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Cell - f ree  e x t r a c t s  t h a t  d i s s imi la te  c i t r a t e  to  o x a l o a c e t a t e  and  ace t a t e  h a v e  been  

o b t a i n e d  f rom Eschcr ich ia  coli grown  in su i t ab le  m e d i a  1. S imi l a r  e x t r a c t s  of A e r o b a d e r  

aerogenes 2 and  Slreptococcus /aecal is  a give the  same  p r o d u c t s  w h e n  f reed f rom oxa lo-  

ace t i c  d e c a r b o x y l a s e .  Th i s  c l eavage  of c i t r a t e  con t r a s t s  w i t h  i ts  b io syn thes i s  insofar  as 

c o e n z y m e  A is no t  i n v o l v e d  2, a and  no co - fac to r s  in a d d i t i o n  to  Mg ++ or Mn+ ~ ions  h a v e  

been  i m p l i c a t e d .  W e  h a v e  s t ud i ed  the  ldne t i c s  of c i t r i desmolase  r eac t ion  for pa r t i a l l y  

tmr i f ied  e x t r a c t s  of Esch.  coli and  A .  aerogenes and  we sugges t  a m e c h a n i s m  of c i t r a t e  
c l e a v a g e  to  a ccoun t  for our  obse rva t ions .  

EXPERIMENTAL 

3lethods. The organisms used 1 were .4. aerogenes NCTC418 and Esch. coli NCT('5928. A. aerogenes 
was grown in the citrate + mineral salt medium used by DAGLEY ANt) D A W E S  2, and Esch. coli in 
a citrate t peptone-~ glucose medium replenished with glucose 3 ° minutes before harvesting 1. 
About IO g of frozen cell paste were crushed without abrasive in a HUGHES bacterial press 4 at 14', 
and after taking up in phosphate buffer (-'7 g KH2PO4 per litre, pH 7.0), cell debris was removed 
by centrifugation. Citridesmolase activity was determined by incubation of extracts at 372 f ,r  
periods of time stated, with a solution of pH 7.o containing per litre 2 L g trisodium citrate dihvdrate 
and 5 g KH~PO4 to which was added MgSO a. 7H20 (oq g) or other salts of divalent metals. This 
citrate medium will be referred to later as C.M. Protein was then precipitated with an equal volume 
of cold io % (w/v) trichloracetic acid and the total keto acid concentration in the clear supernatant 
was determined according to t~'RIEDEMANN AND H A U G E N  5. Paper chromatography of -':4-dinitro- 
phenylhydrazones, by a modification 6 of the method <}f CAVALLINI, FRONTALI ANI) TOSCHI 7, was used 
to identify pyruvic and oxaloacetic acids. Protein was determined by the method of STICKI.AND s 
using crystalline bovine serum albumin a~ standard. 

Crude  e x t r a c t s  were  p a r t i a l l y  pur i f ied  as follows. The  p r o t e i n  c o n t e n t  was  d e t e r m i n e d  

and  for each  m i l l i g r a m m e  presen t ,  o . o I  ml  of a so lu t ion  of p r o t a m i n e  su lpha te ,  p H  5.8, 

c o n t a i n i n g  17 m g  pe r  ml  was  added .  T h e  p r e c i p i t a t e  c o n t a i n i n g  nucle ic  ac ids  was  dis- 

ca rded ,  t h e  s u p e r n a t a n t  s a t u r a t e d  wi th  a m m o n i u m  s u l p h a t e  and  t h e  p r e c i p i t a t e  t a k e n  up 

in wa te r .  W h e n  th i s  so lu t ion  was  b r o u g h t  to  h a l f - s a t u r a t i o n  wi th  a m m o n i u m  su lpha te ,  

c i t r i desmolase  a c t i v i t y  was  r e t a i n e d  in the  p r e c i p i t a t e :  th is  was d i s so lved  in p h o s p h a t e  

troffer (9 g K H z P O 4  pe r  l i t re ,  p H  7.U and  the  so lu t ion  shaken  w i t h  ca l c ium p h o s p h a t e  
gel  9. The  s u p e r n a t a n t  f r o m  the  gel  was a c t i v e  and  was  free f r o m  oxa loace t i c  d e c a r b o x y l -  

