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BACKGROUND OF THE INVENTION

15 Paralytic shellfish poisoning caused by ingestion
of fish, crustaceans or molluscs containing toxins derived
from dinoflagellates is a world-wide problem resulting in
severe human illness, which often results in death. The
poisoning is caused by paralytic shellfish toxins (PSTs)

20 which are the family of toxins related to the archetypél
molecule saxitoxin (STX). In addition, blooms of toxic
freshwater algae can contaminate water supplies with the
same neurotoxins that cause paralytic shellfish poisoning.
This toxin contaminated water can have dire consequences

25 for humans, livestock and wildlife.

The general structure of PSTs is as follows:
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This family of toxins can be divided into three
5 Dbroad categories: the saxitoxins, which are highly potent
neurotoxins, and which are not sulphated; the gonyautoxins
(GTXs), which are singly sulphated; and the N-
sulphocarbamoyl-1ll-hydrosulphate C-toxins, which are less
toxic than the STXs or GTXs.

10 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

15 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). 1In some cases, tetrodotoxins can
occur together with PSTs, and therefore any assay for

20 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

5 raised using aquaculture techniques, 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

10 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
15 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

5 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

10 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

15 TIsland 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

20 shellfish poisoning have occurred in South Africa and
China; as the result of contamination detected in July,
2000 in Canada, 3000 aquaculture salmon were destroyed. In
particular, in the United States, approximately 150
outbreaks of contamination of shellfish have occurred in

25 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

30 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.

35 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 available are not satisfactory.
Regular testing of shellfish to ensure that toxic product
does not enter the market place is required (Van Egmond and
Dekkexr, 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 959.08 E,. 1990. This
requires intraperitoneal injection of mice with an HC1l
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 180pg 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 bioassays
indicated that shellfish contained only 40 pug STX / 100 g
shellfish meat, which equates to around 200 pug 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 Dby 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, physiological 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 (Weigeéle 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 radioactively-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 liquid 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
5 a 5cm 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

10 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

15 specifically binds STX but not tetrodotoxins (Llewellyn and
Moczydlowski, 1994). The ability of saxiphilin to bind STX
has been used in a low~thfoughput radioligand binding assay
for detection of PSTs in blue-green algae, crustaceans and
molluscs (Carmichael et al., 1997; Negri and Llewellyn,

20 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 Dovyle,
2000). Wwhile this assay provides high throughput,

25 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

30 it requires radioactively-labelled material.

.The saxiphilin utilised in-the assay 1is a crude
preparation prepared by homogenising specimens of the
centipede Ethmostigmus rubripes in buffer containing a
protease inhibitor cocktail. While this preparation

35 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
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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 aquaculture facilities, and which detects a wide range
of STXs. .
5 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.
10
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
15 sample, comprising the stepé of: A
1) providing an isolated and purified invertebrate
saxiphilin, or a fragment thereof which
contains a saxitoxin binding site;
2) contacting it with the sample;
20 3) measuring binding of PSTs to the invertebrate
- 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.

25 The invertebrate 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.

30 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
35 filtration plate with a polycation;
(b) adding to wells of the plate a known amount of

a labelled saxiphilin comprising an isolated and

AMENDED SHEEY
IPEAVAU
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In a further aspect of the present invention there is

20 provided an isolated and purified invertebrate saxiphilin
coupled to a solid support.

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

25 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

30 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 centrifugation; and

35 (Q)

Precipitating saxiphilin from the supernatant by
exposure to ammonium sulphate;

(e) redissolving the precipitate at pPH 5.0-6.5 and

AMENDED SHEEY
IPEAJAU
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regul arly standardi sed E’l‘ its sens;tlwt to reference toxin sa

the sanple nust be di "M&R SB*irRtimdtip Cl§|‘1§hbé¥v®éﬂa§sarfdb¥915

m nutes. The assay is mﬂyﬁahglexee(pﬁﬁwe/ecpmdsupp@pul,@dtn;@nanas at risk
of being prohidit as I f ;ani mal far atl on articul arI y
in countries such&g)s thqu%gﬁgo%%grﬁd Ui e]‘:latl\rq\? ﬁ%? s1 ar‘i‘&dé hﬁ?\

even greater concern i salkaconfiethonse bi oassay assay has a 20 sensiti VI ty

of only 180g STX / 1 (}eRasely é@ﬁ%f@”éﬁgrééx1p%9§§h 1§TgfééfﬂiKaQEd by

sens|t|V|ty nmeans_t hat there serious risk I"'evel s of

sufficient to cal¥®oTH8 5Pt§17 7 B0 H LR Y Sr\’&tphﬁéedet%@t% tOFGF’léxéﬁﬂPe
.25 children in ttle RH hna;ypbeesdmmﬂi]ad wmRiudea eesslt wf prdekgestaoa of

shel | fi sh whep muse |&t hall LY, D Qgﬁ?ﬁy i ndi cated that shellfish
contained only 40 g STX/ 10 n 5 Sh meat, which equates to around

200 g when takes mto%cé&@ﬁt @l 1 Wi rPariehid inxis aermism1do edntedi g 30
shel | fish. This Inacl cof moxacuaycmscérheraaﬁr&a &&ohheoorﬁi@ttﬁﬁtsla(tﬂrhtﬂbi& f O

the fouse | et hal iyfyrdi 08 s g Thi | mé;%siffere}lg ba&f%fe S%gmdevel op
alternative assays ase (a) etectli ng% e presence of 1 ntoX| caf’|lﬁagy
organi sms 35 by 5 -cal observati on, (b) in situ detection using

met hods such 1%s DNA poplhesnadly 31fdtheldPurification may be obtained, for
‘ example by chromatofoéussing on PBE 94 resin quilibrated
with 25 mM imidazole-HCl pH 7.4 and eluting with a solution
containing 25 mL Polybuffer 74, brought to a final volume
of 200 mL and a pH of 4.0 with HC1.

20 Polybuffer removal and buffer exchange can then be
achieved by size exclusion chromatography or desalting on a
column, such as PD-10 columns from Amersham Pharmacia
Biotech. /

The arthropod species may be any species which

25 produces saxiphilin. See for example Llewellyn et al.,
1997. Preferably the arthropod is a centipede, such as .
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.
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WO 02/ 48671 - 8 PCT/ AU01/ 01605 (c) detecting the presence of toxins in the
mari ne organi sm by bi ochem cal, physiol ogical or chem cal asseﬁ

approach utilises bl ockage of the voltage-gated sodium chaBmE RYV%

| arge tramepeadscane protein in 5 excitable cells which al | padfssaRe of
ions through a central pore when it opens in response to alterations in
cellular potential difference. (See for exdsple Doucette et al., 1997,
Jellett et al., 1992; Vieytes et al., 1993). These-assays are radi oIigand

assays (\Weigele andM@@nef&a&lﬁ)bh%ﬁ&ﬁﬁfb@%sﬁd@@&&f&& %rs(%t' tre
plate format _whi ch reases the sanple throughput (Doucette et
1997). Al ter n&5SH gﬁ( %f?ﬁ'l?sctezlqlguﬁyﬂél?ﬁ??ﬁﬂ at KR igkin tﬁ?qﬂhdﬁrhéaise i on

fP | ow t hr &gghSts@@caw ﬂnmngbﬁfmlsmm heo lkgeechb](e] ald Qiitn&tPhSiﬂs of1392; tYeS.
at ent s n er ese assays are
expensi ve and t%é%ﬁ%]‘%a% 7ULE Cl tfgtﬁ?ﬁ 81?#; %‘fv’\ﬁé’ GEEEAFES abel | ed

reagents or e@@lflingdivt.ur é@le Mrrtémmod ey arenweerisiriti e Heo sl ddthetygtidons,
because at pHpgr %%% utrQa’Eo E/ﬂa%-ﬁseﬁrh 2Q; re%% | %aq[ nI ac%%d fromrt he 4 on
ive Ih&e f6FE

channel, are simlarl sensi to cation co
i nportantly, &Y Héﬁngpé@bff CONYERARIY taRBA T B detett atsetar dgotdodph. None

of these assayssk®esubldblediler fi il USS + FNMLRlogASIANS o2 %ug?@' jgat ed

by the fact t2 t the |nd| vidual 25 toxins are trenen ously variable in
structure, 3 m NgQFy BEalt .t SIGSIPHNG & - SaNd BDIBmMMw t o hi gh
nol ecul arl0 weughpepEtnht, hepMDbepsh:Be;iel chemtakprelbads , r aaui i At he use of

t andar d t d Y ti
PSTs w || not P raae s Pa By 1 el enod%ulfﬁ%ﬁyaﬁg@y%%%gdlaﬁc e
det ecti on usi ngedamerbgaa@s ofr aprshmgpolde matz-imdt.hodheslok apebidgh
per f or mance 'bQHtﬂlfﬂﬁgﬁﬁbﬂg&QQhXD RS %Rﬁ§158”§%&¥ riied agpbkbarnyg

el ectrophoresis nay not detect the broad ra
rapi d prelim hdrBLiBRESGH- upokePHed Pﬁrhéghdépe§ﬁeFﬁﬂtghfegataens¢tcoupIed

with a basch 80, deskt epr! abenahutbkow HRURALERHATRLOIEBRILEG i ASSRYgHBS ket ed
by Jel [ ett - speed centrifugation may be frozen in liquid nitrogen and
stored at 80°C prior to further processing.

The PEI support matrix is prepared by conventional
methods, for example by incubation of glass fibre with 0.3%
20 PEI in water solution (v/v) for at least 1 hour and removal

of the PEI by draining or aspiration under vacuum.
The isolated saxiphilin may be used for detection of
PSTs, using the microtitre plate assay which we have
previously described (Llewellyn and Doyle 2000; Lewellyn et
25 al., 1998), utilising saxiphilin labelled with a non-
radioactive label. The person skilled in the art will be
aware of suitable labels, which include fluorescent and
chemiluminescent labels, colloidal gold, latex microbeads,
liposome-encapsulated dyes and enzymic labels, although
30 these are not favoured as the enhancement of the signal is
time dependent due to the need for an enzymatic reaction to
take place. The liposome encapsulated dyes may be
biotinylated or tagged in some other way to facilitate
their capture in an aséay. Suitable detection methods
35 using each of these labels are known in the art.
The isolated saxiphilin of the invention is also

useful in preparation of affinity materials for



3 1, WWD 02/48671 PCT/ AU0O1/ 01605 - 9 MH Biotek, enables a prellnlqar
result to be obtained within ten mnutes; however, conflrnatory i%&5
using-liquid chromatography-nmass spectronmetry is reqU|red The PCT/AU01/01605
prelimnary clean-up uses anmoni um fornmate. nobil e phase on 5 a 5cm

sol i d- phase columm suitable for lipophilic toxins, and this is followed by
LCMS on a Tosoh-Haas am de 40 col um using h160-90@6gradient of
tetranitrile-2mM amonium formate, pH3.5. A prelimnary report was
present ed by NlApurﬁmﬁbhtaﬂmEﬂcddhfdtﬁb&ﬁbatbﬂﬂéktﬁ&ﬁdﬂ@ﬁ Bf opgTHhinot gy 10

Conf er ence, TOMM%& hg?e §ﬁp£§@@ﬁgb%gggr gﬁaﬁﬁ¥ éh%gg gugéé%gﬁfq%klé% iS

approach, which rel rec ein gnomn as saxi
conpl etely unrel&P@&aﬂé“@ﬁ%d\W¥R§¥9@1eﬁﬂﬁéwsanlﬁ@ra%ﬁ4$91§eq9 fcEsQkatefd

functlonal_prope@hkeghlanﬂ M@thgk@uﬁn%alEbCa|EN1QHHQ§5§T¥ab§&p§6%t,
t et r odot oxi ns (LI 1994). The abilijt

dIo Ki , of
saxi philin to bIW aﬁa g%zﬁy 13 pofet 'bdﬁhﬁufafgﬁ¥%ﬁ?gaﬁﬁ]
bi ndi ng assay f@medeteEEr:wdcﬂmﬁaﬁmmemm bkbhe- goked alppeet €5 ustccsdns and

nol | uscs (Ca{”iCQ%?krghgélada /£ g&ta?ﬂﬂehkeﬂﬁuiX@w1g8e199§Qe ﬂgy§5n

utilises displacenment o elle rom saxi phi
utilised"a crudes§é}ﬂﬁﬁ|+PntQRnﬂ§£ wiidd Pexerare ¢b E\réPdp %9“?%+%ﬁ|tre
pl ate assay for detaﬁasoand05uﬁ§5Ets(LE@WEbkympE& &anogkB9Biomi @sel | yn and

Doyl e, o 2000ho Micke LDES Aol QUAes Nhg b OUghoN: o 2B sengi LIV ty

and accuracy, e advant a does’ n rom
interference by Sﬁﬁéﬁcéénp@hwﬁﬁfaHﬂabyéﬁtth13%@?@f$¥ﬂ1céxtracts or fromthe

acidic pH neCeSS:%ﬁ:)Sok?méfﬁhﬁI@élrlu&fo%@ hyayaeidéO@ﬂmrrymgmea&rmtmder om
shell fish, it still sutfers fro dlsad %Qta e thatgggg q51¥es

radloactlvely | aBEF) SF REPRITRY gagEX|p PR i e assay is a

crude preparatl@ﬁfpnepxr@@tﬁyuﬂo#wgéﬁﬁgtngnsp@tﬂnﬁn§m9ﬂlth@lu%%nt$$éhe
Ethnostlgnuslsubsmgesofna@yafahxgp@&abahegnara@é@tgggg%| nhi bi t or cocktall.

