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PROCESS FOR THE MEASUREMENT OF DINOPHYSISTOXIN AND OF
YESSOTOXIN

Field of the invention

The technical field of the present invention relates the detection aof ioxins and their
measurement by a system of jn vitro cultured cells.

Background art

The human intoxication caused by ingestion of shellfish or fish contaminated by
algae producing toxic substances is a phenomenon which has shown a
threatening development in the last years, inasmuch as episodes of intoxication
occurs more often and in areas of the planet where they had never been reported
in the past.

Several types of intoxication have been described so far, based onto the
symptomatology induced in animals and, whenever possible, on the chenical
characteristics of causative agents and their mechanism of action. One of thesa is
the Diarrhetic Shellfish Poisoning (DSF) which is due 1o ihe ingestion of
contaminated molluscs {mainly mussels and scallops) (Yasumota T., Oshima Y.,
Yarnaguchi M., 1978, 8ull. Jpn. Soc. Sci. Fish., 44: 1249},

Although lethal outcomes have never been described for DSP intoxication fn
humans, this can cause sericus problems of public health, which are managed
follewing the present rules (in the Eurepean Union, Directive CE 91/492/CEE), by
an accurale prevention implemented by 2 confinueus monitoring of toxicity of
molluscs which, once it is established, implies the prohibition of molluse harvest
and marketing, which lasts until molluscs show significant levels of toxic
compounads.

Prasently, the measurement of agents classifiad among DSP toxins can be carrled
aut by chemical {HPLC eventually coupled to Mass Spectrometry) (Quiliam M.A;
J. AOQAG Int., 1995, 78:555) and immunclogical {RIA, ELISA; like these described
for instance in EP 508819) methods, which are performed on crude or semi-
purified extracts obtained from molluse tissues, and, in the caese of immunologica)
methods, are based on the availability of specific antibocies which have been
obtained only for okadaic acld (OA) and for some dinophysistoxins (DTX ).

Chemical methods can vield accursie measurements of most components
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dlassified among DSP agents but are not routinely employed in monitaring
programmes of toxicty in bivalve molluscs, because the aciuel toxicity of
contaminated material may be underestimated. Indeed, while three groups of
chemically distinct components have been classified as DSP  faxins
(Dinophysistoxins, Yessotoxing and Pectenotoxing) (Yasumoto T., Muraia M.,
18483, Chem. Rev., $3:1897), the actual human toxicity of every component which
can be found in contaminated moliuscs has not been firmly established.
Furthermore, the type snd concentrations of cormponents classified as DSP
detectable in molluscs, can changs depending on their geographical origin and the
fime of harvest, sa thaf every sample shows an individual "toxinological profile”.
Maoreover, the chemice-physical methods which can be employed for the analysis
of each of the three groups of toxins, individually, do not allow the contemporary
detection of components belonging i more than one group, which may be present
in the same sample.

The detection of DSP foxins can be also carried out by biochemicat or cellular
methods (functional assays). based anto the measurements of the effects that the
tedns can trigger upon association to their specific molecular targets, by medifying
their activities, or else based onto the total cytotoxic effect exerted by the taxins on
cultured cells capable {o sense and react to the toxins. Presently, the bicchemical
assays are confined to those involving measurements of the inhibition of
phosphoprotein phosphatese activity, such as described in WO 96/40983 for
measurement of dinophysisioxin 1 and ckadaic acid, which are suitable only in the
case of toxin functionally related to this latier compound (Tubaro A et al., 1996,
Toxicon, 34:743) and displaying the same mechanism of inhibition of that group of
enzymes. In the assays based on the use of cultured cells, in turn, the analysis is
confined to corglatians belween the dose of toxin supplied to the system and
either the decrease in the number of surviving cells, or the appearance of
rorphological aiterations in aflected cells (Fladmark K.E. et al., 1998, Toxicom
36:1101).

Finzlly, tha third type of delection method involves biological assays capable o
detect DSP toxicity. In these assays, the overall effect of the set of components,
but not that of individual substances in a complex system, represents the
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measured parameter. These methods include bipassays of the total toxin peol
employing whole living animals {(Yasumetc T. ot af in: "Seafood Toxins”, Ragelis
E.P., Ed., ACS Symposium Series, 262, 1984, pp. 207-214). More specifically, the
contaminated material, obtained by extraction of moliuscs with organic solvents, is
administered to mice, usually by intra-paritonaal injection {ibidem), or else it is
added fo the culture media of small crustacean, such as £, magna (Vernoux J P &t
al., 1983, Food Addif. Contam. 10:603), and the death of the animals is monitored
within a fixed time span.

The mouse bicassay described above is the detection meathod employed in most
Countries of the EU and in Japan, to detect total DSP texicity due io DTX and/or
YTX in contaminated molluses. Indeed the LDsg internationally set for these toxins
refer to the mouse bioassay {Yasumoto T ef al. in: "Harmiul Algae”, B Reguera, J.
Blanco, MA Fernandez T. Wyaft, Edd.; Xunta de Galicia and Intergovernmental
QOceanegraphic Commission of UNESCQ, 1998, pp 461-464). This assay,
howevar, poses relevant sthical problems, showing an increasing concern in
European Gountries, whose impact is even more prenounced If one considers that
the analysis of a single mollusc sampie implies the sacrifice of at least five
animals. Furthermore the results of this bioassay may include false positives,
probably due to the presence of high levels of fatty acids in the material injected
inte mice (Quilliam M.A., Wright J.L.C.; in "Manual on Harmful Marine Microslgas”,
Hallgraeff G.M., Anderson D.M., Cembella A.D., Edd., /OC Manuais and Guides
No. 33 UNESCQ 1895, pp.95-111).

Summary of the invention

The present invention relates fo a prosess for the qualitative and quantitative
detection of dinophysistoxins and of yessctoxins, based onto the measurement of
the amgunt of the protein called E-cadhetin and of the antigens correlated to this
protein, ECRAwpn and ECRAggs, In an in vitro cellular system. The process,
according to the inveniion, allows the qualitative analysis and the measurement of
toxins belonging to the group of yessoloxin and comprising its derivatives and
structurally related analogs, such as homoyessotoxin, 45-nydroxyyessotoxin, 44-
carboxyyessotoxin, and okadaic acid and its derivatives or structurally related
anzlogs such as dinophysistoxin 1, dinophysisioxin 2 and dinophysistoxin 3. The
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method coemprises the following steps: a) sampie preparation; b) incubation of the
samples in & cellular system in vitro; ¢} preparation of cylosohible extracts from the
sample-treated cells and fractionation of the proteins they contain according to the
molecular mass of the proteins; d) detection of the E-cadherin antigsn and of its
relaied antigens ECRAsg and ECRAgs, by antiE-cadherin antibodies. The
present Ihvention further relates to the use of the process to measure the
abovementioned toxins, with the aim to evaluate the contamination of seajood.

In a further embodiment, the invention relates the E-cadherin related aniigen
ECRA. o and the use of the E-cadherin related antigens ECRAygp and ECRA 35 to
detect the presence and measure the levels of toxins in a sample.

Brief description of the flgures

Fig. 1. Effect of okadaic acid and yessotoxin on E-cadherin and related antigens in
MCF-7 cells.

