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for phosphatase-targetting toxin The present invention relates to an assay
method 5 for the detectlon se-targeting toxins typically
produced by m croal gae suc WMM mw m ma | e cyanobacteria and

di nof | agel | wioass283% nof | agel es_are typically unicellul ar pCplessosysd het i c,
bi-flagell ated al gae. Sone of {he“1o marine di nofl agel l ates (e.qg.

P. ~-orocentrum sp. and Di nophysis sp.) produce phosphat ase-targeting toxins
such as okadai c acid and di nophysis toxin, which cause gastrointestinal
problens if ingested by humans. Such al gae can thus be problematic if they
contami nate the 15 habi tmésawirahehbbbhhthss - consenmiricprox@mnobacteri a,
which are often referred to as bl uegreen al gae, are al so photosynthetic
organi snms which are principally aquatic and inhabit coastal waters, open
sea and oceans, rivefke prkesnanhvyrduied watekebuto my & sy 26 Hed

terrestriak andféQUDﬂelHete@hémtcsrﬁerpr@@@he%ge B@P@(etsmg:i@&cﬁr@ strains of
cyanobacteri a, Sﬁ&&cu ar ni zonenon sp.,. Anabena

sp., Nodul aria Eﬁp tb%???%ﬁ?é}%ﬁygﬁCroﬁggaﬁAgu st Shi CHTHLS ngest ed
by humans or ot bheanobaneésiabandlsdiand 125edveneti sh, can produce il ness.

I ngestion of such t05£E3f9§§@ff5é§@ e %@P BQY eémlgé o Py drinking
cont am nat ed wat er y eating contamn ed”'s WO partlcular types
of toxins are prGG@éM“bS}e'éy%ndb]atﬁléH%1&1‘18%?[‘1@??age‘FCP‘Eﬂ et tNe=ur ot oxi ns,
for 30 exagpl e ApatAxi A$naNtagaxidxd NS. gcamreaéatyﬁmssg)n e victim and
hence the condi ti.on Bften referred to a éak tic sheIIflsh(§ston|ng

Poi soni ng by suBAPRBYEESxFRs’ |%r?%ﬂﬁ§ &an éFSVEaY%FEkPQEﬁ 10SThe ot her
form of toxins snabtasabeapaotea@1@5ﬂph@epb@hasesenthms wini ¢thecaedd s of
the body by bing 5@9%9&@@&99@%@%@ freghagcbhehy %Aﬁéy

t
dephosphoryl at e Sroteln substrates. These toxins are 200 t , WO
00l 28325 PCT/ G #399£03786-0u2 bg eﬂ)’a‘ftfk?éflaﬁleom%ﬁhe‘énﬂ%‘%ﬁf%l%%w% t he
di nof | agelilsat e habitats of shellfish for consumption.

Cyanobacteria, which are often referred to as blue-
green algae, are also photosynthetic organisms which are
principally aquatic and inhabit coastal waters, open sea
and oceans, rivers, lakes and ground water but may also

20 be terrestrial and found 1n leaf litter and soil.

Many specles and strains of cyanobacteria, in
particular Microcystls sSp., Aphanizomenon sp., Anabena
sp., Nodularia sp. and Oscillatoria sp., produce toxins
which if ingested by humans or other mammals, birds and

25 even fish, can produce 1llness. Ingestion of such
toxins occurs by two main routes, either by drinking
contaminated water or by eating contaminated seafood.

Two particular types of toxins are produced by
cyanobacteria and dinoflagellates. Neurotoxins, for

30 example anatoxins and saxitoxins, cause paralysis in the
victim and hence the condition often referred to as
paralytic shellfish poisoning. Poisoning by such
neurotoxing is rare but can prove to be fatal.

The other form of toxins inactivate protein

35 phosphatase enzymes in the cells of the body by binding
to the enzymes and affecting their ability to

dephosphorylate protein substrates. These toxins are

LT
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t oxi ns okadai c acid and di nophysis toxin) can cause nausea, VPpMayi2003and

i arr'hoea and hence the condition often referred to as diarrhoetic

shell fi sh poi soning. 5 Sone protein phosphatase-targeting toxins are tunour
pronoters and exposure to these toxins may.lead to cancer. O hers, such as
t he cyanobaod ewzsas t oxi ns m crocystin and nodul arin are hepfal/eB¥WPG6and
cause liver damage. The nost preval ent of the phosphatase 10 targeting
toxins are microcystin, nodul arin and okadaic acid. The npbst conmon sources
of dinoflagellate toxin poisonin age shel | fish and fish liver, and the
nost conmon caE%éaBP’%%ﬂén%%{Eqrériga;ﬂ 5% (5 Cz"oﬁ?nﬁhi?sdigo%ﬁ‘g%ﬁ%ﬂ%% ed

dri nki ng and/ oeockahhi akadwmt ©raciBbtand yhimophytsdési abxand danothagel | at e
toxins my NOwgygLoRe b@kpefuq;daw FElHISh ARd b ABALRL- AnRRELLGUl arly
common source of algal toxin poisoning i s nussels since they accunul ate the
toxi ns upon feedrayg safevxed 20 3t cHRGMPdligashedl héFhshRekPPREAY - f or

exanpl e oyst er ghmel F%t@ﬂﬁl Secd s an AR kg abkeatedreAddinbiignal |y,
donmesti c water SlFI}F‘ﬁ [ es,e\ﬁ(ﬁlrti cularly i fcht h%y ori.gi nat e"—'ﬁrom ground wat er,
can become conPARTRECET WY HEBANBTAct R S “And CHUE PPEvit§a%at9s direct
route for toxi manngesti Onhefhersuidls aprigiec onyeerobacegardilngogdnsunpt i on of

al gae and cyanghacheyhpidsadd MalupLoeidt Dol hogdaadadigheal . There
are no official guidélines for monitoring coll'ected al gae or cyanobacteria
for 30 contani AdVESNIBFaIBxi N JRRRG RF S l&s odndhenebraPkatfrf§ of genera
such as AmabenaaatdtApjasbx OnEnore isi@ardysailrgr InpdsBEYNNgngi BRadaiaunber
of toxin producing strains may be found within them In addition to the
short termdi sé6ifort, medical 35 costs, commercial costs to the shellfish
i ndustry, |oss of wihki ngshoopmnel csoywiesh afesiiinoflagmldapestraino 7 May
2003 - 3 al g3)yilexiiRg aBe SREL1ENad Ahove dihe jRResphakaseet abget i ng
toxins mcrocystin and nodul ari n have been found to he tunour pronoters and
it is believed ORECTY EFEEE AL PRI 4T SUCH PIN ROIFONERE dFinical or sub
s clinicals | evelontparihaeatadt ynk ing carod Aat ik hiindh watlkirgh Beatake of al cohol
or snoking may result in._canc i f ot diver r I a
nunber of di ffé:lygnObr?gltt gggﬁe%%ts?tgcr?ﬂt%e%lgleat%eectﬁ%gcﬁngngla ugr???'?ggi %ﬁ of
phosphat ase t atgetiongedoinoghasl fishmed gae vwfecyadobactdcudardie st andard
met hod i nvol vesdgnordisBgradssel $1441 atdrein paliedddidly SeURREeS 0k khfAce
phosphat ase targeti ng toxinﬁ aptqeitn'}((afrtli ng,an teexet(ﬁact Ocr)lf (L he ground nussel
tissue into m ¢eCYTREHFEs8hEe And TeVe phosphatase- tar'ddti ng 15 t oxin
cont am natd on ipradherindetégatnedothey eskallonislo rfous examplievalystSrabel | et

a3. (1992), FoQd.. fhemy Eexitlhs 394 201sd 3% 4freldepr!ly, this is a tine
consum ng, crude and expensive method of assessi ng f.ood safety and quality

control . 20 Anot her ASEHIANROFY detPRT Nt hg i r Liggal IPF‘ir§HCb‘&ia§ng
(DSP) ( EP- A-554458 tefy lbatiganatabbram ogr@snd nedt émy alare dedomeuse of a first

and second ant IROAY, it LO¥h el ndoSAWEN 1008 RAN QUL fSsay.  Anot her

met hod invol ves neasuring the reduction in 25 enzymc activity of !
exogenousty addbdgsHogigharasert Ro31det @3eF PR he presence of phosphat ase

targeting toxins inikeeshel kbinshcokgain tdysrdinvplors@wigidmamussel s or

ot her shellfish tissue,, releasing endogenous. phosphat.at es ich interfere

with the added at}lﬁ?sepr?ﬁdagé'?ngéagg%%%mg%i tg Jtﬁ%—%lgonmﬁ]ﬂ \?‘letay%’ngoé)c%cur acy of

the test (Sim adl Mudge ai@i994yhene Derectd ont Mt irod gifisle IGywrolfant eri al

