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PARIETARIA JUDAICA NS-LTP ANTIGEN VARIANTS, USES THEREOF AND
COMPOSITIONS COMPRISING THEM

DESCRIPTION

Field of the invention

The present invention relates to the fields of the

prevention and the treatment of allergic symptoms

associated with allergens belonging to the non-specific
Lipid Transfer Protein (ns-LTPs) family.
State of the art

Ns-LTPs proteins are small proteic molecules of

approximately 10 KDa that demonstrate high stability, and

are naturally present in all wvegetal organisms studied to

date. In several species they have also been identified
as allergens, as in the case of the Rosaceae Prunoideae

(peach, apricot, plum) and Pomoideae (apple), and

Graminaceae, as in the Urticaceae like Parietaria Judaica
(18-23) .
These proteins are characterized by their ability to

transport lipids through membranes in vitro, an ability

justifying thelir denomination and corresponding to at

least some of the activities exerted in vivo (17).

However, 1in spite of the different functions and of

the heterogeneity of their sequence, ns-LTPs have a

highly conserved secondary structure, comprising four

alpha-helices (separated by loops) and one folded beta

layver arranged in the 5’-3’ direction according to a a-

oa-a-o-B pattern.

This structure is provided by the presence of four

disulfide bridges formed by eight cysteine residues

present in the 4 alpha-helices 1in the fourth loop, in the

folded beta-layer and in the amino-terminal region (cfr.
ref. 29).

In particular:

- a first disulfide bridge connects the amino-

terminal region and the third alpha-helix,

- a second disulfide bridge connects the first
alpha-helix and the third alpha-helix,
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- a third disulfide bridge connects the

second alpha-helix and the fourth loop, and

- a fourth disulfide bridge connects the third
alpha-helix and the folded beta-laver.

These cysteine residues are highly conserved in all

ns-LTPs, and with reference thereto a consensus seguence
can be derived (17).

Despite their high conservation, given the sequence

heterogeneity of ns-LTPs, no notation system for the

residueg forming disulfide bridges wvalid for all ns-LTPs

exlists, though those skilled in the art may easily single

out such cysteines using the knowledge of the state of
the art.

With particular reference to the Parjl protein, and

specifically to the mature Pard1.0102 form, the cysteines
apt to form disulfide bridges are the residues 4, 14, 29,
30, 50, 52, 75 and 91, and the related bridges are
arranged in the order Cys4- Cys52 (first bridge), Cyslé-
Cys29 (second Dbridge), Cys30- Cys75 (third Dbridge),
Cys50- Cys91l (fourth bridge) (12).

Par J1, besides being an ns-LTP, represents,

together with Par J2, one of the major allergens of the

Parietaria Judaica (PJ), a plant whose pollen constitutes

one of the most widespread environmental antigens,

especially in the Mediterranean area (1).

In fact, Parietaria Judaica pollen contains at least
nine allergens with molecular masses ranging from 10 to
80 KDa and different capabilities of binding IgE [1-9].

Thereamong, Parijl, in the two isoform parll.l.2 and

Parj1.0201 isolated from independent genes (10) and Parj2

acquire a remarkable relevance asg major allergens. In

particular these two ns-LTPs  are capable of inhibiting

the majority of specific IgE against Parietaria

allergens, and, upon administration, both have an

immunological behaviour 1in all alike that of the

commercial extracts commonly used (11).
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However, ParJdl and Pard2 do not constitute

the sole ns-LTPs having allergenic properties. Recently,
some gscientific papers describing the characterisation of
new allergenic molecules homologous to the ns-LTPs have
been published (18-23).

Despite sequence heterogeneity, following cross-

reactivity experiments between different ns-LTP allergens

and related produced antibodies, it was demonstrated that

ns-LTP constitute a widespread family of allergens (pan-

allergen) as already described for profilin (19).
However, in comparison with the abundant information
on the structure of this ‘pan-allergen’, exhaustive

information on the localisation of the epitopes for IgE

and IgG therein, as well as in the individual ns-LTP

allergens (Parjl and ParJd2 included) are not available
(11, 12).
As a result of the mechanism 1in charxrge of the

development of the allergic response, and of the verified

role of IgG and IgE therein, the derivation of such a map
would be instead of enormous relevance for the drafting
of a novel therapeutlc approach to these allergic forms
(13) .

In particular, the derivation of molecules with

reduced or even absent IgE binding capability, yet
concomitantly capable of inducing IgG response, and in

particular of IgG4, might be a landmark both from a

therapeutic and a preventive point of view.

Such a molecule would allow immunosuppression of the

T cell response with reduced or even absent side effects.

In fact, to date the therapy of an undergoing

allergy consists in the mere pharmacological cure of the

allergic symptomatology.

A preventive therapy represented by the specific

immunotherapy (SIT) actually consists in the subcutaneous

allergen to the

1 3)

administration of diluted quantities o
patient so as to suppress the specific reaction towards

the allergen.
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The majority of the commercial proteln
extracts used therefor however, are anvhow crude

extracts, mixtures of several components 1n which a

precise standardization of the allergenic component 1S
difficult.

Thus, the SIT strategy can entail the administration

of allergenic components towards which the patient 1is not

sensitive, inducing the secretion of IgEs specific

rowards other components of the extract. Moreover, the

administration of the total allergen entaills the

possibility of side effects which, though with extremely

low occurrence, could even cause anaphylactic shock.

Concerning in particular the Parietaria Judaica,

epidemiological studies have also highlighted a different

distribution of the two major allergens in the human

population (12 millions of affected subjects in the

pa=

Mediterranean area) where, approximately 20% of the PJ

allergic patients do not exhibit a concomitant presence
of IgE specific against both allergens. Therefore, an
administration of total or partially purified crude
extracts could entail an administration of  major

allergens to which the patient is not allergic.

Hence, the use of recombinant molecules, allowing a
patient customized diagnosis and therapy, could represent

a valid alternative to the traditional use of crude

extracts.

In particular, the characterization and  the

development of alternative molecules with reduced side

effects, i.e., having a reduced or absent interaction

with the IgE while maintaining the capability of binding

the IgGs (in particular the IgG4) with respect to the
wild type and therefore the capability of

p—

immunosuppressing the T response, could allow to

implement an alternative approach overcoming the

disadvantages inherent to the traditional approach.
Such ar alternative molecule with reduced

anaphylactic capacity were in fact sought Dby producing
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crude formaldehyde- or glutaraldehyde- polymerised

extracts (16).
Although effective, as demonstrated by clinical

trials, these modified molecules have proved however to

5 present the abovedescribed disadvantage of a difficult

astandardization of the extracts.

Following the advent of genetic engineering both

recombinant allergens immunologically similar to the

native allergens (14 and 15), and recombinant allergen

10 having instead a reduced allergenic activity with respect

to the allergen wild type (thererore therapeutically

suitable as a substitute of the latter), have been

derived in a pure foxrm.

None of such a mutant have not however been derived
15 with particular reference to the ns-LIPs allergens.

SUMMARY OF THE INVENTION

An object of the present invention is a variant of

an allergen belonging to the ns-LTP protein family,

specifically a hypoallergenic variant of a complete

20 allergen or fragment thereof of the ns-LTD protein

family.

In particular object of the invention is a variant

of an allergen belonging to the ns-LTP family which lacks

2t least one of the four disulfide bridges constituting

25 the structure of said allergen.
A first advantage of the variant of the present

invention is that with respect to the native allergen it
has a reduced or even absent capability of binding IgE,

having concomitantly an intact capability of binding IgG

30 of the said subjects.
This differential binding capability is particularly

enhanced in the variants wherein such a missing bridge be

Tocalized in the amino-terminal region of the allergen at
the domain alpha-helix 1- loop 1- alpha-helix 2, as they
35 have a particularly reduced Ighk binding activity,

especially in the variants lacking at least two disulfide

bridges.
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In case such a variant be lacking three, or

211 four, of the disulfide bridges of the native

allergen, the relevant IgE binding activity is reduced up

to be substantially absent. Such a variant constitutes
accordingly a preferred embodiment of the invention.

The relevance of such a differential binding

capability of the wvariant of the invention lles 1in that

according to the role of the two immunoglobulins in the

molecular mechanism of the allergic response evidenced 1in

the above paragraph, it turns out in molecules, that

although immunogenic have a reduced or absent

allergenicity.

