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PEPSIN-RESISTANT ALPHA-AMYLASES
FOR USE IN FEED SUPPLEMENT FOR MONOGASTRIC ANIMALS

FIELD OF THE iNVENTION

The present invention relates to pepsin resistant alpha amylases. More specifically, the
present invention relates to methods for identifying pepsin resistant alpha amylases for use in
feed supplements and feedstuffs, feed supplements and feedstuffs comprising pepsin
resisiant alpha amylases, uses thereof and pepsin resistant alpha amylases for use in feed

supplements and feedstuffs.

TECHNICAL BACKGROUND AND PRIOR ART

Feed, including any feed supplements, consumed by monogastric animals, is subjected to a
very acidic (pH 2-3) environment along with enzyme degradation in the stomach. This harsh
low pH environment is followed in the small inlestine by a more neutral environment (pH 6-7)

and degradation by further digestive enzymes (trypsin, chymotryosin, elastase).

Poultry and swine are omnivorous and given the opportunity would satisfy their nutrient
requirements via the consumption of a range of seeds, roots, inorganic material and insects.
However in order to satisfy consumer preference for ‘vegetarian animal production’ and to
minimize feed costs associated with the industrial production of farm animals, the feed which
is presented to these animals is rarely optimal for the digestive system, especially in the

neonale.

For example the non-starch polysaccharide (NSP) fraction of some cereals such as wheat
and barley increases viscosity in the gut, which compromises diffusion of nutrients. This anti-
nutritional effect can be reduced by addition of the xylanase and/or beta-glucanase which
fragment hemicellulose polymers, xylan and beta-glucan, respectively.

Another example of improving the availability of nutrients is degradation of phytic acid, the
plants phosphate storage, which is not readily hydrolysed by enzymes produced by the
animal. Addition of phytase to the feed ensures release of phosphate from phytic acid, and
can thereby partly or totally cover the animals need for phosphate.

CA 2812617 2019-10-18
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So, in some instances exogenous enzymes can bridge a gap between the nature of the feed
and the animals own digestive enzyme complement. However research has shown that
although both poultry and swine are capable of significant endogenous amylase and
protease synthesis, there may still be an opportunity to augment the animal digestion through

the use of exogenous enzymes and thereby improve animal performance.

Alpha-amylases amongst other supplemenis are added (o feed to improve the starch
utilisation of the feed. Historically, the amount of a particular amylase added to feed has
been determined using standard amylase assays such as the tablet assay and, more

recently, the Konel.ab assay.

WO 2008/006881 solely relates to bovine feed and discloses the use of a bacterial amylase.
However, the conditions in the gastro intestinal tracts of bovines differs markedly from that of
monogastric animals and the composition of feed for bovines is markedly different to that for
monogastric animals. For example, the majority of starch fed to ruminants is metabolised by
microbes in the rumen which has a typical pH of 5.0 to 5.5, whereas in monogastric animais
endogenous alpha amylase breaks starch down to glucose. Furthermore, pepsin, which is
responsibie for the breakdown of protein, is first released in the abomasums in the fourth and

last compartment of the bovine stomach.

US 2008-0206401 discloses a very specific dry pet food comprising a thermostable alpha-

amylase.

Accordingly, there is a need to identify alpha-amylases for use in feedstuffs which provide
improved animal performance and/or which allow the alpha amylases to be used in reduced

amounts with no detrimental effect on animal performance.
SUMMARY OF THE INVENTION

The present invention is based on the inventor’s surprising discovery that alpha amylases
having pepsin' resistance are particularly useful in feed, such as in feed for monogastric
animals because they result in improved animal performance and/or ailow the alpha

amylases to be used in reduced amounts.
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Fepsin is a digestive protease excreted by the animal in the first part of the digestive system.
Pepsin degrades protsin which makes the protein available as a nutrient for the animal. The
exogenocus enzymes, .e. enzymes added io the fead, are also proteins and they will be
degraded if they are susceptible to degradation by the pepsin. This will in most cases destroy

the enzyme activily.

Without wishing lo be bound by any theory, the inventor hypothesises that a pepsin resistant
alpha amylase enzyme may result in the enzyme having increased activity in the ileum which
aliows for improved uptake of starch metabolites. Furthermore, the increased activity of the
pepsin resistant enzyme may result in a decrease in the production of endogenous alpha

amylases thereby increasing feed efficacy.

According fo a broad aspect of the present invention there is provided a method for
identifying a pepsin resistant alpha amyviase enzyme for use in a feed supplement
comprising:

i) providing an alpha amylase enzyme;

i) admixing said alpha amylase with corn based feed and pepsin, incubating at
pH 3 and analysing the alpha amylase activity of said alpha amylase compared to a control
sample; wherein said control sample differs in that no pepsin is present during incubation at
pH 3; and

iii) selecting an alpha amylase enzyme which subsiantially maintains alpha

amylase activity under the assay conditions.

By “substantially maintains alpha amylase activity” it is meant that an alpha amylase which is
subjected to the pepsin resistance assay detailed herein retains at least about 758% enzyme
activity such as from about 75% fo 125% enzyme activity when compared to the activity of
the enzyme in the absence of pepsin. Thus, an alpha amylase which “substantially maintains
alpha amylase activity” will on incubation with at least 9000 U/mi pepsin in the presence of
corn based feed for at least 2 hours at pH3, retain at least aboui 75% (such as 75 to 125%)
activity compared with the same enzyme on incubation with corn based feed for the same

time (i.e. at least 2 hours) and the same pH (i.e. pH3).

By “pepsin resistant alpha amylase” it is meant an alpha amylase which retains at least about
75% (such as about 75% to 125%) activity when subjected to the pepsin resistance assay as

detailed herein.
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Without wishing to be bound by theory, the present inventor has surprisingly found that the
pepsin resistance of an alpha-amylase is key in obtaining an alpha amylase which
substantially maintains activity during passage through the gastro intestinal tract of an
animal. Thus, pepsin resistant alpha-amylases can be used in lower doses compared with

conventional alpha-amylases and may increase the starch utilisation of feed.

In another aspect of the present invention there is provided a method for preparing a feed
supplemsnt for a monogastric animal comprising admixing a pepsin resistant alpha amylase
with at least one physiolcgically acceptable carrier selected from at least one of mattodextrin,
iimestone (calcium carbonate), cyclodextrin, wheat or a wheat component, sucrose, starch,
Na,S0O,, Tale, polyvinyl alcohol (PVA), sorbitol, benzoate, sorbiate, glycerol, sucrose,
propylene glycol, 1,3-propane diol, glucose, parabens, sodium chloride, citrate, acetate,
phosphate, calcium, metabisulfite, formate and mixtures thereof.

In a further aspect of the present invention there is provided a feed supplement for
monogastric animals comprising a pepsin resistant alpha amylase and at least one
physioiogically acceptabie carrier selecied from at least one of maitodextrin, lmiesione
(calcium carbonate), cyclocextrin, wheat or a wheat component, sucrose, starch, Na,SO,,
Talc, polyvinyl alcohol (PVA), sorbitol, benzoate, sorbiate, glycerol, sucrose, propylene

glycol, 1,3-propane diol, glucose, parabens, sodium chloride, citrate, acetate, phosphate,
calcium, metabisulfite, formate and mixtures thereof.

in another aspect of the present invention there is provided a feed supplement and/or
feedstuff comprising a pepsin resistant Trichoderma (such as Trichoderma reesei) alpha

amylase.

The present inventor has surprisingly found that alpha-amylases from Trichoderma (such as
Trichoderma reesei) are particularly effective for use in feed and are surprisingly pepsin

resistant.

In a further aspect, the present invention provides a poultry feed supplement and/or feedstuff

comprising a pepsin resistant alpha amylase.

CA 2812617 2018-10-11
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According to anocther aspect of the present invention there is provided: 1) a method for
preparing a feedsiufl for a monogastric animal comprising mixing a feed supplement of the
present invention with one or more feed materials; and 2) feedstuffs prepared by said

method.

The present invention further provides a feedstuff for a monogasiric animal comprising a
pepsin resistant alpha amylase, wherein said feedstuff comprises less than 3000 uniis alpha
amylase per kilogram feed, preferably less than 2800, or less than 2600, or less than 2400 or
less than 2200 or less than 2100 or less than 2000 units alpha amylase per kilogram feed.

it will be understood that one amylase U is the amount of enzyme that refeases 1 mmol of
glucosidic linkages from a water insoluble cross-linked starch polymer substrate per min at
pH 8.5 and 37°C.

in another aspect, the present invention provides an alpha amylase for use in a feed
supplement and/or feedstuff wherein said alpha amylase substantially maintains alpha
amylase activity after incubation in the presence of 100000 U/mi pepsin. Pepsin units are

defined in the Examples below.

The present invention further provides: a feed supplement and/or feedstuff for monogastric
animals wherein said feed supplement and/or feedstuff comprises a pepsin resistant alpha
amylase to improve animal performance and/or increase energy absorption/feed efficacy; a
method of increasing weight gain in pouitry and/or swine comprising feeding said poultry
and/or swine a feedstuff comprising a pepsin resistant alpha amylase and use of a pepsin
resistant alpha amylase 0 reduce the expression of endogenous alpha amylase in the
animal, as well as methods, feed supplements, feedstuffs and amylases for use in feedstuffs

substantially as herein described.

in another aspect of the present invention there is provided use of a feed supplement
comprising a pepsin resistant alpha amvylase for improving animal performance and/or
increase energy absorption and/or feed efficacy and/or for improving digestibiiity of a raw
material in a feed (e.g. nutrient digestibility, such as starch digestibility) and/or for improving

feed conversion ratio (FCR) and/or for improving weight gain in an animal.
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in a still further aspect of the present invention there is provided a premix comprising a feed
supplement composition comprising (or consisting essentially of or consisting of) a pepsin
resistant alpha amylase and at least one mineral and/or at least cne vitamin.

PREFERED ASPECTS OF THE PRESENT INVENTION
in one aspect, the present invention relates to & method for ideniifying a pepsin resistant
alpha amylase enzyme for use in a feed supplement comprising:

) providing an alpha amylase enzyme;

ii) admixing said alpha amylase with corn based feed, incubating at pH 3 and
analysing the alpha amylase activity of said alpha amylase compared to a control sample;
wherein said control sample differs in that no pepsin is present during the incubation at pH 3;
and

iif) selecting an alpha amylase enzyme which substantially maintains alpha

amylase activity under the assay conditions.

Suitably, the level of pepsin in step ii) is at least about 9000 U/ml, at least about 10000 U/mi,
at least 10500 U/mi, at ieast 11000 U/mi, at ieast 12000 U/mi, at least 13000 U/ml, at ieast
14000 U/ml, at least 15000 U/ml, at least 16000 U/ml, at least 17000 U/ml, at least 18000
U/ml, at least 19000 U/ml, at least 20000 U/ml, at least 21000 U/ml, at least 22000 U/ml or at

ieast 23000 U/ml pepsin.

The alpha amylase may be incubated with pepsin for at least 2 hours, at least 2.5 hours, at
least 3 hours or at least 3.5 hours. Preferably, the amylase is incubated with pepsin for less

than 6 hours.

In one embodiment, the alpha amylase is incubated with pepsin for about 2 to about 6 hours,

preferably for about 2 to about 4 hours or for about 2 hours.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
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the absence of pepsin. The alpha amylase may have the same aclivity compared with its

actlvity afler being incubated in the absence of pepsin.

in embodiments of the present invention set out below, the alpha amylase may suitably be,
the alpha amylase as set forth in SEQ 1D NO: 1. Suitably, the alpha amylase as set forth in
SEQ 1D NO: 1 may retain at least about 80%, al least about 85%, at least about 90%, at
least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase as set forth in SEQ 1D NO: 1 may have about 80-120%, about 85-115%, about 90-
110%, about 95-105%, about 96-104%, about 97-103%, about 98-102%, or about 99-101%
compared with its activity in the absence of pepsin. The alpha amylase as set forth in SEQ
1D NO: 1 may have the same activity compared with its activity after being incubated in the

ahsence of pepsin.

in further embodiments of the present inveniion set out below, the alpha amylase may
suitably be, the alpha amylase as set forth in SEQ D NG: 3. Suitably, the alpha amylase as
set forth in SEQ ID NO: 3 may retain at least about 80%, at ieast about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 89% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase as set forth in SEQ 1D NO: 3 may have about 80-120%, about 85-115%, about 20-
110%, about 95-105%, about 96-104%, about 97-103%, about 98-102%, or about 99-101%
compared with its aclivily in the absernice of pepsin. The alpha amylase as set forth in SEQ
[ NO: 3 may have the same activity compared with iis activity after being incubated in the

absence of pepsin.

By “absence of pepsin” it is meant that there is no pepsin specifically added (i.e. no
exogenous pepsin is added fo the control sample). However, it will readily understood that
trace amounts of pepsin may be present in other constituents added, such as in the comn

based feed.

The feed supplement may be for a monogasiric animal, such as, for exampie, poultry, swine,

domestic pets or fish. In some aspects, the monogasiric animals are preferably poultry.

The terms “feed supplement” and “feed additive” as used herein are interchangeable.
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The present invention provides a method for preparing a feed supplement for a monogastric
animal comprising admixing a pepsin resistant alpha amylase with at least one
physiologically acceptable carrier selected from at least one of maltodextrin, limestone
(calcium carbonate), cyclodextrin, wheat or a wheat component, sucrose, starch, Na,SO,,
Talc, PVA, sarbitol, benzoate, sorbiate, glycerol, sucrose, propylene glycol, 1,3-propane diol,
glucose, parabens, sodium chioride, citrate, acetate, phosphate, caicium, metabisulfite,

formate and mibdures thereof.

In one embodiment the feed supplement according to the present invention may be
formulated as a premix. By way of example only the premix may comprise one or more feed

components, such as one or more minerais and/or one or more vitamins.

The pepsin resistant amylase may be identified by using the method for identifying a pepsin
resistant alpha amylase enzyme of the present invention.

Preferably, the pepsin resistant amylase has an amino acid sequence:
i) as set forth in SEQ ID No. 1 or SEQ ID No. 3 ;
ii) as set forth in SEQ ID No. 1 or SEQ iD No. 3 except for one or severai amino acid
additions/insertions, deletions or substitutions,
iii) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 89%) identity to
SEQ ID No. 1 or at least 70% (preferably, at least 75%, 80%, 85%, 90%, 95%, 97%,
98% or 99%) identity to SEQ ID No. 3;
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2 or SEQ ID No. 4;
v) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 or SEQ ID No. 4 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 or SEQ ID No. 4 by one or several nucleotide additions/insertions, deletions
or substitutions; or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
ID No. 2 or SEQ ID No. 4.

The pepsin resistant alpha amylase may also be encoded by a nucleotide sequence which

hybridises to SEQ ID No. 2 or SEQ ID No. 4 under stringent or highly stringent conditions.
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On gap alignment with SEQ 1D No. 1, the pepsin resistant alpha amylase of the present
invention preferably comprises any one or more of the following amino acids selected from
the group consisting of: K88; 1103; H133; Y175; Y290; F292; R442 and H450, wherein the

amino acid numbering relates to SEQ ID No. 1.

Suitably, the pepsin resistant alpha amylase may comprise one or more of the following
amino acid seguences:

) SAIKSL (SEQ ID NO:7);

i) DVVINH (8EGQ ID NO:8);

iii) SGEHLI (SEQ 1D NC:9),

iv) NRIYKF (SEG 1D NO:10);

V) PLHYQFHA (SEQ 1D NO:11);

i YVGRQN (SEQ ID NC:12); and

vii) ETWHDI (SEQ 1D NO:13)
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity to any
of i) to vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following
aminc acid sequences;

i) SAIKSL (SEQ ID NO:7); Position 85-90

i) DVVINH (SEQ ID NO:8); Position 100-105

il SGEHLI (SEQ ID NG9y, Pasition 130-135

iv) NRIYKF (SEQ ID NO:10);,  Position 172-177

v) PLHYQFHA (SEQ ID NO:11);Position 287-295

vi) YVGRQN (SEQ ID NO:12); Position 439-444

vii) ETWHDI (SEQ ID NO:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity fo any

of i) to vii), wherein the amino acid numbering relates to SEQ ID NO:1.

It will be understood that any combinations of i) to vii) and/or any combination of the

specifically recited amino acids are encompassed herein.

The present invention provides a feed supplement for monogastric animals comprising a

pepsin resistant alpha amvlase and at least one physiologically acceptable carrier selected
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from at least one of maliodextrin, limestone (calcium carbonate), cyclodextrin, wheat or a
wheat component, sucrose, starch, Na,S0,, Talc, PVA, sorbitol, benzoate, sorbiate, glycerol,
sucrose, propylene glycol, 1,3-propane diol, glucose, parabens, sodium chioride, citrate,
acetate, phosphate, calcium, mefabisulfite, formate and mixiures thereof is alsc provided.

Suitably, any pepsin resistant alpha amylase disclosed herein may be used.

Suitably, the pepsin resistani alpha amylase may be identified using the method for

identifving a pepsin resistant alpha amylase enzyme disclosed herein.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absence of pepsin.

Suitably, the pepsin resistant alpha amylase may have an amine acid sequence:
i) as set forth in SEQ ID No. 1;
i) as set forth in SEQ ID No. 1 except for one or several amino acid
additions/insertions, deletions or substitutions;
ii) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQ ID No. 1; or
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;
v) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 by one or several nucleotide additions/insertions, deletions or substitutions;
or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
ID No. 2.
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The pspsin resistant alpha amylase on gap alignment with SEQ 1D No. 1 may comprise any
one of more of the following amino acids selecied from the group consisting of: K88: 1103;
H133; Y175; Y250; F292; R442 and H450, wherein the amino acid numbering relates (o SEQ
D No. 1 andfor may comprise one or more of the following amino acid sequences:

iy SAIKSL (SEQ 1D NO:7y;

i} DVVINH (SEQ D NO:8);

iii) SGEHLI (S8EQ D NG:9);

iv} NRIYKF (SEQ 1D NO:10);

v) PLHYQFHA (SEQ 1D NO:11);

i) YVGRAN (SEQ D NO:12); and

vii) ETWHDI (SEQ ID NO:13)
or may comprise an amine acid sequence having at least 80%, 85%, or 90% identity to any

of ) to vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the foliowing
amino acid sequences:

i) SAIKSL (SEQ ID NO:7); Position 85-90

i) DVVINH (SEQ ID NOG:8); Position 100-105

iii) SGEHLI (SEQ 1D NO:9); Position 130-135

iv) NRIYKF (SEQ ID NO:10);  Position 172-177

v) PLHYQFHA (SEQ ID NO:11); Position 287-295

vi) YVYGRON (SEQ ID NG:12); Position 439-444

vii) ETWHDI (SEQ ID NO:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity to any
of [} to vii), wherein the amino acid numbering relates to SEQ 1D NO:1.

It wili be understood that any combinations of i) fo vil) and/or any combination of the

specifically recited amino acids are encompassed herein.

When the monogastric animal is pouliry, it is advantageous for the pepsin resistant alpha
amylase to substantially maintain pepsin resisiance for at least 2 to 4 hours after

consumption of the feed comprising the pepsin resistant alpha amylase.
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When the monogastric animal is swine, it is advantageous for the pepsin resistant alpha
amylase to substantially maintain pepsin resistance for at least 2 to 6 hours after

consumption of the feed comprising the pepsin resistant alpha amylase.

The present invention alsc provides a method for preparing a feedstuff for a monogastric
animal comprising mixing a feed supplement of the present invention or a pepsin resistant

alpha amylase ideniified by the method of the present invention with one or more Teed

materials.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about $9% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absence of pepsin.

Suitably, the pepsin resistant alpha amyiase may have an amino acid sequence:
i) as set forth in SEQ ID No. 1;
i) as set forth in SEQ ID No. 1 except for one or several amino acid
additions/insertions, deletions or substitutions;
i) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQ ID No. 1; or
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;
v) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 by one or several nucleotide additions/insertions, deletions or substitutions;
or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
ID No. 2.
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The pepsin resistant alpha amylase on gap alignment with SEG 1D No. 1 may comprise any
one or more of the following amino acids selected from the group consisting of. K88; 1103;
H133; Y175; Y230; F292; R442 and H450, wherein the amino acid numbering relates fo SEQ
ID No. 1 and/or may comprise one or more of the following amino acid sequences:

i) SAIKSL (B8EQ ID NO:7y;

ii) DVVINH (SEG 1D NO:8);

i) SGEHLI (SEQ ID NO:9);

iv) NRIYKF (SEQ ID NO:10);

v) PLHYQFHA (SEQ 1D NO: 11},

vi) YVGRON (SEQ ID NG:12); and

vii) ETWHDI (SEQ ID NO:13)
or may comprise an amino acid sequence having at least 80%, 85%, or 90% identity to any

of i} to vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following
amino acid sequences:

i) SAIKSL (SEQ ID NO:7y; Position 85-80

i) DVVINH (SEQ ID NO:8),; Pcsition 100-105

iii) SGEHLI (SEQ 1D NO:8}; Position 130-135

iv) NRIYKF (SEQ ID NO:10);  Position 172-177

v) PLHYQFHA (SEQ 1D NO:11); Position 287-295

vi} YVGRQN (SEQ ID NO:12); Position 439-444

vii) ETWHD! (SEQ ID NO:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity fo any
of i) to vii), wherein the amino acid numbering relates to SEQ ID NO:1.

