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(Plapp & Cole, 1966, 1967), in cat liver lyso-
somes (Stahl & Touster, 1971), in rabbit liver

INTRODUCTION

Ganschow, 1977).

In many tissues (de Duve et al, 1955) (-
Glucuronidase is localized in microsomes, lyso-
somes and mitochondria (Dean R.T, 1974). This
enzyme catalyzes in vitro the hydrolysis of the
BD-glycosidic bond of certain glucosiduronic
acids (Musa, 1965) and a glucuronly transfer
reaction (Fishman, 1967). It is known as a

glycoprotein with multiple forms in bovine liver

and microsomes.
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(Dean, 1971) and in Mouse kidney (Swank &

Cook (1973) suggested that the precursor
proteins of many lysosomal enzymes are glyco-
sylated through Golgi Apparatus. Paigan (1961)
had observed that a single structural gene for
B-Glucuronidase was in the extract lysosomes

To elucidate the complex biochemical reac-
tions in the process of mamalian fertilization,
it is obviously essential to have purified enzyme.

This enzyme identified in the seminal plasma



The work reported in the project is aimed
at purification and characterization of $-Glu-

curonidase from human semen,

MATERIALS AND METHODS

(1) Materials

Human Semen obtained from Seoul National
University Hospital, Korea University Medical
Center and Catholic Medical School Hospital
were used. It was stored at -70°C until used.

a-Nitrophenyl- $-D- glucuronides were pur-
chased from Sigma Chemical Co.; Sephadex G-
200 in bead form (40 to 120um) were from
Pharmacia Fine Chemicals; DEAE-Cellulose were
obtained from Sigma Chemical Co.

All other chemicals were of the highest purify
available methods.

Protein concentration was determined by the
method of Lowry et al (1951), with bovine
semen Albumin as standard. The determina-
tion of B-glucuronidase activity was a modifica-
tion of the method of Harris et al (1977) utiliz-
ing hydrolysis of a-nitrophenyl-3-D-Glucuronides
as substrate in 0.2 M Acetate buffer at pH 4.4.

The assay was carried out in a total volume
of 1 ml containing 0.5ml of substrate (2 10 M,
pH 4.4.), 0.3m1 of 0.2 M sodium acetate buffer
pH 4.4. with 0.2m NaCl and 0.2ml of enzyme
solution,

After Incubation in a water bath for 2hr
at 37°C, the reaction was terminated by the
addition of 0.5ml of 2M Glycine buffer pH
10.4 with 0.2 M NaCl, and the color developed
was measured at 400 nm. One unit of the acti-
vity equals to the amount of enzyme which
releases 1 mol of a-nitrophenyl per min at 37°C
under above conditions.

* Other Enzyme Assay

N-Acetyl glucosaminidase activity was moni-
tored using o-nitrophenyl-N-Acetyl-D-Glucosa-
minide by the method of Tacentino and Maley,

1971. Arylsulfatase assay was carried out by
using dipotassium 2-hydroxy-S-nitrophenyl sul-
fate by the method of Yang and Srivastava,
1976.

* Step I. DEAE-Cellulose Chromatography

The freeze-dried Seminal Plasma was dis-
solved on 0.05 M Tris-HC1 buffer pH 7.2 and
applied to the preequilibrated DEAE-Cellulose
Column (3x16cm). The Column was washed
with 360m! of 0.05 M Tris-HCI (pH 7.2) buf-
fer and then with stepwise gradient of 0.1 M
to 0.5 M NaCl were a applied at the rate of
45ml/hr.

The large protein peak showing p-Glucuroni-
dase activity at about 0.1 M Nacl was pooled,
dialyzed against 0.02 M sodium phosphate buf-
fer pH 7 and concentrated to about 6ml with an
Amicon Ultrafiltration Cell using a PM-10 filter.
The specific activity was increased a 1.43 fold
with high yield.

* Step II. Gel filtration on Sephadex G-200

The concentration fractions from DEAE-Cel-
lulose Chromatography were applied to a Sep-
hadex G-200 Column (1.7 x 30cm) equilibrated
with 0.02 M Sodium phosphate buffer pH 7.2
at 4°C, and eluted with the same buffer with
140ml at the rate of 7.6ml/hr.

