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would be suggestive of a competition between the tRNA processing enzyme and
CBP1. Such a competition implies that CBP1 must bind to precursor cob
transcripts before cleavage at the 3’ end of tRNAE",

Is CBP1 required for translation of cob mRNA? If CBP1 binds to unprocessed
cob transcripts to prevent their degradation, and simply cleaves these transcripts to
produce stable, mature mRNAs, then CBP1 may or may not have a role in
translation of the mRNA. Likewise, if CBP1 stabilizes cob transcripts by localizing
them to a sub-mitochondrial compartment or by promoting the assembly of a
macromolecular complex on the transcripts, this localization and/or complex
assembly may or may not be required for translation of the mRNA. At present,
the degradation of cob transcripts in cbpl strains makes it impossible to test
whether the mature mRNA requires CBP1 for translation. The most direct way of
determining whether translation of cob mRNA requires CBP1 is to create an
mRNA that accumulates in the absence of CBP1, and to then determine whether
this RNA is translated in cbpl strains. A cob mRNA that is stable in cbpl strains
might be created by the deletion construct described above, in which cleavage at
the 3’ end of tRNA®" produces a mature mRNA. The respiratory phenotype of a
strain carrying this construct would then be assessed.

The observation that cob transcripts with 5’ ends at the 3’ end of tRNA®" are

probably not translated in temperature-sensitive chpl strains grown at the
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restrictive temperature poses a more complex problem. Are these cob transcripts
inherently untranslatable (i.e. the 143 nt extension at the 5’ end inhibits
translation), or is CBP1 required for translation of all cob transcripts? To answer
this question, cob mutants in which precursor transcripts are refractory to cleavage
at -954 or -954 in CBP1 strains would have to be obtained (see below). Tﬁe
translatability of the resulting precursor cob transcripts could then be determined.

What is the precise nature of the cis-acting sites required for the accumulation of
cob transcripts? There are two basic approaches toward defining in greater detail
the cis-acting sites required for the accumulation of cob transcripts. The first is to
mutagenize specific sequences in vitro, introduce the mutations to the grande
mitochondrial genome via microprojectile bombardment, and analyze the affect of
the mutations on cob expression. This basic protocol is currently being employed
to mutagenize the CCG at nucleotides -944, -943 and -942, within the
hypothesized recognition site for the -954 nuclease. Also, mutations that may
destroy secondary structure within the defined region of cob transcripts are being
tested for their affect on cob expression.

The mutations examined could result in the production of precursor cob

transcripts that are not cleaved at -954 or -955 and/or the production of transcripts
that are susceptible to nucleolytic degradation. The mutations might disrupt either

the interaction between CBP1 and cob transcripts or may affect a cis-acting site
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that is independent of CBP1. To distinguish between these possibilities the
mutations would be introduced to a cob gene that is CBP1-independent (if such a
construct can be obtained; see above). If, in the context of an otherwise CBP1-
independent transcript, the mutation leads to lack of processing and/or
degradation of the transcripts, then I would conclude that the cis-acting site has
some function other than interaction with CBP1. Alternatively, if the mutation no
longer has an effect on cob transcripts, I would conclude that the wild-type
sequence is required for interaction with CBP1.

The second approach toward defining cob sequence required for transcript
accumulation is to isolate and analyze mitochondrial mutations that suppress
either cbpl mutations, or the respiratory negative phenotype of several of the cob
deletion strains. The isolation of mitochondrial suppressors of chpl mutations has
been described above. Selection for mutations that restored respiratory growth to
cob deletion strain 938B has been described in this dissertation. The analysis of
the suppressing mitochondrial mutations did provide information concerning the
importance of a specitic sequence to cob transcript stability.

How are cob transcripts degraded? If protein binding and/or RNA structure at
the 5’ end of cob transcripts can prevent their degradation, by what mechanism is
the RNA degraded, and are other mitochondrial transcripts degraded in a similar

manner? It might be possible to isolate mitochondrial suppressors of chpl null
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mutants that are targeted to the 5> UTR of cob transcripts (see above). If such

mutants could be isolated, comparison of cob sequence in the mutants to that of
wild-type would yield information about the requirements of the nuclease(s) that
degrades cob transcripts.

