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Effect of Zona Hardening on In Vitro Fertilization in Mouse Oocytes.
II. Analysis of Materials Causing Zona Hardening
Lee, Sang-Jin and Kil- Saeng Chung

Animal Resources Research Center, College of Animal Husbandary, Kon-Kuk University
SUMMARY

In order to demonstrate whether ovoperoxidase hardens the zona of oocytes activated by
incubating in M-S buffer supplimented with 20 M of Ca-ionophore A 23187, the effect of peroxi-
dase inhibitors(250 mM phenylhydrazine, 28 mM sodium sulfite, 350 mM glycine ethyl ester and
50 mM sodium azide), tyrosine analogue(12.5 mM tyramine) and exogeneous peroxidase(50 u
g /ml horseradishperoxidase ; HRP) on zona hardening in ionophore-treated oocytes were
investigated.

The rasults obtained from these experiments were summarized as follows :

1. The zona solubility (tsy) of ionophore-activated and DMSOQ-treated oocytes at 1, 2 and 3 hr of
culture were 25.0, 31.6 and 40.6 min., and 9.7, 10.8 and 15.5 min., respectively. The longest
time required for zona lysis of ionophore activated cocytes at 1 hr after onset of ionophore
treatment. The diferences in tg for zona was significantly greater as compared to
DMSO-treated controls(P<0.01).

2. The inhibition rates of harc&ening in the oocytes treated with the phenylhydrazine, sodium
sulfite, glycine ethyl ester and sodium azide, were 23.8, 61.9, 95.2 and 23.8%, respectively,
and the tyramine, was 14.3%. Several known peroxidase inhibitors and tyrosine analogue
were blocked zona hardening in ionophore activated oocytes,

3. The treatment of exogeneous peroxidase promoted the zona hardening of activated oocytes
but not in unactivated oocytes.

These results indicate that the ovoperoxidase apparently catalyzes the hardening of the zona

following ionophore activation of mouse oocytes.
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e 28 477t rugoA goi(Katsurasd Tomin-
ga, 1974 ; Czihak, 1975 : Foerder®} Shapiro,
1977 . Veron &, 1977 ; Foerder %, 1978 ; Hall,
1978 : Klebanoff 5, 1979 : Shapiro 5, 1980,
1981). =1 ol X% Katsura®?} Tominga (1974) 2
Klebanoff 5 (1979)-2 sea urchin @#}2] cortical
granuleol = ovoperoxidase’} £A8li, ©] ovo-
peroxidase= A A9 cortical granule®] ThilE-3)
oo A IRt HAFen FEH|Eo] el
tyrosine 1o wAAFS FoZH, tyrosined
dityrosine &2 trityrosine® 2 HZA|ZIO M,
fertilization envelope(FE) ] A3lE fxsitia 2
313193 o™ (Foerder®} Shapiro, 1977 : Foerder &,
1978 ; Hall, 1978 ; Klebanoff %, 1979), Foerder
5(1978)2 ovoperoxidase®] &vjztgo] Za3F A
5171”44 hydrogen peroxide7} datoll A i,
o] AL A Fol| BH|E= ovoperoxidasest g7 A
zp gk £4& JHAn dvke A& FHE
(Smith9} Klebanoff, 1970 ; Boldt &, 1981).

wer] HIole ERFEFE WA MR, sea
urchin ©#=e] FE ZAzllA ZHE As} 0], Brd
] 733loll A& cross-linking mechanismeo] 4%
o=2M, XF5E dxe] B A3E frie B
& AA] cortical granule®] HEuv]AFEd] Ex) =
ovoperoxidasegte A& AARFITH Gulyas$t Sch-
mell, 1980 ; Schmell® Gulyas, 1980). 2322
ovoperoxidaseol] &3l =5 E Eut) A3} #Ao]
Al 2 A Aol ujdE = G Az Ao
82 A7) E T Yol B3 (SchmellT}
Gulyas, 1980 DeFelici®} Siracusa, 1982
DeFelici &, 1985 : Gianfortoni®} Gulyas, 1985
Downs 5, 1986) 52 it}

oo B dApollMe FHo) At 48 Ferldle
UAEAE 7H3}17] H3te, Ca-ionophore A 23187
£ %63 M-S bufferd] peroxidase inhibitor,
tyrosine analogue 2 2]214 peroxidaseE #H7}3F
o, gdde] frd e BEdg S4E =
Apst4act,
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1. uf kel

