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Enzymic activation =_nd cleavage of D- and c-malate 

The recent  no te  by  TuBoI  AND KXKUCHI x on the  enzymic  c leavage of m a l a t e  to glyo- 
J 

x v l a t e  and  acet3~l-CoA in Rhodospiri l lum spheroides e x t r a c t s  p r o m p t s  us to repor t  
paral lel  e x p e r i m e n t s  which  also d e m o n s t r a t e  the  occurrence  of th is  reac t ion  bu t  lead 

t~ di f ferent  conclusions  on its na tu re .  
Rhodospiri l lmn rubrum cells were grown on g l u t a n m t e - I ) L - m a l a t e  m e d i u m  2 or 

l > m a l a t e - g l u t a m a t e ( o r  a m m o n i a ) - p h o s p h a t e  rned ium 3. Escherichia coli KIZ was 
gl-~)wil on g l u c o s e - t r y p t o p h a n  4. E x t r a c t s  of cells were p r epa red  bv  sonica t ion  a n d  
cen t r i fuga t ion  at  I O O O O O  • ,a for 60 min.  

TABLE l 

E N Z Y M I C  A C T I V A T I O N  O F  D -  A N D  L - . M A L A T E  

The test system contained (in ttrnoles): Tris-HCl buffer, pPl 7.5 (Ioo), MgCl 2 (8}, CoA (0.2), 
crystalline ATP (IO), GSH {Io}, n-malate, L-malate or succinate (too), neutralized NH2OH-HCI 
(~,25) and enzyme. Volume, t.o nil. Incubation, 30 min at 38~. Values are ltmoles of hvdroxamic 
acid formed and have been corrected for smaller amounts Sound when substrate was omitted. 
Shet, p liver was a dialyzed 0.3 to o.O satd. (NHa)~SO 4 fraction of crude extract. R. rubrum, 5.4 (tl 

and 3..5 (') mg protein; E. coli, 2.5 mg protein; sheep liver, zo mg protein. 

R. ~'14bt-l#~n 
5ubstrate E. coil Sheep liv,rr 

r )  ( . ' )  

L-Malate 0.50 0.53 0.52 o.23 
D-Malate 0.33 0.53 0.52 o. 12 
Succinate 4.7 ° 4.05 4-3o o. 56 

"/lie s y s t e m  of KAUFMAN a was used to a s say  m a l a t e  ac t i va t i on .  As seen in Tab le  I, 
b , , th  L-ma!ate  a n d  D-malate  were c o n v e r t e d  to the  co r r e spond ing  maly l -CoA com- 
p~mnds in e x t r a c t s  of R. rubrton., E. coil, and  sheep liver. As a n t i c i p a t e d  th is  reac t ion  
requ i red  A ' I r ' ,  CoA, a n d  Mg 2+ a n d  p r e s u m a b l y  proceeded  accord ing  to  Reac t i on  I. 

