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SUMMARY 

The potassium stimulation of pig heart  propionyl-CoA carboxylase (proplonyl- 
CoA:CO 2 ligase (ADP), EC 6. 4 I 3) has been Investigated The stimulation process 
was instantaneous and under the conditions used, reached a maximum In 2 mln An 
absolute requirement for univalent cations could not be demonstrated. The most  
significant kinetic change induced by  K + was a decrease in the apparent  Km value 
for HCOa- (from 8 o- IO -~ M to 3-0 IO -a M) while the apparent  Km value fol the other 
substrates was unchanged. The change in the binding constant for HCO 3- suggested 
that  K + caused a conformatlonal change on the enzyme, a result which was supported 
by determining the entropy change (47 8 entroplc units) Induced in the protein by this 
univalent cation Further  support for this hypothesis was obtained by demonstrating 
that  both the rate of binding of N-[t4Clethylmalelmlde and loss of enzymic act ivi ty 
caused bv N-ethylmalelmlde increased in the presence of K + 

INTRODUCTION 

Studies by  N E U J A H R  1 and N E U J A H R  AND MISTRY 2 showed that  the act ivi ty of 
pig heart  proplonyl-CoA carboxylase (proplonyl-CoA CO 2 hgase (ADP), EC 6_ 4 1.3) 
was st imulated by monovalent cations Cesium and rubidium were the most efficient 
activators although ammonium and potassium ions were quite effective_ However, 
since other workers have performed their assays in the presence of either sodmm or 
potassium bmarbonate, it has not been possible hitherto to ascertain whether the 
enzyme possesses an absolute requirement for monovalent cations, and hence the true 
extent  of the stimulation process has not been assessed. Furthermore, the locus of the 
K + stimulation has not been determined nor has the mechanism by which the cation 
exerts its effect been studied. 

The nlvestlgation reported in this communication shows tha t  there is not an 
absolute requirement for the alkali metal  In addition to a stimulation in the overall 
reaction velocity, the addition of potassium Ions to the reaction mixture causes a 
change in the apparent  Km value for HCO a- and an entropy change which can only 
be explained by a protein conformation change 
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M E T H O D S  AND M A T E R I A L S  

Pig hear t  proplonyl-CoA carboxylase  was prepared  using modif icat ions of the  
me thod  of TIETZ AND OCHOA 3 The enzyme (specific ac t iv i ty ,  3 2) was d la lysed  in 
o 02 M N-e thylmorphohne-HC1,  p H  7 o, conta ining I - I O  a M EDTA,  5 lO-4 M glu- 
t a th lone  and I - lO -4 M dl th lo thre i to l  The p H  values of all acidic reagents  was ad jus t ed  
with  N-e thy lmorphohne  which had  been purified b y  dist i l l ing under  reduced pressure 
Propionyl -CoA was p repared  by  the method  of SIMON AND SHEMIN 4, t rea ted  chromato-  
graphica l ly  by  the method  of ZETTERSTROM AND L J U N G G R E N  5 and e luted with Io -6 M 
EDTA,  p H  7 6 N-[ l*C]Ethyln ia le lmlde  b icarbona te  was p repared  from Ba14CO3 
bv  dls t l lhng the a4C02 from perchlorlc  acid into an equivalent  amount  ot N-e thy l -  
morphohne  base N - E t h y l m o r p h o h n e  A T P  was p repared  b y  ion exchange chromatog-  
r a p h y  using ZeoKarb  225 (N-ethylmorphohne-form) Potass ium-free  MgC12 was 
p repared  from spectroscopical ly  pure magnes ium meta l  The magnesmm was dissolved 
in freshly disti l led cons tan t  bolhng HC1 then evapora t ed  to dryuess Solutions of the  
magnes ium sal t  were s t andard ized  b y  complexnnetr lc  t i t r a t ion  6 using solochrome 
black  as indicator .  

