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 ABSTRACT: Profilin is an actin monomer-binding protein that controls the dynamic turnover of actin 

filaments and is ubiquitously present in different organisms ranging from prokaryotes to higher 

eukaryotes. Maize (Zea mays) profilin-4 isoform is a pollen-specific protein. Birch profilin isoform is a 

known allergen but maize profilin is yet to be characterized. In this study, we investigated the properties 

of maize profilin-4 isoform’s allergenicity. To this end, we first analyzed profilin-4 isoform’s 

physicochemical properties, including molecular weight (~14kD), theoretical pI (4.63), and amino acids 

composition; and found that it might have allergenic potency. Then we tested the potential B cell epitope 

candidates using different immune-informatics tools housed at IEDB analysis resource. For the B cell 

epitope prediction, potential antigenic sites on the protein surface were predicted by both propensity 

scale and machine learning method followed by their mapping of 3D structure prediction. Our findings 

suggest that profilin-4 isoform is a potential allergen and can induce allergic responses. 
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INTRODUCTION 

Allergens are small proteins or glycoproteins wavering a 
molecular weight range of 15 to 40 kDa [1]. Allergens 

appear from different sources, for instance, pollen 

allergens from plants, venom allergens from insects, 

food allergens from various food items, mite allergens 
from dust, etc. [2]. They can induce IgA, IgE, IgG, and 

IgM antibody-mediated immune responses [3]. Besides, 

they can induce Th2 ( Helper T) cell-mediated immune 
response in the human body [4]. Allergens produce an 

enzymatic or immunogenic reaction to cause 

allergenicity [5].   

Zea mays (maize), a Poaceae family member, is one of 

the most cultivated crop plants around the world. Maize 

has both nutritional and medicinal importance. The 

maize kernel is the nutritive part of the plant that 
contains all the different vitamins, fatty acids, minerals, 

etc. Maize is a great source of phytochemicals that are 

used to treat chronic diseases, HIV, even cancer, etc. 

[29]. There is an increasing trend of maize production 

over the last decade. It has been estimated that about 

187.95 million hectors of land were used for maize 
cultivation [6].  

In this study, we predict profilin-4 as a potential allergen. 

As the cultivation rate of maize increases keeping the 

pace with the demands, it also provokes the concern of 
allergenicity of its pollen. Wind-pollinated seed plants 

produce pollens which encompass crucial sign of Type-I 

allergy [7]. Profilin is known as panallergen due to its 
widespread cross-reactivity [11]. The allergenic 

properties of pollens have no association with biological 

function but the enzymatic and immunogenic actions of 
allergens cause the allergic reaction and inflammation 

[8]. The profilin of birch pollen (called Bet v 2) [10] and 

latex [9] are documented as allergens, but not the maize-

specific profilin isoform, profilin-4. Using the 
Bioinformatics tools and database [12–16], here we 

analyzed the allergenicity of profilin-4.  
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MATERIALS AND METHODS  

Protein Sequence retrieval 

Profilin-4 protein sequence (O22655.1) for Zea mays 

was retrieved in FASTA format from the NCBI protein 

database (http://www.ncbi.nlm.nih.gov/protein). This 

protein sequence was the basis for further use to perform 
different computational analysis from linear amino acid 

residues. 

 

Prediction of physicochemical properties 

Different physicochemical properties for profilin-4 

protein were predicted from its linear amino acid 
sequence using the ProtParam tool 

(https://web.expasy.org/protparam/) web server. 

Protparam predicts the molecular weight, theoretical pI, 

atomic composition, amino acid composition, instability 
index, extinction coefficient, grand average of 

hydropathicity (GRAVY), estimated half-life, and 

aliphatic index of any given amino acid sequences [17].  

 

Potential antigenic sites prediction 

The hydrophobic and hydrophilic regions were 

determined to predict the antigenicity of profilin-4. The 
hydrophilic portions are exposed to the surface of the 

protein and display reactivity to the B cell. Kolaskar-

Tongaonkar antigenicity and Parker’s hydrophilicity 
methods were employed to predict the antigenicity of 

profilin-4. Antigenic propensity, as well as 

hydrophilicity, was then analyzed from the plots 
generated [18, 19]. 

 

Potential B cell epitope prediction 

Not all the regions exposed to outer surface react with B 
cell, that’s why to predict the B cell epitopes a machine 

learning tool was used (http://tools.iedb.org/bcell/), a 

web server where Bepipred linear epitope prediction 
method was chosen [20]. Bepipred linear epitope 

prediction method uses an algorithm comprising both 

hidden Markov model and antigenic propensity and thus 
allowed to cross-check the predicted result from 

Kolaskar-Tongaonkar antigenicity and Parker’s 

hydrophilicity prediction method [18, 19].  