L- or D-malate + .VI'I' + CoA ~- L- or D-malyl-CoA + ADP + PI 

.qince these e x t r a c t s  were even more  ac t ive  in c a t a l y z i n g  the  convers ion  of succ ina te  
t<~ succin3:l-CoA, the  ques t ion  arose as to w h e t h e r  R e a c t i o n  I was an unspecif ic  a c t i v i t y  
~f succinvl-CoA s v n t h e t a s e  5 (EC 6.2.1.4). This  seems un l ike ly  since pur i f ied succinyl-  
CoA s y n t h e t a s e  from pig hea r t  n r:nd f rom sp inach  n does not  ac t  on L-malate .  The  malo-  
h y d r o x a m i c  acid  formed in the  tes t  s y s t e m  was  e x t r a c t e d  u n d e r  mi ld  condi t ions  a n d  
placed on \ V h a t m a n  No. i paper ,  i n  two so lven t  sys tems ,  w a t e r - s a t u r a t e d  b u t a n o l  
and  i soamyl  a l c o h o l - f o r m i c  acid. a " d e l a y e d "  i ron-pos i t ive  spot  was o b t a i n e d  of 
Rp o.3 b a n d  o.I 9. respec t ive ly .  However ,  b o t h  s u c e i n o m o n o h y d r o x a m i c  and  malo-  
m o n o h v d r o x a m i c  acids h a d  the  iden t ica l  RF value  in each solvent .  Q u a l i t a t i v e l y  it  
was  no ted  t h a t  a f t e r  s p r a y i n g  wi th  FeCl 3 the pu rp l i sh  color a p p e a r e d  a lmos t  at  once 
~ i t h  s u c c i n o m o n o h y d r o x a m i c  acid bu t  on ly  a f te r  some de l ay  w i t h  ma lomono-  
hx 'droxamic  acid.  Moreover  the D-malic acid  (Mann Laborator ies}  a n d  L-malic acid 
(California Corpora t ion)  were essent ia l ly  pure  b y  e l e m e n t a r y  ana lys i s  a n d  specific 
r,~tati~m d a t a  and  could not  con ta in  s ignif icant  a m o u n t s  of succ ina te  which  has  a low 

aff in i ty  ( K i n - -  0.oz5 M) for the  enzyme,  No a c e t h y d r o x a m i c  acid (i.e. ace ty l -CoA 
fiwmation) was de t ec t ed  in these  exper imen t s .  
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" F A B L E  l I  

F - N Z V . % | I C  A C Y L A T I O N  O F  C o : k S H  B V  D -  A N D  L - M A L A T E  

7 1 ~ i ~ , : ~ s s : ~ t e m  w a s  t h a t  o f  T a b l e  I e x c e p t  G S H  a n d  N H z O H  w e r e  o m i t t e d  a n d  t . 5 o  l t m o l e s  
C~A~q~v~r~. t t~ed, i r t c u b a t i o n .  3o  r a i n  a t  3 8 : .  V a l u e s  i n  p a r e n t h e s e s  o b t a i n e d  a f t e r  h e a t i n g  a t  

e r td  o f  i n c u b a t i o n  fo r  ~.5 r a i n  a t  m o  ~: b e f o r e  s u l f h y d r y I  d e t e r m i n a t i o n .  
. . . . .  

! S H  (l~moles)  
. . . . . . . .  

~ubs t ra t c  R .  r u b r u m  (5 .4  rag) E ,  col i  (2.  5 rag) 

l 2 • d 
. . . . . . . . . .  

N o n e  0 .25  0 . 5 7  (0.50)  o o . o 8  
L-_~Ialate O.¢)t 0 . 8 2  (0.56)  o . 3 7  o . 3 7  * 
D - M a l a t e  t. I3  ~. [8  (o.48) o.(~3 0 . 5 9  (ot 
S u c c i n a t e  t . 5o  i -37  -- - ~ .25 * (o) 

. ~ , ' ~ , . ~ t m ~ v i - C o A  a c c u m u l a t e d  w i t h  D - m a l a t e .  0 . 8 0  t t m o l e  a c c u m u l a t e d  w i t h  s u c c i n a t e  as  

b ~ x ~ t ~ ' e v i d e n c e  for Reac t i on  I was o b t a i n e d  by  m e a s u r i n g  acv l a t i on  of sub- 
~ s - t r m ~ ~ t ~  of C o A S H  7 in p resence  o; m a l a t e  a n d  A T P  wi th  e x t r a c t s  of R. rubrum 

~mOff.d.Lcal~i. \ ~ e  some d i s a p p e a r a n c e  of C o A S H  occur red  w i t h  A T P  a lone ,  the  
. ~ : o l b L ~ m a / ~ t e ,  D-malate ,  or succ ina t e  ~ s u l t e d  in a large f u r t h e r  d i s a p p e a r a n c e  
~oV60~t~-~Tl~e: t h ioes t e r  a c c u m u l a t i n g  wi th  D- or  L-mala te ,  A T P  a n d  CoASH,  like 

