
Rev. Urasil. Genet. 16,1, 1-9 (1993) 

(Brazil. J. Cenelics) 

ARS ACTIVITY IN THE YEAST MITOCHONDRIAL GENOME 
OF LOW-COMPLEXITY PETITE MUTANTS 
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ABSTRACT 

T l ~ e  reiterated lrag~ilc~lts of five low-co~~~plcxity rlro- ge~lo~~ws,  ~llapl)cd ill IIIC al)ocylocluo~~~c b 

region of mitocl~ondrial DNA fro111 Sncclmror~ryces cerevisine, wcre c lo~~cd  in UIC i~~tcgrative ycast vector YIp.5, 

yicldi~lg cigllt dillcre~lt co~lslmcliolls. Tl~cir cal);~city for auto~~o~nous replici~tio~~ (AIIS) was subscqucntly 

assayed ill yeast. One repeat unit fro111 four gellolllcs was sl~fficie~~t to c o ~ ~ r c r  all AIlS positivc pl~c~~otype but 

o~ily two rcpcat units fro111 one or UICIII co~~ferred ;~clivily. T l ~ c  results supl)ort tlie 11yl)olllcsis 111at the ARS 

11-~luclcotitle sequence motif could be t l~c  cis-aclive rcgio~i rcsl)o~lsiblc for the illitinti011 of DNA rel)lication 

ill rl~o- g e ~ ~ o ~ ~ ~ c s  devoid oC t l~e  putative cano~~ical ori scquellces. 

INTRODUCTION 

Plasmids containing autonomous replicating sequence (ARS) elements, are 
maintained as extrachromosomal DNA in yeast (Newlon, 1988). Direct evidence for the 
role of the 1 1-nucleotide ARS consensus sequence in DNA replication was provided by 
Brewer and Fangman (1987). We have previously shown that restriction fragments 
obtained from the mitochondrial apocytochrome b (COB) region, which encompasses a 
large segment of the mitochondrial DNA (mtDNA) from Saccharo~lrpces cccevisine 
D273-10B, exibit a variable degree of ARS-activity (Delouya er al., 1987). This activity 
has maximal values in two classes of recombinants (Figure 1): those containing 1660 bp 
of a segment belonging to the 5' half of the first exon up to the glutamyl-tRNA gene 

' ~ c ~ ) a r t a ~ ~ i c ~ ~ t o  dc I ~ ~ ~ u ~ ~ o l o g i a ,  I~lstituto de CiCl~cias Bio~r~Cdicas a ~ ~ d  2~cpert;lnlclllo dc Biologie, I~lstituto 

de BiociCncias, U~livcrsitl;~dc de Sio Paulo, Caixa Postal 11461,05422-970 S;io Pi~ulo, SP, Brasil. S ~ I I ~  cor- 

respo~~dcr~cc to F.G.N. 



2 Delouyn n11d N6brega 

located upstream (Mbo I fragment 2 from rho- mutant DS400/A12) and those containing 
a 2 1 10 bp fragment located downstream to the last exon of the COB gene (Mbo I fragment 
1 from DS400/A12). The downstream region carries ori 6, one of the mtDNA regions 
homologous to the canonical origin of the replication motif studied by Blanc and Dujon 
(1980) and De Zamaroczy et al. (1981). The ARS-activity of the upstream region was 
shown to be the strongest, as measured by the mitotic stability of the ura-independent 
phenotype in cells under selective pressure (Delouya et al., 1987). The presence of many 
stable and well-characterized petite mutants of low complexity, with genomes common 
to the upstream region, suggested a more biologically meaningful way of analysing the 
cis-dominant activity of a DNAsegment in the ARS assay: instead of using an arbitrary 
segment defined by a restriction endonuclease site, we decided to analyse the repeat units 
of some cytoplasmic petite mutants of low-complexity. It is shown that all 
low-complexity petites studied are able to confer replicative ability to the integrative 
vector YIPS although the relative strength of the ARS-activity varies over a wide range. 

