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This family of toxins can be divided into three
broad categories: the saxitoxins, which are highly potent
neurotoxins, and which are not sulphated; the gonyautoxins
(GTXs), which are singly sulphated; and the N-
sulphocarbamoyl-11l-hydrosulphate C-toxins, which are less
toxic than the STXs or GTXs.

The toxicity of the PSTs is a result of their
binding to voltage-dependent sodium channels, which blocks
the influx of sodium ions, and thus blocks neuromuscular
transmission. This causes respiratory paralysis, for which
no treatment is available. In some outbreaks of paralytic
shellfish poisoning up to 40% of the victims have died.
The PSTs bind to the same site on the sodium channel as
tetrodotoxins, which have a completely different structure
(Hall et al., 1990). In some cases, tetrodotoxins can
occur together with PS8Ts, and therefore any assay for
detection of PSTs must be able to distinguish them from

tetrodotoxins.
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The dinoflagellates which are the source of PSTs
periodically form algal blooms, known as red tides
(Anderson, 1994). Molluscs, fish, and crustaceans,
including species of commercial significance or which are
raised using aquaculture technigues, may feed on these
dinoflagellates and accumulate the toxins. It is not
possible to detect by gross examination whether an
individual marine animal contains the toxin, and therefore
there is a risk that humans will inadvertently consume
toxin-containing animals. It is therefore necessary to
monitor species which are to be consumed for the presence
of PSTs, in order to avoid the risk of poisoning and to
prevent social and economic cost.

More than 20 natural analogues of saxitoxin are
known, and their toxicity to mammals varies. Some of the

naturally-occurring PSTs are listed in Table 1.
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The incidence of algal blooms appears to be
increasing world-wide, possibly as a result of increased
eutrophication of coastal waters and global warming , and
consequently the incidence of outbreaks of paralytic
shellfish poisoning or of contamination of shellfish or
other organisms with PSTs is also increasing. For example,
in 2000 alone, four people in Sabah, Malaysia, were
poisoned and shellfisheries were closed for four months.
Shellfisheries in Manila Bay, the Philippines, were closed
for several months; nine people were poisoned and five
admitted to hospital in Washington State, and
shellfisheries were closed for several months in the year
2000 in Cape Cod and South Maine, both in the United
States; all shellfishing on the west coast of the North
Island of New Zealand was stopped in May 2000 as the
result of an algal bloom, which was approaching the green-
lipped mussel beds, which produce mussels worth NZ$84
million annually ; in Scotland shellfishing was banned in
June, 2000; and blooms leading to instances of paralytic
shellfish poisoning have occurred in South Africa and
China; as the result of contamination detected in July,
2000 in Canada, 3000 aguaculture salmon were destroyed. In
particular, in the United States, approximately 150
outbreaks of contamination of shellfish have occurred in
the last decade, with closures of shellfisheries of up to
twelve months resulting; closures of three years have
occurred in some parts of Scotland; in Morocco, in 1994,
four people died and 74 were admitted to hospital; almost
1600 people have been poisoned in the Philippines since
1983, whereas virtually no such incidence were observed
before 1983; and in one outbreak in India in 1997, seven
people died, 500 were admitted to hospital, and the ban on
shellfishing resulted in the loss of jobs for 1000
families.

Unfortunately, although the need for a simple, robust
and reliable method of detecting contamination of marine

organisms to be used for human consumption is evident,
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methods which are currently avallable are not satisfactory.
Regular testing of shellfish to ensure that toxic product
does not enter the market place is required (Van Egmond and
Dekker, 1995). Currently, the only officially endorsed

5 method is the mouse lethality bioassay approved by the
Association of Official Analytical Chemists (AOAC) official
methods of analysis, section 259.08 E,. 1990. This
requires intraperitoneal injection of mice with an HCIL
extract of potentially toxic organisms such as shellfish,

10 and observation of the time from injection to death (Sommer
and Meyer, 1937; Hungerford, 1995). The mice must come
from a colony of mice which is regularly standardised for
its sensitivity to reference toxin samples, and the sample
must be diluted so that death occurs between 5 and 7

15 minutes. The assay is inhumane, expensive, and unpopular,
and is at risk of being prohibited as a result of animal
welfare regulation, particularly in countries such as the
European Union, the Netherlands and Germany. Of even
greater concern is that the mouse bioassay assay has a

20 sensitivity of only 180ug STX / 1 (Johnson and Mulberry,
1966) .

This lack of sensitivity means that there is a
serious risk that levels of PSTs sufficient to cause
toxicity in humans may not be detected. For example,

25 children in the Philippines have died as the result of
ingestion of shellfish when mouse lethality biocassays
indicated that shellfish contained only 40 png STX / 100 ¢
shellfish meat, which equates to around 200 pg when takes
into account dilution due to extraction solvent plus

30 shellfish. This level of toxicity is the same as the
detection limit for the mouse lethality bioassay.

This problem has led to attempts to develop
alternative assays, based on

(a) detecting the presence of intoxicating organisms

35 by biological observation,

(b) in situ detection using methods such as DNA

probes, or
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(c¢) detecting the presence of toxins in the marine
organism by biochemical, physioclogical or chemical assay.

One approach utilises blockage of the voltage-gated
sodium channel (VGSC), a large transmembrane protein in

5 excitable cells which allows passage of ions through a
central pore when it opens in response to alterations in
cellular potential difference. (See for example Doucette
et al., 1997; Jellett et al., 1992; Vieytes et al., 1993).
These.assays are radioligand assays (Weigéle and Barchi,

10 1978), which can be adapted to a microtitre plate format
which increases the sample throughput (Doucette et al.,
1997). Alternatively cultured cells hyperstimulated so as
to increase ion flow through the sodium channel may be used
(Jellett et al., 1992; U.S. Patents No. 5,420,011 and No.

15 5,858,687).

However, these assays are expensive and technically
complex, requiring either radiocactively-labelled reagents
or cell cultures. Moreover they are sensitive to pH
fluctuations, because at pH greater than 6.7 PSTs are

20 readily displaced from the ion channel, are similarly
sensitive to cation concentration, and, more importantly,
are non-specific because they also detect tetrodotoxin.
None of these assays is suitable for field use. Chemical
assays are complicated by the fact that the individual

25 toxins are tremendously variable in structure, ranging from
very polar to lipophilic, and from low to high molecular
weight. Furthermore, these chemical methods require the
use of standard samples of the known toxins, and any new
and biologically active PSTs will not be measurable by

30 these methods. Thus assays based on detection using
antibodies or using chemical methods such as high
performance liguid chromatography, mass spectrometry, or
capillary electrophoresis may not detect the broad range of
toxins.

35 A simple, rapid preliminary clean-up method for crude
shellfish extracts, coupled with a bench or desktop lateral
flow immuno-chromatographic assay marketed by Jellett
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Biotek, enables a preliminary result to be obtained within
ten minutes; however, confirmatory screening using liquid
chromatography-mass spectrometry is required. The
preliminary clean-up uses ammonium formate mobile phase on
a Scm solid-phase column suitable for lipophilic toxins,
and this is followed by LCMS on a Tosoh-Haas amide 40
column using a 60-90% gradient of tetranitrile-2mM ammonium
formate, pH3.5. A preliminary report was presented by M.A.
Quilliam at the international Marine Biotechnology
Conference, Townsville, September 2000.

We have utilised a different approach, which relies
on a receptor protein known as saxiphilin, which is
completely unrelated to the VGSC in either amino acid
sequence or of functional properties, and which
specifically binds STX but not tetrodotoxins (Llewellyn and
Moczydlowski, 1994). The ability of saxiphilin to bind STX
has been used in a low-throughput radioligand binding assay
for detection of PSTs in blue-green algae, crustaceans and
molluscs (Carmichael et al., 1997; Negri and Llewellyn,
1998). This utilises displacement of *H-labelled STX from
saxiphilin. We have utilised a crude saxiphilin-containing
extract to develop a microtitre plate assay for detection
of PSTs (Llewellyn et al., 1998; Llewellyn and Doyle,
2000). While this assay provides high throughput,
sensitivity and accuracy, and has the advantage that it
does not suffer from interference by other compounds
present in shellfish extracts or from the acidic pH
necessary to maintain stability of toxin during extraction
from shellfish, it still suffers from the disadvantage that
it requires radiocactively-labelled material.

The saxiphilin utilised in the assay is a crude
preparation prepared by homogenising specimens of the
centipede Ethmostigmus rubripes in buffer containing a
protease inhibitor cocktail. While this preparation
provides good sensitivity, there is still a problem in
availability of the reagent, and the fact that it is not a

defined, reproducible preparation. Therefore there is

.U
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still a need in the art for a rapid, robust assay which is
suitable for field use, for example on fishing vessels, or
at agquaculture facilities, and which detects a wide range
of STXs.

It will be clearly understood that, although a number
of prior art publications are referred to herein, this
reference does not constitute an admission that any of
these documents form part of the common general knowledge

in the art, in Australia or in any other country.

SUMMARY OF THE INVENTION

According to one aspect of the present invention
there is provided a method of detecting and/or measuring
the amount of paralytic shellfish toxin (PST) present in a
sample, comprising the steps of:

1) providing an isolated saxiphilin, or a fragment

thereof which contains a saxitoxin binding

site;
2) contacting it with the sample;
3) measuring binding of PSTs to the isolated

saxiphilin; and
correlating the amount of binding with either the presence
or absence of PSTs in the sample or with the PST
concentration in the sample.

The isolated saxiphilin, or fragment thereof, may be
coupled to a detectable label or immobilised on a solid
support. The detectable label may be any suitable label,
as would be understood by the person skilled in the art and
may be coupled to a solid support in any convenient manner.

In a further aspect of the present invention there is
provided method of measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising the
steps of:

(a) pre-treating the filters of a microtitre

filtration plate with a polycation;

(b) adding to wells of the plate a known amount of

a labelled saxiphilin comprising an isolated
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saxiphilin, or a fragment thereof which contains a
saxitoxin binding site labelled with a detectable
marker, and a series of dilutions of material
suspected to comprise paralytic shellfish toxin;

(c) incubating the plate for a time sufficient to

permit binding of any paralytic shellfish toxin

present to the labelled saxiphilin;

() aspirating the contents of each well through

the filter of the well to remove components other

than labelled saxiphilin and compounds bound thereto;

{e) rinsing each well and filter to remove residual

unbound compounds; and

(f) measuring the amount of labelled saxiphilin

retained by the filter,

in which the degree of binding of labelled saxiphilin
when compared with a control sample indicates the amount of
paralytic shellfish toxin present in the sample.

In a further aspect of the present invention there is
provided an isolated saxiphilin coupled to a solid support.

In a still further aspect of the present invention
there is provided an isolated saxiphilin labelled with a
detectable label.

In a further aspect, the invention provides a method
of isolation of an invertebrate saxiphilin, comprising the
steps of:

(a) homogenising individuals of a saxiphilin-producing
arthropod species in a physiological buffer
comprising protease inhibitors;

(b) subjecting the homogenate to low-speed centrifugation
to remove cell debris;

(c) subjecting the supernatant from step {(b) to high-
speed centrifuéation; and

(d) precipitating saxiphilin from the supernatant by
exposure to ammonium sulphate.

The method may further comprise the step of:

(e) purifying the precipitated saxiphilin.
Advantageously, the saxiphilin is precipitated by
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exposure to 40-60% ammonium sulphate. Prior to this
step, the pH may be temporarily reduced to 5.0 to
precipitate some of the non-saxiphilin.
Typically, purifying the brecipitated
5 saxiphilin comprises the steps of:
(1) redissolving the precipitate at pH 5.0-6.5 and
centrifuging to remove non-saxiphilin molecules;
(ii1) exposing the supernatant from (e) to a matrix
to which saxiphilin binds, such as a glass fibre-
10 polyethylene imine (PEI) support matrix; and
{1i1i1) eluting bound material from the matrix under
high salt conditions.
In step (iii), the saxiphilin is typically eluted by
NaCl or KCl at a concentration from 600mM to saturation, in
15 Dbuffer at pH5-9. A number of different buffer systems may
be used.