- ~ ~ [ v C 6 A L w a s  h v d r o l v z e d  by h e a t i n g  for x. 5 m i n  a t  IOO ° a n d  p H  7.5 (see below).  
~ l v ~ - 6 ~ : i ~  s t a b l e  to th is  t r e a t m e n t .  Succ inyl -CoA f o r m a t i o n  wa_~ a.~sayed op t i ca l ly  
i , b x ~ o f , t h e  coupled  : ;ucc iny l -CoA'3-oxo-ac id  CoA t r ans f e r a se  (EC 2 . 8 . 3 . 5 )  and  
~ : ~ ~ v I ~ C ( ) A  d e h y d r o g e n a s e  (EC I . I .  1.35) reactionsS- O n l y  w h e n  succ ina te  was 
~ e ~  d i ~  succ inyl -CoA a c c u m u l a t e .  This  a n d  the  c h r o m a t o g r a p h i c  d a t a  a b o v e  
L ~ , : t m e q u i v o c a l l y  t h a t  the  th ioes t e r  fo rmed  f rom D- or L-mala te ,  A T P  a n d  

, C ~ A ~ ] ~ v r ~ m ~ ' v t - C o A  and  not  succinyl-CoA. 
Y ~ , e ~ e  c leavage  of ma la t e ,  in presence  of A T P  a n d  CoA, to  ace ty l -CoA 

, ~ d p ~ h | y  gtyox.vlate) was  d e m o n s t r a t e d  b y  a d d i t i o n  of o x a l o a c e t a t e  to  t r a p  
, _ ~ - ~ x ~ r l v C o A  fo rmed  m~ c i t r a t e  t h r o u g h  the  ac t ion  of c i t r a t e  s v n t h a s e  ( " condens ing  

T A B L E  I i t  

E N I ~ ' 2 ~ I I C  C L E A V A G E  O F  D -  A N D  L - ~ N I A L A T E  T O  A C E T Y L  C O : ~  

i T i - d ~ e ~ n ~ t m b ~ - u r e  c o n t a i n e d  ( in p m o l e s ) "  T r i s - H C I  b u f f e r ,  p H  7-5 ( t o o ) ,  MgCI.  a (8}, G S H  ( [ o i .  
. ~ ~  t¢~, e ~ e ,  a n d  w h e r e  i n d i c a t e d  A T P  ( I o ) ,  C o A  ( I ) ,  L -  or  D - m a l a t e  o r  a c e t a t e  ( t o o ) .  

: - ~ , . + ~ _ ~ ) . ~ m t . .  t ~ c u b a t i o n .  3o  r a i n  a t  38 ~. R. rubrum, 3 r a g ;  E. coli, 5 r a g :  s h e e p  l ive r ,  z o  rag .  
V a l u e s  a r e  / t m o l e s  o f  c i t r a t c  f o r m e d .  

ld. r u b r u m  
. , t  d d ~ / o n s  

r 2 .? 

.x~:1~¢ C o A  0 . 3 0  0 . 3 0  0 . 3 0  
~.~!?;~ C o A .  t . - m a l a t e  0 . 4 4  0 . 4 0  0 . 4 0  
x~:1P~ CoA. _~-malate 0 .37  o . 3 6  0 . 3 4  
:k~]P~ C o A .  a c e t a t e  5 .93  6 .16  
C ~ . .  - ~  - -  o .oO 
C ~ : ~ x . - ~ l a t c  . . . . . .  o.  09  
C 6 2 ~  o - r n a l a t e  . . . . .  o. 07  

E .  t o l l *  She~'p li~'er* 

0 . 0 8  o .12  
O ,  l l  0 , 2 . . 0  

o . t  7 0 . 2 0  

* T ~ ; 6 o  r a i n ;  5 ° u n i t s  o f  c i t r a t e  s y n t h a s e  a l s o  a d d e d .  
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e n z y m e " ,  EC 4.1.3.7). As shown in Table  I I I ,  ex t rac t s  of R. rubr.u.m fott-med ~ ~  
a m o u n t s  of c i t ra te  unde r  these condit ions.  E x t r a c t s  of E. coli and  sheep: aiver~io~, 
showed some ac t iv i ty .  In R. rubrum ex t rac t ,  D-malate  was a b o u t  one-h~fm_~ct~-~ .  
as L-malate  in the  cleavage react ion a l though  it is conver ted  to maly l -CoA ~at~daast 
as rapid ly  as L-maIate;  and  A T P  as well as CoA was required for the ove ralll~o~m- 
version to c i t ra te ,  i.e., acetyl-CoA. 

