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, RT-PCR
RT-PCR

TaKaRa RNA PCR Kit (AMV) Ver.3.0[(
( ) )], : 30°C, 10 min;
42°C 30 min; 99°C 5 min; 5°C 5 min
RT-PCR 277 bp
3'RACE 5 RACE (1)
TaKaRa 3’-Full RACE Core Set Ver.2.0 TaKaRa 5'-
Full RACE Kit [ (
) ] 3'’RACE :94°C 3 min; 30
(94°C 30, 62°C 30s, 72°C 1 min 305s); 72°C
10 min; 94°C 3 min; 30 (94°C 30s, 65T 30s,
72°C 1 min); 72°C 10 min 5' RACE :94°C
3 min; 30 (98°C 155, 62°C 30s, 72°C 1 min 30
s); 72°C 10 min; 94°C 3 min; 30 (98°C 155,
58°C 30s, 72°C I min 10 s); 72°C 10 min RCR
4°C , 5 uL PCR 1%

b

x1 KBFAAMSIMFS

Tab.1 Sequences of primers used in the experiment
514 JFA(5'-3")

primer sequence(5'-3")
PCR F CGAGTCCTTCCAGGTCTTC

S TCGGTCTTCTTCTTGTGGG
5'RACE  Fl CATCCTTGAAGTGGTTGGCAGTA
PCR s1 CTTGAGGTTGTTAGCGTTGTTTC
3'RACE  F2  TGGAAACAACGCTAACAACCTCA
PCR S2 ACCACTTCAAGGATGAGGAGGGC
RT-PCR  F3 CGTCAACCACATCAAGGGAAC
for MPIL g5 CCCGCTGAAACGACACTAACA
RI.PCR  F4  GGGCTACTCCTTCACCACCA

for p-actin ¢, CGAAGTCCAGAGCAACATAGCA

14
, BLAST
, CLUSTAL W 1.83
, MEGA , SignalP 3.0 (http://
www.cbs.dtu.dk/services/SignalP) ,
PROSITE (http://www.expasy.ch/prosite)
, SOMPA (http://npsa-pbil.ibep.fr/
cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.
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’ 2
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40 mg/L Cd** , 2.1 MP [/cDNA
12 24 48 72h MP I] (N. diversicolor)
; 3 (5 10 20mg/L) (MPII) ,
cd* 15d  MPIl ,
(cb), 5 (Perinereis aibuhitensis) MP Il cDNA ,
2L , : PCR
6 , 24 h 1, 3'RACE RNA
cd* 1 599 bp ( 1); 5
12h 24h 48h 72h 15d RACE 243 bp ( 2)
3 R 0.1 mg 5'"RACE 3'RACE , 201 bp
RNA, -80°C MP [T , 904 bp
RNA, SYBR Green | MP [ cDNA
, TaKaRa Thermal Cycler Dice Real 2.2
Time System PCR , MP [[cDNA
TaKaRa SYBR' PrimeScript  RT-PCR ~ 81bp 5’ 463bp 3’ :
Kit (Perfect Real Time) [ ( )
1 2 M bp
] RT PCR RT
:37°C 15min; 85°C 5s PCR :95°C
10 s; 45 (95°C 55,56C 105, 72°C 15 5) 2000
RNA . RNA(100 ng) ik
cDNA  EASY Dilution 10 L
(1 10 10> 10° 10* ) , 250
(B-actin) (MP II) 100
, 90% RT-PCR
p-actin, f-actin
’ ’ f-actin 1 MP II3' RACE
mRNA ; M: DL2000 DNA ;1:3'RACEPCR |
B-actin o 2: M-MLV(-)
’ RNA Fig.l 3'RACE amplification product of MP II
M: DL2000 DNA marker; 1: PCR product of 3' RACE;
, p-actin RT- PCR 2: RT -PCR product of M-MLV (-).
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bp 17.64%,
13.44%, 4.2%,
2000 (MT)
1000 13.9 kD,
750 .
500 6.0 SignalP MPII
250 ’ ’
100 (TMHMM) , MP II
PROSITE R
HX59
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M: DL2000 DNA ; 1: 5" RACE PCR ;
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Fig.2 5'RACE amplification product of MP [/ 63.03% o- >
M: DL2000 DNA marker; 1: PCR product of 5 RACE; 0.84% B' 4.2% 31.93%
2: RT -PCR product of M-MLV (-). ’ ’
357 bp, 119 ( 3 2.3
3 5 MP [[cDNA MP cDNA
R 0.84%, GenBank (FJ212325), CLUSTAL W

