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ABSTRACT 
  Amylase is an important enzyme in industries where members of the Aspergillus genus 
are significant producers of industrial amylase enzymes; α- amylase is an endoamylase which 
plays a crucial role in starch hydrolysis.  However, knowledge regarding the sequences and 
evolutionary relationship of α- amylase among sections Nigri, Flavi and Fumigati in the 
Aspergillus genus have remained unknown.  The amylase activity of some previously isolated 
important Aspergillus species, namely A. niger, A. fumigatus and A. flavus, also requires further 
investigation.  In this study, α- amylase sequences of species under three sections in the 
Aspergillus genus were retrieved from NCBI for sequence analysis and alignment for 
phylogenetic tree construction. The solid-based method was then applied to screen for amylase 
production and the Enzymatic Activity Index (EAI) was evaluated to analyze amylase activity. 
Similarities in enzyme sequences among the selected species were established through the 
presence of α- amylase domains and phylogenetic tree branching that rooted to a common 
ancestor.  This study also found that the amylase activity of three selected species differed 
significantly, with A. flavus having the highest EAI of 1.03 ± 0.049, followed by A. niger (0.77 
± 0.049) and A. fumigatus (0.60 ± 0.103). 
 

Keywords:  α-amylase; Amylase activity index; Aspergillus; Phylogenetic tree; Sequence 
analysis
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1. Introduction  
The presence of catalysts within living 

organisms allows these organisms to carry 
out reactions necessary for their survival and 
proliferation [1]. These are biocatalysts 
known as enzymes which have excellent 
catalytic efficiency and possess outstanding 
specificity in both substrates and reactions 
[2].Nowadays the development of the 
enzyme market is very promising and growth 
in global sales of enzymes is estimated to 
reach approximately 5.5 billion Euros in 
2025 [3]. 

The first enzyme to be studied was 
‘diastase’, dating back to 1833 [3], where the 
enzyme isolated by Payen and Persoz was in 
fact a mixture of amylases [1]. Amylases are 
enzymes that are categorized under the 
hydrolase subdivision of glycosylases [4] 
with the classification number of EC 3.2. 
Amylases are enzymes that facilitate the 
hydrolysis of starch into simple sugars [5]. 
Amylase is an important enzyme that 
accounts for around 30% of global enzyme 
output and is a crucial enzyme in starch-
based industries [6]. Amylase is widely 
utilized in a range of industries such as 
baking, detergent, textile, and many more 
[7].  

Alpha-amylase is a type of 
endoamylase categorized under family 13 of 
glycoside hydrolase (GH) [6], which is a 
principal family of α-amylase [8]. Members 
of the family have similar catalytic 
machinery, sharing 4 to 7 conserved 
sequence regions and having a catalytic 
domain constituting (α/ß) 8-barrel fold [9]. 
Orthologs of α-amylase from the fungi 
kingdom are more related to one another than 
they are to the α-amylase orthologs from 
other kingdoms [10]. In silico analysis of 
enzymes covering conserved domains, 
protein localization and transmembrane 
helices were made possible by computational 
tools [11]. Sequences of α-amylase, for 
example, could be investigated to reveal 
conserved regions and evolutionary 

relationships between subfamilies of the 
enzyme [12].  

Fungi and yeasts play a prominent role 
in the enzyme industry, responsible for over 
half of the enzymes that this industry 
produces. This production is mostly 
associated with the genera Aspergillus, 
Trichoderma, Rhizopus and Penicillium [7]. 
Filamentous fungi are favored over other 
microbes due to their stability, high 
production potential and simpler purification 
process [7].  

Members of the Aspergillus genus are 
the main source of fungal amylase [13]. By 
1926, the Aspergillus genus was one of the 
most recognized and best researched mold 
groups, as humans recognized the relevance 
of this species as a causal agent for both 
spoilage and diseases, as well as the producer 
of beneficial metabolites [14]. Currently 
consisting of 339 known species [15], this 
genus is divided into several sections, with 
the black aspergilli from section Nigri being 
important in biotechnology, enzyme 
production and mycotoxin excretion [16], 
similar to members of the section Flavi [17]. 
On the other hand, the section Fumigati has 
significant medical importance as several of 
its members are recognized as pathogens to 
both human and animals [18].  

For this work, 49 Aspergillus species 
from section Nigri, Flavi and Fumigati were 
selected for sequencing and phylogenetic 
analysis of their α-amylase gene, while three 
Aspergillus species, A. niger, A. flavus and A. 
fumigatus, from the three sections were used 
in the research of amylase activity. The 
objectives of this study were to investigate 
the evolutionary link between selected 
Aspergillus α-amylase sequences and to 
investigate the amylase activities of three 
Aspergillus species. 
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2. Materials and Methods  
2.1 Analysis of α-amylase sequences 
 

2.1.1 Retrieval of amino acid 
sequence data 
 Aspergillus species categorized under 
section Nigri were identified by Varga et al. 
[19]; meanwhile Frisvad et al. was referred to 
for species from section Flavi [17], while a 
study by Frisvad and Larsen was referred to 
for those belonging to section Fumigati [20]. 
The National Centre for Biotechnology 
Information (NCBI) database was used to 

access α-amylase sequences from the 
selected species. A total of 49 species were 
found to have their α-amylase sequences in 
the database, with 23 species from section 
Nigri, 20 from section Flavi and 7 from 
section Fumigati. Two α-amylase sequences 
were retrieved from the NCBI database for 
each species and species with different 
strains (whenever available), as shown in 
Table 1. An additional sequence of a citrate 
synthase (citA) gene was obtained as the 
outgroup for the phylogenetic tree. Complete 
information of the selected sequences can be 
found in Supplementary Table 1.  

 
Table 1. The α-amylase sequences of selected Aspergillus species. 

