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This study was undertaken to identify potential molecular markers of acrosomal
biogenesis and post-testicular maturation in marsupials, using the tammar wallaby as a

model species. A two-step sperm extraction procedure yielded two protein extracts of
apparent acrosomal origin and a tail extract. The extracts were analysed by SDS-PAGE
under reducing conditions. Several prominent polypeptide bands (45, 38 and 33 kDa)
appeared common to both acrosomal extracts. Antiserum raised against the 33 kDa
polypeptide from the inner acrosomal membrane matrix (IAMM) extract showed
immunoreactivity with 45, 38 and 33 kDa polypeptides in both acrosomal extracts,
indicating that the 33 kDa polypeptide was related to the proteins in the 45 and 38 kDa
bands. Therefore, the antiserum was used as a molecular probe. Indirect immuno-
fluorescence indicated that the acrosome was the major location of the 33 kDa
polypeptide. This contention was confirmed by ultrastructural study: immunogold
labelling indicated that the 33 kDa polypeptide associated with acrosomal matrix
components throughout acrosomal development in the testes and throughout post-
testicular maturation in the epididymis. The label clearly delineated the changing
morphology of the maturing marsupial acrosome. This is the first study to use

immunocytochemical techniques to chart testicular and post-testicular development of
any sperm organelle in a marsupial. As a result of this study, a 33 kDa molecular marker
of marsupial acrosome differentiation and maturation has been identified. It may be
possible to chart similar events in other marsupial species and identify opportunities
for manipulating fertility.

Introduction
Previous studies have indicated that sperm acrosome
differentiation and maturation in a number of Australian
marsupials is different from that of other species (Cummins,
1976; Harding et ah, 1976a,b, 1982,1983,1984; Temple-Smith
and Bedford, 1976; Kim et ah, 1987; Lin et ah, 1997; Setiadi et
ah, 1997). Unlike the eutherian acrosome, which is derived
from a dense granule from the Golgi and forms a cap-like
structure over the nucleus at maturity (Bloom and Fawcett,
1975), the marsupial acrosome is derived from a sparsely
granulated vacuole, also of Golgi origin. At maturity, the
acrosome does not cap the nucleus but occupies a concavity
on the anterior dorsal nuclear surface (Harding et ah, 1976a).
In most eutherian species, acrosomal maturation is
essentially complete at spermiation. However, in many
marsupial species, extensive post-testicular processing is a

significant feature of sperm acrosome maturation (Cummins,
1976; Temple-Smith and Bedford, 1976; Lin et ah, 1997;
Setiadi et ah, 1997). In other marsupial species, the
maturation process differs (Harding et ah, 1983) and is poorly
understood.

In two species, the brushtail possum (Trichosurus
vulpécula) and the tammar wallaby (Macropus eugenii),
extensive morphological reorganization of the acrosome has
been reported during transit through the caput and corpus
epididymidis (Cummins, 1976; Harding et ah, 1976a; Temple-
Smith and Bedford, 1976; Lin et ah, 1997; Setiadi et ah, 1997).
For example, at spermiation the tammar acrosome is a

relatively immature structure. Ultrastructural studies reveal
margins of the acrosome that extend both laterally and
anteriorly from the nucleus, forming a concave disc or scoop
structure. This is similar to the structure reported for the
brushtail possum acrosome at spermiation (Harding et ah,
1976b). In tammar wallabies, the extensions move toward
each other during epididymal transit. The margins of the
extensions fuse during transit of the distal corpus epididymidis.
Acrosomal condensation continues throughout epididymal
transit and the compact button shape and anterior dorsal
location of the mature tammar acrosome on the sperm
nucleus is not achieved until the spermatozoon reaches the
cauda epididymidis (Lin et ah, 1997; Setiadi et ah, 1997).
Similar events occur in brushtail possums (Cummins, 1976;
Harding et ah, 1976b; Temple-Smith and Bedford, 1976).

Sperm head proteins from tammar wallabies have been
isolated and a number of polypeptide bands, presumed to beReceived 6 October 1998.
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from the acrosome and associated membranes, can be
resolved by SDS-PAGE (Lin et ah, 1995). Four of these
polypeptides, with molecular masses of 45, 38, 33 and 29
kDa, have been the subject of further study (Lin et ah, 1998).
The molecule of interest to this study is the 33 kDa
polypeptide.

