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Letter to the Editor
No Ability To Produce Tetrodotoxin in Bacteria

Bacterial production of tetrodotoxin (TTX) was first re-
ported by Yasumoto et al. (8). Detection of bacterially pro-
duced TTX has been primarily by high-performance liquid
chromatography (HPLC) and gas chromatography-mass spec-
trometry (GC-MS). In September 1995, Applied and Environ-
mental Microbiology published a paper indicating that both the
HPLC and GC-MS methods lacked specificity for TTX (3). In
that paper, I pointed out that the previously reported produc-
tion of TTX by bacteria should be revised or reexamined.

In April 2000, Applied and Environmental Microbiology pub-
lished data of Lee et al. (2) reporting that Vibrio strains iso-
lated from the intestines of puffer fish produce TTX and its
derivatives. Among the detection methods used by Lee et al.
(2), thin-layer chromatography and electrophoresis had been
commonly used through the 1970s. These methods have been
little used since the 1980s because the separation of TTX is
better accomplished by HPLC and GC-MS. Also, while Lee et
al. also used HPLC and GC-MS, the detection of TTX by all
four of these methods relies on alkali hydrolysis (2). Therefore,
the analytical methods used by Lee et al. are nonspecific for
TTX.

In the article of Lee et al. (2), a large TTX peak was shown
in Fig. 1 while no toxicity was reported in Table 1. It is, how-
ever, well known that a good correlation is observed between
TTX concentrations calculated by mouse bioassay and HPLC
when TTXs from puffer fish and newt are used (7). Also, the
apparent lower limit for TTX detection by HPLC is 10 ng 10
ml21 (5 1,000 ng ml21) (7) and that by mouse bioassay is 220
ng ml21 (1), indicating that TTX detected by HPLC can be
easily detected by mouse bioassay. Therefore, the results of
Lee et al.’s Fig. 1 and Table 1 may indicate false-positive
results by the analytical methods. This possibility had been
pointed out in the 1995 paper (3).

There has been no description of the determination of the
structures of the toxins obtained from bacteria, although a
large amount of TTX should easily be obtained by their culti-
vation. The chemical structures of TTXs from puffer fish, newt,
and blue-ringed octopus have already been reported (6). It has,
therefore, been thought even by Japanese scientists that the
chemical structures of the substances obtained from bacteria
were TTX, although no one has shown these structures.
Hence, a structural determination should not be a hard task
and is indispensable for confirmation of production of TTX by
bacteria.

Production of TTX by bacteria has been presented to sup-
port the food chain origin of TTX in puffer fish (8). The food
chain origin of TTX was first hypothesized from the observa-
tion that cultured puffer fish have no TTX, which suggested
that puffer fish have no ability to produce TTX. It has, how-
ever, been demonstrated recently that cultured puffer fish have
detectable TTX (4) and that these fish can produce TTX (5).
The progress in TTX research, including the 1995 paper (3), is
not referenced in the article of Lee et al. (2).

As the methods used to detect TTX lack specificity, I cannot
agree with the conclusions of Lee et al. (2) that Vibrio strains
produce TTX.
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Author’s Reply
In the letter of Dr. K. Matusmura in response to our recent

paper (1), he pointed out that contaminants from a bacterial
culture medium may confound the identification of tetrodo-
toxin (TTX), which puffer fish produce. The contamination
issue was possibly based on the results of his previous study of
TTX production by bacteria (2).

Our conclusive response to his criticism is that bacterial
production of TTX is still a valid proposition and that exoge-
neous production should be regarded as a theory based on this
production of the toxin. Our conclusive and persuasive claims
are based on the following reasons. (i) Our Vibrio sp. strain was
isolated as a single colony, and the single colony was separately
cultured in medium. This indicates that although high-perfor-
mance liquid chromatography (HPLC) or gas chromatogra-
phy-mass spectrometry might detect the same peaks as those
obtained from the bacterial medium, positive toxicity in a
mouse bioassay would not be detected. However, our TTX and
its derivatives purified from the bacterial culture cells showed
a strong toxicity by mouse bioassay. (ii) Only one Vibrio sp.
strain from three Vibrio species tested produced TTX and its
derivatives during bacterial cultures. Therefore, efforts to ex-
amine whether intestinal Vibrio species are responsible for the
production of TTX or not should be carefully performed. Only
a few Vibrio sp. strains produce TTX, and thus isolation and
characterization of bacterial strains may be key points. It is,
therefore, assumed that Dr. Matsumura’s strain may not be a
TTX-producing Vibrio, although he cultured Vibrio species.
Please note that there are many kinds of Vibrio species in
Fugu’s intestinal tissues. (iii) Our study used both preparative
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thin-layer chromatography and electrophoretic resolution for
isolation of TTX from bacterial cells. (iv) How could a single
transfer of a bacterial colony be contaminated by so much TTX
before it was used in the next analytical procedure? (v) When
Fugu fish were experimentally cultivated in an artificial aquar-
ium, the toxicity (MU of TTX) of the Fugu fish was severely
reduced with a reduction in intestinal bacterial flora.

Dr. Matsumura’s criticism may be an insignificant result
derived from the difficulties described above. Especially with
HPLC data, similar peaks are sometimes confused, and his
claims may be the results of technical problems during HPLC.
Furthermore, one more possibility for his obtaining opposing
results is that he may have cultured Vibrio spp. which do not
produce any TTX. I would like to suggest that he isolate a
TTX-positive bacterium, further characterize it, and then dis-
cuss his results with us.

Interestingly, the criticism made by Dr. Matsumura was also
subjected to evaluation in a Japanese journal named Chemistry
and Biology (3), which is published monthly by the Japan So-
ciety for Bioscience, Biotechnology, and Agrochemistry (for-
merly the Agricultural Chemical Society of Japan). It was con-
cluded that bacterial production of TTX is still a valid
supposition, and thus his conclusion was ignored by Dr. T.
Noguchi, Nagasaki University Faculty of Fisheries, Nagasaki,
Japan, and Dr. T. Yasumoto, Tohoku University Faculty of
Agriculture, Sendai, Japan. We immediately contacted Dr.
Noguchi again to discuss his conclusions more carefully, result-
ing in a conclusive determination that TTX is produced by
marine bacteria.

In our scientific and principal elucidation of the exogenous
and indogenous production of TTX in bacteria, we had not
cited Dr. Matsumura’s paper (2), in which he insists that bac-

teria do not have the ability to produce TTX, that contami-
nants from the bacterial culture medium may confound the
identification of the TTX, and that puffer fish do produce the
toxin. I would like to respectfully ask him to consider carefully
reexamining TTX production by bacteria. As we mentioned in
our paper, a final resolution of this contradiction would be
obtained by an elucidation of genes for TTX synthesis at the
molecular level.
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