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ABSTRACT: Introduction: Gliadin intake causes celiac disease in selected population of Homo 

sapiens. Short motifs in α/β gliadin wheat protein were behind this food related disorder. Materials 

and Methods: Fold based template selection software GenTHREADER was considered for template 

selection and Modeller software was used for modelling wheat gliadin. T-Coffee software was used 

for the sequence alignment. Finally, antigenic region was identified. Results: Through in silico based 

study, we identified a novel motif ‘HNxxH’ in α/β gliadin wheat gliadin in C-terminal region which 

shows striking resemblance with the helical zinc binding motif ‘HExxH’ of metalloproteases. 

Interestingly, this short segment of gliadin is reported to be both an antigen and toxin which aligns 

well with the zinc binding site of the metalloproteases. Sequence analysis reports a spatial 

arrangement of the first two histidine residues from predicted motif of gliadin very much similar to 

the arrangement exhibited by the histidine residues in the selected metalloproteases like Astacin, 

Matrix metalloproteases and Predicted metal-dependent hydrolase. Additionally, glutamic acid, 

glycine and histidine from 2nd, 8th and 11th position were substituted by asparagine, isoleucine and 

glutamine, respectively in this domain. Conclusion: A wet lab based analysis could certainly confirm 

the evolutionary relatedness of both gliadin and metalloproteases from sequential, structural and 

immunological perspective. 
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1. INTRODUCTION 

Celiac disease is a food sensitive autoimmune disorder in Homo sapiens caused due to gliadin 

intolerance. Basically, this protein is reported in cereals like wheat (Triticum aestivum), rye (Secale 

cereal) and barley (Hordeum vulgare).[1-3] They generally exist in the form of monomeric subunit 

in α, β, γ, and ω gliadin proteins. Of these four types, α, β, and γ were structurally related to each 

other with repetitive N-terminal and non-repetitive C-terminal domains.[4] Symptoms associated 

with gliadin intake in children include growth inhibition, absorbtional disorder, chronic diahorrea and 

abdominal distension.[5, 6] In adults it causes fatigue, diahorrea and weight loss due to 

malabsorption.[7] Most importantly, this protein is also reported to bring in severe intestinal 

damage.[8] Literature survey confirms the presence of excess repeats of proline and glutamine 

residues in them.[9, 10] Their partial digestion with gastric and pancreatic enzyme provides prolline 

and glutamate rich stable and resistant short motifs which exhibits intolerance in Homo sapiens 

(PFPQPQLPY,PQPQLPYPQ(threecopies);PYPQPQLPY(twocopies); 33mer (LQLQPFPQPQLPY

PQPQLPYPQPQLPYPQPQPF).[11-13] All these short stretches has an enormous toxic potency 

against the small intestinal mucosa with their excess amino acid repeats.[14, 15]. In this study α/β 

gliadin was investigated from sequence and structure perspective to identify novel motif, their 

antigenic and toxic regions in comparison with metalloprotease. Regarding metalloprotease, they are 

the most diverse form of proteins with more than 50 families reported till date. They were further 

classified based on their preference to metal binding residues. Majority of them have the conserved 

signature motif ‘HExxH’ zincins fold essential for zinc binding.[16] This happens to be the core 

active site helix wherein two histidine residues serve as zinc ligands and the additional glutamic acid 

assists in polarizing a water molecule actively involved in nucleophilic attack. They were first 

reported in thermolysin with diversified functions like cell proliferation, differentiation, 

inflammation, tissue remodeling, neurogenesis, angiogenesis, and apoptosis, wound healing and 

blood coagulation. [17-22] (Figure 1).  Even though this active site is highly conserved, still there 

were sporadic reports of amino acid substitutions reported in the histidine (with arginine and lysine) 

and glutamic acid (with alanine, leucine and glutamate).[23] Such mutations were reported in Asp 

f2-Aspergillus fumigates (agent of allergic bronchopulmonary aspergillosis in Homo sapiens) [24]; 

CLCAs (Calcium-activated chloride channel regulator family) the novel zincins-like protease family 

which causes asthma, [25]; and ADAM family members (LWxxL or HQxxH) which were actively 

involved in sperm-egg interactions in the fertilization process.[26, 27]   
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Figure 1. The ribbon structure of metalloproteinase active site with histidine residues interacting with 

zinc ion. The glutamic acid is also shown here.   

