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S I ' M M  A I~ Y 

qlMe. i ~ , o r p o r a t i o n  of [I~CTglycine in to  the  s u b u n i t s  of skin col lagen was followed in 
mom~n~ a n d  lath3-ritic rats .  Labe l  a p p e a r s  first a n d  a t  the  same  ra t e  in the  p r i m a r y  
~ t m ~ s .  atr and  ,-2, a n d  la te r  in fix a n d  rio. This  is exp l a ined  by  the  fact t h a t  flI and  r 2  
am~. dieNved f rom a I  a n d  ~t2 by  i n t r a m o l e c u l a r  cross l inking.  In la thvr i :  ~c an ima l s  the  
fibtrmn~thm of Br a n d  fie is m a r k e d l y  r educed  t h o u g h  the  syn thes i s  of col lagen proceeds.  
qlTk_ ik  erefect is e~'ident long before the  a p p e a r a n c e  3f t he  gross  s3Tnptoms of l a t h v r i s m .  
qIIke-results are  cons i s ten t  wi th  the  .~aggestion t h a t  t he  lack of i n t r amo lecu l a r  cross- 
Nmt~at~i!ects t h e  i n t e g r i t y  of connec t ive  t i ssue  t h r o u g h  a loss of fibril s t ab i l i ty  res 'al t ing 
i~  tern-gross s y m p t o m s  cha rac t e r i s t i c  of la thx~ism. 

I N T R O D U C T I O N  

Ttke a d m i n i s t r a t i o n  of a n u m b e r  of s imple  c o m p o u n d s  such as f l -aminopropion i t r i l e  
1I~, g~rowing a n i m a l s  induces  the  cond i t ion  k n o w n  as l a t h y r i s m  which  is cha rac t e r i zed  

~ v a r i e t y  of connec t ive  t issue m a l f o r m a t i o n s  such as exostoses ,  he rn ias  a n d  
t , x ~ . ~  t c l i u u n . ~  a n d  a~e~-yvy.~s. A c c o m p a n y i n g  ' . . . . .  s3waptoms is a genera l  weaken in~  of . . . .  ~- - 

~ t s  a n d  an  inc reased  t issue f ragi l i ty  (see ref. I for recen t  b ib l iography) .  A 
~ i i a c r e a s e d  e x t r a c t a b i l i t y  of col lagen in cold n e u t r a l  sal t  solut ion has  been  found  
I~0 ~ ' q ~  AND GROSS * to  para l le l  th is  cond i t ion  in chick embryos .  T h e y  conc luded  
ttlt~tt IkLtffxyrogenic agen t s  affect in some undef ined  m a n n e r  t he  in te r rnolecular  aggrega -  
ttii~m ~_rain_ t h e  col lagen fibril. 

llCee, e n t  c h r o m a t o g r a p h i c  inves t iga t ions  2,a of t h e  i n t r a m o ! e c u l a r  s t r u c t u r e  of 
m~mm~eol l agen  h a v e  d e m o n s t r a t e d  t h a t  t h e  newly  fo rmed  collagen molecule  (neut ra l  
a a d l t t ~ e d )  is composed  of th ree  s u b u n i t s  of s imi lar  size r ep re sen t ing  a t  least  t w o  

( ' d ~ i g n a t e d  ax a n d  a2) which  differ in a m i n o  acid composi t ion .  Cold 0.5 M acet ic  
exlwa~ts an  o lder  col lagen wh ich  con ta ins  in  add i t i on  to  a i  a n d  az, two  la rger  

~ t m n t s  (des igna ted  flI a n d  fie) a p p a r e n t l y  f o r m e d  b y  a m a t u r a t i o n  process  in- 
t h e  f o r m a t i o n  of i n t r a m o l e c u l a r  c o v a l e n t  crossl inks,  fix is composed  of an  ~x 

~ ~ s u b u n i t  a n d  Be is composed  of two  a I  subun i t s .  In  c o n t r a s t  to  n o r m a l  col- 
F a t g e ~ , . ~ - e x t r a c t e d  col lagen f rom la thyr i t i c  an ima l s  has  been  found  to  con ta in  a v e r y  

~ i : m r t i o n  of /~x a n d  ~2 (see ref. 4)- i t  was  sugges t ed  t h a t  th is  r ep resen t s  a 

. _ ~ b b r e v i a t i o n  : _ ~ A P N ,  f l - a m i n o p r o p i o n i t r i l e .  
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molecular defect in the matura t ion  process and is related to the gross %m't~tma~oft 
lathyrism. 

