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S U M M A R Y  

Aspar ta te  transcarb~imylase has been part ial ly purified b y  56-fold from rat  liver 
employing 3 0 %  satur~.tiou with ammonium sulfate, absorpt ion and elutitm from 
calcium phospha te  gel, and fract ionat ion upon DEAE-cellulo~e columns. 

The  enzyme  has a p H  op t imum of 9.2 ; a K m  for aspar ta te  of  5.3" z<) 3 M and 
a Km for c a rbamyl  phospha te  of  2 .5"xo- t  M. Mercaptoethanol  was necessary for 
s tabi l izat ion of  the enzyme.  The  enzymic reaction resulted in the release of  equiva lent  
concent ra t ions  of  ca rbamylaspa r t a t e  and inorganic phosphate .  The enzyme was 
inhibi ted  b y  heavy  metals ,  e.g., Ag % Hg ~+. Cu e+ and Cd z,. and  the inhibition could 
be reversed upon addi t ion of  EI )TA to the  incubation mixture.  A crude superna tant  
p repara t ion  of  ra t  liver was also inhibi ted b y  p-hydroxymercur ibenzoa te .  

Uridine,  cyt id ine  or  their nueleot ides inhibi ted the enzymic aetix-ity. The 
deoxyr ibonueleos ides  or  deoxyr ibonucleot ides  were more effective inhibitors of  this 
enzyme  than  the ribo.~ der ivat ives  and of  the  former, thymidine  was the most  
potent .  The inhibition b y  thymid ine  and deoxycy t id ine  was  of  the  reversible, ctmt- 
pe t i t ive  t ype  as de termined b y  the me thods  of ACKERMANX AND POT'LER and LI.','E- 
W E A V E R  AND B U R K .  T h e  i n h i b i t i o n  c o n s t a n t s  w e r e  4 . x - x o - *  M a n t i  7 . o .  I o  -4 .3,I, 

respect ively.  

INTRODtTCTION 

Aspar ta te  t ranscaxbamylase  is an enzyme which ca ta lyzes  the  irreversible t ranscar-  
bamyla t ion  of  L-aspartic acid b y  carhamyl  phospha te  to form carbamyla~part ic  acid 
(Eqn. x). 

C O O H  C O o H  o 

I o o a i 
t li I, i 

H - - C - - - - N H  t + H t ~ - - - I ' - - O - - C - - N H ~  --~ H - - L . - - - N  C . - . N I l  s + } [ t P O ,  ( t )  
I I : 

C H  t O H  CH= 

C O O H  C O O H  

The enzyme  has  been shown to  be subjec t  to " f eedback"  inhibition by  p ~ ' n i d i n e  
nucleot ides in E. c-oli t . i  and in Ehrlich ascites ceils a. The pyrimidines  tha t  inhibi ted 
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this enzyTne differed in Ehrf ich  a~cites cells and  in E.  coli. In  the  la t ter ,  on ly  cyt id ine  
and cyt id ine  5+-mtmophosphate appeared  to  exe r t  max ima l  inhibit ion 1, whereas  in 
the former system, uracil der iva t ives  were equal ly  effective*. The  deoxyr ibonu-  
cleoside~ and deoxyr ibonucleo t ides  were be t t e r  inkibi tors  of  this enzyme in a crude 
1at liver p repara t ion ;  deoxyur id ine  or  t hymid ine  compouncts were more  act ive  than  
the correstxmding det)xycyt idine  der iva t ives  4. 

The enzy,~le f rom E. colt has subsequent ly  been purified a and the s t ruc tura l  re- 
qu i rements  fur feedback inhibit ion have  been reexamined  ¢. In  agreement  with d a t a  
obta ined in livex prepara t ions  *, (~ERHART AND P A R D E E  6 o b ~ r v e d  tha t  deoxyr ibonu-  
cleotidc~ also inhibi ted the  ac t iv i ty  of  the  E. c.oli enzyme,  a l though the ur idine-  
and deoxyur id ine  nucleotides,  as well as t hymid ine  t r iphosphate ,  were ineffectp:e. 
T h e ~  reAults suggested the  de~.;rability o f  a purif icat ion and chaz,tctet-ization o f  
the mammal i an  enzyme  prior to a~ly comparison of  tire inh ib i tory  eft-lcacy of  the  
ribo- and de~xyrilnmuclex~tides. A me thod  for the  par t ia l  purif icat ion of  aspaxtat~ 
traaxscarbamyla~e from ra t  liver and the  properti~-~ of  this enzymae are p resen ted  in 
this report ,  in addi t ion,  the inhibi t ion of  this par t ia l ly  purified enzyme  by pyr imid ine  
ribo- and  deoxyribonucleosides ,  and ribo- and deoxyr ibonuc leo t ides  has  been in- 
vest igated and the results are repor ted  herein. 

