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ABSTRACT

clams and California sea mussels, 4
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The paralytic poison produced by the dinoflagellate Gonxggagﬁ iﬂm
grown in axenlc culture has been isolated in pure form. A study of ity
chemical, physical, and biological properties indicates that it is very
“similar if not identical to the poison isolated from toxic Alaska buttét



I, INTRODUCTION

The paralytic poisgn sometimes occurring in Califorunia 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 similz.
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®
(1937), Meyera, Hutner and McLaughlin® and McFarren et a1.® 1In recent
vears the poison was isolated in pure form from mussels and also from
Alaska butter clams.® 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.® 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. catepella, the poison occurring in the scallops in the Bay of Fundy
has been associated with the occurrence of G. tamerensis®’?® and the poison
in the Belgian mussels in the North Sea with the occurrence of Pyrodinium
_Ehoneus.ll The origin of the poison in the Alaska butter clam is not

understood but some observations indicate that G. catenella may be involved.

This paper describes the isoclation, purificatian, 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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©*-I1. WATERIALS AND METHODS

]

* A pure culture of Gonxaulax catenella (free of bacteria) vas obtained from
Dr. L. Provasoli, Haskins Laboratories, New York, N.Y.* The culture medium
wag similar to :hat described by Provasoli ind used by Burke et al.® Cultures
were initiated by inoculating 10 ml of medium with one ml 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 culture medium, which
in turn was used as the inoculum for ome liter of medium. . This culture
was incubated for 17 days at 13 C when the cell count per ml was 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 Blendor '
with sufficient dilute HC1l to make a thick slurry (pH 2 to 3), and filtered
with suction. This solution was usually cloudy and was clarified by mixing
with Celite 545 and filtering. The clear yellow-green filtrate-constituted
a crude extract of the poison and usually contained between 20’!ﬂd~100
mouse units (MU) of poisod per ml.

Toxicities of all preparations were determined by inJeccing gerial
dilutions of the polson solution intraperitoneally into white mice¥r wefghing
between 18 and 22 grams and measuring the time to desth to detérmine the
potency.’® The results were expressed as MU per ol 6 with the cotal solids

- per ml (specific toxicity) as MU per mg of solids., Basically the mouse

unit is defined 28 the amount that will kill a 20-gram mousé in 15 minucei.
G. catenella cell counts in the cultures were made with a Howard mold count
slide. Infrared measurements were made in KBr pellets, using a Perkin-
Elmer Model 12 C spectrophotometer. Absorbance in the ultraviolet was

measured in 0.001 N HCl using a Model DU Beckman spectrophotometer, - - .

Titrations Wwere carried out with a Radiometer TTTIC equipped with & PHAG3OT
scale expandeér, using 3 ml of a molution of the poigon at & corcéntration

of 9 mg per ml in 0.001 N HCl (free of carbon dioxide) and with 0,25 N sodium  ~

hydroxide under an atmosphere of nitroged. Optical rotl:ionomel:urcmon:l
wevre made in 0,001 N HCl in a 20-cm tube. Reductién with hydrogen was
carried out in a Warburg respirometer at one atmosphere of hydrogen pressure
using platinum black adsorbed on chatcoa&. Diffusion coefficients were
measured in the Northrop diffusion cell’” by observing the rate of diffusion

of the biological activity through the sintered glass dise of that gpparatud, f

Color tests worezcard/pd out as deucribed by Albanese and Prankston'® for the
Sakaguchi test, Benedic

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

** In conducting the research described in this report, the investigators
adhered to the "Principles of Laboratory Animal Care' as established by
the National Society for Medical Research. .

t and Behre'’ for the Benedict Behre test, and Bonsneas
- and Twusky' for the Jaffe test. ~ .
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ITI. 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 C.3 M
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 vpoison
from mussels.® The fractions containing the bulk of the poison in C.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, evaporated under 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
digtilled 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 specific toxicity or change
the specific rotation of the poison. Chromatography of the preparation
on Whetman No. 1 paper strips using solvent svs®. .s of phenol-water
(4:1) and t-butyl alcohol-acetic acid-water ¢ : :1) as described by
Mold et al.'® showed that all substances detectable with the Jaffe
reagent and by assay in mice moved as a single band with an Re 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. The results of these studies are summarized in Table 1.
All chemical reactions and physizal messurements on the three poisons




A - . - TABLE 1. COMPARISON GF PROPERTIES OF POISON FROM'CULTURED °
N SONYAULAX CATENELLA CELLS WITH:POISON'FRCM MUSSELS AND CLAMS

n
i

Broperty Clam Po;abﬂ Mussel Poison 'Q. catenella Poison .

