
SOME CHEMICAL AND PHYSICAL PROPERTIES OF TWO TOXINS
FROM THE RED-TIDE ORGANISM, GYMNODINIUM BREVE 1,2

BY DEAN F, MARTIN 3 AND ASHIM B. CHATTERJEE'

ABSTRACT

A procedure is given for isolating and purifying two toxins
(substance I and II) from cultures or blooms of Gymnodin
i,,,n breve. In vitro studies of acetylcholinesterase activity
show that the major toxin is not a cholinesterase inhibitor.
On the basis of the infrared data the properties of toxin
samples isolated from blooms of G. brevI appear to be
identical to those from axenic cultures.

Substance II is a light yellow, low-melting solid. Carbon,
hydrogen, and phosphorus are present; sulfur, chlorine,
bromine, and nitrogen are absent. The percentage com
position is givcn for carbon, hydrogen, oxygen, and phos.
phorus; an empirical formula of G",H,,,,O,,P is indicated by

Evidence for a causal relation between blooms
of the Florida red-tide organism, GY'm,nodinium
b'reve, and animal intoxication once rested on
seasonal and geographic correlations of these
events. The value of the correlation was limited
because of the presence of accompanying bac
terial species with ichthyotoxic properties
(Bein, 1954). The relation was established by
Ray and Wilson (1957), who showed that cul
tures of G. b'reve killed fish, and by McFarren,
Tanabe, Silva, Wilson, Campbell, and Lewis
(1965), who isolated a ciguateralike poison
fl'om oysters and clams (taken from the area in
which a bloom occurred), from a bloom of G.
bre've. and from laboratory cultures of G. b'rel.'e.

Before the present study, comparatively little
was known about the chemical and biochemical
properties of the toxin of G. bt'e11e. Starr
(1958) described attempts to characterize the
toxin through bioassays in which mullet and
guppies were used to compare the potency of
different toxic preparations.
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the analytical data. A m91ecular weight of 650 was obtained
from a sample of substance II.

Substance II was characterized by the absorption spectra
(ultraviolet, infrared), by the nuclear magnetic resonance
spectrum, and by the specific optical activity. These obser
vations and the mass spectrogram provide useful structural
information.

Substance I was characterized by the infrared spectrum
which indicated the presence of a carbonyl group. Not
enough of substance I was isolated for an elemental anal.
ysis.

Sasner (1965) l'eported that the toxin was an
endotoxic substance which was soluble in water
and ethyl alcohol, insoluble in chloroform, heat
labile, acid stable, and slowly dialyzable. The
toxic materials in his extracts affected all excit
able membranes studied: sciatic nerve, sartorius
nel've-muscle preparations, and skin' from the
leopard frog. Rana p-ipiens,. the anterior byssus
retractor muscle of Californian mussel, Mytibus
cal-i/01'nimms,. and the leg nerves of the spider
crab, Loxyt'hynchus sp. In all cases, the mem
branes had been rendered unexcitable to
electrical stimulation. The toxin caused de
polarization and complete loss of the resting
potential. According to Sasner (1965), the
physiological effects of G. b'reve toxin closely
paralleled those of a British gymnodinoid,
Gymnodiniu.m 'veneficu.rn (Abbott and Ballan
tine, 1957). The toxin produced paralysis but
was different from a curare-type (synaptic
blocking agent) toxin, which is characteristic of
Gonyaulax catenella (Schantz, Lynch, Vayvada,
Matsumoto, and Rapoport, 1966).

A number of toxigenic algae are known'; Shilo
(1967) included species of dinoflagellates, cer
tain blue-green algae (e.g., Mic'l'ocyst'is aet'ugi
nosa) and several species of Chrysophyta (e.g.,
P·rymnesi·u·m, pa.·I''lmm). Before the present
study, however, few of the algal toxins seem to
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have been chemically characterized. Saxitoxin
(the toxin of G. catenella) has a molecular
weight of about 370 and a purine (nitrogenous)
base (Schuett and Rapoport, 1962; Schantz et
a1., 1966). The toxin obtained from M. ae?'Ug-i
nosa is a cyclic polypeptide composed of 10
amino acid moieties, includIng D-serine
(Bishop, Anet, and Gorham, 1959; Gorham,
1960). PrYmnesin, an endotoxin from P. pm'
Vttm, is a glycolipid with a molecular weight of
about 23,000 (Paster, 1968). The lipid portion
is composed of four long chain acids (myristic,
stearic, palmitic, and oleic) and the polysac
charide portion of glucose, mannose, and galac
tose. The toxin (s) isolated from G. b?'eve is thus
one of the few algal toxins to be chemically
chal'acterized.

