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Complete localization of the disulfide bridges and glycosylation sites in
boar sperm acrosin
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Acrosin is o disulfide-bonded two-chain glycoprotein, which belungs to the serine proteinuse family and which plays o central role in mammalian

fertilization. The amino acid sequence of acrosin from dillerent species his been recently derived by ¢IDNA analysis. Boar sperm wcrosin contains

twelve cysteing residues forming two interchiin and 4 jntrachain disulfide bends, Protein-chemical and miss-spectroscopic analyses of fragments

and subfragments obtained by proteolytic amd chemical degriadation of the isolated protein allowed the unambiguous localization of all disullide

bridges and glycosylation points in boar aerosin, The 12 eysteines and the glycosylnted asparagines in the poreine enzyme are absolutely conserved

in number wiwld position within ull known aerasin sequences. Thus, the disulfide bond and glycosylation patteras outlined here are conserved during
evolution and may be important for enzyme function,

Profawrosing Disulfide bridge: Glycosylation; Amino acid sequence; Boar spermatozon; Sequence homology

1. INTRODUCTION chains [15,16]. Alignment of the acrosin heavy chain se-

Acrosin (EC 3.4.21.10) is a serine proteinase of
trypsin-like specificity [1,2] which has been involved in
the complex events of sperm-egg intdractions by its car-
bohydrate binding sites [3-5] and in the penetration
process through the oovyte zona pellucida by specific
and limited proteolysis of the glycoprotein matrix [6,7].
Acrosin is synthesized in early round spermatids in a
single-chain polypeptide form, proacrosin, and stored
in the acrosomal vesicle overlaying the anterior part of
the sperm head [8-10]. It is believed that proacrosin is
activated to the mature enzyme by limited
autoproteolysis [11] at the time of the acrosome reac-
tion [12] and discharged from the acrosome in the near
proximity of the investing egg [13]. The mature enzyme
consists of a 23-amino acid residue light chain covalent-
ly linked by two disulfide bridges [11] to the heavy chain
(M, 37000) containing the active center of the serine
proteinase family [14-17]. The primary structure of
mouse, human, and boar acrosin have been deduced by
nucleotide sequencing of ¢DNA clones [14~17]. The
boar proacrosin cDNA encodes a polypeptide of about
400 amino acids including both, the light and the heavy
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quence comprising its first 250 residues with the se-
quence of other serine proteinases like trypsin [181,
chymotrypsin [19], clastase [20], Kkallikrein [21] and
prothrombin [22,23] shows a sequence similarity of
about 55% including the location of the catalytic triad
essential for proteolytic activity. The light chain on the
other hand shows sequence similarity with the activa-
tion peptides of other serine proteinases [11]. A feature
of acrosin not observed in other serine proteinases is a
125-residue C-terminal extension containing a stretch of
23 consecutive proline residues. Recently, Baba er al.
[14,15] have postulated an activation and maturation
mechanism for the boar acrosin zymogen including
both a proteolytic processing in the N-terminal region
by cleavage of the Arg-23-Val-24, leading to the forma-
tion of the light and heavy chain [24] and liberation of
certain polypeptide segments from the C-terminus of
the heavy chain including the proline-rich segment
[14,15,25].

In this communication protein-chemical studies of
the isolated active boar acrosin are presented to
establish its chemical identity such as its polypeptide
length and the post-translational modifications, i.e.
glycosylation sites and disulfide bridges which cannot
be deduced from the cDNA analysis.

2. MATERIALS AND METHODS

2.1 Materials

.TPCK-trypsin and porcine pancreas elastase were purchased from
Sigma and Boehringer, respectively, CNBr was from Merck,
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20 Method

High-molecular niiess actonin (35-53 KDa) was purivied Mrom avidie
Doae speran extviets as fecently deseribed (3}, Amicdobytiv adtivity was
determinied aceording 1o (26 as the hydrolysis of the chromuogeniv
subsizale EAPAL SDSPAGE was performed on 7.5-20% poly.
avryliamide gradient slab gelo (0.7% < 80 mnm) as previvusly deseribed
(4. Amine acid and amino sugie msdysis were carvied 0wt on g
Bictronik analyzer after hydeotysiz at 110°C in 6 N HC tor 24 h or
in 4 N HCH for 4 h, eespestively,

