Office de la Propriete Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

(11)(21) 2 713 582

CA 2713582 C 2017/02/21

12 BREVET CANADIEN
CANADIAN PATENT

(13) C

(86) Date de depot PCT/PCT Filing Date: 2009/02/04

(87) Date publication PCT/PCT Publication Date: 2009/08/13
(45) Date de delivrance/lssue Date: 201/7/02/21

(85) Entree phase nationale/National Entry: 2010/07/28

(86) N° demande PCT/PCT Application No.: US 2009/033027
(87) N° publication PCT/PCT Publication No.: 2009/100102

(30) Priorites/Priorities: 2008/02/04 (US61/026,056);
2008/06/06 (US61/059,403)

(51) CLInt./Int.Cl. C12N 9/28 (2006.

(72) Inventeurs/Inventors:
CASCAO-PEREIRA, LUIS, US
CHANG, CLAUDINE, US;
CHOY, CLEMENT, US;
ESTABROOK, MELODIE, US;
JONES, BRIAN E., US;

KELLIS, JAMES T., JR., US;

(73) Propriéetaire/Owner:
DANISCO US INC., US

(74) Agent: BERESKIN & PARR LL

01),

C11D 3/386 (2006.01). C11D 7/42 (2006.01),
C12N 15/56 (2006.01). C12N 15/75 (2006.01)

P/S.E.N.C.R.L.,S.R.L.

(54) Titre : VARIANTS TS23 DE L'ALPHA-AMYLASE A PROPRIETES MODIFIEES
(54) Title: TS23 ALPHA-AMYLASE VARIANTS WITH ALTERED PROPERTIES

Cleaning, A488

p—

0.

LA S R

1 0.15 0.2 0.25

Enzyme, ppm

B amy 1S23t40/8 A OxAm 40/8
® amyTS23t40M0 ¥ OxAm40/10

(57) Abrege/Abstract:

Described are variants (mutants) of a parent alpha-amylase having alpha-amylase activity and exhibiting altered properties relative

to the parent alpha--amylase, and methods of use, thereof.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - C]

PO 191

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~




(72) Inventeurs(suite)/Inventors(continued): KOLKMAN, MARC, US; L

W

=YLER, WALTER, US

—EFLANG, C

CA 2713582 C 2017/02/21

(11)(21) 2 713 582

RIS, US; VROEM

=N, CASP

=R, US;

(13) C



w0 2009/100102 A3 |10} 0ADE 0D YO O T AR A

CA 02713582 2010-07-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

13 August 2009 (13.08.2009)

(10) International Publication Number

WO 2009/100102 A3

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:
C11D 3/386 (2006.01) CI2N 15/75 (2006.01)
CI2N 9/28 (2006.01)

International Application Number:
PCT/US2009/033027

International Filing Date:
4 February 2009 (04.02.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/026,056 4 February 2008 (04.02.2008) Uus
61/059,403 6 June 2008 (06.06.2008) Uus

Applicant (for all designated States except US). DANIS-

CO US INC., GENENCOR DIVISION [US/US]J; 925
Page Mill Road, Palo Alto, California 94304 (US).

Inventors; and

Inventors/Applicants (for US only): CASCAO-
PEREIRA, Luis [BR/US]; Danisco US Inc., Genencor
Division, 925 Page Mill Road, Palo Alto, California
94304 (US). CHANG, Claudine [US/US]; Danisco US
Inc., Genencor Division, 925 Page Mill Road, Palo Alto,
California 94304 (US). CHOY, Clement [US/US];

(74)

(81)

Danisco US Inc., Genencor Division, 925 Page Mill
Road, Palo Alto, California 94304 (US). ESTABROOK,
Melodie [US/US]; Danisco US Inc., Genencor Division,
925 Page Mill Road, Palo Alto, California 94304 (US).
JONES, Brian, E. |[GB/US]|; Danisco US Inc., Genencor
Division, 925 Page Mill Road, Palo Alto, California
94304 (US). KELLIS, James, T., Jr. [US/US]; Danisco
US Inc., Genencor Division, 925 Page Mill Road, Palo
Alto, California 94304 (US). KOLKMAN, Marc
[INL/US]; Danisco US Inc., Genencor Division, 925 Page
Mill Road, Palo Alto, California 94304 (US).
LEEFLANG, Chris [NL/US]; Danisco US Inc., Genen-
cor Division, 925 Page Mill Road, Palo Alto, California
94304 (US). VROEMEN, Casper [NL/US]; Danisco US
Inc., Genencor Division, 925 Page Mill Road, Palo Alto,
Califorma 94304 (US). WEYLER, Walter [US/US];
Danisco US Inc., Genencor Division, 925 Page Mill
Road, Palo Alto, California 94304 (US).