The present study was undertaken in an attempt to

identify a molecular marker of biogenesis and post-testicular
maturation, using the tammar wallaby as a model species,
for the purpose of charting post-testicular maturation in
other marsupial species. The immaturity of the marsupial
acrosome at spermiation and the significant post-testicular
maturation process appear to be unique to marsupials. Post-
testicular acrosomal maturation and the significance of
reported maturational differences among marsupial species
(Harding et ah, 1983) are poorly understood. There is also a

paucity of knowledge on the biochemistry of this process.
However, delayed maturation imposes a seemingly fragile
condition on the acrosome and this may provide an

opportunity to develop fertility based control methods for
species such as the brushtail possum. The present study was
carried out as part of the Marsupial CRC research programme
seeking a better understanding of the fundamental principles
that underpin marsupial fertility and development.

Materials and Methods

Animals
The University of Newcastle maintains a breeding colony

of tammar wallabies (Macropus eugenii) that originated from
wild tammar populations on Kangaroo Island, South
Australia. Males from this colony were used as sperm donors.
The donors were maintained at the University of Newcastle
Central Animal House on a diet of kangaroo pellets and
lucerne hay with water and grasses allowed ad libitum.

Wallaby testicular and epididymal tissue was obtained for
experimentation by killing a single male wallaby with an

overdose of 5 ml Lethobarb Euthanasia Injection (Birbac
(Aust.) Ltd, Peakhurst, NSW), injected i.v. via the lateral tail
vein. Spermatozoa, testicular and epididymal tissues from
species other than wallaby were donated for the purpose of
experimentation by various colleagues at the University of
Newcastle.

Inbred female Balb/C mice (6-12 weeks) were used for the
production of polyclonal antibodies against wallaby sperm
head proteins. The mice were obtained from the University
of Newcastle Central Animal House, where they were
maintained on a diet of mouse pellets and water ad libitum.
All animal experimentation was approved by the University
of Newcastle Animal Care and Ethics Committee and the use
of protected wildlife in research was licensed by the New
South Wales National Parks and Wildlife Service.

Preparation ofspermatozoafor protein extraction

Wallaby semen was collected by electroejaculation under
general anaesthesia, maintained by a mixture of oxygen

(21mm1), nitrous oxide (31 min-1) and halothane at 2.5%
(v/v). Spermatozoa were obtained by 'swim-up' into 10-20 ml
Tris-buffered saline (TBS), pH 7.4, according to an established
procedure described by Mate and Rodger (1991). Sperm-rich
layers of TBS from two to three successive swim-ups were

pooled and centrifuged at 800 g for 10 min using a Clements
400 Orbital centrifuge. The pellets were washed twice with
TBS and centrifuged as above before being resuspended in
TBS containing 0.1 mol phenylmethylsulfonyl fluoride
(PMSF) I'1 and a protease inhibitor cocktail (10 mmol EDTA
Í'1, 0.35 mmol iodoacetamide 1"', 2 pg antipain ml"1, 10 pg
benzamidine ml"1 and 1 pg pepstatin ml-1).

Spermatozoa were prepared for protein extraction
according to the method described by Lin et ah (1998). Briefly,
this involved fractionation of the spermatozoa by sonication
and separation of head and tail components through a three-
step differential sucrose density gradient. Head and tail
components were then assessed for purity and ultrastructure
by light and electron microscopy, respectively.

Extraction ofacrosomal proteins
Acrosomal protein was extracted from sperm nuclei in

two steps. Initially, sperm heads were resuspended in 2 ml
0.1% (v/v) Triton-XlOO in TBS for 60 min on ice. This step
extracted the outer acrosomal membrane and overlying
plasma membrane and most of the matrix material. Sperm
heads were then pelleted by centrifugation at 1350 g for
10 min. The supernatant containing the extracted proteins
was collected into dialysis tubing (6 mm; Sigma-Aldrich,
Castle Hill, NSW). The pellet was resuspended in 2 ml of 100
mmol NaOH l_l for 30 min on ice, after which sperm nuclei
were pelleted and the supernatant, containing the remaining
matrix and associated inner acrosomal membrane proteins
was collected into dialysis tubing. This two-step extraction
procedure yielded two distinct acrosomal extracts that were

dialysed through six changes of Milli-Q reverse osmosis
ultra-purified water (referred to hereafter as Milli-Q water)
(Millipore (Aust.) Ltd, North Ryde, NSW). Sperm tail
proteins were also extracted and dialysed for comparison
with acrosomal proteins. The procedure was identical to the
initial Triton-XlOO extraction step for acrosomal proteins.
After dialysis, concentrated protein extracts were lyophilized
overnight and stored at -70°C to await analysis.

