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EFFECTS OF pH AND HEATING ON REACTION OF NITRITE WITH CYTOCHROME c
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INTRODUCTION

The react ion of „ ¡ . f i t ,  » l .h  t h ,  h.m. prote.in „ , o , , . b i f a ,  been studied in regard »

iïïïï’ü-jr.iÆJS:
cured meats and its ava i la b i l i ty  for further reaction.

In the present study, we considered the reaction of n i t r i t e  with cytochrome c (oxidized form) under varying 
conditions of concentration, pH and temperature.

MATERIALS AND METHODS

Oxidized cytochrome c (purchased from Sigma Chemical Co , w, ,  “

form^as S . L . ,  .h.  - . « ¡ j n  . S t / S S T

5!rh,°ofh i «  iS w i t o m is e. « « ' - ' o n “ *»'«'«"> °f z9-s <»■" G" der
and S later , 1962).

The reaction of n i t r i te  with cytochrome c » «  carried « ,  in “  r“ "  • » » " a t o ~ .
was applied after  the ini t iat ion of the reaction or after  reaction for 2h hours.

Heat

RESULTS

Sodium ni tr i te  reacted with cytochrome c (oxi d i zed _ form) and the reaction was ^¡dependent (Figure 1) T h e ^  
product had peaks at 529 and 562 nm in a Soret reg.on, , n agreement w th previous work-in wh ^  , nter.

î i î c t t b n l Î ;  ^ n Î t r i t r Î s ^ i e ^ b y ’ the e f f e c t  Z*«t t r o s a t i  ng forms o f  n i t r i t e  (N0-0N0 o r /an d  NO-OH) which

Figure 1 Absorption spectra of the product formed
from cytochrome c (oxidized form) and n 
n i t r i t e  at various pH values. The reac 
medium contained 0.05 mM cytochrome c,
10 mM sodium n i t r i t e  and 0.1 M c i t rate  ^
( — , pH 3 . 0 ; ----- , pH 3 . 9 ; ------- . pH 5'
After 2 k  hours incubation, the scanning 
was carried out with f ive  times dilution ^  
of the reaction mixture or without d i1u 
( inset ) .

k  ^ n C i f ^ r p r o S u i n « ^  < n - « ’» > ; ' . 2h«h^ n n ;

. . . . . or»0p f nr i hour immediately after  the reaction was started,  the e
z z z r r Prri;* l 6 . « « » h , d „ 0 .ff,«. * > - . . . «
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the amount of product was observed at pH 4.8. At low pH (3.3 and 3.0), however, the heating resulted in de­
composition of the product. The reaction mixture became turbid at pH 3.6 to 4.2. This lat ter  e f fect  of heating 
was quite similar to that observed i f  the heating was done after  24 hour incubation (Figure 3B). The heat 
s t a bi l i t y  of the product at 80 C was examined at pH 3.0 after  24 hour incubation (Figure 3A). The rate of 
decomposition of the product was approximately 0.235% per minute. The cytochrome c retained its functional 
properties during this treatment. When a heated reaction mixture (0.0556 mM cytochrome c, 0.111 M c i t rate ,  
11.111 mM sodium ni tri te)  was again incubated with sodium ni t r i t e  (0.05 mM cytochrome c, 0.1 M c i t ra te ,  20 mM 
sodium ni tri te)  for 24 hours at room temperature, some portions of the product which had decomposed then reacted 
aga in with ni tr ite.

Figure 2 (A) The e f f ec t  of  pH on the formation of ferrocytochrome c nitrosyl compound. (B) Relationship 
between ferrocytochrome c nitrosyl compound and nitrous acid calculated on the basis of pH. 
Reaction conditions were the same as in Figure 1.

DISCUSSION

Cytochrome c in the oxidized form is very stable upon heating but cytochrome c in the reduced form is suscep­
t ible to denaturation when heated at lower pH (data not shown). When the product formed from reaction of 
cytochrome c with n i t r i t e  is heated in the presence of n i t r i t e ,  the following processes may take place.

1. Decomposition of residual n i t r i te  together with an increase in act iv i ty  of hydrogen ions.
2. Decomposition of the product due to the breakdown of  residual n i t r i te  (shi ft  of equilibrium between 

the product and n i t r i te ) .
3. Decomposition of the product by thermal energy.
4. A chance of oxidation of the reduced cytochrome c (which resulted from the decomposition of the prod­

uct) by residual n i t r i t e .
5. A chance of denaturation of cytocrhome c in a reduced form.

Figure 3 The e f f ec t  of  heating on the formation and decomposition of ferrocytochrome c nitrosyl compound. 
Reaction conditions were the same as in Figure 1, and heat was applied after  24 hours of in­
cubation. (A) Effect of heating time at 80°C and pH 3.0 (0 is change in optical density of the 
reaction mixture; A is change in optical density of cytochrome c in the oxidized form; x is change 
in the reaction mixture corrected for change in cytochrome c; Ais the reaction of n i t r i t e  with 
cytochrome c in the oxidized form after  i t  was heated; • is the re-reaction of  n i t r i te  with the 
heated reaction mixture (see text for deta i l s ) .  (B) Effect of heating for 1 hour (• is pH 3.0;
0 is pH 4.8; Ais pH 5.3; Ais pH 5.6).

^  low pH al l  of the above processes are possible and our results can be so explained. At high pH, however, 
system appears to be quite stable.
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? " 4 7 „  s * » } .  y r z s i E s -  ^ r ^ s . ^ ” u . . . M , t y . , « .  — . .  - . « — .  *»> -
not be excluded.
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