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INTRODUCTION 

In a previous communication 1, we described a method for determining the tyrosinase 
activity of white potatoes by macerating potato dice in the presence of aqueous 
o-phenylenediamine. The tyrosinase formed a strongly fluorescent orange-yellow com- 
pound that could be extracted with organic solvents, and whose concentration could be 
determined spectrophotometrically or fluorometrically. 

In the current studies we report that the same general method can be applied to the 
determination of potato peroxidase activity. When white potatoes are macerated in a 
WARING blendor, and a suitable aliquot of tile resultant homogenate added to aqueous 
o-phenylenediamine plus hydrogen peroxide, a fluorescent orange-yellow compound is 
formed. Advantage is taken of the fact that with the addition of hydrogen peroxide, 
readily determinable color and fluorescence results with the use of such dilutions of the 
potato homogenate that only insignificant tyrosinase activity occurs. 

EXPERIMENTAL 
Materials 

P o t a t o e s  are  washed ,  peeled, a n d  cu t  in to  clice of  a p p r o x i m a t e l y  x ml  vo lume ,  w h i c h  are  t h e n  
washed  briefly u n d e r  r u n n i n g  wa te r .  

For  t h e  p r e p a r a t i o n  of  t h e  h o m o g e n a t e ,  a su i t ab l e  a m o u n t  of  dice (4 ° g e x c e p t  where  o the rwise  
no ted)  is a d d e d  to e n o u g h  w a t e r  in a WARING b lendor  to  g ive  a v o l u m e  of 3oo ml,  a n d  b l ended  for 
6o seconds  a t  h i g h  speed.  A t  t h e  end  of t h i s  t ime ,  t h e  speed  of t h e  b lendor  is r educed .  Whi l e  t h e  mix-  
t u r e  i s  s t i r r i n g  slowly, a few d rops  of capry l ic  alcohol  a re  a d d e d  to  d e s t r o y  t h e  foam,  a n d  a 2o ml  
a l iquo t  of  t h e  h o m o g e n s  te  is p i p e t t e d  f rom t h e  blendor .  U n d e r  t he se  condi t ions  a r e p r e s e n t a t i v e  s ample  
is ob ta ined .  The  h o m o g e n a t e  is p repa red  i m m e d i a t e l y  pr ior  to  use.  

W h e r e  ind ica ted ,  b l anched  dice were p repa red  by  p lac ing  t h e  dice, in  a colander ,  in to  boi l ing 
w a t e r  for s t a t e d  per iods  of t ime ,  i m m e d i a t e l y  a f t e r  wh i ch  t h e  dice were cooled in ice wate r .  

Pur i f ied  ho r se - r ad i sh  pe rox idase  was  p repa red  by  t h e  m e t h o d  of WILLSTAETTER2. 
25 g of o - p h e n y l e n e d i a m i n e  d ihydroch lo r ide  (EASTMAN KODAK) are  d isso lved  in  w a t e r  to  a 

final v o l u m e  of 2 l i t e r s  of  so lu t ion  whose  PH h a s  been  a d j u s t e d  to  5.o w i t h  sod ium hyd rox ide .  
The  following ma te r i a l s  were atso u sed :  
3o % H i O  ~ - -  superoxol ,  Merck,  A.R.  ; 
Ace tone  - -  Merck, U.S .P . ;  
N o r m a l  b u t a n o l  - -  Merck,  R eagen t .  

Methods 
xoo ml  of t h e  o - p h e n y l e n e d i a m i n e  so lu t ion  are  a d d e d  to  200 ml  of wa te r ,  s t i r r i ng  s lowly in  a 

beaker .  To t h e  r e s u l t a n t  so lu t ion  are  a d d e d  o. 7 m l  of  superoxol ,  t h e n  2o ml  of t h e  h o m o g e n a t e .  All 

