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Engineering of bovine S1-casein with reduced IgE-binding ability
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S1-Casein is one of the main bovine milk allergens. Its sequential IgE epitopes have been characterized and essential amino acids involved in IgE-binding have been identified. The main objective of the work was to design S1-casein with reduced IgE-binding ability. We used recombinant mutant forms of S1-casein. In these proteins produced in Escherichia coli, critical amino acid residues for IgE-binding were changed. Binding of S1-casein specific IgE from 14 patients with CMA on these recombinant S1-caseins was measured by indirect and by competitive ELISA. For the majority of the patients, mutations reduced significantly IgE-binding to S1-casein. In case of some patients, a suppression of >90% of IgE-binding was achieved. Such mutated recombinant S1-caseins could be useful in the development of cow milk allergy immunotherapies.

Introduction

Cow's milk allergy (CMA) is one of the most common food allergies in infants 1 but most of the patients (80-85%) with CMA achieve tolerance by the age of 3-4 years [START_REF] Skripak | The natural history of IgEmediated cow's milk allergy[END_REF][START_REF] Høst | The natural history of cow's milk protein allergy/intolerance[END_REF][START_REF] Høst | Frequency of cow's milk allergy in childhood[END_REF] . Most allergic patients have allergen-specific IgEs in their serum but no correlation between the level of milk allergens specific IgE and/or the pattern of allergens sensitization was ever observed.

The main allergens in bovine milk are the most abundant proteins: caseins (Bos d8); -lactoglobulin (Bos d5); -lactalbumin (Bos d4) [START_REF] Wal | Bovine milk allergenicity[END_REF][START_REF] Docena | Identification of casein as the major allergenic and antigenic protein of cow's milk[END_REF][START_REF] Natale | Cow's milk allergens identification by two-dimensional immunoblotting and mass spectrometry[END_REF][START_REF] Gaudin | Assessment of the immunoglobulin E-mediated immune response to milk-specific proteins in allergic patients using microarrays[END_REF] . Caseins, which account for about 78% of total protein content of bovine milk, are a mixture of four distinct proteins: S1-, S2-, -, and -caseins (S1CAS, S2CAS, CAS and CAS) in the w/w proportions of 40:10:35:12.

Their immuno reactivities/prevalence differs according to the study. The more consistent values were obtained in case of S1CAS, which was recognized by 40-55% of CMA patients.

S2CAS, CAS and CAS were recognized by 10-90%, 15-40%, and 10-45% of CMA patients, respectively [START_REF] Natale | Cow's milk allergens identification by two-dimensional immunoblotting and mass spectrometry[END_REF][START_REF] Gaudin | Assessment of the immunoglobulin E-mediated immune response to milk-specific proteins in allergic patients using microarrays[END_REF][START_REF] Bernard | Specificity of the human IgE response to the different purified caseins in allergy to cow's milk proteins[END_REF] .

In bovine milk, caseins are mainly associated in a supramolecular structure called "casein micelle". The dissociation of this superstructure leads to the liberation of individual caseins that have very low sequence homology. While they have very distinct primary structures caseins share several features 10 : 1) they are amphiphilic proteins with molecular weights in the range of 19 to 25.2 kDa (169 to 209 amino acid residues); 2) they present high proportion of prolyl residues inducing many -turn structures; 3) they do not contain intermolecular disulfide bonds; 4) they do not adopt any well-defined tertiary structure and are often considered as rheomorphic proteins 10 ; 5) they contain several phospho-seryl residues conferring them the ability to bind divalent cations (especially calcium); 6) they are not glycosylated except CAS, which is intensively O-glycosylated at its C-terminal end.