Variants of the invention which mainly maintailn most

of amino acid sequence of the wild type allergen, and has
accordingly substiantially the same length of the said

allergen, constitute in this connection a preferred

embodiment of the invention.

In particular variants consisting of a mutein 1in
which at least one of the cysteines constituting said
disulfide bridges is deleted, or substituted with an
amino acid residue not capable of forming disulfide
bridges, are preferred.

In this latter case, the substitution of the

cysteine residue with serine or alanine, as amino acids

tested compatible with the ns-LTP oa-o-o-a-p structure,

proved particularly effective.
The embodiment related to wvariants of the major

allergens of Parietaria Judaica is particularly

preferred.

In particular, the Parjl variants, specifically the

Parjl muteins in which the deleted or substituted

residues are the cysteines 4, 14, 29, 30, 50, 52, 75 and
91, and in particular t1:1e variants having a sequence
selected in the group comprising the sequences reported
in the sequence listing as SEQ ID NO: 4, SEQ ID NO: 6,
SEQ ID NO: 8 and SEQ ID NO: 10, are especially relevant.

LAl
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Object of the present invention 1s also a

polynucleotide coding for the wvariants of the present
invention, in particular for the above indicated muteins,

and specifically the polynucleotides comprising a

sequence selected in the group comprising the sequences

reported in the sequence listing as SEQ ID NO: 3, SEQ ID
NO: 5, SEQ ID NO: 7 and SEQ ID NO: 9, as well as the
vectors comprising them.

In the light of what set forth above, object of the

present invention are also any of the above mentioned

variants for use as medicament or as a diagnostic agent,

and in particular for use in the treatment and/oxr the

prevention and/or the diagnosis of the allergic form

assocliated with an allergen belonging to the family of

ns-LTP proteins, (this 1n light of the pan-allergen

characteristic verified for the ns-LTP allergens), in

particular to the allergen corresponding to said variant.

In the specific case, hereto disclosed by way of

example, of major allergens of Parietaria Judaica showing

B

an uneven ability to stimulate serum IgE production in

allergic patients, a specific diagnosis for the
individual allerxgen may be attained using the variants of
the invention, e.g., as follows: initially the
recombinant version of each native molecule (parJdl and

Parj2) 1is used for a specific diagnosis of the allergy by

skin prick test. Patients sensitive to one of two

allergens can then Dbe analyzed for positiveness to the

individual allergen variants to which they tested

positive in order to highlight negatively testing

variants. Then, such variants can be administered in

substitution of commercial protein extracts developing an

allergen-specific immunotherapy. Further modes of employ

for diagnostic as well as therapeutic ends are anvhow
derivable by those skilled in the art 1in light of the

knowledge of the state of the art.

Object of the ©present 1nvention 1s also a

pharmaceutical composition comprising a therapeutically
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effective quantity of at least one of the variants,

or a polynucleotide or a vector among the above mentioned

ones, and a pharmaceutically acceptable carrier, as well

as all the matter compositions comprising at least one of

the above mentioned molecules and one carrier chemically

compatible therewith.

This pharmaceutically and/or chemically acceptable

carrier can be any one carrier known to the art as

sultable 1n pharmaceutical or matter compositions

containing the molecules like the above mentioned ones,

therefore in particular peptides and conjugates and/orx

oligonucleotides in any form, in particular in solid and

gt

in liquilid form; an example of composgition in ligquid form

18 provided Dby compositions whose carrier is water,

saline solutions, like, e.g., solutions containing NaCl
and/or fosfate, or other solutions containing buffer
molecules.

A still further object of the present invention is a

kit for the derivation  of a subject-customised

allergogram, for an allergic form associated with an ns-

LTP allergen comprising

- a first composition comprising said ns-LTP
allergen in native form together with a chemically and/or
pharmaceutically acceptable carrier;

- at least one composition comprising a single

variant of said ns-LTP allergen as abovedescribed and a

chemically and/or pharmaceutically acceptable carrier;

said allergogram being derivable contacting said

compositions with immunoglobulins of said subject and

observing the effects thus obtained.

embodiments in which

Particularly preferred are the

p_ W

the kit comprises, besides said first composition, a

S

number of compositions each comprising a single variant

of said ns-LTP allergen, equal to the number of wvariants

of saild ns-LTPs allergen and that in which said allergen

e

is a Parietaria Judaica allergen, specifically ParJdJl (in

any one form thereof) or ParJdJ2 (in any one form thereof).
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In particular such compositions can be

contacted with immunoglobulins by ‘skin prick test’ 1in

vivo, or on patient’s tissues 1like, e.g., blood, in

vitro. Other modes of employ of the kit of the present

invention to diagnostic ends are derivable Dby those

skilled in the art in light of the knowledge of the state

of the art. The invention will be better described with
the aid of the attached figures.
DESCRIPTION OF THE FIGURES

Fig. 1 reports the amino acid sequences of the

native Par J 1.0102 and Par j 2.0101 aligned therebetween

and with respect to the three-dimensional structure

rhereof. The notation of the amino acids relates to the

sequence of the Par j 1.0102.
Fig. 2 shows the amino acid sequences of the Par j
1.0101 and of some ns-LTP proteins aligned thereamong.

The arrows indicate the disulfide bridges present in the

three-dimensional structure of the proteins. The amino

acids are indicated in one-letter code. The Cs reported

in the last row of the table indicate the cysteine
residues conserved in all proteins of the ns-LTP family.
Fig. 3 reports the schematic representation of the

pheimy

mutants of the major allergen of the Parietaria Judaica

Par j 1.0102, the sequence thereof being reported in the
sequence listing as SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8 and S:

one-letter code. The underlined amino acids indicate the

Q ID NO: 10. The amino acids are reported 1in

L1l

mutations effected in the native sequence. The arrows

indicate the disulfide bridges.

Fig. 4 reports in panel A the Western blot analysis

results showing the IgE binding activity of the rParjl

and its disulfide bond variants by using a pool of sera

(n=30) from monosensitive P37 allergic patients.

Panel B shows a Coomassie Brilliant Blue staining of

the recombinant proteins used.

In both panels on the first lane the result referred

to the native Par j 1.0101 is reported; on the second
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lane the result referred to the mutant PJjA is reported;

on the third lane the result referred to the mutant PjB

is reported; on the fourth lane the result referred to

the mutant PjC is reported; and on the fifth lane the

result referred to the mutant PJ]D is reported.

Fig. 5 shows in panel A the outcome of a Western

—

Blot analysis on a pool of sera from PJ allergic

3

patients, aimed at demonstrating the IgE binding

capability (activity) of some mutants of the present

invention extensively disclosed in example 3.

B

~he native

On the first lane the result referred to
Par j 1.0101 is reported; on the second lane the result
referred to the mutant PjA is reported; on the third lane

the result referred to the mutant PJjB i1s reported; on the

fourth lane the result referred to the mutant PjC 1is

reported; and on the fifth lane the result referred to

the mutant PjD is reported.

In panel B the outcome of a Western blot analysis on

a pool of sera from PJ allergic patients, aimed at

demonstrating the IgG4 binding capability of the same

abovedescribed mutants, it also extensively described in
example 3, 1s shown.

On the first lane the result referred to the native

Par j 1.0101 is reported; on the second lane the result

referred to the mutant PJjA is reported; on the third lane

the result referred to the mutant PjB is reported; on the

fourth lane the result referred to the mutant PJC 1is

reported; and on the fifth lane the result referred to

the mutant PjD is reported.

Fig. 6 reports an histogram showing the results of

the ELISA detection experiment carried out using the pool

of sera used in example 3, extensively described on the

example 4. Black histogram indicate results obtained with

allergic sera; dotted square indicated results obtained
with non allergic serum. On the vy axis the optical

density measured and in the x axis the proteins tested

(the rParjl and its disulfide bond wvariants PjA, PJB,
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PiC, and P1D) ) are reported.

Figure 7 shows ten diagram reporting the results of

the ELISA detection carried out using monosensitive sera

from ten Pj allergic patients extensively described on

example 4, each diagram corresponding to a respective

patient.

On each diagram on the y axis the optical density

measured and in the x axis the proteins used (the rParjl

and its disulfide bond wvariants PjA, PjB, PjC, and PjD))

are reported.