E X P E R I  M :1-'+ N'FAL ] 'ROCF.[)U RE 

ChemicMs: All ,:hemicats were ob ta ined  from commercial  sources. Commerc ia l  dJli- 
th ium carbamyl  phospha te  (9o~.',~ pure) was fu r the r  purified by  the  m e t h o d  sug- 
geste4 by  GEtU~AltT ,X"~ PA~DEV6 and  s tored over  calcium chlor ide in a des.iccator 
at --5++ 

l'+'Pzzyn,e as.say: Aspal"tate transcarlmmylam+ wa+m a.,~avv~l by the  p roduc t ion  o f  
ca rbamylaspa r t a t e  in a sys tem conta in ing  the  following: c a r b a m y l  phospha t e ,  
x o p m o l e s ;  L-aspartic acid, 7-5/ ,moles ;  e n z y m e ,  o.2 M Tris buffer,  pH  9.2, to a 
vohlme of  1. 5 ml. The  sys tem was incubated  at  37 + for 3 ° rain. At  the  end  o f  this 
t ime the react ion mi x t u r e  wa~ depro te in ized  wi th  o.5 rnl of  4 N perehloric  acid 
and centr;.fuged to remove  the  dena t u r ed  pro te in :  o.5 ml o f  the  e x t r a c t  was em- 
ployed in the assay of  c a r b a m y l a s p a r t a t e  by the recettt  modif icat ion ° o f  the m e t h o d  
of  KORtTZ A.','D COHEN +. In all cases, the  amoun t  o f  c a r b a m y l a s p a r t a t e  p roduced  
non-enzymical ly  was determined+ 

In some exper iments ,  t he  ac t iv i t y  of  the  enzyme  was a ~ a y e d  hy  measur ing  the  
amoun t  of  inorganic phospha te  pr<xtuced s. In this proc,:dure, all ~ l u t i o n s  were 
kept cold to rnin;.mize decomposi t ion  of the  ca rbamyl  phospha te  prior to color imetr ic  
a.%~ay. 

Protein wa~ a.~sayed e i ther  by  the  colorimetr ic  procedu,~e of  LowRY ¢t d .  W oc 
by  the spec t ropho tomet r i c  methc~i ba '~d  u ~ m  the  ab.~orbance a t  28o mM t°+ 

RF.~ULq'~, 

Purifica[ion of rat li-oer aspartate tran+~caebamyL~tse 

All ~++ep~ in the purification procedure were performed at 4 °. Fresh rat livers 
obta ined from male Hol tzman rats weilghing xzS-ZSo g were homogen ized  in ice- 
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co ld  0.25 M sucro.~e (z g in 9 ml  of  sucrose)  in a P o t t c r - E l v e h i e m  h o m o g e n i z e r  w i t h  
a te f lon  pest le .  T h e  h o m o g e n a t e  w a s  c e n t r i f u g e d  a t  I o  5 ooo × g for 30 rain a n d  the  
r e s u l t a n t  s u p e r n a t a n t  so lu t ion  w a s  f i l tered t h r o u g h  gla.~s wool  to  ~deld a c lea r  red 
.solution. 

Sol id (N H , ) aSO 4 w a s  a d d e d  to  thi.~ s~dution to  3o o.~ .~atur~tion ant i  t he  p r e c i p i t a t  
co l l ec t ed  b y  c e n t r i f u g a t i o n ,  wa~ redi~.~x~lvecl in o .o r  .M i m i d a z o l e  bu f fe r  ( p H  7.0) 
co l t t a i n ing  0.oo2 M m e r c a p t o e t h a n o l .  T h i s  ~ t u t i ~ n  was  d i a l y z e d  aga in s t  t he  imi-  
dazo l e  b u f f e r  fo r  one  h o u r  in t he  co ld  n x n n  in a r , ) ta t ing  d ia lys i s  appara tu~s ' .  D ia lys i s  
a g a i n s t  w a t e r ,  0.25 M sucr~,~ ,  pltu~ph,xte bufft:rs t~f va r ious  c o n c e n t r a t i o n s  a t  p I [  7.0, 
o r  o . o I  M i m i d a z o l e  buf fe r  a t  p H  7.0 r e su l t ed  in a c ~mpteZe loss o f  a c t i v i t y .  