MCF-7 cells wera treated with 50 nM okadaic acld, 50 nM yessoioxin, with both
agents at a 50 rM final concentration, or with vehicle {control} for 18 hr at 37° C.
At the end of the treatment, the cells have been used to prepare cytosciuble
extracts and samples corresponding to 50 pg of protein from each extract have
been fractionated by SDS-PAGE and subjected to immunokictting using an anti-E-
cathherin antihody. The treaiments have been specified on the top of the figure,
and the electrophoretic maobilities of the f-galactosidase (118 kDa) and fructose, 6-
F kinase {80 kDa) subunits, used as molecular weight markers, have been
indicated on the left.

The typical pattern observable after cell treatment with QA, YTX or both, as
compared tc controls, can be cbserved: indeed, the appearance of ECRA43s can
be observed in the lane carresponding to the treatment with OA alone, and is also
detectable after the double freatment (ckadaic acid + yessotoxin), whereas a
notable increase in the immunecreactivity corresponding to EGRA1g is observable
in the lane corresponding {o the treatment with yessotoxin alone and is maintained
alsa after the double treatment.

Fig. 2. Effeci of increasing okadaic acid concentrations on the ievels of E-¢cadherin
and related antigens in MGF-7 cells.

MCF-7 cells have been freated with the indicated ckadaic acid concentrations for
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20 nr at 37°C. At the end af the treatment cylosoluble exiracts have been
cblained, and have been subjected to fraclionaiion by SDS-PAGE and
immunohlptting, to detect their content in E-cadherin (filled circles), ECRA4ss
(squares) and ECRA g {triangles), as described in the paragraph "Materials and
Methods”, '

Values are expressed as percentages of total immunoreactivity (E-cadherin +
ECRAns + ECRAsy) in each sample (filed symbols), or as relative total
immunoreactivity (Z), which has been expressed as percentages of the tota!
immunoreadtivity of that sample, as compared to thal measured in controt cetis (or
the exiract obtained from cells which have received vehicle only) (void circles).
Data represent mesans + S.0. from 3-7 separate experimenis.

Fig. 3. Effect &f Increasing ysssotoxin concentrations on the levels of E-cagdherin
and related antigens in MCF-7 cells.

MCF-7 cells have been treated with the indicated yessotoxin concentrations for 20
hr at 37°C. At the end of the treatment cytosoluble extracts have been obtained,
and have been subjected to fracfionation by SDS-PAGE and immunoblotting, to
detect their content in E-cadherin (flled circles) and ECRAqy (friangles), as
desctibed under “Materials and Methods®.

Values are expressed as percentages of total immunoreactivity (E-cadherin +
ECRAs + ECRAyy) in each sample (filed symbols), or as relative total
immonereactivity (Z). which has been expressed as percentages of the toial
immunereactivity of the sample as compared to that measured in control cells {or
the exiract obtained from cells which have received vehicle only) (void circles).
Data represent means + 5.5, from 3-7 separate experiments.

Fiy. 4. Effect of yessotoxin on the alterations induced by increasing okadaic acid
concentrations on the levels of E-cadherin and related antigens In MCF-7 cells.
MGCF-7 cells have been treated with the indicated okadaic acid concentrations, and
sither in the preserce (solid line) or in the absence (dashed line) of 10 nM
yessotoxin for 20 br at 37°C. At the end of the treatment, cytosoluble extracts have
been cbiained, and have been subjected to fractionation by SDS-PAGE and
immuncbioiting, to detect their content in Ecadherin (Panel A), ECRAq:s (Pane! B)
and ECRAw (Panel C), and the relative tofal immunoreactivity (E) of the samples
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{Panel D), as described under "Materials and Methods®.

Values are expressed as percentages of total immunoreactivity (E-cadherin +
ECRAs + ECRAu) in sach sample (Panels A-C) or as relative total
Immonoreactivity (Z, Panel D), which has been expressed as percentages of the
toial immuncreactivity of thal sample as compared 1o that measured in control
cells {or the extract obfained from cells which have received vehicle only). Data
represent means + 5.D. from 3 separate experiments.

Fig. 5. Effect of ckadgic acid on alterations induced by increasing yessotoxin
concentrations on the levels of E-cadherin and related antigens in MCF-7 cells.
MCF-7 cells have been freated with the indicated okadaic acid concentrations, and
either ir the presensce (solid lire) or in the absence (dashed line) of 50 nM okadaic
acid for 20 hr at 37°C. At the end of the treatment, cytosoluble extracls have been
obtained, and have bseen subjected to fractionation by SDS-PAGE and
immuneblotting, to detect their content in E-cadherin {Panel A), ECRA4ss (Panel B)
and ECRA:;m (Panel C), and the relative total immunoreactivity (X} of the samples
{Panel D), as described under “Materials and Methods”.

Values are expressed as percentages of total immunoreactivity (E-cadherin +
ECRAys + ECRA) in sach sample (Panels A-C), or as relative total
immaonereactivity {Z, Panel D), which has been expressed as percentages of the
total immunoregactivity of that sampie as compared fo that measured in control
cells (or the extract obtained from cells which have received vehicle enly). Data
represent means + S.P, from 3 separate experiments,

Fig. 6. Effect of AO and YTX added to crude ex‘tracté prepared from mussel
hepatopancreas on E-cadherin and related antigens.

MCF-7 cells have been freated with etther the indicated extracts, prepared as
described in the text, or vehicle alone (control), for 18 hr at 37°C. At the end of the
tfreatment, ceils have been used fo prepare cytosoluble extracts and samples
corresponding to 50 pug of protein from each extract have been fractionated by
SDS-PAGE and subjected to imrmunohiotling using an anti-E-cadherin antibody.

It can be ahservad that the typical pattern shown in figure 1 is also oblained when
cells are treated with crude mussel extracts spiked with QA, ¥TX, or both, as
compared (o control cells and cells which have been treated with 2 mussel exiract
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devoid of oxing: in the lane coresponding to the freatment with OA zlone, the
appearance nf ECRAqs antigen can be detected, and this anfigen is also delected
after the double treatrment {OA + YTX); the incroased lavels of the ECRAmm
antigen, in tum, is detectable in the jane correspending to the treatment with YTX
alone, and is also mainiained after the double treatment (OA + YTX).

Detailed descripticn of the inventicn

The methad of the present invention relates 1o a process te delect the presence, to
identify the group and to evaluate the amounis of toxins belonging to the group of
dinophysistoxing and of yessotoxins, based on the measurements of ihe
intracellular levels of the E-padherin antigen and of E-cadherin-related antigens
{ECRAqgp and EGRA4as), in a cellular system.

It nas Heen surprizingly found that the presence of toxins belonging to the classes
of dinophysistoxins (Yasumoto T et al, 1993, Chem Rew: 93, 1897) and
yessotoxing (Yasumote T st al. ibid,, Satake &t al., 1877, Nat Toxins, 5: 107;
Ciminiello €t al.. 2008, Eur J Org Chem, 291), in an appropriate cellular system, is
associated with measurable changes in the cellular levels of E-cadherin and of its
related-antigens ECRAw and ECRAss.

