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Short-Chain Fatty Acid Synthases in Brain

SUBCELLULAR LOCALIZATION AND CHANGES DURING DEVELOPMENT

By G. LOUIS A. REIJNIERSE,* HAYE VELDSTRA and CEES J. VAN DEN BERG}

Department of Biochemistry, University of Leiden, Leiden, The Netherlands,
and tStudygroup Inborn Errors and Brain, Department of Biological Psychiatry,
University of Groningen, Groningen, The Netherlands

(Received 21 April 1975)

Acetyl-CoA synthase (EC 6.2.1.1), propionyl-CoA synthase (EC 6.2.1.-) and butyryl-CoA
synthase (EC 6.2.1.2) were measured in subcellular fractions prepared by primary and
density-gradient fractionation from adult rat brain by a method resulting in recoveries
close to 100%;. Most of the activity of the three enzymes was recovered in the crude mito-
chondrial fraction. On subfractionation of this crude mitochondrial fraction with con-
tinuous sucrose density gradients, most of the activity of the three enzymes was found at a
higher density than NAD*-isocitrate dehydrogenase and at about the same density as
glutamate dehydrogenase, confirming earlier reported data for acetyl-CoA synthase.
The finding that propionyl-CoA synthase and butyryl-CoA synthase had about the same
distribution in the gradients as acetyl-CoA synthase adds support to the hypothesis that
mitochondria involved in the metabolism of these short-chain fatty acids (all three of
which have been shown to result in a rapid and high labelling of glutamine in vivo) form a
distinct subpopulation of the total mitochondrial population. The three synthase
activities were found to differ from each other in their rate of change and their subcellular
localization during rat brain development. This, in combination with the observation that
in gradients of adult brain preparations the three activities did not completely overlap,
suggests that the three synthase activities are not present in the same proportion to each
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other in the same subpopulation(s) of mitochondria in the brain.

Labelled acetate, propionate and butyrate are
rapidly incorporated into glutamate, glutamine and
aspartate of rat and mouse brains (O’Neal & Koeppe,
1966; O’Neal et al., 1966; Van den Berg et al., 1969;
Cremer & Lucas, 1971). These three short-chain
fatty acids are incorporated more extensively into
glutamine than glutamate, in contrast with glucose,
which is incorporated more extensively into gluta-
mate. To account for this difference between acetate
and glucose, a two citric acid-cycle model has been
developed (see Van den Berg, 1973; Reijnierse et al.,
1975). Evidence obtained on the subcellular distribu-
tion of acetyl-CoA synthase, glutamate dehydro-
genase, succinate dehydrogenase and glutaminase
(Neidle et al., 1969; Blokhuis & Veldstra, 1970), has
led to the proposal that the two tricarboxylic acid
‘cycles involved in the incorporation of glucose and
acetate into glutamate and related amino acids are
located in separable mitochondria (Neidle ez al.,
1969). However, considerable difficulties were met in
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obtaining high and reproducible recoveries of acetyl-
CoA synthase after density-gradient fractionation.
Similar difficulties were encountered by others
(Whittaker, 1965; Tucek, 1967 ; Tencati & Rosenberg,
1973).

We report further investigation on the subcellular
distribution of acetyl-CoA synthase to discover
whether in fact it differs from that of a number of
other mitochondrial enzymes. For this we have
developed a reliable synthase assay, resulting in satis-
factory recoveries. In addition we have measured the
activities of propionyl-CoA synthase and butyryl-
CoA synthase to see if these two enzymes were also
located in particles partially separable from the bulk
of the mitochondria.

A considerable body of evidence is available indi-
cating that during brain development there are quan-
titative and qualitative changes in the metabolic
patterns shown by the use of precursors of glutamate
and related amino acids (Berl, 1965; Patel & Baldzs,
1970; Van den Berg, 1970). In addition to the three
synthases we have assayed several other of the en-
zymes in the developing brain that may play a role in
the metabolic patterns of amino acids.
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Materials and Methods

Chemicals

The following radioactive chemicals were from
The Radiochemical Centre, Amersham, Bucks.,
UK.: [2-*CJacetic acid, sodium salt (40-60mCi/
mmol); [1-**C]propionic acid, sodium salt (40mCi/
mmol); »-[1-**Clbutyric acid, sodium salt (10—
30mCi/mmol); [1-*Clacetyl-CoA (50 mCi/mmol).
Solutions containing ATP, CoA and CoA derivatives
were freshly made; radioactive solutions were stored
frozen. For further details see Reijnierse et al. (1975).

