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Enzyme Forms Produced from Aspartate Transcarbamoylase by Digestion
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1. The time-course of tryptic hydrolysis of aspartate transcarbamoylase (aspartate
carbamoyltransferase, EC 2.1.3.2) was followed by activity measurements in the presence
and absence of allosteric effectors, and by polyacrylamide-gel electrophoresis. 2. Two
proteins with enzyme activity are formed in this way from native enzyme, and the isolation
and some properties of these species are reported. The larger protein (10.6S) resembles
native enzyme in that it contains regulatory subunits and is sensitive to allosteric effectors,
as well as in a more detailed kinetic investigation. It appears from the time-course of
tryptic digestion to be an intermediate in the formation ofa catalytic subunit (5.5 S) which
is similar to, but not identical with, the catalytic subunit produced by mercurial treatment
of the native enzyme. 3. Sodium dodecyl sulphate-polyacrylamide-gel electrophoresis of
the different enzyme forms demonstrates that trypsin can hydrolyse bonds in the catalytic
polypeptide chains as well as completely remove the regulatory polypeptide chains. 4.
Both preparations of catalytic subunit can recombine with regulatory subunit to form
enzymes which resemble the native enzyme in being activated by ATP, although they do
not appear to be inhibited by CTP. 5. This study is consistent with the models of the
enzyme that propose that the catalytic subunits are held together in the native enzyme by
three pairs of regulatory polypeptide chains.

McClintock & Markus (1968) reported that tryptic
hydrolysis of native aspartate transcarbamoylase
resulted in complete loss of allosteric properties at an
extent of digestion where no impairment of catalytic
activity could be detected. It appeared that trypsin
preferentially attacked the regulatory subunits of the
enzyme. These and other studies (McClintock &
Markus, 1968; Markus et al., 1971) indicated that an
investigation of the tryptic digestion of native aspar-
tate transcarbamoylase would be of interest with
regard to the structure of the enzyme. Two cata-
lytically active proteins differing from the native
enzyme have been isolated from limited tryptic
digests of the native enzyme, and some properties
of these species are reported.

Materials and Methods

Materials

Bovine serum albumin was obtained from Sigma
Chemical Co., St. Louis, Mo., U.S.A.; 2-mercapto-
ethanol and imidazole were from Eastman Organic
Chemicals, Rochester, N.Y., U.S.A.; di-isopropyl
phosphorofluoridate was from Boots, Nottingham,
Notts., U.K., and sodium dodecyl sulphate was from
Koch-Light, Colnbrook, Bucks., U.K. Sodium tetra-
borate, KCI and EDTA were the analytical reagent
products of British Drug Houses Ltd., Poole, Dorset,
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U.K. Trypsin was the 2 x crystallized product of
Worthington Biochemical Corp., Freehold, N.J.,
U.S.A. Dilithium carbamoyl phosphate (B grade),
L-aspartic acid (A grade) and Tes [N-tris(hydroxy-
methyl)methyl-2-aminoethanesulphonic acid, A
grade] were obtained from Calbiochem, La Jolla,
Calif., U.S.A. ATP and CTP were purchased from
P-L Biochemicals, Milwaukee, Wis., U.S.A. The
strain of Escherichia coli (K12) was a gift from Dr.
J. C. Gerhart, Department of Molecular Biology
and Virus Laboratory, University of California,
Berkeley, U.S.A.

Enzyme preparation

Aspartate transcarbamoylase was prepared from
E. coli (K12) by the procedures of Gerhart &
Holoubek (1967) for the native enzyme, regulatory
subunit and catalytic subunit (designated mercurial
catalytic subunit).

Enzyme assay

The carbamoylaspartate produced at 28°C in
0.5ml reaction mixtures containing 0.05M-Tes buf-
fer, adjusted to pH8.0 with KOH, was determined
colorimetrically as described by Gerhart & Pardee
(1962).
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Protein

This was determined by the method of Lowry et
al. (1951) with bovine serum albumin as the standard.

