
C30     C38

A0A9P5KX09 P. crustosum -mkkviftatillwqmvmgLTPAEWRSQSIYFLLTDRFGRSDNSVTATCNVNDRIYCGGS 59

EPS26265.1 P. oxalicum --mkflglaalflaqtvagLTAAQWRSQSIYFLMTDRFGRTDNSVTASCNTNDRVYCGGT 58

A1CFQ9 A. clavatus mkwstvplslsllgqavnaLTPAEWRSQSIYFLLTDRFGRDDRSTSAPCDTNQRMYCGGT 60

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

                                            CSR VI

A0A9P5KX09 P. crustosum WQGIINQLDYIQGMGFSAIWITPVTKQLSQDTGDGTSYHGYWQQDIYDVNPNHGTSDDLL 119

EPS26265.1 P. oxalicum WQGIINQLDYIQGMGFTAIWITPVTEQLPQDTGDGEAYHGYWQQEIYNVNNNYGTAADLK 118

A1CFQ9 A. clavatus WQGIINQLDYIQGMGFTAIWITPVTEQFYESTGDGSSYHGYWQQNINEVNRKHGTKQDLK 120

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

                                         CSR I ▲N121                        C150

A0A9P5KX09 P. crustosum ALSKALHARGMYLMVDVVANHMGYAGAGNTVDYSVFTPFSSSSYFHPYCLISNYDDQSNV 179

EPS26265.1 P. oxalicum ALSQALHSRGMYLMVDVVANHMGYAGAGNTVDYSVFKPFSSSSYFHPYCLISDYSNQTNV 178

A1CFQ9 A. clavatus NLADALHARGMYLMVDVVANHMGYRGSGQNVDFNTFHPFNRAEHYNSFCTITDYNNQNSV 180

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

                                        CSR V                         CSR II

                              C164       ▲D175             197N■    D206    ▲H210

A0A9P5KX09 P. crustosum ENCWLGDTTVSLPDLDTTQSSVQTLWNNWIGDLVSNYSIDGLRVDTVKHVQKSFWPGFND 239

EPS26265.1 P. oxalicum EDCWLGDTTVSLPDLDTTLSSVQTIWYNWVSDLVSNYSIDGLRIDTVKHVEKSFWPGYQS 238

A1CFQ9 A. clavatus EKCWLGSNTVSLPDLATTHPWVRSTWYDWVRDLVKDYSIDGLRIDTVKHVEKDFWRPYND 240

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

CSR III E230

A0A9P5KX09 P. crustosum AAGVYAVGEVFDGDPAYTCDYQNYIDGVLNYPI------------GSISDLYNMIGTVAS 287

EPS26265.1 P. oxalicum AAGVYCVGEVFSGDPAYTCPYQNYLDGVLNYPIYYQLLGAFKSTSGSISSLYNMINSVAS 298

A1CFQ9 A. clavatus AAGVYCVGEIFSGDPGYTCDYQNHMDGVLNYPIYYPLLNAFKSTSGSMGDLRNMIGTVSN 300

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

CSR IV  D285                      CSR VII

A0A9P5KX09 P. crustosum DCADSTLLGNFIENHDNPRFPSYTSDYSQAKNVISFLFFSDGIPIVYSGQEQHYSGGSDP 347

EPS26265.1 P. oxalicum DCADPTLLGNFIENHDNPRFASYTSDYSQAKNVISFIFLSDGIPIVYAGQEQHYSGGNDP 358

A1CFQ9 A. clavatus KCRDPTLLGNFIENHDNPRFAHYTNDISQAKNVLTFMFLTDGIPIVYAGQEQHYDGGEDP 360

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

A0A9P5KX09 P. crustosum ANREAIWLSGYSTTAELYQYIATTNKIRKAAIAADSSYITTKNVPFYQDSNTLAMKKGSG 407

EPS26265.1 P. oxalicum ANREATWLSGYSKNAQLYQHIASTNKIRSLAISKDANYITSKNNAFYTDSNTIAMKKGSS 418

A1CFQ9 A. clavatus HNREATWFSGYNKNAELYTWIAKTNKIRSLAVSKDSGYVTARNNPFYHDTTTLAMRKGSR 420

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

A0A9P5KX09 P. crustosum -SSPVITVLSNAGSSGSSYTLSLSGSGYSSGEKLLEMYTCTSITVDSSGSIPVPMASGLP 466

EPS26265.1 P. oxalicum -GSQVVTVLSNRGSSGSSYTLSLSGSGYEAGTKLVEMYTCTAVTVDSNGNIAVSMTSGLP 477

A1CFQ9 A. clavatus DGAQVITIVSNKGASGDGYTMQLSGHGYGSGATVMEMYTCTPLTVGGNGIIPVPMVSGQP 480

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

A0A9P5KX09 P. crustosum RVLVLASSVSNSGLCGSSVPSTT-TTTATQTT-TTTTKTTTGTCVQATALPVLFQELVAT 524

EPS26265.1 P. oxalicum RVFMLASSACS--LCSSACSLCSSACSATATT-LKTTTATATSCTQATALPVLFKDTVAT 534

A1CFQ9 A. clavatus RVLVPSSWVAGSGLCGSTGPSTTTTPSTTTTPSTTTATEPGTTCTAASTLPVQFQERVTT 540

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

Y508            W524         Y537

A0A9P5KX09 P. crustosum SYGQDIYVSGSISQLGTWDTSQAIALSATSYTSSNPLWQATITLPVGTTFQYKFLKKTTG 584

EPS26265.1 P. oxalicum SYGQSVYLAGSISQLGSWNAANAVALSADKYTSSNPLWYATVTLPVGTSFQYKFIKKTSS 594

A1CFQ9 A. clavatus NYGDSVFIVGSIPQLGGWDVKKAVALSAEKYTPGNPEWRATITLPVGTKFEYKFIKKQS- 599

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

W572 ■N577

A0A9P5KX09 P. crustosum SSAVTWESDPNRSYTVPTGCSGTTATVTASWK 616

EPS26265.1 P. oxalicum SGSVTWESDPNRSYTVPTGCVGSTATVTATWR 626

A1CFQ9 A. clavatus NGQIVWENDPNRTYNVPSQCAGTVATASSSWK 631

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



Supplementary Figure 2. Alignment of the α-amylase sequence from P. crustosum with 

α-amylase sequences from P. oxalicum (GenBank EPS26265.1) and A. clavatus (UniProt 

A1CFQ9). Signal peptide sequences are shown in dark brown and lowercase letters. The 

catalytic domain is underlined in dark blue. Domains B, C, and CBM20 are underlined 

in orange, red, and green, respectively. The seven conserved sequence regions (CSRs) 

are highlighted in yellow. The three catalytic residues in the active site (Asp206, 

Glu230, and Asp285) are shown in bold red and marked with a black diamond. Calcium-

binding residues (Asn121, Asp175, and His210) are highlighted in magenta and marked 

with a black triangle. Key substrate-binding tryptophan residues (Trp524 and Trp572) 

and tyrosine residues (Tyr508 and Tyr537) in the CBM20 domain are shown in bold 

purple and dark brown, respectively. Predicted N-glycosylation sites (Asn197 and 

Asn577) are highlighted in magenta and marked with a black square. Predicted cysteine 

residues involved in disulfide bond formation (Cys30–Cys38 and Cys150–Cys164) are 

highlighted in green. Residue numbering starts at the first amino acid after the signal 

peptide. Symbols indicate residue conservation: (*) identical residues; (:) non-conserved 

substitutions; (.) semi-conserved substitutions.
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