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2 E B R 25 UK, BAREKE FRE A CRAEINE, 4115w &
TR Z R IT R, USSR T E o A5 F — R 1A [FA A 8] 10 4
SRAMRKEN, HHLFTHHIES AR B AR SCHE R T AE &Y

(Crassostrea angulata) JIFEF E MR ERN SEELMKR, ARG RT N
AT AR G o) B ) R AR SN R R A T LA SRR R . L U SR
T

1. FIF cDNA Kim gy #5:R (rapid-amplication of cDNA ends, RACE)
IR AL B A G R cDNA K. FEAR W 3RS A ZIP BRI
PR ZIP1L-a. ZIP1L-b. ZIP1L-c A —A ZnT HKKFEJEHERF ZnT2L,
ZIP1L-a. ZIP1L-b Al ZIP1L-c HAA MR XIR, HE A XA T4
FEEIVA PGS MR 18], ZA BRIt BB A TaE0m, S 58RET
RS AT . ZnT2L WMHEAIRZORF X, Hr TMDIVATV Z 8] i) — B & & 4
AR I KFLS5H) (Long loop region) 5 TMDII ANV b 4H S G- K &R IRVR &
X TR DU THAR SR 45 G 7 15 2 55 T3S .

2+ BEFREE (500pph) &R, FIH oPCR J7VERTINE] ZIP1L-a mRNA kK
SEAE AN B I AN S R R S, TESERI A SR A R bW ZIPIL-b
mRNA 7E 88 FP A2 8 SR, EANVEEA AN EIRILR . ZIPIL—c
A ZnT2L mRNA FAJFESNE BRI b A 28 ds, £l G 58 Hif.

3. ZIP1L-a #RZ RNA FH0)5, W2 HANEBAEE b8 & B E IR A K
Dl B BEA . MR Z1P1L-a fEAMERBRES T 2 55 ikia4h, BiFieH
Fofih—2b )2 FRIE ZTP KRR AN 71P3. Z1P6 ZE1E AN E A b & 1% [FIBE 4
H.

R4 ARG, Z1P RN ZnT R



Abstract

Abstract

Oysters which possess highly nutritional and healthy value are one of the most
important economic mollusk species of China. It’s contains many human essential
trace elements, especially zinc. According to statistcs, the zinc concentration between
individual oysters even among the same group are variation significantly. But the
molecular mechanisms remain unknow. Present study investgated the relationship
between the genes related to zinc accumulation and zinc burden of Fujian
oysters(Crassostrea angulata). Results of the present study provide newly references
for the mechanisms of oysters highly zinc accumulation and burden differentiation.
Main research results present as follow:

Firstly, By the method of the rapid-amplication of cDNA ends(RACE) we get
three homologous gene cDNA of ZIP gene which named ZIP1L-a, ZIP1L-b and
ZIP1L-c. We also get a ZnT homologous gene named ZnT2L .We find that the
ZIP1L-a, ZIP1L-b and ZIP1L-c amino acids all contain the same conserved regions
that can find in hZIP1 and mZIP1, also there are variable regions between the
transmembrane domains (TMDs) Il and TMDIV which are probably zinc bingding
site. There are also many conserved regions contained in ZnT2L gene. For example,
the long loop regions, one of the conserved regions, between TMDIV and V
together with the histidine-aspartic acid pairs located in TMDII and V formed a
tetrahedron zinc bingding site that is crucial for zinc transport.

Secondly, under the condition of zinc exposure (500ppb) we find that ZIP1L-a
mRNA was not regulated by zinc in the mantles, but there was a transient upregulated
in the gills and adductor musles; ZIP1L-b was not regulated in the gills, but there was
a upregulated in the mantles and adductor musles; we also find that ZIP1L-c and
ZnT2L was not regulated by zinc in the mantles and gills, but there was a transient
upregulated in the adductor musles.

