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Abstract: Problem statement: Recombinant-based approaches are mostly focusedjenetic
modification of allergens to produce molecules wi#duced allergenic activity and conserved
antigenicity, such as hypoallergens. Recombindetgens represent promising tools for diagnasi
therapy of type | allergyThis approach was probably feasible with everyrgdawith known amino
acid sequencé\pproach: The primary aim of this study was to determinedbasensus epitope from
twenty homologous protein sequences of Ory S1 gdi@c protein sequence fro@ryza sativa
(indica group) pollen. Molecular modelirgalculations had been used to investigate thegahéc
protein models for the epitop®esults. Oryza sativa (japonica),Phleum pratense, Poa pratensis,
Holcus lanatus, Lolium perenne, Triticum aestivum, Dactylis glomerata and Zea mays were found
more closely related (alignment score 1145-812)rayrall the homologs and investigated further. The
major binding pocket comprised an area of 604°5aAd 970 A volume and another key binding
pocket had 425.6 A2 area and 658.8 A3 volume. EB&lues found in the key site included ile2, lys13,
cysl4, serl5, lysl6, prol7, ala25, leu26, ile2idQyhis41, phed2, asp43, leud4, serd5, glyd6,71eud
ala48, met49, ala50, asp55, leu58, arg59, alagd2glle63, ile64, asp65, gin67, phe68; correspamdi
to the allergen binding site and the IgE bindingoge given in the titleConclusion: These are the
functional sites on the allergenic proteins that be mutated to develop hypoallergenic vaccines&he
sites can be rationalized on the basis of simptrraents that lead to vaccine development, by
predicting the structure of the allergenic epitoped comparative analysis.
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INTRODUCTION all the motifs might not prove to be good targdtke
target motif must be selective in terms of IgE bigd

An allergen simply means a harmful immune epitope§’. The knowledge of molecular nature of
response elicited by an antigen that is not itselfallergen-antibody interactions is important to wstend
intrinsically harmful. Grass pollens are well known the mechanism of conventional immunotherapy, a$ wel
among the health hazardous bio aerosols causings to design alternative immunotherapeutic stred®gi
respiratory allergy. Being an important membertaf t The allergy process has been widely studied inféagt
grass family, the rice plants contribute a hugdemol decades, enhancing the better understanding ofialle
load in agricultural fields during flowering. problem that affects varied age group.

Oryza sativa is the cultivated rice, used as staple Vaccination is the most effective technique
food by majority of world's population. Pollen atiens  suggested nowadays for allergy prevention. The
of Oryza sativa is recognized by the Internationdthion =~ molecules developed for vaccination against allergy
of Immunological Societies (IUIS) official list of possess significantly reduced allergenigityterms of
allergen8! which include Ory S1, Ory S7 and CB¢t2.  IgE binding and therefore will not lead to anaphtita
Protein Ory S1 has been validated as an allevgethe  reactions upon injection. This approach is probably
basis of its recognition by IgE antibodies fromeddic ~ feasible with every allergewith known amino acid
individuald?. sequence; irrespective of the source (pollfagd,

Allergenic site identification can be explainedtas  mites) from which it may be derived Also, the
residues found in the binding pocket and in Igkdllig  products of agricultural biotechnology should be
epitope. Most allergens contain multiple motifsubb  subjected to a careful and complete safety assessme
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for its allergenicity before commercialization. The Protein homology modeling: All 20 allergen homolog
identification and validation of protein allergehave  sequences and the consensus domain sequences were
become more important nowadays as more and momaodeled using homology modeling method using same
transgenic proteins are introduced into our foogith template (1n10A). MODELLER, a homology modeling
We need to look for the Immunoglobulin Epsilon tool which implements comparative protein structure
(IgE) epitopes to confirm the allergy response @f a modeling by spatial restraints, was utilized fore th
allergenic or transgenic protein. If the bioinfotina  present study to construct protein mod&#s.
methods are standardized and optimized, it may tead