Section Nigri 

Species GenPept Accession Number Genome Accession Number Num of Amino Acids 

A. aculeatinus CBS 121060  
RAH74414.1 KZ824935.1 639 aa 
RAH73821.1 KZ824937.1 571 aa 

A. brasiliensis 
GKZ31594.1 BROR01000101.1 319 aa 
GKZ33145.1 BROR01000174.1 549 aa 

A. costaricaensis CBS 115574 
RAK85335.1 KZ824566.1 635 aa 
RAK85549.1 KZ824565.1 573 aa 

A. ellipticus CBS 707.79 
PYH96808.1 KZ825833.1 525 aa 
PYH96683.1 KZ825834.1 532 aa 

A. eucalypticola CBS 122712 
PWY84188.1  MSFU01000002.1 538 aa 
PWY82341.1 MSFU01000003.1 642 aa 

A. fijiensis CBS 313.89 
RAK72695.1 KZ824690.1 548 aa 
RAK79041.1 KZ824634.1 571 aa 

A. heteromorphus CBS 117.55  
PWY92827.1 MSFL01000001.1 486 aa 
PWY90092.1 MSFL01000003.1 529 aa 

A. homomorphus CBS 101889 
RAL13909.1 KZ824277.1 572 aa 
RAL12205.1 KZ824284.1 588 aa 

A. ibericus CBS 121593 
RAK97663.1 KZ824460.1 631 aa 
RAK99978.1 KZ824443.1 548 aa 

A. indologenus CBS 114.80 
PYI36077.1 KZ825466.1 557 aa 
PYI36076.1 KZ825466.1 552 aa 

A. luchuensis 
GAT24829.1 BCWF01000018.1 550 aa 
GAT20922.1 BCWF01000008.1 555 aa 

A. luchuensis IFO 4308  
GAA93340.1 DF126574.1 499 aa 
GAA92144.1 DF126489.1 567 aa 

A. neoniger CBS 115656 
PYH37168.1 KZ821451.1 552 aa 
PYH37276.1 KZ821450.1 634 aa 

A. niger 
GJP87368.1 BQMC01000001.1 524 aa 
GJP89740.1 BQMC01000002.1 567 aa 

A. niger CBS 101883 
PYH61062.1 KZ821339.1 555 aa 
PYH57279.1 KZ821347.1 558 aa 

A. niger ATCC 13496 
RDH24425.1 KZ851902.1 562 aa 
RDH22091.1 KZ851908.1 567 aa 

A. niger ATCC 1015 
EHA28336.1 ACJE01000001.1 552 aa 
EHA27488.1 ACJE01000003.1 562 aa 

https://www.ncbi.nlm.nih.gov/nuccore/KZ824935.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824937.1
https://www.ncbi.nlm.nih.gov/nuccore/BROR01000101.1
https://www.ncbi.nlm.nih.gov/nuccore/BROR01000174.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824566.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824565.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825833.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825834.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFU01000002.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFU01000003.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824690.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824634.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFL01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFL01000003.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824277.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824284.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824460.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824443.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825466.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825466.1
https://www.ncbi.nlm.nih.gov/nuccore/BCWF01000008.1
https://www.ncbi.nlm.nih.gov/nuccore/DF126574.1
https://www.ncbi.nlm.nih.gov/nuccore/DF126489.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821450.1
https://www.ncbi.nlm.nih.gov/nuccore/BQMC01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/BQMC01000002.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821339.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821347.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ851902.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ851908.1
https://www.ncbi.nlm.nih.gov/nuccore/ACJE01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/ACJE01000003.1
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A. niger CBS 513.88 
XP_001393626.1 XM_001393589.2 555 aa 
XP_001389762.2 XM_001389725.2 557 aa 

A. piperis CBS 112811 
RAH52383.1 KZ825085.1 548 aa 
RAH53315.1 KZ825077.1 567 aa 

A. sclerotiicarbonarius CBS 
121057 

PYI11254.1 KZ826318.1 630 aa 
PYI04009.1 KZ826374.1 550 aa 

A. saccharolyticus JOP 1030-1 
PYH48040.1 KZ821222.1 576 aa 
PYH47838.1 KZ821223.1 589 aa 

A. sclerotioniger CBS 115572 
PWY91510.1 MSFK01000009.1 554 aa 
PWY91509.1 MSFK01000009.1 546 aa 

A. tubingensis 
GFN12725.1 BLWE01000003.1 567 aa 
GFN13310.1 BLWE01000004.1 524 aa 

A. uvarum CBS 121591 
PYH84072.1 KZ821686.1 513 aa 
PYH83360.1 KZ821690.1 572 aa 

A. vadensis CBS 113365 
PYH73420.1 KZ821615.1 493 aa 
PYH69636.1 KZ821623.1 530 aa 

A. violaceofuscus CBS 115571 
PYI24515.1 KZ825102.1 558 aa 
PYI20221.1 KZ825127.1 558 aa 

A. japonicus CBS 114.51 
RAH81691.1 KZ824794.1 557 aa 
RAH77919.1 KZ824834.1 499 aa 

Section Flavi 

Species GenPept Accession Number Genome Accession Number Num of Amino Acids 
A. alliaceus KAB8239457.1 ML733060.1 497 aa 

KAE8392003.1 ML735240.1 497 aa 
A. arachidicola KAE8340873.1 ML737144.1 498 aa 

PIG85909.1 NEXV01000296.1 502 aa 
A. avenaceus KAE8146912.1 ML742236.1 530 aa 

KAE8155106.1 ML742024.1 528 aa 
A. bertholletius KAE8380264.1 ML736183.1 498 aa 
A. bombycis OGM45404.1 LYCR01000043.1 551 aa 

OGM43080.1 LYCR01000077.1 498 aa 
A. flavus AAF14264.1 AF139925.1 499 aa 

KAJ1716275.1 JAOAMT010000010.1 533 aa 
A. flavus AF70 KOC15411.1 JZDT01000667.1 615 aa 

KOC12109.1 JZDT01000385.1 469 aa 
A. hancockii KAF7592720.1 MBFL02000092.1 552 aa 
A. leporis KAB8070316.1 ML732306.1 537 aa 

KAB8074018.1 ML732217.1 511 aa 
A. minisclerotigenes KAB8273707.1 ML732794.1 498 aa 
A. nomiae NRRL 13137 KNG81364.1 JNOM01000457.1 498 aa 

KNG84553.1 JNOM01000201.1 542 aa 
A. novoparasiticus IBT 16806  KAB8214608.1 ML733529.1 498 aa 
A. sergii KAE8324966.1 ML741812.1 498 aa 
A. sojae BAM28635.1 AB733130.1 498 aa 
A. tamarii KAE8162449.1 ML738628.1 498 aa 
A. transmontanensis KAE8310350.1 ML738354.1 498 aa 
A. oryzae CAA31220.1 X12727.1 499 aa 

CAA31218.1 X12725.1 499 aa 
A. oryzae 100-8 KDE84105.1 AMCJ01000074.1 602 aa 

KDE82914.1 AMCJ01000090.1 566 aa 
A. oryzae 3.042 EIT81950.1 AKHY01000091.1 549 aa 

