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ER Stress-Induced ./Jpk Expression and the Concomitant Cell Death
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A Jopock (Jpk), a trans-acting factor associating with the position-specific regulatory element of murine Hoxa-7, has
shown to have a toxicity to both prokaryotic and eukaryotic cells when overexpressed. Since Jpk protein harbors a

transmembrane domain and a putative endoplasmic reticulum (ER)-retention signal at the N-terminus, a subcellular
localization of the protein was analyzed after fusing it into the green fluorescent protein (GFP): Both N-term (Jpk-EGFP)
and C-term tagged-Jpk (EGFP-Jpk) showed to be localized in the ER when analyzed under the fluorescence microscopy
after staining the cells with ER- and MitoTracker. Since ER stress triggers the ER-stress mediated apoptosis to eliminate
the damaged cells, we analyzed the expression pattern of Jpk under ER-stress condition. When MCF7 cells were treated
with the ER-stress inducer such as DTT and EGTA, the expression of Jpk was upregulated at the transcriptional level
like that of Grp78, a molecular chaperone well known to be overexpressed under ER-stress condition. In the presence of
high concentration of ER-sterss inducer (10 mM), about 70 (DTT) to 95% (EGTA) of cells died stronly expressing
(10~12 fold) Jpk. Whereas at the low concentration (0.001~1.0 mM) of the inducer, the expression of Jpk was
increased about 2.5 (EGTA) to 5 fold (DTT), which is rather similar to those of ER chaperone protein Grp78. These
results altogether indicate that the ER-stress upregulated the expression of Jpk and the excess stress induces the

ER-stress induced apoptosis and the concomitant expression of Jpk.
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Endoplasmic reticulum (ER)S ol &4, ¥&
Aol EnjghilEe) olFg2o)n  XF g 7
AAsta WEshe gaolv) 53] B oy gl
9] A4, WA L2 mRNAZF ERell F-2t5o] Q= 2lEg
(ribosome)ol] &3] WA= SEEHA FAlo] ER HEE
translocons F3f E7pAY gehaize] A9 ER7ell &)
37 k. ER Rl A= 29459 modification®] Yot
=] 2 glycosylation®]} disulfide bond®] 34, 3] su-
bunit TN A E-9] 3 L= proteolytic cleavage 52 E6H]
dilzlo] MyRly FEH o= HAR F2E 2 g
thildl So] B8 AX4L7|RoE Agso] H4ds 7%
S 3= 3o} (Kaufman, 1999).
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84 ERol 9 F72 HEW - 93 A= (intracellular
Z2 extracellular stimul)2 A HH stressE WA H =,
ERL o]% stress W& sl A= AEY £ JEE AN L
B33 A3 9hg, & BR-stress response® 25514 ®r}
(Shen et al., 2004). Intracellular levelol A1 €] ER-stressv= &
lumeno| A ABA3E @] glycosylation©| W} disulfide bond
7t A2 F3HA g A =™ E lumenol A cal-
cium®] ZE A4, EE GolgiE 9 @A ofFo] A5
At Edolal 93] misfold/unfold® T o] ER Wo)
X5 stress’} L E T (Kadowaki et al., 2004; Schroder
and Kaufman, 2005). We}4 Q1914 2 2 glycosylation inhibitor
Q! tunicamycin®] 1} ER-Golgi transport #3|A|Q] brefeldin,
2-& disulfide bond B3 A3AQA DIT T Alxol A}
o stressE A8 % Atk

ol e} R}=ell gk self-protective mechanisme ER-stress
response&} i &=, A VIR UE 5 Aok A WA
7132 translational attenuationC. 24, AFHA Q] g o} &
g AsHAIA misfold/unfold® THAFo] AF el £3
AL Bt} F HWARE BER U] &451= chaperone
WAL HA g HAEFEellA fr=shs AAH (Lee, 2005)
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o]&84 F7}4l chaperone B EL ER oA w9
folding® assemblyS FA ©ch 1gja A W 712 &
ol g Ba)3l= ERAD (ER-associated degradation) pathway
E BA3ANA misfoldunfold® DA FE K3t
FFH o2 ER W9 misfoldunfold® THAES AATT
(Hampton, 2000; Cudna and Dickson, 2002; Kadowaki et al.,
2004; Shen et al, 2004). &} T 73 swressE M3 self-
protective mechanism®] &3] 2% apoptosis?} F&
1 ©]& ER:stress induced apoptosisZhil §+U} (Ferri and Kroe-
mer, 2001; Oyadomari and Mori, 2004; Srinivasan et al, 2005).

