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MIERAEERXREEEH 2(Sc-Nramp2) B EH =k
R EAER A MNE R TR RE S

B R E MR A AR AR
CLATVL TS HL2% 5 W70 K = M VU R O P AR BF 9 TR 456 0% T, 57 3151000

HE., FRAR 4R RAMEHEESREH 2(Sc-Nramp2) 2 H # cDNA 4K 77| 3 681 bp, % & F
oy FF Ak L AE A 1 776 bp 4w 591 NEEE L TN F E N 65.86 kDa; H 4 B A Slell & & K ik
Wy BRI BRAE B35 10 N AW B S fn 2 MER WAL E . Se-Nramp2 3 F 3'-UTR # 2 %
THMS 4 Nramp2 4 R =4 & & % & L8 BB E 2% W, Se-Nramp2 1 K F 3 4 45
Nramp2-like W R IR & & H 71. 6%, Lo KL E & PCR 4 X% ¥ ,Sc-Nramp2 3£ FH % A 7 L. 5
ERFER. FR AKEME N AL T HARL  HPFFERYTNRLERT  HARE, 54
LM EFRZFP<0.0D; E B A MINE G FEKRF Se-Nramp2 ZHEHN XA ERNBHL
FLERAMP<0.0D . HEXFAEEAR LA THROEYS A 12h A B K AKX E.HEN Sc-Nramp?
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KW 48 ;Se-Nramp2; L H W K Bl 5 il # ; 2 Wk ik

FESEE:Q786 XEfARERD A

1 515

KRB A & B W 85 [ (natural resistance asso-
ciated macrophage protein, Nramp) t8 7R ¥ i 45 iz 45
F % J% 11 (solute carrier family 11,SLC11), 5&—2
EWERE S IEE & A 10~12 A AL 5 R IX
1/ LT PN B 38 B FRRAE S5 A8 3R 1~ 2 A AR Y
JfaJ5E S FRAR 24 L 75 A W ] DR o BE AR AP . i
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1k B AP DR R ARl 2L 3h W b v B A B
Nramp J&H cDNA &K, 7EMAA T, O 5 T i g
(Oncorhynchus mykiss )" | K 22 BF (Scophthalmus
mazimus)'" 5144 (Lateolabrax japonicus)' | E 44
(Pagrosomus major )™ | W 4t ( Ctenopharyngodon
idellus )" FBE D 411 (Danio rerio)™™ % Nramp 3 [H
A IR T B B RS RE . SR, & T Nramp
HE DA B IF 5T T AR e L s A £ 28 7 DL Y
WK S 41 WG (Crassostrea gigas) Nramp2-like TE
NCBI_EAFP3I{E .

K50 (Sinonovacula constricta) +&= 3 [E 5 351§ 7K
PR — W E L, SR FEE K2 HNEE
T AEWTVL KR EE ) AR Ui — A G IS A SR A T
S, AR Eh A T P N Y i U I AT R
Az o SCRLIR A BB . D 28 A
B 0 5 AR S A () R P9 S 7 A S P S A L 4
JHL IR O E A o 2 3 2o 1 5 240 e R 2 o 92 3K R 1
T I AR RR S G g A I AR Y g S BT
TE4E IR o B VAR FEEE ) ScHse 707 /N F 3K 5
I Se-sHSPYY L 8 & 4 fFACTIN1™ | #k &
I VR PG B A5 S e AR DG B DR i il . A
WFFEXF Se-Nram p2 H R B 7 5 AE L 2H 21 3 35 F &
Vs LR B 5 )RR AT 20 HT s LA SR TR A 58 HE
T 4 98 % 5 R v A VR P ML B B Sk

2 BRI

2.1 LI
ST P45 A BT 2015 4F 10 H B T2 0% T i
TS MO AIE 58 B BB A8 3k b, (B 19 45 15 1l DL

SR TE A ) R U SE L AR IR TR L K
AL 6 DL R R RIS 20 A R AR
HARAFE T —80°C UKA 4 .
22 WEXW

200 94592 BT 7% THEK P KR (18D C L #h
JE R 25, 5 I P M i B | 4 L PR R B H AR K —
K — i Ja AT W S

P 52 56 2 AR AT B 1B (Vibrio Parahaemo-
Iyticus)TGEACSG 3 KIE TR, FH PBS 4 158 W0k 13 7 1 21
OD600=0. 4, H 4 %8 BEAL 7> 21, B 40 100 P, 7E 58
6 2 A AR 0 78 T B 50 peL BT AL SR T R TR L X R
HAEGES 50 pL PBS, {5 K b, 2050 T
FEHTE 0 hi2 hod hi6 h.12 h.24 h.48 h.72 h HUEEAF
1B AR IV R A R T — 80°C UK AR T IR AF .
23 Sc-Nramp2 EE ¢DNA £ KB TE

R Trizol ¥ 1 HUZR 95 AT B HRAE il RNALHT 174
IR W PR ORI HE 52 4 1, Nano Vue i 5840 70 6ok
JETHAS I v B A Al B . R SMART RACE 35 &
(Clontech) L RNA N & i cDNA, M4 45 e
SR SR RAE B KR B Se-Nramp2 FEH 1Y
EST F B, LUk 4 %31 3'RACE 1 5'RACE #5534
5% N-1 #1 N-2(F 1), F] Advantage 2 Polymerase i
& (Clontech) AR 4 1 5] & 15 W] 45 ZLSR §7 4 Se-
Nramp2 B cDNA 4K, PCR F=¥1 4 1. 0% 355 ¥
UM P, PRSI o JE 1T i35 8 CTIANGEND 31 g 44k
iGN S T1 (TransGen) 348K % 32 . 4L B K
A FF B DHSa (TaKaRa) W 3EAT 5 B, Pk ICH A4 52
3% E Invitrogen 23 &) FF

