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Summary

The purification of mitochondrial carbamoyl phosphate synthetase I
(carbon-dioxide ammonia lhgase (ADP-forming, carbamate-phosphorylating),
EC 6.3 4.16) from small samples of human liver 1s described The enzyme 1s
composed of a single polypeptide of M, 160000 £ 500 as shown by SDS-poly-
acrylamide gel electrophoresis in the presence of reducing agents. The syn-
thetase migrates 1n polyacrylamide gradient gels 1n the absence of detergents at
a rate corresponding to a M, of 165 000. Estimates of the molecular weight of
the native enzyme by gel filtration and density gradient centrifugation yield a
value of 178000 These results indicate that the enzyme exists predom:-
nantly as monomers

Amino acid composition, 1soelectric point, stability, K,, values and the
ability to catalyze partial reactions have been measured and compared with
known properties of carbamoyl phosphate synthetases from other sources
From the available data a high degree of evolutionary conservation of the
ammonia-dependent synthetase 1s suggested. This 1s also supported by the
demonstration of extensive immunological cross-reactivity between the human
and rat enzymes.

* Part of this work was presented at the International Sympostum on Inborn Errors of Metabolism 1n
Humans held 1n Interlaken in September 1980
Abbreviation SDS, sodium dodecyl sulphate
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Introduction

Carbamoyl phosphate synthetase I (carbon-dioxide ammonia hgase (ADP-
forming, carbamate-phosphorylating), EC 6 3.4.16) 1s located in the mito-
chondnal matrix of hepatocytes of ureotelic amimals where 1t represents a
large percentage of the protein [1,2]. Congenital deficiency of carbamoyl phos-
phate synthetase in man results in hyperammonemia which 1s related to the
degree of the enzyme defect [3]. Low enzyme levels have been associated with
the hyperammonema observed in Reye’s Syndrome [4] and with the reduction
In the maximal rate of urea synthesis found 1n cirrhotic patients [5]. A detailed
characterization of the human enzyme 1s of interest. Isolation of the human
enzyme 1s a prerequistite to the study of potential variants of the synthetase.

The purification of carbamoyl phosphate synthetase from the livers of mam-
mals has been hampered by its unstability. Only after the demonstration by
Novoa and Grnsolia [6] that glycerol and KCN stabilize the enzyme was 1t pos-
sible to 1solate essentially pure rat liver synthetase. We modified the procedure
of Guthorlein and Knappe [7] to process small samples (approx. 5 g) of rat
hiver [8]. We report here a further modification for small samples (approx. 5 g)
of human hver. Some of the properties of the human enzyme are also
presented.

Materials and Methods

Materwals Punfication of rat liver carbamoyl phosphate synthetase I,
immunization of rabbits, and obtention of antisera specific for rat carbamoyl
phosphate synthetase were as described [8,9]. y-Globulin fractions from
mmmune and control serum [10] were a gift from R. Wallace. Ferritin conju-
gated with IgG was from Miles. Other marker proteins were from Sigma and
Boehringer. Complement, haemolytic antibody and sheep erythrocytes were
from Materiales y Reactivos, S.A (Madrid). Ampholytes were from Serva
(Servalyt AG 5—7, 7—9) and from Pharmacia (Pharmalyte 5—8).

Enzyme assays Marker enzymes were assayed by standard techniques [11].
Rat liver ornithine transcarbamylase (carbamoyltransferase EC 2 1.3.3.) was
obtained and assayed by the method of Caravaca and Grisolia {12], 1 umt
catalyzes the production of 1 pymol citrulline/min at 37°C. Except where
indicated, carbamoyl phosphate synthetase was assayed at 37°C using the
system coupled to NADH oxidation [7], 1 U corresponds to 1 umol carbamoyl
phosphate produced in 15 min.

Electrophoretic methods SDS electrophoresis in polyacrylamide gels was
carried out as described [13].

