
217Biochem. J. (1983) 215, 217-225
Printed in Great Britain

Biosynthesis and metabolism in vivo of intervertebral-disc proteoglycans in

the mouse

Gillian VENN and Roger M. MASON
Department ofBiochemistry, Charing Cross Hospital Medical School, University ofLondon,

Fulham Palace Road, London W6 8RF, U.K.

(Received 22 February 1983/Accepted 29 June 1983)

1. The synthesis and turnover in vivo of 35S-labelled proteoglycans in mouse cervical,
thoracic and lumbar intervertebral discs, and in costal cartilage, was investigated after
intraperitoneal injection of [35S]sulphate. 2. Intervertebral discs and costal cartilage
synthesize similar amounts of 35S-labelled proteoglycans per ,ug of DNA. 3. Discs and
cartilage all synthesize a major proteoglycan species (approx. 85%) of large
hydrodynamic size and a minor species (approx. 15%) of small size. 4. Both
proteoglycans carry chondroitin sulphate chains. Keratan sulphate was not found
associated with either species. 5. The total 35S-labelled proteoglycan pool had a

metabolic half-life (tp) of 10-12 days in discs, and 17 days in cartilage. The extractable
major and minor species turned over at similar rates. Those proteoglycans left in the
tissue after 29 days turn over very slowly. 6. Approx. 50% of the major 35S-labelled
proteoglycan species formed mixed aggregates with hyaluronic acid and rat chondro-
sarcoma proteoglycan. The ability to form aggregates did not decrease up to 45 days
after synthesis. 7. Of the heterogeneous population of proteoglycans comprising the
major species, those remaining in the tissue 9 days after synthesis were of smaller
average hydrodynamic size and had shorter chondroitin sulphate side chains than the
average size at the time of synthesis. 8. With increasing time after synthesis,
proteoglycans were less readily extracted from the tissue by 4.0M-guanidinium chloride
than at the time of synthesis.

The intervertebral discs are cartilage-like tissues
located between the hyaline cartilage endplates of
the vertebrae. They have two parts, an outer fibrous
section, the annulus fibrosus, and a gelatinous
central section, the nucleus pulposus. The major
components of both parts of the disc, in varying
ratios, are collagen (Herbert et al., 1975; Osebold &
Pedrini, 1976; Eyre & Muir, 1977) and proteo-
glycans (Heinegard & Gardell, 1967). Several
studies have been performed on the structure of disc
proteoglycans (for references, see McDevitt, 1981).
They show certain homologies with the structure of
hyaline-cartilage proteoglycans, but are of smaller
hydrodynamic size than the latter and are generally
less capable of forming aggregates with hyaluronic
acid (Emes & Pearce, 1975; Stevens et al., 1979a).

Biosynthetic studies (Oegema et al., 1979;
McDevitt et al., 1981) suggest that disc proteo-
glycans may be synthesized as relatively large
molecules compared with the hydrodynamic size of
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proteoglycans extracted from the tissue and charac-
terized by chemical methods. In such studies the
radioactively labelled proteoglycans represent newly
synthesized molecules, and the chemically charac-
terized proteoglycans represent mature molecules in
the tissue. Thus questions arise as to whether newly
synthesized disc proteoglycans have the same
structural characteristics as newly synthesized hyal-
ine-cartilage proteoglycans and whether they are
subsequently processed to give molecules of a
different character. In the study reported below, the
properties of newly synthesized proteoglycans in
discs at different levels in the vertebral column in the
CBA mouse were compared with those of newly
synthesized proteoglycans in hyaline costal cartil-
age. The biochemistry of normal mouse disc
components is of particular interest in order to
provide comparative data for studies on a mutant
straln in which genetically determined disc de-
generation occurs (Mason & Palfrey, 1977).
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Methods
Labelling procedure in vivo

