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SUMMARY 

I A previous  repor t  demons t r a t ed  an increase in a spa r t a t e  t ranscarbamoyla~e  
ac t i v i t y  (ca rbamoylphospha te  L-aspar ta te  carbamoyl t ran~ferase ,  El7 2 I 3 2) upon 
incuba t ion  of  an homogenate  of  Escher~ch,a colz with ATP,  GTP, phosphoenolpyru-  
vate ,  amino acids and magnes ium ace ta te  The oblec t  of tlu~ s tudy  was t~ ascertain 
whether  enzyme synthesis  de novo or enzyme ac t iva t ion  wa~ responsible for the m- 
crease in a~par ta te  t r ansca rbamovlase  ac t i v i t y  

2 Uti l izing dens i ty  labehng and subsequent  equi l ibr ium denal ty  cent r l fugat lon  
it was demons t r a t ed  tha t  the increase in a . ,par ta te  t r ansca rbamoylaae  ac t iv i ty  wa ,  
not  due to synthes is  de novo of ttus enzyme or to extensive complet ion  of p reex>t lng  
peptIdes  

3 I t  was shown tha t  l ncuba tmn  of an Eschcrlchta coh homogenate  with ATP,  
GTP,  phosphoeno lpyruva te ,  amino acids and Ng a+ resul ted in a decrease m the ap- 
pa ren t  K m  of a spa r t a t e  t r ansca rbamo 3 lase for a~par ta te  while the  7'max changed l i t t le  

4 Crys ta lhne  a spa r t a t e  t r ansca rbamoylase  behaved  different ly than  the en- 
zyme m crude homogenate~ Incuba t ion  of  the crysta l l ine  enzyme with ATP,  GTP 
and Mg a+ cau.~ed a threefold  increase in Vmax Ttus is the first r epor t  of an alh)sterlc 
effector a l ter ing the 7'ma-. of a spa r t a t e  t r ansca rbamoylase  

5 ATP,  GTP and Mg ~+ act  in a .~ynerg>tlc manner  and must  be pre~ent to- 
ge ther  for m a x i m u m  ac t l va tmn  of  a spa r t a t e  t r anscarban ioy lase  P rewous ly  publ ished 
studies sho~ ed t ha t  A T P  is an ac t iva to r  and GTP is an inhib i tor  of tln.~ enz 3 me 

6 Mg 2+ modi fy  the effect of  purlne nucleot ldes  on abpar ta te  t r ansca rbamoylase  
ac t iv i ty  GTP m equimolar  concent ra t ion  with  Mg 2+ had  h t t le  effect on enzyme 
ac t iv i ty ,  while A T P  and equlmolar  Mg a+ together  were much be t t e r  act lvator~ than  

A T P  alone 
7 The ac t lva tmn  of a~par ta te  t r ansca rbamoy lase  b y  A T P  and GTP m the 

presence of  Mg a+ repor ted  here m a y  be of biological  algnificance m regula t ing  the 
re la t ive  pool size of  p y n m i d l n e  nucleot ldes  and purme nucleot ldes  of Escherzclna coh 
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A C T I V A T I O N  OF A S P A R T A T E  T R A N S C A R B A M O Y L A S E  2 1  

I N T R O D U C T I O N  

Aspartate transcarbamoylase (carbamoylphosphate L-aspartate carbamoyl- 
transferase,, EC 2 I 3 2) the first enzyme involved in pyrlmldine biosynthesis is at a 
strategic point for regulation of the flow of metabohtes towards synthesis of pyrim> 
dines The enzyme is mhlblted by the end products of the pathway in bacteria, fungi 
and higher plants, however there 1% no evidence that the activity of mammahan 
a%partate transcarhamoylase lq regulated by feedback inhibition Feedback inhibition 
of aspartate transcarbamo bla~e was first demonbtrated in bacteria by YATES AND 
P A R D E E  1 using Escherzchta  colt and subsequent studies of G E R H A R D T  A N D  P A R D E E  2 

demonstrated that E colt aspartate transcarbamoyla%e is inhibited specifically by 
cytldlne derivatives Both urldine and cytldlne derivatives are Inhlbitors of aspartate 
transcarbamoylase in a number of other bacteria a while uridlne derivatives are the best 
inhibitor% ofaspartate transcarbamovlase from Saccharomvces  cerewswae,  N e u r o s p o r a  

crassa 5 and Lac tuca  sat, va a Purlnes are revolved in the regulation of aspartate trans- 
carbamoylase activity in addition to the feedback inhibition by" pyrimldine% described 
above In S cerev,swac,  adenine counteracts the inhibition ~n v2vo of aspartate trans- 
carbamoyla%e by uracil 6 A similar effect m vtlro of adenine derivatives on feedback 
inhibition of a~partate transcarbamoylase from S cercvtswae was demonstrated by 
KAPLAN et al 4 ATP, which does not have an effect on aspartate transcarbamoyla~e 
activity relieves uracil inhibition Aspartate transcarbamoylase of E colt is activated 
by ATP and by dATP ATP also counteract.~ the inhibition of aspartate transcarba- 
moylase by" CTP m v~lro GTP and dGTP are mhlbltors of this enzyme ~ 