Enzymic  ac t iv i ty  was measured  using the isotopic assay method  of TIETZ AND 
OCHOA 3_ Each  assay mix tu re  conta ined  (total  volume, o 50 ml) in #moles ,  50, N-e thy l -  
morphohne-HC1,  p H  8 o, 5, N-I i*C]ethy lmalemilde  b ica rbona te  (2 -5  IO 5 counts/ni in  
per/~mole),  I 5, N-e thy lmorphohne  A T P ,  3 o, MgClz, o 5, propionyl-CoA,  o 25, gluta-  
thione. When  K + were added,  4 #moles  of KC1 were used. The react ion mix tures  were 
incuba ted  at  3 °° for IO mln and s topped  b y  the addi t ion  of IO% tr lchloroacet lc  acid. 
Af te r  centrifuging, ahquots  of the  supe ina t an t s  were dr ied on W h a t m a n  3MM paper  
discs 7 and counted  in a P a c k a r d  Tr icarb  Scint i l la t ion Spect rometer .  Each  assav was 
counted  in t r lphca te  

R E S U L T S  

Ix'+ st~mulatzo~z 

A reexamina t ion  of the  K ~ s t imula t ion  repor ted  by  NEUJAHR AND MISTRY 2 was 
accomphshed with the  react ion mix ture  descr ibed in the  METHODS AND MATERIALS 
section Al though every  effort was made  to exclude univa len t  cat ions from the reagents ,  
i t  was not  possible to demons t ra te  an absolute  requi rement  for K ÷ Addi t ion  of K ÷ 
(8 mM) induced a 2 5-fold s t imula t ion ,  fur thermore,  there  was ve ry  h t t l e  difference 
in enzymic  ac t iv i ty  when the anion added  with the  K + was CI-, Br - ,  I - ,  C104-, or 
CH3COO- al though SO42- caused a 50% loss in ac t iv i ty  

T ,  me course of  actzvat, on 
The ac t iva t ion  of some enzymes b y  meta l  ions has been shown to be t ime de- 

pendent  s -n .  Since any pos tu la ted  mechanism of K + s t imula t ion  of propionyl -CoA 
carboxylase  would require a knowledge of the t ime course of the  process, this  aspect  
was inves t iga ted  The enzyme was placed in two separa te  react ion mix tures  conta ining 
high specific ac t iv i ty  H14CO3 , one solut ion conta ining K + and the other  wi thou t  
univa lent  meta l  ions At  I5-sec mtervals ,  ahquots  were removed,  the  enzymic  react ion 
s topped b y  the addi t ion  of the  s t anda rd  al iquot  to measured  volumes ot IO% cold 
aqueous t r lchloroacet ic  acid and the fixed laCO~ de te rmined  

Bzochzm B~ophvs dcla, 159 (1968) 167 175 



ACTIVATION OF P R O P I O N Y L - C o A  CARBOXYLASE BY K + 16 9 

2C 

n 

Time (rnm) 

1 
v -- V o 

-1 0 -2 ~ 2 ~ 4 
1 

ECat ion] xlO- 3 M 

F i g  I T i m e  c o u r s e  of  a c t i v a t i o n  Ti le  v e l o c i t y  of  t h e  p r o p : o n y l - C o A  c a r b o x y l a s e  r e a c t i o n  in  t h e  
p r e s e n c e  ( ~ - - ~ )  of  8- i o  -a M K + a n d  a b s e n c e  of  K + ( [ ~ - - [ ~ )  p l o t t e d  as  a f u n c t i o n  o f  t m l e  Ah-  
q u o t s  of  t h e  a s s a y  m i x t u r e  w e r e  r e m o v e d  a t  i s - s e c  i n t e r v a l s  a n d  t h e  r e a c t i o n  s t o p p e d  w i t h  
o 5 v o l u m e  of  5 % t n c h l o r o a c e t ) c  ac id  

F i g  z D e t e r m i n a t i o n  of  t he  a p p a r e n t  tfm a n d  Vmax v a l u e s  for  v a r i o u s  m o n o v a l e n t  c a t i o n s  
T h e  v e l o c i t y  of  t h e  r e a c t i o n  in  t h e  a b s e n c e  (v0) a n d  p r e s e n c e  (v) o f  t h e  a c t i v a t i n g  c a t i o n s  w a s  