It will be understood that any combinations of i} to vii) and/or any combination of the

specifically recited amino acids are encompassed herein.

fn some embodiments said feed supplement/pepsin resistant alpha amylase improves animal
performance and/or increases energy absorption/feed efficacy and/or provides a lower feed
conversion ratio and/or weight gain of the animal and/or by the digestibility of a nutrient in a
feed (e.g. starch digestibility) and/or digestible energy or metabolizable energy in a feed.
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Any feed materials may be used. Suitably, any one or more of the following feed materials
may be used: 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), wheat bran,
wheat middlings, wheat shorts, rice bran, rice hulls, cat hulls, palm kernel, and citrus puip; ¢)
orotein obtained from scurces such as sova, sunfiowsr, peanut, lupin, peas, fava beans,
cotion, cancla, fish meal, dried plasma prolsin, meat and bone meal, potato protein, whey,
copra, sesame; d) oils and fats oblained from vegetable and animal sources; ) minerals and

vitaming f) premixes of any one or more of a) to d).

Suitably a premix as referred to herein may be a composition composed of microingredients
such as vitamins, minerals, chemical preservatives, antibiotics, fermentation products, and
other essential ingredients. Premixes are usually compositions suitable for blending into

commercial rations.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3000, less
than 2000, less than 1900, iess than 1800, less than 1700, less than 1600, less than 1500,
iess than 1400, iess than 1300, iess than 12

900, less than 800, less than 700, less than 6

of alpha amylase per kilogram feed.

~ ane

00, less than 1100, iess than 1000, iess than
00, less than 500, or less than about 400 units

The present invention further provides a feedstuff for monogastric animals prepared by a
method comprising mixing a feed supplement of the present invention or a pepsin resistant
alpha amylase identified by the method of the present invention with one or more feed

materials.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its
activity after being incubated in the absence of pepsin.

Suitably, the pepsin resistant alpha amylase may have an amino acid sequence:
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i} as sst forth in SEQ 1D No. 1;

i} as set forth in SEQ D No. 1 except for one or several aminc acid
additions/insertions, deletions or substitutions;

i) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQID No. 1; 0r

iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;

v} which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 due fo the degeneracy of the genetic code;

vi) which is produced by sxpression of a nucleotide sequence which differs from SEQ
ID No. 2 by one or several nucleolide additions/insertions, deletions or substitutions;
or ‘

vil) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
D No. 2.

The pepsin resistant alpha amylase on gap alignment with SEQ 1D No. 1 may comprise any
one or more of the following amino acids selected from the group consisting of: K88; 1103;
H133; Y175; Y290, F292; R442 and H450, wherein the amino acid numbering relates to SEQ
ID No. 1 and/or may comprise one or more of the following amino acid sequences:

i) SAIKSL (SEQ (D NO:7);

i) DVVINH (SEQ ID NO:8);

i) SGEHLI{SEQ ID NG:9);

iv) NRIYKF {(SEQ ID NO:10);

v) PLHYQFHA (SEQ ID NO:11);

vi) YVGRQN (SEQ ID NG:12); and

vii) ETWHD! (SEQ ID NO:13)
or may comprise an amino acid sequence having at least 80%, 85%, or 90% identity fo any
of 1) to vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following
amino acid sequences:

i) SAIKSL (SEQ ID NO:7); Position 85-90

ii) DVVINH (SEQ 1D NO:8); Position 100-105

iii) SGEHLI (SEQ ID NO:9); Position 130-135
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iv) NRIYKF {(SEQ ID NO:10);  Position 172-177
v) PLHYQFHA (SEQ ID NO:11); Position 287-295
vi) YVGRQN (SEQ ID NO:12); Position 438-444
vii) ETWHDI (SEQ ID NGC:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity to any

of i) to vii}, wherein the amino acid numbering relates to SEQ 1D NO:1,

It will be undersiood that any combinations of i) to vil) and/or any combination of the

specifically recited amino acids are encompassed herein.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3000, less
than 2000, less than 1900, less than 1800, less than 1700, less than 1600, less than 1500,
less than 1400, less than 1300, less than 1200, less than 1100, less than 1000, less than
900, less than 800, less than 700, less than 600, less than 500, or less than about 400 units

of alpha amylase per kilogram feed.

In some embodiments said feed supplement improves animal performance and/or increases
energy absorption/feed efficacy and/or provides a iower feed conversion ratic and/or weight
gain of the animal and/or by the digestibility of a nutrient in a feed (e.g. starch digestibility)

and/or digestible energy or metabolizable energy in a feed.

The present invention also provides a poultry feed supplement and/ or feedstuff comprising a
pepsin resistant alpha amylase. Any pepsin resistant alpha amylase may be used, such as
any pepsin resistant alpha amylase disclosed herein. Suitably, the pepsin resistant alpha
amylase may have an amino acid sequence:

i) as set forth in SEQ ID No. 1;

i) as set forth in SEQ ID No. 1 except for one or several amino acid

additions/insertions, deletions or substitutions;

iii) having at least 85% (preferably, at ieast 90%, 95%, 97%, 98% or 29%) identity to

SEQ ID No. 1; or

iv) which is produced by expression of a nucleotide sequence comprising the

sequence of SEQ ID No. Z;

v) which is produced by expression of a nucleotide sequence which differs from SEQ

ID No. 2 due to the degeneracy of the genetic code;
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vi) which is produced by expraession of a nucleotide seguence which differs from SEQ
1D MNo. 2 by one or several nucleotide additions/insertions, deletions or substitutions;
or

vil) which is produced by expression of a nucleotide seguence which has at least 70%
{preferably, at least 75%, 80%, 85%, 90%, 95%, 87%, 98% or 99%) identity to SEQ
ID No. 2.

The pepsin resistant alpha amylase on gap alignment with SEQ ID No. 1 may comprise any
one or more of the following aming acids selected from the group consisting of: K88; 1103;
H133; Y175; Y290, F292; R442 and H450, wherein the amino acid numbering relates to SEQ
ID No. 1 and/or may comprise one or more of the following amine acid seguences:

i) SAIKSL (SEQ ID NO:7);

ii) DVVINH (SEQ ID NO:8);

iii) SGEHMLI (SEGQ ID NO:9);

iv)  NRIYKF (SEQ ID NC:10);

v) PLHYQFHA (SEQ ID NO:11);

i) YVYGRON (SEQ 1D NO:12), and

vii) ETWHDI (SEQ ID NO:13)
or may comprise an amino acid sequence having at least 80%, 85%, or 80% identity to any
of i} fo vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following
amino acid sequsnces:

i) SAIKSL (SEQ ID NO:7); Position 85-90

i) DVVINH (SEQ ID NOC:8); Position 100-105

iii) SGEHLI (SEG 1D NO:9), Position 130-135

) NRIYKF (SEQ ID NO:10);  Position 172-177

v) PLHYQFHA (SEQ ID NO:11); Position 287-295

vi) YVGRQN (SEQ ID NCG:12); Position 439-444

vii) ETWHDI (SEQ ID NO:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identity to any

of i) to vii), wherein the amino acid numbering relates to SEQ 1D NO:1.

It will be understood that any combinations of i) fo vil) and/or any combination of the

specifically recited amino acids are encompassed herein.
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Without wishing to be bound by theory, one or more of the recited amino acids and
sequences above may play a role in conferring pepsin resistance to the alpha amylase

enzyme.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3CC0, less
than 2000, less than 1900, iess than 1800, less than 1700, less than 1600, less than 1500,
less than 1400, less than 1300, less than 1200, less than 1100, less than 1000, less than
900, less than 800, less than 700, less than 800, less than 500, or less than about 400 units

of alpha amylase per kilogram feed.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absence of pepsin.

In some embodiments said feed supplement improves animal performance and/or increases
energy absorption/feed efficacy and/or provides a lower feed conversion ratio and/or weight
gain of the animal and/or by the digestibility of a nutrient in a feed (e.g. starch digestibility)

and/or digestible energy or metabolizable energy in a feed.

The present invention provides a feed supplement and/or feedstuff comprising a Trichoderma
alpha amylase. The present invention also provides a feed supplement and/or feedstuff
comprising a pepsin resistant Trichoderma alpha amylase. Any Trichoderma alpha amylase

may be used. Suitably the alpha amylase may be from Trichoderma reesei.

The alpha amylase may have an amino acid sequence:
i) as set forth in SEQ ID No. 3;
i) as set forth in SEQ ID No. 3 except for one or several amino acid
additions/insertions, deletions or substitutions;
ii) having at least 70% (preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or
99%) identity to SEQ ID No. 3; or
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iv) which ie produced by expression of z nucleciide sequence comprising the
sequence of SEQ 1D No. 4,

v} which is produced by expression of a nucleotide sequence which differs from SEQ
iD No. 4 due to the degeneracy of the genstic code;

vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 4 by one or several nucleotide additions/insertions, deletions or substitutions;
or

vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
iD No. 4.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3000, less
than 2000, less than 1900, less than 1800, less than 1700, iess than 1600, less than 1500,
less than 1400, less than 1300, less than 1200, less than 1100, less than 1000, less than
900, less than 800, less than 700, less than 600, less than 500, or less than about 400 units

alpha amylase per kilogram feed.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity afier being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 30-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same aclivity compared with its

activity after being incubated in the absence of pepsin.

In some embodiments said feed supplement improves animal performance and/or increases
energy absorption/feed efficacy and/or provides a lower feed conversion ratio and/or weight
gain of the animal and/or by the digestibility of a nutrient in a feed (e.g. starch digestibility)

and/or digestitle energy or metabolizable energy in a feed.

The present invention further provides the use of a feed supplement according to the present
invention for improving animal performance and/or increase energy absorption and/or feed
efficacy and/or for improving digestibility of a raw material in 2 feed (e.g. nutrient digestibility,
such as starch digestibility) and/or for improving feed conversion ratic (FCR) and/or for

improving weight gain in an animal.
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In another aspect of the present invention, there is provided a feedstuff for a monogastric
animal comprising a pepsin resistant alpha amylase, wherein said feedstuff comprises less
than 3000 units of alpha amylase per kilogram feed. Suitably, the feedstuff may comprise
less than 2500, less than 2000, less than 1900, less than 1800, less than 1700, less than
1600, less than 1500, less than 1400, iess than 1300, less than 1200, less than 1100, less
than 1000, less than 900, less than 800, less than 700, less than 800, less than 500, or less

than about 400 units alpha amylase per kilogram feed.

in some embodiments feedstuff improves animal performance andfor increases energy

absorption/feed efficacy and/or provides a lower feed conversion ratio.

Any pepsin resistant alpha amylase may be used. Suitably, any pepsin resistant alpha
amylase disclosed herein or identified by the method of the present invention may be used
including a pepsin resistant alpha amylase which has an amino acid sequence:
i) as set forth in SEQ ID No. 1 or SEQ ID No. 3;
ii) as set forth in SEQ ID No. 1 or SEQ ID No. 3 except for one or several amino acid
iii) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQ ID No. 1; or at least 70% (preferably, at least 75%, 80%, 85%, 90%, 95%, 97%,
98% or 99%) identity to SEQ [D No. 3;
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2 or SEQ ID No. 4
v) which is produced by expression of a nuclectide sequence which differs from SEQ
ID No. 2 or SEQ ID No. 4 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 or SEQ ID No. 4 by one or several nucleotide additions/insertions, delefions
or substitutions; or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
ID No. 2 or SEQ ID No. 4.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity

compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
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amylase may have about 80-120%, about 85-115%, about 90-110%, about 85-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the ahsence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absance of pepsin.

Feedstuffs and/or feed supplements in accordance with the present invention may comprise
at least one further feed enzyme. For example, the feedstuff and/or feed supplement may
comprise enzymes involved in starch metabolism, fibre degradation, lipid metabolism,
proteins or enzymes involved in glycogen metabolism, acetyl esterases, aminopeptidases,
amylases, arabinases, arabinofuranosidases, carboxypeptidases, catalases, cellulases,
chitinases, chymosin, cutinase, deoxyribonucleases, epimerases, esterases,
a-galaciosidases, B-glucanases, glucan lysases, endo-glucanases, glucoamylases, glucose
oxidases, B-glucosidases, including B-glucosidase, glucuronidases, hemicellulases, hexose
oxidases, hydrolases, invertases, isomerases, laccases, lyases, mannosidases, oxidases,
oxidoreductases, pectaie lyases, pectin acetyl eslerases, pectin depolymerases, pectin
methyl esterases, pectinolytic enzymes, peroxidases, phenoloxidases, polygalacturonases,
proteases, rhamno-galacturonases, ribonucleases, thaumatin, transferases, fransport
proteins, transgiutaminases, xylanases, including endo-1,4-B-xylanase (EC 3.2.1.8), hexose

oxidase (D-hexose: Og-oxidoreductase, EC 1.1.3.5) B-glucanase, a-amylase, pectinase,

cellobichydrolase, acid phosphatases, phytases, including 3-phytase (EC 3.1.3.8) or 6-
phytase (EC 3.1.3.28), lipolytic enzymes, mannanase or combinations thereof. These

include enzymes that, for example, modulate the viscosity of the feed.

Suitably, a feedstuff and/or feed supplement of the present invention may comprise at least
one xylanase and/or at least one phytase and/or at least cne protease and/or at least one
lipolytic enzyme. These may be from any source. Suitably, a xylanase may be from Bacillus
or Trichoderma; a phytase may be from E. coli or Buttiauxella; a protease may be from B.
subtilis and a lipolytic enzyme may be from Aspergillus sp.

The term ‘lipolytic enzyme’ refers to an enzyme capable of acting on a lipid substrate to
liberate a free fatty acid molecule. Preferably, the lipolytic enzyme is an enzyme capable of
hydrolysing an ester bond in a lipid substrate (particularly although not exclusively a
triglyceride, a glycolipid and/or a phospholipid) fo liberate a free fatty acid molecule. Suitably,
the lipolytic enzyme for use in the present invention may have one or more of the following

activities selected from the group consisting of: phospholipase activity (such as
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phospholipase A1 activity (E.C. 3.1.1.32} or phospholipase A2 activity (E.C. 3.1.1.4);
glycolipase activity (E.C. 3.1.1.26), triacylglycerol hydrolysing activity (E.C. 3.1.1.3), lipid

acyliransferase activity(generally classified as E.C. 2.3.1.x in accordance with the Enzyme

* Nomenclature Recommendations (1992) of the Nomenclature Committee of the International

Union of Biochemistry and Molecular Biology), and any combination thereof.

Suitably, a feedsiuff and/or feed supplement of the present invention may comprise a pepsin
resistant alpha amylase from any source {such as B. licheniformis or T. reesei), a xylanase
from Bacillus or Trichoderma; a phytase from E. coli or Butliauxella; a protease from B.

subtilis and a lipolytic enzyme from Aspergifius sp.

Any feedstuff of the present invention 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), wheat bran,
wheat middlings, wheat shorts, rice bran, rice hulls, cat hulls, palm kernel, and citrus pulp; ¢)
protein obtained from sources such as soya, sunflower, peanut, lupin, peas, fava beans,
cotton, canola, fish meai, dried plasma protein, meat and bone meai, potato proiein, whey,
copra, sesame; d) oils and fats obtained from vegetable and animal sources; &) minerals and

vitamins.

Suitably, any feedstuff of the present invention may comprise at least one low fibre feed
material, selected from the group consisting of corn, wheat, an animal by-product meal or
soybean and/or at least one by-product of the at least one low fibre feed material to provide a
low fibre feedstuff.

Any feedstuff of the present invention may contain at least 30%, at least 40%, at least 50% or

at least 60% by weight of corn and soybean meal or corn and full fat soy.

In addition or in the afternative, any feedstuff of the present invention may comprise at least
one high fibre feed material and/or at least one by-product of the at least one high fibre feed
material to provide a high fibre feedstuff. Examples of high fibre feed materials include:
wheat, barley, rye, oats, by-products from cereals, such as corn gluten meal, Distillers Dried
Grain Solubles (DDGS), wheat bran, wheat middlings, wheat shorts, rice bran, rice hulls, oat
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hulls, palm kemnel, and citrus pulp. Some protein sources may also be regardad as high fibre:

protein oblained from sources such as sunflower, lupin, Tava beans and cotion.

The present invention further provides an alpha amvylase for use in a feed supplement and/or
feedstufl wherein said alpha amviase substaniizlly mainiains alpha amylase aciivity after

being incubated in the presence of 100000 U/mi pepsin.

Suitably the alpha amylase may comprise the amino acid sequence:
i) as set forth in SEQ 1D No. 3, or
ii) as set forth in SEQ 1D No. 3 except for one or several amino acid
additions/insertions, deletions or substitutions;
i) having at least 70% (preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or
99%) identity to SEQ ID Ne. 3; or
iv) which is produced by expression of a nuclectide sequence comprising the
sequence of SEQ ID No. 4;
v} which is produced by expression of a nuclectide sequence which differs from SEQ
10 No. 4 due to the degeneracy of the genetic code; or
vi} which is produced by expression of a nucleotide sequence which differs from SEQ
1D No. 4 by one or several nucleotide additions/insertions, deletions or substiiutions;
or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 80%, 95%, 97%, 98% or 99%) identity to SEQ
iD No. 4.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 99% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
86-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absence of pepsin.

The present invention also provides a feedstuff for monogastric animals wherein said
feedstuff comprises a pepsin resistant alpha amylase to improve animal performance and/or

increase energy absorption/feed efficacy and/or to provide a iower feed conversion ratio
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and/or weight gain of the animal and/or hy the digestibility of a nutrient in a feed (e.g. starch
digestibility) and/or digestible energy or metabolizable energy in a feed.

As used herein, “animal performance” may be determined by the feed efficacy and/or growth
rate of the animal and/or by the feed conversion ratio and/or weight gain of the animal and/or
by the digestibility of a nutrient in a feed {e.g. starch digestibility) and/or digestible energy or

metabolizable energy in a feed.

Preferably “animal performance” is determined by feed efficiency and/or weight gain of the

animal and/or by the feed conversion ratio.

By “improved animal performance” it is meant that there is increased feed efficacy, and/or
increased growth rate and/or reduced feed conversion ratio and/or weight gain of the animal
and/or by the digestibility of a nutrient in a feed (e.g. starch digestibility) and/or digestible
energy or metabolizable energy in a feed resulting from the use of a pepsin resistant alpha
amylase in feed in comparison to feed which does not comprise a pepsin resistant alpha
amylase. In preferred embodiments, at least one of feed efficacy, and/or growth rate and/or
feed conversion ratioc and/or weight gain of the animal and/or by the digestibility of a nutrient
in a feed (e.g. starch digestibility) and/or digestible energy or metabolizable energy in a feed
is improved by at least 1%, such as 1.5%, such as 2.0% such as 2.5%, such as 3.0%, such
as 4%, such as 5% in an animal fed a feed comprising the pepsin resistant alpha amylase

when compared to an animal fed a feed not comprising the pepsin resistant alpha amylase.

As used herein, the term “feed efficacy” refers to the amount of weight gain in an animal that

occurs when the animal is fed a specified amount of food.

By “increased feed efficacy” it is meant that the use of a pepsin resistant alpha amylase in
feed results in an increased weight gain on feeding an animal compared with an animal

being fed the same amount of feed without a pepsin resistant alpha amylase being present.

As used herein, the term “feed conversion ratio” refers to the amount of feed fed to an animal

to increase the weight of the animal by a specified amount.

By “lower feed conversion ratio” it is meant that the use of a pepsin resistant alpha amylase
in feed results in a lower amount of feed being required to be fed to an animal to increase the

weight of the animal by a specified amount compared to the amount of feed required to
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increase the weight of the animal by the same amount when the feed does not comprize a

pepsin resistant alpha amylase.

Nutrient digestibility as used herein means the fraction of a nutrient that disappears from the
gastro-intestinal tract or a specified segment of the gastro-intestinal tract, e.g. the small
intestine.  Nutrient digestibility may be measured as the difference between what is
administered to the subject and what comes out in the fasces of the subject, or between
what is administered to the subject and what remains in the digesta on a specified segment

of the gastro intestinal trace, s.g. the ileum.

Nutrient digestibility as used herein may be measured by the difference between the intake
of a nutrient and the excreted nutrient by means of the total collection of excreta during a
period of time; or with the use of an inert marker that is not absorbed by the animal, and
allows the researcher calculating the amount of nutrient that disappearad in the entire gastro-
intestinal tract or & segment of the gastro-intestinal tract. Such an inert marker may be
titanium dioxide, chromic oxide or acid inscluble ash. Digestibility may be expressed as a
percentage of the nutrient in the feed, or as mass units of digestibie nutrient per mass units

of nutrient in the feed.

Nutrient digestibility as used herein encompasses starch digestibility.

Energy digestibility as used herein means the gross energy of the feed consumed minus the
gross energy of the faeces or the gross energy of the feed consumed minus the gross
energy of the remaining digesta on a specified segment of the gastro-intestinal tract of the
animal, e.g. the ileum. Metabolizable energy as used herein refers to apparent metabolizable
energy and means the gross energy of the feed consumed minus the gross energy contained
in the faeces, urine, and gaseous products of digestion. Energy digestibility and
metabolizable energy may be measured as the difference beiween the intake of gross
energy and the gross energy excreted in the faeces or the digesta present in specified
segment of the gastro-intestinal tract using the same methods to measure the digestibility of
nutrients, with appropriate corrections for nitrogen excretion io calculate metabolizable

energy of feed.

