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SUMMARY 

1. A chromosomal respiration-deficient mutant of the petite-negative yeast 
Schizosaccharomyces pombe was isolated. Its mitochondria show respiration rates of 
about 7 ~ of the wild-type respiration with NAD H  and succinate as substrate, and 
45 ~ with ascorbate in the presence of tetramethyl-p-phenylenediamine. Oxidation 
of NADH and succinate is insensitive to antimycin and cyanide and that of ascorbate 
is much less sensitive to cyanide than the wild type. 

2. The amounts of cytochromes c~ and aa3 are similar in the mutant and wild 
type. Cytochrome b-566 could not be detected in low-temperature spectra after re- 
duction with various substrates or dithionite. A b-558 is, however, present. 

3. The b-cytochromes in the mutant are not reduced by N A D H  or succinate 
during the steady state even after addition of ubiquinone-1. QH2-3 : cytochrome c 
reductase activity is very low and succinate oxidation is highly stimulated by phen- 
azine methosulphate. 

4. Antimycin does not bind to either oxidized or reduced mitochondrial par- 
ticles of the mutant. 

5. In contrast to the b-cytochromes of the wild type, b-558 in the mutant 
reacts with CO. 

6. Cytochromes aa3, c and c~ are partly reduced in aerated submitochondrial 
particles isolated from the mutant and the EPR signal of Cu (II), measured at 35 °K, 
is detectable only after the addition of ferricyanide. In the mutant, a signal with a 
trough at g ----- 2.01 is found, in addition to the signal at g = 1.98 found in the wild 
type. 

7. The ATPase activity of particles isolated from the mutant is much lower 
than in the wild type but is still inhibited by oligomycin. 

Abbreviations: PMS, phenazine methosulphate; TMPD, N,N,N',N'-tetramethyl-p-phenyl- 
enediamine; FCCP, carbonyl cyanide p-trifluoromethoxyphenylhydrazone. 
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INTRODUCTION 

Respiration-deficient mutants may be very helpful in the study of the function 
and the biogenesis of the respiratory-chain complexes. However, no biockemically 
well-defined mutant of the be1 segment, with a specific deficiency of a single cyto- 
chrome component or other function, is known. This may be due to a very tight 
regulation of the synthesis or incorporation into the membrane of components of 
this segment, resulting in a variety of pleiotropic effects. An exception may be rep- 
resented by the antimycin-resistant mutants of Candida utilis described by Butow 
and Zeydel [1] and by Grimmelikhuijzen and Slater [2] which, however, are still 
capable of growing on non-fermentable substrates. 

The mutant described here also shows pleiotropic deficiencies. However, it 
appears to be specifically lacking in cytocttrome b-566. 

MATERIALS AND METHODS 

Mutant UV 119 was derived from the adenine-requiring strain of Sehizosaccha- 
romyees pombe 50 h-ad 7 after ultraviolet irradiation as described by Wolf et al. [3]. 
It was selected by triphenyltetrazolium chloride as described by Backofen et al. [4]. 
Cells were grown in the presence of 1.5 ~ glucose and 0.5 ~ yeast extract with aera- 
tion and harvested 12-24 h after all glucose was consumed. Mitochondrial particles 
were prepared as described by Mahler et al. [5], but with 0.25 M mannitol instead 
of sucrose in the isolation buffer. Protein was determined by the method of Cleland 
and Slater [6]. 

RESULTS 

Enzymatic properties of the respiratory chain oJ wild type and mutant 
The petite-negative yeast S. pombe [7] was used for the study of respiration- 

deficient mutants because it avoids the difficulties that may arise from rho-minus 
mutation during the culture. This may well complicate results obtained with respi- 
ration-deficient mutants of Saccharomyees cerevisiae. 

Respiration-deficient mutants were induced by ultraviolet light and selected 
by plating the cell suspension on agar plates containing 3 % glucose in the presence 
of 30rag/1 triphenyltetrazolium clrdoride [4]. All mutants tested bear single-gene 
mutations that are inherited chromosomally as could be shown either by random 
spore- or by tetrad analysis [3 ]. The mutants were first screened for their enzymatic 
activity of the various segments of the respiratory chain. Results obtained with one 
of these mutants, UV 119, will be described. 

