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Biomedical Applications for Phase Separation of Biomacromolecules

ZHAO Zhennan', OUYANG Songying"?, WU Junjun'*

(‘College of Life Sciences, Fujian Normal University, Fuzhou 350117, China;
’FJNU Biomedical Research Center of South China, Fuzhou 350117, China)

Abstract The complex internal components and structures of a cell provide the foundation for the cell
to efficiently and orderly carry out various biochemical reactions and regulatory activities. The various functional
compartments within the cell play a crucial role in maintaining normal and efficient physiological processes, such as
membrane-bound organelles like the endoplasmic reticulum and Golgi apparatus, and membrane-less compartments
such as P-bodies and stress granules. Membrane-less compartments are assembled through phase separation driven
by multivalent interactions, also known as biomolecular condensates. Phase separation phenomena have important
biological functions within the cell, including regulating the speed of biochemical reactions, ensuring the specific-
ity of biochemical reactions, sequestering and storing biomolecules, and sensitively regulating minor environmental
changes. In terms of drug targeting and as drug delivery carriers, phase separation has shown outstanding applica-
tion potential. This review mainly elaborates on the mechanism of phase separation occurrence and the biological
functions of biomolecular condensates, summarizes recent research progress of phase separation in drug targeting
and as drug delivery carriers, and provides references for the study of biomacromolecule phase separation in the
field of biomedicine.
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YR N R AR E 4. T R
A b 58 AN [F] R AR A SO R A 5 3l 40 A T
BT 2 FRRESIX = . BONE WLE) A MEIX %= (mem-
brane compartments), 4194 Jii AT E /R AR SE M,
A, 4R HLIE A AE — L2 TG JBEX % (membrane-less com-
partments), tHHE R A “T0 I ZH Ml 4% ”(membrane-less
organelles)”. 20094, BRANGWYNNE%: BURHL T
75 W B AT 26 B PSR (P granule) HH A7 7EAH 70 &5 (phase
separation)idf F2 , X & FUKLE 40 5 N 2 ILERIR H
REAH HLRLE , AR5 40 AT PR i s A0 4t
FALTHH 7 B R B SR AR . B S R SR I, A
B R R A T HA TG IR X %, a0 SRR (stress
granules). %1~ (nucleoli)%5H %, M EHENF
VAR T TG R IX 25 1 — P B AL, AR R 5+
W B IR K AEAH 4 B R, R E SR T g
5 SRR TE GRAAIRAS (R B IAE 2 1) o IXBE AN B
JI5, {H BE8 76 40 I N B BB ST ) Th i X, PR A

AP

Phase separation

Wy 1 l5E 4K (biomolecular condensates)®. A
LA A 53 B8 B R AE WL S R oy - B R AR AR )
ifie, G5 HAR 73 B AE 258 AR DL A ik 2
PRT7 T I FCE R, ARG A o S AR AR R
24 U A S TR S5

1 £YMA7 TR BERRE
11 fBoE&XERINGI R E R
BB SR WIR, 45 h 58
— R A AR B AR N A I P A A A AR (1B 1)
FELRI A, RET TR B 7> B BUR T 2 MU B R 1F, &
R pHIE. B AR IE RS, iR,
pHAE S SN BB AR IR 26 AF R, 2B R 2 TIRIE
THMR 2 R AR B EVIR TR B
TRE AR RS K A ST A kR
TP AR SRR, AR 23 3 A2 AR ARG AR, AR fE
A — AR, X4 A & ) 2R W Bl 2

\
lectrostatic\, [DRs or nucleic acids
Cation-pi |
Pi-pi l\
+/| Hydrophobic
Dipole-dipole/
7/ Biomolecular condesates

WV <€

R

\,\/v\ Nucleic acid

\/\/V‘ Protein

Calle Tandem repeat sequences
~ il

-~ ™
IR AR A U 2 R B ATy 1, EBRAEA 7 I 2 IR A 4 & i (A I AR A M s 1 R R FLAE B R B 8 A 9 A T X AL IR 5
12 FARELAE 56

Nucleic acids and proteins both undergo phase separation, which mainly includes the interactions between the linear structural domains of folded

proteins mediated by ordered multivalent forces, as well as the various interactions relied upon by the intrinsically disordered regions of proteins and

nucleic acids.