E-cadherin is a cell adhesion molscule, fermed alse uvomorufin or L-CAM, or else
Cell CAM 120/80, whose human sequence is deposited in the dalabase
{SwissProt) under the accession number Z18323. Within the scope of the present
invention, E-cadherin refers also to a protein showing a motecular mass of about
126 kDa {126.1 £ 4.1 kCa), in agreement with lterature data (Damsky CH. et
al., 1983, Cel, 34.455), as determined by polyacrylamide gel electrophoresis under
denaturing and reduging conditions  {SDS-PAGE in the presence of f-
mercaptoethanal), and recognized by anti-E-cadherin antibodies. Futhermore are
defined E-cadherin related antigens the ECRAwe and ECRA 35 antigens (ECRA;
E-Cadherin Related Antigens), showing respectively a molecular mass af 100 kDa
(101.9 + 3.2 kDa) and 135 kDa (136.3 + 3.3}, as determined by a series of
measurements carried oui by SDB-PAGE. Also these antigens are recognized by
specific anti-E-cadherin antibedies.

Within the scope of the presend invention, a cellular systemn {or cell system) refers
to a cell line, maintained in culture according to methods known te the art, derived
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either from confinuaus cell lines or primary cultures, provided that they expresses
E-cadherin, preferably the human protein. Preferably, these cell lines are of
mammalian origin and even mare preferably, these are human cells, such as:
Caco-2, A49, BxPc3, MCF-7. In one of the most preferred embodiments, the
cellular sysiem s censtituted by the MCF-7 cell line (ECACC No: 86012803),
cultured following to methods known by one skilled in the arl. Are also comprised
within the definition of appropriate cell system, cell lines other than human or
naturally not expressing the E-cadherin antigen, iransfected by DNA sequences
encading for E-cadhenin, preferably human E-cadherin.

The toxins detectable and measurable according to the method of the present
invention are the ones belonging to the group of dinophysistoxing, preferably
represenied by  dinophysistoxin @ 1 (DTX1}, dinophysistoxin 2 (DTXZ2},
dinophysistoxin 3 (DTX3) and okadaic acid and their derivatives, included toxins
siructurally relaled fo ckadaic acid, as well as those belonging to the group of
yessofoxing, such as yessotoxin (YTX), 44-carboxyyessotoxin, homoyessotoxin,
45-hydroxyyessotoxin (in agreement with Yasumote T ef al, 1983, Chem Rewv: 93,
1867, Satake et al., 1977, Nat Toxins, 5 107; Ciminiello et al., 2000, Eur J Org
Chem,, 281, included toxins structurally related to yessotoxin.

The maleqular “paiterns” in E-cadherin and immunologically related antigens
observed in cellular exiracls from cultures treated with various concentrations and
cembinaticns of the taxins belonging to the two groups, according to the present
invention are summarized in the following table, which reporis the selative levels of
E-gadherin and immunclegicslly related antigens : '

Table 1
Antigens contro© iY‘J‘X‘ DX [YTX+DTX [YTX+DTX
Ecadherin® [85-100 [40-60 |60-70 |40-80 40-70
ECRAg" 1045 40-60  [0-10 16-50 20-30
ECRAms® [0 nd. 2040 |10-30 10-30
= 100 150-250 |10-20 | 20-100 15-20

In this table the Jevels (") of immunoreaciive antigens bave been expressed as
percentages, as compared to the total immunoreactivity (E-cadherin + ECRA4qq +
ECRAqs) of the sample. Also indicated are the levels {*) of relalive total
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immunocreactivity {£) expressed as perceniages of the total immunoreactivity of the
sample compared to the total immuncreactivity in the conirols. Values have been
abtained at each indicated total toxin concentration: {€} (YTX) < 0.2 nMe / [DTX]
<25 nMg; (1) [YTX] 2 0.5 Mg 7 [DTX] <25 nMe ; ) [ DTX] 2 40 nMe / [YTX]) < 0.2
MM (%) [YTX] 0.2-0.5 nMe / [DTX] 25-40 nie ; (%) [DTX] = 40 nMe / [YTX} = 0.5
nMe,

Thus, the presence of dinophysistoxine and their derivatives or struciurally related
toxing al concentralions higher than 25nMg (expressed as concentrations
equivalent to okadaic acid concentration) in & cellular system is associated with a
typical E-cadherin and related antigens pattern, comprising: &) & decreased E-
sadherin Immunoreactivity; b) appearance of the E-cadherin related antigen,
ECRA:5 c) decreased relalive folal immunoreactivity (Z). The presence of
yessotoxin or its derivatives or structurally related toxins at concenirations higher
thar 0.2 nMe {expressed as concentralions equivalent io yessoloxin) leads fo: d)
dacreased E-cadherin immunoreacdtivity; e) increase in the E-cadherin refated
antigen, ECRAqp; Ty undetectable levels of ECRA42s as measured for instance, by
immuroblotting; ) increased relative total immuncreactivity {Z).

In one of its embodiments, therefore, the invention yields a process suitable for
identifying qualitativaly the presence of dinophysistoxins and yessctoxins present
either separately, or in combination, in a cellular system, or in a sample whose
sortamination is to be determined, by the analysie of the appearance or of the
increase in ECRAmas end EGRAsq antigens and the levels of E-cadherin.
Preferably, this evaluation is carried out with reference to a control, represented by
cells which bave not been freated with toxins, or else have been treated with
vehicie alone, prepared as the sample.

In summary is therefore comprised within the scope of the present invention, any
method useful to detect the levels of E-cadherin and i#s immunologically refated
antigens, andfor to visualize each anligen or to identify one or the ather iypical
pattern as described in table1.

It has been observed that the pattern characteristic far each group of toxins, as
sumrnarized in table 1 and shown in figure 1, is maintained alsop when the two
groups of toxins are present at the same time in the cell cullure, &l concentrations
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higher than 35 nM okadaic acid and 0.4 niv yessotoxin. The present invention,
therefore, a\s'n relates to a process to detect the presence of each of the iwo group
of toxins present either together or separately in 2 cellular system or in & sample
and o identify the belonging group of the toxin.

In a preferred embediment the detection or evaluation is performed after
immunological recognition of E-cadherin and E-cadherin velated antigens
performed in cel extracts prepared from the in vitre cell system, with anti-E
cadherin anfibedies. The analysis is therefore preferably carried out by means of
immunclogical metrods, and even more preferably after fractionation of celiular
extracts.

Cther methnds recognizing  the maolecular species E-cacherin, ECRAsss and
ECRAw0, can be used and are comprised withln the scope of the present
invention, such as biochemical methods fo evaluate characteristics other than
immunological of the E-cadherin and related antigans: ECRA 35 and ECRA0.

