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Stmnmary. Whole cell difference spectra of the blue-green algae, Saprospira grauz-
dis, Leucothrir nucor, and Vitreoscilla sp. have one, or at the most 2, broad a-bands near
560 m/u. At - 1900 these bands split to give 4 peaks in the a-region for b and c-type
cytochromes, but no a-band for a-type cytochromes 'is v-isible. The NADH oxidase
activity of these organisms was shown to be associated with particulate fractions of cell
homogenates. The response of this activity to inhibitors differed from the responses of
the NADH oxidase activities of particulate preparations from the green algae and higher
plants to the same inhibitors, but is more typical of certain bacteria. No cytochrome
oxidase activity was present in these preparations. The respiration of Saprospira and
Vitreoscilla can be light-reversilbly inhibited by CO, and all 3 organisms have a CO-
binding pigment whose CO complex absorbs near 5/70, 535, and 41/7 m,. The action
spectrum for the light reversal of CO-inhibited Vitreoscilla respiration shows maxima
at 568, 534, and 416 nlmu. The results suggest that the terminal oxidase in 'these blue-
greens is an o-type cytochrome.

As very little is knowni of the respiratory chain
of algae and virtually nothing is known of their ter-
minal oxidase (16), we have studied algae from 3
divisions with regard to respiratory characteristics.
cytochrome content, and the nature of the terminal
oxidase that is present. To avoid the presence of
interfering plhotosynthetic pigmlents, colorless algae
lhave been used in this study. The first paper of
this series gave the results for the Chlorophlyta anld
the E9uglenophlta (30). This paper reports the re-

sults obtained for the Cyanophta. Preliminary re-

ports of this work have already beenl published (28,
29).

Materials and Methods

Saprospira,qrandis was kiindly sent to us by Ralph
Lewin of Scripps Institution of Oceanography. It
was grown in Fernbach flasks at 300 with shaking.
The medium used (R. A. Lewin, personal comimuni-
cation) was made up as follows: potassiumii nitrate,
0.5 g; sodium glycerophosphate, 0.1 g; Tris buffer,
1.0 g; tryptone, 5.0 g; and yeast extract, 5.0 g; all
in 1000 ml filtered sea water. The medium was auto-
claved for 5 minutes, the precipitate removed by fil-
teriing through Reeve-Angel No. 835 filter paper and
thein reautoclaved for 15 minutes. Cells were har-
vested in late log phase by centrifugation at 2500 X
g in a Servall refrigerated centrifuge.

1 Died January 21, 1965.

Vitreoscilla species and Leutcotlrix. 1)1ucor were
gifts of R. Y. Stanier of this University. Leuicotlirix
mutcor was grown onl medium made up 'as follows
(R. Y. Stanier, personal communiication): 1.0 g yeast
extract, 1.0 g tryptone, 0.2 g beef extract, 1000 ml
synlthetic sea water (20). The pH was adjusted to
8.0 to 8.3. Vitreoscilla species were grown on medium
of the following coImlpositionl (R. Y. Stanlier, per-
sonial communiiication) : 5.0 g yeast extract, 5.0 g
peptone, and 0.1 g sodium acetate in 1000 ml tap
water; the final pH was adjusited to approximatelv
7.5. Both Leucothrix and Vitr-eoscilla were grown
in Fernbach flasks, each conitaininig 500 mil, at roomi
temperature anid were harvested by low speed ceni-
trifugation as for Saprospira. When larger amounts
of Vitrcoscilla were required for the disintegration
experiments, it was grown in 9 liter bottles as pre-
viously described for Polytomiia and Astasia (30).

