B40% 1 Wl B % U R Vol.40, No.1
2019 & 2 H PROGRESS IN FISHERY SCIENCES Feb., 2019

DOI: 10.19663/j.issn2095-9869.20180206001 http://www.yykxjz.cn/

WK, R, X, IhNER, RmE, mzE, kefh. Bif(Scapharca broughtonii) il 2L F 1 3L vl M 2R AE. Ha
W Rl£BERR, 2019, 40(1): 84-91

Zhao Q, Wu B, Liu ZH, Sun XJ, Zhou LQ, Yang AG, Zhang GW. Cloning and expression analysis of hemoglobin gene I of Scapharca
broughtonii. Progress in Fishery Sciences, 2019, 40(1): 84-91

5 iH (Scapharca broughtonii) 12T & H 1
ERRERREBE

BOED R R dEsY #EHR
AmE"Y #EE"Y kug#H '’
(1. A AR e W Hp 2 R R eI s T EAK RO B B AR F A 2660715
2. BB ERE S HEARR S ER LR EGE LR S 'Y A BRI E HE 266071;
3. KRR ER YL B EREHL RIFETERY: B 201306)
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Y. DECE AN TP R SR, 2011, MAE A E
BIRE RS Hiz Mt O,, (HFEE 5T A WIR
A, BRI 0L F S5 A E—E 25 5, C
HORAETCE MBS b AR S R AIG, X LR e i
RAFHEHE T ILmh (K TESE, 2008), iRiEEN, IMZT
EHE—FZIIReE N, REEEIIGES, B BA T
fent . AEFRFBE I . 4EHr IR PR S 2 M e
(Brittain, 2002; Kato et al, 2017; Wang et al, 2013;
FE/NBRAE, 2014) Bt , AIMLET SR 1 ET LA A v )
NO, BB, MM NO ¥ (Datta et al,
2004), AR B (Arenicola marina)W) L2 E A RS 5
AR 18 B80S 4557 118 9155 (Toulmond, 1973). ARAKsh#) 1fiL
LR A MR R AZ B EM, ERIFHQ2014)461k
193 T Ml (Tegillarca granosa)MAEH , dt—E0F
SR, HEA S EAY B ST, ©EA PN R
AT 1 (Pseudomonas putida)T& e ; I (2011)#F 58 &
B, B (Scapharca kagoshimensis) ) L1 HBER K
4 15 {04 4 BR 1 (Staphylococcus  aureus) . M ¥ AT B
(Bacillus subtilis)FN VOB IR E (Micrococcus tetragenus)
2P ANTR

L1 (Scapharca  broughtonii) J2& ¥ [ 5 2 f KA
SRR, AN TR B ECTOR BRI X, DL
AV BUkE R WL, AEFRE B0 A0 TH . ¥, R
T/ WL(GR R M, 2008), BEOHbTi R, XTRER .
BEYN TR (Vibrio anguillarum)< [P #HA — & B 32
RE SIS BA4E, 2017; Zheng et al, 2015), A] g5 Hil
WA 26, (HARSC DT T A se d i+ A B . 5
HAth Z B0 ¢ W ZEIRI], bmfh i i 2 B2 o, JS N
S5(2013 , 2014)f SELuf o 240 % 73 =28, BN 40 |
P 200 e R ILA E0 E , H  BRAT 40 t X JR AR 9 sh
M R 92 W B A P o R DL 2 i 21 8 1 i H L 87
Jeilt(Bao er al, 2013)FIE M GAIIA, 2011)h S pEFRAT
AT RE Ty I )BT e B

R S L N RAR S B PN ey v N g i ]
FEAE LA AE a8 5 i 2Rk A8 Ak, AR 0F 52 400 o R R A5
Wi 2L 8 F IR, IR IR L N AE mRNA 7K
AR AR, DA A SR i 21 88 A SC D) RE A IS
TRERE