Measurement of radioactivity

Radioactivity was measured by liquid-scintillation
counting. The scintillation flnid consisted of 5.1 g of
2,5-diphenyloxazole and 100mg of 1,4-bis-(5-phenyl-
oxazol-2-yl)benzene in 400ml of Triton X-100 and
600ml of toluene. A Philips liquid-scintillation ana-
lyser was used. Quench correction was performed by
external standardization.

Preparation of homogenates, primary fractionation
and density gradient centrifugation

Rats were killed by decapitation, and the whole
brain was removed and homogenized in 0.32M-
sucrose (pH7.0-7.4) (20vol./g wet wt.). Male aduit
Wistar rats were used but for the developmental
studies rats of either sex were used. In the latter case
litter sizes were decreased to eight, and there was
free access to food and water.

The homogenates were prepared and fractionated
as described by Reijnierse et al. (1975).

Assay of the dehydrogenase enzymes

Lactate dehydrogenase, NAD*—isocitrate dehydro-
genase and glutamate dehydrogenase were assayed
as described in the preceding paper (Reijnierse et al.,
1975).

NADP+-isocitrate dehydrogenase was measured
fluorimetrically (Blokhuis, 1970). The 1.5ml incuba-
tion mixture consisted of 100mM-potassium phos-
phate buffer, pH7.6, 0.3mM-NADP+, 0.5mwm-
MnCl,, 2mm-trisedium DL-isocitrate and a suitably
diluted enzyme preparation, pretreated with 0.5%
(v/v) Triton X-100 for 30 min. Standards containing
2 or 20 M-NADPH replacing isocitrate were always
incubated simultaneously. The reaction was allowed
to proceed for 30min at 37°C. The rest of the pro-
cedure was as described for glutamate dehydrogenase
(Reijnierse ef al., 1975).

Assay of the synthase activities

As one of the major objects of this study was to
obtain recoveries of acetyl-CoA synthase close
enough to 1009, to allow a quantitative interpretation
of the distribution curves obtained ‘with sucrose
density gradients to be made, we have taken great

care to develop a method giving-a satisfactory
recovery; details of this method will be described
elsewhere.

The principle of the method is the separation of the
CoA derivatives of the short-chain fatty acids from
the fatty acids by the use of Dowex 1 (X4; 200-400
mesh: ClI~ form), the radioactive CoA derivatives
then being counted by liguid-scintillation spectro-
metry.

It appea.red that the amount of sucrose in the incu-
bation medium did affect the activity measured.
When enzyme preparations were assayed with in-
creasing amounts of sucrose in the incubation mixture
we observed a linear relation between activity and
sucrose concentration. For acetyl-CoA synthase this

~ relation can be described by the equation

=—121 x+ 100, for propionyl-CoA synthase by
y=-—T7x+99 and for butyryl-CoA synthase by
y =32x4101, where y signifies percentage of activity
at 0.01 M-sucrose and x the sucrose molarity in the
incubation medium. This equation was found to hold
for acetyl-CoA synthase and propionyl-CoA syn-
thase in the range 0.0-0.5M-sucrose and for butyryl-
CoA synthase in the range 0.0-0.18 M-sucrose. Suc-
rose (0.5M) did not influence the blanks.

Activities measured in the primary fractions can be
compared directly as they were all taken up in 0.32 M-
sucrose and diluted with 0,32 M-sucrose. All activities
in these preparations and those measured in fractions
from density gradients have been corrected for varia-
tions in sucrose concentration; the equations given
above have been used to corréct for incubation at
0.01 M-sucrose. The sucrose concentration in the
incubation medium was calculated from that
measured in the fractions obtained and from the
dilution factor.

It should be noted that the stability of acetyl-CoA
synthase with time was found to depend on the suc-
rose concentration in the medium in which it was
stored; this, however, does not appear to be a prob-
lem because of the short centrifugation time used by
us, and because we did the assays as soon as possible
after the fractions were obtained.

