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NU.M.M A R' :  

Studies  on mala te  ( tehydrogvnase (L-malate :NAI)  oxidoreductase ,  E(" ~. i .  t.37) 
in soluble and mit twhondr ia l  fracti(:ns from sweet lemon (Citrus limettioidcs, Tanaka)  
and sour lemon (Citrus limo~t, I..) were under taken .  The first contains  low levels . f  
organic acids and the last contains  high levels. These s tudies  inwdved dis t r ibut ion ,  
Km de te rmina t ions  flw 4 subs t ra tcs  (NAI)H,  N A I ) ,  oxa lace ta te  and malate) ,  oxal-  
ace ta te  subs t r a t e  inhibi t ion,  and effects of 3 ' -adenyl ic  acid, .,\MP, AI )P  and ATP 
on enzyme ac t i v i t y  in two buffers. Product  inhibit i(m of NAI )H oxida t ion  t) 3" NA1) :  
was also s tudied.  

The s tudies  demons t r a t ed  tha t  some differences in enzymat ic  atctivitv exist 
between sweet and sour lemon frui ts ;  the most apparen t  was tha t  mtac t  mi tochondr ia  
from sour lemon had a much higher Em value (almost 5 times) for NADH than mito- 
ehondria  from sweet lemon. Solubi l izat ion and par t ia l  purification of the mi toch .nd r i a l  
enzyme from both lemons resul ted in the  d i sappearance  of tha t  significant difference. 

In both lemons, mi tochondr ia l  enzyme accounted  fin between 23 ~.tnd 3()°... of 
the to ta l  enzymat ic  ac t i v i t y  depending  on the oxa lace ta t e  c(mcentra t ion used in the 
assav.  Oxa lace ta te  inhibi t ion ,)f N A D H  oxida t ion  by lnalate  dehydrogenase  did ,u'cur 
in both soluble and mitochon(tr ial  fract ions and was found t(} be of a nonco lnpe t i l i \ v  
type.  lq , )s t )hate  buffer a l lev ia ted  most but  not all of the inhibi t ion bv t)xalacetate .  
The/x'm for oxa lace ta te  was much higher in t)host)hate buffer than in Tris--H('l  buffer. 
The Km for N..\I)H was not  affected 1)y kind of  buffer even though l)h, ,sphate I)uffer 
increase(l the aplmrent  maximal  velo(:ity of the reaction.  

()f  the 3 adenosine nucleoti(les, AMP showed the greates t  inh i l f i t . r \ '  effect ~m 
NAI)H oxida t ion  by  solubil ized mitocilon(trial  enzyme.  A 5'-a(lenosine phospha te  
moiety  was necessary for inhibi t ion,  eXlth(mgh the na ture  of AMP inhibi t ion seemed 
compet i t ive ,  high levels of N A I ) H  failed to comple te ly  overcome it. NAI)t- (simul- 
taneousl\" added  with NAI)H)  compe t i t ive ly  inhibi ted  NADH oxidat ion .  If, however,  
the enzyme was pre incuba ted  with NAI)  i : , x a l a e e t a t e  with NAI)H added  last, lhe 
inhilfition was of an uncomlwt i t ive  nature .  
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I NTROI)U(;TION 

Plant  cells as well as animal  cells appea r  to contain  all the t r icarboxyl ic  cvcle 
acids, at  least in ca ta ly t i c  amounts .  A pecul ia r i ty  of higher p lant  cells, however,  is 
f requent ly  the accumula t ion  of i or a comhina t ion  of the t r icarboxvl ic  acid cycle acids 
at what  is, biological ly sp. 'aking,  a high cmwentra t ion .  The 2 main organic acids which 
ci t rus  fruits accumula te  are ci tr ic and  malic. The sour lemon fruit  juice usual ly  con- 
tains from 49-07 mg/ml of  citric acid and 1.5-4.3 mg/ml of  malic acid' ,".  

The absence of conclusive evidence tha t  the site of organic acid synthesis  is in 
leaves and tha t  they, are then t rans loca ted  to young developing fruits, in addi t ion  to 
the exis tence in young fruit ce.lls of all the enzymes,  coenzymes,  and all o ther  ne.-essarv 
equ ipment  for the synthesis ,  in terconvers ion and complete  ox ida t ive  consumpt ion  
of citric, isocitric, aconit ic,  succinic, fimlaric,  and malic acids, seem to indicate  tha t  
the site of organic acids swl thes is  in the fruits is in situ a. 

This work was in i t ia ted  by s tudy ing  mala te  dehydrogenase  in s,~luble and 
mi tochondr ia l  fractions of  the 2 kinds of lemons to de te rmine  if there were any differ- 
ences in d i s t r ibu t ion  and kinetic propert ies .  Kinet ic  s tudies  of the mamnutl ian enzyme. 
have revealed some differences between the mi tochondr ia l  and soluble forms of this  
e n z w n O - L  The mammal i an  mi tochondr ia l  enzyme was inhibi ted at a high oxa lace ta te  
concentra t ion ,  whereas, the soluble enzyme is not sensi t iw'  to high oxa lace ta te  concen- 
t ra t ions  4 7. The mammal i an  mi tochondr ia l  enzyme may  function pr imar i ly  for 
oxa lace ta t e  formation,  whereas,  the soluble enzyme may  pr imar i ly  result in mala te  
production?,  s. Fur thermore ,  since aden,,sine nucleot ides have been shown to affect 
many  feedback control  mechanisnas'-1.1, e.g., i soci t ra te  dehydrogenase  has been shown 
to t)e regula ted  with adenvl ic  acid ~", it seemed worthwhile  to s tudy  effects of adenosine 
nucleotides on mala te  dehydrogenase  from the 2 lemons. 

MATFRIAI.% AND METHOI)S 

Materials 
Reagents and c@ctors. Oxalace ta te ,  NAD +, NAI)H,  AMP, ADP,  ATP,  and 3'- 

adenvl ic  acid were purchased from Calbiochem. "Fris was purchased from Sigma 
Chenlicals. D E A E - S e p h a d e x  A-25 was purchased from Pharmac ia  Fine Chemicals. 

Fruits. The lemons used flw these s tudies  were ob ta ined  from the orchard  of  
the Univers i ty  of  California, Los Angeles. The sour lemons were of the va r ie ty  Eu reka  
(Citrus limon, Linn). The sweet lemons were of  the va r ie ty  Tunisian sweet lemon 
(Citrus limettioides, Tanaka) .  

