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ME ZRAEWME  (polyglutamine, PolyQ) ¥Jp & e FE N FFA H CAG =B HTRIY TR E FAZY Y | K iy — 2 pp
ZARATIEG . BT KB MR PolyQ B, o Z2JOB N 9 B0 3 11 [ 7 e 3% i P v R 4 3 T 22 1R BILVE T
PolyQ & F HP A = It e i) 5 B 52 S 225 R B B iR AT B T AR A MO AR SR e i . ARER A9 2 13 i el o 11 B 44
W 2 R B RNA S SRR EAE ], AR SF MM N R N T 2 Rk Esz R, T RS0 2
BT . X SEL T TEAR A T B AT LU, AL N B SRR R GTIIREZ AR, 3 e AR PR A A i . AL,
B9 57 S2E fi 14 Poly Q 25 1 X 4 L PN 7 i X 1~ BB 2L 23 B9 SR B AR T, RTAE 017K LMl R 0B A5 B 19 A L

NI Ay e RS FH B BT ) BB RN T 7 125

KR ZROABMGN, ZRAEBNEA, EHRPE, SFEA, ForMT, ForKkH

FES%ES Q5, Q2

Z RN AWM (polyglutamine, PolyQ) #Efifi
PP SR AN SR TSR T Ry DL — 2
XSG A — SRR AR . 7EIERF ) A
CAG =B HBRM R FEHELEY N, FEEERLNEA
B4 ) BRAT S Mok e S EE O AEA s CAG ) S
HE R —ENBE (—MARKT35) ARERIM T
FHIE G REEAR s CAG R P HBRt, &9 iy
JEBR; CAG R KEETREHE FRATREMN . H
i, AR, (Huntington disease, HD) J& £ H
AW T I, WIREH WA
X SRR AR B, M R G iR F R
P R SORI IR TR B2 J2AL , HERIL R
(I R RS N RIS . AR R AL ALE S e
HURRF LW HE A (huntingtin, Htt) HE2RAH
T e DI ) S 8 EL R B, R ECR A R
RS2 BH, JTAEAN A N R AR A A R AL
T, B EBUR R Z — 2

CAHGEA 9 ME A 2 R @B
PIRARS, Herh 2B st s vh 4506 T AR I
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Fig.1 Schematic representation of sequences and domains of the polyQ proteins associated with gene transcription
regulation
Bl L 5EREFIEEEXHPlyQE AN F & iEs R EE
Qn: ZERAAMMITH; PRR: HEAMFHX; HEATI~5: HEATEEJF5; Josephin domain: 2z RALEHEALLHGE; UIM: ZEME
VEFIMEE; ZnF: BHEZ5HIIE; SCA7: SCA7#5935; DBD: DNAZS AR Hinge: HHEXA5H; LBD: BAZS AR AD: HuSHL;
bHLH: RE-FR-180E; ZIP: seaMRiviesitlll, Hrr, Bt 7 TFEBESR & A PolyQIF 4, (HA WA HIEMBURME.

1 ZREBEREERENZEEERARY
e

AT E 284138 19 PolyQ B A7 9 Ffr, AU = 1E
T . B BEAERE L ZE 4 AE  (spinal bulbar muscular
atrophy, SBMA) . AR E HEK KT
#l # £ 45 (dentatorubral-pallidoluysian atrophy,
DRPLA) , LA K6 F 4 & /N i 3t 5 2% 38 4F
(spinocerebellar ataxias, SCAs). AT IEHTEN,
P BRAS N EOR R K ) CAG = %A R F 2 IR
YA AR EE N ' PolyQ S # SE M A R H i &
ARSI E, TR EEUAFEREK, 305
AELIRAA , AR S B g & i R =y =X
FE7E, TITE PolyQ S (838 B4 I AN BUREAS
BInrUEE 2 i PolyQ &5 11 5 HE A I 2 A= FUR T
AL A
11 SRASBREARENESEEHR

S e AL IR A T R — RS 2R A TR
AL [FEARAE, XS L EE 2 A E B . M
S AR RN /R A HE B AT . TR RN BR T 20k R
AN, A M A 5y, AR Rk ek
ZWEN . KRB &5y F 15 (molecular
chaperone, MC) . S5 LY PolyQ & [ X ixX

SRy SEAE, FER WAL A B 2R B
TiFT RNA S54SR SEBLR)