T h e  d i a l y s a t e  was  m i x e d  wi th  z m g  o f  c a l c i u m  pl io '~phate  gel  xt p e r  m g  p r o t e i n  
for  z 5 rain.  T h e  gel  w a s  t h e n  co l lec ted  b y  c e n t r i f u g a t i o n  a~td v-as wa_shed w i t h  o . I  M 
p h o s p h a t e  bu f fe r ,  p H  7.4 ( t o o  ml /x .5  g d r y  we igh t  of  gel).  T h e  r e s u l t a n t  s l u r r y  was  
c e n t r i f u g e d ,  the  , U l J e r n a t a n t  .solution was  di.~carded, a n d  the  gel was  e x t r a c t e d  tw ice  
b y  s t i r r i ng  for  5 m i n u t ~  w i t h  o.3 M p h o s p h a t e  buf fe r  ( p H  7-4) {zoo ml /x .5  g gel). 
T h e  gel  w a s  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  the  c o m b i n e d  e l u a t e s  were  d i a l y z e d  
a g a i n s t  o . o t  M i m i d a z o l e - o . o o z  M m e r c a p t o e t h a n o l  buf fe r  ( p H  7 . 0 ) f o r  x h in the  
r o t a t i n g  d i a lyze r .  

D E A E - c e l l u l o s e  w a s  a c t i v a t e d  b y  h o m o g e n i z i n g  the  cel lulose in a W a x i n g  
b l e n d o r  w i t h  o.x M p o t a s s i u m  h y d r o x i d e .  T h e  D E A E - c e l l u l o s e  was  t h e n  w a s h e d  w i t h  
d i s t i l l ed  w a t e r  un t i l  the  p H  nf  the  w a s h  ~a~  n e u t r a l ,  w a s  c e n t r i f u g e d ,  w a s  r ~ s u s p e n d e d  
in o . o I  M i m i d a z o l e - o . o 0 2  M m e r c a p t o e t h a n o l  buf fe r  ( p H  7.0) a n d  w a s  p a c k e d  in a 
c o l u m n  u n d e r  a p r e ~ u r e  o f  5 ;b/inz- T h e  c o m b i n e d  e x t r a c t s  f r o m  t h e  c a l c i u m  phos -  
p h a t e  gel  we re  a d d e d  to  a c o l u m n  o f  D E A E - c e l l u l o s e  ( I .5  c m  × 3o cm)  t h a t  h a d  
b e e n  a l l owed  to  e q u i l i b r a t e  a t  4 ~ in a co ld  r o o m .  T h e  flow r a t e  wa~ 4 ° ml /h .  

F r a c t i o n a t i o n  o f  t h e  d i a l y z e d  p r e p a r a t i o n  on  D E A E - c e l l u l o s e  was  a c c o m p l i s h e d  
a c c o r d i n g  t o  t h e  e l u t i on  s c h e m e  d e p i c t e d  in Fig.  I .  T h e  c o l u m n  wa.s w a s h e d  w i t h  
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Fig. x. Elutiun of the enzyme from L)EAE-celluloso columns, liel'ativc activity i~ d¢finctI e.s the 
en,ymic ~ctivity of the I~Xtrticular fraction in untLa/mg relative to the fraction with the peak 

activity. 

t h e  i m i d a z o l e  bu f f e r  a n d  t h e n  wa~s e l u t e d  wi th  i).i M KCI m o .oz  M i m i d a z o l e - ~ . o o 2  M 
m e r c a p t o e t h a n o l  bt'~ffe: (pbI  7.0). F r a c t i o n s  o f  zo m l  were  o b t a i n e d  ever}" z5 rain.  
T h e  e l u a n t  w a s  c h a n g e d  to  o.2 M KCI  in t h e  i m i d a z o l e  buf fe r  a n d  IO m o r e  f r a c t i o n s  
were  co l l ec ted .  No  e n z y m i c  a c t i v i t y  w a s  o b s e r v e d  a n d  c o n s e q u e n t l y ,  t h e  KCI  con -  

* B u c h l e r  I n s t r u m e n t s .  N e w  Y o r k .  N . Y .  
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c e n t r a t i o n  w a s  incre~L~ed t o  0 .3  M in  t h e  i m i d a z o l e  b u f f e r .  A l a r g e  i n c r e a s e  in  t h e  
a b s o r b a n c e  a t  z S o  m/~ w a s  o b s e r v e d  a t  a p p r o x i m a t e l y  t h e  0 t h  f r a c t i o n  w i t h  a c o n -  
c o m i t a n t  i n c r e a ~  in  e l u t i o n  o f  e n z y m a t i c  a c t i v i t y .  T i m  t o t a l  e n z y m i c  a c t i v i t y  w a ~  
. .- l , t t ,d in  a b o u t  i o  t u b e s  (~-~ i o o  ml ) .  