MATERIALS AND METHODS
REAGENTS

Most reagents used in this study were
analytical grade, and all solvents were
Baker 5 analyzed reagents with the following
exceptions: Silica gel (grade 62, mesh 60-200)
used for chromatography was obtained from
Grace Davison Chemical, Baltimore, Md.; bone
charcoal was B & A reagent grade; carbon
tetrachloride used for spectra was GC-spectro
photometric reagent grade.

SOURCE OF GYMNODINIUM BREVE

Organisms were obtained in two ways. Axenic
cultures of G. b1'eve were obtained from W. B.
Wilson (Wilson, 1965) and were subcultured
in B-5 medium (Wilson, 1966). Water samples
were collected during an outbreak of G. breve
in the fall of 1967 near Big Pass, off Sarasota,
Fla.

PROCEDURE FOR ISOLATION OF TOXINS

We isolated two substances by using the fol
lowing procedure. Water fl'om the bloom of
Gym,nod'in'ittm b?'eve or from laboratory culture
media (1X106 cells/liter) was adjusted to pH
4.0 by addition of a small quantity of concen
trated (12 M) hydrochloric acid. Two-liter por
tions of the solution were then extracted in
Fernbach flasks with 30 ml. of chlo1'oform. The

S References to trade names or suppliers in this publication do
not imply endorsement of commercial products.
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mixture was agitated with a mechanical stirrer;
the top of the flask was covered with a slotted
cardboard to avoid splashing. Each batch was
stirred vigorously for 15 minutes and allowed to
settle in a modified separatory funnel for 20
minutes. Water from the top layer was dis
carded by a side tap, and the chloroform ex
tract (substance II) was taken out from the
bottom and stored. The combined chloroform
extracts were associated with an upper thick
interfacial layer consisting of very small bub
bles and containing substance I. This layer con
taining the bubbles was highly toxic to fish.
Extracts from a particular batch of water were
always kept in separate containers, stored in a
refrigerator.

PURIFICATION

The two layers, i.e., the chloroform extract
and the interfacial layer, were treated sep
arately.

The clear chloroform layer (substance II)
was separated, concentrated, and then purified
by column chromatography. We used a separa
tory funnel to separate the chloroform from the
interfacial layer. Generally, an extract contain
ing an appreciable amount of toxin was in
tensely yellow. The chloroform layer (30 to 40
ml.) was concentrated in a rotary evaporator to
one-tenth of its volume, and then passed
through a silica-gel column (4 cm. long, 1 cm.
diameter) at a rate of. 18 to 20 drops pel'
minute. Yellow material, with a greenish-yellow
band above it, was adsorbed on top of the
column. The colorless chloroform effluent was
evaporated (rotary evaporator), and the yellow
oily residue was nontoxic to fish. The column
was next treated with methylene chloride (four
10-m1. portions), and the yellowish-green band
was eluted, leaving the deep brown band on the
silica gel. The effluent was evaporated in cold,
and the greenish residue obtained was nontoxic
to fish. Finally, the brown band was eluted with
two 2- to 3-ml. portions of absolute ethanol.
The deep yellow effluent was evaporated slowly
in a vacuum desiccator. The residue was toxic.

The thick yellow residue (substance II) was
dissolved in cal'bon tetrachloride and purified
further. The solution was stirred with bone
charcoal and filtered. The colorless carbon tetra-
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chloride filtrate was evaporated slowly in a
desiccator and yielded a light yellow viscous
semisolid that was highly toxic.

The interfacial layer (substance I) was sep
arated and the toxin was isolated by removal
of solvent. The layer was composed of bubbles
trapped in chloroform; normally, a large
amount of salt water was associated with it.
We washed this layer twice with 250-ml. por
tions of dilute hydrochloric acid solution (pH
3.5-4.0) in a separatory funnel. The organic
layer was collected in long test tUDes and al
lowed to stand over silica gel for drying. Thus
purified, substance I was mostly free from
sodium chloride. When the organic material was
sufficiently dried, flaky dark-green suspended
matter was found in the test tubes. Contents of
the tubes were transferred to a flask, and the
volume was increased 25 percent with absolute
ethanol. The mixture was stirred 4 hours,
cooled, and filtered. The residue was not toxic.
The filtrate was cooled in an ice-water bath and
evaporated under reduced pressure.

