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however, the average amount left behind after T.C.A.-extraction was significantly higher in the case 
of ricketts (P value < o.oi). 

These data give an impression of the error made by ashing the whole, defatted bone when 
determining the specific activity of the bone inorganic phosphate. They also give an idea of the 
amount of "organic" phosphorus of comparatively low specific activity which, after being extracted 
by the ethyleneglycol-KOH solution, may be converted into inorganic phosphate and thus give 
rise to losses due to exchange with phosphate groups at the highly active crystal surfaces. In ex- 
tracting the bone with T.C.A. these complications are avoided. 
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When carboxypeptidase (five times recrystallized) was examined for N-terminal residues by 
the fluorodinitrobenzene (FDNB) method 1, the only dinitrophenylamino acids (DNP-amino acids) 
detected in acid hydrolysates ~ were DNP-aspartic acid, DNP-serine, DNP-threonine and e-N-DNP- 
lysine. Quantitative separations on "Celite 545" columns8 yielded approximately 0. 7 residues of 
DNP-aspartic acid, o.3 residues of DNP-serine, i7 - i8  residues of s-N-DNP-lysine and only trace 
amounts of DNP-threonine per molecule of carboxypeptidase (M.W. 34,00o)4. The yield of DNP- 
aspartic acid and DNP-serine from different preparations of DNP-protein varied somewhat but the 
sum of the yields of these two derivatives was always close to one residue. 

Since the carboxypeptidase preparations were homogeneous by several criteria, the presence 
of an impurity with N-terminal serine and threonine residues seemed a less likely possibility than 
the occurrence of partial splitting of bonds involving the amino groups of these two amino acids; 
it is known 5 tha t  such bonds are more labile than most peptide bonds. Attempts to obtain DNP- 
peptides by partial acid hydrolysis of DNP-carboxypeptidase were unsuccessful, only the above 
DNP-amino acids being obtained. This result suggested the presence of a labile bond adjacent to 
the N-terminal aspartic acid residue. 

As DNP-aspartic acid is one of the slowest moving DNP-amino acids on buffered silica columns, 
a t tempts  were made to isolate DNP-aspartyl  (or DNP-asparaginyl) peptides from peptic digests of 
carboxypeptidase, subsequently coupled with FDNB. Two such peptides were identified, DNP- 
Asp(NH2).Ser and DNP-Asp(Glu,Thr) or DNP-Asp(NHs)(Glu,Thr ). Since DNP-asparagine moves 
more rapidly than DNP-aspartic acid, from the rate of travel it seemed probable that  the DNP- 
Asp(NH2)Ser was in the amide form; the higher yield of this peptide also suggested that  if either 
of these two sequences were the N-terminal sequence, it was probably this one. 

The sequence Asp(NH2).Ser- not only accounts for the failure to detect DNP-aspartyl peptides 
after partial acid hydrolysis but also explains the presence of DNP-serine in hydrolysates of the 
DNP-protein, since WEYGAND AND JUNK 6 have previously drawn attention to the lability of the 
N-terminal aspartic acid residues of "old yellow enzyme" during coupling with FDNB. When 
carboxypeptidase was coupled with FDNB under the conditions recommended by PORTER 2 (3 h 
shaking) and the mother liquors and washings (3 times with water, ethanol, ether) were examined 
for DNP-amino acids, DNP-asparagine was recovered in an amount almost exactly equivalent to 
the DNP-serine isolated from hydrolysates of the DNP-protein. In addition, trace amounts of DNP- 
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serine and  D N P - t h r e o n i n e  were identified. An increase in the  t ime  of react ion to 2 4 hours  did no t  
increase  the  a m o u n t  of D N P - a s p a r a g i n e  set  free. 