5 - CCAACTGAGTTTAATCACT AACTTGAGAAAGCAATTTTAACTTTGTGACTCGAGTTCAGCGCAGCTC
AGCACACCTTCAAG

82 ATGGGTTACGATATTCCTGAACCATTCAAGTGGGACGAGTCCTTCAAGGTCTTCTATGAC
X 6 YDIUPEVPTFIEKWDET ST FEVTFTYT?D
142 ATGCTCGATGATGAGCACAAGCAGATCTTCAACGCCATCTTCGATGTCTGCGGTGGAAAC
X LDDEUHE KA QITFNATITFDVCOGOGN
202 AACGCTAACAACCTCAAGAAGATGATCGAAGTTACTGCCAACCACTTCAAGGATGAGGAG
NANNLIEKTZE KT NINITIEVYVTANUHTPFIEKTDEE
262 GGCATGATGGTCTCTGCCAAGTATGCCGACTTCGACTCCCACAAGAAGAAGCACGAGGAC
¢ I I VS AEKEYADVPFDS SHEKTEKTE KHETD
322 TTCTTGGCCGTCATCOGTGGCCTCTCTGCTCCOGTCCCCGACGACAAGATCAAGTACGCT
FLAVIRCGLSAPYVYZPDUDETIZEKTYA
382 AAGGAATGGCTCGTCAACCACATCAAGGGAACCGACTTCCAGTACAAGGGCAAGTTGTAA
EE®RL YV NHTITEKTGTUDTFO®QTYZETGETL #*
442 ACAGCGCGCCATGACGCAAAGTGCCACCTAGCTGTTAGTGTCGTTTCAGCGGGCGAGAGTGACGCT
CCTGGTGGTCAACAGCAAAACTACGTGTCGTTGTGTGCAAAATGAATGACTGTCCCTGTTAGTCAGTTG
TCGTCACCCTACGCAGCGTTTTCTACACCTGGCAGCTTCGTGTTAATTTCTCAGCCGATTAGTATTAAG
AACTTGCCAAGATTATGAGCAAAAACTACTCGCAGAAAAMCTCATCAAAATTCACGGACAGTTTCCTTA
AGATCAGACAAAATAAGATCATTATAAACAGGACCTTAACATCTGGTGTCCTTTCTCACACTTAAGGTA

TTATTTCTCT G TCAATCACATCCT AACAATGCAATGTATATATTCTACATTGATTAATTTTGGAATTT
CTGAATCTTGTGTGTTACATTTTAATAAACTCTGCTTTTCTAAAAAALARAL-3" 904

3 MP [[ ¢cDNA
1-81 5’ ;462-904 3 ; 82-461 ; ;¥

Fig.3 Nucleotide and deduced amino acid sequence of the Perinereis aibuhitensis cDNA sequences of MP [/gene (GenBank acces-
sion number: FJ212325)
5" untranslated regions are showen as 1-81, 3" untranslated regions are showen as 462—904 and the open reading frame is showen as

