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ABSTRACT

A sperm specific and species conserved monoclonal antibody

(Hs—63) was shown to inhibit in vitro fertilization of méuse
oocytes and human sperm penetration to zona-free hamster ova. The
sperm antigen (SA-63) which réacts Qith HS-63 wés found to be-
localized on the sperm acrosome. Following sperm capacitation,
this antigen becomes exposed and is shed after the acrosome
reaction. SA-63 may be involved in the sperm acrosome reaction

during the initial fertilization process.

Sperm antigen (SA—63) from mouse (MSA-63) was purified from
mouse téstes with soluble and detergent extraction procedures
followed by immunoaffinity chromatography.‘The purified MSA-63
antigen was shown to be a group of proteins with a size ranging
from 25 Kd to 50 Kd and pIs of about 4.2 when analyzed by two
dimensional gel electrophoresis. MSA-63 antigen may be associated
with actins in its native form. A proteplytic activity was found

in the solution of purified MSA-63 preparation.

Purified MSA-63 was used for immunization of mice and

rabbits. Following successive immunizations, antisera of high
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titres were raised and reacted specifically with sperm acrosome.
The isoimmune sera from immunized mice exhibited significant

inhibition on in vitro fertilization of mouse ococytes.

Complementary deoxyribonucleic acid (cDNA) fragments encoding
the MSA-63 were cloned from a mouse testis cDNA library by using
an immunoscreening method with rabbit antisera against MSA-63 as
the detecting probe. Whenra specific cDNA probe was used for
Northern blot analysis, an mRNA of 1.5 Kb in size was detected
only in the adult mouse testis, but not in any other somatic
tissues. By Southern blot analysis, it was also demonstrated that
the gene encoding for SA-63 protein is conserved among different
mammalién species.'Thé 1ocation of SA-63 antigen gene was
determined to be on human chromosome 11 when analyzed with a blot

of a human-hamster somatic cell hybrid panel.

By DNA sequence analysis, a protein of 28 Kd in size was
deduced from the MSA-63 cDNA. The amino acid sequences of
trypsin-digested peptide fragments of MSA-63 were used to verify

that deduced amino acid sequence from the cDNA.

The recombinant fusion proteins containing MSA-63 protein
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fragment were produced in E. coli and used to immunize female
mice. Similar to the original HS-63 monoclonal antibody, the

antisera thus produced reacted only with the sperm acrosome and

revealed significant inhibition of the in vitro fertilization of

‘mouse oocytes.
In the developing mouse testis, the expression of MSA-63 gene

was found to be post-meiotic. Protein and mRNA of MSA-63 were not

produced until day 20 after birth.
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I. INTRODUCTION

A. HISTORICAIL BACKGRQUND AND RATIONALE

During the last decade, a number of monpclonal sperm
antibodies have been generated in our laboratory (Lee et al,
1984a,b,c). The inhibitory effects of these antibodies on sperm
function and fertilization have also been assessed (Lee et al,
1987; Menge et al, 1987). Among these.antibodies, HS~-63 was shown
té react with an acrosomal antigen of sperm from several
mammalian species inclpding human, rabbit, and mouse, but did not
react with any somatic tissue§ (Anderson et al., 1987). This
highly sperm-specific and species-conserved antibody has been

demonstrated to inhibit both in vivo and in vitro fertilization

of mouse (Lee et al, l986b), and human sperm penetration of zona-
free hamster ova (Menge et él, 1987). According to the report of
inter-laboratory evaluations sponsored by the World Health
Organization in 1986, HS-63 has been recommended with high
priority for the future development of immunocontraceptive

vaccines (Anderson et al., 1987).



Judging from the background information, in the first part of
my~thesis, the HS-63 monoclonal antibody was characterized'and
used as a probe to investigate the location and possible
physioclogical function of the corresponding sperm antigen, SA-63,

in the processes of fertilization.

In the second part, detailed procedures of purification and
characterization of the mouse sperm antigen (MSA-63) were worked
out. In addition, the antifertility effects of active and passive
immunizations of MSA-63 in mice were also evaluated. These @ata
are considered to be essential for the future development of

sperm antigen-based immunocontraceptive vaccines.

In the third part, cloning of cDNA fragments encoding the
MSA-63 and its characterization were carried out. The recombinant
fusion proteins carrying MSA-63 protein fragments produced by
suéh techniques were used to generate antisera for the assessment

of antifertility effect.

In the fourth part, the corresponding HS-63 monoclonal
antibody, polyclonal antisera and cDNA probes were used as probes

for developmental studies of SA-63 antigen synthesis during



spermatogenesis.

B. FORMATION QF SPERM ACROSOME,

The sperm acrosome is a membrane-bound, lysosome-like
organelle localized in the anterior region of sperm head, just
above the nucleus and beneath the plasma membrane (Mann, 1964,
Philips, 1972). Between the outer and inner acrosomal membranes,
a variety of hydrolyﬁic enzymes including proteinases,
glycosidases, phosphatases, arylsufatases, and phospholipase.are
present in the acrosome. Some of these enzymes may be integral or
associated components of the acrosomal membranes (Hartmann,

1983).

The acrosome first appears as a product of the Golgi complex
in spermatids during spermiogenesis (Fawcett and Bedford, 1979).
According to Leblond and Clermont (1952), spermiogenesis of rats
is subdivided into 19 stages of development based on the changes
of the acrosomic system and nucleus of the spermatid. In stage 2
of spermiogenesis, the hemispherical Golgi apparatus contains
several proacrosomic granules in its medulla. These granules fuse

into a single acrosomic granule which migrates towards the



nucleus and becomes attached to it while further material is
added from the Golgi apparatus. The acrosome then spreads over

part of the nuclear surface.

C. ROLE OF SPERM ACROSOME DURING FERTILIZATION

When released from the testis, spermatozoa are not competent
to fertilize eggs (Austin and Short, 1982). They must undergo a
process of maturation during the transit in the epididymis to
gain their progressive motility (Hamilton, 1977, Hoskins et al.,

1978).

Besides the epididymal maturation, mammalian sperm require an
the capacitation process which occurs within the female
reproductive tract, 'to prepare them for the acrosome reaction and
fertilization (Chang, 1951; Austin, 1951; Yanagimachi, 1981;
Mcore and Bedford, 1983). A number of changes of sperm have been
reported to relate to sperm capacitation (Ahuja, 1985). These
changes include increase of motility, rearrangements of
intramembranous particles, removal of sperm surface components

and a decrease in net surface negative charge (Longo, 1987).



After the capacitation process, a spermatozoon with an intact
acrosome cannot penetrate an egg. The acrosome must ‘react’ or
break down, to release its contents prior to sperm penetration.
The successive stages of this event are generally called the

acrosome reaction (AR) (Austin and Short, 1982).

It is generallyvbélieved that the acrosome undergoes changes
when thg spefmatozoon comes into contact with the egqg (Dan, 1967;
Clowin and Clowin, 1967). In mammals, the plasma membrane
overlaying the acrosome and the cuter acrosomal membrane, fuse at
multiple sites and form an array of vesiclesAduring the acrosome
reaction (Barroshet al., 1967). The vesicles thus formed have
been shown to be mosaics consiéting of membranes derived from
both the plasma and the outer acrosomal membrane (Russell et al.,
1979). At the level of thé_equatﬁrial segment, the plasma
membrane and the acrosomal membfane are fused to maintain a
continuous membrane that delimits the contents of the

spermatozoon.

As a result of the acrosome reaction, the vesicles are

derived from the fusion of plasma and outer acrosomal membranes,



and subsequently.the contehts of the acrosome are released to the
surrounding environment. Therefore, the releasé of acrosomal
contents is considered to be an exocytotic event. About a dozen
of the enzymes known to exist in the acrosome are released during
the acrosome reaction (Mack et al., 1983). Apparently, the
function of these enzymes is to assist the sperm to penetrate the
egg. Inhibitors and antibodies to these sperm acrosomal enzymes
are known to block fertilization atlthe level of the zona

pellucida (Dunbar et al.,1976; Perreault et al., 1979).

The timing of the acrosome reaction in the normal course of
mammalian fertilization is controversial (Moore énd Bedford,
1983). It is generally believed that sperm should complete the
acrosome reaction prior to penetration through the zona
pellucida. The most likely sites for this reaction are within the
cumulus and at the surface of the zona pellucida (Florman and
Storey, 1982; Saling and Storey, 1979;. A number of studies
indicated that sperm should first penetrate the intact cumulus of
the oqcyte followed by binding to the zona pellucida and then
undergo the acrosome reaction (Florman and Storey, 1982; Storey
et al., 1984). Capacitated hamster sperm with intact acrosome can

bind to the zona pellucida whereas sperm which have undergone the



acrosome reaction fail to do so. Furthermore, zona proteins which
recognize mouse sperm plasma membrane receptors have been
identified from the zona pellucida of mouse eggs (Bleil and

Wassarman, 1980a,b, 1983). One of the zona proteins, ZP-3, has

also beén proven to induce the acrosonme réaction in vitro (Bleil
and Wassarman, 1983, 1986; Wassarman, 1987a,b). However, recent
studies indicate that the sperm acrosome reaction may not be
induced.by zona pellucida only (Bavister, 1982; Lenz et al.,

1982; Reyes et al., 1984; Siiteri et al., 1988; Tesarik, 1985).

In view of the complicated processes involved in the sperm
acrosome reaction, several techniques have been developed to
analyze this event (éoupart and Strong, 1974; McMaster et al.,
1978; Saling and Storey, 1979; Talbot and Chacon, 1981; Wolf et
al., 1985). Methods are now available to differentiate acroséme-

intact from acrosome-reacted sperm at the light microscopic level

Several fluorescein isothiocyanate (FITC)-labeled lectins are
widely uéed to demonstraté the presence or absence of sperm
acrésome during the acrosome reaction. These included Ricinis
communis agglutinin-II (RCA-II) (Talbot and Chacon, 1980), Pisum

sativum agglutinin (PSA) (Cross et al., 1986), peanut agglutinin



(PNA) (Takamune, 1957), and concanavalin A (Con A) (Holden et
al., 1990). Although'methodologies and tools are available to
study the sperm acrosome reaction, little is known about the
aetailed molecular events associated with is process. This is
simply because of the lack of biochemical markers for such

studies.

D. TESTICULAR SYNTHESTS OF SPERM PROTEINS IN SPERMATOGENESIS

. Generally, genes expressed'during spermatogenesis can be
classified into three major categories? (a) genes that are
expréssed exclusively during spermatogenesis, (b) genes encoding
proteins for which there is switching of isotopes or isozymes ,
(c) genes whose expression is somehow altered, either
quantitatively or qualitatively, during differentiation (Willison

and Ashworth, 1987).

Postmeiotic gene expression during spermatogenesis has been
demonstrated by several known biochemical markers such 'as 3-
phosphoglycerate kinase-2 (PGK-2) (Erickson et al., 1980),

protamine (Kleene et al., 1984), o{~tubulin (Distel et al.,1984;



Hecht et al., 1984) and various unidentified mRNAs in spermatids
{Fujimoto and Erickson, 1982). Since acrosome formation is

initiated immediately after the completion of meiosis, acrosomal
proteins could be synthesized either in the pre~ or post-meiotic

stage.

Recently, a number of ac;osomal proteins were fougd to appear
first in the postmeiotic stages (e.g. spermatids) of
spermatogenesis (Lee and Wong, 1986a). It remains to be determined
whether the postmeiotic expression takes place at transcriptional
or translational levels, or is.simply due to the post-—-
translational modifications of earlier expressed sperm proteins
(Kieene et al.,‘1984). To clarify this point, it is essential to
have bBiochemical markers which are associated with acrosome.

formation or the acrosome reaction.

G. APPLICATION OF MONOCIONAIL ANTIBODIES IN SPERM RESEARCH

Mammalian spermatogenesis is an event in which numerous
biochemical markers are turned on and off to fulfill structural,

functional and developmental reguirements of spermatczoa. Prior



to sperm penetration and sperm—egg membrane fusion, spermatozoa
have to.go through maturation in the epididymis, so that they
gain motility, the ability to undergo capacitation and the
acrosome reaction (Bedford and Millar, 1979; Feuchter et al.,

1981).

To.analyze such a complicated event, it is essential to have
specific antibodies that can react with different antigénic
components of spermatozoa. Since the advent of hybridoma
technology, it has become possible to generate monoclonal
antibodies that react with various antigenic determinants of
sperm surface antigens (Lee et al., 1984a,b; Lee and Wong, 1986a)
These monoélonal antibodieé can be valuable tools to follow the
development and fhe location of particular sperm antigens in the

germ cells at different stages of spermatogenesis.

The generatioﬁ and characterization of monoclcnal antibodies
against spermatozoa from several mammalian species were reported
many investigators. They were from guinea pigs (Primakoff et al.,
1988a; Myles, 1987), from rabbits (O’Rand and Irons, 1984; Lee et
al., 1984c), from mice (Saling et al., 1983; O’Brien et al.,

1988; Lee et al., 1984b), from hamsters (Moore and Hartman,
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1984), and from humans (Naz et al., 1984a; Wolf et al., 1983; Lee

et al., 1984a; Herr et al., 1990a).

Monoclonal antibody HS-21 which was generated against human
spermatozoa recognized target antigens restricted to the
acrosomal cap determined by indirect immunoflnorescent assay
(Wolf et al, 1985). It was used as a marker for the evaluation of

thé acrosomal status of spermatozoa.

Monoclonal antibody 1D4 reacts with a glycoconjugate antigen
of the developing mouse spermatid acrosome until the terminal
steps of Spermiogenesis (Gerton et al., 1988). It can not bind
to the acrosome of mouse epididymal spermatozoa. However, 1D4
reacts with the acrosomal region of guinea pig epididymal sperm.
From the immmunobiots of extracts of guinea pig spermatocytes,
round spermatids, condensing spermatids and sperm with this
monoclonal antibody, the corresponding antigen changes during
germ cell differentiation can be demonstrated. Thus 1D4 can be
used as a marker for studies of the synthesis, structure, and

assembly of sperm organelles, such as the acrosome.

Monoclonal antibody M42, which reacts with a sperm acrosome
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antigen of 220 KD, was shown to inhibit fertilization in mice in
a dose-dependent manner (Saling et al., 1986). This antibody
specifically inhibits physiologically zﬁna—iﬁduced (Z2P-3), but
not pharmacologically ionophore (A23187)-induced acrosome

. reaction in mouse sperm. When the fluorescent antibiotic
chlortetracycline (CTC) was used to visualize the three differenﬁ
patterns during the acrosome reaction (B, S, and AR), M42 was
shown to arrest the zona-induced sperm acrosome reaction in the
B-pattern. Therefore, it was concluded that M42 blocks the early
step in the acrosome reaction cascade and is unable to prevent
subsequent events of the cascade once they have been initiated

(Leyton et al., 1989).

Monoclonal sperm antibodies were alsd used as probes to
analyze the developmental expressions of relevant sperm siurface
antigens during different stages of spermatogenesis (Lee and
Wong, 1986a). By immunofluorescent assay, monoclonal sperm
entibodies were used as probes to stain freshly isclated
testicular cells and tissue sections from mouse testes of
different ages. It was generally observed that a significant:
number of theée antibodies reacted with cytoplasmic cdmponents of

the spermatogenic cells in the testis at the postmeiotic stages

12



[N

(e.g. day 22 after birth). After meiosis, the percentage of
seminiferous tubules stained by indirect immunofluorescence was
found to increase with the age of mice. Therefore, it was
suggested fhat some cytoplasmic components (especially acrosomal)
of spermatogenic cells are expressed postmeiotically in the
testis and later translocated to the sperm surface during late
stages of spermiogenesis (Lee and Wong, 1986a). The purification'
and characterization of these corresponding sperm antigens are
essential steps for the evaluation of their functional roles
during the fe:tilization processes. However,'very few sperm
antigens have been purified and characterized. The main
difficulties for such studies arise from the fact that the
majority of these sﬁerm surface antigens are membrane-associated

or integral membrane proteins (Primakoff and Myles, 1983).

F. DEVELOPMENT OF SPERM ANTIGEN-BASED IMMUNOCONTRACEPTIVE

VACCINE

Isoimmunization with sperm or testis extract causes
significant antifertility effects in animals (Menge et al.,

1979). Therefore, the development of sperm antigen-based vaccines
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represents‘a promising approach to contraception (Talwar, 1986;
Anderson et al.f 1987). However, crude extracts of sperm or
testis are not appropriate to be used directly as a vaccine due
to the presence of numerous components which may cross-react with
somatic tissues, causing undesirable immunopathological
cqnsequences (Mathur et al, 1981:; Schachuer et al, 1975).
Therefore, it is essential to identify sperm-specific auto- and
iso-antigens which may properly serve as effective contraceptive

vaccines.

It has been known for decades that certain sperm surface
components are auto- or iso-immunogenic (Tung, 1980; Menge et al,
1979). In view of the known effects of sperm antibddies on sperm
functions and their association with human infertility, sperm
antigen-based contraceptive vaccines appear to be an ideal choice
for pre-fertilization contraception in humans and animals
(Anderson and Alexander, 1983). From clinical observations, the
individuals who suffer from sperm antibody—reiated infertility do
not exhibit other health problems compared to the normal subjects
(Mathur et al, 1981; Schachuer et al, 1975). Since the
contraceptive effect is associated with the titres of circulating

and/or locally secreted sperm antibodies, the reversibility of
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this contraceptive method has been reported in animal studies

(Primakoff, 1988b).

Desirable sperm antigens could be ideﬁtified and obtained for
contraceptive vaccine developments‘from several sources. These
inclﬁae (a) sperm antigens which elicit naturally occurring sperm
antibodies from sera of infertile patients (Jackson et al, 1975;
Teuscher et al, 1982 and 1983), (b) sperm proteins of 'known
sperm-specific enzymes such as lactate dehydrogenase-C4 (LDH-C4)
(Goldberg, 1973) and (;) sperm surface antigens reactive to
~monoclonal antibodies which affect normal sperm functions (Naz et
al, 1984b and 1986; O’Rand et al, 1984; Sailing et al, 1986;

Primakoff et al, 1988a).

Using hybridoma techniques, monoclonal antibodies, each of
which reacts with a single determinant of a given sperm antigen,
can be generated. These monoclonal antibodies were used to
investigate the developmental and functional aspects of
complementary sperm antigens (Lee et al, 1984a,b,c; Lee and Wong,
1986b; and Lee et al, 1987). Some monoclonél antibodies which
react mainly with the sperm acrosome were found to inhibit the

fertilization of mouse oocytes in vitro and in vivo and
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.implantatioﬁ of embryos (Lee et al, 1986a). Therefore, the
cérresponding sperm antigen which reacts with each of these
antibodies may be a suitable choice for the development of
immunocontfaceptives, if the antigens are identified, purified

and characterized.

Some of sperm-specific antigens which react with polyclonal
or monoclonal antibodies have been purified and evaluated for
their antifertility effects. Lactate dehydrogenase-C4 is a sperm-
specific enzyme which mainly attaches to the sperm tail. Active
immunization of‘this sperm~specific antigen was shown to
partially suppress fertility in expgrimental animals
(Goldberg, 1973 énd 1975; Kille and Goldbérg, 1979 and 1980;
Goldberg et al, 1981). Menge and his coworkers used a monoclonal
sperm antibody to purify.and cﬂaracterize GA~1, a germ cell
antigen of the rabbit. The antisera raised against this antigen
revealed partial inhiﬁition on post-fertilization events but not
on initial fertilization steps (Nazlet al, 1984b). Likewise, an
acrosomal antigen (RSA~1) of rabbit sperm, whieh was involved in
sperm-egg interaction and fertilization was purified (O’Rand et
al,‘1984). A membrane antigen of human and murine sperm, FA—%, is

recognized by a monoclonal antibody, MA-24 which inhibits the
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initial fertilization process (Naz et al, 1984a and 1986). A
sperm surface antigen, PH-20, was purified from the octylglucose
-extracted from guinea pig sperm (Primakoff, 1988a). Active
immunization of this sperm antigen resulted'in a complete and
reversible suppression of fertility in guinea pigs (Primakoff,

1988b).

From numerous previous studies by other investigators, it is
apparent that the most suitable sperm antigens for contraceptive
vaccines must be sperm-specific and readily accessible to binding
by IgG or IgaA antibodies (Tung, 1980; Anderson and Alexander,
1983). The most desirable ones are those of which the function
c;n be blocked by bound antibodies to interfere with the
fertilization process. However, information concerning the
structural aspects of sperm surface antigens appear to be very
limited. Therefore, my work not only dealt with the basic study
of the sperm antigen, SA-63, but also its application to the

development of an immunocontraceptive vaccine.
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II. MATERIALS AND METHODS
(The formula of solutions in this section are summarized in

Appendix.)

