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SUMMARY

In the present study proteoglycans
were extracted from perimysium of
bovine M. semimembranosus by use of
4 M guanidin-HC1l in 0.05 M acetate
buffer pH 6.

The extract was purified by ultra-
centrifugation in a CsCl gradient and
gelfiltration. Cellulose acetate
electrophoresis and chondroitinase
ABC and AC treatment showed that the
extract contained hyaluronic acid,
chondroitin U4-sulfate and dermatan
sulfate. The glycosaminoglycans were
constituents of at least two
different groups of proteoglycans
PG-L and Pg-Sm as judged by
gelfiltration and ELISA.

INTRODUCTION

Connective tissue is found throughout
the body, like in muscle sheaths
surrounding the entire muscle (epi-
mysium), the bundles of fibres (peri-
mysium) and the individual fibres
(endomysium). The main components of
connective tissue are collagen and
elastic fibres and the ground sub-
stance. The latter consists mainly of
glycoconjugates. Several years ago it
was suggested that postmortem aging
of meat might involve changes in the
glycoconjugates of the ground sub-
stance (McIntosh, 1967, Dutson and
Lawrie, 1974). However, very little
information is known about the chemi-
cal composition of the ground sub-
stance in muscular connective tissue.
Carbohydrates in cartilage, bone,
sclera, aorta and skin are found to
be covalently bound to protein as
proteoglycans (PG), and several popu-
lations of PGs have been isolated and
characterized according to size and
chemical composition such as large
proteoglycans (PG-L) of mol.w. > 10
and small proteoglycans (PG-Sm) of
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mol.w. < 10° (for review Heinegaa
1987).

The aim of the present
establish a method for extré# £rod
purification of proteoglycans i

. . . mimem of
perimysium of bovine M;_EE///;Cw
branosus to elucidate some 85P
the composition of the grou?
substance.
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MATERIALS AND METHODS
Extraction: 8
M. semimembranosus of steers
obtained at the abattoir a? siu
to the laboratory. The peri®y b8t
dissected, homogenized and %nzwlln
in a solution of 4 M guanidlnrié
0.05 M sodium acetate puffer ?oof
with a final solid liquid rat?
1:12 (w/w) (Sajdera and Has®
1969). 6-aminohexanoic acid eﬂ’lh
Na_ EDTA (0.01 M) and phenyln-]nclude,
sulfonylfluorid (1 mM) were 1pfdﬁ
in the extraction solution ?s W
ase inhibitors. The suspensif
left for 16 hr. at 4 'C under
shaking. The suspension was i
trifuged, the sediment was ré and
ed in fresh extraction buf eﬂmef
treatment was repeated. Th€ ?fie
natants were pooled and Clart I
centrifugation at 20.000 8 2 485
for 25 minutes. The sediment ” 3
washed with distilled water: l,re
samples from the supernatd? ater”
dialyzed against distilled w_wded
Then the material was freez®
and used for chemical analy

2l )

ses:

- . . : 50’
Ultracentrifugation: d to;ﬁd

The supernatant was appli€ o p
pycnic ultracentrifugatio? 1501W%o
sity gradient of CsCl. The at v
added directly to the supe™’; g/,
get a starting density of 2= Caﬁa
The gradient was achieved 2; hr.a
fugation at 120.000 g for triﬂg%
10 °C in a Beckman Ultracel ﬂﬁsﬁwf
LS-75. The gradients were int0 .
from the bottom and diVided iV
fractions called D1, D2, D
D1 represented the bottol
D4 the top fraction. SampP
D2, D3 and D4 were dialyzed’wml,,
dried and used for chemiC® a9 %
Aliquot of the D1 fractio?
lyzed against buffer (se€€
filtration).
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fhem(lzggl Gnalyses:

E%uhient of protein was estimated
;%?hmlg to the method of biuret
%flneﬁt19q9). The contents of
D%eﬂeasural sugar and uronic acid
M@MS 19;2d after the method of
‘%fEL ) and Bitter and Muir
N ur-e Protein content was moni-
Sthe . D8 gelfiltration by measur-
Sorbance at 280 nm.