On each diagram black squares indicate allergic

sera, white sguares a non allergic sexrum.

Fig. 8 reports an histogram showing the results of
the ELISA detection of the Ig binding activity of a

rabbit polyclonal immune and pre-immune antisera against

rParjl, extensively described on the example 6.

On the vy axis the optical density measured and 1n

the x axis the antigens used (the zrParj]l and 1ts

disulfide bond wvariants PjA, PjB, PjC, and PJD)) are
reported. .

Black squares indicate results obtained on rabbilit
immune, checkered squares results obtained on rabbit
preimmune.

DETAILED DESCRIPTION OF THE INVENTION

The experimental approach that led to the present

16

invention consisted of a mutagenesis strategy aimed at

the targeted disruption of all the disulfide bridges

present in all the ns-LTPs. This in order to generate

molecules with reduced or absent affinity to IgE, vyet

with intact affinity to the other classes of antibodies

apt to compete with the specific IgEs against the native

allergen. The ns-LTPs allergen ParJl, whose sequence and

structure is reported in comparison with Par J2 in figure

1, and in particular the isoform Par j 1.0102 (the

primary sequence thereof being reported in the annexed

sequence listing as SEQ ID NOs:1 and 2), was taken as a

molecular model, to be used for carrying out mutagenesis
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1}

and the subsequent verification of the

bor

cained mutant. In particular,

of site-directed mutagenesis against cysteines 4, 29, 30,

50 and 52, i.e., the cysteines constituting the disulfide

bridges according to the structural model known to the

art.

The results of these experiments demonstrate the

close relationship existing between the three-dimensional

<

structure of the protein and the capability of forming

epitopes for the IgEs, and in particular that the gradual
disruption of the disulfide bridges causes a reduction of
the serum IgEs binding activity thereof, whereas it does

not affect the IgG4 binding activity thereof.

This in light of the Western blot analysis described

in example 3, and in figure 5, in which lanes 2, 3 and 4

(see Fig. 5 panel A) show the reduction of the serum IgEs

binding activity by the mutants of the present invention,

which should be construed as three-dimensional mutants.
In particular, the Cys29-Cys30 mutant (PJjA) shows a
very weak binding band (Fig. 5 lane 2) whereas the Cysb50-
Cys52 mutant (PjB) is somehow still capable of binding
the IgEs (Fig. 5, lane 3). Instead, more remarkable 1s
the result shown by the PjC and PjD mutants (Fig. 5,

lanes 4 and 5) for which no binding to human IgEs can Dbe
highlighted.
Such results have been confirmed by ELISA and IgE

inhibition assays (see examples 4 and 5) where the PJB

was the only variant still able to bind Parjl-specific
IgE antibodies in solution while the other wvariants
exhibited a very low inhibition capacity. The 1loss of
additional disulfide bridges (PjC and PjD) leads to the
absence of any IgE recognition (see Example 4 and Figure

4) .

These results all together show that ns-LTP Parjl

variants lacking of at least one disulfide bridge have a

reduced allergenicity, which 1s even absent 1n the
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variants wherein the lacking bridge is localized
in the aminoterminal region of the allergen at the domain

alpha-helixl-loopl-alphahelix2, in particular when the

lacking bridges are at least two.

The maintenance by these wvariants of an overall

antigenicity that, notwithstanding the reduced or absent

P
—

allergenicity, is comparable or identical to the one of

the wild type allergen, has been shown Dby experiments

wherein binding activity of wild-type allergen and 1ts

variants to antibodies different than IgE, have been

compared.

such experiments are Western Blots carried out using

as antibodies rabbit policlonal antibodies and IgG4 of P]

allergic patients, extensively described 1in examples 6

and 3 respectively.

In these experiments the hypoallergenic variants

generated by genetic engineering presented a simllar

behavior compared to the wild type, with a low reduction
of their binding activity towards the anti-rParjl rabbit
antibodies.

Accordingly, a variant that lacks of at least one

disulfide bridges still contains several protein domains

similar to the native molecule and, although at different

extent, is apt to induce the production of IgG antibodies
(see example 3 and 6). IgE production and/or IgE-mediated

presentation of the allergen, would be prevented by such

“pblocking” antibodies and reducing T cell proliferation
and release of cytokines (25).

The above data have been confirmed also in vivo 1in
particular by Skin Prick Test (SPT) analysis as described

example 7, where the pure recomblnant proteins were

in
tested on ten PJ allergic patients (the same analyzed Dby

ELISA in example 4 and figure 7).
With regard to the single mutants, PJA showed a very

low IgE binding activity and only 3 out of 10 patients

with cutaneous Type I hypersensitivity and a zreduced

wheal area respect to that one induced by wild-type
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allergen. On the contrary, loss of the Cys50-Cys91 and

Cys4-CysS52 bridges seems to have a minor effect since an

IgE binding activity and a positive SPT are still

present. The loss of additional disulfide bridges (PjC

and PjD) leads to the absence of any cutaneous reaction
(see example 7).

These results obtained analyzing individuals
demonstrate the reliability of the above described data

in vitro, and above all that while the disruption of the

disulfide bridges in the amino terminal region (in the

specific case Cys4-Cys52 and Cys50-Cys9l) affect even 1if

mutant, the disruption of all the four bridges (in the
specific case Cys4-Cys52, Cysl4-Cys29, Cys30-Cys75 and

Cys50-Cys91) have a devastating effect on the IgE

recognition, and therefore on the allergenic response.

Accordingly, concerning the development of

therapeutically useful hypoallergenic moleculeg, variants

lacking of three or four bridges, as in the specific case

PyC and PjD mutants, are considered as preferred
embodiments. The above was demonstrated using a pool of

sera as well as a cohort of i1ndividual patients,

indicating that the obtained result is representative of

the immune response of the allergic population.

It is pointed out that although obtained using

specific variants derived Dy mutating the wild type

allergen, these results are in fact not limited to the

said specific variants, neither to the techniques used

for the relevant derivation.

As such results are consequent to the modification

of the three-dimensional structure of the allergen, they

could anyhow have been obtalned by any mutagenesls

allowing the disruption of the disulfide bridges.

Accordingly any variant obtainable by deletion,

y

bstitution and/or the insertion of one or more amino

SU

acidic residue which results in wvariants lacking of at



10

15

20

25

30

35

CA 02421840 2003-03-10

WO 02/20790 PCT/IT01/00471

15
least one disulfide bridge is included 1in the object

of the invention.

The strategy of point mutation has however the

remarkable advantage of allowing the insertion of minimal

variarions at the level of the primary sequence of the

native protein and therefore of generating mutants that

are more likely not to interfere with the variant

recognition operated by the T cells, and above all the

possibility to generate proteins having a high

reproducibility.

Variants having substantially the same length of the

wild type are accordingly considered preferred.
With regard to the techniques used for deriving the
variants of the invention, 1t is not limited to the

genetic engineering ones, as they are obtainable by

techniques like chemical mutagenesis ( formaldhehyde and
gluteraldhehyde) which allow the disruption of disulfide
bridges even in absence of mutations.

The genetic mutagenesis imply however the remarkable

advantage of allowing the generation of proteins having a

high reproducibility, while the, chemical mutants do not

ensure a denaturation pattern constant at  every
preparation. :

Furthermore, as the strategy described herein 1s

independent on the epitope sequence on itself since 1t 1is

hased on the modification of the three-dimensional

structure of the Tgk determinants, the adopted

mutagenesis strategy 1is actually independent Zfrom the

primary sequence of the allergen (and therefore from the

sequence of the specific IgE epitopes) .

for this reason variants of all the proteins with

allergenic activity belonging to the ns-LIP family

(including Parij2), are included in the opbject of the
invention due to the conserved structure (cfr. e. g.s

figure 2 wherein Par J1 sequence ig reported 1in

comparison with the seqguence of other ns-LTPs together

with the placement of the disulfides bridges) .
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In particular variant of the invention 1S

not only any other mutein of the ParJdl allergen or otf

other ns-LTP allergens which, independently from the

mutation carried out (substitution and/or deletion of one

or more amino acid residues) and of the way 1n which such

4 mutation is carried out (e.g., by the above mentioned

techniques), retain a structure equivalent to that oI the

corresponding native allergen lacking at least one

disulfide bridge.

