DEVELOPMENTAL BIOLOGY 156, 399-408 (1993)

Conservation of Mammalian Secondary Sperm Receptor Genes Enables
the Promoter of the Human Gene to Function in Mouse Oocytes

L1-FANG LIANG AND JURRIEN DEAN

Laboratory of Cellular end Developmental Biology, NIDDK, National Institutes of Heolth, Bethesda, Maryland 20892

Accepted December 14, 1992

The human zona pellucida is an extracellular sheath com-
posed of three major proteins (ZP1, ZP2, and ZP3) which
surround the ovulated egg and mediate the initial interac-
tions with sperm. Although fertilization is relatively spe-
cies-specific and human sperm will not bind to mouse zona,
there is a high degree of conservation between the coding
regions of human ZP2? and mouse Zp-3 (the primary sperm
receptor) genes. We now report the characterization of the
human ZP2? gene and demonstrate that the sequences of its
coding regions are 70% identical with those of the mouse
Zp-2 (the secondary sperm receptor) gene. In addition, the
first 300 bp of the 5 flanking regions of human ZP2 and
mouse Zp-2 are highly conserved. This region of 5 flanking
DNA contains a previously described 12-bp DNA sequence
(element IV) that forms an oocyte-specific DNA-protein
complex important for mouse Zp-2 and Zp-3 promeoter activ-
ity. Human element IV forms a DNA-protein complex in gel
mobility shift assays when incubated with human or mouse
ovarian extracts. The formation of this complex is inhibited
with molar excess of either human or mouse element 1V
sequences and is not present in extracts of testes, uterus,
spleen, lung, or kidney. The human promoter region (0.3
kbp), coupled to a luciferase reporter gene and micrein-
jected into the nuelei of 50-pm-diameter mouse cocytes, re-
sults in reporter gene activity at a level comparable to that
of the homologous mouse promoter. Clustered point muta-
tions in element IV in either the mouse or the human se-
quence dramatically decrease reporter gene activity. These
results indicate that the similarity between mouse Zp-2 and
human ZP2 genes enables the human promoter to utilize
the heterologous transcription machinery in mouse co-
cytes. The observed transcription may involve the recogni-
tion of promoter sequences in element IV by conserved
transcription factor(s). © 1993 Academic Press, Inc.

INTRODUCTION

The zona pellucida surrounding mammalian oocytes
mediates the initial binding of sperm to oocytes, confers
species specificity at fertilization, and plays an impor-
tant role in the postfertilization block to polyspermy
(Wassarman, 1988; Dean, 1992). The mouse zona pellu-
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cida is composed of three major sulfated glycoproteins,
ZP1, ZP2, and ZP3 (Bleil and Wassarman, 1980; Shimizu
et al, 1983). The mouse Zp-2 and Zp-8 genes encode two
of these proteins and are coordinately transcribed in
oocytes where their expression is limited to the growth
phase of cogenesis (Liang et al, 1990; Ringuette ef al,
1986, 1988; Philpott et al, 1987; Kinloch et al, 1988;
Chamberlin and Dean, 1989; Roller et af., 1989). Becanse
Zp-2 and Zp-8 are the only genes whose expression is
known to be restricted to the mouse female germline,
they represent a paradigm for investigating mecha-
nisms that contrel cocyte-specifie gene expression. The
presence of an extracellular zona pellucida matrix in all
mammals (including monotremes, marsupials, and
eutherians) suggests that zona genes are conserved and
that a comparison of promoter regions in different
mammals might provide insight into mechanisms that
direct oocyte-specific gene expression.

Consistent with this hypothesis, the human zona pel-
lucida (like that of the mouse) is composed of three gly-
coproteins (Shabanowitz and O'Rand, 1988), and the
exon map and coeding regions of the mouse Zp-8 and hu-
man ZP3 genes are well conserved (Chamberlin and
Dean, 1990). Furthermore, comparison of the 5 flanking
sequences of mouse Zp-2, mouse Zp-2, human ZP2, and
human ZP# genes identified five conserved DNA ele-
ments (Millar ef al, 1991). One, element IV, contains 12
bp that are 75% identical among the four genes. Mutat-
ing the core 6 bp of this element results in a dramatic
decrease in expression of reporter genes driven either by
mouse Zp-3 or Zp-2 5 flanking regions when microin-
jected into the nuclei of growing mouse ococytes. An
identical, oocyte-specific protein-DNA complex is
formed with oligonucleotides containing element IV
from Zp-2 or Zp-3. These data suggest that a common
transcription factor(s) binds to element IV and may be
involved in the coordinate expression of the two mouse
Zona genes,

We now describe the isolation and characterization of
an additional zona gene, human ZP2, which is the homo-
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log of the mouse Zp-2 gene (Liang et al, 1990). We pre-
sent evidence that sequence conservation between the
human and mouse promoters enables the human pro-
moter to be transeriptionally active in mouse oocytes.
The data suggest that human and mouse oocytes may
utilize a conserved transeription factor(s) to regulate
expression of the zona genes.

MATERIALS AND METHODS

Screening and Isolation of Human ZP2 Genomic DNA
and ¢cDNA Clones

A mouse ZP2 ¢eDNA fragment, pZP2.4 (Liang ef al,
1990), was used to screen a human genomic DNA library
in Charon 4A (Lawn ef al, 1978). Three overlapping ge-
nomic elones, AHUZP2G.1 (14.4 kbp), AHuZP2G.2 (14,5
kbp), and N\HuZP2G.3 (17.4 kbp) were isclated and con-
tained the entire human ZP2 gene.

Human ovarian mRNA, isolated from an ovary of a
14-year-old female, was used in the synthesis of first-
strand ¢cDNA using Superseript RNase H™ reverse tran-
scriptase (BRL). Two sets of oligonucleotide primers
hased on human exon sequence were used in polymerase
chain reactions (PCR) to generate two human ¢cDNA
fragments (Fig. 1, nt 22 to 480 and nt 343 to 1189). These
two fragments were subeloned into Blueseript vectors,
resulting in pHuZP2.1 and pHuZP2.2, respectively. In
addition, human ovarian mRNA was used in the con-
struction of an ovarian ¢cDNA library using the Uni-
ZAP cDNA library construction system (Stratagene).
The library was probed with pHuZP2.2, and a clone con-
taining a 1191-bp insert plus 19 adenosines (Fig. 1, nt
1077 to 2267) was isolated, pHuZP2.3. DNA sequence
was determined by dideoxy sequencing (Sanger et al,
1977) using Sequenase (U.S. Biochemical Corp.) and syn-
thetic oligonueleotide primers based on human ZP2 ge-
nomic and eDNA sequences. Sequence analysis was per-
formed using PC/Gene (IntelliGeneties, Inc.) and the &
flanking sequences were aligned using MACAW soft-
ware (Schuler ef al, 1991).

