440 hoE R ¥ 4 2024 4F

cEENFRERARMERIEIIEHZRE -
R ESERPHERMTRE

ok HEE
FEGAAFE ¥R, H T 210009

[(# E] TEMABESAGRGA HEALAM, VAELGCLRAREEFRANEERG,
ERHERLSLBRNRERGARMARRE., AXHMERBRENERL T FR . MET
HHFHERS WAEREFERRABTRANKBHFEAEA, BB TR HAEERETE
ERABE . HERERETFERTHBEER ATARUGEAERE TP EEREGRHABRE
BN RGAFEAEHATRNTHRBEZ, UM A2 ALRETRTFEEFTE,

[K$RA] THEERG;HEF ;KRG EHATE

MEFE TEAHARFHZ.EK, Kz
FHERABAK BEABETFHFEALRK
B, TEAERMBAEDL AR LN/ 5
R, EHARRE R EEFL TR,
BRAOAAFELQHALEHKRRDF
R, RRBAEHA BT L _F £ 25,
BB —%%3:, &£ Cell Metabolism
Nature Methods % #1F) % % SCI # X 190
BB IRBEARAAEH 19 |,

o B 2 0 9 B 2 U R 1 A
e 1 TR T 28 5 2 % R R R T A
P e B ol of B G 0 0 1 B
PR T TG B 5 5 8 (B A A
G R T T TR T £ e A 1
A S e A5 1 R o B R B A O
B ELEUA TR L ST o B 5 4 0 S O
By o 76 B (Y St 7 P T B 5
SR 2% ) B IR o 7 24 B P 2R 0l e
G W B0 o 70 B 25 4 DA 27 1 L7 B A
HER . A B A iy 5 5 1 00
o B T B s 5 3 0 R A 12 o 7 B
WIE A 54 T I 4 12 0, sr B b R BAKTIHERFHRAL—F 2. &
fﬂffﬁﬁ—‘ﬁ@%ﬁi% Ejﬂﬁ}ﬁﬁ/ﬁo Cell Metabolism . Cell Host & Microbe .
AT P BE B3 R S 5 PR Nat‘ure Communications % 1 F) £ & SCI # X 20 & & , K%
ST EHL A T A B e
S B B T A L OF AP T MR IR RO AR R B A A B B e
(Metabolic Bionics) ffi & 42 H 18 55 V8 77 HU bR & B 5 PSR R R AR LR P2, IR R
LA SR N W R T B T R R OIS RO RE LU A SR A2 R
B M 2 B 25 LA B 5 b e . R OER L ROE A AR R IE B3 AN
o ST SUBAR L T T AT TP A O L 0
1 FRAEMARRINERY A TSR A S 3 e L T4 1 5
L1 hEEER T M S P 155 B 2 e T b S 0 B3 o
BT B B 4 BRI R R RIS 60 B8 L ST« oh T I BRI LB

B TEHHAKRFHIE.H LA TR,
BR&GERFFASLHUARE, £ &
INE B B b A SR AR 5 25 4 Ye AR K L AE
Ko, AHBARAAAFELTE 3M, iz
HEBRMFRALFRB LR, AL EZR

W H 3 :2024-01-05 5 4 [l H 1 : 2024-04-11

* RICMIEER ARBEREESZT R EE 331 M ME SR THE M N &%,
* % WFEVE#H . Email: haipinghao@ cpu. edu. cn

ARSCZ BN E R A SRR 225 4 03 W 5 BRI H (82321005) BN .



