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Abstract. Adji A, Niode NJ, Memah VV, Posangi J, Wahongan GJP, Tallei TE. 2021. Der p 1 gene sequence polymorphism in house 
dust mite Dermatophagoides pteronyssinus. Biodiversitas 22: 72-78.  Gene polymorphisms in Dermatophagoides pteronyssinus (DP) 
mite can affect the immune response that plays a role in atopic disease. This study aimed to determine the polymorphisms of Der p 1 
gene from DP. House dust containing DP was used as a source of DNA containing the Der p 1 gene. The gene was amplified using 
specific primers DP Der 1 P 108F and DP Der 1 P 1509R. The amplified fragments were cloned using the Toyobo pTA2 vector and 

sorted then compared with the Gene Bank database. The result shows that there are 8 polymorphism sites in the Der p 1 gene positioned 
at 190 (GR), 463 (CT), 645 (AR), 751 (CY, CT), 787 (CG), 827 (TA; TW), and 1084 (CG). In the Der p 1 gene, there are 5 silent 
mutations and 3 nonsynonymous substitutions, resulting in amino acid polymorphisms as follows: Histidine H146 to Tyrosine Y146, 
Alanine A220 to Valine V220 and amino acid X220, and Tyrosine T232 to Serine S232. Polymorphisms in these amino acids lead to a 
polarity change, from polar to polar and non-polar to non-polar. These dynamics in polarity does not change the structure or function of 
the allergen protein. So that they can be used for vaccine design strategies. 
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INTRODUCTION 

Dermatophagoides pteronyssinus (DP), a widely 

popular dominant house dust mite (HDM) which generally 

known as strong inducers of IgE antibody response (Liao 

et al. 2015), has been identified to have many IgE-binding 

components in the allergen extract (Resende et al. 2019). 

Allergy is mainly caused by Der p 1 and Der p 2 allergens 

and these allergens are recognized by more than 80% of 

atopic individuals (Cui et al. 2018). Exposure to and 

sensitization by these allergens are precipitating factors in 
atopic clinical manifestations (Verma et al. 2016). Der p 1 

allergen is important allergen in the indoor environment in 

which humans live as they have caused allergic diseases 

such as asthma, rhinitis and atopic dermatitis (Chevigne et 

al. 2018). Der p 1 derived from HMD is a glycoprotein 

consisting of a sequence of 222 amino acids that a variant 

of peptidase 1 or known and endopeptidase 1, which is 

found in various types of mites (López-Rodríguez et al. 

2019). This enzyme has Der p 1 protein activity with broad 

endopeptidase specificity (Gough et al. 2014). Gene 

polymorphism in the major mite allergens can significantly 
affect the immune response, specifically the immunoglobulin 

E binding and T cell responses (Piboonpocanun et al. 

2006). Although, the study on the environmental isolates of 

DP is still limited, variation of DNA sequence in human 

leukocyte antigen (HLA) genes promotes susceptibility to a 

wide range of human diseases (Jia et al. 2013). 

Protein identification Technologies advance in such a 

fast revolution. For instance, one of the most popular 

approaches in peptides or proteins detection is to search the 

mass spectra against a sequence database of known 

proteins derived from the human reference genome or 

cDNA sequence repositories (Cao et al. 2017). 

Polymorphisms are variations in DNA sequences that occur 

when one nucleotide (A, T, C, or G) in the genome 
sequence changes. The term that is often used is single 

nucleotide polymorphisms (SNP). This is also called a 

mutation (Lusiastuti et al. 2019). A point mutation is a 

change in the N base of DNA or RNA that relatively 

common but its effects can be reduced by gene recovery 

mechanisms (Karki et al. 2015). Point mutations can result 

in changes in the amino acid sequence in proteins and 

reduce, altered, or lost enzyme function (Lusiastuti et al. 

2019). Current technology uses point mutations as markers 

(called SNPs) to study changes in genes and are associated 

with phenotypic changes (Cao et al. 2017). 
Cross-reactivity of allergens from different mite species 

can be predicted by amino acid residue analysis (Shafique 

et al. 2014). Cross-reactivity, along with the specificity of 

monoclonal antibodies, can be affected by mutations in 

some IgE binding epitopes. Thus, the diversity of allergens 
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between and within species should be considered for the 

development of a suitable allergen extract (Cao et al. 

2017). This just emphasizes that accurate and appropriate 

identification and characterization of representative 

variants in any given geographic area are essential and 

necessary (Karki et al. 2015). The polymorphisms of 

regional amino acid sequences and the extent of these 

polymorphisms are still under-researched, and such data 

simply do not exist in various countries, including the US 

and Pakistan (Shafique et al. 2014). This study aimed to 
analyze polymorphism in the Der p 1 gene based on the 

facts previously mentioned. 

