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(1. P EB A B TEOT T AT, A S SR A B R = IR 8 266071
2. R EBHEBEAT T ERE, AL AT 100049)

E: WERMNSTEMANFEMR, AR TR STAMG B8 K0 H LA, FREE
WER| S0 5 AN EE T B BOR B 4 B Ak 4 LB (Cu/Zn-SOD) |1t 4, 1t A B (CAT) 8% i &
2B H Rt F 4 B (PHGPx ) (3t A (04 7 J B8 -5 (PRDX5 ) X 3t 4 b 4 7 J& B -6 (PRDX6 ) ,
ST T P A A A B % ot € & PCR # K, L NDUFA13 (NADH dehydrogenase
[ ubiquinone ]1 alpha subcomplex subunit 13) #2 ACTB (beta actin) 3 F % £ N 5, £ B 9-#f &
BENBRSTANE HBEEEARLE, FREXN NS ANERER L TRYH
FHEARG A RAELRERE T, M5 AFZRANSHE,8 A LRI S FRMAL
Cu/Zn-SOD ¥ PRDX5 # [F %k ik Fif,CAT ¥ PHGPx £ FH K E X WAL F T, RZF
FHEBKSERIES Cu/Zn-SOD X HALRF 0 REKAERF EAZ2.01 £, —HERFRE
KF;CAT AH KA EEZREZORTHE, &5 R HA LW, MAES 10 KR40 RERAEH Y
I B E T e ; PHGPX JE[H £ 38 Lo M 10 34 3 B 2% TR, £ % 40 R it FE 2| 5k (K, 4 0. 34 fF;
PRDX5 X HLALELHFE0ORAHALF FHAE LSS F, $5 REXFEA LA, TH 40 X
K E|FE 1.91 £5;PRDX6 £ H K AAELRE 1020 R EIALF TH,

KEER: M5 LK, WAL #; Kb E & PCR

hESES: S917.4

SR B N = i T 5 BB = S i
I — A A AR ) AAE TR MEs ) S OOT
HEshH WIT], SR A — 2R 40 IR R DA %
FHEFREERGE Y . IR R, SR —E 1
RESRIHAE, A A CBNE S0k 2 45 Bl 25 XL
i B A = 4, TR, SR S LA 1 57
FHM R 1 a8 ; B, B 1E R GRS
RISl B By 1o o 52 I (1] 4% Jilp 30 7 228 5 R
PUEA R GIE P R G0 24 A, B S HT A 1)
T A LY B b B ( superoxide dismutase,
SOD) , i %A fb % i ( catalase , CAT ) J2 4 e H Ik it
A4k ( glutathione peroxidase , GPX) 2121

KT HIRSNIPEH R GBI C A iE,
H P LA 2% . an e IR A J2 W5 ( Scaphiopus
couchii) R 4= ( Otala lactea) $T B AL B M} 55 h

Wi BEER:2011-04-13 1&[E] H #7:2011-06-08

XEFRERL A

KB, BRI LS, 23 e H BK-S-#5 R il ( GST)
1 CAT 536 P 8 251 136 2 RS i % 35 4,
SOD JEH:H) . 3 = F 1% SR A B 09 36 1, 0 ELF
L ZR A B AR A T 28 06 1k R 5 A A 1 21 (o
R SO A ) (e A S AR TR 5 SRR A T
JRERFNLP 4419, CAT SOD ,GPX #l GST ik
HHE R RS

S RAZ: (Apostichopus japonicus ) 3t 8 At B 1)
TEPEAIOEHI 5 & B, 00 2 BRI [l bt SR AL G 1 %
A VRS AW LIRTI 454 DR R R
SRR T B A SR, T 2 i) S0 SR A B AR AR 5%
TR IEIN AT S B P AURRAE , SR FH2¢ e 1 PCR Jr
AN A S Pt A AL B AL PR ek 281k, MK
BESRAKTIFFER 2 BRI R TR AL B AR s s 1ot
T2, 5 IS BRI 0 T LR 4R Sk