The changes in the levels of E~cadherin, ECRA g0 and ECRAss are proportional to
the toxin concentrations utilized, and indeed, the presence of yessotoxins in a
cellular system leads to an increase in ECRAqq levels (as observed in extracts
prepared from trealed celis), reaching 60% of total immunoreactivity {E-cadherin +
ECRA435 and ECRA4g), as compared to control cells not treated with the toxin
{and under thase conditions, the ECRAs3s antigen is undetectable), whereas the
presence of dinophysigtoxin in the sample is associated with the appearance of
ECRA.z5, whose level can account for up ta 40% of total Immunereactivity, as
compared to control celis which are not treated with the toxin, and ECRAqq0 Is
gither absent or represent less than 10% of tolal immunoreaciivity. Within the
scope of the present invention, the term “total immunareactivity” indicates the sum
of the immunoreactivity due to E-cadherin, ECRA+5 and ECRAq in any specific
sample, measured, for instance, by densitometric analysis of an eleciropherogram.
The term “relative total immunoreactivity” (E}, in turn, indicates the percentage of
the total immunoreactivity of any sample ebtained from treated cells, as compared
to that of controls, represented by cells trested with vehicle alone or untreated
cells.

The present invention, thersfors, akso relates to a process to detect toxing
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belonging to the groups of dinophysistoxins andior yessotoxings, present either
separately or combined in a cell culiure or in a sample, which comprises: a) the
treatment of a cellular system with serial dilutions of the sample and, in parallel,
with increasing concentrations of each regresenialive compourd belonging to
gach of the two group of toxing; b} the construction of standard curves of
immunoreaciivity for the antigens E-cadherin, ECRAss, ECRAqy, and of the
relative total immunoreactivity (£} for each of the two groups of toxins, where the
abovementioned standard curves are constructed preferably using ckadaic acid as
the reference compound for the class of dinophysistoxins, and yessatoxin as the
reference compounds for the class of yessctoxins, &t okadaic acid concentrations
comprised between 0 and 80 nM for dinophysistoxing, and at yessctoxin
concendrations comprised betwesn 0 and 10 nM for yessotoxing; c} the
intsrpciation on the standard curve of the foxin concentration corresponding to
value of immunoreactivity of each of the three aniigens and to I {relalive total
immunoreactivity), as measured in the sampie or in the cellular system.

In this preferred embodiment, E-cadhierin, ECRAs and ECRAq0, are delected in
celiular extracts by immunochemical means. They are preferably visualized after
electrophoretic fractionation of cell extracts, transfer of fractionated proteins on a
filter and recognition of antigens by anti-E-cadherin antibedies (by immunoblotting
or Western blofting techniques). Other immunological methods suitable for
selective detection of E~cadherin ahd related antigens may be also used, and are
comprised within the scope of the present invention. Examples of methods which
can be used according to the present invention are: RadiolmmunoAssays (RIA),
Enzyme Linked Immuno Sorbent Assays (ELISA), using monacloral or polyclanal
antibpdies camying or the E-cadherin andfor the ECRA4s andior ECRAwg
speciicity. Other immunological methods known in the art may be also used to
idantify the E-cadherin and related anfigens pattem. Also, any methed suitable for
seleclive recognition of ECRA5 and ECRA,, other than immunological ones,
such as those based upon the biochemical characterization of these prateins, are
corprised within the present invention. The detection and measurement of the
levels of toxins of the classes of dinophysistoxing and yessatoxins, aimed at
ascertaining the contamination of foodstuff, according to the process of the
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presant invention, is particularly useful for seafood, pariicularly for bivalve
molluscs, preferably mussels and scallops, interded for human censurrption, and
can be used as a roulinary assay in monitering programmes aimed at preventing
the commercialization of contaminated material.

In one of its preferrad embodimenis, the process according to the invention
provides, therefore, that the sample, preferably constituted by mussel extracts
prepared aceording to standard processes, comprising a homogenization step in
acelone and a re-exiraction of the residue with diethylether or eihylacetate or
dichlero-methana (as reported in the ltalian G.U. n° 279, novenber 29, 1995, D.M.
Sanita July 31, 18935, or in the Direclive 91/942/EU), here defined as crude
exiracts, preferably further purified, even more preferably purified by extraction
and fractionation by the use of arganic sclvents, is included in the culture vessels,
upon serial dilutions, in the cellular system of choice, as previously defined in
details, and incubated with the cells under their culture conditions {for instance
37°C, 5% CO)} for a time span comprised betwsen 12 and 24 hr, preferably 20 hr.
The cullured tells are then washed a few times with isolonic solutions, such as a
Phosphate Buffered Saline, and are then lysed according 1o methods known in the
art, in the presence of ionic detergents such as, for instance, SDS and scdium
deoxycholate, aptionally associated with non-ionic detengents, such as TritonX-
100, and protease inhibitors, such as, for instance, PMSF, aprotinin. etc. The lysis
procedure is carried out at 4°C, in order to minimize protein degradation in the
samples. Anyway, variations in the cell lysis procedure are easily obtainabla by
one skilled in the art, by infroducing changes in the concenirations of detergents,
the time of ysis, etc, provided that conditions of limited proteolysis are used.

The cellelar lysate is then partially purified, preferably by centrifugation, and
cytoseluble extracts containing the solubilized cefular protsins are prepared. The
cyltoseluble extract can then be treated with sulfhydryl reducing agenis, such as p-
mercaptoethancl (5%} and subjected to total denaturation of proteins by heating
at 100°C in the presence of 2% BDS, as well known in the art. Aliquots of
cytoscluble extracts corresponding fo about 30-50 g tota!) protein, are then
fractionated on the basis of their molecular mass. The fractionation takes place
preforably by electrophoresis using polyacrylamide gels at  concentrations
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comprised between 7 and 12%, preferably 0%, of & mixture acrylamide-
bisacrylamide, under denaturing conditions (SDS-PAGE), preferably in the
presence of sulfhydry reducing agents, according to Laemmli (Leemmli U.K.,
1970, MNefure, 227:680). Other established methods suifable for proiein
fractionation according to their molecular mass, such as capilary electrophoresis
(Manabe T., Electrophoresis, 1899, 20:3116), and gel pemmeation
chromatography (Siegel ot al. Biochem. Bicphys Acta, 1966, 112:346), may also
be used.

The fractionated proteins are then transferred on 8 solid mafrix or = fiter, for
instance & PVCF or nitrocellulose membrane, following methods known in the art,
such as the blolting, the electrobloting, or the capillary blotting. Preferably,
elecirobietting i3 used and the sclid matrix fs then employed for the subsequent
immunological detection with an anti-E-cadharin antibody, according to the
Western Blotting procadure: according te this method, the support matrix carrying
the transferred proteins is probed with the primary anti-E-cadherin antibody
{monocional or polyclonal as such or monospaecific) in an appropriate buffer {for
instance, TBS: 20 mM Tris-HCl, pH 7.5, 150 mM NaCl} preferably containing
CaCl: at concentrations comprised between 0.5 and 3 mM, preferably 1 mb,
Preferably, anti-E-cadherin antibodies are monaclonal, such as the anli-E-cadherin
antibody marketed by Zymed Labs. In¢. {clone HECD-1}, used preferably at a
concentration comprised between 1-10 pg/ml buffer, preferably 2ugiml. In any
case, the antibody concentrations and the immunoblotting conditions described
here can be easily modified by ene skilled in the arl, and may be varied according
to the antibody used. QOther primary antibodies can be used, provided they are
anti-E-cadherin antibodies either polyclonal or monospecific or moneclonal, In a
preferred embodiment, the monoclonal antibedy is specific for an epitope located
at the N-terminal part of the E-cadherin molecule.

