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KM EEE X 4K (Retinoid X Receptor, RXR) BEETMMZPH—EZ
&, Bt S5 HAMZAG ST RENR/ SR RES M EEEE R R ERX,
S H5ERE. HEEZESSMCEMEETE. FHik, RXR #IANRETHER
i HERRMBESEBRNEBLEAYER. B RXR 5ARZHRESHREE
PR BAIEAE2.

#i¥J51&1% (Post-Translational Modifications, PTMs) K4AHEHTABFELRE
FEEFEIREE, TEIEGEEASEANENEEXREONBE . HRE,
MTHRE AT A ThAe, 5eRafaxt HOME S RS, @A EREREEL.
HAl, SRUMBIESEEE 600 ZF. X, 0N N-ZBEE K (O-linked
N-acetylglucosamine, O-GlcNAc) &1, BiBER{L. ZBHL. BRMBM. R
REAZEMESEMOET EMA. T4, RXR ERRZELEEREZEMIF
MR, XEEMy MEEMAAXR, MO0 EFRENSIXERA 4, X
HERE,

TE, RERAKEEEPYRERRAEERNBEMEREE, REREN
B —MEE TN BEKELEZRLME Juvenile Hormone, JH) F
R E 20-$ 3505 fZ B (20-hydroxyecdysone, 20E) iR, EEUEHA, JHII
H5HEZEFHREARTZEX 1 (Methoprene Tolerant Protein 1, MET1) 44,
HEBBILM PR T E A 90 (Heat Shock Protein 90, Hsp90) F#ES[1EH
(Ultraspiracle, USPYJE R E &4, 5 JH R & 5o/ (JH Response Element, kJHRE)
gia, {Rdt Krhl SFEERRIK, DERHHRES. EXSH, 20E BE LA,
5 # &% %15 (Ecdysone Nuclear Receptor, ECR) & & /5, 5 USP k%
XEEWIF S BB ZE WM 4 (Ecdysone Response Element, ECRE) 454, /3
3h 20E FIERENRE, RHATERE . XANMETLLE MET1 &6 X0[LL5 ECR
&, Sl JH M 20E RS @AMEA1ER USP 2 RXR ERBRPHIER
EEY . AL ERTHI TR, 7Ef® RERA S % e 3l—F USP, H5HAY)
Ff USP1 MU #¢ i, Bltkdi 448 USPL. #3452 M USP1 3 21 M4 EM2E ALK
B C (Protein Kinase C, PKC) ¥ RABERIL, 5 303 UBERR AL LBk,
HXMMEMY 5 USPI f ECR IS5 & K. HitkalLIE M, USPI ERATULE %
MEZALEER _REN SARNBEE SRS, AN XEEZMEEEE,
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RIREIIEGBMHAT RXR 5AEZ ARG HIBREA.

EFH, AR XUZTLETSREAMEB R (Helicoverpa armigera, cotton
bollworm) ISR EIEAMAN R, HWAAREFEHBEIHEE USPI BIER
FIRk R . SRS MMM EX R K LirREisl. g Relse®E RXR E
RS RN SR BN, BT RAWIT R AE A5G S, il
S R SR
LR

T et G BRI R B R R E BT USPL SR E 5 2 17Kk T A&
1k, WL, USPI (£ 6 #HUEH] O-GlcNAc IR E e, 1T 6 B & W,
RAL TN SRS RS BE R - 20E AbEETT{# USP1 O-GleNAc 17T FE(IC, 7
FAL AT ETF. #EMEZR O-GleNAc B 5B M X R, @it RNA T4k
BIE i ERR O-GleNAc BRI B-N-Z. B8 & ¥E e vE B /K B (O-GlcNAcase.
OGA), USP1 % 21 £ 8B O-GlcNAc B Lik xR, W 20E £ikiEFZiL
BRI BIR A R IITE LA A FBEEEMN USP1 E/FERER)
HEARIL, FREH], O-GleNAc 121 USP1 5 METI &6, BERILE USPI
155 ECR &4, WIS 2B S Mz MK R EKI, R 21 (722544
M RBRERRILIBMIS, USP1 ZB/KFAE, RAEH 303 Arffia M LR 4 miit
154 5, USP1 B ERAL/K-FANEE, B3 A B ST B AN B2l o it — 25 F 4R 01 5T USPI
B AR, R LRE LRGBS, Kl USP1 4Bty fl, S50
W 5% E1A 454%™ (E1A Binding Protein p300, Ep300) FE[A. #ER LM
H:F28§ 2A (K(Lysine) Acetyltransferase 2A, KAT2A) JE[R . #E IR LB H LR/ S
(K(Lysine) Acetyltransferase 5, KATS) JEBIAHEG, mufFLEbifAk L BHiRs A 20
%285 1 (Mitochondrial Acetyl-CoA Acetyltransferase 1, ACAT1) 2K /5, H 20E
iFSH USP1 ZEL L ZRIRZIG] . #—SIRE ACATI RER CBETREAIHL
B I L], ACATI fEEUE IR & B FRIA ACE AT b, (BRI
(LA A B, K5y 238 A0 2 BR 5 A8 Jy A ZA MR BEA-LL BRI AL AR & 0
ACATI 15 USPI & 591l 2 2Bk Ak, K I0R B N R R BRI ML ). ACATI
ASiEL 5 USPL 45 7%, JFLIEME USPL Ak mlllRDTERA LU a1 2 HEXHE 5
(SIR2-Related Enzyme 5, SIRTS) 2&[A, ACATI BEHIBEILATE bk -
it

USPI 4 & WA A4 O-GleNAc &1, 5 JH #3214 METI 45 (%
B AR R OBL, IR A K ECR 256 « O-GIeNAc 121 1
kA7 USPI 5 21 iR E, HoHILHEEK: BRRSZBE g
M. EESE, OGA f§§ USP1 %R O-GleNAc f&imdtm K £ BER (b, SIRTS &
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ABSTRACT

Research background, existing scientific questions and research significance

Retinoid X Receptor (RXR) is a type of receptor in the nucleus, which can directly
or indirectly regulate gene expression by forming homologous/ heterodimer complexes
with other receptors, and participate in various metabolic and physiological processes
such as glucose metabolism and cholesterol transport. Therefore, RXR is considered as
a potential drug target for treating diseases such as diabetes, neurological diseases and
tumors. However, the specific mechanism by which RXR binds to different receptors
is still unclear.

Post-Translational Modifications (PTMs) occur during or after protein translation
and can be modifications to the charge and conformation of the protein through the
covalent binding of the donor group to the protein, so as to quickly adjust the function
of the protein and complete the cell's response to internal and external signals. Adapt to
changes in the physiological state of the body. At present, more than 600 post-
translational modifications have been discovered. Among them, post-translational
modifications such as O-linked N-acetylglucosamine (O-GIcNAc) modification (O-
GlcNAcylation), phosphorylation, acetylation, succinylation, ubiquitination and
methylation have been extensively studied. Therefore, it is worth considering whether
the binding of RXR to different receptors is regulated by post-translational
modifications, what are the relationships between these modifications, and what are
their upstream regulatory mechanisms.

Metamorphosis is an important mode of insect adaptation to the environment.
Metamorphosis development is regulated cooperatively by Juvenile hormone (JH) and
20-hydroxyecdysone (20E). During feeding, JHIII binds to methoprene tolerant protein
1 (MET!) and phosphorylated heat shock protein 90 (Hsp90) and ultraspiracle (USP)
form a complex that binds to the JH response element (kJHRE) and promotes the
expression of Krhl and other genes to maintain larval status. In the metamorphosis
stage, 20E titer increases, binds with ecdysone nuclear receptor (ECR). forms
transcription complex with USP, and binds with ecdysone response element (ECRE).
The downstream gene expression of 20E signaling pathway was activated to promote
the development of larvae metamorphosis. USP, which can bind to both MET1 and

ECR, is the direct homolog of RXR in insects and receives JH and 20E signaling
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pathways respectively. Previous laboratory work demonstrated that a species of USP
was identified in the genome of Helicoverpa armigera. which was highly similar to
other species USP1, so it was named USPI1. Helicoverpa armigera USP1 Ser2l is
phosphorylated by PKC and Lys303 is acetylated. both of which are related to the
interaction of USP1 and ECR. It can be seen that USP1 can not only bind to a variety
of receptors to form dimers mediating different hormone signaling pathways, but also
has a variety of post-translational modifications. which is an ideal model to explore the
regulation of post-translational modifications on the binding of RXR to different
receptors.

Based on this, in this paper. the metamorphosis development process of complete
metamorphosis insect Helicoverpa armigera (cotton bollworm) was taken as the
research object to explore the selection of different post-translational modifications
regulating USP1 interacting proteins. the relationship between various modifications
and the upstream regulation mechanism. The results of this study can improve the object
selection mechanism of RXR forming heterodimers. and provide reference for drug
development and pest control, which is of great significance in theory and practice.
Results

Western blot results showed that the USP1 O-GlcNAcylation was higher in
feeding stage. while the phosphorylation and acetylation modification were higher in
metamorphosis stage. 20E induced the decrease of O-GlcNAcylation and the increase
of phosphorylation at Ser2l in USPI. Interference with B-N-acetylglucosamine
glycoside hydrolase (OGA), which is responsible for removing O-GlcNAc, reduces the
O-GlcNAcylation level in USPL. Co-immunoprecipitation showed that O-
GICNAcylated USPI was bound to METI. phosphorvlated USPI was less bound to
METI and more bound to ECR. After the phosphorylation modification was removed
by mutation at Serine 21. the acetylation level of USP1 remained unchanged, while the
phosphorylation level of USPI remained unchanged after mutation at lysine 303.
Interference of several acetylation enzymes was performed to detect changes in the
acctylation state of USP1. The results showed that compared with E1A binding protein
p300(Ep300) gene. K(lysine) acetyltransterase 2A(KATZA) gene.
K(lysine)acetyltransterase S(KATS5) gene. knockdown of Mitochondrial Acetyl-CoA
Acetyltransferase 1{ACAT1) gene significantly inhibited 20E-induced acetylation of
USP1. ACATI expression levels did not change during feeding and metamorphosis. but
the level of succinylation was reduced. When lvsine at 238 was mutated to arginine. it

v
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could bind to USP1 and acetylate it. When it was mutated to glutamic acid, it could not
bind to USP1 and could not acetylate USP1. Interfering SIR2-Related Enzyme
5(SIRTS), ACATT1 succinylation cannot be removed.
Conclusion

USP1 is O-GlycNacylated during larval feeding stage and interacts with MET].
Phosphorylation and acetylation occur during metamorphosis and interact with ECR.
Both O-GlcNAcylation and phosphorylation occurred at Ser21 of USPI. and the
relationship between the two is negative. Phosphorylation and acetylation are
independent of each other. During the metamorphosis phase, OGA causes USPI to
remove O-GlcNAc and thus phosphorylation, while SIRT5 causes ACATI to be
desuccinylated and USP1 to undergo acetylation.
Key words: Retinoid X Receptor; Ultraspiracle; O-linked N-acetylglucosamine;

Phosphorylation;  Acetylation; Succinylation; 20-hydroxyecdyone
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Tab. 1-1 Symbol description

IEREE FEX AR D&

20E 20-hydroxyecdysone 2072 F 4 17 B

6F feeding stage of sixth instar larvae 6 S EUEH#A%h &

6M metamorphosis molting stage of 6 we A AL R
sixth instar larvae

ACATI Mitochondrial acetyl-CoA LRE BN A LB
acetyltransferase 1 ®h 1

BLAST Basic Local Alignment Search Tool F%ijLbxt T B

Br-z7 Broad isoform 7 Broad MBI 27

BSA bovine serum albumin 4 MiEEH

bp base pair W EE RS

cDNA complementary DNA H%h DNA

Co-IP Co-immunoprecipitation F R I

ddH20 double distilled H.O XFEIK

DEPC diethypyrocarbonate FERRR — 4. Bs

DMSO dimethylsufoxide ZHREE

dNTP deoxyribonucleoside triphosphate I EAZ FE B H = BBk

DPBS dulbecco’s phosphate buffered i B EE R
saline

dsRNA double-stranded RNA XUEE RNA

ECR ecdysone nuclear receptor Wi R R A

ECRE ecdysone response element LN A E LIRS

E. coli Escherichia coli KIGH i

ExPASy Expert Protein Analysis System T EREARST RS

FBS fatal bovine serum a4 &

g gravity )

GFP green fluorescent protein FERNEH

h hour /NBF

HaEpi Helicoverpa armigera epidermal REHRREMBEA
cell line

IM imaginal midgut ¥

1P Immunoprecipitation RIEYTIE

IPTG isopropylthio-B-D-galactoside FAHEGA-B-D-F A

JH Juvenile hormone RYEE

kDa kilodalton TIE R
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Tab. 1-1 Symbol description(continued)

