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ABSTRACT

Toxic Cyanobacteria (blue-green algae) bloom in eutrophic,
freshwater lakes and ponds in New England and have caused environ-
mental, health, legal and recreational problems over the past 15
years. Although several species have been implicated with animal
kills and water fouling, a common offender was Aphanizomenon flos-
aquae. Representative strains of 4. flos-aguae bloom in New Hamp-
shire intermittently, in both toxic (aphantoxins) and non-toxic
forms. Research has focused on methods of: a) toxin accumulation
from natural blooms and laboratory cultivation, b) toxin assay,
using the mouse biocassay and a modified fluorometric technique
developed for paralytic shellfish poisons, c¢) toxin characteriza-
tion and purification, using solvent separation and molecular
weight filters, and d) testing active extracts on nerve and muscle
preparations to determine the specific sites and modes of action of
aphantoxins.

Aphantoxin samples were passed through molecular weight fil-
ters (10,000 and 500 daltons), lvophilized and weighed, prior to
physiological testing. Microgram quantities of toxin reversibly
blocked compound action potentials in amphibian nerves as well as
mechanical activity in skeletal muscle. No effect was measured on
the transmembrane resting potential or on spontaneous miniature
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end-plate potentials (mepps). Tests on lateral and medisl glanc
axons from crayfish gave aimilar results. The Na© dependence of
the crayfiph preparation wes verified. The aphantoxins (4 pg/nl)
reverslbly blocked Intrasellular recordings of action potentdals
with no alteratdon of che restipg potential. Amphibian and cruee
tacean esrdiae astivity was blecked in diastelic arreet, while
blvalve heavts were vnaffected at ineveased dosa levels. Aphan=
toxine may block axcitabilicy by affecting ion conductance path-
ways as do tcxins from eeveral narine dinoflagellates and may be
useful in basie studies on membrans syslens.

INTRODUCTION

Freshwater hloomas of toxie Cysnobecteria (Blue-gress algae)
are commen in many countries of the world. Animal, including human,
invelvemant with tosielty problems have been reported for at leasc
12 countries, 4 Canadian provinces, and 10 of che Unleed States
(Schwinner ‘and Schwimmer, 1964 and 1968: Meare, 1977; Colline,
1978}, Although meny mictoorganisms have been implicated with
water foullng ard animal kllls, o frequant offender is Aphomisc-
mencn floe-ggusa. Representacives of this specles occur in Hew
England intermittently, in both toxiec and san-toxic forms. EBavie
rormentzl problems may arige when these Cvabcbacteria are dnvolved
in phytsplankeon hlocms. A erdedicsl time durdng bloeca condicions
ocoeurs when dense cell masses decompose naturally er with the aid
of algicidea (e.g.. copper sulphace) commonly used to enhance water
gualicy. The decomposltfon products plus toxie cellulsr materiala
released inta the water when the cells lyvse may cause desth or
illness to mammals, birds, and fishes, and may reduce water qualiey
for aninal (including human) consumption and recreational purposes
{Collins, 1978; Palmer, 1964; Schwimmer and Schwimmer, 1964).

Bloons of texic Cyeanchacteria sccur in savaral freshwater
lgkea, ponda and reservoirs in Mew Hampshirve, some of which are
used for water gupplies sndfer recreaticnal purposea, The enviren—
mental affects of these poxleous bloczs have caused concern from
state water quality control agencies (Hew Hampshire Water Supply
and Pollutiom Contrsl Gommission Staff Repores, Nes. 59, 6Z, 63,
&4, 70; 1973-1975). In addition, ot leasat ome lepal case in New
Hampshire focused actenticn on sewage trestment effluont and tonic
cyancphyte blooes in Kezar L., North Sutton, Wew Hampshire (W. A.
Sundall et al,, versus Town of New lemdon, 1977). The environ-
mgntal parsmeters msacclated with toxie Blooms in this lake have
been described by Haynes (1071) and im the teports enumerazed
above,

Bilotowins actract interest and attention from researchers
bacause of thelr specifieity, potency, snd potentizl uedlity as
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shyalolegical and/or pharmecolegicsl "tools™ (G'Brien, 1969). This
is partieularly true when the toxin's =ffecis are reversible, i.e_,
when s systen can be blocked and then restered to normal activicy.

