
This paper showed that a small soluble respiratory
protein, cytochrome c, was concentrated in the
mitochondrial fraction isolated from rat liver
homogenates and was active in the oxidation of
succinate by the succinic dehydrogenase that was
also localized in the liver mitochondria. fThe SCI®
indicates that this paper has beencited in more than
1,810 publications.}

Intracellular Cytochrome c

Walter C. Schneider
15301 Barnlngham Ct.

Silver Spring, MD 20906
The end of World War H witnessedthe onset

of rapid developments in many fields of basic
research. One was the Isolation and biochemi-
cal study of subcellular components from ani-
mal tissues. R.R. Bensley and N. Hoerrt and
A. Claude2 reported the isolation of particulate
large granules from guinea pig liver but dis-
agreed as to whether they were mitochondrla or
secretory granules. Van A. Potter was Instru-
mental In Interesting me in this field, and, after
completing my doctorate in 1945, I isolated the
large granule fractions from both rat liver and
kidney and showed that they contained almost
75 percent of the succInlc dehydrogenase and
cytochrome oxldaae activities of the tissues.3

Impressed by these results, Potter arranged
for me to spend a year with Claude as a post-
doctoral fellow. On arriving in New York in 1946,
it became apparentthat Claude’sother Interests
and his preference for working in the late after-
noonand evening would leave me with freetime.
As a result, George I-I. Hogeboom, a young staff
member, and I, together with George H. Palade,
a young Rumanian histologist who had fled the
Nazis and was also visiting Claude, began talk-
ing of another project. Since previous work2’3
had showed that the large granules present in
liver suspensions were strongly aggregated in
isotonic saline and enormously swollen in dis-
tilledwater,wedecided toiookfora mediumthat
would preventaggregation and yet maintain the
morphological and cytological integrity of the
mitochondrla.
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It was Palade’s idea to trynonelectrolytes for
this purpose, and we found sucrose to produce
the desired results.4 Homogenates of liver pre-
pared in aqueous hypertonic sucrose solution
showed the presence of many unaggregated
rod-shaped granules that were also observed
within the few unbroken cells present in the
homogenates. Through testing, the granules
were identified as rnitochondrla. Isolation of
morphologlcaliy intact mitochondria was ob-
tained by differential centrifugatlon of the liver
homogenates.

These findings attracted considerable atten-
tion,and Hogeboom and I wereinvited tojoin the
staff of the National Cancer Institute in 1948 to
develop this work further. This Classic paper
was one of the first results ofthat move. It was
an extension of the work we had done in New
York5 showing that cytochrome c was associ-
ated with the large granules Isolated from rat
liver extracts made in either isotonic saline or
distilled water. Present work uses either 0.88M
or 0.25M sucrose.

In both media, approximately 50 percent of
the cytochrome c and 60 percent of the
succinoxidase activity was recovered in the
mitochondrial fraction. Furthermore, the mito-
chondrial cytochrome cwas highly active in the
oxidation of succinate since the succinoxidase
activity of the mltochondria was only doubled
by excess added cytochrome c, whereas in the
earlier work with water homogenates,5 the
succinoxldase activityofthe large granules was
Increased 20-fold.

These findings were important in establish-
ing that mitochondria were sites of respiratory
activity and led to an explosion of experiments
that defined the role of mitochondria as power
plants of the cell as well as the seat of many
other functions.6 In addition, this paper served
as a model for the complete fractionation of
disrupted cells and led to the development of
methods for the isolation of other subcellular
structures. I can only speculate that this paper
was probably cited more for its description of
the fractionation of rat liver rather than for the
findings on cytochrome c. I am happy to have
had a part in developing this field and to have
experienced the excitement that pervaded bio-
chemistry then and continues even today.
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