Assay of acetyl-CoA synthase

* A 0.3ml portion of enzyme preparation was added
to 0.2m! of a solution containing 22.5mm-MgCl,,
1.25% (v/v) Triton X-100 and 4.5mg/ml bovine
serum albumin. Enzyme preparation (heat-denatured
at 100°C for 5min) was addéd to the controls. After
30min in an ice-water bath 0.3m! of 1.8 mM-CoA~
9mM-ATP-150mMm-potassium phosphate  buffer,
pH38.0, and 0.1m! of 30mM-sodium [2-“CJacetate
(2.2x10°d.p.m./ml) were added. Tubes were incu-
bated for 30 min at 37°C and the reactions stopped by
heating for Smin at 100°C. After cooling, the tubes
were centrifuged for 15min at 1400g. Each super-
natant was transferred to a column (0.8cm x2cm)
of Dowex 1 (X4; 200-400 mesh: Cl~ form). Free acid
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was eluted with 50ml of 2M-formic acid. The CoA
derivative was then eluted with 4.5ml of 2mM-HCIL.
(It was shown that with this procedure the separate
recoveries of the free acids and their CoA derivatives
were more than 99 %, with negligible cross-contami-
nation.) The HCI fractions were assayed for radio-
activity.

Assay of propionyl-CoA synthase

Sodium [1-*“C]propionate (30mm, 2,2 x 106 ¢p.m /.

ml) replaced acetate. In other respects the procedure
was as for acetyl-CoA synthase.

Assay of butyryl-CoA synthase

The potassium phosphate buffer was at pH7.1;
the ATP addition was at 18 mm; sodium [1-*4C]-
butyrate (36 mM, 1.1 x 10°d.p.m./ml) replaced acetate
and the enzyme addition was 0.1 ml. In other respects
the procedure was as for acetyl-CoA synthase.

The incubation conditions chosen were not optnmal N

for all three enzymes; this was done for reasons of.
uniformity and because many assays had to be run

together, long delays resulting in enzyme inactivation 5
(see above). We have ascertained, however, that the

conditions chosen were such that the activities

obtained were linearly related to the amount of

enzyme present.

We have also shown by paper chromatography that »

the products formed are indeed the CoA derivatives
of acetate, propionate and butyrate.

Protein
Protein was determined by the method of Lowry

et al. (1951), with bovme serum albumin as

standard.

Results

Activities of acetyl-CoA synthase, propionyl-CoA
synthase and butyryl-CoA synthase in adult rat brain
and their distribution in primary fractions

The activity of acetyl-CoA synthase in unfrac-

tionated homogenized adult rat brain was found to
be 17.4 umol/h per g wet wt. This value is higher than
that previously reported (Schuberth, 1965; Neidle

et al., 1969; Aas, 1971 ; Tencati & Rosenberg, 1973).
In sheep and guinea-pig brains activities of the order
of 2-3 umol/h per g wet wt. were observed (Tucek,
1967). The activity of propionyl-CoA synthase was
found to be 38.3 umol/h per g wet wt. and that of
butyryl-CoA synthase 278 umol/h per g wet wt. These
activities are higher than those reported earlier, 20
and 30 umol/h per g wet wt. respectively for these two
enzymes (Aas, 1971).

By differential centrifugation of rat brain sucrose
homogenates the three synthase enzymes were found
to be primarily present in the crude mitochondrial
fraction (Table 1). Small amounts of activity were
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recovered in the postmitochondrial fractions. More
of the three synthase enzymes, especially acetyl-CoA
synthase, were found in the supernatant than NAD+-

“isocitrate dehydrogenase and glutamate dehydro-

genase. The distribution of lactate dehydrogenase,
present in the cytosol in the nerve endings and else-
where, differed substantially from the three synthase
enzymes. ,

‘The distribution of NADP*-isocitrate dehydro-
genasé was intermediate between that of the mito-
chondrial enzymes and that of lactate dehydrogenase,
indicating that it is partially'a mitochondrial and
partially a cytosolic enzyme (Salganicoff & Koeppe,
1968; Blokhuis & Veldstra, 1970).

. The percentage of the mitochondrial enzymes

" glutamate dehyd.rogenase and NAD*-isocitrate de-

hydrogenase recovered in the crude nuclear fraction
was quite high, some 20-30% of the total. This was
because the crude nuclear fraction was not washed
(Van Kempen ef al., 1965).

Small amoiints of propionyl-CoA-synthase and

" butyryl-CoA synthase wererecovered in the combined

postmxtochondrml fractions (Table 1). This may be
due in part to mitochondrial damage, as some
glutamate dehydrogenase and NAD*-isocitrate
dehydrogenase were also found in the postmito-
chondrial fraction, or it may be that these enzymes
are to some extent located extramitochondrially,
though £rom the data given in Table 1, this could
amount at most to 2-4%,. The acetyl-CoA synthase
present in the postmitochondrial fractions (about
99%) was higher than that observed for any of the
other mitochondrial enzymes. Very likely there is
some cytosolic acetyl-CoA synthase in brain. Similar

“data have been published (Schuberth, 1965; Tucek,
1967 ;Neidle etal., 1969; Tencati & Rosenberg, 1973).