 

Prediction of the 3D structure of profilin-4 and 

mapping of B cell epitopes on the predicted structure 

For 3-D structure prediction of profilin-4 from its linear 
amino acid sequence an online web service Phyre2 

(http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=

index) was used. Phyre2 does several alignments of the 

target protein sequence with different protein templates 
from its database to predict a good quality model [21-

22]. We found that the structure (PDB ID: O22655) of 

profilin-4 showed maximum alignment score with its 

target template. Swiss PDB tool was used for the energy 
minimization of the structure [23]. To validate the 

structure predicted structure a Ramachandran plot was 

generated at ‘PDBsum generate’ 
(http://www.ebi.ac.uk/thornton-

srv/databases/pdbsum/Generate.html) web server which 

measures the stereochemical properties of the protein 
structure [24] 

 

Table 1: ProtParam predicted physicochemical properties for 
profilin-4 protein from Zea mays 

Properties score 

Number of amino acids 131 

Molecular weight 14101.15 

Theoretical pI 4.63 

Total number of negatively charged residues 
(Asp + Glu) 

18 

Total number of positively charged residues 
(Arg + Lys) 

9 

Total number of atoms 1971 

Ext. coefficient (M-1cm-1) 17085 

The estimated half-life (hours) 30 

The instability index (II) 35.50 

Aliphatic index 86.26 

Grand average of hydropathicity (GRAVY) -0.020 

 
 

RESULTS AND DISCUSSION 

Physicochemical properties predict the allergenic 

property of profilin-4 protein 

Sometimes physicochemical properties of a protein can 

determine the allergenic property of a protein [25]. The 
maize profilin-4 consists of 131 amino acids with a 

molecular weight of approximately 14 kD (Table 1). The 

total amino acid distribution of profilin-4 protein (Figure 
1) shows that asparagine present in the lowest amount 

and glutamate, glycine, isoleucine, and valine 

predominate among the 20 amino acids of profilin-4 
protein (Figure 1). Due to abundant acidic amino acids, 

this suggests the protein’s theoretical pI is to be acidic 

and theoretical pI is found 4.63, which mean the 

profilin-4 protein is highly acidic and tends to be 
allergenic [25]. Hence negatively charged residues (Asp 

+ Glue) is twice the total number of positively charged 

residues (Arg + Lys) (Table 1) in profilin-4, there is a 
probability to be processed by dendritic cells via 

http://www.ncbi.nlm.nih.gov/protein
https://web.expasy.org/protparam/
http://tools.iedb.org/bcell/)
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html
http://www.ebi.ac.uk/thornton-srv/databases/pdbsum/Generate.html
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scavenger receptor [26]. From predicted half-life and 

instability index it indicates that profilin-4 is quite stable 
[27]. From the predicted negative grand average of 

hydropathicity value, it can be assumed that most of the 

amino acid residues of the profilin-4 protein are likely to 

be present on the surface of the folded profilin-4. 

 

Figure 1: The amino acids composition in profilin-4. Glycine (Gly) 
and Asparagine (Asn) are the major (14.5%) and the least (~0.8%) 

constituents, respectively. 

 

Prediction of Potential antigenic sites on the surface 

of the profilin-4 protein 

For the prediction of profilin-4 allergenicity, Kolaskar 

and Tongaonkar prediction method were employed 
which functions based on physicochemical properties of 

amino acids in proteins and abundances in 

experimentally known epitopes [18]. In Figure 2, the x-
axis represents the amino acid position and the y-axis 

represents the antigenic propensity of the protein. The 

average antigenic propensity of profilin-4 protein is 
found to be 1.027. So all residues having a value greater 

than 1.027 are potential antigenic determinant. Seven 

peptides (Table 2) are found to be a potential antigen 

because they satisfy the set threshold value (1.00). The 
peptide regions “EGQHLSAAAIVGHDGSVWAQ” 

ranging from 16 to 35 amino acid residues and 100 to 

108 amino acid residues (“SLIIGVYDE”) are predicted 
to have the highest antigenic propensity score. Both of 

them comprise about more than one-fifth (22.13%) of 

profilin-4 protein. The hydrophilic portion of a protein 
tends to be exposed on the outer surface of the protein 

that makes them vulnerable to be engaged with B cell. 

The average score of hydrophilicity of profilin-4 is 

found to be 1.421 (Figure 3).  The regions highlighted 
yellow have a hydrophilicity score of above the average 

and are likely to be present on the surface of the profilin-

4 protein, while the regions highlighted green have a 
hydrophilicity score of below the average and are 

unlikely to be exposed on the surface. To predict the 

hydrophilic regions of profilin-4, we adopted Parker 

hydrophilicity prediction method [19]. For making a 

better prediction decision, we have also used a more 

reliable machine learning tool that follows the Bepipred 
linear epitope prediction method [28]. 

