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Effects of water temperature on HSP70 family gene and plasma

glucose levels in the Korean rose bitterling, Rhodeus uyekii
Jung Hyun Kim

Department of Marine Biology, Graduate School,

Pukyong National University, Busan 608-737, Korea
Abstract

Temperature is’ one of common variables jin. the aquatic environment that directly
affect survival of aquatic organisms. Temperature also changes the physiological
functions associated with the stress response of fish. Heat shock protein and glucose
levels in plasma can be used as general stress indicators in fish. The objective of the
present study, was to investigate the expression of heat shock protein 70 family
mRNAs as cellular stress responses and the levels of plasma glucose in Korean rose
bitterling, Rhodeus. uyekii exposed to water temperature. The experimental fish (TL;
4.0+0.5cm, BW; 0.75+0.3g) were divided into 4 groups that were exposed at 20, 24,
28 and 32°C, respectively. The-expression—of RuHSP70 family mRNA and the levels
of plasma glucose were investigated. RuHSP70 family mRNA was expressed highly
in the hepatopancreas, testis and ovary of normal R. wuyekii. Quantitative real-time
PCR analysis showed the expression of RuHSP70 family mRNA was elevated by
higher water temperature (32°C) in primary hepatopancreatic cells of R. wuyekii. The
plasma glucose level was the highest in R. wuyekii exposed to higher water
temperature (28°C). In addition, histological observation of gill tissue in R. uyekii, gill
lamella was damaged or curved at the higher temperature. These results showed that

the expression of RuHSP70 family mRNA as well as the change of plasma glucose

level in R. uyekii are influenced by the high water temperature.
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T g dE gzl 2Eds Az gl o (Roberts et al,
2010), 2= Azol F8Hom EAsts @t AEo] Al M4
AR s "olud Alxuel d5AG A g4 9 vef A
W37} dojib A Fth(Schlesinger et al, 1992). 2olglys A& o
chulal G xp e o A 2ol X% (Currie and Tufts, 1997; Piano et
al., 2005)%wt olygl fH7]2 9= (Sanders et al, 1991), v &=
(Sanders et al., 1991; Schill et al, 2003), & =< (Wagner et al., 1999),
55 = (Kultz, 1996), 2FA~ AR (Myrmel et al., 1994), 12|l H][ B Q.
<A (Cellura ' et al., 2006) &3 22 opgFet 2Edf 2~ d3o] 71 o
L ERCT

dFAGHAd L FAFS 7]=E ste] HSPIO, HSP70, 1831 A &2+

HSP(sHSP)%S 3709 83 family= Yol 2t (Basua et al, 2002;

o
i

o

Georgopoulos and Welch, 1993). == F oA HSP702 7Fg 2 <&z 2~
EYs gid F slug, o 2Efzd wzst A we-gch. HSP70S
A W =243 AEe] d 44 AxE B =F7I3be w2l Bd o] o
27 Jebdi(Iwama et al, 1998, 1999). o] F+ 259 7H&~9 A2 3
A W3, 53 & 2E#H2C §kgste] HSP70 mRNA9F iz
(HSP70)e] 2& ko] Z7lslttar W 1319 tH(Kong et al, 1996; Currie

1

N
off

and Tufts, 1997; Currie et al., 2000; Hightower et al.,, 1999; Lund et al.,
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2002; Ojima et al., 2005a,b). HSP70-& Al#H(Roux et al., 1994), A B.g}y
41 (Graser et al., 1996), &% (Deane and Woo, 2005) 12]aL T 7] 4o]
(Ojima et al, 2000a)s & #-& oe] oJFEH 1 Asdo] of =& A
ox Id#A  doew,  HAH  xxo WHIA SFIAE

(glucocorticoid) &A1 o A& & 71 =

i
=2
["_8{.'4
i,
rlr
[
|m
)
[
.
1=

Z o]t} (Hutchison et al., 1994). &3l AEA ] I W glucoser= =E

2 A F(indicator) 2 92l AFEE AL 9o, {7l AEHAE ¥ 9

R A= e oy A 7] E(energy substrates) Z2A4 # del A

2 tH(Afonso et al., 2008).

7} A %-o1 (Rhodeus uyekii)= o o) I} (Cyprinidae), Wz} 2ola}

(Acheilognathinae)dll 2:3st= f-2luel EF HFolfolth ZhAsol e A
al

e 4-5emolw, féo] e

O]
Aol RAEFE 1 glE o]Folth(Kang et al, 2005). ZtA|H-ofd] thalk &
Akl A1 (Chae,, 2001), 3 7F Absel 98 A M3 (Kim et al,
1999), vk3 & ¥ (Kang et al., 2005), A2 F71d v x= F57] 2 29

Ir
>
o
<

o
gs

F(An,, 1995), 128l =44 AF(Kim, 1997)5°] Jou A4 27

e, 53 de shile femsel M AAgold ABY w7

l—_'L T =20
EoAFo| = -y ZHFQ AAEE o w st e
HSP70 family +dxFe] e Aty I3 e glucose WIS FAL

stgom emwstel gt obtvle xHsY BAE WP
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0. A5 2 %9

Agolt AAVE BT FRAAA ARE S 152 2
4b31 8 9 (NFRDD 2.2 S%3t0] A}
FTHAE AL 28 TR

al
1501 <]

20+1°C, #371= 12L/12D2 §% 3kt %‘?‘M A& 3F ZbA

Fig. 1. Korean rose bitterling, Rhodeus uyekii
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2. MEMYE (in vitro 2 )

A&o]  outg]E2HE 73 #(hepatopancreas) XA L& AFHI  H
Trypsin-EDTAS 4o 2 A MEE 77 223 % ACK lysing
buffer(GIBCO BRL)Z 387t %] & Phosphate buffer saline(PBS)Z Al
Aotk o] % 20°Ce]l wjeF7loll Al 10% heat-inactivated fetal bovine
serum(FBS; GIBCO BRL)°] 3% Dulbecco’s modified FEagle's
medium(DMEM) ®jX]ell, 1% (v/v) antibiotic - antimycotic(AA; GIBCO
BRL) & AE 3718t 24-well plateol] Bl %3} T,

Wl 4o Ay A= Zh7 20, 24, 28 218]131-32TC #j 7]l A 2

>

12 mE3 A A2l A 3AIZE 74 F, -80T e AL WYEald B

bl o,

i
ol
22

3. HSP70 family mRNA #32 % c¢cDNA 4

Zrzhe] A8 (20, 24, 28, 32°C) Al ® 2 HE} TRIzol® reagent(Invitrogen,

Carlsbad, CA, USA)E °]&3}lo] total RNAE FZ33th. PCRe 9
st7] 91k Zetolw o] A= ZhAl e o] ¢cDNA librarye] EST #4 o2 5
B 23 HSP70z HSP70 family Gdx¢] dA7|4dS Fu=z 3o,
Primer Express® software(Applied Biosystem)E ©]&3le] Zglo]m &
A A FHTable 1). Transcriptor First Strand c¢DNA  Synthesis
Kit(Roche)& At&3to] cDNAE A&t aAth

_4_

Collection @ pknu



Table. 1.

Primers used for

the real-time RT-PCR of the

bitterling RuHSP70 family and b-Actin.

Korean rose

Product si
Gene Primer Sequence(5’ -3" ) oduct size
(bp)
RUHSPT0 Ru-HSP70-RT-F GGA TGA CGT CCA AAG AGA AAA GG 82
u Ru-HSP70-RT-R ATC TTC AAC GGT GGA CTT CAT GT
RuHSP70 Ru-HSP12A-RT-F AGC GTA TAA GGC TGG TCT GGT TT 74
12A-like Ru-HSP12A-RT-R ATG CAG CTT CTG GTT CCA AAG
RuHSP70 Ru-HSP4-RT-F CCT GGC AGG GCG TTC A 74
4-like Ru-HSP4-RT-R GGC ATC TGA GCA AGA TCA AAG A
RuGro78 Ru-Grp78-RT-F CCA CCA GAG TGA AGG GAA AAA A 74
u
w Ru-Grp78-RT-R CGT GAA GCC ACG AGG-AAA GA
B-acti Ru-b~Actin-F GAT TCG CTG GAG ATG ATG CT 167
~actin
Ru-b-Actin-R ATA CCG TGC TCA ATG GGG TA

_5_
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4. A %A real-time PCR

HSP70 mRNA®] 29 WHYLS xAet7] 918 Real-time PCRE
A A8 T

Total RNAT® A3 79 Ax 9 2AOZHH FF31%21, Real-time
PCRE 337l f1s ZtAl5o] HSP70¢} 3FF< HSP70 family %A
of tjgt xZeto]w = Table 1o YERHATE

Total RNA 2ugS AF83 Real-time PCR-2 Fast SYBR Green Master
Mix(ABDE A}g3Fe] Applied Biosystems 7500 Real-time PCRA|Z~Eloj
/] holding stageE 50TCoA 2+, 95ClA 10+, cycling stageolX &=
95CAA 156%, 60CANA 30x%5 403 WHE3A 3, 183 melt curve
stageE 95TCAA 15%, 60TCAA 1+, 95CAA 30%, 60TColA 15x=
A A8kt HSP70 2 HSP70 family & 2}e] W& &2 Gelpro3.1(KBT,
Korea) AFH Z2ae Apgste] 24 Wios WEEFE §x149

B-actin®] LA het W& = frkste] A Fst vt
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5. €% W glucose % £4 (in vivo 23)

