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Abstract: Cell surface receptors are important membrane proteins that play a crucial role in mediating signal
transduction between the intra- and extracellular environments, which sense extracellular chemical or physical stimuli
through their extracellular structures to transmit and amplify signals into the cell through their transmembrane domains,
ultimately leading to cellular decision-making. Cell surface receptor clustering is a key molecular mechanism for

precisely recognizing extracellular signals and initiating internal signaling cascade responses. The clustering and
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activation of cell surface receptors are essential for various biological processes such as cell migration, proliferation,
apoptosis, and differentiation. In addition, mutations in membrane receptors can lead to the abnormal activation of
intracellular signaling pathways, contributing to the pathogenesis of various diseases, such as cancer, diabetes, and
atherosclerosis. Given the close relevance of receptor-mediated cellular functions to health and disease, researchers
have devoted great effort to exploring the biophysical principles of receptor signal transduction and activation, as well
as developing diverse molecular engineering strategies for manipulating receptor activation and the corresponding
cellular function. With the emergence and rapid development of chemical synthetic biology, molecular engineering
tools have been developed, making the rational regulation of receptor activation much simpler as well as more precise
and diverse. This review first summarizes the key functional modules involved in regulating receptor clustering,
including molecular recognition, spatial organization, dynamics, and cell-selective modules. We then highlight the
latest research advances in highly controllable functional modules enabling the artificial engineering of receptor
clusters with dynamic aggregation, specific responsiveness, temporal and spatial resolution, and high cell selectivity.
Moreover, we emphasize the emerging applications of various precise molecular strategies for artificially controlling
receptor clustering to manipulate cellular phenotypes and cell fates, including immune activation and in vivo tissue
regeneration. Finally, we perspective the unresolved issues and challenges in developing receptor clustering strategies,
pertaining to the mechanisms of receptor clustering, designs of molecular recognition modules, limitations of clinical

applications, safety and long-term in vivo uses, and the potential applications of these strategies in disease treatment.
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Fig.1 Regulation of the downstream signaling by cell surface receptor clustering
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Fig. 3 Spatial organization elements of cell surface receptor clustering
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7 4CAE IS A4 44 K FE 5] (DNA origami-templated
aptamer nanoarray, DOTA) ™ [ 3(b)], MIhsL
LT X% EphA2 24k . FFA A K K 152k (Met)
Tl RERS] . X TAERY], T DNAGIKES
o R A 2 7 AR 8 A A B DLSE i B 9 oK RO 7 7%
AR, N i AT AR - 52 A 3 1 AE
- 10 R AL ) P B A
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123 A TASDBBE T TR %

F T B0 g R ST Fe s I R SR R —
W W IR AR R AR BN T B
VB DL K SCFF G W Z  (supported lipid bilayer,
SLB) . FHREEMES FIIEES A, BGm
GEC/ R N 1= G N AR R L R e o T v O
i T DR R0 2 s B AT T, BTz N
—RIBITHMA. HEEENLE, BEEEES T
R TR MRS . I8 70 38 10 3R T A8 16 4 5% M
e, ASAX AT DLSi B0 5 [ 5 e 40 i sk 28 B, 1B RE
TR B ARgE 2 AR R 4 [ 3 (o],
M5 5 AL RN B SR AL Y wF T A A
VONISUR 2B R ARk /) IVSE MO
B PR ECPT AR, 3 SIS R S A A ) A e
G5 AN o 19140 Kuroda 25 2 PDGFR ) % JiE
iR, BhE T 5 EGFRAEMBEAI TS, M ff %
MR 5 EGFR 2k k4 4. MIXTI =, (g
T 2 B 0 87 BRI A R 5, AT D@ I AN
PEG ATAM)«  rlili b 5 50 R R o 422 1 45 12 11
Y e AR 5 25 Wt s AR BV R T 1Y, M B TR S
W7 AL REAE BRI R R | A ik, s i 4
A& F A a8 51, B A% IR S i A
R IZ R