2ol dRFe H4E s ARRE rlzejgdos
= 974 tyrode’s SN (o], 1991) & AFE-EI% AL, W=}
o] dFAZE AASY fEiMe Zizeigde] 1
mg /ml?] hyaluronidaseZ 3 7}sted A}&38155ch,

ae)a B 33} ¥4 (zona hardening assay)
2 % WA Z = minimal salts buffer (M-S
buffer ; Schmell#} Gulyas, 1980) 9} &3 7] Zul
FAE A o, B gl & itdo2 e o
wzglo] gH-Eo] 1% ¢+-& Dulbecco’s phosphate
buffered saline (PBS)o] 3 mg/ml a-chymo-
trypsin(Sigma, U. S. A)& 718t AMg3k3ATh
285l FEY A @4 gehs S wFRg Ty
G FAF7IE Helde M-S bufferel 20 M2
Ca-ionophore A 231878 H7}3ted ALE31 1, 53
o A3 fUsle d9Ede FHE e
Ca-ionophore A 23187°] #H7tg M-S bufferol] per-
oxidase inhibitors(250 mM phenylhydrazine, 28
mM sodium sulfite, 350 mM glycine ethyl ester
% 50 mM sodium azide) 2}, tyrosine analogue
(12.5 mM tyramine) & 2}z} #Hrlgk Zolglew, &
3t 9)914 peroxidase?l HRP (horseradishpero-
xidase ; 50 pg /ml) & M-S bufferd] H7}sle] By
tf 73zl Y1EFo| peroxidaseVHe 73] 9
aled ARE-3FSI T

@Al FrEAQ Ca-ionophore A 23187
(Sigma : U.S.A)& DMSO (dimetylsulfoxide ;
Shinyo Co. Japan)ell -&8fA|AHA] 2mMe] B ENH-S
e g, HEFE ST} 20 pMo) HEE M-S buffer
2 FA3 —20col 2EEA AFRE L, old
AHE" DMS09] Fx+& 1% vl ghe] i)

ol wiJHde pH= 7.2~7.4, 53] FHUl A &
Aol BA12 913t M-S buffere] 4%, pHE 7602
2459t 18l 2E wjgkefe] 4Rqke 280~
290 mOsM2 &4sted, ARG 0.2 52 0.45m
¢] milliphore filter (German Science Inc., U.S.
ANEA oAxb-AFS g, AFos BT 4T
Wste] B AsPAAM ARSI
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serum gonadotropin (PMSG : Intervet, Hol-
land)& A Th, 48717 BY3S ez 5
IU2] human chorionic gonadotropin(hCG

Sigma, U.S.A))& FABIA shjds f=3191,
2] 3)4= hCG FAME 14~16A13t0) AF 2
TARle] flFAel wylog dikg FH&3 ¥, U
o Bag dlm BEFES ARk, Aeade 9
& WFN22(0.4 ml)ol Ei%lE ZHuiYE pe-
tridishl®] #-% paraffin oil& o2 A4, 40~60
ujol A Hu| Fatol| A SlRAE Agste] A
H2 e dFH 2 %0 GAE slpsid

3. Ca-ionophore A 23187 X{2|of| 2#t =tx}e] ot
e Ro|

HCG FAFF 14~16A1ZH e 3l¢g v ds
Ca-ionophore?} 71 M-S buffer®] 24 (0.4 ml)
o £7 tha, CO, slYg7IA APE=0) ule} 1, 2
2 3AZE Bt wieksie] dRAlEe] Gldls §7)
LA

4, £l %} ¥4 24 (zona hardening assay)

Fod] 8318 ujokelol 0.3% a-chymotrypsin 4
(100 )l 10~20709] W28 Fo3led] FHrye)
284S AT TAIE dalke] £ S8 A
wo] gae ) 1} 7tFo =z 37¢e teng A
A4zt o gt A HAlstdon, EHoe] Yis}
EEHAAY, H3] B-a=HAS W FH VFo
2 Ak, drbe] B A3 Axs FAE bR
Fdi7l 50% £dlH et 8T7HE AT F o2
vephhsitt. 9 peroxidase inhibitor{! phenylhy-
drazine (250 mM), sodium sulfite (28 mM), gly-
cine ethyl ester(350 mM) 2 sodium azide(50
mM) ¢}, tyrosine analogue?! tyramine(12.5 mM)
& 77} ionophore &-oio]l H7tste] Frir] Hste] o
A Az #IHsYa, E YA peroxidased)
horseradishperoxidase (HRP: 50 g /ml)& M-S
bufferell F7tsle] Ty Aste) Y= & st

