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ABSTRACT

Objective: Bioinformatics analyses have been becoming important research tools in the field of life science since 2000. New tools 
have been developed for the detection of allergens in food sources. This study investigated potential allergen proteins similar to the 
endochitinase class 1(Pers a 1) protein found in avocado using bioinformatics analysis tools.  

Materials and Methods: The potential allergens were examined with four different in silico tools: Clustal W for multiple sequence 
comparison, Swiss-MODEL for homology modeling, ProtParam for comparing protein parameters, and AlgPred for allergen prediction. 

Results: In silico analyses revealed high rates of similarities in protein sequences among the studied species. The highest percent identity 
was found in Cinnamomum micranthum f. kanehirae as 97.55 while the lowest percent identity was found in Diospyros kaki as 70.23. 
It is very important to note that 9 of the 10 potential allergen species investigated are plats consumed in daily life and these species 
were identified as allergens. According to the algorithm of BLAST search on allergen representative peptides (ARPs), ARPs were 
found in eight potential allergen proteins except for Prunus avium and Citrus unshiu. The ARP sequence related to Persea americana is 
LQLTWNYNYGAAGNSIGFNGLSNP. 

Conclusion: People who are allergic to avocado (Persea americana) may be advised to be careful while consuming foods such as Phoenix 
dactylifera, Allium sativum, Citrus unshiu, Diospyros kaki, and Spinacia oleracea. The present paper can be considered as a model study 
for understanding allergens in foods by using in silico tools.
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INTRODUCTION

Bioinformatics has developed after the genome pro-
ject to evaluate the extensive data such as DNA and pro-
tein fast, efficiently and reliably through multidisciplinary 
work with the contributions of fields such as biochemistry, 
biology, computer science, statistics, and mathematics (1). 
With the developments in the bioinformatics data banks, 
these provide important information on the compounds 
that one wants to investigate, i.e. about the structure, 
function, nomenclature, taxonomy and physicochemical 
properties. Bioinformatics tools can be used to identify al-
lergens from different sources and they can also be used 
to find the compounds that are associated with food aller-

gens (2). Allergome and Allergen Nomenclature approved 
by the WHO and IUIS Allergen Nomenclature Commis-
sion are the databases where information about allergen 
proteins, including food allergens can be obtained (3-4). 
Bioinformatics analysis associated with the allergenicity of 
food components requires access to reliable and updated 
information about the structure and sequence of known 
allergens. 

Latex fruit syndrome has been known for years and is 
described as someone with a latex allergy having hyper-
sensitivity to some plant-foods (5). Allergen cross-reactiv-
ity has been studied with banana, avocado, kiwi, potato, 
chestnut, and several other plants (6-11). Avocado is a 
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fruit that is highly cultivated and consumed in many coun-
tries, especially in the Dominican Republic, Mexico, and 
the USA (12, 13). It is rich in potassium; the B, E, and K 
vitamins; and fiber. Avocado also contains monounsatu-
rated fats compared with other fruits (14). For this reason, 
the consumption of avocado is critical in countries where 
meat and fish consumption is limited. Previous studies 
have shown that consumption of avocado can regulate the 
level of cholesterol and potentially prevent cancer (15,16). 
At the same time, avocado is known to show an allergic 
reaction in some people. These allergic reactions can occur 
in two ways. The first one is local allergy syndrome and the 
second one is known as latex fruit syndrome and it is asso-
ciated with latex allergy, and it also triggers an IgE-mediat-
ed immune response (17). It usually causes symptoms like 
urticaria, muscle pain, vomiting, and in some cases death. 
It is known that endochitinase class I (Pers a 1), a protein 
in avocado, causes allergic reactions (6).

In this study, an in silico methodology to find novel en-
dochitinase-like proteins was studied using in silico tools. 
For this purpose, four in silico comparison tools were used 
and the potential allergens were examined with various 
parameters. Clustal W, Swiss-MODEL, ProtParam, and 
AlgPred were used for multiple sequence comparison, ho-
mology modeling, protein parameters, and allergenicity 
prediction, respectively. 

