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ABSTRACT:

The primary objective of this study is to provide insight into bimolecular structures from a bioinformatics standpoint and offer information about the relevant
bioinformatics software tools in this domain. It is well-established that each protein possesses a distinct chemical or structural function, underscoring the uniqueness
of their three-dimensional structures. Within the scope of this research, we conducted an investigation into a-amylases in Aspergillus oryzae. Among enzymes
responsible for starch conversion, a-amylases, specifically classified as endo-1, 4-a-D-glucan glucanohydrolase [E.C.3.2.1.1], hold particular significance and have
been extensively studied. Our research relied on the utilization of the PDB and NCBI databases, along with software tools such as Chimera, Predict Protein, and
Multalign. Through the application of these software tools, we performed a range of analyses, encompassing the determination of residue composition, identification
of secondary structures, detection of conserved regions, and characterization of ligand binding sites. Starch-hydrolyzing enzymes, including amylases, pullulanases,
and glucoamylases, play pivotal roles in various industries such as food, chemicals, and pharmaceuticals. In specific applications like the detergent and bakery
industries, meeting the requisite properties of a-amylase presents a considerable challenge. The utilization of bioinformatics software tools has significantly
enhanced our comprehension of protein three-dimensional structures and their functional attributes.
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Introduction:

The most well-known amylolytic enzymes include a-amylase (EC 3.2.1.1), p-amylase (EC 3.2.1.2), and glucoamylase (EC 3.2.1.3), which exhibit
significant distinctions from one another (Xia et al. 2021). These differences extend beyond their primary and tertiary structures, encompassing their
catalytic mechanisms and reaction pathways. Consequently, these enzymes have been categorized into distinct glycoside hydrolase (GH) families: GH13
for a-amylases, GH14 for B-amylases, and GH15 for glucoamylases (Lovell et al. 2003).

Among the enzymes responsible for starch conversion, a-amylases (endo-1, 4-a-D-glucan glucanohydrolase [E.C.3.2.1.1]) hold particular significance
and have been the subject of extensive study (Ly et al. 1999). Starch-hydrolyzing enzymes, including amylases, pullulanases, and glucoamylases, play
crucial roles in the food, chemical, and pharmaceutical industries. Notably, in specific applications such as the detergent and bakery industries, the desired
properties of a-amylase present notable challenges (Patil et al. 2021).

Fungal amylases have been instrumental in the production of starches, starch derivatives, and starch saccharification products (Tateno et al. 2007). The
primary fungi employed for a-amylase production include Aspergillus oryzae, A. niger, and Rhizopus oryzae. Figure 1 illustrates the three-dimensional
structures of amylases.
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Figure 1. Three-Dimensional Structures of Amylases (a) Glycoside Hydrolase 13 (GH13) a-amylase from Aspergillus oryzae (PDB code: 2TAA). (b)
Glycoside Hydrolase 14 (GH14) B-amylase from soybean (PDB code: 1BYA). (c) Glycoside Hydrolase 15 (GH15) glucoamylase from Aspergillus
awamori. These images provide visual representations of the three-dimensional structures of these amylases, highlighting their structural diversity within
the enzyme family.

Materials and Methods:

In this study, we conducted a comprehensive analysis of the three-dimensional structure of alpha-amylase enzymes derived from Aspergillus oryzae,
exploring various facets of their molecular properties. The research commenced with the retrieval of the amino acid sequences corresponding to
Aspergillus oryzae alpha-amylase, also known as Taka-Amylase A (PDB ID: 2TAA), from the Protein Data Bank website (Long et al. 1987).

To augment our investigation, we gathered amino acid sequences of this enzyme from multiple strains available in the NCBI databases. These sequences
were subsequently aligned using the Multalign software tool to discern any variations or conserved regions among them (Gouet et al. 2003).

The three-dimensional structural analysis of the enzyme was performed with the assistance of Chimera UCSF software, allowing us to visualize and
examine its spatial arrangement in detail. Additionally, Predict Protein software was instrumental in predicting the amino acid composition of the enzyme
and elucidating its secondary structure characteristics.

