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VARIANTS OF BACILLUS sp. TS-23 ALPHA-AMYLASE WITH ALTERED
PROPERTIES

CROSS-REFERENCE TO RELATED APPLICATIONS |
The present application claims priority to U.S. Provisional Patent Application Serial No.

60/985,619, entitled “Alpha-amylase variants with altered properties”, filed November 5, 2007;
61/026056, entitled “TS23 Alpha-Amylase Variants With Altered Properties”, filed February 4,
2008; and 61/059,403, entitled “TS-23 Alpha-Amylase With Altered Properties”, filed June 6,
2008.

SEQUENCE LISTING

Also attached 1s a sequence listing comprising SEQ ID NOS: 1-18, which are herein

incorporated by reference in their entirety.

FIELD OF THE INVENTION

Described herein are variants of a parent alpha-amylase, which variant has alpha-amylase
activity and exhibits an alteration in at least one of the following properties relative to said parent
alpha-amylase:

Substrate specificity, substrate binding, substrate cleavage pattern, thermal stability, pH
activity profile, pH stability profile, stability towards oxidation, Ca** dependency, reduced and
increased pl and improved wash performance, specific activity, stability under, e.g., high
temperature and/or low pH conditions, in particular at low calcium concentrations. The variants
described herein are suitable for starch conversion, ethanol production, laundry wash, dish wash,

hard surtace cleaning, textile desizing, and/or sweetener production.

BACKGROUND

Starch consists 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; its MW may be as high as 100 million.

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 a-
amylase into dextrins having an average degree of polymerization of about 7-10; and (2)

saccharification of the resulting liquefied starch (i.e. starch hydrolysate) with amyloglucosidase
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(also called glucoamylase or GA). The resulting syrup has a high glucose content. Much of the
glucose syrup, which is commercially produced, is subsequently enzymatically isomerized to a
dextrose/fructose mixture known as 1sosyrup.

Alpha-amylases (alpha-1,4-glucan-4-glucanohydrolases, E.C. 3.2.1.1) constitute a group
of enzymes, which 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
applications in, for example, starch liquefaction, textile desizing, starch modification in the paper
and pulp industry, sweetener (e.g., sugar) manufacture and for brewing. These enzymes can also
be used to remove starchy stains during dishwashing and laundry washing. Alpha-amylases are
1solated from a wide variety of bacterial, fungal, plant and animal sources. Industrially, many
important a-amylases are those isolated from Bacilli.

Amylases can be used commercially in the initial stages (liquefaction) of starch
processing; in wet corn milling; in alcohol production; as cleaning agents in detergent matrices;
in the textile industry for starch desizing; in baking applications as anti-staling agents; in the
beverage industry; in oilfields 1n drilling processes; in deinking of recycled paper and in animal
feed.

In recent years, attempts have been made to construct alpha-amylase variants having
improved properties with respect to specific uses such as starch liquefaction, detergents and
textile desizing.

There 1s a need 1n the industry for the identification and optimization of amylases, useful
for various uses, including dishwashing and laundry washing processes. These second generation
amylases will offer improved manufacturing and/or performance characteristics over the industry
standard enzymes.

One characterized a-amylase 1s that of an alkaliphilic Bacillus sp. strain TS-23 which
produces at least five kinds of enzymes exhibiting starch hydrolyzing activity. (Lin et 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).

However, there remains a need for a variant of an alpha-amylase, which variant in
comparison to the corresponding parent alpha-amylase, i.e., unmutated alpha-amylase, has alpha-
amylase activity and exhibits an alteration 1n at least one of the above mentioned properties

