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Age Factor in the Maturation of Collagen. 
Intramolecular Linkages in Mildly Denatured 

Collagen 1 

zie nwas t r ied a t  p H  10. I t  is no t  surpris ing t h a t  the  var ia -  
t ion  of p H  changed  the  e lec t rophore t ic  pa t t e rn ,  and 
hydraz ine  caused a fur ther  b lurr ing of t he  bands.  

The  re la t ive  a m o u n t  of soluble collagen decreases in the  
tissues wi th  advanc ing  age 2, bu t  no th ing  is known abou t  
the even tua l  qua l i t a t ive  changes in its composi t ion,  e.g. in 
the  rat io  of cross-linked fl-units to  s ingle-chain ¢¢-units. We  
have  evidence t h a t  the  in te rmolecu la r  cross-l inking in- 
creases wi th  age in skin s. This  repor t  describes informa-  
t ion on the  'subunit'-pattern, and consequen t ly  on the  
in t ramolecu la r  cross-l inking of collagen. 

The  ages of  the  ra ts  of Wis ta r  s t ra in  were known to the  
accu lacy  of a few days.  F r o m  the  ta i l  t endon  fibres the  
samples were prepared  by  ex t rac t ion  for 30 min  a t  
+ 4 0 ° C  in p H  4.5, 0 .01M ace ta te  buffer  (100-fold v/w).  
The  suspension was centr i fuged a t  16000 rpm and the  
supe rna t an t  was used for the  e lec t rophore t ic  analyses. 
This  mate r ia l  is no t  ident ica l  wi th  dena tu red  soluble col- 
lagen, ob ta ined  by  hea t ing  soluble collagens. I n  t he  
present  condi t ions  v e r y  l i t t le  is ex t r ac t ed  into  solut ion 
wi thou t  heat ing.  The  dissolved por t ion  was abou t  20-30% 
of the  whole mater ia l ,  decreasing wi th  age. The  ra t io  of 
n i t rogen  to hydroxypro l ine  was r a the r  cons tan t  in all t he  
final  samples  f rom rats  of 6 weeks to  24 months .  

The  corresponding skin ex t rac t s  conta ined  m u c h  more 
non-col lagenous mater ia l .  By  a chance observa t ion  it  was 
found t h a t  even  the  dena tu red  soluble collagen was pre- 
c ip i ta ted  by  sod ium chloride in the  f inal  concen t ra t ion  of 
15%, w/v  4. F o r  the  pur i f ica t ion of the  skin mater ia l  th is  
p rec ip i ta t ion  was sat isfactory.  

The  e lec t rophore t ic  m e t h o d  has been described sepa- 
ra te ly  ~. The  results  are col lected in Figures  I and 2. I t  is 
observed t h a t  in t he  tai l  t endon  fibres the  co-units decrease 
in the  re la t ive  favour  of fl-units, especial ly  of t?l- I n  addi -  
t ion,  there  appears  a large, poor ly  defined,  lagging frac- 
t ion of unknown composit ion.  In  the  skin p repara t ions  
t he  changes are similar,  a l though less marked .  I t  is known 
also f rom the  mechanica l  analysis of cross-links s, t h a t  
there  is a difference be tween  the  ra t  skin  and ta i l  t endon  
collagen. I t  remains  to  be inves t iga ted  whe ther  t he  age 
effects depend  on decreased synthesis  of new =-units, on  
a real  change in t he  equi l ibr ium be tween  e- and fl-units, 
or  on d i f ferent  ra tes  of fo rmat ion  of the  s ingle-chained 
e-uni ts  f rom larger  aggregates  on heat ing.  

P re l imina ry  exper iments  were t r ied  to  int luence the  
' subun i t ' -pa t t e rn  in vitro. Incuba t ion  wi th  homogenized  
granula t ion  t issue was unsuccessful,  as was also t r e a t m e n t  
wi th  hyd roxy l amine  6 a t  p H  7. The  t r e a t m e n t  wi th  hydra -  
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Fig. 2. Densitometric tracings of starch gel electrophoretic patterns 
of mildly denatured collagen samples from the skins of rats of 

indicated ages. 

Zusammenfassung. I n  den E x t r a k t e n  von  Schwanz-  
sehnen der  R a t t e n  (30 min  in Na t r iumace ta tpu f fe r ,  p H  
4,5, auf  + 4 0 ° C  erw~rmt)  v e r m e h r e n  sich mi t  zunehmen-  
dem Alter  die e lek t rophore t i sch  ge t renn ten  f l -Kompo- 
nen ten  auf  Kos ten  der  a -Komponen ten .  
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Fig. 1. Starch gel electrophoretic patterns of mildly denatured colla- 
gen samples from the tail tendon fibres of rats of indicated ages. 
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