EIT81352.1 AKHY01000106.1 602 aa 
A. parasiticus KAB8200363.1 ML735046.1 498 aa 
A. parasiticus SU-1 KJK64034.1 JZEE01000530.1 582 aa 

https://www.ncbi.nlm.nih.gov/nuccore/KZ825085.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825077.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ826318.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ826374.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821222.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821223.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFK01000009.1
https://www.ncbi.nlm.nih.gov/nuccore/MSFK01000009.1
https://www.ncbi.nlm.nih.gov/nuccore/BLWE01000003.1
https://www.ncbi.nlm.nih.gov/nuccore/BLWE01000004.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821686.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821690.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821615.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ821623.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825102.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ825127.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824794.1
https://www.ncbi.nlm.nih.gov/nuccore/KZ824834.1
https://www.ncbi.nlm.nih.gov/nuccore/ML733060.1
https://www.ncbi.nlm.nih.gov/nuccore/ML735240.1
https://www.ncbi.nlm.nih.gov/nuccore/NEXV01000296.1
https://www.ncbi.nlm.nih.gov/nuccore/ML742236.1
https://www.ncbi.nlm.nih.gov/nuccore/ML742024.1
https://www.ncbi.nlm.nih.gov/nuccore/ML736183.1
https://www.ncbi.nlm.nih.gov/nuccore/LYCR01000043.1
https://www.ncbi.nlm.nih.gov/nuccore/AF139925.1
https://www.ncbi.nlm.nih.gov/nuccore/JAOAMT010000010.1
https://www.ncbi.nlm.nih.gov/nuccore/JZDT01000667.1
https://www.ncbi.nlm.nih.gov/nuccore/JZDT01000385.1
https://www.ncbi.nlm.nih.gov/nuccore/MBFL02000092.1
https://www.ncbi.nlm.nih.gov/nuccore/ML732306.1
https://www.ncbi.nlm.nih.gov/nuccore/ML732217.1
https://www.ncbi.nlm.nih.gov/nuccore/ML732794.1
https://www.ncbi.nlm.nih.gov/nuccore/JNOM01000201.1
https://www.ncbi.nlm.nih.gov/nuccore/ML733529.1
https://www.ncbi.nlm.nih.gov/nuccore/ML741812.1
https://www.ncbi.nlm.nih.gov/nuccore/AB733130.1
https://www.ncbi.nlm.nih.gov/nuccore/ML738628.1
https://www.ncbi.nlm.nih.gov/nuccore/ML738354.1
https://www.ncbi.nlm.nih.gov/nuccore/X12727.1
https://www.ncbi.nlm.nih.gov/nuccore/X12725.1
https://www.ncbi.nlm.nih.gov/nuccore/AMCJ01000074.1
https://www.ncbi.nlm.nih.gov/nuccore/AMCJ01000090.1
https://www.ncbi.nlm.nih.gov/nuccore/AKHY01000091.1
https://www.ncbi.nlm.nih.gov/nuccore/AKHY01000106.1
https://www.ncbi.nlm.nih.gov/nuccore/ML735046.1
https://www.ncbi.nlm.nih.gov/nuccore/JZEE01000530.1
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KJK63736.1 JZEE01000545.1 575 aa 
A. pseudocaelatus KAE8411038.1 ML735896.1 498 aa 
A. pseudonomiae KAB8257239.1 ML734321.1 537 aa 

KAE8402772.1 ML736784.1 537 aa 
A. pseudotamarii KAE8140395.1 ML743561.1 451 aa 

KAE8131762.1 ML743650.1 498 aa 
Section Fumigati 

Species GenPept Accession Number Genome Accession Number Num of Amino Acids 
A. fischeri NRRL 181  EAW18731.1 DS027696.1 612 aa 

EAW25104.1 DS027685.1 422 aa 
A. fumigatus KEY83532.1 JHOI01000358.1 494 aa 

KEY80426.1 JHOI01000543.1 630 aa 
A. fumigatus Z5 KMK61686.1 KQ087360.1 487 aa 

KMK58769.1 KQ087364.1 561 aa 
A. fumigatus Af293 EAL93641.1 AAHF01000001.1 561 aa 

EAL87170.1 AAHF01000008.1 630 aa 
A. fumigatus A1163 EDP53984.1 DS499595.1 568 aa 

EDP54851.1 DS499595.1 471 aa 
A. lentulus GFF88611.1 BLKI01000064.1 554 aa 

GFF93265.1 BLKD01000070.1 604 aa 
A. novofumigatus IBT 16806 PKX98967.1 MSZS01000001.1 597 aa 

PKX89274.1 MSZS01000010.1 561 aa 
A. pseudoviridinutans GIJ82803.1 BHVY01000001.1 509 aa 
A. udagawae GFG18418.1 BLKE01000238.1 569 aa 

GFF53486.1 BLKF01000090.1 484 aa 
A. viridinutans GIJ99235.1 BOPL01000001.1 448 aa 

 
Table 2. Identification of Aamy domain, other domains and features with their position in the 
α-amylase protein sequences through SMART tool. 

