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Smith and Hansen (1964) have reported experiments which suggest
that the efficiency of mitochondrial oxidative phosphorylation may be
much greater than the classically accepted P/O ratios of 3 for DPN+-
linked substrates and 2 for succinate. Under their conditions of
measurement P/0 ratios approaching 6 for pyruvate and 4 for succinate
were obtained. These high P/O ratios have been confirmed by other
investigators using manometriec procedures similar to those of Smith
and Hansen (W. S. Iynn and R. H. Brown, personal communication) (Lenaz
and Beyer, 1965). Because of the fundamental importance of this ob-
servation and its relevance to proposed mechanisms for oxidative phos-
phorylation (Boyer, 1963) (Beiber, 1964) it was felt desirable to
obtain verification of the high P/O ratios by independent procedures.

In the present communication the P/O ratios of preparations of beef
heart mitochondria as estimated by the method of Smith and Hansen (1964)
and by two independent polarographic procedures are reported. Prepara-
tions which yield ?/0 ratios for pyruvate considerably in excess of 3
when examined by the method of Smith and Hansen invariably yield values
very close to 3 when measured by the procedure of Chance and Williams
(1955) and by direct phosphate analysis in conjunction with polarographic

oxygen determination.

* Established Investigator American Heart Association.
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The data presented in Table I confirm that beef heart mitochondria
show P/0O ratios in excess of 3 when pyruvate plus malate is oxidized
under the conditions of Smith and Hansen (1964). In contrast to the
findings of Smith and Hansen, however, no requirement for pre-incubation
in the presence of substrate was noted. Data for three different prepara-

tions are tabulated (Table I). When these same preparations were analyzed

TABLE I

P/0 RATIOS ESTIMATED BY THE PROCEDURE
OF SMTTH AND HANSEN (1964)

Preparation i§§§$§i§* Uptgﬁe Upi%ke r/o
(uatoms) {umoles)

HBHM No. 1 0.21 5.7 + 0.4 24,7 + 1.4 4.3 + 0.5

Nagarse No. 1 0.14 L.0 + 062 21.5 + 2.3 Sy + 0.5

Nagarse No. 2 0.23 6. + 0.6 23.4 + 0.4 3.7 £ 0.4

* uatoms 0, mint mg -1

Oxygen and Pi uptake were determined in the Warburg apparatus as described
by Smith and Hansen (1964). The flasks were incubated for 5 minutes at 30°
with a shaking rate of 120 oscillations per minute. The reaction was started
by the addition of ADP and hexokinase and was followed for 7 minutes. The
values reported are the means of 4 determinations with the range of the
determinations indicated. HBHM No. 1 represents beef heart mitochondriz pre-
pared by a modification of the method of Hatefi and Lester (1958). Nagarse
No. 1 and No. 2 were beef heart mitochondria prepared as described by Hatefi
et al (1961). All reagents and additions were identical to those specified
by Smith and Hansen (1964).

by the procedure of Chance and Williams (1955) using the identical protein
concentrations (but with the omission of hexokinase and ADP) two discrepan-
cies became apparent. The studies shown in Table IT establish that the rate
of State 3 respiration (Chance and Williams, 1955) was considerably higher
in the Clark electrode cell than in the Warburg apparatus. P/0 ratios
estimated by this method were also significantly lower than those reported
in Table I. Although the ratio of the Pi taken wp to the total 0, consumed

is probably the more valid estimate of the efficiency of phosphorylation
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(and is more comparable to the oxygen uptake as measured by manometry) it
should be noted that the P/O ratio based on "extra oxygen" is also consider-

ably lower than that found in the manometric experiments. In a total of six

TABLE IT

P/0 RATIOS OF THE PREPARATIONS OF TABLE I AS
ESTIMATED BY THE METHOD OF CHANCE AND WILLIAMS (1655)

Preparation Specific, Respiratory Total 0, Extra 0, p/0
Activity Control?  (uatoms) (uatoms) ~Total O,  Extra O,
HBHM No. 1 0.31 2.2 0.55 0.31 1.7 + 0.2 3.0 + 0.3
Nagarse No. 1 0.51 3.8 0.34 0.25 2.7 £ 0.1 3.6 + 0.2
Nagarse No. 2 0.35 4.0 0.49 0.33 1.9 + 0.1 2.8 + 0.3

1 uatoms 0, mint mg-l (state 3)
2 Ratio of State 4 to State 3 respiration

The reactions were carried out in the closed cell of a modified Clark elec~
trode (Lessler et al, 1965) using the identical concentrations of reagents

and mitochondria as in Table I with the omission of hexokinase and ADP. ADP
(0.91 umoles) was added with a micro buret and the transition from state 4

to State 3 and the return to State 4 were recorded (Chance and Williams, 1955).
Oxygen uptake was caleculated assuming a concentration of 0.47 uatoms per ml at
32¢ (Umbreit, 1957). Fach value is the mean of at least four deflections. The
P/0 ratio was calculated from the total 0, consumed in the presence of ADP
(Total 0,) and also from the extra 0, (total 0, minus the State 4 uptake of 0,
for a comparable period).

