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Gene transcripts potentially responsive to the heat stress were surveyed by cDNA
microarray analysis in mud loach (Misgurnus mizolepis). Transcriptional profiles of hepatic
tissue in the fish exposed to either 23°C or 32°C for 4 weeks were compared each other by 3
replicated hybridization assays using 1,124 unigene clones selected from mud loach liver
expressed sequence tags (ESTSs). A total of 93 clones showed the substantially increased mRNA
levels (>2-fold) in 32°C-exposed group when compared in 23°C-control group. It includes
various enzymes and proteins involved in energy pathway, protease/protein metabolisms,
immune/antioxidant functions, cytoskeleton/cell structure, transport and/or signal transduc-
tion. Maximum level of increase was up to 15-fold relative to 23°C treatment. Heat exposure
also resulted in the significant decrease (less than 50% relative to 23°C-exposed fish) of the
transcriptional activities in 85 genes. Besides the above categories, yolk protein (vitellogenin)
and ribosomal proteins were notably down regulated in the fish exposed to heat stress. A
number of novel gene transcripts were also detected in both up-regulated and down-regulated
groups.
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AzXE A&2g 24 30~40mg¥ & Ao 2 RNAS
H2a)styglx, £2l"l RNAE 1.0% formaldehyde/MOPS
agarose A7]°d%& %3] 28S 2 18S rRNA band B]-&
S BA3led 285:18S H]7} 2.00] 243 RNA A 29H%
Agel ol galoleh ¥el8 RNA Al 2qse} Sk
DNAZ A|73}7] $siA] DNase | (Roche, Germany) 10
U/ug total RNAL] === 37°CellA] 3087 x&ste]z
DNase® #8435 A17]7] $)aj4] thA] 75°CellA] 203
7+ WA 2 F F9)E RNA A RS =t AF9A
®373 % 7 (Gene Quant Spectrophotometer; Pharmacia,
USA)E o|&3te] ZA3T 2F v=F5 1mg/mLz
EhTS e )

3. EST library ¥ cDNA microarray A%}

cDNA microarray A2 9]s] »|3e}x] 7+ cDNA
library= %€ #1r3 EST FE& |43t cDNA
library= u)Z2e}z] ot 2ufg] 2 47 20tg]e] 7 =
214 &xA] Unizap XR Lambda vector (Stratagene,
USA)E o|83}e] wdulskA] (unidirectional) cDNA
=29e Fa) Aatglon) Azake] ALgel o] A5k
glo}x] Z A (packaging), ZZ (amplification) 2 in vivo
excisiong 43} 3}31t}. Excised libraryS o]-4 oA
SOLR Al Eo]] 7} 2] pBluescript SK phagemid ¥ &
= EST SEE5S Frslgo grd A=xdd 5
£ YAe 2 phagemidE F&3tz WE W multi-
cloning site®] 5 ¢x¢ 9= G714 Yd BAL primer
(SK primer; Stratagene)E ©]-&3}o] ©d J7jAd &
Al (single pass sequencing)E 48 3}¢ic) A7|A g9 2
Mo AEQ7IG A7) ABI 377 == 3700 (Applied
Biosystems, USA)S o]g3lgdon] 13 813 97|A
o 28+ BA ==z @ Sequencher (Gene Codes,
USA)E o]g3te] S 4339k NCBI GenBank
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=4 7S A skl (Nam and Kim, 2002).
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22 gR3lgeh 12 F1E unigeneES WAooz o
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F&atact el s B3 A=z AA7IE AAsE
3 AEolg #3le] cDNA microarray A %}-4- PCR 53
o2 Algslgdn). Z2 4 49 DNA (insert DNA)S =
Z317] 98 =29 WE] multi-cloning site ¢F et
o sl ¥ primers o] 439l om, A3 uks-S 9]
3 Bio-RadAle] PCR A% AH] (iCyler™& o] 4314
24351 ¢l PCR premix (AccuPower PCR
premix; Bioneer, Korea)Z o]&£3}lgjom Hle Lo
50uLz 3t9ltl. PCR 272 94°C 289 Hx WAl ub
&, 94°C 45%,57°C 45% 4 72°C 187} 30 cycle s
Aatgch e 2% i3z gelaly] 919 PCR AL
1ULE agarose 7|35 Sl Flsision A7
4 #Fed® PCR AFEES WAt e=® PCR clean up
kit (Qiagen, USA)S ©]&3}e3, oJod primere} dNTPS
AMAsFIE 4 225l PCR AFHE-2 384 array format
© 2 spotting $JX S AAstT 47) blocke 2 1o
spotting& &3k} vl Feln] FEET A A%
o) = (external control) .2 A}4-3}7] $]3F &% DNA
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4. Microarray hybridization ¥