Species GenPept Accession 
Number Domains/Features Start End E-Value 

A. aculeatinus CBS 
121060  

RAH74414.1 
Aamy 34 390 2.29e-94 

Low complexity 434 454 N/A 
CBM_2 533 633 2.87e-20 

RAH73821.1 
Aamy 38 396 3.37e-74 

Low complexity 451 460 N/A 
Low complexity 523 547 N/A 

A. brasiliensis 
GKZ31594.1 Low complexity 5 20 N/A 

Aamy 29 319 8.46e-57 

GKZ33145.1 Aamy 41 396 2.85e-72 
Transmembrane region 525 547 N/A 

A. costaricaensis 
CBS 115574 

RAK85335.1 

Low complexity 8 25 N/A 
Aamy 34 390 2.54e-101 

Low complexity 434 453 N/A 
CBM_2 535 631 7.06e-29 

RAK85549.1 
Aamy 40 398 1.47e-74 

Low complexity 524 544 N/A 
Transmembrane region 550 572 N/A 

A. ellipticus CBS 
707.79 

PYH96808.1 Aamy 29 385 1.8e-101 
Low complexity 488 508 N/A 

PYH96683.1 Aamy 41 427 2.33e-36 

A. eucalypticola 
CBS 122712 

PWY84188.1 Aamy 41 427 2.27e-48 

PWY82341.1 
Aamy 34 390 8.39e-102 

Low complexity 434 453 N/A 
CBM_2 542 638 7.06e-29 

A. fijiensis CBS 
313.89 

RAK72695.1 Aamy 42 435 2.38e-42 

RAK79041.1 Aamy 38 396 5.03e-73 
Low complexity 451 460 N/A 

https://www.ncbi.nlm.nih.gov/nuccore/ML735896.1
https://www.ncbi.nlm.nih.gov/nuccore/ML734321.1
https://www.ncbi.nlm.nih.gov/nuccore/ML736784.1
https://www.ncbi.nlm.nih.gov/nuccore/ML743561.1
https://www.ncbi.nlm.nih.gov/nuccore/ML743650.1
https://www.ncbi.nlm.nih.gov/nuccore/DS027696.1
https://www.ncbi.nlm.nih.gov/nuccore/DS027685.1
https://www.ncbi.nlm.nih.gov/nuccore/JHOI01000358.1
https://www.ncbi.nlm.nih.gov/nuccore/JHOI01000543.1
https://www.ncbi.nlm.nih.gov/nuccore/KQ087360.1
https://www.ncbi.nlm.nih.gov/nuccore/KQ087364.1
https://www.ncbi.nlm.nih.gov/nuccore/AAHF01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/AAHF01000008.1
https://www.ncbi.nlm.nih.gov/nuccore/DS499595.1
https://www.ncbi.nlm.nih.gov/nuccore/BLKI01000064.1
https://www.ncbi.nlm.nih.gov/nuccore/BLKD01000070.1
https://www.ncbi.nlm.nih.gov/nuccore/MSZS01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/MSZS01000010.1
https://www.ncbi.nlm.nih.gov/nuccore/BHVY01000001.1
https://www.ncbi.nlm.nih.gov/nuccore/BLKE01000238.1
https://www.ncbi.nlm.nih.gov/nuccore/BLKF01000090.1
https://www.ncbi.nlm.nih.gov/nuccore/BOPL01000001.1
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Low complexity 523 547 N/A 

A. heteromorphus 
CBS 117.55  

PWY92827.1 Aamy 1 340 2.2e-55 

PWY90092.1 Aamy 41 421 1.67e-46 
Low complexity 514 528 N/A 

A. homomorphus 
CBS 101889 

RAL13909.1 
Aamy 38 396 1.73e-71 

Low complexity 451 460 N/A 
Low complexity 523 547 N/A 

RAL12205.1 Aamy 20 439 6.35e-143 

A. ibericus CBS 
121593 

RAK97663.1 

Low complexity 3 25 N/A 
Aamy 34 390 1.62e-94 

Low complexity 434 453 N/A 
CBM_2 531 627 1.27e-30 

RAK99978.1 Aamy 39 394 7.07e-68 

A. indologenus CBS 
114.80 

PYI36077.1 Aamy 42 435 4.58e-44 
Low complexity 516 537 N/A 

PYI36076.1 Aamy 38 398 4.84e-75 
Low complexity 511 530 N/A 

A. luchuensis 

GAT24829.1 Aamy 41 396 7.01e-72 
Transmembrane region 526 548 N/A 

GAT20922.1 
Aamy 38 397 1.45e-87 

Low complexity 512 525 N/A 
Low complexity 534 553 N/A 

A. luchuensis IFO 
4308  

GAA93340.1 Low complexity 16 25 N/A 
Aamy 34 390 9.91e-113 

GAA92144.1 
Aamy 34 392 7.75e-74 

Low complexity 518 538 N/A 
Transmembrane region 544 566 N/A 

A. neoniger CBS 
115656 

PYH37168.1 
Aamy 35 394 6.23e-87 

Low complexity 509 522 N/A 
Low complexity 533 550 N/A 

PYH37276.1 

Low complexity 3 14 N/A 
Aamy 34 390 8.99e-102 

Low complexity 434 453 N/A 
CBM_2 534 630 9.99e-29 

A. niger 

GJP87368.1 Aamy 29 385 5.57e-107 
Transmembrane region 501 523 N/A 

GJP89740.1 

Transmembrane region 5 24 N/A 
Aamy 35 393 2.04e-73 

Low complexity 448 457 N/A 
Low complexity 522 541 N/A 

Transmembrane region 544 566 N/A 

A. niger CBS 
101883 

PYH61062.1 

Low complexity 14 27 N/A 
Aamy 38 397 2.09e-88 

Low complexity 512 525 N/A 
Low complexity 534 550 N/A 

PYH57279.1 Aamy 41 427 2.91e-46 

A. niger ATCC 
13496 

RDH24425.1 Aamy 20 451 7.43e-126 

RDH22091.1 

Transmembrane region 5 24 N/A 
Aamy 35 393 5.4e-73 

Low complexity 522 534 N/A 
Transmembrane region 544 566 N/A 

A. niger ATCC 
1015 

EHA28336.1 

Low complexity 11 24 N/A 
Aamy 35 394 2.09e-88 

Low complexity 509 522 N/A 
Low complexity 531 547 N/A 

EHA27488.1 Aamy 20 451 1.14e-126 

A. niger CBS 
513.88 

XP_001393626.1 

Low complexity 14 27 N/A 
Aamy 38 397 2.09e-88 

Low complexity 512 525 N/A 
Low complexity 534 550 N/A 

XP_001389762.2 Aamy 41 427 5.14e-47 
A. piperis CBS 
112811 

RAH52383.1 Aamy 41 427 9.67e-43 
RAH53315.1 Aamy 34 392 6.64e-73 
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Low complexity 518 538 N/A 
Transmembrane region 544 566 N/A 

