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Numerous neurological diseases are associated with dysregulated lipid metabolism; however, the basic metabolic control of fatty
acid metabolism in neurons remains enigmatic. Here we have shown that neurons have abundant expression and activity of the
long-chain cytoplasmic acyl coenzyme A (acyl-CoA) thioesterase 7 (ACOT7) to regulate lipid retention and metabolism. Unbi-
ased and targeted metabolomic analysis of fasted mice with a conditional knockout of ACOT7 in the nervous system, Acot7N�/�,
revealed increased fatty acid flux into multiple long-chain acyl-CoA-dependent pathways. The alterations in brain fatty acid me-
tabolism were concomitant with a loss of lean mass, hypermetabolism, hepatic steatosis, dyslipidemia, and behavioral hyperex-
citability in Acot7N�/� mice. These failures in adaptive energy metabolism are common in neurodegenerative diseases. In agree-
ment, Acot7N�/� mice exhibit neurological dysfunction and neurodegeneration. These data show that ACOT7 counterregulates
fatty acid metabolism in neurons and protects against neurotoxicity.

Neurons have a unique lipid composition that is critical for the
development and function of the nervous system, and defects

in lipid metabolism result in severe and debilitating neurological
disease; however, there is a dearth of understanding about how
neurons uniquely regulate intracellular fatty acid (FA) metabo-
lism. There are numerous inborn errors of lipid metabolism that
have clear neuropathological outcomes. Apart from these inborn
errors of metabolism, it is becoming increasingly evident that
many neurodegenerative diseases, including Alzheimer’s disease,
Parkinson’s disease, and amyotrophic lateral sclerosis (ALS), have
underlying metabolic dysfunction that often involves dysregu-
lated lipid metabolism (1–5). A better understanding of neuronal
metabolism is required to provide insight into neurological func-
tion and pathology, since dysregulated neurometabolism may
contribute to the progression of diabetes and obesity and hasten
neurodegeneration (6–8).

Fatty acid metabolism in the nervous system has been shown to
directly and profoundly regulate multiple aspects of animal phys-
iology and behavior (9–14). Furthermore, ion channels that play a
role in neuronal activation have been shown to be regulated by
lipids either directly or indirectly (15–20). Fatty acids are precur-
sors for membrane biosynthesis, signaling lipids, posttransla-
tional modification (e.g., palmitoylation), energy storage, and en-
ergy production. Although most neurons are not thought to rely
on fatty acids to meet their cellular bioenergetic requirements, the
brain has a unique fatty acid composition and metabolism that are
critical for neural function. Due in part to the incredible hetero-
geneity of neurons themselves and the diversity of neuronal cell
types in general, the means by which any neuronal population
obtains or utilizes fatty acids is poorly understood.

Fatty acids either made de novo or taken up from the diet re-
quire ligation to coenzyme A (CoA) for their cellular retention
and activation by one of 26 known acyl-CoA synthetases (21). The
resulting acyl-CoAs, with their high-energy thioester linkage, are
used as the substrate for almost all anabolic and catabolic bio-
chemical reactions requiring fatty acids, with the noted exception
of eicosanoid synthesis. The hydrolysis of acyl-CoAs to free fatty
acid (FFA) and free CoA by one of a family of acyl-CoA thioes-

terases has been proposed to play a regulatory role in the metab-
olism of fatty acids (22–25). Acyl-CoA thioesterases (ACOTs) are
present in simple prokaryotes and conserved and expanded
through humans. Mammals express acyl-CoA thioesterases that
have various chain length specificities, cell type expression, and
subcellular localizations (22). Although some of the basic enzy-
matic characteristics of ACOTs have been previously reported,
little is known about the biochemical or physiologic significance
of this enigmatic class of enzymes in a cellular or organismal con-
text. Neurons have a particularly high cytoplasmic long-chain
acyl-CoA hydrolase activity, which is thought to be mediated
mainly by Acyl-CoA thioesterase 7 (ACOT7) (26). The high activ-
ity and cytoplasmic localization of an acyl-CoA hydrolase such as
ACOT7 creates an apparently futile cycle because it is juxtaposed
to the ATP-dependent Acyl-CoA synthetases. Given its biochem-
ical activity, localization, and chain length specificity, ACOT7
likely represents a major regulatory point in neural fatty acid me-
tabolism by limiting the access of long-chain acyl-CoAs. Acyl-
CoA hydrolysis provides neurons with a unique means to regulate
fatty acid metabolism because neurons have a limited capacity for
neutral lipid storage and mitochondrial fatty acid beta oxidation.

Here we have shown that ACOT7 is highly expressed in neu-
rons and constitutes the main source of acyl-CoA thioesterase
activity in the brain. Using a conditional knockout (KO) of
ACOT7 in the nervous system, we have shown that ACOT7 regu-
lates the metabolism of long-chain fatty acids into multiple acyl-
CoA-dependent pathways. The biochemical consequences of a
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loss of ACOT7 are largely not apparent in fed mice and are greatly
exacerbated by fasting, a time when circulating free fatty acids
from lipolysis are elevated. ACOT7 brain-specific KO mice have
no alterations in food intake or body weight; however, KO mice
have multiple alterations in behavior and physiology, including a
loss of lean mass, hypermetabolism, hepatic steatosis, dyslipide-
mia, and behavioral hyperexcitability. These phenotypic changes
are seen in models of neurodegeneration, and ACOT7 KO mice
exhibit neurodegeneration and neurological/behavioral deficits.
These data suggest that ACOT7 is required to maintain neuronal
fatty acid homeostasis, particularly during fasting, and dysregula-
tion of ACOT7 results in neural lipotoxicity.

MATERIALS AND METHODS
Mice. Acot7flox/flox mice were generated by targeting loxP sequences to
introns flanking exon 2 of the mouse acot7 gene by homologous recom-
bination in C57BL/6 embryonic stem cells by standard methods.
Acot7N�/� and littermate Acot7flox/flox control mice were housed (12-h
light/dark cycle) with free access to water and a chow diet (13.5% kcal
from fat; number 5001, LabDiet; PMI Nutrition International, St. Louis,
MO) or a high-fat diet (HFD) (60% kcal from fat, D12492; Research
Diets). Body fat mass was assessed by magnetic resonance imaging analy-
sis (QNMR EchoMRI100; Echo Medical Systems, LLC). For thermogen-
esis experiments, mice were fasted overnight or fed ad libitum and placed
in a 4°C environment without food. Temperature was measured hourly
with a rectal probe thermometer (BAT-12; Physitemp).