The term survival as used herein means the number of subject remaining alive. The term

“improved survival” may be another way of saying “reduced mortality”.
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The term carcass vield as used herein means the amount of carcass as a proportion of the
live body weight, after a commercial or experimental process of slaughter. The term carcass
means the body of an animal that has been slaughtered for food, with the head, entrails, part
of the limbs, and feathers or skin removed. The term meat vield as used herein means the
amount of edible meat as a proportion of the live body weight, or the amount of a specified

meat cut as a proportion of the iive body weight.

The present invention further provides a method of increasing weight gain in a subject, e.g.
poultry or swine, comprising feeding said subject a feedstuff comprising a feed additive

composition according to the present invention.

An “increased weight gain” refers to an animal having increased body weight on being fed
feed comprising a feed additive composition compared with an animail being fed a feed

without said feed additive composition being present.

Suitably, the pepsin resistant alpha amylase may have an amino acid sequence:
i) as set forth in SEQ ID No. 1;
i) as set forth in SEQ ID No. 1 except for one or several amino acid
additions/insertions, deletions or substitutions;
iii) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQ ID No. 1; or
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;
v) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 by one or several nucleotide additions/insertions, deletions or substitutions;
or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 99%) identity to SEQ
ID No. 2.

The pepsin resistant alpha amylase on gap alignment with SEQ ID No. 1 may comprise any

one or more of the following amino acids selected from the group consisting of: K88; 1103;
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H133; Y175; Y280, F292;, R442 and H450, wherein the amino acid numbering relates to SEG
2 No. 1 and/or may comprise one or more of the following amine acid seguences:

) SAIKSL (SEQ 1D NO:7T);

i DVVINH (SEQ 1D NO:8);

i) SGEHLE (SEQ 1D NG:G);

iv) NRIYKF (SEQ ID NO:10);

V) PLHYQFHA (SEQ 1D NO:11);

vi) YVGRQON (SEQ 1D NO:12); and

vii) ETWHDI (SEQ 1D NO:13)
or may comprise an amino acid sequence having at least 80%, 85%, or 80% identity fo any

of i) to vil).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following
amino acid sequences:

i) SAIKSL (SEQ 1D NO:7); Position 85-90

i) DVVINH (SEQ 1D NG:8), Position 100-105

i) SGEHLI (SEQ ID NC:9); Position 130-135

iv) NRIYKF (SEQ ID NO:10);  Position 172-177

v) PLHYQFHA (SEQ 1D NO:11); Position 287-295

vi) YVGRQON (SEQ 1D NO:12); Position 439-444

vii) ETWHDI (SEQ ID NO:13)  Position 447-452
or may comprise an amino acid sequence having at least 80% or 85% or 90% identily to any

of i) to vii), wherein the amino acid numbering relates {o SEQ 1D NG:1.

it will be undersiood that any combinations of i} fo vii) and/or any combination of the

specifically recited amino acids are encompassed herein.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3000, less
than 2000, less than 1800, less than 1800, less than 1700, less than 1800, less than 1500,
less than 1400, less than 1300, less than 1200, less than 1100, less than 1000, less than
900, less than 800, less than 700, less than 600, less than 500, or less than about 400 units
of alpha amvylase per kilogram feed.

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 87%, at least about 88%, at least about 99% activity
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compared with its activity after being incubated in the absence of pepsin. Suitably, the aipha
amylase may have about 80-120%, about 85-115%, about 90-110%, about 95-105%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with its activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity after being incubated in the absence of pepsin.

The preseni inveniion further provides 2 method of increasing weight gain i pouliry or swine
comprising feeding said poultry or swine a feedstuff comprising a pepsin resistant alpha

amylase.

An “increased weight gain” refers to an animal having increased weight on being fed feed
comprising a pepsin resistant alpha amylase compared with an animal being fed a feed

without a pepsin resistant alpha amylase being present.

Suitably the feedstuff may result in a reduction (preferably a significant reduction (P<0.05)) in
the expression of endogenous alpha amylase mRNA. Accordingly, the use of a pepsin
resistant alpha-amylase may increase the feed efficacy and/or lower the feed conversion

ratio as less energy is required by the animai to utilise the feed.

Suitably, the pepsin resistant alpha amylase may have an amino acid sequence:
i) as set forth in SEQ ID No. 1;
i) as set forth in SEQ ID No. 1 except for one or several amino acid
additions/insertions, deletions or substitutions;
iii) having at least 85% (preferably, at least 90%, 95%, 97%, 98% or 99%) identity to
SEQ ID No. 1; or
iv) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;
v) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 due to the degeneracy of the genetic code;
vi) which is produced by expression of a nucleotide sequence which differs from SEQ
ID No. 2 by one or several nucleotide additions/insertions, deletions or substitutions;
or
vii) which is produced by expression of a nucleotide sequence which has at least 70%
(preferably, at least 75%, 80%, 85%, 90%, 95%, 97%, 98% or 98%) identity to SEQ
ID No. 2.
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The pepsin resistant alpha amylase on gap aignment with SEQ 1D No. 1 may comprise any

one or more of the following amino acids selected from the group consisting of. K88; 1103;
H133; Y175; Y290; F292; R442 and H450, wherein the aminc acid numbering relates to SEQ

ID No. 1 andfor may comprise ons or more of the following amino acid sequences:

vii)

SAIKSL (SEQ 1D NO:7);
DVVINH (SEQ ID NO:8);
SGEHLI (SEQ ID NO:9);
NRIYKF (SEQ 1D NO:10);
PLHYQFHA (SEQ ID NO:11);
YVGRQN (SEQ ID NO:12); and
ETWHDI (SEQ 1D NO:13)

or may comprise an amino acid sequence having at least 80%, 85%, or 90% identity to any

of i) to vii).

Furthermore, the pepsin resistant alpha amylase may comprise one or more of the following

amino acid sequences:

i)
i)
ii)

SAIKSL (SEQ ID NO:7); Position 85-90

DVVINH (SEQ ID NO:8); Pasition 100-105
SGEHLI (SEQ ID NO:9); Position 130-135
NRIYKF (SEQ 1D NG:10);,  Position 172-177
PLHYQFHA (SEQ ID NO:11); Position 287-295
YVGRQN (SEQ ID NO:12), Position 439-444
ETWHDI (SEQ ID NO:13)  Position 447-452

or may comprise an amino acid sequence having at least 80% or 85% or 90% identity to any

of i} to vii), wherein the amino acid numbering relates to SEQ 1D NO:1.

it will be understood that any combinations of i) to vii) and/or any combination of the

specifically recited amino acids are encompassed herein.

In preferred embodiments, the feedstuff may comprise less than 4000, less than 3000, less
than 2000, less than 1900, less than 1800, less than 1700, less than 1600, less than 1500,
less than 1400, less than 1300, less than 1200, less than 1100, less than 1000, less than
900, less than 800, less than 700, less than 800, less than 500, or less than about 400 units

of alpha amylase per kilogram feed.



15

20

25

30

35

CA 02812617 2012-11-23

WO 2012/004759 PCT/1B2011/053018

30

Suitably, the alpha amylase may retain at least about 80%, at least about 85%, at least about
90%, at least about 95%, at least about 97%, at least about 98%, at least about 89% activity
compared with its activity after being incubated in the absence of pepsin. Suitably, the alpha
amylase may have about 80-120%, about 85-115%, about 20-110%, about 95-108%, about
96-104%, about 97-103%, about 98-102%, or about 99-101% compared with ils activity in
the absence of pepsin. The alpha amylase may have the same activity compared with its

activity afier being incubated in the absence of pepsin.

The present invention also provides a premix comprising a pepsin resistant alpha amylase
and at least cne mineral and/or at least one vitamin.

Preferably, the premix comprises the feed supplement according to the present invention.

The present invention further provides the use of a pepsin resistant alpha amylase to reduce

the expression of endogenous alpha amylase in an animal.

it wili be undersiood that this wiil resuit in less energy being required {0 produce ihe
endogenous enzyme by transcription and transiation of the gene encoding the amylase,

potentially leading to greater feed efficacy and reduced feed conversion ratio.

It will be understood that any of the preferred features disclosed herein are considered to be
equally applicable to any of the aspects described above unless explicitly stated otherwise.
Any preferred feature is also considered to be disclosed in combination with any other

preferred feature disclosed herein.

PEPSIN RESISTANCE ASSAY

The alpha amylases of the present invention are defined by the pepsin resistance assay.
This assay comprises the following protocol: An alpha amylase (e.g. 100 pl enzyme solution)
is admixed with corn based feed (e.g. 100 mg) and pepsin (e.g. at a concentration of at least
9000 U/ml which may be added in a volume of 900ul) and incubated at pH 3 (e.g. for at least
about 120 mins). In addition, said alpha amylase is admixed with the same corn based feed
and in the absence of pepsin under the same conditions as a control. Subsequently the
alpha amylase activity for the sample and the conirol are determined.



10

15

20

25

30

35

CA 02812617 2012-11-23

WO 2012/004759 PCT/1B2011/053018

Without wishing o be bound by theory, the invenior believes thatl the presence of the corn
based fead may affect the pepsin raesistance of an alpha amylase. The conditions used in the
pepsin assay have been made io mimic the conditions used in the gastro intestinal tract of a

monogastric animal.

Pepsin level and incubation time:

In one embodiment of the present invention, the pepsin level used is about 8000 U/ml and
the incubation time is at about 120 minutes. Amylases which substantially maintain alpha
amylase activity under such conditions may be considered pepsin resistant alpha amylases
in accordance with the present invention. However, it will be understood that the assay is a
balance of the incubation time and the pepsin level. Thus, by increasing the incubation time a
lower pepsin level may be used io identify alpha amylasses which are pepsin resistant.
Likewise, by decreasing the incubation time, a higher pepsin level may be used to identify

alpha amylases which are pepsin resistant.

Accordingly, it will be understood that the present invention may encompass selection criteria

which are equivalent to a specified incubation time and pepsin level detailed hersin.
Temperature:

it will be understood that any temperature in which both the pepsin resistant aipha amylase
and the pepsin are active may be used. For example, a temperature of 30-50°C may be
used, preferably 40°C.

Buffer:

In the assay a buffer solution (e.g. 900 pl) may be used. For example, a buffer solution
comprising pepsin may be used and a buffer solution which does not comprise pepsin may

be used for the control.

it will be understood that any suitable buffer may be used which will provide the required pH.

The composition of such buffers is common general knowledge to a person skilled in the art.
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An Example of a suifable pepsin incubation buffer is 0.1 M Glycine-HCE pH 3.0, 3 mg/ml
BSA, 2.9 mg Scdium chioride anhydrous/rnl, 0.73 mg calcium chioride/ml. Far solutions with
pepsin, the incubation buffer is prepared fo contain at least 8000 U/ml, preferably at least
10000 Uiml, preferably at least 10500 U/ml, preferably at least 11000 Wml. Suitably, the

LA

incubation buffer may conlain 8000 or 9256 Liiml.

s sy oy B adem g Fe e meyengnsiaimes B reimdeed FOOERY | Uredy of smensie fos o im0
Sy oway of hlustration, & bufler comprising 25 mgimi (8258 u,’;:“éi; OF pEpsE (eug. oigima -
-y f e ol

FOULY could 08 maca

10 One pepsin uri is defined as the amount of anzyme that will produce a A0, of 5.001 per
min at pH 2.0 at 37°C, measured as TCA-solublg producls using haemeglobin as substrate

(as described in e.g. Food Chemical Codex).

A positive control may also be prepared by admixing with the same corn based feed and a

[
L

butfer solution of pH 5.6 wherein the buffer solution does not comprise pepsin and
additionally comprises BSA.

For exampie, a suiltabie assay buifer for the positive controt could be Amylase assay bufier
with BSA: Phosphate-citrate buffer 0,1M, pH 5.6, 3mg/ml BSA.

In addition, further samples may be prepared without the alpha amylase being added fo
check the background absorbance from the chemicals used.

Suitably both samples and control samples may be prepared in duplicate.

(&
L

Thus, in one embodiment the sample is prepared and incubated as follows. In each 1,5 mt
micro-centyifuge tube (Eppencforg)h,/I 100 mg of corn based feed is weighed ocut. A volume of
900 ul incubation buffer without or with the desired level of pepsin (i.e. at least 9000 U/ml) or
000 ul assay buffer (i.e. for the positive conrtrol) are added and pre-incubated in an

30 EppendorTerheanomixer 5436 at 500 rpm for 5 mins.
A volume of 100 ul enzyme sclution {or 100 i H.0) is added to each tube, the lids are

closed, the tubes are incubated at 40°C in the Eppendoﬁr Thermomixer 5436 at 500 rpm for
the desired lencth of time (L.e. at least 120 minutes, e.g. 120 minutes exactly}.

CA 2812617 2017-10-25
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The samples are then analysed for aipha amylase activity.

An aipha amylase is considered 1o be "pepsin resistant” or to “substantially maintain alpha
amylase activity” if the activity of the amylase in the sample comprising pepsin is in the range
of at least about 75% (such as at least about 80%, 85%, 90%, 85%, 97%, 98% or 98%) to
about 125% (or about 120%, 115%, 110%, 105%, 103%, 102% or 101%) when compared

with the activity of the amylase in the control sample, i.e. without the presence of pepsin.

Accordingly, in useful embodiments, the activity of the amyvlase as set forth in SEQ 1D NO: 1
in the sample comprising pepsin is in the range of at least about 75% (such as at least about
80%, 85%, 90%, 95%, 97%, 58% or 99%) to about 125% (or about 120%, 115%, 110%,
105%, 103%, 102% or 101%) when compared with the activily of said amylase in the control

sample, i.e. without the presence of pepsin.

in further useful embodimenits, the aclivity of the amylase as set forth in SEQ 1D NO:3 in the
sample comprising pepsin is in the range of at least about 75% (such as at least about 80%,
85%, 90%, 95%, 97%, 98% or 99%) to about 125% (or about 120%, 115%, 110%, 105%,
103%, 102% or 101%) when compared with the aclivity of said amylase in the control

sample, i.e. without the presence of pepsin.

The present invention may encompass any combination of lower and upper limits between at
least about 75% and about 125%. Thus, for example “pepsin resistant alpha amylase” or an
alpha amylase considered to “substantially maintain” its activity may have at least about 80-
120%, 85-115%, 90-110%, 95-105%, 96-104%, 97-103%, 98-102%, or 99-101% compared
with its activity after incubation in the absence of pepsin.  Accordingly, in useful

embodiments, the activity of the amylase as set forth in SEQ ID NO:1 in the sample

-comprising pepsin is between 75% and about 125%, such as at least about 80-120%, 85-

115%, 90-110%, 95-105%, 96-104%, 97-103%, 98-102%, or 99-101% compared with its
activity after incubation in the absence of pepsin. Accordingly, in useful embodiments, the
activity of the amylase as set forth in SEQ ID NO:3 in the sample comprising pepsin is
between 75% and about 125%, such as at least about 80-120%, 85-115%, 90-110%, 95-
105%, 96-104%, 97-103%, 98-102%, or 99-101% compared with iis activity after incubation
in the absencs of pepsin. The alpha amylase may have the same activity compared with its

activity after incubation in the absence of pepsin.
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The level of pepsin used in the assay is at least 8000 U/ml. Suitzbly, the level of pepsin
used may be at least about 10000 Uimi, at least 10500 Uimi, af isast 11000 U/ml, at least
1200C U/mi, at least 13000 U/mi, al lsast 14000 U/ml, &t irast 15000 Uiml, af least 16000
Uifmi, at least 17000 Uimi, at ieast 18000 U/mi, at least 19000 Wml, at least 20000 Uiml, at

least 21000 U/mi, at leasi 22000 Uimi or at least 23000 U/mi pepsin.

A

P TR S RN TS P S U P I
D INCULRTeG Wit PEDEIN 10T &t fmast aboul 2.

hours or at lzast about 3.5 hours.,

Anatysis of the activily of alpha amylase in the sample may be delenmnired by any method

)

known in the art.

In one embodiment, the activily of alpha amylase could be measurad using the Konelab
assay. The lubes are be spun down in a Epp@mdﬁs*?vI table cenirifuge for 2 mins, 100 pl is
15 withdrawn and mixed with 800 ul assay buffer (e.0. Amylase assay buffer; Phosphate-citrate
buffer 0,1M, pH 5.6.). Samples are immediately analysed for aclivity in a Konel.ab Arena
20XT {fram Thenmo Electron Corporation). Thus, in this embodiment pepsin resistance at a
given pepsin conceniration is defined as the aclivily of ihe amnylase measured by ihe
Konelab assay after being incubated at the given pepsin concenlration at pH 3 for at least
20 two hours as described in the above proiocol measured refative to the activity measured by
the Konelab assay after being incubated without pepsin at pH 3 for the same fime as

described in the above protocol.

Alternatively, the alpha amylase activity could be measurec using the tablet assay described

25 below.
KONELARB ASSAY

The KonelLab assay is a colorimetric method for delermination of bacterial alpha-amylase

VI
o=

activity in liquid and solid products using a Konelab-robot (Konelab Arena 20 XT).

Application and principles

An aliguot of product extract is incubated with Ceralpha-substrate mixture under defined

35  conditions. The reaction is terminated by addition of a Tris-solution {Trizma base) and &

CA 2812617 2017-10-25
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veliow colour develops. The absorbance at 405 nm is measured and this relates directly to
the level of alpha-amylase in the sample analysed. The enzyme activity of a sample is
determined quantitatively by relating the absorbance measursment o that of a calibration

enzyme with weli-defined activity.

Bonds within the substrate can only be cleaved by alpha-amylase. The non-blocked reaction
product is cleaved fo glucose and free p-nitrophenyl by the excess guantities of
gluccamylase and alpha-glucosidase which are part of the substrate mixture. The reaction

releases free p-nitrophenyl and a yellow colour is developed on addition of Trizma-base.

The Ceralpha-subsirale is a biocked p-nitrophenyl malioheptaoside, BPNPG7, which do not

distinguish between fungal and bacterial alpha-amylases.

Due to the pH and temperaiure sensitivities of the amyloglucosidase and alpha-glucosidase,

the assay can be used only in the pH-range 5.0 fo 6.0 and at 40°C or below.

Apparatus

Glass filters, Advantec Toyo GAS55, 110 mm
Magnetic stirrer

Various pipettes

Various fest tubes

Various volumetric flasks

Test tube shaker

Konelab Arena 20 XT rcbot

Chemicals

Citric acid monohydrate (Merck)

di-Sodium hydrogen phosphate (Merck)

Calcium chloride 2 ag (Merck)

Sodium chioride anhydrous (Merck)

Albumin from bovine serum {BSA, Sigma A 7906)
Cysteine (Merck 2838)
Tris(hydroxymethyl)aminomethane (Merck)
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Reagents

1. Stability reagent

Dissolve:
$.20 g Albumin from bovine serum (BSA),
0.05 g Cysteine,

2.0 g Sodium chloride anhydrous in 10 mlL deionised waier.

Keep refrigerated or frozen. Shelf life; refrigerated: 1 week at 5 +/- 3°C and frozen: 1 year at

-18°C (can be re-refrigerated after thawing).

2. Assay buffer : Citric-phosphate buffer, 0.1 M, pH = 5.60

Dissolve:

4.41 g Citric acid monohydrate,

10.3 g di-Sodium hydogen phosphate dinydrate,

2.90 g Sodium chloride anhydrous,

0.73 g Calcium chloride dihydrate in approx. 800 mL of deionised water.

1.00 mL stability-reagent (1) is added while stirring on magnetic stirrer.

When dissolved, pH is adjusted to 5.60 (HCl or NaOH) and the solution is transferred to a
1000 ml. volumetric flask and adjust to 1000 mL with distilled water.

3. Stop solution : 1% (w/v) TRIS (Trizma base)

Dissolve 10 g of TRIS ((hydroxymethyl)aminomethane) in deionised water in a volumetric
flask and adjust to 1000 mL.

4. Substrate (Freeze-dried Ceralpha (BPNPG7) from Megazyme)

A brown bottle of cereal alpha-amylase assay reagent (BPNPG 7) is dissolved in
10.0 ml distilled water (2).
The solution is kept frozen at —18 °C in brown bottle (10 ml batch)

Before use the solution is further diluted 1:1 also with distilled water.
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1 bottie of Ceralpha contains 54.5 mg BPNPGY and 125 U (pH = 6.0) alpha-glucosidase.

5. Control /Standard sample

An amylase (LAT) standard: e.g. 485 TAU/g (Lot#102-05208-001)

Furthermore a LAT confrol sample eg. (Lot#102-01128-lab) with a range of 7957-8162
TAU/g.

Procedure

Preparation of Amylase standard curve

An Amylase standard (5) is diluted to a concentration of approx. 1.8 U/g for LAT.

All dilutions are carried out in Assay buffer (2).

Further dilutions are programmed in Konelab:

Standard Dil. Ratio Concentration, U/mL
1 1+49.0 0.034
2 1+18.0 0.085
3 1+9.0 0.170
4 1+5.0 0.283
5 1+3.0 ‘ 0.425

OD range should be between 0.2 and 1.5

Sample preparation

2 weighings are carried out for each sample.

Liquid products: 0.5 g of sample is weighed in a 50 ml volumetric flask. The Flask is filled

with assay buffer (Z) and mixed. Further dilutions are also carried out in Assay buffer (2).

