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SUMMARY

It the ervstalline preparation of Pseudoinonas cytochrome oxidase, the a-band due
o haem we vared in both absorbancy and position with pll when the enzyvine was
reduced with Na,5.0,. Thus it was at 655 mu, 629 my and G52 myge, and 525 mu at
pH 7.0, 7.0 and 5.0, respectively . T voncopiiiding y-band vas invarniabily et goe mp.
But, when the cnzyme was reduced with ascorbate, the a-band did not show depend-
ence an pl. The y-band due to haem a; was verv low in absorbancy compared with
corresponding a-band.

In the presence of cyanide, thc a-band due to haem g, appeared at 627 mg and
the corresponding ¢-band was split into two parts, with maxima at 443 mg and
472 my. In the presence ot CO, the a-band due to haem a, was very depressed in
absorbancy and the corresponding ¢-band became invisible. Nitrite and NO had
the same effect on NayS,0,-reduced enzyme. In the presence of these reagents, a
prak appeared at 605 mu, the s-band at 400 mu disappeaied, and the enzyme
solution became reddish brown. With ascorbate-reduced enzyme, a bump at §70 mg
apperarcd on addition of nitrite or NO. Fydroxylamine had a complicated effect on
the enzyme. The reagents mentioned above scarcely affected the absorption spectrum
due to haen. ¢ of the enzvme.

INTROLUCTION

In 1928, Yaor axn TaMmival found that cells of Kscherichia coli and Shigella dvsen-
teriae, which had been grown acrobicallv, showed an absorption band which ditfered
trom those of previously described cytochromes in that it was in the red region
of the spectrum. KEeinix? attributed this band to a cytochrome component, which
he designated a,, Waksunre et al.34, NEGELEIN AND GERISCHERS, TaMmIvYa AND
YaMacUTeH®, and Fujmra aNp Kopama? independently found spectroscopic
evidence that cytochrome a, was autoxidizable and could combine with carbon
monoxide and cyanide. Fujira axp Kobama also shewed that this cytochrome
was widely distributed in other bacteria e.g. Azotobacler chroococcum, Prolens vidigaris,
Acetobucter dasteurian:m, Eberthella typhosa, and Salmonella parathyphi. The oxidized

form in whole cells showed the atypical band at 645 my in the visible region of the
spectrum,
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Mainly from spectroxeopic studics of cviochrome g, in whole cells, it is generally
:esumed that in organism< whirh do nat possess cvtochrome @, cytochrome a,
fanctions as a cvtochrome sxidasced,

BARRETT® extracted and partiadly purified a green Lbaemin from  Aerobacter
aerogenes and several other bacteria, all of which contain cytochrome a,. He designated
it haemin a,. tlowever, cyvtochrome a, has not been 1solated trom the bacteria des-
cribed above,

In our laborztory, a evtochrome, which s luem @, and a haem ¢ i itz molecule,
was extracted and porificd from colls of Psesedoiinnas gernginnse which were goown
anacrobically in the presence of nitrate!™. The oy tochrome was designated as Pseudo
monas cytochrome oxidase becaunse it possesses the general proapertics of a4 cvto
chrome oxidase. Furthermore, it war found that tlu~ cytochrome acts as- a n tite
reductase!t 2 It is very likely that the cvtochrome 1~ the chemical entity o! tiie
nitrite reductase of 20 aernginosa, because, Pseudomonas ovtochirome oxidase wois
obtained from cells of the organi-m which had been grown in the presence of nitrate
but not from cells grown in the absence of nitrate!®, Theretore, in cells grown aero-
bically in the absence of nitrate, there may be a cytochrome oxidase other thon
Pseudomonas cytochrome oxidase, and the former mayv be the cvtochrome o, which
possesses only haem a, in 1ts molecule.

Recently, Pseudormnonas cvtochrome oxidase has been obtained in a crystalline
statet15. The crystalline prenaration of the cnzyvme has the two haems and the two
activities mentioned above. Although asmentioned ahove a cytochrome which hasonly
haem a, on its molecule has not been isulited, the Psendomonas evtochrome oxidase s
haem a, as well as a haem ¢. Thus, it may be possible to determine various properties
of cytochrome g, with the Pseudomonis cvtochrome oxidase preparation.

