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The 1966 short communication was concerned with 
our early faltering steps on the development of an 
experimental approach to the biogenesis of yeast 
mitochondria. At that time, petite respiratory deficient 
cells had been genetically characterised by Ephrussi and 
his colleagues in the late 1940's as cytoplasmically in- 
herited mutants which lacked a functional mitochondrial 
respiratory chain. Ephrussi's work was subsequent to 
Avery's recognition of DNA as the hereditary substance 
of chromosomes but prior to the work of Watson and 
Crick and the double helix. About the time of our 
publication, the existence of mitochondrial DNA was 
recognised, but its significance was not understood, no 
gene products were known to be encoded in this DNA. 
Changes in the buoyant density of mtDNA in cyto- 
plasmic petite mutants compared with wild-type cells 
was a current topic of research. However, it was even 
controversial as to whether there was a mitochondrial 
protein synthesising system. Studies of the biosynthesis 
of mitochondria were at the earliest stage of develop- 
ment. 

The results described in the paper showed that by 
growing yeast in the presence of chloramphenicol, the 
membrane-bound mitochondrial cytochromes a, a 3 and 
b, were no longer synthesised. Effectively a phenocopy 
of the cytoplasmic petite mutant was obtained by grow- 
ing cells in the presence of chloramphenicol. The paper 
established that the cytoplasmic ribosomal system was 
not affected by chloramphenicol as the yeast cells grew 
normally on fermentable substrates, such as glucose, 
while being rendered respiratory deficient in the pres- 
ence of the antibiotic. Chloramphenicol was shown not 
to induce petite mutants, as on transfer of the cells to 
chloramphenicol-free media the respiratory enzymes 
were re-synthesised. We interpreted this work in terms 
of the mitochondria possessing a specific protein 
synthesising system which was bacterial-like in char- 
acteristics, being sensitive to inhibitors of bacterial pro- 
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tein synthesis, while the cytoplasmic ribosomal system 
was different and unaffected by the anti-bacterial anti- 
biotics. Cytochromes a, a 3 and b were proposed as 
products of the mitochondrial protein synthesising sys- 
tem. The action of chloramphenicol to that time was 
indeed controversial; proposals for its effects on 
eukaryote cells included considerations that it not only 
acted directly as an inhibitor of the cytoplasmic ribo- 
somal system but also that it was a direct inhibitor of 
respiration. 

Soon after this paper, we showed that a number of 
antibiotics which were inhibitors of bacterial protein 
synthesis, for example, the tetracyclines, erythromycin 
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and paromomycin, were also inhibitors of mitochondrial 
protein synthesis both in vivo and in vitro, as we also 
showed for chloroplast protein synthesis. Conversely, 
we reported cycloheximide to be a specific inhibitor of 
the cytoplasmic ribosomal system. 

The demonstration of the in vivo effect of chlor- 
amphenicol also dealt a telling blow to the canard that 
the observed in vitro protein synthesis by mitochondria 
was an artefact due to bacterial contamination. 

Chloramphenicol and cycloheximide were then 
established as the standard reagents for the differential 
inhibition of mitochondrial and cytoplasmic ribosomal 
protein syntheses. These reagents continue to be widely 
used in cell biology studies to differentiate the 
mitochondrial (and chloroplast) protein-synthesising 
system from the cytoplasmic ribosomal system and the 
relevant gene products of the systems. 

Another far-reaching consequence of our observa- 
tions was the opening up of the whole field of 
mitochondrial biogenesis. The work quickly led to our 
discovery of the first mitochondrially encoded mutants; 
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these were phenotypically characterised by their resis- 
tance or sensitivity to antibacterial antibiotics. Concep- 
tually, it readily followed that a number of other anti- 
biotics known to affect the mitochondrial respiratory 
system such as antimycin A and oligomycin could simi- 
larly be used to isolate further mitochondrial mutants. 
Mitochondrially encoded mutants resistant to oligomy- 
cin and antimycin A were isolated by several laborato- 
ries; in vivo and in vitro effects of the mutations on 
mitochondrial ATP synthase and cytochrome b were 
later demonstrated. The availability of these mutants 
enabled a rational approach to be developed for the 
study of cytoplasmic genetics and the recognition of the 
nature of the gene products encoded in mitochondrial 
DNA. 

The years 1965 to 1967 were indeed an exciting time 
in our laboratory and provided the basis for over 20 
years of interest and work on mitochondrial biogenesis 
by our laboratory. The culmination of these studies was 
the elucidation of the first physical map of genetic loci 
in yeast mitochondrial DNA (the first for any organelle 
genome). The development of this work and its outcome 
have been summarised by Linnane and Nagley (1978) 
Plasmid 1, 324-345. 
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Chloramphenicol inhibition of the formation of particulate mitochondrial 

enzymes of Saccharomyces cerevisiae 

Current work in this l abora tory  is concerned with the problem of mitochondrial  
biogenesis in yeast.  In  the course of these studies we have  found tha t  chloramphenicol  
inhibits amino acid incorporat ion by  isolated yeast  mitochondria .  This finding 
confirms the results of others working with mitochondria  isolated from a var ie ty  of 
sourcesl-L However,  chloramphenicol with similar concentrat ions to those used with  
mitochondria  does not inhibit  amino acid incorporat ion b y  isolated animaP and 
yeasta, 6 cytoplasmic ribosomes. We were therefore led to consider the possibility 
tha t  chloramphenicol  exerts  its inhibi tory action on higher organisms by  a selective 
inhibition of mitochondrial  protein synthesis i n  vivo.  