This enzyme was eluted as a single peak
before the bulk of the protein comes. f-Glu-
curonidase acitive fractions was collected and
concentrated to about 5.5ml. This step provides
2.65 fold increase in specific activity with an
55% vyield. The enzyme was stored -20°C in
the refrigerator.

* Step IIl. DEAE-Cellulose Rechromatography

The concentrated product from sephadex G-
200 Chromatography was applied to a Column
(3 x 18.5cm) which was equilibrated with 0.02 M
Sodium phosphate buffer pH 7.2. The Column
was developed with continuous gradient of
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0-0.2 M Nacl to elute the enzyme.

B-Glucuronidase activity was present int the
first protein peak, pooled, concentrated and
stored at -20°C.

RESULTS

Step 1. Preparation of Seminal Plasma and

Ammonium Sulfate fractionation.

Semen

The freezed Human semen was centrifuged
at 5,000 x g for 15min. The pooled supernant
fraction was dialyzed against 0.04 M Sodium
phosphate buffer pH 7.2. To the dialyzed supemn-
ant solution (‘‘Seminal Plasma”) was added 3%
(12,000 x g) to 65% ammonium sulfate. For
30 min, the solution was centrifuged to yield
a precipitate which contained the enzyme acti-
vity. The pellet was dissolved in a minimum

5,000xg, 15min

-

sperm
5,000xg, 20min

washed
sperm

suspend in 0.1M
Tris-Malate Buffer
pH 6.0 with 0.2%
Hyamine and 0.1%
Triton.

keep in water bath
at 37°C for 90min
5,000xg, 20min

free acrosome
supernant

precipitate the
super. with 4 vol.
of cold ethanol

keep overnight at -15°C
5,000xg, 20min

Sediment

suspend original

vol. of re-distilled | water

Dialyzed & lyophilized

freeze-dried
acrosomes

Fig. 1.

Seminal plasma

dialyzed against 0.02M
Sodium phosphate butter pH 7.2

| o

Dialyzable dialyzable

30% (NH,), SO, 12,000xg

ppt. Supernant

12,000xg | 65% (NH,),SO,

ppt. Supernant

Dialyzed against glass
distilled water
and lyophilized

freeze-dried
Seminal plasma

Preparation of Extract for Chromatography.
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amount of glass distilled water, and dialyzed
extensively against the glass distilled water over-
night at 4°C. The non-dialyzable material was
freeze-dried and kept at -20°C. The specific
activity of this crude enzyme was 0.6 mUnits/mg

of protein. (Figure 1)

Step II. DEAE-Cellulose Chromatography

As shown in Figure 2. Several well separated
protein peaks were obtained using a DEAE-Cel-
lulose Column which is developed with 0.05 M
Sodium Phosphate buffer pH 7.2 and with a step-
wise Gradient of 0-0.5 M NaCl. $-Glucuronidase
active fraction was collected, and appeared 0.56
mUnits/mg protein. (Figure 2)

Step III. Sephadex G-200 Chromatography

The concentrated enzyme was applied to the
pre-equilibrated Column. f-Glucuronidase frac-
tion was collected, and showed 1.57 mUnits/mg
protein. (Figure 3)

280nm

5

280nm
400nm 1
ﬁ Protein activity
ii ——-- g-Glucuronidase activity
5 . Sephadex G-200 Column
(1.7x30cm)
2
1
70 tube #

Fig. 3. Purification of $-Glucuronidase by Sep-
hadex G-200 gel filtration. 6ml of sam-
ple solution in 0.02 M Na-phosphate
buffer pH 7.2 was applied to the Sep-
hadex G-200 Column (1.7 x 30cm) and
eluted with the same buffer at the flow
of 0.5ml/min. Fractions (2.0ml) were
collected.

—— Protein activity

——- B-Glucuronidase activity

0.5M
[Nacl]
0.25

0.1M

50 100

150 tube #

DEAE Cellulose Chromatography

(3 x 16 cm)

Fig. 2. Elution pattern of 8-Glucuroidase from a DEAE-Cellulose
Column (3 x 16cm). After washing using 360ml of the
same buffer with a stepwise gradient of 0.1M to 0.5 M NaCl
fractions of 4ml were collected.
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Protein activity

—-—-- B-Glucuronidase activity

DEAE Cellulose Re-Chromatography (3 x 18.5 cm)

—~0,5M
~ (Naci)

150 tube #

Rechromatography on a DEAE-Cellulose Column (3 x 18.5

cm) Fractions of 3ml were collected.

