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Changes in Proline and Hydroxyproline 
in Collagens during the D e v e l o p m e n t  o f  Rats 

Tab. I. Changes in proline and hydroxyproline content in collagen 
from lungs during the ageing of rats. Collagen was isolated by the 

metI~od of LOWRY et aL 9 

I n  1950 NEUYlAN a n d  LOGAN 1 p r o v e d  t h a t  t h e  a m o u n t  
of h y d r o x y p r o l i n e  in col lagen p ro t e in s  i so la ted  f rom 
d i f f e ren t  m a m m a l s ,  as  wel l  as  f r o m  a v i a n  t issues,  is  t h e  
s a m e  a n d  reaches  13.4 4 - 0 . 2 4  w e i g h t % .  T h e i r  s imi la r  
a m i n o  ac id  compos i t i on  was  f u r t h e r  e s t ab l i s hed  w i t h  t h e  
a id  of de t a i l ed  a m i n o  acid  ana lys i s  of d i f f e ren t  col lagens  
so luble  in  acid,  n e u t r a l  o r  a lka l i  m e d i u m  a n d  inso lub le  
col lagen.  T h e  r a t i o  of p ro l ine  to  h y d r o x y p r o l i n e  va r i e s  
b e t w e e n  1.5 a n d  1.1~-% T h e  m a j o r i t y  of t he  ana lyses  
m e n t i o n e d  were  done  on  c o l l a g e n s  i so la ted  f r o m  a d u l t  
an ima l s .  Neve r the l e s s ,  BOUCEK e t  al.  ~ d id  n o t  show 
changes  in  h y d r o x y p r o l i n e  c o n c e n t r a t i o n  in  col lagen 
i so la ted  f rom subcu t i s  of 1-70 yea r s  old men,  100 d a y s  
a f t e r  t h e  i m p l a n t a t i o n  of p o l y v i n y l  sponge.  MITOMA e t  al. s 
f o u n d  t h a t  ge la t ine  p r e p a r e d  acco rd ing  t o  LOWRY e t  al. 9 
f rom ch ick  e m b r y o s  or  f rom c a r r a g e e n a n  g r a n u l o m a  f rom 
subcu t i s  of g u i n e a  pigs, c o n t a i n s  pro l ine  a n d  h y d r o x y -  
p ro l ine  in  c o n c e n t r a t i o n s  t y p i c a l  for c o m m e r c i a l  ge la t ine .  

I n  1956 CHVAPIL 10,11 f o u n d  t h a t ,  i n  co l lagen  e x t r a c t e d  
b y  r e p e a t e d  e x t r a c t i o n  of l u n g  t i ssue  h o m o g e n a t e  b y  di- 
l u t ed  a lka l i  z, t h e  a m o u n t  of h y d r o x y p r o l i n e  s ign i f i can t ly  
inc reased  d u r i n g  t h e  age ing  of r a t s :  co l lagen I t e m  2-18  
d a y s  old  r a t s  a m o u n t e d  a p p r o x i m a t e l y  to  6 %  of h y d r o x y -  
pro l ine  whereas  in  col lagen f rom a d u l t  r a t s  a b o u t  1 3 - 1 4 %  
of h y d r o x y p r o l i n e  was  found .  

F ina l ly ,  acco rd ing  to  HALL a n d  I~-EED 1~, t h e  a m o u n t  of 
h y d r o x y p r o l i n e  in col lagen f r o m  sk in  of peop le  f r o m  7 to  
89 years  is r e l a t i ve ly  s tab i le  w i t h  a r a t h e r  dec reas ing  t r e n d  
in  t h e  course  o I ageing.  

I n  t h i s  c o m m u n i c a t i o n ,  we s u m m a r i s e  ou r  e x p e r i m e n t a l  
proofs  t h a t  in  col lagens  p r e p a r e d  b y  t w o  d i f f e ren t  chemi -  
cal  p rocedures ,  as  well  as  in  non-modi f i ed ,  n a t i v e  col lagen 
f rom r a t  t a i l  t e n d o n ,  t h e  a m o u n t  of h y d r o x y p r o l i n e  in-  
c reases  espec ia l ly  in  t h e  ea r ly  p o s t n a t a l  pe r i od ;  t h e  
c o n t e n t  of p ro l ine  does  n o t  change .  

W e  i so la ted  col lagen p ro t e in s  f rom lungs  of six age 
g roups  of r a t s :  4, 9, 14, 30, 40, 60 a n d  240 days  old:  

1. b y  t h e  m e t h o d  of LowRY, GILLIGAN a n d  KATERSKY g. 
Us ing  d i lu t e  a lka l i  e x t r a c t i o n  (0.1 N - N a O H )  so t h a t  all 
a lka l i  non-co l l agen  p r o t e i n s  are  r e m o v e d  a n d  t h e  sclero- 
p ro t e in s  ( insoluble  col lagen a n d  elas t in)  r e m a i n .  

