The detection and identification of saxiphilins using saxitoxin-biotin
conjugates Technical Field The present invention is concerned with a

paral ytic shellfish toxin conjugate. In particular, it is 5 concerned with
use of the paralytic shellfish toxin conjugate in the detection,
characterisation, isolation and/or purification of nolecules of interest,
particularly the saxiphilins and their |igands, although its use is not
so-limted. 10 Background Art The so-called "saxiphilins" are a diverse
class of pol ypR@cicdfsom slipidemifvation of SaRiphiaR ubigisixifRin-bibiin ténjuitas
saxitoxin, one of the paralytic shellfish toxins (or 15 PSTs). The term
"saxiphilin, is a ca ned rmincluding the prefix "saxi" from saxitoxin
and the sufﬂﬁﬁigﬁﬁﬁngﬁgégiich denotes a |likening for saxitoxin. The
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The so-~called “saxiphilins” are a diverse class
of polypeptides characterised through their ability to
bind éaxitoxin, one of the paralytic shellfish toxins (or

15 PSTs). The term “saxiphilin” is a coined term including
the prefix “saxi” from saxitoxin and the suffix “philic”
which denotes a likening for saxitoxin. The saxiphilins
do not share any particular chemical structure or
physiological function, nor would it seem that the

20 physiological purpose of the saxiphilins is necessarily to
bind saxitoxin. For 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

25 transferrin. The sodium channel also binds saxitoxin and
could therefore be described as a “saxiphilin”. So-called
saxiphiling 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,

30 unlike the sodium channel, the puffer fisgh 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

35 homology discernible between these three classes of .
saxiphilins. However, they may be delineated on the basis
of their physical properties. The sodium channel is




of the saxiphilins. There is no am no acid sequence 35 honol ogy di scernible
bet ween these three classes of saxiphilins. However, they may be
delineated on the basis of their physical properties. The sodi um channel
is 2 hydrophobic as it is anchored in a lipid nenbrane, whereas the other
"classes are hydrophilic. The transferrin class of saxiphilin binds
saxitoxin but not tetrodotoxin, whereassthe sodi umchannel and puffer fish
saxi philin bind 5 both saxitoxin and tetrodotoxin. A further property which
may be used to distinguish these -nolecules, is the ahilit Q. bi
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cont ani nat et can Ire consequences for hur_{an , 0 _lLivestock and
wildlife. Tme®STmahyvyelasetotoging MU PR PEES YFﬁ'ﬁ’sls%ﬁlé'& gener al
formula (1)gobpBd sRniBhir in 3tdudiuke Ho saxitoxin to which such
' 10 molecules bind to differing extents.
Paralytic shellfish poisoning caused by_ingestion
of fish, crustaceans or molluscs coantaining toxins derived
from dinoflagellates is a world-wide problem resulting in

severe human illness, which often results in death. The

o

15 poisoning is caused by the paralytic shellfish toxins
(P8Tg). 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,

20 1livestock and wildlife.

The PS8Ts have the following structure, as

illustrated by general formula (I):
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famly of toxins can be divided into f dur’ 5 broad categories: the

saxi toxi ns, which are highly potent neurotoxins, and which are not

sul fated; the gonyautoxins (GIXs), which are singly sulfated; the

N- sul f ocar banoyl - 13-hydrosul fate C-toxins, which are |ess toxic than the
STXs or GIXs and the GC toxins which carr& a phenolic 10 group on C13. The
toxicity of the PSTs is a redult of theirRz - R3 Rq
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This family of toxins can be divided into four
5 broad categories: the saxitoxins, which are highly potent
neurotoxinsg, and which are not sulfated; the gonyautoxins
(GTXs), 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

10 group on Cl3.

_ The toxiecity of the PS8Ts 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

15 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 zource of




bi ndi ng to vol t age-dependent sodi um channel s, which blocks the influx of
sodi umions, and thus bl ocks neuronmuscul ar transmi ssion. This causes
respiratory paralysis, for 15 which no treatnent is available. In sone

out breaks of paralytic shellfish poisoning up to 40% of the victins have
di ed. The dinofl agell ates which are the source of 4 PSTs periodically form
al gal bl oons, known as red tides. Mllugcs, fish, and crustaceans,

i ncludi ng species of conmmercial significance or which are raised using

aquacul ture_techni ques,, may. feed on fhese dinofiagellates 5 and accumul ate
t he toxins.PﬁFSi?%%ﬁ?#ﬁiﬁﬁ%ﬁeﬁ?%ﬁrﬁi%@% bg9°ﬁﬁos At Gh WetPer an
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its binding to an isolated and purified saxiphilin nolecule such as the
saxi phi | i n hyBRaSeWidoFraRy exdam il c M FiFnst FEHLB -20nEa8MiPes. it woul d
be desirabl gninahave g¢aklabiRrmfddhidddSsh+pM ot Rehisow epeattiLh
exhi-bit equal ,or better bindin roperties to the centi_pede saxi philin.
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to isol at e apdeputsf yvend, the ddisk Sﬁipnﬁsbﬁﬁmgfaﬂg saxppbivient isaosdl

characteriseda |t woul.d aI%p be desirable to be able. to | abel PSTs or
i ITITDbI | i se arxl economlc cost. .

An improved agsay for saxitoxins is disclosed in
. our co-pending Intermational Application No. W002/48671.
15 *The international application discloses a method of
detecting and/or measuring the amount of a paralytic
shellfish toxin present in a sample by way of its binding
to an isclated and purified saxiphilin molecule such as
the saxiphilin isolated from the centipede Ethmostigmus
20 rubripes. It would be desirable to have available
saxiphiling from other sources which exhibit equal ox
better binding properties to the centipede saxiphilin.
However, the saxiphilins have proven. to be a difficult
group of compounds to isolate and purify and, to date,
25 only bullfrog saxiphilin is well characterised. It would
also be desirable to be able tc label PSTs or immobilise
them on a solid support for the detection and

characterisation of saxiphilin or its ligand.

30 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 alleow for
detection, characterisation, isolation and/or purification

35 of molecules of interest such as saxiphiling and their
ligands. The combination of PST and biotin functiomalities
in the molecule enables a great many applicatidns




themon a solid support for the detection and characterisation of
saxiphilin or its l'igand. 30 Sunmary of the Invention The present inventors
have devel oped a techni que whereby a PST such as saxitoxin is biotinylated
in order that an avidin/streptavidin system nay be enpl oyed to allow for
detection, characterisation, isolation and/or purification 35 of nol ecul es
of interest such as saX|ph|I|ns and their |igands. The conbination of PST
and biotin functionalities in the nolecdl® enables a great many
applications - 5 involving (strept)avidin/biotin binding which can be

expl oi t ed iﬂna§§eyn§e$g§ﬂepa)aeﬂﬂﬂn?ﬂﬂmtmﬁIﬁindﬂﬁgsmhd¢hi¢amlEénding
activity. Acco n_one e of t RIS vention there is
provi ded a.ﬁ%?%%ﬁggﬁ i%aﬁ?ﬁ?¥n§e§1 amphéqnﬁj éi’%% %r det ecti on,
character|sB$Tﬁ@axzphblan|bmhémdgoacquImwcat|on of sald saxiphilin or its
l'igand, conpri sing: PSL .C t [ PST 10

noi ety bound via a Im% ?%ﬂgig% gnsg%;g %t%?%%%t %zfrclq;ltﬁr%(ra ﬁ&%ﬁji ng site for
saxi phi Bi n imvanblonlhhﬁnﬁet9 PFQYléﬁ§o§|ﬁ@ﬁhﬂ@lﬁ?F(ﬂﬁﬂ?&ﬁ&%ﬁt% a sanple

putatively %Q:Qiﬁhﬂ g EZ ?1&8%9 BBi @Bt taieat %&ﬁa&.ﬁi‘éfﬁhtmﬁlure and to
In

(strept)avi al ' ow ng bindin throu PST noiety to the
saxi philin %#&ﬂ@ﬁ#@%gﬁn herppBrificationy gﬁﬁﬁ%§%%ﬁ*?t??f%)§n

capt ur ed: JPé&xpriBiAgturt her aspect of the invention there is 20

provi ded a ne hod for, fhe detection, cterlsat sol.ation /or
purification of a. sax‘%%llPﬁ°V&aﬁBF|?|%%&a ffgﬁg?lchqﬁF%f %onjugate

conpri $ong wo Sy 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 saxiphilin to create a reaction
mixture and to (strept)avidin; and

15 (3) allowing binding through the PST moiety to

. the saxiphilin and through the biotin
molety to (strept)avidin to form a captured-
PST complex.
In a further aspect of the invention there is

20 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
blndlng site for saxiphilin to a biotin moiety;

25 (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

30l {strept)avidin to form a captured PST complex; and

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

Advantageously the biotin moiety_is bound to an

35  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




noi ety bound via a |inker through a site other than the binding site for
saxiphilin to a biotin noiety; 25 (2) exposing the PST conjugate to a
sanple putatively containing the saxiphilin to create a reaction mxture
and to (strept)avidin; and (3) allow ng binding through the PST noiety to
the saxiphilin and through the biotin noiety to 30 (strept) avidin to form
a captured PST conplex; and [ (4) effecting detection, characterisation,
isolatin and/or purification of the saxiphilin through the captured PST

conpl ex. Advant ageously the biotin nmoiety is bound to an i mmobi | d
(strept) avbdnding dhe efswemfébaﬁ%dhnnﬁﬁf"ﬁ’fﬁ oo SERITH € f‘b‘gr?lf‘? calt i |O?]e I'n
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have a hi gff | mum access of macrom) ecules to the
i mobi | | seeagtwand;ke tPSMownpbex orluapfyr Fomad 4 FIHHHM-to all ow

for good flow char actﬁ{g sgd-q%bf@daf@fﬂgeycﬁl&ﬁ;nﬁayclwnwﬁdy &4 abl e.
Typi cal insol uble s;rgf rt materials 15 _include cel | ul ose oI yst e gels,
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maximum access of macromolecules to the immoblllsed
ligand, it should be of uniform size and rigidity to allow
for good flow characteristics, and mechanically and
chemically stable. Tyrical insoluble support materials

15 include cellulose, polystyrene gels, cross-linked
dextrans, polyacrylamlde gels, porous gilicas and agarose
and derxvat1ves thereof such as Sepharose. Column
preparat;on can be performed using standard techniques as
would be understood by the person skilled in the art.