 

Table 2: The list of the Peptide sequences having at least 1.0 
antigenic propensity score, predicted from Kolaskar and Tongaonkar 
antigenicity plot 

Number Start 

position 

End 

position 

Peptide sequence Length 

1 4 14 QAYVDEHLMCE 11 

2 16 35 EGQHLSAAAIVGHDGSV

WAQ 

20 

3 44 51 PEEVAGII 8 

4 62 69 PTGLFVGG 8 

5 72 85 YMVIQGEPGVVIRG 14 

6 100 108 SLIIGVYDE 9 

7 115 128 CNMVVERLGDYLIE 14 

 

 

Figure 2: Kolaskar and Tongaonkar antigenicity graphical plot.  The 

protein sequences   that satisfied the set antigenic propensity 
threshold value of 1.00 are predicted to be potential antigenic region. 

 

 

Figure 3: Parker hydrophilicity plot. The x-axis represents the amino 
acid position and the y-axis represents the hydrophilicity score. 
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Potential B cell epitopes overlap the antigenic sites of 

profilin-4 

We have applied the BepiPred tool to predict the 

potential B cell epitopes. The Bepipred linear epitope 

prediction method uses an algorithm that links the 

Hidden Markov Model (HMM) and the antigenic 
propensity to make the prediction more trustworthy [20]. 

BepiPred predicted four potential B cell epitopes 

highlighted in yellow for profilin-4 protein sequence 
(Figure 4) and the maximum predicted score is 1.630. 

Predicted epitopes are summarized in Table 3. 

 

Table 3: Predicted B cell epitope sequences and their position 

along with their length 
Number  Start 

position 

End 

position 

Epitope sequence Length 

1 30 47 GSVWAQSESFPELKPEEV 18 

2 53 61 DFDEPGTLA 9 

3 80 94 GVVIRGKKGTGGITI 15 

4 107 114 DEPMTPGQ 8 

 

 

Figure 4: Potential B cell epitopes predicted from BepiPred tool. 
Threshold value for potential epitope was set 0.350.  Regions shaded 

with yellow colour are predicted as potential epitopes. The maximum 
score predicted here is 1.630. 

 

Mapping of the B cell epitopes in the modeled 

structure confirms their presence on the surface of 

profilin-4 

The predicted 3-D structure of profilin-4 was visualized 

(Figure 5 A) using Swiss PDB viewer tool [7]. 

Ramachandran plot was generated using an online tool 
PDBsum generate which validates the predicted 

structure (Figure 5 B) each blue dots indicates the amino 

acid distribution in different quadrants of the plot. The 

amino acid residue distribution reveals that only 1 amino 
acid residue (tyrosine) which contributes less than 1% is 

positioned in the disallowed region of the 

Ramachandran plot that corroborates the high quality of 

the predicted model. The Predicted B cell epitopes of the 

profilin-4 protein are mapped on the predicted 3D 
structure of the profilin-4 protein (Figure 6). The 

different colored balls on the surface of the protein other 

than pink represent the 4 predicted B cell epitopes and 

regions in pink represents the core of the protein.  

 

Figure 5: 3D structure and its validation using the Ramachandran 
plot for profilin-4 protein. (A) Cartoon representation of the 
predicted structure of the profilin-4 protein. This image has been 
developed using Swiss PDB viewer tool (B) amino acid residues are 
distributed in the Ramachandran plot.  

 

 

Figure 6: Mapping of B cell epitopes on the 3D structure of the 
profilin-4. BepiPred predicted epitopes are mapped on the surface of 
the profilin-4 protein structure where B cell epitopes are highlighted 
in red (epitope-1), olive (epitope-2), green (epitope-3) and yellow 
(epitope-4) and the rest of the non-reactive portion highlighted in 
pink. 
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Figure 7: World corn production from 1988 to 2018. This bar 

diagram shows a gradual increase in corn production over three 
decades around the world. (Modified from 
https://www.indexmundi.com/agriculture/?country=us&commodity=
corn&graph=production).  

 

CONCLUSIONS 

Due to the increasing trend of maize production in the 

world (Figure 7), it is urgent to analyze the potency of 

maize profilin-4 isoform as an allergen. In this study, it 
is evident that profilin-4 is a potential antigen. Our 

investigation is suggestive of modifying maize crop 

excluding profilin-4 isoform. We believe that our 
findings will raise awareness among crop scientists and 

will help to further validate our findings in in vitro 

settings.  
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