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Inhibition of B-Glucuronidase Activity by Albumin of Human Synovial Fluid (40358)
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In the course of a study on the kinetic
properties of S8-glucuronidase (EC 3.2.31) of
human synovial fluid evidence was obtained
indicating the presence of an endogenous
inhibitor of this enzyme (1). The interest for
this finding is enhanced by the fact that car-
tilage erosion in inflammatory joint diseases
is considered to be caused by the degradative
activity of various enzymes on the constitu-
ents of connective tissue (2, 3). According to
current views the extent of this digestion
should also depend on the level of specific
inhibitors of the various degradative en-
zymes. An inhibitor of chondromucoprotein
degrading enzyme(s) has been found in syn-
ovial fluids of patients with inflammatory
joint disease (4). An inhibitor of collagenase,
which is present in synovial fluids of rheu-
matoid arthritic patients (5, 6), has been
found both in synovial fluid and serum (7).
Furthermore, two inhibitors of proteinases,
immunologically identical to serum «;-anti-
trypsin (a;-AT) and ae.-macroglobulin (a.-
M), have been detected in human synovial
fluid (8).

The presence of an inhibitor of 8-glucuron-
idase, an enzyme which participates in the
catabolism of glycosaminoglycans in a con-
certed action with hyaluronidase (9), suggests
that a large spectrum of enzyme activities are
controlled in the extracellular compartments
of connective tissue. This report describes a
procedure for the purification of the inhibitor
from synovial fluid and the analyses carried
out to identify the compound.

Experimental procedures. Synovial fluid
Jractionation. Human synovial fluids were ob-
tained from the knee joint of patients with
various inflammatory and degenerative dis-
ease under aseptical conditions and frozen at
—20°. The samples were thawed, freed of
cellular elements by centrifugation, and di-
gested with bacterial hyaluronidase (Miles-
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Servac, USA) as previously reported (1).
After dialysis, synovial fluids were fraction-
ated by gel filtration through a column of
Sephadex G-200 (90 X 2.5 cm). Proteins were
eluted with 20 mM Tris-HCI buffer, pH 8,
containing 0.17 M NaCl and 10 mM CaCl,,
at a flow rate of 6 ml/hr. Fractions of two ml
were collected, pooled (as indicated in the
Results section), concentrated by ultrafiltra-
tion and examined for inhibitory activity.
Further purification of the proteins with the
lowest molecular weight was achieved by ion
exchange chromatography in a column of
DEAE A 52 (14 X 2 cm), equilibrated with
50 mM Tris-HC1 buffer, pH 8. Elution with
this buffer was followed by a NaCl gradient
elution, at a flow rate of 24 ml/hr. Fractions
of two ml were collected, pooled (as indicated
in the Results sections), concentrated by ul-
trafiltration and tested for their inhibitory
capacity of B-glucuronidase activity.

Enzyme assay. The inhibition of the 8-glu-
curonidase activity by the synovial fluid and
by the fractions isolated therefrom was rou-
tinely assayed by using the Helix pomatia
enzyme (glusulase, ENDO, USA). The fol-
lowing commercial human serum albumins
have been used in the studies of the inhibition
of the enzyme: Human Albumin (95-100%),
from Immuno-Oesterreiches Institut fuer
Haemoderivative Ges.; Human Albumin
(fatty acids free) from fraction V (SIGMA,
USA). Occasionally, the extent of inhibition
was also tested on a partially purified endo-
geneous B-glucuronidase. The enzyme assay
(0.2 ml) was carried out with phenolphtalein-
B-D-glucuronide as substrate (1).

Analytical procedures. Dialysis was per-
formed first against the buffer solutions and
then exaustively against deionized water. Ul-
trafiltration was performed using Amicon
PM 30 membranes.

a>-M and a;-AT were quantitatively eval-
uated by single radial immunodiffusion using
immunokits from Behringwerke. Proteins
were determined by the method of Lowry et
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al. (10), by using bovine serum albumin
(BSA) as standard.

Electrophoresis on cellulose acetate strips
was carried out at 1.5 mA/cm for 20 min in
Tris-Barbital buffer (Gelman Instrument
Co., MI) pH 8.8 (u = 0.06). Staining was
performed by soaking the strips in a 5% TCA
solution containing 0.5% of Ponceau-S stain
(Gelman) for 20 min. Destaining was per-
formed by soaking the strips in 5% TCA.

