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Abstract
tachycardia and the potentially fatal tachyarrhythmia Torsades de pointes. It is characterized by an abnormally long
QT interval of = 450 ms on the ECG. LQTS stype 2 (LQT2) associated with ZERG gene mutations is the most
common type of LQTS. Most of the mutant hERG proteins in LQT2 have folding deficiency and trafficking defects

Hereditary long QT syndrome is a fatal arrhythmia with an increased risk for syncope, ventricular

so that they are retained in the endoplasmic reticulum (ER) by cellular quality control mechanisms. Therefore,
stabilizing the mutant proteins by the expression of endoplasmic reticulum stress-related molecules might ameliorate
trafficking defects and it has become one of the most recent research hotspots. This review focuses on the quality
control mechanisms in the ER that contribute to the folding and ERAD of hERG proteins.

Keywords  LQTS; trafficking-deficient protein; molecular chaperone; endoplasmic reticulum stress
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MEFRR T ISR, A 5 32 5 H AT 1 A2 B L3R
A, 205 BT CAIhERGHEE RAZTHI67% . hERG
S IR 9 i3 20 35 3 37 B 3 0 (TK r) A o0 2, TR fF 0 =
WLBhVE AL & BB S, AT (22 O 58 A
hERGI#1E £ [ B VU AN ] (1 ol JE A4 i, A 0 6 ]
1 159N EER IR AL A, B LA B 43 E i (N-
Uig)s FRIE(C-3im) M6 25 5 B (S1~S6).  N-diiphir T i
Ji AN, A —AN AT LUR 22 B0 i 1 45 6 [ PAS(Per-Arnt-
Sim)45 #4938, (PAS domain); C-3fit- A7 T Ml | &4 —
NI R 454 X (cyclic nucleotide binding domain,
cNBD)AI—AMEN 5 P 5 Y (endoplamic reticulum, ER)
A R HME S P HI(R-G-R, A2F1 005-1 007). /N4
PEIEEH, S1582. S35S4. S55 862 ] (ks T
ok, e RS A — A HUH RS2 X (S4 BB IE
HA PR S IR e ) LA B B Tl FL(AL T S5+ S6ui K2 P
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T, P BT s i R Gt R A A IR T S A
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A, RAZhERGE [ ) KA & #E w8, MTTHE A
J5 X B 45 5 [Arg-X-Arg(RXR), H o (XA BLEAE
] — > L R )R ol T i B T A B R Y R B
A TR T B HIhERGHER F 1E 9 o1 W & ARG 2 Uk 3L
fih R 47 & & A < V. (unfolded protein response, UPR),
B J e o B Y S B B i 04 42 (ER -associated
degradation, ERAD)F#fi, XA SR Z 51K T
JU M B 3 (endoplasmic reticulum stress, ERS)!213,
FE P 5 4 SO o & A 1 AR A B Bl AR T
KRB ENEH, AR LS BIR LL R 4 S 1 R
A AR E B R, AR IE 1 N BT, A
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] () A= 40 27 3, H ARHSP90. HSP707E 41 A A 1)
TEERZ. AR, MR R K
T A EWTHSP/C70. HSPOO TS LA it AThERG R
I FIPASZE #4385 cNBD X &5 & & % 1F . hERG
HAE—ANHZ S THEHRNESNTET
KRAEWE, XAE 45V HHSP/C70. HSP9O K — 4
53 FAEAR S B 7 7 [ AR 5 8 1 4H 28 H (hsp-
ogrnaizingportein, Hop). FK5064%5 & & [138(FK506-
binding protein 38, FKBP38). Hdj1/2%5]4H 1k
2.1.1 HSP70/HSC70  #K78 8 (AHSP70ZK i 1)
F B A 45 A (I HSC70(HSPAS) Al 75 5 74 )
HSP70(HSPA1AFTHSPA1B), ‘& Al 17E 25 B A A Ak
PE b5 AL, HSP702 — Rl ATPAK 36 1f1 & 1, ‘&
R AEAE H & 2 DNAJE A (HSP40) Il #% 1 IR 52 #
[A -F(nucleotide exchange factors, NEFs)iX # 2 43
T AR 5 Bh R 7 1 = 5USY, HSP70IN-i 45 14
i R ST, A ATPI 45 6 AL &4, C-%i fThERGEE [ 1)
gEAAL, HEESHAKKERGE AL &. %K
W T HSP70-ATPE 1 8 K AR E F . IE % 1B Il
™, HSP705ATPL: &, WL EA R 5 R4 &, 4
HSP405 JEM 2 K45 & )5, 22 5SHSP7045 4 [A B {2
HEATP/K fi# K ADPFF A8 B & MHSP70 | fi# 55 T K.
IEEF, HSP705 KMIE site i A1, HR 3R
Z K4 B AN T, NEFs5HSP7045 & J5 W 23 42
HEADPHE B 1k NATP, I I JEE #0615 BE ATHSP70
[l oA 5 2 R, IR Z AR, L
KBt 2 KM &, HSP707] DL 2 ks 2 AN phar i
SERIR A G, B RS TR AR ST &, (R E]
P S H R

