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Abstract 

Alanine dehydrogenase (AlaDH) (E.C.1.4.1.1) is an enzyme that catalyzes the interconversion of pyruvate and alanine. This enzyme 

has the key catalytic role for the sporulation of microorganisms and synthesis of the many amino acids, proteins, and peptidoglycan 

layers in the microorganisms. Amycolatopsis sulphurea one of the strains of Amycolatopsis genus within the family 

Pseudonocardiaceae has capable to produce different antibiotics such as Ristocetin, Vancomycin, and Epoxyquinomicin as well as to 

biodegrade the bioplastic (poly-lactic acid (PLA) films). The 3D homology model of Alanine dehydrogenase from Amycolatopsis 

sulphurea was carried out through I-TASSER.  The interaction of L-alanine and active site amino acids of the enzyme was determined 

by docking in silico via AutoDock Vina program. Protein secondary structures were predicted with EMBOSS tool garnier. Structural 

and functional analysis and determination of Physico-chemical properties of AsAlaDH were performed by using different 

bioinformatics tools. The secondary structure and multiple alignment analysis of alanine dehydrogenase displayed that there are 

conserved amino acid residues of AlaDH's from different microorganisms. 
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Amycolatopsis sulphurea’dan Elde Edilen AsAlaDh’ın 3D Modellemesi 

ve Biyoinformatiği 
Öz 

Alanin dehidrogenaz (AlaDH) (E.C.1.4.1.1), piruvat ve alaninin birbirine dönüşümünü katalize eden bir enzimdir. Bu enzim, 

mikroorganizmanın sporlanması ve mikroorganizmalardaki birçok amino asit, protein ve peptidoglikan tabakasının sentezi için 

anahtar katalitik role sahiptir. Amycolatopsis sulphurea, Pseudonocardiaceae familyası içindeki Amycolatopsis cinsinin suşlarından 

biri olup, Ristosetin, Vankomisin ve Epoksiquinomisin gibi farklı antibiyotikler üretmenin yanı sıra biyoplastik (poli-laktik asit (PLA) 

filmlerini biyolojik olarak parçalama yeteneğine sahiptir). Amycolatopsis sulphurea'dan Alanin dehidrogenazın 3D homoloji modeli I-

TASSER aracılığıyla gerçekleştirildi. L-alanin ile enzimin aktif bölge amino asitlerinin etkileşimi, AutoDock Vina programı ile in 

silico kenetlenerek belirlendi. Protein ikincil yapıları EMBOSS tool garnier ile tahmin edildi. AsAlaDH'nin yapısal ve fonksiyonel 

analizleri ve fiziko-kimyasal özelliklerinin belirlenmesi farklı biyoinformatik araçlar kullanılarak gerçekleştirilmiştir. Alanin 

dehidrogenazın ikincil yapısı ve çoklu hizalama analizi, AlaDH'lerin farklı mikroorganizmalardan korunmuş amino asit kalıntıları 

olduğunu göstermiştir. 
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1. Introduction 

Amycolatopsis sulphurea is a bacterium belongs to the 

Amycolatopsis genus that one of the well-defined taxa in 

the Pseudonocardiaceae family and Actinobacteria phylum 

(Lee, 2009). This bacterium was named by Lechevalier et al. 

(LECHEVALIER, PRAUSER, LABEDA, & RUAN, 1986) and 

has yellowish-green aerial hyphae, lysozyme resistant, and the 

G+C content of the type-strain genome is 69.4% (Nouioui et al., 

2018). The species of this genus was defined well up to now and 

many novel species have been described from different sources 

such as freshwater, soil, and underground sites(Saintpierre-

Bonaccio, Amir, Pineau, Tan, & Goodfellow, 2005; Tan, Ward, 

& Goodfellow, 2006). Chelocardin, one of the important 

antibiotics, is produced by Amycolatopsis sulphurea. it has 

antibacterial activity against both Gram-negative, Gram-positive 

bacteria, and most multi-resistant pathogens (Lukežič et al., 

2013).  

