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SUMMARY 

I. Prepara t ions  of acon i ta te  hydra t a se  (ci t ra te  (isocitrate) hydro- lyase,  E(" 
4.2.I.3) from pig heart ,  tmrified to the first e thanol  s tage have been s tudied,  and 
evidence suppor t ing  the existence of two eentres has been confirmed ; wide var ia t ions  
in the ra t io  of the isoci t ra te  hydro- lyase  to tha t  of the c i t ra te  hydro- l  vase have been 
flmnd. Addi t ive  effects occur on the enzymat ic  act ion when one of these subs t ra tes  
is added  to the other ,  both addi t ions  being at  Vmax. F luoroc i t ra te  never inhibi ts  these 
mixed enzymes complete ly .  

2. Our crude p repara t ions  are re la t ive ly  s table  at  I9:~; their  a c t i v i t y  is not 
usual ly  increased by addi t ion  of ferrous salts  with or wi thout  cvsteine. There is no 
inhibi t ion by  adding  Fe '~" plus oxaloace ta te .  

3. A t t e m p t s  have been made to f rac t ionate  our basic p repara t ion  with electro- 
phoresis on s ta rch  gel, po lyacry lamide  gel, and the l a t t e r  plus amphol ine  pH 7-0. 
Wi th  s tarch gel 15 prote ins  separa ted  towards  anode, 5 towards  cathode,  3 gave 
ac t i v i t y  fi)r isoci t ra te  hydro- lyase  and 2 fi)r c i t ra te  hvdro-lwtse.  Using amphol ine  and 
l~olyacrylamide, gel, approx.  19 prote in  bands  were seen; q bands  s ta ined  fl)r i soci t ra te  
hydro- lyase  ac t iv i ty ,  and 6 fiw c i t ra te  using sucrose gradient  (ampholme) there was 
wide separa t ion ;  some fract ions separa ted  at the am~de and cathode,  respect ively.  
The behaviour  of  these fract ions was variable.  Some gave both hvdro- lvase  ac t iv i t ies :  
in others  one or the o ther  p redomina ted .  Some were inhibi ted by  t luoroci t rate ,  and 
others  were compara t ive ly  insensi t ive to this. 

4- Ac t iva t ion  of  the crude enzymes has been seen with various purines and with 
th iamine,  and inhibi t ion with tannic  acid. The hypothesis  is advanced  tha t  the act i-  
va t ion is re la ted  to some confl~rmational change in the act ive centres.  

Abbreviation : TI"M I"1), N.N,.V',N'-tetramethylethylamine diamine. 

Him'him. Bi,,phys..4eta, z2o (197o) 569 579 
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INTRODUCTION 

In this comnlunicat ion SOllle ileW facts are recorded about  aconitate  hvdratase 
(citrate (isocitrate) hydro-lyase, EC 4.2.I.3) found while te,~ting for tluorocitrate. Tim 
enzyme preparat ion used from pig heart was purified to the first ethanol stage in the 
method of/~IORRISON 1 as used bv PETER,q'~; this stage does not require act ivat ion.  \Vc 
have found more facts to support  our vie.w a that  tim enzvmc is a complex with two 
active centres, citrate hvdro-hase  and isocitrate hydro-lyase, which can age at different 
rates. Hence we have reverted to ectrlier x'iews4. ̀~. ( ;U. , \RRII - I<A-I{ t ) Ia ;YI . I ,2V. \  : \ N i l  ]{ l ' l , l . ' : \  ~ 

have found recently that  in t ramitochondria l  and extramitochondrial  aconi tate  
hvdratase are nt~t the same enzyme;  the lat ter  is nmch less inhibi ted z~ ,'itro by thmro- 
citrate. IJz ~'iro the citrate hvdro-lvase is specifically poisoned by the monofluoro 
compounds.  These facts indicate that  there may be at least 4 enz\ 'mat ic  centres con- 
cerned in aconitate  h \d ra t a se  activity,  viz. a citrate hydro-lyasv, an is, witrate hx'dro- 
lyase, specitic fi~r both mitochondria and cytol)lasm. At this stage we cannot  exclude 
on logical grounds that  there may be int)re; and lle\V facts ,~btained by oursclx'e> 
rec~wded in this conmmnic;.ttion its well its by t{()l..x .\Nil ( ; t ) ( I I ) M A N  7 support this. 
()ther facts difficult to reconcile with current  view> ~ are that P.-XI.51ER 'a imrified an 
aomi t a t e  hvdratase from plants which appeared to contain no essential Fe"' ,  and 
again that  sx'nthetic ttuortwitrate was Ioo'.'o less inhibil ,wv to the aconitase in single- 
cell cultures of sycamore than to a heart preparation ~°. 

