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Biogenesis of hepatic cholesterol is regulated by a
variety of agents at a site between acetyl-CoA and
mevalonate, most commonly at 3-hydroxy-3-methyl-
glutaryl-CoA reductase (Bucher et al., 1959; Siper-
stein & Fagan, 1966). Since this step is common for
the biogenesis of ubiquinone, the effect of some of
these regulatory agents on ubiquinone was tested.
Dietary supplements ofcholesterol (Krishnaiah et al.,
1967) and bile acids (Krishnaiah, 1968) decreased
the hepatic ubiquinone concentration marginally, the
residual mevalonate being diverted towards ubiquin-
one as a result of a secondary control point at the
squalene stage (Bucher et al., 1959). Starvation de-
creased the concentration and synthesis of ubi-
quinone (Inamdar & Ramasarma, 1971), possibly
because of a decrease in the 3-hydroxy-3-methyl-
glutaryl-CoA reductase activity (Regen et al., 1966).
Deficiency of proteins in the diet caused a decrease
in the concentration and biogenesis of ubiquinone
(Joshi et al., 1965), but not of cholesterol. Excess
of thyroxine (Inamdar & Ramasarma, 1969) and
ethyl oc-p-chlorophenoxyisobutyrate (Krishnaiah &
Ramasarma, 1970a) treatments increased synthesis
in the intermittent phase, followed by reversion to
initial values, with a progressive increase in the
content of ubiquinone.

Dietary supplementation ofrats with ubiquinone-9
increased its content and decreased the synthesis of
cholesterol in the liver, and also lowered serum chole-
sterol concentrations (Krishnaiah & Ramasarma,
1970b). The effects of the treatment with ethyl
oc-p-chlorophenoxyisobutyrate and with ubiquinone
in rats were similar, were lost on exposure of the rats
to low environmental temperature and were absent
from young rats up to 2 months of age, and were not
elicited in mice (Ramasarma, 1969). Decrease in
cholesterol genesis, accompanied by increased ubi-
quinone concentrations in the liver, as observed in a
number of cases, appeared to fit the postulate of end-
product inhibition of a common enzyme in isoprene
synthesis by ubiquinone (Ramasarma, 1968).

Circadian rhythm with a peak of activity at about
12:00 midnight was observed in hepatic cholesterol
genesis, as tested by [14C]acetate incorporation into
the sterols in vitro (Back et al., 1969) and in vivo,
and also by the level of 3-hydroxy-3-methylglutaryl-
CoA reductase activity (Hamprecht et al., 1969;
Shapiro & Rodwell, 1969; White & Rudney, 1970).
However, this was not accompanied by correspond-
ing changes in the concentrations of sterols and ubi-
quinone in the liver, or of serum sterols. When tested
at 12:00 midnight, notwithstanding the severalfold
increased activity, the regulatory agents showed pro-
portionate inhibition.
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Celi-Free Biosynthesis of Precursors of
Polyprenyl Derivatives ofp-Hydroxybenzoate
in Mammalan and Bacterial Systems
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Previous studies (Winrow & Rudney, 1969;
Rudney, 1970) showed that polyprenyl derivatives of
p-hydroxybenzoate, potential precursors of ubi-
quinones, could be formed in mammalian and
bacterial cell-free systems. A necessary factor was the
supplementation of these systems with polyprenyl
pyrophosphate derivatives synthesized from iso-
pentyl pyrophosphate by an extract from Micro-
coccus lysodeikticus. This supplemented system could
form polyprenyl-p-hydroxybenzoate and polyprenyl-
phenol in bacterial systems; however, in rat tissue
homogenates, i.e. of liver, kidneys and brain, only
polyprenyl-p-hydroxybenzoate could be formed.
Subsequent studies have further delineated the re-
quirements and properties of these systems, and these
will be reported.
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Winrow & Rudney (1969) found that a rat kidney
mitochondrial fraction contains the major activity
ofthep-hydroxybenzoate polyprenyltransferase. This
has been verified in rat liver mitochondria, and,
further, it has been established that the activity resides
in the inner mitochondrial membrane (K. Momose &
H. Rudney, unpublished work). We have now been
able to obtain preparations entirely from rat liver
that do not require supplementation with extracts
from M. lysodeikticus. With a supernatant fraction
obtained by centrifugation at 48000g, mevalonate
and ATP we have been able to show that polyprenyl-
p-hydroxybenzoate is formed, by using p-hydroxy-
[7-14C]benzoic acid as a marker. An important factor
in being able to successfully detect the formation of
polyprenyl-p-hydroxybenzoate is the rapid treatment
and solvent extraction of the preparation after
incubation, otherwise all traces of these compounds
disappear, indicating their extreme lability. This may
explain previous difficulties in observing polyprenyl
derivatives of p-hydroxybenzoate in mammalian
systems (Whistance et al., 1971). Dialameh et al.
(1970) reported that CoA derivatives are involved in
p-hydroxybenzoate incorporation into ubiquinone
precursors, e.g. 2-nonaprenyl-6-methoxyphenol. In
the mitochondrial systems adopted by us we have
been unable to show a requirement for CoA.
Recent experiments have shown that with well-