cDNA microarray hybridization-2 -3 (probe) ] &
]3] total RNA 50 ug=} random primer (Invitrogen, CA,
USA)E o]&, A A} (reverse transcription) ¥H$-8 %
3] aminoallyl-dUTPZ labeling 33t} (6 ug random
primer; 37°C 3 hrs). X% RNA A]2%* Microcon YM-
30 column (Millipore, MA, USA)& o] 8-3}od A A A&
£33 & Cy3 == Cy5 I A2k (Amersham Phar-
macia, Uppsala, Sweden)3}2] ZA3uleS =3+ &
QIlAquick PCR Purification Kit (Qiagen, Valencia, CA)
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% ol g3tel A AAE S §2 A28 Cy3-
i Cy5-%A] cDNAZE hybridization €< (30% for-
mamide, 5X SSC, 0.1% SDS, 0.1 mg/mL salmon sperm
DNAJOl @etat ¥, mEAlek 2 ¥4 Amzke] WA
=% FUA 24st] EFSATS. B4 A=E ol
23}ed microarray <gleo]=2}2e] hybridization -2
S x3t9l o hybridization2 42°Cel|A] 16A17F =
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microarray <@lo] =2 scanningd}ed (Packard Bio-
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Instrument, CA, USA)Z o| 43l G-} wha v|E 2
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cDNA microarray hybridization 3¥FE- 2A] 7 ol A
20l o] ike] AAL W Frbh AR FAAE F 93 %
2 Yelgth o]lE #%AES Gene Ontology (www.
geneontology.org) +41& &3 7|5 clusterings 4
Aaleon 7 agel Sel §AAE) A A% &
= (putative annotation) Z#}= Table 14 YR}
Table 1o|A] ®.Xo] ou]x] YA} (energy pathway or
energy metabolism)e]] 43l &42 ots3sl= GA
A7} &= 213, s o)A} (protein metabolism)Zol] <
e A} 13%, WelR S0A) 1% Az 2
7 (cytoskeleton) % = A FAA} 5%, a3t
=24 AL 4%, BASS A §A1A) 5%, 4
A W M=z AsAG (cell signaling)el] Tedst= §-- =}

7} 6%, 18l A& B[t o3 RS 4%

=

= AL
-HeH - dSFT

=

2 etk ma A7) 7)se] ezl Ak (known
gene)2loll GenBank DBej] UX|HA] AL} i 37
A vl (alignment)E FA3te|ete 1 7)) o}
B-E93 §4 2} (unknown gene)E-o] & 24% FAF Q]
o} (Table 1). 28} gt oz 2% 3¢ 98 f=
WS Hol= 7oz dEx] 9)E heat shock protein

(Hsp)5-< 2 microarray 34 A] §-2]%ql W& =r}

»= 723} (normalization) & 23°C
of FA1¥ Ade] B 32°Ce| A7) (4F) &% A
ofol| A Z 4 2wl o]AFe] mRNA fFo] F7Hd 31}
24 2 37 F2 Hd 1574A] fFFH S (un-
known gene). 7} =2 AAL W e Bl fAA
E2(>10u) oF#] 7%l A A &S FAAE
(unknown genes), B4 (complement) &3 FHA} 2%
(BA =4 d# A, complement regulatory plasma
protein @ ®A FA wA C7; complement protein
component C7), transketolase, keratin (A 2% FA +
Z i) 9 AAlzA A (CBP/p300 interacting
transactivator) 52 +33}5}l= S-S |9 2] o]
A kel kel AA A 9] oF 9%el sE
o 2 gg =2 3d e JER $AAES(>5
w]) 7]% w]&el 4=} AHE-(unknown gene transcripts),
lactate dehydrogenaseE $]A|3t energy QA 7 =)
&3l AL, §HAEl &4 13 (glutathione peroxi-

dase), fibrinogen 5-2] 2% 9l A}=- (coagulation factors),

a8]x B2 44 7]% (transport activity) & zt= dx

A o] £ groupel] ekglom A Frkre] 25%

2 Ak A fREe) $AAELS 250 2

e B FAAEEA oJES DU B 5 Akl
1)

