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1. Introduction

The chemical nature of the factors that induce
the selective fusion and vesiculation of the outer
acrosomal and plasma membranes in sperm cells is
yet to be established [1,2]. This process, known as
the acrosome reaction, precedes fertilisation of the
egg and is accompanied by the release of the degra-
dative enzymes sequestered in the acrosomal vesicle
of sperm [1]. The synthetic tripeptide, formyl-Met—
Leu—Phe has been shown to induce chemotaxis in
rabbit neutrophils [3]. It also causes the release of
lysosomal enzymes, a process which must necessarily
involve a fusion of the lysosomal and plasma mem-
branes [4]. Functional analogies between lysosomes
and the acrosome in sperm have been drawn [5,6].
Here we describe the selective release of bull sperm
acrosomal enzymes, induced by formyl-Met—Leu—
Phe. The specificity of this process is established
by the inability of related di- and tripeptide analogs
to cause enzyme release. Further, formyl-Met—Leu—
Phe is also shown to induce chemotaxis in bull sperm.
This observation demonstrates for the first time that
low molecular weight peptides may indeed be capable
of stimulating release of acrosomal contents, a pro-
cess closely identified with the acrosome reaction.

2. Experimental
All peptides listed in table 1 were synthesised by
solution phase procedures and checked for homoge-

neity by thin-layer chromatography (TLC). Their
structures were established by 60 and 270 MHz 'H
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NMR. The extent of acrosomal enzyme release was
monitored by incubating the sperm cells with the
peptide followed by centrifugation and assay of the
enzymatic activities in the supernatant. Typically,

4 ml fresh bull semen was diluted with 12 ml Krebs-
Ringer bicarbonate buffer (pH 7.4) containing fruc-
tose (1 mg/ml) [7]. About 5 ml of the diluted semen
was layered over 5 ml 1.3 M sucrose/0.9% NaCl and
centrifuged at 6000 rev./min for 10 min. The pellet
was resuspended in 20 m! buffer and spun down at
6000 rev./min~*/15 min~*. The resultant sperm
pellets were resuspended in a minimum volume of
buffer. Peptides (100 uM) and BSA" (2 mg/ml) were
added to 1 ml sperm suspension (~5 X 10° cells).
The controls lacked the peptide. The mixtures were
incubated at 37°C for 1 h and the cells, pelleted.
The supernatants were collected and assayed for
hyaluronidase [8], acrosin [9], lactate dehydrogenase
(LDH) [10], aryl sulfatase [11], N-acetyl-3-D-glu-
cosaminidase [12] and acid phosphatase [13] by
standard procedures. The chemotactic response of
bull sperm to the peptides was measured by the
inverted capillary assay [14]. Freshly collected semen
was suspended into yolk-citrate buffer containing

4 mM CaCl,. Experiments were carried out at 37°C.

3. Results and discussion

Table 1 summarises the results obtained using
8 peptides. There is a marked enhancement in the
activities of hyaluronidase, aryl sulfatase, acid phos-
phatase and N-acetyl-3-D-glucosaminidase, in the
supernatants of cell suspensions treated with formyl-
Met—Leu—Phe. These enzymes have been shown to
be present in the acrosome and their release accom-
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Table 1
Average level of acrosomal enzymes released following incubation of sperm with peptides?
Enzyme f-Met—Leu f-Pro~Leu f-Leu—Met f-Leu—Phe Boc-Phe f-Met—Phe Boc—Leu Boc—Met
—Phe —Phe —Phe ~Met —Leu —Phe —Phe

Hyaluronidase +51.80(4) +2.35(2) +2.85(2) -2.36(1) -2.16(2) —(1) +0.04(1) +0.05(1)
Aryl sulfatase +70.70(7) -(2) —(2) -11.36(1) -30.34(2) -2.53(1) +0.02(1) +3.68(1)
N-Acetyl-8-D-

glucosaminidase +89.90(9) -(2) —-(2) —-4.80(1) -24.39(2) +5.71(1) -7,23(1) +12.19Q1)
Acid phosphatase +33.30(9) —4.76(2) —(2) -2.25(1) -5.50(2) -51.20Q1) +3.47(1) +3.53(D)
Acrosin —(® -(2) -(2) —(1) —(2) - —(D -
Lactate dehydro-