Electrophoresis for the immunoassays (2%
agar) were performed in Tris-Barbital buffer
pH 8.4 (1 = 0.06) for 50 minutes at 50 V and
6 mA. Rabbit total antiserum (50 ul) was
incubated in the troughs at room temperature
for 18 hr. At the end of the electropho-
resis, the plates were washed for 8 hr with
several changes of physiological solution and
then dried over a blotting paper under a
gentle stream of air for 2 hr. Staining was
performed in methanol/5% acetic acid (10:90,
v/v) containing azo-carmin G (Geigy). De-
staining was accomplished by soaking the
plates in 5% acetic acid.

Preparative polyacrylamide gel electropho-
resis was carried out according to Sottocasa
et al (11).

Results. Gel filtration through Sephadex
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G-200 of human synovial fluids digested with
hyaluronidase resulted in the separation of
three peaks. az-M, synovial fluid B-glucuron-
idase and «;-AT were recovered in peaks I,
I1, I1I respectively (Fig. 1). Inhibition of snail
juice B-glucuronidase activity was exhibited
only by the pooled fractions of peak III.

After concentration by ultrafiltration and
extensive dialysis these fractions were applied
to a column of DEAE A 52. The elution
profile of this column is shown in Fig. 2. The
small amount of protein eluted with Tris
buffer did not show any inhibitory activity.
The NaCl gradient separated a single peak,
which contained the 8-glucuronidase inhibi-
tor and was devoid of any a;-AT activity.

When compared to the synovial fluid and
peak III of the gel filtration, the peak eluted
from the DEAE column with the NaCl gra-
dient (DEAE peak) exhibited a two-fold and
four-fold increased inhibitory activity, re-
spectively (Table I). It also showed a marked
inhibition of the endogenous S-glucuronidase
present in peak II of the gel filtration.

The DEAE peak was analyzed by electro-
phoresis on cellulose acetate. The electro-
pherogram, stained for proteins, is shown in
Fig. 3. A single protein band was observed,
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F1G. 1. Gel filtration of human synovial fluid on Sephadex G-200. Peak I = fractions 50-60; peak II = fractions
75-90; peak III = fractions 100-105. (For details, see Experimental Procedures).
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F1G. 2. Separation of the B-glucuronidase inhibitor by ion exchange chromatography on DEAE A 52. (For

details, see Experimental Procedures).

TABLE 1. INHIBITION OF 8-GLUCURONIDASE BY
PROTEIN FRACTIONS DERIVED FROM HUMAN SYNOVIAL

FLUID.
mg of
protein/assay
giving 50% in-
Purification step hibition
Synovial fluid 23
Peak III of Sephadex G-200 1.1
DEAE A 52 (NaCl gradient elution) 0.56

which migrated to a position corresponding
to albumin of a serum sample analyzed in a
parallel run.

By immunoelectrophoresis, the DEAE
peak reacted as serum albumin (Fig. 4), giv-
ing a single symmetrical precipitin arc with
rabbit antiserum to human serum.

By preparative polyacrylamide gel electro-
phoresis, the DEAE peak provided five
subfractions (Fig. 5). Each subfraction in-
hibited the S-glucuronidase activity and re-
acted as serum albumin when tested by im-
munoelectrophoresis. In order to further
demonstrate that albumin is the true inhibi-
tor, we have tested also two commercial pu-
rified preparations of the compound as illus-
trated by Fig. 6. From the figure it appears
that both preparations inhibit B-glucuroni-
dase activity.

Discussion. Previous studies (1) have shown
that the synovial fluid contains an inhibitor
of B-glucuronidase, which exerts a competi-
tive type of inhibition on the activity of both
snail juice and rat liver enzyme. This inhibi-
tor has now been purified and shown to be
the albumin present in synovial fluid. The
identification of albumin as the inhibitory
substance is based on a comparison between
the purified inhibitor and human serum al-
bumin carried out by electrophoretic and im-
munologic techniques.

Albumin is known for its capacity of bind-
ing a number of small molecules. Hence, the
inhibition of 8-glucuronidase could be due to
one such molecule and not to the protein
itself. This possibility seems, however, un-
likely since we have previously shown that a
protease treatment of synovial fluid com-
pletely abolishes the inhibitory activity (1).
Furthermore the results obtained by subject-
ing the inhibitor to the polyacrylamide gel
electrophoresis indicate that the protein dis-
sociate into five subfractions: each one, how-
ever, reacts with antibody to human serum
albumin and inhibits S-glucuronidase. The
fact that human albumin may be eteroge-
neous in purified preparations and in the
serum itself has been already reported in
literature (12). This microeterogeneity of hu-
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man serum albumin may be directly trans-
ferred to the albumin of human synovial

F1G. 3. Electrophoresis on cellulose acetate of serum
proteins (left) and of combined fractions of the peak
eluted from DEAE column (right).

