a slight stretching of the skin. The upper-and lewer

walls of the chamber provide a thickness of lead suffi-
cient to preclude penetration of x-rays below the
chamber; thus the radiation is confined execlusively to
the skin (Figs. 2 and 4). To the chamber are attached
brass tubes, serving as inlet and outlet, for the circu-
lation of water; the temperature of the water deter-
mines the temperature of the chamber. The circula-
tion is effected by a simple siphoning arrangement.
The chamber, with brass tubing attachments, is sup-
ported by clamps, and the animal is slipped into posi-
tion; rubber tubing is then_ attached to the inlet and
outlet, and the circulation of water is begun. A piece

of lead plating with a small cireular aperture is then.

placed immediately upon the skin area overlying the
chamber (Fig. 3). The skin is thus brought into fixed
apposition with the surface -of the temperature-regu-
lating- device ;. the aperture leaves a definitely circum-
seribed area of the skin to be exposed to the radiation.
The skin is conditioned to the temperature prevailing
inthe system for a period of 10-15 min before irradi-

ation. We have ascertained that the temperature of-
the skin very closely approximates the temperature

of the lead surface upon which it rests. The cooling
of 'skin is enhanced by the ligating effect of the lead
plate upon the cutaneous blood vessels. The entire
animal, with the exception of the small circular area
of skin to be irradiated (Fig. 3, E), is shielded by a
large lead plate. ’

In our early experiments the irradiation of warm
and cold areas of skin was effected in respectively
different animals; similarly the controls. However,
we have adapted the technique of a tandem arrange-
ment of two pairs of chambers to make it possible to

produce, simultaneously, on one and the same experi- '

mental animal, in symmetrical pattern, two cold -skin
areas (approx. 5° C) and two warm skin areas (ap-
prox. 40° C); one of each pair serves as an experi-
mental area and the other as the control. At tempera-
tures we have employed, we have never encountered
any untoward responses of control areas. After ir-
radiation the incisions are closed with nickel silver
wound elips.

The advantages of this technique may be summar-

ized as follows: (a) the radiation is strictly confined
to a definitely localized region of the skin; (b) the
regulation of temperature is similarly localized; (c)
the warming and cooling of skin areas can be simul-
taneously effected in one and the same experimental
animal, with, in addition, the appropriate controls on
the same animal; (d) the use of the basic features
of the method are desirable even when there is no
concern with the experimental regulation of the tem-
perature of the skin; (¢) one need not, with this tech-
nique, be confined to the use of newborn mammals;
(f) the technique can profitably be PmpIOyed in the
study of elements other than mammalian integument
and, it would seem, could be adapted to subserve

profitably the analysis of a variety of radiobiological’

problems.
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Details regarding the use of this technique, and evi-
dence deriving from our studies on the radiosensi-
tivity of mammalian skin in relation to temperature,

- will be published elsewhere.
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Centrifugal Preparation of Rat Liver
Mitochondria Free of Microsomes*

Kenneth L. Jackson, Elaine L. Walker,
and Nello Pace

Office of Naval Research and Department of Physiology,
University of California, Berkeley

The isolation in bulk quantities of eytoplasmic par-
ticulates from rat liver cells by the differential cen-
trifugation technique, originally described by Claude
and further developed by Hogeboom et al. (1), is be-
ing widely applied in the study of cell physiology. In
the preparation of the mitochondrial fraction, several
investigators have called attention to the occurrence
of a loosely packed material which sediments over the
more compact mitochondrial pellet at one stage of the
fractionation. Thus Muntwyler et al. (2) emphasized
the need for removal of this material from the mito-
chondria. They reached the conclusion that it was
more -properly a part of the microsomal fraction,
largely on its microscopie appearance and on the rela-
tive nitrogen and pentose nucleic acid content of the
mitochondrial and microsomal fractions with various
partitionings of the intermediate material. Schneider
and Hogeboom (3) reaffirmed their original mention
of the errors introduced by not removing this mate-
rial from the mitochondria, i.e., too much nitrogen
and pentose nucleic acid in the latter and too little in
the microsomes. Most recently, Potter et al. (£) stated
the likelihood that the loose material is probably mi-
crosomal rather than mitochrondrial in nature, based
on its staining properties.

The present study was made to devise a procedure

for a more complete separation of the intermediate

fraction from the mitochondria. Also, additional evi-
dence has been obtained that this fraction is part
of the presently accepted microsomal fraction, and
should be incorporated with it.