For each casein, the epitopes recognized by IgE and IgG from sera from CMA patients have been identified by Pepscan approach [START_REF] Chatchatee | Identification of IgE-and IgG-binding epitopes on alpha(s1)-casein: differences in patients with persistent and transient cow's milk allergy[END_REF][START_REF] Chatchatee | Identification of IgE and IgG binding epitopes on beta-and kappa-casein in cow's milk allergic patients[END_REF][START_REF] Busse | Identification of sequential IgE-binding epitopes on bovine alpha(s2)-casein in cow's milk allergic patients[END_REF] . Moreover, by using synthetic peptides, critical amino acid residues involved in IgE-binding to major epitopes of S1CAS 14 , CAS [START_REF] Cocco | Mutational analysis of immunoglobulin E-binding epitopes of [beta]-casein and [beta]-lactoglobulin showed a heterogeneous pattern of critical amino acids between individual patients and pooled sera[END_REF] and CAS 16 have been identified. In the case of S1CAS, patient sera recognize nearly exclusively sequential IgE epitopes [START_REF] Schulmeister | Cloning, Expression, and Mapping of Allergenic Determinants of {alpha}S1-Casein, a Major Cow's Milk Allergen[END_REF] . These epitopes are distributed over the entire S1CAS sequence [START_REF] Schulmeister | Cloning, Expression, and Mapping of Allergenic Determinants of {alpha}S1-Casein, a Major Cow's Milk Allergen[END_REF] . Eight peptides were identified as the major epitopes 14 (Fig. 1) but extensive study with individual sera indicated that in case of some patients, other critical amino acids residues can be involved in IgE-binding to S1CAS 14 .

Promising results obtained in allergen-specific immunotherapy, which is considered as unique specific and curative approach in the treatment of IgE-mediated allergic diseases, make the desensitization to CMA by immunotherapy an interesting orientation for the future treatment of CMA [START_REF] Passalacqua | Oral immunotherapy for cow's milk allergy[END_REF][START_REF] Álvaro | Specific oral desensitization in children with IgE-mediated cow's milk allergy. Evolution in one year[END_REF] . Allergen-specific immunotherapy is not devoid of risks for patients, especially for those with severe reactions. Hence, the development of allergens retaining the ability to stimulate T-cell proliferation but presenting a reduction of IgE-binding is of a great interest [START_REF] Bannon | Engineering, characterization and in vitro efficacy of the major peanut allergens for use in immunotherapy[END_REF][START_REF] King | Allergenic characteristics of a modified peanut allergen[END_REF][START_REF] Rabjohn | Modification of peanut allergen Ara h 3: effects on IgE binding and T cell stimulation[END_REF][START_REF] Li | Novel approaches for the treatment of food allergy[END_REF] . Based on Sampson's group results on synthetic peptides [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF] we designed mutations of critical amino acid residues for IgE-binding to major epitopes of S1CAS, using the full-length S1CAS molecule, and assessed their effects on IgE-binding. The binding of IgE from CMA patients to mutated recombinant S1CAS was measured, as well as to peptides resulting from tryptic digestion of these recombinant S1CAS.

METHODS

Sera. Sera were obtained from 14 patients (Table 1) sensitized to cow milk proteins (milk proteins-specific IgE: 0.43 kAU.L -1 < [IgE] <69.6 kAU.L -1 ). Most of them had CMA diagnosed on the basis of clear history of allergic reaction, positive skin prick test and milk proteins specific IgE assay. Two of them had atopic dermatitis, outgrew their allergy but remain sensitized to milk proteins. Two other showed sensitization to cow's milk proteins with symptoms (rhinitis and conjunctivitis) not necessarily due to milk allergy (polysensitization). Milk proteins-specific IgE concentrations were determined with the Phadia ImmunoCAP System (Phadia SAS, Saint Quentin, France). Additionally, patients were selected on the basis of positive IgE responses against S1CAS as measured by indirect ELISA (Table 1). For competitive ELISA, a pool containing the 14 sera was constituted. The volume of each serum was adjusted according to its S1CAS-specific IgE concentration. With this procedure, each serum has the same contribution in the mix. Sera were collected in the Laboratory of Immuno-Allergology of the Angers University Hospital (CHU) (France) and their use was approved by the internal Ethical Committee of the hospital.