Results

Tryptic hydrolysis of aspartate transcarbamoylase

Native enzyme (5.5mg/ml) was incubated at 28'C
with trypsin (0.4mg/ml) in 0.05 M-sodium borate
buffer, pH8.5, containing lOmM-aspartate (McClin-
tock & Markus, 1968), for various time-periods. The
reaction was stopped by the addition of di-isopropyl
phosphorofluoridate to give a final concentration of
0.1 mM. The change in activity of the tryptic digestion
mixture with time, measured in the presence and
absence ofATP or CTP, is recorded in Fig. 1. Samples
of the digestion mixture at times corresponding to
those of the activity measurements in Fig. 1 were
subjected to polyacrylamide-gel electrophoresis
(Plate 1).

After digestion for 20min, the effects of2mM-ATP
and 0.2mM-CTP on the reaction are negligible, in
agreement with the results of McClintock & Markus
(1968), and the specific activity of the solution is
higher than at zero time (Fig. 1). However, it is clear
from Plate 1 that these observations cannot be inter-
preted simply, because a number of protein species
are produced from the native enzyme. Band (A)

corresponds in position to native enzyme and band
(C) to the mercurial catalytic subunit. Band (C)
appears to be formed via an intermediate, corre-
sponding to band (B). After 90min oftryptic digestion
only band (C) is present, and there is a marked fall in
activity compared with the 60min digest. However,
the amount of protein removed as acid-soluble pep-
tides does not increase markedly in this time-period.

Preparation ofcatalytic subunitfrom a tryptic digest
A 20min digestion mixture as described above,

containing 50mg of protein, was left for at least 1 h at
0°C in 0.1 mM-di-isopropyl phosphorofluoridate, and
then concentrated tenfold. The sample was placed on
top of a column (30cm x 3cm) of Sephadex G-100 in
0.04M-potassium phosphate buffer, pH7.0, contain-
ing 0.2mM-EDTA and 2mM-mercaptoethanol, and
eluted with this buffer. Enzyme activity was
associated with two protein peaks eluted just after
the void volume of the column. Although the en-
zyme of the first peak was activated by 2mM-ATP and
inhibited by 0.4mM-CTP, that of the second peak was
inhibited by both nucleotides under these conditions
although the inhibition by 0.4mM-CTP was barely
significant. Samples ofthe proteins in both peaks were
subjected to polyacrylamide-gel electrophoresis. The
gel patterns showed that the second peak contained
the protein corresponding to catalytic subunit,
whereas the protein of the first peak appeared to be a

0 10 20 30 40 50
Time (min)

o0

a)I.-
(1a)

a)
0

'4

Fig. 1. Time-course oftryptic digestion ofaspartate transcarbamoylase

The digestion mixture is described in the text. Assays were performed in 0.05M-Tes buffer, pH8.0, with 5mM-
aspartate and 3.6mM-carbamoyl phosphate, (-) in the absence of nucleotides, (A) in the presence of 2mM-ATP
and (o) in the presence of 0.2mM-CTP. Velocities are expressed as ,mol of carbamoylaspartate formed/min per
0.04,1l of digestion mixture. The percentage of protein digested (o) was determined by measuring the formation
of HCl03-soluble peptides, which were determined by the method of McClintock & Markus (1968).
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mixture of native enzyme and the intermediate corre-
sponding to band (B) of Plate 1. The fractions com-
prising the second peak were pooled and concen-
trated, giving a yield of 10mg of protein. This
preparation (designated tryptic catalytic subunit)
appeared homogeneous during centrifugation in a
Spinco model E ultracentrifuge at a rotor speed of
59000 rev./min for 1 h; analysis of the Schlieren
patterns yielded a sedimentation coefficient of 5.5S
at 6.5mg/ml and 20°C in the buffer used to elute it
from Sephadex. This is similar to the value of 5.8S
reported by Gerhart & Schachman (1965) for the
mercurial catalytic subunit.