Mitochondria. Mitochondria  were ob ta ined  from peeled young lemon fruits 
according to the method descr ihed hy Bo(;IN AND \VALLACE I. In tac t  mi tochondr ia  
were suspended in 0. 5 M sucrose solut ion which conta ined o .5 - r .o  mg/ml  of low-fat  
bovine serum a lbumin and o.o 5 M Tris-HC1 buffer (pH 7.5)- 

Mitochondria l  p repara t ions  suspended in o.o 5 M Tris-HC1 buffer ad jus t ed  to 
pH 7.5 and frozen and thawed several  t imes were used as the source, of enzyme in 
the d i s t r ibu t ion  studies.  Burst  mi tochondr ia  were f l l r ther  broken with an I t .M.K.  
cell homogenizer  and centr i fuged at  2o ooo × g. The supe rna t an t  solut ion from the 
2o ooo × g was used as the source of solubil ized mi tochondr ia l  enzyme.  Par t ia l  
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purif icat ion of the envme was achieved by  the use of l )Ee\E-Sct )hadex A-25 column 
chr~mmtograt)hy. 

Soluble fraction. The mit~mhondria-free homogenate  was used as the source of 
soluble fraction mala te  dehydroge.nase enzyme in d is t r ibu t ion  studies.  Par t ia l  puri- 
fication was achieved by  passing sa tu ra t ed  ammonimn  sulfate prec ip i ta te  suspensi~m 
into D E A E - S e p h a d e x  A-25 columns. 

Methods 
]~artial purification of enzyme, l )EAE-Se t )hadex  A-25 was equi l ibra ted  in o. I M 

Tr i s -HCl  buffer (pH 8.3). (~olumns I. 5 cm in d i ame te r  and 3o cm in length were 
prepared.  The columns were charged with up to IO ml of  s a tu r a t ed  ammonium sulfate 
p rec ip i t a te  suspension or 5- () ml of the solubil ized mi tochondr ia l  fraction.  The protein  
was e lu ted  with a l inear gradient  of  NaCI in o . i  M Tris -tlCI (pH 8.3) with a m a x i m u m  
concentrat i ,  m of o. 3 M Na( ' l .  Elutes  were collected in fract ions of 3 ml. 

Protein assay. Protein was de te rmined  colorimetricallv with the Folin-('iocalteu 
reagent  ~ or by measuring the opt ical  dens i ty  of the par t i a l ly  purified soluti, ms at 
2~0 n l n .  

E~tz3'mc assay. Malic de.hydrogenase ac t iv i ty  in mi tochondr ia l  or soluble fraction 
p repara t ions  was q u a n t i t a t i v e l y  measured at  25 ~ essent ia l ly  as descr ibed by  ()CHOa ~. 
Enzymat i c  ac t iv i ty  was measured by  following the decrease m optical  dens i ty  of  
N A D t t  at 34 ° n m .  One enzwne unit  is that  amount  which causes a {lecr0ase in opt ica l  
dens i ty  at the ra te  . f  o .oi  opt ical  dens i ty  unit per  rain. 

RESUI. 'I 'S 

A cli','itv of malatc dchydrogcuasc in soluble and mitochomlrialfracticmsfrom the 2 lemons 
Malate dehydrogenase  had an a lmost  5.5 t imes higher specific ac t iv i ty  in mito-  

chondria  from sweet lemon compared  with sour lemon mi tcwh.ndr ia  (Table I). Total  
enzyme units  were always,  however,  modera te ly  higher (ahn()st 27(',,) in p repara t ions  
from sweet lemon than in p repara t ions  f r . m  sour l em.n .  

TABIA" .  I 

I ) ISTRIIBI 'TI ( IN f)|: .MALA'[E I)IEIIYIIROGENA,%'I~ A C T I V I T Y  BET~,VI';I';N SOLLI|~I.E A N D  M I T O C H O N D R I A I .  

FRACTION,q IN YOI rN( ;  I .E.\ION FRL ' ITS  

T h e  r e a c t i o n  m i x t u r e  c o n t a i n e d  o . 2 / g m o l e  N ;\ l ) H,  5 / m l o l e s  o x a l a c e t a t e ,  a n d  15 ° / t m o l e s  "l'ris l I( ' l  
(t I1-1 7.5) .  F i n a l  v o l u m e  w a s  3.o nil. T h e  e n z y m e  u n i t  is d e f i n e d  as  t h a t  a m o u n t  w h i c h  c a u s e d  a 
d e c r e a s e  in a b s o r b a n c e  a t  t h e  r a t e  o f  o .o i  a b s o r b a n c e  u n i t  ( a t  26o nm)  p e r  nf in  u n d e r  t h e  a b o v e  
s p e c i l i c d  c o n d i t i o n s .  T h e  r e s u l t s  a r e  m e a n s  o f  6 e x t r a c t i o n s .  M i t o c h o n d r i a  w e r e  s u s p e n d e d  in 
o .o  5 M T r i s - t l C l  ( p i t  7.5).  f r o z e n  a n d  t h a w e d  s e v v r a l  t imes .  

l / n c y m e  Sp,'ci/ic l fnsymc ",, ,¢ 
source activity u~Hts/ tohd 

(c~:ymc 5o g 
umts ,mg fr,~sh wt. 

S o l u b l e  s o u r  7 t~ 55 3 ° 0  75 
M i t o c h o n d r i a  s o u r  43 ° iS zoo -'5 
,Soluble s w e e t  71 72 70o 78 
M i t o c h o n d r i a  s w e e t  23(~I 2 o  S o o  22  
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T A  1~,1.1 ." II 

EYYECT OF 20XAI.ACETATE CONCISNTRATIONS ON OXIDATION OF .~ADH BY SOLUBILIZED SOUR AND 

SWEET MITOCHONDRIAL AND SOLUBLE SOUR AND SWEET MALATE DEHYDROGENASE 

A v e r a g e  o f  2 e x t r a c t i o n s .  F o r  f u r t h e r  e x p l a n a t i o n  see T a b l e  1. In  a d d i t i o n  to  w h a t  is m e n t i o n e d  
m T a b l e  I, t h e  m i t o c h o n d r i a  w e r e  f i~r ther  b r o k e n  b y  a n  H M . b : .  cell  h o m o g e n i z e r  a n d  t h e n  
c e n t r i f u g e d  a t  2o 0 o 0  x g a n d  t h e  s u t m r n a t a n t  u s e d  as  t h e  s o u r c e  o f  e n z y m e .  

Tissue  Reac t ion  rate at l?eactton rate at A c t i v i t y  at 
z .67 • io  ":1 31 oxalacctatc t .67  • i o s  31 oaalacetate r.67 • zo -s M 

( . I  A s~o ..... linen) (. 1.4 3~o ,J , , / m u , )  z . 6  7 • t o  - ~  M (%) 

B u r s t  s o u r  
M i t o c h o n d r i a  0 . 0 5 3  o. 159 33 
S o l u b l e  s o u r  0 . 0 8 4  o. I5o  5 6 

B u r s t  s w e e t  
M i t o c h o n d r i a  0 .o52  o. 156 33 
S o l u b l e  s w e e t  o .o8 .  I o. I 5 o  56  

Oxalacetatc inhibited NADH oxidation in burst mitochondria from both sour 
and sweet lemons by 67% whereas it inhibited NADH oxidation in the soluble fraction 
of both lemons by 44 % when its concentration was increased by a factor of xo (Table I I). 
Mitochondrial enzyme accounted for only 2z--24°4, of the total enzyme in both lemons 
when the assay was carried at the higher oxalacetate concentration. The percentage 
would be 33-36 if calculations were made at the lower oxalacetate level (Tables I 
and II). 