Electrophoresis 1n polyacrylamide gradient gel slabs (Pharmacia, PAA 4/30)
1n the absence of detergents was carried out at 160 V for 12.5—16 h Cooling
was done using tap water. The temperature of the buffer (0.09 M Tris/0.08 M
boric acid/Na,EDTA 0.93 g/l, pH 8.4) at the end of the electrophoresis was
20°C. Protein standards used were: thyroglobulin (M, 669 000), ferritin (M,
440 000), catalase (M, 232000), lactate dehydrogenase (M, 140000) and
bovine serum albumin (M, 67 000).

Isoelectric focusing was performed in polyacrylamide gel rods (80 X 5 mm,
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4.75% acrylamide/0.19% bisacrylamide/12.5% glycerol/1 7% Servalyte (5—9)
or 6 25% Pharmalyte (5—8)) Anode and cathode solutions were 0 01 M H;PO,
or 0.01 M L-glutamic acid and 0.01 M NaOH or 0.01 M ethanolamine. 0.125
W/gel tube were applied at a maximum current of 0.5 mA/tube and a maxi-
mum voltage of 400 V (which was reached 1n less than 1 h). Running time was
6 h. The system was cooled with tap water.

Centrifugation in the airfuge (Beckman) This was performed at room tempera-
ture 1n standard cellulose nitrate tubes, using the 18° fixed-angle rotor, at 3 b/
inch? (25 000 rev /min nominal velocity, 10 300 X g,.,, ) for 24 h The tubes con-
tained 100 ul of a solution of 50 mM Tris-HCI, pH 7.2, 50 mM KCl, 1 mM
dithioerythritol, 20% (v/v) glycerol, 5 mg/ml of bovine serum albumin (to
provide a stabilizing density gradient [14,15]) and 35 ug of the enzyme and/or
of bovine catalase. After centrifugation the top 40 pl were removed and the
enzymes were assayed.

Density gradient centrifugation 0 2 ml samples containing 26 ug carbamoyl
phosphate synthetase, 30 pg pig heart malate dehydrogenase (S;o  4.35) 120
ug rabbit muscle lactate dehydrogenase (S0, 6.95) and 350 ug rabbit muscle
pyruvate kinase (S . 10.04) were layered onto 4.6 ml linear 10—30% (v/v)
glycerol gradients in 50 mM Trns-HCl, pH 7.2/50 mM KCl/1 mM dithioe-
rythritol. Centrifugation (20°C, 60000 rev./min) was done using a Beckman
VTI-65 Titanium vertical tube rotor. Twenty-four fractions were collected and
assayed. Sy , value was estimated by the procedure of Martin and Ames [16]

Gel filtration estimate of Stokes’ radius 1 6 mg horse heart cytochrome ¢
(Stokes’ radius 1.65 nm), 0 1 mg pig heart malate dehydrogenase (3 51), 1 mg
rabbit muscle lactate dehydrogenase (4 12), 1 5 mg rabbit muscle aldolase
(4 72), 1.3 mg rabbit muscle pyruvate kinase (5.41), 0 15 mg cow milk xanthine
oxidase (5 84), 0.28 mg human carbamoyl phosphate synthetase and 0.66 mg of
ferrttin-IgG conjugate (molecular weight of the protein part of the conjugate
was 930 000) were applied 1n 0.75 ml of a solution of 50 mM Tris-HCl, pH 7 2/
50 mM KCl/1 mM dithioerythritol/20% glycerol, to a column (0.9 X 56 cm) of
Sephadex G-200 equilibrated and eluted with the same solution at 23°C 12
five-drop fractions were collected hourly and the enzymes were assayed

Amino acid analysis Performed essentially as described by Cappugi et al
[17] Tryptophan was measured according to Edelhoch [18]

Immunological reactions Precipitin reactions were carried out in 0 5 ml of a
solution of 150 mM NaCl, 37 mM potassium glycylglycine, 5 mM mercapto-
ethanol, 1 mM potassium phosphate, 10 mM Tris-HCl, 4% (v/v) glycerol, 8 mM
KCl, 0.2 mM dithioerythritol, pH 7.4, containing 860 ug of y-globulin from
1mmunized or control rabbits and the antigen, The tubes were incubated for 15
min at 37°C and overnight at 4°C. The precipitates were washed three times
with 0.5 ml of 0.15 M Na(Cl, then dissolved with 10 ul of 0.2 M NaOH. After
neutralization with 10 ul of 0.2 M HCI, protein was measured with the BioRad
protein assay, using bovine IgG as standard.

