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P r e v i o u s l y ,  a c o l o r i m e t r i c  m e t h o d  for  t h e  d e t e r m i n a t i o n  of c y t o c h r o m e  o x i d a s e  was  

d e s c r i b e d  w h i c h  was  b a s e d  on  t h e  f o r m a t i o n  of i n d o p h e n o l  b lue  f r o m  a - n a p h t h o l  a n d  

d i m e t h y l @ - p h e n y l e n e d i a m i n e  (EHRHCH'S N a d i  r eac t i on )  1. I n  o r d e r  to  d e t e r m i n e  low 

c o n c e n t r a t i o n s  of c y t o c h r o m e  o x i d a s e  in  s m a l l  c y t o p l a s m i c  f r a c t i o n s  f r o m  r a t  k i d n e y s ,  

a n o t h e r  m o r e  s e n s i t i v e  m e t h o d  was  a d o p t e d .  T h e  n e w  m e t h o d  is b a s e d  on  t h e  obse r -  

v a t i o n  t h a t  m i t o c h o n d r i a l  s u s p e n s i o n s  t r a n s f o r m  d i m e t h y l - p - p h e n y l e n e d i a m i n e  i n t o  

t h e  r e d  p i g m e n t  " W u r s t e r ' s  R e d "  in  a m o u n t s  p r o p o r t i o n a l  to  t h e  c o n c e n t r a t i o n  of 

c y t o c h r o m e  o x i d a s e  a n d  to  t h e  t i m e  of i n c u b a t i o n  a t  37 ° d u r i n g  t h e  f i rs t  I to  3 m i n u t e s .  

As c o m p a r e d  w i t h  t h e  f o r m a t i o n  of i n d o p h e n o l  b lue  u n d e r  s i m i l a r  c o n d i t i o n s  1, 

" q u i n o n e d i i m o n i u m  r e d  . . . .  is d e v e l o p e d  b y  m i t o c h o n d r i a l  s u s p e n s i o n s  a t  a c o n s i d e r -  

a b l y  f a s t e r  r a t e .  S ince  i t  is so lub le  in  wa te r ,  i t  c a n  be  m e a s u r e d  d i r e c t l y  in  t h e  t e s t  

so lu t ion .  V e r y  s m a l l  a m o u n t s  of c y t o c h r o m e  ox i da se  (I txg of m i t o c h o n d r i a l  N) c a n  

t h u s  be  d e t e r m i n e d  b y  s i m p l y  m e a s u r i n g  t h e  color  i n t e n s i t y  of t h e  t e s t  s o l u t i o n  a f t e r  

s h o r t  i n c u b a t i o n  w i t h  d i m e t h y l - p - p h e n y l e n e d i a m i n e .  

REAGENTS 

Borate buffer pH 8.5 (Sorensen's borate- HCI mixture 6.5:3.5, diluted with 2 volumes of water) 
was used to neutralize dimethyl-p-phenylenediamine hydrochloride and to bring the pH within 
the range of 6. 7 to 7.2. A commercial preparation of dimethyl-p-phenylenediamine hydrochloride 
(Eastman Organic Chemicals) was used without  further  purification. On prolonged standing, 
solutions of dimethyl-p-phenylenediamine hydrochloride take on a red color by autoxidation,  
between pH 5.5 and 7-3. Since the formation of the pigment is strongly decreased in a more 
alkaline or acid medium as well as at  low temperature,  0.4% dimethyl-p-phenylenediamine 
hydrochloride solutions (pH around 4) could be kept  on ice for a few hours without  appreciable 
formation of color. The experiments shown in Figs. 2, 4, 6, 7 and 8 and in Table I were carried 
out with cytochrome c prepared from ox heart  according to KEILIN AND HARTREE3; those in Figs. 3 
and 5 with a commercial preparat ion (Delta Chemical Works). Ethyl alcohol to make a final 
volume of 3 ° to 40% was added to the blanks before incubation and to the test  solutions after 
incubation in order to destroy cytochrome oxidase and to stop the enzymic formation of 

* This work was supported by research grants from the U.S. Public Heal th  Service, and from 
the  New York Hear t  Association. 

