20 BIOCHIMICA ET BIOPHYSICA ACTA
BBA 60024

ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE
BY PURINE NUCLEOTIDES

HANNA CHROBOCZEK KECLKER
Department of Botany and Plant Pathology, Vlichigan State Unwversity, Fast Lansing, Mich 38823
(U'Ss4d)

{Recerved April 29th, 1969)
(Revised manuscript recaved September 2gth, 1969)

SUMMARY

I A previous report demonstrated an increase 1 aspartate transcarbamoylase
activity (carbamoylphosphate L-aspartate carbamoyltransferase, EC 2 1 3 2) upon
mcubation of an homogenate of Escherichia coli with ATP, GTP, phosphoenolpyru-
vate, amino acids and magnesium acetate The object of this study was to ascertam
whether enzyme synthesis de novo or enzyme activation was responsible for the n-
crease 1n aspartate transcarbamoylase activity

2 Utilizing density labeling and subsequent equilibrium density centrifugation
1t was demonstrated that the mncrease i aspartate transcarbamoylase activity was
not due to synthesis de norvo of this enzyme or to extensive completion of preexisting
peptides

3 It was shown that incubation of an Escherichia coli homogenate with ATDP,
GTP, phosphoenolpyruvate, amino acids and Mg?* resulted in a decrease 1n the ap-
parent A, of aspartate transcarbamoy lase for aspartate while the vpay changed little

4 Crystalline aspartate transcarbamoylase behaved differently than the en-
zyvme m crude homogenates Incubation of the crystalline enzyme with ATP, GTP
and Mg?* caused a threefold mcrease m ?max This 15 the first report of an allosteric
effector altering the vy, of aspartate transcarbamoylase

5 ATP, GTP and Mg2* act n a synergistic manner and must be present to-
gether for maximum activation of aspartate transcarbamoylase Previously published
studies showed that ATP 15 an activator and GTP 1s an inhibitor of this enzy me

6 Mg+ modify the effect of purine nucleotides on aspartate transcarbamoylase
activity  GTP 1n equumolar concentration with Mg?+ had little effect on enzyme
activity, while ATP and equimolar Mg?* together were much better activators than
ATP alone

# The activation of aspartate transcarbamoylase by ATP and GTP in the
presence of Mg2+ reported here may be of hiological wgnificance m regulating the
relative pool size of pyrmudine nucleotides and purine nucleotides of Escherichia coli
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ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE 21
INTRODUCTION

Aspartate transcarbamoylase (carbamoylphosphate L-aspartate carbamoyl-
transferase,, EC 2 1 3 2) the first enzyme 1nvolved m pyrimidine biosynthesis 1s at a
strategic point for regulation of the flow of metabolites towards synthesis of pyrimi-
dines The enzyme 1s inhibited by the end products of the pathway 1n bactera, fung
and higher plants, however there 15 no evidence that the activity of mammalhan
aspartate transcarbamoylase 1s regulated by feedback inhibition Feedback inhibition
of aspartate transcarbamoylase was first demonstrated 1 bacteria by YATES aND
PARDEE?! using Escherichia colt and subsequent studies of GERHARDT AND PARDEE?
demonstrated that E coli aspartate transcarbamoylase 15 mnhibited specifically by
cytidine derivatives Both uridine and cytidine derivatives are mhibitors of aspartate
transcarbamoyvlase in a number of other bacteria® while uridine derivatives are the best
inhibitors of aspartate transcarbamovlase from Saccharomyvees cerevisieae, Neurospora
crassa® and Lactuca sativa® Purines are involved 1n the regulation of aspartate trans-
carbamoylase activity in addition to the feedback mhibition by pyrimidmes described
above InS cerevisieac, adenine counteracts the inhibition 2 mv0 of aspartate trans-
carbamoylase by uracil® A simular effect 11 vitro of adenine derrvatives on feedback
inhibition of aspartate transcarbamoylase from S cerevisicae was demonstrated by
KaPLAN ef al * ATP, which does not have an effect on aspartate transcarbamoylase
activity relieves uracil inhibition Aspartate transcarbamoylase of E colz 15 activated
by ATP and by dATP ATP also counteracts the inhitbition of aspartate transcarba-
moylase by CTP s wifro GTP and dGTP are inhibitors of this enzyme?

