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Advances of stress granules from the perspective of phase separation

GOU Hongquan, BIAN Zhixuan, SUN Fenyong
(Clinical Laboratory, Shanghai Tenth People’s Hospital, School of Medicine, Tongji University, Shanghai 200072, China)

[ Abstract] Stress granules (SGs) are untranslated messenger ribonucleoprotein (mRNP) condensates

that formed in eukaryotic cells with an inhibition of translation initiation in response to stressors. SGs

dynamically isolate translationally stalled mRNAs and proteins from surrounding cytoplasm into cellular
compartments. Meanwhile, SGs regulates cell survival through the recruitment of essential components
in some signaling pathways by the interaction between proteins. However, the assembly and
disassembly of the cellular compartments rely on intercellular phase separation. This article reviews
SGs, phase separation, the roles of phase separation in the assembly and pathological mechanism of
SGs and their research methods to provide information for the relationship between SGs and phase
separation.

[ Key words] stress granules; liquid-liquid phase separations; ribonucleoprotein granules; intrinsically

disordered region; biomolecular condensates
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W, ARLGSRIEIT T SGs L5 M 414y & % A,
Fromil T H S Z B R,

1 SGs W&EHSHES

T JLAF B ST UESE RNA JURL AR FR SRR T
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W A0 AE JC X35 (intrinsically disordered region,
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A K22, SGs i) RNA 45 4 2 11 (RNA-
binding proteins, RBPs) [ Z 4~ IDR 5 SGs &4
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DDX3X ( DEAD-box helicase 3 X-linked ) f4 N ¥
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A5 ) A A TR R 15 0 0 22 A W AR it 5 i RNA 2
5 G3BP 4545142 G3BP (#4276 28 il TR #9
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protein 1) A F SGs #4124 , {H 7 K v 7 35 19 (1]
il SGs HTE L, X427 SGs 78 A ] 1Y #R 55 45 14
AL E AN [ A R AT 2 e, HXRR 5 T kR
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AT 9 P BK 52 2 11 70 (heat shock protein 70,
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FEPUIR IR 1 48 1L ¥ 1§ ( engineered ascorbate pero-
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i, i XF SGs R Rl Hria s 1T 9 S
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72, C90rf72) %f SGs fiff 2R 5 LK X T L2 46
M ZAEAGAE KR 5200, X WIR7R T SGs Y fifk
BUE BR S T RS B LR

3 HHBELE5 SGs WHARF X

5T SGs WL ZAE A7 W58 1) 1 A 1R 46 155
SN R AN U20S 40 b SG g, 18 T/
T4 RNA ( small interfering RNAs, siRNA) i 1% fi¥)
DI ME T 101 A5 SG 44 A Ky NEHL
AT AR H] 558 F 2 4l A6 0 J5 v (Anil it GFP Frid
G3BP) S5l o Hréli & i1, LA 2 SG B s 4
(IR RS ALY, Goodier %511 1] FH A AL %
L EG Mt SGs % LINE-1 ORFlp (long inte-
rspersed element-1 open reading frame 1 protein) #4T
HREILUIRE I 2 T JLF RBPs Ml SGs A 8 %,
SR, Fie EL R R BIF G 7 1 B T . e LA R WL 2%
T3k 1 A 0 ] R 2 s AS AR vl LS (A 2 A
SGs [ B . U0 Markmiller 250 75 37 it i 44
FIFAPR T B R R Y o o o R B E 1 150
FROCRTA N SGs, Rl £ A A #EH , Wheeler %51
XL % 7 2 PL Bk, 4% CRISPR-Cas9 ( clustered
regularly interspaced short palindromic repeats-asso-
ciated protein 9) HAR THFERES DL K i N IRISAR 25
% T #r 3% AR “Craft-ID” ( CRISPR-based microRaft
followed by guide RNA identification) , %$% A 353
BIE A KT 12 000 5519 B4~ 5 1] RNA ( single-guide
RNA, sgRNA ) {3 ] 5e BRI E 15200 SGs 2H 2%
(%) RBPs,