Male CBA mice (30 days old) from an inbred
colony were injected intraperitoneally without
anaesthetic with 0.25ml doses of between 1 and
20 mCi of Na235SO4 (5mCi/ug of sulphur, carrier
free; Amersham International)/kg body wt. Then 3 h
later an injection of 1 mg of Na2SO4 in 0.5 ml of
sterile saline was given as a chase. Animals were
killed by asphyxiation with CO2 after chase times
from 15min to 45 days. Immediately after death,
hair was removed from the abdominal skin with a
commercial depilatory cream and the skin excised.
The whole of the costal cartilage was dissected out.
The intervertebral discs (C2-C7, T1-T12, L1-L6)
were excised individually under a dissecting micro-
scope and the discs from each region pooled.

Assessment of total incorporation of [35S]sulphate
into glycosaminoglycans

Skin was digested in 1 ml of 0.1 M-potassium
phosphate buffer, pH 6.2, containing 5 mM-EDTA,
5 mM-cysteine hydrochloride, 1.0M-potassium ace-
tate and 60 units of twice-recrystallized papain
(Sigma), and cartilage and discs were digested in
0,5 ml of the buffer with 30 units of enzyme (Scott,
1960). Portions of each digest were chromato-
graphed with 1 mg of carrier RCS-D1 proteoglycan
(see below) on PD10 columns (9 ml; Sephadex
G-25; Pharmacia), equilibrated with 4.0M-guani-
dinium chloride/0.05 M-sodium acetate, pH 5.8, to
separate 3"S-labelled glycosaminoglycans from un-
incorporated [35S]sulphate (Mason et al., 1982).
Another portion (0.1 ml) was dialysed exhaustively
against distilled water at 40C and dried at 600C
over P205, in vacuo, before fluorimetric analysis of
DNA (Setaro & Morley, 1976).

Extraction oftissues
Costal-cartilage slivers and intervertebral discs

were extracted in 0.5 ml of 4.0M-guanidinium chlor-
ide/0.05 M-sodium acetate, pH 5.8, containing pro-
teinase inhibitors for 24h, at 10C, with gentle
shaking. The inhibitors used were 1 mM-sodium
iodoacetate, 100mm-6-aminohexanoic acid, 5mM-
benzamidine hydrochloride, lOmM-disodium EDTA,
1 mM-phenylmethanesulphonyl fluoride and 1mg of
soya-bean trypsin inhibitor/litre (Pearson & Mason,
1979). Extracts were separated by centrifugation in
an Eppendorf Microfuge (2min, 16000g) and the
residues digested with 30 units of papain (see above).
The digests were clarified by centrifugation (2min,
16000g). Unincorporated 35S radioactivity was
removed by PD 10-column chromatography; 1 mg of
reduced and alkylated RCS-D1 proteoglycan was
co-chromatographed with each sample to maximize
recovery of 35S-labelled proteoglycans.

In some experiments, utilizing a 1 h chase, a
sequential extraction was used in which tissues were
extracted initially with 0.5M-guanidinium chloride/
0.05 M-sodium acetate, pH 5.8, containing protein-
ase inhibitors (10 C, 24 h) before extraction with
4.0M-guanidinium chloride/0.5M-sodium acetate,
pH 5.8, and subsequent papain digestion.

Preparation ofcarrierproteoglycan
Natural proteoglycan aggregates (aA1) and

proteoglycan monomer (D 1) were isolated from
Swarm rat chondrosarcoma (RCS) as described by
Faltz et al. (1979) and Oegema et al. (1975)
respectively). RCS-D1 was reduced and alkylated by
the method of Heinegard (1977).