F1 XEFABSIMEREFT

Tab.1 Primers and their sequences used in experiment

G1EY] A 3" IE7EEPsN

N-1 TTTCTAACTCCAGTCACGGC 3'RACE ¥ 1%

N-2 AAGCCCGTCCTAAGTCCGA 5'RACE 31
Real-N-F TGTAGCAATGAGATTCCAAGG PN E EHE R B

Real-N-R CATCGTGTTGGGTATCATTTAG POt A HE G
18s-F CTTTCAAATGTCTGCCCTATCAACT WS I 51
18s-R TCCCGTATTGTTATTTTTCGTCACT IRE R 9D LY

2.4 Sc-Nramp2 BEEMWF 5 R 5H
H DNAMAN 7 B4 x5y 25 57 50 47 PF 4
43 Se-Nram p2 TR ) cDNA 4K 73] 318 R T ik

e T AE , 4f I 1 JHG 2 B 114 22 ik 2 7 4] s ] NCBI blast
(http: //www.ncbi. nlm. nih. gov/BLAST/) 4 2% [A] I
J¥ 50 F0 I fig 5 FHF 9 Ak BRAE 48 T B A Chttp: //
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www. bio-soft.net/sms/index. html) Tl #1125 & 1 5 A9
HAL s F NetNGlyce 1. 0 Server(http: //www.cbs.
dtu.dk/services/ NetNGlye/) Tl B AL A7 255 F Ex-
PASy ProtScale (http: //web. Expasy. org/protscale/)
BRA 43 B 8 1 BT B K Pk 5 T SignalP 4.1 Serve Chttp:
//www.cbs.dtu.dk/services/ SignalP) Tl 45 M i (19 {5
S iK; H DAS Chttp: //www. sbe. su. se/ ~ miklos/
DAS/) B B A 1 5 9 251X 5 ] Swiss Model Cht-
tp: //swissmodel. Expasy. org/workspace/) E A4 Tiill
R =G,
2.5 Sc-Nramp2 BEEEARFALHRHERRIESH
FI A Trizol(Invitrogen) 32 EL 6 4~ 2H 4 (4] 5%
WU Ah 2 B, IF B L 77 2L K B R, o= 3) 1Y
RNA, ##% M Promega [ % 553807 G 06 B 5 847 ) %
AT cDNA G5 —4k , JHVEZEOL E = PCR MBIR .
WAIEC IKEM Sc-Nram p2 3 H cDNA &K ¥
7 Real-N-F Fll Real-N-R(F 1) HI N 26 E 519
LA 18S rRNAGK 1) 2P NS A7 M s 4. %
JeE i PCR [ S BL R & 20 pL. f 3% SYBR
Green Mix(Bio-rad)10 mL,cDNA #i#g 0. 8 mL, I
TR F S (10 mmol/L) 45 1 mL, A DEPC—
H,O #ME . H ABI 7500 fast 2¢ 6 % 1 PCR ik
438 HAR RN Y - 95°C FAE P 20 s595°C A8 P
3 s,60°CiR K 30 s, 3L 40 NPEFF;95°C 15 5,60°C 1
min,95°C15 s,60°C15 s, il MU AF M2k . &4 A
FEfb B 3 AT, A A X mRNA KPR H
2 SO HEAT IR 45 RN P Y E £ AR 1E 2 (mean £
SD) 7R~ , K F SPSS16. 0 #47 ANOVA FEZEH
2E00HT. P <C0.05 25 W3, P<<0.01 N2ERK
iTE

3 45

3.1 Sc-Nramp2 EE cDNA £KF 545

2 RACE 7 %45 % Sc-Nramp2 3 H cDNA
T ¥ 4 K 3 681 bp ( GenBank & 3 5.
KX197930. 1) . JF il B B #E (Open Reading Frame,
ORF)A 1776 bp, 4l 591 A~ He iz, 5' A ¥ty IF FH
¢ [X (Untranslated Regions, 5'-UTR) K 91 bp.3'-
UTR 24 1 817 bp. 0 & — A& LM T TAGINE
55 f 32 bp B9 polyA B, 54h. 78 3-UTR k
BT 2 Ak B R AR 45 A 7 s (Tron-respon-
sive  regulatory-protein-binding  site, IRE )

(CNNNNNCAGTG) fHE 751 (E 1),

3.2 Sc-Nramp2 BEEBhEEEH . EWHERTREN

i

Sc-Nramp2 FER H g% 591 > B, T
BB TN 65. 86 kDa, BLE S5 HL M pI =4. 93,
ExPASy Protscale /0 .7 12 85 11 07E S 5L TR
R AR E LR BT o5 L9 45 i s R B K 5
Signal P # A4 W0 2 85 118 AT B 8 19 15 5 K DAS Rt
PRI B A 10 DULR A ES I IX 4. NCBI Blastx
T2 8 A DI RE IS R B 7R Se-Nram p2 A 1
ANEL g AR ST B 25 ¥ 180, A1) B NetNGlye 1. 0 Server K
TR 3] 2 A N—AEEAL AL 52, 43 BIAE 4-Taa, 557-
560aa, Swiss model F {4 FUM 75 2] ) Sc-Nramp2
A a5 291 219 D o IR HEA 28
AN AR (8 2).
33 Sc-Nramp2 EERSEBFIIREERRZGH K