Partial purification of malate dehydrogelmse from soluble fraction and burst mitochondria 
from sour and sweet lemons 

Attempts were made to purifl, and, if possible, isolate different isozymes from 
both initochondrial and soluble fractions by adsorption and elution on DEAE- 

"l'A B I.F. I I I  

P A R ' F I A L  P U R I F I C A T I O N  O F  M I T O C H O N D R I A L  . M A L A T E  D E H ' : D R O G E N A S E  

Fract ion  Total  Tota l  Speci f ic  
actzvi ty  prote in  act,'vity 
( u n i t s )  (rag) (uni t s / rag  

pro te tn )  
. . . . . . . . . . . . . . . . . . . . . .  

S o u r  lemon ,nitocho~,dria 
( i)  M i t o c h o n d r i a  s u s p e n d e d  in 0 .05  M T r i s - H C l  18 000  42 .6  423  
(2) S o l u b i l i z e d  m i t o c h o n d r i a l  m a l a t e  d e h v < l r o g e n a s e  13 xoo 3.8 3 45 ° 
(3) ( ' o m M n e d  f r a c t i o n s  f r o m  D E A E - S e p h a d e x  A - ,  5 6 6oo  o.2 32 8oo  
(4) A c t i v i t y  n o t  a d s o r b e d  to  r e s in  7 o o o  L o  7 o o o  
(5) F r a c t i o n  .3 -t. 4 t.3 60o  1.2 I I  3oo  

Swee t  lemon mih ,chondr ia  
(I) M i t o c h o n d r i a  s u s p e n d e d  in 0 .05  M Tr i s  I tCI i~) 9 0 0  9 .6  2 070  
(z) S o l u b i l i z e d  m i t o c h o n d r i a l  m a l a t e  d e h y d r o g e n a s e  16 ooo  r . I  14 5o0  
(3) ( ' o m b i n e d  f r ac t i op . s  f r o m  I ) E A t , 2 - S e p h a d e x  A-25  S 800  < 0 . 0 5  > 175 o o o  
(4) A c t i v i t y  n o t  a d s o r b e d  to  r e s i n  7 4 ° o  0 . - 0  36 800  
(5) F r a c t i o n s 3  - 4 16 t o o  o .25  64 500  

Biochinl .  Hiophys .  Acta,  2 , o  ( I97  o) . 396-409  
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P A R T I A l .  I ' I ' R 1 F I C A ' I ' I O N  OF  S O L U B L E  F R A C T I O N  M A L A T E  I ) I " . I t Y I ) R O G E N A S F  

Fraction Total Total S pcc t fic 
activity protei~ activity 
(u~tts) (rag) { u nits~rag 

/,r,,tcin ) 

Soluble soltr 
(l} M i t o c h o n d r i a  tYcc s u p c r n a t a n t  5(> xoo 7~>5.o 73 
( 2} IOO '!,, ( .~ } | 4)25( )4 p r e c i p i t a t e  I S (,oo to3 .o  I s t 
(3) ( ' o m l m w d  f r ac t i on  froln l ) ] " : \ l " - S e p h a d e x  A-25 Io 1oo I 1.- 0o 5 
(I) A c t i v i t y  no t  ;u l so rbed  to  res in  S ,So<} 3o..~ 2oo 
(5) Frac t iovls  3 ' 4 I >o"h'd t o g e t h e r  l.'s 9oo 4 v.5 45 ~j 

.~;,dublc S'wrrt 
(1) .Mi tochondr ia  frec s u p c r l l a t a n t  73 too  lOSO.o 7 ° 
(2) IOO°,, ( N l l t ) a % ( )  ~ p r e c i p i t a t e  27 t o o  (},S.,"; 274 
(~) C o m b i n e d  f r a c t i o n  f rom l)tCAlC-Sel)haclex A-',5 x 5 ooo lo .o  xSOO 
(.t) A c t i v i t y  no t  a d s o r b e d  to  res in  n2 ioo  ~0.5 ~'-'" 
(5) l " r ac t ions  3 t t pc~olcd t o g e t h e r  27 too  29.5 9 "o  

S c , t ) h a d e x  . \ - 2 5 .  I n  b o t h  t y p e s  o f  e n z y m e ,  a l m o s t  , m e - h a l f  o f  t h e  a c t i v i t y  w a s  n o t  

r e t a i n e d  o n  t h e  r e s i n  a t  o . i  M T r i s - H C l  ( p H  8 . 3 ) .  T h e  r e m a i n i n g  a d s o r b e d  a c t i v i t y  

c o u l d  b e  e l u t e d  w i t h  N a ( ' l  ( o . I  o .  3 M) in  T r i s - H C l  b u f f e r  ( 0 . I  M,  p H  8 .3 )  g r a d i e n t .  

A r e p r e s e n t a t i v e  p a r t i a l  p u r i f i c a t i o n  o f  s o l u b i l i z e d  m i t o c h o n d r i a  a n d  s o l u b l e  

f r a c t i o n  m a l a t e  d e h y d r o g e n a s e  f r o m  b o t h  l e m o n s  i s  s h o w n  in  T a b l e s  I I  I a n d  I V .  N o  

'I'A IH.I'] V 

MI('ttAI'I.I% ('ONS'I AN 1".% FOR THF 4 SUBS'rRATES ( N : \ I ) t l ,  OXALACETA'FE, N ; \ I ) -  AXD MAI.A'FE) (Kin) IN ttM At" zS" 

( ' i r c u m s t a n c c ' s :  (T} N A I ) I t  v a r i e d  f rom 2. 5 .xo  :' to  1 . 3 3 ' 1 o  4 3I. ( ) x a l a c e t a t e  was  k e p t  c o n s t a n t  a t  e i t h e r  
t . 6 7 . 1 o  s M or 1 . 6 7 . 1 c ~ a M .  (2) ( _ ) x a l a c e t a t e v a r i e d  f rom i . l O  S to  1 .67 .Lo  a M. N : \ D l l c o n s t a n t z i t  6. 7 . I o  :' M. 
(3) N . \ I ) "  v a r i e d  f rom T.IO -4 to  i 'XO aM.  M a l a t c  c o n s t a n t  a t  t . t o  ,a31. (4) L-Mala te  v a r i e d  f rom l . t O  a t~ 
x .1c) a.M. N A I ) '  c o n s t a n t  a t  t - x o  a M. 

