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SUMMARY
In the present study proteoglycans 
were extracted from perimysium of 
bovine M . semimembranosus by use of 
4 M guanidin-HCl 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 4-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 (épi
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, 197^)- 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

mol.w. < 103
1987).

(for review Heineg'
to

The aim of the present studycne present
establish a method for extrac

n  /-> f *  V1/-1 + -  /~ > r \  r r 1purification of proteoglycaÎ s
perimysium of bovine Mj

-sf S ^ ctSbranosus to elucidate some »3undthe composition of the gr°v 
substance.

MATERIALS AND METHODS 
Extraction: wag
M. semimembranosus of steers
obtained at the abattoir 'and
to  th e  laboratory. The p e r im Y ^ g t^  
d is s e c te d ,  homogenized and 1 v 
in a solution of 4 M guanidi0  ̂6 
0.05 M sodium acetate buffer .Q of 
with a final solid liquid ra -n, 
1:12 (w/w) (Sajdera and Hasc , j()*

C __________ a r i d  VU‘ ,1/1969). 6-aminohexanoic a c id  
Na EDTA (0.01 M) and phenyl ^  
suifonylfluorid (1 mM) were 0t

Q.Í2 *

natants were pooled and c l a r *atcentrifugation at 20.000 g -  wag 
for 25 minutes. The sedimen ^  
washed with distilled water,itantsamples from the supernat«*»*- 
dialyzed against distill^ Q, d ^ e 
Then the material was freeZ eg. 
and used for chemical anaiy

Ultracentrifugation
The supernatant was appHe^ . 9 ̂

i*0',

pycnic ultracentrifugation t »sity gradient of CsCl. The ~ t9fl , 
added directly to the supe^ - g/®1'.,
get a starting density of
The gradient was achieved Yf-
fug?tion at 120.000 g

Q haI’vt" Î0 LS-7 5. The gradients were t.0-• Jded D“from the bottom and divi-_ ^  
fractions called Dl, D2, -> -1 J-CIO L ± U I 1 3  l , a j . i c u  12-1- , » f r a c t l  pi
Dl represented the bottom fr0”1 v
D4 the top fraction. Sampl®suiic tuf; iiaLtiuu. —— 1 1 &
D2, D3 and D4 were d ia ly2®“’^ ! ^
dried and used for chemica^ 9g
Aliquot of the Dl fracti°n ¿gf 
lyzed against buffer (see 
filtration).

by °eP ̂  
65

10 in a Beckman Ultracent (■

Nao EDTA (0.01 M) and phenyindu .
9S P1"0*"in the extraction solution 

ase inhibitors. The suspens! eptJ- 
left for 16 hr. at 4 °C undef^ &  
shaking. The suspension waS ej_flC^e  
trifuged, the sediment «aS T, 
ed in fresh extraction buff güpef' y 
treatment was repeated. The .fjejj
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Sicall- cQ̂  ^alyses:
ent of protein was estimated

1Xil-i8 to the method of biuret 
feS He* ^9^9). The contents of 
S  me utr>al sugar and uronic acid 
iSis ,aared after the method of 
■X), ^9^6) and Bitter and Muir

^  . Pr°tein content was moni- 
 ̂the Selfiltration by measur-

^  absorbance at 280 nm.

¿ V ^ ctlon was examined by gel- 
wSn (qa 0n a Sepharose C1-4B 
¡Sap x 1 .5  cm). The elution 
th °-5 0̂nsisted of 2 M guanidin-HCl 
•¡̂ s°diumacetate pH 7 including 
V tibedPr‘0tease inhibitors as 
V 6 cte<j above. The eluate was 
;0 5 of q fn ^ ml fractions at a flow 
SStiii mi/min. The uronic acid 

® fractions were pooled,S(J
X

aad freeze-dried.

