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A B S T R A C T

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
are documented. Therefore, it becomes important to investigate the interaction of different allergens of Glycine
max with IgE and also screen suitable therapeutics to prevent this interaction. The amino acid sequences of all
allergens of Glycine max and their isoallergens have been taken, and 3D structure of allergens (Gly m 3, Gly m 4,
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.

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

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

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
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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

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

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
residues

Score

1 M1, T2, K3 3 0.987
2 R72, G73, R74, I75, N76 5 0.884
3 F4, T5, I6, L7, L8, I9, S10, L11, L12, F13, C14,

I15, A16, H17, T18, C19, S20, A21, S22, K23
20 0.845

4 Q25, H26, Q28, D29, S30 5 0.696
5 Y77, I78, 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, I67, L68,

R69, T70, M71
12 0.616

8 F146, G147, P148, M149, I150, Q151, C152,
D153

8 0.608

9 E103, L104, R105 3 0.563
10 S122, E124, L125, E126, E127, K128 6 0.502
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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.

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.)
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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 theTa
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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.)
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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 3OB4 ‘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

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 A1ab1b 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 1OD5′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 −24.53 kJ/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
(−1.10 kJ/mol) of IgE respectively. The present result showed that the

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/
mol)

Score Area ACE HB

Gly m 3 T97, G98, A99, D124, Y125, I127, 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,

S23, L24, K25, V26, R27, E28, D29, E30, N31
−51.77 11,568 1616.90 −6.66 −5.29

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 1255.90 −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
Gly m 8 Y77, I78, R79, N81, E82, G83 −47.90 9482 1202.70 −219.47 −2.88
Gly m 8a M1, T2, K3, F4 −65.00 11,822 1674.50 −11.70 −0.43

a Hybrid epitopes generated after manual comparison.

V. Tiwari et al. International Immunopharmacology 61 (2018) 394–404

399

http://allergen.org


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, I93, 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, I78, 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, I127, D128,
Q129, G130, Y131 showed the least global energy of −37.25 for Gly m
3. The epitope sequence V14, A15, 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)Ta
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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 Å 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 8 ns 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

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
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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

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/IUIS database.

Name of Allergen Isoallergens
Gly m 1 Gly m 1.0101; Gly m 1.0102
Gly m 2 Gly m 2.0101
Gly m 3 Gly m 3.0101; Gly m 3.0102
Gly m 4 Gly m 4.0101
Gly m 5 Gly m 5.0101; Gly m 5.0201; Gly m 5.0301; Gly m 5.0302
Gly m 6 Gly m 6.0101; Gly m 6.0201; Gly m 6.0301; Gly m 6.0401; Gly m 6.0501
Gly m 7 Gly m 7.0101
Gly m 8 Gly m 8.0101

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

Sl
No.

Description Max
Score

Total
Score

Query
Cover

E
Value

Identity Accession
Code

1 Mbp-Fusion protein of
the major Peanut
Allergen Ara H 2

82.4 82.4 78% 9e-19 37% 3OB4_A

2 Allergen Ara h 6 from
Peanut

66.6 66.6 79% 2e-14 35% 1W2Q_A



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 MI chain.



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

2.1 Gly m 3:

2.2 Gly m 4:

2.3 Gly m 5.0101:



2.4 Gly m 5.0201:

2.5 Gly m 5.0301:



2.6 Gly m 5.0302:

2.7 Gly m 6.0101:

2.8 Gly m 6.0201:



2.9 Gly m 6.0301:

2.10 Gly m 6.0401:



2.11 Gly m 6.0501:

2.12 Gly m 8:



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

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
allergen family.
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