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SUMMARY: Analysis of an aqueous acetic acid extract of Pratogonyaulax sp. clone P107
from Porpoise Isiands, Alaska, revealed four substances herein designated B1, B2, C1, and
C2. These have relatively low toxicity until they are converted, on exposure to low pH, to sax-
itoxin, neosaxitoxin, gonyautoxin 2, and gonyautoxin 3, respectively which increases their
toxicities by factors of about 10, 6, 20, and 5. Neosaxitoxin, gonyautoxin 1, and gonyautoxin
4 were found, but in smaller quantities. Saxitoxin, gonyautoxin 2, and gonyautoxin 3, if pres-
ent, were below the levels that could be detected with confidence.

INTRODUCTION: Shellfish in Alaska are occasionally toxic (1-5). Past studies have left in
doubt both the origin (6-9) and chemical nature (10-13) of this toxicity. We have begun to re-
examine the problem by culturing dinoflagellates from the Pacific coast to study their
growth and toxin production and have completed, to date, over 30 analyses of 11 isolates
from 6 locations, ranging from San Francisco to the Aleutian Islands. We report here the tox-
in analysis of an extract of one isolate. It is of particular interest that four of the component
toxins undergo facile conversion under relatively mild conditions to yield previously de-
scribed toxins, and that the toxicity of these components prior to conversion is greatly

suppressed.

EXPERIMENTAL: Protogonyaulax sp. (14) clone Pi07 from Porpoise Islands, Alaska

(58° 19.32'N, 135° 26.6'W) was grown in a 500L. batch of “f/2" enriched seawater medium (15),
under continuous fluorescent illumination. During early log phase growth, at a density of
2000 cells/mL, the cells were filtered from a 100L aliquot. The resuiting slurry was centri-
fuged briefly and the packed cells extracted with 170mL 1M aqueous acetic acid in 5 por-
tions. The combined supernatants were freeze-dried to 0.59 g solids and rehydrated with
3.0mL water to an opaque, reddish, slightly viscous suspension, pH 4.5. A 1.0mL aliquot of
this suspension was applied to a glass column which had been packed with Bio-Gel P-2 (Bio-
Rad Laboratories) and equilibrated with 0.1M acstic acid to give a bed 1.76 cm x 118.6cm.
The column was eluted with 0.1M acetic acid at 12.9mb/h and fractions collected over
12.0min intervals, starting before the void volume eluted.

Aliquots of all fractions were applied (16) to a silica gel thin iayer chromatography (TLC)
plate (E. Merck), sprayed with 1% hydrogen peroxide, and heated for 15min at 120°C. Frac-
tions giving fluorescent spots under 366nm UV were spotted along with standards of saxi-
toxin, neosaxitoxin, gonyautoxin 2, and gonyautoxin 3 onto aluminum-backed silica gel TLC
plates (E. Merck). These were developed (13) in pyridine:ethyl acetate:acetic acid:water
(15:5:3:4) for 3h, dried, checked for fluorescence, and visualized as above.
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Following this, similar fractions were pooled and two sets of 1.0mL aliquots removed
for toxicity determinations by mouse assay (17), with minor variations from the standard
method. The first set of aliquots was diluted with 2.2mL water. The second set was acidified
with 0.1mL 4M HCI, heated for 5min in a 100°C bath, cooled, and diluted with 2.1mL water in
the case of toxic fractions or, in the case of those fractions known from previous runs to con-
tain little or no toxin, 2.0mL water and 0.1mL NaOH of a concentration adjusted to give a pH
of 2.3 in the final 3.2mL solution. To determine what changes resulted from this treatment,
about 2mL from each of the ten toxic groups from each set were freeze-dried and taken up in
0.2mL water. These, accompanied by spots from the groups without freeze-drying, were ap-
plied to TLC plates and run as above.

Aliquots of the original acetic acid extract and of the concentrated suspension applied
to the column were similarly acidified, heated, and assayed, indicating at least 80% recov-
ery from extraction to the start of chromatography.

RESULTS and DISCUSSION: Our results (Fig. 1) show four components we designate B1,

B2, C1, and C2, accompanied by lesser amounts of neosaxitoxin (10), gonyautoxin 1 (18), and
gonyautoxin 4 (10). Photography of the TLC plates under UV revealed faint spots, not detect-
able when the plates were viewed directly, corresponding to gonyautoxins 2 and 3 (19). Since
trace conversion of C1 and C2 (see below) would account for the observed intensity, the pres-
ence of gonyautoxins 2 and 3 in the extract is uncertain. No saxitoxin (20) was detected in
the extract. C1 and C2 may correspond to the “new toxins” encountered by Oshima (21)ina
Japanese isolate of Protogonyaulax.

