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brA=dr Bt SE SR, A0 158 )
KT FAEMRIHEAT TPl R G135 24547 1) B8 2T R SR ms

R E A R B AV K 7. EER
7% J5 121 (post-translational modification, PTM) & i
PEEARDGHNEERREZ — LA (Acetyl-
CoA, Ac-CoA). [FIZYFHZ BRER N BE(homocysteine
thiolactone, HTL)F 2 BEAEHIAR 17 FR (PUFA) %57 1t
REer LLE R E AR, Hi AR KR E )£
Vil TEIER . AR S RRREAZ R
Wi e il e i e m, BB DA RA £
A I 1 (R K e 2 B,

PTMA EE AR X, B Sz
i RAE B RSN, MEMCEHEBLZ
BEAL EORSE IO S ShaS YRR 7, Beig s
P E 7 B IR A KA B, HAKPFSHESZ
ol B 88 (S B 3 A 5L am AR gt e I = 2
Tk A 1t AR 2L 5 T 1l A 22 R A Do Tk 5 A1 4 DX 3 4 it
Ji B M EB 1 88 1 19 & T A0 A2 1 A 2 & I AL 2
O O AR R B A 4 R S R AL R R
EB1 & A1EH 2 5 K 6647 5 1 B2 5 4k ) & 1&
U, B A A R PR g, FRA T AR A P 5
NAERIRE I BRI N RIS B S Bk 8 3 DL AR
AR BT (R B T TR A RS, BN T RRSE
EL S BB B & gt e s,

FE iR S o R e, AR g R 2 PTMI) B 22
WHER R, AR T LS BUEY R 1R W
BARFPTMAR A, MK 4B 515 55 SRR
SR =R RS T EE R PR R A ) o T
“MR(o-ketoglutarate, o-KG)Z5 L FiEY Ko F151M0
()25 AR . FH o-KGAE 9 e P I RN 480l 2 e 6
R A 2 AL EF(umonji C-domain lysine de-
methylases, JmjC-KDMs). DNA 2 H AL (ten-ele-
ven translocation DNA cytosine-oxidizing enzymes,
TETs)Fl i 2 iR F2 24 4L i (prolyl  hydroxylases, PHDs).
RS | S A E R IPTM R ALY K 7r 718
T 5 B NI BRI A0, FL8 K ) A R 24 A R 4
Ji e R AR R A R AL R B L A S Dy ae i

B 14t S AR SO EPTM, A E AR
RIFHIRAEACH AT LLIAEPTM. ek, Bk
WRIRT= AL Be s B 5 LR TR 46 5,

Z 5K F e R, I 4 AR SR v
PE, TR AR R o T, B R AR AT
SERIB AT — 0 s A, RIS K R 5
BIHTZ), RN Z 4E ] AR S5 & O 70 R
W, e AT FHREAR A AP K 71 B A AR B L.
RARF=IIAE IR AR o T 5 T R I T2 I RE
RIS, RN T RAR =M E AL ACA B T-48
TNAEVR G FABMR R, 6RO HT 250 K
PR F S M A e AR S

TELIE RN AR, PTM A 2 AN AT 20
HERR. B 7RSS AU ] LAE Rl 7
BSOS I RIE 148, SPTMAH SR PAE il A1 25 1%
MRl DA & 2 5 2 PTM ) BT A7 oAt B 1 #0002 V8 72 1
T-TREEbR. b2 A St — T M AN T T AR
MR GHH S DRI SR AR, FRATR
FHAL 228 E S R TR, 15 25 W SE AR 130 T ey 1 i ik
&, BTN AV R EE B S
SFYER N AR, s AR A SR ST
B BHAE ML, AR DB B2 (i 2 46 51 R 19
FEU 200 SR Y SRR AIE T /N TR IR T 2
R, A0 [ B AR AV FHLHER AL TN+
i TR, M HTE KA R T it 1A 2
rIskns. RS 5 MK 010 R 5 5 m 40 i
DIREMILEIE 7 AR~ IR . D IVE R . MR RS
PP 55 22 TR I ) 2 R AR A T R RS SRR T
#1777 m). H A2 Ivosidenib. Decitabine®s % 2K T- T4
MRS TAE R 2 bt