Saprospiraz was disintegrated using the method
which was successful for the higher algae (30), but
with a few modifications. Inistead of mainnitol me-
dium, potassium phosphate buffer (0.1 M, pH 7.0)
was used as the disintegration and suspending me-
dium (24). Aifter blending for 5 miniutes at 30 %
maximum speed, the extract was potured through a
pre-cooled fritted glass filter into a vacuum flask to
remove the glass beads. The extract was then ceni-
trifuged for 15 minutes at 2000 to 3000 X g anid theni
at 30,000 to 35,000 X g. The 2 precipitates were
washed and suspended in phosphate buffer. Both
suspensions were orange while the supernatant fluid
was practically colorless. All 3 fractions were as-
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save(l for N XADH oxidase activitv andl(1 protein. All
the ai)ove olperations wxere perforimie(l at 0 to 4', ex-
celpt the assays, which xx ere donie at roomii temilpera-
ttlre.

Particulate l)rel)arations couild be ol)tailied from
Iitrcoscill(i by either blending a suspension of cells
ill 0.1 i lpotassiuni p)hosph)ate buffer. 1)11 7.5. witi
g-lass beads or 1) treatinig the cells with lvsozvme +
EDT'A (3, 10). T'he former mlietho(d yielded lparticles
with a higher NAM)H oxidase activity thani the lat-
ter imiethod, but even after cenitriftiuationi at 80,000 X
q for 20 miniuiites thtere were still somile cvtochromies
lpresent in the supernatant. 'I'he latter niietlto(l pro-
(lutce(l atnl extract which on1 centrifti-ation at 35.000
X g for 2) minutites had-VI all of the cvtochromes in the
precllpitate.

NA\ 1)H oxidase assay,s oln fractioniated .Saprospira
an1(I 1FitrCoscilla cells were perforiimecl using 0.1 M\
potassitimn p)hosphate, p)H 7.0 anld 7.5, resl)ectivelv. as

the assay miedlilium. ( therwise, the lprocedure for this
assay, as Well as the cvtochronlie c oxi(lase avsav, dry
weight dletermiiniationis, and p)rotein determiniationis,
vas the same as described in the first paper of this
report (30). Bovine serumli albumin ( Siglma) wvas
a(lded as the stanidard for the protein (leterminiationis.
Thle slectral miietlh(ods ain(d the methods employed f2r
the Co ) inhibition anid light reversal experimilenlts
xwere also (lescriled in this first paper.

The action slpectrulmn for the light reversal of C()
inhibited I-itCoscilll(i reslpiratioll wxas lerforme(l with
the actioil sl)ectrol)hotoleter simiflar to that described
byv French and -Myers (15) an(l the electrode assemil-
l1v anid circulatorv svstemi described 1b Fork (13).
T'hlie circulatorv systemi conitainie(d 60 Ml of sterilize(d
ne(lilml. aidi thle air slpace was flushic( wx ith about
1000m(l of the 19: 1 Co: O., gas miiixtuire. ANfter this
initial filisililng the remaining gas in thlle iixing- hot-
tle xwas circulated with anl aquaritium putin.

Results

S.apirospira gr)'lidis (G1roSS. D)iffCi'crCl(C Spcctraii of
11 'lolc C(cl/s (mild Ccll Fragnicnts. The cuiltivationi of
r.grandis is somexvhat milore difficult thani that of

the other algae stuidied because of the rapi(l death of
the cultutres. AIaxinm,unm growth is achieved in 2 days
at 30', but by the fourth d(a, tlhe clharacteristic
silkv, niacreous appearance of healthy ctultures has
dlisappearedl. A suspension of healthy cells has a

bright oranige color. Unlike Polytomoa, however.
there are multiple bani(is of carotenloid absorption in
,Saprospira; these bands catise(d enidless difficulty in
obtaining differenlce slpectra. An albsolulte sl)ectrliui
(versuis filter paper ) shoxws absorption mniaximia at
633, 576 (shoulder), .514, 481, 455. and(l 411 mMi,u (cf.
14).