Reporter Gene Constructs

Reporter gene constructs were made by ligating por-
tions of 5" upstream DNA sequences from mouse Zp-2
and human ZP2 genes into the multiple cloning site
of the luciferase vector pXPl1 (Nordeen, 1988).
pMZP2luc[1.5] and pHZP2luc[1.35] were generated by
using restriction digestion fragments containing 1.50
and 1.35 kbp of 5 flanking sequence of the mouse Zp-2
and human ZP2 genes, respectively. pMZP2luc[0.3] and
pHZP2luc[0.3] contain 253 and 266 bp of PCR-generated
fragments immediately upstream of mouse and human
TATAA boxes, respectively. Mutations in mouse (pMZP-
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2lucf0.3]MtIV) and human (pHZP2luc[0.3]MtIV) ele-
ment IV were made by PCR using primers containing
the desired sequence changes. In each mutation,
the 6-bp core, CACCTG, was changed to TCTAGA.
pMZP2luc[TATAA), contained a 43-bp syntheticoligonu-
cleotide of mouse 5 flanking sequence that includes the
TATAA box. The integrity of the plasmids eentaining
PCR fragments and oligonucleotides was confirmed by
dideoxy sequencing. The plasmid pCHRSV (Millar et al,
1991), which contained the Rous sarcoma virus long ter-
minal repeat upstream of the lacZ gene, was used as the
internal control for all microinjection assays. The lucif-
erase vector pXP1 was used as negative control,

Microinjection of Mouse Qocytes

Oocytes (50 pm in diameter) were isolated from 12-
day-old NIH Swiss mice as described previously (Millar
etal, 1991). Each luciferase reporter construct {approxi-
mately 9 X 10* copies in a volume of 1.5 pl) was injected
into the nuclei of 70-80 mouse oocytes. Half of the in-
jected oocytes were assayed for luciferase activity using
the Luciferase Assay System (Promega) with purified
luciferase (Analytical Luminesecence Labhoratories) as a
standard. The other half of the injected cocytes was as-
sayed for @-galactosidase, using purified B-galactosi-
dase (Boehringer-Mannheim) as standards (Millar et al,
1991}. The level of luciferase activity for each reporter
construct was adjusted based on the level of the
activity of the internal control 8-galactosidase plasmid
pCHRSV. Corrections were consistently less than 4%.

Gel Mobility Shift Assays

Ovarian extracts were made from 10-50 mg of: new-
born mouse ovaries, a human ovary from a 17-year-cld
(National Disease Research Interchange, Philadelphia),
or surgical specimens of human testes, uterus, lung,
spleen, and kidney (Millar et al, 1991). Double-stranded
human ZP2 element IV oligonucleotide, CACCA-
ATTCACTCACCTGGAGCTGATTTCA, and mouse Zp-
2 element IV oligonucleotide, CACTAATTTACTCAC-
CTGGAGCCAATTTTG, were gel purified and labeled
with [@-ZPJdCTP and [«-*P)JATP using the Klenow
fragment of DNA polymerase [. After incubation with 5
pg of tissue extracts, the products were analyzed by poly-
acrylamide gel electrophoresis and autoradiography
(Millar et al., 1991).

Accession Number

The GenBank Accession Number for human ZP2 is
M90366.
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RESULTS
Human ZP2 mRNA and Protein

The structure of the human ZP2 mRNA was deduced
from the nucleic acid sequenee of three overlapping hu-
man ¢DNA clones and the human genomic exons (Fig.
1). The close proximity of a TATAA (—57 bp) box up-
stream of the initiation codon ATG (see below) suggests
that human ZP2 mRNA has a short 5" untranslated re-
gion similar to that of murine ZP2 (30 nt) and ZP3 (29
nt). Likewise, the 31-nt 3’ untranslated region conforms
to the short lengths observed in mouse ZP2 (32 nt),
mouse ZP3 (16 nt), and human ZP3 (17 nt) (Liang et al,,
1990; Ringuette et ¢l., 1988; Chamberlin and Dean, 1990).

The initiator ATG is preceded by a purine at —3 bp
and followed by a G residue, a context considered im-
portant for initiation of translation in eukaryotes (Ko-
zak, 1991). The human ZP2 mRNA contains an open
reading frame of 2235 nt that can code for a polypeptide
of 82,256 Da containing 745 amino acids (10.2% acidie,
11.5% basie, 94% aromatic, and 50.3% hydrophobic).
Human and mouse ZP2 amino acid sequences are 60.7%
identical. Examination of human ZP2 protein revealed a
potential signal peptidase cleavage site which contains
amino acids at the —1 and —3 positions that are in aceor-
dance with the (—3, —1) rule proposed by von Heijne
(Von Heijne, 1985, 1986). Cleavage at the presumptive
signal peptidase site would give rise to a sighal sequence
of 38 amino acids (four residues longer than mouse ZP2)
and a resultant protein with a predicted molecular mass
of 78,200 Da.

The deduced polypeptide chain contains six potential
N-linked glycosylation sites (Asn-X-Ser/Thr), four of
which are conserved in the mouse ZP2 polypeptide (Fig.
1). The predicted hydropathicity of the human and
mouse ZP2 proteins is quite similar, reflecting both
amino acid identity and conservative amino acid substi-
tutions (Fig. 2). The conservation of all 20 eysteine resi-
dues in the mature human and mouse proteins suggests
that at least some of these residues participate in disul-
fide bonds important for tertiary structure. An addi-
tional exon found in human ZP2 (see below) encodes a
28-amino-acid hydrophilic region (residues 671-698)
near the carboxyl terminus. Whether this motif is in-
volved with the species specificity of human fertiliza-
tion remains to be determined.

Human ZP2 Genomic Locus

The human ZP2 genomie locus ig 14.0 kbp in length,
consisting of 19 exons ranging from 45 to 190 bp. (Fig.
3A, Table 1). The nucleotide sequences of the human
ZP2 exons are identical to those determined from the
human ZP2 cDNA. The sizes of the introns, ranging
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from 74 to 3000 bp, were determined either by direct
sequencing or by analyzing pelymerase chain reaction
products primed with synthetic oligonucleotides that
mapped to regions flanking the introns (Table 1). The
exons have canonical splice acceptor and splice donor
consensus sequences (Breathnach and Chambon, 1981),
and the spatial arrangement of human ZP2 exons is sim-
ilar to that of the mouse Zp-2 gene. Overall, the coding
regions are 70% identical to those of mouse ZP2. How-
ever, human ZP2 contains an extra exon of 84 bp (exon
18) that is not found in mouse ZP2 ¢DNA. Sequence anal-
ysis of mouse Zp-2 intron 17 revealed a region of 76 bp
that shares a 70% sequence homology with human ZP2
exon 18 {data not shown}, indicating that the DNA se-
quence has been used quite differently since the evolu-
tionary divergence of primates and rodents (ca. 60-80
million years ago).