ase ; Mg +~ or ce r ta in  o t h e r  d i v a l e n t  ions  were  r e q u i r e d  for a c t i v a t i o n .  F o r  such  p r e p a r a -  
t ions  f r o m  A .  aerogenes showing  in i t i a l ly  s t rong  oxa loace t i c  deca rboxy la se ,  I mole  of 

c i t r a t e  u sua l l y  g a v e  rise to  s o m e w h a t  less t h a n  t h e  I mole  of o x a l o a c e t a t e  r e q u i r e d  b y  
t h e  p r o p o s e d  m e c h a n i s m  2. T h e  o x a l o a c e t a t e  p r o d u c e d  was  e s t i m a t e d  m a n o m e t r i c a l l y  

by  d e c o m p o s i t i o n  w i t h  an i l ine  c i t r a t e  1°. A f low-shee t  for pur i f i ca t ion  is g iven  in T a b l e  I. 

Relerences p. 184, 
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1() g of p a s t e  of  , I .  a e r o , , e * w s  c r u s h e d ,  e x t r a c t e d  w i t h  o.2 :1/ K He I>O l, p i t  7 .o,  ;And c e n t r i f u g e d  a t  
2 5 . o o o  r . l ) .m,  fo r  45 m i n u t e s .  

5o ml ~)1" clear extract, 3.75 mR protein!ml 
S.A. : 3.o3 

l'rotamine s u l p h a t e  1~ : o.53 

; I 
Precipitate rejected Supernatant 

(NHI),,S() 4 full satn. 

i 

S u p e r n a t a n t  
rejected 

I 
i 

] ' r e c i p i t a t e  
Taken up in 44 ml (list. 
water, centrifuged to give: 

Supernatant, 3.58 mg t)rotcin/n~l 
i ,q . : \ .  = 2.2 

(NHa),_>S() 4, h a l f  sa tn .  ] 17< := l . o -  

I 
! 

I ' r cc i t ) i t a l  c 
T a k e n  u t) in 24 ml  9 g ]'~t~12P()l 
per litre, ptt 7.o; centrifuged 
to give: 

Supernatant, J.7 mg protein/ml 
N..\. := 4.7 n i 

I I ,~  = I . l  3 

S inl c a l c i u m  
p h o s p h a t e  Rel 

I 
I 

[ I ̧ 

l 'rccipitate Supernatant, ().oe mg protein/ml 
discarded S..\ ..... >6." 

R I . r  5 

S. . \ .  ~ spec i f ic  a c t i v i t y  in /mao le s /3  ml  t e s t / r a g  N / 4 5  sees.  
1~ ~ l i g h t  abso r l ) t i ¢m a t  e8o  m / L / a b s o r p t i o l l  tit - 6 o  m u.  

i 
Sut )e rn  a t a n  t 

i (NH4).a,%OI, fu l l  s a t n ,  

i 
] 'recipitate 
Taken u I) in 3 g KC1 per 
litre, centrifuged to gi\e: 

S u p e r n a t a n t  S., \ .  o 
17 I.i_' 

Progress ol lhe reaction." inhiDilion by oxaloacclalc. It was shown for crude preparat ions  

of A. acrogenes ~ tha t  formation of pyr~tvate ceased with ci t rate  unat tacked,  and we have 

also demons t ra ted  this phenomenon for purified preparat ions  that  produce oxaloacetate .  
Progress curves exhibi t  a reduct ion of reaction rate with time, and linear plots of the 

lat ter  against log (Cs,--C~) are obtained,  where C7. and Cs: are respect ively the concentra-  
t ions of accumula ted  keto acids, af ter  t ime t and after the react ion has ceased. This type 
of relat ionship may  be readily deduced for a mechanism by which inact ivat ion of enzyme 
may  occur as a result  of the react ion taking place: this would be the si tuation when 