Thus the disruption of the disulfide bridges in ns-

I.TP allergens underlies per se a limited or absent IgE

binding ability of patients allergic to the related

variants.

Moreover, in particular in light to what is known in

rhe art concerning the high conservation of the structure

and the cross-reactivity that have led to the singling

out of the sgo-called ns-LTP pan-allergen (see above)

rhese data are indicative not merely of a suitability 1in
the therapy and prevention of the allergic Iorms caused

by the allergens corresponding to the individual

-

variants, but also in the therapy and prevention of
allergic forms caused by ns-L1P allergens other than
those corresponding to the variants used.

A person skilled in the art can derive on the basis
of his knowledge any information suitable for deriving
uses, compositions and kit described in the summary of
the invention.

witrh the aid of the following examples, a more

detailed description of specific embodiments will now be
given, in order to give a better understanding of the
objects, characteristics, advantages and operating
methods of the present invention.

EXAMPLES

Example 1: Cloning and Expression of Par J 1.0102

I

For the production O the major allergen of

Parietaria Judaica Par j 1.0102 the pQE30 prokaryotic

vector (Qiagen) was used. The latter characteristically
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expresses recombinant proteins fused to a short
histidine tail and inducible  with isopropyl-B-D-
thiogalactoside (IPTG). The histidine residues allow the

purification of the recombinant protein by affinity

chromatography.
For this reason, 1 ng of the P5 clone containing the

processed version of the Par 5 1.0102 (EMBL accession
number X77414), the sequence thereof being reported 1in

rhe annexed seguence listing as ©SEQ 1D NO: 12, was

subjected to 30 cycles of polymerase chain reaction (PCR)

amplification at the following design: 94°C for 1 min,

snoC for 1 min, 72°C for 1 min. The synthetic primer

oligonucleotides P5 forward and PS5 reverse, the sequence
thereof being reported in the annexed sequence listing as
SEQ ID NO:11 and SEQ ID NO: 12, respectively, were used.

The fragment thus generated was fractionated on 1%

agarose gel in I X TBE, extracted, purified and digested
with Bam H1l and Hind III restriction enzymes and cloned

in the Pge30 VECTOR (Quiagen) previously digested with

the same enzyme. The linearized vector and the digested

fragments were incubated for 4 hours at 16° C in presence

1)

igase according to different

of the enzyme DNA

stoichiometric ratios. The reaction mixture wag then
transformed in the bacterial atrain M15. The recombinant

clones were sequenced with the method of Sanger and the

nucleotide sequence thus determined demonstrated that the

DNA fragment inserted into the pQE30 vector was identical

ro that known in the art (10).

Example 2: Cloning and expression of conformational

mutants of Pard 1.0102
PjA mutant (Cys29—>Ser and Cys30—>Ser) was generated

using the Transformer gite-Directed Mutagenesis kit

(Clontech) following the manufacturer’s instruction and

using the oligonucleotide P> (29,30) reported 1in the
sequence listing as SEQ 1D NO: 13 (mapping from
nucleotide 88 to nucleotide 105) and the Parjl sequence

as a template. PjB mutant (Cys50—>5er and Cysb52—>Ser) was




10

15

20

25

30

CA 02421840 2003-03-10
WO 02/20790 PCT/IT01/00471

18

generated by PCR using as primers the oligonucleotide

P5(50-52) reported in the seguence listing as SEQ ID NO:

14 (mapping from nucleotide 91 to nucleotide 165) and P5
reverse oligonucleotide and 1 ng of the Parjl clone as a
template. The PCR fragment was digested with Pst I and
Hind ITI restriction enzymes and ligated with the Pst I-

gind TITII linearized plasmid vector containing the Parjl

sequence (expressing the first 31 amino acids of the wild
type Par J 1.0102 allergen). PjC mutant (Cys4—>Ser,
Cys29—>Ser and Cys30-—>Ser) was generated Dby  PCR

amplification using the PJA variant as a template. The

cysteine residue at position 4 was mutated by PCR using
the oligonucleotides P5(triple), the sequence thereof

being reported as SEQ ID NO: 1o, and P5 reverse.
After purification, PCR fragment was digested with

Ram HT and Hind III enzymes and cloned in the pQE30

vector previougly digested with the same restriction
enzymes. PJD mutant (Cys29—>Ser, Cys30—>Ser, Cysb0—>Ser
and Cys52—>Ser) was generated using the Transformer Site-
Directed Mutagenesis kit (Clontech) following the
manufacturer’s instruction and using the synthetic
oligonucleotide P5 (29,30) reported 1in the sequence
listing as SEQ ID NO: 13 and the PJBR wvariant as a
template. All clones were sequenced with the method of
Sanger (24) and the mutations and the open reading frames
confirmed (See Fig.3 for details).

With this process 4 independent mutants, hereinafter
designated PjA (SEQ ID NO: 3 and SEQ ID NO: 4); PJB (SEQ
ID NO: 5 and SEQ ID NO: 6), PjC (SEQ ID NO: 7 and SEQ ID
NO: 8), and PjD (SEQ ID NO: 9 and SEQ ID NO: 10) were

Lt]

isolated.
Example 3: purification of recombinant proteins

evaluation of the relevant capability of binding IgE of

allergic patients
35 10 ml O/N culture of the recombinant clones (NM15

strain, Quiagen) were then used Ior an inoculation in 400

ml of 2¥YT broth (Bacto-tryptone 16 gr/l, Bacto-yeast 10
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gr/l, NaCcl 5 gr/l, pH 7,0) containing ampicillin and
kanamycin at a final concentration of 100 ugr/ml and 10
ugr/ml, respectively.
A 1:40 dilution was grown for 1 hour at 37°C and,

5 after that, induced with 1 mM isopropylthio-P-galactoside

g—

for 4 hours at 37° C. Cells were harvested Dby

centrifugation and the recombinant proteins purified by
using the His Trap kit (Pharmacia) following the

manufacturer’s instructions. Recombinant proteilns,

10 binding the HiTrap chelating column, were eluted using a

buffer containing: 20mM phosphate buffer pH7.4. 0,5 M
NaCl, 8 M UREA and 500 mM imidazole; fractions were
analysed by 16% SDS-PAGE and Coomassie Brilliant Blue

staining. Fractions containing the purified protein were
15 rhen diluted 1:100 in a buffer containing 20mM phosphate
buffer pH7.4. 0,5 M NaCl and 20 mM imidazole to allow

refolding of the protein, reloaded on the His Trap column

and eluted with a buffer with no denaturing agents (20mM
phosphate buffer pH7.4. 0,5 M NaCl and 500 mM imidazole).

20 Recombinant proteins  were then desalted using a

centrifugal filter device (Centriprep, Millipore) and
analysed for their capability of binding human IgE from
Pi allergic patients Dby Western blot as previously
described (12), using a pool of sera (n=30) of PJ

25 allergic patients which did not receive any specific

-immunotherapy.

This analysis showed that the PJjB mutant was st1ll

capable of binding human IgE while the PiA mutant retains

only a weak IgE binding activity. The P§C and PJjD mutants

30 did not show any IgE binding activity suggesting that the

IgE recognition was dependent on the three-dimensional

folding of the protein (Fig.4 Panel A).

After that, membranes were stripped and reprobed

with a His-tag specific reagent (INDIA™ Hisprobe-HRP,

35 Pierce,USA) to check that the IgE-allergen complex was

prot
et

specific for the recombilnant fused proteins. The

concentration of the recombinant proteilns was determined
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by densitometric analysis of SDS-PAGE gels stained

with Coomassie Brilliant Blue (see figure 4 panel B).

As a confirmation of this experiment another Western

blot carried out using IgE and IgG4 of allergic patients.
5 Then, the proteins purified were fractionated on 16%
PAGE-SDS and transferred on nitro-cellulose thanks to a

Dry-blot system (Millipore). The membrane was incubated

for 12-14 hours with a pool of sera from Pj allergic

patients (1:5 dilution) in PBS-tween. The protein-human
10 1g

respectively a secondary anti-Ig:

| W——

. and IgG4 binding complexes are highlighted using

L]

and anti-IgG4

antibodies conjugated to radish peroxidase. Thus, the
complexes are highlighted using a chemioluminescence
system (Super-signal, Pierce). The relevant results are

15 reported 1in figure 4.

