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1. Introduction

Earlier experiments have shown a considerable
metabolic and physicochemical heterogeneity of the
proteoglycans in calf rib cartilage [1-8]. Although
about 5% of total sulfopolysaccharides is represented
by keratan sulfate and the bulk material (95%) consists
of chondroitin-4-sulfate [1, 9] at least five proteo-
glycan fractions could be isolated. They differ besides
metabolic heterogeneity in degree of sulfation and
average chain lengths of the chondroitin sulfate side
chains, as well as in amino acid composition of the
peptide core and glycosamine content [3—5, 8]. The
heterogeneity of the chondroitin sulfate proteins could
be explained by mechanisms of their biosynthesis in
the cartilage where 6 monosaccharide transferases and
a sulfotransferase build up chondroitin sulfate side
chains at preformed acceptor proteins, which very
probably exist in pools of different size, composition
and turnover rates [2, 8]. Furthermore, the novo-syn-
thesized chondroitin sulfate proteins can be disting-
uished by extraction with solutions of guanidin of dif-
ferent molarity.

2. Experimental
4 g freshly prepared slices (rib cartilage of young
calves 100 um thick) were incubated for 20, 90 and

300 min with 320 uCi of carrier free 3580%‘ under
conditions described previously [3, 5, 10]. At the end
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of the incubation slices and medium (total volume

58 ml) were made 0.4 M with respect to guanidinium-
chloride and brought to pH 5.8 by addition of 2N
acetic acid. The mixture was stirred in an ice-bath for
24 hr. The cartilage slices were filtered through a nylon
net and washed twice with 2 ml 0.4 M guanidinium-
chloride in 0.05 M acetate buffer, pH 5.8. The extracts
were combined (extract I, fig. 1).

The cartilage slices were then stirred for 24 hr at
25° in 20 ml 4.0 M guanidinium-chloride in 0.05 M
acetate buffer, pH 5.8, filtered and washed twice with
2 mt 4.0 M guanidinium-chloride, pH 5.8. The extracts
were combined (extract I1, fig. 1). The cartilage slices
were stirred again for 20 hr at 60° in 16 ml 8.0 M
guanidinium-chloride in 0.05 M acetate buffer, pH 5.8,
filtered and washed twice with 3 ml 8.0 M guanidi-
nium-chloride pH 5.8. The extracts were combined
(extract 111, fig. 1).

The insoluble residue (pellucid cartilage slices)

(fig. 1) were dialysed against bidist. water at 4° to
remove the salt and digested with polymer-bound
papain (CM-cellulose bound papain, Merck AG,
Darmstadt, 0.2—0.3 U/mg) as previously described
[1, 10]. From the digest the chondroitin sulfate pep-
tides were isolated by precipitation with cetylpyridi-
nium-chloride [10} and fractionated on Ecteola-cel-
lulose according to increasing chain length and degree
of sulfation [1, 3, 8,9, 10].

To isolate the crude proteoglycan fractions of the
three extracts a portion of extract I, II and 1II was
dialysed in dialysis tubes (Fa. Union Carbide, Chicago,
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Fig. 1. Fractionation scheme. For further details see text.

11l., USA) with internal mixing against bidistilled water, pH 5.8, p = 1.69) and dissaciative (4.0 M guanidinium-

changed daily, for 7 days at 4°. chioride in 0.05 M acetate buffer pH 5.8, p = 1.50)
The chondroitin sulfate proteins I and II were conditions (cf. [5]).

isolated from the first and the second extract, resp., Analysis of the components (uronic acid, galactos-

applying CsCl gradient centrifugation under associative amine, glucosamine, sulfate esters, galactose, xylose),

(0.4 M guanidinium-chloride in 0.05 M acetate buffer chondroitin sulfate chain length and determination of

171



Volume 31, number 2

absolute radioactivity were carried out as described
previously [1, 5, 10].

3. Results and discussion

As shown in fig. 1 at least 80% of the proteoglycans
could be solubilized in calf rib cartilage with 0.4 and
4.0 M guanidinium-chloride yielding extracts I and II.
Under stronger conditions (8.0 M guanidinium-chloride,
60°) 4% of total proteoglycans went into solution.
These proteoglycans are particle bound, probably
fixed to collagen fibrils. 16% of total uronate still
remained insoluble and could be solubilized as
chondroitin sulfate peptides after digestion with
papain (chondroitin sulfate peptides of the insoluble
residue, see fig. 1).