Ataxin-7 (Atx7) 258/ I 2L 57 2R PR AE VI
TR EOE A, Wt EAANI SAGA ZBEFE A2 Al
AW (spt-ada-gen5 acetyltransferase, SAGA) Y
— AN, HIN UG A PolyQ X8, &R+ & X
(proline-rich region, PRR), PFf )5 /& C2H2 %F 5 45
H AN SCAT Z5Hi Il . Hovh, C2H2 4R 4 H dul m]
45 5 R B Pk A 22 (ubiquitin-specific
protease 22, USP22)., EEAMF5 KM, PolyQ F#
S B A7 R 3E S 2% 45 R SR USP22 558 5145 14
e, A, B E B A PRR TSI AT
R85FL f) SH3 (Src homology 3 domain, SH3) %%
FIAH BAE ], 7E PolyQ 5 &1 1Y Atx7 JE Wl 1)
AR, KIS R8SFL FIAFAE 7o = LR 10
A0 8 Hee s B I 20 £ w 1X, BFs ko,
HYPA/HYPB & H Al id 5 1 WW 45 #5805 Hit
A 2R - XA AR, e MR 21 i PolyQ
S AR Het FTE s n e i i

Ataxin-3 (Atx3) &/ 5 2 P8 4E 101 7Y
WEUEE A, HCmBAA ISR G
F43, UIM  (ubiquitin interacting motif) , PolyQ %"
FEA Y Hit 5 Atx3 & A E 2 R A S 09 B4R
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M, SEMK PN BEEZ ZELED—
UBQLN2 1 hHR23B Z| 4 g4 ' Atx3 t nl 3l
i B &Y VBM (K (VCP-binding motif) 21 fifd
W) 5 451 & K 25 H (valosin-containing protein,
VCP) SRR A, B 1052 me T Ui R A
NEDDS [J4: )2 Yifig ' . VCP 3 25 A 75 M i
W SRR A AR T, PR N AE DG EE Y
R . SRR OCRE MR AN A WSS R . 7E = 000
A /NEBL RS, AT A BR, PolyQ S ZEH Y Hit
e STIPEAY @ 7 do =% =k ESw A 7 NG ST 5 S
B 2k bi AR By VCP W] J B RLIR 1Y B IR 7R
ZA

12 SRASEBREANERNE

AE YA NSRS B AR 3 B B o o e A
ARG, LRGP PEEAR G, &850
fif. EEABREAER LB FHERS. ZXR-
HAMHAZRS (ubiquitin-proteasome system, UPS)
M H WE - B {K & 7% (autophagy-lysosomal
pathway, ALP) —#B5rWralsemli. AR RS0
ERARITE . R R R —En
YRR, iz 2 -2 A R G0 [ M-V B AR A2 )
ALEBRMLA N AR AT S R BT . 3240 0 4 i 25 F1
g A A 1

HEAB G R TR, CAFREY,
— G RURE M0T, U0 Tau & F R C9orf72 774
B TR B LR A T DL SR i b A% A, X
ATREINHI AR I BT B R, BEEAEM A
B WA R 22 BREE AR A T B AR B A A
A RESE IERHT S, MITE PolyQ & FIE AL i
RN T Ko FHABIAAAE . PolyQ S ZE{H
14 Hitt £ 1 AT 5548 20 i v i) 43 1 F145 TRIC FE £
TR B9 A AR 23 T DNAJBI2 B 4 6 1
Py el g HLN Y 17 AN 3R 7T 45 4 HSCT70,
HEI A HSC70 S5:4E Bk iy 7 teak, 7
PolyQ 58 1EAH 1 Atx3 BT A G AR, ki
FIFHREE FHSILAAATE U X260 AR TR 40
AT LU/, SR AR T s i R G
& .

RIS M He 22K (mHtt) BAREE TIZ
A, (HRIFRA @ R AR RS
SEAREAR Y TR R R I, AR
T KA HEHE Mz HEEHERN, R R-HAMHA R
BEALI—Fhrak, RUZR-EAMERZEND)
RETE = LE T AR IR N R A T Radig 0 7R/

A AR VIIZY 83 B BAE A, i AT N
Uity - B T T B G R 4 P A, T A T 28] 2 1 AT
FE19S BUFFAE 210 RIS, S SEAH Y PolyQ &5 11
TE B B AR 25 SR A 4 L H P62/Sequestosome 1
Optineurin %5 [ W AH G AL 111 222, dE i 2 [ mgE
P AR EL A I AR G Bk SE L B S SR AR
FLRRN G, S E e R RGN
AE. AR 1 BT B 4 i R I A = R BUR TR A
SRR LR YY) (aggregates), X A BESL175 A& PolyQ
PR B E R 2 —