* The  sub j ec t  m a t t e r  of  t h i s  pape r  h a s  been u n d e r t a k e n  in  coopera t ion  w i t h  t h e  C o m m i t t e e  
on Food  R e s e a r c h  of t h e  Q u a r t e r m a s t e r  Food  & Con ta ine r  I n s t i t u t e  for t h e  A r m e d  Forces.  The  
opin ion  or conc lus ions  con t a i ned  in  t h i s  r epo r t  are  t hose  of  t h e  au tho r s .  T h e y  are  n o t  to  be c o n s t r u e d  
as  necessar i ly  ref lec t ing  t h e  v iews  or i n d o r s e m e n t  of  t h e  W a r  D e p a r t m e n t .  For  I I I ,  see Biochim. 
Biophys. Acta, I (I947) I97.  
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mater ia l s ,  when  used,  were a t  room t e m p e r a t u r e  (22-26 ° C). S t i r r ing  is c o n t i n u e d  for 41/, m i n u t e s ,  
a t  t h e  end  of wh ich  t i m e  5 ° ml  of  t he  r eac t ion  m i x t u r e  is r emoved ,  a n d  a f t e r  5 m i n u t e s  of  r eac t ion  
t ime ,  are  a d d e d  to 5o ml  of ace tone  to  s top  t h e  reac t ion .  5 ml  of  t h e  ace tone  m i x t u r e  are  p ipe t t ed  in to  
95 ml  of wa t e r  a n d  ioo  ml  of b u t a n o l  in a s e p a r a t o r y  funnel .  Af te r  v igorous  shak ing ,  t h e  b u t a n o l  
l ayer  is s epa ra t ed ,  fi l tered t h r o u g h  a W H A T M A N  "~V 5 filter pape r  a n d  read  in a KLETT-SUMMERSON 
color imeter ,  u s ing  s t a n d a r d  KLETT t e s t  tubes ,  w i t h  t h e  n u m b e r  42 blue filter aga in s t  a b u t a n o l  b lank .  

For  t h e  f luorescence d e t e r m i n a t i o n ,  2 ml  of  t h e  b u t a n o l  f i l t rate are p ipe t t ed  in to  48 ml  of b u t a n o l  
and  m i x e d  t h o r o u g h l y .  The  f luorescence of  t h e  so lu t ion  is d e t e r m i n e d  on a PFALTZ a n d  BAUER fluoro- 
p h o t o m e t e r  a g a i n s t  a s t a n d a r d  of  i p a r t  of  f luorescein to  4 mi l l ion  pa r t s  of  o.oi  N N a O H .  

For  c o m p a r a t i v e  purposes ,  t h e  purpuroga l lo l  pe rox idase  a s say  was  s o m e t i m e s  carr ied ou t  on 
a l iquo t s  of  t h e  same  b a t c h  of h o m o g e n a t e  used  for t h e  o - p h e n y l e n e d i a m i n e  t e s t .  The  t e c h n i q u e  
followed was  a modif ica t ion  of WILLSTAETTER'S m e t h o d  2 a long t h e  l ines  sugges t ed  by STERN a n d  
KEGELES a. In  genera l  t h i s  m e t h o d  depends  upon  t h e  e x t r a c t i o n  b y  e thy l  a c e t a t e  of  pu rpu roga l l i n  
fo rmed  f rom pyrogallol ,  a n d  t h e  p h o t o m e t r i c  d e t e r m i n a t i o n  of t h e  opt ica l  d e n s i t y  of t he  e x t r a c t  w i t h  
correct ion for t he  t y ros inase  b lank .  

Results 

To determine whether or not this o-phenylenediamine reaction was peroxidase- 
catalysed, pure horse-radish peroxidase was reacted with o-phenylenediamine and 
hydrogen peroxide. Significant color and fluorescence were obtained only in the presence 
of all three components. 

Varying quantities of a solution of the purified horse-radish peroxidase were assayed 
using both the pyrogaUol and the o-phenylenediamine methods. Results are shown in 
Table I. 

T A B L E  I 

C O M P A R A T I V E  R E P R O D U C I B I L I T Y  O F  P Y R O G A L L O L  A N D  O - P H E N Y L E N E D I A M I N E  M E T H O D S  

O-Phenylene- [  
ml  E n z y m e  d i amine  

color* 

I 
0.2 75 
0.5 76 
i . o  82 
2.o 75 
3.0 7 ° 

Mean 75.6 

o /  
/ o  

Devia t ion  
f rom m e a n  

0.8 
0. 5 
8. 4 
o.8 
7.6 

3.6 

O - P h e n y l e n e -  
d iamine  

F luorescence*  

3 ° 
28 
27 
31 
29 

29 

o/  
/ 0  

Devia t ion  
f rom mean  

3.3 
3.3 
6.6 
6.6 
G 

3.9 

Pyrogal lo l  
color* 

19o 
18o 
17o 
197 
186 

I84.6 

o/  
/ o  

Devia t ion  
f rom m e a n  

2.9 
2.5 
7.9 
7.4 
0.9 

4.3 

* E x p r e s s e d  as  opt ica l  d e n s i t y  ca lcu la ted  for one ml  of e n z y m e  solut ion.  

