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A total of 155 puffer fish caught from Gulf of Siam and Andaman seas were studied. The fish from
the Gulf of Siam included 21 fish from fish landing port at Chonburi province (2 Lagocephalus lunaris and
19 L. spadicius), 55 fish landed at Rayong province (11 L. lunaris and 44 L. spadicius) and 59 fish landed
from Samutsakorn province (5 L. lunaris and 44 L. spadicius). There were 30 fish from Andaman seas
which landed at Satun province including 28 Tetraodon nigroviridis and 2 Arothron reticulais. Organs and
tissues of individual fish including livers, reproductive tissue, gastro-intestinal tissue and muscles were
separately collected and weighed. Tetrodotoxin (pTTX) was extracted from individual samples by using
0.1% acetic acid (w/v) except from the skin which could not be extracted due to gelatoin of the preparations
after heating in acetic acid. Each preparation was screened for the presence of pTTX by injecting individual
samples intraperitoneally (i.p.) into male ICR mice of ~20 grams body weight. In the presence of the toxin
mice died within 30 minutes after the injection. It was found that only 1 of 18 (5.56%) L. lunarius from the
Gulf of Siam conferred mouse lethality. Liver extract of 1 of 107 (0.93%) L. spadicius collected from the
Gulf of Siam killed the injected mice. Thus the incidence of puffer fish that contained pTTX from the Gulf
of Siam was 2 of 125 (1.6%). All (100%) of the fish from Andaman seas, i.e., 28 of 28 T. nigroviridis and 2
of 2 A. reticularis, were found to harbor the pTTX and caused death of all of the injected mice.

The pTTX in various organs/tissues of the fish was quantified into mouse lethal units per gram of
the organ/tissue. One mouse lethal unit (1 MU) was the smallest amount of the toxin that caused death of
the i.p. injected ~ 20 g mouse within 30 minutes. For the only one L. /unarius from the Gulf of Siam that
contained pTTX, the highest amount of the pTTX was found in the reproductive tissue (23.12 MU/g) while
the liver contained 4.16 MU/g, the digestive tissue contained 2.46 MU/g and the muscles contained 2.24
MU/g. There was pTTX only in liver of the L. spadicius (4.0 MU/g). For the T. nigroviridis from Andaman
seas, it was found that the liver, the reproductive tissue, the digestive tissue and the muscles contained pTTX
(average), in falling amounts: 66.88, 64.70, 21.64 and 13.74 MU/g, respectively. For the 4. reticularis, no
pTTX was found in the reproductive tissue but was found in low amounts, i.e., 4.0, 3.16 and 2.0 MU/g in
muscles, gastrointestinal tissue and liver, respectively. The small amounts of pTTX in the A. reticularis
might be due to the fact that the fish were too small as they were probably young fish as their reproductive
tissues were not fully developed; thus they accumulated only small amounts of TTX in tissues other than the
reproductive tissue. p

The pTTX from puffer fish was subjected to HPLC and mass spectrometry in comparison with a
standard TTX (sTTX) purchased from Sigma Chemical Co. and American Radiolabeled Company (ARC),
MO, USA. It was found that both sTTx and pTTX showed identically the presence of TTX with m/z 319.75
and m/z 319.10, which were detected readily at about 12 minutes after injecting the sTTX and the pTTX into
the HPLC columns. Moreover the sTTX also contained TTX analogs with m/z 304 (5- and/or 11-deoxy-
TTX), m/z 302 (anhydro-TTX and/or 6-epianhydro-TTX) and m/z 284 (4-epi-TTX). The pTTX not only
also cotained TTX analogs with m/z 304 (5- and/or 11-deoxy-TTX), m/z 302 (anhydro-TTX and/or 6-
epianhydro-TTX) and m/z 284 (4-epi-TTX) as those of the sTTX but extracts of some toxic puffers

contained additionally m/z 288 (6,11-dideoxy-TTX) and m/z 270 (trideoxy-TTX which have lost 2H"
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atoms). Overall results indicated that pTTX from pufferfish of the Thailand seas contained identical TTX
and analogs to the commercialized sTTX with additional TTX fragmented analogs.

