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1. Intreduaciion

Three kinds of c-type cytochromes, cytochromes
&-551, £-553 and ¢-555 have been isolated from the
green sulphur bacterivm, Chiorobium thiosulfato-
philum {1,2]. Recently, we have succeeded in the
purification of a thiosulphate-cytochrome ¢ reductase
derived from €. #hiosulfarophilum angd found that cy-
tochrome ¢-551 functions as the direct electron accep-
tor for the enzyme [3]. Molecular featnres of cyto-
chrome ¢-553 have been well studied [1,4]; it has
flavin {prcbably FMIN) as well as haem ¢. However, its
function was obscure.

In the present investigation, we have found that cy-
techrome ¢-553 is reduced more rapidly with sulphide
than other cytochromes ¢, and it caialyses reduction
of cytochromes » with sulphide. Therefors, cyto-
chrome £-553 seems to aet as a sulphide-cytochroms
¢ reductase. Further, we have found that the cyto-
chrome combines with cyanide very strongly and as g
result the absorption spectrum atuibutable to the
bound fiavin of the cytochrome is considerably
changed.

2. Materials and xgeﬂmds

Cultivation of €. thiosulfatophilum (NCIB 8346)

was performed according to the method as previously =
described [2]. Cytochrome ¢-3551 and cyicchrome o -

553, and cytochrome ¢-535 were highly purified by
the methods of Meyer €1 al. [1] and of Yamanaka

and Okunuki {2] ; respectively. Veast (Saccharomyces

ovzfomzzs) eymshrome € was kmé!iy supphed by
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Table 1
Reduction of several kinds of eyiochromes ¢ by sodinm sul-
phide and effect on thelr reduction rates of added cyto-
chrome ¢-5353.

Addition of
Cytochiomes cytochrome e-533 {AA Jmin)
Cytochroms ¢-551 — 0.18

+ 013
Cytothrome ¢-553 > 4.0
Cytochrome £-553 — 0.62

+ 0.20
Yeast cytochrems ¢ - 0.15

+ 0.45

The reaction mixture contained: 0.1 M Tris—HCI buffer (pH
7.4), 50 pM sodivm sulphide and 50 pM sach cytechroms ¢
with {#) or without {(—) 34 a¥ cytochrome £-553. The total
volnme of the reaction mixture was 1.0 ml. The reaction was
started by adding sodinm sulphide.

Sankyo Co., Lis. {Tokyo, Japan).

Ispeleciric forusing was performed at 0°C, using a
1% {v/v) ampholyie solution {LXB-Produkter AB,
Stockholm) [5]. Spectra: measurement was per-
formed with a Cary specirophotometer, model 15,
using cuvettes with 1 cm light path.

3. Resuiis and discmssion -

. As 1able 1 shows, @yftzoc'hromé e-553 was reduced - -

- by sodium sulphide considerably more rapidly than

‘cytochrome e-551, cytochrome ¢-555 and yeast eyto-
- chrome ¢, and the reduction rates of cytochromee-
T 355 and ye:ast Ly‘mchmme [ by sodmm sulph:ﬂe wer‘ :

235
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Table 2
Redunction of yeast cytochrome ¢ by m:ymchrome £-553 with
sodium sulphide,

Net increase in

Conditions for determina- AA sspfmin by

tion of activity {AAsspfmin) cytochreme 553
Complete s 0.45 0.30

— Cytochroms ¢-3553 0.15 0.00

Cytochrome ¢-553

treated with heat 0.15 0.00

+ KCHN (1pM) : 0,21 H.06

+ ECN (0.1 M} 0.30 0.15

Cytochrome £-553 treated

with 1M cyanide and

then with Sephadex G-235 0.25 0.10D
Cytochrome ¢-553 treated

with cyanide, then with _

HgCl; and Sephadex G-25  0.45 0.30

The complete reaction mixiure contained 0.1 M Tris—HC1
{pH 7.4), 50 M sodium sulphkide, 50 pM yeast cytochrome ¢
and 34 nM gy tochrome ¢-533. The total volume of the reac-
tion mixture was 1.0 ml. The final concentration of added <y~
anide was shown in the parentheses. The reaction was siarted
by adding sodinm sulphide.

