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ARTICLE INFO ABSTRACT

Allergen induced IgE dependent type I hypersensitivity is the main cause of the allergy, which would be a burden
on medical setup in coming years. Allergens of Glycine max have been isolated, and their disease relationships
IgE are documented. Therefore, it becomes important to investigate the interaction of different allergens of Glycine

Keywords:
Glycine max

Aﬂergy max with IgE and also screen suitable therapeutics to prevent this interaction. The amino acid sequences of all
gl eiie;luer ens allergens of Glycine max and their isoallergens have been taken, and 3D structure of allergens (Gly m 3, Gly m 4,
Pe}l;ﬁ domimgetics Gly m 5, Gly m 6 and Gly m 8) and their isoallergens were generated using Modeller v9.17. The modeled

structures were further validated using PSVS, ProSA, RAMPAGE, and PDBsum. HL domain of Fab region of
human IgE (PDBID: 2R56) was generated using UCSFchimera. The HL domain was minimized by Schrodinger
software using the OPLS_2005 force field. SiteMap identified epitope binding site of the minimized domain. All
the predicted epitopes of different allergens were docked to the binding site of HL domain using the Patchdock
server. We have also designed a peptidomimetics based inhibitor targeted at interaction interface of Gly m8 and
IgE, using in-silico virtual screening, molecular mechanics, and molecular dynamics simulation studies. These
studies identified BDE32166344 ((N-(1-{[1-(1-aminocyclopentanecarbonyl)-3-hydroxypyrrolidin-3-yl]methyl}
piperidin-4-yl)acetamide) as a peptidomimetics based lead with binding energy of —72.77 kcal/mol. Therefore,
the present study investigates the interaction between different Gly m allergens and IgE antibody and identifies
peptidomimetics based lead that might be developed as a suitable therapeutics against allergy caused by allergen
of Glycine max.

In-silico virtual screening

curbing this menace have been described [35]. Owing to the unique
identification of different forms of allergens and their varied sources, to

1. Introduction

Allergy is an overreaction of the immune system against antigen or
molecules, which are otherwise considered harmless. Allergen induces
IgE dependent type I hypersensitivity and is the leading cause of allergy
in an individual. They indeed have grown in number with many al-
lergens having been isolated from plants and animal alike. Allergens
have evolved along with time and now have a much more crucial in-
fluence on human health alongside climate change [20]. It is re-
sponsible for a number of varied symptoms extending from boils, ra-
shes, eczema, asthma and in some instances violent anaphylactic shocks
leading to death. Not always life-threatening but allergies are no less a
grave danger than any disease. Allergy can be contributed to a number
of sources that range from plants, animals, and even dust. Miniscule in
size, allergens have been identified as an emerging burden upon the
health economy across not only developing countries but also devel-
oped countries as individuals afflicted with allergy have to carry on
with medications throughout their life. Several methods aimed at
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streamline the nomenclature of these allergens, the International Union
of Immunological Societies (IUIS) has defined the nomenclature of al-
lergens identified and has categorically listed them on allergen database
www.allergen.org. [39].

Among the total number of listed and identified allergens around
the world, nearly all the pollen allergens are ambiguously distributed in
29 protein families among the 2615 seed plant families [5]. The max-
imum number of allergens have been isolated from plants and range
from grapes to climbers. Not only the plants but their products are
equally susceptible to sensitizing Type I hypersensitivity among in-
dividuals [5]. Several allergen structures have been made available in
the Protein Data Bank [4,19,25,32]. The allergenicity can be attributed
in most cases to the structural aspects of the allergen. Allergens also
have various isoforms, termed as isoallergens that show nearly 70%
sequence similarity with the allergen and similar cross-reactivity with
IgE. Till date, only two-documented interaction [23,31] studies
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Fig. 1. The flowchart represents the outline of different steps of the methodology used in the present study.

Table 1

Results of refinement of modeled Gly m 8 using Galaxy web.
Model GDT-HA RMSD MolProbity Clash score Poor rotamers Rama favored Z-score
Initial 1.0000 0.0000 3.378 89.6 3.4 89.7
MODEL 1 0.9335 0.475 2.085 18.9 0.7 95.5 —-3.23
MODEL 2 0.9383 0.458 1.939 13.1 0.7 95.5 —-3.13
MODEL 3 0.9430 0.447 2.346 16.6 2.0 94.2 -3.17
MODEL 4 0.9446 0.432 2.204 17.8 1.4 94.9 —-3.37
MODEL 5 0.9304 0.469 2.128 18.5 1.4 96.2 -3.19

between allergen and IgE have been made.

In the present study, we concentrate upon the soybean plant, a
source of highly proteinaceous food. The plant Glycine max has been
found to have different allergens. As specified by IUIS, the allergen
present in the soybean plant has been named as Gly m followed by
either one of the eight forms of iso-allergens [18]. Soybean allergy has
already been reported before with well-documented cases for different
allergens such as Gly m 1 [13], Gly m 2 [6], Gly m 3 [41], Gly m 4 [8],
Gly m 5 [27,28], Gly m 6 [1,45], Gly m 7 [40] and Gly m 8 [10]. These
allergens have been documented to show cross-reactivity [21]. A study
conducted on the impression of soy allergy on individuals (with Gly m 8
allergen) indicates that it can occur at any age and the individuals with
soy allergy are most certainly susceptible to peanut allergen (nearly
89% of tested individuals) [21].

In this fast-paced 21st century the need behind faster results has
attributed to the success of bioinformatics which certainly outpaces
experimental method and complements the experiment being con-
ducted leading it to a number of avenues exclusively tailored to meet
the demands of the experiment concerned. The sequences of most of the

allergens of the Glycine max are known but their structures are not
available in the database (WHO/IUIS). Homology modeling has pro-
vided to be a boon in allergen-specific research; this can be attributed to
the importance of structural properties behind allergenic stimulation.
Docking interactions help provide insights into the interaction between
IgE and the allergen concerned. The study also uses the approaches for
epitope prediction, which subsequently aid in protein interaction be-
tween IgE and Gly m allergens family found in Glycine max. Therefore,
the present study aims to generate models of different protein allergens
present in Glycine max and their subsequent interaction studies of al-
lergens with human immunoglobin E (IgE). Gly m 8 has been selected
because it showed the best clinical reactivity among the different al-
lergens of Glycine max [21]. A comparative study of all other isoaller-
gens found in Glycine max was also made. Using in-silico virtual
screening, molecular mechanics, and molecular dynamics simulation
approach, we have also designed peptidomimetics based lead, targeted
at interaction interface of Gly m8 with Fab region of IgE.
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Fig. 2. Validation of allergen Gly m 8. 2(a) represents the predicted three-dimensional structure of allergen Gly m-8 obtained by Homology Modeling. 2(b) represents
the Ramachandran Plot of the structure with nearly 95.5% of the amino acid residues lying in the favored region, 4.5% lying in the allowed region and none of the
residues lie in the outlier region. 2(c) the plot represents the Z-score of the predicted model, which came to be around — 3.13. 2(d) the graph represents the plot of the
amino acid residues with knowledge-based energy score, which determines the model quality.

Table 2
Predicted conformational epitope sites on Gly m 8 using Ellipro.
Sl. no.  Residues Number of Score
residues
1 M1, T2, K3 3 0.987
2 R72, G73, R74, 175, N76 5 0.884
3 F4,T5,16, L7, L8, 19, $10, L11, L12, F13, C14, 20 0.845
115, Ale, H17, T18, C19, S20, A21, S22, K23
4 Q25, H26, Q28, D29, S30 5 0.696
5 Y77, 178, R79, N81, E82, G83 6 0.692
6 Q52, G53, R54, G55, D56, D57, D58, D59 8 0.665
7 D60, D61, D62, D63, D64, N65, H66, 167, L68, 12 0.616
R69, T70, M71
8 F146, G147, P148, M149, 1150, Q151, C152, 8 0.608
D153
E103, L104, R105 3 0.563
10 S122, E124, L125, E126, E127, K128 6 0.502
2. Methods

The interaction study has been performed for the all the eight al-
lergens (Gly m1 to Gly m8) found in the Glycine max. In this section, we
have explained the approaches used for the Gly m 8. Similar approaches
have been used for remaining isoforms of Gly m allergen. The Gly m 8-
Fab complex was used for designing of peptidomimetics based lead. The
different experimental setup is shown in Fig. 1.

