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ABSTRACT

The paralytic poison produced by the dinoflagellate Govg-a
grown in axenic culture has *been isolated in pure form. AtudFoI
chemical, physical, and biological properties indicates that it is very
similar if not identical~ to the poison isolated from toxic Alaska burt~eT
clams and California sea mussels.
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I. INTRODUCTION

The paralytic poison sometimes occurring in California mussels was
found by Sommer et al. to result from the mussels' feeding on a
particular dinoflagellate, Gonyaulax catenella. Those workers collected

the dinoflagellates and discovered that they contained a poison simil
in toxic properties to that occurring in the mussels. When mussels or
other shellfish containing this poison are consumed by humans a rapid
onset of paralysis results that often terminates in death. The occurrence
of this poison in shellfish presents a public health problem and its
significance and medical implications are described by Sommer and Meyer 2

(1937), Meyer, Hutner and McLaughlin 4 and McFarren et al. 5  In recent
years the poison was isolated in pure form from mussels and also from
Alaska butter clams. 5  Riegel et al . examined concentrates of the poison
from G. catenella collected from the Pacific Ocean and found many
properties of the poison in these extracts to be similar to those of the
poison from mussels. Burke et al. 8 have studied the chromatographic
behavior of crude extracts of cultured G. catenella cells and found the
poison to chromatograph similarly to mussel poison.

Besides the association of the poison in the California mussels with
G. catenella, the poison occurring in the scallops in the Bay of Fundy
has been associated with the occurrence of G. tamerensis 9 ,1 0 and the poison
in the Belgian mussels in the North Sea with the occurrence of Pyrodinium
phoneus, The origin of the poison in the Alaska butter clam is not
understood but some observations indicate that G. catenella may be involved. 1 2

This paper describes the isolation, purification, and partial
characterization of the poison from G. catenella cells obtained from axenic
culture and presents data indicating that this poison is very similar
if not identical in chemical structure to the poison from mussels and
clams.
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II.MATERIALS AND METHODS

A pure culture of Gonyaulax catenella (free of bacteria) was obtained from,
Dr. L. Provasoli, Hlaskins Laboratories, New York, N.Y.* The culture me 'dium

wassiila t tht escibd b Povasoli i-nd used by Burke et al." Cultures

were initiated by inoculating 10'm1 of medium with one mt of the stock culture
containing about 20,000 organisms per ml and incubating at 13 C for 12 days.

This culture was used as the inoculum for 100 ml of the cuilture medium, which
in turn was used as the inoculum for one liter-of medium. This culture
was incubated for.17 days at 13 C when the cell count per ml wits about
30,000. At that time the cultured cells were collected by filtration-on a
fast-flowing filter paper (Eaton-Dikeman 615), ground in a Waring Blenclot
with sufficient dilute HC1 to miake a thick slurry (pH 2 to 3).,- and- filtered
with. suction. This solut'ion was usual-ly cloudy and was clarified by mizing-
with Celite 545 and filtering. The cl'ear yellow-green fi4t-&te-cdst4t~kted-
a crude extract of the poison and usually contained-betvien Maner& 100-
mouse units (MU) of poison~ per ml.

Toxicities of all preparations were determined by injecting-gerial
dilutions of the poison solution intraperitoneally into-white-mlad** Viefgifllg

between 18 and 22 grams and measuring the time to death to datefmine thes
potency.' The results were expressed as MU -m~?~ th Vo"-sold
per ml (specific toxicity) as HU per mg of solids. Bauically the imoude
unit is defined as the amount that will kill a 20-gramn mouse in 15 minutes.2