2. B y  t h e  e x t r a c t i o n  of l u n g  h o m o g e n a t e  w i t h  bo i l ing  
0.3 M t r i ch lo race t i c  acid,  a cco rd ing  to  FITCh, HARKNESS, 
a n d  HARRNESS la, we o b t a i n  all  t i ssue  col lagens.  I n  
h y d r o l y s e d  s amp le s  of co l lagen (6 N-HC1, 140°C, 3 h) ,  we 
d e t e r m i n e d  h y d r o x y p r o l i n e  14, p ro l ine  15, a n d  n i t r o g e n  ~e. 
I n  s amp le s  of sc le ropro te ins  we d e t e r m i n e d  t h e  c o n t e n t  of 
e l a s t i n  us ing  t h e  or ig ina l  p r o c e d u r e  o;f LOWRY et  al. 9. 

The  r e su l t s  of p ro l ine  a n d  h y d r o x y p r o l i n e  d e t e r m i n a t i o n  
expres sed  in  w e i g h t %  of  co l lagen  or  in  % oI p r o t e i n  
n i t r o g e n  (Tab.  I) show t h a t  t h e  c o n c e n t r a t i o n  of p ro l ine  in  
inso lub le  col lagen r e m a i n s  t h e  s ame  d u r i n g  age ing  of ra ts ,  
w h e r e a s  t h e  c o n c e n t r a t i o n  of h y d r o x y p r o l i n e  g r a d u a l l y  
i nc r ea se s . .Fo r  i n s t a n c e  inso lub le  col lagen f rom 4 d a y s  old 
r a t s  a m o u n t s  to  one  t h i r d  of h y d r o x y p r o l i n e  c o n t e n t  of 
col lagen f rom a d u l t  an ima l s .  T h e  ra t io  p r o l i n e - h y d r o x y -  
p ro l ine  is g r a d u a l l y  dec reas ing  f rom 3 : 1  to  m a g n i t u d e s  
p r e s e n t e d  in  l i t e r a t u r e  for  m a t u r e  col lagens  (1.1-1.6).  T h a t  
m e a n s  t h a t  d u r i n g  30 days  of p o s t n a t a l  pe r iod  in ra ts ,  t h e  
col lagens  m a t u r e  in to  a s t r u c t u r e  iden t i ca l  w i t h  col lagens  
of a d u l t  a n i m a l s  as  f a r  as  t h e  c o n t e n t  of  i m i n o  acids  is 
conce rned .  

T h e r e  is no  d o u b t  t h a t  e x t r a c t i o n  of col lagen b y  d i lu te  
a lka l i  a t t a c k s  i t s  s t ruc tu re .  GROSS ~7 p r o v e d  t h a t  t h e  
c rys t a l l i ne  u l t r a - s t r u c t u r e ,  t y p i c a l  for  col lagen,  is r ep laced  
b y  a m o r p h o u s  p a t t e r n s .  F u r t h e r ,  i t  is well  k n o w n  t h a t  t h e  

Amino acid 

g/100 g Proline/ 
Ageofrats of collagen 
(in days) Hydroxy- 

Proline Hydr- proline 
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13.5 8.7 
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12.4 11.8 

4 
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2.9 
2.1 
2.1 
1.5 
1.7 
1.05 
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gfl00 g N 
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oxy- 
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11.4 3.8 
9.8 4.3 

11.6 4.9 
10.9 7.5 
10.2 7.2 

Proline[ 
Hydroxy- 

proline 

3,0 
2,3 
2.3 
1.4 
1.4 

Tab. II, Proline and hydroxyproline content ill chemically non- 
modified collagen fibres from rat tail tendon in 12 days old and 

adult rats 

Sample 

Collagen from ra t  tail 
t endon  12 days old 
Collagen from lungs of 
12 days old rats  
isolated by  LOWRY 
et al. ~ 
Collagen from ra t  tail 
tendon 250 days old. 
Gelatine D G F 

% N  

17.0 

14.2 

Amino acid Amino acid 
g]100 g g]100 g N 

of protein of protein 

Proline Hydr- Proline Hydr- 
oxy- oxy- 

..... ] proline proline 

18.6 

18.4 

18.5 

18.8 

18.8 

7.6 11.0 5.7 

6.9 7.8 5.0 

10.9 - - 

13.2 10.1 7.1 
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proportion of soluble collagens in collagen fibre decreases 
during ageing ~8. This leads to the presumption of the 
splitt ing of a soluble collagen containing a higher con- 
centration of hydroxyproline than  the remaining insoluble 
collagen. HALL ~ actually reports tha t  alkali soluble col- 
lagen from hide powder contains in a particular fraction 
an extremely high concentration of hydroxyproline (till 38 
weight%). But  this is in contradiction with the above- 
mentioned analysis of soluble collagens l-~. 

