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Abstract: Suidasia pontifica (Sp) is a House Dust Mite (HDM) species 

found in tropical urban residential areas which causes sensitization of up to 

75% of allergic patients. Cloning of allergens from Sp is a significant initial 

step in understanding the clinical significance of this HDM species. The 

study describes the cloning and in silico characterization of the group 2 

allergen gene from Sp (Sui p 2) with significant homology to Myeloid 

Differentiation 2 (MD-2) lipid-binding (ML domain) protein allergens. Sui p 

2 gene was amplified by Reverse Transcription – PCR using gene-specific 

primers designed from known HDM group 2 allergens. The amplicons were 

characterized using NCBI BLAST, ExPASy, MEGA7 and Chimera. Sui p 2 

cDNA gene exhibits percent identity to Tyrophagus putrescentiae (65.84%), 

Aleuroglyphus ovatus (65.69%) and Blomia tropicalis (62.98%). Sui p 2 gene 

contains 405 bp open reading frame with untranslated regions on its 5’ and 3’ 

end. Furthermore, structure-based percent identity of Sui p 2 to the group 2 

allergen of D. farinae and D. pteronyssinus is 47.62% and 46.83%, 

respectively. Predicted protein structure reveals a putative immunoglobulin 

fold consisting of preserved cysteine residues, hydrophobic core and two 

antiparallel β-sheets containing several TLR4, LPS and IgE binding sites. 

The results suggest that Sui p 2 may play an important role in HDM induced 

allergy and may be involved in the induction of the innate immune system. 

Characterization of Sui p 2 is important to evaluate properly its use for 

allergy component resolved diagnosis and allergen-specific immunotherapy. 
 

Keywords: Allergen, House Dust Mite, Innate Immunity, T-cell Epitope, 

Toll-Like Receptors 
 

Introduction 

Allergy is a hypersensitivity reaction commonly 

characterized by excessive production of IgE that is 

specific to environmental proteins called allergens 

(Peters et al., 2013). Epidemiological studies show that 

around ten to fifty percent (10-50%) of the world’s 

population suffers from at least one of the diverse forms of 

allergic diseases such as atopic dermatitis, allergic rhinitis 

and asthma (Bergmann et al., 2016; Pawankar et al., 

2012). Predisposition to allergy is highly dependent to 

the genetic background of an individual (Wang et al., 

2012); however, sensitization of atopic patients are 

triggered by common environmental proteins called 

allergens (Lau et al., 2014; Hanski et al., 2012). The 

most common sources of indoor allergens and exhibiting 

the highest rate of sensitization are the House Dust Mites 

(HDMs) (Farrokhi et al., 2015). 

HDMs are astigmatid arachnids that feed on skin 

dander and other organic detritus found in beddings, 

carpets, stuffed toys, fabrics and other parts of the house 

(Ciftci et al., 2006). Hypersensitivity to its allergens are 

one of the most common cause of allergic reactions in 

the world. Up to 90% of allergic patients worldwide are 

sensitized to HDM allergens (Yong et al., 2013). 

However, the allergen profiles of different localities may 

differ due to the difference of diversity and number of 

HDM species per region (Ramos et al., 2007). Hence, it 

is important to study HDMs in a particular area to 

properly elucidate its clinical importance. One of these 

locally-isolated allergenic HDM species that has not yet 

been thoroughly studied is the Suidasia pontifica (Sp). 
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Also known as Suidasia medanensis, Sp is a 

relatively ubiquitous HDM present in approximately 

80% of the homes in the tropics (Mariana et al., 2000). 

Sp is capable of causing sensitization of allergic 

patients (Yap et al., 2014). In extreme cases, Sp 

allergens can elicit oral mite anaphylaxis especially 

when allergic individuals consumed Sp-infested food 

items such as rice flours and cereals (Mariana et al., 

2010; Sanchez-Borges et al., 2013). Despite having a 

high rate of sensitization, the allergenicity of Sp has not 

yet been properly evaluated. Thus, specific allergens 

from Sp must be isolated and characterized to assess its 

clinical importance properly.  

Designated as the group 2 allergen in HDMs, the 

myeloid differentiation-2-like (ML) lipid-binding 

domain is a family of proteins that is structurally similar 

to the myeloid differentiation-2 (MD-2) protein 

(Dall’Antonia et al., 2014). The MD-2 is responsible for 

the initiation of the mammalian innate immune system 

against bacterial Lipopolysaccharides (LPS), through 

Toll-Like Receptor-4 (TLR4) binding (Ryu et al., 2017). 

As an allergen, the ML lipid-binding domain protein is 

one of the three serodominant HDM allergens and is one 

of the most common allergens in the environment 

(Thomas, 2015; Hernández-Cadena et al., 2015). In 

terms of its IgE-binding activity, the HDM group 2 

allergen is the most potent HDM allergen, capable of 

binding to up to 100% of the IgEs present in the body of 

an atopic patient (Jeong et al., 2012). Furthermore, the 

said allergen exhibits the highest rate of sensitization, 

together with the HDM group 1 allergen, among the 

other HDM allergens (Jeong et al., 2015).  

