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Phenol oxidases form a c lass  of enzymes  that is widely distr ibuted in plants. The phenol oxidases of 
tea [1-3], the potato [4, 5], the apple [6, 7], tobacco [8], fungi [9], etc.,  have been studied. The enzyme has 
been isolated from var ious  plant organs,  as a resu l t  of which the number  of known phenol oxidases has in- 
c reased .  They differ in molecular  weight, amino-acid composition, copper  content, and enzymatic p rope r -  
tie s. 

A phenol oxidase is also present  in the leaves of a perennial  cotton plant of the species Gossypium 
hirsutum [10]. We have investigated young leaves of an annual cotton plant of this species  (variety 108-F). 
The phenol oxidase from the leaves of the cotton plant was studied in planned fashion according to the pe r i -  
ods of vegetation of the plant. The enzyme was not found in the seeds and in the seed leaves:  It is formed 
and accumulates  in the young leaves and, as we have found, possesses  its maximum specific activity in the 
period of vigorous growth of the cotton plant (between pinching-out and July) [11]. Consequently, for a f a r -  
reaching investigation of the plant we took the leaves gathered in the pinching-out period and stored them in 
a f reezing chamber  at -20* C. The phenol oxidase was extracted f rom the leaves with c i t r a t e -phospha te  
buffer, pH 7.8-8.0, in the presence of var ious reducing agents of phenols [12, 13l. The best  resul ts  were 
obtained on extra~::ian with a 1% solution of ascorbie  acid. Then the solution was dialyzed against 0.001 M 
phosphate buff,Jr, pH 7.8-8.0 and was chromatographed twice on a column of DEAE-cel lulose.  

After lyophilization, the preparat ion was light yellow. On rechromatography  on DEAE-cel lulose it 
gave one symmet r i ca l  peak coinciding with the activity peak. On ultraeentrifugation no peak of a sediment-  
ing substance was found by the rate of sedimentation method, while by the method of unestablished equilib- 
r ium its molecular  weight was found to be about 11,700. 

Disk e lec t rophores i s  in 15 ~c gel at pH 8.9 of the enzyme obtained showed two protein bands, the less  
mobile band being considerably s t ronger .  Both bands were more  active when the gel was incubated in a 
solution of 3,4-dihydroxyphenylalnine (DHPA), The preparat ion of phenol oxidase investigated was incu- 
bated in a 2'~ solution of sodium dodecyl sulfate (SDS) at 37* C for 2 h, and was then subjected to disk e l ec -  
t rophores i s  in 15 7c gel. This gave one broad band migrat ing with the Bromophenol  Blue label. The e lec -  
t rophores i s  of this solution in a 30 ~ gel gave one narrow protein band migrat ing approximately one third 
of the whole length of the gel. These resul ts  indicated the existence of a quaternary  s t ructure  of the phenol 
oxidase. 

To confirm the resu l t s  obtained, a solution of phenol oxidase af ter  incubation in 2 % SDSNa was cooled 
in a r e f r i ge r a to r  for the part ial  elimination of the SDS. The precipitate of SDS that deposited was separated 
off by centrifuging, and the supernatant liquid was studied e lectrophoret icaUy in 15 ~7c gel at pH 8.9. Two 
protein bands were  marked:  one migrat ing with the dye and the other  in the upper par t  of the gel. 

The solution used for the exper iments  after  the part ial  elimination of the SDSNa was centrifuged on an 
ul t racentr i fuge (Fig. 1). 

The molecular  weight of the substance shown in Fig. lb was 5300 which again conf i rms  the existence 
in the enzyme of two subunits with identical o r  very  close molecular  weights. 

The  amount of copper in the phenol oxidase was determined spect rophotometr ica l ly  [14]. Analysis  
was pe r fo rmed  twice with different amounts of protein. The copper content was approximately 0.9 %. Cal-  
culated from the copper  content, the minimum molecular  weight is about 7000, i.e. there is one copper  ion 
to one subunit of the enzyme. 
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Fig .  1. U l t r a c e n t r i f u g a t i o n  of the phenol  o x i d a s e  of the co t ton  p l an t  
a f t e r  i ncuba t ion  in 2% SDS and p a r t i a l  e l i m i n a t i o n  of  the SDS: a) 
beg inn ing  of  c e n t r i f u g a t i o n ;  b) end of  c e n t r i f u g a t i o n .  
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S t ab i l i t y  of  the phenol  o x i d a s e  at  70 ° C. 

Dependence  of  the  a c t i v i t y  of  the phenol  o x i d a s e  on the 
c o n c e n t r a t i o n  of c a t e c h o l .  

