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Effects of chronic ethanol consumption on the synthesis
of polypeptides encoded by the hepatic mitochondrial genome

William B. Coleman and Carol C. Cunningham

Department of Biochemistry, Wake Forest University Medical Center, Winston-Salem, NC (U.S.A.}

(Received 19 January 1990)

Key words: Mitochondrial protein synthesis; Ethanol consumption; (Rat liver)

Liver mitochondria from rats fed ethanol chronically demonstrate an impaired ability to incorporate [**S)methionine
into polypeptide products in vitro. This ethanol-induced effect on mitochondrial translation in vitro could not be
attributed to significant differences in the methionine precursor pool sizes of ethanol and control mitochondria or to the
acute effects of residual ethanol. The observed reduction of radiolabeled methionine incorporation into mitechondrial
gene products of ethanol mitochondria in vitro reflects a decrease in the synthesis of all the mitochondrial gene
products. However, the percentage of total radiolabel incorporated into each gene product is unaffected by ethanol,
suggesting an ethanol-induced coordinate depression of mitochondrial protein synthesis. Moreover, SDS-PAGE and
densitometry of submitochondrial particles from ethanol-fed and control rats demonstrated that the steady-state
concentration of each of the mitochondrial gene products is decreased in ethanol-fed rats. This reduction of the
steady-state concentration of the mitochondrial gene products may be related to the observed depressions of oxidative

phosphorylation activities associated with hepatic mitochondria from ethanol-fed rats.

Introduction

Studies of the effects of chronic ethanol consumption
on hepatic mitochondrial oxidative phosphorylation
have demonstrated that the activity or content of specific
segments of the oxidative phosphorylation system are
adversely affected by ethanol, while other portions are
apparently unaffected. Moreover, the altered compo-
nents of the oxidative phosphorylation system all con-
tain polypeptides which are encoded by the mitochon-
drial genome and are synthesized on mitochondrial
ribosomes. It has been shown that the activities of

Abbreviations: Ethanol mitochondria, mitochondria isolated from
ethanol-fed rats; control mitochondria, mitochondria isolated from
liquid-diet control rats; SMP, submitochondrial particles; Bicine,
N, N-bis(2-hydroxyethyl)glycine; SDS-PAGE, sodium dodecyl sulfate
polyacrylamide gel electrophoresis; F,-F,-ATPase, the oligomycin-
sensitive ATP synthase holoenzyme complex; AANC, adenine nucleo-
tide carrier; COI, COIl and COIIl, polypeptide subunits I-IIT of
cytochrome oxidase; ATPase 6 and ATPase 8, polypeptide subunits 6
and 8 of the F,- F;-ATPase; ND1, ND2, ND3, ND4, ND4L, ND5 and
ND®6, polypeptide subunits 1-6 and subunit 4L of the NADH dehy-
drogenase complex; Cyt b, the polypeptide moiety of cytochrome b;
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NADH dehydrogenase [1-4], cytochrome oxidase [1,4-
6] and the F,- F,-ATPase [3,7] are depressed in mito-
chondria from ethanol-fed rats. In addition, the content
of cytochrome b [6,8] and heme a from cytochrome
oxidase [1,6] have been shown to be reduced in ethanol
mitochondria. In contrast, other components of the
mitochondrial oxidative phosphorylation system includ-
ing ubiquinone [6], succinate dehydrogenase [1,2], cyto-
chromes ¢+ ¢; [1,6] and the adenine nucleotide ex-
change protein [9] are unaffected by ethanol consump-
tion. These components of the oxidative phosphoryla-
tion system are composed entirely of polypeptides
synthesized in the cytoplasm and imported into the
mitochondrion.

The above observations suggest that ethanol affects
the processes involved in mitochondrial biogenesis. In
the present study, mitochondrial protein synthesis was
investigated in order to define more clearly the effects
of chronic ethanol consumption on this particular pro-
cess of mitochondrial biogenesis. Previous reports [10-
12] have suggested that the rate of synthesis of mito-
chondrial gene products is depressed in ethanol mito-
chondria. The results presented in this paper demon-
strate that chronic ethanol consumption adversely af-
fects mitochondrial protein synthesis resulting in a re-
duction of the concentrations of the mitochondrial gene
products in mitochondria of ethanol-fed rats. Evidence
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is also presented which suggests strongly that the reduc-
tion of mitochondrial gene product concentration is
related to the loss of oxidative phosphorylation activity
observed with mitochondria from ethanol-fed rats.