In this study a synerg>tlc activation of E col, aspartate transcarbanioylase 
by ATP and GTP in the presence of Mg 2+ is reported The three components, ATP, 
GTP and Mg 2+ must be present together for nmxlmum activation Modification of 
the ATP and the GTP effect by Mg 2+ is also described The increase in aspartate 
transcarbamovlase activity in a cell free %vstem of E colt previously reported by 
SINGH 7 was found to be caused by the activation of the enzyme by the components 
of the lncubatmn nuxture, ATP, GTP and Mg 2+ and not due to %'nttiesls de novo or 
completion of preexisting unfinished peptldes of aspartate transcarbamoylase 

M A T E R I A L S  AND M E T H O D S  

Bacter ia l  s t ratn  E colt K12 411-180, obtained from Dr J C Gerhardt was used 
throughout this work This strain was diploid with respect to that portion of the 
genome (approximately one third) containing gene or genes coding for aspartate 
transcarbamovlase production This strain has a defect in orotldylate decarboxyla~e, 
and has an absolute reqmrement for histidlne and a partial requirement for leuclne 

Growth med~a The growth medium MS-56 was utilized (J C GERHARDT, per- 
sonal communication) It  contained the following compounds in g/1 of distilled water 
Na2HPO4, 4 4, KH2PO4, 2 6, MgSO4 7 H20, o 02, Ca (NOa) 2 4 H~O, o Ol 4, FeSO 4 
7 H20, o 05, (NH4)2SO 4 4 H20, 4, uracil, o 008, D-glucose, 2, L-leuclne, o 05, L- 
tustidlne, o 07 A solid medium was prepared by adding 2°,o agar to MS-56 

MS-56 medium containing [2H]water was prepared by diluting the stock solu- 
tions of salt with the purified I~H]water of density I IO g/cm a Final concentration 
of [2H]water was approx 67 atom percent 
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22  H CHROBO(_ZEK KELIxER 

3lallztem~zcc, gro~'th oj the mutatzt atzd preparatzon oJ the 7o ooo . g .sup~rnatanl 
of  E cob homogem~te Cultures of  E coh ~ ere main ta ined  on MS-56 agar ~upplemented 
with o o(~ g/l of uracil The moculum %r large scale growth of cells x~ a~ prepared bb 
inoculat ing hqmd MS-50 from an agar slant This culture was grm~n on a shaker at 
37 '~ unt i l  there were approx 2 IO q bacterm/ml Subsequent ly  the culture x~as diluted 
33-fold m a large volume of MS-50 Tins culture ~as aerated with sterile compressed 
air and grown at 37 ° unt i l  the cell number  per ml reached approx 7 I°~ At tlus 
stage of growth cells were partmllb derepre~ed fl)r a~partate t ranscalbamo~ lase s\ n- 
the~ls The cells were harvested by contmuou~ flow centrffugatlon The preparat ion 
of the 3 ° ooo \ ~,, supe~natant  ~oluhon of an E ~olz homogenate wa~ a~ described 
b v  S I N G H  7 

Assay  of aspartatc transcarbamovlast actzvztv Act1\ l ty  of a~partate t ran~tarba-  
mo\'lase ua~ assayed by the colorlmetnc method described by (~I~.RHARDT kND 
PCRDEE 2 Assa 5 condltlon~, unless otherx~l.~e specified, were as fl>llows 3 ()mM 
t a rbamoyl  phosphate, 5 mM aspartate,  4 ° mM potas~lum phosphate buffer (pH 7 o) 
and the aspartate  t ranscarbamoylase  preparat ion were incubated in a volume . )  
o 5 ml for 3o nun  at 3 o~ ( ' a rbamoyl  a~partate wa~ asa}ed ¢olonmetnca l lv  a~ de- 
. ( r lbed by GERHARD AND PARDEE 2 A c n w t v  of aspartate  t ran~carbamo\la~e ~as  
expressed as nmoles of carbamoyl aspartate  ~x nthe~lzed per mm 

Assav oJ ~z-amvlase a~hvztv ~-Amvlase ~ a~ a~saved according to .~HU~TER AND 
( ; I F b O R D  8 a s  modified by  C H R I b P E E L  ~, AND V A R N E R  ') 