The r e s u l t s  of an i n v e s t i g a t i o n  of  the  dependence  of  the a c t i v i t y  of  phenol  o x i d a s e  on the pH showed 
tha t  the  e n z y m e  h a s  a pH o p t i m u m  at  7 .6 -7 .8 .  In th i s  r a n g e  t h e r e  a r e  two t e m p e r a t u r e  o p t i m a  (at 30 and 
at  60 ° C); the a c t i v i t y  at  60°C is  2.5 t i m e s  g r e a t e r  than at  30 ° C. The i n c r e a s e d  a c t i v i t y  of phenol  o x i d a s e  
at  60 ° C e n a b l e d  u s  to i n v e s t i g a t e  i t s  s t a b i l i t y  at  70 ° C (Fig.  2). I t  can  be s een  f r o m  Fig .  2 tha t  the e n z y m e  
is  i n a c t i v a t e d  with  t i m e ,  and on incuba t ion  fo r  30 min  it l o s e s  i t s  a c t i v i t y  c o m p l e t e l y .  

In a s tudy  of  the d e p e n d e n c e  of the a c t i v i t y  on the c o n c e n t r a t i o n  of phenol  o x i d a s e  we found tha t  with 
an i n c r e a s e  in the c o n c e n t r a t i o n  of p r o t e i n  f r o m  0.02 to 0.2 m g / m l  the r e l a t i o n s h i p  c o n c e r n e d  i s  l i n e a r .  

The va lue  of  K m ,  a p p r o x i m a t e l y  2.3 • 10 -4 M, was  d e t e r m i n e d  f r o m  a g r a p h  (Fig.  3). The s u b s t r a t e  
s p e c i f i c i t y  w a s  i n v e s t i g a t e d  with  v e r y  d i f f e r e n t  phenols ;  h o w e v e r ,  the phenol  o x i d a s e  exh ib i t ed  ac t i v i t y  only 
wi th  r e s p e c t  to c a t e c h o l  and DHPA, i t s  a c t i v i t y  wi th  r e s p e c t  to DHPA b e i n g  twice  tha t  fo r  c a t e c h o l .  C o n -  
sequen t ly ,  t h i s  pheno l  o x i d a s e  be longs  to the o r t h o d i p h e n o l  o x i d a s e s  (EC 1.10.3.1) .  

E X P E R I M E N T A L  M E T H O D  

D e t e r m i n a t i o n  of Ac t iv i ty .  A. A c c o r d i n g  to D r a w e r t  [15]. To 2 ml  of  a 10 % so lu t ion  of c a t e c h o l  w e r e  
added  2 m l  of  a 2 % so lu t ion  of p r o l i n e  and I ml  of e n z y m e  so lu t ion .  A f t e r  20 rain,  the r e a c t i o n  w a s  s topped  
by the add i t ion  of  0.5 ml  of a 5% so lu t ion  of TCA. The i n t ens i t y  of  c o l o r  w a s  d e t e r m i n e d  on p h o t o e l e c t r i c  
c o l o r i m e t e r  (v io le t  f i l t e r ) .  A s i m i l a r  m i x t u r e  w a s  u s e d  as  the s t a n d a r d  so lu t ion ,  but  i m l  of 0.1 M p h o s -  
phate  buf fe r ,  pH 7.8, was  u sed  i n s t e a d  of 1 m l  of  the e n z y m e  so lu t ion .  A s  the uni t  of  a c t i v i t y  we took a 
change  in a b s o r p t i o n  by 0.001 in 1 min.  A l l  the so lu t i ons  w e r e  p r e p a r e d  in 0.1 M phospha te  buf fe r ,  pH 7.8. 

B. P o l a r o g r a p h i c  method .  The a c t i v i t y  of  the e n z y m e  was  d e t e r m i n e d  in a p o l a r o g r a p h i c  ce l l  of the 
d e s i g n  due to S h o l ' t s  and O s t r o v s k i i  [16]. A Czech  p o l a r o g r a p h ,  type  L P - 7 ,  w a s  u sed .  The so lu t ion  c o n -  
s i s t e d  of a m i x t u r e  of  1 m l  of  a 0.05 M so lu t ion  of  the s u b s t r a t e ,  0.5 ml  of  e n z y m e  so lu t ion ,  and 1.5 ml  of 
0.1 M phospha te  buf fe r ,  pH 7.8. 

I s o l a t i o n  ond P u r i f i c a t i o n .  The l y o p h i l i z e d  l e a v e s  (23 g) w e r e  e x t r a c t e d  wi th  1150 m l  of  0.01 M c i -  
t r a t e - p h o s p h a t e  buf fe r ,  pH 7 .8-8 .0 ,  con t a in ing  1'7c of a s c o r b i c  ac id  and 50 g of K a p r o n  [ p o l y c a p r o a m i d e ]  
powder .  The  m i x t u r e  w a s  f i l t e r e d  th rough  a l a y e r  of a b s o r b e n t  co t ton  and then th rough  a l a y e r  of f i l t e r  
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paper .  The g reen -p ink  ex t r ac t  was  d ia lyzed  agains t  0.001 M phosphate buffer ,  pH 7.8-8.0,  unt i l  the d i a l y s i s  
solution no longer  abso rbed  at 260 nm. The d ia lyza te  was depos i ted  on a column (4 x 40 cm) of DEAE-  
ce l lu lose  equ i l i b ra t ed  with the same buffer.  The r a t e  of flow of the solution in the deposi t ion  of the pro te in  
on the column was  60 m l / h .  The pro te in  was  so rbed  as  a na r row band. I t  was  e lu ted  in a po t a s s ium ch lo -  
r ide  grad ien t .  The r a t e  of elut ion was  50 ml /h .  The f rac t ion with the h ighes t  speci f ic  phenol oxidase  a c -  
t ivi ty  was  r ed i a lyzed  aga ins t  0.001 M phosphate buffer ,  pH 7.8-8.0,  and was  depos i t ed  on a column (1 x 27 
cm) of DEAE-ce l lu lose  equ i l ib ra t ed  with the same buffer .  Elution was  p e r f o r m e d  in a po t a s s ium chlor ide  
gradient .  The ra te  of elut ion was 12 m l / h .  The concent ra t ion  of p ro te in  was  de t e r m i ne d  by the b iu re t  
method and f rom the absorp t ion  at 280 nm. 

