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A proteolytic enzyme assigned the name acrosin was purified 250-fold from the acrosomes
of epiclidymal rabbit spermatozoa by DEAE and Sephadex chromatography. The acrosin
preparations were of high purity as judged by the specific activity of 15 and since SDS gel

electrophoresis showed only one major component. In the purified form acrosin is un-

stable above pH 6 even at low temperatures, but stable if lyophilized. The molecular weight

of acroSin was estimated to be 55,000 by Sephadex chromatography. The enzyme most
likely exists as a dimer since treatment with SDS and mercaptoethanol and subsequent mo-
lecular weight determination by polyacrylamide gel electrophoresis gave a subunit of mo-

lecular weight 27,300.

We have obtained a highly purified prep-

aration of a proteolytic enzyme from rabbit

sperm acrosomes that has certain properties

in common with pancreatic trypsin and

plasmin yet is different from both (Zaneveld,

Polakoski, and Williams, 1971). The name,

acrosin,2 was proposed for this unique en-

zyme essential for fertilization (Zaneveld,

Robertson, and Williams, 1970) in con-

formity with common usage for proteases

where the prefix indicates the source of the

enzyme followed by -in (Christensen and

MacLeod, 1945). Stambaugh and Buckley

(1971) suggested the name acrozonase. Ya-

mane (l935a, b) first reported the presence

of a proteolytic enzyme in mammalian

spermatozoa. Buruiana (1956) showed that

avian sperm are high in trypsin-like activity

but low in hyaluronidase, whereas the re-

verse was true for mammalian spermatozoa.

Rabbit sperm were an exception since both

trypsin and hyaluronidase activities were

‘The Enzyme Commission of the International

Union of Biochemistry has recently assigned the
name, acrosomal proteinase, to a trypsin-like enzyme
from the sperm acrosome.

2 Unfortunately the more euphonious name,

acrosomin, has been used for a polysaccharide (Cler-
mont and Leblond, 1955). Trivial names for pro-
teolytic enzymes are derived from the source plus
“in” (Christensen and MacLeod, 1945; Enzyme

Nomenclature, 1964).

present. Hartree and Srivastava (1965) and

Srivastava, Adams and Hartree (1965) pre-

pared acrosomal extracts from ram sperm

that removed the zona pellucida from rabbit

ova. Using essentially a modification of

their technique, Stambaugh and Buckley

(1969) showed that extracts of epididymal

sperm removed the zona pellucida and that

a trypsin-hike enzyme (acrosin) located in

the acrosomes was responsible. These re-

sults were confirmed and extended by Zane-

veld, Srivastava, and Williams (1969), and

Zaneveld and Williams (1970) who showed

that ejaculated rabbit sperm acrosomes also

contained acrosin inactivated by a trypsin

inhibitor from seminal plasma. Because epi-

didymal and capacitated spermatozoa had

high acrosin activity, it was suggested that

the trypsin inhibitor was added to epididymal

sperm during ejaculation and removed dur-

ing capacitation. Additional evidence for

this hypothesis was provided by showing

that epididymal sperm lose most of their

proteolytic activity by exposure to seminal

plasma (Zaneveld, Srivastava, and Williams,

1970). A similar suggestion was made earlier

by Waldschmidt, Hoffmann, and Karg

(1966) based on their observations concern-

ing the proteohytic activity of whole bull

sperm. Fertilization in vitro by capacitated

sperm was inhibited by soybean or ovo-
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mucoid trypsin inhibitors (Stambaugh,

Brackett, and Mastroianni, 1969), or in

vivo, using pancreatic trypsin inhibitor or a

trypsin-inhibitor partially purified from

seminal plasma (Zaneveld, Robertson, Kes-

sler, and Williams, 1970) showing that

acrosin is essential for fertilization. Fertiliza-

tion can also be inhibited using synthetic

trypsin inhibitors, such as tosyl lysine

chloromethyl ketone (TLCK) (Shaw, 1970),

either by addition to ejaculated or capaci-

tated sperm or by deposition in the vagina

(Zaneveld, Robertson, and Williams, 1970).

