Linear B-Cell epitopes of group 5 allergens from house dust mite are located in the same area, without cross-reactivity between peptides sequences corresponding to linear epitopes of these allergens
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ABSTRACT
Background: Little is known about the cross reactivity between allergens from families 5/21 with similar structure. In this study, we investigated the association between structural similarities and the cross-reactivity between theses allergens.
Methods: We conducted a study of 60 HDM-allergic patients. Specific IgE (sIgE) to Der p 5 from Dermatophagoides pteronyssinus and Blo t 5 from Blomia tropicalis was measured in all patients. By site directed mutagenesis, mutated forms of Der p 5 allergen were generated according to our in silico analysis, synthetic peptides were also used to explain the cross-reactivity between the allergens of group 5.
Results: We showed the co-sensitivity to both Der p 5 and Blo t 5 in our population (Dellys- north of Algeria), single and multiple mutations introduced in the sequence of Der p 5 to mimic Blo t 5 are insufficient to increase the cross-reactivity between these allergens, by using synthetic peptide, we demonstrated that Der p 5 and Der f 5 contains a linear epitope located in the same region as Blo t 5 and Blo t 21, comprising the peptide sequence 90-108. Peptides epitope from Der p 5, Blo t 5 and Der f 5, do not exhibit cross-reactivity between them.
Conclusions: major linear IgE epitopes of Der p 5 and Der f 5 are locate between the second and the third helix included the peptide sequence 90-108, these epitope sequence is formed by specific residues involved in specific-species  recognition. Our results are useful for B-cell epitope–based allergy vaccines for group 5 allergens from HDM.
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Introduction
House dust mites (HDMs) is the dominate source of allergen worldwide (Platts-Mills and Chapman, 1987; Thomas, 2011). Up to 50% of allergic patients are sensitized to HDM allergens (Salo PM, 2008). Several HDM allergens have been characterized regarding their sequences, biochemical properties, structures and their B-cell  epitope  (Platts-Mills et al., 2009; Thomas et al., 2010; Thomas, 2011). 
Dermatophagoides pteronyssinus and Dermatophagoides farinae are a frequent indoor allergen source. Blomia tropicalis is predominates dust mite in tropical regions (Chan 2008) Der p 1 and Der p 2 are two major allergens in D. pteronyssinus with IgE-binding frequencies over 80% (Mueller 2016). Detection of Der p 1 or Der p 2 sIgE is a promising diagnostic tool in the diagnosis of D pteronyssinus IgE sensitization (Yang x 2016, VIDAL 2016).
Group 5 allergens have been isolated from several species of dust mites such as B. tropicalis, D. pteronyssinus and Dermatophagoides farinae (Arruda 95,97 Lin 94 et Cui y 2012). Several studies have shown the high allergenicity of "Blo t 5" allergen  in tropical and subtropical areas, and the importance of allergens Der p 5 and Der f 5 from Dermatophagoides pteronyssinus and Dermatophagoides farinae respectively, in respiratory diseases (Lynch et al., 1997; Thomas et al., 2002; Thomas et al., 2007; et al Kidon ., 2011; Cui et al, 2012). Other allergens from other mites’ species have also been identified: Lep d 5 from Lepidoglyphus destructor and Sui 5 m from Suidasia medanensis (Eriksson et al, 2001; WHO / IUIS / GenBank; Gao et al., 2007).
On the other hand, Gao et al. (2007) isolated a paralogue of Blo t 5 called "Blo t 21". Allergens from family 21 (Blo t 21, Der p 21 and Der f 21) are considered homologous to those of family 5. 

In several study, Der p 5 was shown to play a key role in the risk of asthma in allergic patients (Weghofer et al, 2008b. ; Thomas, 2011; Thomas, 2012,)Significantly higher concentrations of sIgE to Der p 5 were observed in patients with asthma than in those without asthma. Furthermore, Der p 5 is secreted in very small quantities, and the number of mite allergic patients specifically recognizing Der p 5, is disproportionately high compared to the expression level (Mueller 2016) 
Sensitization to B. tropicalis is strongly associated with allergenic diseases (Chew 99, Ferna´ndez-Caldas 93). The group 5 allergen, Blo t 5 is the major allergen whereas Blo t 1 only has modest allergenicity (Chua KY,2007).  The Blo t 5 allergenicity is the same degrees as that of the major allergens Der p 1 and Der p 2 (Kuo et al., 1999; Baqueiro et al., 2006; Chua et al., 2007 ; Chew et al., 2009; Kidon et al, 2011).