[:raFt/ott .V.4I)H ( t )  Oxalacctate ( - )  N . 4 D '  (3) 31alatc (-l) 

llz "/ '~s In ph ,s -  In Tr i s  • In  phos- In 7"r~s- I~ hy- In 7"rz: l~z hy- 
HCI phate HCI phatc IICI drazim" ItCI dra=im'.- 
(o.o5:ll ,  (o .o53t ,  (o.o531, (o.o531, (o.o.5.ll, .,lycinc (o.o53I ,  glycim" 
p H  7..5) p l l  7..5) pH 7.5) p l l  7. .5)  pH 8..5) (pH 9 . 5 )  plt  8.5) (pH 9.5) 

,<,olul>ilized m a h t t c  dv- 
]ly<Ir<}~cnasc f rom SOIIF 
l e m o n  mi tcmhondr i ; t  77 s3 10.5 

l llt~tct sou r  lenlol l  
m i t o c h o n d r i a  ~>7 "0.o 

%olubi l ized l l l a l a t c  <tc- 
h.vd rob{ChaSe froll l  
s w e e t  1 c l n o n  n l i l ( ) -  
c h o n d r i a  53 46 19.5 

I n t a c t  s w e e t  l cn l (HI  
i n i t ochond r i t l  v 4 Tq-5 

Solul>lc sour  23 t 9-5 
%olul>h. swoet 22 IQ.  5 

(~7 2 .t 4 1 ~o (loQ -155 

c) I 263 I 8o 9o9 -t 55 

()7 2 5 0  1 S() ()OQ 455 

67 27o I ~o 009 455 
(~7 322 227 77 ° 455 
t~7 322 227 77 ° 455 

" Not  d e t v r m i n e d .  

Bi,,chlm. lliophvs. ..Iota. 22o ( [07 o) 3c~6-.to0 
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significant differences in kinetic proper t ies  could be de tec ted  1)etween the pa r t i a l ly  
purified enzymes and ttle corresponding crude fractions,  i.e. solul)le fraction and 
solubil ized mitoch(mdria l  enzyme preparat i (ms.  

Kinetics of N A  DH o.vidatio~l 
"Fables V and VI contain  d a t a  ob ta ined  by p lo t t ing  informat ion ob ta ined  ac- 

cording to the double reciprocal  plot technique of LINEWI-AVF.I{ AND BURK 17. El]zVlne 
solubi l izat ion from the mito( 'h(mdria increased the Km for N : \ D H  tufty s l ight ly  in 
sour lemon but  d ras t ica l ly  in sweet lemon. I t  should be noted also tha t  the in tac t  s . u r  
lemon mi tochondr ia  have a nmeh higher Km fl)r NADH,  ahnost  5 t imes higher than 
tha t  for in tac t  sweet lemon mit(~ch(mdria. 

Soluble enzyme has the same Km for N A I ) H  for the 2 lenl()ns, a high ()xalacetate 
concentra t ion  caused a significant inhibit i(m of  the apparen t  max imal  velocity,  
whereas it (lid not  affect the Km for N A D H .  Also noted was tha t  under  the same ex- 
per imenta l  c(mditions, c.t,,, same pH and ionic s t rength ,  the s()lubilized mi tochondr ia l  
enzyme fi()m sour and sweet lemon had a s ignif icant ly  higher K,~ for N A D H  than  did 
the soluble enzyme frmn both lemons, whereas the in tac t  sweet mi t (whondr ia l  enzyme 
had a lower Km for N A I ) t l  which is even lower (35 -t501,) than  tha t  ()f the soluble 
enzyme from the 2 lemons. 

Effect of phosphate ",'s. Tr is -HCl  buffer on the kiuctics of N A  DH oxidation 
During the course of the s tudy ,  it was observed tha t  if the  react ion was carried 

out  in o.o 5 M phospha te  buffer (pH 7.5) ins tead  of  o.o 5 M "I'ris HCI (pH 7.5), the 
veloci ty  was appa ren t ly  increased. A s tudy  was in i t ia ted  to compare  the effect - f  
phospha te  vs. Tris t t ( ' l  on N A D H  oxida t ion  bv  solubil ized sour and swe.et lemon 
mi tochondr ia l  enzyme.  The results  are summar ized  in Tables  V and VI. High oxal-  
ace ta te  concentra t ion  caused a sharp decrease in the appa ren t  maximal  veloci ty  in 
enzymes in "Dis-HC1 buffer from both lemons. On the o ther  hand,  phosl)hate  buffer 
gave a higher maximal  veloci ty  at  the 2 levels of oxa laee ta te  than  Tris ti(71 buffer 
gave at  the lower level o foxa lace ta te .  Thus, it seems tha t  phospha te  not - n lv  a l leviated 
oxa laee ta te  inhibi t ion when compared  with Tris-HC1 buffer, but  it also caused an 
increase in the apparen t  maximal  wqoci tv  regardless of the oxa lace ta te  concentra t ion.  
However,  there was still  a decrease in the. maximal  veloci ty  at the higher oxa lace ta te  
concentra t ion  (about 23°{)) in tile l)hosphate buffer. It is of impor tance  t .  note that  
the I(m remained unaffected regardless (~f the oxa laee ta te  concent ra t ion  ~r the kind 
of buffer. 

Kinetics of oxalacctate rcducliou i~t Tris H('I and phosphate bu.ffcrs 
As shown in Table V, only in tac t  s(mr lemon mi tochondr ia l  enzyme had a 

s l ight ly  increased Kin. This occurred in ei ther  Tris- H(71 buffer or phosphate  buffer. 
While  the Km for N A D H  was not affected by  the kind of buffer, the Km fi~r oxa lace ta te  
was higher in phost)hate buffer than in Tris-H(71 buffer. This was true for enzymes  
from both lemons. Phosphate  buffer gave a higher maxi  real ac t iv i ty  and also al leviated 
oxa lace ta te  inhibi t ion at higher concent ra t ions  to a very great  ex ten t  with s(dubilized 
mi tochondr ia l  mala te  dehydrogenase  from both lemons ('l 'able VI). 

Biochim. Iliophys. ,4 eta, "22o (197 o) 396-400 
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Kinetics of N A D" reduction in Tris-HCl buffer (0.05 M, pH 8.5) and hydrazine-glycine 
buffer (o. 4 31 hydrazine, r M glycine, pH 9.5) 

Since the equi l ibr ium cons tant  of the react ion is s t rongly  toward  mala te  for- 
mat ion,  it was necessary to use higher subs t ra te  concent ra t ions  as well as a higher 
amoun t  of  enzyme to get  a q u a n t i t a t i v e l y  measurable  rate.  Also, it was necessary to 
use a buffer of high pH since the pH op t imum fi)r the enzyme when ca ta lyz ing  this 
direct ion is ra ther  high. The Km for NAD ¢- was not iceably  decreased,  whereas the 
appa ren t  max imal  w~locity was not  s ignif icant ly changed when the reaction was 
carried out  in hydraz ine -g lyc ine  buffer ( 'l 'abh's V and VI). The soluble sweet and sour 
lemon enzymes  showed the same Km fi~r NAD + in both buffers (Table V). However ,  
in the case of  e i ther  in tac t  or solubilized sweet and sour lemon mitochondr ia l  enzyme,  
the Km fi)r NAD + seemed to be s l ight ly  lower in both  buffers than  the Km of the 
soluble enzyme fi~r NAD +. 

