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Many kind of cell stresses induce gene expression of unfolded protein response (UPR)-associated
factors. This study demonstrated that up- and down-regulation of gene expression of endoplasmic re-
ticulum (ER) stress chaperones and ER stress sensors was induced by immobilization stress in the rat
organs (adrenal gland, liver, lung, muscle). However, no statistically significant regulation was de-
tected in the others (heart, spleen, thymus, kidney, testis). The results are the first to show that im-
mobilization stress induces UPR associated gene expression, will help to explain immobilization

stress-associated ER stress.
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2Ed 2 (cell stress)tal gt}
A (endoplasmic reticulum, ER)ell 2
Y2E 2FA2EY 2(ER stress)
ERW el Al posttranslational mod-
MEL)Z FHF oo} a7k o
%3 ER stressoll &34 AX AW (ER lumen)ol =4 H ).
wolghil g o] Wy v v FA Q] 87, B wHldd Ao ¥}
YAl WEAQ Aoz BT & 9lrh o] & ER
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tem©]|T}H2]. ©]ujoll ER lumenol| 4] UPRe] #osl= ©iidE
S 2ZAAF E(ER chaperone)o]2tal 3lt}. o] &2 E
meno A /dH o2 @ Ao folding & assemblyd 4
RS AFTFE Dol FF2Q] 982 dth F, ER
erone> A EA F4E ZHtho]|=9 folding, T H <] A
I os Z& AFY B, BIFAAR] F2E 7] ©id
o] 8 5, @ Aol A& e A&dte] Tl 2 3
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ER chaperone> A XU o] g 7}A] dhf o] /g4
S 7 YEE FHHA F48Y7
(ER quality control, ERQC) [9]. ERQC~
EHld do] RE3HA ER lumendl AW AW o
U= o]& XEH 0 Z ER storage disease (ERSD)ZFaL3}H,
congenital hypothyroidism, albinism tyrosinase deficiency,
polyglutamine diseases®} 22 A3o] ¥ ATh3]. ER
stress= TS inducerdl] <J3)|A fF=HTh dEHQ Aoz
+ tunicamycin Aol &34 FW A9 glycosylationo]
3 ok o, A23187 52 thapsigagin®] J3iA] ER lumen®]
Ca”" depletiono] ¥old ), ER lumendl] %% & malfolded
Tl do] 22449 o, DTTS 22 Ao fsjA] Tl
3aktzo ool A2, virus 49 £ cancerd} 22 W
2231 JE7t 2 ot} ojwjo] #oJ3l= ER signal path-
wayoll A3 Z-8-3t= 3% 79 ER stress sensor (IRE1, PERK,
ATF6)7} &2 A JTH11]. ME7} ER stressE ¥oH ER lu-
men®l| A BiP# Z 3313 9l IRE1°] monomerd] 4] <143}
¥ dimer7} 5o, AIZZ 9] XBP-1 mRNAY] splicing®] ¥ ]
U XBP-15H4 d o] AY4kE| o} chaperone A4S F73T)
PERK 4] Q148 dimer7h 5 WA 3 7ARIARS] elF2a9
AistE Frmdte] AZ HA 9 G ddAgE AT ozn
Ax2E Best} 183 ATF62 ER stressE WO ™ AxF
%] tho] Woj# 1}9hA] ERSE (ER stress element)$} 23
S}, o] o] A X = ER stressE TS Aol A4S BT
T A= 7138E A ATk o] A" ggFd A=l s
ER stress7} Fi25]o] Al 27} 2-§-Sdk=72l0] LA AT10].

AAFE Iete T2 A7 Ho71d Y shuz B 5=
2 7Y 2y = e s AL o 284 0RR
AAFE A2 A 7HFE 2EG2E wobx] AR WA of

of ol
=2
(]



A =] o] 25 (depression) 22 S Ho|A v, 3¢
2 A (antidepressants) & F 5t ¥ &77} Ve o] %
= I

d TS w40A o e 2EHYLE FELEHS
(immobilization stress)2}al &t} 2| F742] d# A A

HEE2EY 2 FEATE e 2o F52EY ST cata-
cholamine®] A &4 =4, peroxiredoxin [ & 11¢] &8 =4,
leptin signaling &4, acetylchohnesterase S4xd, Ao
94-DNA 9| oxidative damage 310 Z o] #efdri[1,4-7].
Iy ol A7A REAEY 20 23 ER stressfr o] #&
HRIE QY B dFe Aeos FEAEYAT ARA
o] 283 71459 3lU<l ER chaperone
HHE 2AGEAE FolR it

