Volume 300, number 1, 63-66 FEBS 10845
© 1992 Federation of European Biochemica) Socictics 00145793/92/$5.00

March 1992

Boar spermadhesins AQN-1 and AWN are sperm-associated acrosin
inhibitor acceptor proteins
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Trypsinlike (nhibltors secreled by the male necessory sex glands have boen (dentitied in the seminal plasma of every mammalian specios so far

investigated, “ey bind o aceeplor molecules on the anterior part of ejaculated sperm. and are thought to play a role in the capacitation of -

spermatozon stabilizing zonn pellucida binding-ailes during sperm. uterine passage, and: then dissociating to allow sperm-cgg’s 20na pellucils

interaction. Here we report the {demification of acrosin inhibitor acceptor molecules isolated from boar xeminal plasma. These proteins, ermad

AQN-1 and AWN, belong to the recently descritend spermudhesin protein imily, whose members have been implicated in sperm-zuna pellucida

recognition events, Thun, members ol the spermudhexin fumily, although not possossing detoctable enzymatic activity, show fisatures of setine
proteinuses, and may be fuvolved in both sperrn capacitation and sperm-egg recognition and binding events.

Bour ncrosin inhibitor acceptor; AQN-1; AWN: Spermadhosin; Sperm capacitation

1. INTRODUCTION

Low moleculur masy (612 kD) teypsin-like
proteinuse inhibitors present in the male accessory
glunds secretions were first isoluted by Hiindle and co-
workers in 1965 {1] and have been found in the seminat
plusma of cvery mammalian species so fir investigated
[2). The functions of these seminal plasma inhibitors
have not been conclusively established. They may
protect the epithelin of both the male and the female
reproductive tracts, as well as the intact spermatozon
therein, from the proteolytic attack of enzywes released
from occasional damaged spermatozoa [3.4]. The semi-
nal plasma inhibitors. once bound to acceptor mol-
cctles on the anterior poertion vl the sperm head. are
also thought to play a pivotal role in sperm capacitation
[5.6]. The most extensive investigation on trypsin-like
proteinase mhibitors of seminal plasma origin has been
carried out in the mouse. ln this species. a 6.4 kDa
acrosin and trypsin, but not chymotrypsin, kallikrein,
thrombin or plasmin inhibitor [7] binds to a 15 kDa
acceptor protein on the anterior portion of cjuculated
spermatozoa which possesses mouse zona pellucida
binding site(s) [8-14]. The scminal plasma inhibitor
blocks the binding of sperm to its homologous zona
pellucida. After 4 h in the utero however, foew sperm
showed cvidence of the inhibitor [9]. The current work-
ing hypothesis is that the proteinase inhibitor could
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stabilize functional zonu pellucida binding sites during
sperm uterine passage and then dissociate allowing -
sperm binding (o the oocyte’s extracellular coat. Thus,
the mouse seminal inhibitor-binding component may
function in two important aspects of fertilization: ca-
pacitation and zona binding. Similarly. in the boar and
in guincu-pig. several lines of evidence indicate that a
trypsin-like receptor on spermatozoa is involved in zona
peliucida binding [15-17).

in a previous paper [18] we have reported the isola-
tion and complete primary siructure of three isoforms
of a Kazal-type boar sperm-associated acrosin inhibi-
tor, Here, we have coneentrated on the identification of
acceptor molecules for this nhibitor. Ovr results show
that two members of the reeently characterized spena-
adhesin protein family, AQN-1 {19] and AWN [20].
have this binding setivity. This impli~ “hat some speiay
adhesins, besides having a role as sperm-zouna pellucida
recognition molecules, may be also involved in. boar
sperm capacitation. Binding of the inhibitor did not =
block the interaction of AQN-1 or AWN with zona
pellucida.

2. MATERIALS AND METHODS

Sperm-associaled acrosin inhibitors were isolated as described
[18.21]. For biotinylation. 0.5 mg of purificd werosin inhibitor, or
alternatively soybean trypsin inhibiter (Sigma), were dissolved at a
concentration of 1 mg/ml in 0.2 M sodium bicarbonate bufler, pH 8.8,
10 ut of a 4 mg/ml solution of N-hydroxysuccinimide biotin (Sigma)
in N-dimethylformamide were added under stirring. and the reaction
mizure was left for 1 h at room wemperature and in the dark. There-
after the reaction was stepped by addition of 5041 of 1 M ammonium
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chloride, pH 6.0, The blulinylmul acrosin inhibitor was iselated by
reverse-phuse HPLC using o Nucleosil C-18 analytical columin (25 %
0.4 cm, § am particle size) «luuug ut 1 ml/min with o linear gradicm
ol 0.1% (v/v) trifuoroacetiv ueld in (A) water and (B) acetonitrile., fivst
isocratically (10% B) for § min followed by up to 50% B in 40 win.
The fractions containing aerosin inhibitor, which etuted at about 34%
B, were lyophilized. Isolation of the biotinylated soybean wypsin in-

