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A Tetrodotoxin-Producing Vibrio Strain, LM-1, from the Puffer
Fish Fugu vermicularis radiatus
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Identification of tetrodotoxin (TTX) and its derivatives produced from a Vibrio strain in the intestine of the
puffer fish Fugu vermicularis radiatus was performed by thin-layer chromatography, electrophoresis, high-
performance liquid chromatography, and gas chromatography-mass spectrometry, together with a mouse
bioassay for toxicity. It was demonstrated that the isolated bacterium produced TTX, 4-epi-TTX, and anhTTX
during cultivation, suggesting that Vibrio strains are responsible for the toxification of the puffer fish.

Tetrodotoxin (TTX) is a strong neurotoxin and is also
known as the causative agent of puffer fish poisoning. More-
over, not all species of puffer fish are toxic, and several are only
weakly or moderately toxic (4). The toxicity of puffer fish spe-
cies varies depending on the tissues or organs, geography,
season of the year, and sex (3). The female puffer fish is more
poisonous than the male, since the ovaries tend to be much
more poisonous than the testes (2). TTX is not restricted to
puffer fish and is widely distributed among various kinds of
animals, such as the California newt Tarichi torosa (14), the
goby Gobius criniger (19), Atelopus frogs (9), the gastopod
mollusks Charonia sauliae (18) and Babylonia japonica (23, 32),
the xanthid crab Atergatis floridus (25), the blue-ringed octopus
Octopus maculosus (28), Astropecten starfishes (11, 12, 24), the
frog shell Tutufa lissostoma (22), and the small gastropod mol-
lusks Zeuxis siquijorensis (17) and Niotha clathrata (6). These
facts indicate that TTX-containing animals may have absorbed
and accumulated TTX and its derivatives produced by several
marine bacteria (10, 13). The origin of TTX in marine animals
has been the subject of a number of recent investigations (16).
The probable mechanism of toxification of TTX-bearing ani-
mals has recently been discovered: Vibrio fischeri isolated from
the xanthid crab Atergatis floridus and Vibrio alginolyticus iso-
lated from the puffer fish Fugu vermicularis vermicularis pro-
duced TTX and anhydro-TTX (anh-TTX) (5, 20, 30). Another
TTX-producing bacterium has also been found in a calcareous
realga, Jania sp. TTX-producing bacteria have been isolated
from various marine organisms, including the starfish Astro-
pecten polyacanthus and the blue-ringed octopus O. maculosus
(26, 27). The number of bacterial strains reported to produce
the toxin has been increasing, and most strains have been
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identified as members of the genus Vibrio (21). Also, Simidu et
al. (29) demonstrated that many species of marine bacteria,
including Vibrio spp. (21), Pseudomonas spp. (33), and actino-
mycetes (1), produce TTX.

Three individual F. vermicularis radiatus puffer fish (male;
body weight, 45 g) were collected at Pusan, Korea, in March
1998, transported live to the laboratory, and maintained over-
night at 25°C in equipped aquaria. Each puffer fish was dis-
sected for testing of intestine, liver, skin, muscle, testis, and bile
under aseptic conditions. When these organs were assayed for
toxicity and bacterial population, they were found to be toxic.
The intestines were used for the bacteriological examination.

For culture of TTX-producing microflora in the puffer fish
intestinal contents, ORI broth containing 0.2% Proteose Pep-
tone no. 3 (Difco Laboratories, Detroit, Mich.), 0.2% Phytone
peptone (BBL Microbiology Systems, Cockeysville, Md.), 0.1%
yeast extract (Difco), 0.088% ferric citrate, and 3% NaCl was
used. The pH of the medium was adjusted to 8.0. In some
cases, beef extract broth containing 0.5% glucose, 0.5%
polypeptone, 0.5% beef extract, and 3% NaCl (pH 8.0) was
also used. For cultivation of Vibrio strains, PCA and TCBS
media were also used. PCA medium contained 0.5% Bacto
tryptone, 0.25% Bacto yeast extract, 0.1% Bacto dextrose,
1.5% Bacto agar, and 3% NaCl (adjusted to a final pH of 7.0).
TCBS medium contained 0.5% yeast extract, 0.5% casein pep-
tone, 0.5% meat peptone, 1.0% sodium citrate, 1.0% sodium
thiosulfate, 0.5% Dissect bovine bile, 0.3% sodium cholate, 2%
saccharose, 1% sodium chloride, 0.1% ferric citrate, 0.004%
thymol blue, 0.004% bromothymol blue, and 1.4% Bacto agar
(adjusted to a final pH of 8.6).