complete exploitation of the transgenic food andtfie  Binding pocket exploration: CASTp server, which
identification of targets to create hypoallergenicysed weighted Delaunay triangulation and the alpha
vaccines. Moreover, many attempts have been wellomplex by shape measurement of the domain steuctur
documented to predict allergenicity of a query @it \as used for the present study to locate the bindin
by its amino acid sequenc®s _ ~pocket8¥. This tool measures analytically the area and
The present study was intended to obtainlume of each pocket and cavity, both in solvent
homologous sequences for Ory S1 allergenic prateingccessible surface (SA, Richards' surface) and
analyze the homologous protein sequences fomglecular surface (MS, Connolly's surface). The
allergenic sites in sequence and to validate theiwéd  optained pockets were validated based on their
targets, pertaining to effective identification of fynctional significance and its contribution to the
consensus epitope and distinct sequence features.  essentiality and allergenicity of the organismsaffy,
the target’s functionality significance and itseah IgE

MATERIALSAND METHODS interactions were validated in the light of litens
search.
Sequence retrieval: Ory S1 Protein (query protein)
sequence fronOryza sativa was retrieved from NCBI RESULTS

databad®. Basic local alignment search tool was used

to retrieve the homologous sequences by querying BLAST search was performed to fetch significant
against non-redundant database (nr). homologous sequences of Ory S1 and were shortl liste

for comparison (Table 1). Pairwise alignment of rque

Pair wise sequence alignment: Dynamic programming Sequence (Ory S1) with the individual short listed
algorithm was used to align individual homologoushomologs was performed and the results were tadulilat
sequence(s) with the query protein sequence totfiad (Table 2). The three Dimensional structures were
proximity. LALIGN program which implements Huang modeled for the homologous sequences and were

and Miller algorithm was utilized for this Stdﬂy validated for plausibility. The RMSD value for @he
structures with that of the template (1n10A) was

M ultiple sequence alignment: Nine close homologous calculated to elucidate 3-Dimensional homology

sequences were selected for further study based c§ able 3). Ease? on RMSD score anqhsimilacrjity Sfjorled
pairwise alignment score. ClustalW, a neighborijgin "€ MOst homologous sequences with good modele

algorithm based tool was used to find the Mummestructure were selecieﬁbr target identification. The
Sequence Alignment (MSK) and a consensus conser_ved .r.eS|dues in the domains of the structures
sequence was prepared based on the MSA. were identified _(TabIe 4) and the property of the
conserved domains were analyzed (Fig. 1). Based on

_ ) _ ) . position-specific probability matrix (Fig. 1) the
Domain and motif detection: Domain positions of the  papilities of each possible amino acid letter
sequences were identified using InterPro, an iatedr  55earing at each possible position in the congerve
resource for protein families, domains and sites th jomain were elucidated. From all these sequences
combines a number of databases (referred to as evembselected, subsets of highly conserved residues were
databases) using diverse methodologies and a aryinetrieved and a multiple sequence alignment was
degree of biological information on well-characted performed to get the consensus sequences (Fig. 2).
proteins to derive domain positions in the proteinFurthermore, the binding analysis were also dohhal
sequend®”. Multiple Em for Motif Elicitation structures and the potential pocket was identifiesed
(MEME) was also used to find common motifs found inon Castp rating (Fig. 3).Moreover, the residues
the MSAMY. spanning the potential pocket were tabulated inérab
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Tablel: Sequences and data obtained from NCBI serve