Aphantoxina meet most, if oot all, of these eriteria.

In 1%68, Sawver ec al., demonscrated the presence of a wery
Eaet death facter (VEDF} from 4. flosesguae cells cellected during
blooms in twn New Hampshire lakes. The towin was dialvzable, heac
and acid sgable, alkali labile, and was soluble In water and
ethanol, but non-2oluble in lese polar eolvente. The same wyear
(1968) Jackin and Gentile, using laboratary culteres, reported the
partial purificatiem and propertics of aphantoxin. Thres toxic
fractions wers obtained wsing seid excraction, prapatative paper
chromatography and silica gel column chremarography. The most
cocent of these gave threa Weher reagent—positive spots, one of
ch corcesponded din By walue, reactions with Weber, ninhydrin and
e Toagents, and infrared apectvum with asxitoxin (STx). The
iaccer (51X} is che paralytle chellfish poigon [PSP) produced by
marine dinoflagellates of the genus fompauice and found in hivalwves
that act like "biclogical astorage depora" for texia accumulacion in
nature. The active material contained 1.5 o 2.0 ug per mouse unit
i whizh is equal to SO0 te 667 MU/ mg.

Tn 1973, Alaw et al., reported the partial perification and
propertiss of aphantoxin obtained from natural Blooma in Eepar Lake,
Worth Sution, dew Hampshire. Eutraction ang puriflcacion was done
uslng acid, aleohol, and chloroform axtractions and preparative

fgh veltage el=cerophoresis. A kexie ninhydrin and Weber reagent
posicive zone was eluted and chromazegraphed on IRE-30 resiz. Mn
active fraccion weoe elutad with acetle acid and purified furcher
uwsing preparative chin=lsyer chromatography (TLC).  This tesulted
1in s chromacegraphically homegensous material with a potency of
Fesitive reections of this material with Webet,
-naphthol, and Benedict-Behre veagencs lndicsaced that
aphancoxin may be a substicuced gusnldine derdvative. However, TLC
in various solvent systens, color reactiona given with various

spray reagenta, electrophoretic comparisona, and iafrared spectra
indicated that aphantexin was not Identlical with saxiraxin {STR).
Recant work by Alam et al. (1978}, demonstrated rhat sphantoxin was
a complex niwcure of coxdns contalning saxitoxin and other relaced,
tut still unknowm; substances. This mixture has not been complecely
charscterized. In additien, Sheptaugh (1373) and Carter (1980) have
shown that these teozic materfals from Aphanisomencon may lend thew-—
selvss to gualitative and guantitatlve analysis using alkaline=HaOp
pxidarfon and Eluorometry; a method that iz eurrently being tested
with the aim of replacing the rouss bicssasy.

Hdesearch ot the Unlversicy of New Hampshire has focused on the
chemical progercles, assay, and stability of the bictexins from
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Aphanisomencn flos-apese. In additiom, the phyeiological effects
of the toxins were studied particularly as they effect neuromuscular
systems (including cardiac) in vertebrate and invertebrace animals,
Support for the research was provided by the Eew Hampshire Warer
Resources Research Center, G. Eyers, Ddireccor.