F T FE 0 (0 R SE R R M DORS B i ), T A
FIETF R TN SLB Hilg, e A& A8 T I B 2 AR
A R AR . R S — AN AT B 40
BB R S0, SLB AN ZEHE T 4H Jf M (1 O B 4 1iE
e R [T RS R, BT SEHER TR, B
3 A DLt 4 P IS % THT 1) s B 3E AT v I A Gy
NI EAS VN 1 S hE B BUE. PNTIL A i O E
43 SR 6 SLB 4 kAT B, 3 iR A 4 i AE
THI Kb [E] 52 22 o FC 4 RS2 A, S I SKF 400 i i B2 A 2R
L0 TR RERIMRT 0 B, FFN RO AN
SLB S B& PR 78 1 N L i Je 40 M 1) 55 52 & EphA2 5
&AM ephrin-A 1 FC A4 ) SLB ()48 TLAE B ik A2 A A= 4
ER Y, i, Wind %% " @LESLB T & L
A B4 ) AS U O A R 16 4 90 oK R 1 LA E A
W~ T AR 43 A R 1) R 1] L AT B 25 X TCR %
SO I o 1% 07 AN RE B8 B 72 52 - T A A
HAEH, ERe4E S 50K % B A4 P b P2 AH 5K 1)
YMIAT N

1.2.4 T oRE R 6 AR 18] 35 ) ok

7K B e 2 E o A B Bl AR 3 0 AR ELAE RO &
) = YT 7 4%, AL o WA, 9F HoAT LA
ST YR T TR R T A R R AL R S B N
i Y Rk, KRR B — FOE % 1 T
H, 0] T 50 7 AR 2 R) P A 2 AR SR AR
B AT N, AR, BERZME ()
Wra3pl ™D, gHMEMELE SR E (a1 CD44 ")
FSZ RS A B 5 (0 DDR1 YY) & A) DL 4R
SE TR JE S SR HE AR ) TG A =S TR AH ELAE ) Ao
SN s H AT B A R aviz [ 3] it
—35, Bian %5 7 MYE T T K EE R 0 B
AT, WEFS T PR B O A ) 00 g 3 Rk
X T 40 B2 AR BOE I E I RIE R . tah, T
T JSZ 1 52 A % ] 42 o) 5 W T LA AL Gy 1 2 I
JE AR AL 22 B 520 . Ding 25 ™ % Arg-Gly-Asp
(RGD) Ik LA B 0 4l K B 51 L S5 & 215 &
TR KR RTS8 T 4N R AN B A Y 2
J5 I FEE R 4 oK & = 1) 2L 2% 52 AR s % 5 1 4l
Mo A g, &5 5L o R 5 NI R 4 P 35 P
A ) 72 8] 4 A #0220 B R 5% ik Sz, oA 0
YA

1.3 SZHRENTITHIRE

BCAR 5 S B 2 AR BE 2 — N s BB S G TP
)73 TR o JF R AT E R 1 3 A8 B0 5 oo A
A g 3 ik B P 7 2T 9 R RS2 AR BRAS .
N TSR Z AR R T R Eh A& Y, B AT
KIET ZMITiE, B F % (chemically
induced dimerization, CID) Fl3&F DNA 5 AL %
JO7 P B ) 2 i B B . 3 M S e T DA a4 ) A 2
SN PRI [A) A 2 (A A B, SRS AR SR AR I B A5 i
o MbAh, WIEEAEREOR, WOt win i
T ER 37 R 55 D7 VA AT T A r FR R ST AR R
131 HFHFEFRR%

