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Swmmary. The nucteotide sequence of the repeat unit
of the mitochondrial genome of a spontaneous petite
mutant of §. cereviviae 1s reported.  The sequence
provides direct information on the AT-spucers and
GC-clusters of the mitochondrial genome of yeast.

Introduction

The mutochondrial genome of Saccharomyees cerevi-
slee wild-type ceils has 4 GC content of 18% (ber-
nardi et al., 1970}, the lowest reported so far for a
functional genome, and contains, in addition to mito-
chondrial genes, two particular sequence elements:
@) the AT spacers (GC < 5%) form about 50% of
the genome, and are made up of short, alternating
AT:AT and non-alternating A - T sequences (Bernardi
et al., 1970; Prunell vt al, 1974); b) The GC clusters,
(GC =45-60%), account for 10% or more of the ge-
nome. Two sorts of GC clusters have been dis-
tinguished {(Prunell et al.. 1977; Pruneil and Bernardi,
1977y: 1) The (CCGG, GGCC) clusters, characterized
by a local concentration of Hpa 1l and Huae HI restric-
tion sites, are present i 60-70 copies per mitochon-
drial genome unit; 2) The GC-rich clusters do not
contuin thase restrici:on sites but appear to be largely
contiguous to the CCGG sequences, whether isolated
or clustered with GGCC  sequences. We  have
supecsted that the AT spucers are to some extent
internally repetitive and palindromic in sequence, and
rthat the (CCGG, GGCO) clusters, and possibly the
G -rich clusters, are to some extent symmetrical and
homologous in sequence (Prunell and Bernards, 1974
Prunell and Bernardi, 1977).

The physiologicul role of AT spacers and GC clus-
ters 1s not yet established. “ Allelic™ AT spacers ap-
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pear to vary in length in different Succharoniyees
strains and in the progeny of crosses eriginating from
such different strains, probably because of unequal
crossing-over events (Prunelt et al., 1977; Fonty et al..

1978). On the other hand, the GC clusters might play ©

regulatory roles and correspond to sequences involved

in the initiation of replication, in RNA processing,
and/or to promotor and operator sequences (Pruneil
and Bernardi, 1977). In any case, it has been shown
that the GC clusters, and possibly the AT spacers,
act as preferential sites for the excision {see Fig. 1)
of the defective genomes of spontaneous *“* petite ™ mu-
tants (Fonty et al., 1979). Under these circumstances,
direct information on the nucleotide sequences of AT
spacers and GC clusters is of great interest. With
this purposc in mind, we have sequenced the repeat
unit of the mitochondrial genome of a spontiancous
“petite” mutant, a, gz, already investigated in our
laboratory (Fonty et al., 1979). This ™ petite” genome
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1s made up of perfect tandem repetitions of a DNA
scgment which arose from a sector corresponding to
map positions 27 to 46 on the wild-type genome of
strain. K1 14-4A (Fonty etal.. 1979), (see Sunders
ctal. 1977).

Resulis and Discussion

Fig. 2 shows the complete sequence of the repeat unit
of 4y 1p.zy- The sequence is 416 nucleotides long and
contains 60 GC base pairs (GC =14.4%). 30 of these
are clustered in:a)a central row. (A}, of three penta-C
repeats, (the first one of which contains an A). each
of which is preceded by an A or a T: this cluster
contamns part of the Mbo [ site: b) two symmetrical
heptanucleotides, (B. C). GGGTCCC, GGGACCC,
externally flanked by two GG doublets: one of these
sequences includes the Hpa 1l site and the sequence
cut by Mbo II. The first cluster is 78%, the other
two 89% in GC.

The 380 nucleotides outside the GC clusters con-
tain 30 GC base pairs (GC=7.6%), and are formed
by short alternating AT: AT and non-alternating A: T
sequences with sparse GC buse pairs. never present
i sequences longer than 2 nucleotides. The long AT
stretehes include a number of repented. symmetrical,
and palindromic sequences. some of which are indi-
cated in Fig. 70 The 47 base pairs forming the right

Hpall  Mbeli
| a Q

end of the repeat unit, as presented in the figure, are
remarkable in that they are formed by a large palin-
drome, 23 nucleotides long, and a small symmetrical
sequence, TTATT, flanked by the two symmetrical
GC clusters,

These findings are interesting for two different
series of reasons. First, they confirm several previous
results and suggestions: that AT spacers are made
up of short alternating and non-alternating AT se-
quences (Ehrlich etal., 1972) and contain repeated
sequences and palindromes (Prunell et al.. 1977); that
GC-rich clusters are largely contiguous to Hpa 11 sites
(Pruncll and Bernardi, 1977); and that the buoyant
density of yeast mitochondrial DNA is higher than
expected from the p vs. GC relationship established
for bacterial DNAs (Bernardi etal, 1970). If the
latter (Schildkraut etal., 1962) were used, the buoyant
density of the ay. 4z, DNA, (p=1.683 gfem?, Fonty
etal., 1979), would indicate a GC content of 23%.
a value 9% higher than the analytical one. No infos-
mation was obtained on the (CCGG, GGCC) clusters
since none of these was present in dy.4p 7. Cosson
and Tzagoloff (1979) have just shown, however, that
these sequences fit our predictions (Prunell and Ber-
nardi. 1977), in being palindromic, in being present
in more than one copy per genome, and in being
contipgnious to GC-rich clusters.