Changes in the activity and subcellular localization of
the three synthase enzymes and four dehydrogenase
enzymes during rat brain development

The activities of lactate dehydrogenase, NAD*-
isocitrate dehydrogenase, glutamate dehydrogenase,
acetyl-CoA synthase, propionyl-CoA synthase and
butyryl-CoA synthase were all found to increase

- during the development of the rat brain in the post-

natal period (Fig. 1, Table 1). The rate of increase of
these enzymes was greatest in the second and third
postnatal week. The activity of NADP+—isocitrate
dehydrogenase decreased during this period.

Over the whole period the activities of lactate de-
hydrogenase, NAD*-isocitrate dehydrogenase and
glutamate dehydrogenase increased about fourfold.
Acetyl-CoA synthase ‘and butyryl-CoA synthase
activity also increased about fourfold, whereas that of
propionyl-CoA synthase increased less than twofold.
Glutamate dehydrogenase differed from NAD*-
isocitrate dehydrogenase in that it reached its adult
activity somewhat earlier in development. Protein
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Fig. 1. Enzyme activities in brain during postnatal growth
of the rat

(a) Activities of lactate dehydrogenase (C0), NAD*—iso-
citrate dehydrogenase (@), glutamate dehydrogenase (4),
NADP*-isocitrate dehydrogenase (W) and protein.
(0) [Protein content in the adult rat brain ‘was
130.41+3.9mg/g wet wt. (5)]. The values are averages for
three to five experiments per age point. (b) Activities of
acetyl-CoA synthase (ACS), propionyl-CoA synthase
(PCS) and butyryl-CoA synthase (BCS). Each symbol
indicates a value for one animal. All enzyme activities are
given in percentages of the adult values, as given in Table 1.

increased by about 509 over the same period of
development. Obviously, there are many different
patterns of developmental changes of enzymes or
groups of enzymes.

The subcellular distribution of the enzymes meas-
ured, except the synthase enzymes, did not change
very much during development; the percentage
distribution over the primary fractions being con-
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stant (Table 1). The percentage activity of acetyl-CoA
synthase in the postmitochondrial fractions decreased
by more than half, but as the total activity of the
enzyme increased there was no decrease in the
measured enzyme activity in the postmitochondrial
fraction (cytosol). Buckley & Williamson (1973)
measured acetyl-CoA synthase in 35000g (45min)
supernatants of homogenates prepared in 4vol. of
10mM-Tris-0.25M-sucrose and obtained results
very similar to ours, although an exact comparison is
not possible owing to the differences in the prepara-
tions assayed. The possibility that the relatively high
activity of cytosolic acetyl-CoA synthase is the result
of more extensive mitochondrial damage during
homogenate preparation and fractionation of brain
in the early stages of the development seems unlikely
from the results obtained for the other mitochondrial
enzymes. At the most, some 39, of these enzymes
was present in the postmitochondrial supernatant and
somewhat more in the crude microsomal fraction at
any of the ages investigated.

The most marked change in the distribution of any
of the enzymes measured was for propionyl-CoA
synthase (Table 1). More than 609 of this enzyme
was present in the crude nuclear fraction from the
brain of 4-day-old animals, whereas this percentage
was less than 409, for adult rat brain. The percent-
age of the total adult activity for propionyl-CoA syn-~
thase in the immature brain was relatively high when
compared with acetyl-CoA synthase and butyryl-
CoA synthase; when a comparison is made of the
total activity in the crude mitochondrial fraction
between these three enzymes (during development),
there is a much smaller difference.

At each of the developmental ages investigated,
glutamate dehydrogenase, acetyl-CoA synthase and
butyryl-CoA synthase were present at about 309, of
the total activity in the crude nuclear fraction and
NAD*-isocitrate dehydrogenase at about 209%.
Differences in distribution of this kind between the
crude mitochondrial and the crude nuclear fractions
could be taken as evidence of mitochondrial hetero-
geneity and the present results suggest that such
heterogeneity occurs at all developmental stages.

Distribution of acetyl-CoA synthase, propionyl-CoA
synthase and butyryl-CoA synthase in fractions ob-
tained by sucrose density fractionation of crude
mitochondrial fractions from adult rat brain

The three synthase enzymes and lactate dehydro-
genase, NAD*—isocitrate dehydrogenase and gluta-
mate dehydrogenase were determined in each of the
19 fractions obtained after centrifugation in a sucrose
density gradient for 1h at 53000g,,.. The results are
presented in Fig. 2. The three synthase enzymes and
glutamate dehydrogenase sedimented at higher
sucrose densities than did lactate dehydrogenase.