50 Elution of the bound saxiphilin may be achieved through

- changing conditions such as buffer pH, ionic strength or

temperature so that the affinity of the matrix for the
bound saxiphilin is reduced and/or through the addition of
& competing ligand to the elution buffer, as would be well

25 understood by the person skilled in the art. Any guitable
bead support including @gggetic beads or dendrimer support
may also be used in a gimilar approach. Advantageously tﬁe
biotin ﬁoiety is bound to an immobilised (strept)avidin
molecule for use as a capture probe in a PST biosensing

30 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

35 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




-and derivatives thereof such as Sepharose. Columm preparation can be
pei f ormed using standard techni.ques as- woutd be understood by the person
~skillled in the art. 20 -Elution of the bound saxiphilin may be achieved

t hrough changi ng conditions such as buffer pH ionic strength or
tenperature so that the affinity of the matrix for the bound saxiphilin is.
reduced. and/ or through the addition of a conpeting ligand to the elution
buffer, as would be well 25 understood,b% t he person skill-ed in the art.
_Any suitable ‘bead support including nmaghétic beads or dendriner support
may al so be used in a simlar approach. Advantageously the _biotin noiety
i-s bound to dmmebitieed isér@ote(\sdlnegm@carﬂplﬁ. OfDRJBEIMPIang, aJuicslexNetaphur e
probe in a PST. biosensing 30 device. In this enbodi nent the PST conjugate
coul d be i mabcirodedoroa chemisally activiadext giassosigtads, idliondert foecapture the :
(strept)avidin prior to exposure, and the reaction mxture created through
exposure of tigTi dBrmRplekd AlfshdiSTorf@d D 8bRitiohO THee aRRt ©f (ST ANiMElIROL h
known anounts of saxiphilin 35 and PST. Alternatively, the PST conjugate
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al ready formed in solution. The anmount of PST-saxiphilin 5 conplex adsorbed.
on the solid patieans Hreluge elestipepmical(apticeglt SUFArai plasmenl EEIANENSe
correlated to the anpunt .of PST in the sanple. Typical- platforns include

el ect rochem cadoustiptwaad, misrochatievpl andion-channahswiichig binsensorsave, ,

m. crocantil ever and ion-channel sw tching biosensors. In an enbodi nent the

PST conj ugate of tlaeard @veatireentaps PST eogdga Qﬂtﬁemﬂérnﬂbﬂ chf béaliesd ag he
presence of saxiphilins and their ligands In tissues, cells or elsewhere.
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through the biotin noiety in the conventio manner. F

cells or elsewhere. Binding saxiphilin occurs through the PST moiety and
detection occurs through the biotin moiety in the conventional manner. For -
exémple, fluorescent, radioactive or chemiluminescent conjugates of (strepf)

- avidin may be used. Other detectable labéls which.may be applied to (strept)

15 avidins include CMNB-caged fluorescein conjugates of (strept) avidin which
can be used for light-mediated tagging or fluorescence resonance ensigy

transfér reagents, Vfluoresceﬁt microsphere labels, colloidal gold, latex beads,
Eiposomes, dendrirﬁers, qiigohu_cieotides, peptidon‘ucleic acfds and the like.
Furthermore, enzyme~linked processes may be used. for‘ dete_ctio'n and

| 20 _thefefore the (stfept) avidin elﬁployed may be an enzyme conjugaté such és
a (strept) avidin conjugate of alkaline phosphatase, horseradish peroxidase
and beta-galactosidase. All ahti-(strépt) avidin antibodies (labelied or not)
may also be used for detéction. |

Alternatively, saxiphilin may be-b_ound, onto a solid phase, for




exanpl e, fluorescent, radioactive or chem | um nescent conjugates of

(street) avidin nmay be used. O her: detectable | abels which nmay be applied
to (strept) 15 avidins include CVMNB-caged fl uorescei n conjugates of

(strept) avidin which Cab~ used d-for | iia tagging uc for R

~-1~m c~edi a~aLed ~aygi ng or fluorescence resonance energy { -transfer
reagents, -fluorescent mcrosphere |abels, colloidal gold, |atex beads, ,
| i posomes, dendriners, oligonucleotides epti donucl ei-c -aci ds and the |ike.
Furthernore, enzyme-linked processes nﬁ?rgé used for detection and 20
therefore the (strept) avidin enployed may be an enzyme conjugate_ such as -
a (strept) av@@impleomjrugamerobragek A iMiErgRvaRHaR Aecirogs i a&grwmgfaﬂaxi dase
and bet a-gal act osidase..All anti-(strept) - -avidin antibodies (|abelled or
not) may al sactivated glastmurfieeeandanay Ahercapturedhs, labalieéd RST aompjee :
bound onto a solid phase, for 7a_ exanple, on a nenbrane, a mcrolever, an

el ectrode or @ofpeRticRexperitehty Aagthehassriias argild dadvalbyndérestosdpyur e
the | abell ed PST conpl ex. Conpetitfion experinents may then be run as would-

be wel | 5’ndertﬁbﬁﬁﬁls$é(skﬁe5rﬁrﬂg%%ﬁ9n skilled in the art. In another

enbodi nent, ‘sax in prefe y conprises a label, preferably a | abel
suitable for detection. A |abel preferably .j.s selected _th p
consi sting of fl uoiegpBHIEN %@Pdﬁ?%@l o?e‘ﬂ@/'vléﬂ |%{8t§?r?bg’h8§h%%e%e§c%??%ﬂ

| abel ,” colloidal gold, |atex bead, |iposone, dendriner, o]igonucleotide, 10
pept i donucl. ei Rreiegly lahed sHitabigfordetectian é‘clﬁgﬁl praterabby! BRI ed)

and enzyne. More preferably, the enzyne is selected fromthe group . :

consi sting dhearkap consisting phitucrsecertdabad radicactipe label chemibiginescent

bet a- gal act osi dase. In addition, the conjugate may be used to screen - S
‘for specific |apbi,bostiotgalt goldSTigtex hBNA, dipoBbes piandrlmer woligdniubiledtiRETs .
- Accordingly, in a further aspect of the present invention there is

provid a i ; i RNA

Bt aer i crP By ool Bk, bR, Bt (Wi cabRIcy BT etk oak

. conprising a gr%_:ryme. More preferably, the enzyme is selected from the group consisting

of alkaline phosphatase, horseradish peroxidase and beta-galactosidase.

In addition, the conjugate may be used to screen

=




noi ety bound via a linker through a site other than the binding site for
saxiphilin to a biotin noiety; 10 (2) exposing the PST conjugate to a
sanple putatively containing said anti body or aptamer to create a

reaction mxture and to (strept)avidin; and (3) allow ng 'binding through
the. PST noiety to the antibody or aptaner and through the biotin noiety to
15 (strept)avidinto forma captured PST gonpl ex. Advantageously the PST is
one of the PSTs classified as a saxitoxin'and, nore particularly, is

saxitoxin itself. In_a further aspect of fhe present ipyenti 20 there is
te PRI i°&5) ( ERHE

n_¢ A n
provi ded a #9397 $ReFHERE 2RELPASESEN Pt) d?ﬁgg?gFﬁm
conpri si ng whi¥d bDed@degra.a |inker and through a site other than the

binding site for saxiphilip to biotin. _Advantageously, the |linker |
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a linker of suitabl e(:ll_)entg%go%ﬁg? £MBEeY edn Yk Wl VESBS- £HERGSLT PBE Ay

be enpl oyed i n extendi ng in a particularly preferred enbodi nent

of the 35mahaii ikerndivi@ge 1irksrprazeughr sudt B PdhesakhedxFhe itsel f
fol I owing dacaiiiaryiad i pbr bixDpRiBIROEbNMBNbLidHE RaTéEPn i nvol ves - 9
formation of an ester, l.inkage. Advagbagegusly,_chTX S reactef with a

di carbb%ylic acid (or{%he PRGN HRfgF=T 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

15 {strept)avidin to form a captured PST complex.

Advantageously the PST is one of the PSTs
classified as a saxitoxin and, more particularly, is
saxitoxin itself.

In a further aspect of the present invention

20 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

25 through C;z; or €3 of saxitoxin ox the equivalent position
in other PSTs, preferably through C;;. 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

30 modification of the PST. :

Any suitable means of introducing a linker of
suitable length may be employed, and diverse chemistries
may be émployed in extending the linkexr.