Bl s EeiLE

Fig.1 The mechanism of phase separation
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FIRGESAE P,

1.1.1 AMRGyFTHSEFIREEGEEIER
20234F R 58N 538 S — AN AH 43 B R gk A AR R S
X LG AR AT TR SR AN [EAE 2 B A AR A P B
R B A AR o T EESR AR U0 IR 4 B2 e A
53 B A I AR T R, 38 5 4 R A TR T R
BIM BRI . 45 2 T 40 A AH 23 B B A O TSR
RBIAELE, S DA A ) & A X % ge g it o)+
B AR E SR 4E R . AW TR R T & 4R
HEREZNWHT, NI TRIKAEE R ZH0
MEAER, A #AAHEAER . SRHEEER. FHE
T-mt EAEH . m-nkH AR . AR IAE BAEH |
B ZKAH AR FH A (B P AR5 i 0 2o
Al RE S E AN AR AR R AR AR AL, 1T 2 A 25 B
. GK-162—FhAiTAE B WK F M 8 3 Mifp-51
JIK, TEMGK S5 2 T8 Bt SR A4, S BEAH EAF A 2
BRI R AN /DI, ) S AR F ) R I
A AR GK- 1688 AR B PE BT 1. i FAH BLAE FH 2
TR A 9% B A 5 R ) Tau B & AR A 43 5 1 5
Rl 2 2 —, AH 2 B I 2 32 2 oy 4 47 LA 1 N A Y
T F A FR) HG Al X335 1 ) 5 A AR 3RS 1S -m
FHEAEFX T AH 4 Bt B B gm0 A B 20
)45 S 4 2 1 DDX4(dead-box ATPase 4) bz H: 5245 {4
FRAE AR FHREAT VRAS , SRARRAE 7 B KRR,
K EB T RN [ o FH n-nfH HAEH D A
T IE X2 ARy R 1 N AE TC T X (intrinsically disor-
dered regions, IDRs){E 5 #h ¥ B R A A 70 B i),
BRI Bt B 1,6-C T REBUR, XERY T
B 7K ELAE FHRH TR Rt SR AR I B B U8 2 30
N, A B R 2 R BAE I E AT, WS
TR e v] 5 B B ER T B L VB, BOK
-nMIRH B T -n S A BAE R, NSRS AH 73 B LA & 5
DNAMIRNARIAHELAE T, i H 200 i it 5 2
H A RNATE A S A m-n A BAEH, X B T
FHIT B S AR A0,

1.1.2 A RHTFEE S M40 ZAE R 480 B R A
e ARG FIREZA A EAERH A B R A
IR &=, A EOR-E AR EE R
DA S RNA-RNAZEZ Fifv7r F- A EAE . S E A
B (R AR AR R AR 2 AN EH 0 39T
B 2 VRS A S TR A BAE T, BA RN AE TG
J5 £ 1 IDPs(intrinsically disordered proteins)Fll P 7£

