REGULATION OF OXIDATIVE PHOSPHORYLATION BY ADRENALIN
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The insulin-dependent regulator (IDR) was shown to inhibit oxidation of pyruvate and succinate
in rat liver mitochondria. Since insulin increases but adrenalin reduces IDR activity in the
liver cytoplasm, itis suggested that a change in the concentration of IDR in the cytoplasm is
one mechanism of regulation of subsirate oxidation in mitochondria in vivo, Activation of
oxidation by adrenalin was shown fo be inducible not only by an increase in IDR activity in the
cytoplasm, but also by another mechanism independent of the IDR concentration,
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The cellular mechanisms of the action of adrenalin and insulin on mitochondria in vivo have not yet been
discovered, The existence of such mechanisms is postulated on the basis of experimental observations show-
ing the existence of hormonal regulation of mitochondrial function in vivo [2, 4-6] and the absence of any action
of adrenalin and insulin in physiological concentrations directly on mitochondria in experiments in vitro, Most
attention has been paid to the role of cyclic nucleotides in this regulation [2, 5]. Meanwhile, the present writers
have shown that a factor of glycoprotein nature is present in the cytoplasm which, in low concentrations,
changes the functional state of liver mitochondria; the activity of this factor increases after injection of insulin
into rats [1, 3], It is suggested that an insulin-dependent cytoplasmic regulator (IDR) is indirectly responsible
for the action of insulin on liver mitochondria {3].

In connection with antagonism in the action of adrenalin and insulin on liver metabolism it is interesting
to study the role of IDR in the cell mechanisms responsible for this antagonism at the mitochondrial level.
The investigation described below was devoted to the study of this problem,

EXPERIMENTAL METHOD

The techniques used were fully described previously [3]. Adrenalin was injected subcutaneously into
rats, Mitochondria were isolated from rat liver in 0.45M sucrose, made up in 10 mM Tris-HCI, pH 7.4. The
rate of oxygen utilization by the mitochondrial suspension was measured polarographically. After centrifuga-
tion of the liver homogenate in 0.3M sucrose, 10 mM Tris-HCl, pH 7.4 (1 mg/g) at 30,000g the cytoplasmic
fraction was obtained.

EXPERIMENTAL RESULTS

The addition of small quantities of cytoplasm from the liver of a satiated rat to the liver mitochondrial
suspension led to an increase in the ability of the mitochondria to accumulate Ca*+, It wasshown previously
[1, 3] that injection of ingulin under these conditions into rats in vivo potentiates the activating action of the
cytoplasm, and subsequent separation of the cytoplasmic fractions showed that this effect is due to IDR [3].
After injection of adrenalin the activating effect of the cytoplasm was sharply reduced (Fig, 1), Dependence
of the action of control cytoplasm and cytoplasm from the liver of rats receiving adrenalin on concentration
is shown in Fig, 2. In the case of control cyloplasm, saturation was reached at lower concentrations (of
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TABLE 1, Effect of Adrensalin and IDR on Rate of Oxygen Consumption by Suspension of
Liver Mitochondria* '

Ind Substrate; 1 mM pyfuvate Substrate: 1 mM succinate + rotenone, 1 pg/ml
ndex
Ve vv | v | Vone Ve ve |, Dxp

Control 6,4=0,8 | 14,2%=1,7 | 51=0,4| 13,7=1,5 | 184=20 | B8,1=56 | 19.2%23 | 80,2%78
Adrenalin (1.5

mgt/lkgl)n( 8,i=0,5| 22,3=2,6 |8,8+0,9| 20,4=2,7 | 21,2*+18 71,246,565 | 23,6%4,2 |109,[=*11,5
Adrenalin (1,5

mg/kg) +IDR

(1078 ug | ‘

protein/ml) 4,9%0,4 | 14,0=1,3 | 3,0=0,4 | 12,0=1,4 | 15,9=1,3 | 48,1%3,7 | 14,1=1,2 | 63,276

*0,12M KCl, 0.1M sucrose, 1 mM KH,PO,, 10 mM Tris-HCI1, pH 7.4; rate of oxygen
consumption measured in nanoatoms O,/min/mg mitochondrial protein; M = m,
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Fig. 1. Action of liver cytoplasm from rats receiving adrenalin on Ca* transport
in mitochondria, Control cytoplasm isolated from liver of satiated rats. Adrena-
lin (1.5 mg/kg) injected subcutaneously 20 min before sacrifice. Incubation me-
dium (3 ml) confained 0.1M KCl, 5 mM succinate, rotenone 1 pg/mi, 1,0 mM
KH,PO,, 10 mM Tris-HC1, pH 7.15, mitochondria, 1 mg protein/mi, 0,15 mM
CaCl,, 0.01 ml cytoplasm, 1) Control; 2) cytoplasm (control); 3) cytoplasm (adren-
alin),