Calorimetry and behavior. Locomotor activity, food intake, and
whole-body calorimetry were determined in an open-circuit indirect cal-
orimeter (Oxymax Equal Flow; Columbus Instruments). Data were col-
lected after a 24-h acclimation period. Rates of oxygen consumption
(VO2, ml/kg/h) and carbon dioxide production (VCO2) were measured
for each chamber every 15 min throughout the study. The respiratory
exchange ratio (RER) (VCO2/VO2) was calculated by using Oxymax soft-
ware (v. 4.02) to estimate the relative oxidation of carbohydrate (RER �
1.0) versus fat (RER approaching 0.7), not accounting for protein oxida-
tion. Heat (energy expenditure) was calculated as follows: heat � VO2 �
[3.815 � (1.232 � RER)]; this was normalized for subject lean mass
(kcal/kg lean mass/h). Ambulatory activity was measured by the counts of
beam breaks monitored across a single plane using the infrared (IR) pho-
tocell technology built into the CLAMS (comprehensive lab animal mon-
itoring system) chambers.

Motor coordination on a rotarod treadmill (no. Env-575m; Med As-
sociate Inc.) was assessed by a blinded investigator. Mice were rotarod
trained with three tests on 2 different days, 1 day apart; experimental data
were obtained using the Rota-Rod software program and calculated based
on the average time spent on the rod over three tests as the rod rotation
accelerated from 4 rpm to 40 rpm over 500 s.

Ataxia was screened by a blinded investigator for four phenotypic
measures, hind limb clasping, ledge test, gait, and kyphosis. Ataxia test
values were calculated by the average for three trials, in which mouse
performance was scored between 0 to 3 for best to worst performance as
previously described (27). Open field tests were performed by placing the
mouse in the center of the open field apparatus, and beam breaks were
monitored over a 40-min time period; data are presented as the sum of
movement over the 40-min period for 3- to 5-month-old male mice.

Acoustic startle response/prepulse inhibition was measured in startle
chambers (San Diego Instruments, Inc., San Diego, CA). Acoustic stimuli
were controlled by the SR-LAB software program (San Diego Instru-
ments, Inc., San Diego, CA) and interface system, which rectifies, digi-
tizes, and records responses from the accelerometer. The maximum volt-
ages within 100-ms reading windows, starting at stimulus onset, were used
as measures of startle amplitudes. Sound levels were measured inside the
startle cabinets by means of the digital sound level meter (Realistic; Tandy,
Fort Worth, TX, USA). The experimental session consists of a 5-min

acclimatization period to a 70-dB background noise (continuous
throughout the session), followed by the presentation of 10 40-ms 120-dB
white-noise stimuli at a 20-s interstimulus interval (the habituation ses-
sion). Upon completion of the habituation session, each mouse was left in
the enclosure for 5 min without presentation of any startle stimuli. Im-
mediately after, the prepulse inhibition (PPI) session was begun. During
each PPI session, a mouse was exposed to the following types of trials:
pulse-alone trial (a 120-dB, 100-ms, broadband burst), the omission of
stimuli (no-stimulus trial), and five prepulse-pulse combinations (pre-
pulse-pulse trials) consisting of a 20-ms broadband burst used as a pre-
pulse and presented 80-ms before the pulse using one of the five prepulse
intensities: 74, 78, 82, 86, and 90 dB. Each session consists of six presen-
tations of each type of trial presented in a pseudorandom order. PPI is
assessed as the percentage scores of PPI (%PPI): [1 � (average startle
amplitude after prepulse/average startle amplitude after pulse only)] �
100 for each animal separately.

All procedures were performed in accordance with the National Insti-
tutes of Health Guide for the Care and Use of Laboratory Animals and
under the approval of the Johns Hopkins Medical School Animal Care
and Use Committee.

Metabolite analysis. Plasma triacylglycerol (TAG) (Sigma), �-hy-
droxybutyrate (Stanbio), cholesterol (BioAssay Systems), FFA (Wako),
glucose (GlucometerX; BioAssay Systems), creatine kinase (Cayman),
and free and total glycerol (Sigma) were measured colorimetrically. Brain
coenzyme A content was measured fluorometrically (Cayman Chemi-
cals). Acyl-CoAs were measured by high-performance liquid chromatog-
raphy (HPLC) as detailed elsewhere (28). Unbiased metabolomics analy-
sis was done as described previously (29). Brain and liver total lipids were
extracted with chloroform-methanol via the Folch method (30), the chlo-
roform phase was dried down by using a Centrivac concentrator (Lab-
conco) and resuspended in tert-butanol–methanol–Triton X-100 (3:1:1
ratio, by volume), and lipids were quantified using the colormetric assay
described above and by use of a PL kit (BioAssay Systems). Total acyl-CoA
thioesterase was measured using 50 �M oleoyl-CoA (Sigma) and 10 mM
5,5=-dithiobis(2-nitrobenzoate) (DTNB) (Sigma) with CoA standards
run in parallel in either total homogenate or cytosol fractions (2.5 to 25
�g). Cytosolic phospholipase A2 was measured with 50 mM Tris-HCl, 5
mM EDTA, 0.1% bovine serum albumin (BSA), 2 �M �-1-hexadecanoyl-
2-(1-pyrenedecanoyl)-sn-glycero-3-phosphocholine (�-Py-C10-HPC)
(Invitrogen), 6 mM CaCl2, and 100 mM NaCl in cytosolic fractions iso-
lated from mouse brains. Release of 1-pyrenedecanoyl from �-Py-C10-
HPC was read fluorometrically with excitation at 345 nm and emission at
377 nm after 20 min at room temperature. Acyl-CoA synthetase activity
was measured in brain total particulate as previously described (31).

Gene expression. Acot7 mRNA abundance across tissues was deter-
mined per the manufacturer’s instruction (Origene). Tissue RNA was
isolated using Qiagen RNeasy kits, cDNA was synthesized (High Capacity
cDNA reverse transcription [RT] kit; Applied Biosystems), and the reac-
tion was carried out using SYBR green (Bio-Rad) detection with specific
primers (200 nM) and equal amounts of cDNA (10 ng/reaction) and
analyzed by using a CFX Connect thermocycler (Bio-Rad). Results were
normalized to the housekeeping gene and expressed as arbitrary units of
2���CT.