preparations examined by this criterion, only one (Nagarse No. 1) showed
a P["extra oxygen" ratio which was in excess of 3. Large variations in
the amount of ADP added and in the concentration of mitochondria present
did not significantly affect the ratios reported in Table IT. Since the
manometric determinations were made after the polarographic studies, it
did not appear that the lower efficiency noted in Table IT was a result
of deterioration of the preparations.
Tt appeared possible, however, that the lower P/0 ratios observed

by the method of Chance and Williams resulted from a much less efficient
acceptor system (since hexokinase was not present and considerably less

ADP was added than in the manometric assay.) Accordingly the P/O ratio
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of several preparations was also estimated by the procedure described in
Table IIT. This method combines a direct determination of Py with polaro-

graphic recording of the rate of oxidation. This method has the advantage

TABLE IIT

P/O RATIOS OF HBHM No. 1 AS ESTIMATED BY P, ANALYSIS
AND POLAROGRAPHIC RECORDING OF O, UPT

Mg Specific Reaction 0, Uptake P. Uptake

Protein Activity* Time (min) (uatoms) %umoles) E{g
8.6 0.29 0.84 2.07 5¢1 2.5
4.3 0.30 1.50 1.93 5.5 2.8
2.15 0.27 3.51 2.00 5¢3 2.7

* uatoms 0, min~t mg”

Five ml of a solution containing the reagents and at the concentrations
specified by Smith and Hansen (1964) were equilibrated at 32° in the closed
cell of the modified Clark electrode (Lessler et al, 1965)s The reaction
was started by the addition of the indicated amount of HMBHM No. 1 in 0.2 ml
or less of 0.25 M sucrose. The oxygen uptake was a linear function of time.
As the cell approached anaercbiosis the reaction was stopped by the addition
of 1.0 ml of 3N HClO, and the decrease in P, was determined by the method of
Lindberg and Emster (1956). The oxygen conSumption was calculated using
0.47 uatoms per ml as the solubility of oxygen at 32° (Umbreit, 1957)1_#

— pemt—— —unr——

that all of the reagents present in the manometer flasks are also present
during this assay. It can be run for only short periods of time, however,
The data of Table IIT establish that the P/O ratio of the preparation shown
was between 2.5 and 2.8 when measured in this manner. This is to be com-
pared with values of 4.3 by the manometric procedure amd 3.0 by the method
of Chance and Williams (based on extra oxygen). The specific activity
corresponded well with the rate shown in Table II and was considerably
higher than that obtained by manometry.

The explanation for the discrepancy between the P/0 ratio as estimated
from the manometric procedure and that found by the polarographic methods
may be found in the following considerations. The rate of oxygen and Pi

uptake observed in the Clark electrode was directly proportional to the pro-
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tein concentration (Table III). This condition was not met in the manometric
experiments which showed much lower specific activities for oxidation in the
oresence of 4 mg of protein (the amount specified by Smith and Hansen) than
in the presence of 2 mg of protein. The observed manometric rate of 0,
uptake was also strongly dependent upon the shaking rate. Much higher P/0
ratios were observed when the rate of shaking was lower than 120 oscillations
per minute (the maximum available with our apparatus). One nagarse prepara-
tion, for example, which showed a P/0 ratio of 3.5 £ 0.1 at 120 oscillations/
min showed a ratio of 4.4 + 0.4 at 80 per minute, If the State 3 respiration
rates measured in the polarograph are indeed the true rates of respiration
then it appears that the diffusion of 0, into the liquid phase may be affect-
ing the manometric rates observed under the conditions of Smith and Hansen.
Umbreit (1957) states that, using 15 ml flasks and a shaking rate of 120 per
minute, adequate 0, diffusion will be obtained if less than 300 ul of 0, per
hour (0.44 uatoms per min) are taken up. Four mg of mitochondrial protein
with a specific activity of 0.3 uatoms min-l mg-l represents an 0, uptake
considerably in excess of this amount. It also should be noted that about
3 uvatoms of 0, are dissolved in the 3 ml of solution at 0° which are added
initially to the Warburg flasks in the manometriec assay. This amount can
be quite significant in manometric assays which record a total of only 3
to 6 uatoms of 0, uptake and in which diffusion of 0, into the medium may
be a limiting factor.

These studies indicate that considerable disparity exists between the
P/0 ratio as estimated by the manometric method and that found in the two
polarographic procedures. The concept of increased efficiency of phos-
phorylation advanced by Smith and Hansen (1964) is not disproved by these
experiments, but it appears that considerable difficulty can be encountered

with the manometric method under their conditions of measurement.
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