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Transcriptional Response of Major Antioxidant Enzyme Genes to
Heat Stress in Mud Loach (Misgurnus mizolepis)
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Expression of major antioxidant enzyme (AOE) including Cu/Zn superoxide dismutase (Cu/Zn-SOD), catalase
(CAT), glutathione-S-transferase (GST) and 3 glutathione peroxidase isotypes (GPXs) at mRNA- levels during heat
stress was examined in mud loach (Misgurnus mizolepis) liver. Based on the semi-quantitative RT-PCR, real-time
RT-PCR and/or northern dot blot hybridization, the antioxidant enzyme genes were generally up-regulated during
elevation of water temperature from 23°C up to 32°C. GPXs and SOD displayed the most significant elevation of
mRNA levels (up to 3 and 2 folds, respectively) while CAT showed the steady-state expression irrespective of ther-
mal conditions. GST represented the relatively moderate response (1.3-fold increase) in its transeription to thermal
stress. The transcriptional activation of AOE genes was not significant at the treatment temperature lower than
29°C. Increased mRNA levels of GPX (extracellular form) and SOD genes in the fish exposed to 32 °C was readily

detectable 1 day after exposure to heat stress.
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(biological stress index or biomarker)&A]
100 of-ge] o]2]d ks g4 X EF o]
5& 279 AFI}IA she AEe] &
(Klumpp et al., 2002).
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FE ol&s 54 2d 9 37 Sl
7t = e 9k Ag-Ee]l AIRET T Whitfield and
Elliott, 2002; Cho et al., 2005). 523} ¥-25 5 (poikilotherms)
A oFE R 2ewst)] il A REE AH-gshe 714
Zha1 glom offel M2 EE AL 2% Hil= ofF Al
W Ak ddol] A IS vXA =L oj#dk &
Hslo] ot G2 Hd g Hele TF o)Fe A
7158 FHAT. v R FA% 25 ¥t B

)

N
ot

ot

H,

(o

o]

e} 24
217 i o

D)

YIL,

3

e

#

w
=

Koo

284

o



158 Z9M | o, Held

s O L

HY ool ZA 9] A7 =& ofFf AE W
Alzet el dEo] 2 WAL B8 558 X3
St OiAte)] Tshs B
7} ol ME & 24 W lipid peroxidationg $A)3 o7
e 2EeE fd AR 28-S ATH(Parihar et al., 1996;
Hwang and Lin., 2002). W& £ 2E#H 20 =& A] 3hiks}
715 FAAES] T wslo] e AR £ 29 Wl
ek kA offe) Aelshy 2Ed) 2 We-S o)sdhs ¥ 4
3 A8 2 AT 5= ATH(Chen et al., 2003; Heise et al., 2006).

B AFE $Euet £ e ofF<l v RekR (Misgurnus
mizolepisy& ecotoxicogenomic model 48 24 ojF&Z s
at7] 9k Ave] dskoE HFA o AR 42 s o
gk ksl fzke] Wl RS BT EXR 2= wisle ¢
3} op7|H = MY A 2E#H 2 AW HE V|ES g
szt sigich & Ao APSE AT HwA 48
o] AA A7, 4% ot 71 (induced multiple-spawning)®]
g9 2 A AyEAKwhole life cycle)] €018k A8 #} &
A R FEA B2 S 21 S Wk opat A
g, FAAEY, dbEST #st e BA4/2% 7es0] 4
Hol Jth(Nam, 2006). ©]ol] & AFdM = nvFtetr] 2+ &=
Ao zRE Fu]o] = expressed sequence tag HOIEIH o]
Z:(Nam and Kim, 2002) ¥41& 53 8 $itsl 715 4
23} internal 3T FAAFES A4, ©)E9] transcripte S
AFsle ¢ e 248 /e, odd 2 k] =
H AgojoA kst B4 FA2E2 mRNA £ S48
7¥etarzt skt
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RO
HEo
2 A7) A APl vEE RS %3t
FAAEFE Ard 2 PR s Fet ARG =AT
Zx(Institute of Marine Living Modified Organism; iMLMO)®]l
A RASA AojoRRE ABAE FES Bl AN ¥
g 5719 © JHAES o83ttt 2% A4S AH-E
AL AAT He 11 g WY ARES ol &kt

