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Boar proacrosin was purified to apparent homogeneity by a three-step procedure: gel filtration 
011 Sephadex G-50 medium, ion-exchange chromatography on CM-Cellulose 32, and reversed
-phase high-performance liquid chromatography on a C4 column. The relative molecular mass 
(Mr) of the proacrosin estimated by gel filtration was about 70000, whereas the results of an 
electrophon:tic experiment on SDS-polyacrylamide gel with copolymerized casein under non
reducing conditions indicated an Mr of 55000- 60 OeD. The proacrosin reproducibly migrated 
on the gel as a double band. When purified, it remained stable at pH 8·0 for 30 min. The amino
-acid composition of the homogeneous proacrosin was determined. the N-terminal amino-acid 
sequence being 

1 10 

Arg-Asp-X-Ala-Thr-X-X-GI}-Pro-X-Gly- ... 

Acrosin (EC 3.4.21.10) is a key proteinase localized in the acrosome of the spermato
zoon. It is a three-domain glycoenzyme possessing a serine proteinase active site, 
a hydrophobic binding domain, and a carbohydrate binding domain (for review see 
ref I ). Acrosin is involved in the binding of the spermatozoon to the zona pellucida 
of the ovum 2 - 4 and penetration of the zona pellucida by the male gamete5 •6 • In the 
intact spermatozoon, acrosin is present in the form of an inactive precursor, pro
acrosin 7 - lo , and is activated to acrosin after disruption of the acrosome ll • The 
activation of proacrosin gives rise to several active forms 8 ,9. Some active forms 
from boar spermatozoa have been described I2 . 13 . Recently a very unstable ex-form 
of boar proacrosin was isolated in our laboratoryl4. For the study of the molecular 
basis of the proacrosin activation process, purified intact proacrosin is essential. 
Here we describe a procedure of proacrosin isolation from boar spermatozoa and 
characterize the purified zymogen. 
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EXPERIMENT AL 

Materials 

Sephadex G-50 medium and Sephadex G-IOO superfine were from Pharmacia Fine Chemicals 
(Uppsala, Sweden). CM-Cellulose 32 was a product of Whatman Biochemicals Ltd. (Maidstone, 
England). Na-benzoyl-DL-arginine p-nitroanilide.HCI, sodium dodecyl sulfate, acrylamide, 
N,N,N',N'-tetramethylenediamine, human serum albumin, egg albumin, bovine chymotrypsino
gen, bovine chymotrypsin, human plasmin, chondroitin sulfate. Na salt, carbonic anhydrase, 
were from Serva (Heidelberg, F.R.G.). N,N'-methylene-bis(acrylamide) was from Koch-Light 
(Colnbrook, England). Benzamidine.HCI and casein were purchased from Fluka (Buchs, 
Switzerland), ~-galactosidase from Sigma (St. Louis, U.S.A.). Amidoblack 10 B was from 
Merck (Darmstadt, F.R.G.). Vydac 214 TP 24 column (4'6 X 250 mm), 5 11m particle size, was 
from Chromatopack (Middleburg, Tne Netherlands). Elongation factor Til from E.lcherichia coli 
was a gift from J. Jonak. 

Methods 

Preparation 0/ acrosomal extract. Fresh boar semen, 170 ml (15'3 . 109 spermatozoa), was 
centrifuged at 600 x g for 20 min at 15°C to remove seminal plasma. The spermatozoa were 
washed twice in sucrose medium pH 6'5 (0'264M sucrose, 0'005M N-morpholinoethane sulfonic 
acid) and centrifuged at I 000 X g for 20 min at 15°C. The pellet of spermatozoa (20 ml) was 
extracted overnight with the same volume of 2% acetic acid, 10% glycerol and 50 mM benzamidine 
at 4°C. The acrosomal extract was centrifuged at 13000 X g for 20 min at 4°C. The clear super
natant (24 ml), the source of crude proacrosin, was purified by a three-step procedure. 