It will be seen that there is a close correspondence between the two methods. Through 
standardization with purpurogallin of the optical density of the extracts of the pyrogallol 
reaction mixture, it was determined that the optical density of the butanol extracts of 
the o-phenylenediamine reaction mixture on the KLETT-SUMMERSON colorimeter could 
be converted into WILLSTAETTER P.Z. by the following formula: 

D 
P . Z . =  

1.54 ×mg of sample 
Where D is the optical density of the butyl alcoholextract of the o-phenylenediamine 

reaction mixture. 

o-Phenylenediamine Peroxidase Assay as Applied to the Potato Tuber 

To determine whether the proportionality between the amount of peroxidase and 
tile color development found with the purified horse-radish enzyme would be found in 
References p. 334. 
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the potato tuber, 5, IO, 2o, 4 o, 6o and 8o grams of Green Mountain potato dice were 
chosen at random from a large batch of dice and homogenized in a WARING blendor 
with sufficient water  to make a total  volume of 300 m l  20 ml aliquots of the homogenates 
were assayed for peroxidase activity by the o-phenylenediamine method. The results are 

30G 

"6 

2 0 ,  

I0, 

shown in Figure I. 

.x.// 
,b 20 

J 
J 

4o 5'o ~o 7b eo Fig. 
Grams potato dice 

I t  will be seen that  the color formation is in direct proportion to the amount  of 
peroxidase present. 

Reac t ion  T i m e  

The influence of the reaction time on tile development of color and fluorescence was 
studied. The results are shown in Figure II .  (For comparative purposes a reaction time 
curve with the purified peroxidase is shown.) 

oJ 
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Potato [o 0 Fluorescence 
h°m°genote1=- = Optical density F i g .  2 

Purified x . . . . .  x Optical density 
peroxidase 

I t  will be seen that  the formation of color and fluorescence is, in its early stages, 
linearly proportional to time, falling off rather  sharply after 15 minutes. 

References p. 334. 
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Reaction Temperature 
The influence of temperature on the peroxidase o-phenylenediamine reaction was 

studied in respect to both color and fluorescence in 14 determinations at temperatures 
ranging from IO to 9 °0 C. The temperatures indicated are those of the reaction mixture. 
Homogenization was carried out at ordinary temperature (22-26 ° C). Reagent blanks 
were run at each temperature, using completely blanched potatoes instead of enzym- 
atically active potatoes. Results are shown in Figure III. 

24c 

~ 2oc 

IO0 

80 

dO 
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264 

o 
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176 

x ~  " ~c~ ~32 
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Temperoture (centigrade) 
0 o 20 ° 30 ° 40 ° 50 ° dO o 
o o Color 
c - - - - - - o  Fluorescence Fig .  3 

I t  wi l l  be seen that maximum color and fluorescence occurs iI1 the v ic in i ty  of 55 ° C, but 
that the peroxidase reaction shows marked persistence even at quite high temperatures 

Blanching 
The influence oil the color formation of blanching for periods up to 9 ° seconds was 

studied with both the o-phenylenediamine method and the WILLSTAETTER pyrogallol 
method. The results are shown ill Figure IV. 
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It will be seen that a close parallel exists between the two methods, and that the 
peroxidase is substantially inactivated in 9 0 seconds blanching. 

Correlation of Peroxidase and Tyrosinase 
Using the o-phenylenediamine method, the peroxidase content of potatoes was 

compared with the tyrosinase content as determined by the o-phenylenediamine method 
previously described x. In these experiments, various batches of Idaho and Green Moun- 
tain potatoes were assayed for their tyrosinase and peroxidase content. Separate assays 
were made of the peel, pith and cortex portions of the potato. The results are shown in 
Figure V. 
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It will be seen that the peroxidase and tyrosinase show a substantial correlation 
- -  highest in the peel and lowest in the pith of the respective potato. 

