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Organism Enzyme Optimal working  Starch Family_ Specific activity Kinetic parameter Reference
condition binding  subfamily (U/mg) values
domian
Gram-negative bacteria
Roseateles terrae HL11Amy pH4.0,50C CBM20 GH13_32 6270 +70 Kn4.82 mg/ml In this study
HL11 Vmax 19,800 U/mg
(soluble starch)
Aeromonas AmyASS pH6.0,40 °C No SBD NM 235+1.6 NM [1]
salmonicida ssp (raw rice starch)
Bacteroides SusG pH7.0,37°C CBM58 GH13 NM NM [2]
thetaiotaomicron
Corallococcus sp. AmyM pH7.0,50°C NM GH13 14,000 Km 6.61 mg/ml [3]

Strain EGB

Vmax 44,301.5 U/mg

(soluble starch)




Organism Enzyme Optimal working  Starch Family_ Specific activity Kinetic parameter Reference
condition binding  subfamily (U/mg) values
domian

Gram positive bacteria
Alicyclobacillus sp. [4]
A4 AmyA4 pH4.2,75°C NM NM 1,630 NM
Anoxybacillus AFA pH7.0,40°C CBM20 NM 17 (PNP) NM [5]
flavothermus
Bacillus - pH5.0,50°C No SBD NM 72 Km3.076 mg [6]
amyloliquefaciens Vmax 4.11 mg/min

(soluble starch)
Bacillus BagA pH 6.5 No SBD GH13_new NM NM [7]
aquimaris MKSC subfamily
6.2
Bacillus BmaN2 pH 6.0, 60 °C No SBD GH13_36 287+14 Km5.1+0.9 mg/ml [8]
megaterium NL3 Vmax141.6 + 8.1ug/min

Keat 71.5 1/

(soluble starch)
Bacillus sp. - pH 6.0, 60 °C NM NM NM Km 4.79 mg/ml [9]
ALSHL3 Vmax 0.332 mM/min
Bacillus AmyBS-1 pH 6.0,70 °C NM NM NM Km 2.7 mg/ml [10]
subtilis strain Vmax 454 U/ml
ASOla
Streptomyces pH 6.0,50 °C 246.9 Km1.12 mg/ml [11]
badius DB-1 Vmax 454 U/mg
Marine bacteria AmyP pH?75,40°C CBM69 GH13_37 453.5+10.7 Km 2.5 mg/ml [12]

keat 1.53 (1/s) (gel rice)

K 13.4 (mg/ml)

Keat 0.57 (1/s) (raw rice)
Fungi and yeast
Geotrichum = pH7.0,40°C NM NM 394.7 mU/ml NM [13]

candidum CMSS06




Organism Enzyme Optimal working  Starch Family_ Specific activity Kinetic parameter Reference
condition binding  subfamily (U/mg) values
domian
Rhizomucor sp. RA pH4.5,32°C Modified NM NM NM [14]
CBM20
from
A. niger
Saccharomycopsis Sfamy KZ  pH5.1-6.4,45°C  No SBD GH13_1 120-125 NM [15]
fibuligera KZ

NM= data was not mentioned

Table S2. List of GH13_32 a-amylases for sequence alignment of CBM20.

Organism

Accession no.

Botryobasidium botryosum FD-172 SS1
Jaapia argillacea MUCL 33604

Jaapia argillacea MUCL 33604
Plicaturopsis crispa FD-325 SS-3
Plicaturopsis crispa FD-325 SS-3
Sphaerobolus stellatus SS14
Hydnomerulius pinastri MD-312
Gymnopus luxurians FD-317 M1
Serendipita vermifera MAFF 305830
Phlebiopsis gigantea 11061_1 CR5-6
Cylindrobasidium torrendii FP15055 ss-10
Cylindrobasidium torrendii F15055 ss-10
Fibularhizoctonia sp. CBS 109695
Fibularhizoctonia sp. CBS 109695
Neolentinus lepideus HHB14362 ss-1
Trametes coccinea BREM310

Amanita thiersii Skay4041

KDQ06010.1
KDQ58058.1
KDQ58060.1
KI185613.1
KI190441.1
KIJ56431.1
K1J69360.1
KIK53845.1
KIM25608.1
KIP11288.1
KIY62009.1
KIY70325.1
KZP07860.1
KZP22139.1
KZT20455.1
0SD07916.1
PFH45132.1




Table S3. List of selected animal and animal-like a-amylases for sequence alignment obtained from [16].