e FHES R RS (CID) B4 MM T — M4l
M AR B B TR, Bk R T B 4 e A A
e 5 I TR) 23 R I B bR 2y TR Y ZEARONER
PR DX 38 N Bl 3 OIS RF 8 2 RS T TR AR T A R
AT, AW R E AR S R A IE TR R AT B
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P fE— NI CID &G F, Hnfbs: ik
Jo, WS IR AR AT DLE 48 0 AN 40 i 4 4
R R A ROREE, AN e B R B AL
SRR T XA AT DU TS s A
HA, Plngn s . IR 1993 4,
Crabtree 55 " $2 H 7 /N T 5l Kb %5 5 —
RHIME, MFKBP 5/ FRAAL & )5, FKBP
Wl R HEENEA R EEE —E. AT
VR o R G e o/ SR C P T < (Tt
ST R M LR IERZE AN, RKY R T/
Iy TR A S R T AAYY, W Lim 55 U7
i 11 T FKBP 45 #9318 Al FKBP-75 1A 55 2 45 & 45 #y 15

Small molecule

(FRB*) ) T2089L RAZMAK, RN T & ik &
PrJFE 524K (chimeric antigen receptor, CAR) 1%
£ [E4G]. A4, CID RS S N R & 7
JURDER 3 J L 73 2 18], 3 A PR mg 24 4 A 45 CID
BORYE iz B T 40 A5 57 5 . R R A &R
FREN SR . BN RN, ER—
M XA T AR S5 2ZANCID &%, AT %
AN SZ AR AN [F A NAS 5 27 R 4 s
53 T Z RR AR WA 2R 7 R B R
W. AR, HETRZ 8T CID RS 21K #
AR A AR TR AR E AR A E O
ARSCAEF IR 7 AR T — FhelEiS £ 1 DNA
CID

. «,{ o'y

o~ ferr 4

—l

-~

(a) 2T CIDZERE [ FF JCCAR
(a) On-switch CAR based on the CID strategy!™"!

it o # oy
rrffipr:%rﬂr.

Resting
receptor

Input I\;b(

(b) kAL FID-CID NG
(b) Nongenetic D-CID strategy!™!

Light Receptor control
i ®
P L & '~
""L@"’?‘"‘"""", 4 4 'a-e,t-Jwtz-;_..-'a u::.i-«-a.-’
Uy ey U U U USSR U Y Photoactivation ﬁ'« -
i L2 g f'r -~ ¥ e
¢ulr e ' SR
*; "'; A 'ﬁ‘:;
- - - - - z e -
Light-controllable
multivalent chelator
L — ]
Photoinstructive matrices Photoactivated region

(c) AR 1 2

(c) In situ receptor control triggered by light illumination!™
B4 2GS R

Fig. 4 Dynamic control strategies for cell surface receptor clustering



%£5% www.synbioj.com 063

S5 5 = %1k (DNA-mediated chemically
induced dimerization, D-CID) Mg, SZIL T /N4y
T g sz ks [ 4 ]. & 9ng i H
DNA & i {4 F1 DNA B N shas i, fE40 1
K22 DNA 9K 88 1F The fb i ik & 3244, Il i ik
K DNA i B 4 DLFEAT 5248 — SR A0 I S AR 5200
P TIEA TR EIL TAE, X T4 CID 77 ik
R ESIA . AR, D-CID itk et B A I 5=
() RS, AT E W SLAS [R] ZN 23 1 4E AT A .
ZORIE XA CID R KT TP, A2
FCR S T 4 P ¥ T R P AR TR 2 A R R O YT A0
1T RBHNIEAE .
1.3.2 AT DNA#£ B B 89 3 A5 324 LAk