= ~—
st DS, PAS EaE, EASE O
,] [e]

2) YA ARE (energy pathway) T3 &4 2
whil o)A )

A A=zl Tl FATS D44 E A (dehy-

drogenase), 7}4%3] &4 (hydrolase), AF3}3Hd & 4
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Table 1. Functional clustering of highly up-regulated genes (>2-fold) in mud loach liver during chronic exposure to
elevated water temperature (32°C)

Putative annotation Fold increase

Functional clustering

Enzyme (energy pathway)

Dehydrogenase/oxidoreductase Lactate dehydrogenase 8.1
Pyruvate dehydrogenase 6.5
Aldehyde dehydrogenase 7 family 6.1
Glyceraldehyde-3-phosphate dehydrogenase 4.3
NADH dehydrogenase subunit 5 6.7
NADH dehydrogenase subunit 4 6.2
Probable oxidoreductase 7.1
NADH ubiquinone oxidoreductase 7.8
Hydrolase Chitinase, acidic 6.6
Phytanoyl-CoA hydroxylase 3.5
Prolyl-4-hydroxylase 4.4
Others Fructose-bisphosphate aldolase 7.1
Flavocytochrome b-558 alpha polypeptide 3.3
Arachidonate 12-lipase 2.2
Prostaglandin D synthase 2.1
Creatine kinase 6.5
Dimethylaniline monooxygenase 4.5
Enolase 1, (alpha) 9.1
Galactosyltransferase 3.6
Formiminotransferase cyclodeaminase 3.3
Cytochrome P450 3A40 8.4
Transketolase 11.2
Protein metabolism
Protease activity Plasma hyaluronan-binding protein 2.1
Chymotrypsinogen 2 3.0
Trypsinogen 2 3.2
Prolyl endopeptidase 2.7
Cullin 3.3
Ubiquitin conjugating enzyme E 4.0
Coagulation factor Fibrinogen alpha chain A 6.3
Fibrinogen alpha chain E 6.2
Coagulation factor IX 7.4
Coagulation factor |1 6.9
Coagulation factor XI 4.1
Others Protein disulfide isomerase 33
Crystallin J1A 3.0
Immune response or related
Complement Complement regulatory plasma protein 12.4
Complement protein component C7 115
Complement component C3 4.2
Complement associated protein 4.1
Lectin C-type lectin 3.3
Anti-freeze protein like protein 2.2
Others Chemotaxin 21
VHSV-induced protein 3.0
Toxin-1 3.0
Tumor rejection antigen 2.4
Interferon inducible protein 2 3.1
Antioxidant function Omega class glutathione-S-transferase 3.2
Glutathione peroxidase isoform 1 6.1
Glutathione peroxidase isoform 2 3.2
Superoxide dismutase (Cu/Zn) 2.1
Structural or cytoskeletal protein related T-plastin 4.0
Vitronectin 3.6
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Table 1. To be Continued.

Keratin 18 13.2
Thymosin beta-12 4.4
Actin related protein 2.1
Transport activity Ferritin H-2 6.6
Aquaporin 6.4
Exocyst complex 84-kDa subunit 6.2
Perforin 7.1
Serum vitamin D-binding protein 3.1
Receptor, signal transduction or cell Cytotoxic cell receptor 3.0
communication Chemokine (C-X-C motif), receptor 2.1
Dopamine-beta-hydroxylase 2.4
Calmodulin 3.0
Stress-induced-phosphoprotein 3.2
Insulin like growth factor binding protein 3.1
Unclassified or miscellaneous CBP/p300 interacting transactivator 11.5
Fetuin long form 3.2
poly (C) binding protein 2.8
inter-alpha globulin inhibitor 2.4
Unknown
Hypothetical® 9 genes 2~10
Weak homology® 12 genes 2~15
No match® 3 genes 2~5

2Significantly matched but protein function has not been clarified yet
®Weak similarity with e-value higher than 10™*°
°No hit from BLASTX search against GenBank