Prote~  determ~mtwn Protein content  ~as  determmed according to LOWRY ~t 
al ~0 using egg a lbumin  as a s tandard  

I~,cubat~on of a ]o ooo g super~zata~zt ~olutio~ of an E cob homogem~tc lcad~g 
to a~ ~ncreasc t~ a~partatc transcarbamovlasc act~v~lv Incuba t ion  of the 3 ° ooo ,~ 
~upernatant  ~olutlon of  E cob homogenate u a~ perfl>rmed a.~ described by Sin's.n: 
The complete ~v.~tem contained the following compounds m/zlnoles potassmln phos- 
phate buffer (pH 7 4), 5 ° ,  magnesmm acetate, 6o, ATP, Io,  GTP, IO, pho~phoenol- 
pyrux ate, 5, 5o #grams of each of 2o amino acM~, an aliquot of 3o ooo x g ~uper- 
n a t a n t  so lunon  of  E coh and enough distilled water to make a w)lume of I ml As 
a control an equal ahquot  of 3o ooo z g superna tan t  solution o r e  ~oh ~as  incubated 
a~th enough o oI M phosphate buffer (pH 7 4) c~mtammg o o6 M KC1 (designated 
a~ s tandard  buffer) to inake a volume of I ml The incubat ion  was for io  mm at 37 
and u as te rmina ted  b \  placing the tubes in an we bath Ahquot~ ~,f the (ontrol  and 
the (omplete ~ \ . t em were d lah  zed at 4 fl)r 3 h against  125 ml of s tandard  buffe~ 
with two (hanges of buffer prior to assay for aspartate  t ranscarbamoylase  act~x)t~ 

Eqmhbr~u~z de~s,tv ce~tr~fugat~on The stock solution of ce~mm formate ot 
den~lt} I 7 ° g/cm a was m~xed u l t h  the s tandard  buffer containing aspartate  trans- 
carbamoylase and ~-amylase Total  volume of this mixture  wa~ 4 5 ml and xts final 
densi ty  was I 295 g/cm ~ The amoun t  of stock solutmn needed to obta in  the desired 
densi ty  was calculated according to VINOGRAD 11 The content~ of the tubes were 
covered w~th o 3 ml of paraffin off The tubes u ere centrifuged m a pre-cooled SW-39I. 
rotor of a Splnco Ultracentr ifuge fl~r ()7 h at 3() ooo r e v / m m  One drop fractions x~ere 
collected The refractive index \~a~ deter lmned on every fifth fraction w~th a Bausch 
and I .omb Abbe- type refractometer The c . r respondlng densmes were determined 
w~th the aM of a s tandard  curve The ~tandard cur\  e was prepared by mea~urlng the 
refrachve index of a ~erles ()f ce~lum formate ~olutlons of known densi ty  The den~lt\ 

t~:l.tkim f~tol~kv~ lt ta 19, ~, ( I97  o) 2() :~o 



ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE 2 3 

was de te rmined  b y  weighing cesium formate  solut ions In a IOO/,1 p ipe t t e  Aspa r t a t e  
t r ansca rbamoylase  and a -amylase  were assayed a l t e rna te ly  in the remain ing  fract ions 

Test for  the novo svntheszs of  aspartate transcarbamm,lase Dens i ty  labell ing of 
preformed a spa r t a t e  t r ansca rbamoylase  was achieved by  growing E coh on [2Hlwater  
as descr ibed above  An al iquot  (o i ml) of the  d ia lyzed  3o ooo .< g supe rna t an t  ot 
E coh grown on E2Hlwater was incuba ted  ei ther  with the  components  of  the  complete  
%'stem conta ining I1Hlamlno acids, ATP,  GTP, phobphoenolpyruva te  and Mg 2+, or, 
as a control,  o I ml of the same p repara t ion  x~a~ incuba ted  with  o 9 nfi of  s t anda rd  
buffer, as descr ibed above  After  3 h of  dialysis  agains t  s t anda rd  buffer an ahquo t  ot 
the  d ia lyzed  solut ion was taken  for the  assay of a spa r t a t e  t r ansca rbamoy lase  ac t iv i ty  
The remaining  solut ion was d i lu ted  with I 5 ml of s t anda rd  buffer and a measured 
voluine t aken  for equ ihbr lum dens i ty  cent r l fugat lon  

R E S U L T >  

Eqmhbr tum denszlv centrzfugatzon of aspartate transcarbamovlase and zts apphcatton 
as a test for  svnthes, s de uovo of  aspartate transearbamovlase 