FHWE : [H R+ — 07 BRI (2006BAD09A02) 5 [€ 5 )\ IS =" 8 BORBIE R A S 1R (2006 AA10A411 ) 5 L1 R4 R T
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1 BRIk

1.1 Wz RiFm

NyPEEHREE HIGRHELR RS
H AR HBERT =8, 0 AR CE R A K 2) 7
2009 4F 5 H R, KR R 15. 23 T, HRFE
T 2009 45 8 HORAE, KR E M 25,42 C 4
HAHS Hfi| S KR 70 ~80 g, MM LA N
FW) BB ARR B F E R ZRAS (8 H RAE M 2
TR ) o SRAM AR AT 2 34T I R, o
I IR 8 2 AR T URAF S IR IRAE 717 1] S5
FHFEEB AR AEARAFE , —80 CLRAFE ],

R S G W R T FE 55 B
SEH R Z Ny 2 W2 IR B 75 ~ 85 g, it
80 H, T 2010 4F 4 HHL A & i Bl = 57 5 it
(K 12. 23 C) , %0t ) 2 % 58 A (0] AN 45 1, 45
TRIRTEARL o 02 DAt o B J A SR A IR
iz Eg e, gAML —H (15 £0.5) T,
YAk 5 2 B L 53 Ry X B B S B0 2, %) BE 2 R
Fr(15£0.5) C, 92804l B 15 TKIELLL.5
C/d il 285 — J e 3k B 30 T, =2 )
Fr(25+0.5) i, SCmm, EL RS, 5K
oK 172, FHHL A4 i 7, S5 36 30 1) 7K R Y
HASE AR 0.5 C, £ % 32. 53 ~34. 61, pH
HAZZNMEE R 7.76 ~ 7. 89, 5 RALW & wEAR MR A
RS Rl B R by | U SR R 4D
FHES L G PR 55 O TC 5 T ) , 5 I 7K
FINE ZEAE SR, A A /KR A 2 i i

B S 50 2H A T 28 T3 it E I A 1,
AT 0,5,10,20,40 d 5§ 5 ] sSHURE , B4 BE
PUI S HOIIZ: O SRWR TR, 43 1) A 2 HCRT: R A 2 21
BRI & W O R, AF AR
-80 CHRAER .
1.2 RNA 12EUK cDNA =&

% RNA 4% 3 il 2 W W A% R il R T
TRIZOL 3E42HUE RNA FRAEQT

B30 mg CHFEEREMI A A 1. 5 mL 2.0
4,1 mL TRIZOL {3, iR 7R S 4R i, 4
fRZHS. A 0.2 mL &5, 1525 15 s, %l
JCE 5 min, 12 000 x g,4 C,&.0» 15 min, (&
LJE IRE Y BB TR TC @R KA a4
FRELAH I 5 AH , RNA FE7E T KA ) 70 il
B 300 wL /K AH#% % Eppendorf B0, A S

RPN IR A5 —20 CHCE 15 min, 12 000
xg,4 C, B0 15 min, JIE RNA, X B3, n 1
mL 75% [ ZEEPES: RNA JiiE,12 000 x g,4 C,
2.0 10 min, 3% 3, A PR —IR.

P A RNA JUER B O BT T ad, T4
5 ~10 min, fill A 30 wL RNase-free 7K ,4 C, &
30 min, /0¥ RNA, 3756 RNA Rl

FHIENE WY H Uk H A RNA A 5 1 58 8k, LA
288 #1435 18S U LR NS 7%, Fllr RNA #%
[ R EE S JRU/D 5 RNARE 5, i B 100 354 H]
Thermo Scientific NanoDrop 1000 435656 & 11 #6;
M55 RNA FES