T h e  p u r i f i c a t i o n  s c h e m e  is p r e s e n t e d  i n  T a b l e  I s t a r t i n g  w i t h  I5O m l  o f  a z o %  
r a t  l i v e r  h o m o g e n a t e  r e p r e s e n t i n g  334  u n i t s  o f  a c t i v i t y .  S a t u r a t i o n  w i t h  a m m o n i u m  

T A B L E  I 

~ I ' M M A R V  OF t ) U I t I I ~ I C A T I O N  DATA 

Total T¢~;  .gptc,fic Ea=y'm¢ 
*.~u_- )'z~, ~t)~0¢¢ ))) no*it tt,," '¢~eld 
furies ) (ma; (um1,s/mg~ f%J 

Homogena te  ( ] o % )  
]o 5 ooo x g ex t r ac t  
o-~o~.~ (NHa)=SO, f ract ion 
Gel ex t r ac t  
l) EA E-ce|htlose f ract ions 

;. Pur<,.~t f -act ion 
2. Other  fract ions 

334 470o o-o7 
36~ t¢60 o.25 to9 
~TZ z6z  t .°4 St 
t7  o 78 2.t8 5x 

1 9 , 5  ~ 3-¢9t > ~  
2 2  / 

54 zo z÷7o / 

" uni t  -- number  of itrnol~s o f  c a r b a m y l ~ p a r t a t e  p roduced  in 3 ° rain under  t he  cond i t io t~  
of the a~a) -  ~.s pr~-~cn~.ed in the  expe r imen ta l  ~e~;tion. 

s u l f a t e  t o  3o°:~, r e s u l t e d  in a n  o v e r a l l  p u r i f i c a t i o n  o f  zs- foLd.  A f u r t h e r  2 - f o l d  p u r i -  
f t c a t i o n  w a s  p r o d u c e d  b y  a b s o r p t i o n  a n d  s u b s e q u e n t  e l u t i o n  f r o m  c a l c i u m  p h o s -  
l>ha te  get .  T h e  o v e r a l l  p u r i f i c a t i o n  t o  t h e  f r a c t i o n  f r o m  t h e  D E A E - c e l l u l o s e  c o l u m n  
t h a t  p o ~ e s m d  t h e  m o s t  e n z y m a t i c  a c t i v i t y  w a s  5 0 - f o l d  w i t h  a y i e l d  o f  22~/o. 

F , a r t h e r  a t t e m p t ~  a t  p u r i f i c a t i o n  b y  m e a n s  o f  e t h a n o l  o r  a c e t o n e  p r e c i p i t a t i o n ,  
o i  c o n c e n t r a t i o n  o f  t h e  enz>~ne  b y  l y o p h i l i z a t i o n  r e s u l t e d  ill i n a c t i v a t i o n  o f  t h e  e n -  
z y m e .  A f t e r  t h e  D E A E - c e l h l l o s e  s t e p  t h c  e n z y m e  c o u l d  n o t  b e  f r o z e n  w i t h o u t  

o 
"6 05 

~ t3.1 
U 

i i 1~ ! L t 

I ~ I ! I 

Fig. 2. The depertdcnce of the enzymat i c  ve loc i ty  upon pH.  The  r ~ ' t i o n  mixtur~  was incuba ted  
for 3Drain and c 'gntained the fullowing: carb~myl  phosphate ,  zo/~moles;  L-~spart ie acid, 
7.SpinDleS; enzyme.  9o/Jg p ro te in ;  and  o.2 ~ t~uffera as  indicated.  Phospha te  was used for 

pl-I 0.~ and Tris  for al l  o the r  pH's. 
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immeddate loss in act ivi ty,  but  could I:e kept for 5 dav.~ at 4". t h e  preparat ion was 
run at  8 ° in a Spinco analyt ical  ul tracentrifuge at 5o 740 rev./min. Phot()graphs 
taken at  I~-min intervals indicated the heterogeneity of the preparation tat least 
3 major  peaks were observed). 

Properties o, ¢ aspartm; transcarbamyl-~e 

Dependence oJ veloczty upon pH: The effe('t ,,f pH Ul×,n the enzymic v,:locitv 
is presented in Fig. 2. Maximum velocity wa~ ,~b.~ctve~l at pH 9+2. Beyond thi~ 
pH, it wa~-; difficult to a.~.~ess the rate of the enz.vnlic reaction, lr,ecau~e of the increase 
i n  t h e  t t o n - e n z ) T n i e  r e a c t i o n  o f  c a r b a m y l  p h o s p h a t e  w i t h  L - a s p a r t a t e .  

De#endence  o f  ~azs, matic velocit), u # 0 , r  incubation t~n,e and e~t~ymc co,wrnlr tdio,  : 
T h e  r a t e  o f  f o r m a t i o n  o f c a r b a m y l a s p a r t ; t t e  w a s  l i n e a r  w i t h  r e , p o e t  t o  t i m e  h ) r  3 ° train 

( F i g .  3) a n d  w a s  a l ~ }  p r o p o r t i o n a l  tr~ t h e  cc, n c e t ~ t r a t i , , n  o f  t h e  e n z y m e  u p  t o  9 o / , g  

o f  p r o t e i n  {F ig .  4)-  

w 

,< 

1(~ 2 0  3 0  
"TIM[ IN I~INUTES 

Fig.  3- T h e  d e p e n d e n c e  o f  thu  v e l o c i t y  u p o n  
t h e  t i m e  o f  i ncuba t i on+  T h e  r e a c t i o n  m i x t u r e  
consLqtcx! of :  c a r b a m y l  p h o s p h a t e .  20 p,,Inol¢~ : 
L-aspaxti~: ac id ,  7- 5 ~ m o l e ~  : o. : 5! "r.-in buffL.r 
(pH 0-'] to -'.5 ml ;  ~:nz)'mc. ~o #g p;~t,~,,, 
T h e  incub lx t ion  wa.s c o n d u c t e d  a t  ,17" for th(- 

,pt.-,:i lied titl te.  