DNAZ# 51k &%) (DNA-encoded chemical li-
brary, DEL): A 2T 4F 2k Ik Je (1) 24 4 57 146 108 M 4
AR. DELEARZ & THAEN R &G KA T
AR BRE UENE DL Ak 2 AR 5 B2 1 o B e 1S5
AR, 546G i IR AH b i TR R, ek
TR AT A, SR T AR IR b
# on-DNAL 2 SR (AN BT T K LA K 2 FDEL §ii i 77
E I, DELE A C 2 M T 2971 &, 3 CHEsh
LAMBE Y NIRRT B AR, 3R
2R TDELE A, XRS5 e Ky e
WAL OSSR (R AR A sk
&), EOERIFIE TR E RN THIEI, s
FIECRALEERT FO R4t 1B S, o AR RN
BT R SR AR AR AL T T AR
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2.1 KHEMER

DMOG (298%, Sigma, 3£ [E); SAG (398%, Sigma,
%), Headpiece. DNA tagsild F| £[ELGC Biosearch
Technologies; DNAZRADAL & WA BRI H & 5 2%
Enaminefl Fig a5 AV R A RH AR A R, R
FUM 254 L2 A AT PR A R HisPur'™ Ni-NTA
Fi3KI H 22 [E Thermo Fisher Scientific.

TBAH- AT IS E] 5T 1 (AR R (h ED) A PR A A);
AR KR FRFE (Thermo) . H1F TAE & (F57 N 753) <
Spectra Max M2e% UJREFGFR X (ZE A 7 T (1)
HRAA) &A% E OHL(Eppendorf). T H K
FECRAE) BT, Chemi DocTMXRS+HEEE A
14X (Bio-Rad); CO,3% %4 (Thermo); 25 W #&(mini
desktop vacuum pump GL-802b, H:#k D1/R); HHEHWL 5]
AT 2 0%). SDS-PAGE 5 T4 #i It [ ik J2 FEL K S 364X
2% FEJKIR . HLIKE(BioRad); #IFEAE(KAE); B K
144 (Amersham Imager 608, GE); Typhoone (GE

Amersham).

22 LI
2.2.1 #5855

/NER M Naive CD8™ THHMI HI3REUNIE I WEMR
R MIEW(PBS) % RS ng/mL#i Fanti-mouse CD3eAll
anti-mouse CD28¥iA, 7E37°CHrF=4H A #5577 ML
4 h, FIPBS¥ELiE. C57BL/6-WT/N SRAFHE R F1 4L 4E, HX
/N R ZATET5% G B ¥E3 s, PBSHIIEE30s, B
T A FIPBS 5 # 2 E W2 4 pi. BN BB 4R
25 mL 164015772 B T-40 pm4H g AT B, S S AT
% 3tV P 4 B, 1500 r/min 4°C 554005 min, i3] 1
&, MA25 mL PBS, 1500 r/min 4°C B5.0»5 min, {8 b
&, IO mL T4} 2% (PBS, 2% FBS, 1 mmol/L
EDTA) ] £ B A0 2, B 5 3% A S i A 0 g
CDS" T, F LB P Baik iz 2 1x10°2x10°
NMmL, A1 mL, fKKMA10 uL FcR blockers
50 pL Isolation Cocktail, =i # & 10 min. HX i Rapid-
Spheres-beadsiJi€30 s, I ARapidSpheres-beads
125 uL, FEEES min. BRI JGHE TR 28
2.5min, B EEEFAE0E, EE—#E. 1500 t/min
4°CE05 min, I BT, TYE5E 45 955 (R/MINI

988

1640, 10% FBS, 20 mmol/L HEPES, 1 mmol/L /5 Ei &
B4, 0.05 mmol/L 2-3i%E 4, 1xGlutaMAX, 1xAnti-
anti) B S A3 TR AE A ARG FR L. Jurkat T4/
R FRLE 58 A R 97 FE(R/MINTL640, 10% FBS, 1%WUPT)
W YRS IR A N37°C L 5% CO,.