In a particularly preferred embodiment of the

35 invention, linkage takes place through Cy; of saxitoxin
itself following'decarbamoylation.

in one embodiment, the reaction involves




anhydride). Ih a particularly preferred formof the invention the

di carboxylic acid is succinic acid/anhydride 5 so as to form dcSTX

hem succi nate. Advantageously the dicarboxylic acid derivative is reacted
with a hydrazine derivative of biotin to link biotin to the PST
Alternatively, dcSTX is reacted with a isocyanate which contains a
functional group able to link to a biotin 10 derivative, such as

N- (p- Mal ei m dophenyl) isocynate whichis?able to react with a sul fhydryl
derivative of biotin. it wll be appreciated that the |inker may conprise

ﬁ car bon cmﬁﬂa&/mnwﬂ a8 'Eat:eﬁ:r Apnke gy Afdﬂmtﬁacgmusjhmjpb:-ﬁﬁd/iﬁ |
et eroat ons_an struct res | rocyclic
and ar onat i:%eaql;eél ‘ﬁ/&ﬁc?u EE3ERREY ¢ |ona y su% %é}{%_lé%%; #ﬂge

parti cul ar |aniprdfiateed mbadpamtﬁ.cuﬂ.an:ﬁer predietinsd tiarm |¢fhkdre i s greater
than 4 atong in |l t 0k » I ngt 4 +44gd ur es
are present qvem-zjg&?h%h‘% 4 nge:b?b%yg'}{ erg@t:"(‘):i ?'amgﬁlc}tgz}i%ﬂbﬁ]ﬁﬁé Ig%ﬁ he full
range o% sax HE |ﬁ1¢1$f0'-HOV\é0§TX berdistg CADRLS -t yﬂrdéfarsqa@ﬁ‘?‘%%géﬁtql'tﬁl npr oved

by ext endi ’Eﬂ-‘f kred %t %racm DREAe a idydengide | S
preferred. %&4}%3 ée%gﬂgmaggkgﬁgg | ack ,of .,a e %ggrarls}ynt hesi s pl aces

an 25 upperdermrﬁi!t:b‘ﬁet% béasin &p dAek Pﬂ'l?é"r'"n to 20 atoms in
length is preferred. A“:ﬁéfnaes.eemyef gesed s &ea]cltl&l&lwﬂzli@. 1% catyam e

| engt h and nost. preferyed a | to 1 ns t not
Wi S%I ng to"ﬂe'f"lbcpﬁﬁ’fa FHRE hlﬁgtfvnc*'%“’ bgﬁ"é‘&’eﬁq’t %osolr%erhﬂof J]%'I\?mir?

saxi phibi ndasided gore, condhr ant Neﬂpkmﬂadwdmmm}ng@cmwwlpl aces
steric rest, ralﬁ@bf on the b nﬁhﬂﬂ rg@ﬁ_tf G e ed eilofn L hese

restraints %I Qi ¥9 & weah t Re~saxi phi |ns ependent on their hat ure.
According to a furthefta*gipbl;tbef apneesﬁew that thee imdie% M&% i s

provided a LMl GOPEIBLRAYcRaRR that can be interrupted by

functional groups and/or heteroatoms and/or cyclic

15 structures including cycloalkyl, heterocyclic and aromatic
ring structures, and is optionally substituted. In a
particularly preferred embodiment of the invention the
linker is greater than 4 atoms in length (or the

: equivalent length wherein cyclic structures are present in.

20 the linker) in order to facilitate binding of the full
range of saxiphilins. However, binding affinity is |
significantly improved by extending the linker, and 2
linker 5 atoms or greater in length is preferred. While
only economics and lack of a practical synthesis places an

25 wupper 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

30 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

35 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




conj ugate conpl exed to saxiphilin through the PST noiety. According to a
further aspect of the present ft - 10 invention there is provided a
conpl ex conprising a PST conjugate conplexed to (strept)avidin through the
bioti.-n noiety. According to-a further aspect of the present 5 invention
there is provided an affinity purification nmediumconprising a PST

conj ugate as descri bed above. Accordipg%ﬁo_a still further aspect of the
present invention there is provided a bi osensi ng device conprising a
PST conjugate as described above. 10 According to a sti]l fuhthﬁ aspect of
the inventigientian therp o\ REcRiged Bi GOBRIEHy SPRRTFIND Hr éTng a

saxi phi l'i n aricRitd Yodupk@ted otd $otidptiupidin atdompnstiorbietimti ng

bi nd of a.PST, céﬁ?ﬂgate thereto. 15 ngically t he PST conjugate is bound
to (strep®AHn which allows binding to be detected, for exanple, by

t he change in nass upedrdidiggto Theftrthetpaspbypti ofsthdld firdsaixi n" or

PST as _used herein refers to n ' Qs Als | 20 as
recited abd'\?é’,enotrl%ﬁqﬁ % *%e?aﬁé?ﬁm%#c%n;\%ggtl %%%?g)ﬂ#aénﬁ%%i% a result
of their amieditum townignksing vl Pfeconipgatienass deingnidinthrmiave A " PST
resi due" or "PST noi %@sz@_ﬂ%‘gﬁ?%n@tﬂf fﬁ;}_‘e_ﬂege_&%b@c@fog Sy the

residue of a PST foll'owng a i nking reaction, including such reactions
where a f pissesalingeniyion thaneclis Bravidedups S5 QiQpeRsing

decar banoy gl Q:Ion@::%.ﬁn# egdupit OBoRjughtd he Heeduabedabdw nol), and

SO0 constitutes those atons. Tromthe PS ich remain in the reaction
produé“? According to a stilfmkurt£er aspect o éie

invention there is provided a PST biosensing device
comprising a saxiphilin covalently linked to a solid
support and means for detecting bind of a PST conjugate
thereto. o : )

15 | Typically the PST conjugate is bound to
{strept)avidin which allows binding to be detected, for
example, by the change in mass upon binding.

The term “paralytic shellfish toxin” or PST as
used herein refers to a compound with a general formula I

20 ag recited above, or variants thereof which are toxic 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
25 linking reaction, imncluding 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. '

30 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.

35 The term " (strept)avidin® as used herein refers
to either of the polypeptides streptavidin or avidin
themselves, or modified forms of streptavidin or avidin




30 As used herein the term"biotin" refers to the conpound 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. 35 The term
"(strept)avidin as used herein refers to either of the pol ypeptides
streptavidin or avidin thenselves, or nodified forns of streptavidin or
avidin - 11 (including fragnments thereéﬂ)'mhich retain the ability to
bind biotin. In particular, avidin or streptavidin that have been
deglycosyla(éﬂ¢lud¢hga§rhbmén&wi&h@ﬂﬁaﬁﬁlwhiﬁhuﬁegp#ncth%nabihitYrbgen)

and 3 sel ectiugl ¥ abigat e9aSpatidiludel| idis, (PRGN 41 LhoGeD

whose affini I's reduce om/revers ndi ng
biotin, ar eh@’weu bageddesdyaossladesin s:'-mil t@r Neuwhixhvidindiobingr - b| otin

i ety [ el8igalag! Beokeshi(nh LR d:RPld 1 edil ALy sl L¥gscaNer cof

as enconpassed term "biotin" "as defined above follow ng_a,linking

reacti on. AFV%@bPlﬁ?f%?ﬁﬁh??a&?&PﬁAyﬁﬂﬂﬂﬂ Loyt tang Ieﬁﬁ°s?e?ﬁ§1n+§Yany

system | nciydréauaééayﬁffiabehhugg td eagidwd Yevariiii € & indiEng Nes
synt heses, which involve a,1l5 bi.nding interaction between (strept)avidin as

defi ned hé?%?ﬁlﬁndaﬁ?o??ﬁlﬁﬁgﬁéflned herein, no matter what other
noi eties may be i nvolmdusé\s herah.hen:het ieemt Obipttine pigseidul'h, oman

ﬁnt | -bioti n“l%ﬂg'ta, dexoi‘%g gy%g: tfh%r r%%&%g;ge' UE ?J:chéq i:{‘ts%ip 'Ag used
erein the termraaxipnryin Fe&rsto Tenber of & ol ass or proteins
with difer s@etmt:.m thth:aeaﬁt ebi gmompmadr bapithiet ytaxe pilrdo BT taxi n.

The saX|p earggggg f ffé&gﬁle$1Wh&ﬂ bh&gd@gﬁﬁgty, the sodium
channel hy'rcwilotln?(strep%?gslgggnsystem” or equivalent
’

terms, is any system, including assays, labelling

reactions, purifications and syntheses, which involve a

15 binding interaction between (strept)avidin as defined
herein and biotin as defined herein, no matter_wha£=other
moieties may be invelved. As an alternative to
(strept)avidin, an anti-biotin antibody may be employed
for detection of biotin. ‘

20 ' As used herein the term “saxiphilin” refers to
any member of 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

25 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

30 or unknown. @iven that aspects of the invention are
concerned with the detection, isolation and ,
characterisation of previously unknown saxiphilins it will
vbe appreciated that both known and previously undiscovered
molecules with this property are envisaged through use of

35 the term.

