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ABSTRACT OF THE DISCLOSURE

A process for measuring the amount of a nitrogen-
containing compound in a sample or the amount of an
enzyme in a sample, the enzyme being reactive with a
nitrogen-containing -compound, ‘which involves (1) mix-
ing the sample with a. compound that is enzymatically
reactive with ammonia; (2) adding to the nitrogen-
containing compound in the sample an .amount.of the
enzyme or adding to the enzyme a non-rate limiting
amount .of a nitrogen-containing compound to. release
-ammonia, in either case, at a measurable- rate; and
(3) measuring the rate of reaction of ammonia with
the compound that is reactive with ammonia, this rate
of reaction being proportional to the concentration of the
nitrogen-containing - compound. or the concentration of
the enzyme, as the case may be, in the original sample.

This invention relates to a procedure for the quantita-
tive -determination of nitrogen  in' nitrogen-containing
compounds and, more particularly, to a combination of
enzymatic reactions for such determination,

While the invention will be described specifically for
the determination of the amount of trea in blood samples,
urine samples, etc., the invention is not so limited: The
invention is applicable wherever ammonia can be pro-
duced from a parent nitrogen-containing compound by
an enzymatic reaction at a rate or in' an amount related
to- the ‘amount or concentration of the parent compound.

Urea, the diamide of carbonic acid, is the most im-
portant product of protein metabolism in humans and
other ‘mammals and- in various other animal species.
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There are many methods for identifying and determining -

urea. One such meéthod involves hydrolyzing urea with
‘the enzyme urease to produce carbon dioxide and ammo-
nia and then determining either the carbon dioxide gaso-
‘metrically or the ammonia colorimetrically with Nessler’s
reagent. The ammonia determination is probably more
rapid and, by using appropriate standards, is quite accu-
rate. However, the colorimetric determination of ammo-
nia with Nessler’s reagent requires the prior deproteiniza-
tion of the assay medium. Deproteinization is . time
consuming and is not-always reliable, .

It is an object of the present invention to provide a
procedure for determining ammonia employing the urease
‘reaction - without prior deproteinization. It is a. further
object to provide a procedure for nitrogen determination
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that is specific, simple, rapid and sensitive. Other objects
will appear hereinafter.

The objects are accomplished by a process that, in
its broadest terms, couples an ammonia producing enzyme
reaction directly and simultaneously with a second re-
action which enzymatically incorporates ammonia as fast
as the first reaction produces the ammonia. The basic
requirement for the first reaction is that this reaction
produce ammonia at a rate ‘or in an amount that is pro-
portional to the parent compound to be determined, e.g.,
urea, 1-lysine, glycine, etc. The requirements for the
second reaction are: (1) it must be compatible with the
first reaction; (2) it must be specific for the ammonia
released by the first reaction; (3) the rate of the second
reaction must be limited only by the rate of ammonia
formation from the first reaction; and (4) the rate of
the second reaction must be susceptible to being read
by suitable means, e.g., spectrophotometric procedures,
colorimetric procedures, fluorometric procedures, turbi-
dimetric procedures, conductometric procedures, ampero-
metric procedures, etc.

Specifically, a process for determining urea comprises

‘the steps, in sequence, of adding a measured amount of

the urea-containing sample to a solution containing the
reduced form of g-nicotinamide-adenine dinucleotide,
sodium-a-ketoglutarate and 1-glutamic dehydrogenase,
the solution being buffered to a pH of about 6.8 to about
9.0, preferably from 7.8 to 7.9; and, thereafter, adding
an aqueous solution of urease and measuring the rate of
formation of oxidized g-nicotinamide-adenine dinucleo-
tide.