9 ER signaling

fo i e

Mz 9
3% 22l Sprague DawleyA (57, 45%)
*}O]?ii(‘iﬁ AN A Fhste] A8 T 242} 3uf
T FELEYEE 7 T o2 o] AFs
2E# 2 WL Kvetnansky & Mikulaj 2 @14 &
9?\‘:}[4] Li‘i}% ARgste] 7P A FdRA AR $
ol2d o] FF Y o] AlHetE HHO|ZE o] &
Pl & ot §ZolA] XA #AHh 1
T 6A7HERE WA st FEEH S FUTH
_,_Zlii—rEi total RNAS 97] $3}9 cold PBSZ % +3]
A7k ool AF&-3tth 1.5 ml tubed] RNA isolation re-
agent (TRLREAGENT)E 500 1o} 27 dvtdl 282 1
ZEGEHRIZE 235 T FF4S Foh 7)o 100 w9
chloroform< 713t F83] 41o1F oS 13,000 rpm, 4T
oA 15% &< A4 TSk oF 500 o] 35 dE FHsko
MZE tubeZ &713 FH9 isopropanol B A 10
2 A% Agd F 13,000 rpmO.Z 102 5 ALt
tube?] Bl=to] A7l pelletdl] 75% ethanolS %7] RNA iso-
lation reagent ¥¥ 5 Y $ 500 ul ¥l 12,000 rpm o2 5%
B 4l Belste] HEH 02 total RNAS A1tk DEPC/}
A2 FHT 5 UV spectrophotometerZ 7 3} % Tt
RT-PCR (reverse transcription polymerase chain reaction)<
RNA (3 ug)E 80T A 3% 7}43}e] denaturation A7l &
v 2 AL g@7tEt) 10x buffer 3 ul, ANTP 4 pul, 1 pl9
oligo-dT (300 ng), 10,000 U] A& 29} RNase inhibitor
£ HUVeta & 30 w7t HA 3 3 42 Co]]/ﬂ A7 308 7
H-S-A1A (DNAE @At} Hh-g-o] B 3 94ToA 2%
HH-S-A] A Odﬂ/\}}‘-i = 1nact1vat10n/\]7 ok A= 100 pl&
%E} A2 (DNAS £Z317] 9814 PCRS
3] HEg-o 20 o] 74'7—}«] forward 9} reverse pri-
meri 301/\1 94°C 5%, 94T 30%, 57C 40%, 72T 4022
273 RHEsto] M7 9502 Felsttt /\}%% forward <}
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reverse primer= ©Fef ¢ Zth F (5-AGTGGTGGCCACT
AATGGAG-3) and R (5'-TCTTTTGTCAGGGGTCGTTC-3")
for Bip; F (5-TGTGGATGGCACGGTAGAAG-3) and R
(5’-GGTGCCCAGGTTTTTAACCA-3) for GRp%; F (5'-
GCATCATGCCATCTCTGCTA-3) and R (5-GGCATCTTC
ATCCCAGTCAT-3) for CNAX; F (5-GGACTGGGACGAA
GAGATGG-3) and R (5-CCTCTGCTCCTCATCCTGCT-3')
for Calr; F (5-AAACTCCTCCCAGCGTTTCA-3) and R
(5-TAGGCCTCCAAGGACTGGAA-3) for EDEM; F (5'-CA
GAGTTCTGCCACCGCTTC-3"), and R (5'-TCCTCGAGATC
GTCATCATC-3) for PDI; F (5-AGTGGTGGCCACTAAT
GGAG-3) and R (5-TCTTTTGTCAGGGGTCGTTC-3') for
ERp29; F (5-TGATTGGACACCTCCACCIG-3), and R
(5"-GGTCACCGACTCCCTGAAAG-3) for ERp72; F (5'-TGT
GCTGTCAAACCCTGCCATT-3) and R (5-ATTGATGCTIT
GCGTGTAGGCCA-3) for Erol; F (5'-CTAGGCCTGGAGG
CCAGGTT-3) and R (5-ACCCTGGAGTATGCGGGTTT-3’)
for ATF6; F (5-CAGAGTTCTGCCACCGCTTC-3), and R
(5’-TCCTCGAGATCGTCATCATC-3) for PDI; and R (5'-CC
ACCCTGGACGGAAGTTTG-3) for IRE1l; F (5-GGTCTG
GITCCTTGGTTTCA-3) and R (5'-TTCGCTGGCTGTGTA
ACTTG-3) for PERK; F(5-TGAGTCTCTGCCTTTCGCCTTT-
3), and R (5-TCAGCAAGCTGTGCCACTTT-3) for Chop;
F (5-CGTTCAGACAGAGGCCAGTTC-3), and R (5-CGA
GGACCACCATCATCC-3) for Rpnl; F (5-AGCCATGTAC
GTAGCCATCC-3) and R (5'-CTCTCAGCTGTGGTGGTG
AA-3) for B-actin

