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HE: (LA T5F B T (hypoxia-inducible factor, HIF)RZILA(E T4 SR 4 T CEE R F, 7 s WK AN 2 = i &
PR AR . ARV (Scapharca broughtonii) HIF-1o J& PR G5 ¥ RAAE B 7R AR A0 T B RE2& KL, ASBIESE DL ek
T S 2 B0 2 v BB 40 7 0 O R, 5 cDNA R S PR H P 3% (rapid amplication of cDNA ends, RACE): AR 7 B3k
157 Bul HIF-1o 52 cDNA 2K F5(f1 2K SbHIF-1a), R 7 H mRNA B940 205016 AR E e T i3 A3
A S ASEM AT R, ShHIF-1a 3] cDNA 42K 8 2741 bp, HP4u4% 2136 bp 1) ORF, Zwfd 711 NEIERR, &
A HIF {#5F ) HLH. PAS-A. PAS-B il PAC #5443, HA /T 4k 80.8 kDa, HILAFHL 5N 5.57, ShHIF-1a
L AR HIF-1o WIPHIMRIER 56%~95%; REHALITHTRR SOHIF-1o 555 S Py i 1845 B 85 il o

qRT-PCR 25 Won, 7RO M bk L | 88 ShERE . 58 . PISENLRUATFBAR 6 42N RER N 3] ShHIF-1a FEH,
FE MR EL b ek i fe m, SR, 5 HA 4 DAL AE 35 25 5 (P<0.05) . M K %5 i S(DO) A 0.5 mg/L 2.5 mg/L .

4.5 mg/L MALEWE T, RALUN SDHIF-1o # RS M R, il b 4R 658 b At 4> 28 200 g i o7 R J3E A ot 9
1, DO 24 0.5 mg/L Wi 4 h J5, SOHIF-10 W3R RO JE2H B3R AR 1 3 22 5(P<0.01), BB 64 h )5, Rikwik
P, EXRRAR 519.43 % BAHSNRRIKE DO ARG 45 R FEW], 3 MEFIREE T 0.5 me/L ARFRXS
SHHIF-10 S G AR BN K o AWFSE IR T SHHIF-1o BIFE R SEFIFRAE . B 25 2k AR B R Sl B i g Rk,
FB TRV IS HIF SR BFSE %R
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&5 S T 1(hypoxia inducible factor, HIF-1)
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2%, ik B i (Megalobrama amblycephala) FlA
fig fi1 (Myxocyprinus asiaticus)[m]%ﬁ?{ﬁk/ﬁ%%
BRI, —Led 8Urh HIF- 1o B (0776 sk KT
S E LW & (Perca fluviatilis) . 8% 81 A
(Pelteobagrus fulvidraco). -1 7 i5(Cynoglossus
semilaevis)WA M ARE! " JCE HESH Y HIF-1
FIAHDCRIETE 5 /0, T A sl ) vh A R4
Wi (Crassostrea gigas)!"VFIZ% (o i (Haliotis diver-
sicolor)" VL HULA YR HIF-1 5 IR 9 AH E 4
i . Kawabe 2" 1F Northern blot #l Western blot
SIHTIER, SRR IE T RSP WS HIF-1o mRNA
FEE AR RE 8 Dl R VRIS 30k

AR K SRR B 20 B, W 45 37
Y RARIRE I . EIR, DISEIE W sl A IR Y
AE I AR A, (R4S B0 T Rl AR 25 th B A e
K. AERKEZBLA DNA #i%a, il 8UE
KR8, g TR, EEETUY, M
7N, DUZEATDLd o R s is 6 e ) . RRARAE &
THFE . 2 i BE B A0 A f g o) 55 22 o A B2 vy o
AR FREET bttt (Scapharca broughtonii)
R 2 T DL 2R, R E A e E L )
B2 B AR U HESE, A TR TE 3~50 m K IR H 4K
Pl b B, U R A, b A i
A3z e 14k, H DOE N 0.5 mg/L B &A1)
110 dJ5, fESFREE 15%, 1P Rl(Mactra
quadrangularis)5 d JGFET- R ENIEE] 90%; ELHl Ay
fig . SMERRNM T SOD G M T-AOC 7E1IK
E=WihIB 1D SRIEN a2 NG W | S & Sy e
BRI AL A R R AT