2.1. Selection of allergens and their sequence

The different isoallergens (Gly m) of the Glycine max has been taken
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from WHO/IUIS allergen database. This database showed the presence
of eight allergens in the Glycine max (Gly m 1 to Gly m8). This database
also provided the information about the isoallergens and protein se-
quence, available structure and documented literature of the analyzed
allergens. The information was further validated from the SDAP
(structural database of allergenic protein) database [18].

2.2. Molecular modeling of Gly m 8, its refinements and validations

The amino acid sequence of the protein allergen, Gly m 8 was de-
rived from the UniProt link [Uniprot ID: P19594] [7]. This amino acid
sequence was used for pBLAST [2] against the Protein Data Bank da-
tabase to identify the templates based on which homology modeling of
the allergen protein can be carried out. Based on the results of the
protein BLAST, two templates were used in the homology modeling on
the MODELLER v9.17 [42] using an approach similar to our published
methods [47] and the three-dimensional model was predicted based on
the DOPE score. The predicted model was refined using Galaxy Web
Server [43], followed by structures validation using Prosa Web [50]
and RAMPAGE [24] and PSVS server [3]. The template quality is va-
lidated using TM align [53]. The predicted structure was visualized on
UCSF Chimera [36]. Similar approach was used to model other aller-
gens and iso-allergens of Glycine max.

2.3. Selection of Fab domain of immunoglobin E (IgE)

The IgE which acts as the receptor in the upcoming molecular
docking was retrieved from the Protein Data Bank (PDB ID: 2R56). The
unnecessary ligands were removed by using UCSF Chimera, and the
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Fig. 3. The graph represents the scores obtained by the amino acid residues of different allergen of Gly m and their isoallergen. The yellow regions above the plane
are the amino acid residues that form the conformational epitopes present on the allergen. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

heavy-light chain present in the antigen-binding fragment (Fab) of IgE
was selected for the docking study. The left side of Fab is designated, as
chain HL and right side of the chain is designated as MI chain
(Supplementary Fig. 1).

2.4. Epitope and active site prediction

Before proceeding for protein-protein interaction, we predicted the
epitope sites on the Gly m allergen, modeled allergen using ElliPro, a
structure based tool for prediction of epitope sites [37] and corre-
spondingly the paratopes or binding site on the receptor, Fab of IgE
were detected using Sitemap [15]. The predicted sites were used for
protein-protein docking.

2.5. Protein-protein docking between allergen and Fab of IgE

The protein-protein interaction between the allergen protein (li-
gand) and the Fab of IgE (receptor) was studied via molecular docking
using PatchDock v1.3 server [9]. Predicted epitope site of allergen
(from ElliPro) and predicted binding site of HL and MI chain were used
in protein-protein docking to provide the PDB file of best-docked pose,
geometric shape complementarity score (score), approximate interface
area of the complex (area), atomic contact energy (ACE). The results of
PatchDock were refined by Firedock server [29] into the top 10 pose
PatchDock result based on global energy values. The interaction with
the most negative global energy was the most spontaneous among all
the receptor-allergen interactions and selected as the best model. The
selected best docked model was used for the peptidomimetics de-
signing.

2.6. Receptor grid generation for peptidomimetics designing

The peptidomimetics binding site in docked Gly m8-Fab complex
was detected using Sitemap [15]. It is an energy-based method for the
prediction of the protein-ligand binding site. It uses the interaction
energy between the protein and simple van der Waals probe to locate
the energetically favorable binding site. The binding site was selected
based on its presence at the interface of the Gly m8 and Fab domain of
IgE.

2.7. Selection of peptidomimetics ligands from Asinex database

Peptidomimetics are compounds with essential elements (pharma-
cophore) that mimic a natural peptide or protein in 3D space and retain
the ability to interact with a biological target and produce the same
biological effect [48]. We have selected a total of 11,309 peptidomi-
metics leads form the Asinex library.

2.8. Preparation of peptidomimetics

All the peptidomimetics compounds were subjected to LigPrep
based ligand preparation. The LigPrep module prepares three-dimen-
sional structures of compounds with high quality and corrects chiral-
ities. Ionization states for the compounds were generated at pH of
7.0 = 2.0. The Epik and tautomeric states were generated followed by
the desaltation of ligands. An OPLS_2005 force field was used for the
minimization of the compounds. Maximum of 32 stereoisomers were
generated for each ligand and five lower energy ring conformations per
ligand were selected.



V. Tiwari et al.

Table 3

Result of protein-protein docking between Gly m 8 (predicted epitopes) and HL chain domain of IgE.

HB energy

Area ACE

Score

Global energy value (kJ/mol)

Epitope sites

Sl no.

1622.10 78.96 0.00

9910

4.14

M1, T2, K3

—-5.27
0.00

450.51
31.87

1722.30
2982.60

12,820
15,270
11,118
9482

—24.64
2.92

R72, G73, R74, 175, N76

F4, T5, 16, L7, L8, 19, S10, L11, L12, F13, C14, 115, A16, H17, T18, C19, S20, A21, S22, K23

Q25, H26, 028, D29, S30

—-1.67
—2.88
-3.89
-3.79
-3.71
-9.28
—3.32
—0.43
—2.45
-0.89
—2.45
—2.45

—252.05
—219.47

463.88

1560.20
1202.70
1641.50

—21.06
—47.90
8.50

Y77, 178, R79, N81, E82, G83

12,358
12,170
13,294
10,536
11,050
11,822
14,458
11,822
14,458
12,722

Q52, G53, R54, G55, D56, D57, D58, D59

449.40

1578.20
2182.90
1331.70

-12.59
—21.63
—24.30
—26.41
—65.00
—55.16
-57.71
—55.16
—55.16

D60, D61, D62, D63, D64, N65, H66, 167, L68, R69, T70, M71

F146, G147, P148, M149, 1150, Q151, C152, D153

E103, L104, R105

—67.67
122.39

359.93

1460.20
1674.50
1784.70
1674.50
1784.70
2238.80

S122, E124, L125, E126, E127, K128

M1,T2,K3,F4

-11.70
-12.79
-10.83
-12.79
-12.79

112
122
13"

M1,T2,K3,F4,T5,16,L7,L8,19

16,L7,L8

K3,F4,T5,16,L7,1.8,19,510

a

14

M1,T2,K3,F4,G92,H93,M94,Q95,K96,C97,Q0121,5122,E123,E124,1.125,E126,E127,K128,0129,L130,L131,L132,M133,E134

15°

@ Hybrid epitopes generated after manual comparison.
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Fig. 4. The docked pose of Gly m 8 (red) and HL domain of Fab region of
Immunoglobin E (IgE). Protein-Protein docking was performed using
PatchDock and refined by Firedock. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)

2.9. High throughput virtual screening (HTVS) and ADMET analysis

The virtual screening workflow of Maestro v11 was used to screen
the peptidomimetic library against the binding site of Gly m8-Fab(IgE)
complex. We have skipped the ligand preparation step included in the
virtual screening workflow due to their prior preparation using Ligprep.
The first step of virtual screening involves the evaluation of drug-like-
liness of small molecules. Drug-like molecules exhibit favorable ab-
sorption, distribution, metabolism, excretion, toxicological (ADMET)
parameters using QuikProp as per our published protocol [47]. This
analysis was followed by three modes of docking i.e. HTVS, SP and XP
docking.

