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Expression of HSP90, HSP70 mRNA and Change of Plasma Cortisol and
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The objective of the present study was to investigate the expression of heat shock protein 90 (HSP90) and 70
(HSP70) mRNA as cellular stress responses, the levels of plasma cortisol with glucose as neuro-endocrine stress
responses during water temperature rising in freshwater adapted black porgy, Acanthopagrus schlegeli. A cDNA
fragment of 891 (HSP90) and 465 (HSP70) bp was cloned from black porgy testis by Reverse transcription-poly-
merase chain reaction (RT-PCR) with primers designed from the conserved regions of other teleost. The PCR prod-
uct of HSP90 showed very high homology to red seabream (99%), rainbow trout (95%), Atlantic salmon (94%),
zebrafish (94%) HSP90, HSP70 of black porgy was also highly similar to those of rainbow trout (96%), silver
seabream (95%), zebrafish (95%) HSP70. Water temperature rising (20~30°C) induced elevation of HSP90 mRNA
in black porgy gonad, liver, brain, intestine and kidney, whereas it resulted in an induction of the HSP70 mRNA
expression in gonad only. Plasma cortisol levels increased significantly at 30°C in the fish compared to those at
20°C. Glucose levels of the fish showed a tendency of co-increase with cortisol during water temperature rising.
These results suggest that increased HSP90 mRNA in liver with plasma cortisol following heat shock may be
related to increasing glucose for homeostasis in this species.
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1990). HSPE 2E# 2= 2219 98] Yehte $Ho25H A
28 REsro 24 34 (homeostasisys 43 583 9
e GFs}(Sanders, 1993; Forsyth et al., 1997; Iwama et
al., 1998; Iwama et al., 1999; Ackerman and Iwama, 2001).
HSPE BAMFS 7122 3to HSPY0 (85-90 kDa), HSP70
(68-73 kDa) 2@ A&} HSP (16-47 kDa) 5 i} 2§22
Lo} 2tHBasu et al., 2002). I 3 F21o] 7 & HSPY0
& AT gugl (%8 AAFORN 2EHSE WA F2
AZAME theko 2 A& (Pratt, 1997), A EW protein
kinases, steroid receptor, actin, tubulin, calmodulin, proteasomes2t
A% 5 A E7F ASADGE 8P (Csermely et al., 1998),
E3] glucocorticoid 58 2] A& AY % cortisolo] A FE2-E
S shed o] ol =oFE 9 STH(Pratt, 1997). A
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23t P sled HSP902] 'Eéo] chinook salmon, Oncorynchus
tshawytscha (Palmisano et al,, 2000), 5-A7] &, Oncorhynchus
mykiss (Sathiyaa et al., 2001) 3 zebrafish, Danio rerio (Murtha and
Keller, 2003)14 A7 # itk HSP70L 7P B&o| 2s]
o] 9= vl 2 shtz, AFgh(Roux et al., 1994) HRF o]zt
zebrafish (Graser et al.,
(Deane and Woo, 2005), FA17] -¢1(Ojima et al., 2005) &
o) AFolFolA 2 AFAe] mE 52 FoR duA 3o
o, 37 2749 W8lA glucocorticoid & FdS SlH
A ¥ g s 2E g2 il F o] th(Hutchison et al., 1994).
w3k o]FZoA A cortisol] FFEL 2EH 2] e o
2] ] 2 o]g&5 3 9t Wedemeyer and McLeay, 1981).
olAl= 2EHAS W HH, A - Astala] Hslol] 213 cortisol
= o] ¥ A=o] Vel (Holloway and Leatherland, 1997),
o= E3] 7il| Agsle] FANTANS FFeeM, P
H)0) BQ 3k AR S FF5HA grh(Ackerman et al., 2000).
B AFNE GRS EEE R 28 45
AL W), AEF A Wgol A A 535 gotslr] $1s) HSPYO,
HSP702] mRNA 23L& 2APE ZABIGCH, £3 €5
cortisol ¥ glucose 5 52 AAFoZH, o]F REHL
W3t cortisole] BAE st} Pt

1996), silver seabream, Sparus sarba
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s Rodt A zgollA AREQ HHEH 14.4£0.2 om,
iﬂ% 48.6+0.6 go 7 40uiR)E AMEEIATH S |
542812 95t ARSEE Woll B8 A7kl 10%0 3ol
A 3U7F FAAR Foll A FF ARFFEE o)FAA 35
A7+ ARSHATH AE A L8 20x1°CE, F571E 12L:12D