inhib i tory  products  are formed. That  oxaloaceta te  is the inhibi tor  responsible was 
established hy the following exper iment  which makes use of the fact tha t  extracts  may  
be prec ip i ta ted  complete ly  by sa tura t ion with ammon ium sulphate without  loss of 
ac t iv i ty .  An ext rac t  of A. aerogenes, par t ia l ly  purified to the stage preceding calcium 

phost)hate gel t rea tment ,  was precipi ta ted with sa tura ted  ammott ium sulphate, redis- 
solved in phosphate  buffer (9 g KH.,PO4 per litre, pH  7) and various amounts  incubated 

lh,/ercmcs p. sX.7 
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with C.M. for IO minutes. During this period the reaction ceased, since no increase in 
keto acid occurred when incubation was prolonged. A linear relation was established 
between amount  of keto acid and amount  
of enzyme present (Fig. I). The effect on 2.0 F * 
this relation of first allowing the enzyme / to react with citrate was then studied. The 
extract  (5 ml) was incubated with 5 ml of 

/ 

C.M. for 15 minutes,  precipitated with 1.5 [ 
ammonium snll)hate, redissolved in buffer / and various amounts  again incubated with .} 
C.M. I t  was found that  the prel iminary ~ • 
incubation with C.M. had abolished ae- }1.0 [ 
tivity. That  this effect was not due to ~ / 3 
citrate itself was shown by omitt ing Mg +~ ~, o / '  
from the C.M. during the 15 minutes in- ~ , /  
cut)ation. Some reaction occurred since it o.5I? / / 
was impossible to ensure complete freedom ~/fl//  2 ~_~1~ 
from metal act ivators at such a high en- 
zyme concentrat ion (12 mg protein per 5 
ml): the amount  of oxaloacetate produced 0 _o_o____..o-.=~-o-~ o . .o - -o-o- -o  6 

2 0 1 2 was about  one-third of tha t  given when o I mgpt'otei.~/Sml 
Mg k + ions were added to the C.M. For this Fig. i. Relationships between amounts of enzyme 
portion of extract,  when precipitated and protein present and amounts of keto acid i)ro- 

duced from citrate m io minutes. The enzyme 
redissoh,ed in buffer, the plot of amount  had first been incubated for 15 minutes with (i) 
of enzyme against keto acid formed (line 3, phosphate buffer alone (2) citrate medium, with 
Fig. I) ]av between those for an extract  Mg ÷+ (3) citrate medium, no added lXlg 4~ (4) 

" acetate (5) pyruvate (~')) oxaloacetate. 
preincul)ated with phosphate buffer and 
for inact ivated enzyme (lines I and 2 respectively). When the enzyme was inactivated 
during prel iminary incubation with C.M., oxaloacetate accumulated to give a concentra- 
t ion of 3-4 m31. In three further experiments,  5 ml portions of extract  were each incubated 
for ~5 minutes with 5 ml of phost)hate buffer containing respectively pyruvate ,  acetate 
and oxaloaeetate at concentrat ions of 3-4 m:ll ; and after ammonium sulphate precipita- 
tion as before, relations were established between amounts  of keto acid and recovered 
enzyme in each case. Incubat ion  with oxaloacetate at 37 '~ resulted in ahnost complete 
inact iwtt ion;  pyruva te  and acetate had no effect. These experiments prove that  as the 
reaction proceeds, enzyme is inactivated,  and suggest tha t  the agent responsible is 
oxaloacetate.  

Ach'vatiou hy divalent meted ions. Salts of divalent metals at various concentrat ions 
were added to C.M. from which magnesium sulphate had been omitted,  and in Fig. z 
logari thms of cation concentrat ions are plot ted against the keto acid concentrat ions 
at ta ined after incubation for IO minutes with purified A. aerogenes extract  (o.r ing 
protein per ml). When soluble, the salts used were sulphates, otherwise they  were 
chlorides ; but  no difference could l)e detected when it was possible to use both, as in the 
case of magnesium. When extracts  of Esch. coli were used similar results were obtained, 
namely  good act ivat ion with Zn ++, Mg ++, Fe ++ and Co ++ and none with Cu ++, Hg ++, 
13a ~+, Sr t+ and Ca++; with Mn ++, however, act ivat ion in the case of Esch. coli was 
markedly  grcater than for A. aerogenes As stated above, citrate decomposition had 