The primary antibody is then doltected by a2 secondary antibody displaying the
appropriate specificity, which is an ant-mouse g antlbody conjugated with a
detectable moiety, for instance horse radish peroxydase (HRP), alkaline
phosphatasa, biotin, ete. As an alternative, the primary antibody may be directly
conjugated with the label molecule. The detection of bands comresponding to E-
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cadherin, ECRA1s and ECRA.q, is then abtained according to procedures known
in the art, for instance by deveiopment of a chemoluminescent signal according to
the ECL method fram Amersham-Pharmacia.

As an alternative to Western blotting procedures, cytosoluble extracts containing
proteins labelled for instance with radicactive isolopes (such as S or '), can
be probed with the anti-E-cadherin antibody before being electrophoretically
fractionated, for instance according to a RIPA procedure (Radio Immuno
Precinitation Assay), and the molecular mass of iImmunoprecipltated components
can be eventually determined by polyacrylamide ge! electrophoresis.

The relative levals of E-cadherin and related antigens, ECRAqzs and ECRA g, in
the sample, then takes plece by exposure of a photographic film, for instance
Kedak X-Qmat. The elettropherogram is preferably subjected to densitometric
seanning, and the absorbance values measured as the area of the pesks of each
sample, in arbirary unis, is used to quantify the antigens as detected by the
antibody and to determine the values of the tolal immunoreactivity and of the
refative total immuncreactivity (Z). In the case of a simple gualiative analysis, a
visual examination of the autoradiography film allows the direct recognition of the
molecular pattern characteristicatly related to the twe groups of texins. The
analyses can be also carried out by a direct comparison between the compenents
from freated cells and those found in conirols, such as a cellular system which has
not been treated with toxins, or else by the use of molacular mass markers.

The detection procedure according to the invention has the following advantages,
as comparsd to already avasilable methods:

= setectivity, due to the measurement of two distinct molecular antigens (ECRA 35
and ECRAg) representing the response to the fwo different classes of DTX and
YTX toxins, respectively, which aiiows to determine the presence of one of the two
classes of toxins, or both, in a sampie, and fo identify to whigh group the toxin
belongs (gualitative determination)

« simplicity in the execution, 25 both classes of toxing are detected at the same
time by a single assay and one antibody,

» precision, due 10 a precise quantification of a measurable parameter, rather than
0 a subjective and hardly quantifiable evaluation of morphological aiterations,
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= accuracy of measurements, due to the unequivocal characterization of the
measursd molecular parameters (guantitative determination).

According to a further embodiment, the invention also relates to the molacular
antigen ECRAq, which is recognized by anti-E-cadherin antibodies and displays
a mean rmolecular mass of 100 kDa (101.9 + 3.2 kDa) (mean values obtained from
measurements perfoimed by SDS-PAGE according ta Lasmmli U.K. 1870, Natuwre,
227:680, and by interpolation of the relative electrophoretic mobility of the antigen
and those of molecular markers having a known molecular weight, run in parellal
lanes, in particular the B-galactosidase (118 kDa) and Ihe fruciose,6-P kinase (80
kDa) subunits). The present invention also relates to the use of the antigens E-
cadherin, ECRA a5 and ECRAqg to detect the presence, o identify the functional
group to which a toxin belongs related to structural similarities, and to measure the
levels of toxins, preferably to detect the presence and to measure the levels of
toxins of the classes of yessotoxins (YTX) and dinophysistoxins {DTX). Even more
preferably such toxin are: yessotoxin, homoyessotoxin, 45-hydroxyyessotoxin, 44-
carboxyyessotoxin, dinophysistoxin 1, dinophysistoxin 2, dinophysistaxin 3,
okadaic acid, and their derivatives and structurally related analogs.

The invention will be further described in the experimental examples reported
kelow, which do not represent any limitation o the invention.

EXPERIMENTAL EXAMPLES

MATERIALS AND METHODS

Materials. Horse-radish-peroxidase conjugated anfi-mouse |g antibadies and the

reagenis employed for ECL detection were produsts from Amersham-Pharmacia.
Cell cuiture media have been obtained from Life Technologies, and plasticsware
used for cell culture ware from Nunc. Ckadaic acid {ammonium sall) was
purchased from Alexis Corporation. Yessoloxin has been obtained from the
Institute of Environmental Science and Research Limited (New Zealand). The
monoclonal  anti-E-cadherin  antibedy {clone HECD-1) employed in these
experiments was a product from Zymed Laboratories, Inc. The pre-stained
molecular mass markars have been obtained from Sigma. The nitrocellulose
membrane “Protran B83” was fram Schieicher & Schuell.

Cell cuftures and freatments.
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The MCF-7 csll line employad in these experiments has been cbtained from the
European Collection of Cail Cultures (ECACC No: 86012803; CB No: CB2705).
Cells have been maintained at 37°C in an atmosphere containing 5% GOz in Petri
dishes, In & culture medium compessd of Dulbecco’s modified MEM, containing
foetal bovine serum (10%), nonessential aminoacids (1%) and 2 mM glutamine.
Cell treatments have been carried out by adding appropriate aliuots of toxins
from stock solutions prepared with absolute ethancl, and control cultures received
an identical volume of vehicle, Waorking scluticns of the different agenis were
obiained by serial dilutions of stock solutions, represented by 50 M okadaic acid
and 500 uM yessotoxin, respectively, and were stored at —20°C, in glass vials,
protected from light. The eihanol concentrations in culiure media has naver been
higher than 0.5% {w/v), which represents a cencentration uncapable to affect the
molecular parameters measured in these experiments,

The final concentrations of the agents in the culture vessels and the times of
individual treatments are specifled in the description of the results we obtained.
Preparation of cellufar extracis.

The celular extracts employed in the present analyses have been obiained from
the cells adhering to culture vessels at the end of the indicated treatments, and the
procedure was camied out at 4°C. Cells were washed three fimes with 20 mM
phosphate buffer, pH 7.4, containing 0.15 M NaCl (PBS) and were then lysed by
the addition of 25 W of lysis buffer/om?® of culture surface area, and by keeping
cells in contact with this solution for 10 minutes at 4°C. The lysis buffer was
composed of PBS, containing: G.5% (wiv) Na deoxyéhnla’ce, Q.1% (wiv) Na
dodecylsulfate {S0S), 1% (wv) Triton X-100, 0.1 mg/ml phenylmethyl sulfonyl
fAucride (PMSF). Cellular lysates were then cenlrifuged for 30 minutes at 16000xg,
ard the supernatants of this eentrifugation {cytosoluble extracts) were recovered
amd used to measure their total protein content by a colorimetric method, using
bicinchoninic acid {Smith P.K et al., 1285, Anal, Biochem., 150:76). Cytosoluble
extracis were then brought 1o a final 2% 8D3, 5% f-mercaptosthancl and .20%
glycerol concentration, and were treated for 5 min at 100°C, before being used for
protain fractionation by electrophoresis.

Frotein fractionation by polyacryiamide gel electropharesis in the presence of SDS
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(SDS-PAGE) and immunoblotting analysis.