* * For simplification, the term "quinonediimonium red", abbreviated "QDI Red" in the figures, 
is used in analogy to indophenol blue, instead of ineri-dimethyl-quinonediimoniumchloride or 
"Wurster's Red".  "Wurs ter ' s  Red" is now mostly cofisidered to be a semiquinone 2. The normal  
quinonediimine, produced by strong oxidation of dimethyl-p-phenylenediamine, is yellow. 
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"qu inoned i imonium red".  Fresh solutions of sodium azide (Bios Laboratories)  were used to test  the 
inhibition of cytochrome oxidase activity. Sodium-2,6-dichlorobengenone-indophenol (Fisher 
Scientific Company) was used for the est imation of the reducing capacities of the test  solutions. 

METHOD 

To a Ioo >( 15 mm test tube, graduated at io ml, the following reagents were added: 
0.4 ml of a 1/6o M borate buffer solution, pH 8.5; o.i to 0. 4 ml of a 0.04% cytochrome 
c solution*; aliquots of a mitochondrial suspension containing I to 30 /xg of N; 
distilled water to bring the volume to 1.8 ml. After warming for 2 minutes in a con- 
stant temperature water bath at 37 °, 0.2 ml of a 0.4% solution of dimethyl-p-phenyl- 
enediamine hydrochloride was added. The sample was incubated from r to 3 minutes 
at 37 ° depending on the concentration of enzyme until it had developed a distinctly 
red color. The formation of the pigment was halted by the quick addition of I ml of 
ethyl alcohol followed by thorough mixing and the incubation time was read from a 
stop watch. The solution was cooled in ice for about i minute, diluted with water to 
the io ml mark, stirred with a glass rod, and the color intensity was measured with 
the Evelyn photoelectric colorimeter, filter no. 515. A blank was run together with 
the sample. It  was identical in composition to the sample described above except 
that I ml of ethyl alcohol was added before the tube had been warmed at 37 ° and the 
amine hydrochloride added. Duplicate samples or those containing different concen- 
trations of enzyme or cytochrome c were often run together with the main sample and 
blank. In such cases, the reactions in each sample were started by adding the amine 
hydrochloride solution from the same pipette to each tube in the series in intervals of 
5 or IO seconds. 

Calculation o/ results. The photometr ic  densities corresponding to the colorimeter readings for // 
0 , , , , i , i , , ~ t , 

100 200 
[j.g Amine-HCI 

Fig. i, Photometr ic  densi- 
ties of "quinonedi imonium 
red", formed from different 
amounts  of dimethyl-p-  
phenylenediamine hydro-  
chloride by  oxidation with 
K2Cr207. In  IO ml of phos- 
pha te  buffer p H  6. 5 ; Evelyn 
photoelectric colorimeter, 

filter No. 515 . 

**The  amoun t  of added 
enzyme as will be indicated 
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the sample and blank were read from tile table. The photometr ic  
density of the blank was deducted from tha t  of the sample. The 
result  was expressed in "quinonedi imonium red" units  by dividing 
by  o.75 when the Evelyn colorimeter with filter 515 was used. 
The "quinonedi inlonium red"  units  per minute  per mg of N were 
taken as a basis of comparison for different samples. 

"Quinonediimouium red" units. A "quinonedi imonium red"  
unit  was defined as the photometr ic  density of a io ml solution 
of the p igment  at p H  6.5, formed by the oxidation of o.12 mg 
(0.69" 1o ~ M) of dimethyl-p-phenylenediamine hydrochloride. 
Fig. i shows tha t  the photometr ic  densities of "quinonedi imonium 
red"  formed from different amounts  of dimethyl-p-phenylenedia-  
mine hydrochloride by  oxidation with K2Cr~O 7 are proport ional  to 
the concentrat ion of the pigment .  Fig. i also indicates t ha t  the 
photometr ic  density of "quinonedi imonium red",  formed from 
o.12 mg of dimethyl-p-phenylenediamine hydrochloride, is 0.75. 
This factor was used for the calculation of "quinonedi imonium 
red"  units  as indicated above. 