The residue (substance I) was dissolved in
ethanol and purified further. The ethanol solu
tion was cooled in a Dry-Ice bath, stirred with
bone charcoal, and filtered. When the filtrate
was evaporated, the residue was a toxic, yellow
ish, oily solid.

THE TOXIN UNIT

One Gym,nod'in'ium b'/:eve fish-kill unit was
defined arbitrarily as the amount of toxin per
50 ml. of sea water which undel' standard condi
tions killed a 3.0- to 3.5-g. (6- to 7.5-cm.) long
nose killifish, Fundulus sbnilis, in 7 to 8
minutes. The standard conditions included 50
ml. of test solution in a 400-ml. beaker, con
trolled temperature (23°+2° C.), and appro
priate salinity (32-33 p.p.t.) and pH (8.0-8.2).

EFFECT OF TEMPERATURE

The toxin (substance I in interfacial layer)
was maintained at room temperature, 23° ±2°
C., and periodically tested for potency. The
results, summarized in table 1, indicate that a
solution of the toxin is stable at room tempera
ture for at least 96 hours.

All toxicity was lost when the sample in
chloroform-water solution was heated to 110° C.

TABLE l.-Tempo'rul stability of c1·ltde toxin (substance
I) from G. breve at room temperature

Volum~ Amount Length Approximate
'rime of of water of weight Death Fish-kill

toxin I taken fish • of fish time unit

lIours Drops MI. Cm. G, Mi"nutes
0.,."" 2 60 3.8 1.1 5
1....... 2 50 3.8 1.2 5-6
4....... 2 60 3.8 1.5 5-6
8 ....... 2 75 3.8 2.0 5-6

24 ....... 2 75 3.8 2.U 6-7
30 ••• , .•. 2 100 6.4 3.0 6
96....... 2 50 3.5 1.1 6-7

1 Control: two drops of ehlorofo,'m in same volume of sea wale,',
No e/feet on fish within 120 minutes.

• Fu.id.uluB BimiliB.

for 5 minutes, and the loss in weight of the
sample was 0.3887 g. or 97.5 percent. At this
temperature, volatilization of chloroform and
water would be expected.

In addition, presumably these data indicate
either the volatility or the ease of decomposi
tion of the toxin. Attempts to detect decomposi
tion products with gas chromatography were
unsuccessful. All Aerograph vapor phase chro
matography unit, equipped with Carbowax 400
column and a thermal! detector, was used. Col
umn temperature was maintained at 55° C. The
amount of toxin (substance I in ether) may
have been insufficient to detect.

Attempts were maqe tp measure the volatility
of the sample as follows: One fish was placed in
each of two beakers (lmder the conditions pre
viously defined for the toxin unit). The two
beakers wer~ placed in a closed system, and the
first beaker was treated with 1 fish kill unit of
toxin (substance' I). Fou'r ininU:te~' later a
stream of nitrogen was passed through solution
~n the fir~t beaker, forcing any evolveq gases to
pa~s through the seconq l~eaker. The fish iQ the
first beaker died after 6 minutes; the one in the
second. beaker was unatfe~ted for i2 minutes,
after which time the exp'eriment was disCOli
tin~ed. We concluded that· the toxin was not
volatile at atmospheric' 'pressure at room tem
perature. However, a loss of toxicity under
reduced pressure (when a rotary evaporator is
used) was amply indicated.

ELEM~NTAL QUALITATIVE
. ANALYSIS

Purified samples 'of toxin (substance I and
substance II) were fused with sodium and de
composed wit4' water, and the solution was
analyzed for nitrogen, s~lfu~, halogen (chlorine,
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bromine, or iodine), and phosphorus by the
procedures of Vogel (1956). Positive tests were
obtained only for phosphorus. In all cases, the
results were compared with known compounds
to verify the test.

ELEMENTAL QUANTITATIVE
ANALYSIS

Semimicro quantitative analyses for carbon,
hydrogen, and nitrogen were performed by
Peninsular Chem Research, Inc., Gainesville.
Fla. (table 2) .

Organic phosphorus was determined by a
conventional method (Martin, 1968). The cali
bration curve (fig. 1) was prepared with .a

0.4

~ 0.3
c..o
: 0.2
c

0.1

w ~ ~ ~

PHOSPHORUS IlJG.• IN SO-ML. STANOARD SAMPLE

were obtained, which gave a corrected value
of 1.35 percent P.