Organism Abbreviation Accession no. C-terminus
Drosophila melanogaster (fruit fly) Drome CAA28238.1

Litopenaeus vannamei (white shrimp) Penva CAA54524.1

Homo sapiens (human, saliva) Homsa AAA52279.1

Pseudomonas sp. KFCC10818 (animal-like) Psesp AAA86835.1

Streptomyces limosus (animal-like) Stmli AAA88554.1 CBM20
Pseudoalteromonas haloplanktis (animal-like) Psaha CAA41481.1 Extra C
Halomonas meridiana (animal-like) Halme CAB92963.1

Microbulbifer degradans (animal-like) Mibde-A ZP_00066069.1 CBM20

Thermobifida fusca (animal-like) Thefu ZP_00058434 CBM20
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B1
MPLLPLSSRRLTH---ALTAAASA--AFALVASPAH--ALNPNATSVOMFEWRWPDIATE
MGVR----RSLAALLAALLGCATSLVALTVAASPAHAAPSGNRDVIVHIFQWRWKS IADE
- -MF----LAKSIVCLALLAVANA--QFD—-——-—— TNYASGRSGMVHI|FEWKWDDIAAE
- ——M----LRVAPLVVLLAAAAQA--QWD-———-—— PNS-SNGQVIVHI|FEWKWSDIAAE
———————— MKLFWLL-FTIGFCWA--QYS-——----SNTQQGRTS IVHI|FEWRWVDIALE
MKEN----KSLSA-GLMLEGSLIG--GTQS-————— YAQTVPKTTFVHIFEWSWQDIAQE
-——M---—-RKL-T-QLFIFAAAL---—-FSI———-—— CSHAQPRTAFVHI|FEWDWNDIASE
--MA----RRLATASLAVLAAAAT--ALTAPTPAA-AAPPGAKDVTAVI|FEWKFASVARA
MKLN----KIITTAGLS-———- LG--LLLP---——- SIATATPTTFVHIFEWNWQDVAQE
———————————————— M-----CG--PRLPPRPSGRGFTRVFADTFVHI|FEWDWEDVAQE
B2
CTOWLGPKGYGGVOISPPGASKN-————— ANGWWGVYQPVNYANLTSRMGTPAQLQSMIS
CRTTLGPHGFGAVQVSPPQEHVVLP--AEDY PWWQDYQPVSYKLDOTRRGSRADE I DMVN
CENFLGPNGYAGVQVSPVNENAV----KDSRPWWERYQPISYKLE-TRSGNEEQFASMVK

CENFLGPRGFAGVQVSPPNEYVEVYQGDVKRPWWERYQPVSYKLV-TRSGDENAFKDMVT
CERYLAPKGFGGVQVSPPNENVAIH--NPFRPWWERYQPVSYKLC-TRSGNEDEFRNMVT

CEEFLGPKGFAAVQVSPPQKSVD-———-—— NPAWWSRYQPVSYAFE-GRSGNRAQFADMVQ
CENVLGPKGYAAVQVSPPQKSVS———-—-—-— SSQWWSRYQPVSYATE-GRSGNRNEFASMVS
CTDSLGPAGYGYVQVSPPQEHIQ-----— GSQWWTSYQPVSYKIA-GRLGDRAAFKSMVD
CEQYLGPKGYAAVQVSPPNEHIT------ GSQWWTRYQPVSYELQ-SRGGNRAQF IDMVN
CENWLGPKGFKAVQVSPPQEHIQ—-———-—— GDAWWTRYQPVSYQLE-SRSGSSEAFADMVQ
B3
ACHAAGVRVYADIVVNQMADGS----GTATDGSTWNAATLTYPFFSASD-FHPNCA----

TCREAGVKIYYDAVINHMTGTGSAGAGPGSAGSSYSKY--DYPGIYQSQ-DFNDCR-—--~—
RCNAVGVRTYYDVVFNHMAADG---GTYGTGGSTASPSSKSYPGVPYSSLDFNPT-—-——-—
RCNNVGVRIYVDAVINHMSGGW-PMGTGASGGSSFDSGAESYPGVPYSAFDFNDGNCHTG
RCNNVGVRIYVYDAVINHMCGNAVSAGTSSTCGSYFNPGSRDFPAVPYSGWDENDGKCKTG