Toxins Eds. Codgly; é]irdgle%olggle%h gguga%oa%eé,{aﬂ%%té% &l of Chem stry,
S,

and US- A-5180665 of Charl.es ) great need exists therefore for a
qui ck, seh@iti VEREHNMdRPeRYi F8X 38BN RS ddr 3 isi1asty the qualitative
and/ or quantit akdMetdieieiof pahkea efichh&s Anabena and Aphanizomenon is

particularly worrying since a number of toxin producing
strains may be found within them.
In addition to the short term discomfort, medical
35 costs, commercial costs to the shellfish industry, loss

of working hours etc. which result from exposure to



7 May 2003 - 3a presence of phosphatase-targeting toxins, iI7 May20@ul ar
al gat and cyanobacterial phosphatase-targeting toxins, in water, shellfish
and/ or edi bl e products of al gae or cyanobacteria. In particular, there is a
need for an 5 assay nethod which is sinple enough to be perforned on 7
May 2003 , ; WD 00/2832S PCTI G B99/03756 - 4 site by relatively
non-skilled or non-skilled personnel, for exanple fishnongers or water
sanitation personnel and requires no |aboratory equi pnent or special ,
facilities for higaPe¥dorANGR manthsedaapoidi PHetShdsfHdtdizaspect, the
present invention provides an assay nethqd for deée{nlnlng phosphat ase
targeting toxi nS2RATCHY MfPbitS PRETEY S5hBs pRdt Beee Forbrisisnde&Bht acti ng a
solid support havimng tah bermmixidurz edomogane thar onisibdlich:d ithag: sanpl e
suspect ed of bej ] A Xi Li 1= i.lized
| i gand, ) mhere% .%%ﬁﬁi?%#%%%ﬁ%ﬁgg.%Pkgnnggﬂga%%b%%gégﬂbfﬁgﬁggn{5“5 | east
one of sai & tothS?l@Qﬂs%ﬁ?f%ua@fstﬂﬁﬁgﬁFﬂVZéE Feganeroron oviddmpl xdesh of
sai d toxin and $atgkeOdr i AMEAHJL 20d shioang, mapdreah Tk NaN-d4Aweb, | i zed i gand
i s capabl e of bindiqgigﬁ at_ | as;.one of said inmmobilized |igand, to said
toxin or to conpPRxes*ofY i Fi%Xi'N And said i mmobilized |igand whereby the
20 proportion of saikirésamhiv,i zedumbgangfbduhfebgnsanathadd mxisd dor
non-i mMmobi | i zedy 4 9@k &4 f; Ld,t Q¥ ' -'égyﬂg i zed
ligand is depen%%%t on(?%gﬁfgg#ﬁé@%ﬁ?éﬁﬁgggnsg? sa fﬁéﬁﬁhqﬁﬁgie.n sai d
i mobi | i z@ | i ghtEire, dapablad S5 argdscyanePactagidi r stg wiendegd rectly a
det eft abldebsi gnad t Mbde i rsiorgy @tadldivﬂgemueeambeasedothyexslqididmfﬂam \é\hen "
conpl exe y ac¢ ex o ai d.,.t oxi I oni ilize i gand or en
conpl exed by sa?ggﬁé%?ﬁ%%blE?ggﬁgibggﬁggo?ggg?glﬁ%gggﬁﬁ%%ngEed ligand is
30 capabl e of géhgeating an dixtaddty obr thrdoreenfynyesalcttdlsismesiighifal when
unconpl exed or whea, cofpy exetbers@Pandt 18ged BOUPHoSFRALd LN Har@@a fepn- bound
fraction; _.and directly or indirectly ggﬁer 'nina.tﬁs non_ 3S i.mmohi |1 zed
| i gand bodrid t o*PHE? i T Fed Y dEnd PPN 8hBEHU" T alﬁiro‘%at&ron to
non- conpl exed i moageenusvisal Ut (Strmbeflie efoalbolh82 F ackaah) ;Chem.

Toxicol. 30(2): 139-44). Clearly, this is a time

consuming, crude and expensive method of assesging food

safety and quality control.

20 Another method for determining diarrheal shellfish
poisons (DSP) (EP-A-554458 of Iatron Laboratories Inc)
involves the use of a first and second antibody to the
toxin in a conventional gandwich assay.

Another method involves measuring the reduction in

25 enzymic activity of exogenously added phosphatase thus
detecting the presence of phosphatase targeting toxins
in the shellfish. Again this involves grinding mussels
or other shellfish tissue, releasing endogenous
phosphatates which interfere with the added phosphatase,

3Q compromising the sensitivity and accuracy of the test
(Sim and Mudge (1994) in Detection Methods for
Cyanobacterial Toxins Eds. Codd, Jeffries, Keevil and
Potter, Royal Society of Chemistry, and US-A-5180665 of
Charles Holmes.

35 A great need exists therefore for a quick,
sengitive, and inexpensive assay or method to allow the

qualitative and/or quantitative determination of the



7 May 2003 WO 001 28325 PCTI G B99! 03756 _ 5 _ wherein the appVM=yt3d088 of (i)
.and (it) to the solid support may be perforned separately, sequentially or
simul taneously and if separately or sequentially, they can be perforned in
either order. 5 Thus in one enbodi nent toxin determ nation nmay involve
determ nation of the non-imobilized Iigand which has failed to bind
directly or indirectly to the imuobilized |igand. where the non-inmobilized
| i gand conpetes for binding to the i mobif®zed ligand with the 10 toxin a
hi gh | evel of unbound Ii anﬁ is, indicative aof a high toxin_concenjration.
Where the non- HhTS5TFEZz88 PRERIR baF CoHsiah o PA T BB unt™ t 821 e~ f-Hitobi | i zed
i gand t hen a Rilglall endl cyhnohbotendial ganebples tiasgi-catgeeing wotiome ) evel of
t oxi n concentr at] 5 r ﬁ@pgpi : ' t ' ion.invol ves
determ nation g%{gﬁge%éngﬁﬁ%ggi i Zed 11 é%ﬁﬂ&ﬁﬁ%ﬁ%ﬁggggoﬁggagﬁ%%ct y or
indirectly to tanokgsberized Ingearbiditidy tdetBe lFnAoBeed ZEF | #and t hen
a high lewel ofas2@ybaepboli gaDEh Bs i sithgsial isrueh 8ol BW pevebrmdatexin
concentration. Where the non-immbilized |ligand can conplex toxin bound to
the imobilized ligand then a high level of bound ligand is indicative of a
hi gh I evel of toxin concentration. 25 Preferably however the nethod of the
i nvention involves a conpetitive binding assay for the detection of
phosphat ase-targeting toxins, in particular alga! and cyanobacteri al

toxi ns, wherein toxin nolecules present in a sanple conpete with the
non-inmobi lized ligand for 30 a limted nunber of binding sites of the

i mobi lized Iigand and any toxin present in said sanple is determ ned
relative to the extent of non-inmobilized |igand bound to or not bound to
the binding sites of the immobilized |ligand. 35 As used herein, the terns
"detecting"” "determ ning" or "assessing" include both quantitation in the
sense of obtaining an absolute value for the , , ( May 2003 ,, WO

001 28325 PCTI GB99/ 03756 - 6 anmpunt or concentration of

phosphat ase-targeting toxins, present in the sanple and al so

sem -quantitative and qualitative assessnment or determ nation. An index,
rati o, percentage or nolar indication of the level or 5 anmount of toxin
present may be determ ned or alternatively a sinple indication of presence
or absence of such toxins in the sanple, may be obtained. In a preferred
aspect of the invention a sinple presence or absence or sem -quantitative
determ nation of toxin 10 presence is achieved. In this regard "absence" of
toxin may nean that the toxin concentration is below the detection limt of
the assay or is below a | evel deened ) to be safe or tolerable. The sanples
used in the assay nethod of the 15 invention may be any sanple suspected of
exposure to phosphat ase-targeting toxins, perhaps by exposure to

phosphat ase-targeti ng toxin producing m croorgani sns, for exanple water

whi ch may be sea water, fresh water, ground water, water taken from| akes,
rivers, wells, 20 streans, reservoirs, donestic water supplies or may be
noi sture extracted fromshellfish for exanple by sinple draining or
extraction using a pipette or water in which shellfish have been allowed to
soak or may be a foodstuff, food additive, nutritional supplenent, 25
alternative renedy or simlar product which is produced by or from al gae or
cyanobacteria. Wiere shellfish contain free water (e.g. as in oysters), the
assay may involve di ppi ng an absorbent substrate (the solid support) into
that water_ Alternatively it may sinply



30 invol ve pressing an absorbent substrate against the danp flmgs, od he_
shellfish, e.g. after breaking on opening the shell. In a preferred aspect
of the invention the sanple under investigation is surface or free noisture
from 35 shellfish. Al types of shellfish, for exanple scallops, prawns,
nmussel s, angouyssRES are susceptible to the 7 May 2003 Wec®@isa®adiss PCTI G
B99! 03756 assay nethod of the invention but in a preferred aspect, the
shel | fish are nussels. In another preferred aspect, the sanple under
investigation is water taken fromthe habitat in which such shellfish live
and in a furthesie grefealadd vdpeaon-skéliadpre penviltierladipersonoml

domestic water sappbififplel e skl resed LaFeANGhY S s B Re-dbe@d1i N an
essentially unt%[ggt ed nmanner b optionally be filtered by any known

t
net hod or di | ut @ YA Ty rb%lt%éaibo PGB ?g'r‘lB‘%(e%%yo’btsr%‘?Clé’c}ueous nedi um
prior to anal ystscanhik ey fye sitter g rdiorpreserved for exanple by chilling or

freezing peior to a i L it RXi i Rdi i in the
met hod of %’he i nven??tl_(l)lynéézaqt he |lm[¥'efi(obtir2)l ?zggkgrg %%%@mﬁ?%e#ﬁ | i gand for
exanmpl e anti bodi®éenWHPR PTRNLI5E 76t ySteHalmebhrodohot | et t™igringnt i body
fragnments for exnopbhraied)talrdadhing xihevyhicagimnilsit Suedteand | bodi es or
ant i body fragmentgS n?lag(tgeesrmnoon\‘/arl.erg orcod}j\énggt aansgo]{rag bespprc%duced by
hybri doma technB}I]og orobe of spyn]t%erﬁc 2 orlg?n, el ther®* Product s of
reconbi nant DNAhaethpohogymerbichicrdd dligepdt hbsreson Syhighe chai n anti bodi es

or other aptibody defiyaliyagpl JUdPesscfOBkdbEOhgeXANPARL PR di5qH.cnlhe
anti bodi es or antibody fragnents may be directed Or rai sed agal nst any

epi t ope, conmponkER¥iBre®% structure of the phosphatase-targeting toxins as
appropriate. Al ternatively,neonpauidsl ivethlagaaf8finity for the toxin for
exanple a smal |l orgap ecul t.i de, ¢ ap_ ol i eptide or

pol ypepti de, capabl ewggrgg%c§%{aﬁ®&%ﬂﬁéig§gl?ﬁgmtio%’ né% ﬂgeéifnfgl e a

speci fic 30 bi n#épdzeget? et f ks ta AohisitngRédi aPxeheni sergaist rshage di spl ay

IPi b][ ar yblomsﬁ sp%&&b@ﬁh&&a bifgﬁﬁwdéﬁqitf%apgéxf@%hersﬂ\a\ €&k Hy used.
referably however, the toxin pjn . 11 gan tr resent 1nventjon iIs a
protei n phosphafdig Eﬂth‘B‘f‘Oké’nfi‘@ gg’ﬁ?’%bréngr 8faf Py T sty 1 gand
prot ei n phosphat agen2Ai$pp2p9blies aidrindinghecassayeart hode ¢f kevidse, the