The present report is concerned with a s tudy of the tormation of $1i~nn~ffrrm~ 
aI and ~2 by folle~ing the incorporation of [~C]glycine into tile subtmi~=s,lffmmlmI ~ 
and lathvrit ic collagen. The amino acid composition of lathyri t ic :c01tagan amtt its- 
subunits was also determined. A portion of these results have appeare&in;a~rdimimw~', 
report ~. 

EXPERIMENTAL 

Isotope in corporation experiments 

In Expt .  I (Table I), 40 rats (IOO g male Sprague-Dawley)  w e r e : ~ , m ~ a ~  
low protein diet 5 with and without  the intraperi toneal  inject ion o f - r o o . a n g ~ d f f ~  
per day. On the th i rd  day, IO control and Io BAPN-t rea ted  animak~eedi~t_--xS/#~ 
[2-1aC]glycine. These animals (acute toxicity group) were sacrificed ~r4.ihttmm~.TYi~ 
other animals were continue0 nn the diet with and without  BAPN for B~4d~_vs.(0h~ttie 
33rd day they received 25 IzC of [2-14C]glycine. These animals (chronic~o~-iidkl~.y~'nu]~) ~ 
were sacrificed 24 h later. 

In Expt .  2,18 (Ioog male Sprague-Dawley)  rats  were maintained, o n ~ r n ~  
diet for th i r ty  days with and without  the intraperitoneal injection~ o ~ f r r m 0 m ~ I ~ ~  
per day. On the 3oth day  all animals received 5o/~C/xoo g of [~-~C~_-~iI~. "l]Iie 
control animals weighed an average of 175 g and  the lathyri t ic  ~miimdls m~mnl~m[t 
I55 g at this time. Three normal  and 3 BAPN-injected animals were~tmt i f imda~ndh~ 
i,  3 and 7 following the [i-t4C] glycine administrat ion.  

In Expt .  I, collagen was extracted and  purified as d e s c r i b e d ~ . ~ 2 x ~  
was obtained from the coarsely ground skins by  a single ext rae t ion~f l~haxt l tm~aa 
tenfold excess (v/w) of o.5 M acetic acid at  5 o for 48 h. The c o l l a g e n - s d h i t i t l i m t l l ~ ~  
procedure was purified by al ternate  salt precipitation at  low p H  anti i! ~ "  "" 
precipitation-at neutral  pH (see ref. 3) and lyophilized from ace t icae i i t~dhr~ inmt t~ev  
a dry material.  Weighed amounts  of these samples were then taken.ff~ir~'oa~iixmib.~ 
in the ultracentrifuge, chromatography,  and amino acid analysis. 

Chroma'tography and 14C assay 

Collagen samples weighing about  5o mg were denatured at  4 0  ° : m ~ k l ~ i l t ~ t ~ . -  
graphed on CM-cellulose as describedZ, e. The radioact ivi ty  in e a c h : i o ~ : n i l c f - m ~ i ~ ~  
the column was assayed for 14C act iv i ty  by  plat ing and drying ~w!l  ~ omn~ 
1.25-in planchets containing a circle of lens paper and countingiin,aaowlamxtt~amm~ 
(I.6 counts/rain) gas flow counter. Each sample was counted f o r ~ o o ~ ¢ ~ 2 E ~ r n i i ~  
whichever came first. In some experiments,  fractions were takenfrom, , - the~ 
chromatographic peaks and protein was isolated by  gel-fi l tration 3. [him ~ ~ o i n e  
act ivi ty  in hydrolysates of the isolated subunits  was measured in the ,ef0tmmffromtt ie  
automat ic  amino acid analyzer with a scintillation flow counter 7. 

Amino acid analyses 

Samples of purified collagen or fractions isolated from t h e  , e ~ e  
effluents were hydrolyzed *.~th 6 N HC1 and analyzed as :prextiot~.3r ~ ~  
employing an automat ic  amino acid analyzer s . 

