Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' l12024,51(11):2805~2820

www.pibb.ac.cn

FSRBEAR_RBUNTIE

?[542%1% LYoz g
(VWL T R A AR SR T AR R, Tl R A AL R ARG, I 430068 ;
DAL T KA AL SR TR, R T RE A 00 E, I 430068
VLR ETTAE MR A R A ], SR 436006)

WE FREEA RAZE MmN E, A4 Yatth kG CEEN. Z2Rapdd, WESHS . B
THEAE . MRS, HRBORER, AR R - PO VR A2 B AT AR IR AR 1 B AR A AR RN T
O3 F WL A P B 2 I A DL BGIRT 52 22 (A A W VR I 45 28 DG TR . RS 350N 30T B W BB A5 e A Wit R rh s AT
DETEFTRE, TRIENES T RO ER . ETIRTE S A S T8 (chemically induced dimerization, CID)
RGeS Rk (light induced dimerization, LID) FREEAIHT " RACEARAGNBERAL TR T H,, A8z L %k
J&. EAER, BT . ERMST EERRGAR AR A T R T R AR . ARERIR AR T AT CID
Y. LID RGLSGE AT Bl S R I AR R A SR, DI A5 R 1 i = 2R Ay i & e

e B2 5 U i

KR EAPCEARALE, WEEe, IR TR, ale Rk, tiET Rk

hES%ES  Q816, 819, Q6-33

TREE A FUE AR T IS S O 1k
FEEARARIEA Y, Erl R EN
JFAE A R S REA AR A G AR ) ~id B, mT LA
i i S VDI 2L I NI AR B 1= ) A Tk i o=
FaEE . IR TR A I A etk 2 AR TR
AR R A R S S IR B T R e
TRl A R AR — MR WA B, A
AN A B AR R N TR AR e

H B R LU RS . 59K
BURBRS— RV YA e o EE R R
AR S A AT FSRIRIRE N R B M R ZR T
AR A FEREZSR, Hit, MEEaR Rl
R T o THLRICER TRITE R RTHY, JF )
P A AT 52 2 B A e 2 I 2 R AR 1
FE o

SIS IS e WL /B 55 STy e 7 et A o
WAFTER AR, vT UE T 5 R R AR
il SAEH THAWHTE, (255 R EA T
HPRFEAAS . AR 2 O T, PR

DOI: 10.16476/j.pibb.2024.0106

B N b iE e, SEGERsHEEhL, 7
SRR ERA U 2 R, itk
TS G sl i e A Z R R B B TR
R G F AR H R A il 2 R AT e, Ak
#1755 B 1k (chemically induced dimerization,
CID) RZGETHWAMFEEAR (FIE %)
SAFEE AR (IR ) MEEHR/N
T OotiE e = AL & 4 (light induced
dimerization, LID) RHDEGHER, 7ECHT LA
WA, Nl E A BAHEAER " A,
AR I T &R T RS T EEERS
TS A R R Tk . A X s
P i =T R E R R A4S G i
W TR A, MBS sl Ay St . SiEs
J5 A 1 T = 3R AR 0 FH AH G 19 AF 98 2 LA OC 25

* K H KRB 4 (31971150) , W db 45 810 B K 5 B
(2024AFA014) FIdLA A 434 (2019CFA069) ¥,

s IR R

Tel: 027-59590100, E-mail: senliu.ctgu@gmail.com

Wik B4 2024-03-15, 332 H 1P : 2024-05-30




-2806° EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (1D

it [8-9], ASCH ML CID &4, LID &40
AT B HR FAb2  TF-Bds S [R R o —
R T S0 TR . 1 SRR R
A5 R SR AN 1 R .

=

Y
G- U &
E%%:] A
%%@:%%&%§§} Il 5543 HFEBERS

/ \ G812
g\\\ /
/ ®
R Pt
DTRIZIN T ERET
WFEFES RN RG GO T4

Fig. 1 Principle diagram of inducing homologous protein
dimerization method

E1 #FERBEEAR-BAFEERER

1 {=FES=R{ (CID)

CID FIHEJE: Hi Belshawl 45 10 Y, Bl ,
BRI 175 3 W IR RAR R g4 iy
CID HYEEA S B — /N4 i — % R B sl gl
MR Rk, FRgsS A E A BOHMEE A5
T CID RGN FSEAER =R
B, AT A ISR, AR R 5 AR
FAE AT, /NG~ e 9 R B T A AR AR
Mo /NS R ABE FERPLE Y . 256
HEAPINEI R FE GBI A T RIKE &
Y, fEEAEYEE SR I LHN S SR T
P Z 0o R EAE S S FILRRE 52,
W RN AW SO A 4
S R o o (o (=X U S B i = e e A L S T
0 & 1 -4 1 A B AE H (protein-protein
interaction, PPI) AYHL4fr/NorF, WA I A0S 4%
&, A EA ARGy, SRS ERE
A F—A~ERAR . [RlIR CID R4 /N FROM e S
B,

11 AFRESERREER-RL
FLYE 1993 45, Spencer 45 ' 5 1, KIF KK

FEYIEAA —FERIIRE, PTUATE S, K
FRABE 1 2 (B LT V80 A S R ) s A AR 55 1) B 1
S ATE—R . 7E 2000 4F2Z A7, BT R A
KR T IR AR 1 I R AR, FKS06 &
B R AR-FK 1012 7] LU i FKBP12 [A] i — 5 Ak,
B T R A TR AR -(CsA), /T LA S R A
I Ak e Ak, FER BRI KR ™
YIBAE N F R A B, Farrar 55 17 ffi K
SR W) B 85 2 E 8 Raf-1-GyrB filt & 1R 119 [F] I8 —
Rk, W25 HT7ASRVEE A R TR
R, KREZHAMRYE, s @d KR ikI2
it —FRBN R UFA 13 AR B