2 fAslgen, AYE AlEE WY 23] FFESH
F24s =
2= &31E 59 A4E £ A 4" (JS-WBP-170RP,

Johnsam Co., Korea)°] 228 40 L <83} Alzkez 2719
z¥z} 20mkEl 583k 3 24417F SHAI T o] F AT S
20 °CollA 30°C7HA] Wi 1°C A AR LH, &3 71
ot AlEE FHEA ¥

o gl xX| XFH

0] 20, 25 % 30°Ce) o|2XE ) Zbz}k 7He] el
A& 6oz RE g 9 248 A3 siddh AE
A7 AEo]E MS-222 (200 ppm)E w3 T, heparin sodium
#] #4713 mhE ARRste] nlRERo 2 RE AHT o,
PR °C, 10000 rpm, SE)Fte] P BHE m2E £
z%77]-;i] -80 °CY} ZA}& W51 BAEATH H4E £, A3 o]
o] 22 Avtsled HAAZ T, o, 7H A A E S
A2t AHALNN ZA] WESATIL total RNA FEA]
7HA] -80 °Cell B8kt

HSP90 % HSP70 cDNA2| 22

-80 °CollA BaEQ] o, 7k A1, A2 A4 8l o ZRE Total
RNA Extraction kit (Promega, USAYS AME-314] total RNAE
ZZ3519ch PCRS 33817] 913 primere] A= o|v] €37
E EF 9 HSP9O 2 HSP70 f#zre] d7IXEe A=
st 2 - 2708 BelilA & HEHA A GG primer
A A ME}(Table 1.

AL W2 E3H) RTPCRE AccuPower RT/PCR PreMix
(Bioneer, Seoul, Korea)E ©|&3}e] AAls 23, HSP9OF
HSP70°14] ZH2} 891 bpst 465 bp2] PCR AHE-S AU TH Table 1).
ZZg PCR AL 1.0% agarose gel® A7|9&s F, AA
3} T2, pGEM-T Easy Vector (Promega, USA)ll 4Fddte] o]
2 )&+ DH 5a°] ¥A 483l plasmid purification kit
(NucleoGen, Seoul, Korea)l 213} plasmid DNAZ A5}
ATk AAE plasmid DNAS] 719 E-2 ABI DNA sequencer
(Applied Biosystems, USAYS o|-§-3td A4 sI%irt. 244 &
7|81 82 BLASTS] GenBankE ©]-8-3t, £ cDNAS] 4=
e AAE AT

m\m

Table 1. Primers used for the RT-PCR of the black porgy HSP90, HSP70 and B-actin

Gene Primer DNA sequence Product size (bp) Accession number
HSPOO-F 5-AAYGACTGGGARGAHCACYTG-3' AY 190704

HSP9O HSP90-R 5'-CATGATBCKCTCCATGTTBGC-3' . AB196458
RT-HSP90-F 5-AACGACTGGGAGGATCACCTG-3' AF135117
RT-HSP90-R 5'.CATGATGCGCTCCATGITCGC-3' BC065359
HSP70-F 5-CCCTRCCTACTYCAACGATTYA-3

HSPTO HSP70-R 5'-AAYGAGCCCTRGTGAHGGAG-3' 465 isigg‘;gé
RT-HSP70-F 5'-CCCTGCCTACTTCAACGATTCA-3 BC045841
RT-HSP70-R 5-AACGAGCCCTGGTGATGGAG-3

. Actin-F 5-TCGAGCACGGTATTGTGACC-3'
B-actin Actin-R 5" ACGGAACCTCTCATTGCCGA-3' 537 AY491380




400 W& 7M43E9] HSP90, HSP70 mRNA ¥ 3%

HSP90 ¥ HSP70 mRNAS| Z=XEXZ

HSP90 % HSP70 mRNAS] 2] Eo]2¢] W& & ZAE}
7] $13}od, RT-PCRE A3}, Total RNAY: 4, 73,
A2 9 Ao 2 HE 2261900, RT-PCRS 8317 1%
7+43E HSP90 ¥ HSP70 primers= Table 19 JERAATE.