washed rat liver mitochondria the requirement for
the 48000g supernatant fraction, mevalonate and
ATP can be replaced by isopentenyl pyrophosphate
alone. This indicates that enzymes are present in
mitochondria that can synthesize polyisoprenoid
chains from isopentenyl pyrophosphate. A search for
the enzymes involved in polyisoprenoid synthesis in-
dicated that mitochondria have isopentenyl pyro-
phosphate isomerase activity, which is almost as
active as that present in the 48000g supematant
fraction. The implications of these findings will be
discussed.

Previous studies from this laboratory with Rhodo-
spirillum rubrum indicated that the M. lysodeikticus
and isopentenyl pyrophosphate supplementation of
sonicated R. rubrum preparations could lead to the
synthesis ofpolyprenyl-p-hydroxybenzoate and poly-
prenylphenol (Raman et al., 1969). Further studies
by E. Markianos & H. Rudney (unpublished work)
on the fractionation of the M. lysodeikticus and iso-
pentenyl pyrophosphate incubation mixture indicated
that certain fractions when added to the R. rubrum
extract synthesized polyprenyl-p-hydroxybenzoate
only, whereas others were able to synthesize both
polyprenyl -p - hydroxybenzoate and polyprenyl-
phenol. This would indicate that possibly some altera-
tion in the structure of the polyprenyl side chain was
responsible for the differential effect.

It has also been found that polyprenyl pyrophos-
phate derivatives used as side chains were inactive

unless they were bound to a protein. Fractionation
of the polyprenyl pyrophosphate-synthesizing system
with ethanol gave fractions that still had protein
attached to them. When these fractions were treated
with trypsin, all p-hydroxybenzoate polyprenyl-
transferase activity was lost. This indicated that
polyprenyl pyrophosphates must be bound to protein
for maximal activity, and may thus suggest the
necessity of some form of carrier protein. The Micro-
coccus extract did not contain the enzyme for trans-
ferringpolyprenyl pyrophosphate top-hydroxybenzo-
ate or the decarboxylation system for converting
polyprenyl-p-hydroxybenzoate into polyprenyl-
phenol. Fractionation of R. rubrum extracts with
ammonium sulphate have enabled us to separate
the transferase from the decarboxylating enzyme.
Use of [3R,4R-3H]- and [3R,4S-3H]-mevalonate

incubated with a yeast extract to give labelled iso-
pentenyl pyrophosphate, followed by supplementa-
tion with the M. lysodeikticus and R. rubrum
extracts, provided polyprenyl-p-hydroxybenzoate
and polyprenylphenol, which retained the tritium
labelling from [3R,4R-3H]mevalonate only, thereby
producing evidence that the polyprenyl pyrophos-
phate side chains are primarily in the trans form.
This result indicates that cis-trans isomerization may
not be a factor in the variability of different fractions
of M. lysodeikticus in providing side chains for
making polyprenyl-p-hydroxybenzoate. Further
studies on the nature and length of the side chains
and the factors controlling their synthesis are
continuing.
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1,25-Dihydroxycholecalciferol: a Hormonal
Form of Vitamin D Active on Intestine
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Dietary vitamin D or that formed in the skin by
irradiation of 7-dehydrocholesterol is transported to
the liver, where it is hydroxylated to 25-hydroxy-