Materials and Methods

Sprague-Dawley rats and several reagents were ob-
tained from sources listed previously [13,14]. Prepara-
tions of rat liver cytochrome oxidase were the generous
gift of Drs. Linda Gregory and Shelagh Ferguson-Miller,
Department of Biochemistry, Michigan State Univer-
sity. Rabbit polyclonal antibody, directed against bovine
cytochrome oxidase subunit II, was kindly provided by
Drs. Yu-zhong Zhang and Rhoderick Capaldi, Institute
of Molecular Biology, University of Oregon. L-
[**S]Methionine (> 1200 Ci/mmol) and a complete
amino acid mixture minus methionine' were obtained
from the Amersham Corporation. Cycloheximide and
chloramphenicol were from United States Biochemical
Corporation. Bicine was from Aldrich Chemical Com-
pany, and Budget-Solv complete scintillation cocktail
from Research Products International. Autoradiography
enhancer and tissue solubilizer were purchased from
New England Nuclear. Hydrogen peroxide, 4-chloro-1-
naphthol and horseradish peroxidase conjugated goat
anti-rabbit IgG were obtained from Sigma Chemical
Company. All other chemicals were reagent grade.

Male Sprague-Dawley rats initially weighing 150-250
g were fed for 31 days a nutritionally adequate diet [15]
in which ethanol provided 36% of the total calories.
Pair-fed control rats [15] received the same diet, but
with maltose/ dextrin isocalorically substituted for
ethanol. Coupled mitochondria were prepared by dif-
ferential centrifugation of liver homogenates essentially
as described by Thayer and Rubin [5] with the addition
of three washes of the mitochondrial pellet with 0.25 M
sucrose/10 mM EDTA (pH 7.4) to eliminate con-
taminating cytoplasmic ribosomes. The number of
washes employed in the preparation of these mito-
chondria minimized the possibility that any ethanol
present in the liver of the rat at the time of sacrifice
remained in the mitochondria upon isolation. Repre-
sentative preparations of mitochondria from ethanol-fed
and control rats gave respiratory control ratios of 2.6 +
0.04 and 4.3 + 0.12 (n = 3 pairs) respectively, with suc-
cinate as substrate. These values were comparable to
values previously obtained with liver mitochondria pre-
pared from ethanol-fed and control rats [9]. Submito-
chondrial particles were prepared from purified liver
mitochondria by the method of Thayer and Rubin [5].
Protein concentrations were determined by the method
of Lowry et al. [16].

Isolated rat liver mitochondria were radiolabeled with
[**S]methionine essentially as described by Hofmann
and Hosein [10] utilizing modifications suggested by
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Mills et al. [17]. Mitochondria were incubated with 500
1 Ci [*S]methionine at 30° C in a mixture containing 50
mM Bicine, 90 mM KCl, 2 mM EDTA, 5 mM potas-
sium phosphate, 10 mM ATP, 10 mM magnesium chlo-
ride, 5 mM phosphoenol/pyruvate, 50 png/ml pyruvate
kinase, 20 mM of each amino acid (minus methionine),
500 pg cycloheximide and 25 mg mitochondrial protein
in a total volume of 5 ml. The pH of the reaction
mixture was 7.5. The progress of the reaction was
monitored by the periodic withdrawal of aliquots of the
reaction mixture for scintillation counting. These
aliquots were pipetted onto filter paper, precipitated on
the paper with 5% (w/v) trichloroacetic acid and washed
extensively in 5% (w/v) trichloroacetic acid prior to
solubilization of the radiolabeled protein with tissue
solubilizer. The washed and solubilized aliquots of
mitochondria were monitored for radioactivity in
Budget-Solv complete scintillation cocktail. The incor-
poration of radiolabel was inhibited by the inclusion of
100 pg/ml chloramphenicol in the labeling reaction.

The endogenous methionine pool sizes in isolated
ethanol and control mitochondria were determined using
a competition/ dilution labeling assay. Under the condi-
tions employed, this type of assay provides a measure of
the accessible methionine pool which can be utilized for
protein synthesis in the mitochondrion. In these studies
mitochondria were labeled with 150 pCi [**S}methio-
nine, as described above, in a series of mixtures which
included various additions of unlabeled methionine,
Competition of the unlabeled methionine with the
labeled amino acid for incorporation into elongating
polypeptide chains reduced the amount of label incor-
porated proportionally with the amount of unlabeled
methionine added. The percentage of maximum label-
ing was determined for several additions of unlabeled
methionine in order to ascertain the amount of un-
labeled methionine required to elicit a 50% reduction in
the amount of label incorporated. The amount resulting
in a 50% reduction in radiolabel incorporated is equal
to the endogenous methionine pool size according to the
relationship described by Faires and Boswell [18] for
isotope dilution experiments.

