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Abstract: Monoacylglycerol lipase (MGL) is a serine hydrolase that plays a major role in the
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degradation of endogenous cannabinoid 2-arachidonoylglycerol. The role of MGL in some
cancer cells has been confirmed, where inhibition of the MGL activity shows inhibition on cell
proliferation. This makes MGL a promising drug target for the treatment of cancer. Recently,
the development of covalent inhibitors of MGL has developed rapidly. These drugs have strong
covalent binding ability, high affinity, long duration, low dose and low risk of drug resistance,
so they have received increasing attention. This article introduces the structure and function of
MGL, the characteristics, mechanisms and progress of covalent MGL inhibitors, providing
reference for the development of novel covalent small molecule inhibitors of MGL.

Keywords: monoacylglycerol lipase; covalent inhibitor; covalent binding; targeting inhibition;

treatment of cancer
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Figure 1
AA: Arachidonic acid.
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2 MGL EH&SHEHRESHNFIF SAR127303 454 0% (PDB 475 4UUQ)
Figure 2  Structure of MGL protein and its binding pocket with inhibitor SAR127303 (PDB 4UUQ).

F30 258K 38 5E , X R W] MGL Al fig 5 B AH
HAERIFSEE R IR o ILAk, 7 T =1k
KEER 3 AP B2 R (Cys201 . Cys208 Fil
Cys242)KF8 2 MGL WG MG, WAl X)X
Wb Y e G R B R A T3 43R e T o ).

NIEA) MGL £7AE 2 Rl A, 43 A K AY(313 4
AR AI(303 DNEIEMR), XIAETF KA
N s bR 2 10 24 55 (METGPEDPSS) .,
/N, R ANRITH S, BFIE. OB il
BB B AEATE ERRE MGL K294 33 kDa
K/, WAENLA AR 2] —A sl H KRS
Z I 1 5(2Y 40 kDa)?Y,

2 BB E kA A e Y 34
4-F 1l 5

T GE 25 ) T SR el (0 B T & ml b A
ARSEANZE B (09N 73 -0 0 78] (el ) ) o e
ARy i BAME R R SE B, Bl
BELOERME . TOTEAEAR E AR AR, SR )
ERR BT A R I RE SR, SR R E Ak
BN, B LA B AT A P 6 A 40

IRETE A o S 28 W 6T AT LGB 13 19 fibed

http://journals.im.ac.cn/cjben

Je BRI & BT wl DT AR Yy, HG ) PR A A Tl
1/2 SEAN 285G AT 77 A AN ] 335 (R 0 Tl g R 028

i T BRI L Tl iR DT AR (MGL)E 2-AG 1
SR R AR EZENER, MGL By#l/2 %
JR T — Rl T e S KRR Z 1k CB1 Al
CB2 W7 ¥E. i, 2-AG IS MGL AYBH
DT A5 4530 o A DA R RR 28 R K- TR, AT
FORFRZR G S G E . MGL b n] DL il 8 41 i
TR T AE G RRR L, IF i ks R IR (5 5
P 0 Bb g A e Y 2R L SRR AR ZB T, i
MGL A DA /N BB rf & 35 500055 RO RCR
I MGL il e — Mo O Hi R 07 .
2.1 MGL H£MNHNHIFI A=

TEL5Yt R R, R0 25 R B e S
23N KLU (idiosyncratic adverse drug reactions,
TADRSs)/&BHIG I & LR 259 10 28 R . Fain]
2599 TADR JEZ5W)IF K By B Rk, WAER)
BLEI B AR A AN A Tk, 4t TADR RIF
U, A7 L 2 G Je A iy H G e 25 11> [
UL IX Rl 25 W) e & IR 32 B> 24 5
KRR, AT e T
FHN, SR 2 e sk AT,



EEXR F/RBEHREBBIIN NS FNRRINHRERE 4401

A w A B . D& Hr e I e )RR AR 30 1Y)
(i )7

ek 20 20 24, BIE A BUF & T 28
MGL By, AT RE R 3 F2E RS 5 MGL
MR EE G MR 5 MGL L m] i 25
A H A EIFR 5 MGL JEHAR 2455 iR, H
A S BT S R oA T2 P X e MGL
SOy I AN P i - SRR i (5
Ser132/Ser122 4545, WA V&> 5 TG VAL MY
T Cys252/Cys242 454

LA I E R A — e R LR 5 E
MR Bk FE AT S B 1 T4 o e e e ek s 3
MY R AR 1 S RO 4, R Rl
Al DLR B ROR s LML e B0 SRR, 1
PE H e L FOR G R ORI, T Ko
W25/, JRREAR TR AN EEVE RN -2 )
HHEAERATRER, Kk, 7w E s 2 Ifies:
IHIATE LT, AN R 2 e i e 25 Hh Y
[Eprian
2.2 MGL £ #1515 IER AR

MGL (14 8 ] He A 4100 i) 500 52 B B P B T
Bomrd 2 AHLRIEER . ', AWikA
MGL %546 148, AR IR ErghgedE o
S 8 ST R A B T AT 0 1 Tl -0 R0l S
X 4 1K (enzyme-inhibitors non-covalent complex,
ED); BEJS, FoR bR OCH fig A8 5T S
PSR, TR R - B R A A G R
(enzyme-inhibitor covalent complex, E-I), f#izE
FARIER Y S B IR B s I T 2Rk
2E TN, AR AN R A9 B S AL SR 43 Sy
A 3 AR RN AT 33 R B

HAETC M4 R 2% MGL g 5
Bk RERE M FET MGL R H BT A
fEFR AL Ser132/Ser122, WA TS24
T8 fi A b Bl BE B 3 1) 21 IDE 222 (4N Cys252/Cys242)

&: 010-64807509

GES . XBBEE YL SR R A RS S
LA AR | S L R 00 i skt
FHF BRAR R AN AR AR 25 A ng KUS P, B
MGL APl H L s Sk Qnig 2R |
ESTN BN B F 97K ey I N
BEMZEEIT MGL MIRCIRZS & HASICHE B Bk X
I R TR LA A

AR R 0 A C 2 e
(LA ) 390 A BF 2 B ) e, RSS2 I B
EAIRE D, AR S ANE A N 2 e A
W5 SN 3R T A i e 2 4 g S B R PO, —
BB 2 TR 2590 R A S B SR A BT Y
TR AR B, 7T BB RN S5 A 0 5
() - & 30 B S i S ML, X U B AR R
24 B AR
2.3 MGL £ HFIFIR T 5

