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Summary. Acrosomes of rabbit spermatozoa were intensively labelled 24 to 25 days
after an intratesticular injection of L-(1-3H) fucose. The label, representing probably
acrosomal glycoprotein, was extracted by procedures known to cause progressive loss of
acrosomal enzymes and membranes. Cold MgCl2 solution extracted 46 p. 100 of the label ;
further treatment with CTAB (cetyltrimethylammonium bromide) reduced the radioactivity
to background level. Acrosomal labelling was also prominent in mouse spermatozoa
22 days after an intraperitoneal injection of L-(G-3H) tryptophan. The peak of synthesis
of acrosomal constituents may be thus revealed in ejaculated spermatozoa using precursors
of different specificity.

Introduction.

The labelling of spermatozoon DNA or nucleoprotein during spermatogenesis
has been shown to be an effective tool in the study of the fertilization process (see
Keneklis, 1976). As reviewed recently, the significance of the acrosomal reaction and
the role of acrosomal enzymes in fertilization are still controversial (Bedford and Cross,
1978). Thus, labelling the acrosomal components might offer new possibilities for
further research in this area. The labelling of mouse spermatozoon acrosomes by
tritiated fucose has been already reported (Kopecny, 1976). Further biochemical
work (Sedldkovd, Kope&dquo;ny, !echová, Pivko and Stanek, in progress) seems to confirm
the hypothesis that a considerable part of the tritium activity from fucose-3H labelling
will be situated in the proteolytically active glycoproteins, isolated from the rabbit
acrosomes. As a cytological counterpart, this paper reports the dynamics of fucose-3H
labelling of the rabbit acrosome using autoradiography. As a parallel to fertilization,
we tested the fate of the labelled material in a model situation where the acrosomal
membranes and enzymes are progressively lost (Srivastava et al.,1974 ; Williams etal.,
1975). It was shown in addition to this, as the synthesis of acrosomal components is
strictly localized during spermiogenesis that the acrosomes could be labelled with
precursors of different biochemical specificity.



Material and methods.

Spermatozoon labelling
I. Tritiated fucose-labelled rabbit spermatozoa. - Two male rabbits, A and B,

were injected intratesticularly with 500 !tCi and 250 yci, respectively, of L-(1-3H)
fucose (Amersham, specific activity 1.4 Ci/mmol, radioactive concentration : 1 mCi/ml,
sterile aqueous solution) per testis. Starting with the day of the injection (day 0) and
during 1 month after injection, semen was collected twice weekly by ejaculation in an
artificial vagina. Smears from all ejaculates were prepared. The progressive loss of
acrosomal membranes and enzymes was obtained with the procedures described by
Hartree and Srivastava (1965), Srivastava et al. (1974) and Williams et al. (1975).
Sperm samples were processed as follows :

1) control smears were prepared as soon as possible using isotonic saline for dilu-
tion ;

2) 1 volume of the sperm sample was washed 3 times for 15 min. by centrifugation
at 1 400 g with 4 volumes of 0.05 M Tris-HCI at about 2 oC, pH 7.4, for 15 min. ; the
smears of spermatozoa were prepared during the third washing ;
3) treatment with 0.05 M cold (0 °C) MgCl, in 0.05 M citrate buffer, pH 6.1, for 30 min.
was followed by a short, gentle homogenization in a glass homogenizer stirred by
hand ; the treated spermatozoa were smeared ;
4) spermatozoa were resuspended and treated with 0.01 M cetyltrimethylammonium
bromide (CTAB) (Hartree and Srivastava, 1965) for 60 min. at 39 °C and the smears
were then prepared. The efficiency of these treatments on acrosome removal was
tested with an anoptral negative-phase-contrast microscope.

11. Tritiated tryptophan-labelled mouse spermatozoa. - Three 3-month old male
mice (F,,C 57 X A) were each injected intraperitoneally with 250 yci of L-(G-3H)
tryptophan (Amersham, specific activity 3.8 Ci/mmol). The semen was collected twice
weekly by mating until post-injection (p. i.) day 29, when they were slaughtered and the
sperm samples collected from the cauda epididymidis and the ductus deferens.

Autoradiography

Sperm smears were fixed in formol, phosphate buffered to pH 7.1. 0.5 p. 100 of

cetylpyridinium bromide was added for the fixation of the 3H-fucose-labelled material.
All slides were washed in running tap water, rinsed with distilled water and with
70 p. 100 alcohol, and then air-dried. 3H-tryptophan-labelled sperm smears were
extracted with cold 5 p. 100 TCA. The slides were coated with Ilford K 5 liquid nuclear
emulsion and exposed for 3 months. The developed autoradiograms were stained
with 1 p. 100 toluidine blue at pH 4.1.

Quantitative evaluation of autoradiograms
Silver grains were counted on 300 heads of fucose-labelled rabbit spermatozoa

in the toluidine blue area. Similarly, 100 tryptophan-labelled mouse spermatozoa
were checked, but the grain count was noted in the acrosomal region, the postacroso-



mal region and the mid-piece. The background levels in all autoradiograms were
low, since only 0.6 p. 100 of the rabbit sperm heads in the non-labelled smears were
associated with 4 grains and none with 5 grains. Spermatozoa with 5 or more grains
per sperm head were considered as labelled.

