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Polyfenoloxydasa v ko~eneeh tykve 

Z ko~en~ tykve Cucurbita pepo L., sorta ,,KabaSky", byl zlsks acetonovs~ prepa- 
rs kter~ mh polyfenoloxyds aktivitu vfiSi pyrogallolu, podstatn6 menw vfiSi 
pyrokateehinu 5i DOPA. Je kompetitivn6 inhibov~n DIECA, d~le KCN, neni 
inhibov~n NaNa, co~. sv6d6i pro Cu-enzym polyfenoloxydasov6ho typu. Kvantita- 
tivnl rozdfly mezi variantami ,,NS" a ,,-Ca" nebyly zjiw kvalitativni rozdily, 
dan6 afinitou vflSi substrg~tu, nejsou p*rfikazn@. 

Summary 

F r o m  the  roo t s  of Cucurbi ta  pepo  L. a n  ace tone  p r e p a r a t i o n  was  o b t a i n e d  
w i t h  a p o l y p h e n o l - o x i d a s e '  a c t i v i t y  t o w a r d s  pyroga l lo l ,  less m a r k e d  t o w a r d s  
p y r o c a t e c h i n  a n d  D O P A .  I t  is c o m p e t i t i v e l y  i n h i b i t e d  b y  D I E C A  a n d  K C N ,  
b u t  is n o t  i n d i b i t e d  b y  N a N  3, wh ich  is ev idence  t h a t  i t  is a copper  e n z y m e  of  t h e  
p o l y p h e n o l  ox idasc  type .  No q u a n t i t a t i v e  differences b e t w e e n  the  two  v a r i a n t s  
" N S "  a n d  " - C a "  were f o u n d  no r  q u a l i t a t i v e  differences expressed  b y  t he  a f f i n i t y  
for t he  s u b s t r a t e .  

Introduction 

In  previous papers (DvorAK 1960, 1962) it was reported that an enzyme is present in acetone 
preparations obtained from the roots of Cucurbita pepo L., which oxidises pyrogallol without the 
addition of I-I~O~. We tried to elucidate the nature, of this enzyme and to compare the qualities 
of the enzymatic preparation from plants cultivated on a complete and Ca-deficient medium. 
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Materials and Methods 

The roots  of Cucurbita pepo L. var ie ty  " K a b a 6 k y "  were g rown for 7 days  in a complete med ium 
wi thout  adding microelements  or in a Ca-deficient med ium (Dvo~XK 1960)�9 An acetone prepara-  
t ion was  obta ined by  precipi ta t ing the prote in  ext rac t  in a phosphate-buffer  solution at  p i t  8 
(DvorAK 1963)�9 The enzyme-act iv i ty  was  tes ted by  the  direct W a r b u r g  method  at  26 ~ C; the  
basis was  three ml. of  resuspended prepara t ion  in phosphate-buffer  5 .10-8M (30 m g p e r  flask), 
wi th  other  added substances,  at  p H  6�9 at  th is  p i t  value the  enzyme act ivi ty  is high and 
the  s t andard  value does no t  exceed 3 to 5 ~1. O3110 rain./1 fask�9  I f  p H  rises above 7 the enzyme 
act ivi ty  cannot  be dis t inguished f rom autooxidat ion.  1 ml. of subs t ra te  was  placed in the side- 
-arm (0.1 M). This was  added to the  main  contents  af ter  T = 26 ~ C was  reached. The O 2 con- 
sump t ion  was  measured  dur ing nex t  60 minutes ;  the course was linear. Blank values were no t  
s t tbtr~cted f rom the resulta. 

Results and Discussion 

The enzyme was  identified according to its subs t ra te  specificity and  to its reaction wi th  in- 
hibitors.  Pyrogallol  was  found  to be the only sat isfactory subs t ra te  which  a t  p H  = 6.8 had  a 
to ta l  02 consumpt ion  is 18 to 30/~l/10 rain./80 m g  of prepara t ion.  Oxidat ion of  pyrocatechol  was  
11% and D O P A  7.5 %. No oxidat ion was  observed with tyrosine and acetyl-tyrosine.  As the  fin- 
al p roduc t  of the  react ion we obta ined purpurogal l in ,  which can he ext rac ted  wi th  ether�9 

The sensit ivi ty of the enzyme to some inhibi tors  is shown on Table 1. 

Tab.  1. Comparison of act ion of some inhibitors to polyphenol  oxidase f rom roots  of Cucurbita 
pepo L. pI-I = 6.8, subs t ra te  2 -5 .10 -SM pyrogallol,  30 rag. of the  p repara t ion  per  vessel, 

temp.  26 ~ C 

Inhibitor Concentration To of activity remaining in var. : 
10 3M "N8 . . . .  -Ca" 

DIECA 0.1 105 
DIECA 2.5 34 70 

IECA KCN 2.5 + 1�9 7.5 
CN 1.0 34 39.5 

NaN3 1.0 100 100 

Wi th  bo th  var ian ts  the enzyme-subs t ra te  affinity expressed by  the cons tan t  K(s ) (BLADEGROEN 
1955) was measured  in five cases for pyrogallol concentrat ions:  12.5 . l0 -8, 2 .5 .  10 -8 and 0.25. 
�9 10 -8 M using 30 mg of p repara t ion  per  vessel. The value for " N S "  = (7.22 • 3 .0 .65) .  10 -3 M and 
for " -Ca"  = (10.3 ~- 3 .  1.4) 10-aM. The difference is no t  statist ically significant. D I E C A  acts 
as a competi t ive inhibitor.  By var ian ts  " N S "  and  "-Ca"  the 2.5. l0  -3 M D I E C A r a i s e s  K(s ) f rom 
8.9 to 28 and f rom 12.5 to 41 mM, which corresponds to K(I  ) 0.84 and 2'5 raM. No difference was  
observed when compar ing  the  aci t ivi ty of polyphenol-oxidase in three parallel cul tures of the 
var ian t  " N S "  and  "-Ca".  