2.10. Molecular mechanics/generalized born surface area (MM-GBSA)
calculations of selected library compounds

The docking studies are not always considered as the most validated
or successful method. Therefore, for the lead hit identification, com-
paratively more accurate computational method is required. The esti-
mation of free binding energies for the best hit docked complexes using
MM force fields, and implicit solvation was done using the Molecular
mechanics/generalized born surface area (MMGBSA) method using the
Prime module of Schrodinger suite v11. The protein-ligand complexes
were ranked based on their binding free energy calculation.

2.11. Molecular dynamics simulation

For the molecular dynamics simulations (MDS), we have used the
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Table 4

Result of IgE interaction with other allergens of Gly m Family identified from protein-protein docking. Only best global energy score epitopes have been listed here.
Allergen protein  Epitope site Global energy (kj/ Score Area ACE HB

mol)
Glym 3 T97, G98, A99, D124, Y125, 1127, D128, Q129, G130, Y131 —37.25 10,222  1236.60 —1.04 —5.23
Gly m 4 V14, A15, L104, V105, A106, G107, P108, N109, G110, G111, A113 —34.37 11,196 1989.90 —9.08 —9.54
Gly m 5.0101 D36, E37, Q38, P39 —43.49 8632 1314.60 -—1.66 —2.53
Gly m 5.0201 R556, A557, F558, Y559 —37.34 10,460 2274.80 —0.96 —5.34
Gly m 5.0301 R3, V4, R5, F6, P7, L8, L9, V10, L11, L12, G13, T14, V15, F16, L17, A18, S19, V20, C21, V22, —51.77 11,568 1616.90 —6.66 —5.29
S$23, L24, K25, V26, R27, E28, D29, E30, N31

Gly m 5.0302 M1, M2, V4, R5 —29.74 10,018 1599 -7.74 -1.75
Gly m 6.0101 M1, A2, K3, L4, V5, F6, S7, L8, C9 —36.61 8698 1337.40 —12.09 -1.25
Gly m 6.0201 M1, A2, K3, L4, V5, L6, S7, L8, C9, F10, L11, L12, F13, S14, G15, C16, F17, A18, L19 —53.63 9760 125590 —12.45 —3.96
Gly m 6.0301 M1, A2, K3 —-37.77 8472 1157.70 -6.27 —1.51
Gly m 6.0401 R325, P326, S327, Q328, G329, K330 —77.46 10,246 1199.10 8.52 —-8.90
Gly m 6.0501 M1, G2, K3, P4 —52.54 7644 1054.80 —8.06 0.00
Glym 8 Y77, 178, R79, N81, E82, G83 —47.90 9482 1202.70 —219.47 —2.88
Gly m 8" M1, T2, K3, F4 —65.00 11,822 1674.50 -11.70 —0.43

@ Hybrid epitopes generated after manual comparison.

GROMACS version 5.1.4 (Mark James [26]). It helps in determining the
interatomic motions as well as the dynamics of protein and protein-
ligand complex [46]. Our published methods were used for MDS ana-
lysis of the ligand with Gly m8-Fab(IgE) complex for 10 ns.

3. Results and discussion

According to WHO statistics, hundreds of millions suffer from al-
lergy, and it is estimated that 300 million have asthma, markedly af-
fecting the quality of life of these individuals and their families, and
negatively impacting the socio-economic welfare of society [49]. Ac-
cording to WHO/IUIS, Glycine max (dicotyledonous weeds of Fabaceae
family) is the source of allergens namely ranging from Gly m 1 to Gly m
8 and each of these has been characterized as a potential allergen. It is a
food-borne allergen and identified as a type I hypersensitive allergen
[14]. Glycine max pollens have been reported to be the most common
cause of allergy. Molecular interaction of these allergens is not well
documented, with the increase in consumption of soybean; we might be
looking at cases of increased allergenicity towards the plant. The Gly m
family of protein allergens are listed (Supplementary Table 1) on the
allergen databases, Structural Databases of Allergenic Proteins (SDAP)
and allergen.org (maintained by WHO and IUIS). In this study, we have
identified the epitope sites present in the allergen protein (Glym 8)
found in the Glycine max. Following similar step, we have been able to
identify similar epitope sites on other allergen proteins present in the
Gly m family. The identification of epitope sites opens up the avenue for
understanding allergen interaction with IgE and design of peptidomi-
metics based therapeutics.

3.1. Modeled structure and validation

The template of allergen proteins were identified by protein BLAST,
which yielded the best query cover. The identified templates 1W2Q ‘A’
and 30B4 ‘A’ are peanut allergens (Ara h 6 and Ara h 2), which have
been used for determination of the three-dimensional structure of Gly m
8 (Supplementary Table 2). The Modeller v9.17 predicted the best
model based on the DOPE score, which underwent refinement and
subsequent validations. The best among the five refined generated
models was determined on the basis of low RMSD, low MolProbity, less
poor rotamer, high Ramachandran score and Z-score (Table 1, Fig. 2).
Based on these parameters, model 2 was selected as a model for Gly m 8
allergen. The template used for modeling was further validated by TM
align that shows that template (1W2Q) has good RMSD value (2.13)
and good TM score (0.83), which further validates our template selec-
tion. Similarly, using homology modeling, we modeled the other al-
lergens present in the Gly m allergen family using Modeller v9.17. Gly
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m 3 was modeled on the basis of a monomeric allergen Profilin (Hev b
8) template 5FDS’A’. The allergen Gly m 4, had a defined PDB structure,
but we conducted homology modeling based on the template 2K7H’A’
which had a 99% similar query cover with the allergen. Gly m 5 has
four isoallergens. The Gly m 5.0101 and Gly m 5.0201 were modeled
using Adzuki bean 7 s Globulin-3 template 2EAA ‘A’ that showed 76%
and 79% sequence similarity respectively. Gly m 5.0301 and Gly m
5.0401 have PDB structures and were modeled using the respective
templates 1IPJ’A” and 1IPK’A’. Gly m 6 has five isoallergens, which
were modeled using homology modeling. Gly m 6.0101 showed max-
imum sequence similarity with its validated crystallographic PDB
structure 1FXZ ‘A’. Gly m 6.0201 and Gly m 6.0301 were modeled on
the same template Soybean proglycinin Alab1b homotrimer 1FXZ ‘A’ as
they showed nearly 96% sequence similarity with it. Gly m 6.0401 and
Gly m 6.0501 were modeled on the crystal structure of glycinin a3b4
subunit homohexamer 10D5’A’. However, the allergens Gly m 1 and
Gly m 2 could not be modeled because of their incomplete amino acid
sequence. The allergen Gly m 7 did not produce any significant se-
quence similarity with any template and could not be modeled using
homology modeling. The modeled structures were visualized on the
UCSF Chimera software.

3.2. Selection of epitopes in the different allergen

Molecular docking requires predicted epitope sites of the ligand i.e.
allergen and predicted binding sites on the receptor, Fab of IgE. This is
necessary to determine whether binding occurs at these specified sites
during the protein-protein interaction. The discontinuous or con-
formational epitope sites present on Gly m 8 and other Gly m allergen
were included (Table 2, Fig. 3, Supplementary Fig. 2). The Ellipro score
represents the probability of the sequence to become epitope, and its
value varies from zero to one. Zero represents probable non-epitope
sequence while 1 represents best probable epitope sequence. These
epitope sites were used for the protein-protein docking.

3.3. Selection of IgE chain receptor and binding sites

The Fab fragment of IgE consists of HL (left side) and MI chain (right
side). The HL and MI chain was separated using Chimera. The predicted
sites on Gly m 8 were utilized for non-specific docking at multiple sites
of antigen binding fragment (Fab) region, the HL chain and also with
the MI chain of IgE. The results obtained for the interaction of Gly m 8,
showed maximum negative global energy value of —24.53kJ/mol in
case of interaction with HL chain of Fab region of IgE whereas weak
interaction was shown with MI chain (—2.43 kJ/mol) and Fab region
(—1.10kJ/mol) of IgE respectively. The present result showed that the
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Table 5

Result of molecular docking and binding free energies of docked complexes.

