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ENGINEERED AMYLASE VARIANTS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001] This application claims the benefit under 35 U.S.C. §119{(e) of U.S. provisional application
no. 63/071,641, filed August 28, 2020, the entire contents of which is incorporated herein by

reference.

FIELD OF THE INVENTION

{0602} The present invention provides enginecred amylase polypeptides and compositions thereof.
The enginecred amylase polypeptides have been optimized to provide improved thermostability,
protease stability, and stability under a range of pH conditions, including acidic (pH <7) conditions.
The invention also relates to the use of the compositions comprising the engineered amylase
polypeptides for therapeutic and/or nutritional purposes. The present invention also provides
polynucleotides encoding the enginecred amylase polypeptides, as well as methods for making the

engineered polvnucleotides and amylase polypeptides.
REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{0003] The official copy of the Sequence Listing is submitted concurrently with the specification as
an ASCIHI formatted text file via EFS-Web, with a file name of “CX7-21 W02 _ST25 1xt”, a creation
date of August 27, 2021, and a size of 5.61 megabytes. The Sequence Listing filed via EFS-Web 1s

part of the specification and is incorporated i its entirety by reference herein.

BACKGROUND OF THE INVENTION

[0804] Pancreatic enzvme replacement therapy (PERT) finds usc in the treatment of pancreatic
enzyme insufficiency (PEI). Various disorders, including pancreatitis, cystic fibrosis, celiac disease,
inflammatory bowel disease, and pancreatic cancer can lead to PEI, as a consequence of decreased
secretion of pancreatic enzymes into the duodenum. This results in poor digestion of food, inadequate
absorption of fat, proteins, carbohydrates, and vitamins by the intestines, which can lead to
malmutrition. Although orally administered PERT treatments are currently available, the condition
may not be alleviated in some people, due to insufficient activity of the PERT in the gastrointestinal
tract and/or insufficient patient compliance with the therapy due to the significant pill burden
associated with current treatment protocols. In some cases, the cocfficient of fat absorption (CFA)
and/or coefficient of nitrogen absorption {CNA} is inferior to that of healthy patients, resulting in

weight loss and other health concems. Thus, a need remains m the art for improved PERT treatments.
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SUMMARY OF THE INVENTION

[0005] The present invention provides engimeered amvlase polypeptides and compositions thereof.
The engineered amylase polypeptides have been optimized to provide improved thermostability,
protease stability, and stability ander a range of pH conditions, including acidic (pH <7) conditions.
The invention also relates to the use of the compositions comprising the engineered amylase
polypeptides for therapeutic and/or nutritional purposcs. The present invention also provides
polynucleotides encoding the engineered amylase polypeptides, as well as methods for making the

engineered polynucleotides and amylase polypeptides.

[8006] The present invention provide recombinant amylases and/or biologically active recombinant
amylase fragments comprising amino acid sequences comprising at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about
92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NO: 2. In some
embodiments, the recombinant amylase and/or biologically active recombinant amylase fragment
comprises a polypeptide sequence having at least about 70%, about 75%, about 76%, about 77%,
about 78%, about 79%, about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about
86%, about 87%, about 88%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, or more sequence identity to SEQ 1D NO:
2, 18,40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404,
1494, 1580, 1612 and/or 1728.

{0007} The present invention provide recombinant amylases and/or biologically active recombinant
amylase fragments comprising amino acid sequences comprising at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 91%. at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 2. In some
embodiments, the recombinant amylase and/or biologically active recombinant amyvlase fragment
comprises a polypeptide sequence having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%,
G1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NO: 18, 40,
156,174,276, 308, 422, 456, 546, 632, 664, 780, 988 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728.

{0008} In some embodiments, the recombinant amylase comprises a polypeptide sequence having at
feast 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or more sequence identity to SEQ 1D NO: 2 or 18, or a functional fragment thereof, and
wherein the recombinant amvlase comprises one or more substitutions at positions selected from 2, 6,
16, 18, 19,24, 26,27, 29, 31,33, 37, 38,39, 41, 45,48 49, 51,52, 38, 61,66, 72,73, 74, 81, 82, 91,
92,94,95 98,103, 111, 112, 114, 122, 123, 124, 126, 127 128,129, 130, 131, 132, 134, 137, 140,
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141, 145, 149, 157, 158, 165, 166, 167, 170, 171, 172, 178, 180, 183, 184, 189, 194, 203, 204, 205,
206, 210, 214, 216, 220, 221, 223, 224, 225, 226, 227, 228, 246, 250, 252, 253, 254, 255, 256, 257,
258,259, 268, 269, 270, 272, 275, 276, 279, 280, 282, 284, 285, 286, 294, 295, 298, 301, 302, 304,
305, 306, 308, 309, 310, 313, 315, 317, 319, 322, 324, 331, 3385, 345, 346, 349, 339, 360, 366, 371,
374, 380, 383, 384, 385, 387, 388, 392, 393, 394, 396, 397, 400, 411, 412, 413, 415, 417, 420, 423,
428,429, 431, 437L 441, 442, 444, 446, 448 451, 455, 458, 459, 463, 464, 466, 467, 468, 469, 470,
473, 474, 480, 481, 482, 483, 491, 492, 493, 494, and 495, wherein the amino acid positions of the

polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18.

{00609] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 70%, 75%, 80%. 85%, 86%, 87%. 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%,
97%, 98%, 99%, or more sequence identity to SEQ 1D NO: 2 or 18, or a functional fragment thereof,
and wherein the recombinant amylase comprises one or more substitutions at positions selected from
16,26.29. 33, 91, 114,157, 158, 180, 184, 214, 223,256, 272, 298, 302, 371, 380, 383, 394 412, 428,
and 437, wherein the amino acid positions of the polypeptide sequence are numbered with reference

to SEQ ID NO: 2 or 8.

{8019} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%,
07%. 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thereof,
and wherein the recombinant amylase comprises one or more substitutions selected from 16D, 26A,
259G, 29R, 298, 29A, 29E, 33E, 91H, 114H, 157Y, 158R, 180E, 180Q, 184D, 184K, 214G, 2231,
256T, 272G, 272K, 272P, 272R, 2728, 298H, 302Q, 302G, 302H, 302R, 302V, 302W, 371F, 380R,
383E, 3831, 394N, 3948, 394G, 412A, 4121, 412D, 4128, 4287, and 437L, wherein the amino acid

positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18,

[6011] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 70%, 75%, 80%, 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
87%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thereof,
and wherein the recombinant anrylase comprises at least one substitution or substitution set at one or
more positions selected from 2/73/256/493, 16/33/73/130/256/282/371/374/493,
16/33/130/256/302/371/383/470, 16/33/157/256/302/371/383, 16/73/74/256/282/366/371/383/493,
16/73/256/282/302/331/371/383, 16/130/256/276/374/470, 16/236/302/374, 19/72/345/473,
26/27/396/412/428/473, 26/27/412, 26/27/466/473, 29, 73/130/256/282/302/493, 74/371/374/383/493,
130/256/493, 149, 158, 254, 256, 256/383, 257,259,272, 279, 284, 317/383, 322, 345/388/396/428,
388/396/412/428, 396/412, 396/412/428/466, 409, 412, and 495, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18. In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 70%, 75%,

80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, or more
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sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thercof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
2K/73V/2568/493D, 16D/33E/73V/130D/2568/282D/371F/3748/493D,
16D/33E/130D/2568/302/371F/383E/4707F, 16D/33E/157Y/2568/302Q/371F/383E,
16D/T3V/T4A72568/282D/366L/371F/383E/493D, 16D/73V/2565/2821/302(Q/331P/371F/383E,
16D/130D/2568/276Q/3745/470T, 16D/2565/3020Q/3748, 19E/72T/345A/473D,
26A/2TL/396H/412D/428E/473D, 26 A/2TL/412D, 26 A/2TL/A66E/473D, 256G, 29R, 298,
T3IV/130D/2568/282D3/302Q/493D, T4A/371F/3745/383E/493D, 130D/2565/4935, 149R, 149T,
158R, 254G, 2548, 2568, 256S/383F, 257E. 257G, 257R, 2578, 257V, 259Q, 272G, 272K, 272P,
272R, 2728, 279R, 284C, 284R, 284S, 284Y, 317G/3831, 322A, 345A/388E/396H/428E,
388E/396H/412D/428E, 396H/412D, 396H/412D/428E/466E, 4098, 4128, 495K, 4951, and 495Y,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D
NO: 2 or 18, In some further embodiments, the recombinant amylase comprises a polypeptide
sequence having at least 70%, 75%, 80%, 85%, 8§6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional
fragment thereof, and wherein the recombinant amylase comprises at least one substitution or
substitution set selected from R2ZK/I73V/A2565/E493D,
E16D/D33E/MT3V/EI30D/A256S/E282D/Y 371F/H374S/E493D,
E16D/D33E/E130D/A2565/M302(Q/Y371F/Q383E/V470T,
E16D/D33E/F157Y/A2565/M302Q/Y371F/Q383E,
E16D/I73V/PT4A/A2565/E282D/F366L/Y3T1F/Q383E/E493D,
E16D/A73V/A256S/E282D/M302Q/H331P/Y371F/Q383E,
E16D/E130D/A2565/T276Q/H3745/V470T, E16D/AZ565/M302(Q/H3748,
KI19E/ST2T/P345A/E4A73D, E26 A/R2TL/D396H/L412D/D428E/EAT3ID, E26A/R2TL/L4A12D,
E26A/R2TL/QA66E/EATID, D29G, D29R, D298, 173V/E130D/A2568/E282D/M302Q/E493D,
P74A/Y3TIF/MH3745/Q383E/E493D, E130D/A2565/E4930, Q149R, (31497, K158R, E254G, E2548,
A2568, A2365/Q383E, P257E, P257G, P257R, P237S, P237V, P239Q}, D272G, D272K, D272P,
ddD272R. D2728, D279R, K284C, K284R_ K2848, K284Y, V317G/Q383L, F322A,
P345A/D388E/D396H/D428E, D38BE/D396H/L.412D/D428E, D396H/L412D,
D396H/L412D/D428E/Q466E, V409S, L4128, 1495E, 14951, and 1495Y, wherein the amino acid
posttions of the polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18.

{8012] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or more sequence identity to SEQ 1D NO: 40 or 988, or a functional fragment thereof, and

>

wherein the recombinant amylase comprises at least one substitution or substitution set at one or more

posttions selected from 26/29/158/272/412, 26/29/272/279/412/493, 26/29/272/396/412,
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26/29/279/412/428, 26/158/272/279/388/412/428, 26/158/272/412, 26/272/279/412/428/493,
29/272/279/396/412, 130/149/254/284/322/409/495, 130/149/257/284/322/409/466/473,
130/254/284/322/374/409/466, 130/257/284/374/409/466, 130/284/322/374/405/473,
149/257/284/322/409/466, 158/272/279/394/396/412/428/493, 158/272/388/412/428/493,
158/272/412/428, 158/279/388/396/412/428, 254/257/284/322/409/473, 254/284/409/466/493,
272/279/412/428/493, 272/412/428, 272/412/493, and 284/322/409/473, wheremn the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 40 or 988, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
feast 80%, 85%, 86%, 87%., 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 40 or 988, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
26AJ29R/158R/272G/412D, 26 A/29R/272G/279R/M412D/493D, 26A/29R/272G/396H/412D,
26A/29R/2TOR/412D/428E, 26A/158R/272G/2TIR/38RE/412D/428E, 26A/158R/272G/412D,
26A/272G/2TOR/412D/428E/493D, 29R/272G/2T9R/396H/412D,

130D/149R/2545/2848/322 A/4098/495E, 130D/149R/257G/2848/322 A/4095/466E/473D,
130D/2545/2848/322A/3748/4098/466E, 130D/257G/2848/3745/4095/466E,
130D/2848/322A/3748/4098/473D, 149R/257(G/2848/322 A/4098/466E,
I58R/272G/2T79R/394R/396H/412D/428E/493D, 158R/272G/388E/412D/428E/493D,
158R/272G/412D/428E, 158R/279R/388E/396H/412D/428E, 2548/257(G/2845/322A/4098/473D,
2548/2845/4098/466E/495E, 272G/2T9R/412D/428E/493D, 272G/412D/428E, 272G/412D/493D,
and 2845/322A/4095/473D, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NGO: 40 or 988, In some further embodiments, the recombinant
amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%. 92%, 93%, 94%., 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NO: 40 or
988, or a functional fragment thereof, and wherein the recombinant amylase comprises at least one
substitution or substitution set selected from E26A/D29R/K158R/D272G/L412D,
E26A/D29R/D272G/D279R/L412D/E493D, E26A/D29R/D272G/D39%6H/L412D,
E26A/D29R/D27OR/LA12D/D428E, E26A/K1538R/D272G/D279R/D38RE/L412D/D428E,
E26A/KISRR/D2T72G/A12D, E26A/D272G/D279R/A412D/D428E/E493D,
D2OR/D272G/D279R/D396H/L4A 12D, E130D/Q149R/E2548/K2848/F322 A/V4095/1495E,
E130D/Q149R/P257G/K2845/F322A/V409S/(Q466E/E473D,
E130D/E254S/K2848/F322A/H3748/V409S8/Q466E, E130D/P2537G/K284S5/H3748/V409S/Q466E,
E130D/K284S5/F322A/H3745/V409S/E473D, Q149R/P257G/K2848/F322A/V4098/Q466E,
KI158R/D272G/D279R/Q394R/D396H/L412D/D428E/EA93D,
KIS8R/D272G/D38RE/L412D/D428E/E4A93D, KI58R/D272G/L412D/D428E,
KIS8R/D279R/D3R8E/D396H/LA12D/D428E, E2548/P257G/K2848/F322A/V4098/E473D,
E2545/K2848/V4095/Q466E/1495E, D272G/D2T9R/L412D/D428E/E4A93D, D272G/LA12D/D428E,
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D272G/LAI12D/E493D, and K2845/F322A/V409S8/E473D, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NO: 40 or 988,

[0013] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 156 or 1104, or a functional fragment thereof, and
wherein the recombinant amvlase comprises at least one substitution or substitution set at one or more
positions selected from 37,51, 91, 111, 112, 114, 122, 124, 128, 140, 167, 171, 183, 194, 276, 280,
298, 397, and 464, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ ID NQO: 156 or 1104, In some further embodiments, the recombinant amylase
comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 156 0r 1104, 0ra
functional fragment thereof, and wherein the recombinant amyvlase comprises at least one substitution
or substitution set selected from 37R. 51R, 91H, 111A, 112Q, 114H, 1227, 122R, 124R, 128W,
140K, 167W, 1711, 183E, 183N, 183V, 194E, 194R, 276A, 276K, 280L, 298K, 298M, 397T, and
4641, wherein the amino acid positions of the polyvpeptide sequence are numbered with reference to
SEQ ID NO: 156 or 1104. In some further embodiments, the recombinant amylase comprises a
polypeptide sequence having at feast 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
939, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 156 or 1104, or a functional
fragment thereof, and wherein the recombinant amylase comprises at least one substitution or
substitution set selected from N37R, GS1IR, K91H, E111A, K112Q, A114H, A122P, A122R, D124R,
1128W, R140K, E167W, E1711, GI83E, G183N, G183V, L19%4E, L194R, T276A, T276K, Q280L,
E298K, E298M, E397T, and N464L, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ ID NO: 156 or 1104,

[80814] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 174 or 1122, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
posttions selected from 24, 91, 91/122, 91/122/128/130/167/171/409, 91/122/128/130/183/322,
91/122/128/130/194, 91/122/128/130/322, 91/122/128/171/183/194/322, 91/122/128/183/409,
91/122/130/167/183/194/409, 91/122/130/171/183, 91/122/130/183/194, 91/122/130/194,
91/122/130/194/322, 91/122/167/171/194, 91/122/167/171/194/322, 91/122/171/183/194/409,
91/130/178/183/322/409, 91/167/171, 91/167/183/194, 91/167/322, 91/183, 91/183/322/409, 91/194,
91/322, 91/409, 122/128, 122/128/194/409, 122/130/171/322/409, 122/409,
137/145/227/394/480/481, 137/145/295, 145/227/295/481, 145/309/481, 183, 227, 295/394, 322,
322/409, 394, and 480/48 1, wherein the amino acid positions of the polypeptide sequence are

numbered with reference to SEQ ID NG: 174 or 1122, In some further embodiments, the
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recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO: 174 or 1122, or a functional fragment thereof, and wherein the recombinant amylase comprises at
feast one substitution or substitution set selected from 24V, 91H, 91H/122P,
S1H/122P/130D/183N/194R, O1H/122P/130D/194R/322A, 91H/122R,
OTH/122R/128W/130D/167TW/1711/4098, O1TH/122R/128W/13GD/183N/322A,
O1H/122R/128W/130D/194R, O1H/122R/128W/130D/322A,
O1H/122R/128W/TT7HI/183N/194R/322A, O1H/122R/128W/183N/4098,
O1H/122R/130D/16TW/183N/194R/4098, O1TH/122R/130D/1711/183N, 91H/122R/130D/194R,
SIH/122R/16TW/LTIV/194R, O1H/122R/16TW/1711/194R/322A, O1H/122R/1711/183N/194R/4098,
SIH/130D/1711/183N/322A/4008, S1H/167TW/1711, 91H/167TW/183N/194R, 91H/16TW/322A,
O1H/183N, 91H/183N/322A/4098, 91H/194R, O1H/322A, 91H/4098, 122P/409S, 122R/128W,

[ 22R/M128W/T194R/409S, 122R/130D/1711/322A/4008, 137A/145G/2271L/394E/480P/481V,
137A/145G/295N, 145G/227L/295N/481V  145G/3095/481V, 183N, 2271, 295N/394E, 3224,
322A/4098, 394E, and 4807/481V, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 174 or 1122, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%. 87%, 88%,
89%., 90%, 919%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence dentity to SEQ ID
NQO: 174 or 1122, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution set sclected from L24V, K91H, K91H/A122P,
KOTH/A122P/E130D/GIR3N/LI194R, KOTH/A122P/E130D/L194R/F322A, KOIH/ATI22R,
KOTH/AT122R/TI2EW/EI30D/ELI6TW/ETTII/V409S, KOTH/A122R/TI28W/E130D/G183N/F322A,
KOTH/ATZ2R/TIZEW/EI30D/L194R, KOITH/A122R/M128W/E130D/F322A,
KOIH/AT22R/MIZ2EW/ETTIH/GI83N/LI94R/F322A, KOTH/AT22R/1128W/G183N/V409S,
KOIH/A122R/ET30D/E16TW/GIS3N/LI94R/V409S, KOTH/AT22R/ETI30D/E1711/G183N,
KOIH/AI22R/ET30D/L194R, KOTH/AI22R/ET6TW/ETTIFVLIG4R,
KOIH/AI22R/E1I67TW/ETTIVLI94R/F322A, KOIH/A122R/ET7H/G183N/L194R/V409S,
KOTH/EI30D/E171/GI83N/F322A/V409S, KOTH/ETI6TW/ELTH], KOTH/E16TW/GI83N/L194R,
KOIH/EIGTW/F322A, KOIH/GIR3N, KOTH/G183N/F322A/V409S, KOIH/L194R, KOIH/F322A,
KOTH/V409S, A122P/V400S8, AT122R/1128W, A122R/TI28W/L194R/V409S,
AI22R/EI30D/EL7I/F322A/V409S8, G13TA/A145G/T227L/Q394E/F480P/C481V,
G137A/AT45G/K295N, AT45G/T227L/K295N/C481V, A145G/T3098/C481V, G183N, T227L,
K295N/Q394E, F322A, F322A/V4098, Q394E, and F480T/C481V, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ 1D NO: 174 or 1122,

[0015] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence

having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
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99%., or more sequence identity to SEQ ID NO: 276 or 1224, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 16/26/29/128/145/256/309/383, 16/26/33/114/145/309/383/394,
16/26/33/128/130/145/302/309/322/371, 16/26/33/145/158/383/394, 16/26/145/302,
16/29/33/145/256/302, 18, 26/29/33/130/145/157/158/183/394, 26/29/33/145/157/183/256/309/383,
26/29/122/130/145/183/256/272/309/394, 26/29/145/157/256/302/322/481,
26/29/145/256/272/302/309/322/481, 26/33/91/145/272/302/481, 26/33/145/309/322/383,
26/114/145/322, 26/145/183/256/309/383, 29/122/145/158/383, 29/130/145/256/272/371/394,
29/145/183/302/309/412, 29/309/394, 33/122/145/272/309/412, 91/130/145/158/183/383, 91/309/383,
130/145/256/272/371, 130/145/302/309, 130/272/481, 145/302/309, 268, 309, 349, 360, 380, 394,
463, and 483, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ ID NG: 276 or 1224, In some further embodiments, the recombinant amylase
comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%. 90%, 91%., 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ IDNQG: 276 or 1224, or a
functional fragment thereof, and wherein the recombinant amylase comprises at least one substitution
or substitution set selected from 16E/26E/29D/1281/145G/256A/3098/383Q),
16E/26E/33D/114A/1453G/3005/383Q/394E, 16E/26E/33D/1281/130E/145G/302M/309S8/322F/371Y,
16E/26E/33D/145G/158K/383(Q/394E, 16E/26E/145G/302M, 16E/29D/33D/145G/256A/302M, 188,
26E/29D/33D/130E/145G/157F/158K/183G/394E,
26E/29D/33D/145G/157F/183G/256A/3098/383Q),

26E/29D/122 A/130E/145G/183G/256A/272D/3095/394E,

26E/29D/145G/15TF/256 A/302M/322F/481V, 26E/29D/145G/256 A/272D/302M/3098/322F/481V,
26E/33D/91K/145G/2720/302M/481V, 26E/33D/145G/3098/322F/38343, 26E/114A/145G/322F,
26E/145G/183G/256A/3098/383Q, 29D/122A/145G/158K/383Q3,
29D/130E/145G/256A/272D/3T1Y /394K, 29D/145G/183G/302M/3095/4121, 29D/3098/394E,
33D/122A7145G/272D/3098/4121, 91K/130E/145G/158K/183G/383Q, 91K/3095/383¢],
130E/145G/256A/2720/371Y, 130E/145G/302M/309S, 130E/272D/481V, 145G/302M/3098, 268T,
309A, 349R, 360G, 380R, 394G, 394N, 3945, 463M, and 4837, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ D NO: 276 or 1224, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
identity to SEQ 1D NO: 276 or 1224, or a functional fragment thereof, and wherein the recombinant
amvlase comprises at least one substitution or substitution set selected from

DI6E/AZ6E/R29D/W 1281/ A145G/S256 A/T309S/E383Q,
DI6E/AZ6E/E33D/HI14A/A145G/T309S/E383(Q/Q39%4E,
DI16E/A26E/E33D/WI281/D130E/A145G/Q302M/T3095/A322F/F371Y,
DI6E/A26E/E33D/A145G/RI58K/E3R3(Q/Q394E, DI6E/A26E/A145G/Q302M,
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DI6E/R29OD/E3I3D/AT45G/S256A/Q302M, G18S,

AZ6E/R29D/E33D/D130E/A145G/Y 15TF/RIS8K/N183G/Q394E,

A26E/R29D/E33D/A145G/Y 157TF/N183G/S256A/T3095/E383Q,
A26E/R2ZOD/RI2ZA/DI30E/AT45G/NTE3G/S256 A/G2T72D/T3098/Q394E,
A26E/R2Z9D/A 145G/Y 13TF/S256 A/Q302M/A322F/C481V,

A26E/R29DV/A145G/S256 A/G272D/Q302M/T309S/A322F/C481V,
A26E/E33D/HOIK/AT45G/G272D/Q302M/C481V, A26E/E33D/A145G/T3098/A322F/E38343,
A26E/HT14A/A145G/A322F, A26E/A145G/N183G/S256A/T3095/E3834Q,
R2OD/RI22A/A145G/R1538K/E3R3(Q, R29D/DI130E/A145G/S256 A/G272D/F3T7IY/(Q394E,
R29D/A145G/NI83G/Q302M/T309S/D412L, R29D/T3098/Q394E,
E33D/R122A/A45G/G272D/T30098/D412L, HO1K/DI30E/A145G/RI58K/N183G/E383(3,
HO1K/T309S/E383Q, D130E/A145G/S256A/G272D/F371Y, D130E/A145G/Q302M/T3098,
DI30E/G272D/C481V, A145G/Q302M/T3098, S268T, T309A, P349R, N360G, G380R, (394G,
(Q394N, (33948, G463M, and G483T, wherein the amino acid positions of the polvpeptide sequence
are numbered with reference to SEQ ID NO: 276 or 1224,

{6016} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%,
99%, or more sequence identity to SEQ ID NO: 308 or 1256, or a functional fragment thercof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 29, 37/124/250/270/349/380/394/442/491, 37/145, 37/145/250/301/349/394,
37/145/258/442/491, 38/349/491, 81/259, 81/313/495, 92/257/258/338/468, 92/258,
04/127/132/145/250/349, 94/270/301/349/394/442, 94/349/491, 145/270, 178, 225, 226, 246,
250/349/442, 259/313/338, 270/349, 286/338, 294, 313, 349, 349/380/442, 413, 413/468, 448, and
473, wheremn the amino acid positions of the polypeptide sequence are numbered with reference to
SEQ D NO: 308 or 1256. In some further embodiments, the recombinant amylase comprises a
polypeptide sequence having at feast 80%, 85%, 86%. 87%, §8%, 89%, 90%, 91%, 92%, 93%, 949%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 308 or 1256, or a functional
fragment thereof, and wherein the recombinant amylase comprises at least one substitution or
substitution set selected from 29A, 37T/124N/250D/270D/349R/380R/394E/442E/491L, 37T/143G,
37T/145G/250D/301K/349R/394E, 37T/145G/2588/442E/4911, 381/349R/491L, 81E/259D),
1E/313D/495L, 92E/25TE/258(/3385/468T, 92E/258Q, 94G/127E/132V/145G/250D/349R,
94(G/270D/301K/349R/394E/442E, 94G/349R/491L, 145G/270D, 1781, 225D, 226T, 246R,
250D/349R/442E, 259D/313D/3388, 270D/349R | 286T/3388, 2941, 313D, 349R, 349R/380R/442E,
413Y, 413Y/4681, 448T, and 473D, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NG: 308 or 1256, In some further embodiments, the

recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
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89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO: 308 or 1256, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution sct selected from R29A,
N37T/D124N/EZ50D/E270D/P349R/G380R/G394E/D442E/1491L, N37TT/A 145G,
N3TT/AT45G/EZSOD/R301K/P349R/G394E, N37T/A145G/K2585/D442E/1491L,
M38I/P349R/1491L, ABIE/P259D, ASLE/T313D/1495L, RO2E/P25TE/K258Q/A3385/R468T,
RO2E/K258Q, DO4G/Q127E/M132V/A145G/E250D/P349R,
DO4G/EZ70D/R301K/P349R/G394E/D44ZE, DOAG/P349R/14911L, A145G/EZT70D, V1781, E225D,
Q226T, K246R, E250D/P349R/D442E, P239D/T313D/A338S, E270D/P349R, M286T/A338S,
M294L, T313D, P349R, P349R/G380R/D442E, F413Y, F413Y/R4681, H448T, and E473D, wherein
the amine acid positions of the polypeptide sequence are numbered with reference to SEQ ID NO:

308 or 1256.

{0017} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%. 88%, §89%, 90%. 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%.
99%, or more sequence identity to SEQ ID NO: 422 or 1370, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 38, 38/178/226/286/338, 38/178/286/448, 38/178/349/448,
38/226/246/258/286, 38/226/238/286/338/380/448, 38/226/258/349/413, 38/226/286,
38/226/286/338/380, 38/226/338/349/380, 38/226/413/448, 38/246/286, 38/246/286/380, 38/258,
38/286, 38/286/413/448, 38/286/448, 38/448_ 178, 178/226/258/286/310/338, 178/226/286/338,
178/246/338, 178/258/286/413, 178/286, 178/286/338/349, 178/286/338/448, 178/380, 178/413,
178/448, 184/246/258/380, 226, 226/246/286/349/448, 226/246/413, 226/238/286/349/380,
226/258/286/413/448, 226/286, 226/286/380/448, 226/349/380, 246, 246/286, 246/286/380/413,
246/338, 246/413, 258/286/413, 285, 286/413/448, 338/448_ 349, and 413, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NQ: 422 or 1370, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
feast 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 422 or 1370, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from 38,
3RI/1781/226T/286T/3388, 381/1781/286T/448T, 381/1781/349R/448T, 381/226T/246R/2585/286T,
381/2267T/2585/286T/3385/380R/448T, 381/226T/258S/349R/413Y, 381/226T/286T,
381/226T/286T/3385/380R,, 381/226T/3385/349R/380R, 381/226T/413Y/448T, 381/246R/286T,
381/246R/286T/380R, 381/238S, 381/286T, 381/286T/413Y/448T, 381/286T/448T, 381/448T, 1781,
1781/226T/2588/286T/310R/3388, 1781/226T/286T/3388, 1781/246R/3388, 1781/2385/286F/413Y,
1781/286T, 1781/286T/338S/349R,, 1781/286T/3385/448T, 1781/380R, 1781/413Y, 1781/448T,
184K/246R/2588/380R, 226T, 226T/246R/286T/349R/448T, 226T/246R/413Y,
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226T/2585/286T/349R/380R, 226T/2585/286T/413Y /4487, 226T/286T, 226T/286T/380R/4487T,
226T/349R/380R, 246R, 246R/286T, 246R/286T/380R/413Y, 246R/3388, 246R/413Y, 246T,
258S/286T/413Y, 286T, 286T/413Y/448T, 3385/448T, 349R, and 413Y, wherein the amino acid
positions of the polypeptide sequence are mumbered with reference to SEQ 1D NO: 422 or 1370, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, &87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NG: 422 or 1370, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from M38L,
M38L/V1781/Q226T/M286T/A338S, M38T/VI78I/M2R6T/H448T, M38I/V 178I/P349R/H448T,
M381/Q226T/K246R/K2585/M286T, M381/(Q226T/K2585/M286T/A338S/G380R/H448T,
M38I/Q226T/K2588/P349R/F413Y, M38I/Q226T/M286T, M38L/Q226T/M286T/A338S5/G380R,
M38I/Q226T/A3385/P349R/G380R, M38I/Q226T/F413Y/H4A48T, M38I/K246R/M286T,
M38I/K246R/M286T/G3B0R, M38I/K2588, M38I/M286T, M38UM286T/F413Y/H448T,
M38I/M286T/H448T, M38I/H448T, V1731, VI781/Q226T/K2585/M286T/(33 10R/A338S,
V178V/Q226T/M286T/A3388, V178I/K246R/A3385, VI78I/K2585/M286T/F413Y, VI78U/M286T,
V178/M286T/A3385/P349R, V178I/M286T/A3385/HA48T, VI78I/G380R, V1781/F413Y,
V1781/H448T, E184K/K246R/K2588/G380R, Q226T, Q226 T/K246R/M286T/P349R/H448T,
Q226T/K246R/F413Y, Q226T/K2585/M286T/P349R/G380R, Q226T/K2585/M286T/F413Y/H448T,
Q226T/M286T, Q226T/M286T/G380R/H448T, Q226T/P349R/G380R, K246R, K246R/M286T,
K246R/M286T/G380R/F413Y, K246R/A3388, KZ46R/F413Y, K246T, K2385/M286T/F413Y,
M286T, M286T/FA13Y/H448T, A3385/H448T, P349R, and F413Y, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ 1D NO: 422 or 1370,

[6018] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 29/31/92/220, 29/469, 49/58/103/141/197/269/294/298,
49/58/103/194/204/298, 49/58/141/298, 49/103, 103, 123, 126, 127, 131, 134, 180, 210, 214, 220/469,
228,259,279, 282,302, 319, 393, 415, 417, 428, 429, 466, and 469, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404, In some
further embodiments, the recombinant amvlase comprises a polypeptide sequence having at least
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
29E/31L/92A/220G, 29E/4691, 49A/58T/103L/141F/197Y/269F/294H/298Q,
49A/58T/103L/194F/204D/298H, 49A/58T/141F/298H, 49A/103L, 1031, 123R, 126R, 127W, 131H,
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131R, 131V, 134K, 180E, 210P, 214G, 220G/4691, 228V, 259C, 2791, 282T, 302H, 302R, 302W,
3198, 393R, 3938, 415C, 417W, 428T, 4298, 466C, and 4691, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%, §7%, 88%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%, or more sequence
identity to SEQ ID NG: 456 or 1404, or a functional fragment thereof, and wherein the recombinant
amvylase comprises at least one substitotion or substitution set selected from
R2OE/F31L/RI2ZA/A220G, RZOE/VA69], S40A/S58T/VI03L/Y 141F/F19TY/HZ69F/M294H/EZ298Q),
S49A/S58T/V I03L/L194F/N204D/E298H, S49A/S38T/Y 141F/E298R, S49A/V103L, VI03L,
DI23R, TI26R, Q127W, EI131H, EI131R, E131Y, E134R, DI8OE, H210P, E214G, A220(G/V4691,
228V, P259C, D279L, E282T, (302H, Q302R, Q302W, A3198, E393R, E393S, D415C, P417TW,
DA42Z8T, E429S, Q466C, and V4691, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ 1D NO: 456 or 1404,

[00619] In some additional ecmbodiments, the recombinant amylase compriscs a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions sclected from 92, 123, 126, 127, 129, 131, 134, 140, 172, 180, 210, 214, 221, 228, 253, 254,
259,279, 282, 302, 304, 305, 319, 322, 346, 359, 384, 385, 387, 393, 409, 412, 415, 417, 428, 429,
441,442 444 446 451,455,459, 466, 467,470,473, 474, 492 and 494, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ 1D NO: 456 or 1404, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from 92G, 920,
123C, 123G, 123R, 126Q. 126R, 1271, 127R. 1278, 127V, 127W. 129C, 120W, 131H, 131R, 131,
134A, 134F, 134R, 140V, 172K, 172R, 180K, 180P, 180Q, 210G, 210P, 214G, 2141, 214R, 221T,
221V, 228V, 253R, 254G, 259C, 259R, 259W, 279L, 279V, 282R_ 282T, 302G, 302H, 302R, 302V,
302W, 304T, 305Q, 305K, 305W, 319L, 3198, 322R, 346G, 359G, 384M, 385L, 387G, 387V, 393R,
3938, 393W, 409A, 409R, 400W_ 412A, 415C, 415G, 417W, 428T, 4298, 441R, 441W_ 442R, 442W,
444G, 444R, 444V, 446G, 451F, 4551, 455R, 455T, 455W, 459W, 466C, 467F, 467W, 470G, 470L,
4708, 473M, 474G, 492G, 492R, and 494C, wherein the amino acid positions of the polypeptide
sequence are numbered with reference to SEQ ID NO: 456 or 1404, In some further embodiments,
the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%,
88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to

SEQ ID NO: 456 or 1404, or a functional fragment thereof, and wherein the recombinant amylase
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comprises at least one substitution or substitution set selected from R92G, R92Q, D123C, D123G,
DI23R, Ti126Q, TI26R, Q1271 QI27R, Q1278, QI27V, QI27W, D129C, D129W, E131H, E131R,
E131Y, E134A, E134F E134R, R140V, D172K, D172R, D1ROE, D180P, D180Q, H210G, H210P,
E214G, E214L, E214R, R221T, R221V, Q228V, Q233R, E254G, P259C, P259R, P259W, D279L,
D279V, E282R, E282T, Q302G, Q302H, Q302R, Q302V, Q302W, R304T, D303Q, D305R, D305W,
A319L, A3195, A322R, W346(G, E359G, T384M, Y3851, 1387G, 1387V, E393R, E3938, E393W,
V409A, V409R, V400W, D412A, D415C, D415G, P417W, D428T, E4298, D441R, D441W, D442R,
D442W, E444G, E444R, E444V, T446G, E451F, N4535L, N45SR, N45SST, N4535W, R459W, Q466C,
E467P, E467TW, V470G, V4701, V4708, E473M, N474G, E492G, E492R, and V494C, wherein the
amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID NG: 456 or
1404

[0620] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%. 88%, 89%, 90%. 91%, 92%, 93%. 94%, 953%, 96%, 97%, 98%.
99%, or more sequence identity to SEQ ID NO: 546 or 1494, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 123, 123/126/180/214/298/302/393, 123/126/180/214/393/428,
123/126/210/298/302/393, 123/126/210/428, 123/126/428, 123/210/302, 126/180/210/214/298/302,
126/180/210/214/428, 126/180/298/302/393, 126/210/302/428, 126/214/393, 126/298/302/393,
126/298/302/393/428, 129, 129/228/253, 131/228/279, 131/282, 180/214, 210/214/302/393/428,
228/282/444, 253/2779/470, 253/279/492, 279, 279/470, and 441, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ ID NO: 546 or 1494, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 83%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 9%, or more sequence
identity to SEQ ID NO: 546 or 1494, or a functional fragment thereof, and wherein the recombinant
amylase comprises at least one substitution or substitution set selected from 123R,
123R/126R/1B0E/214L/298CQ/302W/393R, 123R/126R/180Q/214G/393R/428T,
123R/126R/210P/298Q/302W/393R, 123R/126R/210P/428T, 123R/126R/428T, 123R/210P/302R,
126R/180E/210P/214G/428T, 126R/180E/298(3/302R/393R, 126R/180Q/210P/214L/298(3/302R,
126R/210P/302R/4287T, 126R/214G/393R, 126R/2980Q/302H/393R, 126R/298(/302R/393R/428T,
129W, 129W/228V/253R, 131H/228V/279V, 131Y/2827T, 1800Q/214L, 210P/214L/302R/393R/428T,
228V/282T/444R, 253R/279L/492G, 253R/279V/4708, 2791, 279L/4708, and 441R, wherein the
aming acid positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 546 or
1494, In some further embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%,
99%, or more sequence identity to SEQ ID NO: 546 or 1494, or a functional fragment thercof, and

wherein the recombinant amylase comprises at least one substitution or substitution set selected from
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D123R, D123R/T126R/D1S0E/E214L/H298Q/Q302W/E393R,
DI23R/T126R/DIROQ/E214G/E393R/D428T, DI23R/TI26R/H210P/H298Q/Q302W/E393R,
D123R/T126R/H210P/D428T, D123R/T126R/D428T, D123R/H210P/Q302R,
T126R/D180E/MH2I0P/E214G/D428T, T126R/DIS0E/H298Q/Q302R/E393R,
TI126R/D180Q/H210P/E2141L/H298Q/Q302R, T126R/H210P/Q302R/D428T, TI26R/E214G/E393R,
T126R/H298Q/Q302H/E393R, TI26R/H298Q/Q302R/E393R/DA428T, DI29W,
DI129W/Q228V/Q253R, E131H/Q228V/D279V, E131Y/E282T, D180Q/E214L,
H210P/E214L/Q302R/E393R/D428T, Q228V/E282T/E444R, Q253R/D279L/E492G,
Q233R/D279V/V4T0S, D279L, D279L/V4708, and D44 IR, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ 1D NO: 546 or 1494,

[0021] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment thereof, and
wherein the recombinant amyvlase comprises at least one substitution or substitution set at one or more
positions selected from 2, 43/166/298, 48, 48/166/170/203, 52, 58/166, 58/203, 72, 82, 114,
114/223/306/308, 149, 163, 166/203, 167, 170, 184/216/306/308, 184/223/306/437, 189, 203, 223,
255,258, 275, 280, 284, 294, 298, 396, 397, 411, 431, 448, 468, 482, 483, and 495, wherein the
amino actd positions of the polypeptide sequence are numbered with reference to SEQ ID NG: 632 or
1580. In some further embodiments, the recombinant amylase comprises a polvpeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment thereof, and
wherein the recombinant amvlase comprises at least one substitution or substitution set sclected from
28, 455/166L/298D, 48D, 48D/166L/1705/203S, 52R, 58A/166L, S8A/2035, 72T, 82A, 114R,
114R/223L/306F/308L, 149K, 165V, 166L/2038, 167Y, 1708, 184D/216L/306F/308L,
184D/223L/306F/437L, 189D, 2038, 225T. 255M, 255R, 2588, 2751, 275R. 280C, 284L, 284M,
294A_ 298D, 298N, 396E. 3960, 397M, 411E, 431T. 448P, 468V, 4821, 483A. 495G, and 4951,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID
NO: 632 or 1580. In some further embodiments, the recombinant amylase comprises a polypeptide
sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%. or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment
thereof, and wherein the recombinant amvlase comprises at least one substitution or substitution set
selected from R2L, Y455/1166L/H2980, A48D, A48D/1166L/D170S/E203S, Y52R, T58A/T166L,
T58A/E203S, S72T, Q82A, H114R, H114R/V223L/Y306F/M308L, 149K, H165V, 1166L/E2038,
E167Y, D170S, E184D/1216L/Y306F/M308L, E184D/V223L/Y306F/M437L, Q189D, E2038,
E225T, V255M, V2335R, K2588, 32751, Q273R, Q280C, K284L, K284M, M294A, H298D, H298N,
D396E, D396Q, E397M, T411E, P431T, H448P, R468V, N482L, G483A, 1495G, and 1495L, wherein
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the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D NO:

632 or 1580,

[0022] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 7%, 98%,
99%, or more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and
wherein the recombinant amvlase comprises at least one substitution or substitution set at one or more
positions selected from 6/39/103/324/420, 41, 58/500/501, 61, 95/98/205/227/423/458,
03/98/227/423, 95/203, 95/232/285/324, 123/170/197/275/298/396/448/483, 123/197,
123/197/225/294/396/448/469, 123/284/294/324/396/448, 134/225/275/302,
165/225/284/298/469/483, 170/275/294/298/448, 205/206, 205/206/224/315/458/480, 206/227,
206/227/315/423, 225/294/298/396, 227, 392/503, 458, 499, and 500, wherem the amino acid
posttions of the polypeptide sequence are numbered with reference to SEQ ID NO: 664 or 1612, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, 99%, or
more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thercof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
61/391/103D/324T/420V, 41F, 385/500P/501P_ 61Y, 95L/2521/285V /3247,
OSV/ORI205V/227V/423V/458F, 9SV/ORY/227V/423V, 95V/205V,
123E/1708/197Y/2751/298N/396(3/448Q/483(}, 123E/197Y,
123E/197Y/225G/294A/396Q/448(3/4691, 123E/2841/294A/324T/39613/448(},
134R/225G/2751/302W, 165V/225G/2841/298N/4691/483Q, 1705/2751/294 A/298N/448(3,
205V/206E, 205V/206E/2241./3158/458F/480L, 206E/227V, 206E/227V/3158/423V,
225G/294A/298N/396Q, 227C, 392C/503L., 438F, 458Y, 499R, and 500P, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NQO: 664 or 1612, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%., 88%, 89%, 90%., 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
LOVV3OUVI03D/A324T/1420V, LATF, T38S/H500P/HS01P, L61Y, 195L/V2321/T285V/A324T,
I9SV/LORI/I205V/T22TV/S423V/WASRE, 195V/LOSI/T227V/8423V  I95V/I205V,
DI123E/D170S/F197Y/Q2751/H298N/D396(/H448Q/G483(, DI123EF197Y,
DI123E/F197Y/E225G/M294A/D356(/H448Q/V4691,
DI123E/K284L/M294A/A324T/D396(/HA4803, E134R/E225G/Q2T751/Q302W,
H165V/E225G/K2841/H298N/V4A691/G483Q. D1708/Q275M294AMH298N/H448Q), 1205V/D206E,
1205V/D206E/M224L/T315S/WA4SEF/F480L, D206E/T227V, D206E/T227V/T3158/8423V,
E225G/M294A/H298N/D396Q), T227C, I392C/HS03L, W458F, W458Y, G499R, and H300P,
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wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID

NO: 664 or 1612,

[0023] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and
wherein the recombinant amvlase comprises at least one substitution or substitution set at one or more
positions selected from 95/252/285/324, 123/197, 123/197/225/294/396/448/469, 134/225/275/302,
205/206, and 205/206/224/315/458/480, wherein the amino actd positions of the polypeptide sequence
are numbered with reference to SEQ 1D NO: 664 or 1612, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence dentity to SEQ ID
NO: 664 or 1612, or a functional fragment thereof, and wherein the recombinant amylase comprises at
feast one substitution or substitution set selected from 95L/2521/285V/3247T, 123E/197Y,
123E/197Y/225G/294A/3960Q/448Q/4691, 134R/225G/2751/302W, 205V/206E, and
205V/206E/2241/3158/458F/480L, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 664 or 1612, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO: 664 or 1612, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution sct selected from [95L/V2521/T285V/A324T, D123E/F197Y,
DI23E/F197Y/E225G/M294A/D396Q/HA48Q/ V469, E134R/E225G/Q2751/Q302W, 1205V/D206E,
and 1205V/D206E/M2241L/T3158/W458F/F480L, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NG: 664 or 1612,

[8024] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 780 or 1728, or a functional fragment thereof, and
wherein the recombinant amylase comprises a substitution at position 126, wherein the amino acid
posttions of the polypeptide sequence are numbered with reference to SEQ 1D NO: 780 or 1728, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%. 87%, 88%. 89%. 90%, 91%. 92%. 93%, 94%. 95%, 96%, 97%. 98%, 99%. or
more sequence identity to SEQ 1D NO: 780 or 1728, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from 126C, 126D,
126E, 126K, 1261, 126M, 126N, 126, 1268, 126T, and 126W, wherein the amino acid posttions of
the polypeptide sequence are numbered with reference to SEQ 1D NO: 780 or 1728, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,

86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
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identity to SEQ ID NO: 780 or 1728, or a functional fragment thereof, and wherein the recombinant
amylase comprises at least one substitution or substitution set selected from R126C, R126D, R126E,
RI26K, R126L, R126M, R126N, R126Q}, R1268, R126T, and R126W, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ 1D NG: 780 or 1728,

{0025} In some additional embodiments, the recombinant amylase comprises at least one mutation in
at least one position as provided in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-
13, and/or 4-14, wherein the positions are numbered with reference to SEQ 1D NO: 2, 18, 40, 156,
174,276, 308, 422, 436, 346, 632, 780, 988, 1104, 1122, 1224 1256, 1370, 1404, 1494, 1580, 1612,
and/or 1728, In some further embodiments, the recombinant amylase comprises a polypeptide
sequence having at least about 80%, 85%, about 6%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
99%, or more sequence identity to at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 4-18, 22-966, and 970-1914. In some further embodiments, the recombinant amylase
compriscs a polypeptide sequence baving at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%., 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to at least one sequence set forth in
the even-numbered sequences of SEQ 1D NOS: 4-18, 22-966, and 970-1914. In some embodiments,
the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%,
88%. 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to a
polypeptide sequence of SEQ ID NO: 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 810, 988,
1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, 1728, or 1758,

{0026} In some additional embodiments, the recombinant amylase comprises at least one sequence
set forth in the even-numbered sequences of SEQ ID NOS: 4-18, 22-966, and 970-1914. In some
embodiments, the recombinant amylase comprises a polyvpeptide sequence of SEQ ID NO: 40, 156,
174, 276, 308, 422, 456, 546, 632, 664, 780, 810, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, 1728, or 1758,

{8627} In some additional embodiments, the recombinant amylase retains more enzymatic activity
after exposuic to high and/or low temperatures, as compared to a reference sequence. In some
embodiments. the reference sequence is wild-type amylase, while in some other embodiments, the
reference sequence 1s another recombinant amylase. In some additional embodiments, the
recombinant amylase is more thermostable than the amylase of SEQ ID NO: 2. In some further
embodiments, the recombinant amylase is more thermostable than the amylase of SEQ ID NO: 18, 40,
156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728. Tn some embodiments, the recombinant amvlase is stable at 30°C, 37°C,
40°C, 50°C, 60°C, and/or 95°C, and/or 40°C to 60°C. In some embodiments, the recombinant
amvlase is stable at 25°C, 37°C, 42°C, and/or 48°C. In some additional embodiments, the

recombinant amylase is more stable than a reference sequence at 30°C, 37°C, 40°C, 50°C, 60°C,

17~



WO 2022/047264 PCT/US2021/048108

and/or 95°C, and/or 40°C to 60°C. In some embodiments, the recombinant amylase is more stable
than a reference sequence at 30°C, 37°C, 40°C, 50°C, 60°C, and/or 95°C, and/or 400 60°C. In
some additional embodiments, the recombinant amylase is more thermostable than the amvlase of
SEQ ID NO: 2. In some further embodiments, the recombinant amylase is more thermostable than
the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728,

[6628] In some embodiments, the recombinant amylase is stable in low pH environments, while in
other embodiments, the recombinant amylase is stable in high pH environments, and in still further
embodiments, the recombinant is stable in newtral pH environments. In some embodiments, the
recombinant amylase 1s stable in low, high, and/or neutral pH environments. In some embodiments,
the recombinant amylase retains enzymatic activity after exposure to a low, high, and/or neutral pH
environment. In some additional embodiments, the recombinant amylase is more stable in high, low,
and/or neutral pH environment(s), as compared to a reference sequence. In some embodiments, the
refercnce sequence is wild-tvpe amylase, while in other embodiuents, the reference sequence 1s
another engineered amylase. In some additional embodiments, the recombinant amylase 1s more
stable than the amylase of SEQ ID NO: 2. In some further embodiments, the recombinant amylase is
more stable than the amylase of SEQ ID NG: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664,
780,988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional
embodiments, the recombinant amylase is more stable at pHs greater than 7, than the amylase of SEQ
1D NO: 2. In some additional embodiments, the recombinant amylase is more stable at pHs greater
than 7, than the amylase of SEQ ID NQO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional
embodiments, the recombinant amylase is more stable at pH 7.8, than the amylase of SEQ ID NO: 2.
In some additional embodiments, the recombinant amylase 1s more stable at pH 7.8, than the amylase
of SEQ 1D NO: 18,40, 156, 174, 276, 308, 422, 456, 346, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and/or 1728 In some additional embodiments, the recombinant
amylase 1s more stable at pH 7.5, than the amylase of SEQ D NO: 2. In some additional
embodiments, the recombinant amylase is more stable at pH 7.5, than the amylase of SEG 1D NO: 18,
40,156, 174, 276, 308, 422, 456, 346, 632, 664, 780, 988, 1104, 1122, 1224, 1236, 1370, 1404, 1494,
1580, 1612, and/or 1728. Tn some additional embodiments, the recombinant amylase is more stable at
pH 7, than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant amylase
is more stable at pH 7, than the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
further embodiments, the recombinant amylase is more stable at pHs less than 7 (i.e., under acidic pH
conditions or levels), than the amylase of SEQ 1D NO: 2. In some additional embodiments, the

recombinant amylase is more stable at pHs less than pH 7 (i.e., under acidic pH conditions or levels),
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than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some additional embodiments, the
recombinant amylase is more stable at pH 6.8, than the amylase of SEQ ID NG: 2. In some additional
embodiments, the recombinant amylase is more stable at pH 6.8, than the amylase of SE( 1D NO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728. In some additional embodiments, the recombinant amylase is more stable at
pH 6.7, than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant
amylase is more stable at pH 6.7, than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In
some additional embodiments, the recombinant amylase is more stable at pH 6.5, than the amylase of
SEQ ID NO: 2. In some additional embodiments, the recombinant amylase is more stable at pH 6.5,
than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 436, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional embodiments, the
recombinant amylase is more stable at pH 6, than the amylase of SEQ 1D NG: 2. In some additional
embodiments, the recombinant amylase 1s more stable at pH 6, than the amylase of SEQ ID NGO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, In some further embodiments, the recombinant amylase is more stable at
pHs less than 5, than the amylase of SEQ ID NG: 2. In some additional embodiments, the
recombinant amylase is more stable at pH 5, than the amylase of SEQ ID NO: 2. In some additional
embodiments, the recombinant amylase is more stable at pH 3, than the amylase of SEQ 1D NQO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, Tn some further embodiments, the recombinant amylase is more stable at
pH 4, than the amylase of SEGQ ID NO: 2. In some further embodiments, the recombinant amylase is
maore stable at pH 5, than the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
additional embodiments, the recombinant amvlase is more stable at pH 3.8, than the amylase of SEQ
ID NO: 2. In some additional embodiments, the recombinant amylase 1s more stable at pH 3.8, than
the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728,

[6029] In some additional embodiments, the recombinant amylase is more stable at pH 3.5, than the
amylase of SEQ ID NGO: 2. In some additional embodiments, the recombinant amylase is more stable
at pH 3.5, than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
088, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional
embodiments, the recombinant amylase is more stable at pH 3.25, than the amylase of SEQ ID NQO: 2.
In some additional embodiments, the recombinant amylase is more stable at pH 3.25, than the
amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
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1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some further cmbodiments, the
recombinant amylase is more stable at pH 3, than the amylase of SEQ ID NO: 2. In some further
embodiments, the recombinant amylase is more stable at pH 3, than the amylase of SEQ ID NG: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, In some additional embodiments, the recombinant amvlase is more stable at
pH 2.75, than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant
amvylase is more stable at pH 2.75, than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In
some further embodiments, the recombinant amylase is more stable at pH 2.5, than the amylase of
SEQ ID NO: 2. In some further embodiments, the recombinant amylase is more stable at pH 2.5, than
the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some further embodiments, the
recombinant amylase is more stable at pH 2.3, than the amylase of SEQ ID NO: 2. In some further
embodiments, the recombinant amylase is more stable at pH 2.3, than the amylase of SEQ ID NO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, In some further embodiments, the recombinant amylase is more stable at pH
2, than the amvlase of SEQ ID NO: 2. In some further embodiments, the recombinant amylase is
more stable at pH 2, than the amvlase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

{30308] In some embodiments, the recombmant amvylase 1s more resistant to proteolysis than the
amylase of SEQ 1D NO: 2. In some embodiments, the recombinant amylase is more resistant {0
proteolysis than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some embodiments, the
recombinant amylase is resistant to proteolysis by pepsin. In some additional embodiments, the
recombinant amylase is more resistant to proteolysis by pepsin than the amylase of SEQID NGO 2. In
some embodiments, the recombinant amylase is more resistant to proteolysis by pepsin than the
amvlase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728,

{0031] In some additional embodiments, the recombinant amylase is active in the presence of at least
one bile salt. In some additional embodiments, the recombinant amylase is more active in the
presence of at least one bile salt than the amylase of SEQ 1D NO: 2. 1o some additional cmboduments,
the recombinant amylase is more active in the presence of at least one bile salt than the amylase of
SEQ ID NQ: 18,40, 156, 174,276, 308, 422, 456, 546, 632, 664, and/or 780, 988, 1104, 1122, 1224,

256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some embodiments, the recombinant amylase
retains enzymatic activity after exposure to a bile salt. In some additional embodiments, the

recombinant amylase retains more enzymatic activity after exposure to a bile salt, as compared to a
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reference sequence. In some embodiments, the reference sequence is the amylase of SEQ ID NO: 2,
18, 40, 136, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404,

1494 1580, 1612 and/or 1728. In some additional embodiments, the bile salt is taurocholate.