Western blotting2 Protein electrophoresis kit (ATTO Co.,
Japan)E AH8-3}o] 12% SDS-PAGE®] 4 ¥ samples 717]
s Atk W79 e] Ed ¥ transfer kit (Bio-RAD)E
A&t gel9] proteing PVDF cell membrane®] transfer
buffer (20 mM Tris-HCl, 150 mM glycine, 20% methanol,
pH 83)5 AM&-3l4 transferdt$th. Transfer’} €¢ ¥ mem-
branes 3.75% skim milk in PBST (PBS, 0.05% Tween 20)&
A&t Aol A 1A417F &<t blocking}t$ith. Blocking®] &
¢ %12 FAE WS A2 W= 5% skim milk in PBST|
1:1,0009] ¥1&2 8]43te] 4ToA 2417 F WA FTh
12 A ¥kgo] Fd ¥ membranes PBSTE 1084 53
ol A shakers ARE-sko] Al H3ESITt. Al o] T 5 23
GAE g A2 wjol= PBSTO 1:2,0009] H&Z 843}
A&l M 13 F¢E wE AF e, whgo] £ - mem-
branes PBSTE 104 53] ¢l A shakerg A}-8-3}f Al
A3tk A& o] £ 3 West save (Lab Frontier, Korea)S
Abgste] BAREE-E f = F Xeray filmoll 7-333ke] 23}
£ A
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FEF2EY2E B rats FAAAAM RT-PCRE 317] 9
& total RNAS} SDS-PAGEE 317] 98t vl de 747k 2%
(heart, spleen, thymus, kidney, testis, adrenal gland, liver,
lung, muscle)ol| A &&]atfith F52EH 27} 2 7)o A
ER chaperones? ER signaling #& fr32+5¢] W@z
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4t Bip (immunoglobulin heavy chain-binding protein)Z}
GRp% (glucose regulated protein 94 kDa)= ER lumen®l 4]
nlg Ze B9 dE Y folding & assemblys FE
general chaperones, calnexin¥} calreticulin& ER lumen®l] A
Ao folding & assemblyS &
ER-associated glycoprotein degradation®] #¢{3}= EDEM
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Fig. 1. Effect of the immobilization stress on the unfolded protein response (UPR)-associated gene expression in the each organ.
Adult Sprague Dawley rats were housed under controlled conditions on a 12 h light/12 h dark cycle and provided with
food and water at libitum. Rats were handled daily for 7 days before experiments to minimize the stress of handling.
Rat were immobilized by strapping for 6 h according to Kvetnansky & Mikulaj methord [4]. Control rats walked freely.
Each gene expression was estimated by RT-PCR(A) and tested by Western blotting to estimate those translational level(B).
Vertical axis of Fig. 1A indicates relative gene (mRNA) expression. Detailed preparation of each sample was described
in the Material & Method Rabbit anti-Bip antibody and anti-actin antibody were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). The bar graph shows the averages of the quantified data from 3 independent experiments. LS.

(immobilization stress) & A.G. (adrenal gland).



