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—RTELEHORB T I e N2 T ORBCIIZHBT386H 2B L TH 67, HEEMBANIC
FOT—EMSEET M 5 »DEBIBEEEL 28T, D TRHETREL 25, ZOBERI,
.capacitation & FEIE N, capacitation U 72¥FIIHEE L incubation T3 2 &2k D ZDZHERE *
&+ 3 Z & (decapacitation) bENS5 N T W3, ZhIXHFEIEPIZFAT 3 decapacitation factor (D
F)OMEBLEIoh3, BEEESIDFIMIARIIATNE2E BRL, BT capacitation &
WIRRIY, CODFAMETFLVERT ALtV BIEZLEREL L,

capacitation IZfEVWHTOREE LIS 2OESFBEZ TV ALDEDELI LS, KELLIUE
FEAMSERNICZ L OMEIR SN T & =, HEFIIPOZEHRH (zona pellucida) IZBAT 3 % TlZiz%k
HREBEROBEIPVETHY, FERKKIS (acrosome reaction) DEZ BT EHFNLAY— - LT
Y b I FEIBOTHEADSATVS, LALBICKVERICER S, 7 2 Tlt acrosome
reaction® & ¥ capacitation {2 S HBELIZLIZ L A YREPH Eh TV AV, BEIZT Y A
T EEFRMANCHRET M, BTOEHER-ELOSFZISZL2RVWHLAE, 22 TZORIZER
L, capacitation & DREGEMEIZDWTHRETL 7=,

—7, 19214 Bertrand & Vladesco i2& ¥, WFLEMOBT - BRI ZBOEHRHIEE I Z 2
L5, ZREOMERSEKE N, LA LE2HC fo‘ﬂ'}‘%ﬂiﬁ‘@ﬁ%ﬂ, capacitation, decapacita-
tion BRIZ 351 2 TROME 12 BE L 2MER B o 22 TIY AMSBHR &AL, B4 A >
(Zn'")DRHERE T W E IOV TR EINL 2o '
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B—B FRREREA I T EREREL

7 7 AR B RN OB TFOESBORE L 1T - &R, BISARS LY ANER
ORFREEEH 2 L TVAF20%A L VENESREbhEAY, BRI 2 ERES 2R (
D “activation”) Z & %37 (Fig. 1, Fig.2). activation #HFTDHHIL capacitation &

parallel ZB%% "L /= (Fig. 3)o
a) b) c)

, A
Fig.1. Changes of Swimming Pattern of Mouse Spermatozoa during Incubation
A suspension( 0.5mé) of epididymal spermatozoa (about 1.0X10° sperma-
tozoa/m¢ of m-KRB solution) was incubated at 37°.
a) examined within 5 min of being suspended in m-KRB solution
b) examined after 20 min in m-KRB solution
¢) examined after 60 min in m-KRB solution (an activated. spermatozoon)
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Fig.2. Increase of Activated Spermatozoa during Incubation
—(O—, incubated in m-KRB solution of pH 8.0 at 37°
—@—, incubated in m-KRB solution of pH 7.0 at 37°

0
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Fig.3. Relationship between Appearance of Activated Movement and Fertilizing Ability
of Spermatozoa

( A | incubated at 37
( A ), incubated for 60 min at 20°, and immediately transferred to 37°

(indicated by arrow)

activation ¥§F DML capacitation IZHB L Z W pH BEH TIXIZ L A LD o 2, KR
2§ 32212k D, F-EVEY MEF LY B2 decapacitation G2 ET2E Fr.1 OBFEET
IS N, & 51T Cat OEFET, Zn® ORI - T b activation MTOHBULIHI & 4,
Zhb6DA F D capacitation ~NDES-FRBEE iz, LAL, —H activation L72EFITZh ¥
NOZEETILEWTYH, BRZOEGLMFIEhE Lo, ThHENDT L IVHEFOD activation i
capacitation T I BN EHHEBTH 2 2 L FRs s,

WP OBEES S, AR AR EET 3 2DICEVETHBD, 20T TIIINOFE
B EERD T BT LR B, v AMTHE LIRS 50H0IET B2 L R ERT 5
L, BT 3D LERAERE U K U T capacitation #5877 U activation BFICELT 22 &10%
D, RO TFRED LRIIZISLDEBbh3, - LEAEL2BEEHIBFORAOHKE
HhEzB2eHh5, 5B 2T 3 cumulus oophorus, zona pellucida % Ei& LIIRNNEAT S
BROMEH L 2 VBIEBMNEEREL2L - TWELDEEZ SN B,