(oxidoreductase) @ thof3t thAl HH aLER TR 2240 AL W ZUHs a5 AeolA] S84
S glglem ol energy #l EAES) AR F7h Ahs) AV Ak 2] Z7b2 A% w2 AbeA
o Fi7E el H&EHA A AA A A <+ AARsEAL Sl

o] S7F nbedsia gl e skehEn) (Vornanen et A dabell Fdke A A A )
al., 2005). &44 & 4 (dehydrogenase)E-2 lactate A (protease activity)g zt:= sl =3 2-x19)z}
dehydrogenaseS $]A)sle] ofe} AJEIA AE 20 (coagulation factor)52 ¢353}3l= xRS 71
Wesls mAEE okeld glw(Schulteetal,2000) = e AAFRAS] Z7bE dehgeh ok £x Aso
el 9] pyruvate dehydrogenase @ NADPH dehydro- 2 olgt whild tjAlg-2] Z7lel] 7|¢lslE= Heow ot
genase A AJA 2] o x| YA (ATP pathway)el] F =u, 3] cullin @ ubiquitin conjuagating enzyme E2]
75 I Zatelt steEslas F phy- 73%- ubiquitin So]X ¢l =il RS HHEE
tanoly-CoA hydrolases} 7]e}2ell 7% arachidonate 2l S 2 A] proteasome?] FA I gl Tods}H,
12lipaset AR AL Felshs maEEA B Eh oE $AALRY 2k £ A5 AT 24 A 4
FAAEe] folAl AAbTde] Wk L= gl S 2Ed (oxidative stress) 3 A G E
olsf] x|& Ea}=2] conformational change W choles- (protein turnover rate)2] =7} z ukedsta qlo}
terol content W3} o] of71€ & 9l&S AARRIAL % (Farout and Friguet, 2006). 2 o] & <A <lx} ¢}
o} (Buda et al., 1994; Robertson and Hazel, 1995). o|n] o] Fx7} Al vl 9lo] o5 <AE2] A FE 7]
25 W3l 2oJs] =& Al homoviscous adaptation Zboll HIF ARV wE &Hxz =AFHT glor}
o] dslozm o] AET Fo FA 249 QARA (Hanumanthaiah et al., 2002) o}%] WH-eFEo] 2-Auk
(phospholipids) 5] 72 Wsl7h 4gel el olet & Azl BAZ)as Lxsje] gAAAe] U AT
(Hazel, 1984; Zehmer and Hazel, 2005). =38} 7}4=23) = uln]gk AA oo}

&40 934l prolyl-4-hydrolase?] 7-$- #*]AFA (hypox-

ia) W3l Sla) Wae] e W Aoz YA ) 3) Welda W st mx HAA

©m (Siddiq et al., 2005) ¥ <1<l A prolyl-4-hydrolase Hagy duAE F wH 2A oA L 9 wH)
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TFARARREES] AL o] foxoz Apately w3t
™o =4 ¢ &} (immune modulator)i gt Hew
a2x 9lE C-type lectin Al G 2] FAAE, 28| 7

%ﬂl

Hhgol Felshe DPHMEA MRNA 4-%¢]
WA Z7hskedek wAE AEATL A58 A 27 0
o Alxgloza AEEre] AAA el 7)ol o
A9 48 I AT Bo ¥5 W (acquired
Feigels A7AIT} wasle] 4A

17558 QA AAFE AA
Hlo] w2 A Aj=2o] Z=HEHT Qlt}h(Boshra et al.,
2006 8 oz} 54 AT AGAL dpelslel
£-3] (bacteriolytic) 84S zk31 §
Al BaEe] Z #HA1E wke n} °}E]—(Nikoskelainen et
al., 2002). =3 HA A|2€2& 217} HY (autoim-
munity)el| = e dto] B 7% o] 9)e] (Rus et al., 2005;
Seelen et al., 2005; Ogden and Elkon, 2006) 2142 AE
Yol 2% o] F A EE2 A ZAME (apoptosis) 7+
3 FhsAe Ao AAST SiEh Ctype lectine
AZ2) A7 (self) 2 W1 A7H (non-self) 1ol %8
T AU Felel Bege) 2dd Helsin Uy
lectin (manose-binding lectin)E-2 ‘anti-microbial’ 4]
Al zt= Ao=m wE H} 9Jv} (Jack and Turner,
2003). 53] A7) BA| A2"E A7 d4H<
7S Hdshe Aoz d#A gle] lectin gl BA £
Az d Z7F 34 putEE B AT AdE 2 H
w13l 9o} (Fujita, 2002; Fujita et al., 2004).