SDS-PAGE was performed as described by Laemmli
[19] utilizing slab gels containing either 15% (w/v)
polyacrylamide or a linear gradient of 12.5-20% (w/v)
polyacrylamide. Gels were stained with silver by the
method of Wray et al. [20] or with 0.5% (w/v) Coomas-
si¢ briliant blue R-250 in isopropanol/acetic acid/
water (3:1:6). Autoradiography was carried out at
—70°C using Kodak X-Omat AR film. Fluorography
was performed likewise following treatment of gels with
autoradiography enhancer.

The rat liver mitochondrial gene products were iden-
tified through the specific radiolabeling of isolated rat
liver mitochondria in the presence of cycloheximide, an
inhibitor of cytoplasmic ribosomes. The resulting
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[**S)methionine labeled mitochondria were fractionated
to SMP, separated by SDS-PAGE and used for auto-
radiography or fluorography. As illustrated in Fig. 4,
fluorograms showed prominent radiolabeling of thirteen
polypeptides in addition to other labeling products
which have been observed previously [21]. The incorpo-
ration of [**S]methionine into these thirteen poly-
peptides was inhibited by the inclusion of chloramphe-
nicol in the reaction mixture. The susceptibility of the
reaction to chloramphenicol, a specific inhibitor of
mitochondrial ribosomes, verified that radiolabel was
being incorporated into polypeptides of mitochondrial
origin. The identities of the mitochondrially synthesized
polypeptides were assigned based upon the relative
migration positions of the homologous human mito-
chondrial gene products in SDS containing gels [22].
The mammalian mitochondrial DNAs [23-26] display a
high degree of direct sequence homology, with most
deviations in sequence between species representing
either silent changes in the DNA or alterations produc-
ing amino acid substitutions with amino acids possess-
ing similar properties [27]. Therefore, the mitochondrial
gene products of human and rat are expected to possess
similar physical characteristics and similar banding pat-
terns on SDS-PAGE, which was our observation (Fig.
4).

The mitochondrially synthesized polypeptides were
located in the Coomassie blue staining pattern of sub-
mitochondrial particles (separated by SDS-PAGE)
through direct comparison of stained gels with their
respective autoradiograms. The overall Coomassie blue
banding pattern of SMP, as well as the relative position
of individual protein bands in the gel, was important in
determining which peaks derived from densitometric
scans should be integrated. The assignments for cyto-
chrome oxidase subunits I-III in the staining pattern of
SMP were verified by secondary methods, as outlined
below. Assignments for subunits 6 and 8 of the mito-
chondrial ATPase were further substantiated by a com-
parison with gel patterns obtained with the purified
ATPase [7,14].

Quantitation of the Coomassie blue staining intensity
of the mitochondrial gene products in stained gels was
accomplished through automated computer integration
of the appropriate peaks (those corresponding to mito-
chondrial gene products) obtained utilizing a Zenich
Model SL-TRFF scanning laser densitometer and an
electrophoresis reporting program (ERIP-V3A) from
Biomed Instruments. The values obtained through in-
tegration were normalized relative to the staining inten-
sity of the adenine nucleotide carrier peak in order to
correct for errors introduced through sample prepara-
tion or handling. The adenine nucleotide carrier is a
cytoplasmically synthesized integral membrane protein
[28] which has been shown to be unaffected by ethanol
consumption [9]. Therefore, this polypeptide is expected

Fig. 1. Identification of cytochrome oxidase subunits I, I and III by

SDS-PAGE. Protein preparations were separated on 15% (w/v) poly-

acrylamide slab gels and stained with silver as described in Methods.

Lane A, cytochrome oxidase holoenzyme (5 pg); lane B, cytochrome

oxidase lacking subunit III (5 ug); lane C, rat liver submitochondrial

particles (15 pg). The migration positions of subunits I-III of cyto-
chrome oxidase are indicated.

to be present in normal amounts in mitochondrial mem-
branes of ethanol-fed rats.

