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(57) ABSTRACT 
Fungal glucoamylases from Aspergillus fumigatus—ex 
pressed in Trichoderma reesei host cells (AfGATR) are pro 
vided. Trichoderma reesei host cells express AfGATRs at 
higher, or at least comparable, levels to natively expressed 
AfGA Aspergillus fumigatus. AfGATRs, including 
AfGA1TR and AfGA2TR, exhibit high activity at elevated 
temperatures and at low pH, so AfGATRs can be used effi 
ciently in a process of saccharification in the presence of 
alpha-amylase, such as Aspergillus kawachii alpha-amylase 
(AkAA). AfGATRS advantageously catalyze starch saccha 
rification to an oligosaccharide composition significantly 
enriched in DP1 (i.e., glucose) compared to the products of 
saccharification catalyzed by Aspergillus niger glucoamylase 
(AnGA) or native AfGA expressed in Aspergillus fumigatus. 
AfGATRs such as AfCA1TR, AfCA2TR or a variant thereof 
can be used at a lower dosage than AnGA and natively 
expressed AfGAS to produce comparable levels of glucose. 
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TRICHODERMIA REESE HOST CELLS 
EXPRESSINGA GLUCOAMYLASE FROM 

ASPERGILLUS FUMGATUS AND METHODS 
OF USE THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims benefit of priority from 
international patent application no. PCT/CN2012/086349 
filed on 11 Dec. 2012, and is incorporated herein by reference 
in its entirety. 
0002. A sequence listing comprising SEQID NO: 1-14 is 
attached herein and incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

0003 Trichoderma reesei host cells expressing a glu 
coamylase from Aspergillus fumigatus, (AfGATR) or a vari 
ant thereof, and methods of use thereof. 

BACKGROUND 

0004 Starch consists of a mixture of amylose (15-30% 
w/w) and amylopectin (70-85% w/w). Amylose consists of 
linear chains of C-1.4-linked glucose units having a molecu 
lar weight (MW) from about 60,000 to about 800,000. Amy 
lopectin is a branched polymer containing C-1.6 branch 
points every 24-30 glucose units; its MW may be as high as 
100 million. 
0005 Sugars from starch, in the form of concentrated dex 
trose syrups, are currently produced by an enzyme catalyzed 
process involving: (1) liquefaction (or viscosity reduction) of 
Solid starch with an O-amylase into dextrins having an aver 
age degree of polymerization of about 7-10, and (2) saccha 
rification of the resulting liquefied starch (i.e. starch hydroly 
sate) with glucoamylase (also called amyloglucosidase or 
GA). The resulting syrup has a high glucose content. Much of 
the glucose syrup that is commercially produced is Subse 
quently enzymatically isomerized to a dextrose/fructose mix 
ture known as isosyrup. The resulting syrup also may be 
fermented with microorganisms, such as yeast, to produce 
commercial products including ethanol, citric acid, lactic 
acid, Succinic acid, itaconic acid, monosodium glutamate, 
gluconates, lysine, other organic acids, otheramino acids, and 
other biochemicals, for example. Fermentation and Sacchari 
fication can be conducted simultaneously (i.e., an SSF pro 
cess) to achieve greater economy and efficiency. 
0006 Glucoamylases (glucan 1,4-O-glucohydrolases, EC 
3.2.1.3) are starch hydrolyzing exo-acting carbohydrases, 
which catalyze the removal of Successive glucose units from 
the non-reducing ends of starch or related oligo and polysac 
charide molecules. Glucoamylases can hydrolyze both the 
linear and branched glucosidic linkages of starch (e.g., amy 
lose and amylopectin). C.-Amylases, on the other hand, 
hydrolyze starch, glycogen, and related polysaccharides by 
cleaving internal C-1,4-glucosidic bonds at random. Glu 
coamylases have been used for a variety of different purposes, 
including starch saccharification, brewing, baking, produc 
tion of syrups for the food industry, production offeedstocks 
for fermentation processes, and in animal feed to increase 
digestibility. 
0007 Glucoamylases are produced by numerous strains of 
bacteria, fungi, and plants. For example, a glucoamylase is 
produced by strains of Aspergillus filmigatus. Luo et al. 
(2008) “Production of acid proof raw starch-digesting glu 
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coamylase from a newly isolated Strain of Aspergillus fumi 
gatus MS-09, ''Sci. Tech. Food Indus. 29(5): 151-154: Sellars 
et al. (1976) “Degradation of barley by Aspergillus filmigatus 
Fres.” Proc. Int. Biodegradation Symp., 3rd, S.J. Miles et al., 
eds. Appl. Sci., Barking, UK, pp. 635-43; Domingues et al. 
(1993) “Production of amylase by soil fungi and partial bio 
chemical characterization of amylase of a selected Strain (As 
pergillus fumigatus Fresenius). Can. J. Microbiol. 39(7): 
681-85; Cherry et al. (2004) “Extracellular glucoamylase 
from the isolate Aspergillus filmigatus, Pakistan J. Biol. Sci. 
7(11): 1988-92. However, Aspergillus filmigatus is highly 
allergenic and pathogenic to humans and plants. Thus, 
Aspergillus filmigatus is not a viable production host for 
glucoamylases used in industrial processes for manufacturing 
products for human consumption. There is a need to produce 
A. fumigatus glucoamylases from a suitable host. 

SUMMARY 

0008 Glucoamylases from Aspergillus fumigatus that are 
expressed in Trichoderma reesei (AfCATRs) catalyze sac 
charification for extended periods at high temperatures and an 
acidic pH. Examples of known glucoamylases from Aspergil 
lus fumigatus (SEQID NO: 1 and 2), encoding nucleic acids, 
and Trichoderma reesei host cells that express the polynucle 
otides are provided. Trichoderma reesei host cells express 
AfGATRs at higher, or at least comparable, levels to natively 
expressed AfGA Aspergillus fumigatus. AfGATRS, including 
AfGA1TR and AfGA2TR, exhibit high activity at elevated 
temperatures and at low pH, so AfGATRS can be used effi 
ciently in a process of saccharification in the presence of 
C.-amylase, Such as Aspergillus kawachii C-amylase (AkAA). 
AfGATRS advantageously catalyze starch saccharification to 
an oligosaccharide composition significantly enriched in 
DP1 (i.e., glucose) compared to the products of saccharifica 
tion catalyzed by Aspergillus niger glucoamylase (AnGA) or 
native AfCA expressed in Aspergillus filmigatus. AfGATRs 
such as AfCA1TR, AfGA2TR or a variant thereof can be used 
at a lower dosage than AnGA and natively expressed AfGAS 
to produce comparable levels of glucose. AfGATRs or vari 
ants thereof can be used in combination with enzymes derived 
from plants (e.g., cereals and grains). AfGATRS or variants 
thereof also can be used in combination with enzymes 
secreted by, or endogenous to, a host cell. For example, an 
AfGATR or a variant thereof can be added to a saccharifica 
tion reaction, or SSF process during which one or more amy 
lases, additional glucoamylases, proteases, lipases, phytases, 
esterases, redox enzymes, transferases, or other enzymes are 
secreted by the production host. An AfGATR or a variant 
thereof may also work in combination with endogenous non 
secreted production host enzymes. In another example, an 
AfGATR or a variant thereof can be secreted by a production 
host cell with other enzymes during saccharification or SSF. 
The AfGATR glucoamylase, or a variant thereof, may be used 
in a process involving direct hydrolysis of starch for syrup 
and/or biochemicals (e.g., alcohols, organic acids, amino 
acids, other biochemicals and biomaterials) where the reac 
tion temperature is below the gelatinization temperature of 
substrate. An AfCATR or a variant thereof can be secreted by 
a Trichoderma reesei host cell with other enzymes during 
saccharification or SSF. 
0009. Accordingly, provided is a recombinant Tricho 
derma reesei host cell expressing an AfGATR or variant 
thereofhaving at least 80% sequence identity to SEQID NO: 
12 or 13, wherein said Trichoderma reesei host cell expresses 
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the AfGATR or variant at a comparable level to a Aspergillus 
filmigatus host cell, which expresses an AfGA or variant 
thereofhaving the same amino acid sequence of the AfGATR 
or variant thereof, under identical conditions. 
0010 Also provided is a recombinant Trichoderma reesei 
host cell expressing an AfGATR or variant thereof having at 
least 80% sequence identity to SEQIDNO: 12 or 13, wherein 
the AfCATR or variant thereof is more thermostable than an 
AfGA or variant thereof having the same amino acid 
sequence of AfGATR or variant thereof, and wherein the 
AfGA or variant thereof is expressed in an A. fumigatus host 
cell. 

0011. Also provided is a method for producing a recom 
binant AfGATR or variant thereof, comprising: (a) providing 
a T. reesei host cell that expresses a recombinant AfGATR or 
variant thereofhaving at least 80% sequence identity to SEQ 
ID NO: 12 or 13; (b) culturing said host cell under conditions 
which permit the production of said recombinant AfGATR or 
variant thereof; and (c) isolating said recombinant AfGATR, 
or variant thereof, wherein the AfCATR or variant thereof is 
more thermostable than an AfGA or variant thereof having 
the same amino acid sequence of AfGATR or variant thereof, 
and wherein the AfGA or variant thereof is expressed in an A. 
filmigatus host cell. 
0012. Also provided is a recombinant AfGATR, or variant 
thereof, produced by the disclosed host cells. The recombi 
nant AfGATR or variant thereof may have at least 70% activ 
ity at 74° C. at pH 5.0 over 10 min. The recombinant AfGATR 
or variant thereof may be AfGA1TR. The AfCA1TR may 
have at least 70% activity over a temperature range of 55°-74° 
C. at pH 5.0 over 10 min. The AfCA1TR may have an opti 
mum temperature of about 68°C. The recombinant AfGATR 
or variant thereofmay also be AfGA2TR. The AfGA2TR may 
have at least 70% activity over a temperature range of 61° to 
74° C. at pH 5.0 over 10 min. The AfCA2TR may have an 
optimum temperature of about 69° C. The recombinant 
AfGATR or variant thereof may comprise an amino acid 
sequence with at least 90%. 95%, or 99% amino acid 
sequence identity to sequence identity to SEQID NO: 12. The 
recombinant AfGATR or variant thereof may comprise SEQ 
ID NO: 12. The recombinant AfCATR or variant thereof may 
also consist of an amino acid sequence with at least 90%, 
95%, or 99% amino acid sequence identity to SEQIDNO: 13. 
The recombinant AfCATR or variant thereof may consist of 
SEQIDNO: 12. The recombinant AfCATR or variant thereof 
may also comprise an amino acid sequence with at least 90%, 
95%, or 99% amino acid sequence identity to sequence iden 
tity to SEQID NO: 13. The recombinant AfGATR or variant 
thereof may comprise SEQ ID NO: 13. The recombinant 
AfGATR or variant thereof may also consist of an amino acid 
sequence with at least 90%. 95%, or 99% amino acid 
sequence identity to SEQ ID NO: 13. The recombinant 
AfGATR or variant thereof may consist of SEQID NO: 13. 
0013 Also provided is a method of saccharifying a com 
position comprising starch to produce a composition com 
prising glucose, wherein said method comprises: (i) contact 
ing a starch composition with the isolated AfGATR or variant 
thereof of any of claims 4-15; and (ii) saccharifying the starch 
composition to produce said glucose composition; wherein 
said AfGA1TR or variant thereof catalyzes the saccharifica 
tion of the composition comprising starch to a composition 
comprising glucose. The composition comprising glucose 
may be enriched in DP1 compared to a second composition 
comprising DP1 produced by AnCA under the same condi 
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tions. The composition comprising glucose may also be 
enriched in DP1 compared to a second composition compris 
ing DP1 produced by a wild-type AfCA under the same 
conditions. The AfGATR or variant thereof may be an 
AfGATR2, and the composition comprising glucose may be 
enriched in DP1 compared to a second composition compris 
ing DP1 produced by AfGA1TR under the same conditions. 
The AfGA1TR or variant thereof may be dosed at about 
40%-50% the dose of AnGA, to produce the same DP1 yield 
under the same conditions. 

0014. It is also provided that the composition comprising 
starch comprises liquefied Starch, gelatinized starch, or 
granular starch. Saccharification may be conducted at a tem 
perature range of about 30° C. to about 65°C. The tempera 
ture range may be 47° C.-60° C. Saccharification may be 
conducted over a pH range of pH 2.0-pH 6.0. The pH range 
may be pH 3.5-pH 5.5. The pH range may also be pH 4.0-pH 
5.O. 

0015. It is also provided that the method of saccharifica 
tion may further comprise contacting a starch composition 
with an alpha-amylase. The alpha-amylase may be AkAA. 
The method of saccharification may further comprise con 
tacting a starch composition with a pullulanase. 

0016. It is also provided that the method of saccharifica 
tion may further comprise fermenting the glucose composi 
tion to produce an End of Fermentation (EOF) product. The 
fermentation may also be a simultaneous saccharification and 
fermentation (SSF) reaction. The fermentation may be con 
ducted for 24-70 hours at pH 2-8 and in a temperature range 
of 25°C.-70° C. The EOF product may comprise ethanol. The 
EOF product may comprise 8%-18% (v/v) ethanol. The 
method may further comprise contacting a mash and/or a wort 
with a pullulanase, an alpha-amylase and the AfGA1TR or 
variant thereof. The method may also comprise (a) preparing 
a mash; (b) filtering the mash to obtain a wort; and (c) fer 
menting the wort to obtain a fermented beverage, wherein the 
pullulanase, the alpha-amylase and the AfGA1TR or variant 
thereof are added to: (i) the mash of step (a) and/or (ii) the 
wort of step (b) and/or (iii) the fermented wort of step (c). The 
EOF product may comprise a metabolite. The metabolite may 
be citric acid, lactic acid, Succinic acid, monosodium 
glutamate, gluconic acid, Sodium gluconate, calcium glucon 
ate, potassium gluconate, glucono delta-lactone, sodium ery 
thorbate, omega 3 fatty acid, butanol, an amino acid, lysine, 
itaconic acid, 1,3-propanediol, or isoprene. 
0017. It is also provided that the method of saccharifica 
tion may further comprise adding an additional glucoamy 
lase, hexokinase, Xylanase, glucose isomerase, Xylose 
isomerase, phosphatase, phytase, protease, pullulanase, 
B-amylase, an additional C.-amylase, protease, cellulase, 
hemicellulase, lipase, cutinase, trehalase, isoamylase, redox 
enzyme, esterase, transferase, pectinase, alpha-glucosidase, 
beta-glucosidase, lyase, hydrolase, or a combination thereof, 
to said starch composition. The AfGATR, or variant thereof, 
may be added at a dosage of 0.1 to 2 glucoamylase units 
(GAU)/gds. The AfGATR, or variant thereof, may be added 
at a dosage of about 49.5ug prot/g Solid. The pullulanase may 
also be added. The isolated AfGATR or a variant thereof may 
be secreted by said Trichoderma reesei host cell. The host cell 
may further express and secrete an alpha-amylase. The host 
cell may further express and secrete a pullulanase. 
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0018. It is also provided that the method of saccharifica 
tion may further contacting said composition comprising 
starch with said host cell. The host cell is capable of ferment 
ing the glucose composition. 
0019. Also contemplated is a composition comprising 
glucose produced by the disclosed methods of Saccharifica 
tion. Also contemplated is a liquefied Starch produced by the 
disclosed methods of saccharification. Also contemplated is a 
fermented beverage produced by the disclosed methods of 
saccharification. 
0020. Also contemplated is the use of saccharifying a 
composition comprising starch, comprising an isolated 
AfGA1TR or variant thereof. The composition may be a 
cultured cell material. The composition may further comprise 
a glucoamylase. The AfGA1TR or variant thereof may be 
purified. The AfGA1TR or variant thereof may be secreted by 
the host cell. 

0021. Also contemplated is the use of an AfGA1TR or 
variant thereof in the production of a composition comprising 
glucose. Also contemplated is the use of an AfGA1TR or 
variant thereof in the production of a liquefied starch. Also 
contemplated is the use of an AfGA1TR or variant thereof in 
the production of a fermented beverage. Also contemplated 
are methods of saccharification the disclosed fermented bev 
erage, or the disclosed uses of the end of fermentation prod 
uct, wherein the fermented beverage or end fermentation 
product is selected from the group consisting of i) a beer 
selected from the group consisting of full malted beer, beer 
brewed under the “Reinheitsgebot', ale, IPA, lager, bitter, 
Happoshu (second beer), third beer, dry beer, near beer, light 
beer, low alcohol beer, low calorie beer, porter, bock beer, 
Stout, malt liquor, non-alcoholic beer, and non-alcoholic malt 
liquor, and ii) cereal or malt beverages selected from the 
group consisting of fruit flavoured malt beverages, liquor 
flavoured malt beverages, and coffee flavoured malt bever 
ageS. 
0022. Also contemplated is a method of producing a food 
composition, comprising combining (i) one or more food 
ingredients, and (ii) an isolated AfGA1TR or variant thereof 
of claims 4-15, wherein said pullulanase and said isolated 
AfGA1TR or variant thereof catalyze the hydrolysis of starch 
components present in the food ingredients to produce glu 
cose. The food composition may be selected from the group 
consisting of a food product, a baking composition, a food 
additive, an animal food product, a feed product, a feed addi 
tive, an oil, a meat, and a lard. The food ingredients may 
comprise a baking ingredient or an additive. The one or more 
food ingredients may be selected from the group consisting of 
flour; an anti-Staling amylase; a phospholipase; a phospho 
lipid; a maltogenic alpha-amylase or a variant, homologue, or 
mutants thereof which has maltogenic alpha-amylase activ 
ity; a bakery xylanase (EC 3.2.1.8); and a lipase. The one or 
more food ingredients may be selected from the group con 
sisting of (i) a maltogenic alpha-amylase from Bacillus 
Stearothermophilus, (ii) a bakery Xylanase is from Bacillus, 
Aspergillus, Thermomyces or Trichoderma, (iii) a glycolipase 
from Fusarium heterosporum. The food composition may 
comprise a dough or a dough product, preferably a processed 
dough product. The method may comprise baking the food 
composition to produce a baked good. The method may fur 
ther comprise (i) providing a starch medium; (ii) adding to the 
starch medium the pullulanase and the AfGA1TR or variant 
thereof, and (iii) applying heat to the starch medium during or 
after step (b) to produce a baked good. 
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0023. Also contemplated is a composition for use in pro 
ducing a food composition, comprising an AfGA1TR or vari 
ant thereof. Also contemplated is a use of AfGA1TR or vari 
ant thereof in preparing a food composition. The food 
composition may comprise a dough or a dough product, pref 
erably a processed dough product. The food composition may 
be a bakery composition. Also contemplated is use of 
AfGA1TR or variant thereof in a dough product to retard or 
reduce Staling, preferably detrimental retrogradation, of the 
dough product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0024. The accompanying drawings are incorporated in, 
and constitute a part of this specification and illustrate vari 
ous methods and compositions disclosed herein. In the draw 
1ngS. 
(0025 FIGS. 1A-B depict a ClustalW alignment of the 
AfGA1 catalytic core and carbohydrate binding domain (resi 
dues 27-476 and 524-631 of SEQID NO: 1, respectively or 
the full length, with the corresponding residues of glucoamy 
lases from: Aspergillus filmigatus A1163 (AfGA2)(residues 
27-476 and 524-631 of SEQID NO: 2, respectively); Neosa 
rtorya fisheri NRRL 181 (residues 28–476 and 520-627 of 
SEQID NO: 3, respectively); Talaromyces stipitatus ATCC 
10500 (residues 28–478 and 530-637 of SEQ ID NO: 4, 
respectively); Penicillium marineffei ATCC 18224 (residues 
31-481 and 534-641 of SEQ ID NO: 5, respectively); and 
Aspergillus nidulans FGSCA4 (residues 55-493 and 544-661 
of SEQID NO: 6, respectively). Residues designated by an 
asterisk in FIG. 1 are AfGA1 residues corresponding to con 
served residues in SEQID NOS: 1-6. 
0026 FIG. 2 depicts a map of a pG.222 expression vector 
comprising a polynucleotide that encodes an AfGA1 
polypeptide, p.G.222 (Trex3gM-AfGA1). 
0027 FIG. 3 depicts the dependence of glucoamylase 
activity (relative units) on pH. The glucoamylases include (1) 
wild-type AfGA expressed in Aspergillus fumigatus, (2) 
AfGA1TR expressed in Trichoderma reesei, and (2) AnCA 
expressed in Aspergillus niger. Glucoamylase activity was 
assayed by the release of glucose from soluble starch at 50° C. 
0028 FIG. 4 depicts the dependence of glucoamylase 
activity (relative units) on temperature. The glucoamylases 
include (1) wild-type AfCA expressed in Aspergillus filmiga 
tus, (2) AfGA1TR expressed in Trichoderma reesei, and (3) 
and AnGA. Glucoamylase activity was assayed by the release 
of glucose from soluble starch at pH 5.0. 
(0029 FIGS. 5A-B depict AfGA1TR and AnGA glu 
coamylase activity assayed by the release of glucose from 
35% dry solid starch at pH 4.5 and 5.0. 
0030 FIGS. 6A-B depict the hydrolysis of 35% dry solid 
starch to DP1 and reversion of DP1 to DP2 by a composition 
containing AfGATR1, pullulanase and AkAA. 
0031 FIGS. 7A-B depict the hydrolysis of 35% dry solid 
starch to DP1 and reversion of DP1 to DP2 by a composition 
containing AfGATR1, pullulanase and varying doses of 
AkAA. 
0032 FIG. 8 depicts the amount of DP2 found in a high 
glucose composition containing 96% DP1 after the release of 
reducing Sugar from a 35% dry solid starch by compositions 
containing AfGA1TR or AnGA, and further containing an 
alpha-amylase (OPTIMAX L-100) and PU(GC636). 
0033 FIG.9 depicts a map of a plG313 expression vector 
comprising a polynucleotide that encodes an AfGA2 
polypeptide, p.G313 (Trex3gM-AfGA2). 
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0034 FIG. 10 depicts the dependence of glucoamylase 
(relative units) AfGA2TR expressed in Trichoderma reesei 
on pH. Glucoamylase activity was assayed by the release of 
glucose from soluble starch substrate at 50° C. 
0035 FIG. 11 depicts the dependence of glucoamylase 
activity (relative units) of AfGA2TR expressed in Tricho 
derma reesei on temperature. Glucoamylase activity was 
assayed by the release of glucose from soluble starch sub 
strate at pH 5.0. 
0036 FIG. 12 depicts the thermostability of AfCA2TR in 
50 mM sodium acetate buffer at pH 5.0. The enzyme was 
incubated at desired temperature for 2 hours in athermocycler 
prior to addition to soluble starch substrate. 
0037 FIG. 13 depicts an SDS gel of AfCA1TR expressed 
in T. reesei. Column M contains a protein molecular weight 
(MW) ladder in kDa. Columns 1-4 represent samples from T. 
reeseifermentation producing AfGATR with elapsed fermen 
tation times of 40.5 hours, 64.5 hours, 88.3 hours and 112 
hours, respectively. The bands labeled with an arrow at 75 
kDa are AfCA1 TR. 

DETAILED DESCRIPTION 

0.038 Fungal glucoamylases from Aspergillus fumigatus 
(AfGA1TR or AfGA2TR) and variants thereof are provided. 
AfGA1TR or a variant thereof has a pH optimum of pH 5.0 
and at least 70% activity over a range of pH 3.5 to pH 7.5. The 
enzyme has an optimum temperature of 68° C. and at least 
70% activity over a temperature range of 55°-74°C., when 
tested at pH 5.0. AfCA2TR or a variant thereof has a pH 
optimum of pH 5.3 and at least 70% activity over a range of 
pH 3.3 to pH 7.3. The enzyme has an optimum temperature of 
69° C. and at least 70% activity over a temperature range of 
61°-74° C., when tested at pH 5.0. These properties allow 
these enzymes to be used in combination with a C-amylase 
under the same reaction conditions. This obviates the neces 
sity of running a saccharification reaction as a batch process, 
where the pH and temperature should be adjusted for optimal 
use of the C-amylase or glucoamylase. 
0039 Exemplary applications for glucoamylases such as 
AfGATRs (including AfGA1TR and AfGA2TR) or variants 
thereof can be used in a process of starch saccharification, 
e.g., SSF, the preparation of food compositions, the prepara 
tion of cleaning compositions, such as detergent composi 
tions for cleaning laundry, dishes, and other Surfaces, for 
textile processing (e.g., desizing). AfGATRS advantageously 
catalyze starch saccharification to an oligosaccharide com 
position significantly enriched in DP1 (i.e., glucose) com 
pared to the products of saccharification catalyzed by 
Aspergillus niger glucoamylase (AnGA). AfGATRS can be 
secreted by a host cell with other enzymes during fermenta 
tion or SSF. For example, AfGATRs demonstrate a greater 
rate of saccharification over AnGA, producing more than 
96% glucose in 24 hours. AfGATRs can also be used at a 
lower dosage than AnGA to produce comparable levels of 
DP1. At least a 50% dose saving can be expected. AfGATRs 
are also statistically significantly more thermostable than 
AnGA during saccharification. AfGATRs can be used incom 
bination with enzymes derived from plants (e.g., cereals and 
grains). AfGATRs also can be used in combination with 
enzymes secreted by, or endogenous to, a host cell Such as T. 
reesei. For example, AfGATRs can be added to a saccharifi 
cation, fermentation or SSF process during which one or 
more amylases, glucoamylases, proteases, lipases, phytases, 
esterases, redox enzymes, transferases, or other enzymes that 
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are secreted by the production host. AfGATRs may be com 
bined with an accessory alpha-amylase to further improve the 
rate of saccharification. For example, the addition of 0.1 
SSU/gds of AkAA improves the rate of saccharification. 
When combined with AkAA and a pullulanase. AfGATRs 
were found to have lower DP3 by 0.1% than AnGA at the 
same glucose yield in a single pH process. AfGATRS may 
also work in combination with endogenous non-secreted pro 
duction host enzymes. In another example, AfGATRs can be 
secreted by a production host cell with other enzymes during 
fermentation or SSF. The AfGATRs may also be effective in 
direct hydrolysis of starch for syrup and/or biochemicals 
(e.g., alcohols, organic acids, amino acids, other biochemi 
cals and biomaterials) where the reaction temperature is 
below the gelatinization temperature of substrate. 

1. Definitions & Abbreviations 

0040. In accordance with this detailed description, the fol 
lowing abbreviations and definitions apply. Note that the sin 
gular forms “a,” “an and “the include plural referents 
unless the context clearly dictates otherwise. Thus, for 
example, reference to “an enzyme” includes a plurality of 
Such enzymes, and reference to “the dosage' includes refer 
ence to one or more dosages and equivalents thereof known to 
those skilled in the art, and so forth. 
0041 Unless defined otherwise, all technical and scien 

tific 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. Abbreviations and Acronyms 
0042. The following abbreviations/acronyms have the fol 
lowing meanings unless otherwise specified: 

ABTS 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid 
AcAmyl Aspergilius clavattis C.-amylase 
AE alcohol ethoxylate 
AE alcohol ethoxylate 
AEOS alcohol ethoxysulfate 
AE alcohol ethoxysulfate 
AfCA Aspergilius finigatus glucoamylase 
AfCA1 Aspergilius finigatus glucoamylase 1 
AfCA2 Aspergilius finigatus glucoamylase 2 
AfCATR Aspergilius finigatus glucoamylase expressed 

in Tichoderma reesei 
AfCA1TR Aspergilius finigatus glucoamylase 1 expressed 

in Tichoderma reesei 
AfCA2TR Aspergilius finigatus glucoamylase 2 expressed 

in Tichoderma reesei 
AkAA Aspergilius kawachi C-amylase 
AnGA Aspergilius niger glucoamylase 
AOS C-olefinsulfonate 
AS alkylsulfate 
cDNA complementary DNA 
CMC carboxymethylcellulose 
DE dextrose equivalent 
DNA deoxyribonucleic acid 
DP degree of Saccharide polymerization having n subunits 
ds or DS dry solids 
DTMPA diethylenetriaminepentaacetic acid 
EC Enzyme Commission 
EDTA ethylenediaminetetraacetic acid 
EO ethylene oxide (polymer fragment) 
EOF End of Fermentation 
FGSC Fungal Genetics Stock Center 
GA glucoamylase 
GAUg ds glucoamylase activity unitigram dry solids 
HFCS high fructose corn syrup 
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-continued 

HgGA Humicola grisea glucoamylase 
HS higher Sugar 
IPTG isopropyl-D-thiogalactoside 
IRS insoluble residual starch 
kDa kiloDalton 
LAS inear alkylbenzenesulfonate 
MW molecular weight 
MWU modified Wohlgemuth unit: 

.6x10 mg/MWU = unit of activity 
NCBI National Center for Biotechnology Information 
NOBS nonanoyloxybenzenesulfonate 
NTA nitriloacetic acid 
OxAm Purastar HPAM 5000 L (Danisco US Inc.) 
PAHBAH p-hydroxybenzoic acid hydrazide 
PEG polyethyleneglycol 
pI isoelectric point 
ppm parts per million 
PVA poly(vinyl alcohol) 
PVP poly(vinylpyrrollidone) 
RNA ribonucleic acid 
SAS alkanesulfonate 
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
SSF simultaneous saccharification and fermentation 
SSUg solid Soluble starch unitigram dry solids 
sp. species 
TAED tetraacetylethylenediamine 
TrGA Trichoderma reesei glucoamylase 
wiv weight?volume 
ww weightweight 
ww volume? volume 
wt % weight percent 
o C. degrees Centigrade 
HO Water 
dHO or DI deionized water 
dIHO deionized water, Milli-Q filtration 
gorgn grams 
19. micrograms 
ng milligrams 
kg kilograms 
L.L and ul microliters 
mL and ml milliliters 
ill millimeters 
lm micrometer 
M molar 
mM millimolar 
M micromolar 
U units 
SeC. Seconds 
min(s) minute? minutes 
hir(s) hour hours 
DO dissolved oxygen 
Ncm Newton centimeter 
ETOH ethanol 
eq. equivalents 
N normal 

1.2. Definitions 

0043. The terms "amylase' or "amylolytic enzyme” refer 
to an enzyme that is, among other things, capable of cata 
lyzing the degradation of starch. C.-Amylases are hydrolases 
that cleave the C-D-(1->4) O-glycosidic linkages in starch. 
Generally, C.-amylases (EC 3.2.1.1, C.-D-(1->4)-glucan glu 
canohydrolase) are described as endo-acting enzymes cleav 
ing C-D-(1->4) O-glycosidic linkages within the starch mol 
ecule in a random fashion yielding polysaccharides 
containing three or more (1-4)-O-linked D-glucose units. In 
contrast, the exo-acting amylolytic enzymes, such as B-amy 
lases (EC 3.2.1.2: C-D-(1->4)-glucan maltohydrolase) and 
Some product-specific amylases like maltogenic C-amylase 
(EC 3.2.1.133) cleave the polysaccharide molecule from the 
non-reducing end of the Substrate. B-amylases, C-glucosi 
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dases (EC 3.2.1.20; C-D-glucoside glucohydrolase), glu 
coamylase (EC 3.2.1.3; C-D-(1->4)-glucan glucohydrolase), 
and product-specific amylases like the maltotetraosidases 
(EC 3.2.1.60) and the maltohexaosidases (EC 3.2.1.98) can 
produce malto-oligosaccharides of a specific length or 
enriched syrups of specific maltooligosaccharides. 
0044 As used herein, the term “glucoamylase' (EC 3.2. 
1.3) (otherwise known as glucan 1,4-O-glucosidase; glu 
coamylase; amyloglucosidase; Y-amylase; lysosomal C-glu 
cosidase; acid maltase; exo-1,4-O-glucosidase; glucose 
amylase; Y-1,4-glucan glucohydrolase; acid maltase; 1,4-O- 
D-glucan glucohydrolase; or 4-O-D-glucan glucohydrolase) 
refers to a class of enzymes that catalyze the release of D-glu 
cose from the non-reducing ends of starch and related oligo 
and polysaccharides. These are exo-acting enzymes, which 
release glucosyl residues from the non-reducing ends of amy 
lose and amylopectin molecules. The enzymes also hydrolyze 
alpha-1, 6 and alpha-1, 3 linkages although at much slower 
rates than alpha-1, 4 linkages. The term “hydrolysis of starch 
refers to the cleavage of glucosidic bonds with the addition of 
water molecules. 
0045. The term “pullulanase” (E.C. 3.2.1.41, pullulan 
6-glucanohydrolase) refers to a class of enzymes that are 
capable of hydrolyzing alpha 1-6 glucosidic linkages in an 
amylopectin molecule. 
0046 “Enzyme units’ herein refer to the amount of prod 
uct formed per time under the specified conditions of the 
assay. For example, a "glucoamylase activity unit (GAU) is 
defined as the amount of enzyme that produces 1 g of glucose 
per hour from soluble starch substrate (4% DS) at 60°C., pH 
4.2. A “soluble starch unit (SSU) is the amount of enzyme 
that produces 1 mg of glucose per minute from soluble starch 
substrate (4% DS) at pH 4.5, 50° C. DS refers to “dry solids.” 
0047. As used herein “dry solids' content refers to the 
total solids of a slurry in a dry weight percent basis. The term 
“slurry refers to an aqueous mixture containing insoluble 
solids. The term “high ds’ refers to an aqueous starch slurry 
containing dry Solids greater than 38%. 
0048. The term “Brix” refers to a well-known hydrometer 
scale for measuring the Sugar content of a solution at a given 
temperature. The Brix scale measures the number of grams of 
Sucrose present per 100 grams of aqueous Sugar Solution (the 
total solubilized solid content). Brix measurements are fre 
quently performed using a hydrometer or refractometer. 
0049. The term “degree of polymerization” (DP) refers to 
the number (n) of anhydro-glucopyranose units in a given 
saccharide. Examples of DP1 are monosaccharides, such as 
glucose and fructose. Examples of DP2 are disaccharides, 
such as maltose and sucrose. HS or DP4+(>DP3) denotes 
polymers with a degree of polymerization of greater than 3. 
The term “DE” or “dextrose equivalent,” is defined as the 
percentage of reducing Sugar, i.e., D-glucose, as a fraction of 
total carbohydrate in a syrup. It is an industry standard for the 
concentration of total reducing Sugars, and is expressed as % 
D-glucose on a dry weight basis. Unhydrolyzed granular 
starch has a DE that is essentially 0 and D-glucose has a DE 
of 100. 
0050. As used herein the term “starch” refers to any mate 
rial comprised of the complex polysaccharide carbohydrates 
of plants, comprised of amylose and amylopectin with the 
formula (CHOs), wherein X can be any number. The term 
includes plant-based materials such as grains, grasses, tubers 
and roots, and more specifically materials obtained from 
wheat, barley, corn, rye, rice, Sorghum, brans, cassava, millet, 
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potato, Sweet potato, and tapioca. The term "starch' includes 
granular starch. The term 'granular starch” refers to raw, i.e., 
uncooked starch, e.g., starch that has not been Subject to 
gelatinization. 
0051. The term “glucose syrup’ refers to an aqueous com 
position containing glucose solids. Glucose syrup will have a 
DE of at least 20. In some embodiments, glucose syrup will 
not contain more than 21% water and will not contain less 
than 25% reducing Sugar calculated as dextrose. The glucose 
syrup will include at least 90% D-glucose, perhaps at least 
95% D-glucose. In some embodiments, the terms glucose and 
glucose syrup are used interchangeably. 
0052. The term “total sugar content” refers to the total 
Sugar content present in a starch composition. 
0053. The term “Refractive Index Dry Substance” (RIDS) 

is defined as the determination of the refractive index of a 
starch solution at a known DE at a controlled temperature 
then converting the RI to dry Substance using an appropriate 
relationship, such as the Critical Data Tables of the Corn 
Refiners Association. 
0054 The term “contacting” refers to the placing of the 
respective enzymes in Sufficiently close proximity to the 
respective substrate to enable the enzymes to convert the 
substrate to the end-product. Those skilled in the art will 
recognize that mixing Solutions of the enzyme with the 
respective Substrates can effect contacting. 
0055. The terms, “wild-type.” “parental,” or “reference.” 
with respect to a polypeptide, refer to a naturally-occurring 
polypeptide that does not include a man-made substitution, 
insertion, or deletion at one or more amino acid positions. 
Similarly, the terms “wild-type.” “parental or “reference.” 
with respect to a polynucleotide, refer to a naturally-occur 
ring polynucleotide that does not include a man-made nucleo 
side change. However, note that a polynucleotide encoding a 
wild-type, parental, or reference polypeptide is not limited to 
a naturally-occurring polynucleotide, and encompasses any 
polynucleotide encoding the wild-type, parental, or reference 
polypeptide. Further, as used herein and as will be clear from 
the context, it will be appreciated that referring to a particular 
sequence as “wild-type' is not meant to imply that other 
sequences in the example that are not affixed with the pre-fix 
“wild-type' arent wild type as well. 
0056. As used herein, the term “comparable' in reference 

to expression level refers to no more than 20% variance 
between the samples of interest, unless the context clearly 
dictates otherwise. 
0057 Reference to the wild-type protein is understood to 
include the mature form of the protein. A “mature' polypep 
tide means a polypeptide or variant thereof from which a 
signal sequence is absent. For example, the signal sequence 
may be cleaved during expression of the polypeptide. The 
mature AfGA1 or AfGA2 is 612 amino acids in length cov 
ering positions 1-612 of SEQID NO: 1 and SEQID NO: 2 
respectively, where positions are counted from the N-termi 
nus. The signal sequence of the wild-type AfGA1 or AfGA2 
is 19 amino acids in length and has the sequence set forth in 
SEQ ID NO: 11. Mature AfGA1, AfCA2, or variant thereof 
may comprise a signal sequence taken from different pro 
teins. The mature protein can be a fusion protein between the 
mature polypeptide and a signal sequence polypeptide. 
0058. The putative “catalytic core” of AfCA1, AfCA2 or a 
variant thereof spans residues 41-453 of SEQ ID NO: 1. 
Amino acid residues 534-630 constitute the putative “carbo 
hydrate binding domain of AfGA1, AfGA2 or a variant 
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thereof. The “linker” or “linker region” of AfCA1, AfCA2, or 
a variant thereof spans a region between the “catalytic core” 
and “carbohydrate binding domain.” 
0059. The term “variant, with respect to a polypeptide, 
refers to a polypeptide that differs from a specified wild-type, 
parental, or reference polypeptide in that it includes one or 
more naturally-occurring or man-made substitutions, inser 
tions, or deletions of an amino acid. Similarly, the term “vari 
ant, with respect to a polynucleotide, refers to a polynucle 
otide that differs in nucleotide sequence from a specified 
wild-type, parental, or reference polynucleotide. The identity 
of the wild-type, parental, or reference polypeptide or poly 
nucleotide will be apparent from context. 
0060. In the case of the present enzymes, such as a glu 
coamylase, “activity” refers to enzymatic activity, which can 
be measured as described, herein. 
0061. The term “recombinant, when used in reference to 
a Subject cell, nucleic acid, protein or vector, indicates that the 
subject has been modified from its native state. Thus, for 
example, recombinant cells express genes that are not found 
within the native (non-recombinant) form of the cell, or 
express native genes at different levels or under different 
conditions than found in nature. Recombinant nucleic acids 
differ from a native sequence by one or more nucleotides 
and/or are operably-linked to heterologous sequences, e.g., a 
heterologous promoter in an expression vector. Recombinant 
proteins may differ from a native sequence by one or more 
amino acids and/or are fused with heterologous sequences. A 
vector comprising a nucleic acid encoding an AfGA1. AfGA2 
or variant thereof is a recombinant vector. 
0062. The terms “recovered,” “isolated,” and “separated.” 
refer to a compound, protein (polypeptides), cell, nucleic 
acid, amino acid, or other specified material or component 
that is removed from at least one other material or component 
with which it is naturally associated as found in nature, e.g., 
an AfCATR isolated from a recombinant host cell. An "iso 
lated’ AfGATR, or variant thereof includes, but is not limited 
to, a culture broth containing secreted AfGATR expressed in 
a heterologous host cell (i.e., a host cell this not A. fumigatus). 
0063 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. 
0064. The terms “thermostable” and “thermostability.” 
with reference to an enzyme, refer to the ability of the enzyme 
to retain activity after exposure to an elevated temperature. 
The thermostability of an enzyme, such as an amylase 
enzyme, can be measured by its T at which half the enzyme 
activity is lost under defined conditions. The T may be 
calculated by measuring residual glucoamylase activity fol 
lowing exposure to (i.e., challenge by) an elevated tempera 
ture 