RCKNVGVDIYVYDAVINHMAAWN----R-——————-—=————— NFPEVPYGVNDEFNSCT----
RCKNAGVDIYVYDAVINHMAAGG--—--R-———=—-—-—-—-—-——-— YYPEVPYYAEHFHTCY----
TCHAAGVKVVADSVINHMAAGS----GTGTGGSAYQKY--DYPGIWSGA-DMDDCR-—--—
RCSAAGVDIYVYDTLINHMAAGS----GTGTAGNSFGNK--SFPIYSPQD-FHESCT---—
RCNAAGVDVYADAVINHVAHGK----GQGIAGSSYDSEALSYPHYQRDD-FHEPCG———-—
Loop3 B4

- INDADYNSPAGRSNVQONCRLGGLPDLATESSYVQGQIVNYLKSLLALGVDGFEFRI KH
-RDITNWN---DKWEVQHCELVGLADLK[ISSPYVQDRIAAYLNELIDLGVAGFRI KH
—-CAISNYN---DANEVRNCELVGLRDLNQRGNSYVQDKVVEFLDHLIDLGVAGEFR KH
SGNIENYG---DANQVRNCKLVGLNDLNQGTDYVRGKIREFMNKLISYGVAGFRIDASKH
SGDIENYN---DATQVRDCRLSGLLDLALGKDYVRSKIAEYMNHLIDIGVAGFRIDASKH
--SDINYSN---RWSVQONCDLVGLNDLKTSSEYVRQKIADYMNDATISMGVAGERI KH
--GQIDYGN---RWQVONCDLVGLNDLATEQDYVRTKIANYLNDLTNLGVAGERE] KH
—-SEINDYGN---RANVONCELVGLADLDTGESYVRDRIAAYLNDLLSLGVDGFRI KH
—-INNSDYGN--DRYRVQONCELVGLADLDITASNYVONTIAAYINDLQAIGVKGFRFDASKH
-IEQSDYAQ--NAESVRQCQLVGLPDLNTSDPTVQSRIADYLDTLAALGVGGIRI KH

MPASAWTSIMSAVKTAYPKT--LOGENIWVTQEIINDG--EVDRPSYFPIGTINEFQFTY
IPEGDLQAILSRLKNVHPAWG---GGKPYIFQ
MWPADLAVIYGRLKNLNTDHGFASGSKAYIVQEVIDMGGEAISKSEYTGLGAITEFRHSD
MWPGDMKAIFDSLDNLNTDEF-FKAGARPFIFQ
MWPGDIKAILDKLHNLNSNW-FPEGSKPFIYQEVIDLGGEPIKSSDYFGNGRVTEFKYGA

MPAEDIAAIKSKLH-=--—==--—~ GTPYIFQ AENEPVKPAEYTYIGDVIEFFFAR
IPVGDIAAIKAKLI----——--——~ GNPYIFQ APGEPIQPSEYTYLADVTEFNETK
MPAADLTATKAKVGN---—=-=--—~ GSTYWKQEATHGAGEAVOPSEYLGTGDVQEFRYAR
VAASDIQSLMAKVN———————-——~ GSPVVFQEVIDQGGEAVGASEYLSTGLVTEFKYST
MAPSDIAEILAQVD-=~--—===--—~ APLYAFQ) GGEAISATEYQGTADITEFRYGA
B7
ALRDVFRGNNGNTLSSLPGIMGTWGNWGGSWGE IQPONATVEVINWBI'ERNGS SLNINNA
DISHAFAN---GNIAHL----—-~- TGLG--SGLTPSDKAVVFVVNHBTQRYE~—~~~ PI-
SIGKVFRG--KDQLQYL-—----~ TNWGTAWGFAASDRSLVFVDNHBNQRGHGAGGADV -
YLGEAFRG--NNQLKYL--——--- NNFGEGWGMI DRHDALV|FT DNHBNQRGHGAGGDMI ~
KLGTVIRKWNGEKMSYL--———--— KNWGEGWGFMPSDRALVIFVDNHDNORGHGAGGAS T —
TLGPKFKH---GGIKDL~-~~-—~~ QGIGSWNGWLSSSDAVIFVTNHDEERHNPG---QV—
SVSHFFKG--RGPIKEL-—---—~ KNIGTWGGWVASADAVTFVANHDNORQDTN--~NT -

