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l u ro rean  h e a t 'dorkers C cnfereace 

The Bnsymic Breakdown o f C o l le e n  

by D. J .  J th e r in g to n

/;

i<nen a e a t  i s  aged f o r  2—p weeks a t  low tem peratu re  i t  fcecor.es core  
te n d e r  on subsequent cooking . This r a th e r  slovr method o f invrovirw- the 
Q.uali. lv o ■ the menu Can ce Hastened. 07/  h o ld in g  a t  n ig h e r tem p era tu res  i f  t  *re 

i s  adequate c o n tro l  to  r e s t r i c t  th e  grovrth of m icro -o rgan ism s. The involvem ent 
o f  the  t i s s u e  p ro te in a se s  in  th e  improvement o f meat c u a l i ty  d u rin g  c o n d itio n in g  
has been re c o g n ise d  f o r  many y e a r s 1»2 . Iiuch i n t e r e s t  has b e e n 'd ire c te d  towards 

r —c te ix ^ in g  uiie cwu.r.ws tn a t  occur in  th e  m y o f ib r i l la r  and sa rco n "1 rsm-̂ c 
p ro te in s  w ith  ageing . These changes have been reviewed r e c e n t ly 2 , however, 
l i t t l e  a l t e r a t i o n  appears to  occur in  th e  c o lla g e n  o f the  i n t r a —m usc’l a r  
connec tive  t i s s u e  m atrix  and e a r ly  a ttem p ts  to  dem onstrate  th e  fo rm ation  o f 
so lu b le  h y d ro x y p ro lin eg in  th e  post-m ortem  m uscle proved n eg a tiv e^ » 2, lo re  
r e c e n c y  n e r r in g  e t  ad , have dem onstrated  a sm all bu t s ig n i f i c a n t  in c re a se  
in  th e  amount of c o lla g e n  th a t  can  be s o lu b i l iz e d  on h e a tin g  the  p u lv e r is e d  
muscle to  7 7 °C a f t e r  1 0 days o f c o n d itio n in g .

la  i s  aa.r iro s . c le a r  to  wnat e x te n t tne  increa.se  m  meat ten d e rn ess  
th a t  r e s u l t s  from ag e in g  can be a t t r i b u t e d  s p e c i f i c a l l y  to  enzymic fragm en ta tion  
oj. tne in s o l ab le , c ro s s —lin k e d  c o lla g e n  02 the  i n t r a —m uscular co n n ec tiv e  tissue*  
i f  i s  p o s s ib le  tn a t  a s ig n i f i c a n t  re d u c tio n  in  the  t e n s i l e  s t r e n g th  o f th e  ccH-A® 
i i b i i l s  c,f :.er cooking  w i l l  occur w ith  a l im ite d  number of s t r a t e g i c  n ev tid e  bond 
b reak ag es. These p o in ts  o f  weakness would p robab ly  n o t become m a n ife s t u n t i l  the 
c o lla g e n  a i o r i l s  had b^en h ea ted  to  above t n e i r  sh rin k a ce  te m re m tu re . The 
in d iv id u a l  u le m e n ts  would then  p u l l  a p a r t  r a th e r  th a n  c o n tra c t  to g e th e r .

sevens7 has shown th a t  in so lu b le  c o lla g e n  can be degraded in  such  a manner with 
C o l  t a in  d u c a e r ia l  enzymes. On subsequen t tre a tm e n t w ith  a c e t ic  a c id  a f in e  
d is p e r s io n  01 la rg e  polym ers i s  o b ta in e d , which can  be r e n r e c in i ta t e d  in to  
when n e u tr a l iz e d .  I f  c o n d itio n in g  o p e ra te s  in  a manner s im ila r  to  th a t  shown 
by S tev en s, th en  measurement o f  h e a t- s o lu b le  c o lla g e n  w i l l  in d ic a te  only fiiscre«* 
cmanges in  one i n t e g r i t y  of the  c o lla g e n  m atrix  and f o r  d e te rm in a tio n  o f  the 
sh rin k a g e  tem p era tu res  the  d if f e r e n c e s  would be im p e rc e p tib ly  sm a ll.

D i f f i c u l t i e s  in  s tu d y in g  the breakdown of c o lla g e n  i n  post-m ortem  t i £ 
nave been a d e te r r e n t  to d e ta i le d  in v e s t ig a t io n s  i n  re c e n t y e a r s .  A more 
r.opel u l  ao, roach  mi g a t be to  exam in e^g ro te in ases  invo lved  in  th e  m etabolism  01 
c o lla g e n  in  tne l iv in g  an im al, —ere  i t  i s  p o s s ib le  to  examine the  s p e c i f ic i ty  
o f  each p ro te in a se  in  vltw o and to  e x tra p o la te  i t s  a c t io n  to  the environm ent 
post-m ortem  m uscle.