This strain grows in a medium supplemented with 3 % glucose at about 30 
of the wild-type rate, while it does not grow on glycerol. The viability after reaching 
stationary phase is close to 100%. The respiratory rate of whole cells, with glucose 
as substrate, is 1.7 % of that of the wild type. Back mutants were obtained neither 
spontaneously nor by treatment with ultraviolet light, diethyl sulphate, ICR 170 
or methylmethane sulphonate. The result of a random spore analysis after crossing 
with wild-type strain 88 h+his2 is: respiration competent, 332; respiration deficient, 
321; ade +, 325; ade-, 328; his +, 330; his-, 323. From the 2 : 2 segregation of all 
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TABLE ! 

ENZYMATIC ACTIVITIES OF VAR|OUS SEGMENTS OF THE RESPIRATORY CHAIN OF 
MITOCHONDRIAL PARTICLES FROM THE WILD-TYPE AND THE RESPIRATION- 
DEFICIENT MUTANT UV 119 

The activities are given as percentage of that of the wild-type 972 h-. Enzymatic assay methods were 
the same as summarized in ref. 8. Ubiquinone: cytochrome c oxidoreductase was measured accord- 
ing to Rieske et al, [9]. 

Segment of respiratory chain 

NADH : cytochrome c oxidoreductase 
NADH : Q-2 oxidoreductase 
Succinate : Q-2 oxidoreductase 
Succioate : cytochrome c oxidoreductase 

in absence of phenazine methosulphate 
in presence of phenazine methosulphate 

QH2-3 : cytochrome c oxidoreductase 
Cytochrome c oxidase 

Relative activity 

7 
6O 
51 

3 
47 

6 
37 

markers tested, it is concluded that respiration deficiency in UV 119 is inherited 
nuclearly. 

In Table I, it is shown that the QH2-cy tochrome  c reductase activity is very 
much  diminished in the mutant ,  whereas the activities of  the succinate : Q-2 and 
N A D H  : Q-2 oxidoreductase and cytochrome e oxidase segments are less affected. 
The reduction of  cytochrome c by succinate is greatly stimulated by by-passing the 
bc 1 segment by addit ion of  phenazine methosulphate.  These data indicate that the 
main block is localized in this segment. 

Respiration experiments shown in Figs 1A and 1B strengthen this view. The 
trace given in Fig. IB indicates that the mutant  respires at only a very low rate with 
N A D H  (or succinate) as substrate. The addit ion of  Q-I  causes no stimulation making 
it unlikely that  the mutant  is ubiquinone-deficient. The low rate o f  02 uptake with 
N A D H  or succinate is not  affected by antimycin but is stimulated greatly by the 
addit ion of  ascorbate plus T M P D  or by PMS. Addi t ion of  cytochrome c causes 
stimulation by 1 0 ~  with N A D H  as substrate in the wild type whereas it has no 
effect on the mutant  either with N A D H  or ascorbate plus T M P D  as substrate (not 
shown). 

Spectral properties and kinetics of  reduction 
The spectra of  the wild type are remarkable in several respects. The ct band of  

cy tochrome aa3 is found at a higher wavelength than with S. cerevisiae or rat liver, 
viz. at 606 nm at 77 °K and 610 nm at room temperature. The cytochrome b-562 
absorpt ion band (558 nm at 77 °K) is only found in succinate-reduced particles frozen 
at 77 °K before anaerobiosis is reached. After anaerobiosis or  reduction with suc- 
cinate in the presence of  antimycin (Fig. 2, Curve C) or with Na2S20 4 (Curves A 
and B), the peak is found at about  560 nm. This is probably  a composite of  the c~- 
bands o f  b-562 (a-peak at 558 nm) and b-566 (c~-peak at 561.5 nm). A peak at 556 nm, 
corresponding to b-558 in mammalian  mitochondria,  is also seen in Spectrum B from 
which cytochromes c, c~ and aa3 are eliminated by adding ascorbate and T M P D  
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Fig. 1. Traces of  02 consumption of mitochondrial particles from the wild type and of mutant  
UV 119 in the presence of various substrates and inhibitors. 02 uptake was measured at 25 °C in a 
closed vessel equipped with a Clark-type electrode. The final concentrations used were 2.5 mM 
NADH,  13 mM succinate, 13 mM ascorbate, 48/~M TMPD,  16/~M PMS, 0.7Hg antimycin/ml in 
a buffer containing 100 mM potassium phosphate (pH 7.4). The final concentration of KCN is 
given. The numbers on the trace give nmoles of 02 consumed per min/mg protein. A shows an 
02 consumption trace of wild-type mitochondrial particles, B of mutant  UV 119. 
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Fig. 2. Spectra o f  mi tochondr ia l  particles f rom wild type measured  at 77 °K, obta ined after reduc- 
t ion o f  mi tochondr ia l  particles with var ious  substrates .  Only the ~t- and  fl-regions are shown.  4.2 mg  
mi tochondr ia l  protein was used per cuvette, suspended  in 0.25 M manni to l ,  0.02 M Tr i s -HCl  buffer 
and  1 m M  E D T A  at p H  7.4. Substrate  and media tor  concentra t ions  were as described under  Fig. 1. 
The  light path was 3 mm.  A shows the spec t rum o f  dithionite minus  oxidized (0.2 m M  K3Fe(CN)6) ;  
B, dithionite minus  ( a s c o r b a t e + T M P D + P M S ) ;  C, s u c c i n a t e + a n t i m y c i n  minus  oxidized. 