The calculation of the coefficient of correlation 4 between the tyrosinase and pero- 
xidase as determined by the o-phenylenediamine method indicate a positive correlation 
of 0.76. 

Comparison of the mean enzyme activities of peel, pith and cortex are shown in 
Table II. 

TABLE II  

PEROXIDASE AND TYROSINASE IN PITH, PEEL AND CORTEX 

Mean Readings 
(Optical Density) 

Peroxidase ] Tyrosinase 

Peel . . . . . . . . . . . . .  307 [ 682 
189 477 
I32 247 

References  p .  334.  
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DISCUSSION 

Our experiments indicate that the o-phenylenediamine method is in reproducibility 
and precision, of the same order as the classical method of WlLLSTAETTER in its more 
recent modification. In our opinion the o-phenylenediamine method also has certain 
advantages over the pyrogallol method. 

Since the o-phenylenediamine is a much more stable substance than pyrogallol, 
it is not necessary to run a "substrate control" with each determination. A single 
substrate control with the o-phenylenediafiaine will be sufficient for a large number of 
determinations since this reagent will remain unchanged even after 9 hours standing at 
room temperature and several days in the ice-box. Pyrogallol, on the other hand, auto- 
oxidizes rapidly, particularly under the influence of light. 

When the WILLSTAETTER method is applied to potatoes, it is necessary to run a 
tyrosinase control, using no hydrogen peroxide. This control optical density must be 
deducted from the optical density obtained with hydrogen peroxide to obtain a measure 
of the peroxidase activity. In the o-phenylenediamine method the amount of oxidation 
by tyrosinase under conditions of the experiment is virtually negligible (a fraction of 
1%) and for all practical purposes may be disregarded. 

If dilution of the original butanol extract is omitted, the fluorometric method can 
be used to determine very small peroxidase activities. 

We have made some attempts to characterize the colored product formed in the 
peroxidase-o-phenylenediamine reaction, and to compare it with the compound formed 
by tyrosinase 1. We have been able to isolate red birefringent needles from the reaction 
mixture of purified peroxidase, water and o-phenylenediamine. Similar crystals were 
isolated from the tyrosinase-o-phenylenediamine reaction mixture. Very dilute solutions 
of the compounds show strong fluorescence. Their color and fluorescence are reversibly 
discharged by sodium hydrosulfite, being restored on shaking with air. Above PH 6 
both solutions become yellow in color. Below this point the color is orange-red, becoming 
increasingly red at low PH levels. 

Several statements have appeared in the literature dealing with the formation of 
a phenazine through the action of peroxidase and hydrogen peroxide on o-phenylene- 
diamine. The compound isolated here shows properties not inconsistent with the known 
properties of phenazines, but  we have not completely characterized it. 

In an earlier report on the determination of tyrosinase action in potato by use of 
o-phenylenediamine 1, the possibility was suggested that the colored compound formed 
might be "tyrophenazine",  formed by the combination of the "red body" of tyrosine 
oxidation with o-phenylenediamine. 

Continuation of the investigation of this " tyrophenazine" has not as yet uncovered 
any properties that are significantly different from the peroxidase-o-phenylenediamine 
compound. Melting point tests proved inconclusive because of gradual but extensive 
decomposition. Spectrophotometric curves of the two compounds show a general simi- 
larity. It  is conceivable that the o-quinone formed by the action of tyrosinase on dopa 
does not condense directly with o-phenylenediamine, but rather oxidizes a molecule 
of o-phenylenediamine in a manner similar to the peroxidase-hydrogen peroxide oxidation 
of o-phenylenediamine. The resultant molecule, possibly o-phenylenediimine can then 
combine with a molecule of o-phenylenediamine to give a phenazine. 

As indicated in the experimental section, the method works satisfactorily with 
References p. 334. 
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solutions of purified peroxidase. Whether or not the use of o-phenylenediamine can be 
applied generally to peroxidase determinations in tissues can be decided, of course, only 
by experimentation, but the method offers promise of a wide applicability. 