2ot A3t 35 Schmell® Gulyas(1980) 9
el &3t Alaksld o

AT AMeE Fudl Asle] AL AL Ay

" or

B

Total hardening, Hr = ts(A 23187) — tg
(DMSO) ol™

Extent hardening with inhibitors, Hg = ts
(inhibitors) — ts(DMSO) o},

H
Percent of total hardening, H% = ?E x 100
T

Percent inhibition of hardening, 1% =
100~H% & Jehidot

0. Z= o 25

1. Ca-ionophore A 231878 X{&|# Hx}e| FHCY
E<El

Ca-Ionophpre A 231878 &g n|+=H&L 1, 2
2 ARt B wi et B A EE do] o] A7)
o dAs s, ® B a3 FEdte 2Ho] 73
& Y5t iR 2 GA1E 343 teE BANE
3= Fig. 1% Table 13 zt},

Fig. 1914 23 1le} 22o), ionophore A 23187
2T, 1, 2 % A B} i FE TRbe] 5 747} 25,
31.6 2 40.58°|212H, DMSOE Azg hZ+9]
aRe Z4zh 9.7, 10.8 2 15.58 224, Ca-iono-
phore 2]l frelstA Fho) A3 Ao F=
et 783 Table 1014 £ ga)Adol st
total hardening Wik 1, 2 2 3AIZbRol 2bz} 15,
3,20.8 € 25.0%22 w AHE AREFE ZUks}
Qlrt, ol2]g Aa= Schmell# Gulyas(1980) <] 2
et A 2 dA)ste JF oAt 12} Schmells}
Gulyas(1980) o Ad}ol| M= sl 14 2bslel 3log
ko] By) Aste] Ar e A e} 2T Aol
= Fs atolrt i, i 2412k 3A)Zhlell &
2po]7} IR YA, 2 Aol M= w1 AIZH o)l
% Ca-ionophoreg 2] gt 7oA Ft) A5 aAte
FalstA 4= ATHP <0.001).

oleidt ol Ewul &faide A o,
Schmell®} Gulyas(1980) & 0.1%<] pronaseE A}
|39,  A7dME 0.3%2 achymotrypsing
ARE-EEA 7] W, Fguiel plXE B484 9] 2jo]
o} ARSE AFe] ATAE 1 dlolBa AZE R
o, FREoR 1T e gl ey guro
2 3~10 M Fx9| Ca-ionophoreE 28 Ax nj4
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Fig. 1. Zona hardening assays of ovulatory
oocytes treated with 1% DMSO or
Ca-ionophore A 23187(20 uM) and in-
cubated for 1{A), 2(B) and 3hr(C) in CO,
inculbator.

A=A DMSO treated oocytes
A — A : [onophore treated oocytes

Aol 2] & 49, FA9] cortical reactiond 308
olufjoll dojutar, 241 el Msje] gt B
15 1 Yri(Steinhardt e}t Epel, 1974 ; Steinhardt
%, 1974 ; Kaufman, 1983).

o]Are] Ao, Ca-ionophores 2] 3F Wl

Table 1. Total hardening of ovulatory oocytes
treated with DMSO or ionophore and
incubated for 1 h, 2 h, and 3 h in CO:
incubator.

Incubation time Total hardening

lh 15.3
2h 20.8
3h 25.0

Total hardening, Hr=tg,( A23187) —t5(DMSO)

Hiek 1A 7HA B T h §84do] dizgtel it
#HAstA Hagtte AS ¢ 5 Aok oA
Ca-ionophore®] 2]} o]

tiono] 7150} FHtel= o] 283 ¥E7t F =
ke 3 P A o2 AlAbekE Aol

=
v Wx}= cortical reac-

9. Ca-ionophore A 231872 X 2|8t Xl A0 A
peroxidase inhibitors 2} $HrH 23} A S}

Foo] AEAdE ke T2 el §4
e17}2 AEsl7] 9ste], Ca-ionophore(20 wm)7t
ShE wjkloll peroxidase inhibitorE #7}sb,
g eg 2417 Bt Aeld vy, FHd B3 A
S8 ®3 A3E Fig. 29 Table 20 A A|514 T