It was originally noted by Proctor (22) that cell-free extracts of Protogonyaulax in-
creased in apparent toxicity after brief heating at low pH. We have found this observation es-
sential to understanding the chemistry and manipulation of the toxins, and refer to the ef-
fect as “Proctor enhancement’. Our preliminary experiments (23) indicated that the toxicity
of cell extracts increased to an approximately constant value after heating at 100°C in 0.1M
HCI for periods from 2.5 to 25min, or after 5Smin heating with HCI concentrations ranging
from 0.1 to 1.0M. Lower concentrations of HCI did not suffice for complete conversion in
5min at 100°C, although the conversion occurs to some extent in HCI at room temperature
over longer periods.

Assay of grouped fractions from this run showed that this treatment increased the tox-
icity of those containing primarily B1, B2, C1, and C2 by factors of about 10, 6, 20, and 5, re-
spectively, while those containing primarily neosaxitosin and gonyautoxin 4 did not change
significantly. The rather large increases in toxicity raise the interesting possibility that, for
instance, C1 itself is not toxic, but that the observed toxicity is due to trace conversion once

the solution has been diluted for assay.
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Fig. la (upper). Mouse assays of toxicity in grouped fractions before (hatched

area) and after (outline) Proctor enhancement, The top axis shows elution vol-

ume expressed as per cent of the 228mL bed volume, from the start of sample
application. This parameter appears to be highly reproducible in this system
despite alterations in column geometry and is thus useful in characterizing
the toxins. Fraction numbers along the bottom axis start with the first toxic
fraction, at about 100% bed volume. Toxicity, the vertical axis, is in mouse
units per fraction. These assays account for 95% of the 27,000 mouse units ap-
plied. The toxicity of fractions eluting before 100%, between 114 and 133%,
and after 150% bed volume totalled less than 5% of that applied.

Fig. 1b (lower). TLC of individual fractions, positioned to correspond with
the toxicity chromatogram above. Symbols: S = saxitoxin; N = neosaxitoxin; 1,
2, 3, 4 = gonyautoxins 1 through 4. The elution positions of S, 2, and 3, indi-
cated by the stippled areas, were established in other runs. Spot size in this
diagram was chosen to indicate relative fluorescent intensity under 366nm UV,
rather than the size and shape seen on the TLC. The standards, interspersed
with the fractions when the plates were run, are not shown. Units along the
vertical axis are centimeters of travel after 3h development.

TLC indicated that the increases in toxicity correspond primarily to the conversion of
B1 to saxitoxin, B2 to neosaxitoxin, C1 to gonyautoxin 2, and C2 to gonyautoxin 3, with slight
interconversion between the resulting gonyautoxins 2 and 3. TLC revealed no change in neo-

saxitoxin or gonyautoxins 1 and 4. There is the possibility that other minor products result

from these conversions, among them traces of what may be gonyautoxins 1 and 4, which
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have been observed following the treatment of larger quantities of Ct or C2. It should be not-
ed that the sequence followed does not exclude the possibility of some alteration during the
freeze-drying of the HCI solutions, although this has been evaluated and appears to be
merely partial conversion to the same products. There was littie change due to the freeze-
drying of the acetic acid solutions except in the case of B2, where some transformation to
neosaxitoxin was apparent. It is thus likely that a portion of the neosaxitoxin observed in the
analysis of P107 results from alteration of B2 during handling of the extract. Similarly, inter-
conversion between the three pairs (gonyautoxins 1 and 4, gonyautoxins 2and 3, C1 and C2)
occurs to a small extent during handling, so the appearance of both does not necessarily in-
dicate that each was present in the organism. Gonyautoxins 2 and 3 are known to be epi-
meric. From their behavior, such a relationship appears likely for the other two pairs.

The analysis reported here has been found reproducible in several runs under the same
or slightly altered conditions and the toxins described, each giving a fluorescent spot on oxi-
dation, appear to account for the bulk of the toxicity recoverable from the cells. However, the
present data do not exclude the possibility of additional toxins with different properties.
Conversely, we find at least one component that oxidizes to give a fluorescent spot, but has
no detectable toxicity. The toxins B1, B2, C1, and C2 appear not to be artifacts of the proce-
dure because similar analyses of other isolates give substantially different results (23).

While it remains to be demonstrated how close the array of toxins described here is to
that actually produced by cells, the consistency of analyses within one clone, and the differ-
ence between clones, indicate that the method provides a useful representation of the natu-

ral assembly.
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