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Previously we (Kettmen and King, 1963) demomstrated an oligomycin-
sensitive ATPase in the Keilin-Hartree hesrt muscle preparation (also cf.
Huijing and Slater, 1961). The ATPase was also solubilized and the
soluble enzyme was insensitive to the antibiotic. This note reports some
energy linked reactions in the Keilin-Hartree preparation. A soluble ex-
tract from heart mitochondria stimlates not only the transhydrogenase
reaction but slso phosphorylation when the heart muscle preparstion is
used as the electron transport system for succinate oxidation.

Methods end Materials -- The Keilin-Hartree preparation was prepared

from beef heart at room temperature according to their method adopted in
this laboratory (King, 1961); differential centrifugation was used in-
stead of the precipitation at pH 5.5 The manipulation of some batches
wes carried out in a cold room (4-9°) and the final preparation wes sus-
pended in 0.25 M sucrose. These batches made at low temperatures were
labeled as the "cold heart muscle preparastion.” The alkeli extractable
soluble factor (AESF) was prepared as outlined in Fig. l.

Results ard Discussion ~- The activities of the various reactions

were somewhat varisble from batch to batche In general, however, some
characteristics stood out clearly. For the succinate supported trans-
hydrogenase (Tsble I), dependence on aercbosis and electron transport
was observed. Oligomycin generally stimulated the reaction. These
facts are very similar to the results reported by Danielson and Ernster

(1963) using a submitochondrial particle. Apperently this reaction did
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Acetone powder of beef heart mitochondria

Suspended in 50 mM Tris-acetate, pH 8.9,
2 mM ATP, 20 mM succinate, 1 mM EDTA,
After 30 minutes centrifuged at 10,000 g
for 15 minutes,

Pellet (discerded)
pH of the supernatant was adjusted

to 6.2 with N acetic acide 1.3 mg
calcium phosphste gel added to each
mg of protein. Stirred for 15 minutes
and centrifuged at 10,000 g for

5 minutes.

Resuspended pellet at 1/3 of Supernatext
the original volume in 0.3 M (discarded)
K POy, buffer, pH 7.6, 1 mM

ATP, 10 mM succinate, 1 mM

EDTA. Stirred 30 minutes and

centrifuged 5 minutes at 10,000 g,

Pellet Supernatant was dialyzed for
(aiscarded) several hours agalnst 50 mM
Tris-acetate, pH Tod, 1 mM
ATP, 10 mM succlnate, 1 mM
EDTA, Cold ammonium sulfate
vas added to 50% saturation,
centrifuged.

Pellet (discarded) Supernatant was adjusted to 75%
ammonium sulfate, centrifuged.

Resuspended in 1 mM ATP, Supernatant
1 mM EDTA, 50 mM Tris- (discerded)
acetate, pH T.4, and 10 nM

succinate, AESF,

Fig. 1

not require inorganic phosphate, The stimulation by AESF was maximelly

menifested only in the presence of Mg'H'. Titration of the heart muscle
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Table I

Succinate supported transhydrogenase *

Additions pmole TPNH formed/min./g protein
l. DNone 38
2. + oligomycin & pg 66
3. + AESF (1.2 mg) 60
b, + 2 mM sulfide or in the o]

sbsence of O2

* The assay mixture conteined 20 ug rotenone, 50 mM Tris-acetate,
pH 7.4, 15 pg crysalline lactate dehydrogenase (signma) » 200 mM lactate,
200 pM DPN, 200 pM TPN, 10 mM succinate end 0.5 to 1.0 mg of the heart
muscle preperation; total volume, 3 ml. Ten mM MgCl, was added with
AESF, Increase in sbsorbance at 340 mp was measured on a Cary spectro-
photometer, model 11, at sbout 25° using a 0-0.1 slide wire. Succinate
or TPN was used to start the reaction. The reading wes made against the
blank in the spectrophotometer which contained all constituents except
succingte.

prepargtion with AESF was made and a maximal activity could be obtained.
The stimulations of AESF and oligomycin were non-additive.

The ATP-linked transhydrogenase in the cold heart muscle prepara-
tion was also demonstrated (Tsble II), which is at variance with the
reports by Haas (1964), Oligomycin inhibited the reaction. Likewise,
AESF cansed some depression. The failure to demonstrate the ATP driven
reduction of DPN by succinste (the Chance reaction)(cf. Hommes, 1963) in
the heart muscle preparation was indicated in Table III. This observa-
tion disagrees with the report by Gawron et al. (196k4), but agrees with
Haas (1964). The lack cf ATP interaction in the reduction of DPN by
succinate and the presence of ATP driven transhydrogenase cannot be ex-
plained satisfactorily. Indeed, Ernster (1964) has explained that the
Gawron observation is due to the action of the contaminating malate de-
hydrogenase rather than direct hydrogen transfer. However, our obser-

vation seems to be similar to the ATP supported ion accumulation by a

239



Yol. 19, No. 2, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table IT

ATP supported transhydrogenase *

Additions umole TPNH formed/min./g protein
l. None 25
2, + oligomycin (4 pg) 0
3¢ + AESF (1 mg) 13
L, - ATP 0