ghitst FMXE 2 internal control FRIX}

£ ATE sl AR 3haksl f-d xS superoxide dismutase
(SOD; Cw/Zn type), catalase (CAT), glutathione-S-transferase (GST;
class mu), extracellular plasma glutathione peroxidase (GPX-ex),
cytoplasmic glutathione peroxidase (GPX-cy; alpha class) %
phospholipid hydroperoxide glutathione peroxidase (PH-GPX)
A o]8 F7IMEES B nHEA 1 2A g UdeE
2% expressed sequence tag database (ML dbEST)] #4-2
o) s E Fdxte] thHolI T (see also Nam and Kim, 2002).

d, A%, 3ad

Redundancy ¥ contig %412 Faf 7+ 34kt HrAAt GHEY
assemblyS 31529 71 71 F71ME AolE Zh= contigE:
’d .2 NCBI GenBank (http:/ncbi.nlm.nih.gov)2] BLASTx
search® 53l &4tsl §-42; 7159 annotation A ZA3E -
e-value < 10% o]’ contigths thdoz AMEe F33H
oh Al G EE TR Thkeh Hole] d9EE RT-
PCR % probe A|&H&- oligonucleotideE A 2Hgt & wf2}A] 7¢
Z7 total RNAE ©]-§-8F oJH] RT-PCR 2 3& &3l 12 H7F
& % primersS #HE Adslith(data not shown). oF&E]
mRNA Az A& 9] normalizationd )3} internal control -F-21
2H8 R3] 9E) A webA] EST dlo]Ew o] 22 5
internal controlZ AM- 7158 A 2.2 o) A}E beta-actin (B-ACT),
elongation factor alpha (EF-o) 2 glyceraldehydes 3-phosphate
dehydrogenase (GAPDH) FHAFE-E 73719 HAKSE o=
A3l o, o182 degeneracy primerE ©]-8-3lo] 2R3 1]
T2HA] 18S IRNA G7 1M & o2 on] H7HEES HA|
3 & 7} oFg A9 internal controls Agh, A #E A o]
L3190k A= F42 2 B o] &3 oligonucleotide
primerS-2] A ¥ Table 19 VERASITH

2 X2 Mg
Agojgo] A7|7F 120 =&HYL u) kst a4 F4
Z}e] wa oRAFS 12} BASATE AFSLE 20~23°ColA &

At wHeRR] A ES dFoR AAF 11 g W 7HA
S8 sl on 32 AT =EAI717] A AY FRol &
A717] f1EiA 50 L o3 A3 2 o(R =T T 38
ARG £ 2} o 1208E 8810 257k 8 IR
AARsA &5 717 B 522 23°CE fAE e

FE AR EAE, NS 63/9 M FFEIAAL
A 20%4 BT £8TIke] fEE AlF I =
AL 23°CE FAStR e UHA i e Al 3°C
A=A A 320Co) R EE St 22(32°C) A0 =
F AR B 2E 248 FASEA ol 2= HAk
£0.5°C o= A8t} I =S F3shz Ftil=
Al 4Y 63] Yo FEAIEE FEIINL AEF AR RS
719} FUEA FABIAT). 47700 2= A7t A8HUA 2
FXERY P S TR s 3 SR rEe
ZHliver)z=2-& A&t &9 232 A=A WY
7] RNAlater (Ambion, USA) A2|& 33t & xgld 224
-85°C A2 WEiLe] &4 A7 masiich
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Table 1. A list of primers used in the present study for RT-PCR analysis

