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COMPOSITIONS AND METHODS FOR TREATING CELIAC SPRUE DISEASE

RELATED APPLICATIONS
This application claims the prority benefit of UK. Provisional Application No.
1 63/108,163, filed on October 30, 2020, which is herein incorporated by reference in its

entirety.

REFERENCE TO THE SEQUENCE LISTING
The mstant application contains a Sequence Listing which has been submitted
15 clectronically in ASCH format and 1s hereby incorporated by refercnce in its entirety. Said
ASCH copy, created on October 15, 2021, 1s named 7281 30W02 Seghisting ST25 txt and

18 31,599 byies in size.

FIELD OF DISCLOSURE
20 The present disclosure relates to compositions capable of cleaving gluten peptides,
e.g., ghiading, and the use thereof 1n the treatment of gluten sensitivity, including celiac sprue

disease.

BACKGROUND

]
(4]

Celiac sprue 18 a highly provalent disease in which digtary proteins found m wheat,
barlev, and rye products known as "glutens” evoke an immune response in the small intestine
of genetically predisposed jndividuals. The resulting inflanunation can tead to the
degradation of the villi of the small intestine, impeding the absorption of nutrients. Symptoms
can appear o carly childhood or later in life, and range widely 1o severity, from diarthea,

30 fatigue and weight loss to abdonunal distension, anemia, and neurological syrmptoms. There
are currently no effective therapies for thus hifelong diseasce except the total ehmination of
glutens from the diet. Although celiac sprue remains largely underdiagnosed, its prevalence
i the US and Europe 1s estimated at 0.5-1 0% of the population. In addition to celiac sprue,
a significant fraction of the population is thought to suffer from the condition of non-~-ccliac

35 gluten sensitivity (NCGS), which s caused by the ingestion of gluten but is mechanistically

distinet from celtac dissase, though the svmptoms are frequently indistinguishable from those

i



h

10

WO 2022/094177 PCT/US2021/057197

of celiac sprue. The wdentification of suwitable naturally-occurning enzymes as oral therapeutics
for celiac disease and NCGS 15 difficult due to the stringent physical and chemical
requitements o specifically and efficiently degrade ghiten-derived peptides in the harsh and
highly acidic environment of the human digestive tract. Since gluten peptides mitiate the
mrmune response immediately upon enfering the intestines, it 1s imperative that any oral
enzyme therapeutic for celiac discase break down these ynmunogenic gluten regions in the
gastric compariment, therchy preventing these gluten peptides from causing intestinal

damage due to mlammation.

SUMMARY OF THE DISCLOSURE

Certain aspects of the present disclosure are directed to a polvpeptide comprising an
amino acid sequence having at least about 75%, at least about 80%, at least about 85%, at
fcast about 909, at lecast about 3%, at least about 96%, at lcast about 97%. at least about
98%, at least about 99%, or about 100% sequence identity to the amino acid sequence set
forth in SEQ D NO: 1 In some aspects, the polypeptide comprises an amino acid sequence
having at least 83% sgquence identity to the ammo acid sequence set forth in SEQ 1D NO: 1.
In some aspects, the polypeptide comprises an amino acid sequence having at least 90%
sequence identity to the amino acid sequence sct forth in SEQ ID NG: 1. In some aspects, the
polypeptide compnises an amino acid sequence having at least 95% sequence identity to the
amino acid sequence set forth in SEQ ID NO: 1. In some aspects, the polypeptide comprises
an anuno acid sequence having at least 99% sequence 1dentity to the anuno acid sequence set
forth in SEQ D NO: 1 In some aspects, the polypeptide comprnises the aming acid sequence
set forth in SEQ ID NG: L

In some aspects, the amino acid residue corresponding to aming acid 467 of SEQ 1D
NO: 615 a Ser. In some aspects, the amino acid residue corresponding to anuno acid 267 of
SEQ D NG 618 a Glu. In some aspects, the amino acid residue corresponding to amino acid
271 of SEQ ID NO: 6 is an Asp.

In some aspects, the polypeptide is capable of cleaving ghadn.

Certain aspects of the present disclosure are directed o a polypeptide comprising an
aming acid sequence having at least about 75%, at least about 80%, at least about 85%, at

Qs

lcast about 90%, at least about 95%, at lcast about 96%, at least about 9

=t
II

%%, at least about
08%, at least about 99%, or about 100% seguence identity o the amino acid sequence set
forth in SEQ ID NO: 8. In some aspects, the polypeptide comprises an amino acid sequence

having at least 853% sequence 1dentity to the amino acid sequence set forth in SEQ D NO: 8,

2
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In some aspects, the polypeptide comprises an amino acid sequence having at least 80%
sequence ideniity to the amino acid sequence set forth in SEQ ID NG: 8. In some aspects, the
polypeptide comprises an amino acid sequence having at least 95% sequence identity to the

amino acid sequence set forth in SEQ ID NG: 8. In some aspects, the polvpeptide comprises

h

an amino acid sequence having at least 99% sequence identity to the amino acid sequence set
forth m SEQ ID NO: 8. In some aspects, the polypeptide comprises the amino acid sequence
set forth in SEQ ID NG 8.
In some aspects, the amino acid residue corresponding to amino acid 278 of SEQ ID
NGO: 315 a Ser. In some aspects, the amino acid residue corresponding to amine acid 78 of
10 SEQ D NO: 3 is a Glu. In some aspects, the amino acid residue corresponding 0 aming acid
32 of SEQ ID NG: 3 15 an Asp.
In some aspects, the polypeptide 1s capable of cleaving ghiadin,
Certain aspects of the present disclosure are directed o a polypeptide comprising an
amine acid sequence having at least about 75%, at least about 809, at least about 859%, at
15 least about 90%, at least about 95%, at least about 96%, at least about 87%, at least about
98%, at least about 99%, or about 100% sequence identity to the aming acid sequence set
forth in SEG 12 NO: 1; wherein the polypeptide comprises the amino acid sequence sct forth
m SEQ (D NO: 8 In some aspects, the polypeptide comprises an aming acid sequence having
at least 85% sequence identity to the aming acid sequence set forth in SEQ ID NG 1. In
20 somwe aspects, the polypeptide comprises an amino acid sequence having at least 90%
sequence identity o the amine acid sequence set forth 1n SEQ 1D NG 1. In some aspects, the
polvpeptide comprises an amino acid sequence having at least 93% sequence 1dentity to the
aming acid sequence set forth in SEQ 1D NG: 1. In some aspects, the polypeptide comprises
an amino acid sequence having at least 99% sequence identity to the amino acid sequence set
25 forth o SEQ 1D NO: 1. in some aspects, the polypeptide comprses the aming acid sequence
set torth in SEQ ID NG 1
In some aspests, the aming acid residue corresponding to amino acid 467 of SEQ 1D
NGO 615 a Sor. In some aspects, the anuno acid residue corresponding to amino acid 267 of
SEQ ID NGO: 615 a Glu. In some aspects, the amino acid residue corresponding to amimo acid
30 271 of SEQ 1D NO: 615 an Asp.
iIn some aspects, the polvpeptide is capable of cleaving gliadin,
{n soroe aspects, the polypeptide comprises a histidine tag, wherein the histidine tag is
fused at the C~terminus of the polvpeptide. In some aspects, the histidine tag comprises the
amino acid sequence set forth in SEQ ID NO: 17 (GSTENLYFQSGALEHHHHHH). In some

3
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aspects, the histiding tag comprises a cleavable histiding tag, including but not limited to a
cleavable histidine tag comprising the aming acid sequence set forth i SEQ 1D NO: 15
{XRPOQUL/APXNHHEHHH), wherein Xw 15 an linker of between 1-25 amuno acid residucs.
In some aspects, the cleavable histidine tag comprises the amino acid sequence set forth in
SEQ D NO: 16 (GESGSSGRQPRLPY GSSGSSGSHHHHEH).

Certain aspects of the present disclosure are directed to a nucleic acid molecule
encoding a polypeptide disclosed herein.

Certain aspects of the present disclosure are directed to a nucleic acid expression
vector comprising a nucleic actd molecule disclosed herein.

Certain aspects of the present disclosure are directed to a recombinant host cell

comprising a nucleic acid molecule or a nucleic acid expression vector disclosed herein.

Certain aspects of the present disclosure are directed to 8 pharmaceutical composition,

comprising a polypeptide disclosed herein, a nucleic acid molecule disclosed herein, a nucleic

acid expression vector disclosed herein, a recombinant host cell disclosed herein, or any
combination thereof and a pharmaceutically acceptable carner.

Certain aspects of the present disclosurg are directed to a method for treating celiac
sprue or non~-coliac gluten sensitivity {(NCGS), comprising admustering to an individual
with celiae sprue or NCGS an amount effective to treat the celiac spruc or NCGS of a
polypeptide disclosed herein, a nucleic acid molecule disclosed heremn, a nucleic acid
gxpression vector disclosed herein, a recombinant host cell disclosed herein, ora
phammaceutical composition disclosed herein. In some aspects, the polypeptide, the nucleic
acid molecule, the nucleic acid expression vector, the recombinant host cell, or the
pharmmaceutical composition s admimstered orally.

In some aspects, the present disclosure i directed to a polvpeptide comprising an
aming acid sequence having at least about 75%, at least about 80%, at least about 85%, at

cast about 909, at least about 93%, at least about 96%, at least about 97%, at least about
98%, at least about 99%, or about 100% sequence identity to the amino acid sequence st
forth in SEQ D NO: 1, wherein the first amino acid at the N-terminus of the polvpeptide is a
Ser {§). In some aspects, the polypeptide has ghadinase activity.

In some aspects, the present disclosure is directed {o a polypeptide comprising an
amino acid sequence having at least about 75%, at least about 80%, at least about 85%, at

least about 90%, at least about 953%, at least about 96%, at least about 98%, at least about

9%, or about 100% sequence identity to the amino acid sequence set forth i SEQ ID NG: 1,

wherein the polypeptide does not comprise a Met {M} at the N-terminas of the polyvpeptide.

4
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In some aspects, the present disclosure is directed o a polvpeptide comprising an
aming acid sequence having at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 953%, at least about 96%, at least about 97%, at least about
98%, at least about 99%, or about 100% sequence identity to the amino acid sequence set

forth i SEQ ID NO: 23 wheremn the Xaa in SEQ ID NG: 23 s not a Met (M),

h

In some aspeats, the present disclosure is directed to a polypeptide comprising an
amino acid sequence an anuno acid sequence having at least about 759, at least about 80%,
at feast about 8539, at least about 909, at least about 93%, at least about 96%, at least about
97%, at least about 98%, at least aboat 99%, or about 100% sequence identity to the amino
10 acid sequence set forth in SEQ 1D NO: 1, wherein the first amino acid at the N-termuinus of
the polyvpeptide 1s a Ser (8); wherem the polypeptide comprises the amino acid sequence set
forth i SEQ 1D NOG: 8.
In some aspects, the first two N-terminal amine acids of the polypeptide, from N-
terminus to C-ierminus, are Ser—Asp (SD). In some aspects, the first three N-terminal amino
15 acids of the polypeptide, from N-terminas to C-terminus, are Ser-Asp-Met (SDM}. In some
aspects, the first four N-terminal amino acids of the polypeptide, from N-terminus to -
termings, are Ser-Asp-Met-Glu (SDME}.
{n some aspects, the polvpeptide disclosed herein comprises an amning acid sequence
having at least 85% sequence 1dentity to the anmino acid sequence set forth in SEQ D NG: 1.
20 In some aspects, the polypeptide disclosed herein comprises an amine acid sequence having
at least 90% sequence identity to the amino acid sequence set forth in SEQID NGO 1 In
some aspects, the polypeptide disclosed herein comprises an amino acid sequence having at
least 859 sequence identity to the amino acid sequence set forth in SEQ ID NG 1. In some
aspacts, the polypeptide disclosed herein comprises an aming acid sequence having at least
25 99% sequence identity to the amino acid sequence set forth in SEQ I NO: 1. In some
aspects, the polypeptide disclosed herein comprises the amine acid sequence set forth n SEQ
D NG: 1.
In some aspects of the polypeptide disclosed heren, the amino acid residue
corresponding to amino acid 467 of SEQ ID NG: 1 is a Ser. In some aspects of the
30 polypeptide disclosed herein, the amino acid residue corresponding to aming acid 267 of SEQ
ID NG: | is a Glu, In some aspects of the polypeptide disclosed herein, the amino acid

residue corresponding to aroine acid 271 of SEQ 1D NG: 1 is an Asp.

(4]
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In some aspects of the present disclosure, the polypeptide is capable of cleaving
ghadin. In some aspects, the polypeptide has improved enzymatic activity as compared (o
Kuma0il,

In some aspects, the polvpeptide disclosed herein further comprises a histiding tag,
wherern the histidine tag is fused at the C-terminus of the polvpeptide. In some aspects, the
histidine tag comprises the aming acid sequence set forth in SEQ 1D NO: 17
{(GSTENLYFQSGALEHHHHHH). In some aspects, the histidine tag comprises a cleavable
histidine tag, including but not limited to a cleavable histidine tag comprising the amino acid
sequence set forth in SEQ ID NG 15 (INPQL/Q)YPXNHHHHHH), wherein XN is an hoker
of between 1-23 amine acid residues. In some aspects, the cleavable histidine tag comprises
the amino acid sequence set forth in SEQ ID NG: 16
(GSSGSSGSQPRLPYGSSGSSGSHHHHHH).

In some aspeats, the present disclosure is direcied to a nucleic acid molecule encoding
the polypeptide described herein. In some aspects, the present disclosure 15 direcied to a
nucleic acid expression vecior comprising the nucleic acid molecule described herem,

In some aspects, the present disclosure is directed to a recombinant host cell
compnsing the nucleic acid molecule or the nucleie acid expression vector described herein.
In some aspects, the host cell 1s prokaryotic. In some aspects, the host cell is cukarvotic.

In some aspects, the present disclosure is direcied to a pharmaceutical composition,
comprising the polypeptide, the nucleie acid molecule the nucleic acid expression vector, or
the recombinant host coll described herein, or any combination thereofand a
pharmaceutically acceptable carnier,

In some aspects, the present disclosure is directed to a method for treating celiac sprue
or non-celiac gluten sensitivity {NCGS) 1n a subject, comprising administering 1o the subject
with celiae sprue or NCGS an amount effective to treat the celiac spruc or NCGS of the
polypeptide, the nucleic acid molecule, the nucleic acid expression vector, the recombinant
host ccl, or the pharmaceutical composition described herein, thereby treating the celiac
spruc or NCGS.

In some aspects, the present disclosure 1s directed to a method for reducing celiac
sprae or non-¢celiac gluten sensitivity (NCGS) related inflammation in a2 subject, comprising
administering to the subject with celiac spruc or NCGS an amount effective to reduce the
celiac sprue or NCGS related inflanmumation of the polypeptide, the nucleic acid molecule, the
nucleic acid expression vecior, the recombinant host cell, or the pharmaceutical composition
described herein, thereby reducing the inflammation. In some aspects, the polypeptide, the

6
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nucleic acid molecule, the nucleic acid expression vector, the recombinant host c¢ll, or the
pharmmaceutical composition s admimstered orally.
In some aspects, the present disclosure s divected to a method for degrading gluten in

a food tem, comprising contacting the food item with an amount effective to degrade the

h

gluten with the polypeptide or the pharmaceutical composition described hercin, thereby
degrading the ghiten in the food item.

In some aspects, the present disclosure 18 directed to a method for degrading gliadin in
afood item, comprising confacting the food 1tem with an amount effective to degrade the
ghadin with the polypeptide, or the pharmaceatical composition of described herein, thereby
10 degrading the ghiadin in the food item.

In some aspects, the method degrades at least about 75%, at least about 80%, at least
about 85%, at feast about 905, at least about 959, at least about 96%, at least about 98%, at
cast about 99%, or about 100% of the gluten or ghiadin in the food ttem. In some aspects, the
method degrades the gluten or ghiadin in the food tem 1o less than about 1.5 hour, loss than
15 about | hour, less than about 45 nunutes, less than about 40 minutes, less than about 30
minutes, lese than about 23 minutes, less than about 20 minutes, less than about 13 minutes,
less than about 10 minutes, or less than about 5 minutes. In some aspects, the method
degrades the ghuten or ghiadin o the food tem under a pH value less than about 6.5, less than
about 6.0, less than about 5.5, lees than about 5.0, less than abouot 4.5, lese than about 4.0, less
206 than about 3.5, legs than about 3.0, less than about 2.3, less than about 2.0, or less than about
1.5,
BETAILED DESCRIPTION
The present disclosure provides gliadinases that are capable of degrading gliadin
25  peptides. Some aspects of the present disclosure are directed 1o a polypeptide comprising an
amino acid sequence having at least about 75%, at least about 80%, at least about 85%, at
fcast about 909, at lecast about 3%, at least about 96%, at lcast about 97%. at least about
98%, at least about 99%, or about 100% sequence identity to the amino acid sequence set
forth in SEQ D NO: 1, wherein the first amino acid at the N-terminus of the polypeptide is a
30 Ser (5). In some aspects, the polypeptide does not comprise a Met (M} at the N-terminus of
the polypeptide. In some aspects, the polypeptide comprises the aming acid sequence set

forth in SEQ 1D NG: 8.
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1. Befinitions
In order that the present disclosare may be more readily understood, cortain terms are
first defined. Unless otherwise defined herein, scientific and technical terms used n

connection with the present disclosure shall have the meanings that are commonly understood

h

by those of ordinary skill in the art. The meaning and scope of the terms should be clear,
however, in the event of any latent ambiguity, definitions provided herein take precedent over
any dictionary or extrinsic definttion.

In adduion, it should be noted that whenever a value or range of values of a parameter
are recited, it 1s intended that valuss and ranges niermediate to the recited values are also
10 part of this disclosure.

As used herein, the singular forms "a”, "an” and "the" include plural referents unless
the context clearly dictates otherwise. "And” as used herein is interchangeably used with "or”
uniess expressly stated otherwise. The terms "comprising, "having.” "including " and
"containing” are to be construed as open-ended terms (Le., meaning "melading, but not

15 hmiued to") unless otherwise noted. Recitation of ranges of values herein are merely intended
to serve as a shorthand method of referring individually to each separate vahue recited or
falling within the range, unless otherwise indicated herein, and each separate value is
mcorporated into the specification as f # were individually recited.

The term "about” or "approximately” vsoally means within 10%, within 5%, or more

20 preferably within 1%, of a given value or range.

