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One of the most thoroughly inverstigated examples of extfachro- 

moaomal inheritance ie the respiratory defioiency of the aori- 

flavin-induced "petite" mutant of Sacoharomyoee eerevirlae 

(Bphrurel, 1953). The failure of the mutant cell8 to reepire Is 

due to an irreversible hereditary alteration of the structure 

and function of their mitochondria, which involves a complete 

lors of cytoohrome oridaze ruPdivi.ty and a partial loas of other 

mitoehordrlal coPPgonentz (Sphrussi and Blonizmki, 1955; Linnane 

and Still, 19%; Yotsuyanagi, 1962; S&ate et al., 1963; Mahler e- 
et al - ,*9 196rc) l Consequently, mltochondria have hypothetically 

been conridered to be the carriers of an extrachromosomal ge- 

netic information responsible for respiratory capacity. Thie 

view has recently been strengthened by the detection in highly 

purified yea& titochondria of a small but significant amount 

of DNA (&hats et al., 1964; 'puppy et al., 1965) and by the de- -- v- 
monetration of its involvement in mitochondrial RNA and protein 

synthesis (Winteroberger and Tuppy, 1965; Wiatersberger, 1965). 

In the preoent study spheroplastB of the respiratory de- 

ficient "petite" mutant were expoeed to Isolated yeast mite- 

ohondria. The treated cell8 were shorn to acquire respiratory 

capaaity and to undergo a heritable cytoplaemio tramformation. 
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The norenolature ueed to designate yea& rutants haa beon 

adopted from the work of Sherman (1963). The rymbola 9' and q-, 

re8p., denote the wild-type aad mutant &ara&er of the qto- 

Plamic faotor which goverrr respiratory capacity; a, ad, and 

th ixxli;Cate nutritional requirements, and &the mating type. 

The haploid yeast etrainr 276/3braad th 3' and D2734oBqk 

were made available to ue by Dr.H. Jakob and Dr.B. 8herman. The 

rergfratory deficient vegetative mutant, 276/3br#adthq-, wae 

proparod from the wild-type (9') &rain by treatment with ami- 

flavin aooording to the method of aragalandlkgai (1958); it war 

amble to utllise glycerol or acetate for growth and failed to 

reduee triphenyltetra~olium chloride (Ogur, 1957). The leucine 

auxmtroph, D273-loBat~~+, wan selected fror an ultraviolet 

irradiated remple of itr leuelne independent parent atrain. 

The yeasts were oultivated at 27'0 in the odium derorlbed 

by ~hrueri and Slonlmekl (1950) which was *lightly modified eo 

aa to oontaln only 0.3% yeast extract and 0.8 to 2.0% glueere. 

Hiniaal agar contained the following per liter: 18 g agar, 2 g 

(lV&+)2SO4, variow ealtr and trace elemente~ 2 mg biotln, and 

either 2ogglueoee or 68gglycerol. The #train 276/3brocadth 

war grown on minimal age-r rupplemented by the addition of IO m 

adenins and & pi thiamine hydrochloride per liter. 

8phez%plaets were obtained from the "petitow mutant brain, 

276/3bracadthq-,by treatment with digee&lve 3uioe of Helix po- 

matia uzlder conditiona clotaely similar to those of Duel1 et al. 

(1964). Prio, to digestion, the yeast cell8 were grown in a me- 

dium oontaining 2$ glucose for a period of 7 to 9 hr. The rield 

of epheroplaeta ranged from 75 to 60%. 

Bar the preparation of mitocholrdrla, D2!+1oBoc~~+cellm 
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were harveated in the stationary p-e, washed, ruepended in a 

solution contaiulry 0.25 Y mzcrose, 0.02 Y @&-ir buffer pE 7.4, 

and 0.005 Y BDTA, aud disrupted by rhakirrg with glam bead8 in 

a Herkenschlager disintegrator for 25 8eo (Schats et al., 1963). -- 
The homogeuato was adjusted to pH 7.4 ard centrifuged twice at 

4600 x 8 in order to remove intaot cella, cell debris, and 

nuclei. The mitochoudrial fraction was sedimented by centri- 

fugation at 73300x g. 

Spheroplaete obtained from 0.5 g of moi& 276/3bracadthq- 

eel18 were combined with the mitochordrial fraatlon prepared 

from 7 g (wet wolght) of D27+loBcc&q+cells arid rrmpended 

in a mauuitol aolution containing 0.02 Y trim buffer pli 7.4 ad 

0.005 Y l#DTA to give a total volume of 3.7 ml. Oonoentratious 

of mamitol in the nedium of 0.3, 0.55, 0.8, and 1.1 I( were 

teated for their effeot on the yield of transformed cells. The 

rirturer were kept at 4'0. After various infxabatlon~times a 

rarple rao withdrawn, diluted with mnnitol solution, and in- 

oculated ou mlnimal agar plates oontainirrg glycerol and, in ad- 

dition, adenine ard thymine. 