Total oxygen was determined by Schwarzkopf
Microanalytical Laboratory, Woodside, N.Y.
Exactly 0.200 mg. of toxin sample produced
0.115 mg. of carbon dioxide.

MOLECULAR WEIGHT

The molecular weight of substance II (bloom
sample), determined by Galbraith Laboratories,
Inc., Knoxville, Tenn., by vapor-pressure os
mometry, was 650 (chloroform solven~, 0.03 M).

ABSORPTION SPECTRA

The carbon tetrachloride solution of sub
stance II from the bloom sample had no absorp~

tion in the visible region of the spectrum; its
absorption maximum was at 269.5 to 270 mp'

(2.5 mg./3 ml. in CC14 ) in the ultraviolet
region. When the solution was diluted, the ab
sorption maximum broadened and was 265 to
270 m~L for the most dilute solution (table 3).

The prominent absorption bands of the in-

TABLE 3.-Ultra."l.iolet absorption of cm'bon tet·rachloricle
solutions of s/tbst.ance II at 269 miL

FIGURE 1.-Calibration plot for organic phosphorus
determination. Standard sample prepared by decom
position of 9.8 mg. of disodium p-nitrophenylphos
phate, followed by dilution to 50 ml. with triple
distilled water at 705 miL.

Concentration

(Mg./I 1/11. CCI,)
0.833 .•....••......••.........•

.556 ••.....•••••..••....•••...

.371 ....••..•.....•....•......

.247 •••...••..••...••••.•....•

Maximum
absorbance

1.020
0.730
0.490
0.340

phosphorus standard (disodium p-nitrophenyl
phosphate). Exactly 0.89 mg. of substance II
was decomposed and diluted to 50 ml.; two
25-ml. portions had absorbances of 0.058 and
0.055, which corresponded to 1.41 percent P. A
second analysis was performed similarly with
0.99 mg. of substance II, except that 6.968 p.g.
of phosphorus (as phosphorus standard) was
added; total absorbances of 0.115 and 0.118

TABLE 2.-Elemental quantitative analysis of sltbstance
11 (bloom sample)

Sample Carbon Hydrogen Nitrogen Phosphorus Oxygen

Perre"t
1. ...... 47.05 6.94 0.00 0.00 0.00
2....... 49.60 7.60 1(0.6) 1.41 • 41.4
3 ....... 0.00 0.00 0.00 0.00 41.8

1 Not analytically significant.
• Calculated by difference from 100 percent total.
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frared absorption spectra of various toxin frac
tions (as carbon tetrachloride solutions) were
determined (table 4). Tentative assignments
are also indicated and are compr.red with
standard values given by Bellamy (1958).

The similarity of substance II samples iso
lated from bloom water and from culture
medium is indicated by the infrared data ob
tained with a Perkin-Elmer 337 infracord. Sub
stance I could not be isolated in sufficient quan
tity from culture medium for analysis. The
bloom sample of substance I seems to be dif
ferent from the bloom sample of substance II;
the infrared spectrum of the former indicates
the presence of a carbonyl group, whereas the
spectrum of the latter does not.
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1 Intensity abbreviations: (vs) very strong: (s) strong; (m)
medium; (br) broad.

TABLE 4.-Characte1~isticinfrared abs01'ption f1'equencies
of three t02:in samples dissol-ved in CC1 4

4.0

78.88

68.2

47.0

Specific
activity

[ " 1
54811'1'

2.25

3.5

0.8

241.0

Sign of Observed
rotation rotation

a. m.O

Sample

TABLE 5.-Specific optical activity of t02:in samples at
25° C. and 51,6 ml'

at 9.778T. The presence of a cyclopropyl moiety
seems unlikely because of the absence of promi
nent absorption peaks in the 1,000 to 1,200
cm.-1 region of the infrared region (Yukawa,
1965). For comparison, a methylene group in
an aliphatic hydrocarbon would produce a
signal at 8.75r.

OPTICAL ACTIVITY

A Bendix Corporation NPL automatic polar
imeter, Type 143A, fitted with a mercury-green
lamp (546.1 mp.), was used for all optical ac
tivity measurements. The precision of this in
strument is -+-0.0002°.