to the reference cuvette. This absorption band (Spectrum B) is assigned to a b-cyto- 
chrome for two reasons: first, because it is reduced by N A D H  or succinate in the 
presence of antimycin and, secondly, because it is not reduced by ascorbate plus 
TMPD.  The more intense band at about 554 nm in Spectrum A is due to interfer- 
ence of cytochrome b-558 by cytochrome ci. Cytochrome e may have been partially 
lost in both the wild type and the mutant during the preparation of mitochondriai 
particles. 

The spectra of mutant  UV 119 (Fig. 3) show clearly the absence of an absorp- 
tion band of cytochrome b-566 absorbing at 561.5 nm at 77 °K in the wild type. 
Cytochromes b-558 and b-562 are present as indicated by their absorption peaks at 
556 and 558 nm, respectively, at 77 °K in spectrum B of Fig. 3. Cytochrome b-566 
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Fig. 3. Spectra of mitochondrial particles from mutant obtained as described under Fig. 2. In the 
presence of substrates, samples were preincubated in a syringe for 20 rain under exclusion of O2. 
6.4 mg protein was used per cuvette. Same conditions as described in Fig. 2. A, difference spectrum 
dithionite reduced minus oxidized; B, dithionite minus (ascorbate+TMPD÷PMS);  C, succinate- 
reduced ÷ antimycin minus oxidized. 

TABLE II 

CYTOCHROME CONTENT OF WILD TYPE AND MUTANT MITOCHOblDRIA AND SUB- 
MITOCHONDRIAL PARTICLES 

Submitochondrial particles were prepared as described earlier [8]. Cytochrome content, calculated 
from the absorbance change after reduction by dithionite for the wavelength pairs given in the table, 
according to Berden and Slater [10], is given as pmoles/mg protein. 

972 h -  UV 119 

Mitochondria Sub- Mitochondria Sub- 
mitochondrial mitochondrial 
particles particles 

Cytochrome cl (553-540 rim) -- 
Cytochrome b (563-575 nm) 540 
Cytochrome aa3 (608-590 nm) 360 

620 -- 640 
980 330 560 
590 420 710 
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is also missing in whole cells reduced by dithionite, the reference being oxidized by 
30 mM H202. 

According to spectra taken at room temperature, the concentration of cyto- 
chrome b (calculated from 3 . 4 5 6 3 _ 5 7 5  nm) in the particles prepared from the mutant 
was 6 0 ~  that of particles from wild type, whereas the concentration of cytochrome 
a a  3 (calculated from AA6o8_59 onm) was about 15~ higher. The actual values are 
listed in Table II. 

Figs 4A and 4B show reduction kinetics for wild-type and mutant particles 
measured at the wavelength pair 563-575 nm. The cytochromes b in the mutant are 
not reduced by NADH even in the presence of antimycin. There is no anaerobic 
state reached with NADH or succinate, even after 30 min with 3.8 mg mitochondrial 
protein. Addition of PMS, however, leads to anaerobiosis within half a minute, and 
results in an almost quantitative reduction of the b-cytochromes. Dithionite reduces a 
residual 10~ of cytochrome b. 