DNA i B s 7 A S 30 50 725 4 1) B o FH 11 5
gz — . il % = DNA Z8 28 DL S B S B 1 AT
B, HilCaWE 72 RN RSN %,
T SZEL & A I RE . DNA 8B s B A i | A& —
AN E HAEZE 7 IRS) ) DNA B 4« it #2 . gi
(P AR SR & A28 A 31, OS2
ROTUR, KA 5E DNA B ¥t — 2802 2 5 1 il
%A DNA U, HHT BAMEC 0 T8 R B A e 1 R
Feghr 7 il ST R RIS ALE . R
FERRR L ZH R, i B 45 SO ) 2 ] DAAE B 6 A4
K e B A AR A

oy — B HUAR 7 v g B TR Y00 2 R R
W N Y R R T RN E, BT
oy B 0q 1 38 im0 E EROAR B B2 TH AT RA [ BT 3K
B F MR ST R A R IRE A PR R
il s A3 5 R AR R Y, R B R
A JIH EAE R fE 24> DNA P AIAH B4z, M
18 55 4 7 A1) (1 JR0 8 A DR RS B 14 I, 0K ) i AR
SR A, B 27 A T K () DNA JP 31 8045 5 .
AR 175 5 1) DNA 85 B8 8 4 FH A 7= A B8 b 1t
(RS WA 5 R /B ek B AR TG 0 TS 5% 1) S BEAL A

H: T DNA 70 7 (] A W] B4k A0 AT g5
e, ZANEE B BT LA & g e, AT 1)
SN 2% Y DNA B, I Hod i B e A& oA
Fl%ir H DNA 85 5t At 5290 e B g BE w45 ™ kT3
A DNA BEHUR B, AfF 788411 C 2 BB A8 A M\ 1
B BURE DNA FLANEC X ™7 2152 J4 1) DNA 44 22 4
A & B (hybridization chain reaction, HCR) #1

B AT RIT R ™ ) A DNA [l %, KR A
fi 2 PR I [ 7 (protein tyrosine kinase 7, PTK 7).
Met, CD20. TCR %% % Fft 4 il 3% fi 52 A R EEHEAT 1
P¥E. K, DNABERUR N Y2 A R AR K
AR, SCBL T AT I 2 A SR AR RS AEE
1.3.3 B E 5 Hish ey R 4Rdr oy ik

N T K 40 2RO A R B TE S R S R
AV R RER R R, W A A o
RN K T H RS s KA1 |
TARANE . w2 W AR R EE L
AR, PRI T (Woe. WL R S R e
Yy) FERARRAAE T AT T ES KR, KLk
T3 AT DO I R R AN B R GRS B AL
BN A 55 250, SEPLN 2 AR RS R, AT
R MM TAE B AV 2SRRI B o

HE T B A o L AT AE BRI [R) R AR, O
HL AT DAL B AR 8 <) 5 2SI B A 1) M 4 ] )
WA AR, FET UM T H B4 A S
WG R R R A T B, AR T OB AR S A
W RFE A HOR . et AL il R A TR
K 3 DR 4 L) £ ' B0 19 O 1) b 3RO A AR E B 40D
Y B A0 S5 A . S S R D AR R A OGO
FKAEHE RIS 300~800 nm i [ 4 A AT, EAH
IR 0 18] 7 K A I 75 5 2 R R AR R R AR A
AT K P 5 SCR o't 0 980 45 O 5 il 1) T BE
e B MG EUR B R AR B E R AL
£ [1-2 (channelrhodopsin-2, ChR2), 5 A\ R{E
2005 4F 15 YK 3L A TR mI & e g sl . BeAk,
WFFEN B3 48 SR B 22 68 DR 9t A FR DG R B3
HH A 5% ' 1A% 27 T B H T 41 )4 44 7E OptoBase
W0 23 Hdhs e b B BEFDOLEUER B TR AR A K
JE, AL R AR C A Z H T X &
FR AT AT AR A, BB R EAR S
B EAR-EAR TR RN EANRESR
DA SELE Y e

HeA T R B A BN X e B B 7 SR
A SCETREA A RGN AL, B ZH T 5
BERR . |AR/ZKY, Ny (g s S
gy L RO YR R AR T YD) S
B AW) rF G TR o IR R (1 B T 1 2
FEARBE D0, X L A R 6 7 I FH W s 1 2 7 5
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EV AR R EAE R, OF B BLAR R & R = 0 B
AT, TR SR A o 7. B4,
et TR 59 asflimai &, 8T/
St 8 RO AL BT & R M5 5 A (AR
R “ Rl ” TR e B R I A 2 F
FRIA AR, SO T ON RS AR A S R SE 1 D8R
WA RIREE ©7 . FIRDEL A5, AW aE s
T SLBL 17X 40 A5 5 % 3 3 v 1) % B 32 A
gy RS HEE O [’ 4o 1.