HA Fig, 2014 B v} gol, DMSO7F #71
thZ59] t5ee 10.8%0]1 3L, Ca-ionophore # & T+
31.6%0]%lvt, 18]t phenylhydrazine, glycine
ethyl ester, sodium sulfite @ sodium azide& %
7FeE F19) e~ ZH7E 26,6, 19.4, 10.3 2 26,5802
M, Ca-ionophore AT FRIE t50] 5718
ok oAl Tl A, B Fate] QA &8-S Table 2
oA ¥ uke}l 7o), phenylhydrazine® sodium
azide #A7}77F 2zt 23.8%¢F 23.8%, sodium
sulfite M7+ 61.9% L8] 1t glycine ethyl ester
H7bre 95.2% 24, FHd Aate] AN ATt 7
=9kl AL glycine ethyl estergom, 1 theo]
sodium sulfite® 1, phenylhydrazines} sodium
azide7} 713 kxR, DMSOwRte] H7ME dlz+
(Fig 2 A, B)Hob= SHd gai4e] Astatnt. &
A sodium sulfite2] A%, FHl H3E AAA 7=
22 28 mME M3 E W, FHde, FEde

o
=
AR WY BEE F QAT

—176—



Percent zona lysed(%)

100} A
%_
80\-
70}
I

t 1 L1 i t 1 o

10 15 20 25 30 35 40 45

058§888

5

Percent zona lysed(%)
100
90
80
70
60
50
40
30
20
10
0

.
1 1 Il 1 L] 1 Il 1 1

2hr in CO; incubator and assayed.

O—0O : DMSO treated cells

J—{ : Ca-ionophore A23187 treated
cells without peroxidase inhi-
bitors

. Ca-ionophore A23187 treated
cells with glycine

. Ca-ionophore A23187 treated
cells with sodium azide

Table 2. Inhibiton of zona hardening by peroxi-

dase inhibitors or tyrosing analogue.

Compound Percent inhibition
of hardening
Phenylhydrazine 23.8
Peroxidase sodium sulfite 61.9
Inhibitors Glycine ethyl ester 95.2
Sodium azide 23.8
Tyrosine analogue tyramine 14.3

5 10 15 20 25 30 35 40 45
Incubation time with chymotrypsin(min)

Fig. 2. Zona hardening assay of unfertilized
oocytes treated with 1% DMOS or 20 .M
Ca-ionophore A23187 in MS buffer
supplimented with peroxidase inhibi-
tors.

A. Peroxidase inhibitors(250 M pheny-
lhydrazine and 28 mM sodium sulfite)
and ionophore(20 M) were added to
unfertilized eggs. After two hours,
10~20 cells from each group were as-
sayed with a-chmotrypsin.

O—0O : DMSO treated cells
[1—[ : Ca-ionophore A23187 treated
cells without inhibitors

: Ca-ionophore A23187 treated

cells with phenylhydrazine

: Ca-ionophore A23187 treated

cells with sodium sulfite

B. Peroxidase inhitors (350 mM gly-

cine ethyl ester or 50 mM sidium
azide) and 20 M ionophore A23187
or 1% DMSO were added to unfer-
tilized eggs, and then incubated or

A—A

D=

ol2)3t A= zona hardening assayol| AFZH
proteolytic enzyme ©. % pronaseZ AH&-%+ Schmell
7 Gulyas(1980)e] Z¥pete tha olsti AT,
peroxidase inhibitor Z}2}9] hardening 24 A=+
Hsg ZHae Jepliglch. webA peroxidase
inhibitorsEo] £ ZAsE AAMAIF7IE oz v
Fo] 2 uff, ovoperoxidase’} =] tyrosine %+
7lol &85t o] tyrosine 7] dityrosine £&
trityrosine.® 73%% W&l (Foerder®t Shapiro,
1977 . Foerder &, 1978 : Hall, 1978 ; Klebanoff
5, 1979) 8 /%3171 | peroxidase inhibitorg
I WA A5 AEE FozM, Bl Ao HAE
AASohe A LAY $ AN, 0|2 nFo] Bo}
ol Askes fxste 72 dAER] ovoper-