TR (T 2 1o R B 25 XU, A s 45
Ao FIRFNF L R RLAS . 25901 46 1 Bk
LERE, HFPERAM 2003 419 11 {2301
TnE] 2013 4EAH5 28 1235087 £ X EFEAY T 25
W, K2 30% M 3L a0 70000 il ] At
e s T —EnNTiy. B2, XEesg
T S E B A R e e AN 3R LA R
FEFEAT I AR Z A0 VB AE St 2 e ] T Lt 2
W) 5 W ) AR, FTRE T X AR R 2
Wity o 2 g

MGL LM /IN G330 09k 58 1 sl e
A 20 ZAERY BT, WG MI R ECR Bb, Xt
X — 401 35K P19 A9F 5 2 2 00 T A PR 3 o 1 B
Beo H R SCk A4 Kk 2 50E i 259 sk
WIBA BB, X L2y W 7E 4 M L) Ko /N B S 4)
REySCm P e T A BRI R . IR . IR
J7 A 2PN B A IR E 5 DAL, I FLAH H T A5 4
RSN DR B R | SRR P
AR 45 R B, B 0/ MGL 34

B<: cjb@im.ac.cn



4402 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

il R T R A A5 R, XU T MGL
SRR 25 T T, ERAKE A AT T AY
J R I,

3 FEEE H e Ae G e SR 9 A
R EERER

i R BT AR 24 S0 MR MGL
7], SCUE I T MGL #50  v E E BE, H
AL BARRIO A B i 5 4
Al R . 5 MGL AYIEPEA S Serl32
(8% Ser122)fF FITE ittt fl Ay 22 22 R s i 771
5 Cys252 (8 Cys242)fE FTE L4 (1)<
ot B S L T, AR S R B A A R

TEIHNZE T LR E 21 MGL 2:4 /N 74
HlFEE D, TR HELFILE: (1) FHH
FHZERETER MGL 346 P 550y B4l 50, 40
MAFP. NAM; (2) %A 24 e 0 2 35 1 TR TR
SRR P HIFR], 40 CAY10499 ., JZL-184,
SAR629, MIN-110, JIKK-048. PF-06795071;
(3) & A 7N ST N (hexafluoroisopropyl, HFIP)
S A W R IR L M ARl R, KML-29 |
SAR127303, ABX-1431,
3.1 BHEAFERE M HNEHIF

H Al & 135 5L 7E 1999 4E % B Y MAFP LAk
JEE ARG 114 7 = i M S R UR 28 4r Y 2-AG
KA, [FIEF 2-AG A 7K A 32 ) B MR- 3
[ HE T MAFP ARAT 506 2-AG K fig, H
52 1% 132 TR, 0 MGL 76 1P,

2005 4, Saario ZEMOV% Bl N-16 4= DU 3L 1)
>k 5k V. % (N-arachidonylmaleimide, NAM) A H:
KW iz AT B bR ai L, kbt
i %L 38 B A O 2 B 1 P e L TR M
; N-ZF& H ol kI e (N-ethylmaleimide, NEM)
WHIEI 5 -SH 3 J LA B B8 & A2 i

http://journals.im.ac.cn/cjben

SR, AE-SH 9 JE A I 07 7 JF 8 o vk B 1)
NEM A&k, &R 10 i 5558 70 5 NEM
1) s A B AR B A Y BB i, 3k A 2 g s
V58 RN s Saario S5 A4 H T 5L 1) A7 7E X
TN oG B ARl A, AT FE
FE ) 2-AG G550 i BHE AR T PR 218 Fil
252, HAHr T —F51 2-AG (1 R BV e 2q),
W) XL A PIREIE B A AN RT3 ) MGL #1551
AIRES B 2 ANFRILIIL 5d R I S A K o

JG2k, Labar ZP¥7E Sarrio BF5T A 3LAE |,
Wi T & AR dilR, MRS, nIae
] Cys208 Fl/a% Cys242; XA 4NPY 2 IR (L
fit), ABLAGNEE /R BEME MGL, ki A
AWML . 2008 4F, Zvonok ZE I — it
EFIRIETFE R, NAM B N-fE4 DM 3L
KW IR A5 MGL F %) Cys208 1 Cys242
TE AL i TR o
3.2 FHEgEESERBRAEFEFERNH
il 751

2008 4, Muccioli Z5EWIIF & T —Ff A
96 FLARTEARAMGI MGL TH P 5, (7] B 4
FE T CAY 10499 2 —Fg Y 1Y) MGL A /] 3 i 1)
il . CAY 10499 Uk B 2 —Fp A A 570
HR T BE s B) A B4 i 3 fin, AT AR ARSI RN
AN IS MGL, HiEMIRA e 5-H &
HE-1,3,4- 0 T2 (3H)- i (9 — i 4 S MGL
e FL N 965 R B SR 1Y) i e a0 R ek 2 G B 1R
H, =005 KB CAY 10499 Xf N FLIRIE
MDA-MB-231 1 MCF-7, D\ K A 59§59 41 it
COV318 Fll OVCAR-3 4 %H A 75 IH 2 A 3 il 1
R, AT RAIAE R — R0 8500 A ] 38 e 25 91

JZL-184 J&—Fh & A Wk e 2 2 R Bk 1Y
MGL #ifil 7], FRe S RGEEEE A MGL.
SCHGUERH JZL-184 il fiEfk MGL Z %R
Ser122, o 2 H ik Ak M T AS AT 336 s 41 il MGL



EEXR F/RBEHREBBIIN NS FNRRINHRERE 4403

Fz 1 JLFHEZH MGL M0/ 5 FHNEIFI G4 R E5E M4

Table 1  Structure and activity of several known MGL covalent small molecule inhibitors
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BE& 1)

Drug Structure 1Cs0 (nmol/L) Target
JIKK-048 0.36-0.40 S122

$

2
{

i ‘ ‘ )
(0] (0]

PF-06795071 3 S122
Type 3

KML-29 3.0-5.9 S122

SAR127303 29.0-39.3 S132

ABX1431 2 S122
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http://journals.im.ac.cn/cjben



EEXR F/RBEHREBBIIN NS FNRRINHRERE

2-AG A e IR (i A K A, ORI
Xt MGL P45 T ARG MR £ X HoAth 2%
B RAL G S R XT MGL AN
FERE RN, 2-AG BY/K-F-HA & AR R 4
FHEL X JZL-184 3697 B/ A T R
JR AT, RIZIIHIRAE S 2 W A A
WA, MR BT RS R AR,
HWHELRFFXT MGL 850 det:, JZL-184 XA
VN MGL HA [FSEEH], (HXREL MGL &
BRI, JZL-184 P4 S5 B 1 A — 480534
VE N i i R AL AT, s 2 2R L VR
WAL 2 A, SRR AT AN 2 B S
B

