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ENGINEERED PROBIOTICS FOR EXPRESSION OF FIBER-SYNTHESIZING
ENZYMES IN GUT

PRIORITY APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Patent Application
No. 63/089,334, filed on October 8, 2020, the content of which is hereby incorporated by

reference herein in its entirety.

BACKGROUND
[0002] The microbiome is a complex collection of microbes that together impact many
aspects of organismal health and function. For example, the microbiome can impact immunity,
metabolism, and a variety of diseases. Microbes of the microbiome interact with host organisms
through a variety of mechanisms, including microbial signaling, metabolite consumption, and
small molecule production. Accordingly, the types and proportions of microbes and metabolites

in the microbiome can have important impacts on health.

SUMMARY
[0003] Methods and compositions that modify the microbiome, e.g., by introducing new
microbial functions or modifying existing microbial functions, can have important impacts on
human health. The present disclosure provides solutions to various challenges in health and/or
microbiome engineering. For example, the present disclosure recognizes that one challenge in
human health is that many individuals consume daily diets that include carbohydrate such as
monosaccharides and/or disaccharides, e.g., in excess of individual metabolic need. These
consumed monosaccharides and/or disaccharides can have deleterious health effects in the gut
(e.g., on the microbiome) and/or after digestion. To provide another example of a challenge in
human health recognized by the present disclosure, many individuals consume daily diets that
include too little fiber. Low consumption of fiber and/or low levels of gut fiber can have various
deleterious health effects. The present disclosure provides solutions that simultaneously
addresses harm caused by consumption of carbohydrates and harm caused by non-consumption

of fiber.
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[0004] The present disclosure provides, among other things, bacteria engineered for
expression of a fiber-synthesizing enzyme, e.g., for expression of the enzyme in the gut (e.g., in
intestine, e.g., in the small intestine and/or large intestine). In particular embodiments, the
present disclosure provides bacteria engineered for expression of a fiber-synthesizing enzyme
that consumes carbohydrate in the process of synthesizing fiber, e.g., in the gut. Those of skill in
the art will appreciate that all references to gut herein include at least one or both of the small
intestine and/or large intestine, as do references to intestine herein.

[0005] The present disclosure further provides, among other things, formulations for oral
delivery of fiber-synthesizing enzymes, e.g., for delivery of fiber-synthesizing enzyme to gut
(e.g., to intestine, e.g., to small intestine and/or large intestine). In various embodiments, the
present disclosure provides a pill or sachet including isolated fiber-synthesizing enzyme.

[0006] In at least certain aspects, the present disclosure provides a method of decreasing
the amount or concentration of a carbohydrate in the gut of a subject comprising administering to
the subject a bacterium engineered to express a heterologous nucleic acid sequence encoding a
fiber-synthesizing enzyme, wherein the fiber-synthesizing enzyme synthesizes fiber from a
carbohydrate substrate.

[0007] In at least certain aspects, the present disclosure provides a method of increasing
the amount or concentration of a fiber in the gut of a subject comprising administering to the
subject a bacterium engineered to express a heterologous nucleic acid sequence encoding a fiber-
synthesizing enzyme, wherein the fiber-synthesizing enzyme synthesizes fiber from a
carbohydrate substrate.

[0008] In at least certain aspects, the present disclosure provides a method of treating a
subject in need of decreased amount or concentration of a carbohydrate in the gut or increased
amount or concentration of a fiber in the gut comprising administering to the subject a bacterium
engineered to express a heterologous nucleic acid sequence encoding a fiber-synthesizing
enzyme, wherein the fiber-synthesizing enzyme synthesizes fiber from a carbohydrate substrate.
[0009] In various embodiments, the subject is suffering from a condition positively
correlated or associated with consumption of carbohydrate. In various embodiments, the subject
is suffering from a condition negatively correlated or associated with consumption of fiber. In

various embodiments, the subject is suffering from a condition selected from cardiovascular



WO 2022/076693 PCT/US2021/053983

disease, heart disease, high blood pressure, high blood cholesterol, high blood glucose, diabetes,
obesity, dysbiosis of the gut, inflammatory bowel disease, irritable bowel syndrome (IBS),
diverticulitis, colorectal cancer, intestinal cancer, bloating, cramping, gas, hemorrhoids, and
diarrhea.

[0010] In various embodiments, the fiber is a soluble fiber. In various embodiments, the
synthesized fiber comprises glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or
galactose monomers. In various embodiments, the carbohydrate substrate is selected from one or
more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose, UDP-galacturonic acid,
UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose and/or wherein the
carbohydrate decreased in amount or concentration in the gut is selected from one or more of
glucose, galactose, sucrose, fructose, and/or lactose. In various embodiments, the synthesized
fiber is a fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-
glucan, laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose,
nystose, levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides
(HMOs), cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen,
amylopectin, pectin, chitin. In various embodiments, the fiber-synthesizing enzyme is selected
from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-beta-D-
glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a
glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase. In various
embodiments, the fiber-synthesizing enzyme is operatively linked with a secretion polypeptide.
[0011] In various embodiments, the bacterium is a spore-forming bacterium and/or is in a
spore form. In various embodiments, the bacterium is a probiotic bacterium. In various
embodiments, the bacterium is of a genus selected from Bacillus, Bifidobacterium,

Enterococcus, Escherichia, Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, and
Streptococcus, optionally wherein the bacterium is of the genus Bacillus, optionally wherein the
bacterium is of the species B. subtilis. In various embodiments, the bacterium is of a strain

characterized in that it does not colonize the gut.
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[0012] In various embodiments, the method comprises administering the engineered
bacterium to a subject that has consumed carbohydrate and/or the carbohydrate substrate within a
preceding period, wherein the preceding period is a period of 24 hours 12 hours, 6 hours, 3
hours, or 1 hour. In various embodiments, the method comprises administering the engineered
bacterium to a subject that has not consumed carbohydrate and/or the carbohydrate substrate. In
various embodiments, the method comprises administering the engineered bacterium to a subject
that has not consumed carbohydrate and/or the carbohydrate substrate within a preceding period,
wherein the preceding period is a period of 24 hours 12 hours, 6 hours, 3 hours, or 1 hour. In
various embodiments, the subject consumes carbohydrate and/or the carbohydrate substrate
during a period subsequent to administration of the engineered bacterium, wherein the
subsequent period is a period of 24 hours 12 hours, 6 hours, 3 hours, or 1 hour.

[0013] In various embodiments, the method prevents accumulation of sugar in the colon
of the subject. In various embodiments, fiber-synthesizing enzymes and/or enzymes encoded by
heterologous nucleic acid sequences comprised by the engineered bacterium consist of the fiber-
synthesizing enzyme.

[0014] In various embodiments, the administration comprises oral administration of a
composition comprising the engineered bacterium. In various embodiments, the administration
comprises administration of about 10* to about 10'2 colony forming units of the engineered
bacterium.