 	Some studies have investigated  to the cross-reactivity between allergens from family 5 and their homologos from family 21, Der p 5 and Blo t 5 share 43% identity in their amino acid sequences, and cross-reactivity analysis has shown that these allergens share only a low degree of cross-reactivity and are species specific (Chew 1999, Kuo 2003, Simpson 2003). Caraballo et al. (1998) showed the existence of a strong cross-reactivity between Der p 5 and Blo t 5, unlike other works (Arruda et al., 1997; Chew et al., 1999; Kuo et al., 2003; Simpson et al, 2003) where the cross-reactivity between these allergens is estimated low to moderate, suggesting that the group 5 allergens of D. pteronyssinus and B. tropicalis are species specific. 
Low cross-reactivity was observed between Der p 5 and Blo t 5 and between their homologus Der 21 and Blo t 21 (Weghofer et al, 2008b;. Weghofer et al 2008c;. Gao et al., 2007; Tan et al., 2012). Weghofer et al. (2008b and 2008c) showed weak cross-reactivity between Der p 5 / Blo t 5, Der p 5 / Lep d 5, Der p 21 / Blo t 5 and Der p 21 / Lep d 5. The same result was also found by Gao et al. (2007) between Der p 5 / Blo t 5, Blo t 5 / Lep d 5 and Der p 5 / Lep d 5. Furthermore, Reginald et al. (2004) showed significant cross-reactivity between Sui m 5 and Blo t 5 and between Sui 5 and Der f 5. 
Among the allergens from families 5 and 21, only the epitopes of Blo t 5 and Blo t 21 have been experimentally characterized using monoclonal antibodies (mAbs) or by site directed mutagenesis (Chan et al., 2008; Naik et al. 2008; Tan et al, 2012). The major residues of these epitopes have also been identified. All determined epitope residues are charged. The most are conserved in groups5/21 allergens. The first conformational epitope of Blo t 5 (PBD code 2JMH; Naik 2008) is composed of the four major residues N62, K65, K70 and R73 located at the end of the helix-2 and the beginning of the helix-3. The second linear epitope, meanwhile, has four major residues (E92, D97, E102 and E107) located at the region surrounding the turn region connecting helix-2 and helix-3 and on the helix-3[Chan 2008]. The conformational epitope of Blo t 21 (PDB code 2LM9) is in the same region as the second epitope of Blo t 5 [Tan , 2012]. It has been reported that the low cross-reactivity between Blo t 5 and Der p 5 may be explained by the fact that there are numbers of substitutions in Der p 5 compared with the epitope region of Blo t 5.

In this article we focus on study of cross-reactivity between allergens from family 5 using purified recombinant allergens, By mutagenesis, mutated forms were produced; we also used peptides derived from group 5 allergens sequences to study cross-reactivity between the allergens of group 5.




Materials and methods
Sequence alignment analysis between allergens from group 5/21
Initially, we have used the ClustalO program with its default settings (http://www.ebi.ac.uk/Tools/msa/clustalo//index.html) (Larkin et al., 2007) for multiple alignment between ​​ the allergen sequences Der p 5, Blo t 5, Der f 5, Sui m 5, Der p 21, Der f21  and Blo t 21. The sequences of these allergens have been collected in UniProtKB / SwissProt (http://www.uniprot.org) database. Their accession codes are P14004, O96870, A7IZE9, B2GM87, Q2L7C5, A8B8G7 and A7IZE9 for Der p 5, Blo t 5, Der f 5, Sui m 5, Der p 21, Der f21 and Blo t 21 respectively.
