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TITLE
ENZYMATIC HYDROLYSIS OF DISACCHARIDES AND OLIGOSACCHARIDES
USING ALPHA-GLUCOSIDASE ENZYMES

This application claims the benefit of U.S. Provisional Application Nos.
61/945,233 {filed February 27, 2014}, 61/945,241 (filed February 27, 2014),
62/004,280 {filed May 28, 2014), 62/004,308 (filed May 29, 2014), 62/004,312
{filad May 29, 2014), 62/004,300 (filed May 29, 2014}, 62/004,314 (filed May 29,
2014), and 62/004,305 {filed May 29, 2014), all of which are incorporated herein
by reference in their entirsties.

FIELD OF INVENTION

The invention is in the field of enzymatic hydrolysis of small sugar

polymers. Specifically, this invention pertains {0 hydrolyzing disaccharides and
oligosaccharides comprising one or mors alpha-1,3 or alpha-1,6 glucosyl-glucose
finkages with an alpha-glucosidase enzyme.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY

The official copy of the sequence listing is submitted electronically via

EFS-Web as an ASCI formatied sequence listing with a file named
CLBZ220USNP_Sequencelisting ST25.txd created on February 11, 2015, and
having a size of 260 kilobyles and is filed concurrently with the specificalion. The
sequence listing contained in this ASCli-formatied document is part of the
specification and is herain incorporated by reference in iis entirety.
BACKGROUND
Transglucosidases (EC.2.4.1.24, 1,4-alpha-glucan B-alpha-

glucosvitransferase) are D-glucosyltransferase enzymes that calalyze both
hydrolytic and transfer reactions on incubation with alpha-D-gluco-
oligosaccharides (1851, Pazur and French, J. Amer. Chem. Soc. 73:3536).
Maliose is the most preferred substrate for ransglucosyiation reactions with this
enzyme. Transfer occurs most frequently to HO-8, producing isomaiiose from D-
glucosse, or panose {6-O-alpha-glucosyl maltose} from maliose.

Transglucosidase can also transfer g glucosyl residue {0 the HO-2 or HO-3 of
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another D-glucosyl unit to form Kojibiose or Nigerose. This enzyme can further
transfer a D-glucosy! unit back to HO-4 {o reform maliose.

As a result of transgiucosylation reactions with transglucosidase, matlto-
oligosaccharide residues are converted {o isomalto-oligosaccharides (IMO)
containing a higher proportion of glucosyl residues linked by alpha-D-1,6
glycosidic linkages from the non-reducing end. IMO sugars are used in many
food and beverage formulations in Asia. Brier et al. {(U.8. Patent Appl. Publ. No.
2003/0167929) disclosed using transglucosidase o produce IMO from barley
wort.

Poulose et gl (U.S. Patent Appl. Publ. No. 2008/0229514) disclosed using
transglucosidase to degrade polysaccharides such as xanthan and guar gums.
Xanthan gum comprisas a cellulosic backbone in which alternale glucoses are
1,3-linked 1o branches containing mannose and glucuronic acid. The backbone
of guar gum comprises bela-1,4-linked mannose residues to which galactose
residues are alpha-1,6-linked at every other mannose.

Lantero et al. (U5, Patent No. 5770437} disclosed using a
transglucosidase to degrade sucrose, melezitose and trehalulose. These sugars
comprise glucose linked 1o fructose via 1,2~ {(sucrose), 1,3~ (melezitose), or 1,1-
{trehalulose) linkages.

Although various hydrolylic activilies of transglucosidase have been
disclosed, this type of enzymae is generally considered o be an alpha-
glucosidase, given its ability to hydrolyze alpha-linkages between two glucosyl
residues. For example, ransglucosidase is associated with having maltase
activity (hydrolysis of the alpha-1,4 glycosidic link between the two glucosyl
residues of maltose)}, which is a type of alpha-glucosidase activity.

Notwithsianding the foregoing disclosures, surprisingly, it has now been
found that aipha-glucosidases such as transglucosidase (EC 2.4.1.24) can
hydrolyze alpha-1,3 and aipha-1,8 glycosidic inkages of glucosyl-glucose.
Alpha-glucosidase enzymes are disclosed herein as being useful for degrading
disaccharides and oligosaccharides containing glucosyl-alpha-1,3-glucose and

glucosyl-alpha-1,6-glucose.
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SUMMARY OF INVENTION

In one embodiment, the invention concerns a method of hydrolyzing an

alpha-1,3 or alpha-1,86 glucosvi-glucose linkage in a saccharide comprising at
least one alpha-1,3 or alpha-1,6 glucosyi-glucose linkage, wherein the
saccharide is a disaccharide or oligosaccharide, and whersin the method
comprises: contacting the saccharide with an alpha-glucosidase enzyme under
suitable conditions, wherein the alpha-glucosidase enzyme hydrolyzes at least
one alpha-1,3 or alpha-1,6 glucosyl-glucose linkage of the saccharide, and
wharein the amount of the saccharide is reduced comparad o the amount of the
saccharide that was present prior to the conlacting step.

In another embodiment, the alpha-glucosidase snzyme of the hydrolysis
method is immobilized.

In another embodiment, the saccharide of the hydrolysis method has a
degree of polymerization before hydrolysis of 310 7. In anotherembodiment, the
conceniration of the saccharide after the coniacting step is less than 50% of the
concentration of the saccharide that was present prior {o the contacting step.

in another embodiment, the suitable conditions of the hydrolysis method
comprise {i) a glucan synthesis reaction, or {ii} a fraction obtained from the
glucan synthesis reaction; wherein the saccharide is a byproduct of the glucan
synthesis reaction. The glucan synthesis reaction produces at least one
inscluble alpha-glucan product in ancther embodiment. In another embodiment,
the fraction is a filtrate of the glucan synthesis reaction. in anocther embodiment,
the glucan synthesis reaction produces at least one soluble alpha-glucan product
that is (i) a product of a glucosyliransferase, or (il} a product of the concerted
action of both a glucosyltransferase and an alpha-glucanochydrolase capable of
hydrolyzing giucan polymers having one or more alpha-1,3-glycosidic linkages or
one or more alpha-1,6-glycosidic linkages. The fraction is a chromatographic
fraction of the glucan synthesis reaction in another embodiment in which the

glucan synthesis reaction produces at least one soluble alpha-glucan product.
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In another embodiment, the alpha-glucosidase enzyme is a
transglucosidase. in ancther embodiment, the transglucosidase comprises an
amino acid sequence that is al least 80% identical to SEQ 1D NG

in anocther embodiment, the invention concerns a composition produced
by contacting a saccharide with an alpha-glucosidase enzyme, wherein the
saccharide is a disaccharide or oligosaccharide and comprises at least one
alpha-1,3 or alpha-1,6 glucosyl-glucose linkage, wherain the aipha-glucosidase
enzyme hydrolyzes al least one alpha-1,3 or aipha-1,6 glucosyl-glucose linkage
of the saccharide, and wherein the composition comprises a reduced amount of
the saccharide compared {0 the amount of the saccharide that was present prior
to the contacting step.

I another embodiment, the saccharide of the composition has a degree of
polymerization before hydrolysis of 310 7. The concentration of the saccharide
after the contacting step is less than 50% of the concentration of the saccharide
that was present prior {0 the coniacting step, for example.

In another embodiment, the saccharide of the composition is in (i) a
glucan synthesis reaction, or {ii} a fraction obtained from the glucan synthesis
reaction; wherein the saccharide is a byproduct of the glucan synthesis reaction.
in another embodiment, the fraction is a filirate of the glucan synthesis reaclion
or a chromatographic fraction of the glucan synthesis reaction.

in ancther embodiment, the invention concerns a method of enriching
fructose present in a fraction of a glucan synthesis reaction, comprising: {a)
contacting a fraction obtained from a glucan synthesis reaction with an alpha-
glucosidase enzyme under suitable conditions, wherein the alpha-glucosidase
anzyme hydrolyzes al least one alpha-1,3 or aipha-1,6 glucosyl-glucose linkage
of a disaccharide or oligosaccharide comprised within the fraction; and (b)
separating fructose from the hydrolyzed fraction of step {a) to obtain a
composition having a higher concentration of fructose compared o the fruclose
concentration of the fraction of step (a).

In another embodiment, the invention concerns a fermentation method

comprising: (a) contacting a fraction obtained from a glucan synthesis reaction
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with an alpha-glucosidase enzyme under suitable conditions, wherein the alpha-
glucosidase enzyme hydrolyzes at least one alpha-1,3 or alpha-1,6 glucosyl-
glucose linkage of a disaccharide or oligosaccharide comprised within the
fraction; (b) fermenting the fraction of step (a) with a microbe to yield a product,
wherein the fermenting can be performed after step (a) or simultaneously with
step (a); and (c) optionally, isolating the product of (b); wherein the yield of the
product of (b) is increased compared to the product yield of fermenting a fraction
of the glucan synthesis reaction that has not been contacted with the enzyme.

In another embodiment, the invention concerns a method comprising: (a)
providing a glucan synthesis reaction; (b) obtaining a fraction of the glucan
synthesis reaction that comprises a saccharide byproduct of the glucan synthesis
reaction, wherein the saccharide byproduct is a disaccharide or oligosaccharide
and comprises at least one alpha-1,3 glucosyl-glucose linkage; and (c)
contacting the saccharide byproduct in the fraction with an alpha-glucosidase
enzyme, wherein the alpha-glucosidase enzyme hydrolyzes at least one alpha-

1,3 glucosyl-glucose linkage of the saccharide byproduct.

BRIEF DESCRIPTION OF THE DRAWINGS AND SEQUENCES

Figure 1: "H NMR spectra of glucan reaction filtrate material before (starting

material) and after (treated material) hydrolysis treatment with NOVO 188
enzyme (see Examples 2-3).

Figure 2: "H NMR spectra of glucan reaction filtrate material before (starting
material) and after (treated material) hydrolysis treatment with TG L-2000

transglucosidase (see Examples 2-3).

Table 1. Summary of Nucleic Acid and Protein Sequence Identification Numbers

Protein

o Nucleic acid SEQID
Description SEQ ID NO. NO.
“TG L-2000", A. niger transglucosidase (mature 1
form without signal peptide) (965 aa)
“GC 321 Glucoamylase®, T. reesei
glucoamylase (TrGA) (mature form without 2
signal peptide) (599 aa)
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“gtfd”, Streptococcus salivarius
glucosyltransferase. The first 42 amino acids of
the protein are deleted compared to GENBANK

Identification No. 47527; a start methionine is 3
included. (1477 aa)
“Aclglu1”, Aspergillus clavatus alpha-

glucosidase, full-length precursor form including 4 5
signal peptide. (3147 bases) | (990 aa)
“Aclglu1”, Aspergillus clavatus alpha-

glucosidase, mature form lacking signal 6
peptide. (971 aa)
“Nfiglu1”, Neosartorya fischeri alpha-

glucosidase, full-length precursor form including 7 8
signal peptide. (3158 bases) | (988 aa)
“Nfiglu1”, Neosartorya fischeri alpha-

glucosidase, mature form lacking signal 9
peptide. (969 aa)
“Ncrglu1”, Neurospora crassa alpha-

glucosidase, full-length precursor form including 10 11
signal peptide. (3385 bases) | (1044 aa)
“Ncrglu1”, Neurospora crassa alpha-

glucosidase, mature form lacking signal 12
peptide. (1022 aa)
“TauSec098”, Rasamsonia composticola alpha-

glucosidase, full-length precursor form including 13 14
signal peptide. (3293 bases) | (1035 aa)
“TauSec098", Rasamsonia composticola alpha-

glucosidase, mature form lacking signal 15
peptide. (1013 aa)
“TauSec099”, Rasamsonia composticola alpha-

glucosidase, full-length precursor form including 16 17
signal peptide. (3162 bases) | (990 aa)
“TauSec099”, Rasamsonia composticola alpha-

glucosidase, mature form lacking signal 18
peptide. (973 aa)
“BloGlu1”, Bifidobacterium longum (subsp. 19 20
longum JDM301) alpha-glucosidase (wild type). | (1815 bases) | (604 aa)
“BloGlu1”, Bifidobacterium longum (subsp.

longum JDM301) alpha-glucosidase, codon- 21

optimized sequence. (1812 bases)

“BloGlu2”, Bifidobacterium longum alpha- 22
glucosidase (wild type). (604 aa)
“‘BloGlu2”, Bifidobacterium longum alpha- 23 24

6
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glucosidase, codon-optimized sequence (1812 bases) | (604 aa)
encoding amino acid sequence.

“BloGlu3”, Bifidobacterium longum (subsp. F8) 25 26
alpha-glucosidase (wild type) (1815 bases) | (604 aa)
“BloGlu3”, Bifidobacterium longum (subsp. F8)

alpha-glucosidase, codon-optimized sequence 27

encoding amino acid sequence. (1812 bases)

“BpsGlu1”, Bifidobacterium pseudolongum 28
alpha-glucosidase (wild type). (585 aa)
“BpsGlu1”, Bifidobacterium pseudolongum

alpha-glucosidase, codon-optimized sequence 29 30
encoding amino acid sequence. (1755 bases) | (586 aa)
“BthGlu1”, Bifidobacterium thermophilum 31 32
RBL67 alpha-glucosidase (wild type). (1806 bases) | (601 aa)
“BthGlu1”, Bifidobacterium thermophilum

RBL67 alpha-glucosidase, codon-optimized 33

sequence. (1803 bases)

“BbrGlu2”, Bifidobacterium breve alpha- 34
glucosidase (wild type). (662 aa)
“BbrGlu2”, Bifidobacterium breve alpha-

glucosidase, codon-optimized sequence 35 36
encoding amino acid sequence. (1812 bases) | (604 aa)
“BbrGlu5”, Bifidobacterium breve ACS-071-V- 37 38
Sch8b alpha-glucosidase (wild type). (1821 bases) | (606 aa)
“BbrGlu%”, Bifidobacterium breve ACS-071-V-

Sch8b alpha-glucosidase, codon-optimized 39

sequence. (1818 bases)

“Gtf-S”, Streptococcus sp. C150

glucosyltransferase, GENBANK Gl No. 40
321278321. (1570 aa)
“GTF0459”, Streptococcus sp. C150

glucosyltransferase, N-terminal-truncated 41 42
version of GENBANK GI No. 321278321. (4179 bases) | (1392 aa)
“Gtf-C”, Streptococcus mutans MT-4239

glucosyltransferase, GENBANK Gl No. 43
3130088. (1455 aa)
“GTF0088BsT1”, Streptococcus mutans MT-

4239 glucosyltransferase, N- and C-terminal-

truncated version of GENBANK GI No. 44 45
3130088. (2715 bases) | (904 aa)
“MUT3325", Penicillium marneffei ATCC 18224 46 47
mutanase, GENBANK Gl No. 212533325. (1308 bases) | (435 aa)
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DETAILED DESCRIPTION OF THE INVENTION

The disclosures of all cited patent and non-patent literature are

incorporatad herein by reference in their entirety.

As used herein, the term “invention” or "disclosed invention” is not meant
to be limiting, but applies generally to any of the inventions defined in the claims
or described herein. These terms are used interchangeably herein.

The terms “saccharide”, "saccharide molecule” and “carbohydrate” are
used interchangeably herein and refer to a disaccharide or oligosaccharide,
urless otherwise noted. A “disaccharide” herein refers 1o a carbohydraie having
two monosaccharides joined by a glycosidic linkage. An “cligosaccharide” herein
refers to a carbohydrate that consists of 2 to 8 monosaccharides, for example,
joined by glycosidic linkages. An oligosaccharide can also be referred to herein
as an “oligomer”. Monosaccharides that are comprised within a disaccharide or
oligosaccharide can be referred 1o as "monosaccharide units” or "monomaeric
units”, for example. Preferred monosaccharides herein are fructose and glucose.

The terms “glycosidic linkage” and "glycosidic bond” are used
interchangeably herein and refer o the type of covalent bond that joins a
carbohydrate molecule to another carbohydrate molecule.

The lerms “alpha-1,3 glucosyl-glucose linkage”, “alpha-1,3 glucose-
glucose linkage” and “glucose-alpha 1,3-glucose” herein refers {o an alpha-1,3-
glycosidic linkage between two alpha-D-glucose molecules. The terms "alpha-
1,6 glucosyl-glucose linkage”, "alpha-1,8 glucose-glucose linkage” and “glucose-
alpha 1,6-glucose” herein refers to an alpha-1,8-glycosidic linkage between two
alpha-D-glucose molecules. Alpha-1,3 glucosyl-glucose linkage(s) and/or alpha-
1.6 glucosyl-glucose linkage(s) herein are comprised within a disaccharide or
oligosaccharide in certain embodiments.

The terms “alpha-1,5 glucosyl-fructose linkage”, “alpha-1,5 glucose-
fructose linkage” and “glucose-alpha-1,5-fructose” herein refers to an alpha-1,5-
glycosidic linkage between an alpha-D-glucose molecule and a fructose
molecule. An alpha-1,5 glucosyl-fructose linkage herein is comprised within a

disaccharide or oligosaccharide in certain embodiments.
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“Alpha-D-glucose” herein can also be referred to as “glucose”.

A disaccharide containing an alpha-1,5 glucosyl-fructose linkage is
referred to herein as leucrose. The terms “leucrose” and "D-glucopyranosyi-
alpha{1-5)}-D-fructopyranose” are used interchangeably herein. Leucrose has the

following structure:

The terms “alpha-glucosidase”, “alpha-1,4-glucosidase”, and “alpha-D-
glucoside glucchydrolase” are used interchangeably herein. Alpha-glucosidases
(BEC 3.2.1.20) ("EC” refers 1o Enzyme Commission number) have previously been
recognized as enzymes that catalyze hydrolytic release of terminal, non-reducing
{1.4)-linked alpha-D-glucose residues from oligosaccharide {e.qg., disaccharide)
and polysaccharide subsirates. Alpha-glucosidases are now disclosed herein to
also have hydrolytic aclivity toward alpha-1,8 glucosyl-fructose linkages, and
hydrolytic activity toward alpha-1,3 and alpha-1,6 glucosyl-glucose linkages.
Transglucosidase and glucoamylase enzymes are examples of alpha-
glucosidases with such activily.

The terms "transglucosidase” (TG), "transglucosidase enzyme”, and “1,4-
alpha-glucan G-alpha-glucosyliransferase” are used interchangeably hersin,
Transglucosidases (EC 2.4.1.24) have previously been recognized as D-
glucosyliransferase enzymes that catalyze both hydrolytic and transfer reactions
on incubation with certain alpha-D-gluco-oligosaccharides. Transglucosidases
are now disclosed herein to also have hydrolytic activity toward alpha-1,5
glucosyi-fructose linkages, and hydrolylic activity toward alpha-1,3 and alpha-1,6
glucosyl-glucose linkages.

The terms “glucoamylase” (GA), “glucoamylase enzyme”, and “alpha-1,4-
glucan glucchydrolase” are used interchangeably herein. Glucoamylases (EC

3.2.1.3) have previously been recognized as exo-acting enzymes that catalyze
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hydrolysis of both alpha-1,4 and alpha-1,6 glycosidic linkages from non-reducing
snds of glucose-containing di-, oligo- and poly-saccharides. Glucoamylases are
now disclosed herein to also have hydrolylic activity toward alpha-1,5 glucosyi-
fructose linkages.

Enzymatic hydrolysis is a process in which an enzymae facililales the
cleavage of bonds in molecules with the addition of the elements of waier.
“Hydrolyzing”, "hydrolysis of, or “hydrolytic activity toward” an alpha-1,3 or alpha
1,6 glucosyl-glucose linkage herein refers {o enzymalic hydrolysis of the alpha-
1,3 or alpha-1,6 glycosidic inkage between two glucose molecules by an alpha-
glucosidase such as a iransglucosidase. Such hydrolysis occurs when
contacting a disaccharide or oligosaccharide containing an alpha-1.3 and/or
alpha-1,6 glucosyil-giucose linkage with an alpha-glucosidase herein under
suitable conditions. Thus, a “hydrolysis reaction” herein comprises at least (i) a
disaccharide or oligosaccharide containing an alpha-1,3 and/or alpha-1,6
glucosyl-glucose linkage(s), and (i) an alpha-glucosidase.

The term “saccharification” herein refers {0 a process of breaking a
saccharide (disaccharide or oligosaccharide) into its monosaccharide
components. A saccharide can be saccharified in a hydrolysis reaction herein.

“Suitable conditions” for contacting a saccharide {disaccharide or
oligosaccharide) comprising at least one alpha-1,3 and/or alpha-1,6 glucosyi-
glucose linkage with an alpha-glucosidase herein refer to those conditions (e.9.,
temperature, pH, time) that support the hydrolysis of one or more alpha-1,3
and/or alpha-1,6 glucosyl-glucose nkages in the saccharide by the alpha-
glucosidase. Suitable conditions can comprise “aqueous conditions”, for
axample, comprising at least 20 wt% water. Aqueous conditions may
characlerize a solution or mixture. The solution or mixture in which a saccharide
comprising at least one alpha-1,3 and/or alpha-1,6 glucosyi-glucose linkage is
contacted with an alpha-glucosidase can be referred 1o as an alpha-glucosidase
reaction, for exampie {.9., a transglucosidase or glucoamylase reaction).

An “immobilized” enzyme herein refers (o an enzyme that is attached to an

inert, insoluble maierial. Methods for preparing immobilized enzymes are
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disclosed, for example, in U.5. Patent No. 5541097, which is incorporated herein
by reference.

The terms “glucan” and "glucan polymer” are used interchangeably herein
and refer io a8 polysaccharide of glucose monomers linked by glycosidic bonds.
Arn “alpha-glucan” herein refers to a glucan polymer comprising at least about
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 1%, 82%, 93%,
94%, 95%, 96%, 97%, 98%, 98%, or 100% alpha-glycosidic linkages.

An “insoluble glucan” herein refers to a glucan polymer that is not soluble
in aguecus conditions. An example of inscluble glucan herein is poly alpha-1,3-
glucan with a DP of at least 8 or 9. A glucosvliransferase reaction in certain
smbodiments as presently disclosed produces at least one insoluble glucan
product.

The terms “soluble glucan”, “soluble alpha-glucan”, “soluble fiber”, “soluble
glucan fiber”, "soluble dietary fiber” and the like are used interchangeably herein
to refer to a glucan polymer that is soluble in aqueous conditions. Examples of
soluble glucan herein are certain oligosaccharides, such as poly alpha-1,3-
glucan with a DP less than 8, and certain oligosaccharides disclosed in the
Examples provided below. A glucosyltransferase reaction in certain
embodiments as presently disclosed produces at least one soluble glucan
product. Another set of features that characlerizes soluble alpha-glucan
compounds in certain embodiments herein is that they are (i) water-soluble
glucose oligomers having a degree of polymerization of 3 or more, {ii) digestion-
resistant {(i.e., exhibit very slow or no digestibility} with little or no absorption in
the human small intestine, and (iil} at least partially fermentable in the lower
gastrointestinal iract. Digestibility of a soluble glucan fiber composition can be
measured using ACAC method 2008.01, for example.

The terms “poly alpha-1,3-glucan” and “asipha-1,3-glucan polymer” ars
used interchangeably hergin. Poly alpha-1,3-glucan is a polymer comprising
glucose monomeric units linked together by glycosidic linkages, wherein at least
about 50% of the glycosidic linkages are alpha-1,3-glycosidic linkages. The term

“alpha-~1,3-glycosidic linkage” as used herein refers to the type of covalent bond
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that joins alpha-D-glucose molecules to each other through carbons 1 and 3 on
adjacent alpha-D-glucose rings.

The "molecular weight” of a glucan herein can be represented as number-
average molecular weight (M,) or as weight-average molecular weight (M,,}).
Alternatively, molecular weight can be represented as Daltons, grams/muole, DF,
{weight average degree of polymerization), or DP,, (number average degree of
polymerization}. Various means are known in the art for calculating these
molecular weight measurements such as with high-pressure liguid
chromatography (HPLC), size exclusion chromatography (SEC}, or gel
permeation chromatography (GPC).

LS LI

The terms “glucosyliransierase enzyme”, “gif enzyme’, “gtf enzyme
catalyst”, “gif’, “glucansucrase” and the like are used interchangeably herein.
The aclivity of a gif enzyme herein catalyzes the reaction of sucrose subsirate to
make the products glucan and fructose. Other products {(byproducts) of a gif
reaction can include glucose (resulis from when glucose is hydrolyzed from the
glucosyl-gtf enzyme intermediate complex), variocus soluble oligosaccharides
{e.g., DP2-DPT), and leucrose (results from when glucose of the glucosyl-gtf
enzyme intermediate complex is linked to fructose). Wild type forms of
glucosyltransferase enzymes generally contain {(in the N-terminal to C-terminal
direction) a signal peplide, a variable domain, a catalytic domain, and a glucan-
binding domain. A glucosyltransferase herein is classified under the glycoside
hydrolase family 70 (GH70} according to the CAZy (Carbohydrate-Active
Enfymes) database (Cantarel et al., Nucleic Acids Res. 37:D233-238, 2008).

The term "sucrose” herein refers 1o a non-reducing disaccharide
composed of an alpha-D-glucose molecule and a beta-D-fructose molecule linked
by an alpha-1,2-glycosidic bond. Sucrose is known commonly as table sugar.

The terms “glucan synthesis reaction”, “glucan reaction” “gif reaction” and
the like are used interchangeably herein and refer {0 a reaction that is performed
by a glucosvyitransferase enzyme. A glucan synthesis reaction as used herein
generally refers o a solution comprising al least one active glucosyliransferase

enzyme in a solution comprising sucrose and water, and optionally other
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components. Other components that can be in a glucan synthesis reaction
herein include fructose, glucose, leucrose, soluble oligosaccharides (e.g., DP2-
DP7}, and soluble glucan product(s}, for example. Also, one or more alpha-
glucanohydrolase enzymes can be comprised in a glucan synthesis reaction in
some aspects. It would be understood that certain glucan products, such as poly
alpha-1,3-glucan with a degree of polymerization (DP) of atleast 8 or 8, are
water-insoluble and thus are not dissolved in a glucan synthesis reaction, bul
rather may be present out of solution.

The lerms "alpha-glucanchydrolase” and “glucanchydrolase” are used
interchangeably herein and refer (0 an enzyme capable of hydrolyzing an alpha-
glucan oligomer. An alpha-glucanohydrolase can be defined by iis
endohydrolysis activily towards certain alpha-D-glycosidic linkages. Examples of
alpha-glucanchydrolase enzymss herein include dextranases (EC 3.2.1.11;
capable of endohydrolyzing alpha-1,6-linked glycosidic bonds), mutanases (EC
3.2.1.59; capable of endohydrolyzing alpha-1,3-linked glycosidic bonds), and
alternanases (EC 3.2.1.-; capable of endohydrolytically cleaving alternan).
Various factors including, but not limited to, level of branching, the type of
branching, and the relative branch length within certain alpha-glucans may
adversely impact the ability of an alpha-glucanchydrolase to endohydrolyze
some glycosidic linkages.

The “percent dry solids” of a glucan synthesis reaction refers to the wi% of
all the sugars in a glucan synthesis reaction. The percent dry solids of a gif
reaction can be calculated, for example, based on the amount of sucrose used o
prepare the reaction.

A “fraction” of a glucan synthesis reaction herein refers o a liquid solution
portion of 3 glucan synthesis reaction. A fraction can be a portion of, or ali of, the
figuid solution from a glucan synthesis reaction, and has been separated from a
soluble or insoluble glucan product synthesized in the reaction. A fraction can
optionally be referred {0 as a “mother liquor” in embodiments in which the product
is an insoluble {solid) glucan product. An example of a fraclion is g fillrale of &

glucan synthesis reaction. Since a fraction can contain dissolved sugars such as
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sucrose, fructose, glucose, leucrose, soluble oligosaccharides {e.g., DP2-DP7), a
fraction can also be referred o as a “mixed sugar solution” derived from a glucan
synthesis reaction. A “hydrolyzed fraction” herein refers to a fraction that has
heen treated with an alpha-glucosidase herein to hydrolyze leucrose and/or
oligosaccharides present in the fraction.

The terms “filtrate”, "glucan reaction filtrate”, “glucan filirate” and the kike
are used interchangeably herein and refer {0 a fraction that has been fillered
away from a solid glucan product synthesized in a glucan synthesis reaction. A
“hydrolyzed filtrate” herein refers 1o a {ilirate that has been treated with an alpha-
glucosidase herein to hydrolyze leucrose and/or oligosaccharides present in the
filrate.

The terms “percent by volume”, “volume percent”, “vol %7, “viv % and the
fike are used interchangeably herein. The percent by volume of a solute in a
solution can be determined using the formula: [{volume of solute){volume of
sotution}] x 100%.

The terms “percent by weight”, "weight percentage (wi%)", “weight-weight
percentage (% wiw)’ and the like are used interchangeably herein. Percent by
weight refers to the percentage of a material on a mass basis as it is comprised
in a composition, mixiure, or solution. All perceniages herein are weight
percentages, uniess otherwise noted.

As used herein, “polydispersity index”, "PDI", "heterogeneity index’,
“dispersity” and the like refer to a measure of the distribution of molecular mass
in a given polymer {8.g., a glucose oligomer such as a soluble alpha-glucan)
sample and can be calculated by dividing the weight average molecular weight
by the number average molecular weight (PDl= Mu/M,).

The terms “increased”, “enhanced” and “improved” are used
interchangeably herein. These terms refer to a greater guantity or activity such
as a quantity or activity slightly greater than the original quantity or activity, or a
quantity or aclivity in large excess compared to the original quantity or activity,
and including all quantities or activities in between. Alternatively, these terms

may refer to, for example, a quantity or aclivity that is at least 1%, 2%, 3%, 4%,

14



10

15

20

30

WO 2015/130881 PCT/US2015/017644

5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%
or 20% more than the quantity or aclivity for which the increased quantity or
activity is being compared.

The terms “sequence identity” or “identity” as used herein with respect to
polynuciectide or polypeptide sequences refer {0 the nucleic acid bases or amino
acid residues in two sequences that are the same when aligned for maximum
correspondence over a specified comparison window. Thus, "percentage of
sequence identily” or "percent identity” refers o the value determined by
comparing two optimally aligned sequences over a comparison window, wherein
the portion of the polynucleotide or polypeptide sequence in the comparison
window may comprise additions or deletions {i.e., gaps) as comparad o the
reference sequence {(which does not comprise additions or deletions) for optimal
alignment of the two sequences. The percentage is calculated by determining
the number of positions at which the identical nucleic acid base or amino acid
residue occurs in both seguences {o yield the number of maiched positions,
dividing the number of maiched positions by the total number of positions in the
window of comparison and muliiplying the results by 100 to yield the percentage
of sequence identily.

The Basic Local Alignment Search Tool (BLAST) algorithm, which is
available online at the National Center for Biotechnology Information (NCBI}
website, may be used, for example, to measure percent identity between or
among two or more of the polynucleotide sequences (BLASTN algorithm) or
nolypeptide sequences (BLASTP algorithm) disclosed herein. Allernatively,
percent identity between sequences may be performed using a Clusial
algorithm (e.g., ClustalW or ClustalV). For multiple alignments using a Clustal
method of alignment, the defaull values may correspond to GAP PENALTY=10
and GAP LENGTH PENALTY=10. Default parameters for pairwise alignments
and calculation of percent identity of protein sequences using a Clustal method
may be KTUPLE=1, GAP PENALTY=3, WINDOW=5 and DIAGONALS
SAVED=5. For nucleic acids, these parameters may be KTUPLE=2, GAP
PENALTY =5, WINDOW=4 and DIAGONALS SAVED=4. Altermnatively still,
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percent identity between sequences may be performed using an EMBOSS
algorithm {e.g., needle) with parameters such as GAP OPEN=10, GAP
EXTEND=0.5, END GAP PENALTY=false, END GAP OPEN=10, END GAP
EXTEND=0.5 using a BLOSUM matrix (s.g., BLOSUMB2).

Various polypeptide amino acid sequences are disclosed herein as
features of certain embodiments. Variants of these sequences that are at least
about 70-85%, 85-80%, or 80%-985% tdentical to the sequences disclosad herein
can be used. Allernatively, 3 variant amino acid seguence can have al least
70%, 71%, 72%, 73%, 74%, 75%, 78%, 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 83%, 94%, 85%, 86%, 97%,
98% or 88% identity with a sequence disclosed hersin. A variant amino acid
sequence herein has the same function/activity of the disclosed sequence, or at
least about 85%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 89% of the function/activity of a disclosed sequence.

The term "isolated” as used in certain embodiments refers to any cellular
component that is completely separated from s native source {e.g., an isolaled
polynuclectide or polypeptide molecule). In some instances, an isolated
nolynucleotids or polypeptide molecule is part of a greater composition, buffer
system or reagent mix. For example, the isolaled polynucleotide or polypeptide
molecule can be comprised within a cell or organism in a heterologous manner.
Another example is an isolated alpha-glucosidase {e.g., glucocamylase,
transglucosidase), or glucosyltransferase enzyme. The enzyme reactions {(e.g.,
alpha-glucosidase reaction, glucosyliransferase reaction) disclosed hergin are

synthetic, non-naturally ocourring processes.

Embodiments of the disclosed invention concern a method of hydrolyzing
an alpha-1,3 or alpha-1,6 glucosyi-glucose linkage in a saccharide comprising at
least one alpha-1,3 or alpha-1,6 glucosyl-glucose linkage. The saccharide is a
disaccharide or oligosaccharide. This method comprisas contacting the

saccharide with an alpha-glucosidase enzyme under suilable conditions. in the
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contacting step, the alpha-glucosidase enzyme hydrolyzes at least one alpha-1,3
or alpha-1,6 glucosyl-glucose linkage of the saccharide. Due to this hydrolysis,
the amount of the saccharide is reduced compared to the amount of the
saccharide that was present prior io the contacting step. Thus, this hydrolysis
method can altemnatively be referred {0 as a method of reducing the amount of a
saccharide in a composition.

Significantly, it is believed {0 be previously unknown that alpha-
glucosidase enzymes can hydrolyze alpha-1,3 and alpha-1,6 glucosyl-glucose
finkages. Alpha-glucosidase reactions following this hydrolysis method can thus
be used to remove oligosaccharide byproducts containing these glucose-glucose
linkages from a glucan synthesis reaction and/or a fraction oblained therefrom.
Such remaval represents an improvement over chemical processes of byproduct
removal, such as acid hydrolysis, which can result in degradation of glucan
product. Finally, a glucan reaction fraction that is treated according to the above
hydrolysis method is better-suited for downstream applications such as
fermentation, for example, since the level of glucose monogsaccharides is
increased in the fraction. Monosaccharides are generally more tractable for

downstream processes compared to oligosaccharide byproducts.

An alpha-glucosidase (EC 3.2.1.20) is used in embodiments herein to
hydrolyze alpha-1,3 and/or alpha-1,6 glucosyl-glucose linkages in a saccharide
comprising at least one of these linkages. Alpha-glucosidase enzymes have
previously been recognized to calalyze hydrolytic release of terminal, non-
reducing (1,4 )-linked alpha-D-glucose residues from oligosaccharide (e.g.,
disaccharide) and polysaccharide subsirates. These enzymes are now disclosed
herein 10 also have hydrolytic activity foward alpha-1,3 and alpha-1,6 glucosyi-
glucose linkages, for example.

An alpha-glucosidase can be from any source {(e.g., plani, animal, microbe
such as a bacteria or fungus/yeast), for example, such as those sources
disclosed below from which a transglucosidase and/or glucoamylase can be

derived. For example, an alpha-glucosidase can be a fungal alpha-glucosidase.
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Other examples of suitable alpha-glucosidases herein include those disclosed in
U.S. Patent Nos. 6355467, 5822580, 5795766, 5763252, and 8633008, which
are all incorporated herein by reference.

An alpha-glucosidase enzyme in cerain embodiments herein may
comprise the amino acid sequence of SEQ 1D NO:5, 6, 8, 8, 11, 12, 14, 15, 17,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or that of DIAZYME RDF ULTRA
{(DuPont Industrial Biosciences). Allernatively, an alpha-glucosidase enzyme
may comprise an amino acid seguence thatl is at least about 80%, 81%, B2%,
93%, 94%, 95%, 96%, 97%, 98%, or 9% identical o SEQ D NG5, 6, 8, 9, 11,
12,14, 15, 17, 18, 20, 22, 24, 26, 28, 30, 32, 34, 38, 38, or to the amino acid
sequence of DIAZYME RDF ULTRA, and have hydrolylic aclivity toward alpha-
1.3 and/or alpha-1,6 glucosyl-giucose linkages in saccharides. Several of the
foregoing sequences, for sxample, are mature alpha-glucosidases that lack an
N-terminal signal peplide. For such sequences, it would be understood that an
N-terminal start-methionine would typically be added (if necessary) (directly or
via an intervening heterologous amino acid sequence such as an epilope) if
expressing it without using a signal peptide {(such as with an expression sysiem
where the enzyme is expressed intracellularly and obtained from a cell lysale).

Atransglucosidase (EC 2.4.1.24; 1 4-alpha-glucan &-alpha-
glucosvitransierase) can be used in certain embodimenis herein as an alpha-
glucosidase o hydrolyze alpha-1,3 and/or alpha-1,6 glucosyl-glucose linkages in
a saccharide comprising at least one of these linkages. This class of enzymes
has previously been recognized as B-glucosyliransferase enzymes that catalyze
hydrolylic and transfer reactions on incubation with certain alpha-D-gluco-
oligosaccharides. Transglucosidases as now disclosed herein also have
hydrolytic aclivity toward alpha-1,3 and alpha-1,6 glucosyl-glucose linkages.

A transglucosidase enzyme herein may be derived from any microbial
source, such as a bacteria or fungus. Examples of fungal transglucosidases
include, but are not limited to, those of Trichodenmna species {e.g., T. reesei),
Aspergilus species and Neosariorys species {(e.q., N. fischeri). Examples of

Aspergilius species from which a transglucosidase may be derived include, but
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are not limited to, A. niger, A. awamori, A. oryzae, A, ferreus, A. clavalus, A.
fumigatus and A. nidulans. Other examples of transglucosidase enzymes ussiul
herein are described in Barker et al. (1953, J. Chem. Soc. 3588-3593); Pazur et
al. {1886, Carbohydr. Res. 148:137-147), Nakamura el al. {1887, J. Biofechnol.
53:75-84), and U.8. Patent Appl. Publ. No. 2008/0229514, all of which are
incorporated herein by reference. Still other examples of transglucosidase
anzymes useful herein are those that are thermostable; U.S. Patent No.
4589296, which is incorporated herein by reference, discloses a process for
nroducing thermostable transglucosidase. Yel more examples of
transglucosidase enzymes useful herein may be any of those in the GENBANK
database (NCBI!), such as accession numbers: D45358 (GID:2645158, A, niger),
BADOB00G. 1 {GiD:4031328, A, awamor), BAADBIZ25.1 (GID: 10545865, A.
oryzae), XP_001210808.1 (GID: 115482363, A. lerreus), XP_001216888.1
(GID115433524, A, terreus), XP_001271891.1 (GID: 121707620, A. clavatus),
XP 751811.1 (GID:70983928, A. fumigatus), XP_859621.1 (GID:67523121, A
nidulans), XP_001266808.1 (GID: 118500484, N. fischeri) and XP_0012585851
(GID118473371, N. fischer), which are all incorporated herein by reference.
Alternatively, a transglucosidase herein may have an aming acid sequence that
is at least 90% or 85% identical with the amino acid sequence of any of the
foregoing disclosed transglucosidase sequences, and have hydrolytic activity
toward alpha-1,3 and/or alpha-1,6 glucosyl-glucose linkages in saccharides. All
of the foregoing transglucosidases, when used in a hydrolysis reaction herein,
are preferably in a mature form lacking an N-terminal signal peptide.

A transglucosidase enzyme in cerlain embodiments herein may comprise
the amino acid sequence of SEQ 1D NOH {TG L-2000), which is an A. niger
transglucosidase {(U.S. Patent Appl. Publ. No. 2008/0228514). Aliernatively, a
transglucosidase may comprise an amino acid sequence that is at least about
90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 88%, or 89% identical o SEQ ID
NO:1 and have hydrolytic aclivity toward alpha-1,3 and/or alpha-1,6 glucosyi-
glucose linkages in saccharides. Any of SEQ 1D NO:1 or variants thereof can be
produced following the disclosure of U.S. Patent Appl. Publ. No. 2008/02298514,
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for example, which is incorporated herein by reference. SEQ IDNG:1is a
mature ransglucosidase that lacks an N-terminal signal peptide. Since SEQ 1D
NO:1 does not begin with a methionine residue, it would be understood that an
N-terminal start-methionine would typically be added to SEQ D NO:1 (directly or
via an inlervening heterologous amino acid sequence such as an epitope) if
expressing i without using a signal peptide (such as with an expression system
where the enzyme is expressed intracellularly and oblained from a cell lysate).

A glucoamylase (EC 3.2.1.3; alpha-1,4-glucan glucohydrolase) can be
used in certain embodiments herein as an alpha-glucosidase. For example, a
gluccamylase can be included with a transglucosidase in each of the hydrolysis
reaction settings/conditions disclosed herein. [n this context, a glucocamviase can
be used to hydrolyze (i) an alpha-1,5 glucosyl-fructose linkage, and/or (i) an
alpha-1.3 and/or alpha-1,6 glucosyi-glucose linkage present in a saccharide
containing any of these linkage types. This class of enzymes has previously
been recognized as exo-acling enzymes that catalyze hydrolysis of both alpha-
1.4 and alpha-1,6 glycosidic linkages from non-reducing ends of glucose-
containing di-, oligo- and poly-saccharides. Glucoamylases as now disclosed
herein also have hydrolytic activity toward alpha-1.5 glucosyl-fructose linkages.
in certain embodiments, an alpha-glucosidase is not a glucoamylase.

A glucoamylase enzyme herein may be derived from any microbial
source, such as a bacteria or fungus. Examplas of bacterial gluccamylases
include, but are not limited to, those of Bacifius species {e.q., B. alkalophiius, B.
amyloliguefaciens, B. lentus, B. licheniformis, B. stearothermophilus, B. sublilis,
8. thuringiensis) and Streptomyces species (e.g., S. lividans). kExamples of
fungal glucocamylases include, but are not limited 1o, those of Trichoderma
species {(e.q., T. reesei, 1. longibrachiatum, T. strictipilis, T. asperefium, T.
konilangbra, T. hazianum), Aspergiifus species {e.g9., A. niger, A. oryzae, A.
terreus, A. clavatus, A. nidulans, A, kawachi, A. awarmon), Rhizopus specias
{e.g., R oryzae, K. niveus), Talaromyces species {e.g., T. emersonii, T.
thermophilus, T. dupontiy, Mucor species, Hypocrea species {e.g., H. gelatinosa,

H. orientalis, H. vinosa, H. citrina), Fusarium species {(e.q., F. oxyspoium, F.
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rogseum, F. venenatum), Neurospora species (e.q., N. crassa), Humicola species
{e.g., H. grisea, H. insolens, H. lanuginose), Penicillium species {e.g., P.
notatum, FP. cirysogenum) and Saccharomycopsis species {(e.q., S. fibuligera).
Examples of these bacterial and fungal glucoamylases for use herein are
disclosed in U.S. Pat. Appl. Publ. No. 2013/0102035, which is incorporated
herein by reference. Other examples of glucocamylase enzymes useful herein
are described in Svensson el al. (1983, Carlsberg Res. Commun. 48:528-544),
Boel et al. (1984, EMEBO J. 3:1087-1102); Hayashida et al. (1889, Agric. Biol.
Chem. 53:823-829);, U.&. Pat. No. 5024941, U.S. Pat. No. 4784175, U8, Pal.
No. 4247637, U.S. Pat. No. 6255084, U .S Pat. No. 6620924, Ashikari et al.
{1886, Agric. Biol. Chem. 50:957-864), Ashikari et al. (1988, Appl. Microbiol.
Biotechnol 32:128-133), U.S. Pat. No. 4863864; U. 8. Pat. No. 4618579,
Houghton-Larsen et al. (2003, Appl. Microbiol. Biotechnol. 62:210-217) and U.S.
Pat. No. 7413887, all of which are incorporated herein by reference.
Alternatively, a glucoamylase herein may have an amino acid sequence thatis at
least 80% or 85% identical with the amino acid sequence of any of the foregoing
disclosed glucoamylase sequences, and have hydrolytic aclivity toward (i) alpha-
1,5 glucosyl-fructose linkages and/or {ii) aipha-1,3 and/or alpha-1,6 glucosyi-
glucose linkages. All of the foregoing glucocamylases, when used in a hydrolysis
reaction herein, are preferably in a mature form lacking an N-terminal signal
peptide. Commercially available glucoamylases useful herein include OPTIDEX
L-400, GC 147, GC 321, G ZYME G880 4X, OPTIMAX 7525, DEXTROZYME,
DISTILLASE and GLUCZYME, for example.

A glucoamylase enzyme in certain embodiments herein may comprise the
amino acid sequence of SEQ ID NO:2 (GC 321, which is a 7. reese)
glucoamylase. Alternatively, a glucoamylase may comprise an amino acid
sequence that is al least about 80%, 91%, 92%, 83%, 94%, 85%, 96%, 97%.
98%, or 99% identical to SEQ 1D NO:2 and have hydrolytic activily toward (i)
aipha-1,5 glucosyi-fructose linkages and/or (i) alpha-1,3 and/or alpha-1.6
glucosyl-glucose linkages. Any of SEQ 1D NO.2 or variants thereof can be
produced Tollowing the disclosures of U.S. Pal. No. 7413887 or U.5. Pat. Appl.
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Publ. No. 2013/0102035, for example, which are incorporated herein by
reference. SEQ D NO:Z is a mature gluccamylase that lacks an N-terminal
signal peptide. Since SEQ 1D NO:2 does not begin with a methionine residug, i
would be understood that an N-terminal start-methionine would typically be
added to SEQ 1D NO:2 (directly or via an inlervening heterologous amino acid
sequence such as an epilope) if expressing il without using a signal peptide
{such as with an expression system where the enzyme is expressed
intraceliularly and obtained from a cell lysaie).

An alpha-glucosidase enzyme herein such as a transglucosidase or
glucoamylase may be from a commercial source (.., DuPont Industrial
Biosciences / Genencor, USA; Megazyme International, lreland; Amano Enzyme
nc., Japan). Alternatively, such an enzyme may be produced by any means
known in the art, such as described in U.S. Pat. Appl. Publ. No. 2008/0228514,
U.S. Pat. No. 7413887 or UL.S. Pat. Appl. Publ. No. 2013/0102035, which are
incorporated herein by reference. For example, an alpha-glucosidase may be
produced recombinantly in a heterologous expression system, such as a
microbial or fungal heterologous expression system. Examples of heterologous
aexpression systems include bacterial {e.q., £. cofi, Bacilius sp.} and sukaryotic
systems. Eukaryolic systems can employ yeast {e.g., Pichia sp.,
Saccharomyces sp.) or fungal {e.q., Trichoderma sp. such as 1. reesei,
Aspergillus species such as A. niger) expression systems, for example. The
transglucosidase of SEQ 1D NO:1 and glucocamylase of SEQ 13 NG.2, and
variants thereof, can be expressed in a 7. reese/ host, for example.

An alpha-glucosidase enzyme when used in a hydrolysis reaction herein is
preferably in 2 mature form lacking an N-terminal signal peplide. An expression
system for producing a mature alpha-giucosidase enzyme herein may employ an
enzyme-encoding polynuclectide that further comprises sequence encoding an
N-terminal signal peptide {o direct extra-cellular secretion. The signal peptide in
such embodiments is cleaved from the enzyme during the secretion process.
The signal peptide may either be native or heterologous to the transglucosidase

or glucoamylase. Aliernatively, an alpha-glucosidase enzyme in a mature form
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can be provided by expressing it without using a signal peplide, such as with an
expression system where the enzyme is expressed intracellularly and obtained
from a cell lysale. in either scenario (secretion or intracellularly expressed), a
heterologous aming acid sequence such as an epitope can optionally be included
at the N-terminus of the alpha-giucosidase.

An alpha-glucosidase enzyme in cerfain embodiments may be provided in
a hydrolysis reaction hergin by direct use of a cell thal expresses the enzyme(s).
in other words, an alpha-glucosidase that is contacted with a saccharide can be
nresent by virtue of its expression from a cell placed in the suitable conditions for
hydrolysis. Such a cell could thus be used in place of adding an isolated alpha-
glucosidase preparation to the hydrolysis reaction. A cell for this purpose can be
a bacterial, yeast, or fungal cell, for example. Examples of yeas! include those
from the genera Saccharomyces (e.q., S. cersvisiae), Kiuyveromyces, Candida,
Fichia, Schizosaccharomyces, Hansenula, Kioeckera, and Schwanniomyces,
Other expression systems useful herein are disclosed in U.S. Paient. Appl. Publ.
No. 2013/0323822, which is incorporated herein by reference.

A saccharide herein comprises at least one alpha-1,3 or alpha-1,6
glucosyl-glucose linkage. Thus, depending on the length of the saccharide, it
may contain 1, 2, 3, 4, 5, 6, 7, or 8 alpha-1,5 glucosyl-glucose linkages, for
example. A saccharide preferably contains 1, 2, or 3 linkages of this type. A
saccharide in other preferred embodiments only has alpha-1,3 and/or alpha-1,6
glucosyl-glucose linkages. In other embodiments, a saccharide can have one or
maore alpha-1,5 glucosyl-iructose linkages.

Since a saccharide herein comprises at least one alpha-1,3 or alpha-1,8
glucosyl-glucose linkage, the saccharide comprises at least two glucose uniis. In
certain embodiments, a saccharide herein comprises only glucose units, or both
glucose and fructose units. Such a compaosilion may characlerize the
disaccharide and oligosaccharide byproducts of a glucan synthesis reaction.
Alternatively, a saccharide hersin may contain other monosaccharides in addition

to glucose and fruciose, such as galactose, ribose and xylose.
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A saccharide hydrolyzed in certain embodiments of the disclosed
invention can be an oligosaccharide. An oligosaccharide herein can have, for
example, 2, 3,4, 5, 6, 7, 8, or 9 monosaccharide units. As would be understood
in the art, an oligosaccharids herein can be referenced with respect o its degree
of polymerization {BP) number, which specifies the number of monomeric unils in
the oligosaccharide. A DP3 oligosaccharide has 3 monomeric units, for example.
Thus, the oligosaccharide can be a DP3, BP4, DP5, DPg, DP7, DPE, or DR
oligosaccharide, for example. The DP of a3 saccharide in certain embodimenis is
Jto7 (ie., DP 37}

An oligosaccharide herein with 3 or more monosaccharide units, for
sxample, can comprise other linkages in addition o at least one alpha-1,3 or
alpha-1,6 glucosyi-glucose linkage. For example, there may ailso be one or mors
alpha-1,5 glucosyi-fructose linkages in the oligosaccharide, which are also
susceptible to hydrolysis by alpha-glucosidases as shown hergin.

An oligosaccharide in certain embodiments comprises only glucose
monomers linked by alpha-1,3 and/or alpha-1,6 glycosidic linkages. Thus, such
oligosaccharides comprise only alpha-1,3 glucosyi-glucose and/or alpha-1.6
glucosyil-glucose linkages. Examples of such an oligosaccharide contain only
alpha-1,3 linkages or alpha-1,6 linkages. An oligosaccharide can comprise at
least 85%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 989% glucosyl-glucose linkages in certain embodiments. In other
embodiments, there can be about 75-85% alpha-1.3 glucosyl-glucose linkages
and about 15-25% alpha-1,6 glucosyl-glucose linkages in cligesaccharides
herein. Allernatively, oligosaccharides herein can comprise any percentage {(any
integer value between 1% and 88%;) of alpha-1,3 glucosyl-glucose linkages and
any percentage {(any integer value between 1% and 98%) of alpha-1,6 glucosyl-
glucose linkages, just so long that the total of these percentages is not greater
than 100%. Any of these oligosaccharides can be in a fraction from a glucan
synthesis reaction that produces (i} an insoluble alpha-glucan {e.q., poly alpha-
1.3-glucan), or (it} a soluble alpha-glucan producdt, for example. This linkage

corttent can characierize (i} each oligosaccharide individually, or (i) a group of
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oligosaccharides (i.e., average linkage content). Oligosaccharides comprising
only glucose monomers linked by alpha-1,3 and/or alpha-1,6 glycosidic linkages
can be DP2-DP7, or DP3-DP7, for example. It should be understood that the
axact distribution of linkages in oligosaccharides can vary depending on the
conditions of the glucan synthesis reaction {e.g., gtf enzymae)} producing
oligosaccharide byproducts. It should further be understood that the exact
linkage distribution is not critical to the presently disclosed methods.

The Examples herein demonsirate that alpha-glucosidases {(e.g.,
transglucosidase and glucoamylase enzymes) can hydrolyze both {i) leucrose,
which comprises an alpha-1,5 glucosyl-fructose linkage, and (i) oligosaccharides
comprising only alpha-1,3 glucosyl-glucose and/or alpha-1,6 glucosyl-glucose
finkages. Thereforg, an alpha-glucosidase can be used, for example, in a
reaction for hydrolyzing alpha-1,5 glucosyl-fructose linkages, alpha-1,3 glucosyi-
glucose linkages and/or alpha-1,8 glucosyl-glucose linkages

At feast one alpha-1,3 or alpha-1,6 glucosyl-glucose linkage in a
saccharide herein can be hydrolyzed by an alpha-glucosidase herein.
Alternatively, i is believed that 2, 3, 4, 5, or more of such linkages in a
saccharide can be hydrolyzed by an alpha-glucosidase, for example. Hydrolysis
of at least one alpha-1,3 or alpha-1,6 glucosyl-glucose linkage can occur at the
non-reducing-end of a saccharide in certain embodiments.

The amount of a saccharide is reduced in the disclosed hydrolysis method
compared to the amount of the saccharide that was present prior to the
contacting step. This reduction results from hydrolytic cleavage of at least one
alpha-1,3 or alpha-1,6 glucosyl-glucose linkage in the saccharide. The amount
{e.g., concentration) of a saccharide after the contacting step in a hydrolysis
method herein can be less than about 1%, 2%, 3%, 4%, 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, or 80% {(or any integer value between 1% and 80%)
of the amount of the saccharide that was present prior to the contacting step
{prior 1o contacting alpha-glucosidase with a saccharide under suilable

conditions}.
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The amount of a saccharide is reduced in the disclosed hydrolysis method
compared o the amount of the saccharide that was present prior to the
corttacting step. It would be understood that such a comparison can be made in
any number of ways. For example, the saccharide concentration can be
measured both before and afler performing the hydrolysis method. Alternatively,
the comparison can be made with respect to g control reaction having the same
conditions, except that an alpha-glucosidase as presently disclosed is not added

{o the control reaction.

An alpha-glucosidase in certain embodiments herein may be immobilized.
The enzyme may be immohilized using any method and/or means known in the
art, such as those disclosed in U.S. Pat. Nos. 55410987 and 4713333, both of
which are incorporated herein by reference. For example, one or more enzymes
can be immobilized by contacting the enzyme(s) with a solution of an amine-
reaclive maierial {e.q., glutaraldehyde) to form an adduct {e.g., enzyme-
glutaraldehyde adduct), after which the adduct is bonded {0 a solid camrier that
has been treated with a polvamine {e.g., a polyethylenimine such as EPOMIN P-
1050).

A solid carrier (solid support) to which an alpha-glucosidase enzyme can
be immobilized in certain embodiments can be an inorganic or organic material.
Such materials include, for example, gamma-alumina, tilania, activated granular
carbon, granular diatomaceous earth, glass beads, porous glass, pumice-sione,
silica gel, metal oxide and aluminum oxide.

A polyamine can be used to treat a solid carrier such that subsequent
axposure of the solid carrier 1o an adduct comprising an enzyme and amineg-
reactive material leads to attachment of the enzyme 1o the solid carrier.
Examples of polyamines useful herein include polyethylenadiamine, a
polyethylenimine (e.g., polydiethylenetriaming, polylriethylenetstramine,
polypentaethylenehexamine, polyhexamethylenediamine),
polymethylenedicyclohexylamine, polymethylenedianiline,

polytetraethylenepentamine, polyphenylenediamine and blends of two or more of
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these polyamine compounds. Preferred polyamines are water-soluble and/or
have a molecular weight of about from 500 to 100,000 Daltons. A
polysthylenimine such as EPOMIN P-1050 can be used in certain embodiments.

An amine-reactive material useiul for preparing an adduct comprising an
enzyme herein can be, for example, an aldehyde, organic halide, anhydride, azo
compound, isothiocyanate, and/or isocyanale. Examples of these amine-reaclive
materials include glutaraldehyde, succindialdehyde, terephthaldehyde, bis-
diazobenzidine-2,2’-disulionic acid, 4,4’-difluore-3,3 -dinitrodiphenyisulione,
diphenyl-4 4 -dithiocyanate-2,2’-disulfonic acid, 3-methoxydiphenylimethane-4,4'-
diisocyanate, ioluene-2-isocyanate-4-isothiocyanate, toluene-2,-4-
diisothiocvanate, diszobenzidine, diazobenzidine-3,3 -dianisidine, N,N’-
hexamethylene bisiodoacetamide, hexamethylene diisocyanale, cyanuric
chloride, and/or 1,5-difluorc-2,4-dinitrobenzene. Preferably, the amine-reactive
material is an aldehyde such as glutaraldehyde.

An alpha-glucosidase enzyme adducted with an amine-reactive compound
can be contacted with a polyamine-treated solid carrier, thereby immobilizing the
enzyme onto the solid carrier. An immobilized enzyme herein can be employed
in various reactor systems, such as in a column {e.g., packed column) or stirred

tank reactor, for performing hydrolysis reaction as disclosed herein.

Suilable conditions for contacting a saccharide herein with an alpha-
glucosidase {e.q., iransglucosidase) are those conditions that support the
hydrolysis of one or more alpha-1,3 or alpha-1.6 glucosyl-glucose linkages in the
saccharide by the alpha-glucosidase. bExamples of suitable conditions are
disclosed in the below Examples. Condilions {e.g., temperature, pH, time} for
contacting an alpha-glucosidase with a sugar substrale are also disclosed in U.S.
Pat. Appl. Publ. No. 2008/0229514, U.3. Pat. No. 7413887 and U.S. Pat. Appl.
Publ. No. 2013/0102035 (all of which are incorporated heresin by reference), and
may also be applicable {o the disclosed hydrolysis method.

The disaccharides and oligosaccharides in the disclosed hydrolysis

method are typically soluble in water or an agueous solution. Thus, contacting a
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saccharide herein with an alpha-glucosidase is preferably performed under
suitable conditions that are agueous, in which the saccharide is dissolved.
Agueous conditions can characterize a solution or mixture comprising at least
about 20 wi% water. Alternatively, aguecus conditions herein are at least about
20, 30, 40, 50, 60, 70, 80, 85, 90, or 95 wi% waler {or any integer value belween
20 and 95 wi%), for example. Aqueous conditions can further comprise a buffer,
for example, such as an acidic, neutral, or alkaline buffer, at a suitable
concentration and selected based on the pH range provided by the buffer.
Examples of buffers/buffering agents include citrate, acetate (e.g., sodium
acetate), KH:PQ,, MOPS, CHES, borale, sodium carbonate, and sodium
bicarbonate.

The pH of a hydrolysis reaction hersin can be about 3.0 10 8.0, for
axample. Hydrolysis reaction pH can be, for example, about 3.0, 3.5, 4.0, 4.5,
50,55 60,65 70,75, 80,85 or 8.0, Allernatively, the pH can be about 4-5.
Techniques for setling pH include the use of buffers, alkalis, and/or acids, for
axample, and are well known in the arl.

The temperature of 8 hydrolysis reaction herein can be about 20 °C 1o
about 80 °C, for example. Hydrolysis reaction temperature can be, for example,
about 20, 30, 40, 50, 80, 70, or 80 °C {or any integer value between 20 and 80
°C). A hydrolysis temperature of about 80 °C, 85 °C, or 80-85 °C is preferred in
certain embodiments.

A hydrolysis reaction herein can be performed for a period of al least
about 10 minutes to about 80 hours, for example. The time of a hydrolysis
reaction can be, for example, atleast about 0.5, 1, 2, 3, 4, 8, 12, 16, 20, 24, 30,
38, 42, 48, 54, 60, 88, 72, 78, 84, or 90 hours {or any integer value between 0.5
and 72 hours). In certain embodimentis, a hydrolysis reaction can be performed
in less than 4 hours {2.g., 0.5-4 hours) for example. The time period reguired (o
achieve a desired level of hydrolysis will vary on the exact conditions used, and
would be understood by one skilled in the art. For exampile, increasing the
amount of enzyme added to a reaclion or immobilized on a solid support used in

a regction will reduce the coniact time.
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One or more of alpha-glucosidase enzymes herein may be used in a
hydrolysis reaction in certain embodimenis. Both a transglucosidase and
glucoamylase can be used in a reaction, for example. The amount of an alpha-
glucosidase in a hydrolysis reaction herein can be plus/minus 10% to 20% (or
5% to 10%) from any of the amounts used in the Examples below {e.g., Example
23, for example. Alternatively, about 0.1-0.5 vol% or 0.1-1.0 vol% of alpha-
glicosidase can be used in a hydrolysis reaction. Alternatively stili, an alpha-
glucosidase herein can be used at aboul, oratleastaboul, 1,2, 3,4,5,6,7, 8, 9,
10, 11, 12, 13, 14, or 15 ppm in a hydrolysis reaction. A transglucosidase unit
{TGU} can be defined as the amount of 8 transglucosidase enzyme that will
produce one micromole of panose per minute under the conditions of the
following assay, for example. Transglucosidase aclivity can be assayed as
follows, for example: a transglucosidase is brought up in 100 mM sodium
acetaie buffer, pH 4.5, containing 4 mM para-nitrophenyl-alpha-glucoside and 1
mg/mi bovine serum albumin (BSA). After 30 min incubation at 30 °C, the
reaction is terminated by the addition of an equal volume 1 M sodium carbonate
and Obsos is recorded. A glucoamylase unit {(GALL) can be defined, for exampile,
as the amount of glucoamylase enzyme that will produce 1 g of reducing sugar
calculated as glucose per hour from & soluble starch substrate (4% DS [degree
of substitution]} at pH 4.2 and 60 °C.

The initial concentration of a saccharide in a hydrolysis reaction in certain
embodiments of the disclosed invention can be about 1 wi% to 50 wi%, for
axample. For example, the concentration of leucrose can be about 5, 10, 15, 20,
25, 30, 35, or 40 wit% {or any integer value between 5 and 40 wi%). As ancther
example, the concentration of one or more oligosaccharides {e.g., DP2, DP3,
DP4, DP2-DP7, DP3-DPT7) in a hydrolysis reaction herein can be about 1, 2, 3, 4,
5,6,7,8,8 10, 11, 12, 13, 14, or 15 wi%. Those skilled in the art would
recognize that the concentration of total sugars (which includes disaccharides
and oligosaccharides) can have an impact on the activity of alpha-glucosidase

enzymes; preferred concentrations of {otal sugars in a hydrolysis reaction to
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maximize enzyme aclivity can be less than 50 wit% dry solids {D8), with a most

preferred concentration of 20-35 wi% DS in some aspects.

Suitable conditions in certain embodiments for contacting a saccharide
with an alpha-glucosidase herein can comprise (i) a glucan synthesis reaction, or
{ii} a fraction obtained from a glucan synthesis reaction, where the saccharnide is
a byproduct of the glucan synthesis reaction. In other words, a hydrolysis
reaction herein may be conducted in the context of a glucan synthesis reaction or
a fraction of a glucan synthesis reaction, though i is typically conducied in the
latter. A glucan synthesis reaction herein can produce one or more inscluble
and/or soluble alpha-glucan products, for example. Thus, a glucan synthesis
reaction can be characterized in some embodiments hersin as an “alpha-glucan
synthesis reaction’”.

A glucan synthesis reaction generally refers {0 a solution comprising at
least sucrose, water and one aclive glucosyliransferase enzyme, and optionally
gther components. Other compaonents that can be in a glucan synthesis reaction
include fructose, glucose, leucrose, soluble oligosaccharides {e.g., DP2-DP7),
and soluble glucan product{s}. Also, one or more alpha-glucanohydrolase
enzymaeas can be comprised in a glucan synthesis reaction in some aspects. |t
would be understood that certain glucan products, such as poly alpha-1,3-glucan
with a DP of al least 8 or 8, may be water-insoluble and thus are not dissalved in
a glucan synthesis reaction, but rather may be present out of solution. Thus, a
glucan produced by glucan syntheasis reaction hersin can be insoluble. An alpha-
glucosidase enzyme herein can be added to a glucan synthesis reaction at any
stage thereof, such as during initial preparation of the reaction or when the
reaction is near {e.¢., 80 to 80% complete) or at complelion, where the latter two
time points are preferrad.

A glucan synthesis reaction herein may be one that, in addition o
producing a glucan product, produces byproducts such as leucrose andfor
soluble oligosaccharides. A glucan in some aspecis is g poly aipha-glucan.