[0015] In various embodiments, the nucleic acid sequence encoding the expression
product is operatively linked with a constitutive promoter. In various embodiments, the nucleic
acid sequence encoding the expression product is operatively linked with a flagellin gene
promoter. In various embodiments, the flagellin gene promoter comprises a mutation in a CsrA
binding site, wherein the mutation in the CsrA binding site inhibits binding of CsrA to mRNA
transcripts encoding the fiber-synthesizing enzyme but does not preclude expression of the fiber-
synthesizing enzyme. In various embodiments, the engineered bacterium comprises a mutation
of an endogenous flgM gene that reduces inhibition of a sigma factor by FIgM. In various
embodiments, the flagellin gene promoter is a B. subtilis hag promoter. In various embodiments,
the mutation in the CsrA binding site is a mutation in a B. subtilis hag promoter CsrA binding

site selected from binding site 1 (BS1) and binding site 2 (BS2). In various embodiments, the
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mutation in the CsrA binding site is a mutation in the stem of the stem-loop secondary structure
of BS1 or in the stem of the stem-loop secondary structure of BS2. In various embodiments, the
mutation in the CsrA binding site is a mutation in the CsrA BS1 recognition sequence having the
sequence AGGA. In various embodiments, the mutation in the CsrA binding site is a BS1
mutation according to SEQ ID NO: 29 or a BS2 mutation according to SEQ ID NO: 30. In
various embodiments, the mutation in the CsrA binding site does not disrupt the Shine-Dalgarno
sequence of the B. subtilis hag promoter. In various embodiments, the mutation of the
endogenous flgM gene comprises deletion of all or a portion of the fighM gene. In various
embodiments, the mutation of the endogenous flgM gene comprises a mutation in the sequence
encoding the active site of flgM. In various embodiments, the mutation of the endogenous flghM
gene comprises a mutation in the sequence encoding an amino acid that participates in binding of
FIgM to SigD. In various embodiments, the mutation of the endogenous flgM gene alters a
sequence that encodes an amino acid in the 3™ helix or 4™ helix of FlgM at the C-terminal end of
the FlgM protein. In various embodiments, the bacterium is of the species B. subtilis.and the
mutation of the endogenous fIghM gene alters the amino acid sequence encoded by SEQ ID NO:
31 at an amino acid selected from I-58, K-62, I-65, G-68, D-73, and A-78. In various
embodiments, the bacterium is of the species B. subfilis.and the mutation of the endogenous figh!
gene alters the amino acid sequence encoded by SEQ ID NO: 31 at an amino acid selected from
I-3, G-7, S-10, V-11, A-40, K-41, M43, I-58, L-61, K-62, I-65, Y-70, K-71, V-72, D-73, A-74,
H-76, 1-77, A-78, N-80, M-81, 1-82, N-83, F-84, Y-85, and K-86. In various embodiments, the
mutation of the endogenous flgM gene reduces or eliminates FlgM biological activity. In various
embodiments, the sigma factor is SigD.

[0016] In at least certain aspects, the present disclosure provides a bacterium engineered
to express a heterologous nucleic acid sequence encoding a fiber-synthesizing enzyme, wherein
the fiber-synthesizing enzyme synthesizes fiber from a carbohydrate substrate. In various
embodiments, the fiber is a soluble fiber. In various embodiments, the synthesized fiber
comprises glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose
monomers. In various embodiments, the carbohydrate substrate is selected from one or more of
UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose, UDP-galacturonic acid, UDP-N-

acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose and/or wherein the
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carbohydrate decreased in amount or concentration in the gut is selected from one or more of
glucose, galactose, sucrose, fructose, and/or lactose. In various embodiments, the synthesized
fiber is a fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-
glucan, laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose,
nystose, levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides
(HMOs), cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen,
amylopectin, pectin, chitin. In various embodiments, the fiber-synthesizing enzyme is selected
from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-beta-D-
glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a
glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase. In various
embodiments, the fiber-synthesizing enzyme is operatively linked with a secretion polypeptide.
In various embodiments, the bacterium is a spore-forming bacterium and/or is in a spore form.
In various embodiments, the bacterium is a probiotic bacterium. In various embodiments, the
bacterium is of a genus selected from Bacillus, Bifidobacterium, Enterococcus, Escherichia,
Lactobacillus, Lactococcus, Leuconostoc, Pediococcus, and Streptococcus, optionally wherein
the bacterium is of the genus Bacillus, optionally wherein the bacterium is of the species B.
subtilis. In various embodiments, the bacterium is of a strain characterized in that it does not
colonize the gut. In various embodiments, fiber-synthesizing enzymes and/or enzymes encoded
by heterologous nucleic acid sequences comprised by the engineered bacterium consist of the
fiber-synthesizing enzyme.

[0017] In various embodiments, the nucleic acid sequence encoding the expression
product is operatively linked with a constitutive promoter. In various embodiments, the nucleic
acid sequence encoding the expression product is operatively linked with a flagellin gene
promoter. In various embodiments, the flagellin gene promoter comprises a mutation in a CsrA
binding site, wherein the mutation in the CsrA binding site inhibits binding of CsrA to mRNA
transcripts encoding the fiber-synthesizing enzyme but does not preclude expression of the fiber-

synthesizing enzyme. In various embodiments, the engineered bacterium comprises a mutation
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of an endogenous flgM gene that reduces inhibition of a sigma factor by FIgM. In various
embodiments, the flagellin gene promoter is a B. subtilis hag promoter. In various embodiments,
the mutation in the CsrA binding site is a mutation in a B. subftilis hag promoter CsrA binding
site selected from binding site 1 (BS1) and binding site 2 (BS2). In various embodiments, the
mutation in the CsrA binding site is a mutation in the stem of the stem-loop secondary structure
of BS1 or in the stem of the stem-loop secondary structure of BS2. In various embodiments, the
mutation in the CsrA binding site is a mutation in the CsrA BS1 recognition sequence having the
sequence AGGA. In various embodiments, the mutation in the CsrA binding site is a BS1
mutation according to SEQ ID NO: 29 or a BS2 mutation according to SEQ ID NO: 30. In
various embodiments, the mutation in the CsrA binding site does not disrupt the Shine-Dalgarno
sequence of the B. subtilis hag promoter. In various embodiments, the mutation of the
endogenous flgM gene comprises deletion of all or a portion of the figM gene. In various
embodiments, the mutation of the endogenous fIgM gene comprises a mutation in the sequence
encoding the active site of fIgh/. In various embodiments, the mutation of the endogenous flghM
gene comprises a mutation in the sequence encoding an amino acid that participates in binding of
FlgM to SigD. In various embodiments, the mutation of the endogenous flghM gene alters a
sequence that encodes an amino acid in the 3™ helix or 4™ helix of FIgM at the C-terminal end of
the FlgM protein. In various embodiments, the bacterium is of the species B. subtilis.and the
mutation of the endogenous flgM gene alters the amino acid sequence encoded by SEQ ID NO:
31 at an amino acid selected from I-58, K-62, 1-65, G-68, D-73, and A-78 . In various
embodiments, the bacterium is of the species B. subtilis.and the mutation of the endogenous flgh
gene alters the amino acid sequence encoded by SEQ ID NO: 31 at an amino acid selected from
1-3, G-7, S-10, V-11, A-40, K-41, M43, 1-58, L-61, K-62, 1-65, Y-70, K-71, V-72, D-73, A-74,
H-76, 1-77, A-78, N-80, M-81, 1-82, N-83, F-84, Y-85, and K-86. In various embodiments, the
mutation of the endogenous fIgM gene reduces or eliminates FigM biological activity. In various
embodiments, the sigma factor is SigD.

