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Studies on collagen metabo l i sm wi th  xsO as a t r a c e r  

In tile s tudy of collagen metabolism, the process of incorporation of [z4C]glycine and 
[14C]proline has been followed by several workers, and it was suggested tha t  collagen 
soluble in neutral  salt solutions was the precursor of insoluble collagen 1-3. However,  
it is difficult to obtain pure collagen preparat ion and to avoid contaminat ion of other  
proteins which might incorporate these amino acids more rapidly than  does collagen. 
Recently, we found tha t  the hydroxyl  group of hydroxyproline in : ollagen is derived 
from atmospheric oxygen*. Since hydroxyproline is a characterist ic component  of 
collagen, mO incorporated from air into hydroxyproline may  be used as a good t racer  
for the s tudy of collagen metabolism. The present communicat ion describes the results 
of mO incorporation from air into hydroxyprol ine of various fractions in chick embryo. 

The incubation of chick embryos in z80-enriched air was performed in two ways. 
In Expt.  I in Table I, incubat ion was carried out as described in a previous paper*. 
Ten 13-day-old eggs and a balloon (z 1) filled with 1sO-enriched 0 2 (4-5 a t o m %  excess) 
were placed in a vessel, 9.3 1 in volume. The vessel was flushed with  N ,  for z rain 
and the balloon broken with  a needle puncture  through a rubber  stopper. The vessel 
was incubated for 2o h at  37 °. After incubation,  embryos were collected, chilled 
immediately,  and  stored a t  - -2o  °. 50 embryos from 5 separate  incubat ions were 
combined and  used for the fractionation.  In Expt .  z in Table I, 25 eggs x3 days old 
were placed in a vessel (9.3 ~) in which a NaOH solution (to %, 0.4 1) was also placed. 
A reservoir filled with  1sO-enriched O,  (7 1 of 3.8 a t o m %  excess) and  equipped with 
a device to supply the gas at  a constant  pressure of z a rm was connected to the vessel. 
The vessel was incubated at  37 ° for 17 h and 50 embryos obtained from two incu- 
bations were subjected to fractionation. 

The collected embryos were homogenized with  500 ml of water,  the homogenate 
centrifuged at  29-500 × g for 30 rain, and  the precipi tate  was washed wi th  water  
(xoo ml). The superna tan t  and the washings were combined and deproteinized by 
adding trichloroacetic acid (36 g). After centrifugation, the superna tan t  was ext rac ted  
three times with ether  (each 5o nil) to remove trichloroacetic acid and passed through 
an Amberli te IR. igo column (H+ form, 6 cm ~ × xo cm) to adsorb amino acids. The 
free amino acid fraction was obtained by eluting the column with 2 N NH4OH and 
evaporat ing it under  reduced pressure. The precipitate from the homogenate was 
~uspended in 8o0 ml cold o.2 M NaCI solution (pH 7.4), st irred for 16 h at 4 °, and 
centrifuged at 29. 5oo × g for 30 rain. The extract ion was repeated 3 times. To the 
superna tan t  solution t h t u  obtained, 4 voI. of ethanol  were added and centrifuged. 
The precipitate was dried i n  vacuo and hydrolyzed with zoo ml of 6 N HCI by refluxing 
for 24 h and evapora ted  to dryness under  reduced pressure. This was used as the 
fraction soluble in neutral  salts. The residue from the saline extraction,  which was 
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Expt. r Expt. 2 

I n c u b a t i o n  t i m e  (h) 2o t7  
~sO a b u n d a n c e  in a i r  B e f o r e  i n c u b a t i o n  3--" 

( a t o m ° o  excess)  A f t e r  i n c u b a t i o n  2. 3 (a) 3.~ 
A v e r a g e  (a) -,. 75 

F r a c t i o n  mg h y p r o  isolated z~O ahumlange  i~t OI-I- 
g r o u p  ( a t o m " o  ¢.rccss) d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

mg  h y p r o  isolated I~O a b u n d a n c e  in O H -  
g r o u p  (atom?i ,  ,'xcess) 

F r e e  I i .  4 0 .538  6.8  
N e u t r a l - s a l t - s o l u b l e  9. I I.O 4 4 .6  
I n s o l u b l e  I54 Ib) o. 73 ° I6o  

o g i n c o r p o r a t i o n  of  a t m o s p h e r i c  
o x y g e n  i n t o  O H - g r o u p  of  n e w l y  
s y n t h e s i z e d  h y d r o x y p r o l i n e  

* b l a  

0 .4  × 2 o h / z  4 h  

"*  b / a  

"< I o o .  

0. 4 x 17 hlz  4 h 

o .604  
t . t 5  

(b) I.o,,  

80 * 93 " ° 

x i oo ,  w h e r e  0. 4 is t h e  f r ac t io I t  s y n t h e s i z e d  in  t h e  l a s t  24 h of  i n c u b a t i ~ m .  

defined as t he  insoluble f ract ion,  was  hyd ro lyzed  b y  ref luxing wi th  600 ml 6 N HC1 
for z4 h a n d  e v a p o r a t e d  to dryness  u n d e r  reduced  pressure .  

H y d r o x y p r o l i n e  was  isola ted  f rom each f ract ion as descr ibed in the  prev ious  
pape r  4. The  p r e p a r a t i o n s  were conf i rmed to  be pure  hyd roxypro l ine  by  thei r  infrared-  
abso rp t ion  spect ra .  

