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Urea treatment of a temperate bacteriophage from a type 49 strain of group A
streptococcus (Streptococcus pyogenes) followed by ammonium sulfate fraction-
ation, ion exchange, and affinity chromatography of solubilized proteins provided
for the recovery (12%) and purification (44-fold) of the phage-associated hyalu-
ronidase. The molecular weight of the homogeneous, purified enzyme was esti-
mated to be 71,000 by polyacrylamide gel electrophoresis (in the presence of
sodium dodecyl sulfate) and 75,000 by gel filtration with Sephacryl S-200. The
enzyme has a pH optimum of 5.5, a V.. of 0.1 absorbance unit/min per ,ug of
protein, and a Km of 4.8 x 10-2 mg/mil with umbilical cord hyaluronic acid as
substrate. Of the cations tested, calcium and magnesium were the only effectors
of the enzyme. The enzyme is a glycoprotein (7.25% carbohydrate) containing
glucose, galactose, and glucosamine. Analysis of the amino acid composition
revealed a predominance of acidic amino acids and a relatively high content of
cysteine. The partial specific volume, estimated from the amino acid and sugar
analyses, was 0.725 cm3/g.

Previous studies have shown that a hyaluron-
idase (HAase) activity, which has been demon-
strated to function by a beta-elimination mech-
anism, is associated with streptococcal bacteri-
ophages (1, 15, 25). The apparent function of the
phage enzyme is to allow the penetration of the
mucoid hyaluronic acid capsule of the strepto-
coccal cell by the bacterial viruses (1, 15, 21). In
the absence of an exogenous source of HAase,
strains of group A streptococci that possess a
mucoid character are resistant to infection by
virulent phages (21), whereas such strains are
naturally susceptible to infection by most tem-
perate bacteriophages (15, 25). By the use of a
sensitive assay for the determination of HAase
activity (2), it has been shown that both virulent
and temperate streptococcal bacteriophages
produce HAase, but differences .of several orders
of magnitude separate the low levels of enzyme
in virulent phages that -require the addition of
HAase for plaque formation and the high levels
in temperate phages that do not (1).
Although the presence of HAase associated

with streptococcal bacteriophages has been well
established, no study of enzyme purification has
been reported. We report here the purification
to homogeneity of the HAase associated with a
temperate bacteriophage from a group A, type
49 strain and some characteristics of this en-

zyme. In the purification, advantage is taken of
the glucose content by using a specific affinity
adsorbent for glucose- or mannose-containing
glycoproteins.

MATERIALS AND METHODS
Strains. The temperate phage used in this study

was obtained from a group A, M type 49 strain (Uni-
versity of Minnesota strain no. GT 8760) by induction
with mitomycin C as described previously (32). The
group A, M type 12 strain designated as K56 was
originally supplied by E. Kjems (15) and was used for
the growth of the bacteriophage. Phages were assayed
as reported earlier (31).

Materials. Reagents and materials were from
sources described previously (1, 2). In addition, dieth-
ylaminoethyl-cellulose (DEAE-cellulose, DE 52) and
carboxymethyl-cellulose (CM-cellulose, CM 52) were
from Whatman Ltd., Maidstone, England, and all re-
agents for polyacrylamide gel electrophoresis (PAGE)
were from Eastman Kodak Co., Rochester, N.Y. Lentil
lectin was prepared from Lens culinaris seeds by the
O'Brien modification (K. J. O'Brien, Ph.D. thesis,
University of Minnesota, Minneapolis, 1975) of the
method of Howard et al. (14). Covalently linked lentil
lectin-Sepharose (typically 10 mg of lectin per ml of
Sepharose) was prepared for affinity chromatography
by the cyanogen bromide method according to Cua-
trecasas (6). Sepharose 4B and Sephacryl S-200 are
products of Pharmacia, Uppsala, Sweden. Bio-Gel A-
5m (agarose with an exclusion limit of approximately
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5 x 10' daltons) was obtained from Bio-Rad Labora-
tories, Richmond, Calif. Membrane filters (HA type,
0.45-,um pore size) were purchased from Millipore
Corp., Bedford, Mass. Methyl a-D-mannoside was ob-
tained from Sigma Chemical Co., St. Louis, Mo. Trisyl,
a premixed trimethylsilylating reagent, was purchased
from Pierce Chemical Co., Rockford, Ill. Hyflo-Super-
Cel was from Johns Manville, Denver, Colo.