Wi 373 5 ok 28 RO — FloR ) BRI = 5y
P2 A0 L 32 A 4 TR . B3 T IO TR A
TR AT EAE T AR LA T T A A A A Y
[, B R 8 5 B IR AL I AL R, X AR )
PR P % Ao R SR AR RN SRR S A TR . 5 T 1
PEATRL IR 41 B 2h R R W0 75 2 = > 2 24
gre Whdm. WEVEEGEhEE LB, BE9ORKL T (R
eElig) BBk E E ] DL AR 4R I K S0 T o)
T EREHI AT RE DT I, W B g A
WU G B o b 7 SR AR . e 2
WETCHRAE 0 BEPEBORL 7 AN BOR (U B Bt 1 B2
SR MBD W ITHU L R X R R R
ey (o0, AR B At RE T T REARI, BOE SR
JEE SRR B P R R 4 D P B T R A 3 T
] B B P 5 b 2 8, AT BAOKE R N2 1 T
AT SE IS 200 B A 4L 23 0 AE 45 i U S 42 .
PSR v - QR D B B U By 1 N el = 0 v
e /R NS IR RN S PN TIPS E EoF ikt i TR
0 52 A IR AR SR TR i A2

1.4 MREEEFEMEZRRETH

B R A IR EE, A T S AR I
Ve AR BOE e, 4 AR B MR AT, A
1117 B2 et 4 0 B 9% o) FRDRS E o IR Ok, 2 R BT A
(¥ 7 TRETCAF 2 HTT A& R T 5 i 32 1R
7 PR 40 B e M o R T R T 22 70 R TR )
3 35 11 SR oL R A R E T A P AR RS AL ok S
IR S VR0 AN S o R T 4 DNA BE B S
I A8 ] 42 el i U O RS 1 ) DNA 7 7 7 81, AE
2t S R T S LR 2 RO IE AR B B, T E i 4
MG SR, SRR,

141 A Tmpitdm % /R n 5 6k R
(1) ZFReR RS N TRCAR F R

T8 I PO AAORE G % Y T A A A A Y ik B
Jed AT 2 1S 0 20 i IR YR T AR R TV
ET I RS G, XFh 7R UK %9 i
TR XS A i 2 R A 2R, DT 92 0o g R
HEW A REEWT . 1 42 v B AR ) B8 1) ik 51
WS A1TF R T Prik-4i i (8 7 6 SR ms o 1% R B
SRR = D I Y L SRS W N VS B R TR
JEARRL A, SRS R 4% . Reisfeld 55 ) BF
FRITKR T PS5 a4ifi 2. FI RN IR
[Al-¥ (tumor necrosis factor, TNF) %5 % Fhf R %
ff PR SR U X SR A M AR TEAR N A B 4G
i, wLLGE R R ) N MR AL . Ik Ah, Neri
S DO EARE T A B R TR R A SRS o AT
P E AR T H A B = -2/ MR = -12
(IL-2/IL-12) VA2 R 28 5 Hifk (a3 44 ) Fe &
53D BEATEENE, RS IS v P PR R S M R e