Gel-permeation chromatography
Chromatography gels were obtained from Pharm-

acia. Columns (Omnifit, Cambridge, U.K.) packed
with (a) Sepharose CL2B (150cm x 0.6cm), (b)
Sepharose CL6B (100 cm x 0.6cm) or (c) Sephadex
G-50 (fine grade) (150cm x 0.6cm) were equili-
brated with 4.0M-guanidinium chloride/0.05 M-
sodium acetate, pH 5.8 (dissociative, a), 0.5 M-
sodium acetate, pH5.8 (associative, a and b), or
50mM-Tris/HCl buffer, pH7.2 (c). Extracts con-
taining 35S-labelled proteoglycan (1000-5000d.p.m.)
and 1 mg of carrier proteoglycan were applied in
0.8 ml (a, c) or 0.5 ml (b) and eluted (2.5 ml/h) with
the same buffers; 0.8 ml (a, c) or 0.5 ml (b) fractions
were collected and analysed for radioactivity. Hex-
uronic acid in associative-column fractions was
monitored by an automated carbazole assay (Heine-
gird, 1973).

A nalytical procedures
Extracts containing 35S-labelled proteoglycans

were treated with 0.05M-NaOH containing 1.OM-
NaBH4 (450C, 18h) to release glycosaminoglycan
chains (Carlson, 1968), before chromatography on
Sepharose CL6B to determine chain size (Waste-
son, 1971).

35S-labelled proteoglycans or 35S-labelled glycos-
aminoglycans were digested with either chondroitin-
ase ABC or AC (Miles Biochemicals) to give their
specific 35S-labelled chondroitin 4-sulphate or chon-
droitin 6-sulphate unsaturated disaccharide repeat
units (Saito et al., 1968). The disaccharides were
separated from one another by cellulose t.l.c. and
counted for radioactivity (Mason et al., 1982). Other
digests were chromatographed on columns of
Sepharose CL6B or Sephadex G-50.

35S-labelled glycosaminoglycans or chondroitin-
ase digests thereof in 50mM-Tris/HCl buffer, pH 7.2,
were digested with keratanase (Miles Biochemicals)
for 26h at 370C (Nakazawa & Suzuki, 1975): 0.05
unit of enzyme was added at 0, 4, 18 and 22h.
Control experiments showed that corneal keratan

1983

218



Biosynthesis of intervertebral-disc proteoglycans

sulphate (Miles Biochemicals) was completely ex-
cluded from a Sephadex G-50 column both before
and after treatment with the alkaline borohydride
reagent and/or chondroitinase ABC. After sub-
sequent digestion with keratanase (4 x 0.05 unit),
0.5mg was completely degraded to di- and tetra-
saccharides and traces of higher saccharides, which
were eluted in the included volume of the column.
An automated anthrone assay (Heinegard, 1973)
was used to monitor column fractions.

Histology
Intervertebral discs were fixed in buffered 10%

formalin and paraffin sections prepared by routine
methods. Sections were stained with haematoxylin
and eosin. The discs are highly cellular, have clearly
distinguishable nucleus pulposus and annulus
fibrosus and are virtually free of any adjacent tissue.

Results and discussion
Synthesis of 35S-labelled glycosaminglycans in
mouse connective tissues

Preliminary experiments showed that the amount
of [35Slsulphate (d.p.m.) incorporated into glycos-
aminoglycans increased in a nearly linear manner
with increasing doses of [35S]sulphate in all tissues.
A dose of 2OmCi of Na235SO4/kg was used in all

subsequent experiments. This gave an incorporation
of about 2 x 104d.p.m. of 35S-labelled glycosamino-
glycan/,ug of DNA into intervertebral discs from all
three spinal regions and costal cartilage. Synthesis in
these tissues was approx. 20-30 times greater than
in the skin.