Dual-wavelength spectra with reference to 575 nm were taken under the same 
conditions as described for the cytochrome b reduction kinetics. In this experiment, 
the sequence of additions was, however, NADH, PMS, antimycin, dithionite. An- 
aerobiosis was reached 20 s after PMS had been added. Spectrum A in Fig. 5 indicates 
that only cytochtomes c and, to a lesser extent, cl are reduced by NADH. PMS in 

Fig. 4. Reduc t ion  kinetics o f  b-cytochromes.  The  particles were suspended  in 0.25 M mannitol ,  
0.02 M Tris-HC1 buffer, 1 m M  E D T A  at p H  7.4. The  final concentra t ion o f  N A D H  was 1.6 mM,  
o f  phenazine  methosu lpha te  16/~M, and of  ant imycin 0.25/ tg/ml.  Kinetics were measured  at room 
tempera ture  using the wavelength pair 563-575 nm.  A shows the trace o f  the wild type (2.4 mg pro- 
tein) and  B of  m u t a n t  UV 119 (1.9 m g  protein).  
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Fig. 5. Difference spectra at room temperature obtained from measurements at different wave- 
lengths with 575 nm as reference wavelength for particles from mutant UV 119. Other conditions 
were as described in the legend of Fig. 4, but the sequence of additions was NADH, PMS, antimycin 
and dithionite. A shows a spectrum NADH minus oxidized; B, NADH+PMS minus NADH; 
C, NADH+PMS+antimycin minus NADH+PMS; and D, NADH+PMS +antimycin +dithionite 
minus NADH +PMS+antimycin. 

the presence of N A D H  reduces the bulk of the cytochromes b, cl and c. The peak 
of the absorption band is at 557 nm and there is no evidence for the presence of an 
absorption band of cytochrome b-566 (Spectrum B). Addition of antimycin to par- 
ticles reduced by N A D H  plus PMS causes a red shift of the b-cytochrome absorption 
band with an isosbestic point at 564 nm (cf. Trace C). Trace D shows that some cyto- 
chrome b-562 and b-558 is still reducible after addition of dithionite. 

Reaction of mitochondrial particles with antimycin and CO 
In order to get a deeper insight into the structural changes which might have 

occurred in the b-cytochromes as a result of  the mutation, binding studies with 
antimycin [10, 11] and CO were carried out. Figs 6A and 6B show the binding 
studies with aatimycin. In the wild type there is a strong binding to aerobic mito- 
chondrial particles of about the same order as in beef heart. In mutant UV 119, 
there is no detectable quenching by aerobic mitochondrial particles of the fluores- 
cence of antimycin in the presence of 6 mg/ml bovine serum albumin, showing that 
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Fig. 6. Binding of antimycin to oxidized wild-type and mutant mitochondrial particles. The mito- 
chondrial suspension was incubated in a buffer containing 20 mM Tris-HC1 buffer, 1 mM EDTA 
at pI-I 7.4 and 0.6 ~ bovine serum albumin with increasing amounts of antimycin in methanol (O). 
After 15 min at room temperature, the suspension was centrifuged and the fluorescence of the anti- 
mycin-albumin complex measured as described by Berden and Slater [11]. The methanol concen- 
tration was kept constant in all samples. The controls received antimycin added to the particle 
supernatant after centrifugation ((3). A, wild type (9.8 mg protein per sample); B, mutant UV 119 
(20.6 mg protein per sample). 

the binding of antimycin to oxidized mutant particles is less than that to serum al- 
bumin. There is also no evidence for strong binding of antimycin to mutant particles 
reduced by succinate in the presence of PMS and cyanide, or by Na2S204 (not shown). 

As shown in Fig. 7 (cf. Fig. 4B), the b-cytochromes of the mutant react with 
CO. It can be seen tb_at the shoulder of cytochrome b-558 (at about 554 nm at 77 °K) 
disappears as well as the peak at 525 nm. The spectrum of the wild type is not af- 
fected by CO in the ~, fl region. This indicates that the structure of the b-cytochromes 
is altered in such. a way that the heme groups, especially that of cytochrome b-558, 
become accessible for CO. 

C y t o c h r o m e  o x i d a s e  

The spectral properties of this enzyme, after reduction by dithionite (or as- 
corbate plus TMPD, not shown) are similar in wild type and mutant (see Fig. 3A 
and Table II). However, the results given in Fig. 1B and Table I have already in- 
dicated that cytochrome oxidase is also, but to a lesser extent, affected by the muta- 
tion (which is a single-gene mutation). The rate of ascorbate oxidation is only about 
4 5 ~  of the wild type and is scarcely affected by cyanide. Moreover, cytochromes 
a a  3 and e are not fully oxidized in aerated mutant particles, as can be shown by low- 
temperature spectra taken after the addition of ferricyanide to the reference cuvette. 
This indicates a lack of reactivity with 02 of the cytochrome aa  3. This finding seems 
to be parallelled by the presence of a cyanide-insensitive shunt for ascorbate oxida- 
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Fig, 7. Effect of CO on absorption spectra of mutant UV 119 at 77 °K. Conditions were the same 
as described in the legend of Fig. 2. Difference spectra Na2S204 minus ascorbate+phenazine me- 
thosulphate+TMPD are shown. In the experiment indicated the reduced sample was bubbled with 
CO for 1 rain. (The peaks of cytochrome c at 548 and 544 nm [12] in this spectrum are attributed to 
incomplete reduction of this cytochrome in the reference cuvette.) 