On the other hand, these results open the way
to the study of replication and excision ol mitoechon-

3 x b . b

w ——— —_——

5’CCGGATATCTTCTTGTTTATCATTTATTﬂTTTTATTAAﬁT

'ATTﬂT?TTTﬁRTTTﬂTATTTATATTATAT&&TT&ATT&TATCGTT

TATT
GECCTATAGAAL “ACARATAC AﬁﬂTAATAAA&TﬂﬂTTTLLAW#ATAATAﬁAAATTAﬂﬁTATAAATATAATATATTRATTAATATAGCA@

it 45

90

1ﬂTﬁCCTTATTéTTATTATATA&TATATT&TQTTﬁTTﬁTAﬁTRTATTTﬁTTGATTATATTﬁTAAéﬂTTTATTCTATGTGTGTTCTATATA
ATATGGAATAA?A&TAATATATTATATRATﬂTAﬁTAATATThTﬂTAAATAACTRATATAATRTTTTAAATAAGATﬁCACACAAEATATAI

135

Mbol
i A

180

’

[

) L4
TATTTAATATTC?EGTTATTGATCACCCACCCCCTCCCCCThTAAAACTTAGTTTATTRCTTATATﬂTTTATAAATATA&ATCT&ACTTA
hTA&A?TATAAFACCﬂATﬁACT&ETGEGTGGGGGQGGEGGAT&TTTTGAATCAAATA&TGﬁATATﬁTAAATATTTATATTTAGATTG&AT

T 225

270
a

ATTAATAATT?ﬁQRTAATATATCTHTATHTATAﬂATTﬁATEThTTATﬂTThTATTTTTATATAATATATTATTAATTATTATTTTAATTT
TﬂATTﬂTTﬂ#ATTTETTATATAGATATATATATTTAATTAC&TA%TﬁTAATAT&AAAATATﬁTTATATAATAATTAATﬁhTAﬁAATTAAﬁ

313

B a 4q°

Mboll Hpa il 360

TCTATTCTATTG TEEGEGETCCCARTTATTATTTTCAATARTARTTCTTATTSGGACCCEE 37
ACATAAGATAACACCCCCAGGETTAATAATARRACTTAT A TTAAGAATAACCCTROECE

405

(I

i 20 Nuecleond seguence of the repeat o of the mitochandrial senonie of spentineous Upetite” mutant d; gg 4, This PDNA was

aded b st Hpa I Mo Loor Mo 1L dephosphons Lited with £, coli alkaline phosphatase. rephosphorviated with *7P- fabelled

SEP wsimy pobvs woleonde Rnases and degraded agam with Mba |, Hpa 1T and Mbol, respectively, Restriction fragments were then
soparted hyocel clectropliresis and seguenced econding o Masam and Gilberl. AL B and C indicate the GO-rich clisters: a and
srepeatvd decoaucleonde and g orepeated hevaueleotide. respoctively: a’. Booe and &7 patindramic sequences in the AT stretches.

Pl rostricting ~an-

af Hpadlo Mbe D and Bhol ae indicoted by arrows: the recognition site of the laer enzyme is also indicated



C o Guillard and G, Bernard; - The Nudleotde Sequence of the Mitochondrial Genome 337

driad DNA in yeast, a) The genome of w4, ., does
not contain any gene or gene segment, but is capable
ol replication. The excision process leading to the
tormation of spontaneous “petite™ genomes is highly
conservative as far as the excised sequence is concer-
ned (Fonty et al 1979). In contrast to that leading
to ethidium induced Upetite”, where scquence rear-

rangements are frequent (Lewin et al., 1978). Tt is ¢
hkely. therefore, thut the repeat unit of a; 55, con- |

tains a site for the initiation of DNA  replication,
b} Sequence work on the genome of another ** petite ™,
ay . whose repeat unit contains that of 4yr 74
(Fonty et al., 1979). should shed some light on the
nucleotide sequences involved in the excision of
41k o1. sinee it should provide information on the
nucleotides flanking the repeat unit of a; 1z.5,.

We wish to thank Dr. Giuseppe Baldacei for the gift of the mito-
chondrisl DNA from dy owgy.
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