Wi | e thi t des d t t ti
oroblem i i "avail abi |1 T5° oo THE FEAGEnPE ERERTRe T JhE CREPTHEOTY o

prellmlnary purification may be performed prior to assay of
a sample of material suspected to be contaminated with
PSTs.

20 Material suitable for use in the assay or the ‘
preliminary concentration method of the invention can be a
tissue extract, for -example from vertebrates such as fish
or a mammalian species who may have ingested PST
contaminated material; invertebrates such as molluscs,

25 including shellfish or cephalopods; macroscopic algae such
as seaweed; microalgae including cyanobacteria,
dinoflagellates and the like; or bacteria. Biological
fluids such as blood, urine or saliva of patients suspected
to be suffering from PST poisoning, or water samples, such

30 as drinking water supplies suspected of contamination or
water from regions manifesting algal blooms, which may
contain dissolved toxins released by the bloom organisms,
can also be tested. In addition, samples containing

synthetic PSTs can be utilised.

AMENDED SHEET
PEAJAU



defined, reproduci ble preparation. Therefore there is 31 MAY 2005

PCT/ AU01/ 01605 - 10 still a need in the art for a rapid, robust &skévw 2005
which is .suitable for field use, for exanple on fishing vessels,

aquacul ture facilities, and which detects a wi de range of STXs. %§Pflﬁﬁf¥6°5.
be clearly understood that, although a nunber of prior art publications
are referred to herein, this reference do % fjot constitute an adm ssion
that any of these docunents form part of t e comon general know edge in
the art, in Australla.gg in._an oth [._cou ﬁ SUVVARY, OF THE | NVENTI ON
According to one aspect”of tHe pr ee§(entac five %/?'Bntlstsl’ﬁ?r &% Be phovh e dsang
met hod of detect PRy swil Tl ereamigdusg ort hécahouit wflveartal pretesdely fiheh

toxin (PST) presepivifc & d % S HMlE prCOBRKES ngmﬁu%t g8 Qfsceﬂrélkaeﬁ‘é' odi ng
an isolated and purified invertebrate saxiphilin, ra nent thereof

which contains H°85394%5%¢™h Widsh ﬁ@S§Ftéoné}té%%ﬁacﬁﬁﬁgoPﬁl tBhe he sanpl e;
20 3) neasuring binding of PSTs to the invertebrate saxiphilin;: and
correlating the amount of binding with either the presence or absence of
PSTs in the sanple or with the PST concentration in the sanple. 25 The
invertebrate saxiphilin, or fragnment thereof, may be coupled to a
detectabl e | abel or immobilised on a solid support. The detectabl e | abel
may be any suitable label,’ as would be understood by the person skilled
in the art and nay be coupled to a solid support in any conveni ent manner.
30 In a further aspect of the present invention there is provided nethod
of measuring the anount of paralytic shellfish toxin (PST) present in a
sanple, conprising the steps of: (a) pre-treating the filters of a
mcrotitre 35 filtration plate with a polycation; (b) adding to wells of
the ptate a known anpunt of

AMENDED SHEET
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a |labelled saxiphilin conprising an isolated and AMPN ED SHEET |PEA/AU 3 1
MAY 2005 PCT/ AU01/01605 - 11 5 thereof which contains purified,_.

i nvertebrate saxiphilin, or a fragment and a series of conpri sd ﬂaMAszqﬂ‘é
(c) incubating the plate for a time sufficient to permt bindi POQT/AUAMMG05
paral ytic shellfish toxin present to the |abelled saxiphilin; (d).
aspirating the contents of each well through saxitoxin binding site a

| abel l ed with a detectable marker, dilutiops of material suspected to
shellfish toxin; 10 the filter of the well to renove conponents other than
| abel led saxi phi |} Anq GoRROUAIS, bOLAd, derel iy (E) LifIng, cach el |
and filter to renove residual —unbound conmpounds, ~an t(?ﬂp neasuring the
amount of | abel |RAF Seelghilli Auitdbletspieanthyist kbati htb¥isdd iphitdle t he
degree of bindi ngefod 2p@bkadaseyi Bk | Adso N or0BRaH Lk W1 ARaA9% EQl
sanpl e i ndi cates .t he anount o; (ﬁar alytic shellfish toxin present in the
sanple. In a furtHEstSpelr™tYhel ¥ invention there is 20 provided
an isolated &nd purif iThdrenuee tedradhes spddilfiild Rethodpl @l ds0 farsebirdying
support. In a st er caspec he present _i.nventli reis.
provi ded an-i sol%‘%ée slp%l I iogdw%v{e?\?ée%érla%e' saa?%eﬁ)' H?‘F‘\glé %ﬁréttf wWth a

det ect abl e | abelembpBiimengst gft ke ayrution ke desaribed grahdvwies a net hod

of isolation of an inyerbabr ahBosaxdNidHd . i rfRMRAbSI PEotitfes Sl @REHOH: ofa)

homogeni si ng 1okl 94AY PhetanGihe b | RLONRNT n B 1Y GPLSRPE B D 2

10 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
invertebrate saxiphilin labelled with a detectable
15 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 the paralytic shellfish toxin to the
saxiphilin;

20 (d) aspirating the contents of each well through the
filter of the well to remove components other than
saxiphilin and compounds bound thereto;

(e) rinsing each well and filter to remove residual
unbound compounds; and .

25 (f) measuring the amount of labelled saxiphilin retained
by the filter, o
in which the degree of binding of labelled saxiphiliﬁ

when compared with a control sample indicates the amount of
paralytic shellfish toxin present in the sample.

30 Preferably in step (b) the sample comprises a buffer
to maintain pH in the range 6.5 to 9, and optionally also
comprises a chloride salt, such as sodium chloride or
potassium chloride, present at a concentration up to 500mM.
Typically the total volume present in the well is 50 to

35 350u1, preferably 100 to 200ul, more preferably 150pul. 1In
step (c¢) the incubation is carried out at 0 to 30°C,

preferably at room temperature, for at least 30 minutes;
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30 conprising protease inhibitors; (b) subjecting the honbgenate to
| ow- speed centrifugation to renove cell debris; (c) subjecting the
supernatant fromstep (b) to high- speed centrifugation; and 35 (8)1 MAY 2005

precipitating saxiphilin fromthe supernatant by exposure to anfr@m\g,g?_{ 5
sul phate; (e) redissolving the precipitate at pH 5.0-6.5 and AMENDED lglﬁo
| PER/ AU 31 MAY 2005 PCT/ AU01/01605 - 12 centrifuging to renove

non-saxi philin nolecules; (f) exposing the I9€1up_ernat ant from(e) to a

matri x to which saxiphilin binds, such as a glass fibre- polyethylene imne

PEI t iy ; . el i ial _f t tri
inder high  satf o inBiba ol Sbd i BN P E LA 0l PR ESeY GRS ¢ at ed

by exposure to BYeE0URRkNOM urimHieshabet Papobe teprthinsiest Bp, tot dleoyH aray
be tenporarily raduesd tonSséed Ol eEnRi tah8e A N BrotREA using any '
non-saxi philin. | n'ﬁtﬁf) (%‘}’ﬁ t.he samcglgl linis_typically eluted by Nad or
KClL at a concent Patr3R" Frdft 800 SHTalsr at FoRution ffrEpdatt pHie gang
number of dif$erpHt abuféerssgst@ns may sihglyseihsd 50i@nt ivenably, béurt her -
purification may [ | e. by _chr onmat.qf ocussi Rg.,on PBE 94
R T Tl S SR EREEE e Mt AR

resin quilibrated, wt I m'dazo an Wi

solution contai ﬁilﬁ@?25 nmL Pol ybuffer 74, brought to a final volunme of 200
nmL and a pH of 4.0 W tin HClpr@feRaly BRI nea DV ghe 2pdo POES EruSxchangs gan

t hen be achieve Siz | usi on_chr opat ography or desalting on a

col um, such as gB?_XLIGeCS‘?u;ﬁ f’ioﬁf’ﬂ F8H3%h agﬁ'a’é?%s“ﬁ%{e [ 7.4 200
arthropod sptRi esMnaifaBé. angndpetims whikélleb mTaducestipmdphi baxiptSae o or
exanpl e Ll evel | yacebraing = +897.cnlr efghahllt ohhe Al hraRQibakSod CoRt i RS

such as Ethm)stigrrus rubri p?s Aan isopad, such as an Oni scus |
. temperature ' (~25°C) for 90 min prior to aspiration through

the filters. Wells are rinsed three times with 180pl ice-
cold water. The optimum amount of saxiphilin may readily
15 be determined by routine experimentation. .

In a further aspect, the invention provides a kit for
measuring the amount of paralytic shellfish toxin in a
sample, comprising
{(a) a microtiter plate;

20 (b) saxiphilin according to the invention, labelled with

a detectable marker;

(c) extraction buffer for extracting material to be
tested from a sample of an organism or tissue to be
tested; and optionally

25 . (Q) a concentrating means for concentrating paralytic
shellfish poisons in the extract or removal of
contaminants that may interfere with the assay.

Preferably the concentrating means is a column or
cartridge comprising a solid support material coupled to

30 purified saxiphilin according to the invention. .

According to a still further aspect of the present
invention there is provided a device for measuring the
amount of paralytic shellfish toxin (PST) present in a
sample, comprising:

35 an immobilised invertebrate saxiphilin, or a fragment
thereof which contains a saxitoxin binding site;

means for introducing a sample to said immobilised
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species, a spider, such'as Araneus. c.f. Cavaticus, a Xanthid crab or an
insect of the famly C opterygi dae. AMENDED SHEET | PEA/ AU WO 02 4 $3
31 MAY 2005 PCT/ A UO1 /01605 More preferably the arthropod is a entrpe g
nost preferably Ethiostignus rubripes. Saxiphilin fromthis sﬁ@d‘/@ldonassos
been shown to be able to bind PSTs of all the structural sub-class of the
PST famly with conparable 5 affinity. The arthropod nay conveniently be
anaest heti sed by exposure to hypotherm a.- Homegeni sati on can be carried
out using any conveni ent apparatus, such as a Heidol ph tissue honobgeni ser.