Example 4: Elisa detection
The same pool of allergic sera from non-sensitive PJ
allergic patients used in example 3 has been used in an
ELISA experiment, showing the IgE binding activity of the
20 rParjl and its disulfide bond variants. A non allergic

subject has been tested as a negative control on the
ELISA,

The results confirm the pattern of reaction of the

experiment of the example 3 (Fig.4 Panel A) with the PjB
25 variant reacting in a way comparable to the wild-type
allergen. A non allergic serum 1s shown as a negative

control (Fig.6).

The IgE binding activity of the four Parjl disulfide

bond wvariants was also tested by ELISA using sera from

30 ten monosensitive Pj] allergic patients. Analysis of

single sera showed a remarkable homogeneity of the
reaction. In particular, the Cys4-Cys52 and Cys50-Cys9l
bridges did not influence the allergenicity of the
protein since this mutant (PjB) showed an IgE binding

35 activity comparable to the wild-type allergen. On the

other hand, the Cysl4-Cys29 and Cys30-Cys75 bridges seem

Lol

to be crucial for the IgE recognition. All the wvariants
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lacking those two bonds (PJA, PjC and PjD)
presented 1low or even absent IgE binding activity.

(Fig.7)
ELISA detection has been performed by adding 200 pl

5 of a solution containing 5 ug/ml of antigen in coating

puffer (sodium carbonate buffer pH 9,5) to each well of

polystyrene plates overnight at room temperature. After

several washing steps (1XPBS, 0.1% Tween 20) plates were

saturated with a solution containing 5% BSA, 0,5% Tween

10 20 in coating buffer. After washing, 200 pl of serum (1:5
dilution) from P3j allergic patients or from a non

allergic subject were incubated for 4 hours at room

temperature. Bound IgE antibodies were detected with a

goat antihuman TgE-HRP conjugate (Biosource

S

15 Tnternational) diluted at a concentration of 0,5 ng/ml in

1XPRS, 0,25% BSA, 0,1% Tween 20 for 1 hour at room

temperature. After several washes, colorimetric reaction
was developed by adding 0,2 ml/well of substrate solution
(0,4 mg/ml o-phenylendiamine in 0,1 M citrate buffer).

20 Optical density was read at 455 nm in a BIO-RAD

microplate reader.

Example 5: IgE inhibition assay
In order to investigate whether the disulfide bond

variants were able to inhibit the binding of the IgE to
25 the rParjl, increasing amount of each recombinant mutant

were incubated with a pool of sera (n=10) of PjJ

monosensitive allergic patients.
The ability of the Parjl disulfide wvariants ¢to

interact with IgE antibodies was determined by an ELISA

30 inhibition experiment. A pool of sera (1:5 dilution) from

| W

b4 allergic patients was preincubated

ten monosensitive

overnight with increasing concentration of each disulfide

bond variant (0,25-20 pg/ml of protein). The solutions
vere added to the ELISA wells coated with 5mg/ml of
35 rParjl and the ELISA steps were performed as above
described. Percentage of inhibition was calculated

according to the formula: 3= 100-0D,/0DgX100, where ODa
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and ODg represent the optical density read with
the inhibited and non-inhibited pool of . sera
respectively.

The results are reported in the following Table I
Table I: Inhibition of IgE binding

P Jre— — S— S, e - A - S ——,

Protein tested | %inhibition
o rParjl - 3 ~ 95%
B ] PjA B B 16%
- PjB ] _ 85%
B B ~ PjC o B 14%
i ] PjD ) ] 15% |

The data reported in Table I suggests that all the
variants lacking, at least, Cysl4-Cys29 and Cys30-Cys7/>5

g
pnagt

disulfide Dbonds exhibit a comparable low level of

inhibition (about 15%). On the contrary, the PjB variant
(CysS50—>Ser and Cys52—>Ser) showed a high percentage of
inhibition retaining a substantial ability of binding
human IgE (about 85%) .
Example 6: Rabbit policlonal binding activity
Rabbits were immunized by PRIMM srl (Milan, Italy)

using the rParjl allergen. As a control, rabbit
polyclonal antibodies were analysed on a Western blot
using a Parietaria judaica crude extract detecting a band

of about 14000 Da corresponding to Parjl native molecular

weight. ELISA plates were coated at the same conditions

as above described, with the wild-type Parjl and with

equal amount of each recombinant disulfide bond variant,

were probed with an anti-rParjl specific polyclonal serum

to analyse their binding activity.
Rabbit preimmune and immune sera were diluted at a

concentration of 6 ng/ml and 200 pl of these solutiomns

were incubated at room temperature for 1 hour. Wells were

wacshed three times in 1XPBS, 0,1% Tween 20 and bound

antibodies were detected using a donkey antirabbit Ig HRP
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linked (Amersham) at a 1:1000 dilution.
Colorimetric reaction and optical density were performed

as above described.
The data obtained suggest that the PjA, PjB and PjC

variants show a similar behavior exhibiting a slight

reduction of their binding ability (about 10%) compared

to the Parjl binding. The PjD variant showed a reduced

-y

binding activity (about 20%) while the preimmune serum

did not show any reactivity towards the proteins (Fig.8).

Example 7: Skin Prick test experiments with purified

muteins

Ten patients, with a c¢lear history of Parietaria

Jjudaica allergy and with skin prick test (SPT)

monogensitivity to Pj commercial extract, were analysed
in this study. All the patilients did not «recelve
immunotherapy against Pj pollen and were not receiving
glucocorticosteroid treatment. Allergens were used at
lug/ml concentration diluted in 0,9% NaCl. About 20 ul of
the test solution was placed on the forearms at a
distance of more than 2.5 cm between each prick. All
tests were performed in duplicate. Histamine was used as
positive control and 0,9% NaCl solution as a negative
control. Reactions were measured after 20 min. By
comparison with the wheal area generated by histamine
(100%), positive SPT were divided in three classes: 4+
were assigned to SPT with an area = 100% of area induced
by histamine; 3+ were assigned to an area =280-100% and 2+

to an area = 50-80%. Two non-allergic patients (P.C. and

D.G.) were tested as negative controls. Each subject was
informed by the investigators and signed informed consent

before the test.

All patients showed a positive cutaneous reaction to

the rParjl allergen. PjB was capable of inducing Type I

immediate hypersensitivity in 9 out of 10 of the tested

—

patients. PJjA gave positive reaction in 3 out of 10 ot

the patients and the wheal areas induced by prick were

reduced in size respect to that ones triggered by the
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wild-type allergen. The PjC and PjD did not give any

SPT reaction. None reactiong have been observed when non
the

allergic tested as in

subjects were reported

following table IT.
Table II: Skin prick test of the rPar J and its disulfide

bond variants

Patient | RParjl PiA P1B PjC PjD
NO ] )
B - — ~ "\
1 ++++ - - - -
2 +++ + + +++ ~ -
3 ) Bk - +++ | - - ]
,.4 N -l:+++u T + 4+ - T
51_ D s ++ +++ | - L -
6 4+ | - ++ -+ - -
7 + 4+ -+ - + 4+ + - -
8 ++++ 1+ +++ - =
_?L ) N ++_+ N = - ++- . s
10 I kA ++ | - =]
P.C. 1 - ] = i N =
p.G. | = i IR —
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SEQUENCE LISTING

Consiglio Nazionale delle Ricerche

ns-LTPS allergen wvariants, uses thereof and composi

comprising them

<130>
<160>
<170>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

15

BX1575R

PatentIn version 3.1

1
420
DNA

Arti:

ficial seguence

Mature Parjl.0102 wild type

CDS

(1) .. (420)

1

caa gaa acc

48

Gln Glu Thr

1

ttc

Phe

gcc

Ala

gct

Ala

gtg cag

06

Val Gln

aaa aga

144

Lys Arg

35

Cgt gag

192

Cys Glu

999

Gly

20

ttg

Leu

999

gac

acc

Ile

act

Thr

gad

Glu

J99

Gly

cag

Gln

Me?

L1

adadad

Lys

Jdag

Glu

aCcC

Thr

gtg aga gcg

Val Arg Ala

gay

Glu

acqg

Thr

40

gcc

Ala

CCg
Pro

25

aag

Liys

Met

10

tca

sSer

acg

Thr

aag

Lys

ctg

Leu

aag

999

Gly

)
®!
1

Thr

999

Gly

ofele

Pro

ca

t!