Target gene Primer name Oligonucleotide sequence (5’ to 3”) Length (bp) Tm (°C) Amplicon size (bp)

sod mSOD-4F GTAACGTGAAAGCAGGTGCT 20 51.7 217
mSOD-3R TTTGGGCTTCACTGGGTGAT 20 56.4

cat mCAT-3F CTGAAAGACGCTCAGCTGTIT 20 51.9 377
mCAT-1R GGCCTCAAACAGGTTAGATG 20 51.0

gst mGST-2F AACGGGTGAGGGTTGACATCT 21 56.8 283
mGST-1R AAGCGATCCATAAAGCACCG 20 56.4

gpx isoform 01 mGPXcy-1F GCGTCACTTTGAGGTACAAC 20 493 267
mGPXcy-1R GGGCAGCTTCTCTTTGAGGA 20 55.6

gpx isoform 02 mPHGPX-1F GCCCAAATCAAGGAATTCGC 20 58.0 2951
mPHGPX-1R GCCAGAGTTGGGTCATTTGA 20 54.5

gpx isoform 03 mGPXex-1F ATGTTCGTCCAGGCAATGGA 20 57.2 249
mGPXex-1R TTACTCTGGCAAACCACCTC 20 51.4

B-act mACT-2F CACAGATCATGTTCGAGACC 20 49.6 313
mACT-1R TCGAAGTCCAGGGCAACATA 20 55.2

gapdh mGAPDH 2F CTTACTGGTATGGCCTTCCG 20 53.6 325
mGAPDH 2R ACTCCTTGGAGGCCATGTGT 20 55.4

ef-o mEF-a 2F GCCACTTCAGGATGTCTACA 20 49.5 379
mEF-a 1R CTCAGCAAACTTGCAGGCAA 20 56.2

18S rRNA 18S-1F GGGGAGGTAGTGACGAAAAA 20 52.9 " 360
18S-1R CCTAGCTGAGATATTCAGGC 20 48.1 5

Abbreviations for gene names can be referred to materials and methods.

T 248 AFssen 2 3 1ona e FEEith 22 5
7b A 23°C 257ke] olv] ARG 7)7He AAEIAT Agele] #
< 3719 TdsH sttt B4 2xo EEA]7] 98 Al
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A7) A ARNEL wEgo 7 /A e §4x 9E Wale
aitsl g4 {AA 25 At oA 32°C &4

= A= A3 o] AAsint. 2eiv 2 AEA gl

= F1,3,5 2 744 ZH wigres

=2 , AR T 2L AAFeEN

B oatsl 340 3@ A4 gk A dEle 27 AE

AAE BYstat st o 9] A3 212 BRI §
PN
T

RNA &2

A& v Rekx] 7 228 U422 total RNAE E2/314
th RNAREE 98] 7+ 24 30 mgs ol&3td 2rdst
homogenizations -3t FAstE 22 A|ZEF-E TriPure
Reagent (Roche Applied Science, Germany)E ©}-8-3t] total
RNAE #ejslgint. BE ] gL AR Wil o7 3}
ArElen 12 EaE total RNA E82 8-, MOPS agarose

471852 530 285 rRNA Z 18S rRNA bands®] intensity
ratioZ F-A1814 T}, 288 : 18S ratio?} & 1.6 o HE A&
ke Aaslglon AdE AlEE W 40 = DNASS

517] 93l RNase-free DNase I (Roche)2 10 U/mg RNA2)
FEE 37°CoA 2027 A2Jstsith. DNaseA )7t SE s
DNase® E&A3} A17]7] $18] 75°CollA 1587 A5k 2
B 2 DNase AZ] A|SES tAFSE THA] RNA integrityS
71958 F3 gRlsisith