cDNA #£ 44 %, ffi i Oligo dT } M-
MLV i % 5% 5% 4 i cDNA, BAERAE QT F
RNA 1 ~5 pL( & & 1 000 ng),RQIRNase-Free
DNase 1 pL,RNase-Free RNase inhibitor 0.5 pL,
5 x M-MLV Buffer 2 pL,RNase-Free water {4
RFLE 11.5 ul,37 C 7% 20 min, Z J5 7€ LR
R ZF A Stop solution 1.0 pL,65 C 10 min X
% DNase [ ;7ELL IR R F A Oligo dT 2.0
L, 70 C #7545 min, K3 7K A 2 min; 7EE 58
BEPE RO LA EAR R PS5 x M-MLV [ i
2P 3.0 wL, JC RNase dNTP(10 mmol/L)1.25
uL , M-MLV J5 % 3 (200 U) 1.0 uL,RNase E
17 0. 5 wL, RNase-Free water i %% i {4 FH 52
25 pL, BHE GRS G IRE 0. B A PCRAY
42 CR%E31 h,95 T .10 min K 3§ 5 5% 5506, BL
2 WL IR0 P DRI HL o i, K5 4R A5 B BT cDNA
W —20 C A5
1.3 HEUPHEEXEERFIE NS T RSY
&it

R TR 2 Sy TR T AR T R A UL, T ik 4t
AL AH G T 28 BE Y5 SR A NCBI ¥ 3 v 1Y
Blast #4482 7 5 AH UM | xR M (http: /
www. ncbi. nlm. nih. gov/blast ) ; F] i ExPASy
Proteomics tools [ 3 H1 1% Translate %4 Bl iF 415
H bn B R U BE R 5 91, f67 2040 A e 9 e 1 2 G
P 5 if ] ClustalW2 F2 % (http: / www. ebi. ac. uk/
Tools/msa/clustalw2/ ) %} 24~ Y Fh Pt B AL Bl 2 3
BRIy 5 4 T 22 e 9] LS R ) 5 1 53 5 56 BT
FEAE G B 22 A, i P 55 BT 5 LD Re M
WA A 5L B e 90 A AE Ze a1 W Bt P
Primer 3. 0 #E47 5|91t , iR KR EE(TM) 2y
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35 4

60 C K& PCR ;=4 5341 I Y 55 7 32 0
PR R A BE R T B SE R 2 7 PCR kG
5 | P56 T — AR A A 100 o
1.4 Real-time PCR EERIEEEN ST

SYBR Green RT PCR %23  #I|/] Eppendorf
S AE HE PCR R SYBR green 1], % il Z:4E 5
P THUAA A 7 AR G il 288 35 PR 3 8 Y 7, {01 P i
% #h 5 ) NDUFA13 ( NADH dehydrogenase
[ ubiquinone |1 o subcomplex subunit 13) 1 ACTB
(B-actin) {E R 22 NS A TAREAL AR BRFN 7347 (N 2
REFEFENZERL)

SYBR Green RT PCR JZ A £ : cDNAL. 0

wL,SYBR Green Master Mix 12.5 uL Forward primer
0.8 pL Reverse primer 0.8 L. DEPC water 9.9 L,

SN AR 25,0 pL, FiUAEPE 95 C 5
s,40 PMEHP 1 95 T 10 5,60 T 20 5,72 T 30
So EEARI , VI RO HT 7 PR — 1k

R T & ] Eppendorf %)t i PCR
A B 7 4k 1 (realplex software version 2. 2) 431 il
We SRR , PRI B T 2 i € {H, SR ATUL
)57 ¥ 500 ab 30 22 9 S8R, T 27 Oy ik Ak
BT 928 41 X AL 28 SR O M
(PASW Statistics 18. 00) #E47 8K & )7 204, B
ZMES N P<0.05,

®1 NSERFEERIY

Tab.1 The accession numbers and corresponding oligonucleotide primers of internal control genes

TR AR TEM-S GenBank EIRZE 151 FEYIREE/bp
gene name accession no. primer name primer sequence primer length
Fcl GACATTCTGAAGCAACTGCAAC
NDUFA13 HQ292611 170
Rcl AACATTGCCTCATTCTGTTCCT
Fc2 AAGGTTATGCTCTTCCTCACGCT
ACTB AB510191 137
Rc2 GATGTCACGGACGATTTCACG
Yy s S N N Sofin s
o skm WY 2H 20 S A 7 AR RS DR Bk A 3 7 i 5
=H