& 24vke 8] AAlgols e Fxdd A7 evied s 20, 24, 28 71
23 32T A3 e 3A7F =

=
Hog  F/MAAY. EF W glucose A4S fI AFol=

g3lo] dAs AFHSAT. F2HRE 6utele dAS B3 & YAEY
(47T, 13000 rpm, 15)3 5 88 42> 4 dA7bA -80T Y %A
< Wsad ®Baskith

T AFgHEZ FE29 ¥4 U glucose FEE  Biochemistry
Autoanalyzer(DRI-CHEM NX500i, FUJIFILM Co., Japan)Z& ©o]|&3}o] &
Atk 83 Ul glucose 5%+ FUJI DRI-CHEM NX500i %14 4]
& kits Algskdlon, oy AlgE A8 kit S4H9 10-600mg/dL
°] GLU-P II(Co. FUJIFILM, Japan)& AF-8 3}t
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7} S0 wEHE ZhA B9 o}rtu] 2AL  Bouin's £dd 14 &
ggtdorg Ewd T 56 pm FARE A£HHAAS wEo Mayer's
hematoxylin¥} eosin® 2 Hlu FAsA T A zd ofrpn] x=#e Fshd

u] 7 (BX-50, Olympus, Japan)© & #2&}9] o},

7. A%SSF 2 TAEA

e A ] F(expressed sequence tag, EST) FES Zha]Ho] g
total ¢cDNA libraries®l #] _plasmid miniprep kit(Qiagen)S A}-&3lo] g
stk gl A 4E9E T3 reverse  primers(Promega)E  AF-83)
ABI3730x] automatic sequencer(Applied Biosystems, Inc.)® + 3|3} t}.
a cDNA e GenBank 9] BLASTX

(http://www.ncbi.nlm.nih.gov/BLAST/) S A}&3te] F4& &9tth

Tt} 4 A vl %] (multiple sequence alignment)® ClustalW 2.1& A}-&3}o]
et =&E ofv Ak A d(deduced amino acid sequence)el]l 7]1HFS
¥ A= 4 (phylogenetic tree)™=  neighbor-joining -algorithm< A}-& 3}
TAstge. g i BXx 9 AE X (reliability “of < the branching):

bootstrap resampling with 1000 pseudo-replicatesS AF-g&3te] 743k

o},
A ANE B Jad+ZFHAEZ YERY QLT
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m. 23

1. ZtA] B-o] HSP70 family cDNA<9 £ 37

Zy Al 5ol o] ¢cDNA librarye] ESTHA o 28 HSP70 family ¢cDNAZ
P23 A3+= Fig. 29 #t}

T
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TTTGATTTAGGCTTCCTGAGCTGTTATGTGGCGGTCGCACGCGCCGGTGGGATCGACACC
FDLGFLSTECYVY A& VY A&RAGSG I DT

TTGGCGAACGAGTACAGCGACCGATGCACACCGTTTTTTGTCTCGTTCGGGCCTCGGAAC
L ANEYSDRECTPFFVYSFUGPR RN

COTTCGATTGGGGCAGCCGCCAATAGCCAGGTGGTCACAALCTGCATGAACACCGTGCAG
RS I G A& A A& NSQVY Y TNCHNTYAOQ

GRATTTAAGCGGTTCCCTGGCAGGGCGTTCATTGACCCGTATGTCCAGACGGCAAAGTCC
G F KRFPGRAFIDPY VY QTAZKS

ATCCTGGTCTTTGATCTTGCTCAGATGCCTTACCGGAACCACCGGCATTAATGTCATGTA
'L v F DL AOQMP

CATGGAGGAGGAGAAGGTGTTC 322

GGCACGAGGCACCACCTACTCTGACAATCAGCCTGGTGTCCTCATTCAGGTGTACGAGGG
T T Y5 ulPHIUL B IGAY ,T~J) O V Y E G

TGAGAGAGCCATGACTAAGGACAATAACTTGCTTGGGAAGT TCGAGCTGACCGGCATCCC
E R A/Ma TH®D~N N L;L G F—E SGFIH ING | P

TCCTGCTCCTCGTGGCGTCCCCCAGATTGAAGTAACCTTTGACATTGATGCCAACGGCAT
P & PR G V Pgf ot WL FeD | D &=N G |

CATGAATGTCTCCGCCGTAGACAAGAGCACCGGGAAGGAGAACAAAATCACCATCAGAAA
MiN ¥ 5 A EEDEKESSTN G S T | T o==T AN

TGATAAAGGACGTCTCAGCAAGGAGGACAT TGAGCGCATGLTGCAGGAAGCTGAGAAGTA
D] Kas IR L WS KONE DN | BEEEEI (0N E Al B [Y

CAAGTCTGAGGATGACGTCCAAAGAGAAAAGGTTTCTGCTAAGAACGGCCTTGAGTCCTA
K S#=E DO VWl REVERK B KN G/ EFY Y

CGCCTTTAACATGAAGTCCACCGTTGAAGATGAGAAACTCAAAGGCAAGATTAGTGACGA
& F W M @S T VY E DJFE K L K &4 | 8 D E

GGACAAGCAGAAGATCCTCGACAAGTGCAATGATGTCATAAGCTGLCTGGACLALAACCA
D K 0 K™ L =tuC B DN Y= Wl D K N QO

GACTGCTGAGAAGGATGAGTTTGAGCATCAGCAGAAGGAGUTAGAGAAAGTGTGCAACCE
T 4 E KDEFEMHIQQKETLTEI KUY CNP

TATCATC?CTAAGCTGTACCAGAGCGCTGGTGGGATGCCTGGTGGGATGCCAGAAGGCAT
I K L ¥

GCCTGGAGGCTTCCCAGGAGCTGGAGGTGCCCCTGGTGGAGGTGGATCCTCTGGACCAAC
CATTGAGGAAGTCGATTAAACCGTTTCGAGAATTATTTCACTGTTCAGAGCACCTTACTG
TGTTTCGGAGCATATTTCAAGTCATATTTCTTTCCCCTTTGCATGTAATCTAAAATGAGA
GCTTTAATTTGGACCAGTTGTGTGTTGATGTATAAACTCATGAGCATTTATTAGCAGTTT
TCTTTGTAGCTGTTGATGTAAAACATCTCAAAGCTTTAATTTTGGACCAGTTGTGAGTTG
ATGTGTAACTCATGAGCATTATTACCAGTTT 931

Fig. 2. Continued.
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B1

121

181

24

301

3h1

421

481

541

601

661

721

a1

841

GGCACGAGGATCATCCCAGGTGAAGCCGGCACTAAAAGCAATGGCTACTCCATCTCCAGE
M A TP S P A

CAAGAGTATGGGCCCCTCAAGGATCACGCCACTTTCCCCCACACATGTACTGAAGGACAL
K s M G P SBRBR I TPLSPTHY¥YLIEKT DT

AGAAGAGAATGAGCCTACGAGGCATCACTATGTGGTGGTGGTGGCTATCGACTTTGGCAC
EENEPTI RHMHY V¥V VY Y Y A | DFGT

CACCTCCAGTGGCTATGCATATGCCTTCATTAAAGAACGGGAGTGCATTCACACAATGAG
T3S S G Y Y A F I KEPETC HTMHR

GCGTTGGGAGGGTGRAGACCCAGGTGTGTCCAATCAGAAGACACCCACCACCATTCTACT
R WEGGDPGY SHNOKTPTTIILL

GACTCCAGACAAGAAGTTCCACAGTTTTGGATATGCAGCCCGAGATTTTTACCATGACCT
TPDEKIEKFHSFGY AARTDTFYHTEDL

GGATCCCACTGAGTCTAAGCAATGGCTGTACCTAGAGAAGTTTARAATGAAACTACACAC
D P TE S K 00T L, E%F KMWKTLHT

CACTGCAAATCTGTCCATTGACACAGATTTACATGCGGCCAATGGARALAGGGTGAAAGT
T A Nt Sl BD” I—B"T HA—AN |6 K. BV K A

TCTGGATATTTTTGCTTATGCACTGGCCTT TTTTAAGGAGCAGGCTCTTAAGGAGCTGAG
L B _TaF A Y A - A_B E K -E 0 A™ *KFE Y S

TGACCAAGCAGAGGCGGATTTTGATAATGCTGATGTCAGATGGGTCATCACTGTACCAGE
0 GeA /E A SEFODEENEAL DREEEEER WY | T, W P A
CATCTGGAAGATGCCAGCCAAGCAGT TTATGAGAGAGGCAGCGTATAAGGCTGGTCTGET
Wikl M PR KO F MaRalERuEe 0k A G0 ¥
TTCTCGGGACAACCCTGACCAGCTGATCATCGCT TTGGAACCAGAAGCTGCATCCATTTA

S R.D'N P HROTLE N | IR PF A 4 Swll 1Y

CTGEAGGARGCTCCGCCTTCACCAAATGGTTGATTTGGGCTCCARAACAGCCCTGAACGG
cC RK L BRL HOQOMWVYED LGS KT ALMNG

TTACAGCCCAACGGAGAATGTTGGGGTGGGAATGAACCAGGGTGACCGT TATGTGGTTGT
¥ S P ESN VeV G—-H-Nge® DR V V¥ V

GGATTGTGGGGGAGGGACAGTGGATCTCACTGTGCA 876
D C GGG T V D—IL.X¥

Fig. 2. Continued
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B1

121

181

241

30

361

421
481
541
601
B61
721

ATCACCATCACCAACGACCAGAACCGCCTGACGCCGRAGGACATCGAGUGCATGGTGAAC
I' T 1 TNDOQONRLTPETDTIERHMKYN

GAAGCCGAGCGCTTCGCCGACGAGGACAAGAAGCTGAAGGAGCGCATCGACGCCCGCAAC
EAERFADEDKKLI KERIDARN

GAGCTGGAGAGCTACGCCTACTCCCTGAAGAACCAGATCGGAGACAAGGAGAAGCTGGEE
ELESY AY SLKMNOGI GDEKEZEKTLTE

GGCAAGCTGTCGTCCGAGGACAAGGAGGCCATCOAGAAGGCGOTGGAGGAGAAGATCGAG
G KLSSEDKEAIEKAYEEEKIE

TGGCTGGAGGCTCATCAGGACGCCGACCTCGAGGACT TCCAGGCCAAGAAGAAGGAGCTG
WLEAHODADLTETDTFZGOAKI KEKTEH!