Northern dot blot £44

Northern dot hybridizationg& 83171 913 A7) DNase’t
22E RNASS 1 pg/ple] 52 24 5 1 p¥ positively
charged nylon membrane (Roche)®ll 35HE- spottingS 3 SH3 Tl
Membrane2| *12] ¥- fixation, prehybridization, hybridization,
stringent washing & signal detection®l] A% A 3342 DIG
Non-Radioactive DNA Labeling and Detection Kit (Roche)2]
manualol] &]Aste] Fa8IA T & spot signalZ Gel Doc
XR Image Analysis System (BioRad, USA)#} o]u|A] 4] 3=
233 Quantity-One ©]-&-3te] 4.8 AA8ITh &4 &
AxEe] B3} ol-&8] normalizationS 915 internal control
ARk} hybridization® 5% membraneg U3 o E 33}
A H(Cho et al., 2006).

Semi-quantitative RT-PCR 2! real-time PCR £
Direct RT-PCR & ©]-83 H&F £4& 98 2oz2r
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B £2]¥ total RNAE GeneQuantE o|-&3ld w524 & 3}
3 52E sampled] F=7F 100 ng/ul7b H =5 239 &
AU FZ(100 ng/uhE LHZ total RNA 2 piE A2 & semi-
quantitative RT-PCRE- 5780 3191}, AccuPower RT-PCR PreMix
kit (Bioneer, Korea)s ©[-4-3l] A ZAR] manuallE A|&ES
E33lar 42°ColM 60527 < HAKreverse transcription) WHE- -
ZH}E PCR cyclingg 573313t} PCR ¥H3~2 Bio-Rad iCycler
PCR machines ©]€-5}¢ 94°Col|A 487} initial denaturation
stepe 1R g F 94°C 45%, 58°C 45% & 72°C 189
¥ W8-S WESIGITE &8 vhgo] vHE 3 qudE A
& vl O =2 internal control®E ARE-3} Xﬁ]—*—-% 745 208],
target gene®] 7% 22~303) 2 FeGT). 2ER AEL 5%
agarose gelollX 8 ud A719-53810 *4719F 2o Gel Doc XR
Image Analysis System®] Quantity-One software (BioRad)Z
o]-g3te] #4] 3Tt

202 2E £ total RNA 1 ugs Oligo dTig (100 pmoles)

S o] 70°CoNAM 5EZF W3 F AccuPower RT PreMix
(Bioneen)S °]8-3o] 42°CollM 6037 S Y5t
At ARE-E GHAL E4E B8 /‘]7]71 H H s
94°Co| A SEZF 71EEiTh F4E ¢DNA 3 ulE template2
ARE315L 2xSYBR Green PCR Ready-Mix (Bio-Rad) 2 primer
(3 pmoles eachyE- £3}31 PCR ¥H-3-(reaction volume = 50 ulyS
Y351 PCR ¥+8-2 BioRadrl] real-time detection®- optic
module®] 2= o] 1= iQ Real-Time PCR Detection System
& o)&dle] FASIAL o)) Fdh WS 94°Co A 287

A% %é HJ—S— ol 94°C 303, 58°C 303 @ 72°C 45%9]
T3t AR5}, Z) cycleo] 3= m] nit) relative

ﬂuorescence umt-»] sl ARE gz 7h vhgo
calculated threshold cycle (Ct) #2 AAsle] Al AL &
A3t 7t fixr EE 3ukE Ado] HFEhE o] &%
(Cho et al., 2006).

rﬂ&%@ :E?:;f& TE e A Ao HA hAle &
1 19k e] ARt 35
EH fﬂ/\}o}@lv} g B Eﬂ*} 7Hiﬂ AA] AL =F0] HAL
2G4l AL ofd Ao g AeElon 7t 21 AT B
FoA] 2 So)HQ 01iﬂ-°4 Wl BEER] 2t

Normalization® 2|8} internal control FXXIR| T} o Mut
PCR (semi-quantitative direct RT-PCR ¥ in-direct real-time
PCR) %A &3} A8 9] normalizationS 4335}7] Y3l o|v] A+
& 44 F 7V AN BA) AT e L A4 0
FRAE Agst7] flsiA 32°C 457 =2¢ Il