Sequence No. Accession No. Protein name Organism queBee length
1 AAA86533.1 Ory S1 (Query sequence) Oryza sativa 263
2 NP_001048686.1 Pollen allergen Oryza sativa (japonica) 264
3 CAA81613.1 Pollen allergen Phl pl Phleum pratense 263
4 CAA10520.1 Group | pollen allergen Poa pratensis 263
5 CAA10140.1 Major group | allergen Hol | 1 Holcus lanatus 263
6 CAB63699.1 Pollen allergen Lolium perenne 263
7 AAP96760.1 Group 1 allergen Dac g 1.02 precursor  Dactylis glomerata 264
8 AAS48882.1 Expansin EXPB4 Triticum aestivum 270
9 ABF81662.1 EXPB10 Zea mays 269
10 CAC40805.1 Beta expansin B2 Festuca pratensis 269
11 ABB834741 Beta-expansin precursor Solanum lycopersicum 275
12 AAZ08315.1 Putative beta-expansin Eucalyptus globulus 210
13 NP_190182.2 ATEXLA3 Arabidopsis thaliana 215
14 ABK93417.1 Unknown Populus trichocarpa 259
15 AAV85475.1 Expansin Populus tomentosa 258
16 ACB45301.1 Beta-expansin EXPB4 Hordeumwulgare 273
17 ABJ90221.1 Expansin 2 Malus hupehensis 253
18 AAT11859.2 Expansin 1 Mangifera indica 260
19 BAC67192.1 Expansin Pyrus communis 253
20 BAC66787.1 Expansin Prunus persica 260

Table 2: Alignment scores for the homologous segeenwith the

query sequence

template structure

Table 3: RMSD values for all the structures modeléth 1N10A as

Name of sequence with ) S. No. Sequence ID RMSD values (A)

Sr. which query sequence Ory N B Alignment 1 AAA86533.1 0.47

No.  S1 Qryza .gatlvg) is ahgned Identities Positives Gapscore 2 NP_001048686.1 0.42

