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SUMMARY: Mitochondria isolated from rat heart and kidney cortex by Polytron treat-
ment of the tissues exhibit lower state 3 rates of respiration than mitochondria
isolated by Nagarse method. Addition of cytochrome ¢ to Polytron mitochondria iso-
lTated from heart, but not from kidney, increases oxygen uptake to values approach-
ing those of Nagarse-treated preparations. Similar results were observed for Cal*
uptake. Kidney Polytron mitochondria exhibited lower mitochondrial, but higher
non-mitochondrial enzyme activities compared to kidney Nagarse mitochondria. En-
zyme activities were the same in Polytron and Nagarse mitochondria from heart. The
differences between Polytron and Nagarse mitochondria appear to be mainly due to
lower cytochrome ¢ content of Polytron mitochondria from heart and higher contami-
nation of Polytron mitochondria from kidney.

INTRODUCTION: The existence of different populations of mitochondria in cardiac
muscle in normal and disease states has been proposed by ourselves and others (1-6)
Multiple populations subserving different functions in other organs such as kidney
have also been suggested (7). It is not inconceivable that subpopulations of mito-
chondria may be differently affected in certain pathological conditions and by var-
ious pharmacological interventions. There is a growing interest in studying iso-
lated mitochondria representative of possible in vivo subpopulations.

In a recent report, Palmer et al (k) described the isolation of biochemically
distinct ''subsarcolemmal’ and '"'interfibrillar'’ mitochondria from rat cardiac muscle
by Polytron and Nagarse treatment methods, respectively. However, some of the bio-
chemical differences observed by them between these mitochondria prepared by these
two methods may be due to the isolation and assay procedures and may not represent
physiological differences. The purpose of this study is to examine mitochondria
from contractile and non-contractile organs isolated by procedures which putatively
release different populations of the organelle.

MATERIALS & METHODS: lIsolation of Mitochondria: Female Sprague-Dawley rats (200-
300g) were used. Mitochondria were isolated from heart and kidney by Polytron
treatment according to Sordahl and Schwartz (8) and by Nagarse treatment according

to Palmer et al (4). The isolation medium contained 180mM KC1, 10mM EGTALl, 0.5%
BSA (Fraction V) and 10mM HEPES buffer, pH 7.4 (KEAH). The atria and the right

Abbreviations: EGTA: ethylene glycol bis (8-amino-ethyl) N,N'-tetra-acetic acid;
BSA: bovine serum albumin; HEPES: h-(2-hydroxyethyl)-1-piperazine
ethane sulfonic acid.
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ventricular free wall were removed from hearts. Only the cortical portion of kid-
ney was used. Homogenate after Polytron treatment was centrifuged at 400xg for

10 minutes. The resulting pellet was used to isolate Nagarse mitochondria accord-
ing to Palmer et al (4}. “The supernatant solution was divided into two halves.

One half was treated with Nagarse (5mg Nagarse/g tissue the homogenate represents).
The supernatant solutions were then centrifuged at 5000xg for 10 minutes. The pel-
lets were washed twice before finally suspended in a small volume of KEAH contain-
ing O.1mM EGTA. Kidney mitochondria were isolated similarly except that the tissue
was either treated with a Polytron very briefly and slower speed, or homogenized

in a Potter-Elvejhem homogenizer (5 passes). Mitochondria isolated from untreated
and from Nagarse-treated first low speed supernatant from heart were designated

as HP and HPN, respectively; similarly from kidney as KP and KPN, respectively.
Mitochondria isolated from the first low speed pellet from heart and kidney homo-
genate were designated as HN and KN, respectively.

Measurement of Respiration and Phosphorylation: Oxygen uptake was measured with

a Clark oxygen electrode and a Gilson polarograph at 30°C in 1.5m1 of medium.

The medium contained 0.25M sucrose, 2.66mM Pi and 10mM HEPES, pH 6.8. Each assay
was carried out with Img protein and 6.6mM glutamate + 6.6mM malate. State 3

rate was initiated with 403 nmoles ADP. State 3, state 4 rates, respiratory con-
trol (RC) and ADP/O ratios were calculated as described previously (9,10).