One suitable horregﬁ\pueatbo&mffMoﬁlals%Qn%ﬁng m%r @lf@gﬂenﬁ:om&lédﬁg
0.5mM EDTA 1M 10 _| gupeptin, 1M pepstatin protonr n, and

phenyl met hyl sul pﬁonyl fluoride. Suitably 2m buffer is used per gr am of
arthropod material. Theedmsv fs:peecbrneerattriht;ughéiamo\rmy ofobyYRaieqthitibe

performed at 800Qghef tlJ:Q pRautes, 4ol houwed ¥ +§ps scpeedtﬁegg,f.r fugation

at 15 50,000g_for 20 m nutes. e sup ernat an oW ng i Speed
centrifugatiof nﬁ?“ﬁénFFétiE‘PPrWIq}mrrS@“\mller ogen and stored at 80C pri or to-

further processing. Thgce&df;@rwta @Qtllltleh§tﬂé1?p§srfe@tb)5fceﬂc¥8[%
net hods, for examfz))v % chbatr on of qglass fibre wt 3% PEl 1 n
an ?n E

wat er sol uti on (V. Teast® Parydredna ferbealfornfepiBrPry e

drai ni ng or aspi raloh qﬁdreararhm;wnsh'éhefustil abein sepsqphplreeeﬂﬁynbea used
for detection of s;R8Ts, ﬁ;&glg Ny mcrotitre plate assay which we have
‘previously digcrr bed (LI ewe n and Dog e 2000; Lewellyn et 25 al., 1998),
utilising saxtphilin I%‘Be’ﬂ"@d’%’tsl‘?dapﬁ radi oactive | abel. The person

skilled in the art w|kehes Bmariatebdadihgbheshabrd Lo WhiahikmshitEsea
fluorescent and pghem | um nescent |abels, colloidal gold, latex m crobeads,
| i posone- encapsul at éd dyes and enzynic Iabel s, although 30 these are not
favoured as the enhancBA®mt i timdredysangi s p¥¢¢mtmp®ﬁdem0me eH arhe

need for an enzyriabrlatéeaaxhdcpuﬁﬁletcﬁliewekcaesraéraesaumqaﬁ eacapsul at ed
dyes may be g sample;

means for measuring binding of the invertebrate
saxiphilin introduced to said immobilised PST; and

means for correlating competition for binding between
the immobilised PST and any PST contained in the sample
20 with PST concentration in the sample.

Typically an invertebrate saxitoxin is used and this
has advantageously been purified as described above.

The device may be a biosensor, and therefore include
means for translating 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 saxiphilin is a relatively large
protein, enhancements in the sensitivity of detection may

30 be achieved through using fragments of the saxiphilin
protein in place of immobilised saxiphilin, provided that
they contain the saxitoxin binding site. If a fragment is
used it will be appreciated that the change in mass upon
binding is greater as a proportion of the total weight of

35 the system. 1In a competitive binding assay in which a PST

is immobilised it is preferable to employ full length
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biotinylated or tagged in sone other way to facilitate their capturenh&nﬁws
assay. Suitable detection nethods 35 using each of these |abels ar Ik

inthe art. The isolated saxiphilin of the invention is also usefiffT/AR01/01605
preparation of affinity materials for 3 1 MAY 2005 PCT/AU01/01605 - 14
purification, concentration or extraction of PSTs, for exanple in testing
water quality of waters suspected to be coht&kinated by al gal bl oons. For
exanpl e, the isolated saxiphilin may be coupled to a suitable solid
support, 5'whi ch TR%*RHi e agatkedreverseoiuiyusr a cartridge. In one
preferred embodi nent, taheosaling suppostils MAGKeE hBpact ¥ thiedggvadapsed
for attachnent totﬁgé%wfg1 %vaggdpgrsoghggi led.in the art will be aware of
suitabl e coupling  fet HodS " ENd“SHpPoltsT°F oro e XApFEREGANS e br oni de 10
activat ed matri ceRugifgivads oagandger epoxycisin wit pdraimtic cdellfish

gl ut ar al dehyde-activated silica; carboxynethylcellul ose hydrazide;

pol yacryl am de hydrazide and oxirane acrylic beads. PSTs can be el uted
fromthe affinity material by treatnment with a small volunme (eg 1 15 5m)
of acid, urea or concentrated salts. For assays being perfornmed in the

| aboratory, this prelimnary purification nmay be perforned prior to assay
of a sanple of material suspected to be contamnated with PSTs. 20
Material suitable for use in the assay or the prelimnary concentration
nmet hod of the invention can be a tissue extract, for exanple from
vertebrates such as fish or a mammlian species who may have ingested PST
contam nated material; invertebrates such as nolluscs, 25 including
shel | fish or cephal opods; macroscopi c al gae such as seaweed; m croal gae

i ncl'udi ng cyanobacteria, dinoflagellates and the |ike; or bacteria.

Bi ol ogi cal fluids such as blood, urine or saliva of patients suspected to
be suffering from PST poi soning, or water sanples, such 30 as dri nking

wat er supplies suspected of contam nation or water fromregions

mani festing al gal' bl oons, which may contain dissolved toxins rel eased by

t he bl oom organi sns, :
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can also be tested. In addition, sanples containing synthetic PSTs can be
utilised. AVENDED SHEET | PEA/ AU 31 MAY 2005 PCT/ AUO1/ 01605 - 14311 MAYT2005
can be extracted fromtissue to be tested using any suitable agqueous or

al coholic solvent; preferably the solvent is at acid pH, since BEXIAWNIN6os
is susceptible to degradation under basic conditions. Optionally the
AMENDED SHEET | PE4/ AU 31 NMAY 2005 PCT/ AU01/ 01605 - 15 extraction may be
performed at el evated tenperature. A particli arly suitable solvent is that
utilised in the nethod endorsed by the Association of Oficial Analytical
Chem sts, nanelytOxinN HZITs b Trene isiegvaheossespeanifi ¢ net hodol ogi es for
carrying out assays i tis d.\var] referr . di ment s
of the invention are gfég%:‘?lf%ie %gll (:)L\j&v'?‘olb%@gﬁéé_e%%%é%ta%%gg}fme@n n °F
provi des a nethod §f29menkutherpathehdmbusonspins parssitiosishelhding side:n

P_rletsent flO ina sa_rrPI eonjt:ﬁnlrritgsian@atnlbqtestsagﬁﬁ@éec( Q?f %tﬁ_tlaiﬁﬁ&' )neg %é(;:? t
ilters of a @gic re.filtratian ate Wi a_pol ycati on; “adding to
wel I's of the g}agﬂgttg %6@\[1“5"‘ S sﬁﬁ\?@%ib’?a’i‘% ?aﬁ“ﬁlﬁilFFﬂ’gTa'b’éT? d®Tni t h
a detectabl e 15tier RET, tankirad ddrd dswobidikedi omnsipfiliat eahdl suspected to
conprise paral ytic shebbfishhiQXi R1ukGhg! ' t or a tine
sufficient to permt .bﬁl,)ndi ng gﬁ‘( t,h(‘af%ggal%?ib%é%rﬂgII{S}']‘&?;EEL['?O%I% to the

saxi philin; 20 (dJ™95pttaed miptididémrents of each well through the filter
of the well to renpve Thipanaic eklebet ha8d, sadiRhidtharapsisgapounds bound

thereto: (€)15i ngieRExR5NoHEL 200 bid boLs k9 fgTRYe residual unbound
conpounds; and
There is also provided the use of isolated saxiphilin
in the preparation of affinity materials for concentration,
purification and/or extraction of paralytic shellfish
toxins.

15 There is also provided an affinity material for
concentration, purification and/or extraction of paralytic
shellfish toxins, comprising an isolated and purified
invertebrate saxiphilin, or fragment thereof which contains
a saxitoxin binding site coupled to a solid support.

20 Advantageously the solid support is selected from the
group consisting of azolactone matrices, cyanogen bromide-
activated matrices; epoxy activated matrices;
glutaraldehyde—activated silica; carboxymethylcellulose
hydrazide; polyacrylamide hydrazide and oxirane acrylic

25 Dbeads. : |

For the purposes of this specification it will be
clearly understood that the word “*comprising” means
“including but not limited to*, and that the word

“comprises“ has a corresponding meaning.

30
BRIEF DESCRIPTION OF THE FIGURES ]
Figure 1 is a schematic representation of views from
above and from the side of a diagnostic test strip for
| detecting the presence of PSTs.
35 Figure 2 is a schematic representation of an

alternative diagnostic test strip:
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25 (f). measuring the anmount of |abelled saxiphilin retained by th “&wer
in which the degree of binding of |abelled saxiphilin when conpar&d AhZ&E
control sanple indicates the anobunt of paralytic.shellfish toxin

in the sanple. 30 Preferably in step (b) the sanple conprises a bdgﬁzgﬁﬂbgums
maintain pHin the range 6.5 to 9, and optionally also conprises a

chloride salt, such as sodium chloride or_p?% siumchloride, present at a
concentration up to 500nM Typically the total volune present in the well

is 50 to 35 3501, prefgxablé }00 to 2Q01, nore greferab%¥ 15 H. In ste

(c) the incubation is ¢aPHfed’olit At°U'THRBGCIePprafRrAbIP dt H8bhating

t enperature, for tdte Ipgasicidlend hud esicANENDEDpSHEETas $PEAIAUP3TE; MAY 2005
PCT/ AU01/ 01605 - 16 the incubation is preferably for 60 to 120 m nutes,

nmore preferably 90 m nutes, but can be continued up to about 8 hours. In
step (e), the rinse may be performed using any suitable solution, such as

a solution buffered at the sane 5 pH as for step (b). Asingle rinse wll
usual |y be adequate; however, each well is typically rinsed 2 to 3 tines.

In a preferred enbodi nent, the protocol uses a total volume of 150 p
containing 20 mM MOPS-NaCH (pH 7.4), 200 10 mM Nad, and 1 nM | abelled STX
centi pede saxiphilin according to the invention and incubation at room
tenperature (-25C) for 90 mn prior to aspiration through the filters.

Wells are rinsed three times with 180pl ice- cold water. The opti num anount

of saxiphilin may readily 15 be determ ned by routine experinentation. In

a further aspect, the invention provides a kit for neasuring the anount of
paral ytic shellfish toxin in a sanple, conprising (a) a mcrotiter plate;

20 (b) saxiphilin according to the invention, |labelled with a detectable

mar ker; (c) extraction buffer for extracting material to be

AMEMDED SHEET
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testeed froma sanple of an organismor tissue to be tested; and optionally
25 (d) a concentrating neans for concentrating paralytic sheéuiw ﬁ@d?ons
in the extract or renoval of contamnants that may interfere th't

assay. Pwmgeyablly the concentrating nmeans is a colum or pgarAtdidg8s
conprising a solid support material coupled to 30 purified saxiphilin
according to the invention. . According-ta%a-still further aspect of the
‘present invention there is provided a device for nmeasuring the anount of
paral ytic shel |l fishptigyhre @PS i e Lising;.:35.an

i mmobi | i sed invertebrgfe saxig%?ﬁ%%%ﬁgﬁmgﬂfgélgggﬁg Fﬁ@?ggﬁkak?cnggﬁngns
a saxitoxin brRdPn§UETEES REETOFH XSS GSci (F§RA §&mpPait o sai d

i mobi | i sed AVENDEDFSHEEE 5| REALAY B ehaVA¥ %@%%E@Mé@%%@% - 17 sanple
to said innnbil%s§gi§axt hilin, or fra%HPnt t hereof; and neans for

correl ating tR8 ARBUAL oPBEMISHE fRER P 1GTEr TERETBPESeRSERYr SEBSERC & o8t
PSTs or with PBE Sapaodcemnbnatifdeationhefsagase. According to a stil

further aspect of t sent _ iLnyention,there is provided a.device for
nmeasuring the annuﬁ??gggpgréfy?i§ ?ﬁglfppgﬁn?okﬁﬁ fg%#?gnggéﬂFcFﬁvéty
sanpl e, conpr P§i hje bondanpnrebiekiiged tBSTromearampde Batroduci ng a sanpl e
to said i mobilisedgpPSlrenpar Of,5k-N Cl r LN nt .of an
i sol ated and urlfied&?nvertgﬁr%t%agaéﬁggﬁL%ﬁgygnghgggéggg%p?g?égggnéffor
measuring bi ngﬁﬁgOBFt%Hétynefér PEpPalePeskxiiphFiLonrEnbr odvéed to said

i mobi | i sewl PST; andigeasssf o aogrebAt sAGwEAGPELE L PR fOK Bwﬁilﬂ:%.@ﬁt ween

the inmmbilis PST_and.any, PST.contai ned in the_sanple 20 wt
Concentrationgﬂﬁ §H%g%gﬁ§¥eFestlng 5escr1beg in Example 3.

