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Abstract: Purified rat brain microvessels were prepared to
dembonstrate the occurrence of acyl-CoA (EC 6.2.1.3) syn-
thesis activity irf the microvasculature of rat brain. Both ara-
chidonoyl-CoA dnd palmitoyl-CSA synthesis activities
showed an absolute requitement for ATP and CoA. This
activity was strongly enhariced by magnesium chloride and
inhibited by EDTA. The apparent K, values for acyl-CoA
synthesis by purified rat brain microvessels were 4.0 @M and
5.8 uM for palmitic acid and arachidonic acid, respectively.

The apparent Ve values were 1.0 and 1.5 nmol - min~" . mg
protein™ for palmitic acid and arachidonic acid, respec-
tively. Cross-competition experiments showed inhibition of
radiolabelied arachidonoyl-CoA formation by 15 uAf unla-
belled arachidonic acid, with a X; of 7.1 uM, as well as by
unlabelled docosahexaenoic acid, with a K; of 8.0 u. Unla-
belled palmitic acid and arachidic acid had no mhlbnory
effect on arachidonoyl-CoA synthesis. In comparison, radi-

olabelled palmitoyl-CoA formation was inhibited competi-

tively by 15 M unlabelled palmitic acid, with a X; of 5.0
#M and to a much lesser extent by arachidonic acid (X;,

" 23 uM). The Vmes of palmitoyl-CoA formation obtained on

incubation in the presence of the latter fatty acids was-not
changed. Unlabelled arachidic acid and docosakexaemoi
acid had no inhibitory effect on palmitoyl-CoA synth&m
Both arachidonoyl-CoA and palmitoyl-CoA synthesis activ-
ities were thermolabile. Amch:donoyl-CoA formation was
inhibited by 75% after 7 min at 40°C whereas'a 3-niin heat-
ing tréatment was sufficient to produce the same relative in-
hibition of palmitoyl-CoA synthesis. These data together
strongly suggest that rat brain microvessels have the capac-
ity to catalyze specifically the formation of acyl-CoA deriva-
tives from several polyunsaturated long-chain fatty acids,
including arachidonic acid in the first place. Besides this
particular arachidonoyl-CoA synthetase, palmitic acid
could be activated with the aid of a second acyl-CoA synthe-
tase. Key Words: Arachidonic acid—Acyl-CoA synthe-
tase—Brain—Microvessels. Morand O. et al. Arachido-
noyl-coenzyme A synthetase and nonspecific acyl-coén-
zyme A synthetase activities in purified rat biain
microvessels. J. Neurochem. 48, 1150-1156 (1987).

Brain microvessel endothelium cells constitute the
major component of the so-called blood-brain barrier
(Oldendorf, 1977). This-continuous layer is formed of
cells joined together by tight junctions that do not al-
low intercellular solute diffusion. Hexoses, amino
acids, purine compounds, monocarboxylic acids, as
well as several other physiological compounds: are
transported across the blood-brain barrier with the
aid of carrier-mediated mechanisms (Pardridge and
Oldéndorf, 1977). Several studies were designed to
clarify the relationships between brain microvessel
lipid synthesis and degradation and the functional
role of this metabolism. Hence, one can assume that

this very specific structure might play arolein (1) up-
take and hydrolysis of serum lipid units and subunits,
(2) providing energy from B-oxidation of fatty acids,
(3) synthesis of new lipids, (4) synthesis of prostaglan-
dins-as well as leukotrienes, and (5) provndmg lﬁ)lds
and fatty acids to the neural tissue. '

Exogenous radiolabelled fatty acids injected to ani-
mals are transported across the blood-brain' barrier
and further incorporated into lipids of braiti éells and
myehn (Dhopeshwarkar and Mead, 1973 Morand et