53 4

FIH MAGES. 0 #1126 Sc-Nram p2 &R T
1| [6] HoAth 4 Ff Nrampl 1 Nramp?2 0922 308 7 5 3617
FEXT K NJ Al el R GE HEAL A (I 3D, & LR 7 41
Xt 2B, Se-Nramp2 5 KFEH WG Nramp2-like
(Crassostrea gigas, NP_001292237. 1), % 4 Nramp
2-like (Octopus bimaculoides , XP 014772339. 1) Gl
BRIGRE Nramp1 (Strongylocentrotus purpuratus, XP
003728002. 1D % B AA S Wy [f] I 4y 576 ~71. 604
5280 R IEETE 53. 4 %0 ~54. 56 Z 1], 5 2y [A]
Pk 52,20 ~53.5%, 5 W HE 3 Y [a] I8 £
53.9%~54. 9% , 5 liF. 2 Nrampl ([ JHE(52. 7%
~53. 2Y) B F 0 ¥L 2 Nramp2 89 [7] 95 M (55. 6%
~56.1%0) . MHEAERI AT LIE i, 38 R — 3,
EIHFL2E Nramp2 50— K 5, T w5 S5 45 HESh ) v 15
2 I S FL2E Nrampl o — Kk 3, 0 H A
AR IIEE .
3.4 Sc-Nramp2 BEEE 6 NMALAFHRIEZERON

) LB} 2% Y6 5 7 PCR &l Sc-Nramp2 F:H
12 6 LR R A XS KA 45 R R, 7R 6 NS
FREAT R P B R A R Gk R e OO,
HAbH LR W E V25 (K D,
3.5 Sc-Nramp2 EE7EE A 50 & Rl ¥ 8 RiE4H

fE 5> #r

24 99E A  R)  L IC R452  SR JEU  AS T] I [ JECHG
JHF BRI ZH 2, A6 I A )35 89 Se-Nram p 2 3 K 3£
KDL, AN S R, SEER A Y R IA EAE RIS 4 h
AU BT RRZE LI 12 ho7E 12 h iR s &
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IRE R RAE 2 X IR0 12, 7 45, 5 X IRl Al a8 MR R, 48 h Al 72 h G AR BN,
HBERENZF(P<0.01), RAFE 12 hFFHF

1 ACATGGGGAAACTTACGTCGATCTATCATGTGATICT TTCTAACTCCAGTCACGOCTETIGAAATAAGCTGGAGGACCGAGCTCTAGGAGE
Q1 A@I‘C‘I‘AIAAACACCAGCGATGTIAIGGACIACGGGTCAACAAAAOCTAICGAGAICCCGCCGAAGTHGACGACAIAACAAAACCTAC
1 I NTSD V MDYG S TZEXKU®PTIZETIP?PE XK FDDTITIE KT ?P?T
181 CGAGAacccaccrcac:rATGACGAcmceemacaercemaeeermmcawrmmecmccmm&scma
31 ENPP QQYDDTIAEDGRTLGTYTG GAGTDTG GAATRTSTERE
271 GAT'rc*rcGmcocmammmmcmmmcmcmmmmmmoecmAcArco:TrCAGGcnamG
61 R §$1 ELNURDTGSDVT FDI KTLTZE KT KAQVETIZDPSGTGC
361 mrAGcrrccacAAGcmmcmaceeercccaemcmmmcucecamaeemcceemmmemmema
Q1 F S FREKEKLWATFTG?PGFLNMSIAYLUDTPOGNTULESTDIL
451 GCAGGOGGGGECCATAGCCCAATATAAGTTIGTTATGGGTACTGATG TGGTCCACTGTGCTGGGGCTAGTGCTGCAGCTGCTGGCTGCACG
121 Q A G A I AQ YKL L WUVILNMWSTVLGGLUVILAQLTLAATR
NI
541 TCTCGGCTGCCTCACGGGACTTAATCTAGCAGAGATATGCCGATTAGAGTATCCGAAAGCCCCTCGGATAGTCACGTGCCTCATGATGGA