A. IMMUNOLOGICAL TECHNIQUES

1. CHEMICALS
Fluoresceiﬁ-isothiocyanate (FITC), peroxidase (type VI, from
Horseradish), Diethylaminoethyl (DEAE)-cellulose and ammonium
sulfate, complete and incomplete Freund’s adjuvant were from
Sigma (St. Louis, MO). FITC-labeled goat anti-mouse/rabbit
IgG+M+A was from GIBCO/BRL (Burlington, Ontario, Canada).
Microtiter plates for immunoassays (Immunlon I) were from

Dynatech (Arlington, VA).

2. ANIMALS
Randomly bred CD-1 female mice of 8-10 weeks old were used
for active immunization. New Zealand white female rabbits between

2 and 3 months of age were used for immunizations.

3. PURIFICATION OF ANTIBODY FROM ASCITES FLUID AND ANTISERA

The HS-63 monoclonal antibody (IgG 1 subclass) in this study
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was secreted by a hybrid cell line generated by means of cell
fusions between NS-1 myeloma cells and spleen cells of BALB/C

mice immunized with human sperm antigen preparation (Lee et al.,
19§4a). Generally, HS-63 monoclonal antibody could be obtained and
purified from the ascites fluid of BALB/C mice which were

injected peritoneally with the established hybrid cells secreting
this antibody. The titres of this antibody in ascites fluid were
determined by indirect immunofluorescent assay and usually in the
order of 1:100,000 dilution.

Monoclonal antibodies from ascites fluid or antisera were’
purified by ammonium sulféte fractionation and DEAE-cellulose
chromatography (. Heide and SchwicK, 1973). Sufficient ammonium
sulfate was added to the antibody solution (either ascites fluid,
culture supernatant or antisera) to give a final concentration of
313 gram per liter (50 % saturation). The solution was slowly
stirred for 30 mihutes and centrifuged at 10,000 X g for 10
minutes. The pellet was then recovered and washed at 0°C with a
solution of 1.75 M ammonium sulfate until ﬁhe solution turned
milk white (Harboe and Ingild, 1973). After centrifugation, the
pellet was dissolved in 10 mﬂ Tris.buffer pH 8.0 and dialyzed
overnight against the same buffer. The dialyzed immunoglobulin

solution was then loaded to a DEAE column {(e.g. 5 ml DEAE-
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cellulose per ml of ascites fluid) which was equilibrated in the
same buffer. The column was washed with two bed volumes of the
~buffer and the immunoglobulin was eluted by using a linear
gradient of O to 0.3 M NaCl in the same buffer. The total volume
of the salt gradient was 5 to 7 times of the column bed volume.
The immunoglobulin (IgG) was elutéd as a sharp peak, and the
purity was tested by using SDS-PAGE. With this purification

)

method, the purified immunoglobulin was usually 90 % pure.

4. LABELING OF ANTIBODY

a. IODINATION OF ANTIBODY (Greenwocod and Hunter, 1963)

Ten ug of purifiedlantibody in 80 ul of O.i M phosphate
buffer, pH 7.1 was mixed with 0.5 mCi of 1251 in a. test tube.
Twenty ul of Chloramine T (2.5 mg/ﬁl) was  then added to the
mixture. After 30 seconds of incubation, 100 ul of NaHSO5 (1.2
mg/ml) was added and the mixture was allowed to stand for an
additional 30 seconds. Finally, 100 ul of Nal was added to the
reaction mixture. Free 12°I was separated by gel filtration on a
Sephadex G-25 column (10 ml) which was egquilibrated by the same
reaction buffer containing 0.5 % BSA. The specific radioactivity

of the 122I-labeled antibody was determined by using an LKB
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minigamma counter.

b. PREPARATION OF FITC-LABELED ANTIBODY
One mg of the purified antibody in.0.5 ml of 0.1 M NaHCO;, pH
9,5 was mixed with 12.5 ug Fluorescein-isothiocyanate (FITC).
After overnight shaking at 4°C in the dark, the free FITC was
separated from the FITC-labeled antibody by a Sephadex G-25 gel
'filtration column (10 ml) which was equilibrated by PBS
containing 0.5 % BSA. The first peak which eluted from the

Sephadex G-25 column was the FITC-labeled antibody.

c; PREPARATION OF HORSE RADISH PEROXIDASE (HRP)-LABELED ANTIBODY
({Nakane and Kéwaoi, 1974) |
Four mg horse radish peroxidase in 1 ml deionized water was

incubated with 0.2 ml of 0.2 M Naio, at room temperature for 20

minutes. Thé reaction mixture was then dialyzed“against 1 mM
sodium acetate, pH 4.5 at 4°C for 3 hours with 5 changes of

buffer every 30 minutes. The dialyzed HRP was incubated with 10

mg of monoclonal antibody iﬁ 2 ml of 0.2 M NaHCO,, pH S.5. After

one hour incubation at room temperature, thé reaction was stopped
by adding NaBH, to a final concentration of 0.2‘mg/m1. The HRP-

labeled antibody was dialyzed against PBS overnight at 4°C and
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was then stored in PBS with 0.5 % BSA and 0.1 % Thimerosal at

4°¢c.

5. INDIRECT IMMUNOFLUORESCENT ASSAY
The indirect immunofluorescent assay was used to determine
the binding of antibodies to sperm surface antigens and used
especially for determinations of antibody titres (Lee et al,

1984a,b,c).

a. PREPARATION OF SPERM SLIQES

Human sperm were obtained from the ejaculates of healthy
donors. After 30 minutes for liquefaction, the sperm were washed
twice by céntrifugation at 500 X g for 10 minutes with 10 Qolumes
cf PBS. The washed sperm was adjusted to 5 x 106/ ml in PBS and
then mounted on slides. Air-dried sperm slides were stored at
-20%.

Mouse sperm were obtained ffom the cauda epididymidis and
from the vas deferens of mature male mice. The dissected cauda
epididymidis and vas deferens were cut into small pieces, and
then incubated at 37°C in a CO, incubator for 15 minutes in BWW
medium. The tissue debris was.removed by a cotton fiber column.

The sperm which swam out were prepared like human sperm for sperm
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slides. The acrosome-reacted sperm were prepared following the

method described by Jamil and White (1981).

'b. IMMUNOFLUORESCENT ASSAY

The slides of sperm were fixed in absolute methanol for 10
minutes at room temperature, dried, and 0.5 % BSA in PBS was
ap?lied for 10 minutes to block nonspeéific binding. The sperm
slides were incubated with an antibody solution of serial
dilutions in PBS with 0.5 % BSA for 30 minutes at room
temperature. After incubation, the.sperm slides were washed with
PBS twice. Affinity-purified goat anti-mouse or rabbit IgG+M+A
conjugated with FITC diluted in PBS containing O.gb% BSA Qas
added as the second antibody and incubated for an additional 30
minutes. Following the th?ee washes wi?h PBS solution, thé
immunofluorescent staining was examined by fluorescence
microscopy.

Indirect immunofluorescent inhibition assay was usually used
for quantitative determination of immuncactivity of the sperm
antigen.

The antibody was‘firsﬁldiluted to its end point. The end
point was defined as the maximum dilution of antibody which still

stained the methanol-fixed sperm in the indirect
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immunofluorescent assay. The end point.of HS-63 from ascites
fluid was about 1:100,000. In the inhibition assay, an equal
volume of antigen preparation and HS-63 (1:50,000 from ascites
fluid) were incubatgd at 37°C for one hour. The solution was then
applied to the air—aried and methanol-fixed sperm for half an
hour at room tempefature. Following three washes with 0.5% bovine
serum albumin in phosphate-buffered saline (PBS~BSA), FITC-
labeled goat anti-mouse IgG+M was added to sperm as the second
antibody. The absence of the immunofluorescent staining of sperm
indicated the presence of antigen. Mouse testes and liver
homogenates served as the positive and negative controls,
respectively.

An indirect immunofluofescent inhibition assay was alsc used
to determine the tissue-specificity of monoclonal antibodies and
isoimmune antisera according to the method of Gaunt (Gaunt,
1982). Briefly, antibodies from either ascites fluid oriisoimmune
antisera (dilution factor, 1:100 to 1:10,000) were incubated with
an equal volume of fresh whole homogenates of testis, brain,
heart, kidney, spleen or livér (protein concentration of all
homogenates was adjusted to 30 mg/ml). Xfter one hour incubation
at room temperature, the mixture was centrifuged at 27,060 x g for

10 minutes. The supernatant was recovered for the indirect

24



immunofluorescent assay with methanol-fixed mouse sperm.

6. DIRECT IMMUNOFLUORESCENT ASSAY

The direct immunofluorescent assay was used to evaluate the
immunofluorescent reaction of FITC-labeled antibody on live
sperm.

Preparation of live sperm is described in section D.3.b.
from mice and in section D.4.b. from humans. 50 ul of live sperm
were incubated with 50 ul of FITC labeled HS-63 which was diluted
in PBS in a 1.5 ml miérocentrifuge tube for 1 hour at 37°C. After
incubatidn, the immunofluorescent staining was examined by
fluorescence microscopy.

In the experiment of chemically treated live spern, 50'ul of
live sperm were incubated separately with equal volumes of 1 M
"KCl, 0.4 % glutaraldehyde or 0.2 % Triton X-100 which were
prepared in BWW medium for 5 minutes at room temperature. After
centrifugation, the sperm were resuspended in 50 ul of BWW medium
and then incubated with FITC labeled HS-63 as deséribed

previously.

7. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)

(The formular of sclutions are summarized in Appendix 1)
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a. PREPARATION OF ANTIGEN-COATED MICROWELLS
Purified ahtigen (about 1 ug/ml), the soluble extract of
human or mouse sperm in O.i M Tris-HC1l buffer; pPH 8.0 was coated
on microtiter plates overnight at 4°C. After three washes with
distilled wéter énd blocking with blocking buffer for 1 hour, the
coated microtiter plates were dried at room temperature and were

stored at 4°C. Prepared microwells can be kept at 4°C for several

months.

b. ASSAY PROCEDURES

One hundred ul of HS-63 mqnoclonal antibody, isoimmune sera
or other unrelated antibodies in a series of five or ten fold
dilutions were incﬁbated with antiéenfcoated microwelislfor a
given period of time at room temperature. The unbound antibodies
were removed by washing three times with 0.02 % Tween-20 in PBS
(PBS-Tween). Goat anti-mouse I§G+M labeled with horse radish-
peroxidase (from BRL) at a dilution of 1:3,000 in PBS with 0.5 %
BSA was added for another 1 hour Qf incubation at 37°c. After
three washes with PBS-Tween and one wash with water, the antibody
binding was visualized by the colorimetric énzymatic reaction in
the pfesence of 200 ul of substrate solution. After color

development in the dark for a suitable period -of time, the
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reaction was stopped by adding an equal volume of 1 M H,S0,. The

result was measured by a microtiter plate reader at 450 nm.

8. RADIOIMMUNOSORBENT ASSAY (RISA)

Tﬁe specificity of purified sperm or testis antigens and
their cross-reactivity with other antibodies were evaluated by
ELISA and RISA (Lee et al,'1984a; Engvall and Perlmann, l97lj.

For the RISA, ﬁurifiéd HS~-63 monoclonal antibody was labeled
with 1231 according to the previously described procedure of
protein iodination. The dose-dependent antigen-antibody binding
assays were performed by incubating labeled HS-63 of serial
dilutions with antigen-coated microwells at room temperature for
one hour. Following thrée washes wifh PBS-Tween, the residual
radiocactivity in microwells was determined by an LKB minigamma
counter. The RISA was also used to demonstrate specific
inhibition of HS-63 binding to sperm coated on microwells by the

antigen solution.

9. PRODUCTION OF POLYCLONAL ANTISERA
The purified sperm antigen (MSA-63) from mouse was used to

isoimmunize mice and rabbits. Briefly, 10 ug of purified antigen
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in 50 ul PBS were emulsified with an equal volume of conmplete
Freund’s adjuvant and injected subcutaneously into each mouse for
the primary immunization. Subsequent immunizations (io ug/mouse)
were performed at biweekly intervals using incomplete Freund’s
adjuvant. Seven days after each immunization, animals were bled
and the antisera titres were determined by the indirect
immunofluorescent assay. Rabbits were immunized with the same
protocol, except that 50 ué of antigen was used for each
immunization. The titre and specificify of the antisera from

mouse or rabbit were determined by either immunofluorescent assay

or by ELISA.
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C. PROTEIN CHEMISTRY

1. éHEMICALS

Sephacryl S-300 and Ampholine were from Pharmacia/LKB
.(Piscataway, NJ). Trypsin was from Sigma (St. Louis, MO). Affi-
gel lo,Aprotein éssay reagent and all the analytical grade
reagents required for polyacrylamide gel electrophoresis were
from Bio-Rad (Richmond, CA). Nitrocellulose filter paper was from
Millipore (Mississauga, Ontario, Canada). 125; (1 mCi/mmol) was
from Amersham (Oakville, Ontario, Canada). N—giycosidase and O-
glycosidase were from Boehringer Mannheim Biochémica (Dorval,

Quebec, Canada). Centriprep 10 and Centricon 10 concentrator was

from Amicon (Danvers, MA).

2. DETERMINATION OF PROTEIN CONCBNTRATION
The protein concentration was routinely estimatedvby
measuring optical density (OD) at 280 nm.‘However, Bio~Rad dye
reagent was used to determine the protein concentration in
microscale (Bradford, 1976). In this method, 0.2 ml of Bio-Rad
stain was added to 0.8 ml of sample soluticn cqntaining 1 to 10
ug protein . The protein concentration was detérmined by reading

the OD at 595 nm after 2 minutes. Bovine serum albumin was used
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as a standard.
Amido black staining method was used to determine the protein
concentration in sample solutions containing detergent (Schaffner

and Weissman, 1973).

3. DETECTION OF ANTIGEN IMMUNOACTIVITY

The indirect immunofluorescent inhibition assay and RISA were
used to determine antigen immunoactivity during various
purification stages. The relative specific immunocactivity of
purified antigen was defined as the inverse of protein
congentration of a given antigen preparation that was required to
inhibit the immunofluorescent staining of sperm by HS-63 at its
end point dilution.

For the indirect immunofluorescent inhibition assay, HS-63
ascites fluid which had been diluted to 1:10,000 with PBS-BSA,
was incubated with an equal volume of antigen solution for 1 hour
at 37°9C. The procedures of indirect immunofluorescent assay was

described previously in the section of immunofluorescent assay.

4. PREPARATION OF IMMUNOAFFINITY GEL
Purified HS-63 moncclonal antibody (50 mg in 50 ml of 0.1 M

NaHCO,) was mixed with 5 ml Affi-gel 10 which had been washed
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with distilled water for the removal of isopropanol in the gel
suépension. After overnight shaking at 4°c, the gel was washed
with water and theﬁ incubated with 1 M Tris-HCl, pH 8.0 for 1
hour at room temperature. Finally, the gel was washed with a
solution of 6 M urea and 2 M NaCl and equilibrated with PBS. The

coupled gel was stored with 0.01 % NaN; at 4°C .

5. PURIFICATION OF MSA-63 ANTIGEN FROM MOUSE TESTES
Sperm or testis antigen specifically recognized by HS-63 was
purified from mouse testes by using two different procedures

described as follows:

a. CONVENTIONAL METHOD COMBINED WITH IMMUNOA?FINITY
CHROMATOGRAPHY

Ten grams of frozen testes were homogenized in 100 ml PBS
containing 1 mM phenylmethylsulfonylfluoride (PMSF) with a
polytrén homogenizer (ﬁrinkmann) at 4°C. After centrifugation at
27,000 X g for 20 minutes, the supernatant was collected and
subjected to ammonium sulfate fractionation. In this procedure,
solid ammonium sulfate (390 mg/ml) was slowly added to the
supernatant, and then stirred for 1 hour at 4°c. After

centrifugation again, the pellet was dissclved in 50 mM phosphate
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_buffer (potassiﬁm salt) pH 7.2 and dialyzed overnight against the
same buffer. The dialyzate was then applied onto a DEAE-cellulose
column (2.5 x 40 cm) which had been equilibrated with the same
phosphate buffer. The adsorbed proteins were eluted with a 0 to 1
M NaCl linear gradient (500 ml:500 ml). The antigen containing
fractions detected by using indirect immunofluorescent inhibition
assay were pooled and dialyzed against PBS overnight. The
solution was then loaded on an immunoaffinity column (10 ml)
using purified HS-63 monoclonal antibody as the affinity ligand.
After the application of the sample, the column was washed
extensively with 0.5 M NaCl in PBS until adsorbance of the eluent
at 280 nm was 0.001 or less. The antigen was eluted with 6.1 M
glycine-HCl buffer at pH 2.2. The fractions containing mps£ of
the antigen immunocactivity were pooled, and concentrated by

centrifugation using Centricon-10.

b. IMMUNOAFFINITY CHROMATOGRAPHY WITH DETERGENT EXTRACTION
Ten grams of mouse testes were homcgenized in PBS with 2 %
Triton X-100 and 2 mM PMSF at 4°C. After centrifugation at a
speed of 27,000 X g for 10 minutes, the supernatant was collected
and passed through a column of cotton fibers to remove the tissué

~debris. The supernatant was diluted to 100 ml and then applied to
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an immunocaffinity gel (10 ml) using HS-63 as the affinity ligand.
After repeated loadings for 2 hours at 4°C, the affinity gel was
washed with 500 ml of PBS containing 6.5 M NaCl and 0.1% Triton

X-100. The bound antigen was then eluted with 0.1'M.g1ycine~HC1,
PH 2.2 conéaining O;l % Triton X-100 and 2 mM PMSF. The antiéen—
containing fractions were pooled, and concentrated by

centrifugation using a Centriprep concentrator.

6. GEL FILTRATION

Sephacryl S-300 gel filtration chromatography was used- to
determine the native molecular weight of sperm antigen in the
purified state and in the homogenate. Swollen Sephacryl S-300 was
packed intoc a 30 cm X 0.9‘cﬁ glass column and was equilibrated
with PBS containing 0.1 % Tfiton X-100. Supernatant of testes
homogenéte or purified MSA-63 antigen in a volume of 0.5 ml
containing 10 % glycerol was loaded on to the column. At the same
time, fractions of 1 ml were collected. The immunoactivity of

antigen was detected by using the indirect inhibition

immunoflucrescent assay as described above.
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7. SCDIUM DEDECYL SULFATE (SDS) POLYACRYLAMIDE GEL

ELECTROPHORESIS (SDS-PAGE)

(The formular.of solutions are summarized in Appendix 2)

A. PROCEDURE OF ELECTROPHORESIS

A vertical slab gel apparatus for SDS—PAGE was obtained from
Albergene Co. Generally, 3 % acrylamide stacking gel and 10 %
acrylamide runnihg gel were used (Laemmli, 1970).

The running gel was prepared from a mixture containing 10 ml
running gel acrylamide solution, 7.5 ml running Tris buffer, 12
ml water, 0;5 ml of 2 % potassium persulfate and 25 ul N,N,N’ N'-
tetramethylenediamine (TEMED). Immediately after mixing, the
running gel wés filled between the glass plates.to a height of 10
cm, water was overléid on top of the gel to ensure a level
surface for the running gel.

Stacking gel was prepared from a mixture containing 1 ml
stacking gel adrylamide sblution, 2.5 ml stacking Tris buffer,
6.34 ml water, 0.1 ml of 2 % potassium.persulfate and 5 ul TEMED.

When the running gel was formed, the water on top of the gel
was discarded. The stacking gel was overlaid on top of the
running gel. A slot comb was placed at the upper ma:éin of glass
plate to form wells for the loading of the protein sémples.

The protein sample was mixed with egual volumes of'sample
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buffer, boiled for 5 minutes to denature the proteins, and then

applied to the gel. The voltage of electrophoresis was first set

at 150 V. After the'protein had entered the running gel, the
voltage was then switched to 250 V. The electrophoresis was run
until the dye front reached about 10 cm from the top of running

gel.

After the electrophoresis, the gel was removed from the glass

plates carefully for protein staining or for Western blot

analysis.

b. PROTEIN STAINING BY COOMASSIE BRILLIANT BLUE

For Coomassie brilliant blue staining, the gel was immersed
in a solution containing 0.2 % Coomassie brilliant blue R in iO
acetic acid, 50 % methanol, and 40 % dH,0 for 4 hours or more.
The gel was destained by repeated washings in 50 % methanol, 10
acetic acid, and 40 % dH,0 until the protein bands on the gel

o

were visualized. Finally, the gel was kept in 10 % acetic acid.

c. PROTEIN STAINING BY SILVER REAGENT

Silver staining kit from Bio-RAD was used for protein

o0

staining. After electrophoresis, the gei was fixed in a solution

of 40 % methanol and 10 % acetic acid for 30 minutes followed by
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a solutipn containing 10 % ethanol and 5 % acetic acid for two
changes at 30 minutés interval. After incubation with oxidizer
for 5 minutes, the gel was washed with dHZO for three changes of
5 minutes. The gel was then incubated with-silver reagent for 20
minutes..After a rinse in dH,0, developer solution was added and
the gel was incubated for 30 seconds or until the solution turned
dark. The protein bands onvthe gel were visualized by continual
incubation iﬁ the developer soiution. The stained gel can be

stored in 5 % acetic acid solution for up to several months.