Stambaugh and Buckley (1969) reported

that a trypsin-like enzyme in crude acrosomal

extracts is complexed with hyaluronidase,

the complex having a molecular weight of

59,000. In this article we describe the partial

purification of acrosin including molecular

weight estimations using two methods. The

properties of acrosin are discussed in a

separate paper (Zaneveld, Polakoski, and

Williams, 1971).

MATERIALS AND METHODS

Preparation of Acrosomal Extracts

Epididymal rabbit spermatozoa were obtained by

inserting a 25 g needle into the vas deferens and forcing
Krebs Ringer Phosphate (KRP) buffer through the

epididymis after having severed the caudal end. The

sperm were washed several times with KRP and

treated with 0.075% Triton X-I00 (Mann Research)

and 0.075% Hyamine 2389 (British Drug Houses,

Ltd.) for 90 mm at 37C, a procedure that causes the
removal of the acrosomes from sperm (Hartree and
Srivastava, 1965). The sperm mixture was centrifuged,

the supernatant solution treated with alcohol and the
precipitated material dialyzed and lyophilized

(Zaneveld and Williams, 1970).

Enzyme Assays

Acrosin activity was measured using BAEE (Mann)

as substrate according to the spectrophotometric

procedure of Schwert and Takenaka (1955). Assays

were performed in 0.05 M Tris-HCI buffer at pH 8.0

containing 0.05 M CaCI2 after the third purification
step. A unit of acrosin activity was arbitrarily defined

as an absorbance change of 1 optical density (OD)

U/mm at a wavelength of 253 � and specific activity

as acrosin units per milligram of protein (measured by

absorption at 280 nm assuming 1 mg of protein/mi
exhibits an OD at 280 of 1.0). Chymotrypsin assays
were done using N-acetyl tyrosine ethyl ester (ATEE,

Mann) as substrate and reading the rate of change as
an optical density of 256 nm. Bovine pancreatic

trypsin (TL OAB) and pancreatic trypsin inhibitor

(PlC 8HD) were obtained from Worthington.

Chromatography

All chromatography was performed at SC. Diethyl
amino ethyl (DEAE) cellulose (Floe) was obtained
from Whatman. The dry powder was suspended in 1 M

sodium acetate, and the fine particles removed. The

cellulose was washed with 0.5 M NaCI and 0.5 M HC1
and finally resuspended in 0.1 M sodium acetate con-

taining 0.003 M EDTA. Jacketed columns 2.5 cm in
diameter and 36 cm long were prepared in 0.05 M

phosphate buffer, pH = 7.0. The column was eluted
stepwise by increasing the NaCI concentration.

Sephadex 0-100 and G-75 (Pharmacia) were
swollen and washed in 0.001 M HCI and columns 1.5

cm in diameter and 44 cm long were prepared. The
protein was eluted from the column with 0.001 M

HCI, pH 3.0. For the estimation of molecular weight
known pure proteins were added to the same column

according to the method of Whitaker (1963), and
Andrews (1964). These reference proteins were ovalbu-

mm, mol wt 43,000 for the monomeric form and

86,000 for the dimeric form (Pentex, 5 x crystallized,
Code: 96010), bovine pancreatic trypsin, mol wt

23,300, lysozyme, mol wt 14,300 (Armour Lab.) and
pancreatic trypsin inhibitor, mol wt 6,513. The void
volume (vo) was determined using dextran blue dye

(Pharmacia). The mobility of the standards (the
elution volume, v, of the protein divided by vo) was

plotted against the logarithm of the molecular weights

and the molecular weight of acrosin was obtained
through interpolation.