151 L &CVTGLNTLAETICRTLTETYT?PZEXAPRTIVTWILNMNME
631 GATCGCCATCATCGGGAGCGATATCCAGGAGGTTATAGGGTCCGCCATIGCCATCAACCTCCT GTCTAACCATGTAATTICC TATATG GRS
181 1 AI 1 ¢S DIQEVTIGSAIAINTLTILTSNUEUVTIZP?PI W A
- INZ
721 AGGGGTGTTAATCACAGGGGCTGACACATTICACCTTCTTGTI TCT GGAGAATTATGGCCTT CEGAAGCTGGAAGCTTITGTTTGGAGCCCT
211 G V.I1TGADTT FTTFTLTFILENTYGLRIETLTEA ALTFG AL
811 TATTACAACAAIGGCCGTCACATTCCT TTATATCTATATAAGCGTT GTACCAAGCCAAACCGAAATCTTGAAGGGTCTCTTCGAACCATG
241 1 T T M AV TFLYTI1IYISVV?P?PSsS QTZETILTE KTGTLTFTET?PW
™G
201 GTCTCAGCATIGTGGCAAGGATCAAATTCAGCAACTAGTGGGCATCETIGGAGCTGTTATCATGCCACACAATATCTACCTCCATAGCES
271 CEDCGKDQIQQL‘VGI\GA\IMPHNIXLHSA
991 ccrcemcrercacemcmmmwmmcmmmrcmmwcecmwem‘rmcmrmmmrucecm
301 L V1S RTIDT®RI KNS SET SVYVE EEANNMNMTYTYSTIES SS STIAL
1081 GTITGTGTCC TICCT GATCAACCTTT TTGTAATGGCGETETICGCGGCTGCGTI TTCCAGTCCAGAATACGTIGACCCCAGCCTTAGAGT
331 FVSFLINLFVMA\FAAAFSSPE\VDPSLR\
1171 cc-cceermmermmmmmemmamrmmmmcmmmm
361 A G Q WLYDZ XY GGLTNMEKTIIWGEGIGILAAGG QS SSTN
- IN§
1261 GACGGGAACGTACCCTGGGCAGTTT GTGATGCAAGGATTICTGAAGATCCGCTGGECCAAATGE AAGCGGGTGTTACTGACGCGATCCAT
301 T ¢T Y AGQF V NMNQQGT FLZE ERTIRWAEKWE EKT RVYVILTLTRSI
1351 COCCATGGGGCCAACAATCCTGOTGCCGCTAGTGGCAACAAAGGACCTIGACCTTATGAACA ACTGGCTCAATGTCCTCCAGAGTGTACA
421 A M G?P?2TIV VALV ATETDTLUDTLMNMNNWILNUVILAQSVAQ
TN/
1441 GCTICCGTTCGCACTGCTGCCCATICTGCATITCACCAGCCACGAGAAAATCATGGCCAAATICAA AAACGCAAGATTGCTAAAAATCAT
451 L P F ALl LlLPILHETFTSZ SDEZ KTINMG GE KT FE EXNG GRTILTLIEKTII
-  INB -
1531 AGTTTGGTIGCTAGCCGCTI TGO TTATGGTAATCAACTATTACCTCGTTGTCCT TTI TG TGGGTICTGGTGACACGTGGTATGTITATCT
4381 V W L L A GLVMVINZYYLVVLFVGEGSGGDTWYV YL
AT -
1621 GATCACTGCCGTAGTCCTATITGTCTACACTGCGTICGTCCTGTACCTGGCTGTT GGACCAAAGACAATTT TAAACCTGAAGCTCTATGT
511 I TAVVILFVYTAFVLYLAVVG?XTILNLE KTLTYYV
T™IO
1711 AGCAATGAGATTCCAAGGCGACATTGATICAGTCCTAGGTGAGATTGCACAAAAGGAATCCCTGAAGTATCCCCCGCCGAATGAAGATGA
541 A MRPFQGDTIDSVYVLGETIAG QZE KXTET STLETYTPZ?P?PNTETDTD
1801 TGAAGATGAAGAGGAGCTAAATGATACCCAACACGATGACAGCATGGATAGGCAATTGCTGAATTAGIACAGAGTCCGCGTACCTIGTIG
571 EDEEELNDTA QEDTUDSNDURGQLV N *