We described in this paper, the cloning and in silico 

characterization of an ML lipid-binding domain-

homolog allergen from Sp (Sui p 2). The resulting 

sequence was characterized through computational 

biology and in comparison with other known HDM 

group 2 allergens and the mammalian MD-2. 

Methods 

Suidasia Pontifica Mite Cultures and mRNA 

Isolation 

Monocultures of Suidaisa pontifica (Sp) was obtained 

from UST-RCNAS. The monocultures were placed in a 

BD Falcon® 50 mL tissue culture flasks (BD Biosciences, 

San Jose, CA, USA) and were fed with powdered and 

sterilized TetraMin® fish flakes (Tetra Werke, Germany) 

every 2 weeks. The humidity was loosely controlled using 

a beaker filled with water and the cultures were 

maintained with temperatures ranging from 24-30°C. The 

mites were harvested using a modified Tullgren apparatus 

and were stored at -20°C until analysis. Total RNA was 

extracted from isolated Sp cultured mites using Wizard® 

SV Total RNA Isolation Kit (Promega, Madison, WI, 

USA) according to manufacturer’s protocol. The isolated 

total mRNA was stored at -70°C. 

Reverse Transcription-Polymerase Chain Reaction 

(RT-PCR) 

The complementary DNA (cDNA) was synthesized 

from the total RNA using Tetro cDNA Synthesis Kit 

(Tauton, MA, USA). Six µL of the total RNA were 

mixed into a solution containing 1 µL Oligo(dT) 

(Hernández-Cadena et al., 2015) primer; 1 µL 10 mM 

dNTP mix; 4 µL RT buffer; 1 µL RiboSafe RNase 

inhibitor; 1 µL Tetro Reverse Transcriptase; and, 6 µL 

DEPC-treated water. cDNA synthesis was performed by 

incubating it at 45°C for 30 min, the reaction was 

terminated by incubating the reaction mixture at 85°C 

for five minutes. The cDNA was immediately stored at -

20.0°C until use. The full length Sui p 2 gene was 

isolated using Polymerase Chain Reaction (PCR) from 

the synthesized cDNA. Five primers, consisting of three 

forward (MLF1.1: TGGTGAAGTTCATCATCTTGGC; 

MLF1.2: TGATGAAGTTCACATCTTGGCT; and 

MLF2: CGATAAGGAGTGGACGGGAA) and two 

reverse (MLR1: AGTTTAGTTCTGGACCTCACTGT; 

and MLR2: TACCATCTCTTCGCGTCGTG), was used 

to create three primer pairs. The primers were designed 

based on consensus sequences from other known HDM 

group 2 allergen genes using OligoAnalyzer 3.1 (IDT, 

Coralville, Iowa, USA).  

The amplicons were verified using a 1% Agarose Gel 

(Vivantis, Oceanside, California, USA). Ethidium 

bromide (Sigma-Aldrich, St. Louis, Missouri, USA) was 

used to detect the presence of the amplicons in the said 

agarose gel. For Sequencing, the components in the PCR 

was increased five times, having a final volume of 50 

µL. Together with a 100 µL both forward and reverse 

primers, the amplicons were sent and sequenced in 

Macrogen (Geumcheon-gu, Seoul, Korea). 

In silico Analysis of Sui p 2 Gene 

The identity of the amplicons were verified using 

NCBI BLAST (Altschul et al., 1990). The Open Reading 

Frames (ORF) of all the sequences as well as the deduced 

amino acid sequence were determined ExPASy’s translate 

tool (Gasteiger et al., 2003). The ORFs of the HDM 

group 2 allergen nucleotide sequence, as well as that of 

the mammalian MD-2 nucleotide sequences, were 

aligned using Clustal OMEGA (Sievers et al., 2011) 

and a phylogenetic tree was constructed and viewed 

using Molecular Evolutionary Genetic Analysis ver.7 

(MEGA7) (Kumar et al., 2016) and FigTree 

(http://tree.bio.ed.ac.uk/software/figtree/), respectively. 