Recombinant wild-type and mutated S1CAS. pET21-S1CAS expression vector allowing the production of wild-type S1CAS (Wt-S1CAS) was a kind gift of Dr. Roger Clegg (Hannah Research Institute, Ayr, UK). S1CAS coding sequence was inserted into the pET21-b expression vector (Novagen, San Diego, USA) between NdeI and BamHI restriction sites. The encoded protein contained an additional N-terminal methionine as compared to native protein.

Two plasmids encoding mutant S1CAS were obtained by site-directed mutagenesis (PCR-based strategy was used). In the first mutant named F6-S1CAS, all amino acid residues crucial for IgE-binding were mutated into Ala as it was done by Cocco et al. [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF] on synthetic peptides (Fig. 1). In the second mutant named F4-S1CAS, the same amino acid residues were mutated into Lys when only one amino acid was essential for epitope recognition or in Lys and Ala when several amino acids were important (Fig. 1).

All recombinant S1CAS were produced in E. coli BL21 (DE3) cells. Recombinant S1CAS were purified under denaturing conditions (6 M urea) as previously described [START_REF] Gangnard | Modifications of the charges at the N-terminus of bovine [beta]casein: Consequences on its structure and its micellisation[END_REF] then analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), reversed phase-high performance liquid chromatography (RP-HPLC) and mass spectrometry (data not shown). The purity of proteins was > 95% and working concentrations were adjusted to 1 mg.mL -1 .

Preparation of native S1CAS. Lyophilized native bovine S1CAS (Nat-S1CAS), purified from bulk milk from Prim' Holstein cows, was a kind gift of Dr. J.-L. Gaillard (Caen University, France). It was diluted in PBS (137 mM NaCl, 2.7 mM KCl, 1.5 mM KH2PO4, 8 mM Na2HPO4, pH 7.4) and its concentration was adjusted to 1 mg.mL -1 by titration with the BCA assay kit (Sigma, St Quentin-Fallavier, France). Purity was checked by SDS-PAGE and RP-HPLC.

Tryptic digestion. Proteins were diluted to the concentration of 2 mg.mL -1 in 50 mM phosphate buffer, pH 8.4, containing 0.02% sodium azide. Trypsin (TPCK-treated from bovine pancreas, Sigma), prepared at the concentration of 1 mg.mL -1 in 1 mM HCl, was added to obtain 1% enzyme/substrate ratio. The mixture was incubated for 24 h at 37°C. RP-HPLC was performed with a Waters (Milford, MA, USA) HPLC apparatus using Symmetry® C18 column (150 x 2.1 mm, 300 Å, 5 µm, Waters), which was equilibrated in solvent A (0.06% trifluoroacetic acid (TFA) in H2O). Elution was carried out at room temperature with a linear gradient from 0 to 60% of solvent B (80% acetonitrile (CH3CN), 0.06% TFA in H2O, v/v). Samples were applied at the concentration of 1 mg . mL -1 . OD was monitored at 220 and 280 nm.

Fluorescent ELISA (F-ELISA). F-ELISA has been performed as previously described [START_REF] Taheri-Kafrani | Effects of Heating and Glycation of β-Lactoglobulin on Its Recognition by IgE of Sera from Cow Milk Allergy Patients[END_REF] .

Briefly, Maxisorp titration plates (Nunc) were coated with either 100 µL of Nat-S1CAS, Wt-S1CAS, F4-S1CAS or F6-S1CAS diluted to 5 µg . mL -1 in PBS. After coating, the plates were incubated with 1:10 dilutions of patients' sera. Bound IgE were revealed with an alkaline-phosphatase conjugated polyclonal anti-human IgE (Sigma) and 4methylumbelliferyl-phosphate (4-MUP). To relate fluorescence intensity to IgE concentrations fluorescence data were analyzed as explained in [START_REF] Taheri-Kafrani | Effects of Heating and Glycation of β-Lactoglobulin on Its Recognition by IgE of Sera from Cow Milk Allergy Patients[END_REF] .