ARG HIF-1a 1) PR 4504 R AE AT
SR, AAITSE v REARAT T RLRE HIF- 1o L 1Y
cDNA 41, JFXFHA LU ARSI T B3R5
HEAT TAIRGE, B Ry 48 s R R T PR 4L %) 3 7 AL 1
FEREITTETORE, Wik — 2 2w DL2E HIF p9AHSC
Wit =% .

1 MEEFE

1.1 SRIEM#EE kIR
SCI PR B TR, PEPGER T 30 mm
A WEERAME, iz 2980, T 18CRR

KRR 14 d, BRIGK 2K, HRHKE 50%,
4 h BB — I
1.2 BB RRNEHEAKE

AU 201 A0 B 25 K PR S8 3k DA ke o -
AR AR M E IR THEERE R DO, Lt
W) I3 R T DAORUIE SR B A B SRR . S
YAz 4 DO MREERERE, 735112 0.5 mg/L 2.5 mg/L
4.5 mg/L 1 7.5 mg/L(A R4H), 4bFH Oh.4h.8h,
16h, 24h, 36 h, 48 h fll 64 h J&5, FEAE4lHREAL
B3 AN ok e . B8 ANERE ., R M5
LA RAR 6 TEHZVE T AT, HF RNA 2
iR SR I - S B A W TR T B S SR E B bt A
1.3 BEERESEISH
1.3.1 5 RNA$2EL S ¢cDNA &5 RNA 2K
Fl TRIzol ¥, R§hnekzh. EEHA: HHL
RESTEM A TP TS, TRIzol Zb3 10 min, AR
Pishg A, AR5 HAH S NEEDIE RNA, H
75% % SR S N IS &R T8, DEPC 7K
it o FeJer U AE RINA R R FH BB W R JC H Tk A
T RNA (5 2B A SE 3 . A PrimeSeript™ 11
Ist Strand cDNA Synthesis Kit {7l & (TaKaRa)#%
MOUL BB AE 2 B A M cDNA 5 — ff
PrimeScriptTM RT reagent Kit with gDNA Eraser
(Perfect Real Time)3K73 H F qRT-PCR 5Z55HY
cDNA % —4%, B F-20CH&H.
1.3.2 SbHIF-la BEFEEE MR LHRECIHHE
SEHEIREER RSN, M Primer 5 43513
B AN R SR S W) (HIF-10-F . HIF-1a-R)3" 14
ShHIF-1a. cDNA [ [E) B o ARYEY 34 h i v )
F BEFAY B BIRE 57F1 3'RACE 51 ¥ (RHIF-
la-R1. RHIF-1a-R2)M(RHIF-10-F1 . RHIF-10-F2)
il RACE &7 & (Clontech) /7y | HE 4T 824 4
WATILH cDNA 2K, H—f M HilHa b
UPM 43 3 FI(RHIF-10-R1, RHIF-10-F1)#£47 U4~
RRY 1S, FHLURE 8 WU RE 50 5 AR,
LI NUP Fl(RHIF-10-R2 . RHIF-10-F2)i#E1 755 — 4%
P, H—% PCR W FEFHN 94°C 30 s, 72°C
1 min, 5 MEH; 94°C 30 s, 70C 30 s, 72°C 1
min, 5 PMEH; 94°C 305, 68°C 30s, 72°C 1 min,
20 MEFF; 4°C RAF . 55 PCR RVARFF N 94°C
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30 s, 68°C 30 s, 72°C 2 min, 20 MEH; 72°C
2 min; 4 CPRAF . FTHBIHIILFE 1,