Agent: TODD, Stephen; Danisco US Inc., Genencor Di-
vision, 925 Page Mill Road, Palo Alto, California 94304
(US).

Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

[Continued on next page]

(34) Title: TS23 ALPHA-AMYLASE VARIANTS WITH ALTERED PROPERTIES

Cleaning, A488

Figure 9

0.2 - ” 4 )

0.175 —
0.15 |
0.125
04 -
0.075 -|
0.05

0.025

ra— AN 4 s cyeg——m e

R —
0 005 041 0.15 0.2 0.25
Enzyme, ppm

A OxAm 40/8
7 OxAm 40/10

m  amy TS23t40/8
® amy TS23t40/10

(57) Abstract: Described are variants (mutants) of a
parent alpha-amylase having alpha-amylase activity and
exhibiting altered properties relative to the parent alpha-
amylase, and methods of use, thereof.



(84)

CA 02713582 2010-07-28

WO 2009/100102 A3 MU0 OO0 Y O A R

EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, S8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZVW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, TR),
OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Published:

(83)

with international search report (Art. 21(3))

before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

Date of publication of the international search report:
22 April 2010



CA 02713582 2015-07-20

WO 2009/100102 PCT/US2009/033027

TS23 ALPHA-AMYLASE VARIANTS WITH ALTERED PROPERTIES

PRIORITY

{001] The present application claims priority to U.S. Provisional Patent Application Serial Nos.
5  61/026,056, filed on February 4, 2008, and 61/059,403, filed on June 6, 2008.

TECHNICAL FIELD

{002] Described are compositions and methods relating to variants of TS-23 alpha-amylase (a-

10  amylase), which variants have altered biochemical properties and advantageous performance
characteristics with respect to the parent amylase. The variants are suitable for use in, e.g.,
starch conversion, ethanol production, laundry and dishwashing, hard surface cleaning, textile
desizing, and/or sweetener production,

15 BACKGROUND

{003] Starch is of a mixture of amylose (15-30% w/w) and amylopectin (70-85% w/w).
Amylose consists of linear chains of a-1,4-linked glucose units having a molecular weight
(MW) from about 60,000 to about 800,000. Amylopectin is a branched polymer containing o-
1,6 branch points every 24-30 glucose units. ts MW may be as high as 100 million.

20 {004} Sugars from starch, in the form of concentrated dextrose syrups, are currently produced
by an enzyme catalyzed process involving: (1) liquefaction (or thinning) of solid starch with an
c-amylase into dextrins having an average degree of polymerization of about 7-10; and (2)
saccharification of the resulting liquefied starch (7.e. starch hydrolysate) with amyloglucosidase
(also called glucoamylase or GA). The resulting syrup has a high glucose content. Much of the

25  glucose syrup, which is commercially produced, is subsequently enzymatically isomerized to a
dextrose/fructose mixture known as isosyrup.

[005] Alpha (a)-Amylases (a-1,4-glucan-4-glucanchydrolases, E.C. 3.2.1.1) are a group of
enzymes that hydrolyze starch, glycogen, and related polysaccharides by cleaving internal a-1,4-
glucosidic bonds at random. This enzyme class has a number of important commercial

30  applications in, for example, in the initial stages (liquefaction) of starch processing, in textile
desizing, in deinking of recycled paper, in starch modification in the paper and pulp industry, in
wet corn milling, in alcohol production, in sweetener (e.g., sugar) manufacture, in the beverage
industry, in brewing, in oilficlds, in animal feed, and as cleaning agents in detergent matrices.
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For example, such enzymes can be used to remove starchy stains during dishwashing and
laundry washing,
[006] o-amylases are isolated from a wide variety of bacterial, fungal, plant and animal
sources. Industrially, many important a-amylases are those isolated from Bacilli. One
5  characterized a-amylase is that of an alkaliphilic Bacillus sp. strain TS-23 which produces at

least five kinds of enzymes exhibiting starch hydrolyzing activity. (Lin ef al., 1998, Production
and properties of a raw-starch-degrading amylase from the thermophilic and alkaliphilic Bacillus
sp. TS-23, Biotechnol. Appl. Biochem. 28:61-68). The a-amylase of Bacillus sp. no. TS-23 has
a pH optimum of 9 although it is stable over a broad pH range (i.e., pH 4.7 to 10.8). Its

10 temperature optimum 1s 45°C, although the enzyme has activity at lower temperatures, e.g., 15-
20°C.
[007] There remains a need for variant a-amylases that posses altered biochemical

characteristics and offer improved performance in the industrial applications.