Fig. 2, Action of cytoplasm from liver of rats receiving adrenalin and from con-
trol rats as a function of concentration. Abscissa, cytoplasm {in ml); ordinate,
activation of Ca** transport (in %). 1) Control; 2) adrenalin,

protein) of cytoplasm than in the case of cytoplasm from the liver of rats receiving adrenalin, Adrenalin thus
has the opposite action to adrenalin on IDR activity in the cytoplasm, which is in good agreement with the
antagonism between the action of these two hormones on metabolism,

Since oxidation of exogenous substrates in the mitochondria was activated by adrenalin (Table 1), in good
agreement with data in the literature [2, 7], it was suggested that IDR has the opposite action to adrenalin on
respiration, Experiments to study the action of IDR on respiration were carried out on liver mitochondria
from rats receiving adrenalin (1.5 mg/kg 20 min before sacrifice). Purified preparations of IDR in experi-
ments with isolated liver mitochondria induced inhibition of oxidation of pyruvate and succinate in all meta-
holic states (Table 1); in the case of pyruvate, moreover, the respiratory control of the mitochondria was
increased. An increase in respiratory control during oxidation of succinate on the addition of IDR was ob-
served in experiments with preparations of mitochondria which had aged for a few hours at 0-2°C. Inhibition
of oxidation of pyruvate and succinate by IDR in the presence of 2,4-dinitrophenol (DNP) indicates that this
inhibition cannot be explained by inhibition of the adenine-nucleotide translocase of the liver mitochondria,
The inhibitory action of IDR on succinate oxidation, incidentally, was exhibited under conditions when succinate
oxidation could be limited by succinate transport in the mitochondria (the mitochondria were isolated in hyper-
tonic isolation medium; the tonicity of the incubation medium was increased, but the succinate concentration
was relatively low). Consequently, one possible explanation of the inhibition of oxidation is inhibition of sub-
strate transport in the mitochondria, This explanation is most likely with respect to inhibition of oxidation
of pyruvate, because of the very low activity of the monocarboxylate carrier in liver mitochondria 4, 71.
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On the basis of the results described above the activation of oxygen consumption by the perfused liver
in the presence of adrenalin and inhibition of oxidation by insulin can be explained by a change in the IDR
concenfration in the cytoplasm; the most likely mechanism of action of IDR, moreover, is restriction of the
supply of oxidation substrate from the cytoplasm to the mitochondria,

Is this mechanism of stimulation of oxidation by adrenalin the principal or indeed the only one? In
mitochondria isolated from the liver of rats receiving adrenalin, activation of substrate oxidation persists
for a few hours after removal, Can this effect be due fo a decrease in the IDR concentration in the mito-
chondrial suspension? The concentrations of IDR in mitochondrial preparations can be estimated on the basis
of the action of exogenous IDR on them, Inhibition of oxidation of pyruvate and succinate by IDR is observed
in the presence of IDR in concentrations two orders of magnitude higher thanthose required to increase the
calcium capacity of the mitochondria; moreover the graph of the relationship between the action of IDR on --
Ca™ fransport and its concentration is bell-shaped and activation of Ca™* transport by IDR levels out com-
pletely at IDR concentrations required to inhibit respiration [3].

These two actions of IDR on mitochondria are independent of one another. It was shown previously that
low concentrations of IDR increase the calcium capacity of recently isolated mitochondria [3]. Consequently,
IDR is present in a mitochondrial suspension in trace amounts, within the range of concentrations from 10-1
to 10715M and it cannot have any significant inhibitory action on substrate oxidation. During isolation of
mitochondria the components of the cyloplasm are rinsed out, with the result that the IDR concentration in
the mitochondrial suspension is evidently reduced. The existence of an enzyme system inactivating IDR in
the mitochondria is proved by the strong inactivation of exogenous IDR arising during incubation with mito-
chondria at 37°C for 10 min, ’

The fact that stimulation of respiration in the mitochondria continues after isolation of the mitochondria
from the liver of rats receiving adrenalin cannot be explained by a decrease in IDR activity in the cytoplasm
after injection of adrenalin and it points to the presence of a mechanism of activation of oxidation that is
independent of IDR. The action of adrenalin on respiration of liver mitochondria in vivo is thus due fo a de-
crease in IDR activity in the cytoplasm and the consequent abolition of the inhibitory action of IDR, and to
stimulation of oxidation that is independent of IDR and persists in preparations of mitochondria after their
isolation,
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