Alanine dehydrogenase (AlaDH, EC 1.4.1.1) catalyzes the 

reversible oxidative deamination of L-alanine to pyruvate 

reaction and it has been using for different applications in food, 

pharma, and biotechnological industries. This enzyme's 

systematic name is L-alanine: NAD+ oxidoreductase 

(deaminating), and also has common names as L-alanine 

dehydrogenase (L-AlaDH), NADH-dependent alanine 

dehydrogenase, NAD+-linked alanine dehydrogenase, and 

NAD+-dependent alanine dehydrogenase. It belongs to the group 

of oxidoreductases and its forward reaction is oxidative 

deamination of alanine to pyruvate and its reverse reaction is 

reductive amination of pyruvate to alanine(Dave & Kadeppagari, 

2019; Yoshida & Freese, 1965). 

The principal role of AlaDHs in microorganisms has been 

catalyzing the oxidation of organic molecules such as pyruvate 

that substantial energy molecule essential for the growth of 

organisms (Voet, Voet, & Pratt, 2016). It also provides a linkage 

between amino acid and carbohydrate metabolisms in different 

microorganisms as key factors in carbon and nitrogen 

metabolism (McCowen & Phibbs, 1974). The kinetic properties 

and reaction mechanism of this enzyme have been studied in 

microorganisms (mostly in Bacillus species, bacteroid, 

heterocyst, mycelium, and hypha.) (Allaway et al., 2000; Gräfe, 

Bocker, Reinhardt, Tkocz, & Thrum, 1974; Keradjopoulos & 

Holldorf, 1979; Nitta, Yasuda, Tochikubo, & Hachisuka, 1974; 

Pernil, Herrero, & Flores, 2010; Porumb et al., 1987; Schultz & 

Benson, 1990). A crystal structure, catalytic mechanism, and 

multiple sequence alignment analysis of AlaDHs from various 

microorganisms showed that four amino acid residues Arg-15, 

Lys-75 (pyruvate binding residues) (Phogosee, Hibino, 

Kageyama, & Waditee-Sirisattha, 2018), His-96, and Asp-269 

(or 270) (putative acid-base catalysts) highly conserved are 

potential residues of AlaDH involved in the catalytic activity 

(Jeong, Baek, Kim, Choi, & Oh, 2013). The studies on AlaDH 

active site showed that His96 is used for changing protein 

conformation, and Asp270 provides the stability of the ribose of 

NADH and nicotinamide ring via hydrogen bond interactions 

(Ling et al., 2014; Ling, Sun, Bi, Jing, & Liu, 2012). 

A tremendous quantity of DNA sequence data and their 

databases has been growing exponentially in the last decades. 

The field of bioinformatics studies has increased to analyze huge 

data containing lots of genomes from both prokaryotes and 

eukaryotes. The bioinformatics tools have been developed 

quickly to determine genes of functional proteins and RNA 

(Rehm & Reinecke, 2005). The undetermined pathways of 

numerous unknown useful pharmaceutical and agricultural 

products of plenty of prokaryotic and eukaryotic organisms have 

been revealed by using Bioinformatics tools throughout 

predicted studies of them (McClerren et al., 2006; Naveed, 

Ahmed, Khalid, & Mumtaz, 2014). Although prediction of 

Protein 3D-structure folding by using a simple sequence of 

amino acids had many problems in the past, it has developed 

rapidly to an applicable online computational resources with 

amenable in most cases (Haddad, Adam, & Heger, 2020). The 

presence of bioinformatic tools in internet provides a great 

opportunity to define the physicochemical properties of enzymes 

including their primary, secondary and 3D structural properties. 

The aim of this study was primarily to report the bioinformatics 

and 3D homology characterization of AsAlaDH by used some 

different tools for the prediction of protein structure and function 

and active site analysis. 

2. Material and Method 

2.1. Determination of Physico-Chemical Properties 

of AsAlaDH 

Protein sequences were obtained from UniProtKB and 3D 

structures from the protein data bank (PDB) databases. Different 

bioinformatics tools were used for calculating the Physico-

chemical properties of AsAlaDH protein sequence. Molecular 

weight, isoelectric point, average residue weight,  and charge of 

protein were determined by Emboss Pepstats (Madeira et al., 

2019), instability index, atomic composition, and amino acid 

composition were calculated by ProtParam (Wilkins et al., 

1999). 