tion, which suggests a block in or after cytochrome a3 (leading to a higher steady- 
state reduction level for aa3 than in the wild type, as evidenced from reduction kinetics 
with ascorba te+TMPD using the wavelength pair 608-590 nm, not shown). This 
shunt is, however, not, or only to a minor degree, accessible for N A D H  or succinate. 

Electron paramagnetic resonance studies 
The incomplete oxidation of cytoclu'ome aa3 in mutant particles in the pres- 

ence of 0 2 is also reflected by electron-spin resonance studies at 35 °K. No copper 
signal was detectable in the EPR spectrum unless ferricyanide (0.3 mM) was added. 
Ferricyanide had no effect on the intensity of the copper signal in wild-type particles. 

In Fig. 8, Curve A shows that in the wild type the signal is found in oxidized 
particles at 9 ~ 1.98 (trough), the normal value of eytochrome c oxidase. The same 
signal is found in particles from the mutant UV 119. However, a second broad sig- 
nal emerges with a trough at g = 2.01 (Fig. 8, Trace B). This is also found in other 
mutants with cyanide-insensitive ascorbate oxidation (Bandlow, W., unpublished) 
and may reflect structural changes, caused by the absence of the cyanide-sensitive 
site, in the environment of the copper atom that is not detectable in the EPR spec- 
trum of the wild type. 

Oligomycin-sensitive ATPase and oxidative phosphorylation 
To see if the lowered electron flow through the be, segment and cytochrome 

c oxidase is also reflected by an alteration of the oxidative phosphorylation machinery, 
an experiment was run with whole cells in order to check indirectly respiratory control in 
wild-typeand mutant cells by means of the action of uncoupler after inhibition of the 
mitochondrial adenine nucleotide-translocating system by bongkrekic acid. In an Oxy- 
graph experiment, wild-type or mutant cells, deprived of endogenous substrates 
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by extensive aeration, were suspended in a buffer containing 50 mM citrate and 50 mM 
phosphate buffer (pH 4.3). After measuring the rate of oxygen uptake due to con- 
sumption of endogenous substrates, 20 mM glucose, 20-40 ItM bongkrekic acid and 
20 pM FCCP were sequentially added and the rates of O2 consumption measured 
over periods of 2-4 rain each. The residual respiration of mutant cells with glucose 
was 1.7% of the wild-type rate. It was inhibited by bongkrekic acid by 29% and 
FCCP stimulated the respiration of the inhibited cells by a factor of 3-6. For wild- 
type cells, the corresponding inhibition was 42% and the stimulation factor 2.4. 
The latter could be increased to 3.5 aftel preincubation of the cells with bongkrekic 
acid for 5 min in the absence of substrate. 

2.9 3.0 3.1 3,2 3.3 3.4 3. 5 

field strength (kGcuss) 

Fig. 8. Electron paramagnetic resonance spectrum at 35 °K of wild-type and mutant submitochon- 
drial particles in the presence of 02. A, wild-type particles, 40.2 mg protein/ml; B, particles of UV 
119, after oxidation with 0.3 mM ferricyanide, 28.0 mg protein/ml. In both cases, a power of 4 mW 
was used, with modulation amplitude 12.5, frequency, 9.111 GHz. The same gain was used in each 
case. 