Jpk (Jopock) F2R= AF (mouse)e] FER /g i3}
¥ Hox §3A (Gehring et al., 1985; Akam et al,, 1989)2] &
2 2dsE A2 EHALY (Cho et al., 1997; Kim et
al, 2002) A oA 7 LSS -+ prokaryotic cell
(Park et al., 2002)3} eukaryotic cell (Kong et al., 2003; Kong et
al, 2005) E5o)A] cell death® FE¥T} 53] F9 embryonic
teratocarcinoma cellol] 4} = mitochondrial transmembrane poten-
tald @3 ROS A4S FHAIZI™ Bax9} Bad? LHS
Z7MA FFH R apoplosisE FEIFTIL LA Utk
(Kong et al., 2003).

Jpk AL ZnEAE N Yo 2 17)9] trans-mem-
brane domaing Z]3 170¢] ER retention signals Rkl
UE Ao EMHJ OB (Park et al, 2002), ¥ ATl
EGFP fusiong 53] 41 Jpk @2 0) &= A2
7138 4531, ER-stressS FEAIR] O Ipke] 2EE
A5tz 3kt ' B3 ER-stress”} apoptosis® FE
tha g2 glemg B AFoiE AHH O ER-stress
induced apoptosisE F+ZA7| 3 oluf jpk LHIL] FT A
A48 EAstnAt gich

o Pl

S

ME W
1. MZ i L cell viability

COS7 (Monkey kidney cell line)® MCF7 (human breast cancer
cell line) A 10% fetal bovine serum, 100 pg/ml penicillinZ}
100 ug/ml streptomycin®] ¥ ¥ Dulbecco's modified Eagle's
medium (DMEM) ¥iA el A 5% CO, #3213} 37°CollA ol
oF5}15iT) ER stress Fr22 $13) MCF7 cells& 6 well platesel
610° cells/well 2 Zole T3 dish’doll A 90~95% ©1°4 A
24 o serum¥ antibiotics7} ¥i#|€ DMEM ¥ = Zo}
Fo] AEESL oF 24417t B¢k #FAE 22l serumo] Rl
DMEMol] dithiothreitol (DTT)3} ethylene glycol-bis (beta-
aminoethy! ether)-N,N,N',N'-tetraacetic acid (EGTA)Y] 5%5%&
0, 0.01, 0.1, 0.5, 1.0 2811 10 mME 712} Z8j3te] X
% 2427 B MFF O 1% wypsind M) NEE

84319t} Cell viability’= trypan blue B2 AR
35st ME EE¥ 100 woll 0.4% trypan blue 100 WE F7}
g Th2 hemocytometer2 A (Aol i) MEe} T
(F&) AHEZ o] AE 5 FAsIh

2. & RNAS 2

% RNAT ZolB (TEL-TEST. Inc)E o€l 3AjellA] A
Aete g2 sleEginh. 94 Fed XSS 1,500
pmlE ¢4 EFste AEETE I F ZolB 500 plE
A7V O3 pipets ©]-&3te] Z EE3I3ITE THA] chiloro-
form-isoamylalcohol (49:1) 50 WS ¥x 7PEA flollz &
Eo] Aol&E o 158 5 38R} 4olFHA AL B
#3lPeh 152 F A3 58 A 2333tz 12,000 rpm,
4CoAA 1587 44 B2t 45 AT OE wbe® &7
3L %9 isopropanole H71ste] E3+eH the 20Tl &}
2 2o Bk B 12,000 pm, 4CollA 1583 9
4 B83te] RNAZ IAHAIIT 75% ethanolZ A& g
Az AZh AH¥ RNAE DEPCE A3 FHIol 5o
UV- spectrophotometer (Amersham Biosciences, UK)E ©]-&3}
o A3t