One-third of the supernatant was tested for the presence of antigen by the
addition of 50 pl of y-globulin solution (860 ug protemn). Enzyme assays and
SDS-polyacrylamide gel electrophoresis were also used. To detect excess
antibody, 2 pg of rat or human antigens were added to 0.2 ml of the superna-
tants
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The micro-complement fixation technique was performed as described by
Levine [19], but the volumes of all components were reduced to one-fifth.
34 ug of rabbt y-globulin fraction and 0.2 ml of a1 50 solution of guinea-
pig complement were used. After addition of the antigen, the mixture (1 2 ml)
was mncubated for 60 min at 37°C Then, 0.2 ml of sensitized sheep erythrocyte
suspension (5 - 107 cells/ml) were added and the incubation continued for 28
min at 37°C.

Other methods P,, citrulline, ADP and ATP were assayed by standard
methods [11]. Protein was measured by the Lowry technique with bovine
serum albumin (Sigma) as standard. For purified samples of the enzyme, the
absorbance at 280 nm was used.

Results

Purification of human lwwer carbamoyl phosphate synthetase I Unless speci-
fied, all operations were at 4°C.

Extraction with cetyltrimethyl ammoniwum bromide About 5 g of neonatal
human liver * were homogenized with 9 vols. of 0.25 M sucrose 1n a Potter
homogenizer (seven strokes). The homogenate was centrifuged for 5 min at
500 X g, the precipitate discarded and the supernatant centrifuged for 5 min at
10000 X g. The pellet was suspended 1n 14 ml of 0.1% (w/v) cetyltrimethyl
ammonium bromide, 20% (v/v) glycerol, 1 mM dithioerythritol, 50 mM Tris-
HCl, pH 7.4, and homogenized with ten strokes in a Potter homogenizer. After
centrifugation for 20 min at 12000 X g at 10°C, the residue was extracted a
second time m the same way. The combined supernatants (28 ml) were filtered
through glass wool,

Precipitation with ammonium sulphate 9 g ammonium sulphate were dis-
solved into the extract. The mixture was then stirred at low speed for 15 min
and centrifuged for 10 min at 25000 X g. Five g ammonium sulphate were
added to the supernatant as in the previous step and after centrifugation (10
min, 25000 X g), the precipitate (ammonmum sulphate precipitate) was sus-
pended mn 1 ml of 50 mM potassium glycylglycine (pH 7.2)/20% (v/v) glycerol/
2.95 M ammonium sulphate and stored overmight at —20°C.

Chromatography in DEAE-Sephadex The preparation was centrnifuged at
35000 X g for 15 min. The precipitate was dissolved 1in about 1.5 ml of 20%
(v/v) glycerol/50 mM Tris-HCl, pH 7.2/1 mM dithiocerythnitol/5 mM KCl
(buffer A). This solution was freed from ammonium sulphate by gel filtration
(Sephadex G-25) and applied to a column of DEAE-Sephadex A-50 (0.7 X 10
cm) equilibrated with buffer A. The column was washed with 12 ml of this
buffer and eluted with a hinear gradient of KCl (5—75 mM, 36 ml) in the same
buffer. The synthetase activity was eluted by the gradient after 15 ml; the
enzyme collected between 20 and 30 ml was used. The results of the punfica-
tion are summarized 1n Table I. Although the bulk of the proten had an
average specific activity of 22—23 U/mg, individual tubes reached specific