MATERIALS and METHODS

The amino acid sequence of target allergen protein 
endochitinase class I found in Persea americana was ob-

tained from the Allergen.org (ALLERGEN NOMENCLA-
TURE WHO/IUIS Allergen Nomenclature Sub-Commit-
tee) database (4,18). The amino acid sequence of the al-
lergen protein in allergen.org is accessed via uniprot.org. 
After retrieving the FASTA form and other functional 
information obtained from uniProt.org, BLAST (Basic Lo-
cal Alignment Search Tool) found in the NCBI (National 
Center for Biotechnology Information) database was used 
for determining similar proteins (19,20). The maximum 
number of results was selected as 5000. Potential aller-
gen proteins were chosen based on similarity index and 
E-value, and then further in silico analysis was performed. 
Various model fruits (Table I) were selected to see the rela-
tionship between percent identity and allergenicity.  

Evaluation of Potential Allergen Proteins

Multiple sequence analysis and phylogenetic analysis 
of potential allergen proteins were performed via Clustal 
omega (21,22). The FASTA form of allergen protein (endo-
chitinase class I found in Persea americana) and potential 
allergen proteins were compared, and preserved regions 
and similarity of sequences were studied (uniprot.org). 

ProtParam tool in Expasy.ch was used for obtaining 
physical and chemical characteristics of protein sequence 
(23). Molecular weight, theoretical pI value, amino acid 
composition and percentages, atomical composition, and 
instability index can be found via this tool.

For the estimation of allergen proteins and screening 
IgE epitopes on allergen proteins, AlgPred (Prediction of 

Table I: List of endochitinase like proteins (BLASTp)

Species Name of protein (UniProt) NCBI Reference Sequence E-value % Identity
Persea americana endochitinase CAB01591.1 0.00 100.00
Cinnamomum micranthum f. kanehirae basic endochitinase-like protein RWR79276.1 0.00 97.55
Phoenix dactylifera chitinase 3-like XP_026656006.2 2e-168 81.73
Spinacia oleracea basic endochitinase XP_021860442.1 9e-158 78.42
Prunus avium Endochitinase 2-like XP_021807867.1 2e-146 74.16
Citrus unshiu hypothetical protein CUMW_194000 GAY59367.1 9e-152 75.49
Vigna unguiculata endochitinase XP_027904895.1 1e-146 73.83

Pisum sativum
RecName: Full=Endochitinase A2; 
Flags: Precursor P21226.2 4e-140 75.68

Allium sativum chitinase AAA32640.1 2e-144 73.13
Raphanus sativus PREDICTED: endochitinase CH25 XP_018490597.1 4e-147 70.86
Diospyros kaki basic chitinase 1 ASL69226.1 8e-140 70.23
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The amino acids are A, M, D, I, R, W, F at the position 
of 35, 87, 93, 108, 128, 145, 159 in endochitinase of Persea 
americana. All proteins have the same amino acids at the 
35th position except for Phoenix dactylifera, which has T 
at the same position. Citrus unshiu has L at position 87 
but others have the same amino acid with endochitinase 
of Persea americana. Spinacia oleracea, Pisum sativum, 
Raphanus sativus, Allium sativum and Prunus avium have 
E, L, K, Y, and Y at the position of 93, 108, 128, 145, and 
159. This similarity was shown as “:”.

ProtParam

ProtParam was used for determining the physico-
chemical characteristics of proteins. There are 326 ami-
no acids in endochitinase of Persea americana and basic 
endochitinase-like protein of Cinnamomum micranthum 
f. kanehirae (Table II). Maximum and minimum amino 
acid numbers are 329 and 302 in Citrus unshiu and Al-
lium sativum, respectively. The pI value of endochitinase 
of Persea americana is 8.25 and this is the maximum pI 
value while the minimum pI value is the 5.18 for Allium 
sativum. Net charge of endochitinase of Persea americana 
was found as +4. The lowest net charge was found as -6, for 
Allium sativum. The instability index is an indicator of the 
stability of the protein in the test tube. The protein is stable 
if the stability index is below 40 and unstable if above it 
(27). The instability index of Persea americana was found 
as 37.44. The minimum value was found as 28.86, for Al-
lium sativum, and the maximum value was found as 42.99, 
for Spinacia oleracea.

According to Table III, when sequences of potential 
allergen proteins were examined, it can be said that the 
most abundant amino acid found in endochitinase of Per-
sea americana is glycine and this is valid for other selected 
allergen proteins. Other abundant amino acids found in 
endochitinase of Persea americana are alanine and serine. 
Potential allergen proteins have similar percentages of 
amino acids.