HepG24Hiffil(ATCC) 35 7% T % 10% /5 4 L% (FBS)
DMEM s HiEs 736, 5% CO,, 37°CHEH; 24 hjm,
W25 2% 0 i 175 (LPDS) I DMEM f HE 55 77 356 4 8
Fige24 hy W IHES TR, HBEHMS2% LPDS
DMEM = b5 772, A IR A ) 3 859724 h
AMRAER S EE IR A, TN TR FIPBS S i e i
R, R AR, BE S INNAH IR R ERIPA, F7fH
WME MM ol fE, dHMEE T4, JFilESR
L5 mLEOLEN, UK EHA10s, DIBIRAMRDNA; #
FE AL BR S HRE i i 2 O AL, 4°C AR, 12000 G
010 min, B EIEERE TR0 808 F; FIFBCAKE
R 0 52 20 55) B B Brad ford A% P % 5 0 5 2355 B A
MATHE AR IR EZ G, A EFESZ MG x
loading buffer), JWIEHRFHIRS), 100°C &M F KK
6~10 min4 55 (A8 M, ¥AH) 5 BUER (R il 384T Western
Blotfaill.

2.2.2  Western Blotfjil]

WS R 4N, RERRANR T EUS, 43 B S pg/mL
ffJhuman CD3ePi & (OKT3 7 B ) 0. 2.
5. 10 min, WCEELNM, (RUEREAN A TR] A AC 2 1 2 o 2
H—2. KA RIPAZLRRACFRAN M, €20 s /5 vk il
#20 min. 14000 r/min 4°C 2010 min, Y4 B3, A
4 x SDS-PAGEZE I ARG, 95°C Ii#410 min, #E4T
10% SDS-PAGEHLIK (A4 i 1H 90 VHLIK20~30 min,
S B E R 130 VELIK 2140 min). K8 ARE S (TEIR
2000 mA, 150 min)¥% EPVDFfiE, 5% BSAZ iR Ef ]
1 h, IIATBSTFBE I —Pi, 4 CREIRIF &R AR
NHRPARC —Pt, =RBRIFE 1 h, A BRI
ITHF R

2.2.3 Hedgehog{z 5% S48l

JB 1t Crispr-Cas 945 AR A4 P4ha2 5 PR i Bk FONTH/
STIZAME. 75N FLYHREFRA A BA1.5x10°AN/mL I %5 i
PR WTHIP4ha2 ™ FINTH/3 T340, ¥k HAEH0.5%
FBSHIB: F#IEYMKAMAI2h, FHMALKRERN
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200 nmol/LI¥ISAGHII##24 h, $LHUAN ML B RNAFF AT &
¥ 5%qPCR, FrillHedgehog FIiFGli1/2. Ptchl/255 kL 4]
RIETE L. XTDMOGH! HHedgehog( 5 ¥ L4,
200 pmol/LIDMOGYE IMLiE YLK I A8 n; X F52m
Hedgehogfd 5 # 3 (¥ /) 73 7 0 i 7] 0F LE 52 56,
200 umol/LMJEDHB. 20 umol/LIIGANT61FI
5 umol/L{¥)7-37ESAG IR R .

224 WAMEAKMCDS” THIHIEAL

XHFCDS" TN F HITE AL BE 7 BRI a-KIVEL
L VA 7 b Flanti-mouse  CD3e/CD28HTAA HI W F /s
ST Naive CDS™ T4Hf48 h, UKHE4NHI-FPBSYE1
i, FEAH < 10NIRHHAT G Lyt fE. Ak
B R IRAFA 430 pL PBSHIALIVE/DEAD 4
(1:600) e 1l E17% 4H Hf G, UK b 38 B €420 min, I
1 mL PBS, 1600 r/min 4°C&5.0»5 min, 7 1iF. %A
HAH30 pL FACS buffer (PBS, 0.1%BSA)JII \anti-
mouse CD8 (APC, 1:200)flanti-mouse CD69 (PB,
1:500) AR HI i, vK b S 44430 min, AT mL
PBS, 1600 r/min 4°C .0>5 min, 3§ 13, PBSH k. 041
J S s WU - U S it R FH FlowJ o3k A1 147 44t 43 4.

of < 240 6 ER] 7 3 s R I JURE e 0 A H o
KIVE B A S A/ BRI ENaive CDS™ T
A8, FHMAPMA (50 ng/mL)flonomycin (1 pmol/L)
FIBFA (3 pg/mL)35724 h, WCH4H M 73 il AT FEE Fe ket
g AR e, BARER: 100 pLlE &/
BB, 4CREE E20 min. JIATmL 1 x Wash
buffer, 3400 r/min 4°C Z5.(»5 min, 7+ 5. &R A4HYN
930 uL 1 x Wash buffer/jl Aanti-mouse IFN-y (AF488,
1:200)Fanti-mouse/human Granzyme B (AF647, 1:200)
PUARCHIGR, 4 CROLYE30 min. JAIAImL 1 x
Wash buffer, 3400 r/min 4°C%5.(»5 min, 3 _FiE. A
300 pL PBSEELE. it A AR M IS SE i dE, SR
FlowJo# M- AT 245 73 .