Throughout this specification and the claims,

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




25 proteins with this property and a group of hydrophilic proteins which
bi nd both saxitoxin and tetrodotoxin such as pufferfish saxiphilin,

i rrespective of their source, chemcal nature or structure provided that
the protein is functional in its usual physiological role, be that known
30 or unknown. G ven that aspects of the invention are concerned with the
detection, isolation and characterisat#an“of previ ously unknown
saxiphilins it will be appreciated that“both known and previously

undi scovered nolecules with this property are envisaged through use of 35
the term Tsedughow nqnsezs@b%ﬁiveaﬁﬁaﬁean&wfcm‘?% thecoqpFast
conpri se” .o LA d ishedPsecOnpri sing” are 33 gkfgk gg - 12 wused in a
non-excl usi ve sense, _except where the_context re uiregzot rmwse. |t wll
be clearly understoodt mell ¢ rRbeRriy HBEEﬁFtBP B 2 AL RBIIR % ons
are referr g eyfigkio® 4Pt SpuBleeariendoesaaieiansid b chaneddyi ssion

that an of these docunents for art qf the co o] dge in
the art® i FRAFIYSASELRAS | %WgﬁthnsE&&&%ﬁ;aﬁdm‘%%fﬁg‘%ﬁgt% of the
Drawi ngs Fiog thdse aldmaserspe cioins opatite ofaiteo)dammayn g et el
Biotin-linkll-STX prepared in appl isQ. iy ctrum of the
saxitoxin E‘B‘r‘ﬁ'ﬁge‘)a& B‘rrbtﬁgl?ﬁﬁ-g B%gﬁ‘gﬁé‘% iO%'. é?la?rapﬁs%ﬁl Fig. 3 shows
data in grepledtrym il lustrating the effective conpetition between

conpounds synthesized in Exanple 1 and radi oactive saxitoxin in saxiphilin

recept or .
10 Brief Description of the Drawings

Fig. 1 is a mass spectrum of the saxitoxin
conjugate Biotin-1inkl1-STX prepared in Example 1.
Fig. 2 is a mass spectrum of the saxitoxin

conjugate Biotin-link4-8TX prepared in Example. 2.

15 Fig. 3 shows data in graph form illustrating the
effective competition between compounds synthesized in
Example 1 and radioactive saxitoxin in saxiphilin receptor
binding assays, indicating that the compound of the
invention binds saxiphilin. _

20 ' Fig. 4 shows a graph illustrating the effective
competition between complexes synthesized in Example 2 and
radicactive saxitoxin in saxiphilin receptor binding
assays, indicating that the complexes of the invention
bind saxiphilin and that the length of the linker is

25 influencing their affinity for saxiphilin.

Fig. 5 shows the detection of standard saxitoxin
by surface plasmon resonance using Biotin-link1l-STX
immobilised onto a streptavidin coated membrane as capture

probe for saxiphilin.

30
Modes for Performing the Invention

Example 1
Synthesis of Biotin-1linkll-8TX and synthesis of Biotin-

35 link 4-STX “ ,
gaxitoxin isolated from shellfish was converted

to decarbamoyl-saxitoxin (deSTX) by hydrolysis in HCLl &M




bi ndi ng assays, indicating that the conpound of the invention binds
saxiphilin. 20 Fig. 4 shows a graph illustrating the effective conpetition
bet ween conpl exes synthesized in Exanple 2 and radioactive saxitoxin in
saxi philin receptor binding assays, indicating that the conpl exes of the

i nvention bind saxiphilin and that the length of the linker is 25

I nfluencing their affinity for saxiphilin. Fig. 5 shows the detection of
standard saxitoxin by surface plasmon #&sdnance using Biotin-1inkll-STX

i mobilised onto a streptavidin coated nenbrane as capture -probe for

saxi phi | i n.im3G Masieled preRecdataidnglabs ktobeniitod 10ECafoe 4 lyuntshesi s of

Biotin-linkl|-STX and synt hes] ' =S d1uddn 9! at ed
{rom shel | e ERIER SR L fafa Batban, 7re, septdte, Vig SRl as e
hydr ol ysi s iim HO5MMdSic rmald canddthey sodutdengpassedyfbrauah 6c ¢ 4
hours. = The Q4! il s {# SE2EA" Lallcrilgel clolty Was padlizsda/asdy in

0. O5M aceti ¢ "aci ut1on passed through a Cl8 solid phase

ext r act’ on Bdmuel-Rie . chraptogtapayi ppddfppesesigdel-P2 chr omat ogr aphy and
freeze-dried. j dcShEawes denchedi S8@iyed1vadsadi Boupbas phabephatd er 0. 1M
pH 6.8 and _converted to chTX—henisuccingta %%Xre%ﬁ%L%P W th t.wo .successive
addi tions SREERI Gl PH 5§ AR eCPREEF bl §PXESTEE AERLERRFRE £20)
for 2 10 hawat tilon GQ 8 two NBhdse:sing hHditdoper afuSecatini@C and the pH
at 5.7 0.1. .dcSTX hem sugcci e \Was _then [2als r, d nd
purified b?%%f‘%c%ﬁ’e‘? %%ﬁ%?gﬁ?ﬁﬁﬁff %%B%S%g‘ i&rhaglr)\osp-%(tzé buf f er
0.01 M@s hours at 10°C while maintaining the temperature at 10°C
' and the pH at 5.7 % 0.1. dcSTX hemisuccinate was then

separated from deSTX and purified by anion exchange

chromatography using sodium phosphate buffer 0.01 M as

eluting solvent, and by Carbograph graphitized carbon

15 solid phase extraction using ultrapure water as eluting

solvent.
deSTX hemisuccinate was then freeze-dried

thoroughly and reacted overnight at room temperature with
4 moles equivalent of either Biotin-hydrazide or Biotin-
20 LC-hydrazide in presence of 4 moles eguivalent HATU (O-(7-
Azabenzotriazol-1-y1) -N,N,N',N'-tetramethyluronium
hexafluorophosphate) to produce Biotin-link4-STX and
Biotin-1linkll-STX, respectively.
Biotin-1ink4-STX and Biotin-1linkll-STX were then
25 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
30 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 nmm i.d.; TosoHass) maintained at 40°C
with an isocratic solution of 2mM ammonium formate, 3.6mM
formic acid in 50% acetonitrile:water at 1 mL min™'. The
35 purified compounds were freeze-dried and stpred for
| further testing. The mass spectrum of Biotin-1inkll-STX
" (Fig. 1) evidenced the preseﬁce of a singly-chargeq ion at




el uting solvent, and by Carbograph graphitized carbon 15 solid phase
extraction using ultrapure water as eluting solvent. dcSTX hem succinate
was then freeze-dried thoroughly and reacted overnight at roomtenperature
with 4 noles equival ent of either Biotin-hydrazide or Biotin 20
LC-hydrazide in presence of 4 noles equivalent HATU (O (7-

Azabenzotriazol -1-yl)-N, N, N, N -tetramef ylLuroni um hexafl uorophosphate) to
produce Biotin-link4-STX and Biotin-linkll-STX, respectively.

Bi otin-1ink4-STX and Biotin-linkll-STX were the 25_char terlsed a
purified bp/Bydr FHR41Q &0 R HRATF el h#8ndt GﬁPgﬂ‘Pl’y Chaﬁﬁf?: ? et Fy

(H g LC :VBL 45N WY , B ¢ eni’hélMs§eéb§6tt@ncaﬁr)m¢m-drizﬂsﬂ&STm 3000+
quadrupol e ign-trap nm troneter (Bruker, Dalt.oni.cs

USA) fittedFdEth Zn %‘T’e‘i‘?’i“g%% the | BRPEEPFSN o503 REAFACS ﬁ?éipl‘%ﬁary +4
kV, ski megs0lt ageey 4D -M) 5 15 sepasdlias aadoabiiyevddnged ik8K-ae|m/z

Am de- %P colﬁgg_gﬁséi 250 mMmmXx 4.6 mmi.d.; TosoHass) maintained at 40C

wth arrisoc DBt of 2mM amonium formate, 3.6nM formc acid in
50% acet onirhki Idat:mtﬂlwstﬂamd nim-FigTha eénﬁmnﬂﬁ ddadofpsttrds- wer e

freeze-dri ;ﬁ%ﬁ%ﬁ%ﬂ% ﬂfi St‘rﬂe +SREHERES LARRGIY B ay

Biotin-lin nce presencé of a S|ngly charged I on
at 6 - 14 employed g cbas:mtiab%é il thasca BBH@F?GCH&FM% nalnz 355.5

0.5 Da. Th noesl th
§. g&SI r?&fi e q&o@zms@viwaﬁesaxnteau@; od) wiMidle! e

presence o charged i on at as a

doubl }%ha@eserm#asﬁec}ﬂ%er%m bygreferenes. ?ﬁgt&mﬁ & ﬁ% ed in Fig. 3
confirns tiabrbitdlidy didtdd wdre bbpesoansdphi khn Pollye thydapterInmime ng

assay 0.3% for 1 hour. Wild saxiphilin, prepared from the
organism Ethmostigmus rubripes (E.r. SXFN), was incubated
for 1 hour at room ﬁemperature in the presence of '

15 tritiated saxitoxin [’H]STX and several dilutions of both
dcSTX hemisuccinate and Biot-linkll-STX. Solutions were
filtered and saxiphilin was retained on the filters. The
signal measured corresponds to the residual radiocactivity
on the filter and is directly correlated to the

20 concentration of [*H]STX bound to saxiphilin. The data
shown indicate that both Biot-1linkll-STX and deSTX
hemisuccinate were able to compete with [*H]STX forx
saxiphilin binding. Positive and negative controls were
obtained by testing respectively ultrapure water and free

25 non-radicactive saxitoxin.