The s tandard  curve was obtained by  pipet t ing 0.2 to 2.4 ml of 
a o.o~ % solution of dimethyl  p-phenylenediamine hydrochloride 
to I ml of a 1115 21J phospha te  buffer solution, p H  6.5, and adding 
o.15 to 1.8 ml of a o.o2% solution of K2Cr20 v. After 2 to 3 minutes ,  
standing, water  was added to the IO ml mark,  and the color in- 
tensi ty was measured in the colorimeter, filter 515 . In  the presence 
of low concentrat ions of K2Cr~Ov, the red p igment  is stable for 
a few minutes,  and is then slowly oxidized to the yellow, normal  
quinonediimine. 

cytochrome e was adjusted approximate ly  to the concentra t ion of 
later (Fig. 4)- 
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TEST AND APPLICATION OF METHOD 

Time o/ incubation and concentration o~ enzyme 

As shown in Fig. 2, the amount of "quinoncdiimonium red" formed by mitochondrial 
suspensions from rat kidney increased in proportion to the quanti ty of mitochondriaI 
N and also to the time of incubation during the first few minutes, but decreased 
rapidly when a certain concentration of the pigment was attained. 
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T/rne of incubuffon-minutes 

Fig. 2. Format ion  of "qu inonedi imonium red"  
by mitochondrial  suspension from ra t  kidney 
in relation to incubat ion time at 37 ° and 
concentrat ion of enzyme. Samples containing 
2.6/~g of N (O), lO.4/~g of N (0)  and 31.2 /~g 

of N (× ) .  p H  7.1. 
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Amlne-HCl (10-~M) 

Fig. 3. Format ion  of "quinonedi imonium red"  
by mitochondrial  suspension (32.2 /~.g of N) 
from ra t  kidney in relation to concentrat ion of 
dimethyl-p-phenylenediamine hydrochloride. 
Incuba t ion  for i minute  at 37°; pH 6.8 to 7.2. 

Concentration o~ dimethyl-p-phenylenediamine hydrochloride 

Fig. 3 shows that  maximal formation of "quinonediimonium red" required a 1.7" Io -3 
molar concentration of the amine hydrochloride when the test solution contained 
32.2 Fg of mitochondrial N. The concentration used for the routine tests, as indicated 
under METHOD, w a s  2.3" lO -3. 

Added cytoehrome c 3o 

Fig. 4 shows the influence of dif- 
t~ 

ferent concentrations of a d d e d ~  
cytochrome c on three samples of .~ 
a mitochondrial suspension from-~-.7, 2C 

the kidney of the rat  containing 
3.6, 26.6 and 53.2 Fg of total N, 
respectively. When very small 
amounts  of enzyme (less than 5 ,c 
~g of mitochondrial N) were 

Fig. 4. Influence of added cytochrome c 
on formation of "qu inonedi imonium 
red"  by ra t  kidney mi tochondr ia  re- 
suspended in distilled water.  Samples 

i , i w i f J i i %./.. • . 

. . . . .  ~ ' , , . 
0 2 4 8 1 o 

Added cytochrome c (10-6H) 

containing 3.6/~g of mitochondrial  N (× ) ,  26.2 /ig o[ mitochondrial  N (0)  and 53.2/~g of mito- 
chondrial N (O). Incuba t ion  for 2 (× ) ,  i (0 )  and 0. 5 (O) minutes  at 37~; p H  7.1. 
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tested, a great excess of added cytochrome c inhibited the formation of the pigment,* 
whereas with larger amounts of enzyme, a 3 to 5 fold excess of cytoehrome c had 
little effect (Fig. 4). 

Influence ol the pH 

Fig. 5 shows that  the formation of the pigment by a mitochondrial suspension from 
rat  kidney was optimal from pH 6.7 to 7.3- 

::i~2 

~8 

[ T - - -  I I I 

//;- . . . . . .  \ 

/ \ \  
6.; 6; 6.~ z2 z~ slo 

pH 

Fig. 5- F o r m a t i o n  of " q u i n o n e d i i m o n i u m  
red"  by  m i t o c h o n d r i a l  suspens ion  (3o.o Bg of 
X) from ra t  k i d n e y  in re la t ion  to  pH.  

I n c u b a t i o n  for i m inu t e  a t  37 °. 

Borate buffer, phosphate buffer, added salts 

Inhibition of cytochrome oxidase activity 
was previously observed in the indo- 
phenol blue method ~, was also found in 
the present method. Increasing concen- 
trations of borate buffer also inhibited 
the enzyme though less than phosphate 
buffer. 