RI~SUM}~ 

I. Descr ip t ion  d ' u n e  m6 t hode  pour  la d 6 t e r m i n a t i o n  q u a n t i t a t i v e  de la pe roxydase ,  bas6e su r  
la r ~ c t i o n  de la pe roxydas e  su r  la o -ph6ny l6ned i amine  en  presence  d ' e a u  oxyg6n6e dans  des  con-  
d i t ions  b ien  d6termin6es .  La  r6ac t ion  es t  arr~t6e pa r  add i t i on  d ' ac6 tone ,  le m61ange r~ac t ionnel  e x t r a i t  
pa r  le b u t a n o l ;  ce de rn ie r  es t  soumis  X la color im6tr ie  e t  ~ la f luorom6tr ie .  

2. Les  r6 su l t a t s  o b t e n u s  pa r  ce t t e  m 6 t h o d e  son t  en exce l l en t  accord  avec  ceux  o b t e n u s  pa r  la 
m 6 t h o d e  au  pyroga l l a t e  de Willst~it ter.  La  fid61it6 des  d e u x  m 6 t h o d e s  es t  la m6me,  ma i s  la sensibi l i t6  
e t  la c o m m o d i t 6  son t  n e t t e m e n t  p lus  g r andes  avec  la m 6 t h o d e  ~ l ' o - p h 6 n y l 6 n e d i a m i n e .  

3. D a n s  les cond i t ions  r~alis6es, l ' i n t ens i t6  de la colora t ion  e t  celle de la f u o r e s c e n c e  cro issent  
p r o p o r t i o n n e l l e m e n t  au  t e m p s  p e n d a n t  I5 m i n u t e s  env i ron  pu is  d i m i n u e n t  r a p i d e m e n t .  

4. L ' o p t i m u m  de t e m p e r a t u r e  pour  la r6ac t ion  es t  vois ine de 60 °. 
5. La compa ra i son  en t r e  l ' ac t iv i t6  de la t y ros inase  e t  celle de la pe roxydase  dans  les diff~rentes  

couches  de diff6rentes pota toes  de t e r re  pa r  les In6thodes  ~t l ' o -ph6nyl~nediamine ,  m o n t r e  une  corr61a- 
t ion  tr~s n e t t e  en t r e  ces d e u x  ae t iv i t6s .  

6. L ' 6 tude  de l ' inf luence du t e m p s  de b l a n c h i m e n t  m o n t r e  une  d i m i n u t i o n  c o n s t a n t e  dans  
l ' ae t iv i t6  de la pe roxydase ,  avec  conse rva t ion  d ' u n  r~sidu faible d ' a c t i v i t 6  apr~s 90 secondes .  

7. La  s u b s t a n c e  form6e par  l ' ac t ion  de la pe roxydase  sur  l ' o -ph6ny l~ned iamine  semble  8tre une  
ph6naz ine .  Sa ca rac t~r i sa t ion  d6finit ive c e p e n d a n t  n ' a  pas  encore 6t6 fai te .  

S U M M A R Y  

I. A m e t h o d  is descr ibed for t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of peroxidase  in wh ich  o - p h e n y l e n e -  
d i amine  is r e ac t ed  upon  by  perox idase  in t h e  presence  of h y d r o g e n  peroxide  u n d e r  s t a n d a r d  cond i tons .  
The  r eac t ion  is s topped  by  t h e  a d d i t i o n  of ace tone ,  t h e  m i x t u r e  e x t r a c t e d  w i t h  bu tano l ,  a n d  t h e  
b u t a n o l  e x t r a c t  a s s ayed  color imetr ica l ly  a n d  f luorometr ica l ly .  

2. R e s u l t s  by  t h e  o - p h e n y l e n e d i a m i n e  m e t h o d  cor respond  closely w i t h  t he  W i l l s t a e t t e r  pyro-  
gallol p rocedure .  Reproduc ib i l i t y  is comparab l e  in t h e  two me thods ,  whe rea s  s e n s i t i v i t y  a n d  ease 
of a s s a y  is s u b s t a n t i a l l y  g r ea t e r  w i t h  t n e  o - p h e n y l e n e d i a m i n e  procedure .  