Through these analytical steps, we aimed to gain a comprehensive understanding of the alpha-amylase enzymes in Aspergillus oryzae, shedding light on
their sequence variations, structural attributes, and potential functional properties.

Results and Discussion:

Protein Structure Analysis:

Taka-Amylase A (EC=3.2.1.1) is composed of three distinct chains designated as A, B, and C. Each of these chains consists of 479 amino acids within
its monomeric structure, inclusive of a signal domain. The molecular weight of Taka-Amylase A is measured at 54,810 Da.

A detailed amino acid sequence analysis for each of the three chains of Taka-Amylase A can be found in Table 1, sourced from www.uniprot.org.

Furthermore, the identification of conserved regions within the enzyme's sequence was accomplished through the utilization of Multalign software. A
graphical representation of these conserved regions is provided in Figure 2, offering valuable insights into the structural and functional attributes of the
enzyme.

Table 1. Analysis of each chain of the Amino acid sequence of Taka-amylase (www.uniprot.org ).

Serial No.  Feature Key Position(s) Length Description
1 Single peptide 1-21 29
2 Chain 21-499 479 Alpha-amylase Atype-
12
3 Active Site 227 1 Nucleophile
4 Active Site 251 1 Proton Donor
5 Binding Site 56, 104, 143 225, 255, 11,1 Substrate
317 365 111

1

6 Site 318 1 Transition State

Stabilizer



http://www.uniprot.org/
http://www.uniprot.org/

International Journal of Research Publication and Reviews, Vol 4, no 9, pp 868-874 September 2023 870

1 10 22 » ® 0 60 " o % 10 1 120 13
£i12307541pdb 12TRARIA ATPAOMRSOSIYFLL TORFARTORSTTRLCNTaDqk YCGGTHOGE IDLDY IOGHGF TRINITPYTa0LPUDCa YGDRYLGYNOUDIYsLNeNYGTRDDLKAL SSALHe
1140313276 1dbjIBADD  mvauusl flygl qvapalaRTPADKRSQSTYFLL TORFARTORST TRLCNTaDGKYCHATHOGT T0KI DYTQGHGF TRTKITPYTa0LPOL TaYGDATHGTHOQDTYsLNeNYGTRDOL KALSSAL He
113936538481db jIBAN  mvawrsLfLyglavapalaRTPAOMRSOSIYFLL TORFARTORST TRUCNTGORKYCGGTHOGL IDKLDY IOGHGF TRIKITPYTa0LPOL TaYGOAYHGTHOQDIYsLNeNYGTROOLKALSSALHe
2113583751521 b j | GRA maltiLffLsFvvsalaTPAEMRSQSIYFLLTORFARTONSTIRSCD1saRqYCHGSHOGI INQLDY IQGNGF TRINI TPYTEQiPODTGYGURYHSYHOQDaYal Nsh Y6TRO0L KRLaSALKS
2115255600151 gbl EPS2 -mmrmth!mwsmmumalmlmlmmlmumnmmmmlwmw;unsnm TRaDLKALSQALIS
YFLSTORF aRT0NSL TRsCSt , dr, YOGGLKOGI T 3qL DY IQGHEF TRINITPYTeQ1PUd gybsRYhGYHIqELY, IN, nYGTRADLKAL ssAl Hs

131 1% 150 160 1m 180 1% 20 20 20 20 24 0 20

2412307541pdbI2TRRIA  RGHYLITVUVVANAIGYdGAGSSYDYSYFKPFSSUdYFRPACS DCHLGONT YSLPOLDT #SLYSNYSLOGLRIDTVKHVOKAF MPGYNIRAGYYCLGEY LOGOPRY T
i 1403132761 db j1 BADD mmwmmmvnvsﬁmssndvmftnwdmwmtummmnmmm..ﬂvalrsmmmmammmmmnmr
2113936538481 db j 1B mrrmmrmvsnmssw 1 HLGONTYSLPOLDT mxmnnlm.wwnmmmuwm
2113583751521 db jIGAR  RGHYLI/DVYANNIGhGLGRS VDYSYYrPFnS Ok YFHnlCuTSNYANQTNVEDCKL GONTVal POLDTTr TGEVFDGDaAYT

