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Effect of 2:4-dinitrophenol and phenylmercuric acetate
on enzymic activity of myosin

The mechanism whereby DIPN™ uncouples phosphorylation from oxidation and accelerates
ATPase activity in mitochondria is unknown. After WEBSTER! had noticed that DNP, in rather
high concentrations, increased the ATPase activity of myosin, we began to investigate this effect
in the hope that ultimately light might be thrown on the interaction of DNTP with an enzyme system.
Some preliminary observations are given here.

Thrice precipitated L-myosin and four times precipitated actomyosin were prepared? 3 from
rabbit skeletal muscle. Myosin ATPase activity was usually measured by incubating the enzyme
(0.08~0.15 mg protein/ml) for 5 min at 257, with 0.065 M glyoxaline pH 7.0, 0.1 M KCl, o.o1 M CaCl,
and 1-2-107% M ATP. The reaction was started by addition of the myosin. The acceleration by DNP
was 101% (5-1073 M), 93% (3-1073 M), 76 (2-1073 M}, 599, (1.5-1073 M), 329 (7.5-10"% A1),
159% (3-107* M) and 1% (3-107% 1),

Experiments with heavy metals and heavy metal combining agents gave no indication that
DNP acts by removing inhibitory heavy metal ions. Measurements of the absorption between 230
and 280 myu of DNP and ATP separately and together in presence of Ca*™ gave no evidence of
combination between DNT and the substrate.

As two OSH-combining reagents, p-chloro- L2

mercuribenzoate (LARDY AND WELLMANY) and PMAS 2 B

(CaaprpeLL®), prevent the stimulation of mitochon- Erol  Yx

drial ATPase by DNP, we have, at Dr. CHAPPELL’s =S

suggestion, studied the effect of PMA on myosin £ F

ATPase (FFig. 1). In absence of DNP, PMA in low a0

concentrations (51077 to 4-107%3) was acceler- g

atory, in higher concentrations inhibitory. The @ o%--—-X% -\ -—-—oooomomomman

acceleration by PMA became progressively greater E50-5

with increasing KCl concentration. ILARDY AND 2 T X

WEeLLMaN? state that o-iodosobenzoate accelerated ;0‘_ \

the ATPase of aged rat liver mitochondria, but g.\ X

CuaprerLLS found no acceleration by PPMA with I

pigeon breast muscle mitochondria. Fig. 1 shows that :\o,z L

PMA counteracts the acceleration by DNP. Indeed, o | X—

whereas DNP (2-10°3 M) and PMA (4-10%M) X = 9

were each acceleratory, when added together they " =

caused a marked inhibition. With PMA in slightly PMA Concentration (uM)

inhibitory concentration, no concentration of DNP . N . N

was found at which acceleration occurred. Fig. 1. Effect of DIFP and PMA on ATPase
CuaPPELL® found that ITPasc activity of activity of r-myosin. Protein, o1 mg/ml;

muscle mitochondria was unaffected by DNPinlow  ATP, 2-1073 M. For other conditions sec text.

concentrations (cf. ref.4); higher concentrations ~—O— Without DNP;—x—2-1072M DNP.

inhibited. The breakdown by myosin of ITP, more

rapid than that of ATP under our conditions (¢f. KLEINZELLER?) was unaffected by DNP up to
2-107% M ; above this there was inhibition, rising to 70% at 2-1073 M. No acceleration by PMA
was observed, inhibition becoming progressively greater with increasing concentrations above 10=7 M.

The small residual activity of myosin ATPase in absence of added Catt was slightly inhibited
by 2-107% M DNP. As the Cat~ concentration was lowered from the optimal, the percentage acceler-
ation by 2-1073 M7 DNP progressively fell to zero. On the other hand, as the activity in presence
of Ca*+ was decreased by addition of increasing amounts of Mgt+ (which competes with the Ca*+t8)
the percentage acceleration by z-107% .M DXNDP progressively increased.

With actomyosin at low ionic strength (I) no activation by DNP was observed; but at high I
(when the behaviour of actomyosin ATPasc shows resemblances to that of myosin ATPase?) activation
was obtained (Table 1). With actomyosin (0.045 mg/ml) at low ionic strength (below o0.05), activated
by Mg*+ (3-107* M) or Catt (5-107% M), PMA was inhibitory above 6:-10-7 37, and lower concen-
trations failed to accelerate. Addition of DNP (2-1078 3]) somewhat increased this inhibition. At
I = 0.3, with Ca** activation as above, PMA accelerated between 2-10-7 M and 2-107% M ; in higher
concentrations it was inhibitory. When DND (4-1073 M) was added, results similar to those with
myosin (Fig. 1) were obtained.