, 1981). Both lipoprotein lipase and acxd ac-
tmtm were detected in rabbit brain microvessefs; sug-
gesting that lipoproteins are metabohzed vmh{n the
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cerebral vasculature (Brecher and Kuan, 1979). Diac-
ylglycerol lipase and kinase activities were measured
in rat brain microvessel preparations (Hee-Cheong et
al., 1985), Fatty acid oxidation might be of particular
importance to brain microvessels because optimal ion
transport into isolated cerebral microvessels can be
obtained only if palmitic acid is present in addition to
glucose (Goldstein, 1979). Bovine microvessels pro-
duce similar amounts of carbon dioxide from glucose
and palmitate (Betz and Goldstein, 1981). Radioac-
tive phospholipids and neutral lipids are readily syn-
thesized by isolated rat brain microvessels incubated
in the presence of [1-'“Clacetate (Homayoun et al.,
1985). Furthermore, fatty acid oxidation activity was
shown to be much higher in brain microvessels than
in other vessels and was decreased in some pathologi-
cal conditions such as hypertension, aging, and diabe-
tes mellitus (Monisaki et al., 1982, 1983). In rat cere-
bral microvessels, fatty acids might be also diverted to
prostaglandin synthesis by a cyclooxygenase (Gerrit-
sen et al., 1980) as well as to leukotriene synthesis by
a lipoxygenase (Baba et al., 1985). Interestingly, Spec-
tor et al. (1983) suggested that the amount of free ara-
chidonic acid of the endothelial cells might modulate
the capacity of the endothelium to produce prosta-
glandins. It is clear that arachidonoyl-CoA formation
can divert free arachidonic acid away from the latter
pathway. More generally, enzymatic acyl-CoA (EC
6.2.1.3) formation is known to be nearly an obligatory
step prior to fatty acid oxidation and esterification
into phospholipids and neutral lipids. In various tis-
sues and in particular in brain, this enzymatic activity
is dependent on the length and the degree of unsatura-
tion of the acyl chain (Murphy and Spence, 1980,
1982). Reddy and Bazan (1983) showed that rat brain
microsomes express a specific arachidonoyl-CoA syn-
thesis activity and hypothesized that this activity
might be involved in limiting eicosanoid formation
and also participate in the retention of essential fatty
acids in the CNS. Similar observations were made by
Wilson et al. (1982) using human platelets. On the
contrary, Morisaki et al. (1986) showed that the acyl-
CoA synthetase of the rat glomeruli has a unique
broad specificity for fatty acids and that there is no
arachidonic acid-specific ligase in this kidney subfrac-
tion.

This work was performed to investigate the activity
of acyl-CoA formation by purified rat brain microves-
sels. Palmitic acid and arachidonic acid were tested as
samples of respectively saturated and polyunsaturated
fatty acid series regarding the specificity of the en-
zyme(s) producing CoA-activated acyl chains. Fatty
acid cross-competition experiments as well as heat-de-
naturation assays were performed and suggest that pu-
nﬁed rat brain microvessels can activate rather spe-
cifically polyunsaturated fatty acids. Kinetic parame-
ters were determined and compared to the acyl-CoA
synthesis activities measured in total brain homoge-
nates,

MATERIALS AND METHODS

Materials

Dextran (MW 70,000) was obtained from Pharmacia, ny-
lon mesh (118 um) from Desjobert (Paris, France), and glass
beads from B-Braun (Mensugen, F.R.G.). {9,10(n)-*H]Pal-
mitic acid (40 Ci/mmol) and [5,6,8,9,11,12,14,15(n)-*H]ar-
achidonic acid (87 Ci/mmol) were purchased from New En-
gland Nuclear (Boston, MA, U.S.A.) and ACSII scintillation
liquid from Amersham (U.K.). Unlabelled palmitic acid
(C16:0), arachidic acid (C20:0), arachidonic acid {C20:4(n-
6)], and 4,7,10,13,16,19-docosahexaenoic acid {C22:6(n-
3)); ATP; CoA,; dithiothreitol (DTT); Triton X-100; and al-
bumin (bovine, fatty acid-free, fraction V) were obtained
from Sigma (St. Louis, MO, U.S.A.). Dimethylsulfoxide
(DMSO), isopropanol, and n-heptane were provided by
Merck.