P WG, TZL-184 3@ 1 B7 114 3 By b
2 QIR TN 7oA o L EZY T 111157 2 A
YIS DO VAN R RN DL Ak (S I S (N S
HA R /N BURBE R i i PE B e 7%, IF il
R e S NN > 475K X IV 49515 AR |1 1
JZL-184 0+l X975 Jot I 40 K 1 S % 11 PR JRE
VI AN /N B A A Y, Z e
WFFEUESE T JZL-184 XF A . /M. KEL MGL
(I RISOR , IR 2-AG & U2 2022 4,
Gong ZE"V& Bl Fl MGL I %] 1ZL-184 T
MGL 235 , AT LA R il B P9 41 e (MG-63)
(A KR, ) TZL-184 AT {f MG-63/R 4
FRLGE LA I6 Y7 38 B 3 2 2 IR FE T MGL &l
B RIEVETERIGYTEE A, T JZL-184 W] RE LA T
ISR 24 (%) B PRV JRE R 1) — T VB AR 250

XS A B4 W TR IR 2 5 AT 1 0 o 5]
(1) LA REAE S EL A 3 12 B0 M i 38 X3 )
Bils, XIE4EAENRTE ACB 4SRRI . k%
Hy FL AT 2 2 35 AT 1 2 5 R R T R 25 3k 3 ik 1A
B, IR AT RE LS A AR TR P ) A A T 58
i S A e 1 3 =1 =B R o i W SR
BIHIF S MGL 1§ ML A5, Ser122 I

&: 010-64807509

RS, Bl R B RIEA B, FECSMER
GrF Rz ORI R E G, it 2-AG
ANBERE i — 2P R

bR 72 REE, MIRICER D) — A
MGL A HCPEFR o 3 R 45 F4 7 22 52 R 7K ff B
WA TR 2z R A, HAE S R
EATE R B AR AR, 2010 4, Bertrand
LB P SAR629 REFT MGL fY Ser122 J W IE i,
FaE LM 4s 4 s SARG29 MMk A4EH 5 JZL-184
AL, WAH %% (liquid chromatograph-mass
spectrometry, LC-MS)RE % #5; I 21| f#E 1k 22 2 1R -
PSRRI NG, B6H1 & A AL S AR
Jy M1 JZL-184 SEAILEY . SAR629 FJ LAZNAE /R
RO G VG sh I ) MGL Jf42/5 2-AG
MK, SEE AL, SARG29 1 h—FhIRERATAE
W ) 5 T I T R SR s p B A e ),

Niphakis Z£C7E8F 58 MGL #1315 JZL-184
M KML-29 J&, & T —Ffa et fikm g
PERY MGL iI5 MIN-110, HiGvEsk 2
SARG629 5 S AHBL Y 28 Jk Y R TR 14 45 A AR O8
LC-MS/MS 43#7 2B, MIN-110 1] MGL &Y
2 A 2 X TG 6 22 R Y &= AL
5 H A 2 B R R 25 MGL 1 il 77 2501
MIN-110 BEAE A RN H MGL, 7E#/NREFE |3l
T2 K i i ABHDG, 1fij F FAAH FlHiAth 22
GATR K Fff Bt v O] 5 38 A X /N BT R B i g
ARt Z SR E U NN ) A
Y 2-AG HZKE, X FAAH KP4 N-fit 3
L ERE (N-acyl ethanolamine, NAE) . N-f£ 4= DU/
Ik £, 5 i (N-arachidonoyl ethanolamine, AEA)f
IKIFM TCR ; [FAE, MIN-110 74 Ny A s
B KB MGL A RAF RO ; MIN-110
AE 6 B P b B0 N 28 MGL, X hFAAH .
hABHD6 K & 7S H B4 () #0745 MIN-110
AT DAl A 4 DR P 2280 728 TR BRSE A8 e A LA

B<: cjb@im.ac.cn



4406 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

S VR, w25 R W] MGL il 57 7T g =
B IRTT I DRI 5 A 1 18 T R R T I 1B

5 SAR629 UMY . [RIFEHA s BE A 1Y
WRIRATAY) JIKK-048, 3 HELAYNEE /R &5 # k]
ALK BRI/ MGL, AL #id T KML-29,
AH b 22 i 1 A v 8 R B B R A, 3
REfZEN A ik MGL Ser122 5%%E, 5 SAR629
AR, T& AR T 24 5 H RR BB N 54 , JJKK-048
XF MGL A8 o A2 A K A il dn
FAAH . ABHD6 . ABHDI2 . 4ii ifl 52 % |
JIKK-048 7r 2 €0 2 9 40 e bt B HoA B 2 1)
MGL ##:2E, Wil T 2-AG 1K@,

McAllister &\45 T Z Hij &I MGL # il 7]
o, AT — RS LA R A% O B FE MGL
PR, IR R BT —FET 9 MGL A0
7 PF-06795071 & HAT =95 B 3 2, st 3
5 A R ER AURERE 1 HFIP 2 L6 Y
AP S RO AN . X P8I ik
ZERUESE PF-06795071 Xt MGL i PE 37 £ Ser122
B4, FHH AN T MGL 35 I8 MBS (ACB)
SEG T4 %25 W% MGL 5244, % HAl 2
SR K Ff it v B 2 I AR . S SeRT & B
AL G PAR L, A G W v i B B e
HABARMIENIERS, $&m T irlka 2imm]
itk meah, xR, . EARK LY
TPk 25 )5, FRIN M b s 3R 3 BR 32 R v 45
AR PR . TE/NREEER TR R B, 259 AT B
BIGIMAG N 2-AG K, FFFFZE T 8h Z A,
[] INF RE A8 BRAR AN 4 9, X ANRAE 1R Stk
25 G A ) BT E R R
3.3 ARERFAEMHFIP)REREREEE AR
HPHI 7