T X Z B A EAE (B DT @ e 2 E
FH 73 88 2 BT S5 M I TR AR BAR L, SR E R
FRIREE A2, AHE AR R, A5 5 0 fEtn)
WikE Y, 5B ERAAR, EERKNELF
XL AAFAE G5 B RAIE 7 R m FL R, AN BE T RAIG
RER B — T 24, — O A BE S5 . o
FrEE E NGRS, AT E 2 (070 IR A A AR HL A
L2, AT S5t kae MR A B, e MR SF TR
Z, B VRS ME M B4 4 2P, KRS EN
iy IAE 2 AR 7 BSR4, 1T LL4r N DNA S &
)53 2 (8] BAH 43 25 LA RNA S 85 ()i 2 (8] I AH 23
. N, cGAS(cyclic GMP-AMP synthase)-DNA []
738 24 TREXTIARZ RIS 1, 1E 2% TREX 1%
fREDNA, B #4547 4E TREX 1 IFF 85 FH DN AJK SR 7T LA
BOE cCGASA T A s 2 B4, FEAZ A% B 1 R
o, KL RN 2 0 B RNA AT Ay 3R ) S 48
7y 1. RNASHH 5701 81 2 0 A5 T AR DA
RNARIE H 67 X 3808 AR BAE (R AE 7 B K
A, ET R RNPATRL A 6. RNA-RNAZ [A] 4>
RAFDE, SF W CAGE E T4 RNATT DLl
Tk R A R G B SR U 2 R 9 A A AT Sk 4 i 2
Jo3 4 BCIH T

113 #fEiindma s L Lae®n  BiIXE
&1 (post-translational modification, PTM)& i 15 #H
SEMBEERERZ P, B S5 TR
MHEAEH, BRI R, FE. OBt
b SUMOAEE, HETT 2 A 73 B9 R A A . 2ol
G B I RE A A AR 73 88 I AL T B PR o 6 K
NI, SFIHEZRE S5 1(mechanistic target of
rapamycin complex 1, mTORC1)4}5PGL-15PGL-3
FIE R L KT+ 5 . PGL-15 PGL-3 i & 4= 0 4
B, TE R B R PR AR ) PARSURL 2520, tedh ) HI Rl
AIRHEAR 7 B R AR o LR 4 1t I 2R B ALAE (amyo-
trophic lateral sclerosis, ALS)F#0 & H FUS(fused
in sarcoma)Z> K AEAH AT B, %I FE H FUSH 1 N 7
Te PR 2% B 45 40 35K (intrinsically disordered low-
complexity domain)3Kzl), 1% 45 #4384 CoR B (1) RS 2
Tig F AL i — R A 73 B R 2B, 15 5 FUSTE
FR 73 TSR AR B30 AR AR W R B (o 2 0
SRz, AEAME AN S, mMAEA
CTA T CLRS 0 5% (BT IR AH 40 85 o 2 I R L W
BEJE B AT Re AW AH > B R AR . FE 2 IR S KSR AR
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1 BRD(bromodomain-containing protein)f7{ER} , 15
[ ZBRAR IR B4 ()50 T BORT IO AR 73 BIRES , B SR AA SR
LA [F BB T B2 B R S B ] i
ERENE J R AR, 2 R RIT S R AR &R
FIp624H 2% it SR A4, ) e MR A A ik P e o AE A
HEIREEH, p62 A AR AR B, (HLEp62H I
K63Z Rz R FE G TRIZEE T p62il
W E S, 15 Spe2 KA E™, B EBME e
S AE 23 B R R/ o 75 I BT 26 L i 2 4
WA FHGEVR B AR R, i HOXEER, SOP-2
YENPRCIE G AA I T REXT N, 45 HOXEEN () 3%
5. SUMOfL & 5 SOP-2 Lt A A& M ff) SOP-24H 4y
BOIY B E AR R SR E 2 B, B
JE B SR A2 ) T SR AR ) TR ORI D g, X AH 23
B AR E RN, AR R O
YER
1.2 £YKRSFHRSSEA ZNEMFEINEE
Bl & B FE RN, A VR IAR 7 ARV 2 W)
YR E P A A, A B A A )
FEAtAH RS 43, T L 2 2 A 4 A Th RE AN A T RE
RN 2 —
12,1 A5 TEREAR AR GHT
W43 ¥ B SR AR i T DA SR 35 9 0 A A R R Y SR
B AX A, AT G Jie B IR R A3 . ZHG
T, BERARIIE BRE S Lk )R B HEAT . Bl , AF S
i 437N RNA(microRNA, miRNA)A] DL SUTERE &
YIEESRARTE L, B RE RRAGTEYET = . BEFUR
IR, ERE I 5T b R AR AH 43 B I B 5 i BRDA A
MED]1(mediator complex subunit 1), A DI 2 A
VIREABRIGRT A, (2 5%FNEE0
Jr AR B B T v, AR SR AR Rl Sk
RAZ B 5 R RN ABEAE A4 SR 4 il AH 73 25 1) gt
AR, FE OS2 m R 70455, KATS 24
o N2 5 H H4K 1 6ac ) 2 A LR AL Il , KATS T i
AR S R . W FE R I KAT8 W] I A4 3% 5k A
T IRF1H K787 s IE Flidt SR A4, A fe b T 22 4 15 )
4075 B, SR, FHAEITE BRI i = S BUR
REEARIG . B, 175 RNAEE B h 7E 5 o o
Cajal/MA& (Cajal bodies) N . IR Cajal/IMA 45
LK, 7] FRNAR B A 22 52 21 520 B,
1.2.2 A5 T 5 FARARIE AR 69 4F 7+ 1
AR 53 FH 2 B AE DR UE 20 PN A A O R S