To identify TTX-producing bacteria, the intestinal contents
were placed in test tubes. Each sample was weighed and seri-
ally diluted with 3 volumes of sterilized saline solution. After
homogenization, 1 ml of the threefold dilution was spread on
PCA medium containing 3% NaCl and on TCBS medium and
incubated at 23°C for 1 to 3 days. After incubation, the bacte-
rial colonies on each medium were counted and divided into
types according to colony characteristics. Representative col-
onies of all types were picked up at random and purified by
streaking onto the surface of the sample medium for single-
colony isolation. Each colony on TCBS medium was selected
and incubated with shaking in 200 ml of ORI and beef extract
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media at 23°C for 48 h. For analysis of the TTX-producing
ability of the intestinal bacteria from the puffer fish, the incu-
bated cells were harvested by centrifugation at 5,000 X g for 30
min (7). The bacterial cells were used to examine TTX pro-
duction. Finally, three strains which clearly exhibited TTX
productivity were selected and identified as described by Tan-
sill (31).

For separation of toxin from the bacterial extracts, the ex-
tracts were defatted with dichloromethane, and the aqueous
layer was concentrated under reduced pressure to remove the
dichloromethane. The suspension was subjected to ultrasonic
disruption with an ultrasonicator for 10 min. For the extraction
of TTXs, the mixture was heated in a boiling water bath,
cooled to room temperature, filtered through a Diaflo YM-2
membrane (Amicon), evaporated under vacuum, and freeze-
dried. The resulting solid was dissolved in 0.03 M acetic acid
and applied to a Bio-Gel P-2 (Bio-Rad Laboratories, Rich-
mond, Calif.) column (2 by 94 cm) equipped with a constant-
flow pump (Kyowa Seimitsu Co., Tokyo, Japan). Toxic frac-
tions were combined and lyophilized. The TTX fractions
obtained were subjected to mouse assay, gas chromatography-
mass spectrometry (GC-MS), and high-performance liquid
chromatography (HPLC) for detection and identification of
TTXs (8).

One milliliter of test solution prepared through ultrasonica-
tion and ultrafiltration of culture broth was used for assay of
toxicity. Toxicity was assayed by the official TTX method using
mice (5). One hundred microliters of the test solution was
injected intraperitoneally into each mouse (strain 3 ddy; male;
body weight, 18 to 20 g), and times to death were recorded.
The dose injected was calculated from the median death time
and the standard dose-death time curve and was expressed in
mouse units (MU), which are defined as the amount of TTX
which killed a mouse in 30 min after injection.

A fluorometric HPLC method, developed by Nagashima et
al. (15), was used for detection of TTX and its derivatives.
Authentic standards for TTX, 4-epi-TTX, and anh-TTX were
kindly supplied by K. Hashimoto and T. Noguchi, Faculty of
Agriculture, The University of Tokyo, Tokyo, Japan. Reverse-
phase HPLC was performed on a YMC-pack AM-314 octylde-
cyl silane column (0.6 by 30 cm) (15). Briefly, the column was
prepared by mixing 0.05 M heptanesulfonic acid and methanol
in 0.05 M potassium phosphate buffer (pH 7.0) at a flow rate of
1 ml/min. The eluate was mixed with a equal volume of 4 N
NaOH and heated in a reaction coil at 100°C. For detection of
the fluorescent products, the excitation and emission wave-
lengths were set at 381 and 505 nm, respectively.

