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7R 355% 24 h J5 , TPEN 41 VDAC3 mRNA R BALFXHRA (P < 0.05), WiEHHIA TPEN #l Zn B F4H 5% I i, £ 57
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[Abstract] Objective:To investigate whether intracellular zinc depletion can actually change spermatozoa motility and the abun-
dance of voltage-dependent anion channel (VDAC) mRNA in cultured human spermatozoa. Methods: Spermatozoa were separated
from ejaculates of three donors using a discontinuous Percoll gradient centrifugation. Each spermatozoa specimen were divided into 3
groups,,one was exposed to a cell membrane-permeable zinc chelator N,N,N",N*-tetrakis (2-pyridylmethyl) Ethylenediamine (TPEN)
(2 pmol/L) for 24 hours,one was to TPEN plus zinc sulfate (5 pmol/L) for 24 hours,and one was as control. CASA and quantitative
real-time PCR (qPCR) were performed to detect sperm motility characteristics,mRNA abundance and difference of the three VDAC
subtypes between three different treatment groups respectively. Results; The results of CASA demonstrated that exposure of spermato-
zoa to TPEN for three hours significantly decreased sperm motility compared with the control group (P = 0.049). qPCR demonstrated
that VDAC3 mRNA level of TPEN group were significantly lower than that of control group,while no significant difference was found
between TPEN plus zinc sulfate treatment group and control group. Co-addition of zinc partly reversed TPEN-induced alterations of
sperm motility and VDAC3 mRNA abundance. Conclusion: The results of the present study implicate that zinc depletion may induce
VDAC3 mRNA abundance decreasing and affect the normal function of spermatozoa.
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1, ANk = ml R 2 B S8 LT RE 9 ZE L LA K S LR
B R B SEE, MRS Zn 2R aT50 AR5
W, Zn a:&?Eﬁﬁ%z‘fﬁ%@ﬁ%ﬁ,ﬁjﬁ%?%@ﬁi%%
PHERT, M FEOR T DNA %) %2 24 9 IR0
W, MK DNA EE AR g 2 5 B A
BAHHE B P E 28R AR D Y Zn 58 T
5j Sg Fl PSA (AHEAE S SR AL LI [
Bf Zn AFAET 2R h el S 2 A BEAER, B
A FENLT T R R,

FH AR [ 29 138 1 (votage-dependent anion
channel, VDAC) & FL7E 1976 4T XUL BB H
PRI - R IFLEREE S, 25, BRI
A B BRI BRI ML #RAEAES  FEmFLEh
YR AEAE 3 RO [E Y VDAC 2K (VDACT, VDAC2
Fl VDAC3), EATZ B A IR K 75%~94% , Ho g5
fith 3 FOR R VDAC 2 1A 3 R 35 ELAT 3 SE R4 #
T FEARAMAS H VDAC B P58 8 SR Y H AR
PRI 142 38 1 ) R o X RRREPE , VDAC W LA
LR 2 (40 Na*, K*, Ca® Al CI) AN F
(4n ATP BEFIRRERFNBE IR ER ) A A M, 80T X
FhEME, VDAC 02 5 2R 2 A4 AR BRALE] , 4%
R SIS I -0, gE—E 58 %W VDAC
AMUFEE T LRABAR I IME L B 772 T A e 20
JHL R PN B AL ) SR R 110 NSt 3 & BRAE A
[Fi] 1) A B A0 L A 2 2R b 53 A5 6 AN RS VDAC RS
VDACI 4345 F S F5 40, VDAC2 43 7 76K £ 40 it
HUKG ¥ 400, VDAC3 4345) 1z, BAER BT 4ifd 55
AJCHAEFT M, S35 AR AR B 1SN 23
B YE(ODF) &8 T VDAC2 Fil VDAC3, iX f&
HIRARIBTEAEEZH 2 b 434 VDAC!™ 475 VDAC
A Re S FHMEZ s A ¢, M H VDAC2 ik 431 7E
TOA X Sk A LA S/ B | 1, i — 247K VDAC

