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concerned wth a paralytic shellfish toxin conjugate.
In particular it is 5 concerned with use of the
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"saxi philjns" are di verse class of polypeptides
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Saéﬂéo Ql Eflﬁgx RE'th§r gg%gﬁ&ﬁShgﬁ%h@ﬂﬁh its use is not

particu en1ca structure physi ol ogi cal

fUﬁ%tl%mltﬁ@r would it seemthat the 20 physi ol ogica

pur pose of the saxiphilins is necessarily to bind
saxitoxin. For exanple, so-called "bullfrog

S i 8TY 1ol ecul e which shares over 50% ani no

acid sequerrieei siendéalledi ¥ Hakiphilinsfearenaclagerese class
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samlm®X$ﬂxahdx1noubuethérbherpabelﬁﬁésrEb@dléésé toxins (or

"spxh i | i Bhe BRemahLkedipRAXERAI Lgna Ee\iﬁeae%m including
i sol at ed fron1d|verse sources such as bl ood of

t HehpupFefixi Shaxdf, §rﬁ¥loﬁé¥ht°?‘F-Reaf1FFeth?oéluﬁﬁlx "philie”

chawieh , abhbdesbat hiraxihgxEBrapdxtiebikedqt OXhe Rukipddlins
nli ke the sodi um chanpel, .the uffer fish protein_is
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acl se ue erni
tH@B@dtﬁ§§ét@¥aBsesF©F example, so-called “bullfrog

saxiphilin” is a molecule which shares over 50% amino acid
sequence identity with the transferrin class of iron-
binding proteins, and so is also presumed to be a
transferrin. The sodium channel also binds saxitoxin and
could therefore be described as a “saxiphilin”. So-called
gsaxiphiling have been isolated from diverse sources such
as the blood of the puffer fish. This protein, like the
sodium channel, binds both saxitoxin and tetrodotoxin but,
unlike the sodium channel, the puffer fish protein is
hydrophilic.

The sodium channel, the puffer fish saxiphilin
and the transferrins are each members of distinct classes
of the saxiphilins. There is no amino acid sequence
homology discernible between these three classes of
saxiphiling. However, they may be delineated on the basis

of their physical properties. The sodium channel is



saxi philins. However, they may be delineated on the
basis of their physical properties. The sodi um

w@baanadedd s WO 2004/ 072640 PCT/ AU2004/ 000166 PCT/AU2004/000166

10

15

20

25

30

35

hydr ophobic as it is anchored in a |ipid nmenbrane,
whereas the other classes are zhydrophilic. The
transferrin class of saxiphilin binds saxitoxin but
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PSTs have 'ow ng structure, | | ustrated
bySgeRERahuPsRNHLAnEES, YHiRE @ffen zeSNJtﬁ \in. gqgatjh. The
NHBo #s0ROndHE sHcBu@e@HbyPkhe=pikad yidd REhellfish toxins

(PST=s). 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 for humans,
livestock and wildlife.

The PSTs have the following structure, as

illustrated by general formula (I):
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CO C6H5-OH GC2(3 H OsG3- H CO- CoH5-OH GC3 OH H H

CO C6H5-OH This famly of toxins can be divided into
fpur 5 broad categagyies: the saxjtoxins, whirgh are Ry
hi ghly potent neurotoxins, and which are not
sul fated; the gonyautoxins (GIXs), which are singly
émmaated; &Ee W sul f ocar baibyl - 13- hydrdsul f ate CONH:

- S, ich are less toxic than th STXs or GI¥%s
aﬁ%%ﬁhg Gi:toxﬁns whi ch ca??y a phenol?% 10 group oﬁ
CE3. The toxicEty of the PSTs is a resufft of their CONHSOs
bipding to voI?Qge-depende@i sodi um chaginel s, whi chcoNuSO;”
bl'ocks the influx of sodiumions, and thus bl ocks .
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This family of toxins can be divided into four
broad categories: the saxitoxins, which are highly potent
neurotoxins, and which are not sulfated; the gonyautoxins
(eTXs), which are singly sulfated; the N-sulfocarbamoyl-
13-hydrosulfate C-toxins, which are less toxic than the
STXs or GTXs and the GC toxins which carry a phenolic
group on Cl3.

The toxicity of the PSTs is a result of their
binding to voltage-dependent sodium channels, which blocks
the influx of sodium ions, and thus blocks neuromuscular
transmission. This causes respiratory paralysis, for
which no treatment is available. In some outbreaks of
paralytic shellfish poisoning up to 40% of the victims

have died. The dinoflagellates which are the source of
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conmerci al significance or which are raised using
aquacul ture techni ques, may f-edd-on these
di nof l agel l ates 5 and accunulate the toxins. It is not
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However, the saxiphilins have proven to be a difficult
group of compounds to isolate and purify and, to date,
only bullfrog saxiphilin is well characterised. It would
also be desirable to be able to label PSTs or immobilise
them on a solid support for the detection and

characterisation of saxiphilin or its ligand.

Summary of the Invention

The present inventors have developed a technique whereby a
PST such as saxitoxin is biotinylated in order that an
avidin/streptavidin system may be employed to allow for
detection, characterisation, isolation and/or purification
of molecules of interest such as saxiphilins and their
ligands. The combination of PST and biotin functionalities

in the molecule enables a great many applications
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i nvol ving (strept)avidin/biotin binding which can be
exploited in assay design in @njunction with
PST/ saxi philin binding activity. Accordingly, in one

