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Saccharomyces cerevisiae nuclear genes S[/V3 and DSS7 encode putative RNA heli-
case and RNase [I, respectively, which are subunits of the mitochondrial degrado-
some (mtEX0): a three-protein complex which has a 3' to 5’ exoribonuclease activity
and plays a major role in regulating stability of mitochondrial RNA. Lack of either of
the two gene products results in a respiratory negative phenotype, while on the mo-
lecular level it causes a total block of mitochondrial translation, loss of the in vitro
exoribonuclease activity and changes in stability and processing of many mtRNAs.
We have found that the yeast nuclear gene PET127 present on a low or high copy
number vector can effectively suppress the effects of the SUV3 or DSS! gene disrup-
tions. Since the product of the PETI27 gene is involved in processing of the 5' ends of
mitochondrial mRNAs, we suggest that there is a functional coupling between the 5’
and 3' ends of mitochondrial mRNAs.

Turnover of RNA in yeast mitochondria is  three protein subunits and in vitro shows a
regulated by the protein complex called degra-  3'-5" exoribonuclease activity. Two of the
dosome or mtEXO [1, 2]. It is composed of  three genes coding for the constituents of the
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degradosome have been identified: the nu-
clear gene SUV3 codes for a 84 kDa protein
which is a NTP-dependent, putative RNA heli-
case from the DExH bhox family [3]; the nu-
clear gene DSS1 codes for a 110 kDa protein
showing homology to RNasell from E. coli [1,
4]. The third subunit of the degradosome, a
75 kDa protein, has not been identified yet.

Deletion of either the SUV3 gene or the
ISS1 gene results in a deregulation of the de-
gradosome and leads to many phenotypes.
The deletion strains are respiratory negative
and quickly lose their mitochondrial ge
nomes, Intronless mitochondrial genomes are
more stable, but translation in such strains is
blocked and no in vitro activity of the 3'-5'
exonuclease can be detected. In addition sig-
nificant changes in mtRNA stability and proc-
essing can be observed: steady-state levels of
COB mRNA and of 168 rRNA are very low
and precursors of 215 rRNA and VARI
mRNA are accumulated [1]. In the deletion
strains where introncontaining mitochon-
drial genomes were introduced accumulation
of group I introns was observed, while COX1
and COB mRNAs were increasingly unstable
depending on the amount of introns present
[5].

We have proposed a model for functioning
of the mitochondrial degradosome [1] assum-
ing that it interacts with the 3' ends of mt-
RENAs and participates in RNA turnover de-
pending on interactions with RNA structures
and with three protein complex of dodecam-
erase — the enzyme which generates 3’ ends

Table 1. Yeast strains used in this study

Several other nuclear-coded proteins affect-
ing mENA stability were found in yeast mito-
chondria. A specific factor interacting with
the 5' end has been described for the COB
mRNA, and it is coded by the nuclear gene
CBP1 [7]. The putative roles for the Cbpl pro-
tein include processing of precursor RNA to
yield the mature 5' end and protection of the
mENA from a nuclease activity. The nuclear-
coded protein Socl has been also suggested to
play a role in this process, but the SOC1I gene
has not yet been identified [8].

Another protein affecting mitochondrial
RNA stability is the product of the yeast nu-
clear gene PETI27 [9]. The Pet127p is local-
ized in the mitochondrial membrane and it is
necessary for efficient 5' processing of sev-
eral precursor transcripts. It has been sug-
gested that Pet127p functions in mRNA sur-
veillance system, eliminating precursors with
unprocessed 5' ends.

In this study we show that the PET127 gene
can act as a low-copy number or high-copy
number suppressor of the deletion of either
SUV3 or DSS1 gene. It restores respiration,
translation and mtRNA processing. Our find-
ings suggest that there is a functional cou-
pling between proteins interacting with 5'
and 3' ends of mtRNAs.