 

An overall sequence and structure based comparison was instigated to identify novel motifs in gliadin 

protein in comparison with the members of metalloproteinase which shed light on their overall 

antigenicity and their toxicity from in silico perspective. The flow chart for the prediction of novel 

motif is listed in Figure 2.  
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Figure 2. Flow chart for the identification of novel motif in gliadin protein. 

2. MATERIALS AND METHODS 

2.1 Sequence retrieval and Blast search     

/β gliadin protein from Triticum aestivum was retrieved from SWISSPROT database [28] (Swissprot 

id: P02863 (gliadin) and subjected to PDB-BLAST search [29] to identify potential template and 

domain details from Conserved Domain Database (CDD).[30] This data search has provided us with 

potential 3D structure of wheat gliadin from Protein Data Bank.[31] Additionally, from Uniprot 

database, 100 sequences consisting of 12 reviewed and 88 unreviewed sequences of α/β gliadin were 

downloaded and considered for multiple sequence alignment using Clustal Omega 

(http://www.ebi.ac.uk/Tools/msa/clustalo/) which were further used to generate a WebLogo 

(http://weblogo.berkeley.edu/) [32] In SCOP database [33] “metalloprotease” keyword search was 

instigated to identify different members of this family. Of these, selected sequences with better 

sequence identity with gliadin were downloaded and considered for sequence analysis during the 

latter part of our study.  

2.2 T-Coffee based multiple alignment 

All the representative sequences were downloaded and aligned individually against gliadin protein 

using T-Coffee software (Tree-based Consistency Objective Function For alignment Evaluation). 
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[34] Subsequently, the overall residue identity, similarity and positional conservedness of motifs 

among these family members were studied individually. 

2.3 Antigen Prediction  

Antigenic regions were predicted for the gliadin and selected metalloprotease proteins using Predicted 

antigenic peptide (http://imed.med.ucm.es/Tools/antigenic.pl) [35,36], Antibody epitope prediction 

method (http://tools.immuneepitope.org/tools/bcell/iedb_input) and SYFPEITHI: Epitope prediction 

(http://www.syfpeithi.de/bin/MHCServer.dll/ EpitopePrediction.htm). [37]  

2.4 Fold based template identification 

Based on the sequence relatedness between gliadin and metalloproteinase, all four crystal structures 

viz. Astacin (1AST) [38], Matrix metalloproteases (1HOV) [39], Predicted metal-dependent 

hydrolase (1XM5) [40] and gliadin (2NNA) [41] were downloaded from Protein Data Bank. All three 

of them have complete crystal structures except for gliadin protein. Thus, we opted for fold based 

GenTHREADER (Rapid Fold Recognition) software [42] for template identification for wheat 

gliadin.  

2.5 Homology modelling  

As per the GenTHREADER report, the highest scored template was considered for gliadin modelling 

using the Modeller9.10 software.[43] Thus, twenty structures were generated out of which the 

structure with least DOPE (Discrete optimized protein energy) score was selected and further 

validated using PROCHECK [44] and Verify3D tools.[45]  

2.6 Structural superimposition analysis 

Modelled gliadin protein was superimposed against the downloaded crystal structures of Astacin, 

Matrix metalloproteases and Predicted metal-dependent hydrolase using CHIMERA software [46] 

with the zinc binding (HEXXH) active site. All these crystals have ions intact within the active site 

(1AST-Astacus astacus has bound zinc ion [47]; 1HOV-MMP-2 with bound zinc ion [48]; 1XM5-

metal-dependent hydrolase ybeY from E.coli has bound with Nickel.[49]  

3. RESULTS AND DISCUSSION 

3.1 Sequence retrieval  

Gliadin based PDB-BLAST search has listed PDB id: 2NNA [41] as the crystal structure which is a 