SDS-PAGE

Lyophilized protein extracts were solubilized in reducing
sample buffer of 2% (w/v) SDS : 5% (v/v) 2ß-mercaptoethanol
for 4 min at 95°C. Protein determinations were carried out
using a Bio-Rad DC protein assay (Bio-Rad, North Ryde,
NSW). Approximately 30-40 pg protein was loaded per gel
lane and separated by SDS-PAGE (6% (w/v) stacking gel and
12% (w/v) separating gel) originally described by Laemmli
(1970). Gels were stained by Coomassie brilliant blue R-250
and apparent molecular masses of the resolved polypeptide
bands were determined from the mobility of broad range
molecular mass standards (Bio-Rad) which were placed in
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outside gel lanes. The polypeptide bands of interest were
excised from the gel after destaining, lyophilized overnight
and stored at -20°C, to await preparation as immunogens.

Preparation of immune serum

Five 33 kDa polypeptide gel bands were macerated in
250 pi sterile PBS (8.0 g NaCl, 0.2 g KC1, 1.44 g Na2HP04,
0.24 g KH2P04 in 11 Milli-Q water, pH 7.4) and emulsified in
an equal volume of complete Freund's adjuvant (CFA).
Protein emulsion (300 pi) was injected i.p. into a female
Balb/C mouse. The mouse was boosted with the antigen
emulsion twice, on day 21 and day 42, after the initial injection
(day 0). A test bleed was carried out on the retro-orbital sinus
on day 52 to determine the presence of antibodies in
antiserum. Assessment was by indirect immunofluorescence
(see below), after which blood was collected via heart
puncture under anaesthesia. Immune serum was diluted 1:10
with sterile PBS, to which 0.02% (w/v) sodium azide was
added before storage at -20°C. Pre-immune serum was
collected before the primary injection and treated in an

identical manner.

Western blotting
Transfer of polypeptides from unstained gels to supported

nitrocellulose membranes (Bio-Rad) by electrophoresis was
carried out according to the method of Towbin et ah (1979)
overnight at 30 V in a mini trans-blot electrophoretic transfer
cell (Bio-Rad) at 4°C. After transfer, gels were stained with
Coomassie brilliant blue and the nitrocellulose blots were

temporarily stained with 0.2% (w/v) Ponceau S (3-hydroxy-
4-[2-sulpho-4-(sulphophenylazo)phenylazo]-2,7-naphthalene
disulphonic acid) in 0.3% (w/v) trichloroacetic acid to
determine the effectiveness of the transfer. Blots were
destained in TBS, pH 7.5. Blocking of non-specific adsorption
of immunological reagents was carried out using 3% (w/v)
BSA in TBS, to which 0.05% (w/v) Tween 20 had been added
(TBST) for 120 min. After blocking, the membrane was cut
into strips. Pre-selected membrane strips were incubated in
either primary 33 kDa antiserum or pre-immune serum,
diluted 1:2000, for 60 min at room temperature. The strips
were then washed three times in TBS for 10 min each before
incubation in secondary antiserum (anti-mouse IgG alkaline
phosphatase conjugate antibody) (Sigma-Aldrich), diluted
1:30000, for 30 min at room temperature. Strips were
washed three times for 10 min in TBST, then twice briefly in
TBS. The alkaline phosphatase reaction was developed with
colour development substrate, western blue stabilized
substrate for alkaline phosphatase (Promega, Annandale,
NSW).

Preparationfor immunocytochemistry
Freshly ejaculated wallaby spermatozoa were obtained by

'swim-up'. Spermatozoa were pelleted at 400 g for 10 min,
then fixed by resuspension in 4% (w/v) paraformaldehyde in

PBS (pH 7.4) for 20 min. After fixing, spermatozoa were

again pelleted at 400 g for 10 min and resuspended in
50 mmol glycine ir1, 0.02% (w/v) sodium azide at a

concentration of 103-104 spermatozoa ml-1 for immuno¬
localization by indirect immunofluorescence. Wallaby
testicular and epididymal tissues were fixed for indirect
immunofluorescence in histochoice tissue fixative MB
(Amresco, Ohio OH), then dehydrated through a series of
graded ethanol washes. The tissue was then infiltrated by
two incubations in methyl benzoate (Australian Scientific,
Kotara, NSW) over 1 h. Tissues were then embedded in
paraffin wax, cut to approximately 5 pm by a '820' Spencer
microtome, and settled onto poly-L-lysine coated glass
slides.