To de te rmine  whether  the c leavage react ion proceeded via free m ~ h 4 - G ~ m ~ -  
cording to React ion  2 or b~- a m a l a t e  c leavage React ion  3, analogous  to the -c i t a~ t .  
c leavage react ion 9, L-maiyl-CoA and  n -maly l -CoA were p repared  from-~2he~:cor, e- 
sponding acids via  their  mixed  anhydr ides  1°. I t  is not  known which carboxyl  ~ofmakl~,. 

Malyl-CoA ~ acetyl-CoA + glyoxylatc _t2 

Malatc + ATP + CoA ~ acetyl-CoA + glyoxylate + ADt" + t'i 3.~' 

was esterified bu t  it is reasonable  to assume t h a t  a mix tu re  of m-thioester ~ml~lc~lint. 
required f l- thioester  resul ted.  The  L- a n 6  D-malyl-CoA compounds  were :uns~bk.~Lat 
neut ra l  p H  and were comple t e ly  hydro lyzed  at  IOO ° af ter  1. 5 rain, a_~ :meamu,rddbb.a" 
CoASH release. W h e n  ei ther  L- oz D-malyl-CoA in subs t r a t e  a m o u n t s  (~-.~,,~m6i~l 
was incuba ted  wi th  R.  rubrum ex t rac t ,  Mg z+, G S H  and oxaloaceta te ,  t~lg~azumaiv,6f 
c i t ra te  formed (0.05/~mole) was  not  s ignif icant ly  grea te r  t han  in the  cont~ot.~VfiZtmmt 
th ioes ter  (0.02/~mole). A l though  some spon taneous  and enzymic  deacy la t ion  ~ ) ~ - d -  
CoA occurred under  these condi t ions ,  55 % of addcd  th ioes ter  was  r e c o v e r e d ~ i c  
CoASH release f rom L-malyl-CoA, in presence of E. coli ex t rac t ,  was invrea~ddbby 
A D P  and PI d e m o n s t r a t i n g  the  r eac t i v i t y  of L-malyl-CoA in the  reversei~ReactivmrI 
and  p r e s u m a b l y  ATP  synthesis .  Sheep l iver ca ta lyzed  a rapid  hydv01~m4s ,~f  
L-malyl-CoA. 

These exper imen t s  d e m o n s t r a t e  the  occurrence of two separa te  enz~mms,-aaz~- 
lyzing Reac t ions  I and  3 and  indica te  tha t ,  c o n t r a r y  to the conclusion o f l T ~ o t ~  
KIKUCHI t, free maly l -CoA is not  the  subs t r a t e  of the  ma la te -c l eavage  react4"cm\~lndhll 
p r e s u m a b l y  proceeds via e n z y m e - b o u n d  in t e rmed ia te s  a~n does the  c i t r a t ~ i f l e a ~ g , .  
enzyme".  D-Malate appears  to react  as such, since no convers ion of ~ , t c ~ _ o , ,  
L-malate could be d e m o n s t r a t e d  in these and  o ther  e n z y m e  prepara t ions .  

I t h a n k  Drs. H.  J .  STIFFLER and  I. P. CRAWFORD and  Drs. H.  GEST andL.~A~mmi~c~.~ 
(Washington  Univers i ty ,  St. Louis,  Mo.) for p rov id ing  cer ta in  bacte#_al ~ p v . ~  
rat ions.  This work was suppor t ed  b y  Gran t  A-739 from the U.S. Publ ic  Heaflt lr~eridet ~ 
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