{0032} In vet some additional embodiments, the recombinant amylase exhibits more than one
improved property, as compared to wild-type amylase or another recombinant amylase. In some
embodiments, the recombinant amylase exhibits more than one tmproved property as compared to
SEQ ID NO:2, while in some additional embodiments, the recombinant amylase exhibits more than
one improved property as compared to SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780,988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the improved properties are selected from acid stability, alkaline stability, stability
and/or activity at acidic pH, stability at alkaline pH, stability at neutral pH, thermostability,
proteolysis resistance, autolysis resistance, and mcreased activity in the presence of at least one bile
salt. In yet some additional embodiments, the recombinant amylase is more stable and/or active at
acidic pHs, more thermostable, more resistant to proteolysis, and/or more active in the presence of at
least one bile salt than the amylase of SEQ 1D NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780,988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, It is
contemplated that any combination of improved propertics will find use in the present invention. It is
not intended that the present invention be limited to any specific combination of improved propertics.
Furthermore, in some embodiments, there are two improved properties, while in some other
embodiments, there are three improved properties, in some additional embodiments, there are four
improved propertics, and in some additional embodiments, there are five or more improved
properties. It is also contemplated that the recombinant amylase of the present invention furthers
comprise additional improvements. In some embodiments, these additional improvements provide
advantages over wild-type amylase, while in some other embodiments, the additional improvements

will provide advantages over other recombinant amylases.

{00633] In some embodiments, the recombinant amylase exhibits at least one improved property
selected from improved stability and/or activity at acidic pHs, improved thermostability, improved
resistance to proteolysis, and/or improved activity in the presence of at least one bile salt, as compared
to the amylase of SEQ ID NO: 2. In some embodiments, the recombinant amylase exhibits at least
one improved property selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amvlase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632,664,780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. Tn some
embodiments, the recombinant amylase exhibits at least two improved properties selected from
mmproved stability and/or activity at acidic pHs, improved thermostability, improved resistance to

proteolysis, and/or improved activity in the presence of at least one bile salt, as compared to the
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amvylase of SEQ ID NO: 2. In some embodiments, the recombinant amylase exhibits at least two
mproved properties selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the recombinant amylase exhibits at least three improved properties selected from
improved stability and/or activity at acidic pHs, improved thermostability, improved resistance to
proteolysis, and/or improved activity in the presence of at least one bile salt, as compared to the
amylase of SEQ ID NO: 2. In some embodiments, the recombinant amylase exhibits at least three
mproved properties selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 346,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the recombinant amylase exhibits the improved properties of improved stability and/or
activity at acidic pHs, improved thermostability, improved resistance to proteolysis, and improved
activity in the presence of at least one bile salt, as compared to the amylase of SEQIDNO: 2. In
some embodiments, the recombinant amylase exhibits the improved properties of improved stability
and/or activity at acidic pHs, improved thermostability, improved resistance to proteolysis, and/or
improved activity in the presence of at least one bile salt, as compared to the amylase of SEQ 1D NO:
18,40, 156, 174, 276, 308, 422, 436, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404,
1494, 1580, 1612, and/or 1728. In some cmbodiments, the recombinant amylase exhibits at least one
improved property selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as well as at least one additional improved property, as compared to the amylase of SEQ)
1D NO: 2. In some embodiments, the recombinant amylase exhibits at least one improved property
selected from improved stability and/or activity at acidic pHs, improved thermostability, improved
resistance to proteolysis, and/or improved activity in the presence of at least one bile salt, as well as at
least one additional improved property, as compared to the amylase of SEQ 1D NO: 18, 40, 156, 174,
276,308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612,
and/or 1728, In some embodiments, the recombinant amylase exhibits at least one improved property
selected from: 1) enhanced catalytic activity; it} increased tolerance to acid pH; 111) increased tolerance
topH 2.3,2.5,2.75, 3, 3.25, and/or 3.5; iv) increased tolerance to pH 6.7 and/or 6.8; v} increased
tolerance to at least one protease; vi) increased tolerance to at least one bile salt; vit) increased
thermotolerance; or a combination of any of 1), 11), i11), 1v). v), vi), and vii) as compared to a reference
sequence. In some embodiments, the reference sequence is SEQ ID NO: 2, while in some alternative
embodiments, the reference sequence is selected from SEQ 1D NQ: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In
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some embodiments, the recombinant amylase exhibits at least one improved property sclected from: 1)
enhanced catalvtic activity; 11} increased tolerance to acid pH; 111} increased tolerance to pH 2.3, 2.5,
2.75, 3, 3.25, and/or 3.5; iv) increased tolerance to pH 6.7 and/or 6.8; v) increased tolerance to at least
one protease; vij increased tolerance to at least one bile salt; vii) increased thermotolerance; or a
combination of any of 1), 1), 111}, 1v). v}, vi), and vii) as compared to at least one reference sequence.
In some embodiments, the reference sequence is SEQ 1D NO: 2, while in some alternative
embodiments, the reference sequence is selected from SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In
some embodiments, the recombinant amylase exhibits at least one improved property selected from: 1)
enhanced catalvtic activity; 11} increased tolerance to acid pH; 111} increased tolerance to pH 2.3, 2.5,
2.75, 3, 3.25, and/or 3.5, iv) mcreased tolerance to pH 6.7 and/or 6.8; v) increased tolerance to at least
one protease; vi} increased tolerance to at least one bile salt; vii) increased thermotolerance; or a
combination of any of 1), 1), 111}, 1v), v), vi}, and vii} as compared to at least two or more reference
sequences. In some embodiments, the reference sequence 1s selected from SEQ 1D NO: 18§, 40, 156,
174,276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580,
1612, and/or 1728. In some embodiments, the protease is selected from pepsin, trypsin, and/or
chymotrypsin. In some embodiments, the increased thermotolerance is measured at 30°C, 37°C,
40°C, 50°C, 60°C, and/or 95°C, and/or 40°C to 60°C. In some further embodiments, the recombinant

amylase is purified.

{6034] In still some further embodiments, the amylase is stable in food and/or beverages. In some
additional embodiments, the amylase is stable in nutritional and other supplements. In some
embodiments, the supplements are liquid, while in other embodiments, they are emulsions,
suspensions, or solids. It 1s not mtended that the present invention be limited to any particular food,

beverage, and/or supplement format or form.

{8035] The present invention also provides recombinant polynucleotide sequences encoding at least
one recombinant amylase provided herein. In some embodiments, the recombinant polynucleotide
sequence is codon-optimized. In some further embodiments, the recombinant polynucleotide
comprises a sequence having at least about 85%, about 86%, about 7%, about 88%, about §9%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 93%, about 96%, about 97%, about
98%, about 99%, or more sequence identity to at least one sequence set forth i the odd-numbered
sequences of SEQ ID NOS: 3-17, 21-965, and 969-1913. In some further embodiments, the
polynucleotide comprises a sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to at least one sequence set forth in
the odd-numbered sequences of SEQ ID NOS: 3-17, 21-965, and 969-1913. In some additional
embodiments, the present invention provides at least one sequence set forth in the odd-numbered

sequences of SEQ TD NOS: 3-17, 21-965, and 969-1913. In some additional embodiments, the
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recombinant polynucleotide sequence comprises a sequence selected from the odd-numbered
sequences of SEQ 1D NOS: 3-17, 21-965, and 969-1913. In some embodiments, the recombinant
polynucleotide sequence comprises a sequence selected from the odd-numbered sequences of SEQ ID
NOS: 3-17, 21-965, and 969-1913, wherein said sequence encodes a recombinant polypeptide
provided herein. In some embodiments, the recombinant polynucleotide sequence comprises a
sequence selected from the odd-numbered sequences of SEQ 1D NOS: 3-17, 21-965, and 969-1913,
wherein said sequence encodes a recombinant polypeptide provided in an even-numbered sequence of
SEQ D NOS: 4-18, 22-966, and 970-1914. In some further embodiments, the recombinant
polynucleotide encoding a recombinant amylase provided herein comprises a sequence having at least
about 85%, about 86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more sequence

> >

identity to at least one sequence set forth in the odd-numbered sequences of SEQ 1D NGS: 3-17, 21-
965, and 969-1913. In some further embodiments, the recombinant polynucleotide encoding a
recombinant amvlase provided herein comprises a sequence having at least §5%, 86%, 87%, 88%,
89%, 90%, 31%, 92%, 93%, 94%, 953%, 96%, 97%, 98%, 99%., or more sequence identity to at least
one sequence set forth in the odd-numbered sequences of SEQ ID NOS: 3-17, 21-965, and 969-1913.
in some further embodiments, the recombinant polynucleotide encoding a recombinant amylase
provided herein comprises a sequence having at least 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to at least one sequence set forth in
the odd-numbered sequences of SEQ ID NOS: 3-17, 21-965, and 969-1913, wherein the recombinant
amylase comprises a polypeptide sequence comprising an cven-numbered sequence provided in SEQ

ID NOS: 4-18, 22-966, and 970-1914.

[8036] The present invention also provides expression vectors comprising at least one recombinant
polynucleotide sequence provided herein. The present invention also provides expression vectors
comprising at least one recombinant polynucleotide sequence encoding at least one recombinant
amvylase provided herein. In some additional embodiments, the recombinant polynucleotide sequence
is operably linked to a control sequence. In some embodiments, the control sequence 1s a promoter,

In some further embodiments, the promoter is a heterslogous promoter.

{0037} The present invention also provides host cells comprising at least one expression vector
provided herein. The present invention also provides host cells comprising at least one expression
vector comprising at least one recombinant polynucleotide scquence encoding at least one
recombinant amylase provided herein. The present invention also provides host cells comprising an
expression vector comprising at least one recombinant polynucleotide sequence encoding at least one
recombinant amylase provided herein. The present invention also provides host cells comprising an
expression vector comprising at least one recombinant polynucieotide sequence encoding a

recombinant amylase provided herein. In some embodiments, the host cell 1s eukaryotic, while in
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some alternative embodiments, the host cell is prokaryotic. In some embodiments, the host cell is

Escherichia coli. In some alternative embodiments, the host cell 1s Saccharomyces cerevisiae.

[0038] The present invention also provides methods of producing at least one recombinant amylase,
comprising culturing at least one host cell provided herein, under conditions that the recombinant
amylase encoded by the recombinant polynucleotide is produced. In some embodiments, the methods
further comprise the step of recovering the amylase. In vet some additional embodiments, the

methods further comprise the step of purifying the amylase.

{8039] The present invention also provides compositions comprising at least one recombinant
amvylase provided herein. In some embodiments, the composition comprising at least one recombinant
amylase comprises a pharmaceutical composition. In some additional embodiments, the
pharmaceutical composition is suitable for the treatment of pancreatic insufficiency. In some
additional embodiments, the pharmaceutical composition further comprising a pharmaceutically
acceptable carrier and/or excipient. In some embodiments, the pharmaceutical composition is suitable
for parenteral injection or infusion, subcutancous injection, inhalation, and/or dermal application to a
human. In some embodiments, the pharmaceutical composition is suitable for oral admunistration to a

human. In some embodiments, the pharmaceutical composition further comprises an enteric coating.

[6040] In some additional embodiments, the pharmaceutical composition further comprises at least
one lipase. In some further embodiments, the pharmaceutical composition further comprises at least
one protease. In vet some additional embodiments, the pharmaceutical composition further comprises
at least one protease and at least one lipase. In some embodiments, the pharmaceutical composition
further comprises a pancreatic extract comprising lipase, protease, and amyvlase activity. The present
mvention also provides compositions comprising at least one recombinant amylase provided herein,

wherein the compositions are suitable for other uses.

{0041} The present invention also provides methods for treating and/or preventing the symptoms of
pancreatic msufficiency in a subject, comprising providing a subject having pancreatic insufficiency,
and providing the pharmaceutical composition provided herein to the subject. In some embodiments,
the symptoms of pancreatic insufficiency are ameliorated i a subject, upon the administration of the
composition comprising at least one recombinant amylase to the subject. In some further
cmbodiments, the subject is able to cat a diet that is less restricted i its carbohydrate content (¢.g.,
starches} than diets required by subjects exhibiting the symptoms of pancreatic insufficiency. In some
additional embodiments, the subject is a human patient. [n some embodiments, the human patient is
an infant, while in some other embodiments, the human patient is a child. In yet some further
embodiments, the human patient is an adult, while in some alternative embodiments, the human
patient is a voung adult. The some embodiments, the subject is a non-human mammal, such as a non-

human primate, pigs, cows, dogs, and cats. The present invention further provides medicaments



WO 2022/047264 PCT/US2021/048108

comprising at least one recombinant amylase provided herein. The present invention also provides for

use of the compositions comprising at least one recombinant amylase provided herein.

[0042] The present invention further provides methods for starch hydrolysis, comprising providing
starch and at least one engineered amylase provided herein; and exposing the starch to the engineered
amylase under conditions such that the starch is hydrolyzed by said engineered amylase. In some
embodiments, the present invention provides methods for starch hyvdrolysis comprising providing
starch and a composition comprising at least one engineered amylase, and exposing said starch to said
composition under conditions such that said starch is hydrolyzed by said enginecred amylase of said

composition.
DESCRIPTION OF THE INVENTION

[0043] The present invention provides engincered amyvlase polypeptides and compositions thereof.
The engineered amylase polypeptides have been optimized to provide improved thermostability,
protease stability, and stability under a range of pH conditions, including acidic {pH <7) conditions.
The invention also relates to the use of the compositions comprising the engineered amylase
polypeptides for therapeutic and/or nutritional purposes. In some cmbodiments, the amylase variants
of the present mvention find use in PERT treatment of PEI conditions. In some additional
embodiments, the amylase is admintstered in formats that do not require an enteric coating and/or
proton-pump inhibitors (PPIs). The present invention also provides polynucleotides encoding the
enginecred amylase polypeptides, as well as methods for making the enginecred polynucleotides and

amylase polypeptides.

Abbreviaticns and Definitions

[0044] Unless defined otherwise, all technical and scientific terms used herein generally have the
same meaning as commonly saderstood by one of ordinary skill in the art to which this invention
pertains. Generally, the nomenclature used herein and the laboratory procedures of cell culture,
molecular genctics, microbiology, biochemistry, organic chemistry, analytical chemistry and nucleic
acid chemistry described below are those well-known and commonly employed in the art. Such
techniques are well-known and described in nomerous texts and reference works well known to those
of skill in the art. Standard techniques, or modifications thereof, are used for chemical syntheses and
chemical analyses. All patents, patent applications, articles and publications mentioned herein, both

supra and infra, are hercby expressly incorporated heremn by reference.

[0045] Although any suitable methods and materials similar or equivalent to those described herein
find use in the practice of the present invention, some methods and materials are described herein. It 1s
to be understood that this invention is not limited to the particular methodology, protocols, and
reagents described, as these may vary, depending upon the context they are used by those of skill in

the art. Accordingly, the terms defined immediately below are more fully descenibed by reference to
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the application as a whole. All patents, patent applications, articles and publications mentioned herein,

both supra and infra, are hereby expressly incorporated herein by reference.

[0046] As used herein, the singular "a", "an,” and "the" include the plural references, unless the

context clearly mdicates otherwise.

{0047} Numeric ranges are inclusive of the numbers defining the range. Thus, every numerical range
disclosed herein is intended to encompass every narrower numerical range that falls within such
broader numertcal range, as if such narrower numerical ranges were all expressly written herein. It is
also mtended that every maximum (or minimum) numerical limitation disclosed herein includes every
lower {or higher) numerical hmitation, as if such lower (or higher) numerical himitations were

expressly written herein.

{0048] Asused herein, the term “about” means an acceptable error for a particular value. In some
mstances, “about” means within 0.05%, 0.5%, 1.0%, or 2.0%, of a given value range. In some

mstances, “about” means within 1, 2, 3, or 4 standard deviations of a given value.

[0049] Furthermore, the headings provided herem are not limitations of the various aspects or
embodiments of the invention which can be had by reference to the application as a whole.
Accordingly, the torms defined immediately below are more fully defined by reference to the
application as a whole. Nonetheless, in order to facilitate understanding of the mvention, a number of

terms are defined below.

[80650] Unless otherwise mdicated, nucleic acids are written left to right in 5'to 3' orientation; amino

acid sequences are written left to right in amino to carboxy orientation, respectively.

{8051} As used herein, the term “comprising” and its cognates are used in their inclasive sense (e,

equivalent to the term “including” and its corresponding cognates).

{6052} Asused herein, “EC” number refers to the Enzyme Nomenclature of the Nomenclature
Committee of the International Union of Biochemistry and Molecular Biclogy (NC-TUBMB). The
TUBMB biochemical classification is a numerical classification system for enzyvmes based on the

chemical reactions they catalyze.

{0053] As used herein “"ATCC” refers to the American Type Culture Collection whose biorepository

collection includes genes and strains.

10054] As used herein “NCBI” refers to National Center for Biological Information and the sequence

databases provided therein.

[6055] Asused herein, “amylase” refers to an enzyme that is capable of hydrolyzing starch to

produce ghucose and maltose.
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[0056] As used herein, “protease” {and “proteinase” and “peptidase”) refers to the numerous
enzymes that hydrolyze proteins. There are numerous proteases involved in the breakdown of
proteins nto smaller polypeptide unties or single amino acids. Proteases are important for numerous

biological functions, including digestion of ingested proteins, protein catabolism, and cell signaling.

{0057} As used herein, “lipase” refers to any enzyme commonly referred to as “lipase,” that catalyzes
the hydrolysis of fats by hydrolyzing the ester bonds of triglvcerides. Pancreatic lipases arc important
in the breakdown of fats to fatty acids, glycerol, and other alcohols. Lipases are essential in the

digestion, transport, and processing of dietary lipids in most organisms.

{8058] As used herein, the term “lipid” refers to a class of water-insoluble macromolecules that
include fatty acids and their esters, sterols, prenols, certain poorly soluble vitamins, and other related
compounds. “Fats” are a subsect of lipids composed of fatty acid esters (¢.g., triglycerides, which are
made from glycerol and three fatty acids). It is not intended that the present invention be limited to
any specific lipid and/or fat. Taking the context into consideration, the terms “fat” and “lipid” are

used interchangeably herein.

{0059} As used herein, the terms “protein,” “polypeptide,” and “peptide” are used interchangeably to
denote a polvmer of at least two amino acids covalently linked by an amide bond, regardless of length

or post-translational modification (e.g., glycosylation or phosphorylation).

[8069] As used herein, the term “amino acids™ are referred to herein by either their commonly known
three-letter symbols or by the one-letter symbols recommended by IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, mav be referred to by their commonly accepted
single letter codes.

33 L

[0061] As used herein, the term “engineered,” “recombinant,” “non-naturally occurring,” and
“variant,” when used with reference to a cell, a polynucleotide or a polypeptide refers to a material or
a matenal corresponding to the natural or native form of the material that has been modified m a
manner that would not otherwise exist in nature or is identical thereto but produced or derived from

synthetic materials and/or by manipulation using recombinant techniques.

{0662] Recombinant polypeptides can be produced using any suitable methods known the art. Genes
encoding the wild-type polypeptide of interest can be cloned in vectors, such as plasmids, and
expressed in desired hosts, such as . coli, S. cerevisiae, etc. Variants of recombinant polypeptides
can be generated by various methods known in the art. Indeed, there is a wide variety of different
mutagenesis techniques well known to those skilled in the art. In addition, mutagenesis kits are also
available from many commercial molecular biology suppliers. Methods are available to make
specific substitutions at defined amino acids (site-directed), specific or random mutations in a
localized region of the gene (regio-specific), or random mutagenesis over the entire gene {e.g.,

saturation mutagenesis). Numerous suitable methods are known to those in the art to generate
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enzyme variants, including but not imited to site-directed mutagenesis of single-stranded DNA or
double-stranded DNA using PCR, cassette mutagenesis, gene synthesis, error-prone PCR, shuffling,
and chemical saturation mutagenesis, or any other suitable method known in the art. Non-limiting
examples of methods used for DNA and protein enginecring are provided in the following patents: US
Pat. No. 6,117,679; US Pat. No. 6,420,175, US Pat. No. 6,376,246; US Pat. No. 6,586,182; US Pat.
No. 7,747.391; US Pat. No. 7.747,393; US Pat. No. 7,783,428; and US Pat. No. 8,383,346 After the
variants are produced, they can be screened for any desired property {e.g., high or increased activity,
or low or reduced activity, increased thermal activity, increased thermal stability, and/or acidic pH
stability, etc.}. In some embodiments, “recombinant amylase polypeptides” (also referred to herein as

“engineered amylase polyvpeptides,” “variant amylase enzymes,” and “amyvlase variants”) find use.

[0063] As used herein, “wild-type” and “naturally-occurring” refer to the form found in nature. For
example, a wild-type polypeptide or polynucleotide sequence is a sequence present in an organism
that can be isclated from a source in nature and which has not been intentionally modified by human

manipulation.

[0064] As used herein, “coding sequence” refers to that part of a nucleic acid {e.g., a gene) that

encodes an amino acid sequence of a protein.

[8065] The term “percent (%) sequence identity” 1s used herein to refer to comparisons among
polynucleotides and polypeptides, and are determined by comparing two optimally aligned sequences
over a comparison window, wherein the portion of the polynuclectide or polypeptide sequence in the
comparison window may comprise additions or deletions (i.c., gaps) as compared to the reference
sequence for optimal alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by
100 to vield the percentage of sequence identity. Altematively, the percentage may be calculated by
determining the number of positions at which either the identical nucleic acid base or amino acid
residuc occurs in both sequences or a nucleic acid base or amino acid residue is aligned with a gap to
yield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and multiplying the result by 100 to vield the percentage of
sequence identity. Those of skill in the art appreciate that there are many established algorithms
available to align two sequences. Optimal alignment of sequences for comparison can be conducted,
¢.g., by the local homology algorithm of Smith and Waterman (Smith and Waterman, Adv. Appl.
Math., 2:482 [1981]), by the homology alignment algorithm of Needleman and Wunsch (Needleman
and Wunsch, J. Mol. Biol,, 48:443 [1970), by the search for similarity method of Pearson and Lipman
(Pearson and Lipman, Proc. Natl. Acad. Sci. USA 85:2444 [1988]), by computerized implementations
of these algorithms (¢.g., GAP, BESTFIT, FASTA, and TFASTA in the GCG Wisconsin Software
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Package), or by visual inspection, as known in the art. Examples of algorithms that are suitable for
determining percent sequence identity and sequence similarity include, but are not limited to the
BLAST and BLAST 2.0 algorithms, which are described by Altschul et al. {See, Altschal et al., §.
Mol. Biol., 215: 403-410 [1990}]; and Altschul et al., Nucleic Acids Res., 3389-3402 [1977],
respectively). Software for performing BLAST analyses is publicly available through the National
Center for Biotechnology Information website. This algorithm mnvolves first identifving high scoring
sequence pairs (HSPs) by identifving short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as, the neighborhood word score threshold (See. Altschul et
al., supra). These initial neighborhood word hits act as seeds for nitiating searches to find longer
HSPs containing them. The word hits are then extended in both directions along each sequence for as
far as the cumulative alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching residues; always >0} and
N {penalty score for mismatching residues; always <0). For amino acid sequences, a scoring matrix is
used to calcuolate the cumulative score. Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative~scoring
residue alignments; or the end of either sequence is reached. The BLAST algonthm parameters W, T,
and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5, N=-4, and a
comparison of both strands. For amino acid sequences, the BLASTP program uscs as defaults a
wordlength (W} of 3, an expectation (E) of 10, and the BLOSUMS62 scoring matrix (See, Henikoff
and Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 [19891). Exemplary determination of sequence
alignment and % sequence identity can employ the BESTFIT or GAP programs in the GCG

Wisconsin Software package (Accelrys, Madison W1), using default parameters provided.

[0066] As used herein, “reference sequence” refers to a defined sequence used as a basis fora
sequence comparison. A reference sequence may be a subset of a larger sequence, for example, a
segment of a full-length gene or polypeptide sequence. Generally, a reference sequence is at least 20
nucleotide or amino acid residues in length, at least 25 residues in length, at least 50 residues in
length. at least 100 residues in length or the full length of the nucleic acid or polypeptide. Since two
polynucleotides or polypeptides may cach (1) comprise a sequence {(i.e., a portion of the complete
sequence) that is similar between the two sequences, and (2) may further comprise a sequence that is
divergent between the two sequences, sequence comparisons between two {or more) polynucleotides
or polypeptide are typically performed by comparing sequences of the two polynucleotides or
polypeptides over a “comparison window™ to identify and compare local regions of sequence

similarity. In some embodiments, a “reference sequence” can be based on a primary amino acid
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sequence, where the reference sequence is a sequence that can have one or more changes in the
primary sequence. “Comparison window” refers to a conceptual segment of at least about 20
contiguous nucleotide positions or amino acids residues wherein a sequence may be compared {o a
reference sequence of at least 20 contiguous nucleotides or amino acids and wherein the portion of the
sequence in the comparison window may comprise additions or deletions (i.e.. gaps) of 20 percent or
less as compared to the reference sequence (which does not comprise additions or deletions) for
optimal alignment of the two sequences. The comparison window can be longer than 20 contiguous

residucs, and includes, optionally 30, 40, 50, 100, or longer windows.

{0067} “Corresponding to”, “reference t0” or “relative to” when used in the context of the numbering
of a given anino acid or polynuclectide scquence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polynucleotide sequence is compared to
the reference sequence. In other words, the residue number or residue position of a given polymer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For example, a given amino acid
sequence, such as that of an engineered amylase, can be aligned to a reference sequence by
mtroducing gaps to optimize residue matches between the two sequences. In these cases, although the
gaps are present, the numbering of the residue in the given amino acid or polynucleotide sequence is

made with respect to the reference sequence to which it has been aligned.

[0068] As used herein, “mutation” refers to any change in a polypeptide or polynucleotide sequence.
It is mtended to encompass any number {i.c., one or more) of substitutions, msertions, deletions,
and/or rearrangements present in a sequence (i.e., as compared to the starting or reference sequence).
Thus, mutations in sequences result in the production of variant polypeptides (e.g., variant or

recombinant amylases), as provided herein,

[8069] As used herein, “amino acid difference” or “residue difference” refers to a difference in the
amino acid residue at a position of a polypeptide sequence relative to the amino acid residue at a
corresponding position in a reference sequence. The positions of amino acid differences generally are
referred to herein as “Xn,” where n refers to the corresponding position in the reference sequence
upon which the residue difference is based. For example, a “residue difference at position X92 as
compared to SEQ ID NO: 27 refers to a difference of the amino acid residue at the polypeptide
posttion corresponding to position 92 of SEQ ID NO: 2. Thus, if the reference polypeptide of SEQ ID
NO: 2 has a threonine at position 92, then a “residue difference at position X92 as compared to SEQ
1D NO:2” means there is an amino acid residue other than threonine at the position of the polvpeptide
corresponding to position 92 of SEQ ID NO: 2 (e.g., T92A). In most instances herein, the specific
amino acid residue difference at a position is indicated as “XnY” where “Xn” specified the
corresponding position as described above, and Y™ is the single letter identifier of the amino acid

found in the engineered polypeptide (i.¢., the different residue than in the reference polypeptide}. In

31-



WO 2022/047264 PCT/US2021/048108

some instances (¢.g., in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or
4-14), the present disclosure also provides specific amino acid differences denoted by the
conventional notation “AnB”, where A 1s the single letter identifier of the residue in the reference
sequence, “n” is the number of the residue position in the reference sequence, and B is the single letter
identificr of the residue substitution in the sequence of the engineered polypeptide. In some instances,
a polypeptide of the present disclosure can include one or more amino acid residue differences
relative to a reference sequence, which is indicated by a list of the specified positions where residue
differences are present relative to the reference sequence. In some embodiments, where more than
one amino acid can be used in a specific residue position of a polypeptide, the various amino acid
residues that can be used are separated by a */” (e.g., X446A/X446(/X446M or X446A/G/M or
P446A/G/M). In some embodiments, the enzyme vanants comprise more than one substitution.
These substitutions are separated by a slash for ease in reading (c.g., V408A/M4398). The present
application includes enginecred polypeptide scquences comprising one or more amino acid

differences that include either/or both conservative and non-conservative amino acid substitutions.

[8070] As used herein, “conservative amino acid substitution” refers to a substitution of a residue
with a different residue having a similar side chain, and thus typically involves substitution of the
amino acid in the polypeptide with amino acids within the same or similar defined class of amino
acids. By way of example and not limitation, an amino acid with an aliphatic side chain may be
substituted with another aliphatic amino acid {¢.g., alanine, valine, leucine, and isoleucine); an amino
acid with hydroxyl side chain is substituted with another amino acid with a hydroxyl side chain {(e.g.,
serine and threonine), an amino acids having aromatic side chains is substituted with another amino
acid having an aromatic side chain {(¢.g., phenvlalanine, tyvrosine, tryptophan, and histidine); an amino
acid with a basic side chain is substituted with another amino acid with a basis side chain {e.g., lvsine
and arginine); an amino acid with an acidic side chain is substituted with another amino acid with an
acidic side chain (e.g., aspartic acid or ghitamic acid); and/or a hydrophobic or hydrophilic amino acid

is replaced with another hydrophobic or hydrophilic amino acid, respectively.

{0071} As used herein, “non-conscrvative substitution” refers to substitution of an amino acid in the
polypeptide with an amino acid with signmificantly differing side chain properties. Non-conservative
substitutions may ase amino acids between, rather than within, the defined groups and affects (a) the
structure of the peptide backbone in the area of the substitution {¢.g., proline for glycine) (b) the
charge or hydrophobicity, or (¢} the bulk of the side chain. By way of example and not limitation, an
exemplary non-conservative substitution can be an acidic amino acid substituted with a basic or
aliphatic amino acid; an aromatic amino acid substituted with a small amino acid; and a hydrophilic

amino acid substituted with a hydrophobic ammno acid.

{6672} Asused herein, “deletion” refers to modification to the polypeptide by removal of one or

more amino acids from the reference polypeptide. Deletions can comprise removal of 1 or more
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amino acids, 2 or more amino acids, 5 or more amino acids, 10 or more amino acids, 15 or more
amino acids, or 20 or more amino acids, up to 10% of the total number of amino acids, or up to 20%
of the total number of amino acids making up the reference enzyme while retaining enzymatic activity
and/or retaining the improved properties of an engineered enzyme. Deletions can be directed to the
internal portions and/or terminal portions of the polypeptide. Tn various embodiments, the deletion can

comprise a continuous segment or can be discontimuous.

{86731 Asused herein, “insertion” refers to modification to the polvpeptide by addition of one or
more amino acids from the reference polypeptide. Insertions can be in the mnternal portions of the
polypeptide, or to the carboxy or amino terminus. Insertions as used herein include fusion proteins as
is known in the art. The insertion can be a contiguous segment of amino acids or separated by one or

more of the amino acids in the naturally occurring polypeptide.

[00674] As used herein, an asterisk (*) used in the context of a polynucleotide sequence indicates the
presence of a stop codon within the polynucleotide sequence. In some embodiments, the variant
amylases are truncated, as compared to the starting or reference sequence, due to the presence of stop

codons.

[0075] A “functional fragment” and a “biologically active fragment” are used inferchangeably herein
refers to a polypeptide that has an amino-terminal and/or carboxy-terminal deletion{s) and/or internal
deletions (¢.g., the sequence is truncated), but where the remaining amino acid sequence is identical to
the corresponding positions in the sequence to which it is being compared (e.g., a full-length
enginecred amylase of the present invention) and that retains substantially all of the activity of the

full-length polypeptide.

[0076] As used herein, “isolated polypeptide” refers to a polypeptide that is substantially separated
from other contaminants that naturally accompany it (e.g., protein, lipids, and polynucleotides). The
term embraces polvpeptides that have been removed or purified from their naturallyv-occurring
environment or cxpression system {¢.g., host cell or in vitro synthesis). The recombinant amylase
polvpeptides may be present within a cell, present in the cellular medium, or prepared in vanous
forms, such as lysates or isolated preparations. As such, in some embodiments, the recombinant

amvylase polypeptides can be an isolated polypeptide.

{0877} 'The terms “isolated” and “purified” are used to refer to a molecule {¢.g., an isolated nucleic
acid, polypeptide, etc.) or other component that is removed from at least one other component with
which it 1s naturally associated. The term “purified” does not require absolute purity, rather 1t is

intended as a relative definition.
[0078] As used herein, “substantially pure polypeptide™ refers to a composition in which the
polypeptide species is the predominant species present {i.€., on a molar or weight basis it is more

abundant than any other individual macromolecular species in the composition), and is generally a
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substantially purified composition when the object species comprises at least about 50 percent of the
macromolecular species present by mole or % weight. Generally, a substantially pure amyvlase
composition comprises about 60% or more, about 70% or more, about 80% or more, about 90% or
more, about 93% or more, and about 98% or more of all macromolecular species by mole or % weight
present in the composition. Tn some embodiments, the object species is purified from a starting
preparation to essential homogenetty (i.¢., contaminant species cannot be detected in the composition
by conventional detection methods) wherein the composition consists essentially of a single
macromolecular species. Solvent species, small molecules (<500 Daltons), and elemental ion species
are not considered macromolecular species. In some embodiuments, the isolated recombinant amylase
polypeptides are substantially pure polypeptide compositions. In some embodiments, substantially
pure recombinant amylase polypeptide preparations added to formulations suitable for use in the

present invention (¢.g., polysaccharides, surfactants, etc.}.

{0079} Asused herein, an “improved enzyme property” and “improved property” refers to a property
of an engincered amylase polypeptide which comprises an improvement in any enzyme property as
compared to a reference amylase polypeptide and/or as a wild-type amylase polvpeptide or another
engineered amylase polypeptide. Improved properties include but are not himited to such properties as
increased protein expression, increased thermoactivity, increased thermostability, imcreased pH
activity, increased stability, increased enzymatic activity, increased substrate specificity or affinity,
increased specific activity, increased resistance to substrate or end-product inhibition, increased
chemical stability, improved chemoselectivity, improved solvent stability, increased tolerance to
acidic or basic pH, increased tolerance to proteolytic activity {i.¢., reduced sensitivity to proteolysis},
reduced aggregation, mcreased solubility, reduced immunogenicity, improved post-translational

modification (e.g., glvcosylation), and altered temperature profile.

[6089] As used herein, “increased enzymatic activity” or “enhanced catalvtic activity” refers to an
mmproved property of the engineered amylase polypeptides, that can be represented by an increase in
specific activity (e.g., product produced/time/weight protein} or an increase in percent conversion of
the substrate to the product {¢.g., percent conversion of starting amount of substrate to productin a
specified time period using a specified amount of amylase) as compared to the reference amylase
enzyme. Exemplary methods to determine enzyme activity are provided in the Examples. Any
property relating to enzyme activity may be affected, including the classical enzyme properties of K,
Vinax OF kcar, changes of which can lead to increased cnzymatic activity. Improvements in cnzyme
activity can be from about 1.1 fold the enzymatic activity of the corresponding wild-type enzyme, to
as much as 2-fold, 5-fold, 10-fold, 20-fold, 25-fold, 50-fold, 75-fold, 100-fold, 150-fold, 200-fold or
more enzymatic activity than the naturally occurring amylase or another engineered amylase from

which the amvlase polypeptides were derived.
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[0081] Amylase activity can be measured by any suitable method known in the art {¢.g., standard
assays, such as monitoring changes in spectrophotometric properties of reactants or products). In
some embodiments, the amount of products produced can be measured by using ethylidene pNP-G7
as a substrate and monitoring the p-nitrophenol released by monitoring absorbance at A405. In some
embodiments, starch can be used as the substrate, and the amount of maltose produced can be
measured with the dinitrosalicvlic acid assay and monitoring absorbance at 540nm, while in some
other embodiments, the products can be measured using alternative methods known 1n the art.
Comparisons of enzyme activitics are made using a defined preparation of enzyme, a defined assay

under a set condition, and one or more defined substrates, as further described in detail herein.

{0082] As used herein, the terms “protease stable” and “stability to proteolvsis™ refer to the ability of
a protein (e.g., a recombinant amylase of the present mnvention) to function and withstand proteolysis
mediated by any proteolytic enzyme or other proteolytic compound or factor and retain its function
following treatment with the protease. It is not intended that the term be limited to the use of any
particular protcase to assess the stability of a protein. Indeed, the engincered amylascs of the present
invention are stable and retain enzymatic activity in the presence of various proteases. In some
embodiments, the recombinant amylases of the present invention to function and withstand
proteotysis mediated by any proteclytic enzyme or other proteolytic compound or factor and retain its
function following cxposure to a protease. In some embodiments, the engincered amylases are stable
in the presence of trypsin, chymotrvpsin, and/or pepsin. However, it is not intended that the present
mvention be limited to any specific protease or any particular method of assessing proteolytic

stability.

{0083} As used herein, the term “pH stability” refers to the ability of a protein (e.g.. a recombinant
amylase of the present invention} to function after incubation at a particular pH. In some
embodiments, the present invention provides recombinant amylases that are stable at a range of pHs,
including, but not limited to the range of pH 2 to pH 7. In some embodiments, the recombinant
amvlases are stable at different pH ranges, as indicated in the Examples provided herein. It is not

intended that the present mvention be limited to any pH stability level nor pH range.

[0084] As used herein, the term “improved tolerance to acidic pH” means that a recombinant
amylase according to the invention will have increased stability (higher retained activity at about pH
7,6,5,4 3, 2, or even lower, after exposure to acidic pH for a specified period of time {e.g., 1 hour,

up to 24 hours, ctc.]) as compared to a reference amylase or another enzyme.

{0085} “Physiclogical pH” as used herein means the pH range generally found in a subject’s (e g..

human) blood {e.g., pH 7.2 - 7.4},
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[0086] The term “basic pH” (e.g.. used with reference to improved stability to basic pH conditions or
increased tolerance to basic pH) means a pH range of about 7 to 11, or in some embodiments, greater

thanpH 11.

{0087} The term “acidic pH” {¢.g., used with reference to improved stability to acidic pH conditions
or increased tolerance to acidic pH) means a pH range that encompasses any pH values less than 7. In
some embodiments, the acid pH is less than 7, while in some other embodiments, the pH is less than
about 6, 5, 4, 3, 2, orlower. In some alternative embodiments, the recombinant amylases of the
present invention are stable at pH levels of 2 to 4. However, it is not intended that the present

invention be limited to any specific pH value or range of values.

{6088} Asused herein, the phrase “gastric challenge” refers to the exposure of the recombinant
amylases of the present mvention to a low pH cnvironment and the presence of at least one enzyme
(e.g., pepsin), such that the recombinant amylase is exposed to the conditions that may be encountered

in the stomach (e.g., the human stomach).

{0089] As used herein, the phrase “intestinal challenge” refers to the exposure of the recombinant
amylases of the present invention to a neutral pH environment and the presence of at least one
protease (c.g., micstinal proteascs such as trypsin and/or chymotrypsin) and/or at least onc bile salt
{e.g., sodium taurocholate), such that the recombinant lipase 1s exposed to the conditions that may be

encountered in the intestinal tract {e.g., human intestines).

{8090] As used herein, the phrase “mudtiple challenges in sequence” refers to the exposure of the
recombinant amylases of the present invention to a series of challenge conditions. For example, in
some embodiments, a onc hour heat challenge was followed by a one hour gastric challenge, and then
followed by a one hour intestinal challenge. It is not intended that the present invention be limited to

any spectfic challenges and/or challenge conditions or a specific sequence of challenges.

{3091 The terms “thermal stability” and “thermostability” refer to the ability of a protein {e.g., a
recombinant amylase of the present invention} to function at a particular temperature. In some
embodiments, the term refers to the ability of a protein to function following incubation at a particular
temperature. In some embodiments, the recombinant amylases of the present invention are
“thermotolerant” (i.¢., the enzymes maintain their catalytic activity at elevated temperatares). In some
embodiments, the recombinant amylases resist inactivation at clevated temperatures and in some
embodiments, maintain catalytic activity at elevated temperatures for prolonged exposure times.
These terms are used interchangeably herein. It is not intended that the present invention be limited to
any specific temperature and/or exposure time. Such stability can be measured by any method known
in the art (e.g., the methods described herein). It 1s not intended that the present invention be limited

to any specific temperature stability level nor temperature range. In some embodiuments, thermal
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stability is measured following incubation of a protein (¢.g.. a recombinant amylase of the present

mvention) at a particular temperature.

{0092] As used herein, the term “chemical stability” refers to the ability of aprotein (e.g., a
recombinant amylase of the present invention) to function in the presence of a chemical that adversely
affects the function of another protein. It is not intended that the present invention be limited to any

spectfic chemical stability level nor range of chemical stabilities.

[6093] Asused herein, the term “conversion” refers to the enzymatic conversion {or
biotransformation) of a substrate(s) to the corresponding product(s). “Percent conversion” refers to the
percent of the substrate that is converted to the product within a period of time under specified
conditions. Thus, the “enzymatic activity” or “activity” of an amylase polypeptide can be expressed as

“percent conversion” of the substrate to the product in a specific pertod of time.

