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Abstract: Molecular glues are a class of small molecules that induce the formation of protein-protein interac-
tions to confer new biological function or therapeutic effects. As a unique pharmacological modality, molecular
glues could target proteins without druggable binding pockets. It exhibits a variety of functions, including regulating
signal transduction, stabilization or degradation of targeted proteins, through sticking different proteins together.
This review will summarize the development and current status of molecular glues derived from natural products
and analogs by illustrating the discovery and interaction mechanism. We hope to present a systematic view, provide
valuable clues for researchers and encourage them to explore more efficient and rational molecular glue discovery

strategies.
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Figure 1  Crystal structures of natural molecular glues induced

FKBP12

protein complex formation: cyclophilin A-cyclosporin A-calcineu-
rin (A), FKBP12-FK506-calcineurin (B) and FKBP12-rapamycin-
mTOR (FRB domain) (C)

CyPA-CsA ANMH BE 45 & 75 CaN A A6 A1 =7 3V 3 3t 7]
TE I A F T b, 15 CaN AL IS P AL A 1) Arg-
122 #HEAE ], W] CyPA-CsA BE EL# 2 5 CaN 1L
VT o 12 it AR 5 K6 R R AT g S5 S A S A 1 750 7 1 T
AR RS T H TSR

1.2 FK506 FK506 5 1987 4= H A Fujisawa 24 &) M
Streptomyces tsukubaensis 43 &5 H K (1] 23 76 K3 P fis
&, B fpe Ml fE Y. W4 S, FK506 ff) 32 %
A 2R FKBP12 B %5 58 ok, 3 2 — ol ok 5t il 2
5 ¥ PPlase, 55 CyPA AHME A 58 4 AH [P, FK506
> FKBP 45 & 380FH — AN 368 G 28 00 ) 3 1A 1 2880 2
ALK (B 1B), B 5 CsAMILE T, BB TR
18 B3 v R I L CsA T 18U P. 5 CyPA-CsA

Figure 2 Signal pathways for immune regulation of cyclosporin
A and FK506

—#f, FKBP12-FK506 — Jt & & W) 45 £ 5 742 4 41 i) 3L
BURR R 1 CaN, AT 75 5 [7] 14 G 22 0 i) 4 F 202034,
Vertex Fl Agouron 22 =] AH 4k T~ 1995 4 & 3R 1) X 4T 28 iy
1A 45 ¥t 2% B, FKBP12-FK506-CaN = T & & ¥ i T
R AT ] CaN 3z vty i 1R T 46 A0 A7 s B FH BT, R
[T CyPA-CsA H# 2 5 CaN AL 1T, —c &Y
FKBP12-FK506 7£ % 11 B 5 3 1 A7 s A EAE A 1
LR 4] CaN 5 1 ; HAE CaN b (W B AEAE ST IR K
S FREERACIREY) (U1 NFAT B S5 [8 F) 3E B BRI 1tk
AL EEY, =T E SN =455/ N T iR FKBP12-
FK506 X} CaN 1 fil] 7 FH #2 fit 7 2 JE Al . CyPA-
CsA-CaN 5 FKBP-FK506-CaN 45 #) i) % b+ 2> 4 Bl
TR O G B - G B A R R T CaN Y I A T
.

1.3 FEIHEE (rapamycin, RAPA) RAPA &%k H T
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1994 4F, Sabatini Z:F 1 Brown 2549 2: FF4R1E T — o0
2 4 W) FKBP12-RAPA ] #8 br 28 (1 A4S #& CaN, 1M /&
mTOR (mechanistic target of rapamycin, mTOR), [# 8 |
RAPA & —MHT B 1) 4> F IR K« mTOR & — 28 22 % 1R~
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Figure 3  Structure of sanglifehrin A
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Figure 4  Crystal structure of the FKBP12-WDB002-CEP250
ternary complex

FKBP12-WDB002-CEP250 = Jt. 5 &I ik 4574
NEA C2 % R VU S A4, ot CEP250 J% i 7] i —
R 258, I — 454 — 1 FKBP12-WDB002
HEY) (K 4). 5 RAPAFITFK506 251, WDB002 f A
FKBP12 H ¥r £ 1 51, 5 FKBP12 Fl CEP250 47
PHIAMEAER . P FKBP12-WDB002 — 7t & &4
S 2 fih CEP250, % # #B 5 CEP250 — % R AH HAE FH,
P i A SR 2R B 1) 5 45 8% . FKBP12-WDBO002 B it & &
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B PUAE R PG B R I TR, asukamycin & £
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HzF &, KI manumycin 588 28 515 A5 AE ) L iR
S A0 E3 R UBRT & FE IR FR L C374, Jf 58T
JE A #009e B [H] p53 B R AT 4 F B K AH ELAE L, 33
P53 5 S WO AN 41 L AE TSI, A R, R ) B
S0y T B K B f# 75 AN [H], asukamycin 45 4 UBR7 2 J&
AN 2 P p53 T S & i€ p53, i UBR7-asukamycin-
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AR — A3 TAEAR, 7T BLSE &1 pb3 1) #da e 1 A4 &
P, 1] B 242 H 5 DNA 45 & 530 pb3 # 5 i vk
K f1. @ =708 &% UBR7-asukamycin-p53 A& 1
AR . X LEH TR B — 2D I SRk ) B
RUE AR R A8, 20 AR R T 2 3540
NG 7R 2R B Ay ROK R AT RE A, o HoAh T A 2
AN BB R IR P2 B & N g R 5 AR N RE
FE M FRACKIR TR E ARttt 7%, 2
AR =W b & 4 25l manumycins £k &9 1 R A
B, Horbog 1) BA & AR itk ik, sbah, B — Ak
Z NG LE EE E OBPE ERE 1) 2 B R AR B A
%, WA X —MES T R 2 B B O L ) R
YA [a]
1.7 FK506 iTE I FK1012 1994 4F, & FK506 {1
ML R &, Pruschy 25U 168 7 8 AN EF 6 25 TR Al 19
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Figure 5 Structures of manumycin polyketides and schematic model of the mechanism of action (bottom right)
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c-Src.Fyn.Lyn #l Lck %5, ] DL 2 A ) il F2 9,
N T K Sre i AT 1 SEAE B, Spencer 251 Fyn .|
Lyn 1 Lek 1) N-7R o 5258 96 10 38 7] JIK B 25, IR B iy
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ity 1Y) — SR ALRT VS AL, X 5T Sre W IR AR ) 2 Th B 4
7 sRAE T R