1 RS
11 KEHMEERIE

SRR ORI AR A SE NI X, BRERGE RN
40 mm £ A7 {935 158 AR R H 2 T AR R VD e
%, KRB ELEE, T 200K 74,

BRI 2 K, BRHK 172, 5 4 h BW/NEH 22
JE B (Nitzschia clostertum)SF FANIEE 1 IR ; SEER 40 UK
HILZRERMNE WS,

12 RBERIRBALRE

8 SRR S« o e B AL 43 Ay B 5T B A FLAE
PBS ZHAIXTHEZH 3 40, B4 40 A, B85 A SR
FIRAERIE R, ] 2216E R R E 75, 205 IR,
JHl PBS B8 % ODgg0 n=0.4 (1 OD=5x10%cells/ml), %
S Ak B 2 S g ek P 5 L PP 3 559 50wl BB, PBS
HYES 50 ul KB PBS, X IR ARSATAEfTAbBE, 43
BT 0,2, 4, 8, 16, 24, 32 1 64 h FEHLEER 3 4
AMAAIBOIIK L, B04°C, 800 r/min, 15 min)ii4E IfiL
YAE, FT R RNA R

(k= SER L P G U R R R KW | K W R e 953
i il K 5 i SU(DOYMR BB, S8 AL35 4 /> DO W FE
BE, 439 0.5, 2.5, 4.5 F1 7.5 mg/L (W HEZ), bR
0.2, 4.8, 16, 24, 32 164 h)5, fEEHTREEHL
R I I 3 01187 N S =W =X 11 A

B HR A1 i g AN . PSR IR
I bk ELRN 75 R SR LH 2R T A T, F TR DN S A4
LURIBIIHT o NARAT K [R5 v g ekt g de 7
WIE WA E s DR R R, R0 &4 0.
1.2.3,. 12,16, 18, 28h /2. 3. 5. 6. 8. 9.
10, 11, 12, 13, 23 d B4, R TFRA P,

13 ERRESFIISHT

1.31 ¥ RNARMY cDNAA A  RNAEEM
INRFEQOI0) I LA T, EELER . KAl TE
WA WIS, Trizol AAFH 10 min, MAETHHIEEH
BT, SRIG RSN EEDTIE RNA, H 75% Bk
SR, iR T4, DEPC /K% RNA, KHE
HEE T (A260 nm/ A 280 nm) FNE R A E IS HL PKAS ) RNA 1)
Jih ., 4R SE . R A PrimeScript™ I st
Strand cDNA Synthesis Kit jf] & (TaKaRa), #&HEii
W -BERVE AL A cDNA %—%5%, PrimeScript™ RT
reagent Kit with gDNA Eraser(Perfect Real Time)& i,
cDNA, FFLm 76t B PCR(QRT-PCR), & T-20C
e

1.3.2 ShHb 1 AW AR AR AR S 56 2 e S L
WPEF 2 FF 5, FIH Primer Premier 5 1147 5%
Y514 ShHb 1 -F Fl ShHb 1 -R, ¥ 3L ShHb 1
cDNA f{rh[a] Bt f#if] RACE &7 £ (Clontech)it
17 RACE ¥4, PHEY WP 5IARTH 5] cDNA 2K,
HRAED 14 1 1] A BES T S RACE(SHb-R, 1 5Hb-R,)
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2 R %40 &

1 3'RACE(3Hb-F, 1 3Hb-F,)5 ¥y, #Ef78y 1,
S Efd R F & H Y UPM I 5SHb-R, 5 3Hb-F, i
T3, LSS —Remy = m ke 30 5 0k, L
NUP Fl 5Hb-R, 5 3Hb-F, #E1745 — 44 4 _PCR S i
TJF: 94°C 30s, 72°C 1 min, 5 MEH; 94C 305,
70°C 30s, 72°C 1min, 5 MEIH; 94°C 30s, 68C
30 s, 72°C 1 min, 25 MEH; 4°CHRAF. FTHEIY
W& 1,