Biochi~. Biophys. Acre., ~ (  ~ )  ~ ~  
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S e d i m e n t a t i o n  ve loci ty  

D e n a t u r a t e d  co l lagen  wa s  e x a m i n e d  in a S p i n c o  Model  E u l t r a c e n t r i f u g e  e m -  
p l o y i n g  Sch l i e ren  op t i cs .  N a t i v e  co l l agens  were  d i s s o l v e d  b y  s t i r r i n g  o v e r n i g h t  in 
s o d i u m  f o r m a t e  bu f fe r  ( p H  3-75, I ~ o.15) a t  5 °. T h e y  were  d e n a t u r e d  b y  w a r m i n g  to  
4 ° j u s t  be fo re  b e i n g  p l a c e d  in t h e  cells. 

RESULTS 

As p r e v i o u s l y  r e p o r t e d  ~, s a m p l e s  of  d e n a t u r e d  sk in  co l l agen  f r o m  c h r o n i c a l l y  l a t h y r i t i c  
r a t s  (34 d a y s  B A P N )  w h e n  s e d i m e n t e d  in t h e  u l t r a c e n t r i f u g e  s h o w  a l a rge  p e a k  
c o r r e s p o n d i n g  to  ax - -  a2 a n d  o n l y  a s m a l l  p e a k  r e p r e s e n t i n g  t h e  h e a v i e r  c o m p o n e n t s  
fir ~ f12, wh i l e  n o r m a l  a c i d - e x t r a c t e d  co l l agen  c o n t a i n s  a b o u t  e q u a l  amount .~  of t h e  
t w o  w e i g h t  c lasses .  Co l l agen  f r o m  a c u t e l y  t o x i c  a n i m a l s  (4 d a y s  B A P N )  ha s  e s s e n t i a l l y  
a n o r m a l  p a t t e r n ,  a l t h o u g h  s o m e  i n c r e a s e  in ~ t  a n d  az m a y  be  i n d i c a t e d .  Fig.  x s h o w s  
u l t r a c e n t r i f u g e  p a t t e r n s  of  t y p i c a l  s a m p l e s  w h i c h  i l l u s t r a t e  t h e s e  r e su l t s .  T h e  i~ater- 
p r e t a t i o n  of  t h e  s e d i m e n t a t i o n  p a t t e r n s  is c o m p l i c a t e d  b y  t h e  fac t  t h a t  t h e  JorINSTO.~- 
OGSTO.X effect  ~ is p r o n o u n c e d  u n d e r  t h e s e  c o n d i t i o n s .  I n  n o r m a l ,  a c i d - e x t r a c t e d  
co l l agen ,  e ach  p e a k  a c t u a l l y  r e p r e s e n t s  a b o u t  ha l f  t h e  w e i g h t  of  t h e  s a m p l e  as d e t e r -  
m i n e d  f r o m  c h r o m a t o g r a p h i c  s t u d i e s  (see below) .  T h e  effect  i n c r e a s e s  wi th  i n c r e a s i n g  
p r o t e i n  c o n c e n t r a t i o n .  T h e r e f o r e ,  q u a n t i t a t i v e  r e s u l t s  a r e  m o r e  e a s i l y  o b t a i n e d  f r o m  
the  c h r o m a t o g r a m s .  

; . .  . . .  

• . . .  . 

: , : . . . , . . : .  

Fig. i. Sedimentation pat terns  of dena- 
tured, acid-extracted rat-skin collagen. 
Upper pat tern (wedge-window cell), o. 7 °'o 
collagen from chronically lathyri t ic  rats" 
middle pat tern  (standard cell'}, o.6 ~o 
collagen from normal rats" lower pat tern 
(separate experiment), o.7 $~ collagen 
from acutely lathyri t ic  rats. ~¢ = ~x + ~¢2, 
fl = fll  + f12. Sodium formate buffer 
(pH 3-75, I ~- o.I5), t28 rnin at  5978o 
rev./min, a t  4 o°, t2 mm Kel-F cells, 65 :~ 
bar  angle, sedimentation from left to right. 