The appropriate model used for phylogenetic tree 

construction was determined using the model selection 

tool of MEGA7. The model used for the phylogenetic 

tree is the Kimura 2-parameter model. 

http://tree.bio.ed.ac.uk/software/figtree/
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Table 1: Tertiary structure prediction and assessment of Sui p 2 models 

  Protein quality assessment tool 

  ------------------------------------------------------------------------------------------------------------------------- 

  QMEAN Server ProQ    

  -------------------------- ------------------------------ ProSa-Web Saves 

 3D protein QMEAN    Overall ----------------------------------- 

Clone modelling tools score Z score LG score Max score model quality ERRAT (%) Verify3D (%) 

Suip2.01 Swiss-Model 0.656 0.90 1.892 0.259 -4.58 82.759 96.77 

 Phyre2 0.629 1.21 2.417 0.282 -4.59 82.906 94.44 

 CPHmodels 3.2 0.609 1.41 2.919 0.382 -4.66 70.690 100 

 Raptorx 0.735 -0.05 1.767 0.272 -4.52 94.068 100 

Suip2.02 Swiss-Model 0.650 0.96 2.826 0.329 -4.45 78.488 98.39 

 Phyre2 0.626 1.24 2.960 0.348 -4.54 88.136 100 

 CPHmodels 3.2 0.604 1.46 2.717 0.372 -4.48 70.690 100 

 Raptorx 0.711 0.32 2.499 0.322 -4.94 81.356 100 

Suip2.03 Swiss-Model 0.605 1.47 2.288 0.319 -4.42 65.217 100 

 Phyre2 0.596 1.57 2.443 0.302 -4.69 74.576 92.86 

 CPHmodels 3.2 0.591 1.63 3.104 0.398 -4.62 84.348 100 

 Raptorx 0.784 0.48 1.724 0.246 -4.18 66.129 91.04 

 

The presence of a signal peptide to the deduced 

amino acid sequences were determined using SignalP 4.1 

server (Petersen et al., 2011). The protein parameters of 

the deduced Sui p 2 sequences revealed by ExPASy’s 

ProtParam tool (Gasteiger et al., 2005). The tertiary 

structure of the deduced Sui p 2, without its signal peptide, 

was predicted using four prediction servers, namely: 

ExPASy’s Swiss-Model workspace (Arnold et al., 2006); 

Protein Homology/analogY Recognition Engine V 2.0 

(Phyre2) (Kelley et al., 2015); CPHmodels 3.2 Server 

(Nielsen et al., 2010); and, RaptorX (Källberg et al., 

2012). The deduced model was compared to the 

crystallographic models of D. pteronyssinus (1ktj) group 

2 allergens. The protein quality of the predicted tertiary 

structures of Sui p 2 was predicted using ExPASy’s 

QMEAN server (Benkert et al., 2008), SBC’s Protein 

Quality (ProQ) (Wallner and Elofsson, 2003), Protein 

Structure Analysis (ProSA-Web) (Wiederstein and 

Sippl, 2007) and UCLA Structure Analysis and 

Verification Server (SAVES) (Pontius et al., 1996). 

The deduced model who has the greatest similarity to 

the said HDM group 2 allergens, while having the best 

protein quality (Table 1), was chosen for the in silico 

characterization of Sui p 2. The predicted tertiary 

structures were viewed and analyzed using Chimera 

(Pettersen et al., 2004) and are compared to other HDM 

group 2 allergens obtained in RCSB PDB. 

The chosen model was compared to other PDB 

models of the ML family. Four models were considered: 

the 129 aa long Der f 2 (PDB ID: 1xwv); the 129 aa Der 

p 2 (PDB ID: 1ktj); the 160 aa human MD-2 (hMD-2), 

PDB ID: 2e56 chain C; and, the 157 aa mouse MD-2 

(mMD-2), PDB ID: 5 hg3 chain C. All models were 

acquired using x-ray diffraction analyses. The models 

were aligned, through chimera, based on the comparison 

of its structural information through superimposition. The 

resulting alignment was viewed in ESPript3.0 (Robert and 

Gouet, 2014). The percent identities of Suip2.01 to other 

ML family are: Der f 2 at 47.62%; Der p 2 at 46.83%; 

hMD-2 at 15.08%; and, mMD-2 at 12.70%. 

Results 

Sui p 2 Exhibits Homology to HDM Group 2 

Allergens 

RT-PCR of the Sui p 2 cDNA gene yielded three 

amplicons of approximately 430 bp products referred to 

as Suip2.01 and Suip2.02 using MLF1.1 and MLR1 

primer pair; and Suip2.03 using MLF1.2-MLR1 primer 

pair. No PCR products were amplified using the MLF2-

MLR2 primer pair. After sequencing, the sequences were 

submitted to NCBI with accession numbers KY449406.1 

(Suip2.01), KY449407.1(Suip2.02) and KY449408.1 

(Suip2.03). All the clones contained a 405 bp long ORF 

translated into a 134 bp long aa sequence (Fig. 1). All of 

the clones are almost identical with each other with 

minor sequence variations on the last ten nucleotides. 

The sequences of the amplicons were compared to 25 

known HDM group 2 allergens from nine different HDM 

species. Four samples of mammalian MD-2 were used as 

the outgroup. However, some of the nucleotide 

sequences obtained from NCBI contain coding regions 

only. Thus, to minimize discrepancies, only the ORFs 

were used for sequence alignment. Among the HDM 

species, T. putrescentiae has the highest sequence 

homology to Sui p 2 while D. farinae has the lowest, 

having a 65.84% and 50.26% homology, respectively. 