[0018] In at least certain aspects, the present disclosure provides a composition
comprising the engineered bacterium of the present disclosure. In certain embodiments, the
composition is formulated for oral administration. In some embodiments, the formulation

comprises about 10* to about 10'2 colony forming units of the engineered bacterium. In various
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embodiments, the composition comprises a physiologically acceptable carrier. In various
embodiments, the physiologically acceptable carrier is selected from a lactic acid fermented
food, fermented dairy product, resistant starch, dietary fiber, carbohydrate, protein, glycosylated
protein, water, capsule filler, and gummy material.

[0019] In at least certain aspects, the present disclosure provides a bacterial cell culture
comprising the engineered bacterium of the present disclosure.

[0020] In at least certain aspects, the present disclosure provides a method of decreasing
the amount or concentration of a carbohydrate in the gut of a subject comprising administering to
the subject a composition comprising a fiber-synthesizing enzyme, wherein the fiber-
synthesizing enzyme synthesizes fiber from a carbohydrate substrate. In various embodiments,
the fiber synthesizing enzyme is an isolated fiber-synthesizing enzyme.

[0021] In at least certain aspects, the present disclosure provides a method of increasing
the amount or concentration of a fiber in the gut of a subject comprising administering to the
subject a composition comprising a fiber-synthesizing enzyme, wherein the fiber-synthesizing
enzyme synthesizes fiber from a carbohydrate substrate. In various embodiments, the fiber
synthesizing enzyme is an isolated fiber-synthesizing enzyme.

[0022] In at least certain aspects, the present disclosure provides a method of treating a
subject in need of decreased amount or concentration of a carbohydrate in the gut or increased
amount or concentration of a fiber in the gut comprising administering to the subject a
composition comprising a fiber-synthesizing enzyme, wherein the fiber-synthesizing enzyme
synthesizes fiber from a carbohydrate substrate. In various embodiments, the fiber synthesizing
enzyme is an isolated fiber-synthesizing enzyme.

[0023] In various embodiments, the subject is suffering from a condition
positively correlated or associated with consumption of carbohydrate. In various embodiments,
the subject is suffering from a condition negatively correlated or associated with consumption of
fiber. In various embodiments, the subject is suffering from a condition selected from
cardiovascular disease, heart disease, high blood pressure, high blood cholesterol, high blood
glucose, diabetes, obesity, dysbiosis of the gut, inflammatory bowel disease, irritable bowel
syndrome (IBS), diverticulitis, colorectal cancer, intestinal cancer, bloating, cramping, gas,

hemorrhoids, and diarrhea.
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[0024] In various embodiments, the fiber is a soluble fiber. In various embodiments, the
synthesized fiber comprises glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or
galactose monomers. In various embodiments, the carbohydrate substrate is selected from one or
more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose, UDP-galacturonic acid,
UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose and/or wherein the
carbohydrate decreased in amount or concentration in the gut is selected from one or more of
glucose, galactose, sucrose, fructose, and/or lactose. In various embodiments, the synthesized
fiber is a fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-
glucan, laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose,
nystose, levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides
(HMOs), cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen,
amylopectin, pectin, chitin. In various embodiments, the fiber-synthesizing enzyme is selected
from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-beta-D-
glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a
glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase.

[0025] In various embodiments, the method comprises administering the composition to
a subject that has consumed carbohydrate and/or the carbohydrate substrate within a preceding
period, wherein the preceding period is a period of 24 hours 12 hours, 6 hours, 3 hours, or 1
hour. In various embodiments, the method comprises administering the composition to a subject
that has not consumed carbohydrate and/or the carbohydrate substrate. In various embodiments,
the method comprises administering the composition to a subject that has not consumed
carbohydrate and/or the carbohydrate substrate within a preceding period, wherein the preceding
period is a period of 24 hours 12 hours, 6 hours, 3 hours, or 1 hour. In various embodiments, the
subject consumes carbohydrate and/or the carbohydrate substrate during a period subsequent to
administration of the composition , wherein the subsequent period is a petiod of 24 hours 12

hours, 6 hours, 3 hours, or 1 hour.
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[0026] In various embodiments, the method prevents accumulation of sugar in the colon
of the subject. In various embodiments, fiber-synthesizing enzymes comprising the composition
and/or enzymes comprising the composition consist of the fiber-synthesizing enzyme. In various

embodiments, the administration comprises oral administration of the composition.

[0027] In at least certain aspects, the present disclosure provides a composition
comprising a fiber synthesizing enzyme, where the fiber-synthesizing enzyme synthesizes fiber
from a carbohydrate substrate and the composition is formulated for oral administration. In
various embodiments, the fiber is a soluble fiber. In various embodiments, the synthesized fiber
comprises glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose
monomers. In various embodiments, the carbohydrate substrate is selected from one or more of
UDP-glucose, UDP-galactose, UDP-fucose, ADP-0-D-glucose, UDP-galacturonic acid, UDP-N-
acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose and/or wherein the
carbohydrate decreased in amount or concentration in the gut is selected from one or more of
glucose, galactose, sucrose, fructose, and/or lactose. In various embodiments, the synthesized
fiber is a fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-
glucan, laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose,
nystose, levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides
(HMOs), cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen,
amylopectin, pectin, chitin. In various embodiments, the fiber-synthesizing enzyme is selected
from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-beta-D-
glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a
glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase. In various
embodiments, fiber-synthesizing enzymes comprising the composition and/or enzymes
comprising the composition consist of the fiber-synthesizing enzyme. In various embodiments,
the composition comprises a physiologically acceptable carrier. In various embodiments, the

physiologically acceptable carrier is selected from a lactic acid fermented food, fermented dairy
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product, resistant starch, dietary fiber, carbohydrate, protein, glycosylated protein, water, capsule

filler, and gummy material.