Results.

Tritiated fucose-labelled rabbit spermatozoa.

A wave of labelled spermatozoa appeared in the ejaculates of both bucks with a
sharp peak at p. i. days 24 to 25 (fig. 1). During the peak a maximum of 32 p. 100
of the spermatozoa were labelled with 12.3 grains per sperm in buck A and

with 14.0 grains in buck B. The influence of the extraction treatments on the morpho-
logy of the spermatozoon head and the results of the autoradiographic analysis of the



fate of the labelled material during extraction are summarized in table 1 and shown
in figure 2.

Tritiated tryptophan-labelled mouse spermatozoa.
The peak of acrosomal labelling occurred at p. i. day 22 (fig. 3). No labelling

higher than the background values was observed in the postacrosomal area, but the
mid-piece also showed a peak of labelling at p. i. day 22. The mid-piece was already
significantly labelled in the first interval evaluated (p. i. day 10). In contrast, the last

intensive incorporation of labelled precursor (arginine) into nuclear proteins was
observed in spermatozoa ejaculated at p. i. day 14 (Kopecny and Pavlok, 1975), as
shown in figure 3.





Discussion.

Incorporation of tritiated fucose in rabbit spermatids was detected in ejaculated
spermatozoa 3 weeks after radiochemical injection. The peak of labelled spermatozoon
excretion (p. i. days 24 to 25) was such situated between the peak of DNA-labelled
spermatozoa, 6 weeks after 3H-thymidine injection (Amann et al., 1965), and the peak
of spermatozoa labelled in basic nuclear protein 2 weeks after tritiated arginine injec-
tion (Kopecny and Fulka, 1975).

The labelling probably represents to a considerable extend the extractable
acrosomal glycoproteins. Fucose guarantees a very specific glycoprotein precursor
(Bennet et al., 1974 ; Sandoz and Roland, 1976). The acrosome is a specialized lyso-
some (Allison and Hartree, 1970), and many of the lysosomal enzymes, including
acrosomal enzymes, are glycoproteins (Goldstone and Koenig, 1970 ; F16chon, 1973 ;
Schleuning et al., 1976). Furthermore, the extraction procedures used in our experi-
ments showed a progressive loss of labelled material, resembling the extraction

pattern of acrosomal enzymes (Williams et al., 1975). Step 3 in our procedures (cold
MgCl2) visualized autoradiographically the loss of the more easily soluble acrosomal
contents, and step 4 (CTAB) the more tightly bound material and/or the inner acroso-
mal membrane.

The structural integrity of the dispersed labelled acrosomal material in our step 3
as demonstrated by autoradiography was retained longer than the acrosomal ghosts,
as seen by phase contrast microscopy. This observation, together with the somewhat
linear character of the grain distribution, may be related to the recent concept of
proteolytic acrosomal enzyme binding to microtubules (Stambaugh and Smith, 1978).

Acrosomal labelling, as described after fucose administration, may be obtained
by other radioactive precursors, which would, in most cases, lack the specificity
attributed to fucose labelling. However, they might produce more intensive acrosomal
labelling or a selective labelling of other acrosomal moieties. The labelling specificity
of acrosomal material can probably be obtained by the already-discussed timing of the
excretion pattern of spermatozoa with labelling in the acrosomal system, and it is for

this reason that tryptophan-3H labelling of the mouse acrosome has been studied here, *
Tryptophan is known to be absent from the basic nuclear proteins and to contribute
very little to the acrosin molecule (Schleuning et al., 1976), so that it might be expected
that these components in the mature sperm head are not labelled after administration
of that precursor. In fact, a peak in acrosome labelling was detected in ejaculated
mouse spermatozoa at p. i. day 22. A similar peak was found in middle piece labelling,
but unlike the acrosomal constituents, those of the mid-piece were synthesized also in
the later stages of spermatogenesis concomitantly with the synthetis of the basic nuclear
protein (Kopecny and Pavlok, 1975). In contrast to other sperm components, there is

probably no further major addition of labelled proteins to acrosomal material after
acrosome synthesis.
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Résumé. L’acrosome du spermatozoïde de lapin est fortement marqué après une injec-
tion intratesticulaire de L-(l-3H) fucose. Le constituant marqué qui est supposé être une
glycoprotéine acrosomiale, a été extrait par les techniques connues pour enlever séquentiel-
lement les membranes, puis les enzymes acrosomiales. La MgCl2 en solution, à froid,
permet d’extraire 46 p. 100 du matériel marqué. Un second traitement par le bromure de
cétyl-triméthylammonium réduit la radioactivité au niveau du bruit de fond. Chez la souris,
le marquage acrosomial est aussi obtenu 22 jours après une injection intrapéritonéale de
L-(G-3H) tryptophane. II est donc possible de marquer les acrosomes par des précurseurs de
spécificité différente, qui s’incorporent au moment du pic de synthèse des constituants de
l’acrosome.
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