IXH]Aspartate t r ansca rbamoylase ,  ob ta ined  from E coh grown on I1Hlwater,  
and  I2Hla~partate  t r anscarbamoylase ,  from E coh grown on E=H]water, were well 
resolved by  equi l ibr ium dens i ty  cent r l fugat lon  is a cesium formate  grad ien t  The 
equ lhb rmm pos i t ion  of  [aHlaspar ta te  t ran~carbamoylase  as inarked  b y  the broken 
line on F ig  I Af ter  cent r l fugat lon  of  the mix ture  of  p H l a s p a r t a t e  t ranscarbamoyla~e  
and I2Hlaspar ta te  t r anscarba inoy lase  approx  lO5% of I2Hlaspar ta te  t r ansca rba -  
moylase  ac t i v i t y  was recovered m the peak  of the  lngher dens i ty  and 8830 of  IIHI - 
a spa r t a t e  t r ansca rbamoy lase  ac t iv i ty  wa~ recovered in the  peak  of  the  lower dens i ty  

As demons t r a t ed  in Table I, the  ac t i v i t y  of a spa r t a t e  t r ansca rbamoylase  m the 
supe rna t an t  p repared  from E coh grown on [2Hlwater  was increased lOO% upon 
p re lncuba tmn  with the  components  of  the complete  %'stem This is In agreement  
wi th  the  repor t  of  SINGI~ v 

Subsequent  equ lhbr lum dens i ty  centrafugation of  the p re lncuba ted  [2H]aspar- 
tare  t r ansca rbamoylase  revealed tha t  the  d i s t r ibu t ion  of  a spa r t a t e  t r ansca rbamoylase  
ac t i v i t y  on the g rad ien t  remained  the same re la t ive  to the  equi l ibr ium positron of  an 
a -amylase  marke r  regardless  of  whether  the  enzyme was p r emcuba t ed  with  the  buffer 
or wi th  the  complete  incuba t ion  mix ture  (Flg~ I a  and Ib)  Since there wa~ no change 

1 ABI.E I 

' ~ C T I V I T Y  O F  [ 2 H ] A S P A R T A T E  T R A N S C A R B A M O Y L A S E  ~ F T E R  P R E I N C U B C T I O N  \ V I T H  [ 1 H / ~ . M I N O  

A C I D S  R E C O V E R Y  O F  A S P ~ . R T A T E  T R ~ , _ N S C A R B A M O Y L A S E  A C T I V I T Y  F R O M  T H E  G R & D I E N T  

Activity of aspartate tran~carbamoylase was measured as described m MATERIALS eND METHODS 

Act~wty e zo a (Ionoles of carbamoyl 
aspartate pe~ mzn) 

In z ml of Put on the Recovered from 
~ncubatzon gradient the g~ad~enl 
1,~t l . r t  it r e  

( ontrol 55 7 3 ° 9 30 4 (lO9°) 
Complete i i  3 o 78 6 4 ° 3 (5I %) 
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l ' lg  I i ) l s t r f l )u tmn of a~par ta te  t r anaca rbamoyla~e  (~klCaae) a c t l ~ l t v  from K t()h grown on 
[ 2 H ~ a t e r  af ter  cent r f fu~atmn on a ces ium fo rmate  g radmnt  (a) E n z y m e  p r e m c u h a t e d  wtth the  
s t a n d a r d  but le r  (b) E n z y m e  p r e m c u b a t e d  x~lth the  comple te  i ncuba t ion  m i x t u r e  The broken  
hne lnchcatc~ the c q u l h b r m m  p o s m o n  ot IIH~a~partate  t r ansca rbamoyla~e  , \ s sav  con(ht lons 
~e re  as deqcrlhed 111 MATERIkL% ~.\D METHODS The change in A6z 0 n , t t / I l l l n  \'~ et, ~, t aken  as a meaMlre 
ot ~t-an D la se  achx~t,, "1 he (hr~ctlon of decreas ing (lender 5 is froi13 left  to r igh t  ( A, N - c a r h a m o v l  
a~par ta tc  

in density nor in peak ~ymmetry upon incubation of aspartate transcarbalnoylase 
with E1Hlammo acids we conclude that  neither apprec]able completion of preexisting 
parhal ly fi)rmed aspartate tran~carbamoylase nor synthe~,]s de lzovo of aspartate trana- 
carbamoylase occurred m this system 