Thus, a glucan synthesis reaction herein can be for producing poly alpha-1,3-
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glucan or mutan, for example, which are typically co-produced with at least
leucrose and/or oligosaccharide byproducts in a glucan synthesis reaction.

A glucan synthesis reaclion in certain embodiments comprises a
glucosyltransferase enzyme that produces a poly alpha-glucan such as poly
alpha-1,3-glucan. Examples of such glucosyltransferase enzymes useful herein
are disclosed in U.5. Pat. No. 7000000, and U.S. Pat. Appl. Publ. Nos.
2013/0244288, 2013/0244287 and 2014/0087431 {all of which are incorporated
herein by reference.

A glucosyliransferase enzyme herein may be derived from any microbial
source, such as a bacteria or fungus. Examples of baclerial glucosvitransferase
snzyimes are those derived from a Streplococcus species, Leuconostoc speciss
or Laciobacifius specigs. Examples of Sfreplococcus species include 5.
salivarius, §. sobrinus, 5. dentirousetti, 5. downef, 5. mulans, S. oralis, S.
galloiviicus and &. sanguinis. Examples of Leuconostoc species include L.
mesenteroides, L. amelibiosum, L. argentinum, L. carnosum, L. cifreum, L.
cremoris, L. dextranicum and L. fructosum. Examples of Lactobacilius species
include L. acidophiius, L. delbrusckii, L. helvelicus, L. salivarius, L. casef, L.
curvatus, L. plantarum, L. sakei, L. brevis, L. buchner, L. fermentum and L.
reuteri.

A glucosyliransferase enzyme herein ¢can be primer-independent or
primer-dependent. Primer-independent glucosyliransferase enzymes do not
require the presence of a primer {0 perform glucan synthesis. A primer-
dependent glucosyliransferase enzyme requires the presence of an initiating
molecule in the reaction solution to act as a primer for the enzyme during glucan
polymer synthesis. The term “primer” as used herein refers to any molecule that
can act as the initiator for a glucosyltransferase enzyme. Primers that can be
used in certain embodiments include dexiran and other carbohydrate-based
primers, such as hydrolyzed glucan, for example. U.S. Appl. Publ. No.
2013/0244287, which is incorporated herein by reference, discloses preparation
of hydrolyzed glucan using poly alpha-1,3-glucan as the starting malerial.
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Dexiran for use as a primer can be dextran T10 {(i.e., dexiran having a molecular
weight of 10 kD), for exampie.

A glucosyltransferase enzyme for a glucan synthesis reaction herein may
he produced by any means known in the art. For example, a glucosyltransferase
enzyme may be produced recombinantly in a helerclogous expression sysitem,
such as a microbial helerologous expression system. Examples of heterologous
axpression systems include bacterial {(e.g., £ coli such as TOP10 or MG1655;
Bacillus sp.}) and eukaryolic (e.g., yeasts such as Pichia sp. and Saccharomyces
sp.} expraession systems.

A glucosyliransferase enzyme described herein may be used in any
purification state {e.g., pure or non-pure}. For example, a glucosyltransferase
enzyme may be purified and/or isolated prior to its use. Examples of
glucosyltransferase enzymes that are non-pure include those in the form of a cell
lysate. A cell lysate or exttract may be prepared from a bacteria {e.g., £. coli}
used o helerologously express the enzyme. For example, the bacteria may be
subjected to disruption using a French pressure cell. In allernative embodiments,
bacteria may be homogenized with a homogenizer (e.g., APV, Rannie, Gaulin).
A glucosvyltransferase enzyme is typically soluble in these types of preparations.
A bacterial cell lysate, extract, or homogenate hergin may be used at about .15~
0.3% {viv), for example, in a reaction solution for producing a poly alpha-glucan
such as poly alpha-1,3-glucan from sucrose.,

The temperature of a glucan synthesis reaction herein can be controlled, i
desired. In certain embodiments, the temperature of the reaction is between
about & °C to about 50 °C. The temperature in certain other embodiments is
between about 20 °C to about 40 "C.

The initial concentration of sucrose in a glucan synthesis reaction herein
can be about 20 g/l to about 400 g/L, for example. Allernatively, the initial
concentration of sucrose can be about 75 g/l to about 175 g/L, or from about 50
g/l to about 150 g/l.. Alternatively still, the initial concentration of sucrose can be
about 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, or 160 g/L {or any

integer value between 40 and 160 g/L), for example. “inilial concentration of
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sucrose” refers 1o the sucrose concentration in a gif reaction solution just after ail
the reaction solution components have been added (at least water, sucrose, gif
enzyme).

Sucrose used in a glucan synthesis reaction herein can be highly pure (2
99.5%) or be of any other purity or grade. For example, sucrose can have a
purily of at least 899.0%, or can be reagent grade sucrose. As another example,
incompletely refined sucrose can be used. Incompletely refined sucrose herein
refers 1o sucrose that has not been processed 1o white refined sucrose. Thus,
incompletely refined sucrose can be completely unrefined or partially refined.
Examples of unrefined sucrose are “raw sucrose” (“raw sugar’) and solutions
thereof. Examples of partially refined sucrose have not gone through one, two,
three, or more crystallization steps. The [CUMSA {International Commission for
Uniform Methods of Sugar Analysis) of incompletely refined sucrose herein can
he greater than 150, for example. Sucrose herein may be derived from any
renewable sugar source such as sugar caneg, sugar beels, cassava, sweetl
sorghum, or corn. Suitable forms of sucrose useful herein are crystalline form or
non-crystalline form {e.g., syrup, cane juice, beet juice), for example. Additional
suitable forms of incompletely refined sucrose are disclosed in U.S. Appl. No.
£51/969,858.

Methods of determining ICUMSA values for sucrose are well known in the
art and disclosed by the International Commission for Uniform Methods of Sugar
Analysis in ICUMSA Methods of Sugar Analysis: Official and Tentative Methods
Recommended by the Internalional Commission for Uniform Methods of Sugar
Analysis (ICUMSA) (Ed. H.C.S. de Whalley, Elsevier Pub. Co., 1864), for
aexample, which is incorporated herein by reference. ICUMSBA can be measured,
for example, by ICUMSA Method G51/3-7 as described by R.J. McCowage, R.M.

Urguhart and M.L. Burge (Retermination of the Solution Colour of Raw Sugars,

Brown Sugars and Coloured Syrups at pH 7.0 — Official, Verlag Dr Albert

Bartens, 2011 revision), which is incorporated herein by reference.
The pH of a glucan synthesis reaction in certain embodiments can be
between about 4.0 to about 8.0. Alternatively, the pH can be about 4.0, 4.5, 5.0,
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5.5,6.0,6.5 7.0,7.5 or 8.0. The pH can be adjusted or controlled by the
addition or incorporation of a suitable buffer, including but not limited to:
phosphate, iris, citrate, or a combination thereof. Buffer concentration in a
glucan synthesis reaction can be from 0 mM {o about 100 mM, or about 10, 20,

or 50 mM, for example.

Poly alpha-1,3-glucan produced in a glucan synthesis reaction herein may
have at least about 50%, 80%, 70%, 80%, 80%, 95%, 96%, 97%, 98%, 98%, or
100% {or any integer value between 50% and 100%) glycosidic linkages that are
alpha-1,3. In such embodiments, accordingly, the poly alpha-1,3-glucan has less
than about 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, 1%, or 0% {or any
integer value between 0% and 50%;) of glycosidic linkages that are not aipha-1,3.

Poly alpha-1,3-glucan herein preferably has a backbone that is
linearfunbranched. In certain embodiments, the poly alpha-1,3-glucan has no
branch points or less than about 10%, 8%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%
branch points as a percent of the glycosidic inkages in the polymer. Examples
of branch points include aipha-1,6 branch points.

The molecular weight of poly alpha-1,3-glucan produced in a glucan
synthesis reaction herein can be measured as number-average molecular weight
{M,) or weight-average molecular weight {(M,,). Alternatively, molecular weight
can be measured in Daltons or grams/mole. It may also be useful to refer to the
DP, (weight average degree of polymerization) or DP,, (number average degree
of polymerization} of the poly alpha-1,3-glucan polymer.

The M, or M, of poly aipha-1,3-glucan herein may be at least about 1000.
Alternatively, the M, or M, can be at least about 1000 1o about 800000 {or any
integer value between 1000 and 600000}, for example. Alternatively still, poly
alpha-1,3-glucan in can have a molecular weight in DP,, or DP,, of at least about
100, or of at least about 100 to 1000 {or any inleger value between 100 and
1000).

34



10

15

20

30

WO 2015/130881 PCT/US2015/017644

A fraction of a glucan synthesis reaclion may constitule suitable conditions
for contacting a saccharide with an alpha-glucosidase as presently disclosed. A
fraction can be a portion of, or all of, the liguid solution from a glucan synthesis
reaction. Typically, a fraclion has been separated from soluble or inscluble
glucan produci{s) synthesized in the reaction. For example, a fraction can be
separated from one or more glucan products that are insoluble in water (e.g.,
poly alpha-1,3-glucan) which {all cut of solution during their synthesis. A fraction
in certain preferred embodimenis of the present disclosure is from a poly alpha-
1,3-glucan synthesis reaction.

The volume of a fraction {before optionally diluting or concentrating the
fraction, see below) in certain embodimenis can be at least about 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, or 80% (or any integer value between 10%
and 80%) of the volume of the glucan synthesis reaction from which it is
obtained. Typically, in glucan synthesis reactions producing an inscluble glucan
{e.g., poly alpha-1,3-glucan), the fraction will be a portion of (not all of} the liquid
solution component of the reaction. A fraction can be oblained at any stage of a
glucan synthesis reaction, but is preferably oblained near (e.g., greater than 80
or 80% complete) or after completion of the reaction.

Examples of a fraction of a glucan synthesis reaction in certain
smbodiments include filirates and supematants. Thus, in those embodiments in
which an insoluble glucan product is syntheasized, a fraction herein can be
obtained (separated) from a glucan synthesis reaction using a funnel, filter (e.g.,
nress filter), centrifuge, or any other method or equipment known in the art that
allows removal of some or all liguids from solids. Filtration can be by gravity,
vacuum, or press filtration, for example. Filtration preferably removes all or most
of an insoluble glucan; any filter material (e.g., filler paper) with an average pore
size {e.g., ~40-50 micron) sufficient to remove solids from liquids can be used. A
fraction typically retains all or most of its dissolved components, such as
byproducis of the glucan synthesis reaction.

A fraction herein can oplionally be diluted or concentraled, if desired.

Concentration of g fraction can be performed using any other method or
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equipment known in the art suitable for concenirating a solution. For example, a
fraction can be concentrated by evaporation, such as with a rotary evaporator
{e.q., set at a temperature of about 40-50 °C). A fraction in some aspects herein
can be concentrated down to a volume that is about 75%, 80%, 85%, 80%, or
95% of the original fraction volume. A concentrated fraction (e.g., concenirated
filtrate) can optionally be referred 1o as a syrup.

A fraction in some aspects can comprise water that replaces the water
that was present in the compaosition from which the fraction was obtained. For
example, saccharide byproduct{s) from a glucan synthesis reaction can be
separated in certain chromatographic methods in which the original solvent is
replaced with another solvent {e.g., saccharide byproducts that are bound o a
column [thus removed from the original solvent] can be eluled into a new
solvent}.

A fraction in some aspecis may be treated in a manner to have any of the
suitable conditions {e.g., temperature, pH and time) disclosed above for
contacting a saccharide with an alpha-glucosidase. For example, a fraction can
be modified to have a pH of about 4 {0 5 before an alpha-glucosidase is added o
the fraction. As another exampile, the temperature of a hydrolysis reaction with a
fraction can be about 55-85 °C (e.g., about 80 *C). A fraclion that has been
concentrated down to a syrup can be used in a hydrolysis reaction in yet another
example.

A fraction in cerain preferred embodiments herein is from a poly alpha-
1.3-glucan synthesis reaction; such a fraction is preferably a filirate. A fraclion of
a poly alpha-1,3-glucan synthesis reaction herein comprises al least water,
fructose and one or more types of saccharide (leucrose and/or oligosaccharides
such as DP2-DP7). Other components that may be in this type of fraction
include sucrose (i.e., residual sucrose not consumed in the gif reaction), one or
more gtf enzymes, glucose, buffer, salts, FermaSure®, borates, sodium
hydroxide, hydrochloric acid, cell lysate components, proteins and/or nucleic
acids, for example. Minimally, the components of a fraction from a poly alpha-

1,3-glucan synthesis reaclion include water, fructose, glucose, ong or more types
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of saccharide {leucrose andfor oligosaccharides such as DP2-DPT), and
optionally sucrose, for example. It would be understood that the composition of a
fraction depends, in part, on the conditions of the glucan synthesis reaction from
which the fraction is obtained. In those fractions containing one or more gtf
enzymes, it is preferable that such one or more gif enzymes are deactivated
{e.g., heal-deactivated) before using the fraction in a hydrolysis reaction herein,
It should be understood that the exact distribution of sugar byproducts
produced via polymerization of sucrose in a glucan synthesis reaction can vary
hased on the reaction conditions and gif enzyme used, especially on temperature
and sucrose concentration. l should also be understood that the exact
composition of sugars in a fraction of a glucan synthesis reaction is not critical to
the disclosed hydrolysis process. Generally, as the amount of sucrose is
increased, the seleclivity of the reaction towards both leucrose and
oligosaccharides will increase. Conversely, as the temperature increases, the
selectivily of the reaction towards leucrose tends {0 decrease, while the
selectivity towards oligosaccharides is largely unaffected. it should also be
understood that the ratio of sugars to water, i.e., wi% dry solids (DS), which is
calculated by dividing the mass of sugar to total solution weight, can be adjusted
gither by evaporating water, preferably at temperaiures below 50 “C under
vacuum, or addition of water, without significant impact to the relative distribution
of sugars in a fraction of a glucan synthesis reaction. His also possible to
increase the percentage of sucrose in a fraction by stopping the gif reaction
hefore complete conversion {(to glucan) is achieved, either by reducing the pH
below the active range for the gif enzyme or by thermal deactivation of the gif

enzyme.

In certain embodiments, a glucan synthsesis reaction herein can produce
one or more soluble alpha-glucan products. A soluble alpha-glucan product
{"soluble fiber”, alternatively} can be (i) a direct product of a glucosyltransferase,

or (i} a product of the concerted action of both a glucosyitransferase and an
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alpha-glucanchydrolase capable of hydrolyzing glucan polymers having one or
more aipha-1,3-glycosidic linkages or one or more alpha-1,6-glycosidic linkages.
A soluble alpha-glucan herein can comprise, for example:

a at least 75% alpha-1,3-glycosidic linkages;

o

fess than 25% alpha-1,6-glycosidic linkages;

. O

)
)
) fess than 10% alpha-1,3,6-glycosidic linkages;
} an My of less than 5000 Dallons;

}

D

a viscosity of less than 0.25 Pascal second (Pass) at 12 wi% in
water at 20 °C;

f} a dextrose equivalence (DE) in the range of 4 {o 40;

a} a digestibility of less than 10% as measured by the Association of
Analylical Communities (AQAC) method 2009.01;

h} a solubility of at least 20% (w/w)} in pH 7 water at 25 °C; and

i a polydispersity index {(PD1) of less than 5.

Such a soluble alpha-glucan can be produced as disclosed in U.S. Appl.
No. 62/004,280.

As an example, a soluble alpha-glucan fiber compaosition can comprise at
least 75%, preferably at least 80%, more preferably at least 85%, even more
preferably at least 80%, and most preferably at least 85% alpha-{1,3) glycosidic
linkages.

As another example, in addition to the alpha-(1,3) glycosidic linkage
embodiments described above, a soluble alpha-glucan fiber composition can
further comprise less than 25%, preferably less than 10%, more preferably 5% or
less, and even more preferably less than 1% alpha-(1,8) glycosidic inkages.

As another example, in addition to the alpha-(1,3) and alpha-{1,8)
glycosidic linkage content embodiments described above, a soluble alpha-glucan
fiber composition can further comprise less than 10%, preferably less than 5%,
and most preferably less than 2.5% alpha-~{1,3,6) glycosidic linkages.

As another exampie, a soluble alpha-glucan fiber composition can
comprise 93 lo 87% alpha-{1,3) glycosidic inkages and less than 3% alpha-(1,6)

glycosidic linkages and has a weight-average molecular weight corresponding to

38



10

15

20

30

WO 2015/130881 PCT/US2015/017644

a DP of 3 to 7 mixture. In a further embodiment, a soluble alpha-glucan fiber
composition can comprise about 85% alpha-(1,3) glycosidic linkages and about
1% alpha-(1,8) glycosidic linkages and has a weight-average molecular weight
corresponding to a DP of 3 1o 7 mixture. In a further aspect of the above
embodiment, a soluble alpha-glucan fiber composition can further comprise 1o
3% alpha-{1,3,8)} linkages or preferably aboul 2 % alpha-(1,3,6) linkages.

As another example, in addition to the above-mentioned glycosidic linkage
content embodiments, a soluble alpha-giucan fiber composition can further
comprise less than 5%, preferably less than 1 %, and most preferably less than
(0.5 % alpha-{1,4) glycosidic linkages.

As another example, in addition the above-mentioned glycosidic linkage
content embodiments, a soluble alpha-glucan fiber composition can comprise a
weight average molecular weight {M,,) of less than 5000 Daltons, preferably less
than 2500 Dalions, more preferably between 500 and 2500 Daltons, and most
preferably about 500 to about 2000 Daltons.

As anocther example, in addition to any of the above features, a soluble
alpha-giucan fiber composition can comprise a viscosity of less than 250
centipoise (0.25 Pa-s), preferably less than 10 ¢P (0.01 Pa-s), preferably less
than 7 cP {0.007 Pa-s), more preferably less than 5 ¢P (0.005 Pa-s), more
preferably less than 4 ¢cP (0.004 Pa-s), and most preferably less than 3 ¢P {0.003
Pa-s) at 12 wit% in water at 20 °C.

A soluble alpha-glucan fiber composition can have, in certain
embodiments, a digestibility of less than 10%, or preferably less than 8%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, or 1% digestibility as measured by the Association of
Analvtical Communities (ACAC) method 20098.01. In another aspect, the relative
fevel of digestibility may alternatively be determined using AQAC 2011.25
{Integrated Total Dietary Fiber Assay) (McCleary et al,, 2012, J. AGAC int.,, 95
{3), 824-844).

In addition to any of the above embodiments, a soluble alpha-glucan fiber
composition can have a solubility of at least 20% { wiw), preferably at least 30%,
40%, 50%, 80%, or 70% in pH 7 water at 25 °C.
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In one embodiment, a soluble alpha-glucan fiber composition can
comprise a reducing sugar content of less than 10 wi%, preferably less than 5
wi%, and most preferably 1 wi% or less.

In one embodiment, a soluble alpha-glucan fiber composition can
comprise a caloric content of less than 4 keal/g, preferably less than 3 kealfg,
maore preferably less than 2.5 keal/g, and most preferably about 2 keal/g or less.

As another example, a soluble alpha-glucan herein can comprise:

a) 10% 1o 30% alpha-1,3-glycosidic linkages;

B} 85% to 87% alpha-1,6-glycosidic linkages;

cl fess than 5% aipha-1,3,6-glycosidic linkages;

d} a weight average molecular weight (Mw) of less than 5000 Daltons;

e} a viscosity of less than 0.25 Pascal second (Paes) at 12 wit% in
water at 20 °C;

f} a dextrose equivalence (DE) in the range of 4 {0 40, preferably 10
to 40;

g} a digestibility of less than 10% as measured by the Association of

Analytical Communities (AOAC) method 2009.01;

h} a solubility of at least 20% (w/w)} in pH 7 water at 25 °C; and

i) a polydispersity index {PD1) of less than 5.

Such a soluble alpha-glucan can be produced as disclosed in U3, Appl.
No. 62/004,308.

As anocther example, a soluble alpha-glucan herein can comprise:

a 25-35 alpha-1,3-glycosidic linkagss;

o

55-75% alpha-1,6-glycosidic inkages;

Q0

a weight average molecular weight of less than 5000 Daltons ;

)
)
} 5-15% aipha-1,3,6-glycosidic linkages;
}
e)

a viscosity of less than 0.25 Pascal second (Pass) at 12 wi% in
water at 20 °C;

f) a dexirose equivalence (DE) in the range of 4 (o 40,

gl a digestibility of less than 10% as measured by the Association of
Analvtical Communities (AQAC) method 2009.01;
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h}
)

Such a soluble alpha-giucan can be produced as disclosed in U8, Appl.

a solubility of at least 20% (w/w) in water at 25 °C; and

a polydispersity index of less than 5.

No. 62/004,312.

As another example, a scluble alpha-glucan hersin can comprise:

a

(=T ¢ T o 5

)
)
}
}
}

b 4

)

at least 85% alpha-1,6-glycosidic linkages;

1% or less aipha-1,3-glycosidic linkages;

less than 2% alpha-1,3,6-glycosidic linkages;

fess than 1.5% alpha-1,4-glycosidic linkagss;

a weight average molecular weight of less than 20000 Daltons;
a viscosity of less than 0.25 Pascal second (Pars) at 12 wi% in

water at 20 °C;

a)
h}

a dexirose eguivalence (DE) in the range of 1 o 30;

a digestibility of lass than 10% as measurad by the Association of

Analytical Communities (AOAC) method 2008.01,

b
i

Such a soluble alpha-glucan can be produced as disclosed in U.S. Appl.

a solubility of at least 20% (wiw} in pH 7 waler at 25 °C; and

a polydispersity index of less than 5.

No. 62/004,314.

As another example, a soluble alpha-glucan herein can comprise:

a) a range of.
i} 1% to 50% of alpha-1,3-glvcosidic linkagss; or
i} greater than 10% but less than 40 % alpha-1.4-glycosidic
linkages; or
i} any combination of §} and ii};
b} 1 10 50% alpha-1,2-glycosidic linkages;
c) (-25% alpha-1,3,6-glycosidic linkages;
d) less than 98% alpha-1,6-glycosidic linkages;
) a weight average molecular weight of less than 300 kDa;
) a viscosity of less than 0.25 Pascal second (Pass) at 12 wi% in

water at 20 °C;
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a) a digestibility of less than 20% as measured by the Association of
Analytical Communities (AGAC) method 2008.01;

h} a solubility of at least 20% {(wiw)} in pH 7 waler at 25 °C; and

] a polydispersity index of less than 26, preferably less than 5.

Such a soluble alpha-glucan can be produced as disclosed in U.S. Appl.
No. 62/004,305.

In certain embodiments, a soluble alpha-glucan is a direct product of a
glucosyliransferase. Such a glucosyliransferase, and conditions for use thereof
in a suitable glucan synthesis reaction, can be as disclosed herein, or as
disclosed in any of U.S. Patent Appl. Nos. 62/004,290, 62/004,308, 62/004,312,
62/004,314, and/or 62/004,305, for example.

A soluble alpha-glucan can alternatively be a product, for example, of the
concerted action of both a glucosyitransferase and an alpha-glucanchydrolase
that is capable of hydrolyzing glucan polymers having one or more alpha-1,3-
glycosidic linkages or one or more alpha-1,6-glycosidic linkages. In some
aspects, a glucan synthesis reaction for producing a soluble alpha-glucan
product can comprise both al least one glucosyltransierase and al least one
alpha-glucanchydrolase. In other aspects, a glucan synthesis reaction can
initially comprise one or more glucosyltransferases as the only enzyme
component{s}). Such a reaction produces a first alpha-glucan product that has
not yet been subject o modification by an alpha-glucanohydrolase. Then, at
least one alpha-glucanohydrolase is added to the reaction for a suitable period of
time to allow modification of the first product to a soluble alpha-glucan product.
Thus, there are different ways by which to synthesize a soluble alpha-glucan
product through the concerted action of both a glucosyitransferase and an alpha-
glucanchydrolase. Conditions for performing a glucan synthesis reaction in
which one or more alpha-glucanohydrolase enzymes are included during glucan
synthesis reaction and/or afler glucan synthesis can be as disclosed herein, or as
disclosed in any of U.S. Patent Appl. Nos. 62/004,290, 62/004,308, 62/004,312,
82/004,314, and/or §2/004,305, for example.
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An alpha-glucanchydrolase herein can be, for example, a dexiranase
{capable of hydrolyzing alpha-1,6-linked glycosidic bonds; £.C. 3.2.1.11), a
mulanase (capable of hydrolyzing alpha-1,3-linked glycosidic bonds; £.C.
3.2.1.58), a mycodexiranase {(capable of endohydrolysis of {(1-4}-alpha-D-
glucosidic linkages in alpha-D-glucans containing both (1-3)- and (1-4}-bonds;
EC 3.2.1.61), a glucan 1,6-alpha-glucosidase (EC 3.2.1.70), and an aliermnanase
{capable of endchydrolvlically cleaving alternan; E.C. 3.2.1.-; see UG, Patent
No. 5786186).

A mutanase comprising SEQ 1D NG:47 can be used in certain aspects.
Alternatively, a mutanase can comprise an amino acid sequence that is at least
90%, 91%. 92%, 93%, 94%, 95%, 96%, 87%, 98%, or 89% identical to SEQ ID
NO:47 and have mutanase activity, for example.

A glucan synthesis reaction as presently disclosed for producing one or
more soluble alpha-glucan products can serve directly as suitable conditions in
which to perform a hydrolysis reaction herein in which an alpha-glucosidase is
used to hydrolyze an alpha-1,5 glucosyl-fructose linkage. Such hydrolysis can
be performed following any of the conditions disclosed above regarding
hydrolylic treatment of a glucan synthesis reaction that produces poly alpha-1,3-
glucan, for example. Alternatively, a fraction (e.g., chromatographic fraction) of a
glucan synthesis reaction for producing one or more soluble alpha-glucan
products can be used as suilable conditions in which to perform alpha-
glucosidase-mediated hydrolysis of alpha-1.5 glucosylfructose linkages.

A fraction in certain embodiments herein can be a chromatographic
fraction of a glucan synthesis reaction. For example, a fraction can be a
chromatographic fraction of a glucan synthesis reaction that produces one or
more soluble alpha-glucan products as disclosed herein. Such a reaction can
optionally include one or more alpha-glucanohydrolases during glucan synthesis,
and/or after completion of glucan synthesis. A fraction in any of these types of
embodiments typically has been obtained for the purpose of separating all of, or
most of {e.g., at least about 80%, 70%, 80%, 80%, 85%), a scluble alpha-glucan

product from a reaction composition from which it was produced. Once
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separated from all or most of 3 soluble alpha-glucan product, a fraction can be
subjected to any of the alpha-1,5 glucosyl-fructose hydrolysis processes
disclosed herein using one or more alpha-glucanases.

A chromatographic fraction herein can typically be obtained using a
suitable type of Equid chromatography. Liguid chromatography can be performed
using size-exclusion chromatography (5EC), column chromatography, high-
performance liquid chromatography (HPLO), ion-exchange chromatography,

affinity chromatography, ultrafiitration, microfiliration, or dialysis, for example.

The disclosed invention also concerns a compostition produced by
contacling a saccharide with an alpha-glucosidase {e.g., transglucosidase),
wherein (i} the saccharide is a disaccharide or oligosaccharide comprising at
least one alpha-1.3 or alpha-1,6 glucosyl-glucose linkage, and {ii) the alpha-
glucosidase hydrolyzes at least one alpha-1,3 or alpha-1,8 glucosvl-glucose
linkage of the saccharide. The composition produced in this manner comprises a
reduced amount of the saccharide compared o the amount of the saccharide
that was present prior {o the contacling. Examples of the composition include
any of those disclosed herein, such as a hydrolyzed filtrate from a glucan
synthesis reaction, or a hydrolyzed fraction of a glucan synthesis reaction used to
produce soluble alpha-glucan. Any of the features disclosed above and in the
Examples regarding a hydrolysis method and products thereof can characterize
the composition. The following features of the composition are examples.

An alpha-glucosidase enzyme in certain embodiments of the composition
can comprise an amino acid sequence that is at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 87%, 98%, or 99% identical to SEQ 1D NO:5, 6, 8, 8, 11, 12, 14,
15, 17, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, or that of DIAZYME RDF
ULTRA (DuPont Industrial Biosciences). A transglucosidase in certain
embodiments of the composition can comprise an amino acid sequence that is at
least 80% identical to SEQ 1D NO:1. Alternatively, any of the alpha-glucosidasss

disclosed herein can be used {0 produce the disclosed composition.
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A saccharide in certain embodiments of the composition has a degree of
polymerization before hydrolysis of 3 1o 7.

A composition produced by a hydrolysis method herein can have, for
example, a concentration of a saccharide that is less than 50% of the
concentration of the saccharide that was present prior {0 contacting the
saccharide with an alpha-giucosidase.

A composition produced by a hydrolysis method in certain embodiments
herein can be a glucan synthesis reaction, or a fraction thereof, in which a
saccharide byproduct of the glucan synthesis reaction is contacted with an aipha-
glucosidase. A fraction in this embodiment can be g filtrate of the glucan
synthesis reaction, or a fraction of a glucan synthesis reaction used to produce
soluble alpha-glucan, for example. The saccharide in this embodiment can have

a degree of polymerization of 3 to 7 before hydrolysis, for example.

it would be understood by a skilled artisan that the presently disclosed
embodiments are useful, in part, for saccharifving disaccharides and
oligosaccharides that can otherwise be difficult {o breakdown. This feature can
he taken advaniage of to perform enhanced methods of (i) fructose enrichment
and {it) fermentation, for example.

Example 8 below demonstrates that fructose enrichment by
chromatography is enhanced when using a glucan filirate hydrolyzed by an
alpha-glucosidase (iransglucosidase), as compared to using a fillrate that was
not hydrolyzed.

Thus, the disclosed invention further concerns a method of enriching
fructose that is present in a fraction of a glucan synthesis reaction. This method
comprises (@) contacting a fraction obtained from a glucan synthesis reaction
with an alpha-glucosidase {e.g., transglucosidase) under suitable conditions,
wherein the enzyme hydrolyzes at least one alpha-1,3 or alpha-1,8 glucosyl-
glucose linkage of a disaccharide or oligosaccharide comprised within the

fraction; and (b} separating fructose from the hydrolyzed fraction of step (8} to
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obtain a composition having a higher concentration of fructose compared o the
fructose concentration of the fraction of step (a).

The features of the disclosed fructose enrichment method regarding
alpha-glucosidase {e.q., transglucosidase) enzymes, and fractions of a glucan
synthesis reaction, for example, can be aecording to any of the disclosures
provided herein concerning each of these features.

Step (b) of separating fructose can be performed by any means known in
the art. For example, chromatography can be employed as disclosed in the
helow Examples, or by following the disclosure of European Patent Publ. No.
EP228280381, which is incorporated hergin by reference.

A compaosition {e.g., fructose solution or fructose syrup) having a higher
concentration of fructose resulling from the disclosed enrichment method can
have at least about 80, 81, 82, 83, 84, 95, 86, 97, 88, or 8% wi% fructose.

A fructose enrichment method herein can perform better than one which
utilizes a filtrate that has not been hydrolyzed with an alpha-glucosidase as
presently disclosed. Such increased performance can be measured in terms of 2

percent fructose recovery of at least 40%, 45%, or 50%.

The present disclosure further concerns a fermeniation method
comprising {(a) contacting a fraction obtained from a glucan synthesis reaction
with an alpha-glucosidase enzyme {e.g., transglucosidase or glucoamylase)
under suitable conditions, wherein the alpha-glucosidase enzyme hydrolyzes at
least one alpha-1,5 glucosyl-fructose linkage of a disaccharide or oligosaccharide
comprised within the fraclion; (b) fermenting the fraclion of step (a} with a
microbe (o yvield a product; and {¢) optionally, isolating the product of (b). The
fermenting step of (b} can be performed after step (8) or simultaneously with step
{a). Significantly, this method can be used {o produce ethanol, for example, by
fermenting a hydrolyzed filtrale of a glucan synthesis reaction. The ethanol yield
from such a process is higher than the ethanol yield obtained when fermenting a

glucan filtrate that has not been hydrolyzed.
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The Teatures of the disclosed fermeniation method regarding alpha-
glucosidase {e.g., transglucosidase or glucoamylase) enzymes, disaccharides
and oligosaccharides, fractions of a glucan synthesis reaction, and suitable
cortacting conditions, for example, can be according to any of the disclosures
provided herein conceming sach of these features.

A microbe for use in a fermentation method herein can be a bacleria,
yeast, or fungus, for example. Examples of bacteria useful herein include
Lactobacifius species, Sirepiococcus species, Bifidobacterium specias,
Leuconostoc species, Escherichia species {e.g., £. coli} and Bacillus species.
Examples of yeast useful herein include Saccharomyces species such as S,
cerevisiae and 5. bayanus.

A fermentation method herein can yield a product such as ethanol or an
acid {e.g., lactic acid). It is believed, however, that other products can be
produced if desired. It would be understood by one of skill in the art that
production of certain products using a fermentation method as disclosed would
depend on various conditions such as the microbe(s} used in the fermentation.
Conditions for fermeniation herein can be as disclosed in the below Examples, or

as disclosed in El-Mansi et al. (2006, Fermentation Microbiology and

Biotechnology, Second Edition, CRC Press) and Stanbury et al. (1999, Principles

of Fermeniagtion Technology, Second Edition, Butierworth-Heinemann), for

example, which are both incorporated herein by reference.

The vield of a product in certain embodiments of a fermentation method
herein is higher than the product yield obtained when fermenting a glucan filtrate
that has not been hydrolyzed with an alpha-giucosidase herein. This comparison
can be with respect to a control fermentation, for example, which used a non-
hydrolyzed fraction of a glucan synthesis reaction. Product vield of a
fermentation herein ¢an be increased by at least about 10%, 20%, 40%, 60%,
80%, or 100% {or any integer value between 10% and 100%), for example. In

addition, the rate of product formation by a fermentiation herein can be increased.
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Example 7 below demonsirates that leucrose can be fermented to ethanol
by yeast provided a feed comprising glucan filtrate that had not been hydrolyzed.
Thus, further disclosed herein is a method of using a microbe to ferment leucrose
to a product {e.g., ethanol}. Such a method can comprise fermenting a glucan
filtrate that (i) has, or (i} has not been, hydrolyzed with an alpha-glucosidase as
disclosed herein. Regardless of whether the leucrose is provided in a glucan
filtrate or ancther form {(e.g., semi-purified or enriched form), a method for
fermenting leucrose can comprise adapting a microbe {e.g., yeast such as S.
cerevisiae) for utllizing leucrose. Such adapiation can comprise growing a
microbe in the presence of leucrose, and optionally other sugars, over al least 2
or 3 growth cycles, for example, afterwhich the microbe utilizes more leucrose for
fermenting a product. In certain embodiments, a microbe can be (i) grown in a
first feed comprising leucrose (1 cycle complete), (i) removed from the first feed,
{1} grown in a second feed comprising leucrose (two cycles complete), (iv)
optionally removed from the second feed, and (v} optionally grown in a third feed
{three cycles complete). A microbe adapted in this manner can have an
increased capacity to ferment leucrose in certain embodiments.

Example 8 below demonstrates that almost all {e.q., >98% or »88%) the
leucrose present in a glucan filtrate can be used for fermentation by yeast when
the glucan filtrate is hydrolyzed with a ransglucosidase while at the same time
fermented with yeast. Thus, an enhanced leucrose fermeniation method herein
can comprise hydrolysis of leucrose with an alpha-glucosidase {e.g.,
transglucosidase or glucoamylase} while simultaneously fermenting the leucrose

with a microbe.

Non-limiting examples of compositions and methods disclosed herein
include:
1. A method of hydrolyzing an alpha-1,3 or alpha-1,8 glucosyl-glucose
linkage in a saccharide comprising at least one alpha-1,3 or alpha-1,6
glucosyl-glucose linkage, wherein the saccharide is a disaccharide or

oligosaccharide, and wherein the method comprises:
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contacting the saccharide with an alpha-glucosidase enzyme under
suitable conditions, wherein the alpha-glucosidase enzyme hydrolyzes at
least one aipha-1,3 or alpha-1,6 glucosyl-glucose linkage of the
saccharide,

and wherein the amount of the saccharide is reduced compared (o the
armount of the saccharide that was present prior to the contacting.

The method of embodiment 1, wherein the alpha-glucosidase enzyme is
immobilized.

The method of embodiment 1 or 2, wherein the degree of polymerization
of the saccharide before hydrolysis is 310 7.

The method of embodiment 1, 2, or 3, wherein the concentration of the
saccharide afler the contacting step is less than 50% of the concentration
of the saccharide that was present prior 1o the contacting.

The method of embodiment 1, 2, 3, or 4, wherein the suitable condilions
comprise {i} a glucan synthesis reaction, or (i} a fraction oblained from the
glucan synthasis reaction,

wherein the saccharide is a byproduct of the glucan synihesis reaction.
The method of embodiment 5, wherein the glucan synthesis reaction
produces at least one insoluble alpha-glucan product

The method of embodiment 6, wherein the fraction is g filtrate of the
glucan synthesis reaction.

The method of embodiment 5, wherein the glucan synthesis reaction
produces at least one soluble alpha-glucan product that is

(i} a product of a glucosyltransferase, or

{il) & product of the concerted action of both a glucosyliransferase and an
alpha-glucanohydrolase capable of hydrolyzing glucan polymers having
one or more alpha-1,3-glycosidic inkages or one or more alpha-1,6-
glycosidic linkages.

The method of embodiment 8, wherein the fraction is a chromatographic

fraction of the glucan synthesis reaction.
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10.

11.

12.

14.

15.

The method of any one of embodiments 1-8, wherein the alpha-

glucosidase enzyme is a transglucosidase.

A composition produced by contacting a saccharide with an alpha-

glucosidase snzyime,

wherein the saccharide is a disaccharide or oligosaccharide and

comprises at least one alpha-1,3 or alpha-1,6 glucosyl-glucose linkage,

wherein the enzyme hydrolyzes at least one alpha-1,3 or alpha-1,6
glucosyl-glucose linkage of the saccharide,

and wherein the composition comprises a reduced amount of the

saccharide compared o the amount of the saccharide that was present

prior to the contacting.

The composition of embodiment 11, wherein the degree of polymerization

of the saccharide before hydrolysisis 3to 7.

The compaosttion of embaodiment 11 or 12, wherein the saccharide is in (i)

a glucan synthesis reaction, or {ii) a fraction obtained from the glucan

synthesis reacltion,

wherein the saccharide is a byproduct of the glucan synihesis reaction.

A method of enriching fructose present in a fraction of a glucan synthesis

reaction, comprising:

{a} cortacting a fraction oblained from a glucan synthesis reaction with
an alpha-glucosidase enzyme under suilable condilions, wherein
the alpha-glucosidase enzyme hydrolyzes al least one alpha-1,3 or
alpha-1,8 glucosyl-glucose linkage of a disaccharide or
oligosaccharide comprised within the fraction; and

{b} separating fructose from the hydrolyzed fraction of step {a) to
obtain a composition having a higher concentration of fruciose
compared 1o the fructose concentration of the fraction of step {(a).

A fermentation method comprising:

{a} cortacting a fraction oblained from a glucan synthesis reaction with
an alpha-glucosidase enzyme under suilable condilions, wherein

the alpha-glucosidase enzyme hydrolyzes al least one alpha-1,3 or
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alpha-1,6 glucosyl-glucose linkage of a disaccharide or
oligosaccharide comprised within the fraction;

(b}  fermenting the fraclion of step (a) with a microbe to vield a product,
wherein the fermenting is performed after step (a) or
simultaneously with step {a); and

{c) optionally, isolating the product of (b);

whearein the yvield of the product of {b) is increased compared to the

product yvield of fermenting a fraction of the glucan synthesis reaction that

has not been contacted with the alpha-glucosidase enzyme.

EXAMPLES

The disclosed invention is further defined in the following Examples. it
should be undersicod that these Examples, while indicating certain preferred
aspects of the invention, are given by way of illustration only. From the above
discussion and these Examples, one skilled in the art can ascertain the essential
characleristics of this invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it
to various uses and conditions.

Abbreviations

s )

The meaning of some of the abbreviations used herein is as follows: ‘g
means gramis), '’ means hour{s}, ‘mL” means milliliter{s}, "psi” means pound(s)
per sguare inch, “wit%” means weight percentage, “um” means micrometer(s),
"% means percent, “C” means degrees Celsius, "'mg” means milligram(s}, "mm”
means millimeter(s), “ml/min” means millililers per minute, *m” means meter(s},
“ul” means microliter(s), "mmol” means milimole{s}, “min” means minuie(s},
“mol%” means mole percent, "M’ means molar, ‘mg/g” means milligram per
gram, “rpm” means revolutions per minute, "MPa” means megaPascals.
GENERAL METHODS

All reagents were oblained from Sigma-Aldrich (St Louis, MO) unless

stated otherwise. Sucrose was obtained from VWHR (Radnor, PA).
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Preparation of Crude Extracts of Glucosvitransferase {gif} Enzvmes

The Streplococcus salivarius gifd enzyme (GEQ D NO:3) was expressed
in £. coff strain DH10B using an isopropyl beta-D-1-thiogalactopyranoside
{IPTG)-induced sxpression system. SEQ 1D NO:3 has an N-terminal 42-residue
deletion compared o the &. salivarius gifd amine acid sequence in GENBANK
identification No. 47527, but includes a start methionine. Briefly, £. cofi DH10B
cells were transformed 1o express SEQ 1D NG:3 from a DNA sequence codon-
optimized o express the gifd enzyme in £. cofi. This DNA sequence was
contained in the expression vector, pdexpress404® (DNA 2.0, Menlo Park CA).
The transformed cells were inoculated 1o an initial optical density (OD at 600,m)
of 0.025 in LB medium {10 g/l Tryptone; 5 g/l yeast extract, 10 g/l. Nall) and
allowed {o grow at 37 °C in an incubator while shaking at 250 rpm. The cultures
were induced by addition of 1 mM IPTG when they reached an Oy of 0.8-1.0.
induced cultures were left on the shaker and harvested 3 hours post induction.

Gtid enzyme (SEQ 1D NO:3) was harvested by centrifuging culiured cells
(25 °C, 168000 rpm) in an Eppendor® centrifuge, re-suspending the cells in 5.0
mM phosphate buffer (pH 7.0} and cooling to 4 °C on ice. The cells were broken
using & bead beater with 0.1-mm silica beads, and then centrifuged at 16000 rpm
at 4 °C (o pellet the unbroken cells and cell debris. The crude extract {containing
soluble Gifd enzyme, SEQ 1D NO:3) was separated from the pellet and analyzed
by Bradford protein assay to delermine protein concentration {mgfml).

The Streptococcus sp. C150 gif-S enzyme (SEQ D NG:40) was prepared
as follows. SG1184 is a Bacillus sublilis expression strain that expresses a
truncaled version of the glycosyliransferase GH-5 ("GTF0459") from
Streptococeus sp.C150 (GENBANK® GI:321278321). The gene (SEQ ID NO41)
encoding an N-terminal truncaied protein GTF0458 (SEQ 1D NO:42) from £, cofi
axpression plasmid pMP79 was cloned into the Nhel and Hindlli sites of the
Bacillus subtilis integralive expression plasmid pd4JdH under the aprk promoter
and fused with the B. sublilis Aprk signal peptide on the vector. The construct
was first transformed into £, coff DH10B and selected on LB with ampiciilin (100

ug/mb) plates. The confirmed construct pDCQSZE4 expressing GTF0458 was

52



10

15

20

30

WO 2015/130881 PCT/US2015/017644

then transformed into 5. subtifis BGEOO6 containing nine protease delstions
{amyE xyiRPxylAcomK-ermC, deglUHy32, oppA, AspollE3501, Aaprk, Anprk,
Aepr, AispA, Abpr, Avpr, Awprd, Ampr-ybid, AnprB} and selecied on LB plates
with chioramphenicol (5 ug/ml). The colonies grown on LB plates with § pg/mb
chioramphenicol were streaked several times onto LB plates with 25 ug/ml
chioramphenicol. The resulling 8. sublilis expression strain, SG1184, was first
grown in LB medium with 25 ug/mL chloramphenicol and then subcultured into
Grantsil medium containing 25 pg/ml chloramphenicol grown at 30 °C for 2-3
days. The cultures were spun at 15,000 g for 30 min at 4 °C and the supernaiant
was filterad through 0.22-uwm filters, The filtered supernatant was aliquoted and
frozen at -80 °C.

B. subtilis 8G1184 strain, expressing GTF0458 (SEQ 1D NO:42), was
grown under an aerobic submerged condition by conventional fed-batch
fermentation. A nutrient medium was used containing 0-0.25% com steep solids
{(Rogustie)}, 5-25 ¢/l sodium and potassium phosphate, a solution of 0.3-0.6 M
ferrous sulfate, manganese chloride and calcium chioride, 0.5-4 g/ magnesium
sulfate, and a solution of 0.01-3.7 g/l zinc sulfate, cuprous sulfate, boric acid and
citric acid. An antifcam agent, FOAMBLAST 882, at 2-4 ml/L was added o
confrol foaming. A 10-L fermentation was fed with 50% {wiw) glucose feed when
initial glucose in balch was non-deteciable. The glucose feed rate was ramped
over several hours. The fermenialion was controlled at 30 °C and 20% DO, and
at initial agitation of 750 rpm. The pH was controlied at 7.2 using 50% (viv}
ammonium hydroxide. Fermentation parameters such as pH, temperature,
airfiow, and DO% were monitored throughout the entive 2-day fermentation run.
The culture broth was harvested at the end of the run and cenlrifuged to obiain
supernatant. The supernatant containing GTH0458 (SEQ 1D NO:42) was then
stored frozen at -80 °C.

The S. mutans MT-4230 gtf-C enzyme (SEQ 1D NOG:43) was prepared as
follows. A gene encoding a truncated version of a glucosyliransierase {(gif)
enzyme identified in GENBANK® as GI:3130088 (SEQ 1D NO:43; gif-C from S.

mutans MT-4239) was synthesized using codons oplimized for expression in
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Hacillus subtilis and synthesized by GenScript. The gene (SEQ 1D NO:44)
encoding GTFO088BsT1 with an N-terminal truncation and & C-terminal T1
truncation (SEQ 1D NO:45) was amplified from the GENSCRIPT plasmid and
cloned into the Nhel and Hindlil sites of the Bacifius sublifis integrative
exprassion plasmid pd4JH under the aprk promoter and fused with the B. sublifis
Aprk signal peplide on the vector. The construct was first transformed into £
cofi DH10B and selected on LB with ampicillin (100 ug/ml) plates. The
confirmed construct pDCQ1021 expraessing GTFOO88BsT1 was then transformed
into B. subtifis BGEOOE containing nine protease deletions

{amyE xyiRPxylAcomK-ermC, deglUHy32, oppA, AspollE3501, Aaprk, Anprk,
Aepr, AispA, Abpr, Avpr, Awprd, Ampr-ybid, AnprB) and selected on the LB plates
with chioramphenicol (5 ug/ml). The colonies grown on LB plates with § pg/mb
chiloramphenicol were streaked several times onio LB plates with 25 ug/mb
chioramphenicol. The resulling 8. sublilis expression strain SG1221 was first
grown in LB medium with 25 ug/mL chloramphenicol and then subcultured into
Grantsil medium containing 25 pg/ml chloramphenicol grown at 30 °C for 2-3
days. The cultures were spun at 15,000 g for 30 min at 4 °C and the supernatant
was filtered through 0.22-um filters. The filtered supernatant was aliquoted and
frozen at -80 °C.

B. subtifis 5G1221 strain, expressing GTFO088BsT1 (SEQ 1D NO:45),
was grown under an asrobic submerged condition by conventional fed-batch
fermentation. A nutrient medium was used containing 0-0.25% com steep solids
{(Rogustie)}, 5-25 ¢/l sodium and potassium phosphate, a solution of 0.3-0.6 M
ferrous sulfate, manganese chioride and calcium chioride, 0.5-4 g/l magnesium
sulfaie, and a solution of 0.01-3.7 g/l zinc sulfate, cuprous sulfate, boric acid and
citric acid. An antifcam ageni, FOAMBLAST 882, at 2-4 ml/L. was added o
control foaming. A Z-L fermeniation was fed with 50% (w/w) glucose feed when
initial glucose in balch was non-deteciable. The glucose feed rate was ramped
over several hours. The fermentation was controlied at 30 °C and 20% DO, and
at an initial agitation of 400 rpm. The pH was controlled at 7.2 using 50% (v/v}

ammonium hydroxide. Fermentation parameters such as pH, temperature,
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airflow, and DO% were monitored throughout the entire 2-day fermentation run.
The culture broth was harvested at the end of run and centrifuged to obtain
supernatant. The supermatant containing GTF088BsT1 (BEQ ID NUO:45) was
then stored frozen at -80 °C.

Determination of the Glucosyliransferase GTF045% and GTFOO88BsT1 Aclivity

Glucosyitransferase aclivity assay was performed by incubating 1-10%

{viv} crude protein exiract containing GTF enzyme with 200 g/l sucrose in 25
mM or 50 mM sodium acetate buffer at pH 5.5 in the presence or absence of 25
g/l dextran (MW ~1500, Sigma-Aldrich, Cat#313984) at 37 °C and 125 rpm
orbital shaking. One gliquot of reaction mixture was withdrawnat 1 h, 2 hand 3
h and heated at 80 °C for 5 min o inactlivate the GTF. The insoluble material
was removed by centrifugation at 13,000xg for & min, followed by filtration
through 0.2-um RC (regenerated cellulose)} membrane. The resulling filtrate was
analyzed by HPLC using two AMINEX HPX-87C columns series at 85 °C {Bio-
Rad, Hercules, CA) to quaniify sucrose concentration. The sucrose
concentration at each time point was plotted against the reaction time and the
initial reaction rate was determined from the slope of the linear plot. One unit of
GTF activity was defined as the amount of enzyime needed {0 consume one
micromole of sucrose in one minute under the assay conditions.

Preparation of a Crude Exiract of Alpha-{1,3)-Glucanchydrolase {mutanase)

A gene encoding the Penicilfium mameffei ATCC® 18224™ mutanase
identified in GENBANK® as G:212533325 was synthesized by GenScript
{Piscataway, NJ}. The nuclectide sequence (SEQ D NG:46) encoding protein
sequence {(MUT3325; SEQ 1D NO:47)Y was subcloned into plasmid plrex3 at
Sacll and Ascl restriction sites, a vector designed {0 express the gene of interest
in Trichoderma reesei, under control of CBHI promoter and terminator, with
Aspergiflus niger acetamidase for selection. The resulting plasmid was
transformed into 7. reesei by biolistic injection. The detailed method of biolistic
transformation is described in International PCT Patent Application Publication
WO20009/126773 At, which is incorporated herein by reference. A 1-cm? agar

plug with spores from a stable clone, TRMO5-3, was used 1o inoculale the
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production media (described below). The culture was grown in shake flasks for
4-5 days at 28 °C and 220 rpm. To harvest the secreted proteins, the cell mass
was first removed by centrifugation at 4000g for 10 min and the supematani was
filtered through 0.2-um sterile fillers. The expression of mutanase MUT3325
{(SEQ 1D NO:47) was confirmed by SDS-PAGE.

The production media component is listed below.
NREL-Trich Lactose Befined

Formuia Amount Units
ammonium sulfate 5 g
PIFPS 33 g
BD BACTO casamino acid 8 9
KH POy 4.5 g
CaCl.2H.0 1.32 g
MgS04.7H0 1 g
7. reesei trace elements 2.5 mik
NaOH pelist 4.25 g
Adjust pH to 5.5 with 50%

NaOH

Bring volume {o 820 i
Add o each aliquol: 5 drops
FOAMBLAST

Autoclave, then add 80 mbL
20 % lactose filter sierilized

T. regsei race elemenis

Formula Amount Units
citric acid. HO 101.41 g
FeS0..7HO 200 g
ZnS0.THO 18 g
Cu804.5H,0 3.2 g
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Determination of Alpha-Glucanchydrolase (Mulanase) Activity

Insoluble mutan polymers required for determining mutanase activily were
prepared using secreted enzymes produced by Sirepfococcus sobrinus ATCC®
33478™ . Specifically, one loop of glycerol stock of S. sobrinus ATCC® 33478™
was streaked on a BHI agar plale (Brain Heart infusion agar, Teknova, Hollister,
CA), and the plate was incubaled at 37 °C for 2 days. A few colonies were
picked using a loop to inoculate 2X 100 mi BHI Hquid medium in the original
medium botlle from Teknova, and the culture was incubated at 37 °C, held static
for 24 h. The resulting cells were removed by centrifugation and the resulting
supernatant was filtered through a 0.2-um sterile filter; 2X 101 mbL of filtrate was
collected. To the filtrate was added 2X 11.2 mb of 200 g/l sucrose {final sucrose
20 g/}, The reaction was incubated at 37 °C with no agitation for 67 h. The
resulting polysaccharide polymers were collected by centrifugation at 5000xg for
10 min. The supernatant was carefully decanted. The insoluble polymers were
washed 4 times with 40 mL of slerile water. The resulting mutan polymers were
iyophilized for 48 h. Mutan polymer {380 mg) was suspended in 38 ml of sterile
water to make a 10 mg/mb suspension. The mutan suspension was
homogenized by sonication (40% ampilitude until large lumps disappear, ~10 min
in total). The homogenized suspension was aliquoted and stored at 4 °C.

A mutanase assay was initiated by incubating an appropriate amount of
enzyme with 0.5 mg/mbL mutan polymer {prepared as described above) in 25 mM
KOAc huffer at pH 5.5 and 37 “C. Al various lime points, an aliquot of reaction
mbtture was withdrawn and quenched with equal volume of 100 mM glycine
buffer {pH 10). The insocluble malerial in each guenched sample was removed
by centrifugation at 14,000xg for 5 min. The reducing ends of cligosaccharide
and polysaccharide polymer produced at each time point were guantified by the
p-hydroxybenzoic acid hydrazide solution (PAHBAH) assay (Lever M., Anal.
Biochemn., {(1972) 47:273-279) and the initial rate was determined from the slope
of the linear plot of the first three or four time points of the time course. The
PAHBAH assay was performed by adding 10 pb of reaction sample supernatant
to 100 pl of PAHBAH working solution and heated at 85 °C for 5 min. The
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working solution was prepared by mixing one part of reagent A (0.05 g/mL p-
hydroxy benzoic acid hydrazide and 5% by volume of concenirated hydrochloric
acid) and four parts of reagent B {0.05 g/mbL NaOH, 0.2 g/ml sodium polassium
tartrate). The absorption at 410 nm was recorded and the concentration of the
reducing ends was calculaied by sublracting appropriate background absorplion
and using a standard curve generated with various concentrations of glucose as
standards.

Anslysis of Reaction Profiles by HPLC

Periodic samples from reactions were taken and analyzed using an
Agitent® 1260 HPLC equipped with a refractive index detector. An Aminex® HP-
87C column (BioRad, Hercules, CA) having deionized waler at a flow rate 0f 0.6
mi/min and 85 "C was used to guantitate the level of sucrose, glucose, leucross
and fructose in gif reactions. An Aminex® HP-42A column (BioRad) having
deionized water at a flow rate of 0.6 mb/min and 85 °C was used (o quaniitate
soluble oligosaccharide byproducts (DP2-DPT) in gif reactions.

A Dionex® UliiMate™ 3000 HPLC (Thermo Scientific) equipped with a
refractive index detector was used for samples involving immobilized enzymes
(Example 4). A Phenomenex® Rezex'™ calcium monosaccharide column having
deionized water at a flow rate of 0.3 ml/min and 85 °C was used (o analyze the
SUQArs.

Analysis of oliqosaccharide linkage by NMR

NMR data were acquired on an Agilent DD2 spectrometer operating at
500 MHz for 'H using a 5-mm cryogenic triple-resonance pulsed-field gradient
{(PFG) probe. Waler suppression was obtained by carefully placing the observe
transmitter frequency on resonance for the residual water signal in a "presal’
experiment, and then using the first slice of a NOESY experiment with a full
phase cycle {multiple of 32) and a mix time of 10 ms. One-dimensional 'H
specira were acquired with a spectral width of 6410 Hz, acquisition time of 5.1 s,
65536 data poinis, 4 s presaturation and a 80-degree pulse of 5.85 us. Sample
temperature was maintained at 25 "C. Samples were prepared by adding 50 ul
to a 5-mm NMR tube slong with 450 ul. of D0 and 60 pl. of D20 containing 12.4
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mM DSS {4 4-dimethyl-4-silapeniane-1-sulfonic acid sodium salt} internal
reference with the methyl resonance set to 0 ppm. Chemical shift assignments
for different anomeric linkages were taken from: Goffin et al. (2008, Bull Korean
Chem. Soc. 30:2535-2541. Peak assignments were 5.35 ppm for alpha{1,3)
finkages, 5.1 ppm for leucrose, and 4.85 for alpha{1,6) linkages. Reducing ends
{RE) were assigned to be 5.2 for alpha RE and 4.65 for beta RE.

EXAMPLE 1

Production of Sugar Svrup by Polvmerization of Sucrose

This example discloses the general manner in which a mixiure of soluble
sugars was produced by polymerization of sucrose with a gtf enzyme in a glucan
synthesis reaction. Specifically, a filtrate of a glucan synthesis reaction was
prepared, which was then concentrated o a syrup.

Sucrose (3000 g) was added {o a clean B-gallon polyethylene bucket.
Water (18.1 L) and Fermasure ™ (10 mL) were added to the bucket, and the pH
was adjusted {0 7.0 by addition of & vol% NaOH and 5 vol% Hy804. The final
volume was ~20 L and the initial concentration of sucrose as measured by HPLC
was 152.5 g/l.. The glucan polymerization reaction was initiated by adding 0.3
vol% of crude gif enzyme (SEQ D NO:3) extract prepared as described in the
General Methods seclion. This extract contained about 2.9 mg/mb of protein.
Agitation to the reaction solution was provided using an overhead mechanical
motor equipped with a glass shaft and FTFE blade.

After 48 hours, HPLC analysis revealed that 86% of the sucrose had been
consumed and the reaction was deemed {0 be complete. The insoluble poly-
alpha-~1,3-glucan product of the reaction was removed by filtralion with a Buchner
filter funnel using 325-mesh steel screen and 40-micron filter paper. The mother
figuor (filtrate) was then concenirated using a rotary evaporator (bath temp of 40-
50 *C} to a iofal sugar conceniration of about 320 g/l sugars. The composition
of the concentrated filirate is provided in Table 2.
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Jable 2

Composition of a Concentrated Filtrate of a Glucan Synthesis Reaction

PCT/US2015/017644

Sucrose | Leucrose | Glucose | Fructose | DP2 | DP3I+ | Total
g/l 13.5 130.6 255 103.8 1831 283 3201
wi% 4.2 40.8 8 324 57 3.8 100

Table 2 indicates that the concentraied filirate of the glucan synthesis
reaction contains sucrose, fruciose, glucose, lsucrose and oligosaccharides of
DP2-DP7.

EXAMPLE 2

Eflect of Enzvmes on Hydrolysis of Suqars in a Fillrate of a Glucan Svnthesis

Reaction

This example measures the activity of various glucoamylase (EC 3.2.1.3),
transglucosidase (EC 2.4.1.24}, bela-glucosidase (EC 3.2.1.21), alpha-amylase
(EC 3.2.1.1) and glucosidase (EC 3.2.1) enzymss for the purpose of reducing the
concentration of leucrose and/or oligosaccharide byproducts in a8 concentraled
filtrate of a glucan synthesis reaction. Cerfain enzymes such as DIAZYME RDF
ULTRA, transglucosidase (EC 2.4.1.24) and glucoamylase (EC 3.2.1.3}, which
are all alpha-glucosidase, were found {0 be particularly effective at reducing the
amount of these byproducts, resulting in a corresponding increase in
monosaccharides (glucose and fructose) in the treated filtrate.

A filtrate of a glucan synthesis reaction was first prepared and
concentrated to a syrup according to the procedure outline in BExample 1. The
composition of this concentrated filfrate is provided in Table 3. NMR analysis
revealed that the ratio of alpha{1,3} to alpha {1,6) inkages present in the syrup
was 78:22.

Table 3

Composilion of a Congcentrated Filfraie of a Glucan Synthesis Reaction

Sucrose | Leucrose | Glucoss | Fructose DP2 DP3+ Total
g/l 161 210 3 302 33 61 860
wi% 18.7 24 .4 10.8 351 3.8 7.1 100.0
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The syrup of Table 3 was used (o test the hydrolylic activity of various
snzyimes against lsucrose and oligosaccharide byproducts of the glucan
synthesis reaction. It was not cbvious at the outsel of these experiments what
enzyme could be used to hydrolyze both these byproducts, given that leucrose
contains an unusual linkage [alpha{1.5)-glucosyl fructose] and that the
oligosaccharides comprise primarily alpha{1,3) and alpha(1,6) glucosyi-glucose
linkages. Enzymes with various activities were selected for this analysis (Table
4).

Jable 4

Enzvmes Bvaluated for Leucrose and Oligosaccharide Hvdrolysis

Enzyme Source Function Activity or pr:stein
concentration
DIAZYME RDF ULTRA DuPont 1B 1,4-alpha-glucosidase 710 U/g
Oligo-1,6-glucosidase Megazyme 1,6-alpha-glucosidase 320 U/mg
SPEZYME FRED DuPont 1B Alpha-amylase 1-5%
SPEZYME RSL DuPont iB Alpha-amyiase 1-5%
OPTIMAX L-1000 DuPont iB Puliulanase 1-5%
iigﬁgGLUCOSEDASE DuPont {8 Transglucosidase >1700 TGU/g
purified
TRANSGLUCOSIDASE DuPont B Transglucosidase 22.7 mg/mL
L-2000
ACCELLERASE BG DuPont {B Beta-glucosidase 3000 U/e
NOVO 188 Sigma-Aldrich Beta-glucosidase > 250 U/g
SUMIZYME BFS-L zzfp:‘f?;f” Reta-glucosidase 100 U/fg
SUMIZYME BGA Shin Nilon Beta-glucosidase 2000 Ufg
Chemical
ACCELERASE TRIO DuPontiB Cellulase 5-10%
ACCELERASE 1500 DuPont 1B Celluiase/Beta- 5-10%/0.5-4%
glucosidase
OPTIDEX L-400 DuPont B Glucoamylase > 350 GAU/xg
GC 147 DuPont {B Glucoamvylase 400 GAU/g
GC 321 DuPont B Glucoamylase > 350 GAl/g

2 DuPont Industrial Biosciences

Conditions for treating the syrup of Table 3 with each of the above
enzymes are provided in Table 5 {enzyme loading, time, temperature, pH, sugar

concentration). The syrup was diluted with waler {o reach the sugar
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conceniration used in sach hydrolysis reaction. Table 5 further provides the

percent hydrolysis of the leucrose and DP3+ (at lsast DP3-DP7)

oligosaccharides by sach enzyme. Percent DP3+ hydrolysis was calculated as

{1~ {(wi% DP3+ oligosaccharides in the final syrup) / {(wi% DP3+

oligosaccharides in the initial syrup)). Similarly, percent leucrose hydrolysis was

calculated as (1 — (wi% leucrose in the final syrup} / (wi% leucrose in the initial

syrup}).

Iable 5

Hydrolysis of Leucrose and Oligosaccharides in a Concentrated Fillrate by

Various Enzvmes

Enzyme ' Sugar DP3+ Leucrose
. Temp | Time . . .
Example Enzyme loading ) ihe) pH | concentration | hydrolysis | hydrolysis
{vol %) {g/Ly {%} {%}
DIAZYME
A 0, G 3 X 36 13
2 RDE ULTRA 5 &0 83 | 4.0 300 36 13
2.2 Oligo-1,6- 5 40 72 |55 400 43 <2
glucosidase
PEZ
2.3 S E ‘{ME 0.5 a0 66 | 4.0 280 <2 <2
FRED
2.4 SPEZYME RSL 8.5 60 48 4 290 <2 <2
OPTIMAX
2.5 L1000 5 &0 43 4 290 <2 <2
2.6 TG L-2000 3.25 60 J0 1 4.0 260 54 >08
2. TG L-2000 2 60 48 1 4.5 300 96 >08
PURIFIED
§ a.5 5 : >
2.8 TG L2000 0 80 48 1 4.5 260 56 >93
29 | ACCELERASE a5 66 | 70 | 4 300 11 <2
BG
2,10 NOVO 188 3.25 60 70 4 300 49 36
2.11 NOV(O 188 5 60 40 5.5 340 893 25
2.12 SUMEL\TM!: a.5 &0 48 1 4.5 260 55 46
BFS-L
MIZY
2.13 SUMIZYME 0.1 wi%% &0 48 145 260 26 77
BRGA
ACCELERASE
3 ¢ )< '8 5.6
2.14 TRIO 1.5 &0 a8 4 2580 28 6.6
2.15 ACCFLEmASE 4.5 &0 66 4 280 26 4
1500
2.16 GC 147 0.5 60 40 4 300 55 12
2.17 G321 5 60 72 |55 400 74 &4
2.18 OPTIDEX 4.5 &0 70 4 300 27 25
L-400
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# Sugar concentration (total concentration of sucrose, glucose, fructose, leucrose
and oligosaccharides) measured by HPLC; reported values are rounded to
nearsst 10 g/l increment.