relative to said parent alpha-amylase.
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SUMMARY
One aspect provided herein is a a-variant amylase, which variant has alpha-amylase
activity and exhibits an alteration in at least one of the following properties relative to the parent
alpha-amylase: substrate specificity, substrate binding, substrate cleavage pattern, thermal
5 stability, pH activity profile, pH stability profile, stability towards oxidation, Ca** dependency,
specific activity, and stability under, e.g., high temperature and/or low pH conditions, in
particular at low calcium concentrations (e.g., less than about 60 ppm, e.g., less than 40 ppm).
One aspect contemplates a variant of a parent Bacillus sp. TS-23 alpha-amylase, wherein
the variant has 90% 1dentity to SEQ ID NO: 4, and wherein said variant comprises at least two of
10 a),b), orc), as present in SEQ ID NO: 1:
a) a truncation of the C terminus;
b) R180 and/or S181 deleted;
c) M201L;
d) Q87to E, R;
15 ¢) N225toE, R;
f) N272to E or R;
g) N282to E or R;
h) T182 delete;
1) G183 delete;
20 1) Q98R, M201L, S243Q, R309A, Q320R, Q359E, and K444E; or
k) S243Q, A, E, D.
Alternatively, the variant can be one that has an amino acid sequence which has at least
about 90% sequence identity to SEQ ID NO: 4, and comprises a ARS delete at positions 180-181
of SEQ ID NO: 4 and M201L of SEQ ID NO: 4, and at least one of the following:
235 a) Q87t0E, R;
b) N225to E, R;
c) N272to E orR;
d) N282toE orR;
e) T182 delete;
30 f) G183 delete;
g) Q98R, M201L, S243Q, R309A, Q320R, Q359E, and K444E; or
h) S243Q, A, E, D.
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Additional variants contemplate those with at least about 95%, 98% or 99% sequence
identity to SEQ ID NO: 4 and including any of the deletions, substitutions, or additions discussed
herein.

The variants further contemplate those variants of those discussed above and herein that
have the following characteristics:

a) requires less than 60 ppm calcium ions for enzymatic activity;

b) improved oxidative stability relative to the parent Bacillus sp. TS-23
alpha-amylase; and/or

C) improved thermostability relative to the parent Bacillus sp. TS-23 alpha-
amylase.

Another contemplated variant of those discussed above would comprise a truncation of
the carboxy terminus of 1 to 100 amino acid residues or any integer value in between.

Another aspect contemplates the nucleic acids that encode the above variants. Such as an
1solated nucleic acid encoding a variant of a parent Bacillus sp. TS-23 alpha-amylase, wherein
said variant comprises at least a), b), or ¢):

a) a truncation of the C terminus;

b) R180 and/or S181 deleted;

c) M201L;

d) Q87to E, R;

e) N225to E, R;

f) N272 to E orR;

g) N282toE orR;

h) T182 delete;

1) G183 delete;

1) Q98R, M201L, S243Q, R309A, Q320R, Q359E, and K444E;

k) S243Q, A, E, D;
corresponding to SEQ ID NO: 1 and having at least about 90% sequence identity to SEQ ID NO:
1, and wherein said variant exhibits alpha-amylase activity.

Also contemplated are vectors comprising the aforementioned nucleic acids as well as
isolated host cells comprising the nucleic acids. Also contemplated are isolated host cells
comprising the vector that comprises the nucleic acids encoding any of the aforementioned
variants. Such an 1solated host cell includes a prokaryote or an eukaryote (e.g., a bacterium or a

fungus). For examples, the bacterium can be a Gram positive bacterium selected from the group

4
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consisting of Bacillus subtilis, B. licheniformis, B. lentus, B. brevis, B. stearothermophilus, B.
alkalophilus, B. amyloliquefaciens, B. coagulans, B. circulans, B. lautus, B. thuringiensis,
Streptomyces lividans, and S. murinus; or a Gram negative bacterium, wherein said Gram
negative bacterium is Escherichia coli and a Pseudomonas sp.

Also contemplated herein 1s a detergent additive comprising one of the aforementioned
variants. The contemplated detergent additives can further comprise one or more enzymes from
the group consisting of: a cellulase, a protease, an aminopeptidase, an amylase, a carbohydrase, a
carboxypeptidase, a catalase, a chitinase, a cutinase, a cyclodextrin glucanotransferase, a
deoxyribonuclease, an esterase, an a-galactosidase, a 3-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 xylanase, a
pullulanase, an 1soamylase, a carrageenase, or any combination thereof. The detergent additive
can be in the form of a non-dusting granulate, microgranulate, stabilized liquid, or protected
enzyme.