2.1 REAHHEBERESFIIRRESH
HEACE Es XA RZ &R RS

A~H Y 3 R E A7 52 B 2 B PCR R 5 3 R AY
GenBank F /15 Fo¢ 6 € & PCR 19519 I H:
PRI E L 2,

K2 NESREUHHBRERRSY

Tab.2 The accession numbers and corresponding oligonucleotide primers of antioxidant enzymes genes

P AR TEMHS GenBank 14 % ElL/2l PRI L/ bp
gene name accession no. primer name primer sequence primer length
Cu/Zn-SOD TF769856 F1 TACAAGAGGACTACACGGCTTTC 150
e e RI TCCACATTGCCTAGATCACCTAC '
F2 TAACTACCAGAGAGACGGACCTG
CAT JF769855 135
R2 ACATCACCGGAGTAGTGAATCTG
F3 GGATGTGTGTGTCTAGTGGTGAA
PHGPx JF769857 161
R3 GAATTACTCCCAGGTTCCTGACT
F4 TATTCACTCCTGGCTGCTCTAAG
PRDX5 JF769853 191
R4 TGTGAAGTCACAGCAGGTATCAG
F5 TCGAGTCTTGGATTCTCTACAGC
PRDX6 JF769854 154
R5 TGGTACCTCCTTAATGGTCACAC

2.2 ZRFIIEEESHR

#| A Cu/Zn-SOD £ & % 5 5 B ) & M b 2t

TP ARTF 2 Cu/Zn-SOD ¢DNA 1Bl ly
447 bp 5r T IR R L HE X 35 (ORF) | 4 3 (1) 24 K&
MR A A 149aa, 5 2P Cu/Zn-SOD 2 J
FRIP A LT 45 R R, il 2 Cu/Zn-SOD 2 B 1R 7
%) 5k B\ ( Bemisia tabaci) 11t) ADO20320. 1 #H4L 14
i, N T1% 5T 5 2 BUY NP_058746. 1 KA fL
D1 ( Chlamys farreri) 1) ABD53974. 1 (L1 F 1%,

¥k 66% (E 1),

F A& CAT B A7) B R R ffiik
PAFHHZ: CAT cDNA J By 402 bp, fii TIF
TP TEAE DX, 4 5 1 LR 7 91 Ky 134aa, 5
ZAWFP I CAT ZHEIR 751 LU AT R B, il 2
CAT & £ R ¥ 5 5 4 & W ( Saccoglossus
kowalevskii) {f) XP_002738841. 1 I E & &, N
60% ; 5 % f. (R. norvegicus) i) NP_036652. 1 f{
LR AR, hy 46% (18] 2) .
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Apostichopus japonicus
Alvinella Pompejana
Chlamys farreri
Branchiostoma floridae
Ixodes scapularis
Bemisia tabaci

Rattus norvegicus

Apostichopus japonicus
Alvinella Pompejana
Chlamys farreri
Branchiostoma floridae
Ixodes scapularis
Bemisia tabaci

Rattus norvegicus

Apostichopus japonicus
Alvinella Pompejana
Chlamys farreri
Branchiostoma floridae
Ixodes scapularis
Bemisia tabaci

Rattus norvegicus

1 ®BE5HMESYHE Cu/Zn-SOD SERF 58 S 7 5tk Xt
ARBIE R T 80% 1A HEMR TR (15 S (LR , — SO ZUE MR HT B 635 SR A A br ), E VR R (035 5t 3 5
bRt o FRIEAT LA B P S0 AE P DU B (Alvinella pompejana) f] ABY50192. 1, F5fLFg I i) ABD58974. 1, Z i) NP_058746. 1,
B i1 ( Branchiostoma floridae) [1t] XP_002590336. 1, J§ 2§l ( Ixodes scapularis) 1) XP_002405905. 1, #} &[] AD020320. 1 ,
Fig.1 Multiple sequence alignment analysis of Cu/Zn-SOD partial sequences from A. japonicus and other species

Amino acid residues that are conserved in at least 80% sequences are shaded and similar amino acids are shaded in dark.

