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C
anavan disease is a fatal neu-
rodegenerative disorder whose
symptoms, including loss of
motor skills and muscle con-

trol, appear in early infancy and typi-
cally progress very rapidly, with death
usually occurring within the first decade
of life. Unlike the case with many neu-
rological disorders where the underlying
genetic defects remain to be elucidated,
Canavan disease is caused by defects in
a single gene, the acy2 gene that en-
codes for the enzyme aspartoacylase.
Recent biochemical studies have begun
to characterize the mechanistic proper-
ties (1) and structural properties (2) of
aspartoacylase, but progress in our un-
derstanding of this disease has been
slowed by the absence of high-resolution
structures of this critical metabolic en-
zyme. This gap has now been filled by
the determination of the structures of
both the rat and human forms of aspar-
toacylase reported by Bitto et al. (3) in
this issue of PNAS.

The substrate for aspartoacylase, N-
acetyl-L-aspartate (NAA) is one of the
most abundant amino acids in our brain
(4), and the pathway for its production
and utilization is quite straightforward
(Fig. 1). NAA is produced by an as-yet-
uncharacterized acetyltransferase using
a CoA-activated acetate group to couple
to L-aspartic acid. The NAA synthesized
in neuronal cells is transported by a
membrane-bound sodium/dicarboxylate
symporter (NaC3) that moves three so-
dium ions across the cell membrane for
each NAA transported (5) and is coex-
pressed in cell types that also express
aspartoacylase (6). In the brain, these
aspartoacylase-containing cells called
oligodendrocytes (7) are responsible for
the synthesis of myelin (8), and the in-
crease in aspartoacylase activity parallels
the occurrence of myelination in the
central nervous system (9).

DNA taken from infants with Canavan
disease has identified numerous mutations
that result in a loss of aspartoacylase ac-
tivity (10); however, there have been no
systematic studies of how and why these
alterations affect catalytic activity and lit-
tle detailed characterization of aspartoacy-
lase itself. The absence of a properly func-
tioning enzyme in these patients leads to
abnormally high levels of the substrate
NAA (11), but there have been no defini-
tive studies that show whether the symp-
toms of the disease are caused by the ac-
cumulation and subsequent misprocessing
of NAA or whether the failure to form

the products L-aspartate and acetate leads
to these symptoms. Because acetate is the
precursor for fatty acid biosynthesis, it is
likely that the loss of aspartoacylase activ-
ity is the cause for the decreased myelin
lipid production. Analysis of lipid levels in
a mouse knockout model confirms a cor-
relation between diminished aspartoacy-
lase activity and a decline in lipid synthe-
sis (12). These studies provide a link
between the decline in acetate levels in
oligodendrocytes (Fig. 1) and the demyeli-
nation that is observed in the brains of
Canavan disease patients. However, there
have been a
number of other reasonable hypotheses
advanced to explain the symptoms of
Canavan disease, each of which must still
be critically evaluated.

The value of this new structure of hu-
man brain aspartoacylase is the frame-
work that it provides for researchers in
this field to test hypotheses regarding
the catalytic mechanism and the possi-
ble modes of regulation of this enzyme.
These authors have, for the first time,
been able to map the known clinical
mutants of aspartoacylase onto a three-
dimensional structure and correlate
these point mutations with proposed
functional roles for many of these amino
acids (3). This new structure shows the
proximity of the zinc binding site to the
likely substrate binding site, thereby
confirming the previously proposed
carboxypeptidase-type mechanism of
aspartoacylase (2). This study also dem-
onstrates a critical difference in active
site accessibility that allows this enzyme
to hydrolyze its physiological substrate
NAA with high specificity but is altered
compared with other members of the
carboxypeptidase family through the
addition of a carboxy-terminal domain,

thereby preventing access by peptide-
like substrates.