AlgPred 

Six different prediction algorithms found in AlgPred 
were used for estimation of allergenicity. These are:
• Mapping of IgE epitopes and PID 
• Support vector machine module based on amino acid 

composition 
• Support vector machine based on dipeptide composi-

tion

Allergen Proteins and Mapping of IgE Epitopes) was used 
(24). Mapping of IgE epitopes and PID, SVM module 
based on amino acid composition, SVM module based on 
the dipeptide composition, Blast search on allergen rep-
resentative peptides (ARPs), and Prediction by Hybrid 
Approach tools were used for estimation of allergenicity. 
Swiss Model in Expasy.ch was used for homology mod-
eling of potential proteins (25,26).

RESULTS 

Endochitinase found in Persea americana with known 
allergenic effects were also investigated for other species 
via BLAST analysis. In this study, we investigated 10 po-
tential allergen proteins by using the NCBI database (Ta-
ble I). The highest percent identity was found in Cinnamo-
mum micranthum f. kanehirae as 97.55 while the lowest 
percent identity was found in Diospyros kaki as 70.23. Per-
cent identity was maximum when the E value was mini-
mum. The E (Expect) value is a parameter that describes 
the expected number of hits when searching in a database 
with limits. 

Clustal omega

The Clustal omega tool was used for analyzing similar-
ity between potential allergen proteins. The similarity of 
10 potential allergen proteins is shown in Figure 1A. Ac-
cording to the phylogenetic tree, there are three clusters. 
Endochitinase of Persea americana, basic endochitinase-
like protein of Cinnamomum micranthum f. kanehirae, 
chitinase 3-like of Phoenix dactylifera, chitinase of Allium 
sativum, hypothetical protein CUMW_194000 of Citrus 
unshiu, basic chitinase 1 of Diospyros kaki, and basic endo-
chitinase of Spinacia oleracea are located in the same clus-
ter. Chitinase 3-like of Phoenix dactylifera is not described 
as an allergen but Profilin (Pho d 2) of Phoenix dactylifera 
has been mentioned as an allergen in allergen.org.

The first amino acid found in endochitinase class I 
protein is methionine (M). Amino acids at the position 
of 27–29, 31, 34, 37, 40, 42–44, 47, 49, 50, 55, 56, 60–64, 
84, 88, 90–92, 96, 101–103, 106, 107, 110, 111, 114, 117, 
121, 122, 127, 129, 131-133, 136-144, 148-153, 155-158, 
162 (the numbers are according to Persea americana) were 
the same for all potential proteins and they were demon-
strated with “*” in Figure 1B. Since these amino acids are 
the same in all selected proteins, it could be said that these 
regions are conserved. 
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A

B

Figure 1. A) Phylogenetic tree of the studied 
sequences. B) Multiple sequence alignment 
analysis of studied sequences (The name of the 
proteins in these species were given in Table 1).
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Table II: Protein parameters for endochitinase like proteins in various plants (The name of the proteins in these species were given 
in Table 1).

Species # aa Mw 
(Kda)

Theoretical 
pI

Negatively Charged 
Residues (Asp+Glu)

Positively Charged 
Residues (Arg+Lys)

Net 
Charge

Instability 
Index

Persea americana 326 34586.04 8.25 19 23 4 37.44
Cinnamomum micranthum 
f. kanehirae 326 34639.99 7.36 21 22 1 35.87

Phoenix dactylifera 319 33641.52 8.09 18 21 3 39.42
Spinacia oleracea 322 34652.86 6.56 22 21 -1 42.99
Prunus avium 321 34381.58 7.77 22 24 2 35.67
Citrus unshiu 329 35135.39 8.08 23 26 3 41.41
Vigna unguiculata 322 34595.74 6.40 23 22 -1 35.30
Pisum sativum 324 34677.94 7.34 24 24 0 42.50
Allium sativum 302 31727.93 5.18 19 13 -6 28.86
Raphanus sativus 322 34762.94 7.35 24 25 1 39.16
Diospyros kaki 319 34066.19 6.90 28 28 0 36.01

Table III: Amino acid number and percentages in endochitinase like proteins from various plants (The name of the proteins in 
these species were given in Table 1)

Persea americana Cinnamomum 
micranthum f. kanehirae Phoenix dactylifera Spinacia oleracea Prunus avium Citrus unshiu

