MEASUREMENT OF MITOCHONDRIAL SWELLING

normal serum cross reacts with H. capsulatum
cells or that a low titer of histoplasma anti-
bodies is present and not detectable in the
complement fixation test.

Summary. Antibodies in sera from patients
with systemic mycoses were demonstrated by
the indirect method of staining with fluores-
cent antibody. In spite of a general auto-
fluorescence of pathogenic fungi, addition of
human antiserum and a fluorescein-labeled
rabbit antihuman gamma globulin resulted in
characteristic fluorescing reactions. In the
case of cryptococcosis antibodies were dem-
onstrated by the fluorescent technic but not
by other serologic methods.

The authors are indebted to Drs. Morris Goldman
and Max Moody and Mr. Kenneth Carver of U. S.
Public Health Communicable Disease Center, Cham-
blee, Ga., and Dr. Walter H. Sheldon, Professor of
Pathology, Emory Univ. School of Medicine, for
assistance and encouragement in development of our
fluorcscent antibody-antigen program.

Immune human globulin was kindly supplied by
American Red Cross, National Headquarters, Wash-
ington, D.C.
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Comparison of Opacimetric and Hematocrit Methods in Measurement

of Mitochondrial Swelling.*
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Study of the osmotic properties of isolated
mitochondria is undeveloped in comparison
with the maturity of similar studies of the red
blood cell. The opacimetric method has been
most widely used in mitochondrial studies for
it is simple and lends itself readily to kinetic
studies of volume changes. For the erythro-

*This investigation was supported by research
grant from the Nat. Inst. of Arthritis and Metabolic
Diseases, N.I.H.,, US.P.H.S.

t USPH.S. (Postdoctorate) Research Fellow of
Nat. Cancer Inst.

cyte, the results obtained with the opacimetric
method are generally in good agreement with
the results of a variety of other methods which
depend on different properties of the red cell
system(1). For mitochondria, comparisons
of the opacimetric method with others have
been reported for only 2 alternative technics.
Tedeschi and Harris(2) have shown that the
optical density of mitochondrial suspensions
is inversely proportional to the mitochondrial
volume measured by photomicrography. The
per cent dry weight of mitochondrial pellets
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FI1G. 1. Effect of osmolarity of medinm on mito-

chondrial volume. Equal amounts of mitochondria

sedimented in Shevky-Stafford tubes. Smallest di-
vision on tubes is 01 ml,

has been shown to decrease with decrease in
optical density of the suspensions from which
they are spun down(3). The latter correla-
tion has been confirmed in this laboratory.

In the course of a study of mitochondrial
swelling it was observed that mitochondrial
pellets from suspensions of low optical density
are macroscopically larger than those from
more opaque suspensions of equal quantities
of mitochondria. In this report quantitative
data are presented which show that the vol-
ume of a mitochondrial pellet. i.c., the mito-
crit.+ is inversely related to optical density of
the suspension before centrifugation. These
data compare the opacimetric and hematocrit
methods for measuring relative mitochondrial
volume.

Materials and methods. Male rats (Holtz-
man Co.. Madison. Wis.) were fed ad libitum.
AMitochondria were isolated(5) from a 13.5%
homogenate of four livers in 0.30 M sucrose
which was 0.002 M with respect to ethylene-
diamine tetraacetic acid (EDTA) at pH 7.4,
by centrifugation for 12 minutes at 7100 x
gravity (American Instrument Co., high speed
refrigerated centrifuge. tube angle of 32°).
They were washed twice in the same, medium.
The resultant stock suspension contained
mitochondria from 1.5 g wet weight of liver
per ml of sucrose-EDTA solution. Swelling
was produced by diluting 2.0 ml aliquots of
the stock suspension to 30 ml with a series of
hyvpotonic sucrose solutions. Final concentra-
tions in the series of mitochondria-sucrose
systems were: 10% mitochondria, 0.002 M
tris (hydroxymethyl) aminomethane (Tris)
buffer at pH 7.4, and sucrose at various mo-
larities. For direct measurement of mitochon-