MATERIALS AND METHODS

Stace agencies monitor algal hleom condicions regularly ehrough-
out New Hampghire snd Vernont and thelr reperts are available to ua.
We have Toutinely collaborated with the New Hampshire Water Pollution
Control Commission on potential toxicity problems and on assessment
of roxie eyancphyces prior to algicide trearmear that could produce
anizmal ki1ls. In recemt summers scsemtially uaialzal blocms of
Cyanchacteria occurred, intermittently, in Kezar Lake, Winnisgqusm
Lake, Skatutakee Lake, Marsh Pond, Enfield Reservoir, Exeter Reser—
voir, several farm ponds and other freshwater enviromments. Cell
concentrations generally exceeded 5 = 10 per milliliter, and during
dense bloom conditions were > 10° per ml. Am effecrive method for
obtaining bulk quantities of waterial occurring during bloom con-
ditions in remsote locations employed Delaval Separators, at lake-
aide, to spin and concentrate Aphanisomenon cells from large voluves
of water. The crude materfals were then stored in the frozen scate,
either wet or lyophilized. Samples retained potency under these
condicions for mere than seven years. Unfalgal, but not bacteriz-
fres, cultures were iniciated from roxic clomes of Aphoiisomsnon
using serial dilucion mechods with colid (agar), them liquid medfa,
The cultures were to 20 liter b and grown im the
synthetic, modified ASM-1 medium of Carmichael and Gorham (1972),
under conrrolled conditioms of ure and 111 ion. Back-
up cultures were mafarained in imevbaters separatc from the culrure
Toom to ensure against accidencal equipment failure.

We have recently found thar Amicon and Millipore moleculay
weight filters were usceful for “eleoning up” sanples of aphantoxin
(Shoptaugh, 1978). This method sepacated che aphantoxins Eroc
high and intermediate molecular weipht concaminsnts. We have suc=
cessfully passed amall amounts of the aphantexin through the 500
daleon filrer, prior te lyophilizatiom, in preparacion for chemical
and physicloglcal studles.

Mice (B6D2FL/J) were from the Jack Lab Y,
Bar Harbor, Maina. S5candard methods employed for biotoxins from
marine microorganisms were used for che bicassay of che active
materials (Halsread, 1965; Prakash er al., 1971). The mouse unit
(MU) for aphantexin was the same as that used to evaluate amounts
of paralyric shellfish poison (PSF) in marine bivalves, i.e., tha
amount of material chacr killed miee (18 to 22 g) In 15 minutes =
1M, When only small smounts of purified aphantoxln were availa-
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able, assay was accomplished using electrophysiclogical metheds by
measuring action petentials and tension development in muscle prep=-
arations. The mouse bioassay was also wsed in preliminary tests ta
determine Lf freshwater bivalves (Ell{ptio coplanatua) act as “bio-
logical storage depots" for aphantoxin mccumulation, i.e., like
marine bivalves exposed o fomypenlox toxlne. In sdditlom, tescs
were run ¢m the sensitivity of Davhnia megna to aphantoxing from
laboratory cultures.

Shoptaugh (1978) found thacr og form [ deriv=
atives when treated with Hy0; (like saxitoxin and other PSP deriva-
tives} and a promising fluorescence assay for PSP and aphantoxin was
developed (see lkawa et al., 1980, these proceedings).

The Loxic extracts frem the field apd laboratory were tested
on standard nerve and nerve—fwscle preparations, from mamanlian,
amphibian, and crustacean speciea. Comerel preparaticms were chal-
1engesl with simflarly created macerial from nom-toxic extracce.

action tials were ded externally from amphibian
sciatic nerves and crayfish medial and lateral giant axons (sheathed
and deshearhed) using Azs-AgCl electrodes, Grass or Tektronix scimu-
lator, and Tekrronix presmp and duzl beam ogcillescope. Transmes—
brane resting potentials and unicellular actlon potentlals ewployed
M KCL=filled glass microcapillaries, Grass P=16 amplifier and Tek-
eeonix Cll. In the musele tesea dusl multi-eleccrode assenbliea
ware used for direct stisulation with recordings displaved on a
dual beam oscilloscope or write-out recorder. Isotonic/isometric
measurenents on skeletal and cardiac muscles employed Grass FT-03C
Mechamo—electrical tramsducers. Previoes work in this laboratory
(Sasner, 1973} demonstrated the urilicy of the amphibian sartorious
merve-muscle preparation as am ascay toel particulsrly becauvse of
its sensitivity to several aquatic biotoxins. This preparation
provides a consistently reproducible aystem widely utilized in
midcle paysiclegy. The sartericus muscle is compoased of long.
parallel Eibers, is thin encugh tuv allow simple gas exchange when
axclsed, and performs well ac low C 28 whers transi
physico-chemical phenonena associsted wich excitability are slowed.