(kcal/

dG_Bind
mol),

Complex energy,

Glide E-model; XP G-score,

Glide G-score,

Docking score;

Name

Compound IDs

—58.50

—24,472.88

—10.1024

—88.3991

—10.1024

—9.6147

BDH 34060020 N-[(1R,2S,3R,4R)-2-[benzyl(methyl)amino]-3-hydroxy-4-[3-(trifluoromethyl)phenoxy]cyclopentyl]-2-

(methylamino)acetamide
BDE 32166344 N-(1-{[1-(1-aminocyclopentanecarbonyl)-3-hydroxypyrrolidin-3-yl]Jmethyl}piperidin-4-yl)acetamide

-72.77
—71.04

—24,475.64
—24,471.05

—9.62471
—9.47659

—9.62471 —82.0148
—68.2619

—9.47659

—9.53971
—9.34469

(2R,3R,48)-2-(hydroxymethyl)-1-({3-[3-(2-methyl-1H-imidazol-1-yl)propoxy]phenyl }methyl)-4-

phenylpyrrolidin-3-ol

LAS 57287831

—60.62
—66.21
—65.28
—50.06

—24,491.26
—24,483.96
—24,538.46
—24,464.02

—9.01076
—8.98441
—8.85157
—8.77594

—67.497

—80.9257
—76.3292
—78.5234

—9.01076
—8.98441
—8.85157
—8.77594

—8.90636
—8.89101
—8.73167
—8.61124

2-amino-N-{[(1R,4S,55)-4-hydroxy-5-(4-hydroxypiperidin-1-yl)-1-phenylcycloheptylJmethyl}acetamide
(29)-2,6-diamino-1-[(3S,4S)-3-hydroxy-4-(1,5-naphthyridin-4-ylmethyl)pyrrolidin-1-yl]hexan-1-one

LAS 34125414
BDI 34017289
BDI 34017296

(29)-2,6-diamino-1-[(3S,4S)-3-hydroxy-4-{pyrrolo[1,2-a] pyrazin-3-ylmethyl}pyrrolidin-1-ylThexan-1-one

BDG 34055894 3-amino-N-[(1R,2S,3R,4R)-4-(3-fluorophenoxy)-3-hydroxy-2-(1,2,3,4-tetrahydroisoquinolin-2-yl)cyclopentyl]

propanamide

—8.58737 —94.0947 —8.58737 —24,500.74 -66.13

—8.56707

2-[4-(benzyloxy)-2-{[(3R,4S)-4-(dimethylamino)-3-hydroxy-3-methyl-1-oxa-9-azaspiro[5.5]undecan-9-yl]

methyl}phenoxy]acetamide

LAS 34136776
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energy difference between HL and MI chain is large and in favor of
interaction with HL chain. It is reported by experimental result that
allergens show maximum interaction with HL chain of Fab region of IgE
[11,23]. Thus, in all of our docking interactions, we have used HL chain
for studying interactions with all the epitopes of different allergens of
Gly m family. We have used SiteMap to predict the active site on the HL
chain of IgE. Predicted active sites of HL chain contain 38 amino acid
residues which include Q38, K39, P40, G41, K42, T85, Y87, Q100,
G101, T102 in L chain and E6, S7, G8, G9, G10, Q39, A40, P41, G42,
K43, G44, 193, Y95, R113, G114, T115, L116, Y153, E156, P157, V158,
T159, F174, P175, A176, L186, K209, P210 residues in H chain of Fab
of IgE. These residues were also found in previous reported interactions
between allergens and IgE [33]. Hence, these active site residues were
used to dock the allergen with IgE.

3.4. Molecular docking of epitope of allergen and HL chain domain of Fab
region of IgE

The protein-protein interaction between receptor (IgE) and ligand
(Gly m 8 and other allergens) was conducted. The predicted active sites
of HL chain and different epitope sites were utilized in specific binding
of ligand and receptor. The results were obtained on the basis of global
energy score, which represent docking energy score. The lower the
global energy score, the better is the interaction between the proteins.
All the ten epitopes and their designed hybrid epitopes of the Gly m8
were docked individually with HL chain of IgE (Table 3 and Fig. 4), and
epitope 5 (Y77, 178, R79, N81, E82, G83) of Gly m 8 showed good
results with global energy score of —47.90 kcal/mol among all pre-
dicted epitope site of Gly m 8. The designed hybrid epitope sequence
M1, T2, K3, F4 showed global energy score of —65.00 kcal/mol. Si-
milarly, interactions of other Gly m allergens (m3, m4, m5, m6) were
also studied protein docking approach using binding site of HL chain of
Fab region of IgE.

The results of epitopes showing best interaction among all these
isoallergens are shown in Table 4. The global energy values on their
interaction with predicted active sites of the Fab region of HL chain of
IgE and their respective docked poses are shown in supplementary
Fig. 3. The epitope sequence T97, G98, A99, D124, Y125, 1127, D128,
Q129, G130, Y131 showed the least global energy of —37.25 for Gly m
3. The epitope sequence V14, Al5, L104, V105, A106, G107, P108,
N109, G110, G111, A113 shows a negative global energy of —34.37 for
the interaction of Gly m 4 with the predicted active sites of IgE. A global
energy score of —43.49, —37.34, —51.77 and —29.74 were seen in the
interaction of Gly m 5.0101 (D36, E37, Q38, P39), 5.0201 (R556, A557,
F558, Y559), Gly m 5.0301 (R3, V4, R5, F6, P7, L8, L9, V10, L11, L12,
G13, T14, V15, F16, L17, A18, S19, V20, C21, V22, S23, L24, K25, V26,
R27, E28, D29, E30, N31), Gly m 5.0302 (M1, M2, V4, R5) with HL
domain IgE respectively. The epitope sequence of Gly m 6.0101 (M1,
A2, K3, L4, V5, F6, S7, L8, C9), Gly m 6.0201 (M1, A2, K3, L4, V5, L6,
S7, L8, C9, F10, L11, L12, F13, S14, G15, C16, F17, A18, L19), Gly m
6.0301 (M1, A2, K3), Gly m 6.0401 (R325, P326, S327, Q328, G329,
K330), Gly m 6.0501 (M1, G2, K3, P4) showed a negative global energy
of —36.61, —53.63, —37.77, —77.46, and —52.54 respectability.

We have also identified the pattern among the residues involved in
the interaction. The comparative study of best epitopes among all iso-
allergens showed that N-terminal conformational epitopes showed
better interaction with the HL chain domain Fab of the IgE
(Supplementary Fig. 4). It is also seen that at least one polar amino acid
such as Glu or Asp, or Lys must be present in the epitope. This showed
that polar amino acid-rich epitopes are more preferred epitope for the
interaction with HL chain of IgE.