This communica t ion  also describes some instances of act ivat i ,m and inhibit ion,  
not previously described'a,l L as well as an unsuccessful a t t empt  to confirm with our 
preparati~ms an inhibi t ion with oxaloacetate and I:e"- t'ouncl bv BI~:ITrIN va. 

.M ETH()I)S 

(;hemicals 

We are grate.ful to l)r.  V i c k e r v  fl~r tile sitmple of p, mtssium Ds( : )-isocitrate used. 
('affeine was AnalaR. Theophylline aild theobromine were British Pharmacop,teia, 
adenosine, Roche; AI)P and A'I'P (sodium salts) from Sigma. Thiamine {synthetic) 
was presented by the Ministry of Food. Thanks are due to Mr. Brown for sodium 
tluoiocitrate (synthetic). ()ther chemical substances were AnalaR. 

E1zqvmatic tests 
Observations were made with tile Beckman D.K. spectrophotonleter,  of the 

fornmtion of cis-aconitate,  (double bond at 24o mt~ ). Concentrat ions and condit ions 
are given in the legends to the tables;  these follow those used earlier", except tha t  the 
temperature  was 3o: instead of 22 .  Amounts  of the ~ubstrates giving ~'max were enl- 
ploycd; an increase of 2o'!i, ill tile concentrat ion of substrate  gaw~ no increase in the 
initial velocity. When the inhibi tory  power of a fluorocitrate pre.paration was tested, 
it was incubated with the enzyme for Io inin before the addit ion of the substrate.  
"l'his produced larger inhibit i ,ms than the method described earlier". 

There is evidence now that  fluorocitrate may inhibi t  reversibly as well as 
irreversibly ",la. In this c, mnection it is noticeable that  the initial rate ( / f o r ma t i on  of  
the double bond after incubat ion of the enzxmes with flu~rocitrate is slower fiw o. 5 - I 
rain, than the later activity.  This can be interpreted as the reversible reaction. 

Hwchim. lcwphys. .qcta, , , o  (197o) 569-57 ° 
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Isoelectric focussing in gels 
The method used of setting up the tubes was as follows (Personal communicat ion 

from Dr. A. J. BARRETT): Stock solutions: (i) Acrylamide stock. Acrylamide (recrystal- 
lized) 28.o g, bis-(N,N-methylene bisacrylamide) o.7o g. Water  to lOO ml. (ii) Catalyst 
stock. Riboflavin 7.o mg; T E M E D  (N,N,N' ,N ' - te t ramethyle thylanf ine  diamine) o.7o 
ml. Water  to ~oo ml (in a brown bottle). (iii) Acrylamide stock 3.2 nil, catalyst  stock 
o. 9 ml, ampholine (400o) o. 4 ml. 

Make up freshly in a brown bottle, when required, l)egass the gel stock before 
use in a desiccator connected to a filter pump, and also degass the samples made up 
to 1 ml each. Each sample should contain 5 ° 3oo/~g protein. 

Mix o. 5 ml gel stock with each sample, transfer to the running tubes ((~.5 cm × 
o. 5 cm internal diameter). Polymerize gels in the cold, by exposure to fluorescent tube, 
after layering with water. 

The electrode runs are set up so that  the top ( _ )  has o.2'};, H~PO 4 and the 
bot tom (--) 2.0°.0 TEMED.  

The gels are run overnight with a potential of 75 V, and then stained ftw protein 
or enzyme activity. 

l:or proteins, fix after the run in 5~, trichloroacetic acid for 1 h; stain with 
coomassie brilliant blue. 

For detection of enzyme activity, transfer the gels to small test tubes containing 
the following: phosphate buffer (pH 8.o) containing o.o5°0 MgCl.,, 2o.o ml; 3 mg 
NADP~ in o.3 ml water;  IOO/~g isocitrate dehydrogenase (Boehringer) in o.1 ml; 
o.25 ml nitroso blue tetrazolium (2 mg/ml) and o.o25 ml phenazine metllosulphate 
i o  / /o. I mg sodium cis-aconitate (o.I ml) or lO mg sodium citrate (o.1 ml). Total volume 
is 2o.8 ml. Of this 5 ml is used per gel with or without lOO/~g sodium ttuorocitrate. 

The technique used for isoelectric focussing in bulk is given below. 

RESULTS 

En<vme experiments 
The crude preparations after purification to the first ethanol stagO, were stored 

after division into test tubes at -19 °, some with water and some with citrate (o.oo 4 
.'M); the latter were more stable, up to IO months ;  and the isocitrate hydro-lyase 
act ivi ty was more stable than the citrate. (l:or examination by electrophoresis, see 
below.) 

Dual character of the aconilate hydratase complex 
Further  support  was obtained for the presence of two enzymatic  centres. When 

citrate at Vmax was added to isocitrate acting upon the enzyme preparation also at 
Vm~x, there was an increased rate of enzymatic  activity,  and vice versa (Fig. i). When 
the two substrates were added together both at a concentration giving Vmax, there 
was an increased formation of  double bond. 