18mer. This is an antigen associated with T-cell receptor which shows a conserved ‘HNVVH’ motif 

which resembles with the metalloprotease domain “HExxH” (Figure 3a). This motif was also 

observed in the WebLogo generated using the representative α/β gliadin dataset (Figure 3b). This has 

a striking resemblance with the metalloprotease domain “HExxH”. To generate the complete 

structure here we opted for fold based template identification. Of the listed hits from 

GenTHREADER, 2S albumin Ber e1, the major allergen from Brazil nut was considered (PDB id: 

2LVF) [50] as a potential template which shows an identity score of 22.8%. Furthermore, 19 

sequences were extracted through SCOP database search (Table 1), of which only three sequences 
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has better sequence alignment with the C-terminal region of the gliadin protein. They are Astacin, 

Matrix metalloproteases (MMP2) and Predicted metal-dependent hydrolase. 

 

Figure 3(a). PDB-BLAST based search hit for α/β wheat gliadin. The listed PDB file has reported 

residue identity below 40% with black color code against the query sequence. The conserved domain 

database reports a 56mer domain for gliadin. This has a conserved ‘HNxxH’ (boxed) with no reported 

function. 

 

 

Figure 3 (b). Conserved motif ‘HNxxH’ in selected gliadin protein. 
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Family Accession  

number 

Protein Organisms 

Zinc protease P56406 Extracellular small neutral 

protease 

Streptomyces 

caespitosus 

Fungal zinc peptidase P46076 Neutral protease 2 Aspergillus oryzae 

Thermolysin-like P00800 Thermolysin Bacillus 

thermoproteolyticus 

Leukotriene A-4 hydrolase 

catalytic domain 

P09960 Leukotriene A-4 hydrolase HUMAN 

NEP_HUMAN 

(Neprilysin) 

P08473 NEP_HUMAN Neprilysin Homo sapiens 

Neurolysin, mitochondrial P42676 Neurolysin, mitochondrial Rattus norvegicus 

Anthrax toxin lethal factor, 

N- and C-terminal 

domains 

P15917 Lethal factor Bacillus anthracis 

Leishmanolysin P08148 Leishmanolysin Leishmania major 

Serralysin-like 

metalloprotease,  

catalytic  

(N-terminal) domain 

Q03023 Serralysin Pseudomonas 

aeruginosa 

Clostridium neurotoxins, 

catalytic domain 

P10845 Botulinum neurotoxin Clostridium 

botulinum 

Astacin P07584 Astacin Astacus astacus 

 

 

Reprolysin-like 

P34179 Snake venom 

metalloproteinase 

adamalysin-2 

Crotalus adamanteus 

 Q9BZ11 Disintegrin and 

metalloproteinase domain-

containing protein 33 

Homo sapiens 

TNF-alpha converting 

enzme, TACE, catalytic 

domain 

P78536 Disintegrin and 

metalloproteinase domain-

containing protein 17 

Homo sapiens 

Matrix metalloproteases, 

catalytic domain 

P08253 72kDa type IV collagenase Homo sapiens 

Predicted metal-dependent O67367 Endoribonuclease YbeY Aquifex aeolicus 
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hydrolase Q9X1J7 Endoribonuclease YbeY Thermotoga maritima 

P0A898 Endoribonuclease YbeY 

 

Escherichia coli 

 

Cauro0242-like A9WCA2 Uncharacterized protein 

CAUR 0242-like 

Chloroflexus 

aurantiacus 

TTHA0227-like Q5SLR6 Uncharacterized protein 

TTHA00227-like 

Thermus 

thermophilus 

 

Table 1. The family members from metalloproteases reported from SCOP database with Family, 

Accession number, name of the protein and source organism details. 