Kezar Lake 15 located in the rural comemmity of North Suttem,
Wew Eampshire. It is appropriate to include Informaticm about this
particular lake becaose: a) it has provided starter cultures and
toxic materials to several research groups participating im this
conference, and b) it iz one of few lakes where physical, chemical
and biologlcal parameters have been monltored for extended perfods
of tima. This information was compiled by Terrence P. Frost,
Ronald E. Towne and the late Harry J. Turner of the New Hampshire
Water Supply and Pollurion Control Commission. Their Scaffl Reports
Nos. 59, 64 and 79 (N.H.W.5.P.C.C.) provide a comprehensive hiccory
of the recent stages of the eucrophication process in Kezar Lake
a6 well a8 attemprs at coping with asnual blooms of toxic Cyano—
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bacteria. The lake has an area of spproximately 180 acres with a
maximm depth of 8.0 meters and an average depth of 3.7 meters.
Over the vears Kezar Lake was & popular recreational sice and in
1934 Wadleigh State Park was established om the southeastern shore.
During the early 1930's, the New London sewage trcatment plant
began discharging secondary waste-warer into Lion Ercck a fow miles
upstrean from the lake. The nitroges and phosphate comcentratlcas
greatly increased in the lake and this additional nutrient load
accelerated the natural eutrophication processes. Copper sulphate
treatment of misrnorganism blosns were succesafully adminiscered
during the early 1960's to combatr Amabgema blooms. Similar attempte
at centrolling Aphanizomenon blosme in the mid-1960's were not as
effective and in a couple of instances produced massive fish mor-
talities. One particular treatment resulted in toms of dead fish
(mostly perch). During the lace 1960's the recreactional utility
of Kezar Lake diminished, property values decreased and the New
Hampshire Scate Tax Commission reduced property appralsals by 30
pércent. Attempts at mixing and destrarificarion of the lake with
large air compressors was moderately successful for several years
and the recreational urilicy of Wadleigh State Park increased.
Mutrienr crripping and the addicien of advanced waste-water treat-
ment at the New London sewage plant reduced the discharge levels
of phosphorus, Howewver, toxie blooms still occur in Hezar Lake.
The last few suamera bloom pericds of Aphatisomemon were shortened
and replaced by Mieroowstis gerugincea (= Angoyeiis oyanes). Thus
the history of cyanophyte blooms in this lake includes Anabaena,
Aphanizowenon and Microcystis; the organisms of major comeern in
these conference proceedingsa.

RESULTS AND DISCUSSION

The effects exhibited by whole organisms, either injected with
or bathed in toxic samples of Aphanmizomencn flos-aguoe, were gquali—
tatively similar to those reported for several marine poidens. The
characteristic symptoms in mice challenged with aphantoxins include
apastic twitching, irregular ventilarion, gaping meuth, ceordination
loss, violant tremors and subsequenc death by respiracory fallure.
House biocassay of bivalve tissuve (Elliptio eowpilanaius), elther
r.o].lected during a bloom or fed 4. Flos-aguae from lsb cultures,

d these same . Twaroz and Yamaguchi (1975) showed
M Elliptio vere more sensitive to saxitoxin and uuodotwd.n
than several marine bivalves and our preliminary studies with
aphantoxin may support these findings. Laboratory fed Fllipiio
were used because of the scarcity of these animals in Kezar Lake,
where they were formerly abundant. Examination of bivalve gutr
contents showed a large of broken Aphani. cells
indicating at least partial digestion of the algal marerial. After
a two day exposure to lab cultures, the bivalves were themselves
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Table 1. Swwary of Toxin Characteristies from dphanissmenon flos=
AT

Hana{a}
Forn in Hacure
and Lab Culpure

Method of
Gollection

Chamical

General Effects

Dloassay (L.p.)

