
S E P A R A T I O N  OF T H E  M A L A T E  D E H Y D R O G E N A S E  

I S O E N Z Y M E S  O F  C O T T O N  S E E D S  

K.  D a v r a n o v ,  M.  A .  K u c h e n k o v a ,  
a n d  P .  K h .  Y u l d a s h e v  

UDC 577.158.4 

In p reced ing  pape r s  [1] we have repor ted  the p r e s e n c e  in cotton seeds  of four  i soenzymes  with ma la te  
dehydrogenase  act ivi ty .  It is known f rom the l i t e r a tu re  that  heterogeneous  f o r m s  of ma la t e  dehydrogenase  
with mo lecu l a r  weights of 69,000, 275,000, and 70,000-145,000 may  exist  in one and the s ame  plant s imu l -  
taneously  [2, 3]. The ma jo r i t y  of worke r s  cons ider  that the i soenzyme with tool.  wt. 60,000-70,000 is a 
d i m e r  and that with 135,000-145,000 a t e t r a m e r .  The iso f o r m s  of ma la te  dehydrogenase  f rom bac te r ia l  
and animal  sou rces  genera l ly  have s i m i l a r  mo lecu l a r  weights [4, 5, 9-12].  

We have studied the homogenei ty of the molecu la r  f o r m s  of ma la te  dehydrogenase  f rom cotton seeds  
us ing gel f i l t ra t ion.  The a m m o n i u m - s u l f a t e - p r e c i p i t a t e d  and desal ted prote in  was passed  through a column 
of Sephadex G-100. T h r e e  prote in  f rac t ions  were  found (Fig. 1). The ma la t e  dehydrogenase  act ivi ty was 
de te rmined  in each tube, and only one act ive peak was obtained. This  shows that the molecu la r  weights of 
the i soenzymes  of ma l a t e  dehydrogenase  p resen t  in cotton seeds  a r e  s im i l a r .  

We then sepa ra ted  the i soenzymes  using precipi ta t ion of the prote in  with ammonium sulfate .  Two 
f rac t ions  were  isolated:  at 20-50% [1] and 50-100% sa tura t ion .  An e lec t rophore t ic  study with the d e t e r m i -  
nation of the posit ion of local izat ion of the act ivi ty  in the gel showed that both f rac t ions  contained two iso 
f o r m s  (Table 1, Fig.  2). 

Af ter  separa t ion  on a column of DEAE-cel lulose,  two ac t ive  f rac t ions  were  obtained, while two o thers  
showed t r a c e s  of act iv i ty .  All the prote in  f rac t ions  were  studied by e l ec t rophores i s  in po lyac ry lamide  gel, 
t he i r  ac t iv i t ies  being de te rmined  in the gel. In each of f rac t ions  I and IV one colored band was found, and 
in each of f rac t ions  II and III two with weak colora t ions .  For  p repa ra t ion  IV, the f rac t ion  with the m a x i m u m  
act ivi ty ,  we found a mo lecu l a r  weight (by u l t r acen t r i fug in~  of 145,000 [7] and de te rmined  some of its p rop -  
e r t i e s :  dependence of the act ivi ty on the pH, on the subs t r a t e  saturat ion,  and on the amount of coenzyme 
added. The  oxidation of NAD • H z was used to de t e rmine  ac t iv i t i es .  

TABLE 1 

.~ Malate dehydroq ., ~ = 
' / Y i e t a ,  "/~' ,.,.-, .~ 
> ~ .~ ]genase activity | I ~ p urification stage 

Separation on DEAE- 10 28 3240 907 200 11,26 17 1,6 

cellulose I I 
I 48 0,85~ 12353 508473 1,6 9.616 

II 48 0,Sl'i 850 58150[ 1.510,62, -- 
I l l  28 0,49601240000 1698810,14] 0,321 -- 
IV 36 0 , 0 8  16800010,1113,2 1 3 0  
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F i g .  2. S e p a r a t i o n  of the  t o t a l  f r a c t i o n  fo r  50-100% s a t u r a t i o n  with a m m o n i u m  su l f a t e  on 
D E A E - c e l l u l o s e  and z y m o g r a m s  of the  f r a c t i o n s  ob ta ined  (for cond i t ions ,  s e e  t ex t ) .  

F i g .  3 shows  the  s a t u r a t i o n  c u r v e  of the  e n z y m e  with o x a l o a c e t i c  a c i d  (OAA), which i s  c h a r a c t e r i s t i c  
f o r  the  c u r v e  of inh ib i t ion  of an  e n z y m e  by high c o n c e n t r a t i o n s  of s u b s t r a t e .  T h i s  a c i d  has  an inh ib i t ing  e f -  
f ec t  in c o n c e n t r a t i o n s  g r e a t e r  than  1 • 10 -3 M. The  va lue  of K M fo r  OAA is  3 • 10 -~ M at  pH 7°4 in a p h o s -  
pha te  bu f f e r .  In addi t ion ,  we found tha t  the  m a x i m u m  a c t i v i t y  is  shown in a c o n c e n t r a t i o n  of 1 °91 .10  -4 M 
NAD*H2o F i g u r e  3 a l s o  shows  the  d e p e n d e n c e  of the  a c t i v i t y  on the  pH; it can  be  s een  tha t  the  m a x i m u m  
a c t i v i t y  a p p e a r s  in the  pH r a n g e  f r o m  9 to 10. 