TeUEE FEXLEFR B LA FR
Kr-hr kriteppel homologous protein 1 kriteppel [AE¥EEH 1
L liter F
LB Luria-Bertani medium Luria-Bertani 3% 7%
LM larval midgut YTy
M mol per liter PEIRE T
METI methoprene tolerant protein 1 FEREMAMZED I
mg milligram 2%
min minute 545f
mL milliliter 27
mRNA messenger RNA {3 {# RNA
ng nanogram H 58
NaCl Sodium chloride AL
OGA O-GlcNAcase B-N- 7. T 4 %7 ¥ Jiz 5% H K
fi B
OGT O-GlcNAc transferase B-N- Z. I8 7 %] ¥ B v B 3%
24
ORF open reading frame TEIY B HE
PBS phosphate-buffer saline W ER Sh R il
PCR polymerase chain reaction R &MU
pH hydrogen ion concentration SBETRERE
PKC protein kinase C BEEEE C
PPARa Peroxisome proliferator-activated Tt E Ak B A T N Y
receptor o 2 a
PTM post-translation modification BiFEgif
gRT-PCR quantitative real time PCR SERY 2 & PCR
RFP red fluorescent protein ARERS S|
RIPA radio immunoprecipitation assay TR S = DT
RNAi RNA interference RNA T4
s second 4
SDS-PAGE  sodium dodecyl sulfate- T h E RN - TR N A B
polyacrylamide gel electrophoresis & i i1 ik
SIRT5 SIR2-related enzyme 5 DUEME BT R 2 MR
5
SMART simple modular architecture BTt TR
research tool
TBS tris-buffered saline Tris $H 201
Tris-HCI tris-hydrochloride Tris zhA2
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Tab. 1-1 Symbol description(continued)

AEREE L o AR
USPI Ultraspiracle isoform | HART1EA
WB Western blot T IL EN L

g microgram [
ul microliter W
°C degree Celsius R G E
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1.1 ¥URE X F RXR TS5 SHZFESNTIFTREELE

ZAEA T DMEFISMEAIME SR hBHRE S O RIS RL % . RSt
FES5aT (BE. (). #283R%) SAREIRERESE, BIMES
HERNRAES, FEdREZENZZAEARNERES LS, AR ES
SRR, SEERAE M S SRR DL R A S AR RS R[] £ T HE
ESEBTRHEEREN, ZUERARAIERESNEREINGTTER. BZHES

(NRs) FFETHMZY, B ETHXAERNEREN S — RIE R EEH
&&[2].

KU HEE X %4k (Retinoid X Receptor, RXR) RAMMZZHEPH—E, &
BENMRTEEH a. . y =FER. RXRa FEAN. B, BESHARHLS
PRIE; RXRB K& 2, JLFERMEARTEARZE: RXRy ELAIF KN
RIEFEEDB]. RXRaH 4 F7HE, RXRPBEERT 4 HFHE, M RXRy R
BHT4]. ARREHFRESZTENEEERTE RXR ERARART RIEE
A BAPIhEE, ERVAEENREIRFRESEEEHEH. 5—BREZH®hEN
HAEEL, RXR §F —/MRTFHE . KETER N S (NTD, £4193% A/B),
BEAKHECARFEREE TR E S X (AF-1); —1MEERTH DNA 4
1R (DBD, &#1 C), B4/ ¥ RXR %52 /I DNA FoI45 & — M8 (Hinge,
L5 D) %8 DNA MIECESG &1 — M EERTHRAES S (LBD, 4
B E), SFEKBEANBEEET (CoAs) BUAHINHIET (CoRs) BIELEEKX
B (AF-2) [5].

RXR B 5AEMZAHEEER, ATERNERE, 252%E585E, i
SEMEEANTE. fln, RXR o 5HKBEEZ A (Thyroid Hormone
Receptors, TRs) M E/ERAEMRR _R&K, #Hms 43 FREBEBERMNTH

( Thyroid Hormone Response Elements, TREs) I, ##s FTHERNER[6]. £
IEHEFEEERES, TH (B 4461 TR/ARXR BEELEEETFMHEEAQ LB
1 E8 (Histone Acetyltransferase, HAT), {4 EMA LBk, BEFENEMIT
BRI %, (RSEEE MR MEREFRIER, TH (A 458 TRRXR &
I HHIR - FRHE [ I 2 B{LEE (Histone Deacetylase, HDAC), {Fj /i3
NEAWEER, WEIERRFER. REREZE ST TR/RXR LS55 3 TRES



WARREM LA

£, ERESEE LMHIH 7 HDAC, FBEEKRX[7). SEMADE ALY
BEYNBIE K o (Peroxisome Proliferator-Activated Receptor a, PPARs) & RXR
A—NEENEE, EFEALOERFEPRES], RFAAPIEFAGERM S B
LUK 40 O 3858 A 434K [9). PPARY/RXRa R —RAKLEF] DNA RNt
(PPRE) Lk, #i RXR WIRHRABES, HEEEEEDQ 4 (GLUT4). W5
BEiily a ZMEFBY 1| (SCD1). ZFERBIRHENEZE (MCPT) SHAHE
H#% FERE, GLUT4 R E& RSN, FEEEIaEgm, wraml,
MTTHERF MPETRAS[10]. EARER BRBIMELRAH (NIDDM) /PREERF, 4351
ffFl RXR B{ PPARy IIACHRIATT/NRET, PIE AR ] DA % K s H il =Bk
. HREIEHME AR EC A AERSE, E R =E AP REIEEE K1), ik
4t, H NIDDM BJi I NG EFEE Bk &8RS, Fit, RXR A ARA
FTRERTA - P04 57 A0 R S R B EE 25158 4R .

RXR MIE AL BRFE4EAEE D3 4K (Vitamin D3 Receptors, VDRs). i
R 5 1 (Retinoic Acid Receptors, RARs)FAT X 24k (Liver X Receptors, LXRs)
5112, 1315 . X L8 SZ AT R S5 4R 2 SR A SUWT LA A B B4 9 B2, “ permiissive”
A1 “non-permissive”. {EHRIMIFIE RXR SEBEMEEA (“rexinoid”) B NR ARiKAT,
BARHEREHNSIR RN “permissive”, HH PPAR/RXR F1 LXR/RXR. T
RAR/RXR, VDR/RXR F TR/RXR X 5389 rexinoids oM, Ut 5 HEA
I RBER R, RERIFEREEBIAAZ “non-permissive” [14].

RXR 7 — R k454 ) DNA %I AGGTCA H # & & (Direct Repeats, DRs)
Mk, RIELEBEHEG T Z RARAZTREE, % DRs 45 DRI-5[4]. TRE
HiES 4 MIEBRNEEESFTYIERK, B DR4, HEDRPBRRIE, X
AGGTGAagtgAGGTCA [15]. RXR R — R & H1 PPAR/RXR F Z%{k5 DRI &
FF4E4, DR2 1 DR5 EF £ RXR/RAR B - RBHEL &K%, DR3 KA
F5 RXR/VDR 5t BAkZ 4116, 17). M, X—MEBEHFALZE —HAZEH. H]
W, RXR/RAR ¥ - R{kthaf LI & 5] DR4 £ F7[18].

RXR £ LSl RAK 19U FAE . RIVE - R [20] R0 [a] 9% DU B AR [21 11 4
WA TEME, (BRI IR )8 KR[22]. REW T RXR MEIEEATR
RZ, HEZ RXR IEH?IE - AKX SIEFEVLH HiTE A iEE.
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A C
Exogenous ligand ApoA1 dependent & Exogenous ligands
Glucose (Rosiglitazone or LDL Cholesterol Efflux (Honokiol,
B LG-268) bexarotene)
. o,
m&&s\ “'-.__gximcellular
N \o DR i i?“‘\”:
i ;:k)%;%?:f:::er ) . S6deq) CD36
the cel & * i *
< Intracellular |ABCA/G1 T J %"'H?“"!c.-m.
LT stomge 7 ipoproteinn export
vesicle I / Cytoplasm
@® cholesterol
A Decreased ® Fatty acid
G € ~—*gluconeogenesis oxysterol
9-cis-RA ABCA1/G1
Nuclet (@) :
=
g Nucleus
o
ApoA1
Inhibited genes to Promotes cholesterol CD36 LXRa
PRosavte SiRswIsIn transport genes GDNF and
; : BDNF
,S\)moyiuled (Neurotropic
NOS factors)
= IL-1p
Pcatens

B 1-1RXR 54~ FEZEHEEEM.
Fig. 1-1 RXR interacted with different ligands

##: (A) RXR 5 PPARy HIE{EA. (B) RXR 5 LXRa #HEIEA. (C) RXR 5 VDR #HEH
YER . B A RIE[23]

Notes: (A) RXR interacted with PPARy. (B) RXR interacted with LXRa. (C) RXR interacted with
VDR. Image Source[23]

1.2 BFEHETRER RXR SFRRFSAHRETER

H¥E BB E s R ERR B O e NEERRE L, ATTKE
BAMMER. a5, BARMEEERSEAMNR, 2—MREEEQRIIERR
U, S5 AVARAREE. 8%, ATENNSMEDSRE. RXR 2MMLA
RABRAY, 0 Ser22[24], Ser49/Ser78[25], Ser260[26]%% . Ser260 BEL{L I RXR
5 VDR &%/, S8 RXR/VDR RE_REMZ G AL, #mEmSie
REE, WH%EER D BRE, SEURARSAREETERIIMG27]. Bt
H#EHl, RXR 5ARZAEMEE T2 2R MR . RXRe B2 KE LB
WAB (28], HEE TR RXR 5AEZENEE BiiRREHRE. BT, RXR
MR ZB A HRE, BAETR, AMAETERTBERIL. SBRLE
WiAHE F 2 RER R AR O f N-ZBUE & ¥ IRt 2B b 51 .
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1.2.1 BRR{L#ELT

R L2 — TR B L E LR SR, SRR R T REY
ZHE =B (ATP) EUREMZE =B (GTP) My g, HEOBEELE
BB R EAOMLER. HEARNBEERRE L, HlBREIKE T R[29).
B EE ML 1000 ZF, BEREHA 500 2M[30]. BEBRRULHEE
FRTRIEHAT /028, KURW LB 7r =28, RIS R/ 7 BB T . BRE R
B UL R RT MER FIX =M E AR EBEE31].

HA¥AE C (ProteinKinase C, PKC) JB T# R B/ E B & FISAEE, W
Ca™ MIBERRRUE, EHMIEEMATHAEE AT BERMIEM32]. PKCS £H 1Y
PKC KR —LZ 5, ENBIENFE Ca¥' 135, PKCS Fi—PMAT X —
MNMELE K. BT EERERTEX C1 M 2 A, Cl Ra4a B
(DAG) i EERE (PS), SBEHEIEH K [33,34]. PKCS 1] C2 X 5144 PKC
B C2 KEEMFEAL, HERDS CaEAMNERER, B ARRME Ca’ i HE.
HEMX EEFRFX C3 M C4 41k, s~ ATP. ERARMIRG 54
A[34]. BAHXMEMX HREREE, ZXSEHIMRLEIIERMS, £
oI FEH, caspase-3 F& /KRR PKCS 70 9K/ 41kDa 1k 5 BOAN 38kDa
WA B35

ZMEHAIHE PKC KA, migiE. EOLEFIRE. Yuan %%
NKEI, PKCS AJLMEHEH .BF 85 CBP/p300 1) Ser89 KAEBERRLL. 1%
fr i RZ G, B4R CBP/p300 MBI, MRTRMEEEAZEN, B
B — P BB RIEHER T4, IX 1§85 CBP/p300 M #4 S AL F 55[36].
Rad9 B —MEERFHMAKRE LR SERHES, 25 DNA MG E 4
TS, AT RBAREITERE ara-C 403, KI PKCS 5hi ZHA
%t 52 8564 Rad9 RAWERR L, BEERILAY Rad9 SHUM & G Bel-2 fHE/EH
W, {2t Rad9 /3 HI4EME TR, T RE KIEH PKCS B, Rad9 5 Bel-
2 WSS R II37].

fER SRS, PKC FEB@BA1EM (Ultraspiracle, USP) Flli i ¥ # % 21k
(Ecdysone Nuclear Receptor, ECR) HIBEE1L, R —H MMM, (EiiE R
HAERKKERIIT, BLEHME 20E MREAEZSE R & K. 20E @i R B
WER G ZEEEEKZE (ErGPCRs) #AAHM, 51— RINFEKRS, RLET
ECR F1 USPI JEME &M EB K#EZEWMB T (Ecdysone Response Element,
ECRE) #4& Liff PKCS ARk, TERIEN PKCS KA B BRI 5 AL THIA
%, BRI ECR A T468 4b. BEERILH ECR SBEER 1L H ZBt{k Ay USP1 #HE1E
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PRk ECR/USP1 # % E 44, 5 ECRE &4 /5, (R #HA ToH S B R B % [38]
i, USP1 fBER Lt 2 i PKC £ 5. ErGPCR ¥ 20E 5 5 R Z AR
B Src Fik, BUEBERREE Cyl (PLCG), FHAMMES S, 74 1,4,5-=8K
WLEZ (IP3) 71 DAG, Ffk45(5 5 81ES, DAG F1 Ca** #iE PKC, 7ELA PKC
%3 USPI 3 21 2 EM R LRI, R USP1 5 ECRE MAHEERA[39].