Thirdly, we find that zinc concentration have not been obviously changed in the
mantles and gills after knock down ZIP1L-a mRNA by RNA.. It’s indicate that there

may be exsited other ZIP family members such as ZIP3, ZIP6 act as the same role in

2



Abstract

the mantles and gills.

Key words: Crassostrea angulata; ZIP gene; ZnT gene.
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1. 1 $HA54E A E0R

HAFAFREE, 7338 EBHAAEIIT (Mollusca). X5E44 (Bivalvia). R
FEWA (Pterimorphia). BERIIH (Pterioida). #:iF}l (Ostreidae), &3,
[ =40 DU AR e R E B AR D s, RAERARA 8. )L
PR E AR IR T KA 400 JI, b DUKIRTE SR 40% 4 AT, T H 48X
EREHAEK. KRR B2 G A 40% Cf EEL SR,
2011-2014).

HUFEFREE, B BRI, UHRE (n) TREE#E. B
M, A 100g HEF AT E S EEL RS Tomg. BRILZ b, Wi id &a £ A0
fE VTR ICER, WEAR. B, WS, 2k 8. 5. i 4E4 3 A,
Bl. B12 %%, sy FAFMEEEEMk. HURbRT AL, &F — 2 MR EME, I
BRI TR R B &, X2 Mo B B AR EH .

i 0 AR K BB R PR B AR 2R AN R, BRI LLTE A A, KR A1 o
WA H WG AT . RAEG RIS (2008) ik, TR Fr e R4 AR K 204
23 Ff. Ren SR FHZRAASEFHTH] (Ren et al., 2010) HERGK BN,
HE AR SRR T2 AR S R OK P PR A W A G R BRI, I HOK P PE 4L
( Crassostrea gigas) & @4t Wi ( Crassostrea angulata) . f& 74 W
(C. sikamea) TG (C ariakensis) FEWEH; (C hongkongensis)
N 5 R A AE IR E I ) B R At s CaniE 1-1).

HL PR A SRR T A F ARG (Portugal oyster), [ A BRI R
SR A I 47 . Wang 25 R A 16S rRNA. 28S rRNA Fl Cytochrome Oxidase I (CO
1) 5% 43 A £ 30 B A AL W R dEAT 4347, D@ )2 0 AT £ v (5 R 5 i3
PN THPR T B AR R A 1 T 4 2 V3 T 2 2 i — AN, HAA &
R KPR B — N A (Wang et al. 2010). o T#i% F4HHG7e M. 4K
ey RSN A, RO IR B RAGE, 2010 FIREE
UG FEFE AN 36030 AL, P2 145.6 S0 (TFESE, 2011). AT, FEE
L T B R A SZ B ANATTI ST BR
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a 100/1007 Crassostrea gigas b 100/100 Crassostrea gigas
100/100f * Crassostrea angulata 100/100 Crassostrea angulata
Crassostrea sikamea 100/100 Crassostrea sikamea
o0100] 77 Bg(,‘msostrea ariakensis
rassostrea hongkongensis

100/100 o F 100/100] o
Crassostrea iredalei Crassostrea iredalei
100/100 100/100 o i
Crassostrea virginica rassostrea virginica
95/92 Saccostrea mordax 87/89 t——————————— Saccostrea mordax

Placopecten magellanicus Argopecten irradians
L e Placopecten magellanicus
A e
o -Argopecten irradians p_— oy .
53/-|100/100 Chlamys farreri 100/100{100/10 ;r'ny: arretn '
izuhopecten yessoensis

Mizuhopecten yessoensis

J00/100 Mytilus edulis IOO/IOO{M}"HUS edulis
lMytilus galloprovincialis Mytilus galloprovincialis
; Cepaea nemoralis
Cepaea nemoralis 100-

