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erythrocuprein prepared in this manner contained 16.88 % N and 1.13 ~/o S (corrected 
for moisture content in the sample). The copper content was determined by the 
dithizone method s on an aqueous solution of the protein from which the copper was 
released and the protein precipitated by trichloroacetic acid 9. The protein concen- 
tration was determined by micro Kjeldahl analysis using the nitrogen content of 
16.88 %. The copper content was found to be 0.38 (0.376 ) %. 

The elementary composition of erythrocuprein prepared in the described manner 
seems to be in rather good agreement with the values given previously~, 3. The 
molecular weight calculated from the copper content (two copper atoms per protein 
molecule) is 33,800. This is in good agreement with the value calculated from the 
amino acid composition 3. 

On the basis of the comparisons made above there seems to be no doubts tha t  
the protein prepared here is identical to that prepared earlier~, ~ but  the present 
procedure may be somewhat more convenient and it also results in a product showing 
a higher degree of homogeneity. 
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Phosphorolysis of carbamyl oxamic acid 

Decomposition of the ureido group of carbamyl oxamate by Streptococcus allantoicus z 
has been found to be an energy-yielding reaction leading to the formation of ATP. 
The proposed mechanism for this transformation is as follows: 

O O H O  O O O  

O H - C - C - N - C - N H z  + Pi = NH~C ~ P + O H - C - C - N H ,  (1) 

O tl 
NH~C N p + A D P  = N H  3 + CO, + ATP (2) 

Abbrevia t ions:  Pi, inorganic phosphate ;  ATP, adenosine t r iphosphate ;  ADP, adenosine 
d iphospha te  ; Tris, t r i s (hydroxymethy l )aminomethane .  
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This communication presents evidence in support of the above reactions. Oxamic 
transcarbamylase, catalyzing reaction (I), was described previously. 2 

In the experiments to be reported, ATP generation from carbamyl oxamate was 
coupled with acetate phosphorylation by means of an acetate kinase present in the 
enzyme preparation. Hydroxylamine was used to trap the acetyl phosphate as it was 
formed. Under these conditions the equilibrium of reaction(l), which lies toward 
synthesis of carbamyl oxamate, was displaced since the ATP formed by reaction (2) 
was utilized in acetate activation. High concentrations of neutral hydroxylamine and 
acetate did not inhibit the reaction. 

ATP was determined under the following conditions : a suitable amount of enzyme 
was incubated with 20 ~moles carbamyl oxamate, 50/zmoles Tris (pH 7.8), 5 ~moles 
MgS04, 20/~moles potassium phosphate (pH 7.8), I /zmole ADP, 200/zmoles sodium 
acetate, 700 tzmoles neutral hydroxylamine and water to I ml. After 20 min at 3 o°, 
the reaction was terminated by the addition of FeC13 reagent ~ and the acethydroxamic 
acid formed was determined colorimetrically. Further identification of acethydrox- 
amic acid was achieved chromatographically according to the method of STADTMAN 4. 

The enzyme used was an ammonium-sulfate precipitated, dialyzed fraction pre- 
pared as described previously 2. Carbamyl oxamate (Nutlitional Biochemical Corp.) 
and citrulline were determined by the method of ARCHIBALD 5. Oxamate (Nutritional 
Biochemical Corp.) was determined by chromatography ~ on Dowex-I -XIo  and by 
an unpublished procedure of SMYTH AND BARKER, kindly supplied by Dr. LEON 
CAMPBELL. In this method, oxamate is substituted for acetamide in the procedure of 
LIPMANN AND TUTTLE ~. Separation of carbamyl oxamate and oxamate was achieved 
chromatographically using Dowex-I -XIo  (acetate form) 2. 

Table I shows the requirements for acethydroxamic acid formation from carbamyl 
oxamate.  As seen from the table, the necessary requirements for hydroxamate forma- 
tion are inorganic phosphate, Mg ÷+, acetate, ADP, hydroxylamine, enzyme and 
substrate. 

The catalytic role of Pi on hydroxamate formation is shown in Fig. 2 .8  t, moles 
acethydroxamate were formed in 20 min in this reaction. When arsenate replaced 
Pi no ATP was formed; however, when arsenate was used, carbamyl oxamate rapidly 
disappeared. Evidence that  an arsenolytic cleavage occurs is presented in Fig. I. In 

T A B L E  I 

REQUIR]~MENTS FOR ATP ~'ORMAT1ON 

Condi t ions :  s t a n d a r d  assay.  E n z y m e :  i .o  nag of an  a m m o n i u m - s u l f a t e  p rec ip i t a ted ,  d ia lyzed 
fract ion.  I n c u b a t i o n :  3 °0 for 2o min. 

A cetyl hydroxamate formed 
Com~itv2nt omitted (~moleM 

None 7.6 
MgSO 4 0.5 
A D P  0.2 
NH~OH o.o 
Ace ta t e  o.o 
P h o s p h a t e  0. 4 
E n z y m e  o.o 
C a r b a m y l  o x a m a t e  o.2 
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this experiment the arsenolysis of carbamyl oxamate was measured by following 
oxamate formation. Oxamate formation correlated well with carbamyl oxamate dis- 
appearance. The phosphorolytic cleavage of carbamyl oxamate, on the other hand, 
results in the formation of oxamate and carbamyl phosphate. Further evidence for the 
intermediary role of carbamyl phosphate in this reaction was the finding that carbamyl 
oxamate is an active carbamyl donor for the synthesis of citrulline from ornithine. 
This reaction is dependent upon Pi. Furthermore, carbamyl phosphate is rapidly 
converted to ATP as measured in the standard hydroxylamine assay. 
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Fig. I. Arsenolysis of ca rbamyl  oxamate.  Each  tube contained 19 #*moles carbamyl  oxamate ,  
5 ° #*moles Tris (pH 7.8), 3/*moles MgSO4, and po tass ium arsenate or phospha te  as indicated. 
Enzyme  was 1.8 mg ammonium-su l fa te  precipitated, dialyzed fraction. Total  volume was i ml; 
incubat ion:  3 °0 for 20 min. Fig. 2. ATP format ion f rom carbamyl  oxamate.  Each tube contained 
i /*mole ADP,  2o/~moles carbamyl  oxamate,  5o/~moles Tris (pH 7.8), 5 #moles MgSO,, 2o0 
/~moles sodium acetate, 700/~moles neutral  hydroxylamine,  I.O mg of enzyme fraction (Fig. I), 
and water  to I ml. Incuba t ion  at  3 ° °  for 20 min. ATP formation was coupled to the active 

acetate kinase in this fraction. 

The role played by ureido succinate and ureido propionate as energy metabolites 
in Zymobacterium oroticum and Clostridium uracilium, respectively, is obscured by 
the finding that extracts of these organisms hydrolytically cleave the ureido moieties 
of these acids ~,8. The significance of these reactions in pyrimidine biosynthesis has 
been discussed 9,10. In contrast with these findings, decomposition of the ureido group 
of carbamyl oxamate by Streptococcus allantoicUs has been found to be an energy- 
yielding reaction. 
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