Hoar acrosin (L mg mby ia S0 M ammonivmhiydrogen carbojate,
pH R0, T M paaaidine hydrochloride was digested with TPCK-.
ey psin (Sigmia) at an enzymie/ protein ratio of 1128 (w/w) for X hat
3740, The reaction was stopped by freeze-drying, The cleavage mis-
ture wis cither aidyzed by reverse-phiase FIPLC or further cleaved
With CNBre (Lo s/ mb) in 70%% formie avid under nitragen and in the
dack, After 4 bt room temperature the mixture was diluted with
water and frecae-dried. Both tryptic and CNBe degrwdation praducts
were sepivated by reversesphase HPLC on o Liclirasphere RP-100
column (5 gy, O 2 25 ey Merek) using o linear HyO/aeetonitrile
gradient in 0.1%% (v/v) trifluoroacetic aeid. Subdigestion of isolated
peptides was performed with elastase in 100 mM ammuoniuinhy drogen
carbonate, pH 8.0, 1 mM CaCly at 4 peptide concentration of 0.2
pgS b and an enzyme/peptide ratio of 1:20 (w/w) for 18 boat 37°C,
After acidifivation with formic acid, peptides were isolated by
reverse-phase chromatography as deseribed above,

Neterminal sequence  determination was  performed using u
Beckman  B90C  spinning  cup  sequenator.  Phenylhydantoin
derivatives were identified following {27). Mass spectra were recorded
with o mass spectrometer MAT 900 (Finnigan MAT) equipped tiguid
SIMS ionization.

3. RESULTS AND DISCUSSION

Boar sperm acrosin was purified to homogeneily as
previously described {4}, This preparation shows a
single broad band of apparent molecular mass of 55000
by SDS-PAGE under non-reducing conditions, exhibits
amidolytic activity (6 U/mg protein) measured as the
hydrolysis of the chromogenic substrate BAPA [26],
and contains in an equimolar ratic the N-terminal se-
quences corresponding to the light and the heavy chain
[4].

This two-chain acrosin preparation was digested with
TPCK-trypsin. The resulting tryptic peptides were
isolated by reverse-phase HPLC (Fig. 1) and
characterized in terms of N-terminal sequence and
amino acid and amino sugar composition. Among the
peptides characterized (Fig. 2), peptide 18 contains the
proline-rich domain and peptides 9, 4 and 7 correspond
to the polypeptide stretches within the very C-terminal
region of the acrosin cDNA-encoded message [15]. Our
results indicate that the two-chain full-length acrosin
molecule is an active enzyme. This conclusion is in con-
trast to the hypothesis of Baba et al. [15] that activation
of proacrosin is achieved by both the cleavage of the
Arg-23-Val-24 bond yielding the two-chain molecule,
and by the stepwise loss of the C-terminal polypeptide
stretches including the proline-rich segment. Qur cur-
rent hypothesis is that proacrosin forms an active high-
molecular intermediate containing the full-length heavy
chain, which then undergoes a maturation process
leading to the stable form of the enzyme (8-acrosin).
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Fig, b Separation of the oryptiv digest of high-mass wrosin by
teverse-phise chronuography on a Lichrospliere RI> 100 column (8
A, Qb W 28 em) dn 0,1%% rilluoroacetiv acdd, 0-60%0 gectonitrile.

This C-terminal processing may have an important
bialogical (unction in fertilization,

Recently, two different groups have sequenced
¢DINA clones from boar testis CPDNA libraries encoding
the comiplete protein sequence of preproacosin [18,16].
Their results, however, are not identical. In this respect
our protein sequence analyses are in agreement with the
sequence reported by Baba et al. {15].

Boar agrosin [15,16], as well as acrosin from mouse
{17] and human [14] contains 12 cysteine resicdues form-
ing part of two interchain {11} and four intrachain
disulfide bonds. The cysteines at positions 58, 71, 159,
191, 207, 218, 228, and 248 of the chain are conserved
among the serine proteinase family members, while the
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Fig. 2. Amino acid sequence of boar preproacrosin deduced by cDNA
analysis [15] showing underiined the position of the tryptic peptides
isolated in Fig. 1. The signal sequence is outlined, cysteine residues are
shadowed, and the glycosylated asparagine residues are shown in
boldface. The N-terminals of the A- and B-chains are indicated.
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cysteine residues gt position 10 in the light chain and
1 in the heavy ehiain are alvo present in chymotrypsin
(18] and thrombin {22,23]. The remaining two cys-
teines, Cys-6 and Cys=136, in the light and heavy chain,
respectively, have only been found in acrosin. Although
it has been suggested that the known cysteine pairing in
other serine proteinases witl most probably be conserv-
ed in aerosin [18], the precise arrangement of thesc
disulfide bonds have not been further investigated.