STEP I. Gel filtration 

Crude proacrosin was applied on a column of Sephadex G-50 medium (2'5 X 68 cm) equilibrated 
with O'OIM-HCOONa (pH 3'0). Fractions with acrosin activity eluted with same buffer were 
pooled (65 ml, 3'6 U/m!). 

STEP 2. Ion-exchange chromatography 

The fraction with acrosin activity (65 ml, 234 U) obtained from STEP I was applied to a column 
of CM-Cellulose 32 (2'8 X 6'5 cm) equilibrated with O'OIM-HCOONa (pH 3'0). The column 
was washed with 282 ml of the equilibration buffer and then a salt gradient (0-0'5M-NaC!) in 
equilibration buffer was applied. Pooled fractions with acrosin activity (48 ml, 4 U 1m!) were 
divided in small portions (I m!) and stored at -70°C. 

STEP 3. High-performance liguid chromatography 

The fraction with acrosin activity from the ion-exchange chromatography column was further 
purified by HPLC on a prepacked Vydac 214 TP 54 column (4'6 X 250 mm). A 0'250 ml sample 
was applied in each run and the column was eluted at a flow rate of 1'0 mljmin with a linear 
gradient of 0- 32% acetonitrile in 0·\ % trifluoroacetic acid (TFA) (v Iv) for 10 min and a linear 
gradient of 32-42% acetonitrile in 0'\% TFA for 35 min. The fractions with acrosin activity 
were pooled, concentrated, evaporated 2 times with 0'\% TFA, and lyophilized in a Savant 
Speed Vac Concentrator. 
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Protein determination. Protein concentration was determined either by the method of Lowry 
et al. 15 or by the method of Bradford 16. 

Amino acid analysis. The amino acid composition of the proacrosin was determined on a Our
rum 0-500 amino acid analyser (Palo Alto, CA., U.S.A.) (rer I7 ). Methionine and cysteine 
were determined after oxidation with performic acid. 

Molecular mass determination. The apparent molecular mass of proacrosin was determined 
on Sephadex G-100 superfine column (1'88 x 48'5 cm) in O'OOIM-HCI containing 0'2M-NaCI, 
pH 3'0. The chromatography was performed at a flow rate of 6 ml/h. Fractions of I· 5 ml/ 15 min 
were collected. 

Casein-SOS-PAGE zymography. An ultrasensitive proteinase detection zymography was used 
to detect proacrosin and determine its degree of purification and molecular mass. The slab-gel 
electrophoresis was performed in 10% acrylamide gel copolymerized with 0'08% casein in the 
presence of sodium dodecyl sulfate (SOS) under nonreducing conditions18 - 20 . Following the 
electrophoresis, SOS was removed from the gel by soaking the gel for 60 min with Triton X-IOO 
(2'5% v/v). The Triton X-IOO was removed with several washes of distilled water and the gel 
was incubated for 4 to 6 hours at 37°C in 0'1 M glycine-NaOH (pH 8'3) to renature the proteinase. 
After incubation, the buffer was removed by washing with distilled water (3 times). Gel was 
stained with Amidoblack lOB (0'1% v/v) and de3tained with methanol-acetic acid-distilled water 
(3: I : 6). Proteinase activity was detected as a clear area of gel on a darkly stained background. 

Measurement 0/ enzymatic activity. Activity of the purified proacrosin was determined as 
acrosin activity after zymogen activation. Conversion of proacrosin to acrosin was carried out 
by autoactivation: a 0'1 ml fraction from the column was incubated at 25°C in 2'3 ml buffer 
containing 0'2M-Tris.HCI pH 8'0, 0'025M-CaClz either for 30 min (autoactivation) or for 5 min 
and in the presence of 1% (w/v) proacrosin activator chondroitin sulfate21 (activation). Acrosin 
activity was measured spectrophotometrically after hydrolysis of a chromogenic substrate, 
N, -benzoyl-oL-arginine p-nitroanilide (BzArgNan), at 405 nm as described in detail elsewhere 14. 

Acrosin and proacrosin activities were expressed in international units (U). One acrosin unit 
corresponds to the hydrolysis of I jlmol BzArgNan/min. Specific activity is expressed as U/mg 
of protein. 