d e t e r m i n e d  T h e  r e c i p r o c a l  I/(v o -- v) w a s  p l o t t e d  a g a i n s t  t h e  r e c i p r o c a l  of  t h e  c a t l o n  concen -  
t r a t i o n  R b  +, ( O - ~ Q ) ,  K +, ( & - - A ) ;  N H a  +, ( [ ] - - [ ~ )  a n d  Cs% (11--11) T h e  r e a c t i o n  m i x t u r e  (final  
v o l u m e  o 5 ml)  c o n t a i n e d  an /~moles N - e t h y l m o r p h o h n e  HC1 buffer ,  p H  8 o, i o o ,  N-EleCT - 
e t h y l m o r p h o l i n e  b i c a r b o n a t e  (2 2 • IO n e o u n t s / m l n  p e r  /zmole),  5,  p r o p m n y l - C o  \ ,  o 5, N - e t h y l -  
m o r p h o h n e  g ] u t a t h l o n e ,  o zS, Mg 2+, 3-o, a n d  N - e t h y l m o r p h o l l n e  A T P  4-, I 5 

Theresul t s  (Fig I) m d i c a t e t h a t  theml t la t lon  of the act lvat lonprocess  proceeded 
wi thout  a lag phase, z e ,  the K + act ivated e n z y m e  reaction rate curve when extra-  
polated back intersected the t ime  scale at zero t ime  Furthermore,  act ivation was 
complete  within 2 rain under the conditions used, and after this t ime the ratio of the 
rates of the s t imulated to unst imulated sys tems  remained constant 

Effect of other monovalent catwns 
In addition to K+, other monova lent  cations were shown to s t imulate  propionyl-  

CoA carboxylase  act iv i ty  2 The kinetic constants  for each of the act ivating cations 
were  determined and from Fig_ 2 it can be seen that, although the apparent Km value  

T A B L E I  

KINETIC CONSTANTS OF ACTIVATING CATIONS 

Metal Apparent Affinity 
Km constant 
( zo-~ M)  

R b +  5 9 1695 
I (  + 6 6 1515 
NH4+ 14 6 685 
Cs + 19 6 5 i o  
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tor each cation was different, the Vm~x was identical. The apparent  Km value and 
affinity c o n s t a n t , ,  e ,  the reciprocal of the apparent  Km value for each of the catmns, 
is summansed  in Table I The order of affimty for the b inding  of the cations was Rb +, 
K +, NH4+ and Cs +. Na + did not  s tmmlate  the enzyme in the experiments where it  

was used 

Effect of K+ on the k,net,c constants of the react,on components 
The addit ion of K + to various enzyme systems has resulted in a n u m b e r  of 

different effects. In  some cases the Vm~x value was changed while m others, the cation 
caused an al terat ion in the apparent  Km value for one or more of the substrates  1~_ 
Therefore, the invest igat ion into the mode of K+ s t imulat ion on proplonyl-CoA 
carboxylase was extended to include the effects of the act ivat ion on the kinetic 

constants  of the substrates 
Double reciprocal plots were obtained using proplonyl-CoA, MgATP 2- and 

HCO2- as the variable substrates in the presence of K+- -F lgs  3, 4 and  5, respectively 
The apparent  K ~  value for propmnyl-CoA--2  7 I° -4  M in the presence of K ÷ and 

, /  
- B  - 4  

i i , i , 

r 6 1 r , 

?v )'v 

1 1 

[ProD,onyl-coal ,,10 .5 M [M  g AT P] " 10 -  ~ M 

F i g  3 D e t e r m m a t l o r t  o f  t h e  a p p a r e n t  K m  a n d  t'm~x f o r  p r o p l o n y l - C o A  in  t h e  p r e s e n c e  a n d  a b s e n c e  
o f  K + T h e  r e c i p r o c a l  o f  t h e  v e l o c i t y  p l o t t e d  as  a f u n c t i o n  o f  t h e  r e c i p r o c a l  o f  t h e  p r o p l o n y l - C o A  
c o n c e n t r a t i o n  in  t h e  a b s e n c e  ( ( 2 ) - - 0 )  a n d  p r e s e n c e  ( O - - Q )  o f  8 i o  s M K + T h e  r e a c t i o n  m i x -  
t u r e  is d e s c r i b e d  in  F i g  I 