As fuor the prosthetic group of cvtochrome a,. LEMBERG AND WyNDpRaAM!®
consideted that it resembled biliviolin iron complexes, From a study of the differ.
ence spectrum of the CO-compound of evtochiome e, CHANCED concluded that the
spectrum of its prosthetic group lacked a distinet y-hand. But these ideas were re-
futed by BARRETT? and by our previous report!?. This paper deals with the spectral
properties of the crysta’line prepuration of Pseudomnonas cytochirome oxidase. The
properties of the prosthetic groups will be deseribed in the next paper of this series™.

MATERIALS AND METHODS

Pseudomoanas cvtochrome oxidase was obtained in a crvstalline state by the method
previously described. Twice recrystallized enzyme was dissolved in 0.2 M phosphate
bufier {pH 7.0) at arbitrary concentrations and the grcen solution obtained was
used us the enzyme solution. Yeast lactate Jdehvdrogenase was puritied by the
method of Yasmaxaxka of a.'? with the siight modification by YAMASHITAT,
Spectrophotometric determinations were performed in a Cary recording spectro

photometer, model 14. To detetmine the absorbancy anaerobically, a Thunberg tvpe
cuvette was used.

RESULTS
Normal absorption spectra

As previously teported®, Pscudomonas cytochrome oxidase showed a com-
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plicated absorption spectrum especially in the visible region of the spectirum. Therc
were absorption peaks at 280 mu. 412 mu, 525 my, and 635 mu in the oxidized form,
and at 418 mu, 523 mu, 549 my, and 554 mu in the reduced form. In the latter
form, there was a bump at 460 my ,and the band at 635 mg in the oxidized form
changed inta a plateau from 620 my to €50 mu with a bump around 650 mu. As
previously reported!®, the bump at 460 mu represents the y-band of haem a,. Thus,
the bump mayv be designated as the y-band of “cytochrome a,”. The y-band at
400 mgu is clearly shown in the difference spectrum (Fig. 1). It is very noticeable
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Fig. 5. Ditference spectrum of Pseudomonas ¢y - Fig. 2. Effect of pH on the absorption specs
tochrome oxidise. The concentration of Pscudan. trum of Pseudomonas cytochrome oxidase
monas cylochrome oxidase was 8 o- 1o 8 M. Spec- in the red region. The concentration of
*rophotometric  measurements  were made in Pseudomonas cytochrome oxidase was
n.2 M phosphate buffer {(pH 7.0} in air. The ab- 20-107% M (A), 2.7:107% M {B.C) and
sorption curve shows the difference, N5, - 1.8-10~* M (D). The pH was 7.0 (A}, 7.0
reduced minus oxidized. {13), 5.6 {C}. and 7.0 (D). The enzyme was

dissolved in 0.2 M phosphate buffer at cach

pli. except for I> when v.17 M phosphate

Lufler was used. -~ - - - - - , Oxicized; ., Teduced with NagS,0, in A, B and C, and with

yeast lactate dehydrogenase and Jactate in ). Spectrophotometric measurements were performed
in air in A, B, and C, but in vacuo in 1D,

that the absorbancy at 035 mu in the oxidized forin was depressed by reduction
of the enzyme with Na,5,0,. The depressed absorbancy reverted to the original
height on reoxidation with K Fe(CN),. Therefore, the depression of the band at
635 mu by reduction with Na,S,0, was not caused by decompeosition of the haem a,.
The band at 635 mu was not influenced by vaniation in pH, whereas the spectrum
of Nay5;0,-reduced enzyme in the red region varied considerably with pH. As shown
in Fig. 2, at pH 7.6, an absorption band appeared at 655 mu, and at pH 5.6, an

Biochim. Biophys. Acla, €7 (1963) 394-406



CRYSTALLINE PSEUDOMGNAS CYTOCHROME OXIDASE. II 397

absorption band appeared at 625 mu on reduction with Na,$,0, At pH 7.0, there
v.ere two peaks ot H2q9 mp and 052 i witich appeared to be a plateau at lower con-
centrations of the enzyme. \Whea ascorbate was used inn pvlace of Nays,03, to reduce the
enzyme, an asymmetrical peak ai 6458 mu appeared, whereas the corresponding y-band
appeared at 460 mu. With ascorbate, there was no such variation in the position of the
a-band of haem @, with pH as was seen with N 8,0, although the absorbancies of the
a-band and the y-band at 460 my: became higher as the pH tecarne acidic. The ratio
of A:'Zlm,,/z!,'-:lm,, increased as the pH decreased (ron: .2 to 5.0 {Table F). When the en-