BoE B A DT AN FRBIIRIETRE

v AEAREBRIZENT, 250 uMD Zn** FETICZEIIELICHEFES N (Table 1)o

LA»L, ) flE&EA 4~ (Mg**, Ca**, Mn®*, Fe’*, Cu’*) I3 250 MDBEILE VW THE 25
Z% o7 (Table ),

It Lk AMHEHRIBETH 30252 U Zn* FETIERT 24, 550Eb555 L
% capacitation X € =T EHAWVHEICERD S5ht o7 (Table ),

PDiEknzE &Y, Zn* " 13T D capacitation I T 2HEE2HT 52 & 28 7,

—287—



Table . Effect of Various Concentrations of Zn’* on Fertilization of Mouse Ova

in Vitro
an+ conc. (uM)
0 7.8 15.6 31.3 62.5 125 250 500
No. of experiments 6 3 3 3 6 6 6 3
Total no. of ova
examined 104 59 66 66 108 113 95 53
Ova penetrated® 54 £+ 6 5645 5622 35+£8 1423 7+3 0 0

(%)

Epididymal spermatozoa were added to m-KRB solution containing ova and various
concentrations of an*.

a) mean t s.e.m. of values in 3-6 independent tests

Table [I. Effect of Various Divalent Cations on Fertilization of Mouse Ova

in Vitro
. a) Total no. of b)
Cation ova examined Ova penetrated (%)

— 52 60 £+ 9
Zn2+ 45 0
Mgt 53 67 £ 4

2+
Ca 48 59 + 9
Mn* 56 52 & 10
re* 57 67 + 8

2+
Cu 46 32 £ 13
Hg2* 20 0

2+

a) Each at 250 pM in m-KRB solution containing 1.19 mM Mg® and

1.71 mM Ca2+, except when these ions were increased as shown.

b) mean t s.e.m. of values in 3 independent tests

Table . Effect of Zn** on Fertilization of Mouse Ova in Vitro under Various

Conditions
Treatment‘) Spermatozoa ova an‘ in final No. of Total no. of Ova pcnetratedb’
P culture medium experiments ova examined (%)
None Epididymal  Normal —_ ) 88 68 ¢ 7
an*
Exp.I Epididymal Normal +— 4 81 0
Exp.II Capacitated Normal + 5 109 59 2 8
Exp.III Epididymal Treated et 4 77 5S4 £ 9
Treatedc)
Exp. IV epididymal Normal — 3 52 52 2 10
TreatedS!
Exp.V capacitatea Normal + 3 51 38 £ 11

a) dose : 250 uM
b) mean + s.e.m. of values in 3-5 independent tests

c) preincubated with 250 pM an’
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TR Zn" BETICEEL M Zn' BESE T w32 &2 &Y capacitation L7=4Y, 2k

Z¥FD zona pellucida DEBIIBIBIEF OB L RO TH D , FIRREOBAKT S - 7=
(Table N)o

Table IV. Relationship between Mouse Sperm Capacitation and Zn'*

Ova penetrated (%)a)

Incubation time (min)

30 90
Epididymal spermatozoa 0 64 £ 10
Capacitated spermatozoa 56 £ 10 75 £ 8
Treated spermatozoab) 2 2 52 £ 10

a) mean + s.e.m. of values in 3 independent tests

b) preincubated with 250 M an+ for 40 min

DL &Y, 250uMD Zn* FETIIIBISAEFORKEERIMFSI N TR IIBEL TS 2
&: &Eﬁbf:o

BB OESA A ORF A I RIETRE

Zn'* O capacitation IHIER % zona pellucida DE:B & D & 5 IZRRADERE, Bl S perivitelline
space IZRAL T A 8% L @A U pronuclei TR A 5 “SRENCFI 2 B2 5V TRETL 7,

BIEIZHEWTRD 5 M/ Zn®* O capacitation IEWERIE, BEMHH% 1.56MEIC 51T 2 2HEDY

ERERTH S, ZO% pronuclei BRICHE S 4 5 BEMDEE AT > TH, Zn' BETICIZ DN 4gr
mElsn~-EETTHo7 (Table V),

Table V. Fertilizing Ability after Prolonged Incubation of Spermatozoa in the
Presence of Zn**