Segond l'i gand u§ﬁﬂo£@l£9§d”?i£§ﬁhfﬁto é@iMBX0;9930¥[{90@§§8¥E£§;”5% B99103756

said toxin and said immobilized ligand whereby the
20 proportion of said immobilized ligand bound by said
toxin, said non-immobilized ligand or complexes of said
toxin and said non-immobilized ligand is dependent on
the toxin content of said sample and
wherein said i1mmobilized ligand is capable of
25 generating directly or indirectly a detectable signal
when uncomplexed, when complexed by said toxin, when
complexed by a complex of said toxin and said non-
immobilized ligand or when complexed by said non-
immobilized ligand or said non-immobilized ligand is
30 capable of generating a directly or indirectly
detectable signal when uncomplexed or when complexed,
separating a bound fraction from a non-bound
fraction; and
directly or indirectly determining the non-
35 immobilized ligand bound to the immobilized ligand (the
bound fraction) or non-complexed in aqueous solution

(the non-bound fraction);



the invention may be any |igand which binds to the toxin eithgmay2003
conpetitively or non conpetitively with the first ligand. Alternatively,
the .second ligand may be any , ligand which conpetes with the toxin for
binding to the Sfirst ligand. Preferably the first ligand is a toxin

bi ndi ng | i gape.eep®ke Preferably a protein phosphatase enzynecr/©8®/misét he
two |igands nust be i mmobilized and the other nmust be non-inmobilized and
one of the ligands nust be directly or indsrectly detectable. In a 10
preferred enbodi nent the non-immobilized |igand should neet the functional
requi rements that itwbempéhi theehypl drtbicrs afoxiin bnddi(ng) t oot tiee
immobilized lig .an Liegtl Wole du bl e
signal, e.g. it%ﬁgﬁgbgugﬁﬂﬁ%e@%?esah?%ﬁﬁﬁgﬁgkg% %%éf?gg'uggﬂgegs%gﬁgfrect
or indirect sigedl SABMATARCABFLEYyaBR HhyaBidwrelyr AT SaEHeNF ahts: may

| i kew se take thaeyorBnobeapei-bodines, imhdicdhevay daerpol ycl onal or

nonocl onal ,. or antib f ragnent E( .ab' )z or_F(b)
fragnents.féuch antiggﬁfeé%ogggngP%ggvﬁ ragﬁgﬂfé%%%ﬁrgénﬁﬁlﬁ%ﬁg$§lent or

di val ent and mayiryelpeodgEedmbpakypri dbndra esincmegypidizbd bigsyat heti c
origin, either ragemihaantaPNAGt eehPoh@ayi ictaReBCahasyBEResi 6o Shagl e
chai n anti bodi es, or qther _anti body derivatives or mmcs.and spall organic
mol ecul es, pept i dEEPIIZE8pepEREES a ﬁeﬁ%tﬂ51§§§bPWHgbliéF8 t 89719 m
conbi nat ori al orcopipgesdifopl bynbibgat o es)e ciowabifldrzedxdnpkedbei uls ethe The
anti bodi es, pr anid,nedy higgmeatsimey beodidealiofldy skalsad.agploshe any

epi tope, conponent or strdcture of the phosphatase-targetin oxi n nol ecul e
or the |igand 30igi EPBPNESNERBEFRE3PRat dHeteartdist ey -FBmebil bzed
appropriate. Al teiqaid vehy coapipauadsimi bdurah taf fohal tiynben 15 hedt pxgan@r for
the |igand mhicqa?inds Lh% ﬁo§gq, ngm%§$ j!%ﬂﬁzynﬂJ org ni c ecul e or
peptide, ol i gopepliHE &FIPoryEEht Phe RRpabl ¢ SF shed fidar §l§% B ndi ng t he
toxin or the |igland lehiedholli kgxinheonesithrat ¥@r. exanpl e a specific binder
selected fyoma 7 Nay .2008W0-ABLA8325: PG GRIULIIRE natdonCORPLIALET | al

chem stry or phage displ ay I|brar§, or a specifically binding sequence of

DNA or RNA coul ¢ 1e@R U iPRe Ofe 5B BPM nd BB Viticch 1398 st whaeh| BgBinds wil |

5 general |l y car riyouray dieeatchiyndirngnsiitecf by tao dibeeciimpbdatieetiablganai et y)

e 0. 8 metal Soly(8.0- 30kl 50 hool RREBIPEROIE B, d lIGLARACEE (. 0. 2
phenyl y e&

cyani ne, phthal ocyani ne, ‘nmerocyani nt, tri ph , uinance, etc. see
Topi cs in Appli deirchigid $1or fhel dfmgbad 1 apd o} Bidy! 1dechromdphoresel edft ed by
Mh NBCL suokzg Pl e:g&mflrﬁ@&,ndm\y Yok cablyve 1900 ﬂznpilceszeilno&p@bkeﬁl Chem stry,
The Chemi stry an ication o es., Waring et .al... Pl enum Press., New
York, NY, 1990, %ﬁéﬁ%ﬁﬁﬁﬁ&iﬂ?'of% ugrEg%e%‘nFﬁ?ﬂﬁgf%ﬁﬁ?ng§§3P8hC3ﬂenicaIs,
Haugl and, Mol ecutemplkse Rraties boned 1998he al ey ol wisel L ismndnzhas, 2a
magnetic particlg;qr tdirdli det BbIurduaii BEnAgeNt in@®l&at 1 dit MY gal 1eady
carry such a dleéi%¥ detectabl e mai ety. Where the reporter noiety is
carried by the | Moz &PISTIAES ™ 11 generally be a binding site for a
directly 285det ect ablErefmredi wiicslevernthagnstibed ist attchemveativat ed, or
more generally dfﬁ$6106§‘§iﬁ%ﬁﬁg}ﬂd¥%e'b9§89n Sad: hﬁﬁﬁgﬁmg@%EEEQQEX the

reporter noiety 1s carried e non-1mMmobitTized 1igand. na preferred
enbodi ment of t hef i pResRhaRsq e ek inAmBBr NS ed 1 iR G5 ag papel] ead e. g.

enzyme or chor onephesieadedilaloneptiosg wWwabekl edt pepi s epalope¥isente. 9. a
hepat ot oxi n sel ect ed froq!nodularinMigkcEﬁgygggp.LC Qr.nigggpéﬁtianR or
alternatively 30 BkAdH®Hci T RNG & 8belT ng~ W TR Ed §i%berr s s 55%si bl e,
since the 38say &slpnitad inynbhen efdéd nflongonlises eolisehdhyinmpiddeerd, it is

preferable to use;seRerd&i an:g} 8% PhabefltVenasyigi i gnal , e.g.
chronmophores, fluorophores, 35 _hosphorgscent noieties, turbidity inducing
agents, gas evolﬁ??%ﬁﬂ%?ﬁﬂuﬁqﬁfé%ﬁﬁnQR tafcextent of non-immobilized
ligand bound to or not bound to the binding sites of the
immobilized ligand.
35 As used herein, the terms "detecting"
"determining" or "assessing" include both quantitation

in the sense of obtaining an absolute value for the



VWhere the signal formng noiety is a material which 7 May 26 2%@

001 28325 PCT/ G B99/03756 - 10 binds to a binding site on one o the B
ligands, it will conveniently be contacted with the bound or unbound
fraction, as appropriate, after separation of the bound and unbound
fractions. ypobhsnsaggneral , where the signal is to be derivedpfrasddesdound
fraction, it wll be preferable to rinse the substrate, e.g. with water, to
flush away the unbound fraction before theé Figand is detected or generated
and detected. 10 Any species or strain of algae or cyanobacteria which
produces phosphmease-ear¢gEdeTy naddions afaphesrbabpeet tasIehengr esehns,

invention but hteksnPalhiend adnprapRinacallse kemtioyuanpledue8dasdrai ns of
cyanobacteria for_exanple M CI‘O%S'[I S ag‘igg%' nosa, .Anabepa species, 15

Nodul ari a spur Sgehataht’ ArdiEE s 24q PLRREAET - ThilE fBFeExanpl e the
t oxi ns m cr ocystthel Roancemt syeocys tial-a¥R izade cpradoced biireMevetystis sp.,

the toxin 5nodug§5{lgti St pg&gmgg[gyermoq%%g A BRerMidelihg,t 0xi n okadai c acid

i s produced by Prorocentrucn ) t oxi ns subject to determ nation by
the present nethbdrpayivekewk s%l‘ﬁeleaﬁylddﬁﬁscﬁl‘i’é‘t &se PFEFEREPNGTt BREANHRoduced

by al gae or Cyambaéhew:am@uin|trhdorsenfneﬂreedn&§rpeet &bftaeneeptl da hoxins are
hepat ot oxi ns (of gmaggdm croc stgsrk nod l.arin ar.e the nost Ereval ent) or
t

25 okadai ¢ aci 8F¢Th A°RES hgeenler slé)rrfs Stlﬂné) mePh68 =8 €t RE
i nvention i nvolabesnsemrysemtmnmaélme@mpe@ned off tomtimm nation

wi th phosphat agﬁeg@heetwgaém&ed Wit 13y 04y i diaRg e hibgand rapd.ay,

reporter nolecul e capable 30 of conmpeting with-said toxin for the binding
sites of the | PganBeag; ERat Shenfivaie ARISENIEEGdOR 8 Pglel §BBarately in
ei ther order, taeerepont Mmﬂt)l@f:uihae apidagnald v héiengwbaunevied tibembdndi ng
ligand prior tQ _exposure }J Is )| e under investigation, and 35

determ ning the repor er ecu e ich is either bound to the solid phase
or free in soluti onTh¢healbDL|¢|%l f3rd | gh Ty 45 aye prrtdiodd ofr 6et he unbound

7 May 2003 WO QOk28325nPai bE BIPIOMHE -subbediatt idn cRpeLrkoassessment
of reporter by any suitable means, for exanple, preg}g{pltatl on,
p1

centrifugati onPPOFPRALEFEATAEAT LR JdPEdhi ¢ R PPPRSY 2atli on or
sinply by drai mh@g;phibeseetadg@hm eyl if @rceianple niervorganiemtor m of a

di psti ck™or a sol, d.p EE whPeRTY KO QR AAT SXAID! @ QY OBE S, OF

magneti c beads or exa nabeads ava e from
preferred enbodirmeitsw theW%‘F%’ée‘?ﬂ ‘?rhvfelfﬂ“i orfkashe rsldlelrd; ph§désto which
t he t oxi mdi ndlsmg"elah@and§séf‘eoiﬁﬁptﬂd>méﬁdld Sﬂdtnarl Q;d;}gﬂlfeer @Brotmakly pabeads.