By increasing the incubation period these four
proteoglycan fractions are labeled with 35502_ in a
different manner (fig. 2): after 20 min of incubation
with 35502" the specific radioactivity of sulfate ester
groups in proteoglycans of extract I and III and in the
insoluble residue are 5 to 8 times higher than those of
the bulk material (extract 11). After longer incubation
times the easily dissoluble proteoglycans of extract 1
show the lowest labeled sulfate ester groups and
chondroitin sulfate peptides of the insoluble residue
the highest labeled ones. The bulk material (proteo-
glycans of extract 1I) is labeled linearly with increasing
incubation time only after a lag phase of about 30 min.
The specific radioactivity of the sparingly soluble
proteoglycans in extract III exhibits a labeling plateau
after 300 min of incubation indicating a saturation
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Fig. 2. 35804 Labeling of four pools of chondroitin sulfate
proteins in calf rib cartilage. For further details see text.

level of sulfate ester groups. Nevertheless, during whole
incubation time labeling rate of sulfate esters increases
linearly in the chondroitin sulfate peptides of the in-
soluble residue. Therefore, these structure bound
chondroitin sulfate peptides could represent the syn-
thesizing pool of proteoglycans in cartilage cells.

After short incubation with 35502‘ (20 min) the
separation of the chondroitin sulfate peptide of the
insoluble residue on Ecteola cellulose yields 5 sub-

Uronic Degree of Specific
Ecteola fractions acid sulfation radioactivity Chain Jength
no. (UA) SO2~/UA* of sulfate esters UA:Gal: Xyl*
% 4 dpm/umole SOZ'
[ 0.05 HCI plus 8 0.24 110 2.5:0.09:1
II 0.50 NaCl 1.5 - 6600 28 2 -
I 0.75 NaCl 12 1.09 4950 12.2:1.8 :1
IV 1.00 NaCl 64 1.05 2460 24.2:1.8 :1
V 2.00 NaCl 14 1.22 16410 35.4:2.0 :1

Fig. 3. Metabolic and chemica] heterogeneity of chondroitin sulfate peptides in the insoluble residue of calf rib cartilage after a
20 min incubation with 3SSO: ~. For further details see fig. 1 and text.

* Molar ratio.
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Purified product Amino sugar Degree of ChS chain
composition  sulfation  length
S027/ .
Glu- Galac- Uronate* UA:Gal: Xyl
Cos- tos-
amine amine
(%) (%)
ChS-protein 1 3.8 96.2 0.96 12.5:1.9:1
ChS-protein 11 5.2 948 0.94 25.2:2.0:1

Fig. 4. Chemical characterization of the sulfopolysaccharide
portion in purified ChS-proteins from calf rib cartilage. The
ChS-proteins I and II are purified applying CsCl gradient cen-
trifugation of the extract I and II. For further details see fig. 1

and tavt
ana wxL

* Molar ratio.

fractions differing considerably in speciﬁc radioactivity
of sulfate esters {fig. 3): shorter and longer ChS chains
show a 3 to 7 times higher labeling rate than the
medium chained chondroitin sulfate peptides of the
bulk material.

Considering the chondroitin sulfate peptides of the
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Fig. §S. 35SO4-Labeling of soluble purified chondroitin sulfate
proteins and chondroitin sulfate peptides of the insoluble
residue in calf rib cartilage. Soluble ChS proteins I and I are
purified by CsCl gradient centrifugation. ChS peptides of the
insoluble residue are isolated by chromatography, for further

details see figs. 1, 3 and text.
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insoluble residue as the immediately synthesized pro-
duct of the cartilage cells, these findings indicate a
metabolic and chemical heterogeneity of the chon-
droitin sulfate proteins during their biosynthesis in the

cell. Similar findines have been reported ].“, Hardine-
Ceii. Simiar Nngings nave deéen repo iargmng-

ham and Muir [11] recently. Since spe01fic radio-
activity of sulfate ester groups of the immediately
synthesized insoluble proteoglycans are considerably
higher labeled than those of the soluble ones (see figs.
1 and 3), a transport of the newly synthesized product
out of the cartilage cell must occur as has been shown

A3 - chand
au Lurauioglayul\,auy in vuuuufGC:y'tba ll/_] and in

cartilage cells of mice [13].

These findings can be further supported: after
applying gradient centrifugation under associative and
dissociative conditions [4, 5] a chondroitin sulfate
protein is isolated from extract I and Il showing an
average chain length similar to two chondroitin sulfate
peptides fractions of the insoluble residue {(sce fraction
I and IV of fig. 3 and fig. 4). The specific radioactivity
of the sulfate ester groups in both purified chondroitin
sulfate proteins grows up in a different manner during
increasing incubation time with 35802_ (fig. 5); those
of the chondroitin sulfate protein I increases almost
linearly, those of the second one after a lag phase of
20 min. However, labeling rates of their suifate ester
groups are always lower than those of the correspond-
ing chondroitin sulfate peptide fractions 111 and IV of
the insoluble residue (see fig. 5).

The present results show that after incubation of
cartilage slices with 35803~ for 20, 90 and 300 min,
four pools of metabolically and chemically different
proteogiycans can be isolated applying dissociative
extraction procedures with increasing concentrations

of suanidininm-chloride. Indications exist that in the
Ol guanicinium-ciuoriGe. inaications eXist inat i tné

cartilage slices the de novo-synthesized insoluble
chondroitin sulfate proteins are metabolically and
chemically heterogeneous.
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