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It has usually been accepted that liver cannot utilise 
ketone bodies since the activity of 3-0x0 acid-CoA 
transferase is either very low or non-detectable [I ,2]. 

hi a limited c0mparativ.e study, 3-0~0 acid-CoA trans- 
ferase activity was detected in the livers of some fish, 
but it was suggested that thy enzyme was involved in 
ketone body production rather than utiiisation [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 3.1.2.1 I>, 3-0~0 acid-CoA transferase 
(EC 2.8.3.5) and 3-hydroxybutyrate dehydrogenase 

(EC 1 .I .I JO) have been measured in livers from 
13 different vertebrates. The results are presented and 
discussed here. 

2. Materials and methodis 

Animals, chemicals and enzymes were obtained 
from sources described ii1 [4-63. Animals were killed 

and livers were homogenized in ground glass 
homogenizers with 5 voi. extraction medium at 0°C. 
The extraction medium ror 342x0 acid-CoA transferase 

consisted of 1 OmM TrislHCl, 1 mM mercaptoethanol, 
1 mM EDNA and 3 mM MgQs at pH 7.4. The extrac- 
tion medium for Shydroxybutyrate dehydrogenase 
consisted of 50 mM triefhanolamine, 1 mM EDTA, 

2 mM MgC12 and 30 mM mercaptoethanol at pH 7.5. 
For the assay of3-hydroxybutyrate dehydrogenase: 
the homogenate was sonicated at 0°C for two 45 s 

periods with a microprobe of an M§E 100 W ultra- 
sonic disintegrator operating at an amplitude of 
6 ,um. For the assays of 3-0~0 acid-CoA transferase 
and acetoacetyl-CoA thiolase the homogenates were 
treated with Triton X-100: a volume (100 ~1) of a 1% 

(v/v) solution of Triton X-l 00 was added to the 
cuvette immediately prior to assay. HMG-CoA lyase, 
acetoacetyll-CoA hydrolase and, for all animals except 

the fish, HMG-&‘oA synthase were assayed as in [‘-/I. 
For fish, HMG-CoA synthase was assayed spectro- 
photometrically as in [8!. Preliminary experiments 
established that very similar activities were obtained 
when using either 6f the assays for synthase. 
3-Hydroxybutyrate dehydrogenase was assayed in 

the direction hydroxybutyrate oxidation [9] for alI 

animals except the fish. 3Xydroxybutyrate 
dehydrogenase in fish was assayed in the direction of 
h;Jdroxybutyrate formation [IO]. Preliminary experi- 
ments indicated that the activities in either dirzctlon 

were very Gnilar. 3-0~0 acid-CoA transferase was 
assayed in the direction of acetoacetate formation by 
following the decrease in A so3 caused by acetoacetyl- 
CoA cleavage [I 11. 

Here, the activities of 3-0x0 and CoA-transferase 

were found in lrvers 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 I 
Maximal Activities of HMG-Cok Synthase, EJMGCoA Jyase, acctoacetyl-430A hydrolase, 3-hydrokybntyrate dehydrogenase and 

3-0~0 acidCoA transfeerase in livers from vertebrates 

Animal Enzyme activities (pmoi substrate utilized min- -s fresh wt tissue-’ 

HMGCoA HMC-CoA Acetoacetyl- 3-hydroxybutyrate 
synthase lYT%e CoA Jlydrolase dchydrogmase 

__- 

3axo acid-Co,% 
transferase 

Pisces 
Rainbow trout 
(Sbno gairdtlez~ 

0.41 

f;Yo-1.5) 
0.34 - 10.0 

(0.36-0.51) (0.30-0.40) (8.S 12.2) 

(7) (5) (5) (3 
0.14 0.70 < 0.01 4.0 
(0.08-0.20) (O-31--1.30) - 13.5-4.7) 
(3) (6) (4) (6) 
0.13 1.9 < 0.01 14.4 
(O.os-o?,l) (1.9-l-9) _ 

(3) 
(14.L-14.5) 

.(3) (2) (3) 
0.25 0.45 - < 0.01 5.15 
(0.22-0.48) (O-40-O-53) (8.7-9.8) 

(8) (3) f3) (3) 
0.22 0.47 < 0.01 4.8 
(O.IO--3.33) (0.40-050) (4.3-U) 
(5) (3) (2) (3) 
0.41 0.55 < cl.01 O.?O 0.80 

(0.22-0.61) (0.51-0.58) (6) (0.06-0.32) (0.44-1.1) 

ml (3) (3) (3) 
032 0.71 - - 0.21 
(027-0.35) (0.65-0.76) (0.15-0.27) 
(3) _ (3 (4) 

OSJ < O-Or. JLS 0.68 
(0.43-0.60) go-4.3) (l-3-1.7) (0.60-0.77) 