G. catenella cell counts in the cultures were made with a Howard mold count
slide. Infrared measurements were made in KBr pellets, using a 1Perkin-ý
Elmer Model L2 C spectrophotometer. Absorbance in the ultraviolet was
measured in 0.001 N HCI using a Model DU Beckman spectrophotomatert@?
Titrations were carried out with a Radiometer TTTIC equipped with a M6A30T
scale expander, using 3 ml of a solution of the politon at-8 aoouofi~tritti~i
of 9 mg per ml in 0.001 N HC1 (free of carbon. diostid-e) and -with-0. 25--l-WAdUa -

hydroxcide under an atmosphere of nitrogen. Optical rotation- mea-surements
were made in 0.001 N MCI in a 20-cm tube. Reduction Vith-hydrogen wa.
carried out in a WArburg respirometer at one atmosphere of hydrogen pressure
using platinum black adsorbed on charcoal.1C Dliffusion coefficients vete
measured In the Northrop diffusion cell'~ by observing the rate of diffusion
of the biological activity through the sintered glad& dia'd of, that1fftt
Color cests wero.4a"ripd out as described by Albanese and Pranks-ton for the-
Sakaguchi tpst, Ikene'dct and Behra" f or the Benedict-Behre iest, and Bofteness
and Tausk3v1 for the Jaffe test.

*This organism was originally obtained in 1949 from the PacificOcean
(Monterey Bay) by Herman Sommer and Lucile Foster of thea Hooper Fo6ufdstiono
University of California Medical Center, San Francisco.

~*In conducting the research described in this report, the investigators
adh -ered to the "Principles of Laboratory Animal Care" as established by
the Nationzal Society for Medical Research.
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II1. PURIFICATION AND CHARACTERIZATION

The crude extract of the poison was passed through a column of
Amberlite XE-64 in the sodium form to remove the poison. About 100
grams of the resin were used per million MU of poison in the crude
extract. The poison was fractionally eluted from the resin with 0,3 Y
acetic acid. A recovery of at least 90% was achieved with a toxicity
of 400 or more MU per mg of solids. Because the properties of this
poison were found similar to those of the poison in mussels, purification
was attempted by a method similar to that used to purify the poison
from mussels.s The fractions containing the bulk of the poison in 0.3 M
acetic acid were pooled, concentrated under vacuum to remove most of the
acid, and adjusted to pH 4.5. The poison in the pooled fractions was
adsorbed on a column of XE.-64 in the acid form, followed by chromatographic
elution of the poison with 0.3 M acetic acid. The fractions having a.
toxicity of 1000 or more MU per mg of solids were pooled and rechromatographed
in the same manner. Usually the specific toxicity after passing through
the column a second time was about 3000 MU, The fractions at about this
potency were pooled, evaporatedunder vacuum to remove most of the acetic
acid., and acidified with hydrochloric acid to about pH 2. The solution
was again evaporated under vacuum to remove all of the acetic acid and
to convert the poison from the acetate to the chloride salt. The pH
should remain between 2 and 3 after all traces of acetic acid have been
distilled off. The solution was then treated with small amounts of well-
washed Amberlite IR-45 to bring the pH to 4.5 and the poison was
lyophilized. The dried poison was dissolved in absolute ethanol and
chromatographed on acid-washed alumina as described for the purification
of mussel poison. The best fractions from the chromatography on alumina
had a specific toxicity of 5100 and a specific rotation of 128. The
over-all yield was about 50% based on the poison content of the crude
extract.

Further chromatography of the poison from these fractions on the
alumina did not significantly incrEase the specifilc toxicity or change
the specific rotation of the poison. Chromatography of the preparation
on Whatma•n No. 1 paper strips using solvent syvs' .s of phenol-water
(4:1) and t-butyl alcohol-acetic acid.water (" :1) as described by
Mold et al.19 showed that all substances detectable with the Jaffe
reagent and by assay in mice moved as a single band with an Rr of 0.26 to
0.30. Continued studies with this poison clearly indicated that the
substance isolated by the. above procedure was highly purified and similar
in its chromatographic behavior to purified mussel poison. Studies
therefore were undertaken to compare this poison with purified clam and
mussel poisons. 1he results of these studies are summarized in Table I.
All chemicpl reactions and physical meesurements on the three poisons