To determine whether the 5’ ends of other mitochondrial transcripts are
required for stability, deletions could be constructed within other mitochondrial
genes using the method described in this dissertation. Specifically, as the
replacement of the first 250 nucleotides of the olil 5> UTR by cob sequence in the
cob-olil gene (described in Chapter 2) resulted in degradation of the hybrid
transcripts in cbpl strains, it is reasonable to hypothesize that the deletion of the
oli1 sequence resulted in degradation of the transcript. This hypothesis could be
tested directly.

The goal of the experiments described above is to increase our understanding
of the mechanism by which CBP1 prevents the degradation of cob transcripts.
The experiments described below would examine other mechanisms by which cob
expression is regulated.

How are cytochrome b levels regulated? Is cob expression regulated at the level
of transcription? RNA stability? translation? or protein stability? In several of the
cob deletion strains, and in temperature-sensitive cbpl strains grown at the

permissive temperature (Staples and Dieckmann, in preparation), cob transcript
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levels were 10% that of wild-type, yet the strains appeared to grow normally on
the non-fermentable carbon source glycerol. Therefore, the steady-state level of
cob transcripts is not rate-limiting for respiratory growth. One model that explains
this observation is that the rate of translation of cob mRNA is increased in these
strains, resulting in wild-type levels of cytochrome b. A second model is that
cytochrome b is produced in excess in wild-type strains but that the excess protein
not assembled into complex III is degraded. The phenotype of nuclear cbp3
mutants indicates that cytochrome b not assembled into complex III is degraded
(Wu and Tzagoloff, 1989). A final model is that the level of cytochrome b
observed in wild-type strains is not limiting for respiratory growth; cytochrome b
levels as low as 10% that of wild-type are sufficient for wild-type growth on
glycerol. Determination of the translation rate of cob mRNA (by pulse-labelling
mitochondrial gene products) and of the steady-state levels of cytochrome b (by
Western blot) in the mutant strains would distinguish among these models.

Daes cob expression affect the expression of CBPI? A study of the expression of
nuclear genes encoding mitochondrial proteins indicated that their expression is
affected by the mitochondrial genotype of the cell (Parikh et al, 1987). Also, in
temperature-sensitive chpl strains grown at the permissive temperature, steady-
state levels of CBPI transcripts are lower than those of wild-type (Staples and

Dieckmann, in preparation). CBPI transcript levels may be unaffected by the
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mitochondrial genotype of the strain. Alternatively, they may depend upon either
the respiratory capacity of the cells, or specifically on cob expression. To
distinguish between these possibilities, levels of CBPI transcripts in the cob
deletion strains, or in strains that are respiratory incompetent due to mutations in
either cob or other mitochondrial genes, would be determined.

The results obtained from further experimentation will increase our
understanding of the role of CBP1 in cob expression and of the interplay between
the nuclear and mitochondrial genomes that results in the production of

respiratory competent organelles.
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Chapter 6: Materials and Methods

Strains and media. Saccharomyces cerevisiae strains used in this study are listed
in Table 1. Strains without mitochondrial DNA (10 strains) were isolated
following ethidium bromide mutagenesis of the original rho* strain.

Strain MY7 was a spore from a cross of strain K393-2D to strain CB11.
Strain aE655 was a spore from a cross of strain E655 to strain CB11. Strain
aE6550P was a spore from a cross of strain aE655 to strain M9410. Strain A21
was created by transferring mitochondrial DNA from strain D273-10B/A21 to
strain LL20/rh0° via cytoduction. Strain JC3/M9410 was created by transferring
mitochondrial DNA from strain M9410 to strain JC3/rh0° via cytoduction
(Lancashire and Mattoon, 1979). Strain aE655/Int was created by transferring
mitochondrial DNA from strain E655/Int to strain aE655/rho° via cytoduction.
Strains LL20/KL14, CP1L/KL14 and N356/KL14 were created by transferring
mitochondrial DNA from strain KL14-4B to strains LL20/r0°% CP1L/rho® and
N356/rho® via cytoduction. Strain a4-35 was a spore from a cross of strain
aE655/Int to strain KL14-4B/rii0°.