Final concentrations should be approx. 0.2 U/mi.
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Solid products: 0.5 g of sample is weighed in a 50 ml volumetric flask and diluted in approx.
40 mi of Assay buffer (2). The solution is mixed on a magnetic stirrer for 10 minutes and filled
up with buffer. The solution is filtered through a whatman glass filter and further dilutions are

carried out in Assay buffer (2). Final concentrations should be approx. 0.2 U/ml.
Blinds: 2 blind samples (Assay buffer {2)) are included in each run.

Reaction conditions in the assay

pH = 5.60

Incubation temperature = 37°C +/- 0.1°C

Wavelength = 405 nm

Substrate 50 pl
Pre-incubation 5 min
Sample 10
Incubation 15 min

Stop solution 100 ul

Calculation of enzyme activity

The activity of a sample is calculated according to the formula:

Activity , U/g = (ODgsampie-B) * DF

*
a Wsamp!e

OD campie = absorbance of the enzyme sample
DF = dilution factor for the sample

Waample = Weight of sample in g

o. = Slope of the standardcurve

B = Intercept of standardcurve
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Giuality Controf (BC)

The assay has to be redone if measured activity of the double determination has a CV%
above 10%.

TABLET ASSAY

Application and principles

The enzyme activity is determined by measurement of the rate of enzymatic release of dyed
oligomers from azurine-crosslinked starch. The enzyme activily of a sample is determined by
relating the absorbance measurement fo that of a calibration enzyme with well-defined

activity.

Apparatus

Glass filter, Advantec Toyo GAS5, 110 mm

Magnetic stirrer

Various pipettes

Test tubes

Water bath, 37°C

Stopwatch

Test tube shaker

Spectrophotometer, Shimadzu UV-160A, Shimadzu Europa GmbH

Reagents

1. Substrate
Phadebas Amylase test (Magie AB, Lund, Sweden). Each tablet contains 45 mg blue starch
and buffer.

2. Assay buffer

Dilute 9.0 g of anhydrous sodium cloride (NaCl), 2.0 ¢ of bovine serum albumin and 2.2 g of
calcium chloride dihydrate (CaCl,,2H,0) in distilled water in a volumetric flask and fill to 1000
mil with distilled water.
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3. Stop solution
0.5 M NaOH solution.

Dissolve 20.0 g of sodium hydroxide in distilled water in a volumetric flask and fill with
distilied water to 1000 ml.

Control sample

Control samples with known activity and standard variation can be analysed in each run as
QC check.

Sample preparation

For each sample, about 1-5 g is weighed precisely in duplicate. The samples are extracted in

100 ml assay buffer for 30 minutes with magnetic stirring.

The extract is filtered through a glass filter. Hereafter samples are diluted in assay buffer to

W T

an expected activity of about 0.3 U/ml (this dilution is to be added in the formula below).

Assay procedure

For each sample 200 yl extract and 4 ml assay buffer is pipetted into a test tube. All samples
are analysed in duplicate. The solutions are equilibrated at 37°C for 5 minutes and att =0
minutes a Phadebas™ tablet [Magle Life Sciences, Lund, Sweden] is added and mixed well
for 10 seconds. The samples are incubated at 37°C for 15 minutes and subsequently the
reactions are stopped by addition of 1 ml stop solution. The solutions are mixed using a test
tube shaker; the tubes rest for 5 mins (on the table) and are mixed again before centrifuged
at 3500 rpm for 10 minutes. The absorbance at 620 nm is measured against a reagent blank

(4.2 ml of assay buffer).

The absorbance of the enzyme samples should be within the range of 0.3 to 0.5.
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Calculation of enzyme activity

A calibration curve follows with the Phadebas'™ tablets. The activity corresponding to the
0OD620 is read from this calibration curve and the activity of the samples is then calculated

according to the formula:

IOO*Dz’Zurian*

U/g=1000*
Weight

A

where A is the activity found in the Phadebas™ calibration curve.
Quality Control (QC)

The assay has to be redone if measured activity of the double determination has a CV%
above 10%.

Quantification limit: 100 U/kg
IODINE REACTION ASSAY

The Wohlgemuth lodine reaction method (Sandstedt, R. M., Kneen, E., and Blish, M.J.: “A
Standardized Wohlgemuth procedure for alpha-amylase activity”, Cereal Chem. 16, 712-723
(1939)) may also be used in order to measure the alpha amylase activity. This msthod is
based on the blue color that forms when long starch chains coil arcund iodine molecules.
When alpha amylases convert starch to dexirins, the blue color diminishes in proportion to
the activity. lodine reaction methods use moderate reaction conditions and so work on both

fungal and bacterial enzyme samples.
ALPHA AMYLASE

Alpha amylases {(alpha-1,4-glucan-4-glucanohydrolases, EC 3.2.1.1) constitute a group of
enzymes, which catalyze hydrolysis of starch and other linear and branched 1,4-glucosidic

oligo- and polysaccharides.
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A pepsin resistant alpha amylase having amylolytic activity, which can be measured with one
of the above described assays, in accordance with the present invention may be isolated
from any source. Suitably the alpha amylase may be isolated from bacteria (such as
Bacillus, for example B. licheniformis) and/or from fungi (such as Trichoderma, for example

Trichoderma reesei).

It will be understood by the skilied perscn that the pepsin resistant alpha amylase can be

providad as either liquid or as solid/granulated compositions.

Preferably, when said enzyme is in liquid form, said enzyme is in the medium into which the
enzyme has been secreted following culturing of a cell comprising said enzyme. Preferably
said medium is cell-free (i.e. the cell(s) have been separated from the medium). Preferably
said medium is concentrated. It will be understood that the medium can be granulated to

provide a solid enzyme composition.

It will be further understood that the feed supplement may be provided in the form of a
solution or as a solid — depending on the use and/or the mode of application and/or the mode

of administration.

In one embodiment the feed supplement is in a liquid formulation suitable for consumption,

preferably such liquid composition contains buffer, salts, sorbitol and/ or glycerol.

In an alternative embodiment, the feed supplement according to the present invention can be

provided as one or more cells comprising a pepsin resistant alpha amylase.

In one embodiment the feed supplement is granulated or co-granulated with other enzymes.

Preferably, the feed supplement further comprises at least one physiologically acceptable

carrier.

The at least one physiologically acceptable carrier is preferably selected from the group
consisting of maltodextrin, limestone (calcium carbonate), cyclodextrin, wheat or a wheat

component, sucrose, starch, Na,SO,, Talc, PVA, sorbitol, benzoate, sorbiate, glycerol,
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sucrose, propyvlene glveol, 1,3-propane diol, glucose, parabens, sodium chioride, citrate,

acetate, phosphate, calcium, metabisulfite, formate and mixtures therecf.

In one embodiment the alpha amylase enzyme is dried on the physiologically accepisble

carrier,

In preferred embodiments, the feed supplement or feedsiuff may comprise at least one
further enzyme. In preferred embodiments, at least one further feed enzyme is selectad from
the group consisting of those involved in starch metabolism, fibre degradation, lipid
metabolism, proteins or enzymes involved in glycogen metabolism, acetyl esterases,
aminopeptidases, amylases, arabinases, arabinofuranosidases, carboxypeptidases,
catalases, cellulases, chilinases, chymosin, cutinase, deoxyribonucleases, epimerases,
esterases, a-galaciosidases, [B-glucanases, glucan lysases, endo-Bglucanases,
glucoamylases, glucese oxidases, B-glucosidases, including B-glucosidase, glucuronidases,
hemicellulases, hexose oxidases, hydrolases, invertases, isomerases, laccases, lyases,
lipoiytic enzymes, mannosidases, oxidases, oxidoreductases, pectate lyases, pectin acstyl
esterases, peclin depolymerases, pectin methyl esterases, peclinolytic enzymes,
peroxidases, phenoloxidases, polygalacturonases, proteases, rhamno-galacturonases,
ribonucleases, thaumatin, transferases, transport proteins, fransglutaminases, xylanases,

including endo-1,4-B-xylanase (EC 3.2.1.8), hexose oxidase (D-hexose: Og-oxidoreductase,

EC 1.1.3.5) B-glucanase, pectinase, celiobiohydrolase, acid phosphatases, phytases,
including 3-phytase (EC 3.1.3.8) or 6-phylase (EC 3.1.3.26), mannanases and combinzations
thereof. These include enzymes that, for example, modulate the viscosity of the feed.

In 2 more preferred embodiment the feed supplement or feedstuff also comprises a phytase,
a lipolytic enzyme, a xylanase and/or a protease. In a most preferred embodiment, the feed
supplement or feedstuff further comprises a phytase, a lipolytic enzyme, a xylanase and a

protease.

Preferably, the amylase is present in the range of about 10U/kg feed to about 10000U/kg
feed, more preferably, about 50U/kg feed 1o about 7500U/kg feed, and even more preferably,
about 100U/kg feed fo about 5000U/kg feed. For some aspects, the pepsin resistant alpha
amylase is present in an amount of less than about 4000, less than about 3000, less than
about 2000, less than about 1800, less than about 1800, less than about 1700, less than
about 1600, less than about 1500, less than about 1400, less than about 1300, less than
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about 1200, less than about 1100, less than about 1000, less than about 900, less than
about 800, less than about 700, less than about 600, less than about 500, less than about
400, less than about 300, or less than about 200 units/kg of feed. i will be understood that
one amylase U is the amount of enzyme that releases 1 mmol of glucosidic linkages from a

water insoluble cross-linked starch polymer subsirate per min at pH 6.5 and 37°C.

Preferably, the amylase is present at about 50 to 300, more preferably 100 to 200 units/kg of
feed.

Preferably, when used, xylanase is present in the range of about 100U/kg to about
10000U/kg feed, more preferably, about 250U/kg feed to about 7500U/kg feed, and even
more preferably, about 500U/kg feed to about 5000U/kg feed. It will be understood that one
xylanse U is the amount of enzyme that releases 0.5 uymol of reducing sugar equivalents (as
xylose by the DNS [4]) reducing sugar method) from a oat-spelt-xylan substrate per min at
pH 5.3 and 50°C. (Bailey, M.J. Biely, P. and Poutanen, K., Journai of Biotechnology, Volume
23, (3), May 1992, 257-270).

Preferably, when used, phyiase is present ai a ievel of about 250 FTU/kg 1o about 15,000
FTU/kg feed (e.g. about 250 to about 10,000 FTU/kg feed, about 400 - about 7,500 FTU/kg
feed or about 500 - about 5000 FTU/kg feed).

Preferably, when used, lipolytic enzyme is present at a level of about 125 LIPU/kg to about
45,000 LIPU/kg feedstuff (e.g. about 500 to about 30,000 LiPU/kg, about 1000 - about 20000
LIPU/kg and also about 3000 - about 10000 LIPU/Kkg).

Preferably, when used, protease is present at a level of about 250 U/kg feed to about 15,000
U/kg feed (e.g. about 500 to about 10,000 U/kg feed, about 1,000 - about 8,000 U/kg feed,
about 2,000 to about 7,000 U/kg feed or about 3,000 - about 6,000 FTU/kg feed). It will be
understood that one protease U is the amount of enzyme that liberates from the substrate
(0.6% casein solution) one microgram of phenolic compound (expressed as tyrosine

equivalents) in one minute at pH 7.5 (40mM Na,PO, / lactic acid buffer) and 40°C.

It will be understood that the feed supplement and/or feedstuff may be for any suitable

animal. Preferably, the animal is a monogastric animal, for example poultry or swine.
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Optionally, the pelieting step may include a steam treatment, or conditioning stage, prior to
formation of the pellets. The mixture comprising the powder may be placed in a conditioner,
e.g. a mixer with steam injection. The mixture is heated in the conditioner up to a specified
temperature, such as from 60-100°C, typical temperatures would be 70°C, 85°C, 90°C or
95°C. The residence time can be variable from seconds to minutes and even hours. Such
as 5 seconds, 10 seconds, 15 seconds, 30 seconds, 1 minutes 2 minutes, 5 minutes, 10

minutes, 15 minutes, 30 minutes and 1 hour.

it will be understood that the feed supplement of the present invention is suitable for addition

o any appropriate feed material.

As used herein, the term “feed material” refers to the basic feed material to be consumed by
an animal. It will be further understood that this may comprise, for example, at least one or
more unprocessed grains, and/or processed plant and/or animal material such as soybean

meal or bone meal.

in some embodimentis, the feed maieriai wiil comprise one or more of ihe folowing
componenis: 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), 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; €) minerals and

vitamins.

As used herein, the term “feedsiuff” refers to a feed material to which one or more feed

supplements have been added.

It will be understood by the skilled person that different animals require different feedstuffs,
and even the same animal may require different feedstuffs, depending upon the purpose for
which the animal is reared. It will be further understood that depending on the starting feed
material, the feedstuff may be a high fibre feedstuff or a low fibre feedstuff.
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Preferably, the feedstuff may comprise feed maierials comprising maize or corn, wheat,
barley, triticale, rye, rice, lapioca, sorghum, and/ or any of the by-products, as well as protein
rich components like sovbean mean, rape seed meal, canola meal, cotion seed meal,
sunflower seed mean, animal-by-product meals and mixtures thereof. More preferably, the

feedstuff may comprise animal fats and / or vegetable oils.

Optionally, the feedstuff may alsc contain additional minerals such as, for example, calcium

and/or additional vitamins.

As defined herein, a “low fibre feedstuff” is a feedstulf comprising one or more feed materials,
which contains a maximum content of water insoluble cell walls of about 25%, and/or a
maximum conient of scluble non-starch polysaccharides of about 4%. More preferably, a
maximum content of water insoluble cell walls of about 22.5%, about 20%, about 17.5%,
about 15%, about 12.5%; and/or a maximum content of soluble non-starch polysaccharides
of about 3%, about 2.5%, about 2%, about 1.75%, about 1.5%, about 1.25%.

In some embodiments, the feed supplement is mixed with at least one low fibre feed material,
for example, corn, wheat, an animal-by product meal, or soybean and/or any of the by-

products to provide a low fibre feedstuff.
Preferably, the feedstuff is a corn soybean meal mix.
In one embodiment, preferably the feed is not pet food.

As defined herein, a “high fibre feedstuff” is a feedstuff comprising one or more feed
materials, which contzins a minimum content of water insoluble cell walls of about 25%,
and/or a minimum conient of soluble non-starch polysaccharides of about 4%. More
preferably, a minimum content of water insoluble cell walls of about 30%, about 35%, about
40%, about 45%, about 50%, about 60%, about 70%; and/or a minimum content of soluble
non-starch polysaccharides of about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%.

in some embodiments, the feed supplement is mixed with at least one high fibre feed
material (preferably selected from the group consisting of: wheat, barey, rye, cats, by-

products from cereals, such as corn gluten meal, Distillers Dried Grain Solubles (DDGS),
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wheat bran, wheat middlings, wheat shorts, rice bran, rice hulls, oat hulls, palm kernel, and

citrus pulp) and/or any of the by-products to provide a high fibre feedstuff.

In another aspect there is provided a method for producing a feedstuff. Feedstuff is typically
produced in feed mills in which raw materials are first ground to a suitable particle size and
then mixed with appropriate additives. The feedstuff may then be produced as a mash or
peilets; the fater typically involves a method by which the iemperature is raised 1o a target
level and then the feed is passed through a die fo produce pellets of a pariicular size. The
peliets are allowed to cool. Subsequently liquid additives such as fat and enzyme may be
added. Production of feedstuff may also involve an additional step that includes extrusion or
expansion prior to pelleting — in particular by suitable techniques that may inciude at least the

use of steam.

The feedstuff may be a feedstuff for a monogastric animal, such as poultry (for example,
broiler, layer, broiler breeders, turkey, duck, geese, water fowl), swine (all age categories), a

pet (for example dogs, cats) or fish, preferably the feedstuff is for pouliry.

to the feedstuff in any suitable amount to supplement the diet of the animal and/or as a
bulking agent.

The feedstuff may comprise at least 0.0001% by weight of the feed supplement. Suitably,
the feedstuff may comprise at ieast 0.0005%; at least 0.0010%; at least 0.0020%; at least
0.0025%: at least 0.0050%; at least 0.0100% by weight of the feed supplement. Suitably, the
feedstuff may comprise about 0.0010% to about 0.0200%; preferably about 0.005% to about
0.0100% by weight of the feed supplement.

In a further aspect there is provided a pepsin resistant alpha amylase for use in feed for

increasing the available metabolic energy from a feed material.

As used herein, the term “increasing the available metabolic energy” means an increase in
the amount of energy available for use by the animal consuming a unit weight feed material
compared to the availability of the nutrient or energy available from a unit weight of the feed

material to which no amylase enzyme or feed supplement has been added.
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The invention will now bs described with raference 1o the following figures in which:

Figure 1 shows the aming acid sequencs (SEQ 1D No. 1) of a pepsin resistant alpha amyiase

from Baciilus licheniformis.

Figure 2 shows the nucleoiide sequence (SEQ ID No. 2) of a pepsin resistant alpha amylase

from Bacillus licheniformis.

Figure 3 shows the amino acid sequence (SEQ ID No. 3) of a pepsin resistant alpha amylase

from Trichoderma reesei.

Figure 4 shows the nuclectide sequence (SEQ ID No. 4) of a pepsin resistant alpha amylase

from Trichoderma reessi.

Figure 5 shows an alignment between a Bacillus amyloliquefaciens alpha amylase
(designated LTAA) and a Bacillus licheniformis pepsin resistant alpha amylase (designated
LAT). Amino acids of interest from within LAT are underlinad.

Figure 6 shows the pepsin resistance of a Bacillus licheniformis alpha amylase (LAT), a
Baciflus amyloliquefaciens a-amylase (LTAA), a Trichoderma reesei a-amylase (Tric. amyl.

#266) and a commercially available a-amylase (BAN).

Figure 7 shows the pepsin resistance of a Bacillus amyloliquefaciens g-amylase {(LTAA) and

a Bacillus licheniformis variant aipha amylase (FRED).

Figure 8 shows the amino acid sequence for a Bacillus licheniformis variant alpha amylase
(FRED).

Figure 9 shows body weight gain (meta analysis of 4 trials) from 0-42 days for broiler chicks
treated with an alpha amylase from Bacilius licheniformis (LAT) and an alpha amylase from

Baciflus amyloliquefaciens (LTAA). Treatment with LAT is stalistically significant (P<0.05).

Figure 10 shows the feed conversion ratio {corrected for weight) from 0-42 days. This is a

meta analysis.of 4 trials. Treatment with LAT is statistically significant (P<0.05).
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DETAILED DISCLOSURE OF THE INVENTION

Unless defined ctherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Singleton, ef al, DICTIONARY OF MICROBIOLOGY AND MOLECULAR
BIOLOGY, 20 ED., John Wiley and Sons, New York (1994), and Hale & Marham, THE
HARPER COLLINS DICTIONARY OF BICGLOGY, Harper Perennial, NY (1981} provide one

of skill with a general dictionary of many of the terms used in this disclosure.

This disclosure is not fimited by the exemplary methods and materiais disclosed herein, and
any methods and materials similar or equivalent to those described herein can be used in the
practice or testing of embodiments of this disclosure. Numeric ranges are inclusive of the
numbers defining the range. Unless otherwise indicated, nucleic acid sequences are written
left to right in 5' to 3' orientation; amino acid sequences are written left to right in amino to

carboxy orientation, respectively.

The headings provided herein are not limitations of the various aspects or embodiments of
this disciosure which can be had by reference io the specification as a whoie. Accordingiy,
the terms defined immediately below are more fully defined by reference to the specification

as a whole.

Amino acids are referred to herein using the name of the amino acid, the three letter

abbreviation or the single letter abbreviation.

The term “protein”, as used herein, includes proteins, polypeptides, and peptides.

The terms "amino acid residue equivalent to", "amino acid corresponding to" and
grammatical equivalents thereof are used herein o refer o an amino acid residue of a
protein having the similar position and effect as that indicated in a particular amino acid
sequence of a particular protein. The person of skill in the art will recognize the equivalence

of specified residues in comparable proteins.

The term "property” or grammatical equivalents thereof in the context of a polypeptide, as
used herein, refer to any characteristic or attribute of a polypeptide that can be selected or

detected. These properties include, but are not limited to oxidative stability, substrate
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speciicity, catalylic activity, thermal stabllity, temperature and/or pH aclivity profile, feed

processing stanility, and ability o be secreted.

As used herein, the tferm “amino acid sequence” is synonymous with the term “palypepiide”
and/or the term “protein”. In some instances, the tsrm “amino acid sequance” is synonymous
with the term “peptide”. In some instances, the term “amino acid sequence” is synonymous

with the ferm “enzyme”.

The amino acid seguence may be prepared/isclated from a suitable source, or it may be

made synthelically or it may be prepared by use of recombinant DNA fechnigues.

The terms "protein” and "polypeptide” are used interchangeably hersin. In the present
disclosure and claims, the conventional one-letter and three-letter codes for amino =scid
residues are used. The 3-letier code for amino acids as defined in conformity with the
IUPACIUB Joint Commission on Biochemical Nomenclaiure (JCBN). It is alsoc understood
that a polypeptide may be coded for by more than one nucleotide sequence due to the

degeneracy of the genelic code.

The term "signal sequence” or "signal peptide” refers to any seguence of nuclectides and/or
amino acids which may participate in the secretion of the mature or precursor forms of the
protein. This definition of signal sequence is a functional one, meant fo include all those
amino acid sequences encoded by the N-erminal portion of the protein gene, which
participate in the effectuation of the secretion of proiein. They are often, but not universally,
bound to the N-terminal portion of a protein or to the N-terminal portion of a precursor

protein.