0065 A“pH range, with reference to an enzyme, refers to 
the range of pH values under which the enzyme exhibits 
catalytic activity. 
0066. As used herein, the terms “pH stable' and “pH sta 

bility, with reference to an enzyme, relate to the ability of the 
enzyme to retain activity over a wide range of pH values for a 
predetermined period of time (e.g., 15 min., 30 min., and 1 
hour). 
0067. As used herein, the term “amino acid sequence' is 
synonymous with the terms “polypeptide.” “protein, and 
"peptide, and are used interchangeably. Where such amino 
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acid sequences exhibit activity, they may be referred to as an 
“enzyme.” The conventional one-letter or three-letter codes 
for amino acid residues are used, with amino acid sequences 
being presented in the standard amino-to-carboxy terminal 
orientation (i.e., N->C). 
0068. The term “nucleic acid” encompasses DNA, RNA, 
heteroduplexes, and synthetic 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 interchange 
ably. 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 that encode a particular amino acid sequence. 
Unless otherwise indicated, nucleic acid sequences are pre 
sented in 5'-to-3' orientation. 
0069. As used herein, “hybridization” refers to the process 
by which one strand of nucleic acid forms a duplex with, i.e., 
base pairs with, a complementary Strand, as occurs during 
blot hybridization techniques and PCR techniques. Stringent 
hybridization conditions are exemplified by hybridization 
under the following conditions: 65° C. and 0.1 xSSC (where 
1xSSC=0.15 MNaCl, 0.015 MNa, citrate, pH 7.0). Hybrid 
ized, duplex nucleic acids are characterized by a melting 
temperature (T), where one-half of the hybridized nucleic 
acids are unpaired with the complementary Strand. Mis 
matched nucleotides within the duplex lower the T. A 
nucleic acid encoding a variant glucoamylase may have a T. 
reduced by 1° C. to 3° C. or more compared to a duplex 
formed between the nucleotide of SEQ ID NO: 8 and its 
identical complement. 
0070. As used herein, a “synthetic' molecule is produced 
by in vitro chemical or enzymatic synthesis rather than by an 
organism. 
0071. As used herein, the terms “transformed.” “stably 
transformed, and “transgenic used with reference to a cell 
means that the cell contains a non-native (e.g., heterologous) 
nucleic acid sequence integrated into its genome or carried as 
an episome that is maintained through multiple generations. 
0072 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. 
0073. A “host strain' or “host cell is an organism into 
which an expression vector, phage, virus, or other DNA con 
struct, including a polynucleotide encoding a polypeptide of 
interest (e.g., an AfGATR or variant thereof) has been intro 
duced. Exemplary host strains are microorganism cells (e.g., 
bacteria, filamentous fungi, and yeast, such as T. reesei) 
capable of expressing the polypeptide of interest and/or fer 
menting saccharides. The term “host cell' includes proto 
plasts created from cells. 
0074 The term "heterologous' with reference to a poly 
nucleotide or protein refers to a polynucleotide or protein that 
does not naturally occur in a host cell. 
0075. The term “endogenous” with reference to a poly 
nucleotide or protein refers to a polynucleotide or protein that 
occurs naturally in the host cell. 
0076. As used herein, the term “expression” refers to the 
process by which a polypeptide is produced based on a 
nucleic acid sequence. The process includes both transcrip 
tion and translation. 

0077. 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 select 
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able markers 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. 
0078. 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. 
(0079 An “expression vector” refers to a DNA construct 
comprising a DNA sequence encoding a polypeptide of inter 
est, which coding sequence is operably linked to a suitable 
control sequence capable of effecting expression of the DNA 
in a Suitable host. Such control sequences may include a 
promoter to effect transcription, an optional operator 
sequence to control transcription, a sequence encoding Suit 
able ribosome binding sites on the mRNA, enhancers, and 
sequences that control termination of transcription and trans 
lation. 
0080. 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. 
0081. A 'signal sequence' is a sequence of amino acids 
attached to the N-terminal portion of a protein, which facili 
tates the secretion of the protein outside the cell. The mature 
form of an extracellular protein lacks the signal sequence, 
which is cleaved off during the secretion process. 
I0082. As used herein, “biologically active' refer to a 
sequence having a specified biological activity, Such an enzy 
matic activity. 
I0083. As used herein, a “swatch' is a piece of material 
Such as a fabric that has a stain applied thereto. The material 
can be, for example, fabrics made of cotton, polyester, or 
mixtures of natural and synthetic fibers. The swatch can fur 
ther be paper. Such as filter paper or nitrocellulose, or a piece 
of a hard material Such as ceramic, metal, or glass. For amy 
lases, the stain is starch based, but can include blood, milk, 
ink, grass, tea, wine, spinach, gravy, chocolate, egg, cheese, 
clay, pigment, oil, or mixtures of these compounds. 
0084 As used herein, a “smaller Swatch’ is a section of the 
Swatch that has been cut with a single-hole punch device, or 
has been cut with a custom manufactured 96-hole punch 
device, where the pattern of the multi-hole punch is matched 
to standard 96-well microtiter plates, or the section has been 
otherwise removed from the swatch. The Swatch can be of 
textile, paper, metal, or other suitable material. The smaller 
Swatch can have the stain affixed either before or after it is 
placed into the well of a 24-, 48- or 96-well microtiter plate. 
The Smaller Swatch can also be made by applying a stain to a 
Small piece of material. For example, the Smaller Swatch can 
be a stained piece of fabric 5/8" or 0.25" in diameter. The 
custom manufactured punchis designed in Sucha manner that 
it delivers 96 swatches simultaneously to all wells of a 
96-well plate. The device allows delivery of more than one 
swatch per well by simply loading the same 96-well plate 
multiple times. Multi-hole punch devices can be conceived of 
to deliver simultaneously Swatches to any format plate, 
including but not limited to 24-well, 48-well, and 96-well 
plates. In another conceivable method, the soiled test plat 
form can be a bead made of metal, plastic, glass, ceramic, or 
another suitable material that is coated with the soil substrate. 
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The one or more coated beads are then placed into wells of 
96-, 48-, or 24-well plates or larger formats, containing Suit 
able buffer and enzyme. 
0085. As used herein, “a cultured cell material comprising 
an AfGATR or similar language, refers to a cell lysate or 
Supernatant (including media) that includes an AfGATR or a 
variant thereofas a component. The cell material may be from 
a heterologous host that is grown in culture for the purpose of 
producing the AfGATR or variant thereof. 
I0086) “Percent sequence identity” means that a variant has 
at least a certain percentage of amino acid residues identical 
to a wild-type AfGA1 or AfCA2, when aligned using the 
CLUSTAL W algorithm with default parameters. See 
Thompson et al. (1994) Nucleic Acids Res. 22:4673-4680. 
Default parameters for the CLUSTALW algorithm are: 

Gap opening penalty: 1O.O 
Gap extension penalty: O.OS 
Protein weight matrix: BLOSUM series 
DNA weight matrix: IUB 
Delay divergent sequences 90: 40 
Gap separation distance: 8 
DNA transitions weight: O.SO 
List hydrophilic residues: GPSNDQEKR 
Use negative matrix: OFF 
Toggle Residue specific penalties: ON 
Toggle hydrophilic penalties: ON 
Toggle endgap separation penalty OFF. 

0087 Deletions are counted as non-identical residues, 
compared to a reference sequence. Deletions occurring at 
either terminus are included. For example, a variant with six 
amino acid deletions of the C-terminus of the mature AfGA1 
polypeptide of SEQ ID NO: 12 would have a percent 
sequence identity of 99% (606/612 identical residuesx 100, 
rounded to the nearest whole number) relative to the mature 
polypeptide. Such a variant would be encompassed by a vari 
ant having “at least 99% sequence identity” to a mature 
AfGA1 polypeptide. 
0088 “Fused polypeptide sequences are connected, i.e., 
operably linked, via a peptide bond between the two polypep 
tide sequences. 
0089. The term “filamentous fungi” refers to all filamen 
tous forms of the subdivision Eumycotina. 
0090 The phrase “simultaneous saccharification and fer 
mentation (SSF) refers to a process in the production of 
biochemicals in which a microbial organism, Such as an etha 
nologenic microorganism, and at least one enzyme. Such as 
AfGA or a variant thereof, are present during the same pro 
cess step. SSF includes the contemporaneous hydrolysis of 
starch Substrates (granular, liquefied, or Solubilized) to sac 
charides, including glucose, and the fermentation of the sac 
charides into alcohol or other biochemical or biomaterial in 
the same reactor vessel. 
0091. As used herein “ethanologenic microorganism’ 
refers to a microorganism with the ability to converta Sugar or 
oligosaccharide to ethanol. 
0092. The term “fermented beverage” refers to any bever 
age produced by a method comprising a fermentation pro 
cess, such as a microbial fermentation, e.g., a bacterial and/or 
yeast fermentation. 
0093 “Beer' is an example of such a fermented beverage, 
and the term “beer is meant to comprise any fermented wort 
produced by fermentation/brewing of a starch-containing 
plant material. Often, beer is produced exclusively from malt 
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oradjunct, or any combination of malt and adjunct. Examples 
of beers include: full malted beer, beer brewed under the 
“Reinheitsgebot,” ale, IPA, lager, bitter, Happoshu (second 
beer), third beer, dry beer, near beer, light beer, low alcohol 
beer, low calorie beer, porter, bock beer, stout, malt liquor, 
non-alcoholic beer, non-alcoholic malt liquor and the like, but 
also alternative cereal and malt beverages such as fruit fla 
Vored malt beverages, e.g., citrus flavored. Such as lemon 
orange-, lime-, or berry-flavored malt beverages, liquor fla 
Vored malt beverages, e.g., vodka-, rum-, or tequila-flavored 
malt liquor, or coffee flavored malt beverages, such as caf 
feine-flavored malt liquor, and the like. 
0094. The term “malt' refers to any malted cereal grain, 
such as malted barley or wheat. 
0.095 The term “adjunct” refers to any starch and/or sugar 
containing plant material which is not malt, Such as barley or 
wheat malt. Examples of adjuncts include common corn grits, 
refined corn grits, brewer's milled yeast, rice, Sorghum, 
refined corn starch, barley, barley starch, dehusked barley, 
wheat, wheat starch, torrified cereal, cereal flakes, rye, oats, 
potato, tapioca, cassava and Syrups. Such as corn Syrup, Sugar 
cane syrup, inverted Sugar syrup, barley and/or wheat Syrups, 
and the like. 

0096. The term “mash” refers to an aqueous slurry of any 
starch and/or Sugar containing plant material. Such as grist, 
e.g., comprising crushed barley malt, crushed barley, and/or 
other adjunct or a combination thereof, mixed with water later 
to be separated into wort and spent grains. 
(0097. The term “wort” refers to the unfermented liquor 
run-off following extracting the grist during mashing. 
(0098 “Iodine-positive starch” or “IPS' refers to (1) amy 
lose that is not hydrolyzed after liquefaction and saccharifi 
cation, or (2) a retrograded starch polymer. When saccharified 
starch or saccharide liquor is tested with iodine, the high DPn 
amylose or the retrograded Starch polymer binds iodine and 
produces a characteristic blue color. The Saccharide liquor is 
thus termed “iodine-positive saccharide.” “blue saccharide.” 
or “blue Sac. 

0099. The terms “retrograded starch' or “starch retrogra 
dation” refer to changes that occur spontaneously in a starch 
paste or gel on ageing. 
01.00 
value. 

The term “about refers to 15% to the referenced 

2. Aspergillus fumigatus Glucoamylases (AfGA1 
and AfGA2) 

0101. An isolated and/or purified AfCA1, or a variant 
thereof, polypeptide from A. fumigatus sp., which has glu 
coamylase activity is provided. The glucoamylase consists of 
three distinct structural domains, including a catalytic 
domain, followed by a linker region, that are in turn connected 
to a starch binding domain. The AfGA1 polypeptide can be 
the mature AfGA1 polypeptide depicted in SEQID NO: 12. 
The polypeptides may be fused to additional amino acid 
sequences at the N-terminus and/or C-terminus. Additional 
N-terminal sequences can be a signal peptide, which may 
have the sequence shown in SEQ ID NO:11, for example. 
Other amino acid sequences fused at either termini include 
fusion partner polypeptides useful for labeling or purifying 
the protein. 
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0102 For example, the AfGA1 precursor includes the 
sequence below (SEQID NO: 1): 

MPRLSYALCALSLGHAAIAAPOLISARATGSLDSWLGTETTWALNGILANI 

GADGAYAKSAKPGIIIASPSTSEPDYYYTWTRDAALWTKWLWDLFRNGNL 

GLOKVITEYWNSOAYLOTVSNPSGGLASGGLAEPKYNWDMTAFTGAWGRP 

ORDGPALRATALIDFGNWLIDNGYSSYAVNNIWPIVRNDLSYWSOYWSOS 

GFDLWEEVNSMSFFTVAWOHRALWEGSTFAKRWGASCSWCDSOAPOILCY 

MOSFWTGSYINANTGGGRSGKDANTVLASIHTFDPEAGCDDTTFOPCSPR 

ALANHKWYTDSFRSVYAINSGIPOGAAVSAGRYPEDWYYNGNPWFLTTLA 

AAEOLYDAIYOWKKIGSISITSTSLAFFKDIYSSAAVGTYASSTSTFTDI 

INAVKTYADGYVSIVOAHAMNNGSLSEOFDKSSGLSLSARDLTWSYAAFL 

TANMRRNGVWPAPWGAASANSWPSSCSMGSATGTYSTATATSWPSTILTSG 

SPGSTTTVGTTTSTTSGTAAETACATPTAWAWTFNEATTTYGENWYWG 

SSEGNWOTSKAWALSASKYSSNN.WWSWTPAGTFEYKYRKESD 

GSIWWESDPNRSYTWPAACGVSTATENDTWO 

0103) An isolated and/or purified AfCA2, or a variant 
thereof, polypeptide from A. fumigatus sp., which has glu 
coamylase activity is also provided. The glucoamylase con 
sists of three distinct structural domains, including a catalytic 
domain, followed by a linker region, that are in turn connected 
to a starch binding domain. The AfGA2 polypeptide can be 
the mature AfGA2 polypeptide depicted in SEQID NO: 13. 
The polypeptides may be fused to additional amino acid 
sequences at the N-terminus and/or C-terminus. Additional 
N-terminal sequences can be a signal peptide, which may 
have the sequence shown in SEQ ID NO: 11, for example. 
Other amino acid sequences fused at either termini include 
fusion protein polypeptides useful for labeling or purifying 
the protein. 
0104 For example, the AfGA2 precursor includes the 
sequence below (SEQID NO: 2): 

MPRLSYALCALSLGHAAIAAPOLISARATGSLDSWLGTETTWALNGILANI 

GADGAYAKSAKPGIIIASPSTSEPDYYYTWTRDAALWTKWLWDLFRNGNL 

GLOKVITEYWNSOAYLOTVSNPSGGLASGGLAEPKYNWDMTAFTGAWGRP 

ORDGPALRATALIDFGNWLIDNGYSSYAVNNIWPIVRNDLSYWSOYWSOS 

GFDLWEEVNSMSFFTVAWOHRALWEGSTFAKRWGASCSWCDSOAPOILCY 

MOSFWTGSYINANTGGGRSGKDANTVLASIHTFDPEAGCDDTTFOPCSPR 

ALANHKWYTDSFRSVYAINSGIPOGAAVSAGRYPEDWYYNGNPWFLTTLA 

AAEOLYDAIYOWKKIGSISITSTSLAFFKDIYSSAAVGTYASSTSTFTDI 

INAVKTYADGYVSIVOAHAMNNGSLSEOFDKSSGLSLSARDLTWSYAAFL 

TANMRRNGVWPAPWGAASANSWPSSCSMGSATGTYSTATATSWPSTILTSG 

SPGSTTTVGTTTSTTSGTATETACATPTAWAWTFNEATTTYGENWYWG 

SSEGNWOTSKAWALSASKYSSNN.WWSWTPAGTFEYKYRKESD 

GSWWESOPNRSYWPAACGWSTATENDTWR 
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0105. The bolded amino acids above constitute a C-termi 
nal carbohydrate binding (CBM) domain (SEQIDNO: 7) for 
both AfGA1 and AfGA2. A glycosylated linker region con 
nects the N-terminal catalytic core with the CBM domain. 
The CBM domain in AfGA1 and AfCA2 is conserved with a 
CBM20 domain found in a large number of starch degrading 
enzymes, including alpha-amylases, beta-amylases, glu 
coamylases, and cyclodextrin glucanotransferases. CBM20 
folds as an antiparallel beta-barrel structure with two starch 
binding sites 1 and 2. These two sites are thought to differ 
functionally: site 1 may act as the initial starch recognition 
site, whereas site 2 may be involved in specific recognition of 
appropriate regions of starch. See Sorimachi et al. (1997) 
“Solution structure of the granular starch binding domain of 
Aspergillus niger glucoamylase bound to beta-cyclodextrin.” 
Structure 5(5): 647-61. Residues in the AfCA1 and AfCA2 
CBM domain that are conserved with starch binding sites 1 
and 2 indicated in the sequence below by the numbers 1 and 
2, respectively: 

(SEO ID NO: 7) 
FNEIATTTYGENWYIWGSISELGNWDTSKAWALSASKYTSSNNLWYWSWTL 

222222 1. 1 1111 2 2222 22 

PAGTTFEYKYIRKESDGSIWWESDPNRSYTWPAACGWSTATENDTW 
1. 

0106 A variant AfGA1 or AfGA2 may comprise some or 
noamino acid residues of the CBM domain of SEQIDNO: 7. 
A variant alternatively may comprise a CBM domain with at 
least 80%, 85%, 90%, 95%, or 98% sequence identity to the 
CBM domain of SEQ ID NO: 7. A variant may comprise a 
heterologous or an engineered CBM20 domain. 
0107 The AfGA or variant thereof may be expressed in a 
eukaryotic host cell, e.g., a filamentous fungal cell that allows 
proper glycosylation of the linker sequence, for example. 
0108. A representative polynucleotide encoding AfCA1 is 
the polynucleotide sequence set forth in SEQ ID NO: 8. A 
representative polynucleotide encoding AfGA2 is the poly 
nucleotide sequence set forth in SEQ ID NO: 14. (NCBI 
Reference Sequence NC 007195, the A. filmigatus genome.) 
The polypeptide sequence, MPRLSYALCALSLGHAAIA 
(SEQID NO: 11), shown in italics in the AfCA1 and AfCA2 
precursor sequences above, is an N-terminal signal peptide 
that is cleaved when the protein is expressed in an appropriate 
host cell. 
0109 The polypeptide sequence of AfGA1 is similar to 
other fungal glucoamylases, including AfGA2. For example, 
AfGA1 has the high sequence identity to the following fungal 
glucoamylases: 

0110 99% sequence identity to the glycosyl hydrolase 
from Aspergillus filmigatus A1163 (SEQ ID NO: 
2)(AfGA2): 

0.111 92% sequence identity to the glycosyl hydrolase 
from Neosartorva fisheri NRRL 181 (SEQ ID NO:3); 
and 

0112 82% sequence identity to the putative glucoamy 
lase from Talaromyces stipitatus ATCC 10500 (SEQID 
NO: 4): 

0113 81% sequence identity to the putative glucoamy 
lase from Penicillium marneffei ATCC 18224 (SEQ ID 
NO:5); 

0114 81% sequence identity to the hypothetical glu 
coamylase from Aspergillus nidulans FGSC A4 (SEQ 
ID NO: 6): 
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Sequence identity was determined by a BLAST alignment, 
using the precursor form of the AfGA1 of SEQID NO: 1 as 
the query sequence. See Altschul et al. (1990).J. Mol. Biol. 
215: 403-410. Sequence identity may also optionally be 
based on the mature form of the enzyme. 
0115. A variant of an AfGA1 polypeptide is provided. The 
variant can consist of or comprise a polypeptide with at least 
80%, at least 90%, at least 95%, at least 98%, or at least 99% 
amino acid sequence identity to the polypeptide of residues 
1-631 of SEQID NO: 1, wherein the variant comprises one or 
more amino acid modifications selected from a substitution, 
insertion, or deletion of one or more corresponding amino 
acids in SEQID NO: 2-6. A variant of an AfGA2 polypeptide 
is also provided. The variant can consist of, or comprise, a 
polypeptide with at least 80%, at least 90%, at least 95%, at 
least 98%, or at least 99% amino acid sequence identity to the 
polypeptide of residues 1-631 of SEQID NO: 2, wherein the 
variant comprises one or more amino acid modifications 
selected from a substitution, insertion, or deletion of one or 
more corresponding amino acids in SEQID NO: 1 and/or 3-6. 
For example, a variant consisting of a polypeptide with at 
least 99% sequence identity to the polypeptide of residues 
1-612 of SEQ ID NO:1 may have one to six amino acid 
Substitutions, insertions, or deletions, compared to the 
AfGA1 of SEQID NO: 1. The insertions or deletions may be 
may at either termini of the polypeptide, for example. Alter 
natively, the variant can "comprise' a polypeptide consisting 
of a polypeptide with at least 80%, at least 90%, at least 95%, 
at least 98%, or at least 99% amino acid sequence identity to 
the polypeptide of 1-631 of SEQID NO: 1 or 2. In a variant, 
additional amino acid residues may be fused to either termini 
of the polypeptide. The variant may be glycosylated, regard 
less of whether the variant “comprises' or “consists’ of a 
given amino acid sequence. 
0116. A ClustalW alignment between AfCA1 (SEQ ID 
NO: 1): AfCA2 (SEQ ID NO: 2); the glucoamylase from 
Neosartorya fisheri NRRL 181 (SEQ ID NO:3); the glu 
coamylase from Talaromyces stipitatus ATCC 10500 (SEQ 
ID NO: 4); the glucoamylase from Penicillium marneffei 
ATCC 18224 (SEQ ID NO: 5); and the glucoamylase 
Aspergillus nidulans FGSC A4 (SEQID NO: 6) is shown in 
FIG. 1. See Thompson et al. (1994) Nucleic Acids Res. 
22:4673-4680. As a general rule, the degree to which an 
amino acid is conserved in an alignment of related protein 
sequences is proportional to the relative importance of the 
amino acid position to the function of the protein. That is, 
amino acids that are common in all related sequences likely 
play an important functional role, and cannot be easily Sub 
stituted. Likewise, positions that vary between the sequences 
likely can be substituted with other amino acids or otherwise 
modified, while maintaining the activity of the protein. 
0117 The alignments shown in FIG. 1, for example, can 
guide the construction of variant AfGA polypeptides having 
glucoamylase activity. Variants of the AfGA1 polypeptide of 
SEQID NO: 1 can include, but are not limited to, those with 
an amino acid modification selected from a substitution, 
insertion, or deletion of a corresponding amino acid in a 
polypeptide selected from the group consisting of SEQ ID 
NOs: 2 (AfGA2), 3, 4, 5, and 6. Correspondence between 
positions in the AfGA1 of SEQID NO: 1 and the glucoamy 
lases of SEQ ID NOS: 2, 3, 4, 5 and 6 is determined with 
reference to the alignment shown in FIG. 1. For example, a 
variant AfGA1 polypeptide can have the substitution D23N, 
where ASn is the corresponding amino acid in SEQID NO: 6, 
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referring to the alignment in FIG.1. Variant AfGA1 polypep 
tides also include, but are not limited to, those with 1, 2, 3, or 
4 randomly selected amino acid modifications. Amino acid 
modifications can be made using well-known methodologies, 
Such as oligo-directed mutagenesis. Similarly, variants of the 
AfGA2 polypeptide of SEQID NO: 2 can include, but are not 
limited to, those with an amino acid modification selected 
from a substitution, insertion, or deletion of a corresponding 
amino acid in a polypeptide selected from the group consist 
ing of SEQID NOS: 1 (AfCA1), 3, 4, 5, and 6. 
0118 Nucleic acids encoding the AfGA1 polypeptide or 
variant thereof also are provided. A nucleic acid encoding 
AfGA1 can be genomic DNA. Or, the nucleic acid can be a 
cDNA comprising SEQ ID NO: 8. Similarly, nucleic acids 
encoding the AfGA2 polypeptide or variant thereof also are 
provided. A nucleic acid encoding AfGA2 can also be 
genomic DNA. Or, the nucleic acid can be a cDNA compris 
ing SEQID NO: 14. As is well understood by one skilled in 
the art, the genetic code is degenerate, meaning that multiple 
codons in Some cases may encode the same amino acid. 
Nucleic acids include all genomic DNA, mRNA, and cDNA 
sequences that encode an AfGA1, AfGA2 or variant thereof. 
0119) The AfGA1, AfCA2 or variants thereof may be 
“precursor,” “immature,” or “full-length,” in which case they 
include a signal sequence, or “mature.” in which case they 
lack a signal sequence. The variant glucoamylases may also 
be truncated at the N- or C-termini. So long as the resulting 
polypeptides retain glucoamylases activity 

2.1. AfCA Variant Characterization 

I0120 Variant AfGA polypeptides retain glucoamylase 
activity. They may have a specific activity higher or lower 
than the wild-type AfGA polypeptide. Additional character 
istics of the AfGA variant include stability, pH range, tem 
perature profile, oxidation stability, and thermostability, for 
example. For example, the variant may be pH stable for 24-60 
hours from pH 3 to about pH 8, e.g., pH 3.0-7.8; e.g., pH 
3.0-7.5; pH 3.5-7.0; pH 4.0-6.7; or pH 5.0. An AfCA variant 
can be expressed at higher levels than the wild-type AfGA, 
while retaining the performance characteristics of the wild 
type AfGA. AfGA variants also may have altered oxidation 
stability in comparison to the parent glucoamylase. For 
example, decreased oxidation stability may be advantageous 
in compositions for starch liquefaction. The variant AfGA, 
have altered temperature profile compared to the wild-type 
glucoamylase. Such AfGA variants are advantageous for use 
in baking or other processes that require elevated tempera 
tures. Levels of expression and enzyme activity can be 
assessed using standard assays known to the artisan skilled in 
this field, including those disclosed below 

3. Production of AfCA and Variants Thereof 

0.121. The AfGA or variant thereof can be isolated from a 
host cell, for example by secretion of the AfCA or variant 
from the host cell. A cultured cell material comprising AfGA, 
or variant thereof, can be obtained following secretion of the 
AfGA or variant from the host cell. The AfGA, or variant 
thereof, is optionally purified prior to use. The AfGA gene can 
be cloned and expressed according to methods well known in 
the art. Suitable host cells include bacterial, plant, or yeast 
cells, e.g., filamentous fungal cells. Particularly useful host 
cells include Trichoderma reesei. Trichoderma reesei host 
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cells express AfGATRs at higher, or at least comparable, 
levels to natively expressed AfGA Aspergillus filmigatus. 
0122. In some embodiments, the AfGA is heterologously 
expressed in a hostatat least 10 g/liter. In some embodiments, 
the AfGA is heterologously expressed at at least 15, 20, 25, 
30,35,40, 45,50,55, 60, 65,70, 75,80,90, 100, or 110 g/liter. 
In Some embodiments, the AfGA is heterologously expressed 
in a Trichoderma reesei host, wherein the expression is at 
least 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,90, 
100, or 110 g/liter. In some embodiments, the AfGA is het 
erologously expressed in an Aspergillus host, wherein the 
expression is at least 15, 20, 25, 30,35, 40, 45, 50,55, 60, 65, 
70, 75, 80,90, 100, or 110 g/liter. 
0123. The host cell may further express a nucleic acid 
encoding a homologous or heterologous amylase, i.e., an 
amylase that is not the same species as the host cell, or one or 
more other enzymes. The amylase may be a variant amylase. 
Additionally, the host may express one or more accessory 
enzymes, proteins, peptides. These may benefit liquefaction, 
saccharification, fermentation, SSF, etc. processes. Further 
more, the host cell may produce biochemicals in addition to 
enzymes used to digest the carbon feedstock(s). Such host 
cells may be useful for fermentation or simultaneous saccha 
rification and fermentation processes to reduce or eliminate 
the need to add enzymes. 

3.1. Vectors 

0.124. A DNA construct comprising a nucleic acid encod 
ing an AfGA or variant thereof can be constructed to be 
expressed in a host cell. Representative nucleic acids that 
encode AfGA1 include SEQ ID NO: 8. Representative 
nucleic acids that encode AfGA2 include SEQ ID NO: 14. 
Because of the well-known degeneracy in the genetic code, 
variant polynucleotides that encode an identical amino acid 
sequence can be designed and made with routine skill. It is 
also well-known in the art to optimize codon use for a par 
ticular host cell. Nucleic acids encoding an AfGA or variant 
thereof can be incorporated into a vector. Vectors can be 
transferred to a host cell using well-known transformation 
techniques, such as those disclosed below. 
0.125. The vector may be any vector that can be trans 
formed into and replicated within a host cell. For example, a 
vector comprising a nucleic acid encoding an AfGA or variant 
thereof can be transformed and replicated in a bacterial host 
cell as a means of propagating and amplifying the vector. The 
vector also may be transformed into an expression host, so 
that the encoding nucleic acids can be expressed as a func 
tional AfGA or variant thereof. Host cells that serve as expres 
sion hosts can include filamentous fungi, for example. The 
Fungal Genetics Stock Center (FGSC) Catalogue of Strains 
lists suitable vectors for expression in fungal host cells. See 
FGSC, Catalogue of Strains, University of Missouri, at www. 
fgsc.net (last modified Jan. 17, 2007). Representative vectors 
include pG.222 (Trex3gM-AfGA1) (FIG. 2) and plG313 
(Trex3gM-AfGA2) (FIG. 10), each of which comprises a 
pTrex3gM expression vector (U.S. Published Application 
No. 2011/0136197A1), and allows expression a nucleic acid 
encoding AfGA under the control of the cbh1 promoter in a 
fungal host. Both pG.222 and plG313 can be modified with 
routine skill to comprise and express a nucleic acid encoding 
an AfCA variant. 
0126. A nucleic acid encoding an AfGA or a variant 
thereof can be operably linked to a suitable promoter, which 
allows transcription in the host cell. The promoter may be any 
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DNA sequence that shows transcriptional activity in the host 
cell of choice and may be derived from genes encoding pro 
teins either homologous or heterologous to the host cell. For 
transcription in a fungal host, examples of useful promoters 
are those derived from the gene encoding Aspergillus Oryzae 
TAKA amylase, Rhizomucor miehei aspartic proteinase, 
Aspergillus niger neutral O-amylase, A. niger acid stable 
C.-amylase, A. niger glucoamylase, Rhizomucor miehei 
lipase, A. oryzae alkaline protease, A. Oryzae triose phosphate 
isomerase, or A. nidulans acetamidase. When a gene encod 
ing an AfGA or variant thereof is expressed in a bacterial 
species Such as E. coli, a Suitable promoter can be selected, for 
example, from a bacteriophage promoter including a T7 pro 
moter and a phage lambda promoter. Examples of Suitable 
promoters for the expression in a yeast species include but are 
not limited to the Gal 1 and Gal 10 promoters of Saccharo 
myces cerevisiae and the Pichia pastoris AOX1 or AOX2 
promoters. The pG.222 vector depicted in FIG. 2, for 
example, contains a cbhl promoter operably linked to 
AfGA1. The pG313 vector depicted in FIG. 10, contains a 
cbh1 promoter operably linked to AfCA2. cbh1 is an endog 
enous, inducible promoter from Treesei. See Liu et al. (2008) 
“Improved heterologous gene expression in Trichoderma 
reesei by cellobiohydrolase I gene (cbh1) promoter optimi 
zation.” Acta Biochim. Biophys. Sin (Shanghai) 40(2): 158 
65. 
I0127. The coding sequence can be operably linked to a 
signal sequence. The DNA encoding the signal sequence may 
be the DNA sequence naturally associated with the AfCA 
gene to be expressed. For example, the DNA may encode the 
AfGA1 and AfGA2 signal sequence of SEQID NO: 11 oper 
ably linked to a nucleic acid encoding an AfGA or a variant 
thereof. The DNA encodes a signal sequence from a species 
other than A. fumigatus. A signal sequence and a promoter 
sequence comprising a DNA construct or vector can be intro 
duced into a fungal host celland can be derived from the same 
Source. For example, the signal sequence is the cbh1 signal 
sequence that is operably linked to a cbhl promoter. 
I0128. An expression vector may also comprise a suitable 
transcription terminator and, in eukaryotes, polyadenylation 
sequences operably linked to the DNA sequence encoding an 
AfGA or variant thereof. Termination and polyadenylation 
sequences may suitably be derived from the same sources as 
the promoter. 
I0129. The vector may further comprise a DNA sequence 
enabling the vector to replicate in the host cell. Examples of 
Such sequences are the origins of replication of plasmids 
pUC19, p.ACYC177, puB110, pE194, p.AMB1, and plJ702. 
0.130. The vector may also comprise a selectable marker, 
e.g., a gene the product of which complements a defect in the 
isolated host cell, such as the dal genes from B. subtilis or B. 
licheniformis, or a gene that confers antibiotic resistance Such 
as, e.g., amplicillin, kanamycin, chloramphenicol or tetracy 
cline resistance. Furthermore, the vector may comprise 
Aspergillus selection markers such as amdS, argB, niaD, and 
SC, a marker giving rise to hygromycin resistance, or the 
selection may be accomplished by co-transformation, such as 
known in the art. See e.g., International PCT Application WO 
91f17243. 
I0131 Intracellular expression may be advantageous in 
Some respects, e.g., when using certain bacteria or fungi as 
host cells to produce large amounts of an AfGA or variant 
thereof for subsequent purification. Extracellular secretion of 
the AfGA or variant thereof into the culture medium can also 
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be used to make a cultured cell material comprising the iso 
lated AfGA or variant thereof. 
0132) The expression vector typically includes the com 
ponents of a cloning vector, Such as, for example, an element 
that permits autonomous replication of the vector in the 
selected host organism and one or more phenotypically 
detectable markers for selection purposes. The expression 
vector normally comprises control nucleotide sequences Such 
as a promoter, operator, ribosome binding site, translation 
initiation signal and optionally, a repressor gene or one or 
more activator genes. Additionally, the expression vector may 
comprise a sequence coding for an amino acid sequence 
capable of targeting the AfGA or variant thereof to a host cell 
organelle Such as a peroxisome, or to a particular host cell 
compartment. Such a targeting sequence includes but is not 
limited to the sequence serine-lysine-leucine (SKL), which is 
a known peroxisome target signal. For expression under the 
direction of control sequences, the nucleic acid sequence of 
the AfGA or variant thereof is operably linked to the control 
sequences in proper manner with respect to expression. 
0133. The procedures used to ligate the DNA construct 
encoding an AfGA or variant thereof, the promoter, termina 
tor and other elements, respectively, and to insert them into 
Suitable vectors containing the information necessary for rep 
lication, are well known to persons skilled in the art (see, e.g., 
Sambrook et al., MOLECULAR CLONING: A LABORATORY MANUAL, 
2" ed., Cold Spring Harbor, 1989, and 3' ed., 2001). 