Optionally, further purification may be obtained, for

example by
(£) Chromatography on heparin Sepharose equilibrated with
20 100 ml 25 mM sodium acetate in 10 mM MES-NaOH, EDTA

(pH 6.0), eluting with a gradient of 300 to 800 mM Na

acetate in MES-NaOH, EDTA (pH 6.0), and
(g) Chromatofocussing on PBE 118 resin equilibrated with

25 mM triethylamine pH 10.5 and eluting with a

25 Polybuffer 96 solution containing 8.9 ml Polybuffer

96, 1.8 ml Pharmalyte 8-10.5, brought to a final

volume of 250 ml and a pH of 8.0.

Polybuffer removal and buffer exchange can then be
achieved by size exclusion chromatography or desalting on a

30 column, such as PD-10 columns from Amersham Pharmacia
Biotech.

The arthropod species may be any species which
produces saxiphilin. See for example Llewellyn et al.,
1997. Preferably the arthropod is a centipede, such as

35 Ethmostigmus rubripes, an isopod, such as an Oniscus
species, a spider, such as Araneus. c¢.f. Cavaticus, a

Xanthid crab, or an insect of the family Clopterygidae.



UHo ~ """ ~~ x HU=~aU .. NH>>H ' XcCcC OX~X~X~XO7 7, COCT CO T
c ~Oa ?, CcWw PCT/AUOL/Ad> WO 02/.18h71 - 6 PCT/AUUI /ULl f~US The
|nC|denceW@ﬂna&gal bl ooms appears to beincreasi ng worl d- wipggs Boaghp! Yy as a
result of increasedeutrophication of coastal casters and global warmng ,
andconsequently the incidence of outbreaks of- paral yticb5shellfish poisoning
or of contam nation of shellfish orother organisns with PSTs is al so

i ncreasi ng. For ex o} v l e, i | aysia,
wer epoi soned and sﬁﬂ$¥§ éﬁef?ggb rgﬁgl%gg% $§ggf§%r§n§§$ﬁbpgggflflsﬁeries
in Mani | a Baypreherphili pphnestigre &hbsénesf or Sesiehal inpArAs; thife

. people were pahsangd And EbMﬁaQHb&rﬁeéotBehQE}Pét% bﬂna\aﬁbw%@naﬁtawe
andshel I fisherties were closed for several nonths_in ear 2000_i n Cape

Cod and SouthSRﬁPﬁ§UfBétﬁubncth%SLﬂftEﬁgtgﬁgsfaﬁiﬁysWéFhf SHPAY2BACt he west
. coast of tfe N@E&hlﬁysl amﬁeoérﬁ\l&ﬁ\bieﬁ aad maﬁvehee@edyl PeMaya2800ecassed
theresult of %n al bl o mhiﬁg was appﬁoaching F ogrcan é pEedrngasel
beds, which pP8dG& Oﬁﬂ§§e 8 REPehERERS%m | P BRCGRABAFTS CotFand
shel | fi shing was hanngdahpluneye2080f andabhooas Eeahlag aoHemébépbes of
paral yti c20sh h hav C a a; .as
the result of%go%kgnpﬁg?ggﬂaggfectg & EHSE?ngoggﬂHég éég Eén %gg%ég S
aquacul ture saPH¥nEREEES -HaSts opBd. 4tnﬁaﬁﬁﬁéaPag OlhthEDEﬁlﬂed St at es,

appr oxi negtel y1&59@5&@5661@»4%@59@5@%nabI ofiMofipsbebhihshahaveymccurr ed

i n25t he | ast decade, with closures %f shel | flsﬁerles of ui % %%elve nmont hs
resul ting: cIB@@P&%mﬁthhFéePQQHYs 4¥85EEEr r edU i h2Bo¥e2Bar PEEERTSESL | and;
in Morocco, I0s&&9ﬁekog&aaeeﬁlerdhedpaadmaéemeae admhétedwtepbeapltal

al nost 1600 peo een poisoned in_t Phi |l i ppiL.ne e

wher eas virtuagpgrﬁ%ugﬁ hOPn ?deﬁ88vﬁghgn5§¥eE$e Eg%8¥%e g 2 géln one
out br eak |n Imd|m1nut$997foséveadebyle1dhedpeédocaeteiédgﬁtued ed hospital,
and the by | ngsr i nphhel,8ssn9f 25 P0$ 0 0K hiah-

1000f am | |es Pogtzﬁgtgpyﬁﬁﬂkeggu hT%%eSngegngo? a s? W}n?obﬁgtand
reliable net heaeefi Gepééﬂﬁﬁgaééﬁeawewapeoﬁreﬁeﬁaﬁ-hnééa@}aﬁu §Hf§r9696ea8§ed
for human congupREOA ti @oetfn_dﬁmr toVﬁ'{Q:Ql’Zéﬁl];Bl?cﬂcesgltlgPCT/A U(11/01 (r05
met hods which are cquentIy avai | gble are not satlsfgc% esting

of shellfish to enstf§ Fhat SLBRPECpPBGHLE 1SIBEEPRGE OPHS PES pl ace
is required (Math@sDndoandeabkerbylgaﬁpbaeupnenﬁlglashef@bt¢ efithciaBhky
endorsed h et it i ppr t
A5500|at|on ogﬁ%fggbhéfggnaggpﬁgg% 02#1s%gg(%gA%gxsgf?cﬁéﬁgn§¥ﬁoggmoyal
anal ysis, sectifonh85@EGE LY, dlﬁggmngTtha§QQﬁﬁﬁe§nlHF@&ﬁeVﬁFdﬁ@al i nj ection

of mce with an HO pgxt &aettaetdpegem hahhy eyl Beoﬁgéﬂl $A% 8HeRc@%on of
shellfish, . 10 and ohservation of e t%ﬂp frominjection to _death (Somrer

and Meyer, 19¥PTSHuNGéPPortde T@gﬁ?tl?hé g&enfisea o ifPoltalédfony of

m ce whi ch ispregiloarslly sleaadabddisedleaelilyan sedsDbiliet 2000 ;r deercdéiyga BOXI N
SaTR! oS 0GR oW MiRhaRe .l Hhadpae ilan afeRt DaoGa ke hebieen S and
7 15 m nutes. ThHeé assay’‘is in ex en , and is at

ri sk of bei ngnaddivalsittied dsbalreslihe @Eraﬁmnﬁklﬂéﬁﬂaﬁé ﬁ@@uﬁaﬁldﬁ 1 be

particularly g cQuURLries 3uel aapkhe Eyhapaannbien, sihsrMether! aads and
Germany. O even greater concCern_ is that _the nouse_bi oassay assay has a 20

sensitivity oﬁh§m%}U¥8@ESGe@tS¢Xbﬁlf (§8ﬁﬁ§dﬁaanﬂohﬁhbéPF?h rgEaPLeadRi s
llack of sensi tiijyidsprieeansaplal atbear @yle% angelneymiti skpehat, bavelosighf PSTs
sufficient to gause tOXICIt in huga n%% no% be det ct% For exaqple
children 7% th‘eﬁﬁlﬁﬁﬁﬂ¥ﬁk Y78 GFed®as thEFESGFTE 9S8 5n%0P
shel | fi sh when imeuskedetidealti Byebitoasday needdifoat ed thaymsitekl fiesletdont &ioned
only 40 ug ST / 1 shel} fi i S a 00 ug when
takes into ac?:ébuﬁt%gal%ﬁtlor?lh 3 gggbﬁrg%f% ﬁ%g%%%gng&%s g%§8g§%e||f|sh
This | evel ofku@wﬂ@w@@heﬁ-pheteagedasntﬁ@mdepebﬁﬁoway'#Ptfﬁ§ﬂlﬂﬁ@tﬁouse

lethality biogsgay. YAy abl em Basahed tsoiabberphe ke tdeveheplder native
assays, based on (a) etectlng t he EJesence of intoxic tlgg_organlsns 35 by

blologlca$50bs%¥w%ﬁ|Qﬂ$ @) thEssi L Gdtte ARG PNGT Ysuch as DNA
probes, orf e _f'.[‘il%/ 1&1&1&@9 saE%bAuiallofflbtﬁeﬁsn{rehtdehﬁm lalgsbhe |
presence o tOXI in mar i ne i ochem.c ANysiol ogi cal or
cheni cal assaf'é¥%éné?a§ﬁf§?€ﬁtdppl%%efigigﬁwg Ba5FTER e Sy §Eage- gat ed
sodi um channel (VGSC), a large transnenbrane protein in 5 excitable cells
whi ch al |l ows passage of ions through a central pore when it opens in
response to alterations in cellular potential difference. (See for exanple
Doucette et al., 1997; Jellett et al., 1992; Vieytes et al., 1993). These.
assays are radioligand assays (Wi gele and Barchi, 10 1978), which can be
adapted to a nlcrotltre pIate fornat mhlch |ncreases the sanple throughput

. . . A NN ™\ Al 1 . N 1 o o



- 10 PcTi.auononmo~ still a need in the art for a rapid, robust assay which
is suitable for field use, for exanple on fishing vessels, or at
aquacultu@%‘ﬁgghlities and which detects a w de range ofp§{ﬁﬁm1@"%£ Wi | |
be clearly understood that, although a nunber of prior art publications are
referred to herein, this reference does .notg constitute an adm ssion that
any of these docunents formpart of the common general know edge in the
art, in Australra or Ln any y,..1 T, NV | ON
According to e gécgc ﬁﬁgg?gggg %nsgn X§9§Pﬁgrecgg %gg%idggga met hod
of detecting andmpﬂeneasueshgngheaaﬁﬁuquabftpapﬁlyatelshev$p¢@hedo&©nb€PST)
. present in a éénﬁgﬁﬁhsteao r5§§g9 bmeoﬁeepsFef eddmpioVi #h89; 891 heghat ed

saxi philin, or a fragnent ereof which contains a_saxifoxin binding site;
2) contacti ngSREIRPEALRhBAYaREI 60UPHET) LRpas GPERGOhENEPHECOFUPRTE t o t he