greatly accelerated on addition of a small amount of
cytochrome ¢-553 (final conen., 34 uM). The reduc-
tion raie of cytochrome ¢-551 with sulphide was not
affected on addition of cytochrome ¢-553 even at the
concentration of 7 uM. As the acceleration effect of
cytochrome ¢-553 on the reduction of cytochrome ¢
with sulphide was observed with yeast cytochrome ¢
as well as with cytochrome ¢-555, the yeast protein
was used-in the following experiments. ‘The aceslera-
tion effect of sytochrome ¢-553 on the reduction of
cytochromes ¢ with sulphide was proportional to its
concentration between 0 and 50 nM. When cyto-
chrome ¢-553 was heated {80°C, for 2 min), it com-
- pletely lost the accelerating effect (table Z). Further,
“the accelerating effect of cytochrome ¢-553 was
strongly inhibited by cyanide at a very low concen-
" tration (table 2). Therefore, it may be concluded
that cytochrome ¢-553 is an enzyme acting as a sul-
. phlde-cytochmme ¢ reductase. Since the bacterium -

utilizes sulphide as the electron donor in addition to

thiosulphate, the sulphide-zytochrome ¢ reductase ac-

ity of rytochrome ¢-553 seems phymologxcally szg—
'V—mficant for the orgamsm.
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Addition of cyanide (at a concentration almost

~ equal 1o the cytiochrome) caused the colour of ferricy-

‘tochrome ¢-353 to change rapidly from brownish red
to dark brown: the absorbance at the peaks or shoul-
ders at 480 and 450 nm (which are thought to be at-
tribatable to the bound flavin [1]) decreased, while
the absorbance between 600 and 700 am increased
(fig. 1). The spectral change was very rapid and re-
mained even after addition of K;Fe(CN); to the cy-
anide-treated gy tochrome sclution, overnight dialysis
o1 treatment with a Sephadex G-25 column of the cy-
anide-treated cytochrome, or the gyaride-treated cyto-
chrome being subjected 1o isoelectric focusing. These
facts indicate that the spectral change cansed by 2ddi-

. tion of cyanide is not attributable to reduction by this

compoungd of the flavin in the cytochrome but to its
binding with the cytochrome. When the cyanide-
treated ferricytochrome £-553 was used in the sul-
phide-cytochrome ¢ reductase reaction in place of the
intact cytochrome ¢-553 after iréatment with the
Sephadex G-25 column, the reaction rate reduced to
one third of that obtained with the intact cytochrome
¢-553 {table 2). When a small amount of HgCl, {final
concn., -1 mM) was added to the cyznide-treated ferri-
cytochrome £-553, the colour of the cytochrome sol-
ution retumed t0 brownish red from dark brown. The
Sephadex G-25 column chromatography of the brown-
ish red solution obtained above yielded ¢ytochrome c-

. 553 which had the same absorption spectrum and en-

zymatic activity as the untreated z,y*ochrmne £-553
{table 2).

Although the reduction rate with snlphide of the
cyanide-treated ferricytochrome ¢-353 was very slow,
the absorption specirum of the resulting reduced form
was the same as that of the intact ferrocytochrome -
553. When the reduced form of the cyanide-ireated
cytochrome c—SSS was passed through the Sephadex
G-25 column, it showed the spectrum of the oxidized
form of the untreated cytochrome ¢-553, This fact im-

- plies that eyanide, which has been bound to ferricyto-

chrome ¢-553, is dissociated on Ieﬂumhon of the cyto- '
chrome, and the original ferricytochrome ¢-553 isre- -

‘overed by the treatment with the Sephadex G-25 col-
‘umn as the ferrocytochrome £-553 is autoxidizable.

Carbon monoxide and azide weither caused any

7-*'change ia the absorpt]on ;spectrum of the ferri-or - :
T ferrocyioch:rome ©-553, nor affected the svﬂp'hzde-cy—
L tochrome c reﬂucmse actmty of the cylommme. o
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Fig. 1. Effect of cyanide on absorption spectrum of cytochrome ¢-553. Cytochrome €-553 was dissolved in 0.1 M Tris—HC! buffer,
pH 7.4, at a conen. of 6.5 uM. { ) Oxidized form: (— - —) oxidized form plis 8.0 oM KCN; (— — —) a small amount of dithionite
was added to the cyanide-izeated or untreated cyiochrome ¢-553.

References {4] Bartsch, R.G., Meyer, T.E. and Robinson, A.B. {(1968) in:
Structore and Funciion of Cytochiomes {(Okunuki, K.,
{131 Msyer, T.E., Barisch, R.G., Cusanovich, M.A, and Kamen, M.D. and Sekuzu, 1., eds.), p. 443, Univ. of
Mathewson, 1.H. {1958) Biochim. Biophys. Acta 153, 854, Tokyo Press, Tokyo.
i2] Yamanaka, T.ard OkunuXki, XK. {1963) J. Biochem. [31 Vesterberg, A.0. and Svensson, H. {1966) Acta Them.
(Tokyo) 63, 341. Scand. 20, &20.

(31 Kusai, A. and Yamanaka, T. {1973) Bicchem. Biophys.
Res. Commun, 51, 107,

237