Since. the reduced form of g-nicotinamide-adenine
dinucleotide absorbs light very strongly at 340 milli-
microns while the oxidized form does not, the rate of
disappearance of the reduced form is dlrectly proportional
to the decrease in absorbance of light at 340 millimicrons
at constant temperature, usually. at a constant.tempera-

.ture between 15° C. and 50° C., and can be measured

readily. by those skilled in the art using a conventional
spectrophotometric procedure. Since the rate of .oxida-
tion of the reduced form. of g-nicotinamide-adenine di-
nucleotide is also proportional.to the rate of formation
of ammonia-and the rate of formation of ammonia is
a function of the concentration of the parent mitrogen-
containing compound, the decrease in absorbance of 340
millimicrons can. be used as a direct measure of the
original concentration of the parent nitrogen-containing
compound. It should also be understood that other wave-
lengths, e.g., 366 millimicrons, can be used for the fore-
going purpose.

Although sodium e«-ketoglutarate has been designated
for use in the preferred process of the invention, it should
be understood that other salts of the a-ketoglutarlc acid
or the acid may be used. The only limitation is that such
salt or any acid present must be dissolved in, and com-
patible with, the reaction system. Thus, by specifying
a-ketoglutarate, it is meant that such salts as the sodium,
potassium, etc. salt of «-ketoglutaric acid are used.

As set forth previously, this same procedure can be
used- for the quantitative determination of nitrogen in
other parent compounds that yield ammonia, besides
urea. In the following table, Table I, are provided parent
nitrogen-containing . compounds that can be determined
by the procedure of this invention and the enzymes to
be used in the ammonia-releasing reaction of the proce-
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dure. After determining the optimum conditions of tem-
perature, pH, ionic strength, etc. for securing a pseudo
zero order kinetic condition, i.e., a linear portion in the
curve obtained by plotting the rate of change in ab-
sorbance versus nitrogen concentration, the procedures for
all the determinations become identical and will be more
readily understood by reference to the example presented
hereinafter.

TABLE I
Parent compound Enzyme
1-Lysine —coeeeee 1-Lysine amino acid oxidase.
I-Histidine —~o...——-. Histidine-a-deaminase.
I-Serine wmeceeena 1-Serine dehydrase.
I-Threonine _____. 1-Threonine amino acid oxidase.
I-Homoserine -..... 1-Homoserine amino acid oxidase.
1-Cysteine —.o—___. 1-Cysteine amino acid oxidase.
Glycine . ____. Glycine oxidase.

I-Aspartic acid ... 1-Aspartase.

Quanine Quanine deaminase.
Aliphatic amines - Monoamine oxidase.
d-Amino acids . d-Amino acid oxidase.
1-Glutamine 1-Glutaminase.

Uric acid Uricase.

It is apparent that the basic ideas involved in the
procedures of this invention can also be used to deter-
mine the amount of enzyme present. For such a proce-
dure, the parent nitrogen-containing compounds (urea,
I1-lysine, etc.) would be added in the non-rate limiting
concentration rather than the enzyme (urease, l-lysine
amino acid oxidase, etc.). The measurement of the rate
of oxidation of the reduced form of @-nicotinamide-
adenine dinucleotide would then be a function of the
original enzyme concentration.

It will be observed that in the so-called second re-
action, the ammonia-incorporating reaction, the ammonia
reacts with sodium-«-ketoglutarate to form I-glutamate
while the reduced form of the nicotinamide-adenine di-
nucleotide is oxidized. Alternatively, the ammonia can
be incorporated into pyruvic acid by using the enzyme
l-alaninedehydrogenase (isolated from Bacillus subtilis).
This reaction in which ammonia is incorporated into
pyruvic acid also requires the use of the reduced form of
p-nicotinamide-adenine dinucleotide which is oxidized
during the reaction. The oxidation of the g-nicotinamide-
adenine dinucleotide can then be determined in the
spectrophotometric manner previously described, by the
change in absorbance at 340 millimicrons, to provide a
quantitative determination of the nitrogen-containing
parent compound, Still another alternative reaction for
the detection of ammonia is the reductive incorporation
of ammonia into glyoxylate by the enzyme glyoxylate
reductase which can be obtained from Microbacterium
tuberculosis, Hominis. The rate of this reaction can also
be readily determined by the decrease in absorbance at
340 millimicrons, since this enzyme also requires reduced
B-nicotinamide-adenine dinucleotide as the coenzyme.