. isol ated saxi phkkhnmagndnear pel ghtregat he anedntnaf obi adeage dfeei ther the
presence or absence

g Psgs |§ %he sanplg or ﬁr h the PST,concentration in
the sanple. 28PFhBTPSSFEPEISURRFPARIFN, EBF FPAGHeRIPPREF ebF, pﬁﬁge%elﬁoﬁpled
to a detectabbartabebeoadEpﬁebiEbsedtoachmentidosapppringehe et eptabbe

| abel may be a urtabl Iabe I ers y son
skilled in theﬁé% na “he™ cou ? %oggggglrg gHEQQE cg2§§gggnvenient
manner. 30 Inmethgdshenaaspepbrbs tﬁelpﬁeeenﬂernyenpeen phemedes provi ded
met hod OﬁiﬁeaéHEhQQtEBemQEQHEEsOEuEﬁrQEYBbSr6Q@||EF§Qyt95tﬂv£€§§) present
in a sanple, conprising the eps a) _pre-trea g filters of _a
microtitre 35MALFEFEEEI oRRFPAEENREENLIGSpoIYEEEI BHIrEB}I8ddPAGY BT KePRedBf

the plate a kngwnaaﬁaenenefoelkahelbeeysa&lpeeaen egMpr tshnpeasliselat ed
V1 O 112/~80~§1 - % /AUlll /U 1, %EUE sgxiggilig, or, a fra%gﬁnt her eof
whi ch cont ai n§¥8™s 5Rft XA B KdlPRGSST ¥b&F PEF G Fh"a “Befettabt eV RuFREr ,
and a series aqtgdil-Gtilonsfohcidt enicak smspentedttatednpalSe paral ytic

shel I fis oxrn i t' h o] nt permt
bi ndi ng 2% any para%g%rcggﬁgg % & é??%ggﬁgée% #L% ?#g chPs

saxi philin; (nyeésmuneﬁyngurhé1e@ﬁ@ent@aMfbeaenrﬁerme@hpemgh theasFpyepiof
the well to rgmayg-semengater9hhesuifetban kabekl ednsaxinhtbanwand
conpounds bound thereto; (e) rinsing each well and filter to renove

resi dual unboBRdSconpounds; and (f) measuring the anount of |abelled

saxi philin retai nedvayerheif shieaplé. Boknumhiﬁh the degageooftbendi ng of

| abel | ed xi phi_kLi.n .when co t t

anount o#ﬁgar F %ﬁmln 8Pl 178 ePoxFﬁE%Beggﬁ 8%h§%gpLgnggF8§ 8% p%e
aspect of thetpsegentexrtnraemr onrt heraepﬂe ﬁrr@mr @reatehrat,esatseahsaxr éhshr n
coupled 1o 2 89l LdrS4ARALE: 2Bokhcd @hblhaQUaeQerlaegeeedofs&he present
invention there is provid an i sol ated saxi d wth a

det ect abl e IaE@PtaWnnétﬁGrﬂﬁéﬁré§6ecﬂnvﬁﬁ§epﬁ@§ﬁ§| §HCPr 8Vi BRS1USHEL hod of

i sol ation of aﬂcﬂﬂwﬁbbeBhQUinéhlﬁﬂlbbﬂha@@ﬁbﬂbslmgckbgcaﬁl&témga@fsuéa)
honogeni N9 L indi vi dual_s of % 2 groduc n gtgr od species in a
physioloé%cal SUFF8W988WpPﬁ§Fﬁa SF t e8§&YFRRPDIY. ubjectrng t he
honbgenat e t odiowfdpged le¢rtr phdgaheod 186 ; torr@nUVeréell Beblpgicad)

subj ecting the; 15uae! aaAnks! <f £OBLSL eR, Rk be Bhghsaesd gentEhtugahipactaad
(d) precipitating saxi rom't he supernatant by exposure to ammoni um
sul phate. 35 FRe enééeﬁapgférenePS€oﬁ9rﬁ§eleﬁe Stepabfr EEYPHEFI f yHAG t he
preci pi tated %@Xﬁghhkh&g ﬁé%%@tQQFQQSE%,shE@e%%éGPBE|antém&ﬁaeh@htaked by
V1i-' O 02/ 481i 71 - PCT/ Al ) g g Eiure to 40- 600 anmbni um
sul phat e.3®ri ¥AEEE FHP§ L8P PN BABRIREGIBE Peffor RPPPSr elllEER TBY5.0 to .
precipitate semateﬁntmesnenveatihuhenreI¢asealby ther bflpbrgotrbenisms,
precipitated 5 sa phr ML se eps of r g the
preci pitate at“pH % tes ent?rfuégng Sam%eéﬁoﬁgégég%éhgin

nol ecul es; (|Bynehgascngswhecgupeenataﬁusbdonf(a) to a matrix to which
saxi phi Iin bi nds, %%Qsa%a Q%a§§tEEQE%91?rBR' yethylens bg‘E€s€B§|hs§H§p0rt
matri x; and (|||) el uting bound nateria rom-t e mat ri x under

condi tiomS | ADSt GHLEENLE, agieossx PEhricabid igy sPdaeny i epaeé6r591Maeheor

KA at a COHC%BU&%kkO&sfbQ”b@Q@ﬂBHtOsiahér@bkgﬁoﬁlﬂ is Bu&EeptableHﬁog A
nunber of different buffer

used. Opti onall t her
purification AEFEEESHE erf% faﬁﬁpglﬁﬁoPﬁ) CQP&ﬁﬁpgéﬁgpﬁb on heparin
Sephar ose equi li brated mnth 20 100 M 25 nmM sodium acetate in 10 nmM
MES- NaCH, EDTA (pH 6.0), eluting with a gradient of 300 to 800 nM Na
acetate in MES-NaOH, EDTA (pH 6.0), and (g) Chromatof ocussing on PBE 118
resin equilibrated with 25 mMtriethylam ne pH 10.5 and eluting with a 25
Pol ybuffer 96 solution containing 8.9 ml Pol ybuffer 96, 1.8 m Pharnal yte
8 10 5 brought to a frnaI volune of 250 nf and a pH of 8 0 Polybuffer

Y T o -



5 There are various specific methodol ogies for carrying out assays of the

i nvention, and various preferred enbodi nents of the invention are described
bel ow. Imwgn@“gﬁ?odlnent the invention provides a nethod pgr/RA$HIHHI the
amount of a paralytic shellfish toxin present 10 in a sanple, conprising
the steps of (a) pre-treating the filtersof .a mcrotitre filtration plate
with a polycation; (b) adding to wells of the plate a known anount of

saxi philin labelled, with dete r 1 i di Lutions
of materi al susEE%FeaOPom%%n%%iééégégg ?g E%gng§§h§?§§%%§§E§% |n%ubat|ng
the plate forpartimelsulfiesienable geﬁnﬁntbnﬁdthgtoﬁtthéSQQréhythe

. shellfish tOXhethgdteﬁd§§§éahb§leheZnggzla§Ebﬁatfneft@ela@nteatﬁtetaeach
wel | through the lter o Il to renmove conponents other t

saxi phi | i n anghedissandsaBelKdOt hefletlS2 - (e) rinsing each well and filter to
. renmove resjdual unboyadecarpovadsouandpddifi} neeBUEbDggibe @BpPUBhreling

| abel | ed saX|§h|I|n retai y.the filter, i,n which the gegre of bi ndi ng

ed b
of labelled s %lpﬁ???ﬁsmﬁg tESnﬁEVSHLnPPh §n8o¥FF6Pu§aﬁﬁ? cates the
anount of parembbddmeheblbfshhboxnneptesenarendehersbeﬁlbe 3@.Preferably in
step (b) the Sa”p'eFCO”Rr'émBoélﬁgkte pb0; ABL HF?&n ﬁ bﬂd&Qe FA0gH ? 3¢l O
9, and optionally al'so conprises or| e ¢h a5 808i Um chlori de
or potassi um vkbenirdeg phesembuat afcenpemelztiionsbpli&isbofviimypireakhy

the totalqyol ype_pLeseht |g Lhe; g@h k§e501bB8s38£350. 1, preferably 100 to
200. 1, nDre prefgra%ﬁE O B l bp &g) thgslncubatlon is carried, out at

0 to 30C, preﬂéﬁab|yrartreeﬁte@nBEFata Eerfopfap PESEPEIDTRI AdLEEAtioND
U2/-481 71 - 16 PCTHAREELLUR §U§oubeatm6ubatlon |s preferably for 60 to
120 mi nut es, re preferab 0 an continued up.to about 8
hours. In steggﬁe) Sﬂénglhée ﬁ&g] EP? E%g Ugl OgﬂyagﬁPPSng sol uti on,
such as a solution bakﬁpheﬂlatlahelsadew1t5 pkﬁasetbab$Eematb¢r Aasﬁngle
rinse will-usually guat e I ' to
S Times, 105 pref cPraat enpod iaE ek R Sy Aot tisea=htP5Ea oPhAREErE 50
~| containing 20 nN@NEP%yNaGHSPSHlfléﬁ tO%@O 10 nM Nadl, and 1 nM | abel | ed

STX centi pede ( %2Xlpnhtuﬂaegﬁ@rehegptateheotnxeetmensaﬁglemea@atbo e@hiE00M
tenperature (-- rior to as L alig through the filters.
c

Vells are rinsed thPéEdﬂPﬁegfmFgﬁ PBALYFE £8P, E9RENosPi At amount
of saxiphilin may reastipyildnbe determ ned by routine experinmentation. In a
further af&eCtFnthe '§ entien EEQV'ﬂ%§e%t§'8ff85cHE%§Hi'EﬂrEﬂghaﬁﬁant of
paral ytic shel i sh®oxi i ina sa mcrotiter plate;
20 (b) saxiphilin aééatdirngft bhehweildvént kenoveabenpedentshoghdest sbeabl e

marker; (c) extractisgn; Ryifgrahar expbaabsngolBbechaketg;be . tested from
a sanple of an organlsntor tissue to be tested; and optlonall 25 (d) a

concentrat i ng (f8ans TE8F1REnEBAPr WElAg2Par ALYEFE SReFFRPYR 68?%§H§1ln t he
extract or renoval thQQﬂaaabmgahﬁdbhahnaay interfere with the assay.
Preferably_th oncentratin ans_is o artrld e-conpri si.ng .a
solid sun%%rt?ﬁgterﬂgﬁsg5ﬁ gegﬁFoagﬁuBErlg gggggi éhﬁﬁtﬁp l%&rg?ﬁ5a§8%9he
i nvention. Accordi npyt the stikkrfurther aspect of the present invention
there is provided a;deyhGenf Ohe STRasHE b”gftBﬁnﬁﬁHB”EfoﬁagéFﬁbﬁt%%x&BE%hFhSh
toxin (PST) present in a sanple npri si ng an | nmo I sed saxi

or a fragment vhisar SOMDRAREENWASHE i FOTETSAXPEBRILE BRAIFAGSSI Foe neenetf@ﬁ

i ntroduci ng apsanhe ito sh@'ldfllﬁﬁoQbEdlﬁegres\éH@ Qa?z/ tH8(kddplrel7 _ PCT/. 4
Ulill /111 saxi phi lin f.r agment khﬁﬁﬁ ns for neasurlgg Elndlng
of PSTs cd talned i rﬁﬁ§r§3iﬁlént CERi d°} 8|FF§8 esSRIBR-FER, 2oPUfF§gment
t hereof ; and LHomeansithanh ¢arhel ahenganbe anmsunb of hhnddopgiwnbilgi theo t he
presence or absence of PST th _RPST entr tlo i | e.
According to 59&Pﬁlseﬁu9tﬁ§ 5§p§c5al§ %ggﬁrgse% |nveEPF§%l?%gBe is

provi ded a dewiotesfsoumeadoridg t@ees@naneana chnpanairptions @l o S 0mdiki n
(PST) presentxygleaatgptﬁe eeat'%b&emeaeregene'1hseﬂeP§£11neen%ofter

i nt roducin a Sa 0 sal i nmobi | i sed means for _neasurin
bi ndi ng o} saéﬁﬁw#hunreéerabﬂwaéH@nFOtRQPéét nﬁrehpésﬁeéenéyalégﬂﬂtoxFﬁ

bi nding site agded (9 EMQ SARPbA thers disd chrrelidl beedalbST; tandoreans for
correlating the h_ b|nd|n Wi th either .the ﬁsen e ,ar absgnce of
PSTs or with ﬁ%?%%%a% Hb@ﬁtF&FFo R SRS U SrpiFeT ?gp'gﬁﬁl n " INVEFCebr at e
saxitoxin is used and this has advantageously been purlfled as descri bed
above. The device may be a biosensor, and therefore include nmeans for
transl ating the binding event into an electronic 25 signal. Advantageously,
this is by a detection of the change of mass of the protein upon binding.

It will therefore be appreciated that, since saxiphilinis a relatively
| arge protein that enhancenents in the sen5|t|V|ty of detectlon 30 may be

e Y M o o, .