¥38% H3W

A A5 . A0 A 5 A ROy R L AR 441

T AR ER R AL TE RN R, = 50
A7/ 05 SN B (g R L OB P T ES R Rl S
FEERY AR . 7O B BRI AR 2 S A S ) AR PR
B R A S e R N U E Al
003 e N VY S e & &S DN NN DR S S N 27
Ty G RAAYT T B 7 BE X2 e U PR B
1y ELAFDXT f7 500 95 s LA 2 3 035 A S SRR 2
HOR YL AR, 78 B 2 R T VR R B A 1y I
JECPE I AT & JEAE | R 6 DL i A R 5 BB 27 4
AR TG K R, AR P BE A AR BT TR R B e
T S I BN 58 A 1) T B A G PR R
9o ) FIEE X 18 1 52 A PE R IR L 25 W I 2 MG R VA
97 Jmy BRAE 5 25 T 348 I 48 7E 43 1 20 L K P Fi AN 2 21
B I AR G0 IR A ] Y o = e e B
YT U S ) L B VG R 2 R I R B A
1.2 HAEMERXENZEYE

S BB N =0 SN 7/ B NS S SR TR N R S
R AELER T N SR 1Y B 6 R0 A BRE K T 19 2 T
RIEARHG . H 2019 4 IF 4R 19 42 BROFr 24 56 IR s
BEMEE R, X N 8 0 H R 28 2 T A = Y ik ) 4R
TR PR R X B AR AR A R SRR TR A
TR O I LA Ll 2 i A S g SR L 2
PRS2 2 MR L o N R R Y 2 2% T Mk =
DI R AR AR M B 3R O IR AR R X DL kR
o P R IR AR R A BB B BT BAME, B
P B A ER AL i 7 AT N2 R B A R R I PR 95
RIS YT 7 2K B B BT 5 24 IR IR R 2 R 24 kB b
HZ B

(B N I TS R N E N NS e
R A PRI, WA SRS YT 5 PG B B T AL
NHEA AR AE bz g e P ), 32 327 S H
B & R R B3 etk AR B R R
VG 77 [ S i — Se )2 G RL EL T B iF 5 v B 2 2RO A
Z B AUAN 78 E 2% (Complementary and Alternative
Medicine) 7E 2 BRYU B N5 3] 7P & i, 7,
O BE 25 OO I PR R 12T 1 B B R [ I
WERBA— DL TR AL, (B, 178
MRS A, FER R T E 4 R R
O BEARRE 27 5 AR SR AT A PG L Ak BEAE | P BT 1
PRA RO FOHLEE 0 0 5% © 28 U B A [ B 52 e g 1Y
SRR AE T X6 H I RV S e A AR Y il o
T TG R 45 5 SC R A ) A B R 0l 2 LA
AT A iy B Sy S T B v PG G P AE 5 o0
Z PP BESS G AR R T R RS T A

Ao AN B A8 P BE 2 IR A IR T P
= $A 9 i i 63 BRI 5 1l PR i S8 R W PR
EADR H =M E W MR — B h e EK SR
FYAEAES T RCH AN AH 5 i 9 Mg i 3 5 BIL A 1 AS 1]
B BR A 1 R 3R AR R S . e S B v g B
CRERELAS R AR IR Y 2 A B kR A
2.

Fe [ FLA R R 1y o B2 24 e Al L 7R P oY PR A
B U EAT KR i PR S B P S R R R 2,
AMERE S, AR O 2R I A A R 2 4
T7 VA KA 97 3L B B TR AT 5T RIAR B 1 v g 1 52
SURR G BOOL S AA Z A SR v Uy IS A Rl T O
ANBEAR) BR T AL A Mt B AR 2 AR i R s
W T A i 28 T v IR R L B D BT X A A iR R 5
F o VAP R R A R Bl i B S BOR B &
TR 703 B 14 A= i Bk 27 SRR, O A i AR T R e S AR
AR P ER S, PESHERZSG N
— AT A R A AR AR R R B AR R X R P
B B 1A AR Rl T R i B SR R AR IR IS U A