15 SUMMARY

[008] Described are variants (mutants) of a TS-23 a-amylase that exhibit altered properties
which are advantageous in connection with various industrial processes such as processing of
starch (e.g., starch liquefaction, saccharification, and the like), textile (e.g., desizing), and as
additives to detergents (e.g., for cleaning starch-based stains).

20 [009] The alterations include but are not limited to alterations in specific activity, substrate
specificity, substrate binding, the substrate cleavage pattern, thermal stability, stability towards
oxidation, Ca®* dependency, the pH/activity profile, the pH/stability profile, and other properties
of interest. An exemplary altered pH/stability profile is increased stability at low pH (e.g., pH<6
and even pH<S5) and/or increased stability at high pH, (e.g. pH>9).

25  [0010] In one aspect, a variant of a parent AmyTS23 a-amylase is provided that has an amino
acid sequence which has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or even 99% identity to the parent o-
amylase and comprises at least two of the following: (a) truncation of the C-terminus, (b)
substitution of amino acid 201, or (¢) deletion of residues R180 and S181 and wherein the

30  variant has a-amylase activity (using SEQ ID NO:1 for numbering). In some embodiments, the
parent a-amylase 1s SEQ ID NO: 1. In some embodiments, the parent a-amylase has a specified
homology to SEQ ID NO: 1
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[0011] Another aspect contemplates a manual or automatic dishwashing composition
comprising a Bacillus sp. no. TS-23 a-amylase, or variant thereof. The composition may further
comprise one or more of a surfactant, detergent builder, a complexing agent, a polymer, a
bleaching system, a stabilizer, a foam booster, a suds suppressor, an anti-corrosion agent, a soil-
suspending agent, an anti-soil redeposit ion agent, a dye, a bactericide, a hydrotope, a tarnish
inhibitor, and a perfume. The dishwashing compositions can be a composition used for manual
or automatic dishwashing,

[0012] A related aspect contemplates a laundry detergent additive comprising a Bacillus sp. no.
TS-23 a-amylase, or variant thereof. As above, the composition may further comprise one or
more of a surfactant, detergent builder, a complexing agent, a polymer, a bleaching system, a
stabilizer, a foam booster, a suds suppressor, an anti-corrosion agent, a soil-suspending agent, an
anti-soil redeposition agent, a dye, a bactericide, a hydrotope, a tarnish inhibitor, and a perfume.
The composition may also comprise one or more of a surfactant, detergent builder, a complexing
agent, a polymer, a bleaching system, a stabilizer, a foam booster, a suds suppressor, an anti-
corrosion agent, a soil-suspending agent, an anti-soil redeposition agent, a dye, a bactericide, a
hydrotope, an optical brightener, a fabric conditioner, and a perfume.

[0013] A further aspect relates to a nucleic acid encoding the described variants and to vectors
comprising such nucleic acids. Also contemplated are cells in which such nucleic acids are
inserted, for example via a vector, phage, or virus. The isolated host cell can be a
microorganism for example such as a bacterium or fungus. The bacterium can be a Gram
positive bacterium selected from the group consisting of Bacillus subtilis, B. licheniformis, B.
lentus, B. brevis, G. stearothermophilus (previously called B. stearothermophilus), B.
alkalophilus, B. amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. thuringiensis,
Streptomyces lividans or S. murinus;, or a Gram negative bacterium, wherein said Gram negative
bacterium 1s Escherichia coli or a Pseudomonas species.

[0014)] Other aspects relate to a method for preparing the variant polypeptides, and to the use of
the variant polypeptides, alone or in combination with other enzymes, including a-amylolytic
enzymes, in various industrial processes, such as starch liquefaction. Some aspects contemplate
the use of the variant polypeptides for laundry washing and/or dishwashing. Also contemplated
are methods of cleaning textiles and or other hard surfaces using the variant polypeptides.
Another aspect contemplates the use of the a-amylase described herein or any of the a-amylase
variants in a textile desizing composition, e.g., wherein the composition is an aqueous solution.