Polyacrylamide Gel Electrophoresis

Since acrosin was unstable after the third purifica-

tion step the conventional disc electrophoresis tech-

niques could not be employed. The preparations were
therefore treated with 1.0% sodium dodecyl sulphate

(SDS) to change the individual charge patterns of the
proteins by the binding of SDS anions rendering all
molecules negatively charged, the amount of charge

depending on the size of the molecule. In addition,

the preparations were treated with 1% mercaptoetha-

nol to break all susceptible disulfide bonds. Treatment

with SDS and mercaptoethanol converts most complex

proteins to their subunits. The samples were then

subjected to polyacrylamide disc electrophoresis in the

presence of 0.1 NI SDS according to the methods of

Shapiro, Vinuela, and Maizel (1967), and Weber and
Osborn (1969). This technique separates proteins
only on the basis of their molecular weight.
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Sodium dodecyl sulphate was obtained from Gal-
lard Schlesinger Chemical Co. and 2-mercaptoethanol

from Sigma Chemical Co. Polyacrylamide (10%) was

prepared by dissolving 22.2 gm acrylamide (K and K
Lab.), crystallized in benzene according to the method
of Brewer and Ashworth (1969), and 0.6gm methylene

bisacrylamide (Eastman Organic) in 100 ml of water.
Bromphenol blue (Mann) was used as tracking dye.

The same technique for the preparation of the samples

and disc electrophoresis was used as described by
Weber and Osborn (1969) except that the final dialysis
step was omitted. The gels were stained with Coomas-

sie brilliant blue (Code: 11-I 52B, Colab Lab.). Oval-

bumin, bovine pancreatic trypsin, lysozyme and
pepsin were again used as reference proteins in addi-

tion to bovine serum albumin, mol wt 68,000 (Code:

BV 162, Pentex). The mobility of the proteins was

calculated as:

distance of protein migration
Mobility = length of gel after destaining

length of gel before destaining
distance of tracking dye migration

Using semilog paper the molecular weight was plotted
against mobility. The molecular weight of acrosin was

obtained by interpolation.

-J

0
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(‘I

0
0

RESULTS

Punfication of Acrosin. Step 1

The lyophilized acrosomal extracts were

dissolved in 0.05 M phosphate buffer, pH

7.0 and centrifuged at 700 g for 15 mm. The

precipitate possessed only slight activity,

indicating that acrosin is almost completely

in soluble form. No chymotrypsin activity

is present in the supernatant solution.

Step 2

The supernatant solution was cooled to

SC and added to a DEAE column. Acrosin

does not adhere to the DEAE and was

present in the first eluates (Fig. I). Fractions

22-26 possessed the highest specific activity

and were pooled separately from the frac-

tions 27-31. The total acrosin activity al-

most doubles (Table 1).

After elution the enzyme is quite stable

at 5C and the activity is not destroyed by

freezing. This stability increases with in-

creasing molarity of phosphate buffer.

FftACTION NUMBER

FIG. I. Elution profile of centrifuged acrosomal extracts purified by DEAE-cellulose chromatography.

The column was developed stepwise using increasing amounts of NaCI in 0.05 M phot pliate buffer, pH 7.0.
Each fraction contains 5 ml. A--A Acrosin activity, O-O Protein.
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FIG. 2. Elution profile of DEAE-purified acrosomal extracts further isolated by Sephadex 0-100 column

chromatography. The column eluted with 0.001 M HC1. Each fraction contains 0.8 ml. O--O Protein,

A--A Acrosin activity (U/mI), � -0 Acrosin activity (U/mg).
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TABLE 1

PURIFICATION OF ACROSIN

Total
�

Total
ac

liV�

(units)

Specific
activity
(U/mg)

Purifi-
cation

Sperm acrosomal
extracts 50.0 3.00 0.06 I

Centrifugation 15.2 2.70 0.18 3
DEAE chromatog-

raphy 1.9 5.89 3.1 52

Sephadex G-l00

chromatography 0.136 2.10 14.9 250

Step 3

To concentrate acrosin for further purifi-

cation the phosphate buffer was removed by

pooling fractions 2 1-26 and dialyzing against

three 2,000 ml portions of 0.001 M HCI.