PCT/ AU(11/1111(1S incubation of glass fibre with 0.30 PEI in water solution
(v/iv) for at least 1 hour and renoval of the PElI by draining or aspiration
under vacyy e philin was eluted fromthe matrix using pahgesaldos W th
the saxiphilin 5 typically being eluted by NaCl or KCl1 at a concentration
from 600mMMto saturation, at pH 5-9. Furtheg purification was obtai ned by
chromat ogr aphy on hepari n- Sepharose equilibrated with 100 m 25 nmM Na
Acetate in 10 VES- 4, EDTA (pH_6. and el.ution. of 10 s xrphrlln W th
a gradient of ggg lﬁﬁr&&a?&ﬁ?&é@?éﬁé%%ﬁ tﬂaéHO EDTA FEH 8°0F. The
protein was spbpée&edl&o9@hmdmatebocb&$in@nobePBEntlaueésup equabbbmaBed
wWth 25 mMtri | am.ne 10.5, | d th a P e tion
" containing 8. 5%#?%p0|1%uF§§P 8§§ %@%n? S%?%h ? f§9§%?g hg 33%%§r0 a
final volune efnza@lm seddtdopk sticd. @s Iaolsyplﬂm*fle’rl berfrﬁealedaﬁd bhef epme

. exchange c@n bheasbe:oacelt%e%by smzelamlelJ%lla@ecquriahegaaepyber desal ting
col ums) such as PD-10 col uims from Anersham Pharnacia Bi,otech. 20 Exanpl e

2. Use of purPPEEYaSEi PRMSVRYI n e§§§ayeéﬂ-Bsa§H@§F@é1¥e§ﬂn§?ﬁlpstené
di agnostic kitifwess.qualitative detection of PSTs using the purified

Sl i e e S S ARSI A RE e ReckrE fakad®es

band of . saxitgmﬂmma el Ehdnbf cohteinohipd 2tatM XMORPNAGEY UsEng - &) nekiiéd
known as ' r| Thi ynq? se Xi in he

anchor for |edi§U s%ﬁ? hi fﬁ&(dgg%gﬁ%ég g?§m1C§§@F§gPF @a§& %lﬁﬁe
"printed" sax@F@ﬂﬂdlmq t e nﬁbﬁfr@d@ﬁﬁ@%ﬁﬁllﬁnﬁs ﬂHQﬂh%FM%mndato & OPST

froma test sagplRrather it-omeb) beunaplgeitophisd te a@f;h@&%gons@ﬂﬂo%'hn
and will continue to fIOM/gpreventrng colourtgﬁyelo ment. |f the t

st
sanpl e has no EpsTE L kR 357 Hes ndHIff FéaSEai TS F Wigs Wt v %80Pﬁ I5&nd
of "printed” zaXid axdter forrhagoptiauaureianotor Toagbriel aie Aagolrewaddy
spot upod%? ?F gf %% Ehlllﬁtls%xlghgf %ﬁh% go%hdgated WO 02/8Grl -
21 PCT/ Al I FB‘ i 481" "go1°d BF ot 6uréd Parex ni crobeads. The
principle is that tﬁe.eoﬁhamdak gspdctantMRtenyehyleoIQupeddeeagehut itor
aggregated [ Nb.3,3A0k O QUBuLe Lfe HuAExe e A0e eelkuoaked

saxi philin bln s t I Mo ised on 5 to th nbr ane. | ows past
the band of pPFRAFE® sHAFEESARTIt will stop and aggregate or contrnue and
not forma band)vi sizbk@ ckottiRerhgnmamegye. This is illustrated schematically
in Figure 1. Thus this .f of assa id ualitative ! / no" ,assay
for the d%ésed% ofsf§l§%?gapnaﬁcgaﬁﬁg ¥fh§%reégngFﬁﬁnpr§9P§§§e§ H&g i ve
control. An alternat detappabdehmaskiea;use a |iposone encapsul at ed- - dye.

Li posomes provide | n5l3nt208us,eRRanGeaeaL.:,a0d ;i3 facanstderable
potential for auto assays he experimental systemis a conpetitive
receptor assay and &essiest Srem a wREWILEg Ofedde Rt I8BASHI AEN§issue to be

saxi t oxi n/ bi oti n-t ageeddd;pasemestwchi1ent rapped dye and a plastic-backed
nrtrocellulosedztrrp t hat has an |nnDb|I|§ed 20 saxi h|||n conggtrtron zone

and a | i posonddvi dPn CORSERE2LIRE MRART L9 EPRGRS GﬁéﬁgepF ¥té2). A
m xture of the mnck&hglﬂéagenpoaedna damhe eontaich bg apmonkiowi quantity
of PSTs is all owed tQ I t IR ary _acti In the
saxi philin zone, conpe @%ﬁﬁgngﬂgt QS?ﬁE%g %%r% %gt%ecéet%% ggeurs The
unbound |i posones, ﬁﬁ@ﬁ@ﬁﬁkdwawhﬁoCpﬁ@e@ﬁgwﬁundfm@éﬁﬁt@ﬁlﬁ celuna oanpl e,
are carried i ot idd RO sGRBL W & ARE aMb%ro%tt bexahig1cenegng@ted. The

color intensity of the saxiphilin zone and thé avidin zone are estinated
ei t her vr%@alpyn%'H@ﬁ-@@“§é@dﬁ#ﬁgad€H§‘16%%ﬁ¥yth?héndﬁﬁﬁﬁpnof i nobi | i zed

saxi philin nmust be agddor@iag ROsS |§|th110 flu&ctrheacses@ee&l 'blfVItIh)é beeBehs, but
sufficient to, aIIom1vui§§€1 et.ection., éL ones p cal .m gration
assay requires f@op§§Vﬁ éﬁﬁf e&ﬁdr§ﬁ§UF % each

t he ppb detecE@mmuhem@ pardhyﬂicth&mlﬂﬁumhnﬂnxin d@GHespmﬁdeng tiea BSTs
detection I|m ange. Liposones are highly stable Vi~' O
02/-481 71 - ﬁﬁ%ﬁ%/ggﬁnﬁ¥q P%f{ C(15 nol ecul es that can be stored at |east
one year &% +4C and age\igmebifsrels saxipbdmirenper at fregnehits thesgpfwoul d be

easily usedym &P Jdrld de3t isRG: tW:liROW: RN SREGAlI equi pment or
technical skills required. The kit woyld 5 include speci.al holgﬁrs faor the

i ndi vi dual strips, MFYaNH éﬁrbdéﬁFﬁﬁ§c&P€'ﬁr§@FE%& F@rsééépﬁ@mﬁ Li&&Ci on
and optical readout. Tris |low cost saxiphilin mgration sensor allows easy
and rapid screening of environnental sanples and constitute an unparalleled
and reliable tool for the PSTs 10 risk assessnent. (b) Mcrotitre plate
assay Establishing the assay in a mcrotitre plate format allows its nore
sophi sticated use, and enables quantitative 15 results to be obtained. One
preferred fornat |s a brndrng |nh|b|t|on asay. Saxrtoxrn |s coated on a

e o, — . o




PCT/ AUUL/ (11(Ui 7.4). The flow through was collected. The colum was then
washed successively with 5 mM of the followng Glth each sanple collected
separ at el yp 9248 wash 100 nmM HEPES-NaOH (pH 7.4) 5 3rd wash 18P rchs!
HEPES- NaOH (pH 7.4) 100 nM HEPES- NaOH (pH 6.0) 100 nmM HEPES-NaOH (pH 5. 0)
0. 001N HC1 0.005N HO 20 0.01 N HC1 O_D5UﬁLHG 0.1 NHAO 0.5 N HC1 The
eluted radioactivity is deplcted in Figure 6. 15 As can be seen, there are
two maj or peaks ofh ;dloactl é g %ﬁrst elutes in the first fraction
and i s essent PartyPhAbBund by “EHECESI GHR“CThé second peak is el uted by 100
mM HEPES- NaCH pH 5 Deaflsi fbat mdasaxihoxbindongaphsPETeecotnttinadain she
. these two pea e.te o] Vi rj ir
ability to blﬁgmﬁgétﬁé %aggk%gﬁﬁgr%ggghogéQigpgggélt%¥|?¥aﬁﬁﬁipykﬁgggggdlum
channel and saRrfiphilin. Measuring biological activity of eluted peaks form
. 25 saxiphidin col urmegﬁgdfekoeérkalahgnﬁsgﬁa alﬁsgnwea@ pDRdi i ghepnel - 100
mv MOPS- NaCH éEH 7 4% 100 mM choline chlorid | of fractions 1 and
5 (wash and fPF5RePHERSAPHESRRCEHOE. B ﬁﬁ@ﬁerEgpgé?ﬁv@FyyltﬁopsT rat 30
brain vesicleaoﬁeeharatmgnsadlunbcbampebs in a final volune of 250 ~. 1.
Sanpl es were done i icate and gative control n
excessi ve anmount ofﬂﬁﬁ? %%P?e t%t?gag? g hes 3?88C5e9 th% ?%s%%Fine
specific | evelisvehtany bhend 3k STXv38eSaxi ghiviica: £oO0madEMOPSy NalDel ( pH
7.4), 10 I 0 r n n sh_and first
R e s L = ey
(12/8Cr1 - GSawnﬁﬁAUOQWErEElééntlpede saX|ph|I|n preparation in a fina
vol une of 250 Qll. Sanphespehgegdoperin duplicate and a negative control
contai ni ng an excessi ve apount of nl abel | ed saX|to cin, was al sp perforned
to define specific PeRPsIoF aRYTBOBAU SR 5SEEXI 18018259 28Rl HeRdat i ng
that the radipattivity was tritiumunincorporated into saxitoxin (a known
property commer c plLi T, can be seen in Figure 7, only
the pH 5.7 el uted ﬁ%§é$g §§gd|8§% |V|$ g%?%ﬁ??he cofumm l%f%in i ol ogi cal
activity ie |ir@gmeutbtharegftWE1PMDCRnoﬂmnsaa|sexunoxenepnnd$ngThetpH 7.4
peak did not ggaLai poapkeSHaR ROkagLERL @%bxﬂ%sgw@g@t nga a mni mal
anount of receptor bindin FIVIt In the saxi |1 n assa Stability of
colum after initiafe#fea ﬁ%nF°¥$? pting Fhﬁa?mgu%N P@Jb%ﬁ kg twetRol um
was washed Mﬁéhtﬁ@rnthé0§r€EbHEBE8rhE5kbﬁ@H dedpsandost Qied ogerni ght at 4
C. This cg unm_was %QPVSH agdtﬁllo to return to roomtenperature and
t he above” el utto exper%nen% was rep@%%@d and the profile shown in Figure 8
was obtained. As cafybécsdéy, athéngecbarpeaksakibekiviiy hasdsmdtediso be
el uted by thehégdaéﬁ@éﬂt&%&!a %Eﬁeéﬁ%é E&Zd‘%s“@égérﬁw 595\9 te
degradation of the saxi ese s were not teste i ol ogi ca
activity. Thus it wipe %vaﬁﬁr@éYab@datlﬁa@sg%%%m@nﬁ eharptobeuhecteda
sol i d phase~ Cﬁlé@fmt pgraphynkestingUeheaBiREEh§ avenEMPhageaBi as4pPPebhic
medi um 2”% On s colum saxitoxin is bound by the saxiphilin and
separ at e roﬁf%?ﬂ r material (eg free tritium), then the saxitoxin can be
eluted fromthe colddvemtaheptkby(. thhe Etubpdasaﬁtéoxi@nr@fatmé dhahegi ca
activity. Tre h i . de h . nke
Saxi phi 1. Nob Shesi P ot 2e BrpPait P ia . by Phnast cpetfr s ot
not 35 appareﬁPPrﬁﬁlﬂﬁﬁﬁ beagppaiefae F@X%hblbensbﬁ @kt&l@ﬁlVﬁthbaage t hat

while the invgpbiennhasnheerndanethbgdsi DnSERE Qéﬁéhkwlw 02/ 8 d-PEIAA
U0l /01 105 for the purposes of clarity, and_understandin vari ous

nodi fi catibns™aKdP %I?%PéfVSﬁstPBOPHE BRbBdi FeRTReRRE ﬁﬁtgbﬁssﬂé§%?%%éﬂ

herein may beppageim ph@uideapahatnghéyoabﬁhglﬁcgﬁ@ 8bxi hexiAvieThdVeg
concept dISC|O?§d in %hls 5s i