Since it was reported earlier [29] that cytochrome
oxidase subunits I-III are present in mitochondria from
ethanol-fed rats in normal concentrations, the identifi-
cation of these mitochondrial gene products was more
rigorously confirmed. The location of cytochrome
oxidase subunit I was verified by coelectrophoresis of a
rat liver cytochrome oxidase preparation with rat liver
SMP. Subunit I is a high molecular weight component
which appears as a broad band in the gel pattern (Fig.
1). Cytochrome oxidase subunit II was positively identi-
fied through cross reactivity to polyclonal 1gG directed
against the bovine cytochrome oxidase subunit II (data
not shown), with immunoblots of electrophoretically
transferred proteins to nitrocellulose being performed
essentially as described by Towbin et al. [30]. Subunit
III of cytochrome oxidase was identified through
coelectrophoresis of rat liver SMP with rat liver cyto-
chrome oxidase preparations which either contained or
lacked subunit III (Fig. 1).

The values reported in the tables and figures are
averages of multiple data acquisitions + S.E. In figures
where standard error bars are not shown the values
were determined to be less than 15% of the means.
Statistical analyses were performed using the paired
t-test and the analysis of variance (ANOVA) with re-
peated measures, employing the Statview 512 + pro-
gram from Brainpower.



Results

Determination of the time-course for incorporation
of radiolabeled amino acid into mitochondrial gene
products in vitro provides a measure of the relative
abilities of isolated ethanol and control organelles to
synthesize mitochondrially encoded polypeptides. The
results shown in Fig. 2 demonstrate that there is a
dramatic decrease in radiolabeled methionine incorpo-
ration into mitochondria isolated from ethanol-fed rats.
The chloramphenicol sensitivity of this translation activ-
ity in vitro for both ethanol and control mitochondria
indicated that radiolabel was being incorporated into
mitochondrial gene products of each mitochondrial
source. The ethanol-induced depression of mitochon-
drial translation activity in vitro, shown in Fig. 2, is of
the order of 35-40% of control. The results shown in
Fig. 2 were not attributable to differences in the energy
state of the ethanol and control mitochondria since
excess (10 mM) ATP and an ATP regenerating system
(phosphoenolpyruvate and pyruvate kinase) were in-
cluded in the incubation medium. The exogenous ATP
included in the reaction mixture should not have stimu-
lated translational activity in control mitochondria more
than in ethanol mitochondria, since the activity of the
adenine nucleotide translocase is unaffected by chronic
ethanol consumption [9]. Thus, the added ATP should
have been equally available for both ethanol and con-
trol mitochondria. Even though mitochondria from
ethanol-fed rats are deficient in their capacity to synthe-
size ATP [3,7,31], under the conditions employed ATP
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Fig. 2. Time-course for incorporation of [>*Sjmethionine into mito-
chondrial gene products of ethanol and control mitochondria in vitro.
Each point represents the average chloramphenicol-sensitive acid-in-
soluble radioactivity incorporated per microgram of mitochondrial
protein from seven animals+ S.E. Points without bars were values
with S.E. encompassed within the height of the symbol. Differences
between ethanol and control values at each time point were significant
by the paired r-test, P < 0.02.
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Fig. 3. Determination of the endogenous methionine pool sizes of
ethanol and control mitochondria. Each point represents the average
acid-insoluble radioactivity incorporated, expressed as the percentage
of the maximum labeling, for each of seven mitochondrial prepara-
tions. The methionine pool sizes were calculated from these data
utilizing the approach outlined in Materials and Methods.

should not have been limiting for mitochondrial protein
synthesis [32].

To eliminate the possible acute effects of residual
ethanol in the incubation mixture, mitochondria were
washed extensively before radiolabeling experiments
were performed. In addition, experiments were carried
out to determine the effect of added ethanol on the
incorporation of [**Sjmethionine into proteins of mito-
chondria from liquid diet control animals. Ethanol was
included in these experiments at a concentration of 33
mM, an amount equivalent to a blood ethanol level of
150 mg/dl. The incubation protocol is identical to that
for the data in Fig. 2. The results of these studies
showed no significant difference between the incorpora-
tion of radiolabel into mitochondrial gene products by
control mitochondria in the presence or absence of 33
mM ethanol (data not shown). Thus, the decreased rate
of methionine incorporation shown in Fig. 2 represents
an effect of chronic ethanol consumption, rather than
an effect of acute ethanol exposure on the isolated
mitochondria. The endogenous free methionine pool
sizes of ethanol and control mitochondria were de-
termined in order to eliminate the possibility that the
observed effects of chronic ethanol consumption on
mitochondrial protein synthesis in vitro were due to
differences in the specific activity of the methionine
precursor pools. An analysis of the data shown in Fig. 3
revealed that the endogenous methionine pool sizes for
ethanol and control mitochondria were 105 + 2 uM and
109 + 3 pM, respectively.