The unique h e l i c a l  s t r u c tu r e  o f n a tiv e  c o lla g e n  i s  r e s i s t a n t  to 
p ro te o ly  cic d e g ra d a tio n  s in ce  when tne  in d iv id u a l m olecules a re  c ro r~ —lin k ed  
to g e th e r  in  the  f i b r i l  th en  the s t r u c tu r e  cannot be r e s d i lv  p e n e tra te d  by 
p r o te o ly t ic  enzymes. In  those t i s s u e s  th a t  a re  m etabo lic  a l l y  s ta b le  
the  c o lla g e n  i s  b roken  down and re s y n th e s is e d  a t  r e l a u v s i y  slow r a t e s .  Thus 
th e  h a l f - l i f e  o f muscle c o lla g e n  has been e s tim a te d  a t  50-60 days and f o r  terA-°G 
i t  exceeds 1 y e a r8 . In  t i s s u e s ,  which a re  s u b je c t to  a c t iv e  m h y s ic lo 'le a l

sues

changes o r  s t r u c tu r a l  a l t e r a t i o n s , p ro te o ly t ic  en 
n9. Some examples a re  shown in  Table 1 .o f  c o l l

cause the ra n id  d is s o i1iiO>

Table 1

P h y s io lo g ic a l changes which a re  accompanied by an e x ten s iv e  
breakdown oib c o lla g e n  (Taken from review  by G ross9)
1 . R eso rb tio n  o f th e  tad p o le  t a i l  a t  metamorphosis
2 . lo s t - p a r tu n  in v o lu t io n  o f the  u te ru s
3» Bone and gam changes w ith  to o th  e ru p tio n
4 . T issue rem o d e llin g  d u rin g  embryonic development
5. bound h e a lin g  fo llo w in g  traum a
6 . Abnormal breakdown a s s o c ia te d  w ith  c e r t a in  inflam m atory

d iseases e .g .  g in g iv i t i : rheum atoid a r t h r i i
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Tlie p ro té in a se s  which degrade c o lla g e n  have been much s tu d ie d  r e c e n t ly .
In  th ose  t i s s u e s  where a c t iv e  breakdown o f c o lla g e n  i s  o c c u rr in g  a  s p e c i f ic  
c o lla g én a se  has been shown to  e x i s t é  I t  can  on ly  be dem onstrated  d u rin g  th e  
p e rio d  o f a c t iv e  c o lla g e n  breakdown and i t  appears to  be r e a d i ly  in h ib i te d .
The c o lla g en a se  i s  s e c re te d  in to  the  e x t r a c e l lu l a r  space and nay o r ig in a te  from 
c e l l  lysosom es, hecen t ev idence has in d ic a te d  th a t  i t  i s  no rm ally  p re s e n t in  
human s k j . i i  e x tra e o s , out i s  in h ib i te d  by comolex fo im atio n  w ith  a s p e c i f ic  serum 
p r o te in 10. The c o llag en ase  w i l l  b reak  a l l  th re e  ch a in s  o f  th e  t r i ó l e  h e l ix  a t  a 
p r in c ip a l  lo cu s  th r e e -q u a r te r s  o f  the d is ta n c e  from the  c ro s s - l in k e d  end o f the  
m o lecu le .

In v e s t ig a t io n  o f the u te ru s  d u rin g  p o s t-p a rtu m  in v o lu tio n  has suggested  
th a t  t h i s  c o lla g e n a se , by i t s e l f ,  i s  unable to  cause the  t o t a l  s o lu b i l i z a t io n  o f 
Lae u te r in e  c o lla g e n , b u t tn a t  th e  f i b r i l s  a re  degraded to  d i s c r e te  fragm ents. 
These fragm ents a re  s u f f i c i e n t ly  sm all to  be in g e s te d  by the  macrophages th a t  
a re  abundant in  the  in v o lu tin g  u t e r u s '1 . The in g e s te d  p a r t i c le s  a re  th en  t o t a l l y  
degraded by th e  enzymes o f the  macrophage lysosom es to  sm all p e n tid e s  and amino 
a c id s .  This p roposed  mechanism f o r  a tw o-stage breakdown i s  b e lie v e d  to  o p era te  
g e n e ra l ly  fo r  th e  rem oval o f a l l  connective  t i s s u e  components .