Structures visualization
The PyMOL software (http://pymol.sourceforge.net/: DeLano , 2002) was used to visualize all the 3D structures of the studied allergens, based on the protein structure (PDB access 3MQ1-A and 2JMH and  for Der p 5 and Blo t 5 respectively).
DNA Subcloning and Side-directed Mutagenesis
DNA insert of Der p 5 and Blo t 5 were generated by PCR, using upstream oligonucléotides primer containing SnaB I restriction site, and downstream oligonucléotides primer containing Avr II restriction site. In our Der p 5 and Blo t 5 construct, the residues in the N-terminal were removed during subcloning to eliminate the signal peptide region. The DNA insert was ligated into pJET plasmid (Invitrogen) and transformed into DH5α competent cells. PCR screening was performed and the sequence of the insert was confirmed by DNA sequencing (GIGA - Belgium). Multiple mutants were generated using the mutated plasmids as template. The cDNA of Der p 5 was subcloned into pPIC9K expression vector and transformed into E. coli DH5α cells.
Selection of residues for site-directed mutagenesis was made based on sequence alignment of Der p 5 with Blo t 5 and group 5 allergens from other dust mite species. Mutant constructs were constructed by PCR-overlapping extension using designed oligonucleotide primers (1st BASE) with mismatches.  For all mutants, the same cloning strategy as described above
Expression and purification of recombinants proteins
The expression vectors with Der p 5 insert were subsequently transformed into Pichia pastoris SMD 1168 cells for expression of proteins. Cells were grown in 1liter of BMGY supplemented with 100 µg/ml ampicillin, until A600 reached 0.6. Protein expression was then induced with 0.05 % of Methanol in 1 liter of BMMY at 28 °C for 48h. Protein was further purified using a resin cation exchange SPFF followed by a second separation by means of aS100HR  HiLoad 16/60 Superdex 75 pg (GE Healthcare) gel filtration column on AKTA Fast Protein Liquid Chromatography System (GE Healthcare). Protein concentration was determined by BCA.

Circular dichroism (CD) spectropolarimetry
CD experiments were conducted with 15 µM of protein in phosphate buffer at room temperature. CD spectra were acquired with a Jasco J-810 spectropolarimeter using a Hellma quartz cuvette with a 1 mm path length. The spectra were recorded at a wavelength range of 195–240 nm with 0.2 nm resolutions using a scan speed of 50 nm/min and averaged for five scans. Each spectrum was corrected by subtracting buffer signal.
Patient’s sera and specific IgE quantification
Plasma from 60 patients with doctor’s diagnosed allergy to mite, and have allergic symptoms sera were collected at Dellys Hospital (North east of Algiers), control sera from 10 healthy volunteers were used in this study. Total IgE was measured by ImmunoCAP. The patient history and physical examination, skin prick tests, and blood tests for total IgE levels were performed as part of standard clinical care. Written informed consent was obtained before enrollment. Serum was aliquoted into 2 samples. They were stored frozen (-20°C) until use. 
Specific IgE binding ELISA experiment
To obtain sera contained specific IgE against rDer p 5, Sera from patients were diluted 1/10 with 1% BSA in PBS and rDer p 5 was coated overnight at 4°C into Maxisorp ELISA plate (Nunc) at 300ng protein per well in volumes of 100 µl. Each well was washed three times with 200 µl of PBS-T (PBS, 0.1% Tween 80) and blocked with 200 µl of PBS-1% BSA for an hour at 37°C. Plates were then washed with PBS-T and incubated with 100 µl of PA conjugated antihuman IgE mAb (Southern Biothnology) diluted 1/3000 in PBS-1% BSA for 1h at 37°C.
After washing three times with PBS-T, and 100 µl of pNPP substrate (Sigma-Aldrich) was added, after 30 min 40µl of sodium hydroxydesulfuric acid 3N was added to stopped the reaction. Absorbance measurements were conducted at 405 nm using an ELISA plate reader. All experiments were repeated twice separately and results were reported as mean values. IgE values were considered positive if equal to or larger than the cut-off calculated as the arithmetic mean of negative controls plus 3 times the standard deviation. 