In this study a synergistic activation of £ coli aspartate transcarbamoylase
by ATP and GTP in the presence of Mg?+ 1~ reported The three components, ATP,
GTP and Mg?+ must be present together for maximum activation Modification of
the ATP and the GTP effect by Mg?+ 1s also described The increase m aspartate
transcarbamoyvlase activity in a cell free system of E coli previously reported by
SiNGH? was found to be caused by the activation of the enzyme by the components
of the incubation mixture, ATP, GTP and Mg?*+ and not due to synthesis de novo or
completion of preexisting unfinished peptides of aspartate transcarbamoylase

MATERIALS AND METHODS

Bacterial strain E coli K{, 411-189, obtained from Dr J C Gerhardt was used
throughout this work This stram was diploid with respect to that portion of the
genome (approximately one third) contaming gene or genes coding for aspartate
transcarbamoylase production This strain has a defect in orotidylate decarboxylase,
and has an absolute requirement for histidine and a partial requirement for leucine

Growth media The growth medium MS-56 was utilized (] C GERHARDT, per-
sonal communication) It contamed the following compounds in g/l of distilled water
Na,HPO,, 4 4, KH,PO,, 2 6, MgSO, 7 H,0, 0 0z, Ca (NO,), 4 H,0, o o134, FeSO,
7 H,0, 005, (NH,),S0, 4 H,0, 4, uracil, 0 008, D-glucose, 2, L-leucine, 005, L-
histidine, 0 07 A solid medium was prepared by adding 2%, agar to MS-56

MS-56 medium containing [?H]water was prepared by diluting the stock solu-
tions of salt with the punified [2H]water of density 1 10 g/cm® Final concentration
of [*H]water was approx 67 atom percent
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22 H CHROBO(CZEK KELKER

Maintenance, growth of the mutant and preparation of the 30 voo . g supernatant
of E coli homogenate Cultures of E colt were mamtamed on MS-56 agar supplemented
with o 06 g/l of uracil The noculum for large «cale growth of cells was prepared by
moculating liquid MS-56 from an agar slant This culture was grown on a shaker at
37" until there were approx 2 10° bacterta/ml Subsequently the culture was diluted
33-fold n a large volume of MS-50 This culture was aerated with sterile compressed
air and grown at 37" until the cell number per ml reached approx 7 10* At this
stage of growth cells were partially derepressed for aspartate transcarbamoylase syn-
thesis The cells were harvested by continuous flow centnifugation The preparation
of the 30 000 < ¢ supernatant solution of an £ coli homogenate wa~ as described
by SiNGH?

Assav of aspartate transcarbamoviase actreity Activity of aspartate transcarba-
moylase was assaved by the colorimetric method described by GERHARDT AND
PARDEE? Assay conditions, unless otherwise specified, were as follows 36 mM
tarbamoyl phosphate, 5 mM aspartate, jo mM potasstum phosphate buffer (pH 7 o)
and the aspartate transcarbamoylase preparation were imncubated mn a volume ot
o 5 ml for 30 min at 30° Carbamoyl aspartate was asayed colorimetrically as de-
~cribed by GERHARD AND PARDEE? Activitv of aspartate transcarbamoylase was
expressed as nmoles of carbamoy! aspartate <ynthesized per min

Assav of a-amviase activity a-Amylase was assaved according to SHUSTER AND
GIFFORD® as modified by CHRISPEELS AND VARNER®

Protern determunation Protein content was determined according to LOWRY «f
al 1" using egg albumin as a standard