DL

/5300 " 5100

Toxicity, MU/mgd/ 5200

Specific optical 128 130 . 128 l
. rotation ' I _ - ] -

pKa . . ©8.3; 11.5 - 8.3; 11.5. .8.2; 11.5¢

N content - _ :
(Kjeldehl) - 26._- : 263 26,3 oo

ST TN TS ] s e SRR N e A

Sakaguchi test negative o negative"~_ ; u}égat{@émfhi“‘ P
Benedict-Behre poai%ive‘ ' -;“'ppaitive | ' 4~¢~~»pbsitfve '
test . o o N _' - i .

MR IEPER

Jaffe test positive - - - positive n;’ “ 7>m_'poai€ive -

Ty -

Adsorption in - : T L ; 1vwm;m» .

- UV and visible none o none - . " none

Infrarad . " ‘ _;. - A - LT )
adsorption, p 3, 6 &9 3, 6&9 .. . 3, 6&9

Reduction with o S ; -
. H2 : " nontoxie non:oxiq S nonﬁoxie e

' - ) ) o T : N - ‘ ? l‘ : - ) - “f.. e i A-,::"*j" , - o ':-‘ o
S Diffusion : N ‘.X -

. ' coefficient 6.9 x 10% | 4.9 x 107 , 48 % xo‘a

cL T a, All of these blocassay values ire within experimen:al exror of the vnlua
_ : _ 5500 t 500 MU/mg solids repor ed previouuly for clam and mogael poisnnl.
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were identical in every respect, indicating that their atructures must be
very similar if not identical., The infrared spectra of purified mussel
poison and purifigd G. cateneila poison are shown in Figure i1, 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 toxicity when one mole

~ of the gas was consumed for each mole of poison. The infrared spectra of -

the rifducedtpoison (nontoxic) showed some loss of aLsorption at 5,6 an
8.7 p; which is identical to that obtained with clam and mussel poisona.
The specific toxicity of the three poisons was identical within exper-
imental error of the bioassay. The specific optical rotation is also the
same fot all poisons within the error of the meaaurements.

Elemental analyses of the purified G. 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 % 102 cnf sec™}) indicates a
molecular weight of 300 to 400. Titration of the polson 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 firat inflectlion 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 moleculaxr weight
calculated from the titration value of the first group at pH 9.60 was 386, .
This titration showed the chlorine content to be 18.4%. If it is assumed
that oxygen makes up the remainder of ‘the elemental composition (18.2%) the
molecular formula should be CyH;,N,0,'2HCL with a molecular weight of 372.
This value within experimental error is exactly that obtained for the clam”
and mussel poisons. ~

Recently Rapoport et a1.%° has- proponed a structure for the 1nm'poildn
(Saxatoxin). Although all evidence obtained thus far indicates that the -
G. catenella poison is identical to the mussel amd clam poisons, absolute
p:oof of identity can come only by studies of its elemental structure,

3

On the basis of these studies, the polson from the cultured G, catenella
must be the same substance as that produced by this organisam 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.

R LT TR RPN TR




. : = - -
- -~ .l\\\r - -~ )
L - -, P
ke PR - LA

*s1y38ua] saem i1s8no] ay3 103 IMPouR 03 .:oooun..:-.- uﬂolohu aBawqgo » Lq
pasned ST T "¢ Je SAAIND Y] UF RwAdAq gl - (VO] UMoxg) TOSTOJ TISENH
P2117Ing pue (IUTT] PIIOS) UOSTod TILe0edes D PIIFFIng JO eijoeds pexeayul °1 2an3y]

2INVLLIRINYHL

(NSNS NYUL %)

it A o1 @ %
Bt b 4 e d




v

A

- There is SOKk\queSCion regarding the origin of thP poison in clams
the poison" in\b‘figprnia sea’ mussels, as pointed out yreV1ously, is

‘"believed to result *r‘m~t§e mussels feedlng on G catenella(‘ The

£6" the’ mussels and add cue\awce to the p0331b111ty that the sine

xV‘ réﬁationshlp exists with tid. \iuﬁka butter clams.

~

y The purified clam and mussel )7 on° are among the most pctent
poisons known to man. Thelr unique: hzuiological action has bean
described by several investigators.“" Physiological studies on the

purified poison from G. catenella shouxn_'“ntlibute valuable information
on the nature of the poison in this organiihand enable comparisons to
‘be made with the polson found in several spes‘e\ Of 9h911f19h

-\

st Avallab!e s Copy




LITERATURE CITED

er’Sommerf H., ‘W. F Whedon, C. A Kofoid and R. Stohler. 1937. Relation

of parilytic shellfish poison to certain plankton organisms of the

'genus yonxaulax. A.M.A, Arch. Pathol. 24:537-559.

Sommer,,H., and K.F, Meyer. 1937. Paralytic shellfish poisoning.
A.M.A. Arch. Pathol. 24:560-570.

Meyer, K.F. 1953. Food poisoning. New England J. Med. 249:848-852.

Hutner, S.H., and J.J.A. McLaughlin. 1958. Poisonous tides.
Sci. 4mer. 199:92-97.