8. TWO-DIMENSIONAL GEL ELECTROPHORESIS

(The formular of solutiops are summarized in Appendix 3)
Two—dimensioﬁal gel electrophoresis was performed by first
running isoelectric focusing gel electrophoresis and then by slab
SDS—PAGE according to fhe published procedures (O’Farrell et al.,
1977).

For the isoelectric focusing gel electrophoresis, five ml of
gel mixture was made and filled into a 10 cm glass tube (made
from a 1 ml serological pipette). A layer of.water was carefully
overlaid on top of £he gel. 50 ul of purified protein Qas mixed
with éample buffer of the same volume. 0.2 % H5PO, was the anode

buffer and 0.1 % NaOH was the cathode buffer. The electrophoresis
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was carried out at a voltage of 350 V for overnight and then 500
V for 1 hour at room temperature. After the electrophoresis, the
gei was removed and immersed in a SDS sample buffer for 1 hour in
order to remove urea from the gel. The gel was then plaéed on top
of a slab SDS gel. The two gels were sealed together by using 1 %
agarose. The second dimension SDS-PAGE was performed on gel slabs

as previously described.
9. IMMUNOBLOTTING ANALYSIS

a. DOT BLOT ASSAY

(The formular of solutions are summarized in Appendix 4)

The dot blot assay was modified from the method described by
Towbin (Towbin et al., 1979). This method gives rapid detection
of antiéén in various samples and ié especially useful for
testing column eluents dgring antigen pdrification.

Five ul of sample was dotted onto nitrocellulose filter paper
and allowed to dry completely. The nitrocellulocse filter was
treated with blocking solution for 30 minutes and then incubated
with rabbit anti-MSA-63 sera with a dilution of 1 to 200 for 1
hour at room temperature. After washing three times with TBST

HRP-labeled goat anti-rabbit IgG+M antibody (from BRL) with a
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dilution of 1 to 200 was added.and incubated for 1 hour.
Following three washes with TBST and once with TBS, the’
nitrocellulose filter paper Was incubated with a peroxidase
substrate soclution for color development until clear signal
appeared. The color development was then stopbed by water.

Dot blot assay was also used for stability evaiuation of the
HS-63 epitope. The supernatant of mouse testes homogenate was
treated by the following enzymes and chemicals: (a) 2 % SDS, (b)
2 % Triton X-100, (c) 0.4 % NP-40, (d) 0.2 % trypsin, (e) 0.2 %
preonase, (f) 40 mM sodium periodate, and (g) 0.2 unit/ml
neuraminidase. After incubation at 37°C for one hour, the treated
supernatant was dotted on a nitrocellulose filter and the
stability of the HS;63 epitope was analyzed by using HRP-labeled

HS-63 monoclonal antibody (0.5 mg/ml) as a detecting probe.

b. WESTERN BLOT ASSAY
(The formular of éolutions are summariéed in Appendix 5)
This method was used to identify the specific protein bands
separated by SDS-PAGE in the presence of antibodies. The details
of this method are described in the inétruction manual supplied
by BIO-RAD (Towbin et al., 1979).

After eleétrophoresis, the gel and nitrocellulose filter
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paper were rinsed in transfer buffer. The nitrocellulose filter
paper was placed against the gel on a flat surface and was laid
smoothly over the gel by rolling a 5-ml glass pipette on top to
~remove all air bubbles. Two pieces of 3 MM filter paper and
sponge (prewetted with transfer buffe;) were used to clamp the
gel/filter to make a sandwich. The whole sandwich unit was placed
in electrophoretic transfer apparatus with the gel facing the
cathode. The buffer tank was filled with transfer buffer to cover
ﬁhe gel. After 2 hours of eiectrophoretic transfer at a éonétant
voltage of 50 V, the nitrocellulose filter paper was placed in
blocking buffer for immunoblotting analysis which was described
previously. The protein pattern éan be visualized by using amido

black staining.

10. DEGLYCOSYLATION OF PROTEIN

Deglycosylation of MSA-63 protein using N-glycosidase and O-
glycosidase Was modified from the instrﬁction manual supplied
with the enzymes and the method described by Steube et al.
(1985).

One ul of iodinated MSA-63 protein (specific aétivity C.l
mCi/ug) was diluted with 22.5 ul of 0.1 M éhosphate buffer pH 8.3

containing 1 % Triton X-100 and 0.1 % SDS and then incubated with
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N-glycosidase (0.4 unit) and O-glycosidase (1 mU), respectively.
After overnight incubation at 37°C, the reaction mixtures were

analyzed by SDS~PAGE. HCG protein served as a positive control.

11. AMINO ACID SEQUENCE ANALYSIS

After the electrotransfer, the protein spot of the purified
MSA-63 antigen on the 2D-gel was cut from nitrocellulose filter
paper which had been stained with amido black. The protein spot
(about 10 ug) was placed in a 1.5 ml centrifuge tube and
incubated with 0.1 M Acetic acid containing 1 % PVP-40 at 37°C
for 30 minutes. After rinsing ten times with water and once with
0.1 M NaHCO; pH 8.2, 50 ul of 0.1 M NaHCO; containing 5%
acetonitrile and 2 ul of trypsin (1 mg/ml) were added for
overnightvtryptic digestion at 37°C. Following digestion, peptide
fragments were separated;by high performance liquid
chromatography (HPLC) with C-18 reverse phase column (Millipore
Co.) and individually anélyzed using the method of Edman

degradation by a protein sequenator (Applied Biosystems Inc.).
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D. EVALUATION OF ANTIBODRIES BY SPERM FUNCTIONAL ASSAYS

The antisera were heat-inactivated at 56°C for 45 minutes
prior to use for the sperm functiqnal assay. The antifertility
effects of these isoimmune antisera on mouse in vitro
fertilization (Lee et al, 1985; and Biggers et al, 1971) and human
sperm penetration of zona-free hamster eggs (Yanagimachi, 1976)
were evaluated. HS-63 monoclonal antibody and normal mouse or
rabbif sera se;véd as the positive and the negafive control for
each experiment, respectively. Monoclonal antibodies, MS-204 and
MS—267 generated against mouse sperm were served as positive

control in in vive mating study.

1. CHEMICALS
Calcium ionophore-A23187, Pisum sativum lectin (PSA),
pregnant mare’s serum gonadotropih (PMSG), human chorionic
gonadotropin (hCG), bovine serum albumin (BSA), lacmoig,
hyaluronidase and trypsin were fromlsigma (Stf Louis, MO).
Chemicals for culture média were tissue culture grade from

GIBCO/BRL (Burlington, Ontario).

2. ANIMALS

Randomly bred CD-1 female mice (4 and 6 weeks old) were used
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for in vivo mating, in vitro fertilization and active

immunization. Male mice of CD-1 strain (8 and 10 weeks old) were
used for mating experiments after they had been proven to be
fertile. Inbrea male BALB/c mice were used for ascites fluid
production. Eight-week-old female golden hamsters were used for

the human sperm penetration assay. New Zealand white female

rabbits of 2 to 3 months o0ld were used for immunization.

3. IN VITRO FERTILIZATION OF MOUSE OOCYTES (Lee et al., 1985,

Biggers et al., 1971).

(The formular of solutions are summarized in Appendix 6)

a. INDUCTION OF SUPEROVULATION
Female mice were injeéted intraperitoneally with 5 IU PMSG at
¢ pm on day 1 and followed by a sécond injection with 5 IU hCG at
~ 6 pm on day 3. The light cycle of the animal room Qas set from 5

am to 7 pm.

b. SPERM PREPARATION
On day 4, two male mice were killed at 8 am. The cauda
epididymidis and vas deferens were dissected out and placed into

a sterilized petri dish with 2 ml BWW medium. Sperm were released
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by cutting the tissues into small pieces. After 10 minutes of
incubation at 37°C in a CO, incubator, the sperm suspension was
passed through a cotton fiber column to remove the tissue debris.
The sperm suspension was then incubated at 37°C in a co,
incubator for 1 hour to ensure sperm were fully capacitated in

Biggers, Whitten and Whittingham (BWW) medium.

c. SPERMfEGG INTERACTION

About 30 minutes after the sperm suspension was prepared,
female mice were killed and the oviducts were dissected out.
Oocytes surrounded with cumulus cells were released by punching
holes.in the ampulla of the oviduct with a 30 G needle under a
dissecting microscope.

For each experiment, 20 ul sperm (1 x 109 sperm/ml)
suspension and 20 ul antibody solution of known concentration.
were added to 140 ul of BWW medium placed under mineral oil in 35
mm petri dishes. Eggs with cqmulus cells were added to ﬁhe sperm-
antibody mixture. After a 6 to 8 hour incubation in a CO,
inéubator, the eggs were washed three times by using PBS and then
fixed with 2 % glutaldehyde solution overnight. The ococytes were
stained by staining solution and then treated with destaining

solution. The fertilization of ococytes was judged by the
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appearance of two pronuclei, two polar bodies, a swollen sperm

head, or a sperm tail.
4, SPERM PENETRATION TO ZONA-FREE HAMSTER OVA (Yanagimachi, 1976)

a. INDUCTION OF SUPEROVULATION
Ten days before the assay, the vaginal discharge of each
hamster was checked to determine the exact stage of their
oestrous cycle. Hamsters which were on day 1 of the cycle with
post ovu}atory mucus were injected intraperitoneally with 40 IU
PMSG at 9 am on day 1 followed by a 40 IU hCG injection at 4:30

pm on day 3.

b. PREPARATION OF HUMAN SPERM
Human semen was donated by masturbation in the afternoon of

day 3 from a healthy donor. After allowing 30 to 60 minutes for
cqmblete iiquefactiont one ml of semen was placed in a 15 ml
sterile culture tube and geﬁtly overlaid with 2 ml BWW mediﬁm.
The tubes were tilted at a 20° angle.from the horizontal position
to maximize the surface of the semen-medium interface. They were
then incubated at 37°C for a period of 1 hour in a CO, incubator.’

After the incubation, the culture tubes were gently returned
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to the vertical position for 15 minutes at room‘temperéture and
the top 80 % of the overlaying medium was transferred into
another sterile ;ulture tube. The sperm were collected by
centrifugation at 500 Xﬁg for 5 minutes. The pellet was then
resuspended ih BWW medium with a final concentration of 10 x 10°
sperm/ml and incubated overﬁight in a CO, incubatof. The
concentration of sperm was finally adjusted to 3.5 x‘lo6
sperm/ml. A solution mi#ture containing 10 ul of antibody

preparation and 100 ul of sperm suspension was then placed under

paraffin oil in a 35 mm petri dish.

C. SPERM-EGG INTERACTION

In the morning of day 4, hamsters were killed and.eggs were
flushed out from the oviduct by using a syringe with a 30 G
needle. The cumulus cells surrounding oocytes were removed by
the addition of 0.1 % hyaluronidase and the zona pellucidae were
digested by using 0.1 % trypsin. About thirty zona-free hamster
eggs were pipettéa into the sperm-antibody mixture under paraffin
0il in petri dishes. The mixture was incubated at 37°c for 3
hours in a CO, incubator. After incubation, the eggs were remaved
and washed to remove the loosely attached sperm from the egg

surface. The percentage of eggs penetrated by sperm was recorded
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under a phase contrast microscope by observing the presence of a

swollen sperm head inside the zona-free eggs.

5. INHIBITION TO ACROSOME REACTIGN
Mouse sperm were prepared as described in the section on

mouse in vitro fertilization. The sperm acrosome reaction could

be induced by zona pellucida (Lakoski et al., 1988).
To examine the zona pellucida-induced AR, mouse ova were
retrieved from superovulated mice as described in the previous

section. Cumulus cells were removed by treatment with 0.1

ow

hyaluronidase in PBS. The zona pellucida of oocytes were
solubilized in 0.1 M phosphate buffer, pH 2.5. The solution was
then neutralized with 10 X PBS. The concentration of zona
pellucida was adjusted to 40 zona/ul. Ten ul of mouse sperm at a
concentration of 1 X 10° sperm/ml was incubated with 1 ul of
solubilized zona pellucida to induée acrosome reaction. After 30
minutes of incubation at 37°C in a COo, incubator, the sperm were
coated on siides. FITC—labeled‘Pisum sativum lectin was used as a
probe to estimate the percentage of spermatozoa with.intact sperm
acrosome (Cross et al., i986).

To test the effect of selected monoclonal antibodies on the

induced AR, monoclonal antibody of known dilution was mixed with
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the sperm solution at a ratio of 1:10 for 30 minutes prior to the
treatment of solubilized zona pellucida. Incubation with
"unrelated antibodies served as the negative control in the

experiment.

6. IN VIVO MATING EXPERIMENTS

Female mice were superovulated with 5 IU of PMSG on day 1
between 1 and 2 pm. Heat-inactivated ascites fluid containing a
known amount of given monoclonal sperm antibody was injected
intraperitoneally betweenAQ and 10 am on days 2 and 3. Five IU of
hCG was administered between 1 and 2 pm on day 3 followed by
mating with proven fertile males. In the morning of day 4, the
vaginal plugs of females were checked for evidence of matiqé. In
the morning of day 5, antibody-treated female mice were
sacrificed, and percentages of recovered embryos in the two-cell

stage were recorded.

7. STATISTICAL ANALYSIS
Student’s t test or Chi-square test was used for the
statistical comparison between control and experimental groups.

Differences were considered significant when p < 0.05.

47



E. METHODOLOGY OF MOLECULAR BIOLOGY

1. MATERIALS

Bacterial culturé supplies and media were purchased from
Difco (Burlington, Ontario, Canada). Kiolbase DNA sequencing kit
and Molecular biological supplies were from Gibco/BRL
{Burlington, Ontario, Canada). 1257 (1 mCi/mmol) ,32P—dCTP (1
mCi/mmol) and 355-dATP were from Amersham (Oakville, Ontario,
Canada). The GENECLEAN kit was from BIb 101 Inc. (La Jolla, CA).
Fbrward and reverse sequencing primers were from Promega
(Madison, WI). The chromosome panel blot was from BIOS (New

Haven, CT).

2. BACTERIA STRAIN

coli of strain Y1090 was used for immunoscreening of mouse

i

testis cDNA library constructed with Lambda gt 11 expression
vector. Strain Y1089 was used for the production of recombinant
fusion protein. Strain DHS was used for DNA subcloning and

sequencing.

3. DNA ISOLATION

(The formular of solutions are summarized in Appendix 7)
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a. TISSUE DNA PREPARATION

High molecular-weight cellular DNA from tissues was extracted
by using the phenol and chloroform method (Maniatis et al.,
1982). Briefly, 1 gm of tissue sample was homogenized in Polytron
in 5 ml of Tris~-Na-EDTA buffer. Protease K (100 ug/ ml) and 0.5 %
SDS were then added to the tissue homogenate. The mixture was
incubated at 50°C for 3 hours. After incubation, the digested
homogenate was extracted three times wi£h an equal volume of
ﬁheﬁol and once with choloform. The extracted DNA was then
precipitated by adding one half volume of 7.5 M ammonium acetate
and 2.5 volumes of 95 % ethanol. After centrifugation, the DNA
was dissolved in Tris-EDTA buffer. The concentration of DNA was
determined spectrophotometrically at absorbance of 260 nm. The

gquality of DNA was evaluated by agarose gel electrophoresis.

- b. BACTERIOPHAGE DﬁA PREPARATION
(The formular of solutions are summarized in Appendix 8)
Bacteriophage lambda DNA was prepared in small scale
according to the plate lysate method (Maniatis et al., 1982).
Briefly, é single, well-isolated plaque was picked and

transferred into 1 ml SM buffer by using a pasteur pipette. After
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vortexing, 100 ul of bacteriophage suspension was mixed with 100
ﬁl of E. coli cells and incubated at 37°C for 20 minutes. Three
ml of'molten'top agarose (0.7 %) which was kept at 50°C was added
to the mixture of bacteriophage and bacteria cells. It was

spread onto the surface of a 85-mm plate containing 30 ml of
Luria-Bertani (LB) medium with 1.5 % agarose. The plate was
inverted and incubated at 37°C for 12 to 14 hours until the
plagques covered almost the eptire surface of the plate. Five ml
of SM buffer was added onto the plate and shakén for 3 hours at
room temperature to elute the bacteriophages from the top -
agarose. The washed SM buffer was transferred to a centrifuge
tube. The bacterial debris was removed by centrifugation at 8,000
X g for 10 minutes at 4°C. RNase A and DNase I were addea to a
final concéntration of 1 ug/ml to the supernatant. After a 30
minute incubation at 37°C, an equal volume of a solution
containing-26 % (w/v) polyethylene glycol (PEG 8000) and 2 M NaCl
in SM buffer was added to bacteriophage solution and incubated

at 0°C for one hour. The precipitated bacteriophage particles'
were recovered by centrifugation at 10,000 X g for 20 minutes at
4%c. After removal of the supernatant, the tube was inverted on a
paper towel to drain away remaining liquid. The bacteriophage was

resuspended by adding 0.5 ml of SM buffer and shaken vigorously
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with a vortex meter. The bacteriophage soluticn was centrifuged
at 8,000 X g for 2 minutes at 4°C. to remove debris. The
supernatant was transférred to a fresh Eppendorf tube, S5 ul each
of 10 % SDS and OQSIM EDTA (pH 8.0) solutions were added. After
incubation at 68°C for 15 minutes, the supernatant was extracted
sequentially with bhenol, phénol/chloroform (1:1), and then with
chloroform. An equal volume of isopropanol was added to the final
agueous phase to precipitate bacteriophage DNA. After storing at
-70°C for éo minutes, the sélution was thawed and centrifuged in
an Eppendorf centrifuge for 15 minutes at 4°C. The pellet was
washed with 70 % ethanol, dried and resuspénded in 50 ul of TE
buffer.

The extracted bacteriophage DNA was analyzed by restriction

enzymes digestion followed by agarose gel electrophoresis.

Cc. PLASMID DNA PREPARATION (Maniatis et al., i982)

(The'formular of solutions are summarized in Appendix 9)

One single well-isolated colony was picked from the plate and
seeded in 10 ml of LB medium for overnight incubation at 37°cC
(with shaking). 10 ml of the well grown preculture medium was
then poufea into a 500 ml of LB medium followed by overnight

incubation at 379C. The bacterial cells were harvested by
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centrifugation at 4,000 X g for 10 minutes at 4°C; The cell
pellet was washed with dHZO-followed by additional
centrifugation. The bacterial pellet waé then resuspended in 10
ml of solution I containing 5 mg/ml lysozyme and incubated for 5
minuteS at r;om temperature. 20 ml of freshly prepared solution
II was added. After an additional 10 minuteqincubation in an ice
.bath, 15 ml of ice-cold solution III was added and mixed
thoroughly for 10 minute on ice. The precipitated pellet was
removed by centrifugation at 4,000 X g for 20 minutes at 4°. The
supernatant was transferred to a fresh tﬁbe, the plasmid DNA was
precipitated by adding two volumes of 95 % ethanol and placéd a£
-70°C for 15 minutes. The DNA pellet was collected by
centrifhgation at'1o,doo X g for 10 minutes at 4°C and then dried
under vacuum. The dry DNA pellet was dissolved in 2 ml of dH,O
and incubated with RNase A at a concentration of 200 ug/ml. Affer
incubation at 37°C for 1 hour, the DNA solution was extracted
twice with phenol and once with chloroform. Finally, it was
precipitated by adding 1/10 volume of 7.5 M ammonium acetate and
2.5 volumes of 95 % ethanol. The gquality and quantity of purified

plasmid was determined by restriction enzymes digestion followed

by agarose gel electrophoresis.
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4. RNA ISdLATION

(The formular of solutions are summarized in Appendix 10)

An extraction method involving the use of acid guanidinium
thiocyanate, phenol and chloroform was used for total RNA
isolation (Chomczynski and Sacchi, 1987). Briefly, 1 gm of fresh
or frozen tissue (stored in a liquid nitrogen tank) was minced on
ice and homogenized with 10 ml of sclution D in a glass-teflon
homogenizer and subsequently transferred to a polypfopylene tube.
A solution containing 1 ml of 2 M sodium acetate, pH 4, 10 ml of
phenol (water saturated), and 2 ml of chloroform-iscamyl alcohol
(49:1) was added to the homogenate with thorcugh mixing. The
final susbension was shaken vigorously for 10 seconds and cooled
on ice for 15 minutes. The suspension was then centrifuged at
10,000 g for 20 minutes at 4°c. After centrifugation, RNA was
present in the aqueous phase whereas DNA and proteins were
present in the interphase and phenol phase. The agueous phase was
transferred to a fresh tube followed by mixing with an equal
volume of isopropanol, and then placed at -20°C for 1 hour to
precipitate RNA. After centrifugation, the RNA pellet was
dissolved in 3 ml of solution D (see Appendix 10) and
precipitated with 1 volume of,isopropahol. After washing with 75

% ethanol, the RNA pellet was vacuum dried and then dissolved in

53



0.5 ml of 0.5 % SDS. The solution was then incubated at 65°C for
10 minutes. The concentration and quality of extracted RNA were
determined spectrophotometrically by absorbance at 260 nm and 280

nm and agarose gel electrophoresis, respectively.