In one case, some of our usual preparation was taken to a further stage ~ ; after 
dialysis, citrate hydro-lyase activi ty had disappeared. Usually the citrate hydro-lyase 
act ivi ty was less than the isocitrate hydro-lyase after storage. However, we once 
found a preparation giving a greater citrate hydro-lyase activi ty in a further precipitate 
coming down on cold storage from the first ethanol stage. 

Biochim. Biophys..4cta, 220 (i97 o) 569-579 
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l"i~. I .  ( ) b s c r v a t i u n s  w e n :  n l a d c  on  ;l l ~ c c k n l a n  1). l'(. s p e c t r o p h o t o n l c t c r  a t  2.1o 1]1//. "l"hu c u v c t t c s  
c o n t a i n e d  in a t o t a l  v o l u m e  o f  z .o  m l :  o . o  5 M "l"ris 1 m i l e r  ( p l l  7- I )  : o . o i  m l  e n z y m e  (r r o / ~  p r o t e i n ) :  
c i t h c r  o . o  5 1111 3 o / / M  po ta s s i l l l l l  l)s( : ) - i s o c i t r a t e  o r  o . o  5 III1 ()oo l tM sodiUlll c i t r a t e  w a s  a d d e d  
to  s / a r t  t h e  r e a c t i o n  a f t e r  e q u i l i b r a t i o n  for  It) mi l l  a t  3 ° . : \ d d i t i o n s  o f  t h e  ColnpOlll|dS nl t . l l t io l Icd  
\ \ ' c rc  l l la t le  ill vohll l lCS o f  o .o  I o. I n'lI, b e f o r e  t h e  i l lc l . l [ )at ion,  w h i c h  w e r e  i n c u b a t e d  ill t h e  c u v c t t c  
du r ing ,  t h e  l o - m i n  p e r i o d .  A f t e r  t h i s  t h e  T r i s  b u f f e r  w a s  a d d e d ,  f o l l o w e d  b v  t h e  s u b s t r a t c .  " l 'hc 
c i l z y n l e  w a s  p t , r i f i cd  a s  f a r  a s  t h e  f i r s t  e t h a n o l  s t a g e  o f  t h e  m e t h o d  o f  *It)RRISt>X ~ a s  d e s c r i b e d  
l)\ '  Pt".I'ERSe; t h e  I:c ~" p/us c v s t c i n c  act ix 'a t i~) i i  is i lo t  n e c , , s s a r v .  

Iro~z acli'ralfoJz 
In the past, the presence of l:e ~' has been found to be specifically connected 

with pig heart aconitase ~4.r-'. In i6 experiments  we have examined the effects of 
l:e'-' + and l 'e a on our enzymes at the first ethanol stage with vir tual ly negative results. 
()nlv in one instance was an increase of 28% observed with ferrous amm, miunt sulphute 
and cysteine. In this case, we kept the nucleus and cell debris in the deep free.ze for 
i i davs previous to extraction,  as recommended t>v D I C K M A N  A N D  ~ P E Y I . ; R  15 f o r  

l iberat ing mitochondrial  aconitase. This observation suggests that  we may have 
mainly  the extramitochondrial  aconitate hydratase (}f GUARRIF.RA-I~,oBYI.I.:VA ANI) 
|'1 I" F FA 6. 

l:oll,;wing BRIT'rVN ~2, we have tried to lind an inhibi tory efl\~ct of l:e 2~ plus 
oxah)acetate, without  success. I)r. J. S. BRITTI-.N (personal communicat ion)  has tuld 
us that  he has fi,und no evidence fi~r an inhibi t ion by oxalomalate 16. Furthermore we 

Hw~h~m. Iliolsh.vs..4~ta. 2- 'o ( IO7 o) 560  .-57 <) 
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could not find oxaloacetate present in our enzymes by  enzymat ic  tests for this. 
There is no doubt  that  care must  be used in interpreting small effects of 1;e ~ 

at 24o m/~, because we found that  when l:e 2~ and citrate are added together there is 
a very rapid absorption, which is due to the formation of ferrous citrate. Curiously 
this does n()t happen in the presence of the. enzyme preparation. 

Another  difference between our enzymes and those of others is in the reaction 
tq) phosl)hate. When this is introduced into our crude enzymes before the addit ion of 
substrate,  there is no evidence of inhibition, even when working with enzymes stored 
in water. Phenanthrol ine H also has no action in a period of Io rain. I f  this had b('en 
rem¢wing an essential Fe "~ , we  should have expected a quicker action. 

Except in the one instance (above) we were unable to get lre 2~ activation, until 
we tried this on some of our fractions from the LI (B  amplMine focussing (see below). 