Incubation of a 30 000 g supernatant solution of an E colr homogenate leading
to an 1ncrease 1 aspartate transcarbamovlase activify Incubation of the 30000 ¢
supernatant solution of E co/: homogenate was performed a~ described by SINGH?
The complete system contaned the following compounds m gmoles potassium phos-
phate buffer (pH 7 4), 50, magnesium acetate, 6o, ATP, 10, GTP, 10, phosphoenol-
pyruvate, 5, 50 ygrams of each of 20 amino acids, an aliquot of 30 ovo « g super-
natant solution of £ coli and enough distilled water to make a volume of T ml As
a control an equal ahquot of 30 ooo » g supernatant solution of £ colt was mncubated
with enough o o1 M phosphate hufter (pH 7 4) containing 0 06 M KCl (designated
as standard bufter) to make a volume of T ml The incubation was for To mimn at 37
and was terminated by placing the tubes 1n an 1ce bath Aliquots of the control and
the complete syv~tem were dialvzed at 4 for 3 h against 125 ml of standard bufter
with two changes of buffer prior to assay for aspartate transcarbamoylase activity

Equilibriim density centrifugation The stock solution of cesitum formate ot
density T 70 g/em® was mixed with the standard buffer containing aspartate tran--
carbamoylase and a-amylase Total volume of this mixture was 45 ml and 1its final
density was 1 205 g/cm? The amount of stock solution needed to obtain the dewired
density was calculated according to VINOGRADM The contents of the tubes were
covered with o 3 ml of paraffin o1l The tubes were centrifuged i a pre-cooled SW-39L
rotor of a Spinco Ultracentrifuge for 67 h at 39 ooo rev /min One drop fractions were
collected The refractive mndex was determmed on every fifth fraction with a Bau~ch
and Lomb Abbe-type refractometer The corresponding densities were determied
with the aid of a standard curve The standard curve was prepared by measuring the
refractive mmdex of a ~ertes of cesium formate solutions of known densitv The den<ity

Brochim Brophyvs  ldta 195 (1970) 20-30



ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE 23

was determined by weighing cestum formate solutions 1 a 100 ul pipette Aspartate
transcarbamoylase and e-amylase were assayed alternately in the remaining fractions

Test for the novo synthesis of aspartate transcarbamoviase Density labelling of
preformed aspartate transcarbamoylase was achieved by growing E col: on [2H]water
as described above An aliquot (o 1 ml) of the dialvzed 30 000 < g supernatant of
E coli grown on [2H]water was incubated either with the components of the complete
system containing [*H}amino acids, ATP, GTP, phosphoenolpyruvate and Mg?+, or,
as a control, o 1 ml of the same preparation was mcubated with o g ml of standard
buffer, as described above After 3 h of dialysis against standard bufter an aliquot ot
the dialvzed solution was taken for the assay of aspartate transcarbamoylase activity
The remaiming solution was diluted with 1 5 ml of standard buffer and a measured
volume taken for equilibrium densitv centrifugation

RESULTS

Equilibrium density centrifugation of aspartate transcarbamoviase and 1ts application
as a test for synthests de novo of aspartate transcarbamoviase

[*H]Aspartate transcarbamoylase, obtamned from E coli grown on [tH]water,
and [®H]aspartate transcarbamoylase, from E col: grown on [2H]water, were well
resolved by equilibrium density centrifugation 15 a cestum formate gradient The
equilibrium position of [*H]aspartate transcarbamoylase 1s marked by the broken
line on Fig 1 After centrifugation of the mixture of [*Haspartate transcarbamoylase
and [*H]aspartate transcarbamoylase approx 105%, of [2H]aspartate transcarba-
moylase activity was recovered in the peak of the higher density and 889, of [1H]-
aspartate transcarbamoylase activity was recovered 1n the peak of the lower density

As demonstrated m Table I, the activity of aspartate transcarbamoylase 1n the
supernatant prepared from E coli grown on [2H]water was imcreased 100%, upon
preincubation with the components of the complete system This 1s 1n agreement
with the report of SiNGH?