Immunoblots and histology. Total homogenates were collected in
sucrose medium (10 mM Tris, 1 mM EDTA, and 250 mM sucrose). Ly-
sates were collected in lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM
EDTA, 1% Triton X-100). Cytosol and membrane fractions collected
from total homogenates in sucrose medium were separated by centrifuged
at 40,000 � g for 1 h. Homogenates, lysates, cytosol, or membrane frac-
tions were equally loaded (20 to 50 �g) and electrophoresed on 8% or
12% SDS polyacrylamide gels, transferred to a polyvinylidene difluoride
(PVDF) membrane, blocked with 5% milk-TBST (Tris-buffered saline
with Tween 20) for 1 h, incubated with primary antibody (1:1,000
to 1:2,000) against ACOT7 (affinity purified against the peptide
EKKRFEEGKGRYLQMK), MitoProfile Total Oxphos rodent Western
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blot (WB) antibody cocktail (ab110413; AbCam), glial fibrillary acidic
protein (GFAP) (Chemicon), dismutase 2 (SOD2; Abcam), voltage-de-
pendent anion channel 1 (VDAC1) (Calbiochem), cytochrome c oxidase
(CoxIV; BD Biosciences), and HSC70 (Santa Cruz), washed, and incu-
bated with secondary antibody conjugated to horseradish peroxidase
(HRP) (GE Healthcare), Cy3, or Cy5 (1:2,000) (Invitrogen). Protein was
visualized using an Alpha Innotech MultiImage III instrument and quan-
tified using Alpha Innotech FluorChem Q software (Santa Clara, CA). For
histology, half of brains, cut sagitally, were fixed in 4% paraformalde-
hyde–phosphate-buffered saline (PBS) for 4 h, washed with PBS (3�),
transferred to 9% sucrose-PBS overnight, and then transferred to 30%
sucrose overnight, and tissue was frozen in OCT compound. Sagittal sec-
tions were cut 18 �m thick using a cryostat. For Nissl staining, cleared and
rehydrated sections were incubated with 0.5% cresyl violet acetate,
washed, rapidly dehydrated, cleared, and mounted on coverslips. Im-
ages were taken at magnification �4, and the width of the granular cell
layer relative to the lobule width was measured using the Image J
software program in an investigator-blinded manner; at least 10 mea-
surements were taken per mouse and averaged together, and data are
presented as the average for 6 to 8 mice per group. For liver histology,
tissue was fixed in 4% paraformaldehyde-PBS for 24 h, transferred to
70% ethanol, embedded in paraffin, serially sectioned, and stained
with hematoxylin and eosin (H&E) (AML Laboratories Inc.). For
transmission electron microscopy (TEM), mice were perfused with a
2% paraformaldehyde, 2% glutaraldehyde-PBS solution, and a 3-mm3

block of hippocampus and cortex was excised and further processed
for TEM with osmium tetroxide. Ultrathin sections were then cut and
imaged using a Hitachi 7600 TEM.

Brain slice studies. Brain slices were collected from overnight-fasted
mice, and whole brains were immediately sliced coronally into 350 �M
sections using the McIlwain tissue chopper. Slices were incubated in 20%
neurobasal medium (Invitrogen), 0.5 mM L-carnitine, 0.2% BSA, and 25
�M glutamine, with either [1-14C]oleate (PerkinElmer), [U-14C]glucose,
or [3H]acetate in a 37°C water bath for 1 to 3 h with gentle shaking. Rates
of CO2 and acid-stable metabolite (ASM) production from [1-14C]oleate
were determined using incubation chambers containing a center well
filled with filter paper and sealed with a rubber stopper. Carbon dioxide
was trapped by adding 200 �l 70% perchloric acid to the reaction mixture
and 300 �l of 1 M NaOH to the center well and incubating the samples at
55°C for 1 h. The filter paper was then placed in scintillation fluid and
counted. The acidified reaction mixture was incubated overnight at 4°C
and centrifuged at 4,000 rpm for 30 min before aliquots of the supernatant
were counted for 14C-labeled ASM. All slice experiments were performed
with 3 to 4 slices per assay per mouse and averaged over 3 independent
experiments. FA incorporation was measured by incubating slices with
[1-14C]oleate for 16 h, after which slices were washed 3 times with 1%
BSA-PBS. Total lipid was extracted from slices that were manually ho-
mogenized using a glass mortar and pestle and extracted into CHCl3 (32),
mixed with scintillation fluid, and counted.

RESULTS
ACOT7 is highly and selectively expressed in neurons. ACOT7,
also known as brain acyl-CoA hydrolase, was previously shown to
be enriched in the brain (33–35). We performed Northern blot
analysis of various tissues and showed that acot7 mRNA is ex-
pressed at high levels in the brain and testes (Fig. 1A). To charac-
terize Acot7 expression across the brain, we performed RT-PCR
for acot7 on cDNA made from different developmental stages of
the mouse brain and across brain regions (see Fig S1A in the sup-
plemental material). These data show persistent and high Acot7
expression across brain development and brain regions. To con-
firm that mRNA content correlates with protein levels, we pro-
duced rabbit polyclonal antibodies against a C-terminal peptide of
ACOT7. The specificity of the antibody was confirmed in ACOT7

KO mice (Fig. 2C). Western blot analysis of mouse tissues showed
that the testis produced little protein from its abundant mRNA
and that the brain has by far the highest expression of the ACOT7
protein (Fig. 1B; see also Fig. S1B). To determine the cell popula-
tion that ACOT7 is predominately expressed in, we isolated pri-
mary cortical neurons and astrocytes and showed by both protein
and mRNA that ACOT7 is highly expressed in neurons, not astro-
cytes, consistent with in situ hybridization data (Fig. 1C and D)
(36). To determine the subcellular localization of ACOT7 in neu-
rons, we expressed a C-terminal enhanced green fluorescent pro-
tein (eGFP) fusion of ACOT7 in primary cortical neurons and
showed that ACOT7 is primarily cytoplasmic (Fig. 1E). To further
confirm cytoplasmic localization of endogenous ACOT7, we sep-
arated mouse brain cytosolic and membrane fractions to probe for
ACOT7. Endogenous ACOT7 is expressed predominately in the
cytosolic fraction (see Fig. S1C). Finally, we profiled the expres-
sion of ACOT7 by Western blotting and measured total long-
chain thioesterase activity in multiple regions of the brain and
peripheral tissues in fed control, overnight-fasted control, and
ACOT7 KO mice (Fig. 1F and G). While neither ACOT7 protein
nor thioesterase activity was consistently changed between the fed
and fasted state in the various tissues, it is clear that the brain,
particularly the hypothalamus, which has the highest access to
fatty acids, has higher ACOT7 protein abundance and total thio-
esterase activity than any other tissue assayed. Together, these data
show that ACOT7 is highly and selectively expressed in the cytosol
of neurons.