GAGGAGATCGTGCAGCCCATCGTGAGCAAGCTGTACGGLAGCGLGGGGLGGCCGCCGLCE
EEI ¥Y¥OPI ¥ SKLYGS AGSGPTPFP

GAGGACGGGGACGAGCAGGCCGACAAGGACGAGCTATAGACGAGCGCGUGGCTGTACATA
E D G D_£ G B%DWLKEDEN

CTGAACACTTTATTTTGTACGAACCGGGCCGGACGTGAAGCCACGAGGAAAGACTTGTGG
GATGCGT TGAGTTGCGTTTGTTTTTTTTTTTCCCTTCACTCTGGTGGAGATTTAGTCGGE
CTGGATTGAGGCTTGATTCTGCTGT TCTCAGGCAGT TCAGAGGTGOGTGGAGGAGAGGAT
TCTGGETAAATTTCATTTGACCTGCAAAAGT TATTTATT AAAATCTGCCAACTGTAGALG
AECTETCTACCACAACTACACAATAAA#GTTTAATAG#&AAAAAAAAAAAAAAAAACCCT
CGTGCC 726

121

181

241

301

361

421

481
541
601
661
721

Fig. 2. Nucleotide and deduced amino acid sequences of Korean rose bitterling
HSP70 family c¢DNA. a @ RuHSP70 4-like, b : RuHSP70, ¢
12A-like, d : RuGrp78
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2. ZtA %] HSP70 family cDNA9] |7|A g £4

PCRel olate] FEHe ZbAlG-ole] HSP70 family cDNA T o] ofw]ie
Ab ald e ol &8t B o]F e dEAe ClustalWE AR§sho] Hla
A e A ohHFig. 3).

Zr Al B-o] o] RuHSP70 4-likei= Bicolor damselfish(Stegastes partitus,
XP_008296412) HSP70 4-like®t Amazon molly(Poecilia formosa,
XP_007562090) HSP70 4-like®} 87%, Yth(Cynoglossus semilaevis,
XP_008331072) HSP105%} Al H 2} 3] (Danio rerio, NP_999881) HSP 4a
o} 84%9 AEAS YEeERATE RuHSP702 Prussian carp(Carassius
gibelio, AAO43731) HSP703} 99%, ¥ A o (Hypophthalmichthys molitrix,
ACJ03595) HSP70¥ ) 2}u| (Pimephales promelas, AAS46619) HSP703}
98%, AEBZ3H (Danio rerio, NP_001103873)  HSP71¥ %9
(Ctenopharyngodon idella, ACJ03596) HSP70¥ 97% % =< &
LHERU St RuHSP70 12A-likeE Al B2} 9 4 (Danio rerio,
NP_001038900) . HSP12A <} 929, Mexican tetra(Astyanax mexicanus,

ox
ftlo

XP_007244701) HSP70 12A2} 91%, Zebra mbuna(Maylandia zebra,
XP_004572562) HSP70 12A-like®} Bicolor damselfish(Stegastes partitus,
XP_008305029) HSP70 12A-like®t 85%°] “&7/dS uellddth 281
Grp78<2 =% 9] (Ctenopharyngodon idella, ACJ65009) Grp783} 95%, #|E.
2}3] 5] (Danio rerio, AAH63946) HSP5%}+ 9394, Southern
platyfish(Xiphophorus maculatus, XP_005803813) Grp783} 90% 2] %54
= g 5 Arh(table. 2). AlE T EAel ot ZFA]go] 9]
RuHSP70 4-like, RuHSP70, RuHSP70 12A-like, RuGrp78& MEGA 3.1
= Abgete] Z S vE FEHY] AT E UElATH(Fig. 4.
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FOYGFLNCYYAYARAGG I ETYANEYSDRCTPACYSFGPRNRS | GAAAKSQYYTNCKNTYQ
FDVGFLNCYYAYARAGG I ETYANEYSDRCTPACY.SFGPRNRS | GAAAKSQYYTNCKNTYQ
FOLGFQSCYYAYARAGG I ETYANEYSDRCTPSFLSFGPRNRS | GAAAKSQYYTNCKNTYQ
FDLGFOSCYYAYARAGG | ET | ANEYSDRCTPSFYSFGPRNRS | GAAAKSQVYTNCKNTYQ
FOLGFQSCYYAYARAGGI ETYANEYSDRCTPSFYSFGPRNRS | GAAAKSQYYTNCKNTYQ
FDLGFLSCYYAYARAGG | DTLANEYSDRCTPFFYSFGPRNRS | GAAANSQYYTNCMNTYQ
FOVGFQSCYYAYARAGGI ETYANEYSDRCTPSFYSFGPRNRS | GAAAKSQYYTNCKNTYQ
IDLGFOSCYYAYARAGG ET I ANEYSDRCTPAC| SFGPKNRS | GAAAKSQY | SNAKNTYQ
-DLGFASCYYAYARAGGIET | ANEYSDRCTPAC I SFGPKNRS | GAAAKSQY | SNAKNTYQ
-DLGFOSCYYAYARAGG |ET | ANEYSDRCTPACYSFGPKNRS | GAAAKSQY | SNAKNTYQ
-DLGFQSCYYAYARAGG | ET | ANEYSDRCTPACYSFGPKNRS | GAAAKSQY | SNAKNTYQ
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GFKKFHGRAFSDPYYQSLKENMVYD | AQMP
GFKRFHGRYFSDPYYQS |KNSLVYD | AQMP
GFKRFHGRAFSDPY | QSSKSKL VYDLAQMP
GFKRFHGRAFSDPYYQSTKSNL VYDL AQMP
GFKRFHGRAFSDP I VOAAKSNLYYDL AGMP
GFKRFPGRAF | DPYYQTAKS | LVFOLAQMP
GFKRFHGRAFSDPYVETTQSSLYYDLAQMP
GFKRFHGRAFSDPFYEAEKSNLAYD 1vOLP)
GFKRFHGRAF SDPFYEAEKSNLAYD [YOLP
GFKRFHGRAFSDPFYEAEKSNLAYD [YOLP
GFKRFHGRAF SDPFYEAEKSKLAYD [YOLP
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. . .

_14_



rerig
molitrix
.aibelio
uvekin
.promelas
idella
.punctatus
taurus
.sapiens
.gariseus
.musculus

TOIW—OVRNOIO

rerio
molitrix
Carassius
Juyekii
.promelas
cidella
punctatus
ctaurus
.sariens
griseus
Jmusculus

o}

TIOIW—O0D

rerio
molitrix
gibelia
cuyekii
promelas
idella
.punctatus
taurus
.sapiens
.ariseus
musculus

ZOIW—OVIOIO

rerio
molitrix
.aibelio
Juyekii
promelas
idella
.punctatus
taurus
.sapiens
griseus
Jmusculus

ZTOIW—OTVROIO

Fig. 3. Continued.

(“)Collection @ pknu

TTYSONOPGYL | OVYEGERAMTKONNLLGKFEL TG IPPAPRGYPQ |EYTFD | DANG I MNY
TTYSDNOPGYL | OYYEGERAMTKONNLLGKFEL TGIPPAPRGYPOIEVTFD I DANG I MNY
TTYSDNOPGYL | OYYEGERAMTKDNNLLGKFEL TG IPPAPRGYPQ|EYTFD | DANG | MNY
TTYSONOPGYL | OVYEGERAMTKDNNLLGKFEL TG IPPAPRGYPO |EVTED | DANG I MNY
TTYSDNOPGYL | OVYEGERAMTKDNNLLGKFEL TG IPPAPRGYPQ | EVTFD I DANG I MNY
TTYSDNOPGYL | OYYEGERAMTKDNNLLGKFEL TG IPPAPRGYPO |EVTFD | DANG | MNY
TTYSONOPGYL | OVYEGERAMTKDNNLLGKFEL TG IPPAPRGYPO |EVTFD I DANGILNY
TTYSDNOPGYL | QYYEGERAMTKDNNLLGKFEL TG IPPAPRGYPQIEYTFD I DANGILNY
TTYSDNOPGYL | OYYEGERAMTKDNNLLGKFEL TG IPPAPRGYPQ|EYTFD | DANG I LNY
TTYSDNOPGYL | OVYEGERAMTKDNNLLGKFEL TG IPPAPRGYPO |EVTFD | DANGILNY
TTYSDNOPGYL | OVYEGERAMTKDNNLLGKFEL TG IPPAPRGYPQ IEVTFD I DANGILNY