T y p i c a l  c h r o m a t o g r a m s  o b t a i n e d  in E x p t .  z s h o w i n g  b o t h  p r o t e i n  c o n c e n t r a t i o n  
a n d  t*C a c t i v i t y  a r e  r e p r o d u c e d  in F ig .  9.*. I n  a d d i t i o n  t o  t h e  lower  p r o p o r t i o n  of  flI 
a n d  flz in  co i l a~ea  f r o m  l a t h y r i t i c  a n i m a l s  a l so  seen  in  t h e  u l t r a c e n t r i f u g e ,  i t  is r e a d i l y  
a p p a r e n t  t h a t  7 d a y s  a f t e r  t h e  a d m i n i s t r a t i o n  of [14C]glycine t h e r e  is c o n s i d e r a b l y  less 
i n c o r p o r a t i o n  of  1*C i n t o  f l i  a n d  r 2  t h a n  a i  a n d  ~t2 in t he  case  of t he  l a t h y r i t i c  a n i m a l s .  

* The resolution in these chromatograms is not as good as obtained in other experiments z, ~ 
though it  is sufficient for the purposes of the present studies. This is typical of the variabili ty 
observecL 
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Specific a c t i v i t i e s  we re  c ~ m t ~  ~ e~t immling  t h e  s h a p e  of t h e  c o n c e n t r a t i o n  a n d  
r a d i o a c t i v i t y  c u r v e s  a n d  c ~ l ~  tt,~adl ¢omats  a n d  t o t a l  w e i g h t  of p r o t e i n  (us ing  
an  e x t i n c t i o n  coeff ic ient  o,f 2o  ~ ~3~0~ mmt~ ((see ref .  3)) for  e a c h  s u b u n i t .  T h e  r e s u l t s  
a p p e a r  in T a b l e s  I (Exp~t. 7) :trod HI ((IF_.xtF~ ~)i.. "File specif ic a c t i v i t i e s  of/3~- a r e  s u b j e c t  
to  a l a rge  e r r o r  o w i n g  t o  ~ e  ~r~]lll :~rmu0~mgtt p r e s e n t ,  i t s  low specif ic a c t i v i t y ,  a n d  t h e  
t a i l i n g  of ~I i n t o  B2. F o r  ¢'~.~ wea~0m ttlt~, ~ e ~ t a  we re  g iven  less c o n s i d e r a t i o n .  

Fig. 2. Elution pat terns  of denn~*tr~ed wmlt- 
skin collagen chromatographed ,era (C~- 
cellulose at 4 o°. Upper cha-omar~0~mm., 
collagen from normal ~nixna~s.; lion,or 
chromatogram, collagen from chawo~icmlL~_ 
lathyritic animals (Expt. 2) 7 da%~ 
administration of [*aCjglycine. Sdtid [liime., 
absorbancy at  23o m/~ ; ~ ,  coum~t~/mmiim Jim 

each io-ml fractioxa. 
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A l t h o u g h  t h e  d a t a  s h o w  ~0m~dte~adtr/k, ~'a~qabili ty,  i t  is l i ke ly  t h a t  a I  a n d  =2 h a v e  
t h e  s a m e  specif ic actixdL3:, qlTlmis ~cmm ~ d le te~mined  w i t h  m o r e  c o n f i d e n c e  f r o m  t h e  
m o r e  p rec i se  d a t a  w h i c h  , ~ r e  , ~  t ~ r  t ~ e  z - d a y  s a m p l e s  in  E x p t .  9. b y  d i r e c t  
a n a l y s i s  of t h e  g l y c i n e  (see fooaan0me o~-Fmlb~. 1I/I). A l t h o u g h  t h e  v a l u e s  o b t a i n e d  for  mr 
a n d  ~z f r o m  n o r m a l  co l l agen  ~ame ~ -  d i f f e r en t  in  a s t a t i s t i c a l  s ense  (p < o.o5) , 
t h e  d i f f e rence  is p r o b a b l y  ~ meall .~Xim¢~ ~ke ~z  s a m p l e  m a y  h a v e  c o n t a i n e d  s o m e  fix 
w h i c h  o v e r l a p s  i t  (see long. 2)) ~ 1~,~ ~ ma~ch lower  specif ic  a c t i v i t y .  T h e  specif ic  
a c t i v i t i e s  of  a I  a n d  ~2 f r o m  ~ d t a ~ - c t 0 t ~ a g e n  do  n o t  differ .  S ince  flI a n d  f12 a r e  
d e r i v e d  f r o m  =I a n d  =2, fl~ : ~ d  ~ m m ~  a d ~  h a v e  t h e  s a m e  specif ic  a c t i v i t y  if i t  is  
a s s u m e d  t h a t  t h e y  a r e  f o r m e d  :mt ~ e  ~mmm, ~ e e .  S ince  h i g h e r  v a l u e s  w e r e  f o u n d  fo r f l z ,  
i t  in probable ' h a t  t h e  deg ree  ,off t I ~  o,~ ~ i n t o  f12 was  underestimated. 