Competitive ELISA. Competitive ELISA was also performed as described in [START_REF] Taheri-Kafrani | Effects of Heating and Glycation of β-Lactoglobulin on Its Recognition by IgE of Sera from Cow Milk Allergy Patients[END_REF] . Maxisorp titration plates (Nunc) were coated with Nat-S1CAS diluted to 5 µg . mL -1 in PBS. F-ELISA was performed except that sera from the individual patients were replaced by a pool of sera pre-incubated in the presence of increasing concentrations of competitor (Wt-S1CAS, F4-S1CAS, F6-S1CAS or by trypsin digested Wt-S1CAS, F4-S1CAS, F6-S1CAS). The experiment was done in triplicate. Inhibition percentage was calculated by using the following formula with Wt-S1CAS as reference protein: [(Signalfluo without inhibitorSignalfluo with inhibitor)/(Signalfluo without inhibitorSignalfluo 100% inhibition)]100.

RESULTS

Design of mutated S1Cas. The main objective of this work was to obtain S1CAS with reduced IgE-binding that could be useful for immunotherapeutic approaches in the treatment of CMA. Two mutant forms of S1CAS were designed (Fig. 1) on the basis of Cocco et al. [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF] data who, using synthetic peptides with mutations spotted on the membrane ("AlaScreen" or "AlaScan") and a pool of sera from CMA patients, have identified critical amino acid residues for IgE-binding to major epitopes of S1CAS. In the first mutant named F6-S1CAS, all crucial amino acids for IgE-binding were mutated into Ala (like in Cocco et al. work) (Fig. 1). In the second mutant named F4-S1CAS, all crucial amino acids for IgE-binding were mutated into Lys when only one amino acid was essential in an epitope or in Lys+Ala when several amino acids were important (Fig. 1 and Table 2). The introduction of lysyl residues allowed introduction of cleavage sites for trypsin. This mutant could be interesting in case of oral administration because trypsin is the most abundant and active protease involved in the intestinal digestion and therefore would rapidly degrade the most active S1CAS epitopes, preventing some possible residual reactions. These two mutant proteins were produced as recombinant proteins in E. coli as well as Wt-S1CAS and purified to homogeneity (>95%) (data not shown).

IgE-binding to wild-type and mutated S1Cas. Specific IgE-binding to Wt-S1CAS, F6-S1CAS or F4-S1CAS was measured by indirect ELISA and compared to the binding to Nat-S1CAS considered as 100% (Fig. 2A). Significance of differences between means was tested by Kruskal-Wallis test. The results indicated that the differences of means observed between Nat-S1CAS (100%) and Wt-S1CAS (68%), F6-S1CAS (26%) or F4-S1CAS (27%) were significant (= 0.05), as well as the differences observed between Wt-S1CAS and F6-S1CAS or F4-S1CAS. The difference observed between F6-S1CAS and F4-S1CAS was insignificant. Comparable and confirming results were obtained by competitive ELISA by using a pool of the sera used in indirect ELISA (Fig. 2B). The standard deviations of the measures are not indicated to make the figure clearer, however, they never exceed 10% of the signal. IC50 were 0.21 µg . mL -1 for Nat-S1CAS, 0.28 µg . mL -1 for Wt-S1CAS, 227.3 µg . mL -1 for F6-S1CAS, and 201.8 µg . mL -1 for F4-S1CAS. These results show identical IC50

for Nat-and Wt-S1CAS on one hand and for F6-and F4-S1CAS on the other hand.

Nevertheless, if 100% of binding inhibition was observed by using Nat-S1CAS, it did not exceed 73% in the case of Wt-S1CAS, and 67% and 62% in the case of F6-S1CAS and F4-S1CAS, respectively.