5 Flanking Sequence of the Human ZP2 Gene

The minimal 5 limit of human ZP2 exon 1 was defined
by comparing human genomic sequences with a near
full-length human ZP2 ¢cDNA clone. Sequence analysis
of 1.8 kbp upstream of the putative initiation ATG re-
vealed the presence of a TATAA box and a CAAT box at
—5T7 and —94 bp, respectively. Two human Alu repeats
were identified at approximately —700 and —1700 bp up-
stream of the ATG. Comparison of the human ZP2(1.35
kbp) and mouse Zp-2 (1.5 kbp) & flanking sequences ug-
ing the MACAW alignment algorithm (Schuler ef al,
1991) revealed that, although overall the sequences are
quite different, there are several regions with greater
than 60% sequence identity (Fig. 3B).

Most notably, the first 300 bp upstream of the two
genes are 70% identical (Fig. 3B). This high level of se-
quence conservation is not observed hetween human
ZP3 and mouse Zp-3 5 flanking regions (Chamberlin
and Dean, 199)). The high degree of identity between
ZP2Z and Zp-2 5 sequences extends through the first in-
tron (69%) and the first 42 bp of intron 2 (71%) for a
total of 575 hp. This 5 flanking region contains a previ-
ously described 12-bp DNA sequence {(element IV} at
—247 bp to the initiator ATG that is present at compara-
ble distances upstream of mouse Zp-2, mouse Zp-3, and
human ZP3 genes (Millar et al,, 1991). The 12-bp element
IV is identical in human ZP2 and mouse Zp-2, and a
30-bp region centered at element IV is 80% the same
between the two species (Fig 3B). Results of earlier stud-
ies involving gel mobility shift assays and microinjec-
tion assays with mouse Zp-2 and Zp-2 promoter-lucifer-
ase reporter gene constructs suggested that element IV
may have an important role in the regulation of zona
pellucida gene expression in growing mouse oocytes
(Millar ef al, 1991).



402

51
Human
Mouze

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Euman
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Buman
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

Human
Mouse

DEVELOPMENTAL BIOLOGY

30

GCG TGC AGC CAG AGR GGA GEC TCT TGG

Ala Cys Arg GIn AXg Gly Gly Ser Trp
v

GCC OTT GTG ACT TCA GGG AAC TCC ATh GAT

714 Leu Val Thr Ser Gly Asn Sar Iie]Asp [Val, Ser
Thr Ley ¥al Thr Ser Val hen Ser Val!Ser !Leu F

210
GGC ACC
Gly Thr
Asp Met

ACA GTG GAG

Thr{Val Gla
Azgille Glu

TTC CCR AGC AGT
Phea Pro Ser Ser
Phe Ser Ser Aryg

T
Pro
Phe

300
CTG AGG
Len KTy
Lay Lys)

ATC
Ile
Ala

CTG GAC
Leu Asp
Len Asp

CCA GAA AAG CTC
Pra Glu Tys|Leu
Leu Glu Arg  Phe

ACC
Thg
Val

390
CAC GGA
Kis Gly
Asp Thr|Thr ThrAsp|Val Arg Tyr Lys

ATG
Met
Gly

GCT GCC TTA AGA

480
TCT ACA A_'I‘_C_ TGC CAG ARG GAT TIC ATG

Ser Thr{Iie Cys GlnILys Aap Phe [Met
Ile Vallval Cys Arg aArg Asp Leu|lle

GCA
Ala
Glu

CAG
Gln

ATG GGA
Met Gly
Mat Gly

TGG AGC ATT GAG GTT GGT GAT
Trp Ser[Tle|Glu[Val Gly Asp

660
GTG
vai
val

ATT
Ile
Ile

GAC AAC
Asp Asn
Asp Ser

CAC AGG ATG ACC TTC CAT
His [Arg Met Thr Phe His
Gl.n‘L_yE____Thr Leu His
750
GGA
Gly
Gly