For a 1 mg/ml solution in 0.04M-potassium phos-
phate, pH7.0, containing 0.2mM-EDTA, with a
light-path of 1 cm, E280 = 0.92 and E280/E260 = 1.32.
These values are similar to those observed on our
preparation of the mercurial catalytic subunit, 0.83
and 1.36 respectively. The amino acid compositions
of the catalytic subunits prepared by the two methods
do not appear to differ significantly (Table 1).
Both preparations of catalytic subunit yield linear

double-reciprocal plots of reaction velocity with
respect to either substrate, and are inhibited by ATP
as well as CTP. However, the tryptic catalytic subunit
has a specific activity approximately one-quarter of
that of the mercurial catalytic subunit, and although
the two preparations appear to have the same reaction
mechanism the kinetic constants determined for
them are not identical.
A 90min tryptic digestion mixture was dialysed

against 0.04M-potassium phosphate buffer, pH 7.0,
containing 0.2mM-EDTA and 0.2mM-mercapto-
ethanol. This preparation resembles the tryptic cata-
lytic subunit in specific activity and in the kinetic
constants which can be determined by the colori-
metric assay for carbamoylaspartate.

Preparation of intermediates from tryptic digest
A 10min digestion mixture as described above, con-

taining 108mg of protein, was left for at least 1 h at
0°C in 0.1 mM-di-isopropyl phosphorofluoridate. It
was then placed on a column (70cmx1.5cm) of
DEAE-Sephadex A-50 in 0.01 M-imidazole-HCl
buffer, pH7.0, and eluted with a 0.25-0.6M-KCI
gradient (150ml of each). Fractions (3 ml) were col-
lected, and the elution pattern showed three absorp-
tion peaks at 280nm. Polyacrylamide-gel electro-
phoreses, performed and stained under the same con-
ditions as for Plate 1, showed no protein component
in the first peak, which nevertheless reacts with biuret
reagent, native enzyme with a trace of intermediate
in the second peak, and intermediate plus catalytic
subunit in the third peak. Fractions 66 to 78, compris-
ing the third peak, were pooled and concentrated to
2ml. This was then applied to a column (90cm x
2.5ncm) of Sephadex G-200 and eluted with 0.04M-
potassium phosphate buffer, pH7.0. There were two
peaks ofabsorption at 280nm, the first containing the
intermediate and the second the catalytic subunit
plus a trace of intermediate. The fractions containing
only intermediate were pooled and concentrated,
giving a yield of 9mg of protein.
The preparation of the intermediate appeared

homogeneous in the ultracentrifuge, with a sedimen-
tation coefficient of 10.6S at 2mg/ml and 20°C in
0.04M-potassium phosphate buffer, pH7.0, contain-
ing 0.2mM-EDTA and 2mM-mercaptoethanol. This
value is slightly lower than the value of 1 1.7 S reported
for the native enzyme after extrapolation to infinite
dilution (Gerhart & Schachman, 1965).
For a 1mg/ml solution with 1 cm light-path E280

=0.51, which is similar to the value reported for
native enzyme (Gerhart & Holoubek, 1967), and
lower than the values for the catalytic subunits. The

0.031

a o.0

0.01.
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Fig. 2. Effect ofsubstrate concentration on the velocity ofthe reaction catalysed atpH8.0 by the intermediateform
ofthe enzyme

(a) Aspartate was varied and the carbamoyl phosphate concentration fixed at 1.0mM. (b) Carbamoyl phosphate
was varied and the aspartate concentration fixed at 15mM. The amount of enzyme added per 0.5ml of assay
mixture was 0.05,ug. Velocities are expressed as ,umol ofcarbamoylaspartate formed/min per mg ofenzyme.
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EXPLANATION OF PLATE I

Polyacrylamide-gel electrophoresis ofaspartate transcarbamoylase after different periods of tryptic hydrolysis

The digestion mixture is described in the text. Electrophoreses were performed with a 6% resolving gel in
triethanolamine-HCI buffer at pH 6.8 and 4°C. Direction ofmovement is from top to bottom. Protein was stained
with Amido-Schwarz. Samples (1-8) from left to right correspond to the following periods of digestion at 28°C:
0 (1), 10 (2), 20 (3), 30 (4), 40 (5), 50 (6), 60 (7) and 90 (8) min. Sample (9) is catalytic subunit produced by mercurial
treatment of native enzyme (Gerhart & Holoubek, 1967). For details of bands (A)-(C) see the text.
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The Biochemical Journal, Vol. 135, No. 1 Plate 2
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2 3 4 5 6
EXPLANATION OF PLATE 2