Culture medium and preparation of bacterio-
phages. Broth for bacterial growth and agar plates
for phage assays have been described (32). Preparation
of bacteriophage lysates has been reported earlier (1).
Lysates (30 liters; 107 plaque-forming units [PFU] per
ml) were passed through Hyflo-Super-Cel, and bacte-
riophages were recovered from the clear lysates (4 x
106 PFU/ml) by using the polyethylene glycol method
as described elsewhere (1). Concentrated suspensions
of bacteriophages (6 x 108 PFU/ml) were applied to a
column of Bio-Gel A-5m (5 by 55 cm) and washed with
10 mM Tris-hydrochloride buffer (pH 7.2) containing
10 mM sodium phosphate and 150mM NaCl. Bacterial
viruses that eluted in the void volume of the column
were sterilized by filtration through membrane filters
and then concentrated by ultracentrifugation at 100,-
000 x g for 2 h and served as the starting material for
HAase purification.
Enzyme assay. HAase activity was measured as

described previously (2). The method utilizes a car-
bocyanine dye, 1-ethyl-2- {3-[ethylnaphtho(1,2d)-thia-
zolin- 2-ylidene]- 2-methyl- propenyl) naphtho (1,2d)-
thiazolium bromide (Eastman Organic Chemicals, cat-
alog no. 2718) for the spectrophotometric determina-
tion of the enzyme activity. It is based on the shift in
the wavelength of maximal absorbance in the visible
spectrum of the dye toward longer wavelengths (600
to 650 nm) upon interaction with hyaluronic acid (8).
Measurement of the absorbance of the dye-polysac-
charide complex at 640 nm allows the estimation of
the extent of substrate degradation and provides an
assay for HAase activity. The assay was modified as
follows: hyaluronic acid (25,tg) and HAase prepara-
tions were incubated at 37°C in 0.25 ml (final volume)
of 20 mM sodium acetate buffer (pH 5.0) containing
10 mM NaCl. Samples (0.04 ml) were withdrawn at
desired times and the reaction was terminated by
dilution in 0.36 ml of water at 4°C. Dye (0.1 mM in
water containing 50% dioxane, 1 mM acetic acid, and
0.5 mM ascorbic acid) was subsequently added to the
samples to a final volume of 4.0 ml, and optical dens-
ities were read at 640 nm against a blank containing
dye (3.6 ml) and water (0.4 ml). The control contained
enzyme heated for 10 min at 100°C. The unit of
enzyme has been defined as that amount of HAase
that results in a 10% decrease in the absorbance of the
dye-hyaluronic acid complex after incubation of the
polysaccharide for 1 h at 37°C and at pH 5.0; it is
equivalent to 0.2 National Formulary unit (2).

Purification of hyaluronidase. A suspension (25
ml) of bacteriophages (0.61 mg of protein per ml) was
incubated at room temperature in 8M urea for 30 min.
All subsequent operations were carried out at 4°C.
The suspension was then dialyzed against 200 volumes
of 10 mM Tris-hydrochloride buffer (pH 7.2) contain-
ing 150 mM NaCl with four changes in 48 h. The
insoluble material formed during the dialysis was re-

moved by centrifugation at 30,000 x g for 1 h; then
the resulting supernatant was subjected to ammonium
sulfate precipitation. The material precipitating be-
tween 30 and 65% saturation of (NH4)2SO4 was col-
lected, dissolved in 20 ml of 50 mM sodium phosphate
buffer (pH 7.2), and dialyzed against 200 volumes of
the same buffer with four changes. A precipitate that
formed during the dialysis was removed by centrifu-
gation, and the resulting supernatant was passed
through membrane filters (Millipore Corp.) and used
for the subsequent chromatography.

(i) DEAE-cellulose chromatography. The clar-
ified enzyme preparation was applied to a DEAE-
cellulose column (0.9 by 10 cm) that had been previ-
ously equilibrated with 50 mM sodium phosphate
buffer (pH 7.2). The column was washed with 30 ml of
the phosphate buffer at a flow rate of about 40 ml/h
and then eluted with an 80-ml linear gradient of 0 to
0.5 M NaCl in the equilibrating buffer. Fractions of 2
ml were collected. The protein was located by meas-
uring the absorbance at 280 nm, whereas the HAase
activity was located by the dye-binding method. Ac-
tive fractions were pooled, lyophilized, suspended in 2
ml of the equilibrating buffer used with the CM-cel-
lulose column, and dialyzed against 500 volumes of the
same buffer.