To elucidate this discrepancy, we extracted all collagens 
from lung tissue using hot trichloracetic acid and the con- 
centration of proline, and hydroxyproline was referred to 
the amount  of nitrogen in extract. We found that, in lung 
extracts from various age groups of rats, the proline con- 
centration does not  change whereas the concentration of 
hydroxyproline is more than  double during ageing: pro- 
line-hydroxyproline ratio amounts in collagens from 9 
days old rats to 4.3 ; in 14 days old rats to 3.7 ; 30 days old 
rats to 3.0; 40 days old rats to 2.1 ; 60 days old rats to 1.6. 

This increase in hydroxyproline concentration in col- 
lagen during ageing is not  inherent to collagens extracted 
from organs only bu t  to all forms of collagens in maturing 
rats. In  Table I I  we present the results of analysis of 
chemically non-modified collagen fibers prepared mechan- 
ically from tail tendon of newborn and adult  rats. In  very 
young rats, the collagen fibre contains significantly less 
hydroxyproline than in collagen fibre from adult  animals. 

The concentration of proline was the same in different 
samples, ~ t h o u t  regard to the age of the animals. 

~Ve suppose, therefore, tha t  in early stages of develop- 
ment  of rats the non-mature  collagen is formed by  a 
different aminoacid composition than  is found in matured 
collagen. I t  is not  yet  clear how the maturat ion is realized, 
namely by which means the increase of hydroxyproline in 
collagen molecule occurs. I t  is worth mentioning that  in 
peptides containing hydroxyproline isolated from different 
animal  tissues ~0 we found similar changes in the ratio of 
proline to hydroxyproline. 

Zusammen/assung. Durch Bestimmung des Prolin- und 
Hydroxyprolingehaltes in unl6sbarem Koltagen und in 
den gesamten Kollagenen der Lunge yon Rat ten  verschi~- 
denen Alters wurde bewiesen, dass in der friihen post- 
natalen Epoche der Rat te  ibis zu 30 Tagen) die Menge des 
Hydr0xyprolins im Kollagen eindeutig steigt, wiihrend 
sich die Menge des Prolins praktisch nicht Andert. 
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T h e  R e l a t i o n  b e t w e e n  s o m e  S e r u m  a n d  L i v e r  P r o -  

t e i n s  i n  R a t s  S t u d i e d  b y  I m m u n o e l e c t r o p h o r e s i s  

a n d  b y  O u c h t e r l o n y ' s  D o u b l e  D i f f u s i o n  M e t h o d  

We investigated the relation between liver and serum 
proteins in rats both by immunoelectrophoresis x,~ and by 
the double diffusion method in agar 3 with the technique 
of transferring agar discs with the isolated fractions 4. 

The experiments were carried out with serum, liver 
homogenate and extracts from livers washed in situ from 
adult  white rats. The extract marked R was obtained by 
centrifuging 30% of the homogenate of washed rat  livers 
in a phosphate buffer'(0.1 m pH 7.5) in a cooled laboratory 
centrifuge a t  5000 g. Particles difficult to centrifuge were 
easily separated by the procedure quoted in one of our 
previous papers s after the addition of l[a of the total  
volume of a rivanol (2-etoxy-6, 9-diaminoacridin lactate) 
solution. After centrifugation, the rivanol present in the 
supernatant  was separated by absorption on active coal 
(Norit SX 30). The second extract analyzed, marked D, 
was obtained by centrifuging the 30% homogenate of 
washed rat  livers, with saline; particles difficult to centri- 
fuge were precipitated with the help of dextran-sulphate 
in the presence of calcium chloride. The method was 
analogous to tha t  used for the isolation of serum lipo- 
proteins according to BURSTm~ 6 Both extracts were di- 
alyzed and lyophilized. All the work was performed at  a 
temperature of 0-3 ° C. 

The antisera used were obtained by immunizing 4 
groups of rabbits for 5 weeks (each group consisting of 3-4 
rabbits) with the following antigens: rat  serum, 10% 
homogenate of washed rat  livers in saline, extracts R and 
D (the solution of both extracts contained about 7% 
proteins). 

The results of the immunoelectrophoretic analysis of the 
serum are given in the diagrams 1-4 (Fig.). On using 
specific antisera, we succeeded in  detecting up to t7 
precipitation lines. These fines were numbered with 
Arabic and Roman numerals. Arabic numerals were used 
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