2 HAEMEXERFEEMZ DO AR
HE

2.1 HHEEMEHNXERFD:A

H P B 25 A 0 9 Y AR AR 32 2 )R PR T A X B
B A BRI RO B S Rk 5, B3 2
(VG BB 2= 5T 25 5L L N FH IR R = B R F B
T B B AR B RN YA T A PILEE X BB B Y R A LAY
WrE—ERE LREFThEGFE LN R ST
I R I7 28 AH 1 R T2 A5 BRAR B2 2 vy B o A« Xof
WA R WL, AR A IR E SRR S
FRA 27 ] 1 32 % 56 3R o B8 oK 6 A2 1 s DR 7 2K, LA
R 25 B R AR 51, i R G B A )RR 2 1R
Sk i 1t ERAR A Ay B2 R A A AR A b A Rk P s 2
R RSB P B BS R F IR R LT R R
A Em AR EA ISR R, A
S AR B IR W B & AT O o v B T R
JE (1) S S R 2 1) 06 45 (AR BR T (1) BN 26 HL A
EXENLE (2 BHEREEY RERSH P E
MG HEARTRL G (3) Y a5 b E.O E
Pl B P TE SR (VG IR 88 S A5 A i
JE TR 0 I 0 P S L 3 v s B L
WEEE) 5 (4> JE 09 X3 S e 5 #i 28 D9 43 0 B il
(5) A I {5 5 38 B 4% b Y B BH O A R A
(6) FEF A MAFE"H IS Y AR NS (D T



442 s F

¥R 4 2024 4F

TRk R 28 G DN 3 D 5 (8) I PR Y
A A Eh AR B ERE 5 (9) S AR A 5 o g Y A
4 AT SR B
2.2 HAEMENZOEARER

U4 N TR RS KBS R G L) A 5L
U PR S R S 20 A W) BR S W ST R TR I K
BLIE A= Wy PR 2 F 58 1E A LAAE A9 B RE DY | B BE AR | B
— {5 5 1 B AP 1 ) R R LE ST, X S
B PR E R AR AT S ol ) T 22 b, o O A v R 24
HIER R TR AR TR A, (HE,
4 T AT 58 MK AR g R T 77 B T sk e BLAR R o
FBe AR — S A M A BT ST R X T AR A s
WA STIRAT BR o 914, 22 21~ 08l 20 i e B vh
TP THR A R A E A A A E
ZJZU)TZ BV T RO ER TR O B RN 23 1
AL R Z A TE M . S 1 54 4 3 o ol 2 i -
5T 30 DI ZEAE A A= i PR 28 G0 9 4 LA A o IR
25 W 25 A T AL 9F 52 5 T 28 i R B B A BT, AT
WA I 5 B R AR HAS BR T2 (1) B X 38
PR A TR P 14 DG B AR 5 20 1 6 B4 2 R 4 ML
WFSEHCAR (A= W) & naE T B AL 52 6 23 B B AR 5
(2) 1555 F IR0 bR 24k I B H: AR B =i i B R
CEMVE SIS R E LR 5 (3) diiid . 40
(] R 55 i B A 2 AR L S B A S AR SR U T 4
A (4) FUBR LAY 2 4k i 23 B 5 LA A (b ) L 45
POIUA AUED 5 (5) BIR L EE 1 A9 B 1] 72 7 5 % i
TR (6) H X N IRAE 5 20 1 7S R R 4R
YER S W BRI R I (D) i 25t & S &
REB IR F A .

3 RiFAERERMIEEZRE

3.1 REZEARERILR MR

PRI 20 M0 20 RE 55 A i 1 8 B9 kAl AU A
AU ALASHT B A Y ™ 4y, 38 A O S 5 2R 3R s
SRR 4 T RIEE S LT YL kY
A TR R IR A /N o3 1 AU AR AL DL 25 4 2 00 40 1Y)
AT AE L i Jay B 1 ) i o a7 A% 138 4 45 1R 5 3l
% 0 P ) S UV L R 22 6% X BRSS9
T R VE 5 LA RS I A . LA E RS 4
R AL A L2 e 7 A A ) I 2 A Al T R T
TEANNE A T B R A | RE e M 22 A% 5 A
. S —, 2N —Z Y AR S
PR o I LA L R R A S S R A R