30




enpl oyed is described in the co-pending International Application No.

W02/ 48671, the contents of which are 10 incorporated herein by reference.
Filtering 96 well mcrotiter plates were precoated with Pol yethyl ene
Immine 0.3%for 1 hour. WId saxiphilin, prepared fromthe organism

Et hnosti gnus rubripes (H r. SXFN), was incubated for 1 hour at room
tenperature in the presence of 15 tritiated saxitoxin [3H STX and several
dilutions of both dcSTX hemi succinate-ah® Biot-1inkll-STX. Solutions were
filtered and saxiphilin was retained on the filters The signal neasured
corresponds to h rgsi dual radi oact|V|ty on theHQ ter and is dlre tly
correl ated to tjhe 0 Goncentration q_l STX bound sgm philin. e data

shown i ndi cat e [t haP Ri ot - Li nkl l1 nd dcSTXN he jnat e We e able
to conpete with [3H f0>=NH§.XI pﬂ P lg ndi ng*; ,Pgls and negati ye
controls were |[obN &i§st i ng=respeetrel y uI tr OWat er and {ree
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OH 10C - 4h 2 OH Tl 15% OH dcSTX dcSTX hem succinate Mv = 258.3 Mv =
358.4 O HO-O_. + ONNHZ NH 2 z O4 OH dcSTX hemi succinate Mwv = 358A HATU
4:1 Biotin-hydrazide 4:1,1 hr 25C13i O SHHI + ONNH# Nrlz |l NOH
Biotin-1ink4-STX OH Mwv = 598.7 5 p~ 16 - HOO+ ~NHz ON &H +NHz O H
dcSTX hem succi nate Mv 368.4 HATU 4:1

- 16 -

2 OH
OH
deSTX hemisuccinate
Mw = 358.4
HATU 4:1
Biotin-L.C-hydrazide 4:1, 1 hr
25°C

X

178 H\f@ﬁo ﬂ LfON N>=,,,

| NHE~ N :H2
OH

Biotin-link11-8TX
Mw=711.8

Example 2
5 Synthesig of Biotin-linkl8-STX o

Saxitoxin igolated 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

10 0.05 M acetic acid and the solution passed through a C18
solid phase extraction cartridge. deSTX 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)

15 isocyamnate)} 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

20 extraction and freeze-dried overnight. PMPI-STX was
redissolved in 10 mM sodium phosphate buffer pH 6.8 and




Biotin-LC-hydrazide 4:1, 1 hr 25C S Hfa 11 F1 6 p N+ N +NHNNHH ,h 70
Biotin-linkl I-STX OH Mv = 711.8 Exanple 2 5 Synt hesi s of
Biotin-linkl8-STX Saxitoxin isolated fromshellfish was converted to

decar banoyl - saxi t oxi n(dcSTX) by hydrolysis in HO 6Min a sealed,
evacuated gl ass tube at 110C for 4 hours . The solution was freeze dried.
The residue was redissolved in 10 0.05 cetic acid and the sol ution
passed through a C18 solid phase extraction cartridge. dcSTX was purified

by Biogel-P2 chromatography and freeze-dried. The residue was redissolved
i n anhydr oused®vEednwitbaene éxeesmnioghsvifhvsbnyl tekpeint £ WPt Hiaxdéss

PVPL (N-(p- | gl O RRAYRN H &t il OIS S TP s XeqiMREIFTX
was puri.fie%g ?'?%e@gggg iﬁh%?é.HPgC-N%&'ﬁﬁS-LC-Biotiﬁ:ﬁgssreac?ga '?ﬁ
cyst eani ne PRT1IGipM BydLGmMSh o Bipdiaddere 8 17T was charrfteEhBE atlre for
3 min. The pLpgl rByadyell-plastl Bavdhyldrdigringg iMecofdtoion was purified by
C18 solid phase 20 extraction gn freeze-dried overnlﬁht. P\VPI - STX was

r edi ssoPved®PROTSEATFEBAYURPHR &e FH TP eacted Mt h an
excess of suhkBygpgbrhoabichyi (ESISMS/MSIt. Theomasnpepead tren pevildenngd

Bi oti n-1ink]8-STX, subsequent | urifi LC- 3y ot i Nz Lk nkl 8 STX was
charact eri zéﬁebzﬁréﬁﬁflﬁer gge?‘sgé%’h sgkg%%e%&kgp% iIE}%)nT e%%%f#oﬁafi

chromat ography coupled to el ectrospray ionisation - tandem

PNIPI deSTX
MW = 214.2 MW = 258.3
Excess PMPI

Anhydrous DMF
Overnight, room temperature

o
| N-*<::>}—N\H,O
o _ON N +

N
NHE™ N OH

PMPI-STX
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mass spectronetry (ESI-MS/ M5).

=4
dcSTX MAM214.2 MM258.3 Excess PMPI
41N O ON N +
a HNINH O O +H2N ~/SH O O Cysteam ne
JII~5 mn HN

a doubly charged ion at m z
OH OH O PWI
Overni ght, room tenperature
10 18 "
Room t enperature

The mass spectrum evi denced the presence of
44.2 Da. HO ON + N >=NH N N=C=0O + NHZ N N
Anhydr ous DMV

+ >=NH NHN N OH OH PMPI - STX
NHS-LC-Biotin Equinmolar O

NH O, 18 -

0

HN” “NH o
) i w3 ¢
. 03 H
N ~N
S o)
) (o]

SH
HNT
Cysteamine
NHS-LC-Biofin
Equimofar
o Room temperature
' & min

2_S\/\/\”/ \/\/\)LN/\/SH

- Biotin Sulfhydry! detivative

| Q@N\f
b

PMPLSTX

Q ,_,

Bu}”%‘" ’

H i H
H (o]
N r : N\/\/\)L SH
N\FNHZ g ”‘/\\/
H 0
CH Lo
Biotin Sulfhiydryl derivative .
Excess sulfhydryi
15 min
room temperature

HW \/\/\)LN/\/S{‘/: _@_ﬁfﬁr
)\

+
J=NH,

Biotin-link18-STX N

MW=8835.1
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N \N~~5H H OBiotin Sulfhydryl derivative 50\ / NyWOHH',. O OON
,SH'NH, SH'.. NHz NHOOH PMIS$TX Biotin Sulfhydryl derivative '.
Excess suifhydryl 15 min O roomtenperature s Of f? 9 g ~3 16 tl SO NN
~0 O ONNNH + z Biotin-1ink18STX - NHz. N O MAN889.1 o 10 19 - Exanple
3 Preparation of Avidin.Biotin-link4-STX, Streptavidin.Biotin-I|ink4-STX,
Avidin.Biotin-linkll-STX and Streptavidjn.Biotin-linkll-STX conpl exes 5
Streptavidin. Biotin-1inkd4-STX and Streptavidin. Biotin-linkl|-STX: 324.8
pmol of Biotin- |ink4-STX and 90.4 pnol Biotin-linkll-STX were nixed each
with 30 g | Examier e Streptavidin in 10 mM phosphate buffer (pH 6.5) and

i ncubated for 2 hours at +4C. 400 L

Preparation of Avidin.Biotin-link4-STX,
Streptavidin.Biotin-1ink4-STX, Avidin.Biotin-1linkli-STX
and Streptavidin.Biotin-1linkll-STX complexes

5 Streptavidin.Biotin-1link4-STX and
Streptavidin.Biotin-linkli-8TX: 324.8 pmol of Biotin-
1ink4-38TX and 90.4 pmol Biotin-1linkll-STX were mixed each
with 30 pg Tmmunopure Streptavidin in 10 mM phosphate
buffer (pH 6.5) and incubated for 2 hours at +4°C. 400 uL

10 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 puL 0.1%
formic acid were added and the sclution filtered down to
30 pL again. The final volumes were adjusted te 65 uL for

15 Biotin-1link4-8TX (final concentration of 5 uM) and to 90 uhL
for Bio;in—linkll-STX (final concentration of 1. pM) with
water. '

Avidin.Biotin-link4-STX and Avidin.Biotin-
1ink11-STX: 324.8 pmol of Biotin-1ink4-STX and 90.4 pmol

20 Biotin-linkl1-8TX were mixed each with 50 Jg TImmunopure
Avidin in 10 mM phosphate buffer (pH 6.5) and incubated
for 2 hours at +4°C. 400 pL 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

25 once. Then 200 uL 0.1% formic acid were added and the
solution filtered down to 30 ML again. The £inal volumes
were adjusted to 65 puhr for Biotin-1ink4-8TX (final
concentration of 5 puM) and to 90 uL for Biotin-1inkll-sSTX

- (£final concentration of 1 M) with water.