Apostichopus japonicus Y Ol } [(FISDDPKY 50
Strongylocentrotus purpuratus R A 2 ( 4 JTERAITDSKSY 50
Rattus norvegicus { b = FEQQGSA 50
Xenopus tropicalis NY { ) ; CHSIJENQPQV 50
Chlamys farreri 4 4 SEIJODNKQF 50
Litopenaeus vannamei NYPQIEY 3 i ENM i [ S[EEODCRKH 50
Saccoglossus kowalevskii NYIRO I » oV T jjile [IIODNLKY 50

100
100
100
100
100
100
100

Apostichopus japonicus
Strongylocentrotus purpuratus
Rattus norvegicus

Xenopus tropicalis

Chlamys farreri

Litopenaeus vannamei
Saccoglossus kowalevskii

134
134
134
134

Apostichopus japonicus
Strongylocentrotus purpuratus
Rattus norvegicus

Xenopus tropicalis

Chlamys farreri 133
Litopenaeus vannamei MOEE REIE EYCGE DKIK- 133
Saccoglossus kowalevskii o QE AR KE EY )R] AKK- 133

2 RE5HEMEYFE CAT S EBF M S F 5tk 5t
AR R T 80% MR IR 75 S G IR ,— S 250 T R 6 SR B AR Y, I A U R T K 68,75 50Rn 1 68 AR
H o AT HERHA FE A 0TS « £50RE ( Strongylocentrotus purpuratus) 1Y) XP_786217. 2 FifL 53 D) ABI6A115. 1, 5% B NP_036652. 1, FL4N
TEXTHR( Litopenaeus vannamei) ) AAR99908. 1, AR 171 T4 ( Xenopus tropicalis) i) NP_001072167. 1, &5t ) XP_002738341. 1,
Fig.2 Multiple sequence alignment analysis of CAT partial sequences from A. japonicus and other species

Amino acid residues that are conserved in at least 830% sequences are shaded and similar amino acids are shaded in dark.

A 5~ PHGPx 3k B 5 7 B 5] R b Yo 2 i 169aa, 524N W ) PHGPx 43 5L 148 1% 51) H X) 45
WEARAG M2 PHGPx cDNA R Bl 507 bp,fii R IR, Ml 2 PHGPx & K R ¥ 41 5 ¥ iy
TOT T80 A D, 4T R E AR P S KO (Rhipicephalus microplus) (] ABA62395. 1 AH{BLEE
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1176 Ko ¥R 35 &

H, A 62%; 5 Bt & i ( Danio rerio ) 1 134aa, 5 Z Y Fh Y PRDX5 24 2R 7 51) LX) 45
ACF72883. 1 AL, 2 56% (11 3) o IR, 2 PRDX5 2 B8R 7 41 5 30 B i) XP_

A4 PRDX5 & B 551 & F) R M Ho 2 it 002613574. 1 MH APk & i, A 70% 5 5 22 # y
PEIRAS AT H 2 PRDX5 cDNA FBEK: 4 402 bp, i ( Trichoplax adhaerens) 1] XP_002108078. 1 #H1LI
T A X, S BRI Y A K PEEAR, 2 57% (B 4)

Apostichopus japonicus 60
Homo sapiens 60
Rattus norvegicus 60
Danio rerio 60
Rhipicephalus microplus 60
Ciona intestinalis 60
Apostichopus japonicus 119
Homo sapiens 118
Rattus norvegicus 118
Danio rerio 118
Rhipicephalus microplus 119
Ciona intestinalis 119
Apostichopus japonicus 169
Homo sapiens 169
Rattus norvegicus 170
Danio rerio 170
Rhipicephalus microplus 167
Ciona intestinalis 171