By “functional fragment” is meant a fragment of the polypeptide that retains the characteristic
properties of that polypeptide. In the context of the present invention, a functional fragment
of a phytase or lipolytic enzyme is a fragment that retains the phytase or lipolytic enzyme

cleavage capability of the whole protein.

The term "isolated", "recovered” or "purified” refers to a material that is remaoved from its
original environmeni. The {erm “substantially purified” means that the material has been

purified to at least a substantial degree.
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In one aspect, preferably the nucleotide or amino acid sequence is in an isolated form. The
term “isolated” means that the sequence is at least substantially free from at least one other

component with which the sequence is naturally associated in nature anc as found in nature.

Other definitions of terms may appear throughout the specification. Before the exemplary
embodiments are described in more detail, it is to understand that this disclosure is not
limited to particular embodimenis described, as such may, of courss, vary. It is also 0 be
understood that the terminology used herein is for the purpose of describing pariicular
embodiments only, and is not intended to be limiting, since the scope of the present

disclosure will be limited only by the appended claims.

Where a range of values is provided, it is understood that each infervening value, to the tenth
of the unit of the lower limit unless the context clearly dictates otherwise, between the upper
and lower limits of that range is also specifically disclosed. Each smaller range between any
stated value or intervening value in a stated range and any other stated or intervening value
in that stated range is encompassed within this disclosure. The upper and lower limits of
these smaller ranges may independently be included or excluded in the range, and each
range where either, neither or both iimits are inciuded in the smalier ranges is aiso
encompassed within this disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or
both of those included limits are also included in this disclosure.

It must be noted that as used herein and in the appended claims, the singular forms "a", "an",
and "the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "a gene” includes a plurality of such candidate agents and reference to
"the cell” includes reference to one or more cells and equivalents thereof known to those

skilled in the art, and so forth.

The publications discussed herein are provided solely for their disclosure prior to the filing
date of the present application. Nothing herein is to be construed as an admission that such

publications constitute prior art to the claims appended hereto.

The enzymes for use in the present invention can be produced either by solid or submerged
culture, including batch, fed-batch and continuous-flow processes. Culturing is accomplished

in a growth medium comprising an aqueous mineral salts medium, organic growth factors,
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the carbon and energy source maierial, molscular oxygen, and, of course, a siarfing

inoculum of one or more particular microorganism species to be employed.

VARIANTS/DERIVATIVES

The present invention also encompasses the use of variants, homologues and derivatives of
any amino acid sequence of an enzyme or of any nucieotide sequence encoding such an

enzyme.

Variant amino acid sequences may inciude suitable spacer groups that may be inserted
between any two amino acid residues of the sequence including alkyl groups such as methyl,
ethyl or propyl groups in addition to amino acid spacers such as glycine or B-alanine
residues. A further form of variation, involves the presence of one or more amino acid
residues in peploid form, will be well undersiood by those skilled in the art. For the
avoidance of doubl, “the peptoid form” is used to refer fo variant amino acid residues wherein
the a-~carbon substituent group is on the residue’s nitrogen atom rather than the a-carbon.
Processes for preparing peptides in the peptoid form are known in the art, for example Simon
RJ et af.,, PNAS (1992) 8%(20), 9367-9371 and Horwell DC, Trends Biofechnol. (1995) 13(4),
132-134.

OTHER COMIPONENTS

The feed supplement of the present invention may be used in combination with other

components or carriers.

Suitable carriers for feed enzymes include maliodexirin, limestone {calcium carbonate),
cyciodexirin, wheat or a wheat component, sucrose, starch, anti-foam, Na,SQ,, Talc, PVA,
sorbiiol, benzoate, sorbiate, glycerol, sucrose, propylene glycol, 1,3-propane diol, glucose,
parabens, sodium chloride, citrate, acetale, phosphate, caicium, metabisulfite, formate and
mixtures thereof. In addition there are a number of encapsulation techniques including those

based on fat/wax coverage, adding plant gums efc.

Examples of other components include one or more of: thickeners, gelling agents,

emulsifiers, binders, crystal modifiers, sweeteners (including artificial sweeteners), rheology
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modifiers, stabilisers, anti-oxidants, dves, enzymes, carriers, vehicles, excipients, diluenis,
lubricating agents, flavouring agents, colouring matier, suspending agents, disintegrants,
granulation binders etc. These other components may be natural. These other components

may be prepared by use of chemical and/or enzymatic techniques.

As used herein the term “thickener or gelling agent” as used herein refers to a product that
prevents separation by slowing or preventing the movement of particles, either dropleis of

immiscible liquids, air or insoluble solids.

The term “stabiliser” as used here is defined as an ingredient or combination of ingredients

that keeps a product (e.g. a food product) from changing over time.

The term “emulsifier” as used herein refers to an ingredient (e.g. a food product ingredient)

that prevents the separation of emulsions.

As used herein the term “binder” refers to an ingredient (e.g. a food ingredient) that binds the

product together through a physical or chemical reaction.

The term “crystal modifier” as used herein refers to an ingredient (e.g. a food ingredient) that
affects the crystallisation of either fat or water.

"Carriers" or "vehicles" mean materials suitable for compound administration and include any
such material known in the art such as, for example, any liquid, gel, solvent, liquid diluent,
solubiliser, or the like, which is non-toxic and which does not interact with any components of

the composition in a deleterious manner.

Examples of nutritionally acceptable carriers include, for example, grain, water, salt solutions,
alcohol, silicone, waxes, petroleum jelly, vegetable oils, and the like.

Examples of excipients include one or more of: microcrystalline cellulose and other
celluloses, lactose, sodium cifrate, calcium carbonate, dibasic calcium phosphate, glycine,

starch, milk sugar and high molecular weight polyethylene glycols.

Examples of disintegrants include one or more of: starch (preferably corn, potato or tapioca

starch), sodium starch glycollate, croscarmellose sodium and certain complex silicates.
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Examples of granulation binders include one or more of  polyvinylpyrrolidone,
hydroxypropylimethvicelluiose (HPMC), hydroxypropyleellulose (HPC), sucrose, maltose,

gelatin and acacia.

Examples of lubricaling agents include one or more of; magnesium stearate, stearic acid,

glyceryl behenate and talc.

Examples of diluents include one or more of: waier, ethanol, propylene glycol and glycerin,

and combinations thereof.

The other componenis may be used simultaneously (e.g. when they are in admixture
together or even when they are delivered by different routes) or sequentially (e.g. they may

be delivered by different routes).

As used herein the term “component suitable for animal or human consumption” means a
compound which is or can be added to the composition of the present invention as a
supplement which may be of nuiritional benefil, a fibre subslituie or have a generally

beneficial effect to the consumer.

By way of example, the componenis may be prebictics such as alginate, xanthan, pectin,
locust bean gum (LBG), inulin, guar gum, galacto-oligosaccharide (GOS), fructo-
oligosaccharide (FGS), laciosucrose, soybean oligosaccharides, palalinose, isomalto-

oligosaccharides, gluco-oligosaccharides and xylo-oligosaccharides.

Lipase Units (LIPU)

As used herein, 1 LIPU (lipase unit) is defined as the amount of enzyme which releases 1

umol of H™ per minute under the conditions described herein below.

5% (v/v) tributyrin substrate is prepared by Mixing 15.00 mi tributyrin, 50.00 ml emuisifying
agent and 235 mi dist. water for 20 sec on a homogenizer. The pH of the subsirate is
adjusted to approx. 5.4 with 0.5 M NaOH.
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Emulsifying agent is prepared by mixing 17.9 g NaCl, 0.41 g KH,PO,, 400 mi dist. water, and
450 ml glycerol in a 2000 mi beaker. Under vigorous stirring add 6.0 g Gum Arabic and
continue stirring until gum Arabic is completely dissolved. Transfer the solution to a 1000 ml
volumetric flask and fill fo the mark with dist water.

For dry samples: in a volumetric flask dissolve an amount of enzyme caicuiated o give a final
solution of approximately 3.5LiIPU/mi in haif of the final dilution and subject to magneiic

stirring for 20 min.

After stirring, adjust to final dilution with dist. water. Any further dilution should be made with

dist. water. Samples in solution are diluted directly in dist. water

25.00 mL. of substrate is adjusted to 30.0°C.

Adjust substrate pH to 5.50 with NaOH/HCI

While stirring, add 2.00 mL sample, and initiate immediately pH-stat titrator.

Stop titration after 6 minutes.

Calculate slope of the fitration curve. The siope of the titration curve is calculated from data

between 3 and 6 min. The slope must be in the interval 0.1 — 0.2 mL/min.

The activity (LIPU/g) of the enzyme is calculated using the following:

LIPU/g = ml/min. x N x 1000 x F x factor for tributyrin
Ax?2

mi/min.; Slope of titration curve

N : Normality of NaOH

F : Dilution of sample

A : Gram sample weighed
2 : ml sample
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ISCLATED

In one aspect, preferably the pepsin resistant alpha amylase enzyme for use in the present
invention is in an isolated form. The term “isclated” means that the pepsin resistant alpha
amylase enzyme is at least substantially free from at leest one other component with which
the enzyme is naturally associated in nature and as found in nature. The term “isolated” may
mean that the pepsin resistant alpha amylase enzyme is at least substantially free from at
least one other companent in the culture media in which it is produced. The pepsin resistant
alpha amylase enzyme of the present invention may be provided in a form that is
substantially free of one or more contaminants with which the substance might otherwise be

associated or with which the enzyme may be produced.

Thus, for example it may be substantially free of the celi(s) or one or more potentially
contaminating polypeptides and/or nucleic acid molecules. The alpha amyiase may be
isolated by separating the cell{s) from the broth during or afler fermentaticn so that the
lipolytic enzyme remains in the broth. The alpha amylase may be isolated by subjecting the

fermentation broth to cell separation by vacuum filtration.

PURIFIED

In ane aspect, preferably the pepsin resistant alpha amylase for use in the present invention
is in a purified form. The term “purified” means that the given component is present at a high
level. The component is desirably the predominant component present in a composition.
Preferably, it is present at a level of at least about 60%, or at least about 65%, or at least
about 70%, or at ieast about 75%, or at least about 80% said level being determined on a dry
weight/dry weight basis with respect to the total composition under consideration. For some
embodiments the amount is at least about 85% said level being determined on a dry

weight/dry weight basis with respect to the total composition under consideration.

CONCENTRATE

In one aspect, preferably the pepsin resistant alpha amylase for use in the present invention
is used as a concentrate. The concenirate may be a concentrated form of the medium into

which the enzyme has been excreted. Preferably, the concentrate may be a concentrated
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form of the medium into which the enzyme has been secreted and wherein the cell(s) have

been removed.

NUCLEOTIDE SEQUENCE

The scope of the present invention encompasses nuclectide sequences encoding proteins

having the specific properties as defined herein.

The term “nuclectide sequence” as used herein refers to an oligonucleotide sequence or
polynuclectide sequence, and variant, homologues, fragments and derivatives thereof (such as
portions thereof). The nucleotide sequence may be of genomic or synthetic or recombinant
origin, which may be double-stranded or single-stranded whether representing the sense or

anti-sense strand.

The term "nucleotide sequence” in relation to the present invention includes genomic DNA,
c¢DNA, synthetic DNA, and RNA. Preferably it means DNA, more preferably cDNA sequence

coding for the present invention.

In a preferred embodiment, the nucleotide sequence when relating to and when encompassed
by the per se scope of the present invention does not include the native nucleotide sequence
according fo the present invention when in its natural environment and when it is linked to its
naturally associated sequence(s) that is/are also in its/their natural environment. For ease of
reference, we shall call this preferred embodiment the “non-native nucleotide sequence”. In this
regard, the term "native nucleotide sequence” means an entire nucleotide sequence that is in its
native environment and when operatively linked to an entire promoter with which it is naturally
associated, which promoter is also in its native environment. However, the amino acid
sequence encompassed by the scope of the present invention can be isolated and/or purified
post expression of a nucleotide sequence in its native organism. Preferably, however, the
amino acid sequence encompassed by scope of the present invention may be expressed by a
nucleotide sequence in its native organism but wherein the nucleotide sequence is not under

the control of the promoter with which it is naturally associated within that organism.

Typically, the nucleotide sequence encompassed by the scope of the present invention is
prepared using recombinant DNA techniques (i.e. recombinant DNA). However, in an

alternative embodiment of the invention, the nucleotide sequence could be synthesised, in
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whole or in part, using chemical methods well known in the art (see Caruthers MH ef &/,
{1980} Nuc Acids Res Svmp Ser 215-23 and Hom T ef al,, (1980) Nuc Acids Res Symp Ser
225-232).

PREPARATION OF THE NUCLEOTIDE SEQUENCE

A nucleolide sequence encoding efther a protein which has the specific properties as defined
herein or a protein which is suitable for modification may be identified and/or isolated and/or
purified from any cell or organism producing said protein. Various methods are well known
within the art for the identification and/or isclation and/or purification of nucieotide
sequences. By way of example, PCR amplification techniques to prepare more of a
sequence may be used once a suitable sequence has been identified and/or isolated andfor

purified.

By way of further example, a genomic DNA and/or cDNA library may be constructed using
chromosomal DNA or messenger RNA from the organism producing the enzyme. If the
amino acid sequence of the enzyme is known, labelled oligonucleotide probes may be
synthesised and used to identify enzyme-enceding ciones from the genomic library prepared
from the organism. Alfernatively, a labelled oligonucleotide probe containing sequences
homologous to another known enzyme gene could be used fo identify enzyme-encoding

clones. In the latter case, hybridisation and washing conditions of lower stringency are used.

Alternatively, enzyme-encoding clones could be identified by inserting fragments of genomic
DNA into an expression vector, such as a plasmid, transforming enzyme-negative bacteria
with the resulling genomic DNA library, and then plating the transformed bacteria onto agar
plates containing a substrate for enzyme (i.e. maltose), thereby allowing clones expressing

the enzyme to be identified.

In a yet further alternative, the nucieotide sequence encoding the enzyme may be prepared
synthetically by established standard methods, e.g. the phosphoroamidite method described
by Beucage S.L. ef af,, (1881) Telrahedron Leffers 22, p 1859-1869, or the method described
by Matthes ef al, (1984) EMBO J. 3, p 801-805. in the phosphoroamidite method,
oligonucleotides are synthesised, e.g. in an automatic DNA synthesiser, purified, annealed,

ligated and cloned in appropriate vectors.
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The nucleotide sequence may be of mixed genomic and synthetic origin, mixed synthetic and
cDNA origin, or mixed genomic and cDNA origin, prepared by ligating fragments of synthetic,
genomic or cDNA origin (as appropriate) in accordance with standard techniques. Each
ligated fragment corresponds to various parts of the entire nucleotide sequence. The DNA
sequence may also be prepared by palymerase chain reaction (PCR) using specific primers,
for instance as described in US 4,683,202 or in Saiki R K ef al., (Science (1988) 238, pp 487-
491).

AMING ACID SEQUENCES

The scope of the present invention also encompasses amino acid sequences of enzymes
having the specific properties as defined herein.

As used herein, the term “amino acid sequence” is synonymous with the term “polypeptide”
and/or the term “protein”. In some instances, the term “amino acid sequence” is synonymous
with the term “peptide”. In some instances, the term “amino acid sequence” is synonymous

with the term “enzyme”.

The amino acid sequence may be prepared/isolated from a suitable source, or it may be
made synthetically or it may be prepared by use of recombinant DNA techniques.

The protein encompassed in the present invention may be used in conjunction with other
proteins, particularly enzymes. Thus the present invention also covers a combination of
proteins wherein the combination comprises the protein/enzyme of the present invention and
another protein/enzyme, which may be another protein/fenzyme according fo the present

invention.

Preferably the amino acid sequence when relating to and when encompassed by the per se
scope of the present invention is not a native enzyme. In this regard, the term "native enzyme"
means an entire enzyme that is in its native environment and when it has been expressed by its

native nucleotide sequence.
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SEQUENCE IDENTITY OR SEQUERNCE HROMOLOGY

The present invention also encompasses the use of sequences having a degree of sequence
identity or sequence homology with amino acid sequence(s) of a polypeptide having the
specific properties defined hersin or of any nucleotide seguence encoding such a
polypeptide (hereinafter referred to as a “homologous sequence(s)’). Here, the term
‘homologue” means an entity having a certain homology with the subject amino acid
sequences and the subject nucleotide sequences. Here, the term “homology” can be

equated with “identity”.

The homoiogous amino acid sequence and/or nuclectide seguence should provide and/or
encede a polypeptide which retains the funclional activity and/or enhances the activity of the

enzyme.

in the present context, a homologous sequence is faken to include an amino acid sequence
which may be at least 75, 85 or 90% identical, preferably at least 95 or 98% identical to the
subject sequence. Typically, the homologues will comprise the same active sites etc. as the
subject amino acid sequence. Although homology can also be considered in terms of
similarity (i.e. amino acid residues having similar chemical properties/functions), in the
context of the present invention it is preferred to express homology in terms of sequence
identity.

In the present coniext, a homologous seguence is taken fo include a nucleotide séquence
which may be af least 75, 85 or 0% identical, preferably at least 95 or 98% identical to a
nuclectide sequence encoding a polypeptide of the present invention (the subject sequence).
Typically, the homologues will comprise the same sequences that code for the active sites
efc. as the subject sequence. Although homology can also be considered in terms of
similarity (i.e. amino acid residues having similar chemical propertiesffunctions), in the
context of the present invention it is preferred to express homology in terms of sequence

identity.

Homology comparisons can be conducted by eye, or more usually, with the aid of readily
avallable sequence comparison programs. These commercially available computer programs

can calculate % homology between two or more sequences.
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% homology may be calculaled over configuous seguences, i.e. one sequence is aligned
with the other sequence and each amino acid in one sequence is direcily compared with the
corresponding amino acid in the other ssgquence, one residue at a fime. This is called an

‘ungapped” alignment. Typically, such ungapped alignments are performed only over a

h

ratatively short niumber of residuss.

the ollowing amino acid residues
10 large reduction m % hemclogy when a giobal alignment is performed.  Conssquenily, most
sequence comparison meihods are designed fo produce optimal alignments that fake into
consideration possible insertions and delelions without penalising unduly the overall
homology score. This Is achieved by inserting “gaps” in the sequence alignment to try fo

maximise local homology.

-
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However, these mare complex methods assign “gap penallies” to each gap thal occurs in the
alignment so that, for the same number of identical amino acids, a sequence alignment with
as few gaps as possibie - refiecting higher relatedness beiween ihe two compared
sequences ~ will achieve a higher score than one with many gaps. “Affine gap cosls® are
20 typically used that charge a relatively high cost for the existence of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap
scoring system. High gap penaltics witl of course produce optimised alignments with fewer
gaps. Most alignmenl programs allow the gap penalties to be modified. However, it is
preferred to use the default values when using such software for sequence comparisons.

[
wn

Calculation of maximum % homology therefore firstly requires the production of an optimal
alignment, taking into consideration gap penalties. A suitable computer program for carrying
out such an alignment is the Vecior NTI (Invitrogen Corp.). Examples of software that can
perform sequence comparisons include, but are not limited to, the BLAST package (sece
Ausubel et al 1999 Short Protocotls in Molecular Biology, 4th £d - Chapter 18), BLAST 2 (see
FEMS Microbiol Lelt 1999 174{2): 247-50; FEMS Microbiol Lett 1999 177(1). 187-8 and

L9
fo

the website of the National Centre for Biotechnology Information), FASTA (Altschul et al 1990)
J. Mol. Biol. 403-410) and AlignX for example. At least BLAST, BLAST 2 and FASTA

are available for offline and online scarching (see Ausubel et al 1999, pages 7-58 to 7-60).

L]
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Although the final % homology can be measurad in terms of identity, the alignment process
itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled similarity
score malrix is generaily used that assigns scores 1o each pairwise comparison based on
chemical similarity or evolutionary distance. An example of such a matrix commeonly used is
the BLOSUMB2 malrix - the default matrix for the BLAST suile of programs. Vector NTI
programs generally use either the public default values or a custom symbol comparison table
if supplied (see user manual for further details). For some applications, it is preferred {o use

the default values for the Vector NTI package.

Alternatively, percentage homologies may be calculated using the multiple alignment feature
in Vector NT! (Invitrogen Corp.}, based on an algorithm, analogous to CLUSTAL (Higgins DG
& Sharp PM (1988), Gene 73(1), 237-244).

Once the sofiware has produced an optimal alignmeni, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of the

sequence comparison and generates a numerical resuit.

Should Gap Penalties be used when determining sequence identity, then preferably the

following parameters are used for pairwise alighment:

FOR BLAST

GAP OPEN

GAP EXTENSION 0 |
FOR CLUSTAL DNA PROTEIN

WORD SIZE 2 1 K triple

GAP PENALTY 15 10

GAP EXTENSION | 6.66 0.1

In one embodiment, CLUSTAL may be used with the gap penalty and gap extension sst as

defined above.

Suitably, the degree of identity with regard to a nuclectide sequence is determined over at
least 20 contiguous nucleotides, preferably over at least 30 configuous nucleotides,

preferably over at least 40 contiguous nucleotides, preferably over at least 50 contiguous
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nucleotides, preferably over at ieast 80 contiguous nucleotides, preferably over at least 100

contiguous nucleotides.

Suitably, the degree of identity with regard to a nucleotide sequence may be determined over

the whole sequence.