2 ZRAABREEXNERERBERN

A

MR IR 4E —2TE A B a5 5L RS
i RS ICES G, a5 — R0
Bl PR PRk 5 PR AR 5 B AR R L 25 A E
R —JE P ™Y, PolyQ F H 1 Bow &
Fi, 0 A3, Atx7. Hitt, TATA %5 & & 1
(TATA-binding protein, TBP) Fl I # & 2 1K
(androgen receptor, AR), HJE#RIES 5L AY
sy (B . BNTA e Rz = ek
e (deubiquitination module, DUBm) &4 il 3 A
ik, WAKT j& SAGA B & Wh 237 Z A bk
PR ZEL O BE, PR 22 RGBS/ MAZA
T H2A/H2B 454 . PolyQ ¥ 4EfH (1) Atx7 7]
Gz ZAWH S H2B 4 & he ), fifS H2B
192 ZAIK- T 9 T 98 H2B R L K] reelin 119
SRR HERE R, AP PolyQ & 1 (TATA
S G RS R ZAR) AU AT, B
A B R 15 s ik . WG R B, 7 PolyQ
IE At 2 PR IR B L TR A PR A R K R A i [
- 2 PR 5 S R A X A v B SR DR R
b 2H 73 1) SEEEVE T, 7T RE 23 38 UL 14 N Y 6 sf
S
21 TEMEA (Htt) MEEREFREEZENZN

Htt 3£ H Y PolyQ X IAE D i 2 [ T A RSF
o[ BB TR 3E A S e O Y 77 2 5 DNA 25
G, 52N A TAER, fan
P53 ' Spl (specificity protein 1) 7', ¥% 3G
Kl CA150 | sl Fl 5 C o2 8 H (C-
terminal binding protein, CtBP) " Flf# B4 K+
TAFII130 P 4,

T FE 0 (1) /N BRUBTRL - PolyQ S ZE 1Y
Htt 55 Spl AH B /EHIW] 385, JFMPKs Spl S: 5 7E
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LRI . Spl TEANAE N B PTEEA A3 b, AT
PR IR A Rk 27 PS3 M — R s A
-, AL JEYE DNA L) AR T A sk
il g 1 A A= . BFSE R B, PolyQ i SE A 1Y Hit
B IR AR A AR AT S A 9 P53, X RR S5 AR A
FITT RE 23401 P53 55 E3 i 45 MDM2 iYAH ELAEH]
PR EE T P53 MR PE 2, IXWLARE TR &
i S5 AR AT R A R

U A LA BT Ry 2 5 T R SRR ) 8
It , AR A B9 3 W He RE A% 845 67 T 4 i i rh
A 2T R EIPEDTER ST/ (neuronal restrictive
silencer element, NRSE) [ [5&ik *2, Mo
FR A HEUTER A7 (neuron-restrictive silencer factor,
NRSF) AJ 454 2] DNA I (5 #ift 28 50 FR il 14 10 BR T
1, 3SR 2T R A TR T AR 2T 5
PEIEDI e sk, A 2T R PR DR N - 2 4 4 1
B REAN A BB R - 2 A AU AY Hie g [A)
28T R VTR PR A EL AR R DT i B A 4
JT, MAE ) Hit 5 2o R DU A 2 &
BBV , A5 A N ity B 7 40 i Jo v o 28 e BR
PETUERPA T HE A BN ANMAZ N, Sl 1 kv sh
% % 3¢ N ¥ (brain-derived neurotrophic factor,
BDNF) WK, s MECRIRA M seT: B
XA AT BB AR Y75 A SR 2 —
22 TATAZAEA (TBP) SEREMFEFIERE

TATA 254 8 2 FALBE R G S Fr /3 1, A
U5 TBP 45 U 7E H N i fd % —> PolyQ X, 7EH.C
Ui, B — AN B AR ST B DNA 454 X 3. 24 PolyQ
XS A By B R T 42400, SRE0E
HE/ MR LG R JAAE 17 BB A A Y, TBPAE N
—FiE 0 S R, AR =R A A% RNA R4 il
Fr A S s bl s EEAEH] B, BER R, N
Uiig PolyQ IX I i 4 1] RE 232078 TBP FURG SR, AT
0 H 5 DNA A5G RE ST Y. PolyQ S ZE i 1Y
TBP 25520 H. 5 DNA FEL sk P 4h G, IR SE
MURNEE R s kM . Lin &8 2 i R B0, 7%
ST Sp 1 720 H EE A 5 25 PolyQ 57t i SE A 14
TBP & [, #E1MA] B 5545 3] TBP, o5 T IE B £ 116
RPN, 75 Spl T ek B INPPSA (5 Sk - FAIG
T TBP, 5o /N BB B h & B, %% 56 [ F TFIIB 5
TBP, 5o TE AR A% I AL BRI A F TR E A S, X
S AE B A AR PN Y TFIB U /b 1 Ho ] 35 1 4 45 %
Hspbl JA )T 5 AT, RT3 hspbl % 58 KF
4, T hspbl HYRIXFEMR I HIPI A A, AL