Hydrodynamic properties of 35S-labelled proteo-
glycans

After a 3h pulse with [35S]sulphate, the inter-
vertebral discs and costal cartilage were removed
after chase times of 15min, 1, 4, 8 and 16h, 1, 3, 6,
9, 17, 29 and 45 days. The 4.0M-guanidinium
chloride extracts of the tissues were examined by
dissociative Sepharose CL2B chromatography. At
all time points two 3"S-labelled peaks were observed
(Fig. 1, continuous line). Exact quantification of the
two peaks was impeded at late chase times, partly by
an increase in K,v of the major peak from 0.35 to
0.45, resulting in poorer chromatographic reso-
lution, and partly by metabolic turnover and isotope
decay, resulting in decreased 3"S radioactivity,
particularly under the minor peak (Ka. 0.75).
However, during the period 15min to 45 days after
synthesis, the contribution of the minor peak to the
total 35S radioactivity in the extract increased from
approx. 15% to not more than 20%, so, although the
major component undergoes considerable turnover
(see below), there is no convincing evidence for the
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accumulation in the tissues of small fragments from
it.

For thoracic intervertebral discs, extracts f6r
every chase time were chromatographed and showed
that the change in Kav of the major peak occurred
between 9 and 17 days after synthesis. "S-labelled
glycosaminoglycan chains released from proteo-
glycans by alkaline borohydride cleavage were
examined by Sepharose 6B chromatography. All
chase times were examined for the thoracic disc, and
selected time points in other tissues. An increase in
Kav values occurred between 9 and 17 days after
synthesis (Fig. 2) and coincided with the increase in
Kav of the 3"S-labelled proteoglycan over the same
period.

Aggregation properties of 35S-labelled proteo-
glycans

After addition of RCS-aAl proteoglycan (lmg)
and hyaluronate (0.01 mg, from umbilical cord;
Sigma) to samples of 4.0M-guanidinium chloride
extracts, they were dialysed to associative condi-
tions against 100 vol. of 0.5 M-sodium acetate, pH 5.8
(40C, 18h), and chromatographed on associative
Sepharose CL2B columns. Approx. 50-60% of the
35S radioactivity was eluted in the void volume of the
column (Fig. 1, broken line). The void-volume peak
represents the ability of 35S-labelled proteoglycans to
form aggregates with hyaluronic acid, because it is
not present under dissociative conditions (Fig. 1,
continuous line) and was greatly diminished in
experiments when exogenous hyaluronate was omit-
ted. In the latter, extracts of tissues, chased for 1 h,
were dialysed to associative conditions with reduced
and alkylated RCS-D1 proteoglycan (1mg). Only
15% of the 35S-labelled proteoglycan in the non-
diffusible material was eluted in the void volume of
the Sepharose CL2B column (results not shown),
and probably represents aggregates formed solely
between mouse proteoglycan and endogenous hyal-
uronate, rather than proteoglycan-proteoglycan
interactions by any other mechanism. A disso-
ciation constant, Kd, of 10-8M has been reported for
the interaction between cartilage-type proteoglycans
and hyaluronate (Nieduszynski et al., 1980). Al-
though dissociation constants for mouse proteo-
glycans are unknown, they are likely to be of a
similar order. If this is so, as the concentration of
mouse proteoglycans in tissue extracts is very low, it
would be expected that they would show only
minimal aggregation with endogenous hyaluronate
in the absence of aggregating carrier.

There is no difference between newly synthesized
3"S-labelled proteoglycans and those remaining in
the tissue 45 days after synthesis in their ability to
form mixed aggregates with hyaluronate and rat
chondrosarcoma proteoglycans (Fig. 1).
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Fig. 1. Sepharose CL2B chromatography of "IS-labelledproteoglycansfrom intervertebral discs and costal cartilage
Dissociative Sepharose CL2B ( ) and associative Sepharose CL2B (----) profiles of 35S-labelled proteoglycans
in 4.0M-guanidinium chloride extracts of mouse tissues at 15 min (a-d), 5 days (e-h), 29 days (i-l) and 45 days
(m-p) after synthesis. (a), (e), (i), (m), Cervical discs; (b), (f), (j), (n), thoracic discs; (c), (g), (k), (o), lumbar discs
(d), (h), (1), (p), costal cartilage. V0, column void volume; Vt, column total volume. Percentages shown are amounts
of aggregate.

