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Brief Communication

Induction of ER-stress by Heat Shock in the Thyrocytes
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In eukaryotes, ER stress induces UPR (unfolded protein response) via IRE1 activation which sends a molecular signal
for XBP1 mRNA splicing in the cytosol. During this mRNA splicing, 23 nt removed in which contains Pstl site and
then resulting XBP1 product is not digested with PstI restriction enzyme. In this study, using this XBP1 mRNA splicing

mechanism, the effect of heat shock on thyrocytes is studied, because heat shock response in the thyrocytes needs more

study to understand thyroid physiology under alternative environments. ER inducible drugs (tunicamycin, DTT, Ca

2+

ionopore A23187, BFA) induce ER stress in the thyrocytes. From 3 hours after heat shock, ER stress is induced and
which is reversible when heat shock is without. While Ca*" ionopore A23187 is reversible from ER stress by washing
out the drug, thapsigagin is irreversible. Other ER inducible drugs are not so sensitive to ER stress repairing. XBP1
mRNA splicing in a cell is very available method to detect ER stress. It needs only a small quantity of total RNA and

processing also very easy.
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Meis, 2002). 2F A7} A3 ~Edl 2 (ER stress)S L0
H AR folding® ¥4 TA (malfolded/unfolded/
misfolded protein)®] 2, Thlal assembly?] 23 So] 1}
ehdt}, oluo) AF A7} Bog AFA) ATAY (ER signal
pathway)2 F-3l|A, AEe] AAH Tl fAES 4|
st W AXA el FAE = WA gl 2l
oA, B3 B FEI} 2 dg Fth o3l BHd 3%
Fo] AxA ghehiizo] deix| 3 It} (IREL, PERK, ATF6)
(Lee et al., 2002; Trombetta et al., 2003). A2, 2|F-ZHE
ER stress’} Aol 7}iA'H ER lumend Bip# Aata
= monomer e 2] IRE1°] dimmer?} ©t}. $12] Auloj
i AEF he] XBP1 mRNAY] splicing®] 2ot XBP1
chil o] AYAikE| o] chaperoneS A4 3o} (Yoshida et al.,
2001). FHAZ, monomer AH]e] ER goE el o
PERK”} ER stressol] 2134 dimerization =84 SHAIA}
%1 elF2 alpha?} <14bsh =o] MEZAAe guld AHgS
A&t} (DeGracia et al.,, 2002). AHA, 9A] 2 BEchiz)
%l ATF6°] ER stress& oW AL %9 wfo] "Wojx
ERSE (ER stress element)oll 2 &3t} (Benjamin, 2006).
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oJibe= @Atoll 0] 88Tt (Kwon et al,, 2005). XBP1 mRNA
splicing®] YoUHA AASE 23 nt THA AFHEL Pstl
site?} 2A4135}7] W&ol ER stressE Wolx 23 nt7} )€
Ae]9] RT-PCR 4AHE-2 A& 4 PstlS A8tz Aty
) ¢reth 28} ER stressE WA @2 XBPI mRNAYY &
Pstl site® 7}A 3 Q7] wj&Eoll, o]A 2] RT-PCR &l A|§
E Pt APEHH F7ko] AurErh 5 ER stress® WO
450 bp (-23 nt)7} WERFA|RE ER stressE WA 2ow
473 bp (+23 nt)$} 473 bp THHL] Fel Pstlo 2 Akd 27
o} ¢ (290 bp, 183 bp)o] ERAT) o]AF AlZta A st
Aol webd ZHzt tE do|2 AHuE= 5% o835l
qEA] Ao o= HES] ER stress® A= &