®1 SEFAASIYFYY

Tab.1 The primers used in this experiment
5|4 Primer  J¥%1 Sequence (5'~3")
p-actin-F GAGACCTTCAACACCCCCGC
p-actin-R TAGGTGGTCTCGTGGATGCC
SbHb | -F TGCGGTAGTGAAGCCATCAA
ShHb I -R AAGTGCGTATGTCAGCGTGA
SHb-R, ACCTGTGGCTTCAATATCAGCT
SHb-R, ACTCCCCAGCTTCTTCTGAGA
3Hb-F, GCAAATTGAGAGGACACGCA
3Hb-F, CGCAATCACGCTGACATACG
UPM Long: CTAATACGACTCACTATAGGGCA
AGCAGTGGTATCAACG CAGAGT
Short: CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
qHb-F TGAGAGGACACGCAATCACGCT
gqHb-R CCCCGAATGCGTCACCACTGAT

2%IEUIE W BE IS AL VA I PCR 7%, DI 1ml e H
M, T T BRI AL 2 va BT, PRICSH 4 B e
BEGEME, I IE
1.33 &3l44r  F DNAstar 0% 751 i
TP, RI952% cDNA J¥41], 24k ORF Jf- Bk
FHERR , TR 55 S SR HL A A Interproscan
N Smart TE 28 4% 4 (http://www.ebi.ac.uk/interpro/ I
http://smart.embl-heidelberg.de/) 15 il & 5% 2 14 1Y 2 BE

15 ; F§ TMHMM , SingalP3.0Server (http://www.cbs. dtu.

dk/services/TMHMM/F http://www.cbs.dtu.dk/services
/SignalP-3.0/)SETEL BRAT 73 A 45 1 1) 5 MBS 24, F3)
55K, 4 Blast(http:/blast. ncbi.nlm. nih.gov/Blast.
cgi) B [F I3, A ClustalX F1 DNAman 4 F
T2 9 R X, R Mega 6.0 #fFR 4B 421k
(Neighbor-Joining, NJ)H' fi¥) Poisson model #5751 #4) & 5
Gt

1.4 QRT-PCR 447

BRSS9 qHb-F Al gHb-R, BLFEEE 15 7

) cDNA AT 2 Y 31, LI p-actin /EH
WSERHNGI PR 1), RVIER: Tag i 10 pl,
WE 5445 0.8 ul, ROX Reference DyeIl 0.4 pl,
BT 2 pl, ddH,0 6 pl, KA : 95°C 3055 95C 5,
60°C 34s, 40 MEH; 95C 15s, 60°C 1 min, 95C
15 s HAFEAEE 3 AEE, RA 27295
R B AR X ek i . i SPSS 17.0 B4 T s R R Ty
% 43 1 (One-way ANOVA) #ll Duncan % H b &
(P<0.05), FI/H GraphPad prism 3 {HEK .

2 HR

2.1 EMFA cDNA FE3I4SR

B P25 R AT DR L HoXT, AR B a E A
FLH ) cDNA 2K 79 (fr 444 SbHb 1, GenBank %
S5O MF370202), )7 515 B A& 1 iR .5 cDNA
4KN 867 bp, Uk 177 bp i) 5'-UTR, 206 bp
3'-UTR #1483 bp 1) ORF, ORF %ifi 160 2 IRk
I, WU EE 14088 17.5 kDa, #S4F 5 R 9.68,
3'-UTR ik poly A it A NE(E5 /7 5(AATAAA),
AFFI SbHD 1 gt 1 25 U A AR 5 25 A A 5
K, BAFFEMAT R A A0S, s BITES 61, 62,
80, 83, 84, 108, 111, 112, 117, 121, 122 Il 125
RIETRAL .

2.2 SbHbI WREIEMES T

NCBI TEZ LU X450 7R, SbHb | it i) 2 IE R
J 51 5 A b i £ 2 1 S B O R P 51 A A [
FEEZRARLRE , Horh, 5B RARUEE Y 93%, St
MR Hy 84%, 5 A IMLLE A RAIUE -y 70%, &
LR P4 HEXHE B A 2 B .

