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DIE VERTEILUNG VON MOLEKULARTEN VON KOLLAGEN IN DER MUSKULATUR UND DAS VERHALTNIS ZUR FLEISCHFASER

A.J. BAILEY
Die physischen Eigenschaften von Kollagen, ;
eine wichtige Rolle bei der Bestimmung der
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WTRUDUCTon

We
1nd2:ys1ca] properties of co]]age?1 both in the native and heat-denatured state, play an important role

Ermining the texture of meat(l).

R
%n;;l}aQEHOUS connective tissue within muscle has been histologically classified as the epimysium, the
the Us #m and the endomysium. The epimysium forms the outer sheath of the ngc]e, the perimysium encloses
b Cle bundles and the endomysium surrounds each individual muscle fibrel<).

8vj
tenogus StUdie? hﬂye demonstrated significant differences in the solubility between the intramuscular and
m“ec collagen 3, , and this has been correlated with the chemical and thermal stability of the inter-
g%eﬁc:; Cross-1inks present in the collagen of these two tissues 5). H?weéﬁr, the recent f;nding of
t1nu95(]}¥ distinct types of collagen in embryonic human{®» ) and bovine(8:9) skin, aortal( and other
g%eﬁc £ suggested that the change in the stability of the cross-links may be due to a change in the
‘ffere Ype of collagen present. We now report that there is indeed a distribution of the genetically

"t collagens throughout the muscle, and discuss their possible relationship to the texture of meat.
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%

n 5
0 le and epimysium were carefully dissected from psoas major, longissimus dorsi, and sternomandibularis
of A ;Om a two year old steer. The tissues were homogenized and washed in physiological saline

9
f thenm > PH 7.4). The perimysium was obtained by mild homogenization, using a Marsh-Snow b]ender(lz),
HN]°W' SCTG stripped of tendon and epimysium. The endomysium was prepared from single muscle cells
S?Sﬂb gdeSse;tion under a Leitz dissecting microscope. The individual myofibres were then immersed in
o1y, ~Schnieder solution, followed by water then 0.6M KI solution to remove the actomyosin. The residue
9€nous tissue was then suspended in physiological saline.
Reg
Uy
Th Lle cross-Tinks
® coy
m@vad}aQED fibres were reduced with tritiated sodium borohydride, hydrolysed in 6N hydrochloric acid, and

Oactive components separated and identified on an amino acid analyzer as previously descried(]é).
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Vary
?ThgeLOUs collagenous tissues were digested with pepsin at an enzyme substrate ratio of 10:1. The Type III
‘SMNaclwasvre-precipitated from the soluble co11agen solution at 1.5M NaC1 and the Type I collagen at

Using the technique of Chung and Miller(1®),
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- lamide ge electrophoresis
Q]e YS‘iS

ThchbphOf the re-precipitated collagens to confirm their identity as to type of collagen was achieved by, 4)
chnv Oresis, A flat-bed apparatus was employed using borate buffers at pH 8.5 as previously described' /.

8 . d
1%tr0 irs1oq of Type III¥ to o components was carried out by 1ncubatio?9w1§h mercaptoethano! prior to
Oresis, the resulting o(III) having a slower mobility than o(I){%s11).

RESULT
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w&?ﬁstog and epimysium of the muscles has been shown to consist almost entirely of Type I collagen. In’

%5mthe T € perimysium and endomysial collagens contained an high proportion of Type III collagen (20-30%)
Ng Ype I. More accurate estimates of the proportion of the two different collagens are currently

1 €rmined from the analysis of cyanogen bromide peptides.

the SNdomy « . S1a

%§£agemzzla1 collagen from the single myofibres was also shown to contain Types I and III in addition to

thy Ctaps membrane Type IV collagen known to be present from electron microscope studies! _Chemical
Sma]]zat10n of the Type IV collagen in endomysium has not yet been definitively established in view of
Quantities available.

in nﬁtu 1 A
Thsheere of the intermolecular cross-links similarly varied with the tissue. The major cross-link prese?%_
Tyn D"eseno~ and perimysial collagen was found to be the stable cross-link hydroxylysino-5-keto-norleucine 6)
%r?ll Ce of this cross-link accounts for the low-solubility of these collagens. The solubility of the

\/Qd

cig11a?en is probably further decreased by the presence of disulphide bonds in addition to the lysine-
Ss-links.
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The epimysial and tendon collagen were found to be sETg}ar and contain approximately equal proportions OfnS
the labile cross-link dehydrohydroxylysinonorleucine and the stable 'keto' cross-link. These collagé
are therefore more soluble in nondenaturing solvents and following thermal denaturation.