EBRSLvPha' IELPLERPOY: a0l BUBRILOBILNGE, WhiRto Wl ben

ng a saxiphilinto a
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PHELYLERLLRD1Oh §§halﬁgxaahhbh&yor its ligand,
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PO
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reaonaomonnanﬂufpe anctltf(JC@-é;lllO@plo)ﬁa\ﬁadiqw Sagri@his igB)or its

ah_lzL gg Rip %gggﬁ}%rough the PST noiety to the

sax |I|n ugh the biotin npiety to

(str ept )avi diLh t@rPUP-ﬁilélgcé‘ptPlﬁTed’onJP’gF't(?oﬁﬂwlﬁ’rF% a PST

fHbtBel speet vah bhe inkwentdmdudiere dite 2Axpoviited the
a nethod fqr the deteqth .. _Charac erlsatlon
i BoPdirgn Sak8 PP FAFTE 5’3{]11% St aa X ﬁ’hlITOletY’

conpri sing: (1) pxpvisdngg thePFBT arjnigeat e dmpra s$amp ke
Fﬁgﬁattﬂ.éfe&& bour%:dal\ffl?xgaféalra(esra:hﬁ{ | QH‘x aSidftded reaction

ng Si saxiphilinto a biotin

nmlmtyerEn@Q)toe%mem@)tmdlgl‘ &1} ugat e to a sanpl e
putatively Qgﬁtmdmﬂ3%1 ldHrdule o ePST moiety to

reaction mxture_ and to, (str ﬁga idin; and (3),. ..

al | owi ng bi ndi ng ®¥& oql?d"ri‘-ﬂ(l’ﬁé' ’I’%l'gﬁf"f%‘ ?éﬁ%)bl"tln
saxi phi l'i n a_nd t gy the ( ttdpt mrisdin tioo 30orm a captured:
(strept)avidin t?PeSI rma tured PST conpl ex; and

(4) effecting de |oCﬁ“]i: racterisation, isolatin
and/ or puri fircat iforrtifert restsead phf | the tinm@hl@hethere is

provided a method for the detection, characterisation,
isolation and/or purification of a saxiphilin, comprising:

(1) providing a PST conjugate comprising a PST
moiety bound via a linker through a site other than the
binding site for saxiphilin to a biotin moiety;

(2) exposing the PST conjugate to a sample
putatively containing the saxiphilin to create a reaction
mixture and to (strept)avidin; and

(3) allowing binding through the PST moiety to
the saxiphilin and through the biotin moiety to
(strept)avidin to form a captured PST complex; and

(4) effecting detection, characterisation,
isolatin and/or purification of the saxiphilin through the
captured PST complex.

Advantageously the biotin moiety is bound to an
immobilised (strept)avidin molecule for use as a medium
for affinity purification. In this embodiment the PST

conjugate could be immobilised on the golid phase through
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this enbodi ment the PST conjugate could be
i mobi li sed on the solid phase t-hrough WO 2004/ 072640
PCT/ AU2004/ 000166 6 binding the (strept)avidin prior
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slchlelmsxd:almyt s ol 2@mmalomrtﬁoltq¥elq)oﬁ}mp%%%%*fﬂhals

ki%d%c hiaved o, 0w ythangi g enndi d i us- Bliskeas
er ionic strength or _te erature othat

h
aﬁremrta;ls(zf R ARV AT FHe - L PhiTT noh é Sgarose
r %LQLI&? b AR AR dh r&i&&édﬂﬂ&mﬂﬂdiaé (Bepiiar@seonp@d;].wgn

g%%lrt ¥ th; C‘te%{lg . J{nrl%q. uas:ﬂ?éj %t%dg\fél tgéhn:l.ques as

erps
swdmﬂlai e haaiémqmcmi toyr ndieumengsmgﬂﬂeﬂl:e%eh’@lst]@? art.
dendrdy gﬂ%{ SHRRY o ﬁ%l?ﬂ.i‘@erﬁja}k @ SRl éRda through

approa dvant ageousl biotin noiety |s bound

t ehamd ime s dndidd g r-?é-rﬁl) &5 drt £ 901 RE ul JeO%? gEEength or
A AP ML ONS 1 that Rile Rl PSEMBENGoE the matrix for the

bound saxiphilin is reduced and/or through the addition of

a competing ligand to the elution buffer, as would be well
understood by the person skilled in the art. Any suitable
bead support including magnetic beads or dendrimer support
may also be used in a similar approach. Advantageously the
biotin moiety is bound to an immobilised (strept)avidin
molecule for use as a capture probe in a PST biosensing
device. In this embodiment the PST conjugate could be
immobilised on the solid phase through binding the
(strept)avidin prior to exposure, and the reaction mixture
created through exposure of the immobilised PST conjugate
to the sample containing both known amounts of saxiphilin
and PST. Alternatively, the PST conjugate could be exposed
to the sample to form the reaction mixture while in

solution, and the reaction mixture exposed to an
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m xture created through exposure of the inmmobilised
PST conjugate to the sanple-cdnt-ai ni ng both known
anounts of saxiphilin 35 and PST. Alternatively, the
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the reaction mxture while in so]utlon
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H@ﬁrbéncéhﬁeﬁama et oTYRéCARDBAREEPTIPSTNRAULRe

Sagpé@traaﬁéﬁﬂbapla&ﬁeiaallnghueaceeb@abm@ahe@b@@bnce,
optlcal surface ﬁaasnnn resonance, aCOUS
a

m AT OEhE | K9EF - AHICPORBRFARREF s fPAc APRg Shagmel Switching
biwbesenssrsln an enbodi ment the PST conjugate of the

i nvention cafl, be u%&?oéfmgn ?ﬁg £§ dggg Egggg of the

presence of “&aXiphi TTHS an gan I'n trssues
celheentionr| samhbeeusgdndeng PGOb&xﬁphdﬁ¢ﬁ0§c@@ﬁsPresence of

thégyﬂahibsngsln&StﬂaaftxlaaﬂdgeEECEagguggcuealu@r@&gh

biotin nnlety N he conventi onal manner. For
ex%%§¢@#e¥ﬁuor€ée@hﬁg tPaaﬁaaePF&énoPCEH§ﬁ1F&ﬁpws?béﬁﬁ PST