(ii) CM-cellulose chromatography. The sample
was applied to a CM-cellulose column (0.9 by 5.0 cm)
that had been equilibrated with 50 mM sodium phos-
phate buffer (pH 6.0). The column was washed with
20 ml of phosphate buffer, followed by a 40-ml, linear
NaCl gradient (0 to 0.5 M) in the same buffer. Frac-
tions (1 ml each) were collected at a flow rate of
approximately 40 ml/h and tested for absorbance at
280 nm and for HAase. Active fractions were pooled
and made 0.1 mM with respect to CaCl2 and MnCl2.

(iii) Affinity chromatography. The flow-
through fractions from the previous step were applied
to a column of lentil lectin-Sepharose (0.5 by 6 cm)
that was equilibrated in 50 mM sodium phosphate
buffer (pH 7.2) containing 0.1 mM CaCl2 and 0.1 mM
MnCl2. The column was washed with the equilibrating
buffer until no further material absorbing at 280 nm
eluted (<0.005). The enzyme was eluted with the
buffer solution containing 200 mM methyl a-D-man-
noside and 1 M NaCl. Fractions (1 ml) were assayed
for protein and enzyme content.
PAGE and molecular weight of purified

HAase. The degree of purification was routinely mon-
itored by sodium dodecyl sulfate (SDS)-PAGE accord-
ing to the procedure of Weber and Osbom (33). The
method was also used to evaluate the molecular weight
of the enzyme.
The molecular weight of the enzyme in its native

form was also determined by gel filtration in a column
(2.5 by 33 cm) of Sephacryl S-200 equilibrated with 20
mM sodium acetate buffer (pH 5.0) containing 10mM
NaCl. The column was run at a flow rate of approxi-
mately 120 ml/h, and the fraction size was 2.2 ml. The
molecular weight of the enzyme was calculated by
plotting the logarithm of the molecular weight against
the distribution constants (Kay) of the standards (16).

Kinetics. The kinetic behavior of purified strepto-
coccal bacteriophage HAase was analyzed in the linear
range of the assay procedure described, with hyalu-
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ronic acid (umbilical cord) as substrate. Double-recip-
rocal plots of velocity versus hyaluronic acid concen-
tration according to Lineweaver and Burk (18) pro-

vided for the determination (by extrapolation) of ap-
parent Km and V,.. values.
Amino acid analysis. Samples (147 pg each) of

purified- HAase were hydrolyzed under vacuum at
1100C 20C for 24, 48, and 72 h with 6 N HCI, and
each hydrolysate was analyzed. Amino acid analyses
were performed on a Beckman 119 amino acid analyzer
equipped with an Infotronics CS210 integrator. The
partial specific volume (v) of the phage enzyme was
calculated from its amino acid and carbohydrate com-
position according to the method of Schachman (30).
Values for specific volumes of neutral and amino
sugars were taken from the literature (10).
Carbohydrate analysis. Carbohydrate was deter-

mined by gas chromatographic analysis of the methyl
glycosides as trimethylsilyl derivatives by the method
of Bhatti et al. (3). Samples were analyzed on a Hew-
lett-Packard model 5700A gas-liquid chromatograph
in a column of3% silicone rubber SE30 on chromosorb-
HP (Hewlett-Packard) and a temperature increase
program of 100 to 2000C at 100 per min. Amounts
were calculated by an internal standardization method
with a Hewlett-Packard model 3380A computing in-
tegrator.