3.2. Transformation and Culture of Host Cells 

0134. A Trichoderma reesei host cell, comprising either a 
DNA construct or an expression vector, is advantageously 
used as a host cell in the recombinant production of an 
AfGATR or variant thereof. The cell may be transformed with 
the DNA construct encoding the enzyme, conveniently by 
integrating the DNA construct (in one or more copies) in the 
host chromosome. This integration is generally considered to 
be an advantage, as the DNA sequence is more likely to be 
stably maintained in the cell. Integration of the DNA con 
structs into the host chromosome may be performed accord 
ing to conventional methods, e.g., by homologous or heter 
ologous recombination. Alternatively, the cell may be 
transformed with an expression vector as described above in 
connection with the different types of host cells. 
0135) It is advantageous to delete genes from expression 
hosts, where the gene deficiency can be cured by the trans 
formed expression vector. Known methods may be used to 
obtainafungal host cell having one or more inactivated genes. 
Gene inactivation may be accomplished by complete or par 
tial deletion, by insertional inactivation or by any other means 
that renders a gene nonfunctional for its intended purpose, 
Such that the gene is prevented from expression of a func 
tional protein. Any gene from a Trichoderma sp. or other 
filamentous fungal host that has been cloned can be deleted, 
for example, cbhl, cbh2, egll, and egl2 genes. Gene deletion 
may be accomplished by inserting a form of the desired gene 
to be inactivated into a plasmid by methods known in the art. 
0136 Introduction of a DNA construct or vector into a 
host cell includes techniques such as transformation; elec 
troporation; nuclear microinjection; transduction; transfec 
tion, e.g., lipofection mediated and DEAE-Dextrin mediated 
transfection; incubation with calcium phosphate DNA pre 
cipitate; high velocity bombardment with DNA-coated 
microprojectiles; and protoplast fusion. General transforma 
tion techniques are known in the art. See, e.g., Sambrooketal. 
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(2001), supra. The expression of heterologous protein in Tri 
choderma is described, for example, in U.S. Pat. No. 6,022, 
725. Reference is also made to Cao et al. (2000) Science9: 
991-1001 for transformation of Aspergillus strains. 
Genetically stable transformants can be constructed with vec 
tor systems whereby the nucleic acid encoding an AfGA or 
variant thereof is stably integrated into a host cell chromo 
some. Transformants are then selected and purified by known 
techniques. 
0.137 The preparation of Trichoderma sp. for transforma 
tion, for example, may involve the preparation of protoplasts 
from fungal mycelia. See Campbelletal. (1989) Curr. Genet. 
16: 53-56. The mycelia can be obtained from germinated 
Vegetative spores. The mycelia are treated with an enzyme 
that digests the cell wall, resulting in protoplasts. The proto 
plasts are protected by the presence of an osmotic stabilizer in 
the Suspending medium. These stabilizers include Sorbitol, 
mannitol, potassium chloride, magnesium sulfate, and the 
like. Usually the concentration of these stabilizers varies 
between 0.8 M and 1.2 M, e.g., a 1.2 M solution of sorbitol 
can be used in the Suspension medium. 
0.138 Uptake of DNA into the host Trichoderma sp. strain 
depends upon the calcium ion concentration. Generally, 
between about 10-50 mM CaCl is used in an uptake solution. 
Additional Suitable compounds include a buffering system, 
such as TE buffer (10 mM Tris, pH 7.4; 1 mM EDTA) or 10 
mMMOPS, pH 6.0 and polyethylene glycol. The polyethyl 
ene glycol is believed to fuse the cell membranes, thus per 
mitting the contents of the medium to be delivered into the 
cytoplasm of the Trichoderma sp. strain. This fusion fre 
quently leaves multiple copies of the plasmid DNA integrated 
into the host chromosome. 
0.139. Usually transformation of Trichoderma sp. uses 
protoplasts or cells that have been subjected to a permeability 
treatment, typically at a density of 10 to 107/mL, particularly 
2x10"/mL. A volume of 100 uL of these protoplasts or cells in 
an appropriate solution (e.g., 1.2 M sorbitol and 50 mM 
CaCl) may be mixed with the desired DNA. Generally, a 
high concentration of PEG is added to the uptake solution. 
From 0.1 to 1 volume of 25% PEG 4000 can be added to the 
protoplast suspension; however, it is useful to add about 0.25 
Volumes to the protoplast Suspension. Additives, such as dim 
ethyl Sulfoxide, heparin, spermidine, potassium chloride and 
the like, may also be added to the uptake solution to facilitate 
transformation. Similar procedures are available for other 
fungal host cells. See, e.g., U.S. Pat. No. 6,022,725. 

3.3. Expression 

0140. A method of producing an AfGATR or variant 
thereof may comprise cultivating a Trichoderma reesei host 
cell as described above under conditions conducive to the 
production of the enzyme and recovering the enzyme from 
the cells and/or culture medium. Trichoderma reesei host 
cells express AfGATRs at higher, or at least comparable, 
levels to natively expressed AfGA Aspergillus filmigatus. 
0.141. The medium used to cultivate the cells may be any 
conventional medium Suitable for growing the host cell in 
question and obtaining expression of an AfGATR or variant 
thereof. Suitable media and media components are available 
from commercial Suppliers or may be prepared according to 
published recipes (e.g., as described in catalogues of the 
American Type Culture Collection). 
0142. An enzyme secreted from the host cells can be used 
in a whole broth preparation. In the present methods, the 
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preparation of a spent whole fermentation broth of a recom 
binant microorganism can be achieved using any cultivation 
method known in the art resulting in the expression of a 
glucoamylase. Fermentation may, therefore, be understood as 
comprising shake flask cultivation, Small- or large-scale fer 
mentation (including continuous, batch, fed-batch, or Solid 
state fermentations) in laboratory or industrial fermenters 
performed in a suitable medium and under conditions allow 
ing the glucoamylase to be expressed or isolated. The term 
“spent whole fermentation broth' is defined herein as the 
unfractionated contents of fermentation material that 
includes culture medium, extracellular proteins (e.g., 
enzymes), and cellular biomass. It is understood that the term 
“spent whole fermentation broth' also encompasses cellular 
biomass that has been lysed or permeabilized using methods 
well known in the art. 
0143 An enzyme secreted from the host cells may conve 
niently be recovered from the culture medium by well-known 
procedures, including separating the cells from the medium 
by centrifugation or filtration, and precipitating proteina 
ceous components of the medium by means of a salt such as 
ammonium sulfate, followed by the use of chromatographic 
procedures Such as ion exchange chromatography, affinity 
chromatography, or the like. 
0144. The polynucleotide encoding AfGA or a variant 
thereof in a vector can be operably linked to a control 
sequence that is capable of providing for the expression of the 
coding sequence by the host cell, i.e. the vector is an expres 
sion vector. The control sequences may be modified, for 
example by the addition of further transcriptional regulatory 
elements to make the level of transcription directed by the 
control sequences more responsive to transcriptional modu 
lators. The control sequences may in particular comprise 
promoters. 
0145 Host cells may be cultured under suitable conditions 
that allow expression of the AfGATR or variant thereof. 
Expression of the enzymes may be constitutive Such that they 
are continually produced, or inducible, requiring a stimulus to 
initiate expression. In the case of inducible expression, pro 
tein production can be initiated when required by, for 
example, addition of an inducer Substance to the culture 
medium, for example dexamethasone or IPTG or Sepharose. 
Polypeptides can also be produced recombinantly in an in 
vitro cell-free system, such as the TNTTM (Promega) rabbit 
reticulocyte system. 
014.6 An expression host also can be cultured in the appro 
priate medium for the host, under aerobic conditions. Shaking 
or a combination of agitation and aeration can be provided, 
with production occurring at the appropriate temperature for 
that host, e.g., from about 25°C. to about 78°C. (e.g., 30°C. 
to 45°C.), depending on the needs of the host and production 
of the desired AfGATR or variant thereof. Culturing can 
occur from about 12 to about 100 hours or greater (and any 
hour value there between, e.g., from 24 to 72 hours). Typi 
cally, the culture broth is at a pH of about 4.0 to about 8.0, 
again depending on the culture conditions needed for the host 
relative to production of an AfGATR or variant thereof. 

3.4. Identification of AfCATRActivity 
0147 To evaluate the expression of an AfGATR or variant 
thereof in a host cell, assays can measure the expressed pro 
tein, corresponding mRNA, or glucoamylase activity. For 
example, Suitable assays include Northern blotting, reverse 
transcriptase polymerase chain reaction, and in situ hybrid 
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ization, using an appropriately labeled hybridizing probe. 
Suitable assays also include measuring AfGATR activity in a 
sample, for example, by assays directly measuring reducing 
Sugars such as glucose in the culture media. For example, 
glucose concentration may be determined using glucose 
reagent kit No. 15-UV (Sigma Chemical Co.) or an instru 
ment, such as Technicon Autoanalyzer. Glucoamylase activ 
ity also may be measured by any known method, such as the 
PAHBAH or ABTS assays, described below. 

3.5. Methods for Purifying an AfGATR and Variants 
Thereof 

0.148. Fermentation, separation, and concentration tech 
niques are well known in the art and conventional methods 
can be used in order to prepare a concentrated AfGATR or 
variant glucoamylase polypeptide-containing Solution. 
0149. After fermentation, a fermentation broth is 
obtained, the microbial cells and various Suspended solids, 
including residual raw fermentation materials, are removed 
by conventional separation techniques in order to obtain an 
amylase solution. Filtration, centrifugation, microfiltration, 
rotary vacuum drum filtration, ultrafiltration, centrifugation 
followed by ultrafiltration, extraction, or chromatography, or 
the like, are generally used. 
0150. It is desirable to concentrate an AfGATR or variant 
glucoamylase polypeptide-containing Solution in order to 
optimize recovery. Use of unconcentrated Solutions can 
require increased incubation time in order to collect the puri 
fied enzyme precipitate. 
0151. The enzyme containing solution is concentrated 
using conventional concentration techniques until the desired 
enzyme level is obtained. Concentration of the enzyme con 
taining Solution may be achieved by any of the techniques 
discussed herein. Exemplary methods of purification include 
but are not limited to rotary vacuum filtration and/or ultrafil 
tration. 
0152 The enzyme solution is concentrated into a concen 
trated enzyme solution until the enzyme activity of the con 
centrated AfGATR or variant glucoamylase polypeptide-con 
taining solution is at a desired level. 
0153 Concentration may be performed using, e.g., a pre 
cipitation agent, Such as a metal halide precipitation agent. 
Metal halide precipitation agents include but are not limited 
to alkali metal chlorides, alkali metal bromides, and blends of 
two or more of these metal halides. Exemplary metal halides 
include sodium chloride, potassium chloride, Sodium bro 
mide, potassium bromide, and blends of two or more of these 
metal halides. The metal halide precipitation agent, sodium 
chloride, can also be used as a preservative. 
0154 The metal halide precipitation agent is used in an 
amount effective to precipitate the AfGATR or variant 
thereof. The selection of at least an effective amount and an 
optimum amount of metal halide effective to cause precipi 
tation of the enzyme, as well as the conditions of the precipi 
tation for maximum recovery including incubation time, pH, 
temperature and concentration of enzyme, will be readily 
apparent to one of ordinary skill in the art, after routine 
testing. 
0155 Generally, at least about 5% w/v (weight/volume) to 
about 25% w/v of metal halide is added to the concentrated 
enzyme solution, and usually at least 8% w/v. Generally, no 
more than about 25% w/v of metal halide is added to the 
concentrated enzyme solution and usually no more than about 
20% w/v. The optimal concentration of the metal halide pre 
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cipitation agent will depend, among others, on the nature of 
the specific AfGATR or variant glucoamylase polypeptide 
and on its concentration in the concentrated enzyme solution. 
0156 Another alternative way to precipitate the enzyme is 
to use organic compounds. Exemplary organic compound 
precipitating agents include: 4-hydroxybenzoic acid, alkali 
metal salts of 4-hydroxybenzoic acid, alkyl esters of 4-hy 
droxybenzoic acid, and blends of two or more of these organic 
compounds. The addition of said organic compound precipi 
tation agents can take place prior to, simultaneously with or 
subsequent to the addition of the metal halide precipitation 
agent, and the addition of both precipitation agents, organic 
compound and metal halide, may be carried out sequentially 
or simultaneously. 
0157 Generally, the organic precipitation agents are 
selected from the group consisting of alkali metal salts of 
4-hydroxybenzoic acid, such as Sodium or potassium salts, 
and linear or branched alkyl esters of 4-hydroxybenzoic acid, 
wherein the alkyl group contains from 1 to 12 carbon atoms, 
and blends of two or more of these organic compounds. The 
organic compound precipitation agents can be, for example, 
linear or branched alkyl esters of 4-hydroxybenzoic acid, 
wherein the alkyl group contains from 1 to 10 carbon atoms, 
and blends of two or more of these organic compounds. 
Exemplary organic compounds are linear alkyl esters of 4-hy 
droxybenzoic acid, wherein the alkyl group contains from 1 
to 6 carbon atoms, and blends of two or more of these organic 
compounds. Methyl esters of 4-hydroxybenzoic acid, propyl 
esters of 4-hydroxybenzoic acid, butyl ester of 4-hydroxy 
benzoic acid, ethyl ester of 4-hydroxybenzoic acid and blends 
of two or more of these organic compounds can also be used. 
Additional organic compounds also include but are not lim 
ited to 4-hydroxybenzoic acid methyl ester (named methyl 
PARABEN), 4-hydroxybenzoic acid propyl ester (named 
propyl PARABEN), which also are both amylase preservative 
agents. For further descriptions, see, e.g., U.S. Pat. No. 5,281, 
526. 

0158. Addition of the organic compound precipitation 
agent provides the advantage of high flexibility of the pre 
cipitation conditions with respect to pH, temperature, 
AfGATR or variant glucoamylase polypeptide concentration, 
precipitation agent concentration, and time of incubation. 
0159. The organic compound precipitation agent is used in 
an amount effective to improve precipitation of the enzyme 
by means of the metal halide precipitation agent. The selec 
tion of at least an effective amount and an optimum amount of 
organic compound precipitation agent, as well as the condi 
tions of the precipitation for maximum recovery including 
incubation time, pH, temperature and concentration of 
enzyme, will be readily apparent to one of ordinary skill in the 
art, in light of the present disclosure, after routine testing. 
0160 Generally, at least about 0.01% w/v of organic com 
pound precipitation agent is added to the concentrated 
enzyme solution and usually at least about 0.02% w/v. Gen 
erally, no more than about 0.3% w/v of organic compound 
precipitation agent is added to the concentrated enzyme solu 
tion and usually no more than about 0.2% w/v. 
0161 The concentrated polypeptide solution, containing 
the metal halide precipitation agent, and the organic com 
pound precipitation agent, can be adjusted to a pH, which 
will, of necessity, depend on the enzyme to be purified. Gen 
erally, the pH is adjusted at a level near the isoelectric point of 
the glucoamylase. The pH can be adjusted at a pH in a range 
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from about 2.5 pH units below the isoelectric point (pl) up to 
about 2.5 pH units above the isoelectric point. 
0162 The incubation time necessary to obtain a purified 
enzyme precipitate depends on the nature of the specific 
enzyme, the concentration of enzyme, and the specific pre 
cipitation agent(s) and its (their) concentration. Generally, the 
time effective to precipitate the enzyme is between about 1 to 
about 30 hours; usually it does not exceed about 25 hours. In 
the presence of the organic compound precipitation agent, the 
time of incubation can still be reduced to less than about 10 
hours and in most cases even about 6 hours. 
0163 Generally, the temperature during incubation is 
between about 4°C. and about 50° C. Usually, the method is 
carried out at a temperature between about 10° C. and about 
45° C. (e.g., between about 20° C. and about 40° C.). The 
optimal temperature for inducing precipitation varies accord 
ing to the solution conditions and the enzyme or precipitation 
agent(s) used. 
0164. The overall recovery of purified enzyme precipitate, 
and the efficiency with which the process is conducted, is 
improved by agitating the Solution comprising the enzyme, 
the added metalhalide and the added organic compound. The 
agitation step is done both during addition of the metal halide 
and the organic compound, and during the Subsequent incu 
bation period. Suitable agitation methods include mechanical 
stirring or shaking, vigorous aeration, or any similar tech 
nique. 
0.165. After the incubation period, the purified enzyme can 
be then separated from the dissociated pigment and other 
impurities and collected by conventional separation tech 
niques, such as filtration, centrifugation, microfiltration, 
rotary vacuum filtration, ultrafiltration, press filtration, cross 
membrane microfiltration, cross flow membrane microfiltra 
tion, or the like. Further purification of the purified enzyme 
precipitate can be obtained by washing the precipitate with 
water. For example, the purified enzyme precipitate is washed 
with water containing the metal halide precipitation agent, or 
with water containing the metal halide and the organic com 
pound precipitation agents. 
0166 During fermentation, an AfGATR or variant glu 
coamylase polypeptide accumulates in the culture broth. For 
the isolation and purification of the desired AfGATR or vari 
ant glucoamylase, the culture broth can be centrifuged or 
filtered to eliminate cells, and the resulting cell-free liquid is 
used for enzyme purification. In one embodiment, the cell 
free broth is subjected to salting out using ammonium Sulfate 
at about 70% saturation; the 70% saturation-precipitation 
fraction is then dissolved in a buffer and applied to a column 
such as a Sephadex G-100 column, and eluted to recover the 
enzyme-active fraction. For further purification, a conven 
tional procedure Such as ion exchange chromatography may 
be used. 
0.167 Purified enzymes are useful for laundry and clean 
ing applications. For example, they can be used in laundry 
detergents and spot removers. They can be made into a final 
product that is either liquid (solution, slurry) or solid (granu 
lar, powder). 
0168 A more specific example of purification, is 
described in Sumitani et al. (2000) “New type of starch 
binding domain: the direct repeat motif in the C-terminal 
region of Bacillus sp. 195 glucoamylase contributes to starch 
binding and raw starch degrading.” Biochem.J. 350: 477-484, 
and is briefly summarized here. The enzyme obtained from 4 
liters of a Streptomyces lividans TK24 culture supernatant 
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was treated with (NH)SO at 80% saturation. The precipi 
tate was recovered by centrifugation at 10,000xg (20 min. and 
4°C.) and re-dissolved in 20 mM Tris/HCl buffer (pH 7.0) 
containing 5 mM CaCl. The solubilized precipitate was then 
dialyzed against the same buffer. The dialyzed sample was 
then applied to a Sephacryl S-200 column, which had previ 
ously been equilibrated with 20 mM Tris/HCl buffer, (pH 
7.0), 5 mM CaCl2, and eluted at a linear flow rate of 7 mL/hr 
with the same buffer. Fractions from the column were col 
lected and assessed for activity as judged by enzyme assay 
and SDS-PAGE. The protein was further purified as follows. 
A Toyopearl HW55 column (Tosoh Bioscience, Montgomer 
yville, Pa.; Cat. No. 19812) was equilibrated with 20 mM 
Tris/HCl buffer (pH 7.0) containing 5 mM CaCl and 1.5 M 
(NH4)2SO. The enzyme was eluted with a linear gradient of 
1.5 to 0 M (NHA)SO in 20 mM Tris/HCL buffer, pH 7.0 
containing 5 mM CaCl. The active fractions were collected, 
and the enzyme precipitated with (NH)SO at 80% satura 
tion. The precipitate was recovered, re-dissolved, and dia 
lyzed as described above. The dialyzed sample was then 
applied to a Mono Q HR575 column (Amersham Pharmacia: 
Cat. No. 17-5167-01) previously equilibrated with 20 mM 
Tris/HCl buffer (pH 7.0) containing 5 mM CaCl, at a flow 
rate of 60 mL/hour. The active fractions are collected and 
added to a 1.5 M (NH)SO solution. The active enzyme 
fractions were re-chromatographed on a Toyopearl HW55 
column, as before, to yield a homogeneous enzyme as deter 
mined by SDS-PAGE. See Sumitani et al. (2000) Biochem. J. 
350: 477-484, for general discussion of the method and varia 
tions thereon. 
0169. For production scale recovery, an AfGATR or vari 
ant glucoamylase polypeptide can be partially purified as 
generally described above by removing cells via flocculation 
with polymers. Alternatively, the enzyme can be purified by 
microfiltration followed by concentration by ultrafiltration 
using available membranes and equipment. However, for 
Some applications, the enzyme does not need to be purified, 
and whole broth culture can be lysed and used without further 
treatment. The enzyme can then be processed, for example, 
into granules. 

4. Compositions and Uses of AfGATR and Variants 
Thereof 

0170 AfGATR and its variants are useful for a variety of 
industrial applications. For example, AfGATR and its vari 
ants are useful in a starch conversion process, particularly in 
a saccharification process of a starch that has undergone 
liquefaction. The desired end-product may be any product 
that may be produced by the enzymatic conversion of the 
starch substrate. For example, the desired product may be a 
syrup rich in glucose, which can be used in other processes, 
such as the preparation of HFCS, or which can be converted 
into a number of other useful products, such as ascorbic acid 
intermediates (e.g., gluconate:2-keto-L-gulonic acid; 5-keto 
gluconate; and 2,5-diketogluconate); 1,3-propanediol; aro 
matic amino acids (e.g., tyrosine, phenylalanine and tryp 
tophan), organic acids (e.g., lactate, pyruvate, Succinate, 
isocitrate, and Oxaloacetate); amino acids (e.g., serine and 
glycine); antibiotics; antimicrobials; enzymes; vitamins; and 
hormones. 
0171 The starch conversion process may be a precursor 

to, or simultaneous with, a fermentation process designed to 
produce alcohol for fuel or drinking (i.e., potable alcohol). 
One skilled in the art is aware of various fermentation condi 
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tions that may be used in the production of these end-prod 
ucts. AfGATR and variants thereof also are useful in compo 
sitions and methods of food preparation. These various uses 
of AfGATR and its variants are described in more detail 
below. 

4.1. Preparation of Starch Substrates 

0172 Those of general skill in the art are well aware of 
available methods that may be used to prepare starch sub 
strates for use in the processes disclosed herein. For example, 
a useful starch substrate may be obtained from tubers, roots, 
stems, legumes, cereals or whole grain. More specifically, the 
granular starch may be obtained from corn, cobs, wheat, 
barley, rye, triticale, milo, Sago, millet, cassava, tapioca, Sor 
ghum, rice, peas, bean, banana, or potatoes. Corn contains 
about 60-68% starch; barley contains about 55-65% starch; 
millet contains about 75-80% starch; wheat contains about 
60-65% starch; and polished rice contains 70-72% starch. 
Specifically contemplated Starch Substrates are cornstarch 
and wheat starch. The starch from a grain may be ground or 
whole and includes corn Solids, such as kernels, bran and/or 
cobs. The starch may be highly refined raw starch or feed 
stock from starch refinery processes. Various starches also are 
commercially available. For example, corn starch is available 
from Cerestar, Sigma, and Katayama Chemical Industry Co. 
(Japan); wheat starch is available from Sigma; Sweet potato 
starch is available from Wako Pure Chemical Industry Co. 
(Japan); and potato starch is available from Nakaari Chemical 
Pharmaceutical Co. (Japan). 
(0173 The starch substrate can be a crude starch from 
milled whole grain, which contains non-starch fractions, e.g., 
germ residues and fibers. Milling may comprise either wet 
milling or dry milling or grinding. In wet milling, whole grain 
is soaked in water or dilute acid to separate the grain into its 
component parts, e.g., starch, protein, germ, oil, kernel fibers. 
Wet milling efficiently separates the germ and meal (i.e., 
starch granules and protein) and is especially suitable for 
production of syrups. In dry milling or grinding, whole ker 
nels are ground into a fine powder, and often processed with 
out fractionating the grain into its component parts. In some 
cases, oils from the kernels are recovered. Dry ground grain 
generally will comprise significant amounts of non-starch 
carbohydrate compounds, in addition to starch. Dry grinding 
of the starch substrate can be used for production of ethanol 
and other biochemicals. The starch to be processed may be a 
highly refined starch quality, for example, at least 90%, at 
least 95%, at least 97%, or at least 99.5% pure. 

4.2. Gelatinization and Liquefaction of Starch 

0.174 As used herein, the term “liquefaction” or “liquefy' 
means a process by which starch is converted to less Viscous 
and shorter chain dextrins. Generally, this process involves 
gelatinization of starch simultaneously with or followed by 
the addition of an O-amylase, although additional liquefac 
tion-inducing enzymes optionally may be added. In some 
embodiments, the starch substrate prepared as described 
above is slurried with water. The starch slurry may contain 
starch as a weight percent of dry solids of about 10-55%. 
about 20-45%, about 30-45%, about 30-40%, or about 
30-35%. C.-Amylase (EC 3.2.1.1) may be added to the slurry, 
with a metering pump, for example. The C-amylase typically 
used for this application is a thermally stable, bacterial 
C.-amylase, Such as a Geobacillus Stearothermophilus 
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C.-amylase. The C-amylase is usually supplied, for example, 
at about 1500 units per kg dry matter of starch. To optimize 
C.-amylase stability and activity, the pH of the slurry typically 
is adjusted to about pH 5.5-6.5 and about 1 mM of calcium 
(about 40 ppm free calcium ions) typically is added. Geoba 
cillus Stearothermophilus variants or other C.-amylases may 
require different conditions. Bacterial C.-amylase remaining 
in the slurry following liquefaction may be deactivated via a 
number of methods, including lowering the pH in a Subse 
quent reaction step or by removing calcium from the slurry in 
cases where the enzyme is dependent upon calcium. 
0.175. The slurry of starch plus the C-amylases may be 
pumped continuously through a jet cooker, which is steam 
heated to 105° C. Gelatinization occurs rapidly under these 
conditions, and the enzymatic activity, combined with the 
shear forces, begins the hydrolysis of the starch substrate. The 
residence time in the jet cooker is brief. The partly gelatinized 
starch may be passed into a series of holding tubes maintained 
at 105-110° C. and held for 5-8 min. to complete the gelati 
nization process (“primary liquefaction'). Hydrolysis to the 
required DE is completed in holding tanks at 85-95°C. or 
higher temperatures for about 1 to 2 hours ('secondary liq 
uefaction”). These tanks may contain baffles to discourage 
back mixing. As used herein, the term “minutes of secondary 
liquefaction” refers to the time that has elapsed from the start 
of secondary liquefaction to the time that the Dextrose 
Equivalent (DE) is measured. The slurry is then allowed to 
cool to room temperature. This cooling step can be 30 minutes 
to 180 minutes, e.g. 90 minutes to 120 minutes. 
0176 The liquefied starch resulting from the process 
above typically contains about 98% oligosaccharides and 
about 2% maltose and 0.3% D-glucose. The liquefied starch 
typically is in the form of a slurry having a dry solids content 
(w/w) of about 10-50%; about 10-45%; about 15-40%; about 
20-40%; about 25-40%; or about 25-35%. 
0177 AkAA, AtAmyl, AfAmyl, and AcAmyland variants 
thereof can be used in a process of liquefaction instead of 
bacterial O-amylases. Liquefaction with these C.-amylase and 
variants thereof advantageously can be conducted at low pH, 
eliminating the requirement to adjust the pH to about pH 
5.5-6.5. Theses C.-amylases variants thereof can be used for 
liquefaction at a pH range of 2 to 7, e.g., pH 3.0-7.5, pH 
4.0-6.0, or pH 4.5-5.8. They can maintain liquefying activity 
at a temperature range of about 85°C.-95°C., e.g., 85°C.,90° 
C., or 95°C. For example, liquefaction can be conducted with 
800 ug AcAmyl or a variant thereof in a solution of 25% DS 
corn starch for 10 minat pH 5.8 and 85°C., or pH 4.5 and 95° 
C., for example. Liquefying activity can be assayed using any 
of a number of known viscosity assays in the art. 

4.3. Saccharification 

0.178 The liquefied starch can be saccharified into a syrup 
rich in lower DP, especially DP1 saccharides, using the 
AfGATR and variants thereof, optionally in the presence of 
another enzyme(s). The exact composition of the products of 
saccharification depends on the combination of enzymes 
used, as well as the type of granular starch processed. Advan 
tageously, the syrup obtainable using the provided AfGATR 
and variants thereof may contain a weight percent of DP1 of 
the total oligosaccharides in the saccharified Starch exceeding 
about 65%, e.g., 70%, 80%, 85%, 90%, 95%, or 96%. 
0179 Whereas liquefaction is generally run as a continu 
ous process, saccharification is often conducted as a batch 
process. Saccharification typically is most effective at tem 
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peratures of about 55°-75° C. and a pH of about 4.0-6.7, e.g., 
pH 5.0, necessitating cooling and adjusting the pH of the 
liquefied starch. Saccharification may be performed, for 
example, at a temperature between about 40°C., about 55°C., 
or about 65° C. to about 70° C., about 75°C., or about 80° C. 
Saccharification is normally conducted in stirred tanks, 
which may take several hours to fill or empty. Enzymes typi 
cally are added either at a fixed ratio to dried solids as the 
tanks are filled or added as a single dose at the commence 
ment of the filling stage. A saccharification reaction to make 
a syrup typically is run over about 24-72 hours, for example, 
24-48 hours. When a maximum or desired DE has been 
attained, the reaction is stopped by heating to 85°C. for 5 
min., for example. Further incubation will result in a lower 
DE, eventually to about 90 DE, as accumulated glucose re 
polymerizes to isomaltose and/or other reversion products via 
an enzymatic reversion reaction and/or with the approach of 
thermodynamic equilibrium. When using an AfGATR 
polypeptide or variants thereof, saccharification optimally is 
conducted at a temperature range of about 40°C. to about 80° 
C., e.g., about 55° C. to about 75° C. or about 65° C. to about 
70° C. The saccharifying may be conducted over a pH range 
of about pH 3.0 to about pH 7.5, e.g., pH 3.5-pH 7.0, pH 
4.0-pH 6.7, or pH 5.0. 

0180 AfCATR or a variant thereof may be added to the 
slurry in the form of a composition. AfGATR or a variant 
thereof can be added to a slurry of a granular starch Substrate 
in an amount of about 0.6-10 ppm ds, e.g., 2 ppm ds. The 
AfGATR or variant thereof can be added as a whole broth, 
clarified, partially purified, or purified enzyme. The specific 
activity of the purified AfGA1TR or variant thereof may be 
about 187.7 U/mg, for example, measured with the ABTS 
assay. The specific activity of the purified AfGA2TR or vari 
ant thereof may be about 213.7 U/mg, for example, measured 
with the ABTS assay. The AfGATR or variant thereofalso can 
be added as a whole broth product. 
0181. AfGATR or a variant thereof may be added to the 
slurry as an isolated enzyme solution. For example, AfCATR 
or a variant thereof can be added in the form of a cultured cell 
material produced by host cells expressing the AfCATR or 
variant thereof. AfGATR or a variant thereof also may be 
secreted by a host cell into the reaction medium during the 
fermentation or SSF process, such that the enzyme is pro 
vided continuously into the reaction. The host cell producing 
and secreting the AfGATR or a variant may also express an 
additional enzyme, such as a glucoamylase. For example, 
U.S. Pat. No. 5,422,267 discloses the use of a glucoamylase in 
yeast for production of alcoholic beverages. For example, a 
host cell, e.g., Trichoderma reesei may be engineered to co 
express AfGATR or a variant thereof and an O-amylase, 
including, but not limited to AkAA, ACAmyl, native Tricho 
derma reesei C-amylase, or variants thereof during sacchari 
fication. The host cell can be genetically modified so as not to 
express its endogenous glucoamylase and/or other enzymes, 
proteins or other materials. The host cell can be engineered to 
express a broad spectrum of various saccharolytic enzymes. 
For example, the recombinant yeast host cell can comprise 
nucleic acids encoding a glucoamylase, an alpha-glucosi 
dase, an enzyme that utilizes pentose Sugar, an O-amylase, a 
pullulanase, an isoamylase, and/or an isopullulanase. See, 
e.g., WO 2011/153516A2. 
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4.4. Isomerization 

0182. The soluble starch hydrolysate produced by treat 
ment with AfGATR or variants thereof can be converted into 
high fructose starch-based syrup (HFSS), such as high fruc 
tose corn syrup (HFCS). This conversion can be achieved 
using a glucose isomerase, particularly a glucose isomerase 
immobilized on a solid support. The pH is increased to about 
6.0 to about 8.0, e.g., pH 7.5, and Ca" is removed by ion 
exchange. Suitable isomerases include SweetzymeR, IT (No 
vozymes A/S); G-ZymeR IMGI, and G-Zyme(R) G993, 
Ketomax R, G-Zyme R. G993, G-ZymeR G993 liquid, and 
GenSweet(R) IGI. Following isomerization, the mixture typi 
cally contains about 40-45% fructose, e.g., 42% fructose. 

4.5. Fermentation 

0183 The soluble starch hydrolysate, particularly a glu 
cose rich syrup, can be fermented by contacting the starch 
hydrolysate with a fermenting organism typically at a tem 
perature around 32° C., such as from 30° C. to 35° C. EOF 
products include metabolites. Such as citric acid, lactic acid, 
Succinic acid, monosodium glutamate, gluconic acid, sodium 
gluconate, calcium gluconate, potassium gluconate, itaconic 
acid and other carboxylic acids, glucono delta-lactone, 
Sodium erythorbate, lysine and other amino acids, omega 3 
fatty acid, butanol, isoprene, 1,3-propanediol and other bio 
materials. 
0184 Ethanologenic microorganisms include yeast, Such 
as Saccharomyces cerevisiae and bacteria, e.g., Zymomonas 
mobilis, expressing alcohol dehydrogenase and pyruvate 
decarboxylase. The ethanologenic microorganism can 
express Xylose reductase and Xylitol dehydrogenase, which 
convert Xylose to Xylulose.Improved strains of ethanologenic 
microorganisms, which can withstand higher temperatures, 
for example, are known in the art and can be used. See Liu et 
al. (2011) Sheng Wu Gong Cheng Xue Bao 27(7): 1049-56. 
Commercial sources of yeast include ETHANOL REDR) 
(LeSaffre); Thermosacc(R) (Lalemand); RED STARR (Red 
Star); FERMIOLOR) (DSMSpecialties); and SUPERSTARTR 
(Alltech). Microorganisms that produce other metabolites, 
Such as citric acid and lactic acid, by fermentation are also 
known in the art. See, e.g., Papagianni (2007) 'Advances in 
citric acid fermentation by Aspergillus niger: biochemical 
aspects, membrane transport and modeling. Biotechnol. Adv. 
25(3): 244-63; John et al. (2009) “Direct lactic acid fermen 
tation: focus on simultaneous saccharification and lactic acid 
production. Biotechnol. Adv. 27(2): 145-52. 
0185. The saccharification and fermentation processes 
may be carried out as an SSF process. Fermentation may 
comprise Subsequent purification and recovery of ethanol, for 
example. During the fermentation, the ethanol content of the 
broth or “beer may reach about 8-18% V/V, e.g., 14-15% V/v. 
The broth may be distilled to produce enriched, e.g., 96% 
pure, solutions of ethanol. Further, CO. generated by fermen 
tation may be collected with a CO, scrubber, compressed, and 
marketed for other uses, e.g., carbonating beverage or dry ice 
production. Solid waste from the fermentation process may 
be used as protein-rich products, e.g., livestock feed. 
0186. As mentioned above, an SSF process can be con 
ducted with fungal cells, such as Trichoderma reesei, that 
express and secrete AfGATR or its variants continuously 
throughout SSF. The fungal cells expressing AfGATR or its 
variants also can be the fermenting microorganism, e.g., an 
ethanologenic microorganism. Ethanol production thus can 
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be carried out using a fungal cell that expresses sufficient 
AfGATR or its variants so that less or no enzyme has to be 
added exogenously. The fungal host cell can be from an 
appropriately engineered fungal strain. Fungal host cells that 
express and secrete other enzymes, in addition to AfGATR or 
its variants, also can be used. Such cells may express C.-amy 
lase and/or a pullulanase, phytase, alpha-glucosidase, 
isoamylase, beta-amylase cellulase, Xylanase, other hemicel 
lulases, protease, beta-glucosidase, pectinase, esterase, redox 
enzymes, transferase, a glucoamylase other than AfGATR or 
other enzyme. 
0187. A variation on this process is a “fed-batch fermen 
tation' system, where the Substrate is added in increments as 
the fermentation progresses. Fed-batch systems are useful 
when catabolite repression may inhibit the metabolism of the 
cells and where it is desirable to have limited amounts of 
Substrate in the medium. The actual Substrate concentration in 
fed-batch systems is estimated by the changes of measurable 
factors such as pH, dissolved oxygen and the partial pressure 
of waste gases, such as CO. Batch and fed-batch fermenta 
tions are common and well known in the art. 