In order to investigate the quantitative nature of the
ethanol-elicited alterations in mitochondrial gene prod-
uct synthesis and steady-state abundance, the mitochon-
drially synthesized polypeptides had to be identified
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correctly in SDS-PAGE staining patterns. This was
accomplished by identifying those polypeptides in auto-
radiograms which (1) were radiolabeled in the presence
of cycloheximide and (2) demonstrated dramatically
decreased incorporation of [**S)methionine when chlor-
amphenicol was included in the incubation mixture.
These mitochondrially synthesized polypeptides were
located in the Coomassie blue staining pattern of SMP
by direct comparison of autoradiograms and stained
gels, with secondary verification of ATPase subunits 6
and 8 and cytochrome oxidase subunits I-III. Together,
these observations and secondary verifications allowed
the identification of the mitochondrial gene products
with high confidence. Correct identification was con-
firmed by observing that there were uniform ethanol-
elicited decreases in radiolabeling and staining intensi-
ties for the thirteen polypeptides selected. It is notable
that there were no ethanol-related decreases in the
staining intensities for the (a + 8) subunits of the ATP
synthase and the adenine nucleotide carrier protein,
nuclear gene products which are readily identified in gel
patterns [7].

An analysis of the effect of chronic ethanol con-
sumption on the radiolabeling of individual mitochon-
drial gene products in vitro was carried out. The pur-
pose of this study was to determine if the effects of
chronic ethanol consumption on mitochondrial protein
synthesis in vitro reflect a decrease in the synthesis of
all the mitochondrial gene products or some subset
thereof. Mitochondria from ethanol and control rats
were labeled with [**S]methionine, fractionated to SMP,
subjected to SDS-PAGE and fluorography. The result-
ing films (see Fig. 4) were analyzed by densitometry in
order to determine the relative extent of radiolabeling
of each mitochondrial gene product, taking the incorpo-
ration of radiolabel as a relative measure of the extent
of polypeptide synthesis. The results presented in Fig. 5
demonstrate that chronic ethanol consumption results
in a decrease in the rate of synthesis (as indicated by a
decrease in the incorporation of [**S]methionine) of
each mitochondrial gene product. Identical studies were
performed using radiolabeled unfractionated ethanol
and control mitochondria. Autoradiograms from intact
mitochondria also revealed an ethanol-related decrease
in the incorporation of [**S]methionine into mitochon-
drial gene products (data not shown).

An analysis was carried out of the radiolabeling of
each mitochondrial gene product in vitro expressed as a
percentage of total radiolabel incorporated into all
mitochondrially synthesized polypeptides. The results
demonstrated that while the total radioactivity incorpo-
rated/ug of mitochondrial protein is decreased in
ethanol mitochondria (see Fig. 2), the radioactivity of
each gene product expressed as a percentage of total
radiolabel incorporated, is unaffected by ethanol con-
sumption. Thus, while demonstrating an impaired

E C
Fig. 4. Fluorography of [*S]methionine labeled submitochondrial
particles from ethanol and control rats. Identical amounts (20 pg) of
SMP prepared from [**Smethionine labeled ethanol and control
mitochondria were separated on 12.5-20% (w/v) linear gradient poly-
acrylamide gels and used for fluorography. The migration positions of
the mitochondrial gene products are designated using accepted ab-
breviations. The lane designated E contains SMP derived from ethanol
mitochondria and that designated C contains SMP derived from
control mitochondria.
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Fig. 5. Ethanol-induced depression of [>*SJmethionine incorporation
into mitochondrial gene products in vitro. SMP prepared from
[35S]methionine-labeled ethanol and control mitochondria were
analyzed by SDS-PAGE (with identical protein loads) and fluorogra-
phy. Fluorograms were densitometrically scanned to determine the
relative extent of radiolabeling of each mitochondrial gene product.
Each bar represents the average densitometrically determined radioac-
tivity incorporated for a particular gene product from seven animals.
The identity of each mitochondrial gene product (see Materials and
Methods), designated here and in subsequent figures by number, are
shown in Table I. The maximal standard error for these measurements
was 6% of the mean value. The observed differences between ethanol
and control values for each of the mitochondrial gene products were
determined to be significant by statistical analysis utilizing the paired
t-test (P < 0.003) and ANOVA (P < 0.05).



ability to synthesize polypeptides, ethanol mitochondria
distribute the radiolabel into mitochondrial gene prod-
ucts in normal ratios.