o5 Wl # WUAE slo] w e A o] o
Wz el AL &4 (antioxidant enzyme; AOE) A] 2~
We) G184 AL B o) Zobssieh me e
2= o)fo] thokgt zAel gle] BAAL (reactive
oxygen species; ROS)S 1A 7]H, E3] 7+ 24| Y] A
v}e] Ak3} (lipid peroxidation) & of7|X|Zl o 2 4] A3t
ksl Aol o tolAA £F A B A Ao
7} oF7]%l} (Heise et al., 2006; Lushchak and Bagnyu-
kova, 2006). ¥ < F-o|rE= o8] AOE & E3] super-
oxide dismutase (SOD), glutathione-S-transferase (GST)
2l glutathione peroxidase (GPX)2] A} wao] 7}A+
freld oz Z7kelltt. SOD2| 79 ROS A|71¢] Al1Ad
o] #+8-3}%= scavenger enzyme o 2 FAAAE H,0,
2 AHAIANI= F9) S FEh (Zelko et al.,
2002), GPX¥x 27l 9] glutathione £2}& o]£3}e] SOD
o] Zulel] oa op7]E H0.% & ¥A2 AP
24 A e AR AEHAE A A ' (Imai
and Nakagawa, 2003). I3t GSTS] 74$¢ 94| gluta-
thioneS o] 8-3fed Tpofst GAAA 7|9l F5EAE

immunity)el] =

rulo

rl

H

o

< FEIA7IE AA W] §AxHe] dFoz odEA
g1t} (Oakley, 2005). watA] o] 5 A 3L &4 SAR}2)
AANA F7= 1ol xE2d Algele] =2 W Aks)
A 2EHAVE fFoH R FUHENSE AAA

el 2 ¢) o™ (Cho et al., 2006), 3% o] F

T BAEY AAG EAAEY] ATFE 5
2 Ea _LL% o] F &2 Wl FAAkA Aol st B

A
ANG ABE FAT 5 e Aol

Az vl FrelE e nAE Aoz e,
HEEEY A% 2 Fo 2= Wi}
A% AE 53 Az T4 4E 9 Fx Wb &
W ogo] XuE up glowm (Dey et al, 1993), & <ol
A= actin &3 g AE 9 A)sle] keratin 2 thy-
mosin beta®} Ze ME T3 AT $A 2 Gt
TFz AL 78] 3 vitronecting 22 A E 7] 2l o}
ul 2 (cellular matrix protein) W A 22] A2 2 §-X]o)
Freddhe T-plastin 5 732 shfz o] whalg W3yt 3
ASgleh. ol g AEe ) wAse] Wi £E
Az A Wskel GA sk Ao 54
(fluidity)o = 33F& 7]A 4~ 9lv} (Zehmer and Hazel,
2005). & A A GA] A7) T2 YA EL] wste}
B Az B Sdel sl wHAE (transport
activity protein)¢l aquaporin (water channel) (Borgnia
et al., 1999; King et al., 2004) % exocyst complex 84
kDa proteinE2] A} wale] §-o)Ael =717 Yelyt
3 oobge BA 243 A% 7se S BT fer
ritin®] mRNA 9 4] &7 Z7}5 it} =31 exocytosise}
37 cytolysis 7|52 5oz Az Abd Z=E (cell
death pathway)el] 23 93g =}l perforino]
o)A o7 =7} =gl (Catalfamo and Henkart, 2003;
Hwang et al., 2004).

o)

PN L

He
A 27hsl WA AE SEAME A5AD Bl S
59 AALY 7L JAAA. QL5
(cytotoxic cell receptor) 225, Ca®t
AN zADETe] chl "ol calmodulin, /\Eaﬂi Al s A
o] Tedsl= stress-induced phosphoprotein 2 dopa-
Jla Az 23t gl Al it
+= IGF-binding protein5-2] mRNA Z7}7} 312 xZo
g8 fEHE Aoz dehdor} ok o wuAs
o SR o= Wl el oW A4 W §us

mine hydroxylase,
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p

e

gk Abel) o]} (Johnston and Dunn, 1987;
Gerlach et al., 1990; Gordon and Leon, 2005). F=3F o}%]
A &3t 71%50] BAEA] E3F hypothetical polypeptide