The lysosom al p ro te in a s e s  a re  o p tim a lly  a c tiv e  under weakly a c id ic  
c o n d itio n s  and w ith in  each  d ig e s t iv e  v acuo le  an a c id  m icro-environm ent i s  
b e lie v e d  to  be generated^ • At d ea th , th e  t i s s u e s  become a c id  due to  an accornu— 
la t io n  o f l a c t i c  a c id , b u t the  lysosom al enzymes must d if f u s e  through th e  
c e l l u l a r  membranes i n  o rd e r to  come in to  c o n ta c t w ith  th e  connec tive  t i s s u e  c o l la  
■Ike im portance  of the  lysosom al p ro te in a s e s  in  the  a u to ly s is  o f t i s s u e  components 
g e n e ra lly  has been re c o g n ize d  fo r  many y e a r s 13.

Table 2
P r o te o ly t ic  enzymes found in ¿ lia n  lysosomes

Enzyme S u b s tra te
C ath ep sin  A P ep tid es
C ath ep sin  B1 P ro te in s  and pei
C a th ep sin  B2 P ep tid es
C ath ep sin  C P ep tid es
C athepsin  D P ro te in s
C ath ep sin  S P ro te in s
C o lla g e n o ly tic  c a th e p s in P ro te in s
A m inopeptidase P ep tid es
D ip ep tid ase P ep tid es
? C ollagenase C ollagen)

In  Table 2 are  l i s t e d  those p ro te in a s e s  and p e p tid a se s  th a t  have been 
shown to  e x i s t  in  mammalian lysosom es. Proa the known modes o f a c t io n  o f  th ese  
enzymes i t  i s  p o s s ib le  to  p re d ic t  what e f f e c t  they  may have upon c o lla g e n  in

post-m ortem  s i t u a t i o n .  The s t r u c tu r e  o f  n a tiv e  tro p o c o lla g e n  can be d iv id ed  
i-nto a h e l i c a l  reg io n , form ing the  body o f th e  m olecule and a n o n -h e lic a l  
" te lo p ep tid e . The h e l i c a l  re g io n  can be broken, by d e f in i t i o n ,  only by a t ru e  
c ° lla g e n a se  and a l l  o th e r  p ro te in a se s  a re  r e s t r i c t e d  in  t h e i r  a c t io n  to  th e  sm all 
te lo p e p tid e  reg io n  o f th e  m olecule0 .

The t ru e  c o llag en ase  has a lre a d y  been d e sc r ib e d , b u t t h i s  enzyme is  
fo rm ally  s t ro n g ly  in h ib i te d .  Furtherm ore i t  ap p ears  to  be in a c t iv e  a t  pH 5 .5 . 

a th e p s in  D has been shown to  have no m easurable e f f e c t  in  deg rad in g  a c id  so lu b leop

in e

J~ In so lu b le  c o lla g e n 1^ and in  th i s  la b o ra to ry  c a th e p s in  D is o la te d  from bovine 
° n g is s in u s  d o rs i  m uscle f a i lg d  to  remove th e  in tra m o le c u la r  c r o s s - l in k  f re r  "  
e l° p e p t id e  o f tro p o c o lla g e n  "A Hie i n a b i l i t y  o f c a th e p s in  D to  degrade the  
e lo p e r t id e  may r e f l e c t  a s t e r i c  h in d ran ce  to  the  enzyme r a th e r  than  a la c k  o f 

s u s c e p t ib le  bonds in  t h i s  re g io n  of th e  c o lla g e n  m o lecu le . The te lo p e r t id e s  r 
c o n ta in  s e v e ra l  hydrophobic re s id u e s , in c lu d in g  a s in g le  p h en y la lan y l r e s i d u e '0 , 
'"*icn in  o th e r  w ro te in s , a re  knbwn to  fo ra  new,tide bonds s e n s i t iv e  to  c leav ag e  *n
Dy c a th e u s in  D1 < . C a th ep sin  3 has a s p e c i f i c i t y  s im i la r  to  th a t  o f c a th e p s in  J '
buI  i t  hM■c has never been shown to  e x i s t  in  m uscle. C a th ep sin  E was c o n sid e red  f o r  
aany y e a rs  to  be a n e n tid a se  which co u ld  hydro lyse  the  s y n th e t ic  s u b s t r a te
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as been found th a tb-c:-benzcy 1 -L -a rg in ineam ide  (BAA). R ecen tly  i t  h' 
can be d is t in g u is h e d , B1 and E2, and which both  deam id*te 
5?y be £ t ru e  p e p tid a s e , bu t c a th e o s in  31 has been s h o u n t c ^ t ^ ^ f f ?  52 
th e  B -cnain  o f o x id ized  in s u l in  ana a t  more bonds th a n  ca+bp^ ^ udesrad
? '  d0“  ”».t - l u b i l i . e  in s o lu b le  c o U n ^ n ^ J  S  no t e S o a t i h
W M t r f l a 1°hanSB in  SOlUblG 0 0 l l r ^ -  Eo,:even7rom  ^ e c l ^ o i ^ i ^ o n l d
e L ^ ?  °aTO ^  b°ndS “  &‘e t e l »Pbptide i f  th e se  6K  ^