C QR 18 eanafdeeabeaah)aubdke ghyolghUspe. b@okeh moiety in
det.ect abl e I? be a gliid t

RIS ARl s R R A ST LR L
conaﬂ@a&eslvé 6st chphjdvindheswlntchcoajugetesedf f or

'i Dt - 9 Laﬂggngeoﬁs%Puor%%ﬁ%gcﬁeE%%QQ@ﬁ%elabels which

rgy rans er rea uorescent m cros
|a@@ysbe eppneeéaFOgésarepabéYlééaéslnPﬂﬁé§oﬁM§B caged

deﬁﬁﬁbﬂ@ééelnobbﬁgﬁgﬁkégtb@eistE@BEDQQQGQEEM%lé%!@%n be used
and the |jk urt her Eine | i nked processes

na@oﬁelﬁgBB PsﬁlaBEFeEFSSHHanart HeF&PESIRE resonance
(sénepyyavicdhbBfenpreygdniBy lf@uorescent microsphere labels,

colloidal gold, latex beads, liposomes, dendrimers,
oligonucleotides, peptidonucleic acids and the like.
Furthermore, enzyme-linked processes may be used for
detection and therefore the (strept)avidin employed may be
an enzyme conjugate such as a (strept)avidin conjugate of
alkaline phosphatase, horseradish peroxidase and beta-
galactosidase. All anti- (strept)avidin antibodies
(labelled or not) may also be used for detection.
Alternatively, saxiphilin may be bound onto a solid phase,
for example, on a membrane, a microlever, an electrode or
a chemically activated glass surface, and may then capture
the labelled PST complex. Competition experiments may then
be run as would be well understood by the person skilled
in the art.

In addition, the conjugate may be used to screen
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30 (labelled or not) may al so be used for detection.
Al ternatively, saxiphilin my ge bound onto a solid
phaste, for exanple, on a nenbrane, a mcrol ever, an
eLec . QF |y _.a a a
SFaE B EElo, AR aBRNIRy Yol PO TRETE, RU Aftamers
Cohpehi bind BRFeri nents may then 35 be run as woul d be
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addi tion, the conjugate be u % creen
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. Accordi,n in a further aspect of the present
|ﬁg§ﬁt’| SﬂmPﬁéLFg-n%’S provi ded a net hgd for captufl ng a
an 5 anti bddy t praveSingr aa PSNA comiRgR tpiGannT ifhing a PST

P. rigSi el H1oa
corrprl ¥| §I>§mdp%$% 12?1 %ke%é)lfrl?gr dﬁga ;{1 %lﬁ:ké:?ﬁﬁtgh ae':he

sbtlede!‘-ﬁelslttﬁﬁarﬁotlhéa g &a & RRERIMHTTH to a
bi otin noi efy) 1QxpDsiegPedicPIhedHudnry ugnte dample

mpl e . putatively, conta d
 BuereAvaly coRRRir s Sl (& R S Eeate a
?Eda(:&%:._ogd gﬁwmd)larmﬁ rnep t(m@t)tmadisil' nemqbt y to
e antibo r 4
gpg) a\?afi&%@%}nga?)q. dlr&ll%mfgf ald nP.‘f‘P'IﬁcSJYety to

to 15 (str orm a captured PST conp
Atheneagddesly dtharftSmers antke BFrquieh AR bw%%urﬂ%%lty to

as(s%r%%)‘a%dhﬁ% B P tithad | DST | SomBBk I OXi N
sel f. further aspect of the present vent olul
20 there | SAEF’@\W:&&?%S@ST%J Bt rgte L%‘Len'? ali
blcqwslyll(fate[(ae@té aiéléjslhﬂiﬁééﬁﬂrﬁh rarebid e nopat RET1 dolyd is
via g i.nker t hroug a site other than the
biSAFITP*S é"tl‘so‘?‘rh saxi philin to biotin.

In a further aspect of the present invention

turlng a an

there is provided a PST conjugate for use in a

biotin/ (strept)avidin system comprising a PST bound via a
linker and through a site other than the binding site for .
saxiphilin to biotin.

Advantageously, the linker is joined to the PST
through Ci; or Cj;; of saxitoxin or the equivalent position
in other PSTs, preferably through Ci;;. Linkage may be
through any suitable linking group and may be formed
through a reaction with the pre-existing functional group
on the PST or by reaction with a group introduced by

modification of the PST.
Any suitable means of introducing a linker of

suitable length may be employed, and diverse chemistries

may be employed in extending the linker.
Tn a particularly preferred embodiment of the

invention, linkage takes place through C;; of saxitoxin

itself following decarbamoylation.

In one embodiment, the reaction involves



Advant ageously, the linker is joined to the PST 25
through C12 or C13 of saxitoxin or the equival ent
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Li nkage may be through any suitable Iinking group and
may be formed through a reactdgon with the
pre-existing functional group on the PST or by

rﬁggéggﬂoﬁkgg Qngég%gr'ﬁ&hﬂgggedAQWé%%dgégJéﬂ¥ﬂ|dHB$ﬁ is

sui tabl e means oOf introducing a |inker do
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Adeanvagévesof, bdoSix ito Limdcbdetidin ta deHbbxylic

acid (or thgleg&PQ%EQ%q gdc@&&V@%‘@%ﬁcﬂéaihlth a isocyanate

particularly erred formof the inventi

deapbo%?FHtéla’@l @ iBmaidandle FaW r"r%lg{] léot% & biotin
t QehakNdGal X HRH S of N -Ma lAdvERIAgeasl y idwecynate which

di.carboxylic acid d t
hy&r &PiLFe t°d§ﬁa|\5:d"( N?‘lrstlh(\;% Ikﬁug‘tﬁw({r&’allcltcgirﬁ%?l@e oF tIﬁlOtln
\I;—\’ET hAI t er natd wﬁ]l)ZL hzlac&b)pnazzraam gtha t they l@@k:%rm:é

I C cont al

bCSHPF 156, 3, NS 3 NG Sugjhhag! C&H}t ahd elﬁ@effﬁigté@

erivatlve, - Mal ei m dop hen
i sfcumycrtamaﬂh iteuns #id an h%tﬁ?toavﬁ%‘ﬁ 2 ‘Pﬁy%lY?