PCT/IT01/00471

ccg

Pro

cag

30

add

ctg
Leu

15

agc

Ser

gtg

Gln Arg Val

45

| -

CCC

Ser

gac

ASD

atc

Tle

-tions

ccg

Pro

ggc

Gly

CacC

His

gac

ASp
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g99

Gly

65

aag

Val

acg

Thr

att

Tle

50

aaa ctc
240
Lys Leu

ctc ccg
288
Leu Pro

cct cgg
336
Pro Arg

ggc cca
384
Gly Pro

115
aga gtt
420

Arg Val

130

<210> 2

<211>
<212>
<213>

139
PRT

<220>

<223>

<400> 2

Gln Glu Thr Cys Gly Thr Met Val Arg Ala Leu Me

CCC

Pro

caa

Gln

100

Ser

ccg

Pro

Mature P&

agc

Ser Glu

att
Tle

85

CcCcC

Pro

gat

ASp

CCC

Pro

CA 02421840 2003-03-10

55

gag gtc
Val

70

gac

ASpP

caa ctt

Gln Leu

ccc gcc

Pro Ala

ccc gca

Pro Ala

135

Artificial sequence

CCC

Pro

aacC

AsSn

CCa

Pro

cacC

His

120

ccg

Pro

aag

atg

Met

gaa

Glu

rj1.0102 wild type

cac

His

aC

Q

Asp

90

tct

Ser

adad

ctc

60

ggc

Gly

aag

cgt

Leu Arg

Ccgg Ut

Arg

gcc

Ala

1
ct
Q

Leu

taa

PCT/IT01/00471 _

atc

Ile

aCa

Thr

cat

His

gag
Glu

125

gtt gac agc
Val Asp Ser

80

gtt gga gtg
Val Gly Val

95

ggt ccc gtc
Gly Pro Val

110

aga ccc cag

Arg Pro Gln

c Pro Cys Leu Pro
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Phe

Ala

Ala

Gly

65

Val

Thr

Ile Arg Val E

Val Gln

Lys Arg

35

Cys Glu

50

Lys Leu

Leu Pro [k

Pro Axrg

Gly Pro

115

130
<210> 3
<Z211l> 420

Gly Lvys

20

Leu Asp

vVal

Gln

100

Ser

ILle

Ser

Ile

85

Pro

Asp

Pro

Glu

Gly

Gln

Glu

70

Asp

Gln

Pro

Pro

CA 02421840 2003-03-10

Lys Glu

Glu Thr

40

Thr Ala

55

Val Pro

Val Asn

Leu Pro Val Ser

Pro

25

Lys

Met

Lys

Met Agp

105

10

PCT/IT01/00471

15

Ser Lys Gly Cys Cys Ser Gly

Thr Gly

Lys

His

90

Thr

75

Cvys

Leu

Ala His Lys Ala Axg

120

Ala Pro Glu Lys Ala

135

30

Pro Gln Arg Val His

45

Tyr Sexr Asp Ile Asp

60

Gly Ile Val Asp Ser

80

Lys Thr Val Gly Val

95

Arg His Gly Pro Val

110

Leu Glu Arg Pro Gln

125
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<212>
<213>

DNA

Arti:

<220>

<223>

<220>
<221> CDS

<222>
<223>

itution o

<400> 3

Caa

Gln

1

ttc

Phe

gcc

Ala

v

gc

Ala

999

Gly

65

aag

gaa acc
48
Glu Thr

gtg cag
96
Val Gln

aaa aga
144
Lys Arg

35

tgt gag
192
Cys Glu

50

aaa ctc
240
Lys Leu

ctc ccg
288

f Cys 29

999

Gly

20

ttg

Leu

Val

CCC

(1) ..(420)
Coding sequence

CA 02421840 2003-03-10

"icial Segquence

Parj 1 variant PjA

for

and 30 with Ser

999

gac

ASP

atc

ITle

agc

Ser

att

act

Thr

gag

Glu

999

Gly

cag

Gln

gag
Glu

70

gac

atg

Me:

{1

aad

gay

Glu

aCcC

Thx

55

Val

gtg

Val

gay

Glu

acy
Thxr

4 Q

gcc

Ala

CCC

Pro

aa.C

aga gcg

Arg Ala

ccg

Pro

25

atg

Me:

{1

aag

atg

10

tca

Ser

acg

Thr

aag

cacC

His

gac

ctg

Leu

Q)
Q)
{0

Lys

g9

Gly

act

Thr

75

tgc

the mutant of ParJdl pro

atg

Met

999

Gly

ccg

Pro

tat
Ivxr

60

ggc

Gly

aag

PCT/IT01/00471

ccg

Pro

age

Ser

cag
Gln

45

tcc

Ser

atc

Tle

dCa

Cys

agc
Sexr

30

add

Axrg

gac

ASp

Val

ctg
Leu

15

agc

Ser

gty

Val

atc

Ile

gac

Asp

gda

cein by subst

ccg

Pro

9gc

Gly

CacC

His

gac

Asp

agc
Ser

80

gtg
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Lys

acyg

Thr

att

Tle

Leu Pro

cct Ccgg
336
Pro Arg

ggc cca
384
Gly Pro

115

aga gtt
420
Arg Val

130

<210> 4

<211l>
<212>
<213>

139
PRT

<220>

<223>

<400> 4

Gln Glu Thr Cys Gly Thr Me

1

Arti:

Pro

Caa

Gln

100

Q)
Q
T

Sexr

ccg

P1ro

Parjy 1 va

Tle

85

CCC

Pro

gat

AsSp

CcCC

Pro

5

CA 02421840 2003-03-10

Asp

caa

Gln

CCC

Pro

CCC

Pro

Val Asn Met

ctt cca gtc
Leu Pro Val

105

gcc cac aaa
Ala His Lys

120

gca ccg gaa
Ala Pro Glu

135

“iclal Seqguence

riant PjA

Asp

90

tct

Ser

gca

Ala

add

10

ctc

Leu

cgd

Arg

gcc

Ala

PCT/IT01/00471

Lys Thr Val Gly Val

cgt cat ggt

Arg His Gly

ttg gag aga

Leu Glu Arg

125

110

95

CCC

Pro Val

ccc cag

Pro Gln

- Val Arg Ala Leu Met Pro Cys Leu Pro

15

Phe Val Gln Gly Lys Glu Lys Glu Pro Ser Lys Gly Ser Ser Ser Gly

35

20

25

40

45

30

. Lys Arg Leu Asp Gly Glu Thr Lys Thr Gly Pro Gln Arg Val His
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Ala Cys Glu Cys Ile Gln Thr Ala Met Lys Thr Tyr Ser Asp Ile Asp

50 55 60

Gly Lys Leu Val Ser Glu Val Pro Lys His Cys Gly Ile Val Asp Ser

65 70 75 80

Lys Leu Pro Pro Ile Asp Val Asn Met Asp Cys Lys Thr Val Gly Val

85 S0 95

Val Pro Arg Gln Pro Gln Leu Pro Val Ser Leu Arg His Gly Pro Val

100 105 110

Thr Gly Pro Sexr Asp Pro Ala His Lys Ala Arg Leu Glu Arg Pro Gln

115 120 125

Ile Arg Val Pro Pro Pro Ala Pro Glu Lys Ala

130 135
<210> 5
<211l> 420
<212> DNA

<213> Artificial Seqguence

<220>
<223> Parj 1 variant PjB

<220>
<221> CDS
<222> (1)..(420)
<223> Coding sequence for the mutant of Pard 1 protein by subs
titution
of Cys 50 and 52 with Ser
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<400> &5

caa
Gln

1

ttc

Phe

gcc

Ala

gct

Ala

999

Gly

65

aag

Val

acqg

gaa acc
48
Glu Thr

gtg cag
96
Val Gln

aaa aga
144
Lys Arg

35

agt gag
192
Ser Glu

50

aaa ctc
240
Lys Leu

ctc ccg
288
Leu Pro

cct cgg
336
Pro Arg

ggc cca

tgc

999

Gly

20

ttg

Leu

Val

CCC

g

XroO

!

ag

999

gac

Asp

TC

Q)