Kinetics of malate oxidation in Tris-HCl (0.05 31, pH 8.5) and ILvdrazine glycine 
buffer (0. 4 M lo,drazinc, z M glycine, pH 9.5) 

Under  the  exper imenta l  condi t ions  specified in Table  V, all enzyme prepa-  
ra t ions  showed lower Km for nla la te  in hydraz ine -g lyc ine  buffer than  in Tris-HC1 
buffer. However ,  as shown in Table V, in Tris-HC1 buffer the Km of  the soluble enzyme 
for mala te  was s l ight ly  less than  tha t  of  e i ther  solubil ized or in tac t  mi tochondr ia l  
enzyme from both  lemons. I t  is also appa ren t  tha t  the soluble enzyme from both 
lemons has the  s a m e  Km for ma la te  in both  buffers. 

&ffect of AMP on the kinetics of NADH oxidation 
The s t u d y  was carr ied out  at  3 levels of AMP for solubil ized and pa r t i a l ly  purified 

sweet and sour lemon mi tochondr ia l  enzyme.  The inhibi t ion of  N A D H  oxida t ion  by  
AMP appeared  to be of  a compet i t ive  na ture  at  the N A D H  levels used (o.3" IO - a -  

1 .33"  ~o -4 M) at a cons tan t  oxa lace ta t e  level of  1.67 • io  -4 M (Table VII) .  No change 
in appa ren t  maximal  veloci ty  was observed.  In both lemon enzymes,  the inhibi t ion 
type  and degree were ahnost  the same in e i ther  phosphate  buffer or Tr i s -HCl  buffer 
at  the same pH (7.5). However ,  AMP (at 3 concentrat ions)  increased the K,,, for N A D H  
much more in the case of pa r t i a l ly  purified sour lemon mi tochondr ia l  inala te  dehvdr~-  
genase than  in the sweet lelnon enzyme (Table VII).  Thus, it seems tha t  the sour 

T A H L E  V l f  

EFVECT OV A M P  o x  KINETICS OF N A D H  OXIDATIOX tX " l ' r i s - l lC l  OR PHONPHATI-; BUFFERS (0.05 31, 
p l  [ 7.5) BY PARTIALL'~" P U R I F I E D  MITOCHONDRIAL MALATE I )EHYDROGENASE 

N A I ) H  v a r i e d  f r o m  o . 3 3 .  i o  -4 to  x.33-  Io  ~ 31. O x a l a c e t a t e  k e p t  c o n s t a n t  a t  x.67 - i o a  M. R e l a t i v e  
a p p a r e n t  m a x i m a l  v e l o c i t i e s  w e r e  u n c h a n g e d ,  i.e. t h e  A311 -> i n h i b i t i o n  w a s  c o m p e t i t i v e .  

A 3 1 1  > c ,mcn.  K,n ( N A  D H )  × zo 6 (31)  
X 10 3 ( . ~ 1 )  . . . . . . . . . . . . .  

,%'wcct lemon S o u r  lemon 
~ ' n ~ y m e  t ' n ~ y m e  

o.oo 44 'q3 
0.33 67 2oo 
I .o7  1oo 3o3 
3.33 r 33 -too 

B i o c h i m .  B i o p h y s . . 4 c t a ,  2zo (I07O) 3 9 6 - 4 0 9  
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"1"..\ t ~ l . l ' i  V I I I  

1%'i (A-~I])) \'AI.I.:E.'-; I"OR INIIII3ITI()N O1" N . \ I ) F I  OXII)A'rlON HY I'ARTIAI.I.Y PIJRIFIEI) .MITO(:It()NI)RIAI. 
M A1.ATI:~ I)EItYI)RO(;ENANI:; 

~et! t i n d e r  RESUI.'r.q. 

h'i ( , 4 M l ' )  tx'~ ( . . t . ' f fP) /  
", zo a (31)  1"2,,, ( A ' A D t t )  

S w e e t  ] cn lo l l  el lZ}' l l l ( '  

in  p h o s p h a t e  "-3 53 
in  " l ' r i s - I  1('1 " - 3  53 

,%otlr l e n l o n  12nzylIlt? 
in  p h o s p h a t e  3.o 30 
in  T r i s - H C l  " . 3  3.1 "7 37 

lemon enzyme is consistenth' nmch more sensitive t() AMP at th(' 3 ('(mcentrati(ms 
used than is the sweet lemon enzyme.  1"o determine the A'i of  the enzyme for th(' 
inhibitor, AMP, the data were replotted as I b't vs. inhibitor concentrations from which 
the data in Table V l l l  were obtained. The K~ fi)r AMP in the sweet lemon enzyme 
was almost essential ly the same in both buffers (K~ AMP = 2.3" IO -a M). On the other 
hand, the K~ for AMP in the (:ase of the sour lemon enzyme was alm~)st 3" Io  a 31 in 
the phosphate buffer, whereas the lines did not intercept at one point in the case of  
Tris HC1 buffer with Ki increasing with N A D H  concentration (from 2. 3 . Io  -a to> 

3.I 't<) a M). 
The ratio K,. (AMI') :Kin (NADH) was lower in both buffers for the sour lemon 

enzwne  than that for the sweet lemon enzyme (it was 53 in both buffers for the sweet 
lemon enz.vme, whereas it was 36 in phosphate buffer and between 27 and 37 in Tris 
H('I buffer fl)r the sour lemon enzyme).  This indicates more sensi t iv i ty  for inhibitioi~ 
<)f N A D H  oxidation by AMP in the sour lemon enzyme than in the sweet lemon 

e n z y n l ( ' .  

"fAl~, l . l , ;  1 X 

I : ; I ; I , ' I"CT O1. I l I G I I  N A I ) I I  o x  : \ M I  ) I N t t l I ~ I ' r I ( ' ~ N  OF N A I ) t t  O X I I ) A T I O N  H Y  I ) A R T I A I . I . Y  t ) ( ' R I F I I , H )  

? , I l T O C I t O N I ) R I A I .  M A I . A ' r E  D E H Y I ) R O < ; I . ; N A S E  FR( )M . '-;WEET I.VMON~4 

F o r  (2x|')ll).llatiol'L see llll<l<'r MI,:TIIOI)S. 