Re/ere.cos p. zx 4. 
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usual ly  ceased at  the end of io  minutes  and concent ra t ions  of accumula ted  keto acids 
at tha t  t ime measured  the ex ten t  of the react ion ra the r  than  its veloci ty.  To obta in  
initial  react ion ra tes  from which Michaelis cons tants  could t×, der ived,  the  incubat ion  
mix tu res  were sampled  af ter  3o seconds when the ra te  of c i t ra te  decomposi t ion  was 
a t )proximate ly  l inear.  In Fig. 4 (a) the reciprocals  of these ini t ia l  velocit ies are p lot ted  
agains t  rec iprocals  of Mg~ ~ ion concent ra t ions  for an ex t rac t  of A. aerogeu.es, and from 
the slope and ord ina te  in tercept  the  Michaelis cons tan t  is ca lcu la ted  to be 3" IO ~a BI. 
Using ex t rac t s  ob ta ined  from Esch. cell the same wdue was ob ta ined  for Mg ~ ~ acdwt t ion  
1)ut tha t  for Mn + t- was s ignif icant ly lower, namely  8. IO -'~ M. Calcium ions inh ib i ted  the 
ac t iva t ion  of ex t rac t s  of 1)oth species by  o ther  metals .  The compet i t ive  na ture  of the  
inhibi t ion of an ex t rac t  from Esch. coh" is shown in Fig. 3. Init ial  w' loci t ies  wore deter-  

° / 0  '''4 

o /  

*.~ / 0/2 

2 ] Z 
Log,lo [metal ion conc, #/~] 

F ig.  2. A c t i v a t i ( m  o f  enzyme ob ta ined  f r o m  ,,1. 
arrogem's by var io t ] s  c { m c e n t r a t i o n s  of d i v a l e n t  
m e t a l  ions  (I) Z n !  (2) l :e  ¢~ (3) ( i o ~  (4) Mg ~¢ 
(5) N i ' '  (6) M n !  (7) Cu!¢  (8) t tg~ * (9) ( ' a~ t  

( lo)  Sr+¢ (I1) Ba  ! i .  

B 
~.o 

~o.5 

1 

1 

o/I o 
5 

o 5 b e  ,doe ~ 

Fig.  3. C o m p e t i t i v e  i n h i b i t i o n  of Mg" ~ ion ac- 
t i v a t i o n  b v  Ca  ÷÷ ions.  v a n d  v i a re  r e s p e c t i v e l y  
r e a c t i o n  ve loc i t i e s  in t h e  a b s e n c e  a n d  in the  
p r e s e n c e  of Ca  ' ions  a t  t he  c o n c e n t r a t i o n s  of 
Mg,  ! ions  s t a t e d :  ( i)  o, 4 m 3 /  (2) i .  3 m 3 /  (3) 4.4 
m31.  The  e n z v m e  was  o b t a i n e d  from Esch. co/i. 

mined for three series of react ion mix tures  conta in ing concent ra t ions  of Mg ++ ions oI 
• 434 mM, 1.33 m M  and 4.4 m M  respec t ive ly ;  var ious  addi t ions  of calc ium chloride 
within the  range o-2  m31 were also made.  The ra t io  v/vi was then p lo t t ed  against  
X'a++], where v and vi are respec t ive ly  ini t ia l  velocit ies in the absence and in the presence 
of the  re levant  concent ra t ion  of Ca ++ ions. The lines so oh ta ined  intersect  the  v/v, axis 
at  un i ty  and the i r  slopes increase its iMg++-[ is reduced;  this  behav iour  is character is t ic  
of compe t i t ive  inhibi t ion u. 