——

agc

sSer

att
Tle

85

CCC

Pro

gat
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act atg gtg

Thr

gag

—

Glu

999

Gly

gad
Glu

70

gac

AsSp

Caad

Gln

CCC

Met

dad

gag

Glu

acge
Thy

55

Val

gtc

Val

ctt

Leu

gcc

Val

gad

Glu

acg

Thr

40

CcC

0

Ala

CCC

Pxo

aaC

Asn

cCa

Pxro

CcacC

aga

gcg

Arg Ala

ccg

Pro

25

atg

Met

aag

atg

Met

gtc
Val

105

ddad

10

tca

Ser

acg

Thr

aag

gac
AsSp

90

tct

Ser

gca

ctg

Leu

aag

999

Gly

act

Thr

ctcC

Leu

cggd

gdgg

Gly

ofele

Pro

cat -

60

Jgc

Gly

aag

ttg

PCT/IT01/00471

ccg

Pro

cag

Gln

45

atc

Ile

Ca

Q)

Thr

His

Jagd

30

agg

Arg

gac

Asp

Val

gtt

Val

Gly

110

aga

cCtg
Leu

15

agc

Ser

gtg

Val

atc

Ile

gac

AsSp

gga

Gly

95

CCC

Pro

CCC

ccg

Pro

ggc

Gly

CcCacC

His

gac

Asp

agc
Ser

80

gtc

Val

cag
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384
Thr Gly Pro

115

att aga gtt
420
Ile Arg Val

130

<210> 6
<211> 139
<212> PRT
<213> Arti1

<220>

CA 02421840 2003-03-10

Ser Asp Pro Ala His Lys Ala

120

CCg CCC CCc gca ccg gaa aaa

Pro Pro Pro Ala Pro Glu

135

ficial Sequence

<223> Parj 1 variant PjB

<400> 6
Gln Glu Thr

1

Phe Val Gln

Ala Lys Arg

35

Ala Ser Glu

50

Gly Lys Leu

65

——

IYS

Cys Gly Thr Met Val Arg Ala

5

Gly Lys

20

Leu ASp

Sexr Ile

Val Ser

Glu Lys Glu Pro

25

Gly Glu Thr Lys

40

Gln Thr Ala Met

55

Glu Val Pro Lys

70

10

Ser

Thr

Lys

His

Arg Leu

gcc taa

Ala

Leu Met

Lys Gly

Gly Pro

Thr Tyr

60

Cys Gly

75

PCT/IT01/00471

Glu Arg Pro Gln

125

Pro Cys Leu Pro

15

Cys Cys Ser Gly

30

Gln Arg Val His

45

Ser Asp Ile Asp

Ile Val Asp Ser

80
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Lys Leu Pro Pro Ile Asp Val Asn Met Asp Cys

85 90

Val Pro Arg Gln Pro Gln Leu Pro Val Ser Leu Arg

100 105

Thr Gly Pro Ser Asp Pro Ala His Lys Ala Arg

115 120

Ile Arg Val Pro Pro Pro Ala Pro Glu Lys Ala

130 135
<210> 7

<211> 420
<212> DNA
<213> Artificilal Seqguence

Il

<220>
<223> Parjl variant PjC

<220>
<221> CDS&S
<222> (1) ..(420)
<223> Coding sequence for Parj 1 mutant by
Cyvs 4, 2
9 and 30 with Ser

<400> 7

caa gaa acc agc ggg act atg gtg aga gcg ctg
48

Gln Glu Thr Ser Gly Thr Met Val Arg Ala Leu

1 5 10

ttc gtg cag ggg aaa gag aaa gag ccg tca aag
96
Phe Val Gln Gly Lys Glu Lys Glu Pro Ser Lys

PCT/IT01/00471

Lys Thr Val Gly Val

110

o5

His Gly Pro Val

Leu Glu Arg Pro Gln

125

substitution of

atg ccg

Met Pro

ggg adc

Gly Ser

agc

Ser

ctg
Leu

15

agc

Sexr

the

ofele)

Pro
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gcc

Ala

gct

Ala

999

Gly

65

aag

Val

acg

Thr

att

Ile

aaa aga
144
Lys Arg

35

tgt gag
192
Cys Glu

50

aaa Ctc
240
Lys Leu

ctc ccg
288
Leu Pro

cct cgg
336
Pro Arg

ggc cca
384
Gly Pro

115
aga"gtt
420

Arg Val

130

20

ttg

Leu

val

CcCC

Pro 1

Caa

Gln

100

Ser

olele

Pro

gac

Asp

atc

Tle

agc

Ser

att

85

CCC

Pro

CCC

Pro

999

Gly

cag

Gln

gag
Glu

70

gac

Asp

Caa

Gln

CCC

Pro

CCC

Pro

gag

Glu

ACC

Thr

55

Val

Val

acg

Thr

40

gcc

Ala

CCC

Pro

adacC

AsSn

cCa

Leu Pro

gcc

Ala

gca

CacC

His

120

ccg

Ala Pro

135

10
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25

acqg

Thr

o
(—-r
Q

aag

Met Lvys

aag cac

His

gac

M

M

e ASDP

20

tct

Val Ser

105

aaa gca

Lys Ala

gaa aaa

Glu Lvys

999

Gly

act

Thr

ctc

ccg

Pro

Cat
Ty

60

ggc

Gly

aag

Lys

cgt

Leu Arg

-

Arg

gcc

Ala

ttg

Lieu

taa

PCT/IT01/00471

cag

Gln

45

CCC

Ser

acCa

Thx

cat

His

gag
Glu

125

30

agy

Arg

gac

ASpP

Val

ggt

Gly

110

aga

Axrg

gtg

Val

gac

Asp

gga

Gly

95

CCC

Pro

CCC

Pro

CacC

His

gac

Asp

agc
Sex

80

gtg

Val

val

cag

Gln
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<210> 8
<211l> 139
<212> PRT
<213> Arti:
<220>
<223>
<400> 8

Gln Glu Thr

1

Phe Val Gln

Ala Lys Arg

35

Ala Cys Glu

50

Gly Lys Leu

65

Lys Leu Pro

Val

Pro Arg

B

CA 02421840 2003-03-10

icial Seguence

Parjl variant PjC

Ser Gly Thr

5

Gly Lys Glu

20

Leu Asp Gly

Ile Gln

Val Ser Glu

70

Pro Ile Asp

85

Gln Gln

Pro

100

Met Val Arg

Lys Glu Pro

25

Glu Thr Lys

40

Thr Ala Met

55

Val Pro Lys

Val Asn Met

Leu Pro Val

105

11

Ala

10

Ser

Thr

His

ASp

90

Ser

PCT/IT01/00471

Leu Met Pro

Lys Gly Ser

Gly Pro Gln

45

Thr Tyr Ser

60

Cys Gly Ile

75

Cys Lys Thr

Leu Arg His

Leu Pro
15

Ser Ser Gly
30

Arg Val His

Asp Ile Asp

Val Asp Ser

80
Val Gly Val

95

Gly Pro Val

110
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Thr Gly Pro Ser Asp Pro Ala

115

CA 02421840 2003-03-10

His Lys Alec

120

Ile Arg Val Pro Pro Pro Ala Pro Glu Lys Ala
135

130

<210> O

<211l>
<212>
<213>

420
DNA

<220>

<223>

<220>

<221>
<222>
<223>

CDS

Cys 29,

30,

<400> O

Cdd

gaa acc |

48

Gln Glu Thr

1

ttcC

Phe

gcc

Ala

gct

Ala

gtg cag
96
Val Gln

aaa aga
144
Lys Arg

35
agt gag

192
Ser Glu

999

Gly

20

LLg

Leu

agc

sSer

Parij 1 variant

(1) .. (420)
Coding sequence for Parj 1 mutant by

gac

Asp

atc

Ile

act

Thzr

Q

Glu

cag

Gln

ad

P9 D

o)