[0094] As used herein, “hybridization stringency” relates to hybridization conditions, such as
washing conditions, in the hybridization of nucleic acids. Generally, hybridization reactions are
performed under conditions of lower stringency, followed by washes of varving but higher stringency.
The term “moderately stringent hybridization” refers to conditions that permit target-DNA to bind a
complementary nucleic acid that has about 60% identity, preferably about 75% identity, about 85%
identity to the target DNA, with greater than about 90% identity to target-polynuclectide. Exemplary
moderately stringent conditions are conditions equivalent to hybridization in 50% formamide, 5x
Denhart's solution, 5xS5PE, 0.2% SDS at 42°C, followed by washing in 0.2x5SPE, 0.2% SDS, at
42°C.  “High stringency hybnidization” refers generally to conditions that are about 10°C or less
from the thermal melting temperature 7., as determined under the solution condition for a defined
polynucleotide sequence. In some embodiments, a high stringency condition refers to conditions that
permit hybridization of only those nucleic acid sequences that form stabie hybrids in 0.018M NaCl at
65°C (i.e., if a hybrid is not stable in 0.018M NaCl at 63°C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for example, by
hybndization in conditions equivalent to 50% formanude, 5% Denhart's solution, 3xSSPE, 0.2% SDS
at 42°C, followed by washing in 0.1xSSPE, and 0.1% SDS at 65°C. Another high stringency
condition 1s hybridizing in conditions equivalent to hybridizing in 5X SSC containing 0.1% (wiv)
SDS at 65°C and washing in 0.1x SSC containming 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderately stringent conditions, are described in the references

cited above.

{0095} Asused herein, a “vector” is a BDNA construct for introducing a DNA sequence into a cell. In
some embodiments, the vector is an expression vector that is operably linked to a suitable control
sequence capable of effecting the expression i a suitable host of the polypeptide encoded in the DNA

sequence. In some embodiments, plasmids find use as vectors. In some embodiments, an "expression
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vector” has a promoter sequence operably linked to the DNA sequence (e.g., transgence) to drive

expression in a host cell, and in some embodiments, also comprises a transcription terminator

172

cquence.

{0096} As used herein, “codon optimized” refers to changes in the codons of the polynucleotide
encoding a protein to those preferentially used in a particular organism such that the encoded protein
1s more cfficiently expressed in the organism of interest. Although the genetic code is degenerate in
that most amino acids are represented by several codons, called “synonyms™ or “synonymous”
codons, it is well known that codon usage by particular organisms is nonrandom and biased towards
particular codon triplets. This codon usage bias may be higher in reference to a given gene, genes of
common function or ancestral origin, highly expressed proteins versus low copy number proteins, and
the aggregate protein coding regions of an organism's genome. In some embodiments, the
polynucleotides encoding the amvlase enzymes may be codon optimized for optimal production from

the host organism selected for expression.

16097} As used herein, “control sequence” includes all components that are necessary or
advantageous for the expression of a polynucleotide and/or polypeptide of the present application.
Each control sequence may be native or foreign to the nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are not limited to, a leader, polyadenylation
sequence, propeptide sequence, promoter sequence, signal peptide sequence, initiation sequence and
transcription torminator. At a nunimum, the control sequences include a promoter, and transcriptional
and translational stop signals. The control sequences may be provided with linkers for the purpose of
introducing specific restriction sites facilitating ligation of the control sequences with the coding

region of the nucleic acid sequence encoding a polypeptide.

{8098} Asused herein, the term “operably linked” is defined herein as a configuration in which a
control sequence is appropriately placed (i.c., m a functional relationship) at a position relative to a
polynucleotide of interest such that the control sequence directs or regulates the expression of the

polynucleotide and/or polypeptide of interest.

{8099} Asused herein, “promoter sequence” refers to a nucleic acid sequence that 1s recognized by a
host cell for expression of a polynuclestide of interest, such as a coding sequence. The promoter
sequence contains transcriptional control sequences, which mediate the expression of a polynucleotide
of interest. The promoter may be any nucleic acid sequence that shows transcriptional activity in the
host cell of choice including mutant, truncated, and hybrid promoters, and may be obtained from
genes encoding extracellular or intracelhilar polypeptides either homologous or heterologous to the

host cell.

[0100] As used herein, the phrase “suitable reaction conditions” refers to those conditions in the

enzymatic conversion reaction solution {e.g., ranges of enzyme loading, substrate loading,

38



WO 2022/047264 PCT/US2021/048108

temperature, pH, buffers, co~solvents, ctc.) under which a amvlase polypeptide of the present
application is capable of converting a substrate to the desired product compound, Exemplary “suitable

reaction conditions” are provided in the present application and illustrated by the Examples.

{0101} As used herein, “loading,” such as in “compound loading” or “enzyme loading™ refers to the

concentration or amount of a component in a reaction mixture at the start of the reaction.

{0162] Asused herein, the term “substrate” used in the context of an cnzymatic conversion reaction

process refers to the compound or molecule acted on by the amylase polypeptide.

{0103} As used herein, the term “product” used in the context of an enzymatic CONversion process
refers to the compound or molecule resulting from the action of the amylase polypeptide on a

substrate.

[0104] As used herein, the term "expression” includes any step mvolved in the production of the
polypeptide including, but not limited to, transcription, post-transcriptional modification, translation,
and post-translational modification. In some embodiments, the term also cncompasses secretion of

the polypeptide from a cell.

[0105] As used herein, the term “produces™ refers to the production of proteins and/or other
compounds by cells. It is intended that the term encompass any step involved in the production of
polypeptides including, but not limited to, transcription, post-transcriptional modification, translation,
and post-translational modification. In some embodiments, the term also encompasses secretion of the

polypeptide from a cell.

0106] As used herein, an ammo acid or nucieotide sequence (e.g.. a promoter sequence, signal
> foe 2
peptide, terminator sequence, etc.) is "heterclogous” to another sequence with which it is operably

linked if the two sequences are not associated i nature.

{6107} Asused herein, the terms “host cell” and “host strain™ refer to suitable hosts for expression
vectors comprising DNA provided herein (e.g., the polynucleotides encoding the amylase variants).
In some embodiments, the host cells are prokaryotic or eukarvotic cells that have been transformed or

transfected with vectors constructed using recombinant DNA techniques as known in the art.

[0108] The term “analogue™ means a polypeptide having more than 70% sequence identity but less
8 [t)

(V]
than 100% sequence identity {¢.g., more than 75%, 78%, 80%, 83%, 85%, 88%, 90%, 91%. 92%,
93%, 94%, 95%, 96%, 97%, 98%., 99% scquence identity) with a reference polypeptide. fo some
embodiments, analogues comprise polypeptides that contain one or more non-naturally occurring
amino acid residues including, but not imited, to homoarginine, omithine and norvaline, as well as

naturally occurring amine acids. In some embodiments, analogues also include one or more D-amino

acid residucs and non-~peptide linkages between two or more amino acid residucs.
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[0109] As used herein, the term “culturing” refers to the growing of a population of cells under any
suitable conditions {e.g., using a hiquid, gel or solid medium). In some embodiments, the cells are
microbial cells {e.g., bacteria), while in some other embodiments, the cells are mammalian cells,
insect cells, or celis obtained from another animal. It is not intended that the present invention be
limited to culturing of any particular cells or cell types or any specific method of culturing. Indeed, it
is intended that the present invention encompass any suitable cell types cultured under any suitable

conditions.

{8110] Asused herein, the term “therapeutic” refers to a compound that provides beneficial or
destrable effects, including medical effects, that is administered to a subject who shows signs or

symptoms of pathology.

[0111] Asused herein, the term “pharmaceutical composition” refers to a composition suitable for
pharmaceutical use in a subject (e .g., human) comprising a pharmaceutically effective amount of an

engineered amylase polypeptide encompassed by the invention and an acceptable carrier.

[8112] As used herein, the term “effective amount”™ means an amount sufficient to produce the
desired result. Onc of general skill in the art may determine what the effective amount by using

routine cxperimentation.

[0113] As used herein, the term “subject” encompasses animals, including but not limited to
mammals such as humans, non-human primates, livestock, companion amimals, and laboratory
animals {e.g., rodents and lagamorphs). It is intended that the term encompass females as well as

males.

{0114} Asused herein, the term “paticnt” means any subject that is being assessed for, treated for, or

is experiencing discase.

{0115} Asused herein, the term “infant” refers to a child in the period of the first month after birth to
approximately one (1) vear of age. As used herein, the term “newborn” refers to child in the period
from birth to the 28% day of life. The term “premature infant” refers to an infant born after the
twentieth completed week of gestation, yet before full term, generally weighing ~500 to ~2499 grams

at birth. A “very low birth weight infant” is an infant weighing less than 1500 g at birth.

[0116] Asused herein, the term “child” refers to a person who has not attained the legal age for
consent to treatment or research procedures. In some embodiments, the term refers to a person

between the time of birth and adolescence.

{6117} Asused herein, the term “adult” refers to a person who has attained legal age for the relevant
jurisdiction {e.g.. 18 years of age in the United States). In some embodiments, the term refers to any
fully grown, mature organism. In some embodiments, the term “young adult” refers to a person less

than 18 vears of age, but who has reached sexual maturity.
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[0118] As used herein, “composition” and “formulation” encompass products comprising at least one
engineered amylase of the present invention, intended for any suitable use {¢.g., pharmaceutical

compositions, dietary and/or nutritional supplements, feed, etc.).

[0119] Asused herein, the terms “administration” and “administering” a composition mean
providing a composition of the present invention to a subject {¢.g., to a person suffering from the

effects of pancreatic insufficiency).

[6120] As used herein, the toeoms “carrier” when used m reference to a phammaceutical composition
means any of the standard pharmaceutical carrier, buffers, and excipients, such as stabilizers,

preservatives, and adjuvants.

{6121} Asused herein, the term “pharmaceutically acceptable™ means a material that can be
administered to a subject without causing any undesirable biclogical effects or interacting in a
deleterious manner with any of the components in which it is contained and that possesses the desired

biological activity.

[3122] As used herein, the term “excipient” refers to any pharmaceutically acceptable additive,
carrier, diluent, adjuvant, or other ingredient, other than the active pharmaceutical ingredient (APL;
¢.g., the engincered amylase polypeptides of the present invention). Excipients are typically included

for formulation and/or administration purposes.

[6123] Asused herein, the term “therapeutically effective amount” when used in reference to
symptoms of disease/condition refers to the amount and/or concentration of a compound {(e.g.,
enginecered amylase polypeptides) that ameliorates, attenuates, or eliminates one or more symptom of

a disease/condition or prevents or delays the onset of symptom(s).

{0124] Asused herein, the term “therapeutically effective amount” when used in reference to a
disease/condition refers to the amount and/or concentration of a composition {¢.g., cngineered
amylase polypeptides} that amehorates, attenuates, or eliminates the disease/condition. In some
embodiments, the term 1s use in reference to the amount of a composition that elicits the biological
(e.g., medical} response by a tissue. system, or animal subject that is sought by the researcher,

physician, veterinarian, or other clinician.

[6125] Asused herein, the terms “treating,” “treat.” and “treatment” refer to medical care given to a
subject {e.g., a human patient), including admimstration of pharmaceutical compositions, such as

9 4¢

those provided herein. It s mtended that the terms “freating,” “treat” and “treatment” encompass
preventative {e.g., prophylactic), as well as palliative treatment or care. In some embodiments,
treatment is provided to prevent or ameliorate the symptoms of disease. In some embodiments, the
pharmaceutical compositions of the present invention find use in the treatment or prevention of

pancreatic enzyme insufficiency disease or conditions.

Vil
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Engineered Amvlase Polvpeptides

{3126} The present invention provides engincered amyvlases suitable for various uses, including
treatment of pancreatic enzyme insufficiency. In some embodiments the engineered amylase exhibits
at least one improved property compared to wild-type amylase (e.g., the polypeptide of SEQQ ID NO:
2}. In some embodiments, the enginecred amylase has at least about 75%, at least about 753%, at least
about 80%, at icast about 85%, at least about 88%, at lcast about 90%, at least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 93%, at least about 96%, at least
about 97%, at least about 98%, at least about 99%, or at about 100% amino acid sequence identity
with SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, and an amino acid residue difference as compared
to SEQ ID NG: 2, 18,40, 136, 174,276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, at one or more amino acid positions (such as at 1,
2,3,4.5.6,7,8.9,10, 11, 12, 13. 14, 15, 16. 17, 18. 19, 20, 21, 22, 23. 24, 25, 26, 27, 28. 29. 30. or
more amino acid positions compared to SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, ora
sequence having at least 70%, 75%, 80%, 85%, at least 88%, at least 90%, at least 91%, at least 92%,
at least 93%, at least 94%, at least 95%, at least 96%. at least 97%, at least 98%, at least 99% or
greater amino acid sequence identity with SEQ ID NO: 2, 18, 40, 136, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiment the residue difference as compared to SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, at
one or more positions include atleast 1,2, 3.4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22,23,24, 25,26, 27,28, 29, 30, or more conservative amino acid substitutions. In some
embodiments, the engineered amylase polypeptide comprises a polypeptide listed in Table 4-1, 4-2, 4-
3,4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14; or a polypeptide listed in Table 4-1,
4-2.4-3, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, wherein the polypeptide is absent the
histidine tag and preceding amino acid linker. In some embodiments, the engineered amylase
polypeptide comprises SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988,
1104, 1122, 12241256, 1370, 1404, 1494, 1580, 1612, or 1728.

{0127} The present invention provide recombinant amylases and/or biologically active recombinant
amylase fragments comprising anmino acid sequences comprising at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 91%, at least about
2%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NO: 2. In some
embodiments, the recombinant amylase and/or biologically active recombinant amylase fragment

comprises a polvpeptide sequence having at least about 70%, about 75%, about 76%, about 77%,
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about 78%, about 79%, about 80%, about 81%, about 82%, about 83%, about 84%, about 85%, about
86%, about 87%, about 88%, about 89%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, or more sequence identity to SEQ ID NO:
2, 18,40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404,
1494, 1580, 1612, or 1728,

[0128] The present invention provide recombinant amylases and/or biologically active recombinant
amvlase fragments comprising amino acid sequences comprising at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 91%, at least 929%, at least 93%, at least 94%, at lcast 95%, at
least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ ID NO: 2. In some
embodiments, the recombinant amylase compriscs a polypeptide sequence having at least 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
sequence identity to SEQ ID NO: 2, or a functional fragment thereof, and comprises one or more

substitutions relative to the sequence of SEQ ID NG:2.

[6129] In some embodiments, the recombinant amylase comprises a polypeptide sequence having at
feast 70%. 75%, 80%. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%,
98%, 99%, or more sequence identity to SEQ 1D NO: 2, or a functional fragment thercof, and wherein
the recombinant amylase comprises one or more substitutions at positions selected from 2, 6, 16, 18,
19,24, 26,27,29,31,33,37,38, 39,41, 45,48, 49, 51, 52, 58,61, 66, 72, 73, 74, 81, 82, 91, 92, 94,
95,908,103, 111, 112, 114, 122, 123, 124, 126, 127, 128, 129, 130, 131, 132, 134, 137, 140, 141, 145,
149, 157, 138, 165, 166, 167, 170, 171, 172, 178, 180, 183, 184, 189, 194, 203, 204, 205, 206, 210,
214,216,220, 221, 223, 224,225, 226, 227, 228, 246, 250, 252, 253, 254, 255, 256, 257, 258, 259,
268,269, 270,272, 275,276,279, 280, 282, 284, 285, 286, 294, 295, 298, 301, 302, 304, 305, 306,
308, 309, 310, 313, 315, 317, 319, 322, 324, 331, 3388, 345, 346, 349, 339, 360, 366, 371, 374, 380,
383, 384, 385, 387, 388, 392, 393, 304, 396, 397, 409, 411, 412, 413, 415, 417, 420, 423, 428, 429,
431,437L 441,442, 444 446, 448, 451, 455,458, 459, 463, 464, 466, 467, 468, 469, 470, 473, 474,
480, 481, 482, 483, 491, 492, 493, 494, and 495, wherein the amino acid positions of the polypeptide

sequence arc numbered with reference to SEQ 1D NO: Z or 18,

[0130] In some embodiments, the one or more substitutions arc at positions sclected from 16; 26; 29;
33:49; 58, 91; 114; 122; 126; 128; 130; 141; 145; 157, 158; 180; 183; 184; 205; 206, 210; 214; 223,
246;256; 270, 272, 286; 298; 302; 306, 322; 371, 380, 383; 394, 412; 413, 428, and 437. In some
embodiments, the one or more substitutions are at positions selected from 16, 26, 29, 33, 49, 91, 38,
114, 122, 128, 130, 141, 145, 157, 158, 183, 246, 256, 270, 272, 286, 298,302,322, 371, 380, 383,
394, 412, and 413. Tn some embodiments, the one or more substitutions arc at positions selected from
16, 26,29, 33, 91, 114, 122, 128, 130, 145, 157, 158, 183, 256, 270, 272, 302, 322, 371, 383, and 394,
412 In some embodiments, the one or more substitutions are at positions selected from 16, 33, 157,

256,302,371, and 383,
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[0131] In some embodiments, the one or more substitutions are selected from 2K or L; 61; 16D; 18S;
19E; 24V, 26A; 271, 29G, R, S, A, or E; 31L; 33E; 37T or R; 381; 391; 41F; 455; 48D; 49A; 51R;
52R; 38T or A; 61Y, 66L; 72T; 73V, 74A; 81E; 82A; 91H; 92A E. G, or ; 94G; 95L or V; 98I,
103D or L; 111A; 112Q; 114Hor R; 122P, or R; 123E, C. G, or R; 124N or R, 126C, D, E, K, L. M,
N,Q W. R orS; I27E, LR, S, V, or W; 128W; 129C or W 130D; 131H; Roor Y 132V 134A  F, or
R; 137A; 140K or V; 141F,; 145G; 149K, R, or T; 157Y; 158R; 165V, 166L; 167W or Y; 170S; 171,
172K or R; 178%; I80E, P, or Q; 183E, N, or V. 184D or K; 189D, 194F  E, or R; 2038; 204D 205V,
206E; 210G or P; 214G, L, or R; 216L; 220G; 221T or V; 223L; 224L.; 225G, D, or T; 2261, 227C or
V228V, 246R or T; 250D; 2521 233R; 254G or §; 255Mor R; 2568 257E,. G, R, 8, or V. 258Q or
S; 259C, B, Q, R, or W; 268T; 269F; 270D; 272G, K, P, R, or 5; 2751 or R; 2763, A, or K; 2791, R,
orV;280C or L; 282R or T; 284C, L, M, R, S, or Y; 285V, 286T; 294H, A, or L; 295N, 298H, K, M,
Q. D, orN; 301K; 3020, G, H, R, V, or W, 304T; 3050, R, or W 306F; 308L; 309A or §; 310R;
313D; 3158; 317G 3191 or S; 322R or A; 3247, 331P; 3388S; 345A; 346G; 349R; 359G, 360G,
366L; 371F; 3748; 380R; 383E, or L; 384M; 385L,; 387G or V; 388E; 392C; 393R, §, or W; 3%4E, G,
N, R or§;396H, E, or 3, 397M or T: 409A, R, 8, or W, 411E; 412A, L, D, or 8; 413Y. 413C or G;
417W; 420V, 423V 428F or T; 4298; 431T; 437L; 441R or W 442E, R, or W: 444G, R, or V; 446G;
448P, Qor T, 451F; 45351, R, T, or W, 458F; 459W; 463 M, 4641.; 466C or E; 467P or W, 4681, T, or
V; 46914708, G, L, S, or T, 473D or M; 474G; 480P, T, or L; 481V, 482L; 483A, Q, or T; 491L;
492G or R; 493D; 494C; and 495E, G, L, or Y. In some embodiments, the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18, In some further
embodiments, the amino acid positions of the polvpeptide sequence are numbered with reference to
SEQ ID NGO: 40, 156, 174, 276,308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256,
1370, 1404, 1494, 1580, 1612, or 1728, a further described herein.

{6132} In some embodiments, the recombinant amylase and/or biclogically active recombinant
amylase fragment comprises a polypeptide sequence having at least 70%, 75%, 80%, 85%, 86%,

87%. 88%. 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%., 99%. or more sequence identity
to SEQ ID NO: 18, 40, 156, 174, 276,308, 422, 456, 546, 632, 664, 780, 988, 1104, 11221224,
12536, 1370, 1404, 1494, 1580, 1612, or 1728. In some embodiments, the recombinant amylase and/or
biologically active recombinant amylase fragment comprises a polypeptide sequence having at least
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664,
780,988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, or 1728, with the proviso that

recombinant amylase does not have the polypeptide sequence of SEQ ID NG:2.

{8133] In some embodiments, the recombinant amylase and/or biologically active recombinant
amylase fragment comprises a polypeptide sequence having at least 70%, 75%, 80%, 85%, 86%,

87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity

Ade
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to SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, or 1728, and further comprises one or more substitutions. In
some embodiments, the recombinant amylase and/or biologically active recombinant amylase
fragment comprises a polypeptide sequence having at least 70%, 75%, 80%, 85%, 86%. 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%. 98%, 99%, or more sequence identity to SEQ ID
NO: 18, 40, 136, 174, 276, 308, 422, 436, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370,
1404, 1494, 1580, 1612, or 1728, and further comprises one or more substitutions at positions selected
from 2, 6, 16, 18, 19,24, 26, 27,29, 31,33, 37,38, 39, 41, 45, 48,49, 51,52, 58,61, 66,72,73, 74,
81,82,91,92, 94,95 98, 103, 111, 112, 114, 122,123, 124, 126, 127, 128, 129, 130, 131, 132, 134,
137,140, 141, 145, 149, 157, 158, 165, 166, 167, 170, 171, 172, 178, 180, 183, 184, 189, 194, 203,
204,205, 206,210,214, 216, 220, 221, 223, 224, 225,226,227 228, 246,250, 252, 233, 254, 255,
256,257,258, 259, 268, 269, 270, 272,275, 276, 279, 280, 282, 284, 285,286, 294, 295, 298, 301,
302, 304, 303, 306, 308, 309, 310,313, 315, 317, 319, 322, 324, 331, 3388, 345, 346, 349, 359, 360,
366,371,374, 380, 383, 384, 385, 387, 388, 392, 393, 394, 396, 397, 409, 411, 412,413, 415,417,
420, 423, 428, 429, 431, 4371 441, 442 444 446, 448 451, 455, 458, 459, 463, 464, 466, 467, 468,
469, 470, 473, 474, 480, 481, 482, 483, 491, 492, 493, 494 and 495, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ 1D NO: 18, 40, 156, 174, 276, 308,
422,456, 546,632 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, or 1728.

In some embodiments, the amino acid substitutions described above for the positions can be used.

{30134] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 70%, 75%, 80%, 85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thereof,
and wherein the recombinant amylase comprises one or more substitutions at positions selected from
16,26, 29,33, 91, 114,157, 158, 180, 184, 214, 223, 256,272, 298,302, 371, 380, 383,394 412 428,
and 437, wherein the amino acid positions of the polypeptide sequence are numbered with reference

to SEQ ID NO: 2 or 18,

[0135] In some additional cabodiments, the recombinant amylase comprises a polypeptide sequence
having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity to SEQ 1D NO: 2 or 18, or a functional fragment thereof]
and wherein the recombinant amylase comprises one or more substitutions selected from 16D, 26A,
29G, 29R, 2985, 29A, 29E, 33E, O1H, 114H, 157Y, 158R, 1R80E, 180Q, 184D, 184K, 214G, 223L,
256T, 272G, 272K, 272P, 272R, 2725, 298H, 302Q, 302G, 302H, 302R, 302V, 302W, 371F, 380R,
383E, 3831, 394N, 3948, 394G, 412A, 4121, 412D, 4128, 428T, and 437L, wherein the amino acid

positions of the polypeptide sequence are nambered with reference to SEQ ID NO: 2 or 18.

[6136] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence

having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%. 96%,

-45.
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97%. 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thercof,
and wherein the recombinant amylase comprises at least one substitution or substitution set at one or
more positions selected from 2/73/256/493, 16/33/73/130/256/282/371/374/493,
16/33/130/2536/302/371/383/470, 16/33/157/256/302/371/383, 16/73/74/256/282/366/371/383/493,
16/73/256/282/302/331/371/383, 16/130/256/276/374/470, 16/256/302/374, 19/72/345/473,
26/27/396/412/428/473, 26/27/412, 26/27/466/473, 29, T3/130/256/282/302/493, 74/371/374/383/493,
130/256/493, 149, 158, 254, 256, 256/383, 237, 259,272, 279, 284, 317/383, 322, 345/388/396/428,
388/396/412/428, 396/412, 396/412/428/466, 409, 412, and 495, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ 1D NO: 2 or 18, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
sequence identity to SEQ ID NO: 2 or 18, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution sct selected from
2K/T3V/2568/493D, 16D/33E/73V/130D/2568/282D/371F/3745/493D,
16D/33E/130D/2568/302G/371F/383E/470T, 16D/33E/157Y/2568/302Q/371F/383E,
16DY/73V/74A/2568/282D/366L/3T1F/383E/493D, 16D/73V/2565/282D/3020Q/33 1P/371F/383E,
16D/13013/2565/2760Q/3745/4707T, 16D/2565/302Q/3748, 19E/72T/345A/473D,
26A/27L/396H/412D/428E/473D, 26 A/2TL/412D, 26 A/2TL/466E/473D, 29G, 29R, 298,
73V/1300/2565/282D/302G/493D, 74A/371F/3748/383E/493D, 130D/2565/493D, 149R, 149T,
158R, 254G, 2548, 2368, 2568/383E, 237E, 257G, 257R, 2578, 257V, 259Q, 272G, 272K, 272P,
272R, 2728, 279R, 284C, 284R, 2848, 284Y, 317G/383L, 322A, 345A/388E/396H/428E,
388E/396H/412D/428E, 396H/412D, 396H/412D/428E/466F, 4098, 4128, 495E, 4951, and 495Y,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID
NG: 2 or 18. In some further embodiments, the recombinant amvlase comprises a polypeptide
sequence having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 2 or 18, or a functional
fragment thereof, and wherein the recombinant amylase comprises at least one substitution or
substitution set selected from R2ZK/173V/A2568/E493D,
E16D/D33EA73V/EL30D/A2565/E282D/Y 371 F/H3745/E493D,
E16D/D33E/E130D/A2568/M302Q/Y37IF/Q3R3E/V4T70T,
E16D/D33E/F157Y/A2568/M302Q/Y371F/Q383E,
E16DAT3V/PT4A/A2565/E282D/F366L/Y371F/Q383E/E493D,
E16D/173V/A256S/E282D/M302Q/H331P/Y371F/Q383E,
E16D/E130D/A2568/T2760Q/H3745/V4AT70T, E1I6D/A2565/M302(Q/H3748,
KI9E/ST2T/P345A/E4T3D, E26A/R27L/D396H/L412D/D428E/E473D, E26A/R27TL/LAIID,
E26A/R2ZTL/Q466E/E4T73D, D29G, D29R, D298, 173V/E130D/A2568/E282D/M302Q/E493D,
PTAA/Y3TIF/H3745/Q383E/E493D, E130D/A2565/E493D, Q149R, Q149T, K138R, E254G, E254S,
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A256S, A2565/Q383E, P257E, P257G, P25TR, P2578S, P257V, P259Q, D272G, D272K, D272P,
D272R, D2728, D279R, K284, K284R, K2845, K284Y, V317G/Q383L, F322A,
P345A/D388E/D396H/D428E, D3RRE/D396H/L412D/D428E, D396H/L412D,
D396H/L412D/D428E/Q466E, V4095, L4125, 1495E, 14951, and 1495Y, wherein the amino acid

positions of the polvpeptide sequence are numbered with reference to SEQ 1D NO: 2 or 18,

{0137} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 40 or 988, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions sclected from 26/29/158/272/412, 26/29/272/279/412/493, 26/29/272/396/412,
26/29/279/412/428, 26/158/272/279/388/412/428, 26/158/272/412, 26/272/279/412/428/493,
29/272/279/396/412, 130/149/254/284/322/409/495, 130/149/257/284/322/409/466/473,
130/254/284/322/374/409/466, 130/257/284/374/409/466, 130/284/322/374/409/473,
149/257/284/322/409/466, 158/272/279/394/396/412/428/493, 158/272/388/412/428/493,
158/272/412/428, 158/279/38R8/356/412/428, 254/257/284/322/409/473, 254/284/409/466/455,
272/279/412/428/493, 272/412/428, 272/412/493, and 284/322/409/473, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NQO: 46 0or 988. In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%. 86%, 87%, 88%. 89%, 90%, 01%. 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%. or
more sequence identity to SEQ ID NO: 40 or 988, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
26A29R/158R/272G/412D, 26A/29R/2T2G2T9R/412D/493D, 26A/29R/272G/396H/412D,
26A/29R/2TOR/412D/428E, 26A/158R/272G/2TOR/388E/412D/428E, 26 A/158R/272G/412D,
26A/272G/2T9R/412D/428E/493 0, 29R/272G/279R/396H/412D,
130D/149R/2545/2848/322A/4008/495E, 130D/149R/257G/2848/322A/4098/466E/473D,
130D/2548/2848/322A/3748/4095/466F, 130D/257G/284S5/3745/4095/466E,
130D/2848/322A/3745/4098/473D, 149R/257G/2845/322A/4098/466E,
1538R/272G/279R/394R/396H/412D/428E/493D, 158R/272G/388E/412D/428E/493 D,
158R/272G/412D/428E, 158R/279R/388E/396H/412D/428E, 2548/257G/2845/322A/4098/473D,
2548/2848/4098/466E/495E, 272G/2T9R/412D/428 /493D, 272G/412D/428E, 272G/412D/493D,
and 2845/322A/409S/473D, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 40 or 988, In some further embodiments, the recombinant
amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NG: 40 or
988, or a functional fragment thereof, and wherein the recombinant amvlase comprises at least one

substitution or sabstitution set selected from E26A/D29R/KI158R/D272G/L412D,
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E26A/D29R/D272G/D2T9R/MA12D/E4A93D, EZ6A/D29R/MD272G/D396H/412D,
E26A/D29R/D279R/L412D/D428E, E26A/K158R/D272G/D279R/D388E/L412D/D428E,
E26A/K158R/D272G/L412D, E26A/D272G/D279R/L412D/D428E/E493D,
D29R/D272G/D279R/D396H/L4 12D, E130D/Q149R/E254S/K2845/F322 A/V4095/1495E,
E130D/Q149R/P257G/K284S/F322A/V409S/QA66E/E4AT3D,

E130D/E2545/K284S/F322 A/H3748/V4095/Q466E, E130D/P257G/K2845/H3748/V4095/Q466F,
E130D/K2848/F322A/H3748/VA09S/E4T73D, Q149R/P257G/K2848/F322A/VA098/Q466E,
KI138R/B272G/D279R/Q394R/D396H/L412D/D428E/E493D,
KI158R/D272G/D38RE/L412D/D428E/E493D, KI1S8R/D272G/L412D/D428E,
KI58R/D279R/D388E/D396H/LA412D/D428E, E254S/P257G/K284S/F322 A/V409S/E473D,
E2545/K284S/V4095/Q466E/1495E, D272G/D279R/L412D/D428E/EA93D, D272G/L412D/D428E,
D272G/L412D/E493D, and K2848/F322A/V4098/E473D, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ 1D NO: 40 or 983,

[0138] In some additional embodiments, the recombinant amylase comprises a polypeptide scquence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 156 or 1104, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions sclected from 37, 51, 91, 111, 112, 114, 122, 124, 128, 140, 167, 171, 183, 194, 276, 280,
298, 397, and 464, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ ID NO: 156 or 1104. In some further embodiments, the recombinant amylase
comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%. 99%, or more sequence identity to SEQ ID NQO: 156 0r 1104, ora
functional fragment thereof, and wherein the recombinant amylase comprises at least one substitution
or substitution set selected from 37R, 51R. 91H, 111A, 112Q, 114H, 122P, 122R, 124R, 128W,
140K, 167W, 1711, 183K, 183N, 183V, 194E, 194R, 276A, 276K, 280L, 298K, 298M. 39771, and
4641, wherein the amino acid positions of the polypeptide sequence are numbered with reference to
SEQ ID NQO: 156 or 1104, In some further embodiments, the recombinant amylase comprises a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ D NG: 156 or 1104, or a functional
fragment thercof, and wherein the recombinant amyvlase comprises at least one substitution or
substitution set selected from N37R, G51R, KOIH, E111A, K112Q, A114H, A122P, A122R, D124R,
1128W, R140K, E167W, E171L, G183E, G183N, G183V, L194E, L194R, T276A, T276K, Q280L,
E298K, E298M, E397T, and N464L, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ 1D NG 156 or 1104,

[3139] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence

having at least 80%, 85%, 86%. 87%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%,
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99%., or more sequence identity to SEQ ID NO: 174 or 1122, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substifution set at one or more
positions selected from 24, 91, 91/122, 91/122/128/130/167/171/409, 91/122/128/130/183/322,
91/122/128/130/194, 91/122/128/130/322, 91/122/128/171/183/194/322, 91/122/128/183/409,
91/122/130/167/183/194/409, 91/122/130/171/183, 91/122/130/183/194, 91/122/130/194,
91/122/130/194/322, 91/122/167/171/194, 91/122/167/171/194/322, 91/122/171/183/194/409,
91/130/171/183/322/409, 91/167/171,91/167/183/194, 91/167/322, 91/183, 91/183/322/409, 61/194,
91/322, 917409, 122/128, 122/128/194/409, 122/130/171/322/409, 122/409,
137/145/227/394/480/48 1, 137/145/295, 145/227/295/481, 145/309/481, 183, 227, 295/394, 322,
322/409, 394, and 480/48 1, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 174 or 1122, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%. 98%, 99%. or more sequence identity to SEQ ID
NO: 174 or 1122, or a functional fragment thereof, and wherein the recombinant amylase comprises at
feast one substitution or substitution set selected from 24V, 91H, 91H/122P,
O1H/122P/130D/183N/194R, 91H/122P/130D/194R/322A, 91H/122R,
O1H/122R/128W/130D/16TW/ 171174098, 91TH/122R/128W/130D/183N/3224A,
9IH/122R/128W/130D/194R, 91H/122R/128W/130D/322A,
SIH/12ZR/128W/1711/183N/194R/322A, S1H/122R/128W/183N/4008,
S91H/122R/130D/167TW/183N/194R/4098, 91H/122R/130D/1711/183N, 91H/122R/130D/194R,
S1TH/122R/16TW/TTH/194R, 91TH/122R/16TW/LTII/194R/322A, 91H/122R/17H/183N/194R/4098,
OTH/130D/1711/183N/322A74098, OTH/I6TW/1 711, O1H/16TW/183N/194R, 91H/16TW/322A,
91H/183N, 91H/183N/322A/4098, 91H/194R, S1H/322A, 91H/4098, 122P/4008, 122R/128W,
122R/128W/194R/4098, 122R/130D/1711/322A/4098, 137A/145G/2271L/394E/480P/481V,
137A/145G/295N, 145G/2271/295N/481V, 145G/3095/481V, 183N, 2271, 295N/394E, 3224,
322A/4098, 394E, and 480T/481V, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ D NO: 174 or 1122, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%., 86%, 87%. 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO: 174 or 1122, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution set selected from L24V, K91H, K91H/A122P,
KOIH/A122P/E130D/G183N/LI94R, K9TH/A122P/EI130D/L194R/F322A, KOTH/AI22R,
KOTH/A122R/TIZ28W/ETI30D/E16TW/ETT1V/V409S, KOTH/AI22R/T128W/E130D/G183N/F3224A,
KOTH/AI22RMIZ2EW/EI30D/L194R, KOTH/A122R/M128W/E130D/F322A,
KOIH/AI122R/FI28W/ET TG I83N/L194R/F322A, KOTH/AT22R/T1 28W/G183N/V4Q9S,
KOTH/A122R/ET30D/E16TW/GI83N/L194R/V400S, KOTH/AT22R/ET130D/E1711/G183N,
KOTH/AI122R/EI30D/L194R, KOIH/A122R/E16TW/ELTIVLI94R,
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KOIH/AI22R/EI6TW/EITI/LI94R/F322A, KOTH/A122R/E17IV/GI83N/L194R/V409S,
KOIH/EIZOD/EITI/GI83N/F322A/V409S, KSIH/EIGTW/ELTH, KOTH/EI6TW/GI83N/L194R,
KOTH/E16TW/F322A, K9TH/G183N, K9TH/GI83N/F322A/V409S, KOTH/L194R, KOIH/F322A,
KOTH/V409S, A122P/V409S, A122R/I128W, A122R/T128W/L194R/V409S,
A122R/EI30D/ELTIVF322A/VA098, G137A/A145G/T227L/Q3%4E/F480P/CAR1V,
GI37A/ATASG/K295N, AT4SG/T227L/K295N/C481Y, A145G/T3098/C481V, GI83N, T227L,
K295N/Q3%4E, F322A, F322A/V4098, 394E, and FA80T/C481V, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ D NO: 174 or 1122,

{0140] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%. 87%, 88%, 89%, 90%, 91%. 92%, 93%, 94%. 95%, 96%, 97%. 98%,
99%., or more sequence identity to SEQ ID NO: 276 or 1224, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 16/26/29/128/145/256/309/383, 16/26/33/114/145/309/383/394,
16/26/33/128/130/145/302/309/322/371, 16/26/33/145/158/383/394, 16/26/145/302,
16/29/33/145/256/302, 18, 26/29/33/130/145/157/158/183/394, 26/29/33/145/157/183/256/309/383,
26/29/122/130/145/183/256/272/309/394, 26/29/145/157/256/302/322/481,
26/29/145/256/272/302/309/322/481, 26/33/91/145/272/302/481, 26/33/145/309/322/383,
26/114/145/322, 26/145/183/256/309/383, 29/122/145/158/383, 29/130/145/256/272/371/394,
29/145/183/302/309/412, 29/309/394, 33/122/145/272/309/412, 91/130/145/158/183/383, 91/309/383,
130/145/256/272/371, 130/145/302/309, 130/272/481, 145/302/309, 268, 309, 349, 360, 380, 394,
463, and 483, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ ID NO: 276 or 1224, In some further embodiments, the recombinant amylase
comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
83%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 276 0or 1224, ora
functional fragment thereof, and wherein the recombinant amylase comprises at least one substitution
or substitution set selected from 16E/26E/29D/1281/145G/256A/3098/383Q,
16E26E/33D/114A/145G/3098/383Q/394E, 16E/26E/33D/1281/130E/145G/302M/3095/322F/371Y,
16E/26E/33D/145G/158K/383Q0/394E, 16E/26E/145G/302M, 16E/29D/33D/145G/256A/302M, 188,
26E/29D/33D/130E/145G/157F/158K/183G/394E,
26E/29D/33D/145G/157F/183G/256A/3098/383QQ,

26E/29D/122 A/130E/145G/183G/256A272D/3095/394E,

26E/290/145G/15TF/256 A/302M/322F/481V, 26E/29D/145G/256A/272D/302M/3095/322F/481V,
26E/33D/91K/145G/272D/302M/481V, 26E/33D/143G/3098/322F/38343, 26E/114A/145G/322F,
26E/145G/183G/256A/3098/383Q, 29D/122A/145G/158K/383Q,
29D/130E/145G/256A/272D/371Y/394E, 29D/145G/183G/302M/3005/4 121, 29D/3095/394E,
33D/122A/145G/272D/3098/412L, 91K/130E/145G/158K/183G/383(3, 91K/3095/383(,
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130E/145G/256A/272D/371Y, 130E/145G/302M/3098, 130E/272D/481V, 145G/302M/3098, 268T,
309A, 349R, 360G, 380R, 394G, 394N, 3945, 463M, and 483T, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ ID NG: 276 or 1224, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%, §7%, 88%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%, or more sequence
identity to SEQ ID NO: 276 or 1224, or a functional fragment thereof, and wherein the recombinant
amvylase comprises at least one substitotion or substitution set selected from

DI16E/AZGE/R29D/W 1 281/A145G/S2Z36A/T309S/E383Q),
DI6E/AZ6E/E33D/HI114A/A145G/T3095/E383Q/Q39%4E,
DI6E/A26E/E33D/W1281/D130E/A145G/Q302M/T3095/A322F/F371Y,
DI16E/A26E/E33D/A145G/R158K/E383(Q/Q394E, DIGE/A26E/A145G/Q302M,
DI6E/R2OD/E33D/ATASG/S2Z36A/Q302M, G188,

AZ6E/R2ZOD/E33D/DI30E/AT45G/Y 157F/RIS8K/NI83G/Q394E,

A26E/R29D/E33D/AL45G/Y ISTE/NIR3G/S256A/T309S/E383Q,
A26E/R29D/RI22A/DI30E/A145G/N183G/S256 A/G272/T309S/Q394E,

A26E/R29D/A1453G/Y 15TF/S236A/Q302M/A322F/CA81V,

AZ6E/R29D/A145G/S256 A/G272D/Q302M/T3098/A322F/C481V,
A26E/E33DMOIK/A145G/G2T2D/Q302M/C481V, A26E/E33D/AT145G/T3095/A322F/E383(,
A26E/HI14A/A145G/A322F, A26E/A145G/N183G/S256A/T3095/E383Q,
R2OD/RI122A/A145G/RIS8K/E383Q, R29D/D130E/A145G/S256A/G272D/F371Y/Q394E,
RIOD/A145G/N183G/Q302M/T3098/D4 121, R29D/T3098/Q394E,
E33D/RIZ2A/AL45G/G2T72D/T309S/D4121, HOTK/DI30E/A145G/R158K/N183G/E383(Q,
HO1K/T3095/E383Q), DI30E/A145G/S256 A/G272D/F371Y, DI30E/A145G/Q302M/T3098,
DI30E/G272D/C481V, A145G/Q302M/T3098, S268T, T309A, P349R, N360G, G380R, 394G,
(394N, 39485, G463M, and G483 T, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ ID NG: 276 or 1224,

[0141] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ D NO: 308 or 1256, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 29, 37/124/250/270/349/380/394/442/491, 37/145, 37/145/250/301/349/394,
37/145/258/442/491, 38/349/491, 81/259, 81/313/495, 92/257/258/338/468, 92/258,
04/127/132/145/250/349, 94/270/301/349/394/442, 94/349/491, 145/270, 178, 225, 226, 246,
250/349/442, 259/313/338, 270/349, 286/338, 294, 313, 349, 349/380/442, 413, 413/468, 448, and
473, wherein the amino acid positions of the polypeptide sequence are nambered with reference to

SEQ ID NO: 308 or 1256, In some further embodiments, the recombinant amylase comprises a
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polypeptide sequence having at feast 80%, 85%, 86%. 87%, §8%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 308 or 1256, or a functional
fragment thereof, and wherein the recombinant amylase comprises at least one substitution or
substitution sct selected from 29A, 37T/124N/250D/270D/349R/380R/394E/442E/491L, 371/145G,
3TT/145G/250D/301K/349R/394E, 37T/145G/2585/442E/4911, 381/349R/491L, 81E/259D,
81E/313D/495L, 92E/25TE/2580Q/3388/468T, 92E/258Q, 94G/127E/132V/145G/250D/349R,,
94G/270D/301K/349R/394E/442F, 94G/349R/M491L, 145G/270D3, 1781, 225D, 226T, 246R,
250D/340R/442E, 259D/313/3388, 270D/349R, 286T/3388, 2941, 313D, 349R, 340R/380R/442E,
413Y, 413Y/4681, 448T, and 473D, wheremn the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 308 or 1256, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. or more sequence identity to SEQ ID
NO: 308 or 1256, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution set selected from R29A,
N37T/D124N/E250D/E270D/P349R/G380R/G394E/D442E/491L, N37T/A 145G,
N37T/A145G/E250D/R301IK/P349R/G394E, N37T/A145G/K2585/D442E/1491L,
M38I/P349R/14911L, ARIE/P259D, ARIE/T313DA495L, RO2E/P25TE/K258Q/A3388/R468T,
RO2E/K258Q}, DO4G/QI2TEAI32V/AI45G/E250D/P349R,
DY94G/EZTOD/R301IK/P349R/G394E/D442E, D94G/P349R/1491L, A145G/E270D, V1781, E225D,
Q226T, K246R, E250D/P349R/D442E, P239D/T313D/A338S, E270D/P349R, M286T/A338S,
M294L, T313D, P349R, P349R/G380R/D442E, F413Y, F413Y/R468], H448T, and E473D, wherein
the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID NOG:

308 or 1256.

{6142} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%,
99%, or more sequence identity to SEQ ID NO: 422 or 1370, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 38, 38/178/226/286/338, 38/178/286/448, 38/178/349/448,
38/226/246/258/286, 38/226/258/286/338/380/448, 38/226/258/349/413, 38/226/286,
38/226/286/338/380, 38/226/338/349/380, 38/226/413/448, 38/246/286, 38/246/286/380, 38/258,
38/286, 38/286/413/448, 38/286/448, 38/448, 178, 178/226/258/286/310/338, 178/226/286/338,
178/246/338, 178/258/286/413, 178/286, 178/286/338/349, 178/286/338/448, 178/380, 178/413,
178/448, 184/246/258/380, 226, 226/246/286/349/448, 226/246/413, 226/258/286/349/380,
226/258/286/413/448, 226/286, 226/286/380/448, 226/349/380, 246, 246/286, 246/286/380/413,
246/338, 246/413, 258/286/413, 286, 286/413/448, 338/448, 349, and 413, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 422 or 1370, In
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some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%. 86%, 87%, 88%. 89%, 90%, 01%. 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%. or
more sequence identity to SEQ ID NGO: 422 or 1370, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from 381,
381/1781/226T/286T/338S, 381/ 1781/286T/448T, 381/ 1781/349R/448T, 381/226T/246R/2585/286T,
381/2261/2585/286T/3385/380R/448T, 381/226T/2585/349R/413Y, 381/226T/286T,
381/226T/286T/3385/380R, 381/226T/3385/349R/380R, 381/226T/413Y/448T, 381/246R/2867T,
38I/246R/286T/380R, 381/258S, 38¥/286T, 381/286T/413Y/448T, 381/286T/4487T, 381/448T, 1781,
1781/226T/2588/286T/310R/338S8, 1781/226T/286T/3388, 1781/246R/3388, 1781/2588/286T/413Y,
178¥/286T, 1781/286T/338S/349R,, 1781/286T/3385/448T, 1781/380R, 1781/413Y, 1781/448T,
184K/246R/2588/380R, 226T. 226T/246R/286T/340R/448TF, 226T/246R/413Y,
226T/2585/286T/349R/380R, 226T/2585/286T/413Y /4487, 2267/286T, 226T/286T/380R/448T,
226T/349R/380R, 246R. 246R/286T, 246R/286T/380R/413Y, 246R/3388, 246R/413Y, 246T,
2585/286T/413Y, 2867, 286T/413Y/448T, 3385/448T, 349R, and 413V, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NQO: 422 or 1370, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%, 88%. 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NG: 422 or 1370, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitation set selected from M38I,
M381/V1781/Q226T/M286T/A3388, M38I/V1781/M286T/H448T, M38I/V1781/P349R/H448T,
M3RI/Q226T/K246R/AK258S/M286T, M38I/Q226T/K2588/M286T/A3385/G380R/H448T,
M381/Q226T/K2585/P340R/F413Y, M381/Q226T/M286T, M381/(3226T/M286T/A3385/G380R,
M38I/(3226T/A338S5/P349R/G380R, M381/Q226T/F413Y/H448T, M38I/K246R/M286T,
M3BI/K246R/M286T/G380R, M38I/K2588, M38I/M286T, M3B8I/M286T/F413Y/H448T,
M38I/M286T/H448T, M38I/HA448T, VI78I, V1781/Q226T/K2585/M286T/Q310R/A338S,
VI1781/Q226T/M286T/A338S, VIT78I/K246R/A338S, VITRI/K 2385/ M286T/F413Y, VI78I/M286T,
V178/M286T/A338S/P349R, V1781/M286T/A3385/H448T, VI781/G380R, V1781/F413Y,
V1781/H448T, E184K/K246R/K2585/G380R, Q226T, Q226 T/K246R/M286T/P349R/H448T,
Q226T/K246R/F413Y, Q226T/K258S/M286T/P349R/G380R, Q226T/K258S/M286T/F413Y/H4A4RT,
Q226T/M286T, Q226 T/M286T/G380R/MH448T, Q226T/P349R/G380R, K246R, K246R/M286T,
K246R/M286T/(G380R/F413Y, K246R/A338S, K246R/F413Y, K246T, K2585/M286T/F413Y,
M286T, M286T/F413Y/HA48T, A3385/H448T, P349R, and F413Y, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ ID NO: 422 or 1370

{0143} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 8§5%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99%, or more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and
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wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
posttions selected from 29/31/92/220, 25/469, 49/58/103/141/197/269/294/298,
49/58/103/194/204/298, 49/58/141/298, 49/103, 103, 123, 126, 127, 131, 134, 180, 210, 214, 220/469,
228,259,279, 282,302, 319, 393, 415, 417, 428, 429, 466, and 469, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404, 1o some
further embodiments, the recombinant amyvlase comprises a polypeptide sequence having at least
80%. 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
sequence identity to SEQ 1D NO: 456 or 1404, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
29E/31L/92A/2200, 29E/4691, 49A/58T/103L/141F/197Y/269F/294H/2984,
49A/58T/103L/194F/204D/298H, 49A/58T/141F/298H, 49A/103L, 1031, 123R, 126R, 127W, 131H,
131R, 131Y, 134R, 180K, 210P, 214G, 220G/4691, 228V, 259C, 2791, 282T, 302H, 302K, 302W,
3198, 393R, 3938, 415C, 417W, 4287, 4298, 466C, and 4691, wherein the amino acid positions of the
polvpeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99%, or more sequence
wdentity to SEQ 1D NO: 456 or 1404, or a functional fragment thereof, and wherein the recombinant
amvlase comprises at least one substitution or substitution set selected from
R29E/F31L/R9ZA/A220G, R29E/V4691, S49A/S58T/VIO3L/Y 141F/Fi97Y/H269F/M294H/E298Q,
S49A/S58T/VIO3L/L194F/N204D/E298H, S49A/S38T/Y 141F/E298H, S49A/V103L, V1031,
DI23R, T126R, Q127W_ EI131H, EI131R, EI131Y, E134R. DIROE, H210P, E214G, A220G/V469i,
Q228V, P239C, D279L, E282T, Q302H, Q302R, Q302W, A3198, E393R, E3938, D415C, P417TW,
D428T, E4298, Q466C, and V4691, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ 1D NO: 456 or 1404,

{6144} In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 92, 123, 126, 127, 129, 131, 134, 140, 172, 180, 210, 214, 221, 228, 253, 234,
239,279, 282, 302, 304, 305, 319, 322, 346, 359, 384, 385, 387, 393, 409, 412, 415, 417, 428, 429,
441,442, 444, 446,451, 455, 459, 466, 467, 470, 473, 474, 492, and 494, wherein the amino acid
positions of the polypeptide sequence are nambered with reference to SEQ ID NQO: 456 or 1404, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 456 or 1404, or a functional fragment thereof, and wherein the

recombinant amylase comprises at least one substitution or substitation set selected from 92G, 924,
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123C, 123G, 123R, 126Q, 126R, 1271, 127R, 1278, 127V, 127W, 129C, 129W, 131H, 131R, 131Y,
134A, 134F, 134R, 140V, 172K, 172R, 180K, 180P, 180Q, 210G, 210P, 214G, 2141, 214R, 221T,
221V, 228V, 253R, 254G, 259C, 259R, 259W, 2791, 279V, 282R, 282T, 302G, 302H, 302R, 302V,
302W, 304T, 305Q, 305R, 305W, 3191, 3198, 322R, 346G, 359G, 384M, 385L, 387, 387V, 393R,
3938, 393W, 409A, 409R, 409W, 412A, 415C, 415G, 417W, 428T, 4295, 441R, 441W, 442K, 442W,
444G, 444R, 444V, 446G, 451F, 4551, 455R, 455T, 455W, 459W, 466C, 467P, 467W, 470G, 4701,
4708, 473M, 474G, 492G, 492R, and 494C, wherein the amino acid positions of the polypeptide
sequence are numbered with reference to SEQ 1D NO: 456 or 1404, In some further embodiments,
the recombinant amylase comprises a polypeptide scquence having at least 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to
SEQ ID NO: 456 or 1404, or a functional fragment thereof, and wherein the recombinant amylase
comprises at least one substitution or substitution set selected from R92G, R92Q, D123C, DI23G,
DI23R, T1264, T126R, Q1271 Q127R. Q1278, Q127V, Q127W, D129C, DI129W, E131H, E131R,
E131Y, EI34A, EI34F E134R, R140V, DI172K, D172R, D180E, D180P, DI180Q, H210G, H210P,
E214G, E2141, E214R R221T, R221V, 228V, Q2353R, E254G, P259C, P259R, P259W, D279L,
D279V, E282R, E2827T, 302G, Q302H, Q302ZR, 302V, Q302W, R304T, D303, D305R, D305W,
A319L, A319S, A322R, W346G, E359G, T384M, Y385L, I1387G, 1387V, E393R, E393S, E393W,
V409A, V409R, V40OW, D412A, D415C, D415G, P417TW, D428T, E4295, D441R, D441W, D442R,
D442W, E444G, E444R, E444V, T446G, E451F, N4S5L, N45SR, N455T, N455W, R459W, (3466C,
E467P E467W, V470G, V470L, V470S, E473M, N474G, E492G, E492R, and V494C, wherein the
amino acid positions of the polypeptide sequence are numbered with refercnce to SEQ ID NO: 456 or

1404.