oxidaseztE= AE & 4 AU

3. Ca-ionophore A 231872 X|2|8t HXle] FHcY
Zslo]l 0|x|&= tyrosine analogue?] &1}

Tyrosine analogue?] tyramine©] peroxidase in-
hibitor&# w37l A 2 Fid] 438 AxA7l= &
W7} A=AE FES A= Fig, 32 2o
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Fig. 3. Zona hardening assay of unfertilized
eggs treated with 1% DMSO or 20 M
ionophore A23187 in MS buffer in the
presence of tyrosine analogue (21.5mM
tyrosine), and then incubated for 2 hr.
O—{ : Ca-ionophore A23187 treated
cells

O—0O : DMSO treated cells

A — A : Ca-ionophore A23187 treated
cells in MS buffer supplimented
with tyramine,

Fig. 3014 ¥z upe}l o], DMSOTH-S A2l ¢ ol
ZTFoN 9]t 10.8%0]1%1%, Ca-ionophore THE
Ag  FolMel  te  3l6HolAny.  IElx
tyramineg H7}SF oM E 2872024 HRTE
th= gaiAde] 2HAstxIRt, Ca-ionophore A&l 17H
o} 2713 Ao Hol By Agdds AAATIE
tyramine®] &7} QA EH Ao, I A &S 14,
3% tH Table 2). 181} olg{gk A 7= Schmells}
Gulyas(1980) 7} B 113 81% .0 AHF3e] Hojxl=
Ao, o Hele FAFos o 4 Iy, ot
protcJlytic enzyme2] &A1} AF o] Al 3] o]

of 7113k Aoz YztErt o] Al H|&E FEY
7 3}e] oA =7} peroxidase inhibitorE 1.0} @}
steigbe tyramineo] e tyrosine”|9}t 223
o2 wkgdte] EFug AE A ke A& XA
s oA, oA FHul At UelA
ovoperoxidase?] Z&714& 7tHA o UHshe=
ol At

8 Bnd) A3t 21014 ovoperoxidaseol 2§
tyrosine residue®} WxIAFFe] e EAL sea
urchin egg(Foerder and Sharpiro, 1977, Hall,
1978), dragon flies(Kawasaki%, 1974)°llA] ®o]
Baugolz] ovh IFFE drte] HAede 1 2
71} A F o] v 27] wj g, o] T Hile= A5

s 47goluh,

4. 2|21 peroxidaseol 2|t ojsETHe] FHCY
s

Peroxidase7} 442 F3d 33dds Frste
E2I7ME FES7] 3l 50 g /mlé] 14 per-
oxidase?l HRPE #7}3t w9k (M-S buffer) el A
1, 2 ¥ 3A17E B3t vl sl te& 2AMS A= Fig,
4o A H= vie}l g},

Fig. 4914 K= uke} o], 214 peroxidases]
HRP(50 g /ml) & A3t &2 FA2TY ted
1, 2 2 3AzAe] 242 108, 138 2 158033,
HRP A Fode 2tz 118, 188 ¢ 208024,
Ay MelF B wjkA|Tte] ZFAgte) ujet &
B o] S-S FAasATh 2ea BHY A3EY
2 Wl AT = Aot BT Atelell=
& o7k vhepdR] ikont, wiek 2417k 3417
Aol A EE51st Zfol7t vEN o, Xt AT
B} o 58 A w9 total hardeninge] A = ATt

Schmell®} Gulyas(1980)+& peroxidase inhibi-
tors9} tyrosine analogue 1)1l 2104 HRPY ¢
3 2 434S FEske BAE 1y ste vl
= oMz Aol & FAFEC] Bl Hollttn
¥ w3l e, 53] FRd AskE frate d4dEd
g A 22 AP wy e e
o}-2# tyrosine WAARS] Y EHE sea ur-
chin W2 (Foerder ¢ Shapiro, 1977)°l4 9k o],

QYo FHY & A PEe NLES AHsHD

i)

ot
tlo
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Fig. 4. Effect of exogeneous peroxidase on zona
hardening : Oocytes were cultured for 1
h(A), 2h(B) and 3h(C) ir vitro
A — A : Oocytes incubated in MS buffer
A=A 1 Qocytes incubated in MS buffer

containing HRP (50 gg /ml)

ek ey} B A3e] Hoe= Schmell®) Gulyas
(1980) &) A& = dAsle Aoz, AAZ 2U4
peroxidase?] HRP7} vl @] B H3hs &
T30}, 1 A7} peroxidase analoguedtsE & 8

