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1. Introduction

A topic of current inierest in studies of mito-
chondrial biogenesis is the regulatory interactions
that cceur between the mitochondrial and nuclear
genomes during this process. Both genomes have been
shown to coniribute products to the assembly of the
mitochondrial inner memibrane {1}]. Previous siudics
have shown that inhibition of mitochondrial transcrip-
tion with ethidium bromide or translaticn with
chiorainphenicol leads to an increase in the specific
activities of numerous enzymes that function in the
mitochondrion but are coded for in the nucleus
{2 51.These enzymssinciude: DNA-dependent RNA
polvmerase, elongation factors, methionyi-IRNA
transformylase, ribosomal proteins and mitochondrial
leucyl- and phenylalanyl-tRNA synthetases. These
studies have led to the posiulation that the mitochon-
drial penome acis to regulate the nuclear zenome
throug? a repressor protein that affects transcription
of the nuclear genes c¢oding for mitochondsial com-
ponents [1,2].

We have been studying the hydroxamate-sensitive
respiratory pathway in mitochondria from Neurospora
crassa. This pathway has been shown to be present in
respiratory-deficient mutants that have defective
mitochondrial electron transport [6.7]. This ‘cyanide-
insensitive respiration’ is inhibited by substituted
hydroxarnic acids [8] and will be referred to here as
hydro»amate-sensitive respiration, Mutants with
hydrozamate-sensitive respiration have been shown to
have a braached mitochondrial slectron transport
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system with one portion being the standard cyio-

chrome chain and the other being the hydroxamate-
sensitive pathway of unknown composition {9].

We have previousiy shown that hydroxamate-
sansitive re3piration can be induced in wild-type cells
by inhibition of mitochondrial transcription or
mitochondrial translation {10,11]. Protein synthesis
on ¢ycloheximide-sensitive ribosoin=s is also required
for the production of hydroxamate sensitive respira-
tion in such induction experiments {8]. In this report
we present a study with the drug actinomyc¢in-D,
This drug is an inhibitor of DNA dependent RNA

synihesis in many systems [i2] and has been shown
to specifically inhibit nuclear transcription in Neuro-

spora [13,14] . The data show that transcription of
nuclear DNA is required for the production of
hydroxamatc-sensitive respiraiion.

2. Materials and methads

Strain inl-89601 was obtained from the Fungal
Genetics Stock Center, Humboeld( Siate University
Foundation, Arcata, CA 95521, Conidiz from the
cells were inoculated at a concentration of § X 10°
conidia/ml into Vogels® medivm N [7] supplemented
with sucrose (2%) and inositol (50 pg/ml) and grown
at 30°C in a gyrotory shaker for 13.5 h at 200 rev/
min. The mycelinm was collected by filtration cr a
Buchner funnel and resuspended in 20 mi 0.1 M
sodivm phosphate pE 6.2 containing 0.5% ethylene-
diaminstetraacetic acid (EDTA). Incubation was
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carried out in this solution for 5 min at 30°C with
shaking. The permeabilized cells were then collecied,
washed with distilled water and resuspended in Vogels’
medivm supplemented as above and also containing
chloramphenicol {2 mg/ml} and varying amounts of

- - . - . (+]
actinomycin-D. Incubation was carried out at 30°C
with shaking. Respiration measurements were made

at various times as described [10].

3. Resulis and discussion

Figure 1 shows the results obtained when EDTA-
permeabiiized cells of strain #{-89601 are treated
with chioramphenicol in the presence or absence of
actinomycin-D. In the absence of actinomycin-D,
hydroxamaie-scnsitive respiraiion is induced and can
be observed in the culiure after approx. 3 h incuba-
tion. This lag is considerably longer than that observed
in unpermeabilized celis Zapprox. 30 min. [10]) and
is likely due to the drastic nature of the EDTA treat-
ment. Once hydroxamate-sensitive respiration begins
ta appear in the culture, howaver, the activity
increases in a linear manner for the nexi several hours.
The datz in fig. I show that when the permeabilized
cells are freated with chloramphenicol and increasing
amounts of actinomycin-D, there is marked inhibition
of hydroxamate-sensitive respiration. The activity is
inhibited by 90% by 2.5 yg actinomycin-D/ml culture
medium z2nd completely by 5 pgfmi.

This result indicates that transcription of nuclear
DNA is required for the production of hydroxamate-
sensitive respiration in Neurospore. In additional
experiments, we have atiempted to demonstrate the
accummilation of the messenger RMNA for the hydro-
Xamate-sensitive pathway by sequential incubation of
ke cells in cycloheximide and then actinomycin-D.
These experiments have not been successiul and
resulted in the death of the cells. The procedure
involved permeabilization and blockade with chloram-
phenicol and cycloheximide {oliowed by a second
permmneabilizztion and blockads wiih chloramphenicol
and actinomyein-D.

The nuclear nature of the structural genes for the
hydroxamate-sensitive pathway has been inferred

froin experiments with chloramphenicol and ethidium
bromide which inhibit mitochondrsial translation and

transcripiion and result in the produciion of the
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Tig.1. Induction of hydroxamate-sensiiive respiration in
Newrospora. Cells. were grown in Vogels’ medium N and
permeabilized with EDTA as described in Materials and
methods. The permeabilized cells were the resuspendad in
fresh medium containing chloramphenicol (2 mg/ml) and
varving amounts of actinomycin-P, Time 0 on the fisure is
the time when the permeabilized cells were resnspended in
fresh mediuni. Open ciicles: chloramphenicol only ne
actinomycin-D. Halé-filled circles: chioramphenicol plus
2.5 pgfml actinomycin-D. Filled circles: chloramphenicoi
plus 5.0 pg/ml actinomycin-D.

pathway [10,11]. [t has alsc been shown directly by
the isolation of muiants which cannot produce the
pathway even when challenged with chloramphenicol
[15]. These mutations segregate in 2 Mendelian
manner in crosses. Preliminacy experiments have
assorted them into two complementation groups [15].

The experiments with drugs Cescribed [10,11]
have shown that a mitochondrial gene product regu-
lates the production of the hydroxamate-scasitive
pathway. This product acts in a negative manner to
regulate the nuclear genes involved in the production
of the pathway [11]. We have also recently described
an extrachromosomal mutant, eni-3, that has the
hydroxamate-sensitive pathway present at a¥i times
during the srowth cycle although it is not utilized in
vivo [2,16] . This mutation appears to be located in
the segment of mitochondrial DNA that codes for
the regulatory elemnent of the pathway.
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The data piesented heve strongly suggzast that the
regulstion in this system is effected by controlling the
transcription of the nuclear genes which code for
components of the pathway. Cur results lend more
experimnental suppori to the reporis [1—5,10,11]
conceraing such a regulatory mechanism. Although
we think it unlikely, we cannot, however, rule out
the possibility that the mitochondrial product regu-
lates tke production of proteins (proteases, nicleases)
that madify some pre-existing components which are
then utifized to produce hydroxamate-sensitive
respiration.

. The regulation of gene activity by negative controi
has been well documented in bacterdal systems [17].
In all systems that have been well studied to date, the
regulation has been carried out by a protein. Previous
studies from our laboratory have indicated that the
mitochondrial regilatory molecule for the hydro-
xamate-sensitive system acis outside of the mito-
chondrion [11]. The present study indicaies that the
regulation is at the level of nuclear transcription. We
think it most likely that the regulatory element is a
proteir. of mitochondrial origin that acts by inhibiting
the traascription of nuclear DNA.
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