Samples, usually containing the same amount of protein, corresponding to about
50 pg, were subjected fo pelyacrylamide ge! electrophoresis in the presence of
SDS, according to the procedure by Laemmli (Laemml UK , 1970, Nafure,
227:680), using separafing gels contalning 10% acrylamide monomer. At the end
of the elsctrophoresis (running time about 3 hr at 170 Velis), proleins were
electrophorelicaly transferred to a nitrocsllulose membrane {Protran BE3), and
waere then stained with Ponceau S,

Aspecific binding sites on the membrane were then saturated by a 1 hr incubation
al reom femperature with a solution composed of 20 mM Tris-HCI, pH 7.5 at 25°C,
150 mM NaCl (TBS), conigining 3% (wfv) low fat dry milk and 1 mM CaClz. The
membrane was then incubated with TBS sentaining 1% {w/v) tow fat dry milk, 1
mi CaCly, and 2 pg of anli-E-cadherin antbodym! buffer, for 1 br at room
temperature. Al the end of the incubation the membrane was washed four fimes
for 5 min and then a fifth {ime for 10 min with TBS containing 0.05% {wiv) Tween
20 (TBS-Tween buffer). The membrane was then incubated with TBS-Tween
containing 1% {w/v) low fat dry milk and secondary anlibody {horse radish
peroxydase conjugated anti-mouse lg antibody) at a 1:3000 ditution, for 1 hr at
room ternperature. At the end of this incubation, the membrane was washed as
previously described, and ihe antigens were then detected by the ECL procedure
and autcradiographty, using Kodak X-Omat films. The electropherogram was then
subjected to densitometric scanning, and the absorbance measured from the peak
area was recorded and used to quantify the detected antigens.

Reference compounds used in these experiments

Within the ermbediment of these experiments, ckadaic acid (QA) and yessotaxin
(YTX} (see the “Materials” section), have been used as the reference compounds
for the clagses of dinophysistaxine and yessctoxing, respectively {in agreement
with Yasumoto T ef al., 1993, Chem Rev: 83, 1807; Satake et al, 1877, Nat
Toxins, 5: 107, Ciminielo et al, 2000, Eur J Org Chem., 281). The tcxin
concentrations usad are then expressed as equivalents to those two reference
compounds.

Example 1: Changes in the cellular content of E-cadherin and related antigens
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ECRA; ;- and ECRA g, follewing treatment of cells in culture with okadaic acid
{OA) and vessotoxin {YTX).

MCF-7 calls were freatad with 50 nM A, 50 ni YTX, with both agents at a 50 nM
final concentration, or with vehicle {control), for 18 hr at 37°C. At the end of the

treatiment, the cells were used lo prepare cellular exiracts, and 50 pg of proiein
from each sample were fractionated by SDS-PAGE and were sublected to
immunoblotting analysis using anti-E-cadherin antibody.

As it is shown in figure 1, the immunaoreactive material is mainly present as a 126
kDa (126.1 # 4.1 kDa) molecular mass band, in agresment with data reperted in
iterature (Damsky C.H et al.,, 1883, Cel, 34:455), both in control and in the
treatment with okadaic acid, but in this treatment it is associated with the
appearance of ECRAqs (130.3 + 3.3 kDa). After yessotoxin freatment, in turn,
most immunoreactivity is associated with the 100 kDa {101.9 + 3.2 kDa} band,
corrisponding o ECRAqg0, and E-cadhenn Is also detected as a slighily less dark
band . Both ECRA4as and ECRAsq, characteristic of GA and YTX freatment,
respactively, are detected after the double treatment (OA + YTX), together with the
band of nalive E-cadherin.

The densitometric scanning of electropherograms obtained by similar procedures
and under similar expsrimanial conditions has also shown thai: after cell treatment
with vehicle (control) E-cadherin constitutes the major (921 + 54%. n = 6)
component of total immunoreactivity, Sometimes, and following overexposure of
the film, the antigen ECRAqy {E-Cadherin Related Antigen) can he observed as a
minor component. in cel's {reated with 50 nM OA, a net decrease in the reiative
total immunoreactivity (E) is detected, reaching 15.4 + 8.7 % of that detected in the
extracts prepared from contrel cells. After OA treatment, E-cadherin siill
represents the major immunoreactive component (77.6 + 2.3 % of tofal
immuncreactivity), but ECRA445 is detected at & significant extent, accounting for
20.6 + 9.6 % of total immunareactivity, whereas ECRAqn may not be invariably
observed, accounting for 1.8 + 3.1 % of total immunoreactivity. The treatment of
MGF-7 cels with YTX (1 pM} also leads to a change in the relative preportions of
E-cadherin ard related antigens. A 24 hr incubation with this agent, in fagt, leads
to an almost deubling {190 + 32%, n = 4} of relative total immunoreactivity (), as
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compared to controls.  Under these experimental conditions, ECRA4as is
undetectable, whereas E-cadherin and ECRAqy are present at almost the same
leva!, consituting the 52.0 + 1.7 and 48.0 = 1.7 {n = 4} of total immunoreactivity,
raspectively.

Based on the data shown in figure 1 it can be summarized that: OA treatment
induces the detection of an antigen showing an electrophoretic mobility
corresponding 1o 2 molecular mass of about 135 kDa (ECRAqas,) accompanying
the native, endogencus E-cadherin (molecular mass about 126 kDa), whersas in
the same experimantal system, YTX {reatment induces a relative increase in an
aniigen showing an elecirophoratic mobility corresponding to a molecular mass of
about 100 kDa {ECRAa), present at low levels in control cells. These results then
suggest that there is a quantitative refation between the levels of E-cadherin,
ECRAys and ECRAqgq, oh the one hand, and the concentrations of CA and YTX
administered to cultured cells, on the other hand, and also show that the
gualitative changes in the cellular pool of E-cadherin and refated antigens are
maintained aven in the case MCF-7 cells are freaied with both toxins at the same
time.

Example 2. Quantitaiive relationships between the levels of E-cadherin, ECRA3¢

and ECRAwg,_andg the concentrations of OA and YTX administered to culfured
cells.

Cn the basis of the previous findings, experiments hava been carried aut aimed at
the deiection of the minimal QA and YTX concentrations which could induce
changes in the levels of E-cadherin and relaled antigens in MCF-7 cells.

The results obtained 2fter cell treatment with QA are reported In figure 2 and show
that the decrease in the levels of material immuncreactive to the anti-E-cadherin
anfibody we have employed, normalized for the surface area of culiure vesse|
supplying ihe sample we have analyzed, can be detecled when MCF-7 cells are
treated for 20 hr with OA concentrations higher than 10 nM, and it is masimal at
concentrations higher than 75 nM. This decrease in refative total immunoreactivity
{z) is accompanied by A progressive increase in the levels of ECRAs, whose
detection starts when MGF-7 cells are treated with 2030 nM OA, and is maximal
after treatment with 75 nM OA {Fig. 2). MCF-7 cell freatments with QA
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concentrations comprised in the same interval lead to a relative decrease in the
levels of ECRAqpq, which are minimal at OA concentrations higher than 50 nM.
The results reported in figure 2 also show that, under the staled experimental
conditions, the proporlionaity in the assay is kept when the equivalent
concenirations of OA are comprised between 30-75 nM, comesponding to about
25-60 ng OAm!.