The term "anuno acid” refers to the twenty common naturallv occurring amino acids.
MNaturally occurning amino acids include: alanine (Ala; A), asparagine {Asn; N}, aspartic acid
{Asp; D), arginine {Arg; R}, cysteine {Cys; C), ghitamic acid (Glu; E), glutamine (Gln; 3),
ghveine (Gly; G). histidine (His; H). 1soleucine {le; 1}, leucing (Leu; L), lysine {Lys; K},

25 methionine (Met; M), phenvialanime (Phe; F), proline (Pro; P}, serme {Ser; 5), threonine
{(Thr; T), trvptophan (Trp. W), tyrosine {Tyr, Y), and valine (Val; V),

The terms "Celiac discase” and "celiac sprue discase” are used interchangeably and
refer to a condition characierized by an mflanvnatory reaction to immunogenic peptides in
gluten, the major protein i wheat flour, and to related proteins. Upon ingestion, a-ghadin is

30 partially degraded by gastric and intestinal proteases to oligopeptides, referred to herein as
"oliadins " Gliadins are resistant to further proteclysis in gastric conditions due to their
vousually high proline and glutanine content.

As used herein, a "conservative amino acid substitution” 18 one in which an amino
acid residue 15 substituted by another amino acid residue having a side chain (R group) with

3
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similar chemical properties {¢.g., charge or hvdrophobicity}). In general, a conservative amino
acid substitution will not substantially change the functional properties of a protgin. In cases
where two or more amino acid sequences differ from each other by conservative
substitutions, the percent sequence identity or degree of similarnity may be adjusted upwards
to correct for the conservative nature of the sabstitution. Means for making this adjustment
are well-known to those of skill 1o the art. See, ¢.g., Pearson (1994} Methods Mol Biol. 24:
307-331, herein mcorporated by reference. Examples of groups of aming acids that bave side
chains with simular chemical properties include (1) aliphatic side chains: glveine, alanine,
valine, leucine and solgucine; (2} aliphatic-hydroxyl side chains: serine and threonine; (3}
amide-containing side chains: asparagine and glutamine; {4} aromatic side chains:
phenylalamine, tvrosine, and tryptophan; (5} basic side chans: lysine, arginine, and histidine;
{6) acidic side chaing: aspartate and glutamate, and (7) sulfur-containing side chams are
cysteine and methionine. Preferred conservative amino acids substitution groups are; valine-
feucime-isoleucme, phenylalanme-tyrosine, lysine-arginine, alanine-valine, glutamate-
aspartate, and asparagine~-ghitamine. Alternatively, a conservative replacement s any change
having a positive value in the PAM250 log-likebhood matrix disclosed in Gonnet et al.
{1992) Science 256: 1443-14435, herein incorporated by reference. A "moderately
conservative” replacement 1s any change having a nonnegative value in the PAMZS0 log-
likelihood matnx.

As used herein, the torms “degrade” and “degradation” means to break down or
decompose a target, e.2., a polvpeptide, e 2., gluten, ghadins, and related proteins, into
smaller ohigopeptides. In certain embodiments, the degradation of a ghadin leads to the
reduction and/or removal of the immunogenic peptides that are assoctated with celiac disease.

The term "ghiadinase,” as used herein, refers to a polypeptide {enzyme} that can
degrade one or more ghadins effectively. The term "glhiadin,” as used herein, refers to proline
(P)- and glutamine {Q}-nch peptide components of gluten. Exemplary ghiadins comprises a
PQLP (SEQ ID NO: 9) or POQP (SEQ 1D NO: 10) motf {(such as PFPOPQLPY (SEQ ID
NG 1) and/or PFPOPQOPE (SEQ ID NO: 12)). In certain aspects, a ghadinase degrades
one or more ghadms under acidic conditions, e. g., at pH 4 or lower.

The term "mutation,” as used herein, refers to insertion, deletion, or substitution of
on¢ or morc aming acids in a polypeptide or of one or more nucleotides in a polynucleotide.

The term "vaniant," as used herein, refers to a polypeptide or a polynucleotide that
comprises one or more amino acid or nucleotide insertions, substitutions, or deletions relative
to a reference polvpeptide or a polynucleotide. In certain aspects, a vanant polypeptide or

9
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polvnucleotide has at least about 75% amino acid or nucleotide sequence wdentity, e.g., at
least about 80%, at least about 85%, at least about 80%, at least about 81%, at least about

82%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about Y8%, at least about 99%, or about 100% sequence dentity, to a
reference polypeptide or polynucleotide sequence. In some aspects, a variant of a reference
polypeptide or polvnucleotide maintains one or more funciions, activities, and/or structures of
the reference polvpeptide or polvnucicotide. For example, a vanant of a gliadinase disclosed
herein mamtains the fimetion to degrade ghuten and/or gliadin effectively. In another
example, a vartant of a polynucieotide encoding a gliadinase encodes a functional gliadinase.

Sequence identity 1s typically measured using sequence analysis software. Proten
analysis software matches similar sequences using measures of similanity assigned fo various
substitutions, deletions, and other modifications, inchuding conservative amino acid
substitutions. For instance, GU(G software contains programs such as Gap and Bestfit, which
can be used with defanlt parameters to determine sequence homology or sequence identity
between closely related polvpeptides, such as homelogous polypeptides from different
species of organisms or between a wild type protein and a mutein thereof, See, e.g., GCG
Version 6.1, Polypeptide sequences also can be compared using FASTA using default or
recommended parameters, a program in GUG Version 6.1, FASTA (e, FASTA? and
FASTA3) provides alignments and percent sequence identity of the regions of the best
overlap between the query and search sequences (Pearson (2000) supra). Another non-
fimuting example of algorithm that can be used to compare a sequence of the disclosure to a
database contaming a large number of sequences from different organisms is the computer
program BLAST, e.g., BLASTP or TBLASTN, using default parameters. See, e.g., Altschud
ctal (1990} 1 Mol Biol 215:403-410 and Altschuld et al. (1997} Nucleic Acids Res.
25:3389-402, cach of which 1s incorporated by reference herein in its entirety.

As used herein, “treatment” or “treating” refers to an action that produces a beneficial
offect, e.g., amehoration of at least one symptom of a disease or disorder. A beneficial effect
can take the form of an improvement over baseling, 1.¢., an improvement over a measurement
or observation made prior to mitiation of therapy according o the method. A beneficial effect
can also take the form of arresting, slowing, retarding, or stabilizing of damage, ¢.g.,
imflaromation, that can lead to the degradation of the villi of the small intestine {including
hyperplasia and villous atrophy), which charactenzes celiac spruc or non-celiac gluten
sensitivity (NCGS). Effective treatment may refer to alleviation or prevention of at least one
symptom of celiac sprae or NUGS. Such effective treatment may reduce miraintestinal and/or
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extramntenstinal clinical manifestations of the celiac sprue or NCGS such as, e.g., diarthea,
abdonunal pain, malmutrition, anenia, osteoporosis or any known symptom, inhibiting
worsening of symptoms; imiting or preventing recurrence of ccliac sprue in paticuts that
have previously had the disorder; initing or preventing recurrence of symptoms in patients
that were previously symptomatic for celiac sprue or NCGS; and/or limiting development of
celiac sprue or NUGS in a subject at risk of developing celiac sprue or NCGE, or not yat
showing the clinical effocts of coliac sprue or NCGS,

In some aspects, the treatment reduces mflammation 1 the small mtestine. Effective
reduction of mflammation can comprise a reduction of mflammation by at least about 1%, at
lecast about 3%, at least about 10%, at least about 20%, at least about 30%, at least about 40%,
at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
5%, at least about 95%, at least about 99%, or about 100%, as compared to inflammation
prior to treatment. Reduction of inflammation can be measured by any means.

Any individual experiencing a sensitivity to ghuten can be treated according to the
methods of the disclosure. In some aspects, the individual 1s suffering from cchac sprue. In
some aspects, the individual is suffering from NCGS, In some aspects, the individual 15 a
human subjoct. In some aspects, the individual is experiencing one or more symptoms
rclated to gluten sensitivity. In some aspects, the individual 1s asymptomatic.

As used hergin, an "amount effective” refers to an amount of the polypeptide that s
sufficient to elicit a decrease in the severity or frequency of one or more symptoms of gluten
sensitivity, e.g., celiac sprue or NCGS.

Polypeptides disclosed herem can be formulated as a pharmaceutical composition,
such as those disclosed above, and can be administered via any saitable route, including
orally, parcutally, by inhalation spray, or topically in dosage unit formulations containing
conventional pharmaceutically acceptable carriers, adjuvants, and vehicles,

All aspects of the disclosure can be used 1 combination, unless the context clearly
dictates otherwise. AH references cited are herein incorporated by reference in their entivety .
Within thus application, unless otherwise stated, the techmgues utilized may be found i any
of several well-known references such as: Molecular Cloning: A Laboraiory Marual
{Sambrook, et al., 1989, Cold Spring Harbor Laboratory Press), Gene Expression Technology
{Mecthods in Enzymology, Vol 185, edited by B Goeddel, 1991, Academic Press, San
Dhego, CA), "Guide to Protein Purification” in Methods in Enzymology (M.P. Deutsheer, ed
{1990) Academic Press, Inc .}, POR Profocols: A Guide 1o Methods and Applicaiions (Ionis,
gt al. 1990, Academic Press, San Diego, CAY, Culture of Animad Cells: A Marual of Basic
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Techrigue, 27 Fd (R Freshney. 1987 Liss, Inc. New York, NY), Gene Transfer and
Fxpression Protocols, pp. 109-128, ed. E.J. Murray, The Humana Press Inc., Clifton, N.J),
and the Ambion 1998 Catalog {Ambion, Austin, TX}.

2. Compositions of the Disclosare

The present disclosure provides gliadinases that effectively degrade glhiadin. The
present disclosure is based upon, at least partially, the discovery that various polyvpeptides
containing one or more mutations relative to Kuma011, as described herein, have improved
properties relative to KumaOll and other known gliadinases such as SC-PEP (Sphingomonas
capsulate peptidase) and endoprotease EPBZ, meluding moercased ghadin degradation
activity. In certain embodiments, various polypeptides describes herein have improved
ghadinase activity over KumaO11 and other known ghadinases under acidic condition.

In some aspects, the present disclosure provides polypeptides comprising an amino
acid sequence at least 73% 1dentical to the ammno acid sequence set forth in SEQ 1D NO:5,
wherein {a) residue 467 15 Ser, residue 267 15 Glu, and residue 271 15 Asp; and (b) the
polvpeptide comprises an amino acid substitition relative to SEQ 1B NO: 6 at one or more
residues selected from the group consisting of 221, 262E, 268, 269, 270, 3194, 320,
IS4E/Q/RIY, 3388/G/T, 368F/Q, 399, 402, 406, 424, 449, 461 463, 105,171, 172, 173, 174,
and 456, In some aspects, the polypeptide comprises an amino acid substitution relative to
SEQ ID NO: 6 at one or more residues selected from the group consisting of 221, 262E, 268,
269,270, 3194, 320, 3S4E/Q/RSY, 3585/Q/T, 368F/(3, 399, 402, 406, 424, 449, 461, and
46

(9]

Table 1: Kuma Sequences

Kuma 01l MSDMERKPWKEGERARAVLQGHARBQAPQAVIKGPVAGDERMAVTVVLRRORAGELAAHV
(Full Length) BROAAIAPHAREHLEREAFARIHGASLDDFARLRRFADAHGLALDRANVAAGTAVLAGE
SEQ ID NO: 6 DDAINRAFGVELRHFDHPDGSYRSYLGEVTVPASIAPMIEAVLGLDTRPVARPHFRMQR
(Bold = Pre- RABGGFEARSQAAAPTAYTE WVAOAYQF E”LETQGQCIAIIZLUCﬁYDFASLAﬂiFA
protein SLGVPAPQVVEVSVI
domain) FLDAITTATHDPTL

GS GkaJ<...'. QAA\PVJLNFC‘T‘L AJQQH

FPLEAWQEIANVPPSANFGAS SCGRGVPDLAGNADPA

FAALVARINQCK L?RAV”fLVDTL”OL?AD\F'LITE NI

LGSPIGVRLLOALLPSASQ

01l Pre- MSDMEKEWEEGEEARAY. RAQAPQAVDKGEVAGDERMAVTIVVLRRORAGELAAHY

ERZAATAPHAREHLK
DDAINRAFPGVELRHFDHPDGS
RAEGGFEARSQA

ASLDDFAELRRFADAHGLALDRANVAAGTAVLIGE
“I sEVIVPASTAPMIEAVLGLDTRRPVARPHERMOR

‘\.J“JIU

SEQ 1D

Kurms AAPTAYTPLDVAQAYQFPEGLDGRGOCIALTELGGGYREASLAQYFAS LGVPARPQVVEV
Pﬂt]j“ QVPGASNQDTGUDKGDPGPVLLWl*VAQAI APDTTAGELDATITTALHEDP
SEQ ID NO: 3 TLKESVVSISWSGPEDSWTSAATAAMNRA APAGDSGESTGGEQDGLYH

VHEPAASEYVLACG JPLVASGCPIA“ETV‘NJJPWGuA*VJGVORT?PLD/W;EHANV
PPSANPGASSGRGVPDLAGNADPATGYEVVIDGEATVI GGTSAVAPLEFAALVARINQKL




(4]

WO 2022/094177 PCT/US2021/057197

GKAVGYLNPTLYQLPADVEHDITEGNNDIANRAQIYOAGPGWDPCTGLGSPIGVRLLOA
LLPSASQPOP

MODMERKPWEEGEEARAVLOGHARAQAPOQAVDKGPVAGDERMAVIVVLRRQRAGELAAHY
ERQAAIBPHAREHLKREAFARSHEASLDDFAERLRRFADAHGLALDRANVAAGTAVLSGP
DDAINRAFGVE LRHFDHPDGSYRSYLGEVTVPASIAH@IEAVLGLDTRPVARPHFRMQR
¥ LGLDGQGOCTIATIEL EASLAQYFA

s P KG P:)( E‘/ZLDI EVAGALAFGAKEAV 'Yf“l \PDTTAG
domalin) g [TTATHDE "'DSV‘/uI SWSGE EE' SWTSAATAAMNRAFLDAAALGVTVLAAAGDS
IAQETVWNDGPDGGATGGGVERE
GYEVVIDGEATVIGGTSAVARL
IANRAQIYQAGPGWLPCTG

THHHE

F' I F s/\?f B HA“‘"’P‘ALH G AS‘(yRLz\"f‘ffLAGJ\‘u—\PPA
LVARINORKLGKAVEY ; LEADVET

f
&=

L\7\DTAVTPLL\/AVAY QFPEGT .JDCJ,/G\_ . IELGGGYDEASLAQYFASLGVPARPVVEY
VDGASNOQFPTGDPKGPDGEVELDIEVAGALAFGAKFAVYFAPDTTAGELDAITT
TLVP“ VVSISWSGPEDSWT SAATAMMNRAFLDAAALGVTVLAAAG DZJSTGuE
VHEPAASPYVLACGGTRLVASGGRIAQETVWNI JGPDF”
PESANPGASS TPDLTAGNADPATGYEVVIDG
GEAVGYLNPTLYCLPADVEFHDITEGNNDT? \I:{A\_,I Y"l‘ GP
LLESASQPOPGSTENLYFOSGALEHHHHNE

- ren
ATGGGVSE

AALVA

DPOTE PO ST TONT
GWDPCTGLGSPIGVRLLOA

Kumal6zZ-M SDMEKPWHREGEEARAVILQGHARAQAPQAVDKGRPVAGDERMAVTVVLRRQRAGELAAMVE
{Full Length) ROARIAPHAREHLXREAFAAMSHGASLUDDFAELRRFADAHGLALDRANVAAGTAVLSGPD
SEQ ID 1T 1 DAINRAFGVELRHFDEPDGSYRSYLGEVTIVRPASIAPMT EAVLGLDTRPVAP{RRFRMQP{R
(Bold = Pre- ARGGFEARE A PTAAT'"*D‘UJ“DQ”FP“"' uGObi"",IATI LC"?C"D S LAQY ]JC»
rrot LGVPAPQVVS I PDY T h( B
domain) LD? \THD :

STSGEQDGLYRVHERAASPYVLACLGG VWNQGPDGGATGGEVSRIE

PLPAWOEHANVEEPSANPGAS SGRGVEPDLAGNA TG YEVVIDGEATVIGGTSAVAPLE

AATVARINQKLGKAVGYLNPTLYQLPADVEHDITEGNNDIANRADIYCQAGEGWDPCTGL
SPIGVRLLQALLRSASQPOPR

SDMEKPWKEGEEARA v’LQCHAP “?QA‘/’“I\G?VAG’\ERII’E\'\/T‘"’ RRORAGELAAHVE
ROAATAPHAREHLKREAFAASHGASLDDFAELRRFADAHGLALL JRAN‘ TAAGTAVLSGED
D WFGVELRHFDHEP! )Ca REYLGEY 'T\’PA IAPMIEAVLGLDTREVARRREFRMORR
ARGGEFEARSQA

<

AAPTAYTPLDVAQAY

SV SAKFAVY
TLEPSVV3IS FLDAAALGVTVL
VHEPAASPYVLACGGT RL [ASGGRIA ”ETV’/\TVQGPDG"“A "’"b"‘."“
PESANPGASSGRGVPDLAGNADEQTGYREVVIDGEATVT GGTSAVAPL F‘D\hf \Z
GEAVGYLNPTLYCLPADVFHDITEGNNDIANRAQTIYVOAGEGWDPCTG
LLESASQRY

FPLEAV JQE‘*’]—\N‘ 4
RINQKL
RLLOA

Kumal10, as referenced herein, comprises Kumat11 linked by an amino bondto a
histiding tag sequence GRTENLYFQSGALEHHHHHH (SEQ 1D NO: 17) at the C-terminus
of the Kumal 10 sequence.

Bold-face residues in the sequences provided i Table 1 represent the N-terminal
portion present in the voprocessed polypeptide (.e., which is cleaved off during processing):
and non-bold faced font reprosents residues present in the processed version of the
polypeptide (7., the mature peptide sequence). The numbers in parentheses indicate residue
number; and where there are two numbers separated by a /", the number on the left is the
residue number in the unprocessed version, and the number on the right is the residue mumber

1 the processed version. SEQ D NG: 6 15 the unprocessed version of Kumatil; SEQ 1D
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NO: 315 the processed version of Kuma0Oll. As such, a polvpeptide comprising the amino
acid sequence set forth in SEQ 1D NG 6 (the foll-length Kumal11 polypeptide} also
necessanly comprises the aming acid sequence set forth in SEQ H3 NO: 3 (the mamre

Kumall 1 polypeptide). SEQ ID NG 1 15 the unprocessed version of Kumal62-M; and SEQ

h

1D NO: & 15 the processed version of Kuma062-M. As sach a polypeptide comprising the

amino acid sequence set forth in SEQ 1D NO: | (the full-length Kuma062-M polypeptide)

also necessanly comprises the amino acid sequence set forth 10 SEQ 1D NO: 8 (the mature

Kuma062-M polypeptide}.