IgE binding by peptides derived from Der p 5, Der f 5 and Blo t 5
Three peptides, each of 19 residues, from the amino sequence epitope 90 to 108 of Der p 5, Blo t 5 and Derf 5 and seven other peptides of 20 residues (substitution residus), were synthesized in the format of “biotin-SGSG-peptideamide” (JPT PeptideTechnologies, Berlin, Germany).One microgram of each peptide was coated on Reacti-Bind streptavidin-coated high binding capacity clear 96-well plate at 37°C for 1 h. Plates were washed with PBS-T for three timesand blocked with PBS-0.1% Tween 80. Plates were washed again and incubated separately with sera (1/5 dilution in PBS) from 10 individual patients for 2h30 h at 37°C. Subsequent incubation with Abs and colorimetric development were performed as described above.




















RESULTS
Sequences alignment of allergens from group 5/21 and conservation of epitopes residues
To study the cross-reactivity between allergens from family 5 (Der p 5, Der f 5, Blo t 5 and Sui m 5) and their homologous in the family 21(Der p 21, Der f 21 and Blo t 21), we first started measuring their sequence similarity by performing pairwise and multiple alignments using bioinformatics programs Blast2seq (Altschul et al., 1997) and ClustalO (http://www.ebi.ac.uk/Tools/clustalO/index.html) (Larkin et al., 2007), respectively. The sequences of allergens studied have been collected from the database (http://www.uniprot.org). Their accession codes are P14004 for Der p 5, O96870 for Blo t 5, A8B8I1 for Der f 5, B2GM87 for Sui m 5, Q2L7C5 for Der p 21, A8B8G7 for Der f 21 and A7IZE9 for Blo t 21.
Initially, local pairwise alignments were performed between these sequences using the program Blast2seq (Altschul et al., 1997) to estimate their percentages of sequence identity and similarity using the scoring matrix Blosum 62. We then used the program ClustalO with its default parameters for multiple alignments of these sequences (Fig. 1). This alignment will enable us to compare the epitope regions of Blo t 5 and Blo t 21 in the sequences of other studied allergens and therefore discuss the conservations of these residue epitopes and cross-reactivity between these allergens from families 5 and 21.
Two epitopes were identified experimentally in Blo t 5 (Chan et al., 2008; Naik et al., 2008). The major residues of these epitopes (epitope-I: code PDB numbering E92, D97, E102 and E107 and epitope-II: N62, K63, K70 and R73) are represented by underlined bold letters red and green respectively in the multiple sequence alignment (Fig. 1). Furthermore, only a single epitope was found in Blo t 21 (Tan et al., 2012). The major residues of this epitope (epitope-I E92, D97, E102, E107 and D114) are shown in orange underline letters in bold. The four major residues of the epitope I of Blo t 5 are conserved in all sequences of studied allergens families 5 and 21(green letters in bold).
The residues of epitope-II of Blo t 5 are not as well preserved as the epitope-I in all sequences of the studied allergens (Fig. 1). Indeed, the N62 residue is conserved only in Der f 5 and replaced by a lysine in Der p 5 (K62), by a serine (S 62) in Sui m 5 and by threonine (T62) in the allergen family 21 (Der p 21, 21 and Der f Blo t 21). The K63 residue is conserved in Sui m 5, Der f and Der p 21 and 21 substituted with proline (P63) in Der p 5 and Der f 5 and glycine (G63) in Blo t 21. Moreover, the residue K70 is stored in Der p 5 and Sui m 5 only. The R70 residue is preserved in the majority of these allergens (Sui m 5, Der f 21, Blo t 21 and Der p 21) but replaced with an Alanine (A70) in Der p 5 and with a glycine (G70) in Der f 5. These substitutions by residues with different physicochemical properties in terms of major epitopes residues can affect the IgE binding to these allergens, which may partly explain their low cross-reactivity.