The procedure described which involves a coupled re-
action system and which can be used for determining
amounts of parent nitrogen compounds as well as for
the specific assay of enzymes has many advantages. It is
a procedure that is specific; the enzymes have the ability
to react specifically with the individual components of
complex mixtures. Since the procedure is extremely
specific, the necessity for the time-consuming separation
of components is minimized. Furthermore, the procedure
does not require the complete conversion of the compo-
nents to be assayed. Thus, the complex conversion of the
specific components assayed can be accomplished in a
very short time. It will be also noted that the conditions
employed in the reactions are sufficiently mild to allow
the detection and determination of labile substances.
Finally, the procedure is extremely sensitive; it will oper-
ate where concentrations of the parent nitrogen-containing
compound or the enzyme, whichever is to be determined,
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are extremely low, e.g., as low as (1.2 microgram per milli-
liter of assay solution. Other advantages will be apparent
from the following example.

EXAMPLE

This is an example for determining the urea nitrogen
concentration in samples of blood serum or blood plasma.
If urine or other ammonia containing materials are used,
the sample should be passed through an ion exchange
column, or other suitable means should be used, prior
to analysis in order to remove free ammonia.

The procedure depends upon the following two reac-
tions:

Urease
(1) Ureat-water ——— ammonia+carbon dioxide

(2) Ammonla+-a-ketoglutrate+the reduce form of g-nicotinamide-
Glutamic dehydrogenase

adenine dinucleotide oxidized

Zine ion

g-nicotinamide-adenine dinucleotide-1-glutamate+water.

The first series of runs serves to provide a relationship
between the rate of the reaction occurring in Equation 2
and known amounts of urea nitrogen in standard solu-
tions. For these runs, 4.96 milliliters of a reagent solu-
tion for carrying out the second reaction are pipetted
into a one-centimeter optical cell; the cell is placed in a
water bath at 37° C. for 3 minutes; and 0.020 milliliter
of the solution to be evaluated is added. :

The reagent solution has been prepared by dissolving
34.2 milligrams of l-cysteine hydrochloride in 25 milli-
liters of a phosphate buffer. The buffer is prepared by
mixing 84 milliliters of 1.0 molar sodium dibasicphos-
phate and 16 milliliters of 1.0 molar potassium mono-
basicphosphate, diluting the resulting mixture to 1 liter
with distilled water, and then adjusting the pH to 7.85. 2.4
milliliters of a solution of 0.1 gram of the disodium salt
of g-nicotinamide-adenine dinucleotide in 10 milliliters of
the phosphate buffer; 2.4 milliliters of a solution of so-
dium-a-ketoglutarate prepared by dissolving 0.885 gram
of the monosodium salt of «-ketoglutaric acid in 2 milli-
liters of water and adjusting the pH to 7.8 with 1.0 nor-
mal sodium hydroxide and adding sufficient phosphate
buffer to bring the volume to 25 milliliters; and 5 milli-
liters of ammonia-free l-glutamic dehydrogenase sus-
pended in a solution of 50% glycerol and 0.1 molar phos-
phate buffer at a pH of 7.0, the suspension containing 30
units of the enzyme per milliliter, are all added to the
l-cysteine hydrochloride solution; and the solution is di-
luted with the phosphate buffer to a total volume of 100
milliliters.