Albinaria caerulea

100~ Albinaria caerulea /S
A i 54/- Pupa strigosa

100/100 Aplysia californica Aplysia californica

Katharina tunicata KafhylQan tunicaia

01
01

B 1-1 FI LR ERRAFIIMRNRZL BN (HPE a AEERFERT
TR, B b ABRHRFIIMER) (RendF, 2010)
Fig.1-1 Phylogenetic trees based on the concatenated amino acid(a) and

nucleotide sequences (b) (Ren et.al., 2010)

1.2 ZIn"HiEEXEEFRERRHER

1. 2.1 R R|I AR EEY

n’ R NMEDTRIME GRZ—, BENMMRET AR ERZ MG, o
S5 BRI 2 200 Fh i IR 25 R AN AL TEVESL A, IEFR BERX IR (Zine finger
nuclease, ZFN). Z B# i 28§ (Alcohol dehydrogenase, ADH). T g BT fiff
(Carbonic anhydrase, CA). ¥k (Carboxypeptida, CPS) %, TfijiX L&
SRR IR G A A

Hx, SR MMMESE /sy, S B MRS A ThRe R A i . L
TR AR, B RIS BOCEEMIEH . F7E 1981 4F Better
et al. (1981) Hib IR L B EE ARV LA = AR BER: 1) i 5Rg4s&
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i )

RAFAEVIE I sE 5k 2) SUmAEME B TR0 . B RS TSR LKL
EGRRP R R 3) TG BRI B e A IR N
Ft, W Cai % NRIL—FER A MG53 TEAH AR5 51 h K FE EEAEH] (Cai et
al., 2009, Tfj MG53 KIFEMEEMEH MBS 2 H EA WA FE TS,
HAE ™M M3 LA HWAEE T, ZEAARITHHIBEIIEE Cal et
al., 2015) .

AN, BEE N ARG 77 T AR B A Y E R o 1R A AT T A e
T &S EERRE YRR A S (Prasad et al., 1971). £ FRIFARA
ATERERR Z /N B FT R AN WT B T, ARATTAN SR I A 3 ik = /0 Bl B R 22 4
I 2 30 AR 240 A 2 O /> 5 AR R e A R S R SR 3 A B
( Fernandes et al.,1979; Fraker et al.,1977;Fraker et al.,1978;
Fraker, 1984). Beck 5% A (1997) FF NREFak Z BRI 5T TH1 4R AN TH2 400
LA IR 7= A, AbAT TR BB = 32 R R 4 A 3 10 G328 TH RE AR IV B IR 2 = 4
B 2 50 THL 20 A TH2 G AR 18172 AR ASF47, ATRISERT 46 T 20 B (45 B AM 7
AR T R BT 7 LA BRI T s S ThRE o IR, ABOKER 22 IR HIE 4 2
BEAENLAR Nl I A [F] 3@ 42 52 00 45 40 i S %2 Dh B¢ (Prasad. , 2007;Prasad et
al., 2008). [, ShEFe FEAKFZHRBEAA, MKEAR R TEE.
BT LIS IE IR

1.2.2 ZIP $4 ZnT HEEREHARIHER

BB EFEARNGEENER, AN s @R EFH,
PRI AE VAR T BT — B B P AR A A I FOR AR N I T I IE W i85 . &
VIR NG VF 2 AR I E A 2 58203 UL RS I S5 R o AT TTESIREA) 14
NERIZHEETFRESRWEHEMEAG WA EEZMKEL L, B SLC30A
(solute-linked carrier 30A,SLC30A) 1 SLC39A(solute-linked carrier
39A, SLC39A) o Firt SLC39A i oo # 3¢ [ Jg i FE B2 K %2 1 & Eide 44 N
ZIP[zinc-regulated transporters (ZRT), iron-regulated transporter (IRT)
~like protein, ZIP]Z . 1M SLC30A S AHR NBHE ¥ HUHBIZE A (action
diffusion facilitator, CDF), SLC30A 3& IS A — ANk 52 B 2 4 55 [ A g%
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o i)