A5 e = internal control -?r?qx]—EQ] H7HE AN
t}. 12} A B-actin, GAPDH, EF-o & 18S rRNAE thAt
S 2 Table 19 ZEAE oligonucleotide primerE o]&-sted 23°C

2 32co] @ E Ao} 7 6uWE FOR RTPCRE 4
AT RT-PCRE GAAL uhe & ouldF oz H2z}
R 1426 cyclesS FA3H T input total RNAS] &S
50~300 ngo.2 ZAste] W HYAL ZA}etsth(data not
shown). 72 Az} GAPDHS] 73-¢- 7RA|7F Hap= w3 2
HolR|E B A A &% 2ol whedl= Aoz Jeh)
23°C BT} 32°C0 =28 NA S F4x vk 9] 2717} Et-
Br stained gel signal 4 A#=E 7|22 A 50%7HA] &

o] ¥ FAAE RGAlN LEE MR Sh F27}
2H FFYGolE AT+ gl A0 e EE p-

actin®| 7 2= 7l W §14 2 $7HF GAPDHA
H freHolAle AT GF ARG FHxF fE wde] B
ZFE 3 AR AR A Aoz e QA 339l
normalizationd]| = AF+-8 4= gl o2 IHE ) EF-a9]
3% AL2oX A AA7E A FREAeY 2 Heor &
A o8 T fatEed HlE 8 B AEe Yehhodt) vt
A 18S rRNAS] 735 71 At f2xt 28 o2 vehdof
input RNA ngd 22 44 mRNAS A4 ASde= 71
B Aoz Uepdti(Fig 1). ol £ du] 23 Az} vy
2] 18S rRNA primerE ©]-8A] 100 ng2 total RNAZ ©]&
HHAF WS- T 94°C 302, 58°C 30 2 72°C 45329 20 cycle
o) gkgo] 7 kAl =A% Aoz eyt

E AT ZHspoA BE0] internal control 523}

A e

23oc [l 32°C

Relative fold (band intensity)