Elcctrophordic scparatio~z on gels 

This was a t t empted  in the hope of finding enzymat ic  centres specially sensitive 
to fluorocitrate. Our crude preparations were subiected to electrophoresis on starch 
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Fig. 2. Separat ion of  proteins, isocitrate hydro- lyase and ci t rate  hydro- lyasc from crude eiIzymc 
(pig heart), using starch gel eh~ctmph()rcsis, I,"~. 5 h :.It 4 ' a n d  300 V. 

gel, l~olyaerylamide gel at pH 8.0, and polyacrylamide gel containing LKI3 amt)holine 
p l I  7-9 . .~ lany protein bands were fi)und, up to I9, staining with amido black (,r 
coomassie brilliant blue. Several bands of enzyme act ivi ty  appeared. With starch 
gel (l'ig. 2) 5 proteins went towards the anode and 3 towards the cathode. When 
enzymatic  act ivi ty was measured using additions of isocitrate dehydrogenase,  N,,\DP + 
and tetrazolium, the further addition ofcis-aconitate is a test for isocitrate hydro-lyase 
activity,  and of citrate fi)r citrate hvdro-lvase activity.  Fig. 3 shows an experiment 
with alnpholine and acrylamide. It is interesting that  much enzymatic  act ivi ty was 
present in the anodic region as well as in that  of the cathode, even though the pH's  
were somewhat  extreme (pit 3 and pH > c~). It was t)ossible to detect 9 areas of 
act ivi ty  for isocitrate hydro-lyase and 6 areas fl)r citrate hydro-lyase;  in the presence 
of  fluorocitrate, those in the intermediate pH range were much diminished or eli- 
minated with isocitrate; with citrate there was also much diminution in the cathode 
region. 

B h ,dmn .  Biophys. .4cta, 22o (lt;7o) 569-57(~ 
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Fig. 3. Ampholine focussing, pH 7 9, of crude enzymes using polyacrylamide gel. 17 h at 4 , 75 V. 
13ands of isocitrate hvdro-lvasc and citrate hydro-lyase were stained for enzyme activity (sec 
text).  I and 2, isocitrate hy(lro-lyase; 3 aild 4, citrate hydro-lyase;  _, alld 4. tlmwocitrate present.  

Attempted fractionation with isoelectric focussi~lg, usi~g LKB ampholim' 
Before leaving the problenl,  3 exper iments  were perfornwd on the larger scale 

with the  L K B  amphol ine  technique using their  i m-ni l  glass e lec t rophoret ie  a ppa ra tu s ;  
of these the first exper iment  was discarded.  The grad ien t  was set up with amphol ine  
(pH 7-9) and sucrose gradient ,  as recommended  in the manufac turers  instruct ions.  
The running  t ime varied,  a lways at 4" or less. 2-ml (F.xpt. 2) or 1.25-ml (Expt .  3) 
samples  were wi thdrawn s ta r t ing  from the anodic end, so tha t  55 samples  were ob ta ined  
from Expt .  2, and 8o from F-xpt. 3. Each sample  was kept  r igorously cold (on ice), 
as it  came from the column. It was evident  tha t  most of the  eoloured mate r ia l  t ravel led  
to the anode;  even at 4 ~ . r  less, red is t r ibu t ion  of the bands  occurred rap id ly  af ter  
d iscont inuing the current ,  i.e. within 2 h. As soon as possible, assays for ' aconi tase '  
a c t i v i t y  were made ;  the effect of f luoroci t ra te  was tes ted,  as also tha t  of ac t iva t ion  
with Fe a- and cysteine.  The Fe"" ac t iva t ion  succeeded in Exp t .  2 in sew'ral  f ract ions;  
lint it did not succeed in Exp t .  3. Any  l:e 2 ~- ac t iva t ion ,  however,  did not last even for 
2 4 h at  - - I9~ ;  the ac t iva t ed  prepara t ions  became comple te ly  inactive.  

We could not find a sui table  method  of removing the amphol ine  and sucrose 
sufficiently quickly.  Owing to the ins tabi l i ty ,  we were forced to abandon  the a t t e m p t  
to isolate possible isoenzymes, especial ly because we could find no sa t i s fac tory  sta- 
bi l izing agent .  ( 'ys tvine alone had no effect and d i th io thre i to l  with or wi thout  lee .,. 
was ineffective. As our observat ions  had to be made in presence of the focussing 
compounds,  controls  were necessary to de te rmine  the effects of amphol ine  with or 
wi thout  sucrose on the enzyme act iv i ty .  Amphol ine  alone had v i r tua l ly  no effect; 
amphol ine  + sucrose (5o%) produced a 34 and a 37% decrease, respect ively,  in the 
measurement  of isoci t ra te  and c i t ra te  hydro- lyase  ac t iv i t y ;  and the same agents  
caused a 4o°,, loss of ac t iv i ty  after  s tanding  overnight  at - I()':. in spi te  of these dif- 

l~wchim.  11wphys.  .4 eta, 220 ( 197 o) 509-379 
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S O M E  RF.SI. 'LTS OF A M P I I O L I N E  F O C I ' S S I N ( ; ,  S E I . E C ' I ' E D  FR(}M 2 F 2 X P E R I M E N T S  