N on i
(90 a Sepharose Cl-U4B

@%@bc0ns¥ 1.5 cm). The elution

WQ’SM h 1§ted of 2 M guanidin-HC1
Sag podlllmacetate pH 7 including

%meed I‘gteélse inhibitors as

%%&Wed ? Ove. The eluate was

. OF @ qn 4 ml fractions at a flow
** ml/min, The uronic acid

2eq g Tactions were pooled,

by 4 freeze-dried.

. ag

”ﬁ?ﬁli treatment :

th%ntp- Samples obtained after

\Taty, ‘Tugation in CsCl and gel-

Were solubilized in 0.1 M

auffer pH 7.5 including 5 mM
Protein concentration of 4
Ml was then added aliquot

“milzpe XIV (Sigma) solubilized

tion T buffer at an enzyme con-

ey, Of 10 mg/ml. The samples

ted at 55 °¢ for 18 hr.
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inzymlficatio -

hmme ige N of glycosaminoglycans:
L T Stion techniques by use of

o 3t
ﬁ%&me tnases were performed on the
Uy, Sated
gy, Wugn, samples from ultra-
i Iltl gatlon
ﬁ%ny (D1, D2, D3 and D4) to
Q%fbed byCOSaminoglycans as

). ¥ Waddington and Embery

\
R}
Qellulo

11 Sa

\ a

é?gbm Cetate electrophoresis:
q

N u:Cetate electrophoresis was
}%dwmubr 8Ccording to the method
gs g mii and Embery (1977). A
F%:hntainFUPe of glycosaminogly-
ﬁ% wlsu1flng hyaluronic acid (HA),
%S“Ds) ate (HS), dermatan sul-
ﬁ&m eIm'cﬁhorldroitin 4-sulfate
fwbﬁchem_ODdroitin 6-sulfate (C6S)
Uy ann iCal co Ltd) with a con-
Qgetheof 0.05 mg/ml was always

I\ .
With the samples on the
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electrophoresis sheets.

ELISA

ELISA (enzymlinked immunosorbent ass-
ays) were performed by use of speci-
fic polyclonal antibodies raised in
rabbits and directed against epitopes
on the protein core of large or small
proteoglycans from bovine sclera. The
experiments were performed as descri-
bed by Heinegaard et al (1985). The
antibodies were kindly given by Prof-
essor Anders Malmstrgm and Dr. Lars
Cgster, University of Lund.

RESULTS

The major proportion of the protegly-
cans in the perimysium was extracted
by the use of 4 M guanidin -HC1 as
shown by the measured content of
uronic acid in the supernatant compa-
red to the sediment after extraction
(table I).

Table 1.

Uronic acid in the supernatant:
1. steer 2. steer 3. steer

87 %

92 % 80 %

The results of the chemical analyses
obtained by centrifugation in CsCl are
shown in figure 1. The bottom frac-
tion called D1 contained the highest
content of uronic acid and the lowest
content of protein.

Cellulose acetate electrophoresis of
D1, D2, D3 and D4 after protease
treatment confirmed that the major
proportion of glycosaminoglycans were
present in the D1 fraction (figure
2). The presence of hyaluronic acid,
chondroitin 4-sulfate and dermatan
sulfate was established by
chondroitinase ABC and chondroitinase
AC treatment. Chondroitinase ABC
digests dermatan sulphate (DS),
chondroitin 4-sulfate (C4S),
chondroitin 6-sulfate (C6S) and, at a
reduced rate, hyaluronic acid (HA).
Chondroitinase AC digests the same
glycosaminoglycans except dermatan
sulfate (figure 3, a and b).

The proteoglycans from the D1 frac-
tion were separated by gelfiltration
on a Sepharose Cl-4B column by use of




an acetate buffer containing 2 M
guanidin-HC1l into several peaks as
shown by the uronic acid profile
(figure 4). Quantitation of the total
carbohydrate content gave similar
results (results not shown). The
eluate was pooled into 4 major
fractions according to the diagram
(figure 4). Cellulose acetate
electrophoresis of lyophilized and
protease treated samples from the
four major fractions named I, II, IIT
and IV (see figure 4) showed that
peak I and II were rich in hyaluronic
acid and chondroitin 4-sulfate
whereas peak III and IV showed a high
content of dermatan sulfate (figur 5a
and b). ELISA experiments showed that
peak I and II contained proteoglycans
with similar antigenic epitopes on
the protein core as large
proteoglycans (PGL) from bovine
sclera. Peak III and IV contained
proteoglycans (PG-Sm) obtained from
bovine sclera. Proteoglycans in peak
I and II showed a very weak reaction
in the assay for small proteoglycans
whereas proteoglycans in peak IV did
not react in the assay for large
proteoglycans.