GAPDH B-actin EF-o 18S rRNA

Fig. 1. Histograms showing differential expression of internal control
genes in mud loach under two different water temperatures (23°C and
32°C). Intensity of RT-PCR bands relative to 18S rRNA bands were
analyzed using Quantity-One image analysis software (BioRad, USA).
Standard deviations were indicated by T bars. No statistical difference
was detected in none of control gene transcripts based on student’s t-
test at P=0.05, however, it should be noted that relatively larger vari-
ations were observed in GAPDH and B-actin genes than in EF-o« and
18S rRNA genes.
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A 2 Fgs Aol 7P 4T 8% FY dtely
7} internal control F3ARE AE A= JAAE R 4158 Ak
H7k7b dejorst 3-& 2 epl L Aok(Chen et al, 2006).
GAPDH (E.C. 1.2.1.12)¢] 7%~ D-glyceraldehyde 3-phosphate
2] <128l 53] NADHE A/d3k= housekeeping G424
ThFe offF A A Bdske AR dElA Atk & §4
2= AR OE AEE 274 =29 A W 53 {7
differential expressionS ZAFSE7| 91k internal control %12}
2 9y o) 853 9O KGilsbach et al., 2006) £ A@oHe
259 Uo7 BE L] FUHE JERHSEN oFE 4
FoR 2 g WrE 3 A 3 A¥edde aAE
internal control£ AH&-E 4 gl AL E YT, Energy
pathwayll #ojdh= & G40] 749 2xd upe} o g4
o] Walrt 2S84 glgo)] ol B vl Q13 (Marcinkowska
et al, 1990) 3+ ARgshe 279 25 2 AFeR| wje}
GAPDH #3#}19] 4949 mRNA 2de] Haprt Ao
w}2} universal internal control24] GAPDHS] H-8-o thsh &
Ao #1718 vk JthDeindl et al., 2002; Barber et al., 2005).
Beta-actin® A EZ 2] cytoskeleton 752 HW = tHEHRI
housekeeping A 24§42 W& AF AolA 7P
g) ©]&-5+= normalizing control FAAFC|T}, e} o] HA
B Aol 2% 2= ZAMA] steady-state expressionS L}E}
WA ZIRE ole o7t o] HesEe] Ag oF &=
F7HR 8l 2o =EHAGA AAE P e Al
E9] uA Z4¢ HIAN Z fluidity =+ extracellular
matrix®] HAshH5ol of71EN7] HELE FHHEHT o]2g Al
A A8 W] sy fsiM Fx duiEe) A4 st
ek ohg) Tl W g -G st HARY wist 4
o E UG Ao T AR THDey et al, 1993; Buda et al.,
1994). & Az Feiel Be d7old 7 &3] ARgse
internal control ARSI = B3I #2 E9] B-actin
AAL HFEEe] SAUAEE B Iy o]yt
HES transplant 23] oA = AMEo] Er7ksgol BArE AL Q)
o] internal controlZA] B-actin F-FAFe] o] &0 glo] A
2158k oflv] ZALe] H oS 2 AARBEAL th(Jeong et al., 2005;
Rodriguez-Mulero and Montanya, 2005). EF-oi= translation 5=
A 7 &e JFehe dE e g isotype ZA L 7% B4
A 78] 2 2d d9ZE 2 (RNA synthased} J 32
3l Aog 4EA Utk B AT Ag 5A=0] F)
A dofst f4A 2SS Bol7le st dF 7HAol
A ad dskE etk 28y H&EE EF-08 &% 1t
< 71&e] diside oM B ZRIE SREY A= X
AAolt)y, E ATA F 18S rRNAY] FFo] 71 49l
A#E Yo} Deindl et al. (2002) ¥ Rodriguez-Mulero and
Montanya (2005)2] Azke} UX|8I3AT}. 18S RNAE 47| &
AAEIHE g did g dske FraArT obm 53] 188

o

o

RNAE o]&8 ¢ RNA H719% geldollA 13 A& Hrt
7t 7Fgsithe A3o] o] Be A1-EA K83 o5
3L e} 22y B ribosomal RNAS] A% in-direct RT-PCR
EA = oligo-d(T) primerE ©]8-31 polyA(+) mRNAYH
< YO =E 3k cDNA FAoA ALjdtte A, g 53
2 2F2] messenger RNAOI H]3| $it e ko g MEg
Ast7] w2l multiplex RT-PCRo] B alth= 4
ko] Fasdo] Ut wakrd B FEsia g
7FE Y= S5 18S rRNA controlz} 8§ =

