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£ 1 WRPLIEPCR LUK RACE FiA35IY
Tab.1 Primers used for PCR and RACE in this study
(5'=3") (bp)
Cu/Zn Cu/Zn SOD F CGAACGGGTGTATGTCTGCT o3
SOD Cu/Zn SOD R CGTCACTGATGGCGACCTTA
Cu/Zn SOD 5'outer TCACTGATGGCGACCTTAGCAAC 345 SRACE
Cu/Zn SOD 5'inner CGGCAGTAACATTCCCTAAATCG 287
Cu/Zn SOD 3’outer TAACACGAACGGGTGTATGTCTG 254 JRACE
Cu/Zn SOD 3'inner GGCGATTTAGGGAATGTTACTGC 192
Cu/Zn SOD 1/2LCso  1/4LCsg 1/8LCsg ,
. MEGA®6.0 Maximum RNA R cDNA
Likelihood method PCRD 3 3
1.5 PCR(qRT-PCR)
Prime primer 5.0 Cu/Zn SOD , 3
PCR ’ 9-AACT
, 18S rRNA Cu/Zn SOD s Spss 22.0
, PAGE s
LCs, P<0.05
R2 WMRAPEAEE PCRFIAGIY
Tab.2 Primers used for qRT-PCR in this study
(5'—3") (bp)
Cu/Zn SOD F CGAACGGGTGTATGTCTGCT 91 qRT-PCR primer
Cu/Zn SOD R CGTCACTGATGGCGACCTTA
18S F TGCATGGCCGTTCTTAGTTG 209 qRT-PCR control primer
18S R TCAATTCAGTGTAGCGCGTG
2 ) e &2
2.1 Cu/Zn-SOD 2000bp 3'RACE M 5RACE
RNA cDNA ,
Cu/Zn SOD.F/R s 5100p 8 Y
RACE s RACE Cu/Zn SOD
351bp &' 510bp 3’ D
DNAMAN 8.0
351bp S5'RACE  510bp 3'RACE
, Cu/Zn SOD
cDNA (MF289343)  837bp, ORF 1 RNA, Cw/Zn-SOD 5/3RACE
456bp, 152 (aa), 5'UTR  3'UTR Fig.1 Electroph:)resis pictures of RNA, and 5"/3'RACE of
297bp, 84bp , polyA Cu/Zn-SOD
AATAAA ( 2 Ep. Cu/Zn SOD
2.2 Cu/Zn SOD Cu/Zn SOD 3,
DNAMANS.0
SMS ; Cu/Zn SOD