3. RT-PCR

A2k RNA 2 pg2 PCR wbeo ¥ oligo-dT (100 pmole/
ul) 1 ¢+ DEPC-H,0 10 plE 713 ohd 70TellA 583
RNAE WHAAIZ] 3 4Co|A 5X reverse transcriptase buffer
5 ul, 2.5 mM dNTP 5 pl, RNase inhibiter (40 U/ul) 0.5 yl 28] 3L
M-MLYV reverse transcriptase (200 U/ul, Promega, Madison, W1,
USA) 0.5 WE o Avistel ZA] o] 25 wrt H=F 815t
aglm 37CoM 60%-7t annealingdt™] cDNAES THEUT
¢DNA % 2 WIS 33}o], TOP-Taq polymerase (5 unit/pl) 0.1 pl,
10 X PCR buffer 2.5 pl, 2.5 mM dNTP 2 pl, 50% glycerol 2.5 ul,
DMSO 2.5 ul, forward®} reverse primerS 2tZ} 10 pmole®d
Z8]l1 DWE A 48 25 wt HES st 84 4o] &
3. thermal cycler (Perkin Elmer, Wellwsley, MQ, USA)E ©|-&
slo] PCR W8-S A3l Th PCRE 95Tl A 583 8h&
3 H 95Co)A) denaturation timeS 1%, Z primerd] &
annealing timeS 1%, 72Col 4] extension timeg 122 3}
o] 25 cycle 33 3 72Tl A] final extension ¥H3-& 102
2+ S8k 47]M A€ Jpk, Grp78 TL2[ 3L B-actin pri-
mers T 2tk Jpk forward primer, S-CAT GGA ACG
CCA AGA GGA G-3'; Jpk reverse primer, 5-ACA AAC CCC
ATC AAC TGT CC-3'; Grp78 forward primer, 5-CTC GAATTC
CAA AGATTC AG-3'; Grp78 reverse primer, 5-TAC CAA GTG
TAA GGG GAC AC-3'; B-actin forward primer, 5-CAT GTT
TGA GAC CTT CAA CAC-3'; B-actin reverse primer, 5-GCC
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Fig. 1. Subcellular localization of the EGFP tagged-Jpk. COS7 (monkey) cells were transiently transfected with each plasmid pEGFP-
Jpk (A) and pIpk-EGFP (B), and cultured for 20 hours. The cells were treated with 50 nM MitoTracker and 200 nM ER-Tracker to stain
mitochondria and endoplasmic reticulum, respectively. The photographs were taken under the fluorescence microscope. The transmem-
brane domain (TM) and a putative nuclear localization signal (NLS) were indicated along the plasmid construct, and the EGFP was indi-

cated as a dot box.

ATC TCC TGC TCG AAG TCT-3".

PCR WHg-82 27} 1.7% agarose gelol A 120 VE #7]
453kl B33 t}2 Dolphin Gel Doc (Weltec. Co., GA,
USA)E o3t A& & vja 24 8¢t} PCR WF
S5 bandE #<Q3l3 TINA 2.0 (Raytest, Strubenhart, Ger-
many) programe ©]-&3}4] band®] densiyE A Tt
B-actin band o2 BASAC

5. gEsng o

kel AXY LHAXE F2lstr] 93t JjpkE GFpY
Skl WSS Jpk K-S £ EcoRl fragment
& C171 (Cho et al, 199725 o] pGEM-7z£2] EcoRI
sitel] E&83}o] pGEM-JpkE ATt ©hA] pGEM-Jpk 25
B Sall# Kpnl& A3l AL Jpk fragmentE pEGFP-N1
9] Xhol?} Kpnl sitel] %13t plpk-EGFPE THEl 2w
C-Z29 fusion® pEGFP-Ipkt Kim 59 A& AMgaldch
(Kim et al,, 2002). Z}Z+2] plasmidi 0.5% gelatin®] coating®
glass slideell B = “FHle] COS7 M3 lipofectamineS-
0|85} transfection AZ T 20417 ¥j%F & ER tracker (Mo-
lecular Probe, Inc) 200 nM$} Mito tracker (Molecular Probe, Inc)
50 nME o]&3to] FA3 thg FFHA (Olympus Co)S
ol-85l] #2519 MetaMorph Image Program©. 2 #4138}
ATh