Artificial Seqgquence

atg gi

addd

gay

Glu

CC

Thr

50 and 52 with Ser

gay

Glu

acg

Thr

40

gcc

Ala

12

ccg

Pxro

25

aad

Lys

atg

tg aga gcg

Met Val Arg Ala

10

tca

Ser

acg

Thr

aag

Ctg

Leu

aag

Lys

gg9

Gly

act

Met Lys Thr

subs:

atg

MetC

0

99

Gly

ccg

Pro

tat

PCT/IT01/00471

125

ccg

Pro

agc

sSexr

cag

Gln

45

tcc

Ser

agc
Ser

30

aggy

Arg

gac

AsSp

ctg
Leu

15

agc

Ser

gtg

Val

atc

Ile

. Arg Leu Glu Arg Pro Gln

-itution of the

cCcg

Pro

ggc

Gly

cac

His

gac

AsSp
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999

Gly

65

aag

val

acg

Thx

att

Ile

<210>
<211>
<212>
<213>

50

aaa ctc
240
Lys Leu

ctc ccg
288
Leu Pro

cct cgg
336
Pro Arg

ggc cca
384
Gly Pro

115
aga gtt
420

Arg Val

130

10
139
PRT

- <220>

<223>

<400>

10

gtc

Val

CCC

Pro

Caad

Gln

100

Q)
0
=

Ser

ccg

Pro

agc

Sexr

Ile

85

CcCcC

Pro

gat

Asp

CCC

Pro

gag
Glu

70

gac

Asp

cCaa

Gln

CCC

Pxro

CCC

Pxro

Parj 1 variant PjD

55

gtc ccc

Val Pxro

gtc aac

Val Asn

ctt cca

Leu Pro

gcc cac
Ala His

120

gca ccg
Ala Pro

135

Artificial Seqguence

aag

Lys

atg

Met

gtc

Val

105

addd

Lys

gaa

CA 02421840 2003-03-10

CacC

Hig

gac -

AsSp

90

gca

Ala

ddad

Glu Lys

tgc
Cys

75

cgg

Arg

gcc

Ala

60

ggc

Gly

aag

{1

Cg’

Arg

ttg

Leu

taa

PCT/IT01/00471

atc gtt gac

Ile Val Asp

aca gtt gga

Thr Val Gly

95

cat ggt ccc

His Gly

110

Pro

gag aga ccc

Glu Arg Pro

125

agc

Ser

80

Val

Val

cag

Gln

Gln Glu Thr Cys Gly Thr Met Val Arg Ala Leu Met Pro Cys Leu Pro

13
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Phe Val Gln

Ala

Ala

Gly

65

Val

Thr

ILle

<210>
<211>

Lys AXg

35

Ser Glu

50

Lyvs Leu

Leu Pro

Pro Arg

Gly Pro

115

Arg Val
130

11
30

Gly

20

Lys

Leu Asp

Ser

Val

Pro

Gln

100

Ser

Pro

Ile

Ser

Tle

85

Pro

AsSp

Pro

CA 02421840 2003-03-10

Glu

Gly

Gln

Glu

70

Asp

Gln

Pro

Pro

Lys Glu

Glu Thr

40

Thr Ala

55

Val Pro

Val Asn

Leu Pro

Ala His

120

Pro

25

Lys

Met

Lys

Me-

L |

vVal

105

Lys

10

Ser

Thr

His

Asp

20

Ser

Ala

Ala Pro Glu Lys

135

14

Gly

Thr

Gly

Pro

60

Gly

Leu Arg

Arg

Ala

Leu

PCT/IT01/00471

sSer

Gln

45

Ser

Ile

Thr

His

15

Ser Ser Gly

30

Arg Val His

Asp Ile Asp

Val Asp Ser

80

Val Gly Val

95

Gly Pro Val

110

Glu Arg Pro Gln

125
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CLAIMS

1. A variant of an allergen belonging to the family

of the ns-LTP proteins, said variant lacking at least one

of the four disulfide bridges constituting the structure

of said allergen.

2. The wvariant according to claim 1, said wvariant

lacking at least one disulfide bridge in the amino-

terminal region of said allergen.

3. The wvariant according to c¢laim 1 or 2, said

variant lacking two of said disulfide bridges

constituting the structure of said allergen.

4. The wvariant according to claim 1, said variant

lacking three, or four of said disulfide | bridges

constituting the structure of said allergen.

5. The variant according to any one of the claims 1

to 4, said variant being a mutein wherein at least one of
the cysteines constituting said disulfide bridges 1is
deleted.

6. The variant according to any one of the claims 1

to 5, said variant being a mutein wherein at least one of
the cysteines constituting said disulfide Dbridges 1is
substituted with an amino acid residue not capable of
forming disulfide bridges. |

7. The variant according to claim 6, wherein sald
amino acid residue is serine or alanine.

claims 1 to 7,

.

8. The wvariant according to any ot

wherein said variant has substantially the same length of

sald allergen.

9. The variant according to any one of the claims 1

to 8, wherein said allergen is one of the major allergens

of Parietaria Judaica.

.

10. The variant according to claim 9, wherein said

allergen is Parjl, and said cysteines constituting the

disulfide bridges are the cysteines 4, 14, 29, 30, 50,
52, 75 and 91.
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11. The variant according to claim 10,

wherein the sequence of sald variant comprises a seguence
selected from the group consisting of the sequences
reported 1n the sequence listing as SEQ ID NO: 1, SEQ ID
NO: 3, SEQ ID NO: 5 and SEQ ID NO: 7.

12. The wariant of anyone of claims 1 to 11

exhibiting reduced IgE binding capability while

maintaining the capability of inducing IgG response.

13. The wvariliant according to any one of the claims 1

to 12 for use as a medicament or as a diagnostic agent.

14. The variant according to claim 13 for use in a

patient customised treatment and/or ©prevention of

allergic form associated with an allergen belonging to

the family of the ns-LTP proteins.

15. The wvariant according to c¢laim 14 which is a
variant of a major allergen of Parietaria Judaica and

wherein the allergic form is associated with an allergen

of Parietaria Judaica.

16. The wvariant according to claims 14 or 15 for use

in the treatment of itch, erythema, edema, wheal, rash
(urticaria) formation, zrhino-conjunctivitis (seagonal
allergies), bronchoconstriction, asthma and anaphylaxis.
17. The variant according to claims 13 to 16 for use
1n preventive specific immunotherapy.
18. The wvariant according to claim 13 for use as
diagnostic agent for patient customised diagnosis of

allergic forms.

19. A polynucleotide <coding for the variant

according to any one of the claims 1 to 12.

20. The polynucleotide according to claim 19,

wherein said sequence of said wvariant comprises a

sequence selected i1n the group comprising-the sequences

reported 1n the sequence listing as SEQ ID NO: 2, SEQ ID
NO: 4, SEQ ID NO: 6 and SEQ ID NO: 8.

21. A vector comprising at least one polynucleotide

according to claim 19 or 20.

22. An use of a wvariant according to any one of the




10

15

20

25

30

35

CA 02421840 2003-03-10

WO 02/20790 PCT/IT01/00471

31

claims 1 to 12, for the preparation of a medicament

for the treatment and/or the prevention of allergic form
associated with an allergen belonging to the family of
the ns-LTP proteins.

23. The use according to claim 22, wherein said

allergen belonging to the family of ns-LTP proteins is

the allergen corresponding to said variant.

24. The use according to claim 22 or 23, wherein

salid allergen is a major allergen of Parietaria dJudaica

and sald allergic form associated with said allergen is

an allergic form from Parietaria Judaica.

25. A pharmaceutical composition comprising at least

one variant according to any one of the claims 1 to 12,

and a pharmaceutically acceptable carrier.

26. A pharmaceutical composition comprising at least

one polynucleotide according to claim 19 or 20, and/or

one vector according to claim 21, and a pharmaceutically

acceptable carrier.

27. A diagnostic agent comprising at least one
variant according to any one of the claims 1 to 12, and a
pharmaceutically acceptable carrier.

28. A kit for the derivation of a subject-customised
allergogram for an allergic form associated with an ns-
LTP allergen, comprising

- a first composition comprising said ns-LTP

allergen 1in native form together with an acceptable

carrier;

- at least one composition comprising a single

variant of said ns-LTP allergen according to any one of

the claims 1 to 12 and an acceptable carrier;
sald allergogram being derivable contacting said

compositions with dimmunoglobulins of said subject and

observing the effects thus obtained.

29. The kit according to claim 28, comprising said

first composition and a number of compositions each

comprising a single variant of said ns-LTP allergen,
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equal to the number Of the wvariants of said ns-LTP

allergen.
10. The kit according to claim 28 or 23, wherein

said ne-LTP allergen 1is Pardl.
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