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1. Introduction

States of rapid ketogenesis such as fasting or dia-
betes are associated with increased hepatic oxidation
of fatty acids. In the fed state malonyl CoA actsasa
potent inhibitor of the overt form of carnitine acyl-
transferase in liver mitochondria. It has therefore
been suggested that the level of this metabolite may
be important in regulating ketogenesis by influencing
the entry and oxidation of fatty acids in mitochon-
dria [1]. Here, we have investigated the effect of prior
nutritional and hormonal states upon the sensitivity
of rat liver mitochondrial overt carnitine palmitoyl-
transferase (CPT;) to malonyl CoA. Fasting is shown
to considerably reduce the sensitivity to malonyl
CoA. Surprisingly, streptozotocin-diabetes did not
have a parallel effect. It is also shown that the pres-
ence of the adrenal glands is not required to elicit the
decrease in sensitivity to malonyl CoA seen on fast-
ing. During the course of this study it was reported
that fasting reduces the inhibitory effect of malonyl
CoA on ketogenesis from palmitate [2,3]. Our find-
ings suggest that this results from a change in the reg-
ulatory properties of carnitine acyltransferase.

2. Materials and methods

Coenzyme A thioesters were from PL-Biochemi-
cals and L-carnitine from Sigma. Male rats were of the
Sprague-Dawley strain and, with the exception of
adrenalectomized (ADX) or sham—ADX animals,
were bred at University College London. In expt 1,
rats of 165—175 g were selected 1 day prior to sacri-
fice and then either fed as usual or fasted for 24 h
starting at ~10:00 h. In expt 2, adrenalectomy or
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sham adrenalectomy was performed by Charles River
(Margate) at 130 g body wt and the animals sacrificed
after 8—12 days. ADX rats were given 0.9% (w/v)
NaCl in tap water to drink. Absence of the adrenal
glands was established at the time of sacrifice. Fasting
of these animals was as described above. At the time
of sacrifice, body weights (g) were: fed sham—ADX,
194 + 3;fed ADX, 177 + §5; fasted sham—ADX,

183 + 6; fasted ADX, 165 + 8. In expt 3, rats of

130 g body wt were made diabetic by subcutaneous
injection of streptozotocin (60 mg/kg) dissolved in
50 mM citrate, 0.15 M NaCl buffer (pH 4.0). Controls
received injections of saline—citrate buffer alone.
Suitably diabetic animals were selected on the basis
of glucosuria. At sacrifice, 1 week later, diabetic rats
(155 + 8 g body wt) and their controls (168 +9 g
body wt) had plasma glucose levels of 23 + 2.0 mM
and 7.7 = 0.1 mM (means + SEM of 6 and 4 animals,
respectively).

Livers were homogenised and centrifuged to obtain
mitochondria as in [4]. Homogenisation was in ice-cold
0.25 M sucrose containing 10 mM Tris—HC1 (pH 7.4),
1 mM EGTA and defatted albumin (10 mg/ml). Wash-
ing of mitochondria was performed in the same buffer
without albumin and final resuspension at ~5 mg
mitochondrial protein/ml was in 0.3 M sucrose con-
taining 10 mM Tris—HCl (pH 7.4), 1 mM EGTA.

Mitochondrial protein was measured [5] using
bovine serum albumin as standard.

For assay of CPT,, 50 ul fresh whole mitochondria
were preincubated at 25°C in 1.0 ml containing
220 mM sucrose, 40 mM KCl, 10 mM Tris—HCl
(pH 7.4),1 mM EGTA, defatted albumin (1.3 mg/ml),
0.5 mM dithiothreitol, 40 uM palmitoyl CoA and the
required [malonyl CoA). The reaction was initiated
by addition of 20 ul containing 0.4 umol L-carnitine
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and 1 uCi D,L-[methyl-*H]carnitine (Radiochemical
Centre, Amersham). After 4 min the reaction was
terminated with 1 ml ice-cold 1.2 M HCI followed by
2 ml water-saturated butanol. After mixing and brief
centrifugation, the butanol layer was washed with

5 ml butanol-saturated water and 1.0 ml butanol
layer, containing acyl-[*H]carnitine taken for liquid
scintillation counting. The assay of overt carnitine
octanoyltransferase (COT) was identical except that
40 uM octanoyl CoA was used in place of palmitoyl
CoA. These assays were linear with time and amounts
of mitochondria in the fed and fasted state and in the
presence and absence of malonyl CoA. Zero-time
blanks were measured and subtracted.