Also contemplated hereih 1s a detergent composition comprising any of the afore
mentioned detergent additives. A detergent composition also contemplates a surfactant and a
variant as discussed herein. The detergent composition can be a laundry detergent or dish
detergent. Contemplated detergent compositions can further COMPrise€ one or more enZymes
selected from the group consisting of a cellulase, a protease, an aminopeptidase, an amylase, a
carbohydrase, a carboxypeptidase, a catalase, a chitinase, a cutinase, a cyclodextrin
glucanotransferase, a deoxyribonuclease, an esterase, an a-galactosidase, a B-galactosidase, a
glucoamylase, an 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
xylanase, a pullulanase, an 1soamylase, a carrageenase, and any combination thereof. In the
alternative or 1n addition, the detergent composition can further comprise one or more of a
surfactant, detergent builder, complexing agent, polymer, bleaching system, stabilizer, foam
booster, suds suppressor, anti-corrosion agent, soil-suspending agent, anti-soil redeposition agent,
dye, bactericide, hydrotope, optical brightener, fabric conditioner, and perfume.

Another aspect contemplated 1s a biofilm hydrolyzing composition comprising any of the
variants discussed above or herein 1n a solution or gel, and optionally further comprising a

cellulase, a hemicellulase, a xylanase, a lipase, a protease, a pectinase, an antimicrobial agent, or
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any combination thereof. These biofilm hydrolyzing compositions can be used in a method of
hydrolyzing a biofilm comprising administering the composition of claim 24 for a period
sufficient to process said biofilm.

Another contemplated aspect 1s a baking composition comprising any of the above
mentioned variants or those disclosed herein in a solution or gel. Another aspect contemplates a
method of baking, comprising administering a baking composition with a variant disclosed
herein.

In yet a further aspect, a composition for liquefying starch is contemplated comprising a
variant discussed above or herein, wherein said composition is in solution. The composition can
than be utilized in a method of liquefying starch comprising administering the composition of to a
liquefied starch for a time sufficient to liquefy said starch. The composition can be added to the
liquefied starch solution for example at about 40-60 pug/g dry solids. A preferred starch for
liquefaction 1s cornstarch, which can be in the form of a liquefied starch solution. Liquefaction
can occur at a temperature of about 85°C to about 100°C. In the alternative or in addition, the
liquefied starch solution is liquefied at about pH 5.0 to about pH 6.5. The method can be further
carried out to comprise a fermenting step, wherein the liquefact is fermented to product ethanol.
One aspect contemplates that the fermenting step produces at least about 2.5% v/v ethanol. In
one aspect, the liquefaction and fermenting steps are conducted contemporaneously in the same
reaction vessel. In another aspect, the fermenting step does not require a glucoamylase-catalyzed
reaction. The liquefaction step can have calcium is present in an amount less than about 60 ppm.

Another aspect contemplates a composition for saccharifying starch comprising a variant
discussed above or herein 1n a solution. Further contemplated is a method of saccharifying starch
comprising administering a saccharifying composition for a time sufficient to saccharify said
starch. This can be done in a solution wherein there is less than about 60 ppm calcium is present.

A further embodiment contemplates a textile desizing composition comprising a variant
described above or herein in an aqueous solution, and optionally comprising another enzyme.
Also contemplated 1s a method of desizing a textile comprising administering said desizing
composition for a time sufficient to desize the textile. Calcium can be present in the desizing
solution 1n an amount less than about 60 ppm.

A further aspect contemplates a starch processing composition comprising the a variant
described above or herein. The starch processing composition can further comprise a
glucoamylase, an 1soamylase, a pullulanase, phytase, or any combination thereof. Also

contemplated 1s a method of processing the starch comprising administering the starch processing

6
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composition for a time sufficient to process said starch. This can be done in the presence of less

than about 60 ppm calcium.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated in and constitute a part of this specification,
illustrate embodiments. In the drawings:

FIG. 1. Polypeptide sequence of alpha-amylase tfrom Bacillus sp. TS-23, full-length,
mature chain (SEQ ID NO: 1).

FIG. 2. Truncated polypeptide sequence of alpha-amylase from Bacillus sp. TS-23,
mature chain (SEQ ID NO: 2). The bold and underlined residues indicate the amino acids present
at R180, S181 and M201 of SEQ ID NO: 2.

FIG. 3. Optimized nucleic acid sequence for the Bacillus sp. TS-23 alpha-amylase gene
(SEQ ID NO: 3)(AmyTS23).

FIG. 4. Nucleic acid sequence encoding the truncated alpha-amylase of Bacillus sp. TS-
23 (AmyTS23t) (SEQ ID NO: 3) that has been optimized (SEQ ID NO: 4) (AmyTS23t).