Turnover of 35S-labelled discproteoglycans

The total 3"S-labelled proteoglycan remaining in
the discs at various chase times was calculated from
the sum of that found in the 4.0M-guanidinium
chloride extract and in the papain digest of the
residue and is shown as a semi-logarithmic plot in
Fig. 3(a). During the first 24h of the chase, no
decrease in 35S-labelled proteoglycan was detected
(results not shown). Between 1 and 29 days the

33S radioactivity in the discs decreased with a

half-life (tp) of about 10.5 days in the thoracic and
lumbar discs, and 12.5 days in the cervical discs.
After 29 days, 3"S-labelled proteoglycans remaining
in the tissue have a very slow turnover rate.
The 35S-labelled proteoglycan extracted from the

tissue represents two distinct 3"S-labelled proteo-
glycans (Fig. 1). For the thoracic disc the pro-
portion of total 35S-labelled proteoglycan extracted
with 4.0M-guanidinium chloride remained fairly
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Fig. 2. Sepharose 6B chromatography of "S-labelled
glycosaminoglycans in thoracic discs

"S-labelled glycosaminoglycans were released by
alkaline-borohydride treatment from 4.0M-guani-
dinium chloride extracts of thoracic discs 9 days
( ) and 17 days (----) after synthesis. VO,
column void volume; Vt, column total volume.

constant from 3 days chase time onwards (Fig. 4).
The half-lives for the major and minor components
were 7.5 days and 10.3 days respectively (Fig. 3b).

The proportion of 35S-labelled proteoglycans that
could be extracted with 4.0M-guanidinium chloride
was lower at late chase times than at early chase
times (Fig. 4). This change was more pronounced in
the costal cartilage than in the intervertebral discs.
This phenomenon may reflect increasing entrapment
of proteoglycans within the collagen network of the
extracellular matrix. Nevertheless, no changes in the
rate of turnover of 35S-labelled proteoglycans were
observed between 1 and 29 days, suggesting that the
molecules are still accessible to catabolic processes
during this time.

Characterization of _"S-labelledproteoglycans
Discs and cartilage from 1 h chase experiments

were extracted sequentially with 0.5 M-guanidinium
chloride, pH5.8, and 4.0M-guanidinium chloride,
pH 5.8, which solubilized about 20% and 50% of the
total 35S-labelled macromolecules respectively.
Dissociative Sepharose CL2B chromatography pro-
files of the 0.5 M-guanidinium chloride disc extracts
showed two partially resolved components, the more
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Fig. 3. Turnover of 35S-labelled proteoglyeans in inter-
vertebral discs and costal cartilage

(a) Semi-logarithmic plots of total 3"S radioactivity
remaining in costal cartilage (0), cervical (*),
thoracic (A) and lumbar (B) discs at increasing
chase times after synthesis. (b) Semi-logarithmic
plots of the 35S radioactivity remaining in the major
(A) and minor (B) proteoglycan peaks of 4.0M-
guanidinium chloride extracts of mouse thoracic
discs at increasing chase times after synthesis. All
values are corrected for decay of the radioisotope
within the time course of the experiment. Lines
between 1 and 29 days (a) and 3 and 29 days (b)
were plotted by linear regression analysis; correla-
tion coefficients (r) and half-lives (tj; days) are
shown.
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retarded being more prominent (Fig. 5). The latter
peak presumably contains smaller proteoglycans,
including the minor species seen in direct 4 M-guani-
dinium chloride extracts (Fig. 1). Natural proteo-
glycan aggregates were not solubilized by 0.5 M-
guanidinium chloride, since no void-volume 35S
radioactivity was detected after associative Sepharose
CL2B chromatography of untreated extracts with
reduced and alkylated RCS-D 1 carrier proteoglycan
(results not shown).
The 35S-labelled glycosaminoglycan chains of

proteoglycans in the 0.5 M-guanidinium chloride
extract were cleaved from core protein by an
alkaline borohydride reagent and chromatographed
on a Sepharose 6B column before and after digestion
with chondroitinase ABC or AC (Fig. 6). A small
amount of 35S-labelled glycosaminoglycan was not
completely degraded by chrondroitinase AC, where-
as chondroitinase ABC degraded all the glycos-
aminoglycan to disaccharides. This indicates that
0.5 M-guanidinium chloride extracts a small amount
of proteoglycan with glycosaminoglycan chains
containing iduronate residues.