2415255800151 ¢b1EPS2  RGHYLHVOVVRNAMGY 2GAGNE VDYSYFKPFSSss YFHPYC LISDY sHOTNVEDCHLGORTYSLPOLDTT1ssVqt iNVMMYsdL' mrsrmmmmsrmmmwm T
Consensus  RENYLIVOYVANANGy, GabinaVOYSVIKPFsSq, YFp,C, T #Y, SQTVEDCHLGDTVSLPOLDTT, , , Vin Y SUV, 5L VSHYS! DGLRIDTVKhY oK, FUPGYS, RaGVYC ! GEVF dGOpAYT

% 280 29 300 310 320 0 w0 350 360 m 380 390
2112307541pdb12TRAIA - CPYQNWADGYLNYPTYYPLLAAFKSTS6SadDL YNHINTYKSOCPOSTLLGTFVENKDNPRF RSY T nllial AKNVAaF LILnDGPTIYRGOEQHY2GEMOPRNRERTML SGYpTdSEL Yk IRSakalR
241403132761db jIBADD  CPYQNVIDGYLNYPIYYPLLAAFKSTSESndDL YRAINTYKSOCpOSTLLGTF VENKONPRF RSYTnDial AKNYRaF LILnDGIP LIYRGOE QHY2GEMDPANRERTHLSGYPT dSEL YiLIRSaNalR
2113936538481db jIBAN  CPYQUWNDEYLNYPIYYPLLAAFKSTS6SanDL YNIHINTYKSOCpOSTLLGTFVENKONPRF RS YT nllial AKNVRF LILnOGIP L1YRGOEQHYaGEMOPANRERTML SGYpTdSEL Vil IRSakalR
£113583751521db jIGAR  CPYQODALOGYLNYPAYYPLLAAFeSTnGSTSOLYNYINTYKSLCrOSTLLGTFVENHONPRF AinYTSDnSLAKNAALFLTL aDGIPTYYRGOEQHYSGEMOPYNREATHL SGYKTLSEL YLHTALSHKTR
2115255800151gb1EPS2  CPYQNyLDGVLNYPTYYqLL gAFKSTSESISsL YNIINSYaSOCalpTLLGnF IENKDNPRF RSYT SDySqRINY LsF 1FLsOGIPIVYRGOEQHYSGEHOPANREATML SGY sknalll YQHIRSLNKIR

Consencus  CPYQ#, SOGVLNYPEYYpLL. AFKSTSGSisdL YNNINCYRSAC , DsTLLGLF |ENNONPRF RsYT<D, s1Mi0bva, Fiil ,0GEPT! YRGOEQHYSGENDPANREATHLSGY b s 8L Y hIfs kIR

31 400 410 a2 Ll 40 50 %0 m %0 L 500 510 520

2i12307541pdbI2TRAIA  ngATSKILGFVTYKN-Pyikdt TTRRKGRAGSTI VTT] SHRGRSGASYTL 5L s TTAGOGLLEvigC TLATVgSIONVPiPaghl PRY-L YPLaKLa-GSkiLSdsS

2140313275 1 db 1 BRD) b

213936598481 db jIBAN Al

213583751521 db IGAA !

2i 15255800151 gblEPS2  1ATSKIanYiTskinaf YlonT AnKKGss5S0v/TYL SHrGsS6SSYTL L SGs6TeAGkLVERYTCTaVTVISHGNTa st SiL PRy filassacs1cSSalSleSsaceatatt IktALakat
Consensus .. ALSKD, g, TghN,p.y.D. . IiRICKG. G, !T!LSH, GaSEsSYILSLsG. gYtAGq, 1 E L VIVASHGn!piipH, SBLPRY  04p. KL o580 oS uueneneennanansns

21 5M S S S SH S 5% 60 G0 6 6
4123075415 I2TFAIR
£ 140313276 b1 6600
413936530481 db 16
413583751521 b1
01 IS2550M0ISIGbIEPS?  sctqotalpvlfick sadkotssnpLugat . Lpvetof okl ik do et