FIG. S. This figure depicts an expression cassette made for AmyTS23 and AmyTS23t.

FIG. 6. Depicts results from a swatch cleaning assay using AmyTS23 amylase mature
full-length (amy TS23F]) and OxAm control (Danisco US Inc., Genencor Division). Swatch was
incubated 1n either 25 mM HEPES pH 8 or 25 mM CAPS pH 10.3 buffer; enzymes were added at
the indicated level. The reaction was incubated 20°C for 60 minutes with shaking at 750 rpm in
an Eppendorf Thermomix controlled temperature block. The data indicates that amy TS23FI]
performs equal to or better than the OxAm control at both pH values. The X-axis is in parts per
million (ppm), and the Y axis represents an absorbance reading of the supernatant from the
microswatch cleaning assay measured at a wavelength of 488 nm.

FIG. 7. Depicts results from a swatch cleaning assay using alpha-amylase AmyTS23FI
and OxAm control (Danisco US Inc., Genencor Division). Swatch was incubated in either 25
mM HEPES at pH 8 or 25 mM CAPS at pH 10.3 buffer; enzymes were added at the indicated
level. The reaction was incubated 40°C for 60 minutes with shaking at 750 rpm in an Eppendorf
Thermomix controlled temperature block. The data indicates that amy TS23F1 performs better
than the control (OxAm) at both pH values. Swatch cleaning was detected by an absorbance
reading at 488 nm of the supernatant from the microswatch cleaning assay.

FIG. 8. Depicts results from a swatch cleaning assay with alpha-amylase AmyTS23t
(SEQ ID NO: 2) and OxAm control. Swatch was incubated in either 25 mM HEPES at pH 8 or

7
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25 mM CAPS at pH 10.3 butfer; enzymes were added at the indicated levels. The reaction was
incubated 20°C for 60 minutes with shaking at 750 rpm in an Eppendorf Thermomix controlled
temperature block.

FIG. 9. Depicts a swatch cleaning assay with alpha-amylase Amy TS23t (SEQ ID NO: 2)
and OxAm control (Danisco US Inc., Genencor Division). Swatches were incubated in either 25
mM HEPES at pH 8 or 25 mM CAPS at pH 10.3 buffer; enzymes were added at the indicated
levels. The reaction was incubated 40°C for 60 minutes with shaking at 750 rpm in an Eppendorf
Thermomix controlled temperature block. The data indicates that alpha-amylase Amy TS23t
(SEQ ID NO: 2) performs better than the control at both pH values. The truncated Amy TS23
alpha-amylase (SEQ ID NO: 2) 1s shown to perform better than full length mature Amy TS23.

FIG. 10. Depicts an accelerated stability study with AmyTS23t alpha-amylase and
AmyTS23t-RSdelete (SEQ ID NO: 5) in MOPS buffer and in a commercial laundry detergent.
Enzyme samples were incubated at 37° C 1n either MOPS buffer or commercial detergent I and
the remaining activity was determined over time in a Megazyme assay.

FI1G. 11. Depicts the RS deleted truncated Bacillus sp. TS-23 alpha amylase of SEQ ID
NO:)J5).

FI1G. 12. Depicts a graph for an accelerated stability study with AmyTS23t (SEQ ID NO:
2) and AmyTS23tARS (SEQ ID NO: 5) in two different laundry detergent formulations. Enzyme
samples were incubated at 37°C in Inactivated Liquid Tide or Prototype Formula A liquid
detergents and the remaining activity was determined over time in a Megazyme assay.

FIG. 13. The graph depicts the oxidative stability of AmyTS23t, AmyTS23tARS, and
AmyTS23t(M201L+ARS). Enzyme activity was measured after the enzyme was exposed to
various concentrations of peracetic acid (PAA) in Ca'? containing buffer at 40°C for 5 minutes.

FI1G. 14. The graph depicts the performance of the AmyTS23tARS (SEQ ID NO: 5) in
liquid detergent on rice starch swatches.

FIG. 15. The graph depicts the cohessiveness effect of TS23 and a variant PS4 as well as
TS23 combined with a variant PS4 in US toast.

FIG. 16. The graph depicts the firmness effect of TS-23 and a variant PS4 as well as TS-
23 combined with a variant PS4 in US toast.