Subsequent equilibrium density centrifugation of the preincubated [2HJaspar-
tate transcarbamoylase revealed that the distribution of aspartate transcarbamoylase
activity on the gradient remained the same relative to the equilibrium position of an
c¢-amylase marker regardless of whether the enzyme was preincubated with the buffer
or with the complete incubation mixture (Iigs 1a and b) Since there was no change

IABLE I
ACTIVITY OF [?H]ASPARTATE TRANSCARBAMOYLASE AFTER PREINCUBATION WITH ['H|aMINO
ACIDS RECOVERY OF ASPARTATE TRANSCARBAMOYLASE ACTIVITY FROM THE GRADIENT

Activity of aspartate transcarbamoylase was measured as described in MATERIALS AND METHODS

Activity < 10% (umoles of carbamoyl
aspartate per min)

In rml of Putonthe Recoveied from

incubation  gradient the gradient
nxture
Control 557 309 36 4 (109°,)
Complete 1130 78 6 403 (51°,)
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I'ig 1 Distribution of aspartate transcarbamovlase (AlCase) activity from £ colt grown on
[2H]water after centrifugation on a cesium formate gradient (a) Enzyme preincubated with the
standard buftcr (b) Enzyme preincubated with the complete incubation mixture The broken
line 1ndicates the cquilibrium position ot ['H aspartate transcarbamoylase Assav conditions
werce as described 1n MATERIALS AnD METHODS The change 1n .44,y nyu/min was taken as a measure
of g-amylase activity The dircetion of decreasing density 1s from left to nght ( A, N-carbamovl
aspartate

m density nor mn peak symmetry upon incubation of aspartate transcarbamoylase
with [tHJamino acids we conclude that neither appreciable completion of preexisting
partially formed aspartate transcarbamovlase nor synthesis de novo of aspartate trans-
carbamoylase occurred mn this system

All of the aspartate transcarbamoylase activity was recovered from the gra-
dient 1n the case of the control (Table 1) However, onlv one-half the activity was
recovered after centrifugation of aspartate transcarbamoylase premcubated with the
complete system Smce the recovery of aspartate transcarbamoylase 15 good after
centrifugation of the mixture of [*HJaspartate transcarbamoylase and [?H]aspartate
transcarbamoylase 1t 15 unlikely that the preferential loss of [H]aspartate trans-
carbamoylase was responsible for the loss of aspartate transcarbamoilase activity
from the gradient The aspartate transcarbamoylase preparation was dialyzed prior
to the assay for only 3 hias described by SINGH? The increase m aspartate transcarba-
moy lase activity, described below, 15 due to the activation by ATP, GTP and Mg?*
Therefore the loss of the aspartate transcarbamoylase activity from the samples pre-
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ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE 25

incubated with the complete system 1s, most likely, due to the dissociation of the
activating compounds during prolonged centrifugation
The cffect of pretreatment with the complete incubation murture on the properties of as-
partate transcarbamovlase from the 30 000 X g supernatant

The properties of aspartate transcarbamoylase 1 this system were examined
to ascertain whether the enzyme became activated upon pretreatment with the com-
ponents of the complete mcubation mixture, that 15, ATP, GTP, Mg+, phosphoenol-
pyruvate and anuno acids

The dependence of reaction velocity on aspartate concentration was changed
as a result of preincubation with the complete system from sigmoidal to hyperbolic
(I1ig za) The difference 1n reaction rate of the control and of aspartate transcarba-
moyvlase pretreated with the complete incubation nmixture was the greatest at low
aspartate concentrations At saturating aspartate concentrations the difference 1s
shight The increase 1n aspartate transcarbamoylase activity reported by SINGH” and
i this study was measured at 5 mM aspartate, the concentration at which the differ-
ence 1 reaction rate 1s 100°, A Lineweaver—Burk plot of the control and of aspar-
tate transcaibamoylase pretreated with the complete mcubation mixture shows that
premcubation leads to a change from an upward curving to a nearly hnear plot
(Fig 2b) These changes 1n the kinetics of aspartate transcarbamoylase indicate that
the enzvme became activated during incubation with the complete system