* Liver tissue was obtained less than 8 h after death from neonates with no signs of liver disease and was
processed immediately
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TABLE I
PURIFICATION OF HUMAN CARBAMOYL-PHOSPHATE SYNTHETASE (AMMONIA)

Fraction Total Protein/ Specific Recovery
activity {(mg) activity (%)
(units) (U/mg)

Cetyltnmethyl ammonium bromide extract * 193 147 13 100

Ammonium sulphate precipitate 157 59 27 81

DEAE-Sephadex 72 32 225 37

* From 4 6 g of liver

activities of 25. Protein from these tubes were used for amino acid analysis
(see below)

Molecular properties 91% of the protein (as integrated As20,m 0f Coomassie
blue 1n the densitometric trace) migrated as a single band 1n polyacrylamide gels
in the presence of SDS (Fig. 1). Seven minor contaminants accounted for the
remamning of the protein, The mobility of the main band was 1dentical to that
of rat liver carbamoyl phosphate synthetase monomer, as shown by co-electro-
phoresis. From the mobility of protein standards of known M,, an M, of
160 000 + 5000 was calculated for the protein migrating at this band. Thus the
enzyme appears to be composed of a single subunit with respect to M,.

The human enzyme was subjected to electrophoresis i polyacrylamide
gradient gels i the absence of detergents (see Methods). There was a linear
relationship between the migration distance of globular proteins and the loga-
rnthm of their M,. Most of the protein in the enzyme preparation (approx.
90%) mugrated at a rate corresponding to a M, of 165000. This 1s to be
expected if, under the conditions of the experiment, the enzyme 1s present as a
monomer,

A qualitative confirmation that the monomer predominates were obtained
by centnfugation in‘the Airfuge under conditions at which the enzyme 1s stable
and at which the fraction of a protein remainming in the upper 40 pl of the tube
and the M, of the protein are related, with higher M, less protemn remains.
When carbamoyl phosphate synthetase and bovine catalase were centrifuged,
the fraction of carbamoyl phosphate synthetase in the top 40 pl of the tubes
was 0.17 while that of the catalase was 0.09, indicating a lower M, for the
human enzyme than for the catalase (M, = 232 000).

Gel filtration 1n a buffer where the enzyme activity 1s preserved was used to
estimate the Stokes’ radius of the human synthetase. The enzyme was eluted at
a position corresponding to a Stokes’ radius of 5.1 nm. Glycerol density
gradient centrifugation (in the presence of 1 mM dithioerythritol to prevent
enzyme activation) revealed that the enzyme sedimented between lactate
dehydrogenase and pyruvate kinase giving an s value of 8.6 S. The frictional
ratio and M, of the enzyme were calculated from the Stokes’ radius and s value
by the method of Siegel and Monty [20] (assuming a value for v of 0.721, see
below). The enzyme has an estimated frictional ratio of 1.36 and a M, of
178 000. The close agreement between this value and the M, obtamned after
denaturation with SDS confirms that the enzyme exists essentially as a
monomer under conditions at which loss of activity is prevented.
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Fig 1 Electrophoresis of human and rat liver carbamoyl phosphate synthetase I and of protein standards
on sodium dodecyl sulphate polyacrylamide gels From left to right 8 ug of human enzyme, 10 ug of rat
liver enzyme, 5 ug of human plus 5 ug of rat liver enzyme, 4 ug of bovine serum albumin (monomer My
68 000) plus 4 ug of RNA polymerase (a-chain M, 39 000, f~chain My 155 000, g'-chain M, 165 000), 4 ug
of bovine serum albumin, 4 ug of RNA polymerase and 4 ug of human liver carbamoyl phosphate syn-
thetase

Fig 2 Precipitin reaction of human (®) and rat liver (¢) carbamoyl phosphate synthetase with rabbit
antibodies to the rat enzyme For details, see Materials and Methods

A high degree of homology 1s suggested by the comparison of the amino
acid compositions of the human and rat liver enzymes (Table II). The propor-
tion of acidic groups in the amide form is not known for the human enzyme
From the amino acid composition a partial specific volume can be calculated
[21] of 0.723 to 0.720 depending on the degree of amidation of the acidic
residues 1n the human enzyme. If only 35% are 1n the amide form (as 1s the case
with the rat liver enzyme [13]) a value of 0.721 results.