# % # % # % # % # % # %
Ala (A) 36 11 35 10.7 32 10 26 8.1 28 8.7 32 9.7
Arg (R) 12 3.7 11 3.4 9 2.8 11 3.4 9 2.8 10 3
Asn (N) 17 5.2 16 4.9 15 4.7 19 5.9 20 6.2 20 6.1
Asp (D) 13 4 15 4.6 14 4.4 15 4.7 15 4.7 15 4.6
Cys (C) 17 5.2 17 5.2 16 5 17 5.3 18 5.6 16 4.9
Gln (Q) 14 4.3 14 4.3 20 6.3 15 4.7 16 5.0 17 5.2
Glu (E) 6 1.8 6 1.8 4 1.3 7 2.2 7 2.2 8 2.4
Gly (G) 41 13 40 12.3 42 13 43 13.4 47 14.6 42 12.8
His (H) 3 0.9 3 0.9 3 0.9 6 1.9 3 0.9 3 0.9
Ile (I) 14 4.3 14 4.3 16 5 18 5.6 12 3.7 16 4.9
Leu (L) 22 6.7 21 6.4 16 5 17 5.3 22 6.9 18 5.5
Lys (K) 11 3.4 11 3.4 12 3.8 10 3.1 15 4.7 16 4.9
Met(M) 3 0.9 3 0.9 3 0.9 5 1.6 4 1.2 3 0.9
Phe (F) 14 4.3 15 4.6 11 3.4 15 4.7 12 3.7 15 4.6
Pro (P) 22 6.7 22 6.7 19 6 24 7.5 19 5.9 27 8.2
Ser (S) 23 7.1 24 7.4 30 9.4 21 6.5 20 6.2 21 6.4
Thr (T) 19 5.8 20 6.1 21 6.6 19 5.9 16 5 20 6.1
Trp (W) 7 2.1 7 2.1 7 2.2 7 2.2 10 3.1 8 2.4
Tyr (Y) 18 5.5 18 5.5 18 5.6 18 5.6 18 5.6 15 4.6
Val (V) 14 4.3 14 4.3 11 3.4 9 2.8 10 3.1 7 2.1
Pyl (O) 0 0 0 0 0 0 0 0 0 0 0 0
Sec (U) 0 0 0 0 0 0 0 0 0 0 0 0
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Prediction by Hybrid Approach, all proteins being studied 
are allergens (Table IV A,B). The algorithm of MEME/
MAST algorithm predicted 10 proteins as non-allergens. 
When all algorithms’ results are considered, all proteins 
being studied are predicted as allergens. 

Swiss-MODEL

Homology modeling is performed using Swiss-MOD-
EL. The 3D structure of proteins is important since it is 
linked with function. Also, 3D structure may be used for 
explanation of allergenicity of endochitinase class I like 
proteins. 3D structures of some of the proteins are seen 
in Figure 2. Swiss-MODEL uses proteins whose 3D struc-
tures are already known to create homology models. Four 
different templates were used by Swiss-MODEL tool for 
modeling potential allergen proteins. As a result, the 3D 
structure of potential proteins was found to be nearly the 
same (Supplementary material Table I).

• Blast search on allergen representative peptides (ARPs) 
• MEME/MAST motif 
• Prediction by Hybrid Approach

The algorithm of Mapping of IgE epitopes and PID 
predicted 3 of 10 proteins as an allergen and these are Cin-
namomum micranthum f. kanehirae, Spinacia oleracea and 
Vigna unguiculata. Three allergen proteins have the same 
IgE epitope as SQWGWC as Persea americana. PID values 
of three allergen proteins are the same as Persea americana 
(Table IVA). According to the algorithm of Blast search on 
allergen representative peptides (ARPs), ARPs were found 
in eight potential allergen proteins except for Prunus avi-
um and Citrus unshiu. The ARP sequence related to Persea 
americana is LQLTWNYNYGAAGNSIGFNGLSNP and 
it is the same for Cinnamomum micranthum f. kanehirae 
and Vigna unguiculata. According to the results of the al-
gorithm of the SVM module based on amino acid compo-
sition, SVM module based on dipeptide composition, and 

Pisum sativum Vigna unguiculata Allium sativum Raphanus sativus Diospyros kaki
# % # % # % # % # %