(2) (2) (21 (2) iZj 

1.7 8.2 0.26 0.15 1.5 
(1.5-1.9) (5.6-11-l) (O-20-0.45) (O.J3-0.17) (l-O-1.7) 
(JO) (5) (3) (55) (‘3) 
1.7 4.3 033 0.22 1.0 
(15-2.0) (3.995 .O) (0.20-0.42) (0.19-0.29) (O-9- J-4) 

(7) (4) (6) (6) (6) 

1.1 3.8 0.44 ’ 2.3 0.86 
(0.9-1.5) (3.6-4.0) (0.39-0.50~ (l-9-2-7j (O-52-1.2) 

(61 (4) (8) (4) (51 
1.8 9.8 0.21 12.4 0.46 
(1.6-2.1) @Lo-12.7) (0.1 S--0.24J f9_4-20.3) (O-39-0.52) 
(6) (5) (6) i6) (5) 
0.58 0.05 2.3 0.21 
(0.37~0.7cJ) &YJ4-3.3) (0.04-0.06) (1.7-2.8) (0.16-0.32) 

06) (5) (6) 17) (10) 

Laboratory rat 

Rabbit 

Enzyme activities are presented as neans, wJth the ranges of activities and the number of separate animals giveI, in paxenthxes. 
Enzyme~activities were measured at ?S”C except for enzymes from a number of fisha which were measured at 10°C 
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CoA pathway was low. However, 3-0x0 acid-CoA 
tramferase is present in livers in which the aCPiti.PkS 

of the enzymes of the HM.XoA pathway are hi& 
(e.g., birds; see table 1). Furthermore, during starva- 
tion, large quantitites of ketone bodies are produced 
in the dogfish, in which 3-0x0 acid-CoA trausferase 

activity is low, whereas ketone bodies are not 
produced in the bass during starvation despite high 
activities of the tramsfemse [6]. Consequently, it is 
suggested that, as for muscle, the net fiux through the 
transferase reaction is in the direction of ketone body 
utilisation. 

It is proposed that the role of 3-0~0 acid-CoA 

!ransferase in :iivcr is to produce a substrate cyck 

between acetoacztyl CoA and acetoacetate as fohows: 

[Reactions 1,2.,3,4 and 5 are catalysed by acetoacetyl 
CoA thiolase, iFfMG-CoA synthase, HMG-CoA lyase, 
3-0x0 acid-CoA transferese, and 3-hydroxybutyrate 
dehydrogenasc, respectively_] The nmxinuuu rate of 
ketogenesis in ihe liver of the fed rat is calculated 
to be 0.4 IJtmo! _rnin-’ _g-’ at SC [ 131 whereas the 
activity of the transferase is -0.5 pool .min-’ .g-’ 
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 
inhii%toI of ace?oacetyl-CoA thiolase [X4] and a 
substrate inh%itor of HMG-CoA synthase [S]. Indeed 

it has been shown that the rate ofketogenesis in 
isolated mitochondria is very sensitive to the physio- 
logjcal cTmcentration of acetoacetyl-CoA [I 5]_ Thus, 
the presence of the transfer&se iu liver will reduce the 
rate ofketogefiesis directly by the removal of aceto- 

acetate and indirectly hy inhibition of flux through 
the H&G-CoA syntbase resction. 

tf 3~x0 acidCoA transferase catalyses a near- 
equilibrhuu reaction, the concentrations of CoASH, 
succinyP-@oA and/or acetoacetate could regulate the’ 
enzyme activity_ Since the concentration of aceto- 
acetate is depeudent upon the intramitochondrial 

214 

~~~~~A~~ concentration ratio, via the equi%ibrium 
caedysed by hydroxybutyrate dehydrogenase, this 
provides an explanation for the existence of two 
ketone bodies, acetoacetate and hydroxybutyrate. 
A low NAD~/NADB ratio in the mitochondria of the 
liver will favour the formation of hydroxybutyrate 

and reduce the concentration of acetoacetate, which 
wih decrease the activity of the transferase, lower the 
concentration of acetoacetyl-CoA and Bead PO au 
increased rate of ketogeuesis. 0u the other hand, a 
high NAD*/WPBDH ratio will increase the concentra- 
tion of aceioacetate, which will increase the activity 
of the trausferase and lead to a decrease iu the rate of 

ketogenesis. There is, in fact, some experimental 
evidence to support these suggestions, It has been 
shown that in a mitochondrial extract of rat liver, a 
low NA~~~NADH.concentration 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 hydroxybutyrate 
dehydrogenase is present in liver to provide a means 
of controlliing the rate of ketogenesis via the NAD+/ 
NADH concentration ratio, and as a consequence of 
this and the diffrrsability of acetoacetate, both 
ketone bodies are produced by the hver. The fact 
.that high rates of ketogenesis and high levels of 
ketone bodies in the blood are associated with 
elevated 3-hydro~ybutyr3te/accPoacetate conccntra- 
tion ratios (and therefore lower NAD’/NAD 

:rJt tire liver) [13,16] is also consistent with this 
hypothesis_ 
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