DETAILED DESCRIPTION OF THE INVENTION

The invention will now be described in detail by way

15 of reference only to the following non-limiting exanmples
and drawings.

Example 1: Purification of saxiphilin

20 Crude saxiphilin was obtained by homogenising
specimens of the centipede Ethmostigmus rubripes in 10 mM
Tris-HCl, 0.2 mM EDTA (pH 7.4) (2 x 10 sec bursts with a
Waring blender at maximum setting; 3 ml buffer:1l g
centipede) containing a cocktail of protease inhibitors (5

25 mM EDTA, 1 pM pepstatin, 1 uM aprotonin, 100 wM
phenylmethylsulfonyl fluoride). After centrifuging the
homogenate at 24,000 g for 20 min, the pellet was
rehomogenised and centrifuged as above. The two
supernatants were combined and passed through a 0.2 pm

30 cellulose acetate filter (Nalgene). The saxiphilin was
then precipitated from this supernatant by exposure to 40-
60% ammonium sulphate, followed by removal of non-
saxiphilin molecules from this precipate by redissolving
into a buffered solution of Ph 5.0-6.5 and centrifuging to

35 1leave a supernatant containing saxiphilin.

This supernatant was then exposed to a glass fibre-

polyethylene imine (PEI) support matrix, prepared by



Typically an invertebrate saxitoxin is used and this has advantageously

been purified as descri bed above. The device nmay be a biosensor, and .
therefore include means for translating the binding event into anj 1 MAY 2005
el ectronic 25 signal. Advantageously, this is by a detection of e
of mass of the protein upon binding. It will therefore be appr elé?g}te’iélz&ﬁ&%% _
that, since saxiphilinis arelatively large protein, enhancenents in the
sensitivity of detection may 30 be achieved jghrough using fragnents of the
saxiphilin protein in place of immobilised saxiphilin, provided that they
contain the saxiigxiba0i sl 98 §ibes tipf [LAAMEHLsd Spptisefl I 1 oRG 10
appreci ated that the change in"nmass upon ‘binding Is greater as a
proportion of th&V{%talfatei ght Hasss dheraymst epd | vemovednpef i tthee PERdibyg
assay in which adPShing érmadpiria3eéni tinkisr Pr&EQERD! &4Q P8P @YwdUId1 Jrengt h
AVENDED SHEET 'EﬁéﬁAQ:¥aNA£t%095 PCI/AUS%/ 1605 - 17/1 saxiphilin, as the
reverse is true. Accordithg FSTa st FFRY ool §8pEct WFth h&hpnvemEiRiH 11in
there is prov debyRigelwdbébrgt hdutedcbkpt Natilomr Kolridt cat ¢omceitdayion
extraction of patabxtésomhald fd-ahhAVENDED, SHEET: J PENAU 31 MAY 2005

PCT/ AU01/ 01605 - 18 taoxins (PSTs), conpri si "rfhe' steps of: providing an

i nmobi | i sed i nvert ebr 2t saxPphteih, ohasa fpdgrent heear eofsulieehedont dions

a saxi toxi n bi ndéngosa t@focOIRCIIMPHE SPNDF@s SUSEQet 186G ak e0RE 8hNbBY iy

PST 5 with said i |14 sed..saxj phi,l in.for a sufficient time for the PST

to bind the j mo I?%D?%e%iessg%lpﬁ)ﬁ Pri;4 ana © 'bﬂ%a"f’lt}, aelsﬁﬁ}‘ﬁborf K H&Rd esT

fromthe infbbi??sBY SatvpHEERPR. 74hi bravghbdtoay HénadedolamengfoRher mL

things, to 10 dehndxafynskea 4icheand meri f ypyBSiffer removal and buffer
exchange can. then be achieved by size exclusion
chromatography or desalting columns, such as PD-10 columns
from Amersham Pharmacia Biotech.

15 ,
Example 2: Use of purified saxiphilin in assay
a) Diagnostic test strips

One diagnostic kit for qualitative detection of PSTs

using the purified saxiphilin of the invention is in the

20 form of a test strip. The kit uses a solid matrix, or
"wick", upon which the reaction occurs. The kit has a band
of saxitoxin at one end of this solid matrix, applied using
a method known as "printing®. This immobilises the
saxitoxin, which then acts as an anchor for modified

25 saxiphilin (described below) as it flows past the "printed"
saxitoxin. If the modified saxiphilin is already bound to
a PST from a test sample, then it will be unable to bind to
"Printed" saxitoxin, and will continue to flow, preventing
colour development. If the test sample has no PSTs, then

30 the modified saxiphilin will bind to the band of "printed"
saxitoxin, forming a coloured spot. To generate a coloured

spot upon anchorage of saxiphilin, saxiphilin is conjugated

ANMENDED SHegt
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There is also provided the use of isolated saxiphilin 1in the preparation
of affinity materials for concentration, purification and/or extraction of
paral ytic shellfish toxins. 15 There is also provided an affi§i{ MAYa2845 al
for conc®&xR2486Mn, purification and/or extraction of paraytageinshgl | fish
toxins, conprising an isolated and purified invertebrate saxiphilin, or
fragnment thereof which contains a saxitexi2zi binding site coupled to a
solid support. 20 Advantageously the solid support is selected fromthe

group consi st itRg cofl 1@3@=AC tEHIRY Bt I'd SESur &Y aAN0E8N B Ordiiesgact ivat ed
matri ces; epoxy .act.ivated trices; | ut ar al dehyde-actjvated silica;
car boxymet hyl Illnﬁllg\sig 1@&&% ,epQﬂgJyJaféJr%]arﬁ hyRft a2 R SHY Galoared
acrylic 25 beadsmgeRtr, tile spupesasedfiddt s shecd fdwatden 44 wid hben eye

cl early under d at_the rd. "conmprising” neans . "including hut no
limted to,, g’?\%%t ﬁg‘t@ {7 r?télj\}\lg\rg% ed csoé}?b]rgfl%i]lsl'lgﬂ%]sn% Riat %B%Wf?g’%&ﬁdng’ﬁ 30
BRI EF DESCRI Ptpduha:mEHErlélr@JRE$d:iiguriélolﬂ9§ gaastsct_h&rm:taimi refp e sentedt i on of
views from aggy(gtg;&qnflr?@Pgaglm far?d d<| ﬁﬁgogzateec toerstcosr;ttr:ﬂ uef gargr(]it é’toiton

detecting the presence of PSIT | gure schermatic Tepre
of an al t er n&PirfeadPagfodtisd biles tt astitiey husvENBER SHERT. s [iREA/IAUs3LaMa

2005 PCT/ AUO16@hERARLichBAY, i YRR 1S a mehemalic danf %Sfer%%%?n AVENDED

illustrating the.principle_qof a mcrotitre plate assay for
B

SHEET N A/ | . RFoyiges) ayapadsss bl vass rr ‘PEHSAN Horl6d% nresgncEi giire 4
shows scheorat peak| ynt hesamppet.i t iTte: Hard RE rig BFSHIRCE PRIl €SONANCE

(SPR) sensor; 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 is 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 sequence (Figure 2). A mixture of the
wicking reagent and a sample containing an unknown quantity
of PSTs is allowed to migrate along the strip by capillary
action. In the saxiphilin zone, competitive binding with

25 the PSTs receptor 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 pL 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



Figure 5 is a schematic representation of a saxiphilin-based
surface-pl asnon resonance (SPR) sensor for 5 the rapid quantlfiﬂa ?n
PSTs; Figure 6 is a graph showi ng the eluted radloact|V|ty .
exper i men?@ $¥¥f{Exanpl e 3; Figure 7 is a bar graph showi rf§TéHuR{0608 )
bi nding of radioactivity in pH 5.0 peak |2 Figure 6; and 10 Figure 8 is a
graph showing the elution profile in the ?ability testing described in
Exanpl e 3. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention will now be
described in oefachliss wapt e ¢ftaqratt atonigaato orige vieak] ali n§°C and

non-1imting exgapbas mAftth-drAM RGH der@ilfulie Puliiicalisay %u_s_aXb@h' lin
20 Crude saxiphilin was obtained by honnqen|5|ng speci nens” of the

centi pede Et hRBSELYMYSSUGT & Hiflith AT Y s "Adhous. 2npveeBFALpH 7. 4) (2.
X 10 sec burskguipilend SMarderthdilendeaskiatl srddqiimeget t imhe; k3tmyobulifer: 1 g

centi pede conta ning a I e bi.t.or 25 mM. EDT, pM
pepst ati n.5 1 QREABFB GRS 250 d Mo ety | RGP PorPae) LoAMPSED T
ceﬂgggfg%:ggdbbﬁnlhgﬁ??emameamudéﬁ(%?rg;dmyléﬂhpphipathe?pahﬁebpnaSaénbined
re

9 30 éﬁ #?l %%Bﬁce UA%X£Q¥§§} i %1@% go%e§§l$

and passed t hif 6a |"ose
saxi phil'in maeasyhemdbm@mq@tsnnatﬁunﬂnqﬂuanwmqmmmma&aﬂtsampégsosude to 40-

60% anmmoni um EUhEIE_aLtt%’tef ol Ql\eﬁﬁrtamreqr@a/%na)f %bl%%b%ﬁ' ebP Eﬁleeﬁglres
fromthis $reC|pate by redissolving 1nto a buffered solution of Ph 5.0-6.5

and cent r}% ugFagkt 8SS35€RFe a supernatant contai ning saxi philin. ThIS
super nat ant was then exposed to a glass fibre- polyethylene imne (PEl)
support natr|§ pre ar ed b% ¥§¥ 2005 PCT/ AU01/ 01605 - 20 incubation of
glass fibre wiPh 0. BFELEIEFEWR s6°Gf¥on (v/v) for at least 1 hour and
renoval of the PEI Eytahﬂashung theasgisagt ilanaunderovacuanpldazi porkah was

eluted from %EER&%{ 50§ ki%lz%gts qsﬁ:"ilc%t e\éf tu@et he gaxhabh Lk nq&aﬂzﬁtgeg.]vg

bei ng el ut ed concentr at
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 ef toxin quantified.

A further possible technigque for quantification 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 techniques.