0.3 
rm 

~ a2 

m 

u 0.1 

/ 
o 

./  
/ 

/° 
I i l 

IENZYME (p~) 
1Oo 

F i g  -i- Th,;  d¢-lvendence of  t h e  v e l o c i t y  u p o n  t he  
- n z y m e  c o n c e n t r a t i o n .  T h e  r e a c t i o n  mixture" was  
~ imi la r  to th.at  d e s c r i b e d  iu thcr h:~ft-'nt| t~ 17ig..'i. 
w i t h  t h e  ~ x c e p t i o n  t h a t  ;he  enZVll[~.- c,,,ct:~,tr.~ti,.,, 
w.t.~ v~tri,:(, as  i n d i c a t e d  in  t h e  f igu:e.  "Uhe ; n r u -  

b , t t i o n  t i l n c  x~'a. "°, .~(*:' m i l l .  

Dependence of velocity ,pc:z s,bstrat~ concentration: The velocity of aspartate  
t ranscarbamylase  was proportional to the L-aspartate concentrat ion to 3')I t tn,)le~ 
(Fig. 5)- A Lt.%EWEAVEa-BURK plot ' t  is ple.sentexi in the insert of Fig, 5- The Km 
for aspar ta te  is 5-3" xo-a M. The reaction was also linear with reSFm.ct to carbamy! 
phosphate  concentrat ion to o t 7 pmoles (Fig. 6). The lAneweaver-Burk plot (insert 
on Fig. 6} indicate~l tha t  the Kta~ for carbamyl  phc :pha te  is 2.5" re -4 M. 

Stoichiome~.v of aspartate transcarbamylase reaction: The stoicniometry of  the 
reaction w~q invest igated at  three enzyme concentrat ions {Table [I). I t  is evident  

B~ochim. Biop~ys. Acta. 67 (1063) 4 2 5 - 4 3 4  
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Fig. .% q~,t: d e p e n d e n c e  of  the v e l o c i t y  u p o n  
t h e  c o n c ? n t r a t t o n  o f  L -aspa r t i c  ac id .  T h e  reac -  
t~ ,n  m i x t u r e  was  s i m i l a r  to  t h a t  d ~ e r i D e d  in  
tht :  l e g e n d  to  l*'ig. 3. w-ith the e x c e p t i o n  t ha t  
tht :  L-a.spaa-Li¢ ac id  co . - tcen t r~ t ion  wa.~ v a r i e d  

as  i n d i c a t e d  in t h e  figure*. 
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Fig. 6. The dcpent lencc of  the ve loc i t y  upon 
t h e  c o n c e n t r a t i o n  of  c a x h a m y l  phospha*.e .  
T h e  r e a c t i o n  m i x t u r e  wa~ ~ m i h t r  to  t h a t  des-  
cribo.d in  Fig. 3. w i t h  t h e  e x c e p t i o n  t h a t  t he  
c o n c e t x t r a t i o n  t>f c a r b a m y l  p h o s p h a t e  w a s  va -  

t i ed  as  ind ica . t ed  in  t h e  f igure.  

t h a t  f i)r  e a c h  m o l e  o f  c a r b a m y l a ~ p a r t a t e  t h a t  w a s  p r o d u c e d ,  a n  e q u i v a l e n t  m o l e  o f  

i n o r g a n i c  p h o s p h a t e  w ~ s  g e n e r a t e d .  

Inhibition of aspartate transcarba.o,lase by hcav.v metals: A s p a r t a t e  t r a n s -  

t : ~ t r b a t , l y i ~ e  a c t i v i t y  w a s  i n h i b i t e d  i n  * h e  p r t - ~ e n c e  o f  h e a v y  m e t a l s  ( T a b l e  I l l ) .  