VARIANTS/HOMOLOGUES/DERIVATIVES

The present invention also encompasses the use of variants, homologues and derivatives of
any amino acid sequence of a protein or of any nucleotide sequence encoding such a

protein.

Here, the term “homologue” means an entity having a certain homology with the subject
amino acid sequences and the subject nucleotide sequences. Here, the term “homology”

can be equated with “identity”.

In the present context, a homologous sequence is taken to include an amino acid sequence
which may be at least 75, 80, 85 or 90% identical, preferably at ieast 95, 96, 97, 98 or 99%
identical to the subject sequence. Typically, the homologues will comprise the same active
sites etc. as the subject amino acid sequence. Although homology can also be considered in
terms of similarity (i.e. amino acid residues having similar chemical properties/functions), in
the context of the present invention it is preferred {o express homoiogy in terms of sequence

identity.

In the present context, an homologous sequence is taken to include a nucleotide sequence
which may be at least 75, 80, 85 or 90% identical, preferably at least 95, 96, 97, 98 or 99%
identical to a nucleotide sequence encoding an enzyme of the present invention (the subject
sequence). In preferred embodiments, a nucleotide sequence useful in the present invention
includes a nucleotide sequence which is 75, 85 or 90% identical, preferably at least 95 or 98%
identical to the nucleotide sequence as set forth in SEQ ID NO:1. Furthermore, a nucleotide
sequence useful in the present invention includes a nucleotide sequence which is 75, 85 or 90%
identical, preferably at least 95 or 98% identical to the nucleotide sequence as set forth in SEQ
ID NO:3. Typically, the homologues will comprise the same sequences that code for the
active sites etc. as the subject sequence. Although homology can also be considered in

terms of similarity (i.e. amino acid residues having similar chemical properties/functions), in
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the context of the present invention it is preferred 10 express homology in terms of sequence

identity.

Homoelogy comparisons can be conducted by eye, or more usually, with the aid of readily
available sequence comparison programs. These commercially available computer

programs can calcutaie % homology between two or more sequences.

% homology may be calculated over configuous seguences, i.e. one sequence is aligned
with the other sequence and each amino acid in onhe sequence is direcily compared with the
corresponding amino acid in the other sequence, one residue at a time. This is called an
“ungapped” alignment. Typically, such ungapped alignments are performed only over a
relatively shori number of residues.

Although this is a very simple and consistent method, it fails to take into consideration that,
for example, in an otherwise identical pair of sequences, one insertion or deletion wili cause
the following amino acid residues o be put out of alignment, thus potentially resulting in a
large reduction in % homology when a global alignment is performed. Conseguently, most
sequence comparison methods are designed fo produce optimal alignments that take into
consideraficn possible insertions and deletions without penalising unduly the overall
homology score. This is achieved by inserting “gaps” in the sequence alignment to try to

maximise local homology.

However, these more complex meathods assign “gap penaliies” to each gap that occurs in the
alignment so that, for the same number of identical amino acids, a sequence alignment with
as few gaps as possible - reflecting higher relatedness between the two compared
sequences - will achieve a higher score than one with many gaps. “Affine gap costs” are
typically used that charge a relatively high cost for the existence of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap
scoring system. High gap penalties will of course produce optimised alignments with fewer
gaps. Most alignment programs allow the gap penalties to be modified. However, it is
preferred to use the default values when using such software for sequence comparisons.
For example when using the GCG Wisconsin Bestfit package the default gap penalty for

amino acid sequences is -12 for a gap and -4 for each extension.
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Calcutation of maximum % homology therefore firstly recuires the production of an oplimal
alignment, taking into consideration gap pensities. A suitable computer program for carrying
out such an alignment is the GCC Wisconsin Bestfit package (Devereux ef af 1984 Nuc.
Acids Research 12 p387). Examples of other software than can perform sequence
comparisons include, but are not limited to, the BLAST package (see Ausubel of al, 1999

Gis in Molecular Bioicgy, 4" Fd - Chanier 18), FASTA (Afischut of al, 1880 J
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preferred 10 use the GCG Besifit prograrn. A new 100, called BLAST 2 Sequencas 5 slso
available for comparing protein and nucleotide scguence (see FEMS Microbiol Lett 1999
174{2). 247-50; FEMS Microbiof Leti 1999 177{1}. 187-8 and the website of the National Centre
for Biotechnology Information).

Although the final % homology can be measured in terms of identity, the alignment process
itself is typically not based on an all-or-nothing pair comparison. Instead, a scaled simitarity
score matrix is gensrally used that assigns scores to each pairwise comparison based on
chemical similarity or evolutionary distance. An example of such a matrix commonly used is
the BLOSUMGZ malrix - the defaull matrix for the BLAST suite of programs. GCS Wisconsin
programs generally use either the public default values or a custom symbol comparison table
if supplied (see user manuai for further details). For some applications, it is preferred o use
the public default values for the GCG package, or in the case of other software, the default
matrix, such as BLOSUMB2.

Alternatively, percentage homologies may be caiculated using the multipie alignment feature
in DNASIS™ (Hitachi Software), based on an algorithm, analogous to CLUSTAL (Higgins DG
& Sharp PM (1988), Gene 73(1), 237-244).

Once the software has produced an oplimal alignment, il is possible to calcutate %
homology, preferably % sequence identity. The software typically does this as part of the

sequence comparison and generates a numerical result.

The sequences may also have deletions, insertions or substitutions of amino acid residues
which produce a silent change and result in a functionally equivalent substance. Deliberate
amino acid substitutions may be made on the basis of similarity in polarity, charge, solubility,

hydrophobicity, hydrophiiicity, andfor the amphipathic naturc of the residues as long as the

CA 2812617 2018-10-11
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secondary binding activity of the substance is retained. For example, negatively charged
amino acids include aspartic acid and glutamic acid; positively charged amino acids include
lysine and arginine; and amino acids with uncharged polar head groups having similar
hydrophilicity values include leucine, iscleucine, wvaline, glvcine, alanine, asparagine,

glutamine, serine, threonine, phenylalanine, and tyrosine.

Conservatlive substitufions may be made, for example according o the Table below. Amino
acids in the same block in the second column and preferably in the same line in the third

column may be substituted for each other:

ALIPHATIC Non-polar GAP
LV
Polar — uncharged CSTM
NQ
Polar —- charged E

KR
ARCMATIC HFWY

The present invention also encompasses homologous substitution (substitution and
replacement are both used herein to mean the interchange of an existing amino acid residue,
with an alternative residue) that may occur i.e. like-for-like substitution such as basic for
basic, acidic for acidic, polar for polar etc. Non-homologous substitution may also occur i.e.
from one class of residue to another or alternatively involving the inclusion of unnatural
amino acids such as omithine (hereinafter referred to as Z), diaminobutyric acid omithine
(hereinafter referred to as B), norleucine ornithine (hereinafter referred to as O),

pyriylalanine, thienylalanine, naphthylalanine and phenylglycine.

Replacements may also be made by unnatural amino acids include; alpha* and alpha-
disubstituted® amino acids, N-alkyl amino acids*, lactic acid*, halide derivatives of natural
amino acids such as frifluorotyrosine®, p-Cl-phenylalanine®, p-Br-phenylalanine*, p-I-
phenyialanine®, L-allyl-glycine®, B-alanine®, L-a-amino butyric acid®, L-y-amino butyric acid®,
L~a-amino isobutyric acid®, L-e-amino caproic acid®, 7-amino heptanoic acid*, L-methionine
sulfone”, L-norleucine*, L-norvaline®, p-nitro-L-phenylalanine*, L-hydroxyproline®, L-

thioproline™, methyl derivatives of phenylalanine (Phe) such as 4-methyl-Phe*, pentamethyl-
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Phe*, L-Phe (4-amino)’, L-Tyr (methyl)*, L-Phe (4-isopropyl)*, L-Tic (1,2,3,4-
tetrahydroisoquinoline-3-carboxyl acid)*, L-diaminopropionic acid * and L-Phe (4-benzyl)*.
The notation * has been utilised for the purpose of the discussion above (relating to
homologous or non-homologous substitution), to indicate the hydrophobic nature of the
derivative whersas # has been utilised to indicate the hydrophilic nature of the derivative, #*

indicates amphipathic characteristics.

Variant amine acid sequences may include suitable spacer groups that may be inserted
betwesn any two amino acid residues of the sequence including alkyl groups such as methyl,
ethyl or propyl groups in addition to amino acid spacers such as glycine or B-alanine
residues. A further form of variation, involves the presence of one or more aminc acid
residues in peptoid form, will be well understood by those skilled in the art. For the
avoidance of doubt, “the peptoid form” is used to refer to variant amino acid residues wherein
the a-carbon substituent group is on the residue’s nitrogen atom rather than the a-carbon.
Processes for preparing peptides in the peptoid form are known in the art, for example Simon
RJ et al., PNAS (1992) 88(20), 9367-9371 and Horwell DC, Trends Biotechnol. (1995) 13(4),
132-134.

The nucleotide sequences for use in the present invention may include within them synthetic
or modified nucleotides. A number of different types of madification to oligonucleotides are
known in the art. These include methylphosphonate and phosphorothicate backbones
and/or the addition of acridine or polylysine chains at the 3' and/or 5' ends of the molecule.
For the purposes of the present invention, it is to be understood that the nucleotide
sequences described herein may be modified by any method available in the art. Such
modifications may be carried out in order to enhance the in vivo activity or life span of

nucleotide sequences of the present invention.

The present invention also encompasses the use of nucleotide sequences that are

complementary to the sequences presented herein, or any derivative, fragment or derivative

thereof. If the sequence is complementary to a fragment thereof then that sequence can be

used as a probe to identify similar coding sequences in other organisms etc.

Polynucieotides which are not 100% homologous to the sequences of the present invention but
fall within the scope of the invention can be obtained in a number of ways. Other variants of the

sequences described herein may be obtained for example by probing DNA libraries made from
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a range of individuals, for example individuals from different populations. In addition, other
homologuss may be oblained and such homologues and fragmenis thereof in general will be
capable of seleciively hybridising to the sequences shown in the sequence listing hersin. Such
sequences may be obtained by probing cDNA libraries made from or genomic DNA libraries
from other animal species, and probing such libraries with probes comprising all or pari of any
one of the sequences in the attached sequence listings under conditions of medium fo high
stringency. Similar considerations apply to obtaining species homologues and allelic variants of

the polypeptide or nuclectide sequences of the invention.

Variants and strain/species homologues may also be obtained using degenerate PCR which will
use primers designed to target sequences within the variants and homologues encoding
conserved amino acid sequences within the sequences of the present invention. Conserved
sequences can be predicied, for example, by aligning the amino acid sequences from several
variants/homologues. Seguence alignments can be performed using computer software known

in the art. For example the GCG Wisconsin PileUp program is widely used.

The primers used in degenerate PCR will contain one or more degenerate positions and will be
used at stringency conditions lower than those used for cloning sequences with single sequence

primers against known sequences.

Alternatively, such polynucleotides may be obtained by site directed mutagenesis of
characterised sequences. This may be useful where for example silent codon seguence
changes are required fo optimise codon preferences for a particular host celi in which the
polynucleotide sequences are being expressed. Other sequence changes may be desired in
order to infroduce restriction enzyme recognition sites, or to alter the property or function of the
polypeptides encoded by the polynuclectides.

Polynuclectides (nucleotide sequences) of the invention may be used to produce a primer, e.g.
a PCR primer, a primer for an alternative amplification reaction, a probe e.g. labeiled with a
revealing label by conventional means using radicactive or non-radioactive labels, or the
polynucleotides may be cloned into vectors. Such primers, probes and other fragments will be
at least 15, preferably at least 20, for example at least 25, 30 or 40 nucleotides in length, and
are also encompassed by the term polynucleotides of the invention as used herein.
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Polynuclectides such as DNA polynucleotides and probes according to the invention may be
produced recombinantly, synthetically, or by any means available to those of skill in the art.
They may also be cloned by standard techniques.

in general, primers will be produced by synthetic means, involving a stepwise manufacture of
the desired nucleic acid sequence one nucleotide at a time. Techniques for accomplishing this

using autoimated technigues are readily available in the art.

Longer polynucleotides wili generally be produced using recombinant means, for example using
a PCR (polymerase chain reaction) cloning techniques. The primers may be designed o
contain suitable restriction enzyme recognition sites so that the amplified DNA can be cloned

into a suitable cloning vector.

HYBRIDISATION

The present invention also encompasses sequences that are complementary to the nucleic
acid sequences of the present invention or sequences that are capable of hybridising either

to the sequences of the present invention or to sequences that are compiementary thersto.

The term “hybridisation” as used herein shall include “the process by which a strand of
nucleic acid joins with a complementary strand through base pairing” as well as the process

of amplification as carried out in polymerase chain reaction (PCR) technologies.

The present invention also encompasses the use of nucleotide sequences that are capable
of hybridising to the sequences that are complementary to the sequences presented herein,

or any derivative, fragment or derivative thereof.

The term “variant” also encompasses sequences that are complementary to sequences that

are capable of hybridising to the nucleotide sequences presented herein.

Preferably, the term ‘variant’” encompasses sequences that are complementary to
sequences that are capable of hybridising under stringent conditions (e.g. 50°C and 0.2xSSC
{1xSSC = 0.15 M NaCl, 0.015 M Nagscitrate pH 7.0}) to the nucleotide sequences presented

herein.
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More preferably, the term “varlanl” encompasses sequences that are complementary to
sequences that are capable of hybridising under high siringent conditions (e.g. 65°C and
0.1x58C {1x88C = 0.15 M NaCl, 0.015 M Nascitrate pH 7.0}) to the nucleotide sequences

presented herein.

The present invention aiso relates to nucleotide sequences that can hybridise to the
nuclectide sequences of the present invention {including complementary sequences of those

presented herein).

The present invention alsoc relates to nucleotide sequences that are complementary to
sequences that can hybridise to the nucleotide sequences of the present invention (inciuding

complementary sequences of those presenied herein).

Also included within the scope of the present invention are polynucleotide sequences that
are capable of hybridising fo the nucleotide sequences presented herein under conditions of

intermediate {o maximal stringency.

In a preferred aspect, the present invention covers nuclectide sequences that can hybridise
to the nucleotide sequence of the present invention, or the complement thereof, under
stringent conditions (e.g. 50°C and 0.2xSSC).

In a more preferred aspect, the present invention covers nuclectide sequences that can
hybridise to the nucleotide sequence of the present invention, or the complement thereof,

under high stringent conditions (e.g. 65°C and 0.1xSSC).

MOLECULAR EVOLUTION

As a non-limiting example, it is possible to produce numercus site directed or random
mutations into a nucleotide sequence, either in vivo or in vitro, and to subsequently screen

for improved functionality of the encoded polypeptide by various means.

In addition, mutations or natural variants of a polynucleotide sequence can be recombined
with either the wildtype or other mutations or natural variants to produce new variants. Such
new variants can also be screened for improved functionality of the encoded polypeptide.

The production of new preferred variants can be achieved by various methods well
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established in the art, for example the Error Threshold Mutagenesis (WO 92/18645),
oligonuclectide mediated random mutagenesis (US 5,723, 323), DNA shuffling (US
5,605,793), exo-mediated gene assembly WO00/568517. The application of these and similar
random directed molecular evolution methods allows the identification and selection of
variants of the enzymes of the present invention which have preferred characteristics without
any prior knowledge of protein structure or function, and allows the production of non-
predictabie but bereficial mutations or varianis. There are numerous examples of the
application of molecular evolution in the art for the optimisation or alteration of enzyme
activity, such examples include, but are not limited to one or more of the following: optimised
expression andfor activity in a host cell or in vitro, increased enzymatic activity, altered
substrate and/or product specificity, increased or decreased enzymatic or structural stability,
altered enzymatic activity/specificity in preferred environmental conditions, e.g. temperature,

pH, substrate.

SITE-DIRECTED MUTAGENESIS

Once a protein-encoding nucleotide sequence has been isolated, or a putative protein-
encoding nucieotide sequence has been identified, it may be desirabie to mutate the

sequence in order to prepare a protein of the present invention.

Mutations may be introduced using synthetic oligonucleotides. These oligonucleotides

contain nucleotide sequences flanking the desired mutation sites.

A suitable method is disclosed in Morinaga et al., (Biotechnology (1984) 2, p646-649).
Another method of introducing mutations into enzyme-encoding nucleotide sequences is
described in Nelson and Long (Analytical Biochemistry (1989), 180, p 147-151).

RECOMBINANT

In one aspect the sequence for use in the present invention is a recombinant sequence —i.e. a

sequence that has been prepared using recombinant DNA techniques.

These recombinant DNA techniques are within the capabilities of a person of ordinary skill in the

art. Such techniques are explained in the literature, for example, J. Sambrook, E. F. Fritsch,
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Cold Spring Harbor Laboratory Press.

SYNTHETIC

In one aspect the sequence for use in the present invention is a synthetic sequence —ie. a
sequence that has been prepared by in vitro chemical or enzymatic synthesis. [ includes,
but is not limited to, sequences made with optimal codon usage for host erganisms - such as

the methylotrophic yeasts Pichia and Hansenula.

EXPRESSION OF ENZYMES

The nucleotide sequence for use in the present invention may be incorporated into a
recombinant replicable vector. The vecior may be used fo replicate and express the

nucleotide sequence, in protein/enzyme form, in and/or from a compatible host cell.

Expression may be controlled using control sequences e.g. regulatory sequences.

The protein produced by a host recombinant cell by expression of the nucleotide sequence
may be secreted or may be contained intracellularly depending on the sequence and/or the
vector used. The coding sequences may be designed with signal sequences which direct
secretion of the substance coding sequences through a particular prokaryotic or eukaryotic

cell membrane.

EXPRESSION VECTOR

The term “expression vector” means a construct capable of in vivo or in vitro expression.

Preferably, the expression vector is incorporated info the genome of a suitable host organism.

The term “incorporated” preferably covers stable incorporation into the genome.

The nucleotide sequence of the present invention may be present in a vector in which the
nuclectide sequence is operably linked to regulatory sequences capable of providing for the

expression of the nucleotide sequence by a suitable host organism.
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The vectors for use in the present invention may be transformed into a suitable host cell as

described below to provide for expression of a polypeptide of the present invention.

The choice of vector e.g. a plasmid, cosmid, or phage vector will often depend on the host

cell into which it is to be introduced.

The vectors for use in the present invention may contain one or more seleciable marker
genes- such as a gene, which confers antibiotic resisiance e.g. ampicillin, kanamycin,
chioramphenico! or tetracyclin resistance. Alternatively, the selection may be accemplished
by co-transformation {as described in W091/17243).

Vectors may be used in vitro, for example for the production of RNA or used to transfect,

transform, transduce or infect a host cell.

Thus, in a further embodiment, the invention provides a method of making nuclectide
sequences of the present invention by introducing a nucleotide sequence of the present
invention into a replicable vector, introducing the vector into a compatible host cell, and

growing the host ceil under conditions which bring about repiication of the vector.

The vector may further comprise a nucleotide sequence enabling the vector fo replicate in
the host cell in question. Examples of such sequences are the origins of repiication of
plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 and plJ702.

REGULATORY SEQUENCES

In some applications, the nuclectide sequence for use in the present invention is operably
linked to a regulatory sequence which is capable of providing for the expression of the
nucleotide sequence, such as by the chosen host cell. By way of example, the present
invention covers a vector comprising the nucleotide sequence of the present invention

operably linked to such a regulatory seqUence, i.e. the vector is an expression vector.

The term "operably linked" refers to a juxtaposition wherein the components described are in
a relationship permitting them to function in their intended manner. A regulatory sequence
"operably linked" to a coding sequence is ligated in such a way that expression of the coding

sequence is achieved under condition compatible with the control sequences.
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The term “regulatory sequances” includes promoters and enhancers and other expression

regulation signals.

The term "promoter” is used in the normal sense of the art, e.g. an RNA polymerase binding

site.

Enhanced expression of the nucleotide sequence encoding the enzyme of the present
invention may also be achieved by the selection of heterologous regulatory regions, e.g.

promoter, secretion leader and terminator regions.

Preferably, the nucleotide sequence according 1o the present invention is operably linked to at

least a promoter.

Other promoters may even be used fo direct expression of the polypeptide of the present

invention.

Examples of suitable promoters for directing the transcription of the nuclectide sequence in a

bacterial, fungal or yeast host are well known in the art.

The promoter can additionally include features to ensure or to increase expression in a
suitable host. For example, the features can be conserved regions such as a Pribnow Box or
a TATA box.

CONSTRUCTS

The term “construct” - which is synonymous with terms such as "conjugate”, "cassette” and
"hybrid® - includes a nuclectide sequence for use according to the present invention directly or
indirectly attached to a promoter.

An example of an indirect attachment is the provision of a suitable spacer group such as an
intron sequence, such as the Sh1-intron or the ADH intron, intermediate the promoter and the
nucleotide sequence of the present invention. The same is true for the term "fused” in relation
to the present invention which includes direct or indirect attachment. In some cases, the ferms

do not cover the natural combination of the nucleotide sequence coding for the protein ordinarily
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associated with the wild type gene promoter and when they are both in their natural

environment.

The construct may even contain or express a marker, which allows for the selection of the

genetic construct.