 The hematocrit, etymologically, refers to a blood
measurement. Jackson and Pace(4) introduced the
term mitocrit for measurement of mitochondrial pel-
let volume.
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drial pellet volumes, 6.5 ml aliquots from
members of this series were delivered to
Shevky-Stafford graduated centrifuge tubes
and centrifuged for 30 minutes at 5700 x
gravity. The mean of the upper and lower
limits of the top of the mitochondrial pellet
was taken as its volume. For optical density
measurements, 1.0 ml aliquots from the mito-
chondria-sucrose systems, at various sucrose
molarities, were periodically diluted to 4.0 ml
with sucrose solutions of a corresponding
molarity, also buffered with 0.002 M Tris at
pH 7.4. Optical density readings at 520 mp
were obtained with the Coleman Junior Spec-
trophotometer, Model 6A. After about 10
minutes at room temperature, slow secondary
changes of the initial optical density values
are observed. These secondary degenerative
changes, also observed by Tedeschi and Har-
ris(2), are believed to be similar to those oc-
curring in CCly- or inorganic phosphate-
induced isotonic swelling(5). It was found
that during the time necessary for the mitocrit
determinations (45-60 min), the optical densi-
ties of the corresponding mitochondrial sus-
pensions could be maintained to within 4% of
their initial values by keeping the mitochon-
dria at 0-1°C, except during the short interval
necessary for optical density readings which
were carried out at 3-8°C.

Results. Fig. 1 is a photograph of mito-
chondria sedimented in Shevky-Stafford tubes.
Each tube contained the same amount of
mitochondria. It is evident that as the os-
molarity of the medium decreases, the volume
of the mitochondrial pellet increases.

The results from a repetition of this experi-
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FIG. 2. Volume and optical density of mitochon-
dria as functions of osmolarity of medium,
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ment are shown in Fig. 2. Here, the mito-
chondrial pellet volumes and the correspond-
ing optical densities have been plotted as func-
tions of the final total osmolarity of the me-
dium. The data clearly show that mitochon-
drial pellet volume increases continuously
with progressive decrease in the osmolarity of
the mitochondrial medium, and that associ-
ated with the volume increase there is a cor-
responding decrease in optical density of the
mitochondrial suspension. This experiment
has been performed, with minor variations, 5
times, always with the same result: mitochon-
drial volume increases as optical density de-
creases. The same result was also obtained
in an experiment in which mitochondria in
0.30 M sucrose were induced to swell by the
presence of inorganic phosphate.

For comparison of the rate of change of
optical density with that of mitochondrial pel-
let volume, in Fig. 2 the units of the ordinates
for the 2 parameters have been adjusted to
make the total change in optical density equal
to that in volume. The 2 curves are nearly
symmetrical. However, as osmolarity de-
creases, the increase in mitochondrial volume
at low osmolarities is somewhat greater than
the corresponding decrease in optical density.
This is probably due to incomplete packing
of the grossly swollen mitochondria concomi-
tant with their decreased specific gravity.

Discussion. A practical and a theoretical
conclusion may be drawn from the results
here presented. As to the former, measure-
ments of mitochondrial pellet volumes con-
firm the validity of the optical density method
of measuring relative mitochondrial volume.
These data may be added to the evidence
from photomicrographic measurements(2)
and from measurements of mitochondrial
water content(3). Thus, there is ample jus-
tification for choosing the simple opacimetric
method for routine work.

Theoretically, the data are pertinent to the
recently disputed view that mitochondria be-
have as osmometers. It is widely held that
isolated mitochondria are impermeable to su-
crose and similar non-electrolytes, and that
they respond to osmotic changes in their en-
vironment according to classical osmotic pres-
sure theory. Evidence for this view includes
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the stability of mitochondrial volume in su-
crose at or near 0.3 M(2,5,6), mitochondrial
retention of a variety of cofactors, substrates,
and ions through the isolation procedure(7),
similarity in the rules governing transfer of
water and non-electrolytes across mitochon-
drial membranes to those which apply to plant
cell membranes and to the red blood cell(2),
relative impermeability of mitochondria to
sucrose shown by Jackson and Pace(4), and
the studies of “colloid-osmotic swelling” in
this laboratory (5) which indicate that mito-
chondrial membranes are impermeable to su-
crose.