(a) Polyacrylamide-gel electrophoresis of the products of recombination between the catalytic subunits and the
regulatory subunit and (b) sodium dodecyl sulphate-polyacrylamide-gel electrophoresis of native aspartate trans-

carbamoylase and species producedfrom it
For 2(a) the conditions for recombination are described in the text. Samples from left to right are: (1) native en-
zyme; (2) mercurial catalytic subunit; (3) tryptic catalytic subunit; (4) enzyme reconstituted from tryptic cata-
lytic subunit; (5) enzyme reconstituted from mercurial catalytic subunit. Electrophoreses were performed as
described in the legend to Plate 1. For 2(b) the method used was that of Shapiro et al. (1967). Samples from left
to right are: (1) native enzyme; (2) mercurial catalytic subunit; (3) intermediate form of enzyme; (4) tryptic cata-
lytic subunit; (5) tryptic catalytic subunit plus mercurial catalytic subunit; (6) 90min digestion mixture. Migration
is from top to bottom.
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Fig. 3. Product inhibition by phosphate ofthe reactions catalysed atpH7.0 by the native and intermediate forms of
aspartate transcarbamoylase

(a) and (b), Native enzyme; (c) and (d), intermediate form of enzyme. (a) and (c), Aspartate was varied and the
carbamoyl phosphate concentration fixed at 0.25mM. (b) and (d), Carbamoyl phosphate was varied and the
aspartate concentration fixed at 10mM. The amount of enzyme added per 0.5ml of assay mixture was 0.05,g.
Concentrations (mM) of phosphate added are shown in parentheses on the figure. Velocities are expressed as
,tmol of carbamoylaspartate formed/min per mg of enzyme.

amino acid composition of the intermediate is re-
corded in Table 1.

Kinetic properties ofthe native and intermediate forms
ofenzyme

For the intermediate, as for the native enzyme
(Gerhart & Pardee, 1964), double-reciprocal plots of
initial velocity with respect to aspartate concentration
are non-linear, although similar plots with respect to
carbamoyl phosphate concentration are apparently
linear (Fig. 2). The pattern of product inhibition by
phosphate is shown in Fig. 3. When phosphate is
present, higher concentrations of aspartate appear to
cause substrate inhibition of both enzyme forms
(Figs. 3a and 3c). The patterns of the double-recip-
rocal plots when carbamoyl phosphate is the varied
substrate are unusual in that phosphate appears to
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activate both forms of enzyme at the higher concen-
trations of carbamoyl phosphate although inhibition
occurs at lower substrate concentrations (Figs. 3b and
3d). The latter patterns differ from the apparently
competitive inhibition observed by Kleppe (1966).
The specific activity of the intermediate, under the
conditions of Fig. 3, is somewhat lower than that of
the native enzyme.

Recombination of catalytic subunits with regulatory
subunit

Samples of regulatory subunit, mercurial catalytic
subunit and tryptic catalytic subunit were each di-
alysed against 0.04M-potassium phosphate buffer
(pH7.0) for 24h and the protein concentration ofeach
sample was determined. Regulatory subunit (270,ug)
was then added to lOO,ug samples of each catalytic

E

(c)
A

(30)
A

(15)

a (0)

I I

129

1-



E. HEYDE, A. NAGABHUSHANAM AND S. VENKATARAMAN

Table 2. Effect ofATP and CTP on the activity ofenzyme reconstitutedfrom catalytic and regulatory subunits

The assay mixture contained 0.05M-Tes (pH8.0), 1 mM-carbamoyl phosphate, 5mM-aspartate and nucleotide,
when present, at 2mM.