F i g  4 D e t e r m i n a t i o n  o f  t h e  a p p a r e n t  Km v a l u e  a n d  vm~x f o r  M g A T P  2- in  t h e  p r e s e n c e  a n d  a b -  
s e n c e  o f  K + C o n d i t i o n s  w e r e  t h e  s a m e  as  t h o s e  d e s c r i b e d  In F i g  3 ( O - - © )  in  t h e  p r e s e n c e  o f  
8 i o  - a M  K + a n d  ( 0  O)  in  t h e  a b s e n c e  o f K  + 

2 - 5  lO -4 M m the absence of K+- -was  similar to the value obtained by  TIETZ AND 
OCHOA 3 using the spectrophotometrlc assay method and of similar magmtude  to 
tha t  obta ined by  H A L E N Z ,  F E N G ,  HEGRE AND LANE la using the enzyme isolated 
from beef hver The same type of result was obtained when MgATP 2- was the variable 
substrate,  z e ,  the apparent  Km value was not  altered although the apparent  7)max 
value almost doubled. I t  should be noted that  the apparent  Km value for MgATP ~- 
was different from tha t  obtained by  TIETZ AND OCHOA s The difference could be due 
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6 i 

~ 4  

0 5 10 
1 

rHcoa ]  xlo-4 fq 

F i g  5 D e t e r m i n a t i o n  of  t h e  a p p a r e n t  A'm v a l u e  and  Vmax for H C O  a-  in  the  presence  and  a b s e n c e  
o f  K + C o n d i t i o n s  were  the  s a m e  as t h o s e  descr ibed  m F i g  3 (am--am) m the  p r e s e n c e  o f  8 Io  -a M 
K +  a n d  ( [ B - - £ ] )  in  t h e  a b s e n c e  o f  K + 

to the fact that these investigators used excess Mg 2+ m the reaction mixture whereas 
m these experiments equlmolar concentrations of Mg ~+ and ATP 4- were used KEECH 
AND BARRITT 14 using sheep kidney pyruvate carboxylase showed that excess Mg ~+ 
resulted m a halving of the apparent Km value for MgATP z- 

In corttrast to the zero effect on the affinities of the other substrates, the presence 
of K+ markedly lowered the apparent Km value for HC03-  The value changed from 
8 O-lO -3 M to 3 o - i o  -3 M. 

0 5  

OC 

0 5  

- lO 

P~ 

o 2 o  

- 2 8  

- 3 £  

-3~  

-34 

3 0  10 312 34 36 
bg [_K*] +4 ~ ,,lo3 /- 

F i g  6 H d l  p l o t s  for K + at  v a r i o u s  t e m p e r a t u r e s .  T e m p e r a t u r e s  used  were  4 °0 ( O - - Q ) ,  35 ° 
( [ Z - - [ ] ) ,  ~o ° (n--am),  25 ° ( O - - O ) ,  and  20 ° ( A - - A ) .  

F ig  7 D e t e r m i n a t i o n  o f  t h e  L / H  o f  the  a c t i v a t i o n  o f  p r o p l o n y l - C o A  c a x b o x y l a s e  b y  K + T h e  
s lope  o f  t h e  l ine w a s  d e t e r m i n e d  b y  the  m e t h o d  o f  l eas t  squares  
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Effect of temperature on the K + st~mulatzon 
A change in Km for HCO 3 of the  magn i tude  descr ibed above has been t aken  to 

indicate  a prote in  conformat ion change For  example ,  COOPER AND BENEDICT 15 using  
yeas t  p y r u v a t e  carboxylase  showed tha t  acetyl-CoA lowered the appa ren t  Km va lue  
for HCO 3- and concluded t ha t  the  a l los tenc modifier  caused a change in the  t e r t i a r y  
s t ruc ture  of the  protein.  However ,  kinet ic  evidence for conformat lonal  changes can 
only be c l rcumstan t ,a l  More def imtlve evidence can be ob ta ined  from thermodynaxmc 
d a t a  and therefore the  en t ropy  change due to the  presence of K + was measured  