ﬁ@gﬂdgééﬁlﬂﬂfﬁdihg dycd ke ﬂﬂ@i@ﬁé@&@ﬂl&h@ﬁdtﬁfomatlc
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onprise car bon, ch t hat
i mlé‘rgf L‘Fﬁtré*ﬂ’wesf'urﬁftq o’r%l"%"rlo‘i}kfzigﬁ Sﬁé{g‘ég%%to e
h@ityﬁlcﬁmlf‘alxilqr T st dtitddir@sbodiiohetdt ngf cyloé odhkghtion the
erocyclic an t
:|1 :IyS ﬁfbesat ?a{l?t I C a(il.cprgs SJ%IJJ’. Uf%ﬂ%@ (épdthé

2% 3 particu preferred
erﬁmﬁmfaérdntofletrtgeth rwieente bm ayhelid pkerctyrgpearerpresent in

than 4 ghalm 14, | englh é&rféé‘flﬁwtaaﬁﬁﬂalhéngththe full

V\/ner ein cycC ic structures are pr esent n
| insere ofh seeirhibinaci | Hewe e Hi rf'aJr’ﬁ@l’a? g SlPaFY is

significantly improved by extending the linker, and a
linker 5 atoms or greater in length is preferred. While
only economics and lack of a practical synthesis places an
upper limit on the length of the linker, a linker 5 to 20
atoms in length is preferred. Still more preferred is a
linker 8 to 18 atoms in length and most preferred is a
linker 11 to 18 atoms in length. While not wishing to be
bound by theory, it is believed that some of the
saxiphilins undergo a conformational change on binding a
PST which places steric restraints on the binding
reaction, although the extent of these restraints will
differ between the saxiphilins dependent on their nature.
According to a further aspect of the present
invention there is provided a complex comprising a PST
conjugate complexed to saxiphilin through the PST moiety.

According to a further aspect of the present



range of saxiphilins. However, binding affinity is
significantly inproved by extending the linker, and a
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Wiile only econonmics and Iack of a practical
synthesis places an 25 uppetr 1omt on the length of
the linker, alinker 5to 20 atoms in length is

@gﬁﬁfg? %%L E% QDBGQEQHVSdcbﬁpieﬂ b@ﬁ@&ﬁ%ﬂﬂg B8 psT

referred.is a i nk
1eom mte nCP@EéPHedV\HPI éSﬁBﬁP\Ym) RiAg™ &hﬁé’“gg"oﬁ’c? E%}“m
tNEPEYy . is believed that sone of the 30 saxi phl l'ins
undergo a confornpmti onal c nd| n

whi ch pl aceRCSPELRIr B8t ?aEHFgESH f"ﬁ@eﬁl nglf the>bresent
rEﬂGéhEﬁJonathbeeghst beoeitiedt aof atflfemtryemﬂﬂ@qu

ffer between t.h hi |
nﬂ?ﬂ?"ém ASEBF afhg 8t 2aal ulrtc'hg§1 as%gc%%eo@esﬁ%elt%é?ie;agnotve

35 inventi ohcchedengstpr svstiéd la fusipesx 260R5Y Sihdhe
ngIefgﬂEJ ngtagt&eﬁplt%e% 4Q peRkidd B tHYO UG ddies RET

Accor further aspect of the
v@ez@eal G?’EBZFGSFDG‘H/ AUPGG4FOB0YSE T afoc{%srﬁfe‘rﬁ) Cgrf"%m’e
there is pravbdediagCesphextcanpEusithgra aRpbct of the

conj ugate conpl exed to (st t t

b BVPRELRB EP}?reA&c?oPdfq(’(d'c{ ?052 ?D\ugriglhgr %Lge{‘i{b tifee\”hce
peespitsihg Aveakiphitlier edvalpmdivdddraredfte m tsolid
8%&1@5 %gjl g Omm%%' UTB GOMRUH &I i P IP%E PN HGEL @Snjugate

ccording to a'still further aspect
ofthelretopr esent i nvention there is prow ded a PST

bi osensi ng ¢gyige 190 $1Y c%nFj%Baa-_@mgadcﬁnas to
descri bed above 10 Accordq,(és? 0 sti]l uréher
adpEaens?) arein e gk “r’é‘ﬁﬁ}%v"r%é%e pofered. for
Fle&ﬁl Iteng b@e\ljln‘eg cleaigy ii%i neass sepomplbindinoval ent |y
inked to asolid support, f‘f_q?z% "
bind of a PS cgﬁ ugate aﬁahé[r fe}_[% rgelae?g_ ypl ca ﬁat%PPSSTT a2
c urjadgaterrdin hafiars to (stramound drhtivg cﬁﬁelaﬂ-'%%vsf“mﬂa I
blagsglx{%on%béo%é:%@eem&p'vgﬂan@m&obhﬁb@hcaﬂégﬁokﬂc to
mammals as a result of their ability to bind to voltage-
dependent sodium channels.
A “PST residue’” or “PST moiety” as the terms are
used herein refers to the residue of a PST following a
linking reaction, including such reactions where a
functional group is removed as a precursor (such as
decarbamoylation at C;3; or reduction at Ci; to produce
saxitoxinol), and so constitutes those atoms from the PST
which remain in the reaction product.
As used herein the term “biotin” refers to the

compound biotin itself and derivatives thereof which

retain the ability to bind avidin or streptavidin, such as

desthiobiotin and derivatives thereof, which are capable
of reversible binding to (strept)avidin.