\Whole cell differ-enlce sl)ectra reveal bands at 560
(shoulder) and 5253 np,j anid a Soret at 42_5 w (cf.
fig 1, a difference spectrum (If particles prep)ared
fromI S. qcandis ) There xx as no a-bandv1isible in
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I`I(;. 1. Difference spectrum of 10,000 X y pairticles

from S. (Jrndldi ( dithioniite reduced) -( oxidized) Pro-
tein concenitrationi was 6.4 ilg /ml in 0.067 m p)lhosp)hate,
pH 7.0 and 33 % glycerol.

the 600() m/ region. C() (lifterelice spectra shio\\-
lbai-lds at about 570 ;ald 540 np- a Soret at 418 mlt.
and(1 a trotughl at alout 43(0) mii. Tlle samc type of
CoC differenice spectrum lhcas lbeen ol)berved for fxu-
cothri.l' ( fig 4 ) ani(l 1 itr -osc ill(i ( fig 0).

Disin1tegra(tion1 an,,, SVed(im,cntalti.)n I,.-xpcrZimcn1t,r.
'I'le blue-green algae are cx tologically (qtlite uIlike
the h1ighller algae butl- resenbifl1 C the )acteria ill tha-it
they are lprocaryotic and l)ossess 110 mlit(olln(lria.
1In tlle bacteria the cvtochirome .steni has aslw avs
beenl fotlund to be as;sociate(l wxitli tlle particulate frac-
tionis of extracts ( 24). 't'o <:ee if the resl)ir.atorv ic-

tivitvy of (I.aprOs/iraI is in(leed l)articula'te, cells were
disii-tegrate(l and assayed a,;s (lesxril)eld (table I)
Note that the slpecific activities of thle 2 \wa.hlled par-
tictilate fractions are identical while the specific aIc-
tivitv of tihe suiperlatalit is mliluchi lower. Ia)le 1
shows that over 80 % of thle total respiratory activity
is l)articullate evenl whenl the extract is sedimenlted at
relatively loxw velocity (30.000 X y). The effects

Table 1. Loc(/i.votioni of A.AD1)1 O.rid(sc Jcfti-iit, iM
S. granidis Homn0ogcnoatcs

Fractioni
2000 X y/

preciplitate
30,000 X ./

lpreciplitate
30,000 X ./

suplernatant

Total
protein

( Ilg )

*NADH %
ox:dase :*Rati ) of of Total
activity activities activity

38 58 0.98 59

16 59 1.00 25

65. (0.10. 1(,

* niuioles 11er mini-iute 11er iug protein.
*- \ctivitv of 30,000 X pprec:pitate arbitrarilx (lefile(l

als 1.00.
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Table II. Effects of Inhibitors on the NADH Oxidasc
Activity of Saprospira granidis Particles

The average control rate was 76 mwmoles/minute per
mg protein.

Inihibitor

Anaerobic
KCN
HOQNO
Rontienoycine A
Rotenioiie

Conc (M)

1.0 X 10-::
7.7 X 10 '
2.2 X 10- 6
6.0 X 10--

% Inhibition

100
57
56
0
0

of various inlhilbitors oni the NADHI oxi(ldase activity
of tlle 2 l)articulate fractionis were tlle samie; the aver-
age of 6 determliinationis of the effects of inhibitors
oni the NADH oxidase activity of Saprospiral particles
is given in table II. Diphenylaminie gave anl alno-
malous result: a concentration of 3.3 X 10-4 M
caused about a 60 % stimiiulationi in the rate of
NADH oxidationi by these particles (cf. 1). EDTA
(2.0 X 10-4 M) also gave a stimiiulationi (42 %).
There was n,o cvtochromiie c oxidase activity presenit
in aniy of the fractionis.

A differenice sl)ectrum of a lparticulate prel)aration
is given in figure 1, which shows the samiie absorp-
tionl miiaxima that are presenit in whole cell dliffer-
cence spectra. The superniatanit conitainied a relatively
smiiall amounlt of cvtochromes.