All of the aspartate transcarbamoylase achwty  was recovered from the gra- 
dient an the case of the control (Table I) However, onl?, one-half the activity was 
recovered after centrlfugatmn of aspartate transcarbamoyla~e premcubated with the 
complete ~ystem Since the recovery of aspartate transcarbamoylase 1~ good after 
centrlfugatlon of the mixture of [~H~aspartate transcarbamoylase and i2Hlaspartate 
transcarbamoylase it at unhkelv that  the preferential loss of [XHla~partate tran~- 
(arbamoyla~e was re~pon~lble for the los~ of aspartate t ranscarbamo\lase a~tlv]ty 
from the gradient The a~partate transcarbamoyla~e preparation was dialyzed prior 
to the as.~a 5 f<,r onl} 3 h as descnbedby SINGH 7 The mcrea~e in aspartate transcarba- 
int)} lase activity, deacnbed below, 1~ due to the aetlvatmn bv ATP, GTP and Mg 2+ 
Therefore the los~ of the a~partate transcarbamoylase aehwty  from the .~amples pre- 

ll~,>chzm t3zoph3,s 4 J a  iqS (i~)7o) 2o-3o 



ACTIVATION OF ASPARTATE TRANSCARBAMOYLASE 25 

incubated with the complete system is, most hkely, due to the dissociation of the 
activating compounds during prolonged centrlfugatlon 
The effect of pretreatment zv~th the complete lncubatzon m~aturc on the pr@ert~es of as- 
partate transcarbamovlase from the 30 ooo × g supernatant 

The properties of aspartate transcarbamovlase in this sy, tem were examined 
to ascertain whether the enzyme became activated upon pretreatment  x~lth the corn 
ponents of the complete incubation mixture, that  is, ATP, GTP, Mg z+, phosphoenol- 
p) ruvate and amino acids 

The dependence of reactmn velocity on aspartate concentration was changed 
as a result of premcubatlon with the complete system from blgmoldal to hyperbohc 
(Fig 2a) The difference in reaction rate of the control and of aspartate transcarba- 
movlase pretreated with the complete incubation mixture was the greate, t  at low 
aspartate concentrat~ona At baturatlng aspartate concentrations the difference is 
shght The increase m aspartate transcarbamoylase activity reported bv SINGH 7 and 
in this study was measured at 5 mM aspartate, the concentration at which the differ- 
ence m reaction rate is IOO°o A Lmeweaver Burk plot of the control and of aspar- 
tate transcalbamoylase pretreated w]th the complete incubation mixture shox~, that  
prelncubatlon leads to a change from an upward curving to a nearly linear plot 
(F]g 2b) The~e changes in the kinetics of aspartate transcarbamoylase lnd]cate that  
the enzyme became activated during incubation with the complete system 

Heating at 60 ° for IO mln, a t reatment  wluch causes a change from smgmold to 
hyperbohc kinetics of crvstalhne aspartate transcarbamoylase 2,12 increased the r e a c  
tion rate of the control sample of aspartate tran~carbamoylase by 5o°~ (measured at 
5 mM aspartate) but heating had httle effect on the reaction rate of aspartate trans- 
carbamoylase pretreated with the nucleotldes and other componenta of the complete 
mixture (Fig 2a) 
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Fig  2 Dependence  of reac t ion  ra te  of a s p a r t a t e  t r a n s c a r b a m o y l a s e  (ATCase) on a s p a r t a t e  con- 
cen t r a t ion  (a) Crude a s p a r t a t e  t r a n s c a r b a m o y l a s e  p r e t r ea t ed  w i t h  buffer (control) wi th  com- 
ple te  i ncuba t ion  m i x t u r e  (complete) and  the  same samples  af ter  the  enzymes  have  been hea ted  
(b) Double  rectprocal  p lo ts  of comple te  and  control  Crude E coh homogena t e  (8 mg of protein)  
~ab  Incuba ted  as descr ibed in MATERIALS AND METHODS Al lquots  of the  d ia lyzed  solut ion d i lu ted  
to  a final p ro te in  concen t r a t ion  of o 08 m g / m l  were assayed  for a s p a r t a t e  t r a n s c a r b a m o y l a s e  
actl~ lty,  as descr ibed in MATERIALS AND METHODS, b u t  a s p a r t a t e  concen t ra t ion  ,~as as ind ica ted  
H e a t i n g  was for IO m m  a t  60 ° a t  p H  7 o CA, N - c a r b a m o y l  a s p a r t a t e  
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l ' l g  3 Ef fec t  of  C I P tin t h e  r e a c t i o n  r a t e  of  a s p a r t a t e  t r a n s c a r b a i n o y l a ~ e  (A l 'Lase)  as  a f u n c h o n  
of a s p a r t a t e  c o n c e n t r a t i o n  C r u d e  a s p a r t a t e  t r a n s c a r b a m o ~ l a s e  (8 m g  of  p r o t e i n )  was  p r e t r e a t e d  
~ l t h  buf fe r  (control ) ,  or w i t h  t h e  c o m p l e t e  i n c u b a t i o n  m i x t u r e  ( comple te )  as d e s c r i b e d  in M aTE- 
RI~.LS, A_ND bIETttOD5 A h q u o t s  of  t h e  dlalX, zed  s o l u t i o n  ~ e r e  a s s a y e d  for  a b p a r t a t e  t r a n s c a r b a -  
mov la~e  ac t lx  l t y  ~ l t h  a s p a r t a t e  c o n c e n t r a t i o n  as  l n t h c a t e d  ( T P  c o n c e n t r a t i o n ,  x~ hen  m d m a t c d ,  
~ a s  2 m \ I  (. \ ,  N - c a r b a m o v l  a s p a r t a t e  