B PKC 5, AT BKEMEE QBEEI (Ca?*/Calmodulin-Dependent Protein
KinaseII, CAMKID ##ERHRHIEFEOMBRNL, AEAXZHIEE (Zn® -
Dependent Histone Deacetylases, HDACs) & {E F#E4R . 20E i#id ErGPCR. PLC
PA K Ca* @B Fig 12 ¥ T CaMKII BRI, BEERILIY CaMKII & 43 %€ A B 40 futx
B, {# HDAC BRRALIFER S ZMME S, MW USP1 T X LBibitdr
12, 5 ECRMEEA, R#EZEMKLEM40].

FAMHER, EASEA. EA5DNA ZHKHERR, eSas2n
BB T & A o2, MR, 7o AW, FTESREY
HRETIEE T EENAR, ANTIESFER, $RREENRITPAEERR
REMHA[41].

1.2.2 O {if N-Z Bt RS M BR 41

S5BRRAGEMIELL O-GlcNAc Bt R RAETELERANAERBRE L1 —
PR ATE BN, 5—RIEEULARFE, O-GleNAcylation 2 5 B[ B bE 51
[42]. ERREEMSERETFRE 8 8 -N-Z Bt ¥ & ¥ & (UDP-N-
Acetylglucosamine , UDP-GIcNAc), UDP-GIcNAc ZH B EAEY & K& %
(Hexosamine Biosynthetic Pathway, HBP)[43]% & it KEBACH . AeACiEL
BB AERM44]. 7%, SHMBEEEMARKRE, MR, &k
MAMEZT R EOWIRARE EMEOE S KE 0-GlcNAcylation[45]. i H. O-
GlcNAcylation B B 2 FEERTFHEEE—B-N-ZEIE S B IRBEEES
B§(O-GIcNAc Transferase, OGT)F B-N-Z. BE %] &) ¥ ibE H /K #B5(O-GlcNAcase,
OGA)[46]. OGT £t 7 ¥ UDP-GIcNAc #RIN2IE A KR LR 1-[47, 48], 1
OGA f1 5% UDP-GIcNAc 7Kfi# F3Kk[49], {BREX OGT M OGA W LiFREZEREK
HETE L ED .

O-GlcNAc BT 1984 4% Hart B IKHRIE[42], FEEXT HIRARB A, K
T O-GleNAc BiFRTTEEN TR EN . FREFREZEESIIEE. Fln,
Seo AW ALK, OGT WEHNE 3 MEER (DFP) RUKENMES, B
it DFP 53 AE A o5 HEEHER. TH, ZEMIES Ser389 ] O-GleNAc &
WK, ¥ Ser389 REAHEARE, 4 7IH OGA #iH5 Thiamet-G F1 OGT #1
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#77 5-thio-GlcNAc 4LHEAAM, AN Thiamet-G AEEH R EFA R @ Mol in, %
BN S-thio-GleNAc AAFAH, FFARE G MELD, REMZ SN
JUFH5[50]. h4h, OGA H FtH4TE Ser398, Ser399, Ser405, Serd 10 Al Thr415
K4 O-GleNAc 181, BB AIMERARH[S1]. BB T OGT 1 OGA 4, —ii3x[A
FHZF] O-GleNAc BTy, @i, & o7 CUEE Rk E 7 X LA
OGT myi&EtE, OGT IR 09 X kHEH KK+~ 1 (Forkhead Box O 1, FOXO1)
Ser318. Ser550. Ser654. Thr317. Thr648 fii s %4 O-GlcNAcylation, MTIEIE
FOXO1 RUHESRiETE, HEINE S A2 AH G RE X B BRI B U M B R VRS (PEPCK) AT
T E PE-6-EERAE (G6PC) LLRIERR A HEARER S E LA (CAT) MEH
FAYBLES (MnSOD) BIRIE, DAMRHNE RSB, fERE R A RAR A
H, FOXOI 248 & O-GleNAc 1&1ff[52]-

b, Edfe i@ B aE AR E H(53]. RNA RAH [ [S417EA T
ZMER. BULEXAFBSZEEARNGERTAGESHES, ATEMNHT
BEIRIA[56] FBIE[ST] #EB 1T HEIR S8R IR iR T, BB MR &,

1.2.3 BEALEEE

AHAREERNEERT, BEBREEREMIEEEmIMERS. L,
RE e HRBENEN, FlmsBi. WEtL. THL. BEABLES9). B
AR A — R SRR A FEoRA THERE. IR BRI R
R, EEABELKFHEKSEE CoA MIREZUIM*, Hik, BiEL
BIGVE R EFREREE, SREPRE R AZ L+ 2 8UK[60].
1.2.3.1 ZBeiherm

BHRHRR OB RABEAEREIEL, B OBMEXBR I EONBER
FREEETE, RYISKAME. T5. EERRESENIBHE A, ZHKPEZR
IR EER T . AMTE R AR T ZBt61]. BEiG, T 1997 4, 7E3E4
| ps3 BRI T Bk k[62]. LB ERNEE EEHEER LIMEHAEA Z
Pk Ax Ay DA JE4H 85 1) ZBE 1L GONS (1245 GCNS F1 PCAF). p300 (f1$%5 CBP
M p300) . MYST KIE&HE (15 TIP60. MOZ. MORF. HBO1 f1 MOF)
T MEHEH B LB R Rk 2. T 5B A 27585 1 (Mitochondrial Acetyl-CoA
Acetyltransferase 1, ACAT1) $JRk[63]. ACAT1 Al TN MLk hifk, itk
¥ CHEMDIRE, Z 5K B b5 — 5 LLR BT B 1 7264, 65]-
ACAT1 7] LM 5 K T F R E OBk IR CA TR, R4, ACATI
fE AR B S BEBEARES  (Pyruvate Dehydrogenase Phosphatase, PDP1) 1A EHER
FiZBE o % (Pyruvate Dehydrogenase Alpha , PDHA1) &4 Z.Bt ik, §%( PDPI
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5 PDHAI1 4+%, PDHA1 X&HERNRYSMEE (Pyruvate Dehydrogenase
Kinase, PDK), 1T PDHAL KIZBE{biisl 7 35 B S EBRRIL, SHRMBKE
B2 5% (Pyruvate Dehydrogenase Complex, PDC) &M [&{K[66]. EFKEHTF
EB(Transcription Factor EB, TFEB)4 ACAT1 Z Bt g FxidEA =[67].

ERRIEESKES, USPI 8 303 AE RN ZBifbn] DME#E R 5 ECR
RORBHPTMRU LS ECRE ME4E, BB THERNER, ESRESKE
[40]. B BAIFEEELRE ZBL B aTERER.

LEBEER EREESHR NADKERKUTIER{E B R WHE T (Silent Information
Regulators, SIR2) FEEHUL Zn* KB EE A E 2 BLEF (Histone
Deacetylases, HDACs) 1 57[68]. SIR2 KEEHILH 7 MR, BT
ENFOEEIE T &AM F[69]. SIRT1 A1 SIRT6 i T4RAMEkE[70, 711, SIRT2 AT
HFE H[72], SIRT3. SIRT4. SIRTS EfLFLhitk+[73], SIRT7 M Fizf+
[70, 74]. SIRT1. SIRT2 1 SIRT3 FERIH I ZELEERITEE[69], SIRT4 B
BERERBNZ P ER _BLMEEEME[75], SIRTS X3HBL. H Bk
A0 R — BRAL B ¥ 1 5E 5[ 76-78] SIRT6 ReH B2 BB fRBEEE[79], SIRT7 7]
DIRTHEQW R LBL . ZIRMABALA R _REL[80-82]. TER B4,
HDAC3 it %i& S USP Z B K F 1 T F&[40].

EMEZ, ZBiBiHEREERMNER. EENEESIEYEET4E
EIER, BAET ERMARE L.

1.2.3.2 BEHBELBH

MU REE REERERBREN —FMBEEEEN, HLT 2B
ZHI, RTIRAEBAMRERD . JRIABER B TAUMT £ NIRRT
HHEE A, K/NA 100 Da, HABEANMER [83]. HZBLEH—FNE, JEMBE
ot 2 BIBEFIERR A2 (84] .

ZMHEBAEAREBRANRE. fl, BERIBESEE 2A (Lysine
Acetyltransferase 2A, KAT2A) T 2017 £E# R 0T DR k40 f i 40 28 B B3R B
BEiL[85]. IR HABEE: 8 1 A (Camitine Palmitoyltransferase 1 A, CPT1A)T
2018 FH R A A R KERRABRERIRHBEE B EE86]. AEA
Z.BE¥5 7588 1 (Histone Acetyltransferase 1, HAT1)T 2021 S8 KB AT LU 4R
HMIEAE R EHBERIHBL[87].

ZERABA T ERTIRE R RTES 2 #HKEE S (Sirt2-Related Enzyme 5,
SIRTS) 1 37[77]. SIRT7 RIHHAE A EBRAHBALAIIEE81].

BE4RED S100A10 FIBEHIBLIRE T @M@ EMEE . SIRTS K
RISFRRFESEI AT LLULH, S100A10 FIBRIMEAL B 2 BR 52 SIRTS W%, Hididid
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Z2ik CPTI1A 18 HHAER S100A10 FIIEHABEILERRISE 18, #4 S100A10 BEER 47
AL 73 R A BRI 2 BR DU IR I B AL AN £ IR RS, PP RAR R Y
RIAMKCF R, (H KATE RERGMABRRZEENVIREE, B GRFES
R BB A4 i AR B Y ERLA T R R O AR T B AE A 1 B e [88).

BREABE AL O] LA E B 9 vEME . Flin SIRTS BYRE SRER A2 RER
B F5M (Serine Hydroxymethyltransferase, SHMT2) ZEHRFBEFARLIL, IRIAMEIL
) SHMT2 VEVERRAS, i 1b 22 2R/ AR o 52 ek 2, M T 4710 1) 9 400 P PR A 15[ 89

4R AT, EERML. O-GleNAc B, B3I ERIEE RS AT LS 5%
ERPMNR., BASHEAERETESZEHEELER, L&E&E AT RXR 54
) 2 A B AR BLAE R LIS A 15 4R 5T

1.3 @KIIERA USP & RXR ERHHPHFEIEFEY

BRMAKMEEREZ—IMMHEERNIERE, W REFERYEE (Juvenile
Hormone, JH) 1 20-#23E Wi 7 fld (20-hydroxyecdysone, 20E) 7E W % &R
IR JH HEAE S SRR RN NN A R, TES RS B R R R K
¥, WA RI TR, BMLE R ET90]. 1986 ., TERMEAPN KL T HEEA
i 5225 (Methoprene-Tolerant , MET) [91], HZRiS15E H MET 4& basic Helix-
Loop-Helix (bHLH)-Per-Armnt-Sim (PAS) K&K 7, ¥ S JH55[92]. & JH W
MET 55— bHLH-PAS K} & [ Taiman(TAl; SRC; FISC)JER R Z B [93]
FEEEE | TH MNEX I, #iE B Krippel & E 1 (Kriippel-Homolog 1 , Kr-
h1)TEA B2 FhEE AR RIE, MfInE R 20E RIZE R Br SHRIE, BHFHRE
[94,95]. WABIFE, JHIIA @ PLC-PKC 872 15E S PR H Hsp90 K4
WER{LIES MET1 #HE{EM, A, METI 25 USP1 #E{EH, & Hsp90.
METI1 F1 USP1 JEHUME &5 JH Ri% ol (Response Element , kJHRE) %
&, {23t Krhl SERERE, DR HIRE96. 97]. ASh, JH il MET
TASTHERE(E B R0 A RIASHAS, X T AR B A TR /E FI[98]. B
BEFZREABENREREIIE, & o A0 E B E B H i) 2 522 5K 199].
W MR A AT AR, mASR R R R 20- 8RS EREAR 20-
FE AU R (20E), 20E #IA R B B R HE R 3[100]. ECR & 20E f9#% %
f, SZZEKIRS — R USP FERUFIR 4k, FrmtEiRi ECRE JF52 4
A[101], JB38) Ecr. Usp. Br-z7 ERFHKREFFIRE, AXSKEMT LR
%38, 102].
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USP & RXR W E R EEY), SYIEREFEN—FEREFHRI[103],
REZBEZARER R, BHRBNEZAREHE[104,105]. 5 RXR #8{L, USP
NSREMBERESER. ENRREKRELES, ABEBEER 20-2E88 K
B (20-hydroxyecdysone, 20E). fEARAS WA B AT B Ft, HAEMEE USP M
ECR FER ¥ _ Rk 5 ECRE & &M 55 1£i1%[106]. EREH, REE
USP[107]; A= ECR ##44k, 4355 ECRA. ECRB1 1 ECRB2. Bf1R#E
FHE ) DNA S8 BMEELEE, BN REFFRM[108]. EXEY, REEF
T —% USP K [E#EH——CF1[109]; % & 2| ECR £7£ =Fh R #{4k: ECR-A.ECR-
Bl 1 ECR-B2[110]. 7fE/EE KK+, USP FEMMRMME, 25N USP1
USP2[111]; ECR fEEEMFI R4k, 2518 ECR-A F1 ECR-B1[112,113]. &K
i, FFIEFIF USP FA4k: USPa #1 USP1b[114]; FEFERF ECR 74944
ECRA F1 ECRB. [115]. fEfi% RERASHKIA 1 4 USP, SHARF USP1
EATFFFILLRSE, KL &R USPI[116].