Hall plots  for K + over the  t empe ra tu r e  range from 2o ° to 4 °° are presented  in 
F ig  6. Since the  slopes of the  hnes never  exceeded a value of i o, it  was assumed t h a t  
there  was only one binding site for K +_ This conclusion was suppor ted  b y  the fact  t h a t  
when K + was the  var iable  hgand,  the  enzyme exhib i ted  classical Michaehs Menten 
kinetics In  systems exhibi t ing  Mlchaehs-Menten kinetics,  the  appa ren t  Km value is 
equal  to (k 2 + ka)/k a in Eqn I, 

kt l~a 
E ~- A ~- E A  ~ E + p r o d u c t s  (t)  

k: 

However ,  since the  enzyme potass ium complex cannot  b reak  down to enzyme and  
products ,  then k a ~ o, t ha t  is, the  apparen t  Km value  for po tass ium is k2/k~, which 
is also the  dissociat ion cons tan t  for the  enzyme-po t a s s ium complex Therefore,  by  
de te rmining  the appa ren t  Km or K ,  value for K+ at  various tempera tures ,  thermo-  
dynanuc  values  can be de te rmined  

The en t ropy  change (AS) can be de te rnuned  from the equat ion 

AH -- AF  
AS ,2) 

T 

where A H is the  s t anda rd  en tha lpv  change, J F the  free energy change and T is the  
change in absolute  t empera tu re  A H can be eva lua ted  from measurements  of the  
d i s s o c i a t i o n  cons tan t  as a function of the  absolute  t empe ra tu r e  according to Eqn  3 

AH 
In/x"  --  R ~  + c o n s t a n t  13) 

where K is the  apparen t  dissociat ion cons tant  (or appa ren t  K m  value) and R as the  gas 
cons tan t  A plot  of logi0 K as a function of the  reciprocal  of the  absolute  t empe ra tu r e  

T A B L E  I I  

T H E R M O D Y N A M I C  P R O P E R T I E S  OF T H E  IX + A C T I V A T I O N  

_ IH  - IO 070 c a l / m o l e  

Temperature Apparent ~JF 
Km (oil~mole) 
( .xo  ~ 31) 

2o ° I I  5 393 ° 
25 ° 9 2 - - 4 3 0 0  
3 °0 6 6 439 ° 
35 ° 4 9 405 ° 
4 °0 4 5 - - 4 7 8 0  

AS 
(entrop~c 
2~ZZtS) 

47 76 
4 8  2 3  

47 73 
47 78 
47 42 
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(Fig. 7) yielded a straight line with slope, AH/2 3 R, from which A H  was calculated 
to be IO I kcal/mole The change in free energy, d F ,  is derived from the following 
equation : 

AF -- --RT In K (4) 

This value, A F,  together with A H  can be subst i tuted into Eqn.  2 to determine AS 
Table I I  summarlses the data  obtained from a series of experiments. In  part icular  it 
should be noted tha t  the s tandard  ent ropy change, AS, was 47 8 entroplc units per 
mole Since the range of values for most  chemical reactions is in the range + IO to - -3o  
entropic units per mole, the value of 47 8 presented in Table I I  would predict tha t  K + 
caused a significant conformational  change in the enzyme. 

Supporting ewdence for a K ~-,nduced conformat~on change 
Conformatlonal  changes in proteins induced by reaction with small molecules 

can be investigated by  a var ie ty  of techniques However,  physical methods have the 
disadvantage tha t  al though they  m a y  indicate tha t  changes have occurred, these 
changes cannot  necessarily be related to biological activity_ In  the case of proplonyl- 
CoA carboxylase, spectral changes in the ultraviolet region in the presence and absence 
of K+ were not  observed Several explanations to account  for the inability to observe 
a change are possible'  (a) spectral changes can only be expected if the environment  
around aromatm residues is altered, (b) since the molecular weight of the enzyme is so 