Total RNA 1 pge A3 RT-PCRE SuperScript™ reverse
trasncrptase (Invitrogen, Carlsbad, CA, USAYE AR8-3te] 42°C
oA 5087+ GRAL WHg T, GRHAS 94°Col|A] 287, 94°C
A 127F, 54 °C (HSP90) & 60 °C (HSP70)lA 4527k, 72°C
o)A 4537y & 358 Ak, HE A REE-g 72°ColA 5
7+ AAEG ). o]F ZZH PCR AHE2 1.0% agarose gel®
719 %53 ThS, HSP90 2 HSP70 mRNAS] L& Gelpro
3.1(KBT, Korea) 8 Z28-8 AMgste] WF-EE F47
9l B-acting] W&ol ist v]&E FAkste] A

X cortisol ¥ glucose =49

7 cortisol F=+= cortisol RIA kit (DPC, Los Angeles,
US.A)E 3 Txgo) dalof] ZAA o=z Ws=s f
=3} t}2, Hewlett Packard Gamma Counter (Cobra 5010,

cortisol#}t glucose ¥} 317

Packard Co., US.A)E &34}t Glucose™ Biochemistry
Autoanalyzer (Hitach 7180, Hitach Co., Japan)2 ¥4 3}3it}.

SAEN

7} APAAzRE doixl A7k Aleld {3t FF=
SPSS-%-A|7) 7)) (version 10.0)1] 28t t-test®} one way ANOVA
2 Tukey’s multiple range test® Ha7F] 19438 A3
THP=0.05).

2 I

HSP90 % HSP70 cDNA2| 454 Z4

PCRO] 2|3le] ZZH HSP90 cDNA THH(891 bp)o] ofrl=
Ab iR g o8-8, Bl o] AEE v, EAsisith
A E2] HSPOOL B (Pagrus major, AY190704) HSP9O}
99%, F-A1714:0] (AB196458) HSP9OH 95%, thA < AAoY(Salmo
salar, AF135117) HSP903} 94%, zebrafish (BC065359) HSP90}
94%2. F2 S JERITHFig. 1).

HSP70 cDNA ©¥ (465 bp)l o}t v g o)8-8fed,

bpHSPS0
rsHSPS90
rtHSP20
agHSP90
zfHSP90

bpHSP90
rsHSPSO
rtHSP90
asHSPS0
zfHSP90

bpHSP90
rsHSP90
rtHSP90
asHSPS0
zfHSP90

bpHSPS0
rsHSP90
rtHSP90
asHSP90
zfHSPS0

bpHSPIS0
rsHSP90
rtHSPS0
asHSP90
zfHSPS0

121:
121:
121:
121:
121:

181:
181:
181:
181:
181:

241:
241 :
241:
241:
241:

: NDWEDHLAVKHFSVEGQLEFRALLFIPRRAPFDLFENKKKKNNIKLYVRRVFIMDNCEEL
: NDWEDHLAVKHFSVEGQLEFRALLFIPRRAPFDLFENKKKKNNIKLYVRRVFIMDNCEEL
: NDWEDHLAVKHFSVEGQLEFRALLFIPRRAPFDLFENKKKKNNIKLYVRRVFIMDSCEEL
: NDWEEHLAVKHFSVEGQLEFRALLFIPRRAPFDLFENKKKKNNIKLYVRRVFIMDSCEEL
: NDWEDHLAVKHFSVEGQLEFRALLFIPRRAPFDLFENKKKKNNIKLYVRRVFIMDNCEEL

: ITPEYLNFVRGVVDSEDLPLNISREMLOQSKILKVIRKNIVKKCLELFAELAEDKENYKKE
: IPEYLNFVRGVVDSEDLPLNISREMLOQSKILKVIRKNIVKKCLELFAELAEDKENYKKE
: IPEYLNFVRGVVDSEDLPLNISREMLQOQSKILKVIRKNIVKKCMELFGELAEDKENYKKF
: IPEYLNFVRGVVDSEDLPLNISREMLOQSKILKVIRKNIVKKCMELFGELAEDRENYNKF
: IPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNIVKKCLELFAELAEDKDNYKKF

YEGFSKNIKLGIHEDSQNRKKLSELLRYHSSQSGGETTSLTEYLTRMKENQKSIYYITGE
YEGFSKNIKLGIHEDSQNRKKLSELLRYHSSQSGDETTSLTEYLTRMKENQK-IYYITGE
YDGFSKNLKLGIHEDSQONRKKLSELLRYHSSQSGDELTSLTEYLTRMKDNQKSIYYITGE
YDGFSKNLKLGIHEDSQNRKKLSELLRYHSSQSGDELTSLTEYLTRMKDNQKSIYYITGE
YDAFSKNLKLGIHEDSQNRKKLSELLRYQSSQSGDEMTSLTEYVSRMKENQKSIYYITGE