CHEMPRRY, USP1 JAEARZMG TR EARZELEE, W T
ERHEF. ERESENaHE, ROBE HKEAS, L METI %A, JH
5 METI1 46 /5% % USP1 5 METI1 AHE{ERA, R Krhl ZFTIHERKNER,
R4 RIKAEK[I7]. THTRABEH, BEBE 20E KFAR, EiF USPL
HIRIE, HRAKKERRILAMZBI{L, 20E 5 ECR &£&ER#S USP1 M4
&, Rt Hr3 ST HERNES, TSR E3S, 40].

14 FENNEFEE, ARAZMTHRES

RXR 2 —REEMZZE, BEARNERRS TERENZAHEEER,
EREGESHMEENEERHNAREEEATHNERR, EREMEERZE
I FEHLE B AT AR B . SRR MR E A IR, B RXR K4EB
BRALF Z BB, B4 RXR WHE/ERZERERIEIRT 42 REZEH
BRBMmIET?

HRI1EB USP £ RXR KB RFEHEY, W5 MET. ECR A FAZEEE
NIRYBE. BEUEEFEAESRENTATERTEKE, H USP FE
R, CEBILEZMHBREERNER, BEFAHAUERRESRKEEE, K
ZEEGBEMIAY USP 5 MET1 M ECR && HEHANH .

FCUSHE BHRR AR R, B8 %R TR 55k EpZE ki
USP1 7EH#5 R ECA AN 7 8410 O-GlcNAc 1845 . B LM ZBH LIRS 1A
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o ARG, BT S FREHINBIRSENAL, SHEEERIT IR, I
WA FABIEGEME USP1 5 METI 1 ECR &6 11E. &5, i RNA F
A% 31225 O-GlcNAc BIfMEF Oga MZBIEEREE Acarl LMRTT O-
GlcNAc &1 Z B A B 1 BT HLH] .

g b, REFEKEASEEHERBEEEMHIAY USP1 5 MET M1 ECR 4
AR & B RENE, GBI E 8 RXR 5ARZ B EERBYLH, [FH
St R AIE MR R &% MME.

2 O-GleNAc 8. BRLIEIE. ZEHLSIHEIRT UusSP1 5

MET1 fl ECR &4

2.1 5|8

FEATFRHBRHE M LMESsE B R ER, X—EEAETI. g H,
AR VOB B, DR4IE TH AT 38R 20E [ AR 8 AR K AR ES
BB N RXR M EREED, USP1 BEATLAS R ERZ A MET1 B #
B Rk, A JH E S8R TIERNFE RS RAER, UaJRATE 20E 1115
T TS EBERZZE ECR 5 HAIR R4k, % 20E /55812 MirER
k. BRIk 4, USP1 HEBML. ZBHLSELMEIERBMN, HXMihE
i34 5 USP1 F1 ECR MIZ5&H X ACETH I USP1 EEAFEFEEITRE
5 METI 1 ECR &4 HLH], BE 1B A 1026 & &I R sl
NN T f# RXR 5AE 24 EERMASIRE THMT R, RERIEITIZ
LT/ AR, ol R B4R (LR Bk .

2.2 KIWHMBEFHE

2.2.1 SCRHH

2.2.1.1 L3

MR REREREEYEN, BFEALFER, W OESR. W B
BIENE. EHEL K Z Mg E R FEEFFHE, RFFAFIREN 2711°C. 8
¥ 60-70%, Y:HEHT[E] 14 h, ZBEEES(A] 10 h[117]-
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2.2.1.2 IOl

SR FERARRERERMMEA (Helicoverpa armigera epidermal cell line ,
HaEpi) T &% 10%A4 75 (FBS)H Grace B3R IR 3% 5%, B RIRE N 27°C,
2.2.1.3 =R

DNA RE&B§ K buffer, dNTP, RNA EUAF] Transzol. 2XSYBR real-time
PCR pre-mixture (£ &, b5, PE), TR RIAFE . BREWVCRAE (35,
tig, fhE), —HEER DMSO (FEXE, dbtiE, ), 20E (Caymanchem,
FEHBIM, FEE), BH Grace ¥ F £ (Gibico, 424, £EH), iz iE (Biological
Industries, PAF)), #HuiR7) QuickShuttle-enhanced (EHR I, dtx, +H),
RIPA W (B R, 15, TE), BEREEHR. ZABEMHR (RAttL,
JtHE, FE), REFAFE (Abm, Vancouver, JNEK), dsRNA & R E .
FRTEEER . BRATLERN. EH marker26616. PRI A VB buffer

(Thermo Fisher Scientific, Z§=#% M, £E), His £ CRHAM, FM, HED,

Protein A/G (Santa Cruz, B3BERTM, £E) , FHBE. EXEBE. PTG
1% (£, kg, #E), T4DNA %E#E (New England Biolabs, ZF=iEZEM,
EE), ECL ERNE (R, B, FE), BRFLILFERA IgG. B
CIFEHR IgG (PiZ2&b, bR, PHE), O-GleNAcylation RZ EHE. &
BRIABEAL S S SRS AR (RN, BN, P ED, ACTB % FLEHiE(Abclonal,
RO B ED, PiBRRL-PKC R L E B £ 7 fE Pk (Cell Signaling Technology »
TEEEM R, £E), NBR-EERETEDA (Abcam, S8, KED, =
LB R L TS (Immunechem, AFSERHIE, INEXK), His/GFP/RFP
- BTESUE (ABclonal, BRI, FHED, HM¥ A A AE=Frar= .
2.2.1.4 LI HE

FEA G 0L (Eppendorf, Hamburg, E), Bk (N—{5, LK,
FED, &R\, EOHEKE. FEM (3R, dbx, #E), Tanon 5200 £ EH3)
W2 R IR T RS Infinite M200PRO NanoQuant /36X E i (KEE, LI,
& ). PCR 1% (Biometra T-Gradient Thermblock, #&[H ), % Jt.5& & PCR {X (Analytik
Jane, BBE), EHEELH. (M, K, FH).

222 XRFE

2221 ARAFEHRM

ERAER NS R, BHSERRRE. PHAENEAR, KREEH
2, SICHE FIBEER 22 £ % W (phosphoric acid buffer solution, PBS) (2.7 mM KCl,
140 mM NaCl, 10 mM Na;HPO, 1.8 mM KHPOs) CIIA 1% QB FIE &Y
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1 %BEBREEMAIFR &Y —H BRI BN, Kk ERDTERE, T 4°C
12000 rpm #5.0» 15 min, WL LBFRIAE GRS
2.2.2.2 BBEYTIE

& BB IRIG E ORBGH R A 2, HJEEE PBS % Protein A, fE 4°C
DUk e 4% K _E3% 5 min fF, 4°C 3000 rpm B0 5 min, 3 _EEMAHK PBS,
Wik 3 K. BE—RBOLEREBED LEBZEEH 10 pl Protein A FERHTY E 0
B, 7E 4°C VUEREFEREIRIEE | h LU RCERE R R M o 512 B 45 RS . 4°C 3000
rpm &0 5 min, W EFEBTHMEOES, FFLL 1:100 LLEIMAMB T, £
4°C TU4EfEREPEIRIF B 3 he 455, 4°C3000rpm &0 Smin, K LEBESH
20 ul Protein A FERMEIB LT, fE 4°C UAERFBATFEIH. HoR, HE
B PBS MR S PR - E &1 Protein A 2-3 IR, &G 40 ul PBS 120
pl EE AR, 100°C & 10 min.
2.2.2.3 SEEEIEE

¥ B EES SDS-PAGE |G, HEZHBAHRE L. 85, HEET
H AW (5%PH/3%BSA) F, FEEIE FEHME 1he A5, BESAFRFAEEIRRT
B 5-10 min, BRBET 4°Ci3R. BH, HEE T FEEK LA TBST (10mM
Tris-HCI, 150mM NaCl, 0.1% Tween, pH7.5)¥t% 3 ¥%, K 10min, R/5, LA 1:
3000 HIELBAS BRI S ESAR IR B L E T REPT R B 1gG —HE TEMIR(S
—HBEARARED B, TR E 30min 5, HBEE 37°CHBEHHEE T 30 min.
4R, B TBST $iE =X, TBS (10mM Tris-HCI, 150mM NaCl, pH7.5)#% % —
K, BiX 10min. &J5, fH ECL WERIEHE, WERERBEIEITIE.
2224 BFERLRREARRPHTRE

IR Y3 B (Biodragon, dt50, HE) ¥ 8-10 pl HFIRAFF 5 pg i
FIEFRLAT 3145 100 pl EEH 0.9%4&HEKIBEIE, REFBESERRAF
M L TR E IR KRS, TERBE. MAILRTEEL R 70-80%1
HaEpi BRI 2 ml #7 Grace #5755, R/5, K ETHMEE S /KINAEFRE
i, dg T FRNSSRER, HERS.
2.2.2.5 dsRNA HIE R

£ B IR 7 5 IR EUC 2] 400 bp BI R B, W iT 514 dsdcatl (F) M dsdcatl

(R), LAMR# B & cDNA AR, {#/ HiFi B§9 8. #h$E PCR ™4, 153!

1] DNA JEBO#AT dsRNA B 6. ARBRIT: 2.4 pl A/C/G/UTP (10 mMD,
2-3 ug DNA R B, 20 pl SXERZMR, 3 ul T7 RNA E4BF (20 U/, 3l
RNA B 7] (40 U/pl), #h787C RNA Bk ZBEF A 50 ul, 37°CE®. A
10 ul DNAase I. 10 ul DNAase I buffer (1 U/ul) #1100 ul J& RNA B§7K, 37°C
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$E 1 h. &£ RNA REVERE#R, ZBUIESE, A 20 pl & RNA B/KE
o AVEYEETTRIIREE, 1%IR AR REEE R KA U dsRNA 4 .
2.2.2.6 4R RNA TR

ANFAR Yt RIEFHL 24 h 5, 2 pg dsRNA F 8-10 pl B4R S5
200 ul TCEER 0.9%EIKIES, BE—BRNMEJS, A Grace H7E (] 1%
FRFIME) . 27°CHrFF48h 5, MA20E (ZRER2 M) T 1h, FE
) DMSO {ER%fH8, $REX RNA #4T qRT-PCR #M| FH ik E, AilbEAENE
BFiEBih.
2.2.2.7 458 RNA 5

FHEFREL, MM\ 1xDPBS ¥e¥ . B LI 1 ml TRIzol, B FIK EHf# 10 min.
JURKB G, BBEREBZETL RNA K EP Ed, =EHE 5 min. 1A 200
ul EATRIZIES 15 s, FEFHHE 2 min, 4°C 12000 rpm B0 15 min BLEFEMA
SRR AE, BAEEEHE 10 min, 4°C 12000 rpm B.L 15min, JTHEEIA
Fif8 RNA. FI£KER — 285 (diethyl pyrocarbonate, DEPC) /KEEHI 75%F 7K Z.BF
PeBEYTEE, AT, BN 20 pl DEPC 7K 60°CYE## 10 min, B4 YetE il e ikE,
-80°C {R7FERALB) R EE A cDNA.
2.2.2.8 cDNA &R

ERREFEFE VI, 7£5C RNase i EP 90 2 ugRNA, 2 pl AccuRT
Reaction MiX (4x), Water-RNase-free $M R Z LT N 8 ul IR, 42°C #E 2
min, HIA 4 pl AccuRT Reaction Stopper (5%)~ 6 ul Water-RNase-free 17K FF1B2T,
25°C & 10min, 42°C # % 20min, 85°C # & Smin L 1L KM, K EAHER
F| cDNA, F-20°C {R¥¥-
2.2.2.9 qRT-PCR (LB %)t ER PCR)

¥ REFBIN cDNA FXKEKMHRE 10 15, S190%R 100 15, B 10 ul B9
RMAEZR: 5 pl 2xSYBR real-time PCR pre-mixture, 1 pul 5147, 1 ul cDNA iR,
3 KEK, &Y. IBEJEMA qRT-PCR U HF#IT RN, RENEFHN: 95°C
15min, 95°C 15s, 60°C 1 min, 78°CiE#R 2 s, f&3F 40 Ik, 65°C-95°CorHriaff ih
28, R 0.5 s. UL B-ActinfEANS, =IRER, GRSHER 2" C5#TH
BT [118], R Student s t-test NI E R T EM.
2.2.2.10 NP RS LI E B