DEFINITIONS
[0028] A, An, The: As used herein, “a”, “an”, and “the” refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an element”
discloses embodiments of exactly one element and embodiments including more than one
element.
[0029] About: As used herein, term “about”, when used in reference to a value, refers to
a value that is similar, in context to the referenced value. In general, those skilled in the art,
familiar with the context, will appreciate the relevant degree of variance encompassed by
“about” in that context. For example, in some embodiments, the term “about” may encompass a
range of values that within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%,
9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referenced value.
[0030] Administration: As used herein, the term “administration” typically refers to
administration of a composition to a subject or system to achieve delivery of an agent that is, or
is included in, the composition.
[0031] Associated with: Two events or entities are “associated” with one another, as that
term is used herein, if the presence, level and/or form of one is correlated with that of the other.
For example, a particular entity (e.g., polypeptide, genetic signature, metabolite, microbe, etc.) is
considered to be associated with a particular disease, disorder, or condition, if its presence, level
and/or form correlates with incidence of and/or susceptibility to the disease, disorder, or
condition (e.g., across a relevant population). In some embodiments, two or more entities are
physically “associated” with one another if they interact, directly or indirectly, so that they are
and/or remain in physical proximity with one another. In some embodiments, two or more
entities that are physically associated with one another are covalently linked to one another; in
some embodiments, two or more entities that are physically associated with one another are not
covalently linked to one another but are non-covalently associated, for example by means of
hydrogen bonds, van der Waals interaction, hydrophobic interactions, magnetism, and

combinations thereof.
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[0032] Between or From: As used herein, the term “between” refers to content that falls
between indicated upper and lower, or first and second, boundaries, inclusive of the boundaries.
Similarly, the term “from”, when used in the context of a range of values, indicates that the range
includes content that falls between indicated upper and lower, or first and second, boundaries,
inclusive of the boundaries.

[0033] Binding: As used herein, the term “binding” refers to a non-covalent association
between or among two or more agents. “Direct” binding involves physical contact between
agents; indirect binding involves physical interaction by way of physical contact with one or
more intermediate agents. Binding between two or more agents can occur and/or be assessed in
any of a variety of contexts, including where interacting agents are studied in isolation or in the
context of more complex systems (e.g., while covalently or otherwise associated with a carrier
agents and/or in a biological system or cell).

[0034] Control expression or activity: As used herein, a first element (e.g., a protein,
such as a transcription factor, or a nucleic acid sequence, such as promoter) “controls” or
“drives” expression or activity of a second element (e.g., a protein or a nucleic acid encoding an
agent such as a protein) if the expression or activity of the second element is wholly or partially
dependent upon status (e.g., presence, absence, conformation, chemical modification, interaction,
or other activity) of the first under at least one set of conditions. Control of expression or
activity can be substantial control or activity, e.g., in that a change in status of the first element
can, under at least one set of conditions, result in a change in expression or activity of the second
element of at least 10% (e.g., at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 2-
fold, 3-fold, 4-fold, 5-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold) as compared to a
reference control.

[0035] Corresponding to: As used herein, the term “corresponding to” may be used to
designate the position/identity of a structural element in a compound or composition through
comparison with an appropriate reference compound or composition. For example, in some
embodiments, a monomeric residue in a polymer (e.g., an amino acid residue in a polypeptide or
a nucleic acid residue in a polynucleotide) may be identified as “corresponding to” a residue in
an appropriate reference polymer. For example, those of skill in the art appreciate that residues

in a provided polypeptide or polynucleotide sequence are often designated (e.g., numbered or
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labeled) according to the scheme of a related reference sequence (even if, e.g., such designation
does not reflect literal numbering of the provided sequence). By way of illustration, if a
reference sequence includes a particular amino acid motif at positions 100-110, and a second
related sequence includes the same motif at positions 110-120, the motif positions of the second
related sequence can be said to “correspond to” positions 100-110 of the reference sequence.
Those of skill in the art appreciate that corresponding positions can be readily identified, e.g., by
alignment of sequences, and that such alignment is commonly accomplished by any of a variety
of known tools, strategies, and/or algorithms, including without limitation software programs
such as, for example, BLAST, CS-BLAST, CUDASW++, DIAMOND, FASTA,
GGSEARCH/GLSEARCH, Genoogle, HMMER, HHpred/HHsearch, IDF, Infernal, KLAST,
USEARCH, parasail, PSI-BLAST, PSI-Search, ScalaBLAST, Sequilab, SAM, SSEARCH,
SWAPHI, SWAPHI-LS, SWIMM, or SWIPE.

[0036] Dosage form or unit dosage form: Those skilled in the art will appreciate that the
term “dosage form” may be used to refer to a physically discrete unit of an agent (e.g., a
therapeutic or diagnostic agent) for administration to a subject. Typically, each such unit
contains a predetermined quantity of agent. In some embodiments, such quantity is a unit dosage
amount (or a whole fraction thereof) appropriate for administration in accordance with a dosing
regimen that has been determined to correlate with a desired or beneficial outcome when
administered to a relevant population (i.e., with a therapeutic dosing regimen). Those of ordinary
skill in the art appreciate that the total or free amount of a therapeutic composition or agent
administered to a particular subject is determined by one or more attending physicians and may
involve administration of multiple dosage forms.

[0037] Dosing regimen: As used herein, the term “dosing regimen” can refer to a set of
one or more same or different unit doses administered to a subject, typically including a plurality
of unit doses administration of each of which is separated from administration of the others by a
period of time. In various embodiments, one or more or all unit doses of a dosing regimen may
be the same or can vary (e.g., increase over time, decrease over time, or be adjusted in
accordance with the subject and/or with a medical practitioner’s determination). In various
embodiments, one or more or all of the periods of time between each dose may be the same or

can vary (e.g., increase over time, decrease over time, or be adjusted in accordance with the
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subject and/or with a medical practitioner’s determination). In some embodiments, a given
therapeutic agent has a recommended dosing regimen, which can involve one or more doses.
Typically, at least one recommended dosing regimen of a marketed drug is known to those of
skill in the art. In some embodiments, a dosing regimen is correlated with a desired or beneficial
outcome when administered across a relevant population (i.e., is a therapeutic dosing regimen).
[0038] Engineered: As used herein, the term “engineered” refers to the aspect of having
been manipulated by the hand of man. For example, a polynucleotide is considered to be
“engineered” when two or more sequences, that are not linked together in that order in nature,
are manipulated by the hand of man to be linked to one another in the engineered polynucleotide.
Those of skill in the art will appreciate that an “engineered” nucleic acid or amino acid sequence
can be a recombinant nucleic acid or amino acid sequence. In some embodiments, an engineered
polynucleotide includes a coding sequence and/or a regulatory sequence that is found in nature
operably linked with a first sequence but is not found in nature operably linked with a second
sequence, which is in the engineered polynucleotide and operably linked in with the second
sequence by the hand of man. In some embodiments, a cell or organism is considered to be
“engineered” if it has been manipulated so that its genetic information is altered (e.g., new
genetic material not previously present has been introduced, for example by transformation,
mating, somatic hybridization, transfection, transduction, or other mechanism, or previously
present genetic material is altered or removed, for example by substitution, deletion, or mating).
As is common practice and is understood by those of skill in the art, progeny or copies, perfect or
imperfect, of an engineered polynucleotide or cell are typically still referred to as “engineered”
even though the direct manipulation was of a prior entity.

[0039] Excipient: As used herein, “excipient” refers to a non-therapeutic agent that may
be included in a pharmaceutical composition, for example to provide or contribute to a desired
consistency or stabilizing effect. In some embodiments, suitable pharmaceutical excipients may
include, for example, starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol,
propylene, glycol, water, ethanol, or the like.

[0040] Expression: As used herein, “expression” refers individually and/or cumulatively

to one or more biological process that result in production from a nucleic acid sequence of an
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encoded agent, such as a polypeptide. Expression specifically includes either or both of
transcription and translation.