Calcium Uptake: Calcium uptake was carried out at room temperature by the murexide
method {11,12) in the same medium used for the measurement of respiration with bmM
succinate as substrate. 1.2mg mitochondrial protein and 66uM CaCl, was used in a
final volume of 3ml. A decrease in absorbance .at 472-508nm was recorded in an
Aminco dual beam spectrophotometer model DW2-a.

Enzyme Assay:Citrate Synthase activity in sonicated mitochondria was assayed at
30°C accarding to the method of Srere (13). Cytochrome c oxidase activity was
assayed at room temperature as described previously (1h4) using mitochondria which
were swelled in 100mM phosphate buffer (pH 7.4) at 30°C for 12 minutes. 5'-nucleo-
tidase activity (15) and glucose-6-phosphatase activity (16) were assayed according
to published procedures. Cytochrome ¢ content in isolated mitochondria was deter-
mined from the reduced-oxidized spectra obtained in an Aminco dual beam model DW-2a
spectrophotometer after reduction with sodium dithionite. A millimolar extinction
coefficient of 19 at 550-5L0nm for cytochrome c and 16.5 at 607-630 for cytochrome
a + a3 were used. Protein concentration in mitochondria was determined according
to Lowry et al {17) with BSA as standard.

RESULTS: Mitochondria isolated by Nagarse treatment from heart and kidney exhibited
significantly (P = .001) higher state 3 rates of respiration compared to mitochon-
dria isolated by the Polytron treatment of heart and kidney when the rates are ex-
pressed in terms of mitochondrial protein after isolation (Table 1). The addition
of 6.6uM cytochrome c to the assay medium increased the state 3 rates of the Poly-
tron mitochondria from heart by 42% (P = .0013) and of Nagarse mitochondria by 8%
{not significant). The state 3 rate of Polytron mitochondria was increased by
cytochrome ¢ to near those of Nagarse mitochondria (the difference was no longer
significant). Heart mitochondria ''released' by the Polytron treatment were then
treated with Nagarse and then sedimented by centrifugation as described under
'"MATERIALS & METHbDS.“ The state 3 rate of these mitochondria was slightly higher
than Polytron mitochondria. Nagarse per se had no effect on state 3 rate of
mitochondria isolated by Polytron treatment. Kidney cortical mitochondria iso-
lated similarly showed state 3 rates of respiration significantly higher (P = .001)

than those of mitochondria prepared by homogenization in a Potter-Elvejhem homo-
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genizer, Cytochrome g.(up to 150uM) did not stimulate state 3 respiration of mito-
chondria isolated from kidney by homogenization or Nagarse treatment.

The cytochrome ¢ and a + a3 content of isolated mitochondria were determined
(Table 1). The cytochrome c content of Polytron mitochondria from heart was sig-
nificantly lower compared to that of Nagarse mitochondria (P = 0.0001). Cytochrome
a+ ag content was slightly lower in Polytron mitochondria compared to Nagarse
mitochondria, but the difference was not significant (P = 0.30). Significantly
lower cytochrome c (P = .006) and a + as (P = 0.0038) content mitochondria pre-
pared by homogenization was observed compared to that of Nagarse mitochondria iso-
lated from kidney cortex.

The state 3 rate of respiration was then calculated on the basis of cyto-
chrome ¢ or a + a3 content of the mitochondrial preparations {Table |). The ad-
vantage of expressing the results in this way is that it eliminates the possible
contribution of proteins from contaminating membranes. It also determines the
effect of loss of respiration due to loss of cytochrome ¢ which is very easily
released in high ionic medium from mitochondria with leaky outer membranes (18,19).
The data expressed in this manner revealed no significant differences between
state 3 rates of respiration of Polytron and Nagarse mitochondria from heart.
Similar results were obtained with kidney cortical mitochondria. Although large
variations in Ca?* uptake of isolated mitochondria were observed between experi-
ments, the Ca2+ uptake properties were also similarly affected (Table 1}.

