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These results indicate t h a t  aminoacetonitrile can act directly on bone in tissue 
culture to cause an al terat ion in the ext rac tabi l i ty  of collagen similar to t ha t  observed 
in vivo. Since the hydroxyproline in the salt extracts  was labeled equally in the control 
and aminoacetonitri le samples, while the specific act ivi ty  of hydroxyproline in the 
residue was depressed by  aminoacetonitrile,  it seems likely tha t  the la t ter  exerts its 
action by blocking the normal matura t ion  process whereby newly synthesized collagen 
is converted to an insoluble matrixL A similar mechanism has been proposed to 
account for the action in vivo of another  la thyrogen fl-aminopropionitrile s-I0. 
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Macromolecular properties and biological activity of heparin 
II. Further electrophoretic studies 

In a previous publication on the electrophoresis of heparin x, it was shown tha t  the 
number  of components obseI~'ed and their  relative concentrat ions were strongly depen- 
dent  on the ionic strength.  This phenomenon was a t t r ibu ted  to the formation of reaction 
boundaries. In  the same publication it was also shown tha t  a correlation existed 
between the ant icoagulant  act ivi ty  and  the relative amount  of a new intermediate  
peak formed when heparin was subjected to electrophoresis in the presepce of strepto- 
mycin. I t  is the obiect of this work to examine furth,~.r the react ion-botmdary hy- 
pothesis and to use the da ta  available on the hepa r in - s t r ep tomyc in  complex to 
a t t emp t  fur ther  purification of heparin. 

All electrophoresis runs were performed in a Spinco Model H Electrophoresis-  
Diffusion Apparatus.  Analytical  runs were made in eithei the 2-ml or the i I - m l  cell 
depending on the amount  of material  avail,'~ble. The prepala t ive  runs were performed 
in the 8o-ml preparat ive cell using the automat ic  sampli~,,g a t t achment  of the in- 
s t rument  to wi thdraw fraction. 

Analytical moving-boundary electrophoresis on a commercial heparin from pig 
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t i ssue at  p H  8. 9 in Tris  b~fler  (2 o.a~l .~4h~x~edJ 2, ~at~_s as descr ibed  in our  p r ev ious  
pub l ica t ion .  This  sample  unde r  i6emafi¢-.~_z~ n ~ e ~ 9 [ a o r e t i c  condi t ions  was .separated 
in  the  p r e p a r a t i v e  ceH. The  lead  pe  'a~k ~ . ~  ~ w n ~  f rom the  a scend ing  ! imb ,.~4th 
r e p e a t e d  use of c o u n t e r - c u r r e n t  c ~ 0 m  g~,~, extend. ~he effect ive l eng th  of t he  
e l ec t rophore t i c  cell. A t  t h e  e n d  off ~.e~]~r6inr~r~a,. rdS_e i so la ted  lead  peak ,  the  ma te r i a l  
r e m a i n i n g  in the  cell, a n d  a con~+fl ~ ~  m ~  sub]ectec~ to  e lec t rophores i s  were  
d ia lyzed  aga ins t  r u n n i n g  w a t e r  ~o .amm~xw tbageg sa l t s  a n d  were t h e n  lyophil ized.  
The  i so la ted  f rac t ions  a n d  cont ro l  w e r ,  ~ fi~w a ~ f i c o a g u l a n t  a c t i v i t y  by  S t a n d a r d  
U.S.P.  m e t h o d s  ~ a n d  were sub j ec t ed  , o  , d t e ~ ¢ ~ 9 l ~ e s i s  in the  Tris  buffer. T h e  resu l t s  
o b t a i n e d  on t w o  such  s epa ra t i ons  awe :qh~r~ iim ~w~M L B o t h  the  f rac t ions  c o n t a i n e d  
t h e  s a m e  c o m p o n e n t s  in the  s ame  ~a15o : ~  ~/ke ¢ o n ~ o l  sample .  Thus ,  some type  of 
r eequ i l ib ra t ion  has  occun 'ed .  

T : ~ \ [ B ~  rl 

E L E C T R O P H O R E T I C  A ~ ' D  t~IOAC'~I~XU13~ VA~XTEA,, OZq H I ~ P A R I N  F R A C T I O N  

E x p f .  Nampl¢" 

slow,pcm~ Fast peak Biological 

p • 1 o  n /tCdlaata, t ~,rm~m~ # .: t o :  R e l a t i v e  a m o u n t  a x l i v i t y  
(c m'~ sec-~ V-a~  /".,, ( c m  ~ scc-~ I r ~ )  ( ? 0 )  ( u n i t s / r a g )  

C o n t r o l  5. ~) u~  " t z .  6 83 .  8 t 4 5  
L e a d  p e a k  5 - 7  n3~0, t 2 .3  8 7 . 0  t 3 5  
R e m a i n d e r  5- 7 ~qu~ aq t - .  ~ 8 5 . 7  ~ 4 5  

C o n t r o l  5 . 8  ~44,~ t ' .  7 8 6 . 0  ~ 5 0  
L e a d  p e a k  5 . 8  ~ ,  r 2 . 9  8 7 . 0  t 3 8  
R e m a i n d e r  5 . 5  n ~ : ,  [ 2 . 6  9 0 . 0  t 45  