Preparation of purified rat brain microvessels

Purified rat brain microvessels were prepared according
to the method described by Goldstein et al. (1975) and
slightly modified as follows. Fifteen Sprague-Dawley rats (2
months old) were killed by decapitation. The brains were
immediately removed and placed in cold buffer made of ox-
ygen-saturated Ringer solution containing 1.2 mM MgCl;,
15 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid (HEPES), pH 7.4, and 1% (wt/vol) fraction V bovine
serum albumin. The brainstem, cerebellum, and meninges
were discarded. Cortical hemispheres free of choroid plexus
and ependyma were minced with scissors in buffer. The tis-
sue was homogenized in a glass homogenizer with a Teflon
pestle (0.25-mm clearance) at 390 rpm (20 strokes). The ho-
mogenate was centrifuged at 1,000 g for 10 min. The pellet
was resuspended in cold buffer containing 17.5% (wt/vol)
Dextran to a concentration of 1 g of fresh tissue per 13 ml
of the Dextran solution and centrifuged at 4,000 g for 15
min. The new pellet, which consisted of free nuclei and mi-
crovessels, was resuspended in buffer and then passed
through a 118-um nylon mesh under gentle vacuum. The
microvessels were separated from nuclei by passing the sus-
pension through a 1.2 X 1.5 cm column containing 0.25-
mm diameter glass beads. Nuclei were removed by exten-
sive washing with buffer whereas microvessels remained
attached to the glass beads. After resuspension in buffer, mi-
crovessels were collected by gentle agitation and subsequent
sedimentation of the beads. The microvessel suspension was
centrifuged at 500 g for 5 min. To remove traces of albumin
the pellet was washed twice with a solution made of 155
mM KCl and § mM NaH,PO,, pH 7.4. The quality of the
preparation was assessed by its appearance in phase contrast
microscopy. Purified brain microvessels were stored in a
small volume of potassium chloride buffer at —30°C for no
more than 4 weeks or immediately incubated with fatty
acids and assayed for acyl-CoA synthesis activity as de-
scribed below.

Incubation of brain microvessel and total brain
homogenates with radiolabelled fatty acids

Purified rat brain microvessels in a pellet were resus-
pended in cold standard buffer containing 155 mM KCl;, 5
mM NaH,O,, and 2 mM MgCl, (pH 7.4). Eventually, mag-
nesium chloride was omitted when testing its requirement
in the enzymatic reaction. Microvessels were homogenized
in a glass homogenizer with a Teflon pestle driven at 400
rpm (20 strokes). Rat forebrains were homogenized in cold
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standard buffer under similar conditions. Homogenates
were diluted to a given protein concentration prior to the
final dilution initiating the incubation.

[*H}Palmitic acid and [*H]arachidonic acid were diluted
each with either nonradioactive palmitic acid or arachi-
donic acid to a final specific radioactivity of 6.5 and 4.5
mCi/mmol, respectively, and solubilized in DMSO to a
concentration of 1 umol/ml. Radiolabelled fatty acid in
DMSO was mixed at a concentration of 50 pM with the
standard buffer containing Triton X-100. In a glass tube,
varying volumes of the radiolabelled fatty acid solution were
completed with buffer containing Triton X-100 to attain a
volume of 125 ul and mixed with 250 ul of buffer containing
ATP, CoA, and DTT. For assaying acyl-CoA synthesis,
brain microvessel or total brain homogenate was added in a
volume of 125 ul and further incubated at 37°C. Final con-
ditions were: 0.1 mg tissue protein/ml, 1| mM ATP, 40 uM
CoA, 40 uM DTT, 0.1% Triton X-100 (wt/vol), and 0.4-10
uM radiolabelled fatty acid in a volume of 0.5 ml. For cross-
inhibition experiments, unlabelled fatty acids were diluted
in DMSO and mixed with the solution already containing
radiolabelled fatty acid and Triton X-100, The DMSO, the
final concentration of which did not exceed 1.5% (vol/vol),
had no adverse effect on the enzymatic reaction tested.