Testicular and epididymal tissue for immunogold
labelling was fixed in 0.1 mol cacodylate buffer H with either
4% (w/v) paraformaldehyde or 4% (w/v) paraformaldehyde
and 0.1% (w/v) picric acid for 2 h. After overnight washing in
0.1 mol cacodylate buffer H and three washes, 5 min each in
Milli-Q water, tissues were pelleted and dehydrated through
a series of graded ethanol washes. Infiltration was then
carried out in a 2:1 ratio of LR white resin (Probing and
Structure, Thuringowa, Queensland) to 70% (v/v) ethanol for
60 min, followed by two treatments with 100% LR white
resin for 60 min each. Polymerization was carried out
overnight at 50°C in 100% LR white resin in gelatin capsules.
Sections were cut to approximately 70 nm on an Ultracut S
ultramicrotome (Richert-Jung, Wein) using a diamond knife
(Diatone Ltd, Bienne, Switzerland) and mounted on nickel
grids (Probing and Structure, Thuringowa).

Immunolocalization by indirect immunofluorescence
Indirect immunofluorescence on whole spermatozoa was

carried out by placing 60 pi of the sperm-glycine suspension
onto 13 mm diameter, round glass coverslips coated with
poly-L-lysine and incubating for 2 h at 37°C in humid
chambers. Spermatozoa were permiabilized by incubation in
100% methanol for 2 min. Testicular and epididymal tissue
sections were de-waxed and rehydrated through a graded
series of ethanol and Milli-Q washes immediately before
indirect immunofluorescence. Non-specific binding was
blocked by incubating sperm coverslips or tissue sections in
3% (w/v) BSA in PBS with 0.02% (w/v) sodium azide for 2 h
at 37°C as above. After washing in PBS, sperm or tissue
sections were incubated overnight at 4°C in 33 kDa primary
antiserum diluted 1:2000. After washing through three
changes of PBS over 30 min, spermatozoa or tissues were
incubated in fluorescein isothiocyanate (FITC)-conjugated
secondary antibody, diluted 1:200 for 45 min at 37°C as
before. After washing through four changes of PBS and
rinsing with Milli-Q, sperm coverslips and tissue sections
were mounted in Mowiol (Calbiochem, La Jolla, CA).
Controls consisted of (1) incubating spermatozoa in pre¬
immune serum in place of antiserum; (2) omitting the
primary antibody; and (3) omitting the secondary antibody.
Sperm and tissue slides were examined with an Axiophot
photomicroscope fitted with a vertical fluorescence
illuminator (Zeiss, Oberkochen).
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Immunolocalization by immunogold labelling
Testicular and epididymal tissue sections were quenched

by incubation in 50 mmol glycine L1 in PBS for 15 min.
Blocking of non-specific binding sites was then carried out in
3% (w/v) BSA in PBS for 120 min at room temperature. Grids
were then incubated overnight at 4°C in 33 kDa antiserum
diluted 1:2000 with 3% (w/v) BSA in PBS. After primary
incubation, grids were washed six times, 5 min each wash, in
incubation buffer (1% (w/v) BSA, 0.1% (w/v) gelatin, 20 mmol
sodium azide l"1 in PBS). This was followed by a 90 min
incubation in 10 nm colloidal gold-conjugated secondary
antibody (goat anti-mouse IgG-IgM) (Electron Microscopy
Sciences, Fort Washington, PA) diluted 1:30 with 3% (w/v)
BSA in PBS. Controls consisted of tissue sections (1) exposed
to pre-immune serum in place of antiserum or (2) omitting
the primary antibody. Tissue sections were examined with a

transmission electron microscope (JOEL-100CX, Tokyo).

Cross-species immunoreactivity
Fresh whole spermatozoa or testicular and epididymal

tissue from humans, mice, rats, platypus, fowl and quail
were prepared for immunocytochemistry as described for
wallaby spermatozoa, testicular and epididymal tissue.
Cross-species immunoreactivity of the 33 kDa antiserum
was examined by indirect immunofluorescence as

performed on wallaby spermatozoa and reproductive tissue.
Sperm or testicular and epididymal tissue from two

additional marsupial species, a dunnart (Sminthopsis
crassicaudata) and the brushtail possum, were similarly
examined to determine the occurrence of the 33 kDa
polypeptide in other marsupials. Two replicates were

performed using ejaculated human spermatozoa. Three or
four replicates were performed on the spermatozoa or
testicular and epididymal tissue of other species examined.