When centrifugation of the mitochondrial fraction
is earried out at 15,000 X gravity by the usual method
(1) in a large, e.g., 2.5-em diameter tube it is difficult

"to see the boundary between the loose upper layer and

1 Work performed as part of Contract N7onr-29504 between
the Office of Naval Research and University of California.
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the mitochondrial layer, and a sharp separation is not
possible. In order to overcome this difficulty, only the
clear supernatant liquid, containing a large propor-
tion of the microsomes, is removed and thé entire sedi-
ment is transferred to a smaller, 9-mm diameter lucite
tube. The mixed material is resuspended in about 3
volumes of either 0.25 M or 0.88 M sucrose solution
with the aid of a pestle made from a small piece of
glass tubing with a bubble blown on the end to fit the
lucite tube. Upon recentrifugation at 15,000 x gravity
for 15 min (30 min if 0.88 M sucrose is being used),
a pinkish white material is loosely layered over the
sharp mitochendrial boundary. This material is easily
removed by means of a fine capillary pipet, care being
taken to remove no mitochondria. The mitochondria
are resuspended and the process is repeated until no
more loose material appears over the mitochondria.
The washings, including the loose material, are added
to the clear supernatant liquid removed in the first
step described above, and the whole is centrifuged at
high acceleration, e.g., 100,000 x gravity, to separate
the microsomal fraction, if desired.

It was found that at least 3 or 4 washes are usually
required to remove the intermediate material com-
pletely from the mitochondrial fraction. In the first
unwashed mitochondrial sediment this material occu-
pies about 60-70% of the whole pellet volume, and
after 1 wash it still represents 40-50%. These propor-
tions were determined by centrifugation in capillary
tubes approximately 3 mm in diameter to give an
elongated pellet.

The intermediate material could be conveniently
collected separately by this method, and its properties
were compared with those of purified mitochondrial
and microsomal fractions in the following experi-
ments.

(a) A suspension of the intermediate material was

centrifuged at high acceleration into a compaet pellet.
The pellet had the characteristic appearance of a mi-
crosome pellet, a pink gel, with a trace of buff mito-
chondria at the bottom.
. (b) Eleetronmicrograms of the intermediate mate-
rial, while revealing aggregation of the constituent
particles, showed that the particles were identical in
‘size’ and shape with the microsomes.

(e¢) An optical ultracentrifuge sedimentation pat-
tern of a suspension of the intermediate material
centrifuged at 260,000 x gravity was compared with
one of a microsome suspension. The patterns ap-
peared identical, whereas purified mitochondrial sus-
pensions give no pattern at all with these opties.

(d) Staining” of the mitochondria, intermediate
material, and microsomes separately by the method
of Potter et al. (4) confirmed their findings. The mito-
chondria exhibited staining properties clearly .differ-
ent from those of the intermediate material and miero-
somes, while the latter were the same.

(e) The total nitrogen content of duplicate aliquots
of the purified mitochondria from s rat liver was
found to be higher than that of the intermediate mate-
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rial or the microsomes from the same liver, which were
very similar, as may be seen in Table 1. )
TABLE 1

TorAL NITROGEN CONTENT OF VARIOUS
’ Liver CELL FRACTIONS

N itrogen content

Fraction (g N/g dry sample™)
*  Sample 1 Sample 2
Mitochondria 0.124 0.124
Intermediate material, 0.104 0.102
0.097 -0.095

Microsomes

* Hach fraction was washed once with _distilled water to
remove the bulk of the sucrose.

(f) Two rats were injected with a tracer dose
of radiophosphorus-labeled phosphate and sacrificed
after 7 hr. The nitrogen and phosphorus content,
total phosphorus specific activity, and phospholipid
phosphorus’ specific activity of the purified mito-
chondria, intermediate material, and microsomes were
determined. As may be seen in Table 2, the mito-
chondria stand in sharp contrast to the intermediate
material and the microsomes in every respect, whereas
the latter two fractions are almost identical in their
properties.

TABLE 2

N/P RATIO AND P SPECIFIC ACTIVITIES OF VARIOUS
Liver CELL FRACTIONS

Specifie Specifie

gN/g P activity faﬁ]f;IVlti
Fraction °~f fraction eyt p. © 111) pi();I]’_, Oi
Rat A Rat B Rat A Rat B Rat A RatB
Mitochondria 13.5 129 041 051 0.38 0.5(’)'

Intermediate T

material 5.3 58 033 039 046 054
Microsomes 5.9 53 034 039 047 0.55

-On the basis of these experiments, which included
the examination of physical, chemical, and metabolic
properties of the intermediate material, it is concluded
that the loose upper layer sedimenting with the mito-
chondria is definitely microsomal in character and
should be removed completely from mitochondrial
preparations from rat liver cells. A procedure is out-
lined for effecting this ‘end, and consists largely of sev-
eral recentrifugations of the mitochondrial fraetion:
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