CO Inhliibitioni of Rcspirationi. Tlhe best test for
a hieniie l)roteinl terminial oxi-dase is lighlt reversible
CO illibition (27). Tl'hat the terminal oxi(lase of S.

(n
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aE
o~

to

Minutes
FIG. 2. CO inhibition of S. grantdis respiration.

Each flask containied 4.8 mg dry weight of cells in 3.0
mil of boiled sea water + 0.01 M l)hosphate, pH 7.0.
CO/O., = 9/1. The control flasks contained N., instead
of CO. The temperature of the water bath was 300.

--J l As~~~~~~~~~~~62
000 0o

-0.02
II

400 450 500 550 600 650
Wovebngth (m;g)

FIG. 3. Differenice spectrum of L. imicor at -190°
(dithionite reduced) -(oxidized). Cell concentration was
18.6 mg dry weight/nil of 0.1 M phosphate, pH 7.5.

grantdis clearly meets this specification is demoln-
strate(l in figure 2. In this experimient the lights
were turnied onl anid off successively at the eind of
each hour for 4 hours. It is cleair that light reverses
the CO inhibition alnd that light has lno effect onl the
nitrogen control. Fronm miianiy such experimiients an
average value of 48 % inhibition is obtained for CO
w.hrich conitainis 10 % O._

Leicothrix mutcor. Diffcrcnce Spcctr-a of IVliole
Cells. Roomii telllperattire (lifferelice s-pectra were

quite simiiilar to those of S,aprospira, with bands at
.553 aIl(I 560 nii1, an1(l a Soret at 426 ni/i. With the
hope of unmiasking ani a-type cytochromiie anid to re-
solve the 5.50 to 560 ni, region of the spectrum, liquid
nitrogeni (lifferenice sl)ectra were trie-d wvitlh excellenlt
results (fig 3). lour bands are ioxnow visible in the
a-regionis for b- and(l c-tvl)e cvtochromiies, but still nio
band is visible in the a-regioni for a-type cytochlromies.
The shoulder oni the Soret peak is 10 niit too low to
be the Soret band for cytochrome oxidase.

0V)
0
-F
2_
CL

L - L
400 450 500 550

+0.02
2s
0c

0-.
CL

0

0.02

Wavelength (mF,)

FIG. 4. CO difference spectrum of L. mutc-or (dithion-
ite + CO)-(dithionite). Cell concentration same as
figure 3.
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FiG(. 5. Differenice sp)ectrumi of I iiy-coscilla sP. at
190" ('dithioniite reduced) -(oxidized). Cell conlceni-

tration was 21.3 nmg dry wxeighitnml of 0.1 m .phiosphiate,
1H 7.5.

lDisiiitcgyratioi nd(/( Sce(lim)clltatiOon EXPeriments.
As for Saprospira, the respiratory activitv of Vitre-
ascii/a wAas foundI to be associated wvith the partictilate
fratctionis of cell hiomiogenates. It wNas observed that
the unitreate(I cells wAere capab)le of oxidlizinig NADH
(cf. 31) If the cells were treated wvith EDTA alonie

(4 IO--At) in 0.02 m phosphate, p)H /7.5) for ap-
lproximately 1 houir at rooml temiperatuire, nlo p)rotein
was solubilized, hut there was a large inicrease (2-8-
fold) in the NA'DH- oxidlase activity of the cells.
Fuirthiermiore, EDT1A at a concentrationl of 103 to
104 NMStinltilatedl the NADH oxidase activity of cell
particles lpreparedl froml cells dlisinitegrate(l inl the
omi miiiiixer for 15; minuies a-t 30 % miaximltlmi slpee(l
or of cells treatedI wvith VWDT.\k-phosphate buffer anl(l
theni washed wNith l)hoslphate buffer. Thle effects of
inhibitors oni the NADII oxidase activ-ity of both of
these 2 systems wvas treated and( the resuilts are giveni
ill table III. The results obtainied for EDTA-treated
[itr-cosci/l(i cells are simila,r to those obtainied wvith

l)articuilate preparations fromi t itrcoscilla, but are
somewh-lat (lifferenit fromi those observed with Sapro-
spira (cf. table II).