Only Sui m 5 allergen has a shelf three residues on four of this epitope Blo t 5 (K63, K70 and R73) and a conservation of all four residues of the epitope I (E92, D97, E102 and E107). However, high reactivity is observed between Sui 5 m and Der f 5. Moreover, the low cross-reactivity between Blo t 5 and Der p 5 allergens is probably due to the epitope II, only an R (Lysine residue) is conserved between these two allergens (Fig. 2), or, other residues adjacent to the epitopes residues major are also important.  
Production of recombinant allergens, IgE binding profils of sera from allergic-patients
Recombined forms of these two allergens were cloned using the vector pPIC9K, the recombinant allergens produced in Pichia pastoris, purify the protein was subsequently analyzed on gel and characterized by ESI-MS MALDI-TOF (Fig. 3). Analysis of the intact protein by mass spectrometry (MS) confirmed the expected mass at 13849 Da, 14154 Da corresponding to the mature Der p 5/ Blo t 5 sequence respectively. The purified allergens were also analyzed by 15% SDS-PAGE stained with silver nitrate assay (Fig. 3C). Representing a major band at 14 kDa, the others bands observed in SDS gel can be explained by the formations of aggregates by these allergens, it was observed by Carvalho et al.30. The rBlo t 5 in low pH solutions, like under purification conditions, tends to form molecular aggregates. The rDer p 5 behave like the rBlo t 5, forming aggregates under the same conditions. 
Indirect ELISA was used to evaluate the reactivity of IgE antibodies rDer p 5 and rBlo t 5 allergens. The IgE reactivity profile of the tested sera with the recombinant proteins is summarized in Table 1. The study population consisted of 60 patients of which 32 (54 %) were female. When the skin pic test was performed a positive reaction was observed in 92% (55 out of 60) of the sera. Symptoms suggestive of asthma and allergic rhinitis were found in 37 (62 %) and 53 (88 %) patients, respectively. The other characteristics of the study population are illustrated in Table 1.
D. pteronyssinus is found more frequently (25%) than B. tropicalis (20%) in Dellys, a city in Northeast of Algeria []. In environments where D. pteronyssinus is predominates in the mite fauna.

[bookmark: OLE_LINK1]Mutagenesis to mimic Der p 5 to Blo t 5
As explained above, the comparison between Der p 5 and Blo t 5, reveals that the epitope I and well preserved while only four residues is kept for the epitope II, by site directed mutagenesis we have products of mutant Der p 5 to mimic Der p 5 Blo t 5 (Fig. 2). Der p 5 K62N, Der p 5 P63K, Der p 5 A73R, Der p 5 K62NP63K and Der p 5 K62NP63KA73R were analyzed by CD spectrum (Fig. 4A and B), Although the examination of the Der p 5/Blo t 5 structure shows that these proteins have tow minima at 208nm and 222 nm. These minima characterize the alpha-helical secondary structures. Comparison of this spectrum with Der p 5 mutants, we observe a decrease in the CD signal recorded. The variation of the value of the molar ellipticity at 222 nm indicates an increase in circular dichroism signal at 222 nm which can be related to a loss of the alpha-helical structure. all of these mutations appear to be structurally destabilizing (Fig.4B).
Based on these data, we found a significant change in the CD spectrum, observed for the different mutants compared to the wild-type protein WT. This may indicate the importance of these residues for stability and correct folding of this allergen. 
Initially we measured the IgE binding by the different mutants using sera with sIgE to Blo t 5 only (with no sIgE to Der p 5) (Fig. 4C), the mutants tested did not react with sera used for all mutants. Proposed mutations were unable to increase the cross-reactivity between these allergens. 
The importance of the third helix of group 5 allergens in IgE binding
 	As shown in Fig. 1, Blo t 5 and Sui m 5 represents a significant cross-reactivity, all epitopes residues are conserved, we try to increase the cross-reactivity between Der p 5 and Blo t 5 based on their sequences epitopes, compared with Sui 5 m sequence.
Initially the peptides of Der f 5, Blo t 5 and Der p 5 (P8, P9 and P20 respectively) were used with a pool of 22 sera of allergic patients; these sera were selected according to their positive reactivity for Der p 5 (Fig 5A). P9 from Blo t 5 was not recognized by serum pool, for P8 peptide from Der f 5 the level of IgE binding is 40% compared to the P20.