" i ' ho  a f ld~ t io , a  o f  A g ' ,  H g 2~. C d  =~. o r  C u  z÷ a t  3 - 3 5 "  x o - 4  M r e s u l t e x i  i n  a n  i n h i b i t i o n  

of  ~b-68 /o in the  ra te  o f  the  r e a c t i o n .  Z n  ze at a c o m p a r a b l e  c o n c e n t r a t i o n  h a d  no  

T A B L E  I I  

~ T O I C H I O M I ~ T R Y  O l  ~ " f H ~  P,  S e A R T A T E  T R A S S C ~ . R R A M Y L A ~ E  ~ £ A C T I O N  

T h e  e n z y m e  (90 27oHg of  p r o t e i n )  w~s irteuTilatt¢d x~'it)~ L-tt-q|);Xt'ti¢: ac id  ( ? . 5 ~ m o l e s )  a n d  ca r -  
b a m v l  pho~_Fhate (5 ~ m o l e s )  for  3o rn 'n  a t  37 ° a.~ i n d i c a t e d  in  t h e  e x p e r i m e n t a l  s ec t i on  "l'3te 
a m o u n t  of  c a r b a m y l a s p a r t i c  ac id  a n d  i n o r g a n i c  phoc~phatx wa.q d e t e r m i n e d  b y  t h e  n t e t h o d s  

c i t ed  in  t h e  t e x t .  

F r :~ tr : C =;bam3.l,t~$tal't~le I~,~r~q=tt  ~J~4r~121e 

90 0 .769 o .13o 
i 8o  0 .300  0.302 

70 0 .490  0 .409 

effect upon the enzymic  act ivi ty .  The  addit ion o f  Fet" to the incubat ion mixture  
resulted in a non-specific int~rferer~ce with  the  color reaction, hence, n o  data  on 
possible inhibit ion was obtained.  

The  inhibi t ion b y  Cu 2.  was  complete ly  reversed by E D T A  (Table III) i f  the  
chelating agent was present at the t ime of  the  addi ' ion  of  the  metal.  The inhibi t ion 
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I N H I F ; I T I O N  OF A S P A R T A I E  TRANSCARI~AMYLASI~  4~X 
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T h e  e n z y m e  {4o1~g p r o t e i n )  wma i n c u b a t e d  u n d e r  c ( m d i t l t u t s  de sc r tbe~ l  u n d e r  EXP~'RI~IKNTAL. 
" rhu ~ m o u n t  o f  c a r b a m y l a _ ~ p a r t a t e  l a rod .uced  in  30  m ; n  u n ( l e r  t h e s e  c o n d i t i o n s  w a s  0 . 3 8 3 / a m o l e s _  
I n  t h o s e  i t ~ t a n c c a  w h e r e  t ~ ' o  e x p e r i m e n t s  w e r ~  rlixl, ~ O t ~  t h e  a v e r a g e  v~,lue a n d  ttx~ i n d i v i ( l u ~ d  

v a l u e s  ( w i t h i n  t h e  ~ r e n t h e s i ~ )  a r e  i nd i ca - t ed .  
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i n c r e a s e d  progrer , ,dve!y w h e n  the  Ct#  ÷ w a s  a l lowed  to  r e a c t  witla t k e  e n z y m e  p r io r  
to  t he  a d d i t i o n  of  t~ l )TA.  

.%ince t h e  e n z y m e  re~luirtM s u l f h y d ~ ' l  g r o u p s  fur s t a b i l i z a t i o n  (mercap t0e t l xano l ) ,  
it wa~s difficult  t o  assess  the  e f fec t s  o f  the  c o m p o u n d s  t h a t  r eac t  x~-ith sul .qaydryi 
gnmp.~ of  the  e n z y m e .  H o w e v e r .  e m p l o y i n g  a c r u d e  supe r -na t an t  p r e p a r a t i o n ,  p -  
h y d r o x y m e r c u r i b e n z o a t e  a t  4" to-S  M i n h i b i t e d  tiae enzswnie a c t i v i t y  b y  5ot/o. 

T h e  a d d i t i o n  o f  p y t ' i n l i d i f i e  nuc leos ides  a n d  nuc leo t ide~  to  the  s y s t e m  r e s u l t e d  
iv in i f ib i t ion of  the  c_nzvmic a c t i v i t y  (Tab l e  IV) .  Ur id ine  a n d  U M I ' -  5'  a p p 2 a r e d  to  
tm m o r e  e f fec t ive  *han the  c o r r e s p o n d i n g  c y t i d i n e  d e r i v a t i v e s .  The t r i p h o s p h a t e s  of  
b o t h  ur id ine  and  e y t i d i n e  were  no  mort ,  e f f ec t ive  as i nh ib i to r s  t h a n  the  moi~o- 

~a.. eL4 

t ~  
X~,  ¢e 

0.2 ~, /  .-" - i - "  
=I . -S'.3''-- 

ENZYME (p9 )  