3 Ms5HEME M PHGPx S EEF M % F 5 Lbxt
AHIME B 80% Y 20 LR VR €075 o7 1 6 AR 1, —SOME ) 20 FH R A1 S5oR | €8 (A 1 3 B 22 R FH R 6.1 S i £
FARFRE o FEHEAT LT B 5 AL 4 « i b () ABA62395. 1, B B85 4 ( Ciona intestinalis) f¥) NP_001177287. 1, B I ff1 [ ACF72883.
1, N (Homo sapiens) ) NP_002076. 2, % i, AAC52503.2,
Fig.3 Multiple sequence alignment analysis of PHGPx partial sequences from A. japonicus and other species

Amino acid residues that are conserved in at least 80% sequences are shaded and similar amino acids are shaded in dark.

Apostichopus japonicus 50
Chlamys farreri S0
Drosophila willistoni 50
Salmo salar 50
Mus musculus a8
Branchiostoma flortidas 50
Trichoplax adhaerens 49
Apostichopus japonicus 99
Chlamys farreri 99
Drosophila willistoni 100
Salmo salar 99
Mus musculus 97
Branchiostoma flortidas 99
Trichoplax adhaerens 98
Apostichopus japonicus 134
Chlamys farreri 134
Drosophila willistoni 134
Salmo salar 137
Mus musculus 134
Branchiostoma flortidas 134
Trichoplax adhaerens 132

4 FE5HMEZAMFE) PRDXS S EBEF5I8 % T 5 Xt
AR R T 80 % 1A ZBEIR IR 6475 57 19 (8 A, — St ) SRR IR T R 68 S50 1 68 - (A Y, AU 19 JT R 62,75 S 0 1 6
FARbRE o FRHEAT LU 9P 51646  SCE ) XP_002613574. 1, FiifLJ# DLy ABR27748. 1, KP§VEG: (Salmo salar) (] ACI66176.
1, 2245 ) XP_002108078. 1, i ( Drosophila willistoni) i XP_002070031. 1, /Nl ( Mus musculus) i) AAF27532. 1,
Fig.4 Multiple sequence alignment analysis of PRDX5 partial sequences from A. japonicus and other species

Amino acid residues that are conserved in at least 80% sequences are shaded and similar amino acids are shaded in dark.
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&) % PRDX6 AW 5 9] B FUR MRS i
PEARAFHYHIZ PRDX6 cDNA F Bl 477 bp i
T T B A D, S A R R A K
159aa, 5 Z 1) # i) PRDX6 & KR 731 b X} 2%
R RIR |2 PRDX6 Z ALY 41 5 375 HUi) XP_

Apostichopus japonicus XR|
Strongylocentrotus intermedius
Strongylocentrotus purpuratus
Drosophila yakuba
Saccoglossus kowalevskii
Homo sapiens

Rattus norvegicus
Xenopus laevis

Apostichopus japonicus
Strongylocentrotus intermedius
Strongylocentrotus purpuratus
Drosophila yakuba
Saccoglossus kowalevskii
Homo sapiens

Rattus norvegicus

Xenopus laevis

Apostichopus japonicus
Strongylocentrotus intermedius
Strongylocentrotus purpuratus
Drosophila yakuba
Saccoglossus kowalevskii
Homo sapiens

Rattus norvegicus

Xenopus laevis

R I TPSRYK AT - - ASVDK - F PRgens

MVELPNIERIE DEWSNL I P oRg 034V P
{VLPTVEEAE DISPAL F
RAA Ry K DIy VA KBRS K GVE I KPEgy
MVLPTIJSAE ERSENL F P (e Suw el P
MVLPTLISAEERSAel L F Dl qehii gL, P
IR PP P EJRAA R KPSIT CGV F T KE pfpgcgel

IADGIETIEQ

002733706. 1 A0l B B 25, h 76% ; 5 A ( H.
sapiens) ) NP_004896. 1, % LY NP_036652. 1
T AE M JTNWE ( Xenopus laevis) i) NP_001084316. 1

FHABLEE F5eff , 120 66% (181 5) .