Preparative purification of HAase. Preparative
purification of the enzyme was carried out with ion-
exchange celluloses and affinity chromatography ad-
sorbent by using batch techniques as follows. A 50-ml
portion of a well-dispersed suspension of DEAE-cel-
lulose in equilibrating buffer (containing 60 g [wet
weight] of the ion exchanger) was added to 60 ml of
bacteriophage HAase preparation [1.5 mg of protein
per ml after (NH4)2SO4 treatment], and the mixture
was stirred at 40C for 1 h. After removal of the
cellulose by centrifugation at 500 x g for 10 min the
supernatant was dialyzed against 50mM sodium phos-
phate buffer (pH 6.0) and then added to 25 ml of a
CM-cellulose suspension (3 g [wet weight]). After stir-
ring at 4°C for 1 h, the CM-cellulose was removed by
low-speed centrifugation. Thereafter the supernatant
was made 0.1 mM with respect to CaCl6 and MnCl2,
mixed with 10 ml of a suspension of lentil lectin-
Sepharose in equilibrating buffer (12 g [wet weight]),
and stirred at 4°C for 1 h. The affinity chromatography
adsorbent was removed by centrifugation and washed

twice with equilibrating buffer. HAase was eluted by
washing the affinity adsorbent with buffer containing
200 mM methyl a-D-mannoside and 1 M NaCl and
was used after determination of the purity by SDS-
PAGE.

RESULTS

Enzyme purification. In confirmation of the
studies of Kjems (15) on other temperate phages
of group A streptococci, we have shown previ-
ously (1) that a major portion of the HAase
associated with a temperate bacteriophage from
a strain of group A, type 49 streptococcus (Uni-
versity of Minnesota strain no. GT 8760) is
tightly bound to the phage particle. We were

able to release the active enzyme by treatment
with urea. This method results in good recovery
(87%) of enzymatic activity (1). Table 1 sum-

marizes the procedure used to purify the strep-
tococcal bacteriophage-associated HAase.
As expected, relatively strong affinity of

HAase for the covalently linked lentil lectin-
Sepharose was observed. This procedure re-

moved two contaminant proteins that were pres-
ent after CM-cellulose chromatography. Table
1 shows that the enzyme at this final stage was

purified about 44-fold with a final yield of 12%.
The specific activity of HAase in each of the
fractions collected upon affinity chromatogra-
phy was constant across the peak, suggesting
homogeneity (Fig. 1).
This homogeneity was confirmed by PAGE in

the presence of SDS. This gel system revealed
a single protein (Fig. 2) with a mobility corre-

sponding to a molecular weight of 71,000 (Fig. 3)
as calculated according to Weber and Osborn
(33). A molecular weight of 75,000 for the en-

zyme was estimated by gel filtration through
Sephacryl S-200. It thus appears that the HAase
in its active form consists of a single polypeptide
with an approximate molecular weight of 73,000,
a mean value from these two methods.

Kinetics. The enzyme was incubated with
different concentrations of umbilical cord hyalu-

TABLE 1. Purification of the streptococcal bacteriophage-associated HAase

Total proteina Totalactivity Sp actb Yield PurificationF'raction (mg) (U X~10-3) (U/mg of pro- (%) (fold)
tein)

Phage suspension 152 9.3 62 100 1
Urea supernatant 41 7.8 190 84 3
(NH4)2S04 precipitate (30-65%) 16.4 6.2 380 67 6.1
Removal of insoluble material 9 4.2 470 45 7.6
DEAE-cellulose 2.9 2.6 900 28 15
CM-cellulose 0.65 1.6 2,500 17 40
Affinity chromatography 0.41 1.1 2,700 12 44

a Protein concentrations were determined by the method of Lowry et al. (19) using crystalline bovine serum
albumin as standard.
bOne unit is equivalent to 0.2 National Formulary unit (2).
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FIG. 1. Purification of bacteriophage-associated HAase from a strain ofgroup A, type 49 streptococci. See

text for details. (A) DEAE-cellulose chromatography. Fractions 2-7 were pooled. (B) CM-cellulose. Fractions
2-4 were pooled. (C) Affinity chromatography.

FIG. 2. SDS-PAGE of phage-associated HAase
obtained by affinity chromatography. Gels contained
10% acrylamide and 0.3% cross-linker. Molarity of
the gel buffer was decreased by dilution with two
volumes ofwater (33).

ronic acid purified as described elsewhere (2).
An apparent Km of 4.8 x 10-2 mg/ml was ob-
tained from a double-reciprocal plot of substrate
concentration and enzymatic activity (Fig. 4).
The V.. for phage HAase was estimated to be
0.1 absorbance unit/min per ,ug of protein.