Similar effects of DNP on myosin and actomyosin ATPase are reported by Drs. J. B. CHAPPELL
AND S. V. PERRY in an accompanying communicationl?.

* Abbreviations: DNP, 2:4-dinitrophenol; ATP, adenosinetriphosphate; PMA, phenylmercuric
acetate; ITP, inosinetriphosphate.
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TABLE I
EFFECT OF DN oN acToMYyoOsIN ATPASE AT VARIOUS 10ONIC STRENGTHS

Activity without .
No. I DNP ol Pjmg Acceleration by

protein'min DbNP
1 0.050 0.88 —9
2 0.068 0.98 —2
3 0.088 1.00 +9
4 0.150 1.03 + 23
5 0.300 0.60 + 112

In No. 1: Actomyosin, 0.045 mg protein/ml; KCl, o.or1 M; CaCl,, 5-10% M; K-ATP, 103 M;
glyoxaline-Cl pH 7.0, 0.0163 M; K-DNP, 4-10-3 M (or equivalent KCl). In Nos. 2~5, I was raised
by further addition of KCl. 5 min, 25°. Activity in absence of added Ca*+: o.05 (I = o0.05), 0.22
(I = o0.30).

The deaminase activity of one of our L-myosin preparations was tested under the following
conditions (cf. ref.11): 0.08 mg protein/ml; o0.04 M succinate buffer, pH 5.5; 0.02 M CaCl,; 3-1073 M
adenosine-5’-phosphate; 15 min at 25°. NH, was determined by microdiffusion (Conwav!?) followed
by Nesslerisation. Oy, (ref.!l) was 1260, and unchanged by DNP (2.5-107% to 1.25-107% M).

To summarise, with both mitochondria® and myosin DNP accelerates the ATPase activity and
this effect is abolished by PMA; in neither system does DNP accelerate the ITPase activity. On
the other hand, Agt* in low concentrations greatly accelerates mitochondrial ATPase but only

inhibits myosin ATPase!®. Actomyosin at high ionic strengths behaves towards DNP and PMA
similarly to myosin.

We thank Miss JENNIFER CAWKWELL for help with chromatographic purification of ITP and
Miss JANET StICKLAND for technical assistance. One of us (D.M.N.) acknowledges a rescarch grant
from the Broodbank Fund of Cambridge University.

G. D. GREVILLE

Department of Biochemistry, The University, D. M. NEEDHAM

Cambridge (England)

1 H. L. WEBSTER, personal communication. Also Pk. D. Dissertation, Cambridge University, 1953.

2 A. SzenT-GYORGYIL, Chemistry of Muscular Contraction, 2nd edition, Academic Press, New York,
I95I, P. I46.

3 H. PorTzEHL, G. ScHrRaMM AND H. H. WEBER, Z. Naturforsch., sb (1950) 61.

¢ H. A. LarDY AND H. WELLMAN, J. Biol. Chem., 201 (1953) 357-

5 L. HELLERMAN, Physiol. Rev., 17 (1937) 454.

8 J. B. CuapPELL, Ph.D. Dissertation, Cambridge University, 1954.

7 A. KLEINZELLER, Biochem. J., 36 (1942) 729.

8 G. D. GreVILLE AND H. LEEMANN, Nafure, 152 (1943) 81.

9 W. HasseLBACH, Z. Naturforsch., 7b (1952) 163.

10 T, B. CHAPPELL AND S. V. PERRY, Biockim. Biophys. Acta, 16 (1955) 285.

1t G. F. HumPHREY AND H. L. WEBSTER, Australian J. Exp. Biol. Med. Sci., 29 {(1951) 17.

12 £, J. ConwaY, Microdiffusion Analysis and Volumetric Error, 3rd edition, Crosby Lockwood,
London, 1950.

13 7. B. CHAPPELL AND G. D. GREVILLE, Nature, 174 (1954) 930.

Received December 3rd, 1954

The stimulation of the adenosinetriphosphatase activities of
myofibrils and .-myosin by 2:4-dinitrophenol

In the course of studies on the metabolism of adenosinetriphosphate (ATP) by intracellular
components of skeletal musclel.2,3 it was noted that whereas the adenosinetriphosphatase (ATPase)
activity of freshly prepared pigeon breast muscle mitochondria was markedly stimulated by ro=* M/
2:4-dinitrophenol (DNP), this substance in concentrations ranging from 10-% to 5-1073 M failed
to increase the ATPase activity of rabbit myofibrils. As this latter observation did not appear to
be consistent with WEBSTER’s? finding that myosin ATPase was stimulated by DNP, further investi-
gations were carried out to discover why this difference in behaviour should exist between the purified
enzyme and myosin occurring naturally as actomyosin in the myofibril.