The examination of the responses of individual patients yielded quite contrast results (Fig. 3). The studied patients sera can be divided into three groups according to their responses to F6-S1CAS. For the first group of sera (3/14) (#507, #528, #575), mutation of amino acid residues crucial for IgE-binding on major epitopes of S1CAS led to a low reduction of IgE-binding (binding > 50%), implying that those patients recognize mainly epitopes qualified as "minor". In this group there was no significant difference between sera responses to F6-S1CAS and F4-S1CAS except in case of one patient (#575) showing well reduced response to F4-S1CAS. This patient probably recognizes also one of the major epitopes, with xLys mutation being more efficient than xAla mutation in IgE-binding reduction. A second group (8/14) contains sera of patients (#503 to #524) with strong reduction of IgE-binding to F6-S1CAS (binding < 50%). This lower binding was associated with higher or equal IgE-binding to F4-S1CAS. Those patients recognize likely S1CAS IgE-binding to trypsin-digested wild-type and mutated S1Cas. As mentioned before, allergens with increased proteolysis susceptibility could be interesting in oral immunotherapy strategies. In F4-S1CAS, nine cleavage sites for trypsin generating additional peptides were introduced in positions 24, 28, 98, 114, 145, 166, 182, 183 and 186 (Fig. 1, Table 2). RP-HPLC chromatograms of Nat-S1CAS, Wt-S1CAS, F4-S1CAS and F6-S1CAS hydrolyzed with trypsin confirmed that introduction of lysyl residues in major epitopes of S1CAS allows their cleavage by trypsin (data not shown).

The effect of addition of trypsin cleavage sites in major S1CAS epitopes on IgEbinding was evaluated by IgE-binding inhibition experiments. Inhibition of IgE-binding to Nat-S1CAS by trypsin digested Wt-S1CAS, trypsin digested F6-S1CAS and trypsin digested F4-S1CAS was followed (Fig. 4) by using the pool of sera previously described.

The standard deviation of measures is not indicated to make the figure clearer, however, it never exceeds 10% of signal. As expected, proteolytic products of Wt-S1CAS, F6-S1CAS and F4-S1CAS showed lower inhibitory ability than whole caseins. Depending on the mutated casein studied, the maximal inhibition was in the range 43-48% when using a high inhibitor concentration (1 mg . mL -1 ). The difference in inhibitory abilities between hydrolyzed and non-hydrolyzed proteins was more pronounced in the case of Wt-S1CAS (Fig. 4). There was no difference in inhibitory abilities between hydrolyzed and nonhydrolyzed F6-S1CAS and F4-S1CAS below 100 µg . mL -1 of inhibitor. Significant differences appeared only above 100 µg.mL -1 . Moreover, hydrolyzed Wt-S1CAS conserved a higher inhibitory ability than hydrolyzed and non-hydrolyzed mutant proteins below the concentration of 100 µg.mL -1 , signifying that non-hydrolyzed F6-S1CAS and F4-S1CAS, at moderate concentrations, are less well recognized by patient IgE than trypsin-hydrolyzed Wt-S1CAS.

DISCUSSION

Comparison of averages in specific IgE concentrations indicated that Wt-S1CAS

(means 68%) is less recognized by the majority of the patients than Nat-S1CAS. This was confirmed by the fact that Wt-S1CAS was unable to inhibit completely (73% maximum) IgE-binding to Nat-S1CAS. Because S1CAS is a rheomorphic protein 10 , with flexible secondary structure showing high plasticity according to the physico-chemical condition, its allergenicity is mainly due to the recognition of sequential epitopes [START_REF] Schulmeister | Cloning, Expression, and Mapping of Allergenic Determinants of {alpha}S1-Casein, a Major Cow's Milk Allergen[END_REF] . Therefore, the reduced IgE-binding observed in the case of Wt-S1CAS is not due to misfolding. Schulmeister et al.