genase -(8) -(2) -(2) -1 —(2) —(1) -(1) -1

2 + and — signs indicate the percentage increase and decrease, respectively, of enzyme levels over the control. Figures in paren-

theses indicate the number of experiments averaged

panies in vitro acrosome reaction [15]. On the other
hand there is no detectable activity of LDH, a cyto-
plasmic enzyme or acrosin, which is presumably
tightly bound to the inner acrosomal membrane [1].
Acrosin activity could, however, be detected in the
supernatants after exposure of sperm to low pH. The
lack of acrosin release has been noted in studies of in
vitro acrosome reaction of rabbit sperm, induced

by rabbit serum [15)]. Addition of the tripeptide
sequence anologs, formyl-Leu—Phe—Met or formyl-
Leu—Met—Phe did not result in any increase in the
acrosomal enzyme levels. The tripeptide formyl-
Pro—Leu—Phe and the dipeptides formyl-Met—Phe,
Boc-Leu—Phe, Boc-Phe—1Leu and Boc-Met—Phe were
also largely without effect. This suggests a definite
specificity of interaction between formyl-Met—
Leu—Phe and bull sperm. The values in table 1 are
expressed as % increase over control samples, without
peptide. Moderately high levels of the acrosomal
enzymes were obtained in the control samples,
presumably due to the medium employed, which

is known to facilitate acrosome reaction. Indeed, the
addition of BSA is essential to detect peptide induced
enhancements of acrosomal enzyme release. BSA has
been used to promote in vitro acrosome reaction of
sperm [16]. The levels of enzyme release in sperm
induced by the tripeptide are lower than the corre-
sponding values reported for lysosomal enzyme
release in neutrophils [3]. This may, in part, reflect
the low percentage of sperm cells capable of under-
going acrosome reaction, an observation generally
reported in studies of in vitro fertilisation [15]. In
studies on neutrophils [3], cytochalasin B has been
used to enhance enzyme release, in contrast to the

experiments reported here. Addition of ATP (60 uM)
to the medium results in enhancements of 49%,

69% and 4% of aryl sulfatase, acid phosphatase and
N-acetyl-p-D-glucosaminidase, respectively, over that
observed in the presence of tripeptide alone. Addition
of ascorbic acid (5 mM) leads to enhancements of
56%, 80% and 25% of these 3 enzymes over the
peptide value. Fig.1 shows the chemotactic effect

of the peptide on bull sperm as examined by the
inverted capillary assay. It is interesting to note that
the response increases linearly with concentration up
to ~80 uM. At higher peptide concentration there

is a sharp fall in the chemotactic response. Prelimi-
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Fig.1. Chemotactic response of bull sperm. The ordinate
represents the percentage increase in the number of cells
entering a capillary containing the peptide solution, over that
of a control capillary. Assay conditions were as in {14].
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nary studies with formyl-Leu—Phe—Met and Boc-
Leu—Phe suggest that these peptides are without
effect, again emphasising the specificity of the
phenomenon.

The acrosome reaction has been considered as an
example of stimulus—secretory coupling, mediated
by Ca?* influx into the cell [17]. Interestingly, the
transmembrane movement of Ca%* accompanies
interaction of neutrophils with chemotactic and
lysosomal enzyme releasing factors [18,19]. We have
demonstrated a high Ca®*-ATPase activity in a subcel-
lular fraction from bull sperm, that is enriched in
plasma membranes (unpublished). The enhancement
of peptide induced acrosomal enzyme release by ATP
suggests a possible role for membrane bound Ca?*-
ATPase in altering intracellular Ca®* levels. The effect
of ascorbic acid is of particular relevance, in view of
its role in the enhancement of chemotactic response
and microtubule assembly in polymorphonuclear
leukocytes [20]. Further, the involvement of micro-
tubule assembly in the acrosome reaction of boar
sperm has been established [21]. In vitro acrosome
reaction has thus far been extensively studied in
guinea pig, mouse, hamster and rabbit sperm, but
studies on sperm with large acrosomes like bull and
ram have been limited, because of a lack of systems
for inducing capacitation and acrosome reaction
[1,7]. The use of synthetic peptides merits further
investigation in this direction, as does the possibility
that low molecular weight factors [22,23], capable
of inducing acrosome reaction, found in sperm
extracts, blood serum and adrenal glands may be
peptide in nature. It is also interesting to speculate
that chemical factors may be involved in the direc-
tional movement of sperm, prior to fertilisation.
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