0.02 milliliter of various standard solutions containing
known amounts of urea nitrogen are then added to pro-
vide the reference curve. These amounts range from 200
milligrams of nitrogen per 100 milliliters of phosphate
buffer (200 mg. percent), prepared using 2.148 grams of
urea in 500 milliliters of phosphate buffer, down to 10
milligrams of nitrogen per 100 milliliters of phosphate
buffer (10 mg. percent), prepared by diluting 5 milliliters
of the first prepared urea solution with 95 milliliters of
the buffer. , _

After a two-minute delay following the addition of the
test solution, 0.02 milliliter of a solution of 10 milligrams
of urease (2500 units/gram) in 1 milliliter of 2 50%
glycerol-distilled water solution is added to the optical cell.
While maintaining the temperature of the optical cell at
37° C., absorbance versus time at a wavelength of 340
millimicrons is read using a spectrophotometer. From the
linear portion (usually from 30 seconds to 2 minutes
after the urease addition) the reaction rate (A absorb-
ance/minute) is obtained for each known urea nitrogen
concentration: and the results are plotted as the standard
reference curve.
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After preparmg the standard reference curve, the fore-
going procedure is Tepeated but substituting a 0.02 milli-
liter sample of the blood serum or blood plasma, etc. for
the standard solutions of urea mtrogen "The absorbance
at a wavelength of 340 millicrons is read and recorded as
a function of time. From the reaction rate obtained in
the linear portion of this curve (usually from 30 seconds
to 2 minutes after the urease addition), the urea mtrogen
is read off the standard reference curve.

What is claimed is:

1. A process for the quantative determination of a
mtrogen-contammg compound capable of releasing am-
monia upon énzymatic action which comprises adding a
measured amount of a sample of such nitrogen-containing
compound to a solution of non-rate limiting amounts of
a first enzyme and compound A, said compound A being
reactive with ammonia in a reproducible measurable
manner in the presence of said first enzyme; thereafter,
‘adding a second enzyme that reacts with said nitrogen-
containing compound to release ammonia, the amount of
said second enzyme added bemg sufficient. to release am-
monia from said sample at a measurable rate proportional
to the concentration of the nitrogen-containing compound
in said sample; and measuring the rate of reaction of
ammonia with said. compound A while maintaining the
system at a substantially constant temperature and at a
substantially constant pH.

2. A process for the quantitdtive determination of a
nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which comprises adding a
‘measured amount of a sample of such nitrogen-containing
compound to a solution of non-rate limiting amounts of
I-glutamic dehydrogenase, a-ketoglutarate, and the Te-
duced form of g-nicotinamide-adenine dinuc¢leotide; there-
after, adding a second enzyme that reacts with said nitro-
‘gen-containing compound to release ammonia, the amount
of said second enzyme added being sufficient to release
ammonia from said sample at a measurable rate propor-
tional to the concentration of the nitrogen-containing
compound in said sample; and measuring the rate of
disappearance of the reduced form of pg-picotinamide-
adenine dinucleotide while maintaining the system at a
substantially constant temperature and at.a substantially
constant pH.

3. A process as in claim 2 wherein said nitrogen-con-
'tammg compound ‘is selected from the group consisting
of urea, uric acid, 1-lysine, I-histidine, 1-serine, I-threonine,

_I-homoserine, I-cysteine, glycine, l-aspartic acid, quanine,
.aliphatic amines, d-amino acids and l-glutamine, and said
enzyme is, correspondingly, selected from the group con-
sisting of urease, uricase, l-lysine amino acid oxidase,
histidine - a - deaminase, l-serine dehydrase, 1-threonine
amino acid oxidase, 1-homoserine amino acid oxidase, I-
cysteine amino acid oxidase, glycine oxidase, I-aspartase,
quanine deaminase, monoamine oxidase, d-amino acid ox-
idase and I- glutaminase.

4. A process for the quantitative determination of a
mtrogen containing compound capable of releasing.am-
‘monia upon enzymatic action which comprises adding a

_measured amount of a sample of such nitrogen-containing
compound to a solution of non-rate limiting amounts of
l-alanine dehydrogenase, pyruvate, and the reduced form
of ﬁ-mcotlnamlde—ademne dinucleotide; thereafter, add-
ing a second enzyme that reacts with said nitrogen-con-
taining compound to release ammonia, the amount of said
second enzyme added being sufficient to release ammonia
from said sample at a measurable rate proportional to the
concentration of the nitrogen-containing compound in
_said sample; and measuring the rate of disappearance of
-the reduced form of g-nicotinamide-adenine dinucleotide
while maintaining the system at a substantially constant
temperature and at a substantially constant pH.