The instrument was calibrated with sucrose
solution (table 5), by the following technique.
Exactly 100 divisions (1 complete rotation) on
the fine adjustment zero-control knob corre
sponds to 10 m.o (=0.01 degree) of rotation of
the plane of plane-polarized light. The reading
for pure solvent (for a given measurement)
was adjusted to zero by using the fine adjust
ment knob, and the reading on the knob was
recorded. Next, the test solution was placed in
the cell and the galvanometer pointer was re
turned to zero. The reading on the knob was
recorded. The difference between the two read
ings (for the solvent and that for the test solu
tion) was converted to millidegrees of observed
rotation, a (100 divisions = 10 m.O).

For all test solutions, the specific rotation
25·

[a] was calculated from the usual relation-
346mI'

ship (Vogel, 1956): [a] =100M/(tpd),where
a is the observed rotation, t is the length of
the light path, (0.1 dm), p is the concentration

1, Sucrose solution,
(3.062%) +

2. Substance II in
absolute ethanol .
a. After column

chromatography .........• +
b. After charcoal

treatment +
3. Sample 2b (above) after

evaporation of solvent in
vacuum desiccator and
resolution in absolute
ethanol -

Literature value 1

PH., 2,827-2,421
1,450 (s), 1,000 (m)

1,265 (s)
1,218 (P-O-aromaticl (s)

970-940 (m)
750-650 (s)

1,265 (s), 1.050-1,000 (s)
1,256-1,200 (s)
1,150-1,160 (vs)
1,020-1,000 (m)

1.265
1,218 (P-O-aromatic) (s)

750-650 (s)

Possible
assignmentFrequency 1

Substa.>lce 11 (bloo'lIl sa.mple)
8,000 (vs) C-H (paraffinic) 8,000 (s)

(unsaturated )
2.400 (s) , , .. P-H
1.422 (br.s) PC.H.

-0
I

1.266 (s) +P (OR).
1,217 (vs) P-OC.H.

920 (m) P-O-P
667 (vs) P-C (aliphatic I

Substa>lce 1 (bloom sumple)
2,940 (s), 2,865 (sl . -CH. 2,962, 2,872 :!: 10 (s)
2,905 (s) -CH.- 2,926,2,558 :!: 10 (sl
1,730 (m) -CO- 1.700-1,750 (s)
1.460 (m) -C-CH. 1,450 :!: 20 (m)

-0
I

1,265 (s), 1,010 (5) • +P (ORlo
1.210 (s) (CH.) ..C-R
1,080 (s) -CHo-O-CH.
1,010 (s) cyclopropyl

Substa.>lce 11 (culture mediulll su,nple)
2.950 (s) -CH. 2.962, 2,872 :!: 10 (s)
2,900 (Sl -CH.~ 2,926,2,553 :!: 10 (s)

-0
I

1,263 (s) +P (ORI.
1.215 (vsl POC.H.

667 (vs) P-C (aliphatic)

NUCLEAR MAGNETIC RESONANCE
SPECTRA

The background of nuclear magnetic reso
nance spectroscopy was given by Pople, Schnei
der, and Bernstein (1959). The spectrum was
obtained for a 5-percent (wIv) solution of puri
fied substance II (bloom sample) in CDC13• The
spectrum had two signals: one at 6.3h and the
other at 9.38T • Tetramethylsilane (TMS) was
used as an external, not an internal, standard
to avoid contaminating the sample.

A spectrum was also obtained of a 1-percent
(wIv) carbon tetrachloride solution (2.5 mg. of
substance II in 0.3 mI. of solvent). Again, an
external standard TMS was used. Signals were
obtained at 6.4 (singlet) and 9.45r (singlet,
triplet) .

A signal at 6.3T may be ascribed to a methyl
ene group attached to an electronegative atom
or moiety, e.g., oxygen. The signal at 9.38T
represents an unusually high tau value. One
possibility is contamination from silicone
grease, though this seems unlikely in view of
the precautions taken. The signal intensity sug
gests a second possibility-that the signal can
be ascribed to a methylene in a strained ring.
For example, cyclopropane (CH2 ) 3 has a signal
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.. RT

FIGURE 2.-Descending paper chromatograms of toxins (see table 6).
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TABLE G.-R, '/J(£lucs 101' toxi-n ch1'omatog'rams 1

• The R. value is defined as the ratio of the distance traveled by a
substance (RI') to the distance traveled by the solvent (RL).