1801 TCAACAATCGGAACTCTITGGGTAAATCCGTCACCCGTCGTTATCTATIGGTATICT TTGGCGGCGACGITAGGTCGCACTTAGCACGEG
1081 CTICCTTGAGGAGTGTCGATTI CT TICGGTATCTGGTGCAATGACACATTITCCGGCGTIT TTATAGTGAAAAGAAGGATATGCACAAGT
2071 GTTAAGCACTTAACGCAGTGTGAAGTATAACAACTIGTATGACTAGCTAGICGTTAGCGTTAAAGGCGETATCCGACAATITAGACCGAA
2161 ATATTTTATTICGAATAACCAAGTAAGICACTGTTACCTAAAAAGATCGTGTTAAATGCTGCTCATTGATGTC CTACATCAGTGTGAACTG
251 TGAAACATAAATCCCCATTT CAAACAGCAAACAGGTATTIC GTGTCTCAGCCACGCTGCACGAGACAGCAATIT I GG IAGCAAAACCAC

2341 GTGACGACTCACTTTTGAGATTACGTTATATCATCATICGGGTATIT IGT TCTGACGT TGGTATCTATI TTTTGCAGAGGTCACTATCGT
“43 1 GCTTATITATATATITAGAAATTATIGAACATT TAGAATTT GGATCACGATT TCTACTGTCTAAAAATATACTCAGTGTICAAAACCGCC
2521 TITACTTATACTAAAGTATGCAGAAACTATGCCCTAATT TCCCAAAGCAGTAGTAAGATATIGTTACATGAGTT TGATATAGGAAAACTG
2611 TCGAAAACCACCTTTCAACCATTCAACCACTTATAATAGGCAGAACAAGCACAGCTTCTTGAATIGGTGCTGGTACACAAACTTATITAT
2701 CTGTATATIGCTTITTTTCTGGTAATGGCACCATTII TGTCGCCATTATACGAATAATAATGACATATICTACAACAGGTGATGGAATAAT
2791 CGTCAGAATGITICATAATITACATAGCTACATTACCACAATGCGAGTAAAATICAAAAGTGATGAAGCCTTI GTI GGCCAGCTGAGTGG
2881 GTGAGATIGGCAATTICATGGTGCGACTIGTATT CTATT CACCTATTCGCCTT TTCAGCATGTCTATAACAAACGTGGCAAAAATAAGTICA
2071 ACCGATAEATAAACTAAAGTCCAGGTCT TGGCACTTATACTGTATGTGCAACATICATACCTT TTATATGACAGATAAAGTAGAAATTTA
3061 GAAGAAAACAACAACAATTICAGAAAGTAGTGTCAACTGCGAACTCAGTETT GCCTAATICTT CAATACCAGACGCCGCGCATACTIGTT
3151 TCATTTTCGCTATATATT TTTATAATATIGTTGCATT TTACATIACCC L GAAT T TAATACGTI TTAAGAAAAAATAACGTGAAATCCAAC
341 AATTACGICTATATAAGTGTGAAAAGTGGGTAACACCCAGAACAATATGTGGCAAATCAATAACAACAGCATTGTIGTTAAAACAAATIG
3331 TTATTAAAACTGGTTCTAACGTTCAGCATATATAAAACTGTTI TTGTI GTTGAATGTGATATT TGAATIGCCTATTAAGGTGTGTATTAT
3421 TITAAGGTAAGGTGAAAAAGACCCCATATCT TI GCTGGTATGCTT T TGTACT GATIC TCTGAGTGATGTATATACGGCAATATI TAATTA
3511 CTAATGTGCAATGCTATT TICTGCAATCGATTGTITCTACCGTTTIGTI TATI TG TTGTGTGAAATT GACATAAACATICTTGTGATGCT
3601 AGAATGTGCAATAGTATIGAATATITITITARATAAARATACCATITTC AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Bl 1 Se-Nramp2 341 cDNA FF 31 K H: 2 2/ 51 i
Fig.1 The nucleotide and deduced amino acid sequence of the Se-Nramp2 gene
ﬁﬂﬂiiﬁﬁﬁﬁi' RFRIHH T LIRS FRINERES, « R ARSI, R RIZRAERE X, 4 540 TM1~10,
SEIHLAY 2 2 A N—BESEB0 8 A2 T 3-UTR 9 2 4~ IRE 7 s BT AT X245 1 L poly A & B FH XU Xl 2k s i
The letters boxes are the start codon, the stop codon and the polyadenylation signal sequence, the * represents the end of the protein
translation, the transmembrane regions (TM) are underlined with single lines and numbered 1—10, the N-glycosylation sites are marked

with shaded and bold, the IRE sites located in 3'UTR are underlined and shaded, and the double underlined part is polyA
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Bl 2 Se-Nramp2 & H M 2458 0 E
Fig.2 The prediction of Sc-Nram p2 protein secondary structure
ZL0 Ny o— BRIIE , W €0 B £

The red represents the alpha-helix, blue represents the turn

4] & Oncorlymchus mykiss Nrampa AAD20722.1
WF_LE 41 & Oncorkynchus mykiss Nramp8 AAD20721.1
- l K EEF Scophthalmus maximus Nramp ACES0209.1 ES
_‘__ B8 Ctenopharyngodon idella Nramp ADB44208.1
T [F| k&5 Megalobrama amblycephala Nramp AI100954.1
E NER R, Mus musculus Nramp2 AAC24496.1 5] 2 Nranp2
100 A Homo sapiens Nramp2 AAC21460.1
23 . E ITE TR Xenopus tropicalis Nramp 1 XP 0029339992 A%
MR Xenopus laevis Nramp I NP 001088008.1
_ PR Mis musc:ulus NrampI NP 038640.2 | 85,2 Nranp1
10 A Homo sapiens Nraonp! AAG15405.1
100 85 l: # 88 Cucwlus canorus Nramp ! KFO69707.1 | o
100 [R 88 Colwnba iivia Nramp! EMC84204.1
Fe kB R Soongylocentrotus pwpwratus NRAMPI XP 0037280021
BB Octopus bimaculoides Nramp 2-like XP 0147 723 39.1 wikzht
1 A P$4 87 Crassostrea gigas Nramp 2-like NP 001292237

—991— A 542 Sinonovacula constricta Nramp2 APU94146.1

005

El 3 FH MAGES6. 0 /4 NJ B0 @ 19 45 0% 5 HAB Y AF Nrampl Fl Nramp2 2 48 3E LA

Fig.3 Neighbor-joing phylogenetic tree of Nramp between S.constrzcta and other species using MEGAG. 0 software

4 iﬂ‘i/t\, BrsSe-Nram p2 5 HAB B Y ) Nramp2 % A HH ML, £
B 10 /> B A B R DX 1 A3 R DR ST Y S5 A B A 2

RS TEREIS RN AY Se-Nramp2 FER K cD- A N— B Ak 7 &, 3 S8 R AF 5 /8 BUY . AP 2
NA, 5 B iz 8 HAL B ¥ Nramp 24 312 )7 51 b XT 43 R 6 AR Bl 53 AM . FE Se-Nramp2 1)
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3-UTR BT 2 4~ IRE . AR ENW .5 UTR
M 3"UTR % IRE {3 55 5 41 i v 2k 59 18 5 2 D1 A1
K HEMFL B W) Nramp?2 (941 S AF 75 L & BLEK 1)
BRI 5 IRE v 5 B3 AR 2, Saeij 0 #fE
M, 7E 8 Nramp H 19 IRE 7] gl S8 EH S

A K985 Nramp ) mRNA KF, S8 EE NS
Nramp5'-UTR %Y IRE {37 5 25 & B 0] RUBH 1 RNA
EIE, 2 5 3'-UTR 3 IRE {37 &5 45 4 Al Lo
RNA % 3Z &, =T N2 Nramp 3K 1Y IRE 7 &
ERS5HAEWF Y Nramp2 Wi % 4 B #7E B
Tk —EaY