JT R AFE RN o SR AART] LAAESH M N TP BB =2,
K5 e | B A EAE I TR E i, [
IR HARL P07 7, iR A R R e k. X
Ty e VA 1545 JE ZE D& A 1) 20 1 BE 8 2 b Tk
AR, R HERR H AR AR (1) oy C% . 2845k, B
PORL B 4 ATXN2 AT ATXN2L A 5 1 3 2 1 3=
WS T, ATXN2ME N RNAGE G A, KA Y
BRI BEER A B RR Y, R HEMEE &R
HIRNA, Rl 2 EHR o W ] 2 S AL MR AR
RNA, AT 8 15 R e 12 20, (A 15
SRR, AR o 1 () B S AR AT DU e 1 40 55 A4
YR 31 DA AL OB R AT o B an, 420 i sk
2 NORAD(non-coding RNA-activated by DNA dam-
age)itf, PUMILIOZE [ & It iy BE v 1, #0HIAE AT 22
R YE L AR E M R R . fEIEH
AT, NORADA LA ik PUMER I AH 23 15, 6
SEEE BRI B I ) B SR AR o AT SR L Dh R
Y Ik R A AR E PR

123 Ao BRBBEREALEH RS T B
VR TR A, EA LR AT AR &
I LA R TE At A7 Tk, DLBEHLA 5 2248 H 5T
ARG IE SN . HAZ AR AN S 5111 mRNASRER
5T mRNPASURL , B FR A PN REEORURL, L%
A% Z 5 mRNARI S . BRE U ERME T
HR R PR . METE XZRA RS H FXR 1 (fragile X
mental retardation syndrome related protein 1)-5 At
RNAZ; & 8 A IR 456 M i mRNARE A, 1 2R
AN HPRS K mRNP. K5 7K & )5 I FXR1R I
K THEL, FEXRUKAEAR 73 B T B S8R 0t & B e
I mRNA, X 26 5E R 7k 5 P 4R K 7~ a0 EIFAG3AH
FAEF, BOE B AR R A7 i I mRNA R B 3, KES
RS RS TR BT 7 B o, ORS00 &
BHE TR X PN RLEORIURL IR 73 T 2 1]
mRNP ] DLE 2 AL MR . P/INMART R EORURE 2 [H]
¥ 5y, R PN A Dy 2 B B0 1 7 mRNA ) fif
A7 P2 81 3 BLR 9 i R Rk 5 1) BE 2288 CIDECH]
ML AR 2> B AR, A RS VI IR BT LE I R R) A2 H
R [R5 K, AR dE A 1 i AN/ G 1) K TR e 7, S
I e R g i i A

1.2.4 A5 T EIFARIT RS TALE 3=
2 B 38 L B 3 A5 AR 0 T Bk SRR TR LR X FE B
RN . VR 2 R BN B A SRR UK
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Gk -