3.5. In-silico drug designing of peptidomimetics that inhibit the Glym8 and
IgE interaction

Out of all different sites provided by sitemap for Glym8-Fab (IgE)
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Table 6
Table represents physio-chemical properties of selected compounds.
Compounds Molecular weight (g/mol) H-bond donors H-bond acceptors EA (eV) PSA Rotatable bonds QPlogKhsa
BDH 34060020 451.488 3 8.45 0.583 82.02 11 —0.023
BDE 32166344 352.476 4 9.25 —1.048 109.598 7 —0.829
LAS 57287831 421.538 2 7.65 —0.072 70.766 11 0.438
LAS 34125414 375.51 5 8.9 —-0.139 108.629 8 —0.419
BDI 34017289 357.455 5 8.7 1.524 120.418 9 —0.661
BDI 34017296 345.444 5 7.7 0.611 114.472 9 —0.592
BDG 34055894 413.491 3 6.95 0.293 94.431 8 0.107
LAS 34136776 497.633 3 9.5 —0.123 103.169 10 0.231
Table 7
Physiochemical properties (ADMET) with standard limits of the selected ligands obtained from the docking study.
Compounds QPpolrz QPlogP16 QPlogPoct QPlogPw QPlogPo/w QPlogs QPlogKp Human oral absorption (%)
BDH 34060020 47.1 14.194 24.801 16.982 2.735 —3.005 —5.35 73.842
BDE 32166344 37.565 11.119 22.992 19.85 —0.65 0.105 —7.551 42.548
LAS 57287831 46.892 15.207 22.733 13.19 3.849 —4.474 —3.308 91.408
LAS 34125414 40.373 13.052 25.504 19.863 —0.016 —1.094 —7.948 42.595
BDI 34017289 37.353 13.428 24.734 20.118 —-0.19 —0.288 —7.651 37.134
BDI 34017296 36.16 12.995 23.433 18.961 0.085 —0.242 —7.413 41.162
BDG 34055894 44.85 14.046 23.572 15.288 2.206 —3.047 —6.42 64.298
LAS 34136776 54.02 17.014 27.902 18.15 2.694 —-3.37 —6.262 64.977

complex, the site with the highest site score was selected, and this site
lies at the interface of the Glym8 and Fab of IgE interaction. In the
present study, all the residues present within the 4 A surrounding of
binding site were considered and used for generation of docking grid.
Similarly, all conformers of different peptidomimetics leads were in-
itially screened for their ADMET (Absorption, Distribution, Metabolism,
Excretion, and Toxicity) properties via computational approach. On the
basis of these properties and toxicity, the filtered 39,871 leads were
selected. The selected ligands underwent Lipinski's filtering, which se-
lects 31,011 conformers and used for high throughput virtual screening.
Virtual screening was done to design effective peptidomimetics that
inhibit the interaction of Glym8 with Fab of IgE complex. This is in-
itiated by HTVS ligand docking of 31,011 probable leads with Glym8-
Fab complex. This step shortlisted 3754 leads. It was followed by SP
and XP docking, which filtered the number of leads to 389 and 9 re-
spectively (Table 5).

3.6. Binding free energy calculations using molecular mechanics with
generalized born and surface area solvation (MM-GBSA)

All nine peptidomimetics leads were then subjected to binding free
energy calculations using MM-GBSA approach. The MMGBSA analysis
of selected nine peptidomimetics is listed in Table 5. As evident from
Table 5, peptidomimetics BDE32166344 (N-(1-{[1-(1-aminocyclo-
pentanecarbonyl)-3-hydroxypyrrolidin-3-yl]methyl}piperidin-4-yl)
acetamide)showed lowest binding energy (—72.77 kcal/mol) among all
9 leads. The physical and chemical properties of these leads at phy-
siological pH have been shown in Tables 6 and 7. The interactions of
BDE32166344 with the Glym8-Fab complex are shown in Fig. 5. Hence,
in-silico virtual screening identified peptidomimetics BDE32166344 as a
lead that may inhibits the interaction of Gly m8 with Fab of IgE.

3.7. Molecular dynamics simulation (MDS) analysis

The MDS result (Fig. 6) showed that BDE32166344 interact with the
Glym8-Fab complex. Glym8-Fab-BDE32166344 complex showed mul-
tiphasic stability and the complex stabilizes at 8ns but have high
RMSD. This showed that BDE32166344 might reduce the interaction of
Glym8 with Fab (IgE) protein and further validates the designed pep-
tidomimetics.

The use of peptides as immune-modulators or in immunotherapy

against various inflammatory associated disorders (particularly auto-
immune disorders) through the disruption of transient protein-protein
interactions has been investigated [12]. Peptidomimetics compounds
are designed specifically along the same lines and function with the
purpose of destroying the short-lived interactions between two proteins
[34]. They also overcome the shortcomings of peptide-based ther-
apeutics by having low molecular weight and lower immunogenicity. In
the case of allergen-antibody complex exhibited here, the use of the
peptidomimetics compound prevents any form of cross-reactivity that
might be prevalent in case of use of a peptide as anti-allergen.

Allergy induced by Glycine max is associated with mast cell de-
granulation prompted by IgE mediated allergen cross-linking that re-
leases various immune-regulatory molecules like leukotrienes and cy-
tokines responsible for initiating the inflammatory response generated
in type-I hypersensitivity. Mast cell degranulation involves intracellular
calcium signaling and mobilization of extracellular and ER calcium
channels [51]. Therefore, calcium channel inhibitors play a significant
role in preventing allergy induced hypersensitivity reactions. It has
been experimentally verified that N-piperidinyl acetamide derivatives
are used as calcium channel blockers [34,52]. The calcium channel
signaling is effectively inhibited by the peptidomimetic based approach
using a piperidine acetamide derivative; by disrupting protein-protein
interaction exhibited in type I hypersensitivity. Certain calcium channel
blockers that are used in various cardiovascular disorders and in-
flammatory-mediated autoimmune disorders include Amlodopine and
Nifedipine which are also pyridine carboxylate derivatives. Recently, it
is also seen the use of peptidomimetic compound i.e. icatibant (5-dia-
minomethylideneamino pentanoic acid) against angioedema, a
symptom of allergy [38,54] and hence have anti-allergenic property.
Therefore, the present designed anti-allergen peptidomimetic com-
pound that is a derivative of acetamide i.e. N-(1-{(1-(1-aminocyclo-
pentanecarbonyl)-3-hydroxypyrrolidin-3yl]methyl}piperidin-4-yl)-
acetamide] have more chance to block the crucial allergen-antibody
complex (Gly m 8-IgE) interaction that is required for the allergic re-
action, hence can be developed as an anti-allergen molecule.

4. Conclusions and future perspective

Glycine max is the source of allergens namely ranging from Gly m 1
to Gly m 8 and each of which has been characterized as a potential
allergen. The predicted epitope sites based on the protein-protein
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Fig. 5. Diagrammatic representation of the interaction between BDE32166344 with Gly m8-Fab complex. Purple colour lines denote the H-bond. Interacting residues
of Gly m8-Fab complex and corresponding interacting atoms of peptidomimetic compound (BDE32166344) are shown. (For interpretation of the references to colour

in this figure legend, the reader is referred to the web version of this article.)

interaction through docking on the Patchdock Server between allergen
protein Gly m and human IgE resulted in the manifestation of epitope
sites for all the other allergen proteins present in the Glycine max fa-
mily. The predicted interactions markedly determine the intensity of
interaction between the various allergens and IgE. This was followed by
peptidomimetics designing using in-silico virtual screening, molecular
mechanics and molecular dynamics simulation studies that suggest the
BDE32166344 as a lead that might suitably cure allergy caused by al-
lergen of Glycine max via inhibiting the allergens (Gly m8) and IgE
(Fab) interaction. Therefore, the present study that attempts to under-
stand allergenic inception of Gly m protein allergens, and the sub-
sequent methods through which it attaches itself to IgE receptors in
humans would help us understand the workings of the allergen.

The designed peptidomimetics compound need to be experimentally
validated before use as an anti-allergen. Allergen needs to be purified
from the Glycine max. The strength of interaction of the purified al-
lergen with IgE needs to be determined using surface plasmon re-
sonance (SPR) or ELISA or mass-spectrometry after isolation of al-
lergen-IgE  complex. Experimental validation of designed
peptidomimetics compound requires monitoring of allergen-IgE (pro-
tein-protein) interaction in its presence and absence. Interaction of

402

allergen with the IgE also induces type-I hypersensitivity that is asso-
ciated with inflammation, therefore, the effect of designed peptidomi-
metic compound may also be validated on its inhibitory effects on
various inflammation biomarkers like c-AMP level [16], levels of eosi-
nophil [17,22], upregulation of pro-inflammatory molecules like IL-4
and IL-13 [44], mast cell degranulation and release of leukotrienes and
histamines [30]. This study also stimulates further research aimed at
the development of anti-allergenic drugs or recombinant vaccines to
cure allergy caused by Gly m allergens.
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Supplementary Data

Supplementary Table 1: List of allergens (Gly m Family) found in Glycine max from WHO/IUI S database.