The reporter rml £¢) | e ma ?e&S&Q din 1eitt ft -Xtam nd or the

non- bound facti'on élﬁé?n |ng on speC| i'c eénbo ﬁ’é’ Fc’ﬁ\r}lgntl on but

preferably it idadsdagsed rentmetb@@rmﬁm%lc?ummette or Water in which
shellfish have been allowed to soak or may be a

foodstuff, food additive, nutritional supplement,

25 alternative remedy or similar product which is produced
by or from algae or cyanobacteria. Where shellfish
contain free water (e.g. as in oysters), the assay may
involve dipping an absorbent substrate (the solid
support) into that water. Alternatively it may simply

30 involve pressing an absorbent substrate against the dawmp
flesh of the shellfish, e.g. after breaking on opening
the shell.

In a preferred aspect of the invention the sample
under investigation is surface or free moisture from

35 shellfish.

All types of shellfish, for example scallops,

prawns, mussels, and oysters are susceptible to the



15 The inmobilized ligand may be immobilised by any known nmeagpsyayffjo3
exanpl e by binding or coupling the ligand to any of the well known solid
supports or matrices which are currently wi dely used or proposed for
separation or immobilisation for exanple solid phases 20 may take the form
of particl eswogheses, gels, filters, nenbranes, fibres or cBpIEBEEES or
mcrotitre strips, tubes or plates of wells etc. and conveniently nay be
made of glass, silica, latex, a polyneric raterial or magnetic beads.
Techni ques for binding the Ii?an to 25 the solid sup or% are well known in
the art and wi d@SPeGHRd°Fnt ﬁeWY‘?‘é‘i‘]ﬁ’bi’é‘F R Br EF@ FEISEnBBRERENt s oOf
t he present inveaild athelillfe shobird phaseld o Vil andtherphospbatadeaspeget i ng
toxin binding I|i i iLj | So¢l k.m0 a S 0 The
assay net hod of t?{ﬂere]c%ar s%ntugig%\?ekwgﬁt%isadlgarg\r}gsnﬁgéggugé%;lt Eg?(qi %h%an be
perf or ned wi t hodtaRiHethded whfi cho ApFrxsitabll st riyi vegargniéht 2afdrERAr be
perfornmed by theretatiacklaspaen- skhel esere non-wsited edkpar geam Hence, the
assay nethod is sui t%gl ev}‘a%réruss% i glgg the hone, in shops or in the field
and it can be pettormed qiickl y"BRa*83sily without the need for intensive

| abour or hazardous cMenisgaipde uszdVhgT 2008l WAD 001238 B25uPEd/ Gnl 889/ 03756 -
12 O particul afs A0UaHAGE unt reBEeaSaaindf Hilte mheSeRtohAYEPt ben is the
very hi gh degree_of sensitivi t})/ which is o(i critical |gportance when

anal ysi ng sanpl &5t Wt PR REY ERPHD Bepred et Hlurery PYordfdna) waksr -
exanpl e i m& t hebifsdr nyr efnydoithkirngquades wrd ass ggdiong tpossikblyeipohhati on
w t h phosphat ase r.get | t Xl i cal t ay i abl e of
detecting toxi nsmglng %el céom) eéi?)&(%%gg%%{?{é%?oé%r, %&ﬁﬁgs%yo%hggeiblgpw

Convehi ent |y t hefxgszingragrise Goeanpbydefect toxins in the 15 to 560 pM 10O
range. A further advaipde:ahn HhedRhgSEngamsSayy Rl alskeve iho caxl skth8q
techniques is that the lpreset‘rr:lt assaghi s.not, ,. af fdﬁct ed by .the piese ce of
endogenous phosphat B3 s W tH ey Sb&"pr 888 HEhe s AP d8Mghddr 25Hal ysi s,
15 particutarly, lLiganéxbmplexanfl et het shoples, arteidhakely beopodlyellbhiadh. | n
one enbodi ment of, tRE, PLERSENL, IV eRLLE BB ?fPé&g&%O%QSQQQR%E% FSab)

i mobilised on a solid sup%ort, the i nmobili se sphatase i s contacted

pne . (
with the sanpl e BOPRinkePTi AV &St f BATTIH Sand SH BREIPAAEES e ar et PP t oxi n
present in the sprjpgeebtsdsat det henbrabbht | Seddphospitataasie maf deur ce of
reporter nol ecul e Lch .c t i th N . phoesph -bi ndi ng
sites is added. ﬁ%&@%%%r?gm%ﬁg\gu egggﬁrsl%f&;%)é cErgtheg O%D%é%t&?%gl 5 fromthe
bi ndi ng si2@s t ocnigeyr eel e clrsd@peAdst apoh ¥erond|nanity ®NGoreehnearBln of

toxi n nol ecul es gpd-kheROES BIsyHiRGULES. sThel de@ism fnti@Rerildl HFobeauke
binding facilitates. de er$1 natian of toxin $r esenllt |cfn t he sagpl ?3 under

i nvestigati on. PPRFEP? Cpofters’ 30 M'4Bers FAtthdesr &8P8PabelPS,
chronophor es (i nesadi ngTlh¢ uortofitolies) candnebhbyde st wadnemtgi weyr ibge to

chromogeni ¢ or fLUPLOYERT & AF AN $9aPaERt hh| abh A OHRiHhdrRbels and
| abel's which give rise to a neasurabl e chan in |light scattering are al so

bl ge
to be consfder edStE8CFRTS LIt PAOPPEAEABB AT AEFTL 1 1h | oK LT FST t
i mobi | i sed repoapproptoeked miospmataselppl ecup@mdy avicdntaactadd iwitly t he

sanpl e under invﬁggigﬁéiggxfﬁmkéynéxamglyhx gggfl organic molecule or
peptide, e.g. an oligopeptide or polypeptide, capable of
specifically binding the toxin for example a specific
30 binder selected from a combinatorial chemistry or phage
display library or a specifically binding sequence of
DNA or RNA could be used.
Preferably however, the toxin binding ligand of the
present invention is a protein phosphatase enzyme, and
35 even more preferably the binding ligand protein
phosphatase 2A (pp2A) is used in the assay method.

Likewise, the second ligand used in the method of



WO 001 28325 PCT/ G B99/ 03756 - 13 phosphatase-targeting toxins,

t he sanpl e conpete with the phosphatase bound reporter nolecul es g acrng
them fromthe solid phase into the aqueous phase in a degree proport| onal
to the anpbunt of toxin 5 present in the sanple. The anount of reporter

nol ecul e whi,ghesfhRi Ns bound to the solid phase is then assesafshok®rse
facilitate determ nation of toxin presence in the sanple under

investigation. Viewed froma further aspecdg,-the invention 10 provides a
kit for the detection of cyanobacterial or al gal phosphatase-targeting
toxins, accordigig tiorvdne ibaveayi ba, asgi digand c«mpde}h shiviHs ac Sathel tahaise upon
which is imobilised a l n on-.| b ref rab

aqueous 15 solu |t§1r?rorcon{8%% g)%é’% P 8? HBR bé |ze%j i g dthm%ereéynléltther
of said i mobi | 3iadhdand Méﬁrhﬁﬁeﬁﬁﬂheéh?l g@@@@d.hwm@s@ym eotyy or

indirectly deteciahe Wit )éomger;@eomgh ameewx;ﬁp@@f%pﬁdﬁh@dw&ﬁ@ one
of said imobiljzed and non- |mm?| | i h%ag ) anf engratl ng a 20
det ect abl e”si g rs':p |y PE&i 8r8 XCF 1hdte %/g%‘? sl tdetthg

directly readabbindiddadllganabomater prefarphinta pnooaen ml@cﬁ@pmmSe
erbodi ment . 1 Ne Ll 12 BreRAR! LBV EY mascmpmss gbﬁls?éa dAﬁaSg

upon Wmch|5| Bi1i ze phosphat ase-t a etln‘gtoxm
reporter nol ecu‘F‘Ee(,%Fp’mﬂ &SI @é’nﬁ@f‘rtli"(?‘épyliﬁﬁ bf‘f‘ﬁin@n‘bﬂhﬁﬂh@eohgands
phosphat ase-t argetd I}ggtcﬁ)ﬁel&ltyooi-allddﬁeébﬂlpl Aditagrhbgand ahRd; generating a

signal 30 readable W|t borao equi_poent n_especially preferred
enbodi ment%of tRES lfreb e GHvE tl%lﬁ gSH’pW@%Elﬁﬁéﬁét f?:%ﬂ'?l ‘Tﬂlig)%‘b#gceabl e
pol ymer mcro sphetr eshéhavineg iiomadbirenredemheteohhat - 1 provwpat phosphat ase;

35 gold sol |abgl e pertdde RepatiALoXLN RR! %Hbema@&bi Qﬁd%ﬁ@eéart' vely)
i nhi biting cyanobacterial toxins binding to said Er otern % hat ase. 7

May 2003 ., WO @bressbs CP‘C'FI”@Q@EG@YSQrOdT&e A f8 Fﬁé?bé§péb‘3'é4‘]ry Dref erred
enbodi ment of the iy wf & heliervdrt wbiceorphi sesmagneédcalsmgda spl aceabl e

pol yrer mllgro sgher es haV| I’clg‘rI l%l L eidfggg‘rﬁg mg prot ekn 5 ]I[l)hat ase;
e

gol d sol 3bel | 24" okaddi ¢ acid ol ecuf s capa %npetl
i nhi biting al gaformxi nduddi Adigagdso maxi élbﬁ&i@é?ntﬁhésbhat fgom Of

antibodies, which may be polyclonal or monoclonal, or
antibody fragments for example F({ab), F(ab'), or F(b)
fragments. Such antibodies or antibody fragments may be