Percentage activation (+) or inhibition
(-) in presence of

Enzyme
Native enzyme
Intermediate
Mercurial catalytic subunit
Tryptic catalytic subunit
Recombined:

Mercurial catalytic+regulatory subunits
Tryptic catalytic+regulatory subunits

ATP
+48
+41*
-24
-11

+24
+23

CTP
-30
-19t
-17
-6

+8
* Value obtained at an aspartate concentration of 4mM.
t Value obtained at a carbamoyl phosphate concentration of 0.25mM.

subunit, in total volumes of 0.3 ml, to give mixtures
where the molar ratio of catalytic subunit to regula-
tory subunit was approx. 1:8. The mixtures were
dialysed for 24h against 0.04M-potassium phosphate
buffer (pH7.0) containing 0.1 mM-mercaptoethanol
(Gerhart & Schachman, 1965).
The recombination products were subjected to

polyacrylamide-gel electrophoresis (Plate 2a). It
appears on this basis that the product from the mer-
curial catalytic subunit is native enzyme, whereas the
tryptic catalytic subunit gives rise to some of the
intermediate enzyme form as well as native enzyme.
The results ofassaying the recombination products

in the presence and absence of nucleotides are re-
corded in Table 2, together with appropriate controls
by using the native enzyme and the catalytic subunits.
The reconstituted enzymes are activated by ATP,
although to a smaller extent than the untreated native
enzyme. However, they do not appear to be inhibited
by CTP, in contrast with the report of Gerhart &
Schachman (1965). Indeed, the enzyme reconsti-
tuted from tryptic catalytic subunit appears to be
significantly activated by CTP (Table 2). The specific
activities of the reconstituted proteins were approxi-
mately half of those of the corresponding catalytic
subunits. The enzyme reconstituted from mercurial
catalytic subunit therefore resembles untreated native
enzyme in specific activity, whereas enzyme reconsti-
tuted from tryptic catalytic subunit has a lower acti-
vity. Thus the two reconstituted enzymes differ from
untreated native enzyme in their reaction to CTP and
possibly also in specific activity, although the three
proteins appear identical in Plate 2a.

Sodium dodecyl sulphate-polyacrylamide-gel electro-
phoresis

Samples ofnative enzyme and the species produced
from it have been subjected to sodium dodecyl sul-

phate-polyacrylamide-gel electrophoresis by the
method of Shapiro et al. (1967). The native enzmye
and the intermediate have a fast-moving component
in the same position (Plate 2b) and on this basis it is
concluded that the intermediate contains regulatory
subunit as well as catalytic subunit. The tryptic
catalytic subunit shows three bands; the top band
corresponds in position to single catalytic polypep-
tides of the type produced from mercurial catalytic
subunit, as shown by the higher relative intensity of
the top band in the gel on which both mercurial and
tryptic catalytic subunits were placed (Plate 2b).
Hence the middleband for thetryptic catalytic subunit
probablycorresponds to a protein ofmolecular weight
somewhat less than 33000 (Weber, 1968b; Rosen-
busch & Weber, 1971), and the lowest band to a
molecular weight lower than that of the regulatory
subunit.
Although the tryptic catalytic subunit appears to

contain three different protein molecules (Plate 2b) it
was not possible to demonstrate any extra N-terminal
amino acids, compared with the mercurial catalytic
subunit, by using the standard procedure for proteins
of Gros & Labouesse (1969).
A 90min tryptic digest has approximately one-third

of the specific activity of a 20min digest, and appears
in Plate 1 to be identical with catalytic subunit. In
Plate 2b the 90min digest shows a pattern similar to
that of the tryptic catalytic subunit, although the
intensity of the top band may be weaker relative to
the middle band, indicating a lower proportion of
polypeptides of molecular weight 33000.

Digestion ofmercurial catalytic subunit with trypsin

Mercurial catalytic subunit was incubated with
trypsin under conditions similar to those used with
the native enzyme to give Fig. 1. Samples were treated
with di-isopropyl phosphorofluoridate after 15 and
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30min, and subjected to sodium dodecyl sulphate
electrophoresis. A pattern of three bands was ob-
tained, similar to that shown in Plate 2b for the
tryptic catalytic subunit.