: b)
ted
Zn2-0» in culturea) Ova penetrated (%)
medium 1.5 hr 5.0 hr
Epididymal spermatozoa _— 62 + 8 55 £ 10
Epididymal spermatozoa + 0 7 £ 1%+
Capacitated spermatozoac) + 55 % 9 55 £ 4

a) dose : 250 pM

b) Ova were examined 1.5 hr and 5.0 hr after insemination (mean £ s.e.m. of
values in 3 independent tests).

c) preincubated for 40 min in m-KRB solution

Significantly different from epididymal spermatozoa in m-KRB solution : **p 0.0l

ZDZEIFZn* DIEFA BT capacitation ZBESH 3D TII L <, BRIHET 32 L 27T,
—7%, zona pellucida #B¥FRUIEIZ L VEXVBR 7 zona-free S8 % AW - (A7 2R IZH VT &



capacitation HFDH L AR TERNI LAY T A2 BDEL OHIBWET THRLI2D SR T Zﬁ
ZOREREMCBEY Zn*t I3 capacitation MIHI{ER Z/L 7= (Table VD)o

Table VI. Effect of Zn’* on Fertilization of Zona-free Mouse Ova in Viiro

2+ a) b)
Zn in culture Total no. of Ova penetrated
Spermatozoa medium ova examined (%)
Epididymal — 97 66 + 7
Epididymal -+ 87 5 & 3%
CapacitatedC) -F 104 50 £ 12

a) dose : 250 pM
b) Ova were denuded by means of proteolytic enzyme (x-chymotrypsin).
Ova were examined 5 hr after insemination (mean # s.e.m. of values
in 5 independent tests).
c) preincubated for 40 min in m-KRB solution
significantly different from epididymal spermatozoa in m~KRB solution : #**p<0.01

UIF- & DRAIZIZEF D postnuclear cap region PG T 3 Z A MEEhTHY, Zn'* BEF
postnuclear cap region DIEEZHEENLL TWA3EDEEZS5N3, $7/- zona-free AV /ZRIC
HLUTH Zn** PRKROERERT Z L, EBEEESHERES OBFENRIC 22 b 6 TEA 258
T52LERLTVRS,

#IMYZE capacitation L U acrosome reaction IZB5 ¥ 3AF L Hi [ 4 v & DRGEM
HBWFORMEREASKFL LT DFOFEI REENT WS, £72 in vitroll HIT 3 capacitation
DERILIIE S 5 VI ME albumin DFAET TOHBRTH I 3 Z LHFHRE SN, albumin 28D
7=, ZOEAHKSED capacitation factor(CF) & L THE< Z & AR hT w3, k MIpRgiE+
I2i& histidine, cysteine &\V3 o>k Zn'" EDMEGREERT AT I/ MARHE o histidine FET
ik Zn®t ORMEAEFEESFD U, & 7 histidine LE L M TFIX Zn** BETFCLRHEL

(Table ),

Table VI. Effect of Zn®** on Fertilizing Ability of Histidine Treated Spermatozoa

Spermatozoa Zn2+ in culturea) Total no. of Ova penetratedb)
P medium ova examined (%)

Epididymal —_ 123 S0 + 3

Epididymal + 117 3 3 1eew

Treated - + 139 38 + 8
epididymal

a) dose : 250 uM

b) mean % s.e.m. of values in 6 independent tests

c¢) preincubated in m-KRB solution containing 8 mM of histidine for 10 min
Significantly different from treated epididymal spermatozoa : ***p<0.001

—Fh< T AES KR X V4 ME albumin (BSA) #BR< ¢ R B 6T, /= capacitation 48
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FRERBEZIT LW ELS, w7 AETF D capacitation IZBS APMEATHY, BSADKEAET
121d capacitation 2MIZIXFTTRICHIH S MBISABFORBIZR N TWEZ L 2B/ (Fig. 4)

mediumF B S A 2EBHE (Table W), 2 VIEF2HBBEBSAILTHS5A» DR LT
>Z&i2&Y (Table X), 250 uMD Zn** HETIZ b 22 b 5 TRMEAREL 2 5 72,

100 r—

E 80

?