The term " (strept)avidin" as used herein refers
to either of the polypeptides streptavidin or avidin

themselves, or modified forms of streptavidin or avidin



The term"paralytic shellfish toxin" or PST as used
herein refers to a conpound with a general fornula I
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toxic to mammals as a result of their ability to bind
to vol tage- dependent sodi um thannels. A "PST residue”
or "PST i ety" as the terns are wused herein refers

fu&fﬁ %EeﬂtESI 9EE@?”QQl@h2§éﬂdﬂﬂlﬂhe ability to

ac i on, ng suc reacfi ons where a funct, gnal
gbug bSOFeneveanﬁaﬁtE}FEééFsoﬁveéﬁé‘h oxs streptavidin that

dﬁ&@ébﬁggﬁléEbQ?céEy@&%e@r %ﬁﬁ%CbeNéwtﬁiﬁldﬂmlhmmhﬂh}
saxi t oxi nol nd so gonsti tgt es .t hose .at QIR f.orom.t

PBi\md\mchrPEﬁﬁFn Fﬂvtll"'r€°9€ 2t POT Br SEIECTIE s nltraa ted

Iga{reamnt Her‘ieaﬁh bi qthptaveldns Taviilterogemipothwkse affinity
jotin.its

tﬁﬁ 58§FF? F&%ggﬁggrl&atk%eglﬁ%%r§%QQQ$fﬂle H%#Hfhg of

avidi nor “Streptavi
dbsbhinbi ereneandsdgedvat i ves t hereof, which are

capabl e Of Eeﬁgéa'HggegthhEgtEQm(55&%ﬂhhaWé$ﬂauéﬂ5or
The term’ (strept)aw In" as_used herein fers.

ei'bhotinf mpRetyl| FeEpESIde s Festidns it 'ftself or

t ReEGh{eSesOhaRdiir ad faldtnpefs stid et amieditrem “biotin” as
avi din WO 2004/ Q72640 ,PCT/ A 0 4/ 000166

( PREABECH GPPV &g e & WifE: &o % SR 1'f'he ability
to bind biat PBiokhnpdstireptaryigindisy stemst,r et @duivalent

t hat have been d | yvco

bit6E™MF” BndNg °5F g:teé} n%hcﬁlﬁrngée%‘ég d%%%%%%%el y
nireeatta®ns , apudiif idetihons wad Gamthashs, TR repve 2
W%Q.?l%.:};gr ¥ t@fac‘t&d&ﬁ@%éﬁf (fsltﬂéim)lé/vidh.rii' a®Wefined

rever si I ndi ng of b|ot|n re enV|sa
héegien ot hende POt R0 Jeitih Berein b8y Fha‘h@s‘ét\?hat other
gﬁi‘o@.@:tﬂe% e wllgﬂi%lafecm OtAs dd selfematiide to
erivatiyes t
R
refa:crt |dtdteclt:ﬂblm atfi Wilstirept ) avi din systent, or
equi val ent ety i A SH WBrx N UGIgHE BSSAYSefers to

| abel ling reactions, purifications and S(Xnt heses
winoh nigmasy o £y a class of proteins with diverse functions

characterised by their ability to bind saxitoxin. The
saxiphilins include transferrins with this property, the
sodium channel and other hydrophobic or membrane-bound
proteins with this property and a group of hydrophilic
proteins which bind both saxitoxin and tetrodotoxin such
as pufferfish saxiphilin, irrespective of their source,
chemical nature or structure provided that the protein is
functional in its usual physiological role, be that known
or unknown. Given that aspects of the invention are
concerned with the detection, isolation and
characterisation of previously unknown saxiphilins it will
be appreciated that both known and previously undiscovered
molecules with this property are emnvisaged through use of
the term.

Throughout this specification and the claims,

the words “comprise”, “comprises’” and “comprising” are



15 binding interaction between (strept)avidin as
defined herein and biotin as defined herein, no

worados@er2ewhat ot her noieties may be invol ved. PSI/AN2004/000166

10

15

20

25

30

35

alternative to (strept)avidin, an anti-biotin

anti body may be enployed foridetection of biotin. 20

As used Pereln the term"saxiphilin" refers to any

ne 0 a t thdibterseridingld dntext
cﬁg?gc% r?ggékbéé?géfgbgbgkﬁgy to gl?ﬁ saxi t oxi n. Theex
saegphreenethaswide-transferrins with this property,

the sodi un&eh@ﬂnflbaneleamgf hﬁdé@@lﬂabacmht, although a
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gRreupest okyBFdBRi PFE PHP EPﬁgqﬁﬁléﬁeg ﬁw © herein,
Samboaelle!ﬁeaaﬂctaeabeaoham @ ol tudse ;amffaehrfmmon that any
saxi philin, irrespective of eir
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_knount % unknown. G ven that aspects of the
i AVention are concerned with the detection, isolation

and characterisation of previously unknown
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Scover e cu es
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wor ds “conpti.se conp
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n@nmgngaha'anyynﬁilnb&nﬁﬂx\mnﬁgaqgﬁ;%ﬁnﬁﬁaﬁple 2.

requires ot lﬁq%w' 3€ shlokvswda!tab%ﬂ:lgez%fﬂw foYeerist noscrating the
that, althoug nber of prior art blications are,
r effecdd o q?@mtﬁttl%i thﬁ%W'%eeff e‘f?—%%“fgfg% SYRhesized in
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orms_part o e ,como ner.al 0 gt ,
i PLRETRIFEE 1 iy qi’%é? counnhy %gg%llru?%fgg ent
Dﬂﬁﬁénﬂﬂdn1hﬁhddusdirphx@ﬁnFlg 1 is a mass spectrum

IOL tEthrr;?)él %‘1’8 N4 GORHOA! B T irlddidd e 5K PREP&ELctive

competition between complexes synthesized in Example 2 and

radioactive saxitoxin in saxiphilin receptor binding
assays, indicating that the complexes of the invention
bind saxiphilin and that the length of the linker is
influencing their affinity for saxiphilin.