A. 
sclerotiicarbonarius 
CBS 121057 

PYI11254.1 

Low complexity 3 11 N/A 
Aamy 34 390 1.76e-95 

Low complexity 434 453 N/A 
CBM_2 530 626 7.06e-29 

PYI04009.1 Aamy 41 396 1.66e-64 
Low complexity 539 548 N/A 

A. saccharolyticus 
JOP 1030-1 

PYH48040.1 
Aamy 37 395 6.75e-74 

Low complexity 450 459 N/A 
Low complexity 528 549 N/A 

PYH47838.1 Aamy 20 439 2.81e-144 

A. sclerotioniger 
CBS 115572 

PWY91510.1 
Aamy 34 393 7.97e-85 

Low complexity 508 525 N/A 
Transmembrane region 531 553 N/A 

PWY91509.1 Low complexity 2 13 N/A 
Aamy 42 429 1.1e-37 

A. tubingensis 

GFN12725.1 
Aamy 34 392 1.78e-73 

Low complexity 518 538 N/A 
Transmembrane region 544 566 N/A 

GFN13310.1 
Low complexity 2 18 N/A 

Aamy 29 385 2.3e-108 
Transmembrane region 501 523 N/A 

A. uvarum CBS 
121591 

PYH84072.1 Aamy 24 388 3.21e-89 

PYH83360.1 
Aamy 38 396 1.5e-71 

Low complexity 451 460 N/A 
Low complexity 524 548 N/A 

A. vadensis CBS 
113365 

PYH73420.1 Low complexity 2 18 N/A 
Aamy 29 385 5.28e-108 

PYH69636.1 Aamy 41 427 1.16e-45 

A. violaceofuscus 
CBS 115571 

PYI24515.1 Aamy 38 398 6.39e-75 
Low complexity 511 529 N/A 

PYI20221.1 
Aamy 47 402 1.03e-69 

Low complexity 522 531 N/A 
Low complexity 541 558 N/A 

A. japonicus CBS 
114.51 

RAH81691.1 Aamy 42 435 1.5e-39 
RAH77919.1 Aamy 34 390 3.62e-65 

Section Flavi 

Species GenPept Accession 
Number Domains/Features Start End E-Value 

A. alliaceus 
KAB8239457.1 Low complexity 14 21 N/A 

Aamy 33 389 1.52e-108 

KAE8392003.1 Low complexity 14 21 N/A 
Aamy 33 389 6.25e-110 

A. arachidicola 
KAE8340873.1 Low complexity 15 24 N/A 

Aamy 33 389 8.17e-114 

PIG85909.1 Transmembrane region 7 29 N/A 
Aamy 37 393 8.17e-114 

A. avenaceus KAE8146912.1 Aamy 41 420 2.23e-33 
KAE8155106.1 Aamy 40 425 1.95e-38 

A. bertholletius KAE8380264.1 Low complexity 7 24 N/A 
Aamy 33 389 1.17e-114 

A. bombycis OGM45404.1 
Aamy 38 397 4.68e-91 

Low complexity 518 531 N/A 
Low complexity 537 551 N/A 

OGM43080.1 Aamy 33 389 1.77e-109 

A. flavus AAF14264.1 Low complexity 16 25 N/A 
Aamy 34 390 2.48e-113 

KAJ1716275.1 Aamy 44 430 7.51e-40 

A. flavus AF70 KOC15411.1 Aamy 119 505 6.02e-30 
KOC12109.1 Aamy 1 360 1.39e-11 

A. hancockii KAF7592720.1 Aamy 37 396 6.19e-82 
A. leporis KAB8070316.1 Low complexity 11 22 N/A 
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Aamy 42 427 1.17e-41 
KAB8074018.1 Aamy 39 398 6.5e-67 

A. minisclerotigenes KAB8273707.1 Low complexity 15 24 N/A 
Aamy 33 389 1.31e-112 

A. nomiae NRRL 
13137 

KNG81364.1 Low complexity 14 24 N/A 
Aamy 33 389 4.06e-109 

KNG84553.1 Aamy 39 388 1.06e-80 
Low complexity 507 542 N/A 

A. novoparasiticus 
IBT 16806  KAB8214608.1 Low complexity 15 24 N/A 

Aamy 33 389 1.22e-112 

A. sergii KAE8324966.1 Low complexity 15 24 N/A 
Aamy 33 389 3.76e-113 

A. sojae BAM28635.1 Low complexity 15 24 N/A 
Aamy 33 389 1.22e-112 

A. tamarii KAE8162449.1 Low complexity 14 24 N/A 
Aamy 33 389 9.61e-111 

A. transmontanensis KAE8310350.1 Low complexity 15 24 N/A 
Aamy 33 389 1.22e-112 

A. oryzae 
CAA31220.1 Low complexity 16 25 N/A 

Aamy 34 390 2.48e-113 

CAA31218.1 Low complexity 16 25 N/A 
Aamy 34 390 9.91e-113 

A. oryzae 100-8 KDE84105.1 Aamy 24 443 9.9e-154 
KDE82914.1 Aamy 18 436 6.21e-105 

A. oryzae 3.042 EIT81950.1 Aamy 36 395 4.94e-90 
Low complexity 529 549 N/A 

EIT81352.1 Aamy 24 443 9.9e-154 

A. parasiticus KAB8200363.1 Low complexity 15 24 N/A 
Aamy 33 389 1.22e-112 

A. parasiticus SU-1 
KJK64034.1 Low complexity 3 27 N/A 

Aamy 34 452 1.24e-104 

KJK63736.1 Aamy 18 441 6.41e-139 
Low complexity 447 459 N/A 

A. pseudocaelatus KAE8411038.1 Low complexity 15 24 N/A 
Aamy 33 389 8.5e-112 

A. pseudonomiae KAB8257239.1 Aamy 41 427 1.32e-35 
KAE8402772.1 Aamy 41 427 1.32e-35 

A. pseudotamarii 
KAE8140395.1 Aamy 11 342 2.4e-88 

Low complexity 386 402 N/A 

KAE8131762.1 Low complexity 15 24 N/A 
Aamy 33 389 2.62e-112 

Section Fumigati 

Species GenPept Accession 
Number Domains/Features Start End E-Value 

A. fischeri NRRL 
181  

EAW18731.1 Aamy 42 469 6.09e-122 

EAW25104.1 Aamy 1 315 1.92e-78 
Low complexity 361 374 N/A 

A. fumigatus 

KEY83532.1 Aamy 32 387 3.61e-115 
Low complexity 433 446 N/A 

KEY80426.1 
Aamy 36 392 2.52e-105 

Low complexity 437 453 N/A 
CBM_2 528 624 4.8e-31 

A. fumigatus Z5 

KMK61686.1 Aamy 16 351 1.85e-62 
Low complexity 434 447 N/A 

KMK58769.1 
Low complexity 14 26 N/A 

Aamy 38 400 2.24e-79 
Transmembrane region 537 559 N/A 

A. fumigatus Af293 
EAL93641.1 

Low complexity 13 25 N/A 
Aamy 35 394 1.75e-90 

Low complexity 508 521 N/A 
Low complexity 525 538 N/A 

EAL87170.1 Aamy 36 392 2.52e-105 
Low complexity 437 453 N/A 
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CBM_2 528 624 4.8e-31 

A. fumigatus A1163 
EDP53984.1 Aamy 38 417 2.12e-80 

Low complexity 555 568 N/A 

EDP54851.1 Low complexity 12 25 N/A 
Aamy 35 394 7.44e-85 

A. lentulus GFF88611.1 Aamy 54 479 1.14e-121 
GFF93265.1 Aamy 54 479 1.98e-121 

A. novofumigatus 
IBT 16806 

PKX98967.1 Aamy 42 454 1.48e-111 

PKX89274.1 
Low complexity 14 26 N/A 

Aamy 38 400 8.69e-77 
Transmembrane region 537 559 N/A 

A. 
pseudoviridinutans GIJ82803.1 Aamy 1 357 1.11e-83 

A. udagawae GFG18418.1 Low complexity 15 27 N/A 
Aamy 38 417 5.26e-85 

GFF53486.1 Aamy 1 332 1.36e-46 
A. viridinutans GIJ99235.1 Aamy 1 311 2.8e-48 

 
2.1.2 Analysis of protein sequences 

 The α-amylase sequences were 
analyzed using Simple Modular Architecture 
Research Tool (SMART) for identification 
of the protein domain [21]. SignalP was used 
to predict the presence of signal peptides [22] 
and to determine the exact length of the 
signal peptides [23]. Another prediction tool, 
DeepLoc was used to determine the 
subcellular localization of the protein as the 
combination of SignalP and DeepLoc was 
reported to be more effective [24]. DeepLoc 
was also used to determine the predicted 
sorting signals of proteins other than signal 
peptides, as it is a multi-label subcellular 
localization prediction tool [23].  
 