FIG. 17. The graph depicts residual activity as a function of charge change. Reference is
made to Example 11.

FIG. 18. Depicts a DNA (Panel A) (SEQ ID NO: 6) and amino acid sequence (Panel B)
(SEQ ID NO: 7) of a synthetic Bacillus sp. TS-23 alpha-amylase

8
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FIG. 19. The Bacillus expression vector pHPLT-TS23t, used for expression of Base (and
Ace) 1n B. subtilis SC6.1.

FIG. 20. Residual activity of Base and Base-S243Q after 1 hour incubation in MOPS
using a temperature gradient on a PCR machine.

FIG. 21. Residual activity of Ace and Ace-S243Q after 1 hour incubation in MOPS
buffer using a temperature gradient on a PCR machine.

FIG. 22. Residual activity of Base and Base-S243Q after 30 min incubation in 10%
Persil color (1nactivated) using a temperature gradient on a PCR machine.

FIG. 23. Residual activity of Ace and Ace-S243Q after 1 hour incubation in 10% Persil
color (1nactivated) using a temperature gradient on a PCR machine.

FIG 24. Residual activity of Base and Base-S243Q after 1 hour incubation in 100% Persil
color (1nactivated) using a temperature gradient on a PCR machine.

FIG. 25. Residual activity of Ace and Ace-S243Q after 1 hour incubation in 100% Persil

color (1nactivated) using a temperature gradient on a PCR machine.

DETAILED DESCRIPTION

The following relates to compounds, compositions, methods of making said compounds,
and methods of using said compounds and compositions, wherein the compounds are a Bacillus
sp. no. TS-23 a-amylase or variants thereof. The Bacillus sp. no. TS-23 a-amylases, as well as
variants thereof, were sought that have high performance in, for example, laundry and
dishwashing tests. They can be used for other purposes as contemplated herein.

The a-amylase of Bacillus sp. no. TS-23 has a pH optimum of 9 and is stable over a broad
pH range (i.e., pH 4.7 to 10.8). The polypeptide had a temperature optimum of 45°C. The
enzyme has activity at lower temperatures, e.g., 15-20°C.

In some aspects, the compounds, compositions and methods described herein 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 practicing the
methods with the materials disclosed herein: Sambrook et al., MOLECULAR CLONING: A
LABORATORY MANUAL (2nd Ed., 1989); Kreigler, GENE TRANSFER AND
EXPRESSION; A LABORATORY MANUAL (1990) and Ausubel et al., Eds. CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY (1994). These general references provide

definitions and methods known to those in the art. However, the embodiments discussed herein
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should not be limited to any particular methods, protocols, and reagents described, as these may
vary.

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

Although any methods and materials similar or equivalent to those described herein can
be used 1n the practice or testing of the compounds, compositions and methods of use disclosed
herein, the preferred methods and materials are described.

Exemplary embodiments will now be described in detail by way of reference only using
the following definitions and examples. All patents and publications, including all sequences
disclosed within such patents and publications, referred to herein are expressly incorporated by
reference.

Numeric ranges are inclusive of the numbers defining the range.

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.

The headings provided herein are not limitations of the various aspects or embodiments

disclosed, which can be had by reference to the specification as a whole.

1. Definitions & Abbreviations

In accordance with this detailed description, the following abbreviations and definitions
apply. It should be noted that as used herein, the singular forms “a,” “an,” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example, reference to “a
polypeptide™ includes a plurality of such polypeptides and reference to “the formulation™ includes
reference to one or more formulations and equivalents thereof known to those skilled in the art,
and so forth.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art. The following terms are
provided below.

1.1. Definitions

10
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As used herein, the term “starch” refers to any material comprised of the complex

‘polysaccharide carbohydrates of plants, comprised of amylose and amylopectin with the formula

(CeH1005)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.

“Amylase” 1s meant to include any amylase, such as glucoamylases, a-amylases, p-
amylases and wild-type a-amylases of bacteria such as Bacillus sp., such as B. licheniformis and
B. subtilis. "Amylase" shall mean an enzyme that is, among other things, capable of catalyzing
the degradation of starch. Amylases are hydrolases that cleave the a-D-(1—4) O-glycosidic
linkages 1n 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 1n a 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. B-Amylases, a-glucosidases (EC 3.2.1.20; a-D-glucoside glucohydrolase),
glucoamylases (EC 3.2.1.3; a-D-(1—4)-glucan glucohydrolase), and product-specific amylases
can produce malto-oligosaccharides of a specific length from starch.