1 Oryza sativa (japonica 89 91 0 1145 3 CAA81613.1 0.38
cultivar-group) 4 CAA10520.1 0.30

2 Phleum prat_ense [Phlpl] 70 82 3 910 5 CAA10140.1 0.41

3 Poa pratensis (group | 67 80 3 881 6 CAB63699.1 0.30
pollen allergen) 7 AAP96760.1 0.33

4 Hol_cuslanatus (Holl1) 66 79 3 864 8 AAS48882.1 0.33

5 Lolium perenne (pollen 67 78 3 860 9 ABF81662.1 0.42
aIIergc_an) 10 CAC40805.1 0.59

6 Dactylis glomerata 69 80 3 889 11 ABB83474.1 0.46
(Dac g 1.02 precursor) 12 AAZ08315.1 0.60

7 Timothy grass pollen 69 80 3 884 13 NP_190182.2 1.05
Allergen (PhI P 1) 14 ABK93417.1 0.81

8 Tr|t|cum_aest|vum 64 79 6 830 15 AAV85475.1 0.99
(expansin EXPB4) 16 ACB45301.1 0.49

9 Zea mays (EXP_BlO) 65 77 5 812 17 ABJ90221.1 0.91

10  Festuca pratensis (beta 49 66 1 578 18 AAT11859.2 1.01
expansin B2) 19 BAC67192.1 111

11  Solanumlycopersicum 42 62 5 442 20 BAC66787.1 1.08
(Beta-expansin precursor)

12 Eucalyptusglobulus 41 61 6 420 bits 6.0
(putative beta-expansin) sS4

13  Arabidopsisthaliana 35 53 8 261 4.8
(ATEXLA3) 42

14  Populustrichocarpa 30 49 1 246 Infoumation 3.6
(unknown) content 3.0

15  Populustomentosa 31 48 14 197 (87.6 bits) 2.4
(expansin) 151

16  Hordeumwigare 47 65 5 226 <l i
(EXPB4) os 'l

17  Malushupehensis 29 45 15 180 0.0
(expansin 2)

18 Mang|fera |nd|ca 30 47 13 184 M A FSCMTACUHT IFED RUCUSCFEIEKC
(expansin 1) Lonsensus o] M SALS AL NN E i Q R

19 Pyruscommunis 29 46 13 176 sequence ToE
(expansin) . . . . .

20  Prunuspersica 30 45 13 179 Fig. 1: The information content diagram showing mos
(expansin) highly conserved positions in the motif
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CAB63699. 1 ------MASSSS-VLLVVALFAVFLGSAH- GI AKVPPGPNI TAE- - - YGDKW.DAKSTWY 49
AAP96760. 1 ------MASSSSSVLLVVALFAVFLGSAH- GI PKVPPGPNI TAT- - - YGDKW.DAKSTW 50
CAA10520. 1 ------MASSSS-VLLVVALFAVFLGTAH- GI AKVPPGPNI TAT- - - YGDKW.DAKSTW 49
CAA10140. 1 ------MASSSL-VLLVVALFAVFLGTAH- GI AKVPPGPNI TAT- - - YGDKW.DAKSTW 49
CAA81613. 1 ------MASSSS-VLLVVALFAVFLGSAH- GI PKVPPGPNI TAT- - - YGDKW.DAKSTW 49
AAS48882. 1 ------MASSSSSVL LVAAVLAAVVCGAH- GI AKVPPGPNI TASPTSY GNKWLDAKTTWY 53
ABF81662. 1 MIVVSI MWSL VQVQVLVAVALSFL VGGAWCGPPKVPPGKNI TAN- - - YGSDW. DAKATWY 57
AAA86533. 1 ------MASSSL--LLACVVVAAMVSPSPAGHPKVPPGPNI TTS- - - YGDKW.EARPPGM 49
NP_001048686. 1| ------MASSSL--LLACVVVAAMVSAVSCGPPKVPPGPNI TTS- - - YGDKW. EAKATW 49
* x s . . Kk kk ok Rk . * % TIRE
CAB63699. 1 GKP TGAGPKDNGGACGY KDVDKAP FNGMT GCGNT PI FKDGRGCGSCFE| KCTKPESCSGE 109
AAP96760. 1 GKP TGAGPKDNGGACGY KDVDKAP FNGMT GCGNT PI FKDGRGCGSCFE| KCTKPESCSGE 110
CAA10520. 1 GKP TGAGPKDNGGACGY KDVDKAP FS GMT GCGNT PI FKSGRGCGSCFEI KCTKPESCSGE 109
CAA10140. 1 GKP TGAGPKDNGGACGY KDVDKPPFS GMTI GCGNT PI FKSGRGCGSCFEI KCTKPESCSGE 109
CAA81613. 1 GKP TAAGPKDNGGACGY KDVDKPPFS GMT GCGNT PI FKSGRGCGSCFEI KCTKPEACSGE 109
AAS48882. 1 GKP TGAGPKDNGGACGY KEVDKAP FHGMT SCGNI PI FKDGRGCGSCFELKCTKPEACSGE 113
ABF81662. 1 GKP TGAGPDDNGGGCGY KDVNKAP FNSMGACGNV Pl FKDGL GCGSCFEI KCDKPAECSGK 117
AAAB86533. 1 VRPRVLAPKDNGGACGY KDVDKAPFL GMNSCGNDPI FKDGKGCGSCFEI KCSKPEACSDK 109

NP_001048686. 1| GAP KGAGPKDNGGACGY KDVDKAP FL GMNSCGNDPI FKDGKGCGSCFEI KCSKPEACSDK 109
* * .

ok kk ok ok okk ke ke ok Kk K okk Kk Kk K Kk Kk Kk . kK k Kk * %

AVT VT | TDDNEEPI APY HF DL S GHAF GSMAK KGE EQKL RSAGE LELQF RRVKCKY PDGTK 169

CAB63699. 1

AAP96760. 1 AVT VHI TDDNEEPI APY HF DL S GHAF GSMAK KGE EQKL RSAGELELQF RRVKCKYPEGTK 170
CAA10520. 1 PVL VHI TDDNEEPI AAY HF DL S GK AF GAMAK KGEEQKL RSAGELELKFRRVKCEYPEGTK 169
CAA10140. 1 Pl VVHI TDDNEEPI AAY HL DL SGKAF GAMAK KGE EQKL RSAGELELKFRRVKCEYPKGTK 169
CAA81613. 1 PVVVHI TDDNEEPI AAYHFDLSGlI AF GSMAKKGDEQKL RSAGEVE| QF RRVKCKYPEGTK 169
AAS48882. 1 PTMVT | TDKNEEPI APY HF DL SGHAF GSMAK KGE EQKL RDAGE VE| KF RRVKCKYPAGTK 173
ABF81662. 1 PVVVY| TDMNYEPI AAY HF DLAGT AF GAMAKKGE EEKL RKAGI | DMQF RRVKCKY-- GSK 175