The low pH prevents destruction during

dialysis although loss of activity during

freezing occurred after this purification step.

The dialyzed preparation was lyophilized

and was stored for several months without

loss of activity.

Step 4

The lyophihized preparations were re-

suspended in 1-2 ml of 0.001 M HCI, added

to a Sephadex G-75 or 0-100 column and

eluted with 0.001 M HC1 (Fig. 2). The

acrosin preparation obtained has a specific

activity of 15 U/mg (Table 1), although a

few contaminants are still present (Fig. 3).

The amounts of these contaminants vary

and are minor judging from their staining

density after electrophoresis. Only the major

band is seen consistently after Sephadex

chromatography and consequently is acrosin.

Molecular Weight Determinations

Two Sephadex 0-100 columns and one

0-75 column were used to estimate the

molecular weight. With the Sephadex 0-75

only bovine pancreatic trypsin and pancreatic

trypsin inhibitor were used as references

but with the Sephadex G-l00 columns all

reference proteins except the pancreatic

trypsin inhibitor were used. Through ex-

trapolation (Fig. 4), molecular weights of
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54,000; 55,000 and 56,000 (averaging 55,000)

were obtained.

The protein band containing acrosin was

readily identified in the SDS gels as the

major band as it is the only one that con-

sistently is present after Sephadex G-l00

chromatography (Fig. 3). By comparison

with references (Fig. 5) the molecular weight

of acrosin was estimated as 27,000; 26,800

FIG. 3. Sodium dodecyl sulphate polyacrylamide

electrophoresis of partially purified acrosomal ex-

tracts. I and 2 are after Sephadex G-100 chromatog-

raphy (samples from 2 different columns) -Step 4.

3 is after DEAE-cellulose chromatography Step 2.

4 is Standards (see text).

LU CS 20 2.5 30

MOBiLITy (v/va

FIG. 4. Molecular weight estimation by Sephadex

G-100 column chromatography.

- #{149}LBLIMIN�DIMERI

- BOVINE SERUM ALBUMIN

#{149}\OVALBUMIN(MONOMER)

PEPSIN

ACROSIN
BOVINE PANCREATIC TRYPSIN

LYSOZYME

MOBILITY

FIG. 5. Molecular weight estimation by sodium

dodecyl sulphate polyacrylamide electrophoresis.

and 28,000 (averaging 27,300) for the acrosin

bands obtained respectively after DEAE

chromatography and two different passes

through Sephadex 0-100.

DISCUSSION

+ A 250-fold purification of acrosin was
obtained and judging from the specific ac-

tivity and SDS gel electrophoresis the enzyme

preparation was almost pure. Dialysis at

pH 3 was required in the third step since

purified acrosin is unstable above pH 6

possibly due to autoproteolysis (Zaneveld,

Polakoski, and Williams, 1971). This caused
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many difficulties in further purification since

all possible manipulations had to be per-

formed in 0.001 N HCI thus eliminating

ordinary polyacrylamide disc electrophore-

sis.

After DEAE chromatography, approxi-

mately a two-fold increase in total acrosin

units was obtained. This was most likely

caused by removal of a trypsin inhibitor

similar to seminal plasma trypsin inhibitor

(Zaneveld, Srivastava, and Williams, 1969).

The presence of a small amount of trypsin

inhibitor in the epididymal sperm acrosomal

extracts is not surprising since the sperm

are obtained by flushing the epididymis

through the vas deferens which may contain

some seminal fluid. It is also possible that

epididymal fluid contains an inhibitor since

Haendle (1968) reported the presence of

small amounts of trypsin inhibitor in epi-

didymal tissue.