Dose Range
[menmala)

Excised Tlesuss

Herva-Huscls
setion Potentials

Festing Trans-
Membhrane
Fotential

Muaels Mechanical
Activicy

Slte of Actlon
Mode of Acticn
Relfarencen

Aphantoxin; wery fast death factor (VFDF); en~
dotexin. Single trichremad, 25 te 70 eells
lamg.

Delaval Separators at lakeside concentrate
Aphmisomensm from large volumes of water.

Hz0 and ETCH seluble, CHCL; inscoluble; acid
and haat stabls, alkali labile, low mel.
weight < 500, guanidine derivative, may
eontain saxitoxin (STX) + 3 unknow sub-
stances; forms [luorescent derivatives
upen alkalina-Hp0s oxldacion.

Mammals and Fish: aspastic twitching, coor-
dinatien loas, respiractery irregularity;
freabwater bivalves may etore sphantoxin
like PEF in marine nolluses. Scme plank=
tonic crustaceans {Duplmis) paralyzed ——
reveraible.

1 MU = ampunt of toxin to kill 20 & I g mice
in 15 minutes. Zimilac to nouse biloassay
for paralytic shellfish peisen (FSP) frem
marine bivalves (Fowmyamnlar).

Lyophilizad cells = 10 mg/kg; purified = 745
MU /mg.

0.4 to 100 yz/ml, to elicit 2 muscle block.

Blocked in desheathed perves and musels -=
Taversible.

Yo effect.

vert. skelecal-block to indirect then dicect
scinulacion; Verc. and Crustscean heart
block == diastolic arrest; cardiac AP,
reduced, reversible; Molluse heart —— no
effect st increased doses (x 100).

Herve and muscle membranes.
Ton conductance pathways blocked.

Sawver et al., 1968; Alem, 1972, 1573, 1978;
Gantfle, 1571; Thurberg, 19715 Sasner,
1973; Sasnec & Tkawa, 1975; Shoptaugh, 1975;
Carter, 1900,
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affected by the toxin in a manmner similar to soft-shell clams afrer
exposure o massive concencrations of the "red tide” dinoflagellate
Goymoulax fawpremsis. The fllipiis exhiblted flaccid paralysis of
the foot and mantle tissue; a condition that was reversed by replac-
ing the Aphamiscmenen culture wich clean medium. Since frashwater
bivalves ave consumed by hmans In certain parce of Californls,
further research in this area may be of more than academic Interest.
It was earimated that 50,000 to 100,000 pounds per year of the
freshwater bivalve (CorBiouls fluminea) ave available in the Cali-
fornia markerplace without prior resting for consumer safety (Jerome
Jenkin, Pacific Shellfish Company, personal commumicatiom}.

The cladoceran Daphmic mmgma was also affected when placed in
aerated cultures of Aphanfzomenon. Withia a few minutes, the char-
acterletic movenents of the second antennas were Teduced, ervatic
and subaequently blocked. This paralysis of the swimming appendages
caused the ZAgpfvis te settle to the bottom of the container and
perish in approximately 24 hours. Animals removed to clean warer
afrer exposure for 12 to 16 hours récovered withim 24 hours. Zoo-
plankton were nsually absent in plankton samples collected from the
upper oné meter, during natural blooms of Aphorisomencs:.