Heating at 60° for 10 min, a treatment which causes a change from sigmoid to
hyperbolic kinetics of crvstalline aspartate transcarbamoylase?.!? increased the reac-
tion rate of the control sample of aspartate transcarbamoylase by 509, (measured at
5 mM aspartate) but heating had little effect on the reaction rate of aspartate trans-
carbamoylase pretreated with the nucleotides and other components of the complete
nmixture (Fig za)
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Fig 2 Dependence of reaction rate of aspartate transcarbamoylase (ATCase) on aspartate con-
centration (a) Crude aspartate transcarbamoylase pretreated with buffer (control} with com-
plete incubation mixture (complete) and the same samples after the enzymes have been heated
(b) Double reciprocal plots of complete and control Crude E coli homogenate (8 mg of protein)
was incubated as described 1n MATERIALS AND METHODS Aliquots of the dialyzed solution diluted
to a final protemn concentration of o 08 mg/ml were assayed for aspartate transcarbamoylasc
activity, as described 1n MATERIALS AND METHODS, but aspartate concentration was as indicated
Heating was for 1o min at 60° at pH 7 0 CA, N-carbamoyl aspartate
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Ing 3 Effect of C1P on the reaction rate of aspartate transcarbamoylase (A I'Case) as o function
ot aspartate concentration Crude aspartate transcarbamoylase (8 mg of protuin) was pretreated
with bufter {control), or with the complete incubation mixture (complete) as described 1n MATE-
RIALS AND METHODS Aliquots of the dialyzed solution were assayed for aspartate transcarba-
movlase activity with aspartate concentration as indicated ( TP concentration, when indicated,
was 2mM (A, N-carbamovl aspartate

Inhibition of aspartate transcarbamoylase activity by 2 mM CTP was observed
both 1n the case of the control enzyme and enzyme which had been pretreated with
the complete mcubation mixture (Fig 3) However the imnhibition of the control sam-
ple of aspartate transcarbamoylase as compared with the activated enzyvme was lower
when measured at aspartate concentrations below 5 mM and higher above that con-
centration
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ti1g 4 Dependence of reaction rates of aspartate transcarbamoylase (ATCase) on aspartate
concentration Purified aspartate transcarbamovlase was pretreated with butter (control} o
with complete mcubation mixture (complete) Purified aspartate transcarbamoylase (2 pg of
protemn) was premcubated with buffer or the complete incubation mixture, as for TFig 1, and
subsequently dialyzed against 20 mM phosphate (pH 7 0), 2 mM mercaptocthanol, o 2 mM
EDTA Aliquots of the diluted dialyzed solution, containing o 06 ug or protemn were assayed
for aspartate transcarbamoylase activity as described in MATERIALS AND METHODS but with
aspartate concentration as mdicated C.\, N-carbamovl aspartate

I1g 5 Activation of purified aspartate transcarbamoylase (AlCase) by GTP in the presence ot
ATP and Mg?+ Assay conditions were as follows 3 6 mM carbamovl phosphatc, 5 mM aspartate
o1mM EDTA, j4omM (2-(N-morpholino) propanesulfonic acid (pH 70) (N LI Goob, un-
published), and o 5 ug of enzyme protemn ATP and magnesium acetate were both 2 mM €\,
\-carbamoyl aspartate
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Effect of components of the itncubation mixture on cvvstalline aspartate transcarbamoylase

Treatment of crystalline £ c(oli aspartate transcarbamoylase (obtained from
Dr J C Gerhardt) with the complete incubation mixture followed by 3 h of dialysis
caused approximately a 3-fold increase 1n vmax, as sShown in Ing 4 The same 1ncrease
IN 7may Was observed when crystalline aspartate transcarbamoylase was premncubated
with only ATP, GTP and magnesium acetate vmay Was mcreased from 3 5 to 10 2 u-
moles N-carbamoyl aspartate/mim < 10® when aspartate transcarbamoyvlase was n-
cubated with ATP, GTP and magnesium acetate If GTP and magnesium acetate, or
ATP and magnesium acetate were omitted, the observed vy, were 6 4 and 5 4 pmoles
N-carbamoyl aspartate/mun . 103 respectively The simultaneous requirement for
ATP, GTP and Mg?+ was confirmed by studies of the eftect of these compounds on
aspartate transcarbamoylase activity when they were added directly to the assay mix-
ture As 1~ shown m Fig 5, the activity of aspartate transcarbamoylase measured 1n
the presence of 2 mM ATP and 2 ntM magnesium acetate was stimulated by GTP