A BERZ MRS 18 TOUAR S5 17 A B 5

4 VDAC Eﬁ@ﬁ&%%?x.ﬁﬂﬁ%‘fﬁnﬁ
A= B L LRI ) 43 AT R A, AT AEDN VDAC W]
REfERS TOIRE M B AE B P iR E mEMER . bR
VDAC3 FE P () it /I B 3 HE B 8 (4 - 3% )

AFRES TN 25 UESE T VDAC FIBHEAR
MRAR, ﬁ@ﬂ’]m , BRAEA HGEAE BT Wistar K
[ S A, AU Y Zn B Gk = 0] LS
3 VDAC 1Y mRNA ik T 183 K b S B0k 240 g
P, N T HE—HAIESE Zn X VDAC BN  ASHF
FEERT Zn B F 8= X B T-1% J1 LA 2 VDAC
) mRNA B 152 S HAHE R

1 #EFnTE

1.1 ##

2011 4F 6 H~2011 4F 10 H 7Er 5t BE R K220
— [ s B AN TR MRAE B 3 B RS VR, T A
KSR A IBERE AR 3~7 d e i T R Ot
BEILAT 4845  WALAT ] < 60 min; 5 & =2 ml;
FEFHRE =20 x 10°4~/ml; 1§ =70%; i /1=
50%; 14 i< 1 x 10°~/ml;pH 7.2~7.8, 3 Mk
B R (247 £ 3.1) % JFTE 2 AE N ARR T AT
WEVER . AR LT R ERR A2 it
e,
12 Fi#k
1.2.1 HFeh3ic

JUT WS 19 R VA 5 A WA ) 38 3 AN T £ Per-
coll (GE Healthcare 23 ] , 38 [# ) #f £ 8 .0 (80% ,
40% ) 2= 5k 15 40 (AS G A B A LR A ) 0
SR, 400 g, 18 min, WA B0 A IEEBUITE,
S TR FRME 2 ¥R (400 g,5 min), 7ERcA 11K
BT B DA T, BRI AKE 18
FEW Y %% 3 40y - OBAPEXT IR @ AR 5 i 40 i
N Zn B FEAF TPEN (2 pmol/L;Sigma N ,%
) ; @M A TPEN (2 pmol/L) Fl ZnCL (5 pmol/L),
TPEN H —H A (DMSO) %, & T 37°C,95%%5
SR 5% CO, WeAHTIF 5 24 h,
122 HTFEHRE

B WHO $5 F (World Health Organization,
1999), FrdsFeME TS HN B BIRS Hr R
45431 (WLJY-9000; Weili New Century Science and
Tech Dev,dt5t), ZrBlARHEEFRATEIY 1.3.6.24 h
PRS- is Sh S8, 88 a P F 35 J1(a + b
Bk T, %) TR (a+b +c BhiT,%) 2
(VCL,um/s) L FE (VSL, um/s) FIF- 15 4
(VAP,pm/s)
1.2.3 RNA #I

Bi3% 24 h 5 BORS Tl B O DT B T
TRIzol i3] (Invitrogen 237, ZE[E), -80CIRAT#
o K E RNA 1942 BOE B AR 4R . /il TRIzol
HRE T IR DUERFE 5 min, PRI E 4°CE O
(12 000 g,5 min) , WL I 2 V85 AH , 3578 o 5
A, -20°C iU E 60 min, SR)5 4°CE.C> 10 min, {7
PR, N 75% 2 B (DEPC 7K AN ) VEI& 5 34T 4°C
Bl (12000 g,5 min), SRIGEIEOEE, BT, 0
DEPC /K% i f5-80° CIRFE#G ] o SARNA ¥ i o £
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EXHAEEE T E = DUS00 (Beckman 23 H) , 36
EZD)S
124 #4F

i FH 336 % 5% cDNA & B3 7 & Transcriptor
First Strand ¢cDNA Synthesis Kit(Roche 23 H] , fE[E] )
BLE 20 wl W AR R AT . 2L RNA 1 pg, fliE oli-
go(dt)18 514 1 wl, Jin L PCR /K= 13 ul,5x RT
Buffer 4 pl,Primer Mix 2 wl,RT Enzyme Mix,0.5
wl, Protector RNase Inhibitor 0.5 wl, Jz I 54K
55°C,30 min, #AJ5 85°CH{E 5 min Ze 1k, W%
SEPFEIY cDNA B T -20°CHH A5 H
1.2.5 R4&84% R 5 (PCR)