Name of Allergen Isoallergens

Glym1 Gly m 1.0101; Gly m 1.0102

Glym?2 Gly m2.0101

Glym3 Gly m 3.0101; Gly m 3.0102

Glym4 Gly m4.0101

Glym5 Gly m5.0101; Gly m 5.0201; Gly m 5.0301; Gly m 5.0302

Glym®6 Gly m 6.0101; Gly m 6.0201; Gly m 6.0301; Gly m 6.0401; Gly m 6.0501
Glym7 Gly m7.0101

Glym8 Gly m 8.0101

Supplementary Table 2: Selection of template via Protein BLAST of allergen protein Gly m 8.

S Description Max Total Query E Identity | Accession
No. Score | Score | Cover Value Code
1 Mbp-Fusion proteinof | 82.4 82.4 78% 9e-19 37% 30B4 A

the major Peanut
Allergen AraH 2

2 Allergen Arah 6 from 66.6 66.6 79% 2e-14 35% 1wW2Q A
Peanut




Supplementary Figure 1: The antigen binding fragment (Fab) of the Immunoglobin E. (a)The
Fab region of IgE representing the light chains ( L,M) and the heavy chains (H,I). (b) The HL
chain. (c) The Ml chain.




Supplementary Figure 2. The predicted discontinuous epitopes by Ellipro for different
allergen

21Glym3:

Predicted Discontinuous Epitope(s):

No. Residues Number of residues Score
1 | M1, _S2, W3, _:04, A5 Y6, DS _:D9, H10 _L12, _C13 _:D14, 15 _E16, _G17,_:N18, _H19 _:120, ‘K87 _:G38, :P39, _:D107, _E108, P109, _MT10, _7111, Q114 27 0.703
2| iwe, Y, ABY, D24, YIS, N4, 2SO, GBI, Y3 1 .54
3 | P40, 041, :F42, K43, P44, F45 748, :N52, :N55 _ES6, P57, :G58, 559, :L60, :A61, _:PE2, T63, :GG4, Y66, :G6B, GE9, K71 _Gr7, _E78, :PTY, _:GBO 26 0.679
4 | D029, G3), _:531 3 0.631
5 T24, :S36, 137, :D38 4 0.559
22Glym4:
Predicted Dlscontinuous Ep|t0p9f$):
No. Residuse Numbar of residuse Score
1 JAM49, YIS0, L1152, .A153, HI154, .P155, D156 i3 0739
7| WM, G _wA _F4 P97 _NA3 T84, _ASR _FOR _K9T, F1M, _T17? K173 G174, _DMP5 _A1PR _F197 _P178 _MNAZ0 _0430 T3, _FI37 1133 K134 74 n7aa
3 | _:L35 _:D36, _:S37,_-F38 _:K3D, _:S40, V41, -E42, :N43 V44 _E45 046, _N47, _:C48 _-C49, .50, :C51, _T52, .TE7, -L59, -:EGC, _DB1, _:C62 -EG3, TG4, K65 26 0.733
4 M4, A1, L1104, V05, .A108, .GIOT, .P108, N109, .G110, G111, AN3 11 07T
5 | D75 _FTa _ATT, NTA _179 5 nR44

2.3 Gly m 5.0101:

1 K3, _E4,_E5 _.Ce _E7 _ES, _Go _E10 8 0.517
2 ._-ma._ma _Ri5, _P16, _R17, _P18, _019 7 . 087
3 | _‘H20, P21, E22 . 3 . 0.917
4 ._F_'.'J_P‘ES Q2% . 3 0917
5 . _Q27, P28, _G29, _E30, _K31, _E32 I [ I 0917
6 .hesa._l:m_eas . 3 . 0917
7 . _:D36, _E37. _:Q38, P39 . 4 . 0.917
8 ._nsao._:.su._rsa:._vsaa . 4 . 0.017
9 . _R40, P41, 142, P43 . 4 . 0913
10 . K529, G530, RS531, K532, G533, _P534, _L535, _S536, _/S53T, 1538, _L539 . 1 . 0.699
1" . D83, _EB4, _EBS, 085 _DA&T, _EBS . L3 . 0.844
12 ._-cm _Fo1, _Po2 I 3 I 0818
13 | _:E54, E5B, 057 . 3 . 0.787

K146, N147, 0148, _'v149, H 1, 2. 2
14 | TY271, TLaT2, T0273, G274, TF275, i, 7, “N2T8, 127! 9 TL280. TE281, TAZE2 5233 TY284, D285, TT286. TK387, F288, TE2B
_.RQSB E299,_E300, _:G301, _; : 0304, 76305, _E306, _Q307, _R30E _1309, Q3T E31I—_S3|T VT 134 VIS_EME,

‘E59 E6D. 061 E JWE3, PB4, RES 5354 N35’5 “K356, L35? ‘N384, E3IBS, G3EG,
0483, TRA9E

T162, L183, _L185, _-P186, _T201, P236 D237 N238, uzas E240, L2 $263, 5264, _T265, E266. Q269, _:S270,
89, TE200, 71291, "N202. 'k.‘h)a Tm 1295, "F296, 5207, 79 0.709
3T, sals K319, E320,:0321, 1322, TR323 ~

15 | TO48T_ 1488 m_sm 001, V492 485, 437, P49, 499, B 87 0.642
515, Tvs17, D518, _oszn PS5 ._KSZ 5526 G527, _NS28

16 | _E77, _E7S,_D79, _E80, D81, _ES2 6 0605

7 | _s20s,_v207, _N208, _N209, D210, D211, R212, D213, -S214 _R216, G228, _T229, _T230, Y232 _A324, 1305 _'S326 _K327, _R12B, _A329, K330, 5331, 5132, 5233, R334 _K335, [ 35 [ 0.595
_:TS}E 1337, 75338, “5339, 340, D341, K342, P43, Ties

18 | _K73, _GT4, _ST5, _E76, _R9S, P96, _POT 7 05



2.4 Gly m 5.0201:

G e S s B S 3 s
z 3 230
5| _HR4_PRE_FRA_PAT R DR _PED 441027 a ngr
« | _Ke3,_Eg4,_EB3,_EBO, KT 3 {33
£ | _FTR_07A _TAn_FRI 4 0847
0 | _ROS,_AGST, FIOS,_ YA 4 oE4
T | ES, 300, adt_ iz Pil_Ri4,_F13 7 043
& | HeB, EgB, V0D 3 5]
O | _E67._-E6O, 83, W70, 71, 671, K73 G _£75_ET8 10 o002
0| R Hioz, + T804
% | _R18,_PI7,_CB H {74
”2 IO A0 G, a (3]
13 | _418,_$30, £21, fes, T, R4 075, 025 3 1]
1| BT ST RN _ETETS ] (¥
15 | 461, _[82, WED 184, TS5, 17, _D180._OH8, D120, 121, D22 12 oest
15| AN %21 8347 401e3 MW AR WME ST SR M0 RN _00A_TREZ WAL A6 _SARR_PIAD 7 nes?
17 e e NI T e L e D AR~ Ok ASRA EeA 10 wETs
TEEE, W30, VAI0, Lat, A2, B34, Feid, EI16, £d18, 75817, Ta8 5010, 5820,

i H 088
= e ,_ESIC, 51, BBt PEAS,_GEI5, 8515, AR{7. ¥E18, D516, 520, _EE21, w T

_EiZ_D33,_EM,_G26_E3 5 [3:1]
o | L IAE U UL _Eed) 5 (]
22 | _T86,_@S7 _50,_C56,_C80,_T120,_T1M, Q125 L1 B 058

2.5 Gly m 5.0301:

Predicted Discontinucus Epitcpe(s):