We suggent that, Der f 5 has a linear epitope which is in the same region epitope groups of 5 and 21 allergens determined experimentally, however, the low percentage of binding compared to P20 heavily on low or no cross-reactivity between these two allergens, to confirm these hypotheses tests were performed on individual sera, The cut-off values used for each peptide were set as the mean value + 3SD of 10 negative controls. As shown in Table 2, IgE anti-Der p 5 were recognized by pDer p 5 in 80% of studied sera. Despite the fact that some sera reacted with rDp 5 recombinant allergens but not with pDp 5, the levels (expressed by OD at 450 nm) of IgE antibodies against rDp 5 were significantly higher than IgE antibodies against pDp 5.
Although the percentages of IgE antibody reactivity anti Bt5 to the recombinant antigens were higher than to the peptide epitope (62%). Of the total sera panel, 5 out of 8 patient' sera reacted with both rBlo t 5 and pBlo t 5. Note the presence of sera co sensitive to Der p 5 and Blo t 5, It is common to find a rate of co-sensitization to Der p  5 and Blo t 5, as highlighted in our study.
Than to study cross-reactivity of IgE antibodies against Der p 5 allergen and Der f 5 allergens, in the assay using sera with sIgE-Der p 5, 10% of these sera (1out of 10) reacted with the recombinant allergens Der p 5 and peptide epitope of Der f 5. 
In contrast, sIgE-Der p 5 presents a significant binding affinity for the P20 (pDer p 5) relative to the wild type protein rDer p5 (similar OD values) this peptide was recognized in 80% of patients tested, which indicates a high affinity of the peptide to sIgE-Der p 5, whereas, for the pDer f 5 a single serum was recognized by the peptide, this means that pDer f 5 was unable to recognize sIgE-Der p 5 (Fig. 5). This peptide reacts negatively with sIgE- Der p 5 and sIgE- Blo t 5, and therefore we can suggest that the IgE recognition between these allergens is species specific. Additionally, patients sera displayed higher concentrations of sIgE to rDer p 5 and sIgE to rBlo t 5 than to pDer p 5 and pBlo t 5 (Table 2). 
In the goal to increase the cross-reactivity between peptide sequences that reform majors epitope of Der p 5 and Blo t 5, synthetic peptide have been used (Table 3), for all the introduced mutations, the mutated peptides are unable to bind the sIgE- Blo t 5 (data not shown ), also the mutation changed the rate of recognition compared to pDer p 5 (Fig. 5B), in fact, the L92E mutation and Q94K does not change the IgE binding capacity compared to pDer p 5 (P20), on the other hand, for the peptide Q103R, up to 80% decrease was observed in three of the five patients tested, the same effect has been shown for M108E mutation, for peptides that carry multiple mutations, the observed effect is relatively related to the effect of single mutant for the corresponding residues, in fact double LQ mutant has the same capacity of IgE binding. Contrariwise P1, P2, P5, P6 and P7 peptides have an impotent decrease in IgE binding to sIgE-Der p 5. The same profile of IgE reactivity was observed with a pool of 22 sera (data not shown) the substitution of one hydrophobic residue with a negatively charged residue (P1) does not change the binding IgE, the same substitution in position 108 (M108E) significantly changes the IgE binding capacity.
The same conclusion for the substitution of a negative charged residue with another positive charged residue, or the position of the mutation is important to induce an important change in the IgE binding. This leads us to suggest that residues 103 and 108 are involved in IgE binding.












Discussion
In this study we report, the allergenicity of Der p 5 and Blo t 5 in the cohort of the HDM-allergic patients in the region of Dellys (North of Algeria), cross-reactivity between allergens of group 5/21 were also analyzed using multiple sequence alignment and by site directed mutagenesis, residue of Der p 5 were mutated to their corresponding in Blo t 5, and for the first time, cross reactivity were analyzed using mutated recombinant allergen and allergen-derived peptides.