1t GenBank 8RR T HAUREY R I
LR T, 1 Mega 6.0 F98:1) NI 4L LI 3,
G W, BTl R U R TIE R W (Halophilic
archaeon) . Y B9 4% B (Rattus norvegicus) FULZ
sh¥yh RO I 58 W B (Ophiactis simplex)F=H: 4332, 5 H
PRI EE Bt . 25 F B AR, BRIYE
N—3, THRIY . HREMAER N — L A5
HRR RIS S B IR O — 3, BRI S A SRS Bt
(S. inaequivalvis). el RAE—i

L5

Wit qRT-PCR i ShHH 1 FERIEME | Ik |
HAERE . 7 HSENURIFARSE 6 44 3Rk T
LB 4y IIE 4 aLIE Y, 7R 6 D EHZ g ReAa I 5]

23 SbHbI A#A
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1 tgaccttgga gtttccgtag tttttgcaaa actaagcegtt ttaagcttcg ttcttttcgg aaatgcacaa attgectgtg gtcacatgtg

91 ttacctcaat gcataagaga atggtataaa aggacactgg acgggtttgt catcactttc gagtccaac tattgetgaa agegtttt ATG

M

181 CAA ACG AGA AGA ACT AAA GCA ACA AAA ATG GTT GAT GCA GCA GTA GCA AAA

Q T R R T K AT

M \" D A A vV A K

232 GTA TGC GGT AGT GAA GCC ATC AAG GCA AAT CTC AGA AGA AGC TGG GGA GTT

v C G S E A | K

N L R R S w G \

283 TTA TCA GCT GAT ATT GAA GCC ACA GGT TTA ATG CTG ATG AGC AAT TTG TTT ACC

L S A D I E A T

L M L M S N L F T

337 TTG AGA CCA GAC ACA AAA ACT TAC TTC ACA CGT TTA GGA GAT GTA CAA AAA

L R P D T K T Y

T R L G D V Q K

388 GGA AAG GCC AAC AGC AAA TTG AGA GGA CAC GCA ATC ACG CTG ACA TAC GCA

G K A N S K L R

G H A I T L T Y A

439 CTT AAC AAC TTC GTT GAT TCC CTC GAT GAT CCA TCC AGA TTG AAA TGT GTC GTA

L N N F V D S L

D P S R L K C v A%

493 GAA AAG TTT GCT GTT AAT CAT ATC AAC AGA AAA ATC AGT GGT GAC GCA TTC

E K F AV N H I

N R K I S G D A F

544 GGG GCA ATC ATT GAA CCC ATG AAG GAG ACC CTG AAG GCC AGA ATG GGA AAT

G A I I E P M K

T L XK A R M G N

595 TAT TAC AGT GAC GAT GTT GCT GGA GCA TGG GCC GCT CTT GTT GGT GTA GTT

Y Y S D D V A G

W A A L V G V V

646 CAG GCT GCC TTG TAA actgttgtta tccggataat ggacttgtct tgtcttaaca ttacattgta acaatgtttg atgttagata

Q A A L *

731 agtcactaat gatagattta tcaatcaact tgtcattgag tcattgatgt cggttttgtt tgtcaagatt tcttatgttt gttattagtt ttcctctaca

831 aatcagataa aacctttaag cataaaaaaa aaaaaa

Bl 1 SbHb 1 RAY P 5 K gt R AL 7 5]
Fig.1 Nucleotide and deduced amino acid sequence of SbHD 1

XUT Rl 2k 53 AR I 5 1 1~ (ATG) FI %

A LTS F(TAA), BT R4 B A INEAS 5 (aataaa),

TIAEL A S RE IR O 1L 21 38 45 5 s s

The start codon (ATG) and stop codon (TAA) are underlined with double underscore, polyadenylation signals and poly
A plus tail signal (aataaa) is underlined, and the bold amino acid show the heme binding site

SbHb 1 FEH WG AR Feik . ShHD T 78 LK B i) 32
%%Eﬁ,% LAt 5 LU AE B 35 22 5(P<0.05), 1M
X 5 AL ShHb 1 ik 22 5 A 1.2 (P>0.05),