MATERIALS AND METHODS 

Collection of dust samples 

Samples were obtained from bed and sofa dust in 30 

houses in Manado, Pineleng, Tomohon and Tondano. 

Sampling was carried out with a specially modified 

household vacuum cleaner to collect dust. 

DNA extraction 

A total of 10 g of house dust was added to 40 ml of TE 

buffer then centrifuged at a speed of 12,000 g for 5 
minutes. DNA was extracted from the pellets obtained 

using the Zymobiomics kit (Zymo Research, D4300) 

(www.zymoresearch.com) according to available protocols. 

Amplification of the Der p 1 gene 

Amplification of the Der p 1 gene region was carried 

out using specific primer pairs of DP Der 1 P 108 F 

(CTCTCTAAAATCTAAAATCCATCC) and DP Der 1 P 

1509 R (AATTTAATTTTTGTGAATG). The PCR process 

was carried out using the Toyobo Kod FX Neo kit (KFX-

201) with the following PCR conditions: initial 

denaturation at 95 oC for 3 minutes (1 cycle), followed by 
35 cycles consisting of denaturation at 98 oC for 15 

seconds, annealing at 52 oC for 30 seconds, and extension 

at 68 oC for 45 seconds, and ended with a hold at 4 oC until 

the amplification result was used. The amplification results 

were extracted from gel electrophoresis and purified using 

Zymoclean Gel DNA Recovery Kit (Zymo Research 

Corp)( www.zymoresearch.com). 

Der p 1 gene cloning 

In order to obtain the intact gene when sequencing, the 

Der p 1 gene was cloned on Toyobo pTA2 Vector. The 

ligation process was carried out using the Toyobo Target 

Clone ligation reaction (Toyobo). The transformation was 
performed on E. coli DH5α using Mix & Go E. coli 

Transformation Kit (Zymo Research Corp) 

(www.zymoresearch.com). 

PCR colony amplification 

PCR colony amplification was performed using Toyobo 

Kod FX Neo (KFX-201) with the following reaction 

conditions: initial denaturation at 95oC for 3 minutes (1 

cycle), followed by 35 cycles consisting of denaturation at 

98oC for 10 seconds, annealing at 45oC for 30 seconds, and 

extension at 72oC for 45 seconds, and ended with a hold at 

4oC. 

Der p1 gene sequencing 

Colonies containing inserts were sequenced using 

specific primary pairs of DP Der 1 P 108F 5' 

CTCTCTAAAATCTAAAATCCATCC 3' and DP Der 1 P 

1509R 5' AATTTAATTTTTGTGAATG 3'. Specific 

primers are designed to reinforce nearly the entire gene 

coding region. 

Sequences analysis 
The sequencing results in the form of a chromatogram 

were edited using Geneious Pro Version 10 (Tallei and 

Kolondam 2015). The similarities between sequences were 

searched using BLAST search at 

https://blast.ncbi.nlm.nih.gov/Blast.cgi (Altshul et al. 

1990). The sequences were aligned using the software in 

the Multalin network 

http://multalin.toulouse.inra.fr/multalin/ (Corpet 1988). The 

alignment results were analyzed descriptively by 

comparing the sequences of Der p 1 genes with other 

similar sequences obtained from the BLAST search results. 
The phylogenetic tree was built using the Neighbor-Joining 

method which is integrated in the MegaX software  (Saitou 

and Nei 1987). 

RESULTS AND DISCUSSION 

Der p 1 gene polymorphism 

The similarity between the sequencing results was 

searched using BLAST search. All similar sequences were 

then aligned, and the results were shown in Figure 1. There 

are 8 polymorphism sites found in the Der p 1 gene (Figure 

1). Amino acid polymorphisms can affect the reactivity of 

the IgE bonds from allergens. A single amino acid mutation 
can alter the production of inflammatory cytokines specific 

T cells for Der p 1. It is possible that this mutation affects 

the innate allergenicity of certain variants and contributes 

to the frequency of IgE binding by increasing epitope 

diversity (Jeong et al. 2012; Verma et al. 2016). 

Table 1 shows that there are 8 polymorphism sites in 

the Der p 1 gene positioned at 190 (GR), 463 (CT), 645 

(AR), 751 (CY, CT), 787 (CG), 827 (TA; TW), and 1084 (CG). 