The present communicat ion reports  the effect of chloramphenicol  on growing 
cells of S a c c h a r o m y c e s  cerevis iae .  I t  is shown tha t  this yeast  forms only trace amounts  
of cytochrome b and no longer forms cytochromes aa 3 in the presence of the drug al- 
though the growth ra te  and the final yield of cells are unchanged provided the growth 
medium contains high concentrat ions of fermentable  subst ra te  (5 % glucose). 
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Fig. i.  S. cerevisiae cells were grown aerobically for 16 h in 5 % glucose medium and then trans- 
ferred to medium containing 4 mg/ml chloramphenicol. Samples were taken at the time intervals 
shown, and the spectra recorded in a Cary Model 14 Spectrophotometer fitted with a Scattered 
Transmission Accessory (Model 1462 ). The cells were suspended in 3o % (v/v) glycerol to a final 
ceil density of 15-2o mg dry wt. of cells per ml of suspension, and reduced with sodium dithionite. 
The samples were compared with a reference gel suspension consisting of flour (8oo mg) and 
soluble starch (75 mg) suspended in 15 ml of water. The reference gel showed no absorption peaks~ 
over the range of wavelengths used for the measurements. 
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S. cerevisiae cells were grown aerobically at 3 °0 in a medium 7 containing 5 % 
glucose and 4 mg chloramphenicol/ml medium. A progressive alteration occurred 
in the visible absorption spectrum of the yeast as illustrated in Fig. I. After 2 h 
growth, a time corresponding to one cell division, the cytochrome aaz absorption at 
605 m/z and cytochrome b absorption at 562 m/z are both reduced; in addition, new 
absorption bands at 587 and 508 m# appear. The 587-m # band probably corresponds 
to the so-called cytochrome a 1 which is thought to be a derivative of cytochrome aa s. 
Cytochrome aa 3 absorption appears to be absent after 4 h growth. The absorption 
at 550 m/z characteristic of cytochrome c did not appear to diminish during the 
period of the experiment and after 16 h growth, when the cells had reached stationary 
phase, cytochrome c and perhaps a small amount of cytochrome b appeared to be the 
only contributors to the absorption spectrum. The same concentration of chloram- 
phenicol had no apparent effect on the cytochromes of a control sample of yeast 
aerated for 16 h in o.I M KH2P Q.  These yeast cells did not undergo division during 
the period of the experiment. 

The decrease of cytochromes aa 3 and b in cells grown in the presence of chloram- 
phenicol was paralleled by a drop in respiratory activity. Oxygen uptake of washed 
stationary phase cells was measured polarographically in the presence of excess 
glucose. Cells grown in the presence of chloramphenicol had a respilatory activity 
of less than 2 m# atom 02/mg dry wt. of cells per rain, a value similar to that of 
anaerobically grown cells. 

Normal aerobic cells have a respiratory activity of around 50 m/zatom O~/mg 
dry wt. of cells per rain. 

Electron micrographs of cells after 16 h growth in the presence of 4 mg/ml 
chloramphenicol have shown changes in the degree of organization of the mitochon- 
dria. Only a few diffuse mitochondrial profiles were visible, these structures did not 
appear to contain significant amounts of cristae. In addition, the chloramphenicol- 
inhibited cells contained noticeably more cytoplasmic membrane. 

The foregoing observations on the growth, absorption spectrum, oxygen 
uptake and cytological appearance of S. cerevisiae cells grown in the presence of 
chloramphenicol have suggested to us that the antibiotic specifically inhibits the 
synthesis of some of the mitochondrial proteins. The normal growth of the yeast in 
excess fermentable substrate in the presence of a virtually saturated solution of 
chloramphenicol (4 mg/ml) would lead one seriously to question the idea that the 
drug has an inhibitory effect on cytoplasmic protein synthesis in all organisms. 
Chloramphenicol is known to arrest the growth of bacteria s as well as some more 
highly evolved organisms such as Tetrahymena pyr i /ormis  (ref. I and M. HUANG, 
D. R. BIGGS, G. D. CLARK-WALKER AND A. W. LINNANE, unpublished experiments) 
and Euglena gracilisg, 1°. However, in contrast to cell-free bacterial systems it does 
not inhibit the incorporation of amino acids by isolated cytoplasmic ribosomes from 
yeastS, 6, or from mammalian organisms 4. The proposal offered by WEISBERGER AND 
WOLFE 1~ to explain these apparent anomalies in terms of the rapidity of messenger 
RNA turnover appears to be unsatisfactory in the light of the present studies, 
as these authors' explanation rests on data confined to Cytoplasmic ribosomal 
systems. We suggest it is more likely that chloramphenicol arrests the growth of 
higher organisms, dependent on intracellular organelles such as mitochondria 
and chloroplasts, because of a selective action of the antibiotic on these structures. 

Biochim. Biophys. Acta, 114 (1966) 434-436 

[368] 



436 PRELIMINARY NOTES 

Furthermore, it appears as a generalization that the structural differences between 
bacterial ribosomes and ribosomes from the cytoplasm of higher organisms, reflected 
by  their different sedimentation velocities, may be correlated with a functional 
difference in their sensitivity to chloramphenicol. In this regard ribosomes from 
chloroplasts resemble bacterial ribosomes in sedimentation velocity 12. It is suggested 
that amino acid-incorporating systems of mitochondria in general may be more like 
those of bacteria than those from the cytoplasm of higher organisms. 
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