1 G448, %420, C421 _C422 G420, 54, K4R5 GA2G, CR4T K420 G425, P40, T4 P40 5403 M, 1430, G406 ALY, _ L4003 1 .20
2 _R3,_V4_R5 _F3,_PT, L8 _19 VM0 _LH,_L12 _G13 _T1d _A15,_FI6, _ 1T, _A18 _S19,_\v20, 021, 22, 323, L34, K2, _\26, 227, 523, 023, I30, N3 22 081
3 K14, (USEE, K318 3 Lbd
4 i, LCke2 3 o
40N KRN PRT N GINT G110 WIS PIT M D150 M0 1o HI4L LAY Sl SIS TIER OIRT 8GR QMRS CITNSSTLYITY 1 ITL 0173
5 7E. T _HTT3, :f179, 71160, LCI51 iad, ] _Has, a7, - _ETen, _ETel, _ 7, a1 R TIE, . _F1IT, _GRE,_ETe, 2R, En 54 0722
26, T T i T
3 LRI (VR R B L A0 R 4 § N P AL E AR L2 LIS AL I N L E A [ R 2 14 Ll
A.:'H._,CB?S. _,E3 6 K!"’ DS’B M3IFD _V3g0, _\oB1, -ndar -0o83 1382 T 335._[130 0337, :\Va3s, 088D, _ES00, 1501, 8302, F303, P304 C305, 5306, A30T 0G0, _C3I0,
T i B e 1 ‘Fcnal b A = an A
8 _L213,_S214,_K215, SE26 4 0633
9 11, WS U, U6 RS 024 L2h, ESML VI 1 LYq
M _Ped7, 8550, _NER?,_TPRN _NANN _TPM, R AN TY AIS4 KAWL _THM4 AT 046 PHT _041 7 re47
= % S0, SI8 5200, RIS, 23, TN 23S0, (SIS, B2 D2V, _EQI, P13, F20 NI, _S2M, A5 7260 _PI61, LEIED, <135, N4 _PLES LR23, D21, 5 i




2.6 Gly m 5.0302:

Predicted Discontinuous Epitope(s):

No. Rasidues Number
?u‘siduea
1 N1, _MEZ, Ve HD =
2z F431, Pa3E, 543, 1434, (143, (G436, Ad3r, LASH vadw ) (1~
3 i T o7 PR - R L W 18 12, 1513, Ti4, VI3, CFI6, CLIT OGA18 1318, V20, G20, V22, 523 a4 9 0944
4 | _Ka2s, G429, _Pa30 3 T:rad
5 | _E421,_F47I _GAZ3, _S424, K425 G476, _R427 7 0883

L6, _F87, L1863, 5134, 316‘

T 2,
o |-Bi P B IS 72 LT3 0174, GITs, P73, 5177, _R178 ChITY. IlSU L131 E13 ~T183, _5134, _F185

o EI00 B0 207, 0203, R0, _0Zis 0z i 136, _ste, 9 0757

T | _13M, _KM2,_CHI, _0NM4, 003, KN, 010, K9, G320, CI21, CI2%, LI, :PI24, . 125, 125 15 0723
& | _N109,_N110,_DHA, D1, N3 H 0672
8 DR A4 Ois Eys GOT DyA N9 Va0 el RIS a3 (30 EX0S. RIG OBN. V300 G309, SIS0 LB, A2 FI03, (P4 GBS, SI. ADNT, GBRR. a7 0680
_TA0y, N, _Fant R4NG, 1303 dnd’ KA 0207, _FANA_SATN _d1 5
_ 4B, _:0e§, N30, KBO, F8I, :NEZ _: D114 FIT _HI30, D199, H14D, JOlel, N2 VI ERIZL203, 824 25, ERIG 00T S21G REIE C220, 22, S22
w 2SR RIS RISk, ,_Hzal TR sk, s Cissa, iss, edes Uy D, Jeea, Jirda), Jman, Zshaa, JALay, _Nuas, Fuer S5, RET, L TsY, 5f 0593
| D414, _A415,_C416,_THT, _CHE, _C419 H 05es
12 | _F27,_E38 _D20, _E3D, _N31 H 0546
13 | _E67,_:M8B _R70, _DO1,_V152, _N153, K154, _P155 G156, _RI5T 10 0519

2.7 Gly m 6.0101:

Predicted Discentinuous Epitope!s).

NoD. Resldues N;.II'I'I:G’ Score
o
esiduey
1 M A2 K3, L4, NE _F6 57 18 _.CH g 089
z K891, Re92  A493, Ve84 A495 5 0.261
3| P2, 0277 _EXTR 1 0322
4 FI0, L1 LI2, F13, S14, .G15 .CI6, .Ci7. Fi6 _A19, .F20, S21, .S2?, .R23, .Ezd4, 025 P23, .Q27, 026 .N29, E30 .C31, .02 23 0.317
3 336 0357, : 365 _ :N3IE7, :A33E, : F370 (0337, R423, S4D4, 0436 S5 DAIT N8 T4, Lis5 adds
5 449, T:5e50 T1451 T1452, TN255. TRdsd4 ' TL4sS 457, F453, | Ty459 i it ‘Fa34, TS, _ [456, _FAET, _Sd66, _JHes, _ETD m* _Ri72 ﬁqﬁ ﬁm m 5, &5
= 485 dE 433 T 0487 24 0
R12D 32 5
of L1 ; TG, GT7, oL 1 . 190, 1133,
3 o Beie] 7 2730, 30, HI, P332 D 3 ‘D236 ! , R0, FRT E‘:’ 62'41. A a 4; ‘F:zsc-' 251 151 0.36¢
s 3311
T | _:M395, _:C305 _N307, :3305, :E300 5 0518
Predicted Discontinuous Epitope(s).
N Residues Mumher
of
residues
IO P T _iL6, ST _L8, €9, :F10, _Li1, _L12, _:F43, _S14, _:C15, _:C16, _F17, A8, 113 18
2| _:R483, 433, V84 _neRE 4 3051
3 E113 5114, ©115, QN6 R1I7, G113, RI9, Si20, 0121 9 1878
FO S T S 2 R o W L S P S 2L R [ e I W 6 ] 4 FH3
5 | _:EDE0, :Q331, :P2ED 0083, :C38A _VI8S, EDIGG, TDE7 D338, KIBO, G290, COMM, 0703 OIOM, :S2C5 KDIE 16 1815
6 [, _G22 _:A23, Q24 4 1735
A1, :S414 O4E, S415,
s i54 T4EE, [AE6, CWRET _D4sg i 071

] 02 1672
9 | _Pi05, _S106, _TAOT, _VACA, 000, _FU0 201 02 _RI92 D105 0124, _TNI5 _R193 _HI2T, 0193 K179, _PPR4, _MPER _RI3T_KIRR _D760, _0IT 7 1A%
10| _EYE6, 13, Qg5 _C126 4 1628

11| _:N305, C303, N30T, -GI0I, :CH09 & 1555




2.9 Gly m 6.0301:

Predicted Discontinuous Epitope(s).