Vi~. ~. ACK!, ~n.~N.~ -PoT~ ~;g ph~t o f  e u z y m e  t,~÷ i n h i b i t i o n  h v  ( | eoxynb0n~ l ( ; l eus id t~ .  T h e  r~ .¢ t Jon  
m i x ' . m  c. ~ >i i,~flar t o  t h a t  d~scri)-~'d ~n t h e  legend t o  F ig .  3 ~ f i th  the  ~Lddi t ion o f  e i t h e r  15 /zmo]e~  

pll~nl~h;~tt'~. T h e  dcoxy r ib , 'muc l c~s ide s  a n d  d e o x y r i t x m u c l e o t i d e s  were  m u c h  m o r e  
p - t e n t  a_~ inh ib i t~ r s  t h a n  the  r i h n ~  d e r i v a t i v e s .  M a x i m a l  i n h i b i t i o n  wa_-~ ~ b t a i n e d  
in the  prest*nce o ] - t h y m i d i n e .  T h e  d e o x y r i b o n u c l e o t i d e ~  ag well  as  the  r i b o n u c l e o t i d e s  
were  no b e t t e r  a.~ i n h i b i t o r s  of  thi~ e n z y m e  t i l an  t h e  nueleoside.~. In  f ac t ,  in t h e  d e o x y -  
series,  t he  n u c h ' o t i d e  m a n i f e s t e d  less a c i i v i t y .  

The. i nh ib i t i on  pnwl uced  b y  deoxye3rtidirne a n d  t h y m i d i n e  was  d e t e r m i n e d  as  a 
functi~,~ ,,f the  a m o u n t  ~-.f e i x z v m e  (A[:KF.ltMAN.~. PoYrER p lo t  t~} a n d  t h e  d a t a  ([,'ig. 7) 
would  U,dica tc  c o m p e t i t i v e  inh ib i t ion .  F u r t h e r  p r o o f  as to  t h e  r e v e r s i b i l i t y  of  t h e  
inh ib i t ton  w a s  .~uppli~.~! b y  e m p l o y i n g  t h e  m e t h o d  r~f LINE'~ , 'EAVER AND B U R K  t t .  

"['he inh ib i t ion  const~tnts  fc~r t h y m i d i n e  a n d  fo r  d e o x y c y t i d i n e  a.-: d e t e r m i n e d  b y  
thi~ m e t h o d  w e r e  q I • tO -'t M a . l id  7 , 0 "  I o  - ' t  M ,  re_,~pectively. 

I ) [SCUS.~IO.~  

Aspartate tran~arbamyla~c from rat liver appears to be quite different from the 
aspartate tran~'arbamyla~ isolated from E.  ¢oli s in terms of pH optimum, heat 
~tabiiity, st,~bili,v :,t ~°, precipitabiiity upon the addition of ammonium sulfate. 
and elution from l)EA1~ceiluto~e columns. 

13i~hlno. B~o~h~,,s. Acta, 6 7 ( t .9~3] 4 2 5 - 4 3 4  
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f;ERHAwr h,~l) PAte~)t~.l:. 6 s t a t e  t ha t  the  additit~n ~;" Ag" or  Hg z' t o  the  bac te r i a l  
s y s t e m  re su l t ed  on ly  in a loss in f eedback  inhibi t iol t  by  the cyti¢l.in~_ cteri~oz~tiv,--~, h~ t  
had  no  effect  upon  e n z y m i c  a c t i v i t y .  F u r t h  rioter, in an ear l ier  com.-nunic~ttiont~ 
t h e y  m e n t i o n e d  t h a t  the  additi¢~n of  p - h y d r o x y m e r c u r i b e n z o a t e  d id  no t  inh:bi t ,  b u t  
in fac t ,  e n h a n c e d  e n z y m i c  ac t i v i t y .  The~e d a t a  letl thetll  to  pos tu l a t e  t h a t  inh ib i t ion  
b y  c y t i d i n e  d e r i v a t i v e s  is a resul t  o f  a t t a c h m e n t  of  the pyrimi¢tines to  an ad jace l f f  
s i te  to  t h a t  occup ied  by  a s p a r t a t e .  Th i s  a d j a c e n t  .',ire p r e s u m a b l y  c o n t a i n e d  a sul thv-  
d ry l  g r o u p  wh ich  m a y  be. ~elect ivelv d e s t r o y e d  b y  hea t ing  at  0o ° w i t h o u t  a l ly  d~:struc- 
l ion  of  e n z y m i c  ac t iv i tyq .  

T h e  d a t a  pre~-~nted in th is  r epor t  ind ica te  tha t  A g ' .  Hg 2". a n d  p - h y d r o x y -  
m e r c u r i b e n z o a t e  inhibi t  m a m m a l i a n  a.~partate tratns~:'-~rbamyia~-~e. NtJ ~:k' ,_ii ,e tle~- 
t r a c t i o n  of  the  s i te  a t  which  f eedback  inhibitionl occur~ can be accompl i shed  by  lneat 
ing a t  60 °, w i t h o u t  a c o n c o m i t a n t  loss in a c t i v i t y  of the e n z y m e .  Hence_'. it m a y  be 
i n fe r r ed  t h a t  a s t t l fhydry l  g roup  is i n t i m a t e l y  c,~utlerted wi th  enzytt i ic  a~ t iv i tv  i~ 
r a t  l iver  a n d  m a y  also be a~socia ted wi th  f eedback  inflfibition. 