Table 1 presents a summary of the chemical amd physiological
characteristics of the toxins from dphanizewenon flos-aguse. This
information was compiled using wnextracted lyophilized waterinols
and partially purified samples, after papaage through 300 dalcon
molecular weight filters. The acute sensitivity of seuromuscular
systems and the potency of aphantoxins were demonstrated in both
vertebrate and invertebrate preparations. Figure 1 shows the iso—
setric tension developed in amphibian sarcorious muscle challenged
with 50 ug aphantoxia per milliliter. The mechanical response ro
indirecc (via merve) stimulation decreased faster than te direct
{via muscle} stimulation, indicating a greater sensitivity of the
neérves or A greater diffusion barrier in the muscle tissuve. The
wffecta of the toxin were readlly reversible and shewed a depend-
ancy on the exposure time In toxin. No change in the transmerbrane
resting porential of the sartorious muscle fibers was recorded
during tensiom reduction and recovery. In addiciem, no effeer was
measured on spontancous miniature end-plate petentials (mepps).
Sheathed sciatic nerves were not affected by the toxin in large
doses, whereas partially desheathed nerves were blocked with 10 ug
per millilicer within a few minutes. The decrease in amplitude of
compowvnd actiom potentials in texin-treated sciatic nerve prepara-
tions could have resulted from either a graded blockage of many
unics or a progressive but complete blockage of individual axons
(Figure 2}. To gain inaighe into these possibilicies, we chose
che medial and lateral giant axons from crayfish (Camburus sp.)
and measured acrion potencials wich both extracellular and intra—
ecellular electrodes. Sheathed and parrislly deshearhed axons were
prepared and arranged in a chamber divided imto three parts (A, B,
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Fig. 1. Effect of aphantoxin om iscmetric twitches from the
amphibian sarcorius nerve-muscle preparation. Alrtermace
series of stimuli: direct scimulation (d) of 5 msec
duration, ond indirect stimulation (i) of 50 usec dura-
tion. A = contral: B = control 20 mimnutes after A;

C, D, E, F, G = responses after 2, 5, 10, 15 and 20 min
in aphantoxin (50 wgiml): H, I, J = recowery after 15,
30, and 60 minuces in amphibian Einger. All stimeli
were given at 10 second intervals. Temperature 20°C.

and C), each separated by a paraffin apd oil barrier. When the
axons were stimulated at A, toxin treated in B, and action poten—
tials recorded at C, the waveform shifted to the right and chen
abrupely digsppeared, Thls blockage could be reversed 15 or more
times in a single preparation. The shift to the right in the
Tecorded action potential was interpreted as either a2 reduced com-
duccion velecity or an imcreased latency time to reach firing
threshold., When che toxln (4 pg/ml) and recording incracellular
microelectrode were placed in the same chamber (B), the acticn
potential amplitude gradually decreased, had a slower sodium=-
dependent rise time and was readily recoverable (Figure 3). The
came results were obtained wich both sheathed and desheathed axoms.
However, the former tock approximately 5 times longer to block.

In all records from toxin treated axons, the rise time from base
line to peak amplitude inersased 3 to 5-fold before complete block
of the sction potemtial cccurred. The slope of the falling or
recovery phase, however, remained essemtlally the same, In Figure
3, for example, the rise time increased from 0.5 msec to 1.8 msec,
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FPig. 2. Effect of aphantoxin en amphibdan scilatlc nerve compound
action potentials. Nerve partially desheathed. Traces
phow prograseive docline in amplicude and vise rate to
complete block in J minutes. Wash in amphiblan Ringer
returned nornal action potential In 15 minutes., Stlmulus
amplitude 3 ¥, duration 30 psec. Orid scele 0.5 msec/di-
wisien horlzontal, and 1 mV/division vertical. Temp. 20°C.

while the recovery times wore approximataly 1.3 nsec in all traces,
The rising or depolaricing phase of the sction potential iz asse-
clated with a translent incresse 1n scdium fem eonducrance. The
menhrane perneability be sodivm ions increases upon stimulation
and these caticoms flow inward, dewn conesntrarien and electrieal
radlents toward the sodium equilibrivm potential, Epg+. This is
the familisr positdve feedback leop called the Hodgkin cvele. The
resting impermeability of the membrane to sodium lons Teturns,
braaking the cycle, and potassium ions flow outwsrd, dows concens
tration snd sleerrical gradiants toward Dyt, and yestovation of
the trsnemembrane rascting potentfal, Epepe The dats frea cray-
fish glant axons suggests that aphsntoxin alters che depolarfzing
ar sodium—dependent phase of the actiem potential and has Litele
ot oo effect on the pocazsium-dependent repolarizstion phase. The
sodiun dependency wag verified by challenging the axoms with Ha
free Ringer, in which case records similar to Figure 2 {wich
aphantoxin) were obtsined. Caleium-free Ringers only =1
affected cthe action patential weveform and the additien of tomin
decreazed the smplitude snd rise rate, &3 in Figura 3. Aphentexin
treatment did not alter the transmenbrane resting pocentgdal (-80 ov)
or the membrane resistance.