Tahle Ill. Effccts of Inhibitors on f/ic VAI)II 0x.idasc,
A ctivitvl of VlitreoscillIa Particles

Thle conitrol rate wxas 58 nmumoles/minute per mig Isro-
teini.

A Co differenice sp)ectrumf is

anid, as in Sapr-ospira, the spectru

CO (lifferenice of cvtochrome oxi

Vitrecoscilla species. Diff[ci,
LU/lio/e Cells. As for Lcucotlhrixv
use low\N tenilperatu re sp)ectroph(
the a-regionl of the spectrum be(

tuire (liffe-renice spectra of I itrC(

a broadl a-band at 560 m/i ail(d

inni. Fouir a-hands are visible

dlifferencee spectra of this organii
evidence for an a-type cvtochroi

0scill1a hias the samie, tyPe of CO

is present inl Saprosl'irIa and( Lceo

imenit is applarentlv p)resent in larg

oscilla thlan in the othier 2 orgai
(lifferelice spectra of 'itireoscilla,

chiaracterizedI by 2 symmetrical

intensity.

+01

400 450 500

\Vbvelengih (m,")

FiG;. 6. C'O differenice spectrui
(dithionite -4- CO)-(dithionite)

same as figure 5".

i shioxn-i in figuire 4,

[II is (1tiite unilike the

(dase.
1'e ecC Spectra( of

it wNas necessarv~to
otometrv to resolve

catise roomi tenmpera-
osci/lla revealed only

a S-oret band( at 4217

in lowx temlperature
isini, but there is no0

Inhibitor

Aniaerohic

KCN

HOQNO

Antimnicin A

Rotenione

Diphienylamuine
NaN.,

Amyital

Colic fxi)

1.0

7.7
2.2

6.0

1.03
1.0

x

x

x

x

10 8;

10

0 8.,
10_,

% Inhlibitioni

48

49

10

68

0

53

ruie (fig 5). 'itr-e Cj( Inhlibitioni of Respirationi. Unilike Saprospira.

which has a very highi en(dogenous resp)ir-ation, 1)0th
Lcitcotlii-ix and I itr-eoscillaz have a very lo wN en (logeni

~i~ otils resl)irationi (ca. 2 ,xli 0./hr per mig dry wvt) anid
in 1)0th genera it is stimuitlated about 80 % by, a 19 1

iisuch s figur 6, are CO): 0, g'l as mixture. However, the respirationi of
6

itrecosci/la( in the prese!)ce of exogenious growNthi mie-
dltium (0..5 % yeast extract + 0.5 % lpeptone) is very

highi, anid this high rate of 0., conisumptioni is InI-

hibited bv CO as figure /7 shows. In this exp)eriment
570 ~~~the lights wvere oni conitiniuously-, anid the dark CO

O.o flask wvas wNrapped in aluminiiumi foil. CO inhibits the

~~reslpiration anid light clearly reverses this inhibition,

~~0although nlot completely. The conitrol was the samie

-_001 in the light or the dark.

qetioui .Specttriii for LI'ght R eversal1 of CO In/tit
bitioni of FLitrecoscilla Respirationt. Is the CO-binding

[m of ['itrecoscilla sp, pigmienit. wh-ose CO differenice spectrumi is shown in

Cell conicenitrationi figure 6, responsible for the lighit reversible inhibition

of respirationi by CO (fig 7)? This questioni cani

561

565
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FIG. 7. Light reversal of CO inhibition of Vitre-
oscilla respiration. Each flask contained 1.24 mg dry
weight of cells in 3.0 ml Vitreoscilla medium. A 19: 1
CO: 02 gas mixture was employed. The dark CO flasks
were wrapped in aluminum foil. The control flasks
contained a 19: 1 N.: 0, gas mixture. The water bath
was at 250.

be answered by performin,g anl action spectrum for
the light reversal of the CO inhibition.