2.1.3 Multiple sequence alignment 
and evolutionary tree 
 Amino acid sequences were aligned 
using the multiple sequence alignment tool, 
Clustal Omega [25]. The aligned sequences 
were manually checked by identifying the 
regions that aligned reasonably well with one 
another, reflecting similarity in structure and 
function of the proteins [26]. The 
phylogenetic tree of the genes was 
constructed using the Molecular 
Evolutionary Genetic Analysis (MEGA) 
software that contained tools for analyzing 
raw sequence data [27]. The query sequence 
was the α-amylase gene from Aspergillus 
niger CBS 513.88 with the locus tag 
XP_001393626.1 while the outlier was the 

citrate synthase citA sequence of Aspergillus 
niger ATCC 1015 with locus tag 
EHA28609.1. The evolutionary relationship 
of the genes was investigated using a 
maximum likelihood phylogenetic tree. 
 
2.2 Analysis of three Aspergillus species 
 Three Aspergillus species, namely A. 
niger from section Nigri, A. flavus from 
section Flavi and A. fumigatus from section 
Fumigati, were selected for further study of 
their amylase activity. The fungal stocks of 
the selected species were previously isolated 
and stored in the form of fungal plugs in 25% 
glycerol in the Genetic Engineering Lab 
(GEL), Faculty of Resource Science and 
Technology (FRST), Universiti Malaysia 
Sarawak (UNIMAS). The selected species 
were revived by obtaining a fungal plug from 
the glycerol stock and were then cultured on 
PDA for 5 days at room temperature (27°C). 
 

2.2.1 Screening for amylase 
production 
 A. niger, A. flavus and A. fumigatus 
were assayed for their ability to produce 
amylase. The solid-based method was 
applied for screening, where it was 
performed on nutrient agar [28]. The fungi 
were cultured on 2% starch agar [29], by 
inoculating a loopful of spores scraped off 
from 5-day-old stock cultures. Starch agar 
was prepared by adding starch powder to 
PDA. The fungi were allowed to grow for 5 
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days at 27℃. Staining for amylase 
production monitoring was performed by 
dropping an adequate amount of 1% iodine 
solution onto plates then allowing the plates 
to settle for 10 minutes [30]. Excess iodine 
solution was removed, and clear zones were 
detected, which is an indicator of amylase 
production [30]. Screening was not 
performed in replicates as there was no 
measurement of halo zone diameter. 
 

2.2.2 Amylase activity of selected 
Aspergillus species 
 The selected Aspergillus species were 
studied to determine which had the highest 
amylase activity.  Spores from stock cultures 
of each species were inoculated on 2% starch 
agar, where the spores were obtained with an 
inoculation loop and transferred to the starch 
agar. Inoculation was performed in triplicate 
for each species.  The fungi were allowed to 
grow for 5 days at 27℃ and after which an 
adequate amount of 1% iodine solution was 
poured onto each plate.  The plates were left 
to settle for 10 minutes, and then excess 
iodine solution was discarded.  The diameter 
of the fungus colony and the halo zone 
formed after staining were taken horizontally 
and vertically.  Enzyme activity index (EAI) 
was determined as the ratio between fungus 
colony diameter and halo zone diameter [31]. 
Eq. (2.1) was used to calculate EAI. 
 
EAI = Halo zone diameter / Colony diameter. 

                                (2.1) 
 
3. Results and Discussion  
3.1 Analysis for conserved domain  
 Identification and annotation of the 
protein sequences showed various domain 
locations especially for α-amylase, where it 
was detected in all sequences as summarized 
in Table 1. The complete results of SMART 
analysis are shown in Supplementary Tables 
2-3. The α-amylase domain was detected in 
109 amino acid sequences out of 110 
sequences at various positions through 
Normal SMART, while the α-amylase 

domain in A. niger CBS 513.88 
(XP_001389762.2) could only be detected 
through Genomic SMART. Expected value 
(E-value) indicates the probabilities for 
sequences to be identical where a smaller E-
value indicates a higher probability that the 
sequences are evolutionarily related 
(Supplementary Table 1). 
 Conserved domains in α-amylase 
protein sequences were identified using 
SMART. Fungal extracellular α-amylases 
are classified under subfamily 1 of family 
GH13 [12]. The presence of an α-amylase 
domain therefore justified the close 
evolutionary relationship among the fungal 
species as this domain is the catalytic domain 
which possesses the (β/α)8-barrel active site. 
The catalytic barrels are present in members 
of the α-amylase family and are related [32].  
 Apart from the catalytic domain, 
Domain B and Domain C are also part of the 
composition of α-amylase [8]. However, no 
Domain B and Domain C were observed in 
the results of protein sequences analysis. 
SMART is a type of sequence-based domain 
database that identifies domains which 
belong to the same family based on sequence 
alignment, but reliability of sequence 
comparisons will decrease rapidly in the 
twilight zone [33].  In the development of the 
sequence-based method, there is the 
assumption that family members of the 
domain share similar sequence attributes. 
High prediction accuracy could be achieved 
when close templates are present, but 
accuracy will drop significantly when 
homologous templates are absent. This 
characteristic might explain the inability to 
detect the presence of both Domain B and C, 
as they differ among species.  
 Low complexity regions were also 
detected in the protein sequences (Table 2). 
These are regions that are identified by the 
presence of homo-polymeric repeats of one 
amino acid or by hetero-polymeric repeats of 
amino acid residues, or by irregular patterns 
of a few amino acids [34], and are often 
functional [35]. A carbohydrate binding 
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module domain could be found in several α-
amylase protein sequences. Its function is to 
hold the starch molecules properly in place 
for the catalysis to occur [36]. This additional 
terminal domain is present in approximately 
10% of bacterial and fungal amylases, and 
exhibits an open, distorted β-barrel [37]. 
Additional domains, particularly the domains 
that enable the enzymes to bind and degrade 
thermally untreated starch, are present in 
numerous fungal α-amylase sequences [12]. 
 Transmembrane regions were detected 
in the alpha-amylase sequences of several 
species, such as A. brasiliensis (Table 2). The 
presence of this feature suggested that the 
synthesized amylase is a transmembrane 
protein, as this helix is the most observed 
secondary structure in transmembrane 
proteins within their transmembrane 
segments [38]. Therefore, transmembrane 
domains are a marker for integral membrane 
proteins [39]. This domain has been reported 
to play a role in the secretory pathways of 
integral membrane proteins as it contains 
factors that control protein sorting in the 
pathways, and this type of sorting is 
suggested to be more important than the 
cytosolic sorting signals [40].   
 