2012 4f, Chang #ftili T —Z8HRH O-75 9K
5+ N 2 (O-hexafluoroisopropyl, HFIP)% & H iR
BREs#, Foenn & LA AT 38 MGL 11 i 557

http://journals.im.ac.cn/cjben

JZL-184 [Hi HE R KL A S 4R 7 38 e 9 L L 75 31
KML-29, EREERPNSMIE MGL, HEJIH
PEPEYEA HE JZL-184 Hi5% . MGL AL 224
2 (Ser122)Xtily KML-29 AU SEH RMg, BN
F N, B BURR R 19 22 2 F A KML-29-MGL
HMINEY, B E T KML-29 J&—Fh L4
W, JE SRR IT & B KML-29 76/ A
REAM I MGL f3& 1 , A A5/ 2 ALK RR 1 )
YERT, B R IER] T3] MGL J&iR 77 95 M
il 2 PR 1 — I AR A RS A SRS

Butler Z:2UYE/3 4T TZL-184 Fl KML-29 iX
2 PR ) MGL A il , @t AT 259
2Bk, BUR LA Z i R0 S TR i 24 5
WD, AT X etk SR )y, it
IF M E T — e E A MGL 30170 i 1 %/ B
YN, BB 2-AG K FRTHE . SeIhsk
TG TR IE AR T e i A i 5 1R i
VERRCE R -

[l B H 5 HFIP 4 % R IR 45 # 10
SAR127303 Jj&—FA %L MGL Feprifils,
HXNRFIAZER) MGL HA & B ek, B
ABHDG6 #b, %25 WA 23 52 W oAt N 22 % R 7K i
fiti i FAAH ., —KJEAKREG 7 (dipeptidyl Peptidase
7, DPP7). [k 3k o JE iR B il i (acylamino-acid-
releasing enzyme, APEH) & 14, A S5 & Fp
WETER S A EAER, W R . BT .
2B T s A2 IR, 4G CB1 FI CB2,
LC-MS UF B REME LM 455 Ser132, 4550l
PRI e B AR . SAR127303 AJ < i ] 41 ] /)
BRI H 1 MGL, 280 2-AG K, i
MR RUEYI (AN AEA 55 B9 /K700 1 G BH 8 A8
b, I HAE R R N A2 RN Bz shid
HAGRIE . PIREMIER, e — e BET
PUBUIR A A . OB VR R . RS2 SE Ik
B SAR 127303 7 PN IS A 784 o ) S A
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CB1 fR#itERY, 1A CB2 MR 120,

i X HFIP Z & RRER A9 HA, Cisar 2500V
kT ABX-1431 i —FiG L B MGL 3
MrimdiF, B mEsEt . DRSS HaR
523 3% PR IS A I R4 S 45 05 . ABX-1431
AB5 Ser122 Z5-G % n g ik HH Ik Ak 400 ) 571 -t Jom
HY, FHRBTERAC I E] Py B 4 RERR e
Tl AN AT K P . 25980 12 53 i &k P R
AR TIRAI R B, 250 AE AR Y i S
REMRERREE, FPLHXT MGL 5 deF3m il 5k
B, MRS EUNRRIN 2-AG HeE S IR
FPERE N IR B SR R, ABX-1431
R B 2R THUHRCR , RAE T MGL #lil DL
2-AG WIFHE S 2 A o6 R 00, 5 25T
o T 2RI IR, ABX-1431 RS H MGL
1 2k 2 18 AT J0 6] =7 B PN I IR 983 (endometrioid
adenocarcinoma, EAC)AYE 5 , F 300 5% 22 i &K ifif
2Pk, TEARIN,, ABX-1431 BEfS ISR T2 N AR
S (EAC)XT 22 1 (1 Sk, kI bRg A=, A
WA 25 SE IR YT B IR Bl
ABX-1431 B 5 il R IR , 45 R LWz &9
LA BT 2 MR 2 4, 0 — 2 B AR G
FEAEFESEA TR,

4 R&EERZ

ERAIZEF X BB LA MGL A 4 75 4
REBHIT BRI = R B, SR o%
XK Z T & R RE AN . NI RL. 7E
4 )2 TP F SR, X /NG A 3R A S A
BT R . BRELE . TR NS . B
T2 220 A b A B AR o e X
NS, AR T A AR
P8 (R 52 ) DL R i 225806 BIR T - MGL SE 4 il
il A] T R A A B A SR 2-AG K,
AR T AR A AR, s e

&: 010-64807509

PR U SERAE . B . WU SE, IRBLIRIRYTY
B, HET, A ABX-1431 © #F A SR
RGP ) I ROESE , UG TR R
A LA R S 2506 AR LR T P 20 55 L
A —EWRITRCR , AR RBTZ0N F%E J7 .

i 20 242k, BHIF A B XT MGL R91/EFIHL
P T WA, INRBIHAEE S5 5
REZEACU T A VR, 6 & 48 T MGL #ilfil 5)
FIRTRERI IR, AAIT A 2R 40E . Km . i
PRI . PPN A SE 45 o 28 MGL #i
FIAHAR B B A, b, AR R T
S RS SO B R AE N B T S e 52930303

ARSI RS T BT MGL 2Ll i
Wit JE . £ R P, XF MGL 4 /Ny
TR B FEZ P Ty A TR R A, R
“H S SR AN Y A B ) MGL #4F S
5, PR ZRLDL KA E A . SO g T LA L
AU LA MGL AN /N3 4150, A 24 AL
R RCR o X /Ny TR R 2 B
AEARLA S5 4 , A0 2 Pl 24k Y R I % 2 O IR IE
WRWRIA . 7 A 2% PR S I PR sk T T 5
MGL iR I S 25 A, TAE S —, 17
TEAE & KRNI IF TR A D7 e ] . iX 4
5 2-AG MZ5 e — e, RS
2-AG 1 H I 2 AH B AT FH %) 8% 3567 T 1
PEX B, MREMSZN 2-AG HUAE A DU IR 1 B
W57 Tl 10 SR TR R0 4, KT 2 3K S 417 o 551 114
55 7 F AP,

MGL A4l 71 it & Ak TR Be, )3
SRAT — SR T AR R 535 . 7E 20 ZAEMT
R H, &S REA BRI MGL
LA PIEIR, EAREE T —ENEMR. HH
AT MGL A0 30361 50 () S AR B R AT SR 50 3 F
AN TG 25 46 1 B T T AP A AT R A 3 K IR I & 28
] o BRI, DL2d 58 R R A Sy Al 4214
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T H3k o 2 % 2 M BE T LA T 5 MGL |
IHPESREEAR A, 0 R MR e FE 25 2 R Ik A
H1 L4545 25 JETH ST ML R A T Hi B 25 1y i i A
ﬁﬁiﬁ%&%%%h@L SEA I R e A S
Yyo dE—A, Al S g T B A5 B i e
PR AT B MGL SN il R . tesh, B