Inhibition of abpartate transcarbamoyla.se activity by 2 mM CTP was observed 
both in the ca~e of the control enzyme and enzyme which had been pretreated x~ ~th 
the complete incubation mixture (Fig 3) How ever the mhlbltmn of the control ~am- 
pie of aspartate transcarbamoylase as compared with the activated enzyme wa~ 1o~ er 
when measured at aspartate concentrahons below 5 mM and h~gher above that con- 
centratlon 
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I~lg 4 D e p e n d e n c e  of  r e a c t i o n  r a t e s  of  a s p a r t a t e  t r a n s c a r b a m o y l a s e  (AFCase)  on a s p a r t a t c  
c o n c e n t r a t i o n  P u r i f i e d  a s p a r t a t e  t r a n s c a r b a m o v l a s e  w a s  p r e t r e a t e d  ~vlth bur rer  (control} o~ 
x~lth c o m p l e t e  i n c u b a t i o n  m i x t u r e  ( comple te )  Pumf i ed  a s p a r t a t e  t r a n s c a r b a m o } l a s e  (2H~ (~f 
p r o t e i n )  w a s  p r e l n c u b a t e d  x~lth buf fe r  or t h e  c o m p l e t e  i n c u b a t i o n  l n l x t u r e ,  as  for  FIR I, a n d  
s u b s e q u e n t l y  d l a l b z e d  a g a i n s t  2 o m M  p h o s p h a t e  ( pH  7 o ) ,  2 m M  m e r c a p t o e t h a n o l ,  o 2 mM 
F.DTA A l i q u o t ~  of  t h e  d d u t e d  d i a l y z e d  s o l u t i o n ,  c o n t a i n i n g  o o 6 / g g  or p r o t e i n  x~cre a s sa  3 cd 
for a s p a r t a t e  t r a n s c a r b a m o y l a s e  a c t i v i t y  as  d e s c r l b e d  m MkTERIAL% kND METHODG b u t  ~ t h  
, t s p a r t a t e  c o n c e n t r a t i o n  as i n d i c a t e d  CA, N - c a r b a m o v l  a s p a r t a t e  

l ; lg 5 ~ c t l ~ a t i o n  of  p u r i f i e d  a b p a r t a t e  t r a n s c a r b a m o ) l a s e  (A ' lCase)  l)~ O T P  m t h e  pre~cncc  ot 
A T P  a n d  3 ig  2. A s s a y  c o n d i t i o n s  w e r e  as  follox~b ~ ¢) m M  c a r b a m o v l  p h o s p h a t e ,  5 m M  a s p a r t a t e  
o i m M  E D T A ,  4o mM ( 2 - ( N - m o r p h o h n o )  p r o p a n e s u l f o m c  a o d  (pH  7 o) (N E C-ooi), un -  
p u b h s h e d ) ,  a n d  o 5 ltg of  enz ,cme p r o t e i n  A T P  a n d  m a g n e s m m  a c e t a t e  \~cre b o t h  2 mM ( \ ,  
V-c , i rbanm~ 1 asp , t r t a t~  

llz,~thlm l¢z.phv~ q~ta i~a  (Iq7O) 2o 3¢) 
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Effect of components of the incubation m~.~ture on crvstallnze aspartate transcarbamoylase 
Treatment  of crystalhne E ~oh aspartate transcarbamoylase (obtained from 

Dr J (7 Gerhardt) with the complete incubation mixture followed by 3 h of dialysis 
caused approxmmtely a 3-fold increase in Vmax, as shown m Fzg 4 The same increase 
m Vma\ was observed when crystalline aspartate transcarbamovlase was prelncubate(t 
with (rely ATP, GTP and magnesium acetate Vma\ wa~ mcreased from 3 5 to zo 2/ ,-  
mole~ N-carbamoyl  aspartate/nlan /,, zo ~ when aspartate transcarbamovla~e was in- 
cubated with ATP, GTP and magnesium acetate I f  GTP and magnesmm acetate, or 
ATP and magnesmm acetate were ()matted, the observed Vmax "~ ere 6 4 and 5 4 #moles 
N-carbamovl aspartate/mln , IO a, respectively The simultaneous reqmrelnent for 
ATP, GTP and Mg 2+ was confirmed by btudles of the effect of these compounds on 
aspartate  transcarbamoylase act ivi ty when the 3- were added directly to the assay mix- 
ture As > ,hox~ n in Fig 5, the actawtv of aspartate tran.~carbamoylase measured m 
the prebence of 2 mM ATP and 2 mM magnesium acetate was stimulated by GTP 