TARBLE L
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zyme was reduced with yeast lactate dehyvdrogenase and lactate, a peak appeared at
649 mpu similar to that observed with ascorbate (see Fig. 21)). Even under quite anaero-
bic conditions the peaks at 635 mgu and 649 m described above were not altered. How-
ever, addition of NagS,0,; under the<e conditions resulted in the same absorption
spectrum as that produced by uddition of Na,$,0, only. In the case of Na,5;0),-
reduction, evacuation of the enzyme solutinn did not change the platcau appearing
at pH 7.0, in the red region of the %pm‘trmn At pH 5.6, as described above, the peak
appearing ar 623 mu on Ng,S,0, reduction, was higher than the poak at 635 m
of the oxidized form. However, especially at pH 7.0. the peak at 635 my was depressed
by reduction with Na,5,0, and this resulted in the appearance of two peaks in the
difference spectrum in the red region, as shown in Fig. 1. In all cases mentioned
above, the y-band due to haem a, appeared constantly at 460 myu, and the A5

4H0Mma;
‘!;‘;‘;W‘ ratio was invariably approx. 2.2 {Table th. The ratio of 475, /A% (at

afrom! T T Hramp

TABLE I

VARIATION 1IN THE = AND p-BANDS OF HAEM g, OV
PSEUDOMONAS CYTOCHROMLE ONIDASE

Amia [l

L~ T A Ly Ey
T Reduced  Ov:tinat oot

7-0 400 635 655 215 ©.83

7.0 400 35 b2y, b32 2.28 .31

0.3 q60 G35 625 2.2y 1.0

5.0 q00 (:_{5 25 215 1.t

* When there were two pe.ﬂ.:, the h:ghu one was c.r-lu ted.
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pH 5.6) was 1.9. These ratios were very small and not compaiabl: with those of
cytochrome a (see 1ef. 21). The peaks at 418 my, 549 mu and 554 ™yt of the reduced
form of the cnzyvme did not vary with pH.

Efect of cvanide

The cvtechrome oxidase and nitrite reductase activities of Pseudomonas
cvtochrome oxidase with reduced Pscudomonas cytochrome c-551 as the electroun
donor were strongly inhibited in the presence of 10-3 M KCN (see refs. 12, 15, 22}
But the latter activity was inhibited less than the former. In crude preparation of
the enzyime, no spectral change was seen on addition of CXN - (ref. 22). The absorption
spectrum of the crvstailine preparation was affected strikingly by CN-, as shown
in Fig. 3. In the presence of 103 M KCN at pH 7.0, a peak appeared at 627 my:

Absorboncy

o
L
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Fig. 3. Effect of CN- on the absorption spectrum of Pscudomonas cytochrome oxidase. The

comuenuations of Pseudomonus cyicchioie wxidase, ascorbate and KCN were 7.0-107*M,

3.0-10°* M and 1.9-10°* M, respectively. Spectrophotometric measurementys were performed in

.19 M phosphate buffer {pl] 7.0) in air. - --—, reduced with ascorbate; - - - - - , reduced with
NasS5,0,.

on Nay»,0,-reduction, instead of a platcau as in the absence of CN -, and the enzyms+
solution became greener. This peak at 627 mu was similar to that appearing at
pH 5.0 in the absence of CN-. However, there was a big difference between the two
spectra. Thus, the y-band due to haem @, appeared at 460 mu on reduction with
Na,5,0, 1n the absence of CN-, whereas no y-band appeared in the presence of
CN-, but there was a bump at 443 mu and a shoulder at 472 mu. As Fig. 3 shows,
the s-band due to haern a, was split into two peaks. This was cleariy shown in the
difference spectrum (Fig. 4). Thus, the absoption spectrum of the crystalline pre-
paration of the enzyme in the presence of CN~ was very similar to that of the crude
enzyme in the absence of CN~ (see refs. 10, 23). The bump at 443 mu appearing in
the presence of CIv was morc distinctive when the enzvime was reduced with ascor-
bate than when it was reduced with Na,5,0, (Fig. 3). No sjzctral change in the

