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SUMMARY

It is known that rat hepatoma mitochondria contain higher levels
of endogenous cholesterol than do mitochondria from normal liver. In
the experiments described here, normal liver mitochondria were enriched
with cholesterol by a solid-state transfer process in vitro and some of
their enzymic properties were compared with literature values reported
for hepatoma mitochondria. Striking parallels were seen. The data
indicate that normal mitochondria, enriched with cholesterol in vitro,
may create an interesting model system for examining some metabolic
characteristics of tumor mitochondria.

INTRODUCTION

High levels of endogenous cholesterol have been found in hepa-
toma mitochondria (1). These mitochondria differ from normal rat liver
mitochondria in some of their metabolic properties (2). We have developed
a solid-state transfer method by which mitochondria isolated from normal
rat liver can be significantly enriched with exogenous cholesterol in
vitro. Enrichment was accomplished by co-incubation of freshly isolated
mitochondria with dextran beads to which cholesterol had been hydro-
phobically adducted. ADP:0 and respiratory (acceptor) control ratios, using
succinate as substrate, as well as ATPase activity in both the presence
and absence of 2,4-dinitrophenol, were investigated. We found that
mitochondria enriched with cholesterol vary markedly from normal mito-
chondria in some of the above parameters. Furthermore, such enriched
mitochondria show remarkable enzymic similarities to mitochondria
igsolated from rat hepatomas.
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METHODS AND MATERIALS

Isolation of Mitochondria

Mitochondria were isolated from livers of 300-400 gram male
Long-Evans rats by the method of Kielley and Kielley (3), using 0.25 M
sucrose and 0.001 M EDTA, pH 7.4, as the isolation and suspension medium.
Final protein concentrations were determined by the Biuret method (4)
employing 0.33% (w/v) deoxycholate.

Cholesterol Enrichment

20 pcCi [BH] —cholestercl (Spec. act., 1 mCi/mmole; Amersham,
Arlington Heights, I11.), and 38,6 mg carrier cholesterol were added to
1.0 gram benzene-washed Sephadex™ G-10 beads (Pharmacia, Piscataway, N.J.)
in 50 ml of benzene. The benzene was removed by rotary evaporation under
vacuum resulting in uniformly coated beads. Three 25 ml erlenmeyer
flasks, each containing 1.0 ml resuspended mitochondrial aliquots (40 mg
protein), were incubated with either 250 mg of benzene-washed ("nude')
beads, 250 mg of cholesterol-coated beads, or 500 mg of cholesterol-coated
beads, respectively, for 15 minutes at 0°C with gentle shaking. The
beads were extracted from the suspension by low speed centrifugation over
a 60% sucrose cushion. The extent of cholesterol incorporation into the
mitochondria was determined both by liquid scintillation counting and by
the colorimetric assay of Webster (5). The results from both methods
agreed to within 2.5%.

Mitochondrial Respiration

Oxygen consumption was measured with a YSI model 53 oxygen
monitor. The incubation mixture contained 7.5 mM disodium succinate,
10 mM potassium phosphate (pH 7.4), 100 mM sucrose, 3.3 mM MgCl,, 0.25 mM
ADP, and approximately 2 mg of mitochondrial protein /3 ml incu%ation
volume. ADP:0 and respiratory control ratios were calculated graphically
according to Estabrook (6) at 28°C.

ATPase Studies

ATP hydrolysis experiments were performed as described by Coleman
(7) using 100 mM sucrose, 20 mM tris maleate (pH 7.4), 10 mM ATP and
approximately 8 mg of mitochondrial protein in a final volume of 4 ml.
Incubation media also contaimed 20 yM 2,4-dinitrophenol or 5 mM MgCl,,
where indicated with the Tables and Figure. Aliquots (0.5 ml) of t%e

mitochondrial incubations were terminated with ice cold trichloroacetic
acid. Orthophosphate release was determined by the method of Chen, et al.(8).

RESULTS
Table I demonstrates that the cholesterol content of mitochondria

can be increased by the procedure described in Methods, which allowed

for the reproducible and quantitative enrichment of mitochondria with

cholesterol. Functional studies were done with mitochondria enriched

approximately 6-fold and 12-fold.

The oxygen consumption studies (Table II) indicated that cholesterol
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Table T EXOGENQUS CHOLESTEROL ENRICHMENT OF MITOCHONDRIA

Experiment cholesterol content

(nmole/mg protein)

Mitochondria (control) @) 26.2 £ 0.3 (5)

b) +

Enrichment level I 189.6 - 17.8 (4)

c)

Enrichment level II 336.3

9.3 (4)

a)

Mitochondria incubated with: 250 mg '"nude', benzene-washed dextran

b)

beads; with 250 mg cholesterol-coated beads; c) with 500 mg choles-
terol-coated beads. Cholesterol content given 15.0. Numbers in

parentheses indicate number of separate mitochondrial preparations.