P 114 3 ] 5 B AR AOE A I 8 PR R i T AR 4
I AR ) T TR IR T A R OR[N A A i B
SHEAEDF S AT . BT RO Y BRI R 52
S BIR IR X THIL A A B 5T R 2 R 2 A R RO T, &
A BUAREE 2 1 A B S5 R AR AR AR XA 7 AR
A BT A  (ELXE T JHC oA 7 4 98 5 AL 1 sk = 53 1 5 40 i
JKF- B8 A 5 T AR T O R0 B Y PR T S R 4R SC U T
PR R E T 20 T W R B AR T 5 S AL H
WAL /R T kA & B, JF i A2 PR
A5 BB T R 2 L AR R AR S T
14 01 BE K2 ML AIF 5% T g B A 21 i AR J5 B v 74 B2 By
SR B2 A TR B 16 BT A L O A Bl 3 A
Th Ak RS nl A7 B A
3.2 RfEESPEERS

PAACH I 2 54 U S5 R AIF 5 XoF 4 3l vh i 2=
Al A RA EEAME . 55T, P R AR B e 0
TS5 18 A R U ol i v 2% i A T 2 AR A 5 A 1A
ERHEAERN, GWEE PR MEE RIS HRE .
5T 2 7873 2 W1 B 1A 0 40 0 7K 1 1) A 38 35 50 2% T 5
A AT R W B JE AR JT B 25 4% &R G K
S B 25 S o DAL e e A A 4 A BE 5T RT O R
P AR UL WL £ (1 50 5 oK P Bl AR 0 UL AR L A B
THESHE RG LYy B AR FIAE S
AR A8 SCRS At HE v 7Y S BROE B K B 5 K, TR 18 T
SRS BT 36 Fh o R R AR T 4R
LR R N R CIRTE Rl VAP R I= 7 B S R £ NP
AT I R € O B G S A TN IR 4 T R
G T e | AR 25 e P 52 2% 0 119 B IR 4%
HPia R4t TR AR . RE YRR R
R 5 5 F /2 A T 00 I 0E 5 s A 0 £ il
il o Yl B B A BRAR AR M B S R R R
YL il 50K i A 2 L R IR 7 A LR B A
99 JEE B —EOPE O AR G R B LB B2 4G T o T AL
il S5 S — G KR EEE B 4B s il R g 1
HECH TR (5 R S A 7 A B 455 20 T R IR
A8 A 74 £ 95 728 7 A e 2 T AR S R R
iE ST & F1TH B A0 08 - 37 3R JTF e i i 7 i B DE AR
e S PRIAIT RO AR T G AR 4 S
VU S BB B 36 B HA I A R L %
WF5EA B 0 TR B v L G R Il PR T A% A P TR 4 it
BT L R R R 2 A e DR B 36 O B PR 2 Al
1 2l R R HP PG R A ik R B3 36 HE KPR P 0 TR B A
Al AR,



¥38% H3W

A A5 . A0 A 5 A ROy R L AR 443

4 KEFESANTAERESHAME

4.1 “RE"HITAERELZRNOEICEM

TR GE VG Jy B2 1 e R $R A | R R ) 2 ) i
T 3 1A 3R 5 A A I 45 S i o] 4 L o1 A7 AE P
S A8 MR % P I B 16 T T T RO AR B 7 4
PERE R E BRI A TR —
B RN — 3K 25 W 1 245 ) 0 A8 TR 18 1 OR A PR R
29 LB P i JR BRAE B 25 52 B0 s BT O & e
e L 52 5 254 S A1 25 0 © 38 B WL R 25 ) R Y
PR X — RS E R SR
By AR E R s RS AR R TR R
2l 22 48 WL SELARE R B R AR R A8 0 B YA ey 2 2
LR L R 2 A 2R A ML YRR S
FERARATIANTE M7, v B2 25 1l PR 3R B 75 5 09 ) Jo ik ik
SEYSARARFEY], Mz I8 Trh gy s T
A A AR BRSO IE IR R