Biockim. Biophys. Acta, 67 (1603} 3944006
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Fig. 4. The difterence spectrum of P’seudomonas cytochrome oxidase in the presence of UN-, The
congentraticns of Pscudomonas cytachrome oxidase and KUN were 7.3-10 *Mand 1.2-10-3 M,
respectively. Spectrophotometric determinations were carricd out in .18 M phosphate buffer
at pH 7.0, in air. Ifierence, (with CN - anpd Na 2,0, {minos oxidized) ;
{with CN- and Nu,5,0,) minus [with Nay5.0,}.

"

..... Jifference,

oxidized form of the enzyme was observed in the presence of CN-, and the peak at
418 mu in the reduced form was not affected by the reagent.

Effect of CO

The cytochrome oxidase activity of Pseudomonas cytochrome oxidase was
strongly inhibited by CO (see ref. 22). In the crude preparation of the enzyme, it was
found that the absorbancy in the red region of the spectrum was depressed in the
presence of CO. This finding was confirmned in the crystalline preparation. Although
the depression of the absorbancy in the red region of the spectrum caused by CO was

ol L

P >
R L
500 600 700
Wavelsngth (my)
Fig. 5. Effect of CO on the absorption spectzum of Fseudomonas cytochiome oxidase. The con-
centration of Pscudomunas cytochroine oxiGase was 1.1-10 % M. Spectra were measured ino.2 M

phosphate kuter (pH 7.0) in 1009, CO, using u Thunberg-tvpe cuvette. - - - - - , Oxidized;
reduced with Na,8,0,.

similar to that observed when the enzyme was reduced with Nu.S,0, at pH 7.0 in
the absence of CO, as already mentioned, the absorbancv was much more strikingly
depressed in the presence of CO than in its absence (Fig. 5). The most striking
difference between the two cases was that, in the absence of CO, a y-band was seen
at 460 mu whereas in the presence of CO, no y-band appeared. The difference spec-
trum between the normal reduced form and the reduced form in the presence of CO

Biockim. Biophys. Acta, 67 {(1903) 394-400
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Fig. 6. The diffcrence spectrum of Pseudomonas cytochrome axidase in the presence of CO, The
concentration of Pscudomonas cytochrome oxidase was 1.0-10°* M, Spectra were measured in
0.2 M phosphate bufter (pil 7.0) using a Thunberg-type cuvette, ===« - . Diflerence, (oxidized in CO)Y
minus (oxidized): -, difference, (reduced with Na,8,0,in CQO) minus {reduced with Na,5,0,)

shows these facts very clearly (Fig. 6). Fig. 6 also shows that CG affected the spectrum
of the nxidized formi. But the effect of CO on tue spectram of the oxidized form was
much lesk striking than on that of the reduced form.

As previously repurted. the nitrite reduction catalysed by Pseudomenas
~ytochrome oxidase was not inhibited by CO even in the dark!®.3. This finding
suggests that the cytochrome oxidase and nitrite reductase activities are due to the
different active sites on the enzyme. As shown in Fig. 7, enzyme reduced with ascor-

°‘°i e ] ..7
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Q.3 I B - 4. ___i_ :

—
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Fig. 7. Effect of NO, on the absorption spectrum of Paecudomonas cytochrome oxidase in CO.
The concentrations of Pseudomonas cytochrome oxidase, ascorbate and ICNQ,; were 7.7 107° M,
r.g-10 *Mand 7.7 - 1078 M. respectively. Spectra were measured in 0.18 M phosphate buffer (pH 7.0)
in 100%, CO, using a Thunberg-type cuvette, — . Reduced with ascorbate; - - - - - NO- was
udded to the ascorbate-reduced enzyme, and - -0 ¢ -, Nag8,0, was added after addition of NO,—.

bate was partially oxidized on addition of NO,~ in the presence of CO, and the peak
at 635 mu was almost completely restored to that of the oxidized state. This result may
he expiained by assuming that NO,~ reacted with another site than that combining
with CO, and that the enzyme was oxidized. However, when Na, 5,0, was added
to the above reaction mixture, the absorption spectrum was the same as that of
Na,5,0,-reduced enzyme in the presence of NO,~ and absence of CO {Fig. 7; see Fig.
1z,. The peak at 66c mu was caused by the reaction of reduced =rzyme with NO
as described below. Thus, it was shown that CO has much less affinity for the reduced
enzyme than NO, and perhaps than NO,-.