For some applications, preferably the construct of the present inverition comprises at least the

nucleotide sequence of the present invention operably linked fo & promoter.
HOST CELLS

The term “host cell” - in relation to the present invention includes any cell that comprises
either the nucleotide sequence or an expression vector as described above and which is
used in the recombinant production of a protein having the specific properties as defined

herein.

Thus, a further embodiment of the present invention provides host cells transformed or
ransfected with a nucieotide sequence thai expresses the protein of the present invention.
The cells will be chosen to be compatible with the said vector and may for example be

prokaryotic (for example bacterial), fungal, yeast or plant cells.

Examples of suitable bacterial host organisms are gram positive or gram negative bacterial

species.

Depending on the nature of the nuclectide sequenbe encoding the polypeptide of the present
invention, and/or the desirability for further processing of the expressed protein, eukaryotic
hosts such as yeasts or other fungi may be preferred. In general, yeast cells are preferred
over fungal cells because they are easier to manipulate. However, some proteins are either
poorly secreted from the yeast cell, or in some cases are not processed properly (e.g.
hyperglycosylation in yeast). In these instances, a different fungal host organism should be

selected.

The use of suitable host cells - such as yeast, fungal and plant host cells - may provide for

post-translational modifications (e.g. myristoylation, glycosylation, truncation, lapidation and
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tyrosine, sering or threonineg phosphorylation) as may be needed 0 confer oplimal biclogical

activity on recombinant expression products of the present invention.

The host cell may be a protease deficient or protease minus strain. This may for example be
the protease deficient strain Aspergillus oryzae Jal. 125 having the alkaline protease gene
named “alp” deleted. This strain is described in WO97/35958.

ORGANIEM

The term "organism” in relation fo the present invention inciudes any organism that could
comprise the nucleotide seguence coding for the polypeptide according to the present invention
and/or products oblained therefrom, and/or wherein a promoter can allow expression of the

nucleotide sequence according to the present invention when present in the organism.
Suitable organisms may include a prokaryofe, fungus, yeast or a plant.

The term "ransgenic organism” in relation to the present invention includes any organism that
comprises the nucleotide sequence coding for the polypeptide according fo the present
invention and/or the products obtained therefrom, and/or wherein a promoter can allow
expression of the nucleotide sequence according to the present invention within the organism.

Preferably the nucleotide sequence is incorporated in the genome of the organism.

The term “transgenic organism” does not cover native nuciectide coding sequences in their
natural environment when they are under the control of their native promoter which is also in its

natural environment.

Therefore, the transgenic organism of the present invention includes an organism comprising
any one of, or combinations of, the nucleotide seguence coding for the polypeptide according to
the present invention, constructs according to the present invention, vectors according to the
present invention, plasmids according fo the present invention, cells according to the present

invention, tissues according to the present invention, or the products thereof.

For example the transgenic organism may also comorise the nucleotide sequence coding for

the polypeptide of the present invention under the control of a heternlogous promoter.
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TRANSFORMATION OF HOST CELLS/ORGANISM

As indicated earlier, the host organism can be a prokaryotic or a eukaryotic organism.

Examples of suitable prokaryotic hosts include E. coli and Baciflus subtilis.

Teachings on the transformation of prokaryotic hosts is well documented in the ari, for
example see Sambrook ef af (Molecular Cloning: A Laboratory Manuai, 2nd edition, 1989,
Cold Spring Harbor Laboratory Press). If a prokaryotic host is used then the nucleotide
sequence may nead to be suitably modified before transformation - such as by removal of

introns.

Filamentous fungi cells may be transformed using various methods known in the art — such
as a process involving protoplast formation and transformation of the protoplasts followed by
regeneration of the cell wall in a manner known. The use of Aspergillus as a host

microorganism is described in EP 0 238 023.

Another host organism can be a plant. A review of the general techniques used for
transforming plants may be found in articies by Potrykus (Annu Rev Plant Physiol Plant Moi
Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April 1994 17-27).
Further teachings on plant transformation may be found in EP-A-0449375.

General teachings on the transformation of fungi, yeasts and plants are presented in

following sections.

TRANSFORMED FUNGUS

A host organism may be a fungus - such as a mould. Examples of suitable such hosts include
any member belonging to the genera Thermomyces, Acremonium, Aspergillus, Penicillium,
Mucor, Neurospora, Trichoderma and the like.

In one embodiment, the host organism may be a filamentous fungus.

Transforming filamentous fungi is discussed in US-A-5741665 which states that standard

techniques for transformation of filamentous fungi and culturing the fungi are well known in
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the art. An extensive review of lechniques as applied to N crassa is found, for axample in
Davis and de Serres, Methods Enzymol (1971) 174 78-143.

Further teachings which may also be ulilised in transforming filamentous fungl are reviewed in
US-A-5674707.

In addition, gene expression in filamentous fungi is taught in in Punt ef al. {2002) Trends
Biotechnol 2002 May;20(5);:200-6, Archer & Peberdy Crii Rev Biotechnol (1997} 17{(4):273-
306.

The present invention eﬂCOmpasses the production of transgenic filamentous fungi according

o the present invention prepared by use of these standard technigues.
In one aspect, the host organism can be of the genus Aspergillus, such as Aspergilius niger.

A transgenic Aspergillus according to the present invention can also be prepared by
following, for example, the teachings of Turner G. 1994 (Vectors for genetic manipulation. In:
Martinelli 5.D., Kinghom J.R.{ Editors) Aspergillus: 50 years on. Progress in industrial
microbiology vol 28. Elsevier Amsterdam 1994. pp. 641-666).

TRANSFORMED YEAST
in ancther embodiment, the transgenic organism can be a yeast.

A review of the principles of heterclogous gene expression in yeast are provided in, for
example, Methods Mol Biof (1995), 49:341-84, and Curr Opin Biotechnol (1997) Oct;8(5):554-
60

In this regard, yeast — such as the species Saccharomyces cerevisi or Pichia pastoris (see
FEMS Microbiol Rev (2000 24(1):45-68), may be used as a vehicle for heterologous gene

expression.

A review of the principles of heteroiogous gene expression in Saccharomyces cerevisiae and

secretion of gene products is given by E Hinchcliffe E Kenny (1993, "Yeast as a vehicle for the
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expression of heterologous genes”, Yeasts, Vol 5, Anthony H Rose and J Stuart Harrison, eds,
2nd edition, Academic Press Ltd.).

For the transformation of yeast, several transformation protocols have been developed. For
example, a transgenic Saccharomyces according to the present invention can be prepared by
following the teachings of Hinnen et al., (1978, Procesdings of the National Academy of
Sciences of the USA 75, 1928); Beggs, J D (1978, Naiure, London, 275, 104); and lo, H ef &
(1983, .| Bacteriology 153, 163-168).

The transformed yeast cells may be selected using various selective markers — such as

auxotrophic markers dominant antibictic resistance markers.

TRANSFORMED PLANTS/PLANT CELLS

A host organism suitable for the present invention may be a plant. In this respect, the basic
principle in the construction of genetically modified plants is {o insert genetic information in the
plant genome so as fo obtain a stable maintenance of the inserted genetic material. A review of
the generai techniques may be found in articies by Potrykus (Annu Rev Piant Physiol Piant iioi
Biol [1991] 42:205-225) and Christou (Agro-Food-Industry Hi-Tech March/April 1994 17-27).

Direct infection of plant tissues by Agrobacterium is a simple technique which has been widely
employed and which is described in Butcher D.N. et al., (1980), Tissue Culture Methods for
Plant Pathologists, eds.: D.S. Ingrams and J.P. Helgeson, 203-208.

Other techniques for transforming plants include ballistic transformation, the silicon whisker
carbide technique (see Frame BR, Drayton PR, Bagnaall SV, Lewnau CJ, Bullock WP, Wilson
HM, Dunwell JM, Thompson JA & Wang K (1994) Production of fertile transgenic maize
plants by silicon carbide whisker-mediated transformation, The Plant Journal 6: 941-948) and
viral transformation techniques (e.g. see Meyer P, Heidmann | & Niedenhof | (1992) The use

of cassava mosaic virus as a vector system for plants, Gene 110: 213-217).

Further teachings on plant transformation may be found in EP-A-0449375.



(W]

10

15

20

25

35

CA 02812617 2012-11-23

WO 2012/004759 PCT/1B2011/053018

g1

Plant cells may be grown and maintained in accordance with well-known lissue culluring
methods such as by culturing the cells in a suitable culture medium supplied with the necessary

growth faciors such as amino acids, plant hormones, vitamins, eic.

In & further aspect, the present invention relates (o a vecior system which carries a nucleotide
sequence or construct according e the present invention and which is capable of introducing
the nucieotide sequence or construct into the genome of an organism, such as a plant. The
vector system may comprise one vector, but it may comprise two vectors. In the case of wo
vectors, the vector system is normally referred to as a binary vector system. Binary vector
systems are described in further detail in Gynheung An ef af., (1980), Binary Vectlors, Plant
Molecular Biology Manual A3, 1-18.

One extensively employed system for transformation of plant cells uses the Ti plasmid from
Agrobacterium fumefaciens or a Ri plasmid from Agrobacterium rhizogenes An et al., (1988},
Plant Physiol. 81, 301-305 and Butcher D.N. ef al, (1980), Tissue Culture Methods for Plant
Pathologists, eds.: D.S. Ingrams and J.P. Helgeson, 203-208. After each introduction method of

the desired promoter or construct or nucleotide sequence according fo the present invention in

_the plants, the presence and/or insertion of further DNA sequences may be necessary. [, for

example, for the fransformation the Ti- or Ri-plasmid of the plant cells is used, at least the right
boundary and often however the right and the left boundary of the Ti- and Ri-plasmid T-DNA, as
flanking areas of the introduced genes, can be connected. The use of T-DNA for the
transformation of plant celis has been intensively studied and is described in EP-A-120516;
Hoekema, in: The Binary Plant Vector System Offset-drukkerii Kanters B.B., Alblasserdam,
1985, Chapter V; Fraley, et al., Crit. Rev. Plant Sci,, 4:1-48; and An ef al.,, EMBO J. (1985)
4:277-284. '

CULTURING AND PRODUCTION
Host cells transformed with the nucleotide sequence of the present invention may be culiured
under conditions conducive o the production of the encoded polypeptide and which facilitate

recovery of the polypeptide from the cells and/or culture medium.

The medium used to cultivate the celis may be any conventional medium suitable for growing

the host cell in guestions and obiaining expression of the polypeptide.
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The protein produced by a recombinant cell may be displayed on the surface of the cell.

The protein may be secreted from the host cells and may conveniently be recovered from the

culture medium using well-known procedures.
SECRETION

Often, it is desirable for the protein to be secreted from the expression host info the culture
medium from where the protein may be more easily recovered. According to the present
invention, the secretion leader sequence may be selected on the basis of the desired
expression host. Hybrid signal sequences may also be used with the context of the present

invention.

Typical examples of heterologous secretion leader sequences are those originating from the
fungal amyloglucosidase (AG) gene (g/aA - both 18 and 24 amino acid versions e.g. from
Aspergillus), the a-factor gene (yeasts e.g. Saccharomyces, Kluyveromyces and Hansenula)

or the a-amylase gene (Bacillus).

By way of example, the secretion of heterologous proteins in E. coli is reviewed in Methods
Enzymol (1990) 182:132-43.

DETECTION

A variety of protocols for detecting and measuring the expression-of the amino acid
sequence are known in the art. Examples include enzyme-linked immunosorbent assay

(ELISA), radicimmunoassay (RIA) and fluorescent activated cell sorting (FACS).

A wide variety of labels and conjugation techniques are known by those skilled in the art and

can be used in various nucleic and amino acid assays.

A number of companies such as Pharmacia Biotech (Piscataway, NJ), Promega (Madison,
Wwi), and US Biochemical Corp (Cleveland, OH) supply commercial kits and protocols for

these procedures.



[

10

15

20

CA 02812617 2012-11-23

WO 2012/004759 PCT/1B2011/053018

Suitable reporier molecules or labels include those radionuciides, enzymes, flucrescent,
chemiluminescent, or chromogenic agenis as well as substrates, cofaciors, inhibitors,
magnelic particles and the like. Patents teaching the use of such labels include US-A-
3,817,837, US-A-3,850,752; US-A-3,830,350; US-A-3,906,345, US-A-4277 437, US-A-
4,275,145 and US-A-4,368,241.

Also, recombinant immunoglobulins may be produced as shown in US-A-4,816,587.
ADDITIONAL PROTEINS OF INTEREST (PQOls)

The sequences for use according to the present invention may also be used in conjunction
with one or more additional proteins of interest (POls) or nucleotide sequences of interest
(NOIs).

Non-limiting examples of POls include: proteins or enzymes involved in starch metabolism,
proteins or enzymes involved in glycogen metabolism, acetyl esterases, aminopeptidases,
amylases, arabinéses, arabinofuranosidases, carboxypeptidases, catalases, celiulases,
chitinases, chymosin, cutinase, deoxyribonucleases, epimerases, esterases, o-galactosidases,
B-galactosidases, a-glucanases, glucan lysases, endo-f-glucanases, glucoamylases, glucose
oxidases, a-glucosidases, B-glucosidases, glucuronidases, hemicellulases, hexose oxidases,
hydrolases, inveriases, isomerases, laccases, lipolylic enzymes, lyases, mannosidases,
oxidases, oxidoreductases, pectate lyases, pectin acetyl esterases, pectin depolymerases,
pectin methyl esterases, pectinclytic enzymes, peroxidases, phenoloxidases, phytases
including 3-phytase (EC 3.1.3.8) or &-phytase (EC 3.1.3.26), polygalacturonases, profeases,
rhamno-galacturonases, ribonucleases, thaumatin, ftransferases, transport proteins,
transgiutaminases, xylanases, including endo-1,4-B-xylanase (EC 3.2.1.8), hexose oxidase
(D-hexose: Oy-oxidoreductase, EC 1.1.3.5) or combinations thereof. The NOI may even be an

antisense sequence for any of those sequences.
The PO! may even be a fusion protein, for example to aid in extraction and purification.

The POI may even be fused to a secretion sequence.



10

15

20

25

30

CA 02812617 2012-11-23

WO 2012/004759 PCT/1B2011/053018

84

Other sequences can also facilitate secretion or increase the vyield of secreted POl Such
sequences could code for chaperone proteins as for example the product of Aspergillus niger

cyp B gene described in UK patent application 9821198.0.

The NOI may be engineered in order to alter their activity for a number of reasons, including
bui not limited to, alterations which modify the processing and/or exprsssion of the
expression product thereof. By way of further example, the NOI may also be modified tc
optimise expression in a particular host cell. Other sequence changes may be desired in

order to introduce restriction enzyme recognition sites.

The NOI may include within it synthetic or modified nucleotides— such as methylphosphonate
and phosphorothicate backbones.

The NOI may be modified to increase intracellular stability and half-life.  Possible
modifications include, but are not limited to, the addition of flanking sequences of the &'
and/or 3' ends of the molecule or the use of phosphorothioate or 2' O-methyl rather than
phosphodiesterase linkages within the backbone of the molecule.

The invention will now be described, by way of example only, with reference to the following
Examples.

EXAMPLE 1

This example was designed to assess the survival of amylases in the digestive system of
monogastric animals. /n vivo animals excrete amylases which makes it difficult to examine
survival of added enzymes. An in vitro test was therefore developed. The conditions in the
experimental set-up were designed to mimic the conditions in the Gastro Intestinal Tract
(GIT) of monogastric animals. The amylases were tested to see if they were active after
being exposed to these conditions. The a-amylase enzyme LTAA was used as a reference,

as this a-amylase was known to improve animal performance in animal trials.
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5 Pepsin incubation buffer 0.1

anhydrous/ml, .73 mg calsium chiorids/mi. #0

iz prepared lo contain 25 ma/mi {8250 Wimid) of pepsin (Sigma P-7000) fodowed by ihree
antinuous en-fimes ditulions o end up with four solulions conlaining 25, 2.8, 0.25, and

0.025 mgfmi nepsin, respectively. One pepsin unit is defined as the amount of 2

0 will produce 2 AGDue of 0,001 per min al pb 2.0 at 37°0, measursd zs TCA-soluble

3 i

products using hemoglobin as subsirate {de:m: ibad in Fond Chemical Codex).

Amviase assay buffer Phosphate-citrate buffer 8,10, pH 5.8,
15 Amviase sssay buffer with BSA: Phosphate-cirate buffer G, oH 5.8, Smaiml BBA.

o FRED (Baoilus lichoniformis g-amylase, vanant of LAT), avalable from Genencor
G and described n WO2008M148471.

= LAT ((s‘ar::i!igs lcheniformis  a-amyiase), availzble from Generncer (Purasiar
ET15  USE21 1134

s LTAA or EBA {Baciius amyloilquelaciens a-amylase) was an enzyme standard us
by feed enzyme service and is described in USH763385. Activity: 57492 FF Ulg.
25 = BAN {available from Novozymes),

¥

e Tric. amyl £28 (TrAA -Tricoderma reesef a-amylase), described in WO2008/112729.

Resistance agains! increasing pepsin conceniration;

30 The set-ups for alf enzymes were the same: Six samples with snzyme and feed were
prepared (in duplicate): Four samples with increasing amount of pepsin in buffer (pH 3), one
sample without pepsin but in incubation buffer (oM 3}, and cne posilive control sample with
anzvme in assay buffer with BSA. This was dnne in duplicale, i.e. for each enzyime to fest for

pepsin resistance, there were 12 eppe: ndorf 1 iupes prepared.

a2
S

Beside the 2x8 tubes for each enzyme {0 be lested, 2x6 similar samples withoul enzyme

added were prepared to check the background absorbance from the chericals.

CA 2812617 2017-10-25
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in each 1.8 mi micro-cenirifuge tube from Eppendmgmmﬂ g of cor hased feed was
weighed out. A volume of 80C ! incubation buffer without or with increasing amounts of
pepsin or 900 1 assay buffer were added and pre-incubated in an EppendonI Thermomixer
5436 at'500 rpm for 5 mins. A volume of 106 11l enzyme solution (or 100 uf H.0} was added

; TIM
3 io each tube, the lids were closad, where after they were incubated at 40°C in the Eppendorf

Thermaormnixer 53438 at 500 rpm. Alter exactly 120 min incubation, the tubes {5 at a lima) were
el %4 Sla rertifioe for 2 oming 00 gl was wib

SUN SOWH G 4 ViR COTIITTUGE 1010 £ MUNS, U0 [ wWas Wwid

900 ol assay bu s wera immediately analysec for activity in a Konelab Arena

20T Urom Thermo Electron Corporation;

FPepsin resistance at a given pepsin concentration is defined as the activity of the amylase
measured by the Konelab assay sfler being incubated at the given pepsin concentration al
pH 3 for two hours as described in the above protocol measured relative to the activity
measured by the Konelab assay after being incubated without pepsin at pH 3 for two hours

15 as described in the above protocol.

¥onel.ab Assay

Chermicals:

Citric acid monohydrate (Merck)
di-Sodium hydrogen phasphate {Merck)
Calcium chloride 2 aq (Merck)

Sodium chloride anhydrous (Merck)

to)
o

Albumin from havine serum (BSA, Sigma A 7906)
Cysteine {Merck 2838)
Tristhydroxymethyhaminomethane (Merck)

1. Stability reagent

Dissolved:
0.20 g Albumin from bovine serum (BSA),

143
A4

0.05 g Cysteine,

CA 2812617 2017-10-25
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2.0 g Sodium chioride anhydrous in 10 mb deionised waler.

2. Assay buffer : Cifric-phosphate buffer, 0.1 M, pH = 5.60

Dissolved:

4.41 g Citric acid monohydrate,

10.3 g di-Sodium hydogen phosphate dihydrate,

2.90 g Sodium chloride anhydrous,

0.73 g Calcium chloride dihydrate in approx. 800 mL of deionised water.

1.00 mL stability-reagent (1) is added while stirring on magnetic stirrer.

When dissolved, pH is adjusted to 5.60 (HCI or NaOH) and the solution is fransferred to a
1000 mL volumetric flask and adjust to 1000 mL with distilled water.

3. Stop solution : 1% (w/v} TRIS (Trizma base)

Dissolved 10 g of TRIS {(hydroxymethyljaminomethane)} in deionised water in a volumetric
flask and adjusted to 1000 mL.

4. Substrate (Freeze-dried Ceraicha (BPNPGT) from Megazyme)

A brown bottle of cereal alpha-amylase assay reagent (BPNPG 7) was dissolved in
10.0 ml distilled water (2).

Before use the solution was further diluted 1:1 also with distilied water.

1 bottle of Ceralpha contains 54.5 mg BPNPG7 and 125 U (pH = 6.0) alpha-glucosidase.

5. Control /Standard sample

Amylase (LAT) standard: 485 TAU/g {Lot#102-05208-001)
Furthermore a LAT control sample (Lot#102-01128-lab) with a range of 7957-8162 TAU/g.
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Procedure

Preparation of Amylase standard curve:

An Amylase standard (5) is diluted to a concentration of approx. 1.9 U/g for LAT.

Ali dilutions are carried out in Assay bufier (Z).

Further dilutions are programmed in Konelab:

Standard Dii. Ratio Concentration, U/mL
1 1+49.0 0.034
2 1+19.0 0.085
3 1+9.0 0.170
4 1+5.0 0.283
5 1+3.0 0.425

OD range should be between 0.2 and 1.5

Sample preparation:

2 weighings were oa‘rried out for each sample.