Ae 254

£ I8]3 NCBI GenBankAtell 555 gl F32H
A e} A A5Ade A e Al RS
A o] F5 o] 52 729 7l dF ATE 3
e AEY 2 Hhgete M2 A 24 wEe
Fsd Aoz 7dEg
2. Z2AFo W3 23 7H2 (down-regulation)
TAAEe] T4

1) A 2R Fx fARe EF
4

I AEH N xEF Aol 2k 2AA §-20H
oz A} Aol Pashs f44 A salEglen
23°C Tzl HlF 50% o] 4} o] Hash 4
t % 85%2o2 uUehgdt(Table 2). 3443 FAAES
3A &4 (reductase) 52 33 o] 32 &8

FA 12%, 41X A 43 vitellogenin A -4 3
= xq]g._ A]_—Q—_z-]%oﬂ .»}o:]g].__ u}uu;d 3%, A =A-ct
Wz 2z wWelgs chilla 4% gRE oz 52 9
18t 7% SR HAAAE 37F 0= vehge) me
o =ZHAE Al A LEe vt 7t wel (0~
10%) F}Asl= vitellogenin ©]3 HARA] 2
%, sterol C4-methyltransferase, ornithin decarboxylase
2 ujgkel 7 il 52 Eske] % 67) (6/8=7%)
Aot AA}F Wl o] 23°Col| M]3 20~30%2 FFA3F 54

N

t:

DZO

=l

= o
cha g

AE-2 landosterol synthaseE =33t &A 7, vitel-
logenin AF-A) 1% 2 AxlzAd szl bromod-
omain-containing protein 1< 3233t 97} (10.5%)=
vepdoh =3 30~50% Fo 20 A4As Bl A
AEe Nz BE A BREd ek U Bua
¢ gusteln gglen, 53 ug SudEel o
i E g0l Sk 1y 1 w4 fofHe
2 0ge] Aashs fAREe A9 Z7hzel we )
gl 7% §AAEe) wgol w7 Vepten 7Azte)
FAREL] ZA B a2 zhe] WEke Al
HA 2] FH 2 obd BRI

2) vz w8 3=

T AEF ] x=F A

T Holx ovA] I aAES AL (reductase),
eelil & 4~ (decarboxylase) % o] & A4 (transferase)E
o] F& o] Fch wd s vehd FYEAELS o]
T whizle] F 28917} peroxisome X AZA

-

3

AL
T

el 54 ep)
21t} (available at http:/Awww.hprd.org). Ornitine decar-
boxylase (ODC)+= polyamine®] AJgA & 7| A5= &4
i/\ﬂ Al A}, k8- A ks 2 polyamined] AW 4=
5 e 4B A3 o8 NAT AR
?ﬂ o] ZfFelA i—Lﬂ‘ﬂ %At} (Schipper and
Verhofstad, 2002; Pegg, 2006). o] Fo|*x] = zebrafish
(Danio rerio) 29& o] 8-3}e] ODC ¥&9] in vivo ¥4
o] elEe] ZfFelA TR E 78 L 7]te] o F
ANM= A BAHe glgo] #aZl ¥} ot (Hascilowicz
et al., 2002). =3t 172 272 ~EH 27} polyamines]
AL3tE §kglo] W 1E|o] ) ov} (Harari et al., 1989)
ArzlEl polyamine?] ##Ho| o]F A =ZuW ODC anti-
zyme frxof] WA= el HeiME ¥ A7 He
3l A& o]t} E3F phenyltransferase2] U<l farnesyl
diphophate synthase2] 73-¢- 2 &40l 23] AYA=H=
farnesyl diphosphate (FPP)7} =E-#]322] cholesterol2]
Aol o] 4EHE B HE wHT uf 3ol A7)
7k M E W cholesterol T AFS] W3} 7154
< AAketar sl of2® ligase?] UE<l glycogen
synthase 2+ glycogen A 3Al = UDP-glucose®]
glycosyl residue= alpha-1, 4-glucane]] 23}:= wreg
ol 42 4] (Weinstein et al., 2006; see also http:
Ihwww.hprd.org), & &40 AALA ZHae o F7F 12
£ol A5 AN A0l S o
2ol 4] glycogen®] FAnchs AT ko olix
A w2 A o] g3tr] Wil Aow ek L‘:}-

(endoplasmic reticulum; ER)Ql 3%

ul

il =]

1_'6‘

x2d oF

3) b/ A A2 2D vitellogenin 37}
EEE % AEe] A e 7l AlE 22 2

AJ (cell adhesion activity)& EA]e] zt3 )&= cadherin
179 A} alo] g3 FasE Hew vehy ne
Aol A v et MEe] =y Tz w3 7].‘_—4A-1—— A
Absta glom =3t cholesterol T Alel] =
oA el e e ‘ﬁ

}7

-

F2] apolipoproteinE-oj| A] )
ﬂEMc}(Malik 2003).