A',4 I H t  l&'acti .n fair  React ion rate .,Ictiuily iu 
c o . c , ,  ,\ 'o .'131 P 3.3,1" Io- a :11 [,r,'srucc o f  . ' 1 3 I P  

?,: 1o a ( . l l )  ( J.;l:)10 r, mlmin) A M P  
(. L4a ,0  nm/,,,i,,) .-IclH'ity t)z 

absence o f  .4 311' 
(%) 

0 ,o33  o. I 25 o .o55  44 
o.o() 7 o, 17<) ° . ° 9  | 55 
o. I o<) <). 200 <). 12o ()o 

O. 13,~ 0 . 2  I 7 C). 14.~ ()() 
<). 2<)o o. 23o <L 224 (17 
o. 3 3 3  o .  2 . i o  o .  z<) 2 :44 
<).5()() o.2 ~() (L22 1 (1() 

<)'(')()7 O. I 5 I O. 15-I 103 

Hioch~m. Bioph3,s. .4Ha, z2o (1<)7 o) 3 0 6 - 4 o 9  



MAI.ATF D E H Y I ) R O G I - N A S E  IN LFMON FRUITS 4<)5 

Even though the inhibiti<m of NADH oxida t ion  by AMP appeared  to be a 
compe t i t ive  one as ment ioned earlier,  when higher concent ra t ions  of  N A I ) H  were 
used, the inhibi t ion was never comple te ly  overcome (Table IX). High NAI-)H lew,ls 
caused inhibi t ion whether  or not AM P was present .  

F.ffcct of 3'-ade*tylic acid, ,4 D P  and A T P  o~t the kinetics of NA  I)H oxidation as compared 
to the tjfcct of A M P  

The s t u d y  was carr ied out  with solubil ized and pa r t i a l ly  purified mit<wlumdrial 
enzyme from both lemons. "l'able X shows tha t  f - a d e n y l i c  acid had no effect, whereas 
AI )P  and A'I 'P had stone inh ib i to ry  effect s imilar  to AMP inhibi t ion.  A D P  was less 
inh ib i to ry  than  AMP, whereas it was more inh ib i to ry  than A'I'IL At the same concen- 
t ra t ion  o f3 .33 .  Io -a M, A r P  increased the K,+ for NADH ; from 83 • Io 6 t,~ 118. Io -+ M 

"I 'AI~IA: X 

E F F E C T  O1. 3 ' - A I ) E N Y I . [ C  : \ I ) 1 '  A N D  .VI ' I '  As  C O M P A R E I )  TO : \ M I '  o N  -tnl- :  K I N E T I C S  ()1" N A I ) I t  
A D E N Y I . I C  A C I D  O X I L I A T I O N  BY I 'ARTIAI.I . '~"  P U R I F I E I )  M I T O C t l O N I ) R I A I . . M A L A ' I ' E  I I E t l h ' I ) R < ) G E N A S E  

R e l a t i v e  a p p a r e n t  m a x i m a l  ve loc i t i e s  w e r e  u n c h a n g e d ,  i.e. t h e  a d e n o s i n e  n u c l c o t i d e s  i n h i b i t i m l  
w a s  c o m p e t i t i v e .  

:\ 'uclrotidcs Km (A 'A  I ) H )  ?< lo e [.1I) 

,S'ZZ'¢'t'I lcmo*l Sorer lt'~7<~11 

o 44 s3  
3-33 • ic> .a M 3 ' - a d e n y l i c  a c i d  44 83 
3 . 3 3 "  I ° - a  Y,I A ' I ' P  57 I ~8 
3 . 3 3 " I ° - a  M A I ) P  67 x39 
3 . 3 3 "  [ o - a  M ..\MI ~ 133 4oo  

(x. 4 times), whereas AI )P  increased it to i 3 9 - i o  -6 M (i .  7 times) iu compar ison  to 
400. io-6 M ( 4 . 8  t imes) in case of AMP with the pa r t i a l ly  purified sour lemon mito-  
chondr ia  enzyme.  Wi th  sweet lemon enzyme the increase in Km for N A I ) I I  was from 
44" Io-+ to 57" Io-G M (I. 3 times), 66. 7 -+o -6 M (I. 5 t imes) and I 3 3 " t o  6 M (3.I t imes) 
fi)r ATP,  ADP,  and AMP, respect ively.  Thus, it seelns tha t  both  lemon enzymes are 
more sensi t ive to AMP than  to e i ther  ATP  or A D P  at the same concent ra t ion  of the 
adenv la te  nucleotides.  I t  is impor t an t  to note tha t  3 ' -adenyl ic  acid had no inh ib i tory  
effect thus indica t ing  the necessi ty  of  5 ' -adenosine t)h<>sl)hate moie ty  requirenmnt 
for the inhibi t ion to occur. 

Effects of A M P ,  ,4 DP,  and A T P  on N A  1) + reduction 
Since adenosine nucleot ides  appea red  to inhibi t  N A D H  oxidati<m, a s t u d y  was 

under t aken  to see if they  affect NAD+ reduct ion.  As shown in Table XI ,  AMP in- 
creased NAI)  + reduct ion with pa r t i a l ly  purified mi tochondr ia l  enzyme from both 
lemon fruits. The s t imula t ion  at the highest  levels of AMP used (3-33" Io-S 5'I) was 
a lmost  o/ 5 ° ,o. A D P  and A T P  showed l i t t le  or no effect. It should be noted tha t  since 
the equi l ibr ium of  the react ion is s t rongly  toward  mala te  format ion,  it was necessary 
~o use high subs t r a t e  levels and a buffer of  high pH value. 

t~iochtm. IHophyz.  .4cta, . z o  ( t97o)  396 4o9  
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EFFI~]CT OF :~k~lP, ; \ ] ) P ,  AND . ' \ T P  ON RI,H)I.'(:TION O1" N A D "  H't" IMI'I'OCHONI)RIAL MALATI,~ I)I.:IIYI)ROGEN.~.SE |,'ROM 
SOUR AND ~x, VEF. T [.F;MON I:RUITS 

T o  a e u v c t t e  c o n t a i n i n g  2 .o  ml  o f  "l 'ris I I C I  (0 .05  31. p l l  S.5) , t h e  f o l h ) w i l l g  r e a t a e n t s  w e r e  a d d e d :  ( l )  3 ! t m o l e s  
o f  N A I l )  (o. 3 m l  o f  o . o i  31). ( - )  3 / t m o l e s  o f  l . - m a l a t e  (o. 3 m l  o f  o . o l  M'). (3) a s u i t a b l e  a m o u n t  o f  o . o i  .%1 o r  o. x 31 
; t d e n y l a t e  n u c l c o t i d e  s o h i t i ( ) n s  t o  g i v e  t h e  ( l e s i r ( ' d  c o n c e n t r a t i o n  (l  l O / g i n o l e s ) ,  a n d  (4) e n o u g h  b u f f e r  t o  l)rin!4 
t h e  v o l u n w  to  2 .0  ni l .  "I'o s t a r t  t i l e  r e a c t i o n  (~. I m l  o f  s u i t a b l y  d i l u t e d  e n z v l n e  w a s  add( ' ( t .  