“Bacillus sp. strain TS-23 a-amylase” is an a-amylase derived from Bacillus sp. strain
IS5-23. The gene encoding the a-amylase can be the wild-type gene or a codon optimized
polynucleotide that encodes the a-amylase. By “Bacillus sp. strain TS-23 a-amylase variants” is
meant a variant of the wild-type Bacillus sp. strain TS-23 a-amylase, which includes a sequence
substitution, addition or deletion from the parent polypeptide sequence of Bacillus sp. strain TS-
23. The tull length, mature a-amylase of Bacillus sp. strain TS-23 is (amino to carboxy
orientation) (SEQ ID NO: 1) and is depicted in Fig. 1.

As used herein, "parent enzyme" and "parent polypeptide" shall mean the polypeptide of
Bacillus sp. strain TS-23. By “parent nucleic acid” is meant a nucleic acid sequence encoding
said parent polypeptide. The Bacillus sp. strain TS-23 a-amylase can further include mutations in
the signal sequence of the parent polypeptide, or elsewhere in the a-amylase parent polypeptide.
Thus, the Bacillus sp. strain TS-23 a-amylase can be in the form of a fusion protein containing a
heterologous a-amylase polypeptide. It can also include chimeras (i.e., the combination of at
least two a-amylases). For example, the Bacillus sp. strain TS-23 a-amylase can comprise the
signal peptide from another a-amylase, such as B. licheniformis (LAT), which is well know in the

art.
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By “truncated TS-23 a-amylase variant” is meant a TS-23 amino acid sequence that is
truncated by removal of one or more amino acids from the carboxy end of the full-length mature
(wild-type) polypeptide sequence. The truncation may be at least 99 amino acids.

By “truncated TS-23 a-amylase RS delete variant” is meant a truncated TS-23 a-amylase
variant, wherein the amino acids at positions R180 and S181 have been deleted.

The term “variant” is used interchangeably with the term “mutant”. Variants shall
include polypeptides, as well as the nucleic acids that encode additional substitutions,
transversions, insertions, and deletions to the Bacillus sp. strain TS-23 a-amylase, i.e. the parent
alpha-amylase. Variants can include sequences that are complementary to sequences that are
capable of hybridizing to the nucleotide sequences presented herein. For example, a variant
nucleic acid sequence 1s complementary to sequences capable of hybridizing under stringent
conditions (e.g., 50°C and 0.2X SSC {1X SSC =0.15 M NaC(l, 0.015 M Najcitrate, pH 7.0}) to
the nucleotide sequences presented herein. The term variant nucleic acid sequence encompasses
sequences that are complementary to sequences that are capable of hybridizing under high
stringent conditions (e.g., 65°C and 0.1X SSC {1X SSC =0.15 M NaC(l, 0.015 M Naj citrate, pH
7.0}) to the nucleotide sequences presented herein.

The alpha-amylase variant polypeptides described herein can also have mutations that
extend half-life relative to the parent enzyme by at least about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 100%, 200% or more, particularly at elevated temperatures of at least about
55°C to about 95°C or more, particularly at about 80°C.

The alpha-amylase variants may have exo-specificity, measured by exo-specificity indices
described herein, for example. Alpha-amylase variants include those having higher or increased
exo-specificity compared to the parent enzymes or polypeptides from which they were derived,
typically when measured under identical conditions. Thus, for example, the alpha-amylase
variant polypeptides may have an exo-specificity index of at least about 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 500%, 1000%, 5000%, 10,000% or higher
compared to their parent polypeptides.

In another aspect, the alpha-amylase variant polypeptide encoded by the nucleic acid has
the same pH stability as the parental sequence. In another aspect, the variant comprises a
mutation that confers a greater pH stability range or shifts the pH range to a desired area for the
end commercial purpose of the enzyme. For example, in one embodiment, the variant can
degrade starch at about pH 5.0 to about pH 10.5. The alpha-amylase variant polypeptide may

have a longer half-life or higher activity (depending on the assay) compared to the parent
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polypeptide under identical conditions, or the alpha-amylase variant may have the same activity
as the parent polypeptide. The alpha-amylase variant polypeptide also may have about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200% or longer half-life compared to their
parent polypeptide under 1dentical pH conditions. Alternatively, or in addition, the enzyme
variant may have higher specific activity compared to the parent polypeptide under identical pH
conditions.