3, U n d e r  t he  cond i tons  of assay ,  t he  a m o u n t  of color a n d  f luorescence t h a t  is  deve loped  i s l i nea r ly  
p ropor t iona l  to  t i m e  for some fif teen m i n u t e s ,  and  t h e r e a f t e r  shows  a sha rp  decline.  

4, The  t e m p e r a t u r e  o p t i m u m  for t he  r eac t ion  was  in t he  v ic in i ty  of 60 ~ C. 
5. Compar i son  of t he  ty ros inase  and  peroxidase  a c t i v i t i e s  of t he  p i th ,  peel a n d  core of va r ious  

po t a toe s  by  t he  o - p h e n y l e n e d i a m i n e  m e t h o d s  showed  a s u b s t a n t i a l  pos i t ive  corre la t ion be tween  t h e  
two ac t iv i t ies .  

6. S tud ies  of  t he  effect of the  b l anch ing  t i me  show a s t e a d y  decl ine in perox idase  a c t i v i t y  l eav ing  
a smal l  b u t  pe r s i s t en t  res idue  a f t e r  90 seconds .  

7. The  c o m p o u n d  fo rmed  by  t h e  a c t i v i t y  of perox idase  on o - p h e n y l e n e d i a m i n e  a p p e a r s  to  be 
a phenaz ine .  Fu l l  charac te r iza t ion ,  however ,  ha s  no t  y e t  been ach ieved .  

Z U S A M M E N F A S S U N G  

I. Eine  Me thode  zur  q u a n t i t a t i v e n  P e r o x y d a s e - b e s t i m m u n g  wird  beschr ieben ,  bei der  m a n  
P e r o x y d a s e  in A n w e s e n h e i t  yon  W asse r s t o f f supe roxyd  u n t e r  s t a n d a r d i s i e r t e n  B e d i n g u n g e n  a u f  
o - P h e n y l e n d i a m i n  e inwi rken  l~isst. Die R e a k t i o n  wird  d u r c h  Zuffigen yon Aze ton  beende t ,  das  Ge- 
m i sch  m i t  B u t a n o l  e x t r a h i e r t ,  und  der  B u t a n o l e x t r a k t  co lor imet r i sch  und  f luoromet r i sch  b e s t i m m t .  

2. Die R e s u l t a t e  m i t  der  o - P h e n y l e n d i a m i n m e t h o d e  s t imrnen  i nne rha lb  enger  Grenzen  m i t  der  
WILLSTAETTER'schen P y r o g a l l o l m e t h o d e  flberein. Die R e p r o d u z i e r b a r k e i t  i s t  bei beiden M e t h o d e n  
vergle ichbar ,  wi ihrend die Empf ind l i chke i t  u n d  Le ich t igke i t  der  B e s t i m m u n g  bei der  o - P h e n y l e n -  
d i a m i n m e t h o d e  wesen t l i ch  gr6sser  ist.  

3. U n t e r  den  B e s t i m m u n g s b e d i n g u n g e n  is t  die St~irke der  en twicke l t en  Farbe  u n d  F luoreszenz  
der  Zei t  l inear  p ropor t iona l  w~ihrend ca. 15 M i n u t e n  u n d  fAllt d a n a c h  schar f  ab.  

4. Das  T e m p e r a t u r o p t i m u m  ffir die R e a k t i o n  l iegt  in der  U m g e b u n g  yon  60 ° C. 
5. Die Verg le ichung  der  Tyros inase -  u n d  Pe roxydaseak t iv i t~ i t en  yon Mark,  Schale u n d  Kern  

ve rsch iedener  Kartoffe ln  m i t  den o - P h e n y l e n d i a m i n m e t h o d e n  zeigte eine s t a r k  pos i t ive  Kor re la t ion  
zwischen beiden Aktivit~iten.  
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6. Versuche fiber die Wirkung der ]31eichungsdauer zeigen eine stetige Abnahme der Peroxidase- 
aktivitAt, wobei nach 9o Sekunden nur eine ldeine, aber bestgndige Restaktivit~Lt bleibt. 

7. Die dutch die Einwirkung yon Peroxydase auf o-Phenylendiamin gebildete Verbindung scheint 
ein Phenazin zu sein. Volle Charakteristik wurde jedoch noch nicht erreicht. 
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