T h e  inhil)iti¢~ns o b s e r v e d  u p o n  the uddi t ion  ¢~f the  py r imid ine  nuclens ides  lind 
nuc le0 t ides  to  the  s y s t e m  c o n t a i n i n g  the  pa r t i a l ly  purif ied e n z y m e  agree  qu i t e  well  
wi th  t lm t  o b s e r v e d  in crucle l iver l ) repara t ions  ~. " l 'hvmidine was the  mos t  t a ) t en t  
i nh i b i t o r  o f  thin e n z y m e ,  while  t he  uraci l  d e r i v a t i v e s  were  as e f fec t ive  its the  corres-  
p o n d i n g  c y t o s i n e  de r iva t ives .  These  ~iat;~ again poin t  ou t  the  basic difi(;renc¢~ b e tw een  
t h e  m a m m a l i a n  a n d  bac t e r i a l  systems+ U n f o r t u n a t e l y ,  n e i t h e r  the  r i b o r u c l e o t i d e  
o o r  deoxyr ibonuc leo t id~ ,  l~Ssessecl g r ea t e r  i n h i b i t , r e  effi¢~lcy t h a n  the  c o r r e s p o n d i n g  
nucleos~cle m the  f o r m e r  ~y.~tem. a l t h o u g h  the  degree  o f  i n h i b i t o r y  a c t i v i t y  of t h e  
hactetf .al  e n z y m e  increa_~ed f rom nuclt.~)sitle to  ~uc:le¢~side tr i l~hospt.ate.  

A l t h o u g h  t he  m a m m a l i i l n  enz~,-me has t~en  pa r t i a l ly  purif ied,  ~till a large 
a m o u n t  o f  de¢,xyribontzclecrside (apprr~x 7" :O-~ .~1) ix r equ i red  f,~r a n y  degree  of  
inh ib i t ion .  T h e s e  d a t a  would  a p p e a r  to  cas t  some d ~u b t  u p o n  the  role t h a t  f e e d b a c k  
inh ib i t i on  o f  a ~ p a r t a t e  t r an~ca rbamyla~e  plays  in *.he r egu la t ion  of  p y r i m i d i n e  
b i o s y n t h e s i s  in t he  m a m m a l i a n  cell. Ht~,v(*ver, it i~ difficult  to  a s ~ s a  the  degree  o f  
c o n c e n t r a t i o n  o f  d e o x y r i b o n u c l e o s i d e s  or  d e o x v r i b o n u c l e o t i d e s  an~ a spa r t i c  acid 
wi th in  the  m a m m a l i a n  cell especia l ly  in ~_ondition.,, o f  rap id  qr:~wth, e.g., e m b r y o n i c  
or  r e g e n e r a t i n g  l iver . .quf l ic ient  cc, n c e n t r a t i o n  of  pyr i rn id ine  der i ' . ' a t ives  m a y  a¢-cumu- 
la te  w i th in  t~,e cell in the.~, cond i t i ons  to  ex~,rt f eedhack  inhib i t ion .  A c~,mparison 
o f  the  i n h i b i t o r "  eff icacy o f  the  pyr imid in ,  5 e o x v r i ~ n u e l e o s i d e s  upon  this  e n z y m e  
in va r ious  r a p id ly  g rowing  .~v.~t~m~ ~embryonic  or  r egene ra t i ng  l iver,  h e p a t o m a s )  
m a y  supp ly  some f u r t h e r  d a t a  on  tht" role ,of f eedback  inh ib i t ion  in the  regu la t ion  
o f  p y r i m i d i n e  b iosyn thes i s .  These  ~tvdic~ are  pr¢'.~, entl>" in progre~-;. 

A(:IK N ( ) W  |.F. I )C, E M E N T.~ 

T h e  a u t h o r  wishes to  t h a n k  l)r.  H. Bt,sct~ o f  Bayk~r U n iv e r s i t y  College of  Medicine 
for his  sugges t ions  a n d  criticism~ The  a u t h o r  is i n d e b t e d  to  Dr.  I.+ S+ I-iXILtCA for  
his i n s t r u c t i o n  in cel lulose c h r o m a t o g r a p h y  a n d  to  Mr. F. L. POWEI, L and  Dr.  W. C. 
STARBt'CK for  he lp  in the  u l t r a c e n t r i f u g e  runs.  Th i s  inv~,~tigation was s u p p o r t e d  
b y  a n  A m e r i c a n  Cance r  Sca:iety in .~t i tut ional  G r a n t ,  ACS-In-z7C,  P r0 i cc t  6 and  b y  
a g r a n t  f r o m  the  A n n a  Ful le r  F u n d .  

Bw~c:~ira. Biophys..*/c~. 67 (t963) 425 "434 
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