2.2.Structural and Functional Analysis of 

AsAlaDH 

The prediction of the secondary structure of AsAlaDH 

protein was carried out by using PSIPred (Buchan & Jones, 

2019). Functional sites of AsAlaDH protein were defined by 

InterProScan (Zdobnov & Apweiler, 2001).  

2.3. The 3D Homology Model of AsAlaDH 

The 3D homology model of Amycolatopsis sulphurea alanine 

dehydrogenase was generated through I-TASSER (Yang et al., 

2015) using the published structure of Mycobacterium 

tuberculosis L-alanine dehydrogenase (Mt, PDBID: 2VHX) 

(Agren et al., 2008) as a template. L-alanine substrate was 

docked into AsAlaDH active site pocket in silico via AutoDock 

Vina (Trott & Olson, 2010). Figures were carried out by PyMOL 

(Molecular Graphics System, Version 2.0 Schrodinger, LLC). 

Amino acid sequences of characterized AlaDHs from PDB were 

aligned with Clustal Omega and the figure was created with 

Geneious software. (As: Amycolatopsis sulphurea; Mt: 

Mycobacterium tuberculosis, PDBID: 2VHX; Pl: Phormidium 

lapideum, PDBID: 1PJB; Tt: Thermus thermophilus, PDBID: 

2EEZ) (Sievers et al., 2011). Protein secondary structures were 

predicted with EMBOSS tool garnier  and the figure was created 

with Geneious software. (As: Amycolatopsis sulphurea; Mt: 

Mycobacterium tuberculosis, PDBID: 2VHX; Pl: Phormidium 

lapideum, PDBID: 1PJB; Tt: Thermus thermophilus, PDBID: 

https://eol.org/pages/7884
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2EEZ) (Sievers et al., 2011). Protein secondary structures were 

predicted with EMBOSS tool garnier  and the figure was created 

with Geneious software  (Garnier, Osguthorpe, & Robson, 1978; 

Rice, Longden, & Bleasby, 2000). 

Table 1. Amino acid and atomic composition of AsAlaDH 

determined by ProtParam 

Amino acid composition  

Ala (A)  49 13.2% 

Arg (R)  21   5.7% 

Asn (N)  10   2.7% 

Asp (D)  21   5.7% 

Cys (C)   2   0.5% 

Gln (Q)   7   1.9% 

Glu (E)  20   5.4% 

Gly (G)  35   9.4% 

His (H)  12   3.2% 

Ile (I)  13   3.5% 

Leu (L)  41 11.1% 

Lys (K)  10   2.7% 

Met (M)   5   1.3% 

Phe (F)   6   1.6% 

Pro (P)  24   6.5% 

Ser (S)  18   4.9% 

Thr (T)  24   6.5% 

Trp (W)   2   0.5% 

Tyr (Y)   9   2.4% 

Val (V)  42 11.3% 

Pyl (O)   0   0.0% 

Sec (U)   0   0.0% 

Atomic composition 

Carbon      C 1726 

Hydrogen    H 2777 

Nitrogen    N 487 

Oxygen      O 522 

Sulfur      S 7 

3. Results and discussion 
3.1. Identification and Physico-chemical Properties 

of AsAlaDH 

AsAlaDH molecular weight calculated as 38927.4 g, with 

the average residual weight of 104.9 g, the isoelectric point of 

5.9, and the net charge of - 4.0 by used Emboss Pepstats tool. 

This protein composed of 371 amino acids with 41 (Asp + Glu) 

negative charge residues and 31 (Arg + Lys) positive charge 

residues, besides higher contents of alanine, leucine and valine 

were showed by the ProtParam tool. The molecular formula of 

AsAlaDH protein was observed as (C1726H2777N487O522S7) that 

has also 5519 atoms by using the same tool. Amino acid and 

atomic composition of AsAlaDH were shown in Table 1.  

It was estimated to be AsAlaDH has six subunits that have 

371 residues in each one has a 40 kDa as considered in many 

members of the enzyme family in literature (Tripathi & 

Ramachandran, 2008). There are a total of 16 α-helices and 16 

β-strands in each subunit as shown in figure 1. 