Polymorphism usually occurs due to single nucleotide 

substitution or also known as single nucleotide polymorphism 

(SNP). SNP is a variation of DNA sequences that occurs 

when a single nucleotide or one nucleotide A, T, C or G in 
the genome is different from the biological species, such as 

the DP mite (Clancy 2008). Shafique et al. (2014) have 

observed the polymorphisms of the group 1 allergen gene 

sequences in the DP populations from the US and Pakistan 

using species-specific primers and direct PCR. Those gene 

sequences were observed under the same conditions, which 

contained two new introns (nt post 87 and 291) in both 

species, the absence of introns 3 in Der p 1 that was a silent 

mutation at position of nt (aa) 1011 (149), and four non-

synonymous mutations at position of 589 (50), 935 (124), 

971 (136), 1268 (215). They concluded that the 
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polymorphism's rate in both genes were considerably lower 

than previous report (0.10-0.16% vs 0.31-0.49%). This 

indicates potential errors in the polymerase process using 

RT-PCR, so further evaluation of the matter is substantial 

to be done very carefully. In addition, these mutations 

mentioned above have previously been reported from 

several geographic regions, suggesting that polymorphisms 

in the Der p 1 gene are panmictic (Thomas 2010).  

 

 

 
 

 

 
 
Figure 1. Alignment of Der p 1 allergen group 1 amino acid (Der p 1 proteins). The variation areas are indicated by a red block 
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Table 1. Geographical polymorphisms of the Der p 1 genes 
 

Accession 

number 

Geographical  

position 

DNA sequence position 

190 463 640 645 751 787 827 1084 

AA1 Minahasa Indonesia G C T A C C T C 
KJ542093 (1) Lenoir US G C T A C C T C 
KJ542087 (2) Rawalpindi Pakistan G T C A C G A G 
KJ542086 (3) Lenoir US G T C R C G A G 

KJ542090 (4) Rawalpindi Pakistan G T C A Y G A G 
KJ542089 (5)  Rawalpindi Pakistan G T C A T G A G 
KJ542096 (6) Rawalpindi Pakistan R T C R C G W G 
Consensus  g t c a c g . g 

Note: R:  purine (A or G); Y:  pirimidin (C or T); W:  A or T:  Weak base pair 
 
 

A study by Piboonpocanun et al. (2006) has revealed an 

enlarged data set that suggest preferred amino acid 

substitutions in residues 19, 81, and 215 of Der p 1 as well 

as the irregular changes. Meanwhile, Der p 2 has had 

frequent variations with clusters of amino acid 

substitutions, although, amongst the 17 sequences, the Der 

p 2.0101 is absent. Comprehensive sequence information 

on variants is crucial to optimize allergen formulations and 

also beneficial for genetic engineering and structure-

function analyses of many important allergens (Thomas 

2010). The presence of epitope residues in areas of high 
allergen homology may indicate the cross-reactivity Der p 

1 allergens, while the presence of IgE-binding epitope in 

the variable region may lead to species specificity 

(Chruszcz et al. 2012). As cross-reactivity and specificity 

of monoclonal antibodies can be highly affected by 

mutations in several IgE-binding epitopes, the allergen 

extracts development should encourage allergen diversity 

inter or intraspecies be considered in the process for more 

proper result. This emphasizes that accurate and 

appropriate identification and characterization of 

representative variants at specific geographic locations are 

essential and necessary (Karki et al. 2015). Regional amino 
acid sequence polymorphisms and the extent to which these 

polymorphisms are poorly studied and understood. The 

data of such information are limited for most countries, 

including the US and Pakistan. The study of internal 

polymorphisms in the group 1 allergen gene DP was the 

important species of house dust mite medical methods, 

collected in the US and Pakistan (Shafique et al. 2014). 

Der p 1 allergen protein polymorphisms 

The deduced amino acid sequences show the existence 

of 5 silent and 3 non-synonymous mutations as follows: 

Histidine H146 to Tyrosine Y146, Alanine A220 to Valine 

V220, and any amino acid X220, and Tyrosine T232 to 

Serine S232 (Table 2). The alignment results of the amino 

acid sequences of Der p 1 allergen can be seen in Figure 2. 

The variation areas marked by red block, meanwhile the 

active site areas are indicated by blue block. 
 

 

Table 2. Amino acid polymorphisms in Der p 1 allergen 
 

Accession number 
Amino Acid Position 

146 220 232 

AA1 H A T 
AHZ89364 (1) H A T 

AHZ89358 (2) Y A S 
AHZ89357 (3) Y A S 
AHZ89361 (4) Y A S 
AHZ89360 (5) Y V S 
AHZ89367 (6) Y X S 
Consensus  y a s 

Note: H: Histidine (polar); Y: Tyrosine (polar); A: Alanine (non-

polar); V: Valine (non-polar); X: any amino acid; T: Threonine 
(polar); S: Serine (polar) 

 

 
 

Figure 2. Analysis of amino acid alignment of Der p 1 allergen. The variation areas are indicated by a red block and the active site areas 
are indicated by a blue block 
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Polymorphism in these amino acids is a polarity change 

from polar to polar and non-polar to non-polar. These 

dynamics do not change the structure or function of the 

allergen protein. This result is compatible with several 

other studies, suggesting that very few polymorphisms 

occur in the allergen gene, in which all but one mutation 

are silent and do not affect the protein primary structure 

where substantial amino acid variation is located in DP, 

however, the variations are less compared with the 

previously reported (Piboonpocanun et al. 2006).  