3.2 T-Coffee based alignment  

Pairwise alignment of Gliadin protein with Astacin, Matrix metalloproteases (MMP2) and Predicted 

metal-dependent hydrolase was carried out using T-Coffee online tool. As per their alignment report, 

(a) zinc binding site of Astacin “HExxHxxGxxH” was aligned with the “HNxxHxxLxxQ” region of 

gliadin. Overall, first two histidine residues are strictly conserved in Astacin, predicted metal-

dependent hydrolase and matrix metalloproteases. While the third histidine is substituted by 

glutamate due to the substitution of thymine with adenine (CAT->CAA). Even glutamic acid 

following third histidine is substituted by glutamate with the substitution of guanine with cytosine 

(GAA->CAA).  Most importantly, glutamic acid in the 2nd position and glycine in the 8th position 

are not conserved in wheat protein. But there are four identical residues ‘*’ and six conservative 

substitutions ‘:’ were observed during this alignment. Regarding ‘Met-turn’ region, both methionine 

and tyrosine were deleted and substituted by glutamine respectively (Figure 4 a). (b) The zinc binding 

site of Matrix metalloproteases (zinc dependent endopeptidases) critically involved in extracellular 

matrix protein degradation [16] aligns with gladin. Here the zinc binding site ‘HEFGHAMGLEH’ 

aligns with gliadin region with four identical residues and three conservative substitutions. Histidine 

residues are highly conserved (Figure 4b).(c) Finally with respect to Predicted Metalloprotease 

(orthologous sequences of Thermotoga maritima, Escherichia coli and Aquifex aeolicus), the zinc 

binding site ‘HGIVHLLGYDH’ is partially conserved against the gliadin. The glutamic acid is 

substituted by glycine which is found to be asparagine in gliadin (Figure 4 c). Thus overall spatial 

arrangement of first two histidine residues in gliadin reciprocates well with metalloproteinase. (For 

complete sequence alignment please refer supplementary material). 
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4(a) 

 

4(b) 

 

 

4(c) 

 

 

Figure 4. The pairwise alignment of gliadin against metalloprotease (a) Astacin and gliadin (b) 

MMP2 and gliadin (c) Predicted metal-dependent hydrolase comprising of sequences from Aquifex 

aeolicus, Escherichia coli and Thermotoga maritima   against gliadin.  Astacin protein with zinc 
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binding and the Met-turn regions highlighted. MMP2 and predicted metal-dependent hydrolase with 

their zinc binding sites. The ‘*’ mark represents residue identity and the ‘:’ represents conservative 

substitutions and the ‘.’ signifies the non-conservative substitutions. The antigenic region of gliadin 

(18mer) is underlined here. 

3.3 Antigen identification in Metalloproteases 

This novel motif of wheat protein (HNVVHAIILHQQ) is an antigen [51] and also a toxin as per the 

BIOPEP database [52]. As per the antigenicity software analysis, the zinc binding site of 

metalloproteases (HExxHxxGxxH) is antigenic in Astacin and Predicted metal-dependent hydrolase 

except for MMP2 (Table 2).  This study confirms with the report of antigenic nature of zinc binding 

site of Leishmania gp63 and mammalian endopeptidase-24.11. [53]  

 

Protein Predicted Antigenic 

Peptide 

Antibody Epitope 

Prediction 

Epitope Prediction 

Astacin SGAQQVSLQANGCVYH

GTIIHELMHAIGFYH 

(121-151) 

GAQQVSLQANGCVYHGT

IIHELMHAIGFYHE(122-

152) 

I H E L M H A I G F Y 

(score 24) 

MMP2 NA NA A H E F G H A M G L E (score 9) 

Predicted 

metal-

dependent 

hydrolase  

VKRLIVHGIVHLLGY 

(109-123) 

KRLIVHGIVHLLGYD(110-

124) 

L I V H G I V H L L G (score 4) 

 

Table 2. The prediction of antigenic region from the zinc binding site of metalloproteases from in 

silico based methods for Astacin, MMP2 and Predicted metal-dependent hydrolase. The zinc binding 

site is underlined. 

3.4 Homology modelling  

Template 2LVF was selected based on fold based method which was considered for modelling gliadin 

protein using Modeller software. Here regions like 119-217 and 250-285 showed better alignment 

with maximum query coverage of 39.86%. Thus only these regions could be modelled.  