® DP3+ contains DP3-DF7, but may also contain larger soluble oligosaccharides
that have a high ratio of alpha-1,6 linkages to aipha-1,3 linkages, when produced
using certain gif enzymes.

Table 5 indicates that 1,4-alpha-glucosidase and 1,8-alpha-glucosidase
showed some {(Example 2.1} or very litlle {(Example 2.2) hydrolysis of leucrose,
but did release some glucose from the oligosaccharides. Use of alpha-amylase
{Example 2.3 and Example 2.4} showed very little aclivity against the compounds
of interest. Similarly, use of g pullulanase {(Example 2.5) showed very litlle
activity.

Celiulases {(Examples 2.14 and 2.15) were largely ineflective at
hydrolyzing leucrose, bul did hydrolyze some of the oligosaccharides.

Although the oligosaccharides did not contain beta linkages, surprisingly,
beta-glucosidase enzymes also showed a range of hydrolytic conversion from
very low (ACCELERASE BG, Example 2.9) to very high (NOVQ 188, Examples
210 and 2.11). The relative efficacy of these enzymes varied quite dramatically.
in some cases, the amount of oligosaccharide that was hydrolyzed greatly
exceeded {(Example 2,11}, or was close to {(Example 2.12), the percentage of
leucrose that was hydrolyzed. In other cases, leucrose was highly hydrolyzed by
heta-glucosidase while the oligosaccharides were moderately hydrolyzed
{Example 2.13). The high disparity amongst the resulis cbserved with bela-
glicosidase suggests that the presence of other enzymes in the tesied beta-
glucosidase formulations, such as glucoamyiase or another type of alpha-
glucosidase, could be responsible for the observed activity.

Conversely, the results in Table 5 indicate that transglucosidase (TG L-
2000, Example 2.8) showed very high activity at hydrolyzing both the
oligosaccharides and leucrose. Leucrose hydrolysis by transglucosidase
appeared guantitative under certain circumstances, and greater than 85% of the
DP3+ material was hydrolyzed o glucose and D2 at high enzyme loadings

{Example 2.7). Use of a purified version of ransglucosidase revealed similar
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activity {(Example 2.8}, indicating that the observed hydrolysis is due 1o the
transglucosidase enzyme and not background activity.

Glucoamylases {(Examples 2.16-2.18) showed a range of activity against
leucrose and the oligosaccharides. Only one tested glucoamylase {(Example
2.18) gave less than 30% hydrolysis of both the leucrose and oligosaccharides.

The resuits in Table & indicate that alpha-glucosidases such as DIAZYME
ROF ULTRA, glucoamylase and transglucosidase can hydrolyze leucrose
byproduct present in a glucan reaction filtrate. The ability of alpha-glucosidases
to hydrolyze leucrose indicates that these enzymes can hydrolvze alpha-1,5
glucosylHructose linkages. While this aclivity was shown above using leucrose
as a subsirate, it is believed that this activity can also be extended (o
gligosaccharides comprising alpha-1,5 glucosyl-fructose linkages.

The resulis in Table 5 further indicatls that alpha-glucosidases such as
gluccamylase and transglucosidase can hydrolyze oligosaccharide byproducts
present in a glucan reaction filtrale. Since these oligosaccharides are mostly
comprised of glucose monomer units linked by alpha-1,3 and/or alpha-1,6
finkages {(Example 3}, the data in Table 5 indicate that alpha-glucosidase
enzymes can hydrolyze alpha-1,3 glucosyi-glucose and/or alpha-1,6 glucosyl-
glucose linkages.

Since alpha-glucosidase enzymes were generally effective at hydrolyzing
the feucrose andfor oligosaccharide byproducts of a glucan synthesis reaction,
these enzymes can be used alone or in combination to reduce the processing
time necessary to generate a high purity syrup from a glucan reaction filtrate
confaining an increased amount of monosaccharides and reduced amount of
sugar byproducts. An example of an effective enzyme combination could be a
transglucosidase such as TG L-2000, for leucrose hydrolysis, and a
glucoamylase {e.g., GC 321) enzyme that efficiently hydrolyzes oligosaccharide
byproducts.

Thus, aipha-glucosidase enzymes can individually hvdrolyze (i) alpha-1,5
glucosyl-fructose linkages and (i} alpha-1,3 and alpha-1,8 glucosyl-glucose

finkages in certain saccharides.
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EXAMPLE 3

Comparison of Linkage Distrbutions of Glucan Reaclion Filtrate Componenis

before and afier Enzvime Hydrolysis

This example measures the hydrolytic activity of transglucosidase (EC
2.4.1.24} and beta-glucosidase (EC 3.2.1.21) enzymes against leucrose and
oligosaccharide byproducts present in a concentrated filirate of a glucan
synthesis reaction. Transghlucosidase was found to reduce the amount of these
byproducts, resulling in a corresponding increase in monosaccharides (glucose
and fructose) in the ireated filtrate,

The cligosaccharide byproducts present in the filtrate of the above glucan
synthesis reaction comprise >80% glucose-glucose linkages, as determined by
NMR {General Methods). Of the glucose-glucose linkages, ~78% represent
alpha-1,3 linkages and ~22% represent alpha-1,6 linkages.

NMR was used o determine the linkage profile of material generated in
Example 2.11 above after hydrolysis. As shown in Figure 1, the peak
corresponding to alpha-1,3 linkages was reduced by 86%, the peak
corresponding to alpha-1,6 linkages was reduced by only 2.3%, and the peak
corresponding to leucrose peaks was reduced by 21%. Whils sucrose was very
nearly quantitatively hydrolyzed by this enzyme, Novo 188 does not appear to be
capable of hydrolyzing alpha-1,6 linkages.

NMR was similarly used to determine the linkage profile of material
generated using TG L-2000 (SEQ D NO) ransglucosidase (Figure 2). 210 ul
of concentrated filtrate from the material in Table 3, 300 ul of D30, and 80 pl of
3,0 containing 12.4 mM D55 as internal reference were mixed in an NMR tube
to give g total sugar conceniration of 300 g/l and heated to 60 "C. A time zero
spectrum {starting malerial in Figure 2) was acguired after thermal equilibration
at 60 °C, and then 0.5 vol% of enzyme was added. The sample was re-
equilibrated in the probe at 60 °C and shimmed, and measuremenis were laken
within a few minutes of analysis. After 10 hours of treatment with TG L-2000
enzyme {(reated material in Figure 2), the peaks corresponding (o alpha-1,3

linkages were reduced by 41%, the peaks corresponding to alpha-1,6 linkages
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were reduced by 36%, and the peak corresponding io leucrose was reduced by
>85% {Figure 2). An increase in both the alpha-reducing end and beta-reducing
end peaks was observed, which corresponds to an increase in fructose and
glucose {Figure 2).

These resulls demonsirate that a transglucosidase can convert
oligosaccharides containing alpha-1,3 and alpha-1,6 linkages into glucose and
can convert leucrose into fructose and glucose. Thus, transglucosidase can
hydrolyze (i) alpha-1,5 glucosyl-fructose linkages and (i) alpha-1,3 and alpha-1,6
glucosyl-glucose linkages in certain saccharides.

EXAMPLE 4

Hydrolysis of Leucrose and Cligosaccharides in Glucan Reaction Fillrate Using

immobilized Enzymes

This Example describes using immobilized glucoamylase (EC 3.2.1.3) and
transglucosidase (EC 2.4.1.24) to hydrolyze leucrose and other oligosaccharides
present in filtrate obtained from a glucan synthesis reaction. Specifically, the
affect of immobilized transglucosidase TG L-2000 (8EQ D NG, obtained from
Genencor / DuPont Industrial Biosciences) and immobilized glucocamylase GC-
147 {obtained from Genencor / BuPont Industrial Biosciences) on the hydrolysis
of leucrose and oligosaccharides DP2, DP3 and HS (higher sugars, DP4+}in a
filtrate of a glucan synthssis reaction was studied.

immobilization of the glucoamylase and ransglucosidase enzymes was
carried out according 1o the method described in U.3. Patent No. 5541087, which
is incorporated herein by reference.

In a typical process for immobilizing the glucoamylase or
transglucosidase, two balches of about 8.0 g/batch of porous granular
diatomaceous garth (EP Minerals, Reno, NV) were hydrated with distilled water
and then transterred o a glass column reactor of 1.5-cm diameter and 30-om
height. Water was pumped upflow at about 6-7 ml/min to remove fines from all
three columns. Generally, within an hour the water effluent was free of fings.
Water was drained from the column {o the top of the granular diatomaceous

earth beds and replaced with 0.1% wiv agueous solution of polyethylenimine
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(PEL EPOMIN P-1050). 3500 mL of the PEI solution was then pumped upflow
and effluent was recycled through the beds for 2 hours. The granular
diatomaceous sarth beds were then washed upflow with distiled water for 2
hours to remove free PE! at room temperature. In this manner, granular
diatomaceous earth-PE| carriers were obtained.

In the meantime, 3.5 mbL of glucoamylase GC-147 having activity defined
in Table 4 was added to 315 mi of 0.02 M acetate buffer (pH 4.5). 1.575gof
50% wiw glutaraldehyde (Protectol® GA-50) was then slowly added to the
aqueous solution of glucoamylase with gentle mixing, and the glutaraldehyde
was allowed to react with the agqueous glucocamylase solution for 4 hours at a
temperature of 20-25 “C with gentle agitation, which resulied in formation of a
treated enzyme-glutaraldehyde adduct containing treated glucoamylase.
Separately, these steps were repeated using the transglucosidase TG L-2000
having activity defined in Table 4 instead of the glucoamylase, thereby resulling
in the formation of a treated enzyme-glutaraldehyde adduct containing treaied
transglucosidase.

Each of the treated enzyme-giutaraldehyde adducts was then circulated
for 4 hours (20-25 °C) in its own column prepared as above containing granular
diatomaceous earth-PE! carrier. Excess treated adduct was then washed out of
the carriers with water. Columns with immohbilized glucoamylase or
transglucosidase were thus prepared.

A glucan filtrate having the composition defined in Table 3 was diluted to
180 g/l adjusied to pH 4.5, and passed through a column containing an
immobilized enzyme. Column temperature was controlled 1o 60 °C. After 18
hours of column equilibration, samples were taken pericdically at different flow
rates. Sugar compositions of hydrolysis reaction products were determined by
HPLC {Table 6). Every time the flow rale setling was changed, the column was
allowed to re-equilibrate for at least 1-2 bed volumes before sampling. The
degree of hydrolysis of leucrose and cligosaccharides was calculated using the

marnner described in BExample 2. Three column configurations were tested: 1)
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immobilized glucoamylase, 2) immobilized transglucosidase, and 3) immobilized

glucoamviase followed by immobilized transglucosidase.
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Table 8

Application of Immobilized Glucoamviase and Transalucosidase Enzvimes 1o

Hvdrolvze Oligosaccharides and Leucrose

Mean contact BP3+ Leucrose

immaobilized Enzyme time {hr} hydrolysis {9} hydrolysis {%)
GC 147 0.7 16 17
GC 147 1.0 20 22
GC 147 1.3 25 25
GC 147 3.0 38 47
TG L-20006 0.7 28 >85
TG L-20006 1.0 32 >85
TG L-2000 1.3 37 >85
TG L-2000 3.0 47 >85
GC 147 + TG L-2000 6.0 55 >85

Table 6 indicates that, as the mean contact time {defined as the nominal
column volume divided by the mean flow rate) was increased, the degree of
hydrolysis of leucrose and oligosaccharides generally increased. Use of the
immohbilized transglucosidase {0 hydrolyze leucrose was pardicularly effective, as
no significant difference was observed even using the fastest flow rate thai was
tested. While sach column individually showed reasonable conversion, the
combination of the glucocamylase and transglucosidase gave the highest
hydrolysis of oligosaccharides.

Thus, use of an immobilized glucoamylase or transglucosidase, or both
types of immobilized enzymes, represents an effective technigue 1o hydrolyze
gligosaccharides containing alpha-1,3 and alpha-1,6 glucosyl-glucose linkages,
as well as leucrose. These results are consisient with those of Example 2.
bmmobilization of other alpha-glucosidase enzymes should give similar resulis.

EXAMPLE 5

Enrichment of Fructose from g Glucan Beaction Filirate by Chromalography

This example discloses how fructose in a glucan reaction fillrate can be

further enriched through chromatography.
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Generally, when separating sugar molecules by chromatography,
components elute inversely to molecular size so that the largest molecules elute
first. Thus, with respect to a filtrale of a glucan synthesis reaction,
oligosaccharides elute firs, followed by disaccharides, and then
monosaccharides.  Separalions using & sodium calion resin did not separale
fructose and glucose well, and all of leucrose, sucrose, and DPZ co-eluted. Use
of ion exchange resins where the cation is calcium are preferred (o separate
glucose and fructose.

A filtrate of a glucan synthesis reaction was first prepared and
concentrated to a syrup according to the procedure outline in BExample 1. The
composition of this concentrated filtrate is provided in Table 7.

Table 7

Composition of g Concentrated Filtrate of a Glucan Synthesis Reaction

Sucrose | Leucrose | Glucose | Fructoss DP2 | DP3+ Total
o/l 1286 202 93 295 40 g5 821
wi% 15.4 246 11.3 36.0 4.8 7.9 100

The syrup of Table 7 was filtered and diluted to 25 g dry solids/100 g
solution with ion-exchanged water, and fed o a column containing a crosslinked
strong acid ion exchange resin in the calcium form. The physical parameters of
this column appear in Table 8. Diluted syrup (15.8 L) was fed {0 the column,
which was maintained at 65 °C, afterwhich the column was eluted using waier at
a flow rate of 30 Lihr

lable 8
Physical Parameters of the Column

FINEX C85116GC
fon form Ca®

Resin Type

Crosslinking, % divinyl benzene | 5.5

Particle size {mm) {.34
Bed length {m) 5.0
Column diameter (m}) 0.225

In this separation, leucrose remaingd in the column longer than sucrose,

perhaps due to complexation of leucrose with the calcium cation, and in fact, co-
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eluled with glucose. Two fractions conlaining fructose were isolated. Fraction

5.1 eluted between 47 and 120 minutes, and fraction 5.2 sluted belween 120 and

172 minuies. Of the fructose fed to the chromatographic separation, 85.7% of

the fructose was isolated in »80% purity.  The product distribution in each

fraction (5.1 and 5.2} as measured by HPLC appears in Table 8.
Table &
FProduct Distribution of Chromaiographic Fractions Confaining Significant

Amounts of Fruclose

%
Fraction | Sucrose | Leucrose | Glucose | Fructose | DP3+ | Others | Total | Fructoss
recovered
5.1 31.9 34.8 208 3.9 54 4.8 100 3.8
5.2 0.0 1.0 0.8 97.7 0.0 0.6 100 957

As the feed composition for this separation comprised 36.0% fructose, a
toial of 34.5% of the total stream was recovered as a fructose syrup with >80
wi% DS fructose. If the sucrose in the feed is neglecied, 40.7% of the sugars
were recovered as a fruclose syrup with >80 wit% DS fructose.

Thus, fructose in a glucan reaction filtrate can be further enriched through
chromatography. Example 6 below demonstrales that this process can be
enhanced using giucan filtrate hydrolyzed with a transglucosidase.

EXAMPLE 6
Enrichment of Fructose from a Hydrolyzed Glucan Reaction Fillrate by

Chromatography

This example demonstrales that fructose isolation from a glucan filirate in
which the oligosaccharides and leucrose have been hydrolyzed resulls in an
increased yield of high purity fructose syrup compared {6 when isolating fructose
from a non-hydrolyzed glucan filirate.

A syrup was prepared by concentrating (vacuum at 50 °C) a glucan filirate
that had been treated with 1 vol% of transglucosidase TG L-2000 (SEQ 1D NG
for 24 hr at 60 °C and pH 4.5. Some oligosaccharide formation was observed
during the conceniration process, which was expeacted since transglucosidase

enzymes are known to create oligosaccharides at high concenirations of
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monosaccharides. The syrup had the final product distribution described in
Table A.
JTable A
Composition of a Concentrated Glucan Filtrate that Was Hydrolyzed before

Concentration

Sucrose | Leucrose | Glucose | Fructose | DP2Z2 | BP3+ | Total
gil 3 <10 294 409 73 811 ~B70
wit% 0.3 1.1 337 4701 84 9.3 100

The syrup described in Table A was filtered and diluted 10 25.4 g DS/100 g
solution with ion-exchanged water and was fed {0 a column containing &
crosslinked strong acid cation exchange resin in the calcium form. The physical
parameters of the column appear in Table B. Diluted syrup (168 g) was then fed
to the colurmn, which was maintained at 65 °C, afterwhich the column was eluted
using water at a flow rate of 50 mbL/min.

lable B

Physical Parametlers of the Column

Resin Type FINEX CS11GC
ion form Ca™
Crosslinking, % divinyl benzene 5.5

Particle size {mm) (.34

Bed length {m) 1.69

Column diameter {m} 0.093

Two fractions containing fructose were isolated. Fraction 8.1 eluled
hetween 73 and 103 minutes, and fraction 6.2 eluted between 103 and 120
minutes. Of the fruclose fed o the chromalographic separation, 93.0% of the
fruciose fed {o the column was isolated in fraction 6.2 in »80% purity. The
product distribution in each fraclion (6.1 and 6.2) as measured by HPLO appears
in Table C.
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Hvdrolyzed Glucan Fillrate

%%
Fraction | Sucrose | Leucrose | Glucose | Fructose | DP3+ | QOthers | Total | Fruclose
recovered
6.1 7.7 13.8 63.9 7.3 1.5 57 100 59
6.2 G.0 (.6 3.0 81.8 0.0 4.6 100 93.0

The reduced separation efficiency in this example compared to Example 5
can be atiributed to differences in the scale of the column and the higher glucose
fraction of the sample. Even so, chromatographic purification of this material
resulted in an increased yield of high purity frucitose syrup compared o that
achieved in Example 5, in which syrup was chromatographically prepared from a
glucan filtrate that had not been hydrolyzed by a transglucosidase. As the feed
composition for this separation comprised 47% fructose (Table A), 43.7% of the
total stream was recovered as a fruciose syrup with >80 wi% D8 fructose. This
43.7% recovery is significantly better than the 34.5% recovery in Example 5.

Thus, fructose isolation from a glucan filirate that has been hydrolyzed
with transglucosidase resulls in an increasead vield of fructose compared to when
isolating fructose from a non-hydrolyzed glucan filirate.

EXAMPLE 7

Production of Ethanol by Fermenting a Filtrale of a Glucan Synthesis Reaction

This example discloses yeast fermentation of glucan filtrate to ethanol.

Yeast {S. cersvisiae) cream (Tonon mill, Brazil) was washed by
suspending the cream in tap waler (2.4 L, optical density of 65 at 600 nm) and
then centrifuging the yeast cream for 5 minutes using a LEGEND XTR centrifuge
{Thermo Scientific) at 4500 g. After decanting the supermatant, the yeast cells
wera resuspended and concentrated by centrifugation two additional times. After
the third wash, the pH was adjusied to 2 by addition of 5 wt% sulfuric acid. The
optical density was measured using a GENESYS 20 4001 spectrophotometer
{Thermo Scientific) and adjusted to 100 at 600 nm by addition of tap water. The
adjusted ysast cream (1.5 L) was added to a 7.5-L BIOFLO310 fermenter vesssl
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{New Brunswick). The fermenier was set {o maintain temperature at 30 °C and
agitation at 100 rpm. Although pH was measured during fermentation, it was not
corntrolied by the addition of acid or base solutions.

A feed solution containing yeast extract (10 g/L.}, peptone (20 g/L), and
200 g/l of sugars from a glucan fillrate was prepared and slerilized using a
PHOENDC AV-250 PLUS autodlave at 121 °C for 15 minutes. The feed solution
was allowed to cool to 25 °C {room temperature) before the fermentation began.
The sterilized feed solution (3.5 L) was added {o the fermenter over
approximately 5 hours at a rate of 684 ml/hr, and the fermentation was allowed
to proceed for 22 hours.

Periodic samples were {aken during the fermentation and analyzed for
optical densily using a GENESYS 20 4001 specirophotometer, Brix using & PAL-
3 refractometer (Alago), and sugar and ethanol concentrations by HPLO
{General Methods). These resulls are summarized in Table 10.

Table 10
Feed and Time Course Fermeniation Profiles for the First Ethanol Fermentation

Time {hr} | Sucrose | Leucrose | Ghucose | Fructose | DP2 | BP3+ g{?;ifr EiOH

Feed 9 70 19 76 7 19 200 0
0 0.2 0.0 0.0 0.1 - - - 7

1 <1 18 0.3 <1 - - - 15

2 <1 30 0.4 <1 - - - 21

3 <1 40 0.0 <1 - - - 25

4 <1 48 0.0 <1 - - - 28
5 <1 49 0.0 <1 - - - 29

& <1 53 0.0 <1 - - - 32

8 <1 53 0.0 <1 - - . 33
22 <1 53 0.0 <1 5 18 76 33

Concentrations {g/L) of ethanol (E1OH) and sugar compounds in the feed and at
various fermentation time poinis (0-22 hours} are listed.

When the Termentation was over, the veast cells were separaled by
centrifugation using a LEGEND XTR centrifuge at 4500 g for b minutes, After
decanting the supematant, the yeast were resuspended and concentrated by
centrifugation two additional times. After the third wash, the pH was adjusted o
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2 by addition of 5 wt% sulfuric acid. The optical densily was measured using a
GENESYS 20 4001 spectrophotometer and adjusted to 100 at 800 nm by
addition of lap water. Two addilional fermentation cycles, each using fresh fead,
were performed using recycled yeast cells from the previous fermentation

5 following the same conditions described above. The fermentation resulis
obtained using first-time and second-time recycled yeast are provided in Tables

11 and 12, respeclively.

Table 11
Feed and Time Course Farmentation Profiles Using the First Recycle of Yeast
10 Celis
Time {hr} | Sucrose | Leucrose | Glucose | Fruclose | DP2 | DRP3+ ;3;259' EtOH
Feed 13 69 21 77 7 i8 206 0
g § 4 § (3 - - - 5
1 <1 18 0 <1 - - ~ 18
4 <1 35 3 <1 - - - 23
4 <1 40 G <1 - - - 26
5 <1 45 3 <1 - - - 29
5 <1 53 G <1 - - - 32
7 <l 50 0 < - - - 32
7 <1 51 0] <1 - - - 33
21 <] 47 0 <3 & 18 65 37

Concentrations {g/L} of ethanol (EIOH) and sugar compounds in the feed and at
various fermeniation time points (0-21 hours} are listed.

Table 12
15 Feed and Time Course Fermeniation Profiles Using the Second Recvale of Yeast
Cells

Time Sucrose | Leucrose | Glucose | Fruciose RPZ2 | DP3+ Total E$OH

{hr} Sugar

Feed 10 70 19 76 2] 19 201 O
§ <1 0 0 <1 ~ - - 1%
1 <l 32 0 <1 - - - 24
4 <] 4G 0 <1 - - - 29
4 <l 45 0 <1 - - - 31
5 <1 46 0 <1 - - - 33
6 <1 45 ¢ <1 - - - 34
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& <1 i6 O <1 - - - 48
7 <] 7 0 <1 - - - 52
21 <1 5 O <1 5 16 27 54

Concentrations {g/l.} of ethanol (EtOH) and sugar compounds in the feed and at
various fermentation time poinis (0-21 hours} are listed.

Very little leucrose was consumad in the first fermentation, although the
yeast celis starled to acclimate and consume leucrose by the second recycle.
Ethanol fermentation titers increased from 33 g/l (Table 10, 22 hours) to 54 g/l
{Table 12, 21 hours) after three fermeniation cycles with recycled yeast, although
significant amounts of leucrose were present in the medium, even after the last
cycle.

Thus, glucan filtrate can be used in a fermeniation process o produce
agthanol.

EXAMPLE 8

Production of Ethanol by Fermenting Hyvdrolvzed Glucan Fillrate

This example demonstraies that fermenting a glucan filtrate in which the
leucrose and oligosaccharide byproduct components have previously been
saccharified resulls in increased ethanol yields.

Fermentations were performed following the procedure outlined in
Example 7, but using a glucan filtrale that was previously ireated with a
transglucosidase (TG L-2000, SEQ 1D NO:1). Hydrolyzed glucan filtrate was
prepared as follows. Glucan fillrale was adjusted to 300 g sugars/l. and then the
pH was adjusted {0 4.0 using 1.0 M sodium hydroxide and 5 wi% sulfuric acid.
The final volume of this preparation was 8.75 L. The filtrate solution was then
sterilized using a PHOENIX AV-250 PLUS autoclave at 121 °C for 15 minules,
and then the temperature was adjusted to 60 °C. TG L-2000 enzyme extract as
described in Table 4 {135 mbL) was mixed with the sterilized filtrate and the
solution was incubated in an incubator-shaker (IKA KS4000) at 60 °C and 100
rpm for 72 houwrs. Hydrolyzed glucan filtrate was thus prepared.

Yeast (S. cerevisiae) cream (Bom Retiro mill, Brazil) was washed by
suspending the cream in tap water (2.4 L, oplical density of 65 at 600 nm) and
then centrifuging the yeast cream for 5 minutes using a LEGEND XTR cenirifuge
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at 4500 g. Afier decaniing the supernatant, the yeast were resuspended and
concentrated by centrifugation two additional times. After the third wash, the pH
was adjusied to 4.5 by addition of 5 wi% sulfuric acid and the oplical density was
measured using a GENESYS 20 4001 spectrophotometer and adjusted to 100 at
600 nm by addition of tap water. The adjusted yeast cream (1.5 L) was added to
a 7.5-L BIOFLO310 fermenter vessel. The fermenter was sel to mainiain
temperature al 30 °C, agitation at 100 rpm, and pH at 4.5 using 4 M aqueocus
ammonium hydroxide or 5 wt% agueous sulfuric acid.

A feed solution containing yeast exiract (10 o/}, peptone (20 g/L), and
200 g/l of sugars from the hydrolyzed filirate was prepared and sierilized using a
PHOENDC AV-250 Plus auioclave at 121 °C for 15 minutes. The feed solution
was allowed 1o cool to 25 °C (room temperature) before the fermentation began.
The sterilized feed solution (3.5 L) was added {0 the fermenter over
approximately 5 hours at a rate of 684 ml/hr, and the fermentation was allowed
to proceed for 22 hours.

Periodic samplaes were taken during the fermentation and analyzed for
optical densily using a GENESYS 20 4001 spectrophotometer, Brix using a PAL-
3 refractometer, and sugar and sthanol concentrations by HPLC {(General
Methods). These results are summarized in Table 13

Table 13
Feed and Time Course Fermeniation Profiles for the First Ethanol Fermentation

Using Hvdrolvzed Glucan Filirate

?;? ; Sucrose | Leucrose | Glucose | Fructose | DP2 | DP3+ gﬁ;igr EtOH

Feed 7 4 65 97 11 3 186 0
G G G G 4] - - - 7
1 <1 i <1 <1 - - - 20
2 <1 3 <1 <1 - - - 32
3 <1 4 <1 <1 - - - 40
4 <1 4 <1 <1 - - - 49
5 <1 4 <1 <1 - - - 53
6 <1 5 <1 <1 - - - 55
8 <1 5 <1 <1 - - - 57
22 <1 5 <1 <1 8 3 16 54
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Concentrations {g/L} of ethanol (EtOH) and sugar compounds in the feed and at
various fermeniation time points ((-22 hours) are listed.

When the fermeniation was over, the yeast cells were separated by
centrifugation using a LEGEND XTR centrifuge at 4500 g for & minutes. After
decanting the supernatant, the veast cells were resuspended and concentrated
by centrifugation two additional times. After the third wash, the pH was adjusted
to 2 by addition of 5 wi% sulfuric acid. The optical densily was measured using a
GENESYS 20 4001 spectrophotometer and adjusted o 100 at 600 nm by
addition of tap water. Two additional fermentation cycles, each using fresh feed,
were performed using recycled yeast cells from the previous fermentation
following the same conditions described above. The fermentation resulis
obtained using firsi-time and second-time recycled yeast cells are provided in
Tables 14 and 15, respectively.

Table 14
Feed and Time Course Fermentation Profiles Using the First Recycle of Yeast

Cells with Hydrolvzed Glucan Fillrate

?E?: ;E Sucrose | Leucrose | Glucose | Fructose | BDP2 | DP3+ gg;fr EtOH

Feed 7 4 69 104 7 4 184 G
G <1 G <1 <1 - - - 10
1 <1 7 <1 <1 - - - 25
4 <1 5 <1 <1 - - - 39
4 <1 4 <1 <1 - - - 45
5 <1 5 <1 <1 - - - 51
& <1 5 <1 <1 - - - 57
6.2 <1 5 <1 <1 - - - 60
7 <1 5 <1 <1 - - - 59
21 <1 5 <1 <1 g 5 18 58

Concentrations {g/L)} of ethanol (EtOH)} and sugar compounds in the feed and at
various fermentation time poinis (0-21 hours} are listed.

79



10

15

20

WO 2015/130881 PCT/US2015/017644

Table 15

Feed and Time Course Fermentation Profiles Using the Second Recycle of Yeast

Cells with Hvdrolvzed Glucan Filtrate

?;‘: ; Sucrose | Leucrose | Glucose | Fructose | DPZ | DP3+ gl?;aair EtOH
Feed 7 4 70 105 7 5 197 0
0 0 G G 0 - - - 10
1 <1 7 <1 <i 25
3.5 <1 5 <1 <1 - - - 38
4 <1 4 <1 <i - - - 45
5 <1 5 <1 <1 - - - 51
5 <1 5 <1 <1 - - - 57
6.2 <1 5 <1 <1 - - - 60
7 <1 5 <1 <1 - - - 58
21 <1 5 <1 <1 5 5 15 58

Concentrations {g/L.) of ethanol (E1OH) and sugar compounds in the feed and at
various fermentation time poinis (0-21 hours) are lisied.

All of the fermentations were essentially complete within about six hours of
initiating fermentation, and resulled in ethanol titers of 57-60.0 g/L.. Comparing
these fermentations with those in Example 7 demonstrates that hydrolyzing a
glucan filtrate before subjecting it {o fermentation resulis in faster and greater
gthanol yields than those oblained from fermentations using non-hydrolyzed
glucan filtrate.

Thus, fermenting a glucan filtrate in which the leucrose and
oligosaccharide byproduct components have been saccharified results in
increased ethanol vields at faster rates. This saccharification can be done using
a transglucosidase, for example.

EXAMPLE §

Simultaneous Saccharification and Fermentation of a Glucan Fillrate Solution

This example discloses that simultaneous saccharification and
fermentation of a feed containing glucan filirate can result in enhanced
fermentation propetties.

Yeast {S. cerevisiae) cream (Bom Reliro mill, Brazil) was washed by

suspending the cream in tap water (2.4 L, optical density of 85 at 600 nm) and
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then centrifuging the yeast cream for 5 minutes using a LEGEND XTR centrifuge
at 4500 g. After decaniing the supernatant, the yeast cells were resuspended
and concentraled by centrifugation two additional limes. After the third wash, the
nH was adjusted to 4.5 by addition of 5 wi% sulfuric acid and the optical density
was measured using a GENESYS 20 4001 spectrophotomeler and adjusted (o
100 at 600 nm by addition of tap water. The adjusted yeast cream (1.5 L) was
added to a 7.5-L BIOFLO310 fermenter vessel. The fermenter was setio
maintain temperature at 30 °C, agitation at 100 rpm, and pH at 4.5 using 4 M
aqueous ammonium hydroxide or 5 wi% aqueous sulfuric acid.

A feed solution containing yeast exiract (10 g/}, peptone (20 ¢/L), and
200 g/l of sugars from a glucan filtrate was prepared and sterilized using a
PHOENIX AV-250 PLUS autoclave at 121 °C for 15 minutes. The feed solutlion
was allowed 1o cool to 25 °C {room temperaiure) before the fermentation began.
TG L-2000 transglucosidase enzyme extract as described in Table 4 (1% viv)
was added {o the sterilized feed solution immediately before adding the solution
to the fermenter. The feed solution (3.5 L) containing TG L-2000 enzyme was
added to the fermenter over approximately 5 hours at 684 ml/hr, and the
fermentation was allowed 1o proceed for 48 hours.

Periodic samples were {aken during the fermeniation and analyzed for
optical density using a GENESYS 20 4001 spectrophotometer, Brix using a PAL-
3 refractometer (Alago), and sugar and sthanol concentrations by HPLC
{General Methods). These resulls are summarized in Table 16.

Table 16

Feed and Time Course Fermentation Profiles for Simullansous Saccharification

and Ethanol Fermentation of Glucan Fillrate

???: ;E Sucrose | Leucrose | Glucoss | Fructose | P2 | DPR3+ ;:;22 EtOH
Feed 7 82 12 79 6 20 206 G
G O G O G G G 4
1 <1 i3 <1 3 - - - 11
2 <1 21 <1 4 - - - 30
3 <1 21 <1 3 - - - 38
4 <1 20 <1 3 11 16 50 43
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5 <1 i4 <i 2 - - - 45

6 <1 <1 <1 2 - - - 59
22 <1 <1 <1 1 - - - 62
25 <1 <1 <1 <1 - - - 63
27 <1 <1 <1 <1 - - - 63
31 <] <1 <} <1 - - - 57
46 <1 <1 <1 <1 - - - 57
48 <1 <1 <1 <] 1 11 12 62

Concentrations {(g/L) of ethanol (E1OH) and sugar compounds in the feed and at
various fermentation time poinis (0-48 hours} are listed.

The fermentation was nominally complete in 6 hours, similar to the
fermentations where the filirate was hydrolyzed prior to the fermentation step
{Example 8), and gave a slightly superior titer of ethanol (62 ¢/L) compared to
using unhydrolyzed filtrate (Example 7). In addition, almost all of the lsucrose
was consumed by 6 hours {compare Table 16 with Tables 13-15). in addition {0
adding a saccharifying enzyme, such as TG L-2000, o a fead containing glucan
filtrate just prior to fermentation, similar resuits should be obiained if the
saccharifying enzyme is added to the fermentation directly.

Thus, simulianeous saccharification and fermentation of a feed containing
glucan filtrate can result in enhanced fermentation properties such as increased
{i) consumption of glucan filtrate components {(e.g., leucrose) and (i) ethanol
vield and rate of production.

EXAMPLE 10

FPreparation of Various Alpha-Glucosidases

This example discloses preparing various alpha-glucosidases in addition
to those alpha-glucosidases (iransglucosidase, glucoamylase, DIAZYME RDF
ULTRA) used in some of the foregoing Examples. These additional alpha-
glucosidases were tested for hydrolytic aclivity against oligosaccharides
comprising alpha-1,5 glucosyl-fruciose linkages or alpha-1,3 and/or alpha-1,8
glucosyl-glucose linkages in Examples 11, 12, 15 and 16 provided below.
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Discovery of an Aspergiflus clavatus alpha-glucosidase {Aclgiuh

A strain of Aspergilius clavatus was selected as a potential source of other
enzymes that may be useful in various industrial applications. One of the genes
identified in Aspergillus clavatus encodes an alpha-glucosidase and the
sequence of this gene, called "Acigiu?’, is provided in SEQ 1D NO:4. The
corresponding protein encoded by SEQ 1D NO:4 is provided in SEQ D NO:5.
Aclglul belongs to Glycosyl hydrolase family 31 based on a PFAM search
{pfam.sanger.ac.uk web link}. At the N-lerminus, the protein (SEQ 1D NO:5) has
a signal peptide with a length of 19 aminge acids as predicled by SignalP version
4.0 {(Nordahl Petersen ef al., 2011, Nature Methods, 8.785-788). The presence
of a signal sequence suggests that Aclglul is a secreted enzyme._The amino
acid sequence of the predicted mature form of Acigiut is set forth as SEQ 1D
NOHE,

Expression of Aspergiius clavaius aloha-glucosidase Aclalul

A synthetic Aclgiu? gene was cloned into pTrex3ghM expression veclor
{described in U.S, Patent Appl. Publ. No. 2011/0136187, incorporated herein by
reference} and the resulting plasmid was designated as pdG284. The sequence
of the Acigiut gene was confirmed by DNA sequencing.

Plasmid pJG294 was transformed into a quad deleted Trichodsrma reessi
strain {(described in WQ05/001036) using a biolistic method (Te'o VS et al., J
Microbiol Methods, 51:393-9, 2002). The protein, which was predicted to
comprise SEQ D NO:8, was secreled into the extraceliular medium and filtered
culture medium was used to perform SDS-PAGE and alpha-glucosidase activity

assays o confirm enzyme expression.

Discovery of Negsarforva fischer alpha-glucosidase Nfigiu1

A strain of Neosariorya fischeri was selecied as a potential source of other
enzymes that may be useful in various industrial applications. One of the genes
identified in Neosartorya fischern encodes an alpha-glucosidase and the
sequence of this gene, called “Nfiglu 77, is provided in SEQ 1D NOG7. The
corresponding protein encoded by SEQ 1D NG:7 is provided in SEQ D NO:8.
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Nfiglu1 belongs to Glycosyl hydrolase family 31 based on a PFAM search
{pfam.sanger.ac.uk web link}. Al the N-lerminus, the protein (SEQ 1D NO:8) has
a signal peplide with a length of 18 amino acids as predicted by SignalP version
4.0 {Nordahi Petersen ef al., 2011, Nature Methods, 8:785-786). The presence
of a signal sequence suggests that Nfiglut is a secreted enzyme. The amino
acid sequence of the predicted mature form of Nfiglu1 is sel forth as SEQ 1D NG
9.

Expression of Neosariorya fischeri aipha-glucosidase Niiglu

A synthetic NfigluT gene was cloned into pTrex3gM expression vector
{described in U.8. Patent Appl. Publ. No. 2011/0136197) and the resulting
plasmid was designated as pJdG285. The sequences of the Nfigiut gene was
confirmed by DNA sequencing.

Plasmid pd G295 was transformed into a quad deleted Trichoderma reesei
strain {described in WO05/001036) using a biolistic method {Te'o VS et al,, J
Microbiol Methods, 51:393-8, 2002). The protein, which was predicted to
comprise SEQ D NO:8, was secreted into the extracelivlar medium and filtered
culture medium was used to perform SDS-PAGE and alpha-glucosidase aclivity

assays to confirm enzyme expression.

Diiscovery of Neurospora crassa alpha-glucosidase Norgiuf

A strain of Newrospora crassa was seleclted as a potential source of other
enzymes that may be useful in various industrial applications. One of the genes
identified in Neurcspora crassa encodes an alpha-glucosidase and the sequence
of this gene, called “Nergiu1”, is provided in SEQ 1D NO:10. The corresponding
protein encoded by SEQ 1D NGO is provided in SEQ 1D NO:11. Nerglu
belongs to Glycosyl hydrolase family 31 based on a PFAM search
{pfam.sanger.ac.uk web link}. Al the N-lerminus, the protein (SEQ 1D NO:11)
has a signal peptide with a length of 22 amino acids as predicied by SignalP
version 4.0 (Nordahl Petersen ef al., 2011, Nature Methods, 8:785-786). The

presence of a signal sequence suggests that Norglut is a secreted enzyme. The
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amino acid sequence of the predicted mature form of Nergiut is set forth as SEQ
D NGtz

Expression of Newrospora crassa alpha-glucosidase Neorglud

A synthetic Norglu! gene was cloned into pTrex3gM expression vector
{described in U.8. Patent Appl. Publ. No. 2011/0136197) and the resulting
plasmid was designated as pJ296. The sequence of the Norgluf gene was
confirmed by DNA sequencing.

Plasmid pd G296 was transformed into a quad deleted Trichoderma regsei
strain {described in WO05/001036) using a biolistic method {Te'o VS et al,, J
Microbiol Methods, 51:383-388, 2002). The protein, which was predicted to
comprise SEQ 1D NO:12, was secreted info the extracellular medium and filtered
culture medium was used to perform SDS-PAGE and alpha-glucosidase aclivity

assays to confirm enzyme expression.

Discovery of Rasamsonia composticola alpha-glucosidase TauSec(G8

A sirain of Rasamsonia composticola was selecied as a polential source
of other enzymes that may be useful in various industrial applications. One of
the genes identified in Rasamsonia compaosticola encodes an alpha-glucosidase
and the sequence of this gene, called “TauSec88”, is provided in SEQ 1D
NQO:13. The corresponding protein sncoded by SEQ 1D NO:13 is provided in
SEQ D NO:14. TauSecl98 belongs to Glycosyl hydrolase family 31 and
contains an N-terminal CBM 20 domain based on a PFAM search
{pfam.sanger.ac.uk web link}. Al the N-terminus, the protein (GEQ 1D NG 14)
has a signal peptide with g length of 22 amino acids as predicied by SignalP
version 4.0 (Nordahl Petersen ef al,, 2011, Nalure Methods, 8:785-788). The
presence of a signal sequence suggestis that TauSec088 is a secreted enzyme.
The amino acid seguence of the predicied mature form of TauSecl88 is set forth
as SEQ 1D NO:15.

Expression of Rasamsonia composticola alpha-glucosidase TauSecss

A synthetic TauSec088 gene was cloned into the Trichoderma reesei

expression vecior pGXT {(a pTTT-derived plasmid)} by Generay Biotech Co.
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{Shanghai, China) and the resuliing plasmid was designated as pGX256-
TauSecl898. The seguence of the TauSec028 gene was confirmed by DNA
sequencing.

Plasmid pGXZ56-TauSec88 was transformed into a quad-deleted
Trichoderma reesef strain (described in WO05/001036) using protoplast
transformation (Te'o et al., J. Microbiol. Methods 51:393-389, 2002).
Transformants were selected on a medium containing acetamide as a sole
source of nitrogen {acetamide 0.6 g/l; cesium chioride 1.68 g/l glucose 20 g/L;
notassium dihydrogen phosphate 15 g/l magnesium sulfate heplahydrate 0.6
g/L; calcium chioride dihydrate 0.6 g/L; iron (1) sulfate 5 mgil,; zinc sulfate 1.4
mg/L.; cobalt {li} chioride 1 mg/L; manganese (i) sulfale 1.6 mg/L; agar 20 g/L;
pH 4.25). Transformed colonias (about 50-100) appeared in about 1 week. Afler
growth on acetamide plates, the spores of transformants were collected and
transferred info new acetamide agar plates. After 5§ days of growth on acetamide
plates, 1x10° spores were inoculated into 30 mi Glucose/Sophorose defined
media in a 250-mL shake flask. The shake flask was shook at 28 °C for 5 days.
Supernatants from these cultures were used {o confirm expression (SDS PAGE)
and activity of mature TauSec088 enzyme (SEQ 1D NO:15).

Discovery of Rasamsonia composticola alpha-glucosidase TauSec(98

A strain of Rasamsonia composticola was selecied as a polential source
of other enzymes that may be useiful in various industrial applications. One of
the genes identified in Rasamsonia composticola encodes an alpha-ghucosidase
and the seqguence of this gene, called "TauSec(89", is provided in SEQ 1D
NC:16. The corresponding protein encoded by SEQ 1D NO16 is provided in
SEQ ID NO:17. Taubecl88 belongs to Glycosyl hydrolase family 31 basedon a
PFAM search (pfam.sanger.ac.uk web link}). Al the N-terminus, the protein (SEQ
D NO:17) has a signal peptide with g length of 17 amino acids as predicted by
SignalP version 4.0 (Nordahl Petersen ef al., 2011, Nature Methods, 8.785-786).

The presence of a signal sequence suggests that TauSec(98 is a secreted
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enzyme. The amino acid sequence of the predicted mature form of TauSec(89
is set forth as SEQ 1D NO:18.

Expression of Rasamsonia composticola alpha-glucosidase TauSec(88

A synthetic TauSec098 gene was cloned inio the Trichoderma reesei
exprassion vector pGXT {a pTT1T-derived plasmid) by Generay Bictech Co.
{Shanghai, China) and the resuliing plasmid was designated as pGX256-
TauSecl88. The sequence of the TauSec0288 gene was confirmed by DNA
sequencing.

Plasmid pGXEZ56-TauSec88 was transformed into a quad-deleted
Trichoderma reesef strain (described in WO05/001036) using protoplast
transformation (Te'o et al,, J. Microbiol. Methods 51:3893-389, 2002).
Transformants were selecled on a medium containing acetamide as a sole
source of nitrogen {acetamide 0.6 g/L.; cesium chioride 1.68 g/L; glucose 20 g/L;
notassium dihydrogen phosphate 15 g/l magnasium sulfate hepiahydrate 0.6
g/L; calcium chioride dihydrate 0.6 g/L; iron () sulfate 5 mg/L.; zinc sulfate 1.4
mg/L., cobalt (It} chioride 1 mg/L; manganese (i1} sulfate 1.8 mg/L; agar 20 g/L;
pH 4.25). Transformed colonies (about 50-100) appeared in about 1 week, After
growth on acetamide plates, the spores of transformants were collected and
transferred into new acelamide agar plates. After 5 days of growth on acetamide
plates, 1x10" spores were inoculated into 30 mi Glucose/Sophorose defined
media in a 250-ml shake flask. The shake flask was shook at 28 °C for 5 days.
Supernatanis from these cultures were used to confirm expression (SDS PAGE)
and activity of mature TauSec089 enzyme (SEQ 1D NO18).

Sequences of Bifidobacterium lonqum alpha-glucosidase BloGlut

An alpha-glucosidase gene, “BloGiu1", was identified from Bifidobacterium
fongum subsp. longum JDM301. The nucleic acid sequence for the BloGlut
gene (SEQ D NO19, GENBANK Ace. No. NCO14168.1, complement sequence
from positions 140600 o 142414) and the amino acid sequence of the
hypothetical protein (SEQ 1D NO:20) encoded by SEQ 1D NGOG were found in
GENBANK Acc. No. YP_003660432.1.
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Expression of Bifidobacterium longum alpha-glucosidase BloGlui
The DNA sequence encoding the entire BloGlu1t protein (SEQ 1D NO:20)
was oplimized for expression in 8. sublilis, then synthesized {(yielding SEQ 1D

NO:21) and inserted info the p3JM plasmid by Generay Biotech Co. {Shanghai,
China}, resulling in p3dM-BloGiut. The p3JM-BloGlut plasmid contains an aprk
promoter to drive expression of the oplimized BloGiuT sequence (SEQ 1D
NO:21).

Plasmid p3JM-BloGlu1 was used to transform B. subtilis cells (degUHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AlspA, Abpr}, and the transformed cells
were spread on Luria Agar plates supplemenied with 5 ppm chioramphenicol. A
colony with correct insertion, as confirmed by PCR and sequencing, was
selected and subjected o fermentation in a 250-mb shake flask with MBD
medium {a MOPS-based defined medium supplemented with an additional 5 mM
CalCly) to express BloGlul protein (SEQ 1D NO:20).

Seaquences of Bifidobacterium lonqum alpha-glucosidase BloGlu?

An alpha-glucosidase, BloGlu2, was identified from Bifidobacterium
fongum. The amino acid seguence (SEQ D NO:22) of BloGluZ was found in the
NCBI database (GENBANK Acc. No. WP _0070540665.1).

Expression of Bifidobacterium longuim alpha-glucosidase BloGlug

A DNA sequence encoding BloGluz2 protein was optimized for expression
in B. subtilis, then synthesized (vielding SEQ 1D NO:23) and inserted into the
n3JdM plasmid by Generay Biotech Co., resulting in p3JdM-BloGluZ., 3SEQ D
NQO:23 encodes the amino acid sequence of SEQ 1D NO:24, The p3JdM-BloGluZ
plasmid contains an aprk promoter to drive expression of the optimized BloGluZ
seqguence (SEQ 1D NO:23).

Plasmid paJM-BloGlu2 was used o transform 5. sublilis cells (degUHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AlspA, Abpr), and the transformed cells
were spread on Luria Agar plates supplemented with 5 ppm chloramphenicol. A
colony with correct insertion, as confirmed by PCR and sequencing, was

selected and subjected o fermentation in a 250-mL shake flask with MBD
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medium {a MOPE-based defined medium supplemented with an additional 5 mM
Calls) to express BloGluZ protein (SEQ 1D NO:24).

Seguences of Bifidobacierum longum alpha-glucosidase BloGlud

An alpha-glucosidase gene, “BloGiud, was identified from Bifidobacterivum
fongum subsp. longum F8. The nucleic acid sequence for the BioGlu3 gene
(SEQ D NO:25, GENBANK Acc. No. NC_(21008.1, positions 2130827 to
2132441}, and the amino acid seguence of the hypothetical prolein (SEQ D
N(:26) encoded by SEQ 1D NG:25 were found in GENBANK Acc. No.

YR 0077682491,
Expression of Bifidobacterium longum alpha-glucosidase BloGlua

The DNA sequence encoding the entirg BloGlu3 protein (SEQ D NO:26)
was oplimized for expression in B. sublilis, then synthesized {yielding SEQ 1D

NO:27) and inserted into the p3JM plasmid by Generay Biotech Co., resulling in
p3JM-BloGlu3. The p3JM-BloGlu3 plasmid contains an aprk promoter {o drive
aexpression of the optimized BloGiu3 sequence (SEQ 1D NOIET)

Plasmid p3JM-BloGlu3 was used to transform B. subtilis cells (degUHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AlSpA, Abpr), and the transformed cells
were spread on Luria Agar plates supplemenied with 5 ppm chioramphenicol. A
colony with correct insertion, as confirmed by PCR and seguencing, was
selected and subjected o fermentation in a 250-mbL shake flask with MBD
medium {a MOPS-based defined medium supplemented with an additional 5 mM
CalCly) to express BloGlud protein (SEQ 1D NO:26).

Sequences of Bifidobacterium pseudolongum alpha-glucesidase BosGlul

An alpha-glucosidase, BpsGlu1, was identified from Bifidobacterium
pseudofongum. The amino acid sequence (SEQ 1D NO:28) of BpsGlu1 was
found in the NCBI database (GENBANK Acc. No. WP_022858408.1).

Expression of Bifidobacterium pssudclongum alpha-glucosidase BosGlut

A DNA sequence encoding BpsGlut protein was optimized for exprassion
in B. sublilis, then synthesized (yielding SEQ 1D NO:28) and inserted into the
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p3JM plasmid by Generay Biolech Co,, resulting in p3JM-BpsGlu1. SEQ D
NQO:29 encodes the amino acid sequence of SEQ 1D NO30. The p3JM-BpsGlut
plasmid contains an aprk promoter (o drive expression of the optimized BpsGiut
sequence {SEQ 1D NOG:29)

Plasmid p3JM-BpsGlul was used to transform 8. sublilis celis
{degliHy32, AnprB, Avpr, Aepr, AscoC, AWDFA, Ampr, AispA, Abpr), and the
transformed cells were spread on Luria Agar plates supplemented with § ppm
chloramphenicol. A colony with correct insertion, as confirmed by PCR and
sequencing, was selected and subjectad o fermentation in a 250-ml shake flask
with MBD medium (a8 MOPS-based defined medium supplemented with an
additional 5 mM CaClz) to express BpsGlut protein (SEQ 1D NO:30).

Seguences of Bifidobacierum thermophifum alpha-glucosidase BthGiul

An alpha-glucosidase gene, "BthGiu?", was identified from Bifidcbacterium
thermophilum RBLETY. The nucleic acid sequence of the BitHiGiu1 gene (SEQ 1D
NO:31, GENBANK Acc. No. NC_(20546.1, positions 150680 to 152495), and the
amino acid sequence of the hypothetical protein (SEQ 1D NO:32) encoded by
SEQ H NOG1 were found in GENBANK Acc. No. YP_007582840.1.

Expression of Bifidobacterium thermoephilum alpha-glucosidase BihGluld

The DNA sequence encoding the entire BthGlu1 protein (SEQ 1D NQ:32)

was oplimized for expression in 8. sublilis, then synthesized {(yielding SEQ 1D

N(O:33) and inserted into the p3JM plasmid by Generay Biotech Co., resulling in
n3JM-BthGlu1. The p3JM-BihGlu1 plasmid contains an aprk promaoter (o drive
expression of the oplimized BihGiuT sequence (SEQ 1D NO:33).

Plasmid p3JM-BthGlut was used to transform B. sublilis cells {degUHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AISpA, Abpr), and the transformed cells
were spread on Luria Agar plates supplemented with 5 ppm chioramphenicol. A
colony with correct insertion, as confirmed by PCR and sequencing, was
selected and subjecied o fermentation in a 250-mb shake flask with MBD
medium {a MOPS-based defined medium supplemented with an additional 5 mM
CaCly) to express BthGiu1 protein (SEQ 1D NO:32).
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Sequences of Bifidobacterium breve aipha-glycosidase BbrGlu?

An alpha-glucosidase, BbrGluZ, was identified from Bifidobacterium breve.
The amino acid sequence (SEQ 1D NO:34) of Bbr(GluZ was found in the NCBI
database (GENBANK Acc, No. WP_003827971.1).

Expression of Bifidobacterivm brove alpha-glucosidase BbrGlud

A DNA sequence encoding BbrGluZ protein was oplimized for expression
in B. sublilis, then synthesized (yielding SEQ 1D NO:35) and inserted into the
n3JdM plasmid by Generay Biotech Co., resulting in p3dM-BbrGlu2. SEQID
N(O:35 encodes the amino acid sequence of SEQ 1D NO:36. The p3JM-BbrGiu2
plasmid contains an aprk promoter 1o drive expression of the oplimized BbrGiuZ
sequence {(SEQ 1D NO:35)

Plasmid p3JM-BbrGluZ was used to transform 8. subiilis cells {degUHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AispA, Abpr), and the transformed cells
were spread on Luria Agar plates supplemented with 5 ppm chioramphenicol. A
colony with correct insertion, as confirmed by PCR and sequencing, was
selected and subjected o fermentation in a 250-mbL shake flask with MBD
medium {a MOPS-based defined medium supplemented with an additional 5 mM
CalCly) to express SEQ 1D NO:36.

Sequences of Bifidobacterium breve alpha-glucosidase BhrGlubs

[l

An alpha-glucosidase gene, "BbrGiud, was identified from
Bifidobacterium breve ACS-071-V-5ch8b. The nucleic acid sequence of the
BbrGiub gene (SEQ 1D NO:37, GENBANK Acc. No. NC_017218.1, complement
of sequence from positions 2241075 to 22428885}, and the amino acid seguence
of the hypothetical protein (SEQ 1D NO:38) encoded by SEQ 1D NO:37 were
found in GENBANK Acc. No. YP_005583701.1.

Expression of Bifidobacterium breve alpha-glucosidase BbrGlud

The DNA sequence encoding the entire BbrGiub protein (SEQ D NO:38)

was oplimized for expression in 8. sublilis, then synthesized {(yielding SEQ 1D

NO:398) and inserted info the p3JM plasmid by Generay Biotech Co., resulting in
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p3JM-BbrGlus. The p3JM-BbrGlub plasmid contains an aprk promoter o drive
sxpression of the oplimized Bbriiub sequence (SEQ 1D NO:38).

Plasmid p3JM-BbrGlub was used 1o transform 8. subtilis cells (deglHy32,
AnprB, Avpr, Aepr, AscoC, AwprA, Ampr, AlspA, Abpr), and the transformed cells
were spread on Luria Agar plates supplementied with 5 ppm chioramphenicol. A
colony with correct insertion, as confirmed by PCR and sequencing, was
selected and subjected o fermentation in a 250-mb shake flask with MBD
medium (a MOPS-based defined medium supplemented with an additional 5 mM
CalCly) to express BbrGlub protein (SEQ 1D N(O:38).

Purification of alpha-glucosidases from expression culiures
AciGlut and NerGlut
Both AcliGlu1 (SEQ 1D NG:6) and NorGlut (SEQ 1D NG:12) alpha-

glucosidases were purified using two chromatography steps. For each

purification, the crude broth from the shake flask was concenirated, after which
ammonium sulfate was added 1o a final concentration of 2 M. The solution was
foaded onto a 50-mL phenyl HP column pre-equilibrated with 20 mM Tris pH 8.0,
2 M ammonium sulfate. The target protein (SEQ 1D NO:6 or SEQ 1D NO:12) was
gluled from the column with 1 M ammonium sulfate, 20 mbM Tris pH 8.0,
Respective fractions were pooled, concentrated and buffer-exchanged into 20
mM Tris pH 8.0 {buffer A), using a VIVAFLOW 200 ultrafiliration device (Sartorius
Stedim). The resulling solution was applied to a 40-mbL Q HP column pre-
equilibrated with buffer A, The target protein was eluted from the column with 0.3
M NaCl in buffer A. The fractions conlaining target protein were then pooled and
concentrated using 10K AMICON ULTRA-15 devices, and stored in 40% glycerol
at -20 °C until usage.
NfGIu1

NfiGu1 alpha-glucosidase (SEQ 1D NO:9) was purified using two
hydrophobic interaction chromatography steps. The crude broth from the shake
flask was concenlrated, after which ammonium sulfate was added to a final

concentration of 1 M. The solulion was loaded onto a 50-mi phenyl HP column
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pre-equilibrated with 20 mM Tris pH 8.0, 1 M ammonium sulfate. The targst
protein (SEQ 1D NO:9) flowed through the column. Flow-through fractions were
pooled, after which ammonium sulfate was added 1o a final concentration of 2 M.
The solution was loaded onto the same phenyl HP column pre-equilibrated with
20 mM Tris pH 8.0, 2 M ammonium sulfate. The targst protein was eluted from
the column with 1 M ammonium sulfate, 20 mM Tris pH 8.0, The fraclions
containing target protein were then pooled and concenirated using 10K AMICON
ULTRA-15 devices, and stored in 40% glycerol at -20 °C uniil usage.
TauSecls8 and TauSecly

Both TauSec088 (SEQ 1D NO:15) and TauSec088 (SEQ 1D NOG:18) alpha-

glucosidases were purified via hydrophobic interaction chromatography. For

each purification, ammonium sulphate was added to about 180 mbL of
concerirated crude broth from a 7-L fermenter 1o a final concentration of 1 M.
This solution was then loaded onto a 50-mL HIPRER phenyl-FF Sepharose
column (GE Healthcare) pre-equilibrated with 20 mM sodium acetate pH 5.0,1 M
ammonium sulphate {(buffer A). After washing with the same buffer with three
column volumes (CVs), the column was eluied stepwise with 75%, 50% and 0%
hutfer A using three CVs each, followed by two CVs of MILLIQ HO. All fractions
were analyzed by SDS-PAGE. The larget protein (SEQ ID NG5 or SEQ 1D
NO:18) was mainly present in the flow-through fraction, which was concentraied
and buffer-exchanged (o remove excess ammonium sulfate using 10 KDa
AMICON ULTRA-15 devices. The final product, which was greater than 80%
pure, was stored in 40% glycerol at -80 “C until usagse.
BloGlu1, BloGluZ and BloGlud

BloGlut (SEQ 1D NO:20), BloGluz (SEQ 1D NO:24) and BloGlu3 (SEQ 1D
NO:26) alpha-glucosidases were all purified in three steps. For each purification,

the crude broth from a 1-L DASGIP fermenter was concentrated, after which
ammonium sulfate was added to 60% saturalion. The solution was stirred at 4
°C for 1 hr, and then centrifuged at 8000 X g for 30 min. The resulling pellet was
re-suspended in 20 mM Tris pH 8.0 (buffer A). Ammonium sulfate was added to

the resulling solution to a final concentration of 1 M; this preparation was then
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loaded onto a 40-mL HiPrep™ Phenyl FF column pre-squilibrated with 20 mM
Tris pH 8.0, 1 M ammonium sulfate (buffer B). After washing, the column was
eluted stepwise with 75%, 50%, and 0% buffer B and H0 in three column
volumes each. All fractions were analyzed using SDS-PAGE and activily assays.
The fractions containing target protein (SEQ {D NG:20, SEQ 1D NO:24, or SEQ
ID NO:26) were pooled, concentrated and subsequently loaded onto a HiLoad™
26/60 Superdex ™ 75 column pre-equilibrated with 20 mM sodium phosphate pH
7.0, 0.15 M NaCl. Flow-through fractions confaining the target protein were then
nooled and concentrated using 10K AMICON ULTRA-15 devices, and stored in
40% glycerol at -20 °C until usage.
BpsGlul and BthGlul

Both BpsGlut (SEQ 1D NO:30) and BthGlut (SEQ ID NO:32) alpha-

glucosidases were purified in two steps. For each purification, the crude broth

from a 1-L DASGIP fermenter was concentraled, after which ammonium sulfate
was added to 60% saturation. The solution was stirred at 4 °C for 1 hr, and then
centrifuged at 8000 X g for 30 min. The resulting pellet was re-suspended in 20
mM Tris pH 8.0 (buffer A). Ammonium sulfate was added 1o the resulting
solution to a final concentration of 1 M; this preparation was then loaded onic a
40-mL HiFrep™ Phenyl FF column pre-equifibrated with 20 mM Tris pH 8.0, 1 M
ammonium sulfate (bufifer B). After washing, the column was eluted stepwise
with 75%, 50%, and 0% buffer B and H0 in three column volumes sach. All
fractions were analyzed using SDS-PAGE and activity assays. The target
protein (SEGQ D NG:30 or SEQ D NO:32) was present in the eluate from the %
buffer B elution step; this eluate was pooled and concentrated using 10K
AMICON ULTRA-15 devices. The final product, which was greater than 85%
pure, was stored in 40% glycerol at -20 °C until usage.
BbrizluZ and BbrGiub

Both BbrGlu2 (SEQ ID NO:36) and BbrGlub (SEQ 1D NO:38) alpha-

glucosidases were purified in four steps. For each purification, the crude broth

from a 1-L DASGIP fermenter was concentrated, afier which ammonium sulfate

was added to 60% saturation. The solution was stirred at 4 °C for 1 hr, and then
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cenfrifuged at 8000 X g for 30 min. The resulting peliel was re-suspended in 20
mM HEPES pH 7.0 (buffer A}, Ammonium sulfate was added to the resuiting
solution to a final concentration of 1 M; this preparation was then loaded onto a
HiPrep™ Phenyl FF column pre-equilibrated with 20 mM HEPES pH 7.0, 1 M
ammonium sulfate. The larget protein (SEQ 1D NO:36 or SEQ 1D NC:38) was
eluled from the column with 0.5 M ammonium sulfate. Respective fractions were
pooled, concentrated and buffer-exchanged into buffer A using a VIVAFLOW 200
ultrafiliration device {Sartorius Stedim). The resulting solution was applied to a
HiPrep ™ Q FF 16/10 column pre-equilibrated with buffer A. Target protein was
eluled from the column with a linear gradient of 0-0.5 M NaCl in buffer A,
Fractions containing target protein were pooled, concentrated and subseguently
loaded onto a HiLoad™ 26/60 Superdex ™ 75 column pre-equilibrated with 20
mM HEPES pH 7.0, 0.15 M NaCl. The fractions containing target protein were
then pooled and concentrated using 10K AMICON ULTRA-15 devices, and
stored in 40% glycerol at -20 °C until usage.

Thus, varicus additional alpha-glucosidases were expressed and purified.
These alpha-glucosidases were tested for hydrolytic activily against alpha-1,5
glucosyi-fructose linkages and alpha-1,3 and/or aipha-1,6 glucosyl-glucose
finkages in Examples 11, 12, 15 and 16 provided below.

EXAMPLE 11
Testing Alpha-Glucosidases for Hydrolytic Aclivity Against Various Glycosidic
Linkages
This example discloses testing whether alpha-glucosidases have

hydrolylic activity beyond that previously associated with this class of enzymes
(BEC 3.2.1.20). Alpha-glucosidases from Example 10 were shown to have
hydrolytic aclivity against alpha-1,5 glucosyl-fruciose linkages and alpha-1,3 and
alpha-1.6 glucosyi-glucose linkages.

Subsirate Specificity of Alpha-Glucosidases

The substrate specificity of each alpha-glucosidase disclosed in Example
10 was assayed based on the release of glucose from a particular substrate

{isomaltose, maltose, panose, leucrose, or nigerose ) when the substrate was
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incubated with alpha-glucosidase. The rate of glucose release was measured
using a coupled glucose oxidase/peroxidase (GOX/HRP) method (1880, Anal
Biochem. 105:388-387). Glucose release was quantified as the rate of oxidation
of 2,2-azino-bis 3-ethylbenzothiazoline-g-sulfonic acid (ABTS) by peroxide that
was generated from coupled GOX/HRP enzymes reacted with glucose.