In some aspects, a ghadinase of the present disclosure has a senne {(Ser or §) at its N-

10 terminus. In some aspects, a gliadinase of the present disclosure has an SD motif at its N-
terminus. In some aspects, a ghadinase of the present disclosure has an SDM motif at 1ts N-
terminus. In some aspects, a ghadinase of the present disclosure has an SDME (8EQ [D NO:
21y atits N-terounus. i such an aspect, the first amino acid {position | of the polypeptide
from its N-terounus is 5] the second amino acid {position 2 of the polypeptide from s N-

15 termnus s [3; the third amino acid {position 3 of the polypepiide from its N-terminus 1s M;
and the fourth amno acid {position 4 of the polypeptide from its N-termimus 18 E. In some
aspeacts, an oligopeptide is attached to the N-terminal 5 at its N-terminus, wherein the amino
actd adjacent to S at its N-terminus is not a methionine (M},

In some aspects, the polvpeptide {e.g., the ghadinase) comprises an amino acid

20 sequence having at least about 75%, at least about 80%, at least about 83%. at least about
90%, at least about 95%, at least about 96%, at lcast about 97%, at least about 98%, at least
about 99%, or about 100% sequence identity o the amino acid sequence set forth m SEQ 1D
NG: 1. In some aspects, the polypeptide comprises the amine acid sequence set forth in SEQ
1D NG 1. In some aspects, the polvpeptide comprises an amino acid sequence having at least

25 about 75% sequence identity to the anunoc acid sequence sct forth in SEQ 1D NG 1. In some
aspects, the polvpeptide comprises an aming acid scguence having at least about 80%
sequense identity to the aming acid sequence set forth 1n SEGQ 1D NG: 1 In some aspects, the
polvpeptide comprises an avuno acid sequence having at least about 85% sequence identity
to the amino acid sequence set forth m SEQ [D NO: § In some aspects, the polvpepuide

30 comprises an aming acid sequence having at least about 90% sequence identity to the amino

acid sequence sot forth in SEG 1D NO: 1. In some aspects, the polypeptide comprises an

aming acid sequence having at least about 95% sequence identity to the amino acid sequence
set forth 1 SEQ ID NG: 1. In some aspects, the polypeptide comprises an anuno acid
sequenee having at least about 96% sequence identity to the amino acid sequence set forth in

14
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SEQ I NO: 1. In some aspects, the polvpeptide comprises an amino acid sequence having at
least about 97% sequence dentity to the amimo acid sequence set forth in SEQIDNG: 1. In
some aspects, the polypeptide comprises an aming acid sequence having at least about 98%
sequence identity to the amino acid sequence set forth i SEQ ID NO: 1. In some aspects, the
polypeptide comprises an amino acid sequence having at least about 99% sequence identity
to the amino acid sequence set forth m SEQ 1D NO: 1 In some aspects, the polvpeptide
comprises a Ser at the amine acid residue corresponding to amino acid 467 1o SEQ 1D NG: L
In some aspects, the polypeptide comprises a Glu at the amino acid residue corresponding to
aming acid 267 1n SEGQ ID NG 1. In some aspects, the polypeptide comprises an Asp at the
aming acid residue corresponding to amino acid 271 in SEQ 1D NO: L

In some aspects, the polypeptide (e.g., ghadinase} comprises an amino acid sequence
having at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least
about 95%, at fcast about 96%, at lcast about 7%, at lcast about 98%, at least about 99%, or
about 1060% sequence wentity to the amino acid sequence set forth 1n SEQ 1D NO: 8. In some
aspects, the polypeptide comprises the amino acid sequence set forth m SEQ ID NG 8. In
some aspects, the polypeptide comprises an aming acid sequence having at least about 75%
sequence identity o the amino acid sequence set forth in SEQ ID NG: 8. In some aspects, the
polypeptide comprises an aming acid sequence having at feast about 80% sequence identity
to the amino acid sequence set forth m SEQ 1D NG: 8. In some aspects, the polypeptide
comprises an amino acid sequence having at feast about 85% sequence identity to the aming
acid sequence st forth m SEQ D NGO: 8. In some aspects, the polvpeptide comprises an
amino acid sequence having at least about 90% sequence identity to the aming acid sequence
set forth i SEQ 1D NG: &, In some aspects, the polypeptide comprises an aming acid
sequence having at least about 95% sequence identity o the amino acid sequence set forth in
SEQ H3 NO: 8. In some aspects, the polypeptide comprises an aming acid sequence baving at
least about 96% sequence identity to the amimo acid sequence set forth in SEQ ID NG: 8. In
some aspects, the polypeptide comprises an amino acid sequence having at least about 97%
sequence identity to the amino acid sequence set forth in SEQ 1D NO: 8. In some aspects, the

0 1

polvpeptide comprises an amino acid sequence having at least about 98% sequence identity
to the amino acid sequence set forth in SEQ [D NO: 8. In some aspects, the polvpeptide
comprises an anino acid sequence having at least about 99% sequence identity to the amino
actd sequence set forth m SEQ 1D NGO 8. In some aspects, the polvpeptide comprises a Ser at
the amino acid residue corresponding to amino acid 278 in SEQ 1D NO: 3. In some aspects,
the polvpeptide comprises a Glu at the amino acid residue corresponding to anino acid 78 in
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SEQ I NO: 3. In some aspects, the polypeptide comprises an Asp at the ammo acid residue
corresponding to amine acid 32 in SEQ D NO: 3.
In some aspects, the polypeptide {e.g., ghiadinase) comprises an aming acid sequence

having at least about 75%, at least about 83%, at least about 85%, at least about 90%, at least

h

about 95%, at feast about 969, at least about 979, at least abowut 98%, at least abowut 99%, or
about 100% sequence wdentity to the amino acid sequence set forth in SEQ 1D NO: 1, wherein
the polypeptide comprises the amino acid sequence set forth i SEQ WY NO: 8. fn some
aspects, the polvpeptide comprises an amino acid sequence having at least about 75%, at least
about 80%, at least about 85%, at least about 90%. at least about 95%, at least about 96%, at
10 least about 97%, at least about 98%, at least about 99%, or about 100% sequence identity to
the amino acid sequence set forth in SEQ 1D NO: 1; wherein the polyvpeptide comprises the
amino acid sequence set forth in SEQ 1D NG: 8; and whergin the polypeptide compnises a Ser
at the amino acid residue corresponding to amme acid 278 in SEQ ID NG: 3, a Glu at the
amino acid residuc corresponding to amine actd 78 in SEQ 1D NG 3, and an Asp at the
15 amino acid residue corresponding to anuno acid 82 in SEQ 1D NO: 3
In some aspects, the polypeptide comprises a deletion of one or more amine acids
from the N-terminus or the C-terminus relative to the aming acid scquence set forth 1 SEQ
D NG 1 or 6. In some aspects, the polypeptide comprises a deletion of at least one amine
acid from the N-terminus relative to the amino acid sequence set forth in SEQIDNG: 1 or 6.
20 In some aspects, the polypeptide comprises a deletion of at least two amino acids from the N-
termoinus relative 1o the amino acid sequence set forth m SEQ 13 NO: 1 or 6. In some aspects,
the polypeptide comprises a deletion of at least three amino acids from the N-termimus
relative to the amino acid sequence set forth in SEQG ID NO: 1 or 6. In some aspects, the
poivpeptide comprises a deletion of at feast four amino acids from the N-terminus relative to
25 the avuno acid sequence set forth in SEQ 1 NO: 1 or 6. In some aspects, the polypeptide
comprises a deletion of at least five amino acids from the N-terminus relative to the amino
acid sequence sot forth m SEQ 1D NO: 1 or 6. In some aspocts, the polypeptide comprises a
deletion of at least one amino acid from the C-terminus relative to the amino acid sequence
set forth in SEQ ID NG: 1 or 6. In some aspects, the polypeptide comprises a deletion of at
30 least two amino acids from the C-terminus relative to the amine acid sequence sct forth in
SEQ D NO: 1 or 6. In some aspects, the polypeptide comprises a deletion of at least three
aming acids from the C-erminus relative to the amino acid sequence set forth 1n SEQ 1D NO:
1 or 6. In some aspects, the polypeptide comprises a deletion of at least four amino acids
from the C-terminus relative to the amino acid sequence set forth in SEQIDNG: 1 or 6. In
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some aspects, the polypeptide comprises a deletion of at least five amino acids from the C-
termnus relative to the amino acid sequence set forth in SEQIDNG: 1 or 6.
{n some aspects, the polvpeptide coraprises a deletion of one or more amino acids

from the N-terminus or the C-termunus relative (o the amino acid sequence set forth i SEQ

h

D NO: 3 or 8. In some aspects, the polvpeptide comprises a deletion of at least one amimg
acid from the N-terminus relative to the amino acid sequence set forth in SEQ D NQO: S or 8.
In some aspects, the polypeptide comprises a deletion of at least two amino acids from the N-
terminus relative to the amino acid sequence set forth m SEQ I3 NO: 3 or 8. In some aspects,
the polypeptide comprises a deletion of at least three amino acids from the N-termimis
10 relative to the amino acid sequence sct forth in SEQ 1D NO: 3 or 8. In some aspects, the
polypeptide comprises a deletion of at least four amino acids from the N-ferminus relative to
the amino acid sequence set forth 1n SEQ ID NG: 3 or 8. In some aspects, the polypeptide
comprises a deletion of at least five amino acids from the N-terminus refative to the aming
acid sequence set forth m SEQ D NGO 3 or & {n some aspects, the polvpeptide comprses a
15 deletion of at least one aming acid from the C-terminus relative to the amino acid sequence
set forth in SEQ 1D NG: 3 or 8. In some aspects, the polypeptide comprises a deletion of at
least two amine acids from the C-ierminus relative to the amino acid sequence set forth in
SEQ HI NO: 3 or 8. In some aspects, the polypeptide coraprises a deletion of at least three
amino acids from the C-terninas relabive to the amino acid sequence set forth 1n SEQ 1D NG:
20 3or 8. In some aspects, the polypeptide comprises a deletion of at least four amino acids
from the C-terminus relative to the amino acid sequence set forth in SEQ ID NOG: 3 or 8. In
some aspects, the polypeptide comprises a deletion of at least five amino acids from the C-
termings relative to the amino acid sequence set forth in SEQ ID NG 3 or 8,
As disclosed in the examples that follow, polypeptides according 1o some aspects of
25 the disclosure are improved polvpeptides for use, for example, in treating celiac sprue. The
polypeptides are varants of either the processed {i.e., mature) polvpeotide or the
preprocessed (i.e.. full-length) polypeptide corresponding to SEQ ID NO: 4 (KUMAMAX™,
hereinafter referred fo as KumaflQ; see WO2013/023151, which is incorporated by reference
herein 1o #is entirety). Polypeptides for treating celiac sprue are capable of degrading prolme
30 {(P)- and ghitamine {(3}-rich components of gluten known as "gliading” believed responsible
for the bulk of the immune response i most celiac sprue patients. The polypeptides of the
present disclosure show superior activity in degrading peptides having a PQLP (SEQ 1D NO:
9y or PQOP (SEQ ID NG: 10) motif (such as PFPQPQLPY (SEQ ID NG: 11) and/or
PEPGPOQPE (SEQ 1D NO: 12}, which are substrates representative of ghadin) at pH 4
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compared to Kumalll and other polypeptides disclosed as useful for treating celiac sprue
{see, .g. ., WO2Z015/023728 and W(O2316/200880, gach of which are mcorporated by
reference herein in its entirety), and/or are shown to mprove production of the polypepiides.
Thus, the polypeptides of the disclosure constitute significantly improved therapeutics for
treating celiac sprue.

In some aspects, the polypeptides disclosed herein are capable of degrading atpH 4 3
peptide comprising an amino acid sequence selected from PFPQPQLEY (SEQ ID NG: 11,
PFPGPQQPF (SEQ ID NG: 12}, LOLQPFPQPOQLPYPQPQLEYPQPQLPYPOQPOQPE (SEQ
1D NG: 13), and/or FLQPQOQPFPQOPOOPYPQQPQQPFPQ (SEQ ID NG: 14).

Polypeptides of the first aspect of the disclosure comprise preprocessed versions of
the polypeptide enzymes of the disclosure.

Polypeptides of the first aspect of the disclosure comprise processed versions of the
polypeptide enzymes of the disclosure, and also degrade a PFPOPQLPY (SEQ ID NGO 11
peptide and/or a PFPOPQQPF (SEQ 1D NO: 12) peptide at pH 4, as well as
LOLQPFPOPGQLPYPRQPQLPYPQPOLPYPQPOPF (SEQ ID NO: 13} and/or
FLOPQOPFPQQPQOPYPQOQPQOPFPG (SEQ ID NG 14).

As used herein, "at least 75% identical” or "having at least 75% sequence identity”
means that the polypeptide differs o s full length amine acid sequence by 25% or less
(including any aming acid substitutions, deletions, addiions, or msertions) relative (o a
reference sequence, e.g., relative to an amino acid sequence selected from SEQ ID NOs: 1-8,
In some aspects, the polypeptide comprises or consists of an amino acid sequence having at
least 76%, T7%, 78%, 79%, 80%, 819, 82%, 83%, 849%, 85%, 86%, 87%, 88%%, 89%, S0%,
91%, 92%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid
sequence according to SEQ 1D NG: 1 {proprocessed) or SEQ D NO:8 {processed).

The polypeptide of any aspect of the polypeptides of the disclosure may comprise an
amino acid substitution from SEQ IDNG: Tor SEQIDNO8at 2,3, 4,5,6,7, 8,9, 10, 11,
12,13, 14,15, 16, 17, 18, 19,20, 21, 22, 23, or all 24 {depending on the aspect) of the recited
residucs.

In one aspect of the polypeptides of the first aspect of the disclosure, the polypeptide
comprises one or more amino acid substitutions from SEQ 1D N{O: 6 at one or more residucs
sclected from the group consisting of 221D/N/Q/H, 262E, 2685/T/A, 269L/T, 270A/T/V,
JI9A, 354E/G/R/Y, 358S/Q/T, 368F/(Q, 3994, 4028/Q, 4068, 424K, 449E/N/Q, 461R, and
463A/LMM/QR/TIV. As used throughout, the number indicates the residue number in the
SEQ I NO: 6 or SEQ ID NO: 3 polypeptide sequence, and the single letter amino acid
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abbreviations to the nght of the number indicate the possible amino acid substitutions
compared to the aminge acid residue present at that position 1 SEQG ID NO: 6 or 3.

{n another aspect of the polypeptides of the first aspect of the disclosure, the
polypeptide comprises aminge acid substitutions from SEQ 1D NO: 6 at residues 399 and 449,
In one aspect, the polypeptide comprises amine acid substitutions 399} and 4490}, In some
aspects, the polypeptide comprises a O af position 399 and a  at position 449, based on the
numbering of SEQ ID NG 6.

In a further aspect of the polypeptides of the fivst aspect of the disclosure, the
polvpeptide comprises 3585 and 4637T. In some aspects, the polypeptide comprises (1 an S
at posttion 358, and {1} a T at position 463, or any combination of {i)-(it}, based on the
numbering of SEQ ID NG: 6.

In one aspect of the polypepiides of the first aspect of the disclosure, the polypeptide
comprises 262E, 269T, 3540, 3388, 399Q), 4490, and 4637T. In some aspects, the
polvpeptide comprises (i} an £ at position 262, {11} a T at posttion 269, (111} a €3 at position
354, (ivyan § at position 358, (v} a {J at position 399, {vi) a  at position 449, and (vitya T at
position 463, or any combination of (1}-(vii}, based on the numbering of SEQ ID NO: 6.
These polvpeptide are extensively characterized in the examples disclosed in
WO2016/200880, as excmplified by the polypeptide designated as Kumal30 and vanants
thereof. In ancther aspect of the polvpeptides of the first aspect of the disclosure, the
polypeptide comprises 319A, 368F, 3994}, 449Q}, and 14637 In some aspects, the
polvpeptide comprises (i) an A at position 319, (1t} an F at position 368, (14} a § at position
399, {iv) a Q at position 449, and a (v} T at position 463, or any combination of {(1}-(v), based
on the numbering of SEQ 1D NO: 6. These polypeptide are extensively characterized in the
examples disclosed in in WO2016/200830, as exemplified by the polypeptide designated as
Kuma040 and varniants thereof. In a further aspect of the polypeptides of the first aspect of
the disclosure, the polypeptide comprises 262E, 269T, 270V, 3544}, 3585, 369}, and A449Q).
In some aspects, the polypeptide comprises (i) an E at position 262, (i1} a T at position 269,
(i) & V at position 270, (vi) a Q at position 354, (v} an S at position 358, (vi) a {J at position
399, and (vii} a € at position 449, or any combination of (1)~{vi1}, based on the mumbering of
SEQ IB NO: 6. These polypeptide are extensively characterized in the examples disclosed in
in WO2Z16/200880, as exemplified by the polypeptide designated as Kumafl30 and varants
thercof. In one aspect of the polypeptides of the furst aspect of the disclosure, the polvpeptide
comprises 262F, 269T, 320M, 3544, 3588, 3994}, 449Q, and 463T. In some aspects, the
polypeptide compnses (i} an E at position 262, {11} a T at position 269, {11} a M at position
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320, {vi} a Q at position 354, (v} an $ at position 358, {vi) a  at position 399, and (vt} a Q at
position 449, or any combination of (1}-(vii}, based on the numbering of SEQ ID NO: 6.
These polvpeptide are extensively characterized in the examples disclosed 10 o
WO2016/200880, as exemplified by the polypeptide designated as Koma060 and variants
thereof. In a still further aspect of the polvpeptides of the first aspect of the disclosure, the
polypeptide comprises, 319A, 320M, 368F, 39943, 449Q), and 453T. In some aspecis, the
polvpeptide comprises (i) an A at position 319 (i) an M at position 320, (iu) an F at position
368, {v} a Q at posttion 399, and (v) a  at position 449, or any combination of {(1}-(v}), based
on the numbering of SEQ 1D NO: 6. These polypeptide are extensively characterized in the
examples disclosed in in WO2016/200830, as exemplified by the polypeptide designated as
Kuma070 and vanants thercof. As used herein, the terms "Koma020," "Kuma030."
"Kuma040," "Kamal50,” and "Kuma070" refer to the same polypeptides with the same
designation as disclosed i WOZ016/200880.