53
56
45
43
42
47
41
51
43
37

107
114
100
102
99
100
94
104
96
90

158
167
152
161
159
139
133
153
145
141

217
223
208
218
216
194
188
209
202
198

273
278
268
277
275
243
237
259
251
247

333
320
318
327
327
289
284
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DLKRVFQN---ENLAHL------- KNFGEDWGYMASGKSAVEFVDNHDTERGG-----— DT- 303

ELGNTFRN---GSLAWL---———— SNFGEGWGFMPSSSAVVEVDNHBNQRGHGGAG-NV- 299

SLGDIFNN---QALANL-—-—-———— QQFGESPALLPSEQAIVFTDNHDNQRGHGAGGSNI- 296
B8

AGNDAANQRYTLANIFMLAQGYAEAQLY SGHKESN-—-—————— TDADRPTTSPYSGGVP 384

LTHTD-GARYDLAQKFMLAHPY|GTPKVMSSY[TWSGD-—-——-———— DKAGPPMHSDGTT--- 368

LTYKV-PKQYKMASAFMLAHPFGTPRVMSSFISFTD-—--=-———-—— TDQGPPTTDGHNIASP 368

LTFRV-SKWYKMATAYMLAWPY|GY TRVMSSY[YWDOQWWENGQDKNDWIGPPHDGSFNIISP 386
LTFWD-ARLYKMAVGEFMLAHPY|GEFTRVMSSYRWPRYFENGXDVNDWVGPPNDNGVTK-EV 385

LSHODFGNLYFLGNVFTLAYPY|GYPKVMSGY[Y FND---=--—-—-—— FDAGPPATGIHTG--- 337
ITHKDGDNRNTMAHVFMLGWPY|GYPKVMSSYEWYD-—-——————— HDQGPPAHGASSC--- 332
LNYKN-GSAYTLAGVFMLAWPYGSPDVHSGYEFTD--------- HDAGPPNGGT------ 347
ITFED-GRLYDLANVFMLAYPY|GYPKVMSSYDFHGD-———---— TDAGGPNVPVHNN--- 347
LTHRD-DQLYRLANMEFMLAWPY|GY PKVMSSYAFSN-—-----——— SDQGPPQAPVYQQ—-—— 343
QI-—-————- NVVWDEFAHRWTPLANMVGFRNAS-IGQAQQONWTVGDNGNQVAEFSRGNVGEV 436

---RPTDCSADRWLCEHR--AVAGMVGFHNAV-AGQGIGSAV-TDGNGRLAFARGSAGYA 421
IFNSDNSC-SGGWVCEHRWRQIYNMVAFRNTV-GSDEIQNWW-DNGSNQISFSRGSRGEV 425
SENADGSC-GNGWICEHRWRQIYNMVEFRNVA-HGTDMNDWW-DNGSNQIAFCRGNKGFL 443
TINPDTTC-GNDWVCEHRWRQIRNMVNERNVV-DGQPEFTNWY-DNGSNQVAFGRGNRGF I 442
---NACGFDGGDWVCEHRWRGVANMVAFRNHTAAEWRVTNWW-DDGYNQVAFGRGGLGEFV 393
————————— NSGWLCEHRTPAIANMVAFRNFTADEFRVTNYW-DNGNNQIAWGRGGKGEV 382
————-VNACYSDGWKCQHAWPELSSMVGLRNTA-SGQPVTNWW-DNGGDQIAFGRGDKAYV 401
———-GNLECFASNWKCEHRWSYIAGGVDFRNNTADNWAVTNWW-DNTNNQISFGRGSSGHM 403
---GEAQC-GEAWVCEHRWPEIANMVAFRQQA-EGAEITHWW-DNGHHQIAFSREAQGFI 397

Figure S1. The alignment of a-amylases from animal species and animal-like a-amylases

from fungal and bacterial species. The sequence alignment has been performed by Clustal

W. The residues highlighted with yellow represent conserved residues found in animal

and animal-like a-amylases. Green represents catalytic triad and grey represents

invariant residues. The information of these sequences are shown in Table S3.
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