ficatio Ref e ces cited, herein are
listed on t heSfoft owfhg?phhas! eﬁhdlﬁrgs?achp%+Lfe eh@?%?ﬁcb?t?ﬁ Qh
r ef erence. we cﬂ&rﬁge 81ﬂ1mas§8upbh~bi_ndi_ndj) LETHeatew &5 PETH opdB11i60160,
Anderson D.M (1 T, S 62-68. 5 Carm chael WW,
Evans M/R ?% é& % “ggghé ﬁ%c%ﬂ% %égémE. (1997) Evidence for
paralytlc Bhel I fis %@@%@%%glﬁotﬁesti hilar dhex yaspbatt ef | tae Limgbyaion
wol | ei (Fal | owegxr omongiosoba A0NerA0g! coENvhe 0ondbit fat 3y, 3104-3110. 10
Doucette G J nd Van Dol ah, F. M 199
Devel oprent aﬁﬂrbg%??ﬁ?ﬂ%r?nQéPFdQFFBﬁCB?O% %ﬁd@%%?%%Fl%I%?% %%%%@ recept or
bi ndi ng assay for paralytic shellfish poison toxins. Toxicon 35, 625-636.
15 Fernandez, M L. and Cenbella, A D., 1995, Mammali an bi oassays. Manual
on Harnful Marine Mcroalgae, edited by G M Hallegraeff, D. M Anderson,
and A. D. Cenbella (Paris: UNESCO, pp 213-228. 20 Hall S., Strichartz G
Moczydl owski E., Ravindran A., Reichardt P.B. (1990) The saxitoxins.
Sources, Chenlstry and Pharnacology In Nhrlne TOXInS CXigin, Structure
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wo oa~as~ J '' 1 CLAIMS: PcT~.auonnnos 1. A nethod of detecting and/or

nmeasuring the anount of paralytic shellfish toxin (PST) present in a

sanpl e, SweARkéI Ng the steps of: 1) providing an isol at gdrsawiAiboki n, or

a fragnent thereof which contains a saxitoxin binding site; 2) contacting

it wth the sanple; 10 3) measuring bindi of PSTs to the isolated

saxi philin; and 4) correlating the anount of binding with either the

presence or absence of PSTs in the sanple or with the PST concentration in

the sanple. 180RinA (RSHeU, acompRi ved i @I 2FFP3 Wherein the isol ated

saxi philin, or fragyesyiahesest, ihsosinted saxapllel et adt e | Abmindnt

_ provide a | abelled saxiphilin. 20 3. A rret?od. as C|§Ji_ meds'“]epl aim2 wherein
a predet er ni neRCERBENVRGFRt ARNFAHRF | BASSEXFRRIT BB 3n I tmobi | i sed PST

to a predetermn ned exheattingtihesabsbacsuspeat®STof ncomeasarpiea Bt to a

. l esser extent en _a,PST is esent LD D52 s A hegdnaSfor
claimed i cl %t H3SGher éﬁ“ﬂ"’t’%l?% e?égéélgg}zgrgé?f?Q%?Eé%%%p@%gnsi sting

of fl uorescenthkabsirstochénil thenewoehiliapdl saxéphibidal 2881 d, | at ex

m cr obeads and enzyg%g-gﬁgﬂi 3PuPind PBLhBEuAS pkai AEemi Fhel ai m 4 wherein

the | abel is selectéed from t e group consisting of colloidal gold and

col our ed | at exmnPbiobegds SpiiBREEERt 0 provide a visual signal. 35 6. A

met hod as cl ai ned i Bn¢kajBBowhasei BeauPSd, | ampngnbetetothihgst sorip and a

vi sual signal .is produced V10 i("lél ~HG7% - 3% PCT/A W01 /111 COS through

bi ndi ng of0 t héeFakdfred ARt pAf PRt REFétd 6 Férm a col oured spot. 7. A

met hod as cl ai med i nhelkai tis2abber proviledl abel hed of5isakephfll axighilin

contained within_and a PST_is | bi_ L it hi I f cBnPLAESLLEEER,

plate, and t h&Pd&ge@*6 aégltéﬁbn?gr %F?ggtysh%ggg%% E(s)ignégame.

spect r ophot onpuriié igkation eadépr eFtgachimst kddPagadlaifed! ehléLEPm 7

wherein the P\S.-Br(jiis‘?oat ed onto a well of the mcrotitre plate. 9. A nethod

as claimed in claim3 or claim8 wherei_n.the iagr;obi.l i sed PSTailsf g,xi t oxi n.

15 10. A Wethod as @F&rRedsSi ALEPaPHPYIAREr 8Pn At 581 BP&8 48%i pRilin is

i mobi | i sed oR o ce@ltrd tSURROKur iflcahivet kodl/as exaivmed ion cfaiprr2dyHRAST ei n

the solid 20 suppart, is a test strip.. 12. A _net i 1 | aim 11

wherein a | abéy BiRTE = 0 SORE S Sorat eaéln?as{%ﬁ%ﬁ %i %Bﬁoggqﬁrfgggt erm ned

extend in the sabsendd iof, aPSEagmertte tdamsicd, Which ¢oat2E NSess SPFEHEAT

when a PST is.present... | A5 j @i m12 wherein the PST

I's saxitoxin. t%@%}jﬂ;t ,El#get r@&l%gtser&gﬁzio?%edgoﬁnlr%%é{%o% wherein tge Ivabelthi S a

| i posome 2Acapsul at Sdviypa agieon s3I A G SR oL FPRRS Ghe S © 3?551?. fgomythe

met hod as cl ai o e i dn ikl Wiereidlddierab ddposene agairdgenaldrptide -

bi otin bound thereto. V' Q 112/. 18671 - .33 FX /ma%rli%eé- | /111611; 16. A

met hod as cl aigfdd-¥aFsd é?arﬁ%%ereﬁ%xfa sarrpaie or analysis is carried

first through cnrhormbsdtyseckl lisadehivdre o amdwarany lanidso Seif acdptcur e

zone conprisin vidin_ 5 hod. as claimed in claim1l wherein

bi ndi ng of Pséq(?omfjhreaﬂlesocjf%%ye@dggil philin is measured . , .

spect roph@bonet ri calfar thee IBirpRans fd Est T RIRE IG5 Mt Wiedr 8%

bi nding of PSTs; 4o 1hedsolatesh sand phild nedsa meoshgetb inp deianting a
change in nmass or refractive index upon. bindi n%.b 1‘3& @tg%}?r%)gr@s clainmed in
cl ai m 18 whi ch' EMplena Aet iRk a;'c’énjgfrea%n‘b% r eZ8hared ('SBRVSehsor. 20. A
met hod as cl ai veshyhi say ogs of odafespdndond dnevoereg n t he i sol at ed

saxi philin is centipede saxiphilin. 20 21. A nethod as clainmed in claim?20
wherein the isolated saxiphilin is fromEthnostignmus rubripes. 22. A nethod
of neasur g tBRRIBAODESCHIPPECN| 9 i EHENBIGYRES t oxin (PST) present in a
sanple, conprising t S fa - sk diheod 1dt eFisewdd Brom
mcrotitre filtrati oﬁnf%‘ﬁg?eiﬁhé)aécﬁﬁ%ﬁi@oﬁ%ﬁ%%) adding to wells of the
pl ate a known ahovatand ’ér@ab*‘ehque‘dl‘g %gga%]blrﬁl ¥ or a

d
ax?hht | FHETeAPrSi
30 fragment thgreefcyhiChnEoptakasca 6axpEDRIN binding site labelled with a
det ectabl e marker, and a series of dilutjions of naterégq guggq&ﬁed to
conprise paral ytic she?P¥esh 1oxF Pt FheubdT RSt HE pTate for a tine
sufficients3g o 3b-penativhi adhggosotianyeparatyibe shel I fish toxin present to
the | abel l ed saxiphilin;_ (d) aspirati » each; wedt 4 brexgh
WO 02/ 8(i 71 - 34 ‘Aif%l%/tifii %‘?‘?‘ﬂ%% %‘?}%?‘LJ?E%%A@?| D%o rerr%)ve&&
conponent s ot hehet banntabékl efl saRriphPEiAranBlesapashd¥ BBtinB Thereto; (e)
rinsing each well and filter to renove residual unbound conpounds; and 5
(f) measuring the anmount of |abelled saxiphilin retained by the filter, in
whi ch the degree of binding of |abelled saxiphilin when conpared with a
control sanple indicates the amount of paralytic shellfish toxin present in
the sanple. 10 23. A nethod as clainmed in claim22 wherein the sanple
conprises a buffer to maintain pHin the range 6.5 to 9. 24. A nethod as
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an i mmobilised saxiphilin, or a fragnent thereof which contains a saxitoxin
bi nding site; nmeans for introducing a sanple to said i mobilised
saxi phi | i o @Rlgéf2gment thereof; 35 neans for neasuring bippgisi@18fc0PSTs
contained in the sanple to said i mobilised saxiphilin, or fragment
thereof; and WD (12/8Gr1 - 36 PCI/A t10dg/1l1 I1iUs neans for correlating
t he anDunt of binding with either the presence or absence of PSTs or with
PST . concentration_in. the 458 c S Loed. | j 4
mhereln t he |nnnb|IF§88 ?aX|5 |nSFE§%%ﬁ€ gﬁég g%%iﬁ%#ﬁ%gﬁgégg gé%%g% e as
claimed in cl annme35untiece-plalsecnnmrebihesed é&?RphEEhﬁOES from Et hnosti gnus
(fubripes. 1037 A geulee 258 @ g@fteﬁgtgeyreaeegtnfe%@t g4 Lo 36
conprising a diagnosfrc test strip inc an 1 mmobi ['1sed saxiphilin
zone. 15 38. Aaete@iheélatsb@IS@ldrr@@lrlfﬁcél—@ll#ﬁB“Pnf UPEREARES N FERY ngeaﬁoavifarn

. zone posi td oneg f wother ragmltfll%aeq@not)ft Berikest strl p at which a sanple is
i ntroduced than the i mobilised saxip £r~ zone, A di agﬁgstl c test

strip conprising a WEK*Enél d6i ggaa?t}né fHerd E&?l Shilltleﬁ F@dﬂ bi-ViE¥d
thereon and aozom@ef witkdhd expatiteand @f-oth&xampRewdthi n which avidin is
bound. 25 40. A kit _co r| in Lagno I e | ai m
39, saxitoxin- and Eﬁg tFi-t'a %e& gl pogo%éheﬁ%§%é&§atsg§ gj%‘lg {Délﬂgop |8?1al ly,
a buffer sol utradioadLivAtli dsemdols .Nopemsadar FAgUiee 6arrﬁup7t of paralytic 30
shel1fishgoxin (PSEhoREES@Nt d B g:ABRPLACLIABPELS! B90uca0n! BRBRLLLSEd

saxi phili n nt thereof "which contains saxitoxin binding site;
means for int ﬁ@%@lﬁ%lé%afnﬂleéttl@gsﬁeécﬁﬁﬂ%@i IlF]s@éFaé‘%hepﬁl lin, or fragnment

t hereof ; 35 neans for neasuring binding of PSTs contained in t he sanple to
sai d i nmobi | i sed saxi h| | in,_or frarrent thereof; and WO (12/.48171

PC-' / AU( 11/ 11 PEGALLES7 DEgg R 2™i ndi ng event into an

el ectronic si gnal amthecdlrﬂvealnamOmlgwtlhe amurmte déslmrn(meriglm tleteiifhby whg
presence a of PSTs._or. S 5 42.
A bi osens%’ ats)?%gl ai et nlc% qu_ \@ Q@ne}gﬁﬁgﬁﬁg@r@ar S #“gtrl% a%gcgn\k?ﬁs t he
bi ndi ng event angt glrawiglgsct r oni ¢ 5| gnal invol ved detection of the change of
mass of the protein upon binding. 10 43. A biosensor as clained in claim42
wherein the inmobilised saxiphilin is a fragnent of the saxiphilin protein
containing the saxitoxin binding in order to maxim se the change in nass
upon bindi ng. FA&nfhe A Di m&&qrcaasoal alMmedxiphddynone of clai ms 41 to 43
wher ei n thg i nmobi T Sur%l saX|—h lS centl peg %a%(]l %hl lin % 4 enlSln

bi osensor“8s cl ai med5H<l aF e?el N the | P sedb%am r%n |gl NS Trom
Et hnost i gnus ragledipesis 46f Ahdevzleeelpederr@:qusrtlgmdse mnmoiresof ipai 8l yid c
shel 1Tish toxim (P Presenfyl %D%Asa(fgﬁt & . £OMPEI §i NG @&aﬂuw@pbwttﬁe@