KIBULTS AX0 DISCl?8SIOH 

The mitochogdria wed for the present hudier of mito- 

ohordrial tranemfaslbllity were prepared from a leucine auxo- 

troph of a re6piring ha#Bofd S.oerevlrfae strain. Th&a strain 

grew readily on media crontaining either glmerol or glucore a8 

the source of carbon cud energy, protided that leuclne wa8 

8upplMd. On gl~erol-containing agar it formed white colonies 

of normal Bi8e. 

The respiratory defiolent reaipient strain was an acrl- 

flavln-idluoed~Npetite~ mutant, haplold, auxotrophia for adenine 

and thydae, and of the same mating type as the mlteohondrial 
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donor 8train. It ra8 unable to u8e glycerol for growth, and on 

ag8r OOntaining glucose, adenine and thymine it formed small 

white colonies. !I!he rea#iring strain, on the other hand, frog 

which the "petite" mutant had been obtained by treatmnt with 

aariflavin, grew well on aedia containizq glycerol, and the co- 

louiee formed on agar plate8 (in the prerence of added adouine 

and thymine) were Urge and red-brown in color (Ephrueei et al., -- 
1949). The acri$lavin mutant was entirely etable, PO epontaneou8 

revereion to re8plratlon, large-colony growth, or pigmentation 

being ever observed, in full agmemont with the irreverribility 

of the "petite" mutation reported by lSphru8ri et al.(1949). -- 
When 8pheroplaets of the respiratory deficient (9.) 8train 

were treated under suitable condition8 with mltochorrilria of the 

reapirlng (q+) RdonorN strain, a considerable number of them re- 

gained respiratory capaalty and formed rtable colouler coluiet- 

ing of respiring, haploid, non-sporulating cell& !Phe tramform- 

ltion could readily be demoxmtrated by plating on agar contalu- 

ing glycerol a8 the oarbon ax%! energy source aud adenine and 

thymime a8 8upplerentary nutrlent8, but lacking leucine. On eueh 

plate8 cell% of the "doporn atrain contcurinating the mitochond- 

rial fraotion fail to grow becraure of their leucine defieienoy, 

and cell8 and epheroplaetr of the recipient "petite" strain fail 

to grow due to their Inability of utilising glyoe,rol. Bphero- 

pla8t8, however, which have been tramsformed to re8piratory auf- 

fieieney, do grow out prd form large red-colored celoniea. 

Two hours of treatment of 8pheroplaats with mitooholdria, 

an incubation temperature of 4OC, and a mnnltol eonlentration 

iu the medium of 1.1 11 have been found to be eonditiona editable 

for mitooholdrial transfer. 2.6% of the re8piratory defioient 

8pheroplasts oould be converted into reepirirrg Cell8 fO*ng 
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Table I. Conversion of renpiratorj deficient yea& spheroplasts 
into reclDiring cell8 

Effect of the duration of lnaubation with mitochondria and of 
the molarity of mannitol in the medium on the percentage of 

cella transformed at 4'C 

Concentration of Percentage of cells transformed 
mannitol after incubation with mitochondria for 

in the medium 2hr 5b 20 hr 

1.1 Ii 2.6 2.3 2.1 

0.03 0.03 0.02 

pink colonies (Table I). An increase in the inoubation time re- 

sulted in a'deoreaeed yield of transformed cell@. When the mola- 

rity of mannitol was reduced from 1.1 Y to 0.8, 0.55, or 0.3 Y, 

the yield diminished by almost two orders of magnitude. 

The suoceeeful transfer of respiratory capacity mediated 

by mitochondria may be considered a8 evidence for these organ- 

el&qa to be transmissible aarrierrr of cytoplaamic genee. How- 

ever, further experiments are required to explore the mope of 

therre findings and to exploit the teohnique of mltochondrial 

traneier for more detailed lnvestigat&one of oytoplaamic inhe- 

ritance ard of nuclear-oytoplaamirrio relationrr. It ala0 remain8 

to be establiehed whether for 6uch eytoplasmio transformations 

whole mitochondrla can be replaced by modified or fragmented 

mitochondria or by isolated mitochondrial DNA. 8uoh experiments 

ere under way in thie laboratory. 

Respiratory defioient cells of geerevisiae, whlck la& 

the extraohromooomal genetic deteraainant of respiratory oapaei- 

ty, were aonverted into their tapheroplaats and the latter were 

treated with mitoehondria of a reapiring yeaat strain. A irise- 
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able portion of the treated eel18 acquired the ability to re- 

spire and to form noraal-slsed oolonies, indloating that &to- 

chondrla had been Incorporated into them. Yitoohondria may thus 

be re&arded as tranmiarlble oarrlera of qtoplaamic genes* 
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