Fig. 5 shows the detection of standard saxitoxin
by surface plasmon resonance using Biotin-1inkll-STX
immobilised onto a streptavidin coated membrane as capture

probe for saxiphilin.

Modes for Performing the Invention

Example 1
Synthesis of Biotin-1ink1l1l-STX and synthesis of Biotin-

link 4-8TX
Saxitoxin isolated from shellfish was converted

to decarbamoyl-saxitoxin (deSTX) by hydrolysis in HCl 6M



Fig. 2 is a mass spectrumof the saxitoxin conjugate
Biotin-1ink4-STX prepared in Exanple.2. 15 Fig. 3
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conpetition between conpounds synthesized in Exanple
1 and radi oactive saxitoxin-in3saxiphilin receptor
bi ndi ng assays, indicating that the conpound of the
Iﬁgent %lgand%v§é§%93H|gﬂasgotﬁbg a4 3hone Fo@ APlhours.
i 7 ust I'n e effecti conpetition hetween .
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shows t he iQn_o a |
%ﬁgﬁ% Lheé Pgéig 385k P é#xsoGXUEPbE%%%hate

pl asnon res e u3|ng PPAK| i mobili séd
obtiffarsOr &Mt pHi 6i-8 evdt egnwemitegndoaslasTft-heni gicsigate by

E§£a§?§5§hgéhﬂ tag nggésEQQeP%Hﬁ@HydﬂktdF39dﬁ6ﬂﬁldm
anple nthesis of Biotin-Iinkll-STX synt
ofnBydride 3pakipkdgSEExsugeirds r"fmihé"& qﬂ%ﬂ]

?ggg%(' aE mﬁSgCwa_&ét fdintaifaey e Hempmidionien at 10°C
ydr Si, S 2004/ 072640
pardia 80@#0661%6% p3l. Hﬁlce?e‘g ﬁ% suevcécug'tdé 3 aen

t Bﬁ@a&hté&O@rﬁ)ﬁw d&srmcu md plivel S@Idjthyo [gakal 522 ferw;@ge

h d
asf‘a%ﬁgﬁﬁrs% IXI l1J"'tl 0 Sp;?g‘le a{% %fgﬁ\élgc?gdf M as

peasetiegt sadvient ,camd |wg@am%§wh#ﬁw%f%rbon
BI%&@E g%a%%rgﬂﬁﬁgﬁﬁﬁﬂﬂy1ﬁgﬂﬁé'ﬁ%ﬁ@%ﬂﬂﬁéﬁhaﬁkiﬂa%VEEUtlng

en redissol ved in sodi um phosphate buffer 0.1M pH
GSglaﬁaltoonverted to dcSTX-hem succinate by reaction
with tvvo sUglees !&%nﬁ@dllcfdlmd)fwa&mihdn CE x ey sl

(ratlo TX: succi ni hdrld .
YYe HERS % % iah er gl% u:l%cgcgrrét mgpéc"é&re with

4 moles equivalent of elther Biotin-hydrazide or Biotin-

A
-

LC-hydrazide in presence of 4 moles equivalent HATU (O-(7-
Azabenzotriazol-1-yl) -N,N,N',6N'-tetramethyluronium
hexafluorophosphate) to produce Biotin-link4-STX and
Biotin-1ink11-STX, respectively.

Biotin-1ink4-STX and Biotin-1inkll-STX were then
characterised and purified by hydrophilic interaction
chromatography - Mass spectrometry (HIC LC-MS) wusing an
Agilent 1100 Series LC coupled to an Esquire 3000+
quadrupole ion-trap mass spectrometer (Bruker Daltonics,
Billerica MA, USA) fitted with an electrospray ionisation
interface (HV capillary +4 kV, skimmer voltage 40 V). LC
separation was achieved on a TSK-Gel Amide-80 column (5
pm, 250 mm x 4.6 mm i.d.; TosoHass) maintained at 40°cC
with an isocratic solution of 2mM ammonium formate, 3.6mM
formic acid in 50% acetonitrile:water at 1 mD min™'. The
purified compounds were freeze-dried and stored for
further testing. The mass spectrum of Biotin-1inkl1l-STX

(Fig. 1) evidenced the presence of a singly-charged ion at



and the pHat 5.7 0.1. dcSTX hem succi nate was then
separated from dcSTX and purified by ani on exchange
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el uting solvent, and by Carbograph graphitized carbon
15 solid phase extraction using ultrapure water as
eluting solvent. dcSTX hem succi nate was then
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biadiing, ASiSA%e were able to compete with [’H]STX for

saxiphilin binding. Positive and negative controls were -
obtained by testing respectively ultrapure water and free

non-radiocactive saxitoxin.
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Example 2

Synthesis of Biotin-1inkl8-STX

Saxitoxin isolated from shellfish was converted to
decarbamoyl-saxitoxin (deSTX) by hydrolysis in HCLl 6M in a
sealed, evacuated glass tube at 110°C for 4 hours . The
solution was freeze dried. The residue was redissolved in
0.05 M acetic acid and the solution passed through a C18
solid phase extraction cartridge. dcSTX was purified by
Biogel-P2 chromatography and freeze-dried. The residue was
redissolved in anhydrous DMF and reacted overnight at room
temperature with excess PMPI (N-(p-Maleimidophenyl)
isocyanate) to produce PMPI-STX. PMPI-STX was purified by
reversed-phase HPLC-MS. NHS-LC-Biotin was reacted with
cysteamine in 10 mM sodium phosphate buffer pH 7.7 at room
temperature for 3 min. The final product, a sulfhydryl
derivative of Biotin was purified by Cl8 solid phase
extraction and freeze-dried overnight. PMPI-STX was

redissolved in 10 mM sodium phosphate buffer pH 6.8 and
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PCI/ AU2004/ 000166 - 19 Exanple 3 Preparation of
PCLLARO0Y