Assay of acyl-CoA synthesis activity

When assaying the synthesis of acyl-CoA incubations
were performed as described above. For stopping the incu-
bation, 0.5 ml of incubation mixture received 2 ml of a Dole
mixture: isopropanol/heptane/2 M sulfuric acid (40:10:2,
by vol) (Dole, 1956) and treated as follows. A 0.7-ml volume
of water was added as well as 1.5 ml of heptane containing
5 mg/ml of nonradioactive palmitic acid as a carrier for un-
reacted radiolabelled fatty acids. The mixture was vortex-
mixed vigorously. The upper phase was removed and the
lower phase was extracted thrice more with 2 ml each of
heptane containing nonradioactive palmitic acid (Banis and
Tove, 1974; Reddy and Bazan, 1983). The four upper
phases were pooled in a scintillation vial and counted. The
tube was finally washed once with 0.5 ml DMSO to remove
all remaining radioactivity and this fraction was counted
separately. The addition of the counts of the lower phase
and the DMSO fraction represented the radioactivity of ac-
tivated fatty acids. Background values weré determined by
incubating in the absence of membranes or at zero time.
All values were calculated from two duplicate experiments:
variations did not exceed 5-10% of each value.

Heat inactivation of acyl-CoA synthesis

Samples of brain microvessel homogenates (2 mg pro-
tein/ml) were heated at 40°C in separate tubes. At various
times, cold buffer was added to each sample which was sub-
sequently assayed for [*HJarachidonoyl-CoA and [’H]pal-
mitoyl-CoA formation at 37°C and for 5 min under stan-
dard conditions. In this set of experiments, [*H)arachido-
noyl-CoA synthesis was determined in the presence of 15
u#M unlabelled palmitic acid.

Radioactivity and protein content determinations

All radioactive samples were counted in 10 ml of ACSII
scintillation liquid in a 460CD Packard spectrometer with
automatic external standard quenching correction. The
protein content was determined by means of a fluorescence
procedure (Bohlen et al., 1973).
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RESULTS

General observations

Purified rat brain microvessels incubated in the
presence of 6 uM radiolabelled palmitic acid, 40 uM
CoA, 1 mM ATP, 40 uM DTT, 2 mM MgCl,, and
0.1% Triton X-100 (wt/vol) formed a reaction prod-
uct that was extracted in the lower phase of the Dole
solvent partition system. The amount of reaction
product increased almost linearly for the first 10 min,
reaching 1.5 nmol/mg protein, and slowed down fur-
ther to 4.0 nmol/mg protein at 30 min (data not
shown in a figure). Increasing microvessel concentra-
tions (from 25 to 200 ug protein/ml) in the presence
of radiolabelled palmitic acid or arachidonic acid re-
sulted in a linear increase of reaction product synthe-
sis. When total brain homogenate was used as a source
of enzyme, a linear increase of the amount of reaction
product was also observed in the same range of pro-
tein concentration and for at least 10 min. According
to these data, all subsequent incubations were per-
formed in the presence of 0.1 mg microvessel protein/
m) and for 5 min.

The requirements for various substrates and cofac-
tors are shown in Table 1. The omission of ATP or
CoA caused a 70-100% decrease in activity, suggest-
ing their absolute requirement for the formation of
the reaction product. The absence of exogenous
MgCl, decreased the activity by 85-90%. Incubation
in the presence of 10 mM EDTA and absence of
MgCl, was followed by a nearly complete inhibition
of the activity. The omission of DTT caused a 50%
decrease in arachidonoyl-CoA synthesis activity and
had no effect on palmitoyl-CoA synthesis. The lower
phase of the Dole partition system may also contain

" radiolabelled fatty acid linked to phospholipids. How-

ever, acyl-CoA formation from fatty acid and CoA in
the presence of ATP is an obligatory metabolic step
preceding phospholipid esterification. Consequently,
the entire reaction product extracted in the lower
phase was defined as acyl-CoA.