In another aspect of the polypeptides of the furst aspect of the disclosure, the
polvpeptides comprise an amino acid substitution from SEQ 1D NO: 6 at one or more aming
acid positions selected from the group consisting of 105, 171, 172, 173, 174, and 456. In one
aspeact, the amino acid substitution 1s 105H; 17IR A, or §; 1728 A, or &, 173R or &, 1745,
and/or 456V, In some aspects, the polypeptide comprises (1) an H at position 105; (1) an K,
A orSatposition 171 {uiyan R, A, or S at position 172; (iv} and R or 8 at position 173; {v}
an 8 a position 174; (vi} a 'V af position 456; or (vii} any combination of (1)-{vi}, based on the
numbering of SEQ 1D NO: 6. In another aspect, the amino acid substitition s 171R, 172K,
and/or 456V, In some aspects, the polypeptide comprises (1) an R at position 171, (i) an R at
position 172, (i1} a 'V at position 456, or (1v) any combination of (1}-(111), based on the
numbering of SE(G 1D NG: 6.

n one aspect of the polypeptides of the second aspect of the disclosure the
polypeptide comprises one or more amine acid substitution from SEQ 1D NO: 3 at one or
more residues sclected from the group consisting of 32D/N/Q/H, 73E, 798/T/A, SOL/T,
RVA/T/Y, 130A, 16SE/Q/R/Y, 169S/Q/T, 1T9F/GQ, 2100, 2135/, 2178, 235K, 260E/N/AQ,
272R, and 274A/L/M/QY/R/T/Y. In another aspect of the polyvpeptides of the second aspect of
the disclosure, the polypeptide comprisgs amine acid substitutions from SEQ 1D NO: 3 at
residues 210 and 260. In a further aspect of the polvpeptides of the second aspect of the
disciosure, the polvpeptide comprises amino acid substitutions 2106 and 2604 v some
aspects, the polvpeptide comprises (1} a  at position 210, (1) an Q at position 260, or any
combination of (1)-(11}, based on the numbering of SEQ 1D NG: 3. In one aspect of the
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polyvpeptides of the second aspect of the disclosure, the polypeptide comprises 1698 and
274T. {(Kamab20 genas). In such an aspect, the polypeptide comprises (i} an S at position
169, (11} a T at position 274, or (iv} any combination of (1)-(i1), based on the numbering of
SEQ ID NG 3. In another aspect of the polvpeptides of the second aspect of the disclosure
the polypeptide comprises 73E, 80T, 165Q, 1698, 2104, 2600, and 2747, (Kumal30
genus). In such an aspect, the polypeptide comprises (i) an E at posttion 73, {(#ya T at
position 80, (Ui} a { at position 165, (iv) an § at position 169, (v) a Q at position 210, (vi}a @
at posttion 260, and {(vii} a T at position 274, or any combination of {1}-{vii}, based on the
numbermg of SEQ 1D NG: 3. In a further aspect of the polypeptides of the second aspect of
the disclosure, the polypeptide comprises 130A, 179F, 210Q, 2604, and 2747, (Kamal40
genus). fn such an aspect, the polypeptide comprises (1) an A at position 130, iy an F at
position 179, (it} a Q at position 218, (v} a @ at position 260, (v} a T at position 274, or any
comnation of (1-{v}, based on the numbering of SEQ 1D NO: 3. In a still further aspect of
the polypeptides of the second aspect of the disclosure, the polypeptide comprises 738, 80T,
IV, 16543, 1695, 2104, and 260Q. (Kumal350 genus). In such an aspect, the polypeptde
comprises (1) an E at position 73, €n)y a T at position 80, (in) a V at posttion 81, {ivya Q at
position 165, (v} an 8 at position 169, (vi} a3  at position 210 (vii) a Q) at posttion 260, or any
combination of (i}~{vii}, based on the numbenng of SEQ 1D NO: 3. In one aspect of the
polypeptides of the second aspect of the disclosure, the polypeptide comprises 73E, 807,
320M, 165G, 1698, 210Q, 2604, and 2747, {(Kamal60 genus). In such an aspect, the
polvpeptide comprises (i) an £ at position 73, (1) a T at position 80, (111} an M at position
320, {ivy a Q at position 165, (v} an $ at posttion 169, {vi) a @ at posion 210 (viiy a @ at
position 260, {(viii} a T at posttion 274, or any combmation of (1)}-(vit}, based on the
numbering of SEQ 1D NG: 3. In ancther aspect of the polypeptides of the second aspect of
the disclosure, the polypeptide comprises 130A, 131M, 179F, 2100, 260Q, and 2747,
{(Rumal76 genusy. In such an aspect, the polypeptide comprises (i) an A at position 138, (11}
an M at position 131, (111} an F at position 179, {(iv) a @ at position 210, {v} a {3 at position
260, (viy a T at position 274, or any combination of (1)-{v1), based on the numbering of SEQ
ID NG: 3. In a still further aspect of the polypeptides of the second aspect of the disclosure,
the polypeptides comprise an aminge acid substitation from SEQ 1D N 3 at one or more
aming acid positions selected from the group consisting of 267, In one aspect, the amino acid
substitution 1s 267V . In such an aspect, the polypeptide comprises a V at position 267, based

on the numbering of SEQ D NQ: 3.
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In a further aspect of the polypeptides of any aspect of the disclosure, the
polvpeptides further comprise a histidine tag at the C-terminas of the polypeptide, to facilitate
isolation of the polypeptide. Any suitable histidine tag can be used; 1n one aspect the tag is
hinked to a TEV protease cut site (ENLYFQS) (SEQ [D NGO: 18) to allow for its etficient
removal with TEVY protease after purification, for example, the tag may comprise or consist
of the amine acid sequence GSTENLYFQSGALEHHHHRBH (SEQ ID NO: 17} In ancther
aspect, the histidine tag 1s a. cleavable histidine tag, permitting casier removal of the His-tag.
In one aspect, the cleavable histiding tag comprises the amino acid sequence
XnPGL/Q)PXNHHHHHH (SEQ 1D NG: 15), wherein Xw is an hioker of between 1-25 amino
acid residues. In one non-limiting example, the cleavable histidine tag comprises the amino
acid sequence GSSGSSGSQPQLPYGSSGSSGSHHHEHHH (SEQ ID NO: 16).

In one aspect of any aspect of the polypeptides of the disclosure, amino acid
substitutions compared to SEQ 1D NO: 6 or SEQ 1D NO: 3 may comprise one or more of the
substitutions noted in Tables 2 or 3. Substitutions at these positions were found to be
generally well-tolerated (3.¢. generally result in minor {0 no offects on activity}, and in some

cases to mcrease the activity of the polvpeptides of the disclosure by no more than 20%.

Table 2. Possible Amino Acid Substitutions at Posttion Relative to Kuma01ig,

Residue number Residue , Residue njumber ; Residus
{preprocessed/processed) {preprocessed/processed)
N, QF A S, N
21/32 DNQH 358/169 A5 NQ.T
ARND,CGQEG, ARNCGQEGK
HILKMSTWY. MF ST WY
261/72 M 368/170
ARND COEG ACEY
LLOME T, W, Y.V .
262/73 HLLMETWYA 397/208
AN, D,C.QEG ST, a.N
7
264/75 A 399/210
26/7 A LS 402/213 QN5
268/79 5T 106/217 >
269/80 LT 424/233
ARND COLGL G5
270/81 K5TY 146/257
AN CGTV A RN D COE G
HILLKMFSTW,
317/128 448/259 Y.V
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ARNDCGE G,
HLKMFESTYV

Q.E,G N

318/129 449/260
AND COHMT AN, DL C.OE G,
319/130 456/267 M
320/131 ARNDCQERMS 461/272 R
ND.CG ST AR ND CQE G,
H LK, MFST W,
350/161 463/274 Y.V
351/162 @5 164/277 ANDL R,
ARNCGOEGLK D0 G S
M.S. " 7
153/164 M5 T,V 466/270

ARND CQE G,
HLEKMFTWY

In another embodiment of any aspect of the polypeptides of the disclosure, amino acid

substitutions compared to SEQ 1D NO: 6 or SEQ 1D NO: 3 may comprise one or more of the

substitutions noted m Table 3.

Table 3
Residue mumber Residue . P*ifSld}‘e n}lmnirl . Residue
{prepocessedprocessed) {preprocessed/processed;

231/32 DN QO H 3587169 AS N QT

Y61/T2 S 368/179 AND G EST
AR N D QE G L,

263/73 M, T 402/213 Q8

264775 A 4061217 g

268/79 S, T 424/238 K

269/90 LT 4461257 8

270781 ATV 449/360 QN A

317/128 AT 4567267 v

319/130 A 4647272 R
ARND QEKT,

154/165 Y 463/274 ARGQLMTV

In another embodiment of any aspect of the polypeptides of the disclosure, amino acid

at each residue of the polypeptides of the disclosure may be as noted 1n Table 4, which lists

all of the possible mutations at cach position in the polypeptide enzvmes as predicted by

computational muetagenesis analysis. As described in the examples disclosed in
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WO2016/200880, mutations were tested at each position found in the active site (residues
261-264, 266-267, 270, 317-320, 350-354, 368, 397, 403-404, 446, 448, 456, and 463-468)
using degenerate primers to test the effects of various amino acid substitutions on activity,
those that did not mierfere with activity can be mceorporated in the polvpeptides of the

disclosure, as reflected in Table 4.

Table 4: Possible Amino Acids at Residues Relative to Kuma 010

Fuli Aminc Acig Pogsibifities
Length | Mature

ALAARGASNASP,CYS,GLN,GLU,GLY HIS ILE LEU LY S MET PHE FRO SER, THRTRP,TYR,V

Al

190 1

ALA ARG ASNASE CYS,GLN,GLU,GL Y HIS, ILE L VS MET FHE PRO,SER THR TRE VAL

ALAARGASN,ASP,CYS.GLN, GLU,GL Y, HIS,LEU LYS.MET.PHE,PRO,SER, TRP, TYR
ALA ARGASN ASP,CYR QLN GLUGLY HIS LE LREU LY S MET PHE FRO,SER, THR, TRP,TYR,V
AL

ALA ARG ASN ASP CYS,GLN,GLU,GL Y HIS,LEU LY S MET, PHE, SER, THR TR¥ TYR, VAL

ALAASN, CYS,GLIHISLEU,MET, PHE THR, TYR

ALA ARG ASNASP CYS GLN,GLU,GLY.BIS. LY S, MET, PHE SER THR, TRE TYR

ALAGLY.PRO,SER

ALAARGASN ASP CYS,GEN,GLU, GL Y HISILELEU LY S MET, PHE SR THR TRP, TYILVAL

L

ALAARG,ASN,ASP,CYS.GLN,GLU,GL Y HIS,LEU, LYS.MET,PHE.SER, THR TRP,TYR

ALAASN,ASP CYS.GLY ILE, SER THR, VAL

ALACYS,GLY,SER

201 12
. o | ALABRGASN AP OYS,GLN,GLUGLY HIS ILE LEU LYS MET PHE, SER, THR TRP,TYR VAL
i ALAGLY,SER

203 e

ALAASN,ASP,CYS.GLN,GLU,GL Y HIS, ILE LEU, LY S, MET.PHE.SER, THR, TYR

ALA ARG ASNASP CYS GLN,GLU,GLY, 8IS, ILE LRU.LY S, MET PHE, SER THRTRP, TYR VAL

208 16
. . | ALAASN ASPCYS.GLN,GLU,GLY HIS ILELEU LY S MET, PHE SER THR TYR, VAL
Ly Ly

- vg | ALACYSGLNGLUGLY.LYS PROSER THR TRP

ALAARGASN ASP.CYS,GEN GLU.GLY HISILELEU LYS MET PHE PRO SER, THR, TRE TYR Y
AL

ALALARG,ASN,ASP,CYS,GLN,GLULGLY HIS.ILE LPU,LYS,MET,PHE, SER, THR TRP, TYR VAL

ALA ARGLASN ASP,OYS, GLN, GLUGLY LEU MET SER, THR VAL

210 21
. by | ALAARGASN ASP.CYS,GLN,GLUGLY HIS,LY S MET,PHE SER THR TYR

212 5 | GV

13 5y | ALAARGASNASP.CYS.GLNGLUGLY HIS.LEULY S MET.PHE SER THR TRPTYR VAL
21 g5 | GLY

ALAASMASE CYS GLN,GLU,GLY,SER, THR

ALAASN ASP.CYS,GLN,GLY SER, THR VAL

ALALCYSILELEU SER THR, VAL

ALAGLY SE
sig 5o | ALAGLY.SER

ALA ASMASP OYS,GLN,GLU,GL Y HIS.ILE LEU, MET, SER THR VAL
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0 21 | ALAASNASP.CYS GLNGLUGLY ILE SER THR VAL
- 4y | ALABSIASPCYS,GLN.GLU.GLY.ILESER THR, VAL
22 27 | ALAASMASP.OYS,GLN GLUGLY ILELEULYS SER, THR VAL
34 34 | ALAARGASN ASP.CYS,GLU GLY,LYS MET SER
224 35 | Y
225 36 | LY
6 4 | ALAARGASM ASP,CYS GLUGL Y. HIS,LEU PHE, SER THR, TRP,TVYR
- 1g | ALAARGASNASP.CYS,GLN.GLU.GLY LY S MET.SER
ALA ARG, ASN,ASP,CYS.OLN.GLU,GL Y IS, ILE,LBU,LYS.MPET PHE.PRO,SHR, THR, IRP,LYR,V
228 39 | AL
19 g0 | AVABRGASNASP.OYS,GLN,GLUGLY HIILELEULYS MET,PHE SER, THR TRP.TYR VAL,
36 4y | ALAGLY.SER
- 1 | ALAASN.ASP.CYS.GLN.GLU,GLY,LEU SER THR
. 43 | ALAARGASNASP.CYS GLNGLUGLY HIS LB LEULY S MET,PHE SER THR, TRE. TYR VAL,
233 4q | ALAARGASNASP.CVS GLN,GLULGLY HIS ILE LEU,LY S, MET,PHE SER THR TRP, TYR,VAL,
131 45 | ALAASNOYS.GLY HIS PHE SER TYR
233 46 | ALAASNASE CYSHISMET PHE SER THR TR, TYR
. 47 | ALAARGASN,ASP.CYS.GLN.GLU,GL Y HIS, ILELEU LY S MET.PHE SER THR. TRP, TYR. VAL,
. 4g | ALAARGASNASP.CYS GLNGLUGLY HIS LB LEULY S MET,PHE SER THR, TRE. TYR VAL,
. 4o | ALABRGASNASP,CYS,GLN.GLU.GLY HISILELEUMET,SER, THR.VAL
239 so | GLY
46 5 | ALAARGASNASP.CYS.GLN.GLU,GLY HIS LEU.LYS. MET.SER THR TYR VAL
ALA ARG,ASN,ASP,CYS.GLN.GLU,GL Y HIS, ILE,LEU, LYS MET PHE.PRO,SER, THR, TRP,TYR,V
241 5 | A
4 g7 | ALAARGASNASP.CYS,GEN.GLUGLY HIS.ILELYS MET.PRO,SER, THR VAL
544 5; | ALAGLY.PROSS
ALA ARG ASN,ASP CYVS.GLN, GLU GL Y HIS ILE LEU LYSMET PHE.PRO,SER, THR, TRP, TYR,V
244 55 | A
245 <6 | ALAASNCYS.GLY SHR THR VAL
46 57 | ALAARG.ASN,ASP,CYS.GUN.GLU,GL Y, HIS,TUELEU,LYS, MET.PHE 8ER THR, TRP, TYR. VAL
7 s | ALAARGASP.OYSGLY JLELYS MET PROSER
2an 50 | ALAARGASN.ASP.CYS,GLN.GLU.GLY HIS ILE LYS. MET.PHE,SER THR TRF.TYR VAL
15 co | ALABRGASNASP.OYS,GLNGLUGLY ILELEULYS METPRO SER THR
256 61 | ALAASNASP.CYS.GLN,GLU,GL Y ILE SER THR, VAL
251 6 | ALAARGASN,ASP.CYS.GLN.GLU,GLY,HIS, ILELEULYS MET PHE, SR THR, TYR. VAL
. o3 | ASH.ASPGLY SER
253 6a | ALABRGASNASP.CYS GLNGLUGLY HIS.LYS.MET.PHE SER, THR.TRP
254 65 | ALABRGASNASP.OYS,GLNGLUGLY HISILELEULYS MET PHE, SER, THR TR TYR VAL
553 66 | ALAARGASN ASP.CYS MET.SER. THR
256 7 | ALAARGASN,ASP.CYS.GLN.GLU,GLY,HIS, ILELEU.LYS. MET PHE,SER THR, TRP, TYR.V AL
257 65 | ALAARGASNCYS GLN.GLUGLY ILE LYS MET,PRO,SER, FHR, VAL
2ax co | ALABRGASNASP.CYS GLMGLUGLY HIS.ILELEU,LYS,MET,PHE, SER, THR. TRP, TYR, VAL
235 70 | OLY
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ALA ARG ASNASP CYS GLN,GLU,GLY, 8IS, ILE LRU.LY S, MET PHE, SER THRTRP, TYR VAL

260 71

” | ALABRGASNASP,CYS,GLNGLUGLY HISILELEU.LYSMET,PRO,SER THR, TRP, TYR VAL
. 77 | ALAARGASN ASP.CYS,GLN, GLU.GLY HIS ILELEU.LYS MET PHE,SER, THR TRP.TYR VAL
363 24 | ORY

26 )5 | ALAASN ASPOYS GLN,GLUGLY,PRO SER THR, TRP

265 7 | ALAASNASP.CYS.GLNGLUGLY, SER, THR VAL

ALACYS.GLY.SER

GLU

ALAASN,ASP,CYS.GLY,SER, THR, VAL

ALA ARG ASN,ASP CYS,GLN,GLU,GLY,ILE LEU LYS,MET.SER, THR, VAL

E

ALA ARG ASNASP,CVS,GLN,GLU,CLY.ILE.LEU,LYS,SER THR VAL

5

ASP

ALAASN ASPE CYS,GLN, GLU QL Y ILE MET S8ER, THR, VAL

ALAASN,ASP,CYS.GLN,GLU,GLY,SER, THR

ALAASNASPOYS GLY,ILE SERCTHR, VAL

ALALCYS.GLY.SE

GLY

ALAGLY,SER

ALAASN,ASP,CYS.GLN,GLU,GLY,ILELEU, MET SER THR, VAL

ALAGLY,SER

ALALASN ASP,OYS,GLN, GLULGLY, HIS. MET.PHE.PRO,SER, TR, TYR

GLY

181 92
- g3y | ALAGLY.SER
- oy | ALAARGASNASP.CYS.GLNGLUGLY HIS ILE LEU LY MET PHE SER. THR TRP, TYR VAL

CYS,HIS ILE LEU MET PHE THR TYR VAL

ALAGLY,SER

ALAASNASP CYS,GLY SER. THR VAL

386 97
N ALAASNASP.CYS,GLNBIS, LEU PHE SER, TYR
287 98

HIS,PHE

ALAGLY SER

ALAARGASNASP, CYS,GLN,GLU,GL Y HISILELFU LY S MET,PHE PRO,SER, THR, TRP,TYR,V
AL

ALA ARG ASN,ASP CYS,GLN,GLU,GLY, RIS, LEULYS,MET. PHE PRO,SER, THR TRP, TYR VAL,

ALA ARG ASNASP,CVS,GLN,GLU, GLY BIS, LEU LY S,MET, FHE SER THR TRP TYR VAL

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEU.LYS,MET,PRO,SER THR, VAL
ALA ARG ASNASE,CYS.GLN,GLU.GL Y JISLELEU,LYS MET PHE, PRO,SHR, THR, IRP, 1Y,V
AL