[6145] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 546 or 1494, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 123, 123/126/180/214/298/302/393, 123/126/180/214/393/428,
123/126/210/298/302/393, 123/126/210/428, 123/126/428, 123/210/302, 126/180/210/214/298/302,
126/180/210/214/428, 126/180/298/302/393, 126/210/302/428, 126/214/393, 126/298/302/393,
126/298/302/393/428, 129, 129/228/253, 131/228/279, 131/282, 180/214, 210/214/302/393/428,
228/282/444, 253/279/470, 253/279/492, 279, 279/470, and 441, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ ID NO: 546 or 1494, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
wdentity to SEQ 1D NO: 546 or 1494, or a functional fragment thereof, and wherein the recombinant

amylase comprises at least one substitution or substitution set selected from 123R,
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123R/126R/180E/214L/298Q/302W/393R, 123R/126R/180Q/214G/393R/428T,
123R/126R/210P/298Q/302W/393R,, 123R/126R/210P/428T, 123R/126R/428T, 123R/210P/302R,
126R/180E/210P/214G/428T, 126R/180E/298()/302R/393R, 126R/180Q/210P/214L/298(/302R,
126R/210P/302R/428T, 126R/214G/393R, 126R/2980Q/302H/393R, 126R/298(Q/302R/393R/428T,
129W, 129W/228V/253R, 131H/228V/279V, 131Y/282T, 180Q/2141L, 210P/214L/302R/393R/428T,
228V/282T/444R, 253R/2791L/492G, 253R/279V/4708, 2791, 279L/4708, and 44 1R, wherein the
aming actd positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 546 or
1494, In some further embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%. 87%, 88%, 89%. 90%, 91%. 92%. 93%, 94%. 95%, 96%, 97%. 98%,
99%, or more sequence identity to SEQ ID NO: 546 or 1494, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitation or substitution set selected from
D123R, DI123R/T126R/D180E/E214L/H298Q/Q302W/E393R,
DI23R/T126R/D180Q/E214G/E393R/D428T, DI123R/TI26R/H210P/H2Z98G/Q302W/E393R,
DI123R/TI126R/H210P/D428T, DI123R/T126R/D428T, D123R/H210P/Q302R,
T126R/D180E/H210P/E214G/D428T, T126R/D180E/H298Q/Q302R/E393R,
T126R/DIS0Q/MH2I0P/E214L/H298(Q/Q302R, T126R/H210P/Q302ZR/D428T, TI26R/E214G/E393R,
T126R/H298Q/Q302H/E393R, TI26R/H298Q/Q302R/E393R/D428T, DI129W,
DI29W/Q228V/Q233R, EI31H/Q228V/D279V, E131Y/E282T, DISOQ/E214L,
H2Z10P/E2141L/Q302R/E393R/D428T, Q228V/E282T/E444R, Q253R/D279L/E492G,
Q253R/D279V/V4T0S, D279L, D279L/V4708S, and D44 1R, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ 1D NO: 546 or 1494,

[0146] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions selected from 2, 45/166/298, 48, 48/166/170/203, 52, 58/166, 58/203, 72, 82, 114,
114/223/306/308, 149, 165, 166/203, 167, 170, 184/216/306/308, 184/223/306/437, 189, 203, 225,
255,258, 275,280, 284, 294, 298, 396,397,411, 431, 448, 468, 482, 483, and 495, wherein the
amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D NO: 632 or
1580. In some further embodiments, the recombinant amylase comprises a polypeptide sequence
having at least 80%, 85%, 86%, 87%, 88%, §9%, 9%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set selected from
21, 458/166L/298D, 48D, 48D/166L/1708/2038, 32R, 58A/166L, S8A/2038, 72T, 82A, 114R,
114R/2231L/306F/308L, 149K, 165V, 166L./203S, 167Y, 1708, 184D/216L/306F/308L,
184D/2231/306F/437L, 189Dy, 2038, 225T, 255M, 2535R, 2588, 2751, 275R, 280C, 284L, 284M,
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2044, 298D, 298N, 396E, 3960, 397M, 411E, 431T, 448P, 468V, 4821, 483A, 495G, and 4951,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D
NO: 632 or 1580. In some further embodiments, the recombinant amylase comprises a polypeptide
sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%. or more sequence identity to SEQ ID NO: 632 or 1580, or a functional fragment
thercof, and wherein the recombinant amylase comprises at least one substitution or substitution set
selected from R2L, Y458/11661L/H298D0, A48D, A48D/1166L/D1708/E2038, Y52R, T58A/1166L,
T58A/E203S, S72T, Q82A, H114R, H114R/V2231L/Y306F/M308L, Q149K H165V, 11661/E2038,
E167Y, D170S, E184D/1216L/Y306F/M308L, E184D/V223L/Y306F/M4371L, Q189D, E2038S,
E2257, V255M, V255R, K2588, 2751, Q275R, Q280C, K284L, K284M, M294A, H298D, H298N,
D396E, D396Q, E397M, T411E, P431T, H448P, R468V, N482L, G483 A, 1495G, and 14951, wherein
the amino acid positions of the polypeptide sequence are numbered with reference to SEG 1D NG:
632 or 1380.

{0147} In some additional embodiments, the recombinant amylase comprises a polypeptide scquence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
positions sclected from 6/39/103/324/420, 41, 58/500/501, 61, 95/98/203/227/423/458,
95/98/227/423, 95/205, 95/252/285/324, 123/170/197/275/298/396/448/483, 123/197,
123/197/225/294/396/448/469, 123/284/294/324/396/448, 134/225/275/302,
165/225/284/298/469/483, 170/275/294/298/448, 205/206, 205/206/224/315/458/480, 206/227,
206/227/315/423, 225/294/298/396, 227, 392/503, 458, 499, and 500, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NG: 664 or 1612, In
some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
least 80%, 85%, 86%, 87%. 88%, 89%, 90%. 91%, 92%, 93%. 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ 1D NO: 664 or 1612, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from
61/391/1030/324T/420V, 41F, 588/500P/501P, 61Y, 95L/2521/285V/324T,
O5V/OBY/205V/227V/423V /458F, 95V/981/227V/423V, 95V/205V,
123E/1708/197Y/27517298N/396Q/4480Q/483Q, 123E/197Y,
123E/197Y/225G/294A/3960Q/448Q/4691, 123E/2841/294A/324T/396Q/448Q,
134R/225G/2751/302W, 165V/225G/2841L/298N/4691/483Q, 1708/2751/294 A/298N/448(3,
205V/206E, 205V/206E/2241./3158/458F/480L, 206E/227V, 206E/227V/3158/423V,
225G/294A/298N/396Q), 227C, 392C/503L, 458F_ 458Y, 499R, and 500P, wherein the amino acid
posttions of the polypeptide sequence are numbered with reference to SEQ ID NO: 664 or 1612, In

some further embodiments, the recombinant amylase comprises a polypeptide sequence having at
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least 80%, 85%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%., 99%, or
more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitation set selected from
LOVV3OUVI03D/A324T/1420V, LATF, TS8S/HS00P/HS01P, L61Y, 195L/V2521/T285V/A324T,
195V/LORII205V/T227V/S423V/W458F, 195V/LO8V/T227V/8423V  195V/1205V,
DI123E/D170S/F197Y/Q2751/H298N/D396Q/H448Q/G483(, DI23EF197Y,
DI123E/F197Y/E225G/M294A/D396Q/H448Q/V4691,
DI123E/K284L/M294A/A324T/D396Q/H448Q, E134R/E225G/Q2751/Q302W,
HI65V/E225G/K2841L/H298N/VAGIT/G4A83Q, DIT70S/(Q2751/M294A/H298N/H448Q, 1205V/D206E,
1205V/D206E/M2241L/T3158/WA4S8F/F480L, D206E/T227V, D206E/T227V/T3158/5423V,
E225G/M294A/H298N/D396Q, T227C, I392C/HS03L, W458F, W458Y, G499R, and H500P,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D
NQ: 664 or 1612.

[0148] In some additional embodiments, the recombinant amylase comprises a polypeptide scquence
having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO: 664 or 1612, or a functional fragment thereof, and
wherein the recombinant amylase comprises at least one substitution or substitution set at one or more
posttions sclected from 95/252/285/324, 123/197, 123/197/225/294/396/448/469, 134/225/275/302,
205/206, and 205/206/224/315/458/480, wherein the amino acid positions of the polvpeptide sequence
are numbered with reference to SEQ ID NO: 664 or 1612, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO: 664 or 1612, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitation set selected from 931/2521/285V/324T, 123E/197Y,
123E/197Y/225G/294A/3960Q/448Q/4691, 134R/225G/2751/302W, 205V/206E, and
205V/206E/2241./31585/458F/480L., wherein the amino acid positions of the polvpeptide sequence are
numbered with reference to SEQ ID NO: 664 or 1612, In some further embodiments, the
recombinant amylase comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%. 97%, 98%, 99%, or more sequence identity to SEQ 1D
NO: 664 or 1612, or a functional fragment thereof, and wherein the recombinant amylase comprises at
least one substitution or substitution set selected from 195L/V2521/T285V/A324T, DI23E/F197Y,
DI23E/F197Y/E225G/M294A/D396Q/HA48Q/V 4691, E134R/E225G/Q2751/Q302W, 1205V/D206E,
and 1205V/D206E/M224L/T3155/W458F/F480L, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NO: 664 or 1612,

[3149] In some additional embodiments, the recombinant amylase comprises a polypeptide sequence

having at least 80%, 85%, 86%. 87%, 88%, 89%. 90%, 91%, 92%. 93%, 94%, 95%. 96%, 97%, 98%,
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99%., or more sequence identity to SEQ ID NO: 780 or 1728, or a functional fragment thereof, and
wherein the recombinant amylase comprises a substitution at position 126, wherein the amino acid
posttions of the polypeptide sequence are numbered with reference to SEQ ID NO: 780 or 1728, In
some further embodiments, the recombinant amyvlase comprises a polypeptide sequence having at
feast 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99%, or
more sequence identity to SEQ 1D NO: 780 or 1728, or a functional fragment thereof, and wherein the
recombinant amylase comprises at least one substitution or substitution set selected from 126C, 126D,
126E, 126K, 1261, 126M, 126N, 126Q, 1268, 126T, and 126W, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ ID NO: 780 or 1728, In some further
embodiments, the recombinant amylase comprises a polypeptide sequence having at least 80%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
dentity to SEQ 1D NO: 780 or 1728, or a functional fragment thereof, and wherein the recombinant
amylase comprises at least one substitution or substitution set selected from R126C, R126D, RI26E,
RI26K, RI26L, R126M, R126N, R126Q, R1265, R1267, and R126W, wherein the amino acid

positions of the polypeptide sequence are nambered with reference to SEQ ID NO: 780 or 1728,

[0150] In some additional embodiments, the recombinant amylase comprises at least one mutation in
at least one position as provided in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-
13, and/or 4-14, wherein the positions are numbered with reference to SEQ ID NO: 2, 18, 40, 156,
174,276, 308, 422 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1236, 1370, 1404, 1494, 1580,
1612, and/or 1728, In some further embodiments, the recombinant amylase comprises a polypeptide
sequence having at feast about 80%, 85%, about 86%, about 87%, about 88%, about 89%, about 90%,
about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about
99%, or more sequence identity to at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 4-18, 22-966, and 970-1914. In some further embodiments, the recombinant amylase
comprises a polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%., 94%. 95%, 96%, 97%, 98%, 99%, or more sequence identity to at least one sequence set forth 1o
the even-numbered sequences of SEQ ID NOS: 4-18, 22-966, and 970-1914. In some additional
embodiments, the recombinant amylase comprises at least one sequence set forth in the even-

numbered sequences of SEQ ID NOS: 4-18, 22-966, and 970-1914.

{0151} In some embodiments, the recombinant amvlase comprises at least one sequence set forth in
the even-numbered sequences of SEQ 1D NOS: 22-124 and 970-1072. In some embodiments, the
recombinant amylase comprises at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 126-172 and 1074-1120. Tn some embodiments, the recombinant amylase comprises at
least one sequence set forth in the even-numbered sequences of SEQ ID NOS: 174-222 and 1122-
1170. In some embodiments, the recombinant amvlase comprises at least one sequence set forth in

the even-numbered sequences of SEQ ID NOS: 224-306 and 1172- 1254, In some embodiments, the
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recombinant amylase comprises at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 308-380 and 1256- 1328. In some embodiments, the recombinant amyvlase comprises
at least one sequence set forth in the even-numbered sequences of SEQ ID NOS: 382-440 and 1330-
1388. In some embodiments, the recombinant amylase comprises at least one sequence set forth in
the even-numbered sequences of SEQ 1D NOS: 442-540 and 1390-1488. In some embodiments, the
recombinant amylase comprises at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 342-608 and 1490-1556. In some embodiments, the recombinant amylase comprises at
least one sequence set forth i the even-numbered sequences of SEQ ID NOS: 610-660 and 1558-
1608. In some embodiments, the recombinant amyvlase comprises at least one sequence set forth in
the even-numbered sequences of SEQ ID NOS: 662-746 and 1610-1694. In some embodiments, the
recombinant amylase comprises at least one sequence set forth in the even-numbered sequences of
SEQ ID NOS: 748-798 and 1696-1746. In some embodiments, the recombinant amylase comprises at
least one sequence set forth in the even-numbered sequences of SEQ ID NOS: 800-820 and 1748-
1768. In some embodiments, the recombinant amylase comprises at least one sequence set forth n

the even-numbered sequences of SEQ 1D NOS: 8§22-966 and 1770- 1914,

{6152} In some embodiments, the engineered amylase polypeptide comprises a functional fragment
of an engineered amylase polypeptide encompassed by the invention. Functional fragments have at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% of the activity of the engineered amylase polypeptide from which 1s was
derived (i.c., the parent engineered amylase). In some embodiments, a functional fragment comprises
at least 80%, %1%, 82%, 83%. 84%, 85%, &6%. 87%, 88%, &9%. 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% and even 99% of the parent sequence of the engincered amylase. Tn some
embodiments the functional fragment is truncated by less than 5, less than 10, less than 15, less than

10, less than 25, less than 30, less than 35, less than 40, less than 45, and less than 36 amino acids.

[6153] In some additional embodiments, the recombinant amylase retains more enzymatic activity
er exposure to high and/or low temperatures, as compared to a reference sequence. In some
embodiments, the reference sequence 1s wild-type amylase, while in some other embodiments, the
reference sequence 1s another recombinant amylase. In some additional embodiments, the
recombinant amylase is more thermostable than the amylase of SEQ ID NO: 2. In some further
embodiments, the recombinant amylase is more thermostable than the amylase of SEQ ID NO: 18, 40,
156, 174, 276, 308,422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, Tn some embodiments, the recombmant amylase 1s stable at 30°C, 37°C,
40°C, 50°C, 60°C, and/or 95°C, and/or 40°C to 60°C. In some embodiments, the recombinant
amvylase is stable at 30°C, 37°C, 42°C, and/or 48°C. In some additional embodiments, the
recombinant amylase is more stable than a reference sequence at 30°C, 37°C, 40°C, 50°C, 60°C,

and/or 95°C, and/or 40°C to 60°C. In some embodiments, the recombinant amylase i1s more stable
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than a reference sequence at 30°C, 37°C, 40°C, 50°C, 60°C, and/or 95°C, and/or 40°C t0 60°C. In
some additional embodiments, the recombinant amylase is more thermostable than the amvlase of
SEG ID NO: 2. In some further embodiments, the recombinant amylase is more thermostable than
the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 346, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

[0154] In some cmbodiments, the recombinant amylase is stable in low pH environments, while in
other embodiments, the recombinant amylase 1s stable in high pH environments, and in still further
embodiments, the recombinant is stable in neutral pH environments. In some embodiments, the
recombinant amylase is stable in low, high, and/or neutral pH environments. In some embodiments,
the recombinant amylase retains enzymatic activity afier exposure to a low, high, and/or neutral pH
environment. In some additional embodiments, the recombinant amylase is more stable m high, low,
and/or neuvtral pH environment(s), as compared to a reference sequence. In some embodiments, the
reference sequence is wild-type amylase, while in other embodiments, the reference sequence is
another enginecred amylase. In some additional embodiments, the recombinant amylase is more
stable than the amylase of SEQ ID NO: 2. In some further embodiments, the recombinant amylase is
more stable than the amylase of SEQ ID NG: 18, 40, 156, 174,276, 308, 422, 456, 546, 632, 664,
780, 9%8, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some additional
cmbodiments, the recombinant amylase is more stable at pHs greater than 7, than the amylase of SEQ
1D NO: 2. In some additional embodiments, the recombinant amylase is more stable at pHs greater
than 7, than the amylase of SEQ ID NGO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
9%8, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some additional
embodiments, the recombinant amylase s more stable at pH 7.8, than the amylase of SEQ ID NG: 2.
In some additional embodiments, the recombinant amyvlase is more stable at pH 7.8, than the amylase
of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some additional embodiments, the recombinant
amylase is more stable at pH 7.5, than the amylase of SEQ ID NO: 2. In some additional
embodiments, the recombinant amylase is more stable at pH 7.5, than the amylase of SEQ 1D NO: 18,
40, 156, 174, 276, 308, 422_ 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728. In some additional embodiments, the recombinant amylase is more stable at
pH 7. than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant amylase
is more stable at pH 7, than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
further embodiments, the recombinant amylase is more stable at pHs less than 7, than the amylase of
SEQ ID NO: 2. In some additional embodiments, the recombinant amylase is more stable at pHs less
than pH 7, than the amylase of SEQ ID NO: 18,40, 136, 174, 276, 308, 422, 456, 546, 632, 664, 780,
088, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional
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embodiments, the recombinant amylasc is more stable at pH 6.8, than the amylase of SEQ 1D NO: 2.
In some additional embodiments, the recombinant amylase is more stable at pH 6.8, than the amylase
of SEQ ID NO: 18,40, 156, 174, 276,308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional embodiments, the recombinant
amvlase is more stable at pH 6.7, than the amylase of SEQ ID NO: 2. In some additional
embodiments, the recombinant amylase 1s more stable at pH 6.7, than the amylase of SEQ ID NQ: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728. In some additional embodiments, the recombinant amylase is more stable at
pH 6.5, than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant
amylase 1s more stable at pH 6.5, than the amylase of SEQ ID NO: 18, 40, 136, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In
some additional embodiments, the recombinant amylase is more stable at pH 6, than the amylase of
SEQ ID NO: 2. In some additional embodiments, the recombinant amylase is more stable at pH 6,
than the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some farther embodiments, the
recombinant amvlase is more stable at pHs less than 3, than the amylase of SEQ ID NO: 2. In some
additional embodiments, the recombinant amylase is more stable at pH 5, than the amylase of SEQ ID
NO: 2. In some additional embodiments, the recombinant amylase 1s more stable at pH 3, than the
amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some further embodiments, the
recombinant amylasc is more stable at pH 4, than the amyvlase of SEQ 1D NO: 2. In some further
embodiments, the recombinant amylase 1s more stable at pH 3, than the amvlase of SEQ ID NO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, In some additional embodiments, the recombinant amylase is more stable at
pH 3.8, than the amylase of SEQ ID NO: 2. In some additional embodiments, the recombinant
amvlase is more stable at pH 3.8, than the amylase of SEQ ID NO: 18, 40, 136, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

{3155} In some additional embodiments, the recombinant amylase is more stable at pH 3.5, than the
amylase of SEQ 1D NO: 2. In some additional embodiments, the recombinant amylase is more stable
at pH 3.5. than the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
088, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional
embodiments, the recombinant amylase 1s more stable at pH 3.25, than the amylase of SEQ ID NG: 2.
In some additional embodiments, the recombinant amylase is more stable at pH 3.25, than the
amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some further embodiments, the

recombinant amylase is more stable at pH 3, than the amylase of SEQ ID NO: 2. In some further
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embodiments, the recombinant amylase is more stable at pH 3, than the amylase of SEQ ID NG: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728. In some additional embodiments, the recombinant amylase 1s more stable at
pH 2.75, than the amylase of SEQ 1D NO: 2. In some additional embodiments, the recombinant
amvylase is more stable at pH 2.75, than the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In
some further embodiments, the recombinant amylase is more stable at pH 2.5, than the amylase of
SEQ 1D NO: 2. In some further embodiments, the recombinant amylase is more stable at pH 2.5, than
the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some further embodiments, the
recombinant amylase is more stable at pH 2.3, than the amylase of SEQ ID NO: 2. In some further
embodiments, the recombinant amylase is more stable at pH 2.3, than the amylase of SEQ 1D NO: 18,
40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494,
1580, 1612, and/or 1728, In some further embodiments, the recombinant amylase 1s more stable at
pH 2, than the amylase of SEQ ID NO: 2. In some further embodiments, the recombinant amylase is
more stable at pH 2, than the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

[0156] In some embodiments, the recombinant amylase is more resistant to proteolysis than the
amylase of SEQ ID NO: 2. In some embodiments, the recombinant amylase is more resistant to
proteolysis than the amylase of SEQ ID NO: 18, 40, 136, 174, 276, 308, 422, 456, 546, 632, 664, 780,
988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, In some embodiments, the
recombinant amylase is resistant to proteolysis by pepsin. In some additional embodiments, the
recombinant amylase is more resistant {o proteolysis by pepsin than the amylase of SEQIDNO: 2. In
some embodiments, the recombinant amylase is more resistant to proteolysis by pepsin than the
amvylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some additional embodiments, the
recombinant amylase is resistant to proteolysis by trypsin. In some additional embodiments, the
recombinant amylase is more resistant to proteolysis by trypsin than the amylase of SEQ ID NG: 2.

in some embodiments, the recombinant amylase is more resistant to proteolysis by trypsin than the
amvlase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122,
1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some embodiments, the recombinant
amylase is resistant to proteolysis by chymotrypsin. In some additional embodiments, the
recombinant amylase is more resistant {o proteolysis by chymotrypsin than the amylase of SEQ ID
NG: 2. In some embodiments, the recombinant amylase is more resistant to proteolysis by
chymotrypsin than the amvylase of SEQ ID NG: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664,
780,988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. iIn some further
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embodiments, the recombinant amylase is resistant to proteolysis by pepsin. trypsin, and/or
chymotrypsin. In some additional embodiments, the recombinant amylase is more resistant to
proteolysis by pepsin, trypsin, and/or chymotrypsin, than the amylase of SEGQ ID NO: 2. In some
embodiments, the recombinant amylase is more resistant to proteolysis by pepsin, trypsin, and/or
chymotrypsin, than the amylase of SEQ [D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664,
780, 988, 1104, 1122, 1224, 1236, 1370, 1404, 1494, 1580, 1612, and/or 1728,

{8157} In some additional embodiments, the recombinant amylase is active in the presence of at least
one bile salt. In some additional embodiments, the recombinant amylase is more active in the
presence of at least one bile salt than the amylase of SEQ ID NO: 2. In some additional embodiments,
the recombinant amylase is more active in the presence of at least one bile salt than the amylase of
SEQ ID NG: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 78G. 988, 1104, 1122, 1224, 1256,
1370, 1404, 1494, 1580, 1612, and/or 1728. In some embodiments, the recombinant amylase retains
enzymatic activity after exposure to a bile salt. In some additional embodiments, the recombinant
amylase retains more enzymatic activity after exposure to a bile salt, as compared to a reference
sequence. In some embodiments, the reference sequence is the amylase of SEQ 1D NQ: 2, 18, 40,
156,174,276, 308,422,456, 546, 632, 664, 780, 988 1104, 1122, 1224, 1256, 1370, 1404, 1494,

1580, 1612, and/or 1728. In some additional embodiments, the bile salt is taurocholate.

{0158] In vet some additional embodiments, the recombinant amylase exhibits more than one
mproved property, as compared to wild-type amylase or another recombinant amylase. In some
embodiments, the recombinant amylase exhibits more than one improved property as compared to
SEQ ID NO:2, while in some additional embodiments, the recombinant amylase exhibits more than
one improved property as compared to SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632,
664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the improved properties are selected from acid stability, alkaline stability, stability
and/or activity at acidic pH, stability at alkaline pH, stability at neuotral pH, thermostability,
proteolysis resistance, and increased activity in the presence of at least one bile salt. In yet some
additional embodiments, the recombinant amylase 1s more stable and/or active at acidic pHs, more
thermostable, more resistant to proteolysis, and/or more active in the presence of at least one bile salt
than the amylase of SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988,
1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728, It is contemplated that any
combination of tuproved properties will find use in the present invention. It is not intended that the
present invention be himited to any specific combination of improved properties. Furthermore, in
some embodiments, there are two mmproved properties, while in some other embodiments, there are
three improved properties, in some additional embodiments, there are four improved properties, and
in some additional embodiments, there are five or more improved propertics. It is also contemplated

that the recombinant amylase of the present invention furthers comprise additional improvements. In
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some embodiments, these additional improvements provide advantages over wild-type amylase, while
in some other embodiments, the additional improvements will provide advantages over other

recombinant amylases.

[0159] In some embodiments, the recombinant amylase exhibits at least one improved property
selected from improved stability and/or activity at acidic pHs, improved thermostability, improved
resistance to proteolysis, and/or improved activity in the presence of at least one bile salt, as compared
to the amylase of SEQ ID NO: 2. In some embodiments, the recombinant amyiase exhibits at least
one mmproved property selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amylase of SEQ 1D NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the recombinant amylase exhibits at least two improved properties selected from
improved stability and/or activity at acidic pHs, improved thermostability, improved resistance to
proteolysis, and/or improved activity in the presence of at feast one bile salt, as compared to the
amvlase of SEQ ID NO: 2. In some embodiments, the recombinant amylase exhibits at least two
improved properties selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the recombinant amylase exhibits at least three improved properties selected from
wproved stability and/or activity at acidic pHs, improved thermostability, improved resistance to
proteolysis, and/or improved activity in the presence of at least once bile salt, as compared to the
amvylase of SEQ ID NO: 2. In some embodiments, the recombinant amylase exhibits at least three
improved properties selected from improved stability and/or activity at acidic pHs, improved
thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as compared to the amylase of SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In some
embodiments, the recombinant amylase exhibits the improved properties of improved stability and/or
activity at acidic pHs, improved thermostability, improved resistance to proteolysis, and improved
activity in the presence of at least one bile salt, as compared to the amylase of SEQIDNO: 2. In
some embodiments, the recombinant amylase exhibits the improved properties of improved stability
and/or activity at acidic pHs, improved thermostability, improved resistance to proteclysis, and/or
improved activity in the presence of at least one bile salt, as compared to the amylase of SEQ 1D NO:
18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 983, 1104, 1122, 1224, 1256, 1370, 1404,
1494, 1580, 1612, and/or 1728. In some embodiments, the recombinant amylase exhibits at least one

improved property selected from improved stability and/or activity at acidic pHs, improved
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thermostability, improved resistance to proteolysis, and/or improved activity in the presence of at least
one bile salt, as well as at least one additional improved property, as compared to the amylase of SEQ
1D NO: 2. In some embodiments, the recombinant amylase exhibits at least one improved property
selected from improved stability and/or activity at acidic pHs, improved thermostability, improved
resistance to proteolysis, and/or improved activity in the presence of at least one bile salt, as well as at
least one additional improved property, as compared to the amylase of SEQ ID NO: 18, 40, 156, 174,
276,308, 422, 436, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256. 1370, 1404, 1494_ 1580, 1612,
and/or 1728, In some embodiments, the recombinant amylase exhibits at least one improved property
selected from: 1) enhanced catalytic activity; 11} increased tolerance to acid pH; 1) increased tolerance
topH 2.3, 2.5, 2.75, 3, 3.25, and/or 3.5; 1v) increased tolerance to pH 6.7 and/or 6.8; v) increased
tolerance to at least one protease; vi) increased tolerance to at least one bile salt; vit) increased
thermotolerance; or a combination of any of 1}, 11}, ii1), 1v), v}, vi}, and vii} as compared to a reference
sequence. In some embodiments, the reference sequence is SEQ ID NO: 2, while in some alternative
embodiments, the reference sequence 1s selected from SEQ 1D NG: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In
some embodiments, the recombinant amylase exhibits at least one improved property selected from: 1)
enhanced catalvtic activity; 11) increased tolerance to acid pH; 111) increased tolerance to pH 2.3, 2.5,
275, 3, 3.25, and/or 3.5; iv) increased tolerance to pH 6.7 and/or 6.8; v) increased tolerance to at least
one protease; vi) increased tolerance to at least one bile salt; vii) increased thermotolerance; or a
combination of any of 1), 11), 11}, 1v), v}, vi). and vii} as compared to at least one reference sequence.
In some embodiments, the reference sequence is SEQ 1D NO: 2, while in some alternative
embodiments, the reference sequence is selected from SEQ ID NG: 18, 40, 156, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728. In
some embodiments, the recombinant amylase exhibits at least one improved propeity selected from: i)
enhanced catalvtic activity; 11} increased tolerance to acid pH; 111) increased tolerance to pH 2.3, 2.5,
275, 3,3.25, and/or 3.5; iv) increased tolerance to pH 6.7 and/or 6.8; v) increased tolerance to at least
one protease; vi) increased tolerance to at least one bile salt; vii) increased thermotolerance; or a
combination of any of 1), 1), 11}, 1v), v}, vi}, and vii} as compared to at least two or more reference
sequences. In some embodiments, the reference sequence 1s selected from SEQ 1D NO: 18, 40, 156,
174,276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580,

1612, and/or 1728. In some further embodiments, the recombinant amylase s purified.

[8160] The present invention further provides methods starch hydrolysis, comprising providing
starch and at least one engineered amylase provided herein; and exposing the starch to the engineered

amylase under conditions such that the starch is hydrolyzed by said engineered amylase.

[0161] In still some further embodiments, the amylase is stable in food and/or beverages. Tn some

additional embodiments, the amyvlase is stable in nutnitional and other supplements. In some
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embodiments, the supplements are liquid, while in other embodiments, they are emulsions,
suspensions, or solids. It is not intended that the present invention be limited to any particular food,

beverage, and/or supplement format or form.

Polynuclestides Encoding Encineered Polypeptides, Expression Vectors and Host Cells

{30162} The present invention provides polynucleotides encoding the engineered amylase
polypeptides described herein. In some embodiments, the polynucleotides are operatively linked to
one or more heterologous regulatory sequences that control gene expression to create a recombinant
polynucleotide capable of expressing the polypeptide. Expression constructs containing a
heterclogous polynucleotide encoding the engineered amylase polypeptides can be introduced into

appropriate host cells to express the corresponding amylase polypeptide.

{0163] As will be apparent to the skilled artisan, availability of a protein sequence and the knowledge
of the codons corresponding to the various amino acids provide a description of ali the
polynucleotides capable of encoding the subject polypeptides. The degencracy of the genetic code,
where the same amino acids are encoded by alternative or synonymous codons, allows an extremely
large number of nucleic acids to be made, all of which encode the engineered amylase polypeptide.
Thus, having knowledge of a particular amino acid sequence, those skilled in the art could make any
number of different nucleic acids by simply modifying the sequence of one or more codons in a way
which does not change the amino acid sequence of the protein. In this regard, the present invention
specifically contemplates each and every possible variation of polynucleotides that could be made
encoding the polypeptides described herein by selecting combinations based on the possible codon
choices, and all such vanations are to be considered specifically disclosed for any polypeptide
described herein, including the variants provided in Table 4-1, 4-2, 4-3, 4-4, 4-3, 4-6, 4-7, 4-8, 4-9, 4-
10, 4-11, 4-12, 4-13, and/or 4-14; and variants provided in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-3,
4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, where the variants are absent the histidine tag and preceding

amino acid linker.

[8164] In various embodiments, the codons are preferably selected to fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bacteria, while preferred codons used in fungi are used for expression in fungt. Consequently, codon
optimized polynucleotides encoding the engineered amyvlase polypeptides contain preferred codons at
about 40%, 50%, 60%, 70%, 80%, or greater than 90% of codon positions of the full length coding

region.

{0165} In some embodiments, the present invention provides a recombinant polynucleotide sequence
having at least about 80%, at least about 85%, about 86%, about 87%, about 88%, about 89%, about
90%, about 91%, about 92%, about 93%, about 94%, about 95%. about 96%, about 97%. about 98%,

about 99%, or more sequence wdentity to SEQ 1D NO: 1, 17, 39, 155, 173, 275, 307, 421, 455, 545,
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631, 663,779, 987, 1103, 1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and/or 1727. In some
embodiments, the present mvention provides a recombinant polvnucleotide sequence having at least
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more
sequence identity to SEQ ID NG: 1, 17,39, 155, 173,275, 307, 421, 455, 545, 631, 663, 779, 987,
1103, 1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and/or 1727, In some embodiments, the
recombinant polynucleotide sequence has at least 80%, 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identity to the odd-mumbered sequences of
SEQ 1D NOS: 3-17, 21-965, and 969-1913. In some embodiments, the polynucleotide encoding the
enginecred amvlase polypeptides comprises the polvnucleotide sequence of SEQ ID NO: |, 17, 39,
155,173, 275,307,421, 455, 545, 631, 663, 779, 987, 1103, 1121, 1223, 1255, 1369, 1403, 1493,
1579, 1611, or 1727. In some embodiments, the polynucleotide encoding the enginecred amylase
polypeptides comprises the polynuclectide sequence of odd-numbered sequences of SEQ ID NOS: 3-
17, 21-965, and 969-1913.

[0166] In some cmbodiments, as described herein, the polynucleotide encodes an engineered
polypeptide having amylase activity with the properties disclosed herein, wherein the polypeptide
comprises an amino acid sequence having at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%. 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, 99% or more identity to: a reference
sequence (e.g., SEQID NG: 2, 18, 40, 156, 174, 276, 308, 422456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728), or the amino acid sequence of any
variant as disclosed in Table 4-1, 4-2, 4-3, 4-4 4-5 4-6_4-7 4-8 4-9 4-10, 4-11, 4-12, 4-13, and/or
4-14; or the amino acid sequence of any variant as disclosed in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7,
4-8,4-9,4-10, 4-11, 4-12, 4-13, and/or 4-14, wherein the variant is lacking the histidine tag and
preceding amino acid linker, and one or more residue differences as compared to the reference
polvpeptide of SEQ ID NO: 2. 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104,
1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728; or the amino acid sequence of any
variant as disclosed in Table 4-1, 4-2, 4-3, 4-4. 4-5, 4-6, 4-7, 4-8_ 4-9, 4-10_ 4-11, 4-12, 4-13. and/or
4-14, or the amino acid sequence of any variant as disclosed in the Tables (for example 1, 2,3, 4, 5, 6,
7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more amino
acid residue positions}, with or without a histidine tag and preceding amino acid linker. In some
embodiments, the polynucleotide encodes an engineered polypeptide having amvlase activity with the
properties disclosed herein, wherein the polypeptide comprises an amuno acid sequence having at least
80%. 81%, 82%, 83%, 84%, 85%, 86%. 87%, 88%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%,
67%, 98%, 99% or more sequence identity to reference sequence SEQ 1D NO: 2, 18, 40, 156, 174,
276,308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612,
and/or 1728, and one or more residue differences as compared to SEQ ID NO: 2, 18, 40, 156, 174,
276,308, 422, 436, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612,
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and/or 1728, at residue positions sclected from those provided in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-
7. 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, when optimally aligned with the polypeptide of SEQ
IDNO: 2, 18,40, 156, 174,276, 308,422 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1236,
1370, 1404, 1494, 1580, 1612, and/or 1728.

{0167} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%. 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQIDNG: 2 or 18, 0ra

fonctional fragment thereof.

{0168] In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at feast 80%, 85%, 86%. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%. 96%. 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional
fragment thereof, and wherem the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 2/73/256/493,
16/33/73/130/256/282/371/374/493, 16/33/130/256/302/371/383/470, 16/33/157/256/302/371/383,
16/73/74/256/282/366/371/383/493, 16/73/256/282/302/331/371/383, 16/130/256/276/374/470,
16/256/302/374, 19/72/345/473, 26/27/396/412/428/473, 26/27/412, 26/27/466/473, 29,
73/130/256/282/302/493, 74/371/374/383/493, 130/256/493, 149, 158, 254, 256, 256/383, 257, 259,
272,279,284, 317/383, 322, 345/388/396/428, 388/396/412/428, 396/412, 396/412/428/466, 409,
412, and 495, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ ID NO: 2 or 18, In some embodiments, the encoded recombinant amylase
comprises at least one substitution or sabstitution set selected from 2K/73V/2565/493D,
16D/33E/73V/130D/2568/282D/371F/3745/493D, 16D/33E/130D/2565/302Q/371F/383E/470T,
16D/33E/157Y/2565/302Q/371F/383E, 16D/73V/T4A/2565/282D/3661/371F/383E/493D,
16D/73V/2568/282D/302Q/331P/371F/383E, 16D/130D/2568/276()/3748/470T,
16D/2568/3024/3748, 19E/72T/345A/473D, 26A/27L/396H/412D/428E/473D, 26 A/27L/412D,
26A/2TL/I466E/473D, 29G, 29R, 298, 73V/130D/2365/282D/3020/493D,
T4A/3TVF/374S/383E/493D, 130D/2565/493D, 149R, 1497, 158R, 254G, 2548, 2568, 256S/383E,
257, 257G, 257R, 257S, 257V, 259Q, 272G, 272K, 272P, 272R. 2728, 279R. 284C, 284R, 2848,
284Y, 317G/383L, 322A, 345A/388E/396H/428E, 388E/396H/412D/428E, 396H/412D,
396H/412D/428E/466E, 4098, 4128, 495E, 4951, and 495Y, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ 1D NO: 2 or 18. Tn some embodiments,
the encoded recombinant amylase comprises at least one substitution or substitution set selected from
R2ZK/73V/A2565/E493D, E16D/D33E/I73V/E130D/A256S/E282D/Y371F/H374S/E493D,
E16D/D33E/E130D/A25685/M302Q/Y371F/Q383E/V470T,
E16D/D33E/F157Y/A2568/M302Q/Y371F/Q383E,
E16D/AT3V/PT4A/AZS56S/E282D/F366L/Y3TIF/Y3R3E/E493D,
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E16D/AT3IV/A2565/E282D/M3020Q/MH331P/Y371F/Q383E,
E16D/E130D/A256S8/T276Q/H3745/VAT0T, E16D/A2565/M302Q/H3745,
KISE/ST2T/P345A/EAT3D, E26A/R27TL/D396H/L412D/D428E/E473D, E26A/R27L/LAIZD,
E26A/RZTL/Q466E/E473D, D29G, D29R, D298, 173V/E130D/A2568/E282D/M302Q/E493D,
PT4A/Y3TIF/H3TAS/Q383E/E493D, E130D/A2565/E493D, Q149R, Q149T, K158R, E254G, E2548,
A2568, A2565/Q383E, P257E, P257G, P257R, P257S, P257V, P259Q3, D272, D272K, D272P,
D272R, D2728, D279R, K284C, K284R, K284S, K284Y, V317G/Q383L, F322A,
P345A/D388E/D396H/D428E, D388E/D396H/L412D/D428E, D396H/L412D,
D396H/L412D/D428E/Q466E, V4098, 14128, 1495E, 14951, and 1495Y, wherein the amino acid

posttions of the polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18,

[0169] In some embodiments, the polynucieotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NQ: 40 or 988, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 26/29/158/272/412, 26/29/272/279/412/493,
26/29/272/396/412, 26/29/279/412/428, 26/158/272/279/388/412/428, 26/158/272/412,
26/272/279/412/428/493, 29/272/279/396/412, 130/149/254/284/322/409/495,
130/149/257/284/322/409/466/473, 130/254/284/322/374/409/466, 130/257/284/374/409/466,
130/284/322/374/409/473, 149/257/284/322/405/466, 158/272/279/394/396/412/428/493,
158/272/388/412/428/493, 158/272/412/428, 158/279/388/396/412/428, 254/257/284/322/409/473,
254/284/409/466/495, 272/279/412/428/493, 272/412/428, 272/412/493, and 284/322/409/473,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID
NO: 40 or 988. In some embodiments, the encoded recombinant amvlase comprises at least one
substitution or substitution set selected from 26A/29R/158R/272G/412D,
26A/29R/272G/2TOR/4A121/493D, 26A/29R/272G/396H/A12D, 26 A/20R/2TOR/412D/428E,
26A/158R/272G/2TOR/3RRE/412D/428E, 26 A/158R/2T2G/412D, 26 A/272G/2TOR/41213/428E/493D,
29R/272G/279R/396H/412D, 130D/ 149R/2545/2848/322 A/4098/495E,

130D/149R/257(G/2845/322 A/4098/466E/473D, 130D/2548/2848/322A/3748/4095/466E,
130D/257G/2845/3745/409S/466E, 130D/2845/322A/3745/4098/473D,
149R/257G/2845/322A/4008/466E, 158R/272G/2T9R/394R/396H/412D/428E/493D,
158R/272G/388E/412D/428E/493D, 158R/272G/412D/428E, 158R/279R/388E/396H/41213/428E,
2548/257(/2848/322A74095/473 D, 2545/2848/4098/466E/495E, 272G/279R/412D/428E/493D,
272G/412D/428E, 272G/412D/493D, and 2845/322A/4095/473D, wherein the anmino acid positions
of the polypeptide sequence are numbered with reference to SEQ ID NO: 40 or 988, In some
embodiments, the encoded recombinant amylase comprises at least one substitution or substitution set

selected from E26A/D29R/KI58R/D272G/L412D, E26A/D29R/D272G/D279R/L412D/E493D,
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E26A/D29R/D272G/D396H/L412D, E26A/D29R/D279R/L412D/D428E,
E26A/KI58R/D272G/D279R/D388E/L412D/D428E, E26A/K158R/D272G/L412D,
E26A/D272G/D279R/L412D/D428E/E493D, D29R/D272G/D279R/D396H/L412D,
E130D/Q149R/E2548/K2848/F322A/V4A098/1495E,
E130D/Q149R/P257G/K284S/F322A/V409S/QA66E/E4AT3D,

E130D/E2545/K284S/F322 A/H3748/V4095/Q466E, E130D/P257G/K2845/H3748/V4095/Q466F,
E130D/K2845/F322A/H3745/VA09S/EAT3D, Q149R/P237G/K2848/F322A/VA098/Q466E,
KI138R/B272G/D279R/Q394R/D396H/L412D/D428E/E493D,
KI158R/D272G/D38RE/L412D/D428E/E493D, KI1S8R/D272G/L412D/D428E,
KI58R/D279R/D388E/D396H/L412D/D428E, E254S/P257G/K284S/F322A/V409S/E473D,
E2545/K284S/V4095/Q466E/1495E, D272G/D279R/L412D/D428E/EA93D, D272G/L412D/D428E,
D272G/LA12D/E493D, and K2848/F322A/V409S/E473D, wherein the amino acid positions of the
polypeptide sequence arc numbered with reference to SEQ 1D NO: 40 or 9838,

{6170} In some cmbodiments, the polynucleotide encodes a recombinant amyvlase comprising a
polvpeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
55%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 136 or 1104, or a functional
fragment thercof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 37, 51, 91, 111, 112, 114, 122, 124, 128, 140,
167,171, 183, 194, 276, 280, 298, 397, and 464, wherein the amino acid positions of the polvpeptide
sequence are numbered with reference to SEQ ID NO: 156 or 1104, In some embodiments, the
encoded recombinant amylase comprises at least one substitution or substitution set selected from
37R, SIR, 91H, 111A, 1120, 114H, 122P, 122R, 124R, 128W, 140K, 167W, 1711, I183E, 183N,
183V, 194, 194R, 276A. 276K, 280L, 298K, 298M. 397T, and 464L, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 156 or 1104, In
some embodiments, the encoded recombinant amylase comprises at least one substitution or
substitution sct sclected from N37R, GS1R, KO1H, Ei11A, K1120, A114H, A122P, A122R, D124R,
1128W, R140K, E167W, E1711, GIS83E, GI83N, G183V, L194E, L194R, T276A, T276K, Q280L,