Also contemplated are methods of desizing textiles using said compositions.
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[0015] The variant polypeptides can optionally be in the form of a non-dusting granulate,
microgranulate, stabilized liquid, or protected enzyme. Another aspect contemplates that the
detergent additive or detergent composition further comprise an enzyme selected from the group
consisting of: a cellulase, a protease, an acyltransferase, an aminopeptidase, an amylase, a
5  carbohydrase, a carboxypeptidase, a catalase, a chitinase, a cutinase, a cyclodextrin

glycotransferase, a deoxyribonuclease, an esterase, an a-galactosidase, a B-galactosidase, a
glucoamylase, a-glucosidase, a B-glucosidase, a haloperoxidase, an invertase, a laccase, a lipase,
a mannosidase, an oxidase, a pectinolytic enzyme, a peptidoglutaminase, a peroxidase, a
phytase, a polyphenoloxidase, a proteolytic enzyme, a ribonuclease, a transglutaminase, a

10 xylanase, a pullulanase, an isoamylase, a carrageenase, or any combination of the enzymes.
Other amylases contemplated for use in the composition include two or more other a-amylases,
a -amylase, an isoamylase, or a glucoamylase.
[0016] Some aspects contemplate a composition for starch processing comprising a Bacillus sp.
no. TS-23 a-amylase, or variant thereof, in an aqueous solution. Also contemplated is a method

15  of using such a composition to process starch. The method and composition may further
comprise a glucoamylase, an isoamylase, a pullulanase, phytase or a combination thereof, Yet
another aspect contemplates a biofilm degrading (e.g., hydrolyzing) composition comprising a
Bacillus sp. no. TS-23 a-amylase or variant thereof in a solution or gel, and optionally further
comprising a cellulase, a hemicellulase, a xylanase, a lipase, a protease, a pectinase, an

20 antimicrobial agent, or any combination thereof. Also contemplated are methods of hydrolyzing
biofilms using said compositions.
[0017] Another aspect contemplated is a composition for saccharifying starch comprising a
Bacillus sp. no. TS-23 o-amylase or variant thereof in a solution. Therefore, also contemplated
1s a method of saccharifying starch comprising administering the composition containing the

25>  amylases described herein for a period sufficient to saccharify said starch.
[0018] Another aspect contemplated is a composition for liquefying starch comprising a
Bacillus sp. no. TS-23 a-amylase or variant thereof in a solution. Also contemplated is a
method of liquefying a starch comprising administering the composition for a period sufficient
to liquefy said starch.

30  ]0019] Some particular aspects of the compositions and method are described below.
[0020] In one aspect, a variant of a parent AmyTS23 alpha-amylase is provided, wherein the
variant has an amino acid sequence which has at least 80% identity to the parent alpha-amylase

and comprises at least two of the following:
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(a) a truncation of the C-terminus,
(b) a substitution of residue 201, or
(c) a deletion of residues R180 and S181,
wherein said amino acid residues refer to the amino acid sequence of SEQ ID NO:1. In
5 some embodiments, the variant has alpha-amylase activity.
[0021] In some embodiments, the variant has at least 90% identity to the parent alpha-amylase.
In some embodiments, the variant has at least 95% identity to the parent alpha-amylase. In
particular embodiments, the parent alpha-amylase has the amino acid sequence of SEQ ID NO:
1.
10 [0022] In some embodiments, the variant further comprises a substitution at one or more
residues selected from the group consisting of residue 87, residue 225, residue 272, and residue
282.
[0023] In another aspect, a variant of a parent AmyTS23 alpha-amylase is provided, wherein the
variant has an amino acid sequence which has at least 85% identity to the parent alpha-amylase
15  and comprises a truncation of the C-terminus. In some embodiments, the variant has the amino
acid sequence of SEQ ID NO: 2. The variant may have increased cleaning activity against
starch stains in cold water compared to the parent amylase.
[0024] In some embodiments, the variant further comprises a deletion of the residues at position
R180 and S181, wherein the amino acid residue positions refer to the amino acid sequence of
20  SEQ ID NO:1. The vanant may have increased detergent stability compared to the parent
amylase.
[0025] In some embodiments, the varniant further comprising a substitution of the residue at
position 201, wherein the amino acid residue position refers to the amino acid sequence of SEQ
ID NO:1. The variant may have increased oxidative stability compared to the parent amylase.
25  The variant may have the substitution M201L.
[0026] Any of the may further comprised a substitution at one or more residues selected from
the group consisting of residue 87, residue 225, residue 272, and residue 282, wherein the amino
acld residue position refers to the amino acid sequence of SEQ ID NO:1.
[0027] In a related aspect, a nucleic acid encoding a variant described herein, is provided. In
30 some embodiments, an expression vector comprising this nucleic acid under control of a suitable
promoter is provided. In some embodiments, a host cell comprising the expression vector is

provided.
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[0028] In a related aspect, a manual or automatic dishwashing composition comprising a variant
described herein and one or more of: a surfactant, detergent builder, a complexing agent, a
polymer, a bleaching system, a stabilizer, a foam booster, a suds suppressor, an anti-corrosion
agent, a soil-suspending agent, an anti-soil redeposition agent, a dye, a bactericide, a hydrotope,
5  atarnish inhibitor, and a perfume is provided.
[0029] In a related aspect, a laundry detergent additive comprising a variant as described herein
and one or more of: a surfactant, detergent builder, a complexing agent, a polymer, a bleaching
system, a stabilizer, a foam booster, a suds suppressor, an anti-corrosion agent, a soil-suspending
agent, an anti-soil redeposition agent, a dye, a bactericide, a hydrotope, an optical brightener, a

10  fabric conditioner, and a perfume, is provided.