PST; neans for introducing a sanple to said |mmb|I|se PST; neans for
measuring bi ndiadgnef FROGBIRT i 2t orm@Xipynefet EhBP eof Suhiidh LYAESrRd a9
saxi t0]>c<l n bi nfbeﬁi}ﬁt@é&)ﬁ%&dﬂﬁﬂ:iﬁ%télecg@er@éﬂtﬁfsmﬁteaaﬁbubmedw% (@nd
means for correlating the amynt o ndi ng Wit ther_the prese

absence o? pSTY! orE’aﬁ%h pPST dﬁhce‘ﬂ??%{:?‘ehnl n the Hhnpf® g Qggw ¢ as
clai med i n cl aitrand nvedréryai su it fhenyRAST fbacsraxdte)om nAfteWOcéﬁlt:raﬂiq;mg the
PCT/ AU( 11/ (11( 4 A dev as c medni n ai REkN
saxitoxin is #Oljmntggegjaﬁtrﬁ OS%t dlggn%(gfl c§t eé St?l p. mﬁb mtg‘ I agno gt |%c tg@t%
strip to whiclrdwaagstiinsed 5 g1d nt e¢nBELugast oséfsor IV ereasdtieng e
amount of paralyld.gsheldd | R oxisubida Q{rﬁﬁeﬂhs's@da SRFPhen GONPI £ SiyAg:

an i mobi i sed PST;. 10 neans for |ntrodu0|n a sanp 0 said, |nrub|||sed
PST; meansOf orcSledbiAShgahrhatRg ofl ki NP ﬁneér a fT gneRt et Hdf WRKS ch
contains a saxuttegxlpnréttmhmédt&addetdm ostipersagphe by s&pdsumevhiol i4ved
PST; and 15 neapns for translati Egh E (%Ld event. intg anvt_ie{L)ectronln%n
signal and cortel at RGP hE™ anSUnt 8t ©bi n r]r(Sl th ¥ het SFRE br eSEnc &°8F
absence of PSTgaxnrphmt:m PSdleondent ritdronthnst h_ce:egamﬁtea B0 Skdisdvilosewsor
as claimed in any, Oé‘ebt&" ?J: f&ti8n4§f""ﬁﬁr gl §-khe 'a?ﬂao@édti%‘%ug%gl %o
saxitoxin. 52.7A ne of puri Picati on of "an~i'nverfebrate saxi phil
conpri si ng5t hel%ﬂ‘e?psa @upwimnm&ﬁf&m@% dardinhidudl s of a
saxi phi i n-produci ngriard hé@%@éné@@@tt efak N t&eRhWSil NG cied Qut_:yflarsschrﬂHﬂeSJ ng
e enate to | gw spe

prot ease inhibitors cting the hono

centrifugati orP‘t]é/er'iméJ]\%‘ecel mjd%%rl (PERL (E)‘gEBBFeCf“iaﬁ§lf‘he ?ﬁﬁé’?ﬁ&fiamby
fromstep (b) to highspeed centri fugatl on; (d) precipitating saxiphilin
fromthe supernatant by exposure to ammni um sul priate. 35 53. A nethod as
claimed in claim52 further conprising the step of: (e) purifying the
preci pitated saxiphilin. WO 02/ ~fiCr1l - 39 PCT/AU01/111C(1S 54. A
method as clained in claimb53 wherein the saxiphilin is purified by: (i)
red| ssol VI ng the preC| pltate at pH 5 06 5 and centrlfugl ng to ‘renove
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30 cyanogen brom de-activated matrices; epoxy activated matrices;
car boxynet hyl cel | ul ose hydrazi de; polyacryl am de hydrazi de and oxirane
acrylic bgadsusen X PCT/AUO1/01605
ACA . A9%. As. A AL Als. AHs. AH . AL A5. AHs. Al's. A5. Al . As. AL[s. Al's. AL Al . A A5s. Al
"L As. A Al's. AHsO. AL, A Hs. As% A5. A [.Al. As[sg AH. Al . ASR A's. Ans. An t:nL45 C
LL(L#. #.????: e & h4d5 & C
2727722 oooooooooo 2229297222~ 272727 X 2X?

hh(h. 2. 227227 e e R S S R S S SRS
(#. #. ?~>>>>77X%#9}~>9059>ﬂ>>2§§kﬁ1?i9>b@wp>}#u$>zzmw»uﬂ1>eﬁ>ﬂdm>>§%§K|byx|x
L R LA L TR AR TSR X S B e R
~X>~X| ~X>X>X>XXXXX 0> >>> RS SN S S SIS RS SIS
(i -375] 225 0m0 8o aabzis 2 ma 195 o411 o] 3{Le| FP | Pppeipiifin <
XL Xk U7 P phebl] bl ot <xes027 78X 22gl el 70

| | ~~0?~8q~~~~7 S~| S?~?~??|?>?>7>~<07?<<?~~~| ?> ~~|~~ ~>~>~>>P~>7~>>>>>>>7>
S>>757>~ >0|<|£¢ ﬁ@pmM to saturation, at pH 5-

Cg }/ (r:”a ia}: ;/]Q]Cg?g] ga] Ca%eah@a[}@méaﬁh?iaaji%] Cap 6 8aBda8alc 8BY caVireav)6al-aBalcal
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10 PSTs in a sample. The test strip provides a positive
control.

An alternative approach is to use a liposome
encapsulated-dye. Liposomes provide instantaneous
enhancement, and have considerable potential for automated

15 assays.

The experimental system 1s a competitive receptor
assay and consists of a wicking reagent containing
saxitoxin/biotin-tagged liposomes with entrapped dye and a
plastic-backed nitrocellulose strip that has an immobilized

20 saxiphilin competition zone and a liposome avidin capture
zone in an ascending seguence (Figure 2). A mixture of the
wicking reagent and a sample containing an unknown gquantity
of PSTs is allowed to migrate along the strip by capillary
action. In the saxiphilin zone, competitive binding with

25 the PSTs recevtor occurs. The unbound liposomes,
proportional to the amount of saxitoxin in the sample, are
carried into the liposome capture zone where they are
concentrated. The color intensity of the saxiphilin zone
and the avidin zone are estimated either visually or by

30 scanning densitometry.

The amount of immobilized saxiphilin must be as low
as possible to increase sensitivity to PSTs, but sufficient
to allow visual detection of liposomes.

A typical migration assay requires approximately 100

35 ulL sample solution and should reach the ppb detection level
in less than 10 minutes, corresponding to PSTs detection

limits in the low ng range. Liposomes are highly stable



+109%& () - $KLMeKLcl/ +109%& ()-'$ +10%& ()-'$ +10%& ()-

+10%& ()-'$  +10%& ()- $G | #$X%.& ' () +}5¢l/ G I#$X%_&-' L)+

+109%& ()woh2ugd¥/®& () - $ +10%& ()-"$ +10%& ()-- +1>Qm<%0(/)»mo$x D G
| 4$XA.&  +109D& ()-'$ +10%& ()-'$ +10%& ()- $ +10%0&' ()

+10%8& ()-" $ ﬂmm&()‘ Hﬂm&()‘ﬁgﬁﬁ Hﬂ%ﬂ()

+10%b&'()-‘ ESOAE )+ 10 ()$ +10%& ()] +10%b&'() “$hel/

IR AR S R itk g et
+10%& () - $ SGQ@@@&_@?nt$S &EOQQQW(yemgeraggg@&;(?hi$ SESaySXOREd ' be) +

) 1?8&%&f?§{ | # %g@%%é;%éa 1ﬁ196®§1éid §es€i9§m8WQEho§t i%g/@?ééial$

+10%8& () - $ eqqmmp;) or$te¢m0%al(§kl%—5+ie%&~%§ $Therb &wwl%
. +10%b&f()fi$R§H&WMﬁ§D eci&Q%h&lﬁérs$@or+&ﬂ%@&nﬁlv1§§£l|#@%&@&- ﬁ)Whlch

+10%& ()-'$ +10%& ()- $ +10% $ycll  +10%& g-‘ +109 %
+10%& () - $ “RIOIMBES( re$Pr9‘:{é% 8? SRR BoPRP (RS OR1BBPHLLR Y LS
+10t%&' 8 ‘gei(éa%uumm& Lpw Sost1898kRONI11H mi@ﬁ%&oﬁ)seﬁso&l@%&vé)-‘$
+109%B & + #$XO
+10%8& () - Géa% /égéﬁ&)‘ N !? §§@§Y %ém??t%%%?‘é%ef#%&%&.
+10%& () - $ cenoubBuLE- a8 umm@@@gle;ed$and199®&ap}e gool for the PSTs

10 risk assessment.

(b) Microtitre plate assay
Establishing the assay in a microtitre plate format

allows its more sophisticated use, and enables guantitative

15 results to be obtained. One preferred format is a binding
inhibition asay. Saxitoxin is coated on a 96-well
microtitre plate. Test samples are mixed with labelled
saxiphilin and added to the 96 well plate. Toxin-free
samples do not prevent the labelled saxiphilin from binding

20 to the saxitoxin-coated surface of the wells of the 96 well
plate, forming a coloured region. Toxin-containing samples
inhibit colour formation with the degree of inhibition
being proportional to the amount of toxin present. The
plate is then read in a spectrophotometic plate reader and

25 the amount of toxin quantified.

A further possible technigue for guantification of

PSTs involves high-performance liquid chromatography
coupled to a post-column oxidation system and a
fluorescence detector. This procedure is complex and

30 requires expensive PSTs standards. However, the
combination of highly specific saxiphilin-based
identification and sensitive detection by means of surface
plasmon resonance (SPR), overcomes the drawbacks related to
chromatographic technigues.

35 The device reguires a PST such as saxitoxin to be
coupled to an activated gold surface, which is exposed to a

liguid sample during the analysis. The SPR sensor detects
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f /@erg)the competltlve receptor assay occurs and iii)
the SPR sensor including a flow cell and optical devices
(Figure 5).

This system can be fully automated, such as in

the BIACORE 2000 ™ available from Biacore AB.

Example 3: Affinity Column Preparation

By linking saxiphilin to a solid phase, its ability
to bind saxitoxin may be used to separate saxitoxin from
ligquid samples passed over the saxiphilin linked solid
Support. Since binding to centipede saxiphilin is PH

dependent, the bound toxin can then be eluted.

Making the saxiphilin affinity column

Isolated saxiphilin was used to prepare an affinity
column using the Ultralink ™ kit manufactured by Pierce

Chemical azolactone

Company. This resin relies upon
coupling chemistry and uses an inert semi-rigid resin with
medium to fast flow characteristics.

The method used was as follows:
1. The

resuspended into the Pierce supplied coupling buffer

ammonium sulphate precipitated saxiphilin was
of BupH citrate-carbonate buffer (pH 9.).

2. This resuspended saxiphilin was added to 0.15 g of 3M

Emphaze Biosupport medium AB 1 (supplied by Pierce)
which hydrates the binds

proteins.

resin and avallable

The resin swelled to 1ml.