Ä " ’ samples obtained after
Sili>treatment:
ipceq. . ,____________ ______

^ifugation in CsCl and gel- 
iS'HCi , wore solubilized in 0.1 M 
\ / i  ut'for pH 7*5 including 5 mM 
St lOo Pr°tein concentration of 4 
it\ X s 6 . P-*- was then added aliquot 
St st®iiiyPe (Sigma) solubilized 
^ a tior̂  buffer at an enzyme con- 

itcUK„?f mg/ml. The samples
Cubated at 55 °C for 18 hr.

dig l01? of glycosaminoglycans: 
V V t i eStion techniques by use of 
S»SSe pnases were performed on the 
XXusv,r7ated samples from ultra-
S PJify °n (°1. D2 , D3 and D4) toSibr. ,slyc°saminoglycans as

). ^ Haddington and Embery

X ioseSpXse acetate electrophoresis:
^ Ouf.Cetabe electrophoresis was 

'bUr>r, acc°rding to the method
N ^ i ® i L and Embery U977). A
f ̂ pCoritaintUre of glycosaminogly- 
S S  Suiflns hyaluronic acid (HA), 
V * )  ate (hS), dermatan sul- 
X  °n^r°itia 4-sulfate

ch6m .°n^r°itin 6-sulfate (C6S) 
S  t lC o p al c° Ltd) with a con- 

°^ther 9*^9 mg/ml was always 
with the samples on the

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 ai (19Ö5)« The 
antibodies were kindly given by Prof
essor Anders Malmstr0m and Dr. Lars 
C0ster, 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

87 % 92 I  80 l

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 
Dl, D2, D3 and D4 after protease 
treatment confirmed that the major 
proportion of glycosaminoglycans were 
present in the Dl 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 Dl frac
tion were separated by gelfiltration 
on a Sepharose C1-4B column by use of
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an acetate buffer containing 2 M 
guanidin-HCl 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, III 
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
glycan in the intermediar ^
molecular size range. Whet e
fractions represent mixed °r t 
proteoglycan populations f»
established at present. 
is needed to clarify that asPe'c t- the
The ELISA experiments detec ^ e0gl̂  
presence of two different ^g0giyc®1' 
can populations, large Pr0 g 
(PG-L) and small proteoglycJ  tH*
(PG-Sm). The antibodies used\* m 1 PfOIpresent study were directe ^

■t»
sclera, tendon, cartilage
PG-L and PG-Sm from sclera^

are known to form large -- rê
The aggJ.aP0CJwith hyaluronic acid- . 

have an unique water bindi® $e
and play an important role f°f_

PG'consistency of the tissue- 
a different role. Several
have shown a very close rela  ̂
to the collagen fibres (Sc® „  fi'?r
1981) and a decisive role 
logenesis (Lowther et aly iy 
PprimvRiiim cnntained prOteO ig

fjP

Perimysium contained P
which may play an important^ ̂ d, role.
the quality of meat. Any S^ e gf °U 
postmortem degradation of ^  
substance should therefore of e 
restricted to the hexosa®1 ^  y i ̂ 
glycosaminoglycan contents ^
past but include the totatjiep n° $  
glycan population. Until g pr°c 
elusions can be drawn on 
of meat tenderization P°s
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Figure 1.
Distribution of uronic acid and 
protein in the gradients (Dl, D2, D3 
and D4) harvested after ultracentri
fugation in CsCl.

X  Û O
1 T T

D 1

D 2

G A G
std

D 3

D 4

Figure 2.
Electrophoretic patterns obtained by 
cellulose acetate electrophoresis of 
protease treated samples from Dl, D2,
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G A G
G A G

n i

D 1 AC
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Figure 3> in̂ 14
Electrophoretic patterns .&es^¡(p 
...................-ABC d] f „ e 0 ^ Jafter chondroitinase

A C  d i « 6: V(a) and chondroitinase ^
(b) of protease treated s 
Dl, D2, D3 and d4, and 
mixture.

;e
íê
gtd'
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___ I--- 1----------- 1-------i tl nr nr
* EFFLUENT VOLUME (ml)

^  mi piaSram of D1 run on a Sepharose C1-4B column. The eluate was collected 
t-rac^^ons and monitored for protein at 280 nm (solid line) and uronic 

at0 ̂  f53o nm (dotted line). The uronic acid containing samples were pooled 
Actions, I, II, III and IV as illustrated.

*
in

n
t Figure 5a.

Electrophoretic patterns of protease 
treated samples of I, II, III and IV 
on cellulose acetate sheets.
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A b s .
HA DS C4S

Figure 5b.
Densitometric scan of the cellulose 
acetate sheets illustrated in 5a.
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