SRR 2 1 MGL A m] 33t 343 i 50 LA , MGL
W SEAR ] 7R A I SR R WARGE ,  (HARAER

KA SER R Eﬂ%%ﬁﬁﬁ&m&%mm
il 77) AR Ak S 36 2 ST B, AR ADBEA
Tlm ARG BB, H HRTE 9 IS — 2k
i‘H:J:Fﬁ o Blanscrh R RN ABX-1431, B 4iE

TIAVEAY , (R R 2 I RIS
L»E@ﬂéﬁé MGL AN 0] % AR O S S A
2P0 B L RBCR E S B P A, (HiR A RF
TR0 A RV B i — B k. 4
JR it —2B T e MGL AN 57 i) B8 T 2
GO A HE A AR DR B IR YT SR BT 1 i Y

S 245y 110 T 24 R R A PR 1) — K
WEFETT 1], A VR AL 2t Y 20 Ak il 43 52 A I
(steric-clashes alleviating receptor dock, SCARdock)
FEH IR R R e T 1, RERSSE AN TR
PSR GR R Sl R, RN EN
s T A SCARdock
T MGL A 50 r9 5, I UG 70028 10 ik
Ji& R RAT B2 AR S B Z2 0 B MGL L 40 1)
R, OARH BRI FRNR T 7 KB ) A B

REFERENCES

[1] BLANKMAN JL, SIMON GM, CRAVATT BF. A
comprehensive profile of brain enzymes that hydrolyze
the endocannabinoid 2-arachidonoylglycerol[J].
Chemistry & Biology, 2007, 14(12): 1347-1356.

[2] GRABNER GF, ZIMMERMANN R, SCHICHO R,
TASCHLER U. Monoglyceride lipase as a drug target:
at the crossroads of arachidonic acid metabolism and
endocannabinoid

signaling[J]. Pharmacology &

http://journals.im.ac.cn/cjben

[6]

Therapeutics, 2017, 175: 35-46.

BERTRAND T, AUGE F, HOUTMANN J, RAK A,
VALLEE F, MIKOL V, BERNE PF, MICHOT N,
CHEURET D, HOORNAERT C, MATHIEU M.
Structural basis
inhibition[J]. Journal of Molecular Biology, 2010,
396(3): 663-673.

SCHALK-HIHI C, SCHUBERT C, ALEXANDER R,
BAYOUMY S, CLEMENTE JC, DECKMAN I,
DESJARLAIS RL, DZORDZORME KC, FLORES CM,
GRASBERGER B, KRANZ JK, LEWANDOWSKI F,
LIU L, MA HC, MAGUIRE D, MACIELAG M]J,
MCDONNELL ME, MEZZASALMA HAARLANDER
T, MILLER R, MILLIGAN C, et al. Crystal structure
of a soluble form of human monoglyceride lipase in

for human monoglyceride lipase

complex with an inhibitor at 1.35 A resolution[J].
Protein Science, 2011, 20(4): 670-683.

LABAR G, BAUVOIS C, BOREL F, FERRER JL,
WOUTERS J, LAMBERT DM. Crystal structure of the
lipase, a key actor in
ChemBioChem, 2010,

human monoacylglycerol
endocannabinoid signaling[J].
11(2): 218-227.

GUZMAN M, SANCHEZ C, GALVE-ROPERH L
of the
cannabinoids[J]. Journal of Molecular Medicine, 2001,
78(11): 613-625.

QIU CY, YANG L, WANG BT, CUI LH, LI CX,
ZHUO YZ, ZHANG LQ, ZHANG SK, ZHANG Q,
WANG XM. The role of 2-arachidonoylglycerol in the

regulation of the tumor-immune microenvironment in

Control cell survival/death decision by

murine models of pancreatic cancer[J]. Biomedicine &
Pharmacotherapy, 2019, 115: 108952.
DINH TP, CARPENTER D, LESLIE FM, FREUND

TF, KATONA 1, SENSI SL, KATHURIA S,
PIOMELLI D. Brain monoglyceride lipase
participating in endocannabinoid inactivation[J].

Proceedings of the National Academy of Sciences of
the United States 2002, 99(16):
10819-10824.

DENG H, LI WM. Monoacylglycerol lipase inhibitors:
modulators for lipid metabolism in cancer malignancy,
neurological and metabolic disorders[J]. Acta
Pharmaceutica Sinica B, 2020, 10(4): 582-602.

KING AR, LODOLA A, CARMI C, FU J, MOR M,
PIOMELLI D. A
monoacylglycerol lipase is targeted by a new class of
isothiazolinone-based enzyme inhibitors[J]. British
Journal of Pharmacology, 2009, 157(6): 974-983.

of America,

critical cysteine residue in



EEXR F/RBEHREBBIIN NS FNRRINHRERE 4409

(11]

[13]

[16]

[19]

HOHMANN AG, SUPLITA RL, BOLTON NM,
NEELY MH, FEGLEY D, MANGIERI R, KREY JF,
MICHAEL WALKER J, HOLMES PV, CRYSTAL JD,
DURANTI A, TONTINI A, MOR M, TARZIA G,
PIOMELLI D. An endocannabinoid mechanism for
stress-induced analgesia[J]. Nature, 2005, 435(7045):
1108-1112.
WYATT RM, FRASER I, WELTY N, LORD B,
WENNERHOLM M, SUTTON S, AMERIKS MK,
DUGOVIC C, YUN SJ, WHITE A, NGUYEN L,
KOUDRIAKOVA T, TIAN GC, SUAREZ J, SZEWCZUK
L, BONNETTE W, AHN K, GHOSH B, FLORES CM,
CONNOLLY PJ, et al. Pharmacologic characterization
of JNJ-42226314, [1-(4-fluorophenyl)indol-5-yl]-
[3-[4-(thiazole-2-carbonyl)piperazin-1-yl]azetidin-1-yl]
selective,
inhibitor[J].
Pharmacology and Experimental Therapeutics, 2020,
372(3): 339-353.
VISWESWARAN M, ARFUSO F, WARRIER S,
DHARMARAIJAN A. Aberrant lipid metabolism as an
emerging therapeutic strategy to target cancer stem
cells[J]. Stem Cells, 2020, 38(1): 6-14.
YE L, ZHANG B, SEVIOUR EG, TAO KX, LIU XH,
LING Y, CHEN JY, WANG GB. Monoacylglycerol
lipase (MAGL) knockdown inhibits tumor cells growth
in colorectal cancer[J]. Cancer Letters, 2011, 307(1):
6-17.
NOMURA DK, LONG JZ, NIESSEN S, HOOVER HS,
NG SW, CRAVATT BF. Monoacylglycerol lipase
regulates a fatty acid network that promotes cancer
pathogenesis[J]. Cell, 2010, 140(1): 49-61.
ZHANG JY, LIU ZJ, LIAN ZR, LIAO R, CHEN Y,
QIN Y, WANG JL, JIANG Q, WANG XB, GONG JP.
Monoacylglycerol lipase: a novel potential therapeutic

methanone, a reversible, and potent

monoacylglycerol lipase Journal of

target and prognostic indicator for hepatocellular
carcinomalJ]. Scientific Reports, 2016, 6: 35784.
SCHWARZ R, RAMER R, HINZ B. Targeting the
endocannabinoid system as a potential anticancer
approach[J]. Drug Metabolism Reviews, 2018, 50(1):
26-53.