in  t i ; b ° f 0mal e i z ; " e , kn0lm t0  in s o lu b le  c o lla g e n 18 has b=»n s t - - s dm  our la b o ra to ry . This ‘c o l l a ^ n o l ^ t i c  „a. — 0f  . , 'n s —
c o lla g e n  o p tim a lly  a t  pH 3 .5 1e' . °  xje >ay„ f0 un^‘ t ' - t  ?*■ * " 1 t grGued X2solub- e .. .

-  S :  ^
t ro n o c o lla f-e r . This c - th e n s i n h-c, n -n - ' , If  ~ 0j- “be in d iv id u a l a ch a in s  o±, " t c a tn e n sm  has l i t t l e  s o lu b i l i z in g  e f f e c t  o- ,-r ~„ivVi.» nnYla'&
above ph 4 .5 .  I t  i s  n o t knoun „ te th e r  i t  can s t i l l  c 4 - l l ^ X o n
.ro p o o o lla sen  a t  pE 5 .5 . The lysosom al p e p tid a se s  mould L S a d e ’ ^ l y  h e
p ep tid e s  o b ta in e d  from d ig e s t io n  o f  the  c o lla g e n  by these  H o t e i n a s e s h "  '
4.. e f f e c t  01 the  t i s s u e  p ro te in a s e s  upon th e  in tra m u sc u la r  co n n ec tiv e
t i s s u e  d u rin g  post-m ortem  c o n d itio n in g  i s  sm all This o n n 9 c tlv e .
th e  l im i t  o f  breakdown to  be e x p e c t e d * * » S ¿ r o S l ^ e s  ^  L 2 f I T T

rt X;UCn i n t e r e s t  has baen g en era ted  in  the use o f added en su res  to  acce le ra te

« ! £ i :  th e  dAtif
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J-7Nh Luronean h e a t ..orkers1 Congvess

P ro are s s  in  tn e  study  01 co n n ec tiv e  t i s s u e s  and some 
in te r a c t io n s  w ith  muscle during  grow th.

S.M. P a r tr id g e

S ince th e  work ox N euberger and o th e rs  on th e  tu rn o v e r  o f c o lla g e n  in  
ei 6 _ 1950o i t  has become in c re a s in g ly  c le a r  th a t  th e  in s o lu b le  f ib ro u s  

enenus o f co n n ec tiv e  t i s s u e ,  c o lla g e n  and e l a s t i n ,  a re  s y n th e s is e d  by
s as so lu b le  p r o te in s ;  th e  m orpholog ica l s t a b i l i t y  and m etab o lic  i n e r t i a  

^ co n n ec tiv e  t i s s u e  s t r u c tu r e s  a re  owed to  the  in  s i t u  fo rm atio n  o f co v a len t 
o ro s s l in k a g e s . "

c D uring th e  l i n e a r  growth phase o f a young anim al th e  amount o f  so lu b le  
b-Uagen p re c u rso r  which can be e x tra c te d  from a t i s s u e  such as th e  sk in  can

te d 4-mf i he1na'C iC ally  t0  thS c o l l£ Sen grovrth r a t e  and th e  tim e ( l )  re c u rre d  
>jeT, t n ® e s ta b lish m e n t of a s u f f ic ie n t  number of in te rm o le c u la r  crosslinks "
¿ n L ^  an in s o lu b le  polym er. For e l a s t i n  T can be e s tim a te d

QeP e n a en tly  by th e  use o f i s o to p ic a l l y  l a b e l le d  ly s in e .

n x’ne gf ov't h  o f muscle £nd t h e co n nec tive  t i s s u e  system  ( in c lu d in g  bone)
The •Cri° Vm, 1:0 i n t e r a c t  b u t th e  c o n tro l mechanisms a re  la rg e ly  independen t. 
bonp1EpCT ':anCe 0: out-o f -p h a s e  d if f e r e n c e s  in  th e  developm ent o f muscle and 
to  L : °  tn e  v a s ib ls  coniorir‘a t io n  o f th e  anim al w i l l  be d isc u sse d  in  r e l a t io n  ' 
hara 1 a r e s e n “ sp a rse  knowledge o f f a c to r s  c o n t r o l l in g  developm ent o f th e  

" a and s o f t  s k e le to n s .
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