“$tcell
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1098+$3& S5. 1098+$3& ()-S5. 109B+$3& ()-S5t X< t. 10%B+$3& () - S5.
1098+$3&' () - S5&. The top of the resin was then sealed with a porous

disc insert

8. Wash the column with 15 ml 1M NaCl
20
9. Wash the column with 15 ml 100 mM HEPES-NaOH (pH 7.4)
and it is ready for testing for ability to bind

saxitoxin

25 Testing for column binding of saxitoxin

Tritiated saxitoxin (Amersham Pharmacia Biotech) was
used to measure the columns ability to bind saxitoxin
Three 2 pl aligquot of the 3H-STX (60 nM) was counted
in a scintillation countexr to measure how much
30 radioactivity was going to be applied to the column. These
aliquots contained 2113 £ 42 counts per minute {(cpm)
200 Ml of H-STX (= 211,300 cpm - see point above)
was added to the column and allowed to flow into the resin.
The 3H-STX is prepared by 150-fold dilution of the
35 commercially supplied ‘Hy-gTx (in 0.01 M acteic acid
containing 2% ethanol) into 1 mM citrate buffer (pH 5.0).
The column was then washed with 5 ml 100 mM HEPES-NaOH (pH
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The eluted radioactivity is depicted in Figure 6.

15 As can be seen, there are two major peaks of
radiocactivity. The first elutes in the first fraction and
is essentially unbound by the column. The second peak is
eluted by 100 mM HEPES-NaOH pH 5.0. Tritiated saxitoxin
contains free tritium and so these two peaks were tested

20 for biological activity by measuring their ability to bind
to the two known receptors for saxitoxin, namely the sodium

channel and saxiphilin.

Measuring biological activity of eluted peaks form

25 saxiphilin column

Conditions in the assay used were:

Sodium channel: 100 mM MOPS-NaOH (pH 7.4), 100 mM
choline chloride, 100 pl of fractions 1 and 5 (wash and
first pH 7.4 wash, pH 5.0 wash respectively), 10 ul rat

30 brain vesicles containing sodium channels in a final volume
of 250 pul. Samples were done in duplicate and a negative
control containing an excessive amount of unlabelled
tetrodotoxin was also performed to define specific levels
of any bound 3H-STX

35 Saxiphilin: 100 mM MOPS-NaOH (pH 7.4), 100 mM sodium
chloride, 100 pul of fractions 1 and 5 (wash and first pH
7.4 wash, pH 5.0 wash respectively), 1.5 Ul characterised
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indicating that the radloactivity was tritium
unincorporated into saxitoxin (a known property of

commercially supplied *H-STX).
15
Stability of column after initial treatment
After the final 0.5N HCl wash, the column was washed
with 20 ml 100 mM HEPES-NaOH (pH 7.4) and stored overnight

at 4 °C. This column was removed and allowed to return to

20 room temperature and the above elution experiment was
repeated and the profile shown in Figure 8 was obtained.

As can be seen, the second peak of activity has
shifted to be eluted by the 3rd wash with HEPES-NaOH (pH
7.4) which may indicate degradation of the saxiphilin.

25 These peaks were not tested for biological activity.

Thus it will be appreciated that saxiphilin can be
bound to a solid phase’ chromatography resin such as
Pierce's Emphaze Biosupport medium AB 1. On this column
saxitoxin is bound by the saxiphilin and separated from

30 other material (eg free tritium), then the saxitoxin can be
eluted from the column with pH 5.0. The eluted saxitoxin
retains biological activity. Treatment with acid (eg 0.5 N
HCl) may degrade the linked saxiphilin. Non-specific
retention of the *H-STX by the treated resin is not

35 apparent.

It will be apparent to the person skilled in the art
that while the invention has been described in some detail



1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5kfl w Pt X<. 109B8+$3& (.
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.
1098+$38& by oShge71098+$3& () - S5. 1098+$3& () - S5t t X<. 10%3+$§§9AQJ0,,0,60,
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 109B+$3& (

1098+$3& ()-S5. 109B+$3& () 55. 1098+$3& (I7 S5x\ @t X. 100/<3+$3& () - S5.
1098+$3& ()-S5. 109B8+$3& () - 1098+$3&' () - S5kfl w Pt X<. 1098+$38&' (.

1098+$3& ()- S 5 1 09 ) - S5.
1098+$38& () - sg 1010% éé‘&p% of 8@ %g% %‘%asgn 2 @6%#@%& Yatigus
1098+$3& () - saedli@%%g&S(yn@salma%w@&s:(yosshelemaﬁs&é@s SEnd

. 1098+3$3&' () - ShetA048+d3 X 1 +
1098+$3& () - Sb+, 10%+$§§Hb§§5}1§ﬂ§“\7\/ e %?Sﬁ&%aii@ﬁgéﬁ 88gatd: 58 exom
1098+$3& () - SBD 616@@9$38f(§ §51nYEukIESscPCest dbsgtiased(jnSshis

. 1098+$38&' (9 - S5ped DFBSBROA) - S5gK+1o 1098+$3&' () - S5. 10%3+$3& ()-S5.
1093+$3& ()-S5. 109 +$3& ()-S5, | 1098+$3& ()

1098+$38& () - SSgGl?% /é’gr %%L 3t %‘éah%% %= (Jigged 1%%%%8?%3)16961119
1098+$3&' () - BaoLOVBEB8aLE - BECOLPSBABEE 3 rShn BPYBHSI& &) e Shtcd,
1098+$3&' ()-S5$kfl w P. 1098+$3& ()-S5. 1098+$3&' ()-S5. 1098+$3& ()-S5
PP41093+$3& 1098+$3& ()-S5. 1093+$3& ()-S5. 1093+$3& () - S5.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()- S5cGA1098+$3&.
1098+$3. 109B+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$38&' () - S5.



1098+$3& ()-S5(. 109B+$3& ()-S5!"9&()- gK+10. 109B+$3& () - S5.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.

1098+$3& fyhy (Sake7; 1098 +$3& () - S5-/ 1256: gG+10. 1098+$3&' (. ;@%ﬁ%ﬁgg S5.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 109B+$3& () -

1098+$3& () - S5: =>@\CEgG+10. 1098+$3& (. 1098+$3& () - S5. 100/<s+$3&' () - S5.
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.

1098+$3& () - S@mmm 1098+$3& ()-S5. 1098+$3& () - S5.

1098+$3& ()- S & ()-S5. 1098+$3& ()-S5. 1098+$38& () - Sb.

1098+$3& () SSSTVW(\ ARHH10. 1098+$3& (). 109B+$3& ()-S5. 109B+$3& () - S5.

1098+3$38&’ ( $3&( ) 0%3+$ S

1098+$38&! () sg’ R&g| é?ﬁn%&dio §%8fy g?%d% %’6&3&?& By test2768:
1098+$3& ()-S5. 1098+$3& ()-S5. 10%8+$3& ()-S5. 1098+$3& () - S5.
- 1098+53¢ (3- SoaonsbrubhPOL0. LeVBKISH () S9ip10Y81938e4). SSana

1098+$3&' ()-S5, 1093+$3&' ( 8+$3&" () - S5, 1098+$3&".()
1098+$38& () - SYCFRMALE"YS ¥dos +$é§z9€)7) SEVigoges38r ( PAES: Yfe%ﬁéé&lﬁsés
10%3+§3&- ()- S@mgg%@@a&t@ Sgoesh@é%é%?&géhoﬁé%é@%ﬂrﬁ@&n@wgg < 13 s
1098+$3&' 3 S5. 1 + +$3&' 5. 1 & S.
100B+$38&! () S&o 6%%5%&‘3(”) e§5§8&“%8% 6%‘%%@‘3{’. % 8 +353RV(f o8, HicTO:
1098+$38& () - S%3,10984$3&10) - S5. 1098+$3& () - S5. 10%3+$3&'() s5.
1093+$38& {)-S5_C, 10. 109@+$3& (. 10%8+$3& ()-S5. 10%B+$3& () - S5.
10%3+$3&'%) S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5cC, 10.
1098+$3& (. 169Brss&e($-95, 1ouars¥e()- 85msfgd@d+$3&- ( prds VapodglgB&s ¢ ¥1- S5,

1098+$3& () - S3.1950YB1HEI&1 bpmSRLCatl. pre¥BH$3&r(. vAOY8£S38&n( bES].

0 ' 0 '
1098+$3& () - SSlc%%éﬁtgg&pggte—based receptor binding assay for paralytic

shellfish poison toxins. Toxicon 35, 625-636.

15
Fernandez, M. L. and Cembella, A. D., 1995, Mammalian
bicassays. Manual on Harmful Marine Microalgae, edited by
G. M. Hallegraeff, D. M. Anderson, and A. D. Cembella
(Paris: UNESCO), pp 213-228.

20 .
Hall S., Strichartz G., Moczydlowski E., Ravindran A.,
Reichardt P.B. (1990) The saxitoxins. Sources, Chemistry
and Pharmacology. In: Marine Toxins: OQrigin, Structure

and Molecular Pharmacology: 29-63 [American Chemical
25 Society WAshington DC, USA].

Hungerford J.M. (1995) AOAC Official method 959.08.
Paralytic shellfish poison. Official methods of Analysis,
16 edn (Arlington, VA: AOAC International) Chapter 35.1.37.
30
Jellett J.F., Marks L.J. Stewart J.E., Dorey M.L. Watson-
Wright W., and Lawrence J.F. (1992) Paralytic shellfish
poison (saxitoxin family) bioassays: Automated endpoint
determination and standardization of the in vitro tissue
35 culture biocassay, and comparison with the standard mouse
bicassay. Toxicon 30, 1143-1156.



1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()- S5pP410. . 1098+$3& () - S5.
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 109B8+$3& () - S5. |
1098+$3& Wy Shse}0%8+$3& ()-S5 _C410. . 10% 1098+$3& () - Sperhi@niag () - S5.
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5cG+10.
1098+$3& ()-S5. 1098+$3& ()-S5. 1093+$3& ()9 S5. 1093+$3& () - S5.
1098+$3& ()-S5. 1098+$3& () - S5. 10%3+$3&7() 85< c. 10%8+$3& ()- S5kl w P.

1098+$3& () - S3onhQ@+SR%() - $3a "( @5 285838 ()ePP5ien
1098+$3& ()-S5, 1098+$3& () - 5. JRT 38y 155:
1098+$3& () - SHE152BYBFS3EL:! €¥18910@$§@Y b&%@a$81V§0%69$8&94yt$5at10n and

. 1098+$3& () - S@en%@%ﬁt$3&16Ec§§at%gr§+$§)§tﬁ}esé1110%$$3§‘ ()-Ss.
1098+$3& ()-S5 C+10. 1098+$3. 1098+$3& ()-S5. 1093+ 3& - S5.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5. 10%3+$3&'()-85 #)+-/ _?+10.

. 1098. 1093>$3&1eveBbyn1D%@+$3&e()- BoM. 18%A+H3&7( N1 SRk 108BE$3&1 6p7$5.

Tova+83€ 8 s iRigiiel yogleY 60 eelitls. 8 rovanane () tbsactivicy
10?8+$3&: ) - SEE@PEE§N@CH?© theogunt@y@=»$884( mo$5c35298¢$8?uté0550f 2410
109G, 108+535 LS 0B ba ] Goo 1OBE R aR L) S5 Pt D00 RasR () BB

1098+$3& () - SB- ﬁéé@+§%&r?97ssz\] af hcC+10. 1098. 10?8+$3&'() S5.
1098+$3& 10 - S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3&' () - S5.

1098+33& () - SphLNRI Y CHL0; 1008 ocoydiowski =.6. (1994)

Characterisation of saxitoxin binding to saxiphilin a

relative of the transferrin family that displays pH-

dependent ligand binding. Biochemistry 33, 12312-12322.

15 =
Llewellyn, L. E. and Doyle, J., 2000, The effect of
shellfish extracts and other matrices upon the microtitre
plate saxiphilin assay for paralytic shellfish poisons.
Toxicon 39, 217-224.

Llewellyn, L. E., Doyle J. and Negri, A., 1998, A high
throughput, microtitre plate assay for paralytic shellfish
poisons using the saxitoxin specific receptor, saxiphilin.
Analytical Biochemistry 261, 51-56.