Effectors. The effect of different salts on
HAase was studied. When control, Ba2l, Cd2 ,
co2+, Cu2+, Hg2+, Sr2+, and Zn2+ ions were added
at a final concentration of 1 mM, their enzymatic
activities were 100, 104, 88, 101, 87, 99, 91, and
89%, respectively. Figure 5 shows the effect of
the divalent cations Ca2+, Mg2+, and Mn2+ on
HAase. A marked increase of enzymatic activity
was observed with CaCl2 at the concentration of
5 mM, whereas less enhancement was observed
with MgCl2. MnCl2 was without effect. A mix-
ture of CaCl2 and MgCl2 (at respective levels of
5.0 and 3.0 mM) did not effect an increase in
enzyme activity higher than that brought about
by CaCl2 alone (5.0 mM).
The enzymatic activity was not stimulated by

the addition of thiol reagents such as 2-mercap-
toethanol and dithiothreitol at levels of 1.0 mM.
Alkylating agents such as iodoacetamide (1.0
mM) and p-chloromercuribenzoic acid (1 mM)
had no effect on the HAase. These experiments
suggest no involvement of free or reduced sulfhy-

-AB05F

- ~~~~~z

0 10 20 30 40 50 _
Froction Number

~05-

2
0. 10 20 30 40 50

Froction Number

J. BAcrERIoL.



STREPTOCOCCAL PHAGE-ASSOCIATED HYALURONIDASE 225

-A. HAose

0 1 0.2 0.3 04 05
Kav

8a. - HAose

02 0.4 0.6 08 1.0
Mobility

FIG. 3. Determination of the molecular ueight of
the bacteriophage-associatedHAase enzyme. See text
for details. (A) Gel filtraion with Sephacryl S-200.
(B) SDS-PAGE. Bovine serum albumin (68,000), oval-
bumin (43,000), pepsin (35,000), hemoglobin (dimer,
31,000), myoglobin (17,2X), and lysozyme (14,300)
were used as standards.
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dryl groups in the enzymatic activity, even

though the results of the amino acid analysis
showed a relatively high amount of half-cystine
(Table 2). Ascorbic acid (1 mM) was also without
effect on the enzyme.

Effect ofpH. The optimum pH ofthe purified
HAase was 5.5 (Fig. 6). The enzyme was exposed
to buffer at various pH values at 220C for 30
min. Thereafter, activities were measured at pH
5.5. Figure 6 shows that the enzyme was stable
over a wide range of pH (5.0 to 8.0).
Amino acid composition. Table 2 shows the

amino acid composition of the bactenrophage
HAase. None of the common amino acids was
missing and no unusual amino acids were iden-
tified. The protein was relatively rich in acidic
amino acids (aspartic and glutamic acids). A
partial specific volume (v) of 0.725 cm3/g was
determined for the enzyme.
Carbohydrate composition. The results of

the carbohydrate analysis are given in Table 2.
The glycoprotein contains glucose (4.2%), galac-
tose (2.7%), and glucosamine (0.35%) corre-

sponding to 16, 11, and 1 residues, respectively,
per enzyme molecule of 71,000 daltons. The low
level of glucosmine in the sample approached
the method's limits of sensitivity.

DISCUSSION

10 4I 5 The general occurrence of HAase activity in
1 animal tissues and microorganisms has been wellI documented. Several studies have examined the

purification and characterization of bovine
Rneuweaver-Burk)plot for bac- testes, lysosome, and bull sperm HAases (23),LAase. The standard assay
nzyme and varying amounts and HAases of microbial origi have also been
to 0.2 mg/ml). Velocity of the described. Enzyme production has been dem-
pressed as absorbance at 640 onstrated in numerous bacteria including cory-
incubation at 370C. nebacteria (17), clostridia (28), flavobacteria and
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TABLE 2. Amino acid and carbohydrate content of
streptococcalphage HAase

Content
Analysis of:

Amt No. of residuesa
Amino acidb

Aspartic acid 117.5 53
Threoninec 74.4 34
Serinec 60.1 27
Glutamic acid 179.6 81
Proline 59.9 27
Half-cystined 69.4 31
Glycine 35.9 16
Alanine 110.9 50
Valinee 80.7 36
Methionine 10.9 5
Isoleucinee 30.7 14
Leucinee 138.7 62
Tyrosine 47.0 21
Phenylalanine 60.0 28
Histidine 37.1 17
Lysine 131.4 59
Arginine 49.9 23
Tryptophanf 1-2

Carbohydrate'
Glucose 0.23 16 (16.3)
Galactose 0.15 11 (10.7)
Glucosamine 0.017 1 (1.2)
a Number of residues (rounded to nearest integer)

for a molecular weight of 71,000 and a sugar content
of 7.25%. Numbers in parentheses for carbohydrate
content represent actual calculated values.