This type of analysys has been repeated using YTX, and the data (Fig, 3) show
that an increase in the material iImmunoreactive fo the anti-E-cadherin antibody,
normalized for the sudface area of culture vessel supplying the sample we have
analyzed, is detectable when MCF-7 cells have been treated for 20 hr with about
0.2 aM YTX, reaching maximal laveis ai YTX concentrations equal fo or higher
than 1 nM. The increase in ECRA;q, accompanied by the reduction in native E-
cadherin, appears te be induced by YTX concentrations ¢comprised betwesn 0.2
and 1 nM (Fig. 3), whereas ECRAzs has never been detected after MCF-7 cell
treatment with YTX alone.

The data reporied in figure 3 also show tfhat, under the siated experimental
conditions, the propertionality in the assay is maintained when the equivalent
concentrations of YTX are comprised betwean 0.2 and 0.6 nM, corresponding to

about 240-600 pg YTX/ml.
Exampls 3. Contermperary measurement of the effects of QA and YTX in cultured
cells.

The differences found in the responses induced by OA and YTX, and the
possibility to relate their extent to the concentrations of the agent present in the
supernatant of the celis, have led to check whether MCF-7 cell treaiments with OA
and YTX, contemporary present in the culture medium, would result in the
detection of changes in the cellular pool of E-cadherin and related antigens similar
o those already observed when cells have been treated with the two agents,
separately added to aur experimental systems,

The results outlined in Example t {Fig. 1), showed thai extracts obtained from
MCF-T cells which have been treated for 18 br with OA and YTX, present at the
same time in the culure medium at a concentration of 50 nM, contain measurable
levels of E-cadbertin, ECRAs and ECRA1qn, and that the qualitative afterations in
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the pool of E-cadherin and related antigens which have been induced by QA and
YTX, added alone to cultured cells, are maintained even when MCF-7 cells were
treated with the two toxins added contemporary 1o cultured cells in our
experimental sysiem.

In grder to identify the dose-response relationship for each of the two classes of
forins, even in the presence of the other one, further experiments have been
performed, following the general protocols reported in the preceding examples.
MCF-7 cells were then treated for 20 hr with increasing concentrations of each of
the fwo agents, and either in the presence, or in the absence of an sffective
concentration of the other ageni. Figure 4 reperts the dala obtained when MCF-7
cells have been freated with increasing concentrations of OA, in the presence or
absence of 10 nM YTX, and shows that the increase in the celiular levels of
ECRA3s induced by OA at concentrations kigher than 30 nd is maintained in the
presence of 10 nM ¥TX, but the relative levels of ECRA42; are alinost halved as
compared 1o those measured in the absence of YTX. The low levels of ECRA o
detected in extracts obtained from cells treated with CA (Fig. 2), instead, have not
been observed when the cell incubatien is camied cut in the presence of both OA
and 10 nM YTX, which maintains the relative levels of ECRA4y between 40 and
50% of total immuncreactivity. This effect is accompanied by a relative decrease in
native E-cadherin, whose relative levels are further diminished upon increasing the
OA concentrations added together with 10 nM YTX, reaching about 40% of
relative tetal immunoreactivity (Z) (Fig. 4). Under these experimental conditions,
the levels of total immunoreactivity detected in extracts prepared from MCF-7 cells
ware anyhow progressively decreased afier cell treatments with increasing QA
coencentrations, and the contemporary presence of 10 nM YTX did not appear to
maintain the relative increase in immunoreactivity, even at low QA concentrations
{Fig. 4},

When these experiments have been repeated to anzalyse the effeci of increasing
concentrations of YTX in our experimental system, and in the presence or in the
absence of 50 nM OA, we have abtained results in line with previous data [Fig. 5).
Thus, it was confimned that YTX causes a dose-dependent increase in ECRA a0,

whose levels are reduced by the contemporary presence of OA in the culture
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medium (Fig. 5. I was also confirmed that ECRA35 is undetectable in the
absenge of QA, and that the relative levels of ECRA4 s decrease upon increasing
YTX concentrations (Fig. 5). Furthermore, it was confirmed that the relative levels
of E-cadherin, with regard {o total immunoreactivily, are progressively decreased
by increasing YTX concentrations in the culture medium. When MCF-7 cells were
treated in the presence of 50 nM OA, however, this effect was not detected, and
the relative levels of E-cadherin were mainfained around 70% of total
immunoreactivity, independently of the YTX concentrations employed in the
treatment. Finally, when cells were treated with YTX in the presence of 50 nM OA,
the doubling of the relative total immuncreactivity (Z) induced by increasing YTX
concentrations was not observed (Fig. 5). Under these experimental conditions, in
fact, the levels of refative total immuncreactivity (Z) were maintained at about 20%
of those delecled in unirzated cells, independently of the YTX concentraticns
present during the treatment with 50 nM DA,

On the basis of thase findings, it ean he concluded that the present procedurs
allows the delection of the averall levels of toxic agents belonging to the groups of
YTX and DTX contemporary present in the same sample, with & reasonable
accuracy, and hence the present process overcomes the limils of those which
have been available o measure the abovementioned components in extracts
praparad from contaminated material so far.

Example 4. Alterations in the levels of E-cadherin and related antigens in MCF-7.

cells treated with crude mussel exfracts containing OA and YTX.
Prepatation of crude extracts from mussel hepatopancreas.

Crude extracts have been prepared from uncontaminaied blue mussels (Mitylus
galfoprovincialis) found on the market. The extracts bave been prepared according
to the afficial Italian method (G.U. N. 279, 28 novembre 1995, D.M. Sarith 31
Luglio 1995). The hepatopancreas has been dissected and 25 gr have been
homogenized with 125 ml of acetone, in a Potter-Elvejham homagenizer with a
teflon pestle. The homogenate was filtered on paper and the residue was re-
extracted with 50 ml of acetone and filtration twice. The three exlracts were
combined and acetone was evaporaied at 40°C. The aqueous residue was next
extracted with 50 ml of diethy! ether, and ihe ether solution was collected. The
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aquenus sample was then re-extracted with 50 ml of disthyl eiher twice, and the
three ether exfracls were combined, Ether has then be evaporated, and the
resuliing material was the crude extract fram mussel hepatopancreas.

Analysis of the effect induced by mussel extracts containing OA and YTX on the
fevels of E-cadherin and related antigens in MCF-7 cells..

The aim of these experiments was to ascertain whether OA and YTX can fnduce
alterations of E-cadherin and retated anfigens alsc when toxins ate prasent in
cormplex matrices, such as crude extracts obtained from edible molluscs,
particularly mussels.

To this aim, a crude extract has been prepared from mussels available on the
market, nominally devoid of D3P foxins, which has been spiked by defined
gquantities of OA and/or YTX. The crude exiract, defined here as “originat crude
oxtract’, has thon been oblained as described in the section of Melhods, and has
been employed in the experiment as follows. In the first instance, 1 volume of
onginal crude extract was diluted with 5§ volumes of ethanol:dimetylsulfoxide (1:1),
in order to obtain a solution which could aliow an accurate addition of samples to
cell cultures, minimising, thereby, the chance of erratic volumes. These latter
exiracts, here defined as “diluled crude extracl’, received the addition of QA
andioy YTX at levels comparable o those which are found i samples from
contaminated mussels.

