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Summary. The plasma membrane of all mammalian 
eggs is surrounded by a thick extracellular coat, the zonu 
pellirc.id(i (ZP), whose paramount function is to regulate 
species-specific fertilization. The mouse egg ZP is 
composed of only three glycoproteins, mZPI -3, that are 
synthesized and secreted exclusively by oocytes during 
their 2-3 week growth phase. Disruption of the rnZP3 
gene by targeted mutagenesis in embryonic stem 
(ES) cells yields mice heterozygous ( r n ~ P 3 + / - )  or 
hornozygous ( r n ~ P 3 - / - )  for the null mutation. As 
expected, male mice bearing the null mutation are 
indistinguishable from wild-type males with respect to 
viability and fertility. Female m ~ ~ 3 + / -  mice are as fertile 
as wild-type animals, but their eggs have a thin ZP (-2.7 
pm thick) as compared to the ZP (-6.2 pm thick) of eggs 
from wild-type animals. On the other hand, female 
rn~P3-/- mice are infertile and their eggs lack a ZP. The 
infertility apparently is due to the lack of a sufficient 
number of eggs in oviducts of superovulated ~ZPJ - l -  
females. Light micrographs reveal that development of 
ovarian follicles is often retarded in rnz~3- l -  mice as 
compared to wild-type animals. This is manifested as 
reduced ovarian weights, reduced numbers of Graafian 
follicles, and reduced numbers of fully-grown oocytes in 
I ~ Z P ~ - / -  females. I t  seems likely that the pleiotropic 
effects of the homozygous null mutation on ovarian 
development may be due, at least in part, to disruption of 
intercellular communication between growing oocytes 
and their surrounding follicle cells. 
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Introduction 

The plasma membrane of all mammalian eggs is 
surrounded by a relatively thick extracellular coat, called 
the zorza pell~icidn (ZP) (Fig. 1; Gwatkin, 1977; Dietl, 
1989; Wassarman and Albertini, 1994: Yanagimachi, 
1994). The ZP forms a viscous border between the 
oolernma and the innermost layer of follicle cells 
(corona radiata). Cellular processes extend from the 
innermost follicle cells, through the ZP, and form gap 
junctions with egg plasma membrane. The ZP performs 
functions identical to those performed by the jelly coat 
and vitelline envelope of eggs from non-mammalian 
species (e.g., echinoderms and amphibia). In particular, 
i t  is the site of species-specific sperm receptors and 
acrosome reaction-inducers that function in vivo during 
fertilization of the egg (Wassarman, 1990, 1995; Snell 
and White, 1996; Shalgi and Raz, 1997). Removal of the 
ZP eliminates the barrier to in virro fertilization of eggs 
by sperm from different species. 

The mouse egg ZP is about 6.2 (k1.9) p m  thick, 
contains about 3.5 (k0.5) ng of protein, and stains 
positively for glycoprotein (Wassarman, 1988, 1997). It 
consists of three glycoproteins, mZPl (-200 kDa Mr; 
dimer), mZP2 (-120 kDa Mr; monomer), and mZP3 
(-83 kDa Mr; monomer), that combine to form an 
extensive network of long, crosslinked filaments by 
using non-covalent bonds (Greve and Wassarman, 1985; 
Wassarman and Mortillo, 1991). Each of the glyco- 
proteins is heterogeneous with respect to Mr due to 
heterogeneous glycosylation of a unique polypeptide 
(polypeptide Mr - mZP1,68 kDa; mZP2.77 kDa; mZP3, 
44 kDa) with both asparagine- (N-) linked (complex- 
type) and serinelthreonine- (0-) linked oligosaccharides. 
The oligosaccharides are both sulfated and sialylated 
(Noguchi and Nakano, 1993; Liu et al., 1997), which 
contributes to the Mr heterogeneity and makes all three 
glycoproteins relatively acidic. 

In mice, free-swimming, acrosome-intact sperm 
















