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One of tne major unsolved problems of cell neredity is tne molecular nature 

and informational role of cytoplasmic nereditary determinants. In yeast, tne formation of 

respiratory enzymes and mitocnondrial structures is under tne nereditary control of botn 

cnromosomal genes and cytoplasmic genetic determinants (Epnrussi, 1953 ; Slonimski, 1953 ; 

Yotsuyanagi, 1962 ; Snerman and Slonimski, 1964). Tnere is cnemical (Scnatz et al 1964) and --I 
cytological (Yotsuyanagi, 1966 ; Yotsuyanagi and Guerrier, 1965) evidence tnat yeast mito- 

cnondria contain DNA. We nave asked tne question : is tne mitocnondrial DNA modified in cyto' 

plasmic "petite" mutants ? 

DESIGN OF EXPERIMENT 

A comparison of properties of mitDNA* tnat will bear on tne molecular nature of 

cytoplasmic nereditary determinants nas to fullfill simultaneously tne following genetic 

and pnysiological criteria : 

a) Strains tnat differ by tne presence or absence of tne p f cytoplasmic determinant nave 

to be as cl.osefy isogenic as possible in respect to cnromosomal genome. Tnis is easy to 

realize because acriflavine induced or spontaneous cytoplasmic "petite" mutations do not 

modify nuclear information (Epnrussi, 1953). 

3) Strains tnat differ by tne presence or absence of one of tne cnromosomal wild type alle- 

les, J&, controlling respiratory enzymes nave to be as closely isogenic as possible in 

respect to cnromosomal and cytoplasmic genomes. Tnis can be realized by comparing a px 

mutant witn its back mutant, P+ ("grande**). 

6 mitDNA = mitocnondrial DNA, p + = cytoplasmic nereditary determinant of mitocnondrial 
*espiration and cytocnrome oxidase syntnesis, p-= absence of tne active determinant, 
3 
-x = wild type alleles of cnromosomal genes controlling mitocnondrial respiration, 
‘X = corresponding mutated inactive alleles. 
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:) Comparison nas to be made not only between a "grande" and a "petite" strain, but between 

two "petite" strains,one cytoplasmic, tne otner cnromosomal of identical metabolic pne- 

notypes. Tnis control is of paramount importance because it permits to test for tne 

presence of tne genetic determinant p+ under metabolically gratuitous conditions. If tnis 

control is missing, and if a difference in mitocnondrial DNA content is found between 

a "grande" and a "petite" strain, a wrong conclusion may be drawn. Indeed, mitocnondrial 

development is greatly influenced by tne respiration and tne fermentation of tne cell 

(Slonimski, 1956, 1958 ; Epnrussi et al, 1956; Yotsuyanagi, 1962), wnicn are, of course, 

completely different in &pf and F& p’ cells. In sucn a case, tne effect due to diffe- 

rences in cell metabolism may be misinterpreted as being tne genetic cause of tnese 

differences. 

Tnerefore tne amount and/or molecular properties of mitDNA nave to be compared 

in a set of four cellular genotypes (I&P+, px P+, px P-, & P'), tne tnree latter leadin! 

to "petite" pnenotypes. If one finds tnat mitDNA differs in tne first genotype from tne 

tnree otner genotypes, it is clear tnat tnis difference reflects cnanges in respiratory 

metabolism and is irlrlevant to cnanges in cytoplasmic genome. If, on tne otner nand, 

one finds tnat mitDNA is identicdl'in tne first two genotypes and different from tne 

two otners it is clear tnat tnis difference is not due to cnanges in respiratory metabo- 

lism and reflects cnanges in tne cytoplasmic genome. 