I, Garcia %5 "' il T —Fh A2 B OBURY
S PEPUAR BN ) A AL SR B o % VR e fd
B r) AN [] 32 A4 BHE ) [F] — 52 AR A 8] 2 AL 1 /N B e
PR BRI et “ IR A AULHAD 7 ) 3 — R AR AR
P, WG, 38 s R Ok 15 3 2 0 40 1R 28 i [
TEHERMB A HTRAEFENRT S8R 2156 H
VNI E S & B, ZI7E R A R R A
B 1 U 8 e AR, R HL, 7B AT BLNA
SE I A RN T Bk, XSRS EAEK
RN Z R AR B &, fEm ik
AR TR B 40 Mo e Bk
(2) EABIBHE T4 0] 2%

Z R PR A N TR AR SR B 7R I8 0 R i
filh 22 A~ H bR SEBLEBEPE, (H %5 7 B0 A
G EWEMT), RO ERES. EERMN
Sk v A AR B 5T R I PROE kR o VE NATTLE 48 i
2 THI AL U Y AR R R - AR A ELAE A 2 4
U1, T 38 Ik 2 THD A 5 470 1 L L 2 T 4 i o it
HEAT e B A5 ] o

Baker 55 "0 Sk T U N 4% A 5 1R S
PRI B0 R, IR s S 1 45 A 1 T Uk
it T A M = AN EE ). i3 —
W, RN E NS BE T Bl 4 8 Co-LOCKR
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(colocalization-dependent protein switches) [ 3t &
AL AR & A BT RN (B 5 ], %P R
“OET EE. B P AR E = Ak
mA), “7 EAMEL “H7 G0k D) Re ik R
B, RARER “&” &A5 “B7 &AL
Ir) &5 A6 3 3L 58 7 AR R T BN A 2 AR A HAE AT
g K R A, g Co-LOCKR 45 A AH I8 2
aEEH. ZINERSAMERTHBAT ST, BT,
ETTZ B 5, AT AN [F] i 5 5 AH B AR
ITHN R, T, ARATIHRGE T —AoR B A IL-2
BAUY) (Neo-2/15), MU AT 73 2 > v B
2H & J5 18 i O TL-2RB A TL-2Ry >R S B0 0 92 il 38t
Dyae e KX gy B i B A F) B [ HER2 A
EGFR SZAR I AR GBS BNy, 2028 B e i R B
S AL KBE RIS, IFKF IL-2R By re vk £ 4% 3 53
4 3 X H P HER2+/EGFR+41 22 1Hi .

BT B B CKRBTHRZ T B B AR AR B
FERMEZEAMAS. HLZ T, BEEEIHHR
AN HE 5T AE v ST B R B LB B A Y A
FE 45| . Dokholyan %5 "' ¥k T B L KA

Her2 AND EGFR Logic Gate

“Cage” protein “Effector”

protein

“Key" protein

? %

¥ . ¥ ﬁ}v e
% ‘1“.

lda . P~

No activation in only one receptor

I S

EAE . AN N IE 8 T TR R ST R AN R
JRR G, Id G WAL AL
AT DS T — XU AN Z AR ST, T
A5 DR B o X I AR R T AN
AR —TDhRefr sl AR B, AN E A ] B
B IR N LA DR A SO R B A B AR T,
N T S B J0T Dy R PR RS 2 A0 R 42
1.4.2 & T %4 DNA SE BUX R 69 37 47 17 45 =) %
T 2 B 58 3R T 22 e SR R ) ) 328 R A 5 W AT
EREREMNEAN T, 1M DNA /T n Lhd s
IER AN Rt O 1 < B e P [ L =
PR AR T, VT A A R T T A [ B A T
HORETEMIE 1S . DNA R fei2 41 B T ™ 1
Watson-Crick i 2 H % FC4F J2 #, 38 i 7% 42 DNA
B AR R 2H G TV B RIS B H I SR AT 25 o B
ERUES o LA BT T A — ik mr DA
PATE =Y DR i) 2 Z 8T g, Wor 7 AR A
LA A ik ds i Y IR, CEemiE TS
AT DNAWMEZH RS, XERFE KNS EH M
SEIZHAT A7 DT B T RE I SEAZ B IR AN A7 T Ml

