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1. Introduction

It has usually been accepted that liver cannot utilise
ketone bodies since the activity of 3-o0x0 acid-CoA
transferase is either very low or non-detectable [1,2].
Iri a limited comparative study, 3-ox0 acid-CoA trans-
ferase activity was detected in the livers of some fish,
but it was suggested that the enzyme was involved in
ketone body production rather than utilisation [3].
In order to investigate the possible role of this
enzyme in ketone body metabolism in the liver, the
activities of the HMG-CoA synthase (EC 4.1.3.5),
HMG-CoA lyase (EC 4.1.3 4), acetoacetyl CoA
hydrolase (EC 3.1.2.11), 3-oxo acid-CoA transferase
(EC 2.8.3.5) and 3-hydroxybutyrate dehydrogenase
{EC 1.1.1.30) have been measured in livers from
13 different vertebrates. The results are presented and
discussed here. : »

2. Materials and methods

Animals, chemicals and enzymes were obtained
from sources described in [4—6]. Animals were killed
and livers were homogenized in ground glass

homogenizers with 5 voi. extraction medium at 0°C.
The extraction medium o1 3-ox0 acid-CoA transferase
consisted of 10 mM Tris/HCl, 1 mM mercaptoethanol,
1 mM EDTA and 3 mM MgCl; at pH 7.4. The extrac-
tion medium for 3-hydroxybutyrate dchydrogenase
consisted of 50 mM triethanolamine, 1 mM EDTA,;

2 mM Mg(l, and 30 mM mercaptoethanol at pH 7.5.
For the assay of 3-hydroxybutyrate dehydrogenase
the homogenate was sonicated at 0°C for two 15 s
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periods with a microprobe of an MSE 100 W ulira-
sonic disintegrator operating at an amplitude of

6 um. For the assays of 3-oxo acid-CoA transferase
and acetoacetyl-CoA thiolase the homogenates were
treated with Triton X-100: a volume (100 ul) of a 1%
(v/v) solution of Triton X-100 was added to the
cuvette immediately prior to assay. HMG-CoA lyase,
acetoacetyl-CoA hydrolase and, for all animals except
the fish, HMG-CoA synthase were assayed asin [7].
For fish, HMG-CoA synthase was assayed spectro-
photometrically as in [81. Preliminary experiments
established that very similar activities were obtained
when using cither of the assays for synthase.
3-Hydroxybutyrate dehydmgenase was assayed in
the direction hydroxybutyrate oxidation [9] for all
animals except the fish. 3-Hvdroxybutyrate

-dchydrogenase in fish was assaycd in the direction of

hydroxybutyrate formation [10}]. Preliminary experi-
ments indicated that the activities inr either direction
were very similar. 3-Oxo acid-CoA iransferase was
assayed in the direction of acetoacetate formation by
following the decrease in A 393 caused by aceioacetyl-
CoA cleavage [11].

3. Results and discussion

Here, the activities of 3-oxo and CoA-transferase
were found in livers from very different animals rang-
ing from fish to mammals and, particularly in the °
teleost fish, the activities were very high {e g., trout,
herring; bass; see table 1). The enzyme was suggested -
[3] to be involved in the production of ketone
bodies in livers in which the capacity of the HMG-
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Table 1
ufiammal Activities of HMG-CoA Symhase, HMG-CoA lyase, acctoacetyl{:oA hydmlase 3—hydmxybutyrate dehydrogenase and
: 3-oxo acid-CoA transferase in livers from vertebrates

July‘ 1979

"Animal . Enzyme sctivities {umoi substrate utilized .min~* .g fresh wt tissue ™!

HMG-CoA HMG-CoA Acetcacetvl- 3-hydroxvbuiyrate 3-Oxo0 acid-CoA -
synthase lyase CoA hydrolase = dehydrogenase tiansferase

Pisces ' . :
Rainbow trout 0.41 1.3 0.34 - 10.0.

- (Salmo gairdneri) {0.36-0.51) (1.0-1.5) (G.30--0.46) (8.5-12.2)

: 0 ) 5 3 '
Mackeirel? 0.14 0.70 < 0.01 40
{(Scombrus scombrus) (0.08-0.20) (0.31—1.30) - ) {3.5-4.7

' 3) ' 6) @ ‘ (6)
Herring? 0.13 19 < 0.01 " 144
(C?zap(sa harengus) (0.08-0.21) (19-1.9) - : e (14.1-14.5)
' (3 (23 3 3)
_ Bass? 0.25 0.45 - < .01 9.15
(chentrarcus Iabm’c) (0.22--0.48) (6.40-0.53) ) (8.7-9.8)
&) -3 3> 3
Plaice? 022 047 ~ < 0.01 48
(Pleuronecthies (0.10--2.33) (0.40-0.50) 4.3--5.1)
platessa) ) 3)- (3] 3)
Dogfish? 041 0.55 < 0.01 0.16 0.80
(Scylliorhinus cani- {0.22-0.61) (0.51-0.58) - (6) (6.06—-0.32) (0.45--1.1)
cula) “(B) )] 3 3)
Ray? 0 0.32 0.71 — - 1 3 B
(Raja clavata) 0.27-0.35) {0.65-0.76) {0.15-0.27) .
3 e 03]

Reptilia
Green lizard 0.51 3.6 < 0.01 15 0.68
(Lacerta viridis) (0.43-6.60) (3.0-4.3) . (1.3-1.7) (0.60-0.77)

‘ : N 0A] 2) (2) 2 ‘ 2)