GLY

ALA ASMASP,OYS,GLN,GLU.GLY. HIS.LEU LYS, MET,PHE SER, THR VAL

ALA ARG ASN.ASE CYS.GLN,GLU,GL Y HIS,LEU LYS, MET, PHE SER THR TRF TYR

357 108
308 {09 ALAARGASN, ASP, CYS,GLN,GLU,GLY HIS, ILE LEU LYS MET PHE,SER. THR, TRP, TYR VAL,
- 1l

ALAGLY,SER

ALAASN ASP.OYS, GLN,GLULGLY, ILE, LEU.LY S,MET, SER, THR, VAL

300 111
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ALA ARG ASNASP CYS GLN,GLU,GLY LB LEU, LY S, MET PHE SER THR VAL

301 112
2 1 | ALABRGASNASP,CYS GLN,GLUGLY HIS LY 8 MET, SER THR TRP, VAL
03 e | ALAGLY SER

ALAASN ASP CYS GLN,GLU,GLY ,ILELEU SER, THR VAL

ALAARGASN,ASP CYS,GLN,GLU,GLY RIS, LEU,LYS.MET, PHE. SER THR TRP TYR, VAL

ALA ASN,ASP SER

306 117
ALA ARG ASN ASP,CYS, GLN GLU GLY HISILELEU,LYS MET PHE PRO.SER, THR, TRP, TYR,V
307 1i8 AL

ALAARGASN, ASP CYS.GLN,GLU,GLY, RIS, ILE LEU,LYS,MET PHE,SER, THR TRP, TYR. VAL,

ALA ARG ASNASP,CYS.GLN,GLU,CLY HIS, LEU LY S, MET, FHE SER, THR TRP TYR

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEU.LYS,MET, PHE, SER THR TRE.TYR VAL,

ALACYS,GLY PRO.SER

311 122
- Ly | ALAARGASN,ASP.CYS.GLN.GLU,GLY HIS.LY $, MET,PHE SER THR, TRP,TYR
ain 124 | ALACYS.GLY BLESER THR VAL

214 1y5 | ALAASNASP.CVS GLNGLUGLY, ILE SER THR VAL

ALACYS.GLY SERTHR

315 126
e o | ALAASN,ASP.CYS,GLN,GLU,GLY ILE,LEU MET, SER, THR VAL
- g | ALAASN.CYS.GLY SER THR VAL

ALA ARG ASNASP CYS GLN,GLUGLY BIS. LEULY S, MET FEE SER THRTRPTYR, VAL

ALAASN ASP.C VS, GLN, GLY. HIS,MET,SER. THR

ALA ARGLASN ASP,OYS, GLN,GLY.LYS MET,SER

ALACYS,GLY PRC.SER

ALAASPCY S, GLMGLUGLY LEU SER

ALAARGASNASP,CYS,GLN,GLU,GLY HIS ILE LEU LY S MET PHE FRO SER, THR, TRP, VAL,

ALALARG,ASN, ASP,CYS,GLN,GLULGLY HIS, ILE, LPU,LYS,MET, PHE, SER, THR TRP, TYR VAL,

ALAARGASN ASE CYS,GLN,GLU,GL Y HIS LY S MET PHE SER TRPTYR

ALA ARG ASN.ASE CYS.GLN,GLU,GL Y HIS,LEU LYS, MET, PHE SER THR TRF TYR
ALAARG,ASN,ASPCYS,GLN,GLU GLY RIS ILE LEU LYS.MET PHE.PRO,SER, THR, TRP, T YR,V

AL

ALAARGASN ASP CYS,GEN, GLU,GL Y HISILELEU LYS, MET, PHE SER THR TRP, TYR VAL,

ALA,ASP.OYS.GLY,SER

ALA ARG ASN,ASP CYS,GLN,GLU,GLY,ILE LEU LYS,MET.SER, THR, VAL

ALA ARG ASNASP, CYS,GLN,GLUGLY HIS,JLELEU LY S MET,PHE, SER THR, TRP, TYR VAL,

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEU.LYS,MET, PHE, SER THR TRE.TYR VAL,

ALAASN ASP CYS,GLN,GLU,GLY HIS ILELEU LYS MET SER, THR, VAL

333 144
114 145 ALAARGASNASP,CYS,GLUGLY MET,SER THR. VAL

ALA ARG ASNASP CYS GLN,GLUGLY BIS ILE LRU. LY S, MET PHE SER THRIRE TYR VAL,

ALA ARG CYS.GLN,GLU,GLY MET,SER

ALA ARGLASN ASP,OYS,GLN, GLUGLY HIS.LEU,LY S, MET, PHE SER THR TRP, TYR VAL

ALA ARG ASNASE CYS.GLN,GLU,GL Y, HIS, ILE LEU LYS, MET, PHE SER THR TRP, TYR VAL,

ALAARGASN, ASP CYS.GLN,GLU,GLY, RIS, ILE LEU,LYS,MET PHE,SER, THR TRP, TYR. VAL,

339 150

240 151 | ALAASNASPGLY SER

" von | ALAARGASNASP,CYS,GLN,GLULGLY BIS,ILELYS,MET.5ER, THR, VAL
* LJZ
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ALA ARG ASNASP CYS GLN,GLUGLY BIS ILE LRU. LY S, MET PHE SER THRIRE TYR VAL,

342 133
243 131 ALAARGASNASP, CYS,GLN, GLUGL Y HIS, ILELEU LY S, MET,PHE SER, THR IRP, TYR VAL,

ALA ARGLASN ASP,OYS,GLN, GLUGLY HIS.LEU,LYS, MET, PHE SER THR TRP, TYR

"
=
=
A
5

ALAARGASN ASP CYS,GLN,GLU, GLY HISILELEU LYS MET PHE SER THR TYR, VAL

ALAASN, ASP CYS.GLN, GLU,GLY, HIS LYS, MET, PHE, SER THR

ALAASNASPOYS OLNGLU,GLY, ILE LYS MET,PRO,SER THR, VAL

ALALASN ASP.O VS, GLN, GLULGLY, LEU,SER, THR VAL

ALACYS.GLY, SERTHR

ALAASN,ASP,CYS.GLY,SER,THR

ALAGLY,SER

GLY

ALA ARGLASN ASP,OYS, GLN, GLU.GLY ILE LY 8. MET.SER THR, VAL

ALAARGASN ASE CYS,GEN, GLU,GLY HIS.LEU, LYS, MET, PHE SERTHR TRF TYR

GLY

333 166
156 167 | ALAGLY SER
a5 vo | ALABRGASINASP.CYS,GLIN.GLU.GLY HLEMET SER THR VAL

ALAGLY,SER

ASN,OLY

339 170

1650 7] ALA ARG ASN,ASP,CYS,GLN,GLU,GLY JLELEULYS MET SER, THR, VAL

361 172 ALAARGASNASP,CYS,GLN,GLU,GLY HIS 1L E LEU LY 8 MET, PHE, SER THR,TRP, TYR VAL,
262 173 ALAARGASNASP, CYS,GLN, GLUGL Y HIS, ILELEU LY S, MET,PHE SER, THR IRP, TYR VAL,
163 174 ASN,ASP.GLY SER

ALA ARG ASN.ASE CYS.GLN,GLU,GL Y HIS,LEU LYS, MET, PHE SER THR TRF TYR

ALA ARG ASN,ASP CYS.GLY, HIS. MET.PHE SER. THR TRP, TYR

363 176
366 1y | ALAASNASP CYSHIS LYS SER
D0 Ly

ALALASE,CYS.GLY,SER, THR, VAL

ALAARGASN ASE. CYS,GEN,GLU GL Y HI8.X

SMET PHE SER THRTRP,TYR

ALACYS HIS PHE,SER TYR

ALAASP.OYS,GLY PRO,SER

ALAGLY SER

ALACYS.GLY, 8ER

ALAGLY.SER

ALA ARG, ASN,ASP,CYS.GLN,GLU,GLY HIS, ILE LEU,LYS, MET,PRO,SER, THR, TRP, VAL

ALA ARG ASNASP CYS GLN,GLUGLY BIS. LEULY S, MET FEE SER THRTRPTYR, VAL

ALA ASNASP,CYS,GLY HISILE LEU SER THR VAL

ALA ARGLASN ASP,OYS, GLN, GLU,GLY HISILELEU.LYS,MET,SER, THR, VAL

ALAGLY,SER

ALA,ASP.CVS,GLY,SER, THR

N GLY

GLY

38} 192
. (o7 | ALACYS.GLY SERTHR
o (95 | ALAARGASN ASE.CYS.GLN,GLU.GL Y JLELEULYS MET, SER THR, VAL
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ALAASNASPOYS OLN,GLU,GLY, LEU SER THR

ALALARGLASN, ASP,CY S, GLN,GLUGLY HIS,ILE.LPU,LYS MET SER, THR, TRP, VAL

ALACYS.GLY MET SER,THR

IR6 197

ig7 193 ALA ARG ASN ASP CYS,GLN,GLU,GL Y HIS, ILELEU LYS MET, PHE, SER THR TRP, TYR, VAL,
o 170

128 199 ASN,ASP.GLY LYS,8ER

GLY

ALALARG,ASN, ASP,CYS,GLN,GLULGLY HIS, ILE, LPU,LYS,MET, PHE, SER, THR TRP, TYR VAL,

ALAASNASE CYS,GLN, GLY ILEMET FRO,SER, THR VAL

ALAARG,ASN,ASP,CYS.GLN,GLU,GL Y HIS,LEU, LYS.MET,PHE.SER, THR TRP,TYR

190 203
202 so4 | ALAARGASN ASP.CYS.GLNGLU GLY HIS LEU LY S MET.PHE SER THR TRP TYR

ALACYS,GLN,GLU,GLY SER, THR

ALA ARGLASN ASP,OYS, GLN, GLU.GLY ILE LY 8. MET.SER THR, VAL

ALACYS.GLY SERTHR VAL

396 207
- o ALACYS PHE, TR?,TYR
387 208

ARG ASH,ASP.CYS GLNMET SER

ALA,ARGLASN,ASP,CYS,GLM,GLU,GLY.LPU L YS,MET,SER

GLY
ALA ARG ASN ASE CYS.GLN,GLU,GLY HIS,ILELEU LYS MET PHE PRO,SER, THR, TRP, IYR,V
AL

ALALARG,ASN, ASP,CYS,GLN,GLULGLY HIS, ILE, LPU,LYS,MET, PHE, SER, THR TRP, TYR VAL,

GLY

GLY

ALAGLY,SER

ALACYS,GLY,SER THR

GLY

GLY

GLY

ALAASN CYS,GLY.ILESER THR VAL

ALAGLY SER

ALA ARGLASN ASP,OYS, GLN, GLUGLY HIS.JLELEU LYS MET

RR, THR, VAL

ALAARGASN ASE CYS,GEN,GLU GL Y JLE LY S, MET FHE SER THR, TYR VAL

ALAASN,CYS.GLN,GUUHIS ILE LB LYS,MET.PHE, SHR, THR TYR, VAL
ALAARG,ASN,ASPCYS,GLN,GLU GLY RIS ILE LEU LYS.MET PHE.PRO,SER, THR, TRP, T YR,V

Al

ALA ARG ASNASE CYS.GLN,GLU,GLY ILELEU,LYS MET,PRO,SER THR_ VAL

ALACYS GLN,GLULGLY MET PRO,SER, THR

ALAARGASNASP,CYS,GLN,GLU,GLY HIS ILE LEU LY S MET PHE FRO SER, THRTRP,TYR,V

Al

ALAASN ASP CYS,GLN,GLU,GLY . HIS, LEU,PHE SER_TRP, TYR

426 231 GLN,GLU

ALA ARG ASNASP CYS GLN,GLUGLY BIS ILE LRU. LY S, MET PHE SER THRIRE TYR VAL,
ALAARG,ASN, ASP,CY S, GLN.GLU,GLY BISILELPULY S.MET.PHE PRO,SER, THR, TRP, TYR,V
AL

421 232

422 233
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423 234 ALAGLY,SER

04 y3s | ALAARGASNASP.OYS.GLN.GLUGLY HIS.ILELEU.LYS,METPHE,SER, THR TRP. TYR VAL,

ALACYS.GLY, PRO,SER. THR, VAL
ALA ARG ASNASE CYS.GLN,GLU,GLY IS ILELEU, LYS MET PHE PRO,SER THR, TRP,IYR,V
AL

,a
S
h
[}
(=%
)

426 237

427 248 ALA ARG ASN ASP, CYS,GLMN, GLUGLY HIS, LYS. MET, PHE PRO,SER, THR, TRP, TYR, VAL
=/ 3

s 230 | ALAASNASP.OYS GLN,GLU.GLY SER, THR, VAL

ALA,ASN,ASP.CYB.GLY.SE
6 s | ALAASNASPCYS.GLY,

ALAASN ASP CYS.GLY, SER,THR
130 a1 | ALAASNASPCYSGLY SERTHR

ALA ARG ASN ASP,CYS,GLN,GLU,GLY HISILELEU,LY S, MET PHE FRO SER THR, TRP,TYR,V
AL
ALA ARG ASN,ASP,CYS.GLN,GLU,GLY HIS, ILELEU,LYS.MET.PHE.PRO,SER, THR, TRP, TYR, V
AL

431 242

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEU.LYS,MET, PHE, SER THR TRE.TYR VAL,
ALAARGASN ASP.CYS,GEN GLU.GLY HISILELEU LYS MET PHE PRO SER, THR, TRE TYR Y
AL

434 245

ALA ARG ASN ASP, CYS QLN GLUGLY BISILE LEU LY S MET PHE FROSER, THR, TRP, TYR,V
AL

GLY

ALAARGASN,CYS QLN SER, THR

GLY

ALAASNASP.OYS,GLN,GLU,GLY I

THR, VAL

A,GLY PRO,SER
6 15y | ALAGLY.PRO,

441 252 ASP

N o | ALAASNASP.CYVS,GLN,GLU,GLY, LES MET, SER THR
442 253

ALAGL

ALAGLY

ALAASN ASP CYS CLY,SER

" 557 | ALAGLY.SER

ALA ASHNASP CYS,GLY,SER, T
447 258 VLA ASNASP,CYS,GLY,SER, THR

ALAARGASNASP, CYS,GLN,GLU,GL Y HISILELFU LY S MET,PHE PRO,SER, THR, TRP,TYR,V

448 259 | AL

o aap | ALAARGASNASP,CYS.GLNGLU GLY, HIS ILE LEU LYS MET PHESER THR, TRP, TYR. VAL,

450 b1 | ALAASHLASP.CVSGLY HIS SER,THR

GLY

ALAASN.CY S, GEN HIS ILE LEU PHE SER THR TYR VAL

ALA ARG, ASN,ASP,CYS.GLN,GLU,GL Y, HIS, ILE LEU,LYS,MET,PHE,SER, THR. TRP, TYR.VAL,

ALAASNASPOYS GLY, SERTHR, VAL

ALA ARG ASNASP,CYS,GLU,GLY HIS JLE MET, PHE SER, THR TRP TYR, VAL

ALAASMASP,OYS,GLN,GLU,GLY, HIS ILE LEU, SER THR VAL

ALAASN ASP.CYS GLY ILE MET SER THR, TRP, VAL

ALAARG,ASN,ASP,CYS,(LN,GLU,GLY.LYS MET.SER

ALA ARG ASNASP CYS GLN,GLUGLY BIS ILE LRU. LY S, MET PHE SER THRIRE TYR VAL,

ALALARG,ASN,ASP,CYS,GLN,GLU,GLY HISILELEU,LY S MET PHE PRO,SER, THR, TYR, VAL,

30



WO 2022/094177 PCT/US2021/057197

ALA ASNASPCYE QLN GLY HIS LY S MET SER THR

461 72
0 Sy | ALAARGASNASP.OYS.GLN,.GLY HISTLELYS, MET PHE,SER THR TRP.TYR VAL
s e | ALAARGASMASP,CYS,GLN,GLU.GLY, HISILELEU LYS MET,PHE, SHR, THR TRP.TYR VAL,
464 975 | GLY
463 e
o | ALA ARN ASPCYS.GLY,SERTHR
466 277
467 a7 | 3EB
s 2rg | ALAASP.CYSGLY SER
o | ALAASN ASP.CYS.GLY.SER.THR, VAL
464 280
ATA GLY.SE
o Sap | ALAGLY.SER
ALACYS,GLY PRO,SER
. S | ALACYSGLY PROSER
i Jap | ALAASNASPOYS GLNGLU,GLY HIS LEU MET SER THR VAL
7 1gs | ALAASNASPCYS GLN.GLU GLY HISLELEU.LYS MET PHE SER THR TR, TYR VAL
A HY ]
4 2as | ALAGLY SER
s Jgg | ALAGLY SER
- Lqr | ALAARGASNASP.CYS.GLN,.GLUGLY HIS LEULYS MET,SER, THR VAL
FAS 7
. 2ag | ALAASNASP.OYS GLN GLU,GLY HIS ILELYS MET, 38R THR VAL
AGLY . SE
s 1ng | ALAGLY SER
o 2oy | ALAARGASN,ASP,CYS.GLN,GUU,GL Y HIS, I LEU,LYS MET SER THR, TRP, TYR
120 sop | ALAARGASN,ASP CYS.GLUGLY ILELEULYS MET.SER THR
; P = -
= Jgp | ALAASNASP.CYSGLN,GLUGLY MPT SR
o 1oy | ALAGLNGLUHIS.LYS, THR