5. NICK TRANSLATION OF DNA (Maniatis et al., 1982)

(The formular of solutions are summarized in Appendix 11)

The cDNA insert was excised from a vector by restriction
enzyme digestion. The fragment was purified on an-agarose gel by
using a GENECLEAN kit. The purified DNA fragment (0.5 ug) was
mixed with a solution containing 6 ul 6f deoxyribonucieoside
triphosphate (dNTP) mixture, 2 ul of 10 X nick translation
buffer, 8 ul of 32P labeled a-dCTP and 4 ul of dH20. After the
addition of 1 ul of 100 ng/ml DNase I and 10 units of E. coli DNA
polvmerase I, the mixture was first incubated at 37°C for 10
minutes and then at 15°C for 2 hours. During incubation, 1 ml of
Sephadex G50 was packed in a 1 ml syringe and was washed with STE
buffer. The packed column was centrifuged at 1600 X g for 4
minutes for washing and separating the free nucleotide. After
incubation, 2 ul of 10 % SDSAand 2 ul of 0.5 M EDTA were added to

the mixture to stop the reaction. Following the addition of 5 ul
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of yeast tRNA (10 mg/ml) and 180 ul of STE buffer, the mixture in
a final volume of 200 ul was applied to a Sephadex G-50 coluﬁn
which was then centrifugea. The eluted DNA solution was collected
in a 1.5 ml Eppendorf tube. The radiocactivity of labeled DNA was
detected by a beta scintillation counter. The specific activity

was presented in cpm/ug DNA.

6. SOUTHERN BLOT HYBRIDIZATION
(The formular of solutions are summarized in Appendix 12)
a. SOUTHERN TRANSFER
Southern blot analyses of the DNA were performed according to
the standard procedures (Southern, 1975). After size-
'fractiohation in agarose gel electrophoresis, the DNA on the gel
was denatured in a solution containing 075 M NaOH and 1.5 M NaCl
for 1 hour and then neutralized in 1 M Tris-HClupH 8.0 containing
1.5 M Nacl for 1 hour with smooth shaking. Subsegquently, tﬁe'DNA
was transferred by pressure to a nylon filter with a traﬁsfer
buffer (20 X SSC) and then immobilized by baking at 80°C for 2
hours or by UV light (Khandijian, 1987) for 2 minutes. The dry

filters were stored in a sealed bag at room temperature.

b. HYBRIDIZATION
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The blotted filter was prehybridized in a hybridization
solution at 65°C for 30 minutes and hybridized in the same
solution with a 32p-labeled DNA probe ovérnigﬁt ét 65°C. After
hybridization, the hybridized filter was washed twice ih 2 X sscC
containing 0.5 % SDS at room temperature for 15 minutes and then
once at 50°C for 30 minutes. The blot was then air dried and

autora@iogfaphed by using intensifying screens at -70°cC.

7. NORTHERN BLOT HYBRIDIZATION
Total RNA from tissues was isolatgd, denatured by
glvoxalation and size-fractionated in 1.2 % agarose gel
electrophoresis (Varmus et al., 1981, Maniatis et al., 1982). The
RNA was transferréd by pressure té nylon filters and hybridized

with a 32p-labeled DNA probe as previously described.

8. IMMUNOSCREENING OF LAMBDA GT 11 cDNA LIBRARY
(The formular of solutions are summarized in Appendix 13)
a. AMPLIFICATION OF cDNA LIBRARY
The mouse testis cDNA library was obtained from Dr. Y.F.
Lau's lab at the University of California, San Francisco, and was
constructed in a bacteriophage expression véctor, lambda gtll by
)t

using purified poly (A mRNA from the testes of 3-month old
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BALB/C mice. The mouse testis cDNA library was in éM buffef and
the titre of the library was determined by a serial dilutiocn of
the library which was plated on LB plates as described
previously. For the amplification of the library, 10° recombinant
phages were plated on a 150 mm LB plate. After incubation
overnight ét 37°C, 10 ml of SM buffer was added toc resuspend the
phage by shaking at room temperature for 2 hours; The titre of

resuspended cDNA library was redetermined prior to use.

b. PREPARATION OF POLYCLONAL ANTISERA
Five ml of rabbkit anti-MSA-63 sera were precipitated with 50
3 (w/V) ammoﬁium sulfate. After céntrifugation, the protein
pellet was dissolved in 5 ml of TBS and dialyzed against TBS
overnight. The dialyzed antibody solution was used for

immunoscreening of the cDNA library.

c. PROCEDURES OF IMMUNOSCR#ENI&G OF MOUSE TESTIS cDNA LIBRARY
Immunoscreening was performed according to the instruction of
the Clontech Lambda gt 11 Immunoscreening Kit with some
modifications. The standard protocol of immunoscreening is
presented in Figure 1. Briefly, a single, isclated colony of E.

coli Y1090 was picked and grown to saturation in LB broth
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containing 0.2 % maltosé at 37°C with good aeraticn. 0.2 ml of
the Y1090 culture and 0.1 ml of cDNA library containing 0;5 X ios
recombinant phage were mixed aﬁd incubated at 37°C for 15
minutes. After the addition of 7.5 ml of molten LB soft agar, the
culture was mixed and poured onto a 150 mm LB plate and then
incubated at 429C for 3.5 hours. The cDNA library was poured onto
twelve 150 mm LB plates for immunoscreening. After incubation,
the plates were transferred to a 37°C incubator and a dry
nitrocellulose filter which was previcusly saturated with 10 mM
IPTG was overlayed to each plate aﬁd incubated for 3.5 hours. The
filters were then removéd'from the plates and incubated in Tris
buffered saline with Tween 20 containing 20 % fetal calf serum
for 30 minutes at room temperature for blocking. Rabbit anti-~-MSA-
63 sera at a concentration of 2 ul/ 10 ml TBST was added to
filters and incubated overnight at room temperature. After three
washes of TBST,'these filters were incubated with biotinylated
goat anti-rabbit IgG antibody at a concentration of 20 ul/ 10 ml
TBST for 30 minuﬁes. The filters were washed by TBST and
incubated with avidin-biotinylated horseradish peroxidase complex
for 30 minutes. The filters were then washed by TBS-(without
Tween 20) and incubated in a péroxidase subsﬁrate solution for 30

minutes to develop the color. The positive plagques were
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Figure 1. Protocol of immunoscreening of cDNA library with
antibody probe. {(Modified from instruction of Clontech

immunoscreening Kit)
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identified and picked for a second screening by the same method.

d. IDENTIFICATION OF POSITIVE CLONES
The DNA of positive recombinanﬁ phage clones was extracted

according to the method described in section E.3.b.; and digested
by EcoRI restricticn enzyme. After the agarose gel
electrophoresis, the DNA was transferred to a nitrocellulose
filter paper by Soﬁthern blotting and hybridized by using one of
the cDNA inserts as a prdbe. Two cDNA inserts were probes for the
hybridization. The longeét CDNA insert which cross-reacted with

the others was selected for subcloning and for further analysis.
9. SUBCLONING OF DNA INSERTS

a. PREPARATION OF RECOMBINANT PLASMID DNA FROM RECOMBINANT
BACTERIOPHAGE
The positive clones which were identified from the
bacteriophage cDNA library were subcloned iﬁto a pUCl1l8 plasmid
vectof for the further restriction analysis and‘DNA sequencing.
The DNA insert from the recombinant bacteriophage DNA was
completely digested by EcoR I and recovered from the agarose gel

using the GENECLEAN kit. The isolated DNA insert was then ligated
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with the pUCl18 vector which was digested by EcoRI. The DNA ratio
of inserted DNA to plasmid was about 1 to 10. Aftef the
completion of ligation, the recombinant plasmid was ready to be

transferred to the bacterial host.

b. E. coli TRANSFORMATION
To prepare competent cells for transformation, a single
colony of host strain DHS was incubated with 10 ml of LB at 37°C_
overnight with constant shaking. One ml of the cell culture was

added to 50 ml of LB and incubated for 2 to 3 hours until the
cell density reached an absorbance oﬁ 0.6 at 550 nm. The culture
was chilled on ice for 5 minutes and harvested by centrifugation
for 5 minutes at 2,500 X g at.4°C. The cell pellét was
resuspended in 18 ml of 100 mM CaCl, and Kept for 15 minutes on
ice. After additional centrifugation, thevﬁell pellet was
resuspended in 2 ml of 100 mM CaCl, and kept for 60 minutes at
49c. After the above preparétion, the cells were ready for DNA
transformation. In a sterile Eppendorf tube, 10 ul of ligated
recombinant plasmid was mixed Qith 200 ul of competent cells for
30 minutes at 4°C. The Eppendorf tube containing the mixture was

transferred to a 42°C water bath for 2 minutes to heat-shock the

cells and then transferred to a 37°C water bath for 1 hour
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shaking in the presence of 1 ml of LB medium to ailow expression
of the antibiotic resistance éene. One  hundred ul of the cell.

. mixture was spread over the surface of an LB/agar/ampicillin
plate (85 mm) for overnight culture. The positive colony was
selected by colony -hybridization with a probe of 32p labeled

insert DNA.

10. DNA SEQUENCING
The dideoxy sequencing method by means of denatured plasmid
templates was used for the DNA sequence analysis (Hattori and

Sakaki, 1986).

a. PREPARATION AﬁD ALKALINE DENATURATION OF PLASMID DNA

The EccRI digested cDNA insert was subcloned to the plasmid
pUC18 and this recombinant plasmid was extracted according to the
method previously described. Eighteen ul of purified plasmid DNA
solution (0.2 ug/ul) was mixed with 2 ul of 2 N NaOH and kept at
room temperature for 5 minutes. Then, 8 ul of 5 M ammonium
acetate (pH 7.4) was added and the denatured DNA was precipitated
by the addition of 100 ul of ethanol and placed at -70°C for 5
minutes. The precipitate was harvested by centrifugation at

Q.

12,000 rpm for 5 minutes, rinsed once with 70 % ethanol, and
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dried under vacuum. The denatured plasmid DNA pellet was

dissolVed in 6.5 ul of dH,0 before use.

b. Enzyme Reaction for Sequencing

Enzyme reactions for sequencing including template-primer
annealing and labeling-extension reactions were described in the
instruction manual of the KiloBase Sequencing System (BRL).
Briefly, the mixture of 6.5 ul ;f denature plasmid (5 ug), 1.5 ul
of primer (0.5 pmol) and 2 ul of KiloBase Sequencing Buffer (10
X) was heated to 65°C for io minutes. The mixture was allowed to
cool slowly to room temperature (about 30 minutes). After th;
temperature equilibration, 2 ul of diluted (1X) KiloBase
Extension Mix, 1 ul of 1 M dithiothreitol, 1 u1>355—1abeled -
dATP and water were added to the mixture of denatured plasmid.
After incubation for 5 minutes at 37°C, 1 ul of the large
fragment of DNA polymerase I (1.5 units/ul) was added with an
additional incubation at 37°C for 5 minutes. 3.5 ul of reaction
mixture was then transferred respectively to each of the four
tubes containing Kilobase Termination Mixes-a, -C, -G, and ~-T.
After an incubation period of 5 minutes at 37°C, the reaétion was

stopped by adding 4 ul of dideoxy stop buffer. Finally, the

reaction mixture was denatured by heating the tubes at 80°C for 5
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‘minutes followed by a rapid transfer to wet ice.

C. SEQUENCING
The sequencing gel (38 X 50 cm, 0.4 mm) was prepared

according to the meth§d described in the instruction ménual of
Sequi-Gen Nucleic Acid Sequencing Cell (BIO-RAD). Three ul of
each reaction solution was applied to one lane of the sequencing
gel. After the gel had been run at a constant voltage of 2000 V
for 2.5 hours, the gel was fixed in a solution containing 10 %
methanol and 10 % acetic acid for 15 minutes. Then, the fixed gel
was dried at 80° for 1 hour by using a gel dryer under vacuum:
Finally, the dried gel was placed in a cassette with X-ray film
for autoradiography. The result of the sequence was analyéed by

using PC-GENE computer program.

11. PRCDUCTION OF RECOMBINANT FUSION PROTEIN
Crude lysates of E. coli strain Y1089 which expressed MSA-63
fusion protein were prepared according to the published

procedures (Snyder et al, 1987).

a. LYSOGENIC STRAIN PREPARATION

The saturated culture of Y1089 cells in a LB medium
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containing 0.2 % maltése and 50 ug/ml of ampicliin was infected
with MSA-63 recombinant phage’clones using an m.o.i.(multiplicity
of infection) equal to 10 for 20 minutes at room temperature. Two
hundred cells were plated per LB plate and incubated overnight at
309c. The individual colonies were picked with a toothpick and
tested for growth at 42°C and 30°C. The lysogens selection was

' based on their growth at 30°C, but no growth at 42°C.

b. PREPARATION OF FUSION PROTEIN

Lysogens were grown in LB medium with vigorous shaking at
30°C until an absorbance of 0.4 at 600 nm. Lysogens were induced
by shifting the temperature to 44°9C for 15 minutes with vigorous
~shaking. IPTG was then added tb the culture to a final
concentration of 10 mM. After incubation at 37°C for 20 minutes,
the cells were harvested as quickly as possible by centrifugation
at 10,000g for 30 seconds and the cell pellet was frozen
immediately at -70°C. For SDS-PAGE, SDS sample buffer was added
just prior to freezing. For the radioimmunosorbent inhibition
assay, the harvested cell pellet was sonicated and incubated
immediately with 1125 1apeled HS-63 containing 2 mM PMSF.

For the isolation of MSA-63 recombinant fusion protein, the

LB medium containing lysed lysogens was concentrated to a small
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volume by using Amicon pressure cell and applied to a Sephacryl
S-300 column. The eluent which had a molecular size of greater
than 100 Kd was collected and used to immunize rabbits for the

production of polyclonal antisera.

12. SCREENING OF cDNA LIBRARY BY DNA PROBE

The mouse testis cDNA library was plated on a 15 mm LB agar
plate at a density of 5 x 104 plagques and gfown overnight at
379C.” The plate was fhen chilled at 4°C for 1 hour to allow the
top agar layer to harden. A dry nylon filter was placed onto»the
surface of the top agar for 1 minute at room temperature to
absorb the recombinant plaques. After'removinq from the plate,
the filter was placed in a denaturing solution (1.5 M NacCl, 0.5 ﬁ
NaOH) for 1 minute, and then transferred into neutralizing
solution (1.5 M NacCl, 0.5 M Tris-HC1l pH 8.0) for 5 minutes, and
air dried. After the filter was dried, DNA was fixed to the
filter by baking or UV light for the hybridization as described

previously.
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F. IMMUNOHISTOCHEMISTRY

For the preparation of frozen testicular sections, testes
were removed from male mice of different ages, (from birth to
maturity) and then frozen immediately in liquid nitrogen.
Subsequently, they were placed in-an embedding medium (Tissue
TeKII, O.C.T. Compound No. 4583, Lab-Tek) at -60°C. Sections §f
10 um thickness were cuf and then placed on slides, air dried,
fixed in 100 % methanol, and stored at -20°c.

The indirect immuﬁofluorescent assay was used for
immunohistological studies of tissue sections according to the

procedures described previously (Lee and Wong, 1986b).
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IITX. RESULTS

Part I. CHARACTERIZATION OF HS-63 MONOCLONAL ANTIBODY AND

EVALUATION OF ITS CORRESPONDING SPERM ANTIGENS

A. LOCALIZATION QF SA~63 ANTIGEN IN SPERM

By using indirect immunofluorescent assay, HS-63 monoclonal
antibody was shown to react with the acrosome of sperm among
different mammallian species. The indirect immunofluorescent
staining patterns of HS-63 to mouse and human sperm are presented
in Figure 2. Both air-dried and methanol-fixed acrosome-intact
sperm were stained pésitively in the acrosomal region upon

incubation with this antibody.

Reactivity of HS-63 to live sperm was also examined by direct
immunofluorescent analysis. Percent immuanluorescent staining of
freshly prepared live mouse sperm from cauda epididymidis and vas
deferens were found to increase‘dramatically with time upon 30
minutes incubation with FITC~labeled HS-63. However, FITC-labeled
HS—63'was found to have little or nonstaining with freshly

prepared live sperm which were fixed with glutaraldehyde.

69



Figure 2. Indirect immunofluorescent staining of mouse (A, B) and
human (C, D) sperm by using HS-63 monoclonal anfibody. Sperm under
UV light are presented in (A, C) and sperm under visible light are

given in (B, D)} (X 400).
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On the other hand, upon-l hour incubation 6f live sperm in the
BWW medium for capacitation, glutaldehyde-fixed capacitated sperm
were stained positively Qith FITC-labeled HS-63. The
immunoflﬁorescent staining pattern of capacitated mouse sperm

upon incubation with HS-63 is presented in Figure 3.

When freshly prepared sperm were washed with 0.5 M KCl1l or 0.1
% Tritoh X-100, they were readily stained with the FITC-labeled
HS-63 .(Menge et al., 1987). Following incubation of sperm with
calcium ionophore A-23187 to induce acrosome reaction, the
acrosome-reacted sperm could no lbnger be stained with FITC-

labeled HS-63.

B. EPITOPE EVALUATION OF HS-63

By using HRP-labeled HS-63 as a probe, the immunoactivity of
the antigen in mouse testis homogenate was not significantly

decreased following the treatment with Triton X-100 or NP-40.
However, no HS-63 immunoactivity was detected when the testis

homogenate was prépared in the presence of SDS.
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Figure 3. Immunofluorescent staining of capacitated mouse sperm
by using FITC-labeled HS-63. Sperm under UV light are presented

in (A) and sperm under visible light are given in (B) (X 400).
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Treatments with proteolytic enzyﬁes, such as trypsin and
pronaée, were shown to completely abolish the immunoactivity of
the antigen in mouse testis homogenate. However, incubations of
testis homogenate with sodium periodate and neuraminidase which
either modifies or removes carbohydrate moiety of glycoproteins

have little effect to the .immunocactivity of the antigen.

C. EVALUATION QF HS-63 ON SPERM FUNCTION (ﬁiu et al., 1989)

1. IN VITRO FERTILIZATION OF MOUSE OOCYTES

Because of the cross-reactivity of HS-63 to sperm of various
mammalian speciés, the inhibitory effect of HS-63 én
fertilization was evaluated by using mouse in y;;;g”fertilization
experiment. The heat-inactivated aséites fluid containing HS-63
monoclonal antibody (antibody titre > 1:100,000) showed
s;gnificant inhibitory effect on the fertilization of mouse
cocytes at a dilution of 1:10 (Fertilization.rate of 24.6 % vs.
57.7 % for the control, P < 0.001). The results of this study are
presented in Table 1. It was obserQed during this experiment that
HS-63 neither had an effect .on sperm motility nor éaused ahy_

sperm agglutination.
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Table 1. Inhibitory effect of HS~63 monoclonal antibody on in vitro
fertilization of mouse oocytes.

Antibodies Number of Ova examined Ova fertilized Fertilization ©P°€
Added assays (No.) (No.) rate (%) value
HS-632 2 57 , 14 24.6

Controlb 2 45 26 57.7 <0.001

8The titre of HS-63 was determined by indirect immunofluorescent assay to
be 1:100,000 in ascites fluid.

bascites fluid derived from hybrid cells secreting unrelated antibodies was
used as the control. :

CCompared with the control group.



To evaluate the dose-dependent inhibitory effect of HS-63 on
fertilization of mouse oocytes in vitro, purified HS-63
Amonoclonal antibody of different concentrations was added to
sperm-egg incubation mixture. When the concentration'of HS-63 in
ﬁhe incubation mixture is higher than 0.2 mg/ml, the
fertilization inhibition by the antibod? was found to be
.significant (P < 0.05). The inhibitory effect of HS-63 on
fertilization was found to decrease gradually with decreasing
antibody concentration (from 0.2 to 0.0016 mg/ml). Aﬁ the
antibody concentration lower than 0.04 mg/ml, no significant
inhibitory effect was found on fertilization (fertilization rate
of 45.6 % vs. 52.9 % for the control group). The results of this

dose-dependent assay are presented in Table 2.
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Table 2. Inhibitory effect of purified HS-63 on in vitro fertilization of
mouse oocytes.