The reversals of the CO inhibitioni obtained with
monochromatic light are showin in figure 8. The
maxima of figure 8a were fouind at 534 andl 568 nm/
with light from the miioinochromator. The 0., utptake
in relative uniiits, correcte(l to equial iincident qtuanta,
is plotted on the ordinate and(I the wavelength on the
abscissa. As the moniochromator does nlot futnlctioni
below 430 nmu, owing to short-wavelenigth absorbing
materials in the optical systeml, the actioin spectrum

in the Soret region was measured using interferen,ce
filters (fig 8b). Light at 416 niu is miiost effective
for reversal of the CO inhibitioni; the Iband is some-

what broad, probably because of the rather wide half-
width (average about 15 mIl) of the filters. Parts
a and b of figure 8 are plotted ini differenit relative
units and are not directly comparable.

o. 416 b 5 4 568a

s?40

30

20

450 500 550 600 650
Wavelength (m))

FIG. 8. Action spectrum for the light reversal of CO
inhibition of respiration in Vitrcoscilla cells. A 19: 1
CO: 02 gas mixture was employed. The experiment
was performed at room temperature. Experimental de-
tails given in text.

Control experiments showed that the respiration
of cells exposed to air (without CO) was not affected
by the light emerging from the 565 and 416 nmy filters.
Thle light energy impinging on the electrode assembly
after passing throtugh these filters was an or(ler of
micagniitu(le greater than light emerging from the
monochromaator.

The similarity of the CO differenice spectrutm of
the CO binding pigment (fig 6) and the action spec-
trum (fig 8) supports ithe view that this pigment is
indeed functioniing as a respiratory enzyme.

Discussion

The difference spectra of the 3 organislmis of this
division studied are all alike in that there is no evi-
dence for any a-type cytochrome. The respiratory
chain of these organisms thus appears quite unlike
the respiratory clhaini of higher planits animals, anid
the higher algae studied in the first report of this
series. This supposition is supported by the responses
of the particulate NADH oxidase activity to inhibi-
tors (tables II, III). Although particles from Sapro-
spira and Vitreoscilla (1o not show identical responses
to inhibitors, both are inhibited by low concentrations
of 2-heptyl-4-hydroxyl quinoline-N-oxide while anti-
mycin A has little or no effect; this response is quite
typical of certain bacteria (19). Also, the relatively
low inhibition of t1he NADH oxidase activity by cy-
anide is quite unlike the responses of the NADH
oxidase activity of mitochondria from eucarvotic or-
ganisms to this inhibitor. Rotenone, an effective in-
hibitor of electroni transfer in mammllualiani mlitochoni-
(Iria (9, 12) anid algal mitoclhond(Iria (30) rather sur-
prisingly elicits (different responses froil)particculate
preparations of the 2 Cyanophvta studied. It is anl
effective inhibitor of Vitrcoscilla particles but rather
ineffective on Saprospira particles. Also, diphenyl-
aminie, which stimulated the oxidation of NADH by
StIprOspira particles, proved to be an inhibitor of
NAD)H oxidatioin by Vitreoscilla particles.

The specific NADH oxidase activity of particles
isolate(d fromii both Saprospira and Vitreoscilla was
qtuite variable. For example, the specific NA'DH'
oxi(lase activity of particles isolated fromii Saprospira
varie(l fromii 27 to 190 tnu1imoles/iniiiitte per mg pro-
teinl and(i the inihibition of this activity by HOQN()
%varie(l from 35 to 76 %. This variatioin in spec^ific
NAD1H oxidase activity an(l the variation in response
of this activity to inhibitors could 'be due to lack of
car-eful enouigh conitrol in the growth or hiarvestin,-
of the cells or to lack o)f cOitl'ol in thelprel)mration
of the particles. Lack of conitrol iii the prel)aration
of the l)ar{icles might also lie responsible for the lo%v
inhibitions by cyaiii(le and 1H QN0. Certainily not
enouigh is known about the necessary conditions and
controls needed for the isola,tion of respiratory par-
ticles from procaryotic organisms.