Brain acyl-CoA thioesterase activity is mediated by ACOT7.
To understand the biochemical and physiological role of ACOT7
in vivo, we generated transgenic mice with a conditional allele of
Acot7. LoxP sequences were targeted to introns flanking exon 2 of
the mouse acot7 gene by homologous recombination in C57BL/6
embryonic stem cells (Fig. 2A and B). Exon 2 contains an aspara-
gine that is critical for thioesterase function and is conserved in all
active ACOT7 variants (37). Excision of exon 2 results in an alter-
native splicing and premature stop codons in exon 3. Because we
are interested in the role of ACOT7 in brain metabolism, we bred
Acot7flox/flox mice to Nestin-Cre transgenic mice (12, 38, 39) to
produce mice with ACOT7 specifically deleted in the nervous sys-
tem (Acot7N�/�). Knockout of ACOT7 in the brain results in a
null allele (Fig. 2C). A small amount of ACOT7 is still present,
presumably from expression in nonparenchymal tissue, such as
microglia (40). The knockout of ACOT7 in the brain is not lethal;
mice are born at the expected Mendelian ratio with no apparent
developmental defects, behavioral abnormalities, or structural de-
fects (Fig. 2D). Thioesterase activity is almost completely abol-
ished in the brains of these mice (Fig. 2E), indicating that Acot7
contributes the majority of long-chain thioesterase activity in the
brain and that none of the other thioesterases compensated for the
loss in ACOT7. The small remaining thioesterase activity is from a
combination of ACOT7 expressed in nonneuronal cells and the
other thioesterase isoforms that are expressed at minor levels in
the brain. There was no compensatory loss of total long-chain
acyl-CoA synthetase activity, the reaction that generates acyl-CoA
from free fatty acid and CoA (Fig. 2F). The �80% loss of total
thioesterase activity suggests a potential increase in acyl-CoA con-
tent in the brain; however, the steady-state concentration of long-
chain acyl-CoAs did not change (Fig. 2G), with the exception of an
	50% increase in 18:2 CoA in the hypothalamus and cortex (see
Fig. S2A to C in the supplemental material). This change is very
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similar to that seen in brown adipose tissue of ACOT11 KO mice
(24). Total brain coenzyme A, a product of the ACOT7 reaction,
also did not change between control and Acot7N�/� mice (Fig.
2H). Therefore, we can conclude that ACOT7 is the major thioes-
terase in the brain; however, the loss of ACOT7 does not affect the
steady-state concentration of long-chain acyl-CoAs or coenzyme
A in the brain.

Neurometabolomic profiling reveals multiple roles for
ACOT7 in regulating neuronal metabolism. We were surprised

that the steady-state concentration of brain long-chain acyl-CoAs
were not altered after removal of a seemingly important regulatory
step in neural fatty acid metabolism. To gain a more thorough
understanding about the metabolic consequence of deleting
ACOT7, we performed unbiased neurometabolomic profiling of
Acot7N�/� and control littermate brains after overnight fasting.
The data showed many robust changes in fatty acid metabolites
but also in carbohydrate (Fig. 3A) and glutamate metabolites (see
Table S1 in the supplemental material). Acot7N�/� brains, com-

FIG 1 ACOT7 is highly and selectively expressed in neurons. (A) Northern blot tissue profiling of mouse acot7 mRNA. (B) Western blot tissue profiling of mouse
ACOT7. (C and D) Western blot (C) or real-time RT-PCR (D) of ACOT7 in cultured rat cortical astrocytes or cortical neurons. (E) Epifluorescence microscopy
images of neurites and soma of primary cortical neurons expressing either GFP or ACOT7-GFP. (F and G) Total thioesterase activity (F) or ACOT7 protein
abundance (G) measured from total homogenates prepared from fed or overnight-fasted male and female control and Acot7�/� mice; n � 3 to 4. Data represent
averages 
 standard errors of the means.
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pared to controls, had an increase in long-chain acyl-CoA-depen-
dent metabolites, including a 2.9-fold increase in oleoyl-carnitine,
a 1.6-fold increase in �-hydroxybutyrate, and a 3.7-fold increase
in sphingosine (Fig. 3B and C). These steady-state data suggest an
increased long-chain acyl-CoA-dependent metabolic flux in
Acot7N�/� brains. Strikingly, Acot7N�/� brains, compared to con-
trols, had 1.2- to 2-fold increases in a majority of the profiled
long-chain nonesterified fatty acids (Fig. 3D). This was surprising,
since we would expect a reduction of long-chain nonesterified
fatty acids with the loss of ACOT7. This increase, however, was
concomitant with large increases in a majority of the profiled ly-
sophospholipids, which, along with nonesterified fatty acids,
comprise another product of phospholipase activity (Fig. 3E).
Acyl-CoA thioesterase 7 does not hydrolyze fatty acids from
phospholipids (41); however, some phospholipases have been
shown to contain acyl-CoA thioesterase activity (42). Also, a
mitochondrial acyl-CoA thioesterase (ACOT15) plays a role in
remodeling cardiolipin (43). Together, these data are consis-
tent with ACOT7 being a long-chain acyl-CoA thioesterase that
regulates brain fatty acid metabolism but also suggest that it
may have more specialized functions or regulation in vivo, such
as in complex lipid remodeling.

As expected, since fatty acid metabolism is intertwined with
many other metabolic pathways, the KO of ACOT7 affected the
metabolism of other macronutrients. Acot7N�/� brain glucose

was increased almost 2-fold, fructose-1,6-biphosphate was in-
creased, and 3-phosphoglycerate was decreased, suggesting al-
tered glucose metabolism (see Table S1 in the supplemental ma-
terial). These data show that under fasting conditions, while
ACOT7 does not affect the long-chain acyl-CoA steady-state con-
centration, it does regulate brain acyl-CoA-dependent metabo-
lism. Together, these data suggest that ACOT7 plays a critical role
in regulating multiple aspects of brain fatty acid and macronutri-
ent metabolism and represents a critical metabolic node in neu-
rons.

