
596" PRELIMINARY NOTES VOL. ~ (1956) 

present  in the DNP-peptides,  have varied from about  40-70%.  Detailed studies to determine 
the m a x i m u m  yields, as well as variations in peptide size, have not  been completed. 

The stabili ty of peptides containing valine to acid hydrolysis is well known, and is a t t r ibuted  
to steric hindrance is. The manner  in which the valine peptides provide stabilization of peptide 
bonds surrounding lysine might  involve other  factors as well. The results obtained suggest  tha t  
compounds  other  than  valine peptides might  function similarly, and tha t  this approach to the 
problem of degradation of proteins for s t ructural  studies may  prove advantageous.  Studies with 
isoleucine peptides TM, and with compounds  which exhibit  a high degree of steric hindrance and 
are not  normal  const i tuents  of proteins, are in progress. 
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Enzymic degradation of heparin 
Hepar in  is a mucopolysaccharide reported to contain equimolar  amounts  of glucosamine and 
glucuronic acid with one to three sulfate moieties per disaccharide unit  1. One sulfate group is 
bound  in an amide linkage to the amino group of glucosamine; the others  are esterified to sugar  
alcohol groups. The isolation and adapta t ion  of a bacter ium which can utilize heparin as its sole 
carbon,  nitrogen and sulfur source were described in a recent communicat ion from this laboratory z. 
I t  is now desired to present  data on the degradation of heparin by  extracts  of acetone powders  
of the adapted bacteria. 

Bacteria were grown and adapted as previously described ~. The adapted cells were then 
blended in acetone ( - - 2 o  ° C), filtered, air-dried at room tempera ture  and stored in a vacuum 
desiccator at - - I 5  ° C. Heparin  degradation was routinely followed by either the decrease of 
metachromasia  with azure A or the increase in reducing groups;  essentially identical results were 
obtained by  both assays. The rate of degradation of heparin was found to be directly proport ional  
to the concentrat ion of extract  used; o.5 mg of protein catalyzed the complete degradation of 
t mg of sodium heparin in approximate ly  one hour  at  24 ° C. The "hepar inase"  activity was 

completely stable to dialysis against distilled water. The activity was completely destroyed upon 
heat ing at 4o°C  for 5 minutes and the preparat ion was completely inactive when assayed in 
the presence of any salt in a concentrat ion of o.1 to o.2M. The op t imum p H  for "hepar inase"  
action was found to be between 7 and 7.5. 

Since glycylglycine buffer extracts  of the acetone powder  were not  as active as the phosphate  
buffer extracts,  we suspected tha t  the reaction sequence might  involve a phosphorylysis.  The 
data  summarized in Table I, however, seem to have eliminated this possibility. Although the 
"hepar inase"  activity was s t imulated by phosphate  and arsenate, citrate and at least two cations 
- - m a g n e s i u m  and a m m o n i u m - - w e r e  also active. Pyrophospha te  and ethylenediaminetetra-  
acetate (EDTA) completely inhibited activity regardless of whether  anions or cations were used 
for activation. The EDTA-inhibi ted  prepara t ion could be reactivated, after dialysis against  
water, by either phosphate,  magnesium or am m on i um  ions. 

The "hepar inase"  activity of these extracts  is the result  of at least three enzymes which 
act in a yet undetermined sequence on heparin and degradative products  thereof (Table II). The 
increase in reducing groups indicates the presence of a glycosidase; the increase in amino sugar  
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deno te s  t he  ac t ion  of an  a m i n o  su l fa tase  (and also indica tes  t h a t  t he  reduc ing  g roups  of g lucosamine  
h a v e  been freed) ; and  t he  h i gh  rat io  of  per ioda te  c o n s u m p t i o n  to r educ ing  g roups  indica tes  t h a t  
an  alcohol su l fa tase  ha s  spl i t  t h e  es te r  su l fa te  bonds .  W e  are cu r r en t ly  engaged  in t he  isolat ion 
and  cha rac te r i za t ion  of t h e  deg rada t ion  p roduc t s  and  the  separa t ion  of t he  e n z y m e s  involved.  

T A B L E  I 

ACTIVATION OF "HEPARINASE" BY CERTAIN IONS 

Addition D 4,e J hou, 

None  0.07 
Phospha t e ,  o.ox M o.I 7 
Arsenate ,  o.oi  M o.I 7 
Citrate ,  o.oi  M O.l 5 
Mg ++, o.oo 5 M o. 17 
NH4+, o . o s M  o.2o 

All vessels contained 0.3 ml of a water extract of the acetone powder (4 ° mg/ml), glycylglycine 
buffer, pH 7.5 and o.6mg of sodium heparin in a total volume of o.6 ml. The phosphate, arsenate 
and citrate solutions were adjusted to pH 7.5 before addition and the total buffer molarity in 
all vessels was o.o25. The vessels were incubated at 24 ° and duplicate aliquots of o.o2 ml removed 
for determination of metachromasia with azure A s. 

T A B L E  II  

ACTION Ol~ "HEPARINASE" ON HEPARIN 

o 30 min 60 min  

M e t a c h r o m a s i a  (D,0e) o.3o o.24 o.o6 
Reduc ing  g roups  (/~M) o x. 4 2.8 
A m i n o  s u g a r  (/~M) o o.8 2.5 
Per ioda te  c o n s u m p t i o n  (/~M) o - -  16 

The  incuba t ion  vessel  con ta ined  2.5 ml  of ace tone  powder  e x t r a c t  (xo m g  of ace tone  powder /ml  
of o.o25 M p h o s p h a t e  buffer,  p H  8.o) and  4 m g  of s o d i u m  hepa r in  in a to ta l  v o l u m e  of 4 ml  of  
o.o25 M p h o s p h a t e  buffer,  p H  7.5. The  vessel  was  i ncuba t ed  a t  24 ° and  dupl ica te  a l iquots  r emoved  
and  ana lyzed  as  indicated.  G lucosamine  was  used  as t h e  s t a n d a r d  for t he  a m i n o  suga r  de t e rmi -  
na t i on  t and  an  equ imola r  m i x t u r e  of g lucosamine  a n d  glucuronic  acid for t he  r educ ing  g roup  
d e t e r m i n a t i o n # .  Per ioda te  c o n s u m p t i o n  was  m e a s u r e d  by  a spec t ropho tomet r i c  m e t h o d  e. 
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