298K, E298M, E397T, and N464L, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ ID NO: 156 or 1104,

{0171} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide scquence having at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%., 98%, 99%, or more sequence identity to SEQ ID NO: 174 or 1122, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitation set at one or more positions selected from 24, 91, 91/122, 91/122/128/130/167/171/409,
O1/122/128/130/183/322, 91/122/128/130/194, 91/122/128/130/322, 91/122/128/171/183/194/322,
G1/122/128/183/409, 91/122/130/167/183/194/409, 91/122/130/171/183, 91/122/130/183/194,
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01/122/130/194, 91/122/130/194/322, 91/122/167/171/194, 91/122/167/171/194/322,
91/122/171/183/194/409, 91/130/171/183/322/400, 91/167/171, 91/167/183/194, 91/167/322, 91/183
01/183/322/409, 91/194, 91/322, 91/409, 122/128, 122/128/194/409, 122/130/171/322/409, 122/409,
137/145/227/394/480/481, 137/145/295, 145/227/295/481, 145/309/481, 183, 227, 295/394, 322,

>

3227409, 394, and 480/481, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NG: 174 or 1122, In some embodiments, the encoded
recombinant amylase comprises at least one substitution or substitution set selected from 24V, 91H,
O1H/122P, 91H/122P/130D/183N/194R, 91H/122P/130D/194R/322A, 91H/122R,
OIH/122R/128W/130D/167W/1711/409S, 91TH/122R/128W/130DD/183N/3224,
OIH/122R/128W/130D/194R, 91H/122R/128W/130D/322A,
S1H/122R/128W/1711/183N/194R/322A, S1H/122R/128W/183N/4098,
O1H/122R/130D/16TW/183N/194R/4008, 91H/122R/130D/1711/183N, 91H/122R/130D/194R,
91H/122R/167TW/1711/194R, 91H/122R/16TW/1711/194R/322A, 91H/122R/1711/183N/194R/4098,
OTH/130D/1711/183N/322A/4098, 9OTH/I6TW/1 711, O1H/16TW/183N/194R, 91H/16TW/322A,
O1H/183N, 91H/183N/322A/4098, 91H/194R, S1H/322A, 91H/4098, 122P/4098, 122R/128W,
122R/128W/194R/4098, 122R/130D/1711/322A/4098, 137A/145G/227L/394E/480P/481V,
137A/145G/295N, 145G/2271/295N/481V, 145G/3098/48 1V, 183N, 2271, 295N/394E, 3224,
322A/4098, 394K, and 480T/481V, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NG: 174 or 1122, In some embodiments, the encoded
recombinant amylase comprises at least one substitution or substitution set selected from L24V,
KO1H, KO1H/A122P, KOIH/A122P/E130D/GIS3N/LI94R, KOIH/AI22P/E130D/L194R/F322A,
KOTH/A122R, KO1H/AI22R/TI28W/ETI30D/ETI6TW/ETT1I/V409S,
KOTH/AI22R/TI28W/ET30D/G183N/F322A, KOTH/A122R/T128W/EI30D/L194R,
KOTH/AT22R/TI28W/ET30D/F322A, KOTH/A122R/1128W/ETT1/GI83N/L194R/F322A,
KOIH/AI22R/TI28W/G183N/V409S, KOTH/AI22R/EI30D/E16TW/GIE3N/L194R/V409S,
KOIH/AI22R/E130D/ELTIVGIS3N, KOIH/AI22R/EI30D/L194R,
KOIH/AI22R/EI6TW/EITI/L194R, KOTH/A122R/E167TW/E171V/L194R/F322A,
KOTH/AI22R/EITI/G183N/L194R/V409S, KOTH/EI30D/E1711I/GI83N/F322A/V4098,
KOTH/EIGTW/EITIL KOTH/EI6TW/GIR3N/LIO4R, KOITH/EI6TW/F322A, KOTH/G1E3N,
KOTH/GI83N/F322A/V409S, KOIH/L194R, KOTH/F322A, KOTH/V409S, A122P/V409S,
AI22RA128W, A122R/T128W/L194R/V409S, A122R/E130D/E171I/F322A/V409S,
G137TA/ATASG/T227L/Q394E/F480P/C481V, G137A/A145G/K 295N,
A43G/T227L/K295N/C481V, A145G/T3098/C481V, GI83N, T227L, K295N/Q394E, F322A,
F322A/V4098, Q394E, and F480T/C481V, wherein the amino acid positions of the polvpeptide

sequence are numbered with reference to SEG ID NO: 174 or 1122.
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[3172] In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 276 or 1224, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions sclected from 16/26/29/128/145/256/309/383,
16/26/33/114/145/309/383/394, 16/26/33/128/130/145/302/309/322/371, 16/26/33/145/158/383/394,
16/26/145/302, 16/29/33/145/236/302, 18, 26/29/33/130/145/157/158/183/394,
26/29/33/145/157/183/256/309/383, 26/29/122/130/145/183/256/272/309/394,
26/29/145/157/256/302/322/481, 26/29/145/256/272/302/309/322/481, 26/33/91/145/272/302/481,
26/33/145/309/322/383, 26/114/145/322, 26/145/183/256/309/383, 29/122/145/158/383,
29/130/145/256/272/371/394,29/145/183/302/309/412, 25/309/394, 33/122/145/272/309/412,
91/130/145/158/183/383, 91/309/383, 130/145/256/272/371, 130/145/302/309, 130/272/4%1,
145/302/309, 268, 309, 349, 360, 380, 394, 463, and 483, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NG: 276 or 1224, In some
embodiments, the encoded recombinant amylase comprises at least one substitution or substitution set
selected from 16E/26E/29D/1281/145G/2536A/3095/383Q,
16E/26E/33D/114A/1453G/3005/383Q/394E, 16E/26E/33D/1281/130E/145G/302M/309S8/322F/371Y,
16E/26E/33D/145G/158K/383Q/394E, 16E/26E/145G/302M, 16E/29D/33D/145G/256A/302M, 188,
26E/29D/33D/130E/145G/157F/158K/183G/394E,
26E/29D/33D/145G/157F/183G/256A/3098/383Q),
26E/29D/122A/130E/145G/183G/256A72T2D/309S/394E,

26E/29D/145G/15TF/256 A/302M/322F/A81V, 26E/29D/145G/256 A/272D/302M/3098/322F/481V,
26E/33D/91K/145G/2720/302M/481V, 26E/33D/145G/3098/322F/38343, 26E/114A/145G/322F,
26E/145G/183G/256A/3098/383Q, 29D/122A/145G/158K/383Q3,
29D/130E/145G/256A/272D/3T1Y /394K, 29D/145G/183G/302M/3095/4121, 29D/3098/394E,
33D/122A7145G/272D/3098/4121, 91K/130E/145G/158K/183G/383Q, 91K/3095/383¢],
130E/145G/256A/2720/371Y, 130E/145G/302M/309S, 130E/272D/481V, 145G/302M/3098, 268T,
309A, 349R, 360G, 380R, 394G, 394N, 3945, 463M, and 4837, wherein the amino acid positions of
the polypeptide sequence are numbered with reference to SEQ D NO: 276 or 1224, In some
embodiments, the encoded recombinant amylase comprises at least one substitution or substitution set
selected from D16E/A26E/R2OD/W128VA145G/5256 A/T309S/E383(3,
D16E/A26E/E33D/H114A/A145G/T3095/E383(Q/Q394E,
DI16E/A26E/E33D/W1281/D130E/A145G/Q302M/T3098/A322F/F371Y,
DI6E/A26E/E33D/A145G/RIS8K/E3R3Q/Q394E, DIGE/AZ6E/A145G/Q302M,
DI16E/R29D/E33D/A145G/S256A/Q302M, G18S,

AZ6E/R2ZOD/E33D/D130E/A145G/Y 157F/RIS8K/NI83G/Q394E,

A26E/R2OD/E33D/AI45G/Y I5TF/NI83G/S256A/T309S/E383Q,
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AZ6E/R29D/RI22A/D130E/A145G/N1I83G/S256A/G272D/T3095/Q394E,
A26E/R29D/AT45G/Y 157F/S256 A/Q302M/A322F/CARLY,
AZ6E/R29D/A145G/S256A/G272D/Q302M/T3098/A322F/C481V,
AZ6E/E33D/HOIK/A145G/G272D/Q302M/C481V, A26E/E33D/A145G/T309S/A322F/E383Q,
A26E/HI14A/A45G/A322F, A26E/A145G/N183G/S256A/T309S5/E383Q,
RIOD/R122A/A145G/R1S8K/E383(Q, R29D/DI30E/A 145G/S256 A/G2T2D/F3TIYAQ394E,
R29D/A145G/N183G/Q302M/T3095/D4 121, R29D/T3098/Q394E,
E33D/RI22A/A145G/G272D/T3098/D4121, HO1K/DI30E/A145G/R158K/N183G/E383Q,
HOIK/T309S/E383Q, DI30E/A145G/S256 A/G272D/F371Y, DI30E/A145G/Q302M/T3098,
DI30E/G272D/C481V, A145G/Q302M/T309S, S268T, T3094, P349R, N360G, G380R, (394G,
Q394N, 3948, G463M, and G483T, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ ID NO: 276 or 1224,

{0173} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polvpeptide sequence having at least 80%, 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%., 98%, 99%, or more sequence identity to SEQ ID NO: 308 or 1256, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 29, 37/124/250/270/349/380/394/442/491,
37/145, 37/145/250/301/349/394, 37/145/258/442/491, 38/349/491, 81/259, 81/313/495,
92/257/258/338/468, 92/258, 94/127/132/145/250/34%, 94/270/301/349/394/442, 94/349/491,
145/270, 178, 225,226, 246, 250/349/442_ 259/313/338, 270/349, 286/338 294, 313, 349,
349/380/442, 413, 413/468, 448, and 473, wherein the amino acid positions of the polypeptide
sequence are numbered with reference to SEQ 1D NO: 308 or 1256, In some embodiments, the
encoded recombinant amylase comprises at least one substitution or substitution set selected from
29A, 37T/124N/250D/270D/349R/380R/394E/442E/4911L, 37T/145@,
37T/345G/250D/301K/349R /394K, 37T/145(G/25858/442E/491 1, 381/349R/491L, 81E/259D,
S1E/313D/495L., 92E23TE/258Q/3388/468T, 92E/258Q, 94G/12TE/132V/145G/250D/349R,
94G/270D/301K/349R/394E/442E, 94G/349R/491L, 145G/270D, 1781, 223D, 2267, 246R,
250D/349R/442E, 259D/313D/3388, 270D/349R, 286T/338S, 2941, 313D, 349R, 340R/380R/442E,
413Y, 413Y/468], 4487, and 473D, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 308 or 1256, In some embodiments, the encoded
recombinant amvlase comprises at least one substitution or substitution set selected from R294,
N37T/D124N/E250D/E270D/P349R/G380R/G394E/D442E/1491L, N37T/A 145G,
N37TT/A145G/E250D/R301K/P349R/G394E, N37T/A145G/K258S/D442E/1491L,
M38I/P349R/14911L, ARIE/P259D, ABIE/T313D/1495L, ROZ2E/P25TE/K258/A3385/R468T,
RO2E/K238(, DO4G/QI27E/T132V/A145G/E250D/P349R,
DO4G/EZTOD/R30IK/P349R/G394E/D442E, D94G/P349R/491L, A145G/E270D, V1781, E225D,
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Q226T, K246R, E250D/P349R/D442E, P239D/T313D/A338S, E270D/P349R, M286T/A338S,
M2941., T313D, P349R, P349R/G380R/DM442E, F413Y, F413Y/R4681, H448T, and E473D, wherein
the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D NO:

308 or 1256.

{0174} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polyvpeptide sequence having at least 80%, 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%., 98%, 99%, or more sequence identity to SEQ 1D NG: 422 or 1370, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions sclected from 38, 38/178/226/286/338, 38/178/286/448,
38/178/349/448, 38/226/246/258/286, 38/226/258/286/338/380/448, 38/226/258/349/413, 38/226/286,
38/226/286/338/380, 38/226/338/349/380, 38/226/413/448, 38/246/286, 3R/246/286/380, 38/258,
38/286, 38/286/413/448, 38/286/448, 38/448 178, 178/226/258/286/310/338, 178/226/286/338,
178/246/338, 178/258/286/413, 178/286, 178/286/338/349, 178/286/338/448, 178/380, 178/413,
178/448, 184/246/258/380, 226, 226/246/286/349/448, 226/246/413, 226/258/286/349/380,
226/258/286/413/448, 226/286, 226/286/380/448, 226/349/380, 246, 246/286, 246/286/380/413,
246/338, 246/413, 258/286/413, 286, 286/413/448, 338/448, 349, and 413, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ ID NQ: 422 or 1370, In
some embodiments, the encoded recombinant amylase comprises at least one substitution or
substitution set selected from 381, 381/1781/226T/286T/3388, 381/1781/286T/448T,
381/1781/349R/448T, 381/226T/246R/2585/286T, 381/226T/2585/286T/3385/380R/448T,
3R%/226T/258S5/340R/413Y, 381/226T/286T, 381/226T/286T/3388/380R, 381/226T/3385/349R/380R,
381/226T/413Y/448T, 381/246R/286T, 381/246R/286T/380R, 381/2588S, 381/286T,
381/286T/413Y/448T, 381/286T/448T, 3817448, 1781, 1781/226T/2585/286T/310R/3388,
1781/226T/286T/338S, 1781/246R/338S8, 1781/2588/286T/413Y, 1781/286T, 1781/286T/3385/349R,
1781/28671/3388/448T, 1781/380R, 1781/413Y, 1781/448T, 184K/246R/2585/380K, 226T,
226T/246R/286T/349R/448T, 226T/246R/413Y, 226T/2585/286T/349R/380R,
226T/2585/286T/413Y/448T, 226T/286T, 226T/286T/380R/448T, 226T/349R/380R, 246R,
246R/286T, 246R/286T/380R/413Y, 246R/3388, 246R/413Y, 246T, 2585/286T/413Y, 286T,
286T/413Y /4487, 3385/448T, 349R, and 413Y, wherein the amino acid positions of the polypeptide
sequence arc numbered with reference to SEQ ID NO: 422 or 1370, In some embodiments, the
encoded recombinant amylase comprises at least one substitution or substitution set selected from
M38I, M38I/V1781/(3226T/M286T/A3388, M38I/V1781/M286T/H448T,
M381/V1781/P349R/H448T, M381/(3226T/K246R/K258S/M286T,
M38I/Q226T/K258S/M286T/A338S/G380R/MH448T, M381/Q226T/K2588/P349R/F413Y,
M38Y/Q226T/M286T, M38I/Q226T/M286T/A338S/G380R, M38I/Q226T/A338S/P349R/G380R,
M381/(Q226T/F413Y/H448T, M38I/K246R/M286T, M38I/K246R/M286T/G380R, M38I/K2588S,
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M3BU/M286T, M38I/M286T/FA13Y/H448T, M38I/M286T/H448T, M38I/H448T, V1781,
V1781/Q226T/K258S/M286T/Q310R/A338S, VI781/Q226T/M286T/A338S, VI1781/K246R/A338S,
V178I/K2585/M286T/F413Y, VI781/M286T, V1781/M286T/A3385/P349R,
V178/M286T/A3388/HA48T, VIT8I/G380R, V178UF413Y, V1781/H448T,
E184K/K246R/K25858/G380R, Q226T, Q226 T/K246R/M286T/P349R/H4A48T,
Q226T/K246R/F413Y, Q226T/K2585/M286T/P349R/G380R, Q226T/K258S5/M286T/F413Y/H448T,
Q226T/M286T, Q226T/M286T/G330R/HA48T, Q226 T/P349R/G380R, K246R, K246R/M286T,
K246R/M286T/G380R/F413Y, K246R/A338S, K246R/F413Y, K246T, K2585/M2Z86T/F413Y,
M286T, M286T/F413Y/H448T, A3388/H448T, P349R, and F413Y, wherein the amino acid positions
of the polypeptide sequence are numbered with reference to SEQ ID NO: 422 or 1370.

{0175] In some embodiments, the polynucieotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NQ: 456 or 1404, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 29/31/92/220, 25/469,
49/58/103/141/197/269/294/298, 49/58/103/194/204/298, 49/58/141/298, 49/103, 103, 123, 126, 127,
131, 134, 180, 210, 214, 220/469, 228, 259, 279, 282, 302, 319, 393, 415, 417, 428. 429, 466, and
469, wherein the amino acid positions of the polypeptide sequence are numbered with reference to
SEQ ID NO: 456 or 1404, In some embodiments, the encoded recombinant amylase comprises at least
one substitution or substitution set selected from 29E/31L/92A/220G, 29E/4691,
49A/58T/103L/141F/197Y/269F/294H/298Q. 49A/58T/103L/194F/204D/298H,
49A/58T/141F/298H, 49A/103L, 1031, 123R, 126R, 127W, 131H, 131IR, 131Y, 134R, 180E, 210P,
214G, 220G/4691, 228V, 259C, 2791, 282T, 302H, 302R, 302W, 3198, 393R, 3938, 415C, 417W,
428T, 4298, 466C, and 4691, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ ID NO: 456 or 1404, In some embodiments, the encoded
recombinant amylase comprises at least one substitution or substitution set selected from
R29E/F31L/RO2A/A220G, R2OE/VA691, S49A/S58T/VI03L/Y 141 F/FI97Y/H269F/M294H/E298Q,
S4GA/SS8T/VIO3L/L194F/N204D/E298H, S40A/S38T/Y 141F/E298H, S49A/V103L, VI103L,
DI123R, T126R, QI27W, E131H, E131R. E131Y, E134R, D180E, H210P, E214G, A220G/V4691,
Q228V, P259C, D279L, E282T, Q302H, Q302R, Q302W, A3198, E393R, E3938, D415C, P41TW,
D428T, E4298S, Q466(, and V4691, wherein the amino acid positions of the polypeptide sequence are
numbered with reference to SEQ 1D NO: 456 or 1404,

[8176] In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 50%, 31%, 92%, 93%, 94%,
05%., 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 456 or 1404, or a functional

fragment thereof, and wherein the encoded recombinant amyvlase comprises at least one substitution or
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substitution set at one or more positions selected from 92, 123, 126, 127, 129, 131, 134, 140, 172,
180,210, 214, 221, 228, 253, 254, 259, 279, 282, 302, 304, 305, 319, 322, 346, 359, 384, 385, 387,
393,409,412, 415,417, 428,429, 441, 442, 444 446,451, 455,439, 466, 467,470, 473,474, 492,
and 494, wherein the aming acid positions of the polypeptide sequence are numbered with reference
to SEQ ID NO: 456 or 1404, In some embodiments, the encoded recombinant amylase comprises at
least one substitution or substitution set selected from 920, 92Q, 123C, 123G, 123R, 126Q, 126R,
1271, 127R, 1278, 127V, 127W, 129C, 129W, 131H, 131R, 131V, 134A, 134F, 134R, 140V, 172K,
172R, 180E, 180P, 180Q, 210G, 210P, 214G, 214L, 214R. 221T, 221V, 228V, 253R, 254G, 259C,
250R, 239W, 279L, 279V, 282R, 282T, 302G, 302H, 302R, 302V, 302W, 304T. 305Q, 305R. 305W.
319L, 3198, 322R, 346G, 359G, 384M, 385L, 387G, 387V, 393R, 3938, 393W, 4094, 409R, 409W,
412A, 415C, 415G, 417W, 428T, 4208, 441R, 441W, 442R, 442W, 444G, 444R, 444V, 446G, 451F,
4551, 453R, 455T, 455W, 459W_466C, 467P_ 46TW, 470G, 470L, 4708, 473M, 474G, 492G, 492R,
and 494C, wherein the amino acid positions of the polypeptide sequence are numbered with reference
to SEQ ID NO: 456. In some embodiments, the encoded recombinant amylase comprises at least one
substitution or substitution set selected from R92G, R92Q, D123C, D123G, DI23R, T126¢, Ti26R,
Q1271 Q127R, 1278, Q127V, Q127W, D129C, D129W, E131H, E131R, E131Y, E134A, E134F,
E134R. R140V, D172K, D172R, DI18OE, D180P, D180Q, H210G, H210P, E214G, E214L, E214R,
R221T, R221V, Q228V, Q253R, E254G, P259C, P259R, P259W, D279L, D279V, E282R, E282T,
Q302G, Q302H, Q302R, Q302V, Q302W. R304T, D305Q, D305R, D305W, A319L, A319S, A322R,
W346G, E359G, T384M, Y385L, I387G, 1387V, E393R, E393S, E393W, V409A, V409R, V400W,
D412A, D4153C, D415G, P417W, D4238T, E4298, D441R, D441W, D442R, D442W, E444G, E444R,
E444V, T446G, EASIF, N455L, N435R, N455T, N455W, R459W, (3466C, E467P, E46TW, V470G,
V470L, V4708, E473M, N474G, E492G, E492R, and V494C, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404,

{6177} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%. 87%, 88%, 89%., 90%, 91%, 92%, 93%, 949%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 546 or 1494, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 123, 123/126/180/214/298/302/393,
123/126/180/214/393/428, 123/126/210/298/302/393, 123/126/210/428, 123/126/428, 123/210/302,
126/180/210/214/298/302, 126/180/210/214/428, 126/180/298/302/393, 126/210/302/428,
126/214/393, 126/298/302/393, 126/298/302/393/428, 129, 129/228/253, 131/228/279, 131/282,
180/214, 210/214/302/393/428, 228/282/444, 253/279/470, 253/279/492, 279, 279/470, and 441,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID
NO: 546 or 1494, In some embodiments, the encoded recombinant amylase comprises at least one
substitution or substitution set selected from 23R, 123R/126R/180E/214L/298CG/302W/393R,
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123R/126R/180Q/214G/393R/428T, 123R/126R/210P/298Q/302W/393R, 123R/126R/210P/428T,
123R/126R/428T, 123R/210P/302R, 126R/1R0E/210P/214G/428T, 126R/180E/298Q/302R/393R,
126R/180(y/210P/214L/298Q)/302R, 126R/210P/302R/428T, 126R/214G/393R,
126R/298Q/302H/393R, 126R/298(/302R/393R/428F, 120W, 129W/228V/253R, 131H/228V/279V,
131Y/2827, 180Q/214L, 210P/2141L/302R/393R/428T, 228V/282T/444R, 253R/279L/492G,
253R/279V/4708, 2791, 279L/4708, and 44 1R, wherein the amino acid positions of the polvpeptide
sequence are numbered with reference to SEQ 1D NO: 546 or 1494, In some embodiments, the
encoded recombinant amylase comprises at least one substitution or substitution set selected from
DI23R, DI123R/T126R/D180E/E214L/H298Q/Q302W/E393R,
DI23R/TI26R/DIROQ/E214G/E393R/D428T, DI123R/T126R/H2 10P/H298G/Q302W/E393R,
DI23R/T126R/H210P/D428T, D123R/T126R/D428T, DI23R/MH210P/Q302R,
TI126R/D180E/H210P/E214G/D428T, T126R/D180E/H298Q/Q302R/E393R,
TI126R/D180Q/H210P/E214L/H298Q/Q302R, T126R/H210P/Q302R/D428T, TI26R/E214G/E393R,
T126R/MH298Q/Q302H/E393R, TI126R/H298Q/Q302R/E393R/D428T, D129W,
D129W/Q228V/(3253R, E131H/(Q228V/D279V, E131Y/E282T, DI18OQ/E214L,
H210P/E214L/Q302R/E393R/D428T, Q228V/E282T/E444R, Q253R/D279L/E492G,
Q233R/D2T79V/VAT0S, D279L., D279L/V470S, and D44 IR, wherein the amino acid positions of the
polypeptide sequence are numbered with reference to SEQ 1D NOG: 546 or 1494,

[0178] In some embodiments, the polvnucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%. 88%, 89%, 50%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ D NG: 632 or 1580, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions selected from 2, 45/166/298, 48, 48/166/170/203, 52, 58/166,
58/203, 72, 82, 114, 114/223/306/308, 149, 165, 166/203, 167, 170, 184/216/306/308,
184/223/306/437, 189, 203, 225, 255,258, 275, 280, 284, 294, 298, 396, 397. 411, 431, 448, 468,
482, 483, and 495, wherein the amino acid positions of the polypeptide sequence are numbered with
reference to SEQ 1D NO: 632, In some embodiments, the encoded recombmant amylase comprises at
least one substitution or substitution sct selected from 2L, 458/166L7298D, 48D,
48D/1661L/1708/2038, 52ZR, 58A/166L, 58A/2038, 72T, 82A, 114R, 114R/2231./306F/308L., 149K,
165V, 166172038, 167Y, 1708, 184D/2161L/306F/308L., 184D/2231./306F/437L, 189D, 2038, 225T,
255M, 255R, 2588, 2751, 275R, 280C, 284L, 284M, 2944, 298D, 298N, 396E, 396(3, 397M, 411E,
4317, 448P, 468V, 4821, 483A, 495G, and 4951, wherein the amino acid positions of the polypeptide
sequence are numbered with reference to SEQ 1D NO: 632 or 1580, In some embodiments, the
encoded recombinant amylase comprises at least one substitution or substitution set selected from
R2L, Y458/1166L/H298D, A48D, A48D/I166L/D170S/E203S, Y32R, T58A/1166L, T58A/E203S,
S72T, Q82A, H114R, HI114R/V223L/Y306F/M308L, Q149K H165V, 1166L/E2038, E167Y, D1708,
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E184D/1216L/Y306F/M308L, B184D/V223L/Y306F/M437L, Q189D, 2038, E225T, V255M,
V255R, K2588, Q2751, Q275R, Q280C, K284L, K284M, M294A, H298D. 298N, D396E, D396Q,
E397M, T411E, P431T, H448P, R468V, N482L, G483A., 1495G, and 1495L, wherein the amino acid

positions of the polypeptide sequence are numbered with reference to SEQ 1D NO: 632 or 1580,

{0179} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polyvpeptide sequence having at least 80%, 85%, 86%, §7%. 88%, §9%, 90%, 91%, 92%, 93%, 94%,
95%., 96%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NG: 664 or 1612, or a functional
fragment thereof, and wherein the encoded recombinant amylase comprises at least one substitution or
substitution set at one or more positions sclected from 6/39/103/324/420, 41, 58/500/501, 61,
03/98/205/227/423/438, 95/98/227/423, 95/203, 95/252/285/324, 123/170/197/275/298/396/448/483,
1237197, 123/197/225/294/396/448/469, 123/284/294/324/396/448, 134/225/275/302,
163/225/284/298/469/483, 170/275/294/298/448, 205/206, 205/206/224/315/438/480, 206/227,
206/227/315/423, 225/294/298/396, 227, 392/303, 458, 499, and 500, wherein the amino acid
positions of the polypeptide sequence are numbered with reference to SEQ 1D NO: 664 or 1612, fn
some embodiments, the encoded recombinant amylase comprises at least one substitution or
substitation set selected from 61/391/103D/324T/420V, 41F, 585/500P/501P, 61Y,
O5L/2521/285V/324°F, 95V/981/205V/227V/423V/458F, 95V/981/227V/423V, 93V/205V,
123B/1708/197Y/2751/298N/396Q/448(Q/483(, 123E/197Y,
123E/197Y/225G/294A/396Q/448(3/4691, 123E/284L/294A/324T/39603/448(,
134R/225G/2751/302W, 165V/225G/2841L/298N/4691/483(3, 1708/2751/294A/298N/448Q),
205V/206E, 205V/206E/2241/315S/458F/480L, 206E/227Y, 206E/227V/3158/423V,
225G/294A/298N/396(3, 227C, 392C/503L, 458F, 438Y, 499R,, and 500P, wherein the anmino acid
positions of the polyvpeptide sequence are numbered with reference to SEQ ID NG: 664 or 1612, In
some embodiments, the encoded recombinant amylase comprises at least one substitution or
substitution set sclected from LEI/V391/VI03D/A324T/A420V, L41F, TS8S/HS00P/HS01P, L6lY,
195L/V2321/T285V/A324T, 1953V/LORI/I205V/T227V/S423V/W458F, 195V/L9RI/T227V/8423V,
195V/I205V, DI23E/DI70S/F197Y/Q2751/H298N/D396(Q/HA48(/G483Q, DI23E/FI97Y,
D123E/F197Y/E225G/M294A/D396(/HA48(Q/V4691,
DI23E/K2841/M294A/A324T/D396Q/HA48Q, E134R/E225G/AQ2751/Q302W,
HI65V/E225G/K2841L/H298N/V4691/G483(, D1T0S/Q275/M294A/H2ZO8N/H4A48Q), 1205V/D206E,
1205V/D206E/M224L/T315S/WA4AS58F/F480L, D206E/T227V, D206E/T227V/T3155/5423V,
E2253G/M294AH298N/D396Q, T227C, 1392C/H503L, W458F, W458Y, G499R, and H500P,
wherein the amino acid positions of the polypeptide sequence are numbered with reference to SEQ ID

NGO: 664 or 1612,

[0180] In some embodiments, the polynucleotide encodes a recombinant amylase comprising a

polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
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05%., 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 664 or 1612, or a functional
fragment thereof, and wherein the encoded recombinant amyvlase comprises at least one substitution or
substitution set at one or more positions selected from 95/252/285/324, 123/197,
123/197/225/294/396/448/469, 134/225/275/302, 205/206, and 203/206/224/315/458/480, wherein
the amino acid positions of the polypeptide sequence are numbered with reference to SEQ 1D NO:
664 or 1612, In some embodiments, the encoded recombinant amylase comprises at least one
substitation or substitution set selected from 95L/252¥/285V/3247T, 123E/197Y,
123E/197Y/225G/294A/396Q/448Q/46091, 134R/225G/2751/302W, 205V/206E, and
205V/206E/2241./3155/458F/480L, wherein the amino acid positions of the polvpeptide sequence are
numbered with reference to SEQ ID NO: 664 or 1612, In some embodiments, the encoded
recombinant amylase comprises at least one substitution or substitation set selected from
1951/V2521/T285V/A324T, D123E/F197Y, D123E/F197Y/E225G/M294A/D396Q/H448Q/V4691,
E134R/E225G/Q2751/Q302W, 1205V/D206E, and 1205V/D206E/M2241L/T3158/W458F/F480L,
wherein the amino acid positions of the polvpeptide sequence are numbered with reference to SEQ ID
NO: 664 or 1612.

{0181} In some embodiments, the polynucleotide encodes a recombinant amylase comprising a
polypeptide sequence having at least 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
05%. 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NG: 780 or 1728, or a functional
fragment thereof, and wherein the encoded recombinant amvlase comprises a substitution at position
126, wherein the amino acid positions of the polypeptide sequence are numbered with reference to
SEG ID NQO: 780 or 1728, In some embodiments, the encoded recombinant amylase comprises at
feast one substitution selected from 126C, 126D, 126E, 126K, 1261, 126M, 126N, 1264, 1268, 126T,
and 126W, wherem the amino acid positions of the polypeptide sequence are numbered with reference
to SEQ ID NO: 780 or 1728. In some embodiments, the encoded recombinant amylase comprises at
least one substitution selected from R126C, R126D, R126E, R126K, R126L, R126M, R126N,
RI26Q, R1268, R126T, and R126W, wherein the amino acid positions of the polypeptide sequence
are numbered with reference to SEQ ID NO: 780 or 1728,

[0182] In some embodiments, the polynucleotides are capable of hybridizing under highly stringent
conditions to a reference polynucleotide sequence. In some embodiments, the reference sequence is
selected from SEQ ID NOS: 1, 17,39, 155, 173,275, 307, 421, 4533, 545, 631, 663, 779, 987, 1103,
1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and 1727, or a complement thercof, or a
polynucleotide sequence encoding any of the variant amylase polypeptides provided herein. In some
embodiments, the polynucleotide capable of hybridizing under highly stringent conditions encodes a
amylase polypeptide comprising an amino acid sequence that has one or more residue differences as
compared to SEQ ID NO: 1,17, 39, 155, 173, 275, 307, 421, 455, 545, 631, 663, 779, 987, 1103,
1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and 1727 at residue positions selected from any
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positions as sct forth in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or
4-14. In some further embodiments, the engineered polynucleotide is selected from those provided in
Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7_4-8,4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, or comprises a
polynucleotide having at least 70%, 75%, 80%. 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%. 89%,
90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, 99% or more sequence identity to a reference
sequence selected from SEQ ID NO: 1, 17, 39, 155, 173, 275, 307, 421, 455, 545, 631, 663, 779, 987,
1103, 1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and 1727. In some additional embodiments,
the engineered polynucleotide comprises a sequence having at least 70%, 75%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to at least one polynucleotide sequence provided m Table 4-1, 4-2, 4-3, 4-4, 4-5, 4~
6,4-7,4-8,4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, or at least one polvnucieotide sequence provided
in Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8 4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, wherein the
polvnucleotide sequence lacks the sequence encoding the histidine tag and the preceding amino acid
hinker, and/or SEQ ID NO: 1, 17,39, 155, 173,275, 307, 421, 453, 545, 631, 663, 779, 987, 1103,
1121, 1223, 1255, 1369, 1403, 1493, 1579, 1611, and 1727. In some further embodiments, the
engineered polynucleotide sequence comprises 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-13, 1-20,
1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-40, 1-45, or 1-50 base changes, as compared to a reference
polynucleotide sequence. In still some other embodiments, the engineered polyvnucleotide sequence
comprises 1,2,3.4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23,24, 25, 30, 31,
32,33,34,35,40, 41,42, 43, 44,45 46,47, 48, 49, or 50 base changes, as compared to a reference
poly

ynucleotide sequence. In some embodiments, the engineered polynucleotide sequence comprises
1

2,3,4,5,6,7.8,9, 10, 11, 12, 13, 14, 15, 16, 18. 20, 21, 22, 23, 24. or 25 base changes, as

>

compared to a reference polynucleotide sequence.

{6183} In some embodiments, an isolated polynucleotide encoding any of the engineered amylase
polypeptides provided herein is manipulated in a variety of ways to provide for expression of the gene
and production of the polypeptide. In some embodiments, the polynucleotides encoding the
polypeptides are provided as expression vectors, in which one or more control sequences is present to
regulate the expression of the polynucleotides and/or polypeptides. Manipulation of the isclated
polynucleotide prior to its insertion into a vector may be desirable or necessary depending on the
expression vector. The techniques for modifying polynucleotides and nucleic acid sequences utilizing

recombinant DNA methods are well known m the art.

[6184] In some embodiments, the control sequences inchide among other sequences, promoters,
leader sequences, polyadenylation sequences, propeptide sequences, signal peptide sequences, and
transcription terminators. As known in the art, suttable control sequences can be selected based on the
host cells used. It is not intended that the present invention be limited to any specific control

SCQUCTICCS.
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[0185] Exemplary promoters for bacterial host cells include, but are not limited to promoters
obtained from the genes for Escherichia coli lactose operon, tryptophan operon, arabinose operon, T7

promoter from the T7 bacteriophage, and Saccharopolyspora erythraea erythromycin resistance gene.

[0186] Exemplary promoters for filamentous fungal host cells, include promoters obtained from the
genes for Aspergitlus oryzae TAKA amylase, Rhizomucor miehei aspartic proteinase, Aspergillus
niger neutral alpha-amylase, Aspergilius niger acid stable alpha-amylase, Aspergillus niger or
Aspergillus awamori glucoamylase, Rhizomucor miehei protease, Aspergillus oryzae alkaline
protease, Aspergillus oryzae triose phosphate isomerase, Aspergillus nidulans acetamidase, and
Fusarium oxysporum trypsin-like protease (Sec ¢.g., WO 96/00787), as well as the NA2-tpi promoter
(a hybrid of the promoters from the genes for Aspergilius niger neutral alpha-amylase and Aspergilius
oryzeae triose phosphate isomerase), and mutant, truncated, and hybrid promoters thercof. Exemplary
veast cell promoters can be from the genes can be from the genes for Saccharomyces cerevisiae
enolase (ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces cerevisiae
alcobol dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP), and
Saccharomyces cerevisiae 3-phosphoglyeerate kinase. Other useful promoters for yeast host cells are
known in the art {See e.g., Romanos et al., Yeast 8:423-488 [1992]). Exemplary promoters for use in
mammalian cells include, but are not limited to those from cytomegalovirus (CMV), Simian
vacuolating virus 40 (SV40), from Homo sapiens phosphoglveerate kinase, beta actin, clongation

factor-1a or glyceraldehyde-3-phosphate dehvdrogenase, or from Gallus gailus’ B-actin.

[0187] In some embodiments, the control sequence is a suitable transcription terminator sequence, a
sequence recognized by a host cell to terminate transeription. The terminator sequence is operably
linked to the 3' terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which
1s functional in the host cell of choice finds use i the present invention. For example. exemplary
transcription terminators for bacterial host cells can be obtained from the T7 bacterial phage for the
T7 terminator, or Lischerichia coli ibosomal RNA, for example the rmB terminator. For example,
exemplary transcription terminators for filamentous fungal host cells can be obtained from the genes
for Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase, Aspergilius nidulans
anthramlate synthase, Aspergillus niger alpha-glucosidase, and Fusarium oxysporum trypsin-like
protease. Exemplary terminators for yeast host cells can be obtained from the genes for
Saccharomyces cerevisiae enclase, Saccharomyces cerevisiae cytochrome C {CYC1), and
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other uscful terminators for
veast host cells are known mn the art (See ¢.g., Romanos ¢t al., supra). Exemplary terminators for
mammalian cells include, but are not imited to those from cytomegalovirus (CMV), Simian

vacuoolating virus 40 {SV40), or from Homo sapiens growth hormone.

{0188} In some embodiments, the control sequence is a suitable leader sequence. a non-translated

region of an mRNA that is important for translation by the host cell. The leader sequence is operably
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linked to the 5' terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence
that 1s functional in the host cell of choice may be used. Exemplary leaders for filamentous fungal
host cells are obtained from the genes for Aspergiflus oryzae TAKA amylase and Aspergillus nidulans
triose phosphate isomerase. Suitable leaders for yeast host cells include, but are not limited to those
obtained from the genes for Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces cerevisiae 3-
phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae

alcohol dehydrogenase/giyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

{6189 In some embodiments, the control sequence may also be a polyadenylation sequence, a
sequence operably linked to the 3' terminus of the nucleic acid sequence and which, when transcribed,
is recognized by the host cell as a signal to add polyadenosine residues to transcribed mRNA. Any
polyadenylation sequence which is functional i the host cell of choice may be used in the present
invention. Exemplary polyadenylation sequences for filamentous fungal host cells include, but are not
limited to those from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger
glucoamylase, Aspergillus nidulans anthravilate synthase, Fusarium oxysporum trypsin-like protease,
and Aspergillus niger alpha-glucosidase. Useful polyadenvlation sequences for yeast host cells are

also known in the art (See e.g., Guo and Sherman, Mol. Cell. Biol., 13:5983-5590 [1995]).

{8190] In some embodiments, the control sequence is a signal peptide coding region that codes for an
amino acid sequence linked to the amino terminus of a polypeptide and directs the encoded
polypeptide into the cell's secretory pathway. The 5' end of the coding sequence of the nucleic acid
sequence may inherently contain a signal peptide coding region naturally hinked in translation reading
frame with the segment of the coding region that encodes the secreted polypeptide. Altematively, the
5'end of the coding sequence may contain a signal peptide coding region that is foreign to the coding

SCQuUenCe.

[6191] Any signal peptide coding region that directs the expressed polvpeptide into the secretory
pathway of a host cell of choice finds use for expression of the engineered amylase polypeptides
provided herein. Effective signal peptide coding regions for filamentous fungal host cells include, but
are not limited to the signal peptide coding regions obtained from the genes for Aspergilius oryzae
TAKA amylase, Aspergillus niger ncutral amylase, Aspergillus niger glucoamylase, Rhizomucor
miehei aspartic proteinase, Humicola insolens cellulase, and Humicola lonuginosa protease. Useful
signal peptides for veast host cells include, but are not limited to those from the genes for
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Usetul signal
peptides for mammalian host cells include but are not limited to those from the genes for

immunoglobulin gamma (IgG).

[6192] Insome embodiments, the control sequence is a propeptide coding region that codes for an

amino acid sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is

jeced
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referred to as a “proenzyme,” “propolypeptide,” or “zymogen,” in some cases). A propolypeptide can
be converted to a mature active polypeptide by catalytic or autocatalytic cleavage of the propeptide

from the propolypeptide.

{0193} In another aspect, the present invention also provides a recombinant expression vector
comprising a polynuclieotide encoding an engineered amvylase polypeptide, and one or more
expression regulating regions such as a promoter and a terminator, a replication origin, etc.,
depending on the type of hosts into which they are to be introduced. in some embodiments, the
various nucleic acid and control sequences described above are joined together to produce a
recombinant expression vector which includes one or more convenient restriction sites to allow for
msertion or substitution of the nucleic acid sequence encoding the variant amylase polypeptide at such
sites. Alternatively, the polynucleotide sequence(s) of the present invention are expressed by
inserting the polynucleotide sequence or a nucleic acid construct comprising the polynucleotide
sequence into an appropriate vector for expression. In creating the expression vector, the coding
sequence 1s located in the vector so that the coding sequence is operably hinked with the appropriate

control sequences for expression.

[8194] The recombinant expression vector may be any vector {e.g., a plasmid or virus), that can be
conveniently subjected to recombinant DNA procedures and can result in the expression of the vartant
amvlase polynucleotide sequence. The choice of the vector will typically depend on the compatibility
of the vector with the host cell into which the vector is to be mtroduced. The vectors may be linear or

closed circular plasmids.

[0195] In some embodiments, the expression vector 1s an antonomously replicating vector (i.e., a
vector that exists as an extra-chromosomal entity, the replication of which is independent of
chromosomal replication, such as a plasmid, an extra-chromosomal element, a minichromosome, or
an artificial chromosome). The vector may contain any means for assuring self-replication. In some
altermative embodiments, the vector may be one which, when introduced into the host celi, is
integrated into the genome and replicated together with the chromosome(s) into which it has been
imtegrated. Furthermore, a single vector or plasmid or two or more vectors or plasmids which together

contain the total DNA to be introduced into the genome of the host cell, or a transposon may be used.

[0196] In some embodiments, the expression vector preferably contains one or more selectable

markers, which permit easy selection of transformed cells.

[8197] A “sclectable marker” is a gene the product of which provides for biocide or viral resistance,
resistance to heavy metals, prototrophy to auxotrophs, and the like. Suitable markers for bacterial host
cells include, but are not limited to carbenicillin, ampicillin, chioramphenicol, tetracyclineJD,

kanamyein and zeocin.
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[0198] Suitable markers for yeast host cells include, but are not limited to ADE2, HIS3, LEU2,
LYS2, MET3, TRP1, and URA3. Sclectable markers for use in a filamentous fungal host cell include,
but are not Himited to, amdS {acetamidase), argB (orithine carbamoyltransferases), bar
(phosphinothricin acetyltransferase), hph (hygromycin phosphotransferase), niaD (nitrate reductase),
pyrG (orotidine-5'-phosphate decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate
synthase), as well as equivalents thereof. In another aspect, the present invention provides a host cell
comprising a polynucleotide encoding at least one engineered amylase polypeptide of the present
application, the polynucleotide being operatively linked to one or more control sequences for

expression of the engincered amylase cnzyme(s) in the host cell.

{0199} Host cells for use in expressing the polypeptides encoded by the expression vectors of the
present mvention are well known in the art and include but are not limited to, bacterial cells {e.g., £.
coli); fungal cells, such as yeast cells (¢.g., Saccharomyces cerevisiae and Pichia pastoris [e.g.,
ATCC Accession No. 201178)); msect cells (e.g., Drosophila S2 and Spodoptera S9 cells}), plant
cells, animal celis (e.g., CHO, COS, and BHK), and human cells {c.g., HEK293T, human fibroblast,

THP-1, Jurkat and Bowes melanoma cell hines).

[8200] Accordingly, in another aspect, the present invention provides methods for producing the
engineered amylase polypeptides, where the methods comprise culturing a host cell capable of
expressing a polynucleotide encoding the engincered amylase polypeptide under conditions suitable
for expression of the polypeptide. In some embodiments, the methods further comprise the steps of

isolating and/or purnifying the amylase polypeptides, as described herein.

[0201] Appropriate culture media and growth conditions for the above-described host cells are well
known in the art. Polynucleotides for expression of the amylase may be introduced into cells by
various methods known in the art. Techniques include, among others, electroporation, biolistic
particle bombardment, liposome mediated transfection, calcium chloride transfection, and protoplast

fusion.

[6262] The engineered amylase with the properties disclosed herein can be obtained by subjecting
the polynucleotide encoding the naturally occurring or engineered amylase polypeptide to
mutagenesis and/or directed evolution methods known in the art, and as described herein. An
exemplary directed gvolution technique is mutagenesis and/or DNA shuffling (See ¢.g., Steramer,
Proc. Natl. Acad. Sci. USA 91:10747-10751 {19941, WO 95/22625, WO 97/0078, W0 97/35966,
WO 98/27230;, WO 00/42651, WO 01/75767 and U.S. Pat. 6,537.746). Other directed cvolution
procedures that can be used include, among others, staggered extension process (StEP), in vitro
recombination {See ¢.g., Zhao ct al., Nat. Biotechnol., 16:258-261 [1998]), mutagenic PCR (Seee.g.,
Caldwell et al., PCR Methods Appl., 3:5136-5140 [1994]), and cassette mutagenesis (See e.g., Black
et al., Proc. Natl. Acad. Sci. USA 93:3525-3529 [1996}).
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[0203] Recombinant polypeptides can be produced using any suitable methods known in the art.
Genes encoding the wild-type polypeptide of interest can be cloned in vectors, such as plasmids, and
expressed in desired hosts, such as £ cofi, etc. Variants of recombinant polypeptides can be
generated by various methods known in the art. Indeed, there is a wide variety of different
mutagenesis technigues well known to those skilled in the art. In addition, mutagenesis kits are also
available from many commercial molecular biology suppliers. Methods are available to make
specific substitutions at defined amino acids {(site-directed), specific or random mutations in a
localized region of the gene (regio-specific), or random mutagenesis over the entire gene (e.g.,
saturation mutagenesis). Numerous suitable methods are known to those in the art to generate
enzyme variants, including but not limited to site-directed mutagenesis of single-stranded DNA or
double-stranded DNA using PCR, cassette mutagenesis, gene synthesis, error-prone PCR, shuffling,
and chemical saturation mutagenesis, or any other suitable method known in the art. Mutagenesis and
directed evolution methods can be readily applied to enzyme-encoding polynucleotides to gencrate
variant libraries that can be expressed, screened, and assaved. Any suitable mutagenesis and directed
evolution methods find use in the present invention and are well known in the art (See ¢.g., US Patent
Nos. 5,603,793, 5,811,238, 5,830,721, 5,834,252, 5,837 458, 5,928,905, 6,096,548, 6,117,679,
6.132.970, 6.165.793. 6,180,406, 6,251,674, 6.265.201, 6.277.638. 6,287,861, 6,287,862, 6,291 242,
6,297,053, 6,303,344, 6,309,883, 6,319,713, 6,319,714, 6,323 030, 6,326,204, 6,335,160, 6,335,198,
6,344,356, 6,352,859, 6,355,484, 6,358,740, 6,358,742, 6,365,377, 6,365,408, 6,368,861, 6.372.497.
6,337,186, 6,376,246, 6,379,964, 6.387.702, 6,391,552, 6,391,640, 6,395,547, 6,406,855, 6,406,910,
6,413,745, 6,413,774, 6.420.175, 6,423,542, 6,426,224, 6,436,675, 6.444 468, 6 455,253, 6,479,652,
6,482,647, 6,483 011, 6,484,105, 6,489,146, 6,500,617, 6,500,639, 6,506,602, 6,506,603, 6,518,065,
6,519,065, 6,521,453, 6,528,311, 6,537,746, 6,573,098, 6,376 467, 6,579,678, 6,586,182, 6,602,986,
6.605.430, 6.613.514. 6,653,072, 6,686,515, 6,703,240, 6.716.631. 6,825,001, 6,902,922, 6,917,882,
6,946,796, 6,961,664, 6,995,017, 7,024,312, 7.058,515, 7.105.297. 7,148,054, 7,220,566, 7,288 375,
7384387, 7.421,347, 7.430,477, 7,462,469, 7.534.564, 7,620,500, 7,620,502, 7,629,170, 7.702 464,
7,747,391, 7,747,393, 7,751,986, 7.776,598, 7,783,428, 7,795,030, 7,853,410, 7,868,138, 7,783,428,
7.873.477, 7,873,499, 7.904,249, 7.957.912. 7.981.614, 8,014,961, 8,029,988, 8 048.674. 8.058.001.
8,076,138, 8,108,150, 8,170,806, 8,224,580, 8,377,681, 8,383,346, 8,457,903, 8,504,498, 8,589,085,
8,762,066, 8,768 871, 8.849.575, 9,593,326, 9,663,694, 9,684,771, 9.864.833. 9,996,661, and all
related US, as well as PCT and non-US counterparts; Ling et al., Anal. Biochem., 254(2):157-78
{1997}, Dale et al.. Meth. Mol. Biol., 57:369-74 [1996]; Smith, Ann. Rev. Genet., 19:423-462 [1985];
Botstein et al.. Science, 229:1193-1201 [1983]; Carter, Biochem. J., 237:1-7 [1986]; Kramer et al ,
Cell, 38:879-887 [1984]; Wells et al., Gene, 34:315-323 [1985]; Minshull et al., Curr. Op. Chem.
Biol,, 3:284-290 [1999]; Christians et al., Nat. Biotechnol., 17:259-264 [1999]: Cramen et al., Nature,
391:288-291 {1998} Crameri, et al., Nat. Bictechnol., 15:436-438 {1997}, Zhang ¢t al., Proc. Nat.
Acad. Sci. US A, 94:4504-4509 [1997]; Crameri ct al., Nat. Biotechnol,, 14:315-319 [1996];
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Stemmer, Nature, 370:389-391 [1994]; Stemmer, Proc. Nat. Acad. Sci. USA, 91:10747-10751 [1994];
WO 95/22625; WO 97/0078; WO 97/35966; WO 98/27230; WO 00/42651; WO 01/75767; and WO

2009/152336, all of which are incorporated herein by reference).