The relationship between carnitine acyltransferase
activity and malony! CoA concentration shown in the
figures could be linearised in a plot of the form:

100 X (% inhibition by malonyl CoA)™ ys [malonyl
CoA] ™. In all cases, the linear correlation coefficients
(r) obtained by linear regression analysis were very
close to unity and are shown in the figures. The ordi-
nate intercept was therefore used to determine the
proportion of carnitine acyltransferase that is inhib-
itable by infinite [malonyl CoA]. Concentrations

of malony! CoA giving 50% inhibition ([malonyl
CoAl]ys) refer to those inhibiting this ‘malonyl CoA-
sensitive’ carnitine acyltransferase activity by 50%.

3. Results and discussion

In all cases CPT measurements were made with
fresh mitochondria and are presumed to represent
mainly the overt form (CPT),) rather than the latent
(CPT},) activity. It has been concluded that, whereas
CPT, is sensitive to malonyl CoA, CPT, is insensitive
to this effector [6]. Furthermore, it has been sug-
gested [6] that malonyl CoA sensitivity of CPT,
requires membrane association. All of the experi-
mental treatments (e.g., fasting, adrenalectomy, dia-
betes) slightly decreased the proportion of the mea-
sured CPT that is malonyl CoA-sensitive. This could

either be attributed to increased mitochondrial break-

age leading to exposure of some CPT, or to some
detachment of CPT}, from membranes. The method
used for calculation of [malonyl CoA] s corrects for
either of these possibilities.

3.1. The effect of fasting (expt 1)
Fig.1a shows that fasting increased the [malonyl
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CoAl), s for CPT by 6-fold. There is evidence for a
medium-chain carnitine acyltransferase (COT) that is
distinct from the long-chain carnitine acyltransferase
and from carnitine acetyltransferase [7,8]. It is there-
fore noteworthy that COT activity (fig.1b) had a
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Fig.1. Effect of malonyl CoA on carnitine acyltransferase
activities in liver mitochondria from fed and fasted (24 h)
rats. The values are means + SEM for 4 expt in each case: ()
fed; (o) fasted. (a) Fed: at {[malonyl CoA) = O, CPT, activ-
ity = 2.90 £ 0.35 nmol . min~' . mg protein-'; 93% is malonyl
CoA-sensitive; [malonyl CoA],; = 5.4 uM;r = 0.999. Fasted:
at [malonyl CoA] = O, CPT, activity = 4.67  0.11 nmol .
min-'. mg protein~*; 83% is malonyl CoA-sensitive; [ malonyl
CoAl,s = 32 uM;r = 0.986. (b) Fed: at [malonyl CoA] = O,
overt COT activity = 3.87 + 0.18 nmol . min~!. mg protein=?;
59% is malonyl CoA-sensitive; {[malonyl CoA),; = 0.7 uM;

r = 0.999. Fasted: at [malonyl CoA] = O, overt COT activ-
ity = 5.84 £ 0.12 nmol . min~'. mg protein~!; 50% is malonyl
CoA-sensitive; [malonyl CoA]y = 0.9 uM;7 = 0.999.



Volume 129, number 2

smaller proportion of malonyl CoA-sensitive activity
than CPT and had a considerably lower {malonyl
CoA] s which was unaffected by fasting. The physio-
logical significance of this finding is unclear at present.