20124, Graves %F " il b /N FRETR 1, &
L /N43F RO-2443 Xif P53-MDMX Al P53-MDM2 A
HAEHZRI AP0 H TS ¢, MDM2 il MDMX
JEPS3 R I PR GO R, A A
JEVAITHE S 1, fER A RO-2443 FI MDMX 22 [6] 4
HAERMHIEMIR T, BREIRGEE . SO LEU
SN 122 AT E5 R E ], RO-2443 AT REFE 440 T
K iFHE S MDMX — R fb . 4 H R N 1.8A Y
MDMX/RO-2443 L UESE 73X —fiill, RO-2443
i 35 MDMX /Y P53 45 & FARTE i = AR I ik A
Jezs s, HrP A RO-2443 43 F4 9526 14 5T A4 AH
HAERAE, A AR Bl — X Rk, RO-
2443 [ A G 08| Wi 32 AT A 7 2 1 S5 BLAR A Tyr66
FRILZ B T )2 05 SR BAE ], ORR
G B A BAE T . BE4h, RO-2443 5
GIn71 5RFILIE A S AH EAEH . B T Tk
P MDMX —RAAFIAF T, “Lys93 (aff) R
5 Glu70 (b#f) FRIEMEAEH, *Glus8 FI*Gluss
TR E AR EAER, Mmifae Rk,

20194, Wojtaszek 55 2 i AR A B 60022
W2 FEHIN 52 575 16 T 24 10 000 Tl 4 ZRE 0916 & 4,
RIALAY) TH-RE06 78 4 0 FRCHIfA (0, 7B RUBH AT
REVI-REV7 I HAEAH . REVIS REVT 2481
i A8 A Y, (mutagenic translesion synthesis, TLS)
AR R L, TLS W S 80Uk 2, N
U, ) TLS J2 5 g X Ay 25 9 U i A R0
L SR EE BRI, JH-RE-06 15 % REVI
Bk . fE# A REVI B ¥ 45 #9 3% (chimeric
REV1 C-terminal domain, ¢cREV1 CTD) —E{&r],
WA~ REVT 456 D48 %y, JE UM T JH-RE-06
A MWK . BIRMBmAS L (CTD) i JH-
RE-06 1% BBt EL G5 FI— KA 1,4- S0 M bk I 52 A1 5 |
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1, cREV1 CTD 1 JH-RE-06 2 [d] 171 K & i B 7K
MEAEF . *GIn105 F1°Ser114 #0155 5 TH-REO06 )
1,4~ S SRR 43 1) S5 A2 A SE AR B A
MEAEH . P BAIRAY C o AR A LR XT, TE A
6547 B A& )2, F T 454 JH-RE-06., H A&
5 ., "Lys69. °Glu72 F1°Asp75 %% % 5°Glu75.
“Tyr112 F1*Thr115 JE Wi 05 LU cREVI CTD —
Rk, JH-RE-0615F " RIKMIEHBF# T REVT 25
4351, MMBHET T REV7 HIREV1 CTD Z a4 AH
HAEH o #E— RSN ) 2585024 i o2 2,
JH-RE-06 5 IV 1 FHI 38 58 1 MEA 0T 22 0 240 i 2= 19
B, RO T /NRRMBEARAREDN
TRF 20,

20174F, Zak 55 ) JFJE T E B it 53 55 H
(BMS) 1 HA R A TF R LR R P AE T 32 4 1
(programmed death-1, PD-1) /F2J¥ 50T 52 (AR AL
& 1 (programmed death-ligand 1, PD-L1) JE jik
PPLAHIFI MLHIBFIE, &I+ BMS-202 724
SR, WL S I FE PD-LL IR R 4K
(I %, M BEL BT PD-1/PD-L1 #H E.AE . PD-1/
PD-L1 & CHE M ek oi, AR B AR AR5 1
T I S IR T W BRI R S e R
B, BMS-202 F & 5HHE M PD-L1 454, (HA
454 PD-1, ILAh, 550K, BMS-20215%FIE
HL#) 30 ku (5 5%, X5 PD-L1 fil BMS-202 i
2 188 IE 8. LR IREs ot
WESE, BMS-2024E 843 8755 PD-L1 1) — Ak
*‘Asp122 Fil*Lys124 5 BMS-202 JE it 06, °Glu58 .,
PASP61 ., *Aspl122 Fl*Tyr123 5% 4 5 Tyr56., *Glus8 .,
*‘Asp61 Fl*Argl13 JE il Z 5 . BMS-202 (1) 1K 2K 3
F*Tyr56 5% K& Z (8] ££ 76 p-p HEBAAH BAE L, 4%
BMS-202 43 7 #1 PD-L1 — BRI E 26, A ik
EM ZIUE G . XLk AR T Muszak 55 24
Liu % ' | Ouyang % ' | Wang % ?"" HI Song
At 8 5 3 R A PD-L1 AR 2> TR R B
Zhang % ) A 1] BMS-202 /E M #0407, LB
T —Z 5L PD1/PD-L1 AR AR FH R R 7