The N-terminal sequence 0/ b?ar proacrosin. The N-terminus of native proacrosin (2 nmol) 
was sequenced automatically by Edman degradation on an Applied Biosystems 470 A Protein 
Sequencer. Program 03R PTH was used and phenylthiohydantoin derivatives of amino acid 
residues were analysed by HPLC (rer zz ). 

RESULTS AND DISCUSSION 

The greater part of seminal proteinase inhibitors was removed from fresh boar 
semen by spinning off the seminal plasma and repeatedly washing the sperm. Pro
acrosin was extracted from sperm with 2% acetic acid, being protected against 
activation by a low-molecular-mass inhibitor, 50 mM bezamidine. Proacrosin was 
purified to apparent homogeneity by the three-step prccedure outlined in the previous 
section: 

STEP 1, gel filtration on Sephadex G-50 medium separated natural low-molecular
-mass acrosin inhibitors from the proacrosin extract ( unpublished results). Ap
proximately 234 U total acrosin activity was obtained, with specific activity 1·2 U/mg. 
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STEP 2, ion-exchange chromatography on CM-Cellulose 32 (Fig. 1), 194 U acro
sin activity (4'3 U/mg) was recovered. 

STEP 3, approximately 2 mg of purified proacrosin was obtained from 20 reversed
-phase high-performance-liquid-chromatography runs on a C4 column. Pure pro
acrosin was eluted with 38 - 39% acetonitrile in 0'1°;' TF A (Fig. 2). 
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Reversed-phase high-performance liquid chromatography. The HPLC was performed as des
cribed in Experime,ltal, A 226 was measured. (1---1) Pooled fractions with acrosin activity 

Collect. Czech, Chem, Commun. (Vol. 55) (1990) 



850 Jom'lkova, Vidimska, Urbanova, Pavlik: 

The relative molecular mass of proacrosin estimated by gel filtration on Sephadex 
G-lOO superfine in the presence of 0'2M-NaCI was about 70000 (Fig. 3). We explain 
this high Mr by the presence of a carbohydrate moiety bound in the molecule of 
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Determination of molecular mass of boar proacrosin by gel filtration on Sephadex G-lOO super
fine . The gel filtration was performed as described in Experimental. Standards: as-galactosidase 
(Mr = 116000); b human serum albumin (Mr = 69000); c egg albumin (Mr = 45000); d bovine 
chymotrypsinogen (Mr = 25000); PA proacrosin .A 
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SDS-PAGE 10% gel with copolymerized casein-zymographic detection of proacrosin. The fol
lowing samples were applied from left to right : a human serum albumin (10 ~g), elongation 
factor Tu (7'3 ~g); b human plasmin (0'5jlg), bovine chymotrypsin (3 ng); c, d purified pro
acrosin (STEP 2) (10 ~g, 20 I1g) ; e crude proacrosin (STEP 1) (20 ~g); f egg albumin (20 ~g) 
carbonic anhydrase (15 ~g), bovine chymotrypsin (I. 5 ng) 

Collect, Czech. Chern. Commun. (Vol. 55) (1990) 



Boar Proacrosin 851 

boar proacrosin. Comparable values obtained by gel filtration have been reported 
by other laboratories as we1l8 •14. Determinations of proteinase activity and Mr of 
proacrosin in electrophoretic experiments on SDS-polyacrylamide gel with copoly
merized casein under nonreducing conditions gave an Mr ~ 55000-60000 (Fig. 4). 
This method associates detection of proteinase activity with molecular-mass deter
mination. Proacrosin migrated on the gel reproducibly as a double band. Human 
serum albumin, having a high content of intramolecular S-S bonds, migrates 
electrophoretically at Mr ~ 69000 under reducing conditions and at Mr ~ 55000 to 
60000 under nonreducing conditions23 • Similar migration differences are displayed 
by relatively large intramolecular S-S bonds possessing proteins that have been 
prepared under reducing or nonreducing conditions (bovine serum albumin, egg 
albumin). Proacrosin belongs among proteins with rather numerous S-S bonds 