Neither the endogenous respiration of intact cells
of Saprospira nor the yeast extract and peptone medi-
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.tte(l res)iration1 of intact cells ot I itreoscilla xas

teste(d for sensitivity to cyanide. I f the respiratiol
of these intlact cells were also illhil)ite(l onlkx al)oullt

% 1b\ c\ailnide and 1I1()(Q.(N) it woul(l gi\e \-ali(lit
to the integrity of the particles isolate(l.

'Ihe fact that the low end(-enotis respiration of

1)oth Lciicotlhrix ani(l I itreoscill(l is stimiulate(l by C(--)
may l)e explainied in the samile way that the simiiilar
effect of cyanide ol0 the e11(logeinouts respiration of
IProtothlcca was explaine(l ( 30) at low rates of sill-

Strtet oxi(lation the C( )-inhihited terminiial oxi(iase
iay nlot be rate-linliitilig. Tl'he sliglit uncoupling

effect of Co milay thus iilcrease the respirationi.
Althollgh thele arle 11o a-type cytochroles vis-

il)le in (lifferelice spectra of the 3 Ciaunoplhvta stu(lied.
all 3 organlisns lossess what appears to be the samile
type of CO-binding pigment. That this pigmient is
fulictioning a"s the termiiilal oxi(lase, a!t least in l'it-
reoscilla, is sul)l)ortedl b) the actioni spectrum (fig 8).
Ioth the Co (lifferelice spectra ailid the actioll .spec-
trumil presentedi here are simnilar to those whichlihave
b)eenl observ,ed ill certaill b)acteria )v Chanice (6. 7).
Castor aild( Chailce ( 4 ) ald Cliaice, Silithi, alc(i
Castor (8). The pigm-lenit responsible for these
sl)ectra hlias lee terllme(l cvtoclironlie o (5)). rhis
cvtochronlle appears to have a wide distrihtbtion in
the bacteria, 1oth as one of several terrminal oxidases,
as in Esc1lcrichia coli, or as the only terminial oxi-
diase, as in Acetobacter suboxda(Is (24) It has been

fotild ill lydrogenl oxi(dizinlg bacteria ( 23'). ill a

frtuitilig ilvxol)acteriulll (11), in Heniiophilids /a(lraill-

flucntouac ( 31), an(l ill the liltrogell-fixing Rlmiiobiuimw
(26).

Bartscil anld Kailleli (2) ilave purified a highly
auto-oxidlizahle, CO-binding heme proteil. which they
hlave calle(d RHP (Rhmodospirillmoo Heflie Proteinl)
frolli tile facultative hlotoheterotro)hl, Rhmodospirillini
obroll. 'T'hiis )igillelit, which app)ears to be localized

ill the chronlatophores (22), lias a CO (lifferenice
splectruml which resembilles thiat of cytoclhrolile o. 'l'he
qlue4tionl of the idelntity of cytochromie o and(l RHP
has bleell colisidere(I )v Kamen, wlho at first thotight
tileill to lIe tile saIme p)ignilelt (2, 21). Ill suip))ort of
tilis, lIorio all(l Yaiasilita (17) performled all actioli
slpectrumll for the relief of the Co -ilhibited resp)ira-
tioin of (lark grown cells of R. ribrmili amil(l founil(d it
to lIe of tile saiie tyl)e as lla(l iheell fot(d for cvto-
clirollle o ( 4). Later, hlov,ever, Kamllell l)egall (les-

tiollillg the role of RHP as ami oxidase (18), and

lielehas recently puhlishled strollg evidenlce for the 11011-

idiemnt it! f tile 2 C()-hl)ill(iilg piglle'llts ( 25).
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