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



from600nMto saturation, at pH 5-9. The protein has also been 2;3] mczﬂag
chr omat of ocussing on PBE 94 resin equilibrated with 25 nM imd H
7.4 and eluting with a solution containing 10 25 nlL Pol ybuffer 74PCEFI‘W@1W§1605
to a final volune of 200 L and a pH of 4.0 with HCO . Pol ybuffer renoval

and buffer exchange can. then be achieved by size exclusion .

chromat ography or desalting colums, such a23DB 10 col umms from Anmer sham
Pharmaci a Bi otech. 15 Exanple 2: Use of purified saxiphilin in assay a)

Di agnosth ic tes]'E sthiahpes One di.@g:mf theicq—lkint offon ageal i tad \é@udeaﬁg)ti@n? of PSTs
using the purifie axl I of .the.l ventlonISIn orm a test
strip. The kit usg‘s%g sgP f et TiX.C r o ek th%d‘(‘)%t%qéﬁuf% 1 At A
occurs. The kit Hatsa when Sévfltsmalrt (}XSl eoapledetenthofacthivetedl galdmt ri X,

appl i ed usi ng a JiktEhed KPOWe asendyd NG @gfraJmée Lh$es &p& is
saxi t oxi n, :Sch t hen acts as an anchor for 25 saxi ‘?1
(descri bed bePow)ing&ced P ‘ﬂ%ik‘thtrhé’l'“ﬁllpﬁt éﬁlgugeam oxith. the ¢are

modi fi ed saxi phi Iwhlérlespa't‘ﬁ%lﬂy [ﬁ@uﬂﬁhtt Qn ahBSB'arﬁpsmn & fc%s\beﬁaﬁmne,octch% it
will be unable tq] gegtghe" rlnt y éom ag nuetoflow
preventing col our devel 6 e te f’urs' ’é °§(§nno Ts,®then 30 the
nmodi fi ed saxi phi IIieﬁU\l/FIlhgbﬁ;mat]o deh?erel@&ﬁdcw b@rquﬂ@d‘fleslam t oxi n, formng
a col oured _spot To geqgiatE R-G0)5 lérrﬁi@n §99&py<pprasas% hebagesed s@xiyphilin,
saxi philin Ii 6J gat ed AI\/ENDED‘élI;EET PEA/ AU WO 02/ 48671 - 21 31 MAY
2005 PCT/ AU01P018689FBT CBITRAMRIZ o ISE™E c AP EPT SVSEeRPer bbbatism i *ig
principle is thatcetilewbet¢ oitdalcogpletitanel nteasedy alagupedurs eagenitii)i s
aggregated into %h%pgbROQé/ﬁ&HS 191%15'&"1n@uga@1&¥ el"!f“‘;z;agmdt I&BtQQQU@@J

saxi philin binds the imobhi l1sed on 5t rane. t1ows _past
the band of print @dg“§§xﬂomﬂ‘lﬁ SYRitem §?pr%n@]algfgraé‘§8f“éteﬂr %‘t‘frﬁ i4fudand
not forma band thiesBIh€ORE 2009 Murwaidpble Thiem ik dddreshBat ed

15
Example 3: Affinity Column Preparatfon
By linking saxipﬁilin to a solid phase, its ability
to bind saxitoxin may be used to separate saxitoxin from
ligquid samples passed over the saxiphilin 1linked solid
20 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
25 column using the Ultralink ™ kit manufactured by Pierce
Chemical . Company. This resin relies upon azolactone
coupling chemistry and uses an inert semi—rigid resin with
medium to fast flow characteristics.
The method used was as follows:
30 1. The ammonium sulphate precipitated saxiphilin was
resuspended into the Pierce supplied coupling buffer

of BupH citrate-carbonate buffer (pH 9.).

2. This resuspended saxiphilin was added to 0.15 g of 3M
35 Emphaze Biosupport medium AB 1 (supplied by Pierce)
which hydrates the resin and binds available

proteins. The resin swelled to 1lml.

AMENDED SHEET
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schematically in Figure 1. Thus this formof assay provides a qualitative
"yes/ no" assay for the presence of 10 PSTs in a sanple. Theatgs A t 'g
provi des Y 'glve control. An alternative approach is t afgma Z;_@g one
encapsulated-Zb .. Li posones provi de instantaneous enhance t, Mehave
considerabl e potential for automated 15 assgys. The experinental systemis
a conpetitive receptor assay and consists of a w cking reagent containing
saxi toxi n/ biotin-tagged |iposones with entrapped dye and a plastic-backed
nitrocellulose strip that has an i mobilized 20 saxiphilin conpetition zone
and a |iposons . avi dhAteapt ur e houzonefi N genebeentliRgngequenee EsGUre a)a A
m xture of the wckin eagent _and_a, sanpl e cont ai nj ng.an _unknaown ﬂuantity
of PSTs is allowed T3 NPRFALE BFORG ERGOL FES BYCasm! T4ry 2 Aetion lFithe
saxi philin zone, coapétiheveebindwag alibw28 thesB8¥dereceptor occurs. The
unbound | igposones, proportional to the anmount of saxitoxin in the sanple,
are carried into the |iposone capture zone where they are concentr ated.
The col or inténsityTbhe tdedwuxiphs| itheroneashad thichvbiparhavwe Huéfered
estimated either vigyabhy @fisby; 30 scanning densitonetry. The amount of

i mmobi |i zed saxiphilin nmust be as low as possihle to increase sensitivity
to PSTs, but sufficient to allow visual detection of |iposones. A typical
m'hgri'sléI ion ars]saﬁ req%i .f&ﬁ% &mor@%m ebuf.iele (3 ﬁé-tmlo Enistd YbH 09 apdwas
shoul d reach the pp et ectl gn v In less t .mnputes, . .
corresponting to Psﬁgeﬂeﬁééﬁaoﬁn i %ﬁ??ﬁ?rlﬁée?ggynﬁl?ﬁﬁgép FPpSsEéd St e
hi ghly stable WO 02£d486715-ha@2rs31 MAY 2005 PCT/A U 111 /01605 nol ecul es
that can be stored at |east one year at +4C and several nonths at room
tenperature. This assay would be weasily used in to field testing, w thout
any special €équi pnEae orotwehniwes §hﬁmlsWﬁééﬁﬁrew%tmhelii@ﬂMDQ%QSEhate

i nclude speci al holggrgcfosn theihadi vidual strips, in which openings are
provi ded {gr sanpl e application and optica

7. 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 1is 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 aliquot of the *H-STX (60 nM) was counted
in a scintillation counter to measure how  much
30 radioactivity was going to be applied to the column. These
aliguots contained 2113 * 42 counts per minute (cpm)
200 pl of *H-STX (= 211,300 cpm - see point above)
was added to the column and allowed to flow into the resin.
The *H-STX is prepared by 150-fold dilution of the
35 commercially supplied 3H-sTX (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



readout. This |ow cost saxiphilin mgration sensor allows easy and rapid
screeni ng of environnental sanples and constitute an unparall el d{?@ﬁ}
reliable tool for the PSTs 10 risk assessnent. (b) Mcrotitre% ag@éy
Est abl i shwwod4se7iassay in a mcrotitre plate format al | owset A S iRER

sophi sticated use, and enables quantitative 15 results to be obtalned. One
preferred format is a binding inhibition asay. Saxitoxin is coated on a
96-wel |l mcrotitre plate. Test sanples are mxed with labelled saxiphilin
and added {0 thq)96 MRl |+ It ey SO EECEo13UMILS AR, D0LPLEYERL !

| abel I ed saxiphilin from binding 20 .to the saxitoxin-coat 84 Surface of'Fhe
wel |'s of the ¥6SREA SYICRSLIYoI Wath Solwurefl 1thgi ofelltwxing centhi miamy
sanpl es i nhi Bialnpgel evl 1tetewd isepamddeithe degree of inhibition being
proportional to the a(grount OL Boxi n gresent. The late is then read in a
spect rophot omet it pfate"3eadeP Ol BEFERNaMBueH of -4bxin quantified. A
further possibl e tetidivash f 000 quanEEPESataom afn PSTp i nvol ves

hi gh- performance, | i pui ogr aph coupl ed to a post-columm oxidation
systemand a fl uorgg%gtﬁbggg%g?%c %@ﬁ ¥Iﬁ}iisgp¢))ocedure is conplex and 30

requi res expensive FEYgnétEneES d¥aOkoweNes,0x he conbination of highly
speci fic saxiphid i ngbasad gdfdentification and sensitive detection by neans
of surface plasnon resonance (SPR), overcones the drawbacks related to

chr omat ogr aphi ¢ *t echifi®fieHCB5 The device requires a PST such as saxitoxin
to be caupled t0o an gcty wated gold surface, which is exposed to a liquid
sanpl e during th.e acgad%%is The SPR sensor detects 3 1 MAY 2005 PCT/ A0l
/01605 - 23 changes H& Y efl ection of |aser | i ght caused by the change
-of refractive inrdexy.latN tHel netal -1iquid interface. Thus, when saxitoxin
is coupled to the ?tg E@t&pll gold surface of the sensor, a refractive index
alteration is 5 induced by saxiphilin binding (Figure 4). In the case
where PSTs are preséme ¢huted sadpbectavionpss idemicioeduis Fhetmeed. t he

free PSTsisand boundasaxdt 0%k Nse@Rd tHEre are two major peaks of

radioactivity. 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 bing
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 pl rat

30 Dbrain vesicles containing sodium channels in a final volume
of 250 pl. 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 pl of fractions 1 and 5 (wash and first pH
7.4 wash, pH 5.0 wash respectively), 1.5 ul characterised



resul ting signal decrease can be quantified. This flowinjection receptor
assay consists of i) 10 reagent punping and sanple injection sﬁtehﬁ)’ 2005 a
mxing c efe the conpetitive receptor assay occurs and iii) the S
Sensor | ng\{ducfyygg a flow cell and optical devices (Figure B)/AYHM6Sy gt em
can be fully automated, such as in the Bl A 2000 'r' available from

Bi acore AB_ 15 Exanple 3: Affinity Colum 5 eparation By |inking saxiphilin
to a solid phase, .its ability . to bind saxitoxin may be used to separate
saxi toxin fror‘ﬁenltl Fé’s‘ segeBgERtipg slélx@phﬂlilc‘nl | vakedesolfi @520

support. Sincaibi rsﬁnmetso w:@fél@@ﬁl@ saxiqiplichts phh deperdente (e ynd
toxin can then be el uted the saxiphilin affinit ﬁcolurm | sol ate
saxi philin wa§ O&E@&ntlf}gplaélpa‘?%c%ﬁja‘f?l?ﬁ‘?ynt 9% UBHLEME L& n §ERE OB Er MRSk

'" kit manuf aeflseeddnf Rimerteto Cletfiioal .sHeampany . 1dWeBs I 881 AnkeldRmdpean
azol actone? cgg.gl ing chem stry and uses an inert sem-rigid resin with
mediumto fast flow characteristics. The nethod used was as follows: 30 1.

The ammoni um sul phad® paecis teeen saxiRiguren Was ondesuspencedsi ot elulted
Pi erce suppli gd &OWH inggfugd v19y @EBEd Jk!aéglqﬁﬁbgggggﬂggfEﬁ%lggﬁcgl)

35 2. This resuspended saX|ph In was a
Bi osuppor t nme@FGAVABY1 ¥Quphl i Pbha pidmek) tonhibh hW‘P atl‘@@wrhe seeditpxand

bi nds. avai | ab}c@cepteir@l nsthdhepresy n4S webded &0a! Mot AVENRER SHERT EBEﬁ/ A
I WO 02/ 4 .31 NMAY 2Q05 PCT/ /01605 3. After 1 hour of "gentl

m xi ng, r?%?ﬁogﬁﬁalsa?f: AVESY pr R onfMas packéBiPAto gmount of
m ni - col unn, randpthe résimdiwes abcadedtio siitl &he 4. sdhiplol iim wasalhen

yﬁShed with p@ﬁaﬁggganUffeﬁﬁgt the radioactivity was tritium
o unincorporated into saxitoxin (a known property of
commercially supplied 3H-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 -



saline (15 ms) 5 4 ms of quench buffer (3M ethanolam ne pH 9.0) was

then added and the resin gently mxed in this buffer for 2.5 ho%&‘r&@
colum was then washed with 15 m phosphate buffered saline 351 050

of the redV;oas7it hen seal ed with a porous disc insert 8.pdaabotdigescol urm
with 15 M 1M NaC 20 9. Wash the colum with 15 m 100 mM HEPES- NaCH ( pH
7.4) and it is ready for testing for abi-lRffy-to bind saxitoxin 25 Testing
for columm binding of saxitoxin Tritiated saxitoxin (Anmersham Phar nmaci a

Bi ot ech) was fmedhEOpmz@tmr@ tde endims B liddet O big ﬁga&} 1.0xin. Three 2
| aliquot of tm'&%l%g" §'JC'X I\(% unted in a scintillation counter to
measure how much 36°radi oacatr} |%%tlgocﬂ%gtq b pprdiaeents tamal coI umm.
These ali quot‘@tbgﬁﬁafiﬁédfém Mrecioumtasy e mEdWILE {5RN Z90 e J] O§\TX
(= 211, 300 cpgy oj, pt o- added tq the colum and allowe
flowinto the rgs?ﬁg‘pe b@' }I{‘?()%es{l\,%&éapacroél eﬁ% %(fcf]cﬂﬁf‘%lﬂrutqbdﬁ of the

. 35 conmmer |aPP?Cé§i315PFé9n3l—l- STX (in 0.01 Macteic acid containing 2%

et hanol) into 1 nMgéfeabgchuf p n.washed
with 5 ni 100 mM HEPES- NaO—IQ%pEgrteﬁ He%e%kgr%o%&ff%%%m%%ﬁ %86%?‘6%95 ;
25 7.4). ThePFPoBW t%ﬁl‘éu@ﬁewééw@éppé@{t@@ hepe ipobymthias refemenwes hed
successively with 5 mM of the followwng with each sanple collected
separately: 2nd wash 100 mM HEPES-NaOH (pH 7.4) 5 3rd wash 100 mM

HEPES-NaOH (pH 7.4) 100 mM HEPES-NaOH (pH 6.0) 100 mM HEPES- NaOH (pH
5.0) 0.001IN HCl 0.'005N HC1 10 0.01 N HCl



0.O5 NHC1 0.1 NHC1 0.5 NHC1 The eluted radioactivity is depicted.in
Figure 6. 15 As can be seen, there are two major peaks of radj dadAYviQs.
The first s4in the first fraction and is essentially by the
colum. The @%@gﬂd peak is eluted by 100 mM HEPES- NaCH pﬁmgzggH@???iated
saxitoxin contains free tritiumand so Lhﬁge_tmo peaks were tested 20 for
bi ol ogi cal activity by neasuring their ability to bind to the two known
receptors for saxitoxin, nanely the sodium channel and saxiphilin.