2l ) A S N IR AR A R D TE] &R 3 B 2
FEAE B 45 K B B AR s 76 5 WL B AR D 1w,
AR Z oy 2 G R R R
BevE/ B A A7 R AR 7Y e Ah B A KIS
KNS Z 05 A B R 45 24 % 4 38 a1
E—R R &R 48 (Host-microbe Co-metabolism
System, HMMS) 7] XF P IR AC ) 7= A “ 7 5“8
PETER 52w G M4 N A I R G, HE TR R
“IIE AR B TAL 4 P O Y L E AT L P 2 R
535 PIRAC I ) B A b2 5 A W AR i 258 1, DA
IR AR 5 45 Sy o 24 %00 A% 388 1 15 0, W] o 8
vh 2 1 24 R4 ot R Al S /R FH LB R R DDA R D DA
MR EYHEMEFEPENSERE RWENG”
BRSO A 27 N ToR 4 T R

AR 5 98 28 00 ff B s &, v S 25 3 TR i
it 5 K 2 B A R AW B IR 2 b A < i Sl
“ i g ot T S FEE v B LA A A X T
VRS TINE N INTNYS N 2 S REE 278 B i
SRR R BT IR SR A T SR AR L TR A BT
IR 5 40 T W B0 A5 20 S A 5 4, 48/ HAE 4
Fe N R v i/ A AU B T S5
S ERS A 5L RS 58 o H g SR
B R4 B, S 5 A% P 2 1 R0 Bk B 5 T Il K
AU S 1) 254 K IR AR H R IR

BT AU IR R A A A il R SR T R A R T
YERT S FRATTHE A0 A 0 26 7 B A 5 B, BP DL N RS
S0 T RREAR A 5 1F T A B A N T 8 s LA

PR e 2 1 i v E R T Y 2 3R T A A AR TR AR L
B, T 38 ok A AR HE S AR 21 Y £ TR X
HEAT Z 88 G B W 0 B g M i AR RN T
B AR AR S AR B T R g
B E S NS A A b TR T v B 2 R e B
AR Z RS A AR BT v s I 46 7 i O 1 e
MR GE A A IR A ILES & b 85 42
VY B SR R B R e A R I R AT HE e 5 7
P g
4.2 “RiAE"SHAMRE

A MR R R T G AR Z K (G-
protein Coupled Receptor, GPCR) . ¥ . & F 18 18
G2 My TO R I A 25 W) I 5 18 i B IR Y
T BT Rl 18 P A A M R 1Y 5 B ) 4%
RINBTIR B AR 5B R A A o R 248 . IRAR
WHE S Fl N R RE SR RS
SR HEREAR ARy 2 AR R 25 BF A 4R At
TR A AS R, IH T R AR I AR 25 A IR DL M R
D RRFR S5 A I DR 25 4 0% 1 FH B 2 32 o 1 B AR 3R
WAL, IR AR A 5 B0 AR 4 AE AE 2 R AL Y R T
X N IRAFALA NS R I 2 B pLH et T
ROAREE . % I8 BN 25 6L 218 0 1Y PR RRAE
FeT R A7 A A 2 A 2 XN TR R A B
T B, B WA AR 5 43 08RG 4R A 4 B A A
AR o] Sy e P B IS 4R 5T 0942 0 Bl IR
br RIS 250 BT SR AR g AR . LA AR 5 )
IR AL G 25 0 R M) FRATT R O - (1) IR R
F A AR — S R — P 22 A 3 0 5 (2) ARIHE 5
XF 52 A B 5 A BT T R kR AR S L s
(3) HLERZEAL o 5 WIRAE 5 0 F ik
FUEY A BT s () A 30 b5 5 15 5 41 i =5 3%
G R AR A R R 2 ) B A 48 R SRR S
I3 HEAR A  HAF S 2 SR S AR AR
TF e 22 88w Wp [) B G R 2 1 BT 25900