MATERIALS AND METHODS

Yeast strains used in this study are listed in
Table 1. YPGly medium contained 2% glyc-

_i:‘:t:rain ‘Nur:]eaf g_EnDt}l'pE Mitochondrial Sau_r!:_e
BWG - IEATE:, hisl, adel, leu2, urald intronless, -ﬂl.i [31
ASUV3E MATa, hisl, ade2, leu2, urad, SUVI:URASZ intronless, Al [3, 4]
ADSS1 MATa, hisl, ade2, leu2, ura3, DSS1:URA3 intronless, Ai [4]

of mitochondrial mRNAs by cleaving close to
the conserved dodecamer sequence AAUAA-
UAUUCUU [8].

erol, 1% yeast extract and 2% bacto-peptone
(Difeo); molecular biology methods were ac-
cording to [10]. Plasmids used as molecular
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probes were described [5]. Plasmids pGW808
and pGWB810 containing the wild-type
PET127 gene cloned on a low-copy number
vector Yeplacl11 and a high-copy number vec-
tor YCplac181, respectively [9], were kindly
provided by Dr. G. Wiesenberger (University
of Vienna, Austria).

RESULTS

In order to study functions of the yeast mito-
chondrial degradosome we were interested in
finding other genes whose products may in-
teract with the Suv3p or Dss1p. In particular
we were looking for a gene suBY, which acts
as a recessive suppressor of a deletion of the
SUV3 gene [11]. For this reason we con-
structed a gene bank from the suB9 strain on
a multicopy Yep351 vector and transformed
the ASUV3 Al strain. This approach has been
deseribed by us previously [4]. Screening of
transformants was performed on YPGly me-
dium and several respiratory competent colo-
nies were found. In this paper we present re-
sults for one of the isolates, initially called
pTWI.

The plasmid pTW1 was reisolated from the
transformed yeast strain and subjected to
partial sequencing. Analysis based on the
known yeast gene sequences deposited in the
GenBank revealed the presence of seven
ORFs. Among these, the best candidate for
the suppressor gene seemed PET'127, and we
subeloned it as a 3.1 kb fragment on Hpal-
Hindlll sites. The subclone contained only
the PET127 reading frame with short flank-
ing sequences. Transformation of this sub-
clone into the ASUV3 Ai strain yielded respi-
ratory competent colonies.

Since in our cloning procedure we used the
gene bank constructed from a ASUV3 suB9
mutant, we tested if the isolated fragment
could bear the suB9 mutation. For this reason
we used a wild-type copy of the PET127 gene
(pGW810). It turned out that the wild-type
copy of the PETI127 gene can suppress the de-
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letion of the SUV3 gene and that the resulting
colonies grow with the same rate on YPGly
medium, as those containing the pTW1 plas-
mid (not shown). The results indicate that we
have cloned a wild-type copy of the PET127
gene as a suppressor of the deletion of the
SUV3 gene.

Lack of the functional SUV3 gene results in
the deregulation of the mitochondrial degra-
dosome and it can be suppressed by overex-
pression of the DSS! gene which codes for a
second subunit of the degradosome [1].
Therefore we decided to check if the PET127
gene can also suppress the deletion of the
DSS1 gene. The results are presented on Fig.
1. It can be seen that the PET127 gene is able
to suppress deletion of either SUV3 gene or
DSS1 gene and in both cases the growth rate

1 2 3 4 5

Figure 1. Growth of yveast strains on the YPGly
medium at 30°C after 6 days.

1, BWG containing an empty vector YEp351l; 2,
ASUV3 containing an empty vector, AEp351; 3,
ASUV3 containing plasmid YEp35l-PETI127; 4,
ADSS1 containing an empty vector YEp351; 5, ADSS1
containing plasmid YEp351-PET127.

on YPGly medium is similar. The same re-
sults (not shown) were obtained when we
used the PET127 gene cloned on a low-copy
number vector (plasmid pGWB808).