18 

*d JG 

14 
2 ~  

2 0  

I 5 1; l;  
Ttme (re,n) l i m e  (mm) 

o 2 

m 

(3 

2 0  

F i g  8 E f f e c t  o f  K + o n  t h e  r a t e  o f  i n l b l t l o n  o f  p r o p l o n y l - C o A  c a r b o x y l a s e  b y  N - e t h y l m a l e l m l d e  
P r o p l o n y l - C o A  e a r b o x y l a s e  (o 2 u n i t )  w a s  i n c u b a t e d  a t  22 ° w i t h  2 - lO .4  M N - e t h y l m a l e i m J d e  i n  
4 IO-2 M T r I s - H C 1  buf fe r ,  p H  8 2, w i t h  a n d  w i t h o u t  8 i o  -a  M K + A h q u o t s  o f  t h e  s o l u t i o n  w e r e  
r e m o v e d  a t  v a r i o u s  t i m e  I n t e r v a l s  a n d  a s s a y e d  f o r  e n z y m i c  a c t i v i t y  ( 0 - - - 0 )  in  t h e  p r e s e n c e  o f  
K +, ( m - - m )  i n  t h e  a b s e n c e  o f  K + 

F i g  9 E f f e c t  o f  K + o n  t h e  u p t a k e  o f  N - [ 1 4 C ] e t h y l m a l e l m l d e  b y  p r o p l o n y l - C o A  c a r b o x y l a s e .  
P r o p l o n y l - C o A  c a r b o x y l a s e ]  (o 5 u m t )  w a s  i n c u b a t e d  w i t h  2 lO .4  M N - [ l ~ C ] e t h y l m a l e i m i d e  c o n -  
t a m e d  in  o o 4 M T r I s - H C 1 ,  p H  8 2, a t  22 ° w i t h  ( D - - D ) ,  a n d  w i t h o u t  8 IO -3 M K +  ((2) --(2)) 
A h q u o t s  o f  t h e  I n c u b a t i o n  m i x t u r e  w e r e  t a k e n  a t  v a r i o u s  t i m e  i n t e r v a l s  a n d  t h e  r e a c t i o n  s t o p p e d  
q u i c k l y  b y  d i l u t i o n  m l O %  t r i c h l o r o a c e t i c  a c i d  c o n t a i n i n g  1 i o  -2 M N - e t h y l m a l e l m l d e  T h e  
d e n a t u r e d  p r o t e i n  w a s  I s o l a t e d  b y  f i l t r a t i o n  o n  a m e m b r a n e  f i l t e r  a p p a r a t u s ,  w a s h e d  t h o r o u g h l y  
w i t h  N - e t h y l m a l e i m i d e  a n d  i % a c e t i c  a c i d  T h e  m e m b r a n e s  w e r e  d r i e d  a n d  t h e  r a d i o a c t i v i t y  
d e t e r m i n e d  
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high (7oo ooo)ie It IS possible t ha t  changes affecting one or two aromat ic  residues would 
represent  a very  small  percentage of the  to ta l  u l t rav io le t  absorpt ion  so t ha t  any  changes 
occurnng  would be beyond  the sens i t iv i ty  of the  ins t ruments  avai lable .  

Therefore,  conf i rmatory  evidence for a change in t e l t l a r y  s t ructure  due to K+ 
was ob ta ined  b y  measur ing the ra te  of inac t iva t ion  of the  enzyme b y  N-e thy lma le imide  
In the  presence and absence of K+_ The d a t a  ob ta ined  are presented  in Fig 8. I t  can 
be seen tha t  the  presence of K + increased the ra te  of inac t iva t ion  Al though the differ- 
ence in the  two inhibi t ion ra tes  was not  ve ry  great ,  the  inhibi t ion was p r imar i ly  a 
reflection of the  env i ronment  at  the  proplonyl-CoA binding  site 1~. To confirm this 
result ,  the  ra te  of incorpora t ion  of r ad ioac t iv i ty  from N-I14C]ethylmalelmlde was 
de te rmined  In the  presence and absence of K + in the  hope tha t  the  difference between 
the two systems would be greater  t han  t ha t  ob ta ined  in Fig  8 Fig  9 shows t ha t  the  
presence of K + changed the ra te  a t  which N-I14Clethylmaleimlde was bound  to t he  
pro te in  

DISCUSSION 

The original  alms of this  inves t igat ion were (a) to de te rmme whether  the  enzyme 
exh ib i ted  an absolute  requi rement  for monova len t  cat ions or whether  the  cat ion s imply  
s t imula ted  a basa l  ac t iv i ty ,  (b) to locate in the  react ion sequence the locus of un iva len t  
cat ion influence, and (c) If possible, to ob ta in  some informat ion  which could e lucidate  
the  mechamsm b y  which the cat ion exer ts  i ts effect. 

