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Purification and some properties of a b-type cytochrome from 
Sclerotinia libertiana 

Sofar, a t tempts  to extract the b-type cytochromes other than cytochrome b~ 1 in a 
truly water-soluble state have been uniformly unsuccessful, although some of them 
have been obtained in an apparently water-soluble state with the aid of detergents 
such as sodium cholate 2-4. This may suggest either that  the b-type cytochromes are 
essentially water-insoluble haemoproteins, or that  they may exist in the cell firmly 
bound to some hydrophobic substance such as lipid. Experiments reported here show 
that  a b-type cytochrome can be obtained in a truly water-soluble state from a certain 
fungus which has been known to contain a lipase of extraordinary high activity. This 
finding seems to favour the view that  at least a certain form of b-type cytochrome exist 
in the cells in a lipid-bound form. 

T h e  material used for the extraction of the cytochrome was a fungus Sclerotinia 
libertiana which shows a strong absorption band of a b-type cytochrome. This fungus 
has been known to produce a very strong lipase, and its lyophilized powder has 
recently become available commercially in Japan  as a preparation of lipase (under 
the name of Lipase "Saiken"*). Noteworthy is the fact that  this preparation shows 
almost no proteolytic activity. 

The optimum pH for the lipase of the fungus lies at 6-8 (see ref. 5). This pH range 
was also found to be most suitable for the extraction of the cytochrome. The lyo- 
philized fungal powder was suspended in o.2 M sodium phosphate buffer, pH 7.0, and 
left overnight at room temperature (I5°-2o°). (A suitable ionic strength of the ex- 
tracting medium was found to beo.3 or higher.) The suspension was filtered through a 
Btichner funnel with the aid of Celite, and the resulting filtrate was dialysed against 
tap water overnight. The dialysed solution was passed through an aluminium oxide 
column which had been buffered with 0.2 M ammonium phosphate and washed with 
water. The cytochrome adsorbed on the column was washed with water and then 
eluted with I.O M ammonium phosphate buffer, pH 7.0. To the eluate was added solid 
(NH~) 2S04 to 9 ° % saturation, the resulting precipitate was discarded by centrifuga- 
tion, and the supernatant was dialysed against tap water for one day. After repeating 

1.0 

" o  

o~0.5 
0 

424 554/A~561 

415 ," 

/ 
I*// 

~00 400 500 600 
Wavelength (rap) 

Fig. I. Absorpt ion spectra of Sclerotinia cytochrome. - - - - ,  reduced form; - - - ,  oxidized form. 
A more detailed absorpt ion  spec t rum of the a- and fl-absorption peaks is shown in the inserted 

graph. 

* Osaka Saikin Kenkyusho K.K.,  Nishinomiya-Shi,  Japan .  
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the procedure of adsorption and elution using the a]uminium oxide column, the eiuate 
containing the cytochrome was satnra ted with (N Ha: ) ~SO~, the precipii:at< fo;:med w~s 
removed by centrJfugation, and lhe supernatant was dialysed ~ga:h~st tap wat,~r. 
] 'he cvtocbrome present in the solution was again adsorbed onto the ah)minh~rn o:<ide 
column and eluted wJ!h IO '},) saturated (NH4)2S() 4 (pH 5.6). The e]uate obb~i<,ed 
was light red in co]our which turned into pink when treated wi!-h a s::~rml] amou~!- of 
Na2S20 ~. In Fig. z are reproduced the absorption spectra shown by the oxidized a~d 
reduced form of the cvt:oehrome. While the oxidized form showed a smrp abso;:piJor: 
peak at 4x3 mff and two weaker bands ;at 53 z mtz ;'nd 560 raft; the )-;a~%~O<veduccd 
form had sharp absorption peaks at 4z4 m/x. , 5~8 m/~, 554 m~ ~ d  56x nnlx v, dth ~ 
shoulder at around 534 raft. 