WEYGAND AND JUNK s found t h a t  if t he  coupl ing was  pe r fo rmed  in buffer  a t  p H  5.8 or p H  7, 
no D N P - a s p a r t i c  acid was  set  free. W h e n  ca rboxypep t i da se  was  coupled wi th  F D N B  in a 0. 4 21f 
p h o s p h a t e  buffer  p H  7. I, D N P - a s p a r a g i n e  (o. 18 residues) still was  l iberated in an  a m o u n t  equ iva len t  
to  t he  a m o u n t  of DNP-se r ine  found  in the  DNP-p ro t e in .  W h e r e a s  "old yellow e n z y m e "  was s table  
to  aqueous  s o d i u m  b ica rbona te  s, c a rboxypep t i da se  was  par t ia l ly  decomposed  wi th  the  l iberat ion of 
severa l  a m i n o  acids  or smal l  pept ides  w h e n  shaken  wi th  a m i x t u r e  of two pa r t s  e thano l  and  one 
pa r t  io % aqueous  s o d i u m  b ica rbona te  as du r ing  t he  reac t ion  wi th  F D N B .  Thus ,  af ter  coupl ing 
t h e  ma te r i a l  in the  aqueous  phase  wi th  F D N B ,  D N P - a s p a r a g i n e  (0.2 residues) was  isolated.  This  
was t he  f r a g m e n t  ob ta ined  in h ighes t  yield and  it  was  no t  possible to ident i fy  the  o ther  DNI ' -  
de r iva t ives  comple te ly .  Af ter  acid hydro lys i s  of these  DNP-de r iva t ives ,  however ,  D N P - a s p a r t i c  acid, 
D N P - g l u t a m i c  acid, DNP-ser ine ,  DNP - t h r eon i ne ,  DNP -va l i ne  and  DNP- leuc ine  were identif ied on 
pape r  ch romatogramsT;  th is  sugges t s  a more  ex tens ive  hydro lys i s  of pept ide  bonds  t h a n  in t he  
presence  of F D N B .  Simi lar  resu l t s  were ob ta ined  af te r  i ncuba t ion  of the  ca rboxypep t ida se  wi th  
diisopropyl f luo rophospha te  so t h a t  t races  of c h y m o t r y p s i n  in the  p repara t ion  were no t  p roduc ing  
th is  effect. 

F r o m  these  resu l t s  i t  is ev iden t  t h a t  c a rboxypep t i da se  has  a single polypept ide  cha in  and  t h a t  
the  N - t e r m i n a l  sequence  is Asp(NH2).Ser- .  The  n e x t  res idue  could be threonine ,  which  would accoun t  
for t he  free DNP-se r i ne  found  in t he  m o t h e r  l iquors af ter  F D N B  t r e a t m e n t  and  t he  t races  of D N P -  
th reon ine  ob t a ined  in acid hyd ro l y sa t e s  of t he  DNP-pro te in .  A sery l - threonyl  sequence  is p resen t  
in ca rboxypep t ida se ,  since D N P - S e r . T h r  was  isolated f rom a c h y m 0 t r y p t i c  d i g e s t  of the  protein  
s u b s e q u e n t l y  coupled wi th  F D N B .  E x p e r i m e n t s  are in progress  des igned to confi rm th is  sequence  
by  an  i n d e p e n d e n t  t echn ique .  

Bo th  "old  yellow e n z y m e "  and  ca rboxypep t idase ,  wi th  N- t e rmina l  aspar t ic  acid and  asparag ine  
residues,  respect ively ,  have  shown  l iberat ion of D N P - a s p a r t i c  acid and  D N P - a s p a r a g i n e  dur ing  
coup l ing  wi th  F D N B  in aqueous  s o d i u m  b ica rbona te  solut ion.  This  is no t  a general  p rope r ty  of all 
p ro t e ins  which  have  N- t e rmina l  aspar t ic  acid res idues  since h u m a n  s e r u m  a l b u m i n  which  ha s  a single 
N - t e r m i n a l  aspar t ic  acid res idue 8, was  s table  when  t r ea ted  wi th  F D N B  in the  same  way  as was  
ca rboxypep t ida se .  One  res idue of D N P - a s p a r t i c  acid was  de tec ted  in acid h y d r o l y s a t e s  in a g r e e m e n t  
w i th  t he  p rev ious  work. O the r  p ro te ins  wi th  N- t e rmi na l  aspar t ic  acid res idues  which  are being s tud ied  
in th i s  l abo ra to ry  ~ h a v e  also been shown  to be s table  du r ing  coupl ing wi th  F D N B .  

I t  is n o t e w o r t h y  t h a t  t he  mild t r e a t m e n t  wi th  b i ca rbona te  solut ion is capable  of sp l i t t ing  
pep t ide  bonds  in c a r b o x y p e p t i d a s e  and  th is  poss ib ly  occurs  wi th  o ther  proteins .  BAILEY 1° ha s  po in ted  
ou t  t h a t  t he  D N P  procedure  is one of t he  m o s t  sens i t ive  t echn iques  for t he  de t e rmina t ion  of pro te in  
pu r i t y  bu t ,  if th i s  cr i ter ion is to be used,  it  is essent ia l  t h a t  all t h e  pept ide  bonds  in the  prote in  be 
s table  u n d e r  these  condi t ions .  

I wish  to t h a n k  Professor  EMIL L. SMITH for sugges t ing  th i s  p rob lem and  his  in te res t  in the  work 
a n d  DOUGLAS M. BROWN for the  recrys ta l l i za t ions  and  for t he  e x a m i n a t i o n  of the  ca rboxypep t ida se  
in the  u l t r acen t r i fuge  and  e lect rophores is  a p p a r a t u s .  
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