BATRPRIERERZE, A 1 ml EEH 1 XDPBS B8R REFRE.
BILIA 200 pl HF 1%EABHHFESYR 1%BBREMHIFIES YK RIPA
MR, FENRREHRET, T 4°CIULRKEEZME 40 min. ],
HR&) 70 pl B4E, MM Lysis buffer 7G4k, F 4°CIU4ERKIES 5 min J5. 4°C 3000
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rpm B0 Smin, 3 EE, EE 3R, AREARBTNRG, 4°C 12000 rpm &L
15 min. ¥ LiERESHEAR EP B, T 4°CIU4EE KIS H 40 min. 45
WG, 4°C 3000 rpm B0 Smin » 3 _EiF. JIA Wash buffer 2 3ERF T AE T,
T 4°CIU4EFR PR IEFE 5 min f5, 4°C 3000 rpm &> Smin, HF LiFE, EE 3R 7%
RJEs BN 40 pl Elution buffer, 5 EIEERARE, A 20 ul FEEAER,
100°C# 10 min, 1H2/HMEH.
2.2.2.11 BFEFYIHE (Co-IP)

¥id # 1K fiki USP1-His. METI1-RFP-His 1 ECR-GFP-His JL5 4L 325 5 Ny
80%/ 41 (¥ HaEpi 4ifif. 24 h J5, WL G 2 ngdsOga, RIS EM dsGp
fEAXEE. 48h f5, B 20E (ZKE N2 M) 2 DMSO % H . FALE M
DPBS /#3555 5, GILIIA 200 Wl & 1%E ABMNSIFE S 1% B ERE
HI7VE &) RIPA 4EMIZLER, RBIIRBHBMMEN, T 4°CIU4ERIRiess
Z4% 40 min. Z JRAYRAE P IR [E) IR .
2.2.2.12 REBEIIARIH &
2.2.2.12.1 BHRERBEFHER

WitEIZFIES Y anti-ACAT1 (F) A1 anti-ACAT1 (R), UG8 HASHAA
21 cDNA MR, {#H HiFi BF9 1 ACAT1 ) 149-266 i & R HBEF 3. PCR
WG, 7 1% ERAE RS sk A B F%& . B & H B rI%HH PCR =4
PHATHIE, WRE 28 DNA HE S pET-32a [ KLAE 37°CEEY) 1.5 ho 1 %E g HE
EER VKR BB I =4, MISEWRE /SR T4 DNA EZBBE 16°CEREE R
KH, BEEFY S KA DHSa Tk LIRS, # 8 30 min, $R/E, 42°C#
& 75s, MOIAN 1 ml LB #5558, 37°CEIKER | h. FEBORERE, R’AE
AR (125 pg/mL) FIEEEEFREE B, 37°CHFRIFF 14-16 he R E A
T PCR i, PHIEBETE T -80°CHRAF,

% 2-1 FREY)E A

Tab. 2-1 Plasmid digestion system

Be Uik &

WIEE 1 1 ul
N YIEE 2 1l
10xFast Digestion Buffer 2l
kL B 2 ug

ddH,0 E 20
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Tab. 2-2 Plasmid ligation system

ERAFR

10 x T4 DNA Ligase Buffer - 24l

T4 DNA Ligase 1l

ik A 100 ng
B 300 ng
ddH,0 A 20 ul

2.2.2.12.2 BAFAHKMRERALL

WEARKEANKBFE Rosetta AHRIZEHMEH, L 1:100 MELF
KEEFHZE 300 ml (FAFERERN 125 pg/mD) B LB EB5ED, 37°CEKERE
OD=0.4 i}, HIAIPTG (AWKERN 0.01 mM) HFadw. WEEHE, TikLitsT
AR, 18 8000 rpm B4 Smin, W& LEH#T His #4244k, SDS-PAGE £
MEMED. 0.3M K CuCh Bk, VIFEHM%KW, BHE.
22.2.12.3 BREEHBHE

BRINERESEENTEENATEBES, EHTRAFET, 1 ARRME
ik. 3 AfE, BEASZEATEENRMIREEXESN, 1 AEHERM. 2 &
jG, BRESEASSERZLENRAY, AR — AR, SRHERM.
2.2.2.13 Hifk RNA T3t

HEHX 60 R 6th-6 h MR RLH, FEN 55 AWmH. —HIES dsRNA (F
TE I PBS FBZEIRE N 400 ng/uD), B R Rk 2 pg, H—AHEHEFEMN dsGp
fERXIR. 43 A7 24 h A 48 h [FHIRVESY, HEH=4E, EM 3 R R
RNA BRI FHAE. WELFHFAITFHHBR RORE.
2.2.2.14 H1k RNA 35

FEF RNase ] EP B 5 500 pl TransZol, #KLEFik. 28 RIERIEERE
B G FIBR BTN EP B, BB R 51 K 2870 50 B8, BRI 500 pl TransZol
FRIEALR, 4°C 12000 rpm Bl 15min, BB LIEER—EP ¥, Z/EHERE
541/ RNA RSB .
22.2.15 GithE

ARLPERESET TR RERFTSRERFHE+SD. FIH Image

M E B B BN Akt K {H, FIA GraphPad Prism 8 (version 8.0.2) X

AR Student’s t-test FTEXMBIRHITER T (*p<0.05, **p<<0.01, ***p<
0.001).
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*2-3 FrHAGIF5

Tab. 2-3 Sequences primers used in this study

Primer’s name

(5’-3’) nucleotide sequence

Primers for quantitative Real-time PCR

[-Actin-RTF cctggtattgctgaccgtatge

[-Actin-RTR ctgttggaaggtggagagggaa

Oga-RTF cccaactgcgagtacaac

Oga-RTR gagcggtgcttcatcttca

Ep300-RTF agttgatgggaggtgactigg

Ep300-RTR ttgagcetgttgctgttggga

Kat2a-RTF acgcaggcagaaggagattg

Kar2a-RTR cggtgacagatcgacggttg

Kat5-RTF acaggtgttattgccggaga

Kat5-RTR gcttgggttectgtaatgaattg

Acatl- qRTF ctgaacatctcaaggaaggaacaa

Acatl- qRTR tggggcageacctetcttc

Uspl-RTF ggtcctgacageaatgtt

Uspl-RTR ttccagctccagetgactgaag

Ecr-RTF aattgcccgtcagtacga

Ecr-RTR tgagcttctcattgagga

Br-z7-RTF atggctgatcaattctgttta

Br-z7-RTR gttcggtgaagagaaattttc

Primers for the synthesis of double-stranded RNA

dsOga-F taatacgactcactatgggttcatttgcggtgttgttg
dsOga-R taatacgactcactatagggctcttctatcgettetgttgtt
dsEp300-F gcgtaatacgactcactatagggeagggcttetgetgtgataattg
dsEp300-R gcgtaatacgactcactatagggaaaatctcgtggtagacggceagt
dsKat2a-F gcgtaatacgactcactatagggcttgaccttcgetgacgagt
dsKat2a-R gegtaatacgactcactatagggtgcgtggttctitaccgeat
dsKat5-F gcgtaatacgactcactataggcgaccacaccgaagaagaca
dsKat5-R gegtaatacgactcactatagggcettgggttectgtaatgaattgt
dsAcati-F gcgtaatacgactcactatagggacctcattggcaactgtgt
dsAcatl-R gcgtaatacgactcactatagggtacacccttttcgecct
Primers for expression

Acatl-F tactcaggatccgaatctatgtcaaacgtgect

Acatl-R tactcactcgagtttacacagttgccaatgaggtaa
Primers for overexpression

Acatl-OEF tactcagagctcatgttitttttgaaaggcaataga
Acatl-OER tactcaagatctgcaattittcaatcatgatagatgtg




P N2 T =l A

2.3 SCOEEESR

2.3.1 B STARE USP1 BiEEEIERSNTL

PR ERILLIR, FEDAKBEEL 6 4. #HN 6 5, BT 48 /Mgt
NELEH, M 72 N FFEEARRZAE), AT, 6 BREUEH (6F) 1ENxT
BB, 1l 6 MAEHM (6M) USP1 BIFEEMHEN, HERBEREIFRENR
[, 4373REL 6F 1 6M KR H, @it e fyiie it USP1, £l USP1 fEHX
BHMEZEEH O-GleNAc B, BB Z B =M EIRRESRZE. Western
blot Z5REH, 7F 6 W4HREUEN, USP1 EELL O-GlcNAc IR, M
HAZSHE, O-GleNAc BRI, BRI Z B L (B 2-1), 8 USP1
ERERE U EUARBEIEEEHRESFE: WEHLL O-GleNAc &1 i) USP1
RE, BABUBBRA ZBLE USPL A3,

A Y B
/"

kDa ¥ ¥

!7_"25: B OGIcNAc &4 P e Ac

43 —O0-GIcNAc 15

- -USP1 P<0.001 «x <0001

55— = ***p<0.001 9

ocies Y <] o m—

- p-USP1 5 10

12— 5

55— -—Ac-USP1 Z 05

43— o

72— 0 =il ]

ig: — - -—UsP1 6F 6M 6F 6M 6F 6M
6F 6M

Bl 2-1 6 AR I 6 #2233 USP1 BIFJR BRI
Fig. 2-1 Changes in PTMs of USP1 at 6F and 6M

#: (A BUBR R EHNZAHAER, REITEEE USP1, Western blot I HUEH R /5
3. O-GIeNAc-USP1: O I N ZBtHEi¥E& &% USP1, p-USP1: BERRILIBIHE)
USP1, Ac-USP1: ZBifLf&H5#H USP1. SDS-PAGE RKER 10%. (B) Image J 4iit
USP1 B GRIMEAFK TS USPl MEBZTMHAE. REERF=ZIKERFHY
fEE£SD (*p<<0.05, **p<<0.01, ***p<<0.001).

Notes: (A)USP1 was obtained by immunoprecipitation from total proteins at feeding and
metamorphosis stages of Helicoverpa armigera. Post-translational modifications were detected by
Western blot. O-GIcNAc-USP1: O-GlcNAcylated USP1, p-USP1: phosphorylated USP1, Ac-
USP1: acetylated USP1. SDS-PAGE glue concentration is 10%. (B) Image J was used to calculate
the ratio of the protein bands of post-translational modified USP1 to the protein bands of purified
USP1. The error line represents the mean +SD of the three experiments (*p<<0.05, **p<<0.01,

**£5<0.001).

17



W AR K AR 2207 1 3

2.3.2 20E ;&5 OGA {83 USP1 £ 21 24 ®Bt £ 0-GicNAc 5, BMRLE
B

BESR USP1 EATBAR4E O-GlcNAc &1, BEER LA Z Bk L S 2 #0810, B4
ENZ AR EEREKE? EEF 0-GlcNAcylation FIBiEEIL#F B2 EBRE,
BEZSHE, ZEFE—MLHEEK &S, Bl E %K A 0-GleNAcylation
MBI Z XK. ALREATHT/ECIEN USPI MBI R EES 21 7
5 B8 . 7f HaEpi $1i3%iX USP1-His LA & USP1-S21A-His (58 21 £ R MR
ARER), FHEMZSE 20E BEARIRE, H 20E L=, R0 O-
GlcNAcylation FIBBR L BRI L. HBEENTLEREFH, EdREEFAET USPI
F4ife+, 5 DMSO XTHRZMLL, 20E AIEEETAE 1 h AHE3E HaEpi ZfL R+
USP1 RIBEBRIL /KT, [EIET MK USP1 9 O-GlcNAcylation 7K (B 2-2A ¥kiE 1.
2). ¥ EE O-GleNAcylation Bifi FIFEHE Oga wxfE, USP1 4FF O-
GIcNAcylation f&1ffi, LR 20E S EMBRILLIERE (B 2-2A 3KiE 3. 4).
¥ 21 ML EBEBRNHEERIG, 0-GlcNAcylation FIBEEEL /K FHFEK, H 20E
MEERFRE% Oga R (B 2-2A K& 5-8). LA EZERUEH, O-GleNAc &
A BE R AE RIS K AETESE 21 M2 E B, 20E W{2fF O-GlcNAc 181k
BRI RE, HP O-GleNAcylation 13k £ HFEEEF OGA AT

A USP1-His  USP1-S21A-His B RNA.I efficiency of Oga
DMS F = = = = = - *p=0.04 DMSO
i 2 T *p=0.03 e 20E
0E - + + & — + + 4+ 3 00109 P2 mpe0001, 0 00y ¢ 20E*dSGRD
dsGfp — — + — — — + - < ‘E_' v  20E+dsOga
dsOga By i TRt - ey e i ‘E 0.0054
@
Input Z 0.000
kDa 5 USP1-His  USP1-S21A-His
72— g
BBl el i —USP1-His
43— Cc 0O-GicNAcylation level of USP1
ns s DMSO
55— 2 5
T ***n<0.001 ® 20E
43— — e s s it e v —ACTB Te 1.2 o 001 s 20E+dsGh
34— SE 081 4 v  20E+dsOga
Purified by Ni*-NTA affinity column 26 04 n ns
5 2 40 =W _
Ta= g USP1-His  USP1-S21A-His
e ~gaons
1-His
43— 3 D Phosphorylation level of USP1
72— ——llh = DMSO
++p<0.001 o 20E
56— —p-USP1-His % @ 12 < +  20E+dsGfp
43— =T 08 - ¥  20E+dsOga
Y
72— s 04 ns
55— : 23 —
—~— . . —USP1-His a= 0.0
43— USP1-His  USP1-S21A-His

K 2-2 20E i1t OGA {2 USP1 28 21 {7 4 &R £ O-GIcNAc 121f, 4k K E Bt

Fig. 2-2 20E down-regulated the O-GlcNAcylation level of USP1 through OGA, and serine 21
was the modification site of O-GlcNAcylation and phosphorylation

#: (A) GEENZERM USP1 # O-GlcNAcylation FB§RE L1321k . 7E HaBpi FidRiE
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USP1-His Ml USP1-S21A-His, 24 h G dsOga FIXH B dsGfp. 48h J5, HRAKIKRERN
2 uM ] 20E #5F 1 h, AHEFEM DMSO £ 20E FIEFIXTHR . Input:{F 3 His FrEHuik
1 ACTB #Hi##3 USP1-His 1 ACTB BIRIAKTF. Ni**-NTA #ifkitRikH USPI-His, A
His #2515 USP1, 451 O-GlcNAcylation HiAM L E M % mBEH AR USP1 /Y
O-GlcNAcylation FIBBRILIEIH/KTE. SDS-PAGE BHIKRER 10%. (B) it Oga FIXK
. MHRFER dsOga F dsGfp 48 h [ IRELZHML RNA R¥%3%H cDNA J5i#1T qRT-PCR 1l
FIRBE. (C) (D) {48 Image J it USP1 B /5 B0 E B4 5414k USP1 (&
BE&HHHAE.