- i n-1ink4-STX,
Streptavidin.Biotin-Iink4-STX,
AgrlpgaBittidm-dd AcridiSTBianith-1ink4-STX,
Streptavidi N Bi.otin-li 7 co s s :
SR et TS G RV E¥ER  Biotin- 1ink11-5TX
Stareh vt et tra Bl bt (Bl piar+ 18T 1 39X gepmpl eBESBj ot i n-

cach with S0Y RO S Fapt Sk 8T 58T )

p retspsiteer i douf fBto o Bl 1 BndTX ncdidét 8dohol 9fhBapsin-

aﬁigﬂ%—é¥¥)énd 90.4 pmol Biotin-1linkll-STX were mixed each
with 30 ug Immunopure Streptavidin in 10 mM phosphate
buffer (pH 6.5) and incubated for 2 hours at +4°C. 400 UL
0.1% formic acid were added and the solution filtered down
to 30 UL using 5,000 cut-off microdialysis centrifuge
tubes. The same step was repeated once. Then 200 pL 0.1%
formic acid were added and the solution filtered down to
30 uL again. The final volumes were adjusted to 65 UL for
Biotin-1ink4-STX (final concentration of 5 uM) and to 90 uL
for Biotin-1inkl1l-STX (final concentration of 1 uM) with

water.

Avidin.Biotin-1link4-STX and Avidin.Biotin-
1link11-STX: 324.8 pmol of Biotin-1link4-STX and 90.4 pmol
Biotin-1inkl11-STX were mixed each with 50 g Immunopure
Avidin in 10 mM phosphate buffer (pH 6.5) and incubated
for 2 hours at +4°C. 400 uL 0.1% formic acid were added and
the solution filtered down to 30 pL using 5,000 cut-off
microdialysis centrifuge tubes. The same step was repeated
once. Then 200 uL 0.1% formic acid were added and the
solution filtered down to 30 uL again. The final volumes
were adjusted to 65 uL for Biotin-1ink4-STX (final
concentration of 5 uM) and to 90 uL for Biotin-link1l1-STX

(final concentration of 1 pM) with water.

Example 4

Competition experiments

96-well GF/B microtitre filter plates
(Millipore) were presoaked with 0.3% (w/v) PEI for at

least 1 hour prior to the addition of reagents. All



10 0. 1% formc acid were added and the sol ution
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repeated once. Then 200 L 0.1% formc acid were added
and the solution filtered dowma2ota 30 L again. The
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VGRS B ﬁqzz.%%x%ih%“ﬁgd% sites
o6maet. 4CF/ B mcrotltre fllter plates (MI1lipore)
re presoaked with 0.3% (wv) PElI for at least 1

hour prior to the addition of reagents. Al W
2004/ 072640 PCT/ AU2004/ 000166 - 20 reactions were

ng{\%,_ggiclgh a4 of_@s vol ume of 150 ill contai ning 20
200 MM Nad , 2 nM HLSTX h
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ahel | %ﬁ?ﬁ ki Jd$ 50% inhibition, and
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AviSIFHL Bi d&dhien- | carcenSTRXtags of saxitoxin or saxitoxin
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Compound tested ICso
(nM)

Unlabelled STX 1.6
v g . . . 4.7

Avidin.Biotin-1linkl1l-

STX

Streptavidin.Biotin- 4.5

1link11-8TX

Avidin.Biotin-link4- 24

STX

Streptavidin.Biotin- >1500

1ink4-8TX
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| C-90 Conpetition curves (Figure 1) were fitted using
the equation Fraction bound =24 STX] n/ ([ STX]
n+l C50n) , wth a Hi'II slope n = 1 (except for

Avi din. Bioti 4

St rept avi di nﬂ’é 0 ﬁ%ﬁ %fr elg%ﬁé &QQ? * I %%%mszolength
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to saxi hough”the affinity
i resilgnidf ctahm}yamb%wa eonERTEAlLAY Pheifpnképdigg site.

é]gsﬁ | xﬁiéih@@l@?ﬁmllimé@ §TRESohDEChDE amepglafcect

€ e e i nker is eyen nore, v e
st Lot STk o eomeont 2ot Y Ga SRk oR Ap a5 0g; 1.

faeﬂiowiﬂgl@ wehk é(ﬁf)imltjﬂafofhsax$phMLd:nh|(Behtamaee|ds ICs50 >

d with Streptayidin sult
panjrc't§custﬁar con orrra‘?llllgﬁ ?é % gkt 2 S,tlhﬂgf of 11 atoms
Stakbtwewi thea. Btoong- b;nﬂﬂnsﬁ(fcSQFéPﬁéVléFLﬁpIB&@é?ln linkll-

raghpl abelled S Al GopReAt Eahi08s @8 Niah A8 B0, B tin-
1ink11-8TX (ICsy = 4.5 nM).

Example 5

Detection of saxitoxin by surface plasmon resonance

Using a Biacore X system, 140 pL of Biotin-
1ink11-STX were immobilised onto streptavidin-coated
membranes (SA chip, Biacore, Uppsala) at a flow rate of 1
UL/min. A reference membrane was obtained by binding pure
Biotin-LC-hydrazide to an identical streptavidin membrane
on the same chip. A preparation of Ethmostigmus rubripes
saxiphilin in physiological buffer pH 7.4 was then
injected and washed extensively with buffer. Standard
saxitoxin was injected and the absolute displacement of
saxiphilin measured by comparison with the reference
signal. The histogram on Fig. 5 illustrates the detection
of 100 ppb to 1 ppm saxitoxin by surface plasmon resonance

using Biotin-1inkl1l1l-STX as the capture probe.



showi ng a weak affinity for saxiphilin (estimted |C50
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Streptavidin.Biotin-linkll 15 STX to saxiphilin, with

asimlar 1C50 as Avidin.Biatige 1inkll-STX (1C50 =

4.5 nM Exanple 5 20 Detection of saxitoxin by surface
resonance Using a Biacore X system 140 L of
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prbstdemg)aVPSIncbnjﬁgameacgﬁptuseﬂgP§TPS¢mPﬁ§Vety

15 bound via a binkeg EQEHUQhaQ shhematinen Eh@ﬂnlﬁewhereln the
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20 solid support is adapted for use in a biosensing device.