Investigation of the steady-state quantities of the
mitochondrial gene products in ethanol and control
mitochondrial membranes was accomplished through
SDS-PAGE and densitometry of SMP from ethanol and
control rat livers. These studies showed ethanol-induced
alterations in the protein composition of mitochondrial
membranes. These changes were apparent when SMP
from ethanol and control rats were analyzed by SDS-
PAGE (Fig. 6A). The gel shown in Fig. 6A of SMP
from an ethanol-fed and control rat, stained with silver,
demonstrates clearly ethanol-elicited depressions in the
levels of several mitochondrial gene products (COII,

. ~—ND3

E C

Fig. 6. SDS-PAGE of ethanol and control mitochondria and submito-
chondrial particles. In each case equivalent amounts of protein from
ethanol and control preparations were utilized for the electrophoretic
separation on 12.5-20% polyacrylamide gradient gels (as described in
Materials and Methods). The identities of the rat liver mitochondrial
gene products, assigned as described in Materials and Methods, are
indicated employing accepted abbreviations. The adenine nucleotide
carrier is indicated by AANC. Lanes designated by E contain samples
prepared from ethanol-fed rats, and lanes designated by C are from
pair-fed control rats. (A) Submitochondrial particle preparations (15
#g) from ethanol-fed and control rats, stained with silver. Polypeptide
bands corresponding to NDS, COI and ND4 did not stain darkly with
silver on this particular gel. (B) Solubilized mitochondria (15 pg) from
ethanol-fed and control rats, stained with silver.
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Fig. 7. Densitometric scans of gel patterns of SMP from an ethanol-fed
rat and its pair-fed control. (A) SMP from an ethanol-fed rat. (B)
SMP from the pair-fed control. Quantitation of the Coomassie blue
staining intensity of the mitochondrial gene products is described in
Materials and Methods. With each set of scans those portions where
peaks of interest do not appear well resolved were displayed on an
expanded scale to allow a better visualization of the individual peaks.
This allowed better control in establishing integration parameters
(selection of peak maxima and minima) which were then utilized for
both the ethanol and control gel scans.

ND3, ATPase 8 and ND4L). While silver-stained gels
demonstrated these alterations in the staining intensities
of mitochondrial gene products more clearly, these
ethanol-related changes could also be observed in gels
of SMP stained with Coomassie blue. Gels stained with
Coomassie were utilized for densitometric analyses in
these studies since the light source in the densitometer
available was more sensitive to the Coomassie blue
stain. Fig. 7 illustrates complete densitometric scans for
SMP from an ethanol-fed rat and its pair-fed control.
Utilizing the gel scans for SMP from 12 pairs of animals
and the integration procedures outlined in the Fig. 7
legend, it was demonstrated that chronic ethanol con-
sumption results in a significant reduction of the
steady-state concentrations of all the mitochondrial gene
products in the inner membrane of ethanol-fed rats
(Fig. 8).

Solubilized mitochondria from ethanol-fed and con-
trol rats were also analyzed by SDS-PAGE with identi-
cal protein loads and Coomassie blue staining to assess
the abundance of the mitochondrial gene products in
the unfractionated organelle. The differences were less
apparent than those observed with SMP due to the
increased number of polypeptides in the intact mito-
chondrion. However, as can be seen in Fig. 6B, the
concentration of mitochondrial gene product ND3 is
reproducibly diminished in mitochondrial preparations
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from ethanol-fed rats. Densitometric analyses of this
polypeptide in mitochondrial preparations separated by
SDS-PAGE gave values of 630 + 60 and 963 + 72 (rela-
tive units) for ethanol and control preparations, respec-
tively (n = 6 pairs). These values reflect a 35 + 3% de-
crease in the abundance of this mitochondrial gene
product due to chronic ethanol consumption (P =
0.004). In contrast, densitometric analyses of the (a + )
subunits of the F, - F,-ATPase in the same preparations
of ethanol and control mitochondria gave values of
1577 £ 76 and 1532 4 77, respectively (n =6 pairs).
Thus, the same preparations of mitochondria from
ethanol-fed and control rats display a decrease in the
concentration of mitochondrial gene product ND3, but
no decrease in the concentrations of cytoplasmically
synthesized subunits (a + B) of the F, - F;-ATPase. Fur-
thermore, densitometric analyses of the band for the
adenine nucleotide carrier revealed that the absolute
intensities were not significantly different in patterns
from ethanol-fed and control SMP (data not shown).
This observation confirms that the concentration of this
nuclear gene product was not altered by chronic ethanol
consumption. These observations appear to preclude the
possibility that the lowered amounts of mitochondrial
gene products in SMP are simply due to an ethanol-re-
lated problem of insertion of the polypeptides into the
inner membrane.