Other co~actors. The possible dependence  of the react ion upon coenzyme A was 
inves t iga ted  by  t r ea tmen t  of a crude ex t rac t  with Dowex I according to the procedure  
o f  C H A N T R E N N E  AND L I P M A N N  1~. O u r  thanks  are due to Dr. L A W R E N C E  L .  LACHAT o f  

Armour  and Company,  Chicago, who k ind ly  suppl ied us with a l iver  coenzyme concen- 
t r a t e  conta in ing  coenzyme A. F rom Table  I I  it is clear  tha t  there  is no evidence for 

Re/ere~ces p. 2 b' 4. 
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T A B I , E  II  

EFFECT OF ADDITIONS OF COENZYME A TO PREPARATIONS TREATED \VITH DOV~EX I 

lo ml  extract treated with 5 ml solid Dowex 1 for 3o minutes in ice bath. o. 5 m! e n z y m e  incubated 
with  e. 5 m l  C.M. for  [o m i n u t e s  and c o n c e n t r a t i o n s  o f  k e t o  a c i d  d e t e r m i n e d  

Kdo acid concenlralio-ns (mMI 

lh,rm'ate T.lal kcto arMs 

Treated extract o.44 ox)8 
Treated extract ~ cvsteine o.4~ o.88 
Treated extract I cysteine -- CoA o.2 7 o.58 
T r e a t e d  e x t r a c t  + C o A  o. 4 t  o .94  

coenzyme A participation : additions of cocarboxvlase to dialysed extracts l ikewise gave 
no response. 

Determin, alions o~ Michaelis constant/or citrale. After additions of citrate to tubes 
containing,  per litre, 5 g KH~PO4 (pH 7.o) and o.4 g MgSO4"7 H.,O, the mixtures  were 
incubated at 37 ° with amounts  of purified preparation sufficient for 4 satisfactory 
determinations of initial  reaction rates. 

F i g .  4 (b) a n d  (c) s h o w s  p l o t s  o f  reciprocals of velocit ies  and citrate concentrations,  
a n d  Michaelis constants of 2 . z . ~ o  a a n d  , . ( , . l o  4 M a r e  c a l c u l a t e d  for extracts of 
A. aerogenes and Esch. call respectively.  Since saturation of enzyme with substrate 
occurred at low concentrations it was essential in each case to follow the progress of the 
reaction to ensure that the keto acid concentration at 3o seconds gave an actual measure 
of the veloci ty  before all the substrate was decomposed. 

2~ P/20 

/ / 

a b 

hlagnesJum Citrate 
Reciprocals o/ concentrations, mfff 

Fig .  4- R e c i p r o c a l  p l o t s  of r e a c t i o n  v e l o c i t y  a g a i n s t  sul)-  
s t r a t e  c o n c e n t r a t i o n .  Ve loc i t i e s  e x p r e s s e d  as c o n c e n t r a -  
t i o n s  of k e t o  acids  (mM) a t t a i n e d  in the  first 3 ° s econds  
of  r e a c t i o n .  E x t r a c t s  were  o b t a i n e d  f r o m :  . t .  ae rogem ' s ,  

(a) a n d  (b);  E s c h .  call ,  (c).  

/ 
/ 

c 

'2 '3 Z 's b 
Citrate 

~200: 

150 

~ 'I00 

ca 
~. so 

~ 4 c ~ J  

oH Value 

Fig .  5- Effect  of p H  v a l u e  upon  r e a c t i o n  
v e l o c i t y .  O p e n  c i rc les ,  .q. a e r o g e n e s  e n -  
z y m e ;  c losed  c i rc les ,  F.sch.  call  e n z y m e .  

Eifect o~ pH o,~ activity. Aliquots  of citrate medium (2z g trisodium citrate dihydrate,  
5 g KH2PO4, o.4 g MgSO4" 7 H2 0  per litre) were adjusted to give a range of pH values by 
addition of suitable quantit ies  of sodium hydroxide.  At each pH, 2.8 ml of C.M. were 
incubated at 37 ° with o.2 ml of purified enzyme and the accumulated keto acids est imated 

Re/erences p.  z 8  4. 
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af ter  one mimlte .  The ac tua l  p H  values af ter  et}zyme addi t ion  were de te rmined  for a set 
of paral lel  tubes,  using a Muirhead p H  meter ,  and these values are ph}tted against  k{'t{} 
acid pr{}dnction for both  A. acr<k, cm'.s- and Esch. coli in Fig. 5. 

