Technical Comment

Carbamate Formation and the
Neurotoxicity of L-a« Amino Acids

J. W. Olney et al. report (1) that the
neurotoxicity of L-cysteine both in vivo and
in vitro is mediated by the N-methyl-D-aspar-
tate subtype of glutamate receptors and that
in vitro physiological concentrations of bicar-
bonate potentiate this toxicity. Similarly, L-a-
amino-B-methylaminopropionic  acid  (L-
MeDAP, or B-N-methylamino-L-alanine,
BMAA) has a low neurotoxicity in tissue cul-
ture in the absence of bicarbonate (2, 3). Sim-
ilar effects have been observed with other basic
amino acids (3). The interaction of bicarbonate
with L-MeDAP in vitro leads to the formation
of the a-carbamate, which has been established
by *®N, '3C, and *H nuclear magnetic reso-
nance (NMR) spectroscopies (4).

We have confirmed (4) that interaction of
bicarbonate with L-MeDAP (pH, 7.5 to
8.5) leads to the formation of new species,
which are readily observed in the "H NMR
spectrum and confirmed as carbamates by
5N NMR spectroscopy. One important
feature of the 'H spectra is a quartet at 3 =~
4.2 ppm, the intensity of which increases
with the addition of bicarbonate. This reso-
nance is associated with the a-proton of the
L-MeDAP adduct. The chemical shift is
typical of that observed for an amino acid-
CH adjacent to an acylated a-amino func-
tion (5, 6) and is pH-independent. Conse-
quently we have proposed (3) that the initial
reaction of L-MeDAP (1 to 2 hours) in
bicarbonate-containing solutions leads to
the formation of a-amino carbamate (Fig.
1). In the **C NMR spectrum a new reso-
nance in the carboxylate region at § 179
ppm is observed.

The second pK, of cysteine (associated
with the amine function) is 8.37; conse-
quently a proportion of cysteine will be
deprotonated at physiological pH and able
to form an a-carbamate by reacting with the
physiological carbonate buffer system (7).
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Fig. 1. Stereochemical similarities between the
a-carbamate of an L-a amino acid (A) and
NMDA (B), a consequence of their opposite
chiralities.
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We have confirmed, by *H and '*C NMR
spectroscopy, that a new species is formed
on the addition of bicarbonate to solutions
containing cysteine (for example, at pD =
8.5, [L-cysteine] = 50 mM, [NaHCO;] =
250 mM). The new signals (*H & 4.18 ppm
and '3C § 181 ppm) are analogous to those
observed for L-MeDAP and the changes are
fully reversible on the addition of acid.
Consequently the formation of an a-car-
bamate is suggested.

There are important stereochemical se-
quelac to these observations. First, the
a-carbamates and free amino acids exist in
equilibrium; chronic and acute toxicity may
be the result of either or both of these
molecules. Second, there is a striking struc-
tural resemblance between the a-carbamate
of an L-a-amino acid (Fig. 1A) and NMDA
(Fig. 1B). This stereochemical similarity is a
consequence of the opposite chiralities of
these molecules. The activation of NMDA
receptors by a-carbamates formed by L-ami-
no acids may be an important mechanism in
the mode of action of endogenous and
exogenous neurotoxic amino acids. Amino
acids able to form carbamates of the kind in
(Fig. 1A) at physiological values of pH are
all potential analogs of NMDA or other
amino acids. Toxicity mediated by a-car-
bamates is a possible mechanism of chronic
neurological degradation in man.
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Response: P. B. Nunn et al. provide im-
portant findings which, together with other
evidence they cite, help to establish L-cys-
teine and L-MeDAP (abbreviated BMAA in
other recent literature) as potentially impor-
tant pathogenic agents in human neurode-
generative disorders. There are several in-
triguing parallels between L-MeDAP and
L-cysteine. Both lack the o acidic terminal
that other straight-chain excitotoxins pos-
sess, which may facilitate their entry into the
brain. Previous studies (1, 2) have suggested
that both L-MeDAP and L-cysteine, after
entering the central nervous system, may be
transformed by bicarbonate into unidenti-
fied molecules with more potent excitotoxic
activity. The findings of Nunn et al. help
clarify the nature of the bicarbonate effect—
both molecules may be transformed into an
a-aminocarbamate having properties similar
to the powerful prototypic excitotoxin,
NMDA. This suggests that there may be
other L amino acids, either in the environ-
ment or brain, that appear quite innocuous
but, under certain circumstances, can as-
sume destructive properties similar to those
of NMDA.

Other intriguing parallels pertain to the
ability of both L-MeDAP and L-cysteine to
injure or destroy neurons in the in vivo brain
of experimental animals (2, 3), and evidence
linking both molecules to three human neu-
rological disorders—amyotrophic lateral
sclerosis (ALS), parkinsonism, and Alzhei-
mer’s dementia. Heafield et al. (4) have
described an apparent defect in cysteine
catabolism that causes abnormally high cys-
teine-to-sulfate ratios in the blood of pa-
tients with these diseases. Each of these
diseases occurs independently in sporadic
distribution worldwide, but is also a com-
ponent of a disease triad endemic to certain
Pacific islands, especially Guam, where
L-MeDAP is prevalent in the environment.
It is difficult to explain this Guamaniam
syndrome solely in terms of an environmen-
tal factor because some victims, born on
Guam, first experienced symptoms many
years later after having left the island.

To explain all features of this syndrome,
we suggest that Guamanians may have an
inbred metabolic defect that causes elevated
cysteine-to-sulfate ratios in the blood and
chronically elevated cysteine concentrations
in the brain. The presence of both cysteine
and L-MeDAP in the Guamanian environ-
ment might accelerate onset of the disease
among native inhabitants. People moving to
other parts of the world would escape expo-
sure to L-MeDAP but might, after a long
latency, contract the disease, having taken
with them the cysteine metabolic defect and
being exposed to cysteine elsewhere in the
world. The fact that cysteine is a more
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potent excitotoxin than L-MeDAP, and is
both an endogenous and exogenous agent
that may be subject to impaired catabolism in
genetically prone individuals, makes it an
excellent “missing link” candidate to explain
an otherwise baffling neurological disease
processes.

It has long been assumed that hypoxia-
ischemia may be the causative factor in
cerebral palsy-like syndromes, but evidence
of this is often lacking. Data are accumulat-
ing to suggest that the immature rodent
brain, because of developmental hypersensi-
tivity of NMDA receptors (5), is particularly
sensitive to damage by exogenously admin-

istered L-cysteine, and that L-cysteine in-

duces the same type of damage in the devel-

oping brain as does hypoxia-ischemia (2, 5).

To explain cerebral palsy—type syndromes in

the absence of documentable hypoxia-is-

chemia, we postulate a cysteine metabolic

defect (maternal or fetal, or both) that

causes an equivalent syndrome resulting

from a toxic accumulation of L-cysteine in
the fetal brain.
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" One is to deflect cosmic rays, one is to ward off laser beams which the
Russians are aiming at me, one is to divert microwaves that the Government
is zapping me with, and one is to pick up movies from satellite TV."
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