The molecular weight of 55,000 for acrosin

estimated by Sephadex chromatography

should be compared with that obtained by

Stambaugh and Buckley (1969) who re-

ported a molecular weight of 59,000 for a

acrosin-hyaluronidase complex using su-

crose density gradient centrifugation. The

evidence for a complex was the presence of

hyaluronidase activity in the same part of

the gradient as acrosin. They also suggested

that acrosin and hyaluronidase together

caused the dissolution of the zona pellucida.

Since these data do not prove the existence

of a complex and since testicular hyaluroni-

dase does not effect the zona (Gould, 1970),

their conclusions seem unjustified. Although

Malmgren (1953) reported that the molecu-

lar weight of testicular hyaluronidase is

11,000, Borders and Raftery (1968) using

highly purified preparations reported that

the molecular weight is approximately

61,000. It is therefore not surprising that

acrosin and the hyaluronidase were present

in the same fraction after sucrose density

gradient centrifugation since they have ap-

proximately the same molecular weight.

The molecular weight of acrosin as de-

termined by SDS polyacrylamide gel elec-

trophoresis is 27,300, about half of that

obtained by Sephadex chromatography.

Since the SDS and mercaptoethanol treat-

ment reduce proteins to subunits and since

acrosin is the only component that con-

sistently is present after Sephadex chroma-

tography, this suggests that acrosin exists as

a dimer of molecular weight 55,000.

ACKNOWLEDGMENTS

This research was supported by Training Grant No.
5-TOl-HDOOI4O from the National Institute of Child

Health and Human Development; Career Develop-
ment Award No. 2-K3--GM4831 from the National
Institute of Medical Sciences; Contracts NIH-70-2l47
and NIH-69-2103 with the National Institutes of

Health, Department of Health, Education and Wel-
fare; and a Ford Foundation Grant.

REFERENCES

ANDREWS, P. (1964). Estimation of the molecular

weights of proteins by Sephadex gel-filtration.

Biochem. J. 91, 222-233.
BORDERS, C. L., AND RAFTERY, M. A. (1968). Purifica-

tion and partial characterization of testicular

hyaluronidase. J. Biol. CIzem. 243, 3756-3762.
BREWER, J. M., AND ASHWORTH, R. B. (1969). Disc

electrophoresis. J. Chem. Ed. 46, 41-45.

BURULANA, L. M. (1956). Sur l’activit#{233}-hyaluroni-
dasique et trypsinique du sperme. Narurwissen-

sc/zafte43, 523.
CHRISTENSEN, L. R., AND MACLEOD, C. M. (1945). A

proteolytic enzyme of serum: Characterization,

activation, and reaction with inhibitors. J. Gen.

Physiol. 28, 559-583.

CLERMONT, Y., AND LEBLOND, C. P. (1955). Spermio-
genesis of man, monkey, ram and other mammals

as shown by the “Periodic Acid-Schiff” technique.

Amer. J. Anat. 96, 229-253.
E,,zynze Nomenclature. (1964). Elsevier Publishing Co.

(New York) 144-147.

GOULD, K. G. (1970). Unpublished results.
HAENDLE, H. (1968). Dissertation. Munchen.
HARTREE, E. F., AND SRIVASTAVA, P. N. (1965).

Chemical composition of the acrosomes of ram

spermatozoa. J. Reprod. Feri. 9, 47-60.

MALMGREN, H. (1953). Characteristics of testicular
hyaluronidase. Biochem. Biophys. Acta 2, 524-529.

SCHWERT, 0. W., AND TAKENAKA, Y. (1955). A spec-

trophotometric determination of trypsin and chymo-

trypsin. Bloc/tern. Biop/zys. Ada 16, 570-575.
SHAPIRO, A. L., VINUELA, E., AND MAIZEL, J. V.

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/6/1/23/2768649 by U

.S. D
epartm

ent of Justice user on 16 August 2022



A PROTEOLYTIC ACROSOMAL ENZYME 29

(1967). Molecular weight estimation of polypeptide

chains by electrophoresis in SDS-polyacrylamide

gels. Biochern. Biophys. Res. Commun. 28, 815-820.