TABLE 1. Substrate requirement for acyl-CoA synthesis
by purified rat brain microvessels

PPH)Palmitic  [*H]Arachidonic

acid acid
Complete system 100 100
- ATP 0 7
—CoA 25 27
— MgCl, 9 15
~ MgCl; + EDTA (10 mM) ) 0 7
-DTT 97 51

Brain microvessels were incubated with 10 uM [*H]palmitic acid
or 10 uM [*HJarachidonic acid in a complete system or in the ab-
sence of one of the cosubstrates or cofactors. The complete system
contained 40 uM CoA, | mM ATP, 40 uM DTT, 2 mM MgC),,
and 0.1% Triton X-100 in standard buffer. Data are expressed as
percentages of the control value (i.c., the complete system).
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Kinetic properties of acyl-CoA synthesis

Increasing concentrations of radiolabelled palmitic
acid or arachidonic acid were added to microvessel
homogenate and acyl-CoA synthesis was measured af-
ter 5-min incubation at 37°C. A Michaelis-type hyper-
bolic relationship was observed between increasing
fatty acid concentrations and acyl-CoA synthesis
(data not shown ina figure). Replotting arachidonoyl-
CoA synthesis in the double-reciprocal Lineweaver-
Burk presentation permitted calculation of an ap-
parent K, of 5.8 uM and an apparent V,,, of 1.5
nmol-min~'. mg protein~! (Fig. 1; Table 2). Replot-
ting palmitoyl-CoA synthesis permitted calculation of
an apparent K, of 4.0 uM and an apparent V.. of 1.0
nmol-min~'. mg protein~! (Fig. 2; Table 2). In com-
parison, similar experiments were performed using to-
tal forebrain homogenate as a source of enzyme and
kinetic parameters were calculated. Palmitoyl-CoA
and arachidonoyl-CoA synthesis by forebrain homog-
enate occurred with K, values of 5.5 and 5.1 uM, and
Vmax values of 1.3 and 1.3 nmol. min-! -mg protein™~!
respectively,

’

Substrate Cross-competition experiments
Competition experiments were performed to inves-
tigate the substrate specificity of acyl-CoA synthesis
when assayed in purified rat brain microvessel ho-
mogenate. Microvessel homogenates were incubated
for 5 min at 37°C with increasing concentrations of
radiolabelled palmitic acid or arachidonic acid and in
the presence of 15 M each of nonradioactive palmitic
acid, arachidic acid, arachidonic acid, and docosahex-
aenoic acid tested as possible inhibitors of palmitoyl-

T ¥

+C20:4{n~6)
20f l‘l o 4
L)
v
>
+Ci16:0

® L)
/
0/

E A//
o i 2
[H-c20:an-6]]" Lm-

F1G. 1. Inhibition of arachidonoyl-CoA synthetase activity by vari-
Ous unlabelled fatty acids. Brain Microvessels were incubated for

tional unlabelled fatty acid (O — 0). Standard buffer contained 40
#M CoA, 1 mM ATP, 40 uM DTT, 2 nWM/ MgCl,, and 0.1% Triton
X-100. The amount of radiolabelled arachidonoyl-CoA produced
was determined and expressed as nmol-min~'.mg protein-1,

TABLE 2. Kinetic parameters of palmitoyl-Coa and
arachidonoyl-Co4 synthesis by purified rat brain
microvessels calculated on cros; -inhibition assays with
various saturated and polyunsaturated fatty acids

Vou
Ko Ko (nmol-min™! -mg
Substrate(s) M) (uM) protein™')
Arachidonoyl-CoA synthesis
(’H}C20:4(n-6) 58 — 1.5
[’H}C20:4(m6) +C20:4(n-6) 180 7] 1.5
['H]C20:4(n-6) + C16:0 40 NC L1
[’H]C20:4(n-6) + C20:0 38 NC 20
[’H]C20:4(n'6) +C22:6(n-3) 166 8.0 25
Palmitoyl-CoA synthesis
[PHIC16:0 40 — 1.0
[HIC16:0 + C16:0 16.0 5.0 1.0
[HIC16:0 + C20:0 33 NC 1.2
[*HIC16:0 + C20:4(n-6) 6.6 230 1.0
[*H]C16:0 + C22:6(n-3) 3.1 NC 0.7

See detailed experimental procedure in the legends to Figs. 1 and
2. Ky, values relate 1o radiolabelled arachidonic acid and palmitic
acid, and KX; values to the unlabelled fatty acids tested as potential
inhibitors. NC, not calculated.