In conparative studies the myocgenie hesrta of arphibtans
and molluses and the neurogenic hearts ef crustaccsns may offer
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Fig. 3. FEffect of aphantoxin on action potentials from crayiish
medlal piant axons. Desheathed preparacion, Toxin (0.3
pg/ul) and fntracellular recordlng elscirode in same
chamber. Top trace control, propresaive decline in
anplitude and Tise rate after 4, 10, 14, 17, 20 and I5
minuces in coxin. Complats recovery within 15 minutes
afeer wash in cravfish Ringer. Stimulus smplit 2
timas threshold {1 V); duration 230 pysec pulse width,

useful preparaticns for che testing of biotoxins, Thurharg (1972)
chowed that the marine poisons tetrodotoxin (TTH) and ‘saxitoxin
(2T%) 2nd the freshwater aphantexin (4 ug/ml) all produced revera-
ible diastolic arrest in the hearts of che crab, Jancer ferorabue.
Heme of these toxing, however, aleered the normal mechsndesl ot
gleccrical actdvicy of bivalve hearts (Mercenowriz meroensrial,
gvan at increased dese levels (100 ¥). The sodium dependeace of
the bivalve heart was verfLfisd by subherirution with sucrese and
1ithiun, This lack of semsitlvity to sodiun bloekling toxins has
not besn explained. Amphiblsn hesrt | ions were slowsd,
then reversibly blecked in disstelic arvest by aphantoxin (Sawyer
et al,, 19568).

In previoue work {Sasner snd Ikewa, 1875) we have described
aphantoxin se & non-depolarizing, reversible, membrane blocking
agent that may 2lter ion cenductance pathways associaced with
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exgicatlon. This hypotheeiz Llg currently being tested using volt-
age-clamp methods on individval axons. The goal in these studies
is to measure the physical characteristics of the axon membrane
and rransmesbrane current flow om veolrage clamped cells challenged
with purified aphantoxin (Ehremstein, 1976; Adelman and Fremch,
1976). The specific alm is to claap the transmesbrane voltage and
measure the inward (Na*} end eutwsrd (X)) currents to determine
whether the toxin blocks specific fom channels or all cation flow,
38 it blocks excitability. The specific site and mode of action
should be revesled by measuring the current demsity, Tpegs (mAfca®)
as a fumetion of clamped mewbrane potential, Fpen, (@¥).

The results of these studies hold more than jusc academic
interest for biologists because of the potential utility of aphan-
toxin. Saxitoxin (5TX) and terrodoroxin (TTK) are currently uscd
in basic research as “tools” i the study of ¥a© dependent membrans
eystems (Kao, 1966; Evans, 1972; Narahashi, 1975). Aphaotoxin may
be equally Important o this regard. The most significant role of
5TH and TTX involves the specifie but reversible blockage of action
potential conduction Ia & variecy of wertebrate and imvertebrate
nerve and muscle prepsrations. There are, however, more subtle
differences between these two warine toxins. These differences are
velated to: a) dese=-survival relationships in Injected animala,
b) resistance of amphibiam nerves (Turisha) and puffer fish nerves
(Tetradom) to TIX but mot SIX, ¢} recovery time of nerve-suscle
preparations after polsomlieg, and d) the differeatlal effect on
evoked end=-plate potentials , l.e., 5TX causes gradusl decrease,
while TTX produces abrupt blockege. If our hypothesis is correct,
and aphantoxin specifically alters the loa conductsnce preperties
of the mesbrane, then more cxtensive comperative work will be done
to determine if the cysnobacterial toxim is more STK-like or more
TTE=1ike. TIn addirion, it would be important to inclede the wari-
ety of toxins from the “red tide" dinoflagellace, Companlar tammran-
£{g, since these materlfals are similar in chelr effects oa membrane
systems {Evans, 1975; Karahashi, 1975; Shimizu, 1978).
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