T h e  r e s u l t s  a r e  e x p r e s s e d  a s  spec i f i c  a c t i v i t y ,  u n i t s / r a g  p r o t e i n .  I ' r o t e i n  e s t i m a t e d  b v  l i g h t  a b -  
sorp t i (}n  a t  280  lllll . ( )ne  u l l i t  o f  e t l z y m e  a c t i v i t y  is t h e  anl l} t ln t  o f  e n z v n l e  f o r m i n g  I p m o l e  cis- 
a c { m i t a t e  in 3 ra in  a t  3 0 2  I n i t i a l  spec i f ic  a c t i v i t y  in c r u d e  e n z y m e s :  i s o c i t r a t e  h y d r o - l y a s e ,  7; 
c i t r a t e  h y d r o - l y a s e ,  "t. 

Expt. Namph" tlydro-lyas~: 

2 9 
IO 

T(] 

It% 

2 {} 

2 2  

25 
29 
3 ° 

l(} 

13 
I4 
- - 1 3  

45 
46  
75 
8o 

After /-'i 12' l:luorocdratc'* 

lsocilratc Citrate lsoc~tratr Citrate" lsocitrate Citrate 
hyd},,-lyase kydro-lyasc hydr,>lyasc hydro-lyase 

IO 2 1 9  O 

7 ° 35 r3o  7(} 
0 O O 0 

7 7 o 4 
O 4 6 i ~, 
o 5 2 I  21 

5 5 21 5 ° 
I 5 2 ( )  2 5  

O 4 I O0 I ()(} 

I 0 . 2  0 .  7 O - -  

1 ' 5  3 " 5  O 2.(} 1 .3  

O. 7 I.  I 0. 7 i .  i O.{} 

0 .47  0. 4 0. 3 o. 3 o 
0 .45  o. 13 0.3 o o 
0 .36  0 .30  o. t o o 
o. 5 o. 5 o"  o"  o 
0.2.5 0 .27  O" {}" 0 

. . . . . . . . . . . . . . . . . . . . .  

" A d e c r e a s e  ii1 a b s o r p t i o n  w a s  a c t u a l l y  seen .  
"" B e f o r e  I " e - ° * - a t t e m p t e d  a c t i v a t i o n .  

ficulties, some observat ions  were made ;  a selection of  these showing especial points  
are recorded in Table  I. Ins tances  are given where fract ions showed different ac t iv i t ies  
with c i t ra te  and isoci trate ,  of  effects of  Fe" ÷ plus evsteine ac t iva t ion  and of the act ion 
of f luorocitrate.  

Exp t .  2 was run with amphol ine  p l I  7 -9 for 1.5 h at  40o V and 22 h at iooo  V. 
A coarse separa t ion  was made by removing 5 × 35 -ml fract ions of  which fract ions 
2 and 3 (i.e. 5o nil) were run a g a i n - - a  new dens i ty  gradient  with no ex t r a  amphol ine  
a d d e d - - f o r  2 L5 h at Iooo V; 2-ml samples  were collected. 

Exp t .  3 was run with anlphol ine  p i t  7-9 for ~.5 h at  4oo V and 3o h at iooo V 
at  4 % L25-ml fract ions (8o) were then wi thdrawn and kept  on ice unti l  tes ted.  The 
a t t e m p t e d  ac t iva t ion  with Fe. z" plus cysteine was 24 h af ter  removal  from the column. 
There  was l i t t le  Fe 2" ac t iva t ion  m Expt .  3. 

Facls observed in Expts. 2 and 3 
(a) Cases slw'wing different activilies for isocitratc lo'dro-@ase and citrate lo,dro- 

lyase. Isoc i t ra te  hydro- lyase  > c i t ra te  h y d r , - l y a s e :  Expt .  2, samples  0, IO; Expt .  3, 
samples  Io, 45. Ci t ra te  hydro- lyasc  ~ ~. isoei t ra te  hwtro- lvase :  Exp t .  2, samples  22, 29, 
3o; Exp t .  3, samples  ~3, r4. Fe" '  ac t iva t ion :  (I) i soci t ra te  hydro- lyase  ::, c i t ra te  
hydrolyase  : Exp t .  2, samples  9, io  ; F x p t .  3, sample  IO. (2) Ci t ra te  hydro- lyase  > iso- 
c i t ra te  hydro- lyase :  Expt .  2, samples 16, I8, 2o, 25; Exp t .  3, sanlple  13. 