To dist inguish polyphenol  oxidase f rom ascorbinoxidase,  which also appeared  active in the 
prepara t ion,  10 -4 M of D I E C A  was used as a selective inhibitor.  (Dvo~J~K 1963). By using two 
subs t ra tes  (ascorbic acid and  pyrogallol) no t  only independent ly  bu t  also in combinat ion it was  
shown tha t  wi th  a non-inhibi ted prepara t ion  no additive effect occurs when we use both  subs t ra te s  
together.  Pyrogal lo lwas  oxidised in the  presence of l0 -4 M D I E C A  only if ascorbic acid was  no t  
present  (F~g. 1 ). Likewise no additive effect was  observed when  using hydroquinone  a l though this  
substance does not  p reven t  the oxidat ion of  pyrogallol. 

From the results obtained we can assume that  the most effective inhibitor, 
also at a relatively high pH value, was 2.5.10-4MDIECA, which chiefly forms 
Cu-complexes. On the  other hand, the same inhibitor at the concentration 
10 -~ M acts selectively only towards ascorbate oxidase. JAMES (1953a, b) gives 
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DIECA as the most acceptable selective inhibitor for copper-oxidases. Azide, 
which inhibits Fe-enzymes and is less active towards polyphenol oxidase 
(KEILIN 1936, JAMES 1953a) does not influence the oxidase at all under our 
experimental conditions. The enzyme can therefore be considered as a Cu- 
-protein type of polyphenol oxidase, but  with a relatiYely small affinity 
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towards the substrate,K(s) being approx- 
imately 10 -2 M. In the case of tyrosin- 
ase which oxidises pyrocatechol C. WAR- 
~E~ (1951) gives K(~) for the enzyme 
prepared from Psaliotta as 2.8. 10-aM, 
but  for the preparation obtained b y t h e  

Fig. I. 

Act ivi ty  of  p repara t ion  when using two dif- 
ferent  subs t ra tes  and l0 -4 MD I E C A  as inhibi- 
tor. y ~ ;ul. O2/10 rain./20 rag. aeetono 
prepara t ion.  E m p t y  columns ~ unblocked,  
full columns ~ blocked prepara t ions .  P ~ py -  
rogallol, A ~ ascorbie acid. N u m b e r s  are aver-  
age values f rom two exper iments .  

same author from potatoes 5.10--aM, the latter value being nearer to tha t  
obtained in our experiments. We fully agree also with previous authors, tha t  
the pH is extremely important. The activity rises together with the p i t  value 
as it is possible to distinguish it from autooxidation of pyrogallol. WARNER 
(1951) gives an optimal pH of 7.5 for the enzyme from potatoes and Psaliotta 
and JA~tES et al. (1948) 7.8 for Atropa belladona; but  in both cases cited above 
the authors used pyrocatechol as the substrate. 

We made two particular observations in studying polyphenol oxidase.The 
first was the small ability to oxidase pyrocatechol, which is the typical sub- 
strate for this type  of oxidase. When using pyrogallol as a substrate, the inter- 
ference of peroxidase which is also present in the preparation, is out of question; 
neither peroxide nor any other preparation where oxidation could occur were 
added to the preparation. I t  is further interesting to point out the impossibility 
to oxidase ascorbie acid indirectly by  means of polyphenol: our type of oxidase 
obviously does not work because of the low redox potential of the ascorbie 
acid. 
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I I o a n t ~ e n o a o t ~ c n , ~ a a a  ~ r o p n a x  Tbmm,  i 

Ha tr TtaI~BbI Cucurbita pepo L., COpT (d~a6aqHm> no~y~ien aI~eTorioBI~fi npenapaT, 
OTJIgqa~onlH~Cg HOJ]I~eHO2]OI~CH~a3Ho~[ aKTHBHOCTI~IO nO OTHOIIIeHHIO I~ nHpo~aTexHny n ~  
n D O P A .  IlpenapaT Ir TOpMO~eH D I E C A ,  ~aasme KCN, lie Top~omeH 
NAN,, qTO roBopHT B noabsy  ero H~eHTI~I4I~aIH414 naK CU-0H3~IMa no~lnqSe~o~o~c~;~a3~oro 
THna. t (oanqecTnenn~x pa3aHqnfi Merely Bap~aHTaMH , , N S "  H ((--Ca)) ne yCTaHOnJmnO, 
KaqecTee~n~ie paa~H~H~, onpe~ie:i~eMbIe cpO~CTBOM nO OTItOIneHI4IO K cy6cTpaTy HO,~IOCTO- 
BCpltbl. 