482: G. L. A. REDNIERSE, H. VELDSTRA AND C. J. VAN DEN BERG

Activity (% of total recovered)

1.00 1.20 1.40 1.60
[Sucrose] (M)

Fig. 2. Distribution of acetyl-CoA synthase, propionyl-CoA

synthase and butyryl-CoA synthase and some reference

enzymes in sucrose density gradients from mitochondrial
preparations from adult rat brain

Centrifugation was for 1h at 53000g,,. Data were
obtained from two experiments and averaged as described
by Reijnierse et al. (1975) to obtain the lines shown. All six
enzymes were assayed in each fraction. The average total
recoveries were: acetyl-CoA synthase 98%;, propionyl-
CoA syathase 94%/, butyryl-CoA synthase 96%/, glutamate
dehydrogenase 98%;, NAD*-isocitrate dehydrogenase
85% and lactate dehydrogenase 102%7. Symbols: 1,
acetyl-CoA synthase; 2, propionyl-CoA synthase; 3,
butyryl-CoA synthase; 4, glutamate dehydrogenase;
5, NAD*-isocitrate dehydrogenase; 6, lactate dehydro-
genase.

Neidle er al. (1969) obtained similar results for
acetyl-CoA synthase and glutamate dehydrogenase;
however, in comparison with the present work the
acetyl-CoA synthase activity was low and variable.
Our recovery data are close enough to 100% to allow
a more deéfinite interpretation of the difference in
distribution found for the enzymes to be made. It
should be noted that the distribution curves of gluta-
mate dehydrogenase, acetyl-CoA synthase, pro-
pionyl-CoA synthase and butyryl-CoA synthase were
not identical.

Discussion

Distribution of acetyl-CoA synthase, propionyl-CoA
synthase and butyryl-CoA synthase in primary frac-
tions from brain

Less than 109 of acetyl-CoA synthase and less
than 5-6%; of propionyl-CoA synthase and butyryl-
CoA synthase were found in the postmitochondrial
fraction from rat brain. Some 39 of glutamate
dehydrogenase and NAD*-isocitrate dehydrogenase
was also recovered in this fraction, indicating some
mitochondrial damage, and we infer that at the most
7% of acetyl-CoA synthase and 2-3 % of propionyl-
CoA synthase and butyryl-CoA synthase are located
in the cytosol in brain. The absence of a peak or

shoulder for these three enzymes from the sucrose
density gradients in the region where lactate dehydro-
genase is present supports this conclusion. In the
cytosol fraction from rat liver, kidney, heart and
adipose tissue substantial amounts of acetyl-CoA
synthase have been found (Barth ez al., 1971). In the
guinea-pig heart about 18 % of the acetyl-CoA syn-
thase was found in the cytosol (Scholte et al., 1971),
which, according to these authors, was most likely
owing to mitochondrial damage. Evidently, there
are large organ and/or species differences in the intra-
cellular localization of acetyl-CoA synthase.

During development, the greatest change was
observed for propionyl-CoA synthase, which had a
relatively high activity in the crude nuclear fraction
of the immature brain; for acetyl-CoA synthase a
relatively greater localization in the cytosol was
observed in the immature brain. The distribution of
at least some enzymes seems therefore also to be a
function of the developmental stage.

There were differences in enzyme recoveries in the
crude nuclear fraction from adult brain: about 309
for acetyl-CoA synthase and glutamate dehydro-
genase, close to 409 for propionyl-CoA synthase
and butyryl-CoA synthase, but only 21 % for NAD+-
isocitrate dehydrogenase. Assuming that all these
enzymes are largely or completely present within
mitochondria, the differences in the proportional
distribution of these enzymes between the crude
nuclear and crude mitochondrial fraction could indi-
cate that the mitochondria in these two fractions do
not have the same enzymic composition. It may be
that the mitochondria present in the crude nuclear
fraction are heavier (larger) than those present in the
crude mitochondrial fraction. It is also evident that
there are three different patterns of distribution of the
mitochondrial fraction in the adult tissue, or even
more if the results obtained in developmental studies
are also considered. No doubt there are changes in
the qualitative and quantitative composition of mito-
chondria during brain development (Van den Berg,
1974. -