20064, Ladenson 4§ ' M &P 35 B¢ Hh 43 5
— oo M SRR SR A B BT Be (anti-
caffeine VHH, Ac-VHH). ZPiikHBLEA =/1H
b B %€ X (complementary determinant region,
CDR) Fti, LA T4 6 s o 32 AR i 0
L LA E PR =X 42 W PR g A 764 2y 4
(R IR o AT T3 Ao S5 R o e P DA S AR R HEBEL €2,

WML E T Ac-VHH 5 Wik 9 4k 2% 11 & ol
21, HE20194, o3 HER A 2A (ol
Ac-VHH Ht L85 M A e T HA5 Al AR
A2 LR A THT A Y — I E Rl 43, Bl
YERA>F 175 5 Ac-VHH — 54k, 7F Ac-VHH H7,
Wil R 5 A ER ok S AS [ VHH 237 19 /= B R
) CDR1 I CDR3JE WL Zzs s rh, Jf il eATm —
Rk B,

e RIRAFAE /N R IR S e ke, TR %
Y B R E RN, WG EE . Al
JAEAUA S A f e 5 AR AT T B SR R
fiff (ornithine decarboxylase, ODC) &£ & Wik
PR s — AN BRI, ODC T 11 1 22 iz 1l 240 Jif 7K
ST 241 e 34 A LA K i 0 1 K A R R R A
2L, P ODC B A AN & — MU, & —Fh
HIER 255005 . Bk, 228 1% 1) ODC #1751
FAET T REA 8 TIRITIF 2 0E . LA, 7F
RN, ODC 36 P8 52 21 8 H 3 i 7] 2 S R it %
fiig $it B 1 (ornithine decarboxylase enzyme 1,
OAZ1) (IHTT . AR 38 1 45 & BHPE i 1k 5 B
PR TR, I R M R e T
AT REAN I ODC G YE . FHIT ODC-OAZ1 #H H AEHIIT
K455 ODC A Dyhet: — R Auny 2 FHIs Rk >, it
AN R SZEM R, B T —FZ & oDC il
il ODC-MPI-1, ODC-MPI-2 5 ODC-MPI-3, H
i, FRATIEW] T ODC-MPI-1 J2& —Fh A Hif ik i 4 1k
2y, e XS ODC A HAE FH i 45 A it
AT HEIRA MRS . SRR R KB, ODC-
MPI-1 5 Cys360 B A7 HEMH BEAEH, REE,
ODC-C360A HJ A fig i ODC-MPI-1 9|, [1] 432
HESZ ODC-MPI-1 i/ 1% 5 ODC fiX NI 25 A 1148
a4, BORMIRE B RIS, {H ODC-MPI-1 1]
REIETE M) oy T, 755 ODC AR (i —
RACHE T &I EIMEH . ODC-MPI-1 7] g 2 A7
HE N AN, A EAE ] ODC R R A
T DT 00 )l A 0 14, iR T ODC-OAZ1
() PPIAH EAEF o X Fh 22 & B (A3 i 590 mT 7= A=
B R AMEE R AR T I SRR
EATE T i B R I A5
1.2 ZHaFESREERRZEWK

2000 4F, AN[ETAE 40 CID 2R 45 i 56 T 1 28 ik
1 (MTX) R R GRS TIT RIS B
MR 2K LY (BisMTX) 5 — & i R if 5 i
(dihydrofolate reductase, DHFR) %44 JE# K%,
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TG T OC B B AEAZ IR AR WA B D e .
Kopytek 5 ** ] Ff MTX-DHFR #H B A /412 45
FfEE, B8 T X MTX-DHFR £ & 4E 47 B MTX
DB, 38 a3l B Y S L B B2 A
MTX 43 F LR —f s . BisMTX BEfES [ AE{A S
#lifk. i DHFR Sk — R4k,

2007 4%, IR R RGE ST . A
AF ik IR % I8 B A2 (non pancreatic phospholipase
A2, PLA2) s&—FhZ 5 405 DU TR A BN A
WRIEE, SRR G, BYF-3H i-face SRR
WorF )2 B EAEAER . Zhou 45 ™ ff HI L ATHY
PLA2 i-face Z54 WAl ), #gE 7 HAARFE.
()[R SLE REMSIWREC A, v LAFE AR SME alifb () il 4 A
TR A RO B w5 R AA A ) PLA2 15 1
AIRICR BRI DR 57 5 4, AR B2 E S [ PLA2
1L BEFIRT A KB PR T R BIRYFR, i HAT
R —FEi Y CID R4t .

2016 4, Tanaka %% ¢ Fil Waring &% 7' 45 T
R AR SR, (Bromo and extraterminal domain,
BET) # 4 Brd2. Brd3 fl Brd4 9 —M#mifilH. X
ZABET MR (flan, 28149 JQ1 AIIBET-762)
A e RS M A 455 BET & H . M T
(149 7 FH X T4 ] BET & 1R Ui — A W51 1)
ML2s, T BET 8 1A H G DX Bl AR 60 15
AN TR B VR 2549 B0, FR 9 BD1 Fl BD2, MT Al
BiBETs # & {71 N 455 54~ BET & H i P4
ik LA A FAH DG A Y B g ], A

il 00 % 2 IR ZS M BOT B R )12 19 43 [A] PPL,
FEMTLH, B4 JQL 431 L4~ & ZREHITIY
AR (PEG-THEHAR) EHAE ., TR A
R, MT17ERH LE Brd4 55 40 it s €6 5 45 4 7 T 3L
3 HCAF R A B B0 57 JQ1 55 100 4% . BiBET fie 4]
R T N AMER R Z NG S M RN, JaRE
AT LA Rl 2 5 BET 85 H B P IR G5 5, 1]
XS Ak B A FE D 20 BRI N X A A A R A
il H Oy X 5% BET il i BlUsrk — 2, Jf Bk
J1R YR, SRR 3.