24 SbHbI EHRARELEMERIRIESTHT

SbHb 1 FE4)) HUAN[R] & B B B i 28 FRAE LR 5
IS WAL, BRI EE 11 d i, 2 ShHb |
FAERAEML, HERARE; Sl EF 2dUE,
SbHb | f1 LA, HhikEE 12 dif, HFREE
WBEET 1/2 d B RS IR {E (P<0.05), [H B Wik 2] T fr
R B BE W) Fe (L, o FRZH Y 200 245, 12~13 d
Af, SbHb | /L WA BEZES . MHXF 12~13 d B
A, 22 d 4K ShHD T YRk E B T I%,
21N IR 161 15(P<0.05), TEEEASK I B,
SbHb | WFRK T 2 TS R B

2.5 SbHbI RSB FEENE RS RIES T

ARG S8 W 360 R0 458 T i8S, ShHB T IR IR ARk
WLE 6, K 6A Wk, 1E DO N 7.5 mg/L HX BRZH

Wi, ShHb 1 A LERE, A BEEL. IKE
JilpiE i 4 A B ShHD T BA ML ARk s, AR
RIRE TR LS, &M 2 h i), 4.5,
2.5 F10.5 mg/L 3 AL ERAL I bk EL P (%) ShHD T H BT
e, BEF 0h Rk, (ARFEEE R EKTE. KA
fiirie 8 h i, 3 ANbFEZH ShHE | ik BEE T 2 h,
KA 16 h i, KA 2RTHE R RE(E, 4.5,

2.5 0.5 mg/L HRYRIKEDHIE 7.5 mg/L 41
11 A5, 7 45H0 6.45 %, H-5 HAb AR R Ab B4 fr A st
) 5 19 R I8 A7 A P 2 25 57(P<0.05). IR MHE 24 h
B, SbHb | RKiFwmIFMH T, 232 h ifEAKRE =

X REA K- BB B RS, ShHb 1 78 1L 20 i H Y
FRAFARIEA G A0 —2, BREE 16 h i)
2 ETF, 25 B E K 6B).

3 itig
Wk I Y 5 AT — Rl R B &, HOR A

MY RS A LLAM . Zhou Z5(2017)4R3E , huifer
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ANJRRSWGVLSAD [EATGLMLMSN
KORRE TWEMVSCGKKK - NGVVLMIK
RMSWGVLSYDMEGTGLMLMAN
RDSWKV | GSDKKGNGVALMTT]

SbHb 1

Tegillarca granosa
Scapharca kagoshimensis -
Scapharca inaequivalvis -~ -

Leiostomus Xanthurus -~~~ KARBKALWDK | EGKSAELGAEALG
Daphnia magna --- RKTWDQAKKD- GDVAPQVLF
Xgopm laevis QLENS TAGKLCAK- - T | GOE ALG!
Crassostrea gigas KTTWN | VRED | SKVGV | THL
Gallus gallus KKLJOQAVEKAA SHOEE L

\ TRTSLWGKVNVE - -

Homo sapiens
SSSV K1QAQ-

Callorhinchus milii
Vitreoscilla stercoraria
Clustal Consensus

SbHb 1
Tegillarca granosa
Scapharca kagoshimensis
capharca inaequivalvis
Leiostomus Xanthurus
X}Jhma magna
nopus laevis
Crassostrea gigas
Gallus gallus
Homo sapiens
Callorhinchus milii
Vitreoscilla stercoraria
Clustal Consensus

LA ~~0H ENLPAILPA VKKI VKHCO’ H PIVG OELL IKEVL Dh TDDILDM SKAYGVI DVFIOVE DLYAQAVE

Bl 2 R[FES R MALE H @SR 51

Fig.2 Multiple sequence alignment of SbHb I with other hemoglobin amino acid sequences