Notes: (A) Western blotting was used to detect the changes of O-GlcNAcylation and
phosphorylation in USP1. USP1-His and USP1-S21 A-His were overexpressed in HaEpi, and
dsOga and dsGfp were transfected 24 h later. After 48 h, 20E with a final concentration of 2 yM
was used to induce for 1 h, and the same dose of DMSO was used as the solvent control for 20E.
Input: Use His labeled antibody and ACTB antibody for Western blot detection of USP1-His and
ACTB expression levels in experimental cells. After purification of overexpressed USP1-His by
Ni2"-NTA, USP1 was detected by His labeled antibody, and O-GlcNAcylation and
- phosphorylation levels of USP1 were detected by O-GlcNAcylation and serine polyclonal
antibody, respectively. The concentration of SDS-PAGE gel is 10%. (B) Statistical Oga
interference efficiency. After transfection with dsOga and dsGfp 48 h, cell RNA was extracted and
reverse-transcribed into cDNA, and RNAI efficiency was detected by qRT-PCR. (C) (D) Image J
was used to calculate the ratio of the protein bands of post-translational modified USP1 to the
protein bands of purified USP1.

2.3.3 O-GIcNAc #4588 USP1 5 MET1 &€, WE{LE USP1 5 ECR&A&

AR RIS BN USP1 £ & X M4 515 MET1 1 ECR 14560 ?
TERRES 3% R4 % P2 5 %35 USP1-His. MET1-RFP-His #1 ECR-GFP-His, 7£
DMSO 1 20E #f4kf T, ## USP1 5 MET1 f1 ECR W& &1EM. KRER
£, 7€ DMSO R, iTFiER USP1 #E O-GlcNAc &4, W5 MET1 4
& (B 2-3A ¥KIE 1), 20E 355 USP1 RAEBERRLL, BEER{LIB1HRY USP1 Al 5 ECR
g4 (B 2-3A ¥K3E 2). ®iP% Oga 457 USP1 B O-GIcNAc #&1fi, 20E TLikiFES
BERILRE, %R O-GlcNAc BRI USP1 15 MET1 &M LESE S ECR

(F 2-3A ¥k 3. 4). XEERFEH, O0-GlcNAc 1l USP1 5 MET1 &4,
BEBRILEY USP1 5 ECR &4



th R KRB R X

A Overexpression of USP1-His. B RNAiI efficiency of Oga
MET1-RFP-His and ECR-GFP-His §, DMSO +  20E+dsGlp
DMSO + - - - -
d
e e e 20E v 20E+dsOga
dsGfp - - - 2
dsOga - - = 3 0.010
kDa ____ Input s
7525_ E .00
—— — — —_USP1-His I
43— £
55— & 0.000
43— ‘s v e . —ACTB
C O-GlcNAcylation level of USP1 D Phosphorylation level of USP1
34—, " DMSO ¢ 20E+dsGfp DMSO ¢ 20E+dsGfp
Purified by Ni*-NTA
Ty e 20E v 20E+dsOga e 20E v 20E+dsOga
PR | I
72— i) e
~p<0.001
; ——OGINAc- ¥ 127 003: 127 mp001
Ao— USP1-His = L2 & g5 Tp<0.001
72 & T 0.8 " = %
- L]
56— —p-USP1-His D& I 04
43— zZ2 54 o
72— 9 - a5 2 00
55— __ —USP1-His S e
43 E MET1 interacted with USP1 F ECR interacted with USP1
Co-IP with anti-USP1 » DMSO ¢ 20E+dsGip 5 DMSO * 20E+dsGfp
130— e 20E v 20E+dsOga i -
95— a —MET1-RFP-His __ns 20E 20E+dsOga
72— 3 T e ST | S
56— cms: . m—ﬂ;g—:’l 1.2 *p<0.001
95— - —ECR-GFP-His T , £ 2, *p=0.001
72— &'i 0.8 oI 08
72— Y &&
55— e — —USP1-His £3 04 £2 94
w
43— 2 o0 0.0

B 2-3 O-GlcNAc &1 USP1 5 MET1 A5 H /& Fi (AR 3
Fig. 2-3 Detection of interaction between O-GlcNAcylated USP1 and MET1

¥E: (A) £ HaEpi it %Kik USPI-His. METI1-RFP-His 1 ECR-GFP-His, 24 h G
dsOga TR dsGfp. 48 h JEEFIAIRER 2 uM # 20E 55 1 h, FFEFIEH DMSO £
24 20E MIEFIZTER. FH RFP R Hi a8l MET1, Al GFP &kl ECR, F USPI1
LB R USP1, SDS-PAGE BHIWRE R 10%. (B) 4iit Oga THHZE. (C) (D) Image]
giit USP1 BIR 5 EHNE A& W 54LR USPl MEAEZHHHE. (E) (F) ImageJ 4
t MET1 1 ECR BJE B & 544K USP1 MR B &WRIELE.

Notes: (A)USP1-His, MET1-RFP-His and ECR-GFP-His were overexpressed in HaEpi, and
dsOga and dsGfp were transfected 24 h later. Finally, 20E with a final concentration of 2 pM was
used to induce for 1 h, and the same dose of DMSO was used as the solvent control for 20E.
Detection of MET1 by anti-RFP label antibody, detection of ECR by anti-GFP label antibody,
detection of USP1 by anti-USP1 antibody. The concentration of gel is 10%. (B) Statistical Oga
interference efficiency. (C) (D) Image J was used to calculate the ratio of the protein bands of
post-translational modified USP1 to the protein bands of purified USP1. (E) (F) Image J was used
to calculate the ratio of the protein bands of MET1 and ECR to the protein bands of purified
USPI.
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2.3.4 USP1 IR 5 2B ERER

USP1 HBSER LA Z.BE 3T A § 5 ECR M4 &(38, 40], HAXFME
W2 ALK ? EMRRREARAPIEIREEFAEE USPI-His. KRR
B Mfz S USP1-S21A-His F1ZE38 Z B L8 1 /2 B9 USP1-K303R-His, Al
20E BN BERAM 2B m. 4R KY, 5 DMSO feEAMLL, 20E 4
A[57 USP1 BER LM Z AL BRI A S (B 2-4 K& 1. 2). 21 f4LFR
RAJ&, 20E FEEHE _LEBIBRIL/K T, BZBKFIEEF S, SXRAMRE (&
2-4 ¥kiE 3. 4). 5303 MBEBRREE, 20E FaeH LA B KT, BB
KFIEEFE (B 2-4 K& 5. 6). X, USPl KBRS ZBHLE AT

" o = USP1-S21A-Hi
USP1- USP1- . -S21A-His
*  USP1-His 5
S . FE: .12 st 4 USP1-K303R-His
-0
His _ _His _ _His I 08 “p=00d
OMS0. & = & = % = Eg 044 o
20E = s = ® e # 22 l ﬁ
kDa 0.0
72— DMSO 20E DMSO 20E DMSO 20E
55— S, | s —Ac-USP1-His (o]
43— _®  USP1-S21A-His
=l 12q® USPTHis . ysp1.k303R-His
. 2
55— - - ~ —p-USP1-His T2 o84 “p<0.001 *ps<0.001
43— T e
1 O = gt
55— o o . —USP1-His < ol ] |
43— DMSO 20E DMSO 20E DMSO 20E

Bl 2-4 USP1 BBEBRIL 5 ZBHL EA R
Fig. 2-4 Phosphorylation and acetylation of USP1 were independent of each other

¥E: (A) 20E FBRH USP1 B4k 5 Z.BE4L. 7E HaEpi 0/ &+ F&i& USP1-His.
USP1-S21A-His 1 USP1-K303R-His, 48 h JEfFFAIZ&IRE N 2 yM 1) 20E %% 1 h, HEH
£ DMSO 14 20E FIEFIX . 25 NiZ*-NTA Zitbid #iE8 USP1-His ZJ5, 473
His AREHIART USP1, Z2EMBRATIARINBRL, Z Bl 2Bk, SDS-
PAGE BRI E £ 10%. (B) (C) Image J Ziit USP1 BIEE BRI E A& 54k
USP1 MR EI & I EL{E

Notes: (A) Detect phosphorylation and acetylation of USP1 by 20E stimulation. USP1-His, USP1-
S21A-His and USP1-K303R-His were overexpressed in HaEpi. After 48 h induction, 20E with a
final concentration of 2 uM was used for 1 h, and the same dose of DMSO was used as the solvent
control for 20E. After purification of overexpressed USP1-His by NiZ*-NTA, USP1 was detected
by His labeled antibody, phosphorylation by serine phosphorylation antibody, and acetylation by
panacetylation antibody. SDS-PAGE gel concentration was 10%. (B) (C) Image J was used to
calculate the ratio of the protein bands of post-translational modified USP1 to the protein bands of
purified USPI1.
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2.3.5 ACAT1 5% USP1 N Z B4k

EL41 USP1 HBEER 1L B PKC AF3[38, 39], B4 f1 5T USP1 ZBi LB ¥
? RTHRIZX—MBEHER, BiIEMus Chttp:/csspalm.biocuckoo.org/ ) 1E
CREBBP. EP300. HAT1. KAT2A. KAT2B. KAT5. KAT8 F il f& USP1 k4
ZEHLBEE, K EPIESBER EP300. KAT2A. KATS fil ACAT] —i27EME
HREMMEER EHEIT RNAI 55, £ RRH, SHMZBHBEELL, T3 ACAT]
%t USP1 2Bk B2 (B 2-5A-C), #BH ACAT1 WEE R 7 3 USP1 2.8k
BIlE. Bk RNAI &2%HE, B% dcarl, 4B LEERHNRE, THLEE
B R ZEIR 2 24 h (B 2-6B-D). &l 20E {5 522 FIrER Ecr. Uspl Ml Br-z7
MRE, KRX=FERNREYZIMNE (E2-6B). RERHSREHALE
Ak, KIKBLA 6th-72 h B4Ry h i DAL, T SLYeH 4h th e R B4
Xt B 2H 6th-120 h B i 41 5 H0 Jig 1 45 B, T SE 3G 2 40 R P g 5 58 SE 32 (P 2-6F )
Xt b g FRE Bk 1T HE et DT RIXTHBA 6th-72 h B AR F R CEHRR,
T SESR 2 &) s P B R T AR 5B 6th-120 h BF IR R i S4h b e &40 5,
TSR AR EF B MRER. *HHEA 6th-72 h BH4h R ER kO 2 FF455R 8, TsE
IS &h BRI RS 528 XHIBAA 6th-120 h B EUBSRIAEINTREL, LR A %)
HAEMARIFT AR EL (B 2-6G). Westernblot £l R, USP1 I Z.BHL/KFF
B (2-6H). DLESERUH, B Acarl M%) T USP1 MIZBHL, #Tims] T
20E 55 FBRENMMH TELERE, LT ACAT1 5 USP1 ZBHLIIE

7

A Overexpression of USP1-His 3 p<0.001 o 20E+dsGlp
DMSO + - — = = = - g ~p=0.003 ®  20E+dsEp300
20E ~ + + 4+ + + + ; #p<0.001 A 20§+Zsﬁat§a
dsGfp -~ - + - = = = § 15 20E+dsKat!
p=u 006
dsEp300 ~ - - + - - - E 1. 20E+dsAcat1
dsKatza ~ - - - + - - C
... i s 0.5
dsKat5 -~ - - - - + - %
dsAcatt ~ - - - - - s x 00
kDa Cc *p=0. DMSO
72— _nﬁ__ 20E
il —Ac-USP1-His o 04 g 20E+dsGfp
43— T ~p=0.003 - 20E+dsEp300
72— Tx 20E+dsKat2a
wo 0.2 p——
56— e oum oe o e = —e—USP1-His 3 | ﬂ 20E+dsKat5
43— <= 00 = 20E+dsAcatf

Bl 2-5 1 USP1 &4 ZBAL AR ik
Fig. 2-5 Screening of the enzyme that acetylates USP]

E: (A) FREZFZBHLEERN USP1 ZBLZK. (B) Gt ZBtLBBFHME. (O
Image J Ziit BRI USP1 MR K 5440 USP1 ME B &M IELE. SDS-PAGE KH
WHER 10%.
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Notes: (A) Interference with a variety of acetylases to detect USP1 acetylation changes. (B)
Statistical RNAI efficiency. (C) Image J was used to calculate the ratio of the protein bands of
acetylated USP1 to the protein bands of purified USP1. (D) Acat! knockdown was performed by
dsRNA injection at 6th-6 h, once every 24 h, 3 times in total. 24 h after the third injection, RNA
was extracted, reverse-transcribed into cDNA, and RNAI efficiency was detected by qRT-PCR.
(E) Total protein was extracted after the interference was completed, after immunoprecipitation,
the acetylation of USP1 was detected by Western blot. (F) Image J was used to calculate the ratio
of the protein bands of acetylated USP1 to the protein bands of purified USP1. SDS-PAGE gel
concentration was 10%.