have shown that recombinant S1CAS produced in similar conditions folds with high content in secondary structures [START_REF] Schulmeister | Cloning, Expression, and Mapping of Allergenic Determinants of {alpha}S1-Casein, a Major Cow's Milk Allergen[END_REF] . The observed difference is rather due to differences in the phosphorylation status of Nat-S1CAS and Wt-S1CAS. Nat-S1CAS is phosphorylated on 9 seryl residues (Ser-P) (Fig. 1) but Wt-S1CAS is not phosphorylated at all because posttranslational modifications are absent in its expression host -E. coli. It is possible that the absence of phosphorylation of Ser116 impairs IgE-binding on the major epitope 109-120 (Fig. 1). On the other hand, S1CAS major epitopes were identified using synthetic peptides, which were not phosphorylated [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF] . It would not be surprising that IgE-binding to Nat-S1CAS occurs on some epitopes only when they are phosphorylated. Such epitopes could not be identified using synthetic peptides. Inhibition experiment shows that epitopes present on Nat-S1CAS are absent on Wt-S1CAS. Consequently, it can be assumed that IgE-binding to Wt-S1CAS, which is not phosphorylated, is reduced as compared to that of Nat-S1CAS because some epitopes are only recognized by IgE when phosphorylated. This assumption is also supported by the observations of Bernard et al. [START_REF] Bernard | Post-translational phosphorylation affects the IgE binding capacity of caseins[END_REF] who showed that for some patients, enzymatic dephosphorylation of S1CAS leads to a reduction (sometime strong) of IgEbinding. Our results confirm the involvement of S1CAS phosphorylation in IgE-binding, not for all CMA patients but at least for some.

A strong reduction of IgE-binding to mutated S1CAS as compared to Wt-S1CAS was observed by both indirect and competitive ELISA. As expected, mutation of amino acid residues crucial for IgE-binding greatly reduced IgE-binding to S1CAS. Nevertheless, IgEbinding was not suppressed completely, since about 25% of IgE-binding signal was still preserved. It cannot be excluded that this signal is partially due to the residual IgE-binding to the mutated major epitopes of S1CAS, but it is most likely that it is rather due to IgEbinding on epitopes considered as "minor". If our results confirm that most of the amino acid residues previously identified as crucial for IgE-binding to S1CAS 14 are effectively of great importance, they also highlight the fact that epitopes considered till now as minor should be more taken into consideration because they are recognized effectively by IgE. This is consistent with the findings of Lin et al. [START_REF] Lin | Development of a novel peptide microarray for large-scale epitope mapping of food allergens[END_REF] who used microarray technology to show that peptide (AA 49-62) and of Cong et al. [START_REF] Cong | Identification of the critical amino acid residues of immunoglobulin E and immunoglobulin G epitopes on αs1-casein by alanine scanning analysis[END_REF] who recently found by Pepscan that two peptides (AA 6-20 and AA 55-70), other than those defined by Cocco et al. [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF] , are involved in the recognition of S1CAS by IgE as well.

Our results also demonstrate the large heterogeneity of S1CAS epitope recognition patterns of studied patient sera (Fig. 3). This heterogeneity has been already observed [START_REF] Cocco | Mutational analysis of major, sequential IgE-binding epitopes in [alpha]s1-casein, a major cow's milk allergen[END_REF][START_REF] Schulmeister | Cloning, Expression, and Mapping of Allergenic Determinants of {alpha}S1-Casein, a Major Cow's Milk Allergen[END_REF][START_REF] Cerecedo | Mapping of the IgE and IgG4 sequential epitopes of milk allergens with a peptide microarray-based immunoassay[END_REF] . There was no apparent link between epitopic response of the patients and their clinical symptoms.

The difference in inhibitory abilities between hydrolyzed and non-hydrolyzed proteins showed that, even after trypsinolysis, part of the S1CAS epitopes is still recognized by IgE. Peptides from Wt-S1CAS were more efficiently recognized than those from F6-S1CAS and F4-S1CAS (Fig. 4) confirming the efficacy of mutations to inhibit IgE-binding.

Obtained data indicate that the proteolysis of mutated major epitopes has no additional effect on their recognition by IgE. Mutations are able by themselves to suppress their recognition by specific IgE. The fact that the products obtained by trypsin digestion of F6-S1CAS and F4-S1CAS retain their inhibitory activities above the concentration of 100 -1 shows that minor epitopes, resistant to trypsinolysis, are recognized. These results are consistent with those obtained in the case of non-hydrolyzed caseins.