3.5 3D Structural analysis of metalloprotease and gliadin protein 

Modelled gliadin was superimposed with Astacin, MMP2 and predicted metal-dependent hydrolase 

active site region.  The active site of Astacin ‘HExxHxxGxxH’ [54] has helix followed by a beta 

bridge. First two histidines (His92, His96) are present in the helix region and the third histidine 

(His102) in the loop region. Additionally, Y149 from the ‘Met-turn’ completes the active site (Figure 

5a). In MMP2, His120 and His124 fall in helix region, while the His130 is observed in the loop region 

forming the zinc ion binding active site (Figure 5b). Again in Predicted metal-dependent hydrolase, 
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His1114 and His1118 are in the helix region, while His1124 is observed in the loop region (Figure 

5c). However, in gliadin, His210, His214 and Gln220 (the substitute for third histidine) are observed 

in the extended helix region (Figure 5d). Thus metalloprotease has a ‘helix-loop’ active site which is 

found to be an extended helix region in gladin. Main reason behind this is the presence of glycine in 

8th position of metalloprotease which is reported to be a strong helix breaker. [55] This is substituted 

by isoleucine in gliadin which leads to extension of the helix secondary structure. As a result, it 

ultimately disorients the histidine residues present in the active site of the gliadin protein. 

 

5(a) 
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5(b) 

   

 

5(c) 
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5(d) 

 

   

Figure 5. The crystal structure of metalloprotease and gliadin generated using CHIMERA software 

(a) Astacin protein with zinc binding site and Met-turn site interacting with zinc ion through ‘helix–

loop’ conformation (b) MMP2 protein with a ‘helix-loop’ conformation interacting with zinc ion (c) 

Predicted metal-dependent hydrolase with a ‘helix-loop’ conformation interacting with nickel ion (d) 

Gliadin protein with two histidine and a glutamine residue in helical conformation. 

4. CONCLUSION 

This in silico based study report a broken zinc binding like motif in gliadin with highly conserved 

histidine residues which resembles like a distant homolog of metalloproteinase from sequential and 

structural perspective with conserved helix region. They have partially substituted residues in their 

predicted zinc binding site. Interestingly the aligned subsection portion of gliadin protein 

(HNVVHAIILHQQ) against the metalloproteases is reported to be an antigen and a toxin peptide 

which gets partially digested during the enzyme activity as reported earlier. Furthermore, as per the 

antigenicity report, the zinc binding site of metalloproteases is an antigen with a maximum score for 

Astacin protein sequence. To identify the antigenicity, this short active region of metalloproteases 

needs to be sequenced and their antigenicity needs to confirm through immunological studies. With 

the approval of this hypothesis we can confirm that the gliadin and the selected metalloproteases are 

similar from antigenic (immunological), sequential and structural perspective.     
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SUPPLEMENTARY MATERIAL  

 (a)ASTACIN-GLIADIN.clustalw 

ASTACIN         MQCAVLLVLLGVVAASPII------------------PEAARALYYNDGM 

GLIADIN         MKTFLILVLLAIVATTATTAVRFPVPQLQPQNPSQQQPQEQVPL-VQQQQ 

                *:  ::****.:**::.                    *:   .*  ::   

 

ASTACIN         F------------------------------------------------- 

GLIADIN         FLGQQQPFPPQQPYPQPQPFPSQLPYLQLQPFPQPQLPYSQPQPFRPQQP 

                *                                                  

 

ASTACIN         --------------------EGDIKLRAGRQPARVGAAILGDEYLWSGGV 

GLIADIN         YPQPQPQYSQPQQPISQQQQQQQQQQQQQQQQQQILQQILQQQLIPCMDV 

                                    : : : :  :*  ::   ** :: : . .* 

 

ASTACIN         IPYTFAGVSGADQSAILSGMQELEEKTCIRF--VPRTTESDYVEIFTSGS 

GLIADIN         VLQQHNIAHGRSQVLQQSTYQLLQELCCQHLWQIPEQSQ----------- 

                :   .  . * .*    *  * *:*  * ::  :*. ::            

 

ASTACIN         GCWSYVGRISGAQQVSLQANGCVYHGTIIHELMHAIGFYHEHTRMDRDNY 

GLIADIN         -------------------------CQAIHNVVHAIILHQQQ-KQQQQPS 

                                            **:::*** ::::: : :::   

 