To test the presence of oxidative phosphorylation more reliably, Mg 2+-de- 
pendent ATPase was tested in particles from the wild type and mutant  by measuring 
the H ÷ production during the hydrolysis of ATP [13] with 0.1 M oxalic acid as in- 
ternal standard. The incubation medium consisted of 50 mM KCI, 100 mM sucrose, 
10 mM Tris-HC1 buffer, 5 mM MgCI2, 3 rnM ATP, 0.5 mM EDTA at a final pH of 
9.0. As calculated from the rates after an incubation time of 1 rain, the activity was 
2.7 pmoles H+/min per mg protein in the wild type and 0.2 pmole H+/min per mg 
protein in the mutant. The ATPase activities were equally sensitive to oligomycin, 
half inhibition obtained with 3.7 pg oligomycin per mg protein in the wild type, and 
3.3 pg oligomycin in the mutant. However, it cannot be excluded that mutant ATPase 
is partially solubilized during the preparation of mitochondrial particles. 
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DISCUSSION 

Quite a variety of respiration-deficient mutants of yeast has been described in 
the literature (see, for instance [3, 7, 14-21]). Like the mutant described here, some 
of them are reported to be deficient in the bc~ segment of the respiratory chain 
[3, 16-19]. However, spectroscopic evidence for the loss of cytochrome b or c 1 has 
been obtained only with whole cells after reduction with dithionite, which give a 
poor resolution of the absorption bands of these cytochromes due to the interference 
with the strong cytochrome c absorption, and which only show the presence or 
absence of absorption bands in the b or c region. The loss of distinct bands of the 
cytochromes b is difficult to detect and no conclusion about enzymatic reducibility 
of these cytochromes, and the binding of CO or antimycin can be drawn. Cytochrome 
aa 3 is spectrally quite normal in these mutants [3, 15-18]. For one mutant, ascorbate 
oxidation has been reported to be the same as the wild-type activity. Oxidative phos- 
phorylation was reported [18] to be present and sensitive to oligomycin in those 
mutants in which only cytoch.rome a or b was lost due to the mutation. Since, how- 
ever, cyanide sensitivity of the oxidation of reduced cytochrome c or ascorbate plus 
TMPD and the reduction kinetics and the reduction behaviour of the Cu(II) of 
cytochrome oxidase have not been checked, pleiotropic effects may have been 
present. 

In mutants of S. pornbe that show diminished QHz--Cytochrome c reductase 
activity as characterized so far in this laboratory, cytochrome oxidase is always 
less sensitive to cyanide, the EPR signal of oxidized particles is altered and the Mg 2 +- 
dependent, oligomycin-sensitive ATPase is affected (Bandlow, W., unpublished) (cf. 
also ref. 21). It is likely that these pleiotropic deficiencies are caused by secondary 
regulatory effects, the mechanism of which is not known at present. Since the b- 
cytochromes are not reducible by substrates in the absence of mediators, are CO 
reactive, and antimycin is not bound by mutant particles, the primary deficiency in 
mutant UV 119 can be localized in the bcl segment, but the precise localization within 
the segment cannot yet be made. The absence of cytochrome b-566, but presence of 
b-558, suggests that these cytochromes are not a single cytockrome with a dual ab- 
sorption band, as has been suggested [22, 23], but are structurally or environmentally 
different b-cytochromes. However, it cannot be excluded that the b-558 found in the 
mutant is a different cytochrome from that found in the wild type. It is doubtful, if 
the loss of cytochrome b-566 is the reason for the low respiratory activity of mito- 
chondrial particles with NADH or succinate as substrate, since this cytochrome is 
probably not obligatory for electron transport from substrate to 02 in particles of 
the wild type. It is also probably not the reason for the inability of the mutant to 
grow on non-fermentable substrate, since an oligomycin-resistant mutant of Schizo- 
saccharomyces pombe has been found that also possesses no cytochrome b-566 but 
is still capable of growing on non-fermentable substrate [24]. 

It is possible that one sub-unit, common to all b-cytocb_romes (cf. [25]), may 
be altered in mutant UV 119, the alteration resulting in a structural change of all 
the b-cytochromes, so tb.at they cannot receive electrons from ubiquinone, and tl-e 
heme groups are rendered accessible for CO. This effect may also cause the non- 
integration of functional b-566 into the membrane and the non-binding of antimycin 
to the bc~ segment. A similar structural change seems to occur during the isolation of 
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cytochrome b from beef heart, since isolated cytochrome b does not bind antimycin 
and reacts with CO [10]. 

The functional deficiency of the b-cytochromes may cause further regulatory 
effects, rendering the cytochrome oxidase activity less sensitive to cyanide, lowering 
the reactivity of cytochrome a3 with Oa and lowering the activity of oligomycin- 
sensitive ATPase. It cannot be decided, however, whether the regulation is on the 
level of integration of the complexes into the membrane or on the level of the tran- 
scription of the protein sub-units of the respiratory chain and oxidative phosphoryla- 
tion. 
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