Measuri ng bioﬁggfggﬁléﬁiivity of eluted peaks form 25 saxiphilin columm
Conditions in the assay used were: Sodi um channel: 100 nmM MOPS- NaOH (pH

H 74 vesh, BHE-6 Tadh P eddetvdish T PS¢ A v oG e

contai ni ng sodium channels in a final volume of 250 |. Sanples were done
in duplicate and,a-pegat c taipin e siyve anount of
unl abel | ed tetroggtoxinhxgg'alsgﬁﬁiﬁf§$ﬁb I5%%§£Vn§&§%égigpg | evel s of

any bound 3H ¥PRzySliguekgniE-i 19800 MvivisrEaNdo EoHaivA)ic Bbeliiisbdi um
chloride, 100goiabnkr gt it@RS £i-can80 M el g P A np aash, pH 5.0
wash respectively),. 1.3 | characterised 31 MAY 2005 WO 6& 48671 .

PCT/ AU01/ 0160%°L126 (Faddoip e CORATINI IS E9X-aBiPEd -i FY1FORal M}6FGre of
250 gl . Sanpleas weoe-done.in duplicate and a negative control containing
an exces%kye amount of unl abelled saxitoxin was also perforned to define
specific Tevels of any bound 3H 5 STX As can be seen in Figure 7, only
the pH 5.0 el Doedetpeak.df. . r adigeac . ¥.t,y RanedellAe JcSl. uamdr ¥hai Dedah F.M.

bi ol ogi cal aghig¥htypLe d _hisn . itaxin

T eceptors. Thg%gavguEbgggﬁpgggkngpdb ﬁ%%ﬁ%ﬂgﬁgw§3§29¥gtggél%giéal activity
(except for a“ﬁFﬁPﬁ&FeﬁnﬁéﬁFeobaSﬁ@céﬁ@@@t@rnéﬁﬁéiagtaﬁﬁﬁy fart paralytic

saxi philin asgfd¢)1fish poison toxins. Toxicon 35, 625-636.

15
Fernandez, M. L. and Cembella, A. D., 1995, Mammalian
bioassays. 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: Origin, 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 bioassay, and comparison with the standard mouse
bicassay. Toxicon 30, 1143-1156.

-



indicating that the radioactivity was tritium unincorporated into

saxitoxin (a known property of comercially supplied 3H STXB. 118AGtRp5 ity
of ¢olum after initial treatnment After the final 0.5N HCl1 wash, the col umm

was washed®Ow/#46720 ml 100 nM HEPES- NaOH (pH 7.4) and st or pdravermicght  at
4 C. This colum was renoved and allowed to return to 20 room tenperature
and the above el ution experinment was repea&%d and the profile shown in
Figure 8 was obtained. As can be seen, the second peak of activity has

shifted to be &dhitsseh by the 3u0dvashbur+i, HEPES MNH #H 1 1) é’l’ﬂéflhfi’%%’

i ndi cate degr a&g}goqp extdl%gsf‘&(ifhi Iisn. 25 These peaks were not tested for
bi ol ogi cal activity. Thus it wiT B2 PRI LIS Hreragg BHiinat iean dred
bound to a solkentshede dosian byt bphy . r¥stmrs i as74Rierge’ s Enphaze

Bi osupport nmedium AB 1. On this colum saxitoxin is bound by the

saxi philin_.and s%})%rated from30 other material (eg free tritium, then the
saxi t oxi n Ban HEYeYPed Er-omBakl I Mnrand tMoqutB.cdes KEheE @ ut @d osaxi t oxi n

retai ns bi ol ogilgalogaetetVict yurkraatyent o W j 0. . _HCl) . may.
degrade the I inked saxiphi] 0. Non-spedi T bl (B ot dd 1l ﬁi%ﬁé‘tﬁy t he
treated resinisPRECU3S Qﬁpéﬁriiﬁt ungtign |ansk medeaudmtr teyotlive iper sdn skil | ed
inthe art thaxishillénthe redeniven dasheer4escribadd n some detaj ), WO

02/ 48671 - 274 33 6lAY 2903 BCT/ AU01/ 01605 for the purposes of clarity and
under st andi ng, ‘vari ous m)8| fiications and alterations to the enbodi nents

and net htlis described herein may be made without departing from the scope

of the inventiye,eon t ;,digscl i is S.speqifi i on. References
cited herein agewl i st9§5 on t hg%?igﬁ&oc%%%?wsgéeg,‘(Q’andig%’él?i ncor por at ed
sherein by thi SPREREFEREBAtEONNRY 00T tyBi02bABETHgPES/ AbR1PAIGIR a 28

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.

20

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 3H-saxitoxin
receptor assays fro paralytic shelifish 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.
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15
2. A method as claimed in claim 1 wherein the
invertebrate 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 is
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

S. 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

/N ENDED SHEETY
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10 binding in isolated rate synaptosonse using a rapid filtration assay
FEBS Lett. 91, 310-314. Van Egnond, H P., Dekker, W H., 1995. gb ﬂ&%qﬁwi
regul ati ons for nycotoxins in 1994. Natural Toxi ns 3, 332- 15 33

2005 PCT/ AU01/01605.- 31 CLAIMS: 1. A nethod of detecting and/BCTMEHﬂnnggg
the amount of paralytic shellfish toxin (PST) present in a sanple, 5
conprising the steps of: 1) providing an isolated and purified invertebrate
saxi philin, or a fragnent thereof which conggains a saxitoxin binding site;
2) contacting it with the sanple; 10 3) neasuring binding of PSTs to the
nvertebrate saxiiihlghhidling) o £ Oe! Al dd'S 28BN 5, Phe U AL go LD,
either the presence or ahsence of Ts In the sanpife or wth the P
concentration in & (fO1ONF5FeSPeE- 2. A met hod as clained in claim1 wherein
the invertebrate saxiphilin, or fragment thereof, is coupled to a
detect abl e | abel 40 provid bel | d sax{ philin. 20 3. A.nmethod

clained in claln{é mhere?nsaéh%$ed%termW$4j%gnﬁgﬁfm ?‘%ﬁgePEb%FFeaggelled
saxi philin bi Rds saxiphiddbi LssednRsihed vi tPriedendr ai PeT iextiemtobil ithd

absence of a PSTivhitthe amwp! 6f Q%léfb@léfé%q Sxt emerae@r@oks
present in the sagBIe 25 4. A nmethod as cl alne aim3 wherein_the

| abel is select nlPH@aQFBEplﬁxWﬁﬁ%RHQQ;Wﬂinﬂlao?@%ﬁﬁﬁﬂPhQ§B@P§rlc

chem | um nescent glalrel seadekl.oi dal gold, | atex m crobeads and enzymc
| abels. 30 5. A nethod as claimed in claim4 wherein the |abel is selected

fromthe group consisting of colloidal gold and coloured |atex m crobeads
in order to apovﬁﬁe a vi &ugpthod as claimed in claim 7 wherein the PST is

coated onto a well of the microtitre plate.

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-

invertebrate 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 invertebrate saxiphilin to a predetermined
extent 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.

/ JLENDED SHEEY
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signal. 35 6_ A nethod as clained in claim5 wherein a PST is printed to a
test strip and a visual signal is produced /)!TIDED SHEET | PEA, /AU 3%YN65
2005 PCT/ AU01/ 01605 - 32 through binding of the |abelled saxiphd!| MAY 2005
thereto to form a coloured spot. 7. A nethod as clainmed in C|aUWH2AWh§@?&ﬁ
the labelled 5 saxiphilinis contained within and a PST is imobilise y
within a well of a mcrotitre plate, and the degree of colour formation is
measured using a spectrophotonetric plate-regader. 10 8. A nethod as
claimed in claim7 wherein the PST is coated onto a well of the mcrotitre
plate. 9. A nethad as C|ﬂJﬂBQhé&‘é&fﬂﬂgrﬁegrlﬁléiglﬁ &N éﬁﬁ%lntg

i mobi | i sed PST i SaXIhOXLn 15 10 thod as clalne | ai m ﬂ%ereln
the- invertebraté%agPphyFin #8 ??ﬁﬁﬂﬁq|§%§§toﬁh§°§%h|%Psﬂﬁﬁ%ﬁ@lsiq A

net hod as cl ai negaxdpbliaim 16nehen@ithdhe 30pbgond0cSHORY tzohs 8ohSSising
strip. 12. A methedsdg clained in claimi1l wherein a labelled PST binds to
the invertebrate saxiphilin to a predetermned extent in the absence of a
PST in the saﬁple but to a 25 | esser extent when a PST is present. 13. A

met hod- as cl ai med7i.n cl ahmdendedLid LiReaPS] L faim i fidein Bfnddhg A
nmet hod as clalne%ﬁ%% §ﬁdtg%13 wherein the |label 1s a |Ilposone encapsul ated
0

dye wi th saxitoxi %ﬂ%erT??ﬁﬁﬂﬁn§axiBhl%&ﬂn%?mﬂ?%ﬁ?nﬁﬂalned inclaim
14 wherein the 3Ppekitpopbneomddiidaiiat.l y has biotin bound thereto. AVENDED
SHEET | PEA/ AU 31 MAY 2005 PCT/ AU01/ 01605
10 18. A method as claimed in claim 1 wherein binding of
PSTs to the invertebrate saxiphilin is measured by

detecting a change in mass or refractive index upon
binding.

15 19. A method as claimed in claim 18 which employs a
surface-plasmon resonance (SPR) sensor.

20. A method as claimed in any one of claims 1 to 19
wherein the invertebrate saxiphilin is centipede
20 saxiphilin.

21. A method as claimed in claim 20 wherein the

invertebrate saxiphilin is from Ethmostigmus rubripes.