For GC-MS, authentic TTX and related substances or par-
tially purified toxins from bacterial cells and culture broths
were converted into the trimethylsilyl-2-amino-6-hydroxyl-
methyl-8-hydroxyquinazoline (Co-base). Briefly, TTX or bacte-
rial toxins were hydrolyzed in 2 N NaOH for 45 min in a boiling
water bath. After cooling, the alkali hydrolyzates were adjusted
to pH 4 with 1 N HCI and extracted twice with 5 ml of 1-butha-
nol. The extracts were combined, freeze-dried, and trimethyl-
silylated as described by Nouguchi et al. (21). The derivatives
obtained were then subjected to GC-MS on a Hitachi M-80
GC-mass spectrometer to examine TMA-C,-base derived from
TTX and its related substances. A column of Chromosorb W
coated with 1.5% OV 101 was used, and the temperature
raised from 165 to 200°C at a rate of 5°C/min. Thin-layer
chromatography (TLC) was performed on 5- by 20-cm silica
gel (Whatman) LHP-K linear high-performance TLC plates
with a solvent system of pyridine-ethyl acetate-acetic acid-wa-
ter (15:5:3:4). Toxins were visualized as a pink spot after spray-
ing the plate with Weber reagent or as a yellow fluorescent
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FIG. 1. HPLC pattern of the TTX fraction from a Vibrio strain isolated from
F. vermicularis radiatus puffer fish intestines (top), along with authentic TTXs
(bottom). A, TDA; B, TTX; C, 4-epi-TTX; D, anh-TTX.

spot under UV light (365 nm) after spraying the plate with
10% KOH and heating.

Electrophoresis was performed on 5- by 18-cm cellulose
acetate strips (Chemetron) in 0.08 M Tris-HCI buffer (pH 8.7)
at 0.8 mA/cm for 30 min. Authentic TTX prepared from the
puffer fish livers was used as a reference standard. Toxins were
visualized using the same method as for TLC.

The toxicity of the puffer fish was assayed to show the exis-
tence of intestinal bacteria in puffer fish, as a new producer of
TTXs, and the mechanism of toxification of the specimen.
Three F. vermicularis radiatus puffer fish were moderately
toxic, with lethalities of 70 = 8 MU/g of liver and 45 + 3 MU/g
of skin.

All three dominant Vibrio strains were isolated and exam-
ined for the ability to produce TTX and related substances by
means of HPLC, GC-MS, electrophoresis, and TLC. Only one
strain of the three candidates was further characterized, since
it was found to be a TTX producer by HPLC analysis. The
HPLC pattern of the TTX fraction from this strain is shown in
Fig. 1. The TTX fraction gave rise to several peaks in HPLC,
whose retention times (8, 16, 19, and 22 min) were in agree-
ment with, or close to, those of tetrodoic acid (TDA), TTX,
4-epi-TTX, and anh-TTX, respectively. The trimethylsilylated
derivative from the alkaline hydrolysate of the TTX fraction
exhibited mass fragment ions at m/z 407 (parent peak), 392
(base peak), and 376, which are specific to the corresponding
derivatives from authentic TTXs (Fig. 2). With pyridine-ethyl
acetate-acetic acid-water (15:5:3:4) as the Solvent system,
spraying the plate with 10% KOH revealed three spots with R,
values of 0.4, 0.6, and 0.8 for the bacterial toxins. No further
spots emerged after spraying with Weber reagent. The toxins
isolated from incubated cells coincided well with those of au-
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FIG. 2. GC-MS analysis of the trimethylsilyated derivatives from authentic
TTXs (top), and of the corresponding derivatives from the TTX fraction of a
Vibrio strain isolated from F. vermicularis radiatus puffer fish intestines (bottom).

thentic TDA, TTX, and anh-TTX, respectively (Fig. 3). During
electrophoresis, both bacterial toxins and authentic TTXs
clearly exhibited two spots when sprayed with 10% KOH, one
corresponding to TDA (relative migration distance [R,,,]) and

the others corresponding to anh-TTX and TTX (R,,, 0.5 and
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FIG. 3. Electrophoresis of the TTX fraction of a Vibrio strain (LM-1) iso-
lated from F. vermicularis radiatus puffer fish intestines, along with authentic
TTXs (STD). Electrophoresis was conducted on a cellulose acetate strip (Chem-
etron) in 0.08 M Tris-HCI buffer (pH 8.7) at 0.8 mA/cm for 30 min. After
development, samples were heated for 10 min and visualized under UV light
(365 nm). A, TDA; B, anh-TTX; C, TTX.
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FIG. 4. TLC of the TTX fraction of a Vibrio strain (LM-1) isolated from F.
vermicularis radiatus puffer fish intestines, along with authentic TTXs (STD).
Toxins were developed on a precoated Whatman LHP-K silica gel plate with a
solvent system of pyridine-ethyl acetate-acetic acid-water (15:5:3:4). Detection
was the same as for Fig. 3. A, TDA; B, TTX; C, anh-TTX.

