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STUDIES ON OXIDASE ACTIVITY IN POTATO TUBERS 

II .  o - P H E N Y L E N E D I A M I N E  AS A FLUOROMETRIC REAGENT * 

by 

JAMES S. WALLERSTEIN,  RALPH THOMAS ALBA, AND MARY G. HALE 

Overly Biochemical Research Foundation, New York, N .Y .  (U.S.A.)  

In  a previous communication (I), a method has been described for the deter- 
ruination of phenol oxidase activity in potato tubers by  macerating a representative 
sample in presence of o-phenylenediamine and determining the degree of color for- 
mation photoelectrically after adding a portion of the solution to acetone and filtration. 
The acetone precipitates colloidal impurities and also serves to stabilize the color for 
at least several hours. I t  was found that  the degree of color formation was an inverse 
function of the blanching time, and that  the extent of color varied with the temperature 
and p~r of the experimental system. 

The color formation was tentat ively at tr ibuted to the trapping by  the o-phenyl- 
enediamine of an orthoquinoid intermediate of the tyrosine-tyrosinase react ion;  the 
orange-colored substance was termed ,,Tyrol~henazine" on the assumption that  it 
represents a phenazine-like condensation product (See I). Solutions of , ,Tyrophenazine" 
in 8o% acetone solution were found to be markedly green fluorescent when exposed 
to the filtered radiation of a Mercury high-pressure burner (36o m~). This fluorescence, 
however, was somewhat irregular and faded rapidly. When an aqueous solution of 
, ,Tyrophenazine" was extracted with n-butyl  alcohol, an extract was obtained which 
maintained its fluorescence intensity for at least half an hour. 

The addition of one par t  of ethyl acetate to two parts  of butanol  in the extraction 
mixture did not affect the stabili ty of the fluorescence and substantially improved 
the ease of separation of the extract  from the aqueous phase. Larger proportions of 
ethyl acetate caused progressive fading of the fluorescence. 

I t  was found that  under these conditions the degree of fluorescence closely 
paralleled the color formation. The color formation in comparable volumes was essen- 
tially identical whether it was measured in the 80% acetone solution as described in 
our previous report,  or in the butanol-ethyl acetate extract. 

EXPERIMENTAL 

5o grams of potatoes were macerated in a Waring Blendor for 2 minutes in the 
presence of io ml of a i %  solution o-phenylenediamine hydrochloride, and 24o ml of 
water. The mixture was strained through cotton into a 50o ml Erlenmeyer flask, and 
allowed to stand for a total of 15 minutes at room temperature (25--3o ° C) from the 

* The subject matter  of this paper has been undertaken in cooperation with the 
Quartermaster Corps Committee on Food Research. For I, see J. S. WALLERSTEIN, 
R. TH. ALBA, AND l~. G. HALE, Biochim. Biophys. Aeta. I (1947) I75. 
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beginning of blending. At the end of 15 minutes,  5 ml of the solution were pipet ted into 
a separatory funnel containing 5 ° ml of an extract ing mixture  consisting of 2 par ts  of 
normal  butanol  and I par t  of ethyl acetate as well as 4 ° ml of water. The mixture  was 
vigorously shaken for approximately a half minute  and then permit ted to separate. The 
aqueous layer was run  off, and the organic solvent layer filtered through Wha tman  
=~= 5 filter paper. The fil trate was colored clear yellow. 

i par t  of the fil trate was mixed with 24 parts  of the butanolethyl  acetate mixture  
prior to determinat ion of the fluorescence. This dilution corresponds to a concentration of 
o-phenylenediamine of the order of I - - i .  5 gamma per ml. 

The in tens i ty  of the fluorescence of the diluted solution was measured against  tha t  
of a solution of fluorescein in N/ioo NaOH (i : 4,ooo,ooo) with a Pfaltz and Bauer fluoro- 
photometer. A wave-length of 44 ° millimicrons was employed for the determinat ion of 
fluorescence. The unknown fluorescence was read after adjust ing the deflection of the 
galvanometer to ioo scale divisions with the fluorescein s tandard in the light path. 

In  the blanching experiments dice were cut to i cubic centimeter  size. A colander 
was placed in a large boiling water bath. The dice were dropped into the colander which 
was withdrawn from the bath  after a measured number  of seconds. The volume of the 
bath mus t  be sufficiently large so tha t  the boiling temperature is mainta ined despite the 
addi t ion of the cold dice. 

Steam blanching was carried out by  placing separated dice on a cheese cloth holder 
in a glass desiccator and passing steam through the cloth from below. The steam circulated 
freely throughout  the glass vessel and escaped through an open hole at the top. 

PH determinations were made with a Beckman PH mete r ;  parallel colorimetric 
determinations with a Klet t -Summerson photoelectric colorimeter with a blue filter 
(#42). 