Results

Extraction ofacrosomal proteins
The initial extraction step of wallaby sperm nuclei with

Triton-XlOO removed the overlying plasma membrane, outer
acrosomal membrane and most acrosomal matrix components.
The inner acrosomal membrane remained attached to the
sperm nucleus, and residual matrix components remained in
association with the inner acrosomal membrane. Less than one
third of the matrix remained as residue in most extracts. This
residue was typically patchy (Fig. 1). A strong association
of residue was often observed at the apical and basal regions
of the inner acrosomal membrane. Subsequently, NaOH
extraction was exploited to remove these remaining matrix and
membrane residues from the nucleus.

SDS-PAGE analysis ofacrosomal extracts

SDS-PAGE analysis revealed that the NaOH acrosomal
extract, presumably consisting of proteins of the inner

Fig. 1. Electron micrograph of a longitudinal section of a tammar
wallaby (Macropus eugenii) sperm nucleus after exposure to 0.1%
(v/v) Triton-XlOO. Acrosomal matrix proteins exposed by Triton
extraction (arrowheads) remain associated with inner acrosomal
membrane components on the sperm nucleus (N). The outer
acrosomal membrane and a major proportion of the matrix were
extracted by the Triton-XlOO. Scale bar represents 0.2 pm.

acrosomal membrane and associated matrix (IAMM),
contained approximately ten polypeptide bands (Fig. 2).
Four of five prominent bands identified had been targeted
for study by our laboratory. Their molecular masses were 45,
38, 33 and 29 kDa. The protein profile of the acrosomal
extract, presumed to contain proteins from the overlying
plasma membrane, outer acrosomal membrane and much of
the matrix protein (OAMM), consisted of two very
prominent bands of 45 and 38 kDa. Several less prominent
bands were also consistently identified, including a 33 kDa
band. The tail extract (TAIL) also appeared to have a

prominent polypeptide band of 45 kDa in common with both
acrosomal extracts, as well as many other prominent bands.

Immunoreactivity ofacrosomal extracts

Polyclonal antibodies raised against the 33 kDa
polypeptide from IAMM gel extracts were reacted with
polypeptides from all three extracts. Western blotting
revealed immunoreactivity of the 33 kDa antiserum with 45,
38 and 33 kDa bands in IAMM and with bands of identical
molecular mass in OAMM extracts (Fig. 3). Immunoreactivity
was also observed in the OAMM extract, with a minor band
underlying the 45 kDa band. In the TAIL extract, immuno¬
reactivity occurred with a 45 kDa polypeptide band. No
immunoreactivity was observed in any extract reacted with
pre-immune serum (Fig. 3).

Immunolocalization of the 33 kDa polypeptide
Cellular localization of the 33 kDa polypeptide was

examined by indirect immunofluorescence. Intense
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Fig. 2. SDS-PAGE analysis of tammar wallaby (Macropus eugenii)
sperm proteins. Acrosomal matrix proteins that remained associated
with the inner acrosomal membrane were extracted with NaOH.
They are contained in the lane marked IAMM (inner acrosomal
membrane matrix). Four proteins of apparent molecular masses of
45, 38, 33 and 29 kDa appear common to bands of identical
molecular mass in outer acrosomal membrane and matrix extract
(OAMM) and tail extract (TAIL). The lane marked S contained broad
range molecular mass standards.

fluorescence was observed within the acrosome of whole,
permiabilized and fixed wallaby spermatozoa reacted with
33 kDa antiserum (Fig. 4). Fluorescence of much lower
intensity was observed on tail components. No fluorescence
was observed on whole permeabilized spermatozoa reacted
with pre-immune serum.

The occurrence of the 33 kDa polypeptide in spermatids
during their development in the testis and in spermatozoa in
the epididymis was also investigated, initially by indirect
immunofluorescence and later by immunogold labelling.
Fluorescence was observed in two distinct populations of
developing spermatids in a cross-section of wallaby
seminiferous tubule that was reacted with 33 kDa antiserum
(Fig. 5b). In early developing spermatids, at approximately
step 3 (Lin et ah, 1997), circular fluorescent staining was

present. Later in development, at step 14 (Lin et ah, 1997), the
tails of spermatids protruded into the testicular lumen, while
the spermatid heads remained embedded in the
seminiferous epithelium. The fluorescent staining on this
population of spermatids appeared confined to a small
region on the head. Fluorescent staining was also observed
on the acrosome of spermatozoa from caput, corpus and
cauda epididymidal tissue sections reacted with 33 kDa
antiserum. No fluorescence was observed on wallaby
testicular or epididymal sections reacted with pre-immune
serum.