3.2. The effects of adrenalectomy and fasting
{expt 2)

Fig.2 shows that adrenalectomy had no apprecia-
ble effect upon the sensitivity of CPT, to malonyl
CoA. It would seem therefore that a change in sensi-
tivity to this effector is unlikely to contribute to the
elevation in ketogenesis seen after adrenalectomy [9].
Fig.2 also shows that sensitivity of CPT, to malonyl
CoA is decreased by fasting to a similar extent in
ADX and sham—ADX animals, implying that adrenal
secretions are not necessary for this response to the
fasted state. The [malonyl CoA], s in the fed sham—
ADX case (11.7 uM) was higher than that found in
the fed state in expt 1. It is not known whether this
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Fig.2. Effect of fasting (24 h) on sensitivity ot CPT, to
malonyl CoA in liver mitochondria from adrenalectomized
and sham-adrenalectomized rats. The values are means + SEM
for 5 expt in each case: (o) fed ADX; (o) fasted ADX; (w) fed
sham-operated; (o) fasted sham-operated. Fed ADX: at
[malonyl CoA) = O, CPT, activity = 4.45 + 0.03 nmol .
min~!. mg protein~'; 81% is malonyl CoA-sensitive; [malonyl
CoAl,s = 13.2 uM;r = 0.997. Fasted ADX: at {malonyl
CoA] = O, CPT, activity =4.99 + 0.26 nmol . min~. mg
protein~*; 70% is malonyl CoA-sensitive; [malonyl CoAl, ; =
36 uM; r = 0.998. Fed sham-operated: at [maloyl CoA] = O,
CPT, activity = 3.30 + 0.24 nmol . min~! . mg protein~';91%
is malonyl CoA-sensitive; [malonyl CoA}, = 11.7 uM;

r = 0.999. Fasted sham-operated: at [malonyl CoA] = O,
CPT, activity = 4.51 + 0.17 nmol . min~!. mg protein~?;
75% is malonyl CoA-sensitive; [malonyl CoA], s = 37 uM;
r=0.998.

FEBS LETTERS

July 1981

100

80}

60

40t

CPT, (% of control).

20 ~o

0 20 4 60 &
[MALONYL CoA] (pM).

100 200

Fig.3. Effect of diabetes on sensitivity of CPT, to malonyl
CoA. The values are means + SEM for 6 diabetic and 4 con-
trol animals. (®) control; (o) diabetic. Control: at [malonyl
CoA] = O, CPT, activity = 4.50 £ 0.35 nmol . min~!'. mg
protein*; 95% is malonyl CoA-sensitive; [malonyl CoA}, ; =
13.4 uM;r = 0.999. Diabetic: at [malonyl CoA] = O; CPT,
activity = 4.90 + 0.13 nmol . min~!. mg protein'; 86% is
malonyl CoA-sensitive; [malonyl CoA],; = 13.4 uM;
r=0.999.

could be attributed to differences in the sources of
animals (see section 2) or to the trauma of the sham
operation. Adrenalectomy and fasting both resulted
in increases in the overt CPT activity expressed/mg
mitochondrial protein. However, the total liver mito-
chondrial protein decreased in these conditions with
the result that the overt CPT activity/liver was not
significantly altered.

3.3. The effect of streptozotocin-diabetes (expt 3)

It was most surprising to find that the sensitivity
of CPT, to malonyl CoA was unchanged in the dia-
betic state (fig.3). These animals were clearly diabetic
on the basis of plasma glucose measurements (see sec-
tion 2). In many instances fasting and diabetes exert
similar effects upon carbohydrate and lipid metabo-
lism. This is not so in this instance and suggests that
different mechanisms may be responsible for the
increase in the ketogenic capacity of the liver in fast-
ing and diabetes.

4. Conclusion

The 6-fold change in the [malonyl CoA], s for
CPT, seen after fasting suggests that this physiologi-
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cal state is associated with a striking change in the
regulatory properties of this enzyme with the result
that the onset of fasting should be associated with an
extensive deinhibition of CPT, activity brought about
by a fall in hepatic malonyl CoA content [1] and
reinforced by a diminution in sensitivity to this effec-
tor. The signal, hormonal or otherwise, responsible
for this change in sensitivity is unknown at present.
Adrenal secretions do not appear to be involved nor
is insulin implicated otherwise a similar change in sen-
sitivity would have been expected in diabetes.
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