AY & Ak,
VA 2

TR A3 #4e A F2 Al wdd
EAxe A5G EE AT 28 AUF 5t
olt}, webA B A dale] g Z3E /e
b= ovoperoxidase®] antagonist®} analogueE
Ca-ionophore A 231870] 221 Azl H7}sle] uf
%3t 12, 0.3% a-chymotrpsin® g £t &5
A& AR A, ¢Ale] BHYr) Aol e A0S
T, olg FEI WS Ndste] bzl o]
|45 AAFPe 28& TR st st
At
B QoA Ao A#E gofshd v} 2o
1. Ca-ionophore& A&igt g, 1, 2 ¥ 321 &
b ujE YAte) Bt Bejo AanE AR
2 242t 25.0, 31.6 € 40.6%°]%03, DMSO A
gdzbe) 13 247 9.7, 10.8 2 15580
A, Ca-ionophoreg] gl ols §-2)&4A £
o A& ge] F715 At

2. Ca-ionophore(20 M) 7} M7+ ufgl o per-
oxidase inhibitorsQ] phenylhydrazine, gly-
cine ethyl ester, sodium sulfite 2 sodium
azideg H71e Av, oo Ao AL
7t 7 =oAL glycine ethyl esterd 1,
o]o] sodium sulfite 2.5, phenylhydrazine
I sodium azide’} 7F4 ¥ith % Ca-iono-
phore® Ha]¥ Wa}o] tyramine(12.5 mM) &
H7bste] 2A12F E1t vioks Ao, =) Fsks
dol QAR o™, 1 A &8-S 14.3%5 0}

3. v Aol 2]Q1A peroxidase?] horseradishper-
oxidase& H7}5 Av, B &8 haHE
Alte] ARElE RoZ Hol Foyr] Bl AS

doFl+= YJEAL ovoperoxidase FHEZ

—-179—



olgtx AGH U}

V. AEE

re

. Boldt, J., H. Schuel, R. Schuel, P. V.
Dandekar and W. Troll. 1981. Reaction of
sperm with egg-derived hydrogen peroxi-
dase helps prevent polyspermy during
fertilization in the sea urchin egg. Gamete
Res. 4: 365-377.

. Choi, T.S., M. Mori, K. Kohmoto and Y.
Shoda. 1987. Beneficial effect of serum on
the fertilizability of mouse oocytes matured
in vitro. ]J. Reprod. Fertil., 79 : 565-56.

. Czihak, G. 1975. “The Sea Urchin Embryo,
Biochemistry and Morphogenesis”, Sprin-
ger-Verlag, Berlin and New York.

. DeFelici, M. and G. Siracusa. 1982. “Spon-
taneous” hardening of the zona pellucida of
mouse oocytes during in witro culture. Ga-
mete Res., 6:107-113.

. DeFelici, M., A. Salustri and G. Siracusa.
1985. “Spontaneous” hardening of the zona
pellucida of mouse oocytes during in wvitro

II. The effect of follicular fluid

Gamete

culture :
and Glycosaminoglycans. Res.,
12:227-235.

S.M., A.C. Schroeder and J.J.

1986. Serum maintains the ferti-

Dowrms,
Eppig.
lizability of mouse ococytes matured in vitro
by preventing hardening of the
pellucida. Gamete Res., 15:115-122.

. Foerder, C.A. and B.M. Shapiro. 1977. Re-

lease of ovoperoxidase from sea urchin eggs

zona

hardens the fertilization membrane with
trosine cross-links. Proc, Natl, Acad. Sci. U.
S. A, 74:4214-4218

C.A., S.J. Kelbanoff and B.M.
Shapiro. 1978. Hydrogen peroxide prouction
the

burst of fertilization, Interrelated events in

Foerder,

hemiluminescence and respiratory

10.

11.

12.

13.

14.

15.

16.

17.

18.

—180—

early sea urchin development. Proc. Natl.
Acad. Sci. U, S, A, 75:3183-3187.