3.2 Analysis of signal peptide cleavage site  

Prediction results from SignalP 
showed the presence of a signal peptide 
cleavage site in more than two thirds of the 
amino acid sequences. Position of the 
cleavage site and localization of the protein 
is shown in Table 1. The cleavage site is 
identified by observing the vertical green 
dotted line. Graphical results of signal 
peptide cleavage site prediction, as well as 
predicted signals for sorting signals other 
than signal peptides are shown in 
Supplementary Table 1. Sec signal peptide 
(Sec/SPI) is predicted to be present in all 
sequences with signal peptides, except in A. 
ibericus CBS 121593 (RAK99978.1) where 
lipoprotein signal peptide (Sec/SPII) is also 
detected. 

Signal peptides are short amino acid 
sequences located at the N-terminal [41]. 
Regions of the signal peptides are also 
predicted by the model, shown in the plot 
with labeling of -n, -h, and -c. Regions with -
n labeling are the N-terminal region of the 
signal peptide, while H-region represents the 
center hydrophobic region and -c labeling 
indicates the C-terminal region. The C-
terminal region is typically composed of 3 to 
7 polar residues [22] which begins with a 
helix-breaking residue and the signal 
peptidase recognition site is found in this 
region [42]. In eukaryotes, signal peptide will 
be cleaved by the enzyme signal peptidase 
complex during translocation [22] where 
conformational changes will be experienced 
by the C-terminal to expose its cleavage site 
for the action of signal peptidase [43].  

Signal peptides help in targeting the 
protein to the secretory pathway in 
eukaryotes [41], while the secretion 
machinery functions in translocation of 
proteins across the endoplasmic reticular 
membranes [42]. Signal peptides also assist 
in maintaining the transportable folding state 
of the protein precursor [44]. Presence of a 
signal peptide does not indicate that the 
protein is secreted to the extracellular 
domain, as it could be retained in 
compartments of the secretory pathway such 
as the Golgi apparatus, or the protein may be 
anchored to the cytoplasmic membrane on 
the outer surface in eukaryotes [22]. An 
example could be observed in the case of A. 
violaceofuscus CBS 115571. Signal peptides 
are not necessarily present in all secreted 
proteins [45]; this could possibly explain 
why there is an absence in signal peptide 
prediction in species such as A. 
pseudotamarii (KAE8140395.1) although it 
is predicted that the localization of amylase 
is extracellular. Signal peptides are also 
absent in proteins secreted through 
nonclassical pathways [46].  

The usage of DeepLoc tool had 
validated the results of SignalP prediction on 
most α-amylase sequences, where in most 
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cases, sequences with a signal peptide have 
their α-amylase secreted extracellularly. The 
tool had also predicted protein localization 
apart from extracellular, where the cytoplasm 
is the most predicted destination of the 
protein, followed by lysosome, vacuole, cell 
membrane, nucleus and peroxisome. In some 
species, α-amylase is predicted to be directed 
to more than one cellular compartment, 
suggesting that the protein has different 
functions in the cell. Cellular localization 
helps to determine the function of a protein, 
as it provides the physiological environment 
in which the protein functions [47].   

Proteins having a transmembrane 
helix are proposed to be static, as they are 
probably functioning in the cellular 
membrane [46], yet it is observed that 
sequences of proteins which possess 
transmembrane regions identified through 
SMART are being secreted into the 
extracellular domain. Transmembrane region 
prediction in SMART is done by the 
TMHMM 2.0 program. However, after 
validating the results of the transmembrane 
region with another prediction tool for this 
region, DeepTMHMM (Table 1), it was 
found that this feature is absent. 
DeepTMHMM tool is shown currently to be 
the most comprehensive software for 
transmembrane protein prediction [48].  
 
3.3 Phylogenetic tree analysis  

The phylogenetic tree in Fig. 1 showed 
similarity of the sequences and indicated that 
the sequences possessed similar catalytic 
function and monophyletic origin. Mutual 
similarity of the Aspergillus species can be 
concluded since all species are rooted to a 
common ancestor. However, it was found 
that they are not rooted based on the sections 
they belong to. The phylogenetic tree also did 
not comply with the subgenus classification 
apart from the Aspergillus sections. Section 
Nigri and Flavi are both classified under 
subgenus Circumdati while section Fumigati 

is categorized under subgenus Fumigati [49], 
but the evolutionary relationship of section 
Fumigati species is not distinctly far from the 
other two sections. 

Apart from that, species having 
multiple strains such as A. niger and A. 
fumigatus did not have their strains located 
next to one another, they were very much 
scattered in the tree. A similar situation was 
also observed in the case of A. flavus and A. 
oryzae, while A. oryzae has been recognized 
as the domesticated form of A. flavus [17], it 
did not always locate next to A. flavus in the 
tree. A study on cyclopiazonic acid gene 
clusters of these two species suggested a 
divergence between these two species [50]. 
However, a genome-side variant site study 
found that A. oryzae originated from A. 
flavus, where an atoxigenic lineage of A. 
flavus is suggested to have evolved into a cell 
factory of enzymes and metabolites [51]. 

The evolutionary tree in this study was 
constructed based on genetic data, so it 
reflects the evolution of the α-amylase genes 
and not necessarily the evolution of the 
organism encoding the α-amylase genes.  
 
3.4 Screening for amylase production  

The selected species were successfully 
revived, where the A. niger colony appeared 
black in color, A. flavus  a yellowish-green, 
and A. fumigatus a greyish-green. Vesicles 
covered with phialides were observed at the 
end of conidiophore stalks. Observations of 
A. niger, A. flavus and A. fumigatus aligned 
with the descriptions from Campbell et al. 
[52].  

All three fungi species showed 
positive results for amylase activity, as halo 
zones were present after iodine staining, 
shows in Fig. 2.  The screening procedure 
evaluates whether amylase is present in 
hydrolyzing starch, and the activity was 
evaluated by tracking the change in the 
treated substrate’s iodine color [53].
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Fig. 1. Phylogenetic tree of α-amylase sequences of Aspergillus species under section Nigri, Fumigati 
and Flavi. 
 
A bluish-black zone was observed on the 
starch plates indicates that starch is not being 
hydrolyzed [28]. This happens as amylose in 
the starch binds with iodine to produce a deep 
blue complex [54]. As amylose is being 
hydrolyzed and no longer able to form 
complexes with iodine to produce the 
characteristic deep blue color, halo zones 

around the fungi indicate the occurrence of 
starch hydrolysis by amylase.  

Amylose constitutes less than 35% of 
the starch composition, which predominantly 
consists of long linear chains joined together 
by α-1,4 bonds [55]. All three fungi species 
produce amylases which act on the α-1,4 
bonds such as endoamylase. Thus, formation 
of halo zones on the three plates after the 
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addition of iodine indicates that A. niger, A. 
fumigatus and A. flavus are producing 
amylase. However, the exact identity of 
amylases produced by these three species 
could not be identified through this screening 

process. Therefore, further studies on 
isolating, purifying and molecular 
characterization of enzymes produced by 
these Aspergillus species would be 
beneficial.   