ATP, GTP and Mg?** (all 2 mM) added directly to the assay resulted mn a de-
crease 1 the apparent K, for aspartate but not 1n a change in vpax However, mn-
ability to reproduce the increase 1n vmay by adding the activating compounds directly
to the assay mixture 1s apparently caused by a change 1n the properties of the enzyvme
on storage Activation of aspartate transcarbamoylase upon pretreatment with ATP,
GTP and Mg?* decreased with time of storage After 8 days of storage the increase
1N Umax due to pretreatment with ATP, GTP and Mg?* was not threefold but twofold
Aging of the enzyme limited the attempts to obtan a sound value for the apparent
K for aspartate in the presence of ATP, GTP and Mg?+ Aspartate transcarbamo-
vlase was previously reported to be a stable enzyme GERHARDT aND HOLOUBEK!?
reported that activity of aspartate transcarbamoylase, and 1ts inhibition by CTP did
not change during 2 years of storage at 4° A change of properties of native aspartate
transcarbamoylase has been reported by BETHELL ¢f a/ 1, but only after 2 years of
storage at —20°

The effect of ATP, GTP and Mg?* on the electrophoretic mobilhity of purified
aspartate transcarbamoylase was studied Electrophoresis on acrylamide gel gives
excellent separation of the ‘native’ (oligomeric form of the enzyvme) and of the cata-
lytic suburmit (kindly provided by Dr J C Gerhardt) Using this techmque 1t was
possible to show that treatment with ATP, GTP and Mg?+ did not alter the electro-
phoretic mobility of native enzyme We can conclude that purine nucleotides did not
rause irreversible breakdown of the enzyme into subunits

Studies of the effect of purine nucleotides on aspartate transcarbamoviase actioity in the
30 000 X g supernatant solution of an E colt homogenate

The eftect of purine nucleotides and of Mg?* on aspartate transcarbamoylase
activity was examined with the objective of gamning a better understanding of acti-
vation of aspartate transcarbamovlase by ATP, GTP and Mg?* The results are
summarized below

ATP and Mg** at equimolar concentration activate aspartate transcarbamoy-
lase more than ATP alone ATP at saturating concentration actrvates aspartate
transcarbamoylase by 25%,, while ATP and Mg2+ at 2 mM activate the enzyme by
70%, (aspartate transcarbamoyvlase activity was measured as described 1n the legend
to Iig 6)
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g 6 ‘The ettect of (a) GTP, or (b) GTP and Mg?t, on aspartate transcarbamoylase (ATCase)
activity 1n the presence or absence of ATP The reaction mixture contamned 14 mM carbamoyl
phosphate purified according to GERHARDT AND PARDEE?, 1 mM EDTA, y0 mM potassium phos-
phate bufter, pH 70, 5 mM aspartate and crude aspartate transcarbamovlase preparation,
0 054 mg of protemn /ml ATP, where indicated, was 8 mM ,and magnesium acctate equimolar to
the mdicated GTP concentration CA, N-carbamovl aspartate

GTP alone 15 an mhibitor of aspartate transcarbamoylase (Fig 6a) The -
bitory effect of GTP 1s modified by Mg2+ As i1s shown m Iig 6b, GTP and Mg?t at
equumolar concentration have no effect on aspartate transcarbamovlase activity
In the presence of ATP, GTP 15 mhibitory at low concentrations but 15 shghtly
stimulatory above 4 mM (Iig 6a) GTP and Mg?+ activate the enzvme at all concen-
trations (I1g 6b)