CoA or arachidonoyl-CoA synthesis. Unlabelled ara-
chidonic acid competitively inhibited the formation
of [*H)arachidonoyl-CoA, giving a K; of 7.1 uM (Fig,
I; Table 2). Docosahexaenoic acid also produced
competitive inhibition of [*H]arachidonoyl-CoA syn-
thesis, with a X; of 8 M. In contrast, palmitic acid as
well as arachidic acid did not inhibit the synthesis of
[*Hlarachidonoyl-CoA and rather caused a slight de-

+C16:0 ®
\ +C20:4(n~¢)
20} ’ ? a 1

BH-ci6:0]" (uM)

FIG. 2. Inhibition of palmitoyl-CoA synthetase activity by various
unlabelled fatty acids. Brain microvessels were incubated for 5
min at 37°C with increasing concentrations of [*H)palmitic acid in

belled fatty acid (O — Q). Standard buffer contained 40 HM CoA,
1TMMATP, 40 M DTT, 2 M MgCl;, and 0.1% Triton X-100. The
amount of radiolabefied palmitoyl-CoA produced was determined
and expressed as nmol - min~'.mg protein-'.

J. Neurochem., Vol. 48, No. 4, 1987
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crease of the K, value of radiolabelled arachidonic DISCUSSION

acid. The V., of [°’H]arachidonoyl-CoA synthesis ob-
tained in the presence of these various unlabelled fatty
acids remained almost unchanged. Further, the con-
version of [*H]palmitic acid into [*H]palmitoyl-CoA
was measured in the presence of unlabelled fatty acids
(Fig. 2; Table 2). [*H]Palmitoyl-CoA formation was
inhibited by palmitic acid and slightly by arachidonic
acid, giving K; values of respectively 5.0 uM and 23.0
uM. Arachidic acid and docosahexaenoic acid did not
inhibit [*H]palmitoyl-CoA formation and actually
caused a decrease of the K, value for radiolabelled
palmitic acid. The V., of [°’H]palmitoyl-CoA forma-
tion obtained on incubation in the presence of these
unlabelled fatty acids was not affected.

Effect of heat inactivation of acyl-CoA synthesis

Brain microvessel homogenates were heated at
40°C for various times and subsequently assayed for
palmitoyl-CoA and arachidonoyl-CoA synthesis ac-
tivities. As shown in Fig. 3, heat denaturation of the
synthetase system follows different kinetics depending
on whether palmitic acid or arachidonic acid was em-
ployed as precursor. [*'H)Arachidonoyl-CoA forma-
tion was inhibited by 75% afier 7 min at 40°C whereas
a 3-min heat treatment was sufficient to produce the
same relative inhibition of [*H]palmitoyl-CoA syn-
thesis. In the experiment shown, [*H]arachidonoyl-
CoA synthesis was assayed in the presence of 15 uM
unlabelled palmitic acid to eliminate the probable ca-
pability of the palmitoyl-CoA synthetase to activate
arachidonic acid.

100

50

REMAINING ACTIVITY

%

TIME OF HEATING AT 40°C (min)

FIG. 3. Heat inactivation of arachidonoyi-CoA and paimitoyl-CoA

synthesis by brain microvessel homogenates. Brain microvessel
homogenates were heated at 40°C for various times and assayed
for palmitoyl-CoA (® — @) and arachidonoyt-CoA (A — A) syn-
thesis. Arachidonoyl-CoA synthesis was assayed in the presence
of 15 uM unlabefled paimitic acid. Results are expressed as the
percentage of control activity (unheated microvessel homoge-
nates).