TCT
ser
Gln

CTG RAG
Leu Lys
Lau Glu

CIT ACA
Leu Thr
Leu Leu

ATA TCT CCT
IleiSer) Pro
Ser IThz! Thzr

837
GAG
Glu
Glu

GCC_ACA CAC
TTHis
Ala Tnrihis

ATG ACT
Met Thr
Met Thr

CTC
Leu
Lau

ACC
Thr
Thr

ATA CCA
Ile Pro
Ila Pro

927
GAA GCA ACA
Glu Ala Thr
Clu Ala Thr

CAT
Hix
Hie

GAC
asp
Ala

AAT
Asn
hsn

GGA ATT GAT
Giy Ile Asp
Giy Ile Asp

<ThA
Leu
Lys

1017
TTA GCT TCA CTC
Laufala] ser Leu
Lau}ser! ser Leu

CTA
Leu
Pro

cTC
Leu
Phe

CAT
His
Tyr

CAG TTC TAC
Gin Phe Tyr
Gin Pha Tyr

1107
ATA GTT ACA GGG
Ile Val Thr Gly
Ila - - Asp

TGT
Tys
Cys

GAG
Glu
Glu

TCh
Ser
Ser

€Ce GTT TCT
Pro Val Ser
Pro Val Ser

1197
GCT AGS GIS GGA
Ala

Ala

GAC
Asp
Asn

CTG GGT
lau Gly
leu Asp

ACT CTG
Lau

Leu

1287
AGA TAT AAG
Arg Tyr Lys
Arg Gln Lys

cce AAT
Asn

Asn

GGA TGT
Gly Cys
Gly Cys

ACG
Thr
Pro Thr

1377
AGT GAG TTC
Sar Glu Phe
Ser &lu Phe

CCA
Fro
Ser

AGC
Sar
Asn

ARA ATA TCT
Lys [T1
Ilaival

GaC
Asp
Asn

1467
TCA GTG ARG
Ser Val Lys
Phe Val lys

AGC
Ser
Gly

CTT
Leu
His

ACT
Thr
Pro

CCT CCA
Fro Pro
Ser Pro

GTG
val
Glu

GCC
Ala
Ala

1557
GTG AGA TTC
Val Arg Phe

val Arg Tyz

1647
GCG ACG TCC

GGG
Gly
Ary

GAR
Glu
Lys

AAC
Asn
Asp

GAG TAC
Glu Tyr
Glu Tyr

CCT CTA

Lau

Pro Lau

CTG GTC TTA GAT GAC TGC TGG

Trp Ilel\ia_l\[.ys'f_l_s_ Gly |Asn §1% ThyArg

AGT CCC TCh GGC TGG TTC AAT
Ser Pro Ser Gly Trp Fhe Asn
[} Cys

GTT TCT CAG TTG GTA AAT
Gln Leuw Val Asn

€ln Ser ¢lu Asn

cCcT
Fro
Pro

GOC
Ala
Ala

ro

ANG AAA
Lys LyEs
Glu Lys

TGG CAT GCA TCT GTG
Trp His Ala Ser Val
Trp Val

GTG
Val
val

GCT ACE
Ala Thr
Phe Pro

TAT GAT AAC TGT ACC AGG

TTC TTC TGT
Fhe Fhe Cys
Fhe Phe Cys

GCT GTC
Ala Val
Asp Asp

ATG
et
Het

TAT
Tyr
Tyr

CAG
Sln
His

TCT TTT
gar Phe
Ser Phe

TCC
Bar
ser

TTG
Leu
Phe

CChA
Pro
Pro

CGG GTC TIT

Arg[val Phe
Gln|Leu Phe

GGT _GOA AGA

Gly Ala Arg

GCC
Ala
Arg Aja

AdA
Lys
His

ACT CTG ACC
Thr Leu Thr
Ile Lau Pro

ocA
Pro
Pro

TTC AAT GCC ACT GGA GTG ACT
Phe TIGly A Thr
Ala (Aen Ala THE)Gly Ilejval

CAG
Gln
Glo

BAG GTG ATC TTC TCT TCA CAA
Lya Val Ile Phe Ser Sar Gln

TTT
Fhe
Fhe

{LCT GGG
Pro Gly
Pro Gly

AAG CTT AAG TCT GTG
Lys Leu Lys Ser Val
Lys Leu Glu Sar Val

AAT
Asn
Asn

_ATG AMA TTG CAT TTC AGC

Lys Leu His Phe Ser
__égg_beu Asn Pha Arg

ARG
Lys
Lye

CTG ACC TTT CTC CTIT CGG CCA
tou Thr Phe Leu Leu Arg Fra
Lsu Thr Phe Tyr Phe Gln Gly

GAG
Glu
Glu

TG TGC ACE CAG GAT GGG ITT

Leu Cya Thr Gln Asp Gly Phe
Lau Cys ala Gln Asp Gly Fhe

AAC TCA TCC TGC CAG CCT GTC TTT

Arg Val GlyTESH Der 9efl cys Gln Pro Va) Phe
Leu VAl Gly{agn _Sei Seg)Cye Gln Pro Ile Fhe

TTC
Phe
Fha

GARA
Glu
Glu

GAT
Asp
Gly

GAT AAA GTC GTC TAT

Asp Lys Val Val Tyr
Asp Lys Val Tle Tyr

ACGA
Ary
Arg

ATG
Mel
Hat

ACA
The
Thr

GTG _AAG TGT TCT TAT

Vel Lys Cys Ser Tyr
val _Arg Cys Tyr Tyr

TTS
Lau
Pro

GGT
Gly
Gly

CCA
Pro
Pro

TTT ACC TTG = CTG
Phe Thr Leun Leu
Leu Val Leu Val ZLeu

CTC
Leu
L

cGC
hrg
Arg

CARM
&ln
Gln

CCA ATT TAC ATG GAA
Pra Ile Tyr Met &lu
Pro Ile Tyr Met Glu

ACC ATG GAT CCA GAC TCT TTC CCC

Val
Val

Leu
Lau

Asp
Rap

Ala Thr Ser
Aia Thr Sar

Aap
Adp

cys
cys

Tep
Lau Trp

1737
TTC CAT CCA
ha His Pro
Phe His Pro

CTG
Leua
Leu

GAC
AZp
Asp

AAC TAC

Asn Tyr
Aan Tyr

CAG
Gln
Arg

ACC
The
Thy

ace
The
Ehr

1827
CTC TCT AGC
Len Say sar
Ley Ser day

GTh
Val
val

TCA
Ser
Ser

AL
Clu
Glu

Gee
Kla
Ala

CAC
His
Arg

GTG
val
Gly

Fhe
Phe

1917
TCC TCT AGG
Sar Ser Arg
Zar Leu Arg

TGT

<ys

TCT
Ser
Ser

GTG
val
Val

ACC TGC CCT
cye Fro

Cys Pro

GTG
val
Ala

007
KTT TCC TCA TTC
Ila

Ile

CTC
Len
Leu

OTG
Lau
Ten

TTG
Leu
L

TCA GAT
Ser Asp
Ser Asp

GAC
Asp

Val Ser Ser Ser!

2097
GAG CA T GGC TCA Coh GOT
Clujel 11¢1y [Sexr Arg] Gly

Lys'hsp IlelIle!ala Lys! -

GAA
Glu
Sl

ACA
Thr
1le

GOG
Gly
Thr

2187
TTT GCA GGT GTSG GTG GCA ACT
Phe Ala Gly val Val Ala Thr
Leu Val Gly Ser Ala Val Ile

BTG
val
val

GCT
Ala
Als

GCC
Ala
Ala

TTC TAA ATA AAG CAG TCA ARA T EN

SerlGlu

Ser Ser Phe[Arg Gly

Thr;Met Pro Asp Ser Phe Pro

Fx0 Ala S&r Ala Pro

Asp
AP

GTC 6GC
Val GLy
Ala Gly

TCC
Ser
Ser

TCT GTG ACC CAT €CT

Ser val/Thr Ais Pro
Sar Alﬂ‘A a His Ser

CTG GTC

TAC
Leu Val

TyY
Lau Ile Tyy

TTC CAC TGC
Pha Him c¢ym
Fha His Cys

AGT GCC
Her Ala
Bar Ala

CRC AGG
Ris [Arg
Ser llys

cGA
Arg
Ary

GCC RCA GGG
Ala Thr Gly
Glu - -

GCC ACT
Ala Thr
Ala Asn

AGA GGT

GTC
val
val

GGC TCA TCT
Gly Ser Ser
Asp Pro -

GAT CTA
Asp Leu
ILys Gly - -

GCT ATG GAC ACC AAA GGG CAC ARG
Ala Met Asp Thr Lys Gly His Lys

CTA GGC
Ieu Gly
leu Gly

TTC
Phe
Fhe

ATC TAC TAC
Ila Tyr Tyr
1le Cys TYr

CTG TAC

GCA GGC TGG AGC ACC
Ala Gly Trp Ser Thr Tyr Arg Ser [Ile Ear Laeu Phe Phe
GLy, Arg fex, Tle Tyg Arg Phe gy Ser leu Ley Phe