MATERIALS AND METHODS 

Yeat strairzs, plasrrrids arld rrredia 

DS400/A12, DS400/N1, DS400/N7, DS400/M8, DS400/N9, DS400/N24 are 
rho- mutants derived from S. cerevisiae D273- IOB-A2 1 (Nobrega and Tzagoloff, 1980a). 
S. cerevisiae YNN27 is trpl-289, ura3-52, gal2 (Stinchcomb et nl., 1980) and was used 
in yeast transformation experiments. E. coli K- 12 strains JM83 (Vieira and Messing, 
1982) and RR1 (Bolivar etnl., 1977) were used as bacterial hosts for plasmidconstruction 
and rescue. Plasmids pBC200 and pBC283 are the two possible YIpS derivatives 
containing rho- DS400/A12 MboI fragment 2 cloned into the BamHI site (Delouya et al., 
1987). The plasmid YRp17 was obtained from R.W. Davis and is identical to YRpl2 
(Scherer and Davis, 1979) except for the loss of one EcoRI site (Celniker et al., 1984). 
YIPS has been described by Struhl et al. (1979) and the pUC family of vectors by Vieira 
and Messing (1982). Culture media for yeast and bacteria have been described by 
Delouya et 01. (1987). 

DNA preparotiorz, rrmnipu latio~z orld armlysis 

mtDNA and plasmid DNA preparation and purification were carried out as 
described in Nobrega and Nobrega (1986). DNA purification, dephosphorylation, 
ligation, E. coli transformation with CaC12, Southern blots and preparation of 
nick-translated probes followed the standard procedures described by Maniatis et al. 
(1982). Yeast transformation by \he LiCl procedure, transformant characterization and 
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preparation of plasmid DNA from yeast transformants were as described by Delouya et 
al. (1987). 

DS400/N24 mtDNA was cut in the unique HinfI site (Figure 1) and thereafter 
treated with 1U of S1 nuclease for 20 min at room temperature, and precipitated with 
ethanol. The blunt-end fragments were ligated to SmaI digested and dephosphorylated 
pUC9, yielding pUN24, which carries one repeat unit (170 bp) and pN24x2, which 
includes two repeat units of the mtDNA of this rho-. The cloned fragments were excised 
(EcoRI-Hind3) and transferred to the EcoRI-Hind111 sites of YIp5, generating the 
recombinants pN24 and pN24x2. The mtDNA from rho- mutants DS400/N1, DS400/M8 
and DS400/N9 was cut in the unique MboI site (+320) and cloned into the BamHl site 
of YIpS, giving rise to pN1, pM8 and pN9S respectively, each containing only one repeat 
unit (430 bp, 1440 bp and 910 bp respectively) of the corresponding mtDNA. The 
reiterated fragment of DS400/N7 has an internal deletion, eliminating the MboI site 
common to DS400/N1, DS400/M8 and DS400/N9 (Figure 1). We therefore used the 
unique HaeIII site (+766 bp) for cloning the genome repeat unit (720 bp) at the HincII 

P i g ~ ~ r ~ ,  I - Loc;~tio~r of tlrc co~~srrvrtl srglrlrlrls of 1nll1NA ill Ilw rlro illutellls sti~tlii.tl. '1'11~ 11rlra cxo~rs of tha 
apcytoc luol~~e  b gc~rc (Bl, 0 2  and B3) a ~ ~ t l  llrc gluta~nyl-tRNA gc~w (GLU) ;ire i~~tlici~tad ;rbove l l~c  1i11e Ilr;rt 
mymse~rts rlro- DS400/A12 anti its seven MboI restriclio~~ fr;rg~rlc~~ts. The cxpa~~tlctl part of t l~e figure sl~ows 
tlre region occc~pied by tlre rlro' DS400/M8 a~vl  otlrcr four s~rrallcr lxtiles: DS400/N9, DS400/N7, DS400/N1 
ant1 DS400lN24. Tlrc vertical arrow i~rdicatcs t l~c localio~l of l l ~ c  11-~iuclcotitlc ARS c o ~ l s c ~ l s ~ ~ s  seqrlclices 
mappcxl previoosly (Ddouya eta/., 1987). Tlrc sy~~rbols usetl to dc~rote t l~e restrictio~r sites are: I I i~ ln  (V), MboI 
(a), CcoRI (O), ant1 IIaeIII (I). 