Fig. 6 ind ica tes  t h a t  h igher  t h a n  o.oo~ 21// 
concen t r a t i ons  of CaCli  and  o.oi  M concen- 
t r a t ions  of NaC1 caused  s t rong  inh ib i t ion  of 
c y t o c h r o m e  oxidase  a c t i v i t y  when  the  mi to-  
chondr ia  had  been resuspended  in wa te r  and  
ful ly  a c t i v a t e d  by  add i t ion  of cy toch rome  c 
whereas  the  same concen t ra t ions  of the  sa l t s  
caused an e n h a n c e m e n t  of a c t i v i t y  when  no 
cy toch rome  had  been added.  In  the  l a t t e r  
case, in which  only  the  endogenous  cyto-  
chrome c took  p a r t  in the react ion,  the  ac t iv i -  
t y  of the  m i t o c h o n d r i a l  suspension was only  
a b o t l t  o~ 25/o of t h a t  a t t a i n e d  af ter  add i t ion  of 
cy toch rome  c. The effects of Mg(NOa) 2 on 
the a c t i v i t y  of the enzyme  were s imi la r  to 
those of CaC12 while those of KC1 were s imi lar  
to those  of NaC1. 

Fig. 7 shows t h a t  the  effects of the  
sa l t s  were different  when the  in i tochondr ia  
were resuspended  in o.88 M sucrose solut ion 

* After  comple t ion  of the  manusc r ip t ,  a 
c y t o c h r o m e  c p r e p a r a t i o n  from the  S igma 
Chemica l  Company ,  St. Louis,  was tes ted.  

The decrease in color development above 
pH 7.3 is not related to the enzyme, since 
a similar decrease of the pigment formation 
was also observed during autoxidation of 
dimethyl-p-phenylenediamine hydrochlo- 
ride in buffer solutions above pH 7.3. 

Since alcohol  caused pa r t i a l  fading of the  p i g m e n t  
in a m e d i u m  more  a lka l ine  t h a n  p H  7-4, alcohol  
could not  be used to s top the  enzyme reac t ion  
above p H  7.4. By  chi l l ing the t es t  solut ion in ice 
af ter  i ncuba t ion  and d i lu t i ng  wi th  ice-cooled 
wa te r  to the  io  ml  mark ,  the  enzymic  color for- 
m a t i o n  was  slowed down suff icient ly to al low for 
a qu ick  read ing  in the  color imeter .  

and sucrose 

by phosphate buffer, NaC1 and KC1, which 

32 ~ ' ' , , , , % 

2o 

• 16  

,2 ,/.;. 

i i I _11 

CoCl 2 log molority NaCl 

Fig. 6. Influence of CaCl 2 and NaC], in presence 
and absence of added  cy toch rome  c, on fo rmat ion  
of " q u i n o n e d i i m o n i u m  red"  by  r a t  k i d n e y  mi to-  
chondr ia  (I8. 3 #g  N), r esuspended  in d is t i l led  
water .  Effect  of CaC12 af ter  add i t i on  of cyto-  
chrome c ( I ) ,  w i t h o u t  add i t i on  of cy toch rome  
c (0 ) .  Effect  of NaC1 af ter  add i t i on  of cyto-  
chrome c ([]),  w i t h o u t  add i t ion  of cy toch rome  
c (O). I n c u b a t i o n  for i m i n u t e  a t  37°; p H  7.1. 

This  p r epa ra t i on  was  pure r  t h a n  the  ones employed  and  did no t  show any  inhib i t ion .  
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instead of distilled water. The inhibition of the enzyme by salts was only slight with mitochondria  
in hypertonic sucrose solution whereas the enhancing effect of the salts (in absence of ~,(hled 
cytochrome c) was the same as with disintegrated mitochondria  in distilled water. 

Fig. 7. Influence ()t (;aC12 and NaCI, in 
presence and absence of added cytochrome c, 
on formation of "quinonedi imonium red" by 
ra t  kidney mitochondr ia  (21.6/zg of N), 
resuspended in o.88 M sucrose solution, and 
by  mitochondria  first disintegrated in water  
and then brought  to o.88 M sucrose. Effect of 
CaCI 2 after addition of cytochrome c (A),  
wi thout  addition of cytochrome c ( 0 ) .  Effect 
of NaC1 after addition of cytochrome c (~ ) ,  
wi thout  addition of cytochrome c (O). Effects 
of CaC12 ( I )  and NaC1 (Q) after addition of 
cytochrome c to mitochondria  disintegrated 
in distilled water  and then brought  to o.88 M 
sucrose. Incubat ion  for ~ minute  at 37°; 

p H  7.I. 