~O a b u n d a n c e  was d e t e r m i n e d  by  a mass  spec t romete r ,  model  M-6o, Process 
a n d  I n s t r u m e n t  (Brooklyn,  New York ,  U.S.A.),  according to  the  m e t h o d  of RITVEX- 
B E R G  AND P O N T I C O R V O  5. 

In  the  p rev ious  p a p e r  ~ it  was r epor t ed  t h a t  a t  least  40 -6o  % of the  hydroxy l  
g roup  of hyd roxypro l i ne  was  der ived  f rom a tmospher i c  oxygen.  The  m e t h o d  used 
in E x p t .  2 seems to be more  effective in avo id ing  the  c o n t a m i n a t i o n  wi th  n a t u r a l  air. 
A s s u m i n g  t h a t  the  f ract ion of hyd roxypro l ine  newly syn thes ized  dur ing  the  last 24 h 
of i n c u b a t i o n  was  40 % (ref. 4), it was e s t i m a t e d  t h a t  as m u c h  as 93 % of the  oxygen  
a t o m s  of h y d r o x y l  g roup  of newly syn thes ized  hyd roxypro l i ne  was de r ived  from 
a t m o s p h e r i c  oxygen.  In  Exp t .  I ,  when the  correct ion for c o n t a m i n a t i o n  was  m a d e  
b y  us ing the  ave rage  va lues  of ~sO a b u n d a n c e  in the  gas phase  before and  af ter  the  
i ncuba t ion ,  i t  was also found  t h a t  8o O/,o of the  oxygen  a toms  of the  h y d r o x y l  g roup  
was de r ived  f rom air. These  resul ts  confirm those  in the  p rev ious  pape r  4 a n d  suggest  
t h a t  tlte h y d r o x y l a t i o n  of prol ine is ca ta lyzed  exclusively  by  some oxygenase .  

The  resul ts  of analys is  of 180 a b u n d a n c e  in hyd roxyp ro l i ne  of the  f ree  amino  
acid f ract ion,  neut ra l -sa l t - so luble  f rac t ion and  the  insoluble  f ract ion are  shown in 
"Fable i.  lsO a b u n d a n c e  in hyd roxyp ro i i ne  in the  neut ra l -sa l t - so luble  f ract ion was 
found  to  be h igher  t h a n  those  ill t he  o the r  two  fract ions.  T h e  resul ts  agree wizh the  
o b s e r v a t i o n  w i t h  [ t ~ C ~ a m i n o  a c i d s ,  w h i c h  s u g g e s t e d  t h a t  n e u t r a l - s a l t - s o l u b l e  c o l I a g e n  

w a s  t h e  p r e c u r s o r  o f  i n s o l u b l e  c o l l a g e n  x-~. I n  t h e  I 3 - d a y - o l d  c h i c k  e m b r y o s ,  t h e  
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fraction of hydroxyprol ine  synthesized during the  last  2 4 h of incubat ion  was about  
4o %. The amount  of hydroxyprol ine  in the neutral-sal t-soluble fraction was less t h a n  

o, of the to ta l  hydroxyprol ine.  Therefore,  if the neutral-sal t-soluble collagen is IO ,"o 
a precursor of collagen and the tu rnover  ra tes  of collagen in various organs in chick 
embryo are the  same, all the  neutral-sal t-soluble collagen would be expected to be 
synthesized de novo during tlle incubat ion  period. In  other  words, the 1sO abundance  
in the  hydroxyl  group of hydroxyprol ine  of the fraction would be the same as tha t  
of a tmospher ic  oxygen. In fact, however,  tile 1sO abundance  observed was much less 
t han  t ha t  expected, indicat ing tha t  not all the soluble collagen was newly synthesized 
during the exper imenta l  period. The following possibilities may  be considered to 
account  for the  exper imenta l  results. (I) The 0.2 M NaCI ex t rac t s  might  have con- 
rained some other  hydroxyprol ine-conta in ing fractions besides the real  precursor.  
(2) The soluble fraction might  not  be a precursor  of the insoluble fraction. (3) The 
tu "hover ra tes  of collagen in various organs might  not  be the same. 

Among these,  the  first possibili ty seems to be the  most  prc bable. If this  may  
be assumed to be the  only cause, it is es t imated  from the  lsO abundance  observed 
tha t  about  IO ",(, of hydroxyprol ine  in this  fraction would have  been present  in the 
real precursor of collagen. Before the problem is e lucidated more in detml, however,  
improvements  of the method  of f ract ionat ion of "soluble collagen" are desirable. 

Chick embryo has been known to conta in  a considerable a m o u n t  of hydroxy-  
proline in free form as compared wi th  other  an imal  tissues. I t  has  been shown by 
several workers tha t ,  in the  synthes is  of collagen, p r o l i n e ~ a n d  not  hydroxyprol ine  
as s u c h - - i s  incorporated  to be subsequent ly  oxidized to hydroxyprol ine  3,e-s. The 
sugge:4tion made  by ~IlTOMA et al. 9 t h a t  at  least a par t  of the hydroxypro l ine  found 
in collagen in chick embryos  might  have  been derived from free hydroxyprol ine  was 
denied recent ly  by PROCKOP et al. t° based on the results of the i r  exper iments  wi th  14C. 
Our observat ion t h a t  the  1sO abundance  in free hydroxyprol ine  was less t h a n  tha t  
in pept ide-bound hydroxyprol ine  also leads us to the  conclusion t h a t  the  hydroxy-  
proiine exist ing in the  collagen molecule is not  derived from the  free hydroxyprol ine .  
The  free hydroxyprol ine  found in chick embryos is most  probably  a degradat ion  
product  of the  collagen molecule. 
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