Distribution of acetyl-CoA synthase, propionyl-CoA
synthase and butyryl-CoA synthase in mitochondria
separated by density-gradient fractionation

In previous investigations on the localization of
acetyl-CoA synthase the recoveries obtained for this
enzyme were low and variable, and a reliable inter-
pretation of the data obtained was impossible
(Tucek, 1967; Neidle et al., 1969; Tencati & Rosen-
berg, 1973). Total enzyme recoveries from density
gradients in the present work were close enough to
1009; to allow a definite conclusion; a large propor-
tion, at least, of acetyl-CoA synthase, propionyl-CoA
synthase and butyryl-CoA synthase, is present in
mitochondria which can be separated from those that
contain NAD*-isocitrate dehydrogenase. It does
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seem that the enzymes that play a role in the metabo-
lism of those compounds that result in rapid and
extensive labelling of glutamine compared with
glutamate are localized in a distinct and separable
subpopulation of mitochondria from brain. This
subpopulation may itself be beterogeneous. This
follows from small differences seen in the distribution
curves in the density gradient (Fig. 2), from the obser-
vations on the different patterns of distribution over
primary fractions from the immature and aduit brain,
and from the finding that especially after centrifuga-
tion for a short time, glutamate dehydrogenase and
y-aminobutyrate transaminase peaks were clearly
separated (Reijnierse et al., 1975).

Short-chain fatty acid activation in brain

The activity of acetyl-CoA synthase in adult rat
brain was about 17 umol/h per g wet wt., higher than
reported previously (Schuberth, 1965; Neidle ez al.,
1969; Tencati & Rosenberg, 1973). The rate of opera-
tion of the tricarboxylic acid cycle is about 90 zmol/h
per g wet wt. in mouse brain (Van den Berg &
Garfinkel, 1971) and of the same order in rat brain
(Hawkins et al., 1974). The activity of acetyl-CoA
synthase is therefore low compared with the actual
rate of formation of acetyl-CoA. When rat brain
slices were incubated with acetate as carbon source,
no increase in oxygen uptake due to the acetate was
found (Quastel & Wheatley, 1932; Gonda &
Quastel, 1966); radioactive acetate was, however,
converted into amino acids and labelled carbon
(Gonda & Quastel, 1966).

Acetate may be produced in brain by various re-
actions. It was observed that brain slices incubated
with pyruvate form a fair amount of acetate (Krebs
& Johnson, 1937). Whether this acetate production
was completely the result of an artifact or partly
physiological is still not clear. A fairly active acetyl-
CoA hydrolase with an activity of about 50 umol/h
per g wet wt. has been found in rat brain, mainly in the
postmitochondrial supernatant (Anderson & Erwin,
1971). Finally, acetate is produced by the hydrolysis
of acetylcholine, occurring in vivo at a rate of the
order of 0.6 umol/h per g wet wt. (Jenden et al., 1974).
The acetyl-CoA synthase present in brain is certainly
active enough to remove acetate from this source.
The degradation of acetylcholine into choline and
acetate must occur largely outside the acetylcholine-
containing neurons, since nerve-ending acetylcholine
is stable in the absence of cholinesterase inhibitor
(Whittaker, 1965).

Our observation that acetyl-CoA synthase is not
localized to any significant extent in the nerve-
endings, as follows from the low activity found for
the enzyme in the region of the gradient where most
of the lactate dehydrogenase is present, would be
consistent with a role for acetyl-CoA synthase in the
re-utilization of acetate liberated from acetylcholine.
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" The short-chain fatty acids have probably also a
role in the synthesis of long-chain fatty acids in brain.
Labelled acetate is rapidly incorporated into long-
chain fatty acids in brain (for review see Dhopesh-
warkar & Mead, 1973) and labelled propionate is
rapidly incorporated in odd-numbered long-chain
fatty acids (Kishimoto & Radin, 1966). If these
short-chain fatty acid synthases play a role in the
synthesis of long-chain fatty acids, this seems to
occur mainly within the mitochondria, and probably
in only a limited subpopulation of these mitochondria.
Further, the developmental changes observed suggest
that the rate of synthesis of fatty acids could increase
with development, which contrasts with the view-
point that the rate of lipid (fatty acid) synthesis is
very high at the time of growth of the brain, and slows
down when growth is complete (i.e. in the adult).

Mrs. B. Van Zwieten-Boot, Mr. M. Koen and Mr.
F. Wouterlood have skilfully contributed to many of
the experiments on which the present paper is based.
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