When subjected to electrofocusing, the purified human synthetase yielded
two protein bands of decreasing intensities at positions corresponding to pl
6.26 and 6.23, respectively. Similar behavior has been observed with the puri-
fied rat [ 22] and frog [23] hiver enzymes and has been attributed to progressive
deamidation of the protein in the course of purification or during 1soelectric
focusing [23].

Enzymatic properties The enzyme was stable for at least 1 month at 4°C1n
buffer A. It lost about 30% actiity when warmed for 4 h at 37°C 1n 50 mM
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TABLE II
AMINO ACID COMPOSITION OF HUMAN AND RAT PHOSPHATE SYNTHETASES

Enclosed 1n brackets are reference numbers

Amino Human Residues per 100 residues
acid (mol/160 000 g)

Human Rat

[13] [1]

Lys 103 6 98 6 94 6 41
His 36 2 45 200 187
Arg 48 329 3 80 3175
Asx 169 11 47 10 08 983
Thr 95 6 43 5 81 5 28
Ser 123 * 8 35 6 54 741
Glx 139 9 42 9 88 10 23
Pro 74 5 04 413 513
Gly 129 8173 781 730
Ala 114 7171 8 28 7 60
Cys (half) 19 125 140 2 83
Val 101 6 85 7 88 7 48
Met 30 2 00 253 2172
Ile 78 5 27 6 21 5 99
Leu 114 770 921 8 85
Tyr 36 2 44 2 34 241
Phe 51 344 380 4 00
Trp 18 118 133 093
Total 1477

* Corrected for 15% loss during hydrolysis

glycylglycine, pH 7.4, and about 25 and 80% when heated for 5 min at 46 and
55°C, respectively. The rat liver enzyme exhibited 1dentical stability.

At saturation of a]l substrates, synthesis of 1 mol of citrulline (in the system
coupled with ormithine transcarbamylase, see legend to Table IV) released 2

TABLE III

COMPARISON OF SEVERAL PROPERTIES OF HUMAN, FROG AND RAT CARBAMOYL PHOS-
PHATE SYNTHETASES

References are given 1n brackets The asterisk indicates unpublished data from this laboratory The turn-
over number 1s given per enzyme monomer The immunological cross-reactivity 1s based on recogmition of
frog and rat enzymes by the antibody prepared to frog enzyme, and on recogmtion of the human and rat
enzymes by the antibody to rat enzyme

Property Species

Frog Rat Human
M, subumt (103) 160 [35] 155—165 [13,22] 160
Turnover number at 37°C (mun~1) 384 102 [35] 299 102 [1] 267 102
Ky NHj (mM) 20 [36] 2 0 [22] 13
Ky, bicarbonate (mM) 15—+45[26] 20([25] 22
Ky ATP (mM) 05 [36] 024 % 026
Ky acetylglutamate (mM) 019 [37] 0 21 [38] 016
K carbamylglutamate (mM) 294 [37] 16 1(38] 20

Immunological cross-reactivity + [29] + +
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TABLE IV