35S-labelled proteoglycans in the sequential 4.0M-
guanidinium chloride extract were eluted as a single
peak from dissociative Sepharose CL2B columns
(Fig. 5). After alkaline cleavage their glycosamino-
glycan components were eluted from a Sepharose 6B
column (results not shown) with Kav 0.52, corres-
ponding to a molecular weight of 18000 (Wasteson,
1971). The 35S-labelled glycosaminoglycan chains
were completely excluded from Sephadex G-50
columns, but after treatment with chondroitinase
ABC all 35S radioactivity moved into the column
(Fig. 7). Most was recovered in the total column

volume (Vi) and represents disaccharide repeat
units; a small proportion was eluted just ahead of the
Vt and probably constitutes the reducing end of
chondroitin sulphate chains, since chondroitinase
ABC does not remove the sulphated disaccharide
adjacent to the linkage region of the glycosamino-
glycan (Oike et al., 1980).
The absence of any 35S radioactivity from the void

volume (V0) of the column after chondroitinase-
ABC treatment suggests that the glycosamino-
glycan chains of mouse discs and costal cartilage
were entirely composed of chondroitin sulphate. To
test whether keratan sulphate was present, the
neutralized alkaline-borohydride-treated fractions
were digested with keratanase. There was no
retention of 35S radioactivity on the column, even
though the enzyme was shown to be fully active
against corneal keratan sulphate (see the Methods
section). Chondroitinase-ABC digests were also
analysed for their specific chondroitin sulphate
disaccharide composition by t.l.c. Less than 4% of
the 35S radioactivity in the digest was recovered from
the baseline of the chromatogram, confirming the
absence of keratan sulphate chains from these
proteoglycans. Chondroitinase 6-sulphate accounted
for 20-30% and chondroitin 4-sulphate for 70-80%
of the 35S radioactivity in both discs and cartilage.

General discussion

Both mouse discs and costal cartilage synthesize
two species of extractable proteoglycans with differ-
ent sizes but similar turnover rates. The minor
species, a small, non-aggregating, proteoglycan, has
not previously been described in intervertebral discs.
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Fig. 7. Analysis of "IS-labelled glycosaminoglycans in
sequential 4.0M-guanidinium chloride extracts of mouse

tissues
Sephadex G-50 profiles of 35S-labelled digestion
products of sequential 4.0M-guanidinium chloride
extracts of (a) costal cartilage, (b) cervical discs, (c)
thoracic discs and (d) lumbar discs after alkal-
ine-borohydride/chondroitinase-ABC treatment. VO,
column void volume; Vt, column total volume.

The major proteoglycan (Kav on Sepharose
CL2B 0.35-0.45) has glycosaminoglycan chains
composed solely of chondroitin sulphate. No evi-
dence was obtained for the presence of keratan
sulphate. The mouse disc proteoglycan therefore
differs in composition from those of pig, human,
dog, rabbit and guinea pig, which contain both
chondroitin sulphate and keratan sulphate chains
(Stevens et al., 1979a; Oegema et al., 1982; Ghosh
et al., 1977; Lohmander et al., 1973). The major
mouse proteoglycan is probably analogous to that
designated type I by Heinegird (1981).