(b) Cases showing the same activities for isocitrate hydro-lyase and citrate hydro- 

Biochtm. lliopkys. Acta, " 2 o  ( I97  o) 5 6 9 - 5 7 9  
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lease. Expt .  2, samples It), 18, 25; Exp t .  3, samples  22;'221, 46, 75, 8o. Af te r  l :e  "~" 

ac t iva t ion :  F.xpt. 2, samples 22, 2% 3o; Expt .  3, sample  22/'23. 
(c) ('ascs cxplorat wzth fluovocitrate, isocilrah" hvdro-h'asc. Expt .  3, salnph!>, i4, 

22.23, 45, 46, 75, (St), comph~tely inhibited. .~,alnple I3, only s l ight ly  inhibi ted.  
l ~ztcrprctatio~zs 
(b) Resul ts  as they  s tand supp()rt the idea that  there is (me ('entre t()r is()citrate 

hvdr,)-lvase and c i t ra te  hydro- lyase,  which is h i l l \  a ( ' t iva ted  I)v Fe 2 . ()n the other  
hand, a tit)set s( ' rutinv sh()ws tha t  in samples 22, 2() itlld 30 there were (,riKinally differ- 
ent act ivi t ies .  

I n (a'), t here are se\'eral examples  given ()f discrepancies in the act ivit ies ()f t lit' 
tw() centres.  

In (c), suggestion ()f samples resp()nding d i f f e r en th  t() flu()r()citrate are gi\-(,n. 
It can be concluded that  Fe"" activati()n is necessary;  but  that  too hmg an 

t'Xp()SUl'e t() the. amph()line changes the act ive cvntres, s¢) tha t  t i le r  cannot  be rea( ' t i-  
r a t ed .  In l-xt>t. 2 Fe"" m'tivati()n succeeded for a sh()rt t ime. In fact, sanll)le I o sh()wed 
a specific ac t iv i ty  Inu ( ' h  lll()lt, act ive than  the purest  fraction described by MORRI.~O:'i' ; 
and this did m,t allow for the depression caused by the presence of the focussing agents.  
In Expt.  3, the l)r()h)nged alnph()line treatment gave a preparation, whi('h was n()t 
ac t iva ted  bv l"e :~ />/us ('vsteille. 

The fact tha t  Expt .  2 needed Fe ',) plus cvsteine for ac t iva t ion  is ((rest>tent with 
the I .KI / s t a t ement  that  aml )h . lme  rem()ves metals ,  if we Sul>p()rt the (-lassi('al view 
tha t  Ve x` is part  ()f the aictive enzyme. E v e n  SO, m ' t iv i tv  was f()und ill SoDle s~tnlt)les 
,tfter aniphol ine t rea tment .  ('~)gent as the evidence ix for the necessi ty of l:e a , it is 
still  indirect  evidence and tlierefiwe the possibilit.v still  exists  tha t  the l"v 2 is needed 
l()r some bl)ecial ae t i \ a t i (m  ,)ta sulphur group, and is not cictually part (if the ellZylIlt!S. 

()ur expcrinients with anll)h()line fl)cussiilg sh()w mcinv instances ()f discrepan(.v 
I)etwee.n citrate and is()citrate hvdro-l\'clse activi ty, and therefl)rc reinf()rce the 
suggestion that there arc two ellZVlll,,:s. Where the scunples showed equal hvdrt)-hctse 
act iv i ty ,  it has still t() be decided whether  this  ix the result ()t c()lll])lex forll/atioll ~)f 
I.\V() ellZylllUS, ()1- is a s e p a r a t e  ( 'nZVlllt '  w i t h  t w o  act ivi t ies .  

.lctivators and inhibitors 
l )ur ing tile course of tests  flw tilt ' presence of f luorocitratc in varimls animal  ;.tlld 

p lant  ex t rac t s  wc have found some instances of apparen t  ac t iva t ion  and inhibi t ion 
m)t previously described.  Following on the repor t  by Hst '  AND MII.I.ER t7, t ha t  fluur,,- 
ace ta te  and f luoroci trate  could be de tec ted  in cer tain fiw:.tge p lants  expose.d to flu,,ridc 
fumes, and 1)v ,mr knowledge tha t  \VARI) ANI) HI_'SKISS()N Ig had flmnd the ii)rnmtion 
of f luoroei t rate  in let tuces t rea ted  with f luoroacetate,  we examined ex t rac t s  t,f tea 
for t luorocitrate ,  I)ecau~e of its well-known content  of fluoride. During this work we 
I)ct ' l i l l le  a w a r e  that  our ex l rac t s  of tea contained something which increased the :w- 
I iv i tv  of the enzvme~. In searching fl)r a possibh~ compound,  we found tha t  >m<tll 
.:tlnounls o1 caffeine c, mld haw~ an ac t iva t ing  effect, and ex tended  our observat ions  
to some other  purine and pyr imidine  compounds.  \Ve were surprised by these activatin{4 
effc('ts, as I I years  ago in a series of experiments  (unpublished) with various compounds  
the (rely compounds  inducing ac t iva t ion  were certain malonates  at high concentra t ion.  
Fur ther ,  n o  ac t iva t ing  sul)stanees were ment ioned b \  DICKMAN 11. 