Tne necessity of tnis experimental design was not realized by Corneo et al 196< e-9 
and Tewari et al 1966, nave drawn a logically wrong conclusion from tneir experimental - -9 
results. Moustaccni and Williamson, 1966, nave compared a cnromosomal mutant witn a 

cytoplasmic one, but unfortunately tne strain used DPI-IC (cy,-, Pp+) is not a respi- 

ratory deficient one and syntnesizes normal cytocnromes a, a 3 
and b (cf. Slonimski et al --9 

1963). 

d) Cytoplasmic "petites" belong to several nereditary classes that can be distinguisned by 

tne respiratory pnenotype of tne diploYds issued from tne cross of "petite" by normal 

"grande". In tne case of a *'neutral petite" (pi ), tne great majority of diploYds respire 

and tne "petite" cnaracter benaves tnerefore as a recessive one. In tne opposite case, 

i.e. "suppressive petite" (pi ), tne great majority of diploYds do not respire and tne 

"petite" cnaracter snovs a dominant benaviour (Epnrussi et al, 1955 ; Epnrussi and 

Grandcnamp, 1965). Tne question nas to be asked wnetner mitDNA is identical or not in 

different nereditary classes of cytoplasmic "petites". 

e) Tne development of mitocnondrial enzymes and structures is repressed by an intrnse fer- 

mentative metabolism of C and energy source (Slonimski, 1956, 1958 ; Epnrussi et al - -* 

1956 ; Yotsuyanagi, 1962; Utter et al, -- 1965). Tnis metabolic repression can be made 

inoperative in two ways : by growing yeast on a non fermentable energy source (eg. etnano: 

lactate) or by growing it on a fermentable one (es. glucose) but under conditions wnere 

glucose is tne sole limiting factor of tne rate of growtn. Tne first way cannot be 

applied to "petites" wnicn, by definition, do not grow on non fermentable energy sources. 
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In tne present work, all strains are grown aerobically at 28O C in a cnemostat ; tne 

medium contains 1% Difco yeast extract, 0,12% (NH ) SO 4 2 4, 0,12% KH2P04 and glucose (5% 

in tne reservoir) is delivered at tne wasning-out rate f = 0,ll ru‘-l. (cf. Novick and 

Szilard, 1950). Tne cell density is maintained between 2,2 and 3 mg dry weignt per ml 

for various t'petite'* strains. 

In tne present work, comparison is made between four strains : 

- D243-2B (p7p+, Snerman and Slonimski, 1964) a cnromosomal, single gene mutant deficient 

in cytocnromes a, a3, b and naving no respiration. It carries tne cytoplasmic determinant 

P+’ 
Cultures of tnis strain contain generally less tnan 2Vk ofp- cells (tested by comple- 

mentation witn C-982-19dA 1' cf. Jakob, 1965) altnougn tnis proportion may snow some fluc- 

tuations. 

- D243-2B-R, (F'7 p+) a respiratory sufficient strain isolated from tne previous one. Tnis 

reversion nas been snown not to be due to an unlinked suppressor mutation. Cultures of tni. 

strain contain less tnan 5% of p- cells. 

- D243-2B-g (~7~;) a cytoplasmic neutral mutant derived from tne first strain and metabo- 

lically identical witn it. Cultures of D-243-2B-g contain 100% of p-cells. Tne degree of 

suppressiveness (cf. Epnrussi and Grandcnamp, 1965 ; Snerman and Epnrussi, 1962) as deter- 

mined witn C-982-19d (gp+) tester is very low (less tnan 5%). 

- D243-B-13 (p7 p;), a cytoplasmic suppressive mutant derived from tne first strain and 

metabolically identical witn it. Cultures of D243-2B-13 contain 100% of p- cells. Tne 

degree of suppressiveness is very nign (k 90%). 

METHODS 

Cells are suspended in sucrose 0.44 M, Tris pH 3 7, 0.02 M, EDTA 0.001 M 

(cf. Manler et al 1964) and broken down in a refrigerated Nossal snaker witn glass beads --p 
(30 sec.). Intact cells and debris are eliminated at 1000 g in 10 min. Two metnods of iso- 

lation of DNA nave been used : 

1) Intact cells or mitocnondria ricn fractions are frozen down at -25O C and 

tnawed back in Tris 0.01 M, EDTA 0.01 M. Duponol (1%) is added and tne mixture incubated 

for 3nrs at 37O C. DNA is purified by successive treatments witn pronase, T, and pancreatil 

RNAases, tnree deproteinisations by Sevag procedure and precipitations witn etnanol and 

isopropanol (Smitn and Halvorson, 1966). 

2) Mitocnondria ricn fraction is treated witn pnenol in tne presence of EDTA 

0.01 M and Duponol 1%. DNA is purified by successive treatments witn RNAases and etnanol 

precipitation (cf. Marmur, 1961). 