..I 31 P .4 l ) 1  > ..! 7"1 ) 

( ' , m ~ L  t6'aclz,,)~ rate . 'Ictwily C,mcn. Rcadion  rate .'l~tivity C,)ncn. t&action rate .4ctwity 
"1 xo:l ( - l  4al , ,  ,, ....... , , , )  {"o) × lo: '  (. I-'1:),0 ,, ,,, l , , . .  ) ( % )  × 1o:' ( 1.#al . . . . . . .  i,,.,,) (°o) 
( 3 I )  (31)  ( M )  

S o u r  I c m . n  s M u b i l z : t ' d  m d . c h . ) z d r i a l  m a l a t c  d c k y d r o - , e n a . ~ c  
o . o o  o .  I I o 1 o o . o  o . o o  o .  1 1 o  I o o . o  o . o t )  o .  1 1 ( )  1 o o , o  

o. ,~ , ; ;  o .  I 1,5 l O  t . . 5  o , . ~ . ~  o .  1 (.)() ( ) ( ) .  1 o . , { , {  ( ) .  I 1 2 I o l  .,'/. 

1 3 )  7 o. 1()1 1 4 ( ) . .  I I ' f )7  O. 1 1 1  l l ) o  {) 1 3 )  7 o. I 1 2  I 0 1  ,R 

3..33 ° ' I ( ) 7  I S I . S  . ] .  ] . ]  O. IO,'q ()8.2 .5..{.~ ().I l I I ° 3 3 )  

Sweet lemon .~olubihzed mitochondrial ma/atc dehydrog,'nasc 
o . o o  o.o,N 2 i o o . o  o (7o o.o~;2 i o o . o  o . o 0  o. o,'q 2 lOOA) 
o. 33 o.( )87 I ()(). I o..~ 3 o. oS..~ I o I . 2 t)..~.{ o. o,"~ { I o I . 2 
I 3) 7 O. 1 1 0  1 ,~4" 1 I "()7 0 . 0 ~ . ' ~  1 0 3  . 7 1 3 )  7 I) . ( )N,[  1 0 2 . .  l 

3 .33  - . l  1 7 t 4 " - 7  3 .33  o.()S-t I ° 2 " 4  3 3 .  ~; ° ' ( )N ] 1°2"4  

g- 

% 

.1 
< 

// 
• ~ . . .  , . 

i ' "02 :" 3 
b. at;,, ( "C'- 5 M 

ss / 

/ /  

72> -"Z 

I / S  * *0 "'1 M N/~DH 

F i g .  I.  l ' . f lec t  o f  N A I ) "  on  N A I ) I I  o x i d a t i ( m  l)y p a r t i a l l y  p u r i f i e d  m i t o c h o n d r i a l  m a l a t e  d c -  
h y d r o g e n a s e  f r o m  s w e e t  l e i n o n  in T r i s - H C l  (o .05 `M,  p l l  7 . 5 ) :  a ,  n o  N A I l ' .  b,  t h e  e n z v n w  w a s  
i n c u b a t e d  f o r  i o  n f i n  w i t h  N A I . ) t  t a n d  b u t l e r .  T h e  r e a c t i o n s  w e r e  i n i t i a t e d  b y  a d d i n g  N A l )"  a n d  
o x a l a c e t a t e  s i n ] t l l t a n e o u s l y  t o  t h e  r e a c t i o n  n l i x t l l r e ,  c, t h e  elIZ~,'IYle '~vas i l lC t l l )a ted  fo r  1o lllill 
w i t h  N A I ) '  - N A ] ) I I  s i m u l t a n e o u s l y .  T h e  r e a c t i o n  w a s  i n i t i a t e d  b y  o x a l a c e t a t e  a d d i t i o n .  
d .  t h e  c n z v m e  w a s  i n c u b a t e d  f o r  l o m i n  w i t h  N A I l  ~ a n d  o x a l a c e t a t e  a n d  b u t i e r .  "1o i n i t i a t e  t h e  
r e a c t i o n  N A I ) I [  w a s  a d d e d .  ( ) x a l a c e t a t e  w a s  u s e d  c o n s t a n t  a t  1 . 6 7 - 1 0 - ~  M. N A 1 ) "  w a s  u s v d  
c o n s t a n t  a t  l o .  l o  ' 31. N : k l ) t l  c o n c e n t r a t i o n  r a n g e d  f r o m  3.3 ' IO ~ t o  6 .6  7 • r o  * M. 

F i g .  - .  T h e  d a t a  o f  t i l e  l o w  c o n c e n t r a t i o n  p o r t i o n  o f  F i g .  1 a r e  r e p r e s e n t e d  a s  a d o u b l e  r e c i p r o c a l  

p l o t ;  a,  b,  c, d arc '  t h e  s ; t m v  a s  in F ly .  1. 
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Effect of NA D + on NA DH oxidation by solubilized and partiall 3, purified mitochondrial 
enzyme from sweet lemon 

As an t i c ipa ted  in case of  p roduc t  inhibi t ion,  NAD + inhibi t ion  appea red  to be 
compet i t ive  with respect  to N A D H .  However ,  by  incuba t ing  the enzyme with NAI)  ~- 
prior to the addi t ion  of N A D H ,  uncompe t i t ive  inhibi t ion was obta ined .  This pheno- 
menon is r epor ted  in Figs. I and 2 and the s tudies  have been repea ted  3 t imes.  I t  is 
in teres t ing to note,  as seen in Figs. I and  2, tha t  the incubat ion  of  the  enzyme e i ther  
with N A D H  alone, with NAIY- added  la ter  with oxa lace ta t e  or with N A I ) '  -t- N A I ) H  
s imul taneoush ,  with the react ion in i t i a ted  la ter  bv add i t ion  of oxalace ta te ,  resulted 
in compet i t ive  inhibi t ion.  However ,  the incubat ion  of  the enzyme with NAD- '  and 
oxa lace ta te  with the react ion in i t ia t ion with N A D H  la ter  caused uncompet i t ive  
inhibi t ion.  

Thus, it  seems t ha t  both  N A D "  and oxa lace ta te  are responsible fi~r the change 
in kinetic  pa t t e rn  of the enzyme from compet i t ive  to uncompet i t ive .  