— RN R BB . TE TBP 5 1/ B A
WRB, SEH A TBP 5 ) — 4 s
— T Y (nuclear factor Y, NF-Y) #5515 H
%, H NF-Y 507 T 40HIA% 1 TBP 5 0 14
EEIENEN, R TBP A8 K v LI 3£ 4E NF-
Y, MIMFEENE-Y /- R E Rk 25,
23 HEHEZE (AR) SEENERER

R A R UL 22 4 A 1 T B0 B 1 AR BR 2 —
NSRRI, R —APolyQ 1. IEHIELT,
AR 55 FE{H HSP90 . HSP70/HSC70 454 5 i T
4 0 oth oo M AR 5 JLOAC iR A
(dihydrotestosterone, DHT) #5445, 4085 H 1)
AR 5B, B HE AR ITIE B R
& o AR A5 R D b 0% e R R B e A
(androgen response element, ARE) %54 G T i
L e 5, dEm I E Al i b S S ERE B
rE

AR 1] 5 K 25 250 Fi AR [6] () 2R 0 AR B AR
0 %8 A PolyQ X A T N it 4% #4) 45,
(N-terminal domain, NTD) "', PolyQ X/ 5%
FEAT] 5 N v g A Ik i 4548 K AR AR A, E T iR
AR 5 HAME AR AA AR, 640 pax 7 &
2k ¥y 38 A0 & 1 (pax transactivation domain-
interacting protein, PTIP) . #{UESZHE S PolyQ
HIEMH) AR FHE A, (H5EPAE R AR A HH H.
YEF] . % F PTIP 7€ DNA Ui & & P A9 VE A,
IXRAH BAE ] 0 OB 2545 35 PTIP 1Y IEH AE )
FIRE. AT AL S AR B AR, PolyQ S
IE AR A AR 5 40 i 5 R C A AL B Vb
(cytochrome C oxidase subunit Vb, COXVb) ¥ #H
HAEHEM®, KA AR T LAY 6L 7K 5E 5
COXVb L fif ' Ky, COXVb # 55 4 5| H
PolyQ 5+ 4L ) AR TR B ) L ik, ml BB
A BT 22 400 A8 R N R R ) BE R Y
HRFERNZ — ', 3% HF EB (transcription
factor EB, TFEB) J& [ - fig A& 72 v (1) E 22
W, TEBT R ST B SR I Ik A U A T
B, ENTUNAEAE N B TFEB & A T 1E 5 44
R, JF H L5 S AR R R IEARDC
B J5 WF 59X & B, TFEB W3 i3 5 o 58 fil % 25 1
(o-synuclein, o-Syn) AHEAEH #5545 2 % 5
/IMAE (Lewy bodies) 1, 5% 48 76 40 i il rh i
TFEB Joik A%, 4l 1 = Ji 2 Y 3k
ik TEB BT ML, PolyQ SR AE A



2023; 50 (5

WHR, % SRASBREMESSEEAMANEREFRNEEEIFENZN

+1163-

ARXS T TFEB HYSFEAE I, 2 T4 TFEB HYF: 15
P T 5 e ) 240 B ) 9 L, Tk 38 TFEB ]
ek T PolyQ S ZEAH AR JUr 5 [ 2 A A5 AT [
WAL . MEF2 (myocyte enhancer factor 2) J&
Y — > B S, AT AR TR ILAE B Y 43
b, WENMAgERTRS . TEE B ERENZ40 0 BN
BEMN, A% B PolyQ 574 ZE i) AR n] ZE4E
A0 P A MEF2 20 R P, 2R [ MEF2 T 37
FE B s [RIBS, 78 A0 () /) BRAS A rh
KL, PolyQ S %iE M (1) Ht s W] 55 52 41 g v i
MEF2 ¥/,

PolyQ 5+ # 4E f# [) AR Xt %% 5% [X ¥ TFEB 5
MEF2 HZEAE T, TS mm HoA:= W) 2= D RE R IR &
£, LA N T A mEm 2= ELLLOE R 2= 46
SiE 4 R )R, TFEB B9 N umth &% — B
PolyQ X3k (Bl 1), A, PolyQ 54 i ffi iy
Hit 7] 38 i % X 4 5 TFEB & A R (co-
aggregation) *°'; i PolyQ 5 # #E f# f) AR X} F
TFEB {5545, F 2@t AR (T C oA B2t &
ZE#3el (ligand binding domain, LBD) SRSZEL 4,