z =t
1. Subcellular localization of Jpk

Ipk SelEo] AEY HAXE FYA B8] H8tS
enhanced green fluorescent protein (EGFP)°l] &S o] L33}
=5 AFslgity. GFP v A N-g2wd c-gdel z2bz
FEH=E A2 F2vE plpk-EGFPS} pEGFP-Ipk &
COS7 M= FY3tar 20417 5 L A7) ok 284
FFE W wide] X FFHAE o] &3t FH3}
Rt ol ~XA e} VEZEoLE Boldoz Jste
AleFQ] ER-tracker$} Mito-tracker® X 23}e] A 29313
t}. Fig. 10149} 2ol EGFPY] N-Zghst Cc-2edo] &84
Jpke= 2% t} ERel $1A8kE Zom BEHACE T Jpkd
74-%- N-terminal halfoll 1719 transmembrane domaine Ztil
Qe g BMEQ 0T (Park et al, 2002) ERS lumen
HUHE membraned] X188 Aoz {FHct 22 TU)E
A% EGFP-Jpk9} Jpk-EGFPE @ o)A oty o2
o] @ EGFPY N-Zetoll §39 Ipk (Jpk-EGFP)
o] 7% EGFP-Jpke] A-%-9= 22 ml% £ vesicled] %3
Hol gl ez BAEAY (Fig. 1B).

2. Effect of DTT on Jpk expression

Jpk7F AX 9] ERe| A3t e A= Jelhgon
2 B dFAE ER stress F8A] Ipke] &dE& Bz} 3
et MEe DTTE A3k ER stress 23 ohg Jpke
W3 S B DTTE ER ol &4 F9l vh
Z 9] disulfide bond F4S Aoz B2 foldingS
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walala F3H o2 ER Wl o] H misfold® dMEL &
AN o2 ER stressE 23ttt d2A ok B A3
e A et A9 UF0 MCF7 cell lineg ©)§
3te] DTTE 98] &= (0, 001, 0.1, 0.5, 1.0, 10 mM)ZE =]
3t3 37°CANA] 2443t 5 vl of2- A RNAE 248
319 2 RT-PCR2

DTTS] Az}t &7 Jpke] Hdo] F7t 3oy ulg H&
% (001 mM)IAE Jpke] 2ol oF 58] HE up regu-
lationBg & 4 UYL LEE (10 mM)S] DTT EA] ol
AE DTI7 $IE controlol WlE < 128 A% Jpko] 23R
o] 7Vt (Fig. 2A). ©l¥ DIT %o & ¢4 7}

©
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Fig. 2. Effect of DTT on Jpk expression. MCF7 cells were
treated with serum-free DMEM containing different concentra-
tions (0, 0.01, 0.1, 0.5, 1.0 and 10 mM) of DTT for 24h. RT-PCR
was performed with total RNA isolated from each sample. The
relative expression level of Jpk (A) and control Grp78 (B) were
shown after normalizing the intensity of the PCR band with that
of B-actin.

B0l jpkel B PFE LA

G control® AHE-3 ER chaperone Tz = 5}4‘”
Grp78/BipS] & W7} FAI8ISIEE Grp78 B A1 0.01
SEAME oF 5 AR TP #RENDL aFE 01]*1“
oF gl A=o] B Frrt AAE A (Fig. 2B).

3. Effect of EGTA on Jpk expression

2o} d&de A Jpk7t ERYl £A3k2 ER chaperone ©1)2
% 32 Grp783} FAFSHAl ER stressA] EEo] F7tEE
AL dsror 2 o4l calcium chelatorE ©]-8-3te] Jpk]
2AE TS ERS calcium®] AFn 2 dA glon

=
2 calcium®] AFE §E5E Aeto @ dylR EGTAS A

©
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Fig. 3. Effect of EGTA on Jpk expression. MCF7 cells were
treated with serum-free DMEM containing different concentra-
tions (0, 0.01, 0.1, 0.5, 1.0 and 10 mM) of EGTA for 24h. RT-PCR
was performed with total RNA isolated from each sample. The
relative expression level of Jpk (A) and control Grp78 (B) were
shown after normalizing the intensity of the PCR band with that
of B-actin.
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Fig. 4. Effect of DTT and EGTA on cell viability. MCF7 cells
were treated with serum-free DMEM containing different concen-
trations (0, 0.01, 0.1, 0.5, 1.0 and 10 mM) of EGTA or DTT for
24 h, and then the cell viability was measured with trypan blue
exclusion analysis.