The diluied crude extrects were then added with QA andfor YTX, and three more
exiracts have been cbtained, as specified below:

- diluted crude extract contairing 36 ng of YTX/ul of criginal crude extract {defined
“mussel extract +YTX");

- diluted crude extract coniaining 125 ng of QA/ of eriginal crude extract (defined
“mussel extract + QA™;

- diluted crude extract containing 36 ng of ¥TX and 125 ng of OA/W of criginal
crude extract {(defined "mussel extract +YTX +OA”).

The figure 6 shows the results obtained in MCF-7 cells. The experiment has been
cariied out by using Petri dishes coniaining confluent cells in 5 ml of total culture
medium, The quantity of mussel extract added to the cells was equivalent to 1,3 pl
of original crude extract, containing 50 ng ¥TX andfor 170 ng OA, as indicated.
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The comparison between resulis obtained with samples from control cells and
from cells which have been treaeted with a mussel extract devoid of toxins (mussel
extract, Fig. 6), shows that no gualitative changes in the expression of E-cadherin
and related antigens ie detectable, as a consequence of cel treatment with
axtracts prepared from mussels which were not contaminated by DSP toxins {OA
and YTX). MCF-7 cell treatrent with mussel extracts containing YTX, instead,
caused a nat increase in ECRA. at levels comparable to those of E-cadherin,
leading to an almost doubling of the relative tolal immunoreactivity (E) we have
detected {Fig. 6). Celi treatment with extracts containing OA, in turn, lad to the
detectable appearance of ECRA 45, accompanied by a net decreage in the relative
total immunoreactivity {). Finally, when both toxins were present in the mussel
extract employed in the treatment, both an increase in the levels of ECRAg and
the appearance of ECRAq35 were detected (Fig. 6), accompanied by a decrease in
the relative total immunaoreactivity (Z).

The alterations of E-cadherin and related aniigens induced by OA and YTX, are
then detectable even in the case these toxins are present in complex biological
matrices, such as the crude extracts prepared from mussel hepatopancreas.
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CLAaIMS

1. A process for the gualitative and quantitative determination of toxins belonging
to the group of dinaphysistoxins and yessotoxins in a sample, based cn the
evaluation of the guantity of the E-cadherin protein and of the related antigens,
ECRAx and ECRA;ss In an in vitre cell system treated with said sample.

2. The process according to claim 1, wherein said qualitative datermination
consists of an observation of the cellular content of the E-cadherin protein and
related antigens, ECRAwg and ECRA,zs, in the cell system treated with a sample
whose contamination has to be measured.

3. The process according to claim 1, wherein said guantitative determination
comprises an observation of the changes in the cellwar content of the E-cadherin
protein and related antigens, ECRAq antd ECRAzs, in the cell system ireated
with a sample whose contamination has to be measured, with reference to a cell
system treated with a control.

4, The process according to claim 1 wherein said evaluation is performed after
immunologicai recogniion of E-cadherin and E-cadherin related antigens
performed in cell extracts prepared from the in vitre cell system, with anti-E
cadharin antibodies,

5. The process according to claim 4 wherein said immunological recognition is
performed by technigues chozen in the group consisting of: immunoprecipitation,
immunobletting on a solid phase {(Western-blotting), Enzyme Linked
Immunesorbent Assay.

6. The process accerding 1o clalm 5 wherein said technigue is an immunoblotting
on a solid phase (Western-blotting).

7. The pracess according o claim 1, wherein said toxins belongs to the graup of:
yessofexins and their derivalives and structurally related analogs and to the group
of okadaic acid and its derivatives and structurally related analogs.

8. The pracess according te claim 7, wherein said yessotoxing are chosen in the
group consisting of: yessotoxin, homoyessotoxin, 45-hydroxyyessotoxin, 44-
carboxyyessctoxin

3. The process according to claim 7, wherein said okadaic acid structurally related
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analogs are chosen in the group consisting of: dinophysistexin 1, dinophysistoxin
2, dinophysistoxin 3.

10. The progess according to claims 1-8 further sompiising the fallowing steps;

a) preparation of & sample whose contamination has to be evaluated,

b) incubation of the sample in an in vifro ceVl systemn,

) preparation of cylosoluble extracls of the cell system and fractionation of
the extracts an the basis of the molecular mass of the proteic components,

) recognition of the E-cadherin and related antigens, ECRA4gy and ECRAy35,
by anti-E-cacherin antibodies.

11. The process according to claim 10 wherein said sample is a crude mollesc
axtract.

12. The process according to claim 11 wherein said crude extract is prapared by
axtraction and separaticn with organic solvents,

13. The process according fo claim 10 wherein said cell systern in step b) of the
process s chosen among cell lines expressing the human E-cadherin antigen.

14. The process according to claim 13 wherein said E-cadherin expressing cell
lines are MCF-7, A549, BxPc3.

15. The process acconding to claim 14 wherein the cell fine is represented by
MCF-7 and the time of incubation in step b) of the process is comprised betwesn
12 and 24 hours,

18. The process according o ¢laim 10 wherein said recognition in step d) of the
process s performed by immunoblotting with an anti-E-cadherin antibady.

17. The pracess accarding to claim 16 whersin said antibody is manoclenal,

18. The process according to claim 10 wherein said fractionation in step ¢) of the
process Is performed by denaiuring polyacrylamide gel electrophoresis.

19. The process according to claim 18 wherain said gel is also reducing.

20. The pracess accerding to claims 8-19, wherein said recognition in step d) of
the process is followad by a step &} of estimation of the levels of immuncreactivity
obtained for the antigens: E-cadherin, ECRA.qy and ECRAys,

21. The process according to claim 20 wherein said estimation is carried out by
visual inspection.

22. The precess according io claim 20 wherein sald estimation is carried out by
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the use of densitometric analyses and calculation of the value of total
immunoreactivity and of relative fotal immuncreactivity (T) of the sample.

23. A process for the qualitative and quantitative determination of toxins belonging
to the group of dinophysistoxing and yessotoxing, based on the avaluation of the
guantity of the E-cadherin protein and of ihe related antigens, ECRA and
ECRA433, in an in vitro celi system, according lo claims 1-22 wherein said sample
is @ sea product.

24. Process according to claim 23 whereir said sea product is foodstuff for human
and animal consumption.

25. Process according to claim 24 wherein said product are molluscs.

26. Process according to claim 25 wherein said molivscs are mussels and
scallops.

27. Antigen EGRAqg immunologically related tv  F-cagherin, with a molecular
mass of 100 kDa,

28. Use of the antigens E-cadherin, EGRAg and ECRA;s o detect the presence,
ta identify the belonging group of a toxin and to measure a toxin level in & sample.
28. Use of the antigens according to claim 28, wherein said toxins belong ta the
groups of dinophysistoxing and of yessotoxins.

30. Use of the antigens according to claim 29 wherein said toxins are chosen
among: yessotoxin, homoyessotoxin, 45-hydroxyyessotoxin, 44-
carboxyyessatoxin, dinophysistoxin 1, dinophysistoxin 2, dinophysistoxin 3,
okadaic acid, and their derivatives and struciurally related analogs.
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