Media were: YPD (1% yeast extract, 2% peptone, 2% glucose), YPEG (1%
yeast extract, 2% peptone, 3% glycerol) and WO (0.67% yeast nitrogen base

without amino acids, 2% glucose). Solid media contained 2% agar.
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Obtaining a stable r10%® strain. Southern blot analyses of mitochondrial DNA
(mtDNA) from strain E655/Int suggested that genomes with a deletion spanning
the cob-olil (CO) region were present in the strain (Dieckmann and Gandy, 1987).
Indeed, segregants of E655/Int that did not rescue cob mit” mutants arose at a low
frequency, indicating that the cob gene had been deleted. However, the
segregants were unstable, amassing a large proportion of petite genomes over the
course of several generations. To recover the cob-olil deletion genome, E655/Int
was crossed to aE6550P which has a mutation in the nuclear OPI gene, encoding
the mitochondrial ATP/ADP translocator (O’Malley et al., 1982). opl mutations
are lethal in cells carrying petite mitochondrial genomes (Beck et al., 1968).
Therefore, unstable mir mitochondrial genomes can be maintained in culture in
the opl background (Schweyen et al., 1978). A spore from this cross, 156/Int, was
grown in liquid YPD medium and a segregz;nt containing the rho®® genome, as
determined by mating to cob mit" strains, was named 156/ACO. As opl is also a
nuclear per mutation, the effect of the cbpl pet mutation on expression of the cob-
olil gene could not be assessed with this strain. Therefore, 156/ACO was
outcrossed to several laboratory strains in an attempt to find a nuclear background
in which the mtDNA would be stable in the absence of the opl mutation. A cross
between strain 156/ACO and strain MY7 produced two spores (100 scored) with

stable deletion genomes. Strain 96/ACO carries the ¢bpl-20 mutation, while strain
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2/ACO is wild-type at CBP1. Strain 2/ACO was backcrossed to strain MY7 to

obtain an even more stable spore, strain 2-55/ACO.

Construction of plasmids and cob deletions. Plasmids Mb247/6-74 and Mb247/5-
57 contain cob sequence from -1350 to +1716, a partial Mbo I fragment of
DS400/A12 mtDNA, ligated into the Bam HI site of the E. coli plasmid
pBluescript (Stratagene, La Jolla, CA) in the 5’ to 3’ and 3’ to 5’ orientations,
respectively. Deletions were created in Mb247/6-74 by digestion with Pst I and
Bst ElI, followed by treatment with Exonuclease III (Ambion, Austin, TX) and
Mung Bean nuclease (Promega, Madison, WI), ligation, and transformation of E.
coli strain XL1-blue (Bullock ef al., 1987). In a similar manner, deletions were
created in Mb247/5-57, starting with digestion by Pst I and Bam HI. The series B
deletion plasmids (p772B, p898B, p938B and p997B) were constructed by ligating
the -707 to +654 Eco RI fragment from an Mb247/5-57 plasmid, in which the
ExollI deletion extended to -707, into the Eco RI sites of Mb247/6-74 plasmids
with deletion endpoints at -772, -898, -938 or -997 of cob. Plasmid p160 was
obtained by ligating the -778 to +654 Eco RI fragment from an Mb247/5-57
plasmid, in which the Exolll deletion extended to -778, into the Eco RI site of the