[0041] Fragment: As used herein, “fragment” refers a structure that is or includes a
discrete portion of a reference agent (sometimes referred to as the “parent” agent). In some
embodiments, a fragment lacks one or more moieties found in the reference agent. In some
embodiments, a fragment is or includes one or more moieties found in the reference agent. In
some embodiments, the reference agent is a polymer such as a polynucleotide or polypeptide. In
some embodiments, a fragment of a polymer is or includes at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110,
120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325, 350, 375,
400, 425, 450, 475, 500 or more monomeric units (e.g., residues) of the reference polymer. In
some embodiments, a fragment of a polymer is or includes at least about 5%, 10%, 15%, 20%,
25%. 30%, 25%, 40%, 45%. 50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99% or more of the monomeric units (e.g., residues) found in the reference polymer.
A fragment of a reference polymer is not necessarily identical to a corresponding portion of the
reference polymer. For example, a fragment of a reference polymer can be a polymer having a
sequence of residues having at least about 5%, 10%, 15%, 20%, 25%, 30%, 25%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or more identity
to the reference polymer. A fragment may, or may not, be generated by physical fragmentation
of a reference agent. In some instances a fragment is generated by physical fragmentation of a
reference agent. In some instances, a fragment is not generated by physical fragmentation of a
reference agent and can be instead, for example, produced by de novo synthesis or other means.
[0042] Gene or Transgene: As used herein, the term “gene” refers to a DNA sequence
that is or includes coding sequence (i.e., a DNA sequence that encodes an expression product,
such as an RNA product and/or a polypeptide product), optionally together with some or all of
regulatory sequences that control expression of the coding sequence. In some embodiments, a
gene includes non-coding sequence such as, without limitation, introns. In some embodiments, a
gene may include both coding (e.g., exonic) and non-coding (e.g., intronic) sequences. In some
embodiments, a gene includes a regulatory sequence that is a promoter. In some embodiments, a

gene includes one or both of a (i) DNA nucleotides extending a predetermined number of
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nucleotides upstream of the coding sequence in a reference context, such as a source genome,
and (i1) DNA nucleotides extending a predetermined number of nucleotides downstream of the
coding sequence in a reference context, such as a source genome. In various embodiments, the
predetermined number of nucleotides can be 500 bp, 1 kb, 2 kb, 3 kb, 4 kb, 5 kb, 10 kb, 20 kb,
30 kb, 40 kb, 50 kb, 75 kb, or 100 kb. Asused herein, a “transgene” refers to a gene that is not
endogenous or native to a reference context in which the gene is present or into which the gene
may be placed by engineering.

[0043] Gene product or expression product: As used herein, the term “gene product” or
“expression product” generally refers to an RNA transcribed from the gene (pre-and/or post-
processing) or a polypeptide (pre- and/or post-modification) encoded by an RNA transcribed
from the gene.

[0044] Heterologous: As used herein, a first nucleic acid sequence is “heterologous” to
a second nucleic acid sequence if the first nucleic acid sequence is not operatively linked with
the second nucleic acid sequence in nature. By extension, a polypeptide is “heterologous” to an
expression control sequence if it is encoded by nucleic acid sequence heterologous the promoter.
[0045] Identity: As used herein, the term “identity” refers to the overall relatedness
between polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or
RNA molecules) and/or between polypeptide molecules. Methods for the calculation of a
percent identity as between two provided sequences are known in the art. Calculation of the
percent identity of two nucleic acid or polypeptide sequences, for example, can be performed by
aligning the two sequences (or the complement of one or both sequences) for optimal
comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
sequences for optimal alignment and non-identical sequences can be disregarded for comparison
purposes). The nucleotides or amino acids at corresponding positions are then compared. When
a position in the first sequence is occupied by the same residue (e.g., nucleotide or amino acid) as
the corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences is a function of the number of identical
positions shared by the sequences, optionally taking into account the number of gaps, and the
length of each gap, which may need to be introduced for optimal alignment of the two sequences.

The comparison of sequences and determination of percent identity between two sequences can
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be accomplished using a computational algorithm, such as BLAST (basic local alignment search
tool).

[0046] “Improve,” “increase,” “inhibit,” or “reduce”: As used herein, the terms
“improve”, “increase”, “inhibit”, and “reduce”, and grammatical equivalents thereof, indicate
qualitative or quantitative difference from a reference.

[0047] Isolated: As used herein, “isolated” or “purified” can refer to a substance and/or
entity that has been (a) separated from at least some of the components with which it was
associated when initially produced (whether in nature and/or in an experimental setting), and/or
(b) designed, produced, prepared, and/or manufactured by the hand of man. Isolated substances
and/or entities may be separated from at least about 10%, about 20%, about 30%, about 40%,
about 50%, about 60%, about 70%, about 80%, about 90%, about 91%, about 92%, about 93%,
about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99%
of the other components with which they were initially associated. In some embodiments,
isolated substances and/or entities are at least about 80%, about 85%, about 90%, about 91%,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%,
or more than about 99% pure. As used herein, a substance and/or entity is “pure” if it is
substantially free of other components. In some embodiments, as will be understood by those
skilled in the art, a substance and/or entity may still be considered “isolated” or “pure” after
having been combined with certain other components such as, for example, one or more carriers
or excipients (e.g., buffer, solvent, water, etc.); in such embodiments, percent isolation or purity
of the substance and/or entity is calculated without including such carriers or excipients. To give
but one example, in some embodiments, a biological polymer such as a polypeptide or
polynucleotide that occurs in nature can be referred to as“isolated” when, (a) by virtue of its
origin or source of derivation is not associated with some or all of the components with which it
was associated in its native state in nature; (b) it is substantially free of other polypeptides or
nucleic acids of the same species from the species that produces it in nature; (c) is expressed by
or is otherwise in association with components from a cell or other expression system that is not
of the species that produces it in nature. Thus, for instance, in some embodiments, a polypeptide
that is chemically synthesized or is synthesized in a cellular system different from that which

produces it in nature is considered to be an “isolated” polypeptide. Alternatively or additionally,
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in some embodiments, a polypeptide that has been subjected to one or more purification
techniques may be considered to be an “isolated” polypeptide to the extent that it has been
separated from other components (a) with which it is associated in nature; and/or (b) with which
it was associated when initially produced.