Liquid products: 0.5 g of sample is weighed in a 50 ml volumetric flask. The Flask is filled
with assay buffer (2) and mixed. Further dilutions are also carried out in Assay buffer (2).

Final concentrations should be approx. 0.2 U/ml.

Solid products: 0.5 g of sample is weighed in a 50 ml volumetric flask and diluted in approx.
40 ml of Assay buffer (2). The solution is mixed on a magnetic stirrer for 10 minutes and filled
up with buffer. The solution is filtered through a whatman glass filter and further dilutions

were carried out in Assay buffer (2). Final concentrations were approx. 0.2 U/ml.

The weight of the sample was written down with 4 decimals for later calculations.
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To make the procedure of diluting easier, all dilutions wre carfled out using a Diluter

{Harniiton).

Blinds: 2 blind samples {(Assay buffer (2)) were included in each run.

Reaclion conditions in ihe assay:

pH =560
ncubation temperature = 37°C +/- 0.1°C

Wavelength = 405 nm

Substrate 50 pl
Pre-incubation 5 min
Sample 10 pl
Incubation 15 min

Stop solution 100 wl

Calculation of enzvme activity;

The activity of a sample wass calculated according to the formula:

Acti\/ity , U/g = (Q_QsampleM

*
o Wsample

OD campie = @absorbance of the enzyme sample
DF = dilution factor for the sample

Weample = Weight of sample in g

o = Slope of the standardcurve

8 = Intercept of standardcurve

Resuits

The results can be seen in Figures 6 and 7. Interestingly, the existing g-amylases used in

feed — LTAA (Genencor) and BAN (Novozymes) showed a reduction in activity at higher
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pepsin concentrations whereas FRED, LAT and TrAA, showed excellent stability towards low

pH and pepsin in presence of 10% feed.

The conditions in the experimental set-up are designed to mimic the conditions in the Gastro
Intestinal Tract (GIT) of monogastric animals. LTAA was tested as a reference, as this o-
amylase is known fo improve animal performance. FRED, LAT and TrAA show better stability

in the assay, so they are therefore expected (o show equai or betier stability in the GIT.
Example 2

This example was designed to compare the performance of two amylases LTAA (a B.
amyloliquefaciens alpha amylase presently used in feed) and LAT, the pepsin resistant alpha
amylase according to the invention. The purpose was furthermore to test if the
evaluation/comparison of the two amylases done in vitro could be validated in animal trials.
The LTAA was dosed as recommended from the supplier (Danisco) 2000 U/kg of feed,
whereas the LAT was dosed to be equivalent in performance based on laboratory trials, i.e.
100 U/kg feed.

MATERIALS AND METHODS (trials 1, 2, 3 and 4)

Peirformance trials

Male broiler (Ross 308) day-old chicks were obtained from a commercial hatchery, weighed
and assigned on the basis of body weight to 48 floor pens: six treatments with eight replicate
pens. Floor pens were located in environmentally controlled rooms. Each pen was identical in
layout, with one bell drinker and one feed hopper per pen. Feed in mash form was provided
ad libitum and water was freely available throughout the study. Ingredients and calculated
diet composition are presented in Tables 1 and 2. Body weights and feed intake were
recorded on days 1, 21 and 42. Mortality was recorded daily. Any bird that died was weighed
and the weight was used to adjust feed conversion ratio. Feed conversion ratios were

calculated by dividing total feed intake by weight gain of live plus dead birds.

Statistical analysis
Data were analyzed using a generalized linear model (Proc Mixed; SAS Institute, Cary, NC)

that included the main effects of dietary enzyme, as well as the random effects of trial site
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and block x irial site. Leasi squares mean separation was done through muitiple {-lests.

Significance was assessed at P<0.05,

Enzyme added

Amwylases; Bacillus amyloliquefaciens alpha amylase (LTAA) at 2000 Uikg of feed or Bacillus
licheniformis alpha amylase (LAT) at 100 U/kg of feed. To both diets were also added 2000

Ulkg of Trichoderma xylanase.

Table 1. Broiler trials. Experimental diets of trials 1, 2, 3, and 4. Starter (0 to 21 d).

Ingredient Trial 1 Trial2 Tral3  Trigi4
(%)

Comn 60.60 54.84 57.70 53.97
Soybean meal 48% 33.79 28.91 37.21 33.90
DDGS 0.00 10.00 0.00 7.00
Soy oil 1.50 2.21 1.24 1.31
Starch or enzyme 0.05 0.05 0.05 0.05
Dicalcium phosphate 1.38 1.21 1.35 1.25
Limestone 1147 1.29 117 1.21
Sodium bicarbonate 0.27 0.16 0.00 0.00
Salt 0.20 0.23 0.35 0.35
Lysine-HCI 0.18 0.27 0.05 0.10
DL-methionine 0.26 0.22 0.23 0.21
L-threonine 0.00 0.01 0.00 0.00
Broiler Premix’ 0.30 0.30 0.35 0.35
Inert marker 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00
Calculated nutrient
composition

2,995.0 2,985.0 2,850.0 2,050.0
ME (kcal/kg) 0 o 0 0
CP (%) 21.70 21.70 23.00 22.90
Calcium (%) 0.85 0.85 0.85 0.85
Av. phosphorus (%) 0.38 0.38 0.38 0.38
Lysine (%) 1.30 1.30 1.30 1.30
Methionine (%) 0.60 0.59 0.58 0.57

TSAA (%) 0.95 0.95 0.95 0.95
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Table 2. Broiler trials. Experimental diets of trials 1, 2, 3, and 4. Finisher (21 1o 42 d}.

Ingredient Trial 1 Trial2 Trial3  Trial 4
(%)

Corn 63.30 57.50 64.64 61.08
Soybean meal 48% 31.68 26.78 29.82 26.80
DDGS 0.00 10.00 0.00 7.00
Soy oil 1.74 2.53 2.35 2.28
Starch or enzyme G.05 0.05 0.05 0.05
Diczlcium phosphate 1.01 0.85 0.75 0.70
Limestone 1.05 1.17 1.32 1.33
Sodium bicarbonaie 0.32 0.18 0.00 0.00
Salt 0.16 0.23 0.35 0.35
Lysine-HCI 0.00 0.09 0.00 0.00
DL-methionine 0.18 0.13 0.07 0.06
L-threonine 0.00 0.01 0.00 0.00
Broiler Premix’ 0.20 0.20 0.35 0.35
inert marker 0.30 0.30 0.30 0.00
Total 100.00 100.00 100.00 100.00

Calculated nutrient

composition
3,050.0 3,050.0 3,100.0 3,100.0

ME (kcal/kg) 0 0 0 0

CP (%) 20.68 20.68 20.00 20.00

Calcium (%) 0.72 0.72 0.76 0.76

Av. phosphorus (%) 0.31 0.31 0.26 0.26

Lysine (%) 1.10 1.10 1.05 1.01

Methionine (%) 0.51 0.50 0.39 0.39

TSAA (%) 0.85 0.85 0.72 0.72
Results

The results are detailed in Figures 9 and 10. The use of a pepsin resistant alpha amylase
(LAT) resulted in statistically significant weight gain compared with the control amylase LTAA
(Figure 9). The use of a pepsin resistant alpha amylase (LAT) also resulted in an improved
feed conversion (statistically significant) compared with the control (Figure 10), where feed
conversion is the amount of feed needed to produce 1 kg of animal (the inverse of feed

efficacy).
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CLAIMS

1. A method for identifying a pepsin resistant alpha amylase enzyme for use in a feed
supplement for a monogastric animal comprising:

i) providing an alpha amylase enzyme;

i) admixing said alpha amylase with corn based feed and pepsin, incubating at
pH 3 and analysing the alpha amylase activity of said alpha amylase
compared to a control sample; wherein said control sample differs in that no
pepsin is present during the incubation at pH 3; and

iii) selecting an alpha amylase enzyme which substantially maintains alpha

amylase activity.

2. The method according to claim 1, wherein the feed supplement is for poultry, swine or
fish.
3. A method for preparing a feed supplement for a monogastric animal comprising

admixing a pepsin resistant alpha amylase with at least one physiologically acceptable carrier
selected from the group consisting of maltodextrin, limestone, cyclodextrin, wheat or a wheat
by-product, sucrose, starch, Na2SO4, Talc, polyvinyl alcohol, sorbitol, benzoate, sorbiate,
glycerol, sucrose, propylene glycol, 1,3-propane diol, glucose, parabens, sodium chloride,

citrate, acetate, phosphate, calcium, metabisulfite, formate and mixtures thereof.

4. A feed supplement which is:

a) a poultry feed supplement comprising a pepsin resistant alpha amylase; or

b) a feed supplement for monogastric animals comprising a pepsin resistant
alpha amylase and at least one physiologically acceptable carrier selected
from the group consisting of maltodextrin, limestone, cyclodextrin, wheat
or a wheat by-product, sucrose, starch, Na2SO4, Talc, polyvinyl alcohol,
sorbitol, benzoate, sorbiate, glycerol, sucrose, propylene glycol, 1,3-
propane diol, glucose, parabens, sodium chloride, citrate, acetate,

phosphate, calcium, metabisulfite, formate and mixtures thereof.

CA 2812617 2019-10-18
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5. A feedstuff for a monogastric animal comprising a pepsin resistant alpha amylase,

wherein said feedstuff comprises less than 3000 units of alpha amylase per kilogram feed.

6. The method of claim 3, feed supplement of claim 4 or feedstuff of claim 5 wherein the
pepsin resistant amylase has an amino acid sequence:
i) as set forth in SEQ ID No. 1;
i) having at least 85% sequence identity to SEQ ID No. I;
iii) which is produced by expression of a nucleotide sequence comprising the
sequence of SEQ ID No. 2;
iv)  which is produced by expression of a nucleotide sequence which differs from
SEQ ID No. 2 due to the degencracy of the genetic code; or
V) which is produced by expression of a nucleotide sequence which has at least

70% sequence identity to SEQ ID No. 2.

7. The method of claim 3, feed supplement of claim 4 or feedstuff of claim 5, wherein
the pepsin resistant alpha amylase on gap alignment with SEQ 1D No. 1 comprises any
one or more of the following amino acids selected from the group consisting of: K88;
1103; H133; Y175; Y290; F292; R442 and H450, wherein the amino acid numbering
relates to SEQ ID No. 1.

8. A method for preparing a feedstuff for a monogastric animal comprising mixing feed

supplement according to any one of claims 4, 6 or 7 with one or more feed materials.

9. The method according to claim 8, wherein the feedstuff is for poultry.

10. The method according to claim 8 or 9, wherein the one or more feed materials are
selected from the group consisting of a) small grain or large grain cereals; b) by-products

from cereals; c) proteins; d) oils and fats obtained from vegetable and animal sources; ¢)

minerals and vitamins; and f) premixes of any one or more of a) to e).

CA 2812617 2019-10-18
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1. The method according to claim 10, wherein the small grain cereals are selected
from wheat, barley, rye, oats and combinations thereof; the large grain cereals are
selected from maize and sorghum; the by-products from cereals are selected from corn
gluten meal, Distillers Dried Grain Solubles (DDGS), wheat bran, wheat middlings,
wheat shorts, rice bran, rice hulls, oat hulls, palm kernel, and citrus pulp; and/or the proteins
are obtained from soya, sunflower, peanut, lupin, peas, fava beans, cotton, canola, fish meal,

dried plasma protein, meat and bone meal, potato protein, whey, copra and/or sesame.

12. A feedstuff for a monogastric animal prepared by the method of any one of claims 8 to

11 or comprising the feed supplement of any one of claims 4, 6 or 7.

13.  The feedstuff according to claim 12 wherein the monogastric animals are poultry

and/or swine.

14. A method of increasing weight gain in poultry or swine comprising feeding said

poultry or swine a feedstuff comprising a pepsin resistant alpha amylase.

15.  Use of a feed supplement for a monogastric animal comprising a pepsin resistant alpha
amylase for increasing energy absorption and/or feed efficacy and/or for improving
digestibility of a raw material in a feed and/or for improving feed conversion ratio (FCR)

and/or for improving weight gain in the monogastric animal.

16.  The use according to claim 15, wherein the pepsin resistant alpha amylase is used for

improving starch digestibility.

CA 2812617 2019-10-18
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FIGURE 1

1 anlngtlnmgy fewympndgg hwkrlgndsa ylaehgitav wippavkgts gadvgygayd 60

61 lydlgefhgk gtvrtkygtk gelgsaiksl hsrdinvygd vvinhkggad atedvtavev 120
121 dpadrnrvis gehlikawth fhfpgrgsty sdfkwhwyhf dgtdwdesrk lonriykfggk 180
181 awdwevsnen gnydylmyad idydhpdvaa eikrwgtwya nelgldgfrl davkhikfsf 240
241 lrdwvnhvre ktgkemftva eywgndlgal enylnktnfn hsvidvplhy gfhaastggg 300
301 gydmrkllng tvvskhplks vtfvdnhdtg pggslestvqg twfkplayaf iltresgypg 360
361 viygdmygtk gdsgreipal khkiepilka rkgyaygagh dyfdhhdivg wtregdssva 420
421 nsglaalitd gpggakrmyv grgnagetwh ditgnrsepv vinsegwgef hvnggsvsiy 480
481 vqr

FIGURE 2

gcaaatcttaatgggacgctgatgcagtattttgaatggtacatgecccaatgacggecaacattggaagegtityg
caaaacgactcggcatatttggctgaacacggtattactgecegtetggatteccceceeggecatataagggaacgage
caagcggatgtggygctacggtygcttacgacctttatgatttaggggagtttcatcaaaaagggacggtteggaca
aagtacggcacaaaaggagagctgcaatctgegatcaaaagtettcattecccgegacattaacgtttacggggat
gtggtcatcaaccacaaaggeggcgctgatgecgaccgaagatgtaaccgeggttgaagtegatcccgetgacage
aaccgcgtaatttcaggagaacacctaattaaagcctggacacattttecattttceggggegeggecagecacatac
agcgattttaaatggcattggtaccattttgacggaaccgattgggacgagtceccgaaagectgaaccgeatctat
aagtttcaaggaaaggcttgggattgggaagtttceccaatgaaaacggcaactatgattatttgatgtatgecgac
atcgattatgaccatcctgatgtegecageagaaattaagagatggggecacttggtatgecaatgaactgcaatty
gacggtttccgtcttgatgcectgtcaaacacattaaattttecttttttgegggattgggttaatcatgtcagggaa
aaaacggggaaggaaatgtttacggtagctgaatattggcagaatgacttgggegegetggaaaactatttgaac
aaaacaaattttaatcattcagtgtttgacgtgccgetteattatecagttecatgetgeategacacagggagge
ggctatgatatgaggaaattgctgaacggtacggtcecgtttccaagecatcegttgaaateggttacatttgtegat
aaccatgatacacagccggggcaategettgagtcgactgtccaaacatggtttaagececgettgettacgetttt
attctcacaagggaatctggataccctcaggttttctacggggatatgtacgggacgaaaggagactcccagcgc
gaaattcctgecttgaaacacaaaattgaaccgatcttaaaagecgagaaaacagtatgegtacggagcacageat
gattatttcgaccaccatgacattgtecggctggacaagggaaggcgacageteggttgcaaattcaggtttggeg
gcattaataacagacggacccggtggggcaaagcgaatgtatgteggecggecaaaacgecggtgagacatggeat
gacattaccggaaaccgttceggageeggttgtecatcaattcggaaggectggggagagtttcacgtaaacggegygyg
tcggtttcaatttatgttcaaagatga
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atgaagctccggtacgctctcecgetgceictigeagcetctcttigecggtecictcegeagacaccgecgectiggaggtecegeace
atctacttigcectgacagaccgcatcgctcgiggaageggigacacggggggceagigegigigggaaccigggggactactge
ggtagcacgticcagggcetiggagageaagtiggactacatcaagggceatgggaticgatgccatciggatcacaccigtigtgac
gagtgatgatgggggctaccatggctatigggeggaggacategactceatcaacicicattatggetcigeggacgateicaaga
gictcgtcaacgecgegeatagcaagggctictatatgatggiggacgicgiggecaaccacatgggetacgecaatatetctgac
gatagtcccictecactgaaccaggectegtegtatcaccecgagigtgatatcgactacaacaaccaaaccagegicgagaact
getggatcageggecteeeggatetcaacacgcagagctcaaccatecgeagcectctaccaggactgggtctccaacctegigic
cacgtacggcticgacggcegtccgeatcgacacegtcaageacgtcgagcaagactactggeccggcticgicaacgecaccy
gegtctactgeateggegaggictitgacggagacccaaactaccigetgecctacgecagectecatgeegggectgcetcaacta
cgecatctactaccccatgacgegcticticeiccagecagggetectecgecaggacatggtcaacatgcacgaccagatcggeage
atgttcccegaccegaccgegetcggeaccttigtcgacaaccacgacaacccgegcticetgageatcaagaacgacacgge
cctgctcaagaacgegctgacgtacaccatectctegegeggeatecccategictactacggeaccgageaggectteteggge
ggcaacgacccggccaacagggaggacctetggegeageggcticaacgeccagicegacatgtacgacgecatctccaag
ctcacctacgccaagcacgecgtcggeggectegecgacaacgaccacaageacctgtacgicgecgacacggectacgect
tcagcegegecggeggeaacatggtggeccigaccaccaacageggcagegggagceticggeccageactgcetticggeacge
aggtgcccaacggcecegetggeagaatgtctitgacgagggeaatgggecgacgtaticcgecgacggeaacggecagettiget
tgaatgigtccaacggtcageccatigictigetgicticgtga
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FIGURE 5
1 50
LAT (1) ANLNGTLMQYFEWYMPNDGQOHWKRLONDSAYLAEHGITAVWIPPAYKGTS
LTAA (1) --VNGTLMQYFEWYTPNDGQHWKRLONDAEHLSDIGITAVWI PPAYKGLS
51 100
LAT {51) QADVGYGAYDLYDLGEFHQKGTVRTKYGTKGELOSAIKSLHSRDINVYGD
LTAA (49) QSDNGYGPYDLYDLGEFQOKGTVRTKYGTKSELQDAIGSLHSRNVOVYGD
101 150

LAT (101) VVINHKGGADATEDVTAVEVDPADRNRVISGEHLIKAWTHFHFPGRGSTY
LTAA (99) VVLNHKAGADATEDVTAVEVNPANRNQETSEEYQIKAWTDFRFPGRGNTY
151 200
LAT (151) SDFKWHWYHFDGTDWDESRKLNRIYKFQG--KAWDWEVSNENGNYDYLMY
LTAA  (149) SDFKWHWYHFDGADWDESRKISRIFKFRGEGKAWDWEVSSENGNYDYLMY
201 250
LAT (199) ADIDYDHPDVAAEIKRWGTWYANELQLDGFRLDAVKHIKFSFLRDWVNHV
LTAA  (199) ADVDYDEPDVVAETKKWGIWYANELSLDGFRIDAAKHIKFSFLRDWVQAV
251 300
LAT (249) REKTGKEMFTVAEYWQNDLGALENYLNKTNFNHSVFDVPLHYQFHAASTQ
LTAA  (249) RQATGKEMFTVAEYWQNNAGKLENYLNKTSFNQSVFDVPLHFNLQAASSQ
301 350
LAT (299) GGGYDMRKLLNGTVVSKHPLKSVTFVDNHDTQPGQSLESTVOTWEKPLAY
LTAA (299) GGGYDMRRLLDGTVVSRHPEKAVTFVENHDTQPGQSLESTVQTWFKPLAY
351 400
LAT (349) AFILTRESGYPQVFYGDMYGTKGDSQREI PALKHKIEPILKARKQYAYGA
LTAA (349) AFILTRESGYPQVFYGDMYGTKGT SPKEIPSLKDNIEPILKARKEYAYGP
401 450
LAT (399) QHDYFDHHDIVGWTREGDSSVANSGLAALITDGPGGAKRMYVGRQNAGEI
LTAA (399) OHDYIDHPDVIGWTREGDSSAAKSGLAALITDGPGGSKRMYAGLKNAGET
451 485
LAT (449) WHDITGNRSEPVVINSEGWGEFHVNGGSVSIYVOR
LTAA (449) WYDITGNRSDTVKIGSDGWGEFHVNDGSVSIYVOK
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FIGURE 7

Pepsin resistance of enzyme in feed
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FIGURE 8

ANLNGTLMQYFEWYTPNDGOGHWKRLONDSAYLAEHGITAVWIPPAYKGTSQADVGYGAYDLYDLGE
FHOKGTVRTKYGTKGELGSAIKSLHSRDINYYGDVVINHKGGADATEDVTAVEVDPADRNRVISGEYL!
KAWTHFHFPGRGSTYSDFKWHWYHFDGTDWDESRKLNRIYKFQGKAWDWEVSSENGNYDYLMYA
DIDYDHPDVVAEIKRWGTWYANELQLDGFRLDAVKHIKFSFLRDWVYNHVREKTGKEMFTVAEYWQN
DLGALENYLNKTNFNHSVFDVPLHYQFHAASTQGGGYDMRKLLNGTVVSKHPLKSVTFVDNHDTQP
GQSLESTVQTWEKPLAYAFILTRESGYPQVFYGDMYGTKGDSGREIPALKHKIEPILKARKQYAYGAQ
HDYFDHHDIVGWTREGDSSVANSGLAALITDGPGGAKRMYVGRAONAGETWHDITGNRSEPVVINSE
GWGEFHVNGGSVSIYVAR
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FIGURE 9
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FIGURE 10
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