Mb247/6-74 plasmid with the deletion endpoint at -938.
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pKS/tRNA-254 was created by PCR amplification of cob sequence from -1350
to -1096 using primers cob1714 and cob1713 (Table 2), and ligation inté) Bam HI
and Eco Rl-digested pBluescript-KS. The series A deletions in plasmids p948A,
p944A, p923A and p707A were constructed by ligating Eco RI fragments from
Mb247/5-57 deletion plasmids, in which the deletions extended to -948, -944, -923
or -707, into the Eco RI site of pKS/tRNA-254. Plasmid p961A was constructed
by ligating PCR-amplified cob sequence from -961 to +654 (primers cob1717 and
cob654A; Table 2) into the Eco RI site of pKS/tRNA-254. Plasmid 944-22 was
created by ligating the -944 to +1716 Hind 11I-Cla 1 fragment from an Mb247/5-57
plasmid, in which the ExollI deletion extended to -944, into a Hind III plus Cla 1-
digested Mb247/6-74 plasmid in which the Exolll deletion extended to -1096.
Plasmids pSUF63-F and pSUF63-R were constructed by ligating PCR-amplified
cob sequence from -961 to -898 (primers cob1717 and cob1718; Table 2), into the

Eco Rl site of p707A.

Transformation of mitochondria by microprojectile bombardment. Yeast strain
LL20/rho® (e, leu2-3, leu2-112, his3-11, his3-15/rho”) was co-transformed with
YEp351 (a multi-copy plasmid carrying the LEU2 gene; Hill et al., 1986) and each
of the cob deletion plasmids by high velocity microprojectile bombardment

(Johnson e al., 1988; Santord er al., 1987). Co-transformation was performed as
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described (Armaleo et al., 1990; Fox et al., 1988) with modifications. 100 ml of

liquid YPD media was inoculated with 1 ml of an overnight culture of LL20/rho",
the culture was grown at 30°C to a density of 2 x 10® cells/ml, the cells were
pelleted, washed once with 1.2 M sorbitol and resuspended in 1.2 M sorbitol at a
density of approximately 5 x 10° cells/ml. Regeneration plates (WO + 0.75 M
sorbitol, 0.75 M mannitol, 5% glucose, 60 ug/ml histidine, 2% agar) were spread
with 0.1 ml of resuspended cells and allowed to dry at room temperature.
Tungsten microprojectiles (0.75 wm; DuPont, Wilmington, DE) were washed once
with ethanol, once with water and resuspended in water at a concentration of 0.5
mg/ul. Approximately 4 ug of YEp351 plus 4 to 12 ug of the cob deletion plasmid
(in 50 ul) were precipitated onto 50 ul of pellets by the addition of 100 ul of 2.5
M CaCl, followed by 25 ul of 1 M spermidine (free base, tissue culture grade,
Sigma, St. Louis, MO) and incubation at room temperature for 20 min. The
DNA-coated microprojectiles were pelleted, resuspended in 160 ul ethanol and
used to bombard eight plates with the PDS-1000/He and 1300 Psi rupture disks
(DuPont, Wilmington, DE).

Leu™ nuclear transformants appeared after 3 to 4 days of incubation at 30°C
and were obtained at frequencies of 1 transtormant per 10° to 10° cells. The
nuclear transformants were grown for 10 days at 30°C, replicated on a lawn of

aM17-162-4A on WO, and after 2 days the resulting diploids were replicated to
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YPG. Strain aM17-162-4A carries a mit” mutation between +74 and +504 of cob
(Nobrega and Tzagoloff, 1980b). Therefore, only those nuclear transformants
which carried mitochondrial cob sequence yielded respiratory competent diploids
following mating to aM17-162-4A. Mitochondrial transformants (synthetic rho
strains; Fox et al., 1988) were obtained at a frequency of approximately 1 per 1000

nuclear transformants.