1 Solvent mixture A. 10 percent (v/v) chlol'ofol'm-absnlute ethanol:
solvent mixture B. 10 percent (v/v) chloroform-isoamyl alcohol: C.
aboolute ethanol: D. isoamyl alcohol.

S The R t value is defined as the ratio of the distance traveled by a
substance (RT) to the distance traveled by the solvellt (RL).

~~//
/ /

/v0

---=------------
4

:z: 0.04
o
D
Z

...o
:I
:I 0.02

ACETYLCHOLINESTERASE
ACTIVITY

A potentiometric determination (Jensen
Holm, Lausen, Milthers, and Moller, 1959)
was used to measure enzyme activity. The
brains of five sheepshead minnows, Cypt'-inodon
variega.tus, were placed in 12 ml. of distilled
water, cooled in an ice-water bath, and homog
enized for 40 seconds with an ultrasonic
macerator operated at full power. The test solu
tion was prepared by diluting 2.0 ml. of the
homogenate to 4.5 mI. with distilled water. The
pH was adjusted to 7.8 with 0.02 N sodium
hydroxide solution, and 0.05 ml. of substrate
(0.1 M acetylcholine iodide) was added. The
cholinesterase activity was determined poten-

FIGURE 3.-Potentiometric determination of cholines
terase activity, micromoles of sodium hydroxide
added as a function of time (minutes). Curve 1,
standard run j curve 2, 0.02 mI. of toxin solution
added at point a; curve 3,; 0.4 mI. of toxin solution
added at point b; curve 4, spontaneous acid liberation
in absence of homogenatE:!.

were dried, developed with a mixture of
minhydrinphenol methyl cellosolve mixture, and
washed with dilute sodium hydroxide solutions.
Two components were indicated (fig. 2, table
6). Rr values for one component seemed inde
pendent of solvent polarity; the Rf values for a
second were affected by change in solvent
polarity.

R.2

n.Rfl
.!JO
.n
.63
.83••3R
.85••52

A
B
C
D
C
D

Solvent
mixtul"e'foxin Saml)leChromatogram

TLC (silica gell Substance II (bloom)
Do do
Paper Substance I (bloom)
Do do
Do Substance II (bloom)
Do do

CHROMATOGRAPHY

TLC (thin-layer chromatography) and paper
chromatography (Heftmann, 1967) were used
to characterize the toxin and to determine if
the purified toxin contained one component or
two, as suggested by molecular weight versus
weight data from the empirical formula.

When an Eastman chromatogram (for TLC)
with silica-gel absorbent was used, only one
spot was located (with ultraviolet light) with
two different solvent mixtures. The Rf values (l

indicate that the effect of change of solvent
polarity was small. The behavior of the toxin
with TLC (silica gel) was consistent with
column chromatography, Le., only one fraction
was obtained.

Another system, paper chromatography, was
selected to see if more than one component was
present in the fraction. Descending paper
chromatography was effected with different
solvents (table 6). The chromatograms 'were
run for 5 hours, after which the paper strips

(g. solute/100 g. solution), and d is the density
(g./ml.) of the solution (table 5).

The optical activity measurements have sev
eral points of interest. First,. the sample of sub
stance II is optically active and is dextrorota
tory. Some loss of optical activity seemed to
occur during the purification scheme (sample 2a
versus 2b, table 5). This loss may be due to
the removal of a volatile component, as imli
cated by the further loss of optical activity ac
companying evaporation (sample 2b versus 3).
It appeared, qualitatively, that there was no loss
of toxicity associated with the loss of optical
activity.
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TABLE 7.-Mass-charge ratios (m/e) and relative
abundances from mass spect1'al analysis of substance
II.

1 The amplified scale spectrum (100 times regular intensity) indi
eates stable spedes (with relative abundanee of less than 1) at mle
of 375, 390, 450, 418, 440, 477, 508. Maximum relative abundanee is
80.

SOME CHEMICAL CHARACTERISTICS
AND STRUCTURAL FEATURES OF
THE TOXIN

The purpose of the present study was to
isolate the toxins of Gynmod-inium b1'eve blooms

MASS SPECTRAL ANALYSIS

The mass spectrum of substance II (bloom
sample) was obtained by using the following
conditions: ionizing voltage 70 e.v. pressure 1.5
X10-6 mm. Hg., and temperatUl'e 50° C. (table
7).