Yeast strains bearing a disruption of SUV3
or DSS1 gene show characteristic changes in
the steady state levels of mitochondrial RNAs
[1]. While the levels of the COX1 mRNA re-
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main stable, the levels of COB mRNA and 168
rRNA are significantly lower, and precursors
of 21S rRNA appear. Therefore we tested
mtRNA on Northern blots in order to check if
the presence of the PET127 gene influences
ENA metabolism in SUV3 and DSS1I disrup-
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transformants and in the wild-type strain.
Thus for the 21S rRNA the suppressor activ-
ity restores the wild-type pattern. The same is
true for 165 rRENA: low abundance of the ma-
ture transcript in the disruption strains is
brought back to the wild-type level. In con-
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Figure 2. Northern hybridization of RINA isolated from mitochondria of strains containing the intronless

mitochondrial genomes to four different probes.

RNA input was standardized for equal amounts of COX1 mHENA. Arrows indicate molecular size.

tion strains. The results are shown in Fig. 2.
It can be seen that in both cases the overex-
pressed PETI27 gene restores the normal lev-
els of COB mRNA and of mature 16S rRNA.
The presence of the PETI127 gene in the dis-
ruptant strains also affects RNA processing,
but in a manner specific for a given tran-
seript. In the case of 218 rRNA the 4.4 kb pre-
cursor is present in the SUVS and DSS] dis-
ruption strains butl is missing in the PETI127

trast to this, in the case of the COB tran-
scripts, the low level of mature COB mENA in
disruption strains is restored to normal by
the action of the PET127 gene, but in addition
a novel 3.4 kb precursor RNA appears, which
is characteristic for the suppression exhibited
by the suB9 gene. Mitochondrial translation
products were also brought back to wildtype
levels (not shown).
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DISCUSSION

The results presented here show that the nu-
clear PET127 gene, coding for a mitochon-
drial membrane protein involved in 5’ end
processing of mtRNAs, can suppress the lack
of SUV3 or DSS1 genes. Suv3p and Dss1p are
components of the mitochondrial degrado-
some (mtEXO)— a three protein complex ex-
hibiting a 3'-5' exonucleolytic activity, but our
previous data suggested the involvement of
this complex in RNA processing [1]. The ob-
served suppression is surprising as for the
first time molecular events at the 5’ ends of
mitochondrial RNAs appear to be coupled to
the ones associated with the 3’ ends. Involve-
ment of PET127 could also suggest that this
process is associated with mitochondrial
membrane,

Functional interactions between 3' and 5’
ends were recently demonstrated for cyto-
solic mRNAs. The polyA binding protein
Pablp and the cap binding protein eIF4E
were found to bind to elF4G initiation factor
[12], which in turn interacts with the eIF-3 of
the 405 ribosome subunit [13]. Circular
structures indicating physical contact of 3’
and 5" ends of mRNA with a protein complex
were shown by atomic force microscopy [14].

We do not yet have data if Pet127p interacts
directly with the components of the degrado-
some (two-hybrid studies are in progress). It
seems, however, that the observed effect is
not a fortuitous phenotype but that it reflects
bona fide interactions between RNA-protein
complexes which participate in RNA metabo-
lism. First, the PET127 gene can bypass the
effects of deletions of two distinct genes, sec-
ond, the suppression also takes place when
the gene is present on a low-copy number vee-
tor. Interestingly, deletions of the SUV3 gene
or DSS1 gene result in a total translation
block, even for COX1 mRNA, whose abun-
dance and size are not affected in the disrup-
tion strains [1]. Thus it is possible that inter-
actions of Suv3p, Dsslp and Pet127p play a

role in ensuring mRNA translatability in a
way similar to the eytosolic factors.

We thank Dr. G. Wiesenberger for the plas-
mids contanining the PET127 gene and Mr.
M. Minczuk for his help in preparing the
manuscript.
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