~_%IB'~KL[ 

1 4 C  A C T I V I T Y  IXN "1"~/~ ~ J [ - i ~  ~):~ ~I~Ii%~ C O L L A G E N  F R O M  N O R M A L  A N D  

L A T H Y R I T I C  R A T S  O/~ ,7- - I l J )2K~- . .~d~-U~ A x D ~ I : I N I S T R A T I O N  O F  V t 4 ( ~ i G L Y C I N E  

._tt~u~vt~,~oi.i~ (-t days B,4 PN) 

C ~ u . t s / m i t l  ].n~r. ~ , * ~ i ~  Perc..rtt iota2 ~ou~tts 

Normal 902 790 ~_26~ (~9,-~) 52  2 6  17 (5 
Lathvrit ic 256 a96 04t (zT) 68 0_6 4 (2) 

,Diry,mu~im~tt,~ (34.'days BAPN) 

Normal 365 3~ 5 ~41 (, z nS~ ) 55 26 x 2 (7) 
Lath yritic 244 2o¢t ~_a (~9,) 68 28 2 (2) 

* These values are appro~-;~a~film~, ~ to. the small number  of counts represented and 
contamination of/~2 ~4th =i.  

Biochim. Biophys. Acta, 69 (1963) 472-479 



476 C,. R. MARTIN, K. A. PIEZ, M. S. LE~VIS 

T A B L E  I I  

14C A C T I V I T Y  I N  T H E  3 U B U N I T S  O F  S K I N  C O L L A G E N  F R O 3 I  N O R ~ I A L  A N D  C H R O N I C A L L Y  L A T H Y R I T I C  

R A T S  A T  S E V E R A L  T I M E S  A F T E R  A 1 ) . M I N I S T R A T I O N  O F  7 1 4 C G L ' k r C I N E  

D a y s  afro's, C o u n t s l m i n l m g  p r o t e i n  

~t~C']glj, c i n  c . . . . . . . . . . . . . . . .  

.'~r ormal 
I zo 5 2 to  86 (I23) 
3 193 215 I35 (170) 
7 147 170 ~29 (15 I) 

Lath vriti¢ 
t *  

1 z 6 0  1 8 0  45 
3 143 143 68 
7 I38 I28 85 

i 

i 

* T h e s e  v a l u e s  a r e  a p p r o x i m a t i o n s  o w i n g  to t h e  s m a l l  n u m b e r  of  c o u n t s  r e p r e s e n t e d  a n d  
c o n t a m i n a t i o n  of ~3~- w i t h  Xl. Va lues  for /32  in l a t h y r i t i c  co l l agen  w e r e  n o t  e s t i m a t e d ,  b u t  r ep re -  
s e n t e d  lees t h a n  5%. of  t h e  w e i g h t  a n d  _- °. o of t h e  c o u n t s .  

** T h e  [ l lC~glycine  a c t i v i t y  was  d e t e r m i n e d  d i r e c t l y  in ac id  h y d r o l y s a t e s  of  t h e  s u b u n i t s  f r o m  
t h e  I - d a y  g roup .  T h e  fo l lowing  v a l u e s  were  o b t a i n e d  (d i s in tegra t ions /min[o .2  /zmole  g l y c i n e  
s t a n d a r d  e r ro r ) .  N o r m a l "  ~ t ,  2o9 :~: 4" ~z, 19I ~ 5; f l i ,  85 -- 3. L a t h y r i t i c :  0cI, I64 :~ 4" 0¢2, 
x 7 2  ~ 5 ;  f i t ,  46 _~ 3- 

In Expt .  I (Table I) the specific act ivi ty of flI was about  one quar ter  tha t  of c¢i 
and  az in the normal  animals while in the lathyri t ic  animals the ratio was less than 
one tenth.  This is par t icular ly evident by  comparison of the proportions of total  
counts appearing in flI +f lz .  In normal animals flI +/32 represented about  20 % of 
total  counts incorporated but  only about 5 % in lathyri t ic  animals. This was true 
whether  the animals were acutely toxic, showing few of the gross symptoms of la- 
thyr ism and an essentially normal  distribution of subunits,  or chronically toxic. 