Discussion

McClintock & Markus (1968) reported that tryptic
hydrolysis ofthe enzyme resulted in a complete loss of
allosteric properties at an extent of digestion at which
no impairment ofcatalytic activity could be observed.
The present results show an increase in activity of the
digestion mixture during the first 20min, which is
possibly a result of a higher specific activity of freshly
separated catalytic subunit relative to that of the
native enzyme (Gerhart & Holoubek, 1967). At the
stage where catalytic activity of the digestion mixture
is at a maximum, the reason for the lack of an effect
of ATP or CTP on the reaction velocity is complex.
Although the native enzyme and the mixture ofspecies
in the first peak from the Sephadex G-100 column are
activated by ATP and inhibited by CTP, the catalytic
subunit in the second peak is inhibited by 2mM-ATP
and also to a very small extent by 0.4mM-CTP. Thus
the ATP effects cancel out, although the CTP effect
simply appears insignificant at that concentration.
However, higher concentrations of CTP clearly
inhibit the catalytic subunit.
The results of polyacrylamide-gel electrophoresis

(Plate 1) are consistent with the tryptic removal of
regulatory subunits in a process which is not one-
stage, because of the appearance of the intermediate
protein, which still contains regulatory subunits
(Plate 2b). On incubation over longer time-periods,
all the regulatory subunit is removed and trypsin
apparently attacks the catalytic subunits. Thus
sodium dodecyl sulphate-polyacrylamidc-gel electro-
phoresis of the tryptic catalytic subunit (Plate 2b)
indicates that some of the catalytic polypeptides have
been somewhat diminished in size, and in addition a
much smaller polypeptide can be seen. It is note-
worthy that the tryptic catalytic subunit gives rise to
three protein bands on electrophoresis in the presence
of sodium dodecyl sulphate (Plate 2b), but only one
rather wide band in its absence (Plates 1 and 2a). Thus
some if not all of the peptides produced from the
catalytic polypeptides by tryptic digestion appear to
remain attached by non-covalent bonds to the rest of
the catalytic subunit. This conclusion is supported by
the similarity of the sedimentation coefficients and
amino acid compositions of the tryptic and mercurial
catalytic subunits.
The specific activity of the tryptic catalytic subunit

is approximately one-quarter of that of the mercurial
catalytic subunit. From the appearance in the tryptic
catalytic subunit ofmodified polypeptides close to the
position of the original catalytic type (Plate 2b), it
seems that some of the catalytic polypeptides have
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been partly digested. These results suggest that the
partly digested polypeptides could be inactive, thus
accounting for the lower specific activity. There is no
kinetic evidence for the presence of two different
types ofactive site, since under all conditions used in a
detailed kinetic study of the reaction mechanism
double-reciprocal plots of kinetic results were linear
(E. Heyde, A. Nagabhushanam & J. F. Morrison,
unpublished work). However, some of the kinetic
constants determined for the tryptic catalytic subunit
are significantly different from those for the mercurial
catalytic subunit (E. Heyde, A. Nagabhushanam, &
J. F. Morrison, unpublished work), as also are the
degrees of inhibition by nucleotides shown in Table 2.
Therefore it is possible that tryptic splitting of one
polypeptide in the catalytic subunit leads to inactiva-
tion at that site and to a change in the catalytic pro-
perties of the neighbouring intact polypeptides.
Against this interpretation it should be noted that
the specific activity and kinetic properties of a 90min
digestion mixture are similar to those of the isolated
tryptic catalytic subunit, even though the former
preparation seems to contain a greater proportion of
partly digested polypeptides (Plate 2b). Therefore it
remains a possibility that the partly digested poly-
peptides are not inactive and that a conformational
change affecting all the active sites in the catalytic
subunit occurs as a consequence of tryptic hydrolysis
in any or all of the polypeptides.
The tryptic catalytic subunit combines with regula-