Individual subsirate solutions were prepared by mixing a 9 mb solution of
substrate {1% in water, wiv) with 1 mb of 0.5 M pH 5.0 sodium acetate buffer and
40 ul of 0.5 M calcium chioride in a 15-mL conical tube. Coupled enzyme
{GOX/HREP) solution with ABTS was prepared in 50 mM sodium acetate buffer
{pH 5.0}, with the final concentrations of 2.74 mg/mL ABTS, 0.1 WmlL HRP, and
1 Uimb GOX. Serial dilutions of individual alpha-glucosidase samples and
glucose standard were prepared in MILLIQ water. For nigerose, alpha-
glucosidase samples were tested with only one dosage at 10 ppm due to a
fimited stock of substrate solutions. Each alpha-glucosidase sample (10 ul) was
transferred into a new microtiter plate {Corning 3641) containing 90 yl of
substrate solution pre-incubated at 50 °C for § min at 600 rpm. Reactions were
carried out at 50 °C for 10 min (for isomaltose, maliose, panose, and nigerose
substrates), or for 60 min {for leucrose substrate) with shaking (600 rpm}in a
THERMOMIXER {Eppendorf). 10 ub of each reaction mix, as well as 10 pl of
serial dilutions of glucose standard, were then guickly transferred to new
microtiter plates (Corning 3641}, respeclively, to which 90 ul of ABTS/GOX/HRP
solution was then added accordingly. The microtiter plates containing reaction
mixes were immediately measured at 405 nm at 11 second intervals for 5 min
using a SOFTMAX PRO plate reader (Molecular Devices). The oulput was the
reaction rate, V,, for each enzyme concentration. Linear regression was used o
determine the slope of the plot V, vs. enzyme dose. The specific aclivity of each
alpha-glucosidase was calculated based on the glucose standard curve using
Egquation 1:

Specific Activity (Unitymg) = Slope {enzyme) / slope (std) = 1000 (1),

where 1 Unit = 1 ymol glucose / min.
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For nigerose, the value of the reaction rate with enzyme dosage at 10 ppm was
directly used {o indicate enzyme actlivity.

Using the foregoing method, the specificily of each alpha-glucosidase was
determined against each substrate. The activities of an olige-1,6-glucosidase
{purchased from Megazyme, see Table 4) and a transglucosidase (TG L-2000,
see Table 4) against each substrate were also measured. The results of this

analysis are provided in Table 17.

Table 17
Activity of Various Alpha-Glucosidases Against Different Substrates
Enzyme Activity (U/mg) as Measured on:
35_3@ isomaltose | Mallose | Panose | Leucrose | Nigerose®
Enzyme NQO.
Oligo-1,6- 118.2 0.0 | 543 13 19.6
glucosidase
TG L-2000 1 194.0 2356 1277 68.9 254.0
ActGlut 6 2557 401.9 180.8 113.7 315.1
NfGIu1 9 521.2 360.0 126.9 89.4 2643
NorGlut 12 2827 34.9 15.8 61.6 200.4
TauSeco8 15 54.9 123.8 23.8 1.8 3058
TauSecls8s 18 2440 g97.7 50.8 7.6 184.8
BloGiu1 20 71.1 66.9 231 2.5 165.0
BloGluZ 24 65.8 86.7 18.8 3.5 2179
BloGlu3 28 120.1 175.5 31.4 9.0 2728
BspGlut 30 64.2 247.8 60.8 27.3 254.6
BthGlu1 32 108.3 893.3 214 68.4 128.5
BbrGlu2 38 106.8 167.5 26.8 5.1 258.8
BbrGiub 38 925.8 0.0 279.7 2.8 22.1

? Each enzyme was used at one dosage (10 ppm) against nigerose.

Interestingly, it was found that alpha-glucosidases, besides exhibiling
hydrolytic aclivity against alpha-1,4 glucosyl-glucose linkage {maltose), also

exhibil hydrolytic activity against alpha-1,6 glucosyl-glucose linkage {isomaliose),
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alpha-1,3 glucosyl-glucose linkage (nigerose), and alpha-1,5 giucosyl-fructose
linkage {leucrose)} (Table 17).

Thus, alpha-glucosidases have hydrolytic activity beyond that previously
associated with EC 3.2.1.20 enzymes. Specifically, alpha-glucosidases have
hydrolylic activity against alpha-1,5 glucosyl-fructose linkages and alpha-1,3 and
alpha-1,6 glucosyl-glucose linkages.

EXAMPLE 12

Hydrolysis of Leucrose and Oligosaccharides in Glucan Reaclion Fillrate Using

Alpha-Glucosidase

This Example describes using alpha-glucosidase to hydrolyze leucrose
and other cligosaccharides present in filirate obtained from a glucan synthesis
reaction. Specifically, the effect of alpha-glucosidases disclosed in Example 10
on the hydrolysis of leucrose and oligosaccharides DP2, DP3 and HS (higher
sugars, DP4+) in a filirate of an insoluble glucan {poly alpha-1,3-glucan)
synthesis reaction was studied.

Isolation and Analvsis of Olinosaccharides for Testing Against Alpha-

Glucosidase Activity

First, a concenirated filtrate of a glucan synthesis reaction was prepared
as per Example 1.

Briefly, oligosaccharides were isolated from the concentrated filtrate by
chromatographic separation, and analyzed for glycosidic linkage profile.
Chromatographic separation employing a strong acid cation-exchange resin was
used (o isclate the oligosaccharide fraction of the concenirated filtrate. The
physical parameters of the column used for this separation were as follows:
FINEX CS11GC, #227 resin; Na' ion form; 5% divinyl benzene (crosslinking);
0.34 mm particle size; 1.64 m bed length; 0.083 m column diameter.

in more detail, the concenirated sugar solution {i.e., concentrated filtrate)
described in Table 3 was fillered and diluted to 25 g dry solids/100 g solution
using tap water. Prior to addition of this sugar solution to the column resin, the
resin was washed with six bed volumes (BV) of sodium chioride solution (three

BV at 10 wt% sodium chioride followed by three BV at & wi% sodium chioride) to
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convert the resin to the sodium form. The sugar solution (0.6 L) was then fed {o
the column, after which the column was eluted using water at a flow rale of 50
mi/min. The run conditions of the chromatographic separalion are summarized
as follows: 0.6 L feed size, 25 g dry solids/100 g solution, 85 *C column
temperature, 50 mb/min flow rate. An oligosaccharide solution was eluted
between 11 and 21 minutes. A small amount of salts — indicated by an increase
in conductivity — was eluted at the same time. The oligosaccharide fraction thus
prepared was analyzed by HPLC to determine its product distribution. In {otal,
the fraction contained >89% of oligosaccharides containing three or more hexose
units and less than 1.5% of identifiable mono- and di-saccharides. This fraction
was concentraied to a total dry weight of 317 g/l using a thin film evaporator (LCI
Corporation, Charlotte, NC) followed by rotary evaporation with a ROTAVAFPOR
{R-151; Buchi, New Castle, DE}. The product distribution of the concentrated
fraction as measured by HPLC appears in Table 18.
Table 18
Product Distribution of Concentrated Qligosaccharide Fraction

Sucrose | Leucrose | Glucose | Fructose | DP2 | DP3 | DP4 DRSS {DPe | DPT7 | Total

gil. 0.0 2.3 0.0 0.7 31517569 {1018 | 62.1 269153 | 3167

% 0.0 4.8 4.0 0.2 899 1239321 | 196,85 |48 100

Primary Screening of Alpha-Glucosidases on Glucan Qligomer Hydrolysis

The aclivities of eleven different alpha-glucosidases {(Example 10}, as well
as the activities of two benchmark enzymes, oligo-1,6-glucosidase {purchased
from Megazyme) and transglucosidase (TG L-2000), were individually evaluated
against the purified oligosaccharide fraction prepared above (Table 18). kEach
alpha-glucosidase (dosed at 1 mg/mb) was incubated in a solution containing
oligosaccharide substrates {(2.9% dry solids) and 2 mM calcium chioride at pH
5.0 at 60 °C. Each reaction was quenched after 24 hours of incubation by adding
50 ul of 0.5 M NaCH.

The oligosaccharide/monosaccharide contents of the quenched reactions
were determined as follows. A sample of each reaction was diluted 5-fold in

water for HPLC analysis. HPLC separation was done using an Agilent 1200
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series HPLO system with an AMINEX HPX-42A column (300 mm x 7.8 mm) at
85 "C. The sample {10 pl) was applied to the HPLC column and separated with

an isocratic gradient of MILLI-Q water as the mobile phase at a flow rate of 0.6

ml/min. Oligosaccharide products were delectad using a refractive index

detecior. The numbers provided in Table 18 below reflect the average of peak

area percentages (from duplication of each sampile) of each DP, as a fraction of
the total from DP1 to BPY.

Table 19
Analysis Glucan Filtrate Oligosaccharides Following Treatiment with Aloha-

Glucosidase

Enzyme EgEN% DP7% DP&% DP5% DP4% DP3% DP2% DP1%
Oligo-1,6-
glucosidase
TG L-2000 1 L
Nfiglul g L
Nerglul 12 \\\\}%&k&
TauSec28 15
TauSecO99 18 x&&&\\
BloGlul 20
BloGlu2 24
BloGiu3 26
BspGiul 30
BthGiul 32
BbrGlu2 36
BbrGlub 38
Blank

As indicated with shading in Table 18, the oligosaccharide content of the

reactions generally shifled toward smaller sized sugars, in comparison with the

control reaction {("Blank™} in which there was no enzyme. These results indicate

that alpha-glucosidase can be used to hydrolyze oligosaccharides comprised

within a glucan synthesis reaction and a fraction thereof. Also, given the linkage

profile of the oligosaccharides (Examples 3 and 4}, and the activity of alpha-

glucosidase against various glycosidic linkages in addition to alpha-1,4 linkages

{Example 11}, it is apparent that alpha-glucosidase can be used (o break down
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oligosaccharides with alpha-1,5 glucosyl-fruciose linkages and/or alpha-1,3 and
alpha-1,6 glucosvi-glucose linkages. The resulls provided in Table 19 also
suggest that fungal alpha-glucosidases have betler hydrolytic activity lowards
soluble oligosaccharides compared with the bacterial alpha-glucosidases.
Confirmation of Alpha-Glucosidase Hvdrolytic Activity Toward Oligosaccharide

Producis of Glucan Synthesis Reactions

Reactions were prepared comprising one or two alpha-glucosidases and a
concentrated filtrale obtained from a poly alpha-1,3-glucan synthesis reaction
{Table 3). Alpha-glucosidase reactions were dosed with enzyme at 4 ppm, or for
blends, each enzyme was used at a 1:1 ratio with a final dosage of 4 ppm. The
concentrated fillrate was loaded in 2ach reaction at 10% dry solids. Each
reaction further comprised 2 mM calcium chioride at pH 5.0, and was carried out
at 80 °C or 65 °C. The reactions were quenched by adding 50 ul of 0.5 M NaOH
after a 23-hour incubation.

The oligosaccharide/monosaccharide contents of the quenched reactions
were determined as follows. A sample of each reaction diluted 25-fold in water
for HPLC analysis. HPLC separation was done using an Agilent 1200 series
HPLG system with an AMINEX HPX-42A column (300 mm x 7.8 mm) at 85 °C.
The sampile {10 ul) was applied 1o the HPLC column and separaied with an
isocratic gradient of MILLI-Q water as the mobile phase at a flow rate of 0.6
ml/min. Oligosaccharide products were delected using a refractive index
detecior. The numbers provided in Table 20 below reflect the average of peak
area perceniagss {from duplication of each sample) of each DP, as a fraction of
the total. The resulls provided in Table 20 generally confirm the activity of certain
alpha-glucosidases as discussed above regarding the resulls provided in Table
19.
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Thus, alpha-glucosidase can be used to hydrolyze leucrose and other
oligosaccharides present in a fraction (e.g., filtrate} obtained from a glucan
synthesis reaction, such as a poly alpha-1,3-glucan synthesis reaction.

EXAMPLE 13
isolation of Qligomer/L sucrose Fraction from gif-S/MUT3325 Reaclion

Sucrose (4.50 kg) was dissolved in distilled deionized water {o a final total
volume of 9.5 L and the resulling solulion was heated with stirring at 80 "C for &
minutes and then cooled 1o 47 °C. With stirring, 500 grams of a crude extract
containing 0.6 g/l of gtf-S enzyme {(GTF0459, SEQ ID NOCM42Y and 15.0 mb of &
crude extract containing 10 g/L of mutanase (MUT3325, SEQ 1D NO:47) was
added with stirring (see General Methods for enzyme preparations). The pH of
the resulting mixture was immediately adjusted to between pH 5.5 to pH 6.0 by
slowly adding a 1:10 (v/v) dilution of 37 wit% HCI with stirring.  The reaction
temperature and pH were maintained at 47 °C and pH 5.5-6.0, respectivaly, until
sucrose conversion was >85% per HPLC analysis, after which the reactlion
mixiure was immediately adjusted to pH 7.0 10 7.5 and heated to 80 °C for 20
min, then cooled (o 25 °C for immediate filtration to remove particulates and
precipitate. The resulling filtrate was held at 5 °C prior o IEX/SEC column
chromatography using the following resin and condilions: FINEX CE 11 GC SAC
in Ca® form, column i.d = 9.3 om, resin bad height 1.58 m, T=70 °C, flowrals =
51 ml/min, inear flow rate = 044 m/h, feed size = 0.6 L = 171 g, feed RI-DS =
25.1 /100 g, sample interval = 3 min. The column fractions collected belween
30 min and 67 min were combined, concenirated by evaporation to 66%
dissolved solids and analyzed by HPLC as described in the General Methods,
Table 21 indicates the oligosacharide and monosaccharide componentis of the
isolaled fraclion thus prepared.

Table 21
Analysis of Oligomer/Leucrose Fraction from gif-S/MUT3325 Reaclion

DP7+ DPg DP5 DP4 BP3 DP2 | sucrose | leucrose | glucose | fructose
(76DS) | (%%6D8) | (%DS8) | (%BDS) 1 (KDY | (%D3Y T {(%DS) {(%D8) {%D3) (%DS)
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In this Example, a glucan synthesis reaction was used {o produce at least
one soluble alpha-glucan product. This soluble product resulted from the
conceried action of both a glucosyltransferase (GTF0459, SEQ 1D NO:42) and
an alpha-glucanchydrolase (MUT3325, SEQ 1D NG:47) that were both present in
the glucosyltransferase reaction. This Example also demonstrated the
preparation of a chromatographic fraction from the glucan synthesis reaction.
This fraction was used in Examples 15 and 16 below 1o test the activily of aipha-
glucosidases thersupon.

EXAMPLE 14

isolation of Oligomer/Leucrose Frachion from GIf-C Reaction

Sucrose {(4.50 kg) was dissolved in distilled deionized water to a final total
volume of 8.5 L and the resulling solulion was heated with stirming at 80 "Cfor 8
minutes and then cooled o 47 °C . With stirring, 500 grams of a crude exiract
containing 0.41 g/l of gtf-C enzyme (GTF0088BsT1, SEQ D NO:45) was added
with stirring (see General Methods for enzyme preparation). The pH of the
resulting mbdure was immediately adjusted to belween pH 5.5 to pH 6.0 by
slowly adding a 1:10 (v/v) dilution of 37 wit% HCI with stirring. The reaction
temperature and pH were maintained at 47 °C and pH 5.5-6.0, respectively, until
sucrose conversion was >85% per HPLC analysis, after which the reaclion
mixture was immediately adjusted to pH 7.0 10 7.5 and heated to 80 °C for 20
min, then cooled o 25 °C for immediate filtration to remove particulates and
precipitate. The resulling filtrate held at 5 °C prior to IEX/SEC column
chromatography using the following resin and conditions: FINEX CE 11 GC SAC
in Ca®* form, column i.d = 9.3 cm, resin bed height 1.58 m, T= 70 °C, flow rate =
50 ml/min, inearflow rate = 044 m/h, feed size = 0.6 L = 171 g, feed RI-DS =
25.8 g/100 g, sample interval = 3 min. The column fractions collected belween
34 min and 72 min were combined, concentrated by evaporation (o0 67%
dissolved solids and analyzed by HPLC as described in the General Methods,
Table 22 indicates the oligosacharide and monosaccharide components of the

isolated fraclion thus prepared.
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Table 22
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Analvsis of Dligomer/Leucrose Fraction from GH-C Reaction

SUGrose
(%DS)

faucrose
{(%DS)

glucose

iﬂ/’

D3}

fructose
{%DS)

in this Example, a glucan synthesis reaction was used 1o produce at least

one soluble alpha-glucan product. This Example also demonsirated the

preparation of a chromatographic fraction from a glucan synthesis reaction that

produced a soluble alpha-glucan product. This fraction was used in Examples 15

and 16 below to test the aclivity of alpha-glucosidases thereupon.

EXAMPLE 15

Primary Screening of Alpha-Glucosidases Using Olicomer/Laucrose Fractions

from GU-S/MUT3325 and GH-C Reaclions

This Example describes using alpha-glucosidase (o hydrolyze leucrose

and other oligosaccharides present in chromatographic fractions obtained from

glucan synthesis reactions that produced soluble alpha-glucan product.

Specifically, study was made on the effect of alpha-glucosidases disclosed in

Example 10 on the hydrolysis of leucrose and oligosaccharides in the fractions

prepared in Examples 13 and 14.

A total of twelve alpha-glucosidases and two benchmark enzymes {oligo-

1,6-glucosidase and TG L-2000 transglucosidase) were screened using
sligomer/leucrosse fractions from gtf-S/MMUT3325 (Example 13) and gif-C

{Example 14) reactions as subsirale material. All the enzymes (alpha-

glucosidases and benchmark enzymes) were dosed at equal protein

concentrations. ktach alpha-glucosidase (dosed at 100 ppm) was incubaled in a

solution containing oligomerfleucrose substrates {(10% dry solids) and 2 mM

calcium chioride at pH 8.5 at 47 “C. Each reaction was quenched after 21 hours
of incubation by adding 50 pL of 0.5 M NaOH.

The oligosaccharide/monogsaccharide contents of the guenched reactions

were delermined as follows. A sample from each reaction was centrifuged and

supernatant therefrom was diluted 25-iold in water for HPLC analysis (General
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Methods). The percentages reported in Table 23 reflect the average of peak
area perceniagss {from duplicate analyses of each sample)} of sach DF, as a
fraction of the tolal. The resulls indicate that the fungal alpha-glucosidases had
hetter hydrolytic activity towards glucan oligomers when compared (o the

bacterial alpha-glucosidases.
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As indicated with shading in Table 23, the oligosaccharide content of the
reactions generally shifted oward smaller sized sugars, in comparison with the
controf reactions ("Blank”) in which there was no enzyme. These resulls indicale
that alpha-glucosidase can be used to hydrolyze oligosaccharides comprised
within a glucan synthesis reaction and a fraction thereof, particularly a
chromatographic fraction of a glucan synthesis reaction that produced soluble
alpha-glucan product. Also, given the linkage profile of the cligosaccharides
{(Examples 13 and 14}, and the aclivity of alpha-glucosidase against various
glycosidic linkages in addition to alpha-1,4 linkages (Example 11}, it is apparent
that alpha-glucosidase can be used to break down oligosaccharides with alpha-
1,5 glucosyl-fructose linkages and also liksly alpha-1,3 and alpha-1,6 glucosyi-
glucose linkages. The resulls provided in Table 23 also suggest that fungal
alpha-glucosidases have betler hydrolytic aclivity towards soluble
oligosaccharides comparad with the baclerial alpha-glucosidases.

Thus, alpha-glucosidase can be used to hydrolyze leucrose and other
oligosaccharides present in a fraction {e.g., chromalographic fraction) obiained
from a glucan synthesis reaction, such as one that synthesizes a soluble alpha-
glucan product.

EXAMPLE 18
Select Screening of Alpha-Glucosidases using Oligomer/Leucrose Fractions from
Gi-S/MUT3325 and GU-C Reactions
This Example is further to Example 15, describing the use of alpha-

glucosidase to hydrolyze leucrose and other oligosaccharides presant in
chromatographic fractions obtained from glucan synthesis reactions that
produced soluble alpha-glucan product.

Evaluation of alpha-glucosidases that were most active for hydrolysis of

oligomer/lsucrose fractions from gi-S/MUT3325 and gii-C reaclions (Example

15) was performed by analyzing sugar compositions resulling in reactions
containing enzymes dosed at equal protein concentrations. Incubations of alpha-
glucosidases {dosed at 4 ppm; for blends, the ratio of the two enzymes was 1.1

and total dosage was 4 ppm) and oligomerfieucrose substraie (10% ds) were
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performed at pH 5.5 in the presence of 2 mM calcium chioride at 60 °C and 65
°C, respeactively. The reactions were guenched by adding 50 ul of 0.5 M NaOH
after 23 hours of incubation.

The oligosaccharide/monosaccharide contents of the guenched reactions
were delermined as follows. A sample from each reaction was centrifuged and
supernatant therefrom was diluted 25-iold in water for HPLC analysis {General
Methods)., The perceniages reported in Table 24 (below) reflect the average of
peak area perceniages (from duplicaie analyses of each sample) of each DP, as
a fraction of the total. The resulls indicate that TauSec(88 was efficacious for
hydrolysis of DP2 o DP7 dligomers and TauSec089 outperformed TG L-2000 for
leucrose hydrolysis when the incubation was performed at 65 °C. The blends of
TauSecl88 with TauSec099 {or TG L-2000) were sffective for hydrolysis of
oligomers and leucrose for DP1 production.

Thus, alpha-glucosidase can be used (o hydrolyze leucrose and other
oligosaccharides present in a fraction {e.g., chromatographic fraction) obiained
from a glucan synthesis reaction, such as one that synthesizes a soluble alpha-

glucan product.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A method comprising: (a) providing a glucan synthesis reaction; (b)
obtaining a fraction of the glucan synthesis reaction that comprises a
saccharide byproduct of the glucan synthesis reaction, wherein the
saccharide byproduct is a disaccharide or oligosaccharide and comprises
at least one alpha-1,3 glucosyl-glucose linkage; and (c) contacting the
saccharide byproduct in the fraction with an alpha-glucosidase enzyme,
wherein the alpha-glucosidase enzyme hydrolyzes at least one alpha-1,3

glucosyl-glucose linkage of the saccharide byproduct.

The method of claim 1, wherein the alpha-glucosidase enzyme is

immobilized.

The method of claim 1 or claim 2, wherein the degree of polymerization of

the saccharide byproduct before hydrolysis is 3to 7.

The method of any one of claims 1 to 3, wherein the alpha-glucosidase

enzyme is a transglucosidase.
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SEQUENCE LI STI NG

<110> E.I. du Pont de Nenours & Conpany, Inc.
Nagy, Kevin

<120> ENZYNMATI C HYDROLYSI S OF DI SACCHARI DES AND (OL| GOSACCHARI DES USI NG
ALPHA- GLUCCS| DASE ENZYMES

<130> (L6220

<150> US 61/945, 233
<151> 2014-02-27

<150> US 61/945, 241
<151> 2014-02-27

<150> US 62/ 004, 305
<151> 2014-05-29

<150> US 62/004, 314
<151> 2014-05-29

<150> US 62/004, 300
<151> 2014-05-29

<150> US 62/004, 312
<151> 2014-05-29

<150> US 62/004, 308
<151> 2014-05-29

<150> US 62/ 004, 290
<151> 2014-05-29

<160> 47

<170> Patentln version 3.5

<210> 1

<211> 965

<212> PRT

<213> Aspergillus niger

<400> 1

Ser GAn Ser Leu Leu Ser Thr Thr Ala Pro Ser G n Pro G n Phe Thr
1 5 10 15

Ile Pro Ala Ser Ala Asp Val Ay Ala dn Leu Ile Ala Asn Ile Asp
20 25 30

Asp Pro Gn Ala Ala Asp Ala dn Ser val Cys Pro Gy Tyr Lys Ala
35 40 45

Ser Lys Val G n His Asn Ser Arg Ay Phe Thr Ala Ser Leu G n Leu
50 55 60

Ala Ay Arg Pro Cys Asn Val Tyr Gy Thr Asp Val Gu Ser Leu Thr
65 70 75 80

Leu Ser val Gu Tyr G n Asp Ser Asp Arg Leu Asn lle Gn lle Leu
85 90 95

Page 1



Pro

Ser
Val

145

Val

Leu

Pro

Arg

Ser

Val

Lys

Ser

Val

305

Asn

Asp

Thr

Leu

Leu

N —
N —_
[=X0)

Ser

Phe

Leu

Ay

Ay

Arg

Phe

Tyr

H s

Val

115

Leu

Arg

Val

Tyr

Arg

Asp

Tyr

Leu

Pro

Leu

Trp

Vet
355

Val

100

Pro

Phe

Lys

Tyr

Asn
180

Lys

Al a

Arg

Trp

Al a

Pro

Ay

Lys

340

H s

Asp

Arg

Val

Al a

165

Leu

Al a

Arg

Pro

Al a

Tyr

325

Phe

Ay

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ser Thr Asn Al a

Pro

Ser

Thr
150

Leu

Asp

Al a

Ser

Thr

Al a

Vet
310

Tyr

Lys

Ay

Leu

Tyr

215

Arg

Ser

H s

Leu

e

Arg

Al a

120

Ser

Asp

Phe

Leu

Thr

200

Ay

Trp

Pro

Asn
360

105

Ser

Al a

Asp

Leu
265

y Ay

Thr

Tyr

Ser

Leu

345

Phe

Ser Trp

Leu Asn

Gu Pro

Leu Phe

155

G u Phe

Gu His

Tyr Pro

H's Pro

Gy Ser

235

Tyr lle
250

Ay Ile

Asn Thr
315

Asp Leu

Au Tyr

Asp Asn

Page 2

Tyr

Al a

Ser

140

Ser

Val

e

Ser

Phe

220

Tyr

Ser

Leu

Asp

Tyr

300

Leu

Al a

e

Asp

Phe Leu Ser

Ser

125

Phe

Thr

Thr

Thr

Asp

Tyr

e

Leu

Leu

Leu

285

Leu

Ay

Asp

Trp

Gn

110

Val

Al a

190

Asp

Leu

Pro

Ser

Arg

Thr

Thr

Phe

Val

Thr

350

H s

Ser

Phe

Ay

Leu

175

Phe

Ay

Asp

Val

H s

255

Ser

Phe

Ser

H s

Val

335

Asp

Arg

Lys

Thr

160

Pro

Arg

Thr

Thr

Tyr

Thr

Al a

e

Phe



Ser

Asp

Trp

Asp

Asp

Ser

Leu

Phe

Ser

Tyr

545

Pro

Al a

Val

Leu

Ser
625

Tyr
370

Tyr

Val

Pro

Phe

450

Ay

Leu

Ser

530

Leu

Tyr

Val

H s

Leu

610

Thr

Ser

Tyr

Al a

Phe

Ay

Trp

Val

Ay

Pro

o1 —
g
[$2K¢>)

Arg

Val

Ser

Phe

Val

Ser

Leu

420

Tyr

Al a

Trp

Thr

Ay

Thr

Al a

Thr

e

Pro
580

y Leu

Val

Al a

Ay

Pro

Asp

Lys

Thr

Asn

Al a

Thr

Asn

565

Asn

Tyr

Ay

CL6220WOPCT_Sequenceli sting_ST25. t xt

Asp

Val

Pro

Al a

Al a

Pro

550

H s

Al a

Ay

Ser

Ser
630

A u Phe Leu Ser Lys Leu His GQu Ser Gy

375

Val

Tyr

Pro

Phe

Leu

455

Met

Leu

Ay

Thr

Thr

535

Thr

Asp

Thr

H s

H s

615

Ay

Asp

Al a

Asp

Pro

440

Val

Ser

Thr

Asp
5

Al a

Pro

H s

Lys

Lys

Al a

Thr

Ay

Asp

e

Leu

Al a

Thr

Ay

Val
585
Ay

Arg

Trp

Al a

Tyr

410

Ser

Trp

Trp

Val

Asn

490

e

Al a

Thr

Val

Ay

Asp

Leu

Arg

Al a

Leu

395

Asp

Leu

H s

Ser

Ser

475

Pro

Tyr

Ser

Thr

Arg

H s

Ay

Pro

Ay

Page 3

380

Tyr

Arg

Tyr

H s

Al a

Asp

Al a

Ser

540

Asp

Val

Al a

Phe

620

H s

Pro

445

Lys

Phe

H s

Tyr

Ser

525

Thr

Val

Leu

Thr
605

e

Trp

Pro

Al a

Ay

Lys

Val

Pro

Al a

Ser

Gu

Ser

e

Ay

Al a

415

Al a

Al a

Al a

Val

Ser

495

Gu

Ay

Val

H s

Val

575

Tyr

Gn

Ay

Ay

Pro

400

Asp

Val

Val

Phe

Ay

Phe

Al a

Al a

Ser

Pro

560

H s

Asp

Ay

Arg

Asp



Ser

Phe

Ser

Pro

705

Al a

Asp

Val
Thr
785

Asp

Thr

Ser
865

Thr

Al a

Tyr

Phe

Al a

690

Met

Leu

Phe

Ay

Val

Trp

Ile
Thr
850

Ay

Leu

Ser

Ser

Ay

Phe

Arg

Al a

Pro

755

Pro

Lys

Tyr

Ser

Leu

835

Pro

H s

Ay

Lys

Leu

660

Phe

Pro

e

H s

740

Al a

Ay

Thr

Al a

820

Pro

Trp

Leu

Val

Arg

Trp

Phe

Ser

Pro

Tyr

Arg

Thr

Asp

e

Val

Met

Al a

Tyr

Asp

Trp

CL6220WOPCT_Sequenceli sting_ST25. t xt

Trp Ser Met Tyr Tyr

Asp

Asp

Phe

Arg

Tyr

Thr

Pro

Met

Phe

790

Al a

Leu

Leu
Leu
870

Phe

Lys

Tyr

695

Trp

Al a

Ay

Thr

Val

775

Pro

Al a

Ay

Leu
855

Asp

Thr

Pro

Arg

Al a

e

Ser

Leu

760

Val

Ay

Val

H s

Pro

840

Al a

Asp

Al a

Arg

Vet
665

Leu

Ser

Leu

Thr

745

Al a

Pro

Val

Asp

Al a

Al a

Ay

Ser

Asn
905

650

Phe

Cys

H s

Val

Pro

730

Val

Al a

Val

Ay

Pro

Leu

Leu

Arg

Pro

Ser

Ay

~—
-
[$2K¢>)

Met

Val

Leu

H s

795

Lys

Val

Thr

Ay

Ser

875

Ser

Leu

Page 4

e

Al a

Arg

Phe

Arg

Ay

Pro

Tyr

Thr

Ser

860

Ser

Al a

Ser

Asp

Trp

Leu

Al a

Tyr

Al a

Thr

765

Pro

Ay

Val

Tyr

Leu

Gn

Thr

670

Met

Ser

Thr

Thr

Leu

750

Leu

Val

Val

Ay

Pro

Arg

Val
910

Al a
655

Cys

Gn

Thr

Lys

Leu

735

Ser

Phe

Val

Trp

Asn

815

Ay

Al a

Thr

Ser
895

Thr

Leu

Ay

Leu

Ser
720
Phe

Trp

Met

Tyr

800

Thr

Ay

Arg

Al a

Al a

880

Ser

Val



CL6220WOPCT_Sequenceli sting_ST25. t xt

Leu Ay Val Asn Lys Qu Pro
915

Val

Val
945

Trp

Phe Pro Ay Ser Vval

930

Thr
935

Gy Gy Leu Gn Asn Leu

Val

<210>
<211>
<212>
<213>

<400>

2
5

Leu u Trp

99

PRT
Tri choderma reesei

2

Ser Val Asp
]

Leu

Al a

Tyr

Arg

65

Tyr

Ser

Leu

Al a

Asn
145

Leu

Ay

Vet

50

Phe

e

Leu

Lys

Leu

130

Asp

Cys

Al a

Trp

Thr

Thr

Al a

)
—_—r
o110

Tyr

Leu

965

950

Asp Phe Ile Ser
5

Asn
20

Val

Thr

o%
ST

Phe

Al a

Val

e

Arg

Thr

Gn

85

Ay

Thr

e

Ser

Tyr
165

Ay

Al a

Asp

Tyr

70

Val

Ser

Ay

Al a

Thr

150

Val

Pro

Ser

Ser

55

Asp

Thr

Ay

Leu
135

Val

Al a

Ser Ala Val Thr

920

Leu Asn Ay dn

Tyr Asn Ser Thr Ser

940

Thr Lys Gy Gy Ala

Thr

Asp

Pro

40

Al a

Al a

Leu

Leu

Ser

Ay
25
Ser

Leu

Ay

Tyr

955

Thr Pro
10

Cys Arg

Thr 1le

Val Phe

Leu G n

75

Gy Leu

90

Gu Pro

Arg Pro

Tyr Ser

Val

_,__
o1 —
[$2K¢>)

Trp Asn

Page 5

Al a

Asp

Lys

60

Arg

Ser

Lys

925

Gn

Val

Leu

Trp Ala Gu

Al a

Phe

Pro

45

Asn

Arg

Asn

Phe

Pro

Thr

Leu
Ay
30

Asp

Leu

Pro

—_
-0
oC

Leu

Ay

Asn
15
Thr

Tyr

Ser

95

Leu

Ay

e

Val

Phe
175

Al a

Phe

Asn
960

Ser

Tyr

Asp

Gn

80

Ay

Thr

Pro

Arg

Asp



Leu

H s

Ser

e

Pro

Phe

Val

305

Trp

Tyr

Al a

Ser

Al a

385

Ser

Leu

Arg

Trp

H s

Arg

Al a

Tyr

Val

Phe

Ser

370

Asp

Leu

H s

Al a

Al a
195
Ser

Phe

Thr

Ser

275

Ser

e

Leu

Trp

Phe

355

Ser

Ay

Al a

Leu

Ay

180

Leu

Al a

Trp

Ay

Phe

260

Asp

Ay

Al a

Lys

340

Ser

Phe

Gu

Thr
420

Val

Val

Tyr

Val

Arg

Asp

Lys

Tyr

Arg

Thr

325

Lys

Thr

Leu

Trp

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt
Phe Phe Thr Val

Asn Gy Ser Ser

Gu

Ser

Ser

230

Thr

Pro

Al a

Ay

Tyr

310

Phe

Thr

Leu

Phe

Ser

390

Phe

Ser

Pro

Ay
Ser
215

Ser

Ay

Leu

Val

295

Al a

Al a

Ay

Val

Thr

375

Asp

Tyr

Pro

Al a

200

Val

Ay

Lys

Leu

Ser
280

Al a

Ser

Pro

360

Al a

Arg

Al a

Ser
440

185

Thr

Al a

Ay

Asp

Lys

Asp

Al a

Al a

Ser
425

Trp

Leu

Pro

Tyr

Val

250

Leu

Ay

Val

Val

Lys
Ser
410

Phe

Al a

Al a

Val

235

Asp

Lys

Tyr

315

Val

Thr

Tyr
395
Ay

Leu

Asn

Page 6

Al a

Val

220

Asp

Ser

Al a

Val

Pro

300

Tyr

Leu

Thr

Al a

Al a

380

Val

Thr

Thr

Ser

Thr

205

Leu

Ser

Val

Ay

Val

285

Al a

Tyr

Al a

Ay

Val

Pro

Pro

Al a

Ser
445

Al a
190

Leu

Leu

Thr

270

Val

Ay

Ay

Asp

Thr

350

Thr

Ser

Al a

Leu

Thr

430

Al a

Asn

Ay

Phe

Thr
255
Phe

Asp

Al a

Al a

335

Ser

Tyr

Thr

Asp

Ser

415

Al a

Ser

Leu
Asn

240

Ser

Ser

Al a

Pro

320

Leu

Ser

Tyr

Ay

Al a

Arg

Thr



Pro

465

Pro

Val

Val

Al a

Trp

Tyr

Lys

Pro

450

Thr

Ser

Al a

Lys

Al a
530

H s

<210>
<211>
<212>
<213>

<400>
Met Asp G u Thr
1

Thr

Arg

Al a
65

3
]

Ser

Al a

Ay

Val

Val

515

Val

Ay

Asn

Thr

Asp

477

PRT

St rept ococcus sal

3

Al a Ser

Thr

Thr

Thr

Thr

500

Al a

Al a

Thr

Val

Tyr

580

Thr

Leu
20

Thr Asn Thr

35

Al a Val

50

Gu

Ala Thr Thr

Ser
Pro
485
Phe
Ay
Leu
Val

Ay

Thr

Trp

Gn
5
Val
Lys
Thr

Al a

Lys Gu Al a val

CL6220WOPCT_Sequenceli sting_ST25. t xt
Ser Gy Ala Ser Val

Phe
470
Tyr

H s

Asp
Asn

550

Val

Asp

Thr

Gu

Al a

Thr

70

Val

455

Pro

Thr

Al a

Al a

535

Leu

Asp

Pro

Ser

Pro

Pro

Leu

Al a

520

Val

Gu

Ay

Al a

ivarius

Lys

Ser

Al a

Thr

55

Thr

Thr

Thr

Pro

Asp

40

Thr

Al a

Thr

Ser

Leu

Val

505

Al a

Al a

Ser

Val
585

Val

Gu

25

Val

Thr

Asp

Asp

Gn

Pro

490

Ser

Leu

Tyr

Ay

Val

570

Al a

Thr

10

Al a

Leu

Asn

Val

Al a

Val

Thr
475

Cys

Thr

Ay

Al a

Asp

Thr

Thr

Thr

Thr

Al a

75

Pro

Page 7

Gy Ser Tyr Ser

460

Pro

Al a

Asp

Val

Trp

Val

Ser

Lys

Pro

Gn

60

Val

Al a

Lys

Thr

Phe

Val

Thr

Al a
45
Al a

Al a

Val

Pro

Pro

O
o<

H s

Ser

Ser

Al a

30

Lys

Thr

Al a

Thr

Ay

Thr

495

Thr

Pro

Tyr

Asp

Val

Asp

Gu

Al a

Val

Thr

Arg

Val

480

Ser

Thr

Ser

Leu

Lys

560

Pro

Val

Thr

Lys

Thr

Pro
80



Lys

Al a

Val

145

Ay

Thr

e

Asp

Thr
305

Leu

Arg

Al a

Val

Leu
130

Leu

Tyr

Lys

Leu

Arg

Leu

Ser

Asn

195

Tyr

Ay

Met

Met

Ser

Tyr

Tyr

Leu

100

Al a

Leu

Asp

Leu

Phe

180

Arg

Leu

Val

Al a

Ser

260

Lys

Al a

Ser

Val
340

85

Gn

Pro

Lys

Ay

Tyr

165

Thr

Al a

Thr

Thr

Trp

Lys

Thr

Phe
Lys
325

Asn

Arg

CL6220WOPCT_Sequenceli sting_ST25. t xt

Pro Ala Thr Val

Ser

150

Phe

Pro

Tyr

Al a

Trp

Trp

Val

Leu

Val
310
Ay

Asp

Thr

Al a

H s

Ay

Ay

Asp

Pro

Phe

Lys

Al a

295

Lys

Ay

Ser

Al a

Al a

120

Lys

Lys

Lys

Thr

Ser
200

p Ser

Al a

Asn

Val

280

Thr

Ay

Arg

Thr

105

Leu

Asp

Thr

185

Ser

Trp

Ser

Val

Leu

265

Al a

Lys

Gn

Gu

Thr

345

Asn

90

Lys Ala GQu

Lys

Tyr

Thr

Asp

Asp

Al a

Ser

Pro

Asp

Pro

Gn

Asp

Asp

Phe

155

Al a

Al a

Arg

Al a

235

Thr

Al a

Lys

Thr

H s

Trp

Thr

Page 8

Ser

—
a0
o<

Al a

Leu

Val

Ser

Pro

220

Gn

Lys

Asp

Trp

Leu

Al a

Ay

Val

125

Lys

e

Thr

Asp

Phe

205

Al a

Asp

Val

Tyr

Thr

Val
110
Val

Tyr

Thr

Ser

Phe

Asn

Ser

270

Leu

Lys

Ay

Ser

350

e

95

Asn

Tyr

Val

Ser

175

Phe

Leu

Arg
Tyr

255

Ser

Ay

Asp

Asp

Thr

Al a

Tyr

Asn

160

Ser

Ser

e

Pro
240
Leu

Thr

Lys

Thr
320
Al a

Tyr

Lys



Ser

Phe

385

Met

Asp

Ser

465

Thr

Leu

Pro

Asp

Val

545

Ser

e

Phe

Lys

Al a

Leu

Tyr

450

Val

Asp

Phe

Leu

Trp

Lys

Ay

e

Thr

Asp

Al a

355

Leu

Leu

Leu

Asp

Val

435

Tyr

Leu

Ay

Ser

Tyr

515

Al a

Met

Tyr

Asp

Al a

Al a
Leu

500

Asn

Ser

Tyr

Leu

Al a

Asp

Al a

Val

Al a

Al a

485

Al a

Asn

Lys

Thr

Val

565

e

Asp

Ser

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

360

An Ser Asp Pro Asn

Al a

Asp

Trp

Leu

Lys

Thr

Asp

Phe

e

Al a

Ser

Met

375

Val

H s

Met

Al a

Pro

Phe

Asp

Leu

Asp

Tyr

Phe

Leu

440

Ser

Leu

Met

Asn

520

Ser

Lys

Arg

Lys

Met

600

Lys

Leu

Leu

Lys

Tyr

Al a

Gu

Lys

Lys

Asn

Ser

Vet

410

Ay

Leu

Al a

Asp

Asn

490

Thr

Al a

H s
570

e

Tyr

Met

365

Hs Mt Gy Gy Phe

Asn

395

e

Tyr

Asn

475

Lys

Arg

Gn

Tyr

Al a

Thr

Gu
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380

Pro

Trp

Arg

Thr

Al a

460

H s

Thr

Arg

Asn

540

Lys

Pro

Phe

Leu

620

Thr

Val

Ay

Val

Asn

445

Leu

Tyr

Arg

Pro

e

Val

Ser

Asp

Tyr

Al a

Leu

Gu

Asp

Ay

Val

Ser

590

Asn

Thr

Gn

~—-
-
[$2K¢>)

Phe

H s

Asp

Al a

495

Val

Lys

Ay

Asp

Gn

Asp

Tyr

e

Arg

Asp

Al a

400

Val

Val

Arg

Ser

Thr

Thr

Al a

560

Asp

Ay

Pro

Val



625

Tyr

Ser

Tyr

Ay

Tyr
705

Met

Thr

Al a

785

Al a

Al a

Al a

Thr

Tyr

Pro

Val

Ay
Al a

770

Ay

Val

Pro

Al a

Met

Ay

Tyr

Ser

675

Met

Ser

Ser

Pro

Asp

Tyr

Asp

Trp

Ser

835

Al a

Al a

Asp

Tyr

660

Ay

Asp

Val

Lys

Ay

Val

Val
820
Thr

Tyr

Pro

Pro

Leu
645
Asp

Ay

Arg
Tyr
725

Leu

H s

Asp

Asp

Val
885
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630

635

Tyr Thr Asp Asp Gy Hs Tyr Met Gu
650

Thr

Ser
Tyr

710

Ser

Al a

Lys

Ay

Val

Al a

Ser

Ay

Asp

Phe

e

Al a

Asp

Ay

Arg

Leu

Asn

Asn

775

Thr

Tyr

Ay

Lys

Leu

Val

Val

Val

Lys

Thr

Asp

Phe

Asp

Al a

Lys

840

Leu

Asp

Phe

Ser

Asn
665

Arg

Asp

Ser

Lys

Thr

Ser

Thr

Ser

825

e

Pro

Lys

Al a

Leu

Ser

Leu

Ay

Ser

Tyr

Ser

Asn

Phe

810

Asp

Ay

Tyr

Ser

Ser
890

Met

Tyr

Tyr

Met

715

Al a

Arg

Asp

Val
875

Trp

Lys

Trp

Arg

Thr

Val

Lys

Al a

Al a
780

y Val

Met

Leu

Ay

Tyr

Ay

Asp Asp Gy
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Ser

Leu

685

Thr

Al a

Thr

Leu

Leu

765

Asp

Leu

Ser

Asp
8

Thr

845

Phe

Thr

Val

Thr

Arg
670

Pro

Leu

Asn

750

Al a

Thr

Ay

Leu

Ser

Thr

Phe

Thr
655

e

Thr

Asp
Val
735

Val

Val

Phe

Phe

815

Arg

Lys

Asn

Arg

Ser

895

Leu

640

Lys

Lys

Asp

Val

Thr

720

Al a

Ay

Al a

Ay

Val

Val

Al a

Phe

Lys

880

Phe

Asp
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900 905 910

Ser Val Ile Gn Asn Gy Tyr Ala Phe Ala Asp Arg Tyr Asp Leu Ala
915 920 925

Met Ser Lys Asn Asn Lys Tyr Gy Ser Lys Qu Asp Leu Arg Asp Ala
930 935 940

Leu Lys Ala Leu Hs Lys Ala Gy Ile Gn Ala lle Ala Asp Trp Val
945 950 955 960

Pro Asp An lle Tyr dn Leu Pro Gy Lys Gu Val Vval Thr Ala Thr
965 970 975

Arg Thr Asp Gy Ala Ay Arg Lys Ile Ala Asp Ala lle lle Asp His
980 985 990

Ser Leu Tyr Val Ala Asn Ser Lys Ser Ser Gy Lys Asp Tyr Gn Ala
995 1000 1005

Lys Tyr Ay Gy Gu Phe Leu Ala Qu Leu Lys Ala Lys Tyr Pro
1010 1015 1020

Gu Met Phe Lys Val Asn Met Ile Ser Thr Gy Lys Pro lle Asp
1025 1030 1035

Asp Ser Val Lys Leu Lys Gn Trp Lys Ala GQu Tyr Phe Asn Gy
1040 1045 1050

Thr Asn Val Leu Gu Arg Ay Val Ay Tyr Val Leu Ser Asp Gu
1055 1060 1065

Ala Thr Gy Lys Tyr Phe Thr Val Thr Lys Gu Gy Asn Phe lle
1070 1075 1080

Pro Leu dn Leu Thr Gy Lys Gu Lys val Ile Thr Gy Phe Ser
1085 1090 1095

Ser Asp Gy Lys Gy Ile Thr Tyr Phe Ay Thr Ser Gy Thr Gn
1100 1105 1110

Ala Lys Ser Ala Phe Val Thr Phe Asn Ay Asn Thr Tyr Tyr Phe
1115 1120 1125

Asp Ala Arg Gy His Met vVal Thr Asn Ser Qu Tyr Ser Pro Asn
1130 1135 1140

Ay Lys Asp Val Tyr Arg Phe Leu Pro Asn Gy

Ile Mt Leu Ser
1145 1150 1155

Asn Ala Phe Tyr Ile Asp Ala Asn Gy Asn Thr Tyr Leu Tyr Asn
Page 11



Ser

Ser

Arg

e

Lys

Al a

Ay

Al a

Ser

Ser

Phe

Lys

Phe

Al a

Leu

Asp

H s
1250

Lys
1265

1310

Thr
1325

Thr
1340

Asn
1355

Thr
1385

y
1400

Asp

Ay

Thr

Phe

Ay

Lys

Thr

Trp

Val

Val

Tyr

Thr

Val

Al a

Ay

Al a

Thr

Gn

Asp

Thr

Phe

Leu

Ay

Tyr

Lys

Lys

Asp

Thr

Asp

Thr

Asn

Tyr

Met

Lys

Thr

Val

Ay

Ay

Ay

Tyr

Phe

Ay

Phe

CL6220WOPCT_Sequenceli sting_ST25. t xt

Tyr

Asp

Thr

Ay
;

Phe

Ay

Ay

Ay

Al a

Ser

Ser

Phe

Lys

Phe

1165

Lys
1180

Val
1300

Phe
1315

Val
1330

Lys
1375

Thr
1390

Ser
1405

Al a

Gy Gy Tyr Thr

Lys

Val

Phe

Lys

Lys

Al a

Lys

Val

Ay

Trp

Val

Val

Tyr

Thr

Val

Lys

A u Ser

Met Al a

Gy Gu

Gy Lys

Asp Thr

Asn Gy

Leu Tyr

Lys Asn

Gu Leu

Tyr Tyr

Lys Ay

Asn Al a

Gy Asp

Thr Gy

Asp Ay
Page

Lys

Lys

Asp

Thr

Trp

Val

Phe

Al a

Val

Al a

Ay

Ay

Ser

Asn

Au

Lys
12

1170

Al a
1275

Asn
1290

Asp
1305

Thr
1320

Val
1365

Thr
1380

Asn
1395

Val
1410

Phe Asp Val

Val

Val

Phe

Tyr

Al a

Ay

Asn

Al a

H s

Val

Ay

Trp

Lys

Val

Lys

Thr

Gn

Phe

Thr

Asp

Thr

Asn

Leu

Lys

Lys

Phe

Val

Al a

Asp

Ay

Ay

Tyr

Phe

Ay

Tyr

Arg

Tyr

Ay

Ay



1415

Thr
1430

Ser
1445

Asp

Gy Va

1460

Val
1475

Arg

<210> 4
<211>
<212>
<213>

<400> 4

Val

Tyr Val

3147
DNA
Aspergillus clavatus

Gy Lys Arg Ala Va

Tyr

Leu Asn

Ser Ala Ay Asn

CL6220WOPCT_Sequenceli sting_ST25. t xt

1420

1435

1450

1465

at ggccagtc tcgtaggect tcttgecagt

gcggt t cact
ccttcgtcca
aat gcgcagt
ttcaccgeca
t cgct gagt c
acccat gt gg
gcgcaagcat
gacccct cgt
gccgat t cgg
ggttataatc
accct gacca
at gaat cct t
tttctacctc
caccgat gat
aaat gcacat
t ggaagcat ¢
ccagct cacc
at gccgcet gg
gtttgagatt
cttggt gt ct

t cgat aat ga

cgtttgetee
tt gacaat gg
cegtttgtee
gcct gecaget
t ct cggt gga
at agct ct aa
ct gccgacge
t caat at caa
tcttggtctt
tttatggatt
cct acgegge
gatctcgttg
gacacgagat
gccgat gegt
ggacaggagg
gat t t gacct
acgat t ggct
ggtt accgeca
ccect cgaat
aacgcatttt

ccaagt ccat

t agt acgacg
ggctcagttg
aggct at aag
t gcgggcgag
agtt ct ggcg
tgectettgg
ctcegtctct
gat cat ccgg
t cagaat cag
09999agcgy
agat gt cgga
gct cacaatg
act at accaa
ctggagatta
ttattctgca
tct act cagg
t gcct gegat
gct ggtctga
atatctggtg
cccaggaccg

ttccectacg

Ay Arg lle Ser Tyr

Ser Thr Trp Ile Gu

gcttggct cc
gcaaccgcag
attgccaata
gcct cggat g
ccgt gcaatg
aaggat cgct
tacattcttc
caaagt gact
aaggcaact g
tt cat cgagt
at ggcccage
gacccgattg
gaccaat agc
agat gccaac
tgagtccttce
gt ct cgcaac
t cccact cag
gcaacagt ac
act cgaggaa
agct caattc
acattgacta

at gaaggcga
Page 13

1425

Tyr
1440

e
1455

Phe Asp Lys Asn Ay Leu Ala Tyr

1470

t ccegt cgac
cttactcgca
t cgat gaccc
t gcaacagac
cct at gggat
t gaat at cca
cagaggaccg
t cgagat cga
gggat gcccet
ttgtgtctge
t gcggcet t ct
at gagt at gt
aacatctatg
ggct cat att
t cccacggeg
attacat ggc
gcagat gt ca
agcgeccttg
gt cgt aaaca
ttcgt aagaa
cat gcgt ggt
ggagttcctc

Tyr Ay

Adn Pro

Pro Pro

ct acggageg
gcatactttg
cttggcagtg
at cacggggt
t gacgt t gac
gatt gt ccct
ggt acccaaa
gt ggt ccaat
gtttgacaca
tttgectgag
gagaaacgct
gtt agaat ct
gacagcat cc
ctcttgtgaa
tgttcctgag
ggacaat cgg
ccaagagct a
gtttccatca
cctttgaaca
aat at gggct
t accgcgat t

gacagacttc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



acaaat cagg
acaat gcgtc
t acagacgt g
aagaaccct g
gat t ggcaca
aaagt gcagt
agct gcggga
gagccgggt a
gctgettetg
gacgt cagcet
atcaactatc
gccatctcte
t ggggt cat ¢
cgacctttca
ggcggt gat a
ttctctctcet
gacgaggaac
cacaacact ¢
gccaagactg
caggcgcaca
cccteccttg
gt cct cgage
gtctggtatg
at cccggecce
caggagcccg
ct ggacggt a
ccgtcttcga
aagggt gat t
gagcct geec
gcgacct ccc

gct gaggat t

<210> 5

<211> 990
<212> PRT
<213>

gcgt cact gg
t gacgegt aa
actt caggt a
at ggcagcect
accccaaagc
at gat ggcat
caggaaat ct
acatt gagt a
cctetgetge
cgaccacgac
cccctt acgt
ccaacgccac
agat cctcaa
t cat cggeeg
acaact ct ag
ttggcattcc
t ct gcaaccg
t cgcggct ct
ccat gagcat
ccaccggttc
ccgecgt cga
ctcttgccaa
act ggt acac
cgct gggeca
ctcttaccac
accagaccgc
ccct caacgt
ggcgcgagaa
gcgt cacct t
aggttttgac
ggat tctgaa

CL6220WOPCT_Sequenceli sti ng_ST25.

gtccecatcg
gtcattgt gt
cgacacct at
ttatatcgga
agcggaat gg
ttggattgac
gcacct gaac
tacct at ccc
ct ccgecage
ctcgtacttg
gat caaccat
ccacgt ggat
cgccact t at
atccaccttt
at ggggct ct
catgtttggt
at ggat gcag
tt cgcaggag
t cgat at gcc
caccgtcatg
cacccagttc
aacagt caag
ccaggccgcet
cat cccegtc
ccgcgacgec
ct ccggecag
ggagt tcgcg
gaatagtctg
caaccgecge
cgt gagegga
gt ggt aa

Aspergillus clavatus

t cgact ccge
cttatttgge
gct agaggag
gct gt at ggc
t ggagcaacg
at gagcgaag
cccgeccacce
gaggccttca
cagtcctctg
cggacgacac
gttcaatctg
ggt gt t cagg

cagggat t gc
gcecggcet cag

atgttccact
gttgatactt
ct at cggecet
ccct accggt
ct cct gccat
cgcgeect cg
at ggt cggac
ggcgtcttce
gt cgacgceca
tat gt ccgeg
cgcaagaccc
ctgtacctcg
gct acccact
gat agcgt ga
agggt ccecce

ct gcagaagc
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catctacatc
cagcttttca
ccaaggat ga
ccggat t cac
agcttgtcac
tctecctettt
caccatttca
at gt gaccaa
cagct gct gc
ccactcctgg
gccat gat ct
agt acgat gt
t cgaggtctt
ggaaat gggc
ccatttcgca
gt ggcttcaa
tcttcccatt

gggcct cegt

acttctacac

cat gggagt t
cat ccattct
ccggegtcgg
agccecggegt
gcggcagceat
cct ggt cget
acgacgggag
cgagcat caa
ctgttctcgg
ccgagt cggt

t gacgcccceg

t xt

cct aaccctg
aacagat gct
tgttttcatc
agtcttccct
ttggttcgag
ct gcgt t ggt
acttcctgge
ct ccact gaa
gacccaaacc
t gt ccgt gat
cgct gt ccat
gcacagtctg
cact gagaag
cggt cact gg
ggctctgtcg

t ggcaacacc
ct accgaaac
cact gaagca
tctgttccac
cccgaacgat
ggt cacgcec
caagggt cag
caacaccacc
cctgeccatg
gct t geceget
cagcgt caac
ggt ct cggee
t gt cgccaag
ggagt at aat
cggogcet t gg

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3147



<400>

Met Al a Ser

1

Thr

Al a

Val

65

Phe

e

Arg

Ser

Al a

145

Asp

Leu

Tyr
225

H s

Ser

Tyr

Al a

Leu

50

Thr

Asp

Leu

Asp

Pro

Phe

Phe

Arg

Al a

Pro

Tyr

Ay

Tyr

35

e

Pro

Al a

Val

115

Tyr

Al a

Ser

Asp

Val

195

Met

Al a

Phe

Ser

Leu

Al a

20

Ser

Al a

Ser

=1
ST

Ser

Phe

Thr

180

Ser

Al a

Asp

Tyr

Leu

Val
5

Al a

Tyr
Leu

85

Ser

Leu

Val

Asn

165

Al a

Al a

Val

Leu
245

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Gy Leu Leu Ala

Val

H s

e

Leu

Pro

Ser

150

Asp

Leu

Leu

Ay

Asp

Asn

H s

Thr

Asp

55

Al a

Leu

Ser

Val

135

Gn

Lys

Ser

Pro

Asp

Thr

Thr

Ser

Leu

40

Asp

Ser

Al a

Leu

Pro

120

Asp

Ser

Val

Leu

Pro

Arg

Asp

Phe

25

Pro

Pro

Asp

Ay

Ser

105

Thr

Arg

Asp

Leu
185
Ay

Leu

Tyr

Asp

Ser Ala Trp Leu Leu Pro

10

Al a

Ser

Leu

Val

Gu

90

Val

H s

Val

Phe

Tyr

Arg

Asp

Tyr
250

Pro

Ser

Al a

Gn

75

Pro

Val

Pro

155

Lys

Phe

Asp

Thr

Ser

Val
60

Val

Asp

Al a

Leu

Al a
220

Lys

Ala Asp Al a

Page 15

Thr Thr
30

Asp Asn

45

Asn Al a

Thr Ser

Asn Al a

Leu

==
o=
o

Ser Ser
125

Ala An

Thr Gy

190

Tyr Ay

205

Thr Leu

Ile Tyr

Asp Al a

Ser Gy

15

Al a

Ay

Gn

Arg

Tyr

95

Lys

Asn

Al a

Ser

—
~

Phe

Leu

Thr

Ay

Asn

255

Asp

Ser

Thr

Al a

Ser

Ay

80

Ay

Asp

Al a

Ser

Asn

160

Al a

Ay

Thr

Ay

Tyr



Val

Al a

Leu

Tyr

Asn

385

Arg

e

Al a

Leu

H s

465

Phe

Ser

Pro

Tyr

Ser

Asp

Tyr

Leu

Asp

Leu

Tyr

Arg

Tyr
450

Ser

Al a

Thr

Phe
275

Leu

Leu

H s

e

Pro

Lys

Phe Cy

H s
515

Tyr

260

Ser

Thr

Leu

Phe

340

Val

Thr

Val

Lys

Pro
420

y Ala

Ay

Lys

Val

500

Pro

Pro

H s

Ser

Phe

Thr

325

H s

Val

Asp

H s

Ser

405

Asn

Lys

Al a

Al a

Val

Pro

Gu
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Ay

Arg

Tyr

310

Thr

e

Phe

390

Ay

Pro

Asp

Val

Al a

470

Tyr

Ay

Phe

Al a

Val
Asn
295

Ser

e

Thr

Asp

Pro

Arg

Asp

Asp

Ser

Phe

Phe

280

e

Ay

Ay

Arg

Phe

360

Tyr

Tyr

H s

Asn

Val

440

Pro

Trp

Ay

Leu
520

265

Leu

Thr

Pro

Leu

Met

Asp

Trp

Al a

425

Phe

Ay

Trp

e

Ay

Pro

Val

Arg Asn Al a

Trp

Thr

Pro

330

Ay

Val
410

Ser

Phe

Ser

Trp

Thr

Ay

Arg

Al a

Tyr

Phe

Ay

Ay

Pro

Asp

Lys

Thr

Asn

475

e

Ay

Thr
300
Al a

Met

Arg

Tyr
380

Al a

Val
460

Pro

Thr Asn Ser

Page 16

270

Hs Ay An

285

e

Asp

Ser

Arg

Gu

Val

Tyr

Pro

445

Phe

Leu

Met

Leu

Ay

Val

Trp

Pro

Asp

Phe

Asp

Asp

Asp

Pro

Val

Ser

H s
510

Ay

Thr

Tyr

335

Ser

Leu

Phe

Leu

Ser

415

Thr

Ay

Asp

Thr

Al a

Ser

Asp

Asp

Al a

Tyr

Ser

Trp

Trp

Val

Gu

Al a



Ser

545

Thr

Val

Thr

H s

625

Lys

Met

Pro

Arg

Al a

Leu

Ser

Leu

785

Thr

530

Al a

Thr

Pro

Lys

Trp

Phe

Vet

690

Leu

Ser

Leu

Thr

770

Al a

Pro

Ser

Asp

Ay

Ser

595

Val

Arg

Al a

H s

675

Phe

H s

Val

Pro

755

Val

Al a

Val

Al a

Val

Val

580

Ay

Asp

Leu

Pro

Ay

Ser

Ay

Thr

740

Tyr

Met

Val

Leu

Al a

Ser

565

Arg

H s

Ay

Phe
645

H s

Val

Arg

Thr

725

Phe

Arg

Asp
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535

Ser Al a Ser

550

Ser

Asp

Asp

Val

Al a

630

e

Trp

Ser

Asp

Al a

Tyr

Al a

Thr

790

Pro

Thr

Leu

e

Ay

Thr

695

Met

Al a

Al a

Thr

Leu

775

Leu

Thr

Al a

600

Tyr

Ay

Ay

Al a
680

Al a

Lys

Leu

760

Al a

Phe

Al a

Gn

Thr

Tyr

585

Val

Tyr

Arg

Asp

Leu

Ay

Leu

Leu

Thr

745

Phe

Trp

Met

Lys

Ser

Ser

570

Pro

H s

Asp

Ay

Ser

650

Ser

Phe

Ser

Ser

730

Al a

H s

Val

Thr
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Ser

555

Tyr

Pro

Al a

Val

Leu

635

Thr

Phe

Asn

Met

Phe

Ay
795

Val

540

Al a

Leu

Tyr

e

H s

620

Leu

Phe

Ser

Ser

Ay

Phe

Ser

Al a

Pro

780

Pro

Lys

Ala Ala Ala

Arg

Val

Ser

605

Ser

Al a

Arg

Leu

685

Asn

Phe

Pro

H s
765

Ser

Ay

Thr

Pro

Leu

Val

Ay

Trp

Phe

Thr

Pro

Tyr

Arg

Thr

Asp

Val

Thr
575

Trp

Phe

Ser

655

Ay

Ay

Asp

Phe

Arg

Tyr

Thr

Pro

Leu

Phe

Thr

560

Pro

H s

Al a

Ay

Thr

640

Ay

Ser

Tyr

720

Trp

Al a

Ay

Ser

Val

800

Pro



Gy Val
Val Asp
Hs Ile
850
Pro Al a
865
Ala Al a
Asp Gy
Ala Thr
Lys Asn
930

Ala Arg
945

Tyr Asn

Ay

Al a

835

Pro

Leu

Leu

Ser

Ser

Val

Al a

Thr Pro Arg

<210>
<211>
<212>
<213>

<400>

6
9

71

PRT

Aspergil |

6

Ala Al a Val

1

Lys

820

Lys

Val

Thr

Asp

Ser

900

Ser

Leu

Thr

Thr

Ay

H s

Ser Gn H's Thr

20

Ala Asn Ile Asp
35

Ay Tyr Lys Ala
50

805

Ay

Pro

Tyr

Thr

Ay

Val

Ser

Asp

Phe

Ser

965

Al a

us

Ser
5

CL6220WOPCT_Sequenceli sting_ST25. t xt

810

An Vval Trp Tyr Asp Trp Tyr
825

Ay

Val

e

Ser

Asn

950

Gn

Trp

Phe

Val

Arg

Pro

Lys

Val

935

Arg

Val

Al a

cl avat us

Al a

Leu Pro Ser

Asp Pro Leu

Ser Asp Val

55

Asn

840

Ay

Al a

Thr

Ser

Val

920

Thr

Arg

Leu

Pro

Ser

Al a

40

Gn

Thr
Ay
Arg
Al a
Ser
905
Ser
Val
Arg

Thr

Asp

Ser
Ile
25
Val

Gn

Thr

Ser

Lys

Ser

890

Thr

Al a

Leu

Val

Val

970

Trp

Thr
10
Asp

Asn

Thr
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e

Thr

875

Ay

Leu

Lys

Ay

Pro

955

Ser

Thr

Al a

Ser

Pro
Leu

860

Pro

Ay

Val

940

Pro

Ay

Leu

Al a

Ay

Gn

Arg
60

Thr

Al a

845

Pro

Trp

Leu

Val

Asp

Al a

Gu

Leu

Lys

Thr

Al a

Ser

45

Ay

An
830
Pro

Met

Ser

Lys

Ser

Gn

Trp

Al a
Gn
30

Val

Phe

815

Al a

Leu

Gn

Leu

Leu

895

Phe

Arg

Val

Al a
15

Leu

Thr

Al a

Ay

Leu
880

Asp

Al a

Pro

Tyr

Pro

Al a



Ser

65

Asp

e

e

Ser

Phe

145

Thr

Ser

Al a

Asp

Tyr

225

Leu

Ser

Thr

Leu
305

Phe

Leu

Ser

Leu

Val

130

Al a

Al a

Val

210

Leu

Val

H s

Ser

Phe

290

Thr

H s

Leu

e

Asp

Leu

Leu

195

Ay

Asp

Ay

Arg

Tyr

Thr

Gn

Leu

Ser

Val
100

Lys

Ser

Pro

180

Arg

Asp

Thr

Thr

Val

260

Ser

e

Al a

Leu

85

Pro

Asp

Ser

Val

165

Leu

Pro

Arg

Ay

Ay

Arg

CL6220WOPCT_Sequenceli sting_ST25. t xt

Gy Gu Pro Cys Asn Ala Tyr Gy lle Asp
70 75

Ser

Thr

Arg

Asp

Leu

Ay

Leu

e

Tyr

230

Asp

Leu

Thr

Pro

Leu

310

Trp

Val

H s

Val

Phe

135

Arg

Val

Tyr

Arg

Asp

Tyr

Al a

Arg

Trp

Thr

295

Pro

Ay

Gu

Val

Pro

120

Lys

Phe

Asn

200

Asp

Thr

Asp

Asn

Al a

Tyr

Val

Al a

Leu
185

Al a

Lys

Al a

Al a

265

Thr

Al a

Met

Arg

Leu
90
Ser

Al a

Thr

Asn

170

Tyr

Thr

e

Asp

Ser

250

H s

e

Asp

Gn

Al a

Ser

Trp

—
O}
or<

Ay

Leu

Tyr

Al a

235

Ay

Ay

Ay

Val

Gn
315

Lys

Al a

Ser

140

Asp

Phe

Leu

Thr

Asp

Gn

Ay

Thr

300

Tyr

Ser Trp Ser

330

Page 19

Asp

Al a

Ser

125

Al a

e

Ay

Thr

205

Ay

Tyr

Ser
285

Lys

Ser

Arg

Asp

Leu

Tyr

H s

Ser

Gu

Val

270

e

Ser

Al a

Leu

Leu

95

Trp

Asp

Pro

Phe

Phe

175

Arg

Al a

Pro

Tyr

Ser

255

e

Asp

Tyr

Leu

Val

80

Tyr

Al a

Ser

Asp

160

Val

Met

Al a

Phe

Ser

240

Phe

Leu

Leu



Val

Thr

Val

Lys

385

Pro

Al a

Ay

Lys

Val
465

Cys

Pro

Pro

Al a

Val

545

Val

Ay

Asp

Val

Asp
3

H s
370

Ser

Lys

Al a

Al a

450

Val

Pro

Al a

530

Ser

Arg

H s

Ay

Asn

Phe

Ay

Pro

Asp

Val

435

Al a

Tyr

Ay

Phe

Ser

Ser

Asp

Asp

Val
595

Thr

340

Asp

Pro

Arg

Asp

Asp

Ser

Phe

Al a

Thr

Leu
580

Phe

Tyr

Tyr

H s

Asn
405

p Val

Pro

Trp

Ay

Ser

Thr

Asn

565

Al a
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Au An Phe Gu lle Pro Leu Qu Tyr