FHMRIT Y] GenBank 5 ;. JRUf(HQ149306.1); FMi(FI797701.1); AT FM(6HBI_A); ¥ O 414 fi(P56250.1);
KANZ(AAF66070.1); G TUE(NM_001088028.2); K 4LWH(XP_011416055.1); JFA%(NM_205489.2); A (DQ659148.1);
AR (NM_001292784.1); 7 W] il # (M30794.1)
The GenBank accession numbers of protein sequences used for analysis are as follows: 7. granosa(HQ149306.1);
S. kagoshimensis(FJ797701.1); S. inaequivalvis(6HBI _A); Leiostomus xanthurus (P56250.1); Daphnia magna(AAF66070.1);

Xenopus laevis(NM_001088028.2); Crassostrea gigas (XP_011416055.1); Gallus gallus (NM_205489.2);
Homo sapiens(DQ659148.1); Callorhinchus milii (NM_001292784.1); Vitreoscilla stercoraria(M30794.1)

&:Scapharca kagoshimensis
83 SbHb I

Scapharca inaequivalvis
Tegillarca granosa

99

56

26 Carcinus maenas

Harmothoe fraserthomsoni

74 Colletotrichum higginsianum
36 97 Vitreoscilla stercoraria
[ ﬂcaostridium perfringens

97 Rattus norvegicus
£ Pelecanus crispus
99 Callorhinchus milii

62 Danio rerio

Solanum tuberosum

30

Ophiactis simplex

Halophilic archaeon

02
3 NJ R Y I 2188 1 S0 R Gt A

Fig.3 The phylogenetic tree based on the sequences of different hemoglobin family members

PEAER BT R 2 LR 7 51 1) GenBank 5 : i Wi 18 (AAA27584.1); FEER I B (ATWS6944.1); =S IEEM 1A
(EIA16494.1); i4RkEE(AHNS0408.1); 58 (CBN88274.1); A (NP001275068.1); & FIH5H5(NP001289298.1); A
(ABG47031.1); VPR (ATP75042.1); M-MEREI(NP_001279713.1); % BL(NP_037228.1); BEE (NP _932339.1); +F4k

RIS HIH B (XP_018156679.1); JRMH(HQ149306.1); FMH(FI797701.1); ANEE5ELMH(X71387.1)

The GenBank accession numbers of protein sequences used for phylogenetic analysis are as follows: V. stercoraria(AAA27584.1);
H. archaeon(ATW86944.1); Clostridium perfringens (E1A16494.1); O. simplex(AHN50408.1); Carcinus maenas(CBN88274.1);
Solanum tuberosum(NP001275068.1); Pelecanus crispus(NP001289298.1); H. sapiens(ABG47031.1);

Harmothoe fraserthomsoni(AJP75042.1); C .milii(NP_001279713.1); R. norvegicus(NP_037228.1);

Danio rerio(NP_932339.1); Colletotrichum higginsianum(XP_018156679.1); T. granosa(HQ149306.1);

S. kagoshimensis(FI797701.1); S. inaequivalvis (X71387.1)



R B PREE: B (Scapharca broughtonii) 4T85 1 1 3[R 7o e e Fe ik 45-1E 89
< g
% 300 ;é) L2
i, 5 250 X %
AR 200 - EE— 40
S 150 £5%
X 05 20
E2° 100} %,; 2
g2 ==
25 107 ~2
g 8 S
B 6l S H[E] Time/h
— O
= 4k
S
Se o[ w OB
g 0 ﬁ _s 2 c3ess q
& #H4H Tissues = % 50 [ A V.anguillarum
EEE sy I—}l
Kl 4 SbHb I mRNA 1EA [l 214U (1 32 8K F- ZES 40
Fig.4 Relative expression level of SbHb | mRNA in %E % 2 ;
different tissues of S. broughtonii .—ﬁ S b H b
2T 92 10t ab ab
SN ab
A: lﬂ%ﬂﬂy M: ﬁl\gﬂj-%, G: ﬁﬂ, F: %\:E’ HeZ }ﬂ:ﬂﬁﬂa; a 0 [}III—}] ill—] I'I'hl{'l |_||F'] ll—l [ |—I—|n|*| |*|||_I-I
H: MBS, AR5 R 225 2 57 .3 (P<0.05), R S
AR F-RE[B] 7R 22 5248 1. 35 (P>0.05), T [A] . S
A: Adductor muscle; M: Mantle; G: Gill; F: Foot; Pl 6 SbHD I mRNA £E IR S bt A I RIS
He: Hepatopancreas; H: Haemocyte. Different letters 2B IKF

indicate significant difference (P<0.05), and the same
letters indicate no significant difference(P>0.05).
The same as below