%

It ,,.,.T',,,

b 3 |
P . e
Colocalization-dependent

Her2/EGFR receptor

(a) Co LOCKR7EAN IR AT 25 A 35 A\ E iz FOo
(a) Co-LOCKR performing 2- and 3-input logic operations on the cell surface!"™

“Scan and Unlock”"DNA Automaton

{ﬂm@mf

. DNA logic gate
. scan ol
e »

(b) ALk FEMEEGE IDNA ST E ShLme

(b) DNA molecular automaton forcell-selective activation!''!
ES5  ZRERAEEPEEN THE

Fig. 5 Cell-selective artificial activation of the receptor clusters

5
Y
e
» &
b= =4
¥ 4,
Bw $5
Y= =4
> 4
Y @
Y= =4
widl
g,
-
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BRSNS HME RS & . XEHAE RGP
Bwahia, IS I 5 132 4 is SRS 2 Ak 2
Ihfg. 20064F, Seeligs "' fi FH 5% DNA /E M
N R R D R T R T ) 25 B DNA 307
WA, w507, 80, 460 G5 EAERE.
&5 HOR . RGM R IRE 712 55, Y DNA
THEAE A VDR A TR A 0 R IR T I8 %
HIL LSS, 55T DNA 248 4% B B O 2k
EZ: IR G ISRk PSS U

1S A FH DNA ) & ge 2 B is e /), W
MEZI MM E 7S MIZIR s, HTik
FEYE A AT D RE . X E R & AT AR T
ZANIR, B A sy B T AR R
AL T R ER 2R G B (R AH ELAE R T AR SR
VR AL 1 BT 41 i % TH 2 AR B ¥ DNA #4801,
IR T — Mg Ry R 2 M E B A K
“HH -7 B EDNA 2 T H 3L ( “scan and
unlock” DNA automaton system, SUDA). % &
gith— > DNABUE o (T OR KR B iR A
TEERD, ZADNA AT (H ThRidhe e 41 ik
AR, LA —AFET DNA R “ 55 A gt
A TCI AR B R RE RIS, L
AR RS T A MR R T 2 R R A,
2SI N T Tl S AR P 240 M v RS v SO B 4 A 1 2
5T [Es5Mb].

2 ZARREI)AE N TR

LR, WG REMARTRETHE
NTAM ARG, FNHTEWES. EWIRE.
MELRL A 2 AU Hrh, N T2 4%
AE 5 B 2 A 2 & AR W) 2 (Y 5 BT 7T T 1)
Lo WEFN ORI AT SRR K DR B, &
TF R 2 FhoR] BT T SEBL2 4 SR AR MUE 5 0 1) 7T
fro N T HE I SEIL 2R, BEITN B3k Tk
FERAEY AR ESE T 2 M SRR o T
M o K L6 SRS 0 5 2 T HH 20 B A9 32 AR B0 T
PR AR 72 IA) 4 e W AR L o R 5 AR M L
PRI 73 23 A 4% TR R A e B R O AR .
WIS Z M TR, XL TR SR AT A
AR SEEL 2 R, IR N T AV R R

feft 7 EE R EORSCH

21 ETFESBIZEHETHIE

WEICR I, V2 U R A AR 2 i 2 AR
IR A B - A 43 25 (liquid-liquid phase separation,
LLPS) HEAT W& AT ™ FIFH LLPS (A fg 1 Fn £
Digett, WA 7R T LLPS ) T H RS i
B2 Li%E " R R AR S e W= T
b SEEL T AT R B A i P B S R 2 A TR IR A
o AT I RS 2 AN R AL A 43 B S 4R AR kT
HSZ A 25 G R R T M A KR I A > B R
FHAY BS SO B BN 5 2 A 4 6 0 45 6 ) it b B 48
Mol R, SR E W5 S,k maEak
Z M A BAE R O 23 8, A 5 40 M R T 52 AR I
RIR PG . JET 2R AL IR 7 2 4k 2 R 00s «
IEHA, Veatch 55 " ik T AR 43 B IK B 1) 2 AR S
G B R AR GE B G, Rl
o3 F e i oK WU e B R AR S B 4 i 2 Ak
(B cell receptor, BCR) HILAIMELE I, 25R 8
TN, 1K G g R SR A AT ARG A R i 4 Ok
BEMGEHEE A, H H BCR AL B4 B AT B
T o A TP R O R B P R 2 R AT U
HET 520 BCR 35 AL 1A