The enzyme Unit is defined as micrograms of a-Nitrophenol

released per hour at 37°C.

Step IV. DEAE-Cellulose Rechromatography

6ml of ultrafiltrated f-Glucuronidase fraction
was applied to the pre-equilibrated Column.
B-Glucuronidase activity was estimated to be
104.9 mUnits/mg protein. The Yield of this
step was 41.3%. (Figure 4)

Step. V. Disc gel electrophoresis

The Degree of purity was tested by Disc gel
electrophoreisis by the method of Brewer et al
(1969). The finally obtained enzyme still show-
ed several major components. The enzyme was
partially purified. (Table I).

Table 1. Summary of Purification of Human Seminal Plasma

B-Glucuronidase
Step Total Protein Specific Purification el
mUnits (mg/ml) | activity (fold) Yield (%)
Lyophilized 300 20 0.6 1 100
seminal plasma
Step [ 293 4.5 0.86 1.43 97.7
DEAE-Cellulose
Step II 89 2.57 1.57 2.62 55.6
Sephadex
G-200
Step III 66 0.03 104.7 175 41.3
DEAE-Cellulose
Re-chromatography
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a-Chyms¢ rypsinogen A

2.5 V./V,

Void volume were determined with Blue dextran

60
1074 o~ A-Glucuronidase
XN-W
L
Catalase
7-Globlin
20
.
10 Bouine Serum
3
2
1 .
1.0 1.5 2.0
Fig. 5.

2000 Fractions of 2.2ml were collected.
Molecular weight of $-Glucuronidase by Sephadex
G-200 Chromatography

Step VL. Molecular weight estimation by gel
filtration on Sephadex G-200

The Molecular weight of S-Glucuronidase was
estimated by Sephadex G-200 Column (2.1 x
86.5¢cm). The eluting buffer was 0.05 M Tris-
HCl buffer pH 7.2 with 0.5 NaCl, and the flow
rate was 6.5ml/hr using the same buffer. The
void volume of the Column using Blue dex-
tran 2,000 was 75.2ml. The protein standards
were Catalase (250,000). y-globulin (150,000),
Bovine Serum Albumin (67,000). Ovalbumin
(47,000) and Chymotrypsinogen A (25,000).

Protein concentration in the elute was mea-
sured by reading the absorbance at 280nm. The
elution volumes of the standard proteins were
plotted against the log molecular weight (Figure
5). The estimated molecular weight of human
remained plasma f-glucuronidase was approx.
400,000.

Estimation of the Molecular weight of Human
Seminal-plasma B-Glucuronidase on a Sephadex
G-200 Column.

Properties of partially purified Human
Seminal Plasma g-glucuronidase

* Effect of substrate Concentration

The effect of q-nitrophenyl f-D-Glucuronide
as substrate on enzyme activity at pH 4.4 is
shown in Figure 7.

The reaction appears to obey normal Michaelis-
Menten kinetics and has a Km value of 0.59 mM.
(Figure 6)

* Effect of pH

With higher substrate concentration (2 x
1073 M), the single pH optimum was at pH 4.4.
When assays are run with lower substrate con-
centration (2 x 10™* M), partially purified 8-
Glucuronidase has shown to have double pH
optima. (Figure 7)

* Effect of temperature

As shown in Figure 8, the enzyme is stable at
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Fig. 6. Effect of substrate concentration on
B-Glucuronidase activity. Km was com-
puted from the Line weaver-Burk plot
of 1/v versus l/s. with substrate con-

centrations ranging from 5 x 107°M to

2x 1073M.
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Fig. 7. Optimal pH for (-Glucuronidase acti-
vity. The enzyme activity was measured
from around pH3 to 6 in 0.2 M sodium
acetate buffer pH 4.4 containing 0.2 M
NaCl The substrate concentrations were
2x1073M & 2x 107*M.

60°C for 80 min. Under the standard assay
conditions, a-nitrophenyl release was linear until
2hr at 37°C, B-Glucuronidase from Human Se-
minal Plasma showed temperature optimum at
50-54°C through all the pH and incubation
time.