Aspartate transcarbamoylase from the 30 000 « g supernatant of an E <ol
homogenate was activated by ATP. The activation with a saturating amount of ATP
was however less than the activation of the purified enzyvme, 25°, as compared with
100°,, However, a comparison of the properties of those two preparations 1s difficult
not only because of the difference 1n their punty, but also because the mutant utilized
in this study was harvested 1n a partially derepressed state, while the (rystalline
enzyme preparation was obtamned from an E coli mutant completely derepressed
for aspartate transcarbamovlase’® A change in the degree of inhibition by pyrimi-
dines as a function of the state of derepression has been observed for the aspartate
transcarbamovlase of S cerevivieact

DISCUSSION

The increase 1n aspartate transcarbamovlase activity observed under the con-
ditions described by SINGH? and measured at 5 mM aspartate was confirmed m this
study An examnation of the properties of this system by density labeling and sub-
sequent equilibrium density centrifugation <howed that the increase mn aspartate
transcarbamoylase activity was not the result of synthesis de novo or of the com-
pletion of preexisting aspartate transcarbamoylase peptides Those results along with
the results of the kinetic experiments demonstrate that aspartate transcarbamoylase
became activated by components of the complete incubation mixture not removed
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by dialysis Studies of the effect of the components of the incubation mixture on the
crystalline aspartate transcarbamoylase demonstrate that the compounds mmvolved
in the activation of the enzvme are ATP, GTP and Mg?*

It has been reported by GERHARDT AND PARDEE? that ATP 1s an activator and
GTP 15 an inhibitor of aspartate transcarbamovlase activity KLEPPE AND SPAEREN?S
reported that Mg?* inhibit the native form of aspartate transcarbamoylase The re-
sults of this study demonstrate that the eftect on aspartate transcarbamoylase activity
of ATP and GTP added separately or as a mixture 1s modified by Mg?t ATP and
Mg?* 1in equimolar concentrations 15 a much better activator of aspartate transcarba-
moylase 1n the 30 000 ¥ g supernatant of E coli than ATP alone, while a previous
report of KLEPPE AND SPAEREN'® indicates that ATP and Mg?** in equimolar con-
centration was only a few percent better activator than ATP It appears that the
ATP and magnesium bindmg sites mutually interact and effect each others binding
GTP and equimolar magnesium, which do not effect aspartate transcarbamoylase
activity, either do not bind to the enzyme, or even 1if bound they do not effect the
interaction between aspartate binding sites

The effect of ATP and GTP on aspartate transcarbamoylase activity in the
presence of Mg2t can be designated as a cooperative activation (by analogy to co-
operative feedback inhibition, described by StapTMaN'®) Mutual modification of
the effect of each of these three compounds on aspartate transcarbamoylase activity
suggests that ATP and GTP binding sites mnteract 1n the presence of Mg?+ No data
have so far been reported concerning the binding of GTP to aspartate transcarba-
moylase Studies of the binding of regulatory nucleotides to aspartate transcarba-
moylase by CHANGEUX et al 17 indicated, but did not unequivocally prove, that ATP
and CTP bind at the same site We cannot conclude from the data presented 1 this
study what the relationship 15 between the binding sites of ATP and GTP However
the mutual interaction between the two purine nucleotides can be most readily ex-
plamed by a model allowing for simultaneous binding of ATP and GTP

The activation reported here 15 of considerable magnitude, bemng 2—4-fold de-
pending upon experimental conditions The activation does not result in an rrever-
sible change 1n the structure of the enzyme as evidenced by the failure to observe a
change 1n the electrophoretic behaviour of the activated enzyme The increase 1n
aspartate transcarbamoylase activity caused by ATP and GTP in the presence of
Mg?* may therefore be of biological significance A control mechanism of this type
would lead to an mcrease in the biosynthesis of pyrimidines 1if a buildup of the pool
of purine nucleotides occurred, and to an eventually balanced ratio if pyrimidines
and purines necessary for the synthesis of nucleic acids
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