2 (Eurytemora pacifica) Cu/Zn SOD 387
1 TGGCCACGCGTCGACTAGTACGGGGGGGGGCGTCTAAAACGACCAAGCTAATATTGCTTGATTCACTTCTACAAGAGA
79 AAAAAGATGGTTAAGGCAGT TTGTGTACTCAAGGGGGAGGTTGTCAACGGCACCGTTCATTTTGAACAGGAGGAAGGT
1 M VvV K AV C VL K GE V VNGTV HVFE Q E E G
157 GGACCTGTTACCCTGTCCGGGGAACTGACCGGACTAGCAGATGGACTTCATGGATTCCATGTACATCAGTTTGGTGAT
25 G P V TL S GEULTGULA ADGULUHSGT FHUVHGQTF G D
235 AACACGAACGGGTGTATGTCTGCTGGCCCCCATTTCAACGTGGATGGTAGTACTCACGGCGCCCCAACCGACGCCAAG
51 N T N G C M S A G P HF NV D G S T HGA AUPTUD A K
313 GGTTCCCGCCATGCCGGCGATTTAGGGAATGTTACTGCCGACGGCGGCGTTGCTAAGGTCGCCATCAGTGACGCCATG
77 G S R H A GDULGNVTAUDG GV A KV A I S DAM
391 ATCAGCCTGAGCGGCGAGAACTCAGTGATCGGTCGCACGATGGTCATCCACGCTGATCAGGACGATCTAGGGCAGGGA
103 I s L s G E N S VI G R TMV I HAUDOQDUDTULGQ G
469 GGCCACGAGCTCAGCAAGAGCACAGGAAATGCTGGGGCTCGTGCAGCCTGCGGGGTCATTGGTATTGCTAA@GC
129 G H E L S K S T G NAGAURA AATCGV I G I A K *
547 CTGGTGTTTCTAAGCTGTAGTGGATCCCTAGTCATGGGGCAGACTATATGTAACCCTAGATGTGATTCATGTGATCAA
625 TAAAAAAAAAGAAATATATCAATAATTTCCTTCATTTAAAATTTCACCGTTTTTCAATTACTTTTCACTGACAAAAAC
703 GCAGCATTTATTGAATTGCGTTTGTTTGGATAATACTCGTAGTGTGTGTGTCACGTGTTCATTTTTCAAATTCCCGCG
781 TTTTTTAGTTTGAATAATTGGCGCCAAAAAATAATGTGTACTTTCAGAAAAAAAAAA
2 EP. Cu/Zn SOD cDNA
Fig.2 Nucleotide and deduced amino acid sequences of Ep. Cu/Zn-SOD
(ATG) (TAA) xR
- 20 - 40 - 60 hd 100 -
Eurytemora pacifica Cu/Zn SOD (1MF289343) : v} EH EGG—P 42
Acartia pacifica Cu/Zn SOD (ALS04106.1) : A-{NEl YEERIGNG - B 43
Argopecten irradians Cu/Zn SOD (ACE76954.1) = D: (P12 GSG-Hy 44
Crassostrea madrasensis Cu/Zn SOD (ADR70998.1) : —=--==-==~- B O R DSH R LI GSG-A) 44
Crassostrea madrasensis Cu/Zn SOD (AFV52312.1) : KDN--K 43
Sepiella maindroni Cu/Zn SOD (AHJ09887.1) : O Seis 2 PGSEy 47
Limulus polyphemus Cu/Zn SOD (XP013783884.1) : D: Q23 SelaAPGSH 47
Sinanodonta woodiana Cu/Zn SOD (AMO00630.1) = Q23 SelaAPCTH 47
Pinctada fucata Cu/Zn SOD (AFM75822.1) : D 3 SeASGSH) 47
Ostrea edulis Cu/Zn SOD (ADF80414.1) : CVING T Yl SEgNTDCRT: 44
Crassostrea gigas Cu/Zn SOD (XP011426332.1) : 2 CVME £ YT 45
Cristaria plicata Cu/Zn SOD (ACI28282.1) : MKFILTTFLALVV)SEMFAQTENDVADQGLAAGTELAQATADKNE. GKLATKVGP 115
kRécv g v Gté f ge
160
Eurytemora pacifica Cu/Zn SOD (1MF289343) : 75
Acartia pacifica Cu/Zn SOD (ALS04106.1) : 76
Argopecten irradians Cu/Zn SOD (ACE76954.1) : 77
Crassostrea madrasensis Cu/Zn SOD (ADR70998.1) : 77
Crassostrea madrasensis Cu/Zn SOD (AFV52312.1) : 76
Sepiella maindroni Cu/Zn SOD (AHJ09887.1) : 80
Limulus polyphemus Cu/Zn SOD (XP013783884.1) : 80
Sinanodonta woodiana Cu/Zn SOD (AMO00630.1) : 80
Pinctada fucata Cu/Zn SOD (AFM75822.1) : 80
Ostrea edulis Cu/Zn SOD (ADF80414.1) : 77
Crassostrea gigas Cu/Zn SOD (XP011426332.1) : 78
Cristaria plicata Cu/Zn SOD (ACI28282.1) : DK R A NDELTSFQNTFTNMYECVYENSGQMLYNH 230
Eurytemora pacifica Cu/Zn SOD (1MF289343) : 143
Acartia pacifica Cu/Zn SOD (ALS04106.1) = 144
Argopecten irradians Cu/Zn SOD (ACE76954.1) : K] 144
Crassostrea madrasensis Cu/Zn SOD (ADR70998.1) : > 144
Crassostrea madrasensis Cu/Zn SOD (AFV52312.1) : I 143
Sepiella maindroni Cu/Zn SOD (AHJ09887.1) T} M 147
Limulus polyphemus Cu/Zn SOD (XP013783884.1) T} M 147
Sinanodonta woodiana Cu/Zn SOD (AMO00630.1) = T » 147
Pinctada fucata Cu/Zn SOD (AFM75822.1) : T M 147
Ostrea edulis Cu/Zn SOD (ADF80414.1) : K n -L : 144
Crassostrea gigas Cu/Zn SOD (XP011426332.1) : KE TN pRe ——— 2L : 144
Cristaria plicata Cu/Zn SOD (ACI28282.1) : |SK2)|YSKLSTKFYWRNWFVAVYNAIMEGDNNHQWCNGG I SMRQOEFNMLVAENSENTARLNGNT : 345
d g s 6G r 6véha ddLg gGheLsk 3gn ag r
. 400 N 420
Eurytemora pacifica Cu/Zn SOD (1MF289343) : 152
Acartia pacifica Cu/Zn SOD (ALS04106.1) 153
Argopecten irradians Cu/Zn SOD (ACE76954.1) 155
Crassostrea madrasensis Cu/Zn SOD (ADR70998.1) 155
Crassostrea madrasensis Cu/Zn SOD (AFV52312.1) 152
Sepiella maindroni Cu/Zn SOD (AHJ09887.1) 156
Limulus polyphemus Cu/Zn SOD (XP013783884.1) 156
Sinanodonta woodiana Cu/Zn SOD (AMO00630.1) 156
Pinctada fucata Cu/Zn SOD (AFM75822.1) 156
Ostrea edulis Cu/Zn SOD (ADF80414.1) 153
Crassostrea gigas Cu/Zn SOD (XP011426332.1) : : 153
Cristaria plicata Cu/Zn SOD (ACI28282.1) : JINGATMVKKGWWENKRNLNAKE I FDGVSTVRSCSKYSGFGVIKSNANFHAQAESSRLVTSNRGSYLFFLFH : 420
AcG6Igi
3 Ep. Cu/Zn SOD
Fig.3 Multiple sequence alignment of deduced amino acid sequence of Ep. Cu/Zn SOD gene
« 3 , (Eurytemora GenBank
pacifica) (Acartia pacifica) 4 4 ,
84%, (Argopecten Cu/Zn SOD (Acartia
irradians) (Crassostrea hongkongensis) pacifica) , ,
(Crassostrea madrasensis) ; (Sepiella
71% Ep. Cu/Zn SOD Cu/Zn SOD maindroni) (Cristaria plicata)