50 ¢

45+
40 +
351
30
25t
20
15}
10}
S5r a

a
a a

L - L L . L -_l
KE R AMER L 157 =

Bl 4 Se-Nramp?2 FEHTE 6 AL rp (4 F R 5:0E 45381

Fig.4 The distribution of Sc-Nram p2 expression in six

Sc-Nramp?2 F:FAAX} ik &

tissues of S.constrzcta
AP BAR F B2 22 57 (P<<0. 01)

Different letters indicates an extremely significant difference (P<Z 0.01)

Nrampl HEPRTEFL 30 b 2 B Rk A
AP JUE Y JUFE 0 IR 0 2 B IR P R e B A
H@”” + T Nramp?2 5 X W 7E I/ 5L 3 P 25 dH 23 iz %
o ABFTRAELRIE P S L AN E R TIN5 2 KA
ﬂ]ﬁaﬂ? 6 ANZH LU H RGN 2] Nramp2 3 [ 4 £ 15 (0 3k
SEOANTA] b A AR b Y 3R 5K R L A 2R A
AT BRI AR K4S AN IR AR A 7 Lk
BEEEEME. Sc-Nramp?2 LK FIHHA LA
5 7L 28 Nramp2 #0 AHABL, 6 Ab, 7 B a0 R 6y
it rp R B Nramp i PFE JIGIE B IDE o i) 26 55 0 0
15 » T 445998 HP R IR AR 1Y Nramp?2 FE PRI 3R 35 & B iX 5
RN R 25 W i) B B A 00, KT 4
B 5 RH O [R5 5 T R Z TR 1Y G R DA — L2
Gl RS R LR I 22 SR B B SE R SeSp TEHE
883G ( Vibrio anguillarum) 75845 4 h #1 8 h7E
JHF R gt b 18 298 3K 2 0 1 KK F 9 O s
TV a0 I P R 8 I PR SRR L S S I AR R AR 1 70

OPBS 7z SLIe4H

gﬂ{é 16 1 ##
:w% 14 : l
= 12 )
ZE o} %
Kq ## % "
# O B
2 I
s 2 e rE e
S olmz. . m% .0 7 0% M. (1 %
0 2 4 6 12 24 48 72
Fl AT ] / h
K5 B IR B L )5 Se- Nram p 2 16 T I i) 22
pry e

Fig.5 Expression characteristic analysis of Sc-Nramp2 in
hepatopancreas by V. Parahaemolyticus
* o+ FoRIZM A AR LB ES 0 h ML ERBEEP<
0.01), # # I AH [F] I [5] s S 56 45 PBS o IR 20 K [R] e 3% 1 22
Sl e % (P<<0. 0D

The “ * * ” indicates an extremely significant difference (P<C0.01)

from the blank group; the “# #” indicates that the experimental

group is extremely different from the control group (P< 0.01)

(ScHsc70) /INAAR 32 26 11 (Se-sHSP ) Fl 8k 28 11 5
(ScFERs)TEJF IR 20 2 i) 33 4t %BE%%?EHBQH
ZUH 2 ERE S X 5 IR 2 KR ZHEh P —1
BAMBDMEZHLA L, RO5Eh 4 6 4>

HARRE W EHT Se-Nramp2 BB HR 5721k
R 5 BRI Z Ab 3 BB AR 2 4 19
BRI B2 S,

Xof &4 B SR AT I I S R g S S F A R B S

I A5 AT R AR Sc-Nram p?2 33k = HE T PBS %t
WA P A0 B8 7 12 h s Bl R {2 PBS X1
12, 7 A A AT BE A I E) B HERS Nramp2 R 3K &
BT B 2 O OE R, X 5k 1 85 (Cynoglossus
Je % % 4k i (Oreochromis nilotic-
)W R RIS SRR B, el e T L R R
TRV LR P SR 75 T T 4 00 A N P i A DG
Rk ETb BES B T 20 s 22 2000 H 40 A A
Z 3T PR A, iﬁl1ﬁ¥§.%§i_i—l‘—[§%»ﬁ/]\ﬁ*iﬂ?ﬁ
B RRI IS X R K, Se-Nramp2 F
W25 T 43 0 1Y P RAE S N 2 5 W g 5 AL Y
B N VIR G . 4 i 55 DL 28 | TR 4 sh iy 12 8
32 A S TR IR G I AR R S8 R B LR 1 i TR
IR D) 2 G4 8 T L A SR L AR TR XTI T AR I R4
BiEfER . 2 F Se-Nramp2 5 R iy g 2 )
8 AR AR LB, K A B 5 22 496 vh 49 i 1 B4 £
0 30 TF R R IR AT,

semilaevis )P,



76

R 39 &

5

TELRI% 6 DLV A ik, EL7EFFBRBR b ih) R 35
R LRI LN AR Y J5 - Se-Nram p2 3 [H 78 1T i
AT B IR TS B 4508 Sc-Nramp2 FH &K B ek BT RINZ LR T 2 5 T 45 0%

inb

cDNA J7 %1, [a] J8 ¥ 40 Br 38 B F0 K F 3 4 W5 )RR e ot B . IR 45 1 i — 20 0 9% 4 4% Sc-
Nramp2-like J IR ) AR AL B e Sc-Nram p2 FEH Nramp?2 FLN BT REFE FIALHI B8 & T &l .