WK 22 1) Palmiter #4558 N R, I8 Han 444 ZnT1(zinc tranporterl, ZnT1)
(Palmiter et al.,1995). ItJa AMII¥IUSH ZnT Sk 78 SLC30A K Kk

1.2.2.1 ZIP EEAREKMRIERE

FHATNIE, BN RFTE R Z1P FKEENEDF 86 MMk, Hf A
14 />, /NER 144, BE ZTP1-Z1P14, N2E Z1P 2 [A#F#K N hZ1P (human ZIP, hZIP),
/NBR, ZTP FEPRI R PR A mZIP (mouse ZIP, hZIP). KZ¥ 71P AL A 8 N
g3 (transmembrane domains, TMDs), BJ TMDs I —VII, 335 ki Al o 3 i
AT 40BN BRI N . ZTP B A S — 3L [RIRy RS2 AE TMDSIIIAN TMDsIV
A — IR, Z KRG — BE S AR X, (HHA 5 R oA
JE FEARRSE (Taylor et al., 2003). ZIP 85 A KR ST X454 T TMDs IV AT TMDs
VIEZ 8], IX PR A5 i R A SR AR IR I, &5 — MR A Rk
(Gaither et al.,2001). HHEIAN ZIP Sk 3 B RE N 18 40 f 4 BV P B
BTG T T, AR AT RE R AN B 1-2 Bk (Liuzzi et al., 2004).

A, BHIEN AR ZTP S0 O R TR 2R fe AE I BRERTE ) 24 i gk 47 . 1996
., Eide ZE N KRR ZRT1  (zinc—regulated transporters) F1 ZRT2 JE[H
Sy RS PR AR AN F B e R, R, R ORI M RERE R Is B, XA
AR, ES4EEE TIEBA IRTL (iron—regulated transporter) (Zhao et
al., 1996;Zhao et al., 1996;Eide et al., 1996;Korshunova et al., 1999 ).
BT, AR B EE X P AR ZRT 1. ZRT2 A1 IRT1 B FH4is B AW T
NI — AR MR B T I 3512 B2 1 hZ1P2, TR N E e AR I 28
SN NREEE FIREUEE (Gaither et al., 2000) , HFIAFEHAL, FE4ES
ERTHIAR. T e ANEIM B MZY0H0 (peripheral blood mononuclear cells,
PBMCs ) . ® #% 40 M (monocytes) L K + B # F & 40 My (Cao et
al., 2001 ;Yamaguchi, 1995) .

PR hZIP2 AN[A], hZIP1 fEAR N S HZ5E RIE . BT A4S 4% hZ1P1 RIEJR
FIf¥) K562 21 A MR AHAE “Zn A WA RS, KIXF4HH “Zn MR EH B
AT X2 (Gaither et al., 2001), /N mZIP1 Rk Bk 4L 2] HEK293 4H
b, R I A P B R U i T R (Jodi et al., 2003). (A, hZIP1

/|
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i )

5 mZIP1 e — N EH B R THIEA . K TX ZIP1 MW U Riie A R 2 8
K, 0 ZIP1 Hr A WEIR 1k BE T 12 19 B8 73 2R R rh AR R G £ B0 2 153 52 ik
(Chen et al.,2015); fERFFUE/N)LESEIGY, KIN ZIP1 mRNA RiLKF 54
K EACE R IFMX (Sun et al., 2013), #HEMI ZIP1 B2 54 KAH X,

FEWFF mZTPL [FI, Jodi 8 N FFEXT HEK293 40 s Geid mZ1P3 ik ki,
RIZHRMIGEIN T “Zn FML R R E . R ZIP3 IEF 2 H A A RIS,
(ELEFLIR B Rz b, AF Z1P3 SRR Zn” (MWll, REIRE Z1P KikS Stk
iE BA AL 5 (Kelleher et al., 2005). ZIP3 & 5 5 e (1) 52 Wk A A 5,
56 [ I BL 22 K51 Costel Lo 55 NFE g g B A i poksr U 21 Z1P3 [ 408 & HH 8
BEAR, IS5 BUBR MR A0 M B 7 B U T B, AT TR B T R — R 1)
G, 1 Z1P3 ZARIRA BB ) 5TAE (Costello et al., 2011;2012).,

