G EA, @i HR-IAIRR R, HRikE
JE bW F R ZKSFR0, NBR1 2 5 — s ek 244, HANTR 2 pe2 Riay
WL [ W R ARBY, ASCIEME T PAZ W T R AR . 4
JEEA) p62 A NBR1 /K F-BE%E PAZ ¥ H3G N2 8 T B, KW PAZ et —i€
FEEESR IR KSF (B3-1A)
3.2 PAZ {&3# B W

BEAh, ASCE R RS 25, B mCherry-GFP ##ic i) LC3B (F 3-1B)
SPGB A (0 B S L. 5 mCherry AR[F],  GFP XK pH EEUR, Kt
LC3B-mCherry-GFP FHTH: [ Wik 51 (1) GFP {5 575 [ W A5 VA T A il - o ¥ oK 32
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