S

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Skamene E, Pietrangeli C E. Genetics of the immune response to infectious pathogens[ J]. Current Opinion in Immunology. 1991, 3(4): 511—517.
Blackwell ] M, Goswami T, Evans C A W, et al. SLC11A1 (formerly NRAMP1) and disease resistance[ J]. Cellular Microbiology, 2001, 3(12); 773—784.
Feng J, Li Y, Hashad M, et al. Bovine natural resistance associated macrophage protein 1 (Nramp1) gene[ J]. Genome Research, 1996, 6(10) :
956 —964.
Gruenheid S, Cellier M, Vidal S, et al. Identification and characterization of a second mouse Nramp gene[ ]J]. Genomics, 1995, 25(2); 514—525.
Bairoch A. The PROSITE dictionary of sites and patterns in proteins, its current status[J]. Nucleic Acids Research, 1993, 21(13): 3097 —3103.
Bellamy R. NRAMP1 and susceptibility to tuberculosis[ J]. The International Journal of Tuberculosis and Lung Disease, 2002, 6(9): 747.
Gros P, Skamene E, Forget A. Genetic control of natural resistance to Mycobacterium bovis (BCG) in mice[ J]. The Journal of Immunology.
1981, 127(6) . 2417—2421.
Goto Y, Nakamura R M, Takahashi H, et al. Genetic control of resistance to Mycobacterium intracellulare infection in mice[ J]. Infection and Im-
munity, 1984, 46(1): 135—140.
Govoni G, Vidal S, Gauthier S, et al. The Beg/Ity/Lsh locus: genetic transfer of resistance to infections in C57BL/6] mice transgenic for the
Nramp1199 allele[ J]. Infection and Immunity, 1996, 64(8): 2923—2929.
Cellier M, Govoni G, Vidal S, et al. Human natural resistance-associated macrophage protein: ¢cDNA cloning, chromosomal mapping, genomic
organization, and tissue-specific expression[ J]. Journal of Experimental Medicine, 1994, 180(5): 1741 —1752.
Sun H S, Wang L., Rothschild M F, et al. Mapping of the natural resistance-associated macrophage protein 1 (NRAMP1) gene to pig chromosome
15[J]. Animal Genetics, 1998, 29(2); 138—140.
Dorschner M O, Phillips R B. Comparative analysis of two Nramp loci from rainbow trout[ J]. DNA and Cell Biology, 1999, 18(7): 573—583.
Chen Songlin, Zhang Yuxi, Xu Jianyong, et al. Molecular cloning, characterization and expression analysis of natural resistance associated macro-
phage protein (Nramp) ¢DNA from turbot (Scophthalmus maximus)[J]. Comparative Biochemistry and Physiology Part B: Biochemistry and
Molecular Biology, 2007, 147(1): 29—37.
XU VE. AR 3 DR 260k 4 A+ 7 LA K 1) BE S 8 ( Dania rerio) M5t (Lateolabrax japonicus) R BIHERE[D]. 35 5 . R K, 2004,
Liu Yang. Exogenous genes construction, transfer in to embryos of Zebrafish ( Dania Rerio) and Sea Perch (Lateolabrax Japonicus)[D]. Qingd-
ao: Ocean University of China, 2004.
Chen Songlin, Xu Meiyu, Ji Xiangshan, et al. Cloning and characterisation of natural resistance associated macrophage protein (Nramp) cDNA
from red sea bream (Pagrus major)[]]. Fish &. Shellfish Immunology, 2004, 17(4); 305—313.
TR, Rk, WWeks, % 8 I RGOMEA CH B E LN 4 K DNA BITIRE S R IAM 1], /KR, 2011, 18(1): 38—47.
Fan Yuding, Xu Jin, Luo Xiaosong, et al. Molecular cloning, characterization and expression of natural resistance associated macrophage protein
(Nramp) gene cDNA from grass carp (Ctenopharyngodon idella)[]]. Journal of Fishery Sciences of China. 2011, 18(1): 38—47.
Donovan A, Brownlie A, Dorschner M O, et al. The zebrafish mutant gene chardonnay (cdy) encodes divalent metal transporter 1 (DMT1)[J].
Blood, 2002, 100(13): 4655—4659.
SR WA, MRE, A SR A I T 0 B S (1] KRR . 2010, 16(12): 4647, 89.
Qiu Qing, Xie Lizhen, Fu Xinglong, et al. Isolation and identification of Vibrio Parahaemolyticus from Sinonovacula constricta[]]. Anhui Agri-
cultural Science Bulletin, 2010, 16(12): 46—47, 89.
Anderson R S. Effects of anthropogenic agents on bivalve cellular and humoral defense mechanism[ J]. Special Publication. American Fisheries Soci-
ety, 1988, 18. 238—242.
Kk, AREL, PR R, 45, 4i%E ScHscTOcDNA {970 7Rtk Mk [ ], s K™ R, 2012, 19C1) : 33— 44,
Feng Bingbing. Niu Donghong, Zhong Yumin, et al. Molecular characteristics and expression analysis of ScHsc70 ¢DNA in agamaki clam (Sinon-
ovacula constricta)[J]. Journal of Fishery Sciences of China, 2012, 19(1); 33—44,
KUK, GRS IBENE cDNA SCJAE ) Al G 93 A1 DG BE D 1) S e 55 3R B X (D). 1. e PR, 2011,
Feng Bingbing. ¢cDNA library construction of hepatopancreas and immune-relevant genes cloning and expression analysis in Sinonovacula constricta
[D]. Shanghai: Shanghai Ocean University, 2011.
KK, SRR PR, AF 413 B—ACTIN 1 2:H M7 T 450k B RIR LT, K™ 224, 2011, 35(5): 650—659.
Feng Bingbing. Zhong Yumin, Niu Donghong, et al. Molecular characteristics and expression analysis of B—~ACTIN 1 gene from Sinonovacula
constricta[ D). Journal of Fisheries of China, 2011, 35(5): 650—659.