TABLE I 

Comparison of amino acid compositIOn of boar proacrosin, some other proacrosins, and 
a-acrosin. The values were obtained with 20-h hydrolysates and were not corrected 

Boar proacrosin 
Amino - ----------

a-Acrosin14 proacrosin27 Proacrosin28 
acid residue nearest 

mol integer 

Asp 34'2 34 26 32 32 
Thr 27'4 27 22 26 27 
Ser 34'5 35 24 29 27 
Glu 49'5 50 33 40 42 
Pro 67'6 68 67 65 67 
Gly 52'0 52 39 37 41 
Ala 32'0 32 25 27 31 
Cysu 11'9 12 12 12 12 

Val 28'1 28 27 26 28 
Meth 6'3 6 6 6 7 
lie 21'4 21 18 20 23 
Leu 35'9 36 26 33 32 
Tyr 13'4 13 12 13 13 
Phe 16'0 16 13 16 14 
Lys 22'8 23 19 28 26 
His 7·1 7 6 10 9 
Arg 33'8 34 27 30 30 
Trp c II 3 >5 

Total 494 413 453 466 

-----------

a Determined as cysteic acid; b determined as methionine sulfone; C not determined. 
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and also shows a mobility difference between its reduced and nonreduced forms. 
Under nonreducing conditions it migrates with equal mobility as nonreduced 
human serum albumin (Fig. 4). As a standard, we used elongation factor Tu (Mr '" 
'" 43000), a protein whose mobility does not change under reducing or nonreducing 
conditions since it does not have intramolecular S-S bonds. The Mr of the protein 
moiety of the boar proacrosin molecule (55000-60000) coincides with the Mr of 
the acrosin zymogen obtained by translation of proacrosin mRNA isolated from 
boar testicles24. Acrosin splits BzArgNan as substrate at pH8'0 very rapidly25. 
Our preparation, on the other hand, was enzymatically inactive and only preincuba
tion at pH g·O for at least 30 min (autoactivation) or the addition of chondroitin 
sulfate as activator21 activated it. The time course of boar proacrosin activation 
followed a classical sigmoidal curve as described in detail elsewhere26 . These findings 
served as evidence that the purified (STEP 3) preparation was the zymogen pro
acrosin and not acrosin. The amino acid composition of homogenous proacrosin 
(STEP 3), based on Mr '" 55000, is shown in Table J. It does not differ much from 
ct-acrosin 14 or the boar proacrosins isolated in other laboratories27 .28, which have 
been included in the table for comparison. Proacrosin has a high content of proline, 
shown to be accumulated in the C-terminal hydrophobic part of the chain in ct-acro
sin 29 . This region is apparently responsible for proacrosin binding to membrane. 
As compared with other laboratories, we found a higher content of glycine and glu
tamic acid in our proacrosin isolate. The following N-terminal amino acid sequence 
of native proacrosin was determined: 

1 10 

Arg-Asp-X-Ala-Thr-X-X-Gly-Pro-X-Gly- ... 

Sequence analysis of the N-terminal part showed that boar proacrosin has the 
N-terminal sequence identical with that of the boar acrosin light chain 30 . In position 
3 from the N-terminus the amino acid could not be identified; it is asparagine with 
a sugar moiety bound onto it. In positions 6 and 10 are cystein residues, which in the 
native proacrosin molecule are incorporated into disulfide bridges and are uni
dentifiable in sequencing. This finding suggests that the light chain represents the 
N-terminus of proacrosin, and activation of proacrosin into acrosin may thus 
involve only splitting of a specific peptide bond inside the proacrosin molecule. 
This is in agreement with some independently obtained and recently published 
resuIts28 . 

We acknowledge grat?/u//y the skillful technical assistance of Mrs J. Kostovalovd. We are 
indebted to Mrs E. Drfkovd. M,s V. Himrovd and Mr J. Zbrozek for the amino acid analyses. 
We thank Dr J. Pdcovd. Center of Pig Insemination Development. Rajhrad.for generously donating 
the baar semen. 