This feature of the absorption s]?ectrum appeared to indicate that the soJ~xi:io~-x -we 
have obtained might have contained two cytochromes with the a-b~:,.nd iying at 
56~ mix and 554 mff, ~espective]y. The solution was, therefore, .~'Jbiected to ;; zone 
electrophoresis using a vertieai starch column. Repeated experiments co~;ducted 
under widely different conditions gave, however, no indication at all that the solution 
contained two different evtoehromes. When the soiutio~ was shakc:;~ xaith a mixture 
of pyridine and o.2 A; NaOH (I:g, v/v), the water layer lost its co]our, -a.hfie the 
pyridine layer became red. Whe]~ treated with Na~S~O 4, 1he pyridJne 1aver showed a~. 
absorption spectrum having peaks at 4z 9 m/z, 5z4 mff and 556 raft, ,.~hich ar~. charac- 
teristic for protol~aemochromogen (Fig. ~). It  may, therefore, be co~,~cluded l:h;:t tY, e 
cytochrome we have isolated was of the b-type, although its ,;.-brad differed from 
those of ordinary b-type cytochromes in showing two peaks even at ::oon: temperatuP ~ 
(about ~o°). That by o~;r purifications procedure the cytochrome had l,.ee~ c.btaJned i;:, 
a fairly pure form m~x. i)e evidenced by the fact that the ratio of E~)';}':~,'~/'Et'~}.a-:)]~ a wa.~ 
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Fig .  2, A b s o r p t i o n  spect r ,~m of t h e  p y H d J n e  
h a e m o c h r o m o g e n  of Sc[eroli~zia c y t o c h r o m e .  
The  r e d  co lou r  of tlne c y t o c h r o m e  was  e a s i l y  
e x t r a c t e d  w i t h  a l k a l i n e  p y r J d i n e .  W h e n  Na2S 2- 
().~ w a s  a d d e d  to  t h e  p y r i d i n e  l a y e r ,  t h e  ab -  
s o r p t i o n  s p e c t r u m  of p:-ototnaemochron~_ogen 

vras see]], 

:m 
E 0.20 

u~ 0.18 

_ O.~b 

O J4 
"6 
.2 
"K OJ 2 
0 

0.t0 

0.08 i 
0 2 

/ 
O~LO-O#2 ~, 

4 6 8 ~0 
7]me (rain) 

l~Jg • 3- ]~eduction of Sc/c~,of~vzia cytoc]n:ome 
by lactate ila the ]sresencc of ba]<el-'s ~,ea, s~: 
l a c t i c  d e h y d r o g e n a s e  u n d e r  a n a e r o b i e  condi -  
t i ons .  \~/hen a i r  w a s  h?t]:odHced as  i n d i c a t e d  b ?  
t h e  a r row ,  t h e  r e d u c e d  e} : t och romc  was  rap id ]}  

o x i d i z e d ,  p H  0.5. 7"e~Tp., 25 >. 
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as high as i . i  (see Fig. I), which is comparable to the ratio of ~.55 oi~'reduced/i~'°xidizedrn/~/~28o nl/,~ obtained 

for a typical cytochrome c*. 
The b-type cytochrome was reduced by lactate in the presence of baker 's  yeast 

lactic dehydrogenase e 9 under anaerobic conditions, but not under aerobic conditions. 
The enzymic reduction of the cytochrome was measured spectrophotometrically in 
vacuo in a Thunberg tube modified for spectrophotometry (Fig. 3). When air was 
introduced into the tube, the reduced cytochrome was immediately oxidized. The 
autoxidation of the cytochrome was not inhibited by IO -2 M KCN. Neither KCN nor 
CO caused any modification in the absorption bands as judged from the observation 
made with a microspectroscope. The biological function of the cytochrome, for which 
we propose the name "cytochrome b-56I, 554 (Sclerotinia libertiana) ''1°, is a mat ter  
for further investigation. 

This investigation was supported in part  by research grant (No. RG-587 I) from 
the National Institutes of Health, U.S. Public Health Service. 
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• I t  should  be r e m a r k e d  t h a t  no c-type cy tochrome  has  ever  been  e x t r a c t e d  from th i s  fungus. 
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The condensation of catechols with ethylenediamine 

I t  has been shown by  HARLEY-MASON AND LAIRD 1 that  the main product of the reac- 
tion of ethylenediamine with adrenaline is dihydro-3-hydroxy-I-methylpyrrolo- 
(4,5-g)-quinoxaline (I), while the reaction with catechol yields 1,2,3,4-tetrahydro- 
1,4,5,8-tetraaza-anthracene (II) HARLEY-MAsoN (personal communication) further 
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found that  the main product formed from noradrenaline is identical with that  formed 
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