20 monovalent or divalent and may be produced by hybridoma
technology or be of synthetic origin, either recombinant
DNA technology or chemical synthesis. Single chain
antibodies or other antibody derivatives or mimics and
small organic molecules, peptides, oligopeptides and

25 polypeptides selected from combinatorial or phage
display libraries, could for example be used. The
antibodies or antibody fragments wmay be directed or
raised against any epitope, component or structure of
the phosphatase-targeting toxin molecule or the ligand

30 which binds the phosphatase targeting molecule as
appropriate. Alternatively, compounds with an affinity
for the toxin or for the ligand which binds the toxin,
for example a small organic molecule or peptide,
oligopeptide or polypeptide capable of specifically

35 binding the toxin or the ligand which binds the toxin ,

for example a specific binder selected from a



In another preferred aspect, use of the kit involves dipping anpg/rmoes

cel |l Ul bsic substrate on which 10 a toxin binding ligand is immbilized and
which is inpregnated with a conpetitively binding, chronophore (or

fl uorophore etc) labelled ligand into a sanple of -) water or shellfish
fluid, allowdgeisiss saturated substrate to incubate for a preres/@Essi od
(either 15 renoved fromthe sanple or in a pre-set volune of the sanple),
renovi ng non-bound | abelled |igand, e.g. -by f£lushing the substrate with
toxin-free water or by |leaving the substrate to soak for a pre-set period
in a pre-set vokombiofiteookih dhesel apatveror aha@gendpeplanglihea?y, cot cur of
the substrate 0LpQkskNeapPANLIhIR] Sloqdeis ol yial Be RHASLEALE e mDUNt ed
on a support, preferab y one marked with calibration colours to facilitate
conpari son of t Héedubstrate or soaki ng water colour to determ ne toxin
concentration or to rhdi caperte25uatratyhehitabxiomecoficeher ai gandsswabbve or

bel ow one qr oy nfe%ﬁg]%gry envgnpq The ymenly) ot kb navapgeLLiyst rat ed

bythefollovvln non- tin crocys
M crocysti n- LR, dekagarkblachelerod s éirl @ medalc §oln (A-dndIpAdt sAYLi M ar e

purchased from GahbinesprstTé Sen O @gpHAe (eC@rrlaeE:thQﬂeNa| zSl and

(Y-3zP] ATP is 35 OB 3I ned from Arrersham (Littl. ehChahfonF %WéAI bumin (RIA
grade), amoni ulP5O8LFENERT or%Hh W 2P i met YRS PG e - gyance,

di t hi oeryt hritoletcDTERy EBFL;s EGTAppl i2dVIiGhe2063 rvi0O mﬁEZSSQE AbiSrbRE/ G

B99/ 03756 (g ycerc‘?llrvomb‘gﬂgx?esh'é&ﬂf@i Iy A, m@mambqghaml Ekggcanﬁe&rypsm

i nhi bitor (soybean) ur chased from Sigma (St Louis, etonitrile

and trifl uoroacér& alid H‘%A) %‘P%l‘ffurldhzféﬁ:&‘fetdorﬁh%‘tlﬁﬁm’m T8l ker bur n,
Scotl and). 5 Pardhealily rpushdi Bfppiaiteion plogphat,asariAgi scehther PDélrli\QJﬂaSEd

from Upstate Bi techno v (Lak ri cordi ng
Resink et al. % kg%l %(((): Qm%g3gfd%5% q{(alr%g’g)o% %%Ogﬁ dinar |on of
mycrocysti n- YR Mr@b@@yéﬂﬂnRﬁ?’F@%mﬁ dgheniscd lgdi fatied apdt hMelgchlearrier free

Nal zsl (374vBq) p4gigeg ghbor aghae J laacdictelseq;abe@nb)én@yﬁ@haaomg@ngt1@|
(PNAS 77: 1365-1368 (1980)) the iodination reaction, i odi de

i s separated fr&AqEELFy nf"cFBE?’s‘E’rWY’FE‘ Gl SS5TBak ®BCus Cir tFi Bo%s
(Waters, M for&ldadyaceordi sageh oa tdieramst hodiasfedRabiegavietyal . whdoxi con

szlfert52|6I 528 E‘]%)gg) IELgB % Zt%%’rofnrpgyééfﬂew(ﬂ t%%pll'mﬁgbtl(hagaxﬁge?nwth

an acetonitril e igr amlénee“eaﬁbéh ke hb’i‘?fﬁlt‘?ﬂ; Sid€af OF5 aTﬁ‘éréﬁﬁﬂ)&tl tive
bi ndi ng assRy | SeGaidtia®deOtbié by awDdhuneirodiy Sirde huf eredrwi th 50 mv

s (01 120 SRS o e TARETA ) OLITG SIAE 10,0 5,00
DMSO ar e added tldqatml assgpmpieredo0 nMin a fi naI

Preferably the reporter moiety is carried by the
non-immobilized ligand.

25 In a preferred embodiment of the invention, the
non-immobilized ligand is a labelled, e.g. enzyme or
choromophore or fluorophore labelled peptide
hepatotoxin, e.g. a hepatotoxin selected from nodularin,
microcystin LC or microcystin YR or alternatively

30 okadaic acid.

While labelling with radiolabels is possible, since
the assay is primarily intended for on-site use by lay
users, it is preferable to use reporter moieties that
give a visible signal, e.g. chromophores, fluorophores,

35 phosphorescent moieties, turbidity inducing agents, gas
evolution i1nducing agents, etc.

Where the signal forming moiety is a material which



30 concentration of 10% DMSO. [Ilzsl]m crocystin-YR (1 C/13 ng)uwaszetdded at
35 pM Protein phosphatase 2A (30 pM is added |ast, and the reaction’ '
m xture is incubated on ice overnight. [|zSI]mcrocystin-YR bound to

protei n phosphatase 2A is separated fromfree [ zsl]mcrocystin 35 YR by
gel filtratwonoessehg Sephadex G 50 fine from Pharmaci a (UpBS#GE%8&ikden) in
0.7 x 15 cmcolums from Bi o-Rad (Hercules, CA). A 50 mM Hepes buffer (pH
7.2) 7 May 2003 WO 001 28325 pCTI G 899103956 - 16 with 1 nM EDTA and 0. 3

mV EGTA is used .in the separation which is do t 4C. The fraction

cont ai ni ng [~zg115‘rﬁscrt6’cfs%lﬁ‘-%‘§‘ﬁgv\ﬁilgﬁ B ngfe® tcgfepts't?t 3i1ﬁJ 3 ph&t H%gle is
col l ected and tdumveadiesadtyl Wiet yons agtadt Wit dtheyypdunsiciont iunbatindn count i ng.
Nonspeci fic bi nding ;0f, ~iZSlpEehequek] Natfed Ssdiehectied ik 2ne0BbLAkL

reacti on wher e%ng%%ol%{/ns'ti n- I?Ig%badded a? an ex%%ss (\1 ~dr$y. 7Ek/gy 2003
WO 00/ 2832S PCRW 893i8Asd ractzonESxanpl e 1 Protei n phosphata5e 2A is

coupl ed tos magnet i ¢ heagndr@dilr,eahleyet ehthei deadsi Hreovibe kicativawl ak-ban of

t he phosphatase),. | nmobjlized .protein phosphatase is.then 5.m xed with
sanpl e and radi %5’@‘1%% étr(%ﬁ 0. g- [”iggl}ge rcer%crfs lienf‘t?R)r.m?ﬁ’eghe

i mobi lized protwist phosprataseiitd separated flush vy ddet ivolvoringt ur e by

magnetic force.¢Radi Qactdafdre 832001i3had 1 tded e dyf @@%{ér@ﬁ%@ﬁaéﬂa‘a
(magnetic bead) .Is detected by scintillation counting. I0 The anount of
radi ol abel assdd§HREENW th the protei n phosphat ase decreases as a function

of phosphat ase bi ndixgy tapddidan drhestsaipl ef &kaapler 2 yEmdPaeiterma
phosphat ase 2A it-?'%?‘i?xh&ﬂu%e% tk{a‘?:a@%"—i §r%éj{{ td %t thg, peads or via
bi oti nyl ati on of Jt'e phosp atgseg.E mobi ' zed protel n phosphatase is then-
nixed_vvith sarrp‘islebmgﬁ tloxi the AU sEn t dnYsnbred @e‘adlst lﬁﬁ@ﬁrmllaﬁié'd o
protei n phosphai@sei dshrepas atd i BB ihhes fatid AF mMydddader1agnetic
force. Col ored peads associ ated w tth. thee rotei n phosphatase {magnetic
beads) are eval ¥ 60U & 10H By H 10w HBGAIPF Latt P THT E(e. g.
Ni kon TMS)S TheNadmlantiafsootayath beaddnabsoei ol es-adude tde gligateei n
phosphat ase (nagneli £, 2% beads) URENLASES AScAoLnCh] Ak Afnphosphat ase
bi nding toxin in the sanple.”  Exanple 3 . ]

microcystin-YR are produced by Microcystis sp., the

toxin nodularin is produced by Nodularia sp. and the

toxin okadaic acid is produced by Prorocentrum sp.

20 The toxins subject to determination by the present
method may likewise be any phosphatase-targeting toxin
produced by algae or cyanobacteria, but in preferred
aspects the peptide toxins are hepatotoxins (of which
microcystin and nodularin are the most prevalent) or

25 okadaic acid.

Thus, in its most general sense, the method of the
invention involves simply contacting a sample suspected
of contamination with phosphatase-targeting toxins, with
a toxin binding ligand and a reporter molecule capable

30 of competing with said toxin for the binding sites of
the ligands either simultaneously, sequentially or
separately in either order, the reporter molecule
optionally being bound to the binding ligand prior to
exposure to the sample under investigation, and

35 determining the reporter molecule which is either bound
to the solid phase or free in solution.