SKDQVANSAFVERVRKRGFEVLYMTEPIDEYCVQQLKEFDGKSLVSVTKEGLELPEDEEE
SKDQVANSAFVERVRKRGFEVLYMTEPIDEYCVQQLKEFDGKSLVSVTKEGLELPEDEEE
SKDQVANSAFVERVRKRGFEVLYMTEPIDEYCVQQLKEFDGKTLVSVTKEGLELPEDEEE
SKDQVANSAFVERVRKRGFEVLYMTEPIDEYCVQQLKEFDGKTLVSVTKEGLELPEDEEE
SKDQVAHSAFVERVCKRGFEVLYMTEPIDEYCVQQLKDFDGKSLVSVTKEGLELPEDEDE

KKKMEEDKAKFESLCKLMKEILDKKVEKVTVSNRLVSSPCCIVTSTYGWTANMERIM
KKKMEEDKAKFESLCKLMKEILDKKVEKVTVSNRLVSSPCCMVTSTYGWTANMERIM
KKKMDEDKTKFENLCKLMREILDKKVEKVTVSNRLVSSPCCIVTSTYGWTANMERIM
KKKMDEDKTKFENLCKLMKEILDKKVEKVTVSNRLVSSPCCIVTSTYGWTANMERIM
KKKMEEDKAKFENLCKLMKEILDKKVEKVTVSNRLVSSPCCIVTSTYGWTANMERIM
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Fig. 1. Multiple alignment of black porgy (Acanthopgrus schlegeli) HSP90 with several teleost. The HSP90 sequences used for alignment
were black porgy HSP90 (bpHSP90, AY929159), red seabream HSP90 (rsHSP90, AY190704), rainbow trout HSP90 (itHSP90, AB196458) Atlantic
salmon HSP90 (asHSP90, AF135117) and zebrafish HSP90 (zfHSP90, BC065359). Identical amino acids are indicated by shaded box.
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bpHSP70
rtHSP70
SSHSP70
zfHSP70

bpHSP70
rtHSP70
ssHSP70
zfHSP70

bpHSP70
rtHSP70
ssHSP70
zfHSP70

[

61:
61:
61:
61:

121:
121:
121:
121:

A2y, s, b, 249, 3eR

. ORQATKDAGTISGLHVLRI INEPTAAATAYGLDKKVGAERNVLIFDLGGGTFDVSILTIE
- ORQATKDAGTISGLNVLRIINEPTAAATAYGLDKKVGAERNVLIFDLGGGTFDVSILTIE
. OROATKDAGTI SGLSVLRI INEPTAAAIAYGLDKKVGSERNVLIFDLGGGTFDVSILTIE
. ORQATKDAGTI SGLNVLRI INEPTAAATIAYGLDKKVGAERNVLIFDLGGGTFDVSILTIE

DGIFEVKSTAGDTHLGGEDFDNRMVNHF I SEFKRKYKKDISDSKRAVRRLRTACERAKRT
DGIFEVKSTAGDTHLGGEDFDNRMVNHF I AEFKRKYKKDISDNKRAVRRLRTACERAKRT
DGIFEVKSTAGDTHLGGEDFDNRMVNHF IAEFKRKYKKDI SONKRAVRRLRTACERAKRT
DGIFEVKSTAGDTHLGGEDFDNRMVNHF I TEFKRKHKKDI SDNKRAVRRLRTACERAKRT

LSSSTQASIEIDSLHEGTDFYTSITRAR
LSSSTOASIEIDSLYEGIDFYTSITRAR
LSSSTOASIEIDSLYEGVDFYTSITRAR
LSSSTQASIEIDSLYEGIDFYTSITRAR
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Fig. 2. Multiple alignment of black porgy (4canthopgrus schlegeli) HSP70 with several teleost. The HSP70 sequences used for alignment
were black porgy HSP70 (bpHSP70, AY929160), rainbow trout HSP70 (tHSP70, AB196461) silver seabream HSP70 (ssHSP70, AY436786) and zebrafish
HSP70 (zfHSP70, BC045841). Identical amino acids are indicated by shaded box.

228 uzd A7, ZXME(AB196461) HSP70Z 96%,
silver seabream (Sparus sarba, AY436786) HSP703 95%,
zebrafish (BC045841) HSP703} 95%= HSP9OT wizi7iAl=

B ATEE AT F AU (Fig. 2).
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2 JSAA-L 9] HSP90 mRNA2] & AE+= 20°C A8
ol B)ate] 7~0u) = =A VERRTHP<0.05) (Fig. 3A).