% I AR B KA AR &R 46, AR T RS 1 s
T P 20k e 55 I B 50 91 < A4 05 2 75 i) 4
2 it 5 B A A 4 38 o 48 R BT R | A BE s T R A
LN 5 o0 F R a7 R R A 4
ORI TN =i i i NI U = N A R T
000 A A B — T P9 R A A S R R R R
(18 S BRI I 455 P 19 5 i 8 0 A 5 B AR DL AU AR
TR A R 2 Can 5 LD < I
THLE G T 2 M R A Y It BT RGN 5 ek
Ko DAIARAE | BT 2R 2 T BRI S5 ME 36 PE rh A i hy



444 BoE R % K 4 2024 4F
fﬁﬂ ,ﬂ?‘é{j{@/ﬁ@fiﬁ%ﬁ@ﬁ%ﬁféjﬁ*%ﬁﬁﬁiﬁfﬁ [7] Wan N, Wang N, Yu SQ, et al. Cyclic immonium ion of
7?% ':P F}:EE B,(J %ﬁu {%4_%:‘6},%&%%&%5 EP E%Zﬁﬁ lactyllysine reveals widespread lactylation in the human

o e N . proteome. Nature Methods, 2022, 19(7) . 854—864.
G R  AEAR g A v B R L OE RE L T , _
N [8] Tian Y, Wan N, Zhang HQ, et al. Chemoproteomic
%jﬁ ‘H1:HEE‘/DH¢T%%&I\J%2E§/E{ ”EEHM}E{’EE‘J{E%?E mapping of the glycolytic targetome in cancer cells. Nature
K H b IR B AR R, 3R R S o AT L4 & b 44 Chemical Biology. 2023, 19(12); 1480—1491.
J7 T WA AE A4S P R ML S e g i An . a8 ot 3 [9] Zheng X, Cai XY, Hao HP. Emerging targetome and
:j:ﬁ,l]”;ﬂ?gﬂ *ﬂ%:ﬁ %% Pia)| E/‘J f)‘—ﬁﬁl@ ;FH %% E,(J ﬁ/£ , EZ’% LI signalome landscape of gut microbial metabolites. Cell
NN NI T g N . Metabolism, 2022, 34(1): 35—58.
PRI T o B 1 2 R MR AL B 2K 7 7 ebalism. 2022, 31 -
A B AL T W 2 25 L1070 v, F& QA 4 55 25 0 0 A R BB o0 i ff e 5 e 22,
b A 251 )
URUENLE ¥ M Aa 5. o [ I PR 25 B0 2 53R 97 2 . 2021, 26(8) : 955963,
5 4 s [11] T4, WhEMEIRBTREB”. WMETPE, 2009, 29
15N =A
(2). 197—198.
S LE A TR T E 2 R R T EAS (6, (12 JUM. I AR S AT i R
W R [ Y > IR R T LB TSRTs) M S S A A R A& Aeak, 2023,
TE AR AR £ B I DR 5 B 36 oh % 4% T AR T L W45 05 B IR a7 R TR b R e A 023
VB AR5 8 o I 24 S5 L 0 9 9 0 0 7 I D
- " b [13] Wypych TP, Pattaroni C, Perdijk O, et al. Microbial
A . N N ; AR b
f}L’f’h@% H {ﬁﬁ$ﬂ‘%§ﬁg Xﬂ# EF' = E/]}EIE‘ %*Eﬁ/ﬁ: metabolism of L-tyrosine protects against allergic airway
?y“ ’ %:%E@ﬁi%'—?ﬁ@%&?égiﬁ o %Wﬁ , I inflammation. Nature Immunology, 2021, 22 (3).
] 52 2 12 5 1 Il PR A2 97 5 oK L v P R 3 5 S R 279—286.
%Eﬁm%lﬁﬁﬁ{ﬁ%ﬁgiﬁu gﬁ , *ﬁ;‘é}ii@ *u j:i* [14] Stewart Campbell A, Needham BD, Meyer CR, et al.
rﬂ%ﬂmﬁf#%ﬁo $@l§?§%ﬁ?%ﬂ@jﬁ%@%&ﬂ 'T‘ Safety and target engagement of an oral small-molecule
. A~ T R A A~ X — sequestrant in adolescents with autism spectrum disorder: an
E%HEP%ﬁ‘D IE}bEI)b{JE*4%IE1bﬁ% E/‘J h—‘ﬂ@'m ’ open-label phase 1b/2a trial. Nature Medicine, 2022, 28
T ok 2 A S8 U e DG SHE R A M AL, 7E A A o B 24 B (3): 528—534.
%‘L’IE-L/E\AV\] igl E/‘J Iﬁ] HTJ‘ . ﬁﬁ*ﬁa}fm ’f% @%Iﬂi@ﬁgf‘é Zi [15] Kuang JL., Wang JY. Li YT, et al. Hyodeoxycholic acid
i E"J ,ﬁ;)iﬁ , EEliég ﬁﬁ EE |:,:| 7O = i/E\A ,ﬁg %\ ﬁ[ﬁ /ﬁ\ ‘5,_3‘ il E(J %ﬁ alleviates non-alcoholic  fatty liver disease through
W SR N dulati h -li is. Cell Metabolism, 2023, 35
AR R, BETRREAE A mNRES SRR zno weting the guriiver axis. Lol Hetabolism ’
10): 1752—1766. €8.
¢ DL A2 L AN = b
':F' Eﬁig,ﬁzjﬂ PR ,f_h 151{” oA ¥Amﬁ< & I:j,fn 7 [16] Scannell JW, Blanckley A, Boldon H, et al. Diagnosing the