The results of the current studies are summarized in
Table I. The data in this table show the relationships
between the observed depressions in radiolabeling and
steady-state polypeptide abundance of the mitochon-
drial gene products with the reported depressions in
holoenzyme activities [1-8]. With the majority of the
mitochondrial gene products there is good correlation
between loss in activity and the percentage depression
in concentration and incorporation of [**S}methionine.
With ND5, ND4, ND2, COII and COIII the correlation
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Fig. 8. Depression of mitochondrial gene product steady-state con-
centrations in submitochondrial particles from ethanol-fed rats. Each
bar represents the average densitometrically determined Coomassie
blue staining intensity from at least twelve animals for each of the
mitochondrial gene products. The maximal standard error for these
measurements was 9% of the mean value. Differences between ethanol
and control values were determined to be significantly different for
each of the mitochondrial gene products by the paired s-test (P <
0.046) and ANOVA statistical analyses (P < 0.05).

TABLE I

Relationships among the ethanol-induced depressions in polypeptide
synthesis, polypeptide mass and enzymatic activity

Polypeptide  Polypeptide =~ %Depression
number radiolabel * mass?  activity
1 ND5 50+3 2943 40-50°
2 COl 3243 3842 50 ¢
3 ND4 51+3 3743 40-50
4 Cytb 34+3 38+3 424
5 ND2 45+2 2612 40-50
6 ND1 44413 4443 40-50
7 con 33+2 4413 50
8 co1 48 +2 37+3 50
9 ATPase 6 41+3 4014 35°¢
10 ND6 4143 39+3 40-50
11 ND3 38+3 38+3 40-50
12 ATPase 8 41+1 3443 35
13 ND4L 42+2 4513 40-50

a

Data obtained from the analyses of SMP reported in Figs. 5 and 8.
b Activity associated with polypeptides designated by ND was that of
the NADH-ubiquinone reductase segment of the electron transport
chain {1-4].

Activity associated with polypeptides designated by CO was that of
cytochrome ¢ oxidase [1,4-6].

Reported decrease in cytochrome b heme content [6,8].

Activity associated with the ATPase subunits was that of the
oligomycin-sensitive ATPase [7].

[-%

o

between incorporation of radiolabel and abundance of
stained polypeptide was not as strong. However, these
moderate deviations may reflect less precision inherent
in integrating the areas under peaks which were ad-
jacent to those from prominent polypeptides. Neverthe-
less, the data in Table I for the ethanol-induced de-
creases in relative polypeptide concentration and rela-
tive rates of polypeptide synthesis ({**S]methionine in-
corporation) correlate reasonably well with the reported
depressions in holoenzyme activities or spectrophoto-
metrically determined cytochrome content {1-8).

Discussion

The biogenesis of the mitochondrial oxidative phos-
phorylation system depends on contributions from the
protein synthesizing systems of both the cytoplasm and
mitochondrion. The mammalian mitochondrial genome
encodes only thirteen open reading frames in addition
to two rRNAs and a complete set of tRNAs [33]. It has
now been well established that these open reading frames
encode two polypeptides of the F;-F,-ATPase [34],
cytochrome oxidase subunits I-III [25,27], apocytoch-
rome b [25] and seven of the polypeptides of the NADH
dehydrogenase complex [35-38). The polypeptide prod-
ucts of mitochondrial protein synthesis are absolutely
required for the proper assembly and function of the
oxidative phosphorylation system [39]. Therefore, an
ethanol-induced effect on mitochondrial biogenesis at



the level of mitochondrial protein synthesis might, over
time, adversely affect the functioning of the mitochon-
drial oxidative phosphorylation system.