* Conditions similer to Table I. Assay mixture contained: 2 mM
sodium sulfide, 50 mM Tris-acetate, pH Tel, 200 uM DPN, 200 uM TPN, 15
ug lactate dehydrogenase, 200 mM lactate, 10 mM MgCl,, 1.5 mM AIP and
0¢5 to 1.0 mg of the heart muscle preparation. The reaction was started
by TPN when the enzyme had been preincubated with ATP for approximately
5 minutes st room tempersture or by ATP when the enzyme hed been pre-
incubeted with TPN. A lag period was observed when ATP was used to start
the reaction.

non-phosphoryleting preparation described by Vasington and Greenswalt
(1964).

A slight but significant stimulation of oxidative phosphorylation
by AESF was constantly observed, Demonstration was best with the cold
heart muscle preparation. The heart muscle preparation prepsred at
room temperature showed no phosphorylation. Because of the gpparent
presence of an uncoupler(s) in AESF (cf. Tsble II), a selective ad-
sorption technique was involved similasr to that described by Green et al.
(1963)s Incubation followed by centrifugation, resuspension, and sssay
gave the results outlined in Tsble IV. Racker (1964) has elso indicated
& reconstitution of oxidstive phosphorylation in the heart muscle prepara-
tione

From these results, it appears that the comments of King (1963) are
correct; +the term "non-phosphorylating preparation” now has less mean-

ing. Indeed, the proposel by Slater (1953) concerning the involvement of
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Table III

ATP supported reduction of DPN by succinate ¥

Additions pmole DPNH formed/min./g protein
l. None 0
2+ + AESF 0

* Conditions similer to Table I, Assay mixture contained: 50 mM
Tris-scetate, pH 7.4, 2 mM sodium sulfide, 200 uM DPN, 10 mM succinate,
10 mM MgCla, 1.5 mM ATP and 1 mg of the heart muscle preparation. The
reaction was started by succinate when the enzyme had been preincubated
with ATP for approximately 5 minutes at room temperature or by ATP when
the enzyme had been preincubated with succinate.

Table IV

Stimation of oxidative phosphorylation by AESF *

P/0
Preparstion No AESF  + AESF A PJO
Cold HMP 443 0.29 45 0.16
Cold HMP k11 0,06 .18 0012

* The cold heart muscle preparation (HMP) and AESF were incubated
together with 10 mM MgCl,, and 20 mM Tris-acetate, pH Toke The mixture
was centrifuged for 25 minutes at 50,000 repems, the residue was re-
suspended in 0.25 M sucrose. The assgy system was similar to that used
by Penefsky et el. (1960) with 20 mM succinate as the substrate. The
AESP was purified to the gel eluate stage and dialyzed.

non-phosphorylated high energy intermediates in oxidative phosphorylation

has now been gradually substantisted in certain aspects by experiments.

Acknowledgements -- Sincere appreciation is expressed for the con-
tinued interest and support of Professor Tsoo E, Kinge This work was
supported by grants from the National Science Foundsation, the Public
Health Service, the American Heart Association, and the Life Insurance
Medical Research Fund.

241



Vol. 19, No. 2, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

References

Danielson, L., and Ernster, L., in B, Chance (Ed.), Energy-linked
Functions of Mitochondria, Academic Press, New York, 1963, p. 157.

Ernster, L., discussion in An International Symposium on Oxidases and
the Related Oxidation-Reduction Systems, Amherst, Mass., July 15-19,
1964. New York, Wiley (in press).

Gawron, 0., Glaid III, A. J., Nobel, S., Gan, M., Biochem, Biophys. Res.
Commmns,, 16, 432 (1964).

Green, D. E., Beyer, R. E., Hensen, M., Smith, A. L., and Webster, G.,
Feds Proc., 22, 1460 (1963).

Hass, D Wo, Biochim. Biophys. Acta, 89, 543 (1964).

Hormes, F. A., in B, Chance (Ed,), Energy-linked Functions of Mito-
chondria, Academic Press, New York, 1963, p. 39.

Huijing, F., and Slater, E. C., J. Biochem. (Tokyo), 49, 493 (1961).

Ket‘bm?n,sJ;, and King, Ts E., Biochem. Biophys. Rese Communs., 11, 255,
1963).

King, To E., J. Biol. Chem., 236, 2342 (1961).

King, T. E., discussion in B. Chance (Ed.), Energy-linked Functions of
Mitochondria, Academic Press, New York, 1963, p. 83.

Penefsky, He S., Pullmasn, M. E., Datta, A., Racker, E., J. Biol. Chem.,
235, 3330 (1960).

Racker, E,, discussion in An International Symposium on Oxideses and the
Related Oxidation-Reduction Systems, Amherst, Mass., July 15-19,
1964, New York, Wiley (in press).

Slater, E. C., Nature, 172, 975 (1953).

Vasington, F. D, and Greenswelt, J. W., Biochem. Biophys. Res. Communs.,

15, 133 (1964).

242