TTT
Phe
Fhe

GAT

Asp

AGA

Tyr ASp fAsn Cys TArlArg[Arg Val His Gly Gly His Gln Met]Thr
Tyr Glu|Thr Cys Thr Ilel!Lys Val Val Gy Gly Tyr Gln Valjasn

CCA
Pio
Pro

TCT
Sax
sey

CTG
Leu
Tew

CAC
Hie
His

GCT
Ala
Ala

AGC
Ser
Asp

AAN
Lys
Lys

GAG
Gl
Asn

ATG
Met
Met

GAG
Glu
Lys

GAA
Glu
flu

AGC
Ser
Ile

CARA
Gln

Gln Thr Tyr Pro

GTG
Val
val

CAG

GAT
Asp
Gly

TTA
Leu
Lag

GRA
Glu
Lys

AR
Lys

ACT
Thr

GAG

Lau TYr Glu Lys Arg Thr VallSer -
Leu Tyr Lys Lys Arg Thr llelarg

VOLUME 156, 1993

50 90

TAC AGG TCG ATT TCT CTC TTC TTC
Art Ile

150 180
CCA GGC ACT GTC ACT TGC GAT GAA AGG GAA ATA
Pra §ly Thr Val|Thr Cys Asp Glu Arg Glu 116}
Pro Gly Thr Leu Tle Cys Aap Lys Asp Gla Val)

240 270
CCT CPT GGT CTC GAC_ATG CCG MC ’DGC AC’]' TAC

Thr Lea Gly Ser |G _e‘[aumryr

a
GTG CAT GGT GGA CAC CAG ATG ACC

ATC AGA GTC
Tle Arg Val
Ile Arg Val

420
GCT ATG CAA GTA GAR

Ala Met Gin Val Glu
Ala Ile GIn Ala Glu -

450
GGG CTT TCh
81y [Leu Ber
Glujlle Ser

GAG ACC CAG
Giu Thr Gln
Thr His

510
GGE TTG GCT GAC GAC AGT
Gly Leu Ala Asp Asp.Ser

Arg Leu Ala Asp GluJAsn

540
AMG GGG ACC AMAM GTT
Lys Gly Thr Lys val
Gln|asn Val Sep)Glu

CCA GAG GCC_ATG AAG

ProfGIu Ala MetlLys
Lys i [Asp Ala Tle! i val

GAR
Glu
Gln

GGC TTC
Gly FPhe
Gly Pha

690

TAT GTG CAA GGT
Tyr Val Gln Gly
Tyr Val Gln Glu

ANC
Asn
Ser

AGT
Ser
Ser

CAT CTC
His Leu
Tyr La#u

Met Val
Thr Val

780

ATT TGT GCA CChA
Ile Cys Ala Pro
Ile Cys Ala Pro

a7
TGC AAT
cys [han
2 Cyalhsg

897
CTG
Leu
Trp

GAT

Asp
Asp

CCT GTG
Pro val
Leu Ser ¥al
867
TTT GAA AAC CAG
Fhe Glu[Asn]Gln
1
Phe Gly |Gln!Trp

AAC
Asn
Ser

ATT
Ile
Ila

GAT GTG
Asp Val
Fro Glu

CAG
&ln
Gln

a57

ACT CTIG CTC
THY Leu Leu
Sex tau Leu

987
TGC
Cys
Cys

1677
TGT CTC
cys Leu
Cys His

1167
CAR CCA
Gln Pre
Lys Pro

AhA
Lys
Lys

ACG
Thy
Thr

ALK
ye
1ys

TTA TCT
leu Ser
Pro Sar

GAA AAM
Lys
Glu Lys
1047

ACA GTA TCC
The [Val|ser
Met [Leu!Ser

ATG
Het
Thr

GTG
val
val

ATC
Ile
Ile

TAT CCT
Tyr Pro
Asp Pro

GAG
Glu

1137

GAC GIC GAG
Asp val Glu
h3p Phe Glu

GTEC
Val
val

TAC
TYr
Ty

AGC
Sar
T

TAC CAA
Tyr Gln
His Gln

ACA
Tar
he

1227

GCT CAG TCT
Ala Gln Ser
Vval Gln Ser

1257
CAC ATA
Hix Ile
His Ile

CAG
Gln
val

GGG
Gly
Gly

CIG
Leu
Leu

TTC
Pha
Fhs

1317

AAC GAA ATA
Asn Giu Ile
Asn Glu Ila

1347
TTT CCT
Phe Pro
Pra Froe

CAT
His
Hin

&eT
Ala
Ala

Lo {ng
Leu
Lau

TGG ACG
Trp Thr
TFp Glu

GAT
Asp
Asn

1407

AGG AAT GAC
Arg Asn Asp
Arg Asp Ser

1437
GTT GAA
Val Glu
Val Lys

ATG
Mst
Met

CTA
Lei
Leu

CTA
Leun
Leu

ARC ATC
Asn lle
Asn Ala

ANC
Asn
His

1597
_AGC TAC CCA

Ser Tyr Pro

1527
CCT TAT
Pro Tyr
Pro Tyr

GAT
Asp

TCC
sar
1 Ber

TAC ChAA
Tyr 61ln
TYyTr Gln

CAA
Gln
Arg

1587
_AGA GTC CTA

Arg val Leu
Lys Val Leu

AAC
As=n
Ser

GAT
Arg Asp
Asn

GAC CCC
Asp Pro
Asp Pro

1677
TGG _AAC_GTT

GTC
val
Val ¥

GAT
Asp
- Asp

GGC TGT
Gly Cys
Gly Cy=

1767

CAC TAT CAG
Eis Tyr Gln
His Tyr Gln

AGG
Arg
Arg

GAC ATG AAG C

1857
ATC TGT AAT
Ele Cys Asn
Ila Cye Asn

CGA CTC
arg [Leu
Glnival

TCC CCT GAC
Ser Pro Asp
Sar Leu Asp

1947
GCR GAG AAA
Ala [Glu|Lys
Glu |Asp!Thr

1977
GGA CCC
Gly Pro
Gly Pro

ATG ACA
Met Thr
Mat Thr

GTC AGC CTC
val Ser Leu
Val Ser Leu

2027
GCA AGT GGG
Ala Ser Gly

2067
AGG AGT
Arg Ser
Ser Ser

AGC AGT
Ser Ser

GGG GAG AAG
Gly Glu Lys

2127

GCT GGA GAT GIT GGT
Ala Gly Aap Vallcly
Asp Ile'Ala

2157
TCC AMA SCT_GTG 6CT GCT
Bar Lys Ala vall Ala Ala
- - 8ar Lys _'I‘Ef_l._.e_u Gly Ala
2217
AAA MGG ACT GTG TChA

2244
AAT CAC ATG GGC
Asn Mis
Phe Asn His
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Gel Mobility Shift Assays of Element IV with Human
Ovarian Extracts

Oligonucleotides containing element IV from mouse
Zp-2 and Zp-3 genes form DNA -protein complexes that
have identical mobility in gel mobility shift assays and
are oocyte-specific (Millar et al, 1991). Both human ZP2
and mouse Zp-2 element IV are located approximately
the same distance upstream of their respective TATAA
boxes (—190 and —185 bp, respectively), placing them
within the region of high sequence conservation
(F'ig. 3B). .