ASTACIN         VTINYQNVDPSMTSNFDIDTYSRYVGEDYQYYSIMHYGKYSFSIQWGVLE 

GLIADIN         SQVSFQQ--------------------PLQQYPL-GQGSFRPSQQNPQAQ 

                  :.:*:                      * *.:   *.:  * *    : 

 

ASTACIN         TIVPLQNGIDLTDPYDKAHMLQTDANQINNLYTNECSL-------RH 

GLIADIN         GSVQPQQLPQFEEI--RNLALQTLPAMCNVYIPPYCTIAPFGIFGTN 

                  *  *:  :: :   :   *** .   *   .  *::        : 

(b)MMP2-GLIADIN.clustalw 

GLIADIN         MKTFL--------------ILVLLAIVATTATTAVRFPVPQLQPQ----- 

MMP2            MEALMARGALTGPLRALCLLGCLLSHAAAAPSPIIKFPGD-VAPKTDKEL 

                *::::              :  **: .*::.:. ::**   : *:      

 

GLIADIN         -----NPSQQQPQEQVPLVQQQQFLGQQQPFPPQQPYPQPQPFPSQLPYL 

MMP2            AVQYLNTFYGCPKESCNLFVLKDTLKKMQKFF-----GLPQTGDLDQNTI 
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                     *.    *:*.  *.  :: * : * *        **.   :   : 

 

GLIADIN         QLQPFPQPQLPYSQPQPFRPQQPYPQPQPQYSQPQQPISQQQQQQQQQQQ 

MMP2            ETMRKPRCGNPDVANYNFFPRKPKW------------------------- 

                :    *:   *      * *::*                            

 

GLIADIN         QQQQQQQILQQILQQQLIPC------------------------------ 

MMP2            ---DKNQITYRIIGY--TPDLDPETVDDAFARAFQVWSDVTPLRFSRIHD 

                   :::**  :*:     *                                

 

GLIADIN         --MDVVLQQHNIAH------------------------------------ 

MMP2            GEADIMINFGRWEHGDGYPFDGKDGLLAHAFAPGTGVGGDSHFDDDELWT 

                   *::::  .  *                                     

 

GLIADIN         -GRSQVLQQSTYQLLQELC------------------------------- 

MMP2            LGEGQVVRVKYGNADGEYCKFPFLFNGKEYNSCTDTGRSDGFLWCSTTYN 

                 *..**:: .  :   * *                                

 

GLIADIN         ---------CQH-------------------------------------- 

MMP2            FEKDGKYGFCPHEALFTMGGNAEGQPCKFPFRFQGTSYDSCTTEGRTDGY 

                         * *                                       

 

GLIADIN         -------------------------------------------------- 

MMP2            RWCGTTEDYDRDKKYGFCPETAMSTVGGNSEGAPCVFPFTFLGNKYESCT 

 

 

GLIADIN         ---------------------LWQ-IPEQSQ---CQAIHNVVHAIILHQQ 

MMP2            SAGRSDGKMWCATTANYDDDRKWGFCPDQGYSLFLVAAHEFGHAMGLEHS 

                                      *   *:*.      * *:. **: *.:. 

 

GLIADIN         QKQQQQPSSQVSFQQPLQQYPLGQGSFRPSQQNPQA-------------- 

MMP2            QD----PG---ALMAPIYTYT---KNFRLSQDDIKGIQELYGASPDIDLG 

                *.    *.   ::  *:  *.    .** **:: :.               

 

GLIADIN         ------QG------------------------------------------ 

MMP2            TGPTPTLGPVTPEICKQDIVFDGIAQIRGEIFFFKDRFIWRTVTPRDKPM 
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                       *                                           

 

GLIADIN         -------------------------------------------------- 

MMP2            GPLLVATFWPELPEKIDAVYEAPQEEKAVFFAGNEYWIYSASTLERGYPK 

 

 

GLIADIN         --------------------------------------SVQPQQLPQFEE 

MMP2            PLTSLGLPPDVQRVDAAFNWSKNKKTYIFAGDKFWRYNEVKKKMDPGFPK 

                                                      .*: :  * * : 

 

GLIADIN         IRNLALQTLPAMCNVYIPPY--------------------CTIAPFGIFG 

MMP2            LIADAWNAIPDNLDAVVDLQGGGHSYFFKGAYYLKLENQSLKSVKFGSIK 

                :   * :::*   :. :                        . . ** :  