IEHILUNEA, R TR 2 R AR
AH R AR DUIE REET AR . 914, poly(A)4s & A
1[poly(A)-binding protein 1, Pab1]7E M 5 4 /7 Fl g
it pHAZAL IS, 22 R A AH 43 BS o« Pab1 B SR AR R 5
TS5 RN 24 PR R B2 R A AR AR, 2 R R G 2 R 25
oy DLIE 220 P P B B PR 458 0 Sup352 — M e A%
A Rk EE AR BB B BT, Sup351 R 2 i
RE AR U5 5 1O M oT R AL 51 RS 1Y), 72 40 e &K -
NI R B SR A 2 R AR AR AR AR, TR R TR
7 1 1y Rl BB R AR BEIR S TR 58 BURE E 1) 40 S s
14, RNAZS S 1 Pop L BEMS B 50 41 i () S8 AL 8
JRIRZS FAE I8 IR 55 A T TR st SR 44, Pbp 1 Bt S AR g
t 745 JFf TORC 1 (target of rapamycin complex 1){5
T R, NIRRT AL AR AS 5 TOR (target
of rapamycin)(5 5% SRR, 407 AL AR
AL T Pop 1 5 ZR AR K 1877 TOR(E 5 1@ 2% 7.
DNA i ) 2 75 T £ BURNAJE I 4% S3BP 1 1 &
AAH S B, R4S DNAR 512 52 1) AH 5 8 1 £ DN AR
Pt RS, XN AS B AR 3 B 1 A fe % 45 B 40
T& N DNA5 4% A1E Bl AH R DN AE 5 S R0, £
T, GHR N A o T EER R B m A
PEAE RV, 8% BRI R B AR AL X
Fh 2 P42 B T 40 B 45 15 5 28 R0 3 S A [F] 3R 85
A, FEZH M) TE S T e A I R AR A 4 T O B
At

2 BOBEEMEAFENNA
2.1 RIEMS FRBIMEAGYIATT R
WM ESEM R TP EH R, 4
IR RGBT R S BRI AR SERAE
B 5 5 A A T Y IR AT AR S A 5 B
IR 9y TR AN 1 RN E ARAZ B P A
I, 520 G I AR I A B S AR R R 2
ALS 5 RLHUBURL - A AR A AE SR IR, WFFT A plid i
AR BT IE , KBRS AR R &
itk 3 TR R A0 1) SN2 ORI B AR AR AR SR BRI )
T BH L 75 W B AT 2 Hh 7R A= i R 0 N B B AR R
. XEALA YT AT IE ALS B RIRIIZ B4
TURI RIS, M FUSRANRIBATIZENRE ST, vif
7 ALSHAL T — AN L Eg RV id i oo 4 P o
JSEORORE £ 1 SRR AR S B T AR e 1 9
AR g — A, A AR A S B BT AR

