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Effect of zinc on expression of zinc transporter 1 and metallothionein mRNA in primary cultured hip-

pocampal neurons
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[ABSTRACT] Objective:To study the concentration-response and time course of zinc transporter 1 (ZnT-1) and metalloth-
ionein (MT1/MT2) mRNA ,as well as the cell viability to zinc exposure in primary cultured new-born rats hippocampal neu-
rons. Methods: The cell viability were determined by trypan blue staining at various concentrations of Zn** (0, 50, 100, 125,
150, 175, 200 pmol/L). The expression of ZnT-1, MT1 and MT2 mRNA to various concentrations of zinc exposure(0, 50,
75, 100, 125, 150 pmol/L) and to 100 pmol/L zinc exposure for different times (0, 2, 4, 6, 8 h) were determined by real
time fluorescent quantitative PCR. Results: The viability of the neurons decreased significantly after 48 h once the concentra-
tion of Zn?* exceeded 125 pmol/L ,and the expression of ZnT-1 mRNA was in proportion to the increment of zinc. The expres-
sion of MT1/MT2 mRNA reached a plateau when the zinc concentration exceeding 75 umol/L. The expression of ZnT-1 mR-
NA peaked on about 2 h. However, the expression of MT1/MT2 mRNA reached its maximal around 6 h at the concentration
of 100 umol/L. Conclusion: These results imply that although both MTs and ZnT-1 can attenuate the zinc toxicity, they may
play different roles at different phases. ZnT-1 enhance the efflux of zinc prior to the sequesteration by MTs. The action of
ZnT-1 may be durable, but the role of MTs may be satiable.
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1 HMEMAE

1.1 wmaRix HEKXKREBISMETHIERITE
£% Sunanda ZVHRE AR GRS E R 5X10°/
ml, RGEMET R ELZRBEARYASILIEFR
b, 8B L 5ml, HEXRE I0XBFMEMIOND
1l & # DMEM (Gibco, USA)ZE 37C.5% CO, %
r¥Es 1d e, KEREHRM B-27 (Gibco,USA),
PES 3d k1K,

1.2 BRREFEGHNEAAERGY R 1§
LHETHEF 6d B HHAREREFRRSHE
0,50.100,125,150,175.200 pmol/L &) ¥ 3E &,
BWEH 3L, AT RN M SR ETRER B A

BREEEFHN1%.48h ERBEREEHEEE
SETBRREHATFHBRGEESE.

1.3 8 ARARBHFELHEZAL InT-1 # MT
mRNAA WM EH B 45 KW E 0.50,75,
100,125,150 pmol/L R 4 h /5, F 4 ZnT-1
mRNA, MT1/MT2 mRNA # % i (Bl B-actin
mRNAFSME) sn=3, LA 150 pmol/L KR E b
REERREN, —BEIHERE HETHFERE
FE TR M ERE 4 h X — 5 8] 52 B e S8
ZnT-1 mRNA 1 MT1/MT2 mRNA #5358 B i
Be.

1.3.1 RNA #3# % cDNA #h4 & & RNA M
HRBE AN S HARE., REFXBRLRE:2 pe
5 mRNA,4 pl Mg?" (25 mmol/L),1 pl RNA B
(40 U/pD,1 pl AMV #5385 U/p,1 pl
BEHLE| 9,45 C K B 60 min,99'C 5 min K1 ¥ 5
i, RS R BRI R,

1.3.2 5l 4 fE4 Sl ME4LE A Primer Ex-
press™ 1.5 (Applied Biosystems)i&it,% 1,

R1 BEEYHEEASI MRS F

Tab 1 Oligonucleotide primer and probe sequences

Gene Oligonucleotide Location Sequence

B-actin  (Accession No. 13592132) Upper primer 333 CCC TAA GGC CAA CCG TGA A
Lower primer 433 GCC TGG ATG GCT ACG TAC ATG
TagMan probe 351 TGA CCC AGA TCA TGT TTG A

ZnT-1 (Accession No. 577842) Upper primer 1414 CCA CCA TCC AGC CTG AAT TC
Lower primer 1473 GCT CAC ACG GGA CGA CACTT
TagMan probe 1435 CTA GCG TAG GCT CTA AAT

MT1 (Accession No. 205531) Upper primer 7 245 AAC TGC TCC TGC TCC ACC G
Lower primer 7772 ATT TGC AGT TCT TGC AGC CG
TaqMan probe 7 731 CCT GCA CCT GCT CCA

MT2 (Accession No. 205531) Upper primer 1899 CAA CTG CTC CTG TGC CAC AG
Lower primer 2 231 GCA TTT GCA TTG TTT GCA TTT G
TagMan probe 2188 CCT GCT CCT GCG CTG

1.3.3 PCR ## % # PCR ML %A ER
RT-PCR 7 ABI Prism 7700 Sequence Detection
System (Perkin-Elmer) #4175 & WL 44 . B & #H
10 pl, H:# TagMan Universal PCR Master Mix 5
pl, BES 2 pl CE L PCR D55 574 AR , 52
w9t B RT-PCR LIH M PCR ¥ ¥ =YW R 5
YRR , 51 R 900 nmol /L, IR IR IE 250
nmol/L (5'%% L FAM #rig, 3% L4 Quencher +
MGB #rid, ¥ # PCR A 4t); #A63H & 4.
94 CHAE M 10 min; #R)5 94'C ZEHE 30s,60C iR
K 30s,72CHEAH 1 min, HRHAFTEIRIEER
RT-PCR ##l#5 63.15 . 5 > 5 B4 o ih 4o B (B 48

AN EE L 40 NMEFE M PCR K7™,
RIEWBE 10 55 5 MG, B 5 RS 218
B AR 1 APRERZ, L AR E B
Xt B8, & BE & cDNA B R EE MR & B &
FE 5 AR T B, DA MG &R O A R N B BR LAY L B B-
actin &, I RGEHNEEFMHXME.