SYNOVIAL FLUID B-GLUCURONIDASE ALBUMIN

fluid, since plasma proteins reach the synovial
space by diffusion (13). It appears therefore
that inhibition of B-glucuronidase activity is
shown also by the purest fractions of human
albumin as those obtained by gel electropho-
resis.

Preparations of B-glucuronidase of high
specific activity are stabilized in the assay by
additions of 0.01% bovine serum albumin
(14). This protective effect of albumin is ap-
parently in contrast with our finding. One
has, however, to consider that albumin of
synovial fluid exhibits a competitive inhibi-
tion, which might not be seen in the usual
assay conditions. However, in our experimen-
tal conditions, also commercial preparations
of human serum albumin have been shown
to be inhibitors of the enzyme activity (Fig.
6). This fact is of special interest since it has
been reported (15) that commercial serum
albumin preparations, usually stored for var-
ious periods of time by the manufacturing
supply houses, may undergo alterations dur-
ing storage, which might affect the biological
properties of albumin in metabolic studies.

The human blood serum contains a num-
ber of high-molecular weight components,
which inhibit hydrolytic enzymes such as col-
lagenase, proteinases and other degrading en-
zymes (16-18). The demonstration that al-
bumin can inhibit synovial fluid S-glucuron-

F16. 4. Immunoelectrophoresis of combined fractions of the peak eluted from DEAE column (upper precipitation
arc) and of serum albumin (lower arc). Antibody trough contained antiserum to whole serum proteins.
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F1G. 5. Preparative polyacrylamide gel electrophoresis of combined fractions of the peak eluted from DEAE

column.
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FiG. 6. Inhibition of snail juice B-glucuronidase by: O = human albumin from SIGMA; ® = human albumin

from Immuno Oesterreiches Institut.

idase suggests that the serum proteins re-
leased into the inflammatory fluid can mod-
ulate a wide spectrum of degenerative reac-
tions.

Summary. From human synovial fluid a
protein inhibiting B-glucuronidase activity
has been extracted and purified. The inhibi-
tor is shown to be the albumin present in the
synovial fluid. The identification of albumin
is based upon a comparison between the pu-
rified inhibitor and human serum albumin
carried out by electrophoretic and immuno-
logic techniques.

The authors gratefully acknowledge Professor A.
Motta for his assistance in providing synovial fluids, and
Professor D. Romeo for many helpful discussions.

1. Moro, L., de Bernard, B., and Gonano, F., Clin.

Chim. Acta 65, 371 (1975).

10.

11.

12,

13.

. Dingle, J. T., Proc. R. Soc. Med. 55, 109 (1962).
. Weissman, G., N. Engl. J. Med. 286, 141 (1972).
. Wood, G. C., Pryce-Jones, R. H., White, D. D., and

Nuki, G., Ann. Rheum. Dis. 30, 73 (1971).

. Abe, S., and Nagai, Y., J. Biochem. 71, 919 (1972).
. Abe, S., Shinmei, M., and Nagai, Y., J. Biochem. 73,

1007 (1973).

. Harris Jr,, E. D, Dibona, D. R., and Krane, S. M.,

J. Clin. Invest. 48, 2104 (1969).

. Shtacher, G., Maajan, R., and Feinstein, G,

Biochim. Biophys. Acta 303, 138 (1973).

. Stephens, R. W., Ghosh, P,, and Taylor, T. K. F,,

Biochim. Biophys. Acta 399, 101 (1975).

Lowry, O. H., Rosenbrough, N. J,, Farr, A. L., and
Randall, R. L., J. Biol. Chem. 193, 265 (1951).
Sottocasa, G. L., Sandri, G., Panfili, E., and de
Bernard, B., FEBS Lett. 17, 100 (1971).

Schultze, H. E., and Heremans, J. F., “Molecular
biology of human proteins” Vol. I, 407 pp., Elsevier
Publ. Co. Amsterdam (1966).

Schultze, H. E., and Heremans, J. F., “Molecular
biology of human proteins” Vol. 1, 862 pp., Elsevier



408 SYNOVIAL FLUID f3-GLUCURONIDASE ALBUMIN

Publ. Co. Amsterdam (1966). Geokas, M. C., Biochem. Biophys. Res. Commun.
14. Smith, E. B., and Mills, G. L., Biochem. J. 54, 164 74, 857 (1977).

(1953). 18. Fishman, W. H., Methods Biochem. Anal. 15, 77
15. Pickart, L., and Thaler, M. M., Biochem. Biophys. (1967).

Res. Commun. 74, 961 (1977).
16. Abe, S., and Nagai, Y., J. Biochem. 73, 897 (1973).
17. Tyndall, M., Largman, C., Brodrick, J. W., and  Received May 12, 1978. P.S.E.B.M. 1978, Vol. 159.