B P P P P T PP PP

SAYDKSTGKENK | T1 TNDKGRL SKED | ERMYQEAEKYKAEDDYORDKYSAKNGLESYAFN
SAYDKSTGKENK 1 T TNDKGRL SKED | ERMYOEAEKYKAEDDYORDKVSAKNGLESYAFN
SAYDKSTGKENK | T| TNDKGRL SKED | ERMYOEAEK YK SEDDYOREKVSAKNGLESYAFN
SAYDESTGKENK | T| TNDKGRLSKED | ERMYQEAEKYKSEDDYOREKYSAKNGLESYAFN
SAYDKSTGKENK 1 T TNDKGRL SKED | ERMYQEAEKYKSEDDYOREKYSAKNGLESYAFN
SAYDKSTGKENK | T TNDKGRL SKED | ERMVOEAEK YK AEDDYORDKVSSKNGLESYAFN
SAYDKSTGKENK | T TNDKGRL SKED | ERMYQEAEKYKAEDDYORDKYSAKNGLESYAFN
SAYDESTGKENK | T1 TNDKGRLSKED | ERMYOEAEK YK AEDEKORDKVSSKNSLESYAFN
SAYDKSTGKENK | T TNDKGRL SKED | ERMYOEAEK YK AEDEKORDKYVSSKNSLESYAFN
SAYDESTGKENKTT I TNDKGLLSKEDIERMYQEAEKYKAEDEKORDKYSSKNSLESYAFN
SAYDKSTGKENK | T 1 TNDKGRLSKED | ERHYOEAEK YK AEDEKORDKYSSKNSLESYAFN
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MKSTYEDEKLKGK | SDEDKOK ILDECNEY | GWLDKNOTAEREEFEHOOKELEKYCNP I I T
MKSTYEDEKLKGK | SDEDKQK ILDKCHEY | SWLDKNQTAEKEEFEHOOKELEKYCNR 11T
MICSTYEDEKLKGK | SDEDKOK ILDKCNEY | SWLDKNOTAEKEEFEHOOKELEKYCNP I T
MKSTYEDEKLKGK | SDEDKOK I LDKCNDY | SWLDKNQTAEKDEFEHOQKELEKYCNP | I T
MKSTYEDEKL AGK I SEEDKQKILDKCNEY | SWLDKNOTAEKEEFEHOOKELEKVCNP 11T
MKSTVYEDEKLKGK | SDEDKOK ILDKGHEY | SWLDKNOTAEKEEFEHQOKELEKYCNP I 1T
MKSTYEDEKLOGK | SDEDKOKILEKCNE | | SHLDKNOTAEKEEYEHOOOELEKVCNP 11T
MKATYEDEKLOGK | NDEDKQK ILDKCNE | | NWLDKNOTAEKEEFEHOQKELEKYCNP 11T
MKATYEDEKLOGK INDEDKOKILDKCNE | | NWLDKNOTAEKEEFEHOOKELEKYCNP | 1T
MKAT | EDEKLOGR INDEDKOK ILDKCNE | | SWLGKNOTAEKEEFEHOOKELEKVCNP 11T
MCA TVEDEKLOGK | NDEDKOK ILDKCNE | | SWLDKNOTAEKEEFEHOOKELEKVCNP LI T
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c D.reric ====MATPEPAKSHGDPG] TPLEPTH | LK-DEEENEPPRHHFYYVVAIDFGT TSEGYAYA

R uwek i w===MATPSPAKSHGPER | TPLSPTHVLE=DTEENEP TRHHYVVWYAIDFGTTSEGYAYA
A mex i canus ~==—AMAAPEPAKS | GDPG] TPLEPTH I LK -DSEENEPAGHSF | YWYAIDFGT TSSGYAYA
W, zebra ===AMADPSPAKTHGDPG | TPL SPEHTOO-MOTDOVP SGPEFVYWYAIDEGTTSSGYAYA
Ponyerersi -=—AMADPEPAKEHGDES | TRL SPEHTOO-NDTOOVP SGPSFYYWYAIDFGTTESOYAYA
S.eartitus === AMANPSPAKSHGDPG | TPL SPEHTOO=-NOTOOVP SGPEFVYWYAIDFGTTSSGYAYA
B. taurus ===--AYSEPARSLGDTE | TPLSPEH | YN-DADPNYSEOOTFLYYYAIDFGT TES0YAYS

D.aries - AYSSPARELGDTG | TPLSPSH | VN=DADPNYSEDOTFLYWYA IDFGTTEEGYAYS
H. sapiens ====—=AYWSEPARSLGOTGI TPL SPSH | vN-DTDSNVSEQOSFL VWVAVDFGT TSSGYAYS
F.ooregrinus AVETSAYSSPAKEL GOPG | TPLSPEH | YIKDEDAEDAVEQL FLYVYAIDFGTTSSGYAYS
P bivittatus A?STS.&TI\SPARSI. GD'PG! TPLEPEH | AK- D‘SﬂMAEEﬂTFL?Wﬁ ! DFG'I'T.'.SG‘I‘#'!‘S

D.reric FTREPEC IHTHRENEGGDPGYENOE TPTTILL TPDEKFHEFGY AARDF YHDL DPTESKQW
Rouwekii F IKEFEC IHTHRANEGGOPGYERCETPTT ILL TPDEKFHEFGY AARDF YHDL DPTESROW
A mex icanus FTEEPEC IHTHRENEGGDPGYSROETPTT ILL TPDEKFHEFGY AARDF YHDL DF TESEQW
M. zebra FAKEFEC IHTHREREGGDPGYSROKTPTT ILL TPDRKFHSFGY AARDF YHDL DFSESEHW
P .nyererei FAKEFEC |HTHREREGGDPGYSROETPTT ILL TPDREFHEFGY AARDF YHOL DFSESEHW
S.part itus FTEEFEC |HTHRRNEGGOPGYSNOE TFTT ILL TPORKFHSFGY AARDF YHOL DFSESEHW
B.taurus FTEEPELC |HYHREREGGDPGYEROE TFTT ILL TPERKFHEFGY AARDF YHOL DENE AKOW
0.aries FTKEFEC | HYMRRNEGGDPGYSHNOK TPTT ILL TPERKFHSFGY AARDF YHMDL DPNEAEIOR
H.sapiens F TEEFEC |HYHRERNEGGDPGYSNOK TPT T ILL TPERKFHEFGY AARDF YHDL DFNEAKOW

F.cersorinus F TEEPEC | HVHRRHEGGDPGVENOETPTT ILL TPERKFHEFGY AARDFYHMOL DPTESEHW
P.bivittatus FTEEFEC | HYHRENEGGOPGVERGKTETT ILL TPERKFHEFGY AARDF YHDL DFNESKHW

L

D.rerio LYLEFEEN WKALTHEATAL AFFKEGAL KEL SDOAGAEFD
Rluwek i ; WHLE AEFKEOAL KEL SDOAEABED
A mexlcanyg
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Soeartipls LYLEEFEMELHTTANLS
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0.ari TGOL THD TE
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R

rer G
uwak | b
A |max | canuE
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P lnyarara
S parckitus
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0.aki

H.sagiens MSDV W 0 '[H.l.EPEHSEIJL[HL
F.ea EVRWY | 4 | WEOPAKDENRCA & YEAGHASPENFEQL | | ALEPE
F.bivittatus

D.reric
R.ouwekii
e | CARUE
M. zabra

P .nyerere|

S.part itus DRYYY
E. taurus HTCA SEKAM'NGTSSSNVGAGFAQAKEHIHMDWTFL‘JEWIGEWSEL EEGDIEYYY
0 aries HTOL SSEAAVNGY SSE0TYVGAGF AOAKEHYRRNROSRTFL YENY | GE I WSELEEGDK YWY
H.sapiens M EL 53K AAVNGT SGEDTYGAGE TOAKEH | RENROSK TFL VENY | GE I WSELEEGDEYYY

F.pereorinus HIDL SSRAPVRGYSPSOT | GTGF TOAKEHYRRNROSRTFMVENY | GE IWSELEEGDRY 1V
P.bivittatus HIEL SSP;AP\'HETFPSEW'GS‘I}F TFAKEHIMDSHTFL?EH?IGEMSELEEGDR‘(I'|'

D.rerio WDCGGGTYDL TY
R ouwek ii WOCGGEGTVDLTY
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0.aries VOEGGGTVOLTY
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Fig. 3. Continued.
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TNDONRL TPED | ERMYNDAERFADEDRKLKER | DSRNELESYAYSLKNO | GDKEKLG
THDGNREL TPED | ERMYNDAERFADEDKKLKER IDARNELESYAYSLKNG | GDKEKLG
THDONEL TPED | ERMYNDAERFADKDKKLKER IDARNELESYAYSLENCG | GDKEKLG
TNDONRL TPED | ERMYNEAERFADEDKKLKER | DARNELESYAYSLKNO | GDKEKLG
THDONRL TPED | ERMYNE AERFADEDKKLKER IDARNELESYAYSLKNC | GDKEKLG
| TNDONRL TPED | ERMYNEAERFADEDKKLKER | DSRNELESYAYSLKNG | GDKEKLG
I T THDONRL TPEE | ERMYNDAEKFAEEDKKLKER IDTRNELESYAYSLKNG | GDKEKLG
1T TNDONRL TPEE | ERMYNDAEKFAEEDKKLKER I DTRNELESYAYSLKNQ | GDKEKLG
ITI THDONRL TPEE | ERMYNDAEKFAEEDKKLKER IDTRNELESYAYSL KNG | GDKEKLG
1T THDONRL TPEE | ERMYNDAEKFAEEDKKLKER I DTRMELESYAYSLKNQ | GDKEKLG
I TITHDONRL TPEE | ERMYNDAEKFAEEDKKLKER | DARNELESYAYSLKNQ | GDKEKLG