(ER degradation-enhancing alpha-mannosidase-like 1) ER
lumen©l| A 23 F4 € E 29 58-5 Q14st] 1
PDI (protein disulfide isomerase)®} AFSH 7]%5 <] ERp29
ERp72 18] 3 AA}F g A2l Erol (ER oxidoreductin 1)
S E 3= redox chaperones, ER stress signal®] sensor &
&S 3} ATF6 (activating transcription factor 6), IRE1
(inositol requiring ER-to-nucleus signal kinase 1), PERK
[double-stranded RNA-activated kinase (PKR)-like ER kin-
ase] 2831 FHAEFAA UPRE apoptosis &2 in-
flammation AR 3= HAFIZS) CHOP (CCAAT/en-
hancer binding protein homologous protein). ControlZ ER
membranedl|] %1 Rpnl (ribophorin 1)& A3 T
Heart, spleen, thymus, kidney, testisol] A= oJH fH2 %=
$AH0E o4 Ak WAl Aol BARA Y3k, 1
21} adrenal gland, liver, lung, muscled| A= <94 =
Az wrE xpo] 7} B2E Y THFig. 1A). WA A Q) wd

F-& adrenal gland, liver, lungdl| A= && o] Ag3l= F4
Aol TEE W muscled M AAFHOZ Wo] GA

gk 7P Alg fAAEEY Zo]E HQl AL adrenal
gland ¥ th. Adrenal glandl| 1= ER lumen®] Bip (2F 1.541)
7} GRp94 (¢} 3 B9 A4 AT calreticulin
Hel7l §13 calnexin (&F 2.540)2 A% HdS}A T Redox
chaperones ol A= ERp72 (& 3ul) 9 =& wdS BT} 1
2] 3L ER stress sensorz o A= PERK(F3. Iy
JAT U A= & WEE RHolA] &%k Eal
E e Aol A Q4 5ke] A48 (hypothalamus) 2 A E 5]
W AGetEe 3k (pituitary) 2 corticotropin-releasing
hormone (CRH)E W&t} 0|2 3] @3o=z FHH cor-
ticotropin®] 417] & (adrenal cortex)9] corticotropin re-
ceptorsE A531o] AU cortisol S w1 3T} A5
cortisol receptor= CRH A4S 7HAAA F3AS FA3
o9} o] URHARl ~EHAE JPF F HEstal 24
7]%&o] adrenal glando]tt. o] #H A FFLEH 2~
B T79 2Ef 29 FUeA A8 2 SHE] dE
& 73| ER stressot B 120 MSE FEste
4% 4 At} Liverd CHOPY| 454 (eF 21
o}, liverod| A8 A5+ F52E# 27} apoptosis 5
flammations A& st= AAFIA CHOPY i vto] =017l
AL olge AdEd ZHIAAV e AR FAHHD
Lungol| A1 IRE1S] ®&o] 2u) o] Aatdon yras
SolAor 5T vhek wEMs= fI3Uth Muscled] B¢=
A Aoz W 7+43H4 . Controldl] HlW3s 1/2 A =7}
A wrgo] A 4% ERp29, IRE1°]t}, 1% A IRE19]
AA ATt ZHAAM oA BE A
kg o] 7:}5\—5]% A& FEAA FE2EG 22 r|eho}
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g #H 3}"5 BE RS9 40] "R
02 FHdg. FFE2EY2E ER stress ZAFHA]
= 27t Aol 7t “LX] T, Rpnl<] 2@o] ¢ 3.54) 45
2 Ho}A ER lumend] UPRY #& Y= W37} A5HA
U H183 A Q1 Sl g S Aol oJsf A ER AHA 7 o] A
g Atk A9 AFde KA AAEEAA
ZA5E AL FAU3 Aol Fig. 1B A= o]5<] W3}
7b il HAFZEAME HEHEAE ¢7]195H ER lu-
men?] U133 <] chaperone?! Bipe] W3lE #&3s}3 ) AAL
FE FdH LA muscled e FE2EH 20 o3
A & o] A E 3L adrenal gland, liverel A= & o] 453t
Aok U A= 2E tﬂEO] *‘r?‘ﬂxl OL,\}E}

AEHoE HE
AAEE o] Wale %5_5;13]- Heart, spleen, thymus, kld-
ney, testisoll A= 2% W37 LA adrenal gland,

1
& st Asie a2y
ZHo g Wdo| 7+AET o
__%_

%—«] e]l stressS’} o] AES

liver, lungolA=
muscled| A= & AEH
Ade FELEF 2R T
Zd|X UPRS 24 +
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