Met

Asp

Trp

Al a

Phe

Ay

Trp

Ay

Pro

Val

Gn

Thr

550

Tyr

Val

Tyr

Arg
Au
375

Val

Ser

Phe

Ser

455

Trp

Thr

Ay

Thr

Ser

535

Ser

Pro

H s

Asp

Ay

Ay

Pro

Asp

Lys

Thr
440

Asn

520

Ser

Tyr

Pro

Al a

Val
600

345

Tyr

Gu

e

Al a

Asn

425

Val

Pro

505

Ser

Al a

Leu

Tyr

Arg

Val

Tyr

410

Pro

Phe

Leu

Met

Leu

490

Ay

Thr

Al a

Arg

Val

570

Ser

Ser
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Asp

Phe

Asp

Asp

Asp

Pro

Val

Ser

475

H s

Al a

Thr

555

Pro

Leu

Phe

Leu

380

Ser

Thr

Ay

Asp

Thr

460

Leu

Al a
Al a

540

Thr

Trp

Asp

Asp

Al a

Tyr

Ser

Trp

Trp

Val

Al a

525

Thr

Pro

H s

Al a

Ay
605

350

Asn

Arg

e

Al a

Leu

430

H s

Phe

Ser

Pro

Tyr

510

Ser

Gn

Thr

Val

Thr

590

H s

e

Asp

Leu

Tyr

Ser

Al a

495

Thr

Al a

Thr

Pro

H s

Gn

Trp

H s

Pro

Lys

Phe

480

H s

Tyr

Ser

Asp

Ay

Ser

Val

e



Leu

Pro

625

Ay

Ser

Ay

Asn

705

Thr

Tyr

Met

Val

Leu

785

Lys

Lys

Val

Thr

Asp

Asn

610

Phe

H s

e

Val

Arg

Thr

Phe

Arg

Ay

Pro

Tyr

Thr
850

Al a

Trp

Ser

Asp

Trp

Leu

Al a

Tyr

Al a

755

Thr

Pro

Gn

Ay

Val

835

Arg

Thr

Al a

Al a

Thr

740

Leu

Leu

Val

Val

820

Arg

Asp

Tyr

Ay

Al a

Lys

725

Leu

Al a

Phe

Al a

Ay

Al a

Thr
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Gn Gy Leu Leu Gu Val

Arg

y Asp

Leu

Ay

Leu

Leu

710

Thr

Phe

Trp

Met

Thr

Ay

Arg

Al a
870

615

Ser

Asn

Ser

Phe

Ser

695

Ser

Al a

H s

Gu

Val

775

Thr

Asp

Thr

Ser

Thr

Phe
Asn

680

Al a

Met

Phe
760
Ay

Val

Trp

Thr

Ay

Phe

Ser

Ser

665

Ay

Phe

Ser

Al a

745

Pro

Pro

Lys

Tyr

Pro

825

Leu

Pro

Al a

Arg

Leu

Phe

Pro

H s

Asn

Ser

Ay

Thr

810

Al a

Pro

Trp

Leu
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Ay

Trp

Phe

Thr

Pro

Tyr

715

Arg

Thr

Asp

Val

795

Gn

Pro

Met

Ser

Tyr
875

Phe Thr Gu Lys

620

Ser

Ay

Ay

Asp

Phe

700

Arg

Tyr

Thr

Pro

Leu

780

Phe

Al a

Leu

Leu
860

Leu

Ay

Ser

e

Tyr

Trp

Al a

Ay

Ser

765

Val

Pro

Al a

Ay

Leu

Asp

Lys

Met

Pro

670

Arg

Al a

Leu

Ser

750

Leu

Thr

Ay

Val

H s

830

Pro

Al a

Asp

Trp
Phe
655

Met

Leu

Ser

Leu

735

Thr

Al a

Pro

Val

Al a

Al a

Ay

Arg
Al a
640

H s

Phe

H s

Val

720

Pro

Val

Al a

Val

Ay

p Ala

Pro

Leu

Leu

Ser
880



Ser Val Asn

Ser Ser

Ser
915

Leu Asp

Thr Phe

930

Thr
945

Ser

Ay Ala Trp

<210> 7

<211> 3158
<212> DNA
<213>

<400> 7
at ggccagcee

agccattcge
tcttctattg
gcacagtctg
accgccagcece
ctgtctctga
tacgt ggatg
caaggctctg
tctttcaacc
tcecgtcctgg
aacct gt acg
accacctatg
aacct aat gt
atccgttcta
t caacacgga
t gagaaact ¢
ttgot got ag

gct accagct

Ser
885

Pro

Val

Thr

Arg

Arg

Val Leu

Ser Thr

Val

Arg Val

Thr Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Leu

Ser Ala Lys

Leu Ay
920

Pro
935

Ser

950

Al a

t cct gggecet
ttgcgect ag
acgt t ggt gc
t gt gt ccggg
t acagct cge
cagtggatta
cct ccaacge
gcgt gt ccge
t caaggt cat
tctttgagaa
ot t t gggaga
cagcggat gt
acgaagt cga
t ct cgacact
cgaggcggac
t cat ggt cag
catcgatttg

ctccaccatt

Asp Trp Ile

Neosartorya fischeri

cgt cgccagt
cacgt ccgca
tcaattggtc
ct acaaagcc
gggcgaccca
t ct ggccaag
ttcttggtac
ct ct caaagce
t cgcaaggct
ccagtttatc
gcgcat ggece
gggagacccg
caagcttaca
agat actat a
tt gt cggagg
gaggttcttc
actttctact

ggacttcctg

Asn Val

890

Gy Asp Trp

Val Ala Lys

Pro Ser

Gy Leu

Leu Lys

970

gcttggct cc
acct cagcac
gccaacat cg
t caaat gt gc
t gcaacgt gt
gaccgcct ga
ctcctctegg
gactttgatg
act ggagacg
gagtttgtct
cagct gcgge
at t gat aggt
atcggctctc
ct aaaggcac
attatgaatc
t gcaaccccg
ccggt cccac

caat gcagca

Page 22

A u Phe Ala Ala Thr

Arg Gu Lys Asn
910

du Pro Ala Arg

925

Val
940

Lys Leu Thr

t ccccacgge
acgcgcaat a
acgat cccct
accagacat ¢
acgggacaga
acat ccaaat
aagact t ggt
t gaagt ggt ¢
tcctettega
cttegttgee
tctt gagaaa
atgttgctga
cagcaacat ¢
gaat gggt ct
attctcccac
caacat cacc
gcaagcggac

gt acagcacc

Gu Tyr Asn

H s
895

Ser
Val
Al a

Pro Arg
9

ct at ggt gca
cactttacca
t gccgt cgac
ccaaggtttc
cgttgattcg
tgttcctace
gcceeggget
caat gagcct
t accgagggce
cgagggt t ac
cgcgaccctg
ccatggttga
t at ggacagc
tactcgettg
ggtgtcttte
t ggcgcacaa
gt cacaaaga

cttggattcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080



accaat gccg
agcgatttga
ttcccagttce
cgtgactttg
aaacttcaca
aaccccgaca
caagttctca
acgttttcat
ctgtcttcece
t ct ggt caaa
tctgegttgg
agctt ccecgg
act ct accga
ct acccaaac
gcgt ccgt ga
ttgccgttca
tt cacagt ct
t cact gagaa
ccggt cactg
agggtctgtc
acggt aacac
tctaccgcaa
t cacccaagce
ctcttttcca
t ccccacgga
t ggt cgt cce
gcaaaggcga
t caacaccac
t cct gcccat
tact cgt cge
ccagcct caa
aggt ct cggt
gegt ggot ga

t gcact acaa

ct ggggct ac

gattccectg
cttttattta
agaat gat cc
agt cgggacg
at gcat cgga
cgaacgtttg
caagaaccct
agatt ggct ¢
gaaggt t gcg
cagct gt gga
t gaacct gga
agcggcect ct
cgccact acg
cgt caact ac
cgccatttct
gt ggggccac
gcgacccttc
gggcggat gat
gttctcgetg
cgacgaggag
ccacaatgtc
ct ccaaggcet
ccaggcccac
ccegtcecte
cgt gct cgag
agt ct ggt ac
cattcceget
gcaggaaccc
t ct gagcgge
ccegt ceege
caagggt acc
gaagccttcc

tgctacctcc
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cagaat t ggt
gaat acat ct
cattccttce
cgaacggttc
acact acgt t
t gcgt aagt ¢
aat t ccaggt
gat ggcaccc
aaccccaagg
ttcgat ggca
acaggaaagc
aat at cggct
gcct cegeeg
t caacatcta
cctccatatg
cccaactcta
cagat cct ca
atcattggtc
aacaact cca
ttcggtattc
ct ct gcagece
ctt ggggct a
gccat gaaga
accact ggct
gccgeegt cg
cccet cgeeg
gact ggt aca
ccget gggece
gccct cacga
aaccagact g
act ctcgatg
t gggaggaga
gct gt gacgt
aaggt gct gt

ct cagct cga
ggtcagtctg
aggagcgaca
tcctacgatg
cctatcgttg
cttgttatct
acgagcctta
tctacat cgg
catttgacta
tctggattga
t acat ct gaa
acgact accc
cctctgecag
cat cgt at ct
tgattaatca
ct cat gcgga
at gccacct a
ggtctacctt
aat gggggt ¢
ccatgttcgg
ggt ggat gca
t cccccagga
tccgetatte
ct accgt cat
acacccagt t
at accgt caa
cccagaccge
acatt ccecgt
ccagagacgc
cct cggget ¢
tcgacttcca
agaaccgcct
t caacggccg
ct gt gcaggg
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ggaagt ggt c
atttctgagt
t cgat t acat
aaggcgagga
act cggcaat
tatcctcctt
t gct cgeggg
t gcagt gt gg
ct gggccaac
t at gagcgaa
cceggt t cac
cgaggcecttc
t caggcttcg
gcggacgacg
t gt t caggag
cggegt ccag
ct acggactg
t gct gget cg
catgttcctg
cgt ggat acc
gct gt cggee
gcect acegt
cat cct acct
gcgegetcte
cat ggt cggt
gggcgegttce
cgt agacgec
ct at gt ccgt
ccgt aacact
gctgtatcte
ggct accgece
ggat aaggt g
caacgt ccac

attgcacagc

t xt
aacaactttg

ttat acat at
gct t gget ac
atttctgaac
ctatattccc
gt t agat ggt
gcaaaggat g
ccgggcttta
gaact cgt ca
gtatcctctt
ccaccattcc
aacgt gacga
gctgetgetg
cccacgecgg
ggt cat gacc
gaat acgat g
cgccaggt ct
ggcaagt ggg
t ccat ctcge
tgeggtttca
ttcttcecccet
t gggectctg
tacttctaca
gcct gggagt
ccttccatca
ccaggcgt cg
aaacccggceg
ggaggcagca
ccet ggt cge
gacgacggaa
t ggagcat ca
act gt cct cg

cct ggct cgg

at gacgcccce

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
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at ggcgcect g gget ggaaac tgggttctga aat ggt ag 3158

<210> 8

<211> 988

<212> PRT

<213> Neosartorya fischeri

<400> 8
Met Ala Ser Leu Leu Gy Leu Val Ala Ser Ala Trp Leu Leu Pro Thr
1

Ala Tyr Gy Ala Ser His Ser Leu Ala Pro Ser Thr Ser Ala Thr Ser
20 25 30

Ala His Ala Gn Tyr Thr Leu Pro Ser Ser Ile Asp Val Gy Ala An
35 40 45

Leu Val Ala Asn Ile Asp Asp Pro Leu Ala Val Asp Ala G n Ser Val
50 55 60

Cys Pro Gy Tyr Lys Ala Ser Asn Val His Gn Thr Ser A n Ay Phe
65 70 75 80

Thr Ala Ser Leu G n Leu Ala Ay Asp Pro Cys Asn Val Tyr Gy Thr
85 90 95

Asp Val Asp Ser Leu Ser Leu Thr Val Asp Tyr Leu Ala Lys Asp Arg
100 105 110

Leu Asn An Ile Val Pro Thr Tyr Val Asp Ala Ser Asn Ala Ser

e
115 120 125

Trp Tyr Leu Leu Ser Qu Asp Leu Val Pro Arg Ala Gn Gy Ser Ay
130 135 140

Val Ser Ala Ser G n Ser Asp Phe Asp Val Lys Trp Ser Asn Qu Pro
145 150 155 160

Ser Phe Asn Leu Lys Val Ile Arg Lys Ala Thr Ay Asp Val Leu Phe
165 170 175

Asp Thr Gu G Val Leu Val Phe Gu Asn G n Phe Ile Au Phe

185 190

o<
o
0]
=

Val Ser Ser Leu Pro Qu Gy Tyr Asn Leu Tyr Ay Leu Ay Gu Arg
195 200 205

Met Ala G n Leu Arg Leu Leu Arg Asn Ala Thr Leu Thr Thr Tyr Ala
210 215 220

Ala Asp Val Ay Asp Pro Ile Asp Ser Asn Ile Tyr Gy Gn H's Pro
225 230 235 240
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Phe

Ser

Phe

Leu

Leu
305

Trp

Pro
385

H s

Pro
465

Lys

Phe

Tyr

Leu

Ser

Leu

Phe

Val

Ser

370

Lys

Pro

Al a

Ay

Lys

Val

Leu

Val

H s

275

Pro

Phe

Ser

H s

Val

355

Asp

Arg

Ser

Lys

Al a

Al a

Al a

Val

Asp

Asn

260

Ay

Arg

Tyr

Thr

Phe

Ay

Pro

420

Asp

Val

Phe

Phe

Ay

Thr
245
Thr

Val

Ser

Asp

Ser

Arg

Asp

Asp

Trp

Asp

Asp

Ser
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Arg Tyr Tyr Thr

Asp

Phe

Arg

Phe

Tyr

Tyr

390

H s

Val

Pro

Tyr

470

Ay

Cys

Gu

Leu

Thr

295

Pro

Leu

Trp

Vet

375

Asp

Tyr

Al a

Phe

Ay

Trp

e

Ay

Al a

Arg

Trp

Thr

Pro

Ay

Arg

Leu

Val

Ser

Phe

Al a

Trp

Thr

Al a

Tyr

345

Phe

Ay

Ay

Pro

Asp

Lys

Thr

e

Ay
505

Lys

250

Leu

Ser

Thr

Al a

Vet
330

Al a

Asn

Val

Asp
490

Ay Thr Asn Gy

Ser

H s

e

Val

Tyr

Pro

Phe

Leu

475

Met

Gu

Ay

Ay

Val

Trp

Pro

Asp

Phe

Asp

Asp
Pro
460

Val

Ser

Lys Leu His
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Asp

Ay

Thr

Tyr

Ser

Leu

365

Phe

Leu

Ser

Pro

Leu

Tyr

270

Gu

Ser

Lys

Ser

Al a

Tyr
430

y Thr

Trp

Trp

Val

Asn
510

Ser

255

Gu

Val

e

Ser

Thr

335

Leu

Tyr

Al a

Leu

Leu

Ser

Ser

495

Pro

Tyr

Ser

Leu

Asp

Tyr

320

Leu

Asp

Leu

400

Tyr

Arg

Tyr

Val



H s
Tyr
Ser
545

Al a

Ay

Al a

Arg
Al a
Leu
Phe
Hi s
Val
Pro

Val

Pro

Pro

530

Al a

Thr

Val

Ay

Asp

Leu

Pro

Ay

Ser

Ay

Ser

Asn

Thr

Tyr

Met
770

Al a

Thr

Arg

H s

595

Ay

Phe

H s

Val

Arg

Val

Phe
755

Arg

Phe

Al a

Ser

Ser

Asp

Asp

Val

Al a

Trp

Ser

Asp

Trp

Leu

Al a

740

Tyr

Al a

Phe

Al a

Thr

565

Val

Leu

Thr

Thr

Met

Ay

Ser

Thr

Leu
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Leu Pro Ay

Ser
550

Ser

Al a

Tyr
630
Ay

Ay

Ay

Al a

Lys

Leu

Al a

Val

535

Thr

Tyr

Val

Tyr

615

Tyr

Arg

Asp

Leu

Al a

Phe

Trp

520

Thr

Al a

Ser

Pro

H s

600

Asp

Ay

Ser

Ser

680

Phe

Ser

Pro

Al a

H s
760

Gu

Ser

Tyr

Pro

585

Al a

Val

Leu

Thr

Asn

665

Phe

Al a

Gn

Met

745

Phe

Pro Gy

Ser Thr

Ala Ala

555

Leu Arg

570

Tyr Val

Ile Ser

Hi s Ser

Arg dn

Phe Al a

650

Ser Lys

Ser Leu

Gy Asn

Phe Phe

715

Gu Pro

Lys Ile

Ala Hi s

Pro Thr
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Asn
Gu
540

Al a

Thr

Pro

Leu

620

Val

Ay

Trp

Phe

Thr

700

Pro

Tyr

Arg

Thr

Asp

Ile
525
Al a
Al a

Thr

Asn
605
Trp
Phe
Ser
Ay
Ay
Asp
Phe
Arg
Tyr
Thr

765

Pro

Ay

Al a

Thr

Pro

H s

590

Ser

Ay

Thr

Ay

Ser
670

Tyr

Trp

Ser

750

Ay

Ser

Tyr

Ser

Thr
575
Val

Thr

H s

Lys
655
Vet

Pro

Arg

Al a
735

Ser

Leu

Asp

Al a

Thr

560

Pro

H s

Lys

640

Trp

Phe

Met

Leu

Asn

720

Ser

Leu

Thr

Al a



Al a

785

Val

Ay

Al a

Pro

Leu

865

Leu

Thr

Al a

Arg

Val

945

Al a

H s

Val

Leu

Lys

Lys

Val

850

Thr

Ser

Ser

Trp

Leu

930

Thr

Thr

Ay

<210>
<211>
<212>
<213>

<400>

9
9

Asp

Ay

Pro

835

Tyr

Thr

Ay

Leu

Ser

915

Asp

Phe

Ser

Al a

69

PRT
Neosartorya fischeri

9

Thr

Pro

Ay

Val

Arg

Asn
900

Lys

Trp

Ala Ser His Ser
]

Leu

805

Val

Val

Arg

Asp

Pro

Lys

Val

Ay

Val

965

Al a
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Phe Met Val

790

Al a

Trp

Ay

Al a

870

Thr

Ser

Val

Thr

Arg

Leu

Ay

Asp

Tyr

Thr

Ay

Arg

Al a

Arg

Ser

Val

935

Ser

Asn

Leu Ala Pro

5

G n Tyr Thr Leu Pro Ser Ser

20

Thr

Asp

Thr

840

Ser

Ser

Thr

Val

920

Leu

Val

Val

Trp

Ser

e

Gy Pro Ser

Val
Trp

e

Thr
Ay
Leu
905
Lys

Ay

H s

Val
985

Thr

Asp
25

Lys

810

Tyr

Pro

Leu

Pro

Ser

890

Asp

Ay

Val

Pro

Ay

Leu

Ser
10

Val
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795

Ay

Thr

Al a

Pro

Trp

Leu

Val

Thr

Ay

Ay

Leu

Lys

Al a

Ay

[le Met Val

Al a

Pro

Met

860

Ser

Tyr

Asp

Trp

H s

Trp

Thr

Phe

Thr

Leu

845

Leu

Leu

Phe

Lys

Val

Ser

Pro
Al a

830

Ay

Leu

Asp

Pro

H s

Met

Val

o0
o<

H s

Pro

Val

Asp

Al a

Lys

Ser

Tyr

Thr
975

Pro

800

Val

Asp

e

Al a

Al a

880

Ay

Thr

Al a

Asn
960

Pro

Ser Ala Hs Ala

15

Ala A n Leu Val

30

Al a



Tyr
Leu

65

Ser

Leu

Ser

Leu

145

Ay

Leu

Leu

Ay

Ay

Arg

Tyr

Lys
50

Leu

Ser

130

Lys

Ser

Pro

Arg

Asp

Thr

Thr

Val

Asn

Ser
290

Asp

35

Al a

Leu

Ser

Val

—_
-0
o1c

Val

Val

Leu

195

Pro

Arg

Asp

Phe

e

Ay

Asp

Ser

Al a

Leu

Leu
260

Thr

Pro

Pro

Ay

Thr

85

Thr

Leu

Phe

Arg

Val

165

Tyr

Arg

Asp

Tyr

Al a

245

Arg

Trp

Thr
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Leu Al a Val

Val

Asp

70

Val

Tyr

Val

Asp

Ser

Thr
230

Asp

H s

55

Pro

Asp

Val

Pro

Val

135

Al a

Leu

Al a

Asn

215

Lys

Leu

Ser

Thr

Al a
295

40

Gn

Cys

Tyr

Asp

Arg

Lys

Thr

Tyr

Thr

200

Ay

Ser

H s

Asp Ala G n Ser Val

Thr

Leu

Al a

Trp

Ay

Tyr

Thr

Gu

Ay

Ay

Val

Ser

Val

Al a

90

Ser

Ser

Asp

Phe

170

Leu

Thr

Ay

Ay

An
Tyr

75

Lys

Val
155
Ile

Ay

Thr

Ser

Ay

60

Ay

Asp

Al a

Ser

140

Leu

Tyr
Hi s
220

Ser

Val

e

Thr Lys Ser
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300

45

Phe

Thr

Arg

Ser

—
o Q
o<

Pro

Phe

Phe

Arg

Al a

205

Pro

Tyr

Ser

Leu

Asp

Tyr

Cys

Thr

Asp

Leu

—

—_ =
[exe]

Val

Ser

Asp

Val

Vet

190

Al a

Phe

Ser

Phe

Leu

270

Leu

Pro

Al a

Val

Asn

95

Tyr

Ser

Phe

Thr

Ser

175

Al a

Asp

Tyr

Leu

Ser

255

Thr

Leu

Ay

Ser

Asp

80

Leu

Al a

Ser

Val

Leu

Val

240

H s

Pro

Phe

Ser



Thr
305

Phe

Ay

Pro

Asp

Val

Phe

Phe

465

Ay

Phe

Al a

Ser

Ser

545

Asp

e

Cys

Asp

Ser

370

Arg

Asp

Asp

Asp

Ser

Gn

Phe

Al a

530

Thr

Val

Ay

Arg

Phe

Tyr

355

Tyr

H s

Val
Pro
435

Tyr

Ay

Leu
Asn
515

Ser

Ser

Leu

Trp

Met

Asp

Tyr

Al a

Phe

420

Ay

Trp

Ay
Pro

500

Val

Thr

Tyr

Pro

Ay

Arg

Leu

Val

Ser

405

Phe

Al a

Trp

Thr

485

Ay

Thr

Al a

Ser

Pro
565
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Ala Mt Gn An Tyr Ser

310

Tyr

Phe

Ay

Ay

Pro

390

Asp

Lys

Thr

Ser

Tyr
550

Pro

Gn

e

Al a

Val

Asp

Lys

Pro

Ser

Al a

535

Leu

Tyr

Asn

e

Val

Tyr

Pro

Phe

440

Leu

Met

Leu

Ay

Thr

520

Al a

Arg

Val

Trp

Pro

345

Asp

Phe

Asp

Asp

Pro

Val

Ser

H s

Asn

505

Al a

Thr

e

315

Ser Gn
330

Leu Gu

Phe GQu

Leu Asn

Ser Ala
395

Pro Tyr

Gy Thr

Asp Trp

Ile Trp

A u Vval
475

Leu Asn
490

e Gy

Ala Ala

Ala Thr

Thr Pro
555

Asn His
570
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Thr Leu Ay Phe

Leu

Tyr

Al a

Leu

Leu

Ser

460

Ser

Pro

Tyr

Ser

Val

Gu

e

Asp

Leu

Tyr

Arg

Tyr

Asn

445

Lys

Ser

Val

Asp

Al a

525

Thr

Pro

Gn

Gu

Trp

Pro

H s

e

Ay

Pro

Lys

Phe

H s

Tyr

510

Ser

Al a

Ay

Gu

Val
335

Ser

Lys

Pro

Ay

Lys

Val

Pro

495

Pro

Al a

Thr

Val

Ay

H s

320

Val

Asp

Arg

Ser

Asn

400

Lys

Al a

Al a

Al a

Val

480

Pro

Al a

Thr

Arg

H s



Asp

Val

Al a

Trp

Ser

Asp

Trp

Leu

705

Al a

Tyr

Al a

Thr

Pro

785

Ay

Val

Leu

Thr
610

Thr

Vet

690

Ay

Ser

Thr

Leu

Leu

Val

Val

Arg

Al a
Au
Tyr
Ay
Ay

Ay

Oy
675

Al a
Lys
Leu
Al a
755
Phe
Al a
Trp

Asn

Ay

Val

580

Tyr

Tyr

Arg

Asp

Leu

660

Ay

Leu

e

Al a

Phe

740

Trp

Met

Asp

Tyr

Thr

820

Ay

H s

Asp

Ay

Ser

Asn

645

Ser

Phe

Ser

Pro

Al a

725

H s

Val

Thr

Asp

Thr

Ser
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Ala Ile Ser

Val

Leu

Thr

630

Phe

Al a

Phe

Ay

Val

790

Trp

e

H s

Ser

Ser

Ay

Phe

695

Lys

Al a

Pro

Pro

775

Lys

Tyr

Pro

Leu

Ser

600

Al a

Lys

Leu

Asn

680

Phe

Pro

H s

Thr

760

Ser

Ay

Thr

Al a

Pro
840

Pro

585

Leu

Val

Ay

Trp

Phe

665

Thr

Pro

Tyr

Arg

Thr

745

Asp

e

Al a

Pro
825

Asn

Trp

Phe

Ser

Ay

Ay

Asp

Phe

Arg

Tyr

730

Thr

Pro

Met

Phe

Thr

810

Leu

Ser

Ay

Thr

Ay

Ser

e

Ay

Ser

Val

Pro

795

Al a

Ay

Thr

H s

Lys

Met

Pro

Arg

Al a

Ser

Leu

Val

780

Ay

Val

H s

Met Gn GQu Pro
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His Ala Asp

Gn

605

Lys

Trp

Phe

Met

Leu

685

Ser

Leu

Thr

Al a

765

Pro

Val

Asp

e

Al a
845

590

e

Arg

Al a

Leu

Phe

670

H s

Val

Pro

Val

750

Al a

Val

Ay

Al a

Pro

830

Leu

Leu

Pro

Ay

Ser

655

Ay

Ser

Thr

Tyr

735

Met

Val

Leu

Lys

Lys

815

Val

Thr

Ay

Phe

H s

640

Val

Arg

Val

Phe

Arg

Asp

Pro

Tyr

Thr



Arg Al a

Asn
865

Thr

Pro Ser

Lys Val

Val Thr

915

y Arg

Val Leu

Ala Gy

<210>
<211>
<212>
<213>

10
3385
DNA

<400> 10

Arg Asn
Al a

Thr
885

Arg

Ser
900

Val

Val

Leu

Val

Ser Val

Thr

Ser Gy

Leu

Lys

Ay

H s

Gn
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855

Ser Leu

Asp Val
Gy Thr

Val Gy

Pro
935

Ay

Gy Leu

950

965

Trp Val

Leu Lys

Neur ospora crassa

at ggccgtct tcacatcggec ttccttcettt

tct gct caac
ot ggcagggg
ttaccgaaca
gctgctaatg
ccctgcaatg
gacaat cgga
ttcatacttc
agaagcaagc
aaggagact g
ttcat cgagt
at gcat ggct
t gcat cgt gg
ggcgacaacc

tt caccaagg

at gt at ct gt
attcccct at
ttttcgacce
cacaaaagac
tctat ggcaa
tcaatgtcca
ct gaggt gct
t ggaaat ctc
gagatgtctt
tcggctccte
tt agact ggg
attgcatctg

t cgat gccaa

acgagt ct gg

ggt t gcaacg
gttcactttc

gcaagcagt t
ggagaaggga
cgacat cgag
gat t caacct
cgt gccacga
gt ggt cgaat
gttcacgacc
tttacccgag
gaacaatctg
act aacacca
cat ct acggc

aaaatt aagc

Pro Trp Ser Leu Leu Val

Tyr Leu

Phe
890

Asp

Lys Pro

Ser Val His

Hi s Ser Met

955

Trp

cttcttgegg
t cat ct ggac
ccagct tcgg
aat gt t caaa
ct cacggcet g
cacct gaagc
cgct atactg
ccagaggccg
gagcccacct
gagggccgtg
aat t acaacc
acacgt aagt
t ct ccaggca
aaccacccga

tacgtttccg
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Al a Leu
860

Asp Gy Thr

Ala Thr Ala

Lys Arg

Ser Ala

925

Val

Tyr Al a

940

Thr Pro Hi s

ctcttgtcece
ctggtgtgtt
ct gacat cgg
gcgtct gt cc
act t gaccct
ttaccattga
gccecggt aa
agcct gat gc
tctecttcac
tccttgttta
t gt at ggt ct
ctctttactt
cgctgttcge
tctatctcga

acccagcaga

Ser Gy

Ser Leu

880

Trp Ser

Leu Asp
Thr Phe
Thr Ser

Al a
960

Ay

t caat ggaca
gagcgggacg
accaaatgtc
aggat at aca
t gct ggeccet
gtttcaggceg
t gaaacct gg
gaat gccgcet
agt gaagegt
t gaggat cag
cggcgaagt t
aacat gaat g
t gcggat gt g
caccagat ac

caagaat gcc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



aaatatgttt
cttcgacceg
gagggacct t
gcaat gcagce
actgttgtga
t ggagt gagt
cttttttaag
cagt t cagct
t acgt gccga
t acgaacctt
ctctatatcg
ct caacggt a
gtcgettttg
t gt ggcacgg
ccaggceget ¢
tcctctgcaa
act agcact a
ccaccatatg
ggt acccacc
ct ccacgcaa
ggccgeagea
t ccct at ggg
ttccccat gt
t cacgat gga
gccat cagcc
aggat t cgat
ggagat acgg
gcggat cgece
gccaat acag
t at acat aca
cct ct gggac
ggcat gact a

gcgggat aagg
aat gt gaagt

cgt at acaaa
aaggt at cac
ttgct cagga
agt at t ggac
aggat gt cgt
gaacccaagt
ccgacattga
acgaggaagg
ttgtcgactc
accaccgt gg
gtgcagtgtg
caggt accgt
atggcatctg
gcaacct gac
ttgtgctcga
cgtcggttta
cttcttacct
t cat caacaa
at ggcggcac
cct accagge
cctttgeggg
cgtttctgta
t cggegt aga
t gcagct cag
aggagccct a
acct cct get
t cat gcgege
agttcatgtt
t ggacggegt
aggccgecag
acat t ccggt
cgacggagag
cgaat ggt ac

gggt t gat gt
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cggtgtctte
ct ggaggact
t at cat caag
tcttggettt
tgacaatttc
cctt cagcat
tt acat gaag
cgccaggttce
ggccat ct at
act cgaagct
gcct ggct ac
cggct got gg
gattgacatg
gct caat ccg
ttaccccgaa
caaaacgcag
caggacgaca
cttccacgge
agt cgact at
acttct caaa
ttct ggcaaa
ctttagcatt
t acct gcgge
cgecttttte
cgt gt ggage
cccgtacatg
act ct cgt gg
gggcagegeg
gtttcctgga
t gagggt gt t
ttttctacgg
cagacaaaat
gttgtatctg
gagtcttctt

cttcgaaatg
ct cggcggaa
tcttatcage
caccaatgtc
cgcaagtttg
cagaatcttc
ggct atcgtg
ct cgaggagce
gttccaaatc
gatgctttca
accgtgtttc
acggacgagt
agcgaggttg
gttcatccac
ggttttgaaa
aacccagacc
ccgactcctg
gacatt ggt a

gacttccaca

gtctttgagg
t gggceggt ¢

cccecaggecce
ttcaat ggca
ccattctacc
tctgtgatcg
tacacactta
gagt t cccge
gt gat ggt ga
gttggcgatg
cagcct gggg
ggtggccatg
gagt ggagtg
gatgatggtg

cegttetttce
Page 32

ct cat gcaca
gcatcgattt
t cagt accgt
gct ggggat a
gcat ccecgtt
cccatccatg
actttgaaaa
tt cacaagaa
ct gacaagcc
t cat gaaccc
cggact ggat
ttgttaggta
cttctttctg
cat ggggt ct
aaaccaacgc
ccacgact ac
gagt gcgcaa
ct cacgccct
acttgttcgg
gcaagcgt cc
act gggot gg
tatccttctc
acacggacca
gcaaccacaa
at gcgt ccaa
t ggcccagge
aagagccgt g
caccat gt ct
ggaccatctg
agaat gt aac
tcattccagt
tcatcgttge
agagtttgga
tatttttcett

t xt

ggaagt gctc
gtacttettt
tggtcttcct
ct cgaact gg
ggagacaat c
cttttactga
cgaccct gat
t caccagcac
agaagat gat
agacggttcg
t ggt gccgee
ct at aagaag
cat cggaagc
t cccggt gag
gagt gaggca
agccagcacc
t at caact at
gagccccaat
ccat cagatc
ttttatcatc
t gat aact at
catcttcggt
cgagct gt gc
cgt ccgt gge
gaaggcgat g
cagcct gt ct
gt t ggcggat
t gt t caaggg
gtatgattgg
gat cgat gca
gcaagagccg
tcttgat ggt
gccgagt gag
ctcttttecg
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1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940



tgagtgttca
cgggt t t ggc
caagt acctt
tctgggagtg
ggggaagttc
caact ggacg
€ggcggcagg
ttttggeecge
<210>
<211>

<212>
<213>

11
1044
PRT

<400> 11
Met Al a Val
1

Pro Trp

Gy Pro Gy

35

Thr Phe

50

Pro

Phe
65

Asp Pro

Ala Ala

Leu Ala Gy

Thr
115

Lys Leu

Pro
130

Arg

Val Leu

Arg Ser Lys

gt cggt cgat
tgtttctagt
gaccgaaact
gctattaata
ctttcggtaa
ct gt cgt gga
ctcgagttca

atgtttgtag

Phe Thr

5

Thr
20

Ser

Val Leu

Al a Ser

Al a

Ala An

85

Pro Pro

100

Tyr Thr

Val

Pro

Leu
165

Ser

Al a

Ser

Al a

Val

70

Lys

Cys

Phe

Ay
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t gccact cge
tcacggttga
cact ggccaa
gt cat ct gct
ccgagct gca
act cggectc
gcacgcccaa

tttag

Neur ospora crassa

Al a Ser

AGn Hs

Thr
40

Ay

Asp
55

Val

Thr

Val

Al a

120

Pro
135

Ay

Pro

Ser Trp

tcctctcgeg
gaagaact ca
cgtcacgatc
cggat cagct
ggacaacttc
aaact cgggce

tttgctccat

Phe Phe

10

Leu

Val
25

Ser Val

Val Ala Gy

Gy Pro Asn

Ser Val

75

Lys Ay Leu

90

Tyr Asn

105

Ay

Asp Arg

Thr

Al a Pro

155

Ser Asn Qu

170
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acaaggt cga
tttcgagtga
ct gggagt gg
tcttggtcct
aaggaagggg
tcgtctcetg
gcagct get t

Leu Ala Al a

Val Ala Thr

30

Ser
45

Asp Pro

Val
60

Leu Pro

Pro

Ay

Thr Al a

—_
..
oC

Asp Ile

Asn
125

Val

Phe

Asp Ala Asn

Pro Thr Phe

t xt

aagt gct aac
cacct caggg
ccgaggcacc
acgact ccga
cgt gggcat c
ttcagggagg

t cggcat cct

Leu Val

15

Ser Ser

Met Phe

Thr
80

Tyr

Leu Thr

95

H s Leu

Leu Pro

Ala Ala

160

Ser
175

Phe

3000
3060
3120
3180
3240
3300
3360
3385



Thr

Arg

Pro

Arg

Asp

Thr

Asp

Phe

Ay

Ay

Arg

Phe

Tyr

385

Tyr

H s

Lys

Val

Val

Arg

Pro

Leu

290

Thr

Pro

Leu

Trp

Arg

Met

Tyr

Pro

Lys

Leu

195

Ay

Leu

Tyr

Al a

275

Arg

Trp

Phe

Pro

Ay

Lys

Lys

Val

Asp
Phe

260

Asp

Arg

Al a

Al a

340

Tyr

Phe

Ay

Ay

Pro

420

Asp

Lys

Tyr

Al a

245

Thr

Lys

Al a

Thr

Met

Ser

Ay

Tyr

Al a

405

e

Asp
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Gu Thr Gy

Gu

Leu

Leu
230

Hi s
Leu

310

Asp

e

Arg

Arg

Val

Tyr

Asp
Tyr

215

Thr

Asp

Al a

Al a

295

Ay

Trp

Pro

375

Asp

Phe

Asp

Gn
200
Ay

Arg

Tyr

Tyr

Thr

360

Leu

Phe

Leu

Ser

Pro
440

Asp

185

Phe

Leu

Thr

Ay

Ser

265

Tyr

Ser

Lys

Trp

Val

Al a
425

Tyr

Val

Ay

Leu

Asn

250

Ay

Val

Val

e

Ser

330

Thr

Val

Thr

e

Leu Phe Thr Thr

Gu

Gu

Phe

235

H s

Lys

Ser

Leu

Asp

Tyr

Leu

Lys

e

Asp

Leu

Tyr

Phe

Val

220

Al a

Pro

Leu

Tyr

Leu

300

Leu

Ay

Asp

Trp

Pro

H s

Val

Hs Arg Ay
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Ay

Met

Al a

Ser

Thr

285

Arg

Tyr

Leu

Phe

Val

365

Thr

Asp

Lys

Pro

Leu
445

190

Ser

H s

Asp

Tyr

Tyr

270

Pro

Phe

Ser

H s

350

Val

Asp

Asn
430

Gu

Ser

Ay

Val

Leu

255

Val

Ay

Phe

Thr

335

Asp

e

Phe

H s

415

Pro

Al a

Ay

Leu

Phe

Ay

Asp

Ser

Val

Ay

Val

Cys

Asn

Asp

Ser

400

Gn

Asp

Asp



Al a

Pro

465

Thr

Lys

Phe

H s

Tyr

545

Thr

Thr

Arg

Val
625

Thr

Ay

Gn

Thr
705

Phe

450

Ay

Ay

Val

Cys

Pro

530

Pro

Ser

Thr

Tyr

Ay

Ay

Al a
690

Tyr

Thr

Al a

o1 —
g
[$2K¢>)

Val

Ser

Thr

Tyr

Arg

Asp

Leu

Ay

Met

Thr

Val

Phe

500

Ay

Trp

Ay

Thr

580

Asn

H s

Asp

Al a

Ser

660

Asn

Ser

Phe

Val

Ay

Asp

Ser

Ay

Phe

Tyr

Al a

Phe

Leu

645

Thr

Tyr

Phe
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Pro

Phe

470

Trp

Ay

Cys

Leu

Thr

Ser

Pro

Leu

H s

630

Leu

Phe

Ser

Ser

N
o<

Asp
455

Pro

Trp

Ay
Pro

535

Lys

Tyr

Pro

Ser

615

Lys

Al a

Leu

Gy Ser Leu Tyr

Asp

Thr

Trp

Thr

520

Ay

Thr

Leu

Tyr

600

Pro

Leu

Val

Ay

Trp

Phe

Thr

Trp

Asp

Pro

Arg

Val

Phe

Phe

Ser

665

Al a

Ay

Asp

Pro

Al a

Ay

Ay

Ay

Phe

Phe

H s
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Ay

Phe

Met

Leu

Ay

Ser
555

p Pro

Thr

Thr

H s

635

Ay

Lys

Leu

Pro

Ile
460
Al a
Val
Ser
Thr
Al a
540
Thr

Pro

Hi s
620
Lys
Trp
Tyr
Vet

700

Leu

Gy Ala val

Al a

Arg

Leu

525

Leu

Al a

Thr

Thr

Phe

605

H s

Arg

Al a

Phe

685

Phe

Leu

Tyr

Val

510

Val

Ser

Thr

Pro

590

H s

Ay

Leu

Pro

Ay

Ser

Ay

Ser

Tyr

495

Al a

Pro

Leu

Ser

Al a

575

Ay

Ay

Ay

H s

Phe

655

H s

Val

Arg

Trp

Ay

Lys

Ser

Val

Asp

Al a

560

Ser

Val

Asp

Thr

Al a

640

e

Trp

Pro

Asp

Trp



Met

Ay

Ser

Thr

Leu
785

Pro

Phe

865

Thr

Ay

Leu

Leu
945

Al a

Al a

Lys

Leu

770

Ser

Phe

Al a

Trp

Ay

Leu

Thr

Al a

Ser
930
Al a

e

Ay

Leu

Lys
755
Vet

Trp

Met

Tyr
835

Ay

Pro

915

Phe

Asn

Asn

Lys

Ser
Ser
740

Al a

Al a

Leu

Thr

820

Asp

Asn

Ay

Ser

Lys

900

Ay

Arg

Val

Ser

Phe
980

Al a
725

Met

Phe

Ay

Val

Trp

Val

Ay

Arg

Al a

Val

Thr

H s

965

Leu
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Phe Phe Pro Phe Tyr Arg Asn His Asn Val

Gu

Arg

Al a

Pro

790

Ser

Asp

Tyr

Thr

H s

870

Thr

Leu

Ser

Pro

e

Ser

775

Al a

Ay

Thr

Ay

Val

Pro

935

Leu

Leu

Val

Tyr

Arg

Leu

Val

Val

Tyr

840

Asp

Thr

Lys

920

Ay

Ay

Thr

Val

745

Tyr

Ser

Pro

Met

Phe

825

Lys

Al a

Pro

Trp

Leu

905

Trp

Ay

Val

Ser

730

Trp

Leu

Ay

Trp

Val

810

Pro

Al a

Pro

Val

Ser

890

Tyr

Val

Lys

Al a

Al a
970

Ser

Leu

Asp

Leu

795

Thr

Ay

Al a

Leu

Val

Leu

Asp

Tyr

Ser

Leu

Thr

780

Al a

Pro

Val

Ser

Asp

Phe

Leu

940

Al a

Trp

Leu A n Asp
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Val
Pro
765

Val

Asp

H s

Pro

Val

Asp

Thr

925

Asp

Pro

Ser

e
7

Tyr
Met
Al a
Leu
Asp
Ay
e
Ay

Al a

©o
o<

Arg

Leu

Tyr

Phe
990

735

Asp

Met

Arg

Asp

Val

815

Ay

Val

Pro

Met

Leu
895

Ay

Asp

Lys

Arg

Al a

Tyr

Al a

Thr

Val

Thr

880

Asp

Ser

Lys

Ser

Val

960

Ser
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Gy Ala Trp Ala Ser Asn Trp Thr Leu Ser Trp Asn Ser Ala Ser Asn
995 1000 1005

Ser Ay Ser Ser Pro Val Gn dy Gy Ay Gy Arg Leu Au Phe
1010 1015 1020

Ser Thr Pro Asn Leu Leu His Ala Ala Ala Phe Ay Ile Leu Phe
1025 1030 1035

Gy Arg Mt Phe val Vval
1040

<210> 12

<211> 1022

<212> PRT

<213> Neurospora crassa

<400> 12
Gn Hs Val Ser Val Val Ala Thr Ser Ser Gy Pro Ay Val Leu Ser
1 5 10 15

Gy Thr Val Ala Gy Asp Ser Pro Met Phe Thr Phe Pro Ala Ser Ala
20 25 30

Asp Ile Gy Pro Asn Val Leu Pro Asn Ile Phe Asp Pro G n Al a Val
35 40 45

Asn Val Gn Ser val Cys Pro Gy Tyr Thr Ala Ala Asn Ala G n Lys
50 55 60

Thr Gu Lys Ay Leu Thr Ala Asp Leu Thr Leu Ala Gy Pro Pro Cys
65 70 75 80

Asn Val Tyr Ay Asn Asp Ile Qu Hs Leu Lys Leu Thr Ile Gu Phe
85 90 95

An Ala Asp Asn Arg Ile Asn Val An Ile dn Pro Arg Tyr Thr Gy
100 105 110

Pro Ay Asn Qu Thr Trp Phe Ile Leu Pro Gu Val Leu Val Pro Arg
115 120 125

Pro Gu Ala Gu Pro Asp Ala Asn Ala Ala Arg Ser Lys Leu Qu lle
130 135 140

Ser Trp Ser Asn Qu Pro Thr Phe Ser Phe Thr Val Lys Arg Lys Gu
145 150 155 160

Thr Ay Asp Val Leu Phe Thr Thr Gu d
165 17

Arg Val Leu Val Tyr Qu
175

o<
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Asp

Tyr

Thr

Asp

Al a

Al a

Ay

Trp

Pro

Asp

Phe

385

Asp

Asp

Ay

Arg

Tyr

e

Tyr

Thr

Leu

Phe

370

Leu

Ser

Pro

Ay

Phe

Leu

195

Thr

Ay

Ser

Tyr

Lys

Trp

Val

Al a

Tyr

Ser
435

Ay

Leu

Ay
Val

260

Val

Ser

Thr

Val

340

Thr

e

H s
420

Leu

Phe

H s

Lys

245

Ser

Leu

Asp

Tyr

Leu

325

Lys

e

Asp

Leu

Tyr

405

Arg

Tyr
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Phe Ay Ser Ser Leu Pro GQu Asn Tyr Asn

Val

Al a

Pro

230

Leu

Tyr

Leu

Leu

Ay

Asp

Trp

Pro

H s

390

Val

Ay

Met

Ser

Thr

Arg

Tyr

295

Leu

Phe

Val

Thr

Asp

Lys

Pro

Leu

Ay

Hi s
200
Asp

Tyr

Tyr

Pro

280

Phe

Ser

H s

Val

Al a
440

185

Ay

Val

Leu

Val

Phe

Thr

Asp

e

Phe

H s

Pro

Al a

425

Val

Phe
Ay
Asp
Ser
250

Val

Ay

Val

o
330

Asp

Ser

Asp
Asp

Trp
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Arg

Asp

Thr

235

Asp

Phe

Phe

Tyr

Tyr

H s

395

Lys

Al a

Pro

Leu

Asn

220

Arg

Pro

Leu

Thr

Pro

300

Leu

Trp

Arg

Met

Tyr

Pro

Phe

Ay

Ay

Leu

Tyr

Al a

Arg

Trp

Phe

Pro

Ay

Val

Tyr
445

190

Asn

Asp

Phe

Asp

Asn

270

Arg

Al a

Al a

Tyr

Phe

350

Ay

Ay

Pro

Asp

Vet

430

Thr

Al a

Thr

Lys

255

Al a

Thr

Met

Ser

335

Ay

Tyr

Al a

Asn

Val

Leu

Leu

Lys

240

H s

Leu

Asp

Arg

Arg

Val
400

p Tyr

Pro

Phe



Pro

Ay

Pro

Lys

Tyr

Pro

Ser

Leu

e

Phe
705

Asp

Thr

Trp

Thr

Ay

Thr

530

Leu

Tyr

Pro

Leu

610

Val

Ay

Trp

Phe

Thr

690

Pro

Trp

Asp

Pro

Arg

Val

Asn

595

Phe

Phe

Ser

Al a

Ay

Asp

Phe

Asp

Asn

500

Pro

Al a

Asp

Thr

Ay

Ay

Ay

Phe

660

Phe

H s

Tyr

Ay

Phe

Vet

485

Leu

Ay

Ser

Pro

Thr

565

Thr

H s

Ay

Pro

Arg
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Ala Ala Leu Asn Gy Thr Ay Thr Val

Val
470
Ser

Thr

Al a

Thr
550

Pro

H s

Trp

Tyr

Leu Cy

Asn
710

455

Arg

Gu

Leu

Leu

Al a

535

Thr

Thr

Phe

H s

Arg

Al a

Phe

Phe

695

H s

Tyr

Val

Val

520

Ser

Thr

Pro

H s

Ay

Leu

Pro

Ay

Ser

Tyr

Al a

Pro

505

Leu

Ser

Al a

Ay

Ay

Ay

H s

Phe

H s

y Val

Arg

Val

Lys

Ser

490

Val

Asp

Al a

Ser

Val

570

Asp

Thr

Al a

e

Trp

Pro

Asp

Trp

Arg
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H s

Tyr

Thr

Thr
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Arg

e

Val

Thr

Thr

N@
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460

Val

Cys

Pro

Pro

Ser

540

Thr

Ay

Asp

Tyr

620

Ay

Ay

Al a

Al a

Pro

Val
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Thr

Tyr
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Phe

Ay

Thr
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670

y Phe
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Ser

Ay
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Ser

495

Ay

Phe

Lys

Thr

Tyr

575

Al a

Phe

Leu

Thr

Tyr

655

Phe

Al a

Trp

Leu

Thr

Ser

560

Pro

Leu

H s

Leu

Phe

640

Ser

Ser

Ay

Phe

Gu



Pro

e

Ser

Al a
785
Ay

Thr

Val

Asn
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Ay

Val

Pro

Leu

Leu

945

Val

Trp

Tyr

Arg

Leu

Val

Val

Tyr

Asp

Thr

Lys

Ay

Ay

Thr

Thr

Val

Tyr

Ser

755

Pro

Met

Phe

Lys

Al a

835

Pro

Trp

Leu

Ser

Leu

Trp

Leu

740

Ay

Trp

Val

Pro

Al a

820

Pro

Val

Ser

Tyr

Val

900

Lys

Al a

Al a

Leu

Ser
980

Ser

725

Leu

Asp

Leu

Thr

Ay

Al a

Leu

Val
Leu
885

Asp

Tyr

Ser
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Ser

Leu

Thr

Al a

Pro

790

Val

Ser

Ay

Asp

Phe

Leu

Al a

Trp

Asp

Val

Pro

Val

Asp

Cys

Ay

H s

Pro

855

Val

Asp

Thr

Asp

Pro

935

Ser

Ser

Tyr

Met

760

Al a

Leu

Asp

Ay

Ay

Al a

Ay

Val

Arg

Leu

Tyr

Phe

Al a

Met

745

Arg

Asp

Val

Ay

Val

825

Pro

Met

Leu

Ay

Asp

Lys

Ser
985

730

Tyr

Al a

Arg

Thr

810

Val

Thr

Asp

Ser

890

Lys

Ser

Val

Ser
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Thr

Leu

e

Pro
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Thr

Leu

Al a

Ay
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Lys Lys Ala Mt

Leu

Ser

Phe
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y Ala

Trp

Ay
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Thr
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Al a

Ay

Al a

Ay

Met

Trp
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Ay

Pro

Phe

Asn
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Lys
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Ser
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Thr
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830

Ay

Ser

Lys

Ay

Arg

Val

Ser

Phe

Al a

Ser
990

735

Gn

Phe

Ay

Val

Ay

Arg

Al a

Val

Thr

H s

Leu

Ser

975

Pro

Arg

Al a
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Ser
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Tyr

Thr

H s

Asn
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Thr

Leu

Ser
960

Val



Gn Ay Gy Gy Gy Arg Leu
995

Ala Ala Ala Phe Gy lle Leu

1010

<210>
<211>
<212>
<213>

13
3293
DNA

<400> 13
at gcggccaa

gat gcagct g
agt aacgt ga
gcctgcaatg
ggt aagt cgc
t agggct t ag
gt acggttgg
gat gccgeeg
aacat ccccc
accat caagc
tt cgagt cge
ct gggagage
t cgcgegat g
ttcgact acc
gacgt cgat a
gt gct ggact
gagacggt cg
t at ggat acc
attcecgettg
ttgcttctca
ggacccct at
caaccagcac
caacaacggc
tgtcgtctgg
t t ggaat agc
tt ggat cgac

gt at gcggca

cttcectcgt
ctatcgtccg
agaccgt cga
t gt at ggcac
acagcat cgc
ggcct ggggt
tt gacaacga
agcaggt ct a
cggccaagt ¢
gcagat caaa
agt at ct ggg
acaccggttc
cgt acggt ac
gcggcagcaa
t cgacgt cga
tctacttcct
gaaaaccggt
aggacat cta
agacccaat g
gcgt gget ga
cgct at ccat
t acat cat ga
gt cget geeg
ccggggecga
gagttctcga
at gaacgagg

gccaacggcg

CL6220WOPCT_Sequenceli sting_ST25. t xt

Gu
1000

1015

Rasansoni a conposticol a

caagcacttg
ccgcaacggce
cggt gaaat ¢
ggat ct ggac
cgt ct gcage
t agggct gac
t ct gacat ct
ccaggt gcec
ggacct gaag
cggcgaaat ¢
cct cegt ace
tttccgectg
gcccaaagac
cggcacccat
ct cggacgga
cagcgggecg
cat gat gccc
t gaggt t gct
gact gat atc
ctgttgcaga
t gaagct cgt
t ggt ggaccc
acgctttcct
cggegttcec
ccttctttga
cgt ccaact t

at ccgcccac

Phe Ser Thr

Phe Gy Arg Met

gct gcgacca
gectctectt
gt cagcgegg
gat ct gaagc
ttatcggcag
tgcttgetge
gcagaacaac
accgeggt gc
ttctccatga
ctcttcgaca
aagct gccgg
cccaccaaga
accaacct gt
ggegtgttcc
cagt acct gc
gat cccaagg
t act ggggat
gagatcattg
ggtatgcttt
ct at at ggat
ccaagaggt t
t gcagt ggca
gaagttctcg
ggactggttc
ccecegeecac
ctgcgacttt

gcct cegeceg
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Pro Asn
1005

Phe
1020

Val

gcctcctcett
cat gcceegg
at ct caat ct
t gcaggtt ga
cat gt gat cg
cgttcgat gt
gcct ccat gt
ttcceceggece
ccaacgaccc
cctccggeca
act cgcccaa
attacacccg
acggcaacca
t gct gaacag
agt acaacac
ccgt cgcgac
tcggcttcca
ccaact acag
ccat cccggt
ct gaggaaag
gtctcttatc
t accagaact
aat ggct cca
gcaccccaga
ggcgt cgaca
ccctgetcga

gtccgcttga

Leu Leu Hi s

Val

t ct cgcggeg
ct at aaagceg
cgegggt ccc
gt accaat ca
gcgect ggac
gact ggaact
gaagat ct ac
cagcagcgec
cttctcettt
tccgetgatc
cat ct acggc
cacgct gt gg
cceggt gt ac
caacggcatg
cct gggggge
gcagt at gcc
caact gcaga
t gccgcaaac
gcegtggt tt
tgtttacgcet
t ccacaagca
attcagegtt
t ct accaggg
cacaggagt t
t cgat gcccet
acccecgeege

gccceccgag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



gccgat t cct
ttgcgat gcg
gggagcegge
gct gacegt ¢
ggacggcagt
cggcacgct t
attacggecg
atcgatgttg
ggct ggcaac
cgagt acgac
gct gaaccge
acacagcat g
gccgacaggt
cgat cgecga
t ct gcgggt a
ccttetegee
gcact ccgeca
act acgegt a
tgttcttcga
gcgacagcat
t cccgaagga
ccgt cacccet
t cgt gcccat
t cgt cgt cat
gcgagagcat

t cagcat gac

tgctgggtgc
cctacaaagt
<210> 14
<211> 1035
<212> PRT
<213>

<400> 14

Met Arg Pro Thr Ser Leu Val
1 5

ggat tt ggcc

cagacct act
gacgttcaca
cagat gccgce
t acat ct acg
aaggt gt ccg
ct ggt gcget
ggcct gecca
ct gagt gaga
acgcacaact
agaccagcag
tt aggggct a
cggccact gg
gct gcaggaa
cgacggcaac
cttctteege
gat cgcggeg
cacggtgctg
gt acccggece
cat ggt cgeg
ccagttctac
gaccgacgt ¢
gcgegt gege
cgccecggac
caaccagccg
aggcaagt t t
ggacggcgcec

caacgcgaag

CL6220WOPCT_Sequenceli sting_ST25. t xt

ctgacttcca
tt ggcgagaa
t ggcgecagt
cgaat gggac
aacagacgaa
acaccat cac
cgeegttcee
acaggaacct
agaccat caa
t gt acggcac
t caggccact
acgggcagt a
ct cggcgaca
tt cgeggege
acgacggaca
gaccact cgg
gccgegegeg
t ggacgcaga
gacagcaaca
ccegt gaceg
gacttctaca
ggct t cgaca
t cggcgaaca
agccacggcg
cacaccagcg
gact at gat ¢
ggt aaagggg
tt gacgggt a

Rasansoni a conposticol a

gccgacgt gt
catcctcatc
cat gagcgeg
gttctcgtac
t cgcacggt ¢
caccagct ct
ggcggaggac
gct gaat ccg
caccgacctg
gat gat gagc
t gt gt aagt c
gcattacccg
atttcgecga
t gt t ccagat
acctgtgetc
acaaccagtc
ccgccat cga
cccagaccgg
ccgccgacct
acaacgact ¢
ccggegeacce
ccat cceget
cgacggcgga
acgcgacggg
agat ccagt t
ccggcaacgt
gttcgtataa

aat t cgaagc

Lys His Leu Ala

10
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gt cgccacgg
ct gggt aact
aacaact acc
cagtacgttc
acgacgggcy
ggaccgcaca
ct gaccaggc
ccat acacca
at ccat gcgg
gcgaccagca
atccatcgtc
gtcgaccttc
tt gggaccac
cccgat ggt ¢
gcget gggt ¢
gcecgecgeac
cat ccget ac
cgcgecgat g
gcagt accag
gaccaccgt ¢
t gt gt ccggg
gtacttcaag
gctgcggeag
ccagct gt ac
ctcgt accge
ggt cat cagc
cagcaccacc

cagcttacac

tgtcgttcga
cgacgacact
cgat ct ggca
gcaaggaat ¢
act gcaccag
agagat ccga
gccagt ct gg
t ccacaat gc
gcggat at gc
gggaggcgat
cttaagccag
gct ggagecg
t accggt gga
ggcagcgaca
ttcctcggeg
gagct gt acc
cgtctgeteg
ct caacccca
ttcttctggg
aacgt ct act
gagggcaat a
ggcgggagcea
caggacttcg
ct cgacgacg
ggaggccat t
cagat cacgc
aaggt ggcga

t aa

Ala Thr Ser Leu Leu

15

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3293



Phe

Pro

Tyr

65

Ay

Thr

H s

Al a

Pro

Thr

Pro

225

Arg

Met

Leu
Ser
Ile
50
Ay
Pro
Val
Val
Val
130
Leu

Arg

Phe

Ay
Asp

Thr

Lys

Ser

Asp

Ser

Val

Leu
275

Al a

20

Pro

Ser

Asp

Val

Leu

100

Pro

Phe

Ser
180
Tyr

Tyr

Thr

Asp

Ay

Asp

Ay

Al a

Leu

Arg

85

Val

Tyr

Arg

Ser

—
> X
or<

Ay

Thr

Ay

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ala Ala Ala Ile Val

Tyr

Asp

Asp

70

Al a

Asp

Asp

Pro

Vet

150

Tyr

Leu

Arg

Leu
230

y Thr

Asp

Val

Lys
Leu
55

Asp

Asp

Al a
Ser

135

Thr

Leu

Ay

Thr

215

Tyr

H s

Val

Leu

Al a
40

Leu

Cys

Asp

Al a

120

Ser

Leu

Ay

Leu

Ay

Ay

Asp

Asp

25

Ser

Leu

Lys

Leu

Leu

105

Al a

Asp

Phe

Leu

185

H s

Trp

Val

Ser
265

Phe

Al a

Leu

Leu

90

Thr

Pro

Asp

170

Arg

Thr

Ser

H s

Phe

250

Asp

Tyr
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Arg Arg Asn Ay Ala
g Arg 30

Val

Ay

Gn

75

Pro

Ser

Val

Phe

155

Thr

Thr

Ay

Arg

Pro

235

Leu

Ay

Phe

Lys

Pro

60

Val

Phe

Al a

Tyr

Pro

140

Ser

Ser

Lys

Ser

Asp

Val

Leu

Leu

Thr
45

Al a

Pro

Phe

Ay

Leu

Phe

205

Al a

Tyr

Tyr

Ser
285

Val

Cys

Tyr

Val

—_
-
oS

Val

Al a

Thr

H s

Pro

190

Arg

Tyr

Phe

Ser

Leu

270

Ay

Asp

Thr

95

Arg

Pro

Lys

e

Pro

175

Asp

Leu

Ay

Asp

Asn

255

Gn

Pro

Ser

Ay

Val

Ser

80

Ay

Leu

Thr

Ser

Lys

160

Leu

Ser

Pro

Thr

Tyr

240

Ay

Tyr

Asp



Pro

Vet
305

Vet
385

Ay

Pro

Pro

Al a

465

Al a

Pro

Al a

Vet
545

Val

Val

Ay

Al a

450

Ser

Al a

Arg

Thr

Leu

530

Al a

Al a

Pro

Pro

Val

355

Val

Asp

Al a

Val

Thr

435

H s

Pro

Val
515

Pro

Val

Tyr

Tyr

Leu

340

Phe

Val

Pro

Al a

Val

420

Ay

Phe

Ay

Leu

Val

Al a

Trp

Thr

Ser

Al a

Val

Asp

Pro

Phe

Ay

Met
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Thr G n Tyr Ala Gu Thr Val