In order to identify the disulfide bond pattern, boar
sperm acrosin was digested with trypsin, The tryptic
peptides were isolated by reverse-phase FHIPLC (Fig. 1),
and characterized in terms of Neterminal seque nee and
amino acid and amino sugar analysis, Inthis way, single
or groups of two disulfide bridges could be isolated:
HPLC fraction 10 (Figs 1,2) contained two peptides
crosslinked by a single bridge between Cys-191 and
Cys-207; fraction 16 corresponded to the polypeptide
stretely 52-75 containing a loop between Cys-55 and
Cys«71; fraction 13 showed three sequences in
cquimolar ratio indicating that Cys-159, Cys-218,
Cys-228 and Cys-248 are linked together by two
disulfide bonds, When acrosin was digested with tryp-
sinand then degraded with CNBr, the peptides 155-168
and 215-227 disulfide-bonded to the peptides 228-229
and 237-250, respectively, were found (data not
shown). This clearly indicates that Cys-159 is linked to
Cys-228 and that Cys-218 forms a bridge with Cys-248.
Fraction 17 corresponded to the first 13 residues of the
light chain covalently linked by two disulfide bonds to
fragment 130-149, localized within the heavy chain. To
unambiguously locate the position of the two interchain
disulfide bonds, the isolated fraction 17 was sub-
digested with elastase, an enzyme of broad specificity.
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Fig. 3, Separation of the elastase digest of fraction 17 (from Fig. 1)
by reverse-phase chromatography. Chromatographic conditions as in
Fig. 1.
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Adter HPLC separition ol the digestion products (Fig.
1) a0 peptide containing the polypeptide streich 912
single disulfide-bonded to the streteh  1dd=147 wis
charucterized.  This  establishes, that Cys 10 and
Cys= L4 actually form a bridge, and thus, the remaining
interchain disulfide bond, between Cys-6 and Cys-136,
can be deduced by exclusion,

Our cesults establish the complete arrangement of the
6 disulfide bonds of boar acrosin (Fig. 4 and,
presumably also in its mouse and human counterparts,
sinee the 12 cysteine resicdues are absolutely conserved,
As expected the disulfide bridge pairing follows the
classic pattern found within the members of the serine
proteinase family pointing to its essentiality for main-
taining the appropriate conformation of its active site.
It is worth noticing, that in human thrombin which
tlrough X-ray studies has been recently resolved [28]
the residues occupying analogous sequence positions as
the acrosin Cys-6 and Cys-136 are 9.0 A apart. This
distance may allow djsult‘idc connection (disulfide
Ca-Cex distance ~5.3 A) taking into account that the
N-terminal region of human thrombin is located in a
highly disordered part of the molecule (W. Bode, per-
sonal communication). This is the same case as in
chymotrypsin [29) and elastase [30], where the two
disulfide bridges present in trypsin but absent in
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Fig. 4. Schematic outline of the arrangement of the disulfide bridge

pattern and N-glycosylation sites (—o¢) in boar acrosin, Numbers at

the left correspond to the cysteine positions in proacrosin. The arrow
indicates the cleavage site between Arg-23-Val-24.
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chymroteypsip and elastase can be built into the somic
madesl of the latter enzymes with little or no distortion
of the polypeptide chain,

it has been reported that boar acrosin contains only
one carbohydrate side chain attached 1o Asn-3 in the
Hght chain (1], Our data, however, ¢learly showed that
peptide 10 of the heavy chain (Fig, 2), comprising the
typical  sequon  Ain-Xaa=-Thr, contained 3 mol
glucosamine/mol peptide. Moreover, when peptice-10
was analyzed by fast atom bombardment mass spec-
trometry o NMH™: 35962 was {ound (dara nat
shown), but no sigaal at M+ 2511.2, which would
conform to the non-glycosylated peptide. “This dit-
ference in molecular mass could correspond to an in-
complete biantennary oligosaccharicde unit- like GleN-
GleN-(Man)-GleN. The exact nature of the oligosue-
charide chains in boar acrosin needs further investiga-
tion. As the two possible A-glycosylation points in boar
acrosin are also conserved in the mouse [17] and human
[14] enzymes, we predict that these asparagines will be
also glycosylated in the latter molecules,
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