Maniaci 55 ' F 2017 4F-¥ CID F1 PROTAC A
Mg E, \ARW, v LM XY e+
“homo-PROTAC” ¥ E3 1z K%l — 1k, 1EN
V5 UM T E3 3% B R A ) SR . LD BB 4 FH
AH[E Y VHL (von Hippel-Lindau) Fif& (VHO032 5§
VH298) ., it PEG 11K LUK R B A X R
FRERE, LIES CRL2Y™ (—FPE3 4EHRE) — %
o B Y e A 9 A ) 2 0 R T U 8 1 BT K
fit #0 17) ik & K (proteolysis targeting chimeras,
PROTAC) CMI11, FE{RAMNG VHL R EHH & b
[, 5 bt i E R S X TARIE
W1, CMI11Z&—FpPd . A2 PROTAC, AI7EA
[F] 2 e & rhifs 3 VHL IR BE HRp A R 7 Bl
J&i, Steinebach 4 0 T AHE AR =, Bt
T CRLA™ % #% i§ 1) homo-PROTAC, fifi ft. & ¥
15a ik e % BR Y CRBN FA7 )

Table 1 Small molecule information in homologous CID systems

#®1 REECIDREZEHRR/ISFER

N A HbrE A RPN
FK1012 FK50645 4 A [16]
(CsA), HRAG A EA L16]
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® Sa e
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g1
NGT #hik HireEH S0k
BisMTX AR R [34]
COHO
0. [e]
L T
HZNJ\ °© SN7ONT NH,
5|k SAU) o MR EE FAH B R A2 [35]
H,N
CLx
O~ P© oMme
MT1 BrD4"! [36]
N=\ s
NN U
)kuaj(o\/x” o
Cl
Bi-BET [37]
N
N SN
0
—0 [
N/ N N\ N\/\O
e
CMl1 VHL [39]
NG
‘S
o NHO oH
}*M%“%%w%ww%ﬁﬁQ
S = H o
HO HNY o
\/#
N
&I
Compound 15a 2 & CRBN [41]

HN o
el N
o
i

O HN o
R TN TR

0 O

MDMX: R A 1X (murine double minute X); AcVHH: HUMiHER EaEHi{A K Bt (anti-caffeine-heavy-chain-only antibody fragment
(VHH) ); BrD4""': BrD4ZE I — 453 (the first bromodomain of BrD4); VHL: %L (von Hippel-Lindau) ; CRBN:

cereblon, JEE3EIEEHZ RE AW I —FIEYRBIEA.

2 NHiFETEHL (LID)

LID R HDEEEH, LI N R EMSRAL,
M EH AR AR, LID RS8P rOL
HEAEENOCEEY RS = TR A YA
Wi Z FOCEE B Al DLEAT 565 59 [R5 B4R
M, KEELID &5, T THIEZ RS,
FARAME S5 = . A L S A i
8o ARSCHE SNRIE =FRBADLEE R . Jt-A-H

J£ (light-oxygen-voltage, LOV) Z5MIEH .
& 2 (cryptochrome 2, CRY2) FDEHI( Z,
SRR R )2 PG 5 s F
APyt R o A SORA 28 R LID R 458 B 53
M, LID 2GR HAAE B WK 2,
2.1 LOV#&MEER

LOV 45 f B2 —Ff /ML (~14 ku) DGR A,
I AEFE TR . AR R B IR OGRSz d T
— B CHOE , LOV 53k C i Jo SR JiE S 7
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JLEMBR N5 PER-ARNT-SIM #% 03801 55, M5 &
EAAFEASFE S Y P HAARBULN
18 A7 B AH 56 A P i DR DL R I BL I ) 22 4
PE, LOV 25 8 % I B A2 2 S R 280 B i al
MM LID RGet0 7otk Blan, #6nT LI Sk
H JCka % (Vaucheria frigida) 48 {0F 1) LOV
ZE ¥ . (LOV domain of aureochromel from
Vaucheria frigida, VEAU1-LOV) AL (1¥2),
FTHEE LOV2 453 (AsLOV2) K H3ELEH
SspB Myt B GiE S R Ik (ILID) E—Xt2E R
TR, i, iLID/SspB X #i%it A iLID+tdSspB
245, LY SspB HR B RS K 2 A A IR AR B
PEF ™ (E2) o ALt R LOV2 45 4y 3k %
T ADETEE R R — RIAKaiA B H (—Fhik s
AP R, A AT KaiC (—F
WEAEVEN) MBERRIL S LRl

S TR IFLTAT R B9 EL222 Y6z % 5 Ak
L B A R OGEE A Vivid (VVD) GRSz 4
H A LOV S5 M Bl Bz 38 G i i, BT
XA RO, I HEATHA RN AT
N, P MR R AR R LA T R 2R Ak,
TR L5 N7 UL R AR IERAER , EL222 Al
VVD # )7z H T o R R A g
s 50

