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PRELIMINARY NOTES 

BIOCHIMICA E T  BIOPI IYSICA ACTA 

BBA 61216 

Isolation of a cytochrome peroxidase from Thiobacillus novellus 

Yeast cytochrome c peroxidase (ferrocytochrome c: hydrogen-peroxide oxido- 
reductase, EC 1.11.1.5) was first isolated and partially purified by ALTSCHUL, et al. z 
and has been studied extensively by YONETANI and his co-workers2, 3. So far as it is 
known, the peroxidase has not been found in any organism other than yeast. Recently, 
we have succeeded in isolation and purification of a haemoprotein from Thiobacillus 
novellus, and found that it shows a cytochrome c peroxidase activity. 

Strain of T. novellus (Starkey) was kindly supplied by Dr. A. Asano(Institute 
for Protein Research, Osaka Univ., Japan). The cells (I kg) of the organism which 
were cultivated in a bouillon-peptone medium at pH 7.2, were disrupted by sonication 
(Blackstone, 2oKc, 5ooW) for 5 rain in IO mM phosphate buffer, pH 7.0. The resulting 
sonicate was centrifuged at 13 500 × g for 25 min, and the supernatant thus obtained 
was fractionated by (NH4)2SO 4. The precipitate obtained at 60-90% saturation of 
(NH4)2SO 4 was collected by centrifugation and dissolved in a minimum volume of 
IO mM Tris-HC1 buffer, pH 8.5. The resulting solution was dialysed against IO mM 
Tris-HC1 buffer, pH 8.5, for 2 days, and the dialysate thus obtained was charged on 
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Fig.  i .  A b s o r p t i o n  s p e c t r u m  of  T. novellus h a e m o p r o t e i n .  T h e  h a e m o p r o t e i n  w a s  d i s so lv ed  in 
5 ° m M  p h o s p h a t e  buffer ,  p H  7.0. - - - - ,  ox id i z e d ;  - - . ,  r e d u c e d  w i t h  Na~S,O 4. 
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the  DEAE-ce l lu lose  column which had  been equ i l ib ra t ed  wi th  the  same buffer  as t h a t  
used for the  dialysis .  On the  cellulose column two bands  appea red ;  one was brownish 
a~nd a t  the  t op  of  the  column,  t h e  o ther  red  and  spread ing  below the  brownish  band  
to m a k e  a b r o a d  band .  W h e n  the  column was washed  wi th  io  mM Tris-HC1 buffer, 
p H  8.5, conta in ing  0.2 M NaC1, the  b r o a d  red  b a n d  was eluted,  while the  brownish 
band, r emained  on the column. The  red  e luate  thus  ob ta ined  conta ined  cy tochrome 
c-55 o. (This was qui te  s imilar  in spec t ra l  p roper t ies  to the  cy tochrome repor ted  b y  
CHARLES AND SUZUKI 4, wi th  the  organism c u l t i v a t e d  in an inorganic  medium.)  The 
brownish  b a n d  was e lu ted  wi th  IO mM Tris-HC1 buffer, p H  8.5, conta in ing  i M NaC1, 
and this  e lua te  possessed a cy tochrome  c peroxidase  ac t iv i ty .  

As shown in F ig .  I ,  the  f rac t ion which has  cy tochrome c peroxidase  a c t i v i t y  
showed an absorp t ion  p e a k  a t  398 nm in the  oxid ized  form and  peaks  at  415,520 and  
550 n m  in the  reduced  form. Al though  the  absorp t ion  spec t rum of  the  reduced  form 
was ve ry  s imi lar  to  t h a t  of  C- type  cy tochromes ,  A 7 (reduced) was smal ler  t han  A 7 

(oxidized). I t  was also no ted  t h a t  the  abso rp t ion  spec t rum of  the  oxidized form showed 
a l i t t le  larger  absorbance  a round  480 nm than  usual  C- type  cy tochrome did,  resul t ing 
in no peak  a round  530 nm. The  haemopro te in  in the  reduced  form combined  wi th  CO 
resul t ing in a shift  o f ? - b a n d  from 415 to 41o n m  and  sharpening  of  the  band.  Py r id ine  
fe r rohaemochrome of  the  p r epa ra t i on  had  absorp t ion  peaks  a t  413, 520 and  550 nm. 
This shows t h a t  the  haemopro te in  ob t a ined  here possesses haem c as the  pros the t ic  
g r o u p .  F r o m  t h e  absorp t ion  spec t rum of  the  pyr id ine  fer rohaemochrome,  SmM at  
55o nm of  the  haemopro te in  was de t e rmined  to  be 16.8. 