ZHANG H, GUO W, ZHANG F, LI RD, ZHOU Y,
SHAO F, FENG XL, TAN FW, WANG J, GAO SG,
GAO YB, HE J. Monoacylglycerol lipase knockdown
inhibits cell proliferation and metastasis in lung
adenocarcinoma[J]. Frontiers in Oncology, 2020, 10:
559568.

GONG XK, ZHENG X, HUANG Y, SONG WH,

: 010-64807509

(21]

[22]

(23]

(24]

CHEN G, CHEN T. Monoacylglycerol lipase (MAGL)
inhibition impedes the osteosarcoma progression by
The
Tohoku Journal of Experimental Medicine, 2022,
256(1): 19-26.

GRANCHI C, CALIGIURI I, MINUTOLO F,
RIZZOLIO F, TUCCINARDI T. A patent review of
monoacylglycerol (MAGL)
(2013-2017)[J]. Expert Opinion on Therapeutic
Patents, 2017, 27(12): 1341-1351.

BUTLER CR, BECK EM, HARRIS A, HUANG Z,
MCALLISTER LA, AM ENDE CW, FENNELL K,
FOLEY TL, FONSECA K, HAWRYLIK SIJ,
JOHNSON DS, KNAFELS JD, MENTE S, STEPHEN
NOELL G, PANDIT J, PHILLIPS TB, PIRO JR,
ROGERS BN, SAMAD TA, WANG J, et al. Azetidine
and piperidine carbamates as

regulating epithelial mesenchymal transition[J].

lipase inhibitors

efficient, covalent
inhibitors of monoacylglycerol lipase[J]. Journal of
Medicinal Chemistry, 2017, 60(23): 9860-9873.
MCALLISTER LA, BUTLER CR, MENTE S, O’NEIL
SV, FONSECA KR, PIRO JR, CIANFROGNA JA,
FOLEY TL, GILBERT AM, HARRIS AR, HELAL CJ,
JOHNSON DS, MONTGOMERY JI, NASON DM,
NOELL S, PANDIT J, ROGERS BN, SAMAD TA,
SHAFFER CL, DA SILVA RG, et al. Discovery of
trifluoromethyl glycol carbamates as potent and
selective covalent monoacylglycerol lipase (MAGL)
for treatment
Journal of Medicinal
3008-3026.

GALVANI F, SCALVINI L, RIVARA S, LODOLA A,

MOR M. Mechanistic modeling of monoglyceride

inhibitors of neuroinflammation[J].

Chemistry, 2018, 61(7):

lipase covalent modification elucidates the role of
leaving group expulsion and discriminates inhibitors
with high and low potency[J]. Journal of Chemical
Information and Modeling, 2022, 62(11): 2771-2787.
LABAR G, WOUTERS J, LAMBERT DM. A review
at the
between fat and endocannabinoid signalling[J]. Current
Medicinal Chemistry, 2010, 17(24): 2588-2607.

de CESCO S, KURIAN J, DUFRESNE C,
MITTERMAIER AK, MOITESSIER N. Covalent
inhibitors design and discovery[J]. European Journal of
Medicinal Chemistry, 2017, 138: 96-114.

RAY S, MURKIN AS. New electrophiles
strategies for mechanism-based and targeted covalent
2019, 58(52):

on the monoacylglycerol lipase: interface

and

inhibitor
5234-5244.

design[J]. Biochemistry,

B<: cjb@im.ac.cn



4410 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[27]

[31]

[36]

[37]

[40]

BAUER RA. Covalent inhibitors in drug discovery:
from accidental discoveries to avoided liabilities and
designed therapies[J]. Drug Discovery Today, 2015,
20(9): 1061-1073.

BOIKE L, HENNING NJ, NOMURA DK. Advances in
covalent drug discovery[J]. Nature Reviews Drug
Discovery, 2022, 21(12): 881-898.

KALGUTKAR AS, DALVIE DK. Drug discovery for
a new generation of covalent drugs[J]. Expert Opinion
on Drug Discovery, 2012, 7(7): 561-581.

PETTINGER J, JONES K, CHEESEMAN MD.
Lysine-targeting covalent inhibitors[J]. Angewandte
Chemie International Edition, 2017, 56(48):
15200-152009.

CHAN WC, SHARIFZADEH S, BUHRLAGE SJ,
MARTO JA. Chemoproteomic methods for covalent
drug discovery[J]. Chemical Society Reviews, 2021,
50(15): 8361-8381.

LONSDALE R, WARD RA. Structure-based design of
targeted covalent inhibitors[J].

Reviews, 2018, 47(11): 3816-3830.
BAILLIE TA. Targeted covalent inhibitors for drug
design[J]. Angewandte Chemie International Edition,
2016, 55(43): 13408-13421.

STRELOW JM. A perspective on the kinetics of
inhibition[J]. SLAS

Chemical Society

covalent and irreversible
Discovery, 2017, 22(1): 3-20.
JOST C, NITSCHE C, SCHOLZ T, ROUX L, KLEIN
CD. Promiscuity and selectivity in covalent enzyme
inhibition: a systematic study of electrophilic
fragments[J]. Journal of Medicinal Chemistry, 2014,
57(18): 7590-7599.

LIPINSKI C, HOPKINS A. Navigating chemical space
for biology and medicine[J]. Nature, 2004, 432(7019):
855-861.

WOUTERS 0OJ, MCKEE M, LUYTEN J. Estimated
research and development investment needed to bring a
new medicine to market, 2009-2018[J]. JAMA, 2020,
323(9): 844.
ROBERTSON JG.
enzyme-targeted drugs[J]. Biochemistry, 2005, 44(15):
5561-5571.
GOPARAJU S,
YAMAMOTO S.

hydrolyzing 2-arachidonoylglycerol, an endogenous

Mechanistic basis of

UEDA N,
Enzymes

TANIGUCHI K,
of porcine brain
ligand of cannabinoid receptors[J]. Biochemical
Pharmacology, 1999, 57(4): 417-423.