FHEE 4= 9l systemo|th. UWbH o2 ZHE ER stress 2]
A

1 8 S48 22 Hug AZASYoRAT Al ue}
A 1wk & AolE Holi ) (Bolte, 2003). 531,

AAAEA At & FE dTE ol mud =Folr
3 A ER] FRIL-5% 5% 84S £ Coon's
Hlz ol A wheFEiT) Bk o) FHL 37T, 5% CO, 95% ©)
Aol 43 Z7 0|t} Total RNAS] ¥-2]o]& RNA zol-B Kit
(TEL-TEST, Inc. TX, USA)E AF8-8}3r). Z-83] A}¢ FTRL-
5 AZE o8 AJe Mg £ AVKE phosphate-buffered
saline (PBS)E 28] A& ¥ o] & ¥ RNA zol-B 1 miol
homogenization A]Z T} I th2 chloroform 200 pl& 7)<}
o] 2 4o}FL 12,000 rpm (4C)ell A 1583 24 Eel ek
& 500 pie) AENol 500 ple) isopropanolE #7}shed
4°Co)A 1587 A 3 thA) 12,000 rpm (4CT)olA 108-7F
A4l Feiste] AMES Ak o] AAE] 75% ethanol
1 m& #H7ksla 2 wkste] 10,000 pm (4Tl A 5583

Cont. TU DTT A23187 BFA

Pst1| No | Cut No ‘ Cut

AA F-el3le] RNAE YY) RTLPCRE A|XoA F&
mRNA2] poly A9l oligo dT primerE AFA|AH IHAL &
£ ©]83) cDNAE T4t 223l 3 cDNAY o
DNA primer, dNTP, Y€ DNA polymeraseZ &-5=

it

(eI =)

=

& Tl 5522 Sh= double strand DNAE € LileRda=s

(94°C, 30 sec). € WA 2J3] A7) single strand DNAY
primerS annealing T} (55°C, 30 sec). 22|31 DNA poly-
merase®] 213F AR DNAE @A%} d HARH A8
A DNA FA7HA 25~30 cycle2 ¥HEsl=d, 23 DNA
ool wEt AU EEE D& 7 Js Xxo) dEM AP
A Agzde 248 ") gt

PCR2] template 2 AFE-3}H7] €13 M-MLV (Promega)& ©]
43ta] cDNAE TAlsth B2ld 3 pg2) RNAE oligo
d(T), Nuclease-Free Watere} $H7] 1.5 ml tubeol 231 707C 9
A 582 71831 denature AlZ1 TR FHA] Dol XA 4
3] & M-MLV 5X Reaction Buffer 6 ul, AINTP mixture (2.5 mM)
4 pl, M-MLV RT 200 units, A}%% RNasin® Ribonuclease
Inhibitor 25 unit® ¥ 7}8}3 Nuclease-Free Water® % b
SHE 30 B 9 O 27To)A 9083 vHSAZTh v
S Fol= 95TolM 283 M-MLV RTZE inactivation A]%1

Treatment Cont A23187 A23187 Thap. Thap.
[recovery ' 10.5hr /13 hr /0.5hr /3hr
Pst1 no l cut | no I cut | no I cut | no ‘ cut [ no ‘ cut

Heat shock 60 min

Pst1 no ( cut no ‘ cut

Heat 10 min 30 min
shock
= Cont.
et?nc:\;ery 0 30mn | 60min 0 30mn | 60min | 120min
Pst1 no I cut noJ cut | no | cut | no l cut | no ‘ cut | no ‘ cut | no \ cut | no I cut

Fig. 4.
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% Nuclease-Free Water 70 pl2 T3t HETHo02 100 &
ok TS PCROY -2 p¥ AM3193T) PCR R34 50 ploll
F-primer (5-AAACAGAGTAGCAGCTCAGACTGC-3)%} R-
primer (5-TCCTTCTGGGTAGACCTCTGGGAG-3)E 94T~
30%, 68T~30%, 2C~1EC.2 303 wHE3la XBPIYS
DNA sequencing 3] #<138}Ich PCR 4AHE 8 wlE Pstl A
BEAZ 37CNA A7 T Mg 2ol 2% agarose
gelol A 71953t UvdelA =g sl