Biochim. Riophys. Acta, 67 (1903) 394-406
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The reduced enzyme was brown in the presence of CO, When the CO was evacu-
ated and the enzyme solution was allowed to stand overnight, it became green, the
colour of the normal enzvme solution. Therefore, {10} weemed to be remnoved from the
enzyme solution by evacuation. This idea was supported by the absorption spectrum,
since the p-band at 460 mu appeared (Fig. 8). However, on introduction of air into
the enzyme solution, the enzyme solution became brown and the p-band at gbs mp

Wavalength (mu)

Fig. 8. Change in the absorption spectrum on cvacuation of a solution of Psxendomonas cyvto-

chrome oxidase containing CO. The concentration of PPsecudomonas cvinchrome oxidase was

1.0-10"%* M, Spectra were measured in 0.2 M phosphate butfer (pH 7.0). - —- —, Allowed to stand

overnight after a considerable evacuation of the cnzyme solution cantaining CO (sce Fig, 5);
----- , after intrccduction of air into the alwive sample.

was lost, although the absobancy in the red region of the spectrum was less depressed
than in the presence of a 1¢0%; CO-atmuosphere, and the peaks at 549 mu and 534 mu
remained strongly reduced. The peak at 478 mge was not affected by CO.

Effect +.f NO;= aned NO

Reduced Pseudomonas cytochrome oxidase was rapidly oxidized in the presence
of air. It is anaerobically oxidized in the presence of oitrite, as the enzyme acts as
a nitrite reductase. As shown in Fig. g, enzyme which had been reduced with veast
lactate dehydrogenase and lactate was rapidly partially oxidized on addition of NO,~
under anaerobic conditions. Fig. ¢ shows that the haemn 2, moiety “.as completely
oxidized but that the haem ¢ moietv remaincd partially reduced. On further addition
of nitrite the enzyme was completely oxidized. On the other hand, when nitrite was
added to enzyme which had been reduced with ascorbate, a peak appeared at H30 mg,
which wes evidently different from the peak of the oxidized form at 633 mye (Figs. g
and 1v). It was very noticeable that ascorbate-reduced enzyme showed a peak at
$70 mu on addition of nitrite. \When Na 85,0 was added to enzyme suviution witich
had reacted with ascorbaic and then with nitrite, there was no reduetion of the hasme
moiety (Fig. t1). The same absorption spectrum was observed when NO in Ng was
bubbled through enzyme which had been reduced with ascorbate. This is to be ox-

Biockim. Brophys. Acta, 63 {1003) 354-300
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Fig. 9. Effect of NO,- on the absorption spectrum of Pscudomonas cytochrome oxidase reduced
with ascotbate {A) and with yeast lactate dehyd: ogenase (B). (A) The concentrations of Peeudo-
monas cytochrome oxidase, ascorbaie anid KNO, werc 1.8-10°% M, 2.2.10°"M and 1.7-10-7 M,
respectively. Spectra were measured in 0.:3 M phosphate buffer (pH 7.0), in Ng. - - - - - . Gxidized;
-+ ——, reduced with ascorbate; - --- - - - . NG,~ added to tne ascorbazte-reduced enzyme. {B) The
concenttations of Peeudamonas ovtochrome oxidase, lactate and KNO, were 2.0-107* M, 4.2+ 10 ?
M and 1.7:10°% M, respectively. Yeast lactate dehydrogenase was dituted to a concentration
which did not interfere with spectral measurements of Pseudomonas ¢ytochrome oxidase. Spectra
were measured in the same way as for A. —, reduced with a ycast lactate dehydrogenase
system tor 25 min; - - - - - , Ny~ added to the abouve sample.