Strain construction. Strains carrying recombinant mitochondrial genomes, in
which a cob deletion present in a synthetic r10” strain had been recombined into
the grande mitochondrial genome, were isolated as follows: 0.5 ml each of
overnight YPD cultures of the synthetic rho” strain and the karyogamy-deficient
strain JC3/M9410 were mixed and mated at 30°C without shaking for 3 h. The
culture was then. diluted with 2 ml of fresh YPD, grown with shaking at 30°C for 3
h, and plated for single colonies on WO + 20 pg/ml histidine, 20 ug/ml leucine to
select for the LL20 nucleus. Cytoductants from this cross carried one of three
mitochondrial genomes: (1) the M9410 genome, which contains a deletion of cob
sequence between -975 and -64. Cells carrying the M9410 genome lack mature
cob mRNA and are, therefore, respiratory incompetent (Dobres et al., 1985), (2)
the synthetic rho” genome, or (3) a recombinant genome, in which the cob deletion

present in the synthetic rho™ had replaced the deletion in M9410. Cytoductants
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which carried recombinant genomes were identified by their ability to form
respiratory competent diploids when mated to a synthetic 110" tester strain, which
carried a deletion of cob sequence from approximately -200 to +53. |
Recombination between the tester and the recombinant mitochondrial genomes,
but not between the tester and M9410 mitochondrial genomes, restored wild-type
cob sequence and produced respiratory competent diploids. Yeast strains which
carried recombinant mitochondrial genomes were named according to the cob
deletion present on the mtDNA. The recombinant cob mitochondrial genomes
were transferred to the otherwise isogenic chpl strain, CP1L/rho° via cytoduction

using the karl strain JC3/rho®.

Isolation of revertants of strain 938B. Respiratory competent revertants of
strain 938B were isolated by inoculating three separate YPD cultures with an
individual colony of strain 938B, growing the cultures 1 day at 30°C and plating
approximately 3 x 10 cells from each culture on a YPG plate. After one week at
30°C, several size classes of respiratory competent colonies were evident on the
YPG plates. One colony of the largest size class was chosen from each of the
original cultures, yielding strains 938B-S0, 938B-S2 and 938B-S3. Strains 938B-S1

and B13L/938B-S1 were obtained by transferring the mitochondrial DNA from
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strain 938B-S0 to strains LL20/r0° and B13L/ri0° via cytoduction using the karl

strain JC3/rho’.

Southern and northern blot analyses. mtDNA was prepared as described
previously (Bonitz et al., 1980a). Mitochondrial RNA was };repared as described
(Bonitz et al., 1980b) except all strains were grown in liquid YPD medium,
vanadium adenosine was omitted from the lysis buffer, and mitochondria were
extracted with 10 mM Tris, pH 7.5, rather than with 2% sodium dodecyl sulfate, to
avoid extraction of mtDNA.

For Southern analyses, restriction fragments of mtDNA were fractionated in
1% agarose gels and transferred to Nytran nylon membranes (Southern, 1975, as
modified by Schleicher and Schuell). The blots were exposed to 254 nm
ultraviolet radiation at the surface of a transilluminator (Ultraviolet Products, Inc.;
Model TM40) for 3 min to crosslink nucleic acids to the Nytran membrane. Prior
to hybridization, the blots were soaked in 500 ml of 5 x SSC (1 x SSC is 150 mM
NaCl, 15 mM trisodium citrate, pH 7.0), 0.5% sodium dodecyl sulfate for 10 min
at 45°C. The blots were pre-hybridized in 6 x SSC, 1% sarkosyl, 50 ug/ml! carrier
DNA at 65°C. **P-labeled probe was added to the buffer and hybridized at 65°C
for 12 to 24 h. Following hybridization, the blots were washed once in 2 x SSC,

1% sodium dodecyl sulfate for 20 min at room temperature and four times 20 min
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in 5 mM Tris, pH 8.0, dried and exposed to x-ray film (Kodak XAR-5). For

northern analyses, mitochondrial RNA was fractionated in 1% agarose under non-
denaturing conditions and transterred to Nytran nylon membranes (Alwine et al.,
1977 as modified by Schleicher and Schuell). Nucleic acids were crosslinked to
the membrane and the blots were washed as described for the mtDNA blots. The
blots were pre-hybridized in 30% formamide, 5 x SSC, 50 mM NaPO,, pH 6.5, 1 x
Denhardt’s (Maniatis et al., 1982), 0.5% sodium dodecyl sulfate, 10 mM EDTA,
0.5 mg/ml carrier DNA at 45°C. *?P-labeled probe was added to the buffer and
hybridized at 45°C for 12 to 24 h. Following hybridization, the blots were washed
in 2 x SSC, 0.5% sodium dodecyl sulfate for three times 20 min, dried and
exposed to x-ray film.