Using the ORFs of the allergen as well as that of the 

outgroups, a phylogenetic tree was constructed (Fig. 2). 

A 134 aa sequence was deduced using the ORF of the 

Sui p 2 gene. According to ExPASy’s ProtParam 

(Gasteiger et al., 2005), the deduced Sui p 2 is a 14.3 

kDa protein that is relatively stable and neutral. 
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Sequence comparison of Sui p 2 to other HDM group 2 

allergens, as well as to mammalian MD-2 showed that 

Aleuroglyphus ovatus group 2 allergen has the highest 

homology, at 63.43%, to Sp. However, there are only 

16.67% and 17.42% sequence homology of Sui p 2 to 

mMD-2 and hMD-2, respectively. 

 

 
 
Fig. 1: Agarose gel profiles of the RT-PCR amplified group 2 allergen from Suidasia pontifica Sui p 2 (above) and its nucleotide and 

deduced amino acid sequences (below). Except at the last ten nucleotides (bold), all of the sequences of the clones are identical to 

each other. The nucleotide/aa sequence of Suip2.02 and Suip2.03 is CAAAAAATAA/KK- and AGAAAAATAA/EK-, 

respectively. The signal peptide (red) cleavage site was predicted to be located between Ala8 and Gly9 

 

 
 
Fig. 2: The phylogenetic tree of HDM group 2 allergen with four mammalian MD-2 genes. The bootstrap consensus tree inferred 

from 2500 replicates is taken to represent the evolutionary history of HDM group 2 allergen. Sui p 2 clones (red) have formed 

a single group within the deduced phylogenetic tree 
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The deduced amino acid sequences from the 3 Sui p 2 

clones all contain eight aa long signal peptides, as 

analyzed by SignalP4.1 software (Petersen et al., 2011). 

The signal peptide cleavage site is located between Ala8 

and Gly9 (Fig. 1). The presence of the signal peptide is 

consistent with the amino acid sequences of other group 

2 allergens (Cui et al., 2010; Horáčková et al., 2010) 

thus indicating that the Sui p 2 cDNA genes described in 

this study are the full-length sequences of the Sp group 2 

allergen. Being an extracellular protein, the signal 

peptide present in Sui p 2 may play a major role towards 

the transport of the protein to the outside of the cell. The 

deduced 134 amino acid long sequence of Sui p 2 has a 

predicted Isoelectric point (pI) of 6.57; extinction 

coefficient of 0.339; instability index of 24.89; aliphatic 

index of 87.99; and grand average of hydropathicity 

(GRAVY) of 0.065. 

In silico Modelling of Sui p 2 and its Basic Protein 

Parameters 

Using the deduced amino acid sequence, twelve 

tertiary structure models were produced using four 

protein model prediction servers, including Swiss-

Model, Phyre2, CPHmodels-3.2 server and RaptorX (Fig. 

3). All of the three models created by Phyre2 but 

excluding the Suip2.02R due to the presence of only two 

disulfide bridges instead of three as observed in the other 

sequences. Suip2.01S and Suip2.02S were removed due 

to the absence of a single α-helix in its chain while 

Suip2.03S and Suip2.03C were eliminated because of 

the absence of a parallel β-sheet. Lastly, models 

Suip2.1C and Suip2.02C are also excluded because there 

are two closed cavities inside its surface instead of a 

single cavity with a mouth. Among the twelve models, 

only Suip2.01R and Suip2.03R showed similarity to the 

crystallographic image of Der p 2 (1ktj). Model 

Suip2.01R was chosen as the standard model because it 

has the best protein quality according to various protein 

prediction servers. 

The 126 aa long model has a molecular weight of 

13528.6 Da with a theoretical isoelectric point (pI) of pH 

6.63 while its GRAVY is -0.092, making it slightly 

hydrophilic yet slightly acidic. It also has an instability 

index of 25.84, making it stable when purified and stored 

(Gasteiger et al., 2005). The aliphatic index of Suip2.01 

is 85.79, thus a potential thermostable protein.  
 

 
 
Fig. 3: Tertiary structure models of Sui p 2 from four different 

prediction servers using all of the clones 

 

 
 
Fig. 4: The tertiary structure model of Suip2.01 (a) alongside its deduced amino acid sequence (b). The color on both the nucleotide 

and the amino acid sequence is parallel to that of the structure. The entire structure is stabilized by three disulfide pairs (c) 
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HSEVQT 126 
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(a) 

 

 
 (b) (c) 

 
Fig. 5: Sui p 2 sequence alignment to other proteins in the ML lipid-binding domain family (a). Although there are differences 

between the di-sulfide bridges of mammalian MD-2 and HDM group 2 allergens, the cysteine pairing is conserved through all 

of the models (pairs in green box). The Sui p 2 (green) and the mMD-2 superimposed models showing their first disulfide 

bridge (b). However, instead of the Tyr102 (cyan) of mMD-2, Sui p 2 has His74 at the same location as the Tyr102 (c). 