TABLE 1. COMPARISON OF PROPERTIES OF POISON PRMCLURED
GONYAUI.AX CATEVELLA CET,!S WITHv P0ISONI FROM MUISSELS AND CLAMS

]property Clam ! Pbs uBsejJ Poison G. catenella Poison

Toxicity, MU/m8A/ 5200 5305100

Spec~ific optical 128 130 128
:5 rotation

*PKa 8.3; 11.5 8.3; 11.5. 8.2; 11.51

N content
(Kjeldehl) .26.3. 26.3 26.3

Sakaguchi test negative ' negative negative

Benedict-Behre Posit~ive ýpositive positfve
Les L

jJaffe test positive positive positive

I Adsorption in
UV and visible none none ýnone

InfraredI.adsorption, 3;_6 &9_3, 6 &9 .3, 6 & 9

Reduction with

H2  nontoxic nontozi; nontoxic '

coeffsicint 4.9 x 1O 4.9 x 1O6 " 4.-8 x W.".

a.All. of these bioassay values ýre within experimental 'error'of the value-

5500 t 500 MJfmg solids eprd previously for clam and watisaai poilions ,
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were identical -in every respect, indicating that their structures must. he
very similar if not identical. The infrred spectra of purified mussel
poison and purifiqjd G.. cateneila poison are shown in Figure I, and as far:
as can be determined they are identical. Reduction of the poisons-with
hydrogen resulted in 'a loss of 95 to 100% of the toxitity when one mole
of thip gas was consumed for each mole of poison. The infrared spectra of..
the riiduced';poison (nontoxic) showed some loss.of aLsorption at 5.6 Penm'
8.7 B which is identical to that obtained with clam and mussel poieonp.
The s0ecific toxicity of the three poisons was identical within exper-
imental error of the bioassay. The specific optical rotation is also the
same for all poisons within the error of the measurements.

Elemental analyses of the purified C. catenella poison as the dihydro-
chloride salt showed 31.8% carbon, 5.3% hydrogen. and 26.3% nitrogen. The
diffusion coefficient of the poison (4.8 x 10 e cuP sec"1) indicates a
molecular weight of 300 to 400. Titration of the poison showed two
titratable groups; one with a pKa at 8.2 and the other at about 11.5. A
sample of 27 mg (hydrochloride salt) required 0,140 ml of 0.25 M NaOH to
bring the pH to the first inflection point at 8.25; 0.28 ml to pH 9.60
for the inflection point between the groups, and 0.525 ml to pH 11.5 for
the approximate inflection point of the second group. The molecular weight
calculated from the titration value of the first group at pH 9:.60 was 386'.
This titration showed the chlorine content to be 18.47. If it is assumed
that oxygen makes up the remainder of 'the elemental composition (18.2%) the
molecular formula should be CoH1 7N.7 04 .2HCI with a molecular weight of 372.
This value within experimental error is exactly that obtained for the clam
and mussel poisons.' .,'"

Recently Rapoport at al.2 has~proposed a structure for the clam poisen
(Saxatoxin). Although all evidence obtained thus far indicates that the
G. catenella poison is identical to the mussel a"d clam poisons, abselute
proof of identity can come only by studies of its elemental structure.

On the basis of these studies, the poison from the cultured 2. cateneila
must be the same substance as that produced by this organism in the natural
state in the Pacific Ocean, and when the poison is bound in the dark
gland or hepatopancreas of the mussel and probably in the siphon Of the clam,
no apparent change in structure results.
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]~~~~.~ ii There is s qet ion regard~ing' the origin' of the ion nclm
~but th ois~on' in,,lti6, nia sea 'mussels,, as pine ou reviously, is

k. beftvd t reult~-'iithe miels' feeding on G. catenel1k,' The

re's'tit presented in 0tý7.,paper def initely conf irm the relatiýhi
>~&'th~ ussls ad ad 3j~ceto the possibility that the sn

'K 1~~ionship exists witht.'Zakbuer lms

The purified clam and musse' ,nisons are among the most pc~tent

i~bigons known to man. 'Their uniqui-'%h"-Iological action has been~

-ftscrib'ed by several inv'es'tigators.'> . Physiological studies on the

r ~flfed pison froth G. catenellk .shouVi%$ &'etibute valuable ionfcrmatioin

on tIhe nature of the poison in this organ§i-.zmtld enable comparlsons to

be made '.ith the p61son 'found in several spe24 e, oý' shell~fish.
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