Probe "5’cob" was a cRNA probe prepared by transcription (Mayer and
Dieckmann, 1989) of the Mbo I-4ha 1II fragment extending from -1344 to -884 of
cob ligated into the E. coli vector pSP65 (Promega). "cob" was a cRNA probe
prepared by transcription of the Mbo I fragment extending from +319 to +1361
of cob ligated into pSP65. "5S’oli" was prepared by nick-translation (Maniatis et al.,
1975) of the Mbo I fragment extending from -2368 to -400 of oli1 (relative to the
olil ATG), and "oli" was prepared by nick-translation of the Alu I-Hae 111

fragment extending from +179 to +797 of olil.
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The cob-specific *P-labeled probes used in the analysis of cob deletion strains
obtained by mitochondrial transformation were synthesized by random-priming of
cob sequence extending from either -1350 to +319 (for Southern analyses) or from
-1350 to +654 (for Southern analysis of strain 4L and for northern analyses), as
recommended by the supplier of the labeling kit (Boehringer Mannheim
Biochemicals, Indianapolis, IN) except that (a-**P)dATP was substituted for (a-
2PYACTP. The olil-specific **P-labeled probe used in the analysis of cob deletion
strains obtained by mitochondrial transformation was synthesized by random
priming of olil sequence extending from +179 to +797 of olil. The bl4-specific
32p_labeled probe used for northern analysis of strain 4L mitochondrial RNA was
obtained by random priming of a 613 bp Dra I fragment derived from cob intron
bl4 (the first cob intron in strain LL20/A21; the fourth intron in strains
LL20/KL.14 and M9410).

The signals obtained from cob transcripts or from tRNA®" were quantitated
using a Betascope (Betagen, Waltham, MA) and were normalized to the signal

obtained from olil transcripts in the same sample.

PCR amplifications and sequencing of the PCR products. Reaction conditions

for all of the PCR amplitications described in this study were as recommended by
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the supplier of Taq I polymerase (Promega, Madison, WI or Perkin-Elmer Cetus,
Norwalk, CT )

Primers cob/glu and olil (Table 2) were used to amplify the recombination
junction in mtDNA isolated from strain 2-55/ACO. The PCR product was
digested with Taq 1 plus Hind 111, ligated into Cla 1 plus Hind III-digested
pBluescript-KS and the inserts present in plasmid DNA isolated from individual
clones were sequenced using Sequenase Version 2.0 and the universal T7 primer
(Stratagene, La Jolla, CA) as recommended by the supplier of the enzyme
(United States Biochemical Corporation, Cleveland, OH).

The mutations present in strains 938B-S1, -S2 and -S3 were identified by PCR
amplification of the region surrounding the deletion junction in each strain, using
primers cob/glu and cob2B (Table 2), followed by ligation of the Taq I-digested
PCR products into the Cla I site of pBluescript-KS. The inserts present in
plasmid DNA isolated from four individual clones from each revertant were

sequenced using Sequenase Version 2.0 and the universal T3 or T7 primers.