The observations in the present study indicate that
chronic ethanol consumption depresses the incorpora-
tion of radiolabel into all thirteen mitochondrial gene
products in vitro. These observations extend previous
studies [10—-12] which demonstrated that chronic ethanol
consumption affects the capacity of isolated mito-
chondria to incorporate radiolabeled amino acids into
total mitochondrial protein. The depression of all mito-
chondrial gene products appears to be coordinated since
the mitochondrial gene products are synthesized in nor-
mal ratios. In addition, the results of the present study
show that ethanol-fed rats contain lowered steady-state
concentrations of the mitochondrial gene products.
These observations allow the possibility of ethanol-re-
lated alterations at any step in mitochondrial protein
synthesis preceding translation of an individual mature
mRNA. The possibilities include ethanol-related alter-
ations in DNA replication, transcription or construction
of the functioning mitochondrial ribosome. Recent
studies in our laboratory (Coleman and Cunningham,
unpublished) have revealed that the concentration of
competent ribosomes is depressed approx. 40% in mito-
chondria from ethanol-fed rats. It is likely that this
decreased level of ribosomes affects both the rate of
synthesis and steady-state concentrations of the mito-
chondrial gene products in ethanol mitochondria.

The results of these studies provide an explanation
for the reductions in oxidative phosphorylation ob-
served in mitochondria from ethanol-fed rats [1--8]. The
current studies included in this paper suggest strongly
that these alterations in mitochondrial function are the
direct result of ethanol-induced effects on mitochon-
drial biogenesis, specifically mitochondrial protein
synthesis. Since the mitochondrial gene products are
necessary for the normal biogenesis of the mitochon-
drial oxidative phosphorylation system, a reduction in
the number of mitochondrially synthesized proteins in
ethanol mitochondria would necessarily result in a re-
duction of the number of the complexes of the oxidative
phosphorylation system which could be assembled com-
pletely. Therefore, the effect of chronic ethanol con-
sumption would be to reduce the number of competent
complexes in the mitochondrial membrane as normal
turnover of the system occurred, resulting in a reduction
in oxidative phosphorylation activity. It was previously
demonstrated that the ethanol-related decrease in the
rate of mitochondrial ATP synthesis was due to depres-
sions in the activities of the NADH-ubiquinone, cyto-
chrome oxidase and ATP synthase complexes [4], all of
which contain mitochondrial gene products.

Previous observations have suggested that alterations
in the lipid content of mitochondrial membranes might
account for the functional alterations of the oxidative
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phosphorylation system. It is well established that
chronic ethanol consumption results in changes in the
fatty acid composition of mitochondrial phospholipids
[40]. This provides the possibility that the depression in
the functioning of the oxidative phosphorylation system
is attributable to these alterations in membrane lipids.
Arai et al. [41] have provided evidence suggesting that
changes in phospholipids may play a minor role in
lowering the activity of cytochrome oxidase. However,
other studies argue strongly that ethanol-elicited changes
in phospholipids are not responsible for the observed
decreases in the rate of ATP synthesis with either suc-
cinate [13] or glutamate [42] as oxidizable substrate.
Moreover, the observations made in the present investi-
gation indicate strongly that the depression in the func-
tioning of the hepatic oxidative phosphorylation system
can be accounted for by the alterations in the content of
mitochondrial gene products in the mitochondrial inner
membrane. The basis for this conclusion is the strong
correlation between the altered protein content of
ethanol mitochondria and the ethanol-elicited depres-
sions in the corresponding segments of the oxidative
phosphorylation system (Table I).

The ethanol-elicited alterations in the levels of mito-
chondrial gene products, which appear to be related to
the decreased function of the oxidative phosphorylation
system, may influence the overall energy state of the
liver. It has been previously reported that chronic
ethanol consumption decreases the hepatic energy state,
as indicated by shifts in the adenine nucleotide distribu-
tion and increases in inorganic phosphate concentra-
tions [43—45]. These alterations in hepatic energy state
could be the result of increased utilization of ATP or a
decrease in its synthesis. The results of the present study
provide a partial explanation for the earlier observa-
tions which demonstrated a decrease in synthesis of
ATP via the oxidative phosphorylation system. They
also reaffirm that decreased synthesis of ATP has to be
considered as a factor contributing to alterations in
hepatic energy metabolism observed in animals sub-
jected to chronic ethanol consumption. Alterations in
the energy state of the hepatic tissue impinge upon at
least two of the mechanisms suggested to be involved in
the development of alcohol-induced liver disease: peri-
central hypoxia [46] and decreased polymerization of
tubulin [47]. Thus, alterations in mitochondrial function
induced by chronic ethanol consumption have to be
considered as factors important in the development of
alcoholic liver disease.
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