ACOT7 is required to regulate fasting-induced neuronal
fatty acid metabolism. To confirm the steady-state metabolite
data showing increases in Acot7N�/� brain free fatty acid content,
we measured lipids from control and Acot7N�/� mice under both
fed and fasting conditions. After overnight fasting, Acot7N�/�

brain total nonesterified fatty acid content, compared to that of
controls, was significantly increased (Fig. 4A). In addition to in-
creased free fatty acids, we found that Acot7N�/� brains have in-
creased phospholipid and triacylglycerol content but no change in
cholesterol (Fig. 4B to D). Changes in triacylglycerol content in
the brain were likely in ependymal cells (44). Because the metab-
olite data suggested an increase in phospholipase activity, we mea-
sured brain cytosolic phospholipase A2 activity in control and
Acot7N�/� brains. Brain cytosolic phospholipase A2 (cPLA2) ac-
tivity was unchanged in fed Acot7N�/� mice compared to that in

FIG 2 Generation of ACOT7 brain-specific knockout mice. (A) Gene targeting strategy. (B) Southern blot of ES cell clones showing correct targeting. (C)
Western blot for mice with a brain-specific knockout of ACOT7. (D) Representative electron micrograph images of control and Acot7N�/� brains from fed mice.
pre, presynaptic; post, postsynaptic; nuc, nucleus; mito, mitochondria. (E and F) Total long-chain acyl-CoA thioesterase (E) or total long-chain acyl-CoA
synthetase (F) activity in homogenates from 3- to 4-month-old male and female control and Acot7N�/� brains; n � 4 to 6. (G and H) Hypothalamic long-chain
acyl-CoA content (G) or brain coenzyme A content (H) from 3- to 4-month-old male and female control and Acot7N�/� mice; n � 6. Data represent averages

 standard errors of the means.
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controls; however, under fasting conditions, cPLA2 activity in-
creased in Acot7N�/� brains compared to that in controls (Fig.
4E), suggesting that the increased free fatty acids and lysophos-
pholipids may be due in part to increased cPLA2 activity. Interest-
ingly, of the metabolites we measured, none were different be-
tween control and Acot7N�/� mice under fed conditions,
indicating that ACOT7 activity is critical for regulating fatty acid
flux into lipids during the fasting state, when circulating free fatty
acids are elevated.

To better understand how metabolic flux was changed in
Acot7N�/� brains, we performed tracer studies using radiolabeled

metabolites in freshly isolated brain slices from overnight-fasted
mice. In Acot7N�/� slices, compared to results for controls, we
observed a nonsignificant decrease in the rate of [1-14C]oleate
oxidation (Fig. 4F). The rate of glucose oxidation into CO2 was
increased 20% (Fig. 4G) for Acot7N�/� mice compared to that for
controls. The increase in glucose oxidation may be due to in-
creased excitability of Acot7N�/� neurons or to compensate for
the decreased FA oxidation. The rate of incorporation of
[1-14C]oleate into complex lipids was increased in Acot7N�/�

brain slices compared to that in controls (Fig. 4H). The rate of de
novo fatty acid synthesis, measured by the rate of [3H]acetate in-

FIG 3 ACOT7 regulates brain cellular fatty acid metabolism. Total brain glycolytic metabolites (A), fatty acid metabolites (B), sphingosine metabolites (C), free
fatty acids (D), or lysophospholipids (E) from overnight-fasted 3- to 4-month-old male and female control and Acot7N�/� mice are analyzed; n � 7. Abbreviations:
G, glucose; F, fructose (A); A, arachidonoyl; G, glycerol; P, phospho; C, choline; I, inositol; E, ethanolamine; D, docosahexaenoyl; O, oleoyl; S, stearoyl; Pa; palmitoyl (E).
Data represent averages 
 standard errors of the means. “�” indicates P � 0.05 by Welch’s two-sample t test comparing controls to Acot7N�/� mice.
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corporation into the lipid fraction, was unchanged between con-
trol and Acot7N�/� brain slices (Fig. 4I). These data suggest that
the loss of neuronal ACOT7 increases fatty acid flux into complex
lipids and increases cPLA2 activity. These data support the in-
crease in phospholipid and lysophospholipid content observed in
fasted Acot7N�/� brain. Furthermore, the role of ACOT7 in regu-
lating neuronal fatty acid metabolism is most important during
fasting, when circulating free fatty acids are high.

Loss of ACOT7 results in a reduction in lean mass coupled
with systemic dyslipidemia. The loss of ACOT7 in the nervous
system had no effect on body weight (Fig. 5A), liver, kidney, or
brown adipose tissue weight (Fig. 5B); however, the weights of
inguinal and gonadal adipose depots were 50% and 39% greater,
respectively, in the Acot7N�/� mice (Fig. 5B). Because the central
administration of fatty acids has been shown to suppress food
intake via increased long-chain acyl-CoAs (45, 46), we monitored
food intake for individually housed mice. Acot7N�/� mice fed a
chow diet had no change in food intake. The mRNA abundance of
the hypothalamic neuropeptides Agrp, Pomc, and Cart were not
different between genotypes, whereas neuropeptide Y (Npy)
mRNA abundance was modestly increased, 	20%, in the
Acot7N�/� mice (see Fig S3C in the supplemental material). To
test fatty acid-induced changes in the regulation of food intake, we
fed mice a high-fat diet and found no change in food intake be-
tween genotypes (Fig. 5C). Whole-body nuclear magnetic reso-
nance (NMR) analysis of control and Acot7N�/� mice confirmed a
52 to 46% increase in adiposity in male and female mice (Fig. 5D).
In concordance with an unaltered body weight, NMR data showed
that lean mass was 8 to 5% lower in Acot7N�/� male and female
mice (Fig. 5E) without changes in fasting serum creatine kinase
(Table 1). Gene expression analysis of fasting Acot7N�/� gonadal

adipose tissue, compared to results for controls, showed a decrease
in mRNA abundance of the fatty acid oxidation gene medium-
chain acyl-CoA dehydrogenase (Mcad) and a decrease mRNA
abundance of the Pgc1� and Cpt1b brown adipocyte marker
genes within gonadal white adipose tissue (GWAT) (Fig. 5F).
These data suggested that increased adipose mass may be due to
reduced oxidative capacity in adipose coupled with a redistribu-
tion of lean mass to adipose.