8 1

AR5 4505 KRBT M I AR 11 2(Sc-Nram p2) e DR v B K HCAE @I 10 93 00 30T 10 3 38 0 A7 77

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

RIREL ., WUKK . ZESUR. SR BRE AR R 0 TR BRI ], BRI, 2012, 21(5) : 641649,

Niu Donghong, Feng Bingbing, Li Jiale. Molecular characteristics and expression analysis of ferritin gene from Sinonovacula constricta[]]. Journal
of Shanghai Ocean University, 2012, 21(5): 641—649.

Niu Donghong, Jin Kai, Wang Lei, et al. Identification of cathepsin B in the razor clam Sinonovacula constricta and its role in innate immune re-
sponses| J]. Developmental & Comparative Immunology, 2013, 41(1): 94—99.

Kishi F, Tabuchi M. Complete nucleotide sequence of human NRAMP2 ¢cDNA[]]. Molecular Immunology, 1997, 34(12/13): 839—842.
Klausner R D, Rouault T A, Harford ] B. Regulating the fate of mRNA; the control of cellular iron metabolism[]]. Cell, 1993, 72(1): 19—28.
Gunshin H, Mackenzie B, Berger U V, et al. Cloning and characterization of a mammalian proton-coupled metal-ion transporter[ J]. Nature,
1997, 388(6641): 482—488.

Forbes ] R, Gros P. Divalent-metal transport by NRAMP proteins at the interface of host-pathogen interactions[ ] ]. Trends in Microbiology,
2001, 9(8): 397—403.

Saeij J P J, Wiegertjes G F, Stet R J M. Identification and characterization of a fish natural resistance-associated macrophage protein (NRAMP)
c¢DNA[]]. Immunogenetics, 1999, 50(1/2): 60— 66.

Cellier M, Shustik C, Dalton W, et al. Expression of the human NRAMPI gene in professional primary phagocytes: studies in blood cells and in
HI-60 promyelocytic leukemial J]. Journal of Leukocyte Biology, 1997, 61(1); 96—105.

Barthel R, Feng Jianwei, Piedrahita J A, et al. Stable transfection of the bovine NRAMP1 gene into murine RAW 264. 7 cells: effect on Brucella
abortus survival[ ] ], Infection and Immunity, 2001, 69(5): 3110—3119.

YL FRL. FAh. A5 G0 22 SRR R R 7 SRR RO R A (1], TR RS2 244, 2013, 22(4) : 481—487.

Jin Kai, Niu Donghong, Wang Lie, et al. Molecular characteristics and expression analysis of serine protease from Sinonovacula constricta[]].
Journal of Shanghai Ocean University, 2013, 22(4): 481 —487.

B 2 1 5 BRU AH 5C SNP B 10 1 91 58 T 70 i G 93 A O JE DR 19 s B 5 00 45 40 B (D). Bifg . B FERA:, 2015,

Xing Hefei. Screening and identification of disease-resistant related single nucleotide polymorphism markers, and cloning and preliminary analysis of
two immune-related genes in half smooth tongue sole (Cynoglossus semilaevis)[D]. Shanghai: Shanghai Ocean University, 2015.

R RS B Nramp BeH 19 s B BT 5 3R A M58 (D], 4842 . INARAR RS, 2013,

Li Tongming. Molecular cloning and expression analysis of Nramp gene in Nile tilapia (Oreochromis niloticus)[D]. Tai'an: Shandong Agricultural
University, 2013.

Atkinson P G P, Blackwell ] M, Barton C H. Nrampl locus encodes a 65 kDa interferon-y-inducible protein in murine macrophages[ J]. Biochemi-

cal Journal, 1997, 325(3). 779—786.

Cloning of natural resistance associated macrophage protein2 (Sc-Nramp2)

gene from sinonovacula constricta and the expression analysis
under vibrio parahaemolyticus stimulation

Lin Dehai', Liu Chenshan', Dong Yinghui', He Lin', Lin Zhihua'

(1.Key Laboratory of Aquatic Germ plasm Resource of Zhejiang » Zhejiang Wanli University, Ningbo 315100 ,China)

Abstract;: The ¢cDNA sequence of natural resistance associated macrophage protein in Sinonovacula constricta (Sc-
Nramp?2) was cloned by SMART RACE techniques. The ORF of ¢cDNA sequence, coding for a protein of amino acids,

was 1 773 bp and the molecular weight was deduced for 65. 86 kDa. Sc-Nram p2 protein has the typical structural features

with Solute carrier family 11 member, with 10 typical transmembrane domains and 2 glycosylation site. In 3-UTR, Sc-

Nramp?2 was the presence of two IRE which was similar to the vertebrate Nramp2. Homology analysis indicated that the

identity of Nramp with Crassostrea gigas was 71. 6%. Real-time quantitative RT-PCR analysis indicated that the mRNA

was expressed in all the six tissues, including adductor muscle, mantle, hepatopancreas, foot, waterpipe and gill. Nramp

was expressed with the highest expression level in the hepatopancreas, then the gill, which had extremely significant

differences from other tissues(P<Z0. 01). The expression of Nramp in the hepatopancreas injected with V. Parahaemolyti-

cus increased significantly(P<C0.01). It rose to maximum expression at the 12 hour and returned to the initial level.

These results indicated that Sc-Nramp2 is involved in innate immunity of this species.

Key words: Sinonovacula constricta ;Sc-Nram p2;gene cloning;Vibrio Parahaemolyticus ; gene expression