by tography on o Sephudes

fing 1o [23),

otn wiin perhmued as in [24).
Al\er blmklny. lhe blots were 4 ated for 2'h at room temperiture
with either 28 ug/ml blullnylnled.:pig zona pellucida [28), 3.7 ug/ml
biotinylated ‘ncrosin’ inhibltor, or 0.8 up/mi blotinylated soybean
teypsing inhibitor; Thuse values corresponded to the concentrations
which produced: maximum binding of’ the Hgands to isolated sperms
ndhesing inan ELISA:lke: assay: (not shown), Thereafler, the blots
were wished: incubated for b with strepravidin petoxiduse (1:1000,
viv), washed with 20 mM Trls«HCL 0.5 M:NaCL pH 7.4, and finally
developed  with this ‘buiter containing 20% methanol, | mg/ml o.
chiorostanaphiol (BioRad), and 1S ul H,0,.

For zonu pellucida-binding inhibition experiments, the blots were
{irat incubited in the presence of' 3.7 pp/ml acrosin inhibitor or 0.1
mg/ml soybean trypsin: inhiblior, - To test the possibllity that zona
pellucida could displace the bound ncrosin inhibitor, blots were first
incubated with biotinylated inhibitor, wished, and then incubated
with ‘2.5 ug/m! zonw pellucida prior:to incubation with streptavidin
peroxidase. Capacitntion of'spermatozon was done as deseribed {19)

The topography of AWN on boar sperm was stwdied by fndirect
fluorescence microseopy, Brielly, 10 21 of the capacitnted spermatozon
suspenslm\ 110%ml) were sprend on slides, airsdried, flxed for 15 min
in methanol, incubated with PBS bulfer contuining 5% (w/v) BSA for
2 h at A7°C - followed by ‘incubation -with a 0.1 mg/ml solution of
bloun,\lnted acrosin inhibitor in PBS/BSA buller. Aler washing with
PBS/ BSA bulTer the sample wus incubuted for 2 hut 37°C with FITC-
tabeled steeptavidin (Calbiochem) (1:100, vA) and washed exhaus-
tively with PBS/BSA buffer. Finally, 10 gl of PBSglyeerol (19, viv)
were added tnd the sample obsetved under a fluorescenoe microscope
{Zeiss, 100 x 10 magnification).

To detect possible protease activity of isolated AQN-1 and AWN,
the proteasc substrate gel tablet kit supplied by Bio-Rad was used. To
nimic its natural madium, the sample bullier was 20 mM phosphate,
150 mM NaCl, pH 7.4 in which an identical volume of boar seminal
plasma was dinlyzed for 1 hin a 3 KDa cut-ofY dialysis membrane.

Fig. 1. Topographical loca g
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3. RESULTS AND DISCUSSION

Boar seminal plasma contains an 8 kDa acrosin in-
hibitor which binds tightly to cjaculated sperinatozoa
{18). ln o number of mammalian species sperm-associ-
ated proteinase inhibitor acceplor molecules play a role
in both sperm capacitation [5,6) and zona pellucida -
ceently, we have characterized severnli:
boar.: -apcrm carbohydrate- and zona pcllucu -bi '
proteins [19-22], and have coined the term sperm-
adhesin to collectively denominate them. Spermadhesins -
are low molecular muss (12-16 kDa) bour seminal
plasma. proteins, which become coated to the sperm
head ‘surface upon cjaculation, Five members of this
protein family have been structurally and functionally
characierized: AQN-I {19.22), AQN-2 [22), AQN-3 [26],
AWN-I and AWN-2 [20]. Al of them, except AQN-2,
POSSESy Zona p\.lluudn binding uctiv:ly. and huave been,
thus, implicated in sperm-egg recognition and binding
cvents,

Here we huve tested the capability of isolated sperm-
ndhesins to bind scrine proteinase inhibitors, and have
studied the topographical localization of the sperm-as-
socinted boar acrosin inhibitor<acceptor molecule com-
plexes by fluorescence microscopy.

Figute 1 shows that the inhibitor-acceptor complex
is located on the anterior part of the sperm head. This
18 the compartment where spermadhesins were located
[19.27, suggesting that members of this protein family
could be implicated in the binding of the inhibitor to the
sperm surtuce. Indeed, when the isolated, clectroblotied
spermadhesing were probed, AQN-1, AWN-l and
AWN-2 possessed the ability to bind the acrosin inhib-
itor (Fig. 2). AWN-2 contains an acetvlated N-terminus
but an otherwise identical polypeptide chain as AWN-1
{20.27), and will be considered here, therefore, as a
single chemical unit, which we will designate AWN. Our
result implics that some, but not all, of the 721 pel-
lucida-binding spermadhesins may function as speom-

