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Possible Role of Carbamates in Neurotoxicity and 
Neurotransmitter Inactivation 

John H .  Weiss and Dennis W. Choi (1) 
report that the neurotoxicity of p-N-methyl- 
amino-L-alanine (BMAA) requires bicarbon- 
ate and suggest a "noncovalent interaction" 
of bicarbonate with the secondary amino 
group of BMAA to explain that finding. 
Carbon dioxide, present in the bicarbonate 
solutions used by Weiss and Choi, reacts 
rapidly with the unprotonated form of pri- 
mary and secondary amines to form carba- 
mates (2): RNH2 + C 0 2  = RNHC02-  
+ H' and similarly for secondary amines. 
Carbamates have well-established physio- 
logical roles: for example, carbamates 
formed at the amino terminus of hemoglo- 
gin ("carbamino hemoglobin") account for 
a significant fraction of the carbon dioxide 
transported from tissues to the atmosphere 
(3). This well-known covalent interaction 
may make it unnecessary to invoke a "non- 
covalent interaction" of BMAA and bicar- 
bonate. 

Because carbamate formation involves the 
nonprotonated form of amines, only a frac- 
tion of a percent of most amino acids (which 
have amino groups with pK,'s over 9) is in 
the carbamate form at physiological p H  and 
Pco2. Arnines with lower pK,'s (such as 
peptides), however, can have substantial 
~ ~ O ~ O I T ~ O ~ S  of carbamate. BMAA is a di- 
mine,  and might be expected to have one 
particularly low amino pK,. For example, 
ethylamine has a pKa of 10.63, while its 
diamino counterpart, ethylenediamine, has a 
pKa for the first deprotonation of only 6.85 
(4). A substantial proportion of BMAA may 

be in the carbamate form under the condi- 
tions studied by Weiss and Choi. 

The results of Weiss and Choi thus have 
an implication for the physiology of the 
nervous system that is even more intriguing 
than simply another mechanism of neuro- 
toxicity: they may provide a clue to an 
"inactivating mechanism . . . inherent in the 
nature of the transmitter itself," suggested 
by Werman (5)  as a mechanism for terminat- 
ing neurotransmitter action. Because the 
readilv reversible formation of carbamates 
occurs only on unprotonated amines, the 
stability of carbamates depends strongly on 
the OH. Thus differences in vH between 
synaptic vesicles and the extracellular envi- 
ronment could provide an inactivating 
mechanism. For example, suppose that the 
carbamate but not the unmodified form of 
an m i n e  were a neurotransmitter. If this 
m i n e  were stored in a synaptic vesicle at a 
high pH, a significant proportion of it could 
be stored as a carbamate. The few microsec- 
onds required for diffusion across the nar- 
row synaptic cleft mean that significant 
amounts of the carbamate should reach 
postsynaptic receptors after release. But in 
the extracellular environment, more acidic 
than inside the vesicle, the carbamate would 
decompose over a course of milliseconds 
[the decomposition rate is about 200 s-' for 
the carbamate of glycylglycine at 5°C (3 and 
references therein)], producing inactivation 
without enzymatic assistance. BMAA might 
represent an example of a "failure" of this 
inactivation mechanism, either because of a 

high potency of its carbamate form or be- 
cause it has a high proportion of carbamate 
under physiological conditions. 
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Response: We thank Edmund A. Mroz for 
his suggestion (also made by William Jencks 
at Brandeis University) that an interaction 
between the beta-amino group of BMAA 
and bicarbonate/C07 could take   lace cova- 
lently to form a carbamate, rather than 
noncovalently as we had originally proposed 
(1). We agree that such a rapid and revers- 
ible covalent interaction could also attrac- 
tively account for our basic observation that 
BMAA activates glutamate receptors only in 
the presence of a-bicarbonate cofactor. Fur- 
ther study would be required to distinguish 
between these covalent and noncovalent al- 
ternatives. Independent of the exact nature 
of the interaction between BMAA and bi- 
carbonate, this interaction could permit cer- 
tain other com~ounds. not themselves struc- 
turally recognizable as glutamate agonists, 
to senre as glutamate agonists-either as - - 
neurotoxins or, as Mroz suggests, excitatory 
neurotransmitters. We have now examined 
two other compounds structurally related to 
BMAA, 2,3-diaminopropionate and 2,4- 
diaminobutyrate, and have found that the 
neurotoxicity of both of these compounds 
can be substantially increased by adding 
bicarbonate to the medium. 

JOHN W. WEISS 
DENNIS W. CHOI 

Department oj~Veurology, C-338, 
Stanford University Medical Center, 

Stanfbrd. CA 94305 
REFERENCES 

1. J. H. Weiss and D. W. Choi, Science 241, 973 
(1988). 

2. , unpublished results. 

19 October 1988; accepted 21 December 1988 

2 4  MARCH 1989 TECHNICAL COMMENTS 1615 