O TSR AR BURT BN 2 0IR T IR s S T
AW 53 Tk TR BT BN 43 A B2 AR 49 5 FH O 1)
PRI YR 97 B HERRE 78 7 1

2.1.1 @i K HIRA B 9T L 26 5T B
8 BT R AR SRR AR R, T
DABH k73 F-5E SR AR I SR 4, AT A BV S 3 1R K
R BRI E LR E R . 20214F, ZHUSEPY
RILPTHIVZ W) B 4% 6 (elvitegravir, EVG) T LLF
S 1) A S TR 1 SRC-1FA R 43 2 3 v 410 61 P g
ALK . Hippo/ YAPAS 53 B4 78 18 42 8% B K /1
LA F 4 i i Y R OCEIE R, skl
YAP 55 15 A 5 9 i 4 R A R R B A 9% 95561,
SRC-1/2 YAP/TEAD¥: 5k B &) — A EE I3
15, EVGH] DL EL B 45 & SRC-1EE [, ) LR
PRI RR, 338 1T 40 YAP T i 28 ] 1 3k &2 SRC-1
M YAPS F M 4 4K . 20204F CARLSON
25 B I SARS-CoV-24% 4 1 (nucleocapsid protein,
NP)-5 i 8 RNAZL[RITE A1) 70 1 505 . 20214F
ZHOUZPHE 1 — i i B A NP S5 RNA I AH 7 55
SEPHT i 2 VAT T 5. NP R &5 fy e
ERNAMBEAEH T AT, TN R R T — Rl
] NP SR 45 /35 (1) S NTP-V, 1] LABE PR NPFI RN A%k
RARTIAR 73 AR, FFREAA 2800 )93 25 52 1) A 3 o
Fe R YU RIE NG . [F— 4 ZHAOSE Pl
R AL NP /N> 7, 8T FAH 2 2ok 32
 H AL TR R 2253 2023 4R 5T N LR R
T A LTk, 38 i BH KT K AT8-IRF 135k 8 A4 FE R4
il PD-L11J3RIA , B ambu e e e s i1 B g 4
M2 1K 1) PD-L 152 B i 983 fo 72 s MR 1%) 32 2 il o) 2
oz — o0, g A 5 1 IFN-y 1] 15 3 PD-L1%
15, IRF1& IFN-y# B 1 N iiF 7> 12— W5k
WL KAT85 IRF 1 &A= 48 73 55 T B A2 4 o3 1 B S Ak
i PD-L1 i, KAT8HI IRF1/{ 54 £ # IRF1
K78 Z. WAk, 3518 KATS-IRF15 PD-L1JE 511K
it P E R E VMR PD-L] mRNAK)
M5 o 2142-R8FH WK AT LA IR K ATS-IRF 158 58 44
FER, M FIH] PD-L 13 5A 3 544 SN RTA Py Bt i
Jo e R (EI2A)

20214 RISSO-BALLESTER % (i T {44
VIR T J B FAR 5 2R ASE VT LAE i e S A
A9 T 75 5 10 AR AR R T SR Ak, i) N PR
AR . EE S T AL AR S B RNAT “&
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B, BTS2 B R A 23 B8 ) g S A o

YEFHT M2-1, PRELZ AT ASERT ATE J L2 8 Vﬂl:_-ﬁw?i
B SR AR R ZEEL, AT IE B0 H1 5 E R
TER . 20224, XTES% 430 i il I Bk 25 52 A 5
A IR R e e P, R A ) SR I B 2 ST Ak
24 S (1 11T 47 e A P R R A . R
25 A 245 1 7 1) B S A W At 2 SR A Bt
VR TT I 25 1% , 350 D R 2 R 2 AR R AR
B S, SRR ZIRES ERIKE .
FFWEVETS16% [ TR R R 2 R BSR4, 0
BRI R S A S vE T, A S ) SRR R R A2 Ak
Tirf 24 748 7 (14) 15 470 i 40 L 1 389 R b i Ao T

(A)
Transcription
apparatus
components

N— K78ac
e
Acetyl-CoA
(B)

TR, T B2, semn A=) o 1 S A AR e
PEEFAE — S DA U )5 Ve T LA B T LE I
2o

2.12 ditiEFRARUAR S B T R A RS 5T B 89
I S B A 2 B I R, AL R R R
VRe & B A A s S EAT , AT e ] AR g AE
(IR YR TT SRBE o« YRITPHERK — B2 3 2 %9, (=
DRI HLI T 80T v 2 T2 A R s i 52 B PR 1, X 2 kR 2
YIN RS2 — . 20214E GUOSE SR H T —Fifs
S B REAH 43 B AR P 1 2 2 SR SR SR K 25 P i
WA, BITIK— B2 22 %00, (BT 2
R I A MR ) PR X R IR 24 ik R DB

\ Condensates

2142- R8
-Ill—lll

Drugs '