57
58
58
57
57
60
60
60

IBARE LAVESIGM LDPY
IBURELAV[C D

-—-AKFEQKWP gzpus
- -AKFEKTWP)gz 3
--GKLSS-FDigzpes
-~ =SGVAG-VSEgzpes

ARAANRNHXRXRNS

117
118
118
117
117
120
120
120

159
159
159
159
159
162
162
162

MG K K b G G b
o B A TR P M B T

5 fS5HMEAYHE PRDX6 FER RS 5K % FF 5 kXt
FERLPE T 80% B2 SE B2 FH TR €075 5t (A (0 5 A | — 3500 00 2 IR Y 22 6075 S5 A e A o DL S BE 1R F IR €67 S A
AR o Ok JE AT B X 0 0 A G - B B XP_002733706. 1, B 35 T 3% iff IH ( Strongylocentrotus intermedius ) [
ADK11694. 1, S 1) XP_002087749. 1, %3 [IH ) XP_784500. 2, A f{j NP_004896. 1, JE I I 1y NP_001084316. 1, 5% Sl A NP_

036652. 1,

Fig.5 Multiple sequence alignment analysis of PRDX6 partial sequences from

A. japonicus and other species

Amino acid residues that are conserved in at least 80% sequences are shaded and similar amino acids are shaded in dark.

2.3 WMFHAERSEREEMFRMALREN
B B R E Rk

FE LT B RA ) 15 H A K2 T R AR R
SRR 2H 20 A Ak 7 R 5 TR R R 2 SR R
S IE R KIS AR S A L, AR A S 07 W AR 21 21
H1 Cu/Zn-SOD J% PRDX5 3[R 21k |7, CAT &
PHGPx F [H 3k 2 1 ) B0 2 % T %, PRDX6 3
Rk i A AR (B 6) .
2.4 BEFSEREERSIEET W R TR
HAM AN B HEEREERIE

25 CiESHZHIRELE WM ,0.5.10 .20
40 d BFEGETHor T 45 R 3R W1, S 0 21 ) 2108 S5 AE
5510 R ZARTXIRA ,20 d 2 )5 50} R 25
W (E7),

257 TR active CO L HRHEH aestivated

N
=1
T

*

—
wn
T

=

(=}
T

*

*

1 il ||]_-| 1 L

0
Cu/Zn-SOD CAT PHGPx PRDX5 PRDX6
FEK genes

B 6 FAHEURE RIS RAR R E IR AR H LR
MEAHERERRAETN
Fig.6 Expression of Cu/Zn-SOD,CAT ,PHGPx,PRDX5
and PRDXG6 genes in two phases of A. japonicus :active in

AH X} Rk
normalized fold expression
o
n

ordinary ( control ) and inactive in aestivation ( aestivated)

% ” indicates significant differences ( P <0.05) among mRNA

levels within genes. Values indicate the mean + SD(n =5).
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KoopE

2,
2

Eibd 35 %

1178
140
CIXTHEAL control
120 - 3525020 experimental 1
_100}
on S
. § 80 s ||,
B3 60r .
z
40 -
20
0 0 5 10 15 20
BRI A 7 d
sample time
M7 BEFSERIREANSEETL

Fig.7 Variation of the sea cucumbers’ body
weights during experiment
“ % ” indicates significant differences( P <0.05)and “ #+ " indicates
extremely significant differences ( P < 0. 001 ) between control and

experimental groups. Values indicate the mean +SD(n =5).

Cu/Zn-SOD X4 control

CAT COXFHR4L control

T B 15 5 IR S 3 T ), ofl) 2 I W AR 20 247
A4k B 8 i 3£ [ Cu/Zn-SOD, CAT, PHGPx,
PRDX5 F1 PRDX6 % ik & i il 25 2R /<, Cu/
Zn-SOD JEHAE 5 7 H IR LI 5 0 KK &
F IR 2.01 %5, RS R B b — E AR R
1 7KF- s CAT JE PRI R GA 7R 15 5 B MR S 3 ) 1], 5%
0 KT, 5 5 R H I _EE, mAESS 10 KA140
RAETE T B0 % T B s PHGPX AR [H 3R3K 7
FEAE T L0 T [R) 35 G R R O 7R 40 R
RS 5%, 0. 34 f%; PRDX5 K& K KK TR 155 7
SEHGE 0 R E FIHE 1,55 4%, %5 5 Kl
HIEEM BT, T4 40 RBF A 191 £
PRDX6 J: K R IAFES 254 10,20 R L2
FHETH(ES) .,