ATP, GTP and Mg 2+ (all 2 mM) added &rectlv to the assay resulted in a de- 
crease an the apparent  Km for aspartate but not in a change an Z'max Ho~xever, m- 
ablhty to reproduce the increase in 7'max by" adding the activating compounds directly 
to the assay mixture 1~ apparent ly caused by a change in the propertle~ of the enzyme 
on ~torage Activation of aspartate tran~carbamoylase upon pretreatment  with ATP, 
GTP and Mg 2+ decreased with time of storage After 8 days of storage the increase 
i n  Z'max due to pretreatment  with ATP, GTP and Mg 2+ was not threefold but  twofold 
Aging of the enzyme hmlted the a t tempts  to obtain a sound value for the apparent  
Km for aspartate  in the presence of ATP, GTP and Mg 2+ Aspartate  transcarbamo- 
vlase was previously reported to be a stable enzyme GERHARDT AND HOLOUBEK la 

reported that  act ivi ty of aspartate transcarbamoylase, and its mtubltlon bv CTP did 
not change during 2 5"ears of storage at 4: A change of properties of native aspartate 
transcarbamoylase has been reported by BETHELL et al a4, but only after 2 3"ears of 
, torage at - -20:  

The effect of ATP, GTP and Mg 2+ on the electrophoretm lnoblllty of purified 
aspartate  t ianscarbamoylase wa> studied Electrophoresls on acrylamlde gel gives 
excellent separation of the 'nat ive '  (ohgomerac form of the enzyme) and of the cata- 
lytic subumt (kindly provided by Dr J C Gerhardt) Using this technique at x~a~ 
possible to show that  t reatment  with ATP, GTP and Mg 2+ dzd not alter the electro- 
phoretxc moblhtv of native enzyme We can conclude that  purme nucleotldes dad not 
cause irreversible breakdo,a n of the enzyme into ~ubunlts 

Stu&es of thc effect oJ purnze nucleotzdes on aspartate trauscarbamovlase act~vttv lll the 
3o ooo × g supernatant solution of an E coh homoge~late 

The effect of purme nucleotldes and of Mg a~ on aspartate transcarbamoylase 
act ivi ty  war examined with the objective of gaming a bet ter  understanding of acti- 
vation of aspartate  tran~carbamovlase by ATP, GTP and Mg 2+ The results are 
~ummarlzed below 

ATP and Mg 2+ at eqmmolar concentration activate aspartate transearbanloy- 
lase more than ATP alone ATP at saturating coneentratmn activates aspartate 
transcarbamoylase by 25%, while ATP and Mg 2+ at 2 mM activate the enzyme by 
70% (aspartate tran~carbamovlase act ivi ty  was measured as described in the legend 
t,) Iqg 6) 

l't,,~htm 14tophvs 4eta, z(),q (107 o) 2o 3 ° 
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l'lg (, "lhe etlect of (a) ( ,TP, or (b) GTP and 5Ig ~'~, on aspar ta te  t ranscarbanlo) lase  (A'iLabe) 
acU~lt) m the presence or absence oi ATP The reaction mixture  contained 14 mM carbamo31 
phosphate  purified according to GERHARDT ~ND PARDEE'-', I mM E D T h ,  4 ° mM potass ium phos- 
phate  buffer, p H  7 o, 5 mM aspar ta te  and crude aspar ta te  tranbcarbamovlabe preparat ion,  
() o54 mg of protein /nil ATP, where lndlcated, was ,S 1rim ,and magnesium act ta te  eqmmolar  to 
the indicated (, FP concentrat ion CA, N-carbamovl  abpartate 

GTP ahme lb an Inhibi tor  of a spa r t a t e  t r ansca rbamoylase  (Flg 6a) The lnlu- 
b i to rv  effect of GTP  is modified by  Mg 2. As l~ shown in Fig 0b, ( ;TP  and b ig '  ~ at  
equlmolar  concent ra t ion  have no effect on a spa r t a t e  t r ansca rbamovlase  a c t i v i t y  
In the presence of ATP,  GTP is inh ib i to ry  at  lo~ (oncen t ra t lons  bu t  is s l lghtlv 
s t imu la to ry  above  4 mM (lqg ()a) GTP  and Mg 2+ ac t iva te  the enzyme at  all concen- 
t ra t ions  (Fig 6b) 