DITAH ) sh= W43} 22 o2 F83530t. MCF7
Aﬂix’-_—* EGTA7} %Eﬂéi 247}% Hjj <] of 1 24/\12& 2 o

= it o

AL =& (001 mMH EGTA ZA5}A = ka4 1y
7kl e IEE (10 mMoldE 1 LEo] 23

7hetdth (Fig 3A). 283 ol BE P Grp78Y

= g AR Aes 1T (Fig. 3B).

oh‘._'r&‘i
do o 2 Ho

4. Cell viability

DTT$} EGTAZF A%} A& vjAe 93e Lohrr]
A3t & Aol ARER FEAAN Az B Wolrs} 2
PHORE AX BSES AT Fig. 404k 2ol DTT
¥ 1 mM7EAE 719] 90% o1de] BEEE Bylont
2 10 mMOIAE oF 30%2] AR ST o]
bl EGTAS] ¢ & B W& A& Yehlled EGTA
kol Mt wlste} AEEe] AEglon | mMoAA =
oF 65%T AFEIFAIL, TEEL] 10 mMAXE A thEE
o} A AlEo] AT

fo

AR

I
™~

i

1]

ERZ oA & mRNAS ©idz
Zo| HAg XA HAHG V5S¢ & 7 IS W
7= 71%S 2t 1o I smooth ERS calcium®] A&aL
224 AE W) calcium A FR o T EPE}E oA
itk o]# 7158 5= ERY| d9F o A58 rEin A
FEL o] stress AE) St E Aobdr] 28] ER stress
responset L BEe AAEE B VS 843 A7)

t} ER stress response®l| = 370¢] of& wWiH US| gl=d,
translational attenuation™} ER-resident chaperones +72A+2} &
AL &A3} 18] ER-associated degradation (ERAD)S 3
ol Eaizt 23telnk aEvt stress7t W AsHE AR
£ olF AYA Kl AAE 222 FI A7) A
CHOP, caspase-12, Bax/Bak, IRE1, MAP kinase cascades?-=
chilal o o] 8-3le] M EAFE (apoptosis)S =8} (Kado-
waki et al., 2004; Oyadomari and Mori, 2004).

o] A AgolA Jpk Bido] 3 FHHAUL A% apo-

ptosis”} FE=FH 2B 2 (Kong et al, 2003, 2005) & 239
A AE ¢19H oz DITS EGTAE AT 5 stressE
e o pke ZdES 2SI A=Y DTS

EGTA (0.0l mM)E AIE <ol 3l @99 foldingS 3l
ALY calciume nZAAZI oA oFdt FE9] ER stressS
S8E Aoz WZEM, oju AEE 2palo] A s
Aopd7] 218l ER stress response AUV E S ZHEAIA Grp-
787 2 chaperonES &A% A1A AR 4™ GRP-
78¢] A3 ATF6$} XBP-1 59 ©¥ld Eo] ERSE (ER
stress response element) 5=+ UPRE (unfolded protein response
element)*] =7 transcription factorE3} &7 Agst ER
stress 259 H. Q3 chaperon GHAEQ HALE FIA)Z
Ro2 dAATt (Lee, 2005). HE ATolA B & gl%ol
okt FX (0.01 mM)2] DTTY EGTAZ A 2|3ls vl Gip78
9] Wgo] RNA FFollA tizatol e oF s A= S71
atolen] FolEAE Jpke] 28 ol Grp78d o AL
sHAl YERETE o) Jpke] promoterF-2ofl ERSEZF 7]
Fol GRP782] BAd)| 23] 3o o]53k ATF6U XBP-1
o <la) Jpke] AL FAE] WELR AZETh Gao
et al, 2004). DTT9} EGTAS] TEE 1 mM7HA] T7MAIARE
GRP782] RNA level2 A5% (001 mM)d wie} Ae] 3o
7FQE Ao BHEHYOEZ | mM7IA = o} HE AE}
cell survivalS $3}0] chaperone®] L& FVIAIZ] Ho2
Azt

a8y SFE (10 mM)E DTTSF EGTAE A g
cell viability7} F43] A 8t5 Qo™ EGTAY 3¢

EE AES0] AHdele A& G+ ol=
9] Aol 23] ER-stress induced apoptosis”} -f-E
Z f390 (Fig 4). =8 RNA 5904 GRP782] 23
79 (DTT 10mM 2= L wh)ell A 109 (EGTA 10 mM A