[0048] Nucleic acid:  As used herein, in its broadest sense, the term “nucleic acid” refers
to any compound and/or substance that is or can be incorporated into an oligonucleotide chain.
In some embodiments, a nucleic acid is a compound and/or substance that is or can be
incorporated into an oligonucleotide chain via a phosphodiester linkage. As will be clear from
context, in some embodiments, the term nucleic acid refers to an individual nucleic acid residue
(e.g., a nucleotide and/or nucleoside), and in some embodiments refers to an polynucleotide
chain including a plurality of individual nucleic acid residues. A nucleic acid can be or include
DNA, RNA, or a combinations thereof. A nucleic acid can include natural nucleic acid residues,
nucleic acid analogs, and/or synthetic residues. In some embodiments, a nucleic acid includes
natural nucleotides (e.g., adenosine, thymidine, guanosine, cytidine, uridine, deoxyadenosine,
deoxythymidine, deoxy guanosine, and deoxycytidine). In some embodiments, a nucleic acid is
or includes of one or more nucleotide analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine,
pyrrolo-pyrimidine, 3 -methyl adenosine, 5-methylcytidine, C-5 propynyl-cytidine, C-5
propynyl-uridine, 2-aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-
propynyl-uridine, C5 -propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-
deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine, 2-
thiocytidine, methylated bases, intercalated bases, and combinations thereof). In some
embodiments, a nucleic acid has a nucleotide sequence that encodes a functional gene product
such as an RNA or protein. In some embodiments, a nucleic acid includes one or more introns.
In some embodiments, a nucleic acid includes one or more genes. In some embodiments, nucleic
acids are prepared by one or more of isolation from a natural source, enzymatic synthesis by
polymerization based on a complementary template (iz2 vivo or in vitro), reproduction in a
recombinant cell or system, and chemical synthesis. In some embodiments, a nucleic acid
analog differs from a nucleic acid in that it does not utilize a phosphodiester backbone. For
example, in some embodiments, a nucleic acid can include one or more peptide nucleic acids,

which are known in the art and have peptide bonds instead of phosphodiester bonds in the
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backbone. Alternatively or additionally, in some embodiments, a nucleic acid has one or more
phosphorothioate and/or 5'-N-phosphoramidite linkages rather than phosphodiester bonds. In

some embodiments, a nucleic acid includes one or more modified sugars (e.g., 2'-fluororibose,
ribose, 2'-deoxyribose, arabinose, and hexose) as compared with those in natural nucleic acids.
In some embodiments, a nucleic acid is or includes at least 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 1 10, 120, 130, 140, 150, 160, 170, 180,
190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 600, 700, 800, 900, 1000,
1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000 or more residues. In some embodiments, a

>

nucleic acid is partly or wholly single stranded, or partly or wholly double stranded. In some
embodiments a nucleic acid has a sequence including at least one element that encodes, or is the
complement of a sequence that encodes, a polypeptide. In some embodiments, a nucleic acid has
enzymatic activity.

[0049] Operably linked: As used herein, “operably linked” refers to the association of at
least a first element and a second element such that the component elements are in a relationship
permitting them to function in their intended manner. For example, a nucleic acid regulatory
sequence is "operably linked" to a nucleic acid coding sequence if the regulatory sequence and
coding sequence are associated in a manner that permits control of expression of the coding
sequence by the regulatory sequence. In some embodiments, an "operably linked" regulatory
sequence is directly or indirectly covalently associated with a coding sequence (e.g., in a single
nucleic acid). In some embodiments, a regulatory sequence controls expression of a coding
sequence in frans and inclusion of the regulatory sequence in the same nucleic acid as the coding
sequence is not a requirement of operable linkage.

[0050] Pharmaceutically acceptable: As used herein, the term “pharmaceutically
acceptable,” as applied to one or more, or all, component(s) for formulation of a composition as
disclosed herein, means that each component must be compatible with the other ingredients of
the composition and not deleterious to the recipient thereof.

[0051] Pharmaceutically acceptable carrier: As used herein, the term “pharmaceutically
acceptable carrier” refers to a pharmaceutically-acceptable material, composition, or vehicle,
such as a liquid or solid filler, diluent, excipient, or solvent encapsulating material, that facilitates

formulation of an agent (e.g., a pharmaceutical agent), modifies bioavailability of an agent, or
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facilitates transport of an agent from one organ or portion of a subject to another. Some
examples of materials which can serve as pharmaceutically-acceptable carriers include: sugars,
such as lactose, glucose and sucrose; starches, such as corn starch and potato starch; cellulose,
and its derivatives, such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository
waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and
polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents, such as
magnesium hydroxide and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic
saline; Ringer’s solution; ethyl alcohol; pH buffered solutions; polyesters, polycarbonates and/or
polyanhydrides; and other non-toxic compatible substances employed in pharmaceutical
formulations.

[0052] Pharmaceutical composition: As used herein, the term “pharmaceutical
composition” refers to a composition in which a therapeutic agent is formulated together with
one or more pharmaceutically acceptable carriers.

[0053] Polypeptide: As used herein, “polypeptide” refers to any polymeric chain of
amino acids. In some embodiments, a polypeptide has an amino acid sequence that occurs in
nature. In some embodiments, a polypeptide has an amino acid sequence that does not occur in
nature. In some embodiments, a polypeptide has an amino acid sequence that is engineered in
that it is designed and/or produced through action of the hand of man. In some embodiments, a
polypeptide may be or include of natural amino acids, non-natural amino acids, or both. In some
embodiments, a polypeptide may be or include only natural amino acids or only non-natural
amino acids. In some embodiments, a polypeptide can include D-amino acids, L-amino acids, or
both. In some embodiments, a polypeptide may include only L-amino acids. In some
embodiments, a polypeptide may include one or more pendant groups or other modifications,
e.g., one or more amino acid side chains, e.g., at the polypeptide’s N-terminus, at the
polypeptide’s C-terminus, at non-terminal amino acids, or at any combination thereof. In some
embodiments, such pendant groups or modifications may be selected from acetylation,
amidation, lipidation, methylation, phosphorylation, glycosylation, glycation, sulfation,

mannosylation, nitrosylation, acylation, palmitoylation, prenylation, pegylation, etc., including
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combinations thereof. In some embodiments, a polypeptide may be cyclic, and/or may include a
cyclic portion.

[0054] In some embodiments, the term “polypeptide” may be appended to a name of a
reference polypeptide, activity, or structure to indicate a class of polypeptides that share a
relevant activity or structure. For such classes, the present specification provides and/or those
skilled in the art will be aware of exemplary polypeptides within the class whose amino acid
sequences and/or functions are known. In some embodiments, a member of a polypeptide class
or family shows significant sequence homology or identity with, shares a common sequence
motif (e.g., a characteristic sequence element) with, and/or shares a common activity (in some
embodiments at a comparable level or within a designated range) with a reference polypeptide of
the class. For example, in some embodiments, a member polypeptide shows an overall degree of
sequence homology or identity with a reference polypeptide that is at least about 30-40%, and is
often greater than about 50%, 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99% or more and/or includes at least one region (e.g., a conserved region that can in some
embodiments be or include a characteristic sequence element) that shows very high sequence
identity, often greater than 90% or even 95%, 96%, 97%, 98%, or 99%. Such a conserved region
usually encompasses at least 3-4 and in some instances up to 20 or more amino acids; in some
embodiments, a conserved region encompasses at least one stretch of at least 2, 3,4, 5,6, 7, 8,9,
10, 11, 12, 13, 14, 15 or more contiguous amino acids. In some embodiments, a relevant
polypeptide can be or include a fragment of a parent polypeptide. In some embodiments, a
useful polypeptide may be or include a plurality of fragments, each of which is found in the same
parent polypeptide in a different spatial arrangement relative to one another than is found in the
polypeptide of interest (e.g., fragments that are directly linked in the parent may be spatially
separated in the polypeptide of interest or vice versa, and/or fragments may be presentin a
different order in the polypeptide of interest than in the parent), so that the polypeptide of interest
is a derivative of its parent polypeptide.