N RN £ 29 3 ~ 4 I
'ﬁ%@%ﬂéj‘j% [ﬂ E/Jﬁﬂ:j‘l\‘ ’ B{F%Tﬁtﬁkﬁm‘ﬁ il = decline in pharmaceutical R&D efficiency. Nature Reviews
254 A B TR R AR iy B DL K 9 i Bl Drug Discovery, 2012, 11(3); 191—200.
yﬁ%ﬁ%ﬂ%,jﬁ){%{ﬂﬁﬁ:ﬁ@ﬁ@ﬁlﬁﬁﬁ,Tﬁﬁ]%ﬁ@# [17] Ringel MS, Scannell JW, Baedeker M, et al. Breaking
Iii/t\;ﬁx /z_f: E/‘J 1:@ }% Ej % % , y\:’ é}\%@% ﬁﬁk EP 5| eroom’s law. Nature Reviews Drug Discovery, 2020, 19

(12): 833—834.
[18] Sacubitril/valsartan (entresto) for heart failure. JAMA,
7‘5 % 3': ]—ﬁk 2015, 314(7). 722.
[19] Vincent F, Nueda A, Lee ], et al. Phenotypic drug
(1] skF. BRI, AT, HeT A A 9 b 2218 0 45 #E A X discovery: recent successes, lessons learned and new
M c. hERZE K, 2023, 9(14): 131—133. directions. Nature Reviews Drug Discovery, 2022, 21(12):
(2] Bhivg. BT “RGEMW” B b 25 5 J5 WF 5% 09 8 S 2 AUB 7 . 899—914.
hEZG B SRR, 2019, 33(9): 650—651. [20] Naganuma M, Sugimoto S, Mitsuyama K, et al. Efficacy of
(3] BARRZE., 2P0 WRRdEEIRPEE M 2 5%, PESSHE indigo naturalis in a multicenter randomized controlled trial
#j, 2022, 17(15): 194—196. of patients with ulcerative colitis. Gastroenterology, 2018,
[4] Langenberg C., Hingorani AD, Whitty CJM. Biological and 154(4): 935—947.
functional multimorbidity-from mechanisms to management. [21] Guan X]J, Zhang YY., Zheng X, et al. Drug discovery
Nature Medicine, 2023, 29(7): 1649—1657. inspired from nuclear receptor sensing of microbial signals.
(5] Z=Wr, shmds, MR, 5. P EES R RS EIL Trends in Molecular Medicine, 2021, 27(7): 624—626.
BE2E4eng , 2021, 12(3): 58, 15. [22] Zhou JC, Fan QL, Cai XY, et al. Ginkgo biloba extract
[6] #hgg, XN, &5, %, “WBRE” MR P IEES S protects against depression-like behavior in mice through

MR R LI BE iRk . R P B2 R 22224, 2023,
42(6): 681—685.

regulating gut microbial bile acid metabolism. Chinese

Journal of Natural Medicines, 2023, 21(10): 745—758.