*1 EEREMILEE PCR TASIHFS

Tab.1 The primers used in gene clone and qRT-PCR experiments

5|4 primer

JF#%1 sequence (5'—3")

B-actin-F GAGACCTTCAACACCCCCGC
B-actin-R TAGGTGGTCTCGTGGATGCC
HIF-10-F AGTGTCTGTGTGCGAGTGAG
HIF-1a-R GAAAAATTGATGCCGGGCCC
RHIF-1a-R1 CCGACCGCAGCTAAAAATGG
RHIF-1a-R2 CAAGTTGGGAGGCCATGGAT
RHIF-1a-F1 CGGAGTCCGTGTTCATTCCT
RHIF-1a-F2 ATGGAAGCATGCCAGTGGAA
UPM long: CTAATACGACTCACTATAGGG-
CAAGCAGTGGTATCAACG CAGAGT
short: CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
OHIF-1a-F CGGGCCCACAACTGAAAAAC
OHIF-Ia-R AGCTCGGACTCCAAAGCTTC

FI 1.2% S AR B KT PCR 7= E 47 HL Dk A
W, Xt H S AT I, T BRI
b2 SR TR, FEPRER PH M B s B AR, T BRI
1.3.3 F5l4a# (i SeqMan Xl ¢4 Rt AT
PR, PeAF5EEE cDNA ¥4I, i id EditSeq i #
PEFFAI Y ORF, TN &R 1 43 K/ S A5 v i
FI|H Interproscan I Smart 7EZEX 4 (http://www.ebi.
ac.uk/interpro/, http://smart.embl-heidelberg.de/) il
0 S % AR R ) RE S A [ R R IR 55 e
(SWISS-MODEL)XJ i [ = e 45 1y it 47 f; 28
Blast(http://blast.ncbi.nlm.nih.gov/Blast.cgi)#r 4¥ [7]
U575, FIH ClustalX fil DnaMan 3K {17 £ )7
BIER e XS, FIFH Mega 6.0 #44 RGe it fb#
1.4 WH*EE PCR(QRT-PCR)F 7

F ERSCE RS cDNA ikt 15 f5JE1EN
qRT-PCR 2 N M4z, % 14 5 1% 51 ¥ (QHIF-
la-F . QHIF-10-R), ] p-actin RS (G
1), JXWAKZ A TB Green Premix Ex Taq 11 10 uL
IER 5194 0.8 uL, ROX ReferenceDye I1(50%)
0.4 uL, Bt 2 uL, ddH,0 6 uL. KW ARFH: 95°C

30 s; 95C 5's, 60°C 34 s, 40 PMEFF; 95°C 15 s,
60°C 1 min, 95°C 15 s, MM Applied Biosystems
7500 Fast Real-Time PCR System i/£47 qRT-PCR 5L
By, REAFEM 3 AEE, BiRLE SRR 24
RTINS ki, ] SPSS 17.0 1A
HEAT R R 7 224000, P<0.05 B W F M 25 57,
P<0.01 B} Mtk 2 3% 22 5 . SR GraphPad prism 6.0
BAFHEA TR 530 o

2 ZEREHSW

2.1 E[E cDNA FEFISH

P00 PP 25 BT P X, 298] HIF-1a
FHH cDNA KT8 (44K SbHIF-1a, Gen-
Bank #5%5 8 MH936548)(% 1)

ShHIF-1o & ¢cDNA 44 2741 bp, 15
194 bp ) 5'-UTR, 411 bp % 3'-UTR 1 2136 bp [
ORF, ORF %ifith 711 P2 SR ik KL, & 7+
14 80.8 kDa, PB4 HL &k 5.57.3'-UTR i poly
A WHE B MR 5P (AATAAA); FAFFH
SbHIF-1o. &AW MHERALAL S, — MR 2k
fiti 45 &7 25 LxxLAP,