EL222 j&—Fh H AR IEL 5L SR 7, s —A
N St LOV 6845 #a dal F— A~ C i 2 e - 5% 1 - 120 e
(HTH) DNAZ5& 25838, 1ERmE 51 T, EL222
TE 4o BEE L 7 R LOV 35 11 2 (8] 3% B 410 i) 7 2%
fisk, ATIPH IE DNA £54 ©" EL222 7E3E A 45
(R0 R B0k EL222 45 & 3L F B A BTk J3 3 1
B e BN e S E T KRR D) RE .l
PR A Bl X EL222 45 6 383 i 4 B o JH Az 25
5 RNA REWELS A FES, o LKA sh 7t
iR . T EL222 et R SR
PAPERIEEE, SR AUREEI R BL222 Rgt - E 0]
DATE LA IR 338, DA S S R ) 26 PR 4
EL222 /0 WL Rk O AT 1z R sy . e
THEFHTHN T (Chez) MZHRIESFH KT
FREE 2 A SR 52, T 200 1 4 24 R0 200 it FEER )
PRl Tl 40 A A 53 P I SCRER F (FisZ) Ik
(I 7 A

Vivid (VVD) J&k H BN ER/NY & A LOV
R, HTRAMA (Magnets) B T &
F i =24k, VVD 92544 i N ity oo 8515 T8 2 1

TERE & BOIRAS T 5 LOV 45 s i o v, 5
EL222 K4, J6iF5 T M 45/ S B B I B 1 LOV
Rl 2s (BB, TR T WA~ VVD Z [ HF
LOV-LOV ALy i =9, A T vvD, 4
S VVD #8550 TR 9 H AR 2E 1 (protein of interest,
POD) filfy, VIMERERSE AN FIH Rk, I
HeRE S PG R AR, SRR, M
BT AN EHER SR KDL LRI RS . AL,
VVD i 0] FHF Ak 4 i v i A e o7 P ] 2R
A, 3@ VVD B R IR R A A R 3 L e
Wt VVDAHIE T ARAR (A T4 i [) U A 1 o —
RACMILADR FH LR 2.

22 BfEfER2 (CRY2)

LID Z 45 Hh 48 ol FH B — R Al 1 s o372 U
BT GIEZ %% CRY 2, CRY2 1956 M Jo7 1 44 8 T 38
IR ARES AR (FAD) KO & AREk
SERN, 1R A G AR AR () 5 AR 1 A
HAEM, JFEATZERMINEEF 5 (E2),
SR, A FMIEPEERN], B4 A CRY2 FHLH 482511
SAESOR, SO T CRY 2 88 11 14 20 M P e 5 Rk
SR RIZRAL, A TS CRY2 A R EERCRANEAE
N, FFR THEET CRY2 Wt etk 4
a5 8 (green fluorescent protein, GFP) #5
IC Y CRY2 E490G 2454k, i 44 1 CRY20lig, fE
JERETT W H PR FL T3 ) SR AR RE ) AR B e
R B PP  RIE R S CRY 2clust /&8 i
£ CRY2 i fesiiebr i — >80 & B 04 S B I O & 1
AN CRY 2 Mk B2 S22 AR e 50N, B AEAR
FIRKET, CRY2clust th BE PR3 A 5 R 4 7,
CRY2clust 7E#% il 2 [ . Rafl FEHABE S &M
(R3S P T S s T2 B KT T
23 x#ftax

FET LOV 5 CRY Y R G T WG Ut
Bz, TG R EAIZDERNELE, JieE
WA A E Y & B F 2 ThEE . el KRB R E
B CHE AR Z L a4 (near infrared,
NIR) {ul (620~800 nm) AYYGF, HAE K
EBIRIE . MY ERE R AL o KA
W5 (phycocyanobilin, PCB) 1k % {6 4],
XIEAENCA Y P RIR T Y ;s AN G
ZHRHAMEEE Ixa (BV), 1] LUIFL S0 400
MM LT ZE AR o AN FERR IR R R R T 3k
XSk () IR AARZERE, ANk A 4 e i 1 i s A
@& 1 (Cphl) LN T RAEZFRI, JERMHET
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PR A FAEELOE T kAR (Bl2).
Reichhart 55 " 38 i {751 F1# 4% Cph1 1258 245 #4)
W, AT —Maoeik e En R R AT
Be, BORPOETE TR T RIRA R RG] A EL
i A NZ ARG NG T R K2 G Yk
T AR BT L DR S A LT R AT — R G A
U

Tiif 4 S5 BR B B 4R RDGE R (DrBphP) B A%

ey

-5 - HL s 45 A
VfAUI-LOV

J WIFiE
450 nm

iﬂ"

Tandem SspB

450 nm

T

X APAT AR, W AR LT el 4T A R
THEZEFRPZ N AT A R 5, TR IRl Sk
T4 R+ . DrBphP — SRR C vt 41 20 F2 P i 45 1)
WAELDE (660 nm) FRSTE LAY 35 A (Y] B o3P
BATAENIR (740~780 nm) & W = BB 15 v okH 4%
VT, AT S BLEL A F C o B R A W) VR AR AR
e (E2),

fafeftz2 (CRY2)