N T RRREAEA 32 2 15 A A 75 g, Feqr T
WS TG 2R cDNA FEAIEAT PCR LUIFERR c-kit
(AR LS AN bR IC ) A CDAS (FHANIARIE ) .
GAPDH HITNZ:, & 51 LA 26 AF 4 i
WEFEpriE ™, BN RN 20 wl, 14wl
ddH,0,2.0 wl 10 x PCR Buffer,1.6 pl MgCl, (25
mmol/L),0.4 wl 1E 15 #1514 (10 pmol /L),
0.2 pl DNA polymerase, 1 pl cDNA it i AL
B JBE B0 A FRORS 19 cDNA AR B X IR, ddHL0
YER X IR . PCR JS 7™ Wil it 2% 35 EWR e i
VKAEER AN MR LR
1.2.6 58 Z 2 PCR(qPCR)

B  VDACT ,VDAC2 Fll VDAC3 ) mRNA
2% 3K 38 1F 7900 HT Fast Real-Time PCR (Applied

Biosystems 2\ H, & [ REGEHAT /T . B-actin 1EH
W2, &5 1Y R el SCRR T B ™, cDNA FEATE
qPCR AiF RS 5 f% . 10 wl BAK RS 6.4 pl dd
H,0,10 wl SYBR® Green Real-Time PCR Master Mix
(Roche 23], 15 [E) ,8 pmol 1E [ FIHIFI 154 ,2
pl cDNA, SR £ 95°C 60 s, #RJ5 40 MG
95°C15 s, )i 60°C 15 5,72°C 45 s 459, ¥ Hah4k
B BIE Cr FoR, BE—HEANE 3 X RT-PCR LI
REEAR T Cofl, H B-actin E NS IESG T
Hofif 2 IRAIEER VDAC 19 mRNA BT ikt
AC; = (CT(\rDAC)'CT(Bfamin))o %ﬂ\f_@éﬂ VDAC i) mRNA
EREMPPEAG LTI 2 I,
1.3 %itFuk

P B Stata 9.2 GEit A EAT 43 BT, Ank
HCRe IR, BRI R AIIEL « FrifE2E (2 £5)&
TNo A5 HH AR B A Y 25 S v e Jy 28 SRR Ry, T
ZEFFR ¢ KRy, 7 ZZANTE R RIS, P < 0.05
RESAGIFE L,

2 & B

TR 3 O3 kS WOREAS 38 35 AN 22 Percoll
JE B U WA i 3 ) v 1 0 RIS ) RS -, &
i B A A ff AT TR 2R R A, R T A 1
4 3 2l (KR ZH TPEN 21 Ml TPEN+Zn 4) 5532 )5,
RIS ] [E] 5 ) CASA A B LAWEE 1 ) e 2R
THOL(R 1), ATLIEBITERFR 3 h K15 77 (A 44+B