] o e Tl
V|tellogen|n.4 F4338 AAL A 747 IdEE 9T o
Froll Qlel 4 270 o] Ak9] vitellogenin f-42k7F &)
o] Aol o s|AkelFl FE (Pargus major)ol]
Al g8zl B} gl om (Sawaguchi et al., 2006), 2 1 F-¢]]
/‘iE X2 o2 vitellogenin AARA| 7} 3% a5 o 24
E2 9B 37 x| U3t 2 ArA 289 Eo|A
Wy )2 gt ] deAel ‘H—rﬂ‘”‘:} I3l = &
5

sta. 3272 vitellogenin AAA| 52 =5 32A )

- r&J
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Table 2. Functional clustering of highly down-regulated genes (<50%) in mud loach liver during chronic exposure to
elevated water temperature (32°C)

Functional clustering

Putative annotation

Relative mRNA level (%)

Enzyme (energy pathway)
Reductase

Decarboxylase

Acyltransferase
Methyltransferase
Phosphotransferase
Phenyltransferase
Mutase

Synthase

Ligase

Transport and/or cargo protein

Yolk protein

Signal transduction or cell
communication

Transcription regulation protein

Immune response

Protein metabolism

Ribosomal protein related

Others

Unknown
Hypothetical®
Weak homology®
No match®

HMG-CoA reductase
7-dehydrocholesterol reductase

Ornithine decarboxylase
Phosphatidylserine decarboxylase

Dihydrolipoamide S-acetyltransferase
Arsenic methyltransferase
Phosphofructokinase

Farnesyl diphosphate synthase

Lanosterol synthase

N-acetylneuraminic acid phosphate synthase
Glycogen synthase 2

Cadherin 17
Sterol-C4-methyl oxidase
28 kDa-1e apolipoprotein
Apolipoprotein C 11

Vitellogenin isoform precursor 1
Vitellogenin isoform precursor 2
Vitellogenin isoform precursor 3

RAB1A, member RAS oncogene family
Protein tyrosine kinase
Tyrosine kinase 2

CCAAT/enhancer-binding protein
Bromodomain-containing protein

MHC class Il alpha chain

MHC class | antigen

Macrophage maturation-associated protein
Dendritic cell nuclear protein

Coagulation factor V

Surf4

Ribosomal associated membrane protein
Laminin receptor 1

Ribosomal protein L3

60S Ribosomal protein L10A

Sorting nexin

DNA topoisomerase |

Tubulin alpha 6

Cold inducible RNA binding protein
Collin

12 genes
21 genes
4 genes

35
30

9
25

29
34
28
42
21
35
35

33

6
41
50

9
5
25

35
31
33

49
27

32
35
30
29

35

41
33
39
36
51

35
45
41
39
36

3~27
11~50
35~50

#Significantly matched but protein function has not been clarified yet

®Weak similarity with e-value higher than 107
°No hit from BLASTx search against GenBank

ol folHel wE g Jehided ol mlEt
A2] QFA% Hwr} 25~26°C o] 4Fe] THLoA:

AR E3t invivo A¥ ZHiel dA|F 9ok
(unpublished data). ¥qF o} g} =l #}3] o} (Oreochromis
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mossambicus) 74 & ul) ¢F (hepatocyte primary culture)
Al BEA Lx oAkl 1 z7|A] vitellogening]
A o] 7+AE 31 eelpout (Zoarces viviparous) $=Z ¢l A
+= 50kDa vitellogenin®] W& o] 23} <3| uha|E)
gto] B Ho| B JAFZAFe $AFSISIT (Larsson et
al., 2002; Kim and Takemura, 2003).