0188 Continuous fermentation is an open system where a 
defined fermentation medium is added continuously to a 
bioreactor, and an equal amount of conditioned medium is 
removed simultaneously for processing. Continuous fermen 
tation generally maintains the cultures at a constant high 
density where cells are primarily in log phase growth. Con 
tinuous fermentation permits modulation of cell growth and/ 
or product concentration. For example, a limiting nutrient 
Such as the carbon Source or nitrogen Source is maintained at 
a fixed rate and all other parameters are allowed to moderate. 
Because growthis maintained at a steady State, cell loss due to 
medium being drawn offshould be balanced against the cell 
growth rate in the fermentation. Methods of optimizing con 
tinuous fermentation processes and maximizing the rate of 
product formation are well known in the art of industrial 
microbiology. 

4.6. Compositions Comprising AfCATR or Variants 
Thereof 

(0189 AfCATR or variants thereof may be combined with 
an C.-amylase (EC 3.2.1.1). In some embodiments, the 
C.-amylase is an acid stable alpha amylase which when added 
in an effective amount has activity in the pH range of 3.0 to 7.0 
and preferably from 3.5 to 6.5. Alpha amylases may be a 
fungal C-amylase or a bacterial O-amylase. Further, the 
C.-amylase may be a wild-type C-amylase or a variant thereof. 
0.190 Preferred examples of fungal alpha amylases 
include those obtained from filamentous fungal strains 
including but not limited to strains of Aspergillus (e.g., A. 
niger; A. kawachii, and A. Oryzae); Trichoderma sp., Rhizopus 
sp., Mucor sp., and Penicillium sp. Lactobacillisp. and Strep 
tomuces sp. The acid stable C-amylase may be derived from 
a bacterial strain. Preferred bacterial strains include Bacillus 
sp., Such as B. licheniformis, B. Stearothermophilus, B. amy 
loliquefaciens, B. subtilis, B. lentus, and B. coagulans. Par 
ticularly preferred are B. licheniformis, B. Stearothermophi 
lus, and B. amyloliquefaciens. One of the bacterial alpha 
amylases used in the compositions and processes of the 
invention may include one of the C-amylases described in 
U.S. Pat. Nos. 5,093,257; 5,763,385; 5,824,532; 5,958,739; 
6,008,026; 6,093,563; 6, 187576; 6,361,809; 6,867,031; U.S. 
Publication No. 2006/0014265; and International PCT Nos. 
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WO 96/23874, WO 96/39528: WO 97/141213, WO 
99/19467; and WO 05/001064. 
0191 Exemplary C.-amylases include is AkAA or 
AcAmyl and variants thereof that possess Superior specific 
activity and thermal stability. Suitable variants of AkAA 
include those with O-amylase activity and at least 80%, 90%, 
95%, 98% or at least 99% sequence identity to wild-type 
AkAA. Suitable variants of AcAmyl include those with 
C.-amylase activity and at least 80%, at least 90%, or at least 
95% sequence identity to wild-type AcAmyl. AfGATR and its 
variants advantageously increase the yield of glucose pro 
duced in a saccharification process catalyzed by AnGA or 
Tr-GA. 
0.192 Commercially available alpha amylases contem 
plated for use in the compositions and method include: 
SPEZYMETM AA; SPEZYMETM FRED, SPEZYMETM 
XTRA: GZYMETM 997; and CLARASETM L (Genencor 
International Inc.); TERMAMYLTM 120-L, LC and SC and 
SUPRA (Novozymes Biotech): LIQUOZYMETM X and 
SANTM SUPER (Novozymes A/S) and FuelzymeTMLF (Di 
versa). In some embodiments, the alpha amylase will include 
an alpha amylase derived from Bacillus Stearothermophilus 
such as SPEZYMETM AA, SPEZYMETM FRED or 
SPEZYMETM XTRA. In some embodiments, the enzyme 
compositions will include BP-WT, SPEZYMETMXTRA and 
optionally SPEZYMETM FRED. In other embodiments, the 
compositions will include BP-17, SPEZYMETMXTRA and 
optionally SPEZYMETM FRED. 
(0193 Other suitable enzymes that can be used with 
AfGATR or its variants include a glucoamylase that is not 
AfGATR, phytase, protease, pullulanase, B-amylase, isoamy 
lase, C-amylase, alpha-glucosidase, cellulase, Xylanase, 
other hemicellulases, beta-glucosidase, transferase, pecti 
nase, lipase, cutinase, esterase, redox enzymes, or a combi 
nation thereof. 
0194 For example, a debranching enzyme, such as a pull 
lulanase (EC 3.2.1.41), e.g., Promozyme R, may be added in 
effective amounts well known to the person skilled in the art. 
Pullulanase typically is added at 100 U/kg ds. Pullulanases 
are generally secreted by a Bacillus species. Exemplary pull 
lanases are described for Bacillus deramificans (U.S. Pat. No. 
5,817,498; 1998), Bacillus acidopululyticus (European 
Patent #0 063909 and Bacillus naganoensis (U.S. Pat. No. 
5,055,403). Enzymes having pullulanase activity used com 
mercially are produced for examples, from Bacillus species 
(trade name OPTIMAXTM L-1000 from Danisco-Genencor 
and PromozymeTM from Novozymes). 
0.195 Bacillus megaterium amylase/transferase (BMA): 
Bacillus megaterium amylase has the ability to convert the 
branched saccharides to a form that is easily hydrolysed by 
glucoamylase. (Habeda R. E., Styrlund C. R and Teague, W. 
M.: 1988 Starch/Starke, 40, 33-36) The enzyme exhibits 
maximum activity at pH 5.5 and temperature at 75 C. (David, 
M. H., Gunther Hand Vilvoorde, H. R.; 1987, Starch/Starke, 
39 436-440) The enzyme has been cloned, expressed in a 
genetically engineered Bacillus subtilis and produced on a 
commercial scale (Brumm, P. J., Habeda R. E. and Teague W. 
M., 1991 Starch/Starke, 43 315-329). The enzyme is sold 
under a trade name MEGADEXTM for enhancing the glucose 
yield during the saccharification of enzyme liquefied Starch 
by Aspergillus niger glucoamylase. 
0196. An isoamylase (EC 3.2.1.68), may also be added in 
effective amounts well known to the person skilled in the art. 
A pullulanase (EC 3.2.1.41), e.g., Promozyme R, is also Suit 
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able. Pullulanase typically is added at 100 U/kg ds. Further 
Suitable enzymes include proteases, such as fungal and bac 
terial proteases. Fungal proteases include those obtained 
from Aspergillus, such as A. niger, A. awamori, A. Oryzae, 
Mucor (e.g., M. miehei); Rhizopus; and Trichoderma. 
0.197 B-Amylases (EC 3.2.1.2) are exo-acting maltogenic 
amylases, which catalyze the hydrolysis of 1,4-O-glucosidic 
linkages into amylopectin and related glucose polymers, 
thereby releasing maltose. B-Amylases have been isolated 
from various plants and microorganisms. See Fogarty et al. 
(1979) in PROGRESS IN INDUSTRIAL MICROBIOLOGY, Vol. 15, pp. 
112-115. These B-Amylases have optimum temperatures in 
the range from 40°C. to 65° C. and optimum pH in the range 
from about 4.5 to about 7.0. Contemplated f-amylases 
include, but are not limited to, B-amylases from barley 
SpezymeR BBA 1500, Spezyme R. DBA, OptimaltTM ME, 
OptimaltTM BBA (Danisco US Inc.); and NovozymTM WBA 
(Novozymes A/S). 

5. Compositions and Methods for Baking and Food 
Preparation 

0198 The present invention also relates to a “food com 
position, including but not limited to a food product, animal 
feed and/or food/feed additives, comprising an AfGATR or 
variant thereof, and methods for preparing Such a food com 
position comprising mixing AfGATR or variant thereof with 
one or more food ingredients, or uses thereof. 
(0199 The AfC ATR or variant thereof can be used in the 
preparation of a food composition, wherein the food compo 
sition is baked Subsequent to the addition of the polypeptide. 
As used herein the term “baking composition' means any 
composition and/or additive prepared in the process of pro 
viding a baked food product, including but not limited to 
bakers flour, a dough, a baking additive and/or a baked prod 
uct. The food composition or additive may be liquid or solid. 
0200. As used herein, the term “flour” means milled or 
ground cereal grain. The term "flour also may mean Sago or 
tuber products that have been ground or mashed. In some 
embodiments, flour may also contain components in addition 
to the milled or mashed cereal or plant matter. An example of 
an additional component, although not intended to be limit 
ing, is a leavening agent. Cereal grains include wheat, oat, 
rye, and barley. Tuber products include tapioca flour, cassava 
flour, and custard powder. The term “flour also includes 
ground corn flour, maize-meal, rice flour, whole-meal flour, 
self-rising flour, tapioca flour, cassava flour, ground rice, 
enriched flower, and custard powder. 
0201 For the commercial and home use offlour forbaking 
and food production, it is important to maintain an appropri 
ate level of glucoamylase activity in the flour. A level of 
activity that is too high may result in a product that is sticky 
and/or doughy and therefore unmarketable. Flour with insuf 
ficient glucoamylase activity may not contain enough Sugar 
for proper yeast function, resulting in dry, crumbly bread, or 
baked products. Accordingly, an AfGATR or variant thereof, 
by itself or in combination with an O-amylase(s), may be 
added to the flour to augment the level of endogenous glu 
coamylase activity in flour. 
0202 An amylase can be added alone or in a combination 
with other amylases to prevent or retard Staling, i.e., crumb 
firming of baked products. The amount of anti-Staling amy 
lase will typically be in the range of 0.01-10 mg of enzyme 
protein per kg of flour, e.g., 0.5 mg/kg ds. Additional anti 
Staling amylases that can be used in combination with an 
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AfGATR or variant thereof include an endo-amylase, e.g., a 
bacterial endo-amylase from Bacillus. The additional amy 
lase can be another maltogenic O-amylase (EC 3.2.1.133), 
e.g., from Bacillus. Novamy1R is an exemplary maltogenic 
C.-amylase from B. Stearothermophilus strain NCIB 11837 
and is described, for example, in Christophersen et al. (1997) 
Starch 50: 39-45. Other examples of anti-staling endo-amy 
lases include bacterial O-amylases derived from Bacillus, 
Such as B. licheniformis or B. amyloliquefaciens. The anti 
Staling amylase may be an exo-amylase, such as B-amylase, 
e.g., from plant sources, such as soybean, or from microbial 
Sources, such as Bacillus. 
0203 The baking composition comprising an AfGATR or 
variant thereof further can comprise a phospholipase or 
enzyme with phospholipase activity. An enzyme with phos 
pholipase activity has an activity that can be measured in 
Lipase Units (LU). The phospholipase may have A or A 
activity to remove fatty acid from the phospholipids, forming 
a lysophospholipid. It may or may not have lipase activity, 
i.e., activity on triglyceride Substrates. The phospholipase 
typically has a temperature optimum in the range of 30-90° 
C., e.g., 30-70°C. The added phospholipases can be of animal 
origin, for example, from pancreas, e.g., bovine or porcine 
pancreas, Snake Venom, or bee venom. Alternatively, the 
phospholipase may be of microbial origin, e.g., from filamen 
tous fungi, yeast or bacteria, for example. 
0204 The phospholipase is added in an amount that 
improves the softness of the bread during the initial period 
after baking, particularly the first 24 hours. The amount of 
phospholipase will typically be in the range of 0.01-10 mg of 
enzyme protein per kg of flour, e.g., 0.1-5 mg/kg. That is, 
phospholipase activity generally will be in the range of 
20-1000 LU/kg offlour, where a Lipase Unit is defined as the 
amount of enzyme required to release 1 umolbutyric acid per 
minute at 30°C., pH 7.0, with gum arabic as emulsifier and 
tributyrin as substrate. 
0205 Compositions of dough generally comprise wheat 
meal or wheat flour and/or other types of meal, flour or starch 
Such as corn flour, cornstarch, rye meal, rye flour, oat flour, 
oatmeal, Soy flour, Sorghum meal, Sorghum flour, potato 
meal, potato flour or potato starch. The dough may be fresh, 
frozen, or par-baked. The dough can be a leavened dough or 
a dough to be subjected to leavening. The dough may be 
leavened in various ways. Such as by adding chemical leav 
ening agents, e.g., Sodium bicarbonate or by adding a leaven, 
i.e., fermenting dough. Dough also may be leavened by add 
ing a Suitable yeast culture. Such as a culture of Saccharomy 
ces cerevisiae (baker's yeast), e.g., a commercially available 
strain of S. cerevisiae. 

0206. The dough may also comprise other conventional 
dough ingredients, e.g., proteins, such as milk powder, gluten, 
and Soy; eggs (e.g., whole eggs, egg yolks or egg whites); an 
oxidant, such as ascorbic acid, potassium bromate, potassium 
iodate, azodicarbonamide (ADA) or ammonium persulfate; 
an amino acid such as L-cysteine; a Sugar; or a salt, such as 
Sodium chloride, calcium acetate, Sodium sulfate, or calcium 
Sulfate. The dough further may comprise fat, e.g., triglycer 
ide, Such as granulated fat or shortening. The dough further 
may comprise an emulsifier Such as mono- or diglycerides, 
diacetyl tartaric acid esters of mono- or diglycerides, Sugar 
esters of fatty acids, polyglycerol esters of fatty acids, lactic 
acid esters of monoglycerides, acetic acid esters of 
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monoglycerides, polyoxyethylene Stearates, or lysolecithin. 
For example, the dough can be made without addition of 
emulsifiers. 
0207. The dough product may be any processed dough 
product, including fried, deep fried, roasted, baked, Steamed 
and boiled doughs, such as Steamed bread and rice cakes. In 
one embodiment, the food product is a bakery product. Typi 
cal bakery (baked) products include bread—such as loaves, 
rolls, buns, bagels, pizza bases etc. pastry, pretzels, tortillas, 
cakes, cookies, biscuits, crackers etc. 
0208 Optionally, an additional enzyme may be used 
together with the anti-Staling amylase and the phospholipase. 
The additional enzyme may be a second amylase, Such as an 
amyloglucosidase, a B-amylase, a cyclodextrin glucanotrans 
ferase, or the additional enzyme may be a peptidase, in par 
ticular an exopeptidase, a transglutaminase, a lipase, a cellu 
lase, a Xylanase, a protease, a protein disulfide isomerase, 
e.g., a protein disulfide isomerase as disclosed in WO 
95/00636, for example, a glycosyltransferase, a branching 
enzyme (1.4-O-glucan branching enzyme), a 4-O-glucan 
otransferase (dextrin glycosyltransferase) or an oxidoreduc 
tase, e.g., a peroxidase, a laccase, a glucose oxidase, a pyra 
nose oxidase, a lipooxygenase, an L-amino acid oxidase or a 
carbohydrate oxidase. The additional enzyme(s) may be of 
any origin, including mammalian and plant, and particularly 
of microbial (bacterial, yeast or fungal) origin and may be 
obtained by techniques conventionally used in the art. 
0209. The Xylanase is typically of microbial origin, e.g., 
derived from a bacterium or fungus, such as a strain of 
Aspergillus. Xylanases include Pentopan R) and Novozym 
384R), for example, which are commercially available Xyla 
nase preparations produced from Trichoderma reesei. The 
amyloglucosidase may be an A. niger amyloglucosidase 
(such as AMG(R). Other useful amylase products include 
Grindamyl R. A 1000 or A 5000 (Grindsted Products, Den 
mark) and Amylase(R) Hor Amylase(R) P(DSM). The glucose 
oxidase may be a fungal glucose oxidase, in particular an 
Aspergillus niger glucose oxidase (such as GluzymeR). An 
exemplary protease is Neutrase(R). 
0210. The process may be used for any kind of baked 
product prepared from dough, either of a soft or a crisp 
character, either of a white, light or dark type. Examples are 
bread, particularly white, whole-meal or rye bread, typically 
in the form of loaves or rolls, such as, but not limited to, 
French baguette-type bread, pita bread, tortillas, cakes, pan 
cakes, biscuits, cookies, piecrusts, crisp bread, Steamed 
bread, pizza and the like. 
0211. The AfGATR or variant thereof may be used in a 
pre-mix, comprising flour together with an anti-Staling amy 
lase, a phospholipase, and/or a phospholipid. The pre-mix 
may contain other dough-improving and/or bread-improving 
additives, e.g., any of the additives, including enzymes, men 
tioned above. The AfCATR or variant thereof can be a com 
ponent of an enzyme preparation comprising an anti-Staling 
amylase and a phospholipase, for use as a baking additive. 
0212. The enzyme preparation is optionally in the form of 
a granulate or agglomerated powder. The preparation can 
have a narrow particle size distribution with more than 95% 
(by weight) of the particles in the range from 25 to 500 um. 
Granulates and agglomerated powders may be prepared by 
conventional methods, e.g., by spraying the AfGATR or vari 
ant thereof onto a carrier in a fluid-bed granulator. The carrier 
may consist of particulate cores having a suitable particle 
size. The carrier may be soluble or insoluble, e.g., a salt (Such 
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as NaCl or sodium Sulfate), a Sugar (Such as Sucrose or lac 
tose), a Sugar alcohol (Such as Sorbitol), starch, rice, corn 
grits, or Soy. 
0213 Enveloped particles, i.e., glucoamylase particles, 
can comprise an AfGATR or variants thereof. To prepare 
enveloped glucoamylase particles, the enzyme is contacted 
with a food grade lipid in Sufficient quantity to Suspend all of 
the glucoamylase particles. Food grade lipids, as used herein, 
may be any naturally organic compound that is insoluble in 
water but is soluble in non-polar organic solvents such as 
hydrocarbon or diethyl ether. Suitable food grade lipids 
include, but are not limited to, triglycerides either in the form 
of fats or oils that are either saturated or unsaturated. 
Examples of fatty acids and combinations thereof which 
make up the Saturated triglycerides include, but are not lim 
ited to, butyric (derived from milkfat), palmitic (derived from 
animal and plant fat), and/or Stearic (derived from animal and 
plant fat). Examples of fatty acids and combinations thereof 
which make up the unsaturated triglycerides include, but are 
not limited to, palmitoleic (derived from animal and plant 
fat), oleic (derived from animal and plant fat), linoleic (de 
rived from plant oils), and/or linolenic (derived from linseed 
oil). Other suitable food grade lipids include, but are not 
limited to, monoglycerides and diglycerides derived from the 
triglycerides discussed above, phospholipids and glycolipids. 
0214. The food grade lipid, particularly in the liquid form, 

is contacted with a powdered form of the glucoamylase par 
ticles in Such a fashion that the lipid material covers at least a 
portion of the surface of at least a majority, e.g., 100% of the 
glucoamylase particles. Thus, each glucoamylase particle is 
individually enveloped in a lipid. For example, all or substan 
tially all of the glucoamylase particles are provided with a 
thin, continuous, enveloping film of lipid. This can be accom 
plished by first pouring a quantity of lipid into a container, and 
then slurrying the glucoamylase particles so that the lipid 
thoroughly wets the Surface of a glucoamylase particle. After 
a short period of stirring, the enveloped glucoamylase par 
ticles, carrying a substantial amount of the lipids on their 
Surfaces, are recovered. The thickness of the coating so 
applied to the particles of glucoamylase can be controlled by 
selection of the type of lipid used and by repeating the opera 
tion in order to build up a thicker film, when desired. 
0215. The storing, handling and incorporation of the 
loaded delivery vehicle can be accomplished by means of a 
packaged mix. The packaged mix can comprise the enveloped 
glucoamylase. However, the packaged mix may further con 
tain additional ingredients as required by the manufacturer or 
baker. After the enveloped glucoamylase has been incorpo 
rated into the dough, the baker continues through the normal 
production process for that product. 
0216. The advantages of enveloping the glucoamylase 
particles are two-fold. First, the food grade lipid protects the 
enzyme from thermal denaturation during the baking process 
for those enzymes that are heat labile. Consequently, while 
the glucoamylase is stabilized and protected during the prov 
ing and baking stages, it is released from the protective coat 
ing in the final baked good product, where it hydrolyzes the 
glucosidic linkages in polyglucans. The loaded delivery 
vehicle also provides a Sustained release of the active enzyme 
into the baked good. That is, following the baking process, 
active glucoamylase is continually released from the protec 
tive coating at a rate that counteracts, and therefore reduces 
the rate of Staling mechanisms. 
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0217. In general, the amount of lipid applied to the glu 
coamylase particles can vary from a few percent of the total 
weight of the glucoamylase to many times that weight, 
depending upon the nature of the lipid, the manner in which it 
is applied to the glucoamylase particles, the composition of 
the dough mixture to be treated, and the severity of the dough 
mixing operation involved. 
0218. The loaded delivery vehicle, i.e., the lipid-envel 
oped enzyme, is added to the ingredients used to prepare a 
baked good in an effective amount to extend the shelf-life of 
the baked good. The baker computes the amount of enveloped 
C.-amylase, prepared as discussed above, that will be required 
to achieve the desired anti-staling effect. The amount of the 
enveloped glucoamylase required is calculated based on the 
concentration of enzyme enveloped and on the proportion of 
glucoamylase to flour specified. A wide range of concentra 
tions has been found to be effective, although, as has been 
discussed, observable improvements in anti-Staling do not 
correspond linearly with the glucoamylase concentration, but 
above certain minimal levels, large increases in glucoamylase 
concentration produce little additional improvement. The 
glucoamylase concentration actually used in a particular bak 
ery production could be much higher than the minimum nec 
essary to provide the baker with some insurance against inad 
vertent under-measurement errors by the baker. The lower 
limit of enzyme concentration is determined by the minimum 
anti-staling effect the baker wishes to achieve. 
0219. A method of preparing a baked good may comprise: 
a) preparing lipid-coated glucoamylase particles, where Sub 
stantially all of the glucoamylase particles are coated; b) 
mixing a dough containing flour; c) adding the lipid-coated 
glucoamylase to the dough before the mixing is complete and 
terminating the mixing before the lipid coating is removed 
from the C-amylase; d) proofing the dough; and e) baking the 
dough to provide the baked good, where the glucoamylase is 
inactive during the mixing, proofing and baking stages and is 
active in the baked good. 
0220. The enveloped glucoamylase can be added to the 
dough during the mix cycle, e.g., near the end of the mix 
cycle. The enveloped glucoamylase is added at a point in the 
mixing stage that allows sufficient distribution of the envel 
oped glucoamylase throughout the dough; however, the mix 
ing stage is terminated before the protective coating becomes 
stripped from the glucoamylase particle(s). Depending on the 
type and Volume of dough, and mixer action and speed, any 
where from one to six minutes or more might be required to 
mix the enveloped glucoamylase into the dough, but two to 
four minutes is average. Thus, several variables may deter 
mine the precise procedure. First, the quantity of enveloped 
glucoamylase should have a total Volume sufficient to allow 
the enveloped glucoamylase to be spread throughout the 
dough mix. If the preparation of enveloped glucoamylase is 
highly concentrated, additional oil may need to be added to 
the pre-mix before the enveloped glucoamylase is added to 
the dough. Recipes and production processes may require 
specific modifications; however, good results generally can 
beachieved when 25% of the oil specified in a bread dough 
formula is held out of the dough and is used as a carrier for a 
concentrated enveloped glucoamylase when added near the 
end of the mix cycle. In bread or other baked goods, particu 
larly those having a low fat content, e.g., French-style breads, 
an enveloped glucoamylase mixture of approximately 1% of 
the dry flour weight is sufficient to admix the enveloped 
glucoamylase properly with the dough. The range of suitable 
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percentages is wide and depends on the formula, finished 
product, and production methodology requirements of the 
individual baker. Second, the enveloped glucoamylase Sus 
pension should be added to the mix with sufficient time for 
complete mixture into the dough, but not for Such a time that 
excessive mechanical action strips the protective lipid coating 
from the enveloped glucoamylase particles. 
0221) A food composition is contemplated where the food 

is an oil, meat, lard, composition comprising an AfGATR or a 
variant thereof. In this context the term “oil/meat/lard com 
position” means any composition, based on, made from and/ 
or containing oil, meat or lard, respectively. A method is 
contemplated for preparing an oil or meat or lard composition 
and/or additive comprising an AfGATR or a variant thereof, 
comprising mixing the polypeptide of the invention with a 
oil/meat/lard composition and/or additive ingredients. 
0222. The food composition can be an animal feed com 
position, animal feed additive, and/or pet food comprising an 
AfGATR and variants thereof. A method is contemplated for 
preparing Such an animal feed composition, animal feed addi 
tive composition and/or pet food comprising mixing an 
AfGATR and variants thereof with one or more animal feed 
ingredients and/or animal feed additive ingredients and/or pet 
food ingredients. An AfGATR and variants thereof can be 
used in the preparation of an animal feed composition and/or 
animal feed additive composition and/or pet food. 
0223. The term “animal' includes all non-ruminant and 
ruminant animals. In a particular embodiment, the animal is a 
non-ruminant animal. Such as a horse and a mono-gastric 
animal. Examples of mono-gastric animals include, but are 
not limited to, pigs and Swine, Such as piglets, growing pigs, 
Sows; poultry Such as turkeys, ducks, chicken, broiler chicks, 
layers; fish Such as Salmon, trout, tilapia, catfish and carps; 
and crustaceans such as shrimps and prawns. In a further 
embodiment the animal is a ruminant animal including, but 
not limited to, cattle, young calves, goats, sheep, giraffes, 
bison, moose, elk, yaks, water buffalo, deer, camels, alpacas, 
llamas, antelope, pronghorn and nilgai. 
0224. In the present context, it is intended that the term 
“pet food is understood to mean a food for a household 
animal Such as, but not limited to dogs, cats, gerbils, hamsters, 
chinchillas, fancy rats, guinea pigs; avian pets, such as canar 
ies, parakeets, and parrots; reptile pets, such as turtles, lizards 
and Snakes; and aquatic pets, such as tropical fish and frogs. 
0225. The terms “animal feed composition,” “feedstuff 
and “fodder” are used interchangeably and may comprise one 
or more feed materials selected from the group comprising a) 
cereals, such as Small grains (e.g., wheat, barley, rye, oats and 
combinations thereof) and/or large grains such as maize or 
Sorghum.; b) by products from cereals, such as corn gluten 
meal, Distillers Dried Grain Solubles (DDGS) (particularly 
corn based Distillers Dried Grain Solubles (cDDGS), wheat 
bran, wheat middlings, wheat shorts, rice bran, rice hulls, oat 
hulls, palm kernel, and citrus pulp; c) protein obtained from 
Sources such as soya, Sunflower, peanut, lupin, peas, fava 
beans, cotton, canola, fish meal, dried plasma protein, meat 
and bone meal, potato protein, whey, copra, Sesame; d) oils 
and fats obtained from vegetable and animal sources; e) min 
erals and vitamins. 

6. Textile Desizing Compositions and Use 
0226. Also contemplated are compositions and methods 
of treating fabrics (e.g., to desize a textile) using an AfGATR. 
Fabric-treating methods are well known in the art (see, e.g., 
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U.S. Pat. No. 6,077.316). For example, the feel and appear 
ance of a fabric can be improved by a method comprising 
contacting the fabric with an AfGATR in a solution. The 
fabric can be treated with the solution under pressure. 
0227. An AfGATR can be applied during or after the 
weaving of a textile, or during the desizing stage, or one or 
more additional fabric processing steps. During the weaving 
of textiles, the threads are exposed to considerable mechani 
cal strain. Prior to weaving on mechanical looms, warp yarns 
are often coated with sizing starch or starch derivatives to 
increase their tensile strength and to prevent breaking. An 
AfGATR can be applied during or after the weaving to 
remove these sizing starches or starch derivatives. After 
weaving, an AfGATR can be used to remove the size coating 
before further processing the fabric to ensure a homogeneous 
and wash-proof result. 
0228. An AfGATR can be used alone or with other desiz 
ing chemical reagents and/or desizing enzymes to desize 
fabrics, including cotton-containing fabrics, as detergent 
additives, e.g., in aqueous compositions. An AfGATR also 
can be used in compositions and methods for producing a 
stonewashed look on indigo-dyed denim fabric and garments. 
For the manufacture of clothes, the fabric can be cut and sewn 
into clothes or garments, which are afterwards finished. In 
particular, for the manufacture of denim jeans, different enzy 
matic finishing methods have been developed. The finishing 
of denim garment normally is initiated with an enzymatic 
desizing step, during which garments are subjected to the 
action of amylolytic enzymes to provide softness to the fabric 
and make the cotton more accessible to the Subsequent enzy 
matic finishing steps. An AfGATR can be used in methods of 
finishing denim garments (e.g., a "bio-stoning process'), 
enzymatic desizing and providing softness to fabrics, and/or 
finishing process. 

7. Cleaning Compositions 

0229. An aspect of the present compositions and methods 
is a cleaning composition that includes an AfGATR or variant 
thereof as a component. An amylase polypeptide can be used 
as a component in detergent compositions for hand washing, 
laundry washing, dishwashing, and other hard-Surface clean 
1ng. 

7.1. Overview 

0230 Preferably, the AfCATR or variant thereof is incor 
porated into detergents at or near a concentration convention 
ally used for amylase in detergents. For example, an glu 
coamylase polypeptide may be added in amount 
corresponding to 0.00001-1 mg (calculated as pure enzyme 
protein) of amylase per liter of wash/dishwash liquor. Exem 
plary formulations are provided herein, as exemplified by the 
following: 
0231. A glucoamylase polypeptide may be a component 
of a detergent composition, as the only enzyme or with other 
enzymes including other amylolytic enzymes. As such, it may 
be included in the detergent composition in the form of a 
non-dusting granulate, a stabilized liquid, or a protected 
enzyme. Non-dusting granulates may be produced, e.g., as 
disclosed in U.S. Pat. Nos. 4,106,991 and 4,661,452 and may 
optionally be coated by methods known in the art. Examples 
of waxy coating materials are poly(ethylene oxide) products 
(polyethyleneglycol, PEG) with mean molar weights of 1,000 
to 20,000; ethoxylated nonylphenols having from 16 to 50 
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ethylene oxide units; ethoxylated fatty alcohols in which the 
alcohol contains from 12 to 20 carbon atoms and in which 
there are 15 to 80 ethylene oxide units; fatty alcohols; fatty 
acids; and mono- and di- and triglycerides of fatty acids. 
Examples of film-forming coating materials Suitable for 
application by fluid bed techniques are given in, for example, 
GB 1483591. Liquid enzyme preparations may, for instance, 
be stabilized by adding a polyol such as propylene glycol, a 
Sugar or Sugar alcohol, lactic acid or boric acid according to 
established methods. Other enzyme stabilizers are known in 
the art. Protected enzymes may be prepared according to the 
method disclosed in for example EP 238 216. Polyols have 
long been recognized as stabilizers of proteins, as well as 
improving protein solubility. 
0232. The detergent composition may be in any useful 
form, e.g., as powders, granules, pastes, or liquid. A liquid 
detergent may be aqueous, typically containing up to about 
70% of water and 0% to about 30% of organic solvent. It may 
also be in the form of a compact gel type containing about 
30% water. 

0233. The detergent composition comprises one or more 
Surfactants, each of which may be anionic, nonionic, cationic, 
or Zwitterionic. The detergent will usually contain 0% to 
about 50% of anionic surfactant, such as linear alkylbenze 
nesulfonate (LAS); O.-olefinsulfonate (AOS); alkyl sulfate 
(fatty alcohol sulfate) (AS); alcohol ethoxysulfate (AEOS or 
AES); secondary alkanesulfonates (SAS); C.-sulfo fatty acid 
methyl esters; alkyl- or alkenylsuccinic acid; or soap. The 
composition may also contain 0% to about 40% of nonionic 
surfactant such as alcohol ethoxylate (AEO or AE), carboxy 
lated alcohol ethoxylates, nonylphenol ethoxylate, alky 
lpolyglycoside, alkyldimethylamineoxide, ethoxylated fatty 
acid monoethanolamide, fatty acid monoethanolamide, or 
polyhydroxyalkylfatty acid amide (as described for example 
in WO92/06154). 
0234. The detergent composition may additionally com 
prise one or more other enzymes, such as proteases, another 
amylolytic enzyme, cutinase, lipase, cellulase, pectate lyase, 
perhydrolase, Xylanase, peroxidase, and/or laccase in any 
combination. 

0235. The detergent may contain about 1% to about 65% 
of a detergent builder or complexing agent such as Zeolite, 
diphosphate, triphosphate, phosphonate, citrate, nitrilotriace 
tic acid (NTA), ethylenediaminetetraacetic acid (EDTA), 
diethylenetriaminepentaacetic acid (DTMPA), alkyl- or alk 
enylsuccinic acid, soluble silicates or layered silicates (e.g., 
SKS-6 from Hoechst). The detergent may also be unbuilt, i.e. 
essentially free of detergent builder. The enzymes can be used 
in any composition compatible with the stability of the 
enzyme. Enzymes generally can be protected against delete 
rious components by known forms of encapsulation, for 
example, by granulation or sequestration in hydro gels. 
Enzymes, and specifically amylases, either with or without 
starch binding domains, can be used in a variety of composi 
tions including laundry and dishwashing applications, Sur 
face cleaners, as well as in compositions for ethanol produc 
tion from starch or biomass. 

0236. The detergent may comprise one or more polymers. 
Examples include carboxymethylcellulose (CMC), poly(vi 
nylpyrrolidone) (PVP), polyethyleneglycol (PEG), poly(vi 
nyl alcohol) (PVA), polycarboxylates Such as polyacrylates, 
maleic/acrylic acid copolymers and lauryl methacrylate/ 
acrylic acid copolymers. 

22 
Apr. 28, 2016 

0237. The detergent may contain a bleaching system, 
which may comprise a H2O, source Such as perborate or 
percarbonate, which may be combined with a peracid-form 
ing bleach activator Such as tetraacetylethylenediamine 
(TAED) or nonanoyloxybenzenesulfonate (NOBS). Alterna 
tively, the bleaching system may comprise peroxyacids (e.g., 
the amide, imide, or Sulfone type peroxyacids). The bleaching 
system can also be an enzymatic bleaching system, for 
example, perhydrolase, Such as that described in International 
PCT Application WO 2005/056783. 
0238. The enzymes of the detergent composition may be 
stabilized using conventional stabilizing agents, e.g., a polyol 
Such as propylene glycolor glycerol; a Sugar or Sugar alcohol; 
lactic acid; boric acid or a boric acid derivative Such as, e.g., 
an aromatic borate ester, and the composition may be formu 
lated as described in, e.g., WO92/19709 and WO92/19708. 
0239. The detergent may also contain other conventional 
detergent ingredients such as e.g., fabric conditioners includ 
ing clays, foam boosters, Suds Suppressors, anti-corrosion 
agents, soil-Suspending agents, anti-Soil redeposition agents, 
dyes, bactericides, tarnish inhibitors, optical brighteners, or 
perfumes. 
0240. The pH (measured in aqueous solution at use con 
centration) is usually neutral or alkaline, e.g., pH about 7.0 to 
about 11.0. 
0241 Particular forms of detergent compositions for 
inclusion of the present glucoamylase are described, below. 

7.2. Heavy Duty Liquid (HDL) Laundry Detergent 
Composition 

0242 Exemplary HDL laundry detergent compositions 
includes a detersive surfactant (10%-40% wit/wt), including 
an anionic detersive surfactant (selected from a group of 
linear or branched or random chain, Substituted or unsubsti 
tuted alkyl Sulphates, alkyl Sulphonates, alkyl alkoxylated 
Sulphate, alkyl phosphates, alkyl phosphonates, alkyl car 
boxylates, and/or mixtures thereof), and optionally non-ionic 
Surfactant (selected from a group of linear or branched or 
random chain, substituted or unsubstituted alkyl alkoxylated 
alcohol, for example a Cs-Cs alkyl ethoxylated alcohol and/ 
or C-C alkyl phenol alkoxylates), wherein the weight ratio 
of anionic detersive surfactant (with a hydrophilic index 
(HIc) of from 6.0 to 9) to non-ionic detersive surfactant is 
greater than 1:1. Suitable detersive surfactants also include 
cationic detersive surfactants (selected from a group of alkyl 
pyridinium compounds, alkyl quaternary ammonium com 
pounds, alkyl quaternary phosphonium compounds, alkylter 
nary Sulphonium compounds, and/or mixtures thereof); Zwit 
terionic and/or amphoteric detersive surfactants (selected 
from a group of alkanolamine Sulpho-betaines); ampholytic 
Surfactants; semi-polar non-ionic Surfactants and mixtures 
thereof. 
0243 The composition may optionally include, a surfac 
tancy boosting polymer consisting of amphiphilic alkoxy 
lated grease cleaning polymers (selected from a group of 
alkoxylated polymers having branched hydrophilic and 
hydrophobic properties, such as alkoxylated polyalkylen 
imines in the range of 0.05 wt %-10 wt %) and/or random 
graft polymers typically comprising of hydrophilic backbone 
comprising monomers selected from the group consisting of 
unsaturated C-C carboxylic acids, ethers, alcohols, alde 
hydes, ketones, esters, Sugar units, alkoxy units, maleic anhy 
dride, Saturated polyalcohols such as glycerol, and mixtures 
thereof; and hydrophobic side chain(s) selected from the 
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group consisting of Ca-C2s alkyl group, polypropylene, 
polybutylene, vinyl ester of a saturated C-C mono-carboxy 
lic acid, C-C alkyl ester of acrylic or methacrylic acid, and 
mixtures thereof. 
0244. The composition may include additional polymers 
Such as Soil release polymers (include anionically end-capped 
polyesters, for example SRP1 polymers comprising at least 
one monomer unit selected from saccharide, dicarboxylic 
acid, polyol and combinations thereof, in random or block 
configuration, ethylene terephthalate-based polymers and co 
polymers thereof in random or block configuration, for 
example Repel-o-tex SF, SF-2 and SRP6, Texcare SRA100, 
SRA300, SRN100, SRN170, SRN240, SRN300 and 
SRN325, Marloquest SL), anti-redeposition polymers (0.1 wt 
% to 10 wt %, include carboxylate polymers, such as poly 
mers comprising at least one monomer selected from acrylic 
acid, maleic acid (or maleic anhydride), fumaric acid, ita 
conic acid, aconitic acid, mesaconic acid, citraconic acid, 
methylenemalonic acid, and any mixture thereof, vinylpyr 
rolidone homopolymer, and/or polyethylene glycol, molecu 
lar weight in the range of from 500 to 100,000 Da); cellulosic 
polymer (including those selected from alkyl cellulose, alkyl 
alkoxyalkyl cellulose, carboxyalkyl cellulose, alkyl carboxy 
alkyl cellulose examples of which include carboxymethyl 
cellulose, methyl cellulose, methyl hydroxyethyl cellulose, 
methyl carboxymethyl cellulose, and mixtures thereof) and 
polymeric carboxylate (such as maleate? acrylate random 
copolymer or polyacrylate homopolymer). 
0245. The composition may further include Saturated or 
unsaturated fatty acid, preferably Saturated or unsaturated 
C-C fatty acid (0 wt % to 10 wt %); deposition aids 
examples for which include polysaccharides, preferably cel 
lulosic polymers, poly diallyl dimethyl ammonium halides 
(DADMAC), and co-polymers of DAD MAC with vinyl pyr 
rolidone, acrylamides, imidazoles, imidazolinium halides, 
and mixtures thereof, in random or block configuration, cat 
ionic guar gum, cationic cellulose Such as cationic hydroxy 
ethyl cellulose, cationic starch, cationic polyacrylamides, and 
mixtures thereof. 