In addition to increased adipose stores, the Acot7N�/� mice
have 46% more hepatic triacylglycerol (TAG) than control mice
after an overnight fast (Fig. 5G to J). Liver cholesterol and circu-
lating cholesterol, glycerol, and glucose were similar between the
control and Acot7N�/� mice after overnight fasting; however, cir-
culating free fatty acids, �-hydroxybutryate, and TAG were 49%,
71%, and 57% higher, respectively, in the Acot7N�/� mice (Fig. 5
and Table 1). Liver mRNA abundance of fatty acid synthase (Fasn)
and stearoyl-CoA desaturase 1 (Scd1) and the apolipoprotein C3
(Apoc3) genes were increased by 2.4-, 2.25-, and 1.75-fold, respec-
tively, in Acot7N�/� mice compared to that in control liver
(Fig. 5K). There was no change in mRNA abundance of gluconeo-
genic and oxidative phosphorylation genes; however, we did ob-
serve an increase in both carnitine palmitoyltransferases 1b and 1a
(Cpt1b and Cpt1a) in Acot7N�/� livers (Fig. 5K and L). While the
mRNA of mitochondrial oxidative phosphorylation genes, as well
as mitochondrial DNA content, were not upregulated in the
Acot7N�/� livers (Fig. 5L; see also Fig. S3A in the supplemental
material), the protein abundance of NADH dehydrogenase
(ubiquinone) 1 beta subcomplex 8 and succinate dehydrogenase
complex subunit B were increased (Fig. 5M and N). These data
suggest that Acot7N�/� livers upregulated oxidative proteins, as
well as the mRNA abundance of fatty acid synthesis and lipid

FIG 4 ACOT7 inhibits fasting-induced lipid metabolism. (A to D) Brain nonesterified fatty acids (A), phospholipids (B), TAG (C), or cholesterol content (D)
in lipid fractions derived from 3- to 4-month-old male and female control and Acot7N�/� brains with or without overnight fasting; n � 6 to 8. (E) Cytosolic
phospholipase A2 activity in 3- to 4-month-old male and female control and Acot7N�/� brains with or without overnight fasting; n � 6. (F to I) Oleate oxidation
to CO2 and acid-stable metabolites (ASM) (F), glucose oxidation (G), oleate incorporation into lipids (H), or acetate incorporation into lipids (I) in brain slices
derived from overnight-fasted 3- to 6-month-old male and female control and Acot7N�/� mice; n � 6 to 8. White bars represent data from control mice, and
black bars represent data from Acot7N�/� mice, except in panel F (Con, control; N-/-, Acot7N�/�; Cnts, counts). Data represent averages 
 standard errors of the
means. “�” indicates P � 0.05 by two-tailed Student’s t test comparing controls to Acot7N�/� mice.
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secretion genes, which is concordant with increased circulating
�-hydroxybutryate and TAG (Table 1). We suspect that the excess
circulating fatty acids accumulate due to increased adipose stores
in the Acot7N�/� mice, and that these fatty acids are taken up by
the liver for storage, conversion to ketones, and packaging into
very low density lipoprotein (VLDL), for which the Acot7N�/�

liver has upregulated the necessary machinery. These data suggest
that while glucose homeostasis is maintained, whole-body fatty
acid metabolism is dysregulated with the loss of neuronal ACOT7.

Acot7N�/� mice exhibit exaggerated stimulus-evoked behav-
ior and physiology. Free fatty acids are known to elicit a re-
sponse from a subset of neurons in culture (47, 48), and when
injected into the lateral ventricles, free fatty acids affect animal

behavior and physiology (45, 46). Therefore, we tested whether
a loss of ACOT7 would effect metabolic adaptations controlled,
in part, by the nervous system. First, Acot7N�/� mice had no
differences in body weight or food intake over time (Fig. 5A
and C). We next monitored cage activity and energy expendi-
ture (VO2 and VCO2) of Acot7N�/� and control mice in re-
sponse to normal circadian rhythms and to overnight fasting in
metabolic chambers. While the Acot7N�/� respiratory ex-
change ratio was similar to that for control mice throughout
the experiment (data not shown), during the 24-h fasting pe-
riod, the Acot7N�/� mice exhibited acute hyperactivity and
corresponding elevated energy expenditure compared to con-
trols (Fig. 6A to D). In Acot7N�/� mice, acute spikes in energy

FIG 5 Dysregulated peripheral lipid metabolism and storage in Acot7N�/� mice. (A) Body weight of control or Acot7N�/� 5- to 6-month-old male and female
mice; n � 5 to 7. (B) Organ weight, expressed as a percentage of body weight, for 5- to 6-month-old female control and Acot7N�/� mice; n � 5 to 7. (C) Food
intake of 4-month-old male mice; n � 6 to 8. (D and E) Percent body fat (D) or lean mass (E) in 3- to 4-month- old male and female mice; n � 7 to 10. (F) Gonadal
white adipose mRNA abundance for oxidative genes from 5- to 6-month old female control and Acot7N�/� mice; n � 6. (G to J) H&E-stained liver from
overnight-fasted mice (G and H) or liver TAG (I) or liver cholesterol (J) content from 5- to 6-month-old male and female control and Acot7N�/� mice under fed
or overnight-fasted conditions; n � 5 to 8. (K and L) mRNA abundance in liver; n � 5 to 7. (M and N) Western blot images (M) or quantification of
mitochondrial oxidative phosphorylation proteins (N) from 5- to 6-month-old female control and Acot7N�/� livers; n � 5 to 7. Data represent averages 

standard errors of the means. “�” indicates P � 0.05 by a two-tailed Student t test comparing controls to Acot7N�/� mice.
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expenditure during the light phase after overnight fasting did
not correlate with increased physical activity (Fig. 6A to D),
suggesting that the loss of neuronal ACOT7 increases energy
expenditure via heat production the morning after an over-
night fast. We next monitored body temperature of control and
Acot7N�/� mice throughout the day under fed or fasting con-
ditions and found no change in body temperature between
genotypes, with the exception of a significant increase in body
temperature for Acot7N�/� mice the morning after overnight
fasting (Table 1). To confirm increased heat production in the
Acot7N�/� mice, we challenged the mice with a cold (4°C) en-
vironment for 5 h with or without an overnight fast and found
that Acot7N�/� mice were able to maintain a higher body tem-
perature than the controls (Fig. 6E). Adrenergic-responsive
genes were induced similarly between genotypes by acute cold
exposure, suggesting that the elevated body temperature in the
Acot7N�/� mice is not due to altered adrenergic input or to an
altered brown adipose tissue (BAT) adrenergic response (see
Fig. S3B in the supplemental material). Thus, the loss of neu-
ronal ACOT7 increased physical activity and energy expendi-
ture during food deprivation. Furthermore, Acot7N�/� mice
had elevated thermogenesis during cold exposure, suggestive of
a hyperactive neural response to physiological challenges. In-
creased energy expenditure following an overnight fast is a
phenomenon also observed in patients with the neurodegen-
erative disease amyotrophic lateral sclerosis (ALS) (49).