AAA86533. 1 PAL | HVTDWMNDEPI AAYHFDLSG- - - LAMAKDGKDEEL RKAGI | DTQF RRVKCKYPADTK 166
NP_001048686. 1| PAL | HVTDWNDEPI AAYHFDLSG- - - LAMAKDGKDEEL RKAGI | DTQF RRVKCKYPADTK 166

Sk ok Kk kkk Kk ke Kk % Sk ok ks ok Kk kK e sk Kk kKK ok cx

PTFHVEKASNPNYLAI L VKYVDGDGDVVAVDI KEKGKDKW EL KESWGAVWRI DTPDKLT 229

CAB63699. 1

AAP96760. 1 VTFHVEKGSNPNYLALL VKYVDGDGDVVAVDI KEKGKDKW AL KESWGAI WRVDT PDKLT 230
CAA10520. 1 VTFHVEKGSNPNYLALL VKYVTGDGDVVAVDI KEKGKDKW EL KESWGSI WRVDT PDKLT 229
CAA10140. 1 VTFHVEKGSNPNYLALL VKYVDGDGDVVAVDI KEKGKDKW EL KESWGAVWRVDT PDKLT 229
CAA81613. 1 VTFHVEKGSNPNYLALL VKFVAGDGDVVAVDI KEKGKDKW AL KESWGAI WRI DTPEVLK 229
AAS48882. 1 VNFHVEKSSNENYLALVI KFLQGDGDVVGVDI KQKGEDKWI EL NESWGAVWRI DT PHKLI 233
ABF81662. 1 VTFHL EKGCNPNYLALL VKYVDGDGDI VAVDI KEKGSDTYEPL KHSWGAI WRKDSDKPI K 235
AAA86533. 1 | TEH EKASNPNYLALL VKYVAGDGDVVEVE| KEKGSEEWKAL KESWGAI WRI DT PKPLK 226
NP_001048686. 1| | TEHI EKASNPNYLALL VKYVAGDGDVVEVE| KEKGSEEWKAL KESWGAI WRI DT PKPLK 226
CAB63699. 1 GPFTVRYTTEGGTKSEVEDVI PEGWKADT SYSAK-- -- 263

AAP96760. 1 GPFTVRYTTEGGTKSEVEDVI PEGWKADT SYEAK- - - - 264

CAA10520. 1 GPFTVRYTTEGGTKGEAEDVI PEGWKADT AYASK- - - - 263

CAA10140. 1 GPFTVRYTTEGGTKVEAEDVI PEGWKADTAYESK-- -- 263

CAA81613. 1 GPFTVRYTTEGGTKGEAKDVI PEGWKADTAYESK-- -- 263

AAS48882. 1 GPFSVRYTTEGGTKT VVDDVI PKGWKPDT SYEAKGGY- 270

ABF81662. 1 GPI TVRLTTEGGTKTVYDDVI PTDWKPNTAYTTK-- -- 269

AAAB86533. 1 GPF SVRVTTEGARRS SAEDAI PDP GRRQRV- QVNVQAK 263

NP_001048686. 1| GPFSVRVTTEGGEKI | AEDAI PDGWKADSVY KSNVQAK 26 4

Kok kK KK KK . T

Fig. 2: Multiple sequence alignment for the dom@dsition in nine most related sequences basedigma¢nt score
and RMSD value

Table 5: Binding domains (pockets) using CASTp fdomain
structure

Amino acid residues (name:
Pocket Area, A2 Volume, A3 Color position)
6 604.5 970.0 Green 1:12 K:13 C:14 S:15 K:16 P:17
A:25 L:26 1:27 Y:40 H:41 F:42 D:43
L:44 S:45 G:46 L:47 A:48 M:49
A:50 D:55 L:58 R:59 A:61 G:62
1:63 1:64 D:65 Q:67 F:68