. Gianfortoni, J.G. and B.]. Gulyas. 1985. The

effects of short-term incubation(aging) of
mouse oocytes on in vitro fertilization, zona
solubility, and embryonic development. Ga-
mete Research, 11: 59-68.

B.J. and E.D. Schmell. 1980.

Ovoperoxidase activity in jonophore Treated

Gulyas,
mouse eggs: I. Electron microscopic loca-
lization. Gamate Research., 3: 267-277.

Hall, H.G. 1978. Hardening of the sea urchin

fertilization envelope by peroxidase cataly-

zed phenolic coupling of tyrosines. Cell.,
15:343-355.
Katsura, S.J. and A. Tominga. 1974.

Peroxidatic activity of catalase in the corti-
cal granules of sea urchin eggs. Dev. Biol.,
34: 111-122.

Kaufman. M .H. 1983. Methodology: In vitro
and in vivo activation techniques. Early
mammalian development: Parthenogenetic
studies. ed. P.W. Barlow, P.B. Green, C.C.
Wylie, pp. 20-62, Cambridge.

Klebanoff, S.J., C.A. Foerder, E.M. Eddy
and B.M. Shapiro. 1979. Metabolic sim-
ilarities between fertilization and phago-
cytosis. J. Exp. Zool., 14: 515-574.
Klebanoff, S.J., C.A. Foerder, E.M. Eddy
and B.M. Shapiro. 1979. Metabolic sim-
ilarities between fertilization and phago-
cytosis. J. Exp. Med., 149 : 938-953.

Longo, F. J. 1980. Aging of Mouse Eggs In
Vivo and In Vitro. Gamete Research., 3 :
379-393.

Longo, F.J. 1981. Changes in the Zonae
Pellucidae and Plasmalemmae of Aging
Mouse Eggs. Biol. Reprod., 25 : 399-411.
Nicosia, S.V., D.P. Wolf and M. Inoue. 1977.
Cortical granule distribution and cell surface

characteristics in mouse eggs. Dev. Biol., 57



19.

20.

21,

22.

23.

24.

25.

26.

27.

: 56-74.
Schmell, E.D. and B.J. 1980.

Ovaproxidase activity in ionophore treated

Gulyas.

mouse eggs. : 1. Electron microscopic
localization. Gamete Research, 3: 267-277.
Schmell, E.D. and B.J. Gulyas. 1980.

Ovoperoxidase activity in ionphore treated
mouse eggs. [I. Evidence of the enzyme's
role in hardening the zona pellucida. Gamete
Research., 3 : 279-290.

Shapiro, B.M., R.W. Schackmann, C A.
Gabel, C.A. Foerder, M. L. Farrance, E M.
Edd and S.J. Kelbanoff. 1980. Molecular
alterations in gamete surface during
fertilization and early development. In “The
Cell Surface: Mediator of Developmental
Processes” (S. Subtelny and N.X. Wessells,
eds.), pp.127-150. Academic Press,
York.

Shapiro, B.M.R.W. Schackmann and C.A.

Gable. 1981, Molecular approaches to the

New

study of fertilization, Annu, Rev, Biochem.,
50: 815-843.

Smith, D.C and S.J. Klebanoff. 1970. A
uterin fluid-mediated sperm inhibitory sys-
tem. Biol. Reprod., 3: 229-235.

Steinhardt. R.A. and D. Epel. 1974. Acti-
vation of sea-urchin eggs by a calcium
ionophore. Proc. Natl. Acad. Sci. USA. 71:
1915-1918.

Steinhardt, R.A. and D. Epel, E.J. Carroll
and R. Yanagimachi, 1974. Is calcium iono-
phore a universal activator for unfertilized
eggs? Nature(London), 252: 41-43,

Szollosi, D. 1971. Morphological changes in
mouse eggs due to aging in the fallopian
tube. Am. J. Anat., 130 : 209-226.

Veron, M, C. Foerder, E.M. Eddy and B.M.
Shapiro. 1977. Sequential biocemical and
morphological events during assembly of the

fertilization membrane of the sea urchin.

—181—

28.

29. o3,

Cell, 10: 321-328.
Zamboni, L. 1970. Ultrastructure of mam-
malian oocytes and ova, Biol. Reprod., 2 :
44-63.

1991, A Bakel &%t T
7} A5 el MR J . ;

chshel whAbse] P, pp 1170,