Da ta  from Expt .  2 (Table I I and Fig. 3) show the conversion of aI  and  a2 to 
fix and r2 as a function of time. In the normal animal,  the ratio of specific activities 
(aI +az) / ( f l I  +f12) was about  ~ at I day, Jess than  2 at 3 days, and nearly i at 7 days. 
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Fig.  3- T h e  i n c o r p o r a t i o n  of  14C i n t o  t h e  sub-  
u n i t s  of r a t - s k i n  co i l agen  a t  v a r i o u s  t i m e s  
a f t e r  t h e  a d m i n i s t r a t i o n  of [ '4Clg lyc ine .  
~ ,  n o r m a l  a n i m a l s ;  . . . .  , l a t h y r i t i c  
r a t s ;  D - - Q ,  art + ~2;  O - - O ,  fl i  + f12. 

These ratios were larger in lathyri t ic  animals, indicative of a markedly  decreased 
formation of t31 and  132. Since the specific act ivi ty  da ta  do not reflect the smaller 
proportions of 131 and r2  in collagen from lathyri t ic  animals compared to normal 
animals and  since the specific activities m a y  be affected by  other variables which are 
uncontrolled (such as the proportion of total  collagen in the tissue represented by  the 
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s a m p l e  a n d  g r o w t h  r a t e  of  t h e  a n i m a l ) ,  t h e  r e s u l t s  c a n  b e  m o r e  e a s i l y  i n t e r p r e t e d  w h e n  
e x p r e s s e d  a s  p e r c e n t  of  t o t a l  c o u n t s  i n  t h e  s a m p l e .  W h e n  t h i s  is d o n e  (F ig .  3) ,  t h e  

e x p e c t e d  p r e c u r s o r - p r o d u c t  r e l a t i o n s h i p  (~-->~) .  is  e v i d e n t .  H o w e v e r ,  t h e  r a t e  of  
t r a n s f o r m a t i o n  d i f f e r s  g r e a t l y  i n  t h e  t w o  g r o u p s .  I n  t h e  n o r m a l  a n i m a l ,  n e a r l y  5 ° % 
of t h e  c o u n t s  a r e  in  f l I  a n d  f12 a f t e r  7 d a y s ,  w h i l e  in  t h e  l a t h y r i t i c  a n i m a l ,  n e a r l y  al l  
t h e  a c t i v i t y  r e m a i n s  in ~ I  a n d  ~z ,  less  t h a n  I o  % a p p e a r i n g  i n / 3 I  a n d / ~ 2  a f t e r  7 d a y s .  

T h e  , ; ' e igh t  r a t i o s  , , I / ~ 2  c a l c u l a t e d  f r o m  t h e  c h r o m a t o g r a m s  w e r e  a l w a y s  c lose  t o  
2 .o  fo r  c o l l a g e n s  f r o m  b o t h  n o r m a l  a n d  l a t h y r i t i c  r a t s . T h e  r a t i o  of  (~I  + a 2 ) / ( f l I  + f 1 2 )  

in s k i n  c o l l a g e n  f r o m  a c u t e l y  t o x i c  a n i m a l s  w a s  v e r y  c lose  t o  n o r m a l  v a l u e s ,  c h a n g i n g  
f r o m  a b o u t  0. 9 t o  r . I .  I n  c o l l a g e n  f r o m  c h r o n i c a l l y  t o x i c  a n i m a l s  t h i s  r a t i o  i n c r e a s e d  
to  a b o u t  3 (see T a b l e  I of  r e f .  4)- 

F r a c t i o n s  w e r e  t a k e n  f r o m  t h e  p e a k  r e g i o n s  of  x I , / 3 t  a n d  x2 o n  c h r o m a t o g r a m ~  of  
c o l l a g e n s  f r o m  t h e  I - d a y  g r o u p s  of  n o r m a l  a n d  l a t h y r i t i c  r a t s  i n  E x p t .  2. T h e  p r o t e i n  

w a s  i s o l a t e d  a n d  a n a l y z e d  f o r  a m i n o  a c i d  c o n t e n t  ( T a b l e  I I I )  a n d  spec i f i c  a c t i v i t y  of  