R R R R R R RN R R D R R D R R R D R R R R R R R R R
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GKLSDEDKEA I EKAVEEK | EWMESHODADLEDF QAKKKELEEVVOP | | SKLYGSAGGPPP
GKLSDEDKEA | EKAVEEK | EWMESHODADLEDFOAKKKELEEYVQP | | SKLYGSAGGPPP
GKLSDDOKES | EKAVEEK | EWLESHODADLDDF QAKKKELEEYVOP | | TKLYGSAGGPPP
GKLSSEDKEA | EKAVEEK | EWLESHOEAEL EDFOAKKKELEEYVOP | YSKLYGSAGGPPP
GKLSSEDKEAIEKAYEEK | EWLEAHODADLEDFOAKKKELEE I VOP | YSKLYGSAGGPPP
GKLSSEDKEA | EKAVEEK | EWLEAHODADLEEFOAKKKELEEYVOP | YSKLYGSAGGPPP
GKLSSEDKETMEKAYEEK | EWLESHODAD | EDFKAKKKELEEIVQP | | SKLYGSAGPPPT
GKLSSEDKETMEKAYEEK | EWLESHODAD | EDFKAKKKELEEIVOP | I SKLYGSAGPPPT
GKLSSDOKETMEKAYEEK | EWLESHODAD | EDFKAKKKELEEIVOP | | SKLYGSGGPPPT
GKLSSEDKETMEKAYEEK | EWLESHUDAD | EDFKAKKKELEE I VOP | | SKLYGSAGPPPT
GKLSSDOKETIEKAYEEK | ENLESHODAD | EDFKAKKKELEEYYOP | VSKLYGSAGPPP-

LE LI L R LR B LB B E R SR S L PR P PR S L EL TN B ]

EDAEEQEKDEL -
EGAEEQEKDEL -
EGSEQDEKDEL -
EDGDEQGEKDEL
EDGDECADKDEL
EEAEEKDEL —-~
GEEDTAEKDEL -
GEEDTAEKDEL -
GEEDTSEKDEL -

/GEDETADKDEL -

GEEEAAEKDEL -
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Fig. 3. Multiple alignment of the amino acid sequences of the Korean rose
bitterling heat shock protein 70 family(RUHSP70 family) and related
sequences. A multiple alignment of amino acid sequences of HSP70 family
was produced using ClustalW 1.81. GenBank accession numbers for the
analyzed sequences are the following:

a. Haplochromis burtoni(XP_005921284), Oryzias latipes(XP_004073389),
Cynoglossus semilaevis(XP_008331072)Stegastes partitus(XP_008296412),
Poecilia formosa(XP_007562090), Danio rerio(NP_999881), Homo
sapiens(AAH02526), Papio anubis(XP_003900145), Mus musculus(EDL33602),
Vicugna pacos(XP_006212876).

b. anio rerio(NP_001103873), Hypophthalmichthys molitrix(ACJ03595),
Carassius gibelio(AAO43731), Pimephales promelas(AAS46619),
Ctenopharyngodon idella(ACJ03596), Ictalurus punctatus(ABD77547), Bos
taurus(AAI54390), Homo sapiens(AAHO08907), Cricetulus griseus. (EGW02963),
Mus musculus(BAE29904).

c. Danio rerio(NP_001038900), Astyanax mexicanus(XP_007244701), Maylandia
zebra(XP_004572562), Pundamilia nyererei(XP_005747498), Stegastes
partitus(XP_008305029), Bos taurus (XP_002698580), Ovis aries(XP_004020391),
Homo sapiens(XP_005269729), Falco peregrinus(XP_005237627), Python
bivittatus(XP_007433493).

d. Poecilia reticulata(XP._008422585), Xiphophorus maculatus(XP_005803813),
Neolamprologus brichardi(XP_006789208), Ctenopharyngodon idella( ACJ65009),
Danio reriolAAH63946), Homo sapiens(EAWS87621), Papio
anubis(XP_003911999), Mus musculus(AAA37315), Loxodonta
africana(XP_003407784), Columba livia(XP_005513063).

Identical residues are indicated by asterisks (*); conservative substitutions are

indicated by dots (.:).
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Fig. 4. Continued
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Fig. 4. Continued
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Fig. 4. Phylogenetic relationships of the Korean rose bitterling heat shock
protein 70 family with those of other species. A phylogenetic analysis based
on the deduced amino acid sequences was performed using the NJ algorithm,
and the reliability of the branching was tested using bootstrap re-sampling
(1000 pseudo-replicates) using MEGA 3.1. Sequences were obtained from
GenBank:

a. Haplochromis burtoni(XP_005921284), Oryzias latipes(XP_004073389),
Cynoglossus semilaevis(XP_008331072)Stegastes partitus(XP_008296412),
Poecilia formosa(XP_007562090), Danio rerio(NP_999881), Homo
sapiens(AAH02526), Papio anubis(XP_003900145), Mus musculus(ED1L33602),
Vicugna pacos(XP_006212876).

b.  anio rerio(NP_001103873),  Hypophthalmichthys - molitrix(ACJ03595),
Carassius gibelio(AAO043731), Pimephales promelas(AAS46619),
Ctenopharyngodon  idella( ACJ03596), Ictalurus punctatus(ABD77547), Bos
taurus(AAI54390), Homo sapiens(AAHO08907), Cricetulus griseus (EGW02963),
Mus musculus(BAE29904).

c. Danio rerio(NP_001038900), Astyanax mexicanus(XP_007244701), Maylandia
zebra(XP_004572562), Pundamilia nyererei(XP_005747498), Stegastes
partitus(XP_008305029), Bos taurus (XP_002698580), Quis aries(XP_004020391),
Homo  sapiens(XP_005269729), Falco peregrinus(XP_005237627), Python
bivittatus(XP_007433493).

d. Poecilia reticulata(XP_008422585), Xiphophorus maculatus(XP_005803813),
Neolamprologus brichardi(XP_006789208), Ctenopharyngodon idella( ACJ65009),
Danio rerio( AAH63946), Homo sapiens(EAW87621), Papio
anubis(XP_003911999), Mus musculus(AAA37315), Loxodonta
africana(XP_003407784), Columba livia(XP_005513063).
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Table 2. Pairwise ClustalW analysis and comparison of the deduced amino
acid sequence RUHSP70 4-like, RuHSP70, RuHSP70 12A-like, RuGRP78 with
HSP70 4-like, HSP70, HSP70 12A-like, GRP78-related sequences from other
species.

a: RuHSP70 4-like, b: RuHSP70, ¢t RuHSP70 12A-like, d: RuGRP78

a.
Species Accession number Identity (%)

Haplochromis burtoni Heat shock 70 kDa protein 4-like XP_005921284 80
Oryzias latipes Heat shock 70 kDa protein 4-like XP_004073389 81
Cynoglossus semilaevis Heat shock protein 105 kDa isoform X1 XP_008331072 84
Stegastes partitus Heat shock 70 kDa protein 4-like XP_008296412 87
Poecilia formosa Heat shock 70 kDa protein 4-like XP_007562090 87
Danio rerio Heat shock protein 4a NP_999881 84
Homo sapiens Heat shock 70kDa protein 4 AAH02526 72
Papio anubis Heat shock 70 kDa protein 4 XP_003900145 73
Mus musculus Heat shock protein 4, isoform CRA_b EDIL33602 74
Vicugna pacos Heat shock 70 kDa protein 4 isoform X2 XP_006212876 74

b.

Species Accession number Identity (%)

Danio rerio Heat shock cognate 71 kDa protein NP_001103873 97
Hypophthalmichthys molitrix Heat shock protein 70 ACJ03595 98
Carassius gibelio Heat shock ‘cognate 70 kDa protein AAO043731 9
Pimephales promelas Heat shock cognate 70 kDa protein AAS46619 98
Ctenopharyngodon idella Heat shock protein 70 ACJ03596 97
Ictalurus punctatus Heat shock cognate 70 kDa protein ABD77547 %
Bos taurus HSPAS protein AAIS4390 92
Homo sapiens HSPAS8 protein AAHO08907 92
Cricetulus griseus Heat shock cognate 71 kDa protein EGW02963 91
Mus musculus Unnamed protein product BAE29904 %

Table 2. Continued.
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Species Accession number Identity (%)
Danio rerio Heat shock protein 12A NP_001038900 92
Astyanax mexicanus Heat shock 70 kDa protein 12A isoform X1 XP_007244701 91
Maylandia zebra Heat shock 70 kDa protein 12A-like isoform X4 XP_004572562 85
Pundamilia nyererei Heat shock 70 kDa protein 12A-like isoform X5 XP_005747498 84
Stegastes partitus Heat shock 70 kDa protein 12A isoform X3 XP_008305029 85
Bos taurus Heat shock 70 kDa protein 12A isoform X1 XP_002698580 76
Ovis aries Heat shock 70 kDa protein 12A XP_004020391 75
Homo sapiens Heat shock 70 kDa protein 12A isoform X1 XP_005269729 75
Falco peregrinus Heat shock 70 kDa protein 12A XP_005237627 74
Python bivittatus Heat shock 70 kDa protein 12A-like isoform X1 XP_007433493 74
d.
Species Accession number Identity (%)
Poecilia reticulata 78 kDa glucose—-regulated protein XP_008422585 89
Xiphophorus maculatus 78 kDa glucose-regulated protein-like XP_005803813 90
Neolamprologus brichardi 78 kDa glucose-regulated protein-like XP_006789208 88
Ctenopharyngodon idella GRP78 ACJ65009 95
Danio rerio Heat shock protein 5 AAH63946 93
Homo sapiens Heat shock 70kDa protein 5 EAWR7621 84
Papio anubis 78 kDa glucose-regulated protein-like XP_003911999 84
Mus musculus Immunoglobulin heavy chainbinding protein AAA37315 82
Loxodonta africana 78 kDa glucese-regulated protein XP_003407784 86
Columba livia 78 kDa glucose-regulated protein XP_005513063 86
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3. ZtA] B 9] HSP70 family mRNA9] =Fd 4g

B oA ALgE ZHA]Eo] o] HSP70 family mRNA F# ¥ w3 oFAahs
%8 A3(Fig. 5), RuHSP70 4-like:= WA, A&, 130 A =4 o
Elyktl. RuHSP70& 7H 43 AiolA =4 w3 ew RuHSP70
12A-like= daolA =4 T HAY. 22/31 RuGrp78%] mRNA &
A g, 2o daolA A ek

ol
rlo
)

Al E-ole] RuHSP70 family: 7FE #(hepatopancreas)®f A2 4 (4 &,

Z
da)dl A =4 s Ae A d S Uy

B

2
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Fig. 5. Continued.