The average hydrodynamic size of the major
proteoglycan species was smaller at 17 days and
later after synthesis than it was at the time of
synthesis. The smaller size is due, at least in part, to
these proteoglycans having shorter chondroitin
sulphate side chains than the average for the whole
population at the time of synthesis. Although
exoglycosidase action leading to decreased chain
length in situ in the matrix cannot be excluded, it is
more likely that the smaller proteoglycans were
synthesized as such and remain in the tissue for a
longer time than larger molecules. The size of the
major proteoglycan remaining in discs and costal
cartilage 45 days after synthesis is the same as for
mouse articular-cartilage proteoglycans (Rostand
etal., 1982).
The aggregation properties of proteoglycans did

not change during the chase period, there being no
evidence for either maturation of the hyaluron-
ate-binding region in the 24 h after synthesis as
proposed by Oegema et al. (1979, 1982) or for its
selective degradation in the matrix at later times
(Stevens eta., 1979b; McDevitt et al., 1981).

Between 1 and 29 days after synthesis there is a
pool of molecules with an average t4 of 10f--121 days
for discs and 17 days of cartilage. The latter value
agrees well with that found by Bostrom (1952) for
rat costal cartilage proteoglycans. There is probably
some variation in turnover of different proteo-
glycans within this 'fast' pool, as shown by the
shorter ti for the major extractable proteoglycan (71
days) compared with that of the minor species (104
days) or the total "IS-labelled proteoglycan (104
days) in thoracic discs. The small amounts of
35S-labelled proteoglycans remaining in the tissue 29
days after synthesis have very slow turnover, but
would nevertheless accumulate over a period of time
and may constitute a prominent component of adult
mouse discs. The half-lives for mouse disc and
costal-cartilage proteoglycans are shorter than the
values reported for these molecules in the same
tissues in guinea pigs, rabbits and dogs (Davidson &
Small, 1963; Lohmander et al., 1973; Maroudas,
1975; McDevitt et al., 1981; Oegema et al., 1982)
after labelling procedures in vivo. This difference
may be due to a faster turnover rate in small species
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such as mouse and rat (Bostrom, 1952). However,
direct comparison of our results with previously
published data is difficult, since most reports were
based on calculation of specific radioactivities,
whereas ours are calculated from total undegraded
3"S-labelled proteoglycan remaining in the tissue at
given times after synthesis. There is general agree-
ment that disc proteoglycans turn over more rapidly
than do hyaline-cartilage proteoglycans in the same
species and that not all molecules within a tissue turn
over with exactly the same half-life.

The average size of newly synthesized mouse disc
proteoglycans is the same as for those in the costal
cartilage and similar to that of 35S-labelled proteo-
glycans synthesized in rabbit discs in vivo (Oegema
et al., 1982). Other metabolic labelling experiments
show that proteoglycans synthesized in vitro, in
human nucleus pulposus (Oegema et al., 1979), or
in vivo, in dog nucleus pulposus (McDevitt et al.,
1981), are of larger size than the proteoglycans
extracted from the same tissues and analysed by
uronic acid profiles of gel-filtration-column eluates.
Similar chemical investigations have shown that
most of the proteoglycans in pig and human
intervertebral discs are of smaller hydrodynamic size
than hyaline-cartilage proteoglycans (Stevens et al.,
1979a). Stevens et al. (1979b) examined discs for
enzymes which decreased the size of proteoglycans
after their synthesis, but no such activity was
detected. An alternative proposal would be that the
major proteoglycan species is synthesized as a
heterogeneous population of molecules of pre-
dominantly large hydrodynamic size. If within this
group the largest proteoglycans turned over rapidly
but the smaller ones more slowly, there would be a
tendency for the latter to accumulate in the tissue
and become a prominent component. This com-
ponent would become the one primarily detected in
chemical analyses. Furthermore, the differences in
size of disc and hyaline-cartilage proteoglycans in
some species may arise because of slower turnover
of large proteoglycans in the latter tissue, compared
with the former. The overall size of cartilage
proteoglycans which accumulate in the tissue and
are detected by chemical analysis would then be
greater than for disc proteoglycans.
We thank the Arthritis and Rheumatism Council for

financial assistance, and Katharine Dyne and Sarah
Whitfield for technical assistance.
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