t h e  g l y c i n e  (see f o o t n o t e  o f  T a b l e  I I ) .  S o m e  of  t h e  m i n o r  d i f f e r e n c e s  w h i c h  a p p e a r  in  
t h i s  s e t  of  v a l u e s  a r e  w i t h i n  t h e  e x p e c t e d  e x p e r i m e n t a l  era o r  f o r  s i n g l e  a n a l y s e s  s. I t  is 
c o n c l u d e d  t h a t  t h e  s u b u n i t s  f r o m  n o r m a l  a n d  l a t h y r i t i c  c o l l a g e n  d o  n o t  d i f f e r  s ign i f i -  
c a n t l y  in  a m i n o  a c i d  c o n t e n t .  I n  b o t h  i n s t a n c e s  ~ I  h a d  a c o m p o s i t i o n  e q u i v a l e n t  t o  
a n  e q u a l  m i x t u r e  of  x I  a n d  ~2. f12 w a s  n o t  p r e s e n t  i n  s u f f i c i e n t  q u a n t i t y  in l a t h y r i t i c  

c o l l a g e n  t o  be  i s o l a t e d  b u t  p r e s u m a b l y  h a d  t h e  s a m e  c o m p o s i t i o n  a s  ~ i  a s  in  t h e  c a s e  

T A B L E  I I I  
~k 

A M I N O  A C I D  C O M P O S I T I O N  O F  T I l E  S U B U N I T S  O F  S K I N  C O L L A G E N  F R O M  

N O R M A L  A S D  L A T M Y R I T I C  R A T S  

Residuesf t ooo total residucr. 

Normal Lathyritic 

= t  ~ z  #x a t  ~2 # t  

3-Hydroxyprol ine  t._, o o.8 o.9 o o.7 
4-Hy'droxyprol ine 9z 86 87 9o 78 84 
.Xspartic acid 46 43 45 46 44 45 
Threonine 20 t 8 2o 2 o 20 t 9 
Serine 38 41 42 41 43 4 I 
Glu tamic  acid 73 7o 71 74 7o 7o 
Proline t 3 ° x z 6 z 23 129 z 15 12] 
Glvcine 335 336 33 ° 334 333 332 
.Xlartine t Io IO2 los  t I2 lO3 IO7 
Valine • I 33 28 20 34 "~ 
Methionine 7-8 .5.6 6.7 8.7 6. I 7-2 
[soleucine 6.5 16 1 z 6.3 17 t 2 
Leucine 18 3-" 26 1 8  33 26 
T vrosine 1-0 2.6 2 .o 2.4 z. 7 2.3 
Phenvlalanine. x 3 I 1 1 I 1 2  I I I I 

Hvdroxvivs ine  4-2 7-4 6.0 4- ~ 7.8 6.2 
Lvsine 3 ° 22 26 31 23 26 
H-is~dine 2.o 7- 7 5.o 2. r 8.9 .5.3 
.krginine 5 ° 5 t 5-" 50 52 52 
Amide N " "  (4") ~ 5.:) !4 : ) (37) (43) (46) 

* Single analyses  of protein obta ined from the peak  regions of the  ch roma tog ram reproduced in 
[zig. - are presented.  

~* Some of the  amide N values appea r  to be somewha t  high, result ing perhaps  from con tamina -  
t-ion. Values near  4 ° are usual ly obta ined ~. 
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of normal  collagen e, a. The unf rac t iona ted  collagens h a d  ctnm~u, ii~tii0~a~ e w a l e n t  to 
two ~x plus one ~2. These da t a  are consistent  wi th  the  s t r u ~ a I 1  ~ s  o~t l ined 
above.  The presence of a new amino  acid, 3-hydrox3~roti~e.,  its ~ ~ : ~  etsewhere ~. 

DISCUSSION" 