ALA ARG ASN ASP CYS,GLN,GLU,GLY HIS

¥
483 204 3 E R B s B L

MET PHE SER TRP TYR

ALAARGASN, ASP, CYS,GLN,GLU,GLY JLELEU LYS MET SER THR, VAL

484 295
485 sgg | ALAARGASNASP.CYS.GLN,GLU.GLY HIS.ILE LEVU.LY S, MET.PHE SER TRP, T YR, VA!
- o | ALAARGASNASP,CVS,GLN,GLUGLY, HIS.ILE LEU,LY S, MET,PHE, SER, THR TRP, TYR VAL
157 2op | ALAARGASNASP.CYS,GIN GLUGL Y HISLEULYS MET PRO.SER, THR, TRF, VAL
. oo | ALAARG,ASN,ASP,CYS.GLN,GLU,GLY, ILELEU LYS,MET.SER THR, VAL
488 299
489 300 | S8
190 501 | ALAARGASNASP.CYS,GLN,GLUGLY HISLEU,LYS MET,PHE PRO,SER. THR, TRETYR.VAL
151 qoz | ALABRGASNASP.CYS,GLN,GLUGLY HISILELEULY S MET PHE PROSER THR, VAL
59 203 | ALAARGASNASP.CYS GIN,GLU,GL Y HISILELEU.LYS MET, PRO,SER, THR, VAL
- 304 | ALAARGASN,ASP.CYS.GLN.GLUGLY HISTUEL Y S MET PHE PRO.SER, THR, TRP, TYR, VAL
3 RAVE
ALA ARG ASNASP LV S OLN,GLUGLY BISILE LEULY S.MET PHE FRO,SER, THR, TRP, T YR,V
494 a5 | AL
595 206 | ALAASNASP.CYS.GLN.GLU,GLY HIS LEUMET.SER THR
196 307 | ALAFIS PHESER, THR. TYR
197 sog | ALAARGASNASP.CYSGLNGLUGLY HIS ILE LEULY S, MET PHE SER THR, TRP, TYR
5% 40 | ALAARGASNASP.CYS,GLN.GLUGLY LEU METSER, THR
195 210 | ALABRGASMASP.OYS,GLN,GLUGLY HIBLEULYS MET PHE PROSER THR, TRP,TYR
ALA ARG ASNASE CYS.GLN,GLU,GLY IS ILELEU, LYS MET PHE PRO,SER THR, TRP,IYR,V
300 311 | A
o on | ALAARG,ASN ASP,CYS,GLN,GLU.GLY. HIS, ILELEU,LYS,MET,PHE,SER, THR TRP, TYR VAL
pivEY 3z
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ALAASN ASPOYS GLY, ILEMET SER THR VAL

502 313
P 314 ALAASNASP, CYS HIS LEUMET, PHE SER, THR, TYR VAL

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILEL YS.MET PHE. SER THR TRP TYR, VAL

ALA ARG ASNASE CYS.GLN,GLU,GLY HIS,ILE LEU LYS, MET,PRO, SER THR TR VAL

503 316

i ‘ ALA ASN ASP,CYR,GLN,GLY,ILE SER, THR, VAL

306 317

567 318 ALAARGASN ASP,CYR GLN, GLUGLY HIS LE LYS MET PHE SERTHR TRFP TYR VAL

ALALARG,ASN,ASP,CYS,GLN,GLULGLY HIS.ILE LPU,LYS,MET,PHE, SER, THR TRP, TYR VAL

GLY

ALAARGASN,ASP,CYS.GLN,GLU,GL Y, HIS I ET,SER, THR.TRP,TYR

ALAASN,ASP CYS.GLY,SER

ALA ASN ASPCVS

512 323
2 1na | ALABSNASPOYS,GLN.GLUGLY ILELYS MET SER THE, VAL
514 15 | ALAARGASNASP.CYS.GLN,GLU,GLY HIS ILEL Y8 MET PHE SER, THR TRP,TYR, VAL
Sis 26 | ALAARGASN,ASP.CYS.GLN.GLU,GL YIS} HT.SER

ALA ARGASN ACPCYS.OLN,OLULGLY BIGILE LEU LY S.MET PHE PRU,GHR, THR, TRP, 1 TR,V
516 07 | A
. s2g | ALAARGASN ASP.CYS,GLN,GLU,GL ¥, HIS,ILE LEU.LYS MET PHE SER, THR TR, TYR VAL
S8 320 | ALAARGASN ASP,CYS,GLN.GLU,GLY HIS.LEU.LYS MPT,PHE,SER THR TRF TYR

ALA ARG ASNASP CYS GLN,GLUGLY, 8IS, ILE LRU.LY S, MET PHE SER THR,TRP, TYR VAL

HIS,PHE, THR,IRP,TYR

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEULYS,MET, PHE, SER THR TYR, VAL

ALAGLY,SER

CYS,GLY, HIS LYS MET PHE SER.TYR

ALA ARGASN ASP,CYR QLN GLUGLY HIS LE LREU LY S MET PHE FRO,SER, THR, TRP,TYR,V
AL

GLY

HIS,PHE, TRP

526 337
ALAASN,ASPCVS SER
527 s | ALAASNASPLVE,

ALAGLY.PRO,SER

56 40 | ALAASP.CYS.GLY SER THR

ALAASN,CYS.(LY,8ER, THR VAL

GLY

331 342
e 343 ALA ARG ASNASP,CYS,GLN,GLU,GLY LEU LY S, MET,SER

GLY

ALACVS,GLY,SER, THR

ALACYS,GLY,PRO,SER THR

ALA ARG ASNASP CYS GLN,GLU,GLY,ILE LEU, LY S MET PHE SER, THR, TYR VAL

GLY

ALA ARGLASN ASP,OYS,GLN, GLUGLY HISILELEU.LYS,MET, PHE, SER THR TRE.TYR VAL

ALA ARG ASN.ASE CYS.GLN,GLU,GL Y HIS,LEU LYS, MET, PHE SER THR TRF TYR

ALA AN ASP CYS,GLN,GLU,GLY,LEU LY 8, 8ER, THR, VAL

ALA ARG ASNASP CYS GLN,GLU,GLY.LED LYS MET.SER THR

ALALARG,ASN,ASP,CYS,GLN,GLULGLY HIS.ILE LPU,LYS,MET,PHE, SER, THR TRP, TYR VAL

542 333
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3 15y | ALAARGOYS,GLN.GLUGLY MET,8ER THR

aa 158 ALAASNASP,CYS,GLMN, GLUGLY, LEU MET, SER, THR
515 256 | ALASRGASNASP.OYS,GLN,GLUGLY HIS ILELEULYS METPHE SR, THR TRP
546 157 Any residue

547 358 Ay residue

4% 350 Awny residue

545 260 Any residue

550 261 Any residue

53 162 Any residue

557 363 | Ay residus

<53 162 Auy restdue

In some aspects, a polvpeptide sequences disclosed herein further comprises a
histidine tag. In some aspects, the lustidine tag is fused to the polypeptide at the C-terminus
of the polypeptide. Anyv suitable hustidine tag can be used. In some aspects, the histidine tag
i linked to a TEV protease cut site {ENLYFQS) (SEQ 1D NO: 18} to allow for its efficient
removal with TEV protease atier purification, for example, the tag may comprise or consist
of the amuno acid sequence GSTENLYFQSGALEHHHHREH (SEQ D NO: 17} In another
aspect, a cleavable histidine tag i1s mcomorated at the C-ternanus of the polypeptide
sequence, comprising the amino acid sequence XnPQ(L/MPXwHHHHHE (SEQ ID NG 15),
wherein Xx is an Hnker of between 1-25 amino acid residues. {n one non-liniting example,
the cleavable histidine tag comprises the ammo acid sequence
GSSGSSGRQPQLEYGSSGSSGSHHHHEH (SEQ 1D NG: 16},

As tHustrated i Table 5, point substitutions relative to the Kuma019/011 amino acid
sequence can atfect catalviic activity. Table 5 lists the effectivencess of mdividual mutations
i catalyzing the degradation of various ghadin peptide sequences. The examples disclosed

m WOZ016/200880 provide further data regarding specific odividual and combination

PCT/US2021/057197

mutants.
Table §
Yo
fmprovement
B Y% Improvement
Pasitinsa AA, relative | PEPOPQLPY | on
{Full Position Kumabld | o (SEG I NG: | PFPOPOOPF(SEQ
Length)y | (Truncated) | AJA. Kemalil/o1l | 1D NG 1
221 21E DNQOH 105% | ND
262 731K E 199% 110%
268 RN A 10756 89%
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268 791V o 104% 83%
268 71V T 127% 105%
269 80 | E L 113% 84%
269 80 | B T 263% 191%
27 8t L A 203% 92%
270 81 { L T 367% 29%
270 81 1L v 474% 51%
319 130 {8 A 134% 184%
354 16515 A {52% 140%
354 16318 E 124% 120%
354 165 1 8 Q 145% 141%
354 16518 R 109%% 83%
334 165 1§ Y 46% 103%
358 169 1 G N {20% Q9%
358 168 1 G S 331% 224%
358 169 1 G Q 147% 149%
358 1691 G ] 283% 128%
368 179 1 H F 334% 104%
368 {79 1 H Q 199% 195%
399 201 D Q 149% 208%
4402 2131 D S 894% 108%
402 231D Q 164% 111%
406 217417 S 34% 101%
424 235 I N K 285% | ND

449 260 1 A E 149%% 208%
449 260 1 A N 119% 118%
461 2721 T R 120% 86%
463 274 11 A 51% 234%
463 274 1 1 L 124% 22%
463 274 11 M 123% 53%
463 274 i1 O 129% 9%
463 274 1 1 R 29% 110%
463 274 11 T 130% 239%
463 274 i1 Y 256% 141%

In certain aspects, the prosent disclosure provides polvpeptides that include at least
ong mutation that improves production of the polvpeptide. In some aspects, mutations that
mnprove production provide improvements in one of three categories: 1. aliering purification
method; 2. increase m yvield; and 3. decreasing the probability that enzymatic self-processing
would occur during purification, thereby simphitving analvsis. Addition of a His tag that is

removable by the proteolytic activity of the polypeptides disclosed herein falls into category
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1; the R105H mutant appears to improve vield by ~2-fold, placing this mutation info category
2, and mutations in positions 171-174 place these mutants nto category 3.
As used throughout the present application, the tor "polypeptide” is used m its

broadest sense to refer to a sequence of subunit amino acids, whether naturally occurming or

h

of synthetic ongin. The polypeptides of the disclosure may comprise L-amino acids, D-
amino acids {which are resistant to L-amino acid-specific proteases in vivo), or a combination
of D~ and L-amino acids. The polyvpeptides described herein may be chemically synthesized
or recombinantly expressed. The polvpeptides may be linked to other compounds to promote
an increased half-life in vivo, such as by PEGylation, HESyiation, PASvlation, or
10 glvcosylation. Such hinkage can be covalent or non-covalent as is understood by those of
skill 1n the art. In some aspects, the polypeptides are hinked to any other surtable hinkers,
mclading but not hmited to any linkers that can be used for purification or detection {such as
FLAG or His tags).
A. Nucleic Acids
5 In another aspect, the present disclosure provides isolated mueleic acids encoding the
polvpeptide of any aspect of the disclosure. An excrplary nucleic acid that encodes the

Kumal62-M is shown below.

SGCAGTGCTGCAAGET

AGTGATATGGAAARACCGT GEARRGAAGGTGARGARGCCCE
CATGCTCGTGCGCAGECACCECARGCAGTCGATARAGGCCLGGETGGCAGETGACEAR
20 CGCATGGCTGTTACCGTGGTTCTGCET CGCCAGTGTGCAGHT GAACT GGCGGCTTAC
GTGGAACGTCAAGCAGCTATTGCTCCGCATGCGCGUGAACACCTCARRCGTGARGCG
TTGCGGCCAGTCATGETGCGTCCOTGOATGACTTTGCCGRACTGOGTCGCTTCGCA
GATGCTCACGGECCTGECGCTGGACCETGCARAC GTTGCAGCTGECACCGCCETTCTG

TCTGGETCCGEACGATGCAATCAATCGLGCTTTTGETGTGGAACT GCGTCATTTCGAT

]
(4]

CACCCGGACGGCTCATATCETTCGTACCTGGGTGAAGTCACCGTGCCGGCCAGTATT

GCACCGATGATCCAAGCGETTCTGGGCCTGGATACGCGTCCGEGT]

TTTCGTATGCAGCGTCGCECAGAAGGLGGTTTCCGAAGCTOCGTTCCCAAGCGGCEECA

CCGACCGCATATACGCCGCTGGATGTTGCGCAGGCCTACCAATTTCCGGAAGGTCTG
GACGGCCAGGGT CAATGCATTGCCATTATCGAACTGGGCEETEECTAT GATGAAGCT
30 TCACTGGCGCAGTACTTCGLGTCGCTGEECETGCCGGECACCGCAAGT CGTGAGTGTT
TCCGTCGATEGET GCCAGCARCCAGCCGACCEET GATCCGCAAGGTCCEGACGGTGAA

GTGACCCTGEATATCCAAGTTGCAGGCGCTETGGCGLCELEETGCCAAATTTECAGTG
TATTTCGCGCCGGATACCACTGCCGETTTTCTGGACGCGATTACCACGGCCATCCAL

GATCCGACGCTGAAACCGAGCGTTGTOTCAATTTCGT GGAGCAT GCCGGAAGACAGC

8]
N

TGGACCTCTGCTGCCATCGCCGCAATGAACCGTGCGTTTCTGGATGCTGCEECCCTG

.
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GGTGTGACCGTTOTGECAGCTGCGGELGACCAGGGTTCTACGAGCGGUGAACAGGAL
GGTCTGTATCATETGCATTTCCCGGCCGCATCACCGTACETTCTGGCETGCGGTEGEC

ACGCGCCTGETCGECATCOEETGLCCETATTGCGCAGGAAACCGTCTCGAACCAGEGET

CCGLACGGTGOTECAACGGETGGCOETETGAGCLGCATCTTCCCGCTGCCGGCATGE
3 CAGGAACACGCTAACGTTCCGCCETCTGCARAT CCGLECECGAGCAGLGEGCCGTGEET

CCCEEATCTGGECTGETAATGCGGACCCGCAGACCEET TATGAAGT GGTTAT T GAT

{
]

CGAAGCAACCGTCACCGGUGETACGAGCECCHTGECACCGCTETTIGCTGCGCTG

GGC

CTTGCGCGTATTAACCAGAAACTEGGCAAAGCAGTTGETTATCTGAATCCGACCCTG

TACCAACTGCCGGCACATGTTTTCCATGACATCACGEAGGGTAACARTGATATTGCA
16 AACCGTGCECAGATTTATCAAGCAGGTCCEGGCTGGEACCCGTETACCGETCTGGGT
TCACCGATTGETGTGCETCTGCTGCAAGCACTGTTGCCGAGTGCCTCCCAGTCGCAR
CCGTGA
SEQ D NO: 22
The 1solated nucleic acid sequence may comprise RNA or DNA. As used herein,

15 '"isolated nucleic acids”™ are those that have been removed from their normal surrounding
nucleic acid sequences in the genome or in ¢DNA sequences. Such isolated nucleic acid
sequenages may comprise additional sequences useful for promoting exprossion and/or
puritication of the encoded protein, including but not luotted to polyvA sequences, modified
Kozak sequences, and sequences encoding epitope tags, export signals, and secretory signals,

20 nuclear localization signals, and plasma membrane localization signals. It will be apparent to
those of skill in the art, based on the teachings herein, what nucleic acid sequences will
encode the polypeptides of the disclosure.

Int a further aspect, the present disclosere provides nucleic acid expression vectors
comprising the isclated nucleic acid of any aspect of the disclosure operatively linked to a

25 surtable control seguence. "Recombmant expression vector” includes vectors that operatively
hink a nucleic acid coding region or gene to any control sequences capable of effccting
expression of the gene product. "Control sequences” operably hinked to the nucleic acid
sequences of the disclosure are nucleic acid sequences capable of effecting the expression of
the nucleic acid molecules. The control sequences need not be contiguous with the nucleic

30 acid sequences, so long as they function to direct the expression thereof, Thus, for example,
mtervening untranslated yet transcribed sequences can be present between a promoter
sequence and the nucleic acid sequences and the promoter sequence can still be considered
"operably Iinked" to the coding sequence. Other such control sequences include, but are not

hmited to, polvadenylation signals, termination signals, and ribosome binding sites. Sach

(9%}
¥4

expression vectors can be of any type known in the art, including but not imited plasmid and

36



h

10

WO 2022/094177 PCT/US2021/057197

viral-based expression vectors. The control sequence used to drive expression of the
disclosed mucleic acid sequences in a mammalian system may be constitutive {driven by any
of a vaniety of promoters, including but not limited to, CMV, SV40, RSV, actin, EF) or
mducible {driven by any of a number of inducible promoters including, but not limited to,
tetracycling, ecdysone, steroid-responsive}. The construction of expression vectors for use in
transfecting prokaryotic cells is also well known in the art, and thus can be accomplished via
standard technigues. {Sece, for example, Sambrook, Fritsch, and Maniatis, in: Molecular
Cloning, A Laboratory Manual, Cold Spring Harbor Laboratory Press, 1989, Gene Transfer
and Expression Profocols, pp. 109-128, ed. EJ. Murray, The Homana Press Inc., Clifton,
N.J ), and the Ambion 1998 Catalog (Ambion, Austin, TX). The expression vector must be
replicable m the host organisms either as an episome or by infegration into host chromosomal
DNA. In a preferred aspect, the expression vector comprises a plasmid. However, the
disciosure is intended to include other expression vectors that serve equivalent functions,
such as viral vectors.
B. Host Cells
In anocther aspect, the present disclosure provides recombinant host cells comprising

the nucleic acid expression vectors of the disclosure. Any host cell capable of producing a

recombinant protein can be used in the methods disclosed herein. The host eclis can be either
prokarvotic or eukarvotic. In some aspects, the host cell 1s a prokaryotic cell. Non-limiting
exaraples of suitable prokaryotic host cells include Ascherichia cofi, Bacillus subtilis,
Caulobacier crescentus, Rodhobacier sphaeroides, Pseudoalteromonas haloplanktis,
Shewanella sp. sirain Acl0, Pseudomonas fluorescensi Pseudomonas putida, Pseudomonas
aeruginosa, Halomonas elongata, Chromohalobacter salexigens, Streptomyces lividans,
Streptomyces griseus, Nocardia lactamdurans, Mycobacterium smegmaiis, Corvnebacierium
ghutamicum, Corynebacterivm ammoniagenes, Brevibacterium lactofermenium, Bacillus

7

subtifis, Bacillus brevis, Bacillus megaterium, Bacillus licheniformis, Baciilus
amyloliquefaciens, Lactococeus lactis, Laciobaciilus planiarum, Lactobacilius casei,
Lactobacilius reuteri, and Lactobacilius gasseri. In some aspects, the host cell 15 a
cukaryotic cell. Non-limiting examples of suitable eukarvotic host cells melude
Saccharomyces cerevisiae and Aspergifius nidulans. The cells can be transiently or stably
transfected or transduced. Suach transfection and transduction of expression vectors into

prokarvotic and eukaryotic cells can he accomplished via any technique known in the art,

meluding but not himited to standard bactenal transformations, calcium phosphate co-
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precipitation, clectroporation, or liposome mediated-, DEAFE dextran mediated-, polycationic
mediated-, or viral mediated transfection. (See, for example, Molecuiar Cloning: 4
Laborarory Monual (Sambrook, ot al | 1989, Cold Spring Harbor Laboratory Press; Cudrure
of Animai Cells: A Manal of Basic Technigue, 277 Fd (R 1 Freshmey. 1987, Liss, Inc. New
York, NY). A method of producing a polypeptide according to the disclosure is an
additional part of the disclosure. The method comprises the steps of (a) culturing a host
according to this aspect of the disclosure under conditions conducive to the expression of the
polvpeptide, and (b) optionally, recovering the expressed polypeptide. The expressed
polvpeptide can be recovered from the cell free extract, cell pellet, or recovered from the
culture medium. Methods to punify recombinantly expressed polypeptides are well known to
the man skilled i the art.