SAARIO SM, SALO OMH, NEVALAINEN T, POSO

http://journals.im.ac.cn/cjben

[42]

[45]

[46]

A, LAITINEN JT, JARVINEN T, NIEMI RK.
Characterization of the sulfhydryl-sensitive site in the
enzyme responsible for hydrolysis of 2-arachidonoyl-
glycerol in rat cerebellar membranes[J]. Chemistry &
Biology, 2005, 12(6): 649-656.

LABAR G, BAUVOIS C, MUCCIOLI
WOUTERS J, LAMBERT DM. Disulfiram
inhibitor of human purified monoacylglycerol lipase,
the enzyme regulating 2-arachidonoylglycerol
signaling[J]. ChemBioChem, 2007, 8(11): 1293-1297.
ZVONOK N, PANDARINATHAN L, WILLIAMS 1J,
JOHNSTON M, KARAGEORGOS I, JANERO DR,
KRISHNAN SC, MAKRIYANNIS A. Covalent
lipase:

GG,
is an

inhibitors of human monoacylglycerol
ligand-assisted characterization of the catalytic site by
mass spectrometry and mutational analysis[J].
Chemistry & Biology, 2008, 15(8): 854-862.
MUCCIOLI GG, LABAR G, LAMBERT DM.
CAY10499, a novel monoglyceride lipase inhibitor
evidenced by an expeditious MGL
ChemBioChem, 2008, 9(16): 2704-2710.
HOLTFRERICH A, MAKHARADZE T, LEHR M.

High-performance liquid chromatography assay with

assay[J].

fluorescence detection for the evaluation of inhibitors
against human recombinant monoacylglycerol lipase[J].
Analytical Biochemistry, 2010, 399(2): 218-224.
GRANCHI C, RIZZOLIO F, BORDONI 'V,
CALIGIURI I, MANERA C, MACCHIA M,
MINUTOLO F, MARTINELLI A, GIORDANO A,
TUCCINARDI T. 4-aryliden-2-methyloxazol-5(4H)-one
as a new scaffold for selective reversible MAGL
inhibitors[J]. Journal of Enzyme Inhibition and
Medicinal Chemistry, 2016, 31(1): 137-146.
TUCCINARDI T, GRANCHI C, RIZZOLIO F,
CALIGIURI I, BATTISTELLO V, TOFFOLI G,
MINUTOLO F, MACCHIA M, MARTINELLI A.
Identification and characterization of a new reversible
MAGL inhibitor[J]. Bioorganic &  Medicinal
Chemistry, 2014, 22(13): 3285-3291.

LONG JZ, MOMURA DK, CRAVATT BF.
Characterization of monoacylglycerol lipase inhibition
reveals differences in central and peripheral
endocannabinoid metabolism[J]. Chemistry & Biology,
2009, 16(7): 744-753.

LONG JZ, LI WW, BOOKER L, BURSTON 1JJ,
KINSEY SG, SCHLOSBURG JE, PAVON FJ,
SERRANO AM, SELLEY DE, PARSONS LH,

LICHTMAN AH, CRAVATT BF. Seclective blockade



EEXR F/RBEHREBBIIN NS FNRRINHRERE

[49]

[50]

[53]

[55]

of  2-arachidonoylglycerol  hydrolysis  produces

cannabinoid behavioral effects[J]. Nature Chemical
Biology, 2009, 5(1): 37-44.

BJORKLUND E, NOREN E, NILSSON J, FOWLER
CJ. Inhibition
N-arachidonoyl
inhibitor JZL184:
different assays[J]. British Journal of Pharmacology,

2010, 161(7): 1512-1526.

FERNANDEZ-SUAREZ D, CELORRIO M,
RIEZU-BOJ JI, UGARTE A, PACHECO R,
GONZALEZ H, OYARZABAL J, HILLARD CJ,
FRANCO R, AYMERICH MS. The monoacylglycerol
lipase inhibitor JZL184 is neuroprotective and alters

of monoacylglycerol lipase by
the

comparison of two

troglitazone, dopamine and

irreversible

glial cell phenotype in the chronic MPTP mouse
model[J]. 2014, 35(11):
2603-2616.

BERNAL-CHICO A, CANEDO M, MANTEROLA A,
VICTORIA SANCHEZ-GOMEZ M, PEREZ-
SAMARTIN A, RODRIGUEZ-PUERTAS R,
MATUTE C, MATO S. Blockade of monoacylglycerol
lipase inhibits
prevents demyelination in vivo[J]. Glia, 2015, 63(1):
163-176.

SEILLIER A, DOMINGUEZ AGUILAR D,
GIUFFRIDA A. The dual FAAH/MAGL inhibitor
JZLL195 has enhanced effects on endocannabinoid

Neurobiology of Aging,

oligodendrocyte excitotoxicity and

transmission and motor behavior in rats as compared to
those of the MAGL inhibitor JZL184[J]. Pharmacology
Biochemistry and Behavior, 2014, 124: 153-159.

MARINO S, de RIDDER D, BISHOP RT, RENEMA N,
PONZETTI M, SOPHOCLEOUS A, CAPULLI M,
ALJEFFERY A, CARRASCO G, DALGHI GENS M,
KHOGEER A, RALSTON SH, GERTSCH 1,
LAMOUREUX F, HEYMANN D, RUCCI N, IDRIS
Al. Paradoxical effects of JZL184, an inhibitor of
on bone remodelling in
EBioMedicine,

monoacylglycerol lipase,
healthy and cancer-bearing mice[J].
2019, 44: 452-466.

KORHONEN J, KUUSISTO A, van BRUCHEM ],
PATEL JZ, LAITINEN T, NAVIA-PALDANIUS D,
LAITINEN JT, SAVINAINEN JR, PARKKARI T,
NEVALAINEN TJ.

carboxamides and carbamates as inhibitors of fatty acid

Piperazine and piperidine
amide hydrolase (FAAH) and monoacylglycerol lipase
(MAGL)[J]. Bioorganic & Medicinal Chemistry, 2014,
22(23): 6694-6705.