J. Neurochem., Vol. 48, No. 4, 1987

This article provides the first description of two dis-
tinct acyl-CoA synthesis activities in purified rat brain
microvessels. Both radiolabelled palmitic acid and ar-
achidonic acid could be converted to palmitoyl-CoA
and arachidonoyl-CoA, respectively. This reaction
showed absolute requirement for ATP, CoA, and
MgCl,. On omission of CoA, residual activity was ob-
served, suggesting that endogenous CoA might be
used during incubation or that activation is unlikely
to occur in the absence of that particular cosubstrate.
Reddy and Bazan (1983) indicated that conversion of
arachidonic acid to arachidonoyl-CoA in rat brain mi-
crosomes was very rapid and showed linearity only for
the first 20 s of incubation. On the other hand, Mur-
phy and Spence (1980) assayed long-chain fatty acid:
CoA ligase in rat brain homogenate and subcellular
fractions under 5-min incubation tests. In our work,
palmitoyl-CoA synthesis activity was linear for about
10 min. Incubation conditions including detergent
and cosubstrate concentrations, the type of fatty acid
used as substrate, as well as the type of tissue tested
might account for these discrepancies. In this respect,
purified rat brain microvessels do represent a very par-
ticular structure of the CNS tissue and should be con-
sidered as such.

For comparison, kinetic parameters of acyl-CoA
synthesis activity were determined in brain microves-
sel and forebrain homogenates. Palmitoyl-CoA and
arachidonoyl-CoA formation by these fractions was
saturable when increasing substrate concentration.
No striking differences were observed between appar-
ent K, for palmitic acid in both microvessel and fore-
brain homogenates. Apparent K, values varied
within 4.0-5.8 uM and were two- to eightfold lower
than those reported by Reddy and Bazan (1983) for
arachidonic acid in rat brain microsomes and by Mur-
phy and Spence (1980) for oleic acid in rat brain mi-
crosomes and homogenate. The presence of endoge-
nous unlabelled fatty acids cannot be entirely ruled
out and might account for a substantial isotopic dilu-
tion of the radiolabelled substrate added, leading to
the underestimation of K, values. However, Cene-
della et al. (1975) indicated that endogenous fatty
acids are probably present at low concentration (0.3-
0.8 umol/g of brain tissue). This feature is certainly
less relevant in the case of brain microvessels which
were prepared and purified in the presence of 1% albu-
min. The latter provides an effective acceptor for fatty
acids released in the CNS tissue on decapitation. Con-
sequently, a double-label assay system using both ra-
diolabelled CoA and radiolabelled fatty acids was not
employed in this work.

Further examination of acyl-CoA synthesis activi-
ties in rat brain microvessel homogenates involved
cross-competition experiments using radiolabelled
palmitic acid and radiolabelled arachidonic acid as
well as other nonradioactive saturated and polyunsat-
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urated fatty acids. Therefore, K; values of these puta-
tive inhibitors were calculated using a derivation of
Michaelis equation as follows: K; = Ky (K — Ka)™'
[I). Accordingly, unlabelled arachidonic acid compet-
itively inhibited the formation of [*H}arachidonoyl-
CoA, with a K of 7.1 uM and unchanged Ve . Un-
labelled docosahexaenoic acid produced similar
competitive inhibition of [*H]arachidonoyl-CoA syn-
thesis, with a K; of 8 uM. Both K; values were relatively
close to the K, for [*H]arachidonic acid, suggesting
that this enzyme might recognize several polyunsatu-
rated fatty acids as active substrates. In contrast, pal-
mitic acid did not inhibit the formation of [*H}arachi-
donoyl-CoA. Saturated arachidic acid has the same
chain length as arachidonic acid but remains a poor
competitor of arachidonoyl-CoA synthesis. These
data, summarized in Table 2, strongly support the oc-
currence of polyunsaturated fatty acid-specific acyl-
CoA synthetase in purified rat brain microvessels.