0246 The composition may further include dye transfer 
inhibiting agents, examples of which include manganese 
phthalocyanine, peroxidases, polyvinylpyrrolidone poly 
mers, polyamine N-oxide polymers, copolymers of N-vi 
nylpyrrolidone and N-vinylimidazole, polyvinyloxazoli 
dones and polyvinylimidazoles and/or mixtures thereof. 
chelating agents, examples of which include ethylene-di 
amine-tetraacetic acid (EDTA), diethylene triamine penta 
methylene phosphonic acid (DTPMP), hydroxy-ethane 
diphosphonic acid (HEDP), ethylenediamine N.N'-disuc 
cinic acid (EDDS), methyl glycine diacetic acid (MGDA), 
diethylene triamine penta acetic acid (DTPA), propylene 
diamine tetracetic acid (PDTA), 2-hydroxypyridine-N-oxide 
(HPNO), or methylglycine diacetic acid (MGDA), glutamic 
acid N,N-diacetic acid (N.N-dicarboxymethyl glutamic acid 
tetrasodium salt (GLDA), nitrilotriacetic acid (NTA), 4.5- 
dihydroxy-m-benzenedisulfonic acid, citric acid and any 
salts thereof, N-hydroxyethylethylenediaminetri-acetic acid 
(HEDTA), triethylenetetraaminehexaacetic acid (TTHA), 
N-hydroxyethyliminodiacetic acid (HEIDA), dihydroxyeth 
ylglycine (DHEG), ethylenediaminetetrapropionic acid 
(EDTP), and derivatives thereof. 
0247 The composition preferably included enzymes 
(generally about 0.01 wt % active enzyme to 0.03 wt % active 
enzyme) selected from proteases, amylases, lipases, cellu 
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lases, choline oxidases, peroxidases/oxidases, pectate lyases, 
mannanases, cutinases, laccases, phospholipases, lysophos 
pholipases, acyltransferases, perhydrolases, arylesterases, 
and any mixture thereof. The composition may include an 
enzyme stabilizer (examples of which include polyols such as 
propylene glycol or glycerol, Sugar or Sugar alcohol, lactic 
acid, reversible protease inhibitor, boric acid, or a boric acid 
derivative, e.g., an aromatic borate ester, or a phenylboronic 
acid derivative such as 4-formylphenylboronic acid). 
0248. The composition optionally include silicone or 
fatty-acid based Suds Suppressors; heuing dyes, calcium and 
magnesium cations, visual signaling ingredients, anti-foam 
(0.001 wt % to about 4.0 wt %), and/or structurant/thickener 
(0.01 wt % to 5 wt %, selected from the group consisting of 
diglycerides and triglycerides, ethylene glycol distearate, 
microcrystalline cellulose, cellulose based materials, 
microfiber cellulose, biopolymers, Xanthan gum, gellangum, 
and mixtures thereof). 
0249. The composition can be any liquid form, for 
example a liquid or gel form, or any combination thereof. The 
composition may be in any unit dose form, for example a 
pouch. 

7.3. Heavy Duty Dry/Solid (HDD) Laundry 
Detergent Composition 

0250 Exemplary HDD laundry detergent compositions 
includes a detersive Surfactant, including anionic detersive 
Surfactants (e.g., linear or branched or random chain, Substi 
tuted or unsubstituted alkyl sulphates, alkyl sulphonates, 
alkyl alkoxylated Sulphate, alkyl phosphates, alkyl phospho 
nates, alkyl carboxylates and/or mixtures thereof), non-ionic 
detersive surfactant (e.g., linear or branched or random chain, 
Substituted or unsubstituted Cs-Cs alkyl ethoxylates, and/or 
C-C alkyl phenol alkoxylates), cationic detersive Surfac 
tants (e.g., alkyl pyridinium compounds, alkyl quaternary 
ammonium compounds, alkyl quaternary phosphonium com 
pounds, alkylternary Sulphonium compounds, and mixtures 
thereof), Zwitterionic and/or amphoteric detersive surfactants 
(e.g., alkanolamine Sulpho-betaines), ampholytic Surfactants, 
semi-polar non-ionic Surfactants, and mixtures thereof; build 
ers including phosphate free builders (for example Zeolite 
builders examples which include Zeolite A. Zeolite X, Zeolite 
P and Zeolite MAP in the range of 0 wt % to less than 10 wt 
%), phosphate builders (for example sodium tri-polyphos 
phate in the range of 0 wt % to less than 10 wt %), citric acid, 
citrate salts and nitrilotriacetic acid, silicate salt (e.g., sodium 
or potassium silicate or Sodium meta-silicate in the range of 0 
wt % to less than 10 wt %, or layered silicate (SKS-6)); 
carbonate salt (e.g., sodium carbonate and/or sodium bicar 
bonate in the range of 0 wt % to less than 80 wt %); and 
bleaching agents including photobleaches (e.g., Sulfonated 
Zinc phthalocyanines, Sulfonated aluminum phthalocyanines, 
xanthenes dyes, and mixtures thereof) hydrophobic or hydro 
philic bleach activators (e.g., dodecanoyl oxybenzene Sul 
fonate, decanoyloxybenzene Sulfonate, decanoyloxybenzoic 
acid or salts thereof, 3.5.5-trimethy hexanoyl oxybenzene 
Sulfonate, tetraacetyl ethylene diamine-TAED, nonanoyloxy 
benzene sulfonate-NOBS, nitrile quats, and mixtures 
thereof), sources of hydrogen peroxide (e.g., inorganic per 
hydrate salts examples of which include mono or tetrahydrate 
Sodium salt of perborate, percarbonate, persulfate, perphos 
phate, or persilicate), preformed hydrophilic and/or hydro 
phobic peracids (e.g., percarboxylic acids and salts, percar 
bonic acids and salts, perimidic acids and salts, 
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peroxymonosulfuric acids and salts, and mixtures thereof), 
and/or bleach catalysts (e.g., iminebleach boosters (examples 
of which include iminium cations and polyions), iminium 
Zwitterions, modified amines, modified amine oxides, N-sul 
phonylimines, N-phosphonylimines, N-acylimines, thiadia 
Zole dioxides, perfluoroimines, cyclic Sugar ketones, and 
mixtures thereof, and metal-containing bleach catalysts (e.g., 
copper, iron, titanium, ruthenium, tungsten, molybdenum, or 
manganese cations along with an auxiliary metal cations such 
as Zinc or aluminum and a sequestrate such as ethylenedi 
aminetetraacetic acid, ethylenediaminetetra(methylenephos 
phonic acid), and water-soluble salts thereof). 
0251. The composition preferably includes enzymes, e.g., 
proteases, amylases, lipases, cellulases, choline oxidases, 
peroxidases/oxidases, pectate lyases, mannanases, cutinases, 
laccases, phospholipases, lysophospholipases, acyltrans 
ferase, perhydrolase, arylesterase, and any mixture thereof. 
0252. The composition may optionally include additional 
detergent ingredients including perfume microcapsules, 
starch encapsulated perfume accord, hueing agents, addi 
tional polymers, including fabric integrity and cationic poly 
mers, dye-lock ingredients, fabric-softening agents, bright 
eners (for example C.I. Fluorescent brighteners), flocculating 
agents, chelating agents, alkoxylated polyamines, fabric 
deposition aids, and/or cyclodextrin. 

7.4. Automatic Dishwashing (ADW) Detergent 
Composition 

0253 Exemplary ADW detergent composition includes 
non-ionic Surfactants, including ethoxylated non-ionic Sur 
factants, alcohol alkoxylated Surfactants, epoxy-capped poly 
(oxyalkylated) alcohols, oramine oxide Surfactants present in 
amounts from 0 to 10% by weight; builders in the range of 
5-60% including phosphate builders (e.g., mono-phosphates, 
di-phosphates, tri-polyphosphates, other oligomeric-poly 
phosphates, sodium tripolyphosphate-STPP) and phosphate 
free builders (e.g., amino acid-based compounds including 
methyl-glycine-diacetic acid (MGDA) and salts and deriva 
tives thereof, glutamic-N,N-diacetic acid (GLDA) and salts 
and derivatives thereof, iminodisuccinic acid (IDS) and salts 
and derivatives thereof, carboxy methyl inulin and salts and 
derivatives thereof, nitrilotriacetic acid (NTA), diethylene tri 
amine penta acetic acid (DTPA), B-alaninediacetic acid 
(B-ADA) and their salts, homopolymers and copolymers of 
poly-carboxylic acids and their partially or completely neu 
tralized salts, monomeric polycarboxylic acids and hydroxy 
carboxylic acids and their salts in the range of 0.5% to 50% by 
weight, Sulfonated/carboxylated polymers in the range of 
about 0.1% to about 50% by weight to provide dimensional 
stability; drying aids in the range of about 0.1% to about 10% 
by weight (e.g., polyesters, especially anionic polyesters, 
optionally together with further monomers with 3 to 6 func 
tionalities—typically acid, alcohol or ester functionalities 
which are conducive to polycondensation, polycarbonate-, 
polyurethane- and/or polyurea-polyorganosiloxane com 
pounds or precursor compounds, thereof, particularly of the 
reactive cyclic carbonate and urea type); silicates in the range 
from about 1% to about 20% by weight (including sodium or 
potassium silicates for example sodium disilicate, sodium 
meta-silicate and crystalline phyllosilicates); inorganic 
bleach (e.g., perhydrate salts such as perborate, percarbonate, 
perphosphate, persulfate and persilicate salts) and organic 
bleach (e.g., organic peroxyacids, including diacyl and tet 
raacylperoxides, such as diperoxydodecanedioc acid, diper 
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oxytetradecanedioc acid, and diperoxyhexadecanedioc acid); 
bleach activators (i.e., organic peracid precursors in the range 
from about 0.1% to about 10% by weight); bleach catalysts 
(e.g., manganese triazacyclononane and related complexes, 
Co, Cu, Mn, and Febispyridylamine and related complexes, 
and pentamine acetate cobalt(III) and related complexes); 
metal care agents in the range from about 0.1% to 5% by 
weight (e.g., benZatriazoles, metal salts and complexes, and/ 
or silicates); enzymes in the range from about 0.01 to 5.0 mg 
of active enzyme per gram of automatic dishwashing deter 
gent composition (e.g., proteases, amylases, lipases, cellu 
lases, choline oxidases, peroxidases/oxidases, pectate lyases, 
mannanases, cutinases, laccases, phospholipases, lysophos 
pholipases, acyltransferase, perhydrolase, arylesterase, and 
mixtures thereof); and enzyme stabilizer components (e.g., 
oligosaccharides, polysaccharides, and inorganic divalent 
metal salts). 

7.5. Additional Detergent Compositions 
0254 Additional exemplary detergent formulations to 
which the present amylase can be added are described, below, 
in the numbered paragraphs. 
0255 1) A detergent composition formulated as a granu 
late having a bulk density of at least 600g/L comprising linear 
alkylbenzenesulfonate (calculated as acid) about 7% to about 
12%; alcohol ethoxysulfate (e.g., C2-s alcohol, 1-2 ethylene 
oxide (EO)) or alkyl sulfate (e.g., Cs) about 1% to about 
4%; alcohol ethoxylate (e.g., C is alcohol, 7EO) about 5% 
to about 9%; sodium carbonate (e.g., NaCO) about 14% to 
about 20%; soluble silicate (e.g., NaO, 2SiO) about 2 to 
about 6%; Zeolite (e.g., NaAlSiO) about 15% to about 22%; 
sodium sulfate (e.g., NaSO) 0% to about 6%; sodium cit 
rate/citric acid (e.g., CH5NaO/CHO) about 0% to about 
15%; sodium perborate (e.g., NaBOHO) about 11% to 
about 18%. TAED about 2% to about 6%; carboxymethylcel 
lulose (CMC) and 0% to about 2%; polymers (e.g., maleic/ 
acrylic acid, copolymer, PVP. PEG) 0-3%; enzymes (calcu 
lated as pure enzyme) 0.0001-0.1% protein; and minor 
ingredients (e.g., Suds Suppressors, perfumes, optical bright 
ener, photobleach) 0-5%. 
0256 2) A detergent composition formulated as a granu 
late having a bulk density of at least 600g/L comprising linear 
alkylbenzenesulfonate (calculated as acid) about 6% to about 
11%; alcohol ethoxysulfate (e.g., C2-s alcohol. 1-2 EO) or 
alkyl Sulfate (e.g., Ces) about 1% to about 3%; alcohol 
ethoxylate (e.g., Cas alcohol, 7EO) about 5% to about 9%; 
sodium carbonate (e.g., NaCO) about 15% to about 21%; 
soluble silicate (e.g., NaO, 2SiO) about 1% to about 4%; 
Zeolite (e.g., NaAlSiO) about 24% to about 34%; sodium 
sulfate (e.g. NaSO) about 4% to about 10%; sodium citrate/ 
citric acid (e.g., C.H.NaO/CHO) 0% to about 15%; 
carboxymethylcellulose (CMC) 0% to about 2%; polymers 
(e.g., maleic/acrylic acid copolymer, PVP. PEG) 1-6%; 
enzymes (calculated as pure enzyme protein) 0.0001-0.1%; 
minor ingredients (e.g., Suds Suppressors, perfume) 0-5%. 
0257 3) A detergent composition formulated as a granu 
late having a bulk density of at least 600g/L comprising linear 
alkylbenzenesulfonate (calculated as acid) about 5% to about 
9%; alcohol ethoxylate (e.g., C2-s alcohol, 7 EO) about 7% 
to about 14%; Soap as fatty acid (e.g., C fatty acid) about 
1 to about 3%; sodium carbonate (as NaCO) about 10% to 
about 17%; soluble silicate (e.g., NaO, 2SiO) about 3% to 
about 9%; Zeolite (as NaAlSiO) about 23% to about 33%; 
sodium sulfate (e.g., NaSO) 0% to about 4%; sodium per 
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borate (e.g., NaBOHO) about 8% to about 16%. TAED 
about 2% to about 8%; phosphonate (e.g., EDTMPA) 0% to 
about 1%; carboxymethylcellulose (CMC) 0% to about 2%; 
polymers (e.g., maleic/acrylic acid copolymer, PVP. PEG) 
0-3%; enzymes (calculated as pure enzyme protein) 0.0001 
0.1%: minor ingredients (e.g., Suds Suppressors, perfume, 
optical brightener) 0-5%. 
0258 4) A detergent composition formulated as a granu 
late having a bulk density of at least 600g/L comprising linear 
alkylbenzenesulfonate (calculated as acid) about 8% to about 
12%; alcohol ethoxylate (e.g., C.s alcohol. 7 EO) about 
10% to about 25%; sodium carbonate (as NaCO) about 
14% to about 22%; soluble silicate (e.g., NaO, 2SiO) about 
1% to about 5%: Zeolite (e.g., NaAlSiO) about 25% to about 
35%; sodium sulfate (e.g., NaSO) 0% to about 10%; car 
boxymethylcellulose (CMC) 0% to about 2%; polymers (e.g., 
maleic/acrylic acid copolymer, PVP PEG) 1-3%; enzymes 
(calculated as pure enzyme protein) 0.0001-0.1%; and minor 
ingredients (e.g., Suds Suppressors, perfume) 0-5%. 
0259 5) An aqueous liquid detergent composition com 
prising linear alkylbenzenesulfonate (calculated as acid) 
about 15% to about 21%; alcohol ethoxylate (e.g., C2-s 
alcohol, 7 EO or Cs alcohol. 5 EO) about 12% to about 
18%; soap as fatty acid (e.g., oleic acid) about 3% to about 
13%; alkenylsuccinic acid (C-1) 0% to about 13%; amino 
ethanol about 8% to about 18%; citric acid about 2% to about 
8%; phosphonate 0% to about 3%; polymers (e.g., PVP. PEG) 
0% to about 3%; borate (e.g., B.O) 0% to about 2%; ethanol 
0% to about 3%; propylene glycol about 8% to about 14%; 
enzymes (calculated as pure enzyme protein) 0.0001-0.1%; 
and minor ingredients (e.g., dispersants, Suds Suppressors, 
perfume, optical brightener) 0-5%. 
0260 6) An aqueous structured liquid detergent composi 
tion comprising linear alkylbenzenesulfonate (calculated as 
acid) about 15% to about 21%; alcohol ethoxylate (e.g., C. 
15 alcohol, 7 EO, or Cs alcohol. 5 EO)3-9%; soap as fatty 
acid (e.g., oleic acid) about 3% to about 10%: Zeolite (as 
NaAlSiO) about 14% to about 22%; potassium citrate about 
9% to about 18%; borate (e.g., BO,) 0% to about 2%; car 
boxymethylcellulose (CMC) 0% to about 2%; polymers (e.g., 
PEG, PVP) 0% to about 3%; anchoring polymers such as, 
e.g., lauryl methacrylate/acrylic acid copolymer, molar ratio 
25:1, MW 3800) 0% to about 3%; glycerol 0% to about 5%; 
enzymes (calculated as pure enzyme protein) 0.0001-0.1%; 
and minor ingredients (e.g., dispersants, Suds Suppressors, 
perfume, optical brighteners) 0-5%. 
0261 7) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/L comprising fatty 
alcohol sulfate about 5% to about 10%; ethoxylated fatty acid 
monoethanolamide about 3% to about 9%; soap as fatty acid 
0-3%; sodium carbonate (e.g., NaCO) about 5% to about 
10%; Soluble silicate (e.g., NaO, 2SiO) about 1% to about 
4%: Zeolite (e.g., NaAlSiO) about 20% to about 40%; 
Sodium sulfate (e.g., NaSO) about 2% to about 8%; sodium 
perborate (e.g., NaBOHO) about 12% to about 18%. TAED 
about 2% to about 7%; polymers (e.g., maleic/acrylic acid 
copolymer, PEG) about 1% to about 5%; enzymes (calculated 
as pure enzyme protein) 0.0001-0.1%; and minor ingredients 
(e.g., optical brightener, Suds Suppressors, perfume) 0-5%. 
0262 8) A detergent composition formulated as a granu 
late comprising linear alkylbenzenesulfonate (calculated as 
acid) about 8% to about 14%; ethoxylated fatty acid mono 
ethanolamide about 5% to about 11%; soap as fatty acid 0% 
to about 3%; sodium carbonate (e.g., NaCO) about 4% to 
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about 10%; soluble silicate (NaO, 2SiO) about 1% to about 
4%: Zeolite (e.g., NaAlSiO) about 30% to about 50%: 
sodium sulfate (e.g., NaSO) about 3% to about 11%; 
sodium citrate (e.g., CH5NaO2) about 5% to about 12%; 
polymers (e.g., PVP. maleic/acrylic acid copolymer, PEG) 
about 1% to about 5%; enzymes (calculated as pure enzyme 
protein) 0.0001-0.1%; and minor ingredients (e.g., Suds sup 
pressors, perfume) 0-5%. 
0263 9) A detergent composition formulated as a granu 
late comprising linear alkylbenzenesulfonate (calculated as 
acid) about 6% to about 12%; nonionic surfactant about 1% to 
about 4%; soap as fatty acid about 2% to about 6%; sodium 
carbonate (e.g., NaCO) about 14% to about 22%; zeolite 
(e.g., NaAlSiO) about 18% to about 32%; sodium sulfate 
(e.g., NaSO) about 5% to about 20%; sodium citrate (e.g., 
CH5NaO,) about 3% to about 8%; sodium perborate (e.g., 
NaBOHO) about 4% to about 9%; bleach activator (e.g., 
NOBS or TAED) about 1% to about 5%; carboxymethylcel 
lulose (CMC) 0% to about 2%; polymers (e.g., polycarboxy 
late or PEG) about 1% to about 5%; enzymes (calculated as 
pure enzyme protein) 0.0001-0.1%; and minor ingredients 
(e.g., optical brightener, perfume) 0-5%. 
0264. 10) An aqueous liquid detergent composition com 
prising linear alkylbenzenesulfonate (calculated as acid) 
about 15% to about 23%; alcohol ethoxysulfate (e.g., Cas 
alcohol, 2-3 EO) about 8% to about 15%; alcohol ethoxylate 
(e.g., C.s alcohol. 7EO, or Cs alcohol. 5 EO) about 3% 
to about 9%; soap as fatty acid (e.g., lauric acid) 0% to about 
3%; aminoethanol about 1% to about 5%; sodium citrate 
about 5% to about 10%; hydrotrope (e.g., sodium toluensul 
fonate) about 2% to about 6%; borate (e.g., B.O) 0% to 
about 2%; carboxymethylcellulose 0% to about 1%; ethanol 
about 1% to about 3%; propylene glycol about 2% to about 
5%; enzymes (calculated as pure enzyme protein) 0.0001-0. 
1%; and minor ingredients (e.g., polymers, dispersants, per 
fume, optical brighteners) 0-5%. 
0265 11) An aqueous liquid detergent composition com 
prising linear alkylbenzenesulfonate (calculated as acid) 
about 20% to about 32%; alcohol ethoxylate (e.g., C2-s 
alcohol, 7 EO, or Cs alcohol. 5 EO) 6-12%; aminoethanol 
about 2% to about 6%, citric acid about 8% to about 14%; 
borate (e.g., B.O.) about 1% to about 3%; polymer (e.g., 
maleic/acrylic acid copolymer, anchoring polymer Such as, 
e.g., lauryl methacrylate/acrylic acid copolymer) 0% to about 
3%; glycerol about 3% to about 8%; enzymes (calculated as 
pure enzyme protein) 0.0001-0.1%; and minor ingredients 
(e.g., hydrotropes, dispersants, perfume, optical brighteners) 
O-5%. 

0266 12) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/L comprising 
anionic Surfactant (linear alkylbenzenesulfonate, alkyl Sul 
fate, C.-olefinsulfonate, C-Sulfo fatty acid methyl esters, 
alkanesulfonates, soap) about 25% to about 40%; nonionic 
surfactant (e.g., alcohol ethoxylate) about 1% to about 10%: 
sodium carbonate (e.g., NaCO) about 8% to about 25%; 
soluble silicates (e.g., NaO, 2SiO) about 5% to about 15%; 
sodium sulfate (e.g., NaSO) 0% to about 5%: Zeolite (NaAl 
SiO) about 15% to about 28%; sodium perborate (e.g., 
NaBO.4H2O) 0% to about 20%; bleach activator (TAED or 
NOBS) about 0% to about 5%; enzymes (calculated as pure 
enzyme protein) 0.0001-0.1%: minor ingredients (e.g., per 
fume, optical brighteners) 0-3%. 
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0267. 13) Detergent compositions as described in compo 
sitions 1)-12) supra, wherein all or part of the linear alkyl 
benzenesulfonate is replaced by (C-C) alkyl Sulfate. 
0268. 14) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/L comprising 
(C-C) alkyl sulfate about 9% to about 15%; alcohol 
ethoxylate about 3% to about 6%; polyhydroxy alkyl fatty 
acid amide about 1% to about 5%: Zeolite (e.g., NaAlSiO4) 
about 10% to about 20%; layered disilicate (e.g., SK56 from 
Hoechst) about 10% to about 20%; sodium carbonate (e.g., 
NaCO) about 3% to about 12%; soluble silicate (e.g., NaO, 
2SiO) 0% to about 6%; sodium citrate about 4% to about 8%; 
sodium percarbonate about 13% to about 22%; TAED about 
3% to about 8%; polymers (e.g., polycarboxylates and PVP) 
0% to about 5%; enzymes (calculated as pure enzyme pro 
tein) 0.0001-0.1%; and minor ingredients (e.g., optical 
brightener, photobleach, perfume, Suds Suppressors) 0-5%. 
0269. 15) A detergent composition formulated as a granu 
late having a bulk density of at least 600 g/L comprising 
(C-C) alkyl sulfate about 4% to about 8%; alcohol 
ethoxylate about 11% to about 15%; soap about 1% to about 
4%: Zeolite MAP or Zeolite A about 35% to about 45%: 
sodium carbonate (as NaCO) about 2% to about 8%; 
soluble silicate (e.g., NaO, 2SiO) 0% to about 4%; sodium 
percarbonate about 13% to about 22%; TAED 1-8%; car 
boxymethylcellulose (CMC) 0% to about 3%; polymers (e.g., 
polycarboxylates and PVP) 0% to about 3%; enzymes (cal 
culated as pure enzyme protein) 0.0001-0.1%; and minor 
ingredients (e.g., optical brightener, phosphonate, perfume) 
O-3%. 
0270. 16) Detergent formulations as described in 1)-15) 
Supra, which contain a stabilized or encapsulated peracid, 
either as an additional component or as a Substitute for 
already specified bleach systems. 
0271 17) Detergent compositions as described supra in 1), 
3), 7), 9), and 12), wherein perborate is replaced by percar 
bonate. 
0272. 18) Detergent compositions as described supra in 1), 
3), 7), 9), 12), 14), and 15), which additionally contain a 
manganese catalyst. The manganese catalyst for example is 
one of the compounds described in “Efficient manganese 
catalysts for low-temperature bleaching.” Nature 369: 637 
639 (1994). 
0273) 19) Detergent composition formulated as a non 
aqueous detergent liquid comprising a liquid nonionic Surfac 
tant Such as, e.g., linear alkoxylated primary alcohol, a 
builder system (e.g., phosphate), an enzyme(s), and alkali. 
The detergent may also comprise anionic Surfactant and/or a 
bleach system. 
0274 As above, the present amylase polypeptide may be 
incorporated at a concentration conventionally employed in 
detergents. It is at present contemplated that, in the detergent 
composition, the enzyme may be added in an amount corre 
sponding to 0.00001-1.0 mg (calculated as pure enzyme pro 
tein) of amylase polypeptide per liter of wash liquor. 
0275. The detergent composition may also contain other 
conventional detergent ingredients, e.g., deflocculant mate 
rial, filler material, foam depressors, anti-corrosion agents, 
soil-suspending agents, sequestering agents, anti-Soil redepo 
sition agents, dehydrating agents, dyes, bactericides, fluo 
rescers, thickeners, and perfumes. 
0276. The detergent composition may be formulated as a 
hand (manual) or machine (automatic) laundry detergent 
composition, including a laundry additive composition Suit 
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able for pre-treatment of stained fabrics and a rinse added 
fabric Softener composition, or be formulated as a detergent 
composition for use in general household hard Surface clean 
ing operations, or be formulated for manual or automatic 
dishwashing operations. 
0277. Any of the cleaning compositions described, herein, 
may include any number of additional enzymes. In general 
the enzyme(s) should be compatible with the selected deter 
gent, (e.g., with respect to pH-optimum, compatibility with 
other enzymatic and non-enzymatic ingredients, and the 
like), and the enzyme(s) should be present in effective 
amounts. The following enzymes are provided as examples. 
0278 Proteases: 
0279 Suitable proteases include those of animal, veg 
etable or microbial origin. Chemically modified or protein 
engineered mutants are included, as well as naturally pro 
cessed proteins. The protease may be a serine protease or a 
metalloprotease, an alkaline microbial protease, a trypsin 
like protease, or a chymotrypsin-like protease. Examples of 
alkaline proteases are subtilisins, for example those derived 
from Bacillus, e.g., subtilisin Novo, subtilisin Carlsberg, Sub 
tilisin 309, subtilisin 147, and subtilisin 168 (see, e.g., WO 
89/06279). Examples of trypsin-like proteases are trypsin 
(e.g., of porcine or bovine origin), and Fusarium proteases 
(see, e.g., WO 89/06270 and WO 94/25583). Examples of 
useful proteases also includebut are not limited to the variants 
described in WO92/19729, WO 98/20115, WO 98/20116, 
and WO 98/34946. Commercially available protease 
enzymes includebut are not limited to: ALCALASER, SAVI 
NASER, PRIMASETM, DURALASETM, ESPERASER, 
KANNASETM, and BLAZETM (Novo Nordisk A/S and 
Novozymes A/S); MAXATASER), MAXACALTM, MAX 
APEMTM, PROPERASER, PURAFECTR, PURAFECT 
OXPTM, FN2TM, and FN3TM (Danisco US Inc.). Other exem 
plary proteases include NprE from Bacillus amyloliquefa 
ciens and ASP from Cellulomonas sp. strain 69B4. 
(0280 Lipases: 
0281 Suitable lipases include those of bacterial or fungal 
origin. Chemically modified, proteolytically modified, or 
protein engineered mutants are included. Examples of useful 
lipases include but are not limited to lipases from Humicola 
(synonym Thermomyces), e.g., from H. lanuginosa (T. 
lanuginosus) (see e.g., EP258068 and EP305216), from H. 
insolens (see e.g., WO 96/13580); a Pseudomonas lipase 
(e.g., from Palcaligenes or P. pseudoalcaligenes; see, e.g., 
EP218272), P. cepacia (see e.g., EP331376), P Stutzeri (see 
e.g., GB 1.372,034), Pfluorescens, Pseudomonas sp. strain 
SD 705 (see e.g., WO95/06720 and WO 96/27002), P wis 
consinensis (see e.g., WO 96/12012); a Bacillus lipase (e.g., 
from B. subtilis, see e.g., Dartois et al. Biochemica et Bio 
physica Acta, 1131: 253-360 (1993)), B. Stearothermophilus 
(see e.g., JP 64/744992), or B. pumilus (see e.g., WO 
91/16422). Additional lipase variants contemplated for use in 
the formulations include those described for example in: WO 
92/05249, WO 94/01541, WO95/35381, WO 96/00292, WO 
95/30744, WO 94/25578, WO95/14783, WO95/22615, WO 
97/04079, WO 97/07202, EP 407225, and EP 260105. Some 
commercially available lipase enzymes include LIPO 
LASER and LIPOLASE ULTRATM (Novo Nordisk A/S and 
Novozymes A/S). 
(0282 Polyesterases: 
0283 Suitable polyesterases can be included in the com 
position, such as those described in, for example, WO 
O1/34899, WO 01/14629, and U.S. Pat. No. 6,933,140. 
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0284 Amylases: 
0285. The compositions can be combined with amylases, 
Such as non-production enhanced amylase. These can include 
commercially available amylases, such as but not limited to 
STAINZYMER, NATALASER, DURAMYL(R), TER 
MAMYL(R), FUNGAMYL(R) and BANTM (Novo Nordisk A/S 
and Novozymes A/S); RAPIDASE(R), POWERASE(R), and 
PURASTAR(R) (from Danisco US Inc.). 
0286 Cellulases: 
0287 Cellulases can be added to the compositions. Suit 
able cellulases include those of bacterial or fungal origin. 
Chemically modified or protein engineered mutants are 
included. Suitable cellulases include cellulases from the gen 
era Bacillus, Pseudomonas, Humicola, Fusarium, Thielavia, 
Acremonium, e.g., the fungal cellulases produced from Humi 
cola insolens, Myceliophthora thermophila and Fusarium 
Oxysporum disclosed for example in U.S. Pat. Nos. 4.435, 
307; 5,648,263; 5,691.178; 5,776,757; and WO 89/09259. 
Exemplary cellulases contemplated for use are those having 
color care benefit for the textile. Examples of such cellulases 
are cellulases described in for example EP 0495257, EP 
0531372, WO 96/11262, WO 96/29397, and WO 98/08940. 
Other examples are cellulase variants, such as those described 
in WO94/07998: WO 98/12307; WO95/24471; PCT/DK98/ 
00299; EP 531315; U.S. Pat. Nos. 5,457,046; 5,686,593; and 
5,763.254. Commercially available cellulases include CEL 
LUZYME(R) and CAREZYME(R) (Novo Nordisk A/S and 
Novozymes A/S); CLAZINASER and PURADAX HAR) 
(Danisco US Inc.); and KAC-500(B)TM (Kao Corporation). 
0288 Peroxidases/Oxidases: 
0289 Suitable peroxidases/oxidases contemplated for use 
in the compositions include those of plant, bacterial or fungal 
origin. Chemically modified or protein engineered mutants 
are included. Examples of useful peroxidases include peroxi 
dases from Coprinus, e.g., from C. cinereus, and variants 
thereof as those described in WO93/24618, WO95/10602, 
and WO 98/15257. Commercially available peroxidases 
include for example GUARDZYMETM (Novo Nordisk A/S 
and Novozymes A/S). 
0290 The detergent composition can also comprise 2.6- 
B-D-fructan hydrolase, which is effective for removal/clean 
ing of biofilm present on household and/or industrial textile/ 
laundry. 
0291. The detergent enzyme(s) may be included in a deter 
gent composition by adding separate additives containing one 
or more enzymes, or by adding a combined additive compris 
ing all of these enzymes. A detergent additive, i.e. a separate 
additive or a combined additive, can be formulated e.g., as a 
granulate, a liquid, a slurry, and the like. Exemplary detergent 
additive formulations include but are not limited to granu 
lates, in particular non-dusting granulates, liquids, in particu 
lar stabilized liquids or slurries. 
0292. Non-dusting granulates may be produced, e.g., as 
disclosed in U.S. Pat. Nos. 4,106,991 and 4,661,452 and may 
optionally be coated by methods known in the art. Examples 
of waxy coating materials are poly(ethylene oxide) products 
(e.g., polyethyleneglycol, PEG) with mean molar weights of 
1,000 to 20,000; ethoxylated nonylphenols having from 16 to 
50 ethylene oxide units; ethoxylated fatty alcohols in which 
the alcohol contains from 12 to 20 carbonatoms and in which 
there are 15 to 80 ethylene oxide units; fatty alcohols; fatty 
acids; and mono- and di- and triglycerides of fatty acids. 
Examples of film-forming coating materials Suitable for 
application by fluid bed techniques are given in, for example, 

27 
Apr. 28, 2016 

GB 1483591. Liquid enzyme preparations may, for instance, 
be stabilized by adding a polyol Such as propylene glycol, a 
Sugar or Sugar alcohol, lactic acid or boric acid according to 
established methods. Protected enzymes may be prepared 
according to the method disclosed in EP 238,216. 
0293. The detergent composition may be in any conve 
nient form, e.g., a bar, a tablet, a powder, a granule, a paste, or 
a liquid. A liquid detergent may be acqueous, typically con 
taining up to about 70% water, and 0% to about 30% organic 
Solvent. Compact detergent gels containing about 30% or less 
water are also contemplated. The detergent composition can 
optionally comprise one or more surfactants, which may be 
non-ionic, including semi-polar and/or anionic and/or cat 
ionic and/or Zwitterionic. The Surfactants can be present in a 
wide range, from about 0.1% to about 60% by weight. 
0294. When included therein the detergent will typically 
contain from about 1% to about 40% of an anionic surfactant, 
Such as linear alkylbenzenesulfonate, C.-olefinsulfonate, 
alkyl sulfate (fatty alcohol sulfate), alcohol ethoxysulfate, 
secondary alkanesulfonate, C.-Sulfo fatty acid methyl ester, 
alkyl- or alkenylsuccinic acid, or soap. 
0295. When included therein, the detergent will usually 
contain from about 0.2% to about 40% of a non-ionic surfac 
tant such as alcohol ethoxylate, nonylphenol ethoxylate, 
alkylpolyglycoside, alkyldimethylamineoxide, ethoxylated 
fatty acid monoethanolamide, fatty acid monoethanolamide, 
polyhydroxy alkyl fatty acid amide, or N-acyl-N-alkyl 
derivatives of glucosamine (glucamides’). 
0296. The detergent may contain 0% to about 65% of a 
detergent builder or complexing agent such as Zeolite, diphos 
phate, triphosphate, phosphonate, carbonate, citrate, nitrilot 
riacetic acid, ethylenediaminetetraacetic acid (EDTA), dieth 
ylenetriaminepentaacetic acid, alkyl- or alkenylsuccinic acid, 
soluble silicates or layered silicates (e.g., SKS-6 from 
Hoechst). 
0297. The detergent may comprise one or more polymers. 
Exemplary polymers include carboxymethylcellulose 
(CMC), poly(vinylpyrrolidone) (PVP), poly(ethylene glycol) 
(PEG), poly(vinyl alcohol) (PVA), poly(vinylpyridine-N-ox 
ide), poly(vinylimidazole), polycarboxylates e.g., polyacry 
lates, maleic/acrylic acid copolymers), and lauryl methacry 
late/acrylic acid copolymers. 
0298. The enzyme(s) of the detergent composition may be 
stabilized using conventional stabilizing agents, e.g., as 
polyol (e.g., propylene glycol or glycerol), a Sugar or Sugar 
alcohol, lactic acid, boric acid, or aboric acid derivative (e.g., 
an aromatic borate ester), or a phenylboronic acid derivative 
(e.g., 4-formylphenylboronic acid). The composition may be 
formulated as described in WO92/19709 and WO92/19708. 
0299. It is contemplated that in the detergent composi 
tions, in particular the enzyme variants, may be added in an 
amount corresponding to about 0.01 to about 100 mg of 
enzyme protein per liter of wash liquor (e.g., about 0.05 to 
about 5.0 mg of enzyme protein per liter of wash liquor or 0.1 
to about 1.0 mg of enzyme protein per liter of wash liquor). 
0300 Although the present compositions and methods 
have been described with reference to the details below, it 
would be understood that various modifications can be made. 