450 nm

740 nm

780 nm
660 nm

efins

et 2 +HHEE RN

660 nm

}zee

DrBphP

Fig. 2 Schematic diagram of photo induced homodimeric interactions between LOV domains, cryptochrome 2, and

phytochromes

E2 LOVEH#E., RERR2, AHERNAXFSRBE-_REEERATERE

Table 2 LID system inducing homologous protein dimerization

2 FEREEAR-EUMLIDZRS
NS R RS R ORI K am BRI [A] EE BTN
VfAul-LOV FMN 450/ 2 1% i [47]
iLID-SspB FMN 450/ » [48]
EL222 FMN 450/ 521 L [50]
CRY2 FAD 450/ 520 Fh~4 [55]
CRY2olig FAD 450/ R Fo~4 [56]
CRY2clust FAD 450/ 2 5 Fo~2y [57]
Cphl PCB 630/647 Fh~43 [59]
DrBphp S 660/780 =P~} [60]
BLADE FAD 450/ 21k ing [61]
Light Off, Inverted-Light Off systems FAD 450/ ks - [62]
VVD FMN, FAD 450/ Z ks Gy~Bf [63]
yLightOn FAD 450/ 2 1% e [64]
paT7P-1 FAD 450/ ks - [65]
YtvA FMN, FAD 450/ 1T I3~y [66]
Opto-Cre-VVD/Cre-Mag/Flp-VVD/Flp-Mag FAD 450/ 21 i [67]

FMN: #ZHTHZ (flavin mononucleotide) ; FAD: 5 Z JRIEEIS — &% F2 (flavin adenine dinucleotide); PCB: ¥k .
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3 BATUFFESRREAR-ENL

HaiH T SRR E A Rk af ik
FEREMHCID R4, WA, &JRET . BB
T EERRG SR 2E i AR 2 TR
Ko A Xl 2E e ZE R N R R AR —
wiE T R, FECEY RS s
31 BB FESREEAR-EL

Salgado &5 '™ JF & T —Fpi ik, &)@
HEH A4 (MDPSA), EFIH & & -BL A AH A
FHMBRIE | J7 )M AR R I o B 1 T R Ak
FESEY 4 B rhos R BB B TR L R R
WA E A - A . B0, Salgado 55 ' fifi
JH VU B e AR 2T 2 B 1 40 0 3R b, 1 N 4R
H, NS E AR REE N, mah
MBPC1 (—F#EXEEEN) MRk, 7E40E
03K cbyg, IRHER T T WA i/i+4 bis/His HE )7,
FEA T —FhFR o MBPCI BRI . A0 Cu 30
W MBPC1 Y R4k, i 8745 6 & 0 i ik
P48 7R T H AN BAG 07 B 1 LA TR A Cu*
His, {7 8 7 B2 7F — R 9 SO AT R AR . bAh,
4 Ja S ) () [T A 1 —SR A R W R B g AR R AR
BeAR M 7 dHBf (B 3R by, B IARBER T N B
BN G R BR LA LA i/i+7 HES S A 1% 42 )2 e
PR R FE R R s RS B . NI EE R S i
EJREF Co* . Ni¥', Cu” Ml Zn* FEUAEIHFR I AL
TR, B E B 107 mol/L BUEAR., BB T
A REBYNBIEREAER T - VIEZE
A, Horp PSR ES - UL R A\ TRHA T LRI 2544 5
A PR 21 S TR A S ME R 0 85 o A BRI,
& BB AR E A BRI BT LA 25T
BZIP BG4 S R Ry 25 M &, 3 R R ) A P
PRt TIRTER N TS . SRS FASEN R
TRBEEEHIAEY SRR —AMRA AR . R
e, 4 -8 A B B R B = SRR AT SR R A
FH MDPSA % i1 % (H i R RS0 — A B
i, EE S EER AR I TR . WA
JoT 2R TR Y 4 e 6 5 8 -2 A BT A T R T
BRIHHSS G, oTDIE—E R E AT eE X —
A,

32 EBRFESREEARZEWK

G-DUsEIAR (G-quadruplex, G4) JEH £~ GY
O3 B R ) VU AR S5 M . EAN R, G4
WIS 2 Ak B2, Il st BRI

sk iy T R, G4 HEE BT )R AR
HAEFC SO R A Pyt B2 0 — R A BT Y 07
PR RN, A GT HE TP M H RIS
HIV-1 Gag #5 1 it — R4k 7, MSERH R (GT), 5
(GT), 5 Gag IR AGE (NC) Z5iIigs s, =
W Gag R R AEZM, AHT Gag Rk, BRI
SHEAB R RV E A BRE L A R R AR
A5 BEOE Z WA AR —FoRiE R, AU
fitg, BAAEVF 2 H AR IR o — R A

33 AFFEARRFFEREEARZEN

AR, I RGN
MRS S TR Z MR, B REAEE R
b R TR IR S R E # A7 rYHE
M AHEAER, RIRPRC e A s o o,
o> 115 FE 50 T FRRIRE R (8K (cucurbit
(8] wril, JIFRHEHIFIKI8]) TEGEMhIRFNIE 4 Hh R
BRI R AT W AR R R T RAR R T2
PIRFGE . 1 R TR E A RIS S
Je e R B & 76 G BUIREE [ /88 0+ E R ATk
R,

B I F] I T S B A IR IR — R4k 7
B, F TMe-p ¥F M1 &5 (heptakis(2, 3, 6-tri-O-
methyl)-B-cyclodextrin, TMe-B-CD) X} 4 IfiL.3E F &
I (bovine serum albumin, BSA) #4735 M) fE
fb, fi5,10,15,20-P0 (4 fif fR 3L ) ka5
TMe-P FRRIIAE 192675 A] 30 b 45 i) BSA [l — 2% .
PSR FE R R AR ER, T RhEst
IR HEBH €235k A SRR B 11 5T v 4 B3 1 ok