SHAW, E. (1970). Selective chemical modification of

proteins. P/lysiol. Rev. 50, 244-296.

SRIvASTAVA, P. N., ADAMS, C. E., AND HARTREE, E. F.

(1965). Enzymatic action of acrosomal preparations

on the rabbit ovum in vitro. J. Reprod. Fert. 10,

61-67.

STAMBAUGH, R., AND BUCKLEY, J. (1969). Identifica-

tion and subcellular localization of the enzymes

effecting penetration of the zona pellucida by rabbit

spermatozoa. J. Reprod. Fert. 19, 423-432.

STAMBAUGH, R., BRACKE1-F, B. G., AND MASTROIANNI,

L. (1969). Inhibition of in vitro fertilization of rabbit

ova by trypsin inhibitors. Biol. Reprod. 1, 223-227.

STAMBAUGH, R., AND BUCKLEY, J. (1971). Acrosomal
enzymes of mammalian spermatozoa effecting

fertilization. Fed. Proc. 30, 1184.

WALDSCHMIDT, M., HOFFMANN, B., AND KARG, H.
(1966). Untersuchungen uber die tryptische En-
zymaktivitat in Geschlechtssekreten von Bullen.

Zuchthygiene 1, 15-21.

WEBER, K., AND OSBORN, M. (1969). The reliability of
molecular weight determinations by dodecyl sulfate-

polyacrylamide gel electrophoresis. J. Biol. Chem.

244, 4406-4412.
WHITAKER, J. R. (1963). Determination of molecular

weights of proteins by gel filtration on Sephadex.

Anal. C/tern. 35, 1950-1953.
YAMANE, Y. (1935a). Kausel-analytischen Studien

#{252}berdie Befruchtung des Kanincheneies. 1. Die

Dispersion der Follikeizellen und die Ablosung der

Zellen der Corona Radiata des Eies durch Sperma-

tozoen. Cytologia 6, 233-255.

YAMANE, Y. (1935b). Kausel-analytischen Studien
#{252}berdie Befruchtung des Kanincheneies. 2. Die

Isolierung der auf das Eizytoplasma aufl#{246}sund

wirkenden Substanzen aus den Spermatozoen.

Cytologia 6, 474-485.

ZANEVELD, L. J. D., SRI VASTAVA, P. N., AND WILLIAMS,

W. L. (1969). Relationship of a trypsin-like enzyme
in rabbit spermatozoa to capacitation. J. Reprod.

Fert. 20, 337-339.

ZANEVELD, L. J. D., SRIVASTAVA, P. N., AND WILLIAMS,

W. L. (1970). Inhibition by seminal plasma of

acrosomal enzymes in intact sperm. Proc. Soc. Exp.

Biol. Med. 133, 1172-1174.

ZANEVELD, L. J. D., AND WILLIAMS, W. L. (1970).
A sperm enzyme that disperses the corona radiata
and its inhibition by decapacitation factor. Biol.

Reprod. 2, 363-368.
ZANEVELD, L. J. D., ROBERTSON, R. T., KESSLER, M.,

AND WILLIAMS, W. L. (1971). Inhibition of fertiliza-

tion in vivo by pancreatic and seminal plasma trypsin

inhibitors. J. Reprod. Fert. 25, 387-92.

ZANEvELD, L. J. D., ROBERTSON, R. T., AND WILLIAMS,

W. L. (1970). Synthetic enzyme inhibitors as anti-
fertility agents. Fed. Eur. Biochem. Soc. Lett. 11,

345-347.

ZANEVELD, L. J. D., POLAKOSKI, K. P., AND WILLIAMS,

W. L. (1972). Properties of acrosin, a proteolytic
enzyme from sperm acrosomes. Biol. Reprod. 6,

30-39.

D
ow

nloaded from
 https://academ

ic.oup.com
/biolreprod/article/6/1/23/2768649 by U

.S. D
epartm

ent of Justice user on 16 August 2022


