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1. Introduction

The extensive use of hyaluronidase (EC 3.2.1.35)
in the structural analysis of proteoglycans always en-
tails laborious procedures to remove the contaminating
enzyme on completion of the reaction.

There is a wide range of literature available on the
chemical attachment of enzymes to water-insoluble
support materials [1—4] . This paper presents the ap-
plication of the 2-amino-4,6-dichloro-s-triazine method
[5] for the coupling of hyaluronidase to an agarose
support. Although the enzymic activity of the in-
solubilised enzyme was tested using hyaluronic acid,
its ability to degrade cartilage proteoglycan was also
shown.

2. Materials and methods

2.1. Materials

Ovine testicular hyaluronidase (1640 1.U./mg) was
obtained from Seravac Laboratories and hyaluronic
acid (human umbilical cord) from the Sigma Chemical
Company. Biogels A-50 m, 100—200 mesh, (approxi-
mately 2% agarose) and A-1.5 m, 100—200 mesh,
(approximately 8% agarose) were supplied by Bio-Rad
Laboratories. Cyanuric chloride was obtained from
British Drug Houses Limited. Analar grade reagents
were used wherever possible.

The cartilage proteoglycan was prepared from
bovine nasal septa by the procedure of Malawista and
Schubert [6] and fractionated by high-speed centri-
fugation [7].
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2.2. Methods

Hyaluronidase was examined for proteolytic
activity [8] and none was detectable at pH 5.6.

2-Amino-4,6-dichloro-s-triazine was prepared from
cyanuric chloride by a modification [5] of the method
of Thurston et al. [9].

Hyaluronidase was coupled to agarose (Biogel
A-50m), using the triazine derivative, according to
the procedure of Kay and Lilly [5]. The product was
washed with 5 M NaCl until no more enzyme could
be solubilized. The amount of enzyme bound to the
water-insoluble support was calculated from the dif-
ference in E, g0 between the hyaluronidase added and
that present in the washings.

The bound enzyme was assayed, by comparison
with hyaluronidase of known activity, using the tur-
bidity reduction method of Dorfman [10] at pH 5.6.
The colorimetric procedure for reducing end-groups,
employing ferricyanide [11], was used in the deter-
mination of the pH-activity curve. Assays were carried
out at 37° in 0.05 M citrate-phosphate buffer made
to 0.2 M by the addition of NaCl.

Cartilage proteoglycan (20 mg) was digested by 4
mg of bound enzyme fur 24 hr, using the conditions
specified above at pH 5.6.

A column (1.5 cm X 100 cm) packed with Biogel
A-1.5 m and equilibrated with 0.2 M phosphate buf-
fer pH 6.8 was used for gel filtration. The flow rate
was adjusted to 9.5 ml/hr, 20 mg samples were loaded
and 2.5 ml fractions collected. The fractions were
tested for hexuronic acid by the carbazole method
[12] and for protein content by absorption at 280
nm.

Sedimentations were carried out in a Spinco Model
E ultracentrifuge at 59,780 rev/min and 20°. Samples
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were analysed in 0.2 M phosphate buffer pH 6.8. Sedi-
mentation coefficients were calculated as described
by Schachman [13].
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The weight of hyaluronidase bound to the agarose
was found to be 127 mg/g (63% of available enzyme).
From the turbidimetric assay, the bound enzyme was
shown to have an activity of 252 L.U./mg (i.e. the
enzyme retained approximately 15% of its original
activity). The pH-activity curve (fig. 1) was obtained
by measuring the initial rates of hydrolysis of hyal-
uronic acid by the bound enzyme, using the reducing
group method. The results are expressed as a percentage
of the maximum activity, found to be at pH 5.6. This
value is within the range of pH-optima reported for
the enzyme in the free state [14] .

The elution profile of the hyaluronidase digest of
cartilage proteoglycan is shown in fig. 2. While the
excluded fraction contained both hexuronic acid and
protein, the retarded material consisted exclusively
of polysaccharide. A similar pattern has been previous-
ly reported using soluble enzyme [15] . The retarded
material (89.7% of the recovered hexuronic acid)
showed high poiydispersity both on gel fiitration and
analytical ultracentrifugation, and by comparison

with the elution rr\rnf"]pq of chvmotrvnsinocen and
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ovalbumin [16], a value of 23 A was given for the
Stokes radius of the maximum ordinate. Therefore,
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Fig. 1. Effect of pH on the initial rate of hydrolysis of hyal-
uronic acid by agarose-bound hyaluronidase.
this fraction is composed of chondroitin sulphate
degradation products. The product emerging at the
void volume (10.3% of the recovered hexuronic acid)
had a S v of 7.2 as compared with a value of 14.3 S
for the original preparation. The data suggests that
this material consists of the protein core of the pro-
teoglycan attached to degraded chondroitin sulphate
side chains and the keratan sulphate moiety, the latter
being resistant to enzymic action [17].
These results show that the counling of hv
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aluronid-
ase to an agarose support does not impair its hydroly-
tic action on polymers of high molecular weight.
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Fig. 2. Gel filtration on Biogel A-1.5 m of cartilage proteoglycan after digestion with agarose-bound hyaluronidase. 4, Absorbance
at 280 nm; e, hexuronic acid; Vp, void volume.
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