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NaISIO , ak t iv ie rbare  Glyzer ins~ure-2 .3-d iphosphatase  (2.3-PGase) verantwor t l ich .  Das  E n z y m  
wurde  aus  Aze ton-Trockenpulver  yon  Menschen-  u n d  Schwe ine -Ery th rozy t en  du rch  Frak t io-  
n ie rung  m i t  Alkohol  u n d  A m m o n i u m s u l f a t  teilweise gereinigt .  Seine W i r k u n g  is t  spezifisch auf  
2.3-PGS , 3-PGS wird n ich t  gespal ten .  E s  un te r sche ide t  sich beziiglich seiner E igenscha f t en  yon  
der, y o n  RAPOPORT u n d  Mi tarbe i te rn  2,3 aus  Muskel  herges te l l ten  z.3-PGase.  Fiir  die Ak t iv i t a t  
des  E r y t h r o z y t e n - E n z y m s  s ind  ausser  N a H S O  s bzw. NaISzO 4, e inwert ige Ka t i onen  (K*, Na  +, 
NH4+ ) in isotoniseher  K o n z e n t r a t i o n  u n b e d i n g t  erforderlich.  Das  E n z y m  wird durch  H g  ++ Ionen,  
im Gegensa tz  zur  Muskel-2.3-PGase,  n ich t  akt ivier t .  

E ine  ausfi ihrl iche Ver6ffent l ichung der  Expe r imen te ,  s a m t  einer Diskuss ion  ob 2.3-PGS ein 
obl igates  Zwischenproduk t  der  H~tmoglykolyse sei, e rschein t  in .4 cta Physiol. Hung. 
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Isolation of DN P-peptidu from DN P-polyvalyI-proteins* 
The  difficulty in ob ta in ing  signif icant  yields of protein  f r agmen t s  larger t h a n  d ipept ides  by  acid 
hydro lys i s  ha s  been emphas ized  by  SAr~GER, and  a va r i e ty  of milder  hydro ly t ic  condi t ions  have  
been used  for t he  isolation of larger pept ides  z. Dur ing  the  course of end  group s tudies  of polyvalyl -  
prote ins ,  we have  found  t h a t  pept ides  con ta in ing  as m a n y  as 9 amino  acids  f rom the  p ro te in  
chain,  in addi t ion  to t he  added  valine,  r ema ined  af ter  hydro lys i s  unde r  condi t ions  usua l ly  em-  
ployed for the  isolat ion of D N P - a m i n o  ac ids* ' .  This  a p p a r e n t  s tabi l iza t ion of sect ions  of t he  
po lypept ide  cha ins  by  val ine  pept ides  should  offer a d v a n t a g e s  in s t u d y i n g  prote in  s t ruc ture ,  
s ince t he  p roduc t s  of t he  s t rong  acid hydro lys i s  would be a re la t ively  s imple  m i x t u r e  of pept ides  
and  free amino  acids. 

The  po lyva ly l -p ro te ins  were prepared  by  the  reac t ion  of the  pro te ins  wi th  N-carboxy-DL- 
val ine  anhyd r ide  ~. These  were reacted  with 1,2,4-fluorodinitrobenzene 3 and  subsequen t l y  hydro-  
lyzed wi th  5.7 N HC1 at  zo5 ~ C in a sealed t ube  for z6 hours .  The  pept ides  were isolated by  ex-  
t rac t ion  of t he  hyd ro lysa t e  wi th  e thy l  ace ta te***,  followed by  separa t ion  on silicic acid co lumns ,  
u s ing  wa t e r - s a tu r a t ed  CHCI z as the  mobile phase  4. A fur ther  check of pu r i t y  of the  DNP-pep t i de s  
ob ta ined  was de t e rmined  by  two-d imens iona l  paper  c h r o m a t o g r a p h y  us ing  phenol-isoamyl 
alcohol-water  ( i : z : i )  in one direct ion and  p h t h a l a t e  buffer  (pH 6.0) in the  other,  in addi t ion  
to t he  co lumn  c h r o m a t o g r a p h y  us ing  two different  e lu t ing  solvents .  Unde r  identical  e x p e r i m e n t a l  
condi t ions  no D N P - p e p t i d e s  were found when  the  D N P  der iva t ives  of unmodif ied ,  poly-L-phenyl-  
a lanyl-  or  polyglycyl -pro te ins  were hydrolyzed.  

Since i ts  a m i n o  acid sequence  is known  s,s, insul in  offered a conven ien t  model  prote in  for 
s t udy .  F r o m  19 # M  of DNP-polyva ly l - insu l in ,  7 # M  of e-DNP-lys ine ,  two pep t ides  ( 3 / t M  and  
8 # M )  which  differed only  in the  a m o u n t  of val ine  present ,  and  25 # M  of DNP-va l ine ,  were 
ob ta ined .  Hydro lys i s  of the  pept ides  in 5.7 N HC1 a t  zo5 ° for 96 hours  l iberated the  following 
a m i n o  acids  in add i t ion  to f rom 5 to zo moles  of valineLa: Lys,  Phe,  Gly, Ala, Thr ,  Glu, Tyr ,  Pro, 
a n d  Arg. Glycine was  N- t e rmina l  4 and  a lan ine  C- terminal  ° and  the  rat io  of pheny la l an ine  to 
lysine was  two TM. The  pept ide  is therefore  f rom the  C- terminal  end of t he  pheny la l an ine  chain,  
which  con ta ins  t he  only  lysine a n d  proline in t he  molecule.  The  specificity of the  reac t ion  is such 
t h a t  wi th in  t he  l imi ts  of t h e  m e t h o d s  used,  only  amino  groups  react  u .  The  resul ts  show t h a t  
ove r  9o % of t h e  lysine is a ccoun ted  for e i ther  in the  pep t ides  or  as e-DNP-lys ine ,  b u t  the  recovery  
o f  t he  DNP-va l ine  is no t  sufficient to accoun t  for all of the  amiho  groups.  No o the r  D N P - a m i n o  
ac ids  were found,  nor  were a n y  pept ides  f rom t he  N- te rmina l  ends  isolated. 

D N P - p e p t i d e s  of va ry i ng  size, b u t  all con ta in ing  l~rsine, have  been ob ta ined  from c h y m o -  
t ryps in ,  t ryps in ,  l y sozyme  and  bovine  p l a s m a  a l b u m i n  when  s imilar  expe r imen t s  were carried out .  
The  yields of  t h e  pept ides ,  based  upon  spec t ropho tomet r i c  de t e rmina t ion  of the  DNP-va l i ne  

* Suppor ted  in pa r t  by  a g r a n t  f rom T he  Nut r i t ion  Founda t ion ,  Inc.,  New York, N.Y. T h a n k s  
a re  due  t he  Eli Lilly Co. for a gift  of crys ta l l ine  zinc-insulin.  

* "  Abbrev ia t ions :  D N P  = Din i t ropheny l  ; ami no  acids  according to E. BRAND AND J .T.  EDSALL, 
`4nn. Rev. Biochem,, 16 (I947) 2z3. 

**" The  aqueous  m a y  also con ta in  pept ides ,  and  ha s  no t  as ye t  been inves t iga ted .  
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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  