3.2. Structural analysis and Functional domain 

prediction of AsAlaDH  

PSIPRED server was used to define the secondary structure 

of AsAlaDH. The results represented that AsAlaDH primarily 

arranged of beta-strands, alfa-helix, and coils (Figure 1). There 

are a total of 16 α-helices and 16 β-strands in each subunit as 

shown in figure 1. 

InterProScan was showed that it has two Alanine 

dehydrogenase/pyridine nucleotide transhydrogenase (PNT), N-

terminal domain sites (in between 4-137 as N-terminal domain, 

and 141-352 residues as NAD(H)-binding domain) and 

represented good functional homology with NAD(P)-binding 

domain superfamily (137-303 residues). It was indicated that it 

has L-alanine metabolic process (GO:0042853) and alanine 

dehydrogenase activity (GO:0000286). 

3.3. The 3D homology model of AsAlaDH 

The 3D homology model of AsAlaDH was created through 

I-TASSER using Mycobacterium tuberculosis L-alanine 

dehydrogenase (Mt, PDBID: 2VHX) as a template with 63.34% 

identity. Despite AsAlaDH and MtAlaDH 61% sequence 

similarity, both enzymes have conserved substrate-binding 

pocket and active side residues. (Figure 2).  

Active site comparison of AsAlaDH (gray) and MAlaD 

(blue), displaying pretty identical active site construction and 

similar amino acid residues near the L-alanine substrate. The 

substrate L-alanine was bound in the active site of AsAlaDH 

through H-bonds with Arg15 (NH1–2.9 Å and NH2–3.3 Å), 

Lys75 (NZ-2.8 Å), Tyr94 (CZ-2.7 Å and CD2-3.5 Å), His96 

(NE2–2.7 and 2.9 Å) and Asn300 (ND2–3.2 Å) in the AsAlaDH 

structure (Figure 3).  

4. Conclusions and Recommendations  

In our study, we have determined Physico-chemical properties, 

structural and functional analysis, and the 3D homology model 

of AsAlaDH using some bioinformatics databases and tools. Our 

data showed that AsAlaDH has similar catalytic sites and amino 

acid distributions have few changes.  This suggests that 

AsAlaDH belongs to the NAD+/NADH-dependent alanine 

dehydrogenase group involved in recognition and binding 

substrate site and catalytic site. 

The active site comparison and functional domain prediction of 

AsAlaDH studies presented here provide this enzyme as a good 

candidate for obtaining fine chemicals and amino acids for the 

prodrug and chemical industry. Our findings prove that the 

structural and functional regions of this enzyme, which we have 

experimentally recent studied (Aktaş, 2021), belong to the L-

amino acid dehydrogenase group.  
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Figure 1. The prediction of the secondary structure (α-helix, β-strand, and coil structures) of AsAlaDH protein was carried out by 

using PSIPred. A: Amino acid residues in each secondary structure (β-strand (yellow), α- helix (pink), coil (grey)) B: 3-state 

assignment cartoon exhbitbition (β-strand (yellow), α- helix (pink), coil (grey)). 

 

a 
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Figure2. Multiple amino acid sequence alignments of AlaDHs. Percentages indicates the sequence identity between AsAlaDH and 

isozyme AlaDHs (As: Amycolatopsis sulphurea; Mt: Mycobacterium tuberculosis; Pl: Phormidium lapideum; Tt: Thermus 

thermophilus). The residues constructing the active site pocket are indicated in red rectangles 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Homology model of AsAlaDH superimposed with the structure of MtAlaDH (PDB ID: 2VHX). NAD+ cofactor, active site 

and homology models of AsAlaDH and MtAlaDH enzymes, docked L-alanine substrate shown in gray, blue, green, respectively.  

All these results with, active site mutation studies and protein 

engineering techniques will enable the AsAlaDH enzyme to 

be used as a stable and efficient enzyme in biotechnological 

applications. 

In this study, we have considered only in silico studies for 

AsAlaDH to discover enzyme structure-function environment 

and relationship. In future research, more biochemical and 

enzymatic characterization can be studied to be able to 

improve enzyme catalytic efficiency and substrate specificity. 
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