Analysis of DNA is carried out by CsCl gradient (Meselson et al 1957). Tne e-9 
density marker is Micrococcus lysodeiticus (kindly supplied by Dr. L. Hirscnbein) DNA 

taken as 1.731 g cm -3 (Scnildkraut et al 1962). - -9 
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RESULTS 

DNA isolated from wnole cells of a '*grande@* (f;,~+) snows tnree components : 

a major band (1.701 g cme3) and two snoulders, -3 one lignter (1.687 g cm ) and one neavier 

(1.705 g cm'3). Tnis result is in good agreement witn recent data (Tewari et al 1965 ; --* 
Corneo et al, 1966 ; -- Moustaccni and Williamson, 1966 ; Guh-ineau et al, 1966). Fig. 1 snows -- 
tne tracing of DNA isolated from tne mitocnondria ricn fraction of tne same strain : now 

tne main band corresponds in density to tne lignt satellite (1.687 g cms3) of tne bulk DNA. 

Tne 1.687 g cm -3 band snows a typical absorption spectrum of nucleic acids and disappears 

after DNAase treatment. Similar results nave been recently reported by Smitn and Hafvorson 

(1966). 

Fig. 1 Fig. 2 

IIIs!rb 
l.687 l.701 Marker 

1.683 1.687 g/d 

Fig. 1. - Microdensitometer tracing of mitDNA from a "grande" centrifuged to equilibrium in 
a CsCl gradient. Tne major peak nas a different density (1,687) from bulk DNA of 
tinole cells (1.701). 

Fig. 2. - Differences in density between mitDNA from a cytoplasmic "petite" and a "grande". 
Artificial mixture of tnese two DNA's clearly snows tne existence of two compo- 
nents of different density. 

Table 7 summarizes t&e main features of DNA's isolated Prom wnole cells and 

from tne mitocnondria ricn fractions of various strains. DNA of nuclear origin snows no 

difference in density. Mitocnondrial DNA presents remarkable differences according to tne 

cytoplasmic genome : it is lignter in cytoplasmic neutral "petite" (1.683) and neavier in 

cytoplasmic suppressive "petite" (1.69&j), botn being different from tne "grandetl (1.687). 

In view of tne design of experiment it is clear tnat tnese cnanges in the density of mitDNA 

are specific to cytoplasmic mutations and do not reflect neitner tne cnromosomal mutation 

nor cnanges in mitocnondrial metabolism. Fig. 2 snows tnat differences in density of 

mitDNA altnougn small are significant because an artificial mixture of purified mi~NA's 
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can be resovolved by CsCl gradient into its original components. F'urtnermore tne amount 

of mitDNA syntnesized in different strains, "grandes" or "petites", is of tne same order 

of magnitude (table 1). Tnis amount (ca 12% of total DNA) is men nigner in cnemostat, 

glucose-limited, grown cells tnan in ordinary glucose grown cultures. Tnis may be due to a 

greater extent of fermentative derepression and/or to a slower growtn rate. It snould be 

added tnat : 1) wnatever tne metnod bf isolation of mitDNA, tne differences in density 

resulting from cytoplasmic mutations are constantly observed, 2) "Grande" strains of diffea 

rent cnromosomal genotypes snow tne same mitDNA of 1.687 density, but in various amounts. 

St can be concluded tnat tne cytoplasmic @petite*' mutation is not due to a lo. 

of mitDNA but to a cnange in its buoyant density. F'urtnermore, two extreme genetic states 

of tne cytoplasmic, nereditary determinants, tne recessive and tne dominant one, differ in 

tne density of tneir mitDNA. Tne mitDNA may be identified tnerefore witn tne p genetic 

determinant and tne mecnanism of nereditary cnanges of its buoyant density raises several 

questions : does it correspond to changes in tne base-composition, to differences in tne 

extent of metnylation or to tne presence of unknown components ? 

Do different cytoplasmic mutations result from an induced cnange in tne 

density of a single molecular species of mitDNA or from a selection, tnat could be eitner 

intermitocnondrial or intramitocnondrial, among a population of non-identical mitDNA 

molecules originally present in tne wild type cell ? 
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