&} = 90 219 internal control®] 7o) o] F oo}

e o

9 oy oy ot

N4 o 1o

” }ffg -z
ooh o8 kol g

O,

20| & AEH00Me| SitE 4 FEXIES| TAL L8
TFE(32°C) 21 4577k =2E v AENAE 7
ZA| oM 9 4k 7)E Y] WS semi-quantitative RT-
PCR #£41& 702 & 739 i up-regulation FEHE 1}
EPd o R I 2710] F2Ad of 72l vFHA = AkEAd
2EH2E FEAE & 5 A A 71%F pathwayol
Aol ME TE AT giehe 7t fAAES L2 2EHS
o ME tE FFo $HE F7HE U=t olF GPX
(isoform 3; extracellular plasma type)e] % 713 &2 7}
WFE B 3| o)t = HE S HQl WHA CATe
735 e 270 A vhgEA] e 44T mRNA 7EE
FABIATE 2 &) T2 GPX isotype (isoform 1; cytoplasm type)”t
2ufe] wEek Z71S T o2 GPX class24] peroxidation-
inhibiting protein] phospholipid hydroxide glutathione peroxidase
(PH-GPX; GPX isoform 2)¢] 73-%- 1.580¢] F7H& epid
ok B @4 A AE A A4S} scavenger enzyme?]
SOD7} 28¢] Z71ekS, 18l F broad detoxification enzyme?!
GST-mu®] 7% W4 W2 74l 1.3u]e] $7FE vepl
$tHFig. 2). Direct semi-quantitative RT-PCRoI|A #&H &
AR Ede] Z71= realtime PCROIME & WkgE o 1
ztol7} Bk ZiA HE 5o ‘end-point” PCROY H]8] &4 4=
g A% AAE VeRlith 28y & realtime PCR 2702 ©
<= threshold cycle 342 715202 H7ISI 5L in vitro transcription
of olafl HHFBE HFE curveE X FEIA| Ffomz 2AHAQ]
dd 4Exg 78 7= sidvk(Fig. 3).
oFEl 2% L7HH (23, 26, 29 & 32°C 7YU7F =) FHAkE}
E Ao 24 2 L PE A ofd] opy]
ZAY3E A3} Fig. 3904 HEo] thii
AOE f3#E9 2¥ ZF7h= RT-PCR# northern blot
hybridization ¥4 Z-Fol|X 29°C o] ol Ak HZA=| AT CAT
o] AS BRE A L& FNA FofHl KHxt o] F
e TEEA EUthFig 4). 2 AT A F2A o379l v
TR o] 79 29°C o dollA AEd 2EHYAE Ae ZoE
FEEAT. ok 7ol F AY AAE B3l 31 ATl
M B A4 Bde F71E BolE AOE 73 GPX

Iy
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18S rRNA (1.0+£0.11)*

SOD (2.12+0.32)*

CAT (1.13£0.15)

8 GST (1.2410.16)

GPX-ex (3.18+0.21)*

GPX-cy (2.04+0.20)*

PHGPX (1.51+0.24)*

Fig. 2. Representative semi-quantitative RT-PCR gels showing up-regulated
or steady-state expression of hepatic antioxidant enzyme genes in mud
loach during exposure to heat stress. Relative folds of gene expression
(mean=SD) in 32°C-treated group to 23°C-treated group were shown
in parentheses. Asterisks indicate the significant elevation of mRNA
levels in the fish exposed to 32°C as judged by student’s t-test at P=0.05.
Abbreviations for gene names can be referred to Materials and methods.

. 307
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;g 251 5 ; . ¢ $ 5

R - g i

(=]
A\l

SOD -

CAT 1

GST 1
GPX-ex 1
GPX-cy 1
PHGPX
18S rRNA -

Fig. 3. Average threshold cycles in real-time PCR analysis of hepatic
antioxidant enzyme gene transcripts in mud loach exposed to either
23°C (<) or 32°C (M) for 4 weeks. Significant reduction of threshold
cycles in 32-treated group was indicated by asterisks based on the stu-
dent’s t-test at P=0.05.
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Fig. 4. Representative RT-PCR bands and northern blot hybridization
dots showing the differential expression of antioxidant enzyme genes
in mud loach liver during heat stress. Signals from amplified bands or
hybridized dots were densitometrically imported into the image anal-
ysis software (Quantity-One; BioRad) to calculate the mean intensi-
ties from two replicate groups per temperature treatment. Signals of
AOE genes were normalized against those of 18S rRNA internal con-
trol. Means showing no significant difference within each AOE gene
were indicated with same letters on amplified bands or hybridized
dots based on one-way ANOVA followed by Duncan’s multiple range
test (P>0.05).
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Fig. 5. Time course expression of superoxide dismutase (<) and extracel-
lular glutathione peroxidase (M) genes in mud loach during exposure
to high water temperature (32°C). Gene expression of 32°C-treated group
relative to 23°C-treated group was estimated by semi-quantitative RT-
PCR amplification followed by computic image analysis using Quantity-
One software (BioRad). Means with same letters within a gene were not
significantly different based on one-way ANOVA followed by Duncan’s
multiple range test (P>0.05).
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