EHENE I R ] A A5 . A0 A 5 A ROy R L AR 445

[23] Hao HP. Zheng X, Wang GJ. Insights into drug discovery [28] Rask-Andersen M, Almén MS, Schisth HB. Trends in the
from natural medicines using reverse pharmacokinetics. exploitation of novel drug targets. Nature Reviews Drug
Trends in Pharmacological Sciences, 2014, 35 (4). Discovery, 2011, 10(8): 579—590.

168—177.

[29] Xu WF. Che Y, Zhang Q. et al. Apaf-1 pyroptosome senses
[24] Huang JM, Liu D, Wang YW, et al. Ginseng
mitochondrial permeability transition. Cell Metabolism,
polysaccharides alter the gut microbiota and kynurenine/
. . . 2021, 33(2): 424-—436. el0.
tryptophan ratio, potentiating the antitumour effect of

antiprogrammed cell death 1/programmed cell death ligand 1 [30] Hao HP, Cao LJ, Jiang CT, et al. Farnesoid X receptor

(anti-PD-1/PD-L1) immunotherapy. Gut, 2022, 71 (4); regulation of  the  NLRP3 inflammasome  underlies

734—745. cholestasis-associated sepsis. Cell Metabolism, 2017, 25
[25] Hsu CL, Schnabl B. The gut-liver axis and gut microbiota in (4). 856—867. e5.

health and liver disease. Nature Reviews Microbiology, [31] Needham BD, Funabashi M, Adame MD, et al. A gut-

2023, 21(11): 719—733.
[26] Morais LH, Schreiber HL 4th, Mazmanian SK. The gut

derived metabolite alters brain activity and anxiety behaviour

in mice. Nature, 2022, 602(7898): 647—653.
microbiota-brain axis in behaviour and brain disorders.

[32] Zhang YY. Fan QL, Hou YL, et al. Bacteroides species
Nature Reviews Microbiology, 2021, 19(4) . 241—255.

. .. . . diff tiall dulate d ssion-like behavi ia gut-brai
[27] Imming P, Sinning C, Meyer A. Drugs, their targets and tterentially modulate depression-iike behavior via gut-brain

the nature and number of drug targets. Nature Reviews metabolic signaling. Brain, Behavior, and Immunity, 2022,

Drug Discovery, 2006, 5(10): 821—834. 102. 11—22.

The Path of Chinese and Western Medicine Integration and

Development Guided by Metabolic Bionics

Xiao Zheng Haiping Hao'"

School of Pharmaceutical Sciencess China Pharmaceutical University , Nanjing 210009

Abstract Traditional Chinese Medicine and Western medicine each have their own advantages and
disadvantages, and they complement each other. The integration of Chinese and Western medicine has
become an important feature of China’s medical system. However, deep integration and progression of
Chinese and Western medicine theory and practice are still to be expected. In light of the needs for modern
clinical diagnosis and treatment of chronic complex diseases, we outline the key scientific and technological
challenges that need to be solved to promote the integration of Chinese and Western medicine toward a new
medical theory system. We also discuss the value of metabolic regulation in promoting such an integration

&

and progression. Lastly, we propose a “metabolic bionics”-directed path to promote the innovation of
chronic disease treatment strategies and the development of combined new drugs, contributing Chinese

medical wisdom to all humanity.

Keywords Chinese and Western medicine integration; new medicine; metabolic bionics; drug research and

development

(TiEHmHE % & K &)

% Corresponding Author, Email: haipinghao@cpu. edu. cn