T h e  s a m e  ts-pe of s epa ra t i on  ~ 'as  m m ~ ,  o r :  r_Jae h e p a r i n - s t r e p t o m y c i n  c o m p l e x  
us ing  t h e  s ame  e l ec t rophore t i c  ecmdfimi0m~. IItz ares  h o p e d  t h a t  if t h e  p e a k  due  to  t h e  
c o m p l e x  t r u l y  c o n t a i n e d  the  ac t ive  ~ ~  t t~t~ t&e m a t e r i a l  r e m a i n i n g  in the  cell 
a f te r  r e m o v a l  of t h e  lead  p e a k  sh.~mitd 4h0~r aam increase  in a c t i v i t y  since t h e  p e a k  
due  to  complex  wou ld  h a v e  b e e n  ~fftt i i m ~ d L  _ ~ , e r  isolat ion,  the  s t r e p t o m y c i n  
complex  was  b r o k e n  + b y  precipi ta~i tm . ~ i ~  tc . t~ l~ : -~din ium chloride.  H e p a n n  was  
r e s u s p e n d e d  in 2 M NaC1 a~d  a~em~xxmxti ~ rak~ m e t h o d  p rev ious ly  desc r ibed  b y  
LAURENT 3. E a c h  f rac t ion  was  su~c~ec~t.~l ~0~ amm£S~ie.al~ e lec t rophores i s  to  conf i rm t h e  
r e m o v a l  of s t r e p t o m y c i n  as evidem~edi ~ ~ a~senee  of t h e  i n t e r m e d i a t e  complex  
peak .  I f  t h e  c o m p l e x  r ema ined ,  ~ ~ w o ~  o~ s ~ e p t o m y c i n  r e m o v a l  was  r epea ted .  
T h e  resu l t s  a t  t w o  di f ferent  l e v e l s ~ d ~ ~ . ~ ~ ¢ o r ~ e n t ~ - t l c . n s  are  ~ . ~ ; ~ .  in Tab le  i i .  
T h e r e  was no  s ignif icant  increase  in  ~,t]0rgm-afll ~ in  e i the r  of t he  f ract ions .  

T h e  o b s e r v a t i o n  of a~-i eiec~rorj~r~-~iic" I ~ ' m  fo r  an  i so la ted  p e a k  iden t ica l  to  
t h a t  of t h e  s t a r t i n g  m a t e r i a l  ~cog~her ~ ~ o b s e r v a t i o n  t h a t  t he  a n t i c o a g u l a n t  
ac t iv i t i es  of l ead  a n d  slow peaks  , . . . .  ' " ewe a~emttik~a~d l ~ o ~ s  f u r t h e r  ev idence  t h a t  mu l t i p l e  
p e a k s  in  h e p a r i n  electrophore~Ms al  ~at~.~-~ll i~0miz ~ e n g t h s  -* -  due  to  . . . .  *;-~ ~ . . . .  .. ~ . ~ . .  , . ~ _ , . . ~  L , , _ , , ,  u v u g l u a -  

t ies ~. I t  is i n t e r e s t i n g  t h a t  J E z ~ s ~  ~-~):~,xmI~,..m_~.,¢~, .~ also found  two  ac t ive  peaks  in 
t h e  e lec t rophores i s  of hepaa4.n amd : m t ~ ~  tlo, sepmrate t h e  ma te r i a l s  in t h e  peaks  
b y  f rac t iona l  p r ec ip i t a t i on  w i t h  . ~ r  .~0fkrem~. ~ e y  offered no e x p l a n a t i o n  for 
the  o b s e r v a t i o n  t h a t  each  of t h e  ~a, acnS0ms+ih0~.¢fitfl~e s a m e  two  peaks  in the  s a m e  ra t io  
w h e n  s u b j e c t e d  aga in  to  electr, o ~ ~ .  iI~ a ~ a a : s  obvic, u~ iiow t h a t  t h e y  were 
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observing the same type of phenomena as described here, peaks produced by heparin 
interactions with ions leading to formation of complexes. 

The rcsults vAth the streptomycin complex show that  more complicated inter- 
actions exist in this system. Since both fractions are indistinguishable from the starting 
material, and both contain anticoagulant activity, this approach to the purification 
of heparin is not feasible. 

While many investigators have shown the heterogeneity of heparin it is of 
interest that  no one as yet has isolated a sample with an anticoagulant potency above 

T A B L E  I I  

ELECTROPHORETIC DATA AND BIOLOGICAL ACTIVITY OF H E P A R I N ~ S T R E P T O M Y C I N  FRACTIONS 

Expt. Sample 
Slow peak Fast peak Biological- 

t* X 2o 6 Relative amount t* × to ~ Relative amoun~ activity data 
(cm* sec -t V -t) (%)  (cm I sec_! V_t) ( % )  (unitslmg) 

i H e p a r i n  

S t r e p t o m y c i n  

C o n t r o l  5-8 15-o 12.4 85. o 120 
L e a d  p e a k  5 .6  14. 5 12, 7 85. 5 125 
R e m a i n d e r  5 .6  i 6 . 2  IZ.  7 83"8  145  

2 H e p a r i n  
S t r e p t o m y c i n  = o.5 

C o n t r o l  5- 7 13.o t 2 .6  87 .o  I45  
L e a d  p e a k  5 .6  16.o I2 .6  84 .0  118 
R e m a i n d e r  5 .7  11 .o 12.8 89 .0  i 5 o  

18o units/mg. It may well be that  JORPES'S 7 contention that  hepaxin is not a single 
enti ty is correct. The possibility also exists that  the heterogeneity involves polymers 
of glucosamine with different uronic acids. The isolation of glucuronic acid 8 and 
iduronic acid 9, and the observation of HELBERT 1° that  the uronic acid of heparin was 
primarily not an aldohexuronic acid seems to confirm this possibility. If then the 
active heparin is the polymer between glucosamine and a specific uronic acid, it 
would indeed be extremely difficult to isolate by any of the presently known methods. 
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