I)IS( 'USSION 

Any  nlechanism for c i t r idesnlolase act ion must  take  account  of three sal ient  prot)- 
ert ies es tabl i shed  above,  name ly :  the  progrcasive inac t iva t ion  of enzyme hv oxa loace ta tc  
tha t  occurs as t i le react ion proceeds,  the ab i l i ty  of cer ta in  d iva lent  metal  ions to ac t iva te  
the  sys tem and the compe t i t iw '  inhibitiop, of this  process by ( 'a 4÷ ions. SMnH and 
co l labora tors  have produced  abundan t  evidence tha t  the influence of metal  ions upon 
enzyme act ion is re la ted  to their  capac i ty  for chelationl:L In the present  sys tem a 
mechanism involving chelat ion at)pears to he essential  because c i t ra te  chela tes  so 
str{mgly tha t ,  in our ext)eriments,  che la ted  meta l  ions nmst  g rea t ly  exceed in number  
those tha t  are free. Conse{luently, a l though it remains  t}ossible tha t  t )ar t ic ipat ion of 
cofactors  in add i t ion  to d iva lent  ions may  1)e disc{}vered in the future,  and tha t  our present  
prot)osals w{}uld need t{} be modif ied accordingly,  it is improl)al)le that  any sa t i s fac tory  
mechanism will l}e devised that  ignort 's the powerful t endency  of c i t ra te  t{} chehtte with 
metals .  

F rom t)hysicochemical  stltdics, IIOBTELSI,:Y AN1} JORDAN t4 prot}osed formula I for 
chela te  compounds  of c i t ra te  with d iva len t  meta l s  and es tab l i shed  tha t  the hydrogen 
of the hydroxy l  group is labi l ized as a result  of coordina t ion  wi th  the metal .  According to 
the  mechanism we propose (II), it  is this  hydrogen which migra tes  when -CH,a.{;00H 
is spli t  off and  ace ta te  is produccd.  If  there  is a t endency  for oxa loace ta te  t{} 1)e retaine{l 
on the act ive sit{' as shown, the ellZVnle will becon]e progressively inac t iva ted .  

C() - ( )  

(R){" ( ' I t  e ( " ( } I I  - M I Protein 

('11.2.C{).{) J 
( ' ( ) -{)  

- / 1 1 2 ( )  
( )OC-CI f . ,  C . O t f  ~ M .  Ho() 

Ctl.2.C{}.() ~" H,2( ) 

I 

( ' ( ) . ( )  

{)OC ('1t a ( ' ~ { )  > M~ / l ' ro te in  

C112.('(.}.() J 
II 

I t  is also evident  t ha t  a metal  which is able to chelate  with c i t ra te  hut  unable  to ac t iva te  
the  enzyme m a y  inhibi t  compe t i t ive ly  those meta ls  which can take  par t  in the react ion : 
th is  is t i le case for calcium. All the act ive meta l s  have ionic radii ,  for coordinat ion number  
six 15, wi th in  the range o.72 ~ o.o8 A;  ( 'a  +~ ions (o.99 A) and o ther  ions tha t  do not 
a c t i v a t e ,  h a v e  radi i  outs ide this range.  It might  be a r g u e d  t h a t  ('a + + could inhibi t  
s imply  by  removing  free c i t ra te  ions from the system. Tha t  this  is not  the  case follows 
from a considera t ion  of our quan t i t a t i ve  results.  When  Ca ++ ions inhibi ted  at concentra-  
t ions up  to 2 m M  (Fig. 3) c i t ra te  was present ,  in CM. ,  at  71 m M  and Mg~ ~ at  o. 4 to 
4.4 m3I .  In  our de te rmina t ions  of the Michaelis cons tant  for c i t ra te  we showed tha t  
i ts concent ra t ion  mus t  be reduced  to about  o.2 m M  before the veloci ty  was reduced  
to one-half  of i ts m a x i m u m ,  and i t  is therefore  clear t ha t  inhibi t ion hy  Ca ~ + ions cannot  
be due to reduct ion  in avai lahle  ci t ra te ,  13OBTI';I. SK'~" AND JoI~l).~Y 1~ showed a sharp 