Li%520F 78 Rk B, YEHEK 29341 fg #, HSP70H]
PLAIHINERGER [ (1972 25 A0 P4 A 5 EL [) B 389 0 s 24
RUFI R A BUhERGI £ B, FF 38 m 28 v 8w 1)
i, 17X LEHSP707™ A ¥ 52 i v] LA AEHSC704% $t
FHALT B AR, 45 CRARRTE ) SHSCT045 &, FH/I
TFHRNA T IHHSCT701)3R1% 5, hERG RS A (1) 4 i
Z FIFM ] o

K THSP70/HSC70H 4 By Al -F-HSP40, Walker
LI FE R I, HSPs i SHSP404E & 7 it 2 MMhERG
| A K% iz, HSPAORIXThERGE [ (1) #4 iz T B4
HFIER . HEARHLE] A HSP40 1] LA S hERG R AR A
g I BT R AR HHSCT0M 45 &, TR =# 1)
2 45W). # CHIP(C-terminus of HSC70-interacting

protein), —FHE3VZ RALERER, 5ZZ AN
SUIEERAD . HSP40ZK % 1, DJAT(DNAJA1/Hd]j2)
MIDJA2(DNAJA2) & i TThERGHE A 3 & 5 # 15 1)
AR Sr F . DIALR A #EIL 2 M HhERGH F )
G L VR BT AR I, TTTDIA2XThERG R H 1 #535 C
B R0, BIRDIAsK B AR RhERGHER A& A 1EH,
{HAEG601 S M AT fi i 1 P fie o
2.1.2 HSP90  HSP90OK/NZ)90 kDa, &— 4%
R, Zroll B FIBIE S, FIhERGHE H 45 & K AR it
H A 12 1) £ BEHSPOOM ol 529, & PUANThfg
B, 48 AN N-mATPL: & X KB n A8 421X
FpJE] X FNC-3 (] L AIp23. FKBPS52. Cyp40. Hop
O FAHBHBIA T 456>, 40 HSPOOF
PR, BEAAAEF P9 J5E 9 () GRPO4FIAT 7E T 2 Hi
A& TRAP-1, fE5 S b, RIS MR
1 & 1 & [ i 2 5HSP90. HSP70. HSP404H % 1)
HEWRRPL. 10T BB B FATPIIAELE T,
HSPOO0Z H B b B 46 AR g B A, LA T H 1 &
SEHAEE=LuN

Ficker¥: g 46 & WL Jf iiF B, HSPOOXThERG
By AR R AR R A e A A BEEEM, AFT
HSP70/HSC70. HSP9O H i i 45 72 2 1 1) s e
(3T &, 2530 HIHSPOOK) % ik £ 4 INhERG &
I TE P9 5 (9 3 B8R M JLB IS ERAD R fift . Twai %512
%fR752W. F805C. 5818L. V822M. R825W4 4
SPPhERGH H R AR 2 B L RB FEMEA
BB S (1) 5 AR RO BEAT BT 5L K B, HSPOO ] BAfRE i
hERGZE [ 1) B 24 S FL m) i B B 1) e iz, IR AE — 58
TR RS IKe L. 4% /K 18 %5 3 (geldanamyecin,
GA)ZHSPOO I 4 ] 55, W LA 5 #EHSP9O I ATP4h
A AL 5 FH W B RATPAE 28, AT # #lhERGHE 1 1
BT HAE 3 38 i UPSIR 42 B4 iR . FHGAAL B

It FRAIKHSPIOH] ATE — & FEFE E Kk GAXThERG
R A 4 R 2520, HSPOOH] L3 i #1 1| UPS i 42
FIHIhERGEE [ 1 4 A, 173X — il 4 A 5 L )
hERG 5 [ 5 Chipl 45 & H 5. Chip(C-terminus of
HSC70-interacting protein)& —/NE3iz & B 1, &
RAEFRE 7T LLAMHIHSP70HH 5% (172 RALPEAREY, £
5 GA A I i & [ 5, Chip2s [7] i 1 hERG &
IRTAR AN BSCAR R IE, 2 EREE, (AE AR
INGANN A X —BL 5, HALH 1T §e 5 GART LA G
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HSP90-5hERGH [ 11 45 4 Fl fift 25 MMl € #EChip/
SN PR DG, HhAh, BEFRIN, TE R T
hERGH [ 3214 32 24, 173Xt 5 HSP90A KB,