5 4256  658.8 Blue  K:l1D:2G:3G:5C:6 S8 F1dl:2
Fig. 3: Binding domains (pockets) using CASTp for g;;gx;g;’lgig af& ';"fzzgf’;’
domain structure L:44 S:45
4 29.6 19.9 Cyan  G:46 L:47 D:55 R:59
- . . . i 3 4.7 9.5 Yellow K:23 K:51 D:52
Table 4: Binding domains positions using PROSITE rime most  » 1.2 22 Magenta Y:40 F:68
similar sequences 1 28.4 13.7 Pink 1:12 F:42 L:44
S. No. Sequence Domain position
1 AAAB86533.1 78-154
2 NP_001048686.1 78-154 DISCUSSION
3 CAA81613.1 78-157
4 CAA10520.1 78-157 The homology search for ORY S1 fetched 20
5 CAA10140.1 78-157 homologous Sequences ranging from grasses torhighe
6 CAB63699.1 78-157 | bl he th g onal
7 AAP9I6760.1 69-178 plants (Table 1). The three Dimensional structuvese
8 AAS48882.1 82-161 modeled for the homologous sequences and were
9 ABF81662.1 86-165 validated by RMSD value with that of the template
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(1n10A) was found between 0.30 and 1.11. Henceallergenic domain positions:

82-154, which are

indicative of the plausible model obtained (Table 3 conserved with hydrophobic residues. Amino acids
Based on RMSD score (0.30-0.47) and sequenceys, lys, gly, ser and pro was found more conseimed

similarity score (1145-812) (Table 2),

nine mostthe allergenic motif as well as in binding pocket.

homologous sequences with good modeled structur€ysteine residue highly conserved at four positions

were selected: Oryza sativa (japonica), Phleum
pratense, Poa pratensis, Holcus lanatus, Lolium
perenne, Triticum aestivum, Dactylis glomerata and
Zea mays for target identification. Conserved domains
of the structures selected showed identity fromitjprs
86-164 (Table 4) in all these sequences which omsfi

the evolutionary relatedness. These active domains.

were reported to be of DPBB_1 domain (a conserved
region from rare lipoprotein A (RIpA) that has the

Double-Psi Beta-Barrel
position-specific probability matrix derived (Fif)) the
probability of each possible amino acid letter appe
at each conserved position was identified and dgtash

high conservation of cysteine residues and hencg,

confirming the well documented role of disulfideniois
formed between cysteines in IgE binding and in sdve
other allerger®*®! Consensus derived from the subset
(82-154 residues) (Table 4) of Multiple sequence

alignment was subjected to prositescan, which féteh 4.

following domain pattern: K-[DS]-G-[KR]-G-C-G-
S-C-F-E-I-K-C-[ST]-K-P-E-[AS]-C-S-[DG]-[EK]-[AP]-
[AIV]-X-[IV]-X-[IV]-T-D-x-N-[DE]-E-P-I-A-[AP]-Y-H-
[FL]-D-L-S-G-x-A-[FM]-[AG]. The consensus domain

was modeled based on homology with (1n10A) as.

template. Structure for the domain position showed
total of six binding pockets, out of which the firsajor
pocket had an area of 604.5 A2 (Fig. 3) and 970 A3

volume,indicative of sufficient volume for antigen- 6.

antibody interactions. As these are common pocket
from nine structures, the outcome of this stratemy be
used to identify common allergenic epitopes forilsim
structures at a single stretch. The role of coreserv
cysteines (Table 5) shall also play a major role in

determining the allergenicity and this falls indimvith 7.

the previously documented studied®. Hence, the

procured consensus region shall be utilized faratife g

vaccine design against food allergens.

CONCLUSION

9.

Consensus epitope identification using the
available allergenic region has geared up the pest$

to fulfill the demands of the patients. If bioinfoatics

approaches are standardized and optimized, it ean HO.

used for the rapid identification of potential aetnic

regions to develop hypoallergenic vaccines. The
present study shows that allergenic epitopes have
some common amino acid conservations in the
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(DPBB) fold. Based on2,

shall play a crucial role in antigenicity. We presthe
results of this study to the medical community for
vaccine development.
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