This initial structure of aspartoacylase
will facilitate additional structural studies
aimed at elucidating the detailed catalytic
mechanism of this key enzyme and the
possible role of posttranslational modifica-
tions in regulating enzyme activity and
will lead to a better understanding of how
the genetic defects lead to the symptoms
of this fatal disease. Gene therapy trials
are underway in which a functional copy
of the acy2 gene is delivered by means of
an adenoviral vector (13). The initial re-
sults from these trials showed that the
relentless progress of this disease can be
slowed but not reversed in these patients.
Genetic screening of potential carriers for
the defective gene has led to prenatal
identification and the possibility for earlier
gene therapy intervention. The hope is
that treatment before the development of
symptoms will lead to a cure for Canavan
disease.

Further structural studies of aspartoacy-
lase will provide mechanistic insights that
can lead to the development of more ac-
tive and more stable forms of this enzyme
to be incorporated into gene therapy tri-
als. Coupled with a characterization of the
acetyltransferase and the NAA trans-
porter, and an examination of the regula-
tory relationships between these proteins,
future structural biological studies have
the potential to significantly advance our
fundamental understanding of the neuro-
biology of Canavan disease.
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Fig. 1. Metabolism of NAA in brain. NAA is produced in neurons by the condensation of activated acetate
(in the form of acetyl-CoA) with L-aspartate, catalyzed by an as-yet-uncharacterized acetyltransferase. The
product is transported to oligodendrocytes by a sodium/dicarboxylate cotransporter (NaC3) and then
cleaved to release L-aspartate and acetate by aspartoacylase. This enzyme is defective in Canavan disease
patients, leading to an accumulation of NAA and the failure to release acetate in these myelin-
synthesizing cells.

www.pnas.org�cgi�doi�10.1073�pnas.0610164103 PNAS � January 9, 2007 � vol. 104 � no. 2 � 399–400

C
O

M
M

E
N

T
A

R
Y



1. Moore RA, Le Coq J, Faehnle CR, Viola RE
(2003) Arch Biochem Biophys 413:1–8.

2. Le Coq J, An HJ, Lebrilla CB, Viola RE (2006)
Biochemistry 45:5878–5884.

3. Bitto E, Bingman CA, Wesenberg GE, McCoy JG,
Phillips GN, Jr (2006) Proc Natl Acad Sci USA
104:456–461.

4. Tallan HH, Moore S, Stein WH (1956) J Biol
Chem 219:257–264.

5. Fujita T, Katsukawa H, Yodoya E, Wada M,
Shimada A, Okada N, Yamamoto A, Ganapathy V
(2005) J Neurochem 93:706–714.

6. George RL, Huang W, Naggar HA, Smith SB, Ga-
napathy V (2004) Biochim Biophys Acta 1690:63–69.

7. Madhavarao CN, Moffett JR, Moore RA, Viola
RE, Namboodiri MA, Jacobowitz DM (2004)
J Comp Neurol 472:318–329.

8. Namboodiri MA, Peethambaran A, Mathew R,
Sambhu PA, Hershfield J, Moffett JR, Madhavarao
CN (2006) Mol Cell Endocrinol 252:216–223.

9. Kirmani BF, Jacobowitz DM, Namboodiri MA
(2003) Dev Brain Res 140:105–115.

10. Matalon R, Michals-Matalon K (1999) Adv Pediatr
46:493–506.

11. Matalon R, Michals-Matalon K, Sebesta M,
Deanching M, Gashkoff P, Casanova J (1988)
Am J Med Genet 29:463–471.

12. Madhavarao CN, Arun P, Moffett JR,
Szucs S, Surendran S, Matalon R, Garbern J,
Hristova D, Johnson A, Jiang W, Namboodiri
MA (2005) Proc Natl Acad Sci USA 102:5221–
5226.

13. Janson C, McPhee S, Bilaniuk L, Haselgrove J,
Testaiuti M, Freese A, Wang DJ, Shera D, Hurh
P, Rupin J, et al. (2002) Hum Gene Ther 13:1391–
1412.

400 � www.pnas.org�cgi�doi�10.1073�pnas.0610164103 Viola