# 1 tERZH.TPEN 4270 TPEN+Zn AEAREIE BB FiEshEe WSS

Table 1 The sperm motility characteristics of the control group, TPEN group and TPEN plus zinc group cultured for
different time analyzed by CASA (x £s,n=3)
aZlk (%) W71 (%) HE (%) VAP (pm/s) VSL (um/s) VCL (pm/s)
1h
X HEZH 80.33 + 4.04 82.33 + 3.06 97.33 £ 1.53 75.07 £ 1096  62.10 + 4.18 119.80 + 37.00
TPEN 24 75.00 £ 7.55 76.00 + 7.55 90.00 + 5.29 70.60 + 14.80  53.03 + 8.80 143.70 + 24.70
TPEN+Zn 2H  75.67 + 9.07 77.67 + 8.33 93.33 £ 5.51 72.50 + 5.80 59.53 +2.48 128.40 + 31.06
3h
popiicHiEN 57.00 + 3.61 59.33 £ 3.22 82.67 £ 2.52 73.87 £5.24 66.50 + 4.06 132.40 £ 15.17
TPEN 2 45.00 = 7.00 47.00 £ 6.93* 73.67 £ 6.69 76.53 £ 10.89  65.00 = 9.00 129.40 + 24.97
TPEN+Zn 2 55.67 = 7.64 58.00 + 7.21 78.00 = 7.81 81.67 + 4.62 68.43 + 6.62 140.30 = 11.04
6 h
Xt HRZH 24.67 £ 4.73 29.00 + 5.20 68.67 + 4.93 49.63 £ 11.02 40.97 + 13.38 87.07 + 10.39
TPEN 24 28.00 + 6.23 30.67 + 6.66 64.00 + 14.73 59.63 £ 15.30 48.57 + 1492  109.60 + 19.56
TPEN+Zn 20 25.00 + 6.25 27.67 £ 7.64 56.33 + 12.42 58.20 £ 4.16 49.40 £ 497 104.30 + 3.83
24 h
Xt HRZH 14.67 + 8.02 19.33 £ 7.51 56.67 + 13.58 38.40 + 5.85 31.20 £ 4.76 69.77 + 14.63
TPEN 24 14.00 + 6.928 19.67 = 7.02 65.33 + 12.66 43.07 £ 7.65 36.80 + 6.70 76.43 + 3.30
TPEN+Zn 2H 9.33 + 2.31 13.67 + 2.08 52.33 + 8.08 36.93 + 3.19 30.47 + 3.65 66.60 + 2.17

VAP R VSL: ELAGHE ; VOL: 2R ; 555% 3 h TPEN 4 5% A AL, *P < 0.05,
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%)TPEN 4R TX A AAGIT ¥ 25 (P< %2 Real-Time PCR 7ERA 14 X1 58  TPEN TPEN+Zn % 4
0.05), ifii TPEN+Zn 415 % B[] Lo A N oGt 112 AR F VDAC TE mRNA £
Z5 . BRIELIAN 76 H A % s R] S RS 3 ) 45 1 Table 2 The mRNA abundance of three VDAC subtypes
SRS B LR k}ﬂ%ifﬁ»%ﬁo in ejaculated spermatozoa of the control group,

M 24 h BiFRJE RS FRER R RNA TR
cDNA, 1T PCR AP 4 c-kit F1 CD45, 7] AIESE
i VE RS 126 B2, HEBR T [ 40 RNA (975 5% (&
1), # LT qPCR 20 M7 K [ 455 35 2 R 4K F 1Y
VDAC #5 WA mRNA (3Ri5 & , TEARARS MY AR
B Trh 3 A VDAC LAY mRNA ] #6530 2] | 53 il
LRI I BIF 5% 45 32— B 15, Hod TPEN 4179
VDAC3 () mRNA =F & 555 B4 Ho s i E AR (P =
0.0495), 1fif TPEN+Zn 2 5% B4 L N T4 12
25, VDAC1 fil VDAC2 #5415 % HEZH mRNA 195
JERAG 225 (3R 2) . A T 5 EDULIY R AR &4k
PR Z B R ECC R, EE 2 Hal LB B TPEN
FEVE RS T AN Zn B F 5, VDACL Fl VDAC2 )
mRNA =F B 5 X BAL LA o 5 F R T 20 1 45 2
£, ARG AT R ERER G E X,
TPEN £ VDAC3 fi mRNA =FJ& 5%} IR 4H Ho 4 F F
T2 HAG 2257 (P < 0.05) . [FI A
Zn BF )5, BT TPEN 400N Zn B F Ar S 23009
VDAC3 mRNA =5 1 N FEB 0 7 L i A25 SR v] LA
Wi TPEN Z 548 T4 N Zn B F 0] DL 5L
VDAC3 i) mRNA /KR,