5. A process for the quantitative determination of a
nitrogen-containing. compound capable - of releasing am-
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monia upon enzymatic action which comprises adding a
measured amount of a sample of such nitrogen-containing
compound to a solution of non-rate limiting amounts of
glyoxylate reductase, glyoxylate, and the reduced form of
g-nicotinamide-adenine dinucleotide; thereafter, adding a
second enzyme that reacts with said nitrogen-containing
compound to release ammonia, the amount of said second
enzyme added being sufficient to release ammonia from
said sample at a measurable rate proportional to the con-
centration of the nitrogen-containing compound in said
sample; and measuring the rate of disappearance of the
reduced form of p-nicotinamide-adenine dinucleotide
while maintaining the system at a substantially constant
temperature and at a substantially constant pH.

6. A process for the quantitative determination of urea
which comprises adding -a measured amount of a urea-
containing sample to a solution of non-rate limiting
amounts of l-glutamic dehydrogenase, a-ketoglutarate and
the reduced form of g-nicotinamide-adenine dinucleotide,
said solution being buffered to a pH of 6.8-9; thereafter,
adding an amount of a solution of urease sufficient to -
release ammionia from said urea-containing sample at a
measurable rate proportional to the concentration of urea
in said sample; and measuring the rate of disappearance
of the reduced form of g-nicotinamide-adenine dinucleo-
tide while maintaining the system at a substantially con-
stant temperature selected from between 15° C. and
50° C.

7. A process for the quantitative determination of
urea which comprises adding a measured amount of a

-urea-containing sample to a solution of non-rate limiting

amounts of l-glutamic dehydrogenase, the reduced form
of g-nicotinamide-adenine dinucleotide, and sodium-e-
ketoglutarate, said solution being buffered to a pH of
7.8-7.9; thereafter, adding an amount of an aqueous
glycerol solution of urease sufficient to release ammonia
from said urea-containing sample at a measurable rate
proportional to the concentration of urea in said sample;
and measuring the rate of disappearance of the reduced
form of g-nicotinamide-adenine dinucleotide while main-

‘taining the system at a substantially constant temperature

of 37° C.

8. A process for the gquantitative determination of an
enzyme selected from the group consisting of urease,
uricase; I-lysine amino-acid oxidase, histidine-a-deaminase,
l-serine dehydrase, I-threonine - amino acid oxidase, I-
homoserine  amino acid oxidase, I-cysteine: amino acid
oxidase, glycine oxidase, l-aspartase, quanine deaminase,
monoamine oxidase, d-amino acid oxidase and l-glu-
taminase which comprises adding a measured amount of
a sample containing said enzyme to a solution of I-
glutamic dehydrogenase, a-glutarate, the reduced form of
p-nicotinamide-adenine dinucleotide and an excess of a

‘nitrogen-containing compound selected, correspondingly,

from the group consisting of urea, uric acid, I-lysine, 1-
histidine, I-serine, l-threonine, ]-homoserme, lcysteme
glycine, “l-aspartic acid, quanine, aliphatic amines, d-
amino acids and l-glutamine; and measuring the rate of
disappearance - of the reduced form of B-nicotinamide-
adenine dinucleotide while maintaining the system at a

-constant. temperature.

9. A process for the quantitative determination of

Aurease which comprises adding a measured amount of a

urease-containing sample 'to a solution of l-glutamic de-
hydrogenase, the reduced form of g-nicotinamide-adenine
dinucleotide, sodium-«-ketoglutarate, and an excess of
urea, said solution being buffered to a pH of 7.8-7.9; and
measuring the rate of disappearance of the reduced form
of g-nicotinamide-adenine dinucleotide while maintaining
the system at a constant temperature.