Fluorescent localization of the 33 kDa polypeptide on

spermatids in testicular tissue and spermatozoa in
epididymal tissue was confirmed by ultrastructural

Fig. 3. Western blot showing immunoreactivity of tammar wallaby
(Macropus eugenii) sperm protein extracts with the antiserum raised
against the 33 kDa polypeptide. Lanes 2, 4 and 6 contained tail
extract (TAIL), outer acrosomal membrane matrix (OAMM), and
inner acrosomal membrane matrix (IAMM) extracts, respectively,
reacted with 33 kDa antiserum diluted 1:2000. Immunoreactivity
occurred with bands of 45, 38 and 33 kDa in both acrosomal
extractions (OAMM and IAMM). Minor immunoreactivity also
occurred with a band directly below the 45 kDa band in OAMM and
with a band of 45 kDa in the TAIL extract. No immunoreactivity
occurred in extracts reacted with pre-immune serum similarly
diluted, lanes 1 (TAIL), 3 (OAMM) and 5 (IAMM).

immunogold labelling. The wallaby acrosome at various
stages of differentiation and development within the
seminiferous epithelium is shown (Fig. 6a-c). When reacted
with 33 kDa antiserum, gold particles were observed on a

sparse granular component associated with the luminal
aspect of the acrosomal vacuole membrane. This sparse
granular material eventually condenses to constitute the
acrosomal matrix in mature spermatozoa. At the
commencement of vacuolar collapse, the gold label was
observed to intensify. The label continued to intensify as the
granular component of spermatids at approximately step 4
of differentiation (Lin et ah, 1997) condensed (Fig. 6a) and
spread over one pole of the nucleus (Fig. 6b). Gold particles
labelled the acrosome of differentiating spermatids at
approximately step 8 (Fig. 6c) and step 9 (Fig. 6d) (Lin et ah,
1997). Minor labelling was also observed in the developing
nucleus and tail components. No gold label was observed on
testicular tissue reacted with pre-immune serum.

A heavy gold label was found within the protrusions of
the formative acrosome of a spermatozoon in tissue from the
caput epididymidis that was reacted with the 33 kDa
antiserum (Fig. 7a). The gold label remained within the
acrosome as the protrusions elongated (Fig. 7b). The
protrusions were observed to have fused in the corpus
epididymidis. By the time spermatozoa reached the cauda
epididymidis, the acrosome had assumed the location and
shape of the mature tammar sperm acrosome on the anterior
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Fig. 4. Phase-contrast (a) and fluorescent (b) micrographs of a fixed,
permiabilized ejaculated tammar wallaby (Macropus eugenii)
spermatozoon after immunolocalization with the 33 kDa antiserum
diluted 1:2000. Note the intense fluorescent staining within the
acrosome (A). Fluorescence was also observed on tail components,
mid-piece (MP) and principal piece (PP). No fluorescence was
observed in the nucleus (N). Scale bar represents 2 pm.

dorsal nuclear surface. A heavy gold label remained confined
to the acrosome of spermatozoa reacted with 33 kDa
antiserum (Fig. 7c). Minor gold labelling was observed on
nuclear and tail components. No gold label was observed in
the acrosome of tissue from the caput, corpus or cauda
epididymidis treated with pre-immune serum.

Cross-species immunoreactivity of the 33 kDa polypeptide
The 33 kDa antiserum was used to probe whole

spermatozoa and spermatozoa in testicular and epididymal
tissue from other marsupials and other species. Cross-
reactivity, shown by immunofluorescent staining, was
observed on the equatorial segment of human spermatozoa,
the nuclear membrane of mouse spermatozoa and the
acrosomal region of rat spermatozoa (Table 1). Minor
staining occurred on the tail region of the spermatozoa of all
eutherian species. No crossreactivity was observed with
platypus, fowl or quail testicular and epididymal tissue.
Testicular and epididymal tissue containing spermatozoa
from the dunnart and the brushtail possum both reacted with
the 33 kDa antiserum. The staining pattern was identical to
that observed on spermatozoa in wallaby testicular and
epididymal tissue. Wallaby whole spermatozoa and sperma¬
tozoa in testicular and epididymal tissue served as a positive
control.