(400nm)
0.D

1.0

fg-Glucuronidase
Activity

0.1

10 40 60°C

Fig. 8. (-Glucuronidase from Human Seminal
plasma appears the maximum activity
at 50-54°C.

DISCUSSION

The purification of f-Glucuronidase from bo-
vine liver (Plapp & Cole, 1966), rat liver lyso-
somes (Stahl and Touster, 1971) and some
other sources (Ohtsuka and Wakabayashi, 1970;
preiss & Hilz, 1977) has been reported but the
purification of Human Seminal Plasma Glucuroni-
dase has not been previously reported. In our
experiment the properties of the partially puri-
fied enzyme resembled those of that rat liver
enzyme by Stahl & Touster (1971), and of the
rabbit liver enzyme reported by Dean (1974).
Our results showed a single pH optimum at
pH 4.4 with 2 x 1073M, which is identical
with the purified bovine liver enzyme (Plapp &
Cole, 1966). The Km of enzyme was 0.59mM
and this enzyme .is highly stable at elavated
temperature and extremes of pH. It can be
concluded that (-Glucuronidase of Human Se-
minal Plasma is a tetramer as is the rat enzyme
(Stahl & Touster 1971). Aggregates of §-Glu-
curonidase molecules were demonstrated in the
electron microscope. The subunits were demons-
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trated in the electron micrbscope. The subunits
were demonstrated by variety of techniques
involving dissociation or denaturation (Dean,
1974).

f-Glucuronidase from various sources is in-
hibited by low concentrations of mercuric, silver
and cupric ions, Whilst being unaffected by
anions such as fluoride, cyanide or iodoacetate
(Fernley, 1962). Tappel et al (1967) also re-
ported that Cholesterol and retinol give relatively
high specific inhibition.

Mulfipile forms of B-Glucuronidase provide a
continuing interest in enzyme kinetics, substate
specifity, Glucuronyl transfer reactions and in
various diseases.

In normal fertilization process, its role has
" not been clearly established although it may play
an adjust role in penetration of the cumulus cell
layer (Robert, 1974) and suggested that the
conjugation of estrogenic hormone was involv-
ed. It is reported by Gwatkin (1971) that Hams-
ter sperms are capacitated in vitro by B-Glu-
curonidase, whereas it is not required during
the penetration period.

B-Glucuronidase from Human Seminal Plasma
has pH optimum at pH 4.4. The maximum
activity of human seminal plasma B-Glucuroni-
dase showed that at 54°C The optimum activity
at different Nacl concentrations was tested. So-
dium chloride at the concentration of 0.3 M
showed the highest activity of §-Glucuronidase.

Several different purification procedures were
developed for obtaining highly active enzymes.
To achieve purification of this enzyme, three
techniques (DEAE-Cellulose, Sephadex G-200 on
Gel filtration & DEAE-Rechromatography) are
introduced. f-Glucuronidase exists in single form
as determined by DEAE Column Chromato-
graphy and this is different from f-Glucuronidase
of other source.

In this report $-Glucuronidase, abundant in
human seminal plasma, was partially purified
for the first time this source. Although its

function still remains to be investigated, this
enzyme have been postulated to be multifunc-
tional.

SUMMARY

B-Glucuronidase from Human Seminal Plasma
was partially purified by (NH,4), 80, fractiona-
tion, Chromatography on DEAE-Cellulose, Gel
filtration on Sephadex G-200 and Rechromato-
graphy on DEAE-Cellulose. The partially puri-
fied enzyme showed one major band with some
minor contaminant on Diso gel electrophoresis.
This enzyme showed the maximum activity at
pH 4.4 and optimum for its activity at 50-54°C.
The Km value for a-Nitrophenyl-3-D-Glucuronide
as substrate was 0.59mM. Hg?*, Cu®", and Ag*
had inhibitory action for human Seminal Plasma
f-Glucuronidase and Mn?*, Co?*, SO%7, and
PO§' activated the enzyme activity.

According to the Gel filtrltion on Sephadex
G-200, the Molecular weight of Human Seminal
Plasma f-Glucuronidase was approximately
400,000. The Purification and Characterization
of this enzyme from Human Seminal Plasma
will be useful for the stuides of the fertilization

process.
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