[0055] Prevent or prevention: The terms “prevent” and “prevention,” as used herein in
connection with the occurrence of a disease, disorder, or condition, refers to reducing the risk of
developing the disease, disorder, or condition; delaying onset of the disease, disorder, or

condition; delaying onset of one or more characteristics or symptoms of the disease, disorder, or
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condition; and/or to reducing the frequency and/or severity of one or more characteristics or
symptoms of the disease, disorder, or condition. Prevention can refer to prevention in a
particular subject or to a statistical impact on a population of subjects. Prevention can be
considered to have occurred when onset of a disease, disorder, or condition has been delayed for
a period of time that is predefined or understood by those of skill in the art.

[0056] Promoter: As used herein, a “promoter” or “promoter sequence” can be a DNA
regulatory region that directly or indirectly (e.g., through promoter-bound proteins or substances)
participates in initiation and/or processivity of transcription of a coding sequence. A promoter
may, under suitable conditions, initiate transcription of a coding sequence upon binding of one or
more transcription factors and/or regulatory moieties with the promoter. A promoter that
participates in initiation of transcription of a coding sequence can be “operably linked” to the
coding sequence. In certain instances, a promoter can be or include a DNA regulatory region
that extends from a transcription initiation site (at its 3’ terminus) to an upstream (5’ direction)
position such that the sequence so designated includes one or both of a minimum number of
bases or elements necessary to initiate a transcription event. A promoter may be, include, or be
operably associated with or operably linked to, expression control sequences such as enhancer
and repressor sequences.

[0057] Reference: As used herein, “reference” refers to a standard or control relative to
which a comparison is performed. For example, in some embodiments, an agent, sample,
sequence, subject, animal, or individual, or population thereof, or a measure or characteristic
representative thereof, is compared with a reference, an agent, sample, sequence, subject, animal,
or individual, or population thereof, or a measure or characteristic representative thereof. In
some embodiments, a reference is a measured value. In some embodiments, a reference is an
established standard or expected value. In some embodiments, a reference is a historical
reference. A reference can be quantitative of qualitative. Typically, as would be understood by
those of skill in the art, a reference and the value to which it is compared represents measure
under comparable conditions. Those of skill in the art will appreciate when sufficient similarities
are present to justify reliance on and/or comparison. In some embodiments, an appropriate
reference may be an agent, sample, sequence, subject, animal, or individual, or population

thereof, under conditions those of skill in the art will recognize as comparable, e.g., for the
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purpose of assessing one or more particular variables (e.g., presence or absence of an agent or
condition), or a measure or characteristic representative thereof.

[0058] Regulatory Sequence: As used herein in the context of expression of a nucleic
acid coding sequence, a regulatory sequence is a nucleic acid sequence that controls expression
of a coding sequence. In some embodiments, a regulatory sequence can control or impact one or
more aspects of gene expression (e.g., cell-type-specific expression, inducible expression, etc.).
[0059] Risk: Asused herein with respect to a disease, disorder, or condition, the term
“risk” refers to the qualitative or quantitative probability (whether expressed as a percentage or
otherwise) that a particular individual will develop the disease, disorder, or condition. In some
embodiments, risk is expressed as a percentage. In some embodiments, a risk is a qualitative or
quantitative probability that is equal to or greater than 0, 1, 2, 3,4, 5,6, 7, 8, 9, 10, 20, 30, 40,
50, 60, 70, 80, 90, or 100%. In some embodiments risk is expressed as a qualitative or
quantitative level of risk relative to a reference risk or level or the risk of the same outcome
attributed to a reference. In some embodiments, relative risk is increased or decreased in
comparison to the reference sample by a factorof 1.1,1.2,1.3,1.4,15,1.6,1.7,.18, 1.9, 2, 3, 4,
5,6,7,8,9, 10, or more.

[0060] Subject: As used herein, the term “subject” refers to an organism, typically a
mammal (e.g., a human, rat, or mouse). In some embodiments, a subject is suffering from a
disease, disorder or condition. In some embodiments, a subject is susceptible to a disease,
disorder, or condition. In some embodiments, a subject displays one or more symptoms or
characteristics of a disease, disorder or condition. In some embodiments, a subject is not
suffering from a disease, disorder or condition. In some embodiments, a subject does not display
any symptom or characteristic of a disease, disorder, or condition. In some embodiments, a
subject has one or more features characteristic of susceptibility to or risk of a disease, disorder,
or condition. In some embodiments, a subject is a subject that has been tested for a disease,
disorder, or condition, and/or to whom therapy has been administered. In some instances, a
human subject can be interchangeably referred to as a “patient” or “individual.”

[0061] Susceptible to: An individual who is “susceptible to” a disease, disorder, or
condition is at risk for developing the disease, disorder, or condition. In some embodiments, an

individual who is susceptible to a disease, disorder, or condition does not display any symptoms
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of the disease, disorder, or condition. In some embodiments, an individual who is susceptible to
a disease, disorder, or condition has not been diagnosed with the disease, disorder, and/or
condition. In some embodiments, an individual who is susceptible to a disease, disorder, or
condition is an individual who has been exposed to conditions associated with, or presents a
biomarker status (e.g., a methylation status) associated with, development of the disease,
disorder, or condition. In some embodiments, a risk of developing a disease, disorder, and/or
condition is a population-based risk (e.g., family members of individuals suffering from the
disease, disorder, or condition).

[0062] Symptoms are reduced: According to the present invention, “symptoms are
reduced” when one or more symptoms of a particular disease, disorder or condition is reduced in
magnitude (e.g., intensity, severity, efc.) and/or frequency. For the avoidance of doubt, a delay
in the onset of a particular symptom is considered one form of reducing the frequency of that
symptom.

[0063] Therapeutically effective amount: As used herein, “therapeutically effective
amount” refers to an amount that produces the desired effect for which it is administered. In
some embodiments, the term refers to an amount that is sufficient, when administered to a
population suffering from or susceptible to a disease, disorder, and/or condition in accordance
with a therapeutic dosing regimen, to treat the disease, disorder, and/or condition. In some
embodiments, a therapeutically effective amount is one that reduces the incidence and/or severity
of, and/or delays onset of, one or more symptoms of the disease, disorder, and/or condition.
Those of ordinary skill in the art will appreciate that a therapeutically effective amount does not
necessarily achieve successful treatment in every particular treated individual. Rather, a
therapeutically effective amount may be that amount that provides a particular desired
pharmacological response in a significant number of subjects when administered to patients in
need of such treatment. In some embodiments, reference to a therapeutically effective amount
may be a reference to an amount as measured in one or more specific tissues (e.g., a tissue
affected by the disease, disorder or condition) or fluids (e.g., blood, saliva, serum, sweat, tears,
urine, etc.). Those of ordinary skill in the art will appreciate that, in some embodiments, a

therapeutically effective amount of a particular agent or therapy may be formulated and/or
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administered in a single dose. In some embodiments, a therapeutically effective agent may be
formulated and/or administered in a plurality of doses, for example, as part of a dosing regimen.
[0064] Treatment. As used herein, the term “treatment” (also “treat” or “treating”) refers
to administration of a therapy that partially or completely alleviates, ameliorates, relieves,
inhibits, delays onset of, reduces severity of, and/or reduces incidence of one or more symptoms,
features, and/or causes of a particular disease, disorder, or condition, or is administered for the
purpose of achieving any such result. In some embodiments, such treatment can be of a subject
who does not exhibit signs of the relevant disease, disorder, or condition and/or of a subject who
exhibits only early signs of the disease, disorder, or condition. Alternatively or additionally,
such treatment can be of a subject who exhibits one or more established signs of the relevant
disease, disorder and/or condition. In some embodiments, treatment can be of a subject who has
been diagnosed as suffering from the relevant disease, disorder, and/or condition. In some
embodiments, treatment can be of a subject known to have one or more susceptibility factors that
are statistically correlated with increased risk of development of the relevant disease, disorder, or
condition.