A 154 ® dsGfp © dsAcatl B Phenotypen after injection of dsRNA
*

2 1 **Fo.ousa_p:o'oz *p=0.01 dsGfp dsAcat1
o P <
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= 1.04 ¢~ - & B
< ES A . £ 2 ¢
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- L L %
$ 054 u 3
s 1cm ,{ {
& | | Delayed Death

0.0
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Fig. 2-6 Detection of USP1 acetylation after Acat! knockdown
¥E: (A) St deat] THME . T 6th-6 h St HIES dsdcar], FIRIES 2ug » BFE 241
FES 1R, SEES 3 K. dsGp 1B dsdcar] BIAERERMET . FEHERER 12 h JFREHL
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EHY 3-5 R4 IR EL RNA R¥E5%9 cDNA /5 qRT-PCR #&3ll FILEFE . (B) if& Acatl J&

HEHEPNER. (O %Kit (B) FHER. (D) gitLintE. (E) %it 20E FiEEEM

FKik. Fif# Acatl J5, T 6th-120 h BHREL RNA RFFA cRNA HF qRT-PCR #:ill 20E F

FREFEMFRIE. (F) Bl Acatl J&, 6th-72 h F1 6th-120 h 41 LA ZIE. (G) & Acarl
J5, 6th-72 h F1 6th-120 h Bf g R R FAE AT 6/ HE 3o . SKit#=30 H. (H) mf%
Acatl GHEPUSEH, HIBIIVER, Western blot #2ll USP1 Z.Ei L k. Image ) &1t

ACAT1 AKX 5 ACTB BEALWIELE, ZBHLE) USP1 EE&H 5S4k USP1 &

& A BT .

Notes: (A) Calculate the interference efficiency of Acarl. Larvae were injected with dsAcat! at
6th-6 h, 2 pg each time. once every 24 h, for 3 times in total. dsGfp as a nonspecific interference
of dsdcatl. 12 h after injection, 3-5 larvae were randomly selected to extract RNA and reverse
transcribed into cDNA, then qRT-PCR was used to detect interference efficiency. (B) Phenotype in
pupal stage after Acat] knockdown. (C) Statistical phenotypes in (B). (D) Counting the pupation
time. (E) The expression of 20E downstream genes was analyzed. After knockdown of Acatl,
RNA was extracted at 6th-120 h for reverse transcription into cRNA for gqRT-PCR to detect the
expression of 20E downstream genes. (F) Anatomic maps of larvae 6th-72 h and 6th-120 h after
Acatl knockdown. (G) HE staining of larval midgut and fat body at 6th-72 h and 6th-120 h after
knockdown of Acat!. Statistical number=30. (H) Total protein was extracted after Acat/
knockdown, and the acetylation of USP1 was detected by Western blot after immunoprecipitation.
Image J calculated the ratio of ACAT1 protein bands to ACTB protein bands and the ratio of
acetylated USP1 protein bands to purified USP1 protein bands.

2.3.6 ACAT1 ¥ MR ThEE 2 BB IAM 4L B0 T

A4, ACATI fF USP1 £ ZBALBINLHI R AMR? HrE X E &, MR
HERHA ST BLAST, @B MR, KRIBEL RERHET RE 1
ACAT1. 1%#[F ORF 2K 1656 bp, #4itd 423 NEIEER, 2218 ExPASy iHH 1%
BRBESTE N 45 kDa, ZH 59 8.93. SMART &0 RIA 3 N #E.
S5 RMF 05 AT BRI RIS K& (Bombyxmori)  + 7 L (Danaus
plexippus) [ ACAT1 J¥ 5| [FIVEMER R .. N T BIFHIRF ACATI FITheE, #I& 7T
—ER K/ R 32kDa H ACATE 2Rk (B 2-7A), BEREHAERKARZEEBE
Z PR, 2200 Western blot A2l 5, ZPUAR] LUA KRS 2 ACATL, HAr R
R, FEAFREESLRH (F2-71B). N T3 —FH T ACAT1 FIfERFLH],
R R AR MR L . PRSI A R T RIERE i 4REH,
ACATI TEei AR REER S, BERRRENKENMBREREELEERL (B
2-7C.D).iX$27~ ACAT1 MRET] 5852 BB B /5 B /KRR . O CEHGE,
AN ACAT1 AT LLR A BEBRLIEME, {F ACATI ThREE MARE[66]. ALK EIRI
BELAFE CRRER) RILACATI FTREAFTESRIABL LB . X AR R ER & A AN AR
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AULE I ACATI B E T4k, 38 Western blot M EEE & LIMAERS
FIBBLILACT RIBEHIB LB A T RO, 45 B9, ACATI ZERCENINAES
SRR LK TR A, ERTB K PSS EZ MK (& 2-7D. E).

A C D
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B 2-7 ACAT1 fiffhl % . SRPRARAT KRN SRS EBHHENL

Fig. 2-7 Preparation of ACAT antibody, full-age expression pattern analysis, and changes of
PTMs at 6F and 6M

7#: (A) ACATI BIREKFIERaiik. 0.1 mM 1 IPTG B8 ®R, LSBT BRI=Y.
(B) SIEEEGI ACAT1 Fiikds ik, F 6th-96 h fERT AR A EARES. BEALEERN
20 pg/fl. (C) ACAT1 EARARPHERIAREENX. A ACTB fEARNSER. 5F:
5EE4HEUER; SM: S R4 HRBLE A 6th-6h, 6th-24h, 6th-48h, 6th-72h, 6th-96 h FI
6th-120 h REAF K BB 6 #8418, F: BUEH; M: Gl MM: 2S84 .
Image J 4iit ACAT1 EEFWE ACTB EHAWHILL{E. (D) HX 6th-6 h #1 6th-24 h fE R
6F £, 6th-96 h il 6th-120 h 1EH 6M 5, ZHZYTIE. FIF Western blot 1] ACAT1
B SRR LA BRHBL . (E) Image) 4iil MR BB L AMBEHIBIILAY ACATI BE %
#H SR ACAT1 EALWHILL{E . SDS-PAGE IRHIRER 10%.

Notes: (A) Prokaryotic expression and purification of ACAT1. 0.1 mM IPTG was induced
overnight and the product was purified by Ni** column. (B) Western blot was used to detect the
specificity of ACAT1 antibody. 6th-96 h fat body protein was used as sample. The loading amount
of protein was 20 pg/ well. (C) Whole-age expression patterns of ACAT1 in different tissues. Use
ACTB as the internal reference gene. SF: feeding stage of Sth instar; SM: molting stage of 5th
instar larvae; 6th-6 h, 6th-24 h, 6th-48 h, 6th-72 h, 6th-96 h and 6th-120 h represent the 6th instar
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larvae at different developmental stages. F: Feeding period; M: Molting stage; MM:
Metamorphosis Molting stage. Image J was used to calculate the ratio of the protein bands of
ACAT]1 to the protein bands of ACTB. (D) Samples of 6F were taken at 6th-6 h and 6th-24 h, 6th-
96 h and 6th-120 h were used as samples of 6M, after immunoprecipitation, ACAT1 tyrosine
phosphorylation and succinylation were detected by Western blot. (E) Image J was used to
calculate the ratio of the protein bands of post-translational modified ACAT1 to the protein bands
of purified ACAT 1. The concentration of SDS-PAGE gel is 10%.

A4, USP1 ZBiib R EZE] ACAT BRHBL B HIRSM AR ? ALK E
BRIABL LA 2 CRER) $EFT ACATI M 1 N AT RERIBEIIBELAL A (K238),
¥ ACAT1 7£ HaEpi F IR FHL ACATI-RFP-His, 34 ACATI % 238 {if
BE B D RENREER (ACAT1-K238R-RFP-His) L BEHBILIRES, B
S (ACAT1-K238R-RFP-His) HHMIIHIBILIRZAS[88, 89]. 7& HaEpi H 4 5lit
ik ACAT1-RFP-His #1 USP1-His,ACAT1-K238R-RFP-His 1 USP1-His.ACATI-
K238E-RFP-His 1 USP1-His, 3f&11 20E H ¥ USP1 ZBELA4L & ACATI
5 USP1 Mg 4. &RKY, 5 DMSO LHEAME, 20E T ACATI EZRIEH
Beit, EERIEHBLLE ACAT1 5 USP1 454 1F USP1 ZBiL (B 2-8A ¥iE 1.
2); # ACAT1 % 238 M E R R NB ARG, ACAT1 BREBAKFE TR, %
BRIOBALE ACAT1 5 USP1 &5 32 Z Bk (B 2-8A ¥ki# 3. 4); # ACATI
B 238 MBMEBRRERNBSEMRG, ACAT] BERABLKFE TR, EHEENFHEE
B AR AS, 18 ACAT1 Joik 5 USP1 &8 H A RElE 2 4Btk (B 2-8 ¥k
i 5. 6). X% ACAT] # ZBE T2 IRHBALAI T8, FH ACAT1 &
5 USP1 B A HKE BN .

A ACAT1- ACAT1- B ACAT4-RFP-His
ACAT1- K238R- K238BE- B ACAT1-K238R-RFP-His
RFP-  RFP-  RFP- ) A ACAT1-K238E-RFP-His
His His His L o129
DMSO + - + - o+ - ax m1
206 - + - + - + i
Purified by Ni**-NTA s "y d
kDa affinity column Ok
95— 38 00
72— -— —Succ-ACAT1-RFP-His g= o
56— = :
85— ACAT1-RFP-His
I = . —ACAT1-REPHis c ®  ACAT1-K238R-RFP-His
55— 42- A ACAT1-K23BE-RFP-His
72— 29 o TRERER ns
-x 084 —
56— . ~—Ac-USP1-His & o
43— 29 04 ns
72— <= o lE= e B
BE—et ci oo = = s —USP1-His : x y
D ACAT1-RFP-His
43—
CoiP with ant-REP = ACAT1-K238R-RFP-His
- w 12+ A ACAT1-K238E-RFP-His
o T ++p<0.001
56—se e e —USP1-His £8 038 =< ns
43— - s
o -
95— g : 0.4 ns
72— — — -— — — —ACAT1-RFP-His S ' =
55— < 0.0 £ ﬁ

26



AR A F R 2 AL 3
Bl 2-8 ACATI f§ USP1 R4 Z. BRI 77 AR
Fig. 2-8 Detection of the way in which ACAT1 acetylates USP1

I: (A) 20E RIEHET ACAT1 BEHIBE{L. USP1 Z.BE{L K ACAT1 5 USP1 K44 .
HaEpi 41/l % *h 4 %/id %% ACAT1-RFP-His A1 USP1-His. ACAT1-K238R-RFP-His
USP1-His. ACAT1-K238E-RFP-His 1 USP1-His, 48 h J5{#F4&KE N 2 uM H 20E S
1 h, MFEFEN DMSO /E5 20E BB HIXT . £33 Ni2-NTA 4i{kidRikH ACAT1-RFP-
His 1 USP1-His ZJ5, 45IF ACAT1 iRl ACAT1, His FrEHIARHA USP1, Z3%3H
B AR BRI, 2 Z BRI 2Bk, Co-IP K1¥ll ACAT1 5 USP1 M4 A .
SDS-PAGE BRI E & 10%. (B) Image J 4iiHBEHBLLI ACAT1 HEHEZH S4LE
ACAT1 EAZAHHI. (C) Image J 4iit ZBELI USP1 FEAKW S44LE) USP1 i

BAFKHHELMAE. (D) Image] 4iit USP1 BAKW 5 ACATI BAKWHHILLE.