(Gel mobility shift assays were performed using hu-
man and mouse oligonucleotides (30 bp, centered on ele-
ment IV) incubated with ovarian extract from either
human or mouse. The human and mouse element IV oli-
gonucleotides form DNA-protein complexes with iden-
tical mobility after incubation with mouse ovary extract
(Fig. 4A, top arrow, lanes 2 and 6, respectively). The
other bands observed in the gel are DNA-protein com-
plexes that are not oocyte-specific (as previously de-
seribed (Millar et al,, 1991)). Likewise, human and mouse
element IV oligonucleotides form DNA-protein com-
plexes with identical mobility after incubation with hu-
man ovary extract (Fig. 4B, bottom arrow, lanes 3 and 5,
respectively). The DNA-protein complex formed with
human ovarian extract has a slightly faster mobility
than that observed with mouse ovarian extraet, sug-
gesting that the protein(s} binding to element IV differs
somewhat between human and mouse.

To characterize further the nature of the element IV
DNA-protein complex, competition studies were per-
formed. Although mouse and human element IV are
identical and the immediately surrounding DNA is 80%
the same, DNA-protein complex formation between
mouse element IV and mouse cocyte protein is competed
more efficiently by mouse oligonucleotides containing
element IV (Fig. 4B, lanes 2-4) than by human oligonu-
cleotides (Fig. 4B, lanes 5-7). However, when labeled
human element IV is incubated with human ovarian ex-
tract and competed with increasing amounts (10- to 100-
fold molar excess) of unlabeled human (Fig. 4C, lanes
2-4) or mouse (Fig. 4C, lanes 5-7) element IV, both hu-
man and mouse element IV oligonucleotides compete to
the same degree. These results indicate that the puta-
tive transcription factor(s) in the mouse ovarian ex-
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tracts that binds to mouse element I'V can also bind hu-
man element IV with relatively high efficiency.

To determine whether the protein-DNA complex
formed with ovarian extract and element IV from the
human ZP2 gene can also be formed with protein from
other tissues, gel mobility shift assays were performed
using extracts of human testes, uterus, spleen, lung, and
kidney (Fig. 4D). The complex formed with human
ovary extract and the human ZP2 cligonucleotide is not
ohserved with extracts of the other human tissue exam-
ined. These data suggest that the formation of the
DNA-protein complex is sex-specific in the gonad and,
at least, relatively tissue-specific.

Human Promoter Activities in Microingected Mouse
Qocytes

The high degree of sequence identity in the immediate
region upstream of mouse and human ZP2 genes, and
the ability of human element IV to form identiecal DNA-
protein complexes in a gel mobility shift assay, suggests
that the transcriptional machinery for ZP2 expression
may be conserved between mouse and human. To test
this possibility, luciferase reporter gene construets con-
taining the DN A sequences upstream of mouse ZP-2 and
human ZP2 genes were microinjected into the nuclei of
70-80 growing mouse oocytes and assayed for luciferase
activity. Each construct was co-injected with pCHRSV
(containing the RSV long terminal repeat upstream of
the B-galactosidase reporter gene) as an internal control
for efficiency of injection and plasmid expression. The
plasmid pXP1, a promoterless luciferase construct, was
used as the negative control, and plasmid pSV2L (de
Wet et al, 1987), which eontains the simian virus 40
early region promoter and enhancer, was used as a posi-
tive control (Millar ef al., 1991).

Microinjection of a mouse promoter containing 1.5
kbp of Zp-Z upstream flanking sequence (pMZP2luc[1.5]}
resulted in reporter gene (average + SD) activity of 1.4 &
0.5 x 10° luciferase units (Fig. 5). This is approximately
10 times greater than that obtained with a comparable
mouse Zp-3 construct mieroinjected into mouse oocytes
(Millar et al, 1991) and roughly comparable to that esti-
mated for ococytes in transgenic mice with a 6.5-kbp Zp-8
promoter coupled to luciferase (Lira et al, 1990). A min-
imal mouse promoter (pMZP2lucfTATAA]) containing

FiG. 1. Primary structure of the human ZP2 mRNA and protein. The nucleic acid sequence of the near-full-length ¢cDNAs and exon 1 of the
ZP2 gene were used to deduce the structure of the ZP2 mRNA and resultant protein. The initiation and termination codons are boxed, and the
polyadenylation signal is overlined. The single 2235-nuclectide open reading frame is translated into a 745-aminc-acid protein in line 2 and
aligned in line 3 with the 713-amino-acid mouse ZP2 (Liang et al, 1990). The putative 38-amino-acid signal peptide is underlined, and the arrow
points to the predicted signal peptidase cut site. Identical amino acid residues between human and mouse ZP2 are shaded; conserved changes
(Dayhoff and Oreutt, 1979) are enclosed in boxes with detted lines. The potential N-linked glycosylation sites (Asn-X-Thr/Ser) are marked in

hold brackets.
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promoter with 0.3 kbp (pMZP21uc]0.3]) resulted in 1.1 £
0.4 x 102 luciferase units, and a 6-bp cluster mutation in
element [V (pMZP2luc[0.3]MtIV) reduced that activity
to 4.5 + 1.3 luciferase units which represent 4% of the
reporter gene activity observed with the 0.3-kbp paren-
teral construct. These data confirm our earlier observa-
Mouse ZP2 tion (Millar et al, 1991) that the presence and integrity
of element IV are important for reporter gene activity

driven by the Zp-2 mouse promoter in mouse oocytes.
In a parallel set of experiments (Fig. 5), 2a human pro-
moter containing 1.35 kbp of ZP2 upstream sequence
(pHZP2luc[1.35]) resulted in 2.1 + 1.1 X 10? luciferase
units and was comparable to that (2.2 + 0.9 X 10° units)
FIG. 2& Compari;tl):; of t};e.seco;gari s(;;ructttlll;tia ?tf thu:. (sleduced hu[; obtained with only 0.3 kbp of human 5 flanking se-

T 1 . + .