H 2 0  - '4 ' ~ ~ -  ' ~2 J -I1 -3 H~0 
CaCl2 log rnolarify NoCI 

Blanks  
As may  be seen from Fig. 8, only small amounts  of "qu inonedi imonium red"  are formed by 
autoxidat ion of dimethyl-p-phenylenediamine during 3 minutes,  the maximal  incubation t ime 
used in this test. The autoxidat ion of the amine in most  blanks or alcohol-inactivated samples 
was fur ther  decreased by traces of reducing substances  contained in the cell material  (see below). 
The reducing agents present  in the cell extracts  often caused a slight fading of the color on 
prolonged standing.  This effect, as may  be seen from the upper  curve in Fig. 8, was negligible when 
the colorimeter readings were taken in the first few minutes  after incubation.  Stabilization 
against  autoxidat ion was also at tained by  cooling the samples and blanks in ice after incubat ion 
and by  diluting wi th  ice-cooled water. 

The slight cloudiness of mitochondrial  suspensions caused only a small increase in the 
photometr ic  densities. The turbidit ies of the samples and 

I . / f J  

0 lO 20 30 
Minutes 

Fig. 8. Format ion  of "quinone- 
diimonium red"  by  autoxidat ion 
in blanks, in presence and absence 
of cell extract .  Reagents  alone, 
diluted to IO ml, at  37 ° (0), 22 ° ( >( ) 
and o ° (©). Blank, diluted to io ml, 
containing alcohol-inactivated cell 
ext rac t  (26/~g mitochondrial  N), 
at  room tempera tu re  (/~). Mito- 
chondrial suspension (26#g  N), 
incubated for I minute  at 37 ° and 
then inact ivated by  alcohol, diluted 
to io ml ,at room tempera tu re  (El). 

blanks after  incubat ion were measured  in the colorimeter 
after decolorizing the suspensions by  one drop of ascorbic 
acid ( I% solution). With  mitochondrial  suspensions, only 
insignificant differences in the degree of cloudiness between 
samples and blanks were observed. Wi th  some total  homo- 
genates in which the turb id i ty  was considerable and the 
concentrat ion of cytochrome oxidase relatively low (Table 
I), differences in the degree of turbid i ty  of blanks and 
samples were corrected by  using, for the calculation of the 
results, the turb id i ty  of the sample (instead of the tu rb id i ty  
of the blank) as found after decolorization of the sample 
with ascorbic acid, together wi th  the color of the blank 
as found from the colorimeter readings of the blank before 
and after decolorisation by  ascorbic acid. A similar pro- 
cedure was adopted when the test  solutions contained na- 
tural  p igments  such as chlorophylls or carotinoids (Table I). 

The routinely used, alcohol-inactivated blanks were 
often compared with blanks in which the enzyme was de- 
s troyed by 2 minutes  heat ing at  7 o°. No significant differ- 
ences were observed between both  types  of blanks. 

Test o/ i~ter/erence by oxidizing and reducing agents 
Exper iments  were made in order to est imate the degree of 
interference by  oxidizing agents other  than  cytochrome 
oxidase or reducing agents which might  be present  in test  
solutions. 

Measurement  of color formation in blanks in which 
cytochrome oxidase has been inhibited by NaN s or the 
enzymes have been destroyed by  boiling permits  differenti- 

at/on between oxidizing enzymes not  inhibited by  NaN~ and oxidizing agents of non-enzymic 
nature.  Among several tissues which were tested for cytochrome oxidase (Table I), color formation 

I~e]erences p. 6 5. 
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in the blank by  an unknown agent was observed only in the case of total  homogenates  f rom 
whea t  embryos.  The activity, amount ing  to o.35 "quinonedi imonium red" unit  per minu te  per 
nag N, was not inhibited by NaN a or 33 % alcohol bu t  was destroyed by boiling. 

Small amounts  of reducing agents are present  in all cell materials. In  order to evaluate  the 
potent ia l  error, the reducing capacities of the test  solutions were est imated wi th  dichloro- 
benzenone-indophenol .  The fading of the blue dye was measured in the colorimeter for the  first 
minute  of incubat ion at 37 ° at  p H  7.0 in the presence of added cytochrome c*. In  the last column 
of Table I, the reducing capacities for different samples are indicated. By compar ing the  photo-  
metric densi ty of the p igment  produced by cytochrome oxidase to tha t  decolorized by the reducing 
agents, it can be est imated tha t  the potential  errors were relatively small wi th  the me thod  bu t  
larger with the indophenol blue method.  This is due to the fact tha t  the format ion  of "quinone-  
di imonium red"  takes place at a much faster rate than  tha t  of indophenol  blue. 