7.6. Methods of Assessing Amylase Activity in 
Detergent Compositions 

0301 Numerous glucoamylase cleaning assays are known 
in the art, including Swatch and micro-Swatch assays. The 
appended Examples describe only a few such assays. 
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8. Brewing Compositions 
0302) An AfGATR or variant thereof may be a component 
of a brewing composition used in a process of providing a 
fermented beverage, such as brewing. It is believed that non 
fermentable carbohydrates form the majority of the dissolved 
solids in the final beer. This residue remains because of the 
inability of malt amylases to hydrolyze the alpha-1,6-link 
ages of the starch. The non-fermentable carbohydrates con 
tribute about 50 calories per 12 ounces (about 340 grams) of 
beer. The AfGATR or variant thereof, usually in combination 
with a glucoamylase and optionally a pullulanase and/or 
isoamylase, assist in converting the starch into dextrins and 
fermentable Sugars, lowering the residual non-fermentable 
carbohydrates in the final beer. 
0303. The principal raw materials used in making these 
beverages are water, hops and malt. In addition, but also 
exclusively, adjuncts Such as common corn grits, refined corn 
grits, brewer's milled yeast, rice, Sorghum, refined corn 
starch, barley, barley starch, dehusked barley, wheat, wheat 
starch, torrified cereal, cereal flakes, rye, oats, potato, tapioca, 
and syrups. Such as corn syrup, Sugar cane syrup, inverted 
Sugar syrup, barley and/or wheat Syrups, and the like may be 
used as a Source of starch. 
0304 For a number of reasons, the malt, which is pro 
duced principally from selected varieties of barley, has an 
important effect on the overall character and quality of the 
beer. First, the malt is the primary flavoring agent in beer. 
Second, the malt provides the major portion of the ferment 
able sugar. Third, the malt provides the proteins, which will 
contribute to the body and foam character of the beer. Fourth, 
the malt provides the necessary enzymatic activity during 
mashing. Hops also contribute significantly to beer quality, 
including flavoring. In particular, hops (or hops constituents) 
add desirable bittering substances to the beer. In addition, the 
hops can act as protein precipitants, establish preservative 
agents and aid in foam formation and stabilization. 
0305 Cereals (grains), such as barley, oats, wheat, but also 
corn and rice are often used for brewing, both in industry and 
for home brewing, but also other plant components, such as 
hops are often added. The components used in brewing may 
be unmalted or may be malted, i.e., partially germinated, 
resulting in an increase in the levels of enzymes, including 
C.-amylase. For Successful brewing, adequate levels of 
C.-amylase enzyme activity are necessary to ensure the appro 
priate levels of sugars for fermentation. An AfGATR or vari 
ant thereof may also be added to the components used for 
brewing. 
0306 As used herein, the term “stock’ means grains and 
plant components that are crushed or broken. For example, 
barley used in beer production is a grain that has been 
coarsely ground or crushed to yield a consistency appropriate 
for producing a mash for fermentation. As used herein, the 
term “stock” includes any of the aforementioned types of 
plants and grains in crushed or coarsely ground forms. The 
methods described herein may be used to determine C.-amy 
lase activity levels in both flours and stock. 
0307 Processes for making beer are well known in the art. 
See, e.g., Wolfgang Kunze (2004) “Technology Brewing and 
Malting. Research and Teaching Institute of Brewing, Berlin 
(VLB), 3rd edition. Briefly, the process involves: (a) prepar 
ing a mash, (b) filtering the mash to prepare a wort, and (c) 
fermenting the wort to obtain a fermented beverage. Such as 
beer. Typically, milled or crushed malt, malt and adjunct, or 
adjunct is mixed with water and held for a period of time 
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under controlled temperatures to permit the enzymes present 
in the malt and/or adjunct to convert the starch present in the 
malt into fermentable sugars. The mash is then transferred to 
a mash filter where the liquid is separated from the grain 
residue. This sweet liquid is called “wort, and the left over 
grain residue is called "spent grain.” The mash is typically 
Subjected to an extraction, which involves adding water to the 
mash in order to recover the residual soluble extract from the 
spent grain. The wort is thenboiled vigorously to sterilizes the 
wort and help develop the color, flavor and odor. Hops are 
added at Some point during the boiling. The wort is cooled and 
transferred to a fermentor. 
0308 The wort is then contacted in a fermentor with yeast. 
The fermentor may be chilled to stop fermentation. The yeast 
that may flocculate is removed. Finally, the beer is cooled and 
stored for a period of time, during which the beer clarifies and 
its flavor develops, and any material that might impair the 
appearance, flavor, and shelf life of the beer settles out. The 
beer usually contains from about 2% to about 10% V/v alco 
hol, although beer with a higher alcohol content, e.g., 18% 
V/V, may be obtained. Prior to packaging, the beer is carbon 
ated and, optionally, filtered, and pasteurized. 
0309 The brewing composition comprising an alpha 
amylase, often, but not necessarily in combination with one or 
more exogenous enzymes, such as glucoamylase(s) (e.g. 
AfGATR or variant thereof), pullulanase(s) and/or isoamy 
lase(s), and any combination thereof, may be added to the 
mash of step (a) above, i.e., during the preparation of the 
mash. Alternatively, or in addition, the brewing composition 
may be added to the mash of step (b) above. Such as during the 
filtration of the mash. Alternatively, or in addition, the brew 
ing composition may be added to the wort of step (c) above, 
Such as during the fermenting of the wort. 
0310 Particular embodiments pertains to any of the above 
uses, methods or fermented beverages, wherein said fer 
mented beverage is a beer, such as full malted beer, beer 
brewed under the “Reinheitsgebot,” ale, IPA, lager, bitter, 
Happoshu (second beer), third beer, dry beer, near beer, light 
beer, low alcohol beer, low calorie beer, porter, bock beer, 
Stout, malt liquor, non-alcoholic beer, non-alcoholic malt 
liquor and the like, but also alternative cereal and malt bev 
erages Such as fruit flavoured malt beverages, e.g., citrus 
flavoured. Such as lemon-, orange-, lime-, or berry-flavoured 
malt beverages, liquor flavoured malt beverages, e.g., vodka-, 
rum-, or tequila-flavoured malt liquor, or coffee flavoured 
malt beverages, such as caffeine-flavoured malt liquor, and 
the like. 

9. Reduction of Iodine-Positive Starch 

0311. AfGATR and variants thereof may reduce the 
iodine-positive starch (IPS), when used in a method of lique 
faction and/or saccharification. One source of IPS is from 
amylose that escapes hydrolysis and/or from retrograded 
starch polymer. Starch retrogradation occurs spontaneously 
in a starch paste, or gel on ageing, because of the tendency of 
starch molecules to bind to one another followed by an 
increase in crystallinity. Solutions of low concentration 
become increasingly cloudy due to the progressive associa 
tion of starch molecules into larger articles. Spontaneous 
precipitation takes place and the precipitated Starch appears 
to be reverting to its original condition of cold-water insolu 
bility. Pastes of higher concentration on cooling set to a gel. 
which on ageing becomes steadily firmer due to the increas 
ing association of the starch molecules. This arises because of 
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the strong tendency for hydrogen bond formation between 
hydroxy groups on adjacent starch molecules. See J. A. Rad 
ley, ed., STARCH AND ITS DERIVATIVES 194-201 (Chapman and 
Hall, London (1968)). 
0312 The presence of IPS in saccharide liquor negatively 
affects final product quality and represents a major issue with 
downstream processing. IPS plugs or slows filtration system, 
and fouls the carbon columns used for purification. When IPS 
reaches Sufficiently high levels, it may leak through the car 
bon columns and decrease production efficiency. Addition 
ally, it may results in hazy final product upon storage, which 
is unacceptable for final product quality. The amount of IPS 
can be reduced by isolating the saccharification tank and 
blending the contents back. IPS nevertheless will accumulate 
in carbon columns and filter systems, among other things. The 
use of AfGATR or variants thereof thus is expected to 
improve overall process performance by reducing the amount 
of IPS. 
0313. In order to further illustrate the compositions and 
methods, and advantages thereof, the following specific 
examples are given with the understanding that they are illus 
trative rather than limiting. 

EXAMPLES 

Example 1 

Cloning of AfGA1 
0314 Genomic DNA of Aspergillus fumigatus Af293 was 
purchased from Fungal Genetics Stock Center, Kansas City, 
Mo. (FGSCA1100). The genome of Aspergillus fumigatus is 
sequenced. The nucleic acid sequence for the AfGA1 gene 
(within the disclosed genome in NCBI Reference Sequence 
NC 007195), and the amino acid sequence of the predicted 
glucan 1,4-alpha-glucosidase (NCBI Accession No. 
XP 749206) encoded by the AfCA1 gene were obtained in 
the NCBI Databases. AfGA1 is homologous to other fungal 
glucoamylases as determined from a BLAST search. See 
FIG. 1. The nucleotide sequence of the AfGA1 gene, which 
comprises three introns, is set forth in SEQID NO: 8. 
0315. The AfGA1 gene was amplified from genomic DNA 
of Aspergillus fumigatus using the following primers: Primer 
1: AfCA1-Fw 5'-GCG GCGGCCGC ACC atgcctcgcctttc 
ctacgc-3' (SEQ ID NO: 9), and Primer 2: AfGA1-RV 5'-cc 
gg.cgcgccc TTAtcactgccaagtatcattcticg-3' (SEQID NO: 10). 
The forward primer contains a NotI restriction site, and the 
reverse primer contains an AscI restriction site. After diges 
tion with NotI and AscI, the PCR product was cloned into the 
pTrex3gM expression vector (described in U.S. Published 
Application 2011/0136197 A1) digested with the same 
restriction enzymes, and the resulting plasmid was labeled 
pG.222. A plasmid map of pG.222 is provided in FIG. 2. The 
sequence of the AfGA1 gene was confirmed by DNA 
sequencing. 

Example 2 

Expression and Purification of AfGA1 TR 
0316 The plasmid plG222(Trex3gM-AfGA1) was trans 
formed into a quad-deleted Trichoderma reesei strain (de 
scribed in WO 05/001036) using biolistic method (Te'o et al., 
J. Microbiol. Methods 51: 393-99, 2002). Transformed colo 
nies (about 50) appeared in about 1 week. After growth on 
acetamide plates for 5 days, the colonies were inoculated in 
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250 ml shake flasks with 30 ml Glucose/Sepharose defined 
medium for protein expression. The protein, AfGA1TR, was 
secreted into the extracellular medium, and the filtered cul 
ture medium was used to perform SDS-PAGE and a glu 
coamylase activity on DP7 assay to confirm the enzyme 
expression. 
0317. The stable strain was subsequently grown in a 7 L 
fermenter in a defined medium. Fermentation broth was har 
Vested by centrifugation. Following centrifugation, filtration 
and concentration, 450 ml of the concentrated sample was 
obtained. The concentration of total protein in the sample was 
determined to be 83.70 g/L by using BCA method (protein 
quantification kit, Shanghai Generay Biotech CO., Ltd). 
SDS-PAGE analysis suggested that 80% of the total protein 
was the target protein. Thus, the concentration of target pro 
tein in the concentrated sample was estimated to be 66.96g/L. 
0318 AfGA1TR was purified by affinity chromatography 
using an AKTA Explorer 100 FPLC system (GE Healthcare). 
B-Cyclodextrin (Sigma-Aldrich, 856088) was coupled to 
epoxy-activated Sepharose beads (GE Healthcare, 17-0480 
01) and employed for purification. The pH of 40 ml concen 
trated fermentation broth from the 7L fermenter was adjusted 
to 4.3 and the solution was loaded onto 30 ml B-CD 
Sepharose column pre-equilibrated with 25 mM, pH 4.3 
sodium acetate (buffer A). The column was washed with a 2 
column volume of buffer A. The target protein was eluted 
with three column volume of buffer B which containing 
buffer A and 10 mM.C.-cyclodextrin (Sigma-Aldrich, C4642). 
Fractions were analyzed by SDS-PAGE gel, and assayed for 
glucoamylase activity. The fractions containing target protein 
were pooled and run through a Hiprep 26x10 desalting col 
umn to remove 3-cyclodextrin. The resulting sample was 
more than 95% pure, the solution was concentrated using 10K 
Amicon Ultra-15 devices and stored in 40% glycerol at -80° 
C. 

Example 3 

Determination of AfGA1TR Substrate Specificity 
0319 Glucoamylase activity was assayed based on the 
release of glucose by glucoamylases, AfGA1TR, AnCA or 
wild-type AfCA, from different substrates, including mal 
tose, isomaltose, maltoheptaose (DP7), maltodextrin (DE4 
DE10), potato amylopectin, and soluble starch. The rate of 
glucose release was measured using a coupled glucose oxi 
dase/peroxidase (GOX/HRP) method (Anal. Biochem. 105 
(1980), 389-397). Glucose was quantified as the rate of oxi 
dation of 2,2'-AZino-bis 3-ethylbenzothiazoline-6-sulfonic 
acid (ABTS) by peroxide which was generated from coupled 
GOX/HRP enzymes reacted with glucose. 
0320 Substrate solutions were prepared by mixing 9 mL 
of each substrate (1% in water, w/w) and 1 mL of 0.5 M pH 
5.0 sodium acetate buffer in a 15-mL conical tube. Coupled 
enzyme (GOX/HRP) solution with ABTS was prepared by 
dissolving GOX/HRP in 50 mM sodium acetate buffer (pH 
5.0), with the final concentrations of 2.74 mg/mL ABTS, 0.1 
U/mL HRP and 1 U/mL GOX. 
0321 Serial dilutions of glucoamylase samples, the 
benchmark AnCA (Genencorproduct, Optidex L-400), wild 
type AfGA, and glucose standard were also prepared in 50 
mM sodium acetate buffer (pH 5.0). Each glucoamylase 
sample (10 ul) was transferred into a new microtiter plate 
(Corning 3641) containing 90 ul of substrate solution prein 
cubated at 50° C. for 5 min at 600 rpm. The reactions were 
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carried out at 50° C. for 10 min with shaking (600 rpm) in a 
thermomixer (Eppendorf), 10ul of reaction mixtures as well 
as 10 ul of serial dilutions of glucose standard were quickly 
transferred to new microtiter plates (Corning 9017), respec 
tively, followed by the addition of 100 ul of ABTS/GOX/HRP 
Solution. The microtiter plates containing the reaction mix 
ture were immediately measured at 405 nm at 11 seconds 
intervals for 5 min on SoftMax Pro plate reader (Molecular 
Device). The output was the reaction rate, Vo, for each 
enzyme concentration. Linear regression was used to deter 
mine the slope of the plot Vo vs. enzyme dose. The specific 
activity of glucoamylase activity was calculated based on the 
glucose standard curve using Equation 1: 

Specific Activity (Unit mg)=Slope (enzyme), slope 
(std)x100 (1), 

where 1 Unit=1 umol glucose/min. 
0322 Representative specific activities of AfGA1 TR and 
the benchmark glucoamylases AnGA and wild-type AfGA 
are shown in Table 1. 

TABLE 1. 

Specific activity of purified glucoamylases on various Substrates. 

Specific activity (Umg) 

Wild-type 
Substrate AnCA AfGA AfGA1TR 

Maltose (DP2) 29.2 29.2 42.7 
Isomaltose O O.6 O.9 

Maltoheptaose (DP7) 159.9 180.3 254.8 
Maltodextrin 128.8 127.8 211.5 

(DE4-1ODE) 
Amylopectin from 142.5 146.5 1978 
potato 
Soluble starch 137.5 128.0 2134 
Pullulan 29.2 25.6 31.1 

Example 4 

Effect of pH on AfGA1TR Glucoamylase Activity 

0323. The effect of pH (from 3.0 to 10.0) on AfGA1TR 
activity was monitored using the ABTS assay protocol as 
described in Example 3. Buffer working solutions consisted 
of the combination of glycine/sodium acetate/HEPES (250 
mM), with pH varying from 3.0 to 10.0. Substrate solutions 
were prepared by mixing soluble starch (1% in water, w/w) 
with 250 mM buffer solution at a ratio of 9:1. Enzyme work 
ing solutions were prepared in water at a certain dose (show 
ing signal within linear range as per dose response curve). All 
the incubations were carried out at 50° C. for 10 min follow 
ing the same protocol as described for glucoamylase activity 
assay in Example 3. Enzyme activity at each pH was reported 
as relative activity compared to enzyme activity at optimum 
pH. The pH profile of AfCA1TR is shown in Table 2 and FIG. 
3. AfGA1TR was found to have an optimum pH at about 5.0, 
and retain greater than 70% of maximum activity between pH 
3.5 and 7.5. 
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TABLE 2 

pH profiles for purified glucoamylases 

Relative activity (% 

Native 
pH AnGA AfGA AfGA1TR 

3 73.5 S4.9 S2.6 
4 94.9 92.5 88.3 
5 100 97.6 1OO 
6 95.2 1OO 99.3 
7 66.5 79.2 87.9 
8 23.8 43 42.1 
9 9.9 11 11.7 
10 5.3 8.4 5.3 

Example 5 

Effect of Temperature on AfGA1TR Glucoamylase 
Activity 

0324. The effect oftemperature (from 40°C. to 84°C.) on 
AfGA1TR activity was monitored using the ABTS assay 
protocolas described in Example 3. Substrate solutions were 
prepared by mixing 3.6 mL of soluble starch (1% in water, 
w/w) and 0.4 mL of 0.5 Mbuffer (pH 5.0 sodium acetate) into 
a 15-mL conical tube. Enzyme working solutions were pre 
pared in water at a certain dose (showing signal within linear 
range as per dose response curve). Incubations were done at 
temperatures from 40°C. to 84°C., respectively, for 10 min 
following the same protocol as described for glucoamylase 
activity assay in Example 3. Enzyme activity at each tempera 
ture was reported as relative activity compared to enzyme 
activity at optimum temperature. The temperature profile of 
AfGA1 TR is shown in Table 3 and FIG. 4. AfGA1 TR was 
found to have an optimum temperature of 68°C., and retain 
greater than 70% of maximum activity between 56°C. and 
740 C. 

TABLE 3 

Temperature profiles for glucoamylases. 

Relative activity (% 

Temp Native 
(° C.) AnGA AfGA AfGA1TR 

40 33.9 36.6 32.7 
42.1 36 38.2 37.6 
46.5 46.1 49.4 45 
S4 57.2 66.3 61.9 
60 85.1 91.9 87.1 
66.6 100 100 100 
74.1 31.1 39.4 704 
80.2 11.8 10.9 11.2 
83.5 8.8 9.6 8.8 

Example 6 

AfGA1TR Product Profile Analysis 
0325 To assay the products of fungal glucoamylase 
catalysis of polysaccharides, the glucoamylases, AnGA 
(0.118 mg/gds starch) and AfGA1TR (0.118 mg/gds or 0.059 
mg/gds), were incubated with 34% DS LIQUOZYME(R) 
Supra liquefied starch (CPI, Stockton, Calif.), at 60°C., pH 
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4.2 to 4.5 for 2 days. Pullulanase (PU) and acid-stable alpha 
amylase from Aspergillus kawachii, GC626(R) (AkAA) were 
dosed along with purified AfGA1TR at 0.256 ASPU/gds and 
0.35 SSU/gds, respectively. Samples were taken at different 
intervals of time and analyzed for Sugar composition by 
HPLC. 
0326 Table 4 shows the profile of oligosaccharides sac 
charified by AnCA/PU/AkAA and AfCA1TR/PU/AkAA at 
100% and 50% the concentration of AnGA. (FIG. 6 depicts 
the profile of oligosaccharides saccharified by AnCA and 
AfGA1TR at 100%, 50%, and 40% the concentration of 
AnGA, with and without PU and AkAA). Only oligosaccha 
rides with DP1, DP2, DP3, and HS are shown. The numbers 
in Table 4 reflect the weight percentage of each DPn as a 
fraction of the total DP1, DP2, DP3, and HS. 

AnGA 

AfGA1TR 
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AnGA at 50% dose equivalent based on protein (under the 
identical conditions of complimentary enzymes dosage). 

Example 7 

Comparison of DP2 Levels 

0328. DP2 level from AfCA1TR treated liquified starch 
was compared to the one from AnGA treated liquified starch 
based on the same DP1 level (96%). The comparison showed 
a statistically significant reduction in DP2 level at equal DP1 
level approx. by 0.2%, possibly due to lower glucoamylase 
dose. Reversion reaction by AnGA and AfGA1TR (as the 
triple blend) was measured by calculating isomaltose/maltose 
ratio through ion chromatography. 

TABLE 5 

Product profile of fungal glucoamylases on liquefied starch. 

% of the total 
composition after % of the reversion 
glucoamylase total DP2 after reaction 

reaction glucoamylase reaction Ratio 

Hour 96 DP1 % DP2 % IsoMaltose % Maltose (IsoMM) ARatio 

48 96.08 2.26 55.6 44.4 1.25 

70 95.91 2.77 64.9 35.1 1.85 
48 96.16 2.13 54.8 45.2 1.21 O.04 

70 96.10 2.60 63.4 36.6 1.73 O.13 

ARatio = AnGA ratio - AfCA1TR ratio at 48 and 70 hours 

TABLE 4 

Product profile of fungal glucoamylases on liquefied starch. 

% % % % 
Flask Enzymes Dose: gods Hir DP1 DP2 DP3 HS 

1 An-GA + 0.118 mg + 8 69.7S 9.29 O.66 20-30 
PU - O.256 ASPU - 24 93.40 2.21 O.71 3.68 
GC626 O.35 SSU 31 95.40 2.15 0.67 1.79 

37 95.90 2.22 O.6O 1.27 
48.5 96.1O 2.48 0.53 O.89 
55 96.09 2.64 O.49 O.78 
70 95.95 2.99 0.45 0.62 

2 AfGA1TR + 0.118 mg + 8 86.34 2.35 0.47 10.84 
PU - O.256 ASPU - 24 96.O1 2.29 O.49 1.21 
GC626 O.35 SSU 31 96.11 2.58 0.44 O.88 

37 96.03 2.84 O42 (0.71 
48.5 95.7O 3.33 0.43 O.S4 
55 95.52 3.56 0.44 O.48 
70 94.97 4.12 O.49 0.42 

3 AfGA2TR + 0.059 mg + 8 71.27 9.07 O.61 1905 
PU - O.256 ASPU - 24 93.80 2.19 O.72 3.29 
GC626 O.35 SSU 31 95.61 2.06 0.68 1.65 

37 96.06 2.09 O.63 1.22 
48.5 96.29 2.31 O.54 O.86 
55 96.31 2.43 O.SO 0.76 
70 96.21 2.74 0.45 0.59 

0327 Table 4 showed that AfCA1TR resulted in >95.5% 
DP1 in 24 hours, compared to AnCA which took 48.5 hours 
under an equal dose of protein. The data in Table 4 showed 
that AfGA1TR demonstrated an improved performance over 

0329 Table 5 shows that for both glucoamylases isomal 
tose is accumulating over time according to increasing ratio 
of Isomaltose:Maltose. However, isomaltose formation 
appears to be slightly lower with AfGA1TR because the 
difference of ratio between AnGA and AfGA1TR is increased 
from 48 hours to 70 hours, which may support the lower 
reversion reaction by AfGA1 TR. 

Example 8 

Titration of AkAA 

0330. To assay the products of fungal glucoamylase 
catalysis of polysaccharides using varied doses of accessory 
alpha-amylase, AfGA1TR (0.059 mg/gds) and Pullulanase 
(PU, OPTIMAX(R) L-1000)(0.256 ASPU/gds) were incu 
bated with different concentrations of acid-stable alpha-amy 
lase, GC626(R) (AkAA) from Aspergillus kawachi. AkAA 
was added at 0 to 0.3 SSU/ds in increments of 0.1 SSU and 
34% DSLIQUOZYME(R) Supra liquefied starch (CPI, Stock 
ton, Calif.), at 60° C. pH 4.5 for 2 days. Pullulanase (PU) and 
GC626(R) (AkAA) were dosed along with purified AfGA1TR 
at 0.256 ASPU/gds and 0.35 SSU/gds, respectively. Samples 
were taken at different intervals of time and analyzed for 
sugar composition by HPLC. 
0331 Table 6 and FIG. 7 disclose profiles of oligosaccha 
rides saccharified by AfGA1TR, PU and varying doses of 
AkAA. Only oligosaccharides with DP1, DP2, DP3 and HS 
are shown. The numbers in Table 6 reflect the weight percent 
age of each DPnas a fraction of the total DP1, DP2, DP3, and 
HS. 
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TABLE 6 

Effect of AkAA during saccharification enzyme 
liquefied Starch by AfGAITR. 

AkAA (GC626 (R)) 
Flask dose: gods Hr 96 DP1 % DP2 % DP3 %, HS 

1 O 6 64.43 8.51 O.68 26.37 
21 88.93 1.60 O46 9.01 
29 92.19 18O O45 5.56 
45 94.60 2.22 O4O 2.78 
53 94.99 240 O.38 2.23 
68 95.55 2.77 0.37 1.30 

2 O.1 SSU 6 63.10 1O.OO O.77 26.12 
21 91.07 2.01 O.S9 6.33 
29 94.33 2.01 O.S8 3.09 
45 96.13 2.23 O49 1.15 
53 96.24 2.39 O46 O.91 
68 96.20 2.72 O42 O.66 

3 O2 SSU 6 63.66 10.47 O.92 24.96 
21 91.75 2.18 O.65 5.43 
29 95.03 2.05 O.64 2.28 
45 96.19 2.25 O.S2 1.03 
53 96.28 2.41 O48 O.83 
68 96.22 2.73 O43 O.62 

4 O3 SSU 6 59.97 11.76 1.74 26.53 
21 91.52 2.44 O.71 5.33 
29 95.03 2.08 O.70 2.19 
45 96.21 2.2O 0.57 1.01 
53 96.31 2.34 O.S2 O.83 
68 96.27 2.64 O46 O.63 

Table 6 shows that AfCA1 TR was able to reach >96% DP1 in 
45 hours in presence of at least 0.1 SSU/gds, while lack of 
AkAA resulted in a statistically significantly reduced rate of 
saccharification. The result indicates that a significant 
increase in the final glucose yield was achieved by the addi 
tion of AkAA during saccharification of enzyme liquefied 
starch by AfCA1TR. 

Example 9 

Solubilization and Hydrolysis of Granular Starch by 
an Enzyme Blend Containing Alpha-Amylase, 

AfGA1 TR and Pullulanase 

0332 Granular corn starch slurry having 35% dry solid 
starch in distilled water was prepared and the pH was adjusted 
to pH 5.0 using NaOH. 10 AAU/gds of alpha-amylase 
(SPEZYME(R) XTRA) and purified protein of AfGA1TR 
were added at 0.047 mg/gds along with 0.15 ASPU/gds of 
pullulanase (OPTIMAX(R) L-1000) to the starch slurry. Then, 
the starch slurry was kept in a water bath maintained at 60° C. 
with constant stirring. An aliquot was withdrawn at different 
time intervals and centrifuged. The clear Supernatant was 
used for refractive index (RI) to calculate percent solubiliza 
tion and analyzed for sugar composition by HPLC. 

TABLE 7 

Product profile of fungal glucoamylases on starch during liquefaction. 

Dose: Solu- % % % % 
Enzymes fgds Hr bility DP1 DP2 DP3 HS 

SPEZYME 10 5 52.5% 73. OS 13.20 1.SS 12.20 
XTRA AAU 20.5 72.5% 93.00 2.38 1.86 2.76 

29 76.2% 94.10 2.21 1.SS 2.13 
OPTIMAX O.15 44.5 82.0% 95.14 2.16 1.16 1.54 
L-1000 ASPU 52 83.5% 95.43 2.20 1.02 1.36 
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TABLE 7-continued 

Product profile of fungal glucoamylases on starch during liquefaction. 

Dose: Solu- % % % % 
Enzymes fgds Hr bility DP1 DP2 DP3 HS 

AfGA1TR O.047 68 
ng 

86.1% 95.75 2.36 O.81 1.08 

0333 Table 7 shows that AfGA1TR was able to reach 
>95.5% DP1 in 68 hours using granular starch in presence of 
alpha-amylase and PU, where granular starch was 86% solu 
bilized. 

Example 10 

Effect of Residual Alpha-Amylase Activity on DP3 
Level 

0334) The effect of single pH (5.5) and the effect of 
residual alpha-amylase activity at pH 4.5 on both DP1 and 
DP3 with AfCA1TR by adding 0.066 KG/MTds of 
LIQUOZYME(R) Supra (NZ) back to alpha-killed starch liq 
uefact was analyzed. 0.066 mg/gds of AfGA1TR was blended 
with 0.25 ASPU/gds of OPTIMAX(R) L-1000 (pullulanase) 
and 0.1 SS U/gds of AkAA. Table 8 and FIG. 5 disclose 
profiles of oligosaccharides saccharified by AfGA1TR and 
OPTIMAX(R) 4060 VHP (an AnGA?pullulanase blend). 

TABLE 8 

Product profile of fungal glucoamylase on liquefied Starch. 

Sugar composition at 48 hours % DP1 % DP2 % DP3 %, HS 

AfGA1TR triple 0.066 mg 95.12 1.99 O.71 2.19 
(0.141 GAU), Active, pH 5.5 
AfGA1TR triple 0.066 mg 95.92 2.19 O.S9 1.30 
(0.141 GAU), Active, pH 4.5 
AfGA1TR triple 0.066 mg 96.OO 2.26 O43 1.31 
(0.141 GAU), Killed, pH 4.5 
OPTIMAX (R) 4060 VHP 0.16 GAU, 95.93 2.27 0.55 1.25 
Killed, pH 4.5 
OPTIMAX (R) 4060 VHP 0.16 GAU, 95.86 2.27 O.68 118 
Active, pH 4.5 

0335. AfCA1TR triple blend showed significant loss in 
the rate of saccharification at pH 5.5 compared to pH 4.5 
possibly due to unfavorable pH to OPTIMAX(R) L-1000 but 
was able to achieve >95.5% DP1 in 48 hours. Both AfGA1 TR 
and OPTIMAX(R) 4060 VHP were a bit negatively affected by 
residual alpha-amylase activity to maximize glucose yield 
because of higher DP3 as expected. In the case of alpha 
amylase killed liquefact, AfGA1TR resulted in significantly 
lower DP3 than OPTIMAX(R) 4060 VHP by 0.1%. Levels of 
AfGA1TR with alpha-amylase active liquefact were as low as 
the one of OPTIMAX(R) 4060 VHP with alpha-'killed” liq 
uefact. 

Example 11 

Comparison of AfCA1TR with Wild-Type 
Aspergillus fumigatus Glucoamylase 

0336 Starch liquefact was prepared to have 34% dry sol 
ids by diluting with water and the saccharification was carried 
out using the 2 different glucoamylases: 1) AfCA1 TR at 
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0.067 mg/gds starch and 2) purified protein of wild-type 
AfGA (expressed in Aspergillus filmigatus) from GLU 
COTEAM DB (Nagase Co. & Ltd., Japan) at 0.065 mg/gds at 
pH 4.4 and 60° C. In addition, pullulanase (PU) and acid 
stable alpha-amylase, GC626(R) (AkAA) at 0.14 ASPU/gds 
and 0.9 SSU/gds, respectively, were dosed along with each 
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The clear supernatant was used for refractive index (RI) to 
calculate percent solubilization and analyzed for Sugar com 
position by HPLC. Table 10 shows that both Aspergillus 
filmigatus glucoamylases were able to reach >95.5% DP1 by 
68 hours using granular starch in presence of alpha-amylase 
and PU, where granular starch was >86% solubilized. 

TABLE 10 

Effect of alpha-amylase and pullulanase on granular starch solubilization 

Enzymes 

SPEZYMEXTRA 
OPTIMAXL-1OOO 
AfGA1TR 

SPEZYMEXTRA 
OPTIMAXL-1OOO 
Wild-type AfCA 

glucoamylase. Samples were taken at different intervals of 
time and analyzed for sugar composition by HPLC. 
0337 Table 9 showed that AfCA1TR resulted in >95.5% 
DP1 in 48 hours, whereas commercial Aspergillus filmigatus 
took longer saccharification time. Both glucoamylases were 
able to reach >96% DP1 with DP2 less than 3%. 

TABLE 9 

Product profile of fungal glucoamylase blends on liquefied starch. 

% % % % 
Enzymes Dose: gods Hir DP1 DP2 DP3 HS 

AFGA1 TR 0.067 mg 15 86.62 460 O.76 8.02 
OPTIMAXL-1000 O.14 ASPU 26 94.78 2.11 O.77 2.34 
GC626 (R) O.9 SSU 39 96.12 2.07 O.S.S 1.26 

48 96.27 2.26 O.45 1.02 
63 96.22 2.61 O.34 O.83 
71 96.16 2.77 0.31 O.76 

Wild-type AfCA 0.065 mg 16 75.43 10.45 0.84 13.28 
OPTIMAXL-1000 O.14 ASPU 24 87.33 4.87 0.93 6.87 
GC626 (R) O.9 SSU 4O 95.11 2.0S 0.89 1.9S 

48 95.81 1.93 0.79 1.47 
64 96.16 2.09 0.61 1.14 
72 96.21 2.19 O.S.S 1.05 

Example 12 

Solubilization and Hydrolysis of Granular Starch by 
Enzyme Blend Containing Alpha-Amylase, 
Pullulanase and Aspergillus fumigatus GAS 

0338. In a typical example, granular corn starch slurry 
having 35% dry solid starch in distilled water was prepared 
and the pH was adjusted to pH 5.0 using sodium hydroxide. 
Ten AAU/gds of SPEZYMERXTRA and purified protein of 
AfGA1TR or wild-type Aspergillus fumigatus GA (AfGA) 
from GLUCOTEAM DB (Nagase Co. & Ltd., Japan) were 
added along with 0.15 ASPU/gds of OPTIMAX(R) L-1000 to 
the starch slurry. Then, the starch slurry was kept in a water 
bath maintained at 60° C. with constant stirring. An aliquot 
was withdrawn at different time intervals and centrifuged. 