TCSCeNCe MiCroscop of ‘biotinylated acrosin mhnbltor-acceptor molcculcs on the surlace of ()

non-fixed and (b) fixed boar capaclutcd spermatozoa. The same pattern was observed using biotinytated soybean trypsin inhibitor.
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Fig. 2. (A) 10-25% polyacrylamide SDS gel electrophoresis of isolated
boar spermadhesins, Lune s - ¢ each contained S ug ol AQN-1, AQN-2,
AQN-I AWN-1, and AWN-2, respectively. On the tell, standard
molecular mass markers in kDa. (B) The isoluted boar spermadhesins
were electrophoresed as in (A), clectrotrunslernad o nitroeellulose
sheets and probed for its ability to bind biotinylated Kazal-type
acrosin inhibitor. The sime result was obtained when the experiment
wis repeated with biotinylated Kunicz-type sovbean trypsin inhibitor,

assoctated  proteinase  irhibiter acecptor molecuics.
Since in a number of mammalian species  seminal
plasma proteinase inhibitor-binding components. which
show similar sperm compartimentalization and zona
pellucida-binding activity as AQN-1 and AWN, act as
extrinsic regulatory capacitation factors (see Introduc-
tion), our data point out that the boar spermadbicsing
AQN-I and AWN may play a dual role in tertilization.
both as capacitation factors and as sperm adhesion mol-
ecules,

Interestingly, AQN-1 shares 50% sequence identity
with AQN-3[19]. Proteins with such high primary struc-
ture conservation often show tertiary structures that can
be superimposed with a root-mean-square deviation of
less than 1 A [28]. Thus, we belicve that the tertiary
structures of AQN-1 and AQN-3 may show a high over-
all similarity. However, since AQN-3 failed t_ bind the

FEBS LETTERS

March 1992
A
a b c d e
12
94

67
43

21
14

i
o

30 el
-~

a b ¢ d e

Fig. 3. Analysis of the ability of the acrosin inhibitor to block the
binding of solubilized zona pellucida to isolated spermadhesing. tn{A)
a blot containing a replica of the SDS gel shown in Fig. 2A was fir
incubated with acrosin inhibitor (ollowed by hiotinvlated pig™s zona
pellucida, In {B) o similar blot was i incubated with diatinvlawed
acrosin inhibitor and then with native zona petiucida,

acrosin inhibitor, the fine laar2-birding specificity
among different members of the boa  .pevardhesin
protein family. has not been evolutionarily conserved, :
AQN-1 and AWN bind both boar seminal plasma
acrosin inhibitor and soybean trypsin inhibitor in a
mutually exclusive manner (Fig. 2). These inhibitors -
contain a similar proteinase-binding loop, but ‘are
otherwise structurally unrelated. Therefore, we hy-
pothesize that both inhibitors may utilize the protease-
binding site for interaction with its sperm acceptor mol-
ecule. No enzymatic activity was associated with AQN-
1 or AWN, however. Thus, although these inhibitor
acceptor molecules wmay share some features with
trypsin-like enzymes. their binding sites must be differ-
ent from the active sites of serine proteinascs.
Although spermadhesins AQN-1 and AWN func-
tionally resemble the 15 kDa mouse sperm proteinase
inhibitor acceptor protein [7-14], the relationship be-
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tween them remains to be established, Contrary to what
happens with the mouse 15 kDa acceptor molecule, the
binding of the boar seminal plasma acrosin inhibitor to
the electroblotted boar spcrmadheqms did not inhibit
the subsequent binding of solubilized pig's biotinylated
zona pclluudn (Flg. 3A) Thls may mdncntc that cither
itov.and zona pel-

uully; nqn-oxclu-

' . To dlstmsmuh be-

ot containing the indi-
vidunl spermadhesins. was first incubated with bioti-
uyluted acrosin inhibitor und then with native ‘solubil-
ized zona pellucida, Figure 3B shows that only AQN-1
retained bound inhibitor atter internction with solubil-
ized' zona pellucida. Thus, we may conclude that in
AQN:-1 different binding sites’ for both ligands may
exist, and that there is no steric interference between the
binding of zona pellucida und the ucrosin inhibitor. In
the case 'of AWN, we interpret that interaction of sol-
ubilized zonn petlucida with the AWN-inhibitor com-
plex somchow alters its conformation and displaces the
bound inhibitor. Whether zoua pellucida and the
proteinase inhibitor compete for the same, or for a
structurally related, binding site can, however, not be
deduced from our experiments.

Based on our data, we propose that AQN-t and
AWN muy function in a similar, but not overlapping
way in spermatozon capacitation. Recently, Aarons ct
al. [29] have shown that immunoaggregation of a
proteinuse inhibitor bound to the murine sperm head
was sulficient to trigger the acrosome reaction. Whether
interaction ol the sperm surface-associated AQN-1/in-
hibitor complexes with the repeating structure of the
oocyte’s zona pellucida network induces its clustering
and initiates thereby the cxocytosis of the acrosome
content will be the subject of future investigation.
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