VW2 1 CIPS IE A R 2™, i@ i 43 1 e K i 5
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FH 5 1 EE ) 24 4 R A7 DA R B B AR . RN
AR5 S AL R4 N 15 5 & SR IPE R, vT Rk
BT DAE I B T s2 36 Aa T B RIS 516 S 324t
B IR IR A
1.8 RAPA fiT4 4 rapadocin - RAPA 1 FK506 [1] 4>
T2 e mT DA BRI 2 B 4 — 3B 2 RS M )
FKBP 5 [ 45 & 45 /4 (FKBD); % — B840 & A [A) 45
[ R I3 45 K 358, (effector domain), /S AN [F#E4R (MTOR
FlCaN) FIZE4 . 104 RAPA FIT FK506 28 25 4 15,
FA, A LEAR R Ak T DA R R . 200 E K, Guo 25
30 5 B O 2H A ST R s e RAPA 25 45 g 35, DA 42 40 1)
B E IS RAPA KINAr 1P o il I fb 2 A B i
o6 FKBP12 A & 56 A1 1) Wit fr Bt FKBD10 #
FKBD11, F7ERIME B b e A s AN 5] ) DY K B, 9
KRN 53 ff (RCM) B SELR IR IAE, f 4 B
7 HA 45 000 M A VI 53T (i 44 4 Rapafucins) ..

FK1012

Figure 6 Structures of FK1012 and rapadocin

283 v i R A%, B FUE ORI T — 1 rapafucin BERE 5
P A1) 5P 7 4 A% 15 %18 82 (A 1 (equilibrative nucleoside
transporter 1, ENT1) (1) %412 I, Jf @ 4 4 rapadocin®
(K1 6).

Rapadocin fil RAPA/FK506 £ {F [ J7 20 _E BE 4 #H
I 2 F 2 4t . 5 RAPA F1 FK506 — ¥, rapadocin
LGSR 77 5 FKBP12 4545, SR /5 #E A ENTL R i = 7T
BEE&Y. AT rapadocin 76 % H FKBP {14
O R ENTIARSR R B W2 125 F1 ). FKBP12 5
mTOR . [8] [ % fih b FKBP12 5 CaN 22 [a] {1t 422 fish i %
5% Al e T RAPA L FK506 (AR B K, 53k
mTOR iz & FKBP12. Rapadocin 145 14 £ Lt RAPA
R, RS K AT B fo VR AR B 1 5 FKBP A T 12 11
M HAEH, SR 1R a] 68 2 8 1T rapadocin RN 5 14
W R SR T, AT T 5 ENTLING & -
Rapadocin £ 1 4™ H. 45 1 FK506 5 RAPA 251Ul 75 F AL
il R B 23§ IR

ENTLW iKY IR & —REENE S0 T,
) ENTL 5 250 f 40 IR 1 38 2 Bl 3iF B 0 sk if 1 75
FEE A 5 BRI B A RIT Ak . 304 SE 5 3R B
rapadocin XF /Iy BB AT SR I P O vE B0 B A IR A 1E
FA®Y, 0 T H AR N KSR LA Th . M Rapafucins
LR v HY ENT LSBT 2440 1 7 2 B 1 %) RAPA 73 1
JiE 7K 347 B YR 0 Ui T DARE R B ) B
2 FRRIKFERET

WY R, v ) R A 4y R K B A 7R F L B AR
KGR T 5 FROKEITEE . SR, ¥0 R B i 2 51 B At
FIRE B &, D8 T R LT E . BT
H T O K T 10 R BE S G i 7 R K B 7
FREEIRE?S BOR SCA P 2 . KRR =W 5K U 1 A
Wi A K 2K auxin 12K FT2 jasmonate Sz 731 i 7K
e e 7)) 7 H 4] 10, SR L B AR AR R E NI
S RSO W 7L, DR AN FE AR SO R Y . ARE

Rapadocin
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PN 7% T B[R] SRR R AR P W R 3 T e A B A 5 iy
TR FR Y (gossypol acetate, & 7) 1K) & 35 1F FHHLH] .
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Figure 7 Structure of gossypol acetate

H R 2 55k 2 1 g A e g < AR 53— b 2 1 et
1B, 20194, Li S5EPHRIE T —Fh B MRG0 E A&
¥ (autophagosome-tethering compound, ATTEC) mJ LA
fink . 11 Wk B e, e o ) B RS ) RS £ I LC3 R F 5
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