FH P 8 DRI 5 A W | R o1 41
T, AT LA TR AR R RS Y
B (8 KA HL i K s N S v b [ i 45 6 0F — 5%
PR, BRABEIEMT . Br51EE
A [ 8 TR AT DAAT 00 AT 3 U044 5 15t 4% G
T N iR N 2 R - H 2R - H 2R (FGG) JIKEER?
MPEEE A R 1k, WA FGG-tag Y2 H i 7E pH
AR R , W& T RGN HRRE S B
£ FGG-tag I it . FGG-tag 5l [ 8 IR A
PEREVEZS SRR A R, JFHE T N gz
BB L8 IR A% ik 3 2% 7 A DG B A T AR
M, FEEER R R,

i (8 Ik H B R IEC W T
W58 — R AL K & 1l (caspase) -9 U 1 43+
Bl ™', Caspase-9 J&—Ff i T-2f bt 24 R & (1 il
TEIE R A BT F 2D TCIE B AP A
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EEMBINAS T RAEZRIEER, IFEA
Toik AR W L5 L8 AE ] o Caspase-9 B9 N ¥ & A
FGG &% (FGG-Caspase-9), SuVF#firT[8 ks
B R A, X — s S SO CEU A BESE
il %) A A T P I 0 8 DIV I 2y 8 A 34 o
H 3| Fr i FGG-Caspase-9 — R AL ik 21| 5 K36 7 .
# 77 [ 8 K15 5 A FGG-Caspase-9 — AR AY 15 E A

R E® TBEANTETE, mHEHT RN BA
/_D‘FG o

|

A5 M Caspase-9 HL {4

[ a’:ﬁ)g[8]ﬂﬁi
rec @)

TAEHK ZRMAAEMEA. Hmdik (FGG)
I EN WG PR (8 K175 3 1 FGG-Caspase-9 — %
TS, T % TS PR AR s o v SRR, Rt
#ir [ 8 IIR-FGG ARGyl i kR, @+ 3
BARTT 0] DL 5E 45 il FGG-Caspase-9 — AL A
6, JF HEA e /INEAR G175 S 5 i 2 1 5
RS (E13).

T L 4 Caspase-9

Fig.3 Schematic diagram of homodimerization of N-terminal monomer Caspase—9 with FGG induced by cucurbit [8] uril

E3 #HA[8IFRFESNEHHBEFGGH Bk Caspase—9IRIE BN ~EE

T FEARE G YRR T 7
H 8 IIRAE S B 8 (K 14-3-3 (W e ANJSH0%
IR L) Rt TR . 1
w7 (8] IRAF#E T, Ff FGG-tag 5 M ¥ K & &
o (ERa) [ 14-3-3 254 F A0 14 N Sty il 75 1] LA ) B3t
TR K. # [ 8 IIKiA S A0 ERa Ik — 3R T —
JC M EE A T 3K R HO A 1 14-3-3 1R AN

FGG-ERa

H B8R

Jio AAZERIRW], R G 2 Rh T A
VEIA R RAFRORRE 77 (K4) . #1 [ 8 IR AT LI
H ZRAERIE TS5, IR A i R
FAURIREG 1, X AP A 0 A 2 1 o ) O
RACESE, I RACHE IR AZ R AR AL TR
W,

Fig. 4 Schematic representation of cucurbit [8] uril-induced protein assemblies of phosphopeptide (FGG-ERa) and
protein 14-3-3
B4 #FHASIIRESMHEM (FGG-ERa) MEARY-3-3NEARAENTEE
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4 REERE

[ AR T R AL LT A A i B Rk
FEISEVE, AR T @ R T AR ) R 50
(8 12, BINTE 24 A P N 4 DL AR ) e 2
N FHEAA EEE L SR, BRI RS A BR Y
CID 5 LID £%, XTI _RIURG TR
R, FFEHN ZRAR GG I H 25 8 224
YRR il . X T CID 2%, i EAER
TR GBI (B R GRS 2 1 o TR sl 4k
0%, B AN X AT 25 2 O A B T 8 SR R
SR RGN R AR R, XFF LID &
4t AR RDGIE SR S5 AEY TREE AR,
A, HEETAMEATT A S B v H B
BRI TS

WAk, R ZRAG) 2, (BHAERE)
SRAFAEBIRG . BRAR ) R I WK R HA s AN
SEASRAT . AENEASHE . Al . BRERT . A
SRR AR L YT R R G A R R
ATHER AT AEAE B B R B AT b O A T i T
i

CID R Gt — My & iR nyss K T.H.,
T IAEE PRI AT A, s RS
Y AT, AR BRI T AT
RERMAL . 5 LID RGN EARIZS A 5: M
(Ko 5 FEUEE /R ) A EG, CID RGIE T
A MMRRE (K IR /RTE ) . SR, IE2E
TRFAME L3 5% E AN A 225, Wy BT
FIHA], IS AR R, WA R EA
i RACHA IR SeE— e RO
T, SRR R SRR, ]
DISCEL ARG BE . s gk, DA SE B 23 i ki
P BRI R T, 54k T A ]
Jenl DA A s il TP, 5102 R G0
7%, FNEATEHZEARBEGEZS, 1T
BERME A 228 . Dtist s TR R KA, Rl
EHAMRANE . alibE A s B e, vRAh Tk
S5 TR i AL T OGBS . LID REHA
PR sh 2l 12 A3 114 B i AT Y4 i ity
A, AR BB 2 BB TS A FR LG 21k KTl
YIS U E s . A, RIS SR, D
PR AR EE R P R 2, RO S 806
VGBS, TR BRGS0 At i