We expressed in P. pastoris and purified Der p 5 and Blo t 5 as a folded recombinant allergen. Purified allergen exhibited predominantly alpha-helical structure, although Blo t 5 tends to aggregate at acidic pH similarly to the homologous Der p 5(Fig. 2), which assemble to form a filament under acidic conditions (Chan 2008, Liaw 2001, Mueller 2010).
 	Regarding the other allergens of HDM, recent study reported that Der p 1, Der p 2 and Der p 23 were major allergens, but Der p 5 was minor (mueller 2016). in the present study ,we measured sIgE to both Der p 5 and Blo t 5, the IgE prevalence to Der p 5 and Blo t 5  was 25 and 20% respectively in the cohort of the HDM-allergic patients, this percentage is relatively low Compared with sensitivity rates reported in other studies (Allergome), it is confirmed that Prevalence of IgE sensitization relates to environmental exposure (Mueller 2016), two important factors seems to be critical in modifying allergic susceptibility: the high humidity, reflected in a high number of house dust mites and urbanization (ref), 
The low prevalence observed may be explained by the fact that sera from allergenic patients were conducted in summer (July, August), in the region of Dellys, this period was characterized by a climate relatively dry and hot.
We interested in the study of cross-reactivity between allergens from families 5 and 21 of HDM. First, a detailed analysis of the multiple alignment between the sequences of allergens from those two families (Der p 5, Blo t 5, Blo t 21, Der f 5, Sui m 5, Lep d 5, Der p 21 and Der f 21), revealed that the residues that form epitope I located between the second loop and the C-terminal helix determined by Chan et al. (2008) and Tan et al. (2012) in Blo t 5 and Blo t 21 respectively, are best preserved within these two families 5 and 21, as compared with the residues of the epitope -II located in the inner loop of Blo t 5 (Naik et al., 2008).
Based on the results of the sequence alignment, Sui m 5 allergen has a shelf three residues on four of Blo t 5 epitope (K40, K47 and R50) and a conservation of all four residues of the epitope I (E69, D74, E79 and E84). This may explain the strong cross-reactivity between these allergens described by Reginald et al. (2004). However, the major residues of epitope I of Blo t 5 are retained in Der p 5, contrary to the epitope I when only one residue is conserved on four residues forming this epitope. The low cross-reactivity between Blo t 5 and Der p 5 was reported by Naik et al. and chan et all 2008. Nevertheless, the design of our study is based on the results obtained by the sequence alignment between Der p 5 and Blo t 5, and conservation or not of the epitopes residues. 
In fact, we are beginning to analyzed the IgE binding profile by the different mutants among patients with sIgE to Blo t 5, an attempt to increase the cross reactivity between Der p 5 and Blo t 5, Contrary to our prediction, the proposed mutations are unable to increase the binding of sIgE-Blo t 5 to different mutants-Der p 5 (Fig. 3). According to our results, Chan et al. (2008) showed that the mutations introduced in epitope-II determined by Naik et al. (2008), did not significantly reduced the binding of the allergen to sIgE. Presumably the epitope I of Blo t 5 is most important compared to the epitope II.
It is important to note that, CD Spectrums revealed loss of contents in the alpha helix structure for these mutants, Deal with this, for all unfolding proteins, the IgE binding capacity were remaining (Fig. 4D), that strongly support the presence of an importance linear epitope within the sequence of Der p 5 that does not require intact structure for IgE binding. 
Nonetheless, the considerable impact of the mutation of the major residues of the epitope-I in Blo t 5 and Blo t 21 on the reduction of IgE reactivity, shows the importance of epitope-I and C-terminal sequence in the allergenicity of allergens from 5 and 21 families (chan 2008 et tan 2012). Consequently, and following our analysis, the low cross reactivity observed between the allergens of families 5 and 21, was probably do to the partial conservation of major epitopes residues of epitope I (or adjacent residues located in epitope-I of Blo t 5 and Blo t 21). Various studies have proven the utility of peptide derived allergen in recognition of HDM-sensitized patients [valenta 2016 13,14]. Although, peptide epitope can detect sIgE to recombinants allergens, the peptide epitope also become a powerful tool to study the cross-reactivity between allergens (Miyaji K., 2016) we have used the amino acid sequence 90DRLMQRKDLDIFEQYNLEM108, 90ERELKRTDLNILERFNYEE108 and 90NRLMKRTDLDIFERYNVEI108 derived from Der p 5, Blo t 5 and Der f 5 respectively,  to analyzed allergenicity and the cross reactivity between these allergens.
