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oxidase* was followed at  265 m/~. Conditions of the test  and relationship between enzyme concen- 
t ra t ion and changes in optical densi ty are recorded in Table I. As can be seen, propor t ional i ty  is 
sat isfactory for an assay method,  and in fact the tu rnover  number  calculated from initial velocities 
is more than  three times the value obtained by  the manometr ic  test. The purified oxidase has also 
been used for the spectrophotometr ic  determinat ion of ascorbic acid, by  subt rac t ing  the small 
residual absorpt ion at  265 m/z after oxidase action, from the initial absorpt ion.  

T A B L E  I 

S P E C T R O P H O T O M E T R I C  A S S A Y  O F  A S C O R B I C  A C I D  O X I D A S E  

.Enzyme added Log I° (265 m#) 
micrograms of protein 1 

for first minute 

0.060 0.320 - 
0.045 0.260 
0.030 o.18o 
o.o15 o.o9o 

Disappearance of dihydroxymaleic acid was measured at  290 m~ in the presence of peroxidase  
from horse radish or cabbage and I micromole of hydrogen peroxide. The tests were carried out  in 
a final volume of 3 ml and o.I M KH2PO 4. Propor t ional i ty  between enzyme concentrat ion and  
density changes was less sat isfactory than  in the case of ascorbic acid oxidase. Relatively lower 
activity values were obtained with increasing e n z y m e  concentrat ion and corrections had to be 
applied. An enzyme sys tem was found in extracts  of cabbage which catalyzes the oxidat ion of 
dihydroxymaleic acid wi thout  addition of hydrogen peroxide. After fract ionation with a m m o n i u m  
sulfate and dialysis, the enzymic act ivi ty was lost. Addition of a heat  stable factor obtained f rom 
cabbage fully restored enzymic act ivi ty to the dialyzed preparat ion.  

In to  quar tz  cells (I cm light path)  of a Beckman spec t rophotometer  the following solut ions 
were pipetted : 2.8 ml of c i t ra te-phosphate  buffer pI-I 5.6 (containing 0.025 M citric acid and 0.05 M 
Na2HPO4); o.I ml of a solution containing 0.05% ascorbic acid and i % neutralized. Versene:  
0.05 ml of 1% bovine serum a lbumen and o.05 ml of the ascorbic acid oxidase solution. All dilutions 
of the enzyme were made in o.oi M phospha te  buffer p H  7.4 containing o.I  % bovine serum albumen.  
Densi ty  readings were made at  265 In#. 
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* A highly purified preparat ion of ascorbic acid oxidase (IOOO U/mg) was kindly supplied by  
Dr  C. R. DAWSON. 

THE PRODUCTS OF THE ACTION OF THROMBIN ON FIBRINOGEN 

by  
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Analyses for N-terminal  residues by  the fluorodinitrobenzene (FDNB) method 1 show t h a t  the 
end-groups of bovine fibrinogen are tyrosine and glutamic acid, while the fibrin derived f rom it 
after  clotting wi th  a small am oun t  of purified th rombin  has tyrosine and glycine N-terminal  groups .  
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Thus,  in addition to the appearance of glycine end-groups reported previously 2, there is a dis- 
appearance of glutamic acid end-groups from the protein on clotting. Quant i ta t ive  est imations of 
the end-groups indicate the most  likely values to be 3 or 4 residues of N-terminal  tyrosine and 2 of 
glutamic acid per  molecule of fibrinogen, and 3 or 4 of tyrosine and 4 of glycine in an approximate ly  
equal weight of fbr in .  

The N-terminal  glutamic acid lost from fibrinogen can be found quant i ta t ive ly  after  clott ing 
in material  which does not  become insoluble on t r ea tmen t  with F D N B  under  SANGER'S conditions, 
and is therefore not  present  in any insoluble dini t rophenyl-protein (DNP-protein).  fraction. This 
material ,  which is found in solution in the clot liquor separated from fibrin by  purely mechanical  
means,  is peptide in na ture ;  it dialyzes th rough  cellophan, is not  precipitated by  trichloroacetic 
acid, and contains most  of the common amino-acids. On t r ea tmen t  with F D N B  and subsequent  
hydrolysis  it yields, besides DNP-glu tamie  acid, a roughly equimolecular a moun t  of e-N-DNP-lysine. 
The conclusion tha t  peptide material  is liberated during clotting was reached independent ly by  
LORAND s, who found tha t  non-protein nitrogen is formed during clotting. 

In  order to obtain  the peptide material  free of the salt necessary to bring the fibrinogen into 
solution, clott ing has been carried out  in the presence of no salt o ther  than  a m m o n i u m  acetate, 
which is volatile. When  clot liquor thus  obtained is taken to dryness, however, the product  contains 
considerably less than  the expected am oun t  of N-terminal  glutamic acid capable of reacting with 
FDNB.  Such a disappearance of free a-amino groups might  result  f rom internal condensat ion to 
form a pyrrol idone ring, which is known to occur readily when the 7-carboxyl  group is amidized~; 
there is no direct evidence, however, to show tha t  the reaction involved here is of this type. The 
ex ten t  of the change can be diminished by  drying the clot liquor from the frozen state ra ther  than  
at ord inary  temperatures .  

I t  will be noticed tha t  there is a discrepancy between the number  of glycine end-groups in 
f i b r i n - - t h e  "scars"  left behind when the peptide material  is split o f f - - a n d  the number  of glutamic 
acid end-groups which are lost from fibrinogen. Several possibilities have been considered to account  
for this. I t  has now been found tha t  the peptide material  in an aqueous ext rac t  of freeze-dried 
a m m o n i u m  acetate clot liquor can be fractionated into two ninhydrin-react ive components  by  paper  
electrophoresis ~ in acetate buffer, p H  4.15. The small amoun t  of unclot ted protein present  moves 
towards  the cathode, while bo th  the peptides move towards  the anode. The faster-moving component ,  
peptide A, contains all the N-terminal  glutamic acid of the original peptide material;  the slower- 
moving component ,  peptide B, contains all the lysine e-amino groups, bu t  apparent ly  no N-terminal  
residue capable of reacting wi th  FDNB,  for it has not  been possible to detect an a -N-DNP-amino-  
acid in hydrolysa tes  of its D N P  derivative. The existence of this peptide may  therefore account 
for the excess of the n u m b e r  of glycine end-groups in fibrin over t ha t  of glutamic acid end-groups 
in fibrinogen. Since the am oun t  of peptide lysine (estimated as e-N-DNP-lysine) corresponds most  
closely to 2 residues per  molecule of fibrinogen, it is possible, by  assuming these two residues not  
to be in the same chain, to correlate each of the presumpt ive  4 glycine end-groups liberated per 
molecule of fibrinogen wi th  a chain of peptide split o f f - - 2  wi th  peptide A and 2 wi th  peptide B. 
However ,  it should be pointed out  t ha t  the quant i ta t ive  aspect of the analyses involving D N P  
derivat ives has to be regarded with caution. 

Both peptides contain aspart ic acid, glutamic acid, glycine, threonine, reline, leucine, phenyl-  
alanine, proline and arginine, bu t  peptide B also contains alanine and tyrosine of which peptide A 
appears  to be free, and peptide A contains serine of which peptide B contains none or very  little. 
i t  thus  seems definitely established tha t  peptide molecules of at  least two distinct types  are split 
off from fibrinogen when it is clotted by  thrombin .  

A full account  of this work will be published later. One of us (F.R.B.) wishes to acknowledge 
a g ran t  from the Medical Research Council. 
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