The sTTx and pTTX were used as antigens in phage bio-panning for selecting phage clones that
display human single chain antibody fragments (HuScFv) on the phage surface. The phages that bound to
the bio-panning antigens were introduced into a non-suppressor E. coli that could express soluble HuScFv.
The HuScFv from individual huscfv-phagemid transformed E. coli were tested for specific binding to both
sTTX and pTTX by indirect ELISA. Two and 9 transformed E. coli clones derived from phage bio-panning
using sTTX and pTTX as the panning antigens, respectively, were obtained. They were designated clones
s16 and s35 from bio-panning with the sTTX and clones pl, p2, p4, pS, p6, p8, p9, pl1 and p12 from bio-
panning with the pTTX.

Restriction fragment length polymorphism (RFLP) of the huscfv sequences coding for HuScFv of
the selected 11 transformed E. coli clones were studied using Mval restriction endonuclease. It was found
that the 11 clones revealed 8 different DNA banding patterns of the huscfv sequences which were designated
patterns A-H. The clone s16 had pattern A; clones s35 and p11 had similarly pattern B; clone p1 had pattern
C; clones p2 and p8 had similarly pattern D; clone p 4 had pattern E; clone p5 had pattern F; clones p6 and
p9 had similarly pattern G; and clone p12 had pattern H. The difference of the Auscfv banding patterns of
the clones might be attributable to the amino acid differences in the immunoglobulin framework sequences
(FRs) or in the sequence determining regions (SDRs) of the CDRs. TTX specific-HuScFv derived from
different phage clones might bind to different chemical groups of the TTX molecule or they might have
different affinity to the target epitope. The nucleotide sequences coding for CDRs and immunoglobulin
frameworks and deduced amino acids of the Auscfv from clones s16 and s35 have been determined.

Because large amount of HuScFv was needed in the neutralization assay, thus huscfv from each of
the interesting transformed E. coli clone was produced by subcloning the huscfv into pET23b" plasmid and
the recombinant plasmid was introduced into competent BL21 (DE3) E. coli. The recombinant plasmid-
transformed E. coli was induced to express HuScFv which was then purified by using Ni-NTA column and
various concentrations of imidazole solutions.

The purified HuScFv of clones s16 and s35 were tested in a cell based TTX neutralization assay
using ex vivo neuro-2a cell culture. It was found that human ScFv of clone s16 and clone s35 at 2.5 pg
could neutralize 95.19 and 67.08% of 200 nM of pTTX, respectively.

When the HuScFv of clone s16 (60 pg) was mixed with 1.5 MU or 0.3 pg of pTTX (antibody :
pTTX = 2.32 : 1) before injecting intraperitoneally into mice, the HuScFv of s16 could delay the death time
from 8.02 = 0.08 minutes of the mice that did not receive the s16 HuScFv to 13.95 + 1.49 minutes in mice
that received the antibody (p < 0.0001). Similarly, HuScFv of clone s35 (100 pg) which was mixed with
200 nM pTTX (antibody : pTTX = 5.42 : 1) and injected intraperitoneally to mice could delay the death time
from 19.19 + 1.84 minutes of mice which did not received the antibody to 24.35 + 2.82 minutes of mice that
received HuScFv s35 treated-pTTX (p = 0.028).

Experimental mice could tolerate more than 10 MU of oral pTTX.
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Mice injected intraperitoneally with 1 MU of pTTX followed 2 minutes later by intraperitoneal
administration of 300 pg of HuScFv of clone s16 in 900 ml PBS had a delayed death time by 13 minutes
compared to mice that did not receive the antibody.

Mice injected intraperitoneally with 0.9 MU (0.18 pg) of pTTX followed by injecting
intraperitoneally with 96.83 pg of s16 HuScFv (molecular ratio of s16 HuScFv : TTX 6.20 : 1) in 900 ul
PBS survived the intoxication while control mice that received only PBS were all dead at 44.17 + 9.89
minutes after the TTX injection.

In conclusion, human ScFv that binds specifically to tetrodotoxin has been produced
successfully by using the previously constructed human antibody phage display library. The ScFv
neutralizes tetrodotoxin and analogs in cell based-assay and in TTX intoxicated mice.
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