25  22. A 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;

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

a labelled saxiphilin comprising an isolated and
purified invertebrate saxiphilin, or a fragment
thereof which contains a saxitoxin binding site
labelled with a detectable marker, and a series of

35 dilutions of material suspected to comprise paralytic
shellfish toxin;
(c) incubating the plate for a time sufficient to
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- 33 16. A nethod as clained in claim15 wherein a sanple for analysis is
carried first through an i mobilised saxiphilin zone and then a }i 9065
capture zone conprising avidin. 5 17. A nethod as clained in ct »
wherei n binding of PSTs to the invertebrate saxiphilin is neas {4605
trophotonetrically. 10 18. A nethod as clainmed in claim 1l wherein binding . .
of PSTs to the invertebrate saxiphilin is nmeasured by detecting a change: -
in mass or refractive index upon binding. 153419. A nethod as clainmed in
cl aim 18 which enploys a surface-plasnon resonance (SPR) sensor. 20. A
net hod as clai med in angepaer Birddigorlahg pratieieishetihe;bavestghrate
saxiphilin is centipede_20 saxiphilin nmet hod as clainmed in claim20

20 4 %1 A
wherei n.the invertebrabecsax phi I3F it8PPLIRAEE Rt IgMis rubri pes. 25 22.
A net hod of neasuring t k@) anaanimeftipgr ahyt contahed Idfi hchoxebl (B5Hugh
present in a sanple, co i B4 p : re-treatin he filters
of a mcrotit re filt ra?ii?%nﬂé%%%\j\n t%tfm‘%a%egﬁy%‘éﬁ%“ﬁc’;"%ﬁ"f“ﬁm%’gﬁ% n%t}feor wel | s
of the plate a’known anbf@® tibeldadgisexietidani pud |donpoongsi bpwgd athereto;
isolated and purified (ayvertehisahng saxhphbli Nandrria tek-ag8ePEnotderfqual
whi ch contains a saxitoxin bindi %si e | ahel l ed with a detectable marker,
and a series of 35 dilut CHRECSF &t pected to conprise paralytic

i'ons of~
shel I fish toxin; (c) inéfbatimepsurdng] she fwoumt tdfimd abellledi satipiol JAMENDED

SHEET | PEA/ AU 31 MAY 2005, R(Id AOQ1695 =34 pernit binding of any

paral ytic shehbfish'toxin resent to the l'abelled saxiphilin;
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.

23. A method as claimed in claim 22 wherein the sample
15 comprises a buffer to maintain pPH in the range 6.5 to 9.

24. ' A method as claimed in claim 23 wherein the sample
further comprises a chloride salt, such as sodium chloride

or potassium chloride, present at a concentration up to
20 500mM.

25. A method as claimed in any one of claims 22 to 24
wherein the total volume present in the well is 50 to
35011, preferably 100 to 200ul, more preferably 150ul.

25
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
30°C, preferably at room temperature, for between 30
minutes and 8 hours; preferably for between 60 to 120

30 minutes and more preferably for 90 minutes.

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

solution buffered at the same pH as the sample.
35
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(d) aspirating the contents of each well through the filter of the well to
renmove conponents other 5 than | abell ed saxiphilin and conpounds gguEéMAY 2005
thereto; (e) rinsing each well and filter to renove residual unbou
conpounds; and (f) measuring the anount of |abelled saxiphilin RG/AUOEE;EYs
the filter, 10 in which the degree of binding of |abelled saxiphilin when
conpared with a control sanple indicates the amount of paralytic shellfish
toxin present in the sanple. 23. A nethod . asiglainmed in claim22 wherein

the sanple 15 conprises a buffer to maintain pHin the range 6.5 to 9. 24.

A method as clai med in chahdts Wheraiaimle i §agR) ond Wi RELiRONPS I S8S A
chl-oride salt, such_as sogiunlchloride or potassiumchloride, present at a
concentration up 8507568/ M MY LR FFREPLLER b 9 ERFIEne of cl ai s
22 to 24 wherei sahphtidinl vol ume present in the well is 50 to 350gl,
preferably 100 to 200/, nore preferably 1501. 25 26. A method as clained in
any one of claims 22 to 25 wherein, in step (c), the incubation.is carried
out at 0 to 30C2%r ef erArgthad Psomledmedr anuebain gi8 hdtewedn 8BE ni nut es

and 8 hours; prefiakabt¥biatebeixgan 160 tie ¥20m3RcAhHYE £5nmAN G PR Bes .
preferably for 90 mnutes. 27. A nmethod as clained in any one of clains 22

to 26 wherein, in step (e), the rinse is performed with a solution
buf fered at the S&me phkhass¢ohetashrpide puls fiel PEAVAtE SirddkY saRAPhilin

PCT/ AU01/ 01605 - 3ap?8a foBtHOM Ay ed in any one of claims 22 to 27
wherein the invertegrate'saxiphilin I'S centipede saxiphilin. 5 29. A

method as cl &Pmed in claim 28 wherein the invertebrate saxiphilin is from
Et hnosti gnus rubBilpes. An isolated and purified invertebrate saxiphilin

Jabelled with a detectable label.

32. A kit for measuring the amount of paralytic shellfish
15 toxin (PST) in a sample, comprising
(a) a microtitre plate;
(b) a labelled saxiphilin comprising an isolated
and purified invertebrate saxiphilin, or a fragment
thereof which contains a saxitoxin binding site
20 labelled with a detectable marker; |
(c) extraction buffer for extracting material to be
tested an organism or tissue to be tested; and
optionally '
(d) a concentrating means for concentrating PSTs in
25 the extract or for removal of contaminénts that may
interfere with the assay.

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

saxiphilin.

34. A device for measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising:

35 an immobilised invertebrate saxiphilin, or a fragment
thereof which contains a saxitoxin binding site;

means for introducing a sample to the immobilised
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30. An isolated and purified invertebrate saxiphilin coupled to a solid
support. 10 31. An isolated and purified invertebrate saxiphili@ 1|MAYe|M%
with a detectable label. 32. A kit for measuring the anount ofp@E@ABbLYbHI&s
shellfish 15 toxin (PST) in a sanple, conprising (a) a mcrotitre plate; -
(b). a labell ed saxiphilin conprising an isolated and purified invertebrate
saxi philin, or a fragnment thereof which contains a saxitoxin binding site
20 |l abelled with a detectable marker; (c) exigdaction buffer for extracting
material to be tested an organismor tissue to be tested; and optionally

(d) a concentr at iingereahsatorsconsieitimt iord fPSISent t12 doFe extract or for
renoval of contam nantgethat nma interfe L assay. 3

ans BYneddiy %e ﬁixt)h t{:e T 3 éA\ kit has
clainmed in claim32 wherein ’E‘ﬂe concentr REPAY Fedh SIS §OPsRURRY o2 the
cartridge conpri Sangla 80 Sl tnselpporsedringer aébraup|seckiphidnni sot at ed and

purified saxiphifldagmedé cRefSYf cefpr nmeasuring the anpunt of paralytic
shellfish toxin (PST) present in a sample, conprising: 35 an inmobilised

i nvertebrate Saxiphilin "% fenadiftitelathpg eblire vipnamtc ot RLIRG1IRY seddilt oxi n

bi ndi ng site; nmeaishterthatpoesendy or sdzRheet 6f therd BYORIilchs edT AVENDED

SHEET | PEA/ AU 3L MAY, élglg:T{I@L&lé 0160ﬁ§_- 36 invertebrate saxiphilin, or
0 i'n

fragnment thereof; neans r - nmeasuri ngsaﬁ“lp g of PSTs contained in the

sanple to the immobilised invertebrate saxiphilin, or fragnment thereof;
and 5 means for gorrel atingedfie %@mtaiﬁ\tedb.iﬂdéﬁgin\’%ttlhwh%%rta@ﬁrtltx@e presence
e

or absence oflOPS'I?s 0 .Xvith PST concentration in the sanple. 35. A device
as clained incl a’}ir'lf"r\o%ﬁ WRER el PV Heebrate saxiphilin is centipede
saxiphilin.

36. A device as claimed in claim 35 wherein the
immobilised invertebrate saxiphilin is from Ethmostigmus
15 rubripes.

37. A device as claimed in any one of claims 34 to 36
comprising a diagnostic test strip including an immobilised
saxiphilin zone.

20
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. )

25
39. A diagnostic test strip comprising a wick including
a zone where saxiphilin is immobilised thereon and a zone

further from the end of the wick within which avidin is
bound.

30
40. A kit comprising a diagnostic test strip as defined

in claim 39, saxitoxin- and biotin-tagged liposome

encapsulated-dye and, optionally, a buffer sdlution.

35 41. A biosensor for measuring the amount of paralytic

shellfish toxin (PST) present in a sample, comprising:
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10 i mobil i sed invertebrate saxiphilin is centipede saxiphilin. 36. A
device as-claimed in claim35 wherein the inmobilised invertebrate MAY 2005
saxi philin is fromEthnostignus 15 rubripes. 37. A device as clgi A

any one of clains 34 to. 36 conprising a diagnostic test strip’i 8?%@605
an i mmobilised saxiphilin zone. 20 38. A device as clained in claim 37 &
further conprising an avidin zone positioned further fromthe end of the
test strip at which a sanple is introduced than the inmobilised

saxi philin zone. 25 39. A djagnaostic test strip conprising.a w ck including
a zone where saxiphilin % IHYILIISSEH InHErEshRrare s%ehd Lifur PRe? fromthe
end of the wick irhbnanwhiledreavi ditiidls cdmrunds 30s40i tdkiki binanpgi siog; a

di agnostic test strip a i N l.aim 39, saxifoxin-.and biotin-tagged
| i posonme encapsul at ed- y%ﬁg%gﬁgbﬁfﬁgﬁgﬁfl?gaabﬁ?ﬁ%fgso N Fongg 1£ﬁ§‘%

bi osensor for neaBUPFhEPT ke apwumhidfimacal fragmeshethdrentf it oxi n (PST)
present in a sanple, compdsd NGr MNER:SHEEInal RFAYASsTE MBYt2PR8d in

PCT/ AU01/ 01605 - g? an innoblllsed i nverfehrate SaXIphL|In,,OL_3, f ragnent
t hereof which cofft'gi fig™8 %a&?t?ﬂﬁrfWWQRﬁiﬁfegiﬁ@YeﬁE%PE???nsqﬂﬁP ddoBi nBF a
sanpl e to the i mwbuhesedthéeéraeft ebrdat e saxi philin, or fragnent thereof; 5
means for measuring bi ndidgh Ofe ST GAMLREAGIAD HiNRAAMGL! ontBCn

i robi |i sed invertebrate saxiphilin, or ragnent Ther of; ‘and neans for
transl ating the BARAFRGNEGemtItHt RFrth cosred et dng ctihe grrgudn @fcbirdiagi ng
the anount ofo0bi rdithgeidRei tike gddiRind@rPaBEEREE OFf ENSLREEwWathPBd® or

wi th PST Conceng:lc’bﬂg:ieger.élpicgr?einsatrﬁ)el es'ample. .

42 A biosensor as claimed in claim 41 wherein the
means for translating the binding event into an electronic
15 signal involved detection of the change of mass of the

protein upon binding.

43 . A biosensor as claimed in claim 42 wherein the
immobilised invertebrate saxiphilin is a fragment of the
20 saxiphilin protein containing the saxitoxin binding site is

used in order to maximise the change in mass upon binding.

44. A biosensor as claimed in any one of claims 41 to
43 wherein the immobilised invertebrate saxiphilin is

25 centipede saxiphilin.

45. A biosensor as claimed in claim 44 wherein the

immobilised invertebrate saxiphilin is from Ethmostigmus

rubripes.
30
46. A device for measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising:
an immobilised PST;
means for introducing a sample to said immobilised

35 PST;
means for introducing a predetermined amount of an

isolated and purified invertebrate saxiphilin to the
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42. A biosensor as clainmed in claim4l wherein the neans for translating
the binding event into an electronic 15 signal involved detectioh bMAYh 005
change of nmass of the protein upon binding. 43. A biosensor as clainmed in
claim 42 wherein the inmobilised invertebrate saxiphilin is.a fRGEYAE01/00605
the 20 saxiphilin protein containing the saxitoxin binding site is wused in
order to maxi m se the change in mass upon binding. 44. A biosensor as -
claimed in any one of clainms 41 to 43 whereigr the immobilised invertebrate
saxi philin is 25 centipede saxiphilin. 45. A biosensor as clainmed in claim
44 wherein the igampbelised invertebrate saxiphilin is from Et hnostignus

rubripes. 30 46. A device for asuring the ampunt of paralytic _shellfish
toxin (PST) present in a™SaRPI £°F BT FSiNey PIPGADY npbbis JETeBEFP Ak%ins for
i ntroduci ng a samgixéphalsni intnodiddd sed s35 dAPShmolEBNsed @®STi; nbhaduci ng a

predet erm ned anmount of LS t rifli | hvertebra Lphilin
fo the AENDED SHEET | PER 3@%3%@%%%%%% /}it’ﬁge#gi’a‘ﬁ%efgr?;@%“?gé | e;
nmeans for neasur AS§WSERAERE brmelkl isrd MSEheateany aB§Divontainadr dauder to

sai d i nmobi | i sed BapleantdtHeaes doHcanirRlidhi B €REPR&dLdieon for binding 5
between the imobilised PST and any PST contained in the sanple with PST
concentration in the sanple. 47. A device as clainmed in claim46 wherein

the PST is saxitddxin. 18 d8videdeyi ckhiasmdliai pkdinnd€lvdienedt wher BST ide
saxitoxin is printedceltq a diagnostic test strip. 49-. A diagnostic test
strip to whi ip) saxitoxinis 15 printed.