30 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 additiom of reagents. all




- 10 O. l%formc acid were added and the sol ut'i on f||tered down to 30 L

usi ng 5,000 cut-off .mcraqdialysis centrlfuge tubes.. The sane step was

r epeat ed once. Then 200 pL 0.1% formic acid were added and the sol ution
filtered down to 30 gL again: The final volumes were adjusted to 65 L for
15 Biotin-1ink4-STX (final concentration of 5 M and to90 pL - for :
Biotin-linkll-STX (final concentration® 1. M with water. -

Avi di n. Biotin-li nk4-STX and Avidin.Biotin- linkll-STX: 324.8 pnol of

Bi otin-1ink4-SEX and Q‘%Iﬁé ?%%ﬁﬁ"z‘%eg ot;Ln- %I nJé!;La§TXvW§_Ezﬁ1em %ed azoh with

S0 g Irmunopurelﬁw di osphate buffer (pH:6:5)_ and |ncubat ed
for 2 hour sscattai4Gngl0@0pLmig. WQ& a6P8 Vikrd addd) oFY Nafelsoldut Foh

filtered dowgsbex30,hLqusisng 79309 aculgiaffeidd crcmjl &l ysdSudentsakighinuhes.
The sane step was repeat ed 25 .once. Then 200 L 1%.form cacid vvere dded

~and the s&XRgasHE il {epbaldowProSedd L a&;%‘ilfﬁemrﬁe iPHal voilimes™
adj ust eg t%&,‘%ﬂiﬂéﬁt@ wEi-a- hmmreamo( fdcfiel 1 ilsoatentoat icue dioﬁrl\/jpré.mi'to

90 L for Biotin-linkl|l-STX _(fin ncentration of wat

Exanpl e 4 &Shp&FRisit ‘é?i‘ber‘?l?i‘écfﬂg" 96"%% eézﬁ?‘?’ﬁbr otlﬁ'e f‘Hgf §F|.nfs

(M I 1i por e)eviriee qﬁ:e}soaloeqhm ¢ QaBaa( w/Se)r:LEE'.I dbtuhioniseafi qnheheléﬁctr

to the addi 2 o] I ek al

vol ume of f‘%]%a' Pl Lvé‘gﬁ ﬁ&nz&irﬁ\?ﬁ\/ége Cﬁ%ﬁ%’é‘?@;ﬁ{%oo nMi%aiCJi'h%% nM

[ 3H STX anc‘s'lzx 70- (fm_d d d:d ut 59 of ndor udevﬁmrprﬁmwne&w%% B% al-and -

protei ry;;eggrr; @lHEQMiiﬁkEiQQ&FR]{% #8108l heryedyd e equi bidaat e
ar 1 Of rough the

f or one ho 0 asgl tiont menbra V\ellsdwere r.i nsed
twice with mmmmte/ave‘p el %Txd-'l-l-%t?l@@oé”f sgAEEt iy binding sites

{(Fig. 4
). |

15 Calculatlon of ICs _

Competition curves (Figure 5 ) were fltted ‘using the
equation Fraction bound = [8TX1%/ ([STX] +Icmﬁ), w1th a Hill
slope & = 1 (except for Avidin. Blotln-llnk4 -8TX where n =
0.85 and Streptavidin.Biotin-link4-8TX where n = 0.7), IC50

20 being the concentration which caused 50% inhibition, amnd
. [8TX] the concentration of saxitoxin or saxitoxin

analogue.

Compound tested . ICso
‘ : (n})
: ' 1.6
Unlabelled 8TX
L oaa o . . ‘ 4.7
Avidin.Biotin-1inkll-
STX
¢ o . . 4.5
Streptavidin.Biotin-
1ink11-8TX
Avidin.Biotin-link4- 24
STX
>1500

Streptavidin.Biotin-
1ink4-8STX

25




STX, Avidin.Biotin-link4-STX, Streptavidin.Biotin-link4- STX (up to 500
nM, Avidin.Biotin-linkll-STX :-and 10 Streptavidin.Biotin-linkll-STX (up
to 100 nM -were allowed to conpete with [3H STX 1.8 nMfor saxiphilin
binding sites (Fig. 4 ). 15 Calculation of |1Cso Conpetition curves
(Figure 4) were fitted using the -equation Fraction bound =

[STXIn/ ([STX]' +I1 Cso"),.with a H Il slope n =1 (except for

Avi din. Bi otin-1ink4-STX where.n = 0.85 %hd" St reptavidin. Biotin-Iink4-STX
where n = 0.7), ICSo 20 being the concentration which, caused 50%

i nhi bition, and STX]Thme;sceoru:ﬁera r]annkazr ob£ smsteokhanoft edmisodiength

anal ogue. ound I
Avi di g Bi otclgn ‘%fteﬁl a%%)(sélg Jéé/{?%?gﬁ I%??ﬁI,Z&#g% f&Vikd[:]n STX .
Avi di n. Bi ot Bndumem.nmer-sm St eqn:awmmm ot shougboo the REFIGREY 5D ]

The use of W O t Q¥d rj_lam;oﬁ@(
al |l ows t.he | @glp a?{ti\?dﬁnr# Bi ot| n- %?\iﬁ?ﬂﬁgxttﬁg gg)%&eﬁ | i

al t hou
the af fimi t)ﬂicso et f FEunt Fjmespleved) by &ReefdHoRe I'T'}fﬁg:('e’?%tlil"gt ons
5 (1C50 aboyhd i1vieddrers | AV Jmorld1 6y B f16Té ﬁélhbesbeagk:b.v&fdm Hewdteddeer is

even more vi gl blvidufil.n%. Sl SRl A A . TSt 15 well known that the

steric hlndrance is increased with Streptavidin as a
result of the particular conformation of its binding site.

10 Streptavidin.Biotin-link4-STX could not displace
radiolabelled STX at concentrations as highras 500 nM,
showing a weak affinity for saxiphilin (estimated IC; >
1.5IQM). On'tﬁé dontrary, the use of a linker of 11 atoms
allows the strong binding of Streptavidin.Biotin-linkll-

15 8TX to saxiphiiin, with a similar ICs, as Avidin.Biotin-
1link11-8TX (ICsy = 4.5 nM).

Example 5

.20 Detection of saxitoxin by surface plasmon resonance
Using a Biacore X system, 140 uL of Biotin-

1inkl]-STX were immobilised onto streptavidin-coated
‘membranes (SA chip, Biacore, Uppsala) at a flow rate of 1
pL/min. A reference membrane was obtained by binding pure

25 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

30 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-linkl1-STX as the capture probe.
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of Avidin. As . a matter of fact, it is well known that the steric hindrance
.1sidncreased with Streptavidin as a result of the particular conformation

of its binding site.- 10 Streptavidin.Biotin-link4-STX could not displace
radi ol abel  ed STX at concentratioris as high as 500 nM show ng a weak .
affinity for saxiphilin (estimted 1Ca02». 1.5 M. On the contrary, the use
of -a linker of 11 atons allows the strong binding of o ,
Strept avi di ng%l"%y n-l1inkll 15 STX to saxiphilin, with a simlar .C50 as

Avi di n. Bi ot tfi==++nkl | - STX (I'C50 = 4.5 rM. Exanple 5 20 Detection of

saxi toxin by, surface pla .resonance, i ng,.a _Bi,acor e 0 L of
Biotin- Iinkf{-ST %@ﬁ@qs%qﬁﬂgéjsﬂﬁlpg}@t? ?'Q\R%&W—aﬁ%{@ﬁ%ﬂgmecénes
(SA.chip, Biacore, Uppsala) at a flowrate of 1 L/mn. A reference '
menbr ane . wasokganism eadts PEiThaticiedy pnekiding teosters ot hydr azi de to an -
identical streptavidin nmenbrane on the same chip. A preparation of

Et hnosti gnus rubr {Pes peavidingiad P8 Tigconjigete aooyprising the PET miisty pouagl t hen
i njected and washed extensively wi th buffer. Standard saxitoxin was

i nj ect efl andyibheksebHigtisHEPhRIRTBMNE tROURE $it8 dther theastiesdinting

conparison wth-the reference signal.. The histogramon Fig. 5 illustrates
the detectio I b Bidt dtgce pl asnon resonance
using Bioti ngifef ﬁ%lﬁja%@ﬂggﬁgﬂg @ggpﬁrégl%%%g&%ﬁw t?22-' Claims 1. A nethod

Lo binding a oaxgi| DRSS e AUATALR 1A, RS o LR AE ™ 2
conprising the PST noirety bound 5 via a |jnker conprising 5 atons or nore
through a si saidcaaxiphiimand doéstpeptdianigin and -
| (3)  allowing binding through the PST moiety to the saxiphilin and
10 through the biotin m.oi,ety to (strept) avidin; |
' wherein the PST moiety is characterised by a greatér binding
affinity for the saxiphilin compared with éi_ binding affinity for the saxiphilin by
a PST moiety of a PST conjugate comptising a linker of 4 atoms or less.
2. The method of claim 1 wheréir) the sample further putatively
i5 | comprises a PST.
3. The method of claim 2 wherein the method ‘..r*"-er includes the step of
competing binding to the PST moiety by the RST and the saxiphilin.