2.2 SbHIF-1a By EEES #r

TELR RS BN, ShHIF-1a i i) 52
A5 HAb YRl HIF-1o a2 5L RR 5 BA
BE AU, S SEMGENG(C. virginica)
HIF-1o (FRLEE 43908 93%H11 92%, 5 N HIF-1a
PR U =ik 77%0 JPFMRSF A X B0, &
SR L AE B ILE 2,

XL HIF-1o0 2 H D RSF 45 A a1 7534,
GRS 3, it HIF-1a 25 A9 N SRR X ARST,
G 4 MRSFEER LG 1A HLH 25850, M2 16
PSR BN 69 v A IR Z 1Y 54 R ILRR R
FER G 2 A PAS S5 %, Horh PAS-A H5 79 £
IR BN 145 L Z LR Z (8] 67 A SEFRFR 5L
14 1, PAS-B HH 25 214 v 28 FE W2 3] 2 280 v 24 K2
ZIA) 67 NREIERRIEIEM AL | 4 PAC Z5H43E,
56 286 137 42 HE R B 46 329 {37 44 HL R 22 6] Y 44 4
AR EE N, X LR A S 8 2 Rl
SF DX A XTI
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- e —— XLl bHIF-1a 28 1 =25t dE 17 fl, 4n

192 2taATJ GCC GGTAAAAGA AGGAAT TCT GAAAAACGT AAAGAGAAG TCTAGA

243 c-\r\écrcha\c:frcvciccc‘éaog'u.i-\oiuléacioc.?crir x(l:(-\cfanz [E] 4 B]"/j’\‘ o +L EF‘ ﬁ I'iﬂi [%J [é]{] [lejﬁﬂwj 22~326 'fjgt;\‘

D A A R €C R R G K E 8 'E V F T E L

294 GCT CAA CAA CTA CCA ATT GCA GAA TCC ATG GCC TCC CAA CTT GAC AAG GCC YA
AQ @ L P 1A ES MAS QLDK A BERR IR AL, IR USR] 3 SR 4 SRS 5 dak
345 TCG GTC ATG AGG CTA GCT TTAAGC CAT TTA CAG ATAAGC CAGATTATG  ATG
S VM RL ALSHTLG QI S QI MM
397 AAAAGA AAT AAT GAG GAA GAA GTT GAA GAC TGC AAA CTG GAT TAT TTG ACA FJT‘E [Z:jljjzo
KR NN E E E V E D C K L DY L T
443 TTT AAA GCA TTA GAT GGC TTT ATA TTG ATG TTG TCCAAG  GAT GGA GAC TTG

F K A LD 6 F 1L ML K DGDIL FIFH Mega 6.0 #A4F#Y Maximum likelihood 5

499 ATC TAT GTATCAGAAAGTGITGTG AAGTACCTT GGAATACAACAGATTGAC

550 AT(‘S .-’\:::G G\(;A CSAG A(EST :‘-\3‘1’ Tf\\'C G.\-'-\‘G T'l: GC?'; C.-‘\,;: CCGA ;GT GQAT C?\T G[v-\T g-\G }:FIJ *ﬁ @ Eﬁ 4;{: ﬂj‘ ﬂ [] l‘ﬁl 5 Z,K E:I: % l:':l E’\J % iﬁ 5"6 5 m:f:

M MG Q s I Y E F A H P C D H D E
601 ATTAAAGATGTC CTG TTATCC AAATCT GGC CAC AAG GAT AAT CAGATATTT

1 X DV L Ls Ks o HKDNGQ QI ¥ 5 D (Mizuhopecten yessoensis)® h—3, H5

652 TITATTCGTATGAAGTGCACAATAACAAGTAAAGGAAGAAGTGTCAATCTG
b A ¢ R MK C T I T S K G R S vV N L

703 AAATCAGCTTCATACAAGGTITATTAAGTGTAGTGGACGCATGCTITGACCCA z——j‘—\:‘ é @@ %l] % 7}“ tl:‘[t E’]_j: *H g% . T:—: ’ﬂ‘] E’\J %\—% 2% % /% % 5& .