Concentration Titer2@ Ova examined Ova fertilized Fertilization P Valueb

(mg/ml) (No.) (No.) rate (%)

1 1:200,000 19 4 21 <0.05
0.2 1: 40,000 55 13 23.6 <0.05
0.04 1: 8,000 46 : 21 - 45.6 NS
0.008 l1: 2,000 37 15 : 40.5 NS
0.0016 - 54 28 51.8 NS

0 (control) - 17 9 52.9

8The titre of antibody was determined by indirect immunofluorescent assay.

bCompared with the control group. NS: not significant



‘2. HUMAN SPERM PENETRATION ASSAY

In.human sperm penetration assay, the dose-dependent
inhibitory effect of HS-63 on human sperm penetration of zona-
free hamster eggs'was evaluated. In the presence of 1 mg/ml of
HS-63, the penetration rate was significantly reduced as-compared
_to that of the control. The presence of this antibody had not
only reduced the mean number of swollen sperm head per egg (1.3 *
1.2 vs. 4.2 + 2.1 for control group, P < 0.0001) but also that of
the sperm attached to each egg (6.1 i‘6.3 vs. 63.3 + 21.6 for

control group, P < 0.0001). The results of this study are

presented in Tablé 3. Similar to mouse in vitro fertilization,
the penetrétion rate and sperm attachment in this assay were
found to decrease gradﬁally with increasing antibody
concentration. Little or no effect was observed at an antibody

concentration lower than 0.04 mg/ml.
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Table 3. Inhibitory effect of purified HS-63 on human sperm penetration of
zona~-free hamster ova.

Antibody Ova Fertilization Swollen sperm? Attached P
Concentration examined rate head sperm valueb
(mg/ml) (No.) (%) (Avg.No./Egg) (Avg.No./Egqg)
1 19 73.6 1.3 1.2 6.1 * 6.3 <0.0001
0.2 18 100 2.7 £ 1.1 16.1 + 10.5 <0.0001
0.04 16 100 4.8 + 2.2 70.5 + 32.5 NS
0.008 14 100 3.6 + 0.8 79.0 £ 37.0 NS
0 (control) 16 100 4.2 + 2.1 63.3 + 21.6

aAverage number of swollen sperm head per egg = Sperm penetration rate.

bCompared with the control group. NS: not significant



3. THE EFFECT OF HS-63 ON INDUCED ACROSOME REACTION

The acid solubilized mouse zona protein is known to induce
sperm acrosome reaction in a time-~ and dose-dependent manner
(Saling et al., 1986). The effect of HS-63 monoclonal antibody on
the zona-induced acrosome reaction was evaluated. It was clearly
demonstrated that the percentage of acrosome-reacted mouse sperm
was significantly decreased in the presence of HS-63 as coﬁpared
to that of the control. In a typical experimen;, upon 30 minutes
incubation with HS-63 (1:10 dilution of heaﬁed—inactivated
ascites fluid) and solubilized zona, the percentage of acrosome-

reacted sperm was 10.7 % as compared to 38.8 % in the control.

4. IN VIVO MATING EXPERIMENT BY PASSIVE IMMUNIZATION IN MOUSE

For comparative purposes, in vivo mating experiments were

also performed to evaluate the antifertility-effect of HS-63 in
mice. The heat-inactivated ascites fluid containing high titres
of HS-63 monoclonal antibody (>1:100,000) was injected
intraperitoneally into female mice to study their antifertility
effects. Unrelated ascites fluid was used as the negative

control. In this experiment, ascites fluids containing MS-204 or
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MS-207 monoclonal antiéperm antibody served as the positive
controls. Previous studies in our laboratory (Lee and Wong,
1986a) have shown that these two monoclonal antibodies were mouse
sperm specific and capable of inhibiting both in vitro and in
vivo fertilization. Results are tabulatea in percentages of two-
cell embryos recovered in a given mating experiment as the -
apparent fertilization fates (Table 4). Statistically, the

inhibitory effect of HS-63 on the in vivo fertilization of

passively immunized mice was not signifiéant (Percentage of two-
cell embryos being 87.2 + 17.3 vs. 97.0 + 0.05 for the control).
As determined by the indirect immunofluorescent assay, the titre
of HS-63 in the passively immunized mice was found to be about
1:50,000 to 1:100,000 in the mouse sera, but only 1:2,500 in the
fluid of oviduct. In the positive controls, the ascites fluids of

MS-204 and MS-207 were shown to inhibit the mouse in vivo

fertilization significantly as judged from the relatively low
recovery rates of two-cell embryos as compared to the negative

control (48.5 + 37.5 and 59.5 + 31.6, respectively vs. 97.0 +

0.05)
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‘Table 4. Effects of antibodies on the in vivo fertilization of mouse oocytes
following passive immunization and mating experiments

Antibodies?@ No. of Mice Percentage of two cellP P value®
embryos (%)

control 12 97 + 5.9

HS-63 8 87 + 17.3

Rabbit anti-

MSA-63 8 67 + 29.4 <0.05
MS-204 10 48 + 37.5 <0.001
MS~-207 9 59 + 31.6 <0.01

dAscites fluids and antisera were heat-inactivated at 56°C for 30 minutes
prior to intraperitoneal injection. ‘

bPercentage of two cell embryos

= number of two cell embryos / total ova recovered.

C compared with the control group. NS: not significant



Part II. PURIFICATION AND CHARACTERIZATION OF MSA-63 AND

EVALUATION OF ANTIFERTILITY EFFECTS BY ITS ISOIMMUNE SERA

A. PURIFICATION OF HS-63 SPECIFIC ANTIGEN FROM MOUSE TESTES

(MSA-63) (Liu et al., 1989)

1. DETERMINATION OF SUBCELLULAR DISTRIBUTION GOF MSA-63

To determine if the antigen reacting with HS-63 was a soluble
or integral membrane proteins, mouse testes were homogenized in
an isotonic PBS containing 1. mM PMSF in the absence of detergent.
" The soluble protein in the supernatant and the integral membrane
protein in the pellet were separated by centrifugation. The
majority of HS-63-reactive antigen was detected in the soluble
. fraction when analyzed by iﬁdirect immunofluorescent inhibition
assay. Further extraction of ﬁhe pellet (membrane fraction) with
the same buffer resulted in a release of more active antigen.
After several extractions with the same buffer, the antigen in
the membfane fraction could be completely removed. However, the
immunoactivity of the antigen in the soluble fraction was not

removed by passing through a 0.22 uM Millipore filter membrane.
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2. PURIFICATION OF MSA-63 ANTIGEN

Since the immunoactivity'of antigen réactive to HS-63 was
shown to be in the soluble fraction of mouse testes homogenate,
ammonium sulfate fractionation followed by DEAE ion exchange
chromatography were used to purify the corresponding antigen
(MSA-63) from mouse testes. The immunoactivity of antigen in each
purification step was measured by indirect immunofluorescent
inhibition assay. During ammonium sulfate fractionation, the
immunoactivity of aritigen was precipitated in the presence of 400
mg/ml ammonium sulfate. After-dialysis, the fractionated MSA-63
was then applied to a DEAE-cellulose column. The elution profiles
of protein and immunocactivity of this antigen in'a'salt gradient
(0O - 1.0 M NaCl) were shown in Figure 4. The highest
immunoactivity was eluted at 0.38 M of NacCl. Immunoaffinity
chromatography was used as the last step for the purification.
The binding and Washing conditions between the antigen and
immobilized HS-63 antibody were studied prior to the antigen
elution. PBS containing 0.5 M NaCl was finally selected as a
washing solution to remove all the nonspecifically bound
proteins. Results fbr the purification of MSA-63 from mouse

testis were summarized in Table 5. By using the procedures

85



Figure'4. Fractionation of the soluble supernatant of crude mouse
testes homogenate by DEAE-cellulose chromatography. The heavy

solid line represents NaCl salt gradient (0-1.0 M). (=) and (---9)
indicate the protein concentration and relative immunoactivity of

antigen, respectively.
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Table 5. Purification of MSA-63 from Mouse Testis by Two Purification

Procedures

Total volume Protein Specific® = Total Yield
(ml) concentration activity activity (%)
(mg/ml) '

I. Soluble Extraction
Supernatant
of homogenates 70 26.6 0.6 1117 100
Ammonium sulfate
precipitation 60 13.2 1.2 950 85
DEAE ion :
exchange 200 0.7 2.8 392 35
Immunoaffinity
chromatography 1.3 0.23 600 233 21
II. Detergent Extraction
Supernatant 100 100 0.4 4000 100
of homogenate
Immunocaffinity 1 . 0.5 320 160 4
chromatography

a

Agpecific immunoactivity of MSA-63 was determined by the indirect

immunofluorescent inhibition assay as described in the section

of Materials and Methods (Liu et al., 1989)



described, more than a one thousand fold protein purification was
achieved. On the average, about 0.3 mg of purified antigen could

be obtained from 10 g of mouse testes.

When stored at -20°C, precipitation was observed in the
purified MSA-63 antigen preparation. In order to improve the
solubility of MSA-63 antigen, Triton X-100 was used during the
antigen purification. The crude testes homogenate was first
solubilized with 2 2 Tritqn X-100. Following centrifugation, the
soluble supernatant was applied directly to the HS-63
immunoaffinity column. The immunoactivity of the purified MSA-63
was also detected by using indirect immunofluoresceht inhibition
assay. Results of the purificatioﬁ of MSA-63 from mouse testis
with Triton X-100 are summarized in Table 5. On the average,
about an 800 to 1600 fold protein purification was achieved. The
purification data also revealed that about 0.5 mg of purified

antigen could be recovered from 10-g of mouse testes.

The purified MSA-63 retained its ability to inhibit HS-63
binding to the methanol-fixed sperm. Following a typical ELISA
procedure, the dose-dependent bindingé between HRP-labeled HS-63

and MSA-63 coated on microwells were clearly demonstrated. In
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contrast, no evidence of such binding was observed between HRP-
labeled HS-63 and BSA coated on wells. The specific binding
between HRP-labeled HS-63 and purified MSA-63 coated on

microwells is shown in Figure 5.

B. CHARACTERIZATION OF MSA-63 ANTIGENS
1. ANALYSIS OF PURIFIED MSA-63 BY TWO-DIMENSIONAL SDS-GEL (2D-

GEL) ELECTROPHORESIS

Following isoelectrié focusing and SDS gel eiectfophoresis,
the purified MSA-63 antigen from either purification procedures_
revealed quite a few protein spots on the 2D-gels. By using the
Triton X-100 extraction method, purified MSa-63 displayed a group
of protein spots with pIs ranging from 4.0 to 6.0 and molecular
sizes from 20 Kd to 84 Kd. The 2D-gel of this preparatibn for
purified MSA-63 is shown in.Figure 6A. Based on distribution of
their respective plI’s value and molecﬁlar weights, protein spots

on 2D-gel were subdivided into five groups (see Figure 6A).
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Figure 5. ELISA showing the specific reaction of HRP labeled HS-
63 monoclonal antibody to.the purified MSA-63. Absorbance at 450
nm was plotted as a function of antibody dilution. (@) and (O)
represent the absorbance following binding of HS-63 to microtiter
plate coated with purified MSA-63 and BSA, respectively. Detailed
experimental conditions are described in the section on Materials

and Methods
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Figure 6. Two-dimensional gel electrophoresis of purified MSA-63
from mouse testes. The isoelectric point (pI) is indicated on the
top and molecular weight (KD) is indicated on the right side of
the gel. (A). Purified MSA-63 from Triton X-100 extraction was
stained by Coomassie blue R-250. The protein spots were
subdivided into 5 groups as ind%cated. (B). Purified MSA-63 from
soluble extraction was stained by silver reagent. (C). Silver
stained protein Qistribution pattern of detergent-purified MSA-63
following incubation at 37°C for 5 days with 0.01 % NaN5. (D).
Western blqt analysis of detergent—purified MSA-63 with rabbit
antisera against protein spots in group 3 (MSA-63 protein) as a

probe.
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By using the soluble extraction procedure for MSA-63
purification, fewer protein spots were detected on the 2D-gel.
Only protein group 2 and 3 were found on the 2D-gel with pI’s
ranging from 4.0 to 5.5 aﬁd molecular weights ranging.from 24 to

45 KD (Figure 6B).

The protein distribution patterns of soluble- and detergent-
purified MSA-63 on 2D-gels were found to alter significantly
following long incubation at_37°C. After 5 days incubation at
37°9¢C in the presence of 0.01 % NaN5, the protein spots in group
1, 2 and 5 were found to disappear on 2D-gel. The intensity of
‘protein spots in group 4 became very weak when detected by silver
staining reaéent. Several protein spots with size of around 10 to
20 KD appeared on 2ngé1. However, the protein spots in group 3
were not found to change during the incubation. The 2D-gel
analysis of this observation is demonstrated in Figure 6C.
Following 2 weeks incubation,'all protein spots on 2b-qel
disappeared except those in group 3‘Qith concomitant increase in
staining intensity of those of 10 to 20 KD protein spots. The
alteration of gel patterns for purified MSA-63 was not
significantly affected by the addition of thé following protease

inhibitors in the incubation mixture: EDTA (10 mM), iodoacetamide
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(70 mM), PMSF (1 mM), leupeptin (1 ug/ml), antipain (2 ug/ml),
benzamidine (10 ug/ml), chymostatin (1 ug/ml) and pepstain (1

ug/ml}).

2. PRIMARY STRUCTURE ANALYSIS OF PROTEIN SPOTS OF MSA-63 ANTIGEN

ON 2D-GELS

In view of the heterogeneity of purified MSA-63 protein on
2D-gels, it is imperativé to analyze the structural and
immupological relationships among these protein spots. The
protein spots.of each group were removed from Western blot of 2D-
gels and used for amino acid sequence analysis. Following trypsin
digestion of individual protein spots, the peptide fragments were
separated by HPLC. The separation profiles of HPLC are shown on
Figure 7. The amino acid sequences of the isolated peptides
obtained by using Edman degradation sequencing method are

summaried in Table 6.

Through computer analysis from the protein data bank, the
amino acid sequences from trypsin-digested peptide derived from

protein spots in group 1, 2 and 4 showed 100 % segquence homology
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Figure 7. High-performance liquid chromatography on reverse phase
C-18 column of trypsin—digesfed purified MSA-63 antigeﬁ.
Acetonitrile (0-70 %) gradient in 0.1 % trifluorcacetic acid
(TFA) was used as the mobile phase. The column was performed at a
floﬁ rate of 2.0 ml/min. The selected peptide peaks for amino
acid sequence determination were indicated by arrows. (A) HPLC
profile of tryptic peptides from protein spots in group 1 and 2.
(B) HPLC profile of tryptic peptides from protein spots in group
3. (C) HPLC profile of tryptic peptides from protein spots in
group 4. (D) HPLC profile of tryptic peptides from MSA-63 protein
purified according to the soluble éxtraction procedure.

(Work carried out in Dr. Ruedi Aebersold’s lab in Biomedical

Research Center at UBC)
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Table 6. Amino acid sequence analysis of purified MSA-63.

00T

Protein spot Peak Amino acid sequence? Sequence
(Group) No. homology to
1, 2 14 X~-Tyr-Ser-Phe-Thr-Thr-Thr-aAla-Glu A-actin
3 4 Tyr-Glu-Thr-Phe-Leu-Asp-Glu Nil
Gly-Glu-Gly-Val-X-Thr-Thr-Gln-Asn-Ser-Gln Nil
Met-Gln~Ile-Met Nil
4 10 Ile-Ile-Ala-Pro-Pro-Glu d-actin
Leu-Asp-Leu-Ala-Gly~Arg d-actin
12 Tyr-Ser-Phe-Thr-Thr-Thr-Ala-Glu-Arg A=-actin
X-X-Glu-Ala-Phe-Leu-Asn-Phe-Lys A~-actin
20 Leu-Thr-Asp-Tyr-Met AL-actin
27 Tyr-Ala-Asn-Thr-Val-Leu-Ser-Gly-Gly- A-actin
-Thr-Thr-Met-Tyr-Phe-Gly-Ile-Ala-Asp
Soluble~ )
purified 18 Phe-Met-Val-Gln-Gly-X-Glu-Asn-Met-~Phe- Nil
MSA-63 -Pro-Ser-Met-Asn-~Leu-Phe
8X: unidentified amino acid residue.



to those of the A-actin protein. Three amino acid sequences of
peptides obtained from trypsin-digested protein spots in group 3
were shown to be unrelated to any other published proteins or

peptides (Table 6).

Purified MSA-63 obtained from the soluble extraction
procedure was also employed for amino acid sequence analysis of
. the peptides. After separation by using HPLC, peak 18 peptides
from the trypsin-digested purified MSA-63 was selected for the
amino acid sequence analysis (Figure 7D). The amino acid sequence
of this peptide was shown to have no homology with those of the

published known proteins and peptides.

Immunological relationship of MSA-63 protein spots on 2D-gels
was also investigated. The protein spots in group 1, 2 and 3 were
also removed separately from the Western blot of 2D-gel and
served as immunogen for immunizing rabbits. The raised antisera
(after 5 immunizations) were then used as probes for further
Western blot analysis. Antisera raised against protein spots in
groups 1 and 2 could mutually cross-react with each other, but
failed to recognize protein spots in group 3. However, the

antisera against protein spots in group 3 could cross-react with
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all protein spots on the 2D-gel (Figure 6D).

Furthermore, the antisera against protein spots in group 1
could highly cross-react with d-actin from rébbit muscle (Sigma
A2522) by u;ing dot blot assay. However, rabbit antisera against
protein spots in group 2 and 3 revealed no cross-reactivity to o{-
actin. By using an radioimmunobinding method, HS-63 m§noclonal
antibody was shown to have no significant cross-reactivify to k-

actin from rabbit muscle.

By means of indirect immunofluorescent assay, only antisera
raised against protein spots in group 3 were shown to react with
the acrosome of mouse sperm fixed on slides. The sperm staining

pattern was similar to that of HS-63.
3. MOLECULAR WEIGHT ANALYSIS OF PURIFIED MSA-63 PROTEINS

To analyze the molecular size distribution of MSA-63 antigen
in native form, the purified MSA-63 antigen obtained from Triton
X-100 extraction method was applied to a Sephacryl S-300 gel

filtration column. In the presence of 0.1 % Triton X-100, a broad

distribution of MSA-63 immunoactivity was observed with a maximum

102



activity in the molecular weight ranging from 200 Kd to 300 Kd
(Figure 8). Antigen fractions with the highest immunoactivity
were subsequently analyzed by SDS-PAGE. It was found thatAthe
molecular weight of‘manr protein bands on the gel ranged bétweén

24 Kd and 50 Kd (Figure 8).
4. INTERACTION BETWEEN MSA-63 AND ACTIN

"In view of high molecular weight distribution of MSA-63
immunoactivity in native form, the interaction between MSA-63 and
J-actin (from rabbit muscle, Sigma A2522) was investigated.
Following overnight incubation with purified MSA-63 (prepared by
Triton extraction method) qt 4°C, the molecular weight
distribution profile of actin was found to change when analyzed

by Sephacryl S-300 gel filtration (Figure 9).
5. ANALYSIS OF PURIFIED MSA-63 PROTEINS BY ENZYMATIC DEGLYCOSYLATION

Attempts were made to analyze the molecular heterogeneity of

. MSA-63 protein though enzymatic deglycosylation. N-glycosidase

and O-glycosidase were used for in vitro deglycosylation of MSA-

63 proteins. After overnight incubation at 37°C, the protein
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Figure 8. Sephacryl S-300 gel filtration chromaﬁégraphy and SDS-
PAGE'to reveal the molecular size distribution of purified MSA-63
antigen} Arrows A, B, and C indicate the position of molecular
size mérker of 670, 158, and 44 KD, respectively. The profile of
antigen immunoactivity determined by indirect immunofluorescent
inhibition assay indicated the main activity was detected in
fractions with molecular size ranging f;om 200-300 Kd. The
corresponding fragtions exémined by SDS-PAGE are shown on the
top. The molecular marker is indicéted on the right side of the

gel.
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Figure 9. Sephacryl S-300 gel filtration chromatography to reveal
the interaction between -actin and purified MSA-63. (-e-)

" indicates the molecular weighf distribution of 1251-1abeled Actin
protein (specific activity 0.02 mCi/ug). (-X-) indicates the
molecular weight distribution of 1257_1abeled actin protein
incubated with 10 ug of purified MSA-63 for overnight at 4°c. The
fractionatedlradioactivity is measured by using a -counter. Arrows
A, B, and C indicate the position of estimated molecular size

marker of 670, 158, and 44 KD, respectively.
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distribution pattern of MSA-63 on SDS-gel was not changed in the
presence of either N-glycosidase or O-glycosidase. Results of
this analysis are presented in Figure 10. Human chorionic
gonadotrophin (hCG)lprotein served as positive control to show

the enzymatic activity of these two glycosidase.