- 4, The method of claim 2 or claim 3 wherein the PST comprises

saxitoxin.
20 5. The method of claim 1 wherein the (strept) avidin is immobilised.
8. The method of claim 5 wherein the (strept) avidin is immobilised by a

covalent link to a solid support.
7. The method of claim 6 wherein the solid support is a medium for

afﬁnity purification.




site for saX|ph|I|n directly or |nd|rectly to a biotin moi ety; (2) exposing
the PST conjugate to a sanple putatively conprising said saxiphilin and to
(strept) avidin; and (3) allow ng binding through the PST noiety to the
~saxiphilin and. 10 through-the -biotin noiety to (strept) .avidin; wherein
the PST noiety is characterised by a gregter binding affinity forthe

saxi phi-l.in conpared-with a binding affinity for the saxiphilin-by a PST

"noi ety of a PST c L The
met hod of ol Brm | MRIEpdHIER gﬁ%y@eﬁﬂhﬂ%ﬁ{eﬂﬁ%%gﬁd‘*@%ﬁ%

PST. Thy rret .r cl 2 r -the hod .: S eg 5 gﬁﬂ :;: _
vdhe: ci ; - €opgisting rof: asmafiidy.ybeads, B’éﬁﬁﬂ?ﬁt‘Pné A%dARE ‘E"("S‘eﬂ"ﬁecg Oﬁﬁt ety by
the PST and t he saxiphilin. 4. The method of claim2 or claim3 wherein the
" PST conpri sepolysiwienexged, cgsselinkEk dextrand potyachdamide webr ppreushsilicat rept)
~avidin is imobilised. 6. The nethod of claim5 wherein the (strept) avidin

is i mmobili sg@amgeaan@géphgmsell nk to a solid support. 7. The nethod of
claim6 wherein the solid support is a nmediumfor affinity purification.

-23- 8. gThe np thoe\'l‘féfm%h‘ﬁied;a()jfscldvﬂ%WHbréIIﬂthgghél'ghbéoﬁ‘?sl sghedditeesé e group

consi sting of 'a matrix magnet.i ¢ be dendri ners, cellul ose,

pol ystyrene CIr 0SS ed dextran, polyacrylam de get, porous silica, -
agar ose and %eetﬁﬂﬁ?%%la dl§V8: “The nethod of claim6 wherein the solid support

Werern (ne 90 o Wppsthod & Gare Bluieteiohiasile Sibeieantate fiRS
menbr ane, mcrol ever, eI ectrode and chémically activated glass surface. 10
11. A net hod gaieumcmmlngnomaamﬁmbm@r dhisrelpeey, s@le@bwea@nq;uq&eé&!pahés a
det ect abl e | abel .
activated glass surface.
10 11.  Amethod as claiméd in claim 1 wherein the (strept) ayidin carries a |
detectable Iabél |
12. The method of claim 1 1 wherein the detectable label is selected from
‘the group consisting of a fluorescent label, radloactwe label,
chemiluminescent label, colloidal gold, latex bead, liposome, dendrimer, |
156 -' ofigonucleotide, peptidonucleic aéid and enzyme. )
| 13.  The method of claim 12 wherein the enzyme is selected from %hef
group consisting of alkaline phosphatase, horseradish peroxidase and béta— |
galéctosidase. - f‘
14. The me{hod of claim 1 wherein the saxiphili_n is covalently linked toa 7
20 solid support. |
15, A methc-jd' as claimed in claim 1 wherein the saxiphilin carries a
detectable label.’

16. The method of claim 15 wherein the detectable label is selected from

the group consisting of a fluorescent label, radioactive label,




12. The nethod of claim 11l wherein the detectable |abel 'is selected from
. the group consisting of a fluorescent- |label., radi oactive |abel,

. chemil'um nescent | abel, colloidal gold, |atex bead, |iposone, dendrimner,

15. oligonucl eotide, peptidonucleic acid and enzyme. ~ The method od o-of
-rein the n enzyne.is selected fron111-%%e f claim9,2 wieei -t a group
consi sting of al kaline phosphatase, horSéradish peroxi-dase and beta- _

. gal actosi dase. 14. The net hod of claim.1 wherei.n the saxiphilin,is -
Savarentl y [ shiaralimagcon aRal GOURIGHOGRId, X PoRd HEBSAETL ISEHTER ol ai ri
1 wherein the saxiphilin carries a detectable |abel. 16.- The net hod of

cl ai m 15 wheslgjomuchestitet peptithbrudlaibelcid andengymsl from the group
consisting of a fluorescent l.abel, radioactive |abel, -24- cheniluni nescent

| abel , “col | ofHal BYREdnetRidess bledd, 16 Wirsemethedengyrhets selaitéd droml thet i de,
pepti donucleic acid and enzynme. 17. The nethod of claim 16 wherein the

| framt , el ' ' ’
ﬁgf 33/ renreaij IS S ﬁe%@%g#ggiégfﬁgndg%ke#g_gl@oggﬁgt:at%toelé ngésgeraailfg ﬁé{%‘ﬁd@nﬁ?ﬁgg éll)r(ge?é-g_ny one’

- of cl aigs 1 tol‘ 17 m;aerei n the PST conjugate conprises a saxitoxin. 19. A
met hod $or J4RIBEOS SChar act eri si ng, isolating and/or purifying a '
saxi philin protein obtainabl.e from a,source organjsm, ¢O Lsing: 10 (1)
provi ding a BT CEH?G@%@d(erﬁSWi%‘?%@f%!am'qﬁﬁi1g?‘§/h%@% é/rpgﬁ-s%rﬁpﬂ%@r
~conprising 5 atons or nore through a site other than the binding "site for
saxi phi | i n tcompbises arsaxifiosiny; (2) exposing the PST conjugate to a sanple
putatively conprising the saxiphilin to create a reaction mixture and to

(strept) aviggn, Anghetfod 3r dblectinggchamndtarind risating rend?STpurifyiny & o t he
~saxi phin and through the biotin noiety to (street)avidin to forma

COT o 2R S AR ol g g pur (1 Lhe
10 (1) providing a PST conjugate comprising a PST moiety bound via
a linker comprising & atoms or more fhrough a site other than the binding site
for saxiphilin to a biotin moiety;
(2) exposing the PST conjugaté to é sample putatively Qomprising
the saxiphilin to create a reaction mixture and fo (strept) avidin; and
15 (3)  allowing binding through the PST méie_ty to the saxiphin and
.i:’nrough the biotin moiely to (sirept) éviéin to forfﬁ a complex; and
(4) detecting, characterising, | isolatinﬁg and/or ;purifyiﬁg the
saxiphilin thfough the complex;
wherein the PST moiety is characteris_ed by. a greatér binding affinity
20 for the saxiphilin corﬁpared With.a binding affinity for the saxiphilin by a PST
moiety of a PST conjugate comprising a linker of 4 atoms or less.
20. fhé method of claim 19 wherein the (strept) évidin is immobilised.
21. The mefhod of claim 20 wherein the (strept) avidin is immobilised by a

covalent link to a solid support.




wherein the PST noiety is characterised by a‘greater binding affinity 20
for the saxiphilin conpared with a binding affinity for the saxiphilin by a
PST noiety of a PST conjugate conprising a linker of 4 atons or |ess. 20.
The met hod of claim 19 wherein the (strept) avidin is imobilised. 21. The
nmet hod .of claim20 wherein the (strept) gyidin is imobilised by a

covalent link to a solid support.'-25-_% . The nethod of claim21 wherein
the solid support_js a [ for affinit rifl .an ;2 od of
cl ai m 22. whef#i n Fh@'ﬂ%ﬁﬁ%ﬁ%ﬁgagél GWb8h¥$$ﬁ$Fﬁha%%bg§§'%%%g}s Fﬁgﬁgf a
matri X, beads, magnetic beads, dendriners, cellulose, 5 polystyrene gel,
cross-linkedaﬁ§N¥m%mﬁm§E@Wacrylanide'gel, porous silica, - agarose and
- sepharose. 24. The nethod of claim?20 wherein the PST conjugate is '

i mobi | i sed 28. tThemedthou of claimt22 wheosior thet mediven dasplasted srompbenet hod
of claim 21 wherein the PST conjugate is exposed to the 10 sanple so as to
form a PST cgurfeorfspitingesfiamatriy behés madgnstic Béads! hiendeihterd, aslidbse,m 21

further conprising the step-of washing the saxiphilin fromthe sold

support to i r i } | P hERlardide deE bhadsifita,any one
of cl ai ?ns 225{3%@%8'?%%%6? mcé%rg)“%???ﬁg’dm g?g%b@o% lwgs%i ngpﬁt%he salxi philin
fromthe mediumto %ﬂs{gl ate and/or purify said 15 saxiphilin.m 28.-The

net hod of cl 8PA{%FP §%@I?]arpﬁ%. solid supportis adapted "or use in a

bi osensi ng device_ 29. The nethod of claiml erein the, (strept vi di n
carries a déftect dbeenetggofc .Wﬁ@'ﬂé‘ﬂ%%@“ﬂ?m&\“%tﬁ'ﬁ W‘?@r’&‘%ﬂ e

detectabl e | abel is selected from the group consisting of a f1 uor escent
| abel , radi othet meslidratpeior to elposurertoribe s@mpleabel , col l.oi dal gol d, | atex
bead, |iposone, dendriner, . oligonucleotide, peptidonucleic acid and
enzyme. 31. ¥ge mghladetfoddfailaim3® wherahmhé PSTeoomjugateds sepesadtb theom t he
-26- group consisting of alkaline phosphatase, horseradi sh peroxi dase and
beta- gal act @aiifs Qo as to form a PST complex for capture by the medium.
26. The method of claim 21 further comprising the step of washing the
séxiphitin f:"om the sold support to isolate and/or purify said saxiphilin;_'
27. The méthod of any one of claims 22 to 24 further comprising the step
of wésh'ing the saxiphilin from the medium fo _iso[ate. and/or purify said
.15 saxiphilin.
28. The method of claim 21 wherein the solid support is adapted for use
-in a biosensing device.
'29. | The method of claim 19 wherein the (strept) avidin carries a
detectable label.
20 30. The method of claim 29 wherein the detectable label is selected from
the group consisting of a fluorescent Iabel, radioactive label,
chemiluminescent iabe!, coiioidai gold, latex bead, liposome, dendrimer,

oligonucleotide, peptidonucleic acid and enzyme.