2.2.5  fYAE S ARSI

HeLa4fi i 4 T 3 R 3L R AE BB/ L, 24 hJ5 R H
Lipofectamine 3000%%4<EB1-GFPJii ¥ 5k aiEB1-GFPJi
broiE HaRARAR TR B 524 hig, 4 s R B B
R FELSMIBO W EE, FIFH63xMEi(E37°C, 5% CO,
S AT ES AR, X T S R ) SRR 2, A

i RS A% B 10 mmol/L B & FR4A AL ¥ 30 min 5 #E4T
TEANH R E SRR, W ENbFTR, TR A E] (] RS s,
HEERUE30 s, FEXT30 s ES: G T B N DLE R
EB1 & A g s 7. E1dyHeLaZd #0150 nmol/L
AP20187H( J& 43 H3EAT 15 40 M R S35, i
(] [RIBES s, X SE A 75K B A 43l A4 -4 - 41 -4
IR T B N R,

22.6 GiiteEaA

bR SR B S7 B R 3UR. R H Graphpad ¥ {1 3£ 47
gt ot T, mAseieEdRE gt 2 2 R R AR
FCRTFEA RS, Plp < 0.05% /R 7 5 HA Guit = X

3 ZR5HHE
3.1 EOBbiREmE

EL G R AN B 0 3 ok A C'SS2 &5 i ) 1 AL (i 3k 4T i Py
S TR G AR 2B AN AR R, 38 v 39 e 4 B P AR Y
EL S RAAB IR K. R 7 A4 e 4 i o A i v ]
P SR ARG AR BRI O, FA T I AR SN I Ak
5 ) B T R BN VP A iR 4 i R VB AE I EB L S RS
Wi ThRe. AT LR, BT R Re Y 52518
FrHeLaZll 8 HEB1 K66 (2 5 B AL & i i1 7K 7 (E 1a).
T VA B G ER AT EB AR [ 1A T v R M R
s, JRATEHeLaZti il 9 R IXEB1-GFP & H IFH FH 2
GRRANALEE, g5 B R BLE G RN RS B 25 T HIEB 1
F O IR B B MR 1b). A T HERRE 7E (UK 220
LA, BATEIN T 422155 R LEB1
M (aiEB1, AP20187 induced dimerization EBI1)
(El1c). fEaiEB14r+H 43l 5 NHp 4k I G e A i 1hfs
oL 975 PR (K 66 Q) Rl 477 88 EL 7 Ik A AS T A2 400 98 7% 1
(K66R), fEHeLad P it — 2 U G IRANFK 6617
MBS B EBLE AR, 45 R, BER
PR FEB1 & A M B S BB KPS K 6647 4t
BB AE IS, B fit S 22 0 ) FL A IE S i
PE(ELd). Fitk, BATANEBLE A S E G L
stof AR T it B P AR oG B L

3.2 REIEEPTM
3.2.1 o-REIRBRIFEBIRR LS 5CDS” THIMEHL
CDS8" T2 38 At o 28 I3 22 110 S 4L B 20 4
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25 |- W Sm—— | Crk66-EB1
25 [- - N— | E51 (
70 58
” Tubulin g
50 = 2
1 2

Cc

| cr ik QERHG=Y cH ke’ o YUY
%I Add AP20187

EB1 dimerization in vivo

EB1 induced dimerization system

. . N Dimerized

+AP20187

30@

Projection

alEB1 GFP aiEB1-GFP aiEB1-GFP

WT + NaCr K66R

aiEB1-GFP

Bl 1 (MZREE) EB1E GBS R T A E e s . (A) MG RN IR FF HeLaZl JEEB 1 K66 B2 57 B A& 7K

(B) EERRAHIHIEBFUE Eami BRiE 1%, 45 10 um; (C) aiEB1{

BEREME, FRR: 5 pm

% SEB1 %4k, (D) EBIE S BEALAE Hai) HA e 1

Figure 1 (Color online) EBI crotonylation regulates its microtubule plus-end tracking activity. (A) NaCr increases the level of palmitoylation of the
EB1 K66 in HeLa cells; (B) NaCr inhibits microtubule plus-end tracking activity of EB1 (scale bar = 10 um); (C) aiEB1 induced dimerization of EBI;
(D) EBI crotonylation inhibits its microtubule plus-end tracking activity (scale bar = 5 pm).