The following exper iment  showed tha t  interference by an excess of reducing agents  such as 
ascorbic acid may  be prevented by  prel iminary enzymic oxidation. If 2o to IOO #g of ascorbic acid 
was added to a mitochondrial  suspension from ra t  kidney containing 18.3/*g of total  N, the  
format ion of the red pigment  was delayed for o. 5 to 2. 5 minutes  and the delay was approx imate ly  
proport ional  to the amoun t  of added ascorbic acid. After oxidation of the ascorbic acid by  the 
mitochondrial  suspension, the color developed to the same extent  as in the un t rea ted  sample.  
A similar lag in color format ion was observed during determinat ion of cytochrome oxidase in 
total  homogenates  from ra t  adrenals (Table I) known to be rich in ascorbic acid. 

TABLE I 

C Y T O C H R O M E  O X I D A B E  A C T I V I T I E S  OF S O M E  A N I M A L  A N D  P L A N T  T I S S U E S  

('ytochrome oxidase activity Reducing capacity 

"Quinonediimonium red" Indophenol bl*~e "Chlorindophenol blue" 
Units]min,'mg N* Units:min,'mg N** Unitslmin/mg N*** 

Mitochondria, ra t  kidney 
Mitochondria, ra t  liver 

32.4 5-5 0.06 
20-4 3.6 0.06 

Hear t  muscle, rat,  total  homogenate  12. 5 
Kidney, ra*, total  homogenate  o.2 
Brain, rat, total  homogenate  8.3 
Liver, rat, total  homogenate  6.o 
Adrenals, rat,  total  homogenate  5.8 
Pancreas,  rat, total  homogenate  3.5 

2.0 o 08 
1.5 o.18 
i .4 0.20 
0.9 o17  

0.95 
o.16 

XYheat embryo,  total  homogenate  t .7 o.oi 
Carrot  root, total  homogenate§ 1.3 0.05 
Spinach leaf, total  homogenate§ i .o o.2o 
Pota to  tuber,  total  homogenate§ o.6 o.o2 

* I uni t  defined as photometr ic  densi ty  of p igment  from o.12 mg of dimethyl-p-phenylene-  
diamine hydrochloride;  this density equals 0.75 under  the condit ions employed. 

** i uni t  defined as photometr ic  density of p igment  from o. io  mg of a -naphtho l  1. This density 
equals 1.5 under  the conditions employed. 

*** i uni t  defined as photometr ic  densi ty of o.24 mg of sodium-2,6-dichlorobenzenone-indo- 
phenol;  this densi ty equals I, 5 under  the conditions employed. 

§ Press juice after grinding or grating. Most total  homogenates  were centrifuged short ly  at low 
speed to separate  t issue fragments,  whole cells, s tarch grains, etc. 

* I ml of I / I  5 2]/[ phospha te  buffer solution p H  7.0, 1 ml of a 0.04% cytochrome c solution, 
the sample containing 0.2 to I.O mg of N, and distilled water  to make a final volume of io ml, were 
warmed  to 37 ° directly in the colorimeter tube and held at 37 ° in a beaker  close to the colorimeter.  
After addit ion of o. 4 ml of a 0.05% solution of sodium-2,6-dichlorobenzenone-indophenol and 
mixing, the change of the photometr ic  densi ty during I minute  was observed in the Evelyn 
colorimeter, filter 54 o. One "chlorindophenol  blue"  uni t  was defined as the photometr ic  densi ty 
of a solution of o.24 mg of sodium-2,6-dichlorobenzenone-indophenol in io ml of phospha te  
buffer p H  7.o. This density was 1. 5 when measured with the Evelyn colorimeter, filter 54 o. 

Re]erences p. 65. 
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Application o/ method to various tissues 

The method was applied to fractions and total homogenates from diverse organs of the 
rat, and also from some plant tissues. Assays were also performed by the indophenol 
blue method and the results of both determinations compared. 