[0204] In some embodiments, the enzyme variants obtained following mutagenesis treatment are
screened by subjecting the enzyme variants to a defined temperature (or other assay conditions) and
measuring the amount of enzyme activity remaining after heat treatments or other assay conditions.
DNA containing the polynucleotide encoding the amylase polypeptide is then isolated from the host
cell, sequenced to identify the nucleotide sequence changes (if any}, and used to express the enzyme
in a different or the same host cell. Measuring enzyme activity from the expression libraries can be
performed using any suitable method known i the art (e.g., standard biochemuistry techniques, such as

HPLC analysis).

{6265] For engineered polypeptides of known sequence, the polynucleotides encoding the enzyme
can be prepared by standard solid-phase methods, according to known synthetic methods. In some
embodiments, fragments of up to about 100 bases can be individually synthesized, then joined (.2,
by enzymatic or chemical ligation methods, or polymerase mediated methods) to form any desired
continuous sequence. For example, polynucleotides and oligonucleotides disclosed herein can be
prepared by chemical synthesis using the classical phosphoramidite method (See ¢.g., Beaucage et al.,
Tetra. Lett., 1981, 22:1859-69; and Matthes et al, EMBO J ., 1984, 3:801-05), as it is typically
practiced in automated svnthetic methods. According to the phosphoramidite method,
oligonucleotides are synthesized (¢.g., in an automatic DNA synthesizer), purified, annealed, ligated
and cloned in appropriate vectors. However, it is not intended that the present invention be limited to
any specific method for production of polynucleotides and oligonucleotides, as any suitable method

finds use in the present invention.

[6206] Accordingly, in some embodiments, a method for preparing the engincered amylase
polvpeptide can comprise: {a) synthesizing a polynucleotide encoding a polypeptide comprising an
aming acid sequence selected from the amino acid sequence of any vanant provided in Table 4-1, 4-2,
4-3,4-4, 4-5,4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14; any vanant provided in Table 4-1,
4-2.4-3, 4-4,4-5 4-6, 4-7,4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or 4-14, wherein the varant lacks the
histidine tag and preceding amino acid linker; as well as SEQ ID NOS: 2, 18, 40, 156, 174, 276, 308,
422,456, 546, 632,664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or
1728; any of the even numbered polypeptide sequence of SEQ 1D NOS: 4-18, 22-966, and 970-1914;
and {(b) expressing the amylase polypeptide encoded by the polynucleotide. In some embodiments of
the method, the amino acid sequence encoded by the polynucieotide comprises one or several {e.g., up
to 3, 4, 5, or up to 10) amino acid residue deletions, insertions and/or substitutions. In some further
embodiments, the amino acid sequence comprises 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-

20, 1-21, 1-22, 1-23, 1-24, 1-25, 1-30, 1-35, 1-490, 1-45, or 1-50 amino acid residue deletions,
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msertions and/or substitutions. In still some other embodiments, the amino acid sequence comprises
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14,15, 16, 17, 18,19, 20, 21, 22, 23, 24, 25,30, 31, 32, 33, 34,
35,40, 45, or 50 amino acid residue deletions, insertions and/or substitutions. In some embodiments,
the amino acid sequence comprises 1, 2, 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 21, 22,

23,24, or 25 amino acid residue deletions, insertions and/or substitutions. In some embodiments, the

substitutions are conservative or non-conservative substitutions.

{8267} The expressed engincered amylase polypeptide can be assessed for any desired improved
property {e.g., activity, selectivity, stability, acid tolerance, protease sensitivity, etc.), using any
suitable assay known in the art, including but not limited to the assays and conditions described

herein.

[0208] In some embodiments, any of the engineered amylase polypeptides expressed in a host cell
are recovered from the cells and/or the culture medium using any one or more of the well-known
techniques for protein purtfication, including, among others, lysozyme treatment, sonication,

filtration, salting-cut, heat treatment, ultra-centrifugation, and chromatography.

{0209} Chromatographic techniques for isclation of the amylase polypeptides include, among others,
reverse phase chromatography high performance liguid chromatography, ion exchange
chromatography, hvdrophobic interaction chromatography, gel electrophoresis, and affinity
chromatography. Conditions for purifying a particular enzyme depends, in part, on factors such as net
charge, hydrophobicity, hydrophilicity, molecular weight, molecular shape, etc., and will be apparent
to those having skill in the art. In some embodiments, affinity techniques may be used to isolate the
mmproved variant amylase enzymes. In some embodiments utilizing affinity chromatography

purification, any antibody which specifically binds the variant amylase polypeptide finds use.

[0218] In some embodiments utilizing affinity chromatography purification, proteins that bind to the
glycans covalently attached to amylase find use. In still other embodiments utilizing affinity-
chromatography purifications, any small molecule that binds to the amylase active site finds use. For
the production of antibodies, various host animals, including but not limited to rabbits, mice, rats, ¢tc.,
are immunized by injection with a polypeptide (e.g., a amylase variant), or a fragment thereof. In
some embodiments, the amylase polypeptide or fragment is attached to a suitable carrier, such as

BSA, by means of a side chain functional group or hinkers attached to a side chain functional group.

[0211] In some embodiments, the enginecred amylase polypeptide s produced in a host cell by a
method comprising culturing a host cell {¢.g., £. coli, 8. cerevisiae, Daucus carota, Nicotiana
tabacum, H. sapiens (e.g., HEK293T), or Cricetiduy griseus {g.g., CHO}) comprising a polynucleotide
sequence encoding an engineered amylase polypeptide as described herein under conditions
conducive to the production of the engincered amylase polypeptide and recovering the enginecred

amylase polypeptide from the cells and/or culture medium.
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[0212] In some embodiments, the invention encompasses a method of producing an engineered
amylase polypeptide comprising culturing a recombinant eukaryotic cell comprising a polvnucleotide
sequence encoding an engineered amylase polypeptide having at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 95%, 96%, 97%, 98%, 95%. or 100% sequence identity to a
reference sequence (c.g., SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780,
088, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728}, and one or more amino
acid residue differences as compared to SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1380, 1612, and/or 1728, sclected
from those provided in Table 4-1, 4-2, 4-3, 4-4, 4-3, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, and/or
4-14, and/or combinations thercof when optimally aligned with the amino acid sequence of SEQ ID
NO: 2, 18,40, 156, 174, 276,308, 422, 456,546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370,
1404, 1494, 1580, 1612, and/or 1728, under suitable culture conditions to allow the production of the
engincered amylase polypeptide and optionally recovering the engineered amylase polypeptide from

the culture and/or cultured bacterial cells.

[6213] In some embodiments, once the engineered polypeptides are recovered from the recombinant
host cells or cell culture medium, they are further purified by any suitable method(s) known in the art.
In some additional embodiments, the purified amylase polypeptides are combined with other
mgredients and compounds to provide compositions and formulations comprising the engincered
amvylase polypeptide as appropriate for different applications and uses {e.g., pharmaceutical
compositions). In some additional embodiments, the purified polypeptides, or the formulated amylase

polypeptides are tyophilized.

Compositions

{0214] The present invention provides various compositions and formats, including but not limited to
those described below. In some embodiments, the present invention provides engineered amylase
polypeptides suitable for use in pharmaceutical and other compositions, such as dietary and/or

nutritional supplements.

{6215} Depending on the mode of administration, these compositions comprising a therapeutically
effective amount of an engineered amylase according to the invention are in the form of a solid, semi-
solid, or liguid. In some embodiments, the compositions include other pharmaceutically acceptable
components such as diluents, buffers, excipients, salts, emulsifiers, preservatives, stabilizers, fillers,
and other ingredients. Details on techniques for formulation and administration are well known i the

art and described mn the literature.

[0216] In some embodiments, the engineered amylase polypeptides are formulated for use in
pharmaceutical compositions. Any suitable format for use in delivering the enginecred amylase

polypeptides find use n the present invention, including but not limited to pills, tablets, gel tabs,
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capsules, lozenges, dragees, powders, soft gels, sol-gels, gels, emulsions, implants, patches, sprays,
ointments, iniments, creams, pastes, jellies, paints, aerosols, chewing gums, demulcents, sticks,
solutions, suspensions {including but not limited to oil-based suspensions, oil-in water emulsions,
etc.), slurries, syrups, controlied release formulations, suppositories, etc. In some embodiments, the
enginecered amylase polypeptides are provided in a format suitable for injection or infusion (i.c., inan
injectable formulation). In some embodiments, the engineered amylase polypeptides are provided in
biocompatible matrices such as sol-gels, including silica-based (e.g., oxysilane) sol-gels. In some
embodiments, the engineered amylase polypeptides are encapsulated and/or enterically coated. In
some alternative emboduments, the engincered amvlase polypeptides are encapsulated in
nanostructures (¢.g., nanotubes, nanotubules, nanocapsules, or microcapsules, microspheres,
liposomes, etc.). Indeed, it is not intended that the present invention be limited to any particular
delivery formulation and/or means of delivery. It is intended that the engincered amylase
polypeptides be administered by any suitable means known in the art, including but not limited to

parenteral, oral, topical, transdermal, intranasal, intraocular, intrathecal, via implants, ctc.

{6217} In some embodiments, the engineered amylase polypeptides are chemically modified by
glycosylation, chemical crosslinking reagents, pegylation {i.e., modified with polyethylene glycol
IPEG] or activated PEG, ctc.) or other compounds (See e.g.. lkeda, Amino Acids, 2005, 29:283-287;
US Pat. Nos. 7,531,341, 7,534,595, 7,560,263, and 7,553,653; US Pat. Appln. Publ. Nos.
2013/6039898, 2012/0177722, etc.). Indeed, it is not intended that the present invention be limited to

any particular delivery method and/or mechanism.

{0218} In some additional embodiments, the engineered amylase polypeptides are provided in
formulations comprising matrix-stabilized enzyme crystals. In some embodiments, the formulation
comprises a cross-linked crystalline enginecred amylase enzyme and a polymer with a reactive moiety
that adheres to the enzyme crystals. The present invention also provides engineered amylase

polypeptides in polymers.

{6219} In some embodiments, compositions comprising the engineered amylase polypeptides of the
present mvention include one or more conunonly used carrier compounds, including but not himited to
sugars {¢.g., lactose, sucrose, mannitol, and/or sorbitol), starches {(c.g., com, wheat, rice, potato, or
other plant starch), cellulose {e.g., methyl cellulose, hydroxypropylmethyl cellulose, sodium carboxy-
methylcellulose), gums (e.g., arabic, tragacanth, guar, etc.), and/or proteins {e.g., gelatin, collagen,
etc.).

{0228} In some embodiments, the engineered amylase polypeptide is suitable for use to improve
dictary starch digestion. In some further embodiments, the engineered amylase polypeptide finds use
in breaking down starch n food and feed, prior to the consumption of the food or feed. The dosage of

engineered amylase polypeptide(s} administered depends upon the condition or discase, the general
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condition of the subject, and other factors known to those in the art. In some embodiments, the
compositions are intended for single or multiple admimistrations. In some embodiments, it is
contemplated that the concentration of engineercd amylase polypeptide(s} in the composition{s)
administered to a human with pancreatic insufficiency disease is sufficient to effectively treat, and/or
ameliorate discase {¢.g., pancreatic insufficiency discase). In some embodiments, one or more of the
engineered amylase polypeptide(s) of the present disclosure, for example formulated n as
composition{s}, is administered to a human with pancreatic insufficiency discase in an amount
sufficient to effectively treat, and/or ameliorate discase pancreatic insufficiency disease. In some
embodiments, the engincered amylase polypeptides are administered in combination with other
pharmaceutical and/or dietary compositions. In some embodiments, the engineered amylase
polypeptides find use in combination with other enzymes, such as lipases and/or proteases, for the
treatment of diseases such as pancreatic enzyme insufficiency. In some embodiments, the subject is
for treatment 1s a non-human mammal, such as, but not limited to, a non-human primate, pigs, cows,

dogs, and cats.

[6221] In some embodiments, the engineered lipase polypeptides are administered in combination
with other pharmaceutical and/or dietary compositions, inchiding but not limited to dictary
supplements, nutraceuticals, etc. It is not intended that the present invention be limited to any specific

method or form of administration, as any suitable method and/or form finds use.

EXAMPLES
[0222] The following Examples, including experiments and results achieved. arc provided for
tlustrative purposes only and are not to be construed as limiting the present mvention. In the
experimental disclosure below, the following abbreviations apply: ppm {(parts per nullion}; M (molar);
mM (millimolar), uM and M (micromolar), oM {(nanomolar); mol {moles); gm and g {gram}; mg
{milligrams); ug and pg (micrograms); L and 1 (liter); m] and mL (milliliter); cm (centimeters); mm
{millimeters); um and pm (micrometers); sec. (seconds);, min(s) (minute(s)): h(s) and hr(s) (hour(s));
kDa (kilodaltons); U (units); MW {(molecular weight}; rpm (rotations per minuie); °C (degrees
Centigrade); CDS (coding sequence); DNA (deoxyribonucicic acid), RNA (ribonucleic acidy, £ cofi
W3110 (commonly used laboratory £. coli strain, available from the Coli Genetic Stock Center [CGSC],
New Haven, CT); EPI (exocrine pancreatic imsufficiency); ethylidene-pNP-G7 (cthylidene-4-
nitrophenyl-alpha-D-maltoheptaoside);, btLIP (B. thermoamylovorans lipase), HPLC (high pressurce
figquid chromatography); ms (mass spectrometry or mass spectroscopy); SDS-PAGE {(sodium dodecyl
suifate polyacrylamide gel clectrophoresis); PBS (phosphate buffercd saline}; PES (polvethersulfone);
ACN (acetonitrile); DNSA (dimitrosalicylic acid); IPA (isopropyl alcohol); IPTG (isopropyl B-D-1-
thiogalactopvranoside); PMBS (polymyxin B sulfate); NADPH (nicotinamide adenine dinucleotide
phosphate); LB (Luria broth); MeOH (methanol); FIOPC and FIOP (fold improvements over positive
control); HTP ¢high throughput); CAV (cell accelerator voltage; collision cell accelerator voltage): CE
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{collision encrgy); RF (radio frequency); NEB (New England Biolabs, Inc., Ipswich, MA); Biorad (Bio-
Rad Laboratories, Inc., Hercules, CA); Greiner (Greiner Bio-One North America, Inc., Monroe, NC);
GE Healthcare (GE Healtheare, Chicago, IL); Sigma-Aldrich (Sigma-Aldrich, St. Louis, MG}, Pall
Corp. (Pall, Corp., Pt. Washington, NY);, Millipore (Millipore, Corp., Billerica MA); Difco (Difco
Laboratories, BD Diagnostic Systems, Detroit, MI); Molecular Devices (Molecular Devices, LLC,
Sunnyvale, CA); Kuhner (Adolf Kuhner, AG, Basel, Switzerland); Applied Biosystems (Applied
Biosystems, part of Life Technologies, Corp., Grand Island, NY), Agilent (Agilent Technologies, Inc.,
Santa Clara, CA); RAPIDFIRE® MS (RAPIDFIRE® mass spectrometer, Agilent); Thermo Scientific
(part of ThermoFisher Scientific, Waltham, MA); Gibco (ThemmoFisher Scientific); Pierce (Pierce
Biotechnology (now part of Thermo Fisher Scientific), Rockford, IL); ThermoFisher Scientific
(Thermo Fisher Scientific, Waltham, MA}; Corning (Corning, Inc., Palo Alto, CA); and Bio-Rad (Bio-
Rad Laboratorics, Hercules, CA).

EXAMPLE 1 - Amylase Gene Acquisition and Construction of Expression Vectors
[6223] The DNA sequences encoding bacterial amylases from various organisms listed in Table 1-1,
were codon-optimized for expression in . coli, and cloned into the £, coli expression vector
pCK 110900 vector system {Sce e.g., US Pat. Nos. 7,629,157, and 9,714,437, and US Pat. Appln.
Publn. 2006/0195947, all of which are hereby incorporated by reference herein). The plasmid
construct was transformed into an F. colf strain derived from W3110. The £ coli strains containing
the amylase genes were grown in either 96-well or shake flask format and assayed for amylase
activity as described in Example 3. The activity obtained from these amylases are shown in Table 1-

1.

Table 1-1. Amylase Activity of Alpha-Amylases from Various Organisms!
SEQ ID NO: (nt/aa) | Accession No. Organism Activity (A405)
1/2 P26612 Fscherichia coli +++
3/4 CAA44638.1 Alicyclobacillus acidocaldarius +
5/6 AAF00567.1 Cytophaga sp. +4++
7/8 P26613 Salmonella ryphimurium +++
9/10 ADDT77452.1 Pantoea ananatis +
11/12 WP _(04392868.1 Yersinia kristensenii 4+
13/14 WP 0173720731 Enterobacteriaceae bacterium +
LSIC7
15/16 WP (59351662.1 Bacillus coahuilensis ++

-9



WO 2022/047264 PCT/US2021/048108

Table 1-1. Amylase Activity of Alpha-Amylases from Various Organisms’

SEQ ID NO: (nt/as} | Accession No. Organism Activity (A405)

Levels of activity are expressed as absorbance units at 405nm and defined as follows: "+" > 0.004;
"+ > 0.04; and "+ > 0.4,

EXAMPLE 2 - Engineered Amylase Variants Expression and Construction

{0224} Based on the results shown in Table 1-1, the amylase from SEQ ID NO: 2 was subcloned
with a C-terminal 6xHis-tag into the pfV 110900 vector system {See e.g., US Pat. Appin Publ.
2017/213758, hercby incorporated by reference) to generate SEQ ID NO: 18. However, it is not
mtended that the present invention be limited to any specific vectors. The plasmid construct was
transformed into an . coli strain derived from W3110. Directed evolution techniques generally
known bv those skilled in the art were used to generate libraries of gene variants from this plasmid

construct {(Sec ¢.g., US Pat. No. 8,383,346, and W02010/144103) as well as its derivatives.

EXAMPLE 3 - High-Throughput (HTP) Growth of Amylase Variants and Screening Conditions
[0225] Mcthods used to grow cells producing the amylases of the present invention, as well as

screening methods to characterize the amylases are provided in this Example.

High-Throughput (HTP) Growth of £._coli Amvlase and Variant Amvlases

[0226] Transformed £ coli cells were selected by plating onto LB agar plates containing 1% glucose
with selection. After overnight incubation at 37°C, colonies were placed into the wells of 96-well
shallow flat bottom plates (NUNC™, Thermo-Scientific) filled with 180 ul/well LB supplemented
with 1% glucose and a selection marker. The caltures were allowed to grow overnight for 18-20 hours
in a shaker incubator (200 rpm, 30°C, and 85% relative humidity; Kuhner).
{0227} Overnight growth samples (20 pL) were transferred into COSTAR® 96-well deep plates filled
with 380ul of Terrific Broth supplemented with a selection compound (¢.g., chloramphenicol). The
plates were incubated for 135 minutes in a shaker incubator (230 rpm, 30°C, and 85% relative
humidity; Kuhner). The expression of the amylase variants was then induced with 40 pL of 10 mM
IPTG 1n sterile water and the cultures were incubated overnight for 20-24 hours in a shaker incubator
(250 rpm, 30°C, and 85% relative humidity; Kuhner). The cells were pelleted by centrifugation (4000
rpm x 20 min}, the supernatants were discarded, and the cells were frozen at -80°C prior to analysis.
Lvsis of HTP Pellets
{6228} First, 200-400 ul of lysts buffer (1X PBS, 1 mg/mi lysozyme, 0.5 mg/ml polymyxin B
sulfate, and .1U/mL DNAse I (NEB) were added to the cell peliets. The cell pellet and buffer were

gently shaken for 1.5-2 hours at room temperature, and centrifuged (4000 rpm x 15 nun) prior to use
of the clarified lysates in the various HTP assays described herein. Analysis of these lysates by SDS-

PAGE revealed the presence of an overexpressed protein bands at an apparent MW of 37kDa,
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consistent with the expected MW of the amylase of interest. In some additional experiments,
additional dilutions of clarified lysate were performed with PBS buffer prior to challenges and

analysis.

Analvsis of Clarified Lvsates or Purified Protein for Amvlase Activity

{0229] Amylase activity was assessed using soluble starch as a substrate and quantifying maltose
produced from starch hydrolysis using dinitrosalicylic acid (BNSA). Starch solution was prepared by
mixing 10 mg/ml potato starch in assay buffer (20 mM sodium phosphate buffer pH 6.9 + 6.7 mM
NaCl, or 100 mM NaPO: pH, 6.0 - 7.0). To dissolve the starch, the solution was heated on a stir plate
to near botling then allowed to cool t¢ room temperature. To create the DNSA solution, 20 ml of 96
mM DNSA in water was added dropwise to 12 mi water and 8 ml 5.3M potassium sodium tartrate
tetrahydrate in 2N NaOH with mixing on a hot plate {70-80°C); DNSA solution was cooled to room
temperature before use. To set up amylase activity reactions, starch substrate solution was mixed 2:1
with diluted enzyme in a PCR plate (BicRad} and incubated at 37 °C for 30 minutes. The reaction was
then mixed 1:1 with the DNSA solution and incubated for 15 minutes at 95 °C in a thermocycler.
Samples were diluted 2x in assay buffer and transferred to 3 UV-START flat bottom plate (Greiner),
then read for absorbance at 540nm on a Molecular Devices SPECTRAMAX® M2 plate reader. In
some experiments, in order to ensure that samples did not saturate the assay, samples were diluted in

PBS buffer prior to analysis, based on a pre-determined dilution factor (up to 512x).

Alternate Method for Analvsis of Clarified Lvsates or Punified Protein for Amvlase Activity

{0230] In some experiments, amylase activity was assessed by using ethylidene pNP-G7 as a
substrate and monitoring the p-nitrophenol released by monitoring absorbance at A405. This assay
was performed using an Amylase Activity Assay Kit {Sigma). In this assay, 50 ul of challenged,
diluted amylase variant were added to 50 ul of provided assay buffer and 50 ul of provided ethylidene
pINP-G7 substrate solution. Absorbance at 405nm was monitored for 15 minutes, and absorbance ata

representative time point was used for subsequent analysis.

HTP Analysis of Clanfied Lysates or Purified Proteins Pre-Treated with Heat Challenge

{0231} To assess the thermostability of the variants, clarified lysate was transferred to a PCR plate
(Biorad) and mcubated for § hr at 40-60°C in a thermocycler. After incubation, samples were
centrifuged to pellet heat-precipitated proteins and the supernatant was analyzed for amylase residual

activity as described herein.

HTP Analvsis of Clarified Lvsates or Purified Proteins Pre-Treated with low pH and Pepsin

{0232} The activities of amylase variants were determined after pre-incubation at low pH in the
presence of pepsin, to simulate the stomach environment. First, clarified lysate was diluted Ox — 32x

in PBS buffer, then mixed 1:1 with Mcllvaine buffer, pH 2.3-3.5 + 3.0 mg/mL pepsin from porcine
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gastric mucosa (Sigma) in a PCR plate (Biorad), for a final challenge pH of 2.3-3.5 and a final pepsin
concentration of 1.5 mg/ml. Samples were mixed and then incubated for 1-2 hrs at 37°C. To stop the
chalienges, samples were mixed 1:1 with 400 mM NaPQ,, pH 7.0, to neutralize the pH and inactivate
the pepsin. Neutralized challenge samples were then analyzed for residual amylase activity as

described herein.

HTP Evaluation of Amvlase Activity After Incubation with Intestinal Proteases

[6233] The activities of variants were determined after pre-incubation at neutral pH in the presence
of sodium taurocholate and intestinal proteases, to simulate the intestinal environment. Clarified lysate
was mixed 1:1 in a PCR plate (BioRad) with 100 mM NaPQ,, pH 7.0, or PBS containing 0-10 mM
sodium taurocholate, trypsin from porcine pancreas at 3mg/ml, and chymotrypsin from bovine
pancreas at 3 mg/ml, for a final concentration of 0-5 mM sodium taurocholate, and a final
concentration of 1.5 mg/ml of each challenging intestinal protease. The mixture was incubated for 1-2
hrs at 37°C, in a thermocycler. Samples were then analyzed for residual amylase activity as described

herein.

HTP Evaluation of Amvlase Activity After Incubation with Eneinecred Protease

10234] The activities of amylase variants were determined after pre-incubation at neutral pH in the
presence of an engincered trypsin-like protease (SEQ ID NO: 20). Clarified lysate was mixed I:1ina
PCR plate (BioRad) with PBS containing 3 mg/mi lyophilized powder of SEQ ID NO: 20, for a final
concentration of 1.5 mg/ml protease in the challenge. The mixture was incubated for 1-2 hrs at 37°C,

in a thermocycler. Samples were then analyzed for residual amylase activity as described herein.

HTP Evaluation of Amiviase Activity Afier Multiple Sequential Challenges

{0235] When two stability characteristics were simultaneously being investigated, multiple challenge
screens were combined in series. For example, in some experiments, a one hour heat challenge was
followed by a one hour pH and pepsin challenge, which was then followed by a one hour intestinal
challenge. In the instance of an intestinal challenge following a gastric challenge, the challenging
intestinal proteases were dissolved in the neutralization buffer for the gastric challenge, so that the
mtestinal challenge was started imunediately upon neutralization of the gastric challenge. This is
denoted as a “sequential challenge.” Following a sequential challenge, samples were analyzed for

residual amylase activity as described herein.

Shake Flask Expression. Purification and Characterization of Amvlase Variants

[0236] A single colony of E. cofi containing a plasmid encoding an engineered amylase was
imoculated into 5 mL Luria Bertani media with 1% glucose and a selection marker. Cells were grown
overnight (at least 16 hours) in an incubator at 30°C with shaking at 250 rpm. The culture was diluted

mto 250 mL Terrific Broth (12 g/L bacto-tryptone, 24 g/L veast extract, 4 mL/L glycerol, 65 mM
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potassium phosphate, pH 7, | mM MgS804) with sclection, in a 1 liter flask and allowed to grow at
30°C. Expression of the amylase gene was induced by addition of IPTG to a final concentration of 1
mM when the OD600 of the culture reached 0.6 to 0.8. Incubation was then continued overmight {(at
least 16 hours). Cells were harvested by centrifugation (5000 rpm, 15 min, 4°C) and the supernatant
discarded. The cells were resuspended in 40-50 ml of PBS with 150 mM NaCl, and passed through a
MICROFLUDIZER® high pressure homogenizer (Microfluidics) with standard £. coli lysis settings

and maintained at 4°C.

{8237} The cleared lysate sapernatant was collected, and imidazole was added to the lysate for a final
concentration of 25 mM. This lysate was HiS-affinity purified on the AKTA Start system with the AC
Step | ml/5 mi HiTrap - Aftinity Chromatography Quick Start using the manufacturer’s (GE
Healthcare) protocol, using PBS with150mL NaCl and 25 mM mmidazole as the wash buffer, and PBS
with 150 mi NaCl and 250 mM imidazole as the elution buffer. The purificd amylase variants were
buffer exchanged into PBS with ECONOPAC™-10DG desalting prepacked gravity-flow columns
(Biorad).

[0238] The purified amylase vaniants were assayed for unchallenged activity, gastric stability,
mtestinal stability in a similar manner as described herein, except that instead of using cell lysates, 1

mg/ml of the purified enzymes were used in the stability experiments.

EXAMPLE 4: Screening Results For Amylase Variants
{0239} Library variants were generated from homolog diversity and saturation mutagenesis on
surface posttions based on a structural model of SEQ ID NO: I8. These variants were screened in
triplicate for amylase activity at pH 6.3, after the sequential challenge of 1 hour incubation at 50°C,
followed by a 1 hour gastric challenge (1.5 mg/mL pepsin, pH 3}, and finally a 1 hour intestinal
challenge for 1 hour, as described in Example 3. The results {relative 1o the results for SEQ 1D NG:

18} arc provided in Table 4-1.

Table 4-1. Amylase Activity (Relative to SEQ 1D NQ: 18)!

SEQID Amine Acid Amylase Activity Post Sequential

NG: Differences Challenge (Relative to SEQ 1D
(nt/aa} {Relative to SEQ ID NG: 18) NO: 18)

21/22 K158R Es

23/24 D396H/L412D A+

23126 K2845 -+

27/28 E26A/R27L/L412D b

29/30 D272G -

31/32 P74ANY371F/H3T745/Q383E/E493D ++
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Table 4-1. Amylase Activity (Relative to SEQ ID NO: 18)

33/34 E26A/R2TL/Q466E/EAT3D 4+
33/36 V317G/Q383L ek
37/38 D396H/L412D/D428E/(Q466E 4+
39/40 E16D/D33E/F157Y/A2565/M302Q/Y371F/AQ383E 4+
41742 P257G +++
43/44 D38E/D396H/L412D/D428E +++
45/46 S26A/R2TL/D396H/L4 12D/D428E/E473D -+
47/48 Q149R +++
49/50 A256S/Q383E o
51/52 E130D/A2568/E493D e
53/54 P257E ++
35/56 E16D/A256S/M302Q/H3748 e+
57/58 [73V/E130D/A256S/E282D3/M302Q/E493D E s
59/60 D272K ++
61/62 E16D/I73V/PTAA/A256S/E282D/F366L/Y371F/Q383E/E493D ++
63/64 L4128 ++
65/66 K284R ++
67/68 E16D/73V/A256S/E282D/M302Q/H331P/Y371F/Q383E ++
69/70 D2728 ++
71/72 D29R +
73/74 D272p ++
75176 P237R ++
77/78 D279R e
79/80 D272R ++
81/82 K284C ++
83/84 E16D/E130D/A256S/T276QM374S8/V470T ++
85/86 P2578 ++
87/48 V4098 ++
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Table 4-1. Amylase Activity (Relative to SEQ ID NO: 18)

89/90 E2548 ++
91/92 1495E ++
93/94 KI19E/S72T/P345A/E473D A+
95/96 P257V ++
97/98 D29%s ++
99/100 E16D/D33E/EI30D/AZS6S5/M302Q/Y371F/Q383E/V470T ++
101/102 K284Y ++
103/%04 A2568 ++
105/106 E254G ++
1067/108 R2KAT3V/IA2565/E493D ++
109/110 | E16D/D33EAT3V/E130D/A256S/E282D/Y3TIF/H3T4S5/E493D A+
111/112 Q1497 ++
1153/114 P345A/D388E/D396H/D428E ++
115/116 1495L A+
117/118 F322A +
119/120 D295G +
121/122 P259Q +
123/124 1495Y +

Levels of increased activity were determined relative to the reference polypeptide of SEQ 1D NO: 18, and defined

as follows: "+" > 0.9; "++" > 1.1; "+++" > 2; and "++++" > 4,

{0240} Based on the results shown in Table 4-1, SEG 1D NO: 40 was chosen as the parent sequence
for the next iteration of protein optimization. Beneficial mutations identified from those listed in
Table 4-2 werce recombined into this backbone. The variants were assayed in triplicate for amylase
activity at pH 6.8 afier pre-incubations with two different conditions: a 1 hr incubation at 50°C,
followed by a 1 hr intestmal screen, and a one hour incubation at 50°C, followed by a 1 hr gastric
challenge at pH 3.5, as described in Example 3. The results (relative to the results for SEQ 1D NO:
40) arc shown in Table 4-2.
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Table 4-2. Alpha-Amylase Activity (Relative to SEQ ID NO: 40)°

Amylase Activity

Amylase Activity

SEQ D A:.nine Acid Ax‘niﬁo Acid ?est‘ Hf&i & Post Hegt &
NO: lefer;ences ?sffergasces Intestinal Gastric
(st/az) (Reiatife o (Reia’ﬂfe o Ch‘alien ge Ch.aﬁlenge ‘
SEQID NO: 40) SEQ ID NG: 18) {Relative to SEQ | (Relative to SEQ
IB NO: 46) ID NQG: 40)
125/126 | D272G/D279R/LAT | E16D/D33E/F157Y/A2565/D272G/D +++ et
2D/D428E/E493D | 279R/MBO2Q/Y371F/Q383E/L412D/
D428E/E493D
127/128 | D272G/L412D/D4 | EI6D/D33E/F157Y/A256S/D272G/M +++ A
28E 302Q/Y371F/Q383E/L.412D/D428E
129/130 | D272G/LA12D/EAY | EI6D/D33E/FISTY/A2568/D272G/M A4+ et
3D 3020Q/Y3TIFAQ383E/L412D/EA93D
131/132 | D29R/D272G/D27 | EI16D/D2OR/D33E/F157Y/A2565/D2 +++ -
OR/D3OGH/L412D | 72G/D279R/M302Q/Y371F/Q383E/
D396H/L412D
133/134 | E130D/E254S/K28 | E16D/D33E/E130D/F157Y/E2548/A2 4+ A+
4S/F322A/H3748/ 568/K2845/M302Q/F322A/Y371F/
V409S/Q466E H374S/Q383E/V409S5/Q466E
135/136 | E130D/K284S8/F32 | E16D/D33E/E130D/F1537Y/A2568/K +++ ++
2AMH3TAS/V4G9S/ 2848/ M302Q/F322A/Y371F/
E473D H374S/Q383E/V409S/E473D
137/138 | E130D/P257G/K28 | EI6D/D33E/E130D/F157Y/A2565/ - -
AS/H3T748/V4095/ P257G/ K284S/M302Q/Y371F/
Q466E H3745/Q333E/V4095/Q3466E
139/140 | E130D/QI49R/E25 | E16D/D33E/EI30D/QU49R/F157Y/E 4+ et
48/K2848/F322A/ | 2545/A2565/K284S/M302(Q/F322A/
V4098/1495EF Y371F/Q383E/V4098/1495E
141/142 | E130D/QI49R/P25 | E16D/D33E/EI30D/QI49R/FISTY/A +++ 4+
TGK2BAS/F322A7 | 256S/P257G/K284S/M302Q/F322A/
V4095/Q466E/E4T | Y3TIF/Q383E/V409S/Q466E/E4T3
3D
143/144 | E2548/K28485/V40 | E16LV/D33E/F157Y/E2548/A25658/K2 4+ A+
98/Q466E/1493E B45/M302Q/Y37IF/Q383E/V409S/Q
466E/T495E
145/146 | E2548/P257G/K28 | E16D/D33E/F157Y/E254S/A2568/P2 +++ ++
4S/F322A/VA098/ | 37G/K284S/M302Q/F322A/Y3TIF/Q
E473D 383E/V4095/E473D
147/148 | E26A/D272G/D27 | E16D/E26A/D33E/FI5TY/A2565/D2 +++ PR
OR/L412D/D428E/ | 72G/D279RMB02Q/Y371F/Q383EA
E493D 412D/D428E/E4A93D
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Table 4-2. Alpha-Amylase Activity (Relative to SEQ ID NO: 40)°

149/150 | E26A/D29R/D272 | E16D/E26A/D29R/DZZE/F157Y/A2S et 4+
G/D279R/LA1ZEYE | 65/D272G/D27IR/MI302Q/Y371F/Q3
493D H#3E/L412D/E493D
151/152 | E26A/D29R/D272 | E16D/E26A/D29R/MIZEF15TY/ALZS ++ +++
G/D39GH/ALA12D | 65/D272G/M3020Q/Y371F/Q383E/D3
96H/L412D
153/154 | E26A/D29R/D279 | E16D/E26A/D2OR/D33E/F15TY/A2ZS -+ -+
R/LA12D/D423E 65/D27T9RM3BO2Q/Y371IF/Q383E/L4
12D/D428E
155/156 | E26A/D29R/K1S8 | E16DVE26A/D29R/DIZE/F1STY/K1S 4+ e+t
R/D272G/ALA12D | 8R/A2565/D272G/M3B02Q/Y3TIF/Q3
83E/L412D
157/158 | BE26A/K158R/D272 | EI16D/E26A/D33E/FISTY/K158R/A2 +++ +++
G/D279R/D3EBE/L | 565/D272G/D2TIRMB02Q/Y3TIF/Q
412D/D428E 383E/D388E/L412D/D428E
159/160 | E26A/KI58R/D272 | E16D/E26A/D33E/F157Y/K158R/AZ ot -
G/L412D 365/D272G/M3B02Q/Y371F/Q383E/L
4120
161/162 | KIS8R/D272G/D2 | E16D/D33E/FISTY/KI1S8R/A2568/D +++ -+
TORAYIGAR/D396 | 272G/D279R/MB02Q/Y3TIF/Q383E/
H/L412D/D428E/E | Q394R/D396H/L412D/D428E/E493D
493D
163/164 | KIS8R/D272G/D3 | E16D/D33E/F157Y/KI158R/A256S/D -+ -+
88E/L412D/D428E | 272G/M302Q/Y371F/Q383E/D388E/
/E493D L412D/D428E/E493D
165/166 | KI158R/D272G/A41 | E16D/D35E/F157Y/KI58R/A2565/D + A+t
2D/D428E 272G/M302Q/Y371F/Q383E/A412D/
D428E
167/168 | K158R/D279R/D3 | E16D/D33E/FI57TY/K158R/A2568/D ++ +++
88E/D396H/L412D | 279R/M302Q/Y371F/Q383E/D388E/
/D428E D396H/L412D/D428E
169/170 | K284S/F322A/V40 | E16D/D33E/F157Y/K2845/A2565/M et A+t
9S/EATID 302C/F322A/Y371F/Q383E/VA095/E
4730
171/172 | Q149R/P257G/K28 | E16D/D33E/QI49R/F15TY/A2565/P2 -+ -+
4S/F322A/VA4098/ | 37G/K284S/M302Q/E322A/Y3T7IF/Q
Q466E 383E/V4095/Q466E

evels of increased activity were determined relative to the reference polypeptide of SEQ ID NO: 40, and defined

as follows: "+" > 0.9; "++" > 1.1; "+++" > 2; and "++++" > 3.
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{6241} Based on the results shown in Table 4-2, SEQ ID NO: 156 was chosen as the parent sequence

for the next tteration of protein optimization. Beneficial mutations identified from the results shown in

Table 4-2 werce recombined into the backbone. Additionally, to gencrate new diversity, variants

produced with saturation mutagenesis at different positions were also constructed using SEQ 1D NO:

156.

{0242} The varants were assayed in triplicate for amylase activity at pH 6.8, after pre-incubation

under two different conditions. The first condition was a 1 hour gastric challenge at pH 3.25 and the

By

second condition was a 2 hr gastric challenge at pH 3.25, as described in Example 3. The results

(relative to the results for SEQ 1D NO: 156) are provided in Table 4-3.

Table 4-3. Alpha-Amylase Activity (Relative to SEQ ID NO: 156)!

o | ‘s
N 0 (Relativc.m ?EZ;?::; Gastric. Challenge Ci;i;i:ﬁé
(nt/aa) | SEQID NQO: . (Relative to SEQ . 8

156) SEQ ID NO: 18) 1D NO: 156) (Relat:Yve to S}LQ
1D NO: 156)
173/174 Ali4H E16D/E26A/D2OR/D33E/ALI4H/F157Y/ R A+
KI158R/A256S/D272G/M302Q/Y3T71F/Q3
83E/M4120
175/176 K91H EI6D/E26A/D29R/D3IIE/KOTH/FISTY/K +++ et
158R/A2568/D272G/M3020Q/Y371F/QQ38
3E/L412D
177/178 A122P E16D/E26 A/D29R/D33E/A122P/F157Y/K ++ ++
158R/A2565/D272G/M3020Q/Y3TIF/Q38
3E/L412D
179/180 Ei67TW E16D/E26A/D29R/D33E/F157Y/K158R/E 4 +4
167TW/A256S/D272G/M302Q/Y371F/Q38
3E/L412D
181/182 G183N E16D/E26AMD29R/D33E/F157Y/K158R/ ++ ++
GI83N/A256S/D272G/M302Q/Y3TIF/Q3
83E/L412D
1837184 Al122 E16D/E26A/D29R/M33E/AI22R/FISTY/ ++ ++
KI58R/AZ56S/D3272G/M302Q/Y3TIF/Q3
83E/1.412D
185/186 N464L E16D/E26A/D29R/D3ZE/FISTY/K158R/ 4+ +
AZ368/D272G/M302Q/Y3T71F/Q383E/L4
12D/N464L
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Table 4-3. Alpha-Amylase Activity (Relative to SEQ 1D NO: 156)!

187/188

GI83E EI6D/E26A/MD29R/D33EFISTY/KI8R/ ++
GI83E/A2565/D272G/M302Q/Y3TIFAQ3
B3E/L412D

++

1897190

R140K E16D/E26A/D29R/D33E/RI140K/F157Y/ ++
K158R/A2565/D272G/M302Q/Y3TIF/QS
#3E/L412D

191/192

E397F E16D/E26A/D29R/D33E/FI5TY/K158R/ ++
A256S/D272G/M302Q/Y3TIF/Q383E/
E397T/L412D

++

193/194

DI124R E16D/E26A/MD29R/D33E/D124R/F157Y/ ++
KI138R/A256S/D272G/M302Q/Y371F/Q3
83E/L412D

++

195/196

K112Q E16D/E26A/D29R/DA3E/K112Q/F157Y/ ++
KI158R/AZ565/D272G/M3020Q/Y371F/Q3
83E/L412D

++

1128W E16D/E26A/D29R/D33EM28W/F157Y/K ++
158R/A2565/D272G/M302Q/Y37T1F/Q38
3E/L41ZD

++

1997200

G51IR E16D/E26 A/D29R/D33E/GSIR/F1STY/K ++
158R/A256S/D272G/M302Q/Y3TIF/Q38
3E/L412D

201/202

T276A E16D/EZCA/D29R/D33E/FISTY/K158R/ ++
A2568/D272G/T276A/M302Q/YITIF/AQS
83E/L412D

++

203/204

EIl1A E16D/E26A/D29R/D33E/ELIAFISTY/ 4+
K158R/A2565/D272G/M302Q/Y371F/Q3
83E/L412D

205/206

E298M E16D/E26A/D29R/DAZE/F157TY/K1S8R/ -
A256S/D272G/E298M/M302Q/Y3TIF/Q3
83E/L412D

2077208

N37R E16D/E26 A/D29R/D33E/MN3TR/F1STY/K ++
158R/A2565/D272G/M302Q/Y 371F/Q38
3E/ML41ZD

2097210

G183V E16D/E26A/D29R/D35E/F157Y/K158R/ +
G183V/A2565/D272G/M3B02Q/Y3TIF/Q3
B3E/L412D

21321

ool

Q280L E16D/E26A/D29R/D33E/F157TY/K158R/ +
A2568/D272G/Q280L/M302Q/Y3TIF/Q3
83E/L412D
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Table 4-3. Alpha-Amylase Activity (Relative to SEQ 1D NO: 156)!

213/214

L1%4R EI16D/E26A/D2OR/D33E/F157Y/K158R/L
194R/A2565/D272G/M302Q/Y371F/Q38

3E/L412D

++

2157216

T276K E16D/E26A/D29R/D33E/F157Y/K138R/
A236S/D272G/T276K/M302Q/Y3T1F/Q3

#3E/L412D

2¥7/218

BEi1711 E16D/E26A/D29R/D33E/F157Y/KI58R/E
171H/A2568/D272GM302Q/Y371F/Q383

E/L412D

++

2197220

LI94E E16D/E26A/D29R/D33E/F157TY/K1I58R/L
194E/A2565/D272G/M302Q/Y371F/(Q383

EAA412D

++

221/222

E298K E16D/E26A/D29R/DIZE/FI5TY/K 1S8R/

A2565/D272G/E298K/M3020Q/Y371E/Q3

83E/L412D

++

as follows: "+" >0.9; "++" > 1.1; and "+++" > 2,

Levels of increased activity were determined relative o the reference polypeptide of SEQ ID NO: 156, and defined

{0243} Based on the results shown in Table 4-3, SEQ 1D NO: 174 was chosen as the parent sequence

for the next teration of protein optimization. Beneficial mutations identified from Table 4-2 and

Table 4-3, and diversity from homologs, were recombined into this backbone. The variants were

assayed in singlicate for amylase activity at pH 6.8 after pre-incubation with a 1 hour gastric

challenge at pH 3.25, as described in Example 3. The results (relative to the results for SEQ ID NO:
174} are provided in Table 4-4.

Table 4-4. Alpha-Amylase Activity (Relative to SEQ ID NG: 174)!

. . . . Amylase Activity
SEQID Al.n'mo Acid Al.m‘m Acid Post Gastric
NO: Differences Bifferences Challense
(x; t/'a;a) {Relative to {Relative to (Relative tobSE 0
SEQ ID NO: 174) SEQ ID NO: 18) ID NO: 174)
223/224 Al122P/V409S E16D/E26A/D29R/D33E/ATI4H/AL122P/FI57TY/K IS8R ++
[A2565/D272G/M302Q/Y37IF/Q383E/V4095/L41200
225/226 | A122R/E130D/E1711 | E16D/E26A/D29R/D33E/A114H/A122R/ETI30D/F157 ++
/F322A/V4088 Y/KI58R/ETTIVA2568/D272G/M302Q/F322A/Y371F/
Q383E/V4095/L412D
2277228 A122R/I128W E16D/E26A/D29R/D33E/AT14H/A122R/MI28W/FI5TY ++
/KI158R/A256S5/D272G/M302Q/Y371F/(Q383E/L412D
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Table 4-4. Alpha-Amylase Activity (Relative to SEQ IB NO: 174y

229/230 | A122R/A128W/L194 | E16D/E26A/D29R/D33E/A1I4H/A122R/MI28W/FISTY ++
R/V409S KIS8R/ALIGAR/A2S65/D2T72G/M302QY/Y 371F/Q383E/
V4095/1.412D
2317232 | A143G/T227L/K295 | E16D/E26A/D2OR/DISZE/ATI4H/AT4SGF157Y/K 158 ++
N/C481V R/T227LIA236S/D272G/K295N/M3020Q/Y371F/Q383E
/LA12D/CA81Y
233/234 | Al145G/T3095/C481 | E16D/E26A/D29R/D33E/A114H/ATI45G/F157Y/K158 ++
v R/A2565/D272G/M302Q/T309S/Y3TIF/Q383E/L412D
/C481V
235/236 F322A E16D/E26A/D2SR/D33E/ATIAH/FIS7TY/KI58R/A2568 ++
/D272G/MB02Q/F322A/Y371F/Q383E/1L.412D
237/238 F322A/V4098 E16D/E26A/D29R/D33E/ATI4H/FI3TY/K158R/A2568 ++
/D272G/M302Q/F322A/Y3T1F/Q383E/V4095/L412D
239/240 F4B0T/C481V E16D/E26A/D20R/D33E/ATI4H/F1STY/K158R/A256S ++
M272G/M302Q/Y371F/Q383E/L412D/F480T/C481V
2417242 | GI37A/A145G/K295 | E16D/E26A/DZ9R/D33E/A114H/GI37A/A145G/F157 ++
N /K138R/A2568/D272G/K295N/M302Q/Y371F/Q383
E/L412D
2437244 | GI37A/A145G/T227 | E16DVE26A/D2OR/D33E/A114H/GI137TA/AL45G/FLST ++
LAQ394E/F480P/CA8 /KI58R/T227L/A2565/D272G/M302Q/Y3T1F/Q383E
v 7 Q394E/L412D/F480P/C481V
245/246 G183N E16D/E26 A/D2OR/D33E/ATI4H/F157Y/K158R/G183 ++
N A2565/D272G/M302Q/Y371F/Q383E/L412D
247/248 K295N/Q394E E16D/E26A/D29R/D33E/ATI4H/FI5TY/K158R/A2568 ++
/D272G/K295NMB02Q/Y3TIF/Q383E/Q394E/L412D
249/250 K9iH E16D/E26A/D29R/D33E/KIIH/AI I4H/FISTY/KIS8R/ ++
A256S/D272G/M362Q/Y3T71F/Q383E/L412D
251/252 KO1H/A122P E16D/E26 A/D29R/D33E/KOTH/ATI4H/AL122P/F157Y/ -+
K158R/A2565/D272G/M302Q/Y371F/Q383E/L412D
253/254 | K91H/A122P/E130D | E16DV/E26A/D20R/D33E/KSIH/ATI4H/A122P/E130DY/ -
/GI83N/LI%4R FIS7TY/KI58R/GI83N/L194R/A2365/D272G/M302G/
Y371F/Q383E/1.412D
255/256 | K91H/A122P/E130D | E16D/E26A/D29R/D33E/K91H/ATI4H/A122P/E130D/ ++
/L194R/F322A FI157Y/K158R/L194R/A2565/D272G/M302Q/F322A7Y
371F/Q383E/L412D
257/258 KOI1H/AI22R E16D/E26A/D29R/D33EK9IH/AT14H/A122R/F157Y/ -+

K158R/A2565/D272G/M302Q/Y371F/Q383E/L412D
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Table 4-4. Alpha-Amylase Activity (Relative to SEQ IB NO: 174y

259/260 | KOIH/AI22ZR/ELI30D | E16D/E26A/D29R/D33E/KOIH/ATI4H/A122R/EL30D/ SR
/EI6TW/GI83N/ALY | FIS7TY/KI1S8R/E1I67TW/GI83N/L194R/A2565/D272G/
4R/V409S M302Q/Y371F/Q383E/ V409S/L412D
2617262 | KOIH/AI22R/ELI30D | E16D/E26A/D29R/DS3EAKSIH/ATI4H/A122R/EL30D/ SR
/E1711/G183N F187Y/KIS8R/ETTIV/GI83N/A256S/D272G/M302Q/Y
371F/Q383E/L412D
263/264 | K9TH/AI22R/EL30D E16D/E26A/D29R/D33E/KSTH/A114H/A122R/ +
L194R EI30D/F157Y/KI58R/L194R/A2565/D272G/M302¢Y/
Y371F/Q383E/L412D
2657266 | KOIH/AI22R/ELI6T | E1I6D/E26A/D29R/D33E/K9IH/ALI4H/ALI22R/FI5T7Y/ -
W/EI71/L194R K158R/E167TW/ELIT1/L194R/A256S/D272G/M302Q/Y
371F/Q383E/L412D
267/268 | KOIH/AI122R/E167 | E16D/E26A/D29R/D33E/KO1H/A114H/AI22R/FISTY/ -+
W/EI71V/L194R/F32 | KI58R/E167TW/E171VL194R/A2568/D272G/M3020Q/F
2A 322A/Y3T1F/Q383E/L412D
269/270 | KOUH/AI22R/ELTIV | E16D/E26A/D29R/DIZE/KO /AL 14H/A122R/F157Y/ SR
GI83N/AL194R/V409 | KISSR/ELTIVGISIN/LIYMR/A256S/D272GM302Q/Y
S 37IF/Q383E/V40958/L412D
2717272 | KOIH/A122R/M128W | E16D/E26A/D2OR/D33E/KO /AT 14H/AT22R/A128W/ ER
JE136D/E167TW/EL7 | E130D/FI57TY/KI138R/EI6TW/ELTIVA236S/D272G/M
11/V4098 302Q/Y371F/Q383E/V4095/L.412D
2737274 | KOTH/AIZ22R/T28W | E16D/E26A/D2OR/D33E/KOTH/A1T4H/ATIZ2R/T128W/ +
/E130D/F322A E130D/F1537Y/KI58R/A2565/D272G/M302Q/F322A/
Y371F/Q383E/L412D
275/276 | KOIH/A122R/M128W | EI6D/E26A/D2OR/DIZE/AK S IH/ALI4H/AI22R/TE28W/ -
/E130D/GI83N/F322 | EI30D/FI5TY/KIS8R/GIB3N/A2Z565/D272G/M302QY/
A F322A/Y371F/Q383E/L412D
277/278 | KOTH/A122R/A128W | BE16D/E26A/D29R/D33E/K9TH/A1T4H/AI22R/A128W/ -+
/E130D/L194R E130D/F157Y/KI58R/L194R/A2568/D272G/M3020Qy/
Y371F/Q383E/L412D
279/280 | KOIH/AI22R/T128W | E16D/E26A/D29R/DIZE/KI /AT T4H/AI22R/1128W/ SR
E1TIV/GIBN/AL194 | FISTY/KIS8R/EITIV/GIS3N/L194R/A2565/D272G/M
R/F322A 302Q/F322A/Y371F/Q383E/L412D
281/282 | K91H/AI22R/M128W | E16D/E26A/D2OR/DA3E/KOIH/ATTAH/ATIZ2R/I128W/ ++
/G183N/V4098 F157Y/K158R/GI83N/A236S/D272G/M302Q/Y371F/
Q383E/V409S/L412D
283/284 | KOIH/EI30D/E171Y/ | E16D/E26A/D2OR/D33E/KOTH/ATI4H/E130D/FI57Y/ ++
GI83N/F322A/V409 | K1SSR/ET711/GI83N/A2565/D272G/M302Q/F322A/Y
S 371F/Q383E/V4095/L412D
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Table 4-4. Alpha-Amylase Activity (Relative to SEQ IB NO: 174y

285/286 | KOIH/EIGTW/ELT1T | E16D/E26A/D29R/DI3EKS /AL 14H/FI57Y/K158R/ SR
E16TW/EITIVA2565/D272G/M302Q/Y371F/Q383E/L
412D
287/288 | KOIH/EI6TW/F322 | E16D/E26A/D2OR/D33E/A1I4H/F157Y/K158R/A256S ++
A M272G/M302Q/Y371F/Q383E/L412D
KOIH/EI6TW/F322A
2897296 | KOTH/EI67TW/GIS3 | E1I6D/E26A/D29R/D33E/KITH/ALI4H/F157Y/KI58R/ +
N/L194R E167W/GI83N/L194R/A2565/D272G/M302Q/Y371F/
Q383E/L412D
2917292 K91H/F322A E16D/E26A/D29R/D33E/K91H/A114H/F157Y/K158R/ ++
A25658/D272G/MB02Q/F322A/Y3TIF/Q383E/L412D
293/294 K91H/GI83N E16D/E26A/D2OR/D33E/KIIH/ATT4H/FI1STY/K158R/ ++
G183NA2356S/D272G/M302Q/Y371F/Q383E/L412D
295/296 | KOIH/GI83IN/F322A | E16D/E26A/D29R/DIZE/KOIH/AI4H/FISTY/K1S8R/ ++
V4098 G1I83N/A2565/D272G/M302Q/F322A7Y3TIF/Q383E/
V4095/1.412D
2971298 K9ITH/L194R E16D/E26A/D29R/D33E/MKIIH/ATI4H/FI5TY/K 1S8R/ ++
L194R/A2568/D272G/M302Q/Y371F/Q383E/L412D
299/300 K91H/V409S E16D/E26A/D29R/D33E/K9TH/ALT4H/F157TY/KIS8R/ ++
A2368/D272G/M302Q/Y371F/Q383E/V409S/L412D
3017302 124V E16D/L24V/E26A/D29R/D33E/ATI4H/F157TY/K158R/ ++
A25658/D272G/M302Q/Y3TIF/Q383E/L412D
303/304 Q394E E16D/E26A/D29R/D33E/ATI4H/FI5TY/K158R/A2568 ++
/MD272GM302Q/Y3TIF/Q383E/Q394E/L412D
305/306 T227L E16D/E26A/D29R/D33E/AI 4H/FI5TY/K1S8R/T227L ++
/A2568/D272G/M302Q/Y371F/Q383E/L412D

evels of increased activity were determined relative to the reference polypeptide of SEQ 1D NO: 174, and

defined as follows: "+" > 0.9; "++" > 1.1; and "+++" > 2.

{0244} Based on the results shown in Table 4-4, SEQ ID NO: 276 was chosen as the parent sequence
for the next iteration of protein optimization. Beneficial mutations identified based on the results
shown in Table 4-4, and mutations to revert variant sequences to wild-type sequences were
recombined into this backbone. In addition, to generate new diversity, vanants generated with
saturation mutagenesis at different positions were also constructed using SEQ ID NO: 276. The
variants were assayed in triplicate for amylase activity at pH 6.8 after pre-incubation under two

different conditions. The first condition was a 1 hour gastric challenge at pH 2.75, and the second
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condition was a 1 hour intestinal challenge, as described in Example 3. The results (relative to the

results for SEQ ID NO: 276) are provided in Table 4-5.

Table 4-5. Alpha-Amylase Activity (Relative to SEQ ID NO: 276)!

SEQ ID

Aming Acid

Amine Acid

Amylase Activity
Post Intestinal

Amylase Activity
Post Gastric

N Differ@ces Biffer{ences Challenge Chailenge
{nt/az) gEg%;;)azv{;t; 6) SE%;?;%E?}:HIS) (Relative to SEQ | (Relative to SEQ
’ ID NO: 276) iD NO: 276)
307/308 Q394G E16D/E26 A/D29R/D33E/KSIH/AY 14 ++ -t
H/A122R/M128W/E130D/F157Y/KIS
BR/GIBIN/AZ565/D272G/MB02(Y/F3
22A/Y371F/Q383E/Q394G/L412D
309/310 Q394N E16D/E26 AMD29R/D33E/K91H/AT14 ++ -+
H/A122R/M128W/E130D/F157Y/K1S
BR/GIBIN/A2565/D272G/M302Q/F3
22A/Y37IF/Q383E/Q394N/L412D
311/312 Q3948 E16D/E26A/D29R/D33E/KO1IH/AT14 ++ ++
H/A122R/M128W/E130D/F157Y/K 1S
SR/GI83N/A2568/D272G/M302Q/F3
22A/Y37IF/383E/Q3945/L412D
313/314 | DIGE/R2OD/E33D/ | E26A/KO1H/ATI4H/AT22R/TI28W/E bt
AT45G/S256A/Q3 | 130D/AI45GFISTY/KIS8R/GISIN/
02M D272G/F322A/Y3T1F/Q383E/L412D
315/316 P349R E16D/E26A/D29R/D33EMKS1IH/ALL4 +++
H/A122R/T128W/E130D/FI57Y/K1S
R/GI8IN/AZS568/D272G/M302Q/EF3
22A/Y3TIF/Q383E/P349R/L412D
317/318 | DI6E/A26E/R29D/ | D33E/KO1H/A114H/AT22R/E130D/A + -+
WI28I/A143G/525 | 1453G/FI157Y/KIS8R/GIS3IN/D272G/
GA/T309S/E383Q | M302Q/T3098/F322A/Y371F/L412D
319/320 | A26E/R29D/R122 | E16D/D33E/ROIH/ALI4HAI28W/AL + 4+
A/DI30E/A145G/ | 4SGFISTY/KIS8R/MB02Q/T3098/F
NI83G/S2Z56A/G2 | 322A/Y371F/Q383E/ Q394E/L412D
72D/T3095/Q394E
321/322 | A26E/R29D/A145 | E16D/D33E/K9IIH/ALT4H/A122R/I1 +++
G/S256A/G272D/ | 28W/E130D/AT45G/F15TY/K1S8R/G
Q302M/T3095/A3 | 183N/T3095/Y371F/Q383E/L412D/C
22F/C481V 481V
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Table 4-5. Alpha-Amylase Activity (Relative to SEQ IB NO: 276)"

323/324 G380R E16D/E26A/D29R/D33E/KIIH/AL14 -
H/A122R/T128W/E130D/F157Y/K 15
8R/GIBIN/A2565/D272G/M302Q/F3
22A/Y371F/G380R/Q3SIE/LA12D
325/326 | DI30E/A145G/Q3 | E16D/E26A/D29R/D3IE/KIIH/AT14 ¥ "
02M/T3098 H/A122R/MI28W/A 145G/FISTY/K S
RR/G183N/A2565/D272G/T3098/F32
2A/Y3TIF/Q3RIE/LA12D
327/328 | A26E/E33D/A145 | E16D/D29R/K9TH/ATT4H/AT22R/1 — s
GIT309S/A322F/E | 28W/E130D/A145G/F157Y/K158R/G
3830 183N/A2568/D272G/M302Q/T3098/
Y371F/L412D
329/330 | A143G/Q302M/T3 | E16D/E26A/D29R/D33E/KOIH/ALLL +
098 H/A122R/I128W/E130D/A145G/F15
TY/K158R/G183N/A256S/D272G/T3
09S/F322A/Y371F/Q383E/L412D
331/332 | A26E/R29D/A145 | B16D/D33E/K9IH/A114H/A122R/11 —
GIY15TF/S256A/Q | 28W/E130D/A145G/K158R/G1R3N/
302M/A322F/CAST | D272G/Y 371F/Q383E/L412D/C481V
Vv
333/334 | A26E/R29D/E33D/ | E16D/K91H/A114H/A122R/1128W/E ++
A145G/Y157F/NT | 130D/A145G/K158R/D272G/M302¢Y/
83G/S256A/T3098 T3098/F322A/Y371F/L412D
/E383Q
335/336 | R29D/DI30E/Al4 | EI6D/E26A/D33E/KSIH/ALI4H/AL2 +
5G/S256A/G272D/ | 2R/AI2BW/AL45G/F157Y/K158R/G1
F37T1Y/Q394E | 83N/M302Q/F322A/Q383E/Q394F/L
412
337/338 | A26E/A145G/NIS | EI6D/D29R/D33E/K91H/AT14H/AL2 ¥ s
3G/S256A/T3098/ | 2R/1128W/B130D/A145G/F157Y /K1
E383Q S8R/D272G/M302Q/T309S/F322A7Y
371F/L412D
339/340 | D130E/A145G/S25 | E16D/E26A/D29R/D33E/KO1H/ATL4 —
6A/G272D/F3TIY | H/A122R/A128W/A145G/F15TY/K15
8R/GI83N/M302Q/F322A/Q383E/L4
12D
341/342 | HOIK/D130E/Al4 | E16D/E26A/D29R/D33E/A114H/AL2 + +
SG/R158K/N183G/ | 2R/I128W/A145G/F157Y/A2568/D27
E383Q 2G/M302Q/F322A/Y3TIF/LA12D
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Table 4-5. Alpha-Amylase Activity (Relative to SEQ IB NO: 276)"

343/344 | DIGE/A26E/A145 | D29R/D33E/KOIH/AT14H/A122R/1 T
G/Q302M 28W/E130D/A145G/F157Y/KI58R/G
183N/A2568/D272G/F322A/Y3TLF/
Q383E/L412D
345/346 | D16E/A26E/E33D)/ | D29R/KOIH/A L1AH/A 122R/I1I28W/E o
A45G/RISSK/ES | 130D/A145G/FISTY/GI83N/A256S/
83Q/Q394E D272G/M302Q/F322A/Y371F/Q394E
/LA12D
347/348 | DIGE/AGE/EI3D) | D2OR/KOIH/AL14H/A122R/A145G/E .
WI28U/DI30E/AL4 | 157Y/K158R/GIBIN/A2S56S/D272G/
SG/Q302M/T3098/ T3098/Q383E/L412D
A322F/F3T1IY
349/350 | A26E/R29D/E33D/ | EL6D//KOIH/AL14H/A122RI128W/ s
DI30E/AL45G/YL | A145G/A2568/D272G/M302Q/F322
5TF/R158K/N183 A/Y371F/Q383E/Q394E/L412D
G/Q394E
351/352 | R29D/AI45G/NIS | E16D/E26A/DI3EKDIH/ALI4H/AL2 o
3G/Q302M/T309S/ | 2R/I128W/E130D/A 145G/F157Y/K1
D412L 38R/A23568/D272G/T3098/F322A/Y3
TIF/Q383E
353/354 | R2OD/R122A/A14 | E16D/E26A/D33E/K9TH/AL14H/T12 T
SG/RISBK/E383Q | SW/EI30D/A145G/F157Y/G183N/A2
568/D272G/M302Q/F322A/Y371F/L
412D
355/356 | A26E/E33D/HSIK | E16D/D2SR/A114H/A122RA128W/E an
/A45G/G2T2D/Q | 130D/A145G/F15TY/KIS8R/GI8IN/
302M/CABIV | A256S/F322A/Y37IF/Q383E/L412D/
C481V
357/338 | E33D/R122A/A14 | EIGD/E26A/D2IR/KOIH/ATI4H/12 +
SG/G272D/T309S/ | 8W/E130D/A145G/F157Y/K158R/G1
D412L 83N/A256S/M3020Q/T309S/F322A7Y
371F/Q383E
359/360 N360G E16D/E26A/D29R/D33E/K9IH/AT14 +
H/A122R/I128W/E130D/F157Y/K15
SR/GI83N/A256S/D272G/M302Q/F3
22 A/N3GOG/Y 37TF/Q383E/L412D
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Table 4-5.

Alpha-Amylase Activity (Relative to SEQ IB NO: 276

3617362

R29D/T3095/Q3%4

E16D/E26AM33E/KSIH/ATI4H/AL2

2R/A12Z8W/EI30D/F157Y/K158R/G18

3N/A2565/D272G/M3B02Q/T3095/F3
22A/Y371F/AQ383E/Q394E/L412D

-

363/364

E16D/E26 A/D29R/D33E/K9IH/AT 14

H/A122R/MA128W/E130D/F157Y/K1S

B8R/GI83N/A2565/D272G/M302Q/T3
09A/F322A/Y3TIF/Q383E/L412D

365/366

DI6E/A26E/E33D)
H114A/A145G/T3
09S/E383Q/Q394E

DI2OR/KOIH/A122R/I128W/E130D/A

145G/F157Y/K158R/G183N/A256S/

D272G/M302Q/T3095/F322A/Y371F
/Q394E/L412D

++

A26E/MH114A/A14
5G/A322F

E16D/D29R/D33E/KSIH/AI22R/T12

SW/E130D/A145G/F15TY/KI58R/GL

83N/A256S/D272G/M302Q/Y3T71F/Q
383E/L412D

-+

369/370

DI130E/G272D/C4
81V

E16D/E26 A/D29R/D33E/KYIH/ALLY

H/AI22RMI28W/F157Y/K158R/G1I8

3N/A256S5/M3020Q/M322A/Y3TIF/Q3
B3E/L412D/CA8LY

371/372

G463M

E16D/E26A/D29R/D33E/KS1IH/ALL4

H/A122R/M128W/E130D/F157Y/K15

8R/GI83IN/AZS68/D272G/M302Q/F3
22A/Y371F/Q383E/L412D/G463M

++

S268T

E16D/E26A/M29R/D33E/KSIH/AL 4

H/A122R/M128W/E130D/F157Y/K13

SR/G183N/A2568/S268T/D272G/M3
02Q/F322A/Y3TIF/Q383E/L412D

E16D/E26A/D29R/D33E/K91H/AT 14

H/A122R/M128W/E130D/F157Y/K15

BRAGIBIN/A2565/D272G/M3B02(/F3
22ANY3TIFAY383E/MLA412D/G483T

3771378

E16D/GI8S/E26A/D29R/D33E/KI1H
/A114H/AT22R/N128W/E130D/F157
Y/K158R/GI83N/AZ565/D272G/M30
20Q/F322A/Y371F/Q383E/ML412D

++
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Table 4-5.

Alpha-Amylase Activity (Relative to SEQ IB NO: 276

379/380

HOIK/T3095/E383 | E16D/E26A/D29R/D33E/ATI4H/ALR
Q 2R/A12Z8W/EI30D/F157Y/K158R/G18

<

3N/A2565/D272G/M3B02Q/T3095/F3
22A/Y371F/L412D

++

defined as follows: "+" > 0.9, "++" > 1. 1; and "+++" > 2,

Levels of increased activity were determined relative to the reference polypeptide of SEQ ID NO: 276, and

[0245] Based on the results shown in Table 4-5, SEQ ID NO: 308 was chosen as the parent sequence

for the next iteration of protein optimization. Beneficial mutations identified from Table 4-5, and

diversity from homologs were recombined into this backbone. In addition, to generate new diversity,

variants with a single mutation at different positions were also constructed using SEQ 1D NO: 308.

The variants were assayed in triplicate for amylase activity at pH 6.8 after pre-incubations under two

different conditions. The first condition was a 2 hour gastric challenge at pH 2.5 and the second

condition was a 2 hour intestinal challenge, as described in Example 3. The results (relative to the
results for SEQ [D NO: 308) are provided in Table 4-6.

Table 4.6 Alpha-Amylase Activity (Relative to SEQ 1D NO: 308)!

Aming Acid

Aming Acid

Amylase Activity

Amylase Activity

22R/A128W/ET30D/FISTY/K158R/GI83IN/
A23658/D272G/MB02Q/F322A/Y371F/(338
3E/Q394G/LA12D

SEQ ID Difi‘e@nccs Differences Post Gastric Post Intestinal
\IG N(Relal‘wc to (Relative to Chf]i]enge ) Chﬁaiien ge
(nt/aa) | SEQ B NG: SEQ B NO: 18) (Reia&t{ve tp SEQ | (Relative to SEQ
308) ID NG: 308) ID NG: 308)
381/382 | ABIE/T313D | E16D/E26A/D29R/D33E/ABIE/K9IH/ALL + ++
/I495L 4H/AIZ2R/A128W/EIS0D/F157Y/K1I58R/G
183N/A2568/D272G/M3020Q/T313D/F322
ASY3TIF/Q383E/Q394G/L412D/1495L
383/384 | ASIE/P259D | E16D/E26A/D29R/D33E/ASIE/KITH/ALL + +
4H/A122RAT28W/E130D/F157Y/K138R/G
183N/A2565/P259D/D272G/M302Q/F322
A/Y3TIF/Q383E/(Q394G/L412D
385/386 T313D EI16D/E26 A/D29R/D33E/K9TH/ATI4H/AL + +
22R/1128W/E130D/F157Y/K158R/GI83N/
A2568/D272G/M302Q/T313D/F322A/Y37
1F/AQ383E/Q394G/L412D
387/388 R29A EI16D/E26A/D29A/D3I3E/K91H/ATI4H/AL + +
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Table 4.6 Alpha-Amylase Activity (Relative to SEQ 1B NO: 308)!

389/390

E473D

E16D/E26A/D29R/D33E/KOIH/AT4H/AL

22R/A128W/EI30D/FISTY/K158R/GI83N/

256S/D272G/M302Q/F322A/Y371F/Q38
3E/Q394G/L412D/E4AT3D

++

391/392

P259D/T313
D/A338S

E1eD/E26A/D29R/MZZE/KOIH/ATI4H/AL

22R/AIZEW/EI30D/FISTY /K IS8R/GI83N

A2568/P259D/D272G/M302Q/T313D/F322
AJA338S/Y3TIF/Q383E/Q394G/L412D

393/394

RO92E/P257E/
K2580Q/A338
S/R468T

E16D/E26A/D29R/D33E/K91H/RI2E/ATL
4H/A122RA128W/E130D/F157Y/KI58R/G
183N/A2565/P25TE/K258Q/D272G/M302
Q/F322A/A3388/Y371F/Q383E/Q394G/L4
12D/R468T

F413Y

EI6EY/E26A/D2OR/D33E/K91H/ATI4H/AL

22R/A128W/E136D/F157Y/KI158R/GI83N/

A2565/D272G/M3B02Q/F322A/Y371F/(Q38
3E/Q394G/L412D/F413Y

397/398

K246R

E16D/E26A/D29R/D33E/K91H/A114/AL

22R/1128W/E 130D/F157Y/K158R/G183N/

K246R/A2568/D272G/M302Q/F322A/Y37
[F/AQ383E/Q394G/L412D)

399/400

M294L

E16D/E26A/D29R/D33E/K91H/AT14H/AT

22R/1128W/E130D/F157Y/K158R/GI83N/

A2565/D272G/M294L/M302Q/F322A/Y37
1FAQ383E/Q394G/L412D

++

401/402

E225D

E16D/E26A/D29R/D33E/KO1IH/ATI4H/AL

22R/A128W/EI30D/FISTY /K 158R/GI83N/

E2235D/A256S/D272G/M302Q/F322A/Y37
1IF/Q383E/Q394G/L412D

++

403/404

F413Y/R4681

E16D/E26 A/D29R/D33E/K91IH/ATI4H/AL

22R/A1ZEW/EI30D/FISTY/KIS8R/GI83NY

A236S/D272G/M302Q/F322A/Y371F/Q38
3E/Q394G/AL412D/F413Y/R4681

405/406

RI2E/K258Q

E16D/E26A/D29R/D33E/K91H/RIZE/ALL
4H/AIZ2R/AT28W/EI30D/F157Y/K158R/G
183N/A2565/K258CQ/D272G/M302Q/F322
A/Y3TIF/Q383E/Q394G/L412D

++
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Table 4.6 Alpha-Amylase Activity (Relative to SEQ 1B NO: 308)!
407/408 H448T E16D/E26A/D29R/D33E/KOIH/AT4H/AL ++
22R/AI2BW/EI30D/FI5TY/KIS8R/GIRIN/
256S/MD272G/M302Q/F322A/Y3TIF/G38
3E/Q394G/LAT12D/H448T
409/410 Q226T E1eD/E26A/D29R/MZZE/KOIH/ATI4H/AL ++
22RAZEW/EI30D/FI5TY/KISER/GIR3IN/
Q226T/A256S/D272G/MB02Q/F322A/Y37
1F/Q383E/AQ394G/LA12D
4117412 P349R E16D/E26A/D29R/D33E/KITH/ATI4H/AL ++
22RA128W/E130D/F157Y/KIS8R/GI83N/
A2565/D272G/M362Q/F322A/P349R/Y371
FAQ383E/Q394G/L412D
413/414 V1781 E16D/E26 A/D29R/D33E/KITH/ALI4H/AL ++
22R/I128W/EI30/FISTY/KIS8R/VITRI/G
183N/A25658/D272G/M302Q/F322A/Y371
F/Q383E/Q394G/LA12D
415/416 | D94G/P349R | E16D/E26A/D29R/D33E/K9IH/DYG/ALL ++
/1491L 4H/A122R/A128W/ELI30D/F157Y/K1IS8R/G
183N/A2565/D272G/MB020Q/F322A/P349R
MY3TIFA383E/Q394G/L412DA491L
417/418 | E270D/P349 | E16D/E26A/D29R/D33E/K91H/AT14H/AT ++
R 22R/A128W/E130D/F157Y/K158R/GI83N/
A256S/E270D/D272G/M3020Q/F322A/P349
R/Y3ITIF/Q383E/Q394G/L412D
419/420 | DO4G/EZT0D | E16D/E26A/D2IR/DIZE/KIIH/DI4G/ATL ++
/R30IK/P349 | 4H/A122R/1128W/EI30D/F157Y/K158R/G
R/G394E/D4 | 183N/A256S/E270D/D272G/RIGIK/M302
42E Q/F322A/P349R/Y3T1F/Q383E/AQ394E/L41
2D/D442E
421/422 | AI45G/E270 | E16D/E26A/D29R/D33E/K9IH/ATI4H/AL ++
D 22RAZEW/EI30D/AI45G/FISTY/K158R/
G183N/AZ568/E270D/D272G/M302Q/F32
2A/Y3TIF/Q383E/A394G/L412D
423/424 | N37T/D124N | E16D/EZ6A/D29R/D33E/MN3TT/KITH/ALL ++
/E250D/E270 | 4H/A122R/D124N/T128W/EI30D/FI57Y/K
D/P349R/G3 | 158R/GI83N/E250D/A2565/E270D/D272G
B80R/G394E/ | /M302Q/F322A/P349R/Y371F/G380R/Q38
D442E/1491L 3E/Q394E/L412D/D442E/1491L
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Table 4.6 Alpha-Amylase Activity (Relative to SEQ 1B NO: 308)!

425/426 | E230D/P349 | E16D/E26A/D29R/D33E/KOIH/AT4H/AL ++
R/D442E 22R/A128W/EI30D/FISTY/K158R/GI83N/
E250D/A2565/D272G/M302Q/F322A/P349
/Y3TIF/Q383E/Q394G/L412D/D442E
427/428 | N37T/A145G | E16D/E26A/D2R/DIZE/MNITT/K9IH/ALL -+ {
4H/A122R/M128W/EI30D/AT45G/FISTY/K
158R/GI83N/A256S/D272G/MB3G2Q/F322
AJY3TIF/Q383E/()394G/L412D
429/430 | N37T/A145G | E16D/E26A/MD29R/D3IZE/MN3ITT/KOIH/ALL ++ +
/K2585/D442 | 4H/A122R/1128W/EI30D/AT45G/F157Y/K
E/491L 158R/GI83IN/AZ565/K2585/D272G/M302
Q/F322A/Y37IF/Q383E/AQ394G/L412D/D4
42E/1491L
4317432 | P349R/G380 | EICEVE26A/D29R/D33E/K91H/ATI4H/AL -+
R/D442E 22R/A128W/E136D/F157Y/KI158R/GI83N/
A2565/D272G/M3020Q/F322A/P349R/Y371
F/G380R/Q383E/Q394G/L412D/D442E
433/434 | D94G/QI27E | E16D/E26A/D29R/D33E/K91H/DS%4G/ALL et
A132V/A145 | AH/AI22R/QI27EAI28W/EI30D/A132V/A
G/E250D/P34 | 145G/FISTY/K1S8R/GI83N/E250D/A256
9R S/D272G/M302Q/F322A/P349R/Y371F/Q3
83E/Q394G/AL412D
435/436 | M286T/A338 | E16D/E26A/D29R/D33E/K91H/AT14H/AT +++ +
S 22R/1128W/E130D/F157Y/K158R/GI83N/
A256S/D272G/M286T/M302Q/F322A/A33
88/Y3TIF/Q383E/Q394G/L412D
437/438 | M38I/P349R/ | E16D/E26A/D29R/D33E/M3EI/K9IH/ALL4 4+
1491L H/AI2ZRA28W/EI30D/FI57TY/K158R/G1
83N/A256S/D272G/M302Q/F322A/P349R/
Y3T71F/Q383E/Q394G/L412D/1491L
439/440 | N37T/A145G | EI6D/E26A/D29R/DIZE/NITT/KIIH/ALL -t
/E230D/R301 | 4H/A122R/M128W/EI30D/AT45G/F1537Y/K
K/P349R/G3 | 158R/GI83N/E250D/A2565/D272G/R301K
94E /MB020Q/F322A/P349R/Y371F/Q383E/(Q39
4E/L412D

Levels of increased activity were determined relative to the reference polypeptide of SEQ ID NO: 308, and

defined as follows: "+" > 0.9; "++" > 1.1; and "+++" > 2.
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[3246] Based on the results shown in Table 4-6, SEQ ID NO: 422 was chosen as the parent sequence

for the next iteration of protein optimization. Beneficial mutations identified based on the results

shown in Table 4-6 were recombined into this backbone. The vartants were assayed in singlicate for

amylase activity at pH 6.8 after pre-incubation under two different conditions, the first being a 2 hour

gastric challenge at pH 2.3, and the second being a 2 hour intestinal challenge, as described in

Example 3. The results (relative to the results for SEQ [D NO: 422) are provided in Table 4-7.

Table 4-7, Alpha-Amylase Activity (Relative to SEQ ID NO: 422)!

SEQID
NO:
{nt/aa)

Amino Acid
Differences
{Relative to
SEQ ID NO:
422)

Amine Acid

Differences

{Relative to
SEQ ID NQ: 18)

Amylase Activity
Post Intestinal
Challenge
(Relative to SEQ
1D NQG: 422)

Amylase Activity
Post Gastric
Challenge
{Relative to SEQ
D NG: 422)

4417442

A338S/H448T

E16D/E26A/D29R/D33E/KO IH/AL 14T/
AL22R/T128W/E130D/A145G/F157Y/K1
S8R/G183IN/A2S6S/E2T0D/D272G/M30
2Q/F322A/A3388/Y371F/Q383E/Q394G
/L412D/H448T

+

+

443/444

E184K/K246R/
K2585/G380R

E16D/E26A/D29R/D33E/K91H/ATI4H/
AIZ2R/AI28W/EI30D/A145G/F157Y/K1
58R/GI83N/E184K/K246R/A2565/K 258
S/E270D/D272G/M302Q/F322A/Y3T71F/
G380R/Q383E/Q394G/L412D

++

445/446

F413Y

E16D/E26A/D29R/D33E/K91H/AT14H/

A122R/M28W/EI30D/AT45G/FISTY/KL

S8R/GI83N/A2565/E270D/D272G/M30

20Q/F322A/Y371F/Q383E/Q394G/L412D
/F413Y

++

447/448

K246R

E16D/E26A/D29R/D33E/KSIH/AT 14H/

AI22R/TI28W/EI30D/A145GFISTY/KL

S8R/GIS3IN/K246R/A2565/E270D/D272

G/M302Q/F322A/Y371FJ383E/Q394G/
L4120

++

449/450

K246R/A338S

E16D/E26A/D29R/D33E/K9 [H/AT 141/
A122R/TI28W/E130D/A 145G/FI5TY/KL
58R/G I83N/K 246R/A256S/E270D/D272
G/M302Q/F322A/A338S/Y 37 LF/Q383E/
Q394G/L412D

def
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

451/452 | K246R/F413Y | El16D/E26A/D29R/D3IE/KSIH/ALI4H/ ++
AI22R/MI28W/EI30D/A145GFISTY/KL
S8R/GIS3IN/K246R/A23565/E270D/D272
G/M302Q/F322A/Y371F/Q383E/Q394G/
L412D/F413Y

453/454 | K246R/M286T | EI6D/E26A/D29R/D3SE/KGIH/ATI4H/ At ++
AI22R/T128W/EI30D/AT45G/FI5TY/K L
S8R/GI83IN/K 246R/A256S/E270D/D272
G/M286T/M302Q/F322A/Y3T1F/Q383E/

Q3%94G/ML412D
455/456 | K246R/M286T/ | E16D/E26A/D29R/D33E/K9TH/AT14H/ + ++

G38OR/F413Y | AI22R/HIZ8W/E130D/AT45GFISTY/K L

S8R/GISIN/K246R/A2568/E270D/D272

G/M286T/M302Q/F322A7Y371F/G380R
JQ383E/Q394G/L412D/F413Y

457/458 K246T E16D/E26A/D29R/D33E/KOTH/A L 14H/ ¥
A122R/T128W/E130D/A145G/FI5TY/K]
58R/GI83N/K246T/A256S/E270D/D272
G/M302Q/F322A7Y 37 1F/Q3R3E/Q394G/

L412D
459/460 | K258S/M286T/ | E16D/E26A/D29R/D33E/KSIH/ALI4H/ b ++
F413Y AI22R/128W/ET30D/A145G/F157Y/K1

S8R/GI83N/AZ568/K2585/E2700/D272
G/M286T/M3020Q/F322A/Y37IF/Q383E/
Q394G/L412D/F413Y

461/462 M286T E16D/E26A/D29R/D33E/K91H/AT14H/ ++ ++
AI22R/I128W/E130D/A145G/F157Y/K1
S8R/GI183N/A256S/E270D/D272G/M28
6T/M302Q/F322A/Y37IF/Q383E/(3394

G/L412D
463/464 | M286T/F413Y/ | EI6D/E26A/D29R/D3I3E/KSTH/ATT4H/ ++ ++
H448T A122R/MI28W/EI30D/A145G/FT5TY/K1

S8R/G183N/A2565/E270D/D272G/M28
6T/MB02Q/F322A/Y371F/Q383E/(3394
G/LA12D/F413Y/H448T
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

465/466

M381L

E16D/E26AMD29R/D33EM38UVKSIH/A
HAH/AI22R/TI28W/EIROD/AT45G/F1S
TY/K158R/GISIN/A256S/E2T0D/D272
G/M302Q/F322A/Y371F/Q383E/Q394G/
L412D

++

-

467/468

M381/H448T

E16D/E26A/D29R/D33E/M38I/KSIH/A
1I4H/A122R/TI28W/EL30D/AT45G/F13
TY/K138R/GI83N/A256S/E270D/D272
G/M302Q/F322A/Y371FAI383E/Q394G/
L412D/H448T

def

469/470

M38I/K246R/M
286T

E16D/E26 A/D29R/D33E/M3SUKOTH/A
114H/A122R/I128W/E130D/A145G/F1S
TY/K15SR/GIS3N/K246R/A2S6S/E270
D/D272G/M286TM302Q/F322A/Y371F
JQ383E/Q394G/LA12D

++

471/472

M38I/K246R/M
286T/G380R

E16D/E26A/D29R/D33E/M38I/KIIH/A
HI4H/A122R/MI28W/EL30D/AT45G/F15
TY/KIS8R/GIS3IN/K246R/A2565/E270
D/D272G/M2B6T/M302Q/F322A/Y371F
/G380R/Q383E/Q394G/LAI2D

473/474

M38I/K2588

E16D/E26A/D2OR/D33E/M3SIKSIH/A

114H/A122R/T128W/EI30D/AT453G/F13

TY/EISER/GIB3N/A2565/K2585/E270D

/D272G/M362Q/F322A/Y3TIF/Q383E/Q
394G/412D

ef

M38I/M286T

E16D/E26A/D29R/D33E/M3BI/KITH/A
114H/A122R/E128W/ET30D/A145G/F15
TY/K158R/GI83N/AZ56S/E270D/D272
G/M286T/M3020Q/F322A/Y371F/Q383E/
Q394G/L412D

++

-+

477/478

M38I/M286T/F
413Y/H448T

E16D/E26A/D2SR/D33E/M38VKSIH/A
114H/A122R/T128W/E130D/AT45G/F15
TY/K158R/GI83N/AZS6S5/E270D/D272
G/M2ZB6T/M302Q/F322A/Y3T1F/(Q383E/
Q394G/L412D/F413Y/H448T

++
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

479/480 | M38I/M286T/H | EI6D/E26A/D29R/DIIEMISUVKIIH/A ++ ++
4481 H4AH/AI22R/A128W/EL30D/AT45G/F1S
TY/K158R/GISIN/A256S/E2T0D/D272
G/M286T/M302Q/F322A/Y3T1F/Q383E/
Q394G/L412D/HA4487
481/482 | M38L/Q226T/A | EI6D/E26A/D2OR/D3ZE/MISUKIIH/A -t
338S/P349R/G3 | TI4H/AI22R/TI28W/EI30D/A145G/F1S
80R TY/K138R/GI183N/AQ226T/A236S/E270D
/D272G/M3020Q/F322 A/A338S/P349R/Y
371F/G380R/Q383E/Q3%4G/L412D
483/484 | M38I/Q226T/F | E16D/E26A/D29R/D33E/M38I/KITH/A ++ ++
413Y/H448T 114H/A122R/T128W/EL30D/AT45G/F1S
TY/K158R/GI83NAQ226T/A2ZS56S/E270D
D272G/M302Q/F322A/Y3TIF/Q383E/Q
394G/L412D/F413Y/HA448T
485/486 | M381/Q226T/K | E16DV/E26A/D29R/D33E/M38I/KITH/A + ++
246R/K2585/M | T14H/AIZ2R/TI28W/EL30D/A145G/F15
286T TY/K158R/G183N/Q226T/K246R/A256
S/KZ385/E276D/D272G/M2Z86T/M3020Y/
F322A/Y371F/Q383E/Q394G/L412D
487/488 | M38I/Q226T/K | E16D/E26A/D29R/D33E/M38I/KO1H/A A4
2585/M286T/A | 114H/A122R/T128W/ELI30D/A145G/F15
3385/G380R/H | TY/KISER/GIB3N/AQ226T/A2565/K2588
448T /E270D/D272G/M286T/M302Q/F322A/
A3388/Y371F/G380R/Q383E/Q394G/4
12D/H448T
489/490 | M38I/Q226T/K. | E16D/E26A/D29R/D3ZE/M38IKIIH/A ++
2588/P349R/F4 | 114H/A122R/1128W/E130D/A145G/F13
13Y TY/K1S8R/GIS3N/Q226T/A2565/K2588
/E270D/D272G/M302Q/F322A/P349R/Y
37IF/Q383E/Q594G/LA12D/F413Y
491/492 | M381/Q226T/M | E16D/E26A/D29R/D3I3E/M38T/KI1H/A ++ ++
2867 114H/A122R/E128W/ET30D/AT45G/F15

TY/KI58R/GI83N/Q226T/A256S/E270D
/D2T2G/M286T/M302Q/F322A/Y371F/
Q383E/Q394G/AL412D
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

493/494 | M38T/Q226T/M | E16D/E26A/D29R/D33E/M38VKITH/A P
286T/A338/G | 114H/A122R/I128W/E130D/A45G/F15
380R TY/K158R/G183N/Q226T/A256S/E270D
/D272G/M286T/M302Q/F322A/A3385/
"371F/G380R/Q3IRIE/Q394G/L412D

495/496 | M3SI/VI78UM | BI6D/E26A/D29R/D33E/MISUKY LH/A "
286T/HA48T | 114H/A122R/I128W/E130D/A 145G/F15
TY/K158R/V178Y/G183N/A2568/E270D/
272G/M2BET/M302Q/F322A/Y 371F/Q

383E/Q394G/LA12D/H448T

197/498 | M3SUVI78IP3 | E16D/E26A/D29R/D33E/MI8IKITH/A .
49R/HA48T | 114H/AI22R/I128W/E130D/A145G/F1S
TY/K158R/V1781/G183N/A256S/E270D/
D272G/M302Q/E322 A/P349R/Y3TIFAQ

383E/Q394G/LA12D/HA48T

499/500 | M3SI/VI781/Q2 | E16D/E26A/D29R/D33ENISIKIIH/A .
26T/M286T/A3 | 114H/A122R/T128W/EI30D/A145G/F15
38S TY/K158R/V1T8I/G183N/Q226 T/A256S/
E270D/D272G/M286 T/M302Q/F322A/A
3388/Y371F/Q383E/Q394G/LA12D

501/502 P349R E16D/E26A/D29R/D33E/KO IH/A L 141/ Tt
A122R/T128W/E 130D/A 145G/F157Y/K1
SSR/G183N/A256S/E270D/D272G/M30
2Q/F322A/P349R/Y 37 IF/Q383E/Q394G

/L412D

503/504 Q26T E16D/E26A/D29R/D3I3E/KITH/AL14H/ . n
A122R/T128W/E130D/A 145G/F15TY/K1
58R/G183N/Q226T/A2568/E270D/D272
G/M302Q/F322A7Y 371F/Q383E/Q394G/

L412D

505/506 | Q226T/K246R/ | E16D/E26A/D29R/D3I3E/KITH/AT14H/ a +F

F413Y AI22R/T128W/E130D/A 145G/F13TY/K 1

S8R/GIB3IN/QZ26T/K246R/A2565/E2T
D/D272G/M302Q/F322A/Y371F/(Q383E/
Q394G/L412D/F413Y
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

3

3507/508

L

Q226 T/K246R/
M286T/P349R/
H448T

E16D/E26A/D29R/D33E/KSIH/AT 14H/
AI22R/MI28W/EI30D/A145GFISTY/KL
S8R/GIB3IN/Q226T/K246R/A256S/E270
D/D272G/M286T/M302Q/F322A/P349R
/Y 3TIF/Q383E/Q394G/L4A12D/HA48T

509/510

Q226T/K258S/
M286T/F413Y/
H448T

E16D/E26A/D29R/D33E/KOIH/AT14H/
AI22R/T128W/EI30D/AT45G/FI5TY/K L
58R/GI83N/Q226T/A2565/K25858/E270
D/D272G/M286T/M302Q/F322A/Y371F
/Q383E/Q394G/LA12D/F413Y/H448T

def

511/512

Q226T/K2585/
M286T/P349R/
G380R

E16D/E26A/D29R/D33E/K91H/AT14H/
AI22R/EI28W/E130D/AT45GFISTY/K L
S8R/GIB3IN/Q226T/AZS65/K2585/E270
D/D272G/M286T/M302Q/F322A/P349R
Y 371F/G380R/AQ383E/Q394G/L412D

Q226T/M286T

E16D/E26A/D29R/D33E/KS1H/A114H/
AT22R/128W/EI30D/A45G/FISTY/KL
S8R/G183N/AQ226T/A256S/E270D/D272
G/M286T/M3020Q/F322A/Y371F/Q383E/
Q394G/L42D

+F

-+

(3226T/M286T/
G380R/H448T

E16D/E26A/D29R/D33E/KSIH/ATI4H/
AI22R/128W/ET30D/A145G/F157Y/K1
S8R/GI83N/Q226T/A256S/E2700/D272
G/M286T/M302Q/F322A/Y371F/G380R
/Q383E/Q394G/L412D/H448T

517/518

Q226T/P349R/
G380R

E16D/E26A/D29R/D33E/K91H/AT14H/
AI22R/I128W/E130D/A145G/F157Y/K1
S8R/GI83N/AQ226T/A2568/E270D/D272
G/M302Q/F322A/P349R/Y371F/G380R/
Q383E/Q394G/L412D

++

V1781

E16D/E26A/D2SR/D33E/KSIH/ATI4H/
A122R/MI28W/EI30D/A145G/FT5TY/K1
S8R/VITEI/GI83N/A256S/E270D/D272
G/M302Q/F322A/Y371F/Q383E/Q394G/
L412D

++
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

521/522

W

VI78I/F413Y

E16D/E26A/D29R/D33E/KSIH/AT 14H/
AI22R/MI28W/EI30D/A145GFISTY/KL
S58R/VIT8I/GI183N/A2565/E2700/D272
G/M302Q/F322A/Y371F/Q383E/Q394G/
L412D/F413Y

-

V178VG380R

E16D/E26A/D29R/D33E/KOIH/AT14H/
AI22R/T128W/EI30D/AT45G/FI5TY/K L
58R/V178Y/GI83N/A25658/E2700/D3272
G/MBO2YF322A/Y371F/G330R/Q383E/
Q3%94G/ML412D

V1781/H448T

E16D/E26A/D29R/D33E/K91H/AT14H/
AI22R/EI28W/E130D/AT45GFISTY/K L
S8R/VIT8I/GI83N/A2568/E270D/D272
G/M302Q/F322A/Y371F/Q383E/Q394G/
L412D/H448T

++

V178UK246R/
A3385

E16D/E26A/D29R/D33E/KS1H/A114H/
AT22R/128W/EI30D/A45G/FISTY/KL
S8R/V178I/GI183N/K246R/A256S/E270
D/D272G/M302Q/F322A/A3385/Y3T71F/
Q383E/Q394G/L412D

-+

529/530

W
[}

V1781/K2585/
M286T/F413Y

E16D/E26A/D29R/D33E/KSIH/ATI4H/
AI22R/128W/ET30D/A145G/F157Y/K1
S8R/VI78I/G183N/A256S/K2585/E276
D/D272G/M286T/M302Q/F322A/Y371F
/Q383E/Q394G/L412D/F413Y

ef

531/532

V1781/M286T

E16D/E26A/D29R/D33E/K91H/AT14H/
AI22R/I128W/E130D/A145G/F157Y/K1
S8R/VIT8I/GI83N/A256S/E270D/D272
G/M286T/M3020Q/F322A/Y371F/Q383E/
Q394G/L412D

++

W
4

33/534

V1781/M286T/
A3388/H448T

E16D/E26A/D2SR/D33E/KSIH/ATI4H/
A122R/MI28W/EI30D/A145G/FT5TY/K1
S8R/VITEI/GI83N/A256S/E270D/D272
G/M286T/M302Q/F322A/A3388/Y371F/
Q383E/Q394G/L412D/H448T
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Table 4-7. Alpha-Amylase Activity (Relative to SEQ D NO: 422)°

n
%

P

35/536 | V1781/M286T/ | EI6D/E26A/D2OR/D33E/KO1H/AT14H/ ++
A3385/P349R | AI22R/TI28W/EI30D/AI4SGFISTY /KL
S58R/VIT8I/GI183N/A2565/E2700/D272
G/M286T/M302Q/F322A/A338S/P349R/
Y371F/Q383E/Q394G/L412D

5
>

3

37/538 | VI781/Q226T/ | EI6D/E26A/D2SR/D3SE/KSIH/ATI4H/ -t
K2585/M286T/ | A122R/TI28W/EI30D/AI45G/FI5TY/KL
Q310R/A338S | 38R/VITSI/GIS3N/QJ226T/A2568/K258
S/E276E/D272G/M286T/M302Q/310R
/F322A/A338S/Y371F/Q383E/Q394G/A4
12D

.

339/540 | V1781/Q226T/ | EI16D/E26A/D29R/D33E/K9TH/ATI4H/ -+
M286T/A338S | A122R/E128W/E130D/A145G/FI5TY/KL
S8R/VITBI/GI8IN/Q226T/A256S/E270
D/D272G/M286T/M302Q/F322A/A3388
[Y37IF/Q383E/Q394G/L412D

Y.evels of increased activity were determined relative to the reference polypeptide of SEQ ID NO: 422, and

defined as follows: "+" > 0.9; "++" > 1.1; and "+++" > 1.5,

{6247} Based on the results from Table 4-7, SEQ ID NO: 456 was chosen as the parent sequence for
the next iteration of protein optimization. To generate new diversity, mutations from homologs were
recombined using SEQ 1D NO: 436, and variants with saturation nrutagenesis at different positions
were also constructed using this backbone. The vanants were assayed i triplicate for amylase
activity under unchallenged conditions at pH 6 and pH 7, and also at pH 6 after pre-incubation under
two different conditions. The first condition was a 2 hour gastric challenge at pH 2.3, and the second
condition was a 2 hour intestinal challenge, as described in Example 3. The results (relative to the
results for SEQ ID NO: 456) are provided in Table 4-8. In some additional experiments, some
variants were assayed in singlicate for amylase activity at pH 6 after a 2 hour gastric challenge at pH
2.3, as described in Example 3. The results (relative to the results for SEQ ID NO: 456) are provided
in Table 4-9.
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OCTH/ MBI V/HPTTV/HIOVH L Aot/ vVord/aotd

HToeD

++

+

+

ML/ ACTPA/ATTE
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O
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Table 4-9. Alpha-Amylase Activity (Relative to SEQ ID NO: 436)

SEQ
IDNG:
(nt/aa)

Amino Acid

Bifferences

{Relative to
SEQID NO: 456)

Amino Acid

Differences

(Relative to
SEQID NO: 18)

Amylase Activity
Post gastric
Challenge
{Relative to SEQ
ID NO: 456)

541/542

E134R

E16D/E26 A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/E134R/ATASG/FISTY /K ISER/GI83N/K246R/A2565/E

270D/D272G/M2E6T/M302Q/F322 A/Y37IF/G380R /3483
E/Q394G/LA12D/F413Y

bbbt

543/544

H210P

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/T128W/EL3

OD/ATASG/FISTY/KIS8R/GI83N/H210P/K246R/AZ565/E

270D/D272G/M286T/M302Q/F322A/Y3TIF/G380R/Q383
B/Q394G/L412D/F413Y

547/548

D279L

E16D/E26A/D2OR/D33E/K91IH/A I 14H/A122R/A128W/ELS
0D/A145G/F15TY/KIS8R/GIB3N/K246R/A256S/E270D/
272G/D279L/M2B6T/M302Q/F322A/Y371F/G380R/Q383
E/Q394G/AAIZD/F413Y

-t

549/550

DI123R

E16D/E26 A/D29R/D33E/K91H/ATT4H/AT22R/D123R/112

SW/E130D/AT45G/FI3TY/KIS8R/GIB3N/K246R/A256S/E

276D/D272G/M286T/M302Q/F322A/Y37TIF/G380R/AQ383
E/Q394G/LA12D/F413Y

-t

P41TW

E16D/E26A/D2IR/D33E/K9IH/ATI4H/ATI22R/E128W/ELS
0D/AT45GFISTY/KIS8R/GIS3IN/K246R/A2565/E270D/D
272G/M286T/M302Q/F322A/Y3TIF/G380R/Q383E/Q3%4
G/LA12D/F413Y/P41TW

553/554

E16D/E26A/D29R/D33E/K91H/A114H/AI22R/A128W/ELS
OD/AT45G/FISTY/KI58R/GIS3IN/K246R/A236S/E270D/D
272G/M286T/MB02H/F322A/Y3TIF/G380R/Q383E/)3%4
G/LA12D/F413Y

E214G

E16D/EZ6A/D29R/D33E/K91H/A114H/A122R/A128W/ELS

OD/AT45G/F157Y/K158R/G183N/E214G/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y3TIF/G380R/Q383
/Q394G/AL412D/FA13Y

557/558

P259C

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
OD/AT45G/F15TY/K158R/GT83N/K246R/A2568/P259C/E
27GD/D272G/M286T/M302Q/F322 A/Y3TIF/G38GR/AQ383

E/Q394G/L412D/F413Y

++
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559/560

TI126R

EI16D/E26A/D29R/MD3ZE/KITH/ATI4F/AI22R/T126R/T12
SW/EL30D/AI45G/F15TY/KI58R/GIS3IN/K246R/A2565/E
270D/D272G/M286T/M302Q/F322A/Y371F/G380R/Q383
E/Q394G/L412D/F413Y

561/562

E131Y

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/E131Y/A145G/FI5TY/KISER/GIBIN/K246R/A2S6S5/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

-

563/564

Q302W

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3

OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D

272GIM2E6T/MB02W/F322A/Y371F/G380R/Q383E/Q394
G/LA12D/F413Y

E393R

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3

OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D

272G/M286T/M302Q/F322 A/Y3TIF/G380R/Q383E/E393R
/Q394G/LA12D/F413Y

et

567/568

D18s0E

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS

ODVA145G/F157Y/K138R/D180E/GI83N/K246R/A2565/E

276D/D272G/M286T/M302Q/F322A/Y37TIF/G380R/AQ383
E/Q394G/L4A12D/F413Y

EI3IR

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3

OD/E131R/AT45G/F15TY/KI58R/GI83N/K246R/A256S/E

276D/D272G/M286T/M3020Q/F322A/Y37T1F/G380R/Q383
E/Q394G/L412D/F413Y

Q302R

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS
OD/A45G/FISTY/KIS8R/GIS3IN/K246R/A2365/E270D/D
272G/M286T/M302R/F322A/Y37T1F/G380R/AQ383E/394
G/LA12D/F413Y

QI27TW

E16D/E26A/D29R/D33E/K91H/ATI4H/AI22R/Q127TW/L

28W/E130D/A143G/F15TY/K158R/GI83N/K246R/A256S/

E270D/D272G/M286T/M302ZQ/F322 A/Y371F/G380RAQ38
3E/Q394G/L412D/F413Y

-+

5771578

D415C

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
0D/A145G/F157Y/K158R/GI83IN/K246R/A256S/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/L4A12D/F413Y/D415C
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W
~

9/580

B2827

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/E282T/M286T/M302Q/F322A/Y371F/G380R/Q383E
/(Q394G/L412ZDF413Y

581/582

E131H

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/E131H/A145G/F15TY/KISER/GIB3N/K246R/A2S6S5/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

583/584

Q228V

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3

OD/AT45G/F1STY/KIS8R/GIBIN/Q228V/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

s

D428T

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
G/L412D/F413Y/D428T

et

591/592

A3198

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS

0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D

272G/M286T/M302Q/A319S/F322A/Y37IF/G380R/Q383E
fQ394G/L4A12D/F413Y

593/594

Q466C

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3
OD/AT45G/F15TY/KI58R/GIS3N/K246R/A25658/E270D/D
272GM286T/M302Q/F322A/Y371F/G380R/Q383E/A Q394
G/LA12D/F413Y/Q466C

595/596

E429S

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS
OD/A45G/FISTY/KIS8R/GIS3IN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/L412D/F413Y/E4298

599/600

E3938

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D

272G/M286T/MB02Q/F322A7Y371F/G350R/Q383E/E3938
Q394G/L412D/F413Y

821/822

V409R

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
0D/A145G/F157Y/K158R/GI83IN/K246R/A256S/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/VAOIR/LATZD/F413Y

ot
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823/824

A319L

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/M286T/MB02Q/A319L/F322A/Y371F/G380R/Q383
E/Q394G/L412D/F413Y

RS

Y385L

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3
OD/A145G/F1STY/KI58R/GIB3N/K 246R/A2565/E270D/D
272G/M286T/MBO2Q/F322A/Y3TIF/G380R/Q383E/Y385
L/Q394G/L412D/F413Y

-

827/828

E451F

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3
OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y37T1F/G380R/Q383E/(39%4
G/L412D/F413Y/E451F

s

829/8:

%)

<

DI80Q

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3

OD/AT45G/FISTY/KIS8R/DBOQ/GI83IN/K246R/A2565/E

270D/D272G/M286T/M302Q/F322 A/Y 371F/G380R/AQ383
E/Q394G/A412D/F413Y

A

831/832

V409W

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/VA0OW/L412D/F413Y

ot

833/834

E282R

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3

OD/A145G/F15TY/K158R/E282R/G183N/K246R/A256S/E

276D/D272G/M286T/M3020Q/F322A/Y37T1F/G380R/Q383
E/Q394G/L412D/F413Y

835/836

DI72K

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS

OD/A4SG/FISTY/KIS8R/DIT2K/GI83N/K246R/A256S/E

270D/D272G/M286T/M302Q/F322A/Y37IF/G380R/Q383
E/Q394G/LA12D/F413Y

837/838

R221T

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

0D/AT45G/FI5TY/K158R/GI83N/R221T/K246R/A2565/E

270D/D272G/M2B6T/M302Q/F322 A/Y37IF/G380R /343
E/Q394G/L412D/F413Y

839/840

E492G

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
0D/A145G/F157Y/K158R/GI83IN/K246R/A256S/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/L4A12D/F413Y/E492G
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841/842

V409A

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/M286T/MB02Q/F322A/Y3TIF/GRBOR/Q383E/(Q3%4
G/V409A/LA12D/F413Y

843/844

QI27R

E16D/E26A/D20R/D33EKOIH/ATI4H/AL22R/Q127R/12

SW/ELZOD/A45G/F1STY/KIS8R/GISIN/K246R/A256S/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

845/846

D279V

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3

OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D

272G/D279VIM2E6T/M302Q/F322A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

847/848

D415G

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
G/LAL2D/F413Y/D415G

et

849/850

E444R

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y/E444R

851/852

E393W

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3
OD/AT45G/F15TY/KI58R/GIS3N/K246R/A25658/E270D/D
272G/M286T/M3020Q/F322 A/Y371F/G380R/Q383E/E393
W Q394G/L412D/F413Y

853/854

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS

OD/A45G/FISTY/KIS8R/GIS3IN/K246R/A2365/E270D/D

272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/1387V
Q394 G/LAIZD/F413Y

Da442wW

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/3394
G/L412D/FA13Y/D442W

857/858

R140V

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/R140V/AT45G/F157Y/KI58R/GI83IN/K246R/A2568/E

27GD/D272G/M286T/M302Q/F322 A/Y3TIF/G38GR/AQ383
E/Q394G/LATZD/F413Y
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859/860

V470L

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/M286T/MB02Q/F322A/Y3TIF/GRBOR/Q383E/(Q3%4
G/L412D/F413Y/V4ATOL

861/862

Q253R

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/ATASG/FISTY/KI58R/GI8IN/K 246R/J253R/A256S/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

ef

863/864

RO2G

E16D/E26 A/D29R/D33EKIIH/RI2G/AT14H/A122R/1128

W/EI30D/AT45G/FIS3TY/KIS8R/GIS3N/K246R/A2Z565/E2

70D/D272GM286T/M302Q/F322A/Y 371F/G380R/Q383E/
Q394G/L412D/F413Y

++

865/866

E467P

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
GAA12D/F413Y/E467P

++

867/868

N455T

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y/N435T

++

869/870

EZ14L

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3

OD/AT45G/F15TY/K158R/GI83N/E214L/K246R/A2565/E

276D/D272G/M286T/M3020Q/F322A/Y37T1F/G380R/Q383
E/Q394G/L412D/F413Y

++

E444G

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS
OD/A45G/FISTY/KIS8R/GIS3IN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/L412D/F413Y/E444G

V470G

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/3394
G/LA12D/F413Y/V4T0G

875/876

V4708

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3
0D/A145G/F157Y/K158R/GI83IN/K246R/A256S/E270D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/A3394
G/L4A12D/F413Y/V470S
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877/878

D123G

E16D/E26A/D2OR/D33E/KSIH/ATI4H/ATI22R/D123G/112

SW/EL30D/AI45G/F15TY/KI58R/GIS3IN/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y371F/G380R/Q383
E/Q394G/L412D/F413Y

E492R

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/A145G/F1STY/KI58R/GIB3N/K 246R/A2565/E270D/D

272G/M286T/MB02Q/F322A/Y3TIF/G380R/AQ383E/(}394
G/L412D/F413Y/E492R

ef

881/882

E444V

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3
OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y37T1F/G380R/Q383E/(39%4
G/L412D/F413Y/E444V

D442R

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
G/LA12D/F413Y/D442R

++

885/886

D30sSR

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y
D305R

++

887/888

Q1271

E16D/E26A/D29R/D33E/KSIH/AT14H/A122RAG1271/1128

W/EI30D/A143G/F15TY/K158R/GI83IN/K246R/A2565/E2

70D/D272G/M286T/M302Q/F322A/Y3T1F/G380R/Q383E/
Q394G/L412D/F413Y

889/890

D305W

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/M286T/M302Q/D305SW/F322A/Y3TIF/G380R/AQ383
E/Q394G/LA12ZDF413Y

891/892

P259W

E16D/E26 A/D29R/D33E/K91H/AT14H/AI22RA128W/EL3

OD/A145G/F157Y/K158R/GI83N/K246R/A2565/P259W/E

270D/D272G/M286T/M302Q/F322A/Y37TIF/G380R/AQ383
E/Q394G/L412D/F413Y

‘ad
=

893/894

E359G

E16D/E26A/D29R/D33E/KO1H/AT14H/AT22R/A128W/EL3

0D/A145G/F15TY/KI58R/GIE3N/K246R/A2565/E270D/D

272G/M286TM302Q/F322A/E359G/Y371F/G380R/AQ383
E/Q394G/LAI2ZD/F413Y
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895/896

Di2sw

E16D/E26A/D29R/D33E/KIIH/ATI4H/AIZZR/TIZ8W/DL

29W/EL30D/A45G/F157Y/K158R/GI83N/K 246R/A2565/

E270D/D272G/M286T/M302Q/F322A/Y371F/G380R/Q38
3E/Q394G/L4A12D/F413Y

D441R

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/A145G/F1STY/KI58R/GIB3N/K 246R/A2565/E270D/D

272G/M286T/MB02Q/F322A/Y3TIF/G380R/AQ383E/(}394
G/L412D/F413Y/D441R

ef

899/900

N435R

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3
OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y37T1F/G380R/Q383E/(39%4
G/L412D/F413Y/N455R

++

901/902

E473M

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
G/LA12D/F413Y/E473M

++

903/904

T446G

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y/T446G

++

905/906

D4i2A

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3
OD/AT45G/F15TY/KI58R/GIS3N/K246R/A25658/E270D/D
272GM286T/M302Q/F322A/Y371F/G380R/Q383E/A Q394
G/L412A/F413Y

++

9477908

Q127V

E16D/E26A/D2SR/D33E/KSIH/ALI4H/AL22R/Q127V/12

SW/EI30D/AT45G/F1STY/KI58R/GI83IN/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y37IF/G380R/Q383
E/Q394G/LA12D/F413Y

909/910

E214R

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

0D/AT45G/F157TY/K158R/GI83N/E214R/K246R/A2565/E

270D/D272G/M2B6T/M302Q/F322 A/Y37IF/G380R /343
E/Q394G/L412D/F413Y

Di2sC

E16D/E26A/D29R/D33E/KOIH/ATI4H/AT22R/T128W/D1

29C/E136D/A145G/F157Y/K158R/GI83N/K246R/A2568/

E270D/D272G/M286T/M302Q/F322A/Y37T1F/G380RA38
3E/MQ394G/L4A12D/F413Y
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913/914

01278

EI16D/E26A/D29R/MD3ZE/KITH/ATI4F/AI22R/Q1275/112

SW/EL30D/AI45G/F15TY/KI58R/GIS3IN/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y371F/G380R/Q383
E/Q394G/L412D/F413Y

915/916

E134A

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/E134A/A145G/FI5TY/KISER/GIBIN/K246R/A2S6S5/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

ef

917/918

Q302V

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3
OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D
272G/M286T/M302V/F322A/Y37TIF/G380R/Q383E/(39%4
G/LA12D/F413Y

++

919/920

E467TW

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/AT4SG/FISTY/KIS8R/GIBIN/K246R/A236S/E2T0D/D
272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/Q394
GAA12D/F413Y/E46TW

++

921/922

N455L

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y/N455L

++

923/924

N474G

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3
OD/AT45G/F15TY/KI58R/GIS3N/K246R/A25658/E270D/D
272GM286T/M302Q/F322A/Y371F/G380R/Q383E/A Q394
G/LA12D/F413Y/N4ATAG

++

925/926

DI72R

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS

OD/AT45G/F1S3TY/K158R/D1T2R/GIB3N/K246R/A256S/E

270D/D272G/M286T/M302Q/F322A/Y37IF/G380R/Q383
E/Q394G/LA12D/F413Y

927/928

R304T

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D

272G/M286T/M302Q/R304T/F322A/Y371F/G380R/Q383E
/Q394G/L4A12ZD/A413Y

929/936

R920

E16D/E26A/D29R/D33E/KSTH/RO2Q/ATI4H/A122R/T128

W/EI30D/A145G/F157Y/K158R/GI83N/K246R/A2568/E2

70D/D272G/M286T/M302Q/F322A/Y3TIF/(G380R/Q383E/
Q3%94G/L412D/F413Y
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4

931/932

f

A322R

EI6D/E26A/D29R/D33E/K9IH/ATI4H/AI22RA128W/ELS

OD/A145G/F15TY/KIS8R/GIS3IN/K 246R/A2565/E270D/D

272G/M286T/M302Q/F322R/Y371F/G380R/Q383E/(394
G/L412D/F413Y

933/934

E254G

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3

OD/AT4SG/FISTY/K158R/GI83N/K246R/E254G/A2565/E

270D/D272G/M2E6T/M302Q/F322 A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

ef

935/936

E16D/EZ6A/D29R/D33E/KO1H/A114H/A122R/A128W/EL3
OD/A145G/F15TY/KIS8R/GIBIN/K246R/A2365/E270D/D
272G/M286T/M302Q/F322A/Y37T1F/G380R/Q383E/(39%4
G/L412D/F413Y/N4SSW

++

937/938

D1sop

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3

OD/A145G/F157Y/K158R/D 180P/GI83N/K246R/A2565/E

270D/D272G/M286T/M302Q/F322 A/Y 371F/G380R/AQ383
E/Q394G/A412D/F413Y

++

939/940

D441w

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/L412D/F413Y/D44IwW

++

941/942

R221V

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3

OD/AT4A5SG/FI5TY/K158R/GIZ3N/R221V/K246R/A256S/E

276D/D272G/M286T/M3020Q/F322A/Y37T1F/G380R/Q383
E/Q394G/L412D/F413Y

++

943/944

W346G

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS

OD/A45G/FISTY/KIS8R/GIS3IN/K246R/A2365/E270D/D

272G/M286T/M302Q/F322A/W346G/Y3TIF/G380R/(J383
E/Q394G/LA12D/F413Y

945/946

1387G

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D

272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/1387G
/Q394G/L4A12ZD/A413Y

9471948

H210G

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/A145G/F157Y/K158R/GI83IN/H210G/K246R/A2565/E

27GD/D272G/M286T/M302Q/F322 A/Y3TIF/G38GR/AQ383
E/Q394G/LATZD/F413Y
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Table 4-9. Alpha-Amylase Activity (Relative to SEQ ID NO: 436)

949/950

Di23C

E16D/E26 A/D2OR/D33E/KSIH/ATI4H/AL22R/D123C/12

SW/EL30D/AI45G/F15TY/KI58R/GIS3IN/K246R/A2565/E

270D/D272G/M286T/M302Q/F322A/Y371F/G380R/Q383
E/Q394G/L412D/F413Y

T384M

E16D/E26 A/D29R/D33E/KOIH/AT14H/AT22RA128W/EL3
OD/A145G/F1STY/KI58R/GIB3N/K 246R/A2565/E270D/D
272G/M286T/MB02Q/F322 A/Y371F/G380R/Q383E/T384
M/Q394G/L412D/FA13Y

ef

953/954

T1260

E16D/E26 A/D2OR/D33E/KOTH/ATT4H/AIZ2R/T1260Q/112
SW/EI30D/AT45G/F15TY/KIS8R/GI8IN/K246R/A2565/E
270D/D272G/M286T/M302Q/F322A/Y3TIF/G380R/Q383
E/Q394G/L412D/F413Y

++

d

955/956

E134F

E16D/E26A/D2OR/D33E/KO1H/AT14H/A122R/T128W/EL3
OD/E134F/A145G/F15TY/K158R/G183N/K246R/A2565/E
270D/D272G/M286T/M302Q/F322 A/Y 371F/G380R/AQ383

E/Q394G/A412D/F413Y

++

9571958

V494C

E16D/E26 A/D2OR/D33E/MKOIH/ATI4H/ATI22R/A128W/ELS
0D/AT43G/FI5TY/KI58R/GI83N/K246R/A236S/E270D/D
272G/M286T/M302Q/F322A/Y37IF/G380R/AQ383E/Q394
G/LA12D/F413Y/VA94C

++

9597960

Q302G

E16D/E26A/D29R/D33E/KI91H/AT14H/A122R/T128W/EL3
OD/AT45G/F15TY/KI58R/GIS3N/K246R/A25658/E270D/D
272GM286T/M302G/F322A/Y371F/G380R/Q383E/A Q394
G/L412D/F413Y

++

961/962

P239R

EI16D/E26A/D29R/D33E/K9IH/ATI4H/AI22R/A128W/ELS

0D/A1T45G/FI5TY/K158R/G183N/K246R/A2565/P259R/E

270D/D272G/M286T/M302Q/F322A/Y37IF/G380R/Q383
E/Q394G/LA12D/F413Y

963/964

R459W

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

OD/A145G/F15TY/KI58R/GI8IN/K246R/A2365/E270D/D

272G/M286T/M302Q/F322A/Y371F/G380R/Q383E/3394
G/L412D/F413Y/R459W

D305Q

E16D/E26A/D29R/D33E/K91H/AT14H/AT22R/A128W/EL3

0D/A145G/F157Y/K158R/GI83IN/K246R/A256S/E270D/D

272G/M286T/M302Q/D305Q/F322A/Y3TIF/G38CR/AQ383
E/Q394G/LATZD/F413Y

Wevels of increased activity were determined relative to the reference polypeptide of SEQ ID NO: 456, and

defined as follows: "+" > 0.9, "++" > 1.1, "+++" > 1.5; and "++++" > 2.5.
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[0248] Based on the results shown in Table 4-8, SEQ ID NO: 546 was chosen as the parent sequence
for the next iteration of protein optimization. Beneficial mutations identified from Table 4-9 were
recombined into this backbone. The variants were assayed in triplicate for amylase activity for
unchallenged activity at pH 6 and pH 7, as well as at pH 6 after pre-incubation under two different
conditions. The first condition was a 2 hour gastric challenge at pH 2.3, and the second condition was
a 2 hour intestinal challenge, as described in Example 3. The results (relative to the results for SEQ

ID NO: 546) are provided in Table 4-16.
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ISTHQWALTY
ANT YD EO/AE8COM8ED/ T LEA/V TTEA/OTOCN/H
B6TH/LOBTN/DTLTW/AOLTA/SOSTY LAY /N 1D/ 488 T
SALSTA/DSTTV/ATPTA/QOS T/ MSTIL AT T L IETI A/
COVV/HPTTY/LBSS/HI 6/ V6 PS/AC /36 T/ V T/ Ao d
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D8I/ ALSTA/DSPIV/ATY T A/QOCTH/ MBTITAETIA/Y
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ATy
AT TDP6EO/ACGE0 A08ED/ AT LEA/V ITEA ATOSINH
86CH/LISTIW/DTLLA/Q0LCA/SISTV /AT A/dOTTH/NES]
D/a8S 1AV ALST/DSYEY/ ATV T A/AOCTH/METI G
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++
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[3249] Based on the results shown in Table 4-10, SEQ ID NO: 632 was chosen as the parent
sequence for the next iteration of protein optimization. To generate new diversity, mutations from
homologs were recombined using the backbone. In addition, variants produced using sataration
mutagenesis at different positions were also constructed on this backbone. The variants were assayed
in triplicate for amylase activity for unchallenged activity at pH 6, and also after pre-incubation under
two different conditions. The first condition was a 2 hour gastric challenge at pH 2.3, and the second
condition was a 2 hour intestinal challenge, as described 1in Example 3. The results (relative to the

resufts for SEQ D NO: 632) are provided inn Table 4-11.
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[0250] Based on the results shown in Table 4-11, SEQ ID NO: 664 was chosen as the parent
sequence for the next iteration of protein optimization. Mutations from homologs, and any other
beneficial motations identified from all the screening results not yet incorporated were recombined on
this backbone. In addition, variants produced using saturation mutagenesis at different positions were
also constructed on this backbone. The variants were assayed in triplicate for amylase activity for
unchallenged activity at pH 6, and also after pre-incubation under two different conditions. The first
condition was a 2 hour gastric challenge at pH 2.3, and the second condition was a 2 hour intestinal
chalienge, as described in Example 3. The results (relative to the results for SEQ 1D NO: 664) are
provided in Table 4-12.

[0251] In additional experiments, some of the variants from Table 4-12 were also scaled up for
production in shake flasks, and the purified enzymes were assayed for amylase activity for
unchallenged activity at pH 6, and also after pre-incubations under two different conditions. The first
condition was a 2 hour gastric challenge at pH 3, and the second condition was a 3 hour intestinal
challenge, as described in Example 3. The results (relative to the results for SEQ 1D NO: 664) are
provided in Table 4-13.
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0 A/OTOSN/HE6TH/ LOSTN/DTL U AOLTI/SOSTY AP T/ TELTA/DY I TH/O
FCH/ACOTYAPBTH/NEST D/HOS T/ d8S /A LS TA/DSPTV/ AT LA/DOCT /A8

+ + CIHOT L AMTZI YRV TTV/ASO/ET 6/ L8SS/VerS/ae ca/ M6 T/ v Ta/aot ASOTIYASE] 9LLISLL
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[3252] Based on the results shown in Table 4-10, SEQ ID NG: 632 was found to have improved
gastric stability, but lower intestinal stability compared to SEQ ID NO: 546. Sequence analysis
identified a TI26R substitution that may have caused the compromised intestinal stability. Based on
the results from Table 4-13, SEQ ID NO: 780 was chosen as the parent sequence for the next iteration
of protein optimization. An NNK library at position 126 was constructed using SEQ ID NO: 780, to
rescue the loss of intestinal stability while maintaining gastric stability. The variants were assaved for
amylase activity at pH 6 after pre-incubation under three different conditions. The first condition was
a 2 hour gastric challenge at pH 2.3, the second condition was a 2 hour trypsin only challenge {no
chymotrypsin}, and the third condition was a 2 hour incubation with a protease (SEQ 1D NO: 20}, as
described in Example 3. The results (relative to the results for SEQ 1D NO: 780) are provided in
Table 4-14.
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EXAMPLE 35: Comparison of Amylase Variant with and without His Tag

{0253} The C-terminus linker and His tag from SEQ ID NO: 810 was removed to generate SEQ 1D

NO: 1758, Both these variants were grown in HTP and were screened in duplicate for amylase

activity at pH 6.8, activity post a 2 hour gastric challenge (1.5 mg/mL pepsin, pH 2.3}, a 2 hour

intestinal challenge. and a 2 hr protease challenge as described in Example 3. These two variants

were found to have similar properties under the different conditions screened, as shown by the

absorbance value in Table 5.

Table 5: Amylase activity comparisons between SEQ ID NG: 816 and SEQ ID NO: 1758
SEQID Activity | Activity Post Gastric | Activity Post Intestinal Activity Post Protease
NG: {A405) | Challenge (A405) Protease Challenge (A405) Challenge {A405)
{nt/aa)

809/810 4.1+6.1 132402 3.3+0.1 3.6+0.1
1757/1758 2501 {34501 3.6+0.2 3.6+0.1
Levels of activity are expressed as absorbance units + standard deviation at 405nm

{0254] All publications, patents, patent applications and other documents cited in this application are

hereby incorporated by reference in their entiretics for all purposes to the same extent as if each

mdividual publication, patent, patent application or other document were individually indicated to be

mcorporated by reference for all purposes.

[0255] While vartous specific embodimenis have been illustrated and described, 1t will be

appreciated that various changes can be made without departing from the spirit and scope of the

mvention.
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CLAIMS
WHAT IS CLAIMED IS:

I A recombinant amylase comprising an amino acid sequence comprising at least 70%,
at least 75%, at least 80%, at lcast 85%, at least 90%. at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% sequence identity to SEQ

IDNO: 2.

2. The recombinant amvlase of Claim |, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 18, 40, 1356, 174, 276, 308, 422,
456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

3. The recombinant amylase of Claim [ or 2, wherein the polypeptide sequence further
comprises one or more substitutions relative to the sequence of (a) SEQ 1D NO: 2, or (b) SEQ 1D NO:
18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404,
1494, 1580, 1612, or 1728

4. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment
thereof, and wherein the recombinant amylase comprises one or more substitutions at positions
sclected from 16, 26, 29, 33, 91, 114,157, 138, 180, 184, 214, 223, 256,272, 298, 302, 371, 380, 383,
394 412, 428, and 437, wherein the amino acid positions of the polypeptide sequence are numbered

with reference to SEQ ID NQ: 2 or 18.

5. The recombinant amvlase of Claim I, the recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, or a functional fragment
thercof, and wherein the recombinant amylase comprises one or more substitutions sclected from
16D, 26A, 29G, 29R, 298, 29A, 29E, 33E, 91H, 114H, 157Y, 158R, 180E, 180Q, 184D, 184K, 214G,
2231, 2567, 272G, 272K, 272P, 272R, 2728, 298H, 3024Q}, 302G, 302H, 302R, 302V, 302W, 371F,
380R, 383E, 3831, 394N, 3948, 394G, 412A, 4121, 412D, 4128, 4287, and 4371, wherein the amino

acid positions of the polypeptide sequence are numbered with reference to SEQ ID NO: 2 or 18.

6. The recombinant amvlase of Claim 1, wherein said recombinant amylase comprises a
o s o
polypeptide sequence having at feast 85%, 86%, 87%., 88%, §9%, 90%, 91%, 92%, 93%, 94%, 959%,

96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 2 or 18, wherein said recombinant
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amvylase comprises at least one substitution or substitution set at one or more positions sclected from
2/73/256/493, 16/33/73/130/256/282/371/374/493, 16/33/130/256/302/371/383/470,
16/33/157/256/302/371/383, 16/73/74/256/282/366/371/383/493, 16/73/256/282/302/331/371/383,
16/130/256/276/374/470, 16/256/302/374, 19/72/345/473, 26/277/396/412/428/473, 26/27/412,
26/27/466/473, 29, 73/130/256/282/302/493, 74/371/374/383/493, 130/256/493, 149, 158, 254, 256,
256/383, 257,259, 272,279, 284, 317/383, 322, 345/388/396/428, 388/396/412/428, 396/412,
396/412/428/466, 409, 412, and 495, wherein the amino acid positions of said polypeptide sequence

are numbered with reference to SEQ 1B NO: 2 or 18,

7. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at feast 85%, 86%, 87%. 88%, 89%, 9G%, 91%, 92%, 93%, 94%, 95%,
96%. 97%. 98%, 99%, or more sequence identity to SEQ ID NO: 40 or 988, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 26/29/158/272/412, 26/29/272/279/412/453, 26/29/272/396/412, 26/29/279/412/428,
26/158/272/279/388/412/428, 26/158/272/412, 26/272/279/412/428/493, 29/272/279/396/412,
130/149/254/284/322/409/495, 130/149/257/284/322/409/466/473, 130/254/284/322/3'74/409/466,
130/257/284/374/409/466, 130/284/322/374/409/473, 149/257/284/322/409/466,
158/272/279/394/396/412/428/493, 158/272/388/412/428/493, 158/272/412/428,
158/279/388/396/412/428, 254/257/284/322/409/473, 254/284/409/466/495, 272/279/412/428/493,
272/412/428, 272/412/493, and 284/322/409/473, wherein the amino acid positions of said
polypeptide sequence are numbered with reference to SEQ ID NO: 40 or 988,

8. The recombinant amvlase of Claim |, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%. §9%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence wdentity to SEQ ID NO: 156 or 1104, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 37, 51, 91, 111, 112, 114, 122, 124, 128, 140, 167, 171, 183, 194, 276, 280, 298, 397,
and 464, wherein the amimno acid positions of said polypeptide sequence are numbered with reference

to SEQ ID NO: 156 or 1104.

9. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%. 97%, 98%, 99%, or more sequence identity to SEQ 1D NO: 174 or 1122, wherein said
recombinant amylasc comprises at least one substitution or substitution sct at one or more positions
selected from 24, 91, 91/122, 91/122/128/130/167/171/409, 91/122/128/130/183/322,
91/122/128/130/194, 91/122/128/130/322, 91/122/128/171/183/194/322, 91/122/128/183/409,
91/122/130/167/183/194/409, 91/122/130/171/183, 91/122/130/183/194, 91/122/130/194,
O1/122/130/194/322, 91/122/167/171/194, O1/122/167/171/194/322, 91/122/171/183/194/409,
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O1/130/171/183/322/409, 91/167/171, 91/167/183/194, 91/167/322, 91/183, 91/183/322/409, 91/194,
91/322. 91/409, 122/128, 122/128/194/409, 122/130/171/322/409, 122/409,
37/145/227/394/480/481, 137/145/295, 145/227/295/481, 145/309/481, 183, 227, 295/394, 322

[o—

3227409, 394, and 480/481, wherein the amino acid positions of said polypeptide sequence are
numbered with reference to SEQ ID NO: 174 or 1122,

10. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, §8%. 89%., 90%, 91%, 92%. 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:276 or 1224, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
sclected from 16/26/29/128/145/256/309/383, 16/26/33/114/145/309/383/394,
16/26/33/128/130/145/302/309/322/371, 16/26/33/145/158/383/394, 16/26/145/302,
16/29/33/145/256/302, 18, 26/29/33/130/145/157/158/183/394, 26/29/33/145/157/183/256/309/383,
26/29/122/130/145/183/256/272/309/394, 26/29/145/157/256/302/322/481,
26/29/145/256/272/302/309/322/481, 26/33/91/145/272/302/481, 26/33/145/309/322/383,

26/114/145/322, 26/145/183/256/309/383, 29/122/145/158/383, 29/130/145/256/272/371/394,
29/145/183/302/309/412, 29/309/394, 33/122/145/272/309/412, 91/130/145/158/183/383, 91/309/383,
130/145/256/272/371, 130/145/302/309, 130/272/481, 145/302/309, 268, 309, 349, 360, 380, 394,
463, and 483, wherein the amino acid positions of said polypeptide sequence are numbered with

reference to SEQ ID NO: 276 or 1224,

11 The recombinant amvlase of Claim |, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, §9%, 9%, 91%, 92%, 93%, 94%, 95%
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 308 or 1256, wherein said
recombinant amylase comprises at least one substitution or substitation set at one or more positions
selected from 29, 37/124/250/270/349/380/394/442/491, 37/145, 37/145/250/301/349/394,

T/145/258/442/491, 38/349/491, 81/259, 81/313/495, 92/257/258/338/468, 92/258,
04/127/132/145/250/349, 94/270/301/349/394/442_ 94/349/491, 145/270, 178,225, 226, 246,
250/349/442, 259/313/338, 270/349, 286/338, 294, 313, 349, 349/380/442, 413, 413/468, 448, and
473, wherein the amino acid positions of said polypeptide sequence are numbered with reference to

SEQ ID NO: 308 or 1256,

12. The recombinant amvlase of Claim |, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 422 or 1370, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
sclected from 38, 38/178/226/286/338, 38/178/286/448, 38/178/349/448, 38/226/246/258/286,
38/226/258/286/338/380/448, 38/226/258/349/413, 38/226/286, 38/226/286/338/380,
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38/226/338/349/380, 38/226/413/448, 38/246/286, 38/246/286/380, 38/258, 38/286, 38/286/413/448,
38/286/448,38/448, 178, 178/226/258/286/310/338, 178/226/286/338, 178/246/338,
178/258/286/413, 178/286, 178/286/338/349, 178/286/338/448, 178/380, 178/413, 178/448,
184/246/258/380, 226, 226/246/286/349/448, 226/246/413, 226/258/286/349/380,
226/258/286/413/448, 226/286, 226/286/380/448, 226/349/380, 246, 246/286, 246/286/380/413,
246/338, 246/413, 258/286/413, 286, 286/413/448, 338/448, 349, and 413, wherein the amino acid

positions of said polypeptide sequence are numbered with reference to SEQ ID NG: 422 or 1370.

13 The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
56%, 97%, 98%, 99%, or more sequence identity to SEQ 1D NG: 456 or 1404, wherein said
recombinant amylase comprises at least one substitution or substitution sct at one or more positions
selected from 29/31/92/220, 29/469, 49/58/103/141/197/269/294/298, 49/58/103/194/204/298,
49/58/141/298, 49/103, 103, 123, 126, 127, 131, 134, 180, 210, 214, 220/469, 228, 259, 279, 282,
302,319,393, 415, 417, 428, 429, 466, and 469, wherein the amino acid positions of said polypeptide
sequence arc numbered with reference to SEQ 1D NO: 456 or 1404,

14. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, §8%. 89%, 90%, 91%, 92%., 93%, 94%, 95%,
96%., 97%, 98%, 99%, or more sequence wdentity to SEQ ID NO: 456 or 1404, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 92, 123, 126, 127, 129, 131, 134, 140,172, 180,210, 214, 221, 228, 253, 254,259,279,
282,302, 304, 303,319, 322, 346, 339, 384, 385, 387,393, 409, 412, 415, 417,428, 429, 441, 442,
444 446,451, 455, 459, 466, 467, 470, 473, 474, 492 and 494, wherein the amino acid positions of
said polypeptide sequence are numbered with reference to SEQ ID NO: 456 or 1404,

15 The recombinant amvlase of Claim I, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 546 or 1494, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 123, 123/126/180/214/298/302/393, 123/126/180/214/393/428,
123/126/210/298/302/393, 123/126/210/428, 123/126/428, 123/210/302, 126/180/210/214/298/302,
126/180/210/214/428, 126/180/298/302/393, 126/210/302/428, 126/214/393, 126/298/302/393,
126/298/302/393/428, 129, 129/228/253, 131/228/279, 131/282, 180/214, 210/214/302/393/428,
228/282/444, 253/279/470, 253/279/492, 279, 279/470, and 441, wherein the amino acid positions of
said polypeptide sequence are numbered with reference to SEQ ID NG: 546 or 1494,
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i6. The recombinant amvlase of Claim |, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 9G%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 632 or 1580, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 2, 45/166/298, 48, 48/166/170/203, 52, 58/166, 538/203, 72, 82, 114, 114/223/306/308,
149, 165, 166/203, 167, 170, 184/216/306/308, 184/223/306/437, 189, 203, 225, 255, 258, 275, 280,
284,294,298, 396, 397, 411, 431, 448, 468, 482, 483, and 493, wherein the amino acid positions of
said polypeptide sequence are numbered with reference to SEQ ID NO: 632 or 1530,

17. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at feast 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 664 or 1612, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 6/39/103/324/420, 41, 58/500/501, 61, 95/98/205/227/423/458, 95/98/227/423, 95/205,
05/232/285/324, 123/170/197/275/298/396/448/483, 123/197, 123/197/225/294/396/448/469,
123/284/294/324/396/448, 134/225/275/302, 165/225/284/298/469/483, 170/275/294/298/448,
2057206, 205/206/224/315/458/480, 206/227, 206/227/315/423, 225/294/298/396, 227, 392/503, 458,

499, and 500, wherein the amino acid positions of said polypeptide sequence are numbered with

reference to SEQ ID NO: 664 or 1612,

18 The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 664 or 1612, wherein said
recombinant amylase comprises at least one substitution or substitution set at one or more positions
selected from 95/252/285/324, 123/197, 123/197/225/294/396/448/469, 134/225/275/302, 205/206,
and 205/206/224/315/458/480, wherein the amino acid positions of said polypeptide sequence are
numbered with reference to SEQ 1D NO: 664 or 1612,

19. The recombinant amylase of Claim 1, wherein said recombinant amylase comprises a
polypeptide sequence having at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%,
96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO: 780 or 1728, wheren said
recombinant amylase comprises at least one substitution or substitution set at position 126, wherein
the amino acid positions of said polypeptide sequence are numbered with reference to SEQ ID NO:

780 or 1728.

20. The recombinant amylase of Claim I, wherein said recombinant amylase comprises
at least onc mutation i at least one position as provided i Table 4-1, 4-2, 4-3, 4-4, 4-5, 4-6, 4-7, 4-8,
4-9,4-10, 4-11, 4-12, 4-13, and/or 4-14, wherein the positions are numbered with reference to SEQ
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D NO: 2. 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664. 780, 988, 1104, 1122, 1224, 1256,
1370, 1404, 1494, 1580, 1612, and/or 1728.

21. The recombinant amvlase of Claim I, comprising a polypeptide sequence selected

from even-numbered sequences of SEQ ID NOS: 4-18, 22-966, and 970-1914.

22. The recombinant amvlase of Claim |, comprising a polypeptide sequence selected

from even-numbered sequences of SEQ ID NOS: 970-1914.

23. The recombinant amvlase of Claim |, comprising a polypeptide sequence selected

from even-numbered sequences of SEQ ID NOS: 800-820 and 1748-1768.

24. The recombinant amylase of Claim |, comprising a polypeptide scquence selected
from SEQ ID NOS: 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 8§10, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, 1728, and 1758.

25. The recombinant amylase of any of Claims 1-24, wherein said recombinant amvlase
is more thermostable than the amylase of SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

26. The recombinant amylase of any of Claims 1-25, wherein said recombinant amylase
1s more stable under acidic pH conditions than the amylase of SEQ 1D NO: 2, 18, 40, 156, 174, 276.
308,422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612,

and/or 1728.

27. The recombinant amylase of any of Claims 1-26, wherein said recombinant amylase
is more active at pH 6, than the amylase of SEQ 1D NO: 2, 18, 40, 156, 174, 276, 308, 422, 456, 546,
632, 664, 780, 988, 1104, 1122, 1224 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

28, The recombinant amylase of any of Claims 1-27, wherein said recombinant amylase
is more resistant to proteolysis than the amylase of SEQ ID NO: 2, 18, 40, 156, 174, 276, 308, 422,
436, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1580, 1612, and/or 1728.

29. The recombinant amylase of any of Claims 1-28, wherein said recombinant amylase
is more active in the presence of at least one bile salt than the amylase of SEQ 1D NO: 2, 18, 40, 156,
174,276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224, 1256, 1370, 1404, 1494, 1380,
1612, and/or 1728,

~

30. The recombinant amvlase of any of Claims 1-29, wherein said recombinant amylase

is purified.
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31 The recombinant amvlase of any of Claims 1-30, wherein said recombinant amylase
exhibits at least one improved property selected from: 1) enhanced catalytic activity; 11) increased
tolerance to acidic pH conditions; iit} increased tolerance to at least one protease; iv) increased
tolerance to at least one bile salt; v) increased thermotolerance; or a combination of any of 1), i1), iii),

iv), and v), as compared to a reference sequence.

32. The recombinant amylase of Claim 31, wherein said reference sequence is SEQ ID

NG: 2.

33. The recombinant amylase of Claim 31, wherein said reference sequence is selected
from SEQ ID NO: 18, 40, 156, 174, 276, 308, 422, 456, 546, 632, 664, 780, 988, 1104, 1122, 1224,
1256, 1370, 1404, 1494, 1580, 1612, and 1728.

34. A composition comprising at least one recombinant amylase of any of Claims 1-33.

35. A recombinant polvnucleotide sequence encoding at least one recombinant amylase

set forth in any of Claims 1-33.

36. The recombinant polynucleotide sequence of Claim 35, wherein said polynucleotide

sequence is codon-optimized.

37. An expression vector comprising at least one recombinant polvaucleotide sequence of

Claim 35 and/or 36.

38. The expression vector of Claim 37, wherein said recombinant polynucleotide

sequence is operably linked to a control sequence.

39, The expression vector of Claim 37 or 38, wherein said control sequence is a
promoter.

40. The expression vector of Claim 39, wherein said promoter is a heterologous
promoter.

41. A host cell comprising the expression vector of any of Claims 37-40.

42. The host cell of Claim 41, wherein said host cell is eukarvotic or prokaryetic.

43 A method of producing a recombinant amylase, comprising culturing said host cell of

Claim 41 or 42, under conditions that said recombinant amylase encoded by said recombinant

polynucleotide is produced.
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44, The method of Claim 43, further comprising the step of recovering said amylase.
45. The method of Claim 44, further comprising the step of purifying said amylase.
46. A pharmaceutical composition for the treatment of pancreatic insufficiency,

comprising the composition of Claim 34.

47. The pharmaceutical composition of Claim 46, further comprising a pharmaceutically

acceptable carrier and/or excipient.

48. The pharmaceutical composition of Claim 46 and/or 47, wherein said composition

further comprises at least onc protease.

49. The pharmaceutical composition of any of Claims 46-48, wherein said composition

further comprises at least one lipase.

50. The pharmaceutical composition of Claim 46 and/or 47, wherein said composition

further comprises at least one lipase and at least one protease.

51 The composition of any of Claims 34, and 46-30, further comprising a pancreatic

extract, wherein said pancreatic extract comprises lipase, protease, and amylase activity.

52 The pharmaceutical composition of any of Claims 46-51, wherein said composition is
suitable for parenteral injection or infusion, subcutaneous injection, inhalation, or dermal application

to a human.

53. The pharmaceutical composition of any of Claims 46-51, wherein said composition is

suitable for oral administration to a human.

54 The pharmaceutical composition of Claim 53, wherein said composition comprises an

enteric coating.

55, A method for treating and/or preventing the symptoms of pancreatic insufficiency in
a subject, comprising providing a subject having pancreatic insufficiency, and providing the

pharmaceutical composition of any of Claims 46-54, to said subject.

36. The method of Claim 55, wherein said symptoms of pancreatic insufficiency are

amehorated.
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57 The method of Claim 55 and/or 56, wherein said subject is able to consume a dict that
1s less restricted in its carbohydrate content than diets required by subjects exhibiting the svmptoms of

pancreatic insufficiency.

58. The method of any of Claims 55-57, wherein said subject is 2 human patient.

59. The method of Claim 58, wherein said human patient is an infant or child.

60. The method of Claim 58, wherein said human patient is an adult or young adult.

61. The method of any of Claims 53-57, wherein the subject is a non-homan mammal.
62. Use of the compositions provided in any of Claims 34, and 46-34.

63. A recombinant amylase according to any of Claims 1-33, or a composition according

to any of Claims 34 and 46-54, for use as a medicament.

64. A recombinant amylase according to any of Claims 1-33, or a composition according

to any of Claims 34 and 46-54, for use as a nutritional supplement.

65, A recombinant amylase according to any of Claim 1-33, or a composition according
to any of Claims 34 and 46-54, for use in the treatment, or prevention of symptoms, of pancreatic

msufficiency.
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