In another aspect, a nucleic acid complementary to a nucleic acid encoding any of the
alpha-amylase variants set forth herein i1s provided. Additionally, a nucleic acid capable of
hybridizing to the complement is provided. In another embodiment, the sequence for use in the
methods and compositions described here is a synthetic sequence. It includes, but is not limited
to, sequences made with optimal codon usage for expression in host organisms of bacterial,
especially those for industrial culturing.

The term “recombinant” when used in reference to a cell, nucleic acid, protein or vector,
indicates that the cell, nucleic acid, protein or vector, 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 1s 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.

The terms “recovered”, “isolated”, and “separated” as used herein refer to a compound,
protein, cell, nucleic acid or amino acid that is removed from at least one component with which
1t 1s naturally associated and found in nature.

By "purified" 1s meant that the material is in a relatively pure state, e.g., at least about
90% pure, or at least about 95% pure, or at least about 98% pure.

By "thermostable” 1s meant the ability of the enzyme to retain activity after exposure to
elevated temperatures. The thermostability of an enzyme, such as an a-amylase enzymes, is
measured by its half-life. The half-life (t)5) is the time in minutes, hours, or days, during which
half the enzyme activity 1s lost under defined conditions. The half-life value is calculated by
measuring the residual a-amylase activity. _

By “melting temperature” 1s meant the temperature at which 50% of the polypeptide
sample 1s completely denatured.

By “pH range” 1s meant the ability of the enzyme to exhibit catalytic activity from acidic

to basic conditions spanning about 5 or more pH units.
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As used herein, "pH stable" relates to the ability of the enzyme to retain activity over a
wide range of pHs for a predetermined period of time (e.g., 15 min., 30 min., 1 hour).

By “recombinant”, when used in reference to a cell, nucleic acid, protein, or vector, 1s
meant that the cell, nucleic acid, protein or vector has been modified by the introduction of a
heterologous nucleic acid or protein, or the alternation of a native nucleic acid or protein, or that
the cell is derived tfrom a cell so modified. Thus, for example, recombinant cells express nucleic
acid sequences that are not found within native (non-recombinant) forms of the cell or express
native genes that are otherwise abnormally expressed (e.g. underexpressed or not expressed at
all).

As used herein, "amino acid sequence" is synonymous with the term "polypeptide" and/or
the term "protein” and are used interchangeably herein. In some instances, the term "amino acid
sequence” 1s synonymous with the term "peptide”. In some instances, the term "amino acid
sequence” 1s synonymous with the term "enzyme". The conventional one-letter or three-letter
code for amino acid residues are used herein.

The term “nucleic acid” encompasses DNA, RNA, single stranded or double stranded and
chemical modifications thereof. The terms “nucleic acid” and “polynucleotide” may be used
interchangeably herein.

As used herein, "nucleotide sequence” or "nucleic acid sequence" refers to an
oligonucleotide sequence or polynucleotide sequence encoding a Bacillus sp. strain TS-23 a-
amylase polypeptide or variant thereof, and fragments and derivatives thereof (such as portions
thereot). The nucleotide sequence may be of genomic, synthetic, or recombinant origin, and may
be double-stranded or single-stranded whether representing the sense or anti-sense strand. As
used herein, the term nucleotide sequence includes genomic DNA, cDNA, synthetic DNA, and
RNA. For example, the DNA can be a cDNA sequence coding for a Bacillus sp. strain TS-23 a-
amylase or variant thereof. Because the genetic code is degenerate, more than one codon may be
used to encode a particular amino acid, and the described materials encompasses nucleotide
sequences which encode a particular amino acid sequence.

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 at least about 75%, 80%, 85% or 90% identical, or at least about
95%, 96%, 97%, 98% or 99% 1dentical to the subject sequence. Typically, homologues will
comprise the same active sites as the subject amino acid sequence. A polynucleotide or a

polypeptide having a certain percent (e.g., at least about 80%, 85%, 90%, 95%, or 99%) of
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