site of pUC7. The insert from the corresponding constnlct (pUN7), was excised (BamHI), 
and cloned into the BamHI site of YIp5 yielding pN7 and pN7x2 (containing two inserts 
in tandem). Using the same HaeIII site, alternative recombinants derived from DS400/N9 
were generated: the fragment (9 10 bp) was cloned into the HincII site of pUC7 originating 
pUN9. This insert was subsequently cloned into the BamHI site of YIp5 yielding pN9. 
The orientation of the cloned segments in the vector (Table I) was determined by the 
appropriate diagnostic restriction endonuclease digest ions (Figure 2). 

Figun: 2 - Agsrosc gel (I %) elcctrol)l~orcsisof 
Y1p.5 plas~l~itl tlcrivillivcs c o ~ ~ l n i ~ ~ i n g  lllc 
conservctl seglilcllts of low-co~nl)loxily rl~o- 
~mllanls. 1, pM8; 2, pN9; 3, pN9S; 4 a ~ ~ d  5, 
pN7; 6 n~ltl 7, pN7x2; 8. k11ow11-sizc DNA 
f n g ~ ~ ~ c ~ i t s  tlorivrtl fro111 plas~~litl pCL778/44 
digcslctl wit11 Ililln are, fr0111 tllc uppennost 
hultl (in kb): 5.5, 1.6, 1 .0,0.6,0.5,0.4,0.3,  
0 . 2 2  ant1 0 .15;  9 ,  pN1 n~ld  10, YIp5. 
Restrictio~~ ellzyllle tligcstio~ls were EcoIlI 
(1i111cs 1 to 3). Uo111111 (lancs 4 a11tl G) and 
IlcoRI/S;111 (Iiulcs 5, 7 . 9  and IIillfI (Inl~c 8). 

RESULTS 

The rho- mutants studied were all characterized during the study of the mtDNA 
region that encodes the apocytocl~rome b gene in yeast. Their complexity and deletion 
end-points were defined by DNA sequencing (Nobrega and Tzagoloff, 1980a,b). The 
conserved segments of the rho- studied overlap considerably (Figure 1) over the first exon 
of the "short" apocytochrome b gene. The recombinant clones constnlcted show a group 
with high ARS-activity as shown by the mitotic stability under selective conditions: pN1; 
pM8; pN9S and pN9 (Table I). In particular, recombinant pN1 coilld be regarded as a 
natural subclone of the MboI fragment 2, shown previously (Delouya er al., 1987) to be 
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Table I - T n ~ l s f o n ~ ~ a t i o ~ i  e f i c i e ~ ~ c y  and ~nitolic stability of YIp5 tlcriv;~tives of yeast rho- n~ilocllo~~drial 

geliomes. 

Plas~liid' ~ r i i ~ l s r o n ~ ~ a ~ ~ t s ~  Sclcctive Non-sclcctive Size of 

sti~bility' stabilityd inserte 

a: YIp5 derivatives c o ~ i t a i l ~ i ~ ~ g  011e or two repcat t~ l~ i t s  of IIE rho- genolncs as i~lscrts (scc Materials and 
Mcll~ods). 

b: N~u~lber of yeast trallsfonnal~ts per pg of plaslllid DNA. 

c: Pcrccl~tage of ura' cells in n populatio~i growing tuldcr sclcctive co~lditiolls. 

d: As in c but after five gcncn~tiolls in rich ~ l ~ c d i u ~ n .  

c: Size of ll1tDN.4 i ~ l ~ c r t  ill hlse pairs. 

f: Oria~t i~ l io~i  of i~lscrt (cyt b gelm) is ol)l)ositc to llu tct gcllc ill  YIp5. For tl~c rc~llal~il~g co~lstmcts the 
o r i c ~ ~ l i ~ t i o ~ ~  is die salile as lllc tct gc~le. 

g: Ahrt ivc tnnsfon~ia~~ts.  