A~par ta te  t r ansca rbamoylase  from the 3o ooo , g supe rna t an t  of an E colt 

homogenate  waa ac t iva t ed  by  ATP.  The ac t iva t ion  with  a sa tu ra t ing  aniount  of ATP  
was ho~eve r  le~s than  the ac t iva t ion  of  the  purif ied enzyme,  25°0 as compared  wlth 
ioo°,) However ,  a comparls ,)n of the proper t ies  of tho~e two prepara t ions  is difficult 
not only  because ()f the dlf leren(e in thei r  pur i ty ,  bu t  also because the n iu tan t  ut i l ized 
in this  s tudy  wa~ harves ted  in a pa r t i a l ly  derepressed .~tate, while the t rys ta l l inc  
enzyme p repa ra t ion  was ob ta ined  frorn an E coh n m t a n t  comple te ly  derepre.~ed 
for a spa r t a t e  t r ansca rbamovlase  ~a A change in the degree of inhibi t ion by  p y n m i -  
dlne~ as a funct ion of the s ta te  of derepression has been observed for the a spa r t a t e  
t t ansca rbamovlase  of H c c r e v N c m  4 

I)I,~CU~,MON 

The increase in a spa r t a t e  t ranbcarbamovla~e ac t iv i ty  observed under  the con- 
d m o n s  descr ibed by  SINGH 7 and measured  at  5 mM aspa r t a t e  was confirmed in flus 
~tudy An examina t ion  of  the  proper t ies  of this  sys tem b y  dens i ty  labeling and sub- 
~equent equ lhbrmm dens i ty  centr l fugat lon showed tha t  the  increase in a spa r t a t e  
t r anscarba lnoy lase  ac t lv l t  3 was not  the result  of  synthesis  de , w v o  or (if the com- 
plet ion of  preexis t ing  a spa r t a t e  t r ansca rbamoylase  pept ides  Those results  along with 
the  results  of the kinetic  exper iments  demons t r a t e  t ha t  a spa r t a t e  t r ansca rbamoylase  
became ac t iva ted  by  components  of  the  complete  incubat ion  mix ture  not  removed  

lCwchtm Bwphvs .4tta, 198 (197<>) 20 3 ° 
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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 involved 
in the activation of the enzyme are ATP, GTP and Mg 2+ 

It  has been reported by GERHARDT AND PARDEE 2 that ATP is an activator and 
GTP is an inhibitor of aspartate transcarbamoylase activity KLEPPE AND SPAEREN i5 
reported that Mg 2+ Inhibit the native form of aspartate transcarbamoylase The re- 
sults of this study demonstrate that the effect on aspartate transcarbamoylase activity 
of ATP and GTP added separately or as a mixture is modified by Mg 2+ ATP and 
Mg 2+ in equlmolar concentrations is a much better activator of aspartate transcarba- 
moylase in the 3o ooo × g supernatant of E colz than ATP alone, while a previous 
report of KLEPPE AND SPAEREN la indicates that ATP and Mg 2+ in eqmmolar con- 
centratlon was only a few percent better activator than ATP It appears that the 
ATP and magnesium binding sites mutually Interact and effect each others binding 
GTP and equimolar magnesmm, which do not effect aspartate transcarbamoylase 
activity, either do not bind to the enzyme, or even if bound they do not effect the 
interaction between aspartate binding sites 

The effect of ATP and GI"P on aspartate transcarbamoylase activity in the 
presence of Mg 2+ can be designated as a cooperative activation (by analogy to co- 
operative feedback inhibition, described by SrAI~TMAN 16) Mutual modification of 
the effect of each of these three compounds on aspartate transcarbamoylase activity 
suggests that ATP and GTP binding sites interact in the presence of Mg 2+ 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 bite We cannot conclude fronl the data presented in this 
study what the relationship is between the binding sites of ATP and GTP However 
the mutual interaction between the two purlne nucleotldes can be most readily ex- 
plained by a model allowing for simultaneoub binding of ATP and GTP 

The activation reported here is of considerable magnitude, being 2-4-fold de- 
pending upon experimental conditions The activation does not result in an irrever- 
sible change in the structure of the enzyme ab evidenced by the failure to observe a 
change in the electrophoretlc behavlour of the activated enzyme The increase in 
aspartate transcarbamoylase activity caused by ATP and GTP in the presence of 
Mg 2+ may therefore be of biological significance A control mechanism of this type 
would lead to an increase in the biosynthesis of pyrnnldlnes if a buildup of the pool 
of purine nucleotldes occurred, and to an eventually balanced ratio if pynmldmes 
and purmes necessary for the synthesis of nucleic acids 
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