Discussion
Recent studies have demonstrated that the sperm acrosome
of tammar wallabies is an immature structure at spermiation
and during the early stages of epididymal transit (Lin et ah,
1997; Setiadi et ah, 1997). The objective of the present

Fig. 5. Phase-contrast (a) and fluorescent (b) micrographs of a cross-
section of tammar wallaby (Macropus eugenii) seminiferous tubule
showing spermatids after immunolocalization with the 33 kDa
antiserum diluted 1:2000. Two distinct acrosomal fluorescent
patterns were observed: circular fluorescence of the acrosome on

step 3 spermatids (Step 3) in the middle region of the tubule and a

smaller, denser fluorescent image on step 14 spermatids (Step 14)
closer to the lumen of the tubule. The flagella (F) of more mature
spermatids protruded into the lumen of the tubule. Scale bar
represents 5 pm.

investigation was to identify a molecular marker of the
acrosomal matrix in tammar wallabies, to chart post-
testicular maturation of the marsupial sperm acrosome. This
is the first study to use immunocytochemical techniques to
chart testicular and post-testicular development of the
marsupial acrosome.

Although different solubility characteristics have been
reported for specific acrosomal domains in several eutherian
species, including bulls (Wooding, 1973) and hamsters
(Olsen et ah, 1988), the inner acrosomal membrane usually
remains attached to spermatozoa after extraction with low
concentrations of the detergent Triton-XlOO (Wooding, 1973;
Russell et ah, 1980; Foster and Herr, 1992). However,
detergent-resistant proteins, which remain in association
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Fig. 6. Electron micrographs of differentiating tammar wallaby (Macropus eugenii) spermatids within a cross-section of
seminiferous epithelium after immunogold labelling with the 33 kDa antiserum diluted 1:2000. (a) Gold particles were

observed on the granular component (arrowheads) of a collapsing acrosomal vacuole on a step 4 spermatid. (b) Gold

particles were observed within the acrosome (A) (arrowheads), which covered one pole of the nucleus (N) of a step 6

spermatid. At later stages of differentiation, gold particles remained within the acrosome of step 8 (c) and step 9 (d)
spermatids. Scale bars represent 0.5 pm (a,b,d) and 0.2 pm (c).

with the inner acrosomal membrane and equatorial segment
after TX-114 extractions of human spermatozoa, have been
identified (Foster and Herr, 1992). In marsupials, disulphide
stabilization of the outer and inner acrosomal membranes

and matrix has been demonstrated (Mate et ah, 1994; Lin et
ah, 1995) and the inner acrosomal membrane has been shown
to remain attached to tammar wallaby sperm nuclei
extracted with 1% (v/v) Triton-XlOO (M. S. Harris, personal
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Fig. 7. Electron micrographs of cross-sections of tammar wallaby (Macropus eugenii) spermatozoa during transit of the
epididymis, after immunogold labelling using the 33 kDa antiserum diluted 1:2000. (a) The lateral projections of the
acrosome (A) of a spermatozoon from the proximal caput epididymidis contained gold particles. N, Nucleus; CD,
cytoplasmic droplet; F, flagellum. (b) The elongated acrosomal projections of a spermatozoon from the distal caput
epididymidis were labelled with gold particles, (c) A heavy gold label was present in the acrosome of a longitudinal
section and a cross-section of spermatozoa from the cauda epididymidis. Minor labelling was present on the sperm
nucleus (N) and flagellum (F). Scale bars represent 0.2 pm.
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Table 1. Crossreactivity of the polyclonal antiserum raised
against tammar 33 kDa acrosomal polypeptide with whole
spermatozoa and spermatozoa in testicular and epididymal

tissue of selected species

Species Sperm tissue Testicular tissue Epididymal tissue

Human ++ * *

Mouse ++
-Rat +++ * *

Platypus
-Fowl * -

Quail
Dunnart * +++ +++

Possum * + +

Wallaby +++ +++ ++

*, Not examined; -, no immunoreactivity; +, weak immunoreactivity; ++,
strong immunoreactivity; +++, intense immunoreactivity.

communication). This property was exploited in the present
study to obtain acrosomal matrix proteins. The two-step
extraction procedure, using (0.1% (v/v) Triton-XlOO, exposed
matrix proteins that remained attached to the inner
acrosomal membrane. Subsequently, these residues were
extracted with NaOH and used to produce polyclonal
antiserum. N-terminal Edman sequence analysis was carried
out on 20 amino acid residues from gel bands used to
produce antiserum against the 33 kDa polypeptide. On the
basis of molecular mass and position within the sequence,
the 33 kDa polypeptide exhibits fairly good sequence
similarity with the eutherian acrosin precursor molecule (EC
3.4.21.10) and a number of other protease enzymes. Further
investigation is required to characterize the 33 kDa molecule
fully.