Ala (A) 25 7.7 28 8.7 33 10.9 29 9 28 8.8
Arg (R) 13 4 14 4.3 6 2 15 4.7 13 4.1
Asn (N) 14 4.3 15 4.7 18 6 18 5.6 15 4.7
Asp (D) 17 5.2 17 5.3 15 5 17 5.3 21 6.6
Cys (C) 19 5.9 16 5 17 5.6 18 5.6 15 4.7
Gln (Q) 15 4.6 18 5.6 22 7.3 17 5.3 11 3.4
Glu (E) 7 2.2 6 1.9 4 1.3 7 2.2 7 2.2
Gly (G) 41 13 41 13 42 13.9 39 12.1 43 13.5
His (H) 3 0.9 4 1.2 5 1.7 3 0.9 5 1.6
Ile (I) 16 4.9 14 4.3 13 4.3 14 4.3 15 4.7
Leu (L) 23 7.1 16 5 13 4.3 19 5.9 21 6.6
Lys (K) 12 3.7 8 2.5 7 2.3 10 3.1 15 4.7
Met(M) 3 0.9 4 1.2 2 0.7 4 1.2 3 0.9
Phe (F) 15 4.6 15 4.7 16 5.3 17 5.3 11 3.4
Pro (P) 19 5.9 23 7.1 17 5.6 22 6.8 22 6.9
Ser (S) 31 9.6 25 7.8 25 8.3 24 7.5 21 6.6
Thr (T) 20 6.2 17 5.3 16 5.3 18 5.6 19 6
Trp (W) 7 2.2 10 3.1 4 1.3 8 2.5 7 2.2
Tyr (Y) 15 4.6 14 4.3 18 6 14 4.3 16 5
Val (V) 9 2.8 17 5.3 9 3 9 2.8 11 3.4
Pyl (O) 0 0 0 0 0 0 0 0 0 0
Sec (U) 0 0 0 0 0 0 0 0 0 0

Table III continue
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Table IV: AlgPred analysis of different allergen endochitinase like proteins with a) Mapping of IgE epitopes and PID, Blast search 
on allergen representative peptides (ARPs), Prediction by Hybrid Approach algorithms b) SVM module based on amino acid 
composition, SVM module based on dipeptide composition and MEME/MAST motif (The name of the proteins in these species 
were given in Table 1)
A)

AlgPred Parameters Mapping of IgE epitopes and PID Blast search on allergen 
representative peptides (ARPs)

Prediction by 
Hybrid Approach

Species Allergen 
prediction

IgE 
epitope

Sequence 
matched Position PID  

Persea americana √ SQWGWC SQFGWC 41 83.3 LQLTWNYNYGAAGNSIGFNGLSNP √
Cinnamomum 
micranthum f. kanehirae √ SQWGWC SQFGWC 44 83.3 LQLTWNYNYGAAGNSIGFNGLSNP √

Phoenix dactylifera X GVTPSP-----GGGVASLISQSVFNQMLK √
Spinacia oleracea √ SQWGWC SQYGWC 40 83.3 SAAKAFPAFGTTGDVDTCKREIAA √
Prunus avium X √
Citrus unshiu X √
Vigna unguiculata √ SQWGWC SQFGWC 43 83.3 LQLTWNYNYGAAGNSIGFNGLSNP √
Pisum sativum X SAAKAFPAFGTTGDVDTCKREIAA √
Allium sativum X GRQAGGKLCPNNLCCSQWGWCGS √
Raphanus sativus X LISASLFDQMLKYRNDPRCKSNGF √
Diospyros kaki X GGVASLISQSVFNQMLKHRNDAAC √

B)

AlgPred Parameters SVM module based 
on amino acid composition

SVM module based 
on dipeptide composition

MEME/ 
MAST motif

Species Allergen 
prediction Score

Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

Allergen 
prediction Score

Positive 
predictive 
value (%)

Negative 
predictive 
value (%)

Persea americana √ 0.79200327 87.05 71.53 √ 0.99798747 100 59.74 x
Cinnamomum 
micranthum f. kanehirae √ 0.88663897 85.64 67.96 √ 1.1388986 100 59.74 x

Phoenix dactylifera √ 1.0673486 85.64 67.96 √ 1.0628199 100 59.74 x
Spinacia oleracea √ 1.0022276 85.64 67.96 √ 0.94676503 100 59.74 x
Prunus avium √ 1.1683693 85.64 67.96 √ 1.2215008 100 59.74 x
Citrus unshiu √ 1.0116458 85.64 67.96 √ 1.074682 100 59.74 x
Vigna unguiculata √ 0.45049336 81.83 74.03 √ 0.52013055 86.55 66.47 x
Pisum sativum √ 0.43198172 81.83 74.03 √ 0.72480486 82.97 62.4 x
Allium sativum √ 1.210904 85.64 67.96 √ 1.4961617 100 59.74 x
Raphanus sativus √ 0.50937095  81.83 74.03 √ 0.53714987 86.55 66.47 x
Diospyros kaki √ 1.3516591 85.64 67.96 √ 0.92057654 100 59.74 x