(Values arc t l~c  avenge fr0111 tllree experi~iie~its). 

the most active in the ARS assay (Table I, pBC283 and pBC200). The short genome of 
this rho- (DS400/Nl) is almost con~pletely contained within MboI fragment 2, derived 
from the complex rho- DS400/A12 (Nobrega and Tzagoloff, 1980a,b) and encompasses 
only 430 bp, with a ARS consensus at position + 110 (Delouya et nl., 1987). In this group 
the percentage of cells carrying the recombinant plasmid ranges from 11 to 5.5%. The 
low activity group is represented by the recombinants containing the repeat units of 
DS400/N24 (170 bp) and DS400/N7 (720 bp). They have a mitotic stability below 1% 
(Table I). Reiteration increased the stability of these low ARS-activity DNAsegments as 
shown in a comparison between pN24x2 and pN24. In the case of pN7, recombinants 



with a single copy of the repeat unit gave only abortive transformants that failed to grow 
when re-inoculated onto selective medium. The recombinant pN7x2, with two copies in 
tandem, gave a weak but consistent ARS-activity. Recombinant plasmids identical to the 
original constructs (Figure 2) were rescued in E. coli from single colony isolates of yeast 
transformants grown on selective medium. This was possible from all constn~cts except 
pN7. 

DISCUSSION 

The high stability constructs (pN1; pM8 and pN9) derive from rho- mutants that 
overlap (Figure 1) and define a common region of 292 bp, from position +74 to position 
+365 in the apocytochrome b gene (Nobrega and Tzagoloff, 1980b). Within this region 
Delouya el al. (1987) located a rDNA-like ARS consensus (Kearsey, 1984) at position 
+110. The unit segments retained in DS400/N24 and DS400/N7 yielded recombinants 
about ten times weaker in terms of mitotic stability (Table I). DS400/N7 had to be present 
as two copies to exhibit a very weak ARS-activity. The reiteration effect on the ARS 
activity was demonstrated for a 64 bp petite genome by Zeifel and Fangman (1990). In 
this case the unit segment had to be present eight or more times for the ARS activity to 
appear. The retained segments of DS400/N24 and DS400/N7 have no overlap with the 
292 bp region common to the other three rho-. Delouya et 01. (1987) located a putative 
ARS consensus sequence common to DS400/N24 and DS400/N7 at position -85. A 
con~parison of the relative stabilities of genetic markers in rho- mutants DS400/Nl; /M8, 
/N9 and /N7, showed that the first three exhibited a higher stability upon continous 
subculturing, when compared to DS400/N7 (results not shown). The correlation between 
ARS-activity and replication/maintenance of rho- genomes was suggested initially 
(Delouya et al., 1987) by the finding of this activity in mtDNA fragments common to 
low complexity petite mutants. No activity was found in fragments from regions where 
no low-complexity, exclusive and stable petites were described, despite the presence of 
genetic markers that allow fora targeted harvest of rho- mutants (De La Salle etal.,  1982). 
A further study dissected the ori 6 region located downstream from the apocytochrome 
b gene (Delouya and Nobrega, 199 1) and the ARS-active segments identified always had 
a homologous counterpart in a collection of neutral or suppressive petites derived from 
different ori sequences, described previously by De Zamaroczy et al. (198 1) and Baldacci 
et 01. (1984). The results presented here expand this finding to five low complexity rho- 
derived from a mtDNA region that lacks described ori or rep sequences. This suggests 
that a positive ARS assay indicates replicative potential inside the organelle and supports 
the idea that nuclear and mitochondria1 DNA replication systems share functional 
similarities. Recently Zweifel and Fangman (1991) described a yeast nuclear gene 
(MGT1) that is required for the displacement of the rho' genome in zygotic clones 
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