Since Der p 1 was first discovered to be a cysteine 
protease (proteolytic enzyme), there have been many 

allergens with proteolytic activity explored. The protease 

groups in DP are more frequently transcribed compared to 

the average of this species (Gough et al. 2014). Cysteine 

protease, such as Der p 1, dominates the distribution of 

other protease types in allergen. In general, cysteine 

protease serves about half of the protease transcription, and 

Der p 1 in particular responsible for 22% of the total 

protease transcript (López-Rodríguez 2019). In the 

protease stability analysis, the allergen groups (Der p 1, 

Der p 3, Der p 6, and Der p 9) were proven to be more 
stable than average. Statistically, as well, the protease 

allergen was simultaneously more expressed and stable 

than the DP group (Shafique et al. 2014). 

Amino acid polymorphisms can affect the reactivity of 

the IgE bonds from allergens (Liao et al. 2015). A single 

amino acid mutation may alter the production of 

inflammatory cytokines specific T cells for Der p 1 

(Chevigne et al. 2018). It is thought that these mutations 

can affect the innate allergenicity of certain variants and 

encourage the frequency of IgE binding by increasing 

epitope diversity (Jeong et al. 2012). There are more than 

half of mite allergic patients percentage that react 

positively to the Der p 1 protein, thus only Der p 1 is 

thought to be the primary allergen. This fact is proven to be 

more accurate with the data gathered from the latest 

studies, suggesting that the prevalence of Der p 1 reactivity 

is around 75% (Chevigne et al. 2018). In a recent analysis 

of E. coli gene obtained from DP feces, polymorphic 

residues have been found in regions containing the 

predetermined T-epitope. The data containing 
polymorphism information reported in this study will help 

to understand both the immune response of mite allergens 

and the development of peptide-based immunotherapy 

reagents specifically for mite-related allergies. However, as 

allergens can also be found clearly in intact mite extracts 

used in the diagnosis of mite allergy and immunotherapy, 

characterization will be worth it for medical purposes. 

Phylogenetic analysis of Der p 1 genes and Der p 1 

protein of DP from several locations 

Figure 3 shows the phylogenetic analysis of Der p 1 

genes from Indonesia, United States (US), and Pakistan. 
Based on Der p 1 gene, DP isolates AA1 from Indonesia is 

closely related to accession number KJ542093 from Lenoir 

US. In Figure 4, the position of the AA1 0 protein is 

highlighted in blue in the phylogenetic tree, in which the 

protein is identical to P08176 with a similarity value of 

98.43%.

 

 
 

 KJ542096 Dermatophagoides pteronyssinus isolate RS68

 KJ542089 Dermatophagoides pteronyssinus isolate RS18

 KJ542086 Dermatophagoides pteronyssinus isolate RS06

 KJ542087 Dermatophagoides pteronyssinus isolate RS12

 KJ542090 Dermatophagoides pteronyssinus isolate RS19

 AA1 Dermatophagoides pteronyssinus isolate AA1

 KJ542093 Dermatophagoides pteronyssinus isolate RS51

 
 

Figure 3. Taxonomic evolutionary relationships of the phylogenetic DP mite based on Der p 1 gene by Neighbor-Joining method 
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Figure 4. Phylogenetic tree of protein Der p 1 by Clustal Omega 
 
 
 

The phylogenetic tree (Figure 4) shows that Der p 1 

protein of DP (AA1 0) is highly identical to the partial 

preproenzyme Cysteine proteinase-1 DP AHZ89364.1 0. In 

the phylogenetic tree, they appear in one clade. Contrary to 

the research of evolutionary relationship among HDM, 

homology analysis of amino acid sequences of group 1 and 
2 allergens, namely DP and E. Maynei, shows that Der p 1 

and Der p 2 of DP have more resemblances to Eur m 1 and 

Eur m 2, compared to Der f 1 and Der f 2 from D. farinae. 

The phylogenetic tree shows DP parallel to E. maynei, but 

not to D. farinae, although DP and D. farinae are under the 

same genus according to morphological taxonomy. So it 

can be assumed that DP is more closely related to E. 

maynei than D. farinae at the evolutionary stage (Cui et al. 

2010). 

This study concludes that the Der p 1 gene's 

polymorphisms and the amino acids of the Der p 1 protein 
do not affect the structure and function of allergen proteins.  

Der p1 gene polymorphisms with five silent mutations and 

3 non-synonymous substitutions do not change allergen 

proteins' structure or function to be used for vaccine design 

strategies in future perspectives. 
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