E l e c t r o p h o r e s i s .  Disk e l e c t r o p h o r e s i s  was  p e r f o r m e d  in 15 % and 30 % p o l y a c r y l a m i d e  ge ls  at pH 8.9. 
The substance  was r e v e a l e d  with a 0.25 % solution of Coomass ie  Blue. The subs t r a t e  ac t iv i ty  was d e t e r -  
mined by incubating the gel in 0.001 M DHPA solution at room t e m p e r a t u r e  for 2 h. Before  development ,  
the gel  was fixed in 80 Yc ethanol  cooled to +4 ° C for  20 min. 

De te rmina t ion  of Copper .  The p ro te in  was  d i s so lved  in d i s t i l l ed  wa te r  which had been r e d i s t i l l e d  in 
a g l a s s  appa ra tus  with a quar tz  condense r  and was d ia lyzed  agains t  the same  w a t e r  for  two days .  Then the 
p ro te in  solution obtained was  lyophi l ized.  After  this ,  1.5 mg of the p r o t e i n  was  d i s so lved  in a quar tz  t e s t  
tube in a mix ture  of I mt of concen t r a t ed  cp H2SO 4 and one drop  of concen t ra ted  cp HNO 3. The solution was  
p laced  in an oven at  120°C for 3 h. Af ter  d iges t ion,  the total  volume of the solution was brought to 10 ml 
with d i s t i l l ed  wa te r ,  and 5 ml  of this solution was  ai luted to 30 ml,  mixed with 5 ml of 40 7c c i t r i c  acid,  and 
then made a lkal ine  with concen t r a t ed  ammonia  solution. To this  mix ture  was  added 10 ml  of a 0.1 '7c so lu-  
tion of sodium d ie thy ld i th ioea rbamate  which had been twice r e c r y s t a l l i z e d  f rom ethanol.  The mix ture  was 
shaken wel l  and was ex t r ac t ed  with CC14 (cp 4 × 2.5 ml).  Af ter  the e x t r a c t  had been d r i ed  ove r  anhydrous 
sodium sulfate,  the absorp t ion  at 440 nm was m e a s u r e d .  The amount of Cu 2+ in the solution was  de t e rmined  
f rom a s tandard  curve obtained under  the same condi t ions as  the sample  us ing  the same solut ions.  

F o r  a check we de t e rmined  the amount of copper  in the r ema in ing  5 ml,  as  well .  Then a second ex -  
p e r i m e n t  was p e r f o r m e d  with a 2 -mg sample .  The mean coppe r  content in 1 mg of p ro te in  was de r ived  
f rom the r e s u l t s  obtained.  It was approx imate ly  9.1 ~g, which c o r r e s p o n d s  to about 0.9 % of copper  in the 
prote in .  

Determina t ion  of Km and Study of the Stabi l i ty  of the Enzyme at 70 ° C. To de te rmine  Km we studied 
the dependence of the ac t iv i ty  of the phenol oxidase  on va r ious  concen t ra t ions  of ca techol  by D r a w e r t ' s  
method. Then we found the concent ra t ion  of ca techol  at which the ra te  of the reac t ion  was half  the m a x i -  
mum. The s tab i l i ty  of the phenol oxidase  at  70°C was studied by incubating the enzyme for a p r e d e t e r m i n e d  
t ime in the w a t e r  bath and, a f t e r  br inging  the t e m p e r a t u r e  to that  of the room in an ice bath, de t e rmin ing  
the ac t iv i ty  (Drawer t ' s  method). 

Ul t racen t r i fuga t ion  was p e r f o r m e d  by the method of an es t ab l i shed  equ i l ib r ium at 22,000 and 8000 
rpm on an MOM 3170 u l t r acen t r i f uge .  

SUMMARY 

An investigation of the phenol oxidase present in the leaves of the cotton plant according to its vege- 
tation periods has been performed. From the leaves at the period of maximum phenol oxidase activity so 
found an enzyme with a molecular weight of 11,700 has been extracted, the homogeneity of which was shown 
by the rechromatography of DEAE-cellulose, ultracentrifugation, and disk electrophoresis. 

2. It has been established that the enzyme has a quaternary structure. 

3. The properties of the phenol oxidase have been studied. It belongs to the class of orthodiphenol 
oxidases (EC 1.10.3.1). It contains approximately 0.9 Yc of copper. 
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