 

GLIADIN         T----N 

MMP2            SDWLGC 

                :      

(c)THERMOTO 

GA-GLIADIN.clustalw 

AQUIFEX         MSSTKRQKNRVLVKLKKRKVRKDKIEKWAELALSALGLNN------VELS 

ECOLI           MSQVILDLQ-LACEDNSGLPEESQFQTWLNAVIPQF-QEE------SEVT 

GLIADIN         MKTFLILVL-LAIVATTAT-------TAVRFPVPQL-QPQNPSQQQPQEQ 

THERMOTOGAM     MIR-------ILGEGKGSKLLENLKEKLEEIVKKEI--GD------VHVN 

                *         :    .          .  .     :   :       .   

AQUIFEX         VYITDDQEIRELNKTYRKKDKPTDV-------LSFPMGEE---------- 

ECOLI           IRVVDTAESHSLNLTYRGKDKPTNV-------LSFPFEVP---------- 

GLIADIN         VPLVQ-------QQQFLGQQQPFPPQQPYPQPQPFPSQLPYLQLQPFPQP 

THERMOTOGAM     VILVSEDEIKELNQQFRGQDRPTDV-------LTFPLMEE---------- 

                : :..       :  :  :::*           .**               

AQUIFEX         ------------------FG-GYKILGDVVISQDTAERQARELGHSLE-- 

ECOLI           ------------------PGMEMSLLGDLVICRQVVEKEAQEQGKPLE-- 

GLIADIN         QLPYSQPQPFRPQQPYPQPQPQYSQ-PQQPISQQQQQQQQQQQQQQQQQQ 

THERMOTOGAM     -----------------------DVYGEIYVCPLIVEENAREFNNTFE-- 

                                       .   :  :.    :.: ::  :  :   

AQUIFEX         -------------------------------------------------- 

ECOLI           -------------------------------------------------- 
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GLIADIN         ILQQILQQQLIPCMDVVLQQHNIAHGRSQVLQQSTYQLLQELCCQHLWQI 

THERMOTOGAM     -------------------------------------------------- 

AQUIFEX         -EEVKRLIVHGIVHLLGYDHEKGGEE-E---------------------- 

ECOLI           -AHWAHMVVHGSLHLLGYDHIE-DDE-A---------------------- 

GLIADIN         PEQSQCQAIHNVVHAIILHQQQKQQQQPSSQVSFQQPLQQYPLGQGSFRP 

THERMOTOGAM     -KELLEVVIHGILHLAGYDHEFEDKN-S---------------------- 

                  .     :*. :*    .:    .:                         

AQUIFEX         ----------------KKFRE-LENYVLSKL------------------- 

ECOLI           ----------------EEMEA-LETEIMLAL-----GYED-----P--YI 

GLIADIN         SQQNPQAQGSVQPQQLPQFEE-IRNLALQTLPAMCNVYIPPYCTIAPFGI 

THERMOTOGAM     ----------------KEMFEKQKKYVEEVW-----GEWRSNPSED--SD 

                                 ::    ..                          

AQUIFEX         SKAL 

ECOLI           AEKE 

GLIADIN         FGTN 

THERMOTOGAM     PGKR 

 

S1.Pairwise alignment of gliadin protein and metalloproteases showing complete sequences (a) 

Astacin and gliadin (b) MMP2 and gliadin (c) Predicted metal-dependent hydrolase comprising of 

sequences from Aquifex aeolicus, Escherichia coli and Thermotoga maritima against gliadin. The 

global alignment of gliadin against Astacin shows partial residue alignment in the N-terminal region 

and better alignment in the C-terminal region. MMP2 protein shows better alignment against gliadin 

both in the N-terminal and in the intermediate regions.  Predicted metal-dependent hydrolase shows 

weak residue identity with gliadin. However, in all three cases, gliadin is found to be well aligned 

with the zinc binding site. The ‘*’ mark represents residue identity and the ‘:’ represents conservative 

substitutions and the ‘.’ signifies the non-conservative substitutions. 
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