Der p 5 and Der f 5 allergens represent 77% of sequence identity (calculated by pairwise alignment using clustal O); King & Spaugfort 2000 suggested that sequences identities of above 70% were required to induce significant cross-reactivity between homologous allergens. This has been confirmed for allergens from group 1 Der p 1, Der f 1 and Eur m 1 (Takai et al., 2005), group 2 between Der p 2, Der f 2 and Eur m 2 (Smith et al. 2001) and group 10 between Der 10 and Lep d 10, which have between them a strong cross-reactivity (Witteman et al., 1994). However, no experimental measurement of the cross-reactivity between Der p 5 and Der f 5was tested until now. we therefore suggest that Der p 5 and Der f 5 allergens could present strong cross-reactivity between them. 
Peptides from Der p 5, Blo t 5 and Der f 5 allergen have been used, rDer p 5 and rBlo t 5 were used to select patient with sIgE Der p 5 ant sIgE Blo t 5 respectivly, whereas pDer f 5 was used with sera selected by rDer p 5 and rBlo t 5, thus raising the issue of the ability of each peptide to recognize sIgE to recombinant allergen, rDer f 5 which was not measured in the present study because it is not available 
Peptides pDer p 5 (P20) and pBlo t 5 (P9), shows strong to low IgE allergen-specific IgE fixation compared with complete recombinant protein Der p 5 and Blo t 5 respectively, in fact, pDer p 5 was recognized in 80% of patients (8/10 patients), while pBlo t 5 was recognized by 62% with a relatively low recognition intensity (expressed in OD value) Compared with pDer p 5. Furthermore, pDer  f 5 (P8) was recognized by only one sera (S 58), suggesting that pDer f 5 used in this study corresponding to epitope region among the Der f 5 sequence. against, this sequence is unable to binding sIgE of Der p 5 this confirm the low cross reactivity between these two allergens, contrary to what provided according to the percentage of identity between these two allergens, these results indicate that the amino acid sequence 90 to 108 Aa is a common epitope region among these allergens Der p 5, Der f 5 and Blo t 5, these region can represent a promising candidate for immunotherapy of HDM-allergic patients against allergens of  group 5, allergen derived peptide can be synthesized  from  the amino acid sequence  90 to108 of these allergens.

On the other hand, recently Miyaji K. et al 2016 showd that antibodies can not only bind to the original epitope but also to sequences that may have a few different amino acids.
Indeed, Chan suggested that the low cross-reactivity observed between Blo t 5 and Der p 5 may be explained by the existence of certain numbers of substitutions at epitpe region of Blo t 5, we demonstrated in this study, that these substitutions are insufficient to increase the cross-reactivity between these allergens. Moreover, these substitutions may change the IgE binding capacity to sIgE-Der p 5 compared to the peptide P20 of Der p 5, as shown in Fig 5B, it underscores the importance of Q103 and M108 residues in the sequence of Der p 5 in the recognition of sIgE to Der p 5, These results indicate that the amino acid sequence 90-108 contains a linear IgE epitopes common and formed by key residues for each allergen. 
In conclusion, we show that Der p 5 and Blo t 5 were important allergens in Dellys (north east of Algeria). Der f 5 has a linear epitope located in the same region as Der p 5 and Blo t 5 We also provided that the amino acid sequence within these allergens which corresponding to the epitope sequence show species-specific epitopes. Our findings widen the understanding of allergenic cross-reactivity between allergens from families 5/21 with similar structure. the amino acid sequence 90-108 is promising for the generation of common hypoallergenic sequence for these allergen.
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