_25_

Collection @ pknu



(o]

RUHSP70 12A-like

Relative expressions (fold)

" Hm%ﬁﬁﬁﬁrﬁﬁm

B E G F K_H_St Sp MTO

Tissue

RuGrp78

o

50

40 4

30 4

20 4

Relative expressions (fold)

g | ﬂ

E & G K EHES:t Sg= M T O
Tissue

Fig. 5. Tissue distribution of the Korean rose bitterling RuHSP70 family.
Quantitative real-time RT-PCR was performed on equal amounts of total
RNA isolated from tissues of normal conditioned fish. Korean rose bitterling
b-Actin was used as an internal control. Expression levels of a(RuHSP70
4-like), b@RuHSP70), c(RuHSP70 12A-like), d(RuGrp78) transcript were
quantified by expression relative to the [B-Actin transcript level. B, brain; E,
eye; G, gills; F, fin; Si, small intestine; H, hepatopancreas; St, stomach; Sp,
spleen; I, intestine; M, muscle; T, testis; O, ovary. The values represent the
mean=SD (n=3).
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4. Z} A 8ol HSP70 family mRNA2] A GAE +F

ZEABolel B3 F 1Y, 3Y, 6, 154, 21932 HATAE RuHSP70
family mRNA & Y$dS A A3 (Fig. 6), RuHSP70 4-likee] 2d
< 53t 14 Hl&) 3, 6, 15, 214xfol] @A 3] B A UEdE AS =
T AU RuHSP709] 232 §-31 194xkel nlaf 3, 6, 15, 2142kl =
A vestor 6dxtell = dAIHOR Fu volxurt F3t dgel wet
a4 =4 Edo] veElhysE S #H&SY T RuHSP70 12A-liked] 2
A2 F3tE A 159ake] Fsh 19Apre 2uf-o]d =4 vEw e, 36
dxtol= W7 A gldth. 283 RuGrp789) @3S R3l @A 159
Apo| -3t 1dAR T 458 =A Yo, 3t 6datels Ao dEhy
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Fig. 6. Developmental stage -of the Korean rose bitterling RuHSP70 family.
Quantitative real-time RT-PCR was performed on equal amounts of total
RNA isolated from during developmental stage of whole body in fish. Korean
rose bitterling b—-Actin was used as an internal control. Expression levels of
a(RuHSP70 4-like), b(RuHSP70), c(RuHSP70 12A-like), d(RuGrp78) transcript
were quantified by expression relative to the B—Actin transcript level. The
values represent the meantSD (n=3).
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5. &3l W& ZA B o] HSP70 family mRNA<S &¢&

ZE A B0 9] 7+ Z(hepatopancreas) AlXE WoAle] F2W3lo] wE
HSP70 family mRNA 'TdLES A A2 (Fig. 7), RuHSP70 4-like
= 20, 24, 28ColA+= ®Wsl7t A gllar, 32TColA] ti =+ (control) Q!
20CHT 98] EA A HA e, RuHSP70:= 20T Hlsl 24Coll =+
ol 28CHE = 0] s o =4 ddo] =tk RuHSP70
12A-likex= 20CHT 24Tol Sopx|thr} 28 32TC= 0] s u
g Fdo]l E=A JEdE S B 5 o9tk 183 RuGrp78e
RuHSP70 4-like®} BIS=8bAl o] Sehzte]l wet S8l Wstrh gll
a1, 32Cuel 591 d = =4 YEy
2 A 298 st B¥, A8l HSP70 family fxA= dof
ZT(control) @l 20Tl B3] 24, 28T o= ®WrtlE W3l7l {1, 32T
o= 2dEE 4%S e AT
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Fig. 7. Heat shock treatment of the Korean rose bitterling RuHSP70 family.

Quantitative real-time RT-PCR: was performed on equal amounts of total
RNA isolated from hepatopancreas cell of temperature difference conditioned
fish. Fish were exposed to 20, 24, 28, 32C by incubator. Korean rose
bitterling b-Actin was used as an internal control. Expression levels of
a(RuHSP70 4-like), b(RuHSP70), c(RuHSP70 12A-like), and d(RuGrp78)
transcript were quantified by expression relative to the B—Actin transcript

level. The values represent the mean+SD (n=3).
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7. 23t & ZA R olrtue XA BA

F2(20, 24, 28, 32C)ell AFA R w&H ZhA] o] ofrpn| o] A A
2+ Ay= Fig. 93 2ok 20T A= ob7iv] =29 12 AW (gill
filament), 22F Al®¥(gill lamella), 28] HBAH E(mucus cel)ol HAA
ol Wk JehuA ¢ktom(Fig. 9-a, b), 24Tel= 20CHTE 23 AW
of EifF AR wolAa £l HAeH, FIAEe] I AHnecrosis)d
A" AAA ] F A (proliferation)©] & H I THFig. 9-¢, d). 28T ol A
of7tw| o] 24} AW o] T oA il &4bo]l Alsjdon, AyAELe] &4
A2 5 A vHFig. 9-e, f). 12]aL 32Tl = Ay A 3E 9] Z A (hyperplasia) &
2 A3k 23 AW §3H(fusion) o] F7FaA T, 22 A ] 5ol
= ekt (Fig. 9-g, h).

B A9 ARE FFARE, AN epArE ) 23 o] s

ry

Z4 9 oble x4 Akst WAl et AL &+ g
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Fig. 9. Histological observation in the gill tissue of Korean rose bitterling
exposed to water temperature for 3 days. (a, b: 20 C; ¢, d: 24 C; e, f: 28 C;
g, h: 32 C. gf: ¢gill filament, gl: gill lamella, arrows hyperplasia, destruction of

mucus cells and necrosis of epithelial cells)
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e

rlo

oo A AL AFA dFdFe A= Aom dHA 3
H(Kang et al, 2013). 53], /3= ojAe] A4 WIE of7|A]7]
A 2EY 2 g9low Agsto], AA W thakel Dot WstE do
71 Ao HuHAtH(Barton and Iwama, 1991).

HSP70 family+= o] FolA 7b8 FHLASA AF7F HoA e 2EF
2wl g EA)Eo](Kothary et al, - 1984), medaka, Oryzias
latipes(Arai et al, 1995), zebrafish(Lele et al; 1997), € z}y] o},
Oreochromis mossambicus(Molina et al., 2000), Z& il A5 Fugu
rubripes(Lim and Brenner, 1999)c oJ& o]F o= H¥ & At FE3H
HSP702 =3 #dd 43 2E#HE 89ld ®ztstA wg3t= A
o7 Hi5dtk(Feder and Hofmann, 1999).

2 Aol = 720, 24, 28, 32C)el| e  ZHA| G0l AEFH A HbG
o2, 4FFC HSP70 family -Fd2AHRuHSP70 4-like, RuHSP70,
RuHSP70 12A-like, " RuGrp78)¢] H&dH Y-S « A A T ZHA 5o

2ol =A FEAHJAY. FAEAIm et al, 2013)9F  Paphia
undulata(Wu et al., 2014)0l %= HSP70S 7t} A2 AoA] =4 23y
= A%E B F Jd}JT 2HFY A HSP0S 2E#H AR Qs A
3t apoptosis(A ZAPE)ZRE AEE Hs3ttn delx drtHMosser
et al., 1997; Mallouk et al, 1999). H| A}z 61 HSP70] W& e A2 A %

9] apoptosisE Z# 3 (Dix et al., 1996), T3k o] wrw A G| E o] A
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Z=(Allen et al., 1988; Matsumoto and Fujimoto, 1990)3} 3] ¥ 3}l
Ho] 9l Aoz 4 Urh(Khanna et al, 1995). & dAFo = =&
Wsto] wE HSP70 family FdAHe] TGS A LR 1H ol A
o =4 #EEIATH

mE ZhABoe] g AEE 2%(20, 24, 28, 32T)o w=EAA
HSP70 family Fxd#te] EdSdE A A3k, 32TolA HSP70
family mRNA @ =Fo] 7b =A YEeyTh o d7h#] Biud ¢2¥s)

of W& HSP70 FHAFe] o] #3 AF=ZE  chinook salmon,

i

Oncorhynchus tshawytscha(Xong et al., 1996), #1759, Oncorhynchus
mykiss(Currie and Tufts., 1997; Currie et al., 2000; Ojima et al.,
2005a,b), Poeciliopsis &2 AFo]F S (Hightower et al.,,  1999), 1|1
Miramachi Atlantic salmon, salmo salar(Lund et al., 2002)% 1A %= 32T
o Z& oA HSPI0 Ao 23 o] =4 yegoern 2 A+42
shsh fAsHalTh