Dose: gods Hr Solubility 96 DP1 % DP2 % DP3 % HS 

10 AAU 5 52.5% 73.05 13.20 1.55 12.20 
O.1S ASPU 20.5 72.59% 93.00 2.38 186 2.76 

0.047 mg 29 76.2% 94.10 2.21 1.55 2.13 
445 82.0% 95.14 2.16 1.16 1.54 
52 83.5% 95.43 2.20 1.02 1.36 
68 86.1% 95.75 2.36 O.81 1.08 

10 AAU 15 72.3% 87.15 4.92 2.25 S.68 
O.14 ASPU 2S 78.7% 91.93 2.68 2.15 3.24 

0.075 mg 39 86.0% 94.24 2.00 1.70 2.06 
50 87.3% 94.84 1.96 1.45 1.75 
64 91.5% 95.42 2.04 1.15 1.39 
73 92.1% 95.62 2.12 1.01 1.25 

Example 13 

Expression and Purification of AfGA2TR 
0339. The nucleic acid sequence for the AfGA2 gene 
(NCBI Reference Sequence DS499595 from 145382 to 
147441) was mined from Aspergillus filmigatus A1163, and 
the amino acid sequence of the hypothetical protein encoded 
by the AfGA2 gene was found in the NCBI Databases (NCBI 
Accession No. EDP53734). The nucleotide sequence of the 
AfGA2 gene from Aspergillus fumigatus A1163 was opti 
mized and synthesized by Generay (Generay Biotech Co., 
Ltd, Shanghai, China). 
0340. The DNA sequence of AfGA2 was optimized for its 
expression in Trichoderma reesei, then synthesized and 
inserted into the pTrex3gM expression vector (described in 
U.S. Published Application 2011/0136197 A1) by Generay 
(Generay Biotech Co., Ltd, Shanghai, China), resulting in 
pJG313 (FIG. 9). 
0341 The plasmid plG313 was transformed into a quad 
deleted Trichoderma reesei strain (described in WO 
05/001036) using biolistic method (Te'o et al., J. Microbiol. 
Methods 51:393-99, 2002). Transformants were selected on a 
medium containing acetamide as a sole source of nitrogen 
(acetamide 0.6 g/L, cesium chloride 1.68 g/L glucose 20 g/L. 
potassium dihydrogen phosphate 15 g/L, magnesium Sulfate 
heptahydrate 0.6 g/L. calcium chloride dihydrate 0.6 g/L.; 
iron (II) sulfate 5 mg/L. Zinc sulfate 1.4 mg/L, cobalt(II) 
chloride 1 mg/L, manganese (II) sulfate 1.6 mg/L, agar 20 
g/L; pH 4.25). Transformed colonies (about 50-100) 
appeared in about 1 week. After growth on acetamide plates, 
transformants were picked and transferred individually to 
acetamide agar plates. After 5 days of growth on acetamide 
plates, transformants displaying stable morphology were 
inoculated into 200 ul Glucose/Sophorose defined media in 
96-well microtiter plates. The microtiter plate was incubated 
in an oxygen growth chamber at 28°C. for 5 days. Superna 
tants from these cultures were used to confirm the protein 
expression by SDS-PAGE analysis and assay for enzyme 
activity. The stable strains were Subsequently grown in a 7L 
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fermentor in a defined medium containing 60% glucose 
sophorose feed. Glucose/Sophorose defined medium (per 
liter) consists of (NH)SO5 g, PIPPS buffer 33 g, Casamino 
Acids 9 g, KHPO 4.5 g., CaCl (anhydrous) 1 g, MgSO. 
7HO 1 g, pH to 5.5 adjusted with 50% NaOH with Milli-Q 
HO to bring to 966.5 mL. After sterilization, the following 
were added: 26 mL 60% Glucose/Sophrose, and 400XT. 
reesei Trace Metals 2.5 mL. 
0342. The protein, AfGA2TR, was purified via two steps 
of chromatography. Ammonium Sulfate was added to 600 mL 
fermentation brothuntil the final concentration of ammonium 
sulfate reaches 1 M. The sample was loaded onto a 50 mL 
hydrophobic interaction chromatography Phenyl HP column 
pre-equilibrated with 20 mM sodium phosphate pH 7.0 con 
taining 1 MAmmonium sulfate (buffer A). The column was 
washed with a linear salt gradient from 1 to 0 Mammonium 
sulfate. The active fractions were pooled and applied to affin 
ity chromatography. The sample after hydrophobic interac 
tion chromatography was exchanged into 25 mM pH4.3 
sodium acetate buffer (buffer B) and loaded onto B-cyclodex 
trin coupled Sepharose 6B column pre-equilibrated with 
buffer B. The target protein was eluted by 25 mM pH 4.3 
sodium acetate with 10 mM C-cyclodextrin (Buffer C). The 
eluant was concentrated by using a 10K Amicon Ultra-15 
device. The final product was above 98% pure and stored in 
40% glycerol at -80° C. for further studies. 

Example 14 

Glucoamylase Activity of AfCA2TR 
0343 AfGA2TR belongs to the glycosyl hydrolase 15 
family (GH15, CAZy number). The glucoamylase activity of 
AfGA2TR was measured using 1% w/w soluble starch 
(Sigma S9765) as a substrate. The assay was performed in 50 
mM sodium acetate buffer pH 5.0 at 50° C. for 10 minutes. 
The rate of glucose release was measured using the glucose 
oxidase/peroxidase (GOX/HRP) technique disclosed in 
Example 3. Glucose was quantified as the rate of oxidation of 
2,2'-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid 
(ABTS) via excess coupled GOX/HRPenzymes. The enzyme 
activity was calculated based on a glucose standard curve. In 
this assay, one glucoamylase unit is defined as the amount of 
enzyme required to generate 1 umol of glucose per minute 
under the conditions of the assay. The specific activity 
towards soluble starch of purified AfGA2TR was determined 
to be 214 units/mg using the above method. 

Example 15 

pH Profile of AfGA2TR 
(0344) The effect of pH (from 3.0 to 10.0) on AfGA2TR 
activity was monitored by following the ABTS assay protocol 
as described in Example 3. Buffer working solutions con 
sisted of the combination of glycine/sodium acetate/HEPES 
(250 mM), with pH variation from 3.0 to 10.0. Substrate 
solutions were prepared by mixing soluble starch (1% in 
water, w/w) with 250 mM buffer solution at a ratio of 9:1. 
Enzyme working solutions were prepared in waterata certain 
dose (showing signal within linear range as per dose response 
curve). All the incubations were done at 50° C. for 10 min 
using the same protocolas described for glucoamylase activ 
ity assay in Example 3. Enzyme activity at each pH was 
reported as relative activity towards enzyme activity at opti 
mum pH. The pH profile of AfCA2TR is shown in FIG. 10. 
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AfGA2TR was found to have an optimum pH at about 5.3, 
and retain greater than 70% of maximum activity between pH 
3.3 and 7.3. 

Example 16 

Temperature Profile of AfCA2TR 
(0345. The effect oftemperature (from 40°C. to 84°C.) on 
AfGA2TR activity was monitored by following the ABTS 
assay protocolas described in Example 3. Substrate solutions 
were prepared by mixing 9 mL of soluble starch (1% in water, 
w/w) and 1 mL of 0.5M buffer (pH 5.0 sodium acetate) into 
a 15-mL conical tube. Enzyme working solutions were pre 
pared in water at a certain dose (showing signal within linear 
range as per dose response curve). Incubations were carried 
out attemperatures from 40°C. to 84°C., respectively, for 10 
min. After incubation, the activities were determined follow 
ing the same protocol as described for glucoamylase activity 
assay in Example 3. The activity was reported as relative 
activity towards the enzyme activity at optimum temperature. 
The temperature profile of AfGA2TR is shown in FIG. 11. 
AfGA2TR was found to have an optimum temperature of 69° 
C., and retain greater than 70% of maximum activity between 
61° C. and 74° C. 

Example 17 

Thermostability of AfGA2TR 
(0346. The thermostability of AfCA2TR was determined 
in 50 mM sodium acetate buffer pH 5.0. The enzyme was 
incubated at desired temperature for 2 hours in a PCR 
machine prior to addition into Substrate. The remaining activ 
ity of the samples was measured as described in Example 3. 
The activity of the sample kept on ice was defined as 100% 
activity. As shown in FIG. 12, at temperature lower than 63 
C. AfGA2TR retained over 50% activity during a 2-hour 
incubation period. 

Example 18 

Comparison of AfCA1TR with AfCA2TR 
0347 Starch liquefact was prepared to have 34% dry sol 
ids by diluting with water and the saccharification was carried 
out using the 2 different glucoamylases; 1) AfGA1 TR at 0.06 
mg/gds starch and 2) purified protein of AfGA2TR at 0.06 
mg/gds at pH 4.4 and 60°C. In addition, pullulanase (OPTI 
MAX(R) L-1000) and acid-stable alpha-amylase, GC626(R) 
(ASAA) at 0.14 ASPU/gds and 0.9 SSU/gds, respectively, 
were dosed along with each glucoamylase to enhance glucose 
production. Samples were taken at different intervals of time 
and analyzed for sugar composition by HPLC. 

TABLE 11 

Product profile of AfCAITR and AfGA2TR blends on liquefied Starch. 

% % % % 
Enzymes Dose: gods Hir DP1 DP2 DP3 HS 

AFGA1 TR 0.06 mg 16 82.99 6.76 114 911 
OPTIMAX(R) O.14 ASPU 24 91.6S 3.3O 1.21 3.84 
L-1000 O.9 SSU 4O 95.32 2.33 0.93 1:42 
GC626 (R) 48 95.66 2.39 O.79 1.16 

64 95.73 2.71 0.64 O.92 
72 95.64 2.87 0.62 0.87 
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TABLE 11-continued 

Product profile of AfCAITR and AfCA2TR blends on liquefied starch. 

% % % % 
Enzymes Dose: gods Hir DP1 DP2 DP3 HS 

AfGA2TR 0.06 mg 16 86.40 4.32 1.OS 8.23 
OPTIMAX(R) O.14 ASPU 24 93.34 2.34 1.OS 3.27 
L-1000 O.9 SSU 4O 95.68 2.17 O.78 1.37 
GC626 (R) 48 95.91 2.28 0.67 114 

64 95.93 2.62 O.S.S. O.90 
72 95.88 2.77 O.S1 O.84 

Table 11 showed that both glucoamylases resulted in >95.5% 
DP1 in 48 hours with a slightly faster saccharification using 
AfGA2TR. 
0348 Although the compositions and methods of making 
and using has been described in detail with reference to 
examples above, it is understood that various modifications 
can be made without departing from the spirit these compo 
sitions and methods, and would be readily known to the 
skilled artisan. 
0349 All cited patents and publications referred to in this 
application are herein incorporated by reference in their 
entirety for all purposes. 

SEQUENCE LISTING 
0350 

AfGA1 precursor 
SEQ ID NO: 1 

MPRLSYALCALSLGHAAIAAPOLISARATGSLDSWLGTETTWALNGILANI 

GADGAYAKSAKPGIIIASPSTSEPDYYYTWTRDAALWTKWLWDLFRNGNL 

GLOKVITEYWNSOAYLOTVSNPSGGLASGGLAEPKYNWDMTAFTGAWGRP 

ORDGPALRATALIDFGNWLIDNGYSSYAVNNIWPIVRNDLSYWSOYWSOS 

GFDLWEEVNSMSFFTVAWOHRALWEGSTFAKRWGASCSWCDSOAPOILCY 

MOSFWTGSYINANTGGGRSGKDANTVLASIHTFDPEAGCDDTTFOPCSPR 

ALANHKWYTDSFRSVYAINSGIPOGAAVSAGRYPEDWYYNGNPWFLTTLA 

AAEOLYDAIYOWKKIGSISITSTSLAFFKDIYSSAAVGTYASSTSTFTDI 

INAVKTYADGYVSIVOAHAMNNGSLSEOFDKSSGLSLSARDLTWSYAAFL 

TANMRRNGVWPAPWGAASANSWPSSCSMGSATGTYSTATATSWPSTILTSG 

SPGSTTTVGTTTSTTSGTAAETACATPTAWAWTFNEIATTTYGENVYIWG 

SISELGNWDTSKAWALSASKYTSSNNLWYWSWTLPAGTTFEYKYIRKESD 

GSIWWESDPNRSYTVPAACGVSTATENDTWO 

AfGA2 precursor 
SEQ ID NO: 2 

MPRLSYALCALSLGHAAIAAPOLISARATGSLDSWLGTETTWALNGILANI 

GADGAYAKSAKPGIIIASPSTSEPDYYYTWTRDAALWTKWLWDLFRNGNL 

GLOKVITEYWNSOAYLOTVSNPSGGLASGGLAEPKYNWDMTAFTGAWGRP 

ORDGPALRATALIDFGNWLIDNGYSSYAVNNIWPIVRNDLSYWSOYWSOS 

GFDLWEEVNSMSFFTVAWOHRALWEGSTFAKRWGASCSWCDSOAPOILCY 

MOSFWTGSYINANTGGGRSGKDANTVLASIHTFDPEAGCDDTTFOPCSPR 
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- Continued 
ALANHKWYTDSFRSVYAINSGIPOGAAVSAGRYPEDWYYNGNPWFLTTLA 

AAEOLYDAIYOWKKIGSISITSTSLAFFKDIYSSAAVGTYASSTSTFTDI 

INAVKTYADGYVSIVOAHAMNNGSLSEOFDKSSGLSLSARDLTWSYAAFL 

TANMRRNGVWPAPWGAASANSWPSSCSMGSATGTYSTATATSWPSTILTSG 

SPGSTTTVGTTTSTTSGTATETACATPTAWAWTFNEIATTTYGENVYIWG 

SISELGNWDTSKAWALSASKYTSSNNLWYWSWTLPAGTTFEYKYIRKESD 

GSIWWESDPNRSYTWPAACGWSTATENDTWR 

Nf NRRL 181 GA 
SEQ ID NO : 

MPRLSYALCALSLGHAAIAAPOLSPRATGSLDSWLATESTWSLNGILANI 

GADGAYAKSAKPGIIIASPSTSDPDYYYTWTRDAALWTKWLWDLFRNGNL 

GLOKVITEYWNSOAYLOTWSTPSGGLSSGGLAEPKYNWDMTAFTGAWGRP 

ORDGPALRATALIDFGNWLIDNGYSSYAVNNIWPIVRNDLSYWSOYWSOS 

GFDLWEEVNSMSFFTVAWOHRALWEGSTFAKRWGASCSWCDSOAPOILCY 

MOSFWTGSYINANTGGGRSGKDANTVLASIHTFDPEAGCDDTTFOPCSPR 

ALANHKWYTDSFRSVYAINSGIPOGVAVSAGRYPEDWYYNGNPWFLTTLA 

AAEOLYDAIYOWKKIGSISITSTSLAFFKDIYSSVAVGTYASSSSTFTAI 

IDAVKTYADGYVSIVEAHAMTNGSLSEOFDKSSGMSLSARDLTWSYAALL 

TANMRRNGVWPAPWGAASANSWPSSCSMGSATGTYSTATATSWPSTILTSG 

SPSDTTSGTTPGTTTTTSACTTPTSVAVTFDEIATTTYGENVYTIGSISQ 

LGSWDTSKAWPLSSSKYTSSNNLWYWTINLPAGTTFEYKYIRKESDGSIE 

WESDPNRSYTWPSACGWSTATEKDTWR 

Ts ATCCO 10500 GA 
SEQ ID NO : 

MTRLSSVLCALAALGOTALAAPGLSPRASTSLDAWLATETTWSLSGILAN 

IGADGAYSKSAKPGWWIASPSTDNPNYYYTWTRDSALTLKWLIDLFRNGN 

LGLOTVIEEYVNAOAYLOTVSNPSGDLSSGAGLAEPKFNVDMSAFTGSWG 

RPORDGPALRAIALIDFGNWLIENGYTSLAANNIWPIVRNDLSYWAOYWS 

OSGFDLWEEVNSMSFFTVANOHRSLVEGSTFAAKVGASCSWCDSOAPOIL 

CYMOTFWTGSYMNANTGGGRSGKDANTVLTSIATFDPEATCDDWTFOPCS 

PRALANHKWYTDSFRSWYGLNSGIAEGWAWAWGRYPEDSYYNGNPWFLSN 

LAAAEOLYDAIYOWNKIGSITITSTSLAFFKDVYSSAAVGTYASGSSAFT 

SIINAVKTYADGYISVVOSHAMNNGSLSEOFDKNTGAELSARDLTWSYAA 

LLTANMRRNGWWPPSWGAASATSIPSSCTTGSAIGTYSTPTATSWPSTLT 

SGTGSPGSTTSATGSWSTSVSATTTSAGSCTTPTSWAVTEDEIATTSYGE 

NVYIVOSISQLGSWNTANAIALSASKYTTSNNLWYVTINLPAGTTFOYKY 

IRKESDGTWKWESDPNRSYTWPSACGWSTATENDTWR 

Pm ATCC 18224 GA 
SEQ ID NO : 

MTFSRLSSSVLCALAALGHNALAAPOFSPRATWGLDAWLASETTFSLNGI 

LANIGSSGAYSASAKPGWWIASPSTNNPNYYYTWTRDSALTLKWLIDLFG 

NGNLSLOTWIEEYINAOAYLOTVSNPSGDLSSGAGLAEPKYNWDMSPFTG 
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- Continued 

212. TYPE: PRT 
<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (631) 
<223> OTHER INFORMATION: AfGA1 precursor 

<4 OOs, SEQUENCE: 1 

Met Pro Arg Lieu. Ser Tyr Ala Lieu. Cys Ala Lieu. Ser Lieu. Gly His Ala 
1. 5 1O 15 

Ala Ile Ala Ala Pro Gln Lieu. Ser Ala Arg Ala Thr Gly Ser Lieu. Asp 
2O 25 3O 

Ser Trp Lieu. Gly Thr Glu Thir Thr Val Ala Lieu. Asn Gly Ile Lieu Ala 
35 4 O 45 

Asn. Ile Gly Ala Asp Gly Ala Tyr Ala Lys Ser Ala Lys Pro Gly Ile 
SO 55 6 O 

Ile Ile Ala Ser Pro Ser Thr Ser Glu Pro Asp Tyr Tyr Tyr Thr Trp 
65 70 7s 8O 

Thir Arg Asp Ala Ala Lieu Val Thr Llys Val Lieu Val Asp Lieu. Phe Arg 
85 90 95 

Asn Gly Asn Lieu. Gly Lieu. Glin Llys Val Ile Thr Glu Tyr Val Asn. Ser 
1OO 105 11 O 

Glin Ala Tyr Lieu Gln Thr Val Ser Asn Pro Ser Gly Gly Lieu Ala Ser 
115 12 O 125 

Gly Gly Lieu Ala Glu Pro Llys Tyr ASn Val Asp Met Thr Ala Phe Thr 
13 O 135 14 O 

Gly Ala Trp Gly Arg Pro Glin Arg Asp Gly Pro Ala Lieu. Arg Ala Thr 
145 150 155 160 

Ala Lieu. Ile Asp Phe Gly Asn Trp Lieu. Ile Asp Asn Gly Tyr Ser Ser 
1.65 17O 17s 

Tyr Ala Val Asn. Asn. Ile Trp Pro Ile Val Arg Asn Asp Lieu. Ser Tyr 
18O 185 19 O 

Val Ser Glin Tyr Trp Ser Glin Ser Gly Phe Asp Leu Trp Glu Glu Val 
195 2OO 2O5 

Asn Ser Met Ser Phe Phe Thr Val Ala Val Gln His Arg Ala Leu Val 
21 O 215 22O 

Glu Gly Ser Thr Phe Ala Lys Arg Val Gly Ala Ser Cys Ser Trp Cys 
225 23 O 235 24 O 

Asp Ser Glin Ala Pro Glin Ile Lieu. Cys Tyr Met Glin Ser Phe Trp Thr 
245 250 255 

Gly Ser Tyr Ile Asn Ala Asn. Thr Gly Gly Gly Arg Ser Gly Lys Asp 
26 O 265 27 O 

Ala Asn Thr Val Lieu Ala Ser Ile His Thr Phe Asp Pro Glu Ala Gly 
27s 28O 285 

Cys Asp Asp Thir Thr Phe Glin Pro Cys Ser Pro Arg Ala Lieu Ala Asn 
29 O 295 3 OO 

His Llys Val Tyr Thr Asp Ser Phe Arg Ser Val Tyr Ala Ile Asin Ser 
3. OS 310 315 32O 

Gly Ile Pro Glin Gly Ala Ala Val Ser Ala Gly Arg Tyr Pro Glu Asp 
3.25 330 335 

Val Tyr Tyr Asn Gly Asn Pro Trp Phe Lieu. Thir Thr Lieu Ala Ala Ala 
34 O 345 35. O 

Glu Gln Lieu. Tyr Asp Ala Ile Tyr Glin Trp Llys Lys Ile Gly Ser Ile 
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355 360 365 

Ser Ile Thr Ser Thr Ser Leu Ala Phe Phe Lys Asp Ile Tyr Ser Ser 
37 O 375 38O 

Ala Ala Val Gly Thr Tyr Ala Ser Ser Thr Ser Thr Phe Thr Asp Ile 
385 390 395 4 OO 

Ile Asn Ala Wall Lys Thr Tyr Ala Asp Gly Tyr Val Ser Ile Val Glin 
4 OS 41O 415 

Ala His Ala Met Asn. Asn Gly Ser Lieu. Ser Glu Glin Phe Asp Llys Ser 
42O 425 43 O 

Ser Gly Lieu. Ser Lieu. Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr Ala Ala 
435 44 O 445 

Phe Lieu. Thir Ala Asn Met Arg Arg Asn Gly Val Val Pro Ala Pro Trp 
450 45.5 460 

Gly Ala Ala Ser Ala Asn Ser Val Pro Ser Ser Cys Ser Met Gly Ser 
465 470 47s 48O 

Ala Thr Gly Thr Tyr Ser Thr Ala Thr Ala Thir Ser Trp Pro Ser Thr 
485 490 495 

Lieu. Thir Ser Gly Ser Pro Gly Ser Thr Thr Thr Val Gly Thr Thir Thr 
SOO 505 51O 

Ser Thir Thr Ser Gly Thr Ala Ala Glu Thir Ala Cys Ala Thr Pro Thr 
515 52O 525 

Ala Val Ala Val Thr Phe Asn Glu Ile Ala Thir Thr Thr Tyr Gly Glu 
530 535 540 

Asn Val Tyr Ile Val Gly Ser Ile Ser Glu Lieu. Gly Asn Trp Asp Thr 
5.45 550 555 560 

Ser Lys Ala Val Ala Lieu. Ser Ala Ser Lys Tyr Thr Ser Ser Asn. Asn 
565 st O sts 

Lieu. Trp Tyr Val Ser Val Thr Lieu Pro Ala Gly Thr Thr Phe Glu Tyr 
58O 585 59 O 

Llys Tyr Ile Arg Lys Glu Ser Asp Gly Ser Ile Val Trp Glu Ser Asp 
595 6OO 605 

Pro Asn Arg Ser Tyr Thr Val Pro Ala Ala Cys Gly Val Ser Thr Ala 
610 615 62O 

Thr Glu Asn Asp Thir Trp Gln 
625 630 

<210s, SEQ ID NO 2 
&211s LENGTH: 631 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus fumigatus A1163 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (631) 
<223> OTHER INFORMATION: AfGA2 precursor 

<4 OOs, SEQUENCE: 2 

Met Pro Arg Lieu. Ser Tyr Ala Lieu. Cys Ala Lieu. Ser Lieu. Gly His Ala 
1. 5 1O 15 

Ala Ile Ala Ala Pro Gln Lieu. Ser Ala Arg Ala Thr Gly Ser Lieu. Asp 
2O 25 3O 

Ser Trp Lieu. Gly Thr Glu Thir Thr Val Ala Lieu. Asn Gly Ile Lieu Ala 
35 4 O 45 

Asn. Ile Gly Ala Asp Gly Ala Tyr Ala Lys Ser Ala Lys Pro Gly Ile 
SO 55 6 O 
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Ile 
65 

Thir 

Asn 

Glin 

Gly 

Gly 
145 

Ala 

Wall 

Asn 

Glu 
225 

Asp 

Gly 

Ala 

His 
3. OS 

Gly 

Wall 

Glu 

Ser 

Ala 
385 

Ile 

Ala 

Ser 

Phe 

Ile 

Arg 

Gly 

Ala 

Gly 
13 O 

Ala 

Luell 

Ala 

Ser 

Ser 
21 O 

Gly 

Ser 

Ser 

Asn 

Asp 
29 O 

Ile 

Glin 

Ile 
37 O 

Ala 

Asn 

His 

Gly 

Luell 

450 

Ala 

Asp 

Asn 

Tyr 
115 

Luell 

Trp 

Ile 

Wall 

Glin 
195 

Met 

Ser 

Glin 

Thir 
27s 

Asp 

Wall 

Pro 

Luell 
355 

Thir 

Wall 

Ala 

Ala 

Luell 

435 

Thir 

Ser 

Ala 

Luell 

Luell 

Ala 

Gly 

Asp 

Asn 
18O 

Tyr 

Ser 

Thir 

Ala 

Ile 
26 O 

Wall 

Thir 

Glin 

Asn 
34 O 

Tyr 

Ser 

Gly 

Wall 

Met 

Ser 

Ala 

Pro 

Ala 
85 

Gly 

Glin 

Glu 

Arg 

Phe 
1.65 

Asn 

Trp 

Phe 

Phe 

Pro 
245 

Asn 

Lell 

Thir 

Thir 

Gly 
3.25 

Gly 

Asp 

Thir 

Thir 

Lys 
4 OS 

Asn 

Lell 

Asn 

Ser 
70 

Lell 

Lell 

Thir 

Pro 

Pro 
150 

Gly 

Ile 

Ser 

Phe 

Ala 
23 O 

Glin 

Ala 

Ala 

Phe 

Asp 
310 

Ala 

Asn 

Ala 

Ser 

Tyr 
390 

Thir 

Asn 

Ser 

Met 

Thir 

Wall 

Glin 

Wall 

Lys 
135 

Glin 

Asn 

Trp 

Glin 

Thir 
215 

Ile 

Asn 

Ser 

Glin 
295 

Ser 

Ala 

Pro 

Ile 

Lell 
375 

Ala 

Gly 

Ala 

Arg 
45.5 

Ser 

Thir 

Ser 
12 O 

Arg 

Trp 

Pro 

Ser 

Wall 

Arg 

Luell 

Thir 

Ile 

Pro 

Phe 

Wall 

Trp 

Tyr 
360 

Ala 

Ser 

Ala 

Ser 

Arg 
44 O 

Arg 

Glu 

Wall 
105 

Asn 

Asn 

Asp 

Luell 

Ile 
185 

Gly 

Ala 

Wall 

Gly 
265 

His 

Arg 

Ser 

Phe 
345 

Glin 

Phe 

Ser 

Asp 

Luell 

425 

Asp 

Asn 

Pro 

Wall 
90 

Ile 

Pro 

Wall 

Gly 

Ile 
17O 

Wall 

Phe 

Wall 

Gly 

Tyr 
250 

Gly 

Thir 

Ser 

Ser 

Ala 
330 

Luell 

Trp 

Phe 

Thir 

Gly 

Ser 

Luell 

Gly 

Asp 

Luell 

Thir 

Ser 

Asp 

Pro 
155 

Asp 

Arg 

Asp 

Glin 

Ala 
235 

Met 

Gly 

Phe 

Pro 

Wall 
315 

Gly 

Thir 

Ser 

395 

Tyr 

Glu 

Thir 

Wall 

40 

- Continued 

Tyr 

Wall 

Glu 

Gly 

Met 
14 O 

Ala 

Asn 

Asn 

Lell 

His 
22O 

Ser 

Glin 

Arg 

Asp 

Arg 
3 OO 

Arg 

Thir 

Asp 
38O 

Thir 

Wall 

Glin 

Trp 

Wall 
460 

Tyr 

Asp 

Tyr 

Gly 
125 

Thir 

Lell 

Gly 

Asp 

Trp 

Arg 

Ser 

Ser 

Pro 
285 

Ala 

Ala 

Lell 

Ile 
365 

Ile 

Phe 

Ser 

Phe 

Ser 

445 

Pro 

Tyr 

Luell 

Wall 
11 O 

Luell 

Ala 

Arg 

Tyr 

Luell 
19 O 

Glu 

Ala 

Ser 

Phe 

Gly 
27 O 

Glu 

Luell 

Ile 

Pro 

Ala 
35. O 

Gly 

Thir 

Ile 

Asp 
43 O 

Ala 

Thir 

Phe 
95 

Asn 

Ala 

Phe 

Ala 

Ser 
17s 

Ser 

Glu 

Luell 

Trp 

Trp 
255 

Lys 

Ala 

Ala 

Asn 

Glu 
335 

Ala 

Ser 

Ser 

Asp 

Wall 
415 

Ala 

Pro 

Trp 

Arg 

Ser 

Ser 

Thir 

Thir 
160 

Ser 

Tyr 

Wall 

Wall 

Cys 
24 O 

Thir 

Asp 

Gly 

Asn 

Ser 

Asp 

Ala 

Ile 

Ser 

Ile 
4 OO 

Glin 

Ser 

Ala 

Trp 

Apr. 28, 2016 
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- Continued 

Gly Ala Ala Ser Ala Asn Ser Val Pro Ser Ser Cys Ser Met Gly Ser 
465 470 47s 48O 

Ala Thr Gly Thr Tyr Ser Thr Ala Thr Ala Thir Ser Trp Pro Ser Thr 
485 490 495 

Lieu. Thir Ser Gly Ser Pro Gly Ser Thr Thr Thr Val Gly Thr Thir Thr 
SOO 505 51O 

Ser Thir Thr Ser Gly Thr Ala Thr Glu Thir Ala Cys Ala Thr Pro Thr 
515 52O 525 

Ala Val Ala Val Thr Phe Asn Glu Ile Ala Thir Thr Thr Tyr Gly Glu 
53 O 535 54 O 

Asn Val Tyr Ile Val Gly Ser Ile Ser Glu Lieu. Gly Asn Trp Asp Thr 
5.45 550 555 560 

Ser Lys Ala Val Ala Lieu. Ser Ala Ser Lys Tyr Thr Ser Ser Asn. Asn 
565 st O sts 

Lieu. Trp Tyr Val Ser Val Thr Lieu Pro Ala Gly Thr Thr Phe Glu Tyr 
58O 585 59 O 

Llys Tyr Ile Arg Lys Glu Ser Asp Gly Ser Ile Val Trp Glu Ser Asp 
595 6OO 605 

Pro Asn Arg Ser Tyr Thr Val Pro Ala Ala Cys Gly Val Ser Thr Ala 
610 615 62O 

Thr Glu Asn Asp Thir Trp Arg 
625 630 

<210s, SEQ ID NO 3 
&211s LENGTH: 627 
212. TYPE: PRT 

<213> ORGANISM: Neosartorya fisheri NRRL 181 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (627) 
<223> OTHER INFORMATION: Nf NRRL 181 GA 

<4 OOs, SEQUENCE: 3 

Met Pro Arg Lieu. Ser Tyr Ala Lieu. Cys Ala Lieu. Ser Lieu. Gly His Ala 
1. 5 1O 15 

Ala Ile Ala Ala Pro Gln Lieu. Ser Pro Arg Ala Thr Gly Ser Lieu. Asp 
2O 25 3O 

Ser Trp Lieu Ala Thr Glu Ser Thr Val Ser Lieu. Asn Gly Ile Lieu Ala 
35 4 O 45 

Asn. Ile Gly Ala Asp Gly Ala Tyr Ala Lys Ser Ala Lys Pro Gly Ile 
SO 55 6 O 

Ile Ile Ala Ser Pro Ser Thr Ser Asp Pro Asp Tyr Tyr Tyr Thr Trp 
65 70 7s 8O 

Thir Arg Asp Ala Ala Lieu Val Thr Llys Val Lieu Val Asp Lieu. Phe Arg 
85 90 95 

Asn Gly Asn Lieu. Gly Lieu. Glin Llys Val Ile Thr Glu Tyr Val Asn. Ser 
1OO 105 11 O 

Glin Ala Tyr Lieu Gln Thr Val Ser Thr Pro Ser Gly Gly Lieu. Ser Ser 
115 12 O 125 

Gly Gly Lieu Ala Glu Pro Llys Tyr Asn Val Asp Met Thr Ala Phe Thr 
13 O 135 14 O 

Gly Ala Trp Gly Arg Pro Glin Arg Asp Gly Pro Ala Lieu. Arg Ala Thr 
145 150 155 160 

Ala Lieu. Ile Asp Phe Gly Asn Trp Lieu. Ile Asp Asn Gly Tyr Ser Ser 
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- Continued 

1.65 17O 17s 

Tyr Ala Val Asn. Asn. Ile Trp Pro Ile Val Arg Asn Asp Lieu. Ser Tyr 
18O 185 19 O 

Val Ser Glin Tyr Trp Ser Glin Ser Gly Phe Asp Leu Trp Glu Glu Val 
195 2OO 2O5 

Asn Ser Met Ser Phe Phe Thr Val Ala Val Gln His Arg Ala Leu Val 
21 O 215 22O 

Glu Gly Ser Thr Phe Ala Lys Arg Val Gly Ala Ser Cys Ser Trp Cys 
225 23 O 235 24 O 

Asp Ser Glin Ala Pro Glin Ile Lieu. Cys Tyr Met Glin Ser Phe Trp Thr 
245 250 255 

Gly Ser Tyr Ile Asn Ala Asn. Thr Gly Gly Gly Arg Ser Gly Lys Asp 
26 O 265 27 O 

Ala Asn Thr Val Lieu Ala Ser Ile His Thr Phe Asp Pro Glu Ala Gly 
27s 28O 285 

Cys Asp Asp Thir Thr Phe Glin Pro Cys Ser Pro Arg Ala Lieu Ala Asn 
29 O 295 3 OO 

His Llys Val Tyr Thr Asp Ser Phe Arg Ser Val Tyr Ala Ile Asin Ser 
3. OS 310 315 32O 

Gly Ile Pro Glin Gly Val Ala Val Ser Ala Gly Arg Tyr Pro Glu Asp 
3.25 330 335 

Val Tyr Tyr Asn Gly Asn Pro Trp Phe Lieu. Thir Thr Lieu Ala Ala Ala 
34 O 345 35 O 

Glu Gln Lieu. Tyr Asp Ala Ile Tyr Glin Trp Llys Lys Ile Gly Ser Ile 
355 360 365 

Ser Ile Thr Ser Thr Ser Leu Ala Phe Phe Lys Asp Ile Tyr Ser Ser 
37 O 375 38O 

Val Ala Val Gly Thr Tyr Ala Ser Ser Ser Ser Thr Phe Thr Ala Ile 
385 390 395 4 OO 

Ile Asp Ala Wall Lys Thr Tyr Ala Asp Gly Tyr Val Ser Ile Val Glu 
4 OS 41O 415 

Ala His Ala Met Thr Asn Gly Ser Lieu. Ser Glu Glin Phe Asp Llys Ser 
42O 425 43 O 

Ser Gly Met Ser Lieu. Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr Ala Ala 
435 44 O 445 

Lieu. Lieu. Thir Ala Asn Met Arg Arg Asn Gly Val Val Pro Ala Pro Trp 
450 45.5 460 

Gly Ala Ala Ser Ala Asn Ser Val Pro Ser Ser Cys Ser Met Gly Ser 
465 470 47s 48O 

Ala Thr Gly Thr Tyr Ser Thr Ala Thr Ala Thir Ser Trp Pro Ser Thr 
485 490 495 

Lieu. Thir Ser Gly Ser Pro Ser Asp Thir Thr Ser Gly Thr Thr Pro Gly 
SOO 505 51O 

Thir Thir Thr Thr Thr Ser Ala Cys Thr Thr Pro Thr Ser Val Ala Val 
515 52O 525 

Thr Phe Asp Glu Ile Ala Thr Thr Thr Tyr Gly Glu Asn Val Tyr Ile 
53 O 535 54 O 

Ile Gly Ser Ile Ser Glin Lieu. Gly Ser Trp Asp Thir Ser Lys Ala Val 
5.45 550 555 560 

Pro Leu Ser Ser Ser Lys Tyr Thr Ser Ser Asn Asn Lieu. Trp Tyr Val 
565 st O sts 
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Thir 

Thir 
625 

Ile Asn Lieu Pro Ala Gly Thr Thr Phe Glu 
58O 585 

Glu Ser Asp Gly Ser Ile Glu Trp Glu Ser 
595 6OO 

Thr Val Pro Ser Ala Cys Gly Val Ser Thr 
610 615 

Trp Arg 

<210s, SEQ ID NO 4 
&211s LENGTH: 637 
212. TYPE: PRT 

<213> ORGANISM: Talaromyces stipitatus ATCC 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (637) 
<223> OTHER INFORMATION: TSATCCO 105OO GA 

<4 OOs, SEQUENCE: 4 

Met 
1. 