@
o<

Thr

Leu

Tyr

Val

390

Al a

Pro

Phe

Asp

Asp

Pro

Ay

Asp

Ser
550

295

Phe Gy Phe

Al a

Asp

Leu

375

Al a

Phe

Ay

Trp

Phe

Pro

Phe

Ser
535

Al a

Gu

Trp

Pro

360

H s

Tyr

Leu

Pro

Asn

440

Asp

Pro

Thr

Ay

Asp

Thr

Thr
345
Tyr

Lys

Lys
Thr
425

Ser

Al a

Pro
Pro
505

Al a

Thr

H s

e

Asp

Arg

H s

Phe
410

Al a

Leu

Ser

Pro

490

Asp

Leu

Tyr
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Asn
315

Al a

Tyr

395

Ser

Phe

Phe

Trp

Asn

475

Pro

Phe

Thr

Ay

Pro
555

300

Cys

Asn

Asp

Pro

Pro

Ser

Pro

Val

Tyr

Al a
540

Gy Lys Pro

Arg

Tyr

Tyr

Leu

365

H s

Al a

Ay

Asp

Thr

445

Asp

Al a

Arg

Pro

Phe

525

Ay

Trp

Tyr

Ser

Vet

350

Lys

Tyr

Phe

Ser

Trp

Phe

Met

Al a

Leu

Thr

510

Ay

Asp

Ay

Al a

335

Asp

Leu

e

Phe

Phe

Tyr

Ser
495

Val

Leu

Val

Tyr

320

Al a

Leu

Val

Met

Asn

400

Tyr

Al a

Asp

Al a
480

Pro

Val

H s

Thr
560



Val

Thr

Thr

Ser

625

Leu

H s

Met

Val

705

Arg

Pro

Arg

Pro

Leu

Gn

Ser

Ay

Ser

610

Pro

Ay

Al a

Al a

Vet

690

Arg

Val

Trp

Met

Leu

770

Asp

Leu

Met

Asp

Asp

Ser

Phe

Leu

Al a

Ay

Ser

Pro

Ay

Thr

Val

755

H s

Asp

Pro

Ay

Pro

Pro

Ay

Ay

Al a

Leu

H s

Ay

Ser

Ser

Al a

Tyr
820

Pro

565

Ser

Thr

Pro

Al a

Asn

645

Tyr

Thr

Val

Trp

Al a

Ser

Arg

Asp

Al a

805

Al a
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Asn Gy Thr

Tyr

Ser

H s

Gu

Arg

Leu

Al a

Ser

Asp

Trp

Asn

790

Al a

Tyr

e

Ay

Lys

615

Asp

Ser

Arg

Thr

Ay

Leu

e Cy

Val

775

Gn

Al a

Thr

Tyr

Thr

600

Arg

Leu

Leu

Tyr

680

Arg

Asp

760

Phe

Ser

Arg

Val

Phe Ser Tyr G n Tyr Val

Gu

585

Leu

Ser

Thr

Leu

Lys

665

Asp

Al a

Ser

Ay

Leu

Pro

Al a

Leu
825

570

Gn

Arg

Asn

650

Thr

Thr

Met

Thr

Phe

730

Phe

Tyr

Ay

Pro
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Thr

Val

Leu

Arg

Pro

H s

Leu

Phe

715

Al a

Al a

Asp

Al a

H s

795

Thr

Ser

Pro

Asn

700

Al a

Asp

Al a

Ay

Phe
780

Arg

Asp

605

Pro

Ser

Tyr

Thr

Leu

685

Arg

Ay

Trp

Leu

Asn

765

Ser

Leu

Thr

Thr

590

Thr

Leu

Ay

Thr

Asp

Tyr

Arg

Al a

Asp

Phe

750

Thr

Pro

Tyr

Arg

Arg
575

Val

Val

Ser

Leu

Ay

Pro

Ay

H s

735

Thr

Phe

Arg

Tyr

815

Thr

Lys

Thr

Thr

Arg

Vet

640

H s

Thr

Al a

Arg

Tyr

e

Asp

Phe

Thr

800

Arg

Ay



Ala Pro
Thr Al a

850

Ala Pro
865

Lys Asp

Tyr Phe

Thr Thr

930

Asp Ser

Ser lle

Gy Hs

Val Ile

Gy Ser
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Met Leu Asn Pro Met Phe Phe Gu Tyr Pro Ala Asp Ser Asn
835 840 845

Asp Leu G n Tyr G n Phe Phe Trp Gy Asp Ser Ile Mt Val
855 860

Val Thr Asp Asn Asp Ser Thr Thr Val Asn Val Tyr Phe Pro
870 875 880

A n Phe Tyr Asp Phe Tyr Thr Gy Ala Pro Val Ser Gy Qu
885 890 895

Thr Val Thr Leu Thr Asp Val Ay Phe Asp Thr Ile Pro Leu
900 905 910

Lys Ay Ay Ser Ile Val Pro Met Arg Val Arg Ser Ala Asn
915 920 925

Ala Gu Leu Arg G n An Asp Phe Val Vval Vval Ile Ala Pro
935 940

His Ay Asp Ala Thr Ay An Leu Tyr Leu Asp Asp Gy Gu
950 955 960

Asn G n Pro His Thr Ser Gu Ile G n Phe Ser Tyr Arg Ay
965 970 975

Phe Ser Met Thr Ay Lys Phe Asp Tyr Asp Pro Gy Asn Val
980 985 990

Ser Gnlle Thr Leu Leu Gy Ala Asp Ay Ala dy Lys Gy
995 1000 1005

Tyr Asn Ser Thr Thr Lys Vval Ala Thr Tyr Lys Val Asn

1010 1015 1020

Al a Lys

Leu Thr Gy Lys Phe Gu Ala Ser Leu His

1025 1030 1035

<210>
<211>
<212>
<213>
<400>

Ala Ala
4
Lys Ala

Leu Asn

15

1013

PRT

Rasansoni a conposticol a

15
Ile Val Arg Arg Asn Ay Ala Ser Pro Ser Cys Pro Ay Tyr
5 10 15

Ser Asn Val Lys Thr Val Asp Gy Qu Ile Val Ser Ala Asp
20 25 30

Leu Ala Ay Pro Ala Cys Asn Val Tyr Gy Thr Asp Leu Asp
Page 46



Asp

Asp

65

Al a

Ser

Thr

Leu

Ay

Thr

Tyr

H s

225

Val

Leu

Phe

Al a

Leu

50

Asp

Al a

Ser

Asn

130

Leu

Ay

Leu

o
o<

Asp

Asp

Tyr

35

Lys

Leu

Leu

Phe

Leu

H s

Val

Ser

Phe

Al a
275

y Phe

e

Leu

Leu

Thr

Pro

Asp

Arg

Thr

180

Ser

H s

Phe

Asp

Tyr

260

H s

e

Pro
Ser

85

Val

Phe

Thr

Thr

165

Ay

Arg

Pro

Leu

Ay

Phe

Thr

Al a

CL6220WOPCT_Sequenceli sti nggSTZS. t xt
40

Val

Phe

70

Al a

Tyr

Pro

Ser

Ser

150

Lys

Ser

Asp

Val

Leu

230

Leu

Val

55

Asp

Pro

Phe

135

Ay

Leu

Phe

Al a

Tyr

215

Tyr

Ser

Ay

Arg

Tyr

Val

Val

Al a

120

Thr

H s

Pro

Arg

Tyr

200

Phe

Ser

Leu

Ay

Lys

280

Tyr

Ser

Thr

Arg

Pro

Asp

Leu

185

Ay

Asp

Pro
265
Pro

Ay

Al a

Ay

Leu

90

Thr

Ser

Lys

Leu

Ser

170

Pro

Thr

Tyr

Ay

Tyr

250

Asp

Val

Tyr

Thr

75

H s

Al a

Asp

Arg

_,__
o1 —
[$2K¢>)

Pro

Thr

Pro

Arg

Vet

235

Pro

Met

Val

Val

Val

Leu

Lys

Lys

Ay

Asp

Thr

Lys

Met

ASp
300

Ala Asn |le
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Arg

Lys

Leu

Asp

Ser

Val

Leu

Al a

Pro

285

Pro

Au Tyr An Ser Gy 2’60 Ay Vval

Leu

)
—_—r
[=Xe)

Phe

Ser

Tyr

Tyr

190

Thr

Asp

Ay

Val

270

Tyr

Tyr

Leu

Arg

Val

Tyr

95

Arg

Ser

Ay

Asn

Ay

Ay

Al a

Trp

Al a

Asp

80

Asp

Pro

Met

Tyr

160

Leu

Arg

Leu

Thr

Asp

Val

Thr

Ay

Val

Thr



305

Asp

Leu

Al a

Phe

385

Ay

Trp

Phe
Pro

465

Phe

Ser

Al a

Ay

Trp

Pro

H s

Tyr

370

Leu

Pro

Asp

Pro

450

Thr

Ay

Asp

Thr

Asn

530

Thr

Tyr

Thr

Thr

Tyr

Lys

Thr

Ser

Al a

435

Pro

Pro

Al a

Thr

515

Phe

Leu

Asp

Arg

H s

Phe

Al a

Leu

Ser

Pro

Asp

Leu

Tyr

Ser

Gn

Lys

Tyr

Ser

Phe

405

Phe

Trp

Pro

Phe

485

Thr

Ay

Pro

Tyr

Thr

565

Val
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310

Asp

Pro

Ser
Asn
390

Pro

Ser

Pro

Val
470

Tyr

Al a

e

Ser

Tyr

Leu

H s

Al a

375

Ay

Asp

Thr

Asp

Al a

455

Arg

Pro

Phe

Ay

Trp

Tyr

Arg

Asp

315

Met Asp Leu Arg Lys

Lys

Tyr

360

Phe

Ser

Trp

Phe

Vet

440

Al a

Leu

Thr

Ay

Val

Thr

Thr

Leu
345

Phe

Phe

425

Tyr

Ser

Val

Leu

Arg

Val

e

330

Val

Met

Al a

Pro

Val

490

H s

Thr

Lys

Thr

570

Thr

Gn du

Met Val

Gy Vval

380

Pro Gn

Pro Al a

Al a Ser

Ala Ala

460

Pro Arg
475

Al a Thr

Ile Leu

Met Al a

Val An

540

A u Ser
555

Thr Gy

Thr Ser
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Val

Val

Asp

Al a

Val

Thr

H s

Asn

445

Pro

Val

Pro

525

Met

Asp

Asp

Ser

Phe

Val

350

Pro

Al a

Val

Phe

Ay

e

Ser

Leu

510

Val

Pro

Ay

Ay

Thr

335

Ser

Al a

Asp

Trp

=0
oc

Asp

Pro

Phe

495

Ay

Met

Pro

Ser

Thr

575

Pro

320

Leu

Tyr

Val

Al a

Pro

400

Phe

Asp

Asp

Pro

Ser

Tyr
560

Ser

H s



Lys

Asp

Asn

625

Ser

Arg

Thr

Ay

Leu

e

Val

Al a
785
Thr

Met

Asp

Arg
Leu

610

Leu

Arg

Phe

Ser

770

Arg

Val

Phe

Phe

Ser

Ser

595

Thr

Leu

Lys

Asp

Al a

675

Ser

Asn

Ay

Leu

755

Pro

Al a

Leu

Phe

Phe

835

Thr

580

Thr

Thr

660

Met

Thr

Phe

Phe

Tyr

740

Ay

Pro

Al a

Trp

Trp

Thr

Leu

Arg

Pro

H s

Leu

Phe

Al a

Al a

725

Asp

Al a

H s

Thr
805
Tyr

Ay

Val
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Arg

Gn

Pro

630

Asn

Asn

Asn

Al a

Asp

Al a

Ay

Phe

Gu

Asp

Gn

Pro

Asp

Asn

Pro

Ser

615

Tyr

Thr

Leu

Arg

Ay

Trp

Leu

Asn

Ser

Leu

775

Thr

Al a

Ser

Val

Leu

600

Ay

Thr

Asp

Tyr

Arg

Al a

Asp

Phe

Thr

Pro

760

Tyr

Arg

585

Val

Ser

Leu

Ay

Pro

Ay

H s

Thr

745

Phe

Arg

Tyr

Thr

Ser

825

Met

Phe

Arg Ser

Met Leu

H's Asn

635

Ile His

Thr Met

Al a Val

Tyr Arg

Ile Pro

Asp Asn

Phe Arg

Thr Pro

Arg Leu

795

Al a

0
o<

Asn Thr

Val Al a

Pro Lys
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Pro

Ay

Al a

Al a

Arg
Val

700

Trp

Leu

Asp

Leu

Pro

Al a

Pro

Asp

590

Phe Pro Ala Gu

605

Leu

Al a

Ay

Ser

Pro

685

Ay

Thr

Val

H s

765

Asp

Met

Asp

Val
845

Pro

Ay

Ay

Al a

670

Leu

H s

Ay

Ser

750

Ser

Al a

Tyr

Leu

Leu

830

Thr

Phe

Asn

Asn

Tyr

655

Thr

Val

Trp

Al a

Ser

735

Arg

Asp

Al a

Al a

Asn

815

Asp

Tyr

Arg
Leu
640

Al a

Ser

Leu

Asp

Trp

Asn

Al a

Tyr

800

Pro

Tyr

Asn

Asp



850

Phe
865

Tyr Thr

Thr Asp Val

Val

Pro

Thr Ay

Thr
945

Ser

Gy Lys Phe

Leu Leu Gy

Thr Val

995

Lys

Ala Se
1010

<210>
<211>
<212>
<213>

16
3162
DNA

<400> 16

Ay Ala

Pro Val
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855

Ser

870

Gy Phe

885

Vet
900

Arg
Phe Val

Leu Tyr

Asp Thr

Val

Val

Leu

Phe

e
Arg Ser
Val
Asp

Asp

Ser Tyr

950

Asp Tyr

965

Al a
980

Asp
Ala Thr

r Leu Hi s

Asp

Ay

Tyr

Pro Gy

Ala Gy

Val
1000

Lys

Rasansoni a conposticol a

at ggcaggct ccgeccgeect tgttgecage

ctt gcaggac
gccget gegg
gcccaggat g
gt ggcgaccce
ct gaacct ga
cacgt cgatt
0ggot cgat g
ccctecttcea

ggttctgtce

cggt cagcag
at gt t ggggce
tct gt ccegg
t gacgct ggc
cggt t gagt a
cttcaaacca
caggagccca

at t t caaggt
tggtgttcga

t acgact gcc
caacttgcett
ttacacggceg
ggggaaacca
ccaagct gcg
gt cgt ggt at
agt cccggag
gat ccggaaa

aaaccagttc

Gy Gu Gy

875

Leu
890

Pro Tyr

Al a
905

Asn Thr

Ala Pro Asp

Ay Ser

Arg Ay Gy

955

Val
970

Val

Lys
985

Ay Gy

Asn Ala Lys Leu Thr
1

ctcgt ct gge
gcagcaccat
gccaacat cg
t cgaacgt gc
t gt aat gt gt
gat cgact ga
ctgctteeeg
agt gat ct cg
gccacaggceg

atcgagtttg
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860

Asn Thr Va

Phe Lys G

Thr Al a

Ser His G

925

Ile Asn G

Hi s Phe Se

Ile Ser G

Ser As

99

Tyr

005

tt gct caggce
ctgctcaatt
acgat cccaa
agaacaccga
acggaacgga
acat caat at
aaaat gt agt
tcttcagetg
acattctctt

cgagcgct ct

| Thr Leu

880

Ser
Leu Arg
y Asp Al a
H s

n Pro

Thr
960

r Met

Thr

n Ser Thr

0

Gy Lys Phe

cttcgacget
caccgt cceg
t gccgt caac
gtctgggttt
cgt ggagt cc
cgt cccgacg
gcccaaaccg
gt cgaat gaa
cgacacggag

gccggagaac

60
120
180
240
300
360
420
480
540
600



t acaat ct ct
gccacgacgt
t gct cagt ct
ct acgggacc
gaggt t cacg
gcat ggagt t
cacct ggcgg
cgatgttacc
caccct ggge
agt ggccaat
t ct gaaagag
t acat gaacg
gccaaattcc
gcgatctatg
ot gat aggga
gacgat at ct
t acacagt gt
gct ct gt ggc
tccttctgeg
ttcgegetce
acgaat gcca
gcgacagct a
gtgcggaatg
gct gttcacg
cacaat ct ct
cccgggaaga
ggacact ggg
gcgcet at cgt
ggcaact cgg
t accgcaacc
at cgaggcga
ctgttctacc
cccaacgacc

gt cgt cceeg

acggt ct ggg
at gccgegga
gctetgttgg
catccctttt
ttggt gacgg
ttcct gagaa
acact cggt g
cgcagct ace
t at cat cagt
t t cgagaaat
ttgct gggaa
agt accgcga
t ggaccagct
accccaaccce
gt ggaget ga
ggt t gaagaa
tcaccgattg
acgaaaaggt
ttggcagetg
cgggagagcec
cggcggegge
cttcttegte
t caact accc
ccgt ct cgee
ggggct acca
gaccgt t cat
gt ggcgacaa
tctegetgtt
acgaagagct
acaacgt cct
gcaagt cggc
t cgcccacac
cgt cect cge

t gct cgagee
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agagcgt at ¢
t agcgcagac
at ct gaaaga
at ct ggacac
acaacgagac
at gcccacgg
gcagcattga
agaccagcac
geeget gggg
t cgagat ccc
agt gat ct ga
ctttgagaac
ccacaagagt
t aacaat gac
cttctcgatt
t cccgacgge
gcaccat cca
cgettttgac
t ggaacaggg
t ggagct gt ¢
gtct gcat ct
cacgact acc
tcectatgtg
caacgcaacc
ggagacaaat
cat ct ccecgt
cgect cgaaa
cggcat cccc
gt gcaaccgce
gt cggccat ¢
aat gaggat ¢
cacggggt cg
t gccgt ggac
gcaggt cgat

cat ggcct gc
cctattgacc
agt t at aaaa
ccggt act ac
cgatttctcc
acaggaggt g
tctttacttc
cgttggectce
at acagaaac
at t ggaaaat
caacttcgtc
gacccggttc
ggccgt cact
t ccgacgegt
aggt at gcga
agcgt gt aca
aaagccaacg
ggaat ct ggc
aacct gaccc
at ct acgact
gccgegt cct
agct acct gg
att aat cacg
catgtcgatg
gcaacct acc
tccacgttcg
t gggcgt aca
at gttcggcg
t ggat gcagce
ccgcaggage
cgct acacce
accgt cat gc
cggcagttcc

accgt caagg
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gact ggggaa
ggt gagt at ¢
ct gacct age
gaggt t gatt
aaggaat at ¢
ctgctgegte
t acgccggt ¢
ccggcaat gc
t ggt cggagce
at ct ggt aag
tctccaggtc
gcttctecta
acat cccgat
aagtct agtc
cat at gatcg
t cggagecgt
agt ggt ggge
t ggacat gaa
t gaat cccgt
accccgagga
cgagccaagce
t gaccacgec
t gcaggaggg
gt gt gcagga
at gcecct get
€cggcagcegg
tgttcttttc
t cgacacctg
tctcegecett
cctatgtctg
tgctcecctta
gt gcet t gge
t cct gggeece

gcgtcttcece

caacttcacc
t gagat cgac
t caggaacat
ccgagcat gg
tgtcgetcete
ct cagagcat
cgacccaggce
agcagt act t
t agct gat gt
gcat acgct a
ggat at t gat
cagcgaggga
t gt ggacgece
tt gt agggag
aggt t ct aag
ct ggect gge
aaacgagct g
cgaggt ctcg
gcacccgaac
cttcaacgtg
t gct gcgaca
cact cct gga
t cacgatctc
gt acgacgtg
gagcatcttc
cagat gggcc
t at cccgeag
cgggt t caac
cttceectte
ggcat cegtc
cctctacaca
gt gggagttc
gtcgetgatg
gggcgt t gcc

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640



cagggccaag
aacacgacca
ctccecat ge
ct ggt cgcge
agcat cacac
ttcgecgacgg
ggcgt cecag
t cggt gt cgt
cgt gacggag
<210>
<211>

<212>
<213>

17

990
PRT
<400>

Met Ala Ay
)

17

Al a Phe Asp

Ser Ala

35

Pro

Leu Al a

50

Leu

Pro Gy

Ala Thr

Val

Leu

Trp Tyr Leu

130

Ala An

145

Pro Ser Phe

t ct ggt acga
t ct ccgegece
agcagccgge
t gggcagega
ctccggegt ¢
ccecgeggt ge
ccgegeegt ¢
acaat gccac

cct ggagcag

Ser Ala Al

5

Al a Al

20

Leu

A n Phe Th

Asn |le As

Thr Al

70

Tyr

Thr
85

Leu Le

Ser
100

Leu

Ile Va

Leu Pro d

Val Pro G

Phe Ly
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ct ggt acacg
gct gggecac
act ggt gacg
cggcacggec
cct gcacgtc
gtt caaggac
gtctgcagtc
ct ccaaagtc

t gact gggt t

Rasansoni a conposticol a

a Leu Val

ady Pro

r Val Pro

40

p Asp
55

Pro

a Ser

u Ala Gy

n Leu Thr

I Pro Thr

120

Val
135

u Ser Asp

s vVal Ile

Al a

Val

25

Al a

Asn

Val

Lys

Val

105

H s

Val

Leu

Arg

cagaccgcgt
at cccegt gt
cgggacgt gc
t cgggacagce
gacttcgtgg
agcaacacgc
act t ggaaca

ctcgt ggt ca
ct gaagt ggt

Leu

Ser

Ala Ala

Al a Val

Asn
75

Pro
90

Cys

Au Tyr

Val Asp

Pro Lys

Val Phe

155

Lys Al a
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t cgacgegea
t cgt ccgegg
gcaacagccc
t gt acgt gga
cggccaact t
t ggct aacgt
acgagacggt
at ggact gca

aa

Val Trp Leu

Thr Thr Ala

30

Val
45

Asp Gy

Asn
60

Ala An

Thr Ser

Val Tyr

Al a

Ser Ser

125

Pro Val

140

Ay

Ser Trp Ser

Thr Ay Asp

t xt

gccaggegt g
cgggagegtg
ctggtcgetg
cgacggcgag
ct cgaccctc
cacggt gctg
tccttcggag

gagtcttacc

Al a
15

Ala Ala
Al a
Asp Val

Phe
80

Ay

Gy Thr

95

Asp Arg

A n Ser

Asp Al a

Asn
160

Ile Leu

2700
2760
2820
2880
2940
3000
3060
3120
3162



Phe

Phe

Arg

Al a

225

Pro

Arg

Leu

Val

Thr

Leu

Asn
385

Asp

Asp

Al a

N —
N —_
[=X0)

Phe

Phe

Ser

Leu

290

Asp

Tyr

Leu

Al a

Asp

Leu

Tyr

Arg

Thr

Ser

195

H s

Asp

Tyr

Thr

Leu

275

Leu

Leu

Gn

Ay

Asp

Trp

Pro

H s

Asp

Ay

180

Al a

Ay

Ser

Leu

Leu

260

Ser

Arg

Tyr

Thr

Tyr

340

Val

Ser

Val

Lys

Pro

420

Ser

165

Ay

Leu

Leu

Al a

Asp

Val

H s

Pro

Phe

Ser

325

H s

Val

Asp

Arg

Ser

405

Lys
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Ser

Pro

Arg

Asp

Thr

Thr

Ay

Tyr
310

Thr

Al a

Phe
390
Ay

Pro

Asp

Val

Leu

215

Pro

Arg

Asp

Val

Ser

295

Al a

Val

Asp

Ser

Arg

Asp

Leu

Asn

200

Ay

e

Tyr

Phe

280

Ay

Ay

Arg

Phe

360

Tyr

Tyr

H s

e

Val
185

Tyr

Asp

Tyr

Leu

Thr

Pro

Leu

Met

Ser

Tyr

Asp

Trp

170

Phe AQu Asn G n Phe

Arg

Trp

Thr

Pro

330

Ay

Lys

Ser

Leu

Phe

Asn

235

Val

Asp

Al a

Tyr

Phe

Ay

Pro

Asp

Tyr

Thr

220

e

Asp

Phe

Al a

Thr

300

Al a

Met

Arg

Tyr
380

Al a

Al a

Leu Lys Asn
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Ay

Al a

Tyr

Ser

Ser

H s

285

Leu

Asp

Gn

Arg

Lys

Val

Tyr

Pro

190

Leu

Thr

Ay

Ay

Val

Gn

Trp

Pro

Asp

Phe

Asp

Al a

430

Asp

175

e

Ay

Thr

Thr

H s
255

Ay

Thr

Tyr

335

Ser

Leu

Phe

Leu

Al a

415

Thr

Ay

Tyr
Hi s
240

Ay

Tyr

Ser

Arg

Phe

Asp

Al a

Tyr

Ser



Val

H s

465

H s

Ser

Pro

Tyr

Ser

545

Thr

Ay

Val

Arg

Al a

Phe

Phe

Tyr
450

H s

Ser

Val

Asp

Al a

Ser

Val

Ay

Asp

Thr

Pro

Ay

Ser

435

e

Pro

Lys

Phe Cy

Ser

Ser

Arg

H s
595

Phe

H s

y Val

Arg

Ay

Lys

Val

500

Pro

Pro

Al a

Ser

Asn

580

Asp

Val

Al a

Trp

Pro

Asp

Trp

Al a

Al a

Al a

485

Val

Al a

Thr

565

Val

Leu

Thr

Thr

Met
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Val

Asn

470

Phe

Ay

Phe

Asp

Ser

550

Thr

Al a

Gu

Tyr

630

Ser

Ay

Al a

Trp

455

Gu

Asp

Ser

Al a

Phe

535

Ser

Thr

Tyr

Val

Tyr

615

H s

Arg

Asp

Leu

Ay

Leu

440

Pro Ay Tyr Thr Val

Trp

Ay

Cys

Leu

520

Ser

Ser

Pro

H s

600

Asp

Al a

Ser

Asn

Ser

680

Phe

Ser

Trp

e

Ay

Pro

Val

Tyr

Pro

585

Al a

Val

Leu

Thr

Al a

665

Phe

Al a

Al a

Trp

Thr

Ay

Thr

Al a

Leu

570

Tyr

Val

H s

Leu

Phe

650

Ser

Ser

Ay

Asn
475

Leu

Ay

Al a
555
Val

Val

Ser

Ser

635

Al a

Lys

Leu

Asn

460

Gu

Asp

Pro
Al a
540

Al a

Thr

Pro

Leu

620

Ay

Trp

Phe

Ser
700

Phe Phe Pro
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445

Phe

Leu

Met

Leu

Ay

Thr

Thr

Thr

Asn

605

Trp

Phe

Ser

Al a

Ay

Asp

Phe

Thr

Al a

Thr

510

Al a

Al a

Al a

Pro

H s

590

Al a

Ay

Pro

Ay

Tyr

670

Gu

Tyr

Asp

Leu

Leu
Val
Al a
Thr
Thr
575
Val
Thr
Tyr
Ay
Arg
6

Met
Pro

Gu

Arg

Trp

Trp

Val

Al a
Al a

560

Pro

H s

Lys

640

Trp

Phe

Met

Leu



705

H s

Val

Pro

Val

Al a

785

Val

Al a

Al a

Pro

Leu

865

Leu

Ser
945

Tyr

Thr

Tyr

Met

770

Val

Leu

Gn

Gn

Val

850

Val

Ay

Ser

Phe

Thr

930

Al a

Arg

Val

Gu

Leu

755

Arg

Asp

Gu

Ay

Pro

835

Phe

Thr

Ser

e

Ser

915

Leu

Val

Al a

Asp

Leu

Al a

740

Tyr

Al a

Arg

Pro

Ay

Val

Arg

Asp

Thr

900

Thr

Al a

Thr

Thr

Ay

Ser
725
Ser

Thr

Leu

Val

Val

Arg

Asp

Ay

Pro

Leu

Trp

Ser
965

Al a
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710

Al a

Lys

Leu

Al a

Phe

790

Val

Trp

Ay

Val

870

Thr

Pro

Phe

Val

Asn

950

Lys

Trp

e

Ser

Phe

Trp

Leu

Asp

Tyr

Thr

Ay

Arg

Al a

Al a

Al a

Thr

935

Val

Ser

Pro

Al a

Tyr

760

Leu

Thr

Asp

Thr

840

Ser

Asn

Ser

Ser

Thr

920

Val

Leu

Ser

Gn

Met

745

Leu

Phe

Ay

Val

Val

Ser

Ay

Leu

905

Al a

Leu

Thr

Val

Asp

715

Au Pro Tyr

730

Arg

Al a

Pro

Pro

Tyr

Ser

Leu

Pro

Arg

Ay

Val

Val

970

Trp
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e

H s

Ser

795

Ay

Thr

Al a

Pro

Trp

Leu

Val

Ay

Val

Pro

955

Val

Arg

Thr

Asp

Leu

Val

Pro

Met

860

Ser

Tyr

Asp

Al a

Pro

940

Ser

Ay

Leu

Val

Tyr

Thr

765

Pro

Met

Phe

Thr

Leu

845

Leu

Val

Phe

Phe

925

Al a

Leu

Lys

Trp

Thr

750

Ay

Ser

Val

Pro

Al a

830

Ay

Leu

Asp

Val

910

Lys

Al a

Ser

Trp

Al a

735

Leu

Ser

Leu

Val

o0
o<

H s

Pro

Val

Asp

Al a

Asp

Pro

Val

Ser
975

720

Ser

Leu

Thr

Al a

Pro

800

Val

Asp

Al a

Al a

880

Ay

Al a

Ser

Ser

Ser

960

Leu



<210>
<211>
<212>
<213>

<400>

18
973
PRT

980
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Rasansoni a conposticol a

18

Phe Asp Ala Leu
1

Ser

Leu

Pro

Al a

Val

Tyr

Al a

Ser

145

Asp

Al a

Al a

Phe
225

Al a

Al a

Ay

50

Thr

Leu

130

Phe

Thr

Ser

H s

Asp

Tyr

Gn

Asn
35

Leu

Ser

Leu
115

Val

Al a

Leu

Phe

20

e

Thr

Thr

Leu

Pro

Pro

Phe

Ay

Leu

180

Leu

Al a

Asp

Al a
5

Thr
Asp
Al a
Leu
Asn

85

Val

Lys
Ser
165
Pro
Arg

Asp

Thr

Ay

Val

Asp

Ser

Al a

70

Leu

Pro

Ser
Val

150

Val

Leu

Pro

Arg

Pro

Pro

Pro

Asn

55

Ay

Thr

Thr

Val

Leu

Ay

N —
N —_
[$2K¢>)

Tyr

Val

Al a

Asn

40

Val

Lys

Val

H s

Val
120

p Leu

Arg

Val

Tyr

Asn

200

Asp

Tyr

985

Ser
Al a

25

Al a

Pro

Val

105

Pro

Val

Lys

Phe

Asn
185

Val

Cys

Tyr

90

Asp

Lys

Phe

Al a

170

Leu

Phe

Asn

Val
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Thr

Asp

Thr

Asn

75

Ser

Pro

Ser

Thr

155

Asn

Tyr

Thr

e

Asp
235

Thr

Val

Al a

Gu

60

Val

Al a

Ser

Ay

Gn

Ay

Al a

Tyr

220

Ser

Al a

Ay

Gn

45

Ser

Tyr

Al a

Val

125

Ser

Asp

Phe

Leu

Thr

205

Ay

990

Al a

Al a

Asp

Ay

Ay

—_
-
oS

e

Thr

H s

Al a

15

Asn

Val

Phe

Thr

Arg

95

Ser

Al a

Leu

Tyr

H s

Ay

Pro

Leu

Val

Asp

80

Leu

Trp

Ay

Pro

Phe

160

Phe

Arg

Al a

Pro

Arg



Phe

Ser

Leu

Asp

Tyr

305

Leu

Al a

Asp

Leu

385

Tyr

Arg

Tyr

H s

Val

Thr

Leu

Leu

Leu

290

Ay

Asp

Trp

Pro

370

H s

Asp

Ay

e

Pro

450

Lys

Phe

H s

Leu

Ser

Arg

Tyr

Thr

Tyr

Val

Ser

355

Val

Lys

Pro

Ser

Ay

Lys

Val

Pro

Val

H s

260

Pro

Phe

Ser

H s

Val

340

Asp

Arg

Ser

Al a

Al a

Val

Asn
500

Thr
245

Ay

Tyr

Thr

Phe

Ay

Pro

405

Asp

Val

Phe

Ay

Phe

CL6220WOPCT_Sequenceli sting_ST25. t xt

Asp Asn Gu Thr Asp Phe Ser Lys Gu Tyr

Val

Ser

Al a

Val
310

Asp

Ser

Asp

Trp

Asp

Ser

Al a

Phe

e

Ay

Ay

Arg

Phe

Tyr

Tyr

375

H s

Pro

Trp

Ay

Leu

Leu

Thr

280

Pro

Leu

Trp

Met

360

Ser

Tyr

Asp

Trp

Ay

Pro

Arg

265

Trp

Thr

Pro

Ay

Lys
345

e

Ser

Leu
425

y Tyr

Al a

Trp

Thr

Ay

250

Asn

Arg

Al a
Tyr

330

Phe

Ay

Pro

Asp

Lys

Thr

Leu

Ay

Al a

Thr

Al a

Vet

315

Arg

Tyr

Al a

Val

H s

Leu

e

Arg

Lys

380

Val

Tyr

Pro

Phe

Leu

460

Met

Leu

Gu Pro Ay
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Ay

Trp

Pro

Asp

Phe

Asp

Al a

Asp

Thr

445

Al a

Thr

Al a

y Ay

Thr

Tyr

Ser

Leu

350

Phe

Leu

Al a

Thr

Ay

Asp

Leu

Leu

Val
510

255

Gu

Ser

Arg

Phe

Asp

Al a

Tyr

415

Ser

Trp

Trp

Val

Asn

495

e

Leu

Val

e

Ser

Thr

320

Leu

Asp

Val

H s

H s

Ser

480

Pro

Tyr



Asp

Al a

Ser

545

Val

Ay

Asp

Thr

Pro

625

Ay

Ser

Ay

Asn

705

Tyr

Met

Val

Tyr

Ser

530

Ser

Arg

H s

Ay

Asn

610

Phe

H s

e

Val

Arg

Val

Leu

Arg

Asp

Al a

Ser

Asp
Val

595

Al a

Trp

Pro

Asp

Trp

Leu

Al a

Tyr

Al a

755

Arg

Al a

Thr

Val

Leu

580

Thr

Met

Ser

Ser

Thr

740

Leu

Asp

Ser

Thr

Asn

565

Al a

Tyr

Ser

Al a

Lys

Leu

Al a

Phe

CL6220WOPCT_Sequenceli sting_ST25. t xt

Phe Asn Val

Ser

Thr

550

Tyr

Val

Tyr

H s

Arg

y Asp

Leu

Ay

Leu

Ser

Phe

Trp

Leu

Ser

535

Ser

Pro

H s

Asp

Al a

615

Ser

Ser

Phe

Ser

695

Pro

Al a

Tyr

Leu
775

520

Gn

Tyr

Pro

Al a

Val

600

Leu

Thr

Al a

Phe

Asn

680

Al a

Gn

Met

Leu

Phe

760

Ay

Thr Asn Ala Thr Ala Ala Ala

Al a

Leu

Tyr

Val

585

H s

Leu

Phe

Ser

Ser

665

Ay

Phe

Arg
Al a
745

Pro

Pro

Al a

Val

Val

570

Ser

Ser

Al a

Lys

650

Leu

Phe

Pro

Ile

H s

Ser

Page 58

Al a

Thr

555

e

Pro

Leu

e

Ay

Trp

Phe

Ser

Pro

Tyr

715

Arg

Thr

Asp

Leu

Thr
540

Thr

Trp

Phe

620

Ser

Al a

Ay

Asp

Phe

700

Val

Tyr

Thr

Pro

Met
780

525

Al a

Pro

H s

Al a

Ay

Pro

Ay

Tyr

e

Tyr

Trp

Thr

Ay

Ser

765

Val

Thr

Thr

Val

Thr

590

Tyr

Ay

Arg

Met

Pro

670

Arg

Al a

Leu

Ser

750

Leu

Val

Al a

Pro

Lys

Trp

Phe

655

Met

Leu

Ser

Leu

735

Thr

Al a

Pro

Ser

Thr

Val

Arg
Al a
640

Phe

Phe

H s

Val

720

Pro

Val

Al a

Val



Leu
785

Val

Val

Phe

Thr

Al a

Asn

945

Arg

Ay

Pro

Phe

Thr

850

Ser

e

Ser

Leu

Val

930

Al a

Asp

<210>
<211>
<212>
<213>

<400>
at gaccgcaa at aat ctcaa tgacgactgg t ggaagcagg

Pro

Ay

Val

835

Arg

Asp

Thr

Thr

Al a

915

Thr

Thr

Ay

19
1815
DNA

Val

Val

820

Arg

Asp

Ay

Pro

Leu

900

Trp

Ser

Al a

Val

Trp

Asn

Ay

Val

Thr

Pro

885

Phe

Val

Lys

Trp

CL6220WOPCT_Sequenceli sting_ST25. t xt

Asp Thr Val

790

Tyr

Thr

Ay

Arg

Al a

870

Al a

Al a

Thr

Val
950

Ser

Asp

Thr

Ser

Asn

855

Ser

Ser

Thr

Val

Leu

Ser

Trp

e

Val

840

Ser

Ay

Leu

Al a

Leu

920

Thr

Val

Asp

Bi f i dobacterium | ongum

19

Lys Gy Vval

Tyr
Ser
825

Leu

Pro

H s

Arg

Ay

Val

Val

Trp

Thr

810

Al a

Pro

Trp

Leu

Val

890

Ay

Val

Pro

Val
970

795

Gn

Pro

Met

Ser

Tyr

875

Asp

Al a

Pro

Ser

Ay

Leu

ccgcgecaget tcaaggacgt taacggcgac ggact cggeg

aagat ggact acctgaagaa cctcggcgtc gacgcaat ct

t ccgat ct gg cggacggcegg ctacgacgta at cgact acc

ggcaccat gg aagacttcga cgcgat ggcc aaggccgcege

at cgt ggaca tcgtgcccaa ccacaccgct gacaagcacg
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Phe Pro Ay Vval Al a

Thr

Leu

Leu

860

Val

Phe

Phe

Al a

Leu

Lys

Al a

Ay

Leu

Asp

Val

Lys

Al a

925

Ser

Trp

Phe

H s

830

Pro

Val

Asp

Al a

Asp

Pro

Val

Ser

ccgtegtcta

acat cgccgg

ggct ctccce

gcaacgt cga

acgaggccgg
tgttcttcca

800

Asp Al a

Ile Pro

Al a Leu

Al a Leu

Gy Gu

Ala Asn

895

Ser Asn

Ser Ser

Ser Tyr

Leu Thr
960

ccagat ct ac
cgt caccgag
gttctacccce
cccgegect a
cat caaggt g
ggaggecct ¢

60
120
180
240
300
360



gcecgecgage
cat ggcgaac
ot ggccgacg
aagaat ccgg
accgacggct
t t ggaagagc
ccgetgttceg
gagt acgacc
ctgtacgett
t ggt at gceg
ggcggt tcca
t acggcct gc

cgcaacggca

gctttgatgg
ctgtttgagg
gct caggeca
gccgat gage
gagaaccatg
t cgcegget a
ctgtggttca
ct gt atcgeg
gccgageagg
cgggtgttca
ot got gct gg
tgggttgttc

<210> 20

<211> 604
<212> PRT
<213>

<400> 20

Met Thr Ala Asn Asn Leu Asn Asp Asp Trp Trp Lys G n Ala Va

1

ct gget ccee
t gcceccegaa
gccagt ggt a
acat ccacga
t ccgeat cga
t cggeecgega
accgt cgcga
cgecgeget t
cgat ggacga
acgagt tccg
ccaccacgtg
cgcagat caa
ctacctatcc
agct cggect
t ggccgat at
cgat ggacaa
cggcect t gge
tgcegetgtg
cgegeget ga
aggat t acgc
ccgcact ggc
t ggacat ggg
cct caat cac

cgt ccggece

agt ag

5

CL6220WOPCT_Sequenceli sting_ST25. t xt
ggcgcgegac cgctacatct tccgcgacgg

cgact ggcaa
tctgcacctg
ggagt t caag
cgt ggcgeac
at acagcgt g
ggt gcacgat
t gcegt ggee
gct gggecag
cgaggccat ¢
ggt cat gaac
gggcgeaccce
cgaggat cgc
gceceggegec
t ccgt gggat
gggccgegac
cgatttcagce
cgeegeegge
gggcgt gacg
ggt ggacgtg
gat t cgccag
cgacgatgtg
caact t cggc

gct gaccecce

Bi f i dobacterium | ongum

tcettctteg
ttcgat aagg
aagaccct gc
ggcct ggeca
ot cggegt ge
at ct accgcg
gaggcgt ggg
tcctt caact
gccgecggac
aat cacgacg
t accaccagc
gagct t ggca
gcct at at ct
cact t ggagg
ggct geegeg
cgt ccgactc
cagt t cggca
ccggecgecg
gagcaagccg
gagt cget ga
gt ggcgt aca
aat gct ccgg

gaagcccagce

10

gcggecegge
cgcageegga
gtttctggtc
aggacct cga
t gaat cat ga
aat ggcgcaa
t ggt gcccga
t cgact t cge
t caaggcggce
t gccgegeag
t gccgcacga
ct cgeegege
at cagggcga
at ccgaccgce
t gccget gee
cggccgat ga
cgggegettce
acccgcacct
acccggact ¢
ccgecacgeg
ccecgegegge
t cgcget gee

t ccccaccga

€cgcggcgag
ct gggcgege
cgt caact gg
cgaccacggc
at ccaagccg
cttcagccac
ggt gt t caac
gcaccagcac
gcaagccaac
ggccgaaacc
ccect ceegt
ctggetgetg
ccgegeegec
ggagct ggge
tttccacact
gt ggaccgec
cggt accggce
cttcggettce
gccgeaaccyg
gat gct cgeg
cgacaccacg
gt t ggcggg
cgat ggct cc

cacttctgeg

Val
15

Tyr GAn lle Tyr Pro Arg Ser Phe Lys Asp Val Asn Gy Asp Ay Leu
20 25 30

Gy Asp lle Ala Gy Val Thr Gu Lys Met Asp Tyr Leu Lys Asn Leu
35 40 45
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420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1815



Ay

Asp

65

Ay

Ay

H s

Arg

Pro

145

Val

Asp

Leu

Al a

Ay

Pro

Lys

Trp

Ay

Val

50

Ay

Thr

e

Val

Asp

130

Pro

Al a

Val

Arg

H s

210

Arg

Leu

Val

Val

Gn

290

Phe

Asp Ala Ile

Ay

Met

Lys

Phe

115

Arg

Phe
195

Ay

Phe

Phe

Val

275

Ser

Arg

Tyr

Val
100
Phe

Tyr

Asp

Trp

Leu

Tyr

Asp

Asn

260

Pro

Phe

Asp
Asp

85

e

Lys

Ser

Al a

Ser

Al a

CL6220WOPCT_Sequenceli sting_ST25. t xt

Trp Leu Ser

Val
70
Phe

Val

Phe

150

Trp

Asp

Lys

Val

230

Arg

Tyr

H s

Phe

w—
g
[=X0)

55

e

Asp

Asp

Al a

Tyr

Pro

H s

Asp

Al a

Asp

Al a

e

Leu

120

Asp

Phe

Leu

Asp
1

Ay

p Leu

Ay

Val

Pro

H s

280

Phe

Al a

Pro Phe Tyr

Tyr

Met

Val

105

Al a

Ay

Phe

H s

Val

H s

Pro

265

Leu

Al a

Ay

Arg

Al a

90

Pro

Al a

Arg

Ay

Leu

170

H s

Asp

Ser

Leu

Asp

Arg

Tyr

Gn

Leu

Page 61

Asn
75

Lys

Gu

—
O}
or<

Phe

Ay

Lys

Asn

235

e

Phe

Al a

Al a

Lys
315

Pro Ser Asp Leu
60

Val

Al a

H s

Pro

140

Pro

Asp

Phe

Pro

220

H s

Tyr

Al a

Ser

Asn

300

Al a

Asp

Al a

Thr

H s

Al a

Lys

Phe

Arg

Leu

Asp

Arg

Val

Vet

285

Trp

Al a

Pro

H s

Ay

Trp

Al a

Lys

190

e

Phe

Al a
270
Asp

Tyr

Al a

Arg

Gu

95

Asp

Pro

Gu

Al a

Lys

Asp

Gu

Ser

Al a

Al a

Leu

80

Al a

Lys

Al a

Leu

Arg

Pro

Thr

Val

Leu

H s

240

Al a

Leu

Asp

Thr
320



Ay

Ser

Asp

Leu

385

Leu

Al a

Arg

Phe

Pro

465

Ser

Leu

Al a

Arg

Asp

Arg

Pro

Ay

Pro

Leu

Arg

Ay

Phe

Phe

Val

Ser

450

Leu

Pro

Pro

Asp

Met

Val

Asp

Ser

Ser

Pro

355

Leu

Hi s
Pro
435

Arg

Cys

Al a

Ay

Phe

Ay

Thr

Arg

H s

Leu

Pro

Val

Thr

420

Leu

Pro

Al a

Thr

Pro

500

Asp

Ser

Asp

Thr

Ser
580

Thr

325

Tyr

Asp

Ay

Ay

Al a

405

Al a

Pro

Thr

Al a

Arg

Leu

Ser

Leu

Asp

Ser

565

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Thr Trp Val

Ay

Trp

Thr

Al a

390

Asp

Trp

Pro

Ay

Al a

Trp

Met

Thr

Val

550

e

Val

Leu

Leu

Arg

Al a

Al a

Thr

Al a
455

Phe

Leu

Al a

535

Val

Thr

Leu

Pro

Leu

360

Arg

Tyr

Pro

Thr

Al a

440

Asp

Phe

Ay

Lys

Al a

520

Thr

Al a

Al a

Met

Arg

Al a

Trp

Vet

425

Al a

Asp

Ay

Val

Asp

Leu

Arg

Tyr

Phe

Ser
585

Asn
330

e

Arg

Tyr

Asp

Asp

Asp

Ay

Thr

Thr

490

Tyr

Tyr

Asp

Thr

Ay
570

Asn Hi s Asp Val

Lys

Ay

Al a

H s

Lys

Thr

Ay

Pro

Al a

Arg

Thr

Ay

Thr

Al a

380

Ay

Leu

Ay

Pro

Ay

Al a

Al a

Val

Al a

Thr

540

Al a

Al a

Gy Pro Leu

Page 62

Al a
Thr

365

Al a

Arg

Al a

445

Ser

Al a

Asp

Al a

525

Al a

Al a

Pro

Thr

Pro
350
Tyr

Leu

Asp

Asp

Leu

Phe

Asp

Val

510

Leu

Gu

Val

Val

Pro
590

Pro

335

Tyr

Pro

Met

Leu

Pro

415

Ay

Al a

H s

Ay

Pro

495

Al a

Ay

Al a
575

Gu

Arg

H s

Thr

Cys

Asp

Val

Phe

480

H s

e

Val

Ay

Leu

Al a



An Leu Pro Thr Asp Thr Ser Ala Trp Va

595

<210>
<211>
<212>
<213>

21
1812
DNA
Arti

<220>
<223>

<400> 21
gt gacagcaa

ccgagat cat
aaaat ggact
agcgat ct gg
ggcacgat gg
attgtcgata
gccget gaac
cacggcgage
ot ggcggacy
aaaaat cctg
acggacggat
ctt gaggagce
cctetgtttg
gaat at gatc
ctgtacgett
t ggt at gcag
ggaggat caa
t at ggcet ge
agaaacggca
gct ct gat gg
cttttcgaag
gcccaggega
gccgat gage
gagaaccatg
t caccggcga
ctgtggttca
ct gt at agag

ficial

ataatcttaa
t t aaagacgt
at ct gaagaa
ct gacggagg
aggatttcga
ttgttccgaa
ct ggaagccc
ttcctectaa
gccaat ggt a
atattcacga
ttagaattga
tt ggaagaga
acagaagaga
cgccgagat t
caat ggacga
atgaatttag
cgacaacatg
ctcagattaa
cgacgt accc
aact gggact
tt gcagacat
caat ggat aa
ct gcact ggc
tgcegetttg
cgagagcgga
aggatt at gc
cggcect gge

CL6220WOPCT_Sequenceli sting_ST25. t xt

600

sequence

Bl od u1_codon-optim zed

cgatgattgg
t aat ggcgac
tct gggagt g
ctacgatgtc
cgcgat ggcg
t cat acggeg
ggct agagat
cgact ggcaa
cctgcatctt
agagttt aag
t gt cgcacac
at at agcgt g
ggt t cat gac
t gcggt t get
gct t ggecag
agaggct at t
ggt t at gaat
gggcgcaccg
ggaagat aga
gccet ggegea
t ccgt gggat
gggcagagac
agacttctca
t gcagcegge
aggcgt caca
tgttgacgtt

tatt agacaa

Val

t ggaaacaag
ggact gggag
gat gcgat tt
attgattata
aaggcagccc
gacaaacatg
agat acat tt
tcattcttcg
tttgataagg
aaaacactta
ggcct tgcga
gttggagttc
atttatagag
gaggect ggg
t cattcaact
gct get ggee
aat cacgatg
t at caccagc
gagct gggaa
gcat acat ct
cat ct ggaag
ggat gt agag
agaccgacac
cagtttggca
cct gect gcag
gagcaagcag

gaaagcctta
Page 63

Gn

cagtggttta

at at t gcggg
ggct gt cacc
gaaat gt gga
at gaagcagg
tgttttttca
t cagagat gg
gaggccct gc
cacagccgga
gattctggtc
aagat ct gga
t gaat cat ga
aat ggagaaa
ttgtgcctga
ttgattttge
t gaaagcagc
ttcctagatc
ttccgcacga
caagaagagc
at caaggcga
at cct acagc
t cceget gee
cggccgacga
caggcgct ag
at cct cacct
acccggact ¢

cggcaacgag

ccaaat ct ac
cgt gacagag
gttctatccg
t ccgagact t
catt aaggtt
agaggcact t
cagaggcgaa
at gggcaaga
tgttaattgg
agat cat ggc
gt caaaaccg
cttcagccac
agttttcaat
gcat caacat
ccaagcaaat
ggct gaaacg
accgt caaga
ttggctgett
aagagcagca
agaact t gga
atttcacaca
gt ggacagct
cggaacaggc
ctttggattt
gccgcaacct
aat gcttgca

agacacgaca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620



CL6220WOPCT_Sequenceli sting_ST25. t xt

gcggagcaag ttgatatggg cgatgatgtt gttgcettata caagagccge agttggcgga 1680
agagtcttta cgtcaattac aaattttggc aatgcaccgg ttgcacttcc ggatggctca 1740
gttgttctgg catcaggecc gettacacct gaagcacaac tgcectacaga tacgtcagea 1800
tgggtcgttc aa 1812
<210> 22

<211> 604

<212> PRT

<213> Bifidobacterium Il ongum

<400> 22

Met Thr Ala Asn Asn Leu Asn Asp Asp Trp Trp Lys G n Ala Val Vval
1 5 10 15

Tyr GAn lle Tyr Pro Arg Ser Phe Lys Asp Val Asn Gy Asp Ay Leu
20 25 30

Gy Asp lle Ala Gy Val Thr Gu Lys Met Asp Tyr Leu Lys Asn Leu
35 40 45

Gy Val Asp Ala lle Trp Leu Ser Pro Phe Tyr Pro Ser Asp Leu Al a
50 55 60

Asp Ay Gy Tyr Asp Val lle Asp Tyr Arg Asn Val Asp Pro Arg Leu
65 70 75 80

Gy Thr Met Gu Asp Phe Asp Ala Met Ala Lys Ala Ala His Gu Ala
85 90 95

Gy lle Lys Val Ile Val Asp Ile Val Pro Asn His Thr
100 105

Asp Lys

==
o E
o

His Val Phe Phe G n GQu Ala Leu Ala Ala Qu Pro Gy Ser Pro Ala
115 120 125

Arg Asp Arg Tyr Ile Phe Arg Asp Gy Arg Gy Gu His Gy Gu Leu

Pro Pro Asn Asp Trp G n Ser Phe Phe Gy
145 150

Pro Ala Trp Ala Arg

—
O}
o<

Val Ala Asp Ay Gn Trp Tyr Leu His Leu Phe Asp Lys Ala G n Pro
165 170 175

Asp Val Asn Trp Lys Asn Pro Asp Ile His Gu GQu Phe Lys Lys Thr
180 185 190

Leu Arg Phe Trp Ser Asp His Gy Thr Asp Gy Phe Arg Ile Asp Val
195 200 205

Page 64



Al a

Lys

Trp

Ay

Ay

Ser

Asp

Leu

385

Leu

Al a

Arg

Phe

Pro
465

H s

210

Arg

Leu

Val

Val

Phe

Ay

Pro

Leu

Arg

Ay

Phe

Phe

Val

Ser

450

Leu

Ay

Phe

Phe

Val

275

Ser

Arg

Ser

Ser

Pro

355

Leu

H s

Pro
435

Arg

Leu

Tyr

Asp

Asn

260

Pro

Phe

Thr

Arg

H s

Leu

Pro

Val

Thr

420

Leu

Pro

Al a

Al a

Ser

Al a

Thr

325

Tyr

Asp

Ay

Ay

Al a

405

Al a

Pro

Thr

Al a

CL6220WOPCT_Sequenceli sting_ST25. t xt

Lys Asp Leu Gu Ser Lys Pro Leu Qu Gu

Val

230

Arg

Tyr

H s

Phe

w—
g
[=X0)

Thr

Ay

Trp

Thr

Al a

390

Asp

Trp

Pro

Ay

215

Val

Asp

Al a

Trp

Leu

Leu

Arg

Al a

e

Al a

Thr

Al a
455

Ay

Val

Pro

H s

280

Phe

Al a

Val

Pro

Leu

360

Arg

Tyr

Pro

Thr

Al a

440

Asp

Phe

Val

H s

Pro

265

Leu

Al a

Ay

Met

Arg

Al a

Trp

Vet

425

Al a

Asp

Ay

Leu

Asp

Arg

Tyr

Leu
Asn

330

e

Arg

Tyr

Asp

Asp

Asp

Ay

Thr

Page 65

Asn

235

e

Phe

Al a

Al a

Lys

Ay

Al a

H s

Lys

Thr

Ay

220

H s

Tyr

Al a

Ser

Asn

300

Al a

H s

Ay

Thr

Al a

380

Ay

Leu

Ay

Pro

Ay

Al a

Asp

Arg

Val

Vet

285

Trp

Al a

Asp

Al a

Thr

365

Al a

Arg

Al a
445

Ser

Phe

Al a

270

Asp

Tyr

Al a

Val

Pro

350

Tyr

Leu

Asp

Asp

Leu

Asn

Phe

Ser

Al a

Pro

335

Pro

Met

Leu

Pro

415

Ay

Al a

H s

Ay

Leu

H s

240

Arg

Al a

Leu

Asp

Thr

320

Arg

H s

Gu

Gu

Ay

Thr

Cys

Asp

Val

Phe
480



Ser Pro Ala

Leu Pro

Ala Asp Pro

515

Arg

Asp Met Gy

Arg Val Phe

Pro Asp Gy

Pro
595

Leu

<210>
<211>
<212>
<213>

23
1812
DNA
Arti

<220>
<223>

<400> 23

Thr Arg

Pro Leu

500

Asp Ser

Ser

Leu

Asp Asp

Trp

Met

Thr

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ala Gu Gy Vval

Phe Lys

Al a
520

Leu

Al a
535

Thr

Val Al a

550

Thr Ser

565

Ser
580

Val

Thr Asp

ficial

e

Val

Thr

Thr

Leu Al a

Ser Ala

600

sequence

Bl od u2_codon-optinm zed

gt gacggcaa acaat ct gaa t gat gattgg

cctagatcat ttaaggatgt taatggcgac

aaaat ggat t
agcgacct gg
ggcacgat gg
attgttgata
gcaagcgaac
cat ggcgaac
gt cccggacg
aaaaat cctg
acggat ggat
ctt gaagagc
ccgetttttg

at ct gaagaa
ccgat ggegg
acgattttga
ttgtcccgaa
ct ggct cacce
t gcct ccgaa
gccaat ggt a
at at ccat ga
t cagaattga
t t ggaagaga

acagaagaga

t ct gggegt t
ctatgacgtg
cgcaat gget
ccacacagca
ggcgagagac
cgat t ggcaa
ccttcacctg
agagttt aag
t gt t gcacac

atactcagtc

ggt gcat gat

Thr
490

Asp Al a

505

Tyr

Leu Tyr Arg

Arg Asp Thr

Tyr Thr
Phe Gy

Ser
585

Gy Pro

Trp Val Val

t ggaaacaag
ggcct gggag
gacgccat tt
attgattata
gaagccgcac
gacaagcacg
agat acat tt
tcattctttg
ttcgat aaag
aagacgctta
ggact t gcaa
gttggegttc

at tt acagag

Page 66

Pro Ala Ala Asp Pro

Val Val

510

Asp

Ala Ala

525

Leu

Thr
540

Ala GQu

Ala Al a Val

Ala Pro Val

Thr Pro

590

Leu

cagtggtcta
at att gcagg
ggct gt cacc
gaaat gttga
acgaggct gg
tttttttcaa
tt agagacgg
gcggacct gc
ct cagcegga
gattttggtc
aggatcttga
tt aat cacga

aat ggagaaa

H s
495

Gu
Ala lle
A n Va

Ay Ay

Al a
575

Leu

Gu Ala

tcagattt at
cgt gacggaa
gttttacccg
cccgagactg
cattaaagtt
agaagcgct g
aagaggagag
tt gggct aga
t gt gaattgg
agat cat gga
at caaaacct
cttttcacac

agttttcaat

60
120
180
240
300
360
420
480
540
600
660
720
780



gaat at acac
ctttatgcat
t ggt acgct g
ggaggaagca
t acggecttc
agagat ggca
gcect gat gg
ctgtttgagg
gct caggcga
t cagacgaac
gagaat cat g
agccct geceg
ctttggttta
ct gt at cacg
gct gagcagg
agaacattta
gt ggt gct ga
tgggttatta
<210>
<211>

<212>
<213>

24
604
PRT

<400> 24

Met Thr Ala Asn Asn Leu
1 5
Tyr Gn lle Tyr

Gy Asp lle Ala
35

Gy Va
50

Asp Ay Ay Tyr
65

Gy Thr Met Asp

Asp Al a

cgccgagat t
caat ggat ga
atgaatttag
cgacaacatg
ctcaggttaa
cgacgt at cc
agct gggact
tt gct gacat
caat ggacaa
cggcact tgc
ttcctetgtg
tt agagcaga
aagattat gc
ct gcact ggc
t ggacat ggg
cgt cagttac
cgagcggacc

ag

Pro
20

Ay
Ile

Asp

Asp
85

Arg

Val

Trp

Val

70

Phe

CL6220WOPCT_Sequenceli sting_ST25. t xt

cgcagt cgec
act t ggccag
aaaagcaatc
ggt cat gaac
aggcgcaccg
ggaggat aga
gcct ggagea
t cct t gggat
gggcagagat
agacttctca
cget get gga
cggagttaca
agt ggatgtc
aat t agacaa
agcagat gt g
gaact tt ggc

gct t acgect

Bi f i dobacterium | ongum

Asn Asp

Ser Phe

Thr Au

40

Leu Ser

55

I1e Asp

Asp Al a

gaggcgt ggg
tcatttaact
gct gceggece
aat cat gacg
t at caccaac
gaact gggaa
gcct at at ct
agact ggaag
ggat gcagag
agacct gccce
caat t cggaa
cct geggeeg
gagcaagcag
gaat cact ga
gttgcatata
acagct ccgg

gacggacagc

Asp Trp
10

Lys Val

25

Asp

Lys Met Asp

Pro Phe Tyr

Asn
75

Tyr Arg

Met Ala Gu

90

Page 67

t ggt gcct ga
tcgatttcge
t gaaagcagce
tccctagatc
ttccgcacga
caagaagagc
at caaggcga
at ccgacagc
ttcegettcee
ct gcagacga
caggcgcttce
acccgcat ct
at ccggactc
cagct acaag
gaagagccgce
tttcactgcce

t gccgacaga

Lys G n Ala

Ay Asp

30

Leu
45

Tyr Lys

Pro Ser

60

Asp

Val Asp Pro

Ala Ala Hi s

acat cagcat
t caagcaaat
ggcagaaaca
accgt caaga
ctggetgetg
aagagcggct
ggaact t gga
gtttcataca
gt ggacggcg
cggcacaggce
attcggcttt
gcct caaccg
aat gt at acg
agat acaaca
ggt cgaagga
ggaaggct ca

cacaagcgca

Val
15

Val
Gy Leu
Leu
Al a

Leu

Leu
80

Arg

Gu
95

Al a

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1812



Ay

H s

Arg

Pro

145

Val

Asp

Leu

Al a

Ay

Pro

Lys

Trp

Ay

Ay

Ser

Val

Asp

Pro

Pro

Val

Arg

H s

210

Arg

Leu

Val

Val

Phe

Ay

Pro

Leu

Lys

115

Arg

Phe
195

Ay

Phe

Phe

Val

275

Ser

Arg

Ser

Ser

Pro
355

Val
100
Phe

Tyr

Asp

Trp

Leu

Tyr

Asp

Asn

260

Pro

Phe

Lys

Thr

Arg

H s

e

Lys

Lys

Ser

Al a

Ser

Al a
Thr
325

Tyr

Asp

6220WOPCT_Sequenceli sting_ST25. t xt
& al gro Asn His Thr Ala Asp

Val

Gu

Phe

150

Trp

Asn

Asp

Lys

Val

230

Arg

Tyr

H s

Phe

Thr

Ay

Trp

Asp Ile Val

Al a

Tyr

Pro

H s

Thr

Asp

Al a

Trp

Leu

Leu

Leu
120
Asp

Phe

Leu

Asp
1

Ay

p Leu

Ay

Val

Pro

H s

280

Phe

Al a

Val

Pro

Leu
360

105

Al a

Ay

Phe

H s

Val

H s

Pro

265

Leu

Al a

Ay

Met

Ser

Arg

Ay

Leu

170

H s

Asp

Ser

Leu

Asp

Arg

Tyr

Gn

Leu

Asn

330

Val

Gu

—
>
o<

Phe

Ay

Lys

Asn

235

Phe

Al a

Al a

Lys

Pro

140

Pro

Asp

Phe

Pro

220

H s

Tyr

Al a

Ser

Asn

300

Al a

H s

Ay

Asp Gy Thr

Page 68

—
o Q@
o<

Al a

Lys

Phe

Arg

Leu

Asp

Arg

Val

Vet

285

Trp

Al a

Asp

Al a

Thr
365

110

Ser

Ay

Trp

Al a

Lys
190

Phe

Al a

270

Asp

Tyr

Al a

Val

Pro

350

Tyr

Pro

Al a

Lys

Asp

Ser

Trp

Gu

Gu

Al a

Gu

Pro

335

Tyr

Pro

Lys

Al a

Leu

Arg

Pro

Thr

Val

Leu

H s

240

Arg

Al a

Leu

Asp

Thr

320

Arg

H s

Gu



CL6220WOPCT_Sequenceli sting_ST25. t xt
Asp Arg Gu Leu Gy Thr Arg Arg Ala Arg Ala Ala Ala Leu Met Qu
370 375 380

Leu Ay Leu Pro Ay Ala Ala Tyr Ile Tyr An Gy Gu Gu Leu Gy
385 390 395 400

Leu Phe Gu Val Ala Asp Ile Pro Trp Asp Arg Leu Gu Asp Pro Thr
405 410 415

Ala Phe His Thr Ala G n Ala Thr Met Asp Lys Ay Arg Asp Ay Cys
420 425 430

Arg Val Pro Leu Pro Trp Thr Ala Ser Asp Gu Pro Ala Leu Ala Asp
435 440 445

Phe Ser Arg Pro Ala Pro Ala Asp Asp Ay Thr Gy Gu Asn H s Val
450 455 460

Pro Leu Cys Ala Ala Ay Gn Phe Ay Thr Ay Ala Ser Phe Ay Phe
465 470 475 480

Ser Pro Ala Val Arg Ala Asp Ay Val Thr Pro Ala Ala Asp Pro His
485 490 495

Leu Pro Gn Pro Leu Trp Phe Lys Asp Tyr Ala Val Asp Val Gu Gn
500 505 510

Ala Asp Pro Asp Ser Met Tyr Thr Leu Tyr His Ala Ala Leu Ala lle
515 520 525

Arg Gn Gu Ser Leu Thr Ala Thr Arg Asp Thr Thr Ala Gu G n Val
530 535 540

Asp Met Gy Ala Asp Val Val Ala Tyr Arg Arg Ala Ala vVal Gu Gy
545 550 555 560

Arg Thr Phe Thr Ser Val Thr Asn Phe Ay Thr Ala Pro Val Ser Leu
565 570 575

Pro Qu Ay Ser val val Leu Thr Ser Ay Pro Leu Thr Pro Asp Gy
580 585 590

Gn Leu Pro Thr Asp Thr Ser Ala Trp Val lle Lys
595 600

<210> 25

<211> 1815

<212> DNA

<213> Bifidobacterium Il ongum

<400> 25
at gaccgcca acaacctcaa tgacgactgg tggaagcagg ccgtcgtcta ccagatctac

Page 69



ccgecgeaget
aagat ggat t
t cggat ct gg
ggcaccat gg
at cgt ggaca
gcct ccgaac
cacggcgaac
gt gcccgacg
aagaat ccgg
accgacggct
ct ggaggagce
ccgetgttceg
gaat acact ¢
ctgtacgett
t ggt at gceg
ggcggcet cca
t at ggt ct gc
cgcgacggea
gcgct gat gg
ctgtttgagg
acccgcaaca
gccgat gage
gaaaaccatg
t cceet gegg
ctgtggttca
ct gt atcgeg
gccgageagg
cgggtgttca
gtgotgctgg
tgggttatca
<210>
<211>