The bound faction may be separated from the unbound



Protei n phosphatase 2A is coupled to magnetic beads 30 (directlyaytsoshe
beads or via biotinylation of the phosphatase). Inmmobilized protein
phosphatase is then m xed with sanple and toxin inmobilized on beads
carrying an i mobilized enzynme. The enzyme is capabl e of producing a

det ect abl e pyRfREsECOl ored or 35 fluorescent) upon approprpatgsbdésshat i on
with a chronogenic or fluorogenic substrate. The imvbilized protein
phosphat ase is separated fromthe reacticenii 7 Max 2003 4 , WO 00/ 28325 -
18 5 10 15 20 25 30 35 PCT/ G B99! 03756 m xture by magnetic force. Color or
fl uorescence assbadtaied puitdr tthe gmsesemanphos phep@asee Magrelyi csubeaddy 1S

measured by spechLaseomysOlefdAld MBLEYipk ESPEGH | V@éﬁtr‘-@qu%a%%ﬂm of
d wth the ) dlec

col or/fl uorescence associ ate magneti c beads. reases as a
function of phosphbt%Re P nEHPMEGHAI 2PR1E HBS3RFp| AP IBddfglYe action or
Scintillation Prekxiywiy o Askayiniicnt eiMhephopliaplasee imabifely Raabed aad

i mobi lized.to wel |l recoat W -st.reptavi di n, and scintillan e.g.
Fl ashPl ate PLUS é‘r‘r@b a€?lﬁﬁ?€e‘gﬁpi}dgm§36§| %’gd‘l"b%/‘gl“ﬂlé?\ﬁa‘r_%ﬁﬁé‘ 3&%?‘82’38(1
(I'zsl'] microcystfartyREar ettt tnelimeniel P5. m3tee i madsf for example

[" zsl ] m crocystipy YR bouwd {o-4hediameboh aedaProtei n phosphakasg is
detected by scinti]lation counting. Exag‘)gl e 5 I nhibition of binding of
flzsl ~_microcyst PRPYR PP GF i MDRISHRAE adBVORL 1 At He D rdtedte €M86°y 5Pi ous
t oxi ns Conpound wkstkdthd Gsozir{ pMndiodullagandd5ane ciaaystliisddRik7 in

m crocystingYR 7p, 0kadal ¢, qg%\dgt\%é)atcﬁai(ycul in A 251 tautonycin S62 ' The

conpounds tested were I ncubat | zsl] m crocystin-YR and protein
phosphat ase 2A as ' dEBR ¥R HoRel1eLUFRe MR sBe vas RS rids éritthieghéhe
concentration nepdgadter obiai o 5fthd Ehaichli bhofepéndildg| dn NHY egystiifi<YR

embodiment of the invention but preferably it is
assessed in the bound fraction.

15 The immobilized ligand may be immobilised by any
known means, for example by binding or coupling the
ligand to any of the well known solid supports or
matrices which are currently widely used or proposed for
separation or immobilisation for example solid phases

20 may take the form of particles, sheets, gels, filters,
membranes, fibres or capillaries or microtitre strips,
tubes or plates of wells etc. and conveniently may be
made of glass, silica, latex, a polymeric material or
magnetic beads. Techniques for binding the ligand to

25 the solid support are well known in the art and widely
described in the literature. In preferred embodiments
of the present invention, the solid phase to which the
phosphatase-targeting toxin binding ligands are
immobilised is in the form of Dynabeads®.

30 The assay method of the present invention is

" advantageous in that it can be performed without the
need of complex laboratory equipment and can be
performed by the relatively non-skilled or non-skilled
person. Hence, the assay method is suitable for use in

35 the home, in shops or in the field and it can be
performed quickly and easily without the need for

intensive labour or hazardous chemicals.



7 May 2003 WO 00128325 5 10 - 19 PCTI G B99103756 binding to p;r,gggb 03
phosphat ase 2A. These val ues were determined according to Fig. 3. The-ddia:
represent an average of at |east 3 separate experinments. Exanple 6 Effect
of exogenous conpounds n the conpetitive bindi~ assay as conpared to the
pxot ei n phosphatase assaX Conpound tested' % activity ConpeET/GB¥O3P60t ei n
bi ndi ng assay phosphat ase assay 15 2 nM ATP 0.5 mM ATP 0. 05 mM NaPPi 50 mM
NaF 5 M NaF 20 1 ng/nl caseine 0.02 ngfmM2caseine 5 ng/ M histone 2A 0. 002
ng/ M histone 0.5 M NaC 25 seawater | oo seawater | oo DVSO 10% MeOH 10%
acetonitrile 30 0. 4RTPREBRCH DAY WA dett Ne- 2558Y46ECHRPSPresent

103. 3+0. 2101. 6+hveliohdid10he Sidr Pl IO 2323 64 2885961198 v91wBI8N24. 741.

20.734.8+0.487“3+%;47%”§+g.i?%hq;q15%%§$&&%f4 1 2.% 130 19690 h2.0.9D.9 +
9.9 9.8 + 3.4 295 £1358%4 YHONHT, 7 FT2 Y6 90 S5 g g5 Yh5TE3s 4. 9
1.4 0.1 63.6 -the4t@x4n 4s preés4ix NI¥ very low levels for example in
5 the testing of drinking water or assessing possible

pollution with phosphatase targeting toxins . Typically

the assay 1s capable of detecting toxins in picomolar

concentrations, e.g. as low as 10 pM. Conveniently the

assay may be used to detect toxins in the 15 to 560 pM

10 range.

A further advantage of the present assay relative
to existing techniques is that the present assay is not
affected by the presence of endogenous phosphatases
which may be present in the samples under analysis,

15 particularly, for example, 1f the samples are taken from
shellfish.

In one embodiment of the present invention, a
protein phosphatase is immobilised on a solid support,
the immobilised phosphatase is contacted with the sample

20 under investigation and any phosphatase-targeting toxin
present in the sample binds to the immobilised
phosphatase. A source of reporter molecules which
compete with the toxin for phosphatase binding sites is
added. The reporter molecules displace toxin molecules

25 from the binding sites to a degree which depends upon
the relative concentration of toxin molecules and
reporter molecules. The degree of reporter molecule
binding facilitates determination of toxin present in
the sample under investigation. Preferred reporters/

30 labels include radiolabels, chromophores (including
fluorophores) and enzymes which give rise to chromogenic
or fluorogenic products. Scintillation proximity labels
and labels which give rise to a measurable change in
light scattering are also to be considered.

35 In an alternative embodiment, solid support
immobilised reporter-blocked phosphatase molecules are

contacted with the sample under investigation and any



97.9+3. 387. 4+4.188. 22. 760. 25. 761. 11. 3138. 0+34. 4 Protei n phospidyp20032A was

. prei-ncubated with the 35 conpounds dissolved in 50 nM Hepes (pH 7.2) or
with buffer alone (control) for 30 m nutes on ice. Phosphatase activity was
measur ed by dephosphoryl ati on of phosphohi stone as descri bed. The a
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protei n phosphatase 2Aas described above. 20z Sea water diluted 1/10in
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2003 WO 001(2832prBeCIAGsBa%% D8 7566 -t12 ddbeanfilom @f cyanobacterial or

algal phosphatase-targeting toxins, according to the
invention, said kit comprising:

a solid phase upon which is immobilised a ligand;

a non-immobilized ligand, preferably in aqueous

15 solution or complexed to the immobilized ligand; where
neither of said immobilized and non-immobilized ligands
includes a directly or indirectly detectable moiety, a
reporter moiety capable of binding to one of said
immobilized and non-immobilized ligands and generating a

20 detectable signal, preferably said detectable moiety or
signal being directly readable without laboratory
equipment.

In one preferred embodiment, the kit of the present
invention comprises:

25 a solid phase upon which is immobilized
phosphatase-targeting toxin binding ligands;

a reporter molecule capable of competitively
inhibiting binding of phosphatase-targeting toxins to
said toxin binding ligand and generating a signal

30 readable without laboratory edﬁipment.

An especially preferred embodiment of the kit of
the invention comprises magnetically displaceable
polymer micro spheres having immobilized thereon a
protein phosphatase;

35 gold sol labelled peptide hepatotoxin molecules
capable of competitively inhibiting cyancbacterial

toxins binding to said protein phosphatase.



Ckadai c acid equivalents in shellfish extracts as determ ned ’/DMay"Eb@s

‘anal ysis and by the protein 5 phosphatase bindincL assay Extract

equi vs. by HPLC OA equivs by binding anal ysis2 assay' 10 (~.g/g
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1.2 748 7560800885496 805 20 ' The extracts were made frorRHEEPEYAhCr eas
of nussels collected along the Norwegian coast. z The extracts were

anal yzed for okadai c acid equival ents by PLC. ' The extracts were dil uted

in 1000 DVSO and tested for 25th r abl|lt% ocogr-@é‘t‘e Wt h
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bi ndi ng assay las dﬁsmebaﬁvabn\ien Ebapmaeenma@mebrbamflpkﬁc@]cacamhh

equi val ent s et erni . ]ﬁgg d curves of
okadai ¢ 30 a\(,:\%)d)ela"“ssol ve %S%Q@Dﬁégig bﬁm?éig %‘% d&Eﬁ‘agr anms 35 Fig.
1 of the attam%%@*&ﬂﬁh@t&sﬁhen&tl c diagram of the conpetitive binding
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with (izsl]n GERAEIH: Yaﬁ&‘hér‘?& qo8 Fogr i d<° 57tk n
phosphat ase 2Ardteeirt mhwpdcmtpe:@s with the [~zsl ~m crocystin- YR for

binding to the phosph %ft:ﬁﬁ% o2 ALt LR gfspgckargg agPUHe Of st oxin results
of [° %

in a reduced binding zsl Im crocystin-Yi phosphat ase and vi ce
versa. After biB#ELLAREG @mﬁ%@ﬂl@a@ﬁéaﬂ?ﬁée[&%@%wo@ysvmlrwlm bound
to protei® phasphsatiaseiddiing aa@amit ac flmabﬁneeea Z5d | wh LEQCyst i n- YR by

gel 10 filtration chroma The f.racti talnl
(~zsl ] nicrocystt E?‘Fe\@%o%& d‘g tayhe etlﬁéf’gs | s W 90@250[&?%}’%1 anount .
of radioacti vi tgr diialttmmmmrebptsm dtauelldﬁdoﬂnlg@udt inge da5s&ngle 2f the -)

attached di agrame showssia rafd fhEQEtlLﬁfd i RGN 8ashag-REDNAE SrLf4li fferent al gal
toxins on binding of ['zsl]mcrocystin-YR to protein phosphatase 2A

Protein phosphdt’3der ¥ (50 PRES i r‘?c,rut?alpéﬁ Fﬁttﬁﬁr%dpf%%@ﬁ%’é 35pM [ | zsl ]
m crocysi$ n- YRrddowed 183rang )t ren b adrpl@0 axMiof adpfréesentvallgradz cbf)xums

indicated in the Waéig)urere Agﬁbr{yq %@A ;Bo%gcx%gmzﬁ 995&% g Ot

phosphat ase 2A ‘ol at ltration chromato rap an the
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represents thejayeirgecf albdwasie IsepakattereXpprerest Spefigd hof the
attached di agrans shows t he I for g, groc %tl n- LR.bi ndi ng.in ttthe

conpetitive biAdf Ny ass Jg)lme?,(? toxdn Preltheel)” anaPifshEed
20 colour of the substrate or of the soaking water.