Aves : _ :
Domestic pigeon 1.7 8.2 0.26 0.15 ‘1.5
(Columbg kiviay (1.5-1.9) (56-11.13 (0.20-0.45) (0.13--0.17 (1.0-1.7)

ao ) €3} SRR )] (8)
Domesiic fowl 1.7 4.3 0.33 0.22 ‘ 1.0
(Gallus gallus) {(1.5-2.0) (39-5.0) {0.20-0. 42) {0.19-0.29) (6.9-1.4)
' Q] @ 6) {6) (&Y

Ranmalia

Laboratory mouse i1 38 0.44‘ 23 - 0.86
:  (0.5-1.5) (3.6-4.0) (0.39—0.50 (19-2.7) (0.52--1.2)
() @ - ) ) 63}

Labhoratory rat 1.8 9.8 6.21 124 0.46
‘ (1.6-2:1) (8.0—-12.7 (018-0.24) {9.4-20.3) {0.39-0.52)

{6) ) ) ® 5

Rabbit 0.58 2.8 0.05 2.3 0.21
©.37-0.70) (24-3.3) (0.04-0.06) (1.7-2.8) {(0.16-0.32)

(16) <) ® 3 10)

© Enzyme activities are prescnted as reans, with the ranges of activities and the number of separate animals given in pa:enme‘;es
Enzyme activities were measured at 25°C excepi for enzymes from a number of fish? which were measured at 10°C
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CoA pathway was low. However, 3-oxo acid-CoA
transferase is present in livers in- which the activities
of the enzymes of the HMG-CoA pathway are high
(e.g., birds: see table 1). Furthermore, during starva-
tion, large quantitites of ketone bodies are produced
in the dogfish, in which 3-oxo acid-CoA transferase
activity is low, whereas ketone bodies are not
“produced in the bass during starvation despite high
.activities of the transferase [6]. Consequently, it is
suggested that, as for muscle, the net flux through the
transferase reaction is in the direction of ketone bedy
utilisation. -
It is proposed that the role of 3-oxo acid-CoA
“transferase in liver is to produce a substrate cycle
between acetoacetvl CoA and acetoacetate as follows:

acetyl - Toa - HMG-CoA

2 3

Acetyl-CoA

Acetyi-Col __, Acetoacetyl - Col Ace;muce!me -i__ Hydroxybutyrcte

L4
NADH NAD"

. Sutcincte™ - 4 “Succinyl- CoA

[Reactions 1,2,3.4 and 5 are catalysed by acetoacetyl
CoA thiolase, HMG-CoA synthase, HMG-CoA lyase,
3-ox0 acid-CoA transferase, and 3-hydroxybutyrate
dehydrogenase, respectively.] The maximum rate of
ketogenesis in the liver of the fed rat is calculated

to be 0.4 pmo! min~! g™ at 25°C [13] wheréas the
activity of the transferase is ~0.5 umol .min~* g3
‘which suggests that the activity of the transferase is
sufficient to restrict acetoacetate formation via the
operation cf a substrate cycle. The activity of a
transferase will increase the steady state concentra-
tion of acetoacetyl-CoA which is both a product
inhibiior of acetoacetyl-CoA thiolase [14] and a
substrate inhibitor of HMG-CoA synthase [8]. Indeed
it has bzen shown that the rate of ketogenesis in
isolated mitochondsia is very sensitive to the physio-
logical concentration of acetoacetyl-CoA [15]. Thus,
the viesence of the transferase in liver will reduce the
rate of ketogenesis directfy by the removal of aceto-
acetate and indirectly by inhibition of flux through
the HMG-CoA synthase reaction.

If 3-0x0 acid-CoA transferase catalyses a near-
equilibrium reaction, the concentrations of CoASH,
succinyl-CoA and/or acetoacetate could regulate the
enzyme activity. Since the concentration of aceto-
acetate is dependent upon the intramitochondrial
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NAD'/NADH concentration ratio, via the equilibrium
catalysed by hydroxybutyrate dehydrogenase, this
provides an explanation for the existence of two
ketone bodies, acetoacetate and hydroxybutyrate.

A low NAD/NADH ratio in the mitochondria of the
Tiver will favour the formation of hydroxybutyrate
and reduce the concentration of acetoacetate, which
will decrease the activity of the transferase, lower the

. concentration of acetoacety!-CoA and lead to an

increased raie of ketogenesis. On the other hand, a
high NAD'/NADH ratio will increase the concentra-
tion of acetoacetaie, which will increase the activity
of the transferase and lead to a decrease in the rate of

ketogenesis. There is, in fact, some experimential

evidence to support these suggestions. It has been -
shown that in a mitochondrial extract of rat liver, a
low NAD*/NADH conceniration ratio increases the
rate of ketogenesis and lowers the concentration of
acetoacetyl-CoA: an increase in the NAD/NADH
concentration ratio had the opposite effects [15].
Thus the hypothesis proposes that hydroxybutyzate
dehydrogenase is present in liver to provide a means -
of controlling the rate of ketogenesis via the NAD™/
NADH concentration ratio, and as a consequence of
this and the diffusability of acetoacetate, both
ketone bodies are produced by the Liver. The fact

that high rates of ketogenesis and high levels of

ketone bodies in the blood are associated with
elevated 3-hydroxybutyrate/acetoacetate concentra-
tion ratios (and therefore lower NAD'/NADH ratios
w1 tne liver) [13,16] is also consistent with this
hypothesis.
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