A'c/crc~ces p. iX 4. 
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reduction in the stability of citrate.chelate compounds as pH decreased and it is sugges- 
tive that we found activity largely abolished below pH 6 in the range at which the 
compounds dissociate. KORNBER<;, OCHO~ .~ND MEHLER ~6 have shown that oxaloacetic 
acid, and other/~-ketocarboxylic acids, are decarboxylated catalytically by metal ions 
alone with the formation of spectroscopically observable intermediate metal-substrate 
complexes. Formulae for the latter were not proposed, and we do not suggest that the 
oxaloacetate necessarily remains bound to the enzyme in the precise manner shown 
in I1; clearly a subsequent rearrangement of bonds might occur. It may be observed 
that  according to our mechanism the unsymmetrical dissimilation of the citrate molecule 
is a consequence of its three-point attachment to the enzvme via the metal. 

It is a pleasure to acknowledge the assistance given by Mr. J. SYKv.s and Mr. R. G. 
STICKL:kND in certain experiments, to Mr. J. SMILLIE for skilful technical assistance 
throughout and to the Carnegie Trust for the Universities of Scotland for a personal 
grant for apparatus to one of us (E.A.D.). 

SI "MMARY 

Cell free e x t r a c t s  of d .  aeroge~zes and F.sch. colt showing c i t r idesmolase  a c t i v i t y  were pa r t i a l l y  
pur i i ied  by r emova l  of nucleic acids, p rec ip i t a t ion  wi th  half s a t u r a t e d  a m m o n i u m  su lpha t e  and  
t r e a t m e u t  wi th  ca lc ium p h o s p h a t e  gel. Oxaloace t ic  deca rboxy lase  a c t i v i t y  was t he r eby  e l imina ted  
atld add i t ions  of su i t ab le  a m o u n t s  of one of the  fol lowing ions were needed for a c t i v i t y  : Mg~ ~, Zn + !, 
l:e } }, Co ~ !, Ni!  ~ or, for F.sch. colt ex t rac t s ,  Mn!~.  No r equ i r emen t s  for o ther  co-factors,  inc lud ing  
coenzyme :\, coukl  be demons t r a t ed .  Addi t ions  of Ca ++ inh ib i ted  c o m p e t i t i v e l y  ac t i va t i on  by o ther  
meta ls .  E x t r a c t s  became inac t ive  dur ing  the  course of t i le reac t ion  wi th  excess c i t r a t e  p resen t :  this  
was a p p a r e n t l y  due t<} inhib i t ion  by the oxa loace t a t e  t h a t  accumula t ed .  Michaelis  cons t an t s  for 
e x t r a c t s  f rom both  species were de t e rmined  for c i t r a t e  and Mg + ~ and for Mn ++ in the case of F.sch. colt. 
Act iv i t i e s  were op t ima l  a t  pH 8.2 and r ap id ly  decreased in the  range pH 7 to 6. These obse rva t ions  
111~t\, be exp la ined  bv a ir lechanisnl  invo lv ing  complexes  of the euzylBe protein with cllel~tte cou*i]'~tltnlils 
~)f c i t r a t e  and the  ac t ix 'a t ing  metals .  

l~ l:;S UM(," 