Adurx o2 & e glucoser ~Ed 2o o3 =715 W, Barton and
Iwama(1991)+=" cortisol®] FX=7} =oldd wil glucosed =% 7
oAl = A4S ZEH R o3t T2 G whgdl o 2xukgo A
et BHasAo o]yt Ai= F9, Mugilcephalus(Chang and Hur,
1999), 1159, Odontesthes bonariensis(Tsuzuki et al., 2001), ‘dX
(Paralichthys olivaceus: Chang et al., 2002), A%, Acanthopagrus
schlegeli(Chang et al., 2006), %3] £, Sebastes schlegeli(Baeck et al.,
2014) 5ol A RaHEJ, 2 AFdA= 2 20, 24, 28 18] 3L 32T ol A

217 307 wE AR § AARole B Ul glucosed] FEE XA
t} 20Cel+= 89 mg/dl, 24Tl = 84 mg/dl, 28 C ol 149 mg/dl, 32°Cel

g/dl 2, 20T} 24ColAE= & A7t QA 28T E =

s
3
=
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791 20Cel Blsf oF 20 A= =A dEbwTh ol A= A £
ojAto] HW & W9 glucose FE7F EolAlE AL & £ I 2
Ay 3 W9 glucose 5=7F 32T o]2W thx+< 20CHT ¢ v
< e Eded, 32TdAM Y Areols 23y 2 2Edz A%
S A 2EH 2 g8 F7tE % W glucose] FEol H 3] 3

G v o] v B2 AHE Qo] 4 W glucose FE7F wrol

2 &AdYg 3 B389 th(Schwaiger, 1997). 2 <
Tl HE 39 B FxE (20, 24, 28, 32T)o wWE-zZHA] B0l 9] of7}m]
& zAtH o2 AZG AF, 20T = oprtu]- A 7

ol AAIAQl ®WskE YA ey, Fe0]
ofb7tn] =2 o] ME F|AL, 2% AjH ] & H

& AdllAE Ae & & AAH
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4 Stk

B oAFoAE AARIE fqiatoz e sk(20, 24, 28, 32C)d 1}
2 in vitro’dd AEZMEAHS F 4579 HSP70 family A
(HSP70 4-like, HSP70, HSP70 12A-like, Grp78)9] AU in
vivo Aol d4 U glucose 5% W3}, 181l ofriw|o] zA s
= ZAMSFA T

Zk Al g0l 9] 7k % (hepatopancreas) M X W oA 2 wiste] wE
HAUYAS  xAbsk. Ay RuHSP70 family &z 23e tjx+
(control)Ql 20°Cell~n] & 24, 28Col= A<l wWsr7t §lsla, 32T &=
A FEEE s 4 5 UAATH

ZhA ol o] dF Yol F2wsld wE glucose §% WIE FA
gk A, 20, 24°Cell= A9 WEF gluprl 28Tl & 28 HES
L 32TCel= v dx 78 sk vz volx = As & 5 3

Feod APHoE wBE AARo] obrtule] £H8A BT A3,

o7kl ZZ o] At do] (28T 32T)oll A A& AT

_38_

Collection @ pknu



s
VI. 23153

Ackerman PA, Forsyth RB, Mazur CF and Iwama GK, 2000. Stress hormones
and the cellular stress response in salmonids. Fish Physiol. Biochem., 23,
327-336.

Afonso LOB, Hosoya S, Osborne J, Gamerl AK and Johnson S, 2008. Lack of
glucose and hsp70 responses in haddock Melanogrammus aeglefinus (L.)
subjected to handling and heat shock. J. Fish Biol. 72, 157-167.

An CM, 1995. Effects of photoperiod and water temperature on the
reproductive cycle of the spring-spawning bitterling, Rhodeus uyekii.
Korean J. Ichthyol. 7(1), 43-55.

Arai A, Naruse K, Mitani H, and Shima A, 1995. Cloning and characterization
of cDNAs for 70-kDa heat-shock proteins(Hsp70) from two fish species of
the genus Oryzias. Jpn. J. Genet., 70, 423-433.

Barton BA. and Iwama GK, 1991. Physiological changes in fish from stress in
aquaculture. with emphasis on the response and effects of corticosteroids.
Annu. Rev. Fish Dis,, 1, 3-26.

Barton BA. and Iwama-GK, 1991. Physiological changes in fish from stress in
aquaculture with emphasis on-the response and effects of corticosteroids.
Annu. Rev. Fish Dis,, 1, 3-36.

Basua N, Todgham AE, Ackerman PA, Bibeau MR, Nakano K, Schulte PM,
et al. Heat shock protein genes and their functional significance in fish.
Gene 2002; 295:173-83.

Blechinger SR, Evans TG, Tang PT, Kuwada JY, Warren Jr JT, Krone PH,
2002. The heat-inducible zebrafish hsp70gene is expressed during normal

lens development under non-stress conditions. Mechanisms of Development
112, 213-215.

_39_

Collection @ pknu



Cellura C, Toubiana M, Parrenello N, Roch P, 2006. HSP70 gene expression in
Mpytilus galloprocincialis hemocytes is triggered by moderate heat shock
and Vibrio anguillarum, but not by V. splendidus or Micrococcus
lysodeikticus. Dev. Comp. Immunol. 30, 984-997.

Chae BS, 2001. Elongation of the ovipositor in Korean rose bitterling,
Rhodeus uyekii. Korean J. Ichthyol. 13(2), 111-116.

Chang YJ. and Hur JW, 1999. Physiological responses of grey mullet(Mugil
cephalus) and Nile tilapia(Oreochromis niloticus) by rapid changes in

salinity of rearing water. .J. Korea Fish. Soc., 32, 310-316.

Chang Y]J., Min BH, Chang HJ] and Hur JW, 2002. Comparison of blood
physiology in black porgy (Acanthopagrus schlegeli) cultured in converted
freshwater’ from seawater and seawater from freshwater. J. Korean Fish.
Soc., 35, 595-600.

Choi CY, Min BH, Kim NN, Cho SH, Chang Y], 2006. Expression of HSP90,
HSP70 mRNA and change of plasma cortisol and glucose during water
temperature. rising in freshwater adapted black porgy, ‘Acanthopagrus
schlegeli. J. Aquacult..19(4), 315-322.

Currie S, Moyes CD, Tufts~BL, 2000. The effects of heat shock and
acclimation temperature on heat shock protein70 and heat shock protein30
mRNA expression in rainbow trout: in vivo and in vitro comparisons. J.
Fish Biol. 56, 398-408.

Currie S, Tufts BL, 1997. Synthesis of stress protein 70 (Hsp70) in rainbow
trout(Oncorhynchus mykiss) red blood cells. J. Exp. Biol. 200, 607-614.

Dix DJ, Allen JW, Collins BW, Mori C, Nakamura N, Poorman-Allen P,
Goulding EH and Ebby EM, 1996. Targeted gene disruption of Hsp70-2
results in failed meiosis, germ cell apoptosis, and male infertility. Proc.
Natl. Acad. Sci. USA., 93, 3264-3268.

_40_

Collection @ pknu



Eddie ED and Norman YS Woo, 2005. Cloning and characterization of the
hsp70 multigene family from silver sea bream: Modulated gene expression
between warm and cold temperature acclimation. Biochem. Biophys. Res.
Commun., 330, 776-783.

Feder ME and Hofmann GE, 1999. Heat-shock proteins, molecular chaperones,
and the stress response: evolutionary and ecological physiology. Annu. Rev.
Phys., 61, 243-282.

Feder ME, Hofmann GE, 1999. Heat-shock proteins, molecular chaperones, and
the stress response: evolutionary and ecological physiology. Annual
Reviews Physiology. 61, 243-282.

Georgopoulos C, Welch W]J. Role of the major heat. shock proteins as
molecular chaperones. Annual Reviews Cell and Developmental Biology
1993;9:601-34.

Graser RT, Malnar-Dragojevic D and Vincek V, 1996. Cloning and
characterization of a 70 kd heat shock cognate (hsc70) gene from the
zebrafish (Danio rerio). Genetica., 98, 273-276.

Hartl FU, 1996. Molecular chaperones in cellular protein folding. Nature. 381,
571-580.

Hightower LE, Norris CE, Dilorio PJ, Fielding E, 1999. Heat shock response
of closely related species of tropical and desert fish. Am. Zool. 39, 877-838.

Hutchison KA, Dittmar KD, Czar M]J and Pratt WB, 1994. Proof that hsp70 is
required for assembly of the glucocorticoid receptor into a heterocomplex
with hsp90. J. Bio. Chem., 269, 5043-5049.

Im JS, Ghil SH, 2013. Cloning of heat shock protein 70 and its Expression
profile under an increase of water temperature in FRhynchocypris

kumgangensis. J. Korean Society on Water Environment, 29(2), 232-238.

Iwama GK, Thomas P, Vijayan MM, Forsyth TB, 1998. Stress proteins

_41_

Collection @ pknu



expression in fish. Rev. Fish Biol. Fish. 8, 35-56.

Iwama GK, Vijayan MM, Forsyth RB, Ackerman PA, 1999. Heat shock
proteins and physiological stress in fish. Am. Zool. 39, 901-909.

Kang EJ, Kim EM, Kim Y], Lim SG, Sim DS, Kim YH, Park IS., 2005.
Effect of lidocaine hydrochloride and clove oil as an anaesthetic on Korean
rose Dbitterling, FRhodeus uyekii and oily Dbitterling, Acheilognathus
Koreensis. J. Aquacult. 18, 272-279.

Kang HS, Park MY, Jang JH, 2013. Effect of climate change on fish habitat
in the nakdong river watershed. JKWRA Vol.-46, No. 1, 1-12.