In conclusion, we have engineered two S1CAS forms showing a strong reduction in IgE-binding. Moreover, the use of recombinant S1CAS and site-directed mutagenesis allowed to confirm: 1) the importance of phosphorylation of S1CAS in its recognition by IgE, which was seen very clearly; 2) the importance of some amino acid residues previously identified as crucial for IgE 14 in the context of full-length S1CAS; and show that: 3) epitopes considered till now as minor take a non negligible part in S1CAS recognition by IgE. Due to their reduced IgE-binding ability, recombinant mutated S1CAS studied in this work could be useful tools in the design of future immunotherapies. Because we did not have the necessary amount of patients sera to perform experiments, their ability to prevent degranulation of basophiles was not done and has to be investigated. The ability to retain T cell activation and stimulate a tolerance immune response remains also to be evaluated.

Abbreviations

CAS: casein, CMA: cow milk allergy, Mr: relative mass, Nat: native, SD: standard deviation, Wt: wild-type (+) and (-) signs refers to the reduction of IgE-binding to F6-S1CAS and F4-S1CAS as compared to the binding on Wt-S1CAS: (-) low binding reduction (<20%), (+) Moderate binding reduction (20%< <50%), (++) high binding reduction (50%< <90%), (+++) complete binding inhibition (>90%).

Legends of tables and figures

Table 2: Predicted epitope-containing peptides generated by trypsin digestion (probability > 70%) of Wt-S1CAS (Wt), F6-S1CAS (F6) and F4-S1CAS (F4).

PeptideCutter tool from ExPASy proteomics server of the Swiss Institute of Bioinformatics was used. 

  major epitopes. Moreover, for most of the patients xAla mutations were more efficient for preventing IgE-binding than xLys mutations. A third group (3/14) contains patients (#522, #523, #559) showing absence of IgE-binding to F6-S1CAS. Those patients likely recognize only S1CAS major epitopes. Nevertheless, in this group, one patient (#522) still recognizes quite strongly F4-S1CAS, indicating that xLys mutation is not equivalent to xAla mutation.

Figure 1 :

 1 Figure 1: Sequences of mature wild-type (Wt) and mutated S1CAS.

  Major epitopes are represented by a straight line and their position indicated. Mutated amino acid residues of Wt-S1CAS are in bold; xAla mutation () and xLys or Ala mutation

  

Table 1 : Patients symptoms

 1 

	A: Asthma; Ana: Anaphylaxis; AD: Atopic Dermatitis; C: Conjunctivitis; DR: Digestive
	Reflux; E: Edema; EIA: Effort-Induced Anaphylaxis; R: Rhinitis; U: Urticaria; V: Vomiting;
	* : outgrew DA but remains sensitized; $ : symptoms not necessarily linked to CMA
	(sensitization); £ : to goat's milk; # : to cow's milk; IgEt: total IgE; IgEMP: milk proteins
	specific IgE; IgES1: Nat-S1CAS specific IgE .

Table 1

 1 N° Age SexIgEt

Table 2 P1

 2 

		= Position 23-36	P4 = Position 134-152
	Wt	FFVAPFPEVFGK	EPMIGVNQELAYFYPELFR
	F6	AAVAPAAEVAGK	EPMIGVNQELAYAAPELFR
	F4	AK + VAPK + AEVAGK	EPMIGVNQELAYK + APELFR
		P2 = Position 92-101 P5 = Position 153-194
	Wt	YLGYLEQLLR	QFYQLDAYPSGAWYYVPLGTQYTDAPSFSDIPNPIGSENSEK
	F6	YLGYAEQALR	QFYQLDAYPSGAWYAVPAGTQYTDAPSFSDAANPAGSANSEK
	F4	YLGYAEQK + LR	QFYQLDAYPSGAWYK + VPAGTQYTDAPSFSDK + K + NPAGSK +
			NSEK
		P3 = Position 107-120	
	Wt	VPQLEIVPNSAEER	
	F6	VPQLEIVPASAAER	
	F4	VPQLEIVPK + SAAER	
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() are indicated. Phosphorylated seryl residues are indicated by an inverted arrow (). The numbering of amino acid residues refers to their position in Nat-S1CAS sequence.