<212>
<213>

26
604
PRT

<400> 26

t caaggacgt
acct gaagaa
€ggacggcgg
acgacttcga
t cgt gcccaa
ct gget ccee
t gccgecgaa
gccagt ggt a
acat ccacga
t ccgeat cga
t cggeecgega
accgecgcega
cgecgeget t
cgat ggacga
acgagt tccg
ccaccacgtg
cgcaggt caa
ccacct accc
agct cggect
t ggccgat at
cgat ggacaa
cggcect t gge
tgcegetgtg
ttcgegecga
aggat t acgc
ccgcact ggc
t ggacat ggg
cct caat cac

cgt ccggece

agt ag

CL6220WOPCT_Sequenceli sting_ST25. t xt

caacggcgac
cct cggegt ¢
ctacgacgtg
cgcgat ggee
ccacaccgec
cgcacgcgat
cgact ggcag
cctgeatctg
ggagt t caaa
cgt agcgcac
at acagcgt g
ggt gcacgac
cgeegt ggee
gct gggccag
caaggccat ¢
ggt cat gaac
gggcgegeceg
ggagaaccgc
gceeggt gee
t ccgt gggat
gggccgcegac
cgatttcagce
cgeegeegge
t ggcgt gacg
ggt ggacgtg
gat t cgccag
cgacgatgtg
caact t cggc

gct gaccecce

Bi f i dobacterium | ongum

ggact cggcg
gacgcgat ct
at cgact acc
gaggccgege
gacaagcacg
cgct at at ct
tcettctteg
tt cgacaagg
aagaccct gc
ggcct ggeca
gt cggegt gc
at ct accgcg
gaggcgt ggg
tcctt caact
geecgeeggge
aat cat gacg
t at caccagc
gaact cggca
gcat acat ct
cact t ggagg
ggct geegeg
cgt ccgget ¢
cagt t cggca
ccggecgecg
gagcaagccg
gagt cget ga
gt ggcgt aca
aat gccccgg

gaaggccagc

Page 70

acat cgccgg
ggct ct ceee
gcaacgt cga
acgaggccgg
tgttcttcaa
t ccgt gacgg
gcggeeccgge
cgcageegga
gcttetggte
aagaccttga
t gaaccacga
aat ggcgcaa
t ggt gcccga
t cgact t cge
t caaggcggce
t gccgegeag
t gccacacga
ccegeegt ge
at cagggcga
at ccgaccgce
t gccget gee
cggccgat ga
cgggegettce
acccgcacct
acccggact ¢
ccgecacgeg
ccecgegegge
t cgcget gee

t ccccaccga

cgt caccgag
gttctaccce
cccgegect a
cat caaagtg
ggaagccctc
ccgeggegag
ct gggcgege
cgt caact gg
cgaccacggc
at ccaagccg
cttcagccac
ggt gt t caac
gcaccagcac
gcaggccaac
ggccgaaacc
ccect ceege
ctggetgetg
ccgt geegece
ggaact gggc
cttccacacc
gt ggaccgec
cggt accggce
cttcggettce
gccgeagecg
gat gct cgeg
cgacaccacg
got t ggcggg
cgat ggct cc

cacttctgeg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1815



Tyr

Ay

Ay

Asp

65

Ay

Ay

H s

Arg

Pro

145

Val

Asp

Leu

Al a

Ay

Pro

Lys

Thr

Asp
Val
50

Ay

Thr

Val

Asp

Pro

Pro

Val

Arg

Arg

Leu

Val

Al a
e
e
35
Asp
Ay
Met
Lys
Phe

115

Arg

Phe
195

Ay

Phe

Phe

Tyr

20

Al a

Al a

Tyr

Asp

Val

100

Phe

Tyr

Asp

Trp

Leu

Tyr

Asp

Asn
260

Pro

Ay

Asp

Asp

85

Lys

e

Trp

165

Lys

Ser

Al a

Ser

CL6220WOPCT_Sequenceli sting_ST25. t xt
Leu Asn Asp Asp 1TE)p Trp Lys Gn Ala

Arg

Val

Trp

Val

70

Phe

Val

Phe

150

Trp

Asp

Lys

Val

230

Arg

Tyr

Ser

Thr

Leu

55

Asp

Asp

Al a

Tyr

Pro

H s

Thr

Phe

Gu

40

Ser

Asp

Al a

Leu
120
Asp

Phe

Leu

Asp
1

Ay

p Leu

Ay

Val

Pro

Lys

25

Lys

Pro

Tyr

Met

Val

105

Al a

Ay

Phe

H s

Val

H s

Pro
265

Asp

Met

Phe

Arg

Al a

Pro

Ser

Arg

Ay

Leu

170

H s

Asp

Ser

Leu

Asp

Arg

Page 71

Val

Asp

Tyr

Asn
75

—
O}
o<

Phe

Ay

Lys

Asn
235

Phe

Asn

Tyr

Pro

60

Val

Al a

H s

Pro

140

Pro

Asp

Phe

Pro

220

H s

Tyr

Al a

Val
15

Gy Asp Gy
30

Leu

45

Ser

Asp

Al a

Thr

H s

Al a

Lys

Phe

Arg

Leu

Asp

Arg

Val

Lys

Asp

Pro

H s

Ay

Trp

Al a

Phe

Al a
270

Asn

Leu

Arg

Gu

95

Asp

Pro

Al a

Lys

Asp

Ser

Val

Leu

Leu

Al a

Leu

80

Al a

Lys

Al a

Leu

Arg

Pro

Thr

Val

Leu

H s

240

Arg

Al a



Trp

Ay

Ay

Ser

Leu

385

Leu

Al a

Arg

Phe

Pro

465

Ser

Leu

Al a

Arg

Val

Phe

Ay

Pro

Leu

Arg

Ay

Phe

Phe

Val

Ser

450

Leu

Pro

Pro

Asp

Val

275

Ser

Arg

Ser

Ser

Pro

355

Leu

Hi s
Pro

435

Arg

Al a

Pro

Phe

Lys

Thr

Arg

H s

Leu

Pro

Val

Thr

420

Leu

Pro

Al a

Val

Pro

500

Asp

Ser

Gu

Al a

Thr

325

Tyr

Asp

Ay

Ay

Al a

405

Thr

Pro

Al a

Al a

Arg

Leu

Ser

Leu

CL6220WOPCT_Sequenceli sting_ST25. t xt
His An His Leu Tyr Ala Ser Met Asp Gu

Phe

w—
g
[=X0)

Thr

Ay

Trp

Thr

Al a

390

Asp

Arg

Trp

Pro

Ay

Al a

Trp

Met

Thr

Asp

Al a

Trp

Leu

Leu

Arg

Al a

e

Thr

Al a

455

Asp

Phe

Leu

Al a
535

280

Phe

Al a

Val

Pro

Leu

360

Arg

Tyr

Pro

Thr

Al a

440

Asp

Phe

Ay

Lys

Al a

520

Thr

Al a

Ay

Met

Arg

Al a

Trp

Vet

425

Al a

Asp

Ay

Val

Asp

Leu

Arg

Gn

Leu

Asn

330

Val

Asp

Arg

Tyr

Asp

Asp

Asp

Ay

Thr

Thr

490

Tyr

Tyr

Asp

Page 72

Al a

Lys

Ay

Al a

H s

Lys

Thr

Ay

Pro

Al a

Arg

Thr

Asn

300

Al a

H s

Ay

Thr

Al a

380

Ay

Leu

Ay

Pro

Ay

Al a

Al a

Val

Al a

Thr
540

285

Trp

Al a

Asp

Al a

Thr

365

Al a

Arg

Al a

445

Ser

Al a

Asp

Al a

525

Al a

Tyr

Al a

Val

Pro

350

Tyr

Leu

Asp

Asp

Leu

Phe

Asp

Val

510

Leu

Al a

Pro

335

Tyr

Pro

Met

Leu

Pro

415

Ay

Al a

H s

Ay

Pro

495

Al a

Leu

Asp

Thr

320

Arg

H s

Gu

Gu

Ay

Thr

Cys

Asp

Val

Phe

480

H s

Gn

e

Val



Asp Met Gy
545
Arg Val Phe
Pro Asp Gy
Gn Leu Pro
595
<210> 27
<211> 1812
<212> DNA
<213> Arti
<220>
<223>

<400> 27

Asp Asp Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Val

550

Thr Ser

565

Ser Val
580

Thr Asp Thr Ser Ala Trp Val

ficial

Val

600

sequence

Bl od u3_codon-optinm zed

gt gacagcaa acaacctgaa tgacgact gg

cctagatcat ttaaggacgt taatggcgat

aagat ggat t
t cagacct gg
ggcacaat gg
attgttgata
gcct cagaac
cacggcgage
gt ccct gacg
aaaaaccct g
acagacggat
ct ggaggaac
ccgetgtttyg
gaat at acac
ct gt at gcat
t ggt at gcag
ggcggat caa
t at ggcet ge
agagacggca
gcgettatgg
ctttttgagg

acaagaaat a

acctt aaaaa
ct gat ggcgg
atgattttga
tcgttcctaa
cgggct cacc
t gcct ccgaa
gacaat ggt a
acat ccat ga
ttagaattga
t gggaagaga
acagaagaga
cgccgagat t
caat ggacga
at gagttcag
cgacaacatg
cgcaggttaa
cgacgt accc
aact t ggact
t ggcagat at
cgat ggat aa

cct gggegt t
ctat gacgtt

cgcaat ggcc
t cat acagca
t gcaagagat
t gact ggcaa
tct gcacctt
agaattt aag
t gt ggcacat
gt acagegt t
agt gcat gac
t gcagt cgca
gct gggecaa
aaaagctatc
ggt cat gaat
gggcgcaccg
ggagaat aga
gect ggageg
t cct t gggat
aggcagagat

555

Ile Thr Asn Phe Ay Asn

570

Leu Ala Ser Ay Pro
585

e

t ggaaacagg
ggact gggag
gatgctattt
atcgattata
gaagccgege
gat aagcat g
agat acat tt
tcattttttg
ttcgat aaag
aaaacact ga
ggact t gcaa
gttggegttc
at ct acagag
gaagcat ggg
tcattcaatt
gct gegggee
aat cacgatg
t at cat cagc
gagct gggaa
gcttacattt

cat ctt gaag

ggctgcagag
Page 73

Ala Tyr Thr Arg Ala Ala Va

Ala Pro Val

Leu Thr Pro

590

Lys

ccgtegtgta
at att gcagg
ggct gt cacc
gaaat gt gga
at gaagcggg
tttttttcaa
tt agagacgg
gaggacct gc
cacaaccgga
gattttggtc
aagat ct gga
ttaatcatga
aat ggagaaa
t ggt gcet ga
tcgactttge
t gaaagcagc
ttccgagatc
ttccgcacga
cgagaagagc
at cagggcga
at ccgacagc

tgcctct gee

Ay Ay
560

Al a Leu
575

Gu Gy

tcaaatttac
cgt cacggag
gttttacccg
tcct agact g
aat t aaagt t
agaagcact g
aagaggcgaa
at gggcaaga
tgttaattgg
agat cacggc
aagcaaaccg
cttttcacat
ggtgtttaac
acaccaacat
acaagct aat
agct gagacg
accgt caaga
ttggcttctg
aagagcagcg
ggagct t gge
atttcacaca

gt ggacagct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



gccgat gage
gagaaccacg
t caccggecg
ctgtggttta
ct gt at agag
gcggaacagg
agagttttta

gtcgttctgg
tgggttatta

<210>
<211>
<212>
<213>

28
585
PRT

<400> 28

Met Thr Leu
1

Tyr G n Val

Gy Asp lle
35

Gy Va

50

Asp

ASp
65

Ay Gy

Ay Thr Leu

Gy Leu Lys

H's Pro

-

—_ =
1o

Arg Asp

130

Pro Pro

145

Ala Gy Asp

ctgeccttge
ttcctetgtg
tt agagccga
aagat t at gc
ctgcacttge
t cgacat ggg
caagcatt ac

ctt caggacc

ag

Asn

Tyr Pro

20

Ala Gy

Al a Leu

Tyr Asp

Asp Asp

85

Val
100

Val

Phe

Tyr

Trp

Asn Thr

Arg

Trp
Val
70

Phe

Val

Phe

CL6220WOPCT_Sequenceli sti ng_ST25.

cgactttagce
t gcagcgggce
tggcgttaca
agttgacgtt
t att agacaa
cgatgatgtc
aaattttggc

t ct gacaccg

H's Asp

Ser Phe

Thr Ser

40

Leu Ser

55

Asp

Asp Al a

Asp Ile

Al a Leu

120

Asp

Leu

150

Gy Gn

Trp

Tyr Leu

agaccggcac
cagtttggca
ccgget gegg
gaacaagccg
gaatcactta
gtcgcat ata
aacgcacctg

gagggacaac

Bi f i dobact eri um pseudol ongum

Asp Trp Trp
10

Arg Al a

25

Asp

Arg Pro

Pro Phe Tyr

Asn
75

Tyr Arg

Met Val

90

Al a

Val
105

Pro

Ala Ser Ala

Gy Gy

Phe Ay Gy
5

15

H s Leu Phe

Page 74

ct gccgacga
cgggagcat ¢
acccgcat ct
atcctgattc
cggcaacgag
cgagagcggce
t cgcact gcc

t gcct acaga

Lys Al a

Asn Gy Asp

30

Leu
45

Tyr Arg

Pro Ser

60

Val Asp Pro

Ala Ala Hi s

His Thr Ser

110

Pro Ser

125

Al a
140

Hs Ay

Pro Ala Trp

Thr Lys

t xt

cggaacggga
atttggattc
gcct cageeg
aat gct ggca
agat acaacg
cgt gggagga
ggat ggcagce

cacgt cagct

Val
15

Val
Gy Leu
Leu
Al a

Leu

Leu
80

Arg

Ser
95

Al a

Met

Al a

Pro

Leu

Gu Ala

160

Pro

1380
1440
1500
1560
1620
1680
1740
1800
1812



Asp

Leu

Al a

Al a

Phe

Leu

305

Thr

Tyr

Asp

Ay

Ay

Al a

Asp

Pro

Leu
Arg
His
210
Arg

Arg

Gu
Asn
290
Al a
Thr
Ay
Trp
Thr
370
Ser
Thr
Hi s

Trp

Phe

195

Ay

Phe

Pro

Tyr

H s

275

Phe

Trp

Leu

Leu

355

Arg

Val

Ser

Ser

Trp

Leu

Pro

Gu

Gu

Gu

Val

Pro

340

Leu

Arg

Tyr

Pro

165

Lys

Ser

Al a

Val

Val
245

p Pro

H s

Phe

Vet

325

Arg

Al a

Val

Trp

p Ala

CL6220WOPCT_Sequenceli sting_ST25. t xt

Asn Pro Asp Val

Asp

Lys

Ay

H s

Pro

Leu

Al a

@
o<

Ser

Val

Arg

Tyr

390

Asp

Al a

Asp

Arg

Arg

Tyr

Lys

Leu

Asn

H s

Ay

Al a

375

H s

Lys

Met

Phe

Al a

280

Al a

Al a

H s

Thr

Thr

360

Al a

Ay

Leu

Ay

Pro

185

y Val

Asp

Pro

Tyr

Al a

265

Ser

Asn

Ser

Asp

Arg

Thr

e

Gu

Gu

Arg

Gn

170

His Qu Asp Phe Arg

Asp

Ser

Val

Arg

Val

Lys

Trp

Al a

Val

330

Ay

Tyr

Leu

Asp
410

Ay

Pro

235

Ay

Asp

Phe

Asp

Pro

Tyr

Met

Leu
395

Pro

Phe
Pro
220

Ay

Trp

Gu

Al a

300

Arg

H s

Ay

Val

Asp Ay Cys

Pro Ala Pro

Page 75

Arg

205

Leu

H s

Asn

Al a

Leu

285

Asp

Ser

H s

Asp

Leu

Leu

Al a

Arg

Trp

190

e

Lys

Pro

Lys

Trp

Ay

Asp

Lys

Val

Leu

350

Arg

Ay

Pro

Phe

Val

430

Asp

175

Thr

Asp

Asp

Leu

Val

255

Val

Phe

Ser

Ser

335

Pro

Leu

Asn
415

Pro

Pro

Thr

Val

Leu

Trp

Phe

Pro

Val

Arg

Thr

320

Arg

Leu

Pro

Val

400

Thr

Leu

Gu



Phe

Al a

465

Al a

Arg

Thr

Asp

Phe

545

Ay

Al a

Ay

Ser

Al a

Arg

Ser

Val

530

Val

Asp

Asp

435

Thr

Al a

Asp

Al a

Leu

515

Val

Cys

Val

Al a

Ay

Asp

Met

Met

500

Thr

Al a

e

Met

Al a

Al a

Pro

H s

Trp

Tyr

Val

Met

565

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ser

H s

470

Asp

Trp

Leu

Al a

Asn

550

Arg

Trp

440

Phe Gy Phe Ser Gu His
455 460

An Leu

475

Leu Pro Pro Trp

Thr Asp Al a Ser

490

Pro Met

Arg His Leu Thr

Ser Pro Ser Phe Al a

520

Arg Pro Leu Ala Asp Asp

Phe Ala Ala Ser

555

Ay e

Ser Phe

570

Pro Asp Ay

Met Arg

445

Ala Ay Gy

Tyr Ala Gy

Leu Asn Leu

495

Pro Thr
510

Ay

Asp Cys
525

Ay
Ser Gy Asp
Gu Leu

Pro

Leu
575

Tyr An

Arg

Tyr

480

Tyr

Asp

Asp

Arg

H s

560

Pro

<210>
<211>
<212>
<213>

29
1755
DNA
Arti

<220>
<223>

<400> 29

580

ficial

sequence

Bpsd ul_codon-optinm zed

gt gacact ga at aat acaca cgat gact gg

ccgagat cat
agaat cccgt
agcgagct gg
ggcacact gg
gttgttgata
gcgagcgeac
cacggcgage
gcaggegacg

aaaaatcctg

t t agagacgc
atcttagaca
cagacggcgg
acgactttga
tcgttccgaa
cgggat cacc
ttccgect aa
gacaat ggt a

acgt t cacga

t aacggcgat
acttggegt g
atat gat gt t
tgctatggtg
t cat acaagc
t gcgagagat
caat t ggcaa
cctgcacctt

ggatttcaga

t ggaaacaag
ggact gggag
gacgeget tt
attgattaca
gcggcet geee
aacat gcacc
agat acat tt
agectgtttg
tttacaaaag

acgacactta

Page 76

ccgttgtgta
acat cgcagg
ggctttcacc
gaaat gttga
at agcgcggg
cttggttcca
t cagagat gg
gaggaccggc
aacagcct ga

gattctggtc

tcaagtttat
cat t acgagc
gttttatcct
cccgagact t
act gaaagt t
agaggcgcet g
agaaggcgca
ct gggaagca
tctgaattgg

agacagaggc

60
120
180
240
300
360
420
480
540
600



gtt gat ggct
ct gaaggat ¢
gat agacctg
ccgect agat
t caaaggat g
gatgacttta
acaacat ggg
caagttcata
acatatattg
cttggacttc
gcaacaattc
gcagcaaaag
cagcct gege
gccggaggea
gct gccgat a
cact ggagac

caatcattcg

tt agaat cga
tt gagagat t
aagt gcacga
tcgetgttgg
agct gggaca
gact ggcaat
ttatgtcaaa
cgagaggct a
aagat agaga
ct ggat cagt
cttgggacca
gaagagacgg
cgt gggat cc
gagct t cage
t ggaggat ac
aggagcat ct

cagat t gcgg

CL6220WOPCT_Sequenceli sting_ST25. t xt

cgt t gcacat
cceggt cgga
gatttacaga
cgaagcat gg
agt gtt caac
t gaggagggc
t cacgacgtg
t cacgagctg
act gggcaca
ttatgtttat
cct ggaagat
at gt agagt g
ggaat tt ggc
agacccgcat
ggat cct gcg
t acacct aca

agat gatgtc

ggact tgcga
ggaaat ccgg
gagt ggaat a
gt gcct geeg
ttcgaatttg
ct ggect cag
ccgagacacg
cct aacgat t
agaagagcaa
Ccaaggcgagg
ccggt cgecet
ccget geegt
acgggcgcat
ct gccgcaac
t caat gct ga

ggcgat acat
gt ggcat acg

aagacct gga
ttccgggeca
aagtctttaa
aacat caaca
ct aaggcaaa
cggacgagt ¢
t gagcagat a
ggct get gag
gagccgegat
agct t ggect
t caacacaga
ggt caget ca
catttggatt
ctctgtggta
atctgtatag
cactgacatg

caagaccgct

agcggcgaca gatttgtttg cattgttaac ttcggagcag cgagceatcga

ggagacgtta tgatgagatc aatccctttc gatggatacc agcttcctge

gt gt ggat ga gaatt

<210> 30

<211> 585

<212> PRT

<213> Artificial sequence

<220>

<223> Bpsdul protein_encoded by optimzed sequence

<400> 30

Met Thr Leu Asn Asn Thr His Asp Asp Trp Trp Lys G n Ala

1 5 10

Tyr Gn Val Tyr Pro Arg Ser Phe Arg Asp Ala Asn Ay Asp
20 25 30

Ay Asp lle Ala Ay Ile Thr Ser Arg Ile Pro Tyr Leu Arg

35 40 45
Gy Val Asp Ala Leu Trp Leu Ser Pro Phe Tyr Pro Ser Gu
50 55 60
Asp Ay Gy Tyr Asp Val Ile Asp Tyr Arg Asn Val Asp Pro

Page 77

t agcgaaccg
t ccget gt gg
t gaat acgac
tctttatgee
ttggtttgea
aaaat caacg
t ggcettceg
aaat ggcaca
cct gat ggaa
gect gaggt g
t cact cagat
ggat at gccg
ct cagagcat
t gcaggcet at
aagagct at g
gct gt cacceg
ggct gacgat

actgcctcac

ggacgct gcg

Val
15

Val

Gy Leu

A n Leu

Leu Al a

Arg Leu

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1755



65

Ay

Ay

H s

Arg

Pro

145

Al a

Asp

Leu

Al a

Al a

Phe

Leu

305

Thr

Tyr

Thr

Leu

Pro

Asp

Pro

Ay

Leu

Arg

Arg

Arg

Asn
290
Al a

Thr

Ay

Leu

Lys

—

—_ =
[G2he]

Phe

195

Ay

Phe

Pro

Tyr

H s

275

Phe

Trp

Leu

Asp
Val
100

Phe

Tyr

Trp

Leu

Pro

Val

Pro

ASp
85

Val

e

Trp

165

Lys

Ser

Al a

Val

Val
245

p Pro

H s

Phe

Vet
325

70

Phe Asp Ala Met Val

Val

Phe

150

Trp

Asp

Lys

Ay

H s

Pro

Leu

Al a

)
o<

Val

Asp

Al a

Tyr

Pro

Arg

Arg

Tyr

Lys

295

Leu

H s

Leu

120

Asp

Leu

Leu

Asp

Ay

p Leu

Asn

Phe

Al a

280

Al a

Al a

H s

Thr

Val

105

Al a

Ay

Phe

H s

Val

185

Val

Asp

Pro

Tyr

Al a

265

Ser

Ser

Asp

Arg

90

Pro

Ser

Ay

Leu

170

H s

Asp

Ser

Val

Arg

Val

Lys

Trp

Al a

Val

330

Ay

Page 78

Al a

Al a

—
)
o<

Phe

Pro

235

Ay

Asp

Phe

Asp

Pro

Tyr

Al a

H s

Pro

Al a

140

Pro

Thr

Asp

Phe

Pro

220

Ay

Trp

Al a
300

Arg

H s

CL6220WOPCT_Sequenceli sting_ST25. t xt
75

Ala His Ser

Thr

—
o Q
o<

H s

Al a

Lys

Phe

Arg

Leu

H s

Al a

Leu

285

Asp

Ser

H s

Ser
110
Ser

Ay

Trp

Lys

Pro

Lys

Trp

Ay

Asp

Lys

Val

Leu

95

Asn

Pro

Asp

Asp

Leu

Val

255

Val

Phe

Ser

Ser

335

Pro

80

Al a

Met

Al a

Leu

Pro

Thr

Val

Leu

Trp

Phe

Pro

Val

Arg

Thr

320

Arg



Asp

Ay

Ay

Al a

Asp

Pro

Phe

Al a

465

Al a

Arg

Thr

Asp

Phe

545

Ay

Al a

Trp

Thr

370

Ser

Thr

H s

Trp

Ay

Ser

Al a

Arg

Ser

Val

530

Val

Asp

Asp

<210>
<211>
<212>
<213>

Leu

355

Arg

Val

e

Ser

Ser

435

Thr

Al a

Asp

Al a

Leu

515

Val

Val

Al a

31
1806
DNA

340

Leu

Arg

Tyr

Pro

Asp

Al a

Ay

Asp

Met

Met

500

Thr

Al a

Met

Al a
580

Arg

Al a

Val

Trp

Al a

Al a

Pro

H s

Trp

Tyr

Val

Met

565

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

345

Asn Ay Thr Thr Tyr

Arg

Tyr

390

Asp

Al a

Asp

Ser

H s

470

Asp

Trp

Leu

Al a

Asn

550

Arg

Trp

Al a

375

H s

Lys

Met

Phe

455

Leu

Thr

Arg

Ser

Arg

Phe

Ser

Met

360

Al a

Ay

Leu

Ay

Pro

440

Ay

Pro

Asp

Gn

Pro

520

Pro

Ay

e

Arg

Phe

Pro

Leu

Al a

Pro

Bi f i dobacterium t hernophil um

Leu

Gu

Asp

Asp

Pro

Ser

Pro

Al a

490

H s

Ser

Al a

Al a

Phe
570

Page 79

e

Met

Leu

395

Pro

Ay

Al a

Leu

475

Ser

Leu

Phe

Asp

Ser

555

Asp

Gu
Gu
380

Ay

Val

Pro

H s

460

Trp

Met

Thr

Al a

Asp

e

Ay

350

Asp Arg Gu

365

Leu

Leu

Al a

Arg

Trp

Al a

Tyr

Leu

Pro

Asp

Ser

Tyr

Ay

Pro

Phe

Val

430

Asp

Ay

Al a

Thr
510

Ay

Leu

Gn

Leu

Asn

415

Pro

Pro

Ay

Ay

Leu

495

Ay

Ay

Asp

Pro

Leu
575

Leu

Pro

Val

400

Thr

Leu

Arg

Tyr

480

Tyr

Asp

Asp

Arg

H s

560

Pro



<400> 31
at ggcagaac

gcggect ggt
accggt t ccg
ctgogtottg
tacgatgtcg
aaact cgcca
cattcttcca
gaacgt gacc
gact ggot gt
ct gcacct gt
gacttcatca
gttgcgeacg
ccgccaagec
atttatcgcg
gaggcgt ggg
gt gt t caact
gaggaaggt ¢
cacgatgttc
cat cagttgg
gceggt acge
tacct gt acc
ct cgaggat ¢
t gccgegt cc
cctegtgtga
cct gcacacc
cagccggagt
ccggecgaca
gct gacggt ¢
accaatttcg
gagct gt get
gact ga
<210>
<211>

<212>
<213>

32
601
PRT

gcaagt cccc
ggcat caagc
gcet cggega
acgcgatttg
atgattaccg
aaaccgcgca
acct gcaccce
gct acatctt
cccatttcgg
t caccgt gga
agaccct gcg
gccet gt gcaa
t gccegecga
agt ggcgcaa
ttaat cccge
t cgagtt cge
t cgaggcggce
cacgt cacgc
cgcat gactg
gccgegeccg
agggcgaaga
cgaccgegeg
ccctgeegtg
aat ccgt ggg
t gccgcaacce
cgatgttgaa
caacgct gac
agcacggcgg
gt gcggaacc

ccgacggecg

CL6220WOPCT_Sequenceli sting_ST25. t xt

ccagt ccgeg
ggt ggt ct at
cat cgceggt
gct cageccce
caacgt cgac
cgaggccggt
ctggttcaag
ccgt gacgge
cggcecegeg
gcagcccgac
tttttggett
ggacct cgac
cggcagccat
ggt gt t caac
gcggeagt at
gaagaagaac
gcgtcgt t ct
cagccgttac
gct get gegt
ggccgegat t
gettggtcetg
caat agcgaa
ggt cgeegece
cget ggegt t
cgcatggttc
cct gt accge
tt ggct ggat
cgt gat t gct
tgtcgcattg

gct gccgeaa

caagaat cca
caggtctatc
gttaccagcc
ttctatccga
ccgaaact cg
atcaagattg
gccgegettg
cgcggt gage
t ggacgegeg
t ggaact gga
gat cacggcg
cgcgacaat ¢
ccgcet gt acg
gaat at gatc
ct gt at gcgt
tggotgcgt g
ggct ct accg
gcact gccge
gacggcacca
t t gat ggagce
tt cgaggt cg
cgt gcggecea
gacggggt cg
t ccgecgat ¢
gctgatttcg
agggcgt t gg
gaagaccgcc
t accgceggt
€Cggcogacy

gat accaccg

Bi f i dobacterium t hernmophilum

Page 80

cggcat cgga
cgegttegtt
gcat cggcet a
gccaact cge
gt acgat gga
t cgt cgat at
cagct ggt cc
at ggcgaact
t gcct gacgg
agaacccgga
ct gacgget t
t cgaccagtg
accgcgacga
cgccggeat t
ccgacgat ga
acgacat gca
ccacgt gggt
aagt gccgag
gct at cacga
ttgcgttgee
ctgatattcc
aggacaaggg
aggggt cgt t
aggccgggca
ccgecgaccg
cgtt gcgeea
cgt ct gat gc
ccaacggctg
aggt get get
tttggctgeg

t cgcgeegea
caaggacacc
cct caagcaa
cgat ggcggg
cgatttcgac
cgttcccaac
gggct cgeeg
gccgeccacce
ccagt ggt at
t gt gcaggeg
ccgt gt cgat
gagcgt cacc
cgt gcat cag
cgeegt ggee
gct cggt cag
t caggcgat ¢
gat gagt aat
cacgcggcat
ggat cgcgaa
cggttcgacg
gt ggaacaag
gcgcgacggg
cggcttcteg
gccgt cggag
t gagagcgeg
t gagct gat g
gccggat gge
ggcgagtgtg
cacct ccgge

gt t gaaccag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1806



<400>

32

Met Ala Gu

1

Asp

Tyr

Al a

Al a

65

Tyr

Asp

Phe

Tyr

145

Asp

Ay

Trp

Trp

Leu

225

Pro

Asp

Arg

Pro

Ay

50

Asp

Asp

Val

Lys

Leu

210

Pro

Val

Al a

Arg

35

Val

Trp

Val

Phe

Al a

Phe

Val

Trp

Asn

195

Asp

Lys

Ser

H s

Arg

Al a

20

Ser

Thr

Leu

o%
ST

Al a

Arg

Ser

Tyr

180

Pro

H s

Asp

Leu

Lys

Al a

Phe

Ser

Ser

Asp

85

Lys

Leu

Asp

Asp

Ay

Leu

Pro

245

e

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ser

Al a

Lys

Arg

Pro

70

Tyr

Leu

Val

Al a

—
)
o<

Phe

H s

Val

Al a

Asp

Al a

Tyr

Pro An Ser Ala A n Au Ser Thr

Trp

Asp

Phe

Arg

Al a

Pro

Al a

135

Arg

Ay

Leu

Asp

Arg

Asp

Arg

Trp
Thr
40

Ay

Tyr

Lys

Asn

120

Ay

Ay

Ay

Phe

Al a

200

Ay

Asp

Ay

H s

25

Thr

Tyr

Pro

Val

Thr

105

H s

Pro

Pro
Thr
185

Asp

Phe

Ser

Trp

10

Gn

Ay

Leu

Ser

Asp

90

Al a

Ser

Ay

H s

Phe

Arg

Leu

H s
250

Al a

Ser

Lys

Gn

75

Pro

H s

Ser

Ser

—
)
o<

Trp

Val

Asp

Pro

Val

Ay

Gn

60

Leu

Lys

Pro
140

Thr

Lys

Asp

Gn

Leu

Arg Lys Val

Page 81

Val

Leu

45

Leu

Al a

Leu

Al a

Leu

125

Leu

Arg

Pro

Thr

205

Val

Trp

Tyr

Phe

Tyr
30
Ay

Ay

Asp

—
)
o<

H s

Arg

Pro

Val

Asp

190

Leu

Al a

Ser

Asp

Al a

15

Asp

Val

Ay

Thr

95

e

Pro

Asp

Pro

Trp

Arg

H s

Val

Ser

Val

Asp

Ay

80

Met

Lys

Trp

Arg

Thr

160

Asp

Phe

Ay

Thr

240

Asp

Tyr



Asp

Val

Pro

Leu

Arg

Tyr

Pro

Al a

Al a

Ser

465

Pro

Arg

Leu

Leu

Pro
Tyr

290

Phe

Met

Arg

Al a

Leu

Trp

Lys

Al a

450

Val

Al a

Al a

Asp

Pro

275

Leu

Al a

Ay

Ser

Val

355

Asp

Arg

Tyr

Asn

Asp

Asp

Ay

H s

Ser

Leu
515

260

Al a

Tyr

Lys

Leu

Asn

340

Pro

Ay

Al a

Ay

Al a

Leu

Al a

500

Arg

Asp

Phe

Al a

Lys

H s

Ser

Thr

Al a

Ay

Leu

Ay

Val

Ay

Pro

485

H s

Arg

CL6220WOPCT_Sequenceli sting_ST25. t xt

Al a
Ser
Asn
310
Al a
Asp
Thr

Ser

e
3

Val
470

Pro

Pro

Val

Asp

Trp

Al a

Val

Arg

Tyr

375

Leu

Gu

Asp

Asp

Ay

Ser

Pro

Gu

Leu

Ser

Al a

280

Asp

Val

Arg

Pro

H s

360

H s

Met

Leu

Pro

Ay

Ser

Al a

Al a

Ser

Met

520

Asp

265

Gu

Arg

Arg

Arg

H s

Ay

Thr

425

Phe

Asp

Trp

Met

505

Pro

Al a

Ala Trp Val

Leu

Asp

Ser

330

H s

Asp

Leu

Leu

410

Al a

Arg

Ay

Phe
490

Leu

Al a

Ay

Asp

Ay

Al a

Leu

Arg

Al a

395

Phe

Arg

Val

Phe

Al a

475

Al a

Asp

Met

Ser

Ser

Al a

Asn

Pro

Ser

460

Ay

Asp

Leu

Thr

Pro Asp Ay

Page 82

270

Asn Pro Ala

285

Val

H s

Thr

Arg

H s

365

Al a

Pro

Val

Ser

Leu

445

Pro

Phe

Tyr

Thr

525

Al a

Phe

Al a

Tyr

350

Asp

Ay

Ay

Al a

Pro

Arg

Pro

Al a

Arg

Leu

Asp

Al a

Thr

335

Al a

Trp

Thr

Ser

Asp

Arg

Trp

Val

Ser

Al a

495

Arg

Thr

Ay

Arg

Phe

Trp

Leu

Leu

Arg

Al a

400

Al a

Val

Lys

Asp

Al a

Trp



530

Hs Ay Gy
545

Thr Asn Phe

Leu Thr Ser

Thr Vval Trp

595

<210>
<211>
<212>
<213>

33
1803
DNA
Arti

<220>
<223>

<400> 33
gt ggct gaaa

gcagect ggt
acgggct cag
cttggagtcg
tacgatgttg
aagct ggcaa
cat agct caa
gagagagat a
gact gggt tt
ctgcatcttt
gacttcatta
gttgcacatg
ccgect t cac
atttatagag
gaagcgt ggg
gttttcaact
gaagaaggcc
cat gat gt gc
caccaacttg

gct ggaacaa

Val Ile

CL6220WOPCT_Sequenceli sting_ST25. t xt

535

550

Gy Ala Gu Pro Val

565

Gy Gu
580

Leu Arg

ficial

gaaaat cacc
ggcat caggce
gact gggcga
atgctatttg
at gact acag
aaacagcaca
atctgcatcc
gatacatttt
cacattttgg
ttacggttga
aaacactt ag
gcctttgtaa
tgcetget ga
aat ggagaaa
tt aat ccgge
ttgaatttge
t ggaagct gc
cgagacacgc
ctcatgactg

gaagagccag

600

sequence

Bt hd u1_codon-optinm zed

gcaaagcgca
cgttgtttat
t at t gcagga
gct gt cacceg
aaacgt ggat
t gaggcggga
gtggtttaaa
cagagacggc
aggaccggct
acagcct gat
attctggetg
ggacct t gac
cggat cacac
agtttttaac
t agacaat at
caaaaagaat
t agaagaagc
gt caagat ac
gcttctgaga

agccgcaat t

Ala Tyr Arg Arg Ser Asn

555

Ala Leu Pro

570

Leu Cys Ser Asp Ay Arg
585

Leu Asn A n Asp

caggaaagca
caagtttatc
gttacaagca
ttttacccgt
cct aaact gg
atcaagattg
gcagcact gg
agaggcgaac
t ggacaagag
t ggaat t gga
gaccat ggag
agagacaacc
ccgctttatg
gaat acgat ¢
ctttatgcaa
t ggot cagag
ggcagcacag
gcacttcctce
gacggaacgt
ct gat ggagc
Page 83

540

Ay Trp Ala

Ala Gy Gu

Leu Pro A n
590

cggcct caga
ct agat catt
gaat cggct a
cacaact ggc
gcacaat gga
ttgttgatat
cagccggacce
at ggcgaact
ttcctgatgg
aaaaccct ga
cggat ggct t
ttgatcagtg
at agagacga
ctcctgegtt
gcgacgacga
at gat at gca
caacat gggt
aagtt ccgag
cat accacga

t ggcect gee

Ser Val
560

Val
575

Leu

Asp Thr

cagagcagcc
caaggat aca
ccttaagcaa
cgat ggcggce
tgattttgat
cgt t ccgaat
gggcageccg
gcctcct aca
ccagt ggt ac
cgt ccaggeg
t agagt t gac
gtcagttacg
cgttcatcag
t gcagt ggca
gct gggacaa
t caagcgat t
t at gt caaac
cacaagacat
ggat agagag
gggat cagca

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200



tatctgtatc
ct ggaagat ¢
t gt agagt gc
cctagagtta
cctgcacatc
caaccggagt
cctgccgat a
gcagacggac
acaaatttcg
gaactgt gt a
gat

<210>
<211>

<212>
<213>

34
662
PRT

<400> 34

Met Tyr Phe
1

Ile Ser Lys

Ile Thr Thr

Thr 1le Thr
50

Asn
65

Asp Asp

Ser Phe Lys

Thr Lys

Leu Ser

-
—_—r
o110

I1e Asp

Asp Al a Mgt

agggcgaaga
cgacagcaag
cgetgecttg
agagcgt cgg
t gcct cagece
caatgcttaa
cgacact gac
agcat ggagg
gagct gaacc

gcgat ggcag

H s

H s
20

Ay
Asn Pro
His Ala
Trp Trp

Val
85

Asp

et
100

Asp

Phe

Tyr

Arg

Al a Lys

[le Asn

Phe

Lys

Asn

Tyr

Pro

Val

CL6220WOPCT_Sequenceli sti ng_ST25.

act gggact g
aaatt cagaa
ggt cgct gee
agcgggagt t
ggcatggttc
cctttacaga
atggct t gac
cgttattgca
t gt cgcget t

actt ccgcag

Bi fi dobacterium breve

H s Leu

Thr Val

Ser
40

Lys
55

Ay

Al a

Gy Asp

Leu Lys

Ser Asp

120

Asp Pro

Ala Hi s

tttgaggttg
agagcggcga
gacggagttg
t cagcagacc
gccgatttcg
agagcgct tg
gaagat agac
t at agaagat
cct get ggeg

gacacaacag

His Asp Thr

10

Al a
25

Val Arg

Gy Ala Thr

Gy Met

Val Val Tyr

75

Gy Gy
9

Asn
105

Leu Ay

Leu Ala Asp

Arg Leu Gy

Ala Ay
155

Page 84

cagacattcc
aagacaaagg
agggct cat t
aggccggaca
cagccgacag
ctct gagaca
ctt cagacgc
caaacggctg

aggttcttct
tgtggcttag

Val Val lle

Val Leu

30

Leu

Hs His

45

Val

Thr
60

Al a
Tyr
Al a

Asp Ile

Val

_.__
o

Ay Ay
5

Thr
140

Asp

Lys Val

t xt
gt ggaat aag

aagagat gga
tggattctca
accgagcgaa
agaat cagca
tgaacttatg
accggacgga
ggcaagegt t
t acgagcgga

act gaat cag

Asn
15

Val

Pro

Ser His

Leu

Pro Arg

80

Gy Va

95

Trp
Asp Val
Asp Phe

Val
160

e

1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1803



Asp

Al a

Arg

Ser

Tyr

225

Pro

H s

Asp

Val

Asp

Al a

Trp

Leu

Leu

e

Leu

Asp

Phe

210

Leu

Asp

Ay

Leu

Ay

Val

Pro

H s

Phe

Al a

370

Val

Pro

Leu

Val

Al a

—
o
o<

Phe

H s

e

Thr

Val

H s

Pro

Leu

Al a

355

Ay

Met

Arg

Pro

Al a

180

Arg

Ay

Leu

H s

Asp

Ser

Leu

Asp

Arg

Tyr

340

Gn

Leu

Val

Asn
420

Asn

165

Gu

Ay

Ay

Phe

e

Phe

325

Al a

Al a

Lys

CL6220WOPCT_Sequenceli sting_ST25. t xt

His Thr Ala Asp Lys His Val

Pro

Pro

Phe

Pro

H s

Tyr

310

Al a

Ser

Ser

Al a

H s

390

Ay

Thr

Ay

H s

Al a

215

Lys

Phe

Arg

Leu

Asp

Arg

Val

Met

Trp

Al a

375

Asp

Al a

Thr

Ser

Ay

Trp

Al a

Lys

e

Al a

Asp

Tyr

360

Al a

Val

Pro

Tyr

Pro

185

Al a

Gn

Lys

Ser

Trp

Gu

Gu

Al a

Gu

Pro

Tyr

Pro
425

170

Al a

Leu

Arg

Pro

Thr

250

Val

Leu

H s

Arg

Al a

330

Leu

Asp

Thr

Arg

Gu

Page 85

Arg

Pro

Val

Asp

Leu

Al a

Ay

Pro

Lys

315

Trp

Ay

Gu

Ay

Ser

395

Asp

Asp

Pro

Al a

220

Val

Arg

H s

Arg

Leu

300

Val

Val

Phe

Ay

Pro

Leu

Arg

Phe Phe Lys

Arg
Asn

205

Asp

Phe

Ay

Phe

Phe

Val

Ser

Arg

Ser

Ser

Pro

Tyr

190

Asp

Ay

Trp

Trp

Leu

270

Tyr

Asp

Pro

Phe

350

Al a

Thr

Arg

H s

Leu
430

175

e

Trp

Lys

Ser

255

Al a

Ser

Arg

Al a

Thr

Tyr

Asp

Ay

Phe

Gn

Trp

Asn

240

Asp

Lys

Val

Arg

Tyr

320

H s

Phe

e

Thr

Thr



Arg

Al a

Thr

Al a

Phe

Leu

Al a

Val

Thr

625

Leu

Ser

Arg

Tyr

450

Pro

Thr

Al a

Asp

Phe

530

Ay

Lys

Al a

Thr

Asn

Thr

Al a

<210>
<211>
<212>
<213>

<220>

Al a

435

Trp

Met

Al a

Asp

Ay

Val

Asp

Leu

Arg

Tyr

Phe

Ser

Trp

35
1812
DNA

Artificial

Arg

Tyr

Asp

Asp

Asn

500

Ay

Thr

Thr

Tyr

Tyr

580

Asp

Thr

Ay

Ay

Val
660

Al a

Arg

Lys

485

Thr

Ay

Pro

Al a

565

H s

Thr

Arg

Thr

Pro

645

e

CL6220WOPCT_Sequenceli sting_ST25. t xt

Ala Ala Leu Met Gu Leu Gy

Ay

Leu

470

Ay

Pro

Ay

Al a

Al a

550

Val

Al a

Thr

Al a

Leu

Lys

Arg

Thr

Ser

535

Al a

Asp

Al a

Al a

Pro

Thr

sequence

440

Gu

Asp

Asp

Leu

Asn

520

Phe

Asp

Val

Leu

Val

Val

Pro

Leu

Pro

Ay

Al a

505

H s

Ay

Pro

Al a
585

Asp

Ay

Thr

Asp

Val

Phe

H s

e

Val

Ay

Leu

Ay

Page 86

Leu

Al a

475

Arg

Phe

Pro

Ser

Leu

555

Al a

Arg

Asp

Arg

Pro
635

Phe

460

Phe

Val

Ser

Leu Cy

Pro
540

Pro

Asp

Thr
620

Ay

Leu

Leu Pro Ay

445

Gu

H s

Pro

Arg

525

Al a

Pro

Phe

Ay

Pro

Val

Thr

e

Pro

510

Al a

Thr

Pro

Asp

Ser
590

y Pro

Thr

Ser

Thr

Al a

Al a

Pro

495

Al a

Arg

Leu

Ser

575

Leu

Asp

Ser

Val

Asp

Al a

Asp

Gn

480

Trp

Pro

Ay

Al a

Trp

Met

Thr

Val

Val
640

Thr



<223>

<400> 35
gt gacagcaa

cct agat cat
aaaat ggat t
agcgat ct gg
ggaacgat gg
attgttgata
gcagcagaac
cacggcgaac
gtcgcagatg
aaaaaccct g
acggat ggct
ct ggaggaac
ccgetgttceg
gaat at gacc
ct gt at gcat
t ggt at gceg
ggaggct caa
t at ggcet ge
agaaat ggaa
gcact gat gg
ctttttgaag
gcacaagcga
gcaaat gaac
gaaaaccatg
agcceggct a
ctttggttta
ctgtatcatg
gcggaacaag
agaacattta
gttgttctga
t gggt cat ca

<210>
<211>

36
604

at aacctt aa
t caaggat gt
acct gaaaaa
ccgacggagg
atgatttcga
ttgtcccgaa
cgggct cacc
ttccgect aa
gccaat ggt a
acattcacga
t cagaat cga
t t ggcagaga
at agaagaga
cgccgagat t
caat ggacga
atgagtttag
cgacaacgtg
cgcaagtt aa
caacat at cc
aact gggcct
t ggcggat at
caat ggat aa
ct acact ggc
tccegetgtg
caagagccga
aagat t at gc
cagcact ggc
t ggat at ggg
catcaattac
caagcggacc

aa

CL6220WOPCT_Sequenceli sti ng_ST25.
Bbr 3 u2_codon-optinm zed

t gacgact gg
t aat ggcgat
t ct gggagt t
ctatgatgtg
t gcgat gget
t cat acagct
t gccagagac
t gact ggcaa
ccttcatctt
agaat t caag
t gt ggcacac
at at agcgt g
agt t cat gat
tgcegttgea
gct gggacaa
agct gccat t
ggt gat gaat
aggagcacct
ggaagat aga
t cct ggegea
t ccgt gggat
aggaagagac
agactt cagc
cget gcagga
aggagtt aca
agttgatgtc
gat t agacaa
ccct gacgt t
aaattttgga

t ct gacaccg

t ggaaacaag
ggaat t ggcg
gacgct at ct
attgactata
aaggcggcac
gacaaacatg
agat acat ct
tcattctttg
tt cgacaagg
aaaacgct ga
ggact t gcaa
gttggegttc
at ct acagag
gaagcat ggg
t cattcaact
gccgecaggac
aat cacgacg
t accaccagc
gagct t ggca
gcatacattt
agact t gagg
ggat gcagag
agaccgattc
caat t cggca
ccgget geag
gagcaggccg
gaatcactta
gttgcatata
acggagcct g

gacggccaac

Page 87

cagtggttta
at att gcagg
ggct t ageece
gaaat gttga
at gaagcagg
tctttttcaa
tt agagat gg
gcggaccggce
cgcaacct ga
gattttggtc
aagat ct gga
t gaaccat ga
agt ggagaaa
t ggt gcet ga
ttgattttge
tt aaggccge
ttcct agaag
ttccgcacga
cgagaagagc
at cagggcga
acccgacagc
tgcctattce
cggcagacga
caggagcgt ¢
at ccgcat ct
acccggattc
cagcaacaag
Ccgagagcggce
tt gaact gcc

t gcct acgga

t xt

ccaaat ct at
cgtt acggaa
tttttacccg
t ccgagactg
cattaaagtt
agaagcact t
aagaggagaa
at gggct aga
t gt caattgg
agat cat ggc
aagcaaaccg
cttttcacat
agtttttaac
acaccaacac
acaggcat ca
agcggaaaca
ccegt caaga
ttggcttctg
aagagcagcg
agaact ggga
attccacaca
t t ggacagcet
Ccggaacgggc
attcggcttt
gcct caacct
aat gct ggca
agacacgacg
cgt gggcggce
gggaggat ca

cacat cagct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1812



<212>
<213>

<220>
<223>

<400>

PRT

Artificial

Bbr 3 u2 protein_encoded by optimzed sequence

36

CL6220WOPCT_Sequenceli sting_ST25. t xt

sequence

Met Thr Ala Asn Asn Leu Asn Asp Asp Trp Trp

1

Tyr

Ay

Ay

Asp

65

Ay

Ay

H s

Arg

Pro

145

Val

Asp

Leu

Al a

Ay

Gn

Asp

Val

50

Ay

Thr

e

Val

Asp

130

Pro

Al a

Val

Arg

e
35
Asp
Ay
Met
Lys
Phe

115

Arg

Phe
195

Ay

Tyr

20

Al a

Al a

Tyr

Asp

Val

100

Phe

Tyr

Asp

Trp

Leu

Tyr

5

Pro

Ay

e

Asp

Asp

85

e

Lys

Lys

Ser

Al a

Ser

Arg

Val

Trp

Val

70

Phe

Val

Phe

150

Trp

Asp

Lys

Val
230

Ser

Thr

Leu

55

Asp

Asp

Al a

Tyr

Pro

H s

Asp

Val

Phe

Gu

40

Ser

Asp

Al a

e

Leu

120

Asp

Phe

Leu

Asp
1

Ay

Leu

Ay

Lys

25

Lys

Pro

Tyr

Met

Val

105

Al a

Ay

Phe

H s

Val

10

Asp

Met

Phe

Arg

Al a

90

Pro

Al a

Arg

Ay

Leu

170

H s

Asp

Ser

Leu

Page 88

Val

Asp

Tyr

Asn

75

Lys

—
o
o<

Phe

Ay

Lys

Asn
235

Lys G n Ala

Tyr

Pro

Val

Al a

H s

Pro

140

Pro

Asp

Phe

Pro
220

H s

Ay

Leu

45

Ser

Asp

Al a

Thr

H s

Al a

Lys

Phe

Arg

Leu

Asp

Asp

30

Lys

Asp

Pro

H s

Ay

Trp

Al a

Phe

Val
15

Ay

Leu

Arg

Gu

95

Asp

Pro

Al a

175

Lys

Asp

Ser

Val

Leu

Al a

Leu

80

Al a

Lys

Al a

Leu

Arg

Pro

Thr

Val

Leu

H s
240



Pro

Lys

Trp

Ay

Ay

Ser

Asp

Leu

385

Leu

Al a

Arg

Phe

Pro

465

Ser

Leu

Leu

Val

Val

Phe

Ay

Pro

Leu

Arg

Ay

Phe

Phe

Val

Ser

450

Leu

Pro

Pro

Phe

Phe

Val

275

Ser

Arg

Ser

Ser

Pro

355

Leu

Hi s
Pro

435

Arg

Al a

Asp

Asn

260

Pro

Phe

Al a

Thr

Arg

H s

Leu

Pro

Val

Thr

420

Pro

Al a

Thr

Pro
500

Al a

Thr

325

Tyr

Asp

Ay

Ay

Al a

405

Al a

Pro

Al a

Arg

Leu

CL6220WOPCT_Sequenceli sting_ST25. t xt

Arg Gu Vval

Tyr

H s

Phe

Thr

Ay

Trp

Thr

Al a

390

Asp

Trp

Pro

Ay

Al a

Trp

Asp

Gn

Asp

Al a

Trp

Leu

Leu

Arg

Al a

Al a

Thr

Al a
455

Phe

Pro

H s

280

Phe

Al a

Val

Pro

Leu

360

Arg

Tyr

Pro

Thr

Al a

440

Asp

Phe

Ay

Lys

Hs Asp Ile Tyr Arg Gu Trp

Pro

265

Leu

Al a

Ay

Met

Arg

Al a

Trp

Vet

425

Al a

Asp

Ay

Val

Asp

250

Arg

Tyr

Leu
Asn

330

Val

Arg

Tyr

Ay

Thr

Thr

490

Tyr

Page 89

Phe

Al a

Al a

Lys

315

Lys

Ay

Al a

p Arg

Lys

Thr

Ay

Pro

Al a

Al a

Ser

Ser

300

Al a

H s

Ay

Thr

Al a

380

Ay

Leu

Ay

Pro

Ay

Al a

Al a

Val

Val

Vet

285

Trp

Al a

Asp

Al a

Thr

365

Al a

Arg

Thr

445

Ser

Al a

Asp

Al a

270

Asp

Tyr

Al a

Val

Pro

350

Tyr

Leu

Asp

Asp

Leu

Phe

Asp

Val
510

255

Gu

Al a

Pro

335

Tyr

Pro

Met

Leu

Pro

415

Ay

Al a

H s

Ay

Pro
495

Arg

Al a

Leu

Asp

Thr

320

Arg

H s

Asp

Val

Phe

480

H s



Al a

Arg

Asp Met Gy

Arg Thr Phe

Pro Ay Gy

Pro
595

Leu

<210>
<211>
<212>
<213>

37
1821
DNA

<400> 37
atgact act t
aacccgt ggt
aacggcgat g
ctcggegt gg
t acgacat ct
gagct get gg
cacacct ccg
gact ggt act
ccgaaccagt
gagt act acc
gtgcgeegtg
cgt at ggacg
gagt acggt t
cegttetgtyg
tt cgacgggce
aacgagcaca
gtcgattttg
aagcggat ca

act ggt aacc

Asp Ser

Ser

Leu

Pro Asp

Thr

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

520

Al a
535

Thr

Val Al a

550

Thr Ser

565

Ser
580

Val

Thr Asp

t caaccgege
ggt cgaat gc
gt ct cggcga
atgtgctctg
ccgact accg
ccgaagegea
acgagcacgc
ggt ggcgt cc
ggggct cct a
t gcaccagtt
cagt gt acga
t cat caccct
ccgagcet cca
ccgacggt cc
gt gacggct t
t caccaat cc
att gt gat gg
t ggccggat a

acgat cagcc

e

Val

Thr

Thr

Leu Thr

Ser Ala

600

Bi fi dobacterium breve

aat aat t cct
got ggt gt ac
cct gaagggce
gct ct ceeeg
ggacat cgac
caagcgcegge
gt ggt t cgag
cgeecegeccece
cttcggegge
ct cgaagaag
cat gat gaat
tat ct ccaag
t gacct gceg
gcgt caggac
cct cacegtc
ggccaat ggg
cgt caagt gg
t cagact get

acgtgtggtc

Arg Asp Thr

Tyr Thr Arg
555

Phe Ay Thr
570

Ser Gy Pro
585

Trp Val Ile

gacgccattc
cagat ct acc
at cacctccc
gt ct acaggt
ccgetgttceg
ct caagat cg
gcgt cgaagg
ggccacgagce
t ccgeat ggg
cagcct gatc
tggt ggct cg
cgt acggat g
gt gggggagg
gagttcctcg
ggcgaggcecc
gagct ggat a
aagcct ct g
gt ggagaacg
tctcgttggg
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Met Leu Ala Leu Tyr His Ala Ala Leu Ala

525

Thr Ala Gu
540

Ala Al a Val

A u Pro Val

Leu Thr Pro

590

Lys

gcaccaacgg
cgeggt cgt t
gcct cgact a
ccccgcaaga
gcacgcttga
t gat ggacct
acaaggacga
cgggcacgec
agt acagccc
t caact ggga
at cgcggcat
caaacggcag
agggct actc
ccgagat gcg
ccgggat cac
tgctgttcct
cgctcgattt

t gggct ggge
gcgat gactc

Gn Vva

Ay Ay
560

Gu
575

Leu

Asp Ay

agccacgcecce
ccaggacacg
tctt gccgat
cgacaacggc
cgacat ggac
ggt ggt caac
cccgeacgec
cggcgecegag
ggagcgceggce
gaacccggec
cgacggettc
gct cceegge
cagcccgaat
ccgcgaggt g
cgccgaacgce
gtt cgaacat
gccgggattc
aagcttgttc
ct cggaggaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



t ccecgegt ge
tacgtatatc
t accgcgacc
t cgccggaat
at gcaat ggg
tggatttccg
gact cggt gt
gcggct ggcg
acgct t ggca
ccgegt gaat

acgt acgacg

gct cggecaa
agggt gagga
ttgaatctct
cgat gat ggc
atggttctge
t caacccgaa
atgccttcta
agt ggcggct
acgagcgat t
ccaccgagcet

cccctcacac

CL6220WOPCT_Sequenceli sti ng_ST25.

agegcet t gge
gctgggcatg
caat gcct at
gggt at cgec
ct at gceggt
t cat gct gaa
caagaagct ¢
gat t gat gcg
getggttgtg
gat t gccgge
tgtggtctce

a

or t

or t

or t

or t

or t

or t

or t

gct getgeeg tcecagetgta
<210> 38

<211> 419

<212> DNA

<213> Bifidobacterium breve
<220>

<221> misc_feature
<222> (4)..(4)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (11)..(11)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (15)..(15)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (19)..(19)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (29)..(29)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (56)..(56)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (84)..(84)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature

ctgatgttgce
accaatgctc
cgt cagaggg
gcgegeggat ¢
ttcaccgcac
at caat gcgg
atcgecttge
gat gacgcgce
gttaacct gt
ggcgt cactg

ct cgccaacc
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acat gcat cg
acttcaccag
t cgaggaagc
gcgacaattc
cggat gcagc
ccggegaat t
gccacaacag
atgtatatgc
ccggecgaac

agccagat at

gt gagctt ga

t xt
cggcaccccg

cct cgat cag
caaggt acaa
gcgt acccca
gacggagccg
cgacgat cct
ttcgattgtg
gttcacccge
cgtcgacttg
cattctctcc

cccgt gggag

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1821



CL6220WOPCT_Sequenceli sting_ST25. t xt

<222> (115)..(115)

<223> nis a ¢, g, or t
<220>

<221> misc_feature
<222> (136)..(136)

<223> nis a ¢, g, ort
<220>

<221> misc_feature
<222> (138)..(138)

<223> nis a ¢, g, or t
<220>

<221> misc_feature
<222> (149)..(149)
<223> nis a ¢, g, or t

<220>

<221> misc_feature
<222> (168)..(168)

<223> nis a ¢, g, ort
<220>

<221> feature

m sc
<222> (183)..(183)
<223> nis a ¢, g, or t

<220>

<221> misc_feature
<222> (208)..(208)

<223> nis a ¢, g, ort

<220>

<221> misc_feature
<222> (211)..(211)

<223> nis a ¢, g, or t
<220>

<221> misc_feature
<222> (213)..(213)

<223> nis a ¢, g, ort
<220>

<221> misc_feature
<222> (239)..(239)
<223> nis a ¢, g, ort

<220>

<221> misc_feature
<222> (247)..(247)

<223> nis a ¢, g, or t

<220>

<221> misc_feature
<222> (284)..(284)

<223> nis a ¢, g, ort

<220>

<221> misc_feature
<222> (294)..(294)

<223> nis a ¢, g, or t
<220>

<221> misc_feature
<222> (315)..(315H)

<223> nis a ¢, g, ort

Page 92



<220>

<221> misc_feature
<222> (337)..(338)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (341)..(341)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (358)..(358)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (380)..(380)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (385)..(385)
<223> nis a, ¢, ¢,
<220>

<221> misc_feature
<222> (412)..(412)
<223> nis a, ¢, ¢,
<400> 38

CL6220WOPCT_Sequenceli sting_ST25. t xt

or

or

or

or

or

or

nttnradart ngat nwwsna vvyyrsdtng dggdkgtsrd
dyr ddgt ddm daahkr gkvm dvvnht sdha waskdkddha

gsawysrgyy
ssncadgrda
gwast gnhdr
kvssmragaa
vaagw dadd
<210> 39
<211> 1818
<212> DNA
<213> Arti

<220>
<223>

<400> 39
gt gacaacat

aat ccgt ggt
aacggagacg
cttggagttg
t at gacat ca
gagctgettg

cat acat cag

hskkdnwnav rravydmmw wdr gdgr ndv

nrrvdgrdgt vgagtarnht nangdmhvdd

vvsrwgddss srvrsakagm hmhrgtyvyg

rgrdnsrt mw dgsayagt ad aat wsvnnha

ahvyatrtgn rvvvnsgrtv drstaggvtd

ficial sequence

t caat agagc
ggt caaacgc
gcct t ggega
atgttctgtg
gcgact at ag
cagaagcaca

at gaacacgc

Bbr 3 u5_codon-opti m zed

aattattccg gatgcgatta

agtggtct at caaatctatc

tcttaaggga atcacatcaa

gct gagcceg gttt at agat

agacattgat cctctgtttg

t aaaagagga cttaaaatcg

yadgvdvwsv
dwywwr ar gh
t skrt dangr
cdgvkwkdgk
gnt naht sdy
naagdddsvy
st ydaht vvs

gaacaaat gg
cgagat catt
gact ggatta
cacct caaga
gcacact gga

tt at ggacct

atggtttgaa gcatcaaaag at aaagacga
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yrsddngyds
gt ganwgsyg
gygshdvggy
rmagyt avnv
rdsnayrrva
aykkar hnss

anr dwaaav

agccacaccg
t caagacaca
t ct ggct gac
cgacaat ggc
t gat at ggac
ggt t gt gaac

t ccgcacgcet

60
120
180
240
300
360
419

60
120
180
240
300
360
420
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gact ggt att ggtggagacc tgctagaccg ggccat gaac cgggaacacc tggcgcagag
ccgaaccaat ggggctcata ttttggcgga tcagcatggg agtat agccc ggaaagagge
gaatactatc ttcatcagtt ctcaaaaaaa caaccggatc tgaattggga aaatccggcg
gt cagaagag cggt gt acga tat gat gaac tggtggctgg atagaggaat tgatggattt
agaatggatg ttattacact gatttcaaaa agaacagacg ccaatggaag acttccggga
gaat at ggat cagaactgca cgaccttcct gt gggcgaag agggctattc atcacct aat
ccgttttgecg ccgacggeccc gagacaagat gaattccttg ccgaaat gag aagagaagtt
tttgacggaa gagatggctt tctgacagtc ggcgaagcac ctggaattac agcagaaaga
aacgaacaca ttacaaaccc tgcaaacggc gaacttgata tgctgttcct gtttgaacat
gtggactttg attgcgatgg cgttaaatgg aaaccgcttc cgectggatct tcctggettt
aaaagaatta tggcaggcta tcagacagca gttgaaaatg tcggatgggc atcactgttt
acaggcaatc atgaccaacc gagagttgtc agcagatggg gcgatgactc at cagaggag
agcagagtta gaagcgccaa agcactggge cttatgctge acatgcacag aggcacaccg
tatgtttatc aaggcgagga acttggaatg acaaatgctc attttacgtc acttgaccag
tacagagatc ttgagtcact taatgcttat agacaaagag ttgaagaagc caaggttcag
t cacct gaaa gcat gatggc cggcattgca gctagaggca gagat aattc aagaacgccg
at gcaat ggg at ggaagcgc atacgcaggc tttacggcac ctgacgcagc tacggaaccg
tggatttcag ttaatccgaa tcatgcagaa attaacgcag caggagaatt tgatgacccg
gattcagtct atgcattcta caaaaaactg attgcactga gacataatag cagcattgtt
gcagcgggcg aat ggagact tatcgatgca gacgatgcac acgtttatge gtttacaaga
acacttggca acgagagact gcttgtcgtg gttaatctga gcggcagaac agttgatctg
ccgagagagt caacagagct tattgctggc ggcgtgacag aaccggacat tattctttca

acat at gacg cccctcatac agtggtttca ctggcaaata gagagctgga cccgt gggaa

gct gcggecag tgcagetg

<210> 40

<211> 1570

<212> PRT

<213> Streptococcus sp C150
<400> 40

Met Lys Lys Asn Trp Val Thr Ile Ay Val Thr Ala Leu Ser Met Val
1 5 10 15

Thr Val Ala Ay Gy Thr Leu Leu Gu Asp Gn A@n Val An Ala Asp
20 25 30

Gu G@n Asn Ala Ala Asn G n Ser Gy Asp Ser Ser G n Asp Leu Leu
35 40 45

Page 94

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1818



Arg

Thr

65

Asp

Thr

Ser

Asp

Val

145

Al a

Arg

Al a

Lys

Asp

Thr

Pro

Ay

Gu

50

Al a

Thr

Thr

Thr

130

Al a

Leu

Trp

Lys

o
oc

Al a

Al a

Asp

Leu

Al a

Ser

Thr

Thr

Thr

Al a

e

Asn

195

Thr

Asp

Trp

Ser

275

Lys

Ay

Ser

Al a

Val

Thr

Asp

Gu

Asn

180

Phe

Ay

Lys

Asn

Tyr

260

Thr

Ser

Al a

Al a

Asp

Thr

Thr

165

Ay

Val

Al a

Al a

Lys

245

Arg

Thr

Ay

CL6220WOPCT_Sequenceli sting_ST25. t xt

Thr

Al a

70

Thr

Thr

Al a

Thr

Arg

Lys

Phe

Leu

Al a

230

Ser

Pro

Al a

Gn

Ser
310

Thr

55

Asn

Thr

Val

Al a

Asn
135

Val

Leu

Lys

Asp

Val

295

Phe

Asn Asp Thr Ala Thr Thr Val

Thr

Al a

Asp

Al a

120

Al a

Thr

Al a

Tyr

Thr

Asp

Asp

Ser

Lys

280

Asn

Ser

Al a

Al a

Thr

105

Al a

Ser

Asn

Tyr

185

Asp

Lys

Phe

Gn

Arg

Tyr

Thr

Ser

Asp

Val

Al a

Thr

170

Val

Ay

Ser

Ser

Leu

250

Leu

Pro

Leu

Asn
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Val

75

Asp

Ser

Thr

Thr

Ser

235

Asp

Lys

Leu

Asn

Ser
315

60

Asn

Arg

Ay

Ser

Al a

140

Thr

Thr

Ser

Ser

Asp

Ay

Thr

Asp

Leu

Tyr

300

Ser

Al a

Al a

125

Thr

Pro

Ser

Asp

Tyr
205

Phe

Ay

Met

285

Met

Pro

Al a

_.__
o

Thr

Asp

Ser

Phe

e

Lys

270

Val

Gn

Gu

Al a

Val

Al a

Al a

Pro

Arg

Arg

—
=0
o<

Ser

Phe

Ser

Leu

Thr

255

Thr

Trp

Asn

Ser

Pro

Al a

80

Pro

Pro

Thr

Al a

Val

Asp

Thr

Tyr

240

Al a

Trp

Trp

Gn

Leu
320



Arg

Lys

H s

Pro

e

Arg

Ser

Al a

Tyr

Leu

Vet

545

Arg

Thr

Leu

Thr

Leu

370

Pro

Ay

Al a

Ay

Val

Asp

Ay

Arg

Al a

Ay

Arg

Thr

Ay

Val

435

Ser

Asp

Tyr

Lys

Asn

515

Leu

Al a

Al a

Al a

Asn

340

Pro

Ay

Thr

Leu

420

e

Al a

Phe

H s

500

Lys

Al a

Ay

Asn

H s
580

Lys

325

Thr

Ay

Ay

Ser

Al a

Met

Leu

Asp

Leu

Asp

Asp

Asp

CL6220WOPCT_Sequenceli sting_ST25. t xt

Al a

Tyr
390
Ser

Phe

Al a

Asp

Al a

Ser

Thr

Thr

Vet

550

Lys

Thr

Val

Trp

Leu
375
Al a

Ay

Leu

Asn

455

Val

Tyr

Lys

Asn

535

Thr

Asn

An Thr Lys Ile Gu Ju Arg

Leu
Ser

360

Leu

Thr

Leu

Leu

440

Asp

Val

Tyr

Leu

Ay

Leu

Al a

Ay

Al a

Arg

345

Ser

Phe

Ser

Arg

Al a

425

Pro

Asp

Ay

Gu

Al a

Leu

Phe

Gu

330

Thr

Thr

Trp

Thr

Al a

Val

490

Al a

Met

Met

Arg

570

Thr

Page 96

Ser

Tyr

395

Tyr

Asp

Leu

Al a

Asp

Asp

Trp

Leu

Arg

Asn

555

Met

e

Ser
380
Arg

Phe

H s

Asn

460

Leu

Lys

Ser

Pro

Asp

Ser

Al a

e

Asp

Ser

365

Lys

Leu

Lys

Asp

Phe

445

Phe

Leu

Ser

Al a

Lys

Ser

Asn

Gn

Gn

350

Ser

Ay

Leu

Asp

Asn

430

Met

Asp

Asn
510

Asp

Leu

Tyr

Arg

e
335
Phe

Tyr

Asp

Asn
415
Ser

Met

Ay

Al a
495

Asp

Thr

Al a

Asp

Thr

Arg

Ser

Leu

Al a

480

Pro

Al a

Arg

Pro

560

Phe



Arg

H s

625

Leu

Arg

e

Asp

Arg

Thr

Arg

Arg

Al a

Thr

785

Val

Ay

Asn

Val

Asp

Lys

Thr

Asp

Vet

690

Tyr

Arg

Leu

Thr
770

Asp

Al a

Ser

Vet
850

Arg

Lys

Thr

Asp

Thr

675

Ay

Thr

Ay

Tyr

Trp

Lys

Asp

Tyr

Lys

Tyr

Lys

Ay

Leu

Val

Lys

Ser

740

Leu

Leu

Asn

Val

Al a
820

Asn

Al a

Al a

Asp

H s

Leu

Lys

Ay

Asn

Gn

Al a

CL6220WOPCT_Sequenceli sting_ST25. t xt

Pro

Phe

Ser

630

Ser

Tyr

Arg

Lys

y Met

Arg

Asp

Asn

790

Val

Val

Phe

Asn

Gu

Tyr

Val

Met

Al a

Val

695

Ay

Thr

Pro

Ser

775

Leu

Ser

Asp

Tyr

Ser
855

Leu Phe Gy Tyr Asn Phe Thr Arg

600

e

Thr

Al a

Arg

Ay

Val

Val

Leu

760

Asp

Thr

Ay

Al a

Lys
840

Tyr

Leu

Arg

Lys

e

Ser

e

Thr

745

Leu

Val

Phe

Tyr

Arg

Ser

Phe

Pro

Val

650

Lys

Lys

Asp

Thr

Leu

730

Met

Leu

Pro

Leu
810

Thr

Ser
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Al a

Ser

635

Tyr

Thr

Tyr

Ay

Asp

Thr

Thr

Ser

Al a

795

Ay

Al a

Al a

Asp

Val

Tyr

Pro

Val

Leu

700

Trp

Met

Thr

Asn

780

Asn

Val

Pro

Al a

Phe
860

605

e

Tyr

Ay

Tyr

Al a

685

Leu

Ay

Asp

Trp

Ser

Leu

845

Al a

Al a

Asp

Phe

670

Ay

Thr

Thr

Tyr

Arg

Asp

Leu

Val

Val

Asn

830

Asp

Asp

Thr

Leu

Leu

655

Asp

Ay

Ser

Thr

Asp

Al a

Ay

Lys

Phe

Pro

815

Arg

Ser

Asp

Asp

Al a

Vet

640

Tyr

Al a

Val

Phe

H s

Leu

Arg

Ay

Val

Al a

Gn
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Pro Qu Leu Tyr Met Asn Arg Val Leu Ala Lys Asn Thr Asp Leu Leu
865 870 875 880

Lys Ala Trp Gy Vval Thr Ser Val Ay Leu Pro Pro @ n Tyr Val Ser
885 890 895

Ser Lys Asp Gy Thr Phe Leu Asp Ser Thr Ile Asp Asn
900 905

Tyr Ala

©o
o<

Phe Asp Asp Arg Tyr Asp Met Ala Leu Ser G n Asn Asn Lys Tyr Qy
915 920 925

Ser Leu Gu Asp Leu Leu Asn Val Leu Arg Ala Leu His Lys Asp Gy
930 935 940

Ile dn Ala lle Ala Asp Trp Val Pro Asp Gn Ile Tyr Asn Leu Pro
945 950 955 960

Ay Lys Qu Val val Asn Ala Thr Arg Val Asn Ay Tyr Ay Tyr His
965 970 975

An An dy Tyr An Ile Val Asp An Ala Tyr Val Ala Asn Thr Arg
980 985 990

Thr Asp Gy Thr Asp Tyr Gn Ay Arg Tyr Gy Gy Ala Phe Leu Asp
1000 1005

GQu Leu Lys Ala Lys Tyr Pro Ser Ile Phe Asn Arg Val Gn lle
1010 1015 1020

Ser Asn Gy Lys Gn Leu Pro Thr Asn GQu Lys

I[le Thr Lys Trp
1025 1030 1035

Ser Ala Lys Tyr Phe Asn Gy Thr Asn Ile Leu Ay Arg Ay lle
1040 1045 1050

Asn Tyr Val Leu Arg Asp Asp Lys Thr Asn G n Tyr Phe Asn Thr
1055 1060 1065

Ser Ala Asn Gy Gn Leu Leu Pro Thr Pro Leu Arg Asp Thr Gy
1070 1075 1080

Ala lle Thr Ser Thr An val Phe An Arg Arg Gy G n Asp Val
1085 1090 1095

Tyr Phe Leu Arg Asp Asn Gn Val Ile Lys Asn Gu Phe Val Gn
1

Asp Gy Asn Ay Asn Trp Tyr Tyr Phe Ay Ala Asp Gy Lys Met
1

Page 98



Thr

Asp

Ay

Al a

Thr

H s

Arg
1

Thr

Ay

Ay

Phe

Ay

Tyr

Asp

Ay

Ay

Ser
1265

Ser
1280

Al a
1355

Ser
1370

Ay

Ay

Thr

Val

Phe

Val

Ay

Lys

Arg

Val

Ser

Asp

e

Ay

Al a

Val

Tyr

Asp

Ay

Tyr

Arg

Asp

Arg

Val

Ay

Ay

e

Lys

Leu

Val

Gn

Tyr

Phe

Thr

Phe

Thr

Thr

Lys

Phe

Leu

CL6220WOPCT_Sequenceli sti ng_ST25.