W i t h  regard  to the  first ob I ectlve, It was not  posmble to demons t r a t e  an absolute  
requlre lnent  for K+ even after  complete  removal  of a lkal i  meta ls  from both  the  enzyme 
p repara t ion  and the reagents  used in the  assay mixture .  

The locus of the  K + s t imulat ion,  as deduced from a kinet ic  analysis  of the  enzynle 
in the  presence and absence of the  univa len t  cation, ind ica ted  tha t  the poin t  of act ion 
is a t  or near  the HCO 3- b inding  site, resul t ing in a significant increase in the  affmlty 
of the  enzyme for HCOa-.  Studies  by  GIORGIO AND PLAUT is using bovme liver pro-  
plonyl-CoA carboxylase ,  which is s t imula ted  7-9-fold  in the  presence of K+, showed 
tha t  the  ATP-P1 ,  A D P - A T P  exchange react ions and the t r ansca rboxy la t Ing  ac t iv i ty  
ca ta lysed  by  the enzyme were s t imula ted  b y  K +. Two possible explana t ions  could be 
advanced  to account  for the  appa ren t ly  different roles of K+ in the  two enzymes F i r s t  
of all it  is possible t ha t  the  l iver and hea r t  enzymes have different react ion mechanisms.  
Al te rna t ive ly ,  the  increase in the  nucleot lde exchange ra tes  observed by  GIORGIO 
AND PLAUT is could be due to the  influence of K + at  or near  the  HCO3- b inding  site 
since HCOa- is essential  for the  A T P - P I  exchange react ion I t  would be expec ted  t ha t  
to be most  effective, K+ and, for t ha t  mat te r ,  all o ther  ac t iva t ing  l igands would have  
to exer t  thei r  effect at  the  slowest s tep in the  react ion sequence_ 

Al though any  pos tu la t ed  mechanism of K + act ion mus t  remain  specula t ive  at  
tills stage, the evidence presented  here would suggest  t ha t  a subs tan t i a l  conformat ion  
change is induced b y  po tassmm Suppor t ing  the kinet ic  evidence is the  fact  t ha t  K~ 
induces a / I S  of 47 8 entroplc  units  per  mole. TAKETA AND POGELL 19 showed t h a t  t he  
allosteric inhib i tor  of f ruc tose- I ,6-d lphosphatase ,  AMP, induced a / I S  of - -99  en t rop ic  
uni ts  per  mole. WORCEL 20 inves t iga ted  the  ac t iva t ion  of N A D H  dehydrogenase  b y  
AMP and showed tha t  the in terac t ion  between the enzyme and the ac t iva to r  resul ted  
in a / I S  of + 5 7  entropic  units  per  mole. In  each case the  authors  concluded t ha t  the  
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allosterlc hgand produced a significant change in the tertiary structure of the enzyme_ 
In the case of propionyl-CoA carboxylase,  further supporting evidence for a K +- 
induced conformation change was the fact that  K÷ changed the rate at which N-e thy l -  
male imlde  reacted with  the enzyme.  The conclusion reached here is similar to that 
reported by MELCHIOR 21 who suggested that the role of K+ in the pyruvate  klnase 
reaction was to affect the e n z y m e  conformation and thus influence the binding of 
substrates.  B y  use of a nuclear magnet ic  resonance method,  MILDVAN AND COHN 22 

extended the work of MELCHIOR and concluded that the act ivator univalent cation K + 
enhanced the relaxation rate of water protons in the presence of the ternary complex  
pyruvate  k inase -manganese -phosphoenolpyruvate .  This was interpreted to mean that  
K ÷ affects the conformation of the e n z y m e  only In the presence of phosphoenol-" 
pyruvate  and Mn 2+. 

The K+ st imulat ion process requires a mechanism whereby the act ivator changes 
the conformation of the protein Instantaneously so that the modified protein is st imu- 
lated as soon as the cation reacts with the enzyme_ It is difficult to vlsuahse how K + 
could induce a conformational  change except  by Influencing the Ionic environment  at 
the act ive site Therefore, a detailed description of the st imulat ion process will have  
to wait  until  more information about the chemical  environment  at the act ive centre 
is available.  
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