Collect. Czech. Chern. Commun. (Vol. 55) (:9;0) 



Boar Proacrosin 853 

REFERENCES 

I. Hedrick J. L .. Urch U. A., Hardy D. M. in: Enzymes in Agricultural Biotechnology (S. Shoe
maker, P. Sonnet and J. Whitaker, Eds), p. I. ACS Symposium Series, ACS Books, Washing
ton D.C. 1988. 

2. Topfer-Petersen E., Henschen A.: FEBS Lett. 226,38 (1987). 
3. Topfer-Petersen E., Henschen A.: BioI. Chern. Hoppe-Seyler, 369, 69 (1988). 
4. Wassarman P. M.: Ann. Rev. Cell. BioI. 3,118 (1987). 
5. Yanagimachi R. in: Fertilization and Embryonic Development in Vitro (L. Mastroianni and 

J. Biggers Eds.), p. 81. Plenum, New York 1981. 
6. Tesarik J., Drahonid J., Peknicova J.: Fertil. Steril. 50, 133 (1988). 
7. Meizel S.: J. Reprod. Fert. 31, 459 (1972). 
8. Schleuning W.-D., Hell R., Fritz H.: Hoppe-Seyler's Z. Physiol. Chern. 357, 207 (1976). 
9. Polakoski K. L., Parrish R. F.: J. BioI. Chern. 252,1888 (1977). 

10. Siegel H. S., Bechtold D. S., Kopta C. L., Polakoski K. L.: Biochim. Biophys. Acta 883, 
567 (\986). 

II. Brown C. R., Harrison R. A. P.: Biochim. Biophys. Acta 526,202 (1978). 
12. Parrish R. F., Polakoski K. L.: J. BioI. Chern. 253,8428 (1978). 
13. MUller-Ester! W., Kupfer S., Fritz H.: Hoppe-Seyler's Z. Physiol. Chern. 361, 1673 (1980). 
14. Zelezna B., Cechova D.: Hoppe-Seyler's Z. Physiol. Chern. 363, 757 (1982). 
15. Lowry O. H., Rosebrough N. J., Farr A. L., Randall R. J.: J. BioI. Chern. 193, 265 (1951). 
16. Bradford M. H.: Anal. Biochem. 72, 248 (1976). 
17. Spackman D. H., Stein W. H., Moore S.: Anal. Biochem. 30,1190 (\958). 
18. Laemmli V. K.: Nature (London) 227, 680 (1970). 
19. Heussen Ch., Dowdle E. B.: Anal. Biochem. 102, 196 (1980). 
20. Hanspal J. S .. Bushell G. R., Ghosh P.: Anal. Biochem. 132,288 (1983). 

21. Parrish R. F., Wincek T. J., Polakoski K. L.: J. Androl. 1, 89 (1980). 
22. Tsunasawa S., Kondo J., Sakiyama F.: J. Biochem. 97,701 (1985). 
23. Lane L. c.: Anal. Biochem. 86,655 (1978). 
24. Berruti G., Merigiolli G., Martegani E.: Biochem. Biophys. Res. Commun. 138, 139 (1986). 
25. Schleuning W.-D., Fritz H.: Methods Enzymol. 45, 330 (1976). 
26. Drahorad J., Cechova D., Tesarik J.: J. Reprod. Fertil. 83,599 (1988). 
27. Fridberger A., Klint M., Sundelin J., Peterson P. A.: Biochem. Biophys. Res. Commun. 

121,884 (1984). 
28. Cechova D., Topfer-Petersen E., Henschen A.: FEBS Lett. 241,136 (1988). 
29. Zelezna B., Cechova D., Henschen A.: BioI. Chern. Hoppe-Seyler 370, 323 (1989). 
30. Fock-Nutzel R., Lottspeich F., Henschen A., Muller-Ester! W.: Eur. J. Biochem. 141, 441 

(1984). 

Translated by S. Hajek. 

Collect. Czech. Chem. Commun. (Vol. 55) (1990) 