CD45
c-kit

GAPDH

1: K2 percoll i BE 4> B BOKE FREANE N FHYEXT IR ;2~10. 4
percoll i 43 FAS THEA ; 11 R IMARIAY RNA 7E A BAPEXT I8
Bl AR T B RNA 1T RT PCR ¥4 c-kit,CD45 Fl

GAPDH 28 2%k i ¥k /3 #r

Figure 1 RT-PCR products of c-kit,CD45 and GAPDH ampli-
fied from human sperm total RNA extracts and
showed by agarose gel electrophoresis

3 i

WEICR Zn TEARER KR T, YA A 5E
ke EEAERY R TR Zn BT FE A TSR
SR LA R T AR AL A A sE A
SEHICE A PCR 71 Al 1531 3 B VDAC £

TPEN group and TPEN plus zinc group

analyzed by Real-Time PCR (x+s,n=3)

ﬁz’i ACT D-AcT D-AACT
VDACI

BHPEXTIR 170 £0.29  0.31 £ 0.06 1.00(0.82~1.22)

TPEN 283 +098 0.16+0.11 0.46(0.90~0.23)

TPEN+Zn 1.73 +0.39 031 +0.09 0.98(0.75~1.28)
VDAC2

BAPEXTIR 1.55 + 1.54 047 = 0.37  1.00(0.34~2.90)

TPEN 353 £049  0.09 +0.03 0.25(0.18~0.36)

TPEN+Zn 2.85+1.03 0.17 +0.13  0.41(0.20~0.83)
VDAC3

BAMEXTHR 1.26 £ 0.93 047 £ 0.24  1.00(0.52~1.91)

TPEN 3.40 £0.18  0.10 + 0.01* 0.23(0.20~0.26)

TPEN+Zn 2.51 +0.42 0.18 £0.05 0.42(0.31~0.56)

1E VDAC3 ' TPEN £ 5% B4 He#%, *P < 0.05,

J91), I HAESRE IR TIAF/E VDAC2 Fl VDAC3 25
HEFEI7, FEXAERIMALEH, AKE 5 2 pmol/L,
1 TPEN B E 5, K51 FF, JFH VDAC3 1y
mRNA 7K R,

XA [ A 38 75 3 (RS 7 #EAS [R] B[R] 54T CASA
ST, KBFEFE 3 h,Zn BT LS BOE IS
IVEZ B, DA AR 58 45 SRUE SR b i
In BTN ST BTG S e TR 210K
Ty — BB A KBRS 2 B TR SRS T
TG IO 0 ARSI 5 AT i ST 45 1 —
H, Zn B TR XIRE 003G 1A SR i 2R
AN RFEA I BIESE .

TEE Zn B T4 TPEN (BRI 24 h
J5 KT VDAC3 ) mRNA FEEKE R, mx AR
P B BT LA A Zn B TR RE . X5 Lu
S5 IR R 2 M S0 R A R A — 3K, Zn BT
Bt= T VDAC3 i mRNA ZKF-B#LE H i A E
., WRES Zn B FELZ A E R R A YR
W2 A7 KD RS T A B R RS T A A%
PYZH A BT A O, Xk
T RS E M ITT (RS - AL R 2 2 s A T LIRS Y
W n] DL Z AR S MATE o R 19 mRNA &= (1948
AR AT e TR SRR s i 5 R, 458
WA g RS 7 mRNA B 7EKG 128 i i 72
HER R IR, DR AP BUAE T mRNA Rk 1 A8
AT D Woks 1A i FR R mRNA 9 3RA78 1k, 1K
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VDAC1,VDAC2 ,VDAC3 il B-actin £ H 519117 RT-PCR & 55341 . MBHTEX] fE4H , TPEN 2H A1 TPEN+Zn 2H AKS T4 HUE RNA BT
1) cDNA fE AR , 24100 mRNA FEEHIH B-actin (1) mRNA FESALIE , i F-5 06 R HC A PARSHE MOR LAEE X HRZLIY mRNA AR B
H 1, TPEN /AP Zn 85707 LR 8 VDAC3 (1 mRNA £, WA Zn BN RN A2, 53 A Sui# 225, P < 0.05