3t
bl

-
Lo

0104 otq

lo off L o

rBL>i}~inoﬁ

©

CE RS Wy7hA Aol W AoR Hol @& GRP7RO] S

Zto WAl ATF6Y XBP1S €443} XA GRP789] L3S A
AR A 9] Z7A17] Ao R QAR (Fig. 2 and 3). Jpk
o] ZALo= DITE M3 A¢ & 12007} S718kg e
EGTAE A& Afele of 1054 718 AL B 4 2
th o)zl JA] GRP787 il FAMEE £d S BolA|wt
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DTTY ¢ W& w2 3Ed AElA ] pk Hd Z7}
7} GRP789] W& F7H&d) ol Tt I5 oM E Jpk
o] #do] GRP78el Hlste] o ol Z7shgint

olate] AAE o] AE7kA 9] ER stresso) UE 7)5e
Jpket GRP78 EF FAbslAl Z-_8PAME I1E2] stressA]
55 AT o= GRPIBAT TE 7[52E AEFE
=28 T Jue 7HesAS AAgch od Add ¢
H JpkE bacterial cells®} mammalial cellsofl 4] 3} W& A]
AL o NEAIES FE3 Aoz ujRo] B o ok =
A Jpke NEE H53E7] 943t GRP78H FAlSHA 2
A e Aol Me Fd e SUMAA AEE APE
R XIS = AUtk H$o] EGTAS A S ¢
Jpk®] RNA F&EollA 2] 482 GRP78 H|5te] 2& o]
TR AEAPEe] 22 AT 11FES] EGTAE A
23 Aol AL sZolAY HE wof njste] dH Fo}
Zo] GRP789| ®lal] 433 HE AE B 5 Uk ojd
A+ Jpkd 71559 GRP78F AL 758 3h7] Bul:=
238l CHOPAE A7} AHdS Aegster dojses o
W49 $% glths e AT (Kadowaki et al., 2004).

*11357} Hed + 9,1% FAE HolHE stressE TOH
FriEdtet, CHOPE £~Ed 28 %
4 S 2E Hopl 2EHAE Wow HAL
Aol 3 DHE T cell-cycle arrest9t A FEAPES fr=ghct
3 2elA glch CHOPE Bel-2 frazke] dd-S AxA)17]9,
MEY glutathione®] ¥ FAAZ S ZA reactive oxygen
species (ROS)E FEA7]&= Ao 2 B3 FHed), Jpk gA]
I AHA] MEUY ROSS F7HE %8S apoptosis7t 5
Sk (Kong et al, 2003, 2005). &= Jpkel| 2]3l Bcl-2 family
o &3} Bax®t Bad®] Wdo] F7HE wPA (Kong et al,
2003) Grp78°]\t CHOPS] &8 F7H= 2k A] &tt) (data
not shown). AlZU pro-apoptotic 12} 3L anti-apoptoticZt Bcl-2
family<F AFoHA Q1 kO] apoptosisE AAFTIIE HH 0]
o= Ipkell 28 pro-apoptotic gene &, Bax9l Bad®] &
717} cell deathE FERS Ao Er} 9bd anti-apoptotic
3k Bcl-2 3 Bel-XLO L@l Aolzt Qe FoR v
F0] stress-induced cell deathol| = CHOP-mediated cell death<}
£ & Jpk-mediated cell death pathway”’} 92 7V54S A

A,

o ruloﬂ

;(] olo _<

HAQ 2

B ATE 204dE ST 7|28 A7 DA
o &74] (KRF-2004-015-E00012)2] Aol 23] o] Fo| 3
oo} A3, B= e BK21 Feha FEARE ol 7
APEEY.
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