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1. Introductil01 

The decomposition of carbamyl phosphate in 
solution proceeds by different paths depending on 
the pH; these pathways (reactions 1 and 2) have 
been referred to as acid and base-catalyzed hydrolysis 

[Il. 

NHzCOl!‘03Hz + HaO+ - NH; + COZ + H3P04 (1) 

NHzCOzPOsHz + OH- - NCO- + HPO:- + Ha0 (2) 

As indicated, reaction 1 leads to the simultaneous 
production of ammonia, CO*, and inorganic phosphate, 

while reaction 2 yields cyanate and phosphate. The 
half-life of cyanate is reported to be ‘~7-8 times that 
of carbamyl phosphate [l] ; therefore, reaction 2 
results in initial accumulation of cyanate and as the 
cyanate decomposes, ammonia is produced. Thus at 
low pH the rates of ammonia and phosphate liberation 
are equal, while at pH 6 the release of ammonia is 
% 15% the rate of phosphate formation [2]. This 
seemingly paradoxical rapid appearance of inorganic 
phosphate and delayed appearance of ammonia led 
to the earlier postulation that a carbamyl phosphate 
derivative of acetyl glutamate was the intermediate 
in citrulline synthesis [2] 

In spite of the fact that acyl phosphatase (an 
enzyme which is highly specific for acyl phosphates 
such as carbamyl phosphate and 1,3-diphosphoglycerate) 
has been purified extensively from a number of sources 
[3] , no attempts have been carried out to determine 
whether the enzymatic hydrolysis of carbamyl phos- 
phate involves the production of cyanate. The pH 

optimum for muscle acyl phosphatase is 5.4-S .6 [3,4] 
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while for the brain enzyme, the pH optimum is pH 
7.0 [5] . Thus in the pH range of acyl phosphatase 
activity, there could be intermediate formation of 
cyanate. 

2. Methods and materials 

Bovine liver glutamate dehydrogenase (Type II, free 
of ammonium ions, 3 .l pmolar units/mg), cu-keto- 

glutaric acid, urease (Type VI, 83,000 units/g), /3-di- 
phosphopyridine nucleotide, reduced form, carbamyl 
phosphate and hydroxylamine hydrochloride were 
purchased from Sigma Chemical Company. Ultra-pure 
urea was obtained from Mann Laboratories and potas- 
sium cyanate was purchased from Fisher Chemical 

Company. 
Acyl (carbamyl) phosphatase from pork heart, 

horse skeletal muscle, beef brain and beef liver were 
purified as previously described [3-61 . 

Cyanate and carbamyl phosphate react rapidly with 
hydroxylamine [2,7] to form hydroxyurea. The pre- 
viously described semidine modification of the diacetyl 
monoxime method [8] for determining carbamyl 
compounds was recently shown to be useful for the 
determination of carbamyl phosphate or cyanate after 
reaction of these compounds with hydroxylamine to 
form hydroxyurea [9]. Interestingly, our procedure 
[8] results in color development with hydroxyurea 
even in the absence of the otherwise required FeCla . 
Carbamyl phosphate and cyanate were measured by 
this assay method [8] after conversion to hydroxyurea. 

Ammonia was measured with a large excess of 
glutamate dehydrogenase as recommended by Rubin 

[ 101 except that change in absorbance was measured 
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directly with a Gilford Model 2000 recording spectro- 
photometer. Each cuvette contained 50 pmoles of tris- 

Cl, pH 7.4,4 pmoles of cr-ketoglutarate and 0.5 or 1 
pmole of 3-NADH in 3 ml. After equilibration at 30”, 
2 mg of glutamate dehydrogenase in 0.2 ml were added. 
After 1 min (to allow for reaction of endogenous am- 
monia) NH,Cl, cyanate, carbamyl phosphate or urea 
were added. When using the last two substrates, after 
one minute equilibration, a large excess of muscle acyl 
phosphatase or urease was added (5 units or 0.2 mg 
respectively). 

3. Results and discussion 

It seemed possible to take advantage of the rapid 
interaction of carbamyl phosphate or cyanate with 
NHzOH as well as the relatively long half-life of the 
cyanate in comparison to that of carbamyl phosphate 
to ascertain whether cyanate is an intermediate in the 
enzyme catalyzed hydrolysis of carbamyl phosphate. 
In the presence of a large excess of acyl phosphatase, 
one should be able to measure an appreciable quantity 
of cyanate if indeed cyanate is an intermediate formed 
during enzymic hydrolysis of carbamyl phosphate. As 
shown in table 1, with three different enzyme prepara- 
tions which should have cleaved rapidly the carbamyl 
phosphate in the incubation period, there were but 
traces of cyanate and/or carbamyl phosphate left. 
Interestingly, and as shown, essentially the same 
results were found in the pH range of 5 to 8. 

Additional evidence against cyanate as an inter- 
mediate is shown in fig. 1. These experiments were 
based upon the recommended utilization of a large 
excess of glutamate dehydrogenase for determination 
of ammonia [lo] , a procedure which allows such 
measurements at or near neutral pH and which 
theoretically should allow the detection of unstable 
intermediates yielding ammonia, i.e. differential rates. 
The experiments reported in the figure demonstrate 
a rapid reaction with ammonia as well as the fact that 
there is no reactivity with cyanate. Indeed the half-life 
of cyanate is longer than previously reported. Therefore 
cyanate is not an intermediate in the enzymatic 
hydrolysis of carbamyl phosphate or urea which was 
used as a control. As shown in fig. 1, in all cases when 
the reaction has reached completion, the change in 
absorbance corresponds to the theoretically expected 

Table 1 
Hydrolysis of carbamyl phosphate at different pH’s and with 

several enzyme preparations. 

Enzyme 

added 

Hydroxyurea present (pmoles) after 

hydrolysis at pH : 
-~ __~ 
5.0 7.4 8.1 

None 5.9 7.6 8 

Beef brain 0.6 0.7 0.8 

Beef liver 0.6 1.0 1.2 

Horse muscle 0.1 0.2 0.2 

The incubation mixture contained 8 pmoles carbamyl phos- 

phate, 100 pmoles of buffer (sodium acetate, pH 5.0, imida- 

zole, pH 7.4, or tris-chloride, pH 8.1) and acyl phosphatase 

(100 I.U. of muscle enzyme, 30 I.U. of liver or brain enzyme) 

in a final volume of 0.5 ml. Incubation was for 20 mm at 30”. 

At the end of the incubation, 0.2 ml of 1 M neutralized 

NHaOH was added to each tube. The tubes were then heated 

in boiling water for 15 min, cooled and 3 ml of Hz0 were 

added to each tube. After centrifugation aliquots of the 

supernatants were assayed [ 81 . 
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Fig. 1. Comparison of reactivity of glutamate dehydrogenase 

to added ammonia and to ammonia formed from enzymatic 

hydrolysis of carbamyl phosphate and urea. The changes in 

absorbance with the different substrates were measured as 

indicated in the text. Curve A, 0.1 pmole of ammonia; curve 

B, 0.2 Mmole of ammonia;curve C, 0.1 rmole of urea; curve 

D, 0.18 pmole of carbamyl phosphate; curve E, 5 pmoles of 

potassium cyanate. At the point indicated by the arrow, the 

reactions were initiated by the addition of ammonium chloride 

(A and B), urease (C), acyl phosphatase (D), or cyanate (E). 
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value for the complete hydrolysis and conversion to 
glutamate of all of the ammonia from carbamyl phos- 
phate or urea. For example, with 0.1 and 0.2 pmole 
of ammonia, the total change in absorbance was 0.21 
and 0.43 (curves A and B respectively). The hydrol- 
ysis of 0.18 mole of carbamyl phosphate resulted in 
the change in absorbance corresponding to that given 

by 0.18 pmole of ammonia (curve D). Again with 
0.36 pmole of carbamyl phosphate, we measured an 
absorbance change of 0.77, essentially the theoretical 
value. As shown in the figure, these changes were 
essentially as rapid as those measured with ammonia. 
Interestingly, as shown in the figure, the (very rapid) 
change in absorbance due to hydrolysis of 0.1 I.tmole 
of urea was 0.43, exactly that observed with 0.2 pmoles 
of ammonia. Moreover, although not shown in the 

figure, with 0.2 pmole of urea, we observed again a 
very rapid change in absorbance of 0.88, corresponding 
to that given by 0.4 pmole of ammonia. Other experi- 
ments under similar conditions confirmed these results. 

Therefore, the present work definitely excludes the 
formation of cyanate as an intermediate in the enzyme- 
catalyzed hydrolysis of carbamyl phosphate and inci- 
dentally also during urea hydrolysis by urease (a reac- 
tion in which carbamyl phosphate has been postulated 
to be an intermediate [ 1 l] ). Whether or not there is 
intermediate formation of carbamate or direct splitting 
of carbamyl phosphate or urea to ammonia and CO2 
remains to be demonstrated. As shown by the kinetic 
data, if carbamate is formed, it decomposes very rapidly. 
This is in contradiction to an earlier report [lo] , where- 
in, under essentially the same conditions, the rapid 
release of 1 mole of ammonia per mole of urea by 
urease as well as presumed stability of carbamate for 
a lengthy period (at least 18 min) was noted. Our 
observations are in agreement with the chemistry of 
carbamate which is unknown in the free state [ 121 
Thus, if carbamate is an intermediate in carbamyl 
phosphate (as well as urea) hydrolysis, demonstration 

of its presence will require rapid and/or special 

techniques. 
In view of our finding, a review of the literature 

has failed to reveal reliable data which directly 
demonstrate carbamate as an intermediate in the 

enzymatic hydrolysis of urea. 
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