RELATIVE RATES OF REACTIONS CATALYZED BY HUMAN LIVER CARBAMOYL PHOSPHATE
SYNTHETASE

Assays were done at 37°C Carbamoyl phosphate synthesis was assayed 1n 1 ml of a solution containg
50 mM K glycylglycine, pH 7 4/15 mM MgSO4 /5 mM mercaptoethanol/2 5 mM phosphoenolpyruvate/50
ug pyruvate kinase/5 mM ATP/5 mM ormthine/50 mM KHCO3/35 mM ammonium sulphate/50 units
ormithine transcarbamylase and where indicated 10 mM acetylglutamate After 15 min 0 1 ml 2 M HC1O4
were added and citrulline was measured ATP hydrolysis was assayed under the conditions used for
carbamoyl phosphate synthesis except for the omission of ammonium sulphate Citrulline production
from traces of NHj was less than 2% of the P, released ATP synthesis from carbamoyl or acetyl phos-
phate was assayed 1n 1 ml of a solution of 50 mM potassium glycylglycine, pH 7 4, 15 mM MgSO04, 5 mM
mercaptoethanol, 5 mM ADP, 10 mM acetyl glutamate and 5 mM carbamoyl phosphate or acetyl phos-
phate After 15 min 01 ml of 2 M HCIO4 were added and the amount of ATP formed was measured
Acetyl phosphate and formyl phosphate synthesis were assayed 1n conical tubes contaiming 0 3 ml of a
solution of 0 5 M K acetate or potassium formate/5 mM ATP/10 mM manganese chloride/5 mM mercap-
toethanol/113 mM hydroxylamine/16 mM acetylglutamate (when used)/10 mM KCl/2 4% (v/v) glycerol/
0 24 mM dithioerythritol (final pH 6 8) After 30 min 150 ul of 2 M hydroxylamine, pH 7 4, were mixed
in and the hydroxamate formed was measured [38] Results are umol of product formed in 15 min per
mg of enzyme

Reaction Acetyl glutamate
added not added

Carbamoyl phosphate synthesis 22 3 02

ATP hydrolysis 16 04

ATP synthesis from carbamoyl phosphate 41 —

ATP synthesis from acetyl phosphate 36 —

Acetyl phosphate synthesis 09 00
Formyl phosphate synthesis 19 02

mol of ADP and of P,. Glutamine (up to 60 mM) could not substitute for
ammonia, and did not inhibit carbamoyl phosphate synthesis in the presence
of 60 mM ammonium NHj 1ons. Michaelis constants (see Table III) for
carbamoyl phosphate synthesis were obtained at saturation of the non-varied
substrates. Double reciprocal plots were linear for all substrates including ATP
(concentration range 0.1—10 mM) under these conditions N-Carbamoyl gluta-
mate was an effective activator of the enzyme.

The human synthetase catalyzed the hydrolysis of ATP i the absence of
ammonium 1ons, the synthesis of ATP from carbamoyl phosphate or acetyl
phosphate and ADP, and the phosphorylation of acetate and formate (Table
IV). ATP hydrolysis (at 0.1 M K") and formyl phosphate synthesis (at 0.5 M
K") proceeded to a mited extent 1n the absence of acetylglutamate.

In agreement with previous findings [24] indicating that HCO; and not CO,
15 the substrate for the enzyme, CS, could not substitute for bicarbonate n the
ATPase or carbamoyl phosphate synthetase reactions of the enzyme.

Immunological cross-reactity with the rat lwer enzyme Rat and human
carbamoyl phosphate synthetases were completely precipitated by rabbit anti-
bodies to the rat enzyme (Fig. 2). Maximal precipitate was obtained at similar
concentrations of enzyme for both species, but the maximal amount of anti-
body precipitated by the rat enzyme (about 1.9 mg antibody/mg) was approx.
1.5-times that precipitated by the human enzyme. Also, antibodies reacting
with the rat but not with the human enzyme could be detected 1n supernatants
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Fig 3 Microcomplement fixation with rat (®) and human (©) carbamoyl phosphate synthetase For
details, see Materials and Methods

from tubes 1n the region of excess human enzyme. In the supernatants from the
same region of the precipitin curve for rat enzyme, no antibodies for rat or
human enzymes could be detected. SDS-polyacrylamide gel electrophoresis of
the immunoprecipitates of the rat and human enzymes gave three protemn
bands (M, 160000, 50000 and 25000) corresponding to the synthetase
monomer and to the heavy and light chains of immunoglobuhn,