Female mice and rabbits were immunized with purified MSA-63
antigep tp'investigate immunogenicity and antifertility effects.
MSA-63 antigen prepared by the soluble extraction procedure was
used as a immunogen to raise antisera in both mice‘and rabbits.
The titre of antisera increased with increasing number of
immunizations. Antisera raised against purified MSA-63 from
rabbit and mouse were shown to react with the acrosome of mouse
and human sperm when examined by indirect immunofluorescent
assay. The specificity of these antisera against MSA-63 was also
demonstrated by using ﬁLISA and compared with that of HS-63 and
an unrélated antibody. Results of this study are presented in

Figure 11.
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Figure 10. (A). Enzymatic deglycosylation of MSA-63 proteins
using N-glycosidase and O-glycosidase in the presence of 1%
Triton X-100 and 0.1 % SDS in 0.1 phosphate buffer pH 7.3. 1257-
labeled MSA—63 protein (specific activity 0.1 mCi/ug) was
incubated with (1) 0.6 unit of N-glycosidase (2) 1 mU of O-
glycosidaée'(3) 0.6 unit of N—glycosidése plus 1 mU of O-
glycosidase (4) no enzyme for'ovefnight at 37°C. The protein
pattern of each treatment‘was analyzed by SDS—PAGE. Molecular
Weight (KD) is indicated on the right side of.the gel. (B).
Enzymatic deglycosylation of hCG protein was treated.under the

same condition serving as positive control.
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"Figure 11. ELISA showing.the binding between HS-63, mouse
isoimmunesera, rabbit anti—MéA—63 sera or unrelated antibodies
and the purified MSA-63 coated on microﬁells. Absorbance at 450
nm was plotted as a function-of antibody dilution in log scale,
where (A) denotes HS-63, (0O) is.mouse isoimmune sera against MSA-
63, (®) denotes rabbit antisera against MSA-63 and (Xj is

unrelated anti-hCG monoclonal antibody.
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The antifertility effect

of these antisera was evaluated by

using a mouse in vitro fertilization experiment (Table 7). 2&

significantly lower fertilization rate was observed in the

presence of mouse isoimmune sera or rabbit anti-MSA-63 as

compared to that of the control using nonimmune sera.

The antifertility effecf
MSA-63 was also evaluated by
passive immunizations. Under
polyclonal antisera appeared
monoclonal an£ibody in terms

"Results of such analysis are

of rabbit antisera raised against

in vivo mating experiments following

the same experimental conditions,

to be more effective than HS-63

of in vivo fertilization inhibition.

presented in Table 4.
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Table 7. Inhibitory effect of polyclonal antisera raised against MSA-63 on
in v1tro fertilization of mouse oocytes.

Antisera® Number of Ova examined Ova fertilized Fertilization P value
assays (No.) . (No.) ) rate (%) :

Control 3 : 70 57 81.4

(NMS)

MSA-63 3 54 16 29.6 <0.001P

Control 2 55 28 50.9

(NRS)

RSA-63 o2 61 15 24.6 <0.01€

@antisera used for experiments: NMS: nonimmune mouse serum, MSA-63:

isoimmune sera against MSA-63, NRS: nonimmune rabbit serun, RSA-63: rabbit
anti-MSA-63.

bCompared with the control group (NMS).

CcCompared with the control group (NRS).



Part III. CLONING OF MSA-63 CDNA AND PRODUCTION OF ITS FUSION

PROTEIN

Rabbit antisera raised against the MSA-63 proteins were used
for the immunoscreening of a mouse teétis cDNA library to detect
the cDNA clones whigh expressed‘the corresponding fusion proteins.

A mouse testis cDNA library containing approximately 1 x 106
independent recombinant bacteriophages was constructed in a
lambda gtll expression vector. Through the immunoscreening of 6 x‘
10° bacteriophages from this library, more than 60 positive
primary clones were identified (Figure 12). Twelve of these
positive primary clones were selected randomly.for secondary
immunoscreening. The DNA of these purified recombinant
bacteriophages wasAanalyzed by using Southern blot hybridization.
Two of the’cDNA inserts were randomly selected as probes.'Among
the positive primary clones, six could cross-hybridize with each
other. Under highly stringent washing conditions, four of the

cross—hybridized clones were jdentified (Figure 13).
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Figure 12. Immunoscreening of mouse testis cDNA library by using
rabbit anti-MSA-63 sera as the detecting probe. Positive clones
are circled. (Work carried out in Dr. Chris Lau’s lab at

University of California, San Francisco)

. 116



117



Figure 13. Southern blot analysis to demonstrate the cross
hybridization of immuno-screened positive clones. (A). cDNA
inserts of Clone 3, 10 and 12 are shown to hybridize with the
CDNA probe from cleone 6. (B). Using the cDNA insert of clone 12
as a probe, cDNA of clone 3 ,6 and 10 are shown to hybridize with
the probe. Hind III digested lambda DNA as size marker shown on
the left, are 23.13 Kb, 9.41 Kb, 6.55 Kb, 4.36 Kb, 2.32 Kb, 2.02
Kb and 0.56 Kb, respectively from the top. (Wérk carried out in
Dr. Chris Lau'é lab at University of California, San Francisco)

(The data were published in Liu et al., 1990)
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When analyzed by agarose gel electrophoresis, the size of the
cDNA insert of clone 6 and 12 were determined to be 0.8 and 1.0
Kb, respectively. These two cDNA clones were selected for

production of recombinant fusion proteins.

B. SCREENING OF THE MOUSE TESTIS cDNA LIBRARY BY USING THE CLONED

DNA PROBE

The cDNA insert of clone 12 was used as a probe to screen the
mouse testis cDNA library in order to isolate larger or full
length clones. After screening of 1 X 10° bacteriophages, several
positive clones were identified. By Southern blot analysis, the
‘molecular size of many clones was about 1.2 Kb (Figure 14A). The
restriction maps of these.cDNA clones were found to be identical
(Figure 14B). One of these clones with a size of about 1.2 Kb was

used for DNA sequence analysis.
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Fiqure 14. (A). Southern blot assay of established pqsitive CDNA
clones by using clbne 12 cDNA as a probe. (B). The restriction |
map analysis of established positive cDNA clones digested with
EcoRI and PstI. The molecular size markers in Kb are indicated on

the left.
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C. DNA SEQUENCE AﬁALYSIS
Following EcoR I digestion, the cDNA insert was obtained from
the recomginant phages and then subcloned into plasmid pUC18. The
restriction map of the cDNA insérp was deduced from the analysis
of restriction enzyme digestion. Pét I digested fragments were
cohtinuously subcloned into pUC18 and subjected to DNaA sequenqing
analysis. The restriction map and sequencing strategy for the

cDNA insert of MSA-63 gene are presented in Figure 15.

The nucleotide sequence of the cDNA insert.and the
corrgsponding protein sequenée are presented in Figure 16. The
cDNA insert was 1067 bp_in'lenéthvand contained an open reading
frame of 783 nucleotides (261 amino .acids) starting from an
initiation codon (ATG) at nucleotides 60-62. The termination
codoﬁ TGA was locatéd at nucleotides 842-844. The Length of ﬁhe
5’ untranslated region was fouhd to be 59 bp and nucleotides
upstream from the ATG initiation éodon were AAATCAAA, being
similar to most eukaryotic start codons for translation (Kozak,

1984).
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Figure 15. Restriction map and sequencing strateqgy for the cDNA
insert of MSA-63. Restfiction sites are shown at the top: H: Hind
ITI, P: Pst I, B: Bgl II, X: Xbal I. EcoR I and Pst I are used
for subcioning into.pUCls. Arrows indicate the direction and

extent of each sequence determination.
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Figufe 16. The nucleotide sequence and deduced émino acid
sequence of MSA-63. The predicted amino acid sequence is shown
below the nucleotide sequence. The numbering to the righf
indicates the nucleotide and amino acid positions. A poly A

- addition signaL is underscored with the symbol (***) and an mRNA
consensus degradation sequence is underscored with the symboi
(~*"). The predicted antigenic determinants are underscored with
the symbol (...) and a canonical N-linked glycosylation sequences
is underscored with the symbol (+). The underlined sequence isl
identical to that from amino acid séquencing analysis of peptides

isolated from trypsin-digested MSA-63 protein.
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50
CAGTTTCTTC TCAGCTCTTG AGTGTGCCAC ATTAGAGATC TTTATTTACC TAAATCAAA ATG AAG GAG TTA ATC TTA CTG GGA - 83
TR TER ¥et Lys Glu Leu Ilu Leu feu Gly 8

GGT CTT TAT CTG CTT TCT GCC CAA GGA GCA CCA CCA GGT CAG CCT GAG GAG CTT CTT GAC TCT GTA GAC CAA 158
Gly Leu Tyr Leu Leu Ser Ala Gln Gly Ala Pro Pro Gly Gln Pro Glu Glu Leu Leu Asp Ser Val Asp Gln 32

CAA GCT TCG GTT CAG CAA CTT TCA AGC GAG TAT CTC TCA CTC GCA AAC CCT TCA GAT GCC GAG GCT TTA TAT w
Glri Ala Ser Val Gln Gln Leu Ser Ser Glu Tyr Leu Ser Leu Ala Asn Pro Ser Asp Ala Glu Ala Leu Tyt 56
X =

GAA ACP CCY TTA GAF GAG AAG ACT CTG AGT CCT CAT ACY TCA AGY GAA CAG GAA TCA AGT GAG CAF GCT GFA 299
Glu Thr Pro Leu Asp Glu Lys Thr Leu Ser €ly His Ser Ser Ser Glu Gln Glu Ser Ser Glu His Ala Val 80

GCT GAA CAT ¥CY GCA GGT GAG CAC TCT TCA GGA GAA CAG YCT TCA GAA CAC ATG TCA GGT GAC CAC AYG YCA m
Ala Glu His Ser Ala Gly Glu His Ser Ser Gly Glu Gln Ser Ser Glu His Met Ser Gly Asp His Net Ser 104

GGA GAG CAC TTG TCA GAA CAC ACT TCA GAG GAG CAC TCC TCG GGC GAG CAC ACT TCC ACC GAG CAC ACT TCA 443
Gly Glu His Leu Ser Glu His Thr Ser Glu Glu His Ser Ser Gly Glu His Thr Ser Thr Glu His Thr Ser 128

GGT GAA CAA OCT GCA ACT GAA CAG TCC TCA AGT GAC CAG CCC TCC GAA GCA TCT TCA GGT GAA GIT TCG GGT 515
Gly Glu Gln Pro Ala Thr Glu Gln Ser Ser Ser Asp Gln Pro Ser Glu Ala Ser Ser Gly Glu Val Ser Gly 152

GAC GAA GCA GGY GAA CAG GIG YCT ACC GAG ACA AAY GAC AAA GAA AAT GAY GCT ATG AGF ACA CCA CTT CCA 587
Asp Glu Ala 6ly Glu Gln Val Ser Ser Glu Thr Asn Asp Lys Glu Asn Asp Ala Met Ser Thr Pro Leu Pro 176

AGC ACA TCT GCA GCC ATA ACA TTA AAT TGC CAC ACA TGT GCT TAT ATG AAT GAT GAT GCA AMA 76T CTC CGT 659
Ser Yhr Ser Ala Ala Ile Thr Leu Asn Cys His Thr Cys Ala Tyr Met Asn Asp Asp Ala Lys Cys Leu Arg 200

GGA GAA GGA GTA TGC ACC ACT CAA AAC TCC CAG CAG TGC ATG TTA AAG AAG ATC TTT GAA GGT GGA AAA CTC m
Gly Glu Gly Val Cys Thr Thr Gln Asn Ser Gln Gln Cys Met Leu Lys Lys Ile Phe Glu Gly Gly Lys Leu 224

CAG TTC ATG GIT CAA GGG TGT GAG AAC ATG TGC CCA TCT ATG ACC CTC TTC TCT CAT GGA ACA AGA ATG CAA 803
Gln Phe Met Val Gln Gly Cys Glu Asn Met Cys Pro Ser Met Asn Leu Phe Ser His Gly Thr Arg Met Gln 248

ATT ATG T6C T6T CGG AAT GAA CCT CTC T6C AAC AMG GTC TAG ATGCCCGTGC CCTACTTCTT GCTCTGACTT AGGCAGGTIC 885
Ile Mot Cys Cys Arg Asn Glu Pro Leu Cys Ash Lys Val TER 261

ACCACTCTAC TIGGCTCAAT TTATGTTCAA CTICAACAAC TAATCACATC GGCCTGOCT GATCACCAGA TAAGAAGCTC AMACCTIGTC 975

AN AAA
3'
TTTATIGATA CCCCATTGCC TATGRCCYCT GCCTTACTTT GCTCCCATOC TTCCGCAGAT GTTCTTTITT GCAATAAATYT GCTATTAMAGAA 1067
I
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Through this sequence analysis, a putative eukaryotic mRNA
degradation sequence (ATTTA) was alsoAidentified at nucleotides
.903~-907 (Caput et al., 1986; Shaw and Kamem, 1986) A consensus
polyadenylation sequence (AAT22AA) at nucleotides 1048-1053 was -
also located at the 37 untranslated region followed by a poly A

tail.

The sequence analysis revealed that there was a considerable
overlap bethen cDNA clone 6 and 12. cDNA clones 6 and 12 were
fpund to start at nucleotides 68 and 418, respectively.

The amino acid sequence for MSA—63 deducéd from the cDNA
sequence predicfed a brotein of 27.9 Kd. Part of the amino acid
sequence was found to be matched with those obtained from the
soluble-purified MSA-63 aﬁtigen and from protein spots in group 3

on 2D-gel.

The aminq acid qomposition of the deduced MSA-63 protein is
présented in Table 8. It is noted that MSA-63 consists a
relatively high percentage of serine (15.7 %), glﬁtamic acids
(12.2 %), and leucine (8.4 %). There is no tryptophane residue in

he entire sequence. The repeating amino acid motifs: Ser-Ser-

128



‘Table 8. Amino acid composition of the deduced MSA-63 protein.

Amino acid Number of Percentage
residue residue ( %)
Ala 17 6.5
Arg 3 1.1
Asn 10 3.8
Asp 11 4.2
Cys 10 3.8
Gln 18 6.8
Glu 32 12.2
Gly : 20 7.6
His 13 4.9
Ile 4 1.5
Leu 22 8.4
Lys ' 8 3.0
Met 11 4.2
Phe 3 1.1
Pro ' 11 4.2
Ser 41 158.7
Thr 15 5.7
Trp : 0 .0
Tyr 4 1.5
vVal 8 3.0
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Gly-Glu and Ser-Ser-Glu were found in high frequency in the
entire amino acid residues. A canonical N-linked glycosylation
sequence (Asn-Xaa-Ser/Thr) (Pless and Lennarz, 1977; Hart et al.,

1979) was located at amino acid residue 49 (see Figure 16).

According fo the PC/GENE computer pfogram analysis, the
hydrophilicity plot of deduced MSA-63 protein showed a
hydrophobic amino terﬁinus which is a characteristic of a signal
peptide (von Heijne, 1986). The main hydrophobic domains were
found to be proximal to the carboxy terminus. The result of tqis
analysis is presented in Figure 17. Three antigenic determinants
h;ving the highest points of hydrophilicity were;'(l) amino acid
residues 164—169} Asn-Asp-Lys-Glu-Asn-Asp (2) amino acid residues
162-167; Glu—Thr—Asn—Asp—Lys—Glu (3) amino acid residues 72=77;

Glu-Gln-Glu-Ser-Ser-Glu (see Figure 16).
The theoretical isoelectric point (pI) of MSA-63 protein was

estimated to be 4.2. This is consistent with the pI value of

protein spots in group 3 on 2D-gel.
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Figure 17. Hydrophilicity plot for the deduced MSA-63 amino acid
sequence. Three of the highest hydrophilic regions assumed to be
the antigenic determinants of this protein, are indicated by

arrows on the plot.
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The search of PC/GENE data base (release 6.25, Jﬁly 10, 1990)
revealed little homology of nucleotide and amino acid sequende to
any known genes or proteins. However, about 60 to 70 % homology
in nucleic aéid and amino acid sequence was observed between MSA-

63 and SP-10 antigen of human sperm origin (Wright et ai., 1990).

D. PRODUCTION AND CHARACTERIZATION OF MSA-63 FUSION PROTEIN

1. PREPARATION OF RECOMBINANT MSA-63 FUSION PROTEIN FROM

. LYSOGENIC STRAIN OF E. COLI

Two.of the recombinant phages carrying cDNA insert from
clones 6 and 12, respectively were chosén for production of MSAf
63 fusion protein in a lysogenic étrain of E. coli. After
infection and selection, several lysogenic bacteria colonies were
forme§. MSA-63 fusion protein expressed by the recombinant
lysogeﬁs was detected and characteriged by using Western blot and

immunobinding inhibition assay.

The SDS gels and the corresponding Western blot assay of

lysates of E. coli with or without recombinant MSA-63 cDNA

insert are shown in Figure 18. By Western blot analysis, the
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Figure 18. SDS-PAGE and Western blot assay of reqpmbinant MSA-63
fusion protein. Proteins oﬁ SDS-gel stained by Coomassie blue are
shown on lanes 1 and 3. The results of Western blot are shown on
lanes 2 and 4: Lanes 1 and 2 denote the lysates of clone 12
lysogens, respectivély. A recombinant fusion protein detected by
rabbit anti-MSA-63 sera is sﬁown on lane 2 with the arrow
indicating a molecular size of about 150 KD. Lanes 3 and 4
represent those of the control and lysates of E.coli strain

Y1089, respectively. (The data were published in Liu et al., 1990) .
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expressed MSA-63 fusion prdtein from lysogenic E. coli carrying
clone 12 cDNA insert was detected by using polyclonal antisera
réised against native MSA-63 protéin as the probe. The molecular
weight of the expressed fusion protein was estimated to be about

150 KD on SDS gel.

Figure 19 shows the iﬁmunospecificity of the MSA-63
recombinant fusion protein to HS-63 as demonstrated by
radioimmunosorbent inhibition assay. Bacterial cell lysates
containing the fusion protein (from clone 12 and clone 6
lysogens) were found to inhibit the binding of llZSI—labeled HS-63
to the mouse sperm coated on microwells in a dose—dependeﬁt

manner.
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Figure 19. Percent inhibition of the binding of 1251.1abeled Hs-
63 (specific activity 0.1 mCi/ug) to microwells coated with the
soluble extract of mouse sperm by the lysates of clone 6 lysogens
(0),'clone 12 lysogen (0O) and Y1089 host (X). 1x10° cpm/well is
used for each éssay. The initial protein concentration of cell
lysates was adjusted to 5 mg/ml. (The data were publiéhed in Liu

et al., 1990)
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2. ISOLATION OF FUSION PROTEINS AND EVALUATION OF CORRESPONDING

ANTISERA

MSA-63 fusion protein from the recombinant lysogens was
partially purified by gel filtration chromatography (Sephacryl S-
300). Fractions containing speqific immunoactivity tovHS—63 were
collected and used as immunogens to immunize female mice and
rabbits. Following thé tyﬁical immunization protocols, the mouse
and rabbit antisera were raised'against'partially purified
recombinant MSA-63 fusion protein. Antisera raised against the
host bac#erial extract served as the negative control. By using
indirect immunofluorescent assay, the antisera from mouse and
rabbit were shown to react only with the acrosome of mouse sperm.
This result is shown Figure 20. The titres of mouse antisera were
increased to 1:500 after the fourth immunization. Specific
binding between the antisera and mouse sperm coated on microwells
was alsd demonstrated by ELISA. Antisera against recombinant
MSA-63 fusion proteins showed significant dose-dependent binding
to coated mouse sperm. In contrast, antisera‘against host
baéterial exﬁract revealed only nonspecific binding to coated

wells. Results of this analysis are given in Figure 21.

139



Figure 20. Indirect immunofluorescent staining of mouse sperm by
‘using mouse antisera>against MSA-63 fusion protein. Mouse sperm;
under visible light and UV light are presented in (A) and (B),
respectively (X {OO). (The data were published in Liu et al.,

1990)
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Figure 21. ELISA showing the binding between mouse antisera
against MSA-63 fusion protein and mouse sperm homogenate céated
on microwells. Absorbance at 450 nm was plotted as a funqtion of
antiserum dilution on a log scale, where (®) denotes the mouse
antiserum against fusion MSA-63 protein and (X) is that against

E. coli host Y1089. (The data were published in Liu et al., 1990)
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By using the mouse in vitro fertilization experiment, the
mouse antisera against recombinant fusion protein could

significantly inhibit the in vitro fertilization of mouse oocyte

at a serum dilution of 1:10 (fertilization rate of 37.7 % vs.
74.1 % for the control, P < 0.001). Supplemental details are

presented in Table 9.