Primer extension analysis of mRNA 5’ ends. Primers cob5SB+3 (strains A21,
961A, 944-22, 948A and 944A; Table 2) or cob6B (strains SUF63-F, SUF63-R,
898B, 938B, 938B-S1 and 997B; Table 2) were **P-labeled with T4 polynucleotide

kinase and (y-**P)ATP as recommended by the supplier of the enzyme (Promega,
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Madison, WI). 5 to 10 ug of total cellular RNA (G. Caponigro, personal
communication) and 5 pmoles of primer were mixed and brought to a final
volume of 10 ul in annealing buffer (200 mM KCl, 10 mM Tris-Cl, pH=8.3 at
42°C). The mixture was heated at 85°C for 5 min and then annealed at 58°C
(cob5B+3) or 54°C (cob6B) for 90 min. The tubes were placed at 42°C, 10 ul of
reaction mix (1.0 mM dGTP, 1.0 mM dCTP, 3.0 mM dATP, 3.0 mM dTTP, 2 x
reaction buffer, 7.0 units AMV Reverse Transcriptase; the reaction buffer and
enzyme were supplied by Boehringer Mannheim, Indianapolis, IN) were added to
the annealed primer/RNA mixture, the reaction was incubated at 42°C for 45 min
and stopped by the addition of 12 ul stop mix (95% formamide, 0.1%
bromophenol blue, 0.1% xylene cyanol). 9 ul of each reaction was loaded on a
6% polyacrylamide, 7 M urea sequencing gel. Sequencing reactions served as size
markers. To con-1pare cob transcript levels in cbpl strains to those in CBPI wild-
type strains, the signals obtained from the individual primer extension products
were quantitated with a Betascope and normalized to signals obtained from
primer extension products that were not derived from cob transcripts (labeled "n"

in Figure 12B).

Analysis of tRNA®" in strain 944A. To determine the size of tRNAE" in strain

944A, 6 pl of mitochondrial RNA were mixed with 4 ul formamide stop mix, the
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mixture was heated at 85°C for 2 min and electrophoresed on a 6%
polyacrylamide, 8 M urea sequencing gel. The gel was soaked in 1 x TAE (0.04 M
Tris-acetate, 1 mM EDTA) for 15 min, and the RNA was transferred to a Nytran
nylon membrane (Schleicher and Schuell, Keene, NH) with an electroblotter at
500 mA for 90 min. The blot was processed and probed with the -1350 to +319
cob probe as described for northern blots. Sequencing reactions provided size

markers.

35S.methionine labeling of mitochondrial gene products. Cells were labeled with
3S-methionine in the presence of cycloheximide as described (Crivellone et al.,
1988). The labeled cells were harvested, washed once with 5.0 ml MTE-CC (0.25
M mannitol, 20 mM Tris pH 7.5, 1 mM EDTA, 2 mg/ml chloramphenicol and 0.1
mM cycloheximide) and resuspended in 0.37 ml MTE-CC in a 15 ml Falcon tube.
Two volumes of 0.45 mm glass beads were added and the cells were broken by
vortexing for 5 min (alternating 30 seconds of vortexing with chilling on ice). The
liquid was removed from the glass beads and the cell debris was pelleted at 650 x
g for 10 min in a microfuge. The supernatent was transferred to a new tube and
mitochondria were harvested at 10,000 x g for 15 min, washed once with 0.2 ml

MTE-CC and suspended in 30 ul H,O plus 10 ul Laemmli sample buffer (0.25 M
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Tris pH 6.8, 40% glycerol, 20% 2-mercaptoethanol, 0.024% bromophenol blue,

8% sodium dodecyl sulfate).

The *S-methionine labeled proteins were separated by SDS-polyacrylamide
gel electrophoresis as described (Laemmli, 1970). Following electrophoresis, the
gel was soaked in 3% glycerol, 40% methanol, 10% acetic acid for 2 h, treated

with ENLIGHTNING (Du Pont), dried and exposed to X-ray film.