Tyr102 anchors the LPS through the hydrogen bonding of the OH group (red) to the R3’ acyl chain of Lipid IVa to mMD-2. 

Hydrogen bonding of Suip2.01 can be due to the nitrogen (cyan) part of the imidazole ring of His74 

 

Around 43.65% and 2.38% of the amino acid of Sui p 

2 formed nine -strands (1-9) and one -helix, 

respectively (Fig. 4). Of the nine predicted -strands, 

seven are involved in the formation of two antiparallel -

sheets. However, two of the -strands, 1 and 9, form a 

parallel configuration to each other. Because of the 

configuration of the entire model, Sui p 2 appear to 

follow an S-type configuration (Bork et al., 1994). The 

six cysteine residues of Sui p 2 are predicted to be 

oxidized, forming a disulfide bridge with another 

Cysteine residue. The disulfide pairs are Cys8-Cys117, 

Cys21-Cys26 and Cys72-Cys77 (Fig. 5C). 

Sui p 2 as an ML Lipid-Binding Domain – Homolog  

In order to elicit the innate immune system, there are 

certain features of the MD-2 that are needed for TLR4-

MD-2-LPS binding and one of it is its hydrophobic 

cavity. There are 37 amino acids that contribute to the 
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surface of the internal cavity of the Suip2.01 model, 33 

of which are hydrophobic in nature. Per-model clipping 

of the rendered surface of the protein, based on the Kyte-

Doolitle hydrophobicity scale, showed that the majority 

of the surface are hydrophobic. Also, two openings of 

the cavity has been predicted. One of the openings is at 

the bottom of the -helix while the other is at the 

opposite side of the protein. 

The Sui p 2 model was compared to the PDB models of 

Der f 2, Der p 2, hMD-2 and mMD-2. The percent 

homology of Sui p 2 to other ML family are: Der f 2 at 

47.62%; Der p 2 at 46.83%; hMD-2 at 15.08%; and, mMD-

2 at 12.70%. All of the disulfide bridges have been 

conserved in all ML family. However, the hMD-2 and the 

mMD-2 have seven cysteine residues that are identical to 

each other in terms of location. Among the seven cysteine 

residues, only six are oxidized and form three disulfide 

bridges while Cys133 of both proteins remains unpaired. In 

terms of the location of the di-sulfide bridges, only the first 

and the third pairs are structurally similar to each other (Fig. 

5A). Because of the difference in the bonding pair of the 

disulfide bridges, there is a shift in -strand composition of 

the two -sheets (Fig. 5B). Despite their stark differences, 

the S-type configuration of the immunoglobulin fold has 

been conserved in all of the proteins.  

 

 
 
Fig. 6: TLR4 and binding site of mMD-2, hMD-2 and Suip2.01. The TLR4 binding site of both MD-2 proteins that are present and 

absent in Suip2.01 are colored in light green and red, respectively. The TLR4 binding sites that are strictly conserved in Suip2.01 

are colored in light green while the presumed, due to similar properties, TLR4 binding sites are colored in yellow. The 

TLR4’dimerization binding site of mMD-2, hMD-2 and Sui p 2 is enclosed in a square. One of the openings of the hydrophobic 

cavity (purple arrow) is near the TLR4’ dimerization binding site. The sequence alignment of all included MD-2 and HDM 

group 2 allergen showing the TLR4 binding sites of Suip2.01, hMD-2 and mMD-2. The TLR4’ dimerization binding sites on 

the sequence are enclosed in a box (b). The highlighted portions on the sequence are parallel to the proteins above 

mMD-2                                                   hMD-2                                            Sui p 2 
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Comparison of Sui p 2 to both mMD-2 and hMD-2 

revealed that there are possible amino acid residues 

that are capable of binding to TLR4 (Fig. 6). Based on 

the nature of the binding, two distinct binding sites 

were assessed: The TLR4 binding site for the primary 

TLR4; and, the TLR4’ binding site for the TLR4 that 

is responsible for dimerization. There are 17 sites 

present in hMD-2 and mMD-2 (Ohto et al., 2012; 

Walsh et al., 2008) that are responsible to TLR4 

binding; ten sites might be present in Sui p 2 and only 

two are strictly conserved in terms of its sequence. 

The conserved amino acids of Sui p 2 are Lys81 and 

Gly82, which are homologous to Lys109 and Gly110 

of both mMD-2 and hMD-2, respectively. Some of the 

amino acids were still considered as possible binding 

sites due to its similarity to known binding sites. 