McFar:cen, E.F., M.L. Schafer, J.E. Campbell K.H. Lewis, E.T. Jensen,
and E.J. Schantz. 1960, Public health significance of paralytic
shelbn*sh poison. Advanc. Food Res. 10:135-179.

Sch&nt?.", E.J., J.D. Mold, D.W. Stanger, J. Shavel, F.J. Riel, J.P.
Bowdén, J.M, Lynch, R.S. Wyler, B. Riegel, and H, Sommer, 1957.
Paralytic shellfish poison: VI, A procedure for the isolation and
purifiication of the poison from toxic clam and mussel tissues,

J. Aner. Chem. Soc. 79:5230-5235.

e (T

12531, B., D.W. oLdnger, ‘D.M. Wikholm, J.D. Mold, and H. Sommer.

1949, Paralytic shellfish poison: V. The primary source of the

po1san the marine plankton organism, uﬂnyaulax catenella. J. Biol.
Shem, 177:7-11,

Burke, J.M., J. MarcﬁiSOtto, J.J.A. McLau%hlin, and L. Provasoli.
196(. Analysis of the toxin produced ty Gonyaulax catenella in
axenic culture, MN.Y. Acad. Sci. 90ﬁ837"842.

- . /

s e, AGBL 1949, Paralytlc shc Jfish poisonis7na vonxaulax
tamzvengiy. . Fishevies, Ree. Bas=?=277 40,498,

Pralosh, A. 1963 Sorxce of E yuiytic shéllfish po T fa at-

®ay f Funar J. Fisteries. he:. Board. Car. 201983~ 996.

Koch, H.J. 939, T» cauta’dés.enpoisennements paralyniques provoque,
Aesii, Fras 1 arac. & L. S7an. Sess, 63:654-65%,

Sc-oncz, [ fad W Mageusser. 1964, ~%gervations on the origin
Szrancz, L. iad i

of n calyty poiso in Alaska butter rizms. J. Protozool. 11:239-242.

yst Available Copy




4.

15.

16.

17,

13.

20.

\’ N |
- ML Scvafer, and K.Y¥eine 1954,
g Ass,

igh llfish pdison ‘for’ “ioaa\‘v “aﬁga_dlzctlou.f
off‘i 11\'1‘Agr. CHem', 41¥160~177. ~

;L ELJ., J.D. Moldj W.L. Boware, \° Bawder, D . Sanger,
J . MEx L91ch . 0.P. Wintersteiner.*J D. Du.\"ex, D.R. Walters, and

B.-Rieglilis: 1961 Paralytic shellfish p\ 5o VILi. Sene cleminn
and* phyuic’i properties: of purified’ c7av y qussel peison. Can. J.
Chem. 3932 .17~ 2123. \\

\ P
Northrop: J.H., and M.L. Anson. 1929. A'methodAﬁbr the zetermination
of diffuriion constants ends the” calaulitics: of- *hg?gndigs and weight
of the hemoy,! ol rolecutel 3. Gens PhYSICL ,12:543-554.,

Albanese, A.A. and J.E.- Frankston. 1945. Th,"co1orimetric determi-
nation of arginine in protein hydrolysates and human urine. J. Biol.
Chem, 159:185-194.

Benedict, S.K., and' J.A. Behre. 1936.. Sotie applications of a new
color resction for cr@atinine. J..- Biol. Chem. 1l4: 515-:32

Bonsness, R.W. and H, H.»Taussky 1945 on- the color°Metric
determ1nation of creatinine by the Jaffe raa tica. J Biol Chem.
136:5561~371.

iy
3

Mold, J.D., J.P. Bowden, D. w. Svmgu.— J.E. vaurex, J.M. Lynch,
R.S. Wyler, E.J. Schantz, and % Riegel. 1757. -Paralytic shellfish
poison: VII. Evidence for t¥: purity of 501$9ﬁ5¥301®t?d'frbm

toxic clams and mussels. J. ,mer. Chem. 7oc. ?925235“5238}
Rapoport, H., M.S. Brown, H; Gagterlin, and Wi - Schuett:. 1964,
Saxitoxin. 147th Nat. Meet’ng .mer. Chem. SHC-, Philadelphia,

Pa. : ,

Murtha, E.F. 1960. Phé:macol g]czl study of pcisons from shellfish
and pufferfish. Ann. i{.Y. Aced. 3¢i. 900 82"835

Bolton, B.L., A.D. -rgner 7. 7. O'Neil, nd P.F. Wagley. 1959.
Effe-e ~f & Cf.ellfl ‘ °*Ld7,,1ate potentials., Bull,
Johns Honb- - ce.T L 1UD:233-233,

Evans, M.H. 1964, Paraiytic effects of "paralytic shellfish poison"
on frog nerve and muscle., Brit. J. Pharmacol. 22:478-485.

oo
4o \\’&‘o\eo

ot