K s A S Y K V 1 K € s G R ML D P
754 TAT GAC ATA AAC GGC CAAGAC GTAAAAAACAGCAAAGATTCTCGTCCATIT

YDING @DV KN SKDSRPF R — XIS AR 32, B 5B RIYE

805 TTA GCT GCG GTC GGC GAA CCCATT CCC CAT CCATCAAACATT GAAGTACCA
L A A vV G E P I P H P S N B W '

856 CTT G:AC A’GT AAGACATTC CTTAGC CGA CAC AAC ATG GAT ATGAAG TTTACA % —_— i 5 m 5 }%‘ —J’i‘]‘ Hi iw % r] E’&J *l% %/‘\ N j:u 7_( _T'ﬁa &@‘ %[]

L D s K T F L S8 R H N M DM K F T
907 TTT TGT GAC GAAAGAATGAAG GAGTTGATT GGATACAACAGTGAG GAACTC

ANCHE R N W SIS Ry VPR SN IR IDUE /ST ST AN 5.4

958 CTTGGTAAATCG TTG TACAACTAT CACCATGTGCTG GAC AGT GAAATTGTC
L G K 8§ L Y N Y H H V L D S E 1 v

1009 GACAAAGCCTACAAGGACCTATITTCTAAAGGACAAACAATGACTGGCCAG H]F_I a % E/\J é} ?‘ ﬁ 4% j}m /f_\‘i 'ﬁ‘ éi‘:: % 2% /\ﬁ i‘m

D K A Y K DL F S K G Q T M T G Q
1060 TACAGATTT ATG GCT AAA CAT GGT GGC TTT GTATGG GTC ATT ACC CAG GGG

AN
Y R F M A K H G G F VW V I T Q G ’f_\L% 7 ; gﬁ °

1111ACT GTTATC TATAATAGCCGTACC CAGAAGCCTCAGTGTGTTIGTCTGT GTC
vV I Y N S R T Q K P Q C Y ¥ G ¥

1161 CAT TTT GTAATC AGT AGC TAT GAA CAG ACC AAC ATT ATA TTG AGT GAT GTC 2 3 SbHIF_]a gﬁ %l—ﬁ*ﬁ

H F VvV 1 s S Y E Q T N I 1 L s D v
1212 CAAGAAGCTGAAGAG GTGGTTGAAGTTGAGGAGCTGGCCAGTCCCATT

@ E AE EVVEV EE LA S qRT-PCR #6:i ShHIF-1o 3LPRIAE MR | 1
1260A’l;(l}TCSCr\(;-\G.;GGAD‘I'G;rATicCgGCC:.-\(;.-\C(;TT(;CG;TA:?G,;\'G,;CG.;G &I\Eﬂ%g\ %‘QE\ 'ﬂ%ﬂﬂ%ﬂﬂ?ﬂ%&% 6 /I\gﬂg/tlti:‘ﬂ/\‘]%

1311 GATTTCTACTTCCCACCA GGA ACAAAGAAAGTG GAACAACAGACAAAA

13591"1'1:"6G;CG\-\TCFTI'AI(;:TC:TTTSGCTTCCCl:-\TgCT;C“\:-\TGQTG'I?GT:I'CC?-‘\ ijjz:k%ﬁnlz] 6 %%OM@ﬂuE:—H) E%*ﬁ?ﬂuﬂg 6

L v D L H 1 A P_N A G D v C I P
1410 CTCTCATTC CCAATG GCATCT GCAGATAAGAGATIG GACTITAGCAAATIT

L S F P M A S A DX R L DF S K F /I\zﬂ IIF‘:VJ *J{ﬂ"@IJSbHIF ]aE’J%%Z’K m]‘M*E

1461 ATG GAACAAACACGCACACAAACTGACAAGGATTTGCCAGTGATT CAAATT
M E Q T R T Q T D K DL P V I QI

1512 AAG GAAGAACCT GGG G'l"l' .-\%T CCAACA TCTTTCTGC A‘_\C AAAGAAAGA I:':] %% i_ EA E-_i [4;‘[_‘ Py EA%]\ éﬂ é/[:l D\Z, 'ﬂ ')TL: HJ]J I:I:‘ E_XA ,f% o} ﬁ‘ %