UL BhA Z1P4 ) mRNA AR Mg 2= B AN sh Rk R R, Z1P4
SR 5 R 51 RS 1 PR B i B2 R 25 A AE (acrodermatitis enteropathica, AE)
A, BN RTE AR B3 R I Z1P4 [f)— B9, A45 Hr Btk f & ik 2500 1
3ERTHIL (Wang et al., 2001; 2002). ZIP4 [REE BB WICEERIMER, 7FH G
i mZTP4 RIE TR (1) HEK293 20 R B 40Xt “Zn AR BB B2 (Jodi et
al., 2003). J& RBEHE Z P JadE HOR AW R, BHIFA R3] 1 Z1P4 BRIk
/NS, (Dufner-Beattie et al.,2007;Geiser et al.,2012). MATTRHEL, ik
Z1P4 BRIP4l A AR a2 30T, HERINEA R B S, /N R Ae 4R — B
], HEJE 252300 X o IXMe S0 25 BLISTIE B Z1P4 T B4R R USCEL A B B4 1

oAt Z1P SRR B 02 5 4 P BE WS A G &R, G Z1P5 SRS At i
Iz K (Jodi et al.,2004); ZIP8 54 T 4ARIER A X (Aydemir et
al.,2009); AWM, ZIP FEDRIZKWRRR T fedkig BeASh, 1625 HAL—2% 4 fH e
THIE, W Bk . W%, FIRIER, ZIP ZRMUA IRT2 ZE40L R 7+ RIS ik
TR RIERE/EA (Vert et al., 2001); K ZIPL. ZIP4. ZIP5 DA K
71P6 FEAINF TR AK A B REPS. SNEREXREE (Li et al., 2013);
71P8 TE/NR R AT 4E4H M (Mouse fetal fibroblast, MFF) 2 S54RFI4 K]
iz (Lei et al.,2006). ZIP14 7EFF4IS 5 AE4 8 A 45 & 2RISR 11

(Liuzzi et al.,2006). Fk, ZIP FKIEREINEY) —MEETRm R 28T xR
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i )

A TR AR BATAS T B AR A

ZnT Zip
SLC30A SLC39A
>100 members >86 members

15 human

Vesicles

Plasma

Membrane
(HEXPHE)

& 1-2 SLC39A/ZIP A SLC30A/ZnT E B &AM D REE A
Fig.1-2 Structure and function of SLC39A/ZIP and SLC30A/ZnT zinc
transporter protein
The arrows(?) represent the direction of solute transport. The curve together with the blocks

represent Transmenbrane domains(TMDs).

1.2.2.2 InT ZEEREWRER

InT FEF B LS 5 R PR BARNEHEERE, ZFESN=ATXK
W Wz [ . A (Gaither et al.,2001), WS 1 FEHAGLE R AEY)
o, TLANIIAE SR AR A DR B A 36 o0 AT . K240 InT KR B 6 M5
JEESE M B TMDs T VI, HE4 AW ZnT5 FIEERE MSC2 (meiotic sister
chromatid recombination 2) HA 12 M L WPSELE M. KZH ZnT HH
AR R i R Rk o o T ML N, B R B8 1 25 B L AR AT RE AL T I 5 A I TV A
V2l — B s S AR KA, TMDs [ LAV B mEpsEt:, HaitaE
WARSE . AR ZnT EA U RASHE =R T KIEEM (BloB et
al.,2002; Michalczyk et al.,2002). ZnT A MIAEFRIKIE 1-2 Fr

7o

Har ik, WA+ EriE 10 4 ZnT FiERKE R, Bl ZnTl - ZnT10. ZnT1
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