DISCUSSION
i
The variation in the nature of both the type of collagen and the stabilizing cross-links is clearly of mp?
ance in elucidating the role of collagen in the texture of meat. In the raw state these differences 1
properties will be minimal and the shear force values will be dependant on the total amount of c011§99” yme!
present. In contrast, following cooking and thermal denaturation of the collagen, the differences 1n t the
stability of the collagen and their cross-links becomes the controlling factor. Following denaturation
collagen becomes much weaker and elastic. If the collagen possesses thermally stable cross-links it 13
insoluble and has sufficient strength to maintain the binding together of the muscle bundles, whilst TU]e
contrast, if the bonds are thermally labile the collagen partially dissolves and possesses little tens!
strength. This difference in stability of the bonds is clearly demonstrated on cooking similar muscles
from a calf and an old cow. The collagen from the calf exudes from the meat and sets to a gel on COQ]‘"g}e
whilst the older muscle retains its denatured collagen within the muscle. This effect is due to an 1”C§am1e
in the proportion of thermally stable cross-1links wiEE 15 reasing age, following the conversion of the :
aldimine bond to an as yet unknown stable cross-Tink\?: . In addition, as the collagen shrinks durind cﬂw
denaturation a tension is generated which depends on the thermal stability of the cross-links. The col rﬂw
tension generated will be greatest in the endo- and perimysial collagens since they possess a higher prO%twe
of thermally stable cross-links. In this case, with a hiefer or steer, the difference depends on the r?nk
proportion of the labile aldimine and stable keto type cross-links. The role of the disulphide cross-11
in the Type III collagen is not yet clear. Similarly the properties of the Type IV collagen are not Yeus
understo??7 and again both disulphide and lysine-derived cross-links are also present in this non-fibro
collagen ). i
2o 0
During thermal contraction of the collagenous sheath, fluid is exuded, resulting in a tighter 1ntera?t1?n
the denatured myofilaments. The actomyosin filaments are the major proteins of muscle but possess !1ttheﬂ
tensile strength or resistance to shear in the native state. On thermal denaturation the increase 1N Se
force value will depend on the tension generated by the collagenous network which in turn depends on t il
proportion of stable cross-links. The greater the tension the greater the interaction of the denatufe] in
myosin complex due to fluid loss, resulting in closer hydrophobic and ionic interactions, and ultimate
an increase in toughness of the meat.
f

The morphological organization of the collagen fibres varies considerably at the three different 1eve15i;yﬂ”m
organization. The tendon and epimysium fibres tend to lie in parallel. The collagen fibrﬁé of the Pegomygum
are organized in lamina the direction of the fibre layers being at an angle to each other( ) The en
consists of the amorphous basement membrane collagen together with the fibrous Type I and III co1169?”‘te¢
The importance of these different orientations on the tension generated similarly remains to be elucidd

; 1t
Although the relative contribution of the various types of collagen has not yet been elucidated it 15 ;somﬁ
that these results give further confirmation to the proposal previously made that, in the absence of 2
post-mortem factors such as cold-shortening, the thermal stability of the intermolecular cross-1inks 0
collagen determines the ultimate toughness of meat. It is clear that an understanding of the naturé otuY&
these various collagens is crucial to a complete understanding of the collagen in relation to meat ex

1
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”Educa] €lution pattern of an acid hydrolysate of tritiatal NaB3H reduced native collagen. The location of the

W 4 n Cross-1inking amino acid is shown relative to the usual amino acidsa) pattern typical of epimysial

]y31nonon Collagen, b) pattern typical of endomysial collagen. Reduced components are DIOH-LNL (dihydroxy-
Oﬂeudne); and HHMD (Histidino-hydroxymerodesmosine).
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Fig.2

oty : of
Densitometric traces of SDS polyacrylamide-gel electrophoresis patterns of pepsin solubilized matemg1 fr
epimysial and endomysial collagen. a) Total digest of epimysial collagen. The pattern was unaltere ore-
following pre-incubation with 2% mercaptoethanol. b) Total digest of endomysial collagen. FoHowmganc
incubation with 2% mercaptoethanol the ¥1II components were converted to oIII, as shown by the appear
of the latter with a slower mobility than «1(I).
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