Furthermore, there are 11 secondary TLR4 (TLR4’) 

binding sites present on both MD-2 (Ohto et al., 2012; 

Walsh et al., 2008); eight of it may be present in Sui p 

2 and two are strictly conserved in Sui p 2. The 

conserved amino acids of Sui p 2 are Val57 and 

Leu62, which are homologous to Val82 and Leu87 of 

both hMD-2 and hMD-2. Also, the said binding site 

Val57 (Sui p 2) can be found on Der f 2 and Der p 2 

but as leucine and isoleucine, respectively. Like 

Val57, the binding site Leu62 (Sui p 2) can be found 

on Der f 2 and Der p 2 as Ile63 and Val63, 

respectively. Similar to the TLR4 binding sites, some 

of the amino acids were still deemed as possible 

binding sites for TLR4’. 

 

 
 
Fig. 7: Putative IgE-binding epitope of Suip2.01. The aligned sequence of Suip2.01 to Der f 2 and Der p 2 (above). The epitope-

forming amino acids of Der f 2 and Der p 2 and are highlighted in yellow while its amino acid counter parts in Suip2.01 are 

highlighted in red, which is reflected to the surface rendering of Sui p 2 (below). However, four conserved amino acids were 

excluded due to the lack of accessibility of the side chains to the surface of the protein (blue). The majority of the presumed 

epitope is localized near the opening of the hydrophobic cavity (green arrow) 
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Sui p 2 has a Putative Epitope-Forming Amino 

Acid Residues 

The possible IgE-binding epitopes of Suip2.01 was 

deduced by comparing it to the aa sequences of Der f 2 

and Der p 2. Overall, there are 44 epitope-forming amino 

acids on Der f 2 and Der p 2 (Szalai et al., 2007), 25 of 

which are unique to Der f 2 (Ichikawa et al., 2005). Out 

of the said epitope-forming amino acids, 20 amino acids 

are conserved in Suip2.01 and are considered to be a 

putative epitope-forming amino acid (Fig. 7). However, 

out of the twenty conserved amino acids that are 

considered, Ile28, Ala38, Tyr85 and Leu108 excluded. 

Based on the rendered surface of Sui p 2, these amino 

acids are accessible only at the hydrophobic cavity. 

Hence, they are not accessible for IgE binding.  

Discussion 

Sui p 2 gene has a relatively low sequence homology 

to ML from other HDM, having only a 65.84% sequence 

homology to Tyr p 2 gene. This low sequence homology 

was further supported when Sui p 2 gene was compared 

to mammalian MD-2, having only a 39.82% and 40.41% 

sequence homology to mMD-2 and hMD-2 gene, 

respectively. Due to the low sequence homology of the 

Sui p 2 gene to other ML (Fig. 2), it is not surprising to 

observe major differences between the phylogenetic tree 

constructed in the study and other trees using different 

allergens (Cui et al., 2012; Sun et al., 2016) as well as a 

tree using 12S rRNA (Suarez-Martinez et al., 2005). 

However, when comparing it to a phylogenetic tree 

using nuclear rDNA and other protein-coding genes 

(Klimov and OConnor, 2013), there are some 

similarities. One of which is the closeness of E. maynei 

to the Dermatophagoides species to each other. Another 

similarity is the distance of the genus Suidasia to E. 

maynei and the Dermatophagoides sp. Still, discrepancies 

were observed. This suggests that the construction of a 

phylogenetic tree using the HDM group 2 allergen is not 

recommended for phylogenetic determination. This is 

not surprising since the functionality of the protein is 

highly dependent on its structure and the protein 

properties of some individual amino acids in various 

important sites (Ohto et al., 2012).  

Because the sequence is not strictly conserved, some 

HDM group 2 allergen might have an effect on the 

elicitation of the innate immune system of an individual. 

Der p 2, in particular, showed functional homology to 

MD-2, despite having a low sequence homology. So 

much so that it can stimulate the TLR4-LPS-MD-2 

pathway in MD-2-deficient mice while triggering 

allergic asthma (Trompette et al., 2009). Der f 2, like the 

previous allergen, was found to have the ability to bind 

to LPS from E. coli. Although inconclusive, Der f 2 

might bind to the TLR4 like the previous allergen due to 

an almost identical amino acid sequence to Der p 2 

(88%) (Ichikawa et al., 2009). Thus, in order to properly 

assess the clinical relevance of Sui p 2, analysis of its 

protein folding, not only on its epitopes, are necessary. 

Based from the in silico rendering of its surface, Sui 

p 2 appears to have hydrophobic amino acids situated 

and directed towards its cavity (Fig. 3 and 4). These 

amino acid residues are essential for lipid-binding and 

LPS recognition, since it allows the binding, through 

hydrophobic interaction, of each acyl chain of the LPS 

to the hydrophobic amino acids within the cavity   

(Ohto et al., 2012; Oblak and Jerala, 2015). However, 

the ability of the hydrophobic residues of Sui p 2 to 

surround each acyl chain cannot be determined on the 

model alone. This is due to possible changes in 

configuration and structure when LPS binds to Sui p 2. 