FEUIMR e i B AR, S AR T AL S
SN S e R, A Rk B TR G IR T 5
w224 (B, T AR T 6 A A
MEHECDS" T M AL IR Th R i A T 0. AR B 52
LL/NER JEACNaive CD8" TN MR, FRFTAR B
o- 7 2% (o-ketoisovalerate, o-KIV)%[Naive CD8" T
S L3 A A B MR D Re e, 3 — Pt LB o
KIVHL g /E ¥ & I TCR é%%@"ﬁﬂﬁﬂ

N1 WHfo-KIVATCDS TARMIIREMI R0, A
Ft R F500 umol/L a-KIVALEE /N i Naive CD8" T4
48 h, RIMa-KIVAEFEAICDS™ THHMIZK i 4 T CD69FI
DhetE A FIFN-y Al Granzyme B/K- &% & T X R 4AH
(¥Jp<0.05, El2a~c), 18 o-KIVAENS 2 (LN B Na-
ive CD8" T f)-F-HVE A U3 2k S 40 R 7 4
WAL BRTURE BE 7). X e 45 S B R o-KITV i 35 (2 a3 /) B
Naive CD8" T4HThAE

TCRAE 5% FAETAHME L AP I KT
JirgRg Dy e Rk AR R FEOSCBEE . 9 T B AR

990

o-KIVAIT TCRAE 5% FHIF2 0, K500 pmol/L o-KIV
A3 Jurkat TZHHE24 h, /4 HCD3epuiAETCR, Western
Bloths il a-KIVX TCRAE 5 4% F R M. 45K EIR, o
KIVAb R & | TCRIE (S 5 HCD3 M E A K, &
FANHIIY 14207 FIBERR L. BRAN, 155 FIRHI LR/
TR BRI AK T IR B A0 7K P PE 3 o- KTV AR HE S 57
B ANHI(KI3). L5 Pk, o-KIVAEEINEHI TCRIE 5
5

3.2.2  o-KGi#P4HA2%: 3L/ filHedgehog(E 5

I B R 2 B A R SR PT 43 RS fE AL HIF
F2 FAG FTHIF-PHDs MU AL % R 25 1 ) Collagen-PHDs
(C-P4Hs). AS[FA-FHIF-PHDs, %fC-P4Hs K HLJEYAE
PN FUE L. C-PAHSYE Z R iloRi h 3% |
W, SEmRBERE UMK, ERRES, K
PAHAI 2 AE K& M0-KG, (EHIF-PHDs 6 M P,
FEHIF-1ofE MR 4 h AL 2, (2t e v 1 i
Mt 2512, FERBERR I PR AR TR, PAHA2M R &
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A B C
CD8+T cells CD8+ T cells CD8+ Tcells
80 %
Jedede ke 50— == 4077
is -
601 40- 30
2 = 2
2 30 +
& 40+ < % 20
a s €
o Z 20 5
20 10
10
0- 0 . , 0 T T
a-KIV(500uM) - + a-KIV(500uM) - + a-KIV(500uM) - *

Bl 2 (H 28 IR D2 CD3eMICD28HE RIS, AABIa-KIV (500 pmol/L)AL 3148 htf /) i Naive CD8" T4 [fii 7> T CD69
(A)YFIThEEME R FIFN-y (B) Granzyme B (C)7K T

Figure 2 (Color online) Effects of a-KIV (500 pmol/L) on CD69 (A), IFN-y (B) and Granzyme B (C) levels in murine Naive CD8" T cells that has
been activated by CD3e and CD28 antibody stimulation(5 pg/mL) for 48 h.