To further explore the hyperactive responsiveness, we exam-
ined the prepulse inhibition (PPI) of Acot7N�/� mice via an un-
conditioned acoustic stimulus. With proper sensorimotor gating,
a weak prepulse received prior to a higher acoustic pulse will re-
duce the startle response compared to the startle response elicited
by a single high acoustic stimulus. Acot7N�/� mice exhibited a
defective PPI response, suggesting impaired sensorimotor gating
and improper neuronal activity (Fig. 6F). Together, these data
support the conclusion that Acot7N�/� mice exhibit a hyperexcit-
ability to specific stimulus-evoked behaviors.

Loss of ACOT7 results in a progressive neurodegenerative
phenotype. The loss of lean mass, hypermetabolism, hepatic ste-
atosis, dyslipidemia, and hyperexcitability in Acot7N�/� mice is
reminiscent of findings for patients with motor neuron dysfunc-
tion, such as amyotrophic lateral sclerosis (50). Furthermore, the
fasting-induced increases in seemingly toxic lipid metabolites and

PLA activity in the brain would suggest a neuroprotective role for
ACOT7. Therefore, we tested motor coordination in Acot7N�/�

mice via an accelerating rotarod treadmill. Aged Acot7N�/� mice
had a significant defect in their ability to remain on the rotarod,
suggestive of a neurological defect (Fig. 7A). We also tested neu-
rodegeneration via scoring the performance of control and
Acot7N�/� mice during a ledge and clasp test, as well as monitor-
ing their gate and kyphosis. Acot7N�/� mice had a greater score
than controls, again indicating a neurological defect (Fig. 7B). The
mice were subjected to open field tests to assess both anxiety and
spontaneous motor activity. The open field data suggest that
Acot7N�/� mice do not have excessive anxiety, because the pro-
portion of time spent in the center of the open field apparatus was
similar to that of the control mice (data not shown); however, the
Acot7N�/� mice, compared to the control mice, had significantly
fewer total beam breaks (or activity), consistent with locomotor
defects (Fig. 7C). We next examined neuronal density by measur-
ing the width of the neuronal granular cell layer in the cerebellum
of Nissl-stained histological sections and found that Acot7N�/�

mice, compared to controls, have significantly lower cerebellar
neuronal cell density, suggesting neurodegeneration in Acot7N�/�

mice (Fig. 7D). Motor control is coordinated by the cerebellum
and motor neurons; therefore, we looked at cerebellar GFAP ex-
pression via Western blotting as an additional measure of reactive
gliosis and neurodegeneration in 8-, 24-, and 40-week-old mice.
Eight-week-old Acot7N�/� mice did not have enhanced GFAP ex-
pression; however, 24- and 40-week-old Acot7N�/� mice did have
significantly upregulated GFAP expression, indicating age-depen-
dent neurodegeneration (Fig. 7E and F). This was additionally
confirmed by the upregulation of GFAP mRNA expression in 40-
week-old Acot7N�/� cerebellum (Fig. 7G).

One cause of familial ALS is mutations in superoxide dismu-
tase 1 (SOD1), which has led to great interest in understanding the
role and dysregulation of oxidative metabolism in neurons.
Therefore, we examined proteins in Acot7N�/� mice that were
shown to be aberrantly expressed in models of ALS (51). Consis-
tent with other models of neurodegeneration, Acot7N�/� mice
had an upregulation of voltage-dependent anion channel 1
(VDAC1), cytochrome c oxidase (CoxIV), and superoxide dismu-
tase 2 (SOD2) (Fig. 7H and I) (52). These data lend further evi-
dence that ACOT7 is required for neuroprotection.

TABLE 1 Serum metabolite values and body temperature for 3- to 5-month-old overnight-fasted control and Acot7N�/� male and female micea

Parameter

Value for group (nb)

Female Male

Control (5) Acot7N�/� (6) Control (7) Acot7N�/� (8)

�-HB (mmol/liter) 1.8 
 0.2 3.1 
 0.4* 1.2 
 0.2 1.9 
 0.2*
TAG (mg/dl) 9.8 
 1.9 22.7 
 4.9* 25.6 
 3.8 36.1 
 1.4*
Glycerol (mg/dl) 24.8 
 4.4 21.9 
 1.3 24.6 
 3.9 29.8 
 2.6
NEFA (mmol/liter) 0.84 
 0.06 1.17 
 0.1* 0.75 
 0.18 0.8 
 0.12
Cholesterol (mg/dl) 71.6 
 2.7 64.8 
 6.1 94.3 
 7.3 102.2 
 9.0
Glucose (mg/dl) 66 
 5 68 
 3 65 
 2 70 
 6
Body temp (°C) 34.5 
 0.5 36.5 
 0.3* 34.7 
 0.3 35.7 
 0.4
Creatine kinase (U/liter) 7,738 
 370 6,934 
 1,399 9,404 
 568 9,437 
 698
a �-HB, beta-hydroxybutryate; TAG, triacylglycerol; NEFA, nonesterified fatty acids. Data represent averages 
 SE. “�” indicates P � 0.05 by a two-tailed Student t test comparing
controls to Acot7N�/� mice within sex.
b n, no. of mice.
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DISCUSSION

The only tissue that is more lipid rich than the brain is adipose
tissue. Fatty acids, particularly those that cannot be made de novo,
such as docosahexaenoic acid, are enriched in the brain and are
important for neural development and function. An imbalanced

lipid composition can have dire consequences for brain function;
however, how the brain derives and maintains its unique balance
of lipids remains unclear. Here we have shown that ACOT7, also
known as brain acyl-CoA hydrolase, is required to maintain neu-
ronal fatty acid homeostasis in vivo and is critical for counterbal-

FIG 6 Acot7N�/� mice show maladaptive response to stimulus-evoked behavior. (A and B) Movement of 3- to 4-month-old control and Acot7N�/� female mice,
monitored by CLAMS, graphed over time (A) or in 6-h binned increments (B); n � 5 to 7. (C and D) Energy expenditure of control and Acot7N�/� female mice,
monitored by CLAMS and graphed over time (C) or in 6-h binned increments (D); n � 5 to 7. (E) Change in body temperature of 5- to 6-month-old male and
female control and Acot7N�/� mice during a 6-h cold exposure with or without overnight fasting. (F) Prepulse inhibition from acoustic startle response in 3- to
5-month-old male and female control and Acot7N�/� mice; n � 17 to 20. Data represent averages 
 standard errors of the means. “�” indicates P � 0.05 by a
two-tailed Student t test comparing controls to Acot7N�/� mice.
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ancing fasting-induced metabolism of fatty acids in neurons. Fur-
thermore, the loss of ACOT7 results in multiple defects in neural
metabolism, leading to progressive neurodegeneration. Counter-
regulating fatty acid metabolism via acyl-CoA hydrolysis is
uniquely important in neurons, because they have a limited ca-
pacity for neutral lipid storage and mitochondrial fatty acid beta
oxidation, which are two major pathways for long-chain acyl-CoA
metabolism. The expression of ACOT7 in neurons not only pro-
vides metabolic balance but also diverts the metabolic burden
from nonreplicative neurons onto the glia.