25
Negri A. and Llewellyn L.E. (1998) Comparative analyses by
HPLC and the sodium channel and saxiphilin °H-saxitoxin
receptor assays fro paralytic shellfish toxins in
crustaceans and molluscs from tropical north west

30 Australia. Toxicon, 36, 283-298.

Oshima, Y., 1995, Post-column derivatization HPLC methods

for paralytic shellfish poisons. Manual on Harmful Marine

Microalgae, edited by G. M. Hallegraeff, D. M. Anderson,
35 and A. D. Cembella (Paris: UNESCO), pp 81-94.



1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3&' ()-S5. 1098+$3& () - S5.

1098+$3& ()-S5. 1098+$3& ()- S5xz} 2+10. 1098. 1098+$3& () - S5.

1098+$3& )y (ShgeA0Y8+$3& ()-S5, 1098+$3& ()-S5. 1098+$3& prrS8101/01605

1098+$3& ()-S5 2+10. 1098. 1098+$3& ()-S5. 109B+$3& ()-S5. 1098+$3& () - S5.

1098+$38& ()-S5, 1098+$3& ()-S5. 1098+$3& Gp- S53_2+10kfl w P.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S51 L010. 1098+$3& () - S5.

1098+$3&' () - 1098+$3&. ()-S5, 109B+$3& ) - UB+$3& (¢ N

1098+$38&! ()-Ssgc?mi%lﬁg‘ﬁ%%‘d(]%?%‘gi@%? %ﬁ&%ﬁ&ﬁ? %g%)g%% G

1098+$3& () - SBBch 10985888 24, 560 1098+$3&’ () - S5. 1098+$3&' () - S5.

. 1098+$3& ()-S5cG 10. 10%8+$3& (. 109B+$3& ()-S5. 109B+$3& () - S5&
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+33& ()-S5. 1098+$38 ()-S50G 10,
1098+$3& (. 10984 (§- s55chnedigadE ( )amberenmbar 438 (3256, . Direct

IS S e MR - kR B S

- . + - . Yo+ ' - . + ' - .

1098+$38& () - sg%@l%. f%%‘.ﬁ‘% 19985%$35°1 )Qés“.g‘“’)‘-‘ib’é/%}%%&l?)g%%ﬁ%%%wstft(’i * 5.

1098+$3& () - SEoplOMBH384 6 ) - SB3, 1DWB+BBE: () - S5¢C/ 10. 109%8. 1098+$3& () - S5.

1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3&' ()-S5. 109B+$3& () - S5.

1098+$3& ()-S5_7/10. 109%8. 10%8+$3& ()-S5. 10%8+$3& ()-S5. 10%8+$3& ()-S5

g +

1098+$3& () - Weide¥s+I3B: (Fnd&oBandyB33e: (J1%568) 2/ AR ﬁ@@@.030@8¢$325¥ﬁ-85.
Lo ) Sl R s RS O Sl -
filtration assay. FEBS Lett. él, 310-314.

Van Egmond, H. P., Dekker, W. H., 1995. Worldwide
regulations for mycotoxins in 1994. Natural Toxins 3, 332-
15 336.



1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.
1098+$3& () - S5- 02453cC 10kfI w P. 109@+$3& ()-S5. 1098+$3&' () - S5.
109B+$38&! . <?Ad L, 10. 1098+$3& ()-S5. 1098+$3& () 05
10@8+$3&:f}7@§é 1008+$3& ()-S5, 1098+$3& ()- S5. 10%3+$3&'$%”5§"UM(0
1098+$3& () - SSCOFG JLM LO10. 1098+$3& ()~ Sh. 109%8+$3& () - S5.
1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.
1098+$3& () - SSMRQTLVYZKK/ 10. 1098+$3&! () - S55. 1008+$3&! () - S5.
1098+$38&’ () - S55-"1598+$3& ()-S5. 1098+$3& ()-S5. 1098+$3& () - S5.
1098+$3& () - S5Z[ ] ~cdghl LO10. 1098+$3& ()-S5. 109%8+$3& () - S5.
 1098+$3& ()-S5, 109G+ (}nS5
1098+$38& () - sghj|n6%r§%§h%a 35; dégé@%§§é ghaﬁér %Qd§§§§ o%§§§§????ts%f

1098+$38& () - sgarfé%$4$3&he}l§5éh te%3m$éasFy ssesent in a sample,
. 1098+$3&' (9 - S@bﬁn%%éh‘n@Gtﬂa@ sEeUB+88& ()-S5(. 109B+$3& () - 55

1098+$38& ()-S5 0%3+$3&}é£ 10%3+$3&ré% S5, 1078838 ) S5,
1098+$3& () - S5~ _C+10.) 109B%3529¢N91893+83482FFIsE3¥1BY8 $§&f%¥ %5 ragment
1098+$3& () - S5.  1098+$38&’ theB50f 10B@eH3&HA abhs 408B:+$8&%()- B5ud+ag.
1098+$3& (. 10%3+$3&:()-s§ L 1098+$3&' () - S5. 1098+$3& ()-S5. 109B+$3& () - S5.
1098+$3& ()-S5. 1098+$3& ) -S5gK+10. 109@+$3& ()-S5. 1098+$3& () - S5.
1098+$3& () - S5. 10%QM$3&'G?n550t1998$$3&iéb sbe’ 30981838 () - S5.
1008938 ) - S9CCr10. 10%8553,,, 190883800 b B 1018538 0)- Bgracea
1098+$3& () - S5. 10%8+$3& ()-S5,  1098+$3& ()-S5, 109@8+$3& () - S5gGHL0.
1098+$38& () - S5. 10%3+$3&f§§\55h119m8+$8@ () S5. 1098+$3&’ () - S5.

1098+$3& () -S5. 109BH$3& £proelatfdg+888 hoShrCoriOnihYBgSI&th. either
109B+$3& ()-S5, 1098+$3&
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or with the PST concentration in the sample.
15
2. A method as claimed in claim 1 wherein the isolated
saxiphilin, or fragment thereof, is coupled to a detectable

label to provide a labelled saxiphilin.

20 3. A method as claimed in claim 2 wherein a
predetermined amount of the labelled saxiphilin binds an
immobilised PST to a predetermined extent in the absence of
a PST in the sample, but to a lesser extent when a PST 1is
present in the sample.

25
4. A method as claimed in claim 3 wherein the label is
selected from the group consisting of fluorescent labels,
chemiluminescent labels, colloidal gold, latex microbeads
and enzymic labels.

30
5. A method as claimed in claim 4 wherein the label is
selected from the group consisting of colloidal gold and
coloured latex microbeads in order to provide a visual
signal.

35
6. A method as claimed in claim 5 wherein a PST is

printed to a test strip and a visual signal is produced
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9. A method as claimed in claim 3 or claim 8 wherein

the immobilised PST is saxitoxin.

15
10. A method as claimed in claim 1 wherein the isolated

saxiphilin is immobilised on a solid support.

11. A method as claimed in claim 10 wherein the solid

20 support is a test strip.

12. A method as claimed in claim 11 wherein a labelled
PST binds to the isolated saxiphilin to a predetermined
extend in the absence of a PST in the sample, but to a

25 lesser extent when a PST is present.

13. A method as claimed in claim 12 wherein the PST is

saxitoxin.

30 14. A method as claimed in claim 13 wherein the label
is a liposome encapsulated dye with saxitoxin bound to the

liposome.

15. A method as claimed in claim 14 wherein the

35 liposome additionally has biotin bound thereto.
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19. A method as c¢laimed in claim 18 which employs a

15 surface-plasmon resonance (SPR) sensor.

20. A method as claimed in any one of claims 1 to 19

wherein the isolated saxiphilin is centipede saxiphilin.

20 21. A method as claimed in claim 20 wherein the isolated

saxiphilin is from Ethmostigmus rubripes.

22. A method of measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising the
25 steps of:
(a) pre-treating the filters of a microtitre
filtration plate with a polycation;
(b) adding to wells of the plate a known amount of
a labelled saxiphilin comprising saxiphilin, or a
30 fragment thereof which contains a saxitoxin binding
site labelled with a detectable marker, and a series
of dilutions of material suspected to comprise
paralytic shellfish toxin;
(c) incubating the plate for a time sufficient to
35 permit binding of any paralytic shellfish toxin
present to the labelled saxiphilin;
(a) aspirating the contents of each well through
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comprises a buffer to maintain pH in the range 6.5 to 9.

24. A method as claimed in c¢laim 23 wherein the sample

15 further comprises a chloride salt, such as sodium chloride
or potassium chloride, present at a concentration up to
500mM.

25. A method as c¢laimed in any one of claims 22 to 24
20 wherein the total volume present in the well is 50 to
350ul1, preferably 100 to 200ul, more preferably 150ul.

26. A method as claimed in any one of claims 22 to 25

wherein, in step (c¢), the incubation is carried out at 0 to
25 30°C, preferably at room temperature, for between 30

minutes and 8 hours; preferably for between 60 to 120

minutes and more preferably for 90 minutes.

27. A method as claimed in any one of claims 22 to 26
30 wherein, in step {(e), the rinse is performed with a

solution buffered at the same pH as the sample.

28. A method as claimed in any one of claims 22 to 27
wherein the isolated and purified saxiphilin is centipede

35 saxiphilin.
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toxin (PST) 1n a sample comprlsﬂng

(a) a microtitre plate;
(b) a labelled saxiphilin comprising an isolated

saxiphilin, or a fragment thereof which contains a

15 saxitoxin binding site labelled with a detectable
marker;
(c) extraction buffer for extracting material to be

tested an organism or tissue to be tested; and
optionally
20 (d) a concentrating means for concentrating PSTs in
the extract or for removal of contaminants that may

interfere with the assay.

33. A kit as claimed in claim 32 wherein the
25 concentrating means is a column or cartridge comprising a
solid support material coupled to an isolated and purified

saxiphilin.

34, A device for measuring the amount of paralytic
30 shellfish toxin (PST) present in a sample, comprising:
an immobilised saxiphilin, or a fragment thereof
which contains a saxitoxin binding site;
means for introducing a sample to said immobilised
saxiphilin, or fragment thereof;
35 means for measuring binding of PSTs contained in the
sample to said immobilised saxiphilin, or fragment thereof;
and
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15 38. A device as claimed in claim 37 further comprising
an avidin zone positioned further from the end of the test
strip at which a sample is introduced than the immobilised

saxiphilin zone.

20 39. A diagnostic test strip comprising a wick including
a zone where saxiphilin 1s immobilised thereon and a zone
further from the end of the wick within which avidin is
bound.

25 40. A kit comprising a diagnostic test strip as defined
in claim 39, saxitoxin- and biotin-tagged liposome

encapsulated-dye and, optionally, a buffer solution.

41. A biosensor for measuring the amount of paralytic
30 shellfish toxin (PST) present in a sample, comprising:
an immobilised saxiphilin, or a fragment thereof
which contains a saxitoxin binding site;
means for introducing a sample to said immobilised
saxiphilin, or fragment thereof;
35 means for measuring binding of PSTs contained in
the sample to said immobilised saxiphilin, or fragment

thereof; and
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43. A biosensor as claimed in claim 42 wherein the
immobilised saxiphilin is a fragment of the saxiphilin
protein containing the saxitoxin binding in order to
maximise the change in mass upon binding.
15
44 . A biogensor as claimed in any one of claims 41 to
43 wherein the immobilised saxiphilin is centipede

saxiphilin.

20 45 . A biosensor as claimed in claim 44 wherein the

immobilised saxiphilin is from Ethmostigmus rubripes.

46. A device for measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising:
25 an immobilised PST;
means for introducing a sample to said immobilised
PST;
means for measuring binding of saxiphilin, or a
fragment thereof which contains a saxitoxin binding site
30 added to the sample to said immobilised PST; and
means for correlating the amount of binding with
either the presence or absence of PSTs or with PST

concentration in the sample.

35 47 . A device ag claimed in claim 46 wherein the PST is

saxlitoxin.
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