4) AE AzAL, dgAd 2 SRV Az
A=z 2sAdd, A 2 24 ol 9 Hd 3y
A FollA F 97 FAAES] mRNA 0] 12
oA felFRez Frasig o olE 7 FHA )%
I 2=ee] AEst ARAALE oFF] & 5 ol AdH
o]t} Rab2 RAS oncogene familyol] &3} iz
FAA 9} 2ZA NN F2 243 GTPase] UFo
= motor protein-mediated transport 7]%2& w3t}
(Deneka et al., 2003; Jordens et al., 2005). 121} o}%]
o] § Rab A& AHAEE 7)%5] HelME B <
T7F HedAl X3 AAelw. gt HARH [FHAATE
2] 7% 39 =3 (antigen presentation)el] =23 9%
£ 3}+= major histocompatibility (MHC) class | & 11 &
T A, 28]z FAAAE # A (dendritic cell
nuclear protein)ollA] F2]A oz HApts o] 7}4s=
Roz Yeh} 9A] 12 =& A] BA (complement)E
o 4% AAFAY Fh dzEs JEde
(Groothuis and Neefjes, 2005). =8t 3712 % A] fj&
‘:'.9] 2°x °1x}£(factors I, Ix, X1 fibrinogens)O] =

N
N
_?L
1r
l:‘.
(Z
2o
0
m&
_,>i
<
rle
O
L
Zi
0
o
e
0
_>.i
>~
>
U‘.
g,
el
T

010
O'n"
E
N
N,
o -
3:

ool M WeFEe AS
Ao =712 <13t el 7] (translational machin-
ery), & PnF B ARES A W= F7HY
Aoz dasidont, a4t 2e) 32°Cel 221 o
7ol 79 EAE 2E g AEe] wde] 23°C
o V3 A ARE 2 ATE ebhsle) 2o
o PuE wAse] L HdE 2 A9 o
Folx)x) 23 AAomA FF 23CHE NG 2=
o] AAS ol gdtel eluE whuAEe) B 9
of 54 A = 24 ¥ $HY 2est Qe
° b

%H&X#zi i

oc
]

- Us

ES
£ 7)%} (compensatory mechanism)2] d3lgl 7oz of
7AA 2 ¢l=k(Vornanen et al., 2005).
2 9] Zler AAPEE Zhav) BRE SARES o
7)%-0] A &a}A] k-2 sorting nexin, DNA Ao 2
Z 9]l topoisomerase | W A ZFA7]%2] tubuling
w3k Qloish obeel F ER) RNA 23w
cold inducible RNA binding protein 2@ collin ZA}A)
o) e 2NN folHoz asilen o F 5
3] cold inducible RNA binding protein (CIRBP)-2 *|-&
(hypothermic) AJeiol Al RNAS] A B9} <43t
WY (translation) = 7] ©wsl:= RNA chap-
erone thl A 2 odejx] glom, dB = QJEH e
P 2o = vkesl= Aoz odelx gl (Pan et al., 2004;
Peng et al., 2006).
# Q72 F9 ud 444 9

i (o n& —{> lJ

B g 1) B o

Fo) 444 0Y 2L AT 9% Lx 24 xeo
W] A wak ohel 2) ek B4 £4A o1 F (B

AwA 2 o] 437 QM B 4
A 2 $AZES7E] networking AR 2A A1y} Hap
E}"F“P %PU} b2 U}".}ﬂ L7 xﬂ} /\zoam

RR

H 9

SEvet F8 w4 ofF<l v FeHA] (Misgurnus
mizolepis)E A3 RH=Z o]83le] APH o=z HAI
& xF(32°C)el HeolHoz ubgde fAAE
cDNA microarray %42 E3)] =A3s}lgit}. v 3tex

%A expressed sequence tag (EST) d| o] Ejw] o]~ B

< E3] 1,124719] unigeneE& A3led A2 cDNA
microarrayE o]-£3}e] 23°C % 32°Ce]| 4537t =
Agele] zh(liver)z=2] 2] AAl Wy e 3uby
shoach. oheFst A Akre] 32°C A eFel| AAb
ol 3 = A o FAS Bolon 23°Cel v]3)] 32°C
oA 2uf o]AFe] W FUtE Bl FEES F BF
F2A olUA] AL, i A, WS8R )% Al

—_

2 A e

de w9

[ 1)



ojRatx] I 48 RHKIL| cDNA microarray &4 75

=
Ao A7) s EFelel vitellogenin A
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#2E 9] 31, vitellogenin Az el A 7} we
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