Palmitoyl-CoA synthesis was competitively inhib-
ited by nonradioactive palmitic acid as well as by ara-
chidonic acid (Fig. 2). The K; of nonradioactive pal-
mitic acid as inhibitor of [*H]palmitoyl-CoA synthesis
was 5.0 uM, i.e., nearly equal to the K, for [*H]pal-
mitic acid (4.0 uM). On the contrary, nonradioactive
arachidonic acid was but a poor inhibitor of [*H]pal-
mitoyl-CoA synthesis, exhibiting a higher K value (23
uM). Thus, the K, for [’H]arachidonic acid was
strongly different from the K; of arachidonic acid as
inhibitor of [*H]palmitoyl-CoA synthesis. These data
together suggest that two acyl-CoA synthetases occur
in purified rat brain microvessels. One activity exhib-
its specificity for arachidonic acid and very likely for
some other polyunsaturated fatty acids. Since ara-
chidic acid, arachidonic acid, and docosahexaenoic
acid had actually no or little effect on palmitoyl-CoA
formation one may conclude that this second acyl-
CoA synthetase is rather specific toward palmitic acid.
However, a final conclusion would be reached once
many other fatty acids are tested. As proposed by Wil-
son et al. (1982), a polyunsaturated fatty acid-specific
ligase may control the level of free arachidonic acid by
diverting arachidonic acid away from cyclooxygenase
and into membrane phospholipids. A second activity
might account for the formation of other acyl-CoA
derivatives preceding their incorporation into cellular
neutral lipids and phospholipids as well as §-oxidation
in the mitochondria. According to Goldstein (1979),
the latter process might be of utmost importance for
brain microvessels, supporting thé¢ quantitative and
qualitative regulatory functions of the so-called
blood-brain barrier.

Both palmitoyl-CoA and arachidonoyl-CoA syn-
thesis activities were notably affected on heating at
40°C, suggesting that these enzymes might be rather
unstable. Interestingly, the CoA activation of [*H]pal-
mitic acid was more rapidly inactivated than that of
[PH}arachidonicic acid (Fig. 3). Despite opposite
findings previously shown in platelets by Wilson et al.

(1982), it remains clear that this difference in the time
course of heat inactivation of palmitoyl-CoA synthe-
sis versus arachidonoyl-CoA synthesis favors the oc-
currence of two different acyl-CoA synthetase en-
zymes in rat brain microvessels. The time course of
heat inactivation of arachidonoyl-CoA synthetase in
rat brain microvessels is comparable to that reportgd
by Reddy and Bazan (1983) with rat brain micro-
somes. Indeed, complete purification and character-
ization of the proteins responsible for these metabolic
reactions will provide full evidence of two different
enzymes.

Our data resemble those published by Wilson et al.
(1982) and Neufeld et al. (1984b), who first discovered
and analyzed an arachidonoyl-CoA synthetase in hu-
man platelets. Further, specific arachidonic acid CoA
activation has been demonstrated in rat brain micro-
somes (Reddy and Bazan, 1983; Reddy et al., 1984);
in human, bovine, rat, and frog retina (Reddy and Ba-
zan, 1984); and in murine thymoma EL4 and cyto-
toxic T lymphocyte clones (Taylor et al., 1985). Neu-
feld et al. (1984a) selected a mutant HSDM,C, &-
brosarcoma line lacking an arachidonate-specific
acyl-CoA synthetase which might account for arachi-
donic acid uptake. These data must be related to-
gether with the role of this particular fatty acid as a
precursor of prostaglandins and leukotrienes in arte-
rial wall cells and microvessel cells. Interestingly,
Spector et al. (1983) suggested that thrombin-stimu-
lated production of prostacyclin by arachidonic acid-
incubated human vein endothelial cells was due to a
larger amount of that fatty acid in the intracellular
lipid substrate pools. Hence, as shown in this work,
purified rat brain capillaries also exhibit a. rather
highly specific acyl-CoA synthetase activity towardar-
achidonic acid. Again, it raises the question of
whether the activity of this ligase is involved in regu-
lating the production of prostaglandins and leuko-
trienes. This is of course very relevant to the physiol-
ogy of brain microvessels capable of producing prosta-
cyclin (Baba et al, 1985) which may regulate
cerebrovascular pressure (Chapleau and White, 1979;
Pickard et al., 1980) as well as unknown functions of
that particular structure.
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