EXPERIMENTAL 

D e t e r m i n a t i o n  of P r o t e i n .  The  amount  of p r o t e i n  in the  so lu t i ons  was d e t e r m i n e d  by the  b i u r e t  r e a c -  
t ion  and by  the W a r b u r g - C h r i s t i a n  m e t h o d  [13]o 

E x t r a c t i o n .  Defa t ted  c o t t o n s e e d  f lou r  (8 g) was  e x t r a c t e d  with 80 ml  (1:10) of phospha t e  buf fe r ,  pH 
7.4, con t a in ing  10 -~ M c y s t e i n e  and 10 -3 M EDTA.  E x t r a c t i o n  was p e r f o r m e d  with s t i r r i n g  at  +4°C fo r  2 -4  
h. The  m i x t u r e  was  c e n t r i f u g e d  at  18,000 r p m  for  15 m i n .  

D e t e r m i n a t i o n  of the  A c t i v i t y  of t he  E n z y m e .  The  a c t i v i t y  of the  m a l a t e  d e h y d r o g e n a s e  was  d e t e r -  
m i n e d  by  the  s p e c t r o p h o t o m e t r t c  me thod  with  r e s p e c t  to  the  ox ida t ion  of NAD • H z and by the d e c r e a s e  in 
op t i ca l  d e n s i t y  at 340 rim. 

Tha t  amount  of e n z y m e  which changed  the  op t i ca l  d e n s i t y  by  0o001 in 1 rain at  r o o m  t e m p e r a t u r e  was  
t a k e n  as  the  unit  of a c t i v i t y .  

The  s p e c i f i c  a c t i v i t y  is  the  n u m b e r  of a c t i v i t y  uni t s  p e r  m g  of p r o t e i n .  In an a c t i v i t y  d e t e r m i n a t i o n ,  
the  e x p e r i m e n t a l  m i x t u r e  c o n s i s t e d  of 0.51 m m o l e  of OAA n e u t r a l i z e d  with 2% KOH so lu t ion ,  0.17 m m o l e  
of NAD • H2, and 2-5  pg  of e n z y m e .  T h e  to ta l  v o l u m e  of the  r e a c t i o n  m i x t u r e  was  m a d e  up to 3 ml  with 0.1 
M phospha te  buf fe r ,  pH 7.4. The  p h o s p h a t e  buf fe r  was  u sed  as  c o n t r o l .  The  r a t e  of the  r e a c t i o n  was m e a -  

s u r e d  e v e r y  30 s e c  fo r  3 min .  

Gel F i l t r a t i o n  t h rough  Sephadex  G-100o A co lumn with a po rous  bo t tom (45x 2.2 cm) was  f i l l ed  with 
Sephadex G-100 tha t  had been  swol l en  in 0.1 M phospha t e  buf fe r ,  pH 7.4, and was  e lu t ed  8-10 h with the  
s a m e  bu f f e r  fo r  c o m p a c t i o n .  The  r e s i d u e  ob ta ined  by the  e x t r a c t i o n  of the  de fa t t ed  c o t t o n s e e d  p o w d e r  (5 g 
of d e f a t t e d  powder  was  e x t r a c t e d  in 50 ml  of phospha te  buf fe r ,  pH 7.4, con t a in ing  1 o 10 -3 M EDTA and 10 -3 
M c y s t e i n e  and was  p r e c i p i t a t e d  wi th  a m m o n i u m  su l fa t e  in the  r ange  of c o n c e n t r a t i o n s  f r o m  0 to 100% s a t u -  
ra t ion)  was  d i s s o l v e d  in the  bu f fe r  and the  so lu t ion  was  c e n t r i f u g e d  at  18,000 r p m  at  0-2°C f o r  15 m i n .  
The  s u p e r n a t a n t  l iqu id  was  d e s a l t e d  in a co lumn of Sephadex  G-25 e q u i l i b r a t e d  with the  a b o v e - m e n t i o n e d  
bu f f e r  and was  then  t r a n s f e r r e d  to  a co lumn of Sephadex  G-100.  E lu t ion  was  p e r f o r m e d  with 0ol M p h o s -  
pha te  buf fe r ,  pH 7.4, con t a in ing  10 -3 M EDTA and 10 -3 M c y s t e i n e .  The  r a t e  of e lu t ion  was  20 m l / h ,  the  
f r a c t i o n  v o l u m e  5 ml ,  and the  t e m p e r a t u r e  0-4°C.  
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Fig.  3. Dependence of the 
activity of MDH on the con-  
centrat ion of OAA (the ac -  
t ivity of MDH at a concen-  
t rat ion of OAA of 1 • 10 -a M 

i s  taken as 100%) (a) ; NAD" 
H 2 (the activity of MDH at a 
concentrat ion of NAD.H 2 of 
1.91 "10 -4 M is taken as 100%) 
(b), and the pH of the medium. 