48. A device as claimed in claim 47 wherein the

saxitoxin is printed onto a diagnostic test strip.

49.. A diagnostic test strip to which saxitoxin is
15 printed.

- 50. A biosensor for measuring the amount of paralytic
shellfish toxin (PST) present in a sample, comprising:
an immobilised PST;
20 means for introducing a sample to said immobilised
PST;
means for introducing a predetermined a@mount of an
isolated and purified invertebrate saxiphilin to the '
sample;
25 means for measuring binding of the introduced
invertebrate saxiphilin to said immobilised PST; and
means for translating the binding event into an
electronic signal and correlating the amount of binding
with either the presence or absence of PSTs or with PST

30 concentration in the sample.

51. A biosensor as claimed in any one of claims 41 to 43

wherein the immobilised PST is saxitoxin.

35 52. A method of isolating and purifying an invertebrate
saxiphilin, comprising the steps of:

(a) homogenising individuals of a saxiphilin-producing
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50. A biosensor for neasuring the amount of paralytic shellfish toxin
(PST) present in a sanple, conprising: an inmobilised PST;, 203ngdaMAY 2805
introducing a sanple to said i mobilised PST; neans for intr A001/81605
predet ermi ned anount” of an isolated and purified invertebrate saxiphilin -
to the sanple; 25 neans for neasuring binding of the introduced
i nvertebrate saxiphilin to said imobilised PST, and neans for
transl ating. the binding event into an el eet3®nic signal and correlating
the amount of binding wth either the presence or absence of PSTs or with
PST 30 concentration inveheelseqd esperliesAibi @SERAFOT o BSyiclaal WRE el any one
of claims 41 to 43 wh in. i ilised PST is saxitoxin. 35 52. A
net hod of isolating an 6ﬁ%$f%§%%& an 1 nvers gﬁgéfgrséaxiphilin, conpri si ng
the steps of: (a)PMono§ehieFhing rdia/ithmsigenateateakophigdett peadudifngation
AMENDED SHEET | PEA/ AUtd1lrMiovQQh 1 REHAWA1/ 01605 - 39 invertebrate
species in a physiqlogical. buffer conprising protease inhibitors; (b)

2 (ﬁggenﬁng?St’r%?ﬁeeQ’d‘%ﬁﬁrtﬁfl ghrPBrsteny (dmseehdght

subj ecting thée ho
debris; 5 (c) subjecti agetdecauperiajaarifonf;r om step (b) to hi gh- speed
centrifugation; ( pr ecLpk i r saxiphilin fromthe supernatant by
exposure to annné?hn1sgfﬁﬁ%§£§A§%¥ff%7%E%S &?Rbliﬁ% BLith £8 eﬁPa%?Pt
5.0-6.5 and 10 centri P¥gPRRrIWwre difowemeniugagippbaier nol ecul es; (f)
exposi ng the supdrenat apedaf seM«Rg tehed pralcii PRt Gre BE X My_gh sbihpds

and (0) el ut 30 bound FAREF A TID MY REMAIE: PRRTREEHRIGE ME3ceales: |

and (g) eluting bound ﬁﬁ?er!
condi tions, wherdy anekpesimedhlmduperinhitedt fnvertebrat @ saxiphikin is

pr oduced. - matrix which binds saxiphilin such as a glass fibre-
) polyethylene imine (PEI) support matrix; and
{(g) eluting bound material from the matrix under high
15 salt conditions, whereby an isolated and pufified
invertebrate saxiphilin is produced.

53. A method as claimed in claim 52 wherein the
saxiphilin is eluted by NaCl or KCl at a concentration from
20 600mM to saturation, in buffer at PH 5-9.

54. A method as claimed in claim 52 wherein the _
saxiphilin is precipitated by exposure to 40-60% ammonium
sulphate. A

25
55. A method as claimed in any one of claims 52 to 54
wherein the invertebrate is a centipede.

56. A method as claimed in claim 55 wherein the

30 centipede is Ethmostigmus rubripes.

57. An invertebrate saxiphilin when prepared by the
process of any one of claims 52 to 56.

35 58. A method for the concentration, purification and/or

extraction of paralytic shellfish toxins (PSTs), comprising
the steps of:
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53. A nethod as clained in claimb52 wherein the saxiphilinis eh 53&
NaCl or KCl1 at a concentration from20 600nMto saturation, in baf A ZUP;—H
5-9. . 54. A nethod as clained in claimb52 wherein the saxiph

precipitated by exposure to 40-60% ammoni um sul phate. 25 55. P&T/A}jﬁ?/gmos
claimed in any one of clains 52 to 54 wherein the invertebrate is a -;
centipede. 56. A nmethod as clainmed in claimb55 wherein the 30 centipede is*:
Et hnost i gnus rubripes. 57. An invertebrate-sdRi philin when prepared by the
process of any one of clainms 52 to 56. 35 58 A nmethod for the

concentration, purificat ip@rbvaadh@ranexmaﬁiil%doﬁn{)@faélyﬁtﬁe %&&llbhhﬁhn
toxins (PSTs), cogpr e eps of
PCT/ AU01/ 01605 - g%gg%mégﬁgt% ?mB“f‘f%e%"”tﬁ\}é’Ft 8b?%’t"et ’%nﬂ HPAARS  or

a fragnment ther eo$1Wﬂ ch contains a saxitoxin binding site; contacting a

sampl e suspected of cont AbAASLIET s¥id IRk BHObE | Lapdh iIvE hepeat e

saxiphilin for_ a suffltﬁ{ent tine Tor the PST to bind_said 1 mobilised
i nvertebrate sSaX| hil i e aFEoBpLisRd W"e’é‘F‘E}PI%@? SREIBBLRI PPF & om t he
i mobi | i sed i nversebfatiersaxipbi for. the BOT # BEINHAOHada ChdwiEdded cl-ai m 60

wherein the i mpﬁ¢%§teeq)£§lrl ggggﬁgggiﬁamg&n lin is centipede saxiphilin.

15 60. A nethod as claine arm (\@tein the irmmobilised
i nvertebrate saxiphilin ioptipapd Ey hnebetipaisher bonngeBST . dom Aheet hod as

claimed in any ongwfdbiolidid® ihGet@eBlatd0sigiaiAnt he method is used to

detoxify shel]fish. 62. A nethod as clained in any one of claims 50 to 60
59. A method as claimed in claim 60 wherein the
immobilised invertebrate saxiphilin is centipede

saxiphilin.

15 60. A method as claimed in claim 61 wherein the
immobilised invertebrate saxiphilin is from Ethmostigmus
rubripes.

- .61, A method as claimed in any one of claims 58 to 60
20 wherein the method is used to detoxify shellfish.

62. A method as claimed in any one of claims 50 to 60
wherein PSTs are extracted from drinking water.

25  63. Use of an isolated and purified invertebrate
saxiphilin in the preparation of affinity materials for
concentration, purification and/or extraction of paralytic
shellfish toxins.

30 64. An affinity material for concentration,
purification and/or extraction of paralytic shellfish
toxins, comprising an isolated and purified invertebrate
saxiphilin, or fragment thereof which contains a saxitoxin
binding site coupled to a solid support.

35
65. An affinity material as claimed in claim 64 wherein

the solid support is packed into a cartridge or column.
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wherein PSTs are extracted fromdrinking water. 25 63. Use of an isol ated
and purified invertebrate saxiphilin in the preparation of affinity
materials for concentration, purification and/or extraction of paralytic
shell fish toxins. 30 64. An affinity terial for concentratj 0{1
purification and/or extraction of paralytic shellfish toxin, &%2?% ng
an isolated and purified invertebrate saxiphilin, or fragnment thereof-

whi ch c¥ht ai A8 a @mma&ttah as lglavaed gn §ither onsupd dleinso6h oséﬁnmhemprim solid5 65.

An affi r ined in ¢ erein .the so u ort is
eciod b8t TESEELEN (Rin b el odhofiib BetolORE urtinkEnificrs: FF4RRA, boos
66. An mmlm-tawmdemahc@ss _égoly n&dliviafe de bdalfdes O RPut@fal ddhgt & c Ovht&d sﬁﬁza
wherein the solid support is selected fromthe group consi sting of

azol act‘@ﬁ@W@WﬁWﬂW&uWﬁQ hydrazgide; pphrsetydarside by draride ant oXiteat ecrylinbeddses; epoxy
activated matrices; glutaral dehyde-activated silica;
car boxynet hyl cel | uI ose hydrazi de; pol yacryl am de hydrazi de and oxirane

acryl i ceheads meiiod of derixitheGhe WiRdHONEININB Shesis!dti sh i ncl uding the steps
of : providing an i nmobilized invertebrate saxiphilin, or a fragment thereof

whi ch cont ai mgwdalgs?a)amhllm@nmﬁrwgraﬁ sasiphgon bne fiageent théreof whichcenisipect ed
of contéaéa?ip’g “r th the inmmobilized invertebrate saxiphilin for a
sufficien e PST to bind said imobilized i nvertebrate

saxi phi | i n; coatdtinph BhHlHish&éusp%bt@H lofl gortthiRing QUPRTT R§th the RithbBiRzddHRRtebiASd
[ nvertebrate saxi philin; _to therebé det oxi f% said shellfish. 68. A nethod
itadindeaidi

of det cRKiPpilHgioa R, Sﬁﬁﬁ%ﬂl‘fx&ﬁl@%ﬁorlth% P8 iramebidized inyetteliralg saxiphilin;
i mobi |dﬁ1ﬁed invertebrate saxiphilin, or a fragnent thereof which contains
a saxiphilin binding site; contacting dri nki ng water suspected of

cont ai ni ng apHsRally, thitihp ehel bomad PSITZ8sh therinidbilied tigyves@¥iaf Bakiphilingr a
suf fici ent t| for. the. PST tOHPI nd said imobilized invertebrate

saxi philin; r?}ﬁt"i‘eé??‘éfylsﬁud%lle $thg the bound PST fromthe i mobilized
invertebrate saxi philin; to thereby detoxify said drinking water. 69. A
method as claimed in claim67 or claim68 wherein the i mobilized

i nvert e at eA nethadpifidetomify mgakeimkingeeteersiaclidhinf kiastepé®f: A net hod as cl ai ned

in claim®66 wherein the i i.lized inve rate saxiphjlin is _ from
Et hmost | gnud™ ?ngﬁgﬁggmmobrﬁgg 1nvertegrate sax{p 191 ora fragmex?t dtereof which contalns

a saxiphilin binding site;

contacting drinking water suspected of containing a PST with the immobilized
invertebrate saxiphilin for a sufficient time for the PST to bind said immobilized invertebrate
saxiphilin; and

optionally, eluting the bound PST from the immobilized invertebrate saxiphilin;

to thereby detoxify said drinking water.

69. A method as claimed in claim 67 or claim 68 wherein the immobilized invertebrate

saxiphilin is centipede saxiphilin.

70. A method as claimed in claim 66 wherein the immobilized invertebrate saxiphilin is.

from Ethmostigmus rubripes.