31. The method of claim 30 wherein the enzyme is selected from the




32. The nethod of claim19 wherein the saxiphiclin is covalentiy linked to a
solid support. 5 33. A nethod as clainmed in cl:aim 19 wherein the saxiphilin
carries a ‘detectable |abel. 34. The nethod of claim 33 wherein the
detectabl e | abel i's selected from the group consisting of a fluorescent

| abel , radioactive |abel, chem|um nesgent | abel, colloidal gold, Iatex
bead, |iposome, dendrinmer, 10 oligonucleotide, .peptidonucleic acid and -
“enzyne. 35. The nethod of, ¢l aim 34 wherein.,t .S lfskihrorn. -
the group S&RMR %_‘?‘i‘sriﬁt“?ﬂOfafl(‘ikgll‘W%@‘%ﬁ%&g@z%lﬁgﬁsﬁ%ﬁggﬁ%gﬁox|-c%se and
bet a- gal act osi dase. ‘36. The net hod of ~any one of clainms 19 to 35 wherein

t he PST congatpefesidaseconprises a saxitoxin. ~o i RNAaptaner bvhi 37. A
method ~~r capturing an antibody 4 ~o a PST or_a_.., ,. 6,,..;ch binds
PSTs, conpr i32l ng:THelmeftiayottlaig 49 RéEreipthegaxphdivip ppgaiﬁ@ﬂﬁ‘"ﬁ@d iRRety
bound via - a linker conprising 5 atons or nore through a site other than:

t he bi ndi ng g8y 3grﬂfor saxiphilin to a biotin noiety; (2) exposing the
PST-conjugate to g sanpl e putatively conprising said antibody or ‘aptaner

and Log sino) A hfikihod?dd dathedl kouaRd {9 fietein eouatiphiin &ffiosoact y. {0

t he ant" body “or ran oug otin noiety to (strept) avidin;
. (1 -27- wherein g(]e PST noiety is characterised by a greater binding
affinity fordaigeablied@bRl|in conpared with a binding affinity for the

saxi philin by a PST nviety of a PST conjugate c rjsi a.linker of 4
atons or |es#. 38Thevredhod ehrlaiass ‘-’F"&ﬁ’reﬂt&‘% C&Petﬁ‘:%i%%f {aﬁﬁf %tﬁeé%éft?ﬁi(ﬁ in
systemconprising a 5 PST noiety bound via a |inker conprising 5 aiom; or

more and t hrihgghgmupsi tensistimg tdiana t Hisosesrantg labek fr@AIRALKYBh labgli o a

_biotin noiety, wherein the PST noiety is characterised by a greater .
“bi ndi ng_af figdnyiifraindseens atightblicidaicgoidalatdxvbedd, dipvsomia dendimety for

-~ the saxiphilin by a PST noiety of a PST
10 oligonucleotide, peptidonucleic acid and enzyme.

35. | The method of claim 34 wherein the enzyme is se__lected-.frorh the
group consisting of alkaliné phosphatase, horéerédish peroxidase and beta-
galactosidase. |
36. The method of any one of claims 19 to 35 wherein the PST conjugate
15 | comprisés a saxitoxin.
, 37. Amethod fs?capturiﬁg an antibody to a FST or a.RNA aptamer which |
binds PSTs, comprising: |
| Q) broviding a PST bonjugate comprising a PST moiety bound via
alinker comprisiﬁg 5 atoms or more through a site other than the binding site :
20 for saxiphi!iﬁ tr;) a biotin moiety; | |
(2)  exposing the PST conjugate toa sample putatively comprising
said antibody or aptamér and to (sfrept) avidin; and
(3)  allowing binding through the PST moety to the antibody or -

aptamér and through the biotin moiety to (strept) avidin;




conj ugate conprising a linker of 4 atons ‘or less. 10 39. The PST conj ugate
of claim38 wherein the linker is joined to the PST- noiety through Cl12 or
. C13 of saxitoxin or the equivalent position in other PSTs. 40. The PST
conj ugate of claim 39 wherein the linker is joined through C13 of '
~.decar banoyl saxi toxin. 15 41. The PST cojj ugate of any one of clainms 38-40
‘wherein the linker conprises 5to 20 atom is. 42. The PST conjugate of

claim 41 wherein the |inket GOMpri.ses 1.0 : ' ]

conprising the PS“VREBGHPE%%? gﬁg%m?soﬂéégﬁﬁé%ggﬁ%@%%%g&ggogﬁhpﬁ?exed to

- saxiphilinh through the PST noiety. 44, A conplex.c rising.a PST.&0onjugate
as cl ai med ifordngsaxphiin copnpargd g @B'F@@%, &i@gﬁg&%&ﬁgﬁwgﬁ/ﬁi n

~through the biotin nmoiety. 45. The conplex of claim44 wherein the (strept)
avi di n- conpr iradsty of adeS& atoaiiigate sbeipristhg agnker offhatBHPr 8%t cl ai'm 45

wherein the detectable label is selected from the group consisting of a

fluorescent Bgbel A paticopfigatefdrabelin a bistierEtrapi) aeklresystémivempiising 8i dal
gold, latex -bead, |iposone, dendriner, oligonucleotide, peptidonucleic.

ol Sorol FropET moietf-holb B8 BPhrfker onfhriking 4atvhey & mordandrtayorgt 3

sel ected from'the. ro consi sting of alkaline phosphatase, horseradish
e 42 el RN SRS 50 LA BB ek e
Ay one of | BT mpisty-iashaselored By reeanti e anreN HedluRR SRS m 40
eads. | mmgnebompased sith albindingreisty e thaiseshsORya T LMOGYCTE PET
cross-1linked dextran, polyacrylamde. R : _ C '
' conjugate comprising a linker of 4 atoms or less. :
10 39 The PST conjugate of claim 38 wherein th;e linker Is joined to the PST
. miolety through Cqz or Cys of saxitoxin or the equivalent position in other
PSTs. |
40. The PST conjugate of clafm 39 wherein the linker isl joined through
Cizof decérbamoylsaxitoxin. | N
15 - 41. The PST éonjugate of any one of claims 38-40 wﬁereiri the linker
compiises § to 20 atoimis.
42. The PST conjugate of claim 41 wherein the linker comprises 111018
atoms. | |
43. A complex comprising the PST conjugate of any one of clairhs 38to
20 42 comrplexed to saxiphilin through the PST moiety.
44. A complex comprising a PST cohjugate as claimed in any one of
claims ;38 fo 42 complexed to (strept) avidin through the biotin moiety.
45. The complex of claim 44 wherein the (strept) avidin comprises a

-

detectable label.




15 gel, porous silica, agarose and sepharose. lea of an v i c cof clains
51. A PST bivser!"ing device conprising h ~~ a coE, mp. ,..,, 43-48. 52.
A PST_bIOSGhSIng device conprising saxiphilin covalently linked to a solid
support and neans for detecting binding of the PST conjugate of any .20 one
of claims 38 to 42 thereto. -53. The PST,piosensing device of claim52 where
the PST conjugate is bound to (strept)~avidin. 54. The PST bi osensing

devi Ce_ as ¢ l'gfii.deLg c%ln%lg;c (5)? clgﬁhrr? 4% w%nefie{ﬁcthg%se?ectiaﬂlquﬁél i §eig8{£cffr8|q1-
the _groupl 'consis"cing of a ﬂuorescént label, .radioactive r'label,
ch_emiluminescéﬁt lébel, cofloidal gold, latex bead, liposome, c.iendrimer,-
oligdhuciedtidé,‘ peptidonucleic acid and énzyme. | |
| 5 47.  The complex of clairﬁ 46 wherein thé enzyme is seleéted frorﬁ the
| group consisting of aikalirie’ phospﬁatase, horseradish peroxidase and beta- :
gaiactééidase. | |
48. The cdmplex of daim 44 wherein the (strepi) avidin ié covaleﬁtiy
Iinked toa so!id support. | ’
10 49. - An af_ﬁriity purification medium comprising the complex of any one of
claims 43-48.
50. | The affinity puriﬁcaﬁon medium of claim 49 wherein the medium is |
selected from the group cbnsisting of a matrix, beads, magnetic bgads,
dendrimers, cellulose, polystyrene gel, cross-l';nked dextran, polyacrylamide
15 ° gel, porous silica, agarose and sepharose. | |
5. A F58T biosensing -ﬁevﬁce pompﬁsing the complex cf'any oﬁe of claims
43-48. |
52. AVPST biosensing device compri_sing saxiphilin coyalently linkedtoa
solid support and means fdr detecting binding of the PST conjugate of any
20 oﬁe of claimrs 38 to 42 thereto.
| 53. The PST biosensing device of claim 52 where the PST conjugate is
| bound to (streptj avidin. | | |
54. The PST biosensing de\}ice as cEaiméd in claim 53 where an increase

in mass is detected.