@ @0
sasssaafic )ssssssssss —> 999985 [ RRRRREEBREES

Plasma membrane

@ ALP

Y KYp

4

A: FEIFN-y il 3R, KATSFIIRF 1 B 6 58 K o] IR 3EPD-L 13555 . 2142-R8JK 7] LA R K ATS-IRF14E 5 K, #IHIIRF1 K78acAIDNAZE & ik
FMHIPD-LI%E 5% . B: KYp 5 ALPAH BAE F EKYp RO B2 35 41 9 5 21245, 5 SALPTRE A LA S 4 M fs 2 (1 Jo AN g S R A= A 4 s A8 2 B8 U, 3F

MLk 58 2 RSS20 N4 -

A: under the stimulation of IFN-y, the condensates formed by KATS8 and IRF1 can promote the transcription of PD-L1. The 2142-R8 peptide can disrupt
the KATS8-IRF1 condensates, inhibit the acetylation of IRF1 at K78ac and its binding to DNA, thereby suppressing the transcription of PD-LI. B: the
interaction between KYp and ALP causes KYp to release a phosphate group and self-assemble, leading to the aggregation of ALP and phase separation

of membrane proteins and lipids, which makes the cell membrane leaky and allows more peptide drugs to enter the cell.
E2 LUES BIEAHYETTREEFRARESE SCRK[37,6511850)
Fig.2 Phase separation as the target of drug therapy (modified from the references [37,65])
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TEE, RSN R IFR T — Ry B 2025 50 mE ok 541
MR IAR 28, I3 SR 2 Ak, AT T T
EE UK [KLAKLAK L(K)FIEER L Y (Yp) IR ik
KYp. KYpSoitmizli ALPYH EAER G, Al bl3:
WERR AL FEAE B AL F 43, A5 5 ALPEAH AR F 1)
REME A - B (K 2B). X AE1F KYpHIN AL
PRI 8 T 265 , AR AR (1Cs0) K24 bhijF B KA
5. XA 2 KR IR 6 TT AR St
TSNS . 20234F LIU%E S A% circRNA ASH2
A DA S A% Y BX UK AR R 23 9, 5078 FifrJed 4 e 2
ZREE N CLAM I e {2 28 # . 1% circRNA ASH23d#
A SN YBX R AER 70 55, AT 1] 18 4% 40 P
B E E R e 0 — Bk & E 4(tropomyosin-4,
TPM4)[f) mRNA/pre-mRNABJ#Zid #2 , JiE S HE
ETE XA T FImRNA [ # (nonsense-mediated mRNA
decay, NMD), f5 2 S0 fifrJe 41 it F - 22 25 4 LA o]
JF iR 225645 . Bl circRNA N T4 H LM RNAZY
KR AR 3 AR B H & R, circASH2 BN —Fh
TEAE B4 e i B X R A vk 3, X NG %
PEI e I RYA T B4 1R ) L
2.2 BT B E RS

AW K 5y A 43 RS AE 29 i ik b ) R AR
RIS, 45 A BT AR et DL AL 3 B A0 B N T 259 -
FHEGAR 98 1) 25 it iR B AR A R T Ak, A=) o0 Tk R
P ELAT SE A I AR AR 25 I R R IR RE sl I Bk
7 U SRA [ PR 2SR 1k S B 25 A R TS R 4%

FLAE20184F, LIM& W5t FIH A Bt R A AR =
K (his-rich beak protein, HBp)ill % 1 —FhHr i
A R SR S R IR RS SR RGEE T
R 5% 2 08 0 W L0, A % T 385 1 7 287 4 K CF
0 HH PR s B I T 1 R S R PR IR B, G i . pHA
TR BRI AR RS, BEUE B = RS 2 IR
TR B T R KT, A v IR %A ORI E
%, TEIE W MM 26 fF T RS /b, S P ] 267 4
PERT AU R R B M (1 D B, A IR YT RE SR i
BEBT VR TT SRMS . P8R R — M TR T
4, = BRI BR S 7 A R A,
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Fig.3 Phase separation as a drug delivery strategy (modified from the reference [69])
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