1 M1, RS KA I 5
2 | _R4TE TR, 4B, B 0343
3 | .@i3, KNT. 618 .NH 3120, 5121 1328
4 |14 WS R ST _IR _COH _FI0 1M 17 _F13 514615 _ 037
5 | _mi2e ™25 0124 D125 1.756
(P2 b, e,
& 438 THA3D TALAD 17M
6, 7 5467,
7 | 0107 0108, 0109, CI00, 7204, G202, 5203, _O2M, K205, _C2IG, 1.585
FI4 RIS {mﬁ _0[2117 RIZ 177 018 IS 154,
B st %Zza? (268?5 H’ZSD nee
a | P94, D195 K195 0 348
10 | E24 _OPS P2 007, 098, N30, E30, C3 _o82 1581
¥l | :M3S1 T332 oM383, (G384, E3ES 517
2.10 Gly m 6.0401.:
1| _E33 0333, 03, _03s noa
T | _mazs _raze, _£307, 0328, _C320, K33) 1.086
3 |_R3zz _P3zs, S3n 1973
& | M, RS, P 1 958
5 | _DM3, _E}ie, O35, _EME _DHT, LETE, DY, _K3IN, P12 1953
& | _D336 _0837, D338 _E330, D34, _E341 D342 1.052
7 | E343 1DMe E345, D36, OO4T. (P343, CR3eg 0911
§ | _WERD KSR _WSA? 2SR 0808
© | CR30Y, _A302, _P303, 5304, _H305, -GI06 K37, R3E 1871
10 | KIS0 3304, _RI52, LIS N3G 06T
1 | F5, _T6 LT, 56, LD, 510,511, L1213, _Li4, 115, _L16, _L17. S8, 518, _A20, G 0.86
12 | _;msSs, G586, 5557, _PSSs, PSSy 085
13 | KDOB 5200, HDI0, -C2H 03I, 0213, K214, _0DI5_CI1E Q2T 1584
14 | 3356 <357, K338, T353, .O960, P33, RI63 P364 1875
o Er e B Sl Bl e o
9547 _.«5»9 MSS0, S’I: wE 8553 ;05
15 | 0294, 1295, :PI96, 5297, H293. PI%B, P3O0 1563
17| 0007, 0P, _000d _0ME 095, 00T 0 RST
36, Be9 G50 NTBEID S113 E14_BUS, 016 =17 _Oiie, :
15 |SHR_alT e |43. ‘\_»9 ‘ésc ﬁm LEL msa ! Taer TEieh T;_SE' ‘#zsu ..fzsgh ‘E._:s':‘c_s? i..s? G




2.11 Gly m 6.0501:

Predicted Discontinuous Epltope(s):

Residues

1 | M G2 K3, P4 4 0.336
2| _vaen, GE200, 0291, T202, PTO3, _ G204 Y205 _T203, _T0I7, 7003 0 0.345
3| _R200, P00, 8301, GH0Z, G303, K30, HIS, EICE DT, -DIOE, _EIC, D0, CEIN, D32, _EN3, _EIN4 _EMN5, D3 _0NT _FHI 20 0.371
4 | _D$4, _M201, _C202 _C203 _Q204 _Q205, 206, _QZ0T, _K208, _:S209 _F210 _G21l _G212 _F213 _KZI3 _0215 _G216 _C21T, _F218, 019, _ 020, _Q2zi P> 0.728

T 18 S8, 530, AR _GI3 CFII A IS

T3 S8 _11) _SH ST _SPR K29 _F3n
Nh A0, a0z, 7403, TSA05, P40 WATE, |_1tu R4z, om rwz’ R4"6 w“ '?125 ‘I'wn mr fm

e 10, :140 st
453

5 bz S GA3E, \ES3, 155 (iZa7, 356, 5359,  Fea0, (Ie6l, Gens |ZTT, Y47 (378 KZao,  bdcl, _VEgz _Fdas, RZas T8 0.724
1425, ?“us _‘Ew- 1«4*-[ ‘I:4:|1 _E400 Km m _¥405,_F403, 1:49’ _:T408, 0400, 5500, _:05M, ;7502 ‘M503, 0504, _TE0E, ‘kscs U WECY, | D508, TS50, NS0, 8511,
:L5|z’| \.5i5 NS5 PSTT

6 | .07, .E2TS, D260, .E281, .D28Z, .E283, .D28<, .E265, .D286, .E2ET, EZ86, G339, ©320, 031, T2 15 0.339
B8 .349 ES0 531 NT3 EN, ELi4, KIS _PUS _GUT. OU8, D119, 3120, 5121, R12, RI23, G124, 5125 R126, 5137, Q126 2129, 2130 131, Q132 D133, _SI3e,

o | B135, TATe, TG hiad, T pHes, 0T, A5 AL i ‘B2, G308 T:Gho6, [iSomy VI8 L1000, s et 2305333 031 35 I=336, 337, cATSS. -0D3E. (S0, 37 i
2l 4u TiT2435, TH242) TE245, T D246, TT247, AG4E K250~ 251~ R25%~ 5753, P254,~.D255.~ D236 25T MOS8 K259 Go60- T265" V264 EDES” GOEH .GRET LGS 4 -
_ e

B K319, P30, 0327, _H3ZD a4 0532

212Glym8:

Predicted Discontinuous Epitope(s):

No. Residues Number of residues Score
1 M, T2, K3 3 0.987
2 _RT2, :Gr3, _:RT4, _IT5, _N76 5 0.5884
3 P& TS G o LF, B 950 LW, 120 RS, T, S AYE, cHAT, T B, 190520 A2, 522 K23 20 0.845
4 25, :H26, _:Q28, D29, _:530 5 0.696
5 =NTT- 8, 2R, N1, B2, - 683 ] 0.692
] @52, :G53, _:R54, _G535, _:D56, _:D57, _:D58, _D39 8 0.665
Fd _:D60, _:D61, _:D62, D63, _:D64, _:N65, _:H66, _I67, _:L68, :R69, _:T70, _MT71 12 0.616
8 _:F146, _:G147, _:P148, _:M149, _:1150, _:Q151, _:C152, _:D153 8 0.608
9 _:E103, _:L104, :R105 3 0.563
10 | 5122, :E124, 1125 :E126, :E12F, K128 (] 0.502




Supplementary Figure 3: The docked pose of different Gly m and HL domain of Fab region of
Immunoglobin E

Gly m 6.0301-IgE Gly m 6.0401-IgE Gly m 8-IgE

Supplementary Figure 4: The Multiple Sequence Alignment Analysis and the Sequence Identity
Matrix results obtained through Clustal Omega on the identified epitope sites of the Glycine Max
alergen family.

CLUSTAL 0(1.2.4) multiple sequence alignment

(a)

5.8302 2 o= mecemsmsscssmsccananoed MMVR----~
5.8181 2 ---eeemmeeccssccccccecesseeeee. DEQP
5.8301  ----- RVRFPLLVLLGTVFLASVCVSLKVREDEN-
4 VALVAGPNGGA-=-~=======ececmccncua-
6.8401 «  ----- RPSQGK-======c==ccmmcmmmcaanaan
6.8501 @ -------- MGKP-=c==emmmccccccmacaaaas
6.8201 2 -------- MAKLVLSLCFLLFSGCFAL-~-------
6.80181 = -------- MAKLVFSLC-===cccecccncecacana
6.8301 = --e--e-- MAK--====emmemmcmm e
8  eeeeeeeeeeas YIRNEG-=====cccecacannx
3 =eeeTG==-AD-YIDQGY-=vnmmceccmacaccan
5.8201 2 ----- R===AF-Yoreeccccccccccccccccacn
(b) 3 s o W W] e o R e W e R
™ 5 srem 000 667 W90 000 1667 000 MM 2LH 000 0.8
ne :see
a4 can case 000 10080 JLH ILID 00 B8 000 nee
B i an s 1647 1000 MMM 6667 3303 33 3RO cnae
o mn han  cnan B0 JLID BEET 10000 SH.00 S8 B6ET e
o 000 ne MM 880 BLED S0.80 1000 BLE 16000 060
mw n.n
4 6.0 an ass B2 0.00 ILIY G000 BEED 0000 18000  A.08
W nan
4 5.0 can  cmen B0 060 D0AD G667 10000 1000 19000  -nen
et s
[ un hs B8 can o o 600 608 -an 1000
BN e
) an  hem B TN M S0 LM WB WM 01
weee 80
: can  chen .49 .80 LN OGN ILE LN 500 1008
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