The  haemopro te in  p repa ra t ion  showed a cy tochrome c peroxidase  a c t i v i t y  
(Table I). The  molecular  a c t i v i t y  (moles of  reox id ized  cy tochrome  s/mole of  the  
haemopro te in)  was 344 per  min at  23 ° and  p H  7.5 wi th  t u n a  cy tochrome c. The enzym-  
at ic  a c t i v i t y  was 39 % inh ib i ted  in the  presence of  I m M  KCN. The reac t ion  was also 

TABLE I 

C Y T O C H R O M E  C P E R O X I D A S E  A C T I V I T Y  OF r .  novellus H A E M O P R O T E I N  

The standard reactibn mixture was composed of o.05 ml of 245/~M tuna cytochrome e (ref. 5), 
o.95 ml of 25 mM Tris-HC1 buffer, pH 7.5, o.oI ml of 3.7-49.5 mM H202 and o.o2 ml of 3/~M 
haemoprotein. The reduced form of tuna cytochrome c was actually not reoxidized on addition 
of H20 a without the haemoprotein. In the experiment with yeast cytochrome c peroxidase, 
o.o2 ml of o.i / ,M the enzyme was added in place of the T. noveUus haemoprotein. The reaction 
was performed at 23 °, and the absorbance change was measured in a Cary spectrophotometer, 
Model 15 . 

Enzyme Salt added H20 , - -AA Molecular activity 
(IzM ( (550 nm/ (moles of reoxidized 

rain) cytochrome c/mole 
of enzyme per min) 

T. novellus - -  36 0.085 73 
haemoprotein - -  18o 0.296 255 
haemoprotein - -  480 0.398 344 
haemoprotein o.I M NaC1 18o o.218 188 
haemoprotein 5 ° mM phosphate* 

buffer (pH 7.4) 18o o.122 lO 5 
Yeast cytochrome 

c peroxidase - -  18o 0.323 8350 

* The phosphate buffer was used in place of Tris-HC1 buffer. 
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fairly depressed by  salts; the depressions were 26~o with o.I M NaC1 and 59~/o with 
50 mM phosphate. Although the inhibitory effect of the salts on the sulphite: cyto- 
chrome c oxidoreductase (EC 1.8.3 group) of the organism (cultivated in an inorganic 
medium) has been reported 4, it seems very interesting that  the enzymatic activity, 
which does not directly relate to inorganic salt, is also affected appreciably by  the 
salts. The cytochrome c peroxidase reaction of the haemoprotein was also affected 
by  the kind of cytochrome c used as the electron denor. Namely, tuna and yeast 
cytochromes c reacted quite rapidly with the haemoprotein, while cytochrome c 
(551, Pseudomonas aeruginosa) e did not react with it. Reactivity with the haemo- 
protein of cytochrome c (551, Rhodospirillum rubrum)7 and cytochrome c (555, Chloro- 
bium thiosulphatophilum)s was 24 ~/o and 6 °/o, respectively, of that  of tuna cytochrome c. 
However, it is very curious that  cytochrome c (550, T. novellus)*, 9 has reacted with 
the haemoprotein very poorly. 

Although the cytochrome c peroxidase activity of the haemoprotein isolated 
from T. novellus was considerably low as compared with that  of yeast cytochrome c 
p~roxidase 2, it was 14 times as high as that  of horseradish peroxidase (EC 1.11.1.7) 
(purchased from Worthington Biochem. Co., U.S.A.) on the basis of molecular activity. 
Further, the ratios of cytochrome c peroxidase activity to (guaiacol) peroxidase 
activity were 3.91 with the T. novellus haemoprotein and 0.o024 with horseradish 
peroxidase. As judged from these facts, it seems that  the haemoprotein isolated from 
T. novellus is a cytochrome c peroxidase although it possesses haem c as the prosthetic 
group, unlike other peroxidases 1°. I t  seems quite interesting, in relation with the 
evolutionary position of T. novellus 11, that  the haemoprotein is very similar to yeast 
cytochrome c peroxidase in the specificity for C-type cytochromes (T. YAMANAKA, 
unpublished results). 
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