144



‘At

Table 9. Inhibitory effect of mouse antisera raised aqaihst,HSA—GB fusion:
protein on in vitro fertilization of mouse ococytes (Liu et al., 1990)

Immunogen Number of Ova examined Ova fertilized Fertilization P€C

assay {No.) (No.) rate (%)

value
Homogenate of2 2 31 ' 23 74.1
host Y1089
Recombinant b 2 61 23

37.7 <0.001
MSA-63 fusion
protein '

3The titre of antiserum to MSA-63 fusion protein is 1:500 as determined by
the indirect immunofluorescent assay.

DRecombinant MSA-63 fusion protein was partially purified from homogenate
of bacteria lysogens by Sephacryl S-300 gel filtration chromatography.

cCOmpared with the control group.



Part IV. DEVELOPMENTAL STUDIES OF MSA-63 ANTIGEN

A. CONSERVED NATURE OF SA-63 GENE AND ITS LOCATION ON HUMAN

CHROMOSOME

To examine the diversity of SA-63 gene among different
mammalian species, genomic DNA isolated from dog, rabbit, rat,
guinea pig, human, and mouse of both sexes were shown to
hybridize with cDNA probe of MSA-63. Results of this Southern
blot analysis are shown in Figure 22. This anélysis revealed the
‘conserved nature of SA-63 gene among different mammalian species.
Moreover, the genomic DNA from either sex (Figure 22, lanes 5-8)
gave essentially the same‘pattern and intensity of hybridization

through this analysis.

The location of SA-63 gene on human chromosome was also
determined By using the blot of human-hamster somatic cell hybrid
panel (from BIOS Co.). By using the MSA-63 CcDNA ingert with the
size of 1.2 Kb as a probe, the hybridization signal was detected
on lanes 16 and 17 in Figure 23. Preliminary results of this
analysis seemed to suggest that the SA-63 gene is located on human

chromosome 11 according to the instruction manual from BIOS Co.
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Figure 22. Southern blot.analysis of SA-63 gene from different
mammalian species. A: The Bgl II digested éenomic DNA on 0.8 %
agarose gel. B: The pattern of hybridization with 32p_1abeled
MSA-63 cDNA probe. DNA specimens are from: lane 1, dog; lane 2,
rabbit; lane 3, rat; lane 4, guinea pié; lane 5, male mouse; lane
6, female mouse; lane 7, male human; lane 8, female human.
Mixture of Lambda DNA digested by Hind III and ¢X174‘RF DNA
digested by Hae III in Kb ére shown on the left‘as size markers.
(Work performed in Dr. Chris Lau’s lab at University of
California, San Francisco) (The data were published in Liu et

al., 1990)
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Figure 23. Southern blot analysis of SA-63 gene by using a blot of

EcoR I digested human-hamster somatic cell hybrid panel. The 32

P
labeled-MSA-63 cDNA clone was used as ﬁybridization probe. Lanes 1
and 12 are the control of human DNA and lanes 11 and 22 are the
control of hamster DNA. The human specific positive hybridization

signals are indicated by arrows. (The blot was purchased from

BIOS Co., New Haven, CT)
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B. TISSUE-SPECIFIC EXPRESSION OF MSA-63 GENE

By using the cDNA insert of clone 12 as a prpbe, the
éxpression of MSA-63 gene was examined in different mouse tissues
by Northern blot analysis. Results of this analysis indicated
that this cDNA probe could hybfidize'to a 1.5 Kb mRNA in adult
mouse testis. However, no hybridization of this cDNA probe was
observed with fetal testis, ovary or any gther mouse somatic
tissues (i.e. brain) from either sex. Results of this analysis

are shown in Figure 24.

c. EXPRESSION OF MSA-63 GENE IN DEVELOPING MOUSE TESTES

RNA extracted from mouse testes of different ages (5 days to
35 days old) were separated by agarose gel electrophoresis.
Northern blot hybridization with 32p_1abeled cDNA probe of MSA-63
gene was performed. mRNA expression of MSA;63 was first detected
on day 20 after birth in the developing mouse testis and reached
a maximum level on day 35 after birth. The hybridization analysis

is pfesented in Figure 25.°

The expression of MSA-63 protein in developing mouse testis
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Figure 24. Northern blot analysis of MSA-63 gene expression in
different mouse tissues..The filter was hybridized with 32p_
labeled MSA-63 cDNA clone 12 and washed under high stringent
conditions. The band was visualized by autoradiography. Denatured
PM2 DNA digested by Hind III are used as a size marker in Kb and
illustrated on the left. RNA samples of mouse tissugs are: lane
1, male brain; lane 2, female bfain: lanel3, fetal male testis;
lane‘4, fetal female ovary and iane 5, adult testis,
respectively. (Work carried out in Dr. Chris Lau’s lab at
Univeréity of California, San Francisco) (The data were published

in Liu et al., 1990)
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Figure 25. Northern analysis of RNA.obtained from mouse testes at
various ages of development. Lane 1 fo 7 contains 20 ug of total
RNA each from testes at age of 5, 10, 15, 20, 25, 30, and 35 days
old mice, respectively. The filter was hybridized with 32p..
labeled MSA-63 cDNA clone 12 and washed under high stringent
conditions. The size markefs, 28S and 18S ribosomal RNA are shown

on the ieft.
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was also studied. Rapbit antisera against MSA-63 served as the
detecting probe in a dot blot enzyme immunéasséy for following

. the specific expression of MSA-63 proteih in testis from mice of
different ages. As shown in Figure 26, the MSA-63 antigen in
developing mouse testis was not detected in mousé‘testis until

day 20 after the birth.

D. IMMUNOHISTOCHEMICAI, STUDIES OF MSA;63 ANTIGEN IN MOUSE

TESTIS

An immunohistochemical method was used to analyze the
expression of MSA-63 protein in developing mouse testis. By using
indirect immunofluorescent assay on the frozen testis sections,
it couid be clearly demonstrated that MSA-63 was not_detected
until day 25 after birth. MSA-63 protein was mainly localized on
the acrosomal region of the elongated spermatids. Results of this

assay are presented in Figure 27.
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Figure 26. Expression of MSA-63 antigen in developing mouse
testes. Dot 1 to 8 contains 0.5 mg each supernatant>of mbuse
testes homogenate at the ages of day 5, 10, 15, 20, 25, 30, 35,
and 60 respectively. Dot 9 and 10 contain 0.5 mg of mouse liver
homogenate supernatant and 12.5'ug BSA, respectively. Immunoblot
assay is performed with (A) rabbit anti-MSA63 sera; (B) rabbit
anti-LDHX sera (C) normal rabbit serum. Column (D) was.stained by
amido black for protein quantitative control. Details of this
assay procedure are given in the section of Materials and

Methods.
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Figure 27. Immunohistochemical analysis of MSA-63 in mouse testes
at various stage of development. The testicular tissue sections
from A to F are at age of day 5, 10, 15, 20, 25, and 30

respectively (X 400).
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IV. DISCUSSION

PART I. CHARACTERIZATION OF HS-63 REACTIVE SPERM ANTIGENS AND

EVALUATION OF THEIR RCLES DURING FERTILIZATION PROCESSES

The process of mammalian fertilization is a continuous and
progressive event. Spermatozoa must undergo a .sequence of
programmed events inclﬁding capacitation, acrosome reaction and
sperm-oocyte fusion in order to complete the overall
fertilization process (Fraser and Ahuja, 1988; Wassarman,
1987a,b). To study such a complicated syétem, it is essential to
identify those sperm proteins whiéh are involved in Fhe cruciél
steps of the fértilization process. Numerous efforts by others
have been made to identify those crucial sperm components mainly
by using monoclonal sperm antibodie§ as the initial tools for the
identification (Naz,et al., 1984a; O’Rand et al., 1984; Gerton et

al., 1988; Saling, 1986; Primakoff et al., 1988a).

In our laboratory, HS-63 monoclonal antibody was initially

found to react with the acrosome of human and mouse sperm (Figure

8) and inhibit mouse in vitro fertilization (Lee et al. 1986;

Menge et al. 1987; Anderson et al., 1987; Table 2, 3, 4). It was
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therefore hypothesized that the corresponding sperm antigen (SA-

63) in the acrosome may be involved in fertilization process.

HS-63 was shown to react with the acrosome of live
capacitated sperm, but not with the fresh uncapacitated ones
(Figure 3). Sperm capacitation is a unique process required for
hammalian fertilization. Certain multifaceted changes of sperm
surface membrane and intracellular components are required during
‘the capacitation process (Fraser, 1983, 1984). Redistribution ofi
intramembranous parficles and intracellular calcium content in
the head and midpiece regions of spermatozca might be associated
with sperm capacitation (Koehler and Gaddum-Rose, 1975; Bearer
and Friend, 1982). Following the treatment of uncapacitated sperm
with ethanol, high salt (0.5 M KCl) or detergent such as Triton
X-100, SA-63 may be exposed to the sperm surface and become
available for antibody binding. Therefore, it is reasonable to
assume that following capacitation, the SA-63 beéomes exposed as
the result of a sperm surface membrane change;.This observation
seemed to suggest that SA-63 may be: initially localized beneath
the plasma membrane of the sperm acrosome, and becomes exposed

following the capacitation process.
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The sperm acrosome reaction involves the fusion of plasma and
outer acrosomal membranes and the release of hydrolytic enzymes,
which is similar to the process of exocytosis (Russell et al.,
1979; Wassarman, l§87a). Some of the sperm‘acrosomal proteins
reside in the plasma and outer acrosomal ﬁembrane were found to
shed during the acrosome reaction (Morton, 1975; Meizel and
Mukerji, 1975). However, proteins associated with the inner
acrosomal membrane will remain on the sperm surface after
completion of the acrosome reaction (i.e. acrosin) (Dunbar et
al., 1976). In view of the fact that HS-63 could no longer react
with the acrosome-reacted sperm, itvcan be suggested that SA-63
may lie in between the inner acrosomal membrane and plasma_or

outer acrosomal membrane.

In summary, our experiments suggést that SA-63 can be a
useful marker for studying sperm capacitation and the acrosome
reaction. However, the exact location of SA-63 antigen in

mammalian sperm remailns to be determined by electron microscopy.

The inhibitory effect of HS-63 on in vitro fertilization of
mouse oocytes was found to be dose-dependent (Table 2). When the

concentration of HS-63 was diluted to 0.04 mg/ml, there was no
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significant inhibition of fertilization in vitro. Resultévof our
experiments also revealed that HS-63 had little effect on sperm
motility and sperm-zona binding in the mouse system. However,
Wolf and his coworkers (Archibong et al., 1991) observed that HS-
63 could significantly inhibit human sperm-zona binding in a
typical human.hemizona assay system. The discrepancy could be due
to the»different affinity between HS-63 binding to human Sperm

and that to mouse spermn.

In the human sperm penefration assay, HS-63 was found to
inhibit not only the penetration rateAbut also the mean number of
human sperm attached to zona-free hamster ova (Table 3). In a
given sperm penetration assay, it is known that the resulting
fertilization rate is associated with many physiblogical factors
such as the degree of sperm acrosome reaction, sperm motility,
évidity of binding to the egg surface and efficacy of sperm-egg
fusion. (Fukuda et al.,>1989; van Kooij et al., 1986a,b:; Aitken
et al., 1983; Yang et al., 1988). The binding of HS-63 to
capacitated human sperm may block some of these factors so that

the sperm penetration rate is reduced.

‘It has been reported that human sperm bound to zona-free
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hamster o§a were found to be acrosome-reactive. (Singer et al.,
1985). The number of bound human sperm on theAsurface of zona-
free hamster ova may be related to the degree of sperm acrosome
reaction (Singer et al., 1985). It is possible that the binding
of HS-63 to capacitated sperm could impede the rate of sperm
acroscme reaction, so that the number of sperm attached to zona-

free hamster ova was reduced significantly.

The ability'of acrosome-reactive sperm to fertilize eggs is
not wéll known and could be species specific (Longo, 1987). In
the case of mouse; only acrosome~intact sperm show the
fertilizing capacity. Acrosqme-reacted mouse sperm <an no ldn@er
bind‘to the zona pellucida of the ova (Saling et al., 1979:
Storey et al.,.1984; Wassarman, 1987a). However, in humans and
guinea pigs, experimental evidence suggested that the acrosome-
reacted sperm might retain their ability to fertilize the egg
(Wolf, 1986:; Yanagimachi, 1984). In view of the fact that HS-63
only reacts with the acrosome-intact capacitated spérm, one would
expect that HS-63 can only inhibit the initial fertiiization
steps prior to sperm penetration into zona pellucida and sperm-

egg membrane fusion.
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In érder to further explore the possible'inhibitory
mechanism of HS-63 on fertilization, several in vitro assays were
performed iﬁcluding its effect on sperm-zona binding and zona-
induced acrosome reaction. Our preliminary experimental evidence
showed that although HS-63 has little'inhibitor§ effect on mouse
sperm-zona binaing, it does significantly inhibit zona—induced
sperm acrosome reaction. Judging from this observation, it can be
assumed that the inhibitory effect of HS-63 on fgrtilizatioh
could result from its interference with the steps of 2zona-induced

acrosome reaction prior to sperm penetration into zona pellucida.

In view of the fact that the mechanism of zona-induced
acrosome reaction is cdrrentlybunknown (Roldan and Harrison,
1990), the exact stage at which HS-63 interferes with the

acrosome reaction remains to be elucidated.

According t0‘previoﬁs studies using chlortetracycline (CTC)
fluorescent assay, the process of acrosome reaction can be
divided into three stages (Saling and Storey, 1979; Storey et
al., 1984). They are (1) F phése - sperm with intact acrosome,
(2) S phase - intermediate stage of sperm acrosome reaction, and

(3) AR phase - acrosome reacted sperm, respectively. This assay
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was also successfully used to study the inhibition of sperm
antibody to the acrosome reaction (Saling et al., 1986). M42
monoclonal antisperm antibody was found fo inhibit zona-induced
acrosome reaction at F phase and had no effect 6n iohophofe—
induced acrosome reaction (Leyton et al., 1989). It was<suggested
that M42 could affect caléium influx during the acrosome reaction
and might not be involved in membrane fusion (Lyeton et al.,
1989). In view of this report, CTC staining assay may be.uséd to
evaluate the effect of HS-63 on sperm acrosome reéction in the

future.

Frpm the in vivo mating studies with péssive immunization of
female mice with HS-63, the antibody titre of HS-63 in mouse
circulating sera could reach té 1:200,000 by using indirect
immunofluorescent assay. However, the local antibody titre of HS~
63 in oviduct fluid was estimated to be 1:2,500. Judging from the
antibody dose-dependent effect on the feftilization of mouse
cocytes -in vitro (Table 2), the local antibody titre in oviduct

fluid might be too low to cause any inhibition on in vivo

fertilization.

In vivo mating experiments via passive immunization of
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monoclonal antibodies have been previously reported by Saling and
coworkers (Saling et al., 1986). Two monoclonal antibgdies, M29
(IgM subclass) and M42 (IgGl subclass) that reacted separately
with mouse sperm equatorial.segment and acrosome were clearlyv

demonstrated to inhibit mouse fertiliéation in vivo following

passive immunization in female mice. It was observed that
increasing the dose of these two antibodies led to é significant
reduction in fertilization level. Since sperm antigens recognized
by HS-63 and M29 or M42 are apparently different, the
differential effectiveness between HS-63 and M29/M42 could be

explained.

The stability of the antigenic determinant recognized by HS-
63 was studied via treatments of sperm with detergents,
broteolftic ehzymes; glycosidases, or carbohydrate modifying
chemicals. Through such extensive énalyses; it was concluded that
HS-63 reacts with a peptide determinant of'SA—63 which is still
immunoactive in the presence of nonionic detergent.‘Therefore, )
the recombinant fusion protein carrying part of SA-63 could still
be recognized by HS-63 (Figure 19). Meanwhile, through the
molecular clening of MSA-63 cDNA, the antigenic determinants were

tentatively assigned from the amino acid sequence of the deduced
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protein (Figure 16 and 17). However, hydrophilicity is only one

of the predictors for antigenic determinant.
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Part II. PURIFICATION AND CHARACTERIZATION OF MSA-63

By means of indirect immunofluorescent assay, it was clearly
established that MSA-63 antigen in mouse testis exists as a
membrane-associated soluble protein. Thus, when thg conventional
soluble protein purification procedure was employed for
purification of MSA-63 antigen, the purified MSA-63 precipitated
out during storage. This is perhaps due to hydrophobic
aggregation of MSA-63 protgin in the absence of detergent
(Hjelmeland and Chrambach, 1984). Also, this dbservatién futther
suggested that MéA-63 antigen is a membrane-associated soluble
protein and exists4as aggregates in the native state (Figure 8).
In view of this probiem, Triton X-100 wés introduced in the
second purification procedure. In the'presence of 0.1 % Triton X-
lQO, no precipitation was found in the solution containing

purified MSA-63 solution.

As shown in Téble 5, the detergent éxtraction method resulted
in a much higher protein recovery of MSA-63 as compared to that
of the soluble extraction method. It was also noticed that in the
- presence of Triton X-100, the estimated immunoactivity of

purified MSA-63 is somewhat lower.
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Aftef 2D-gel electrophoresis, purified MéA—63 displayed a
number of protein spots (Figure 6A and 6B). Some of the protein
spots in group 1, 2, and 4 were identified to be sperm actin
fragments through amino acid sequence analysis of the isolated
peptides. The major actin spots on a 2D-gel were found to have
molecular weights of 50 Kdi(group 1) and 45 Kd (group 2) and pls
around 5. Presumably, they are major actin fragments in mouse
sperm (Flaherty et al., 1986). Rabbit antisera against protein
spots in group 1 exhibited high cross-reactivity to -actin.
However, those raised againsﬁ protein spots in group 2 showed
little cross-reactivity to :-actin. Through the aﬁalysis of amino
acid sequenée homology of peptides isolafed from protein spots in
group 1, 2, and 4, it was concluded that they are either actin-

related proteins or their degfadation products.

By‘using Western blot analysis, antisera raised against
protein spots in group 3 (MSA-63) could cross-react with all the
‘protein spots on a 2D-gel. HoweQer, antisera against protein spots
ofvgroup 1 and 2 (actins) could not react with MSA-63 in groué 3.
It is possible that protein spots in group 3 which were used to

raise anti-MSA-63 sera may be contaminated with actin-related
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protein fragments.

Through gel filtration analysis, it was clearly demonstrated
that MSA-63 exists as aggregates in the native form with a
molecular size ranging from 200 to 300 KD (Figure 8), The
aggregated form of MSA-63 could result from either self
association or éomplex formation with actin-related proteins. It
is intriguing tc find that actin-related proteins or fragménts

are tightly associated with MSA-63 protein.

The interaction between MSA-63 and actin (Sigma A2522) has
.also been investigated (Figure 9). It is assumed that changes of
molecular distribution of «-actin may be due to the interaction

petween MSA-63 and actin or degradation caused by MSA-63.

- The presence of actin in mammalian spermatozoa has been
reported (Camatnini et al., 1986; 1987; Casale et al., 1988;
Flaherty et al., 1983, 1986; Olson and Winfery, 1985). However,
the locations of actin in sperm vary with different mammalian
species (Flaherty, 1986). The precise functional role of actin in

spefm'is currently unknown (Vogl, 1989).

In mouse sperm, F-actin was found on the surface of
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postacrosomal regidﬁ (Clarke and Yanagimachi, 1978), midpiece and
anterior principal piece (Flaherty, 1986). Results of our study
may suggest that, actins are associated with MSA-63 protein in
the acrosomal region and may be involved in sperm acrosome

reaction.

The proteolytié activity in the pufified MSA-63 preparation
was studied. When the purified MSA-63 was incubatéd at 37°C for 5
days and two weeks at neutral PH, the protein spots in grbup 3
revealed no significant changes. However, groups 1 and 2 protein
spots were found to disappear when analyzed on a 2D-gei (Figure
i5C). On the other hand, new protein spots with molecular sizes
rénéing from 10 to 20 Kd appeared on 2D-gel after long
incubation. The origin énd the nature of the proteolytic activity

in the purified MSA-63 preparation remain to be elucidated.

MSA-63 protein (group 3 on a 2D-gel) showed serial 6f protein
spots with similar pI (about 4.2) but different mélecular sizes
ranging from 24 to 45 Kd. AccordingAto the amino acid sequence
deduced from full length CDNA insert, the molecular weight of
MSA-63 should be 27,948 dalton. The treatment of O0- and N-

glvcosidase or reducing reagent failed to change the
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microheterogenicity of MSA-63 protein on 2D-gel (Figure 10).
Hence, one can assume that the presence of carbohydrate moiety
and disulfide linkage may not be the cause of such

microheterogenicity in MSA-63.