20°C @74 HSP70 mRNAS] &8 ojmgh 2ol A
= TEEA] ggtont, 30°C A@Tolle ARt Ha
3 Ao 7 YePdthP<0.05) (Fig. 3B).

EZ cortisol & glucose &
7352 & cortisold] FE=E 20°C AFFNA 6.5£0.7
ng/miE 2] 25°C APTFOIME 323411 ng/ml2 {23}

(B)

B L G K | |
100 _

020cC

80 | H30TC
60 |
40 L
20 |

0 2 s 2 a
B L G K I

tissue

Fig. 3. Tissue-specific expression of HSP90 (A) and HSP70 (B) mRNAs in five different tissues from black porgy (Acanthopagrus schlegeli)
by RT-PCR. Amplification of B-actin gene was used as an internal control at 20 °C. B: brain, L: liver, G: gonad, K: kidney, I: intestine. Value
represents a meantS.E. (n=3). Asterisks indicate difference between 20 °C and 30 °C (P<0.05).
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Fig. 4. Plasma cortisol and glucose in black porgy (dcanthopagrus
schlegeliy during water temperature rising. Value represents a mean
£8.D. (n=6). Different letter indicate significantly different (P<0.05).

A 2718520 (P<0.05), 30 °C ATl 106.6£29.9 ng/
miE 20°C A8 7ol vt 160 A= =4 UERSTH(P<0.05)
(Fig. 4). Glucose= 20°C A& -TollA] 49.526.5 mg/dIN e,
25°C AEF7AE FJ3t 2olS Holx] F3kert, 30°C A
PN E 01.0562 mg/diR 834 Z715ke] TAEAT
(P<0.05) (Fig. 4).

=
AutH o2 o) gt g 2EHE 8702 A
WEN AR wea) ATE 2EH2S WS PO, ot
Hheo ArEQ o] Ee, AW Al T, WA 5
& z)8HH(Ackerman et al, 2000). o1F= ol2g £9E%
AYFEE FEs7) A5t} @3 fAlel 28 4

2

(glucoseys B dh=d], ol WA
AErAg S ZZIA1F| ™ (Munck et al., 1984), HEH ~E
o AT AAREE duA U IEE T

(Gamperl et al., 1994). £ SAFolx= F&/dsdl wE

I

[T w A A 2

ta

v ox
m ek

¢

73E0) HSP90, HSP70 mRNA 2 &% cortisol glucose ¥t 319

o] 2 °15) cortisole) o2 Eujx ™ (Perry and Reid, 1993;
Wendelaar Bonga, 1997; Chang and Hur, 1999), 23} ¥h3-2
2 oo Ead, 4% 9F, Ak A9 F7F H ey
A Y9 Z7} & FF glucosed) 350} VERITHTomasso
et al., 1980; Eddy, 1981; Carmichael et al., 1984; McDonald
and Milligan, 1997). ©]213F ¥h-g-2 AlZJulitH] = wh3-o] M
2 AERE o] &HI AT

B AprE 22 A5AIAS 1], 87 cortisol B glucose
=27t $olsiA Evhete, o A WA(Paralichthys
olivaceus: Chang et al,, 2002), sunshine bass {Morone chrysops
x Morone saxatilis: Davis, 2004) & 2] ZAZojFo/ = B
¥ v et

ThFst 2EH 2 9 ofe ojFe] AEH LEHA W
o= oA oA HSP, WTA65 (warm temperature acclimation-
associated 65-KDa protein), cytochrome P450 monooxygenases,
ctallothioneins 3 248 ZE# 2 @wido] AT MM
o] B F2ATH(Stegeman et al., 1992). 2E L TlE L 2E
P2 et 2318 £AZRE AEE HEshet], wHef o]
a4 A2 ZAgo] Yojux] Rol 2EH2E W e A
Abol] o]2A ®rh(Ciavarra and Simeone, 1990; Hightower,
1991). £ AoAE L8 20°ColA 30°CE AS5A%e W,
4 273 1Y 2egs IHAQ HSPs mRNAS 8 A=E
RT-PCRE B3l 22 (¥, 7}, A4, A% 2 = A9
o} A=) HAARS FL0] 20~25°C(Min et al., 2006)°]™,
bR el Aefoll A 745 @A cortisol TE7F 35 ng/ml o8t
(Chang et al., 2002; Min et al., 2003)2! 8zt £ Ao 43
HHAIG21 20 °C AP TFANA AREE A= % cortisol &
=7} HF 9 ng/ml o)ERe HoR B ), 20°C AFTo A}
23 MBS 2EYAE U AR e AHAES €