2.2 ZP=EBAFHENTHIRE

0 e T S AR IR AR R s S
R RE. Bk, JEE AR TR R A b 1
AR R, T LA RO A S S AR
Suga & "M T ORI TR NS . AR A8
RaPID & 4L ie 15 2 1 % Met B A7 5525 A1 /7 (19 K34
WED . KR Y8 & 4 1 S B R 3EAT
R, MO8 T AR AR SE R B, Rehs
R S PE L BOE Met AR 10 TS S R ig . &
T, Baker 5 " RIE T — A A LY ER —onE
H B RS BT S TT 1. %7 T B H I
VeSO, RS A A R I R R R T LE
I H H 2 N OK G — 2 pom &A% BE S (NI 1%
B WX E AR, FETEE
MTRIRI R K51 B % 17 R T RT 42 1) FE AR 25 1
M 75 5 40 R T 52 A A TR 3 . SR B, AR
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PR VR ) 3B T —Fh L T DNA Hr 4R 52 14 4%
SN, IIME T DOTA. i ARl EHIK R
FE b HEZ B A 3 T A B A O TG A SR R B g AR
RTK 32K SRR B, SEIL T Al 8 S A7t &
A i AR AT 9 D) IRl B A2 ) (1 3Cb) 1

2.3 Z{FapERERETEIE

Wi 157 14 52 A 5 B2 O o At LR A2 — M oK 1)
FERTH, AIAE N N8 U260 #5428 40 i =2 1
PLSEELAT R Thfe . @it 2= S 2%, s
PR TV 22 B AT B e RO R 1 1 5 R TR ik
HRAE Bl Lim&E " R T —MANSTIES
1) CAR T THRAT iR . &7 K16 5 CAR
SIS 2K, RASfEER RN
S FRGRIRE, XL KRR ERT AL, WOE T 40
[E4Ca)]. 1T, Wang%§ " # % 1 X% pH 1 ATP
S 2 P IR B O\ LA I B P ) DNA 90K . 1%
A A Y pH me) . 1) 12 R ATP 25 & & BCAR AR A
Wi 2 BTG, 8 O 7 4 R R T A S 1) R Ik R
H % Met #1 CD71 3244, MM 5 HGF/Met 15 5
R,

2.4 ZRAERERZ=HIAETHIRE

I 25 3 3% 1) 52 A SR AR W0E AR SR gl 5l A
25 [) AL 70 A AN/ BRI Ta) i 2 044 45 F By, SRBIXT
SRR EMBPUE PSR 6. Hd, &EAR
TN 2O 5 52 AR BB WO L2 SR g . Tampé
SR T — MR TR E = OB/ E R AR E
(trivalent nitrilotriacetic acid/His tag, trisNTA/His
tag) JGIEMA BEAER X, TR E S Ak
Y2 ¥ % % 4K (neuropeptide Y2 receptor, Y2R) H
o XA TTET, 20 E ST trisNTA 5 564
T W His6 i 28 Kif . BJG, % RGAEIHEIET
JR Al 4 His bRic (324K, FEAIAE P ™ 4 A
FRAN A B R Sz iR e [El4(eo)]. M3
Bl NI G P ) 20 S AR A T — T R S
I HA, Cheon 5§ 2 i Bl 1t 40 K UKL 5 8 1) 45 L)W
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