The specificity of the enzymic color formation was evaluated by comparing the 
development of the pigment in the presence and absence of added cytochrome c, and 
also by the inhibition of the color formation by NAN,. Since all preparations were 
resuspended or diluted with distilled water, most of the endogenous cytochrome c was 
washed out, resulting in weak activity. The enhancement by addition of cytochrome c 
was taken as an indication that  the enzyme responsible for the development of the 
pigment was predominantly cytochrome oxidase. With the exception of total homo- 
genates from wheat embryos, the color development of all samples was completely 
inhibited by 2.IO ~ M NaNs. Since other oxidative enzymes such as polyphenol- 
oxidase, present for example in potato tubers, are also inhibited by NaNa, a potato 
juice was tested by substituting 3,4-dihydroxyphenyl-alanine ("dopa") for cyto- 
chrome c in the routine procedure. The formation of "quinonediimonium red" was 
proportional to the N content of the potato juice, and the activity was 2.4 "quinone- 
diimonium red" units per minute per nag N, 4 times more than with cytochrome c as 
substrate (Table I). I t  may be concluded that  this method can be applied to the deter- 
mination of certain other oxidative enzymes by employing the appropriate substrates. 

DISCUSSION 

In the conventional method for cytochrome oxidase, the O2-uptake during the oxida- 
tion of a reducing agent such as ascorbic acid by  cytochrome c -cytochrome oxidase 
is measured in the Warburg apparatus. SLATER 4 has shown that  the accuracy of the 
manometric analysis is much influenced by the state of the enzyme, the nature of 
the reducing agent and the concentration of added cytochrome c and buffer. The 
importance of these factors was also noted in the present colorimetric investigation. 
Cytochrome oxidase can also be determined by measuring the rate of oxidation of 
cytochrome c spectrophotometrically as described by COOPERSTEIN AND LAZAROW 5. 
I t  may be expected that  colorimetric methods, first introduced by SMITH 3_ND STOTZ 6, 

will make the determination of cytochrome oxidase more simple and independent of 
a costly apparatus. 

Errors may arise in all colorimetric methods for cytochrome oxidase through the 
interference by reducing agents from the tissues. Due to the rapid rate of formation 
of the quinonediimonium pigment by cytochrome oxidase, there seemed to be 
relatively little interference using this method (though more with the indophenol 
blue method) when the tissue samples were kept small (I to 40 tLg of N) and when 
cytochrome c was added in excess (Table I). The absence or the degree of interference 
by reducing agents can be readily determined by testing two or three different con- 
centrations of the tissue suspensions and verifying that  the formation of the pigment 
is proportional to the concentration of the samples. 

The method may be modified by directly following the formation of the red pig- 
ment in the colorimeter and by recording the position of the shifting galvanometer 
needle every IO or 15 seconds during a I to 3 minutes'  period. The use of the spectro- 
photometer may increase the sensitivity. 

Re]erences p. 6 5. 
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SUMMARY 

A simple colorimetric method for the micro-determinat ion of cytochrome oxidase, based o n  the 
formation of a water-soluble red pigment  from dimethyl-p-phenylenediamine,  is described. The 
formation of "quinonedi imonium red"  is proport ional  to the concentra t ion o[ cytochrome oxidase 
(nlitochondrial suspensions from the kidney of the ra t  containing I to 3 ° /~g of N) and to the t ime 
of incubation during the first 1 to 3 minutes.  The method was tried out  with var ious animal 
and p lant  tissues. 

Rt~SUMt:L 

Une m6thode simple de microdosage colorim6trique de la cytochrome oxydase, fondde sur la 
format ion d 'un  p igment  rouge hydrosoluble / t  par t i r  de dim~thyl-p-ph6nylbnediamine,  est d6crite. 
La format ion de "rouge de qu inonedi imonium" est proportionnelle /~ Ia concentrat ion de cyto- 
chrome oxydase (suspensions de mitochondries  de rein du rat  renfernlant  I ~L 3 ° /tg de N) et au 
temps  d ' incubat ion au cours des t ~ 3 premieres minutes.  La m6thode a 6t6 essay6e sur  divers 
t issus an imaux  et v6g6taux. 

Z USAMMENFASSUNG 

Eine einfache kolorimetrische Methode zur Mikrobes t immung yon Cytochrom-Oxydase,  auf 
Grund der Bildung eines in Vv'asser 16slichen roten Farbstoffes aus Dimethyl-p-Phenylendiamin,  
wird beschrieben. Die Bildung yon "Quinondiimonium-Rot" geht proport ional  nlit der Cyto- 
chrom-Oxydase-Konzent ra t ion  (Mitochondrienaufschlemmung aus Rattenniere,  mi t  1-3o ],g 
N-Gehalt)  und mit  der Inkubat ionsze i t  w~hrend der ersten drei Minuten. Die Methode wurde  
mit  verschiedenen tierischen und pflanzlichen Geweben ausprobiert .  
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