RESULTS 

To determine the reproducibil i ty of the method, seven 5o-gram samples taken from 
a large uniform batch of potatoes of the Mohawk variety were blended in the presence of 
o-phenylenediamine and air according to the above procedure. Table I shows the varia- 
tions in fluorescence in tens i ty  Jn the seven samples of Mohawk potatoes. 

TABLE I 

R E P R O D U C I B I L I T Y  O F  F L U O R E S C E N C E  

Sample Intensity of Fluorescence Deviation 
(Scale Division) from Mean % Deviation 

Average 

64 
66'.5 

. . . .  72 
68.5 
68 
66 
7o.5 

68 

- -4  
--2. 5 

4 
0.5 
o 

----2 

2.5 

--5.9 
--3"7 

5.9 
o.7 
o 

- - 2 .  9 

3.7 

I t  will b e s e e n  tha t  the method is reproducible within some 6% of the mean. 
The increase of fluorescence in  the , ,Tyrophenazine" reaction with reaction t ime 

was compared with the corresponding increase in  color formation. The relative color 
and fluorescence curves are shown in Figure I. 

I t  will be seen tha t  the curve of fluorescence increase closely parallels the degree 
of color formation and a t ta ins  a vir tual  asymptote  beyond 15 minutes.  



186 J . s .  WALLERSTEIN, R. TH. ALBA, M. G. HALE VOL. 1 (1947) 

120 

100 

,~ 8 0  

o 

U~ 

O0 

4C 

2C 

I /I 

t 

" ~  ~ -  Fluorescence Increase 
Color Increase 

480 

I) 

4 0 0  ~. 

o 
t J  

32O 

240 

100 

8 0  

0 I0 20 30 40 50 60 
Minutes 

Fig. z. Comparative Increase of Fluorescence and Color Format ion 
in , ,Tyrophenazine" Reaction with Time. 

The effect of blanching boiling water on fluorescence and color formation was 
studied with the aid of 4 batches of potatoes representing, in the order of greatest to least 
original reading, Idaho, Sebago, Irish Cobbler, and Green Nit. potatoes. 

The observations made are shown graphically in Figure 2. 
I t  will be seen tha t  color formation and fluorescence are again closely parallel and 

tha t  the degree of each is an inverse function of the blanching time, both fluorescence and 
color being abolished after a 6e-second blanching period. A 2½ to 3 minute  s team blanch 
was required to achieve complete enzymatic  inact ivat ion.  
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Fig. 2. Effect of Blanching on Fluorescence and Color Format ion  
in , ,Tyrophenazine" Reaction. 
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The influence of the hydrogen ion concentrat ion was studied in respect to fluores- 
cence and color formation. Varying quanti t ies  of dilute phosphoric acid and sodium 
hydroxide were added to the mixture  of the potato dice and o-phenylenediamine solutions 
at  the beginning of blending, the hydrogen ion concentrat ion being determined on the 
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Fig. 3. Influence of PH on the Fluorescence Intensi ty .  

filtrate. Comparative fluorescence and color in tens i ty  are expressed for each PH in terms of 
percentages of the max imum which occurred at  PH 5.2 when no acid or alkali was added 
to the mixture. The results are shown in  Figure 3. 

I t  will be seen tha t  both color and fluorescence are progressively diminished by the 
addit ion of acid or alkali, and tha t  inac t iva t ion  becomes complete at  PH 3'7 and PH 7.9. 
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Fig. 4. In f luence of Tempera tu re  on the  Fluorescence In tens i t y .  
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The effect of t empera tu re  on fluorescence and color format ion was s tud ied  wi th  
two batches of Idaho  pota toes  wi th  the  resul ts  shown in Figure  4. 

I t  will be seen t ha t  the  degree of fluorescence format ion is a function of the  tempera-  
ture, reaching i ts  m a x i m u m  in the  v ic in i ty  of 4 °0 C. and being progressively diminished 
as the  t empera tu re  is increased or decreased beyond this  point .  The t empera tu re  25 to 3 °0 
at  which the exper iments  were conducted differs bu t  s l ight ly  from the  maximum.  

DISCUSSION 

The  close para l le l i sm observed  in these  exper iments  be tween  the  fluorescence 
a n d  the  color fo rma t ion  p roduced  b y  the  add i t ion  of o -phenylened iamine  suggests  
t h a t  a single colored compound  or  t y p e  of compound  is involved  which becomes fluo- 
rescent  unde r  a p p r o p r i a t e  condi t ions .  

The  high sens i t iv i ty  of the  f luorometr ic  m e t h o d  when app l ied  to  the  oxidase  
ac t i v i t y  of po ta toes  makes  i t  of special  va lue  where  on ly  t races  of such enzymat i c  
a c t i v i t y  are  l ike ly  to  be present ,  as, for example ,  in b lanched  or  d e h y d r a t e d  mater ia l s .  

SUMMARY 

I. A method  is described for de te rmining  the  phenol oxidase ac t iv i ty  of pota toes  
by  measur ing the  green fluorescence ex t rac ted  with  an organic solvent  from pota to  mace- 
ra t ion juice prepared  in the  presence of a di lute  solution of o-phenylenediamine.  