AALTONEN N, SAVINAINEN JR, RIBAS CR,

&: 010-64807509

[57]

[58]

[59]

[60]

RONKKO J, KUUSISTO A, KORHONEN J,
NAVIA-PALDANIUS D, HAYRINEN J, TAKABE P,
KASNANEN H, PANTSAR T, LAITINEN T,
LEHTONEN M, PASONEN-SEPPANEN S, POSO A,
NEVALAINEN T, LAITINEN JT. Piperazine and
piperidine triazole ureas as ultrapotent and highly
selective inhibitors of monoacylglycerol
Chemistry & Biology, 2013, 20(3): 379-390.
NIPHAKIS MJ, COGNETTA AB III, CHANG JW,
BUCZYNSKI MW, PARSONS LH, BYRNE F,
BURSTON JJ, CHAPMAN V, CRAVATT BF.
Evaluation of NHS carbamates as a potent and

lipase[J].

selective class of endocannabinoid hydrolase
inhibitors[J]. ACS Chemical Neuroscience, 2013, 4(9):
1322-1332.

CHANG JW, NIPHAKIS MJ, LUM KM, COGNETTA
ABIIl, WANG C, MATTHEWS ML, NIESSEN S,
BUCZYNSKI MW, PARSONS LH, CRAVATT BF.
Highly selective inhibitors of monoacylglycerol lipase
bearing a reactive group that is bioisosteric with
endocannabinoid substrates[J]. Chemistry & Biology,
2012, 19(5): 579-588.

IGNATOWSKA-JANKOWSKA BM, GHOSH S,
CROWE MS, KINSEY SG, NIPHAKIS M],
ABDULLAH RA, TAO Q, O’ NEAL ST,
WALENTINY DM, WILEY JL, CRAVATT BF,
LICHTMAN AH. In vivo characterization of the highly
selective monoacylglycerol lipase inhibitor KML29:
antinociceptive activity without cannabimimetic side
effects[J]. British Journal of Pharmacology, 2014,
171(6): 1392-1407.

GRIEBEL G, PICHAT P, BEESKE S, LEROY T,
REDON N, JACQUET A, FRANCON D, BERT L,
EVEN L, LOPEZ-GRANCHA M, TOLSTYKH T,
SUN FX, YU QY, BRITTAIN S, ARLT H, HE T,
ZHANG BL, WIEDERSCHAIN D, BERTRAND T,
HOUTMANN ], et al. Selective blockade of the
hydrolysis of the
2-arachidonoylglycerol impairs learning and memory

endocannabinoid

performance while producing antinociceptive activity
in rodents[J]. Scientific Reports, 2015, 5: 7642.

WANG L, MORI W, CHENG R, YUI J, HATORI A,
MA L, ZHANG Y, ROTSTEIN BH, FUJINAGA M,
SHIMODA Y, YAMASAKI T, XIE L, NAGAI Y,
MINAMIMOTO T, HIGUCHI M, VASDEV N,
ZHANG MR, LIANG SH. Synthesis and preclinical
evaluation of sulfonamido-based [(11)C-carbonyl]-

carbamates and ureas for imaging monoacylglycerol

B<: cjb@im.ac.cn



4412 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

[62]

lipase[J]. Theranostics, 2016, 6(8):  1145-1159.
CISAR JS, WEBER OD, CLAPPER JR, BLANKMAN
JL, HENRY CL, SIMON GM, ALEXANDER JP,
JONES TK, ALAN B EZEKOWITZ R, O’NEILL GP,
GRICE CA. Identification of ABX-1431, a selective
inhibitor of monoacylglycerol lipase and clinical
candidate for treatment of neurological disorders[J].
Journal of Medicinal 2018, 61(20):
9062-9084.

CLAPPER JR, HENRY CL, NIPHAKIS MJ, KNIZE
AM, COPPOLA AR, SIMON GM, NGO N, HERBST
RA, HERBST DM, REED AW, CISAR JS, WEBER
OD, VIADER A, ALEXANDER JP, CUNNINGHAM
ML, JONES TK, FRASER IP, GRICE CA, ALAN B
EZEKOWITZ R, O’NEILL GP, et al
Monoacylglycerol lipase inhibition in human and

Chemistry,

rodent systems supports clinical evaluation of

endocannabinoid modulators[J]. Journal of
Pharmacology and Experimental Therapeutics, 2018,
367(3): 494-508.

MA XH, XIA M, WEI LN, GUO K, SUN R, LIU Y,
QIU CP, JIANG J. ABX-1431 inhibits the

development of endometrial adenocarcinoma and

reverses progesterone resistance by targeting MGLL[J].

Cell Death & Disease, 2022, 13(12): 1067.

JIANG M, van der STELT M. Activity-based protein
profiling delivers selective drug candidate ABX-1431,
a monoacylglycerol lipase inhibitor, to control lipid
metabolism in neurological disorders[J]. Journal of
Medicinal Chemistry, 2018, 61(20): 9059-9061.

http://journals.im.ac.cn/cjben

[65]

[67]

LI BB, RONG DQ, WANG YX. Targeting
interaction with
small-molecule inhibitors[J]. Current Topics in
Medicinal Chemistry, 2019, 19(21): 1872-1876.

LI QZ, WANG ZY, ZHENG Q, LIU S. Potential
clinical drugs as covalent inhibitors of the priming
proteases of the spike protein of SARS-CoV-2[J].
Computational and Structural Biotechnology Journal,
2020, 18: 2200-2208.

SONG Q, WANG ZY, LIU S. Discovery of Covalent
Drugs Targeting the Key Enzymes of SARS-CoV-2
using SCARdock[M]//Methods in Pharmacology and
Toxicology. New York, NY: Springer US, 2021:
291-306.

ZHANG Y, ZHENG Q, ZHOU Y, LIU S. Repurposing
clinical drugs as AdoMetDC inhibitors using the SCAR
strategy[J]. Frontiers in Pharmacology, 2020, 11: 248.

AT YB, YU LL, TAN X, CHAI XY, LIU S. Discovery
of covalent ligands via noncovalent docking by

protein-protein covalent

dissecting covalent docking based on a “steric-clashes
alleviating receptor (SCAR)” strategy[J]. Journal of
Chemical Information and Modeling, 2016, 56(8):
1563-1575.

LIU S, ZHENG Q, WANG ZY. Potential covalent
drugs targeting the main protease of the SARS-CoV-2
coronavirus[J]. Bioinformatics, 2020, 36(11): 3295-3298.

SONG Q, ZENG LY, ZHENG Q, LIU S. SCARdock: a
web curated resource for

ACS Omega, 2023,

server and manually
discovering covalent ligands[J].

8(11): 10397-10402.

(AL Te9 BRET)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