82—461. The deduced amino acid sequences are showen as bold letter, and the termination codon is indicated by an asterisk.
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Perinereis aibuhitensis MPII FJ212325 MGYDIPEPFKWDESFKVFYDMLDDEHKQI FNAIFDVCGG-NNANNLKKMIEVIANHFKDE 59
Nereis diversicolor MPIIL S 57799 MGFDIPEPFKWDASFEVFYKKLDDEHKAIFDSIFAVCNG-NNADNLEKMVDVIANEFSDE 59
Periserrula feucoph;jrna Hr AY312845 --————- QPYKWDESFQVFYEKLDEEHGKIFNAIFALCGG-NNADNLKSLVDVIANHPADE 53
Nereis diversicolor MHr P22761 ~GFEVPEPFKWDESFQVFYDKLDEEHKQIFNAIFALGGG-NNADNLKKMIDVIANHFADE 58
Hirudo medicinalis Hr AY521548 MGFEIPE PYVWDESFKVFYENLDEEHKGLFQATI FNLSKSPADNGALKHLSKVIDEHFSHE 6()
Theromyzon tessulatum MHr AF279333 MVFEIPEPYQWDETFEVFYEKLDEEHKGLFKGIKDLSDSPACSETLEKLVKLIEDHEFIDE 60
Lingula reevii Hr P23544 -PFDIPERYVWDESFRVFYDNLDDEHKGLFKGVENCAADMSSAGNLKHLIDVITTHFRNE 59
Lingula anatina Hr P22764 ~GWEIFEFYVWDESFRVFYEQLDEEEKKIFKGIFDCIRDNS-AFNLATLVKVIINHFTHE 58
Lingula anatina Hr P22765 -GFEPVPDPFIWDASFKTFYDDLDNQHKQLFQAILTQG-NVGGATAGDNAYACLVAHFLFE 58
Phascolopsis gouldii MHr P27686 ~GFPIFPDPYVWDESFKVFYQLLDDKHKQIFQGVEDCAKDFSSAAKLQKLIEVTIAKHESDE 59
Phascolopsis gouldii MHr P02244 MGFPIPDPYVWDESFRTFYSIIDDEHKTLFNGIFHLAID-DNADNLGELRRCTGKHFLNE 59
Themiste zostericola MHr P02247 -GFPIPDPYGWDPSFRIFYSIIDDEEKTLENGIFELAID-DNADNLGELRRCTGKEFLNR 58
Themiste zostericola MHr P 02245 -GFPIFDPYCWDISFRIFYTIVDDEHKTLFNGILLLSQA-DNADHLNELRRCTGKHFLNE 58
Themiste dyscriptum MHr P02246 -=MKVEAPYAWNSDFATTYENIDSEERTLFNGLFALA-EFNTLTQLNAAIEVFTLHFEDE 57
Siphonosoma cumanense MHr P22766 ~ —-MKIFVPYAWIFDFKITYENIDSEHRTLFNGLFALS-EFNIQHQLNARIEVFILEFEDE 57
Sipunciulus nudus MHr AJ632198 - VKV e P AWNE S FAT S YK IDLERRTLENGLEALS-EFNTRDQLLACKEVEVMHERDE 57

- . - * - - - - - -

Perinereis aibuhitensis MPII FI212325 EGMMVS-AKYA-DFDSHKKKHEDFLAVIRGLSAPVEDDKIKYAKEWLVNHIKGTIDEQYKG 117
Nerdeis diversicolor MPIL $57799 EGMMHS-ANYA-DFDSHIGHEDFLVVIRGLSAPVGDDKLEYAKDWLVNEIKGIDEQYHE 117
Periserrula leucophryna Hr AY312845 ERMMKASGSYG-DFDSHEKKH-————— === == - e 73

Nereis diversicolor MHr P22761 EAMMI A S A A YHSERPGHIGKEEDFLAVIRGLSAEVENDKLLYAKDWLVNEIKGTIDEIYHG 118
Hirudo medicinalis Hr AY521548 EDMMKK-ASYS-DFDNHKKAEVDFQASLGGLSSFVANDKVHWAKDWLVNHIKGIDFLYKG 118
Theromyzon tessulatum MHr AF279333 EEMMKS-KSYE-DLDSHXKIHSDEVETLKGVHAPVSEENIKMAKEWLVNHIKGIDFKYKG 118
Lingula reevii Hr P23544 EAMMDA-AKYE-NVVPHKQMEKDFLAKLGGLEAPLDQGT IDYAKDWLVQEIKITDFKYKG 117
Lingula anatina Hr P22764 EAMMDA-AKYS-EVVPHKKMEKDFLEKIGGLSAFVDAKNVDYCKEWLVNEIKGTDFKYKG 116
Lingula anatina Hr P22765 EARMQV-AKYG-GYGAHKAAHEEFLGKVKG————— GSADAAYCHKDWLIQHEIKTIDFKYKG 111
Phascolopsis gouldii MHr P27686 ENMMOQ-SHYS-GYPPHHKAREEFLGKLRGLRAPLDTAGLDYCHDWLVQEIKTIDFHYHG 17
Phascolopsis gouldii MHr P02244 QVLMQA-SQYQ-FYDEHKKEHETFIHALDN-———- WHGDVHWAKSWLVNEIKTIDFKYHG 112
Theniste zostericola MHr P02247 EVLMQA-SQYQ-FYDEHKKAHEEFIRALDN-———~ WHGDVHWAKSWLVNEIKTIDEFKYKG |11
Themiste zostericola MHr P02245 QOLMQA-SQYA-GYAEHKKAHDDEIHKLDT ————~ WDGDVIYAKNWLVNEIKTIDEKYRG 111
Thensiste dyseriptum MHr P02246 QGEMIR-SNYV-NTHEHTDIENGFMDVMRGWRSEVPQQRDLLAGMAWLANHIPTEDFKYHG |15
Siphonosoma cumanense MHr P22766 ~ QGQMIR-SNYV-NTKEHTDIENGFMDTMRGWQSFVPQHALKDGMEWLANEIPTEDFKYKG 115
Sipunculus nudus MHr AJ632198 QGOMEK-ANYE-HFEEHRGIHEGFLEKMGHWHKAPVAQKDIKFGMEWLVNEIPTEDFKYHG |15