>

MEGA 6.0 , (Copepods)
Maximum likelihood method, 10000 R

(Shellfish)
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75 Crassostrea hongkongensis Cu/Zn SOD (ADR70998.1)
92| — Crassostrea gigas Cu/Zn SOD (XP011426332.1)
99
89 L Pinctada fucata Cu/Zn SOD (AFM75822.1)
= Ostrea edulis Cu/Zn SOD (ADF80414.1)
46 Limulus polyphemus Cu/Zn SOD (XP013783884.1)
Sepiella maindroni Cu/Zn SOD (AHJ09887.1)
Argopecten irradians Cu/Zn SOD (ACE76954.1)
89 @ Eurytemora pacifica Cu/Zn SOD (1MF289343)
4‘— Acartia pacifica Cu/Zn SOD (ALS04106.1)
42 | Sinanodonta woodiana Cu/Zn SOD (AMO00630.1)
99— Cristaria plicata Cu/Zn SOD (ACI28282.1)
0.05
4 Cu/Zn SOD
Fig.4 Molecular phylogenetic analysis of Cu/Zn SOD by maximum likelihood method
®3 RTHFINSHSHE Cu/Zn SOD RIFEE
Tab.3 Cu/Zn SOD family neuropeptide for sequence analysis
/%
Cu-Zn SOD MF289343 Eurytemora pacifica
Cu-Zn SOD ALS04106.1 Acartia pacifica 84
Cu-Zn SOD ACE76954.1 Argopecten irradians 71
Cu-Zn SOD ADR70998.1 Crassostrea hongkongensis 71
Cu-Zn SOD AFV52312.1 Crassostrea madrasensis 71
Cu-Zn SOD AHJ09887.1 Sepiella maindroni 64
Cu-Zn SOD XP013783884.1 Limulus polyphemus 69
Cu-Zn SOD AMO00630.1 Sinanodonta woodiana 70
Cu-Zn SOD AFM75822.1 Pinctada fucata 70
Cu-Zn SOD ADF80414.1 Ostrea edulis 70
Cu-Zn SOD XP011426932.1 Crassostrea gigas 69
Cu-Zn SOD ACI28282.1 Cristaria plicata 68
2.3 Cu/Zn SOD Swiss Pdb Viewer4.0.1 Cu/Zn
SOD (Prosite pattern) ,
DNAMAN Cu/Zn SOD 8 : PS00001 N-
) 5, ; PS00005 ; PS00006 II
2.48, -2.56, —0.087368421, ; PS00008 ; PS00342 C-
> ; PS00087/PS00332
70 82 : PS00443 i ( 4
, Expasy Peptide Cutter
TMHMM 2.0 (http://web.expasy.org/peptide_cutter/)

, 6 ;