It is therefore proposed the molecular size heterogeneity of
MSA-63 protein may result from the cross-linking or covalent
aggregations of MSA-63 or its association with other molecules
such.as actins. Further tryptic'analysis of MSA-63 protein (group

3) should enable us to solve this question.
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Part III. CLONING AND CHARACTERIZATION OF MSA-63 cDNA

The cDNA encoding MSA-63 protein was successfully cloned by
using immunoscreening of a mouse testis cDNA library constructed

in the lambda gt 11 expreSsion vector (Young and Davis, 1983).

Generally most, cDNA inserts isolated from the immuno-
detectable cDNaA elones are not full length (Synder et al.,
1987). Polyclonal antisera have thé advantage of recognizing
multiple epitopes of a}given protein. A monoclonal antibody can
only recognize a single epitope and is therefore of limited use
for immunoscreening. Thus, polyclonal antisera are usually

recommended as probes for immunoscreening (Huynh et al., 1985).

Using this technique, the cDNA clones of MSA-63 antigen were
isolated from a mouse testis cDNA library by immunoscreening using
rabbit antiserum against MSA-63. Through immunoscreening of 6 x

5

10~ bacteriophages from mouse testis cDNA library, more than 60

positive clones were identified (Figure 12).

The most difficult part of cDNA isolation by immunoscreeninq

is to determine whether the immunoreactive clones are. derived
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from the gene of intefesﬁ. Southerﬁ blot analysis was usually
employed to determine if the inserts of the positive cDNA clones
can cross-—-hybridize with each other. Following hybridization,
only those with é high degree of homology showed positive signals
under highly stringent wash conditions. As a result, four
positive cDNA clones were isolated (see Figure 13). From the
restriction mapping analysis, they were shown to be derived from

a single structural gene.

Experiments‘were performed to determine if the isolated cDNA
clones express MSA-63 protein. The recombinant fusion protein
prepared from the pqsitive cDNA clones could be recognized by
énti—MSA-63 sera in the Western blot assay (Figure 18). Cell
lysates of lysogeﬁ which produced the recombinant fusion protein
were able to inhibit HS-63 binding to sperm (see Figure 19).
Therefore, it can be suggested that HS-63 reactive epitope exists
in the recombinant fusion protein produced from E coli. Results
of this experiment further confirmed that the HS-63 specific

epitope is a peptide and not the carbohydrate moiety.

The PC\GENE computer program was used to analyze the

hydrophobic/hydrophilic nature of cDNA deduced amino acid
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sequence of MSA—63 protein. A hydrophobic amino terminus was
identified in the deduced amino acid sequence, possibly being an
eukaryotic secretory signal (von Heijne, 1986). Therefore, MSA-63
protein may be transported across the membrane as a secreéory
pro£ein after its synthesis. Due to the lack of membrane-spanning
segment in the entire amino acid sequence, MSA-63 is considered
as a peripheral protein, bﬁt not a membrane integral protein
(Klein et al., 1985). This prediction is in agreement with our
earlier observation that MSA—63 is a membrane-associated soluble
protein. Other cytoskeletal.protein components such as actins may

be required to anchor MSA-63.

The size of mRNA identified from mouse testis was close to
1.5'Kb (Figure 24). However, the isolated cDNA clones had1a size
of only 1.2 Kb (Figure 16). It is possible that the poly A tail
of the mRNA ﬁay be more than 200'bp. Further study.by using the
method of mRNA primer extehsion may be required to identify_the

size of full length MSA-63 cDNA.

Usually, the polyadenylation in eukaryotic mRNA is required
to stabilize the mRNA for long term expression (Burton et al.,

1383; Belasco et al., 1985). However, an mRNA consensus
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degradation sequence (AUUUA) was found in the 3’ noncoding
regioh..The presence of this sequence seens to'promoté mRNA decay
(Shaw and Kaman, 1986; Capqt et al., 1986). Transiently-expressed
mRNAs, such as those for oncogenes, lymphokines and interferons,
also carry such a segment in their 3’ honcoding region (Wilson
and Treisman, 1988; Jones and Cole, 1988). Therefore, ﬁhe

. expression of MSA-63 gene may also be requlated by this segment

during spermatogenesis.

The computer search from the data base of the PC\GENE program
(release 6.25, July 10, 1990) revealed that there was no
significant homology of MSA-63 with any other known nucleotides
and protein;. However, 60 to 70 % homolbgy was observed between
MSA-63 cDNA se@uence'and that of a human sperm acrosomal antigen,
SP-10 (Wright et al., 1990). In contrast, SP-10 antigen was not
conserved in all species. Sperm from several mammalian species
inclgding.rabbit, bull, rat, guinea pig, and cat do not express
any antigen which i; immunclogically or structﬁrally related to
SP-10 antigen {(Herr et al., 1990a,b). MHS;IO, the monoclonal
antibody by which SP—lO.antigen was identified, was shown
previously to inhibit fertilization by the WHO workshop (Anderson

et al., 1987). The structural and functional relationship between
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MSA-63 and SP-10 antigen in sperm acrosome remain to be explored

in the near future.
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Part IV. DEVELOPMENTAL STUDY OF MSA-63 ANTIGEN

A previous study showed that HS-63 monoclonal antibody is
species conserved and sperm specific (Anderson et al., 1987). At
the molecular level, by Southern blot analysis using MSA-63 cDNA
aé a probe, the SA—63 gene was found to be conserved among
different species in both sexes (Figure 22)..In human, the
location of the SA-63 gene was suggested to be on chromosome 11
(Figure 23). Therefore, the SA-63 gene is localized on an autosome .
and not on the sex chromosome. Results of fhese molecular
analyses are consistent with fhose of immunolcgical analysis by .
the WHO workshop regarding the broad species cross-reactivity

of HS-63 monoclonal antibody (Anderson et al, 1987).

Results of the Northern blot analysis showed that the mRNA of
MSA-63 was only expressed in adult testis but not in fetal testis
or any other somatic tissues (Figure 24). In the developing mouse
testis, spermatogenesis begins on day 5 postnatally, when the
primitive type A spermatogonia begin to proliferate (Bellve’ et
al., 1977). On day 9, type B spermatogonia pass through a mitotic
division to yield préleptotene spermatocytes. By day 10,

leptotene spermatocytes appear and quickly differentiate to form

180



zygotene spermatocytes. By day 14, pachytene spermatocytes are
formed. Arouﬁd day 18 of development, the first meiotic division
occurs to form secondary spermatocytes (Bellve’, 19%9). Gn day
20, a_significant number of.pachytené spermatothes in mouse
testis are ready.to enter the ro;nd spermatid stage (Hechf et
al., 1985). The transcription of MSA-63 was first detected in
mouse testis on day 20 after birth and the maximum expression was

found on day 35 (Figure 25). Therefore, the nature of gene

expression of MSA-63 appears to be postmeiotic.

At the protein level, the immunoactivity of MSA-63 antigen
was first detected in testis of 20 day old mice (Figure_26).
This observation suggests that transéription and translation of
MSA—Gﬁ gene are initiated simultaneously in the developing mouse

testis.

Sperm specific genes are valuable for the study of the
regulation of gene expression duriné spermatogenesis (Kleene et
al., 1984} Hecht et al., 1985; Waters et al., 1985; Villasante et
al., 1986; Mutter and Wolgemith, 1987). Lactate dehydrogenase—x
(LDH-X), a sperm specific isozyme, is expressed in the haploid

germ cell (Hintz and Goldberg, 1977; Wheat et al., 1977;

181



Meistrich et al., 1977; Wieben, 1981; Tanaka and Fujimoto, 1986).
Transcription and translation of the LDH-X gene are initiated at
the pachytene stage of germ cell differentiation (Jen et al.,

1990), the stage of which is considered premeiotic.

Protamine, a testis-specific histone, is found to be
expressed in the diploid cell during meiotic prophase (Hecht et
al., 1985). However, the message of protamine is stored without

translation until the stage of haploid spermatids.

Phosphoglycerate kinase-2 (PGK-2) is a sperm specific isozyme
which is involved in the glycolytic metabolism of spermatozoa
(Gold et al., 1983). The postmeiotic expressian of PGK-Z is also
subject to strong translational control. As well as protamine,
the mRNA of PGK-2 is stored for many days before being translated
in the round spermatid stages of spermatogenesis (Gold et al.,

1983).

Several proto-oncogenes are also found to be expressed duriﬁg
spermatogenesis (i.e. c-mos, c-abl and N-ras). The expression of
these proto-oncogenes may be associated with the control of sperm

proliferation and differentiation in the testis (Willison and
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The timing of MSA-63 expression is around the onset of
spermiogenesis. At this momént, morphological changes in round
spermatids occur concomitantly with alterations in the
complemeht of constituent proteins (Boitani et al., 1980;
Millette and Mdulding, 1981; Stern et al., 1983). Meanwhile,
~acrosome formation is initiated immediately after the completion
of meiosis and intimately involves the Golgi apparatus in early
spermatids (Clermont and Tang, 1985). From our study on the gene
exéression of MSA-63,.1it can be cohcluded that MSA-63 is produced

at the initial stages of acrosome formation.

Factorsithat regulate the MSA—63 gene expression in
spermatogenesis are unknown. In testis, sperm cells are in
intimate contact with Sertoli cells during all phases of
spermatogenesis, which includes meiotic proliferation, meiotic
division, and differentiation (Russell, 1980). It is be}ieved that
Sertoli cells may play an important regulatory role in
spermatogenesis (Tindall et al.,.l985). Hence, the expression of
MSA-63 antigen might be regulated directly or indirectly by the

Sertoli cells. This hypothesis remains to be confirmed.
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V. CONCLUSION AND FUTURE RESEARCH DIRECTION
/
During the last two decades, numerous biotechniques have been
developed for applications in biomedical research. They have
greatly revolutionized the approaches by which scientists solve

the imporiant problems in reproductive biology.

In this study, hybridoma, protein chemistry, and recombinant
DNA technology represent'the most important tools in dealing with
problems related to s;ructural and functional roles of specific
sperm antigens during the fertilizationi Without adequate
applications of thesé techniques, it would have beenlimpossible

to obtain the information presented in this thesis.

Systematically, with the application of hybridoma technology,
numerous monoclonal antibodies to sperm were generated in our
laboratory. Based on their respective sperm specificity and
inhibitory effects on sperm functions and fertilization,‘HS—GB
monoclonal antibody waé among those selected. By means of
immunoaffinity chromatography using this antibody as the ligand,
specific mouse sperm antigen (MSA-63) recognized by HS-63 was

purified and characterized biochemically and immunologically.

.
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Furthermore, through the immunoscreening of a mouse testis cDNA
library with antisera against MSA-63 as the probe, cDNA clones
expressing this sperm protein were isolated. The molecular
cloning work enabled us to determine mRNA and protein structures.
The isolated specific cDNA fragments were also used as probes to
study the expression of this sperm antigen during
spermatogenesis. Moreover, mass-production of specific sperm
anpigens can also be achieved via applications of recombinant DNA
‘technology for the development of a sperm antigen based

immunocontraceptive vaccine.

Although much information has been obtained regarding the
mRNA and protein structure of this sperm specific acrosomal
antigen (SA-63), more studies need to be carried out for the full

understanding of its structure and function.

In order to Qetermine the organizational and structural
features of the genes encoding the SA-63 protein, the eptire”SA—63
gene will be cloned and sequenced. Its exons, introns and
regulatory elements can be investigated. Furthermore, the
regulation of the SA-63 gene expression'can be evaluated by

transfection studies by introducting the entire gene or putative
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reqgulatory regions into tissue culture cells or a transgenic
animal system so that specific expression of SA-63 gene can be
studied in response to transacting regqulatory factors such as

growth factors and hormones.

Moreover, the availability of HS-63 monbclonal antibody and a
tha specific cDNA probe for SA-63 will enable us to study the
subcellular location of protein and mRNA in various
differentiated spermatégenic ceils in the testis and in mature
spefmatozoa during epididymal transit. Particular attention will
be paid to identify how SA-63 is aésociated with thoskeletal

proteins such as actins.

In view of the protein chemistry, it would be interesting to
determine how the protein expressed by the SA-63 gene can exhibit
sﬁch a broad molecular size distribution. The molecular
mechanisms of such a wide-spread microheterogeneity of SA-63
protein and its structural and functional implications are an

important subject for further investigations.

Although the results of our preliminary studies revealed that

MS2A-63 is ineffective as an immunocontraceptive vaccine in
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mouse, the contraceptive efficacy of SA-63 in primaté species
remains to be explored. Because of significant'anatomical and
physiological differences in the reproductive systems between
rodents and primates, one would expect differences in
contraceptive efficacy in these two mammalian species. According
to recent studies by Wolf and his coworkers in Oregoh

Regional Primate Center (Archibong et al., 1991), a strong
inhibition of HS-63 and rabbit anti-MSA-63 sera on sperm-zona
binding was found in a human hemi-zona assay system. The result
of this study suggests that SA-63 may be a suitable candidate for
immunocontraceptive vaccine in humans. Active immunizations with
purified SA-63 from rhesus monkey testes in rhesus monkeys are
already being underway at the Oregon Regional Primate Center. The
resulting contraceptive efficacy will be assessed by in vitro

fertilization and in vivo mating experiments in primates.

Finally, it is important to mention that the strategy
developed in this study could serve as a model to study several
other sperm antigens and potential sperm vaccine candidates in

the future.
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APPENDIX

1. The formula of solutions in ELISA are summarized as
follows:

(1}. Blocking buffer

Tris-HCl (pH 8.0) 0.1 M
BSA 0.25 %
Sucrose 2 %

Thimerosal 0.1 %

(2). Substrate solution

Citrate-phosphate (pH 5.0) 0.1 M
3,3’,5,5’ tetramethyl benzidine 0.03 %
H202 0.02 %

2. The formula of stock sclutions mentioned in SDS-PAGE are
summarized as follows:

(1). Stacking gel acrylamide solution
acrylamide 28.38 gm '
bisacrylamide 1.62 gm
dH,0-to 100 ml -

(2). Stacking Tris-HCl solution
Tris base 6.06 gm
SDS 0.4 gm
pH to 6.8 with HC1
dH,0 to 100 ml

(3). Running gel acrylamide solution
acrylamide 30.0 gm
bisacrylamide 0.8 gm
dH,0 to 100 ml

(4). Running Tris-HC1l solution
Tris base 18.17 gm
SDS 0.40 gm
pH to 8.8 with HC1
dH,0 to 100 ml

Electrophoresis buffer (10 X)

(5) .
""Tris base -~ 30 gm

glycine 144 gm
SDS 10 gm

(6). Sample buffer (2 X) .
1 M Tris-HCl1l, pH 6.8 1.25 ml
10 % SDS 4 ml
glycerol 1 ml
bromophenol blue : .20 mg
B-mercaptoenthanol 0.4 ml

Bring volume to 10 ml with dH,0
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3. The formula of stock solutions mentioned in 2D~gel
electrophoresis above are summarized as follows:

(1). Ampholine mixture
' pH range 3.5-10:4-6:5-8 = 1:1:3

(2). Gel mixture (5 ml)
urea 2.5 gm
30 % acrylamide 0.7 ml
(for upper gel of SDS-PAGE)

glycerol 0.25 ml
dHZO 1.25 ml
ampholine mixture 0.25 ml
10 % ammonium persulfate 10 ul
TEMED 10 ul
(3). Sample buffer

urea " 0.57 gm
20 % NP-40 0.1 ml
ampholine mixture 0.05 ml
i1 M DTIT 0.025 ml

dHZO to 1 ml

(4). SDS sample buffer

1 M Tris-HCl1l pH 6.8 1.8 ml
10 % SDS 6.0 ml
2-mercaptoenthanol 1.5 ml
10 % glycerol 3.0 ml

dHZO to 30 ml

4. The formula of stock solutions mentioned in dot blot assay
are listed as follows:

(1). TBS
50 mM Tris-HCl (pH 7.9)
150 mM NacCl

(2). TBST
TBS plus 0.05 % Tween-20

(3). Substrate solution
30 mg (W/V) urea peroxide in 50 ml 0.1 M Tris-HCl, pH 8.0
30 mg (W/V) 4-Chloro-l-napthol in 10 ml methanol
mix well before use ‘ '

5. The formula of 'stock solutions mentioned in Western blot are
summarized as follows: '

(1). Blocking solution
3 % BSA and 0.1 % TMS in TBST solution
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(2). Transfer buffer
: 25 mM Tris base
192 mM glycine
After Tris and glycine are dissolved, add 20 %
methanol
pH to 8.3 with HC1

(3).'Amido black staining and destaining solution
a. staining solution:

0.1 % (W/V) amido black in 45 % methanol, 45
acetic acid

oe

b. destaining sclution:
staining solution without amido black

6. The formula of stock solutions mentioned in mouse
fertilization are listed as follows:

(1). BWW medium (Bigger et al., 1971)

NacCl 0.554 gm
KC1l 0.0356 gm
CaCl, 0.0189 gm
KH2PO4 0.0162 gm

- MgS0, 7H,0 0.0294 gm
Dextrose 0.1 gm
pyruvic acid 0.003 gm
(Na salt)
NaHCO4 0.2106 gm
BSA 0.35 gm
DL-lactic acid 0.37 ml
1 M Hepes, pH 7.4 2 ml
0.5 % phenol red 0.05 ml
Pen-Strép 1 ml

ddH,0 to 100 ml
Filtrate the medium by using 0.22 um filter

(2). IVF staining solution
0.25 % Lacmoid in 45 % acetic acid

(3). IVF destaining solution

o)

0.25 % glycerol in 20 % acetic acid

(V/V)

HZO and 10

in vitro

7. The stock solution required for tissue DNA extraction are

listed as follows:
{1). TE buffer
Tris—-HCl pH 8.0 10 mM
EDTA 1 mM
(2). TNE butfer
TE buffer plus 0.1 M NaCl
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(3). "Phencl®™ means phenol equilibrated with buffer and

< o,

containing 0.1 % hydroxyquinoline and 0.2 % 2-mercaptoethanol.
(4). "Chloroform®™ means a 24:1 (v/v) mixture of chloroform and
iscamyl alcohol.
8. The stock solution used for bacteriophage DNA extraction

are listed as follows:

(1). LB medium

.Bacto-tryptone’ 10 gm
Bacto-yeast extract 5 gm
NacCl 10 gm

dH,O0 to 1 liter
Adjust pH to 7.5 with NaOH

(2). SM buffer

NacCl 5.8 gm
MgsO, 7 H,O 2 gm

1 M Tris-fHCl (pH 7.5) 50 ml
2 % gelatin 5 ml

(3). TE buffer
10 mM Tris-HC1l (pH 7.5)
1 mM EDTA (pH 8.0)

All the solutlons were sterilized by autoclaving prior to
use.

3. The stock solution used in extractlon of plasmid DNA are
listed as follows:

(1) .- Solution I
50 mM glucose
25 mM Tris-HCl (pH 8.0)

10 mM EDTA

(2). Solution II
0.2 M NaOH
1 % SDS

{3). Solution III
5 M potassium acetate (pH 4.8) 60 ml
Acetic acid 11.5 ml
dHZO 28.5 ml

10. The compositicns of solutions used for RNA extraction are

listed as follows:

(1). Solution.D
Guanidinium thiocyanate 4 M
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Sodium citrate, pH 7 25 mM
Sarcosyl 0.5
2-mercaptoethanol 0.1

= o0

11. The formula of solutions mentioned in nick translation are
summarized as follows:

(1). ANTP mixture ,
500 uM dATP 2 ul
500 uM dGTP ' 2 ul
500 uM d4TTP : 2 ul
(2). 10 X nick translation buffer
.5 Tris-HCl1 pH 7.2
.1 MgSsO,
DTT
00 ug/ml BSA

L

1
0
0
1
5
{3). STE buffer

10 mM Tris-HCl pH 8.0

0.1 M NaCl
1 mM EDTA

12. The stock solutions used in Southern blot hybridization are
listed as follows:

(1). 20 X SsC
NaCl 175.3 gm
Sodium citrate : 88.2 gm
dH,0 to 1000 ml ’
adjust pH to 7.0

(2). Hybridization buffer
NazHPO4 pH 7.2 0.2
SDS 7.0
dextran sulfate 7.5

o0 o¢

13. The solutions used in immunoscreening are listed as follows:

(1). Avidin-biotinylated horseradish peroxidase complex
avidin solution , 40 ul
biotinylated horseradish peroxidase 40 ul
in 10 ml TBST buffer

This mixture is incubated at room temperature for 30 minutes
before use.

(2). Peroxidase substrate solution
" 4-chloro-1l-napthol (3 mg/ml) in methanol 2 ml
TBS plus 0.01 M imidazole 10 ml
30 % hydrogen peroxide 5 ul
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