C. Pharmaceutical Compositions

In a further aspect, the present disclosure provides pharmaceutical compositions,
comprising the polypeptide, nucleic acid, nucleic acid expression vector, and/or the
recombinant host cell of any aspect or aspect of the disclosure, and a pharmaceutically
acceptable carmer. The pharmaceutical compositions of the disclosure can be used, for
example, in the methods of the disclosure descrbed below. The phammaceuiical composition
may comprise in addition {o the polypeptides, nucleic acids, ete. of the disclosure {a) a
Ivoprotectant; (b} a sarfactant; (¢} a bulking agent; (d) a tonicity adjusting agent; (¢} a
stabilizer; (£} a preservative and/or {g} a buffer,

In some aspects, the bufter in the pharmaceutical composition 1s a Tris buffer, a
histidine buffer, a phosphate butfer, a citrate buffer or an acetate buffer. The pharmaceutical
composition may also include a lvoprotectant, ¢.g. sucrose, sorbitol or trehalose. In cortain
aspects, the pharmaceutical composition includes a preservative ¢.g. benzalkonium chioride,
benzethonium, chlorchexidine, phenol, m-cresol, benzy! alechol, methviparaben,
propviparaben, chlorobutanol, o-cresol, p-cresol, chlorocresol, phenyimercurnic nitrate,
thimerosal, benzoic acid, and various muxtures thercof. In other aspects, the pharmaceutical
composition mcludes a bulking agent, like giyvcine. In vet other aspects, the pharmaceutical
composition mcludes a surfactant ¢.g., polvsorbate-20, polysorbate-40, polysorbate- 60,
polysorbate-63, polvsorbate-80 polysorbate-83, poloxamer-188, sorbitan monolaurate,
sorbitan monopalmitate, sorbitan monostearaie, sorbitan monooleate, sorbitan trilaurate,
sorbitan tristearate, sorbitan trioleaste, or a combination thereof. The pharmaceutical

composition may also include a tonicity adjusting agent, ¢.g., a compound that renders the
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formulation substantially 1sotonic or isoosmotic with human biood. Exemplary tonicity
adjusting agents mclade sucrose, sorbitol, glveine, methionine, mannitol, dextrose, nositol,
sodiura chlonide, argivine and arginine bydrochlonide. In other aspects, the phanmaceuntical
composition addiionally includes a stabilizer, ¢.g., a molecule which, when combined with a
protein of mterest substantially prevents or reduces chemical and/or physical instability of the
protein of mterest in Iyophilized or hiquid form. Excmplary stabilizers inciude sucrose,
sorbitol, glycine, inositol, sodium chlonde, methiomine, arginine, and arginine hydrochlorde.

The polypeptides, nucleic acids, ete. of the disclosure may be the sole active agent in
the pharmaceutical composition, or the composition may further comprise one or more other
active agents suitable for an intended use.

The phammacentical compositions deseribed berein generally comprise a combination
of a compound described herein and a pharmacentically acceptable carrier, diluent, or
excipient. Such compositions are substantially free of non-pharmaceutically acceptable
components, 7.e., contain amounis of non-phammaceutically acceptable components lower
than permitied by US regulatory requirements at the time of filing this application. In some
aspects of this aspect, if the compound is dissolved or suspended 1n water, the composition
further optionally comprises an additional phamaceutically acceptable carmier, diluent, or
excipient. In other aspects, the pharmaceutical compositions described herein are solid
pharmaceutical compositions {e. g., tablet, capsules, efc.).

The compositions described herein could also be provided as a dictary supplement as
described by the US regulatory agencies.

These compositions can be prepared in a manner well known in the pharmaceutical
art, and can be administered by any switable rouie. In a preferred aspect, the pharmaceutical
compositions and formulations are designed for oral admuastration. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may be
necessary or desirable.

The pharmaceutical compositions can be in any suitable form, including but not
hmited to tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions,
solutions, syrups, acrosols {as a solid or n a hiquid mediom), omtments containing, for
example, up to 10% by weight of the active compound, soft and hard gelatin capsules, sterile

mjectable solutions, and sterile packaged powders.

39



h

10

WO 2022/094177 PCT/US2021/057197

3. Methods of the Disclosure

In another aspect, the present disclosure provides methods for treating cehiac sprue or
non-celiac ghuten sensitivity (INCGS), comprising admuustermg to an individual with ccliac
sprue or NCGS an amount effective to treat the celiac sprue or NCGS of one or more
polypeptides selected from the group consisting of the polypeptides of the of the disclosure,
o1 using one or more of these polvpeptides to process food for consumption by individuals
with celiac sprue or NCGS.

In certain aspects, the method comprises administering to a subject affected with
celiac sprue or NCGS a polypeptide comprising an amino acid seqaence having at least about

. at least about 85%, at least about 90%, at least about 95%, at lecast

' 74

Y%, at least about 80%
about 96%, at feast about 979, at least about 98%3 at feast about 99%, or about 100%
sequence tdentity to the ammo actd sequence set forth 1o SEQ 1D NG: 1. In certain aspects,
the method comprises adminisiering to a subject affected with celiac sprue or NCGS a
polvpeptide comprising an aming acid sequence having at least about 90% sequence wdentity
to the amino acid sequence set forth in SEQ [B NGO 1. In certain aspects, the method
comprises admimistering to a subject affected with celiac sprac or NCGS a polypeptide
comprising an aming acid sequence having at least about 95% sequence wdeatity to the ammo
acid sequence sot forth m SEQ 1D NO: 1. In certain aspects, the method comprise
administenng to a subject affecied with celiac sprue or NCGS a polypeptide comprising an
amino acid sequence having at least about 96% sequence identity to the amino acid sequence
set forth in SEQ 1D NG: 1. In certain aspects, the method comprises adounisterng to a
subject affected with celiac sprue or NCGS a polypeptide comprising an anuno acid sequence
having at least about 97% sequence identity to the aming actd sequence set forth in SEQ 1D
NG: 1. In certain aspects, the method comprises admimistering 10 a subject affected with

celiac sprue or NCGS a polvpeptide comprising an amino acid sequence having at least abowt

\.";’

§% sequence identity to the amimo acid sequence set forth in SEQ ID NG: 1. In certain
aspects, the method comprises administering to a subject affected with celiac sprae or NCGS
a polypeptide comprising an amino acid sequence having at least about 99% seguence
identity fo the amino acid sequence set forth in SEQ D NO: 1. In certain aspects, the method
comprises admimistering to a subject affected with celiac sprac or NCGS a polypeptide
comprising the amino acid sequence set forth in SEQ ID NGO L

{n certain aspects, the method comprises administering to a subject affected with
cehiac sprue or NCGS a polypeptide comprising an amino acid sequence having at least about
75%, at least about 80%, at least about 5%, at least about 90%, at least about 95%, at least
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about 96%, at lcast about 97%. at least about 98%. at least about 99%, or about 100%
sequence identity o the amino acid sequence set forth tn SEQ ID NG: 8. In certain aspects,
the method comprises aduunistering to a subject affected with celiac sprue or NCGS a
polypeptide comprising an amino acid sequence having at least about 909 sequence dentity
to the amino acid sequence set forth v SEQ 1D NO: 8. In certain aspects, the method
comprises adminisiering to a subject affected with celiac sprue or NCGS a polypeptide
comprising an amino acid sequence having at least about 95% sequence identity 1o the amine
acid sequence set forth m SEQ D NQO: 8. In certam aspects, the method comprises
administering to a subject affected with cebiac sprue or NCGS a polvpeptide comprising an
amino acid sequence having at least about 96% sequence wlentity to the aming acid sequence
set torth 1n SEQ ID NG: 8. In certain aspects, the method comprises administering to a
subject affected with celiac sprue or NCGS a polvpeptide comprising an amino acid sequence
having at least about 97% sequence identity to the amino acid sequence set forth in SEQ 1D
NGO 8. In certain aspects, the method comprises administering to a subject affected with
celiac sprue or NCGS a polypeptide comprising an amino acid sequence having at least about
98% sequence 1dentity to the amino acid sequence set forth in SEQ ID KNG: 8. In certain
aspeacts, the method comprises administering to a subject affected with celiac sprue or NCGS
a polypeptide comprising an anuno acid sequence having at least about 99% sequence
wdentity to the amino acid sequence set forth in SEQ 1D NQ: 8. In certain aspects, the method
comprises adminisiering to a subject affected with celiac sprue or NCGS a polypeptide
comprnising the aminoe acid sequence set forth in SEQ 1D NG: 8.

In certamn aspects, the method comprises admimstening 1o a subject affected with
celiac sprue or NCGS a polypeptide comprising an amino acid sequence having at loast about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 7%, at least about 989, at least about 99%, or about 100%
sequence identity o the amino acid sequence set forth in SEQ 1D NO: §; wherein the
polypeptide comprises the amino acid sequence st forth in SEQ ID NO: 8; and whercin the
polvpeptide comprises a Ser at the anuno acid residue corresponding fo amine actd 278 in
SEQ I NO: 3, a Glu at the amuno acid residue corresponding to amino acid 78 in SEQ ID
NG: 3, and an Asp at the amine acid residue corresponding to aminoe acid 82 e SEQ (D NO:
3.

In certain aspects, the disclosure provides a method for degrading sluten in a food
ttem, comprising contacting the food itern with an amount effective to degrade the gluten
with the polypeptide described above herein, thereby degrading the gluten o the food item.
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In certain aspects, the disclosure provides a method for degrading gluten m a food item,
comprising contacting the food item with an amount effective to degrade the gluten with the
the pharmaceutical composition described above herein, thereby degrading the gluien in the

food tem.

h

In certain aspects, the disclosure provides a method for degrading gliadin in a food
Hem, comprising contacting the food item with an amount effective to degrade the ghiadin
with the polvpeptide or the pharmaceutical composition descubed herein, therchy degrading
the gluten in the food ttem. In some aspects, the method degrades at least about 75%, at least
about 80%, at least about 85%, at least about 90%. at least about 95%, at least about 96%, at
10 least about 98%, at least about 99%, or about 100% of the gluten or gliadin m the food item.
In some aspects, the methods disclosed herein can degrade gluten or ghadin in a food ttem m
fesg than aboot 1.5 hoors, less than about 1 howur, less than about 43 mimutes, leas than about
40 minutes, less than about 30 minutes, less than about 25 minutes, less than about 20
minuies, less than about 15 nunutes, less than about 10 minutes, or less than about 5 muustes.
15 In some aspects, the methods disclosed here can degrade gluten or ghadin in a food item
ander a pH value less than about 6.5, less than about 6.0, less than about 5.5, less than about
5.0, less than about 4.5, less than about 4.0, less than about 3.5, or less than about 3.0,
The inventors of the present disclosure have discovered that the polypeptides of the
disclosure are capable of degrading prolme (P)- and glutamine (Q)-nich components of ghiten
20 known as ‘ghadins believed responsible for the bulk of the immune response in most celiac
spruc patiends. The polvpeptides of the present disclosure show superior activity in degrading
peptides having a PQLP (SEQ ID NG: 9) or PQQP (SEQ 1D NO: 18) motif (such as
PFPQPRQLPY (SEQ ID NO: 11 and/or PFPQPQGPF (SEQ 1D NG: 12}), which are
substrates reprosentative of ghiadin) at pH 4 compared to Kuma01i0/011 and other
25  polypeptides disclosed as useful for treating celiac spruc (WO2015/023728).  Thus, the
polypeptides of the disclosure constitute sigmficantly mmproved therapeutics for treating

celiac sprue and NCGS,

36 In a certain aspect, the pharmaceutical composition and/or formulation of a
poivpeptide disclosed herein is administered orally. Non-himiting examples of rouics of oral
admuustration include the use of tablets, pills, lozenges, elixirs, suspensions, emulsions,
solations, syrups, or any combination thereof. In cerfain aspects, a pharmaceutical
composition comprising a polypeptide diselosed herein is administered o a subject before the
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subject ingests a substance, e.g., food, comprnising one or more gluten protein. In some
aspects, a pharmaceutical composition comprising a polypeptide disclosed herein is
admuustered to a subject at the same time the subject ingests a substance, e.z., food,
coroprising one or more glaten protein. In some aspects, a pharmaceutical composition
comprising a polypeptide disclosed herein is administered to a subject after the subjoct
mgests a substance, e.g., food, comprising one or more gluten proten.

Dosage regimens can be adjusted to provide the optimum desived response (e, a
therapeutic or prophviactic response}. A suitable dosage range may, for instance, be 0.1
pg/lg-100 mg/kg body weight: altematively, it may be 0.5 ug/kg to 30 mg/ke; 1 ugikg to 25
meg/kg, or 5 ug/ke to 10 mp/ke body weight. The polypeptides can be delivered 1n a single
bolus, or may be adounistered more than once {e.g., 2, 3, 4, 5, or more times) as deteomined
by an attending physician.

The present disclosure 1s further ilustrated by the following examples, which should
not be construed as hmiting. All cited sources, for example, references, publications,
databases, database entries, and art cited herem, are incorporated into this application by
reference, even if not expressly stated in the citation. In case of conflicting statements of a
cited source and the instant application, the statement in the instant application shail control.

Section and table headings are not intended to be hnuting,

EXAMPLES

Example 1: Degradation of Gluten in Whele Bread by Kumaf62-M

Ths study is to demonstrate that Kuma062-M can effectively degrade gluten.

Laboratory simulations of gastric digestions were designed to represent gastric
digestion in humans. Broad sampies were first mashed in artificial saliva to simulate
mastication, then aciditied by the addtion of hvdrochloric acid. Unless otherwise indicated,
the pH of the gastric digestion was 3.6-4.5. Samples were blended to ensure ability to draw
up an appropriate representation of material through a3 narrow pipetic tip {since the ELISA
methods utilize very small volumes by necessity); however, where indicated, samples were
only mashed. Meal samples had a final total volume of 400-800 mL before portioning
aliquots of the meal to mdividual tubes to begin the digestive process. Digestion was imitiated
by the addition of pepsin and/or gliadinase Kumal62-M. Samples were then incubated at
body temperature (37°C) for the mdicated timepoints. In most of the whole wheat bread /
meal digestion experiments, samples were allowed to digest for 30 minutes, since the average
lag time that food chums in the stomach before it begins to be released into the duodenum
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through the pyloric valve is 30-60 mimutes. Enzyme activity was halted af the end of the
digestion period by heating to a temperature that irreversibly inactivates all enzymes present.
Gluten m digestion samples was gquantified by the K3 Ridascreen™ ELISA lat (R-
Biopharm) or 12 Glutentox® ELISA kit (Biomedal), followmg the directions supplied by
the manufacturer. These kits are based monoclonal antibodies, sither RS ¢recognizing
QQOPFP) or G12 {recogmizing QPOQLPY) (SEQ ID NG 19 and SEQ 1D NO: 20 respectively).
These epitopes are present in most of the invnunogenic fragroents of gluten, meluding all of
the immunodonunant fragments. The G12 antibody detects the immumogenic region of u-
ghadin, while the R5 antibody detects immunogenic regions of o-ghadin and v-gliadin.
While the RS ELISA method has been shown to be effective in estimating the gluten
concentration of unprocessed foods, we have found that the fraction of gluten that is
recognized by the RS antibody is partially decreased following incubation of ghiten with
pepsin. Pepsin has been shown to be less effective against the fraction recognized by the G12
antibody, the 33mer fragment LOLQPFPQPQLPYPGPOLEYPOPQLPYPOPQPFR (SEQ ID
NG 13). Unlike the R3 antibody, detection of gluten epitopes by the G12 antibody 1s
frequently observed to be umaffected or even slightly increased by digestion with pepsin,
suggesting that treatment with pepsin may make the QPOLPY (S8EQ 1D NG: 20) epitope-
containing region of gluten more available to the G12 antibody. In this Example, both
ELISA-based methods were used to assess the allity of ghiadinase to decrease the amount of
all throe fanulics of immunogenic gliadin: a-, @-, and y-ghiadin. In one of the experiments
detailed below, an in-house G12-based ELISA method was used. This in-house-developed
method, while less expensive than the commercially available kits, 1s ess reliable in
gquantfication of low concentrations of gluten. Thus, this method was only used to assess

relative differences between samples.

Table 6 shows that Kuma062-M can effectively degrade gluten in a simulated gastric

digestion. Pepsin can degrade gluten in the siouulated gastric digestion at a low level.

Table 6: Degradation of Gluten by Kumal62-M in Sumulated Gastric Digestion™®

Enzyme Timepoint Gluten ppm St Dev % Degraded % St Dav
Remaining
Pepsin 30 17920 640 4.55 3.41
Kumalée2-M 5 200 14 98.93 0.07
Kumalb2-M 30 48 4 99.75 3,02
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Enzyme concentration: 100 pg/ml; Bread mixture: 16 mg/ml; 5t Dev: standard deviation

Example 2: Degradation of Gluten in Whole Bread by Kumal62-M at Different pHs

This study is o evaluate the ability of Kuma062-M (o degrade gluten at different pH

5 values.
The protocol for the simulated gastric digestion 1s substantially similar to that in
Exarople 1. Bread slurrics were gencrated with the following pH levels: 3.9, 4.5, 5.0, 5.5,
and 5.9, pH 5.9 was the pH of the bread slurry when only water, no HC, was added to the
shurry after mashing with artificial saliva.
10
Table 7 shows that Kuma062-M can degrade gluten effectively at vanous pH values.
Table 7: Degradation of Gluten by Kuma062-M at Different pH*
RS ELISA G1Z2 ELISA
% of $of
Enzyme Averags | Standard | Gluten | Standard | Averags | Standard | Gluten | Standard
Concentration {pH | ppm Dav Degraded Dey ppm Dey Degraded Dev
1000 ugfmi 3.8 58 0.8 $9.93% 0.01% 13.8 1.2 $9.84% 0.01%
45 1.2 47 89.88% 0.05% 16.2 6.5 99.80% 0.08%
50 16.2 28 89.85% 0.02% 26.2 75 9.75% 8.08%
55 185 33 89.86% 0.03% ass 8.2 98.72% 0.10%
59 241 8.2 89.80% 0.05% 56.0 4.1 95.54% 0.03%
400 ugiml 39 1.7 38| 99.86% 0.04% 203 43 99.78% 0.65%
45 1.9 03] 99.88% 0.00% 19.4 3.1 99.80% 0.04%
50 3.3 39 49 88% 0.04% 156 2.3 93.62% 0¢.03%
55 8.8 141 99.91% 0.01% 24 24 99.80% 3.03%
58 15.9 1.2 98.587% 0.01% 285 41 98.75% 3.03%
200 ugfml 3.8 985 18] S9.89% 0.02% 18.0 20 99.78% 0.02%
45 12.4 451 8987% 0.05% 228 3.2 99.76% 0.04%
50 55 0.8 S995% 0.01% 250 6.7 80.77% 8.08%
55 1.7 1.8 89.89% 0.02% 24.9 28 80.77% 8.03%
59 15.3 151 89.87% 0.01% 378 5. 959.69% 0.04%
Gluten concentration: 10 mg/ml
15

Example 3: Degradation of Gluten in Fast Food Meal by Kumal62-M

This stady is to evaluate whether Kuma(62M 1s capable of maintaining significant
activity against gluten even in the presence of other dietary protein.