DISCUSSION

The present study has shown that 4 M
guanidin-HCl was an efficient extrac-
tant for proteoglycans in perimysium
of muscle in the same way as for
proteoglycans in tendon, sclera and
cartilage (Antonopolous, 1974).
Defatting of the dissected perimysium
by ethanol and aceton treatment did
not increase the yield and was subse-
quently abandoned. Whether the uronic
acid content of the sediment repre-
sents similar proteoglycan popula-
tions as the supernatant is not esta-
blished at present.

A variety of glycosaminoglycans
including hyaluronic acid, chondro-
itin 4-sulfate and dermatan sulfate
were identified as constituents of
the perimysium. The molecular size
profile obtained by gelfiltration of
D1 revealed a number of fractions of
different molecular size and glyco-
saminoglycan composition. Hyaluronic
acid and chondroitin 4-sulfate were
found predominately in the large
molecular size range whereas dermatan

-

]
sulfate was the major glycosgmiﬂ
glycan in the intermediarl
molecular size range. Whet
fractions represent mixed OF otbey
proteoglycan populations canh® © yof
established at present. Furt oct’
is needed to clarify that asp £he
The ELISA experiments detect®’ g
presence of two different pro
can populations, large PO g
(PG-L) and small proteoglycmyn ghe
(PG-Sm). The antibodies US® againstom
present study were direCted 1 *
PG-L and PG-Sm from sclerd: - gt
sclera, tendon, cartilagé
are known to form large 885 ~ ..g8".,
with hyaluronic acid. The_ag ap®"
have an unique water bindln%OrtM
and play an important role G-5°
consistency of the tissu€: tudiesip
a different role. Several S io5h
have shown a very close € et 4
to the collagen fibres (59 rfjw
1981) and a decisive rol€ f070)'
logenesis (Lowther et @l- lydmmf
Perimysium contained proteogﬂﬂe
which may play an importantudyoﬂnd
the quality of meat. AnY Sthe 0°
postmortem degradation of tnotbe
substance should therefor® e OF 0
restricted to the hexOSamlnasiﬂ,
glycosaminoglycan contents ﬂWG%
past but include the tota ha1n0 g
glycan population. Until t poc?
clusions can be drawn O - moﬁﬁw
of meat tenderization POS

he
her z aﬁw

o
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Figure 1.

Distribution of uronic acid and
protein in the gradients (D1, D2, D3
and D4) harvested after ultracentri-
fugation in CsCl.
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Figure 2.

Electrophoretic patterns obtained by
cellulose acetate electrophoresis of
protease treated samples from D1, D2,
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D3 and D4. A standard mixt“re)
containing hyaluronic aci
heparan sulfate (HS), defmatfhfﬁe
sulfate (DS), chondroitin -5% 69
ClS and chondroitin 6-5U1fate;ﬂ&'
were run together with the 5%
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Figure 3. 4

té
Electrophoretic patterns g?ges ‘
after chondroitinase AB 4ige ¢’ |
(a) and chondroitinasée 18
(b) of protease treated S gtd:
D1, D2, D3 and D4, and tP®
mixture.
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ABSORBANCE

0.05

EFFLUENT VOLUME (mlI)

p.
e
i lon 4.
Q}*ml glagr&m of D1 run on a Sepharose C1-4B column. The eluate was collected
hﬁdﬁt Tactions and monitored for protein at 280 nm (solid line) and uronic
Yo 4 530 nm (dotted line). The uronic acid containing samples were pooled
Tactions, I, II, III and IV as illustrated.

Figure Ha.
Electrophoretic patterns of protease
treated samples of I, II, III and IV
on cellulose acetate sheets.
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Figure 5b.

Densitometric scan of the cellulose
acetate sheets illustrated in Ha.
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