ACOT7 was cloned and characterized for its thioesterase activ-
ity, substrate preference, and tissue distribution (53, 54). ACOT7
has five alternative start sites that have unique expression patterns
across tissues and are found in both the cytosol and mitochondria
(37), although our targeting strategy removes all of these putative
active products. We found ACOT7 to be highly abundant in the
cytosol of neurons, with very limited detection of the protein else-
where. ACOT7 was also shown to be expressed in activated mac-
rophages, and the overexpression of ACOT7 in macrophages de-

creased prostaglandin D2 and E2 production (40). Eicosanoid
synthesis uniquely utilizes free arachidonate rather than arachi-
donoyl-CoA, and while we did see increases in free fatty acid con-
tent, we did not observe changes in prostaglandin D2 or E2 con-
tent in Acot7N�/� brains (see Table S1 in the supplemental
material). Thus, it is possible that ACOT7 plays unique roles in
regulating cellular metabolism and behaves in a cell-type-specific
manner.

The biochemical function of acyl-CoA thioesterases presents a
conundrum in fatty acid metabolism. It would be predicted that
ACOTs would antagonize the use of fatty acids and result in an
apparent futile cycling via fatty acid activation/deactivation. In
support of this notion, we see an increase in acyl-CoA-dependent
pathways; however, we also see a paradoxical increase in brain free
fatty acids and lysophospholipids. These data would not be pre-
dicted from a simple antagonization model. The loss of a related
mammalian thioesterase, ACOT15, also results in defects in mito-
chondrial membrane remodeling (43). Furthermore, the expres-
sion of the putative acyl-CoA thioesterase from Bacillus subtilis

FIG 7 Loss of ACOT7 results in progressive neurodegeneration and neurological dysfunction. (A and B) Rotarod performance (A) or cerebellar ataxia
assessment (B) for 10-month-old control and Acot7N�/� male mice, average of 3 to 5 trials blinded to the observer; n � 6 to 8. (C) Total movement in open field
apparatus was monitored over a 40-min period for 3- to 5-month-old male control and Acot7N�/� mice; n � 8 to 10. (D) Cerebellar granular cell layer thickness,
as a ratio of lobule width, was measured for Nissl-stained 10-month-old control and Acot7N�/� male mice blinded to the observer; n � 6 to 8. (E and F)
Quantification (E) or representative Western blots (F) of GFAP, normalized to HSC70, from male and female control and Acot7N�/� cerebellum of 8-, 24-, and
40-week-old mice; n � 3 to 7. (G) Cerebellum Gfap mRNA abundance, relative to that of Gapdh, from 5- to 6-month-old female control and Acot7N�/� mice;
n � 6. (H and I) Quantification (H) or representative Western blots (I) of VDAC, CoxIV, and SOD2 in cerebellum of 24-week-old female control and Acot7N�/�

mice; n � 6 to 8. Data represent averages 
 standard errors of the means. “�” indicates P � 0.05 by a two-tail Student t test comparing controls to Acot7N�/� mice.
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(YkhA) was correlated with increased membrane remodeling
(55). Therefore, thioesterases may play a critical role in the acyla-
tion/reacylation process of membrane remodeling. Other thioes-
terases have also been implicated in the regulation of fatty acid
metabolism. ACOT1 is a peroxisome proliferator-activated recep-
tor alpha (PPAR-alpha) target gene and is highly upregulated in
the liver during fasting, which is paradoxical because fasting liver
is performing a great deal of acyl-CoA-dependent fatty acid oxi-
dation (56–58). The loss of ACOT11, which is highly expressed in
brown fat, resulted in increased energy expenditure via thermo-
genesis, a process requiring acyl-CoA-dependent fatty acid oxida-
tion (24). Data from multiple models of thioesterase deficiencies,
including the findings herein, show multiple metabolic derange-
ments. These data suggest that the role of thioesterases in cellular
metabolism and regulation likely involves complex interplay be-
tween numerous interacting pathways that have yet to be fully
elucidated.

To date there have not been mutations found in ACOT7 that
have been associated with neurological disease; however, ACOT
activity was shown to be absent in postmortem brain tissue of
people suffering from mesial temporal lobe epilepsy, a disorder of
neuronal hyperexcitability (59). Also, neural ACOT7 was shown
to be regulated transcriptionally by neuronal activation (60) and
ketogenic feeding (61). This is important because ketogenic diets
increase circulating ketones and free fatty acids (62), and these
diets are used therapeutically as an antiepileptic treatment. Pa-
tients with schizophrenia, which is also characterized by neuronal
hyperexcitability and suppressed prepulse inhibition, were shown
to have upregulated expression of ACOT7 as well (63). ACOT7
protein abundance in synaptosomes was increased 	5-fold, com-
pared to that for controls, in mice expressing the neuroprotective
slow Wallerian degeneration (Wlds) gene, suggesting, along with
the data herein, that ACOT7 may be an essential neuroprotective
component in these mice (64). These observations suggest that
ACOT7 is intimately involved in coordinating intracellular neu-
rometabolism with the energetically demanding process of neu-
ronal activity to prevent neurodegeneration.

In summary, we show that ACOT7 is an important regulator of
neural metabolism and that its loss results in multiple defects in
the regulation of fatty acid metabolism in the brain. The biochem-
ical and physiological consequences of a loss of ACOT7 are greatly
exacerbated by fasting, a time when circulating free fatty acids
from lipolysis are elevated. The consequence of a loss of ACOT7 is
exaggerated stimulus-evoked behavior and increased neurode-
generation, which in turn results in multiple physiological de-
rangements. These data show that ACOT7 is an important regu-
lator in neurometabolism that protects neurons against the
damaging effects of fatty acid excess.
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