pected because NO is the reduction product of NOg- (see ref. 12). When NQ,~ was
added to NagS,0,-reduced enzymie, 2 peak appeared at 603 inu, and the enzyme
solution changed from green to reddish brown {Fig. 12). In this casc the peak at
570 mg did not appear. The same spectrum and the reddish brown colour were
observed also when NO in N, was bubbled through a solution of Nag8,0,-reduced
enzyme. 1t was noteworthy that in the presence of CO this peak at 570 mu did not
appear when NQO,~ was added to ascorbate-reduced enzyme, whereas the peak at
635 mu appeared on addition of NO, - (see Fig. 7,. The spectrum of the oxidized

Q.4 w

—_—

Wavstengh {mu)

Fig. 10, Effect of NO,~ on the absorption spectiuin of Pserdomonas cytochrome oxidasc reduced
with ascorbate. The concentrations of Peeudomonas cytochrume oxidase, ascurbate and KNO;
were 2.2-30 %M, 2.0-310°"M and B.0-10-* M, respectiveiy. Spectrop-aoto,uetric melsurements
were performned in 0.18 M phosphate buffer (pH 7.0), in N, using a Thunberg-type cuvette, —

Reduced with ascothate; - - - - - , NOy~ added after reduction with ascorbate for 5 mie.

Biochim. Biophys. Acia, 67 (1963) 394406
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£C0 (Y18
Wovelarglh (mp}

Fig. 11. Reduction oy Nay$,0, of Fucudomonas cvtochrome oxidase swhich bad rea-ted with

ascorbate in NO. The concentrations of Pscudomonas cytochron.e oxidase ard ascoilat. were

8.7-107"M and 1.8.3073 M, respectivelv. Spuectra were measured in o8 M phosphate buffer
{pH 7.0}. in NO. - —, Reiduced wath ascorbate . -+ - fusther reduced with Na,$,00,

s00 €00 700
Wavslangth {mp)
Fig. 12. Absorption specirum of Pseudomunas cytochrome oxidase which had been reduced with
Na,;S,0, in NO. The concentration of Prcudomoenas cvtochrome oxidase was ¢.6-107% M, Spectra
were measurcd in o.: M phesphate buffor (pH 7.0). The alimorption curve shows the absorption
spectrum of Na,530-reduced enzyme in NO.

Wavelength {my)

Fig. 13. Effect of NH,OH o1 the absorption spectrum of Peeudemanas cytochrome oxidase in
the presence of ascorvate. The concentrations of Pscudomonas cytochrome oxidase. ascarbate
and NHOH wes 3.7-107* M, 5.6-10-2 M and 1.7+ 10-* M, respectively. Spectra wer: measured
in 0.18 M phosphate buficr {pH 7.0}, in als. - - - - - . Reduced with ascorbate in the presence of
NH,OH: ———, further reduced by wldition of Na,5,0, to the above rcaction mixture.

Biochim. Biophys. dcia, 67 (1963) 394—q09



404 T. YAMANAKA, K. OKUNUKI

enzyme was not affected with N(O,~ or NO, under the conditions tested. The peak
at 318 mu was not atfected by these reagents.

Effect of NH. O}

In the oxidized form, the sbhsorption spectrum of Pseudomonas cvtochrome
oxidase was 1. ot affected by NH,O'H. ¥Yvhen NH,OH was added to enzyvme which had
been reduced with ascorbate, a Fruad shoulder arouna 450- 500 inu appeared in the
abzorption spectrum. On addition of Na,5;0, to the above mixture the same ab-
sorption spectrum was seen as when the enzyme was reduced with Na,5,0, in the
absence of NH,OH (Fig. 13). When the enzyme was reduced with Na 5,0, in the
presence of NHLOH without ascorbate, the bump at 450 mu became obscure and

oL |

500 800 Too
Wavelength  {mp)
Fig 13. Effcct of NH,0OOH on the alsorption spectrum of Pscudomonas cytochrome oxidase in
the absence of ascorbate. The concentrations of Peendomonas cytechiome oxidase and NH,OH
were g.6- 107" Al and 1.8 107% M, respectively. Spectrophotometric mcasurements were cerried
cut in .18 M phosphate bufter (pH 7.0) in air. -———, IReducced with Na,§,0,: - - - - - . ascorbate
adlerd o tie above mixturce.

the absorbancy around 630-bb0 mye was much depressed (Fig. 14). Addition of as-
corbate did not change the above absorption spectrum; the distinctive bump at
460 mu did not appear.