CHEMICAL CHARACTERISTICS

Several results of the present study are con
sistent with those of previous investigators.

First, several workers (McFarren et al.,
1965; Sasner, 1965; Cummins, Stevens, Hunt
ley, Hill, and Higgins, 1968) have also found
two (or more) toxins which differ in solubility
and other physical properties. In the present
study, two toxins-substances I and II-were
separated from Gymnodinium b1'eve bloom wa
ter. Both have been separated from cultures of
G. breve, although substance I was isolated only
in trace quantities and could easily have been
missed.

Secondly, the major toxin (substance II) is
essentially an endotoxin. This determination
was made in the present study by dividing a
1-1. sample of G. bre'/.Ie culture into two por
tions and extracting the .medium before (por
tion A) and after (portion B) the cells had
been removed by gravity filtration. Detectable
amounts of toxin could be isolated from portion
A but not from portion B. An alternative pos
sibility, complete adsorption of the toxin in the
filter paper, has not been observed.

Thirdly, the major toxin of G. b'1'e'l.'e may be
a neurotoxin, but it evid~ntly does not inhibit
cholinesterase activity in vitro.

Fourthly, the toxins (substance I or II).. ~eem
to volatilize under reduced pressure, although
the toxin is not readily volatilized from aqueous
solution by a stl'eam of nitrogen.

The study provided the following results that
apparently have not been reported previously.

1. The major toxin (substance II) isolated
from a bloom of G. breve appears to be similar
to that isolated from cultures of G. b·l'eve. This

and cultures and to determine the chemical and
physical properties of these toxins. During the
course of the study, sufficient information was
obtained from these properties to indicate some
structural features of the toxins. The topics
will be considered in order; a review of the
chemical characteristics of the toxin is neces
sary to understand the structural characteris
tics. Unfortunately, not enough substance I was
isolated to evaluate its chemical characteristics,
and most of the discussion must be confined to
substance II.

37.0
13.5
13.5
13.5
30.8
14.9
8.6
6.3
9.0
6.3
5.0
5.0
5.0
5.0
5.0
5.0
4.8
4.8
4.8
4.8
4.8
4.8

Relative
abundaneemle

151
153
155
157
160
240
258
266
2HO
301
309
310
311
319
320
321
333
334
335
348
349

'350

Relative
abundaneemle

27 ..........•.••.. 11.0
31 .....•.....•.... 30.9
42 54.1
45 ...•............ 80.0
57 62.7
59 .........•...... 77.5
63 .•.•••.......••. 19.6
67 .......••.....•. 22.1
69 .........•...... 54.0
72 ••.•..•••..•.••. 60.6
83 60.1
86 .............•.. 56.5

100 45.5
102 24.7
107 16.1
121 17.2
124 .•.............. 18.1
128 ......•......... 24.8
131 15.4
138 ..•.........•••. 15.1
141 15.1
143 15.1

tiometrically at 38° C. with an automatic
titrator operated as a pH-stat unit. Enzyme
activity was expressed as micromoles of sodium
hydroxide added per minute (fig. 3) to a pH 7.5
end-point.

The activity of the toxin was tested as fol
lows. In a succeeding trial, the enzyme activity
was measured again, and after 2 minutes an
aqueous solution of the toxin (substance II
dispersed in water by means of the ultrasonic
macerator) was added. The determination
curves (fig. 3) indicate the addition of 0.2 ml.
or 0.4 ml. of toxin solution has no effect on
homogenate activity. The activity of the toxin
solution was verified: 0.2 ml. of solution (ca.
0.15 mg. substance II) added to 30 ml. of sea
water caused death of sheepshead minnows (5.5
cm., 4.1 g.) within 3 minutes.
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FIGURE 4.-Infrared absorption spectra of toxins in CCli . The instrument used provides spectra in
two regions, low and high wavelength, as indicated. (Reference cell contained air.) Key to spectra;
CCl i • pure solvent; lIB, substance II (bloom sample) ; IIC, substance II (culture sample) ; I, sub
stance I (bloom sample).

observation is based on a study of infrared
spectral data (table 4). These data also indicate
that substances I and II differ; notably a
carbonyl group is indicated by the spectrum of
substance I (fig. 4) but not by the spectrum of
substance II.

2. The major toxin (substance II) does not
contain nitrogen according to qualitative and
quantitative analysis (table 2). This appears to
be the first report of a phosphorus-containing
toxin isolated from dinoflagellate blooms, a fact
that is of considerable interest because organo
phosphorus compounds have been used as model
compounds in the study of factors controlling
nerve activity (Nachmansohn, 1961).

