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INHIBITION OF ENZYMIC COLOR FORMATION IN POTATO 

BY ADENOSINE TRIPHOSPHATE 

by 
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Albany, Calilornia (U.S.A.) 

Ext rac t s  and macerates  of po ta to  tubers,  in common with those of m a n y  other  p lant  tissues, 
darken as an end result  of tyrosinase or  polyphenoloxidase activity. The color format ion is enhanced 
by  the  addition of suitable subs t ra tes  such as d ihydroxyphenyl  alanine (DOPA), catechol, or  e the r  
phenols1, z, and is delayed or prevented  by  appropr ia te  reducing agents, copper combining agents,  
and phenolic competi t ive inhibitors2, 3. We have now observed tha t  ATP (adenosine t r iphosphate)  
also has the propeJ ty  of retarding color formation in potatoes.  

The inhibition or delay of enzymic color formation in buffered pota to  extracts ,  macerates,  and 
slices by  the addition of neutralized ATP was studied in two varieties of po ta to  under  several experi- 
menta l  conditions. The results  of three quant i ta t ive  experiments  are summarized in Table I. In  a 
typical  exper iment  (A), wi th  po ta to  extracts,  appreciably lower colorimetric values were obtained 
in the presence of ATP than  in its absence. Thus  ATP appears  to act as an inhibitor of enzymic 
color format ion in the pota to  extract .  

TABLE I 

INHIBITION BY ATP OF ENZYMIC COLOR FORMATION IN POTATO* 

Optical density % 
Experiment Preparation Inhibition 

Control 0.08 M A TP 

A Ext rac t**  0.234 o.155 33.7 
B Mitochondria*** o. i55 o.o 12 92.3 
C Mitochondria + DNP§ o. ioo o.o98 2.0 

* All preparat ions  were carried out  at o-2° ;  60 g pota to  + 3 ° ml i M phosphate  buffer p H  6.2, 
-~- 3 ° mg ascorbic acid were blended 2 min at  low speed, passed th rough  cloth and centrifuged 5 min 
at  50o × g. Final p H  of all digests was 6.2-6.3 ; optical densities at  0. 5 ml digest + 9.5 ml formamide 
were determined in a photoelectric colorimeter wi th  a 44 ° m/z filter. 

** As in * containing o.33 g pota to  per ml of digest; phosphate  ~ 0.2 M. Incuba ted  6 hours  at  
1-2 ° with 2.4' lO -3 M DOPA; total  vol. ~ 1.2 ml. 

*** Mitochondria were prepared in o.25 M phospha te  buffer + 0.25 M mannitol ,  as in *. Ultra- 
centrifuged twice at  15,ooo × g. Incuba ted  2o hours  at  1-2 ° wi th  8. 5. lO -4 M DOPA. Digest con- 
tained the equivalent  of 4.2 g pota to  per  ml; volume = 1.2 ml. 

§ As in B, bu t  in the presence of approximate ly  4" 1°-4 M 2,4-dinitrophenol. 

However ,  conditions necessary for the demonst ra t ion  of this inhibition indicated tha t  the 
presence of active tissue mitochondria  was essential. The addition of ATP had no inhibi tory effect 
when po ta to  extracts  had first been subjected to the following conditions known to remove or destroy 
active mitochondria:  (a) dilution wi th  distilled water ;  (b) holding at 25-3 °0 for 3 or more hours;  
(c) holding at  2 ° for I6 or more hours;  (d) filtration th rough  a thick pad of diatomaceous ear th ;  
(e) centrifuging at  15,ooo × g. Neither did ATP inhibit  the format ion of color from catechol by  
purified mush room catecholase. Moreover, prel iminary exper iments  wi th  mitochondria-like particles 
isolated from pota to  showed an enhancement  of the ATP effect. This s t rong inhibition of color 
development,  wi th  DOPA as substrate ,  is shown in Table I, B. Tha t  the effect of ATP in this sys tem 
m a y  be related to oxidative phosph~ryla t ion and/or  the recently described pyridine nucleotide- 
quinone reductase sys tem 4 is indicated by  failure of ATP inhibition in the presence of the "un-  
coupling" agent,  2,4-dinitrophenolS, s, as shown in Table I, C. Inorganic  orthe-  or pyro-phosphate ,  
5'-adenylic acid and adenosine diphosphate  cause little or no change in a m o u n t  of color formed in 
po ta to  macerates.  Fu r the r  studies are in progress. 
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FORMATION I N D U I T E  DE CYTOCHROME P E R O X Y D A S E  CHEZ LA L E V U R E  