2. The degree of fluorescence, measured agains t  a s t andard  of fluorescein, closely 
paral lels  the  degree of color format ion  resul t ing from the o-phenylenediamine-pota to  
juice reactions.  

3. The fluorescence, paral le l ing color, is in . inverse  relat ion to  the  blanching t ime  
and is comple te ly  ext inguished in a 6o-second blanch in boiling water.  Like color forma- 
t ion,  the  fluorescence in tens i ty  reaches a m a x i m u m  at  app rox ima te ly  35--43 ° C. and 
at  a PH in the  range of 4.9 to  5.5. 

4. The method  was found to be reproducible  within about  six percent.  I t  is highly 
sensit ive so as to  reveal  even traces of enzymat ic  act ivi ty .  

5. I t  is assumed tha t  the  f luorescent mate r ia l  is ident ica l  wi th  the  orange-red 
compound formed under  the same condit ions and which has been provis ional ly  designated 
as "Tyrophenazine".  

R]~SUM£ 

I. Descript ion d 'une m6thode pour  la  d6terminat ion  de l ' ac t iv i t6  ph6uoloxydasique 
des potatoes de terre  en mesuran t  la  fluorescence ver te  ex t ra i t e  du jus des potatoes de terre  
mac6r4es, pr4par6 en pr4sence d 'une  solution dilu6e de o-ph4nyl~ne-diamine, au moyen 
d 'un  so lvant  organique.  

2. Le degr6 de fluorescence, mesur6 par  r a p p o r t  ~ la fluoresc6ine s tandard ,  varie 
peu pros comme le degr6 de la  colorat ion r6sul tant  des r6actions du jus de potatoes de 

ter re  en pr6sence de l 'o-ph6nyl~ne-diamine.  
3. La  fluorescence, de mSme que la coloration, est  en relat ion inverse ~ la 

dur6e de b lanchiment  e t  elle s '6 te int  compl~tement  pa r  un b lanchiment  ~ l ' eau boui l lante  
de 60 secondes. De mSme que pour  la coloration, l ' in tensi t4  de la fluorescence a t t e in t  son 
m a x i m u m  entre  35 et  43 ° environ et  ~ un PH var ian t  de 4.9 ~ 5.5. 

4. On a t rouv6 que la m4thode peu t  ~tre reprodui te  dans les l imites  de 6~/o environ. 
Elle possCde une sensibil i t6 tel le  que mCme des t races d ' ac t iv i t6  enzymat ique  peuvent  
~tre r4v616es. 

5. On pr4sume que la mati~re fluorescente est  ident ique  au compos4 rouge-orange 
fourni dans les m~mes condit ions et  auquel on a donn4 provisoirement  le nora de ,,tyro- 
phdnazine". 
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Z U S A M M E N F A S S U N G  

I. Beschreibung einer Methode zur Bes t immung  der Phenoloxydase-Akt iv i tAt  yon 
Kar toffe ln  bestehend in der Messung der  grfinen Fluoreszenz des durch ein organisches 
L6sungsmi t te l  ex t rah ie r ten  Stoffes, der  in Kar tof fe lmazera t ionssaf t  bei Gegenwart  einer 
wAsserigen o-PhenylendiaminlSsung gebi ldet  wird. 

2. Der Grad  der  Fluoreszenz,  gegen eine Standard-Fluoresce in lSsung gemessen, 
gleicht dem Grad der Farbs tof fb i ldung  in den o-Phenylendiamin-Kar toffe lsaf t - l~eakt ionen.  

3. Die Fluoreszenz, Ahnlich der Fi~rbung, s teh t  in ungekehr tem Yerhiiltnis zur 
Bleichdauer  und wird durch eine Bleichung yon 6o Sekunden in kochendem "vVasser aus- 
gel6scht. Aehnlich wie bei der  Farbs toffbi ldung,  erreicht  die Fluoreszenz-Intens i t~t  ihr  
Ma x i m um bei ca. 35--43 ° und bei einem PH zwischen 4.9 und 5-5. 

4- Es wurde festgestell t ,  dass die Methode innerhalb  einer Grenze yon ca. 6~/o 
reproduzierbar  ist.  Ihre  Empf indl ichke i t  is t  so gross, dass selbst  Spuren yon enzymat ischer  
Akt iv i tg t  festgestell t  werden k6nnen. 

5- Es wird angenommen, dass der  f luorescierende Stoff ident isch  is t  mi t  der 
orangeroten Yerbindung,  die unter  den gleichen Bedingungen gebi ldet  wird und proviso-  
risch als ,,Tyrophenazin" bezeichnet wurde. 

The  au tho r s  wish to  t h a n k  Dr  KURT G. STERN, D r  M. A. ANS0N, and Dr  A. FRANK 
ROSS for the i r  a id  and  in teres t .  

Rece ived  Apr i l  I2 th ,  1946. 