[0065] Unit dose: As used herein, the term “unit dose” refers to an amount administered
as a single dose and/or in a physically discrete unit of a pharmaceutical composition. In many
embodiments, a unit dose contains a predetermined quantity of an therapeutic agent. In some
embodiments, a unit dose contains an entire single dose of the agent. In some embodiments,
more than one unit dose is administered to achieve a total single dose. In some embodiments,
administration of multiple unit doses is required, or expected to be required, in order to achieve
an intended effect. A unit dose can be, for example, a volume of liquid (e.g., an acceptable
carrier) containing a predetermined quantity of one or more therapeutic agents, a predetermined
amount of one or more therapeutic agents in solid form, a sustained release formulation or drug
delivery device containing a predetermined amount of one or more therapeutic agents, etc. It
will be appreciated that a unit dose can be present in a formulation that includes any of a variety
of components in addition to the therapeutic agent(s). For example, acceptable carriers (e.g.,
pharmaceutically acceptable carriers), diluents, stabilizers, buffers, preservatives, etc., can be
included. It will be appreciated by those skilled in the art, in many embodiments, a total

appropriate daily dosage of a particular therapeutic agent can include a portion, or a plurality, of
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unit doses, and can be decided, for example, by a medical practitioner within the scope of sound
medical judgment. In some embodiments, the specific effective dose level for any particular
subject or organism can depend upon a variety of factors including the disorder being treated and
the severity of the disorder; activity of specific therapeutic agent employed; specific composition
employed; age, body weight, general health, sex and diet of the subject; time of administration,
and rate of excretion of the specific therapeutic agent employed; duration of the treatment; drugs
and/or additional therapies used in combination or coincidental with specific compound(s)

employed, and like factors well known in the medical arts.

BRIEF DESCRIPTION OF THE DRAWING
[0066] Fig. 1. The rate of production of levan (mg/dL over time (minutes)) in a culture
of bacteria (strain ZB423) engineered to express levansucrase. Levan is calculated from glucose
release and verified in batch culture by HPAEC and NMR (see Figures 3-7).
[0067] Fig. 2 is an SDS-PAGE gel showing accumulation of secreted levansucrase
enzyme in supernatant. Lanes 1 and 2 are cell pellet lysates from strains not encoding SacB
(PY79) or engineered to encode SacB (ZB423) respectively. Lanes 6 and 7 are cell culture
supernatant from strains not encoding SacB (PY79) or engineered to encode SacB (ZB423)
respectively. Lanes 3, 4, and 5 are supernatant from other Bacillus subtilis strains not relevant to
this study. Lane 8 contains cell culture media only as a control reference. Lane 9 contains the
protein ladder with bands corresponding to 10, 15, 20, 25, 37, 50, 75, 100, 150, 250 kDa from
bottom to top. The supernatant fraction of ZB423 clearly shows a band adjacent to the 50 kDa
ladder marker, matching the expected size of 52.99 kDa for SacB protein.
[0068] Fig. 3 High Performance Anion Exchange Chromatography (HPAEC) data for
Levan isolated from ZB423 culture. A culture of ZB423 in production media containing sucrose
was grown for 72 hours. The cell culture was then pelleted to remove cells and cold ethanol
(1:1.5) was added to the supernatant. A white precipitate was observed and further purified by
twice repeating dissolution in water and precipitation in cold ethanol followed by centrifugation
to collect the pellet. The pellet was dried under vacuum for 24 hours before analysis. A separate
industry standard for inulin was analyzed using the same HPAEC method. A strain of Bacillus

subtilis PY79 that was not engineered to express SacB did not produce a precipitate or pellet
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from the supernatant and could not be analyzed. A) A chromatogram of 10g of sample from the
ZBA423 pellet showing a degree of polymerization (DP) of around 50 B) An inulin standard run
with the same HPAEC method and column for comparison showing a DP of around 14
consistent with plant inulin extracts.

[0069] Fig. 4 TH-NMR spectra of Levan isolated from ZB423 culture. The spectra shows
a solvent peak at 4.78 ppm; a doublet at 4.18, 4.16 ppm (integral: 1); a triplet at 4.09, 4.07, 4.06
ppm (integral: 1), two peaks with amorphous splitting at 3.93, 3.91, 3.88, 3.87 ppm (integral: 2),
a doublet at 3.76, 3.74 ppm; a doublet at 3.67, 3.64 ppm; and a triplet at 3.55, 3.53, 3.52 ppm.
Solvent was D20.

[0070] Fig. 5 13C-NMR Spectra of Levan isolated from ZB423 culture. The spectra
shows peaks at 59.96, 104.25, 76.35, 75.24, 80.31, 63.42 ppm.

[0071] Fig. 6 HSQC-NMR Spectra of Levan isolated from ZB423 culture. This spectra
shows the associations between 13C atoms and 1H NMR peaks. The result matches that
analyzed previously for Levan from plant sources.

[0072] Fig. 7 Table of 13C-NMR chemical shifts for Levan isolated from ZB423 culture
and comparison to literature.

[0073] Fig. 8 Lactose degradation during transgalactosylation reactions in a culture of B.
subtilis engineered with beta-galactosidase LacZ. Lactose is calculated from released glucose.
The direct correlation between glucose accumulation and Lactose degradation is confirmed in
control samples using purified lactase to effect complete Lactose degradation and correlating to
released glucose.

[0074] Fig. 9 Trehalulose production from cell supernatant (testing activity of secreted
enzyme) isolated from culture broth of engineered strains of Bacillus subtilis PY79 with mutB
(Z28459) or without mutB (ZS161) operably linked to the hag promoter in the expression locus.
Trehalulose is calculated as the reduction in total sucrose. The theoretical limit is equal to the
amount of sucrose added to the cell supernatant during the assay.

[0075] Fig. 10 Trehalulose production from whole cell broth (testing combined activity
of intracellular and secreted enzyme) containing engineered strains of Bacillus subtilis PY79

with mutB (ZS459) or without mutB (ZS161) operably linked to the Aag promoter in the
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expression locus. Trehalulose is calculated as the reduction in total sucrose. The theoretical

limit is equal to the amount of sucrose added to the