9 60

]

~

2 40

g

b}

o,

o 20

3 mean + s.e.m.
0 1 ]
0 20 40 60 80

Time after insemination (min)

Fig. 4. Effect of Sperm Preincubation in BSA-free m-KRB Solution on the Time Course
of Fertilization of Mouse Ova in Vitro
—~ , epididymal spermatozoa
—/>— , capacitated spermatozoa
—@— , preincubated spermatozoa in BSA-free m-KRB solution
—&— , preincubated spermatozoa in Ca’*-free m-KRB solution

Table VI. Effect of BSA on Capacitation Inhibitory Activity of Zn®*

BSA in culture Zn2+ in culturea) Total no. of Ova penetratedb)
medium (mg/ml) medium ova examined (%)

4 - 62 58 + 6

4 + as 0

8 + 78 64 + 8

Epididymal spermatozoa were added to m-KRB or Zn-KRB solution containing ova.
a) dose : 250 uM

b) mean z s.e.m. of values in 3 independent tests
TILE ST D acrosome reaction 123, —H%IZ Ca’* AMBATH 3, EHIZ vV ABIBAHET %
Ca’*-free % medium™ T capacitationiBR I K0 LEFHEE T 52 L 12k YD, acrosome reaction
B & capacitation DIEIFFRT LAMF2BE 2L TEB 2L 2BD . ZOREAEEET I
LTH Zn’ I3 SHEMA %R, acrosome BOLENEREET S22 L ¥R/, (Fig.5)o
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Table [X. Effect of Zn'* on Fertilizing Ability of BSA Treated Mouse Spermatozoa

‘ b)
2+ a) Total no. of Ova penetrated
Spermatozoa Zn . in culture ova examined (%)
medium

Epididymal _— 54 53 £ 5
Epididymal -|— . 59 6 £ 3
Treated / -

epididymal® + 59 42 + 8

a) dose : 250 pM

b) mean % s.e.m. of values in 3 independent tests

¢) preincubated in m-KRB solution containing 8 mg/ml of BSA for 10 min
Significantly different from epididymal spermatozoa in Zn-KRB : *p<0.0S5

100~
804

60

40

20} mean + s.e.m.

Ova penetrated (%)

)

\
60 80 100
Sperm preincubation time (min)

Fig.5. Effect of Zn’" on Fertilization of Mouse Ova in Vitro with

Spermatozoa Preincubated in Ca’* -free Medium

Epididymal spermatozoa were preincubated in Ca**-free m-

KRB solution for 60min, then Ca** (1.71mM) and ova added

(indicated by arrow).

—(—, Ova were examined at various times after insemination.

—@—, Zn'* (250 uM) was added to the ova at various times
after insemination. Ova were examined at 90min after
Zn’* addition.

s @A

1) <7 AMFI3 capacitation IZFEWIFEN %2 JERLES) (FEF D “activation” ) 2R T I L 2B Y
7o YT D activation IXMEMR, Ca’* DIEFEHET, Zn** OFMM, ES5IZENVEY MEFLVEL
de:apacitation EEEET5MEFr. IOBFETOZATNORETIIEVWTHHI SR, LAL
—BH activation LB, ZhFhoOFGETIIEWTLBRECOEH 2MEIcsh Lt o,
F? activation i capacitation D:BREZHHEI L 2BHICOLMBIEN 2L FHE A E LY,
capacitation FIZRHEN L EH TH S22 L 2R L 7

2) vOARNRBREBAVET - BEPICZRBICET NI Zn " LU 2T 28 23, 2504 M
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DEBELCBVWTRBEIRSICHETEE N, Zn®*t 1T & 2 ZHEEIL capacitation T H 3 I3 Iz
23R 50T, BFOD capacitation HEWERIZ L 32 L 2512 L2, ZhE TDF #Hcapaci-
tation DFAMICMET 3 Z L AIRRENTELY, Za'* b2 Z20E) BRATFLLTEES % #l
ERELBIZELERL

3) Zn'* D capacitation MEIfERIL, EERMOEERBELIBD S5h, Zn't id zona-free IR AW
52 MR ITE VT Y capacitation IMFIERA 2R L, Zn'* BRISIEFEII A LIIZ L O ME %
YHET I L VI TEHN TR EEZHL AL 7,

4) <7 AEFD capacitation!ZB S A, % /- acrosome reaction iZ Ca** A*WEEAFTH B2
XS A ELEY, Zn* OERBEND—D L LTBSAD CFEROMEIFITSZ 2L 2RI &
512 Zn'* i acrosome DEELEAEZEL T332 L 2807,

RXOBRERROEE

<7 AfE T capacitation IZHEWIERER) 21T\, Zn*t X 2 2IBIT 22 & 238D/, /- T,
Zn’* ¥ capacitation #HHI T3 2 LI KD REEHEL, ZOMHFRFMBETNT I v OBERE &
flyazsickyEREN, [AHFIZacrosome reaction LHHIT 22 L 2B 7=,

LLEDO#H LR 2870 THLRX L LTOMEH 2 D LB 3,
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