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1. Introduciion

When oxygen is added to an anaerobic suspension
of mitochondria supplied with both aatimycin and a
respiratory substrate, the » cytochromes becoms
rapidly reduced; and then, when the oxygen is
exhausted they become reoxidised (review [i]). A
widely accepted explanation for this curicus behaviour
of the mitochondrial & cytochromes is that, in the
presence of oxyegen, cytochrome ¢; can oxidise sermi-
ubiguincne to ubiquinone thereby promoting the
reduction of cytochieome bsq by the ubiquinol/f
semiubiquinone couple [2--5]. In the preseat work
we describe a similar, rapid, antimycin-dependent,
oxygen-induced reduction of &-type cytochromes in
membranes isolated from aerobically and anasrobically
grown cells of Paracoccus deniirificars. Hitherto this
nhenomenon has not been demonstrated in bacteria.
Gur present observations extand the similarities [6]
between the respiraiory chain of P. denitrificans and
ithe mitochondrial respiratory chain. In addition,
changes are shown to occur in the cytochrome system
of P. denitrificqrs in adapting io anaerobiosis.

2. Materials and methods

Paracoccus denitrificans (Micrococons denirrificans
MNCIB 8944} was grown anaercbically with succinate
as substrate and nitrate as the added terminal electron

Abbreviarion: HQNQ, 2-n-heptyl-4-hydroxyyuinoline-A-oxide
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acceptor as in [7)] but in 3 litre volumes. Cells weie
prown acrobically at 30°C in 10 litre volumes in the
same madium as that used for the anaercbic cultures
except ihat KNO; was omiited, air was supplied
through a glass spaiger, and the culture was stirrec
magnetically. Membrane vesicles were prepared from
cells which were harvested during exponential growih,
treated with lysozyn.e, and then broken by aosmaotic
shock, all as described |81 . The membrane vesicles
were stored at 1 —4°C for up to 7 days. Protein was
determined by the Folin method in [9].

The kinetics of gxidation and reduction of the
cytochromes were followed using a dual-wavelength
spectrophotometer equipped with a regenerative
stopped-flow apparatus {107 . The amplifier output
was displayed in parallel on 2 siorage oscilloscepe and
on a stripchart pen twcorder. The oscilloscope dis-
playe. the ahsorption changes which occurred during
the first 0.5 s or 1 s after mixing the anaerobic sus-
pension of membranes with oxygenated buffer. The
pen recorder followed the compleie cycle of absorp-
tion changes which occurred afier mixing: attainment
of aerobiosis, the acrobic steady siaie, and the return
to the anzerobic state on depletion of the addad
oxvegen. Details of the equipment usad are ia fii].In
the present work the slit-widéth was 0.5—-1 0 mm, ihe
time constant was 5 ms, and the reaction titne at the
start of ubasivation (the continuous-flow phase) was

12—-15 ms.

3. Results and discussion

Reduced minus oxidised difference spectra
[12—14] have provided evidence for the presence in
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aerobically grown Z. denitrificans of two &-type cyio-
chromes with absorption maxima at 560 nm and

566 nmn at room: temperature. When an anaerobic sus-
pension of membranes, isolated from acrobically-
growi calls, was mixed with oxygen these iwo b-type
cytochromes were oxidised in the absence of anti-
mycin but reduced in the presence of antimycin
(fig.1). Measurements made over the first 0.5 s of the
reaction (fig.1e f) show that the antimycin-dependent
reduction was complete within the period of the flow
(15 ms). Measurements over a longer period (fig.1gh)
show that, in the presence of antimycin, the b-type
cyiochrome measured at 560 nm was slowly oxidised
during the aerobic phase, while the b-type cytochiome
measured at 566 nm remained largely reduced until
the reaction mixture became anaerobic, at which time
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Fig_1. Effect of antimycin cn the Kinetics of oxidation and
reduction of the h-type cytochromes in membranes from
acrobically grown P. denitrificans. The stopped-flow dual-
waveiength specirophotometer measurements were made
with the measuring and reference wavelengtihs indicated and
weri: recoxded in parailel on a storage oscillascope (z,0,2,5)
and a chart recozder (c,d g h). The mzjor syzings, main-
1zined 2t 27°C, contained inx 20 ml: 75 mM potassium phos-
phate (pH 7.5), membsane vesicles {30 mg protein), gramici-
din D (2 pg), 30 ;M NH_ Cl, ¢.2 mM NADH, alcohol
dehydrogenase (1 mg), ethanol (0.2 1) and rotenone (4 mg).
Where indicated (e—h) 12.5 uM antimycin was included. The
minor syringe contained 75 miM poassiom phosphate

{(pH 7.5) continuously bubbled with oxygen at room temper-
ature.
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it was reoxidised. The antimycin-dependent, oxyegen-

" induced reduction of the two B-type eviachromes in

the mombranes from aerobically grown P. dertizrificans
is consistent with the previous observation [14] that in
the steady state these two b-ivpe cytochromes ars
reduced to a greater exteni asrobically in the presence
of antimycin than anaerobically in the absence of anti-
mycin.