(n=3),

2 TPEN 2440109 Zn B FXF 1535 24 h R 9K 745 VDAC mRNA JEAY 5206
Figure 2 The effect of zinc depletion by TPEN on the abundance of VDAC mRNA in cultured spermatozoa

HNIZEGUESE Zn BT 8= 68 T VRS F mRNA £k,
AT LAHEI Zn [R)AE AT LAXRS 726 Biad B2 mRNA ()3
RFEAER

VDAC ik F A6 15— 38 30 PR i o Zeokir
KENANE T N TS 2 5 he s QA A
PET, BRICLISN, 76 A 4K T Hi B SN2 80 41
4 (ODF) & #L T VDAC2 il VDAC3, Hinsch 2524
AT BE 545 T ¥ T A ATP 1538878 5T HL DK it R 5
K FE ShBe T . A S0 % B A A RIFR AR SE T ¢
SRTRE K T VDAC2 1Y mRNA Fik/K V- 51E
WAEFAEBR B ET SN, TERFR VDAC3 %
DAL A e /0 B2 B0 B S ARG 06 AL R
B R R SRR R VDAC A RE SR TG shibkfe
NAEEE BN XRR, AR Zn & T5Z 68
TR T VDAC3 19 mRNA “FJE, A LU AERS T
B A B R Zn B8 - 2 [RIEE T RE S 520 VDAC
) mRNA kK, IS RS 7 & shae Ji . o
Gh, ARG A R ARG 2 i S) i R
B, AAFAE mRNA SR, — 23T 101 1 B 58 R PR AE A
BRI AR B 4D mRNA, JIf HiX 48 mRNA
XIS 1TE S RE T Ak fe TR S g DL R B2k fig
EEFEEMIER, W, ALK, T Zn 5
Fhk=Z FEH VDAC3 i mRNA F 5 F Al ek
T1E SRR R FE CASA 20 Frss rh s YT
S HUERG W M E ELR bR, AT LR DR XS 5
PEAE B RE IR PEAY . I Zn BT B2 BT S 200
VDAC3 ) mRNA F 55 B EFRE 1 dn]
REBVIFHC

VDAC & T v 685K T B TE shAE 11 & LU,
WATRES S50 F Ry A A BRALH . Z TS 2

FEBR T VDAC3 JE R A MR/ N ERUBR T R RS 735
SNEE S TR LIS B R B 55 BORE T 24540, RS+
B B 22 942 RS BBk Y i A
VDAC HL AT LA i SR AR 9 58 88 P nl g2
F T VDAC 855K + DA X B N Ah Ca?* il 15
TR EE , DT AE4F N A0 I 8 1Y) 25 -8 3% R
B VDAC KEF AR RENT I 2 BRI IR 1k , 1T s 24 R g
PR AL S50 T AR RE | TR S | 3% A 45 6 LU SN
BRES GRS BRIt Zn B TR A A9 VDAC3
) mRNA KA AL il BE 2 B2 i 3] LR As 719 &
ZTRE, NITTsZ N B AR B /BT . 5341, Zn TEXG TR
H ] PSA il sl FC A A PR S 1 >, Zn A7 AE T AR
ffi154E+ VDAC B mRNA S35 , X 4EREAE 1/
7 JERKE T AT REAEN . Zn BT 0l B8l
1520 VDAC [ mRNA 548 M T2 MRS+ B3R BE |
oA 2 I 325 B A5 45 A SRS DR &5 5 S5 D RE IR AL 1
T BB T

B2, AR FEERIMAE T Zn BT H =
BRI DS 80K 7 10 16 sl Rk ) 2 25 ma JF LR R T
VDAC3 i mRNA FBE ANA Zn B J5 W a] DL
B LR SXAEGR A R0 LR Zn SRS TEAR N
SEMRE+ VDAC B mRNA FIKk K-, DT 52 e )4
THIEH IR R R, [ L RERS Bt — D P
Wiz sh U B HEAE WO, R Zn 50
B FNAYT T Zn 8= S BN BT SRALBE K
o

(Bt Rt REAXFARFEFHFTHREL
RHELTHRRILE, )
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