Des e x t r a i t s  d ' d .  aeroge~es et d'Esch, colt sans cellules m o n t r a n t  une ac t iv i t6  c i t r idesmolase  
fu ren t  en pa r t i e  purifids en e n l e v a n t  les acides nucldiques,  en les p rdc ip i t an t  avec du su lpha t e  d ' am-  
m o n i a q u e  "it demi  saturd,  et  en les t r a i t a n t  avec du gel de phospha t e  de calcium, l . ' ac t iv i td  ddcarboxv-  
lase oxa loacd t ique  fut  ainsi  61iminde et  il fa l lu t  a jou te r  des quan t i td s  convenables  d 'un  des tolls 
s u i v a n t s p ~ m r p r o d u i r e d e l ' a c t i v i t d :  Mg ~'', Zn ~ , l:e ! ~,C~'  , N i ~  ou, p o u r l e s e x t r a i t s d ' E s c h ,  co/i. 
Mn t+. La udcessitd d ' a uc un  au t re  co-facteur ,  v c~mpris  la coenzvme A, n ' a  pu dtre ddm~mtrde. 
l )es  add i t ions  de Ca } p rodu i s i r en t  nne inh ib i t ion  compdt i t i ve  de l ; ac t iva t ion  d ' a u t r e s  mdtaux .  Les 
e x t r a i t s  dev in ren t  inact i fs  au t ou r s  de la rdact ion en pr6sence d 'un  excbs de c i t r a t e :  ce qui semble 
dfl /~ l ' i nh ib i t ion  provoqude pa r  l ' a c c um ula t i on  d 'oxa loacd ta te .  Les cons t an te s  de Michaelis pour  
des e x t r a i t s  t irds des deux  espbces furent  d6termindes  pour  le c i t r a t e  et  le Mg q-  et  pour  le Mn eF 
dans  le cas d'Esch, colt. l .es ac t iv i tds  furent  o p t i m a  ~ p t l  8.2 et  d iminu6ren t  r a p i d e m e n t  ent re  les 
va leurs  pH 7 et  6. Ces obse rva t ions  pou r r a i en t  s ' exp l ique r  par  un mdcanisme co inp renan t  des com- 
plexes de la protdine de I ' cnzvme avec des composds chela tes  de c i t r a t e  et  avec les md taux  ac t ivan t s ,  

Z l TS:\ M M IiN l~':\S,ql "N(; 

Zellfreie E x t r a k t e  von d .  aeroge,les und Esch. colt, (lie eine c i t r a t s p a l t e n d e  . \ k t i v i t / i t  zeigten 
(Ci t ra tdesmolase) ,  wurden  tei lweise gere in ig t  du t ch  E n t f e r n u n g  der Nucleins/ iuren,  Ft i l lung mi t  
ha lb-gesf i t t ig te r  A m m u n i u m s u l f a t l 6 s u n g  und B e h a n d l u n g  mi t  Ca lc iumphospha t -Gel .  Oxa l ace t a t -  
Deca rboxy la se  wird hierbei  ebenfal ls  ent fern t .  Um die Ci t ra tdesmolase -Akt iv i t~ i t  wieder  anzuregen  
werden  den Z e l l e x t r a k t e n  en t sp rechende  N o n z e n t r a t i o n e n  wm Mg* ", Zn ++, Fe ++, Co ++, oder Ni* + 
zugesetz t .  Ausser  den obigen Ionen ha t  sich Mn+-, im Esch. co l i -Ex t rak t  wi rksam gezeigt.  E in  Bedar f  
an anderen  Cofaktoren wurde  n ich t  erwiesen, einschl iessl ich des Coenzvms .\. Ca v +-Zngabe beh inde r t e  

Re[ere~u:es p. lS  4. 
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(lie A k t i v i e r u n g  d u t c h  Met :a l l ionen vol ls t ih~dig .  C i t r a t - { ~ b e r s c h u s s  w i r k t e  a lhn f ih l i ch  h i n d e r n d  a u |  
d i e  E x t r a k t a k t i v i t t t t ,  w a h r s c h e i n l i c h  wegen  d e r  A n r e i c h e r u n g  yon  O x a l a c e t a t .  Die Michae l i s  
K o n s t a n t e  w u r d e  f i ir  C i t r a t  und  M g~t  in be iden  E x t r a k t e n  uEd fiir Mn t im I;.sck. coH b i x t r a k l  
b e s t i m m t .  ] ) ie  A k t i v i t f i t e n  w a r e n  o p t i m a l  bei pH  8.2 und  n a h m e n  ranch  a b  im Here ich  yon p H  7-~,. 
Die  e x p e r i m e n t e l l e n  t { e o b a c h t u n g e n  l<6nnen m i t  e i n e m  M e c h a n i s m u s ,  d e r  K o m l ) l e x v e r b i n d u n g e n  
zwischen dem ICnzymt~rotein, ( ' i t rat  und den .\kt iviorungs-Met;t lM/ einschliessl, erkli irt werden. 
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