Thir 

Asp 

Ala 

Wall 
65 

Trp 

Arg 

Ala 

Ser 

Phe 
145 

Ala 

Thir 

Ser 

Glu 

Lell 

225 

Trp 

Trp 

Thir Arg Lieu. Ser Ser Val Lieu. Cys Ala Lieu. 
5 1O 

Ala Lieu Ala Ala Pro Gly Lieu. Ser Pro Arg 
2O 25 

Ala Trp Leu Ala Thr Glu Thir Thr Val Ser 
35 4 O 

Asn. Ile Gly Ala Asp Gly Ala Tyr Ser Lys 
SO 55 

Val Ile Ala Ser Pro Ser Thr Asp Asn Pro 
70 7s 

Thir Arg Asp Ser Ala Lieu. Thir Lieu Lys Val 
85 90 

Asin Gly Asn Lieu. Gly Lieu. Glin Thr Val Ile 
1OO 105 

Glin Ala Tyr Lieu Gln Thr Val Ser Asn Pro 
115 12 O 

Gly Ala Gly Lieu Ala Glu Pro Llys Phe Asn 
13 O 135 

Thr Gly Ser Trp Gly Arg Pro Glin Arg Asp 
150 155 

Ile Ala Lieu. Ile Asp Phe Gly Asn Trp Lieu. 
1.65 17O 

Ser Lieu Ala Ala Asn. Asn. Ile Trp Pro Ile 
18O 185 

Tyr Val Ala Glin Tyr Trp Ser Glin Ser Gly 
195 2OO 

Wall Asn. Ser Met Ser Phe Phe Thir Wall Ala 
21 O 215 

Val Glu Gly Ser Thr Phe Ala Ala Lys Val 
23 O 235 

Cys Asp Ser Glin Ala Pro Glin Ile Lieu. Cys 
245 250 

Thr Gly Ser Tyr Met Asn Ala Asn Thr Gly 
26 O 265 

43 

- Continued 

Tyr 

Asp 

Ala 
62O 

Lys 

Pro 
605 

Thir 

105 OO 

Ala 

Ala 

Lell 

Ser 
6 O 

Asn 

Lell 

Glu 

Ser 

Wall 
14 O 

Gly 

Ile 

Wall 

Phe 

Asn 

22O 

Gly 

Gly 

Ala 

Ser 

Ser 
45 

Ala 

Ile 

Glu 

Gly 
125 

Asp 

Pro 

Glu 

Arg 

Asp 

Glin 

Ala 

Met 

Gly 

Tyr 
59 O 

Asn 

Glu 

Luell 

Thir 
3O 

Gly 

Asp 

Tyr 
11 O 

Asp 

Met 

Ala 

Asn 

Asn 
19 O 

Luell 

His 

Ser 

Glin 

Arg 
27 O 

Ile 

Arg 

Lys 

Gly 
15 

Ser 

Ile 

Pro 

Luell 
95 

Wall 

Luell 

Ser 

Luell 

Gly 
17s 

Asp 

Trp 

Arg 

Thir 
255 

Ser 

Arg 

Ser 

Asp 

Glin 

Luell 

Luell 

Gly 

Thir 

Phe 

Asn 

Ser 

Ala 

Arg 
160 

Tyr 

Luell 

Glu 

Ser 

Ser 

24 O 

Phe 

Gly 

Apr. 28, 2016 
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- Continued 

Lys Asp Ala Asn. Thr Val Lieu. Thir Ser Ile Ala Thr Phe Asp Pro Glu 
27s 28O 285 

Ala Thr Cys Asp Asp Val Thr Phe Glin Pro Cys Ser Pro Arg Ala Leu 
29 O 295 3 OO 

Ala Asn His Llys Val Tyr Thr Asp Ser Phe Arg Ser Val Tyr Gly Lieu 
3. OS 310 315 32O 

Asn Ser Gly Ile Ala Glu Gly Val Ala Val Ala Val Gly Arg Tyr Pro 
3.25 330 335 

Glu Asp Ser Tyr Tyr Asn Gly Asn Pro Trp Phe Lieu. Ser Asn Lieu Ala 
34 O 345 35. O 

Ala Ala Glu Glin Lieu. Tyr Asp Ala Ile Tyr Glin Trp Asn Lys Ile Gly 
355 360 365 

Ser Ile Thr Ile Thr Ser Thr Ser Leu Ala Phe Phe Lys Asp Val Tyr 
37 O 375 38O 

Ser Ser Ala Ala Val Gly Thr Tyr Ala Ser Gly Ser Ser Ala Phe Thr 
385 390 395 4 OO 

Ser Ile Ile Asn Ala Val Llys Thr Tyr Ala Asp Gly Tyr Ile Ser Val 
4 OS 41O 415 

Val Glin Ser His Ala Met Asn. Asn Gly Ser Lieu. Ser Glu Glin Phe Asp 
42O 425 43 O 

Lys Asn Thr Gly Ala Glu Lieu. Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr 
435 44 O 445 

Ala Ala Lieu Lieu. Thir Ala Asn Met Arg Arg ASn Gly Val Val Pro Pro 
450 45.5 460 

Ser Trp Gly Ala Ala Ser Ala Thr Ser Ile Pro Ser Ser Cys Thir Thr 
465 470 47s 48O 

Gly Ser Ala Ile Gly Thr Tyr Ser Thr Pro Thr Ala Thr Ser Trp Pro 
485 490 495 

Ser Thr Lieu. Thir Ser Gly Thr Gly Ser Pro Gly Ser Thr Thr Ser Ala 
SOO 505 51O 

Thr Gly Ser Val Ser Thr Ser Val Ser Ala Thr Thr Thr Ser Ala Gly 
515 52O 525 

Ser Cys Thr Thr Pro Thir Ser Val Ala Val Thr Phe Asp Glu Ile Ala 
53 O 535 54 O 

Thir Thr Ser Tyr Gly Glu Asn Val Tyr Ile Val Gly Ser Ile Ser Glin 
5.45 550 555 560 

Lieu. Gly Ser Trp Asn. Thir Ala Asn Ala Ile Ala Lieu. Ser Ala Ser Lys 
565 st O sts 

Tyr Thir Thr Ser Asn Asn Lieu. Trp Tyr Val Thr Ile Asn Lieu. Pro Ala 
58O 585 59 O 

Gly. Thir Thr Phe Glin Tyr Lys Tyr Ile Arg Lys Glu Ser Asp Gly Thr 
595 6OO 605 

Val Lys Trp Glu Ser Asp Pro Asn Arg Ser Tyr Thr Val Pro Ser Ala 
610 615 62O 

Cys Gly Val Ser Thr Ala Thr Glu Asn Asp Thir Trp Arg 
625 630 635 

<210s, SEQ ID NO 5 
&211s LENGTH: 641 
212. TYPE: PRT 

<213> ORGANISM: Penicillium marneffei ATCC 18224 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
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- Continued 

<222s. LOCATION: (1) . . (641) 
<223> OTHER INFORMATION: Pm ATCC 18224 GA 

<4 OOs, SEQUENCE: 5 

Met Thr Phe Ser Arg Lieu. Ser Ser Ser Val Lieu. Cys Ala Lieu Ala Ala 
1. 5 1O 15 

Lieu. Gly His Asn Ala Lieu Ala Ala Pro Glin Phe Ser Pro Arg Ala Thr 
2O 25 3O 

Val Gly Lieu. Asp Ala Trp Lieu Ala Ser Glu Thir Thr Phe Ser Lieu. Asn 
35 4 O 45 

Gly Ile Lieu Ala Asn. Ile Gly Ser Ser Gly Ala Tyr Ser Ala Ser Ala 
SO 55 6 O 

Llys Pro Gly Val Val Ile Ala Ser Pro Ser Thr Asn Asn Pro Asn Tyr 
65 70 7s 8O 

Tyr Tyr Thir Trp Thr Arg Asp Ser Ala Lieu. Thir Lieu Lys Val Lieu. Ile 
85 90 95 

Asp Lieu. Phe Gly Asn Gly Asn Lieu. Ser Lieu. Glin Thr Val Ile Glu Glu 
1OO 105 11 O 

Tyr Ile Asn Ala Glin Ala Tyr Lieu Gln Thr Val Ser Asn Pro Ser Gly 
115 12 O 125 

Asp Lieu. Ser Ser Gly Ala Gly Lieu Ala Glu Pro Llys Tyr Asn Val Asp 
13 O 135 14 O 

Met Ser Pro Phe Thr Gly Gly Trp Gly Arg Pro Glin Arg Asp Gly Pro 
145 150 155 16 O 

Ala Lieu. Arg Ala Ile Ala Lieu. Ile Glu Phe Gly Asn Trp Lieu. Ile Asp 
1.65 17O 17s 

Asn Gly Tyr Ser Ser Tyr Ala Val Asn Asn Ile Trp Pro Ile Val Arg 
18O 185 19 O 

Asn Asp Leu Ser Tyr Val Ser Glin Tyr Trp Ser Glin Ser Gly Phe Asp 
195 2OO 2O5 

Lieu. Trp Glu Glu Val Asn Ser Met Ser Phe Phe Thr Val Ala Asn Glin 
21 O 215 22O 

His Arg Ala Lieu Val Glin Gly Ser Thr Phe Ala Ala Arg Val Gly Ala 
225 23 O 235 24 O 

Ser Cys Ser Trp Cys Asp Ser Glin Ala Pro Glin Ile Lieu. Cys Tyr Met 
245 250 255 

Gln Thr Phe Trp Thr Gly Ser Tyr Ile Asn Ala Asn Thr Gly Gly Gly 
26 O 265 27 O 

Arg Ser Gly Lys Asp Ser Asn Thr Val Lieu. Thir Thr Ile His Thr Phe 
27s 28O 285 

Asp Pro Glu Ala Thr Cys Asp Asp Val Thr Phe Gln Pro Cys Ser Pro 
29 O 295 3 OO 

Arg Ala Lieu Ala Asn His Llys Val Tyr Thr Asp Ser Phe Arg Ser Ile 
3. OS 310 315 32O 

Tyr Gly Val Asn. Ser Gly Ile Ala Glin Gly Val Ala Val Ser Val Gly 
3.25 330 335 

Arg Tyr Pro Glu Asp Ser Tyr Tyr Gly Gly ASn Pro Trp Phe Leu Ser 
34 O 345 35. O 

Asn Lieu Ala Ala Ala Glu Glin Lieu. Tyr Asp Ala Ile Tyr Glin Trp Asn 
355 360 365 

Lys Ile Gly Ser Ile Thir Ile Thr Ser Thr Ser Leu Ala Phe Phe Lys 
37 O 375 38O 
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Asp Val Tyr Ser Ser Ala Ala Val Gly Thr Tyr Ala Ser Gly Ser Thr 
385 390 395 4 OO 

Ala Phe Thir Ser Ile Ile Ser Ala Val Llys Thr Tyr Ala Asp Gly Tyr 
4 OS 41O 415 

Val Ser Ile Val Glin Gly His Ala Ala Ala Asn Gly Ser Lieu. Ser Glu 
42O 425 43 O 

Glin Phe Asp Arg Asn. Ser Gly Val Glu Ile Ser Ala Arg Asp Lieu. Thir 
435 44 O 445 

Trp Ser Tyr Ala Ala Lieu. Lieu. Thir Ala Asn Lieu. Arg Arg Asin Gly Val 
450 45.5 460 

Met Pro Pro Ser Trp Gly Ala Ala Ser Ala Asn Ser Val Pro Ser Ser 
465 470 47s 48O 

Cys Ser Met Gly Ser Ala Thr Gly Thr Tyr Ser Thr Pro Thr Ala Thr 
485 490 495 

Ala Trp Pro Ser Thr Lieu. Thir Ser Ala Thr Gly Ile Pro Val Thir Thr 
SOO 505 51O 

Ser Ala Thr Ala Ser Val Thr Lys Ala Thr Ser Ala Thr Ser Thir Thr 
515 52O 525 

Thir Ser Ala Thr Thr Cys Thr Thr Pro Thr Ser Val Ala Val Thr Phe 
53 O 535 54 O 

Asp Glu Ile Ala Thr Thr Thr Tyr Gly Glu Asn Val Phe Ile Val Gly 
5.45 550 555 560 

Ser Ile Ser Glin Lieu. Gly Ser Trp Asp Thir Ser Lys Ala Ile Ala Lieu. 
565 st O sts 

Ser Ala Ser Glin Tyr Thr Ser Ser Asn His Leu Trp Phe Ala Thr Lieu. 
58O 585 59 O 

Ser Leu Pro Ala Gly. Thir Thr Phe Glin Tyr Lys Tyr Ile Arg Lys Glu 
595 6OO 605 

Ser Asn Gly Ser Ile Val Trp Glu Ser Asp Pro Asn Arg Ser Tyr Thr 
610 615 62O 

Val Pro Ser Gly Cys Gly Val Ser Thr Ala Thr Glu Asn Asp Thir Trp 
625 630 635 64 O 

Arg 

<210s, SEQ ID NO 6 
&211s LENGTH: 661 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus nidulans FGSC A4 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (661) 
<223 is OTHER INFORMATION: An FGSC A4 GA 

<4 OOs, SEQUENCE: 6 

Met Pro Thir Thr Ile Leu Lys Ile Thr Lieu. Phe Pro Leu. Ile Asp Ser 
1. 5 1O 15 

Ile Phe Ser Val Glin Leu Ser Pro Val Arg Ile Ala Met Lieu. Thir Lieu. 
2O 25 3O 

Ser Llys Val Lieu Pro Val Lieu Ala Lieu. Ser His Ala Val Ala Ala Ala 
35 4 O 45 

Pro Glin Lieu. Ser Ala Arg Ala Thr Ala Ser Lieu. Asn. Thir Trp Lieu. Ser 
SO 55 6 O 

Thr Glu Ala Ser Phe Ala Lieu. Asp Gly Ile Lieu. Thir Asn. Ile Gly Ala 
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Asn Gly Ala Tyr Ala Lys Thr Ala Lys Ala Gly Ala Asp Tyr Tyr Thr 
85 90 95 

Trp Thr Arg Asp Ala Ala Lieu. Thr Val Llys Val Lieu Val Asp Lieu. Phe 
1OO 105 11 O 

His Asn Gly Asp Lieu. Ser Lieu. Glin Thir Ile Lieu. Glu Glu Tyr Thr Asn 
115 12 O 125 

Ser Glin Ala Tyr Lieu Gln Thr Val Ser Asn Pro Ser Gly Gly Lieu Ala 
13 O 135 14 O 

Ser Gly Gly Lieu Ala Glu Pro Llys Phe Tyr Val Asp Met Thr Ala Phe 
145 150 155 160 

Thr Gly Ser Trp Gly Arg Pro Glin Arg Asp Gly Pro Ala Lieu. Arg Ala 
1.65 17O 17s 

Thir Thr Lieu. Ile Gly Phe Gly Asn Trp Lieu. Ile Asp Asn Gly Tyr Ser 
18O 185 19 O 

Ser Tyr Ala Ser Asn. Asn. Ile Trp Pro Ile Val Arg Asn Asp Lieu. Thir 
195 2OO 2O5 

Tyr Val Ala Glin Tyr Trp Ser Lys Ser Gly Tyr Asp Lieu. Trp Glu Glu 
21 O 215 22O 

Val Asn Ser Met Ser Phe Phe Thr Val Ala Val Gln His Arg Ala Leu 
225 23 O 235 24 O 

Val Glu Gly Ser Thr Phe Ala His Arg Val Gly Ala Ser Cys Pro Trp 
245 250 255 

Cys Asp Ser Glin Ala Pro Glin Ile Lieu. Cys Tyr Met Glin Asin Phe Trp 
26 O 265 27 O 

Thr Gly Ser Tyr Ile Asn Ala Asn Thr Gly Gly Gly Arg Ser Gly Lys 
27s 28O 285 

Asp Ala Asn. Thr Val Lieu Ala Ser Ile His Thr Phe Asp Pro Asp Ala 
29 O 295 3 OO 

Ala Cys Asp Asp Ile Thr Phe Glin Pro Cys Ser Ser Arg Ala Lieu Ala 
3. OS 310 315 32O 

Asn His Llys Val Tyr Thr Asp Ser Phe Arg Ser Val Tyr Ser Lieu. Asn 
3.25 330 335 

Thr Gly Ile Ala Glin Gly Val Ala Val Ala Ala Gly Arg Tyr Pro Glu 
34 O 345 35. O 

Asp Ser Tyr Tyr Asn Gly Asn Pro Trp Phe Lieu. Thir Thr Lieu Ala Ala 
355 360 365 

Ala Glu Gln Lieu. Tyr Asp Ala Ile Tyr Glin Trp Gln Lys Ala Arg Ser 
37 O 375 38O 

Ile Ser Ile Thr Ser Thr Ser Leu Ala Phe Phe Lys Asp Ile Tyr Ser 
385 390 395 4 OO 

Ser Ala Ala Val Gly Thr Tyr Ala Ser Gly Ser Ser Ala Phe Thr Ala 
4 OS 41O 415 

Ile Ile Asp Ala Wall Lys Thr Tyr Ala Asp Gly Tyr Val Ser Ile Val 
42O 425 43 O 

Lys Ala His Ala Met Ala Asn Gly Ser Lieu. Ser Glu Glin Phe Asp Llys 
435 44 O 445 

Thr Tyr Gly Thr Cys Val Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr Ala 
450 45.5 460 

Ala Lieu. Lieu. Thir Ala Ser Met Arg Arg Asin Gly Val Val Pro Pro Ser 
465 470 47s 48O 
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Trp Asp Ala Ala Ser Ala Asn Thr Lieu Pro Ser Ser Cys Ser Thr Gly 
485 490 495 

Ser Ala Thr Gly Thr Tyr Ser Thr Ala Thr Val Thr Thr Trp Pro Ser 
SOO 505 51O 

Thr Lieu. Thir Ser Gly Ser Ala Ser Ala Thr Thr Thr Ile Met Ala Thr 
515 52O 525 

Ser Thr Ala Thr Ser Ser Ser Thr Thr Thr Ser Thr Thr Thr Ala Cys 
53 O 535 54 O 

Thir Thr Pro Ser Thir Wall Ala Wall. Thir Phe Asn. Wall Ile Ala Thir Thr 
5.45 550 555 560 

Thr Tyr Gly Glu Asn Val Tyr Ile Val Gly Ser Ile Ser Glin Leu Gly 
565 st O sts 

Asn Trp Asp Thr Gly Ser Ala Val Ala Lieu. Ser Ala Ser Lys Asn Thr 
58O 585 59 O 

Ser Ser Asn. Asn Lieu. Trp Tyr Val Asp Ile Asn Lieu Pro Gly Gly Thr 
595 6OO 605 

Ala Phe Glu Tyr Llys Tyr Ile Arg Lys Glu Thir Asp Gly Ser Ile Val 
610 615 62O 

Trp. Glu Ser Asp Pro Asn Arg Ser Tyr Thr Val Pro Ser Ser Cys Gly 
625 630 635 64 O 

Val Ser Thr Ala Thr Glu Ser Asp Thir Trp Arg Cys Thr Lieu. Glu Thr 
645 650 655 

Glin Ser Val Arg Asn 
660 

<210s, SEQ ID NO 7 
&211s LENGTH: 97 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) ... (97 
<223 is OTHER INFORMATION: Alf GA1 and AfCA2 CBM 

<4 OO > SEQUENCE: 7 

Phe Asin Glu Ile Ala Thir Thr Thr Tyr Gly Glu Asn Val Tyr Ile Val 
1. 5 1O 15 

Gly Ser Ile Ser Glu Lieu. Gly Asn Trp Asp Thir Ser Lys Ala Val Ala 
2O 25 3O 

Lieu. Ser Ala Ser Lys Tyr Thr Ser Ser Asn Asn Lieu. Trp Tyr Val Ser 
35 4 O 45 

Val Thr Lieu Pro Ala Gly. Thir Thr Phe Glu Tyr Lys Tyr Ile Arg Lys 
SO 55 6 O 

Glu Ser Asp Gly Ser Ile Val Trp Glu Ser Asp Pro Asn Arg Ser Tyr 
65 70 7s 8O 

Thr Val Pro Ala Ala Cys Gly Val Ser Thr Ala Thr Glu Asn Asp Thr 
85 90 95 

Trp 

<210s, SEQ ID NO 8 
&211s LENGTH: 2O6 O 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
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<210s, SEQ ID NO 9 
&211s LENGTH: 34 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer AfGA1-Fw 

<4 OOs, SEQUENCE: 9 

gcggcggc.cg cac catgcct cqc ctitt C ct acgc 34 

<210s, SEQ ID NO 10 
&211s LENGTH: 36 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer AfGA1-Riv 

<4 OOs, SEQUENCE: 10 

ccggcgc.gcc ctitat cactg. ccaagtat cattct cq 36 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (19 
<223> OTHER INFORMATION: AfGA1 and AfGA2 signal peptide 

< 4 OO SEQUENCE: 11 

Met Pro Arg Lieu. Ser Tyr Ala Lieu. Cys Ala Lieu. Ser Lieu. Gly His Ala 
1. 5 1O 15 

Ala Ile Ala 

<210s, SEQ ID NO 12 
&211s LENGTH: 612 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (612) 
<223 is OTHER INFORMATION: Alf GA1. Mature form 

<4 OOs, SEQUENCE: 12 

Ala Pro Glin Lieu. Ser Ala Arg Ala Thr Gly Ser Lieu. Asp Ser Trp Lieu 
1. 5 1O 15 

Gly Thr Glu Thir Thr Val Ala Lieu. Asn Gly Ile Lieu Ala Asn. Ile Gly 
2O 25 3O 

Ala Asp Gly Ala Tyr Ala Lys Ser Ala Lys Pro Gly Ile Ile Ile Ala 
35 4 O 45 

Ser Pro Ser Thr Ser Glu Pro Asp Tyr Tyr Tyr Thr Trp Thr Arg Asp 
SO 55 6 O 

Ala Ala Lieu Val Thr Llys Val Lieu Val Asp Lieu. Phe Arg Asn Gly Asn 
65 70 7s 8O 

Lieu. Gly Lieu. Glin Llys Val Ile Thr Glu Tyr Val Asn. Ser Glin Ala Tyr 
85 90 95 

Lieu. Glin Thr Val Ser Asn Pro Ser Gly Gly Lieu Ala Ser Gly Gly Lieu. 
1OO 105 11 O 

Ala Glu Pro Llys Tyr Asn Val Asp Met Thr Ala Phe Thr Gly Ala Trp 
115 12 O 125 
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Gly Arg Pro Glin Arg Asp Gly Pro Ala Lieu. Arg Ala Thr Ala Lieu. Ile 
13 O 135 14 O 

Asp Phe Gly Asn Trp Lieu. Ile Asp Asn Gly Tyr Ser Ser Tyr Ala Val 
145 150 155 160 

Asn Asn. Ile Trp Pro Ile Val Arg Asn Asp Lieu. Ser Tyr Val Ser Glin 
1.65 17O 17s 

Tyr Trp Ser Glin Ser Gly Phe Asp Leu Trp Glu Glu Val Asin Ser Met 
18O 185 19 O 

Ser Phe Phe Thr Val Ala Val Gln His Arg Ala Leu Val Glu Gly Ser 
195 2OO 2O5 

Thir Phe Ala Lys Arg Val Gly Ala Ser Cys Ser Trp Cys Asp Ser Glin 
21 O 215 22O 

Ala Pro Glin Ile Lieu. Cys Tyr Met Glin Ser Phe Trp Thr Gly Ser Tyr 
225 23 O 235 24 O 

Ile Asn Ala Asn Thr Gly Gly Gly Arg Ser Gly Lys Asp Ala Asn Thr 
245 250 255 

Val Lieu Ala Ser Ile His Thr Phe Asp Pro Glu Ala Gly Cys Asp Asp 
26 O 265 27 O 

Thir Thr Phe Glin Pro Cys Ser Pro Arg Ala Leu Ala Asn His Llys Val 
27s 28O 285 

Tyr Thr Asp Ser Phe Arg Ser Val Tyr Ala Ile Asn Ser Gly Ile Pro 
29 O 295 3 OO 

Gln Gly Ala Ala Val Ser Ala Gly Arg Tyr Pro Glu Asp Val Tyr Tyr 
3. OS 310 315 32O 

Asn Gly Asn. Pro Trp Phe Lieu. Thir Thr Lieu Ala Ala Ala Glu Gln Lieu 
3.25 330 335 

Tyr Asp Ala Ile Tyr Gln Trp Llys Lys Ile Gly Ser Ile Ser Ile Thr 
34 O 345 35. O 

Ser Thr Ser Leu Ala Phe Phe Lys Asp Ile Tyr Ser Ser Ala Ala Val 
355 360 365 

Gly Thr Tyr Ala Ser Ser Thr Ser Thr Phe Thr Asp Ile Ile Asn Ala 
37 O 375 38O 

Val Llys Thir Tyr Ala Asp Gly Tyr Val Ser Ile Val Glin Ala His Ala 
385 390 395 4 OO 

Met Asn. Asn Gly Ser Lieu. Ser Glu Glin Phe Asp Llys Ser Ser Gly Lieu. 
4 OS 41O 415 

Ser Lieu. Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr Ala Ala Phe Lieu. Thir 
42O 425 43 O 

Ala Asn Met Arg Arg Asn Gly Val Val Pro Ala Pro Trp Gly Ala Ala 
435 44 O 445 

Ser Ala Asn Ser Val Pro Ser Ser Cys Ser Met Gly Ser Ala Thr Gly 
450 45.5 460 

Thr Tyr Ser Thr Ala Thr Ala Thr Ser Trp Pro Ser Thr Lieu. Thir Ser 
465 470 47s 48O 

Gly Ser Pro Gly Ser Thr Thr Thr Val Gly. Thir Thir Thr Ser Thr Thr 
485 490 495 

Ser Gly Thr Ala Ala Glu Thir Ala Cys Ala Thr Pro Thr Ala Val Ala 
SOO 505 51O 

Val Thr Phe Asin Glu Ile Ala Thr Thr Thr Tyr Gly Glu Asn Val Tyr 
515 52O 525 

Ile Val Gly Ser Ile Ser Glu Lieu. Gly Asn Trp Asp Thir Ser Lys Ala 
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53 O 535 

Val Ala Leu Ser Ala Ser Lys Tyr Thr Ser Ser 
5.45 550 555 

Val Ser Val Thr Lieu Pro Ala Gly Thr Thr Phe 
565 st O 

Arg Lys Glu Ser Asp Gly Ser Ile Val Trp Glu 
58O 585 

Ser Tyr Thr Val Pro Ala Ala Cys Gly Val Ser 
595 6OO 

Asp Thir Trp Glin 
610 

<210s, SEQ ID NO 13 
&211s LENGTH: 612 
212. TYPE: PRT 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (1) . . (612) 
<223 is OTHER INFORMATION: Alf GA2 Mature form 

<4 OOs, SEQUENCE: 13 

Ala Pro Glin Lieu. Ser 
1. 

Gly 

Ala 

Ser 

Ala 
65 

Lell 

Lell 

Ala 

Gly 

Asp 
145 

Asn 

Ser 

Thir 

Ala 
225 

Ile 

Thir 

Asp 

Pro 
SO 

Ala 

Gly 

Glin 

Glu 

Arg 
13 O 

Phe 

Asn 

Trp 

Phe 

Phe 
21 O 

Pro 

Asn 

Glu 

Gly 
35 

Ser 

Luell 

Luell 

Thir 

Pro 
115 

Pro 

Gly 

Ile 

Ser 

Phe 
195 

Ala 

Glin 

Ala 

5 

Th Thir 
2O 

Ala Tyr 

Thir Ser 

Wall. Thir 

Gln Lys 
85 

Wall Ser 

Glin Arg 

Asn Trp 

Trp Pro 
1.65 

Glin Ser 
18O 

Thir Wall 

Lys Arg 

Ile Lieu. 

Asn. Thir 
245 

Ala 

Wall 

Ala 

Glu 

Lys 
70 

Wall 

Asn 

Asn 

Asp 

Lell 
150 

Ile 

Gly 

Ala 

Wall 

Cys 
23 O 

Gly 

Arg 

Ala 

Pro 
55 

Wall 

Ile 

Pro 

Wall 

Gly 
135 

Ile 

Wall 

Phe 

Wall 

Gly 
215 

Gly 

Ala 

Luell 

Ser 
4 O 

Asp 

Luell 

Thir 

Ser 

Asp 
12 O 

Pro 

Asp 

Arg 

Asp 

Glin 
2OO 

Ala 

Met 

Gly 

Thir 

Asn 
25 

Ala 

Wall 

Glu 

Gly 
105 

Met 

Ala 

Asn 

Asn 

Luell 
185 

His 

Ser 

Glin 

Arg 

Gly 
1O 

Gly 

Asp 

Tyr 
90 

Gly 

Thir 

Luell 

Gly 

Asp 
17O 

Trp 

Arg 

Ser 

Ser 
250 

Ser 

Ile 

Pro 

Luell 

Wall 

Luell 

Ala 

Arg 

Tyr 
155 

Luell 

Glu 

Ala 

Ser 

Phe 
235 

Gly 

52 

- Continued 

54 O 

Asn 

Glu 

Ser 

Thir 

Lell 

Lell 

Gly 

Thir 
6 O 

Phe 

Asn 

Ala 

Phe 

Ala 
14 O 

Ser 

Ser 

Glu 

Lell 

Trp 

Trp 

Asn 

Asp 

Ala 
605 

Asp 

Ala 

Ile 
45 

Trp 

Arg 

Ser 

Ser 

Thir 
125 

Thir 

Ser 

Wall 

Wall 
2O5 

Thir 

Asp 

Luell 

Pro 
59 O 

Thir 

Ser 

Asn 
30 

Ile 

Thir 

Asn 

Glin 

Gly 
11 O 

Gly 

Ala 

Wall 

Asn 
19 O 

Glu 

Asp 

Gly 

Ala 

Trp 

Tyr 
sts 

Asn 

Glu 

Trp 
15 

Ile 

Ile 

Arg 

Gly 

Ala 
95 

Gly 

Ala 

Luell 

Ala 

Ser 
17s 

Ser 

Gly 

Ser 

Ser 

Asn 
255 

Tyr 
560 

Ile 

Arg 

Asn 

Luell 

Gly 

Ala 

Asp 

Asn 

Luell 

Trp 

Ile 

Wall 
160 

Glin 

Met 

Ser 

Glin 

Tyr 
24 O 

Thir 
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Val Lieu Ala Ser Ile His Thr Phe Asp Pro Glu Ala Gly Cys Asp Asp 
26 O 265 27 O 

Thir Thr Phe Glin Pro Cys Ser Pro Arg Ala Leu Ala Asn His Llys Val 
27s 28O 285 

Tyr Thr Asp Ser Phe Arg Ser Val Tyr Ala Ile Asn Ser Gly Ile Pro 
29 O 295 3 OO 

Glin Gly Ala Ala Val Ser Ala Gly Arg Tyr Pro Glu Asp Val Tyr Tyr 
3. OS 310 315 32O 

Asn Gly Asn. Pro Trp Phe Lieu. Thir Thr Lieu Ala Ala Ala Glu Gln Lieu 
3.25 330 335 

Tyr Asp Ala Ile Tyr Gln Trp Llys Lys Ile Gly Ser Ile Ser Ile Thr 
34 O 345 35. O 

Ser Thr Ser Leu Ala Phe Phe Lys Asp Ile Tyr Ser Ser Ala Ala Val 
355 360 365 

Gly Thr Tyr Ala Ser Ser Thr Ser Thr Phe Thr Asp Ile Ile Asn Ala 
37 O 375 38O 

Val Llys Thir Tyr Ala Asp Gly Tyr Val Ser Ile Val Glin Ala His Ala 
385 390 395 4 OO 

Met Asn. Asn Gly Ser Lieu. Ser Glu Glin Phe Asp Llys Ser Ser Gly Lieu. 
4 OS 41O 415 

Ser Lieu. Ser Ala Arg Asp Lieu. Thir Trp Ser Tyr Ala Ala Phe Lieu. Thir 
42O 425 43 O 

Ala Asn Met Arg Arg Asn Gly Val Val Pro Ala Pro Trp Gly Ala Ala 
435 44 O 445 

Ser Ala Asn Ser Val Pro Ser Ser Cys Ser Met Gly Ser Ala Thr Gly 
450 45.5 460 

Thr Tyr Ser Thr Ala Thr Ala Thr Ser Trp Pro Ser Thr Lieu. Thir Ser 
465 470 47s 48O 

Gly Ser Pro Gly Ser Thr Thr Thr Val Gly. Thir Thir Thr Ser Thr Thr 
485 490 495 

Ser Gly Thr Ala Thr Glu Thir Ala Cys Ala Thr Pro Thr Ala Val Ala 
SOO 505 51O 

Val Thr Phe Asin Glu Ile Ala Thr Thr Thr Tyr Gly Glu Asn Val Tyr 
515 52O 525 

Ile Val Gly Ser Ile Ser Glu Lieu. Gly Asn Trp Asp Thir Ser Lys Ala 
53 O 535 54 O 

Val Ala Lieu. Ser Ala Ser Llys Tyr Thir Ser Ser Asn. Asn Lieu. Trp Tyr 
5.45 550 555 560 

Val Ser Val Thr Lieu Pro Ala Gly Thr Thr Phe Glu Tyr Lys Tyr Ile 
565 st O sts 

Arg Lys Glu Ser Asp Gly Ser Ile Val Trp Glu Ser Asp Pro Asn Arg 
58O 585 59 O 

Ser Tyr Thr Val Pro Ala Ala Cys Gly Val Ser Thr Ala Thr Glu Asn 
595 6OO 605 

Asp Thir Trp Arg 
610 

<210s, SEQ ID NO 14 
&211s LENGTH: 1896 
&212s. TYPE: DNA 

<213> ORGANISM: Aspergillus fumigatus 
22 Os. FEATURE: 
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1. A recombinant Trichoderma reesei host cell expressing 
an AfGATR, or variant thereof, having at least 80% sequence 
identity to SEQID NO: 12 or 13, wherein said Trichoderma 
reesei host cell expresses the AfGATR or variant at a compa 
rable level to a Aspergillus fumigatus host cell that expresses 
an AfGA, or variant thereof, having the same amino acid 
sequence of the AfGATR, or variant thereof, under identical 
conditions. 

2. A recombinant Trichoderma reesei host cell expressing 
an AfGATR, or variant thereof, having at least 80% sequence 
identity to SEQ ID NO: 12 or 13, wherein the AfGATR, or 
variant thereof, is more thermostable than an AfGA, or vari 
ant thereof, having the same amino acid sequence of 
AfGATR, or variant thereof, and wherein the AfCA, or vari 
ant thereof, is expressed in an A. fumigatus host cell. 

3. A recombinant AfGATR, or variant thereof, produced by 
the host cell of claim 2. 

4. A recombinant AfGATR, or variant thereof, produced by 
the host cell of claim 1. 

5. The recombinant AfGATR, or variant thereof, of claim 4, 
wherein said AfGATR, or variant thereof, has at least 70% 
activity at 74° C. at pH 5.0 over 10 min. 

6. The recombinant AfGATR, or variant thereof, of claim 5, 
wherein said AfGATR, or variant thereof, is an AfCA1TR, or 
variant thereof. 

7. The recombinant AfGA1TR, or variant thereof, of claim 
6, wherein said AfGA1TR, or variant, thereofhas at least 70% 
activity over a temperature range of 55° to 74° C. at pH 5.0 
over 10 min. 

8. The recombinant AfGA1TR, or variant thereof, of claim 
7, wherein said AfGATR, or variant thereof, has an optimum 
temperature of about 68°C. 

9. The recombinant AfGATR, or variant, thereof of claim 5, 
wherein said AfGATR, or variant thereof, is an AfCA2TR, or 
variant thereof. 

10. The recombinant AfCA2TR, or variant thereof, of 
claim 9, wherein said AfGA2TR, or variant thereof, has at 
least 70% activity over a temperature range of 61° to 74°C. at 
pH 5.0 over 10 min. 

11. The recombinant AfCA2TR, or variant thereof, of 
claim 10, wherein said AfCA2TR, or variant thereof, has an 
optimum temperature of about 69°C. 

12. The recombinant AfCATR, or variant thereof, of claim 
4, wherein said AfGATR, or variant thereof, comprises an 
amino acid sequence with at least 90%. 95%, or 99% amino 
acid sequence identity to SEQID NO: 12. 

13. The recombinant AfCATR, or variant thereof, of claim 
12, wherein said AfGATR, or variant, thereof comprises SEQ 
ID NO: 12. 

14. The recombinant AfCATR, or variant thereof, of claim 
4, wherein said AfCATR, or variant thereof, consists of an 
amino acid sequence with at least 80%, 90%. 95%, or 99% 
amino acid sequence identity to SEQID NO: 12. 

15. (canceled) 
16. The recombinant AfCATR, or variant thereof, of claim 

4, wherein said AfGATR, or variant thereof, comprises an 
amino acid sequence with at least 90%. 95%, or 99% amino 
acid sequence identity to SEQID NO: 13. 

17. The recombinant AfCATR, or variant thereof, of claim 
16, wherein said AfGATR, or variant, thereof comprises SEQ 
ID NO: 13. 
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18. The recombinant AfCATR, or variant thereof, of claim 
4, wherein said AfCATR, or variant thereof, consists of an 
amino acid sequence with at least 80%, 90%. 95%, or 99% 
amino acid sequence identity to SEQID NO: 13. 

19. (canceled) 
20. A method of Saccharifying a composition comprising 

starch to produce a composition comprising glucose, wherein 
said method comprises: 

(i) contacting a starch composition with the isolated 
AfGATR, or variant thereof, of claim 4; and 

(ii) Saccharifying the starch composition to produce said 
glucose composition; 

wherein said AfGA1TR, or variant, thereof catalyzes the 
Saccharification of the composition comprising starch to 
a composition comprising glucose. 

21. The method of claim 20, wherein said composition 
comprising glucose enriched in DP1 compared to a second 
composition comprising DP1 produced by AnCA after 24 
hours of saccharification under the same conditions. 

22. The method of claim 20, wherein said composition 
comprising glucose is enriched in DP1 compared to a second 
composition comprising DP1 produced by a wild-type AfGA 
under the same conditions. 

23. The method of claim 20, wherein said AfGATR, or 
variant thereof, is AfGATR2 and wherein said composition 
comprising glucose is enriched in DP1 compared to a second 
composition comprising DP1 produced by AfGA1TR under 
the same conditions. 

24. The method of claim 20, wherein the AfGA1TR, or 
variant thereof, is dosed at about 40%-50% the dose of 
AnGA, to produce the same DP1 yield after 24 hours of 
saccharification under the same conditions. 

25-30. (canceled) 
31. The method of claim 20, wherein the method further 

comprises contacting a starch composition with an alpha 
amylase. 

32. The method of claim 31, wherein the alpha-amylase is 
AkAA. 

33. The method of claim 20, wherein the method further 
comprises contacting a starch composition with a pullula 
aSC. 

34. The method of claim 20, further comprising fermenting 
the glucose composition to produce an End of Fermentation 
(EOF) product. 

35-40. (canceled) 
41. The method of claim 34, wherein the EOF product 

comprises a metabolite. 
42-45. (canceled) 
46. The method of claim 20, wherein said isolated 

AfGATR, or variant thereof, is secreted by said Trichoderma 
reesei host cell. 

47. The method of claim 46, wherein said host cell further 
expresses and secretes an alpha-amylase. 

48. The method of claim 47, wherein said host cell further 
expresses and secretes a pullulanase. 

49. The method of claim 46, wherein said composition 
comprising starch is contacted with said host cell. 

50-74. (canceled) 