1.4 S5 BRRBERELNHNZAL InT-1 = MT
mRNAARZ 6§ ot M % B KSR %L E ‘R RT-
PCROEZE & FM ¥k 1. 3. 3 W 100 pmol/L
BWREEST,0.2.4.6 f 8 h B ZnT-1 mRNA
M MT1/MT2 mRNA FEiKE3,
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2] B BEREAELABANAEFTERNY
MEEYR LT 100 pmol/L B, DML TTA K

RO BRI, 7776 R W B/ WSk E 53 125
pmol/L , G LML T AAIGE, MR L HHE
BRREET G R R E TR (P<C0. 05); YHRE S
200 pmol/L B, 1§ LM & T KF4r A AR FE T, 45 R
LA 1,

1N BIMETHERER

Fig 1 Toxic effect of zinc on hippocampal neurons

A': Control group; B: 125 pmol/L Zn?* group; C: 200 pumol/L Zn?* group

2.2 B BRRZEAELH LA InT-1 # MT
mRNA# §## F&E ZnT-1 mRNA B % AR
vk BE N T R 0 (B 2A); YW EAE 0~ 100
pmol/L & P,MT1.MT2 mRNA K % ik F £ ik
JE 38 T T 3, BE MK RE O — 2B W et , MT1.MT2
mRNA HIRX#E AT G (E 2B, HE ZnT-1,
MT1 #t MT2 mRNA RiXF WL ,MT1 B HE Al &£ A
b MT2 & ,MT1 MEEAN ZnT-1 1 5 £%.
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Fig 2 Concentration-response of ZnT-1
mRNA (A) and MT mRNA (B) to zinc
*P<{0.05 vs 0 pmol/L;n=3

2.3 HXBERERELHNEZAL InT-1 & MT
mRNA# F 6ot d s 2  FE 100 pumol/L ¥ B &
Bf,ZnT-1 mRNA W RIEE 2 h BB HELRIEHE,
MT1/MT2 mRNA 53 #£KIEEF 6 h(E 3),
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Fig 3 Time course for induction

of ZnT-1 and MT1/MT2 mRNA to zinc
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HRBRSEILGANEHZBITHERN—4

CEHRIFR QBRI B B A R R A Btk

KB RMEEOMBE Y WA R+ 8%~
IS%HESRER—ERE TRMBER D, KF B
WL A 0. 15 pmol /LU, # 2 50 4 4 & (H £5 3 7
35~45 nmol/L, AW E M & X & RET R fi /8] B2
BEYR JE AT 18 300 pmol /L, Ty 4% ¥ JE MR 5T 125 pmol /L
R XM TT A M A TR, & LR RS M55
L ITCHI B BTN B PN B R R LB S
METERREMEBRTERBAENRERZ —.
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TET XoF A W 1 B MR R A R IR 3 4 B R e VR R
BRI ERE SR AN, X — A RE TR
HEFZHLEAREM ZnT- 1K ELH, ZnT-1
BTFHESERRE, B %ECX 7T MRERRY
AR ARENERTT —EHFRD,
InT-1534T7 12, FERER G B 4. SER
AT . METH THE ZnT-1 WERK, T TEEMm

AL —B BTN MTs MEXSUBRENENS.
EKFEH MTs R H mRNA AL 0 T ERE. 4

SRT,ZnT-1 mRNA .MT mRNA EHEH
ERMN.BIHREARECNERERBHNYT
R¥EEWRSRGWER BN ERRESRRE
48,ZnT-1 mRNA 3 1% B8 B ¥ & 35 hn i 24 fn
MT1 1t MT2 mRNA %k R BIEF WK E 0~100
pmol /L 7t Bl P B 3 W JE 488 o1 v 398, 4 ok i Ak R
At ,MT1 1 MT2 mRNA BEEXFALESH. 3
B ZnT-1 MIE AT RE R AT REZERY, T MT M E
FAFTRERF —EMRBEM ., HIK,ZnT-1 mRNA 1%
SHEE L MT1/MT2 mRNA #,% — AL BTG
PERARTT , 40 M A8 25 B9 BL T BT BB S in 5 4 i A
B REREMT WEA/ER, AT fE& MT
mRNAB’J%b‘tHi% I ZnT-1 mRNA &. Bt E®

ABFFTR A B T A 0 HLE R M R e 3R
k& RT-PCR FEME T RAEFE DM LT
BZEBEH ZnT-1 f1 MT1/MT2 mRNA F s 8%
BN EERESTELDME THNRS ML #1T
T BT (A E/E T % 8 B d 4 T 38 BR R
FFEZTEEM W EELD SETEEAE
B P RS T A L e 2 O R e 2 e R 4 R IR )

/R 6 AE RN M2 TN SR RSES,
RAMMEUHENREE T 2mKAR, A 8ExT i
PREREL T )R BB 5 AR B 2 T B BR T
Bt .
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