0.7, respectively) (Fig. 4). It was known that the strains of the
family Vibrionaceae showed the ability to produce the anhy-
drated form of TTX. In contrast, Escherichia coli, which is a
typical terrestrial bacterium, does not produce TTXs (14). It
was also known that anh-TTX is only slightly toxic but is easily
converted into TTX in solution, particularly at lower pH val-
ues. TTX also changes into the anhydrated form in solution
(33). Although the role of TTX in the bacteria themselves is
still unclear, it was postulated that TTXs regulate the transfer
of sodium ions through biological membranes (26), and this
fact may have some relevance to the function of the toxin in
marine bacterial cells.

The results of preliminary tests showed that viable counts of
bacteria in the intestinal contents differed significantly depend-
ing on the individual, but there was little diversity with respect
to the culture medium. In plate count agar with 3% NacCl,
6.4 X 10° cells/g were obtained. A total of three strains of
intestinal bacteria were isolated on TCBS agar medium. More-
over, Vibrionaceae were found to be most dominant, using the
procedure described above. All of the Vibrionaceae strains
were identified as Vibrio sp., and they were divided into three
strains on the basis of color, surface appearance, Gram stain
reaction, width, length, spore formation, and motility. In the
next step, the strains were examined for TTX production.
Among these groups, TTXs were detected only in strain 1
when the cellular extracts were assayed by the official method
for TTX. The other bacteria of strains 2 and 3 were not positive
for production of TTX, 4-epi-TTX, and anh-TTX as analyzed
by HPLC (Table 1). Previously, Noguchi et al. (21) reported
that the Vibrio strains isolated from the xanthid crab Atergatis
floridus and the starfish Astropecten polyacanthus produced
TTXs when cultured under conditions similar to those used in
this study. Also, several TTX-producing bacteria were isolated

TABLE 1. Analyses for TTX and its derivatives in extracts of
three Vibrio strains isolated from the intestines
of F. vermicularis radiatus puffer fish

HPLC result”

Strain Toxicity
TTX 4-Epi-TTX Anh-TTX
1 - + + +
2 - * + +
3 - + us +

¢ +, clearly detected; =, difficult to detect.
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TABLE 2. Culture characteristics of surface colonies of isolated
strain 1 grown on TCBS agar at 23°C for 24 h

Characteristic Result for

strain 1

Colony diam (INM) ...c.cceeuerreicrrmrieierrieeererreeeeeeeeeneeseeesenes 34

A colony shape Round

Elevation (mm) 1-2

Color.... ...Yellow

Surface appearance Smooth

DENSIEY . Transparent

Consistency Mucoid

Gram stain reaction Negative

Cell width (um) 0.6

Cell length (pm) 1.7

Spore formation None

Motility Motile

from tissues, mainly intestines, of TTX-containing puffer fish
(16).

The bacterium was identified at the biochemical and mor-
phological levels (Table 2). The strain was a facultatively aer-
obic, chemoorganotrophic, and nonsporeforming gram-nega-
tive bacterium. The cells were rod shaped (ca. 0.6 by 1.7 um)
in the logarithmic phase of growth. They occurred singly or in
chains and were motile by means of flagella, having a single
flagellum at one pole.

In summary, this study revealed for the first time that a
Vibrio strain isolated from the intestine of the highly toxic wild
puffer fish F. vermicularis radiatus produced TTX, 4-epi-TTX,
and anh-TTX and secreted the toxins into the culture broth.
This result suggested that the toxification of the puffer fish is
likely caused by bacteria. These bacteria are presumably in-
volved in toxin accumulation in the puffer fish, with the fol-
lowing mechanism in TTX-bearing animals. TTX-producing
marine Vibrio strains enter and inhibit the intestines of puffer
fish. These bacteria produce TTX and/or related substances,
which are accumulated in the hosts and then transferred to
other organisms. In order to clarify this speculation, we are in
the process of obtaining more precise evidence of the biosyn-
thetic derivatives of TTX in the organism.

This work was supported in part by a grant (1998-023-H00026) from
the Korea Research Foundation, Ministry of Education, Korean Gov-
ernment.
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