E

5
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Fig.5 Analysis of Cu/Zn SOD hydrophobic amino acid
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Fig.6 Transmembrane region analysis of Cu/Zn SOD amino acid sequence

% 4 Cuw/Zn SOD EB#HITIIRENL = 1R (Prosite pattern) 7 47

Tab.4 Cu/Zn SOD proteins analysis in functional site pattern (Prosite pattern)

PS00001 N-glycosylation site N-{P}-[ST]-{P}
PS00005 Protein kinase C phosphorylation site [ST]-x-[RK]
PS00006 Casein kinase II phosphorylation site [ST]-x(2)-[DE]
PS00008 N-myristoylation site G-{EDRKHPFYW}-x(2)-[STAGCN]-{P}
PS00342 Microbodies C-terminal targeting signal [STAGCN]-[RKH]-[LIVMAFY]>
PS00087 Copper/Zinc superoxide dismutase signature [GA]-[IMFAT]-H-[LIVF]-H-x(2)-[GP]-[SDG]-x-[STAGDE]
PS00332 Copper/Zinc superoxide dismutase signature G-[GN]-[SGA]-G-x-R-x-[SGA]-C-x(2)-[1V]
PS00443 Glutamine aminotransferases class-1I act <x(0,11)-C-[GS]-[IV]-[LIVMFYW]-[AG]
Swiss model Cu/Zn SOD ,
7 R , 18S rRNA
Cu/Zn SOD 2 o s B
, a , 4 B 3 , 278
, C N , SPSS 22.0
2.4 Cu/Zn SOD , Ep. Cu/Zn SOD
real time PCR Ep.Cu/Zn SOD ( 8, 9,

10)
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%5 CuwZnSOD ZEREYIM SR
Tab.5 The restriction site analysis of Cu/Zn SOD

Arg-C proteinase 3
Asp-N endopeptidase 10
Asp-N endopeptidase + N-terminal Glu 17
CNBr 4
Chymotrypsin-high specificity (C-term to [FY W], not before P) 4
Chymotrypsin-low specificity (C-term to [FYWML], not before P) 26
Clostripain 3
Formic acid 10
Glutamyl endopeptidase 7
Hydroxylamine 2
LysC 6
LysN 6
NTCB (2-nitro-5-thiocyanobenzoic acid) 3
Pepsin (pH1.3) 22
Pepsin (pH>2) 22
Proteinase K 66
Staphylococcal peptidase 1 6
Thermolysin 45
Trypsin 9

7 Cu/Zn SOD
Fig.7 The 3 dimensional structures of Cu/Zn SOD domain predicted by Cn3D-4.1
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CLONING AND EXPRESSION ANALYSIS OF Cu/Zn SOD GENE OF
EURYTEMORA PACIFICA UNDER METAL STRESS

HU Li-Teng, XIA Li-Ping, WU Min-Min, CHEN Jin, ZHANG Jian-She

(Marine Science College of Zhejiang Ocean University, National Engineering Research Center of Marine Facilities Aquaculture,
Zhoushan 316022, China)

Abstract Copper zinc superoxide dismutase (SOD) is one of the important antioxidant enzymes widely existing in
organisms, and plays an important role in preventing excessive reactive oxygen species from poisoning the organism. In
this study, Eurytemora pacifica was used as the research subject, and the full-length cDNA sequence of Cu/Zn SOD gene
was obtained by RT-PCR and RACE methods. The full-sequence of Cu/Zn SOD (GenBank accession number: MF289343)
was 837bp, the complete open reading frame of 456bp encoding 152 amino acids, 5'- 3' non encoding region of 297bp
encoding region of 84bp, the molecular weight of 15.050kDa and isoelectric point of 5.73. Sequence comparison indicated
high consistency between the amino acid sequences of Cu/Zn SOD ¢cDNA with other crustacean animal; there are 8 protein
post-translational modification and protein family sequence tagged sites, no signal peptide and transmembrane domain.
Cu/Zn SOD mRNA expression analysis of E. pacifica under chromium or nickel stress showed that the value of Cu/Zn
SOD increased first and then decreased, and reached a peak in 12 hours. The expression in chromium stress is slightly
higher than that in nickel stress. In addition, under nickel-chromium joint stress, it showed antagonistic effect. The results
could be helpful to explore the structure and function of the copepod Cu/Zn SOD gene, and to offer theoretical basis for
studying the molecular mechanism of antioxidant.

Key words copper zinc superoxide dismutase; FEurytemora pacifica; gene cloning; metal stress; RT-PCR