HSP70XfhERGH [ 41 8 Al % is e i FH 5
HSP90A 5. #Hop 5ShERG/HSP70/HSP40%E & )
454 LLSEEHSPOO, M E Hop FTHSP70¥ W &4
ARES oK, MHSPOOK < FKBP384: 7, [E£#FhERG
AT S O R R

1122fs/147 & 4E H AILQTS2 i = & LR B
—/MhhERGEH AL A7 o Twai BN X A~ 58
AL ST R I T EIRBLS . TR U RA
PRI R AEFE I T AR, 1 FRIEHSPIOX A | T g it
hERGHE H IRk, HAE— @ #2 B {2 #FhERGIE 1E
HL DK &, 31X 0T R BCALQTS2 3 8 1 B 1k 00 R
R ) — R PR T B R
2.1.3 FKBP38  FKBP38J& TFK5064% & & K ik
(FK506-binding proteins, FKBPs), FKBPs & — & /&
FEORSF I H A IR il 2 B2 I/ S S 749 i (PP ase)
PER 32 R 5 & 25 ™). FKBP385 4> T 1A 4 Bh
T FKBP521) VY B Jik # 52 380 A O [tetratricopeptide
repeat (TPR) domain]. ‘& )45 1) 845 —ANN-K i (I
INREARB) . — AT LLAIFKS0645 & () 22 BRI s 5 44
B 4E R — M5 AR A 456 DX — /N C-am s X
W 5T 3 B, TPR145 k4 38 7] DL FTHSC70M1(E)HSP90
45509, Walker? I 78 & W, hERGIHE 18 2 [ A
FKBP38F B #4FH, H AL AL AN BTN R 3Rk, 1~
VHFKBP38 (1) & W) 2> 5 MThERGER H 1 2k, 7 W,
FKBP38Z 5 [hERGH R E T . BRI KIE
FKBP38X} ¥ 4= WhERGH (1 T B R AE H, (22X T
F805C-hERGR & H 1M &, [ IHFKBP38A] £ — &
PR ARk g R O R, AT — e AR FE bk
3 fH 08 7 R IhER Gl iE T REF s -
22 5EEBMEBENER

5 R RS D A DA D A DX S TR
EMED T —. BATERREEE R 2 T8, 24%F
S AT T A0 P S T A . R R A
/55 W R G e % 4 — b U ) DANRE T d i 4 1
WEEE 1, DATE Bh 2 IKEE BRI &, B b iR IT S 1 &
EIHERR, & SR 4 M b 2 1 4 28 R 2 I 4
HLH] 2 —B9, LianZ5P7ShERG-G572 5 48 FIThERG-
E637K A 4T Wt 0 R I, G572 A8 FIE63TK 2R A%
A LABTEUPR, M T 3 5EGS5 728 A8 FIE63 7K R4 5

%, SN EE RS E, A0 E A XRThERG R
A BV A A AT DA — 20 e 5 A i B R4 ) B
H S5hERGHR ALK 1) 454, I HAR HFhERGE ¥ A%
oo T, G572 AF FIEG63TK 548 4 BAHERS, a3
2 F AR AR AR AR, T R M hERG 2 H 1 %18 .
KellerZ5POmt 57 & B, fEhERG-I593R R AL 1, 58 4%
T EUhERGER [ o7k 1E 647 8 AT HERL T P9 J5 9
M 535 ATF6, #5 BY V) 1) ATF6 N A% 38036 AH 2% 43 1
f£{HGRP94. GRP78. 45 & [ (&1L, ShiZFb!
WFIC R, 75 mBEREE N, hERGER [ 2452 34,
TP A T B 5 P Jo Y RIS B A I R
A K.

15 R RIS X £ 1 2 FORT A IGhERG AR 1 )
WL G, HEEQIEHTTS, HEEORERHT
B, FEE AN EO S SESRE T M.

FATAT LRSS — S ok T4 70 1 AR 4R &
i Bh 2 7 W TThERGH 1 1 31 8 F1 5 58 1) 147 4k (1)
T R 2% (B 1) X FhERGR AR B (A 1 &, Ho
HSP9O/HSP70/FKBP38 LA K 45 12 /45 [ 25 [ 1] A3 i
hERGHE H (1 Fe e v, ik e s &, fi) Hod it
ERAD#fi#, TiHSP40/HSC/Chiplil £ 1 5 H i@ i 72
R AR, RIhNERGH (B #5127 #is % 21 i
JoR FF 4 o B AR K A

3 B&E

45 | T 18, hERG R [ 75 K% W A HE A7 & S 7E
PSR 190 AT — 25 7 B R M EAL . hERGHE B ¢ A%
£ SHMERGHE (145RHT B, H /T SR 4 T
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. ph T PR 9 S SR 56 4 75 S (R, &
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Fig.1 A simplified illustration of the regulation of hERG protein folding and ERAD by chaperones
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