Figure 2. Multiple sequence alignment was conducted using the Multalign software, and the accession numbers for the sequences included in the
alignment are as follows:

Taka-Amylase A (2TAAJA) Alpha-amylase [Aspergillus awamori] (BAD06002.1) Alpha-amylase [Aspergillus sojae] (BAM28635.1) Alpha-amylase
[Aspergillus kawachii IFO 4308] (GAA91738.1) Alpha-amylase Amy13A [Penicillium oxalicum 114-2] (EPS26265.1). This alignment was carried out
to identify and highlight conserved regions within these amylase enzyme sequences, aiding in our understanding of shared structural and functional
elements across different amylase variants.

Forecasting the secondary structural elements and estimating solvent accessibility for the specific protein chain.

The PROFsec method employs evolutionary information gathered from multiple sequence alignments and a multi-level system to predict secondary
structural elements and solvent accessibility. It classifies secondary structure into three states: helix (H, encompassing alpha-, pi-, and 3_10-helix), strand
(E, representing extended strands in beta-sheet conformation with at least two residues in length), and loop (Gubbi et al. 2006).

This prediction system relies on a network of neural networks, with an anticipated average accuracy surpassing 72%. An evaluation of enzyme molecules
reveals that the active form of the enzyme comprises three chains arranged in the same sequence, and the secondary structure of the enzyme corresponds
to the structure depicted in the accompanying diagram (Rost et al. 1994). Specifically, the enzyme's secondary structure consists of 59% loop, 20.9%
helix, and 20.09% strand. Notably, the bulk structure of the enzyme predominantly consists of loops, with helical and stranded regions being roughly
equal in proportion.

The figures presented in Figures 3 and 4 illustrate the amino acid composition and corresponding secondary structure, respectively. Additionally, the
enzyme's structure has been examined in terms of solvent accessibility, as illustrated in Figure 5.
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Figure 3. Amino acid composition.
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Figure 4. Composition of the secondary structure.
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Figure 5. Accessibility of the solvent within the structure of the enzyme.

The NetPhos 2.0 server facilitates neural network predictions for serine, threonine, and tyrosine phosphorylation sites within eukaryotic proteins. This
software was employed to identify phosphorylation sites on enzymes, as depicted in Figure 6, which illustrates the phosphorylation site on the enzyme
structure.

NetPhos 2.8: predicted phosphorylation sites in Sequence
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Figure 6. Sites of Phosphorylation within the enzymatic structure.

Remarkably, this enzyme possesses three calcium ions, with one in each of the three chains, positioned at residue 479, as visualized in Figure 7. It is
conceivable that the essential calcium ion resides in proximity to both site C and the maltose residue, potentially contributing to the tightening of catalytic
sites conducive to amylase binding or facilitating the supply of water molecules for the enzymatic reaction (Cotton 2011).
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Figure 7. Calcium ion within the structure of the enzyme.

Conclusion:

The depiction of the entire chain folding reveals several distinctive features of the enzyme's structure, which align with established structural
characteristics in general. The molecule comprises two discernible domains: the primary domain and the C-terminal domain, interconnected by a single
polypeptide chain. Notably, a molecular model of Taka-amylase A (a-amylase) from A. oryzae, suggests that both histidine (His) and aspartic acid (Asp)
residues in these homologous regions function as active sites. Furthermore, it is postulated that Asp and lysine (Lys) in Region 2, along with His in
Region 4, may serve as substrate-binding sites. Additionally, another active site involving glutamic acid (Glu) and adjacent substrate-binding sites
composed of valine (Val), leucine (Leu), and Asp between regions 2 and 4 have been proposed for consideration.

Understanding the three-dimensional structure of proteins is indispensable for comprehending their functions. The fusion of bioinformatics and
biochemistry plays a pivotal role in enhancing our insight into biochemical models. In the contemporary era characterized by exponential growth in
information, proficiency in utilizing bioinformatics software is paramount to swiftly and accurately achieve desired research outcomes.
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