Specific mitochondrial enzymes, cytochrome c oxidase activity tightly bound
to the inner membrane and citrate synthase activity localized in the matrix com-
partment were also studied (Table 11). Cytochrome ¢ oxidase activity expressed in
terms of mg mitochondrial protein exhibited slightly lower activity in heart Poly-
tron mitochondria compared to Nagarse mitochondria (not significant; P = .0521).
Kidney mitochondria isolated by homogenization, on the other hand, showed sig-
nificantly (P<0.0001) lower cytochrome ¢ oxidase activity. Nagarse treatment
of mitochondria released by Polytron treatment of kidney increased cytochrome oxi-
dase activity significantly (P = .001). When the data are expressed in terms of
cytochrome a + a3 content of the mitochondrial preparations, no significant dif-
ferences in activity of the enzyme was observed (Table i1). Citrate synthase
activity of heart mitochondria expressed in terms of per mg protein revealed no
difference between Polytron and Nagarse (Table 11). Kidney mitochondria, on the
other hand, isolated by the Nagarse method revealed significantly higher citrate
synthase activity (P = .0006). Nagarse treatment of mitochondria previously ''re-
leased" by Polytron treatment from kidney tissue also showed significantly higher
activity compared to that of the Polytron mitochondria. However, the difference
in citrate synthase activity in kidney Polytron and Nagarse mitochondria disappear

if the data are expressed in terms of nmoles of cytochrome a + ag (Table t1t).
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5'-Nucleotidase activity and glucose-6-phosphatase activity were similar in
Nagarse mitochondria from heart (Table I1). In contrast, these enzyme activities
were higher in mitochondria isolated by homogenization from kidney suggesting
that the possible presence of extramitochondrial material in higher quantity in
these preparations compared to mitochondria prepared by Nagarse treatment (Table

[1}). Nagarse did not inhibit activities of these enzymes.

DISCUSSION: This study was prompted by a recent report by Palmer et al (4) de-~
scribing the isolation of ''subsarcolemmal'' and "interfibrillar' mitochondria from
cardiac muscle. [n the present study, experiments were designed to yield these
two different populations of mitochondria and to characterize the nature of the
biochemical differences between them. A non-contractile tissue, kidney cortex,
was included to gain further information on possible preparative artifacts. The
cortex was selected because it contains a relatively homogenous cell type.

Our results indicate that differences in state 3 respiration of mitochondria
isolated from heart by Polytron and Nagarse treatment were due mainly to a de-
creased cytochrome c content of the Polytron-treated mitochondria. The decreased
cytochrome ¢ content of these organelles may have been due to a loss of cytochrome
¢ during their isolation in high ionic media. This is possible since added cyto-
chrome ¢ in the assay medium stimulated state 3 respiration of Polytron mitochon-
dria but not that of Nagarse mitochondria. This observation suggests that either
Polytron treatment makes the mitochondrial outer membrane permeable to cytochrome
c or that these mitochondrial outer membranes were permeable to cytochrome ¢ in

situ. Normally, mitochondrial outer membranes are not permeable to cytochrome ¢
(20).

Kidney cortical mitochondria isolated by homogenization in a glass vessel
with teflon pestle or by very brief Polytron treatment and by Nagarse treatment
also show similar differences in state 3 rates of respiration. These differences
were probably due to higher levels of contamination of mitochondria isolated by
teflon pestle homogenization or Polytron treatment compared to mitochondria iso-
lated by Nagarse treatment. It appears that the kidney mitochondria isolated by
homogenization or by very brief Polytron treatment are not permeable to added
cytochrome c. Since Nagarse per se had no effect on state 3 rate or enzyme ac-
tivities, it appears that Nagarse effectively removed contamination probably by
digestion.

This study demonstrates a novel aspect, that of expressing mitochondrial
function based upon an intrinsic mitochondrial component whereby the problem of
contamination and loss of loosely-bound cytochrome ¢ during isolation is effec-
tively eliminated. Moreover, the results presented here do raise doubt as to

the validity of separating ''subsarcolemmal' and "interfibrillar! mitochondria
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by Polytron and Nagarse treatment of tissue as described by Palmer et al (4).
Although it could be argued that Polytron mitochondria were isolated in low
fonic medium and that there should have been no loss of cytochrome ¢ during iso-
lation, it should also be noted that high ionic medium was used by those co-
workers for measurement of respiration (4). Our preliminary data on Polytron
mitochondria isolated in Tow ionic medium indicate no loss of cytochrome ¢
but release of cytochrome was observed when these mitochondria were later sus-
pended in high ionic medium.

It is possible and indeed intriguing that different populations of mito-
chondria exist within a single cell type. However, current procedures are not

entirely adequate for completely solving this problem.
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