otk webd 20°C APTlA ARE AEES BE 240

mRNAE 2E# 29 #4 gl the g 98 7K
= RAoF si4ELh w3 HSPYOS AEHAE A o2

Bol T tase) 224 e AT vhE o) 1 2%E AA
a3 9ok dF B3 (Lai et al., 1984y B APEARE 2 3
w2 FZ27 k 30°C A TolM HSP9O mRNAS] L
20°C AT Hisled FoysiA FrFerR o™, B4 cortisol &
% S 30°C AP TolM Z71eelgo] HREATE wpEhA
& 2Eg 2o 9§ HSPI02] wEe EA cortisol EES] 4
L3} Tk A B 4 2ok HSPIgS IFEEFej=
g3)9] Ao Fitia dHA Jor, IEHI|E 4
AZ T3 ofe] A Ro|E FEE £&AY ZHEHIAT
Hdo] E4Sl 33 TL2E o|RE I, AAmEH V%) 7%
< 93 dgsirty A Uck(Pratt et al, 1996; Pratt and
Toft, 1997). T8t Z=E|3ol=2] Me)|d gvhe AlxHl &
A= IaEFols £eA o) o8 A F =2 (Munck et al,,

oo ) o

H



320 o, vhgsl, A, 248, Fdx

1984; Adcock, 2000), 9] 452 417 Wiyl v &7
A cortisol FE2] Z715, AIEZ vk ZHA HSP90 mRNA
7t #EEA Bk & 5 vk =, HSP90 mRNA< cortisol
FgA 2] B 23F-E = cortisold] MEIH &2 =
e Ao F288 5 otk 2 AN F2 Aol w
£ HSP90 mRNA®| 2 Bd g AR A3, A44, 24,
HollA wf- A yeRdt ek Al & 443 °C, 30%)
S L o, HSP90o] i, 417, H3lrAl, 4 B 7ollM =
A E == (Huang al,, 1999), |23t 47452 25FE
r 2E# A ghldo] Ae|2o|= S E| IZHeE Aol
Z W E = Vamvakopoulos (1993)2) ZAslE Sabgsl] 50
ATt

HSP70 HFEEA AstE Fof 2 BEd e -G
WAz AEHA Qo) o] FolA= HSP family 7HeuiA 7HE 2
s AFE A Jom, FA|7)E0  (Kothary et al., 1984),
medaka, Oryzias latipes (Arai et al., 1995), zebrafish (Lele et
al., 1997), Betgle}, Oreochromis mossambicus (Molina et al.,
2000), A5, Fugu rubripes (Lim and Brenner, 1999) 5 T+
Fat ojFo2ry F2¢ HJth EF, HSPT0S &3 &
A9 A 2Ed2 2906 WP BIHA UTHFeder
and Hofmann, 1999).

EHFAA A7 vlel st HSP702 SEHAE Q3
WS apoptosis (MEAPE)ERE HXE BRIt 4
2 )th(Mosser et al., 1997; Mallouk et al., 1999). HI"3/33]
ol HSP709] &2 AAHE apoptosisE 22 3HH(Dix et al.,
1996), =3k o] @A HAEL] Ad<(Allen et al, 1988;
Matsumoto and Fujimoto, 1990y} 8| Esle} #&Ho| = A
°2 9#A4 9thKhanna et al., 1995). W&k HSP70> 7+
Eo oMz A3 HHsl Fas Ay 482 & AL
2 229t} AA 2 =4 E3 (aryl hydrocarbon receptor: AHR,
2-gA 7t Tgholl THgAHL
punctatus®]’] HSP70 mRNA 8& FAME9) apoptosis T
7te} FEATHJanz et al,, 1997, 2001). ¥ ATFAAME 7 4
% 2Ef 29 #Hste] HSP70 mRNAE A2 4elA vk wd
Hed, o)A 8 2EZ 2R Q8] EFEY 4 A
A M 20X apoptosis7t B F-& FTHEAE TS 75
3 2 4 glon, o9 72-& difo] dojuke AL WAIE] ¢
&) HSP700) W33 Ao g BTt HSP702 AEAF 2E
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