tory subunit to form reconstituted native enzyme and
apparently a minor amount of the intermediate
protein (Plate 2a). This observation, together with
evidence that the latter contains regulatory subunit
(Plate 2b), indicated that the essential difference be-
tween the native and intermediate proteins might be
in the catalytic subunits. That this is not so is shown by
the appearance of only one band corresponding to
catalytic polypeptide on sodium dodecyl sulphate
electrophoresis of the intermediate (Plate 2b). The
kinetic properties of the native and intermediate
forms of enzyme are very similar, as are their amino
acid compositions. However, from the gel-electro-
phoresis patterns and the measurements of sedimen-
tation coefficients it appears that the intermediate
form is slightly smaller than the native enzyme, and
this is supported by a comparison of the amino acid
compositions given in Table 1. Thus, when the com-
positions are normalized on the basis of the leucine
contents, the intermediate is seen to contain less of the
majority of the amino acids than does the native
enzyme. The second set of values for the intermediate
(Table 1) has been expressed so as to test the hypo-
thesis that one of the three regulatory dimers may
have been removed from the native enzyme during
the formation of the intermediate. Whereas the com-
position of the intermediate is consistent with this
hypothesis for the majority of the amino acids, the
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contents of the least abundant amino acids, histidine,
proline, methionine and tyrosine, differ by -21 % to
+13 % from the expected values. Hence it is still pos-
sible that tryptic digestion has not been limited to a
single regulatory dimer up to the stage at which the
intermediate is formed. However, it seems clear that
the difference between native enzyme and the inter-
mediate shown in Plate 1 is the result of changes in
size as well as conformation and/or charge, brought
about by limited digestion of the regulatory subunits.
In this connexion it is noteworthy that the inter-
mediate form is less sensitive thanthenative enzyme to
inhibition by CTPand to activation byATP (Table 2),
which also indicates that a change has occurred affect-
ing the regulatory subunits.
Enzyme reconstituted by mixing separate prepara-

tions of catalytic subunit and regulatory subunit re-
sembled native enzyme in being activated by ATP, but
differed in being unaffected by CTP at a concentration
that inhibits the native enzyme (Table 2)_In the latter
respect the present results differ from the report by
Rosenbusch & Weber (1971) that enzyme reconsti-
tuted under different conditions showed CTP inhibi-
tion similar to that observed with native enzyme. On
the other hand, Gerhart (1970) reported that CTP
inhibition ofreconstituted enzyme was not as effective
as that of the native enzyme. It is probable that on
storage the regulatory subunit undergoes changes
which affect not only the efficiency of recombination
but also the sensitivity of the reconstituted enzyme
to CTP. Zn2+ may be involved in both aspects
(Rosenbusch & Weber, 1971; see Fig. 9 of Gerhart,
1970). It may well be that variation in the degree of
such changes in the preparations ofregulatory subunit
used for recombination experiments has led to dif-
ferent properties in the recombination products. The
regulatory subunit used in the present work had been
separated from the catalytic subunit for approxi-
mately 1 month.
The present study of the tryptic digestion of aspar-

tate transcarbamoylase is consistent with the models
of the enzyme illustrated by Markus et al. (1971),
Rosenbusch &Weber (1971) and Gerhart (1 970). In all
cases it is proposed that the two catalytic subunits,
each containing three polypeptide chains, are held
together by three pairs of regulatory polypeptide

chains. Tryptic digestion appears to occur via an ini-
tial stage in which only the regulatory subunits are
affected, followed by complete removal of the regula-
tory subunits and a simultaneous limited digestion of
the catalytic polypeptides. It is also possible to
interpret the present results in terms ofa model where
the two catalytic subunits are in juxtaposition, with
the regulatory subunits on the outside of the catalytic
subunits. However, this structure is considered less
likely because of the failure to observe a large cata-
lytic subunit, equivalent to six catalytic polypeptide
chains, either during the course of tryptic digestion
or on treatment with p-chloromercuribenzoate. If
the regulatory subunits are indeed on the outside of
the molecule ofnative enzyme, their presence must be
essential for the integrity of the central structure in-
volving catalytic polypeptides.
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