DISCUSSION 

There was no significant difference observed between tile sour and sweet lemon 
fruits  in the  enzyme d is t r ibu t ion  between soluble and mi tochondr ia l  fractions.  The 
mi tochondr ia l  enzyme accounted  for only  22 -36% of  the  to ta l  depending  on oxal-  
ace ta te  level. PW.RPO~NT ~8, s tudy ing  the d i s t r ibu t ion  of ma la te  dehydrogenase  among 
components  of  tobacco leaf  ex t rac ts ,  also found tha t  over  half  (55-7o%) of the enzyme 
was recovered in the supe rna t an t  fraction from which the enzyme could not  be sedi- 
mented  by  addi t iona l  centr i f l lgat ion at  25 ooo × g fi~r 2 h. However ,  the results  
ob ta ined  here showed tha t  the ra t io  of  the  soluble enzyme to the mi tochondr ia l  one 
is dependen t  on the oxa lace ta te  concent ra t ion  at  which the ac t iv i ty  was assayed since 
in cont ras t  to repor ts  tha t  only  mi tochondr ia l  enzyme from animal  t issues is inhibi ted  
at  high oxa lace ta t e  concent ra t ions  4-~ it was fimnd tha t  both  the soluble and mito-  
chondria l  enzymes from tile 2 lemon fruits  were inhib i ted  by  oxa lace ta te ,  the  difference 
being only in tile magni tude .  CASSXIA.X AXD ENGLARI) 19 repor ted  tha t  oxa lace ta te  
inhibi t ion of  beef  heart  supe rna t an t  ma la te  dehydrogenase  took place at  p t l  values 
below 7.8. Also, it was recent ly  repor ted  tha t  the ionic s t rength  of  the react ion mixture  
can mo(ti~, the inhibi t ion at  high oxa lace ta te  levels ". In this  s tudy,  there  was also 
some evidence tha t  the kind of ionic env i ronment  did affect the inhibi t ion at  high 
oxa lace ta t e  concentra t ions .  

Kinet ic  proper t ies  showed definite differences between the in tac t  mi tochondr ia l  
fract ions of  the a lemons. In t ac t  mi tochondr ia  from sweet lemon showed the lowest 
Km for N A D H ,  even lower Km than  tha t  of  the soluble fract ion from ei ther  sour or 
sweet lemon. In tac t  in i tochondr ia  from sour lemon had a Km value for N A D H  about  
5 t imes  grea te r  than  tha t  of  the in tac t  sweet mi tochondr ia .  I t  has been suggested tha t  
soluble enzyme in mammal i an  tissues is for mala te  format ion,  whereas the mito-  
chondria l  enzyme is for oxa lace ta te  t)roduction 4. However ,  the results  of the present  
s t u d y  indica te  tha t  not  only  the  soluble enzyme from both  fruits,  but  the in tac t  mi to-  
chondrial  enzyme from sweet lemon faw~rs N A I ) H  oxida t ion  (low Kin) and thus  mala te  
format ion.  On the o ther  hand,  the in tac t  mi tochondr ia l  enzyme from sour lemon is 
less favorabh  3 for N A D H  oxida t ion  which could lead to more oxa lace ta te  (a subs t ra te  
to fl)rm ci trate) .  Solubi l izat ion and par t ia l  purif icat ion of  mi tochondr ia l  mala te  

l¢wchim, tNoph),s..'Iota, 2 - o  ( tO7 o) 3 9 6  . to9 
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dehydrogenase ahnost caused tile alleviation of this difference. These observat ions 
could be speculatively connected to citric acid accumulat ion in sour lemons. 

Three significant phenomena have been observed, l:irst, the affinity of the 
enzyme for NADH was not changed either at the 2 oxalacetate concentra t ions  which 
were used or with the type of buffer. The inhibi t ion at the higher level of oxalacetate 
was also observed in the soluble enzyme as well as in the mitochondrial  one, and the 
difference was in degree only rather than in type. 

.qecond, the phosphate buffer seemed to alleviate the higher oxalacetate level 
inhibi t ion for NADH oxidation,  and even increase(t the al)parent maximal  velocity at 
the higher oxalacetate level more than that  at the h)wer oxalacetate level in "l'ris It('1. 
These 2 observat ions are self-explanatory since it seems that  oxalacetate inhibi t ion 
f,w NAI)H oxidation at the higher concentrat ion used in this s tudy is strictly of a 
noncompet i t ive  type and phosphate buffer seemed tc~ alleviate most but not all ~1 
the inhilfition. 

Third, in the case of~xalaceta te  reduction, it was noticed that  t~hosphate buffer 
increased the apparent  maximal  velocity and decreased the at'finitv of the enzyme flw 
oxalacetate when co,nt)ared with "l'ris H( ' I  buffer. The explanat ion of this observation 
is rather complicated, however, it is very similar to the effect reported for Na('l 
(o.o2 M or more) on oxalacetate reduction by pea seed soluble malate dehydrogenase"". 
"1o explain the effect of NaCI several hypotheses were developed. In agreement with 
\VEIMBERG 20, the results reported here rule out anv eollllectioll between the oxal- 
acetate substrate  inhibi t ion and effect of phosphate buffer ~m oxalacetate reducti~m 
since neither phosphate buffer nor oxalacetate altered the affinity of the enzyme for 
NADH. A p~Jssible explanat ion is that certain ionic species might have s(mle effect 
~m the ter t iary and/or quar te rnary  s t ructure  of the enzyme, thus producing such 
kinetic behavior. In support  of this view is the recent finding reported by SIl.:(;H. '21 
that  under  certain condit ions the mitochon(lrial malate dehydrogenasc of bovine 
heart muscle was reversibly dissociated to subuni ts  ~f almost :5", ,  of the molecular 
weight of the nat ive enzyme. 

Studies on the effect ~t" adenosine nucleotides (AM P, AI)P, and :\ ' I ' l ' )  showed 
that ..\.M P had the greatest inhibi tory effect on NADH oxidation by solubilized mit()- 
chondrial enzyme from the 2 lemon fruits. The results of the present s tudy showed 
that  within the range of NAI)I t  levels where the reaction is of a tirst order rate, the 
inhibit ion seems strongly competit ive,  l towever,  as the levels of NADI! favour zero 
order rate, the inhibi t ion by AMP was never comt~letely overcome as was anticil)ated. 
"l'he ~bservation that  3 ' -adenylic acid was of little or no effect indicates that a 5'- 
adcm~sine l~hosphate moiety was essential for the manifestat ion of adenosine nucleot ide 
inhil)ition and this might be of some value in assessing the inechanism of adenosine 
nucleotides effects. 

Studies on the effect of NAI) ~ on NAI)H oxidation bv solubilized mitochondrial  
malate dehydrogenase revealed an interest ing observation,  i . , ' .  if the enzyme was 
l)reim'ubated either with NADtt  (with NAI) -~ added later with oxalacetate), or with 
NAI) ~ , NAI) t t  s imultaneously (with the reaction ini t iated later by oxalacetate), 
a competi t ive inhibi t ion was observed. However, the incubat ion of the enzyme with 
N A I ) '  and ,~xalacetate (with the reacti~m ini t iated later with NADH) resulted in an 
uncompet i t ive  inhibit ion.  I t can only be concluded that  some c,mflwmational change 
in the enzyme protein might have been ini t iated bv NAD + in the presence of oxal- 

H~och~m. H i o p k y s .  A c t a .  , 2o (107o) 3t~ .to9 
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acetate or possibly N A D  + s lowly became attached to a second site on the enzyme,  
thus resulting in the alteration in the kinetic behavior from compet i t ive  to uncompe-  
t i t |re .  
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