Each preparation was assayed in duplicate for each experimental condition.

Table II CHOLESTEROL ENRICHMENT AND OXYGEN CONSUMPTION
Experiment ADP:0 Ratio Respiratory Control Ratio
Mitochondria (control) 1.81 £ 0.13 (16) 4.10 ¥ 0.18 (16)
Enrichment level I 1.80 2 0.09 (16) 3.72 ¥ 0.14 (16)
Enrichment level IT 1.71 £ 0.14 (16) 2.61 % 0.13 (16)

Mitochondria were prepared, cholesterol-enriched and assayed as given in
. + .

Methods and Table I. Data are given - $.D., and values in parentheses

indicate individual mitochondrial preparations, each one assayed a min-

imum of twice for the experimental condition.

enrichment had no effect on ADP:0 ratios. Respiratory control ratios,
however, were seen to decrease somewhat at high levels of cholesterol
enrichment. Furthermore, the decrease in the respiratory control ratio
was non—linear as a function of linear increases in the amount of

cholesterol taken up by mitochondria.
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Table III shows that the rate of ATP hydrolysis by mitochondria
increased non-linearly with linear cholesterol incorporation. When the
cholesterol level was raised to 189.6 nmole/mg mitochondrial protein,

a 42% increase in ATPase activity was observed; when the cholesterol
level was brought to 336.3 amole/mg protein, the increase in ATPase
activity was 1377%. Furthermore, our cholesterol-enriched mitochondria
retained the ability to be stimulated by low uncoupling concentrations of
2,4~dinitrophenol.

Figure I illustrates the time~course of ATP hydrolysis by control
mitochondria and cholesterol-enriched mitochondria.

DISCUSSION

It has been reported that hepatoma mitochondria contain unusually
high cholesterol levels. For example, Feo, et al. (1), found that
different rat hepatoma lines exhibited varying mitochondrial cholesterol
contents ranging from 3.9 to 6.2 times that of normal liver mitochondria.

While rat hepatoma mitochondria were found to exhibit ADP:0
ratios which are not significantly different from those obtained with
normal mitochondria, they did show substantially lower respiratory control
ratios (1,2,9,10,11-14).

When mitochondria from several lines of rat hepatoma (which reportedly
possess higher than normal levels of endogenous cholesterol) were examined,
Kaschnitz, et al., (10) obtained latent ATPase activities between 2 to 3
times that of normal liver mitochondria. With regard to uncoupler stimu-
lation of ATPase activity in hepatoma mitochondria, the literature is some-
what controversial. Early papers claimed that liver tumor mitochondria
exhibited a low stimulation of ATP hydrolysis by uncouplers (15-17). After
extensive study of the effects of uncouplers on hepatoma mitochondria,
Raschnitz, et 31.,(10), found that maximal ATPase could, in fact, be observed.
In a recent paper, Pedersen (2), also demonstrated that simulation of ATPase

activity by 2,4-dinitrophenol could be achieved with isolated rat hepatoma
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Table III CHOLESTEROL ENRICHMENT AND MITOCHONDRIAL- ATPase

nmoles P, /min/mg protein

) b)

Experiment without 2, 4-DNP? with 2,4-DNP
Mitochondria (control) 3.96 < 0.22 (4) 42.7 - 2.4 (3)
Enrichment level I 5.63 1 0.27 (4) 73.1 2 3.2 (4)
Enrichment level II 9.38 £ 0.43 (4) 125.2 ¥ 5.7 (3)

Data are for intact mitochondrial ATPase in. the absence of added Mg2+.
. + . .
Comparison of ATPase I added Mgz (not shown) permitted estimation of
damaged mitochondria, which was below 8%. a) Latent ATPase determined

after 24 min; b) ATPase determined after 8 min in the presence of

20 pM uncoupler.

nmoles Pj / mg protein

time (min)

FIGURE I: Time-course of mitochondrial ATPase activity with cholesterol
enrichment via the solid-state cholesterol transfer process
described in Methods. (A) cholesterol enrichment 13-fold over
control; (B) cholesterol enrichment 7-fold over control; (C)

control incubation (employing ''nude" dextran beads).
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mitochondria, but only if they were incubated with ATP prior to additiom
of uncoupler.

In the experiments reported here, freshly isolated mitochondria
from normal rat liver tissue were exogenously enriched with cholesterol
to levels approximately equal to or significantly greater than those
reported for hepatoma mitochondria. The mitochondria so enriched, ex-
hibited unchanged ADP:0 ratios, decreased respiratory control ratios,
increased latent ATPase activity, and the retention of their capacity to
manifest uncoupler-stimulated ATPase activity. These data indicate that
by exogenously increasing the mitochondrial cholesterol concentration,

a system is created, some of whose enzymic activities parallel those
observed with mitochondria obtained from frequently studied tumor systems.
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