b Average of duplicate analyses after 24, 48, and 72
h of hydrolysis. Values are in nanomoles.

c Calculated by extrapolation to initial time of hy-
drolysis.

" Determined as cysteic acid after performic oxida-
tion of duplicate samples and 24 h of hydrolysis in 6 N
HCI.

'Calculated by assuming complete hydrolysis after
72 h.

fDetermined by spectrophotometric analysis ac-
cording to the method of Edelhoch (7).

' Values are in micromoles per milligram of protein.

Proteus vulgaris (23), staphylococci (29), and
Streptomyces species (27). Extracellular HAase
activities have been detected during growth of
beta-hemolytic streptococci of groups A (9, 12,
13, 24, 34), B, C, and G (34).
Bacteriophages are an important (perhaps the

only) mechanism of genetic exchange among
group A streptococci and may influence decisive
biological properties such as antibiotic resistance
(20, 32) and virulence (5, 22). Thus, bacterio-
phages may be significant determinants of the
epidemiology of streptococcal infections and
perhaps also the pathogenesis of non-suppura-
tive sequelae. HAase associated with the strep-
tococcal bacteriophages plays an essential role
in the initiation of phage infection (1, 15, 21). In

an earlier report we examined the HAase activ-
ity produced by virulent and temperate phages
(1). We report here a procedure for the purifi-
cation of a calcium- or magnesium-stimulated
HAase that is tightly bound to a temperate
bacteriophage from a group A, type 49 strain
(University of Minnesota strain no. GT 8760).
The enzyme was isolated after dissociation of
the viral particle by urea. The purified enzyme
is homogenous when analyzed by SDS-PAGE
and has a molecular weight of approximately
71,000 by the same gel system and 75,000 in its
active form by gel filtration on Sephacryl S-200.
These results suggest that the phage HAase
consists of a single polypeptide with a molecular
weight that is very similar to that reported for
the type 24 bacterial (non-phage-associated) en-
zyme (9) and much less than that of the HAase
produced by Streptococcus mitis (26), one of the
species found in the oral cavity (11). The Km
value of the phage HAase (4.8 x 10-2 mg/ml) is
similar to that determined for S. pyogenes type
24 (9, 12) and S. mitis (26) but different from
the value observed for the type 4 enzyme (13).
The amino acid analysis suggests that the type

49 streptococcal bacteriophage HAase is very
different from the testicular enzyme (4) and from
the staphylococcal enzyme (29). The carbohy-
drate content (7.25%) of the phage enzyme is
similar to that of the testicular HAase (7.17%)
and much lower than that of the staphylococcal
enzyme (17%). Glucose, galactose, and glucosa-
mine are present in the viral enzyme as in the

1.0

a)0r

0.5

4 5 6 7 8 9 10

pH

FIG. 6. Effect ofpH on bacteriophage-associated
HAase activity (0) and stability (0). Assays were
conducted at 37°C in the following buffers: sodium
acetate (20 mM, pH 4.1-6.0), sodium phosphate (10
mM, pH 6.0-7.5), Tris-hydrochloride (10 mM, pH
7.5-8.9), and glycine-Na glycinate (10 mM, pH
8.9-9.8). Sodium chloride (10 mM) was present in all
buffers. Activities are relative to that measured atpH
5.5 in acetate buffer.
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staphylococcal enzyme; but in contrast to the
two other enzymes, no mannose was found in
the phage enzyme preparation. The presence of
carbohydrate in the bacteriophage HAase is con-
sistent with its binding to the lentil lectin affinity
column. That several other phage proteins were
also found to bind to the lectin when a crude
enzyme preparation (i.e., after ammonium sul-
fate precipitation) was applied to the column
may point to a glycoprotein nature ofthese other
products; these were removed by the purification
procedures (chromatography with DEAE- and
CM-cellulose) that preceded the use of the affin-
ity adsorbent.
These studies have been useful in defining the

physical, enzymatic, and chemical properties of
the purified enzyme, some of which distinguish
it from the HAase obtained from other sources.
They also provide a homogeneous enzyme prep-
aration for use in future immunological studies.
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