Desirably, the substrate is mounted on a support,
preferably one marked with calibration colours to
facilitate comparison of the substrate or soaking water
colour to determine toxin concentration or to indicate
25 whether toxin concentration is above or below one or

more threshold values.

The invention will now be illustrated by the
following non-limiting examples:

30 Materials

Microcystin YR, Microcystin-LR, okadaic acid, nodularin,
calyculin A and tautomycin are purchased from Calbiochem
(san Diego, CA). Carrier-free Na'®I and [y-*?P]ATP is

35 obtained from Amersham (Little Chalfont, UK). Albumin
(RIA grade), ammonium acetate, Chloramine T, dimethyl
sul foxide (DMSO), dithiocerythritol (DTE), EDTA, EGTA,



Bi nding of ['zsl]mcrocystin-YR to protein phosphatase 2A was7 plag20e8l as
the ratio between unbound [~zsl] mcrocystin-YR (Co-Cx) and bound (1251]

m crocystin-YR (Cx) against the concentration of mcrocystin-LR Co 35
represents the anount of bound ['z5I]mcrocystin-YR in the absence of

i crocysti nWAR024RG Cx represents the anount of bound ['zsIiGHEPHEYsti n- YR
in the presence of 7 May 2003 WO 001 28325 - 24 various concentrations of
m crocystin-LR PCT/ G B99/ 03756 Fig. 4 of the attached diagrans illustrates
the stability of .the 25) ] m cracystin-Y und t.0 rotel se 2A
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i ncubat ed i n t herppesentehobifidR5($oykeady strien p¥Rch2668d p My oh o8 idmeh olfit.
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determ ned for PHE PHEF afed fraRpbrhrumy gl F&tlﬁﬁoéhﬂ“%c1ntlllat|on
counting 'is as dasthikhed. pﬁhefﬁﬂdVﬁréﬁﬂﬁmﬁyﬁﬁsphamaa%eQagesOé1éh§£parate

experiments. assay ho for d rm ni ng
phosphat ase tar&gflﬁﬁngxFﬁgmmﬂ?C% bt éhe%ﬂ%ﬁel ﬁgé hg tased Shﬁ

conpri sing cont@@tpnglélgdlﬁ@0@9®p@§tt%d&$ﬂg*a@tlﬁﬁDbKEMZedJll@gpﬂhem

i mobi |'i zed thengan wkkhae(i x1885pPl € suspected of being contam nated with
toxin and (ii) a non-immbilized ligand, 10 wherein said imobilized Iigand
is capable of binding to at |east one of said toxins, to said

noni mMmobi lliczed [Tiogadmetdpnt of plexy id toxin and said

non-i mmobi |l i zed |igand, and said non-imuvbilized ligand is capabl e of

bi nding to at | east one of said o _
; Microcystin YR (10 pg) is iodinated with 1 wCi carrier-

5

free Na (37 MBg) using chloramine T as described by
Ciechanover et al., (PNAS 77: 1365-1368 (1980)).

15 Following the iodination reaction, iodide 1s separated
from ['**I]microcystin-YR using Sep-Pak® Plus cartridges
(Waters, Milford, MA) according to the method of
Runnegar et al. (Toxicon 24: 506-509 (1986)). The
[**®*I]microcystin-YR is applied to a 3x250 mm Inertsil

20 ODS-2 HPLC column from Chrompack (Raritan, NJ) and

eluted with an acetonitrile gradient.

Competitive binding assay

25 The competitive binding assay is carried out in a volume
of 0.5 ml buffered with 50 mM Hepes (pH 7.2), 1 mM EDTA,
0.3 mM EGTA, 1 mM DTE, 5 mM MnCl,, 0.5 mg ml™!' BSA, and
0.2 mg ml™! trypsin inhibitor. Algal toxins diluted in
100% DMSO are added to the assay at 0-100 nM in a final

30 concentration of 10% DMSO. [QSI]microcystin—YR (L ci/13
ng) is added at 35 pM. Protein phosphatase 2A (30 pM)
is added last, and the reaction mixture is incubated on

ice overnight. [

I}microcystin-YR bound to protein
phosphatase 2A is separated from free ['**Ilmicrocystin-

35 YR by gel filtration using Sephadex® G-50 fine from
Pharmacia (Uppsala, Sweden) in 0.7 x 15 cm colums from

Bio-Rad {(Hercules, CA). A 50 mM Hepes buffer (pH 7.2)



15 immobilized ligand, to said toxin or to conpl exes of said yqxdypgad said
i mobi |l ized |igand whereby the proportion of said inmobilized I'i gand bound
by said toxin, said non-inmobilized |igand or conpl exes of said toxin and
sai d non-i mobi | i zed ligand i s dependent on 20 the toxin content of said
sanpl e and W®HE8RS5t he i mobilized and/ or non-i mobilized tREVEBIBIOREP ng
ligand is a protein phosphatase enzyme and wherein said i mobilized |igand
is capabl e of generating directly or |nd'ﬁébtly detectable si gnal when 25

unconpl exed, whgn, gopple o n Iexe by a conp| ex of
said toxin and sa|§ non|nnnbllﬁggépllggkgGTxhl eﬁs rhﬁng%ds?QaE%?
noni nmobi | i zed Yhghdisnrda dthdnS-mdbel fredti¢garehisi capabl e of

generating a di I[e?eﬂryl&rody@@l&]ew Wh3Bndet £&4 abb & sbanal g\ﬂg&{};ygﬁf‘a Q! exed
or when conplex g ga{athﬁ%{éFﬁfund fr%ctlon fronla non- fraction;
and directly or“fnifr&eth g éoﬁSEFﬁﬁﬁﬁl+$z@@am¢gﬁﬁﬁﬂbd%hd to

t he innnbiBizedsbnganhl4¢ﬂun:Ebdnnmn@ fr achipa¢idicneindOnPl @ked i n aqueous
solution (the nens i0 ppl | on of (i) and (ii)
fo the | 7 Nay 008 R e et by
sequential ly orWE?ﬁﬁlT%ﬁﬁﬁﬁKﬂ%ﬂQﬂkF|HS §é68ﬂa@él?no¢xg@ﬁﬂehl|EMXyy they can
be perfornmed in either order. 5 2. An assay nethod as clained in claim1l
wherein sai d phosphatase-targeting toxin is produced by al gae or by
cyanobacteria. 3. An assay nethod as clainmed in either of clains 1 10 and 2
wherein the toxin to be determned is a heptatoxin or okadaic acid. 4. An
assay nethod as clained in any one of clains 1 to 3 wherein toxin nol ecul es
present in the sanple 15 conpete with the non-inmobilized |igand for a i
limted nunber of binding sites of the inmmobilized |igand and any toxin )
present in said sanple is determned relative to the extent of

non-i mobi | i zed |igand bound to or not bound to the binding sites of the

i mmobi lized ligand. 20 5. An assay nethod as clained in any one of clains 1
to 4 wherein the presence or absence of a phosphatasetargeting toxin is
determ ned. 25 6. An assay nethod as clained in any one of clains 1 to 5
wherein the sanple under investigation is surf ace or free noisture from
shel I fish, or water taken fromthe habitat in which such shellfish live, or
wat er taken from donmestic water supplies. 3d 7. An assay nethod as cl ai ned
in any one of clains 1 to 6 wherein the imobilized or non-inmmobilized
ligand is an anti body or antibody fragnent. 35 8. An assay nethod as
claimed in any one of clainms 1 to 7 wherein the protein phosphatase enzyne
is the binding |ligand protein phosphatase 2A. 7 May 2003 - 27



9. An assay nethod as clainmed in any one of clai ns 1 to 8 widviaj 2063 t her
,the i'mmobilised or non-irnnobil ised |igands carries a reporter noiety. 5
10. An assay nethod as clainmed in claim9 wherein the non-inmobilized
ligand carries a reporter noiety. 11. An assay nethod as clained in claim
10 wherei n WRLORERS i nobi | i zed Tigand is a | abel | ed pepti dECHE&FAVEYHin 10
or | abelled okadaic acid. 12. An assay nethod as clained in claim1l wherei
n the hepatoxin is selected from nodul afi n, m crocystin LC or microcystin