3 REERE

Zi LRTIR, S AERRY PolyQ £ AT LAY 1
WA SF R I Z MR, AR EA R T
R-EAMARS . AM-EREAREE. 2T AR
GUMIEL S PE N T2 4100 . IXMSERAEHIEE THL
PR PN B AG Jo ) R AR R R I R 2
(A R R AT B A 2 1 T 2 B 5 | R B S M
X AT RERAS A PolyQ B I IR IN 2 — (2). IEH
THOLT , AR AOE & Y 22 IR AR 70T PR R PR
~, IR RERE AT, RSO PR
MRS T o IEBRT B 105 S N T2t AR 45
BE T IR R R 2l DI, AT 42 i P ) 3R
B MRS TR B 9 8 5] gz RAL B2
R-EABHA R G . RIS AT, PolyQ
HIE A IR T BRI SRR AR Bz
R, oA BRNT 2R R E A A
Aoy, & X LELH o AE A B Al s
AT S (0 SR DR i N B R, BTG
SN T AR A A 2B K

1EH

AN el T

o |
\ "nf'.‘—- )
s
%@ o0 ©®

A

Fig.2 Schematic diagram of polyQ proteins sequestering related factors in cells
E2 PolyQEHSEE MM HHXE FIEXE
TF. % 5t (transcription factor) , WISCHIr#5 M (P53, Spl, MEF2, TFEB%:; Ub: 2% (ubiquitin); MC: 4 Ff£{H (molecular
chaperone) , W1 HSP70/HSC70. HSJ1. DNAJBI2%; UbA/R: ¥Z ¥ #% 3k o %Z K & 1 (ubiquitin adapter or receptor) , 41 UBQLN2,
hHR23B., P62, Optineurin?s; PQE: LEA MM (PolyQ expansion).
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JRAE S AR Y PolyQ £ 1 i) BETH 1 SR AR % SR
SO T IERE R % 5k, (R 2R A TP
(8 R S TS AN B Aff - PRI ke =2 AR B30T T B
H H 3 2l & S5k — RN B Uil 5
ALY PolyQ &R FIBURWIBE SR, SKIRBNAYT XA
P I H By, G R R e R R A R R
(proteolysis targeting chimera, PROTAC) “" 3l &
Hrhz—, AHSIH AR T8 BRI R 1Y
HAESYARMEAR AL, AR AvEME
41k &%  (autophagosome tethering compounds,
ATTEC) RFEMFERNA I, Wixs Het 5828 A H 1Y
B AR AR B SR SE AR Y PolyQ 2R TP 1
LIRS SEEE AR P Y 2R 2 43, X 4 A
FEEBARAFE T (MEF2, TFEB. SP1%) K
SEERVE R SRR T IR Rk, BT
AN G YR 1 JR PR S R0 [ 5 s PR - 24
YIaFgE R, A PolyQ £ H I SE 82400 A £ %)
PR SEAE 5 A K A B OGS S -, BHITH
SHEAEEAMAHEAER, s K, Af
RE 23 A B B R IR T 7 o AR, B ETX T
PolyQ %3k YA 8 AN FR T 40 A A/ AR |-, Aok
TG E R AP DL S R AR 3 RIS B S
SYEYSER R, DUE I RIGYT M2 4 A L
EOE =R

z % x Wt
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Abstract Polyglutamine (polyQ) diseases are a kind of neurodegenerative disorders caused by unstable repeat
expansion of CAG trinucleotide in the specific gene sequences. Nine types of polyQ diseases have been
discovered, and most of the pathogenic proteins play an important role in transcriptional regulation in disease
pathology. The abnormal repeat expansion of glutamine in polyQ protein will cause protein misfolding and
thereby form aggregates accumulated in cells. The protein aggregates can sequester transcription factors, ubiquitin
(Ub) adapters or receptors, molecular chaperones and other cellular factors into aggregates or inclusions through
specific interactions mediated by their own domains, RNAs or Ub conjugates. Decrease of the soluble fractions
and available amounts of these essential factors will impair the cellular function of transcriptional regulation and
cause pathogenic transcriptional disorders. Therefore, studying polyQ-expanded protein aggregation that may
sequester cellular transcription factors and other components will be beneficial to elucidating the pathogenesis of
polyQ diseases at the molecular level, and provide potential therapeutic strategy for clinical application.

Key words polyQ disease, polyQ protein, protein aggregation, sequestration, transcription factor, transcriptional
dysregulation
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