4 MP II
Hr , MHr CLUSTAL W 1.83 Mo ;4

L .
I s

;a,b,c,d4

s

o-

Fig.4 Alignment of deduced protein sequences of MP Il with seleceted amino acid sequences of marine invertebrate
Hr refers to hemerythrins, and MHr refers to myohemerythrins. The alignment was obtained using the Clustal W software. “*”
donates conserved amino acids; “:” donates very similar amino acids; “.” donates similar amino acids. The bold letters are residues

involved in iron binding. a, b, c, and d refer to the a-helices.

, 4 61.02% 44.64%  46.02%, NJ
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MHr(AF279333) 81.51% 77.12% 54.62% 6 6 , cd* 12~48 h,
43.86% ; Lingula reevii MP [ImRNA s
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(P22764, P22765) 38.60% , MP [[mRNA ,
45.61% 40.87%; Phascolopsis 2 72 h , MP [T
gouldii MHr(P27686, P02244), , 12.6 ; Duncan
Themiste zostericola MHr(P02247, P02245) , 72 h , MP I
Themiste dyscriptum MHr(P02246), (P<0.01)
(Siphonosoma cumanense) MHr(P22766) 7 , 3 cd® 154
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Fig.5 Phylogenetic neighbour-joining tree based on the 119 amino acid sequences of MP Il with the corresponding regions of 15
representative Hr and MHr from other species
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Cloning and expression of the metalloprotein (MPI11) gene from poly-
chaetes Perinereis aibuhitensis (Annelida: Polychaeta)

YANG Dazuo', ZHOU Yibing', CHEN Xue', ZHOU Xiaoxiao', WANG Bin', YUAN Xiutang®, SUN Jingbo®

1. Key Laboratory of Marine Bio-resources Restoration and Habitat Reparation in Liaoning Province, Dalian Ocean University,
Dalian 116023, China;

2. National Marine Environmental Monitoring Center, Dalian 116023, China;

3. Takara Biotechnology (Dalian), Dalian 116600, China

Abstract: In the present study, the partial cDNA of metalloprotein Il (MPII) was amplified from the total RNA of
epidermis muscle of the polychaete, Perinereis aibuhitensis, by reverse transcription polymerase chain reaction
with the primers designed based upon the homologous cDNA sequence of MPII from Nereis diversicolor. Other
primers were designed according to the partial sequence of Perinereis aibuhitensis MPII and two fragments of
approximately 600 bp and 250 bp were obtained using 3'- and 5'-RACE, and sequenced. Sequence analysis re-
vealed a 904 bp cDNA containing an §1 bp 5'-untranslated region, 463 bp 3'-untranslated regions, and 357 bp open
reading frame putatively encoding a protein of 119 amino acids. The deduced amino acid sequence of MPII was
subjected to BLAST search for similarity with published sequences and it was found that MPII shared high iden-
tity (81.51%) with Periserrula leucophryna hemerythrin, also with myohemerythrin of Nereis diversicolor
(77.12%), and with the hemerythrin of Themiste zostericola (61.02%). Furthermore, the deduced amino acid se-
quence of MPII contained the conserved motif (HX,0HX;EX ¢(HX3HX,3/2HX4D) of the hemerythrin family of
proteins, suggesting that MPII belongs to the hemerythrin family. The expression levels of Perinereis aibuhitensis
MPII were detected after exposure to 40 mg/L Cd*" for 12, 24, 48, and 72 h using quantitative PCR. The expres-
sion levels of MPII mRNA during 15 d were also detected under three concentrations of Cd*". The current study
showed that the expression levels of the MPII were approximately 12.6-fold higher (P<0.01) than control group at
40 mg/L Cd*" after 72 h. The level of MPII mRNA produced in the muscle tissue of sandworm increased signifi-
cantly following exposure to Cd** of 5, 10, and 20 mg/L after 15 d, and were above 4.8-fold than control group
(P<0.05). Therefore, the expression level of the MPII increased with increasing concentrations of Cd*". We sug-
gest that heavy metal Cd*" is associated with the induction of MPII expression, and the present study provided
molecular support for the assessment of early ecological risks for monitoring the marine sediment environment
based on the health of clamworm.

Key words: Perinereis aibuhitensis; MPII cDNA; RACE; Cd2+; quantitative PCR
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