Wit CID RG HA B m MR, SETARIL M A

AR A AR R B R AR T
A TR RN, TR TFREFFHEAR R
T BA BAF ARG B A YRR 2, (A5 %5+
AR B A 5 5 S RN BRI 1 HAE 2R 1 5 b Ay
—PRi e AN, S5 vz R ARSI S
HE MBS SRS, K% KT 10" mol/L, T
PRRHIIREHE, W28 ORI ATEME, IT
W2 U BOR T . 38 DR & 5 TARAS K
IMEEYECHT RIME S IHOR ,, X EEHR A
AR, RS B ZARER r BAT B m 4h
G, IR TEBM., BRESFIEET 2
FHT AT B 2R A, (H 7R 5 2 Gy A7
KRR PR AU, B HIR R R e
BAT IR ZHL CID RGEH Y/ N TR B
1, B IA SN YO Kmisit, H
FRATITHIR T LA — LA 38 Hh 3R — S i e F1 -5 B
T 0 LA . PPISR I A — XA B A 2
SEARETTHRIR R I BAR Sy “HRR” OCHETR AL, X
TUEAE Y PPIEE 456 2R FI L85 1 PPL,  CID &
g/ el RAse R, JEad SRR A e
Sa RN EA R S EAR NG, Fik, °]
Dh3d 2o 05 1 B8 5 1 v 5 R AFAH BAE IR/ N+
YERIF R CID REGME A BiJE, FHRERE
CID &%, X[/Nofitf st et Ist m HAE R/ )
SR AN, XFTRBCHI B H BT RS, Wi
REAE (R 4 B P 2 10 BT 2 [ ) E D ST
IFBOTHRLCID RSE., T4k, HRFIRERT &
Iz T PP AT A Akt , X 2EIRBA K
(L5 G P A RS AR, fERCh B
RICID R A AR ¥, P, A 2 4
IR JIRFIRTE A et iT RERIT & CID R 55
AN, At 2= N e, ¥kkh 1 CID &40
M) —LEEif . fit, Chends ™ $&H T —FBi ik
FOGwHL IR, I Ak S AL (photo
switchable  chemically  induced  dimerization,
psCID) , F - id i 5 6 LA o nl 39 i) 7 24 il
A hAE. iH., psCIDJERT A, BnT L it
it FNA [l 56 B2 1) ' BR Bl 2 1 o — SR AR 5 — R4k
FREE . (R AN I, AT as ) (um) FAEE]
(ms) AR FEE 2 T 3% 40 i 2 10 B 740 7 R4 L g 1Y)
SENL . psCID RGi454 T CID 5 LID R MR,
BoAaras alyE H R R, DARCEA ORI = 25 ]
Oy PRGN, TR e AR i AR R R A AN
H. WA, HTHEmEERROLE AT
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Abstract Proteins in biological systems rarely act alone, but instead bind with other biomolecules to trigger
specific cellular reactions. These biomolecules are usually astonishing number of proteins self-assemble to form
dimers, which are both in a relatively isolated state and in a protein interaction network and cascade. Dimerization
can endow proteins with various structural and functional advantages, including improving stability, controlling
the accessibility and specificity of active sites, and increasing complexity. The self-association of proteins to form
dimers is a very common phenomenon, and the functional importance of homologous protein dimerization cannot
be overestimated. It provides diversity and specificity in many pathways, and most cellular events, such as signal
transduction, transcription cofactor recruitment, enzyme activation, and even pathogenic pathways, are

significantly regulated through homologous protein-protein interactions. The regulation of protein dimerization is
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an important process for the growth and development of organisms under internal or external stimuli in the natural
environment. Therefore, regulating the dimerization process of homologous proteins and understanding their
molecular mechanisms are crucial for biomedical applications and analyzing complex biological regulatory
networks. Proximity effects or physical proximity effects of molecules are essential regulatory factors in
biological processes, which can be controlled through induced dimerization methods. The application range of
induced proximity ranges from manipulating protein folding, activation, localization, and degradation to
controlling gene transcription or cell therapy. The chemical induced dimerization (CID) system and light induced
dimerization (LID) system based on proximity induction provide powerful tools for regulating the function of
dimerized proteins, and have been gradually developed. The concept of CID was proposed as early as 1993. The
basic principle of CID is that a small molecule controls the dimerization of a pair of proteins or domains, while
binding two proteins and bringing them closer together. Small molecules in the CID system form ternary
complexes with target proteins, which can bind to various sites, including “hotspot” and “allosteric sites”. Small
molecules play a role by regulating protein proximity. The light induced dimerization system uses photosensitive
proteins to undergo conformational changes under light, thereby inducing protein interactions. Multiple
photosensitive proteins derived from plants and microorganisms can undergo photo induced homologous
interactions, and relying on LID systems, they can be used to study various biological processes, including cell
signal transduction, microbial synthesis, and biomedical applications. In recent years, metal ions, nucleic acids,
and molecular host guest systems have been proposed as new methods for orthogonal control of homologous
protein dimerization, expanding the development and application of dimerization systems. In addition, the chemo-
optogenetic approach combines the advantages of CID and LID systems and has also been applied in inducing
protein dimerization. This review elaborates on the methods and applications of inducing homodimerization of
proteins through CID system, LID system, and supramolecular chemistry, while discussing the advantages and
disadvantages of dimerization systems. The development direction of dimerization systems is also discussed, in
order to provide some reference and ideas for the future application and development of homologous protein

dimerization.
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