Because of 1ts high sensitivity to antigenic differences, the micro-comple-
ment fixation technique was also used. This technique employs very low con-
centrations of antigen and antiserum and thus, only the antibodies of highest
affimity are measured. As shown n Fig. 3, a higher amount of complement was
fixed with the rat than with human enzyme, but the differences were not large,
indicating high immunological similarities. The vertical shift of the curve for
the human enzyme suggests altered complementarity of one or a minority of
antigenic determinants, the less marked lateral shift indicates shghtly reduced
affinity of most antigenic determinants of the human enzyme with respect to
those of the rat enzyme [19].

Discussion

The procedure described here allows isolation of essentially pure human
carbamoyl phosphate synthetase within 1—2 workdays. Liver samples obtained
several hours after death are suitable. Although the smallest sample processed
until now weighed 3.5 g, 1t should be possible to scale down the procedure to
mg quantities of liver.

Early studies with rat hiver carbamoyl phosphate synthetase I described a
dimer-monomer transition induced by acetylglutamate [7]. More recent reports
suggest that the enzyme monomer may be catalytically active [25,26] and have
mdicated that the rat liver enzyme exists predominantly as a monomer,
although the presence of dimers (less than 20%) could be substantiated
[13,22]. The results presented here are consistent with this conclusion, since
the measured molecular weight of the human enzyme was only 11% larger than
that of the polypeptide chain.
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Table III documents some of the similarities between frog, rat and human
carbamoyl phosphate synthetases. These enzymes also have similar amino acid
compositions and pl values, cannot use glutamine, and catalyze 1dentical partial
reactions at syumilar rates. The enzyme from beef 1s composed of a polypeptide
of M, 165000 and possesses amino acid composition [27] and kinetic proper-
ties similar to the rat enzyme [28] Enzyme preparations from beef, rat, rabbit
and turtle liver cross-reacted with antibodies to the frog hiver enzyme [29].
There seems to be considerable evolutionary conservation of the ammomnia-de-
pendent enzyme. Even the large subunit of the Escherichia Coli enzyme, which
catalyzes carbamoyl phosphate synthesis from NHj, 1s composed of one poly-
peptide of M, 130000 and has an amino acid composition remarkably similar
to that of the rat liver enzyme [30].

Since 9% of the purified carbamoyl phosphate synthetase from man can be
accounted for by contaminants (on the basis of SDS-polyacrylamide gel
electrophoresis), maximal specific activity will be 25.2 U/mg. The activity in
fresh human liver 1s about 0.5 U/mg protemn [31], therefore, carbamoyl phos-
phate synthetase represents 2% of all liver protein and about 7% of the liver
mitochondrial protein 1n man. This corresponds to 0.44 nmol of the M,
160 000 monomer per mg of mitochondrial protein and to 0.22 mM monomer
In the matrix of the resting (state IV) mitochondria (on the basis of 175 mg
total protein, 50 mg mitochondnal protemn and 0.1 ml volume of the mito-
chondrial matrnx per g of hver [32]). The content of acetylglutamate n
human liver 1s unknown, but values as low as 0.26 nmol/mg mitochondnal pro-
tein [33] have been found in rats, e.g., 0.18 mM 1n the water of the matrix
space (assuming 0.7 ml water/ml matnx [34]). At this concentration, 1if each
enzyme monomer can bind a molecule of the activator, there will be more
bmding sites than acetylglutamate molecules and about 40% of the enzyme will
be m the active state (assuming a Kp of 0.15 mM for the enzyme-acetylgluta-
mate complex). Since during state III respiration there 1s rapid extrusion of
water from the mitochondrial matrix [34], the concentration of acetylgluta-
mate 1n the water space may increase by two orders of magnitude. This may
represent very extensive activation of the enzyme in short periods of time.
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