5. A method as claimed in claim 1 wherein the
(strept)avidin carries a detectable label.

6. A method as claimed in claim 1 wherein the
saxiphilin is covalently linked to a solid support.

25 7. A method as claimed in any one of claims 1
to 6 wherein the PST is a saxitoxin.

8. A method for the detection,
characterisation, isolation and/or purification of a
saxiphilin, comprising:

30 (1) providing a PST conjugate comprising a PST
moiety bound via a linker through a site other than the
binding site for saxiphilin to a biotin moiety;

(2) exposing the PST conjugate to a sample
putatively containing the saxiphilin to create a reaction

35 mixture and to (strept)avidin; and

(3) allowing binding through the PST moiety to
the saxiphilin and through the biotin moiety to
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support. 3. A nethod as clainmed in claim2 wherein
the solid support is a nmedi umzfor- affinity
purification. 4. Amethod as clained in claim?2
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solid support is adapted for use in a biosensing device.

15. A method as claimed in claim 8 wherein the
(strept)avidin carries a detectable label.

16. A method as claimed in claim 8 wherein the
saxiphilin is covalently linked to a solid support.

17. A method as claimed in any one of claims 8
to 16 wherein the PST is a saxitoxin.

18. A method for capturing a an antibody to a
PST or a RNA aptamer which binds PSTs, comprising:

(1) providing a PST conjugate comprising a PST
moiety bound via a linker through a site other than the
binding site for saxiphilin to a biotin moiety;

(2) exposing the PST conjugate to a sample
putatively containing said antibody or aptamer to create a
reaction mixture and to (strept)avidin; and

(3) allowing binding through the PST moiety to

the antibody or aptamer and through the

biotin moiety to (strept)avidin to form a
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medium 15 13. A nethod as clainmed in any one of
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r edReF M nFRE Lt tRERE %6 ?Q?FEE PH? éhdx§5 (3)

a|&@%&gﬁahbﬁﬂsﬂglthkﬂﬂgh t he PST nDIety to the

anti body or t angr d thr [ [

(strept)aV|d?g thf%$ﬁ1§ éggilgg2§§89Reﬁ ™ %E&-%%e of

PCI1aALRS8029 000185 wheﬂdlnCEPEUﬂeukPSTCQQ#pP@ﬁ.419qus or

PSlo£Qnj ugate for use in a biotin/(strept)avidin

system conprising a PST noi ety bound _via a I|inker and

through a si28- ot hePSThEARIHEREENEPN G 18 181ece ifpclaim 22

sayhebeihnthe 2ikketi HaBDEEtY. 230atAmBST conjugate as
clained in c%§|n1 9B ﬁhereln the |ink Qi ned t.o

the PST noie &gﬁjugate as ¢ alme in c¢laim 23
wherein the linker has 11 to 18 atoms.

25. A complex comprising a PST conjugate as
claimed in any one of claims 21 to 24 complexed to
saxiphilin through the PST moiety.

26. A complex comprising a PST conjugate as
claimed in any one of claims 21 to 24 complexed to

(strept)avidin through the biotin moiety.

27. A complex as claimed in claim 26 wherein
the (strept)avidin carries a detectable label.

28.A complex as claimed in claim 26 wherein the
(strept)avidin is covalently linked to a solid support.

29. An affinity purification medium comprising
a complex asg claimed in claim 28.

30. A PST biosensing device comprising a
complex as claimed in claim 28.

31. A PST biosensing device comprising
saxiphilin covalently linked to a solid support and means
for detecting binding of a PST conjugate as claimed in any

one of claims 21 to 24 thereto.



or Cl13 of saxitoxin or the equivalent position in

other PSTs. 10 21. A PST conjugate as clained in
w@b@itnt® wherein the |inker is joined throughCITZAB200#/000166

decar banoyl saxi toxin. 22. A PST conjugate as cl ai ned

in any one of <clains 19 to 212sherein the |inker

contains 4 atons or 15 nore. 23. A PST conjugate as

claimed in claim22 Ps\‘.’eh%ﬁ%ééﬁsfi%é 'dlé‘ﬁfcé‘% 5ci£u&’é)d in claim
atonms. 24. A PST conjugate as claimed in claim?2

whéteiherife thenRST Keelrgats i AVme 2 @%trqpt)awdm

corml ex conprissi N @sRSHieHdgaie &esvld:é a4l d inédyin claim
gaof clains 21 to 24 conplexed to ilin

sa
etrl*?eaﬁs%%e&%? de%Fecco ising a PST
conjugate as clained in any one of clainms 21 to 24
conpl exed to 25 (strept)avidin through the biotin
noiety. 27. A conplex as clained in claim26 wherein
the (strept)avidin carries a detectable |abel. 28. A
conplex as clainmed in claim26 wherein the
(strept)avidin is covalently linked to a solid
support. 30 29. An affinity purification nmedi um
conprising a conplex as clainmed in claim28. 30. A PST
bi osensi ng device conprising a conplex as clained in
claim28. 31. A PST bi osensing device conprising 35
saxi philin covalently linked to a solid support and
means for detecting binding of a PST conjugate as
claimed in any one of clains 21 to 24 thereto. W
2004/ 072640 PCT/ AU2004/ 000166 - 25 32. A PST
bi osensi ng device as clainmed in claim 31 where the
PST conjugate is bound to (strept)avidin. 33. A PST
bi osensi ng device as clained in claim 32 where an
increase in mass i s detected.