For example, the Der f 2 allergen must undergo a 

clamshell-like motion when binding to ligand, the LPS. 

This will increase the overall area of its hydrophobic 

cavity to accommodate the said ligand (Ichikawa et al., 

2005). Nevertheless, a strongly hydrophobic internal 

cavity present in Suip2.01 is enough to suggest that LPS 

can bind to Sui p 2 (Horáčková et al., 2010; Ohto et al., 

2012; Ichikawa et al., 2009). 

Furthermore, Tyr102 of both mMD-2 and hMD-2 is 

important to facilitate lipid-binding and anchoring, 

especially to lipid IVa, a precursor of LPS. The said 

amino acid binds to the 3-OH of the R3’ acyl chain of 

Lipid IVa through hydrogen bonding (Ohto et al., 2012). 

In Der p 2, the mutation of the tyrosine at this position 

ablated its ability to elicit LPS-induced TLR4 signaling 

(Trompette et al., 2009). However, Der p 2 was shown 

to bind to LPS despite having a phenylalanine instead 

of a tyrosine, suggesting this is not important for the 

ability of the HDM group 2 allergens to mimic MD-2 

(Ichikawa et al., 2009). Sui p 2 has a histidine, rather 

than tyrosine or phenylalanine, on the 74th amino acid 

parallel to Tyr102 of MD-2. Due to the imidazole ring 

found in histidine, His74 could act as a recipient for 

hydrogen bonding to the 3-OH acyl chain of lipid Iva. 

Despite contrasting claims on the importance of this 

region, His74 can serve as an anchoring site for LPS 

leading it to have a greater affinity to Sui p 2. 
In order to elicit the mammalian immune system 

response, MD-2 binds to TLR4 through hydrogen 

bonding and enhanced by electrostatic potentials at the 

binding site of both molecules. The positively charged 

Lys109 and Arg68 of mammalian MD-2 binds to the 

negatively charged Asp83 and Asp41 at the A patch of the 

TLR4, respectively (Horackova et al., 2010). However, 

only Lys109 is conserved in the considered HDM group 2 

allergens. Among the other conserved TLR4 binding sites 

considered (Ohto et al., 2012; Walsh et al., 2008), only 

Gly110 of the mammalian MD-2 is conserved in all of 

the considered allergens. Still, despite the low homology 
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of its binding sites, TLR4 can still function due to its 

interaction to the MD-2-bounded LPS. Two phosphate 

groups of the LPS at the mouth of the MD-2 cavity, 

specifically 1-PO4 and 4’-PO4, make a direct hydrogen 

bond to Lys360 and Lys263 of the TLR4, respectively 

(Ohto et al., 2012). Also, it has been shown that LPS-

induced inflammation can be inhibited by LPS 

antagonists that either compete with other LPS 

molecules for MD-2 pocket entry or the removal of 

necessary amino acids that anchor it to MD-2 (Park et al., 

2012; Koo et al., 2013). Thus, it can be inferred that Sui 

p 2 can bind to TLR4 because of its homology to 

important amino acids of the said allergens as well as its 

deduced ability to bind to LPS. 

LPS, bounded to MD-2, is also responsible for the 

dimerization of TLR4/MD-2/LPS complex to another 
TLR4’/MD-2’/LPS’ complex, which is important for the 
initiation of the innate immune system through LPS. 
Two of the important amino acid residues of the mMD-2 
for TLR4 and TLR4’ binding is the Leu125 and Pro127. 
Leu125 of mMD-2 made a Van der Waals contacts to 

Asn415, Met417, Leu442 and Ser443 of TLR4’. 
Whereas Pro127 of mMD-2, Ser127 of hMD-2, made a 
Van der Waals interaction to Leu442 of the same TLR4’. 
These two amino acids are important to reinforce the 
hydrophobic interaction in the peripheral region of the 
dimerization interface of MD-2 to either TLR4 or 

TLR4’ (Ohto et al., 2012). Pro127 and Leu127 can be 
seen in all of the HDM group 2 allergens, suggesting its 
capability to bind to another TLR4/MD-2/LPS complex 
for dimerization. Other considered amino acids are 
either conserved (Val82 and Leu87 of the mammalian 
MD-2) or semi-conserved in the HDM group 2 

allergens. It was suggested that the conservation of the 
remaining amino acids is due to the properties of its 
sidechains (Walsh et al., 2008). 

Hence, even if the TLR4 and TLR4’ binding sites on 

Sui p 2 is incomplete, it may still bind to TLR4 and 

TLR4’ and induce the innate immune system (Fig. 6). 