_ PHGPX X4 control

_5 25 . COSEK 40 experimental _§ 1.6 IS experimental 312 CO 5504 experimental
g * 2 l4r '
@ 2 W 212] # ool
o 3 4 B1op 9 Bosp ||7
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Fig.8 Expression of Cu/Zn-SOD,CAT,PHGPx,PRDXS5 and PRDX6 genes in thermal induced aestivation of

A. japonicus :15 °C cultured ( control) and 25 °C thermal stressed ( experimental )

“ %7 indicates significant differences( P <0.05)among mRNA levels within genes. Values indicate the mean = SD(n =5).
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Transcriptional regulation of antioxidant enzymes in respiratory tree of
sea cucumber Apostichopus japonicus( Selenka ) during aestivation

WANG Tian-ming'*, YANG Hong-sheng'*, SU Lin'~?
(1. Key Laboratory of Marine Ecology and Environmental Sciences ,Institute of Oceanology,
Chinese Academy of Sciences ,Qingdao 266071 ,China;
2. Graduate University , Chinese Academy of Sciences ,Beijing 100049 , China)

Abstract. Aestivation is a kind of dormancy that is probably defined as a survival strategy for dealing with
arid conditions, food shortage and high environmental temperature. As an adaptation for life in stressful
environments, multiple adjustments occurred in aestivated organism including the regulation of defense
system. Antioxidant enzymes are regulated in aestivating animals usually. To evaluate the transcriptional
regulations associated with antioxidant defense in sea cucumber during aestivation, gene expression of
antioxidant enzymes in respiratory tree was analyzed in this study. Five partial sequences of antioxidant
enzyme genes were obtained from Apostichopus japonicus transcriptome database ; Cu/Zn-SOD ( copper-zinc
superoxide dismutase ) , CAT ( catalase ) , PHGPx ( Phospholipid hydroperoxide glutathione peroxidas ),
PRDXS5 ( Peroxiredoxin-5 ) and PRDX6 ( Peroxiredoxin-6 ). The multiple sequence alignment ( MSA ) was
conducted and special primers were designed for Real-time PCR assay. These genes expressions were
normalized by multiple internal control genes of NDUFAI13 ( NADH dehydrogenase [ ubiquinone ] 1 alpha
subcomplex subunit 13)and ACTB (beta actin) ,and their variations during aestivation of A. japonicus were
analyzed. Compared with the active sea cucumbers ( sampled in May ), the antioxidant enzymes got
transcriptional change in respiratory tree of aestivated sea cucumbers ( sampled in Aug) : the expression of
Cu/Zn-SOD genes got increase to 1. 66 fold( P >0.05) ; the expression of PRDX5 genes got significant
increase to 1.69 fold( P <0.05) ;the expression of CAT and PHGPx got significant decrease to 0. 60 and
0. 38 fold respectively ( P <0. 05) ; no notable expression variation of PRDX6 was found. It was mainly
consistent with the variation of these genes expressions in later phase of thermal induced aestivation of A.
Japonicus ( aestivated sea cucumbers sampled on 40 d) : the expressions of Cu/Zn-SOD and PRDX5 genes
got significant increase to 1.85 and 1. 91 fold respectively ( P <0.05) ;the expressions of CAT and PHGPx
genes got significant decrease to 0. 60 and 0. 34 fold respectively (P <0.05) ;no notable expression variation
of PRDX6 was found. The result indicated that the gene expressions of different antioxidant enzymes were
regulated differently during aestivation of sea cucumber.

Key words: Apostichopus japonicus( Selenka) ; aestivation; antioxidant defense; real-time PCR
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