k'xamph..s ()f ()ur results  fl)r ac t iva t ion  b\" cafleine and th iamine  art' givell ill 
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"I'A B I . E  11 

A C T I V A T O R S  A N D  I N H I B I T O R S  O F  A C O N I T A T E  I I Y D R A T A S E  

Values  g i v e n  -: i nc r ea se  or d e c r e a s e  in % o f  r a t e  w i t h o u t  a d d i t i o n ,  t , ' x p c r i m c n t s  (a) on one  line 
w e r e  p e r f o r m e d  wi th  s a m e  e n z y m e  p r e p a r a t i o n  arid (b} w i th  t h e  s a m e  in each  e x p e r i i n e n t .  

A c t i v a t i o n .  (a) I n s t a n c e s  of  a c t i v a t i o l l  b y  ca lh , ine  a n d  t h i a m i n e .  Sivnihtr r e su l t s  w e r e  o b t a i n e d  
w i t h  t h c . p h y l l i n e ,  adenos ine ,  . k l ) I '  a n d  .VI'I ' .  

1Lvpt. .-tdd~tiou Conch.  ° o Change suhstratc 
(t~ .11 ) . . . . .  

Fluoroc l t rah '  
( 6 9 . 9  l t . l l )  

lsoci lrah'  Citrate lsocitrah" (Titrale 

t Ca t fe ine  51.4 " 297" <~7 33 - 37 

I ' 9 . 7  3 '  
2 " [ ' h i a n a i n t ,  74.1 :- 4 o o ' "  " - 2 2 0  • 5 N --- 

7 4 . r  82 

A c t i v a t i o n .  (b) I n s t a n c e s  of  a c t i v a t i o n  b y  one  c o m p o u n d  only .  

1-xpt.  A d d i t i o n  Conch.  ° o Change 
(1~.11 ) 

lsocitrah" Cztrah" 

3 ( ' a t t e i ne  26. 5 : 5 (~ 
Thiamine I4.8 -{-02 37 

4 Caffe ine  -6.  5 -t- I z 
Th iana inc  29.0 -i- 3 s 

5 Caffe ine  12,% 5 2.5 -- -1.7 
T h i a m i n e  7-I.1 t 55 ' 44 

I n h i b i t i o n  or  im c l tec t .  

.'tdd~ti,m ('orion. ° o C h a n g e " "  
]socttrah' 

T a n n i c  ac id  lo  Bg /2 .o  ml  6r.. t 
( ;a l l ic  ac id  5 ° Bg /e .o  ml 7-t.5 
l<inet in too/tg.,"- ' .o ml  1oo.o 
( 'u  -~' -' t t g / 2 . o  ml 5I.O 
.Moa ~ 2 t tg /2 .o  ml [ 1 6 . 0  
Sodiun l  o x a l o a c c t a t e  3 ° t l g / z .o  rnl Ioo .o  

" T h e  t igure  g i v e n  for  caf fe ine  a n d  i soc i t r a t c  was  t h e  h i g h e s t  seen.  An inc rea se  of  a p p r o x -  
i m a t e l y  .io'),, w as  t he  usual  a m o u n t  o b s e r v e d .  

"" T h e  h i g h e s t  f igure  for  t h i a m i n e  is q u o t e d ;  • 3 o - 4 o %  is m o r e  usual .  
" ' "  No c h a n g e  - ioo.o0~). 

Tabh.' II (a) and  for some inhibitors in "fable I I (b). In additi lm to these, act ivat ions 
have been seen with theophylline, theobromine,  adenosine, ADP and ATP. Tannic  
acid was a powerful inhibi tor  and gallic acid a w e a k e r  o n e .  

The act ivat ion has been variable and was in  some cases substant ial .  There. were 
also instances in which it occurred with one compound and not the other, and in one 
ins tance it happened with one enzyme and not with the other. In several cases, the 
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ac t iva t ion  of the  two enzvinat ic  centres did not run parallel .  Some prepara t ions  af te r  
s torage in the deep freeze lo~t the p roper ty  of po ten t ia t ion .  