K E E P G V N P T s F ¢ N K E R
1560 'rc-\ccamc AACAAC GGT TCT ATG GCT TCT TCA CCC AAATCA CAG ACC ATG

1611 AGT CZA -\1}6 Gé\T AGT CCAGTG G::A T:T C:G -\SCC '\PCC —\;'(C z\.—‘sﬂ' —\(?'\ GC:' G:\lT ‘rﬁg ’n E /. \ SbHIF_ ] a j: ﬁl\ E Hﬁ N 'ﬂ Ju HJ-[‘ N
S

P M G 8§ P V E YL T TTI NTAD

lbé.A‘lI'A Acysc Gic -x"l;? G,;c -L;\(AT:‘;C 'rr;: Tc;rcv(i:: c‘;cy G;Tciarcsr \c:e;;‘rn;c H}ﬁﬂ%ﬂ?{ . %/@ m/\Qﬂ |:F| E/J %%LE; &ﬁﬁ%%j—i‘

1713 GAT CAA AGT GAAAGC CAG GCT CAG CAAGAG GACATT GAG TIT GAT AAG

1761 A(?Cv Cv?:r\ CCST TA;ATA ZCC(.)\TG -:CA gAA g.\.\ ir\T g:\C 'lil'C :\iT Cfl'G 'I_Dl'.-\ CléA (P>0 . 05 ) 2 *H Xﬂ' ﬂ: l‘j—‘] 'E HJ-[‘ 9 m i** EJ F’:I % j‘$ % IEE l‘j—‘]

R A F T I P M T E E H D F s L L )

l8|2.‘\'l;(l.‘vTCSC.-\(ErTG.;AGe\éAC'I;.GTI;I'C,:{CC'{GAA]SAGSTG.;CT'I;FG.;TCCPTG(SGCIG %HJ-L E@ 1 1 .45 {Ti'z’ ﬁ?uﬁ%%%(F<o.os), /‘b‘l:':' E’J

1863TTT GGAAGAACGGAGTCCGTG TTCATT CCTAAAGAACAAGTGATG GAG GCC

1914 ch c(iZCG)::AGTCCT :E\CAZGC\(':TGFAA(; n_-\PCG(I:(GA: ATGQ ct‘-\' G,‘:\,-\l GGEC AG’;: i% ﬁ% ‘Hl i EIJ % j% 7J( E'Z‘ (P<0 . 05 ), Iﬁj HT‘I‘ 5 SbH]F— 1 a

b P Q P T R L K L R E M L E G s

1962 A(.:rTG:‘T.-\_;-\ G:\Ajr T(éc TII‘AGIELAAGRG C(;.»\ ccl.;\ GAEAAS-AIT:AA.E .-\T;\.L»}(G C.-(\)G T—i‘[ﬂlﬁ;$ E %ﬂ ﬁﬁ\ EP E/‘J i’%ii%‘ﬂlﬁ E%% jlzq'i .

2013 ATGAAAAGACCGTITGACAAAAGT TCAATG GAGAAAGGTCCTCCTGCTAAA

ZO&G.::AG‘f\A:A.A:K G.:T GCDC GG’:} CC?: ACSAA('.}'I' G.:A.L;CEA:\APG CCPC A:::IA;' 2.4 SbHIF-Ia E{& %Hm‘jﬂ, E % zﬂ. E’] % ﬁ *ﬁ

E R K1 D A G P T T E K Q K P N s

.11‘0?1_1;‘0 A'l;(f '\_-:.'TT:C'!;‘I"ITI(‘BC(;'\G(;'\G-‘-\E\G;I' -‘\CT-'\A.;\(AGC‘IGG;TA\CTC; SbHIF ]a T‘{EE%LHB L}:%QHQ/[:{ ':':' E/J%éL {){:

2166 GTTAATAACGCAATCAGAGAAATCAACACAAAACAGAAATTTGGATTACAA

V N N A I R EI N T K Q K F G L Q

2217 CAG AAA CAAACT CAA CAT TTT CCA GGA CTG ATT AAT CAA CAT GGA AGC ATG ﬁn@ 7 FJ‘T‘/\ ° /ﬁf IL\]X_J'““,E_ DO ﬁ | 7.5 mg/L E/JXT
Q K Q T Q H F P 6 L I N Q H 6 S M

2268 CCAGTG GAA AAG GAT ATC TTT GAA GCT TTG GAG TCC GAG CTG AAATCC CTT

P vEXxDI FEALESEL KL M ShHIF-1o HE R4S HE MR RAK H &

2319 CAG c-\r‘mr-
Q H Y

RFEE . BACKRE, MkE & 7A) s (& 7B)H

2501g g gl gtaatazaa

293 gacacass cesgigctaagcagaticticgeccecagagecigagastccgsagtaogies ShHIF-10 *Htt,\mzﬁ,\ur@mwﬁ,\m FKikFAD

B 1 ShHIF-lo A58 FE5 K S i i 5] ARt AR X e T A A 2, P anil
J7HE P43 SR Fe A 6 5 0 T (ATG) FI K 1 2515 T (TGA), ZH1Y 519.43 F5F1 124 £, H. ﬁ%%ﬂ%‘iﬂ_ﬂa‘lfﬂi
P RIEA RS (aataaa), I AR TR o MIKEL R, 0.5 mg/L. 2.5 mg/L

S 18 (0 R B 0, B 148 0
TR AL £ (i 5, poly (AT IR 267 (RS, SHHIF-1o. KB 0] 48 K 2 204

Fig. 1 Nucleotide and deduced amino acid sequence of SbHIF-1a. fin, 4.5 mg/L Z7E 36 h 25 AR s EE )R X
The start codon (ATG) and stop codon (TAG) are boxed; polyade- 'H% S [ £ ':F' ShHIF-10 [ %‘:21_.% i ;} ':j I m( &)
. . . . o =i

nylation signals (aataaa) are underlined with underscore;

N-glycosylation sites are double underlined; the proline hy- AL, (ERE4HTE 16 h B/ EE, 36 h TG
droxylase binding site is overstriking underlined; poly (A)

tail are marked by wavy lines. E%Lﬁ]’ 64 h ﬁ@u%%}ﬁo ﬁﬁ SbHIF-1o ﬁﬁ:ﬂ-
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SBHIF-la ... VAGIRRNEEKE TAESVASQENSSUYRT AT TSCIMVKR.NNE. .EFVELCK. . . . ILYI TFKHT T TYVSESVVSYIETQeTIM

Acipenser baerii VEVVAG. TERRVSSLRA T TISVIIRVENVI G . AAGECKFESET ESC K VUYT SENVIECMeET TOFFI T

Crassostrea virginica ....MSST KTSKIMETC . RNNRHAFCEE . T TETSESVIS Y€ TQOVET
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Sy B 3L R T 31 GenBank 5540 R PY{ARIE ], KY174955.1; SEUHATG, HM441076.1; Hff, AY450269.2;
2LV, NM_001294187.1; 488044, MH135278.1; A, NM_181054.2; fif, HM146310.1; H3k#5, GU363498.1;
WREE R D1, XM_021497943.1; /INFEIR, BC026139.1; ZZFEfh, F1794604.1; RIS, NM_001086980.1.