Immunoreactivity of antiserum raised against the 33 kDa
polypeptide from the IAMM occurred with polypeptide
bands of 45, 38 and 33 kDa in the IAMM and with bands of
identical molecular mass in the OAMM, indicating that the
polypeptides were related or had at least a significant
sharing of epitopes. Therefore, the 33 kDa antiserum was

accepted as a tool with which to proceed with cellular and
ultrastructural immunolocalization of this family of
acrosomal matrix proteins in situ. The intense fluorescent
staining detected in the acrosome of whole permeabilized
wallaby spermatozoa exposed to 33 kDa antiserum indicated
that the acrosome was the major location of the 33 kDa
polypeptide. The less intense fluorescence detected in the tail
components indicated that this was probably a minor
location of the 33 kDa polypeptide. The 33 kDa polypeptide
was also detected within the acrosomal vacuole of early
developing spermatids, (approximately step 3; Lin et ah,
1997) and on the head region of later developing spermatids
(step 14; Lin et ah, 1997) in the lumen of the seminiferous
tubule. When spermatozoa from the caput, corpus and
cauda epididymides were examined, the pattern of
fluorescent staining indicated that the 33 kDa polypeptide
was present on the head region of spermatozoa from all
regions of the epididymal tract. Taken together, these
two observations indicate that the 33 kDa polypeptide
originates from the acrosome and remains associated

with the acrosomal matrix throughout spermiogenesis and
epididymal transit.

The acrosomal origin of the 33 kDa polypeptide and its
persistence through all stages of testicular and post-testicular
development was confirmed by ultrastructural examination
using immunogold labelling. In this context, the polypeptide
was detected on a sparse granular material associated with
the luminal aspect of acrosomal membranes during the early
stages of spermiogenesis. As spermiogenesis proceeds, the
granular material condenses to constitute the acrosomal
matrix (Cleland, 1956; Sapsford et ah, 1967; Harding et ah,
1976a, 1982,1983; Lin et al, 1997). An increase in gold particle
density, concomitant with condensation of matrix
components, clearly defined the evolving morphology of the
tammar acrosome during testicular development. At
spermiation, when tammar wallaby spermatozoa are released
into the lumen of the seminiferous tubule, the acrosome
forms a concave disc or scoop shape, with extensive margins
that protrude both laterally and anteriorly from the nucleus
(Lin et ah, 1997). Ultrastructural examination has revealed
that the disc or scoop-shaped acrosome is also present on

spermatozoa in the caput epididymidis. This immaturity of
the tammar sperm acrosome at spermiation indicates that the
gametes undergo a complex process of post-testicular
maturation during epididymal transit (Lin et ah, 1997; Setiadi
et ah, 1997). This hypothesis was confirmed in the present
study, using immunocytochemical methods. The presence of
a substantial gold label within the acrosome of spermatozoa
as they transited the caput, corpus and cauda epididymidis
delineated the changing morphology of the acrosome during
post-testicular maturation in tammar wallabies. This complex
reorganization of spermatozoa during post-testicular
maturation in tammar wallabies appears similar to that
reported in brushtail possums (Harding et ah, 1976b).
However, the process does differ among marsupial species
(Harding et ah, 1983), although it is poorly characterized.

In summary, a 33 kDa polypeptide has been extracted
from the tammar wallaby sperm acrosomal matrix. This
polypeptide originated in the matrix of early developing
spermatids in the testes and remained within the acrosome
as spermatozoa underwent post-testicular maturation in the
epididymis. The presence of a substantial gold label clearly
delineated the changing morphological status of the tammar
acrosome during testicular development and post-testicular
maturation. The 33 kDa polypeptide has been identified in
other marsupials examined by the present investigation.
Therefore, it is suggested that this polypeptide may be a
useful molecular probe with which to chart the testicular
and post-testicular maturation of other marsupial sperm
acrosomes. This 33 kDa polypeptide could be used to
identify opportunities for manipulating fertility and as a

potential marker of marsupial sperm acrosome differen¬
tiation and maturation.
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