On the other hand, Werkheiser and Bartley
(8) have presented data in support of the
view that mitochondrial membranes are par-
tially permeable to sucrose and possibly also
to molecules as large as inulin. In addition,
the view that mitochondrial volume changes
are in accord with classical osmotic pressure
theory has been challenged indirectly by Fon-
nesu and Davies(9), on the grounds that
small concentrations of adenosine monophos-
phate, with Mn** or Mg**, could largely pro-
tect the mitochondria from swelling in hypo-
tonic sucrose solutions as low as 0.04 M.
Possible alternative interpretations of these
experiments are presented elsewhere(5). The
results here reported on the behavior of mito-
chondria in hypotonic sucrose solutions
clearly follow classical osmotic pressure
theory. The progressive increase in mitocrit
values as the external osmotic pressure is pro-
gressively decreased, is the expected behavior
if the mitochondria are osmotic systems im-
permeable to sucrose. It may be pointed out
that the permeability characteristics of the
mitochondrial membrane can only be inferred
indirectly from measurement of mitochondrial
volume changes, regardless of the method
used. Nevertheless, if future work confirms
the recently expressed view that the mito-
chondrial membrane is permeable to sucrose
(8), or that the mitochondria under certain
circumstances do not adjust osmotically to ex-
ternal 0.04 M sucrose(9), then it would ap-
pear to us that a wholly new theoretical ap-
proach, other than classical osmotic pressure
theory, will have to be taken to explain the
experimental results presented here and in the
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work of Tedeschi and Harris(2) and others,
cited above.

Summary. The opacimetric and hema-
tocrit methods for measuring relative mito-
chondrial volume are compared. Data from
mitochondria swollen by exposure to hypo-
tonic sucrose solutions demonstrate the valid-
ity of the simple opacimetric method, since,
as osmolarity decreases, rate of increase in
mitochondrial pellet volume approximates
rate of decrease in optical density of the mito-
chondrial suspension. The results are dis-
cussed in terms of a current dispute regarding
permeability of the mitochondrial membrane
to sucrose.
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Certain antibiotic substances produced by
strains of Escherichia and Shigella have been
defined as colicines. A recent review of coli-
cines(1) has been published by Fredericq, a
pioneer in this particular field. Halbert and
Gravatt(2) have reported on the relation of
Shigella type specificity and susceptibility to
antibiotic producing strains of Esckerichia
coli. As extension and partial confirmation of
their report. 170 Shigella bovdii culturest con-
sisting of serotypes 1 through 11 and the 3
provisional serotypes were tested for possible
characteristic patterns of sensitivity to 28
colicines. Some correlation between sero-
logical type and sensitivity to colicines has
been revealed by this study.

The present report deals with an observa-
tion made during the testing of the aforemen-
tioned Skigella cultures. It was noted that

* Present address: Lab. of Infect. Dis., Nat. Inst.
of Allergy and Infectious Diseases, N.1.H.

t We are grateful to Commander Thomas M. Floyd,
Naval Medical Research Inst., Bethesda, Md., for
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R (rough) and M (mucoid) colony variants
seemed somewhat more susceptible to coli-
cines than S (smooth) colonies of the same
original culture.

Procedures. Further experiments were per-
formed to establish the validity of these sensi-
tivity differences. A group of colicine produc-
ing strains of Escherickia and Shigellat were
tested against randomly selected Sk. boydii
strains utilizing the chloroform-killed plate
assay technic of Gratia and Fredericq(3). R
variants were obtained from an S colony of
Sk. bovdii 1, Strain No. 1701, by the methods
indicated in Table I, and simultaneously
tested with the S parent organism against
colicines. The results shown in Table I and
Fig. 1 indicate the marked sensitivity of R
variants to some colicines employed in con-
trast to the relative resistance of the S parent
culture. Sensitivity differences between R or
M variants and their corresponding S parent
cultures were also demonstrated in 2 other

t We wish to thank Dr. Pierre Fredericq, of Uni-
versity of Liege, for the majority of these strains.