Table 1. Names and Genotypes of Yeast Strains
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Strain Genotype Ref.
LL20 o [rho™] leu2-3 leu2-112 his3-11 his3-15 2u* 84
LL20/rho® [rho®] derivative of L120 66
D273-10B/A21  « [rho***"] met6 ER OR PR 106
A21 [rho*%*] derivative of LL20 this study
CP1L/rho° LEU2 insertion at the Pst I site of CBPI in

strain LL20 66
B13L/rho® LEU?2 replacement of Bam H1 fragments of

CBP] in strain LL20 62
CB11 a [rho*] adel 105
K393-2D « [rho™) ura3 his2 metd lysl1 pet8 53
MY7 a [rho™] lysi this study
aM17-162-4A  a [rho™, mir'] adel 108
M9410 @ [rho™?" mir] adel opl 36
JC3/rho® a [rho®] karl-1 ade2 lys2 1
JC3/M9410 [rho ™49 mir] derivative of JC3/rho® this study
DS400/A12 a [rho’} met6 79
E655 a [rho™] met6 cbpl-20 34
E655/Int [rho™™4*] derivative of E655 30
aE655 a [rho™] adel cbp1-20 70
aE655/Int [rhot™*] derivative of aE655 this study
aE6550P a [rho™] adel opl cbpl-20 this study
156/Int a [rho™ %) met6 opl cbp1-20 this study
156/ACO @ [rho*<°, mit] met6 opl cbpl-20 this study



96/ACO
2/ACO
2-55/ACO
KL14-4B
K1.14-4B/rho°
a4-35
LL20/KL14
N356
N356/rho®
N356/KL14
961A

948A
944-22
944A

923A

707A

997B

938B
938B-S0
938B-S1
938B-S2
938B-S3
898B

772B

160
SUF63-F

@ [rho®C°, mit'] met6 cbpl-20

[
@ [rho*<°, mit'] met6

ACO

a [rho™™", mit'] met6 lysl

+KL14] his

a [rho
[1h0°] derivative of KLL14-4B

a [rho’] his

[rho 4] derivative of L1.20

a [rho™] met6 cbsl

[rho®] derivative of N356

[rho ¥4 derivative of N356
[rho**'"] derivative of LL20
[rho*?®4] derivative of LL20
[rho****#] derivative of LL20
rho*?%4] derivative of LL20
rho*?24 mir] derivative of LL20

[rho™ ™A mir] derivative of LL20

[
[

[

[rho™*®8 mir] derivative of LL20
[rho**%885] revertant of 938B
[rho*?¥859] derivative of LL20
[rho*?*852] revertant of 938B
[rhot?*¥853 revertant of 938B
[rho*®®8] derivative of LL20
[rho* 7?8 derivative of LL20
[rho*'%] derivative of LL20

[rho*3UT T derivative of LL20

this study
this study
this study
114
114
this study
this study

this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
this study
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SUF63-R
370L
283L
200L

4L
862-22

tester

[rho*SUFS R mir] derivative of LL20
[rho™*"""] derivative of LL20
[rho**] derivative of LL20
[rho**%L] derivative of LL20
[rho™*, mir] derivative of LL20
[tho*8*2 mir] derivative of LL20

[rho™®'"] derivative of LL20

this study
this study
this study
this study
this study
this study
this study
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Table 2. Oligonucleotide primers
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primer sequence” cob sequence
cobl714  AGGAGTGATGGATCCCTTTGG -1360 to -1341
cob/glu CGGTICGATTCCGATTAAGG -1121 to -1102
cobl713 CGGAATTCGAATAACCTTAATCGGAAT -1096 to -1114
cobl717  CCGAATTCATAATAATAAATACC -961 to -943
cobl718  CCGAATTCTAATGAAAAATATATTATATA  -898 to -918
cob5B+3 CAATTATTATTATTATTATTATACATAAA  -826 to -854
cob2B TCCTCGAGCAATAATTTATTGTTAATATG  -648 to -668
cob6B AATTTTTATATTATTTATTAATATTGTT -601 to -628
cob654A GAATGCATTGGAATTCTATC +668 to +649

“The primer sequence is in the 5 to 3’ orientation. Restriction endonuclease
recognition sequences have been underlined. Sequence that is not identical to that
of cob is in bold type.
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