Tha t  a subuni t s  are labeled at  a faster  ra te  t h a n  fl ~r~s tf~r:~tt dk~9,~a,strated by  
OREKOVITCtt et al. l° ,  1I working  wi th  a m m o n i u m  sulfate  ~r~c~i~,~ ~0~! ¢ l ~ t u r e d  col- 
lagen. I t  is now possible t o  explain this  r a the r  puzzl ing ~esna~ im at ¢~0~tk~[-~-e m a n n e r  
on the  basis of the demonstration'- ' ,  a, ~z tha t  f l I  and  flz mdse .~,~,~m ~ ~ri~m~-~,~- subuni t s  
~x and ~z a f te r  thei r  a_nsembly into a na t ive  molecule amd ,d~zN~ ~0~r au~,eg ttxeir in- 
corporat ion into  fibrils. T h a t  is, a sample  of collagen , c o a a ± ~ ,  iim ~ e r a ~ ,  more t han  
one species of molecule.  These include recent ly  synthes ized a ~ ~  w ~ h  are not  
in te rna l ly  crossl inked and  at  least two kinds of molecules ~,w~idh aare. fa~emazalIy cross- 
l inked*. Therefore when  a pulse of [~4C",glycine is introduce&, aafflt~ a s~,,)~r~ t ime (less 
t h a n  ~ d a y  in the  case of ra t  skin) most  of the  label  will be  ~ ~,~:,nndt ~ _~I Longer t ime 
periods fix and r2  become more heavi ly  labeled and  even ,~  ~al~7.,atff~r~ ~ ¢ / e n t l y  long 
t ime,  fll and  fie would  p r e s u m a b l y  have  even higher  specific ~ c ~ ~  ~ ~r and  ~2. 
In  l a thyr i t i c  ra ts  th is  course of events  is dras t ica l ly  dowe~.  ~ d ~  ~o, r~le out  the  
possibi l i ty  t h a t  fix and  f12 formed prior  to the  adrninis~,a~a~ ~t~I ~ _ - ~  a~e to some 
ex ten t  reconver ted  to ~x and  ~ .  W h e t h e r  or no t  the re  ~s :a~a~ ~ ~ o~ the toxic 
agent  on the  r a t e  of collagen synthebib cannot  be d e t ~  ffr0ma ~ tpgesent studies,  
bu t  a t  least some new collagen is made  even in chroa~ical~ ~ t ~ c  anmiima~. This new 
collagen is no rmal  wi th  respect  to its amino  acid composiaiio~. 

Of some impor tance  is the  demons t ra t ion  t h a t  a r3~crr~.~tt ,-~n,~ ~,~t~ g~rmation of 
fix and  f ie  in l a thyr i t i c  an imals  is evident  from the  labeJlia~ ~ "aff~c-At immed ia t e ly  
a f te r  the  s t a r t  of B A P N  admin i s t r a t ion  at  a t ime  when ga~oss ._~Nm~,.0ms og ~ t h y r i s m  
are not  evident .  This indicates  t h a t  the  action of the  l a ~ ~ c  a ~ t t  m ~mmediate 
and  suggests  t h a t  the  d is rupt ion of in t r amolecu la r  cros,czIi~_~s,0~r i i ~ e ~ e ~ . ~ e  w~th the i r  
fo rmat ion  m a y  be the  p r i m a r y  effect of the  l a t h y r o g e n i c ~ ~ % ~ e ~ r t h e  mech-  
an ism of t he  effect, it is reasonable  to  speculate  t h a t  t h e ~ ~ 0 ~ c r ~ l ~ r e a r o s s ~ a k i n g  
process is re la ted  to  perfect ion of fibril s t ruc tu re  thro~gta n t~  t ~ ~ ~  of "inter- 
molecular  crosslinks of a covalent  character .  I t  is also ~ ttitmatt N ~ o t e c u l a r  
crossl inking is necessary  to  stabilize the  molecular  s t r u ~  ~a ~ ~ e  of cross- 
l inking,  the  collagen migh t  be more susceptible to  d e n ~ ~  ,c,~amltiit~a~ ~ enzymic  
a t t ack .  In  e i ther  case it is l ikely t h a t  collagen fibrils w o~xt m~t aatltz~ ~r~e~r op t ima l  
tensile s t r eng th  which would  interfere  wi th  the  funct ion off ~ ~ ~dd ~ s u i t  in the  
gros,~ s y m p t o m s  character is t ic  of lath~Tism. 

AC K .N OXVLE DGE MEI~'T 

The B-aminopropioni t r i le  was the  gift oi Dr. A. O. :G~_~s~e~, _~_]tR~ L~bo~atories,  
N o r t h  Chicago. 

" in addition to molecules containing fit or fiz, a small l a r ~  ;~m ~ i ~  x~t~h alI three 
s u b u n i t s  a r e  j o i n e d .  T h i s  is  r e f e r r e d  t o  a s  t h e  ~ , - c o m ~  ( ~ e  am~.  2~ ~ ~z)ii.. 
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