YR 15 13. An a t.hod as clainmed in any one of clains 1 to 12 wherein
the solid suppgéggﬁ%ﬂgjﬂipstick or solid matrix. 20 14. An assay nethod as

claimed in clai rageihateisphaiessobhdineteidd ¢& Ysolmammetd ohamignet i
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which is i mrobi PhREhat a9 and;Ima‘Ogbi%Fﬁ%o%W@éh RN sitef & i n
aqueous sobut i omixed oot esesghlico ahHer adbobalbe el |tigand; (cargd Wh€T¢i-n t he

i mobi |'i zed an 0QNsd e | i zegl 39 L 4 9and, d tei ta
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i ncl udes a di r eeeP3rafred ddidedtey rgafbePabPrecivietly "RIPord donssi-et y
Capablje of Dbi NdRAGi dLtONE t9f aSaiod 1iaarlﬁab¢um]§e@h%rwkdm=ﬂ drﬁmmﬁﬂa?c%d;l d i gands
35 and generating_a detectabl.e .sign ref era i d detectabhl.e noiety or
STonal being ai (R RENG i ARBtee PASS t oy SRl e e S0ba
28 16. AlRit aShel|anomwt: iaf claaiimlibehhasednladl phHds phet gemttearget i ng

toxin is producgdobynad 9ae o se%aRRDACEERER 0P I -pHb g B%L! @i med in
either of clains 15 and 16 wherein said kit conprises: a solid phase upon
whi ch is i nmobi Pi2@Ha iR SH6s5R%PASe enzyme as a toxin binding

ligand; a rer~rter nol ecul e capable of conpetitively 10 inhibiting binding
of phosphat ase- iyig toxins to said toxin binding Iigand and
generating a siﬁﬁ ;é yable w thout | aboratory equipnent. 18. A kit as

cl ai med i A%any Bhetein arkpsahatssep 247 135CqRRt @Y nt & ghabng ti¢cdmmdsses
nagnetipallﬁ diﬁghg@@@p¢a?gqh&nmﬁaggfﬁe spﬁebgérfﬁydagh&dnﬂqbnhk%ed }hereon
a protein phosphatase;, gold s .| ed peptide hepat.otoxin nol ecul es
capabl e of coanﬁ?FPb%ﬁ ?%Thi%%FFﬁﬁﬁéﬁgnoggg %%?aéhé§PQ?ﬁﬁ?ﬁ;¥ﬁ ﬁgFﬂb to
sai d protein phosphdtesd) SOplk lkkind soxghataedl¢d amycolerad daglars 15 to

17 wherein sai drkit | GRSP{1 S48 ’Iﬁ%%tiincEhb¥pgé§9$@0§§b§@p£%tyé@rfr‘gnprO
spheres having i mobilized thereon 2 groteln $hosphat se; gald sol

| abel | ed Kadai EPGcFaRHot e e Ep Ryl B28RSLbiipEtTET vel P MRSt al gal
t oxi ns bi ndi ng tessaidted otigitn lroppbéibasephosphatase (magnetic beads)

are evaluated by eye or by a low magnification

microscope (e.g. Nikon TMS). The amount of colored

beads associated with the protein phosphatase {(magnetic
25 beads) decreases as a function of phosphatase binding

toxin in the sample.

Example 3
Protein phosphatase 2A is coupled to magnetic beads

30 (directly to the beads or via Biotinylation of the
phosphatase). Immobilized protein phosphatase is then
mixed with sample and toxin immobilized on beads
carrying an immobilized enzyme. The enzyme is capable
of producing a detectable product {(colored or

35 fluorescent) upon appropriate incubation with a
chromogenic or fluorogenic substrate. The immcbilized

protein phosphatase is separated from the reaction
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associated with the mdgnetic beads decreases as a

function of phosphatase binding toxin in the sample.

Example 4

Scintillation Proximity Assay:

Protein phosphatase is biotinylated and immobilized to
wells precoated with streptavidin and a scintillant
(e.g. FlashPlate PLUS Streptavidin SMP103 supplied by
NEN). The sample and.[lHI]microcystin—YR are added to

125

the wells. The amount of [“’I]microcystin-YR bound to

the immobilized protein phosphatase is detected by

scintillation counting.

Example 5

Inhibition of binding of ['*°I]-microcystin-YR to protein

phosphatase 2A in the presence of various toxins

Compound tested' I1Cse° (pM)
nodularin 15
microcystin-LR 17
microcystin-YR 75
okadaic acid 100
calyculin A 251
tautomycin 562

! The compounds tested were incubated with ['*°I]-

microcystin-YR and protein phosphatase 2A as

described above.

? The IC,, value represents the concentration needed to

[125

obtain a 50% inhibition of I} -microcystin-YR

ajJ cal ca

c]aej ca] caV] caV] caV] caV] caV] ca] ca] ca]

<J M
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! Protein phosphatase 2A was preincubated with the

35 compounds dissolved in 50 mM Hepes (pH 7.2) or with
buffer alone (control) for 30 minutes on ice.
Phosphatase activity was measured by
dephosphorylation of phosphohistone as described.
The % activity is relative to the control reaction.

40 > The activity in the competitive binding assay

represents the ability of protein phosphatase 2A to
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0 45
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496 805
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20 ! The extracts were made from hepatopancreas of mussels

collected along the Norwegian coast.

The extracts were analyzed for okadaic acid

equivalents by HPLC.

The extracts were diluted in 100% DMSO and tested for

25 their ability to compete with (['**I]microcystin-YR
for binding to protein phosphatase 2A using the
binding assay as described above. The concentration
of okadaic acid equivalents were determined by
comparing the data to standard curves of okadaic

30 acid dissolved in 100% DMSO.

Example 9
Attached Diagrams

35 Fig. 1 of the attached diagram is a schematic diagram of
the competitive binding assay for the detection of

protein phosphatase binding toxins.
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separated from free {(**I]lmicrocystin-YR by gel
io filtration chromatography. The fraction containing
(***I]microcystin-YR bound to the phosphatase is
collected and the amount of radioactivity determined by

scintillation counting.

15 Fig. 2 of the attached diagrams shows the effect of
increasing amounts of different algal toxins on binding

of ['*I)microcystin-YR to protein phosphatase 2A.

Protein phosphatase 2A (30 pM) was incubated in the

20 presence 35pM [**Ilmicrocystin-YR (1 Ci/13 ng) and 0-100
nM of different algal toxins indicated in the figure.
The ['*I]microcystin-YR bound to protein phosphatase 2A
was isolated by gel filtration chromatography and the
radicactivity determined by scintillation counting.

25 Each curve represents the average of at least 3 separate

experiments.

Fig. 3 of the attached diagrams shows the IC,, for

microcystin-LR binding in the competitive binding assay.

30
Binding of ['**Ilmicrocystin-YR to protein phosphatase 2A
was plotted as the ratio between unbound
['®I)microcystin-YR (Co-Cx) and bound [***I]microcystin-YR
(Cx) against the concentration of microcystin-LR. Co

35 represents the amount of bound ['**I]microcystin-YR in

the absence of microcystin-YR, and Cx represents the

amount of bound ['*’I]microcystin-YR in the presence of
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Fig. 4 of the attached diagrams illustrates the
stability of the ['*Ilmicrocystin-YR bound to protein

5 phosphatase 2A in the‘presence of excess microcystin LR.

Protein phogphatase 2A (1 nM) was incubated in the
presence of ['*’I]lmicrocystin-YR (100 pM) for 1 hour.
Microcystin-LR (2 uM) was added to the reaction mixture

10 at time 0. The amount of ['**I]microcystin-YR bound to
protein phosphatase 2A was determined for the indicated
timepoints by gel filtration and scintillation counting
as described. The curve represents an average of 4

separate experiments.
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"109%&' () - "7TADEWTY |, An 1940 (WetBbd for determining phosphatase
targeting toxins which inhibit protein phosphatases
5 comprising contacting a solid support having an
immobilized ligand immobilized thereon with:
(i) a sample suspected of being contaminated with
toxin and
(ii) a non-immobilized ligand,

10 wherein said immobilized ligand is capable of
binding to at least one of said toxins, to said non-
immobilized ligand or to complexes of said toxin and
said non-immobilized ligand, and said non-immobilized
ligand is capable of binding to at least one of said

15 immobilized ligand, to said toxin or to complexes of
said toxin and said immobilized ligand whereby the
proportion of said immobilized ligand bound by said
toxin, said non-immobilized ligand or complexes of said
toxin and said non-immobilized ligand is dependent on

20 the toxin content of said sample and wherein the
immobilized and/or non-immobilized toxin binding ligand
is a protein phosphatase enzyme and

wherein said immobilized ligand is capable of
generating directly or indirectly detectable signal when

25 uncomplexed, when complexed by said toxin, when
complexed by a complex of said toxin and said non-
immobilized ligand or when complexed by said non-
immobilized ligand or said non-immobilized ligand is
capable of generating a directly or indirectly

30 detectable signal when uncomplexed or when complexed,

separating a bound fraction from a non-bound
fraction; and

directly or indirectly determining the non-
immobilized ligand bound to the immobilized ligand (the

35 bound fraction) or non-complexed in aqueous solution
(the non-bound fraction);

wherein the application of (i) and (ii) to the
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10 or labelled okadaic acid.

12. An assay method as claimed in claim 11 wherein the
hepatoxin is selected from nodularin, microcystin LC or
microcystin YR.

15
13. An assay method as claimed in any one of claims 1
to 12 wherein the solid support is a dipstick or solid
matrix.

20 14. An assay method as claimed in claim 13 wherein the

solid matrix is polymeric or magnetic beads.

15. A kit for the detection of phosphatase-targeting
toxins which inhibit protein phosphatases, said kit
25 comprising:
a solid phase upon which is immobilised a ligand;
a non-immobilized ligand, preferably in agqueous
solution or complexed to the immobilized ligand;
and wherein the immobilized and/or non-immobilized
30 ligand is a protein phosphatase enzyme;
where neither of said immobilized and non-
immobilized ligands includes a directly or indirectly
detectable moiety, a reporter moiety capable of binding
to one of said immobilized and non-immobilized ligands
35 and generating a detectable signal, preferably said
detectable moiety or signal being directly readable

without laboratory equipment.
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5 17. A kit as claimed in either of claims 15 and 16
wherein said kit comprises:
a solid phase upon which is immobilized a protein
phosphatase enzyme as a toxin binding ligand;
a reporter melecule capable of competitively
10 inhibiting binding of phosphatase-targetting toxins to
said toxin binding ligand and generating a signal

readable without laboratory equipment.

18. A kit as claimed in any one of claims 15 to 17
15 wherein said kit comprises magnetically displaceable
polymer micro spheres having immobilized thereon a
protein phosphatase;
gold sol labelled peptide hepatotoxin molecules
capable of competitively inhibiting cyanobacterial
20 toxins binding to said protein phosphatase.

19. A kit as claimed in any one of claims 15 to 17
wherein said kit comprises magnetically displaceable
polymer micro spheres having immobilized thereon a
25 protein phosphatase;
gold sol labelled okadaic acid molecules capable of
competitively inhibiting algal toxins binding to said
protein phosphatase.

30 20. Use of the kit as claimed in any one of claims 15
to 19 for the determination of phosphatase-targeting

toxins.