YT SGs GBS Z M 1 B K AR, FIH SGs
(A 43 BRI P — A2 R 41 53 . 1 Kato 45
A A= W0 F A0 S W5 5 240 S8 TN £ LLPS
YRRy 53 B UTTE R BT VR LA 43 BT RNA AT
EA B A, Molliex %7 il i 76 SGs 15l A
hnRNPA1 ( heterogeneous nuclear ribonucleoprotein
A1) fieit SGs AR 7> 25 LIWLEE SGs 114 41 2 AH AR
PR R RIAIL T ARG 1 AR 15 R T T
B, i ORI TS TR S S A RS
AL, Boncella %5 1] FH W #0755 (1) RNP J50RL 2
B 20 1k 43 T S v B R 45 A4 dk( prion-like
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¥, Yang %0 ) FH R B AR M0 A 90 2 o vk 4
il TR TR 0 o ARG R T 1792 Ff
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TR ABERE S FL BN SGs I EE 1 R 4L 24 H0 88 &
ST —Fh 2L sl Py WUkL z 43 %% ( mammalian granule
z-score, MaGS) , %53 E T LU T Fu il 5 Fh & F A3 45
B SGs AT REME

4 SGs WHESESER

SGs 58 HH 73 125 5 4124 2 A ML ) 3 AN F T
BAFEAEREE , NI BORPIRAS . 0 Schneider 451
& PLZEAE i) RBM20 ( RNA-binding motif protein-20)
SARFEOWIAIML T SGs AH 43 B8 78, BH LR 200 i 1
B, B R BIR B M ek /D fiE B TH AR I T4 1R T A AR 21
AT RE , AT BOE R MY SKRALO I . AR,
FENLZE 46 M0 22 A5 A0 AE 1) S8 2 v TR B 1 (fused in
sarcoma, FUS) i8S AL sl S 42 F FUS B9AH
ST GRS SGs 455 I TNPOI ( transportin-
1) 34| FUS S5 AH 2 B i A B4, AT 523
FUS @& HE AR R m BRI IR i 22451
SIS T T BIRE , Yang 551 KL &
#4546 # H 1 (penicillin-binding protein 1, Pbpl) iY
RAF 55 HAR S BAE FH - SRR T RE RS O
o 200 LA SR A ) 40355 1 B T BT

SGs 1155 i Ied 2% YA G, JifrJgg 48 B 1y Xof 5 34 7
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B, e B 3 2 R IR A B A R BE fik & SGs 1Y B
BT e Y, SGs 2 MR 2 A B XAk Y
FireA: ) —Rh L), SGs H H &b T 445 41 A Y
AEAERE T HE 1 DR b 3 0K (%) 7 £ T 23 T
R R AR . Shi AFNY FE RS AR
Wk B DE B B 48 45 8 BE B (speckle-type POZ
protein, SPOP) 754 11/ SGs [ 2H 3¢ LAY 54 il Jed
AN A A7 15 SR 22 PG b B T 240 . i Li 45T
B MG53[ X FK TRIM72( tripartite motif containing
72) ] AT 3E A R /N 20 i v ) G3BP2 T A1
il e th SGs BYIE B, DA THT 3 5 i 928 248 B Xof M1
IT R RURME UL, I SGs 7F i I8 20 i v i 21 2
SO AT LA — Ao i i v T 5 =X
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TE HILZE 45 ) 2 4l AL AE ( amyotrophic lateral sclerosis,
ALS) FI&F M $i 2 ( frontotemporal dementia, FTD)
g R, FE DL IR T SGs AH I A F B AR S,
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Y0 AY 24 K kL ( nano particle, NP) , 4 iff
FRWVFZRF A RS B NP #R AT DL 52 5 RNA
I TR A8 BT A AR A AR, RIS R 5 X 46 NP
MXE A, WEE] TIF £ IDR 450, 5 K%
SGs & R AAFAE B VI T HILAY, Klein
SRS AL EEH 45 19 NP 5 IDR Fl RBPs
ZIALEA S E M) I Bl 3K — 28 5 SGs AH /Y
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