Like Sui p 2, Der p 2 and Der f 2 has an incomplete 

TLR4 and TLR4’ binding sites. However, these allergens 

were proven to bind to LPS and induce the LPS-driven 

TLR4 signaling in MD-2 deficient mice (Trompette et al., 

2009; Ichikawa et al., 2009). Considering that TLR4 

binding is needed for proper induction of the LPS-driven 

TLR4 signaling (Park et al., 2012; Jeong et al., 2015), it 

can be inferred that TLR4 can still bind to HDM group 2 

allergen in spite of a relatively incomplete TLR4 binding 

sites. Additionally, TLR4/MD-2 dimerization complex 

does not depend entirely on the TLR4 and TLR4’ 

binding sites. MD-2-bounded LPS also has a role in the 

said dimerization through electrostatic, hydrogen and or 

hydrophobic interaction (Ohto et al., 2012; Jeong et al., 

2015). This can compensate the loss of some of the 

TLR4 and TLR4’ binding sites in HDM group 2 allergen 

and ultimately, in Sui p 2. 

As an allergen, Sui p 2 has conserved amino acids 

that were proven to be epitopes of Der f 2 and Der p 2. 

Based on the sequence comparison of Sui p 2 to both 

Der f 2 and Der p 2, it can be deduced that the Sui p 2 

epitopes conformational in nature due to its highly 

distributed putative epitope-forming amino acids (Fig. 

7). These findings are expected considering that the 

epitopes of both Der p 2 and Der f 2 are both 

conformational (Szalai et al., 2007; Ichikawa et al., 

2009). Additionally, cross-reactivity of Sui p 2 to either 

Der f 2 and Der p 2 can be assumed due to the 

conservation of some of the amino acids that are 

important for epitope formation. It is also expected that 

binding activity of Sui p 2 is the highest among the other 

allergens from Sp considering that the HDM group 2 

allergen exhibits the greatest IgE binding affinity when 

compared to all other HDM allergens (Thomas, 2015; 

Jeong et al., 2012; Hong et al., 1994). However, the true 

IgE binding activity of Sui p 2 cannot be determined 

based on the sequence comparison alone due to possible 

epitope-forming amino acids that are unique to Sui p 2. 

Furthermore, it was deduced that Sui p 2 is a 

thermostable protein. Hence, these deduced conformational 

epitopes will be preserved even if it is exposed in the harsh 

environment outside the source organism (Vanga et al., 

2018; Huschek et al., 2016; Pfeifer et al., 2015). Also, it 

was reported that subjecting a thermostable allergen to 

heat treatment can increase its IgE binding affinity due to 

the slight change in its conformation, which grants 

better accessibility to otherwise hidden epitopes 

(Pfeifer et al., 2015). This, together with the fact that Sp 

allergens can be seen in stored food (Mariana et al., 

2000; Sanchez-Borges et al., 2013), increases the chance 

of sensitizing atopic individuals and eliciting both their 

allergic and innate immune responses. 

Conclusion 

The ML lipid-binding domain-homolog cDNA gene 

from Suidasia pontifica is a 550 bp gene that contains a 

405 bp Open Reading Frame with 3’ and 5’ untranslated 

regions. Sui p 2 gene sequence showed sequence 

homology to known HDM group 2 allergen genes and to 

mammalian MD-2, respectively. The Sui p 2 gene 

encodes 134 amino acid long proteins with a signal 

peptide attached to it. Tertiary (3D) structure model 

prediction of Sui p 2 revealed the distinctive 

immunoglobulin fold of ML lipid-binding domain 

family. Sui p 2 contains two β-sheets consisting of three 

and four β-strands per sheet. Sui p 2 also contains one α-

helix and two nonparallel β-strands. The 

immunoglobulin fold was stabilized by three pairs of 

disulfide bridge-forming cysteine residues. A putative 

hydrophobic cavity at the center of the protein has been 

noted, thus, lipid-binding can be inferred. Sui p 2, 

despite having a relatively low sequence homology to 
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other allergens, retained the structural conformation 

homologous to the ML protein family. The majority of 

the TLR4 and TLR4’ binding sites are conserved in Sui 

p 2, similar to other HDM allergens that were proven to 

bind to TLR4 and LPS. Thus, functional homology of 

Sui p 2 to MD-2 can be deduced. As a possible HDM 

group 2 allergen, some of the amino acids in Sui p 2 has 

a potential to form epitopes that are conformational in 

nature. Overall, 20 epitope-forming amino acids were 

identified in Sui p 2, 16 of which are accessible for IgE 

binding. Hence, Sui p 2 has potential to be one of the 

major allergens of Suidasia pontifica. 

The results presented herein suggest that Sui p 2 may 

play an important role in HDM induced allergy. 

Considering that it is one of the serodominant allergens 

of HDMs and its capability to induce the mammalian 

innate immune system, its elucidation will greatly 

increase our understanding about Suidasia pontifica and 

its clinical importance. This can also pave the way to the 

expression of the recombinant Sui p 2 allergen, which 

can be used for allergy component resolved diagnosis 

and allergen-specific immunotherapy. 
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