par  
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EPHRUSSI ET SLONIMSKI1, ~ on t  mon t r6  que  la levure  cult ivde en anadrobiose  es t  d6pou rvue  
d ' u n  cer ta in  h o m b r e  d ' e n z y m e s  d 'oxydor6duc t ion ,  n o t a m m e n t  du  sys tbme  WARBURG-KEILIN, e t  qu ' i l  
suffit d 'a6rer  la levure  en milieu glucos6 pour  qu 'el le  acqui~re t o u s l e s  e n z y m e s  et  t r a n s p o r t e u r s  
d'61ectrons de ce sys t~me.  

A la liste des e n z y m e s  don t  la fo rmat ion  es t  indui te  pa r  l 'oxyg~ne  dans  la levure,  nous  a v o n s  
a jout6  r 6 c e m m e n t  la catalaseS; nous  p o u v o n s  y joindre  m a i n t e n a n t  la cy toch rome  peroxydase .  

Cet  enzyme,  que  nous  avons  dos6 selon ABRAMS et al. 4 dans  les a u t o l y s a t s  de levure,  n ' ex i s t e  
qu'A l '6 ta t  de t races  (Q = o.o2) dans  la levure  cul t ivde en ana6robiose,  et  il appa ra f t  en  q u a n t i t 6 s  
consid6rables  au  ccurs  de l 'a~rat ion.  (Q = 1.63 apr~s 6 heures  d ' a~ra t ion  en milieu glucos6 s ans  source  
d ' azo te  assimilable.)  

Le m u t a n t  "pe t i t e  colonie" d'EPHRUSSI 5 forme la cy toch rome  pe roxydase  dans  les m~mes  
condi t ions*.  

On  se souv iend ra  que  l ' a6ra t ion  fai t  appa ra f t r e  le cy t och rome  c 1, 2 et  la catalase  3 chez ce m u t a n t ,  
s ans  qu ' i l  se forme j a m a i s  de c y t o c h r o m e  oxydase .  La  fo rma t ion  de cy toch rome  c sous  Fac t ion  de 
l 'oxyg~ne dans  ces cellules d6pourvues  de cy t och rome  oxydase  sembla i t  paradoxale2;  elle s ' exp l ique  
peut -6 t re  pa r  la fo rma t ion  de cy t och rome  pe roxydase  qui  6 tabl i ra i t  le lieu m a n q u a n t  en t re  le cy to-  
ch rome  c et  l 'oxyg~ne,  pa r  l ' in term6dia i re  de l ' eau oxyg6n6e qui  se forme tou jou r s  dans  des  cellules 
expos6es ~ l 'air.  
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* Une  souche du m u t a n t  "pe t i t e  colonie" nous  a 6t6 g6n6reusemen t  donn6e pa r  M. EPHRUSSI; 
nous  l 'en remerc ions  bien v ivemen t .  

T H E  E F F E C T  OF D R Y I N G  AT 110 ° ON SODIUM D E O X Y R I B O N U C L E A T E  
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I t  was es tab l i shed  some years  ago I t h a t  d ry ing  of sod ium deoxyr ibonuc lea t e  (DNA) over  
phosphor ic  oxide caused  irreversible changes  wh ich  b r o u g h t  abou t  a decrease in i ts  solut ion viscosi ty .  
These  changes  were genera l ly  regarded as phys ica l  in n a t u r e  and  e l emen ta l  ana lyses  ~-4 of D N A  have  
u sua l l y  been m a d e  on samples  wh ich  have  prev ious ly  been dried over  phosphor i c  oxide a t  I i o  ° 
in vacuo for per iods  long e n o u g h  to ob ta in  c o n s t a n t  weight .  T h a t  changes  o t h e r  t h a n  phys icM were 
poss ib ly  involved  in such d ry ing  m i g h t  have  been ind ica ted  b y  t he  p h o s p h o r u s  c o n t e n t s  which  were 
a lmos t  a lways ; l ess  t .ban t h e  theoret ica l  va lue  of 9.3 % and  rare ly  g rea te r  t h a n  8.9 %.  