¥ A Hippolf i 1 7 S S H ¥ /R ILZ A1 (Sal-
vador Homolog 1, SAV1), {E#rH £ Rz RN

PAHA2 B KR4 INTH/3 T340 M 1, Zo-KGIIZE
DMOG H To AL BE 7] DL 2 #1141 41 i - Hedgehog{E 5

O R AR B AR, TS G Hippolt % A 5 IR
}44[26]

I JR 8 1 FR 3 AL B PAH A 4 41 T8 76 22 b g o L=
WRIE, S RERBHEIIME HBREEEAS,
BT HTPAHA2 [ SR P AL -0 PR, BR 1) Tk 3L
YRR I T TEEAR 1) & Hedgehogfs 518 E%EJ?HJC.
FARE RS RS TEE, EMRBRE . HYEE
DA% e T 5 ﬁ%ﬂﬂ%ﬁ%@i%iﬁﬁaém AT
I K, Hedgehogls 5% SN MR F2LEFPAHA2
R A M b 2 B R E G IR H, EEF AL

Control  a-KIV (500 uM)

CD3 0 2 5100 2 5 10 min
— — G ——— —— _55 kDa
I1B: p-AKT

T —— G G W — —
IB: AKT

[ -
IB: p-CD3(

-55 kDa

S 5 kD2

—— —

-15 kDa

e —

IB: CD3¢

B 3 MREMa-KIV (500 pmol/L)4b Jurkat T4HMMI24 h, %4
CD3eHiAHI#0. 2. 5. 10 min/&, CD3{FIAKT & H B 1L
HERRIE KT

Figure 3 Jurkat T cells were treated with a-KIV (500 pmol/L) for
24 h, the expression of CD3(, AKT and the phosphorylated protein
expression were detected after 0, 2, 5 and 10 min stimulation by CD3¢
antibody.

RS, I HAZ RN AEPAHA 2R % J5 T 2 (1 4).
BRI T a-KGHIPAH A2 ¥4 3 1k fify 3 A2 L 42
Hedgehog(& 5 110G, i — P /i R, fEHedgehog
SIS, PAHA2 S 5IKENER A ZK R A7 (kinesin
family member 7, KIF7)3:[F#E 0 28 4 B oeum, FHiEib
Hedgehogit % [ @& 4#71ill K] 7 (suppressor of fused,
SUFU)F M FLTygE, M IE M 8% Hedgehog 5 5 4%
s

i 108 o- K G AN AT AR SR AU 52 IF K B X PHD &K
JEAMHIFR P — P S0 20184, Fh Bof 34 1 B AN 3k ik &
TERER I Z YD Rl iR 3, 1E N eskE MeT B
(1) /NG 23 AE 1 58 R PR e AL i i, ﬁﬁ?
BRI EIA YT, B YD FAMAE R o-KGEIAS AT AR 2
B, W LAHIHIPHDs VG, TR #EHIF-10 R
I MAEDIRE. SR, a-KGYER— KRG H A,
HI I Re L SRAFTEVETE R RIE A, DR i o i e
PR A AT SR A AR A R B I . PAHAAE il 4%
Hedgehogld 5% T E EZ R ILWE, HE I8N
Hedgehogi i HH OB ML A5, H AT i Jo e S PR i)
7. FAVEL ERLIHE . AV s s
T, AR T — REVE W TIPAHA2 /N oy I .
Horpr, (&1 TAHEL T © A FIGLIHH| 7 GANT6 1 H!
PAHA240#I7|EDHB, fEEARHIWE T BA HE 471
Hedgehog#ill fig J1(KI5 /), I HA B s sl ig
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Novel mechanisms of protein post-translational modifications regu-
lated by multiple metabolites and strategies for drug screening
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Abstract: Metabolites are the primary donors for the modification of biomacromolecules, and changes in metabolites
caused by environmental or cellular stress signals are also integrated into life signal networks. Classical post-
translational modifications (PTMs), such as protein phosphorylation, acetylation, and methylation use energy or
substance-indicating metabolites like ATP, acetyl-CoA, and S-adenosyl methionine (SAM) as substrates to convey
common metabolic signals. Our research has found that metabolites can regulate other PTMs through different
mechanisms outside of their role as donors: Crotonyl-CoA can act as an acyl donor to promote the crotonylation of cell
cycle-dependent EB1 protein, maintaining genomic stability; a-KIV and a-KG can respectively regulate protein
phosphorylation and hydroxylation modifications, mediating TCR signaling pathways and Hedgehog signaling pathway.
In addition, natural metabolites can also promote the ubiquitination and degradation of AD-related proteins. Based on
the new mechanisms of metabolite regulation of post-translational modifications, we have high-throughput screened
small molecule inhibitors of the transient receptor potential vanilloid channel 3 protein (TRPV3) and dipeptidyl
peptidase-4 (DPP4), using key proteins in pathological processes as examples, providing new ideas for the development
of innovative drugs and the intervention of diseases.
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