SbHb 1 mRNAKIHIN AR
Relative expression
level of SbHb I mRNA

I 8] Time/d

/5 ShHb I mRNA 754 A [G] & & I ] (4 235 7K F
Fig.5 Relative expression level of SbHb I mRNA in
different developmental time of larvae

4 g 5 A 9 B A WA P RN G e W SR T, A bl S ie
B R G0 b B E EAE o X6 T R BUREE SRR
G e HEAT AL S g2 OR A i) ek i SR 150 2 2 S, XAl
A HE 2 T BT B R BT e T i e R 2 — o TR LA
M, HFEZEMDReE A RMAE A, ek, Bt
SER e O R AR I 2T 8 RN, HLAE R —
W RA 2R, [FEE, AR D RE R
ZIFJE(Bao et al, 2013), Aff5¢iE T PCR Fl RACE
AR TERESIS T 2K 867 bp i) cDNA 31, ¥
SrRTANER L XS & B, 4ifd 160 D FERIRIE, 71E
ML R LS G, BA MLE A FRET 5] B
SHAY A, JUHER . P ST SR 0 4L A
FPA A B AR, NTTFE 43 7K P b ik S ekt rp
A LT 3 A Bao %5(2013)4:E Yt 1l 21 2
B 3 AR EE A Tg-Hb I . Tg-Hb I A 1 Tg-Hb 11 B,
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Abstract Hemoglobin is the main component of haemolymph, which is widely distributed in
vertebrates and some invertebrates. It has many biological functions, including transporting oxygen,
storing energy, sustaining osmotic pressure, immunological functions, and so on. According to previous
reports, the functions of hemoglobin from different organisms are varied, especially in invertebrate
animals, because of less conservation in gene structure. However, the study of the immune function of
hemoglobin in mollusks is limited. The ark shell, Scapharca broughtonii, is one of the important
economic marine shellfishes in China, Korea, and Japan, and other places. In particular, previous studies
showed that there were three types of hemocytes in S. broughtonii: red blood cells, white blood cells, and
thrombus cells. To determine the structure, distribution, and immunological activity of the hemoglobin
gene, the cDNA sequence of hemoglobin (named ShHb 1 ) was obtained using EST and RACE methods.
Sequence analysis revealed that the cDNA was 867 bp in length, including an open reading frame (ORF)
of 483 bp encoding a polypeptide of 160 amino acid residues. The predicted molecular weight was
17.5 kDa and isoelectric point (pI) was 9.68. The mRNA expression analysis of SbHb I in tested tissues
by quantitative real-time PCR (qQRT-PCR) revealed that the mRNA of ShHb I could all be detected in the
foot, gill, mantle, adductor muscle, haemocytes, hepatopancreas, and the larvae aged from oosperm to
23 d. The expression level of SbHb 1 in haemocytes was more than 70 folds that in the adductor muscle.
The expression of ShHb I in the larvae from the oosperm to 23 d was basically showed a declining
tendency at the beginning and increased later, with a sharp increase at 12 d (P<0.05). After being
stimulated in Vibrio anguillarum, SbHb 1 first showed an upgraded tendency and later descended, and the
same tendency occurred during hypoxia stress, during which ShHb I reached the maximum (P<0.05) at
16 h at three dissolved oxygen levels (4.5 mg/L, 2.5 mg/L, and 0.5 mg/L). Basic data were provided from
the study of hemoglobin in mollusks.
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