Fig. 2 Multiple sequence alignment of SbHIF-1a with other hemoglobin amino acid sequences
Fully conserved residues are highlighted in dark. Strongly conserved residues among sequences are shaded in light colour.
The GenBank accession numbers of protein sequences used for analysis are as follows: Acipenser baerii, KY174955.1;
Crassostrea virginica, HM441076.1; Ctenopharyngodon Idella, AY450269.2; Cynoglossus semilaevis, NM_001294187.1; Haliotis

discus hannai, MH135278.1; Homo sapiens, NM_181054.2; Hypophthalmichthys molitrix, HM146310.1;
Megalobrama amblycephala, GU363498.1; Mizuhopecten yessoensis, XM_021497943.1; Mus musculus, BC026139.1;
Pseudorasbora parva, F1794604.1; Xenopus laevis, NM_001086980.1.



55 4 3]

0 100 200 300 400 500 600 700
B3 kot HIF-1a {5745 5

Fig. 3 Domains of hypoxia inducible factor-1a
of Scapharca broughtonii
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Fig. 4 The tertiary structure of hypoxia inducible
factor-la of Scapharca broughtonii
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Fig. 5 The phylogenetic tree based on the sequences
of different SbHIF-10 family members
The GenBank accession numbers of protein sequences used for
phylogenetic analysis are as follows: Scylla paramamosain,
KU644140.1; Eriocheir sinensis, KF825558.1; Helicoverpa
armigera, KU552106.1; Crassostrea virginica, HM441076.1;
Coturnix japonica, XM_015865743.1; Haliotis discus hannai ,
MH135278.1; Homo sapiens, NM_181054.2; Hypophthalmich-
thys molitrix, HM146310.1; Megalobrama amblycephala,
GU363498.1; Mizuhopecten yessoensis, XM_021497943.1;
Mus musculus, BC026139.1; Pseudorasbora parva, FI1794604.1;
Xenopus laevis, NM_001086980.1.
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Structural characteristics of HIF-1oa from Scapharca broughtonii and
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Abstract: Hypoxia-inducible factor is a key factor in HIF signaling pathway and plays an significant role in Hy-
poxia response in animals. To determine the response of hypoxia-inducible factor (HIF-1) gene of Scapharca
broughtonii under hypoxia stress and to reveal the unique hypoxia-adapting mechanism of Scapharca broughtonii.
The cDNA sequence of HIF-1a (named ShHIF-10) by EST and RACE methods were obtained. The mRNA ex-
pression in the gene under hypoxia stress was also studied.Sequence analysis revealed that the SBHIF-1a cDNA
was 2741 bp in length, including an open reading frame (ORF) of 2136 bp encoding a polypeptide of 711 amino
acid residues with conserved HLH, PAS-A, PAS-B and PAC motif. The predicted molecular weight is 80.8 kDa
and isoelectric point (pl) is 5.57. The analysis of structure and putative functional sites showed SBHIF-1a shared
56%-95% with other species, the highest with Chlamys farreri HIF-1a for 95%. Phylogenetic analysis showed that
ShHIF-1a and the corresponding homologous molecule in mollusks clustered into one branch. The mRNA expres-
sion analysis of SbHIF-1a in tested tissues by quantitative real-time PCR (qQRT-PCR) revealed that the mRNA of
the the gene could be all detected in foot, gill, mantle, adductor muscle, haemocytes and hepatopancreas. The ex-
pression level of ShHIF-Ia in haemocytes were more than that in other tissues. Under the hypoxic stress of
0.5 mg/L, 2.5 mg/L and 4.5 mg/L dissolved oxygen (DO) in seawater, SbHIF-1a in each tissue responded posi-
tively, and hemolymph and gill were more responsive than the other four tissues. n haemolymph, the expression of
SbHIF-1a was significantly different from that of control group after 4 hours of DO stress (P<0.01). After 64
hours of stress, the expression of SbHIF-1a reached the highest level, which was 519.43 times of that of control
group. The response of each tissue to at different DO concentrations showed that the activation of SbHIF-1a was
relatively high in 0.5 mg/L of the three treatment concentrations. This study clarified the structural characteristics,
temporal and spatial expression characteristics of SbHIF-1a gene and its response to hypoxia stress, which en-
riched the research data of marine shellfish HIF gene.
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