 

 
A 

 
B 

 
C 

Fig. 2. Results of iodine staining for amylase activity of A. niger (A), A. flavus (B), and A. fumigatus (C) 
after 5 days of incubation on starch agar. 

 
3.5 Amylase activity of selected Aspergillus 
species  

The amylase activity of the selected 
species was studied with 9 replicates for each 
species. A. flavus showed the highest average 
EAI of 1.03 ± 0.049, followed by A. niger 
with EAI 0.77 ± 0.049 and finally A. 
fumigatus with 0.60 ± 0.103, as shown in Fig. 
3. One Way ANOVA showed that the EAI 
differed significantly among the three 
selected species. This indicated that the 
ability to hydrolyze starch in all three species 
differs significantly.  

 

 
Fig. 3. Average EAI of A. niger, A. flavus and A. 
fumigatus. 
 

Amylase activity of the selected 
species was also being reported and 
compared in several other studies. In the 
study by Fadahunsi and Garuba, they 
reported that the halo zone of A. flavus 
formed after staining was 13.0 ± 0.08 mm 
[56]. While the average α-amylase EAI of 
this species was found to be 1.21 ± 0.10 after 
culturing the fungus on starch agar for 3 days 
[57]. Although A. flavus had a higher average 
EAI in this study than the other two species, 

it cannot be stated that this species is a high 
amylase producer on solid medium, as some 
researchers indicated that an EAI of more 
than 2.5 is needed to classify a 
microorganism as a good producer of 
enzymes [58]. 

Khokhar et al. found an amylase 
activity index of 1.0 in A. niger cultured with 
2% starch at 28°C for one week [59]. In 
contrast, Fifendy et al. isolated A. niger and 
cultured it on rice flour agar at room 
temperature for two days, resulting in 
enzymatic indexes of 1.25 and 0.6 for the 
duplicates, calculated using a different 
formula than what was used in this study 
[60]. Meanwhile, for A. fumigatus, Tuppad 
and Shishupala reported an EAI of 1.00 after 
four days on Czapek Dox agar with starch at 
27 ± 2°C [61]. Additionally, Pathak and 
Sandhu determined an amylase activity index 
of 1.16 for A. fumigatus using the starch 
hydrolysis test [62].  

In the study conducted by Saleem and 
Ebrahim, the halo zones generated by the 
selected species were examined in order to 
compare the amylase activity [63]. They 
observed that A. niger had the highest 
amylase activity (36 mm), followed by A. 
flavus (33 mm), and A. fumigatus (31 mm), 
which was in contrast to the findings of this 
study. Aydoğdu et al. investigated amylase 
activity in A. flavus, A. fumigatus and A. 
niger under varying pH conditions on 
Czapek-Dox agar with 2% soluble starch 
[64]. Regardless of the pH, A. flavus 
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consistently displayed the highest amylase 
activity, followed by A. fumigatus and then 
A. niger, as evidenced by their respective 
degrading indices. Mäkelä et al. reported a 
similar number of genes responsible for 
starch degradation in all three species but 
found no correlation between gene count and 
polysaccharide degradation efficiency [65]. 

In a study by Mukunda et al., A. niger 
exhibited higher amylase activity compared 
to A. fumigatus [66]. They found that A. niger 
displayed greater starch hydrolysis in both 
preliminary and secondary screenings, 
producing 139 μgs/ml of extracellular 
proteins, while A. fumigatus produced 123 
μgs/ml. A. niger also had a higher specific 
amylase activity (4.08 μmol/ml/Min) 
compared to A. fumigatus (3.19 
μmol/ml/Min). 

Adeniran et al. reported that A. flavus 
showed higher ß-amylase production than A. 
fumigatus when using various agricultural 
wastes as substrates [67]. A. flavus 
demonstrated superior ß-amylase activity in 
both static and solid-state cultivation 
methods. Additionally, Omemu et al. 
observed a larger hydrolysis zone for A. 
flavus (16.5±5.9 mm) compared to A. 
fumigatus (6.0±1.4 mm) when cultured on 
starch agar [68]. 

In this study, similar to Al-Hindi et al., 
A. flavus exhibited higher amylase 
production than A. niger, particularly when 
fruit peel and PDB were used as substrates 
[69]. Conversely, Ugoh and Ijigbade 
reported greater amylase activity in A. niger 
(31.00 ± 4.67 mm halo zone) compared to A. 
flavus (28.67 ± 2.44 mm) [29]. Morya and 
Yadav found variable amylase production 
among different isolated strains of A. flavus, 
with three of the ten strains surpassing A. 
niger, reaching 213.2 IU/mL [70]. This 
suggests that amylase production by fungi 
may be linked to species origin and strain 
variability. A comprehensive amylolytic 
system will determine the amylase activity of 
a microorganism, where the system contains 
the entire amylolytic enzymes including, but 

not limited to, α-amylase, 𝛽-amylase, 𝛾-
amylase, pullulanase and isoamylase. 
Amylase activity is also determined by the 
amino acid residues found within the active 
site, for example in the case described by 
Huma et al. [71].  

The EAI method employed in our 
study is a semi-quantitative approach for 
rapid assessment of microbial enzymatic 
activity on solid media [58]. However, the 
observed halo zone size does not necessarily 
correspond to the actual enzyme quantity 
produced, as reported in a study by Singh et 
al [59], wherein they conducted primary 
screening of fungi for amylase production 
and found that the S4 strain exhibited a larger 
hydrolysis zone (3.6 cm) than S2 (2.6 cm) 
[72]. Nevertheless, in secondary screening 
via solid-state fermentation, the S2 strain 
displayed higher amylase activity (143.7 
U/mL) compared to S4 strain (113.4 U/mL), 
that agrees with Khokhar et al. [59]. 
Therefore, it is essential to employ 
procedures that directly assess amylase 
activity. 
 
4. Conclusion 

All selected species from the three 
Aspergillus sections demonstrated the ability 
to produce α-amylase, and similarities were 
observed in the protein sequence of this 
enzyme among the species.  These 
similarities were observed via the presence of 
α-amylase domains and the branching pattern 
of the phylogenetic tree, indicating a 
common ancestor.  Moreover, the study 
revealed variations in amylase activity 
among the three selected species, with A. 
flavus displaying the EAI among the selected 
species. However, for a more comprehensive 
understanding, a detailed analysis of α-
amylase sequences and enzyme activity, 
including the quantification of reducing 
sugar using methods such as the DNS assay, 
is essential. 
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