DISCUSSION

Since the discovery of the latex fruit syndrome, which 
triggers the IgE-mediated immune response, many new 
plants have been associated with this condition. When 

these plants are consumed in daily life, they are not known 
to cause an allergic reaction but can be life-threatening. 
For this reason, studies on this subject are increasing day 
by day. With the developments in bioinformatics and data 
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Figure 2. 3D visualization of each protein by Swiss-MODEL.

can hydrolytically break down chitin, and chitin is found 
in the skeleton of insects that can damage the plant (31, 
32). There are many studies in the literature on class I chi-
tinase in avocado, chestnut, and banana, which are known 
to be allergens. 

Blanco et al. researched class 1 chitinase causing the 
latex fruit syndrome (17). Class I chitinase found in chest-
nuts revealed positive SPT (skin prick test) responses in 13 
of 18 (72%) patients with latex-fruit allergy, besides class 
I chitinase in avocado was positive in 18 (67%) of similar 
allergic patients. SPT (skin prick test) responses were posi-
tive in 13 of 18 (72%) patients with latex-fruit allergy, be-
sides class I chitinase in avocado was positive in 18 (67%) 
of similar-allergic patients. However, class II enzymes 
have no SPT responses and class II enzymes do not con-
tain hevein-like domains. As a result, they stated that class 
I chitinase found in chestnut and avocado with N-terminal 
hevein-like domains are cross-reacting major allergens. 
Therefore, according to the results of Blanco et al. hevein-
like domains are probably pan-allergens responsible for 
the latex-fruit syndrome.

Posch et al. mentioned that endochitinase class 1 pro-
tein containing hevein-like domains causes avocado aller-
gy. 4.7 kDa chitin-binding domain, hevein, is the protein 
that causes latex allergy and belongs to the pathogen-relat-
ed protein class (6). The 43 amino acid conserved region 
found in hevein , which is capable of binding N-acetyl glu-
cosamine, can be found in lectin and Endochitinase class 
1 protein which induced with wound formation in plants. 
In 80% (n = 15) of avocado-sensitive individuals, IgE an-
tibodies directed against 31-kDa allergen were detected by 
immunoblotting. As a result, Posch et al. stated that the 
main mechanism underlying avocado allergy is hevein-

banks, the number of in silico studies has also increased. In 
our study, under the light of previous research and using 
in silico tools, we studied some plants that may be related 
to the latex fruit syndrome. We examined plants contain-
ing protein structures similar to endochitinase class I pro-
tein found in avocado. Sowka et. al. mentioned that avo-
cado is an allergen source and they described this as latex 
fruit syndrome due to cross-sensitization between avocado 
and latex proteins (28). They identified Pers 1, a 32-kDa 
major avocado allergen recognized by 15 of 15 patients 
with avocado and/or latex allergies and purified the Pers a 
1 protein. They detected two tryptic peptide sequences at 
the N-terminal of the Pers a 1 protein. They expressed Pers 
a 1 in 50 mg/liter culture medium in Pichia pastoris yeast. 
Recombinant Pers a 1 had endochitinase activity. They de-
termined that Fusarium oxysporum has IgE binding capac-
ity due to its inhibitory effect on hyphae. They concluded 
that latex proteins containing an allergen of 20 kDa, prob-
ably prohevein, provided explanation for cross-sensitivity 
with avocado proteins. Based on sequence comparison, 
Pers a 1 and pro-hevein had 70% similarity in the binding 
sites of the chitin. They demonstrated that mature Pers a 1 
proteins have a conserved region of 43 amino acids at the 
N-terminal and this is an area capable of binding and rec-
ognizing the chitin. They showed that this domain exists in 
Endochitinase class 1 protein.

Some proteins found in the structure of plants and used 
to cope with environmental stress may have allergic effects 
when consumed by other living things (29). Considering 
the studies on plant-derived food allergens, some protein 
classes stand out. Class I chitinases, which are allergens 
homologous to PR-3 (pathogenesis-related) type proteins, 
are highly abundant proteins found in seed-producing 
plants (30). Most plant chitinases are endochitinases that 
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