Khanna A, Aten RF and Behrman HR, 1995. Physiological and
pharmacological inhibitors of luteinizing hormone-dependent " steroidogenesis
induce heat shock protein—70 in rat luteal cells. Endocrinol., 136, 1775-1781.

Kim HS, Kim YH, Cho SH, Jo JY, 1999. Effects of dietary carotenoids on
the nuptial color of the bitterling (Rhodeus uyekii). ]J. Korean fish. Soc.
32(3), 276-279.

Kim IJ, 1997. A Osteological Study of Rhodeus uyekii. Korean ]. Ichthyol.
9(1), 130-140.

Kong HJ, Kang HS, Kim HD, 1996. Expression of the heat shock proteins in
HelLa and fish CHSE-214 cell exposed to heat shcok. Korean ]. Zool. 39,
123-131.

Kothary PK, Burgess EA and Candido EPM, 1984. The heat-shock
phenomenon in cultured cells of rainbow trout: hsp70 mRNA synthesis and
turnover. Biochim. Biophys. Acta, 783, 137-143.

Kultz D, 1996. Plasticity and stressor specificity of osmotic and heat shock
responses of Gilichthys mirabilis gill cells. Am. J. Physiol. 271,
C1181-C1193.

_42_

Collection @ pknu



Lele Z, Engel S and Krone PH, 1997. Hsp47 and hsp70 gene expression is
differentially regulated in a stress—and tissue-specific manner in zebra—fish
embryos. Dev. Genet., 21, 123-133.

Lim EH and Brenner S, 1999. Short-range linkage relationships, genomic
organization and sequence comparisons of a cluster of five hsp70 genes in
Fugu rubipes. Cell. Mol. Life Sic., 55, 668-678.

Lund SG, Caissie D, Cunjak RA, Vijayan MM, Tufts BL, 2002. The effects of
environmental heat stress on heat shock mRNA and protein expression in

Miramachi Atlantic Salmon (salmo salar) parr--Can. J. Fish. Aquat. Sci. 59,
1553;1562.

Mallouk Y, Vayssier—Taussat M,  Bonventre JB and Poll BS, 1999. Heat shock
protein 70 and ATP as partner in cell homeostasis. Int. J. Mol. Med., 4,
463-474.

Matsumoto M and Fujimoto H, 1990. Cloning of a hsp70-related gene
expressed ' in mouse spermatids. Biochem. Biophys. Res. Commun., 166,
43-49.

Molina A, Biemar F; Muller F, Iyengar A, Prunet P, Maclean N, Martial JA
and Muller M, 2000. Cloning and expression analysis of an inducible
HSP70 gene from tilapia fish. FEBS Lett., 474, 5-10.

Mosser DD, Caron AW, Bourget L, Denis—-Larose C and Massie B, 1997. Role
of the human heat shock protein hsp70 in protection against stress-induced
apoptosis. Mol. Cell Biol., 17, 5317-5327.

Myrmel T, McCully JD, Malkin L, Krukenkamp IB, Levitsky S, 1994. Heat
shock protein 70 mRNA is induced by anaerobic metabolism in rat hearts.

Circulation 90, 299-305.

Ojima N, Yamashita M, Watabe S, 2005a. Comparative expression anlysis of

_43_

Collection @ pknu



two paralogous Hsp70s in rainbow trout cells exposed to heat stress.
Biochim. Biophys. Acta 1681, 99-106.

Ojima N, Yamashita M, Watabe S, 2005b. Quantitative mRNA expression
profiling of heat-shock protein families in rainbow trout cells. Biochem.
Biophys. Res. Commun. 329, 51-57.

Piano A, Franzellitti S, Tinti F, Fabbri E, 2005. Sequencing and expression
pattern of inducible heat shock gene products in the European flat oyster,
Ostrea edulis. Gene 361, 119-126.

Ritossan F, 1962. A new puffing pattern induced by temperature shock and
DNP in Drosophila. Experientia 18, 571-573.

Roberts RJ, Agius C, saliba C, Bossier P, Sung YY, 2010. Heat Shock
Proteins(chaperones) in fish and shellfish and their prtential role in relation
to fish health: a review. J. Fish Dis. 33, 789-801.

Roux T, Saker A, Leroy C, Frantz C and Michel H, 1994. Low  temperature
nitriding mechanisms of austenitic stainless steels in N2, Nice—Acropolis,
France, 291-299.

Sanders BM, Martin LS, Nelson WG, Phelps DK, Welch W, 1991. Relationship
between accumulation of-a 60 kDa stress protein and scope for growth in

Mytilus edulis exposed to a range of copper concentrations. Mar. Environ.
Res. 31, 81-97.

Schill RO, Gorlitz H, Kohler HR, 2003. Laboratory simulation of a mining
accident: acute toxicity, hsc/hsp70 response, and recovery from stress in

Gammarus fossarum(Crustacea, Amphipoda) exposed to a pulse of
cadmium. Biometals 16, 391-401.

Schlesinger M]J, Ashburner M and Tissieres A, 1992. Heat shock from
bacteria to man. Cold Spring Harbor, New York, 131-137.

_44_

Collection @ pknu



Schwaiger J, Wanke R, Adam S, Pawert M, Honnen W and Triebskron R,
1997. The use of histopathological indicators to evaluate
contaminant-related stress in fish. J. Aquatic Ecosystem Stress and
Recovery 6, 75-86.

Tsuzuki MY, Ogawa K, Strussmann CA, Maita M and Takashima F, 2001.
Physiological responses during stress and subsequent recovery at different
salinities in adult pejerrey Odontesthes bonariensis. Aquaculture, 200,
349-362.

Wagner M, Hermanns I, Bittinger F, Kirkpatrick CJ. Induction of stress
proteins in human endothelial cells by heavy-metal ions and heat shock.
American Journal Physiology 1999;277:1.1026-33.

Wu X, Tan ], Cai M, Liu X, - 2014. Molecular cloning, characterization, and
expression ' analysis of a heat shock protein (HSP) 70 gene' from Paphia
undulata. Gene. 543, 275-285.

_45_

Collection @ pknu



1

Z
™

]

A

A AT W3
Al WA ey
s A W

VI ZAbel 2

N
N -
%ﬂzazﬂfu%}l
o o o C R oo
" w B O o = B @ ® o= T T o
—_ N O} RO iy o C — 0O ~ oy Lt N %
~ o) = oF T xo T w0 o K R X T
=0 ol ¥ W = o X T RO v = {Jo - NF
%%ﬂ%ﬂ?ﬂ%%%s%oﬂ,égﬁﬂﬂm
4] e I T TR = " 7 L B B
= 4 T o 9 i Ly ity G A Gy
T N o e > e X T ol oo W
K J ) et 0 = = 7 = o o o
1LQWﬂa%Ag@¢%a7 v P
1oH W.]l ey 1 o T = o il s a LN ™ Bo HEF Tl it
X T 0 e —— o}l = o R [~ E T
or oF & me X A o ! e 0 x, oA S JLw nﬂ
GI) moglzfﬂ_gﬁ%,_o,eiﬂ.w
zmuugmoﬁwaﬂzI_Egﬂ@%v@%.
XO i T me = n O S = NF i
s 5 E L g 3 Eﬂur.AEE
: @@qm%ﬂ;ﬂ.%”%ﬂg%@g
' E 5 aﬁ_g}Lﬂ&%J P =
TR el b U i oo o w2,k
X ofn Ajm y TR o X AR Ay e LL by 0 2
T o N L e I 0% TR Ay
AN ¢ F Rk X w o oo BTz
- Y w B e Uy o/ W C ] @ X
ﬂ_OI Be E N o_e i T J_,m ) o or d_ﬂ o8 : ﬂe XM ﬂ ﬂl
= & X Ut =Y ) n P Mo W= A o
ol h B  ~aF o R = =~ = = oy Mo
MU TR r3 T o = T up = oy
o oA X I N E T T 2 %
o il Am ol o N ° ®W A T
)| El my o X ]| et 14 " ik W T EIY 0°
) wow M =it W43 ) W TR T "
T om kN = B W g2l M %o ﬁw T . B w=
ﬂa#@_eﬂm@w?ﬂggyﬂoﬁﬂ%ﬂzm
oo NG = = % T ) T o w ow L
A%Mig%z %mwrmmEoToﬂargmﬂ
n & o W = = N i ,,_.? An L.
ﬂaﬁJ%%agz A o
o R T i B o - .
A
T 5D Np o pE
0 ‘q i

- 46 -

q A= o
7]'—1 ]']:HX], 011311/] E,ﬁ A]-

Collection @ pknu



	Ⅰ. 서론
	Ⅱ. 재료 및 방법
	1. 실험어
	2. 세포배양(in vitro 실험)
	3. HSP70 mRNA 분리 및 cDNA 합성
	4. 정량적 real-time PCR
	5. 혈장 내 glucose 농도 분석(in vivo 실험)
	6. 조직 절편 제작
	7. 계통수 및 통계분석

	Ⅲ. 결과
	1. 각시붕어 HSP70 family cDNA의 분리
	2. 각시붕어 HSP70 family cDNA의 염기서열 분석
	3. 각시붕어 HSP70 family mRNA의 조직별 발현
	4. 각시붕어 HSP70 family mRNA의 발생단계별 발현
	5. 수온변화에 따른 각시붕어 HSP70 family mRNA의  발현
	6. 수온변화에 따른 각시붕어 혈장 내 glucose의 농도 변화
	7. 수온변화에 따른 각시붕어 아가미의 조직학적 관찰

	Ⅳ. 고찰
	Ⅴ. 요약
	Ⅵ. 참고문헌