DISCUf AIUN

As previously reported'®'s, the great difference in the absorption spectra of crude
and crystalline preparations of Pseudomonas cytochrome oxidase was that the peak
at 625 mu observed in the reduced form of the crude preparation Secame a plateau
in the crystalline preparation. Thus, in the difference spectrum of the crystalline
preparation of the enzyme, two peaks were observed in the red region of the spec-
trum at 610 mu and 670 mu. If such difference spectra were found in whole cells,
this would lead to the incorrect conclusion that these two peaks were due to the
a-peaics of two cytochromes. However, as will be described later, it is doubtfui
whether Pseudomonas cytochrome oxidase shows the same spectrum as the crystal-
line preparation in the cell. In the difierence spectrum, there is a peak at 460 mpu.
This peak was seen as a bump in the absolute spectrum, and perhaps is the y-band

Biockim. Biophys. Acta, 67 (1363) 394—400
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of aem a;, as alrcady mentioned. Therefore, tins may be thry-band of cytechrome a,,.
Thus, the y-band of cytochrome @, hitd very low absurbaicy compared with the a-
band of other cytochromes, as reporied by other worke£%17. However it can be
concluded that cytochrome a, has a distinctive »-band.

In the presence of €N, a peak appeared at 627 mye when the enzyme was
reduced with Na,Sy0), or ascorbate. In this case, o bump appearcd at 443 mu and
a shoeulder arcund 47z my, These spectral properties were quite similar to those
abserved in the crude preparation of the enzyme in the absence of CN -, Although
tne activity of Pseudomonas eytochrome oxidase was imhibited by CN-, the crude
preparation of the enzvme was highly active, Thus, the crude nreparation of the
enzyme seemed to be combined with some substance which did not inhihit the en-
zyme. The difference spectrum in the presence of CN - <howed two peaks at 443 mp
and 472 mu. Therefore, it seemed very likelv that the 3 band of the normal enzyme
at 460 mu wis split into two parts,

The presence of CO considerably depressed the absorbaney of the reduced cn-
zyme in the red region of the spectrum, and the peak of the normal enzyme at
4060 mu disappearcd. It is very probable that as the a-band due to haem @, was
depressed, the corresponding y-band was also depressed. However, as shown in
Fig. 8, it is very curious that when an enzvme solution which had been in contact
with CO, was evacuated and then air was introduced, the y-band disappeared,
whureas the a-band was scarcely depressed. In the presence of XQ, a peak at 665 e
appeared and the corresponding 3 band disappeared as in the presence of CG. As
mentioned above, in the spectrum of the normal enzyme, the a-band due to haem 4,
varied both in absorbancy and position with pH and with the reducing agent used,
while the corresponding y-band was invariable at least in position. The facts des-
cribed above show that the relation between the a-band and the p-band is very
complicated, although it is sure that the two bands arc due to haem ag (sec ref. 18).

It was shown previously!? that Pseudomonas cyvtochrome oxidase which bhad
been reduced with ascorbate or hydroguinone showed a bump around 570 mg on
addition of NO,° under anaerobic conditions or in the presence of NO. This inding
was confirmed with the crystalline preparation, [t is very curious that when the
buimp had once appeared, the peake at 310 myr and s53 mu, which were seen in the
reduced form of the enzyme, di¢ not appear by addition of Na,8,0,, although in
the red region of the spectrum a peak appeared at 605 mu. The bump at 570 my was
not seen when NOg~ or NO was added to enzyme which hiid been reduced with Na,3,0,
or with a yca: t lactate dehydrogenase system. [t was also not seen when NOp— was
added 1o enzyme reduced with ascorbate in CO. It is very likely that the bump at
570 mu is due to the reaction of NO with the free ascorbate radical, monodehydro-
ascorbate, formed during the reaction. The facts mentioned above, also confirmed
with the crystalline preparation of the enzyme, that the product of reduction of

NO,- by the enz,;me was NO.
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