Disc Elec t rophores is  in Polyaerylamide Gel. The e lec t rophore-  
sis tubes (5x 60 mm) were fixed in a stand and filled with a po lymer i -  
zation mixture  containing two-thirds part  of 7.5~ acrylamide  tn t r i s -  
glycine buffer (gel for  separation) with pH 8.6 and the catalyst .  Polym- 
er izat ion was per formed in UV light for  30 rain. Then one-quar te r  
par t  of 2.5% acrylamtde  (gel for concentrat ing the protein solution) 
with pH 6.6 ( t r is-giycine buffer) was added, and this was polymerized 
in UV light for 30 rain. The solution under investigation was deposited 
with the anticonvective substance (40% solution of sucrose  in water  
and a few crys ta l s  of dye). Elect rophores ls  was per formed for  2 h 
(voltage 400 V, cur rent  strength not more  than 3.5 mA per tube). 
After e lec t rophores is ,  the gel was removed f rom the tubes and placed 
in a 0.1% solution of the dye Coomassie  Blue in methanol - w a t e r  - 
acetic acid (5:5:1). The dye residues were washed out with 4% acetic 
acid solution. 

Determination of the Position of Localization of the Activity in 
the Gel after  Elec t rophores is .  After  the lapse of the t ime for  e lec t ro-  
phoresis ,  the gel was removed f rom the tubes and fixed with a 5~ 
solution of t r ich loroace t ic  acid. After fixation, the gels were im-  
mersed  in the substrate  mixture in the dark at 37°C for 30 rain. The 
composit ion of the incubation mixture was as follows: 6.5 mg of malic 
acid (neutralized), 3.5 mg of NAD, 0.6 mg of Nitrozolium Blue and 1 
mg  of phenazine methosulfate.  

Fract ionat ion with Ammonium Sulfate. With slow st irr ing,  7.12 
g of ammonium sulfate was added to 65.5 ml of the total extract  to 
give 20% saturat ion.  The mixture was allowed to stand for  2 h and 
was centrifuged at 18,000 rpm for  30 rain. The precipitate was d is -  
carded.  With s t i r r ing,  11.6 g of ammonium sulfate was added to the 
supernatant liquid after the removal  of the precipi ta te  for 0-20% satu-  
ration to give 50% saturation, and the mixture was left for 2 h and was 
centrifuged at 18,000 rpm for  30 rain. The precipitate was d i s c a r d e d  
and, with s t i r r ing,  21.18 g of ammonium sulfate was added to the 
supernatant liquid to give 100% saturation.  After 2 h, the mixture was 
centrifuged at 18,000 rpm for  30 min. The precipitate was dissolved 
in the minimum amount of 0.005 M phosphate buffer, pH 7.4. 

Desalt ing on a Column of Sephadex G-25. The protein solution obtained af ter  salt ing out with am-  
monium sulfate was passed through a column of SephadexG-25 (2.5x40 cm) previously equilibrated with the 
0.005 M phosphate buffer, pH 7.4. The rate of elution was 40 ml/h,  5-ml fract ions being collected. 

Separation of the Frac t ion  f rom 50-100% Saturation with Ammonium Sulfate on a DEAE-Cellulose 
Column. A desalted solution of 280 mg of the protein was deposited on a column of DEAE-cel lulose  (1.0x 
17 cm) equilibrated with the 0°005 Mphosphate buffer, pH 7.4, containing 10 -4 M cysteine and 10 -3 M EDTA, 
The rate of elution was 14 ml /h .  Elution was f i rs t  per formed with the buffer (15 tubes) and then with s tep-  
wise increas ing concentrat ions of 0.01 M, 0.02 M, and 0.04 M phosphate buffer.  Fract ions  of 3.5 ml each 
were  taken in a col lector .  Their  extinctions were determined onanSF-4A spect rophotometer  at 280 nm. A 
graph of the spect rophotometr ic  readings was plotted (see Fig. 2). The protein was eluted in four f ract ions .  
The protein content and activity of each fract ion was determined.  Frac t ion  IV, eluted with the 0.04 M phos-  
phate buffer was found to be the most  active.  

Ultracentr i fuging was per formed in an ul tracentr ifuge (model G-120 MOM), using 0.1 M phosphate 
buffer at room tempera tu re .  The molecular  weight was found by the method of unestablished equilibrium, 
with calculation by W. Archibald ' s  method. 

SUMMARY 

Gel filtration and ultraeentrlfuging have shown that the four isoenzymes of malate dehydrogenase 
present in cotton seeds have the same molecular weight. 
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In the case of the izoenzyme obtained at a high saturat ion with ammonium sulfate, the dependence of 
its activity on the pH and on the concentrat ions of substra te  and coenzyme have been determined.  
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