Notes: (A) Detect ACAT1 succinylation, USP1 acetylation and ACAT1 binding to USP1 by 20E
stimulation. ACAT1-RFP-His and USP1-His, ACAT1-K238R-RFP-His and USP1-His, ACAT1-
K238E-RFP-His and USP1-His were overexpressed in HaEpi, respectively. After 48 h, 20E with a
final concentration of 2 pM was used to induce for 1 h, and the same dose of DMSO was used as
the solvent control of 20E. After purification of overexpressed ACAT1-RFP-His and USP1-His by
Ni?*-NTA, ACAT1 antibody was used to detect ACAT 1, His labeled antibody was used to detect
USP1, pansuccinylation antibody was used to detect succinylation, and panacetylation antibody
was used to detect acetylation. Co-IP detected the combination of ACAT1 and USP1. The
concentration of SDS-PAGE glue is 10%. (B) Image J was used to calculate the ratio of the protein
bands of succinylated ACAT 1 to the protein bands of purified ACAT1. (C) Image J was used to
calculate the ratio of the protein bands of acetylated USP1 to the protein bands of purified USPL.
(D) Image J was used to calculate the ratio of the protein bands of USP1 to the protein bands of
ACAT1.

2.3.7 SIRTS i§#E ACAT1 RIRAMHL

ACAT1 7E4) RAESBRABAL K FREK, DHSCERIRIE, SIRTS A LA# R
BEAXIRA/AL[77], 4 ACAT] BRHABLI LB R T Z SIRTS #iEWE? A
T EPX — A R, 7E RAKTE ST dsRNA RiF& Sirt5, =4HESHE  IRIVE A0 SIRTS
BITIRAE, R Sirts BRI (B 2-9 A. C). FIH Protein-A 2k, 5%
] ACAT1 #4T Western blot K lll, KIRFKFE Sirt5 J5, ACAT1 JRHBEALKFAH
BRI (B 2-9A. B). X% ACAT BEHIBELA :BR SIRTS 3T .
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A kDa B Succinylation level of ACAT1
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17— C RNAi efficiency of SIRTS
. 12y«p<p001 = dsGfp
) @ i ®  dsSirts
43— — - —ACTB 2 p
34— )
& & -
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B 2-9 &iF& SirtS J§ ACAT1 BREABHLK PR
Fig. 2-9 Detection of succinylation level of ACAT1 after Sirt5 knockdown

E: (A) REPE Sirt5 ol ACAT1 BRIABEIL. BEHLPREUH BRAFILIGH L) % 3 RIREUIEHT

&R, FIA Western blot #8l] SIRTS BT E A ACAT! MIFEHIB{L. 2 5IH SIRTS $t

{15H SIRTS, ACAT1 HifAtHl ACAT1, Z BB NBRHBLIEIHKFE. (B

Image J ZiiH3RHABEILET ACAT1 BE &KW 5ALE ACATI EAKWAIHME. (C) Image)
Ziit SIRTS ME R %W E ACTB BAKFHIL{E. SDS-PAGE REIWRER 10%.

Notes: (A) Knockdown Sirt5 to detect ACAT1 succinylation. Three larvae from the control group

and three larvae from the experimental group were randomly selected to extract fat body proteins.

The interference efficiency of SIRTS and succinylation of ACAT1 were detected by Western blot.

SIRTS antibody was used to detect SIRTS, ACAT1 antibody was used to detect ACAT1,
pansuccinylation antibody was used to detect the level of succinylation. (B) Image J was used to
calculate the ratio of the protein bands of succinylated ACAT1 to the purified protein bands of
ACAT1. (C) Image J was used to calculate the ratio of the protein bands of SIRTS to the protein
bands of ACTB. The concentration of SDS-PAGE gel is 10%.

2.4 g

FHESIY RXR @3 5 RAMZHE SR _REN RTAERESERE. R
M, BEf AL, RXR 5ARZEEEHIHGENERE. EAFIS, FARRR
X—EFKERH, % RXR HAFEY USP1 5 MET1 1 ECR 145 & HLGIH#EAT
. HRERIEH, TEFEEEMHN USP1 45]5 MET1 f1 ECR 44, Al
O-GlcNAc #1fifY) USP1 5§ MET1 &4, BiEgik. ZBEHLK USP1 5 ECR &5,
H O-GlcNAc i SBBREHRXRRHBEIKK, BMBRUEZBILEREm.
20E i&@id _Ei OGA & USP1 O-GleNAc 17K K. SIRTS f#f ACAT1 £3%H
Beit, HIRHIBELLEY ACATI 55 USP1 B4 &1 USP1 Z.BiAL.
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2.4.1 FEBEFERFEHRY USP1 47515 MET1 M ECR &4

RXR 1EABMERZ®, FEREEZRFHER, REEEANSHESR
BT ESHHER[5]. CHEWARYE, Ser260 BEEL{LAT RXR 554k VDR 447
A 27, XR/AEAEZEAMNERTRSEEGEBNE L. EdiE USPI £ g
RS HHEREBIMRES, KA ERT USP1 K4 O-GlcNAc #&1ifi, &
B USP1 RABIBILMZEML (B 2-1). EMBLFRMBRAETBRMF O-
GIcNAc 1&1fif1 USP1 5 MET1 && (E 2-3), B H ZBiLs USP1 5 ECR
S5038), XBLERERY, WEARBFEENN USPl SARKBERZREE
NHEAFEMESRRE, FETW.

BHESENANEOHIERANA FERS. nERIEMEEOHBRME

(MTs) KHATHRESIEBTFREEEEANMEMCER TAU, HE 262 i
LEROBRABIE TSR, ANSIABEMEEER, MRS TAU 5 MTs [
#41119]. XF RNA £&&EH GEMINS, 5 897 (EREER (T897) KAEBRR{IL
LEW C KGRI E, HERERTARER, ©FH GEMINS 5FHHEF
& AR EE R R TS 8UE QB EK T REK[120]. USP1 5 21 M2 S @M
T DNA Z5&H, 5 303 M ERA TR &8, XM A 55 USP1
5 DNA MIREIG A 1121], XERAE MBS BT T USP1 FiM4
RIS, FMET USPL SARBERZAHMEIER.

A5 H A YF ) RXR & RXR FEMFH AT R, #4821 fI4R
FRANZE 303 MBE BRI R (B 2-10), AHFFAN RXR EERE=
RN RIEHERES %,

RXR-a| 3

H.sapiens
P RxRB |
RXR-y | *
M.musculus RXR-a -
D.rerio RXR-y | :
D.melanogaster -

B. moril -

A.aegyptil |

M.sexta| -

H.armigera -

O. bimaculoides|

B 2-10 #88d USP1 & 21 (488 55 303 MIHEFE7E A R ¥0Hh b 340 47 5 1 o 2t

Fig. 2-10 Comparison of evolutionary conservation of USP1 Ser21 and Lys303 in H armigera in
different species

E: RAKRERARRTEE, EEBRFIRETA. MR, H5A. R, XK. &
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R B R, R EE,
Notes: The depth of the background color represents the degree of conservation, and the amino
acid sequences are derived from H.sapiens, M.musculus, D.rerio, D.melanogaster, B. mori, A.

aegypti, M.sexta, H.armigera and O.bimaculoides.

242 BEEHHRTMRESRSAEMEERDHENFHRNSAZ—

S BRI SRR R R A R R =), SYUBRTE RIS XA
%Y, AN NREFRERE. MRBEATELERKER, FEBEHE
1F 13, (F RN E FRIRE R A B KR, HAG T Re fRl & B 5 (2 I %

O-GleNAc i2ifim BRI E R, RYHEER. 2R, fEREECOHK
W& IR (HBP) 772E[122]. O-GleNAc BT SRR ERZ K A E 4L B
REL, U2 RS LB “Yin-Yang” B, ELXFHFEMHRIEE
HEM[123]. £ MCF-7 40fi+, OGA #I#|F#E AKT &) Thr308 1 Serd73 1]
BEBR LK T FR1K, FBH O-GlcNAcylation Xt 7E Thr308 F1 Serd73 AbHIBEEZ (L
HMEER[124]. 830 HR B, 20E 7] f8 L 1H USP1 HIBEER 1L /KT, fiB% Oga
AT LA USP1 fR%F O-GleNAc &1, JCiEME M 20E SE31 USP1 fIBEER{L (E 3-
3), XUiLHH O-GlcNAc B SR ER (b 2B K . EMYHREHE, W
BEHARE, B USP1 Bl O-GIcNAc BIRIRESHEE, N REMBEESRRE, £
T AR, SSRGS E), O-GleNAc BIA TR, TR
R TR AR B, S5 USPl 4N S EBRESHS, 5T

EALIRY) . BRSHEE A SR EHEH . IR EERESEFRY AR, K~
EEHAE RSBV, P13 ANEERE, 7£20EMES T, USP1 EE
KA 1L R AR 2B Ak, AT USP1 5 ECR AHEAEA . #— S B fi &9,
R ILHY USP1 5 ECRE 455480, LBHLM USP1 5 ECR 45581 % . A4,
BERR AL AN Z. Bk Ak 2 [ 2 RO ERERIVE ? Nl §20 5 ECR MIZE &I ? i
R MR E AR P RE I AR SRR 7 s R B S Bk SRR,
MAREI, HHELIAERE (H2-4). FHARY, RBREENEFEERL
A FM, —REE “EREE?, PIEENYRENTE - EXANEE
[125]; W P E /I EFH[126]. USP1 FZBR b B ER (LA R A2, AT RERE
ERERBIE RS EH DML 4ES, TURIIESKE.

EFRRBEMEFEE0, BREEEMERESHS, IMETHRE
BT 5SEERZENE S AN FARE SR @B/ 70T 62 2 48 K R
EFRRETHR A F N, BIMARRANE RS EAEZ R —MF .
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243 FEBERSHN EFRTNG

A REE R B A B A . PKC {EN—FZ 2 EmRBRR (L
B, 252ZMARGESER, AHTEFZEENARIERE, mAmESE. B%%[127,
128]. HREITHFFLRH, PKC 3% USP1 B5FE1L[39].

OGA fEANBRICMHIME—RIZEER O-GlcNAc EIiRIEE, 7L M4liEstiEt
KEEZEIEM, W DNA 8HI[129]15%. AL RERH, M OGA 5, USP1 ] O-
GlcNAc BITEHEZERR, 8 OGA $135 USP1 B O-GleNAc &1 (B 2-2).

ACAT1 fEA—FZBEEBE, "TMESMERRELHILB. X4
RRYP, M ACATI, USP1 ZBEL/KFFEME (B 2-5), H ACAT 1 USP1 W E
B4EE (B 2-7). ACAT] #RiEH e FE&hiaf4iME, B USP1 fEA%%
EEMTARZT, XUFHEEFE. B ACAT B4 HMEMIRE, ATBL—
e E M EMBEZTREA, W PDC[130]. HHEETLHRERER: ACAT 7£41
R A% NI BB R SE R USP1 Z.Bk Mk, HZ BB EAE:; 3 ACAT tHATLA S
PN, TEANRIE R & TIER — DTt

AN, FERE ACAT B LIF RGN R, HEBREKFEZSHER
FHREZR, EITHBMLBITKFETEN AR, XK ACAT Wi ZELED
RETT e RBRHBML AT . SIRTS B4 SIR2 HEEH, REEIHABML.
ER B R BTSN, 2RISR PRCBIER, WiFTEEEK
L BRE(131]%. ABFRRI ACAT1 ABRHB{L 2 B SIRTS HHHK (E 2-8).

B E A R I K 20B WEA R, XHEHEREE USP1 %K O-GlcNAc
B4, RAEBBRLMZEBIL, ACAT1 HBIEHEL, IR FTELRI Oga.
Pkc 1 Sirt5 323 20E EHFOK Y, XBARTEERERHEZNEF
JeietZ Bk EIRER .

2.5 &ip

WMEHE, #H O-GlcNAc &1l USP1 5 MET1 &4 . BEAZNH,
—J7TH 20E i@id OGA %K USP1 5 21 i £ &1 O-GIcNAc &4, i@
PKC 24k 21 i 2 H B R AEBERR I 8M: 53— 7718 20E i@l SIRTS f§ ACAT1 2%
BRIAMEALHE T AL USP1 58 303 AL BR K A4 2Bk, BEER LA ZBR1L K USP1
5 ECR &4, REAZTERE. ZIHMLAMBLRTEE, IR RXR BER
BRI SRS R T B,
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20E

7
/l\ by
O-GlcNAc 521 \L
-~ p(s21) Ac(K303)
N -~ ACAT1

USP1_9¢25, ysp1 Z°>usP1 <—— USP1
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z 7
b 4 — ~

E—7>1 =5 > 8
+ O G ; AR 3
i .

A 2-11 BEELARRAERLELEH USPL BHSERBER

Fig. 2-11 The modification and action mode of USP1 were summarized according to the results of
this study

B HFREL
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