Asn

Leu

Tyr

Asp

Met

Asp

Asp

Ay

Tyr

Asp

Al a

Al a

Val

Ay

Tyr

Al a

e
1135

- >

a =
Q1

Tyr
1315

Asn
1330

Phe
1345

Asn
1360

Ser
1375

Asn

Leu

Lys

Val

Asp

Lys

Ser

Tyr

Arg

Lys

Ay

Ay

Ser Lys Asp Tyr Tyr
1140

Al a Leu

Asp Ay

Hs Gn

Thr Gy

Lys Leu

Val Phe

Al a Asp

Thr Tyr

Asn Arg

Ile Thr

Pro Al a

Val Thr

Ile Lys

Arg Tyr

Page

Arg

Al a

An

Leu

e

Hs

Al a

Ay

Tyr

Al a

Pro

Thr

Ay

Ay

Tyr

Leu

Arg
1155
Met

1170

Val
1185

H s
1200

Thr
1245

Asn
1260

Phe
1275

Asp
1290

Al a
1305

Lys
1320

Ser
1350

Tyr
1365

1380

Al a

e

Arg

Trp

Al a

Tyr

Asp

Thr

Ser

Ay

Al a

Tyr

Val

t xt
Phe

Ser

Lys

Al a

Ser

Lys

Val

Ser

Val

Trp

Tyr

Val

Ay

Phe

Phe

Ay

Asp

Al a

Arg

Thr

Asp

e

Asn

Lys

Pro

Asp



Asp

Ay
|

Tyr

Al a

Phe

Ay

Thr

Ay

Tyr

Ay

<210>
<211>
<212>
<213>

<400>

1385

Val
1400

1460

Ser
1490

Asn
1505

Al a
1520

H s
1535

Val
1550

1565

41
4179
DNA
Strept ococcus sp C150

41

Trp

Arg

Leu

Arg

Arg

Asp

Leu

Thr

Tyr

Al a

Val

Asp

Al a

Lys

Tyr

Phe

Ay

Tyr

Val

e

Tyr

Asp

Lys

Al a

Pro

Ay

Ay

Lys

Al a

Tyr

Phe

Pro

CL6220WOPCT_Sequenceli sti ng_ST25.

Phe

Ay

Ay

Asp

Al a

Asp

Ay

Ay

Lys
1390

Ay
1405

Gn
1420

Ser
1435

Tyr
1495

H s

Tyr

Thr

Ay

Trp

Thr

Tyr

Asp

Thr

Ser

Arg

Asp

Leu

e

Al a

Al a

e

Lys

Pro

Ay

Ay

Arg

Ay

Lys

Val

Leu

Tyr

Arg

Tyr

Ser

Tyr

Au

Val

Phe

Gy

Lys

Asp

Val

An

Tyr

Leu
1395

Phe
1410

Asp
1425

Thr
1440

Asn
1455

Lys
1470

Al a
1485

y
1500

Val
1530

Val
1545

ASp
1560

Al a

Asp

Ay

Ser

Thr

Val

Al a

Lys

Al a

at caat ggca aacagt acta tgtaaattcg gacggt agcg tgcgt aagaa

gaacaggat g gt aagagcta ctactttgac gcggaaactg gcgeget gge

caagat gaat ttagcacgga gccgattaaa gcagcagtgg acttctctag

ct gt acaaaa at gacaacaa atcgctggat cagctggata cgtttatcac

t ggt accgcc ctaagtctat tctgaaggat ggcaaaacct ggaccgegtc
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t xt

Lys Asn

Hi s Thr

Ser Phe

Tyr Tyr

Lys Val

Pro Val

Tyr Phe

Ay Ala

Asn Thr

tttegttttt
cact aaaagc
cggcaaccag
cgct gacgca

t accgaagct

60
120
180
240
300



gat aagcgt ¢
aact acat gc
tccct gaatc
ggt aacacca
aacagcagca
aacagcaaag
aaccgt accc
ggt ct ggaat
cagct gaact
gcgaactttg
at cgcgagcg
aagcacct ga
aaaggcgcege
cgt gacaaga
aacccacgtg
gcacacgat a
aacctgtttg
gcggacatta
ctgat gctga
gacggt cact
gcgegceat ca
ggcttgetga
act gaaaccc
ggcagcaacg
ccget get ge
tcgaatttgce
tttggtgtag
aaagct aacc
t at aagt cgt
gcatttgcgg
ct gct gaaag
gacggcacct
at ggcgcet ga

gct ct gcaca

cgt t gct gat
agaaccaggg
t ggct gcgaa
att ggct gcg
ct gagaat ag
ot gat acggg
caact aat ca
ttctgetgge
ggct gcact t
atggtttgceg
attacttcaa
gct at ct gga
aact gccgat
at acgcgcat
gt gcgaat ga
ccgaggegea
gctacaattt
acacggcgca
cgaat aagga
acat ggccaa
aat acgt ggc
cgagegt ccg
gt acccaagg
aaaccgt cac
t gacgaccaa
t gaaacgcac
agaacgt cca
aggat gcgcg
ctgcggeat t
acgat caacc
cgt ggggegt
t cct ggat ag
gccagaacaa

aagacggt at

CL6220WOPCT_Sequenceli sting_ST25. t xt

got gt ggt gg
tttgggtgcg
agcagt t cag
t accagcatt
cagct at gat
t aaccgcacc
aagcggcacc
aaacgacatc
cat gat gaac
t gt ggacgeg
ggcagt ct ac
ggcgt ggagce
t gacaacgcg
gcagct gggt
caaaaacggc
gaccat catt
cacccgcegat
t aagacgt ac
cagcgt gacc
gaaaacgcct
gggt ggt caa
ct at ggcaag
t at gggegt t
gat gaacatg
ggatggtctg
ggact ggaat
ggt cagcggt
t acccaaccg
ggacagccag
ggaact gt ac
t act agegt t
cact at t gat
caaat acggt

t caggcgat t

ccggacaagt ccacccaagt taactacctg

ggt agcttca
accaagat cg
gaccaattca
cact t gcagg
agct at gcga
cgt aagt act
gacaacagca
attggttcta
tt ggat aacg
ggtgttgata
gccaat gacc
ct gcgcaacg
gacat gacgg
gagcgt at gg
cagcgtatta
gaaat caaaa
gcgagcet aca
cgtgtgtatt
tatttcgatg
gacat ggagg
ggt gcgaaca
at cct gacga
ggcegt gege
gccacgt acc
ggt aacttga
tacct gggt g
agcaaccgt g
gtcatgtatg
at gaaccgcg
ggct t gcege
aacggct at g
t ct ct ggagg

gcggact ggg
Page 101

gcaccaat ag
aagaacgcat
tt aagacgca
gt ggt caact
at agcgact a
tt aaggat aa
accct geegt
t cat ggcgaa
t ggat gcgga
aat ccgaggce
cgtattacaa
cact gaccaa
cgtttatgaa
cgaat t acat
t ccgegat cg
aggcgtttga
atctgecgtc
acggt gacct
caat cgat ac
t gaagaaagt
at agcaccga
acaact at ga
at cgcaat ca
t gaat gat ag
cctttaatge
tttgggtacc
cgaacagcga
aggcgtttag
ttct ggcgaa
cacaat acgt
cgttcgat ga
actt gct gaa

t cccggat ca

cagccaagaa
cgcacgt gag
gccaggcet gg
gct gt t caat
tcgtetgetg
ttccat cggt
t caggcggag
t gacccgacg
cctgttgcag
gaat gcgat ¢
caaggat acc
cctgttgatg
tagctctctg
tttcacccge
t at caat ccg
gat ct acaac
cgt ct acgca
gt at cgt gag
cct get gegt
t ggt aat gac
ct ggggcacg
tttccgectg
gct gt at cgt
cgacgt gcet
caacgatgtg
got t ggt gct
t ggt caggt ¢
caattttcag
gaacaccgat
t agcagcaaa
tcgttacgac
cgttctgege

aat ct acaat

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340



ttgccgogt a

ggct accaga
cagggt cgt t
aat cgt gt cc
t ccgcgaaat
gacgacaaga
ct gcgcgaca
tattttctge
t ggt act act
gattactatt
ggt t acacct
gat gat aagc
ttgcact gga
cgcattgtgce
ggccgcaat g
ggcaacaccg
ggt t cggt cg
gctcgct ata
accaaagcgt
gacggcaat ¢
gagaacggt a
ct gcaagt cg
caggttcgtg
ggccaaacca
gtgacctcta
caagccct ga
attcagtata
gacggt caac
ggt gecgat g
gat cagt cgg

t acgacgcaa

<210>
<211>
<212>
<213>

42
1392
PRT

aagaggt t gt
ttgttgacca
acggt ggt gc
agatt agcaa
act t caat gg
ccaat cagt a
ccggt gccat
gt gat aacca
t cggt gccga
tcttcgataa
act att at gg
accaacaggt
gcggt cacca
gt accgat ga
tgtttgcgac
ttacgggcetc
gt accgegt a
t cact ccgge
ggaattactt
tgtactactt
t caagt act a
gt gacgacca
cagacggt gg
tt gt ggagga
gct t cgegga
agggcaaat g
aaggcaaggc
cggt cact aa
gct acgcagt
gt cgt caggt
acacgggt ga

CL6220WOPCT_Sequenceli sti ng_ST25.

t aat gcgacg
ggcgt acgt t
ttttctggac
cggt aaacag
cacgaacat ¢
tttcaacacc
caccagcacg
ggttatcaaa
cggt aaaat g
t ggcgt ccag
cct ggacggt
gcgtgegt tt
cttctatttt
t ggcaagct g
cgacagccgce
ccgtgtcatc
cagcaat cgt
t ggcgagat t
cgacaaggaa
t aaagaggac
ct acgaaccg
at ggat ct ac
ttacttgaaa
t ggt cat acc
gattgctccg
gaccat caat
agt t aaggt ¢
cegttttgee
t act ggcgaa
t aaaggt gcg

atacattccg

Strept ococcus sp C150

cgt gt t aacg
gcaaacaccc
gaact gaagg
ctgccaacca
ct gggeegt g
agcgcaaacg
caagttttcc
aacgagtttg
acgaagggt g
ctgcgtaatg
gccat gat ca
act acgcagg
gaccgcgaaa
cactattatg
acgggcaagc
gacggcaaga
gcggat agca
ggccgttcca
ggt aaccgt g
ggct cccaag
ggcagcggt a
tt caaacacg
tactttgata
tattactacg
aaccagt ggg
ggt aaagagt
ggcagecgt t
cagat t gagc
caggtgatta
t acgt caccg

ggtcgtt aa
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gttacggtta
ot acggat gg
cgaagt accc
at gagaaaat
gt attaacta
gccaact gct
agcgt cgt gg
t gcaagat gg
cacaaaacat
cgct gegt cg
agaacgct tt
gcacgat ggt
cgggt at cca
t cgcacaaac
gctattactt
cctactactt
ttatctttga
tttttgtcta
t caccggt cg
t gaaaggt gc
t cct ggcgag
acggt agcct
agaat ggcat
at gccgactc
cctacttcaa
actattttga
acaaat act a
cgaacgtctg
at ggccagca

t gaat ggt ca

t xt

ccat cagcag
taccgatt at
gagcattttc
cacgaaat gg
t gt gct gcge
gccgacgceca
ccaagacgtc
t aacggt aat
caat agcaag
cgcgt ccaat
cgtcgatttt
ggt cggt aat
agccaaagac
cggcgat atg
t gat gcggac
caaccaggac
gaat ggcaag
caacccggceg
tcagtat at t
gattgttgaa
cggtcgtt at
ggcgat cggt
ccaggt caag
cggtgctctg
t accgagggce
t cagaacggce
t gacgagaat
ggcgtact tt
cctgtacttce

acgtcgttac

2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4179



<400>
Ile Asn Gy
1

Asn

Thr

e

Asp

65

Trp

Ser

Lys

Ay

Al a

145

Ay

Arg
Thr
225

Ay

Val

Phe

Ay

Tyr

Thr

Ser

Al a

130

Al a

Pro

Ay

Thr

210

Leu

Gn

42

Val

Al a

35

Al a

Lys

Arg

Thr

115

Ay

Lys

Thr

Ay

Al a

Lys

Phe

20

Leu

Al a

Ser

Pro

Ser

Al a

Tyr

Ser

Phe

Al a

Val

Leu

Lys

85

Val

Phe

Val

Leu

Al a

Ay

Leu

245

Gn

CL6220WOPCT_Sequenceli sting_ST25. t xt

Tyr

Gn

Thr

Asp

Asp

70

Ser

Lys

Ser

150

Leu

Ser

Leu

Asn

Thr

230

Leu

Leu

Tyr

Asp

Lys

Phe
55

Arg

Tyr

Thr

135

Thr

Arg

Ser

Phe

Ser

215

Arg

Al a

Val

Ay

Ser

40

Ser

Leu

Leu

Pro

Leu

120

Lys

Thr

Thr

Asn

200

Asp

Lys

Trp

Asn

Lys

25

Ser

Asp

Lys

Leu

105

Ser

e

Ser

185

Asn

Tyr

Tyr

Asp

Leu

Ser Asp Gy Ser Val
10

Ser

Asp

Ay

Thr

Asp

90

Leu

Tyr

Ser

_,__
~—
[=X0)

Ser

Arg

Phe

Tyr

Phe
75
Ay

Met

Met

Asp

Ser

Lys

Leu

Lys

235

Asp

Tyr

Phe

Gn

60

Lys

Val

Ser

Ay

Leu

220

Asp

Phe

Ser

45

Leu

Thr

Thr

Trp

Asn

125

Ser

e

Phe

Tyr

Ser

H s Phe Met Met
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Asp

30

Thr

Tyr

Al a

Trp

—

—_ =
[exe]

Leu

Al a

Asp
190
Thr

Arg

Ser

Arg
15

Al a

Lys

Asp

Thr

95

Pro

Ay

Ay

Thr

Pro
255

e

Lys

Pro

Al a

80

Al a

Asp

Leu

Leu

160

Thr

Leu

Pro

Ay

Al a

Ay



Ser

Asp

Tyr

305

Lys

Leu

Al a

385

Al a

Arg

Lys

Thr

Asn

465

Asp

Thr

Ay

e

Al a

290

Phe

H s

Lys

Al a

H s

e

Lys

Tyr

450

Lys

Ay

Leu

Val

Lys

Vet

275

Leu

Lys

Leu

Asp

Leu
355

y Asp

Asp

Asp

Asn

Al a

435

Al a

Asp

H s

Leu

Lys

515

Ay

260

Al a

Asp

Al a

Ser

Thr

340

Thr

Met

Lys

Thr

Pro

420

Phe

Ser

Ser

Tyr

Arg

Lys

Al a

Val
Tyr

325

Lys

Thr

Tyr

Val

Met

485

Al a

Val
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Asp

Val

Tyr

310

Leu

Ay

Leu

Al a

Ay

Al a

Leu

Thr
470
Al a

Arg

Ay

Pro
Asp

295

Ay

Al a

Leu

Phe
375

Phe

Tyr

Leu

455

Arg

Lys

Ser

265

270

Thr Ala Asn Phe Asp Ay Leu Arg

280

Al a

Val

Al a

Vet

360

Met

Arg

Thr

Ay

Asn

440

Pro

Val

Lys

Lys

Asp

Thr

Asp

Asp

Trp

Leu

345

Arg

Met

Tyr

425

Al a

Ser

Tyr

Thr

Tyr

505

Ay

Asp

Leu

Lys

Ser

330

Pro

Asp

Ser

Al a

~—-
-
[=X0)

Asp

Val

Tyr

Pro

490

Val

Leu

Leu
Ser

315

Al a

Lys

Ser

Asn
395

Phe

Al a

Leu

Asn

Asp

Leu
380
Tyr

Arg

Thr

Al a
460

y Asp

Phe

Ay

Thr

Trp Ay Thr
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285

e

Al a

Asp

Thr
365

Arg

Thr

445

Leu

Leu

Asp

Ay

Ser

525

Thr

Al a

Pro

Al a

350

Arg

Pro

Phe

Asp

Al a

Met

Tyr

Al a

Ser

Al a

Tyr

335

Leu

Met

Arg

Thr

H s

Leu

Arg

Asp

Arg

Thr

Val

Asp

Tyr

Arg

Ay

Arg

Asp

e

Lys

Thr

Asp

Met

Tyr

Arg



Thr
545

Ay

Tyr

Trp

Asn

625

Lys

Asp

Tyr

Leu

Trp

Asp

Asp

Al a

530

Ser

Leu

Leu

Asn

610

Val

Al a

Ay

Tyr

690

Ay

Ay

Arg

Asp

Val

Tyr

Ay

Tyr
Asn

595

Ay

Al a

675

Met

Val

Thr

Tyr

Leu

755

Al a

Val

Met

Arg

Asp

Val

Val

660

Phe

Asn

Thr

Phe

Asp

Leu

Asp

e

Ay

Thr

565

Pro

Ser

Leu

Ser

Asp

Tyr

Ser

Arg

Ser

Leu

725

Met

Trp

Al a

Val

CL6220WOPCT_Sequenceli sting_ST25. t xt

Val

550

Val

Leu

Asp

Thr

Ay

Al a

Lys

Val

Val

710

Asp

Al a

Val

Val

Thr

790

Asp

535

Ile Leu Thr Asn

Thr

Leu

Val

Phe

615

Tyr

Arg

Ser

Phe

Leu

695

Ay

Ser

Leu

Leu

Pro

775

Arg

Met Asn
Leu Thr

585

Pro Ser

600

Asn Al a

Leu Ay

Thr An

Ser Ala

665

An Ala

Al a Lys

Leu Pro

Thr 1le

Ser Gn

Arg Al a

Asp Gn

Val Asn

Ala Tyr

Vet
570

Thr

Asn

Val

Pro

650

Al a

Phe

Asn

Pro

Leu

Ay

Val
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Asn

555

Ay

Lys

Leu

Asp

Trp

Ser

Leu

Al a

Thr

Asn

H s

Tyr

Tyr

795

Al a

540

Tyr Asp Phe Arg

Arg

Asp

Leu

Val

620

Val

Asp

Asp

Asp

Tyr

Ay

Lys

Lys

Asn

780

Ay

Asn

Al a

Ay

Pro

Arg

Ser

Asp

Leu

Val

Tyr

Tyr

Asp

Leu

Tyr

Thr

H s

Leu

590

Arg

Ay

Val

Al a

Leu

Ser

Al a

Ay

Ay

Pro

H s

Arg

Arg

575

Al a

Thr

Val

Ay

Asn

655

Val

Pro

Lys

Ser

Phe

735

Ser

e

Ay

Thr

Leu

560

Thr

Asp

Al a
640
Ser

Met

Al a

Lys

Asp

Leu
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805 810 815

Gy Thr Asp Tyr Gn Gy Arg Tyr Gy Gy Ala Phe Leu Asp Gu Leu
820 825 830

Lys Ala Lys Tyr Pro Ser Ile Phe Asn Arg Val GAn lle Ser Asn Gy
835 840 845

Lys G n Leu Pro Thr Asn GQu Lys Ile Thr Lys Trp Ser Ala Lys Tyr

Phe Asn Gy Thr Asn lle Leu Ay Arg Ay Ile Asn Tyr Val Leu Arg
865 870 875 880

Asp Asp Lys Thr Asn A n Tyr Phe Asn Thr Ser Ala Asn Gy G n Leu
885 890 895

Leu Pro Thr Pro Leu Arg Asp Thr Ay Ala Ile Thr Ser Thr G n Val
900 905 910

Phe Gn Arg Arg Gy d@n Asp Val Tyr Phe Leu Arg Asp Asn (3 n Val
915 920 925

Ile Lys Asn Gu Phe val Adn Asp Ay Asn Ay Asn Trp Tyr Tyr Phe
930 935 940

Gy Ala Asp Gy Lys Met Thr Lys Gy Ala Gn Asn Ile Asn Ser Lys
945 950 955 960

Asp Tyr Tyr Phe Phe Asp Asn Gy Val G n Leu Arg Asn Ala Leu Arg
965 970 975

Arg Ala Ser Asn Gy Tyr Thr Tyr Tyr Tyr Gy Leu Asp Ay Ala Mt
980 985 990

Ile Lys Asn Ala Phe Val Asp Phe Asp Asp Lys His An dn Val Arg
995 1000 1005

Ala Phe Thr Thr Gn Gy Thr Mt Val Val Gy Asn Leu His Trp
1010 1015 1020

Ser Ay His His Phe Tyr Phe Asp Arg GQu Thr Ay Ile Gn Ala
1025 1030 1035

Lys Asp Arg Ile Val Arg Thr Asp Asp Gy Lys Leu His Tyr Tyr
1040 1045 1050

Val Ala Gn Thr Gy Asp Met Ay Arg Asn Val Phe Ala Thr Asp
1055 1060 1065

Ser Arg Thr Ay Lys Arg Tyr Tyr Phe Asp Ala Asp Gy Asn Thr
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Val

Trp

Tyr

Val

Ay

e

Lys

H s

Ser

Tyr

Lys

Pro

1070

Thr
1085

Thr
1250

Phe
1265

Tyr
1295

Val
1310

Val

Ay

Ay

Phe

Ay

Tyr

Asp

Ay

Ay

Asp

Gn

Ay

Tyr

Al a

Phe

Ay

Thr

Ser

Ser

Arg

Phe

Ay

Al a

Ser

Gn

Val

Tyr

Gu

Al a

Asp

Ser

Arg

Val

Ser

Asp

e

Ay

Trp

Arg

Leu

Gn

Arg

Arg

CL6220WOPCT_Sequenceli sti ng_ST25.

Val

Ay

Ay

e

Lys

Leu

Val

e

Al a

Val

Asp

Al a

Lys

Tyr

Phe

1075
e
1090

Thr
1105

1120

Phe
1135

Leu
1195

Tyr
1210

Lys
1240

Al a
1255

Pro
1270

Lys
1315

Al a

Asp Gy Lys

Al a

Al a

Val

Ay

Tyr

Al a

Phe

Ay

Ay

Asp

Tyr

Gn

Tyr

Arg

Asn

Phe

Ser

Lys

Ay

Ser

Tyr

Ser

Tyr

Arg

Lys

Ay

Ay

H s

Tyr

Thr

Ay

Trp

Thr

Tyr

Asp

Thr

Pro

Val

e

Arg

Asp

Leu

Al a

Al a

e

Lys

Ile Au Pro
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1080

Tyr
1095

Lys
1230

Val
1245

Leu
1260

Tyr
1275

Asn
1290

y
1305

Asn
1320

Asn

Tyr

Al a

Pro

Thr

Ay

Ay

Tyr

Leu

Ser

Tyr

Val

Phe

Ay

Lys

Asp

Val

t xt

Phe

Asp

Al a

Lys

Arg

Ser

Tyr

Leu

Phe

Asp

Thr

Lys

Al a

Ay

Trp

Ser

Ay

Al a

Tyr

Val

Al a

Asp

Ay

Ser

Thr

Val

Al a



Tyr

1325

Phe dvy Ala Asp
1340

Gy Gn Hs Leu
1355

Ala Tyr Val Thr
1370

Thr Ay Gu Tyr
1385

<210> 43

<211> 1455

<212> PRT

<213> Streptococcus
<400> 43

Met Gu Lys Lys Val
1 5

Val

Ay

Thr

Thr

65

Leu

Asn

Ser

Lys

Asn

145

Lys

Thr Val Ser Val
20

Ser Leu Val Lys
35

Gu Ser An Ala
50

Leu Thr Ala Thr
Thr Ala Thr Val
85

Thr Thr Ala Asn
0

Ser Lys

—_
—_
U115

Ala Val Asn Arg
130

Asn Thr Ala His
Pro Lys Ile Qy
165

CL6220WOPCT_Sequenceli sting_ST25. t xt
1330

Ay Tyr

Tyr

Val

Ile Pro

Al a Val

1345

Phe

1335

Thr Ay Qu

1350

A n val

Asp Gn Ser Ay Arg G n Val

1360

Asn
1375

Ay Arg

1390

nmut ans

Arg

Al a

Al a

Ser

Asp

70

Thr

Thr

Thr

Leu

Phe

Ser

Asp

Leu

55

Thr

Asp

Al a

Asp

Thr

135

Lys

Leu

Lys

Al a

Ser

40

Val

Ser

Asn

Asn

120

Al a

Thr

Lys

Leu

Val

25

Thr

Thr

Thr

Val

Phe

105

Ser

Thr

Val

Arg

10

Val

Asp

Thr

Al a

Ser

90

Asp

Asp

Ay

Thr

Pro
170

Page 108

Lys

Thr

Asp

Ser

Thr

75

Thr

Val

Lys

Lys

a &
oo

Ser

1365

Val

Leu

Arg

Gu

60

Ser

Thr

Lys

Phe
140

Lys

Ser

Lys

Thr

Gn

45

Al a

Al a

Pro

Val

e

Leu

Lys

Ser

30

Al a

Thr

Thr

110

Al a

Pro

Val

Ser

Arg

15

Leu

Al a

Lys

Ser

Ser

95

Thr

Thr

Al a

Pro

175

e

Lys

Ay GAn Arg Arg Tyr Tyr Asp Ala
1380

Ser

Val

Gn

80

Thr

Thr

Ser

Asn

_,__
o —
[=X0)

Asp



Asp

Lys

Leu

Ser

225

Al a

Arg

Thr
305

Thr

Al a

Ay

Ser

Lys

Leu

e

Tyr

Asn

210

Thr

Asn

Pro

Lys

290

Thr

Thr

Trp

Al a

Asp

Leu

Al a
Tyr

195

e

Phe

Lys

275

Asp

Arg

Tyr

Leu

Tyr

Pro

Al a
435

Al a
180

Tyr

Thr

Ser

Tyr

Phe

Leu

Ser

Leu

Arg
4

Arg

Asn

Leu

Tyr

Ay

Leu

Phe

245

H s

e

Arg

Tyr

Thr

325

Thr

Arg

Asp

Tyr

Asp
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Gy Asn Val

Lys

Lys

Pro

230

Al a

Val

Leu

Pro

Val

310

Al a

Lys

Ser

Ser

390

Leu

Thr

Val

Gu

Thr

215

Ser

Gn

Asp

Lys

Leu

295

Thr

Thr

Al a

Asp

Asp

200

Phe

Lys

Tyr

H s

Asp

Leu

Tyr

Ser

Arg

Asp

Asn
440

Lys
185
Ay

Phe

Lys

Tyr

265

Met

Met

Pro

Pro

Ser

Thr

Arg

Ser

Asn Ile Arg Lys Val

Thr

Phe

Ay

Leu

Lys

Thr

Leu

330

Lys

Al a

Phe

Lys

Leu

Asp

Asn

235

Val

Thr

Thr

Trp

Al a
315

Phe

Asp

Leu

395

Thr

e

Tyr
Al a
Trp
Trp
3

Gn
Leu
Thr

Val

Ay

Asn Pro Val
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Thr

Ser

Gu

Thr

285

Pro

Leu

Al a

Ser

Ay

Val
445

190

Asn

Ay

Thr

Ser
270

Asp

Ay

Leu

Leu

Thr

Tyr
430

Asn

Tyr

Al a

Asp

Trp

Ser

Gn

Al a
335

Lys

Gn

Al a

Ay

Al a

Leu

Asp

Al a

Tyr

Thr

H s
320

Al a

Ser

Lys

Asn

400

Lys

Phe



Asn
465

Al a

Ay

Tyr

545

Al a

Asp

Ay

Asn

625

Al a

Val

Lys

Lys

Ser
705

Leu

450

Asp

Val

Lys

Leu

Asp

Ser

Thr

Val

Leu

Tyr

610

Lys

Leu

Tyr

Thr

Tyr
690

Pro

Asp

Ay

Leu

Pro

Asp

Ser

Tyr

Val

e

Trp

Asp

Al a

Al a

Met

Al a

Ser

Ser

580

Arg

Phe

Leu

Tyr

Ay

Asn

Ser

e

Leu

Al a

Asp

H s

Trp

Lys
Leu

565

Tyr

Thr

Leu

Al a

645

Asp

Tyr

Ay

Thr
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H s

Asn

470

Leu

Lys

Ser

Pro

550

Val

Ser

e

Met

Al a

630

Leu

Ay

Ser
710

Phe
455
Phe

Leu

Tyr
Met

535

Leu

Phe

e

Leu

Phe

Al a

Leu Met Asn Phe Gy

Asp

Asp
Asn

520

Asp

Leu

Thr

Al a

Arg

Ser

e

Lys

505

Asp

Asn

Thr

Arg

Al a

Lys

Thr

Tyr

Al a

490

Al a

Thr

Arg

Arg

Asp

Al a

Gu

Lys

Lys

Asn

650

Asp

Thr

Arg

Ay
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Arg

Ay

Al a

Pro

Leu

Ser

555

Asp

H s

e

Lys

Tyr

635

Lys

Ay

Leu

Lys
715

460

Val

Asp

Asn

Tyr

Arg

Ay

Asn

Asp

Al a
620

Thr

Ser

Leu

Ay

Asn Ile Tyr

Asp

Tyr

Asp

Leu

525

Leu

Met

Al a

Ser

Pro

605

Phe

H s

Ser

Tyr

Al a

Al a

Leu

H s

510

H s

Ser

Asn

Gu

Tyr

Val

Vet

670

Al a

Val

Leu

Val

Lys

Leu

Asp

Leu

Pro

Thr

575

Val

Val

e

Asn

Pro

655

Al a

Arg

Ay

Lys

Al a

Asp

Al a

Ser

Asp

Leu

Leu

560

Al a

Val

Tyr

Thr

640

Arg

H s

Al a
720



Thr

Val

Leu

Al a

785

Al a

Ay

Al a

Al a

Al a

865

Pro

Gn

Pro

Leu

945

Met

Lys

Asp

Ay

Thr

770

Ay

Al a

Val

Al a

Al a

850

Phe

Val

Gn

Asn

Asn

930

H s

Tyr

Tyr

Thr

Met

755

Thr

Leu

Asp

Trp

Ser

835

Leu

Al a

Asp

Ser

Al a

Ay

Ay

Asn

740

Ay

Asp

Val

e

Val

820

Thr

Asp

Thr

Lys

Val

900

Tyr

Tyr

Lys

Phe

Thr
980

Asp

Pro

Al a

Asn

Arg

Lys

805

Pro

Al a

Ser

Lys

Phe

885

Ser

Al a

Ay

Ay
9

Pro
965

Pro
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Arg Thr Thr Arg

Ser

Al a

Ay

Tyr

790

Ay

Val

Pro

Arg

Lys

870

Al a

Ser

Phe

Thr

Val

Leu

H s

Tyr

Ay

Ser

Val

855

Gu

Thr

Thr

Al a

935

Lys

Lys

Al a

Arg

Al a

Al a

Thr

840

Met

Trp

Asp

Asp

Asp

Val

Ay

Leu

745

Al a

Asp

Al a

825

Asp

Phe

Tyr

Ay

Ay

Arg

Asp

Met

Val

Ser
985

Thr

730

Lys

Gn

Tyr

Arg

Pro

810

Al a

Ay

Thr

Val

890

Ser

Tyr

Leu

Al a

Val
970

Ser Gy Vval

Al a

Al a

H s

Asp

Lys

Ay

Asn

875

Thr

Phe

Asp

Val

Asp

Thr

Ser

Tyr

Ser

780

Val

Gn

Ser

Phe

860

Val

Asp

Leu

Leu

Trp

Al a

An lle Lys
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Asp

Arg

Asp

Leu

Ser

Asp

Val

845

Ser

Val

Phe

Asp

Ay

Al a

Val

Thr

Al a
Arg
750

Pro

Gn

Ay
Val

830

H s

e

Ser

910

e

e

Pro

Arg

Thr
990

Val
735
Val

Leu

Phe
Tyr

815

Arg

Phe

Al a

Met

895

Val

Ser

Lys

Asp

Val

975

Leu

e

Val

Leu

Al a

Thr

800

Leu

Val

Lys
880

Al a

Lys

Al a

Gn

Asp

Tyr
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Val Val Asp Gy Lys Ser Ser Gy Lys Asp Gn @n Ala Lys Tyr Gy
995 1000 1005

Gy Ala Phe Leu Gu Gu Leu GAn Ala Lys Tyr Pro Gu Leu Phe
1010 1015 1020

Ala Arg Lys Anlle Ser Thr Ay val Pro Met Asp Pro Ser Val
1025 1030 1035

Lys Ile Lys Gn Trp Ser Ala Lys Tyr Phe Asn Ay Thr Asn lle
1040 1045 1050

Leu Gy Arg Gy Ala Gy Tyr Val Leu Lys Asp Gn Ala Thr Asn
1055 1060 1065

Thr Tyr Phe Ser Leu Val Ser Asp Asn Thr Phe Leu Pro Lys Ser
1070 1075 1080

Leu val Asn Pro Asn His Ay Thr Ser Ser Ser val Thr Ay Leu
1085 1090 1095

Val Phe Asp Ay Lys Ay Tyr Val Tyr Tyr Ser Thr Ser Gy Tyr

1100 1105 1110
An Ala Lys Asn Thr Phe Ile Ser Leu Ay Asn Asn Trp Tyr Tyr
1115 1120 1125

Phe Asp Asn Asn Ay Tyr Met Val Thr Gy Ala An Ser lle Asn
1130 1135 1140

Gy Ala Asn Tyr Tyr Phe Leu Ser Asn Ay Ile An Leu Arg Asn

1145 1150 1155
Ala lle Tyr Asp Asn Ay Asn Lys Val Leu Ser Tyr Tyr Gy Asn
1160 1165 1170

Asp Gy Arg Arg Tyr Gu Asn dvy Tyr Tyr Leu Phe Gy GAn An
7

Trp Arg Tyr Phe G n Asn G Ile Met Ala Val Ay Leu Thr Arg
119 0

Val Hs Gy Ala val Gn Tyr Phe Asp Ala Ser Ay Phe Gn Ala
1205 1210 121

Lys Gy dn Phe Ile Thr Thr Ala Asp Gy Lys Leu Arg Tyr Phe
20 1225 1230

Asp Arg Asp Ser Ay Asn A n 1Ile Ser Asn Arg Phe Val Arg Asn
1235 1240 1245

Page 112



CL6220WOPCT_Sequenceli sting_ST25. t xt

Ser Lys Gy Gu Trp Phe Leu Phe Asp His Asn Ay Val Al a Val
1250 1255 1260

Thr Gy Thr val Thr Phe Asn dy A@n Arg Leu Tyr Phe Lys Pro
65 1270 1275

vVal Gn Ala Lys G Gu Phe Ile Arg Asp Ala Asp Gy

Hs Leu Arg Tyr Tyr Asp Pro Asn Ser Gy Asn Gu Val Arg Asn

Arg Phe Val Arg Asn Ser Lys Ay Gu Trp Phe Leu Phe Asp His
1310 1315 1320

Asn Ay Ile Ala val Thr Gy Ala Arg Val Val Asn Ay Gn Arg
1325 1330 1335

Leu Tyr Phe Lys Ser Asn Gy Val Gn Ala Lys Ay Qu Leu lle
1340 1345 1350

Thr Gu Arg Lys Gy Arg Ile Lys Tyr Tyr Asp Pro Asn Ser Gy
1355 1360 1365

Asn GQu Val Arg Asn Arg Tyr Val Arg Thr Ser Ser dy Asn Trp
1370 1375 1380

Tyr Tyr Phe Ay Asn Asp Gy Tyr Ala Leu lle Ay Trp His Val
1385 1390 1395

Val GQu Gy Arg Arg Val Tyr Phe Asp Qu Asn Gy Val Tyr Arg
1400 1405 1410

Tyr Ala Ser His Asp Gn Arg Asn His Trp Asn Tyr Asp Tyr Arg
1415 1420 1425

Arg Asp Phe Ay Arg Gy Ser Ser Ser Ala lle Arg Phe Arg His
1430 1435 1440

Ser Arg Asn Ay Phe Phe Asp Asn Phe Phe Arg Phe

1445 1450 1455
<210> 44
<211> 2715
<212> DNA
<213> St rept ococcus mnut ans
<400> 44
gt gaacggca aat act acta ctacaaagaa gat ggaacat tacagaaaaa ctacgcactg 60
aat at caacg gcaaaacatt tttctttgat gaaacgggag cgttatccaa taacacattg 120
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ccgagcaaaa
caggt gt act
tcctggtatce
aaagacttta
gt caattaca
ctgcagctta
gagaaaaat a
t ggaat agcg
t ccaacaact
ccgacgaat ¢
tacgaatttc
t t gaact ggc
aattttgatt
gcgggagat t
catttaagca
gat aacat ga
ccgt t gaacc
gat gacaacg
gaagt gcaag
tactcattta
gct acagaga
aat aaat caa
at ggct cat a
tatgtctctg
tcagtccgtt
acat caggag
cgegt t gt gg
acaacggat a
t acacgaacg
cctcaggttt
gt cagagt ag
gctctggat a
aaagaagaat

gt t acggact

aaggcaacat
caacggat gc
gccct aaat a
gaccgct gct
t gaacgccca
atttagctge
caaact ggt t
attct gaaaa
caaaact gac
aaacaggcaa
tgcttgctaa
tgcattttct
caat t agagt
at ctt aaagc
tctt ggaagce
t caacat gga
agcgt agegg
ct gaaacagc
accttatcag
cgat ggaaga
aaaaat at ac
gcgt gccgag
aaacgat caa
gt ggccaagce
at ggcaaagg
t ggcagt cat
t caacat ggg
atggcatt aa
at cggggcga
caggct act t
ccgcat ccac
gccgegt t at
acacaaacgt

t t gaaat ggc

CL6220WOPCT_Sequenceli sti ng_ST25.

cacgaacaac
agcgaat ttt
catccttaaa
t at gacgt gg
act gggcat ¢
ccaaacgat c
gagacaaacg
accgt t t gat
gt cccaggca
aaaagat cct
cgat gt t gac
tat gaact tt
cgat gccgt a
agcgaaaggt
atggtctt at
caaccgtttg
cat gaat cct
agcggt t ccg
aaatattatc
aat caaaaaa
gcat t acaac
agtctattac
ct acgaagct
cat gcgcaac
agcgct t aaa
cgaaggcaat
agct gcccat
agcct at cat
acttatcttt
aggagt at gg
ggcgecgt ca
gt t t gaaggce
agtt at cgca

gccgcagt at

gat aacacaa
gaacat gt cg
gat ggaaaaa
t ggcct gatc
cat cagacat
cagacaaaaa
at cagcgcat
gaccatttgc
aat t caaact
agat at acgg
aat t ct aacc
ggaaacat ct
gacaatgttg
att cat aaaa
aat gat acac
cggct gagece
ct gat cacaa
tcctattcat
cgcgcagaaa
gcgt tt gaaa
acagcgtt aa
ggcgat at gt
at cgaaacat
caacaagt gg
gct acagat a
aacccgt ccc
aaaaat cagg
t cagaccaag
acagct gccg
gttcctgtgg
acagacggaa
ttttctaact
aaaaat gt ag

gtatcttcca
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actcctttge
accat t at ct
cat ggacgca
aagaaacaca
at aacacagc
t cgaagaaaa
tt gttaaaac
aaaaaggagc
accgtatctt
cggaccgcac
cggttgtgca
acgcgaacga
at gcagact t
acgat aaagc
cgtacttaca
tgctttattc
actctcttgt
ttattagagce
ttaatcctaa
t ct acaacaa
gct at gct ct
ttacagat ga
t gct gaaage
gaaattccga
cgggcgacag
ttagattaaa
cttatcggecce
aagcagcggg
acat t aaagg
gcgcageggc
aaagcgt aca
ttcaagcctt
ataaatttgc

cagat ggcag

t xt
t caat at aac

gacagccgaa
gt ct acagaa
acgccagt at
aacgagcccg
aat cacggct
acagt ct gcg
attgttagtat
gaaccggaca
aat t ggcgga
agccgaacag
t cct gacgcet
attgcaaatc
t gccaat gac
t gat gacgga
tttagccaaa
aaat cggacg
ccatgattct
cgt cgt aggce
agatttattg
gcttttaacg
cggacagt at
cagaat t aaa
aat t at cacg
aacaacgcgc
agcgt cagat
tcttttattg
tct ggt ccgt
at at gcaaat
t gat caagac
t cagaacgcg
t gcaacgaaa

ggaat gggga
ctttctggac

180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160



tctgttatcc
aacaaat acg
at t aaagt aa
gt cacagct a
acact gt acg
gcatttctgg
acaggagt gc
ggcacaaaca
tactttagce
ggaacgt ct t
<210>
<211>

<212>
<213>

45

904
PRT
<400>

Asn Gy

45
Val
1

Tyr Ala

Al a Leu

35

Asn
50

Asp

Thr
65

Asp Al a

Ser Trp Tyr

Ser Thr

Gn

—_
.
o1c

Asp

Ay

Leu Al a

145

aaaacggat a
gaacagcgga
tggcagattg
cgegegt aga
t agtt gat gg
aagaacttca
cgat ggaccc
tcttaggtcg
tggtgtctga

cct aa

Lys

Leu Asn

20
Ser
Thr
Al a

Asn

Pro
85

Arg

Lys

100

Thr

Thr

Thr

J—

Tyr Tyr
5
Ile

Asn

Phe
70

Lys
Asp

Arg

Tyr

o —

CL6220WOPCT_Sequenceli sti ng_ST25.

tgcatttacg
t gacct ggt t
ggt t ccggac
t aaat at ggt
caaat caagc
agct aaat ac
gt ccgt caaa
gggcgeagga

taatacattt

St rept ococcus nut ans

Tyr Tyr

Asn Gy

Thr Leu

40

Ser
55

Phe

Gu His

Tyr

Phe Arg

Tyr
120

Asn
135

Thr

Thr

[=X0)

gat agat acg
aaagccat ca
cagatgtatg
acgccggttg
ggaaaagacc
cctgaacttt
at caaacagt
tatgtgttga

ct gccgaaat

Lys Asp

Lys Thr Phe

25

Pro Ser Lys

Ala dn Tyr

Val Asp His

75

Leu Lys Asp

Leu Leu

Val Tyr

Ala Thr Ser

Gu
155

Lys
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acct t ggcat
aagcacttca
cgtttcctga
ct ggcageca
aacaggccaa
ttgccegt aa
ggt cagcaaa
aagaccaagc

cacttgtcaa

Ay Thr Leu

Phe Phe Asp

30

Lys Ay

45

Asn
60

Val

Tyr Leu Thr

Gy Lys Thr

Met Thr

—

—_ =
[exe]

Met Asn

125

Al a

Pro Leu
140

Gu Lys

t xt
ct caaaacct

t agcaaaggc
aaaagaagt g
aat caaaaac
at at ggaggt
acagat ct ct
atactttaac
gacaaacacg

t cct aaccat

Lys

Thr

Thr

e

Ser

Gu
80

Al a

Trp Thr

95

Trp Pro

Gn Leu
Asn

Leu

Thr

2220
2280
2340
2400
2460
2520
2580
2640
2700
2715



Thr

Leu

Thr
225

Tyr

Al a

Leu

305

H s

H s

Ser

Lys

Al a
210

Ay

Al a

Tyr

Val

290

Lys

Leu

Asp

Leu

Pro

370

Thr

Val

Val

Ser

Lys

Phe

Al a

275

Asp

Al a

Ser

Asp

Leu

355

Leu

Al a

Val

Thr

Al a

180

Ay

Ser

Lys

Leu

Asn

Asn

Al a

e

Al a

Asp

Ay

Asn
165
Trp

Al a

Asp

Leu

245

Leu

Asp

Val

Lys

Leu

325

Asp

Ser

Thr

Val

Leu

405

Tyr

220WOPCT_Sequenceli sting_ST25. t xt
L . Ile Ser Ala Phe Val

Trp Leu Arg A n Thr

Asn

Leu

Tyr

Pro

230

Al a

Pro

Leu

Pro
390

Ser

Ser

Leu

Trp

Asp

Al a

295

Al a

Met

Al a

Ser

375

Ser

Arg

Phe

Asp

Tyr

200

e

Tyr

Asp

Leu

Al a

280

Asp

H s

Trp

e

Thr

Ser

185

Ser

Leu

Thr

Val

H s

265

Leu

Lys

Ser

Asn

345

Pro

Val

Ser

Vet
425

170

Gu

Al a

Asp

Phe

Phe

Leu

Tyr
330
Met

Leu

Phe

~—-
-
[=X0)
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Lys

Arg

Leu

Asp

Asp

Asn

Arg

e

Arg

Gu

Pro

Ser

Thr

220

Arg

Ser

Met

Ser

Lys

Asp

Thr
380
Arg

Al a

e

Phe

Thr

Al a

Al a

Thr

Arg

Arg

Asp

Al a

Lys

ASp
190

Leu

Thr

Pro

Phe

270

Arg

Ay

Al a

Pro

Leu

350

Ser

Asp

H s

175

Asp

Thr

Ay

Val

255

Ay

Val

Asp

Tyr
335

Arg

Ay

Asp

Asn
415

Al a

Lys

H s

Ser

Asp

Tyr

Asp

Leu

Leu

Met

Al a

Ser

400

Pro

Phe



Tyr

Val

465

Met

Al a

Val

Leu

Al a

545

Arg

Pro

e

Ay

Val

H s

Asn

450

Pro

Al a

Arg

Ay

Lys

530

Val

Val

Leu

Gu

Phe

610

Tyr

Arg

Gn

Phe

Al a
690

Tyr
435
Thr

Arg

H s

Asn
515

Al a

Val

Leu

Al a

595

Thr

Leu

Val

Al a

Val

Lys

Lys

500

Ser

Thr

Gu

Val

Leu

580

Al a

Al a

Ay

Al a

Al a

660

Al a

Asn

Lys

Leu

Tyr

Thr

485

Tyr

Asp

Ay

Asn

565

Thr

Ay

Al a

Val

Al a

645

Al a

Phe

Val
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Asp Leu Leu Ala Thr G u Lys

Ser

Tyr

470

Val

e

Thr

Asn

550

Met

Thr

Leu

Asp

Trp

Ser

Leu

Al a

Asp

Tyr
455

Ay

Ser

e

Ay

Asp

Val

o —
o —
[$2K¢>)

Val

Thr

Asp

Thr

440

Al a

Asp

Tyr

Ay

Thr

520

Asp

Pro

Al a

Arg

Lys

Pro

Al a

Ser

Leu

Met

Ay

Ser

Arg

Ser

Al a

Ay

Tyr

Ay

Val

Pro

Arg

Lys

Al a

Leu

Phe

Al a

490

Val

Thr

Leu

H s

570

Thr

Tyr

Ay

Ser

650

Val

Leu

Thr

475

e

Al a

Arg

Thr

Arg

Lys

Lys

Al a

Al a

635

Thr

Met

Gu

Trp

Thr
460

Asp

Tyr

Arg

Leu

Al a

Asp

Asn

620

Al a

Asp

Phe

Tyr

Ay
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Lys Tyr Thr
445

Asn

Asp

Thr

Arg

Ay

Thr

Lys

Tyr

Arg

Pro

Al a

Ay

Thr
685

Val

Lys

Ay

Leu

Asn

510

Lys

Ser

Al a

Al a

H s

590

Ay

Asp

Lys

Thr

Ser

Leu

495

Ay

Ay

Ser

Tyr

575

Ser

Val

Ser
655

y Phe

Val

Asp

H s

Ser

Tyr

480

Lys

Al a

Val

Asp

Arg

Asp

Leu

Ser

Asp

Val

Ser

Val

Phe
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Gu Met Ala Pro Gn Tyr Val Ser Ser Thr Asp Gy Ser Phe Leu Asp
705 710 715 720

Ser Val Ile Gn Asn Gy Tyr Ala Phe Thr Asp Arg Tyr Asp Leu Gy
725 730 735

Ile Ser Lys Pro Asn Lys Tyr Gy Thr Ala Asp Asp Leu Val Lys Ala
740 745 750

Ile Lys Ala Leu His Ser Lys Ay Ile Lys Val Met Ala Asp Trp Val
755 760 765

Pro Asp G n Met Tyr Ala Phe Pro Gu Lys Gu Val Val Thr Ala Thr
770 775 780

Arg Val Asp Lys Tyr Ay Thr Pro Val Ala Gy Ser Gn lle Lys Asn
785 790 795 800

Thr Leu Tyr Val Val Asp Gy Lys Ser Ser GGy Lys Asp G n Gn Ala
805 810 815

Lys Tyr Ay Gy Ala Phe Leu Gu Gu Leu dn Ala Lys Tyr Pro Gu
820 825 830

Leu Phe Ala Arg Lys Gn Ile Ser Thr Gy Val Pro Met Asp Pro Ser
835 840 845

Val Lys Ile Lys Gn Trp Ser Ala Lys Tyr Phe Asn Gy Thr Asn lle
850 855 860

Leu Gy Arg Gy Ala Gy Tyr Val Leu Lys Asp G n Ala Thr Asn Thr
865 870 875 880

Tyr Phe Ser Leu Val Ser Asp Asn Thr Phe Leu Pro Lys Ser Leu Val
885 890 895

Asn Pro Asn Hs Gy Thr Ser Ser
900

<210> 46

<211> 1308

<212> DNA

<213> Penicillium marneff ei

<400> 46

at gaagcaaa ccacttccct cctcectctca gecatcgegg caaccagcag cttcagecgga 60
ct aacagccg ctcaaaaact cgcctttgeg cacgtcgtcg tcggcaacac tgcagcacac 120
acccaat cca cctgggaaag cgacattact ctcgcccata actccggtct agatgecttt 180
gccttgaacg gtggattccc cgatggcaac atccccgcac aaatcgccaa cgettttgeg 240
gcttgtgaag ccctttcaaa tggecttcaag ctattcattt cgtttgacta cctcggtggt 300
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ggt cagccct
tgttatttgg

gcgoat t ggg
t ggacgagt t
agct ggaaca
ctcgat gcaa
agt gcaagcg
attcaagtca
gaat cct cct
t acgt cgaca
tt caaaggcg
cccgecgeag
accgt t gacg
gat gctactg
ggt at gaacc

gt cagggat g
ttgtcgaatg

<210>
<211>
<212>
<213>

47
435
PRT

<400> 47

Met Lys An
1

Ser Phe Ser

Val val Gy

35

Thr
50

Leu

Ay
65

Phe Pro

Ala Cys

Tyr Leu Gy

ggcct gectc
cct at gat gg
cgcacggagg
tggggect gc
t gt ggccet gt
tt gggt ccga
gaggcaccga
cct gegt cga
acat cggecce
acat gt caca
acacattcaa
caggcagcgce
t caact ccat
t aacggt gca
act ggagt ca
gcgct acagt
ggt gcact aa

Thr Thr

5

Ay
20

Leu

Asn Thr

Ala Hi s

Asp Ay

Al a Leu

85

Ay

Ser

Thr

Al a

Asn

Asn

70

Ser

Gn

CL6220WOPCT_Sequenceli sti ng_ST25.

agaggttgtg
caagcccttt
tcccattcgg
t gggat t aag
aggt gcggcece
caagacgt ac
ct gggt ct gg
ccctcaattt
cttcgtgacc
ccaaagcttc
cat ct ccege
gt gcggegt a
cgt t caggac
gat t ggt agt
ggact tt aat
t aagagt ggt

ttacaaccct

Penicillium marneffei

Leu Leu

Ala Ala

Ala Hi s

40

Ser
55

Ay

Pro

Ay

Pro Trp

tctatgcetga
gtctcaactt
t cggcgot gg
tcgtatctcg
gat at gaccg
at gat gggcg
cgtggtgatg
gt ccaggt cg
gct agcgaag
cttgacttct
gaccagat gc
t acggcaat g
aaggtgtttt
aat gct gcgg
ggccagaccg
at t ggagccg
tggottggta

Ser
10

Leu Al a

Gn
25

Lys Leu

Thr A n Ser

Leu Asp Al a

Ala An

Phe Lys Leu

90

Al a Ser
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agcagt at gc
t t gagggcac
atgtttactt
acaat at cga
acgagcct ga
tttcgecatg
acct ct ggga
t cacat ggaa
t cccegeegg
tgectttcta
aat act ggt a
at cccgat ca
tcagtgcttt
tttcatatga
gcgeggtt ac
agat t acggc
gtttctaa

Ala Ala

Ala Phe Al a

30

Thr Trp

45

Phe
60

Al a Leu

Ala Asn Ala

Phe Il1e Ser

A u Vval Va

t xt
cagttccgat

cggaaat at t
t gt gccggat
tggatttttc
tttcgaatgg
gttcttccac
t gaccgat gg
cgact ggggt
ctcattagec
cat cgccacc
ccgect cgea
aggccagact
gt t gacggcet
tggt gtt gct
gtttagtgtt
ttcgacttcg

Thr
15

Ser

H s Val

Ser Asp

Asn Gy

Phe Al a

80

Phe
95

Asp

Ser Met

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1308



Leu

Pro

H s

145

Trp

Asp

Thr

Thr

Ser
Thr

305

Pro

Phe

Ay

Lys

Phe

130

Ay

Thr

Ay

Asp

Tyr

210

Thr

Asp

Val

Phe

290

Phe

Al a

Ay

Phe

Ser
370

—_
-0
U115

Val

Ay

Ser

Phe

195

Met

Asp

Val

Trp

Pro

275

Leu

Asn

Al a

Ser
355

Tyr

Ser

Pro

Leu

Phe

180

Pro

Met

Trp

Thr

Ay

Al a

Asp

e

Al a

Thr

340

Al a

Al a

Al a

Thr

Asp
Ay

Val

o
245

Ay
Phe
Ser
Ay
Thr
Leu

Al a
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Ser

Phe

Arg

Pro

Trp

Phe

Val

Trp

Val

Ser

Ser

Leu

Arg

Ser

Val

Leu

Val

Ser

135

Ser

Al a

Ser

215

Arg

Asp

Ser

Leu

Pro

295

Asp

Al a

Asp

Thr

Ser
375

Asp Cys Tyr Leu Ala
120

Ay

Al a

Ay

Met

Trp

Pro

Ay

Pro

Tyr

Al a

280

Phe

Gn

Val

Al a
360

Tyr

Thr

Val

e

Trp

Asp

Tyr

Tyr

Met

Ay

Asn

345

Asp

Asp

Ay

Asp

Lys

170

Pro

Asp

Phe

Asp

Phe

250

Ay

Val

Gn

Val

330

Ser

Al a

Ay
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Asn

Val

155

Ser

Val

Al a

Phe

Leu

235

Val

Pro

Asp

Al a

Tyr

315

Tyr

Thr

Val

Ile
140
Tyr

Tyr

Ay

H s
220

Trp

Phe

Thr

300

Trp

Ay

Val

Val

Al a
380

Tyr

125

Al a

Phe

Leu

Al a

Ay

Ser

Asp

Val

Val

Met

285

Phe

Tyr

Thr
365

Ay

Asp

Asp

Val

Asp

Al a

190

Ser

Al a

Asp

Val

Thr

270

Ser

Lys

Arg

Asp

Asp

Val

Met

Ay

Trp

Pro

Asn

175

Asp

Asp

Ser

Arg

Thr

255

Al a

H s

Ay

Leu

Pro

335

Lys

Gn

Asn

Lys

Al a

>%
ST

Lys

Ay

Trp

Trp

Ser

Asp

Al a

320

Asp

Val

e

H s



Trp Ser Gn
385

Val Arg Gy

Ala Ser Thr

Gy Ser Phe
435

Asp

Ay

Ser
420

CL6220WOPCT_Sequenceli sting_ST25. t xt

Phe Asn
390

Ala Thr
405

Leu Ser

Ay An Thr Gy Ala Val Thr
395

Phe Ser Val
400

Val Lys Ser Gy Ile Ay Ala Qu Ile Thr
410

Asn Gy Cys Thr Asn Tyr Asn
425

Page 121

415

Pro Trp Val
430
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