It is impor t an t  to bc certain tha t  the ac t iva t ion  is a genuine effect upon the 
ac t ive  centre. In this connection,  we proved tha t  it is m,t due to an in teract ion with 
the 'Tr is '  buffer as it occurs when the lmffcr is ph()sphate. It does n,)t happen if the 
enzyme has been previously inac t iva ted  t)\" boiling. The raft \  c()mpound sl>xving 
some small efl\ 'cts in absence of the enzxme was theobromine.  When  the aconi ta t¢  
hx'dratase ac t iv i ty  is blocked b \  t luoroci t ra tc  the ex t ra  ac t iv i ty  is also inhibi ted.  

I)ETERS 2 has shown tha t  addi t ions  ()f .Na('l or of N(?I produce .~ul>tantial m'ti- 
r a t ions ,  a fact confirmed by THOMSON t'l al .  l'a. The E( ' l  effect in these expvrimvnts  
was cut short  at  I2.I  M; but  since the publ icat ion,  this inhibit i ,m has been slmwn t,) 
be due to ;m imtmri ty  in the specimen of K('I used. This salt effect must  l 'e considered 
in exper iments  with ac(mitate  hydra ta se ;  in our exper iments  the addit i( ,n ()1 s;~lt- 
with the ac t iva tors  was small  enough to exclude its effect. The fact tha t  ei ther citrat(, 
or isoci t ra te  is necessary fl)r the ac t iva t ion  e x c l u d e s  t]le act i, m of a n \  inalatv dcl~xdw,- 
genase present,  and any isoci t ra te  dehydrogenase  is inact ive  in the absence - f  N A I ) P '  
or NAI)  +. Hence we can  c, m c l u d c  tha t  the p( , tent ia t ion is a gcnu i lm  eft'cot on the 
enzymat i c  centres of acon i ta te  hydra tase .  This is also c,msistent with the inlfibition 
of the po ten t ia t ion  by f luorocitrate.  

There is another  possibi l i ty,  viz. tha t  the apparen t  ac t iva t ion  is due t() the re- 
moval  of an inhibi tor ,  which would be consis tent  with the fact tha t  small  c,,ncen- 
t ra t ions  were often active.  The inhibi t ion induced b \  ( 'u '') (ref. co) was confirnwd: 
it could not be removed with caffeine or adenosine. 

The (rely workable  hyl)othcsis left appears  t() be tha t  the po ten t i a t ing  eftcot is 
due to the induct ion of some confornmtional  change in the protein centre inv()lved. 
Wi th  th iamine,  it (t()es not seem t() 1)e due to the kind of th iamine effect, described I)v 
('()OPER ANI) ['I'AKAWA :~l in nerve, its it is not inhibi ted by t)yri thiamine.  It apl)rars  
to be associated with the presence of a pyr imidine  ring. We cl~) not kn(,w whether  thrsc 
ac t iva t ing  effects occur i~t rive; but  in so far ;ts they  induce large increases of a c t i v i t \  
u p o n  occas ion ,  the\" show that  thv enzvnles concerned are capable  ,d  nluch greater  
ac t iv i ty  than is n o r m a l l \  (d)serxe(l. 

I)ISCUS, SION 

The facts repor ted  by us show tha t  the problem of aconi ta te  hvdra tase  is more 
complex than has been believed hi ther to ,  and make clear tha t  much more work will 
be needed to solve all the facets raised. Progress in unders tand ing  the true na ture  
of the various prote ins  with enzvinat ic  ac t iv i ty  reveah 'd  by  e lec t rophoret ic  naeth()ds 
will (tepend upon the discovery of methods  of s tabi l izing the enzymes concerned. 
Whichever  way we look at the problem in the light of our facts, we are fl)rced to 
conclude tha t  there  exist  several  different types  of enzymes in  a prepara t ion  from pig 
heart .  We have fimnd separa te  ac t iv i t ies  for isoci t ra te  and c i t ra te  hydro-lyases ,  its 
well as proteins  with enzymat ic  centres which can be ac t iva t ed  by  Fe 2+ plus cvsteine, 
and which behave with equal  ac t iv i ty  to exposure to isoci t ra te  and ci t ra te .  Alth(mgh 
some of these behave as one centre af ter  isoelectric focussing, the fact tha t  the un- 
f rac t ionated  p repara t ion  shows marked  increases ripen addi t ion  of e i ther  of the sub- 
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strates at Z'nm x to the other one, suggests that they may actually be a complex of two 
centres. 

So far as the behaviour to fluorocitrate is concerned, some of the fractions sepa- 
rated are much h.'ss sensitive to this. ttence there is evidence of enzymatic ('entres 
both sensitive and rather insensitive to the inhibitor. This is consistent with the 
t)r(,sence ,)f intramitochondrial and extramitochondrial aconitase found by Gt:aR- 
RIERA-BoIa;YI.EVA .ANt) BUFFA ~ to behave differently. It is also consistent with the fact 
that in earlier work P|.:r|:.r~s 2 and in our present work, we ne.ver obtained a complete 
inhibition ()f the cnzvmes by fluorocitrate. 
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