The protocol for the simulated gastric digestion is substantially similar to that in

20 Example . The vaniia milkshake was estimated (roughly, by comparisons to milkshakes of
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similar size from MeDonalds®) to contain 10 grams of protein, while the hamburger patty
was estimaied to contain 7 grams of protein. pH of the meal in gastrie digestion was 4.0-4 5.
The anmount of hamburger bun 10 the coutrol meal was adjusted to the same amount of bun as

mn the hamburger and shake meal. Volume of gastric digestion of hamburger and shake meal

5 was 500 mb; control meal was also adjusted to 300 mL. Aliguots of meal shurries after
mashing and blending were portioned into smaller tubes, and glutenase enzyvme and pepsin
were added to these aliquots. Enzyme concentrations were 700 pg/mb or 70 pg/ml for
Kumal62-M. Meal was digested for 30 minutes or S minutes. Aspergillus Niger-derived
prolyl endoproteass (AN-PEP} and EPB2/SCPEP were also mcluded m this study.

1G Tables 8 and 9 demonstrate that Kumal62-M can degrade ghuten effectively m the
presence of other dietary protein. Table 8 shows the result using G112 ELISA assay. Table 9
shows the results using RS ELIKA assay.
Table 8: Degradation of Gluten by Kama062-M in Fast Food Meal G12 ELISA Assay
Enzyme ug/m | Timepoin | Meal Gluten St % % Eguivalen | mg
i t {ppm} Dev | Degrad | St trog St
ramainin @ Dav | remaining | De
g v
Papsin 700 30 Bun only 13380 106G | 8.03 6.4 | 6690 302
4 {
Pepsin 700 30 Hamburge | 8056 464 | 55.61 2.5 14028 23
r 4 2
ANPEP 700 30 Run only 434 23 97.06 a1 4217 iz
5
ANPEP 700 30 Hamburge | 4261 263 | 77.23 14 2131 i3
¢ 4 2
EP/SC 700 30 Bun only 2354 97 8§5.08 0.6 | 1157 43
2
EP/SC 700 30 Hamburge | 3401 940 | 54.47 51 | 4701 47
¢ 5 O
Kumnalt | 700 5 Bun only &9 4 59.53 0.0 |35 2
2 3
Kuma06 | 700 30 Bun only 30 2 899.82 0.0 |15 1
2 2
Kuma06 | 700 5 Hamburge | 83 7 399.59 0.0 |42 4
2 ¢ 4
Kuma06 | 700 30 Hamburge | 54 4 399.68 0.0 |27 2
2 ¢ 2
Kumalé | 70 30 Bun only 56 3 85.62 0.0 |28 2
2 2
Kumalé | 70 30 Hamburge | 151 6 85.14 0.0 |75 3
2 ] 3
15 Table 9: Degradation of Gluten by Kuma62-M in Fast Food Meal RS ELISA Assay
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Eazyme | ug/m | Tioepom | Meal Ghiten St % % | Equivalen | mg
i t {(ppm) Dev | Degrad | St | tmg St
remainin e Dev | remaining | De
g v
Pepsin TG0 30 Bunonly | 9680 554 13827 3.3 | 4840 277
3
Pepsin 700 30 Hamburge | 9493 139 {4803 7.6 | 4747 649
T 5
ER/SC 750 30 Bunopnly {747 92 95.24 0.5 } 373 46
9
EP/SC 700 30 Hamburge | 10400 604 | 43.07 33 | 5200 302
T 1
Kumalo | 700 5 Bunonly |23 3 99 86 6.0 |11 2
2 2
Kumals | 700 30 Bunonly |9 2 99 .94 6.0 |4 i
2 1
Kumads | 700 3 Hambuorge | 113 17 9938 6.0 | S6 9
2 T G
Kuomalo | 760 30 Hambwrge {35 13 99.81 6.0 |18 6
2 [ 7
Kumalt | 70 30 Bunonly |23 1 99.86 0.6 | 11 I
2 1
Kumads | 70 30 Hamburge | 147 6 99.20 6.6 |73 3
2 ¥ 3
EQUIVALENTS

Those skilled n the art will recognize, or be able to ascertam using no more than
routine experimentation, many equivalents to the specific aspects of the present disclosure.

Such equivalents are intended to be encompassed by the following claims.
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ASPECTS
Bl A polypeptide comprising an anuno acid sequence having at least about 73%, at least

about 30%, at feast about 359, at least about 956, at least about 93%, at least about 96%, at
cast about 97%, at least about 98%, at least about 99%, or about 100% sequence identity to

the amine acid sequence set forth 10 SEQ D NGO 1

EZ.  The polypeptide of E1, comprising an amino acid sequence having at least 85%

sequence iderdity o the amino acid sequence set forth in SEQ D NG 1

E3.  The polypeptide of E1 or E2, comprising an amino acid sequence having at least 90%

sequence wdeniity o the amimo acid sequence set forth in SEQ ID NGO 1

B4, The polypeptide of any one of El 1o E3, comprising an amino acid sequence having at

least 95% sequence identity to the amino acid sequence set forth in SEG ID NG: 1

E5. The polypeptide of any one of E1 to B4, comprising an ammo acid sequence having at

least 99% sequence identity to the amino acid sequence set forth in SEQ ID NG 1.

E6. The polypeptide of anv one of E 1 to 5, comprising the amino acid sequence set forth

m SEGIDNG: L

E7. The polypeptide of any one of E1 to ES, wherein the amino acid residue

corresponding to amine acid 467 of SEQ ID NO: 6 133 Ser.

E8.  The polvpeptide of any one of E1 to E7, wherein the amino acid residue

corresponding to amino acid 267 of SEQ ID NGO 6 15 a Glu,

E9.  The polypeptide of any one of E1 to ES, wherein the amino acid residue

corresponding to aming acid 271 of SEQ 1D NG 6 15 an Asp.
E10.  The polvpeptide of any one of E1 to B9, which is capable of cleaving gliadin.

Ell. A polypeptide comprising an amino actd sequence an aming acid sequence having at

least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
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85%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about

100% sequence identity to the amino acid sequence set forth in SEQ 1D NG 8,

E12. The polypeptide of E11, comprising an amino acid sequence having at least 85%

sequense identity to the aming acid sequence set forth 1n SEGQ 1D NG: &

E13.  The polypeptide of E11 or E12, comprising an amino acid sequence having at least

90% sequence identity to the amino acid sequence set forth in SEQ 1D NO: 8

El4. The polvpeptide of any one of E11 to E13, comprising an amino acid sequence having

at least 93% sequence identity to the amino acid sequence set forth i SEQ I NO: &

E15.  The polypeptide of any one of E 11 to 14, comprising an aming acid scquence having

at least 99% sequence wenuity to the amino acid sequence set forth i SEQ 1D NO: 8.

Ei6. The polypeptide of any one of E11 to E15, comprising the amino acid sequence set

forth in SEQ D NO: &

E17.  The polypeptide of any one of E1 1 to E16, wherem the amino acid residue

corresponding to amino acid 278 of SEQ D NO: 31s a Ser.

Ei8.  The polypeptide of any one of E11 to EV7, wherein the amino acid residue

corresponding to amine acid 78 of SEQG ID NG: 3 s aGlu.

E19. The polypeptide of any one of E1 to E18, wherem the amino acid residue

corresponding to amino acid 82 of SEQ 1D NO: 3 13 an Asp.
E20. The polypeptide of any one of E11 to E19, which 1s capable of cleaving gliadin.

E21. A polypeptide comprising an amuno acid sequence an amino acid sequence having at
fcast about 75%, at least about 80%, at lecast about 83%, at lcast about 90%. at least about
95%, at lcast about 96%, at least about 97%, at lcast about 98%, at least about 999%, or about
100% sequence identity to the amino acid sequence set forth m SEQ ID NG: 1, wherein the

polvpeptide comprises the amino acid sequence set forth in SEQ ID NG 8.

E22. The polypeptide of E21, comprising an amino acid sequence having at least 85%

sequenoe tdentity o the ammo actd sequence set forth in SEQ IDNG: 1
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E23. The polypeptide of E21 or E22, comprising an amino acid sequence having at least

80% sequence 1dentity to the amino acid sequence set forth in SEQ ID NG: 1.

E24. The polypeptide of any onc of E21 to E23, comprising an amino acid sequence having

at least 93% sequence identity o the amino acid sequence seif forth tn SEQ ID NG 1

EZ5.  The polypeptide of anv one of E 21 to 24, comprising an amino acid sequence having
i y J > & f

at least 99% sequence dentity to the amino acid sequence set forth s SEQ 1D NO: 1.

E26.  The polvpeptide of any one of E21 to E25, comprising the amino acid sequence set

forth in SEQ D NG 1

27, The polypeptide of any one of E21 to E26, wherein the amino acid residue

corresponding to amino acid 467 of SEQ ID NG 615 a2 Ser

E28. The polypeptide of any one of E21 to E27, wherein the amino acid residue

corresponding to amino acid 267 of SEQ ID NG 6 15 a Glu.

E29.  The polypeptide of any one of E21 to E28, wherem the amino acid residue

corresponding to amino acid 271 of SEQ 1D NO: 615 an Asp.
E30.  The polypeptide of any one of E21 to E29, which 1s capable of cleaving gliadin.

E31.  The polypeptide of any one of El 1o E30, further comprising a lustidine tag, wherein

the histidine tag 1s fused at the C-terminus of the polypeptide.

E32.  The polypeptide of E, wherein the lustidine tag comprises the amino acid sequence set

forth in SEQ 1D NO: 17 (GSTENLYFQSGALEHHHHHH).

E33. The polvpeptide of E32 or E33, wherein the histidine fag comprises a cleavable
histiding tag, incloding but not imited to a cleavable histidine tag comprising the amino acid
sequence set forth m SEQ 1D NO: 15 NPQL/QPXHBHEHHHE), wherein Xw ts an linker

of between 1-25 amino acid residues.

E34.  The polypeptide of any one of E31 to E33, wherein the cleavable histidine tag
coroprises the amino acid sequence set forth in SEQ ID NO: 16

(GS5GSSGRQPQLPYGSSGESGSHHHHAH).

E35 A nucleic acid molecule encoding the polypeptide of any one of El to E34.

50



(4]

10

WO 2022/094177 PCT/US2021/057197

E36. A nueleic acid expression vector comprismg the nucleic acid molecule of E35.

E37. A recombinant host cell comprising the nucleie acid molecule of E33 or the nucleic

acid expression vector of E36.

E38. A pharmaceutical composition, comprising the polvpeptide of any one of Ei to E34,
the nucleic acid molecule of E35, the nucleic acid expression vector of E36, the recombinant

host coli of E37, or any combination thereof and a pharmaceutically acceptable carrier,

E39 A method for treating celiac spriue or non-celiac gluten sensitivity (NCGS),
comprising administering to an mdividual with cehiac sprue or NCGS an amount effective to
treat the celiac sprue or NCGS of the polvpeptide of any one of El to E34, the nucleie acid
molecule of claim 33, the nucleie acid expression vector of claim 36, the recombinant host

cell of claim 37, or the pharmaceutical composition of claim 38,

E40.  The method of E39, wherein the polypeptide, the nucleic acid molecule, the nucleie
acid expression vector, the recombinant bost cell, or the pharmaceutical composttion is

administered orally,
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What is claimed 1s:

L. A polypeptide comprising an ammoe acid sequence having at least about 75%, at least

h

about 830%, at feast about 859, at least about 956, at least about 93%, at least about 96%, at
least about 97%, at least about 98%, at least about 99%, or about 100% sequence 1dentity to
the amino acid sequence sct forth in SEQ D NO: 1, wherein the first amino acid at the N-

terminus of the polvpeptide is a Ser (8).

2. A polypeptide comprising an ammoe acid sequence having at least about 75%, at least

16 about 80%, at least about 85%, at least about 509, at least about 93%, at least about 96%, &
least about 98%, at least about 99%, or about 100% sequence dentity to the amino acid
sequence set forth m SEQ H3 NO: 1, wherein the polypeptide does not comprise a Mot (M) at

the N-terminus of the polypeptide.

B

3. A polypeptide comprising an anuno acid scquence having at least about 753%, at least

15 about 30%, at least about 8594, at least about 9094, at least about 95%, at least about 6%, at
least about 97%, at least about 98%, at least about 99%, or about 100% sequence 1dentity to
the amino acid sequence sct forth in SEQ D NO: 23, wherein the Xaain SEQ ID NO: 23 is
not a Met (M),

20 4, A polypeptide comprising an amino actd sequence an aming acid sequence baving at
least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
059, at least about 96%, at least about 97%, at least about 98%, at least about 99%, or about
100% sequence identity to the amino acid sequenee set forth in SEQ 1D NO: 1, whercin the
first ammo acid at the N-termunus of the polypeptide 1s a Ser {8); wherein the polypeptide

25 compnses the amino acid sequence set forth in SEQ ID NO: &

3 The polvpeptide of anv one of claims 1-4, wherein the first two N-terainal amsino

acids of the polypeptide, from N-terminus to C-terminus, are Ser—Aap (SD).

6. The polypeptide of any one of claims 1-5, comprising an ammo acid sequence having
k > : 5 5

at least 35% sequence identity to the amino acid sequence set forth in SEG ID NO: 1.

36 7 The polypeptide of any one of claims -6, comprising an amino acid sequence having
at least 80% sequence identity to the amino acid sequence set forth in SEQ ID NG: 1.
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8. The polypeptide of any one of claims 1-7, comprising an amino acid sequence having

at least 95% sequence identity to the amino acid sequence set forth in SEG ID NO: 1.

9. The polypeptide of any one of claims 1-8, comprsing an amino acid sequence having

at least 99% sequence identity to the amino acid sequence set forth wnx SEQ ID NG: 1.

10.  The polypeptide of any one of claims 1-97, comprising the amino acid sequence set

forth in SEGQ ID NG 1.

11.  The polvpeptide of any one of claims 1-10, wherein the aming acid residue

corresponding to amine acid 467 of SEQ 1D NG: 1 is a Ser.

12, The polypeptide of any one of claims 1-11, wherein the amino acid residue

corresponding to ammno acid 267 of SEQ ID NG | 1sa Glu.

13 The polypeptide of any one of claims 1-10, wherein the amino acid residue

corresponding to amino acid 271 of SEQ ID NG: 115 an Asp.

14 The polvpeptide of anv one of claims 1-13, wherern the polvpeptide is capable of

cleaving ghadin.

15. The polypeptide of any one of claims 1-14, further comprising a histidine tag, wherein

the histiding tag s fused at the C-terminus of the polypeptide.

16.  The polvpeptide of claim 15, wherein the listidine tag comprises the amino acid

sequence set forth in SEQ 1D NG 17 (GSTENLYFQSGALEHHHHHH),

17.  The polypeptide of claim 15 or 16, wherein the histidine tag comprises a cleavable
histidine tag, inchuding but not limited to a cleavable histidine tag comprising the amino acid
sequence set forth in SEQ 1D NO: 15 OGPQUL/PXRHHHBERHEH), wherem X is an hinker

of between [-25 amino acid residues.

8. The polypeptide of claim 17, wherein the cleavable histidine tag comprises the ammo

acid sequence set forth in SEQ ID NG 16 (GSSGSSGSQPQLPY GSSGSSGSHHHHHH).

19 A nucleic acid molecule encoding the polvpeptide of any one of claims 1-18.
20, A nucleic acid expression vector comprising the nuckeic acid molecule of claim 19
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21, A recombinant host cell comprising the nucleic acid molecule of claim 19 or the

nucleic acid expression vector of claim 20,

22. The recombmant host cell of claim 21, wherein the host cell is prokarvotic.
23. The recombmant host cell of claim 21, wherein the host cell 1s eukaryotic.
24 A pharmaceutical composition, comprising the polypeptide of any one of claims 1 to

18, the nucleie acid molecule of claim 19, the nacleic acid expression vector of claim 20, the
recombinant host cell of any one of claims 21-23, or any combination thereot and a

phammacecutically acceptable carrier,

25, A mcthod for treating celiac sprue or non-ccliac gluten sensitivity (NCGSYina
subject, comprsing adnunistering to the subject with cehiac spruc or NCGS an amount
effective to treat the cehiac sprue or NCGS of the polypeptide of any one of claims § to 18,
the nucleic acid molecule of claim 19, the nucleic acid expression vector of claim 20, the
recombinant host cell of any one of claims 21-23, or the pharmaceutical composition of claim

24, thereby treating the celiac sprue or NCGS.

s ]

26. A method for reducing celiac spruc or non-celiac ghuten sensitivity (NCGS) related
mflammation 10 a subject, comprising admunistering to the subject with celiac sprue or NCGS
an amount effective to reduce the celiac sprae or NCGS related inflammation of the
polvpeptide of any one of claims 1 1o 18, the nucleic acid melecule of clamm 19, the nucleic
acid expression vector of claim 20, the recombinant host cell of any one of claims 21-23, or

the pharmaceutical composition of claim 24, thereby reducing the inflammation.

27 The method of claim 26, wherein the polvpeptide, the nucleic acid molecule, the
nucleic acid expression vector, the recombinant host cell, or the phammaceutical composition

is administered orally.

28. A mecthod for degrading ghuten in a food item, comprising contacting the food itom
with an amount effective to degrade the gluten with the polypeptide of anv one of clatms 1 to
18, or the pharmaceutical composition of claim 24, thereby degrading the gluten n the food

e,

28 A method for degrading gliadin in a food item, comprising contacting the food item

with an amount effective to degrade the gliadin with the polypeptide of any one of claims 1 to
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18, or the pharmaceutical composition of claim 24, thereby degrading the ghadin m the food

item.

~

30 The method of claim 28 or 29 wherein the method degrades at least about 75%, at
fcast about 80%, at lcast about 83%, at least about 90%, at lcast about 93%. at least about
96%, at lcast about 98%, at least about 99%, or about 100% of the gluten or ghiadin in the

food item.

L
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