TTIEESS‘EPET?UK‘&Z and me;)nit?: 19829) irfdilt‘::It)Zs thc; gvgralli?r:ir}a?ir:y quence (pHZP?luc[O.S]). A 6-bp mutation in the center of
of the two proteins. Both have major hydropathic peaks in their signal element IV in the human ZP2 0.3-kbp construct
peptides and near their carboxyl termini. {pHZP2luc[0.3]MtIV} dramatically reduced the lucifer-
ase activity to 3.7 = 3.5 units or 2% of the parenteral
construct. The results of these transient expression as-
43 bp of upstream sequences including the TATAA box says indicate that the 0.3-kbp human flanking sequence
had 8.0 + 11 luciferase units; the promoterless construct, is recognized by mouse oocyte transcriptional machin-
pXP1, had 1.0 + 2.2 luciferase units. The Zp-2 mouse ery and indicate the importance of element IV for hu-
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TABLE1
EXON AND INTRON S1ZES OF HUMAN ZP2 GENE

Length Length
Exon Position (bp) Intron (bp)
1 1-62% 62 1 90°
2 63-151 89 2 1150
3 152-235 84 3 380
4 236-330 95 4 3000
5 331-483 153 5 1200
6 484-528 45 6 146
7 529-693 165 7 1023¢
8 694-T90 a1 8 96°
9 791-972 182 9 783%
10 973-1099 127 10 900
11 1100-1287 188 11 80°
12 1288-1379 92 12 101°
13 1380-1504 125 13 147*
14 1505-1694 190 14 800
15 1695-1830 136 15 74"
16 1831-1927 97 16 706°
17 1928-2011 84 17 927
i8 2012-2095 84 18 142¢
19 2096-2266 171

¢ Exact length determined hy sequencing.
® From the initiater ATG to the end of the first exon.

man promoter function in heterologous mouse oocytes.
The lack of further increases in luciferase activity (Fig.
5) with the addition of more upstream human 5 se-
quences (pHZP2luc[1.35]) suggests that the mouse up-
stream region (not well conserved in the human, see Fig.
3B} contains additional regulatory sequences important
for zona gene expression in mouse oocytes.

DISCUSSION

The human ZP2 and mouse Zp-2 genes are well con-
served and contain 575-bp segments at their 5 ends that
are 70% identical and extend from intron 2 upstream to
include 300 bp of the promoter region. When coupled to
luciferase coding sequences and miecroinjected into
mouse oocytes, the human promoter (0.3 kbp) expressed
levels of reporter gene activity comparable to those ob-
tained with the mouse promoter (0.3 kbp). Thus, it ap-
pears that the conservation of sequences between the
first 300 bp of the mouse and human promoters enables
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the human promoter to utilize the transcriptional ma-
chinery of the mouse oocyte. Additional mouse sequence
(1.5 kbp) increased reporter gene activity 10- to 12-fold,
whereas additional human sequence (1.35 kbp) had no
such effect. Presumably, the greater divergence of these
more upstream sequences between the two species pre-
vents preoductive interactions between this region of hu-
man DNA and relevant transcription factor(s) in mouse
ococytes.

Element IV, a previously described 12-bp sequence
that is necessary and sufficient for expression of re-
porter genes microinjected into the nuclei of growing
oocytes (Millar et al, 1991), is present at position —190
and —185 upstream of the human ZP2 and mouse Zp-2
TATAA boxes, respectively. A 6-bp cluster mutation in
the center of both human and mouse element I'V dramat-
ically decreased reporter gene activity in mouse oocytes
microinjected with luciferase constructs containing 0.3
kbp of 5 flanking sequence. Oligonucleotides (30 bp)
centered on element IV and composed of either mouse or
human sequence form complexes identical to each other
in gel mobility shift assays after incubation with mouse
ovarian extracts. A similar complex with a slightly
faster mobility is formed in human ovarian extracts,
indicating that the mouse and human transcription fac-
tors have some structural differences. Taken together,
these data suggest that regulatory mechanisms that
utilize element TV may be conserved between human
and mouse.

The human ZP2 element 1V (12 bp) is 100% identical
to that of mouse Zp-2 and its core contains a sequence,
CACCTG, that is critieal for the binding of Myo D to the
enhancer region of a creatine kinase gene {Lassar ef al.,
1989) and of E12 and E47 to the «E2 site of the immuno-
globulin x-chain enhancer (Murre et al., 1989). These pre-
viously reported transcription factors are related, and
each contains a basie region that interacts with DNA
and a helix-loop-helix protein motif important for the
formation of homo- or heterodimers. The presence of
this core sequence in element IV raises the possibility
that helix-loop-helix factor(s) may be involved in the
regulation of zona gene expression. It may be that nu-
cleotides flanking the core sequence are also important
for produective protein-DNA interactions and may have
provided selective pressure for the conservation of the
sequences surrounding element IV that result in their
80% identity in human and mouse.

We have previously reported that mutation of mouse
element IV inhibits expression from mouse Zp-2 and Zp-
g promoters. These results, and the oocyte specificity of
the element 1V DN A-protein complex, led us to suggest
that the factor(s) binding to element IV may be involved
in the coordinate, oocyte-specific regulation of zona
gene expression (Millar et al., 1991). However, element
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F1G. 4. Gel mobility shift competition assays. {A) Gel mobility shift assays using deuble-stranded human and mouse oligonucleotides
containing the 12-bp conserved element I'V. #P-labeled human or mouse element IV oligonucleotides (30 bp; 1.5 X 10* epm) were incubated with
cither human or mouse ovarian extracts and analyzed by polyaerylamide gel electrophoresis. Arrows denote the tissue-specific DNA-protein
complex bands; the faster mobility band is present in human extracts and the slower in mouse extracts. (B) ¥P-labeled mouse Zp-2 element I'V
oligonucleotides were incubated with mouse ovarian extract in the presence of increasing amounts of unlabeled competitor oligonucleotides.
Lane 1, *¥*P-labeled mouse Zp-2 element IV (30 bp; 1.5 X 10* ¢pm) incubated with mouse ovarian extract (5 ug); lanes 2-4, same as lane 1 but with
10-, 50-, and 100-fold molar excess of unlabeled mouse Zp-2 element IV oligonucleotides, respectively; tanes 5-7, 10-, 50-, and 100-fold molar
excess of unlabeled human ZP2 element 1V, respectively. Arrow indicates DNA-protein complex previously shown to be oocyte-specific (Millar
et ul, 1991). (C) **P-labeled human ZP? element IV oligonucleotides were incubated with human ovarian extract in the presence of increasing
amount of unlabeled eompetitor oligonucleotides. Lane 1, **P-labeled human ZP2 element IV (30 bp; 1.5 X 10* ¢pm) incubated with human
ovarian extract (5 ug); lanes 2-4, same as lane 1 but with 10-, 50-, and 100-fold molar excess of unlabeled human ZP2 element IV oligonucleotides,
respectively; lanes 5-7, 10-, 50-, and 100-fold molar excess of unlabeled mouse Zp-2 element IV, respectively. Arrow denotes human ZP2 element
IV-specific DNA-protein complex. (D) #P-labeled human ZP2 element IV oligonucleotides were incubated with human tissue extracts. Lane 1,
#P-labeled human ZP# element IV (30 bp; 1.5 X 10" ¢pm) incubated with human ovarian extract (5 ug) ; lanes 2-6, same as lane 1 but with human

extracts from testes, uterus, spleen, lung, and kidney.