Figure 2 shows the results of similar expenmenis
performed with membranes from cells grown anaero-
bically with nitraie as the addad terminal slectron
accepior. As with membranes from aerobically srown
cells, the introduction of oxygen resuited in an anti-
mycin-dejendent reduction of the b-typs cytochrome
measured at 566 am {fig.2f h). Unlike the membranes
from aerobically grown cells, there was no antimycin-
dependent reduction of the b4ype cytochrome
measured at 560 nm (fig2e g); and the b-type cyto-
chrome measured at 566 nm, which was reduced on
addition of oxysen in the presence of antimycin,
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Fig.2. Effeci of aniimycin on the kineiics of oxidation and
reduction of the H-iype cvtochizomes in membranas from
anaerobically grown P. deniirificens. Conditions were as for
fig.1, excepr that the membranes (40 mig profein) were
isolated from ceiis grown anaerobically with mitrate as the
termina! eleciron accepior, and 1 mg rotenone was present.
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was slowly reoxidised during the acrobic phase
{fig2h}.

As in mitochondria [15] replacement of the anti-
mycin by HOMO did not result in a rapid, oxygen-
dependent reduction of the P, denitrificans biype
cytochrome measured at 566 nm {fig.3¢c,g). However,
an addition of HOQNO did abolish the antimycin-
dependent, oxygen-induced reduction of the b-type
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ig.3. Effect of HONO and antimycin on the oxidation and
:duction kinetics of the h4ype and c-type cytochromes in
tembranes from anaerobically grown 2. denitrificens. Reac-
lon conditions were as for 1ig.2. Where indicated the reaction
lixture also contained 12.5 uM antimycin (b,fi.n), 50 uM
QNG (e.g.k,0), or both 12.5 »M antimycin and 50 xhM
IQNO (4 h.1.p}. Messuraments were made either at 566—5753
m (a—h) or 2t 556540 nm (i—p).

FEBS LETTERS

January 1978

cytochrome measured at 566 nm {fig.2d h). A simiiar
addition of HONO did not significantly affect the
oxidation or reduction kinetics f the c-iype cyio-
chromes nieasured at 550 nm (fig.3i—p), but it
increased by about 2-fold the time required for all
the oxygen in the major syringe 10 be consumead,
either in the absence (fig.3m,0) or in the pressnce of
antimycin (fig.3n,p). Taken together with the previous
observations {16] that both nitrate reduction and
oxygen uptake are inhibited by HONG bui only
oxygen uptake is inhibited by antimycin, the present
data may be taken to imply that HGNO 2nd antimycin
can inhibit at different sites in the respiratory chain
of anaerobically grown P denirrificans.

The kinetic spectra of fig.4 show the extent of the
absorption changes measured beiween 550 am and
566 nm which sccurred during the first 15 ms of the
reaction. With membsanes Trom both aerobically and
anaerobically-grown cells, either in the ahsence or in
the presence of antimj,fcin, there was an absorption
maximum at about 552 nm which can be attributed
to the c-type cytochromes of P. denfirificans [12].
The kinetic spectra of the two types of membrane
differed in two respecis:
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Fig4. Kinetic specira of the absorbance changes recorded
during the first 135 ms after mixing oxygen with anaerobic
membranes from (A) aerobically and (B) anaercbically STOWI
P. denitrificans. The stopped-flow, double-beam spectro-
photemeter measurements ware recorded on a storuge

oscilloscope and made as described in fis 1 (for A)and
fig.2 (for B). The reference wavelength was maintained at

375 nm. Antimycin (12.5 pM) was omitted {—e—) or included
{—c-) as indicated.
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(1) In the ahsence of antimycin, membranes from
anaerabically grown cells showed greater absorp-
tien changes at wavelengths higher than 556 nm
than did the membranes from aerobically-grown
celis. :

(ii) In the presence of antimycin, membranes from
aerobically grown cells had a more extensive
absorption band attributable ta the b-type cvio-
chromes reduced on addition of oxygen than did
membranas from anaerobically grown cells.

These differences beiween the kinetic spectra obiained
with the two types of membrane may be due to the
cytachrome o, which, from reduced +CO minus
reduced difference spectra, has been shown [15,17]
to be syathesised in increased amounts when P. deni-
trificans is grown 2naerobicaily . However the signifi-
cance of cytachrome o for the present study must
remain uncertain until its absorption spectrum and
its location in the respiratory chain are known (see
[18]).

In cenclusion, our observation of an oxXygen-
induced reduction of &-type cyfochrome in mem-
branes from both aerobisally and anaerobically growsn
P. denitrificans is compatible with the previcus
proposition {19] that, in adapting to an anaerobic
existence, . dentirificens adds new components toa
retained, aerobic respiratory chain, which closely
resembies the mitcchonsdriai respiratory chain.
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