ZY% ER stressoll the XBPI mRNA2] splicingg &2
7] _9,]{;_} /\1%42. —'—]_o:h;]. (Fig 1) q.]z:rtog o}_‘jr’_ai a]
14 942 AXe REPCR 2HE# Z}E ER stressS F%
(tunicamycin; N-F31 @A ), DIT; o)&3} 2¢IA), Ca®
ionopore A23187; A|X W] ZFu T BEA; ¥Bjdwlao] &
EAo A Golgi complex®2] o] ®&])yste] ¥U& RT-PCR
AE-S PstlZ BYSH] 2% agarose gelo] A7|9-E 319
Control?] RT-PCR AH&-& FHF9I7F AetEo] 2709 W=
7} ER1E I} 218y ER stress 752 (ER stress inducible
drugs)Z ER stress”} %% RT-PCR 4HE-2 XBP1 mRNA
9 Z7+8-919) 23 nt7} splicingoll 2J3HA A A AN Pstl

127} glojAleh. 2eiA Add 2700 =R Hdy

A FE 109 REF v M)A FRIF AT

ER stress o3 Al39] 3E5HE 47 #i3le] 427 v
2Ed2 A1 Z47) 2 chase A7l 1S XBP1 mRNA
splicing S ZAVEFATE Ca®" ionopore A231873%} thapsigagin--
A 2}ete) Z7e) XBP1 mRNA AHEF PstlZ Aast A&
719 FsHA A231879) Aol 05412kl B EE] 7] A8}
of A7k B & AZke] FoF] AFP-elE AY AEHAS
< FEsIgl ot thapsigagin Aoll= A1 A Fol T A
3 FEHA Be-S BAAT (Fig. 2). o] AFEAE= Ca
ionopore A23187°ﬂ 2]k ER stress™ 7} & o]} thapsigagin
o &gk 2EH2E HZFGAQ AL gulgit. € 45
EFR AEY AT S8t AXEW Vs AYHeR
FEA F e AL chaperoneE 9] FEF9] djitolul)

A =74 Al A7t WS XBP1 mRNA splicing®] &32
A7)5k7) kel E FAEL 45TNA 10, 30, 60% FF 7
7} X2)a3ick 717he] XBP1 mRNA 4HE7} pst1 2 A ket
248 W71G 5 1089A splicing® A ©°] YERYT] Al
zete], 30 AT US FEEHA 600l = @S
splicing =2t} (Fig. 3).
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Heat shock 60 min
Cont.
Recovery time 0 30 min 60 min 120 min
Pst1 no I cut | no ’ cut | no ‘ cut | no | cut | no ’ cut

Fig. 5.
XBPl mRNA 4HE& Pstl digestion AFES 7195 3k
T} (Fig. 5). @ %7 A7) 10837 308 wjE= 22 60k

I 12020 AudxAoRe] 35 A7k splicing®] <3

Aorg M=7} con- trol¥ B)SBIA AL, 12089 @ FAHo=
3085 FEol Bel7l st 1202 % control FF7HA
IEHA e LY. 2y Olh g A A FA] &
g oIzl 2L Uzl dhd <l } I 502 Axel A
BA B Eo) Zo] Hofst

Fa S ] P B
o ojaix] SA] A <
SHow A9 Zé*%*
9 7% 35 FAAeR X—}%ﬂ%
A BjdAEE 45T o
AAFENAL 5% 7}%@}3}, ol ¥ &3
ZA B QA FL el EE A @11402
AEe] A4 FEe zZlo] Foale] MEHES E J)F
3B FPHoR gl Aoz ALEH. ERSDY] £
ABESHA olsfie} g ek B X 5AY LS A% 7
Utk 53], e ay} Wallste] 3
A AEE et EuEEe] 2HAF (hyperthermia)
AnlE)E AT = Y& Aol (Kilgore, 2004). T
A g, ALY EYL, 5
o, FHXAT fatE WA Holof A2 @
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