3. An empirical formula of COOH162017P was
calculated from the mean values of the quanti
tative elemental analytical data of substance II
(table 2). Substance I could not be isolated in
the quantity required for elemental analysis. As
usual, the validity of the empirical formula is

governed by the validity of the elemental analy
sis. In this instance, the reliability is indicated
by replication of carbon and hydrogen analysis
for different samples. The phosphorus analysis
is the limiting factor in the accuracy of the
formula. The results with a "spiked" sample
suggest decomposition is complete; the values
are within the experimental error.

4. A molecular weight of 650 was determined
for substance II. This is about one-half the
value of the empirical formula weight (1,545)
and indicates each unit of substance II exists
as two particles in chloroform (and presumably
in other polar solvents). The observation gives
no information about the relative sizes of the
two particles. The two particles must be similar
in properties because only one band is obtained
with chromatography (thin-layer or column)
using silica gel. Also, two bands indicative of
two components were obtained when substance

CHEMICAL AND PHYSICAL PROPERTIES OF TWO TOXINS FROM RED-TIDE ORGANISM 441



II was subjected to descending paper chroma
tography (table 6) .

5. Three methods have been devised for de
tecting the toxin. These are: a toxicity test
under a standard set of conditions; a spectro
scopic test using the absorbance of a CC14

solution at 270 m,u. (e obs.=790, e calc. = 1900)7;
and the optical activity test that detects certain
centers or units of asymmetry.

6. S·ubstance II.-is optically active, which in
dicates a center Of molecular unit of asymmetry
(Morrison and Boyd, 1967). An example of a
center of asymmetry would be an asymmetric
carbon atom as in 1-alanine; an example of a
molecular unit of asymmetry would be tris
(ethylenediamine) chromium (III) ion. The
specific optical rotation of substance II is + 68
(maximum, table 6) which may be compared
with +128 for the poison of Gymnodinium
catenella (Schantz et aI., 1966). The former
value was obtained at 546 m,u., and the latter
was probably obtained at 589 m,u..

STRUCTURAL FEATURES

A complete structural determination of the
toxin (s) was beyond the scope of the present
study, but several structural features became
apparent. These are valid, of course, for the
toxin at the described state of purification.

First, the spectrum of substance I evidently
contains a carbonyl group, = C= 0 ; that of sub
stance II does not (fig. 3). Both substances
have infrared spectra that are consistent with
organophosphates R-PO (OR) 2, where R is an
oxygenated hydrocarbon moiety.

Second, the toxin molecule contains some
asymmetric feature, either an asymmetric car
bon atom (s) or a larger asymmetric unit.

Third, some structural features are indicated
by the mass spectrum (Beynon, 1960; Biemanll,
1962), though the spectrum must be interpreted
with some care because of the volatility of sub
stance II. For example, the maximum formula
weight of a stable fragment is 508. Any frag
ments having greater formula weights are too
volatile or too short-lived to be detected. It is
also possible that the substance readily decom
poses into three fragments with similar

7 The observed value is based on a molecular weight of 650; the
calculated value is based on an empirical formula weight of 1545.
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formulas; thus, the value of 508 corresponds to
about one-third of the calculated empirical
formula weight.

Finally, it may be hypothesized that a toxin
portion of molecular weight 650 decomposes
into two fragments with m/e values of about
508 and 147. The latter fragment might be a
phosphate ester OP (OR) OR.

Peak assignments, which appeal' to be reason
able on the basis of available data (table 7),
include the following:

1. The peak at m/e=31 probably corre
sponds to phosphorus-31.

2. The peak at m/e=63 is attributable to
a P02 unit, which should come from the
R'-PO (OR) 2 structure.

3. The P(OR) (OR') fragment might be
assigned to the peaks at m/e= 138
143. If Rand R' is CH2CHa, a m/e
value of 137 would be expected; if R is
CH=CH2 and R' is CH2CH=CH2 m/e
value of 142 would be expected. The
second possibility is consistent with
the -ultraviolet absorption spectrum.
Cleavage of the vinyl group would ac
count for peaks at about 27 (CH=
CH2 ) and 121 [PO (OCH = CH2 ) OCH:l].
Further cleavage of a methylene frag
ment would account for a peak at about
107.
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