IV represents only a small portion of a large conserved
region identified in the 5 flanking sequence of mouse
Zp-2 and human ZP2 genes and it iz likely that addi-
tional regulatory elements will be necessary for high
level, in vivo expression of the mouse Zp-2 and Zp-3
genes, Several transcription factors have been identi-
fied in mouse cocytes (Rosner et al, 1990; Scholer et al,
1989, 1990}, one of which binds to DNA sequences up-
stream of the Zp-3 gene (Schickler et al, 1992). If these
proteins have a functional role in mouse zona gene ex-
pression, it is likely that homologous proteins will be
important for human zona gene expression.

The apparent conservation of transcriptional machin-
ery for zona pellucida gene expression is not unexpected
sinee zona structures are present around all mammalian
eggs and have importance in fertilization and early de-
velopment. However, since it has been demonstrated
that the zona pellucida confers relative species specific-
ity to sperm-egg interactions, the high degree of conser-
vation of the encoded human and mouse zona proteins
was somewhat surprising. The 745-amino-acid-human

ZP2 protein is 60% identical to that of its mouse coun-
terpart (713 amino acids) (Liang et al., 1990}. The rela-
tive position of all cysteine residues is eonserved be-
tween the two species, and the similarities of predicted
secondary structures {(allowing for conservative amino
acid substitutions) suggest that the overall three-di-
mensional structures of the ZP2 proteins are likely to be
conserved. As previously reported, the human and
mouse ZP3 proteins are also similar to each other, being
424 amino acids long each and 67% identical (Chamber-
lin and Dean, 1990). The very hydrophobic region ob-
served near the carboxyl terminus of human ZP2 is also
present in mouse ZP2 (Liang et al, 1990), mouse ZP3
(Ringuette et al,, 1988; Kinloch et al.,, 1988, Chamberlin
and Dean, 1989), human ZP3 (Chamberlin and Dean,
1990), hamster ZP3 (Kinloch et al, 1990), and rabbit reb5
(Schwoebel et al, 1991). It seems likely to play a role in
the biological function or structural integrity of the
mammalian zona pelluecida.

Mouse ZP3 has been shown to inhibit sperm binding
to ovulated eggs (but not two-cell embryos) and is capa-
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FiG. 5. Luciferase activity of the ZP2 promoter-reporter genes in
growing mouse oocytes. Reporter gene constructs were made with
portions of DNA sequences &' of the mouse Zp-2 and human ZP2 genes
inserted into the luciferase vector pXP1 {(Nordeen, 1988). The follow-
ing plasmids containing promoter fragments were microinjected into
the nuclei of 50-um oocytes: pMZP2iuc[1.5], 1.5 kbp 5 to mouse Zp-2;
pMZP2luc[TATAA] 43 bp of mouse Zp-2 5 flanking sequence includ-
ing the TATAA box; pXP1, no promoter sequences (negative control);
pMZP2lucf0.3), 0.3 kbp 5 to mouse Zp-2; pMEZP2luc{0.3]Mt1V, the same
0.3-kbp mouse fragment coniaining a 6-bp clustered mutation in ele-
ment IV, pHZP2lue[1.35], 1.35 kbp 5 to human ZP2, pHZP2luc[0.3], 0.3
kbp 5 to human ZP2 and pHZP2lue[0.3]MtIV, the same 0.3-kbp hu-
man fragment containing a 6-bp clustered mutation in element IV.
Seventy to eighty oocytes were injected for each data point and lucifer-
ase activity was normalized according to the g-galactosidase activity
from a co-injected control plasmid. Each experiment {(®) was per-
formed three to seven times and luciferase activity is reported on a log
scale.

ble of inducing the sperm aerosome reaction, resulting
in the release of lytic enzymes important for penetra-
tion of the zona peliucida. Mouse ZP2 acts as a secondary
sperm receptor and, following fertilization, it undergoes
a proteolytic cleavage thought to play a role in the post-
fertilization block to polyspermy. Both proteins persist
in the zona pellucida during early cleavage stages and
are vital for passage of the embryo down the oviduct
prior to implantation (Wassarman, 1988; Dean, 1992).
Although the molecular details of fertilization have not
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been delineated in humans, it has been reported that
human sperm-egg interaction is far more specific than
mouse sperm-egg interaction. Spermatozoa from
mouse, hamster, and rabbit can adhere to the surface of
oocytes from other mammalian species including hu-
man (Bedford, 1977; Swenson and Dunbar, 1982). How-
ever, human spermatozoa have a very limited affinity
for other mammalian oocytes and will only adhere to
cocytes from Hominoidea primates (Bedford, 1977).

Differences in how human sperm interact with mouge
and human oocytes may result from differences in the
primary structure of the zona proteins (for instance, the
28-amino-acid hydrophilic domain encoded by the addi-
tional exon in human ZP2) or may be due to differences
in post-translational modifications of these proteins.
There is considerable evidence that glycosylation of the
zona proteins plays an important role in their biclogical
functions of mediating sperm binding and inducing the
sperm acrosome reaction. Despite the similarity of the
polypeptide chain length of human and mousge ZP2 and
of human and mouse ZP3, they migrate quite differently
in SDS-PAGE. The human zona pellucida glycoproteins
have apparent molecular weights of 90-110, 64-76, and
57-78 kDa (Shabanowitz and O’'Rand, 1988); these are
significantly smaller than the molecular weights of
their mouse counterparts (185-204, 120-140, and 83 kDa)
(Bleil and Wassarman, 1980; Shimizu et al, 1983). Pre-
sumably these differences result from post-transla-
tional modifieation of the zona proteins, and such modi-
fications may also account for the species-specific na-
ture of these glycoproteins. Now that full-length ¢eDNAs
of both human ZP2 and ZP3 have been isolated, it will be
interesting to analyze the structure and biologieal func-
tion of these zona proteins following their expression in
mouse ococytes.

We thank Drs. A. M. Ginsberg, R. McIsaac, S. Millar, R. H. Morse,
and R. T. Simpscn for their valuable comments and suggestions on the
manuseript.
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