[0030] In another aspect, a method for removing starch from a textile is provided, comprising
incubating the textile in the presence of a variant of a parent AmyTS23 alpha-amylase, wherein
the variant has an amino acid sequence which has at least 80% identity to the parent alpha-
amylase and comprises at least two of the following:

15 (a) a truncation of the C-terminus,

(b) a substitution of residue 201, or

(c) a deletion of residues R180 and S181,

wherein said amino acid residues refer to the amino acid sequence of SEQ ID NO:1, and
wherein said incubating removes the starch from the textile,

20  [0031] In a related aspect, a method for processing starch is provided, comprising incubating the
textile in the presence of a variant of a parent AmyTS23 alpha-amylase, wherein the variant has
an amino acid sequence which has at least 80% identity to the parent alpha-amylase and
comprises at least two of the following:

(a) a truncation of the C-terminus,
25 (b) a substitution of residue 201, or
(c¢) a deletion of residues R180 and S181,
wherein said amino acid residues refer to the amino acid sequence of SEQ ID NO:1, and
wherein said incubating hydrolyzes said starch.
[0032] These and other aspect and embodiments of the present compositions and method will

30  apparent in view of the disclosure and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Figure 1 shows the amino acid sequence of the parent AmyTS23 amylase (full-length,
mature, SEQ ID NO: 1).
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[0034] Figure 2 shows the amino acid sequence of the AmyTS23t truncated polypeptide
(mature; SEQ ID NO: 2). Bold and underlined text indicates amino acids residues R180, S181
and M201.
[0035] Figure 3 shows the DNA sequence of the optimized amy7S23 gene (SEQ ID NO: 3).
5  [0036] Figure 4 shows the DNA sequence of the optimized amyTS23¢ gene (SEQ ID NO: 4).

[0037] Figure 5 shows an expression cassette for AmyTS23 and AmyTS23t.
[0038] Figure 6 1s a graph showing the results of a swatch cleaning assay with the full length
AmyTS23 amylase (AmyTS231l) and OxAm control.
[0039] Figure 7 1s a graph showing the results of a swatch cleaning assay with amylase

10  AmyTS23{l and OxAm control.
[0040] Figure 8 is a graph showing the results of a swatch cleaning assay with amylase
AmyTS23t and OxAm control.
[0041] Figure 9 1s a graph showing the results of a swatch cleaning assay with AmyTS23t and
OxAm control.

15  [0042] Figure 10 1s a graph showing an accelerated stability study with AmyTS23t and
AmyTS23tARS in two different laundry detergent formulations.
[0043] Figure 11 is a graph showing the oxidative stability of AmyT823t, AmyTS23tARS and
AmyTS23t(M201L+ARS).
[0044] Figure 12 1s a graph showing the performance of the AmyTS23tARS in liquid detergent

20  onrice starch swatches.

[0045] Figure 13 is a graph depicting residual activity as a function of charge change.

[0046] Figure 14 shows additional amino acid and nucleotide sequences referred to in the

disclosure.

DETAILED DESCRIPTION

25  [0047] Described are compositions and methods involving Bacillus sp. no. TS-23 a-amylase and
variants thereof. Variants of TS-23 have altered biochemical characteristics and demonstrate
high performance in, e.g., laundry and dishwashing applications. These and other features of the

variants, as well as applications for using the variants, will be described in detail.

30 1. Abbreviations and Definitions

[0048] The following abbreviations and definitions apply. The singular forms "a", "an", and

"the" include plural referents unless the context clearly dictates otherwise. Thus, for example,
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reference to "an enzyme"” includes a plurality of such enzymes and reference to “the
formulation" includes reference to one 6r more formulations and equivalents thereof known to
those skilled in the art, and so forth.

{0049] Unless defined otherwise herein, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordmary skill in the art. Singleton, ef al.,
DICTIONARY OF MICROBIOLOGY AND MOLECULAR BIOLOGY, 2D ED., John Wiley
and Sons, New York (1994) and Hale & Markbam, THE HARPER COLLINS DICTIONARY
OF BIOLOGY, Harper Perennial, NY (1991) provide one of skill with general dictionaries of
many of the terms used herein.

{0050] Some aspects of the compositions and methods rely on routine techniques and methods
used in the field of genetic engineering and molecular biology. The following resources include
descriptions of general methodology useful in accordance with the present compositions and
methods: Sambrook ef al.,, MOLECULAR CLONING: A LABORATORY MANUAL (2nd Ed.,
1989); Kreigler, GENE TRANSFER AND EXPRESSION; A LABORATORY MANUAL
(1990) and Ausubel ef /., Eds. CURRENT PROTOCOLS IN MOLECULAR BIOLOGY
(1994). Thesc general references provide definitions and methods known to those in the art,
However, it is not intended that the present compositions and methods be limited to any
particular techniques, protocols, and reagents described, as these may vary. Although any
methods and materials similar or equivalent to those described herein can be used in the practice
or testing of the present compositions and methods, the preferred methods and materials are
described.

[0051}] When describing proteins and genes that encode them, the name of the gene is generally
italicized and not capitalized, while the name of the protein is generally not italicized and the
first letter is capitalized.

10052]

1.1 Definitions
J0053] As used herein thie term “starch” refers to any material comprised of the complex

polysaccharide carbohydrates of plants, comprised of amylose and amylopectin with the formula
(CsH1Os)x, wherein X can be any number. In particular, the term refers to any plant-based
material including but not limited to grains, grasses, tubers and roots and more specifically
wheat, barley, corn, rye, rice, sorghum, brans, cassava, millet, potato, sweet potato, and tapioca.
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[0054] As used herein, an “amylase” is an enzyme capable of catalyzing the degradation of
starch. Amylases are hydrolases that cleave the a-D-(1—4) O-glycosidic linkages in starch.
Generally, a-amylases (EC 3.2.1.1; a-D-(1—4)-glucan glucanohydrolase) are defined as endo-
acting enzymes cleaving a-D-(1—4) O-glycosidic linkages within the starch molecule in a
5 random fashion. In contrast, the exo-acting amylolytic enzymes, such as B-amylases (EC

3.2.1.2; a-D-(1—4)-glucan maltohydrolase) and some product-specific amylases like maltogenic
a-amylase (EC 3.2.1.133) cleave the starch molecule from the non-reducing end of the substrate.
p-amylases, a-glucosidases (EC 3.2.1.20; o-D-glucoside glucohydrolase), glucoamylases (EC
3.2.1.3; a-D-(1—4)-glucan glucohydrolase), and product-specific amylases can produce malto-

10 oligosaccharides of a specific length from starch. As used herein, amylases include any/all
amylases, including glucoamylases, a-amylases, f-amylases and wild-type a-amylases, such as
those of Bacillus sp., e.g., B. licheniformis and B. subtilis.
[0033] As used herein, “Bacillus sp. strain TS-23 o-amylase,” and similar phrases, refer to an o-
amylase derived from Bacillus sp. strain TS-23. The gene encoding the a-amylase can be the

15 wild-type gene or a codon optimized polynucleotide that encodes the o-amylase. The mature o-

amylase of Bacillus sp. strain TS-23 is (amino to carboxy orientation) (SEQ ID NO: 1; Figure

1):
ntapinetmm gyfewdlpnd gtlwtkvkne aanlsslgit alwlppavkg 50
tsgsdvgygv ydlydlgefn gkgtirtkyg tktqyvigaiq aakaagmgvy 100
20 advvinhkag adgtefvdav evdpanrnge tsgtygigaw tkfdfpgrgn 150
tyssfkwrwy hfdgtdwdes rklnriykfr stgkawdwev dtengnydyl 200
mfadldmdhp evvtelknwg twyvnttnid gfrldavkhi kysffpdwlt 250
yvrngtgknl favgefwsyd vnklhnyitk tngsmslfda plhnnfytas 300
kssgyfdmry llnntlmkdg pslavtlvdn hdtgpgqslqg swvepwfkpl 350
25 ayafiltrge gypcvfygdy ygipkynipg lkskidplli arrdyaygtg 400
rdyidhgdiili gwtregidtk pnsglaalit dgpggskwmy vgkkhagkvf 450
ydltgnrsdt vtinadgwge fkvnggsvsi wvaktsnvtf tvnnatttsg 500
gnvyvvanip elgnwntana ikmnpssypt wkatialpqg kaiefkfikk 550
dgagnviwes tsnrtytvpf sstgsytasw nvp 583
30
10056] As used herein, “Bacillus sp. strain TS-23 a-amylase variants,” and similar phrases, refer
to variants/mutants of the wild-type Bacillus sp. strain TS-23 a-amylase, which includes an
amino acid substitution, insertion, and/or deletion with respect to the parent (wild-type;
reference) amino acid sequence of Bacillus sp. strain TS-23 amylase. The term “variant” is used
35 interchangeably with the term “mutant”. The variant Bacillus sp. strain TS-23 a-amylase may

include mutations in the signal sequence with respect to parent signal sequence. In addition, the
variant Bacillus sp. strain TS-23 a-amylase can be in the form of a fusion protein containing a

heterologous a-amylase signal sequence, such as from B. licheniformis (LAT).
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[0057] As used herein, the phrases “parent Bacillus sp. strain TS-23 a-amylase,” “wild-type
Bacillus sp. strain TS-23 a-amylase,” “reference Bacillus sp. strain TS-23 a-amylase,” and
similar phrases, refer to the polypeptide of Bacillus sp. strain TS-23. The term may be
abbreviated "parent enzyme," “wild-type enzyme,” “parent polypeptide,” reference
> polypeptide,” or the like, for convenience. The parent Bacillus sp. strain TS-23 u-amylase may

Include mutations in the signal sequence of the parent polypeptide. In addition, the parent
Bacillus sp. strain TS-23 a-amylase can be in the form of a fusion protein containing a
heterologous o-amylase signal sequence, such as from B. licheniformis (LAT).
[00S8] A “parent nucleic acid/polynucleotide,” “wild-type nucleic acid/polynucleotide,” or

10 “reference nucleic acid/polynucleotide,” refers to a nucleic acid sequence encoding a parent
polypeptide, and a nucleic acid complementary thereto.
[0059] A “variant nucleic acid/polynucleotide” refers to a nucleic acid sequence encoding a
variant polypeptide or a nucleic acid complementary thereto, or a polynucleotide sequence
having at least one base substitution, insertion, or deletion with respect to a parent

15  polynucieotide sequence or a nucleic acid complementary thereto. Where specified such nucleic
acids may include those having a specified degree of homology to a reference sequence, or that
are capable of hybridizing to a reference sequence, for example, under stringent conditions [e.g.,
>0°C and 0.2X SSC (1X SSC = 0.15 M NaCl, 0.015 M Na; citrate, pH 7.0)] or highly stringent
conditions [e.g., 65°C and 0.1X SSC (1X SSC=0.15 M NaCl, 0.015 M Na;j citrate, pH 7.0)]. A

20 varant nucleic acid may be optimized to reflect preferred codon usage for a specified host
organisms, such as the methylotrophic yeasts (e.g., Pichia, Hansenula, etc) or filamentous fungi
(e.g., Trichoderma (e.g., T. reesei), etc) or other expression hosts (e.g., Bacillus, Streptomyces,
and the like).
[0060] The term “recombinant,” when used in reference to a subject cell, nucleic acid, protein or

25  vector, indicates that the subject has been modified by the introduction of a heterologous nucleic
acid or protein or the alteration of a native nucleic acid or protein, or that the cell is derived from
a cell so modified. Thus, for example, recombinant cells express genes that are not found within
the native (non-recombinant) form of the cell or express native genes that are otherwise
abnormally expressed, under expressed or not expressed at all.

30 [0061] The terms “recovered,” “isolated,” and “separated,” refer to a compound, protein, cell,
nucleic acid or amino acid that is removed from at least one component with which it is

naturally associated and found in nature.
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[0062] As used herein, the term "purified” refers to material (e.g., an isolated polypeptide or
polynucleotide) that is in a relatively pure state, e.g., at least about 90% pure, at least about 95%
pure, at least about 98% pure, or even at least about 99% pure.
[0063] The terms "thermostable” and “thermostability” refers to the ability of the enzyme to

5  retain activity after exposure to an elevated temperature. The thermostability of an enzyme,
such as an a-amylase enzymes, is measured by its half-life (1) given in minutes, hours, or days,
during which half the enzyme activity is lost under defined conditions. The half-life may be
calculated by measuring residual a-amylase activity following exposure to (i.e., challenge by) an
elevated temperature.

10 [0064] A “pH range” refers to the range of pH values under which an enzyme exhibits catalytic
activity,

[0065] As used herein, the terms "pH stable” and “pH stability” relate to the ability of an
enzyme to retain activity over a wide range of pH values for a predetermined period of time
(e.g., 15 min,, 30 min., 1 hour, and the like).

15 [0066] As used herein, the term "amino acid sequence” is synonymous with the terms
"polypeptide,” "protein," and “peptide,” and are used interchangeably. Where such amino acid
sequence exhibit activity, they may be referred to as an “enzyme.” The conventional one-letter
or three-letter code for amino acid residues are used herein.

[0067] The term “nucleic acid” encompasses DNA, RNA, heteroduplexes, and synthetic

20  molecules capable of encoding a polypeptide. Nucleic acids may be single stranded or double
stranded, and may be chemical modifications. The terms “nucleic acid” and “polynucleotide’
are used interchangeably. Because the genetic code is degenerate, more than one codon may be
used to encode a particular amino acid, and the present compositions and methods encompass
nucleotide sequences which encode a particular amino acid sequence.

25  |0068] Unless otherwise indicated, 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.
[0069] By "homologue" shall mean an entity having a certain degree of identity with the subject
amino acid sequences and the subject nucleotide sequences. A homologous sequence is taken to
include an amino acid sequence that is at least 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,

30  87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or even 99% identical to
the subject sequence, using conventional sequence alignment tools (e.g., Clustal, BLAST, and
the like). Typically, homologues will include the same active site residues as the subject amino

acid sequence, unless otherwise specified.
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[0070] As used herein, "hybridization" refers to the process by which one strand of nucleic acid
base pairs with a complementary strand, as occurs during blot hybridization techniques and PCR
techniques.
[0071] As used herein, a "synthetic" molecule is produced by in vitro chemical or enzymatic

5  synthesis rather than by an organism.
[0072] As used herein, the terms “transformed,” “stably transformed,” and “transgenic,” used
with reference to a cell means that the cell has a non-native (e.g., heterologous) nucleic acid
sequence integrated into its genome or carried as an episomal plasmid that is maintained through
multiple generations.

10 [0073] The term “introduced” in the context of inserting a nucleic acid sequence into a cell,
means “transfection”, “transformation” or “transduction,” as known in the art.

[0074] A “host strain” or “host cell” is an organism into which an expression vector, phage,
virus, or other DNA construct including a polynucleotide encoding a polypeptide of interest
(e.g., a variant a-amylase) has been introduced. Exemplary host strains are bacterial cells. The

15 term *host cell” includes protoplasts created from cells, such as those of a Bacillus sp.

[0075] The term “heterologous™ with reference to a polynucleotide or protein refers to a
polynucleotide or protein that does not naturally occur in a host cell,

[0076] The term “endogenous” with reference to a polynucleotide or protein refers to a
polynucleotide or protein that occurs naturally in the host cell.

20 [0077] As used herein, the term “expression” refers to the process by which a polypeptide is
produced based on the nucleic acid sequence of a gene. The process includes both transcription
and translation.

[0078] A “selective marker” or “selectable marker” refers to a gene capable of being expressed
in a host to facilitate selection of host cells carrying the gene. Examples of selectable markers

2>  include but are not limited to antimicrobials (e.g., hygromycin, bleomycin, or chloramphenicol)
and/or genes that confer a metabolic advantage, such as a nutritional advantage on the host cell.
[0079] "Culturing” refers to growing a population of microbial cells under suitable conditions in
a liquid or solid medium. Culturing includes fermentative bioconversion of a starch substrate
containing granular starch to an end-product (typically in a vessel or reactor).

30 [0080] “Fermentation” is the enzymatic and anaerobic breakdown of organic substances by
microorganisms to produce simpler organic compounds. While fermentation occurs under
anaerobic conditions it is not intended that the term be solely limited to strict anaerobic

conditions, as fermentation also occurs in the presence of oxygen.
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[0081] A “gene” refers to a DNA segment that is involved in producing a polypeptide, and
includes coding regions, regions preceding and following the coding regions, and, intervening
sequences (introns) between individual coding segments (exons).
[0082] A “vector” refers to a polynucleotide sequence designed to introduce nucleic acids into

> one or more cell types. Vectors include cloning vectors, expression vectors, shuttle vectors,
plasmids, phage particles, cassettes and the like.
[0083] An “expression vector” refers to a DNA construct comprising a DNA sequence encoding
a polypeptide of interest, which is operably linked to a suitable control sequence capable of
etfecting expression of the DNA in a suitable host. Such control sequences may include a

10 promoter to effect transcription, an optional operator sequence to control transcription, a
sequence encoding suitable ribosome binding sites on the mRNA, enhancers and sequences
which control termination of transcription and translation.

[0084] A “promoter” 1s a regulatory sequence that is involved in binding RNA polymerase to
initiate transcription of a gene. The promoter may be an inducible promoter or a constitutive

15  promoter. An exemplary promoter is the Bacillus licheniformis a-amylase (AmyL) promoter.
[008S] The term “operably linked” means that specified components are in a relationship
(including but not limited to juxtaposition) permitting them to function in an intended manner.
For example, a regulatory sequence is operably linked to a coding sequence such that expression
of the coding sequence is under control of the regulatory sequences.

20 [0086] The term, “under transcriptional control” means that transcription of a polynucleotide
sequence, usually a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>