10. A process for the quantitative determination of a
first enzyme which is reactive with a nitrogen-containing
compound, said compound being capable of releasing
ammonia upon reaction therewith, which comprises add-
ing a measured amount of a sample containing such first
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enzyme to a solution containing a non-rate limiting
amount of compound A and a second enzyme, said com-
pound A being reactive with ammonia in a reproducible
measurable manner in the presence of said second enzyme;
thereafter, adding a non-rate limiting amount of a nitro-
gen-containing compound which is reactive with said first
enzyme to release ammonia from said sample at a
measurable rate proportional to the concentration of said
first enzyme in said sample; and measuring the rate of
reaction of ammonia with said compound A while main-
taining the system at a substantially constant temperature
and at a substantially constant pH.

11. A process for the quantitative determination of a
nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which comprises adding a
measured amount of a sample of such nitrogen-containing
compound to a solution having excess amounts of a first
enzyme and compound A, said compound A being reac-
tive with ammonia in a reproducible measurable manner
in the presence of said first enzyme; thereafter, adding a
second enzyme that reacts with said nitrogen-containing
compound to release ammonia, the amount of said second
enzyme added being sufficient to release ammonia from
said sample in an amount that is proportional to the
concentration of the nitrogen-containing compound in
said sample; and measuring the amount of ammonia that
reacts with said compound A.

12. A process for the quantitative determination of a
nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which comprises adding a
measured amount of a sample of such nitrogen-contain-
ing compound to a solution of non-rate limiting amounts
of a first enzyme and compound A, said compound A
being reactive with ammonia in a reproducible measurable
manner in the presence of said first enzyme; adding a
second enzyme that reacts with said nitrogen-containing
compound to release ammonia, the amount of said sec-
ond enzyme added being sufficient to release ammonia
from said sample at a measurable rate proportional to
the concentration of the nitrogen-containing compound
in said sample; and measuring the rate of reaction of
wmmonia with said compound A while maintaining the
system at a substantially constant temperature and at a
substantially constant pH.

13. A process for the quantitative determination of
2 nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which comprises adding
1 measured amount of a sample of such nitrogen-con-
taining compound to a solution of non-rate limiting
wmounts of l-glutamic dehydrogenase, a-ketoglutarate,
wnd the reduced form of g-nicotinamide-adenine dinu-
sleotide; adding a second enzyme that reacts with said
nitrogen-contatining compound to release ammonia, the
wmount of said second enzyme added being sufficient to
-elease ammonia from said sample at a measurable rate
sroportional to the concentration of the nitrogen-contain-
ng compound in said sample; and measuring the rate of
lisappearance ©of the reduced form of p-nicotinamide-
wdenine dinucleotide while maintaining the system at a
wbstantially constant temperature and at a substantially
:onstant pH. ‘

14. A process as in claim 13 wherein said nitrogen-
rontaining compound is selected from the group consist-
ng of wrea, uric acid, l-lysine, l-histidine, I-serine, I-
hreonine, l-homoserine, l-cysteine, glycine, l-aspartic
iwcid, quanine, aliphatic amines, d-amino acids and I~
Hutamine, and said enzyme is, correspondingly, selected
‘rom the group consisting of urease, uricase, l-lysine
imino acid oxidase, histidine-u-deaminase, I-serine dehy-
lrase, l-threonine amino acid oxidase, l-homoserine
imino acid oxidase, l-cysteine amino acid oxidase, glycine
wxidase, l-aspartase, quanine deaminase, monoamine oxi-
lase, d-amino acid oxidase and I-glutaminase.
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15. A process for the quantitative determination of
@ nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which. comprises adding a
measured amount of a sample of such nitrogen-containing
compound to a solution of non-rate limiting amounts of
l-alanine dehydrogenase, pyruvate, and the reduced form
of B-nicotinamide-adenine dinucleotide; adding a second
enzyme that reacts with said nitrogen-containing com-
pound to release ammonia, the amount of said second
enzyme added being sufficient to release ammonia from
said sample at a measurable rate proportional to the
concentration of the nitrogen-containing compound in
said sample; and measuring the rate of disappearance of
the reduced form of g-nicotinamide adenine dinucleotide
while maintaining the system at a substantially constant
temperature and at a substantially constant pH.

16. A process for the quantitative determination of
a nitrogen-containing compound capable of releasing am-
monia upon enzymatic action which comprises adding
a measured amount of a sample of such nitrogen-con-
taining compound to a solution of non-rate limiting
amounts of glyoxylate reductase, glyoxylate, and the re-
duced form of g-nicotinamide-adenine dinucleotide; add-
ing a second enzyme that reacts with said nitrogen-con-
taining compound to release ammonia, the amount of
said second enzyme added being sufficient to release am-
monia from said sample at a measurable rate propor-
tional to the concentration of the nitrogen-containing
compound in said sample; and measuring the rate of
disappearance of the reduced form of B-nicoatinamide-
adenine dinucleotide while maintaining the system at a
substantially constant temperature and at a substantially
conistant pH.

17. A process for the quantitative determination of
urea which comprises adding a measured amount of a
urea-containing sample to a solution of non-rate limiting
amounts of I-glutamic dehydrogenase, o-ketoglutarate
and the reduced form of B-nicotinamide-adenine dinu-
cleotide, said solution being buffered to a pH of 6.8-9;
adding an amount of a solution of urease sufficient to
release ammonia from said urea-containing sample at a

.measurable rate proportional to the concentration of urea

in said sample; and measuring the rate of disappearance
of the reduced form of p-nicotinamide-adenine dinucleo-
tide while maintaining the system at a substantially con-
stant temperature selected from between 15° C. and
S0° C. :

18. A process for the quantitative determination of
urea which. comprisés adding a measured amount of a
urea-containing sample to a solution of non-rate limiting
amounts of I-glutamic dehydrogenase, the reduced form
of B-nicotinamide-adenine dinucleotide, and sodiun-o-
ketoglutarate, said solution being buffered to a pH of 7.8-
7.9; adding an amount of an aqueous glycerol solution
of urease sufficient to reledse ammonia from said ured-
contatining sample at a measurable rate proportional to
the concentration of urea in said sample; and measuring
the rate of disappearance of the reduced form of g-nico-
tinamide-adenine dinucleotide while maintaining the sys-
tem at a substantially constant temperature of 37° C.

19. A process for the quantitative determination of a
first enzyme which is reactive with a nitrogen-containing
compound, said compound being capable of releasing am-
moniaq upon reaction therewith, which comprises adding
a measured amount of a sample containing such first
enzyme to a solution containing a non-rate limiting
amount of compound A and a second enzyme, said comni-
pound A being reactive with ammonia in a reproducible
measurable manner in the presence of said second en-
zyme; adding a non-rate limiting amount of a nitrogen-
containing compound which is reactive with said first
enzyme to release ammonia from said sample at a meas-
urable rate proportional to the concentration of said first
enzyme in said sample; and measuring the rate of reac-
tion of ammoniq with said compound A while maintain-
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ing the system at a substantially constant temperature
and at a substantially constant pH.

20. A process for the quantitative determination of
a nitrogen-contatining compound capable of releasing am-
monia upon enzymatic action which comprises adding

a measured amount of a sample of such nitrogen-con- °

taining compound to a solution having excess amounts
of a first enzyme and compound A, said compound A
being reactive with ammonia in a reproducible meas-
urable manner in the presence of said first enzyme; add-
ing a second enzyme that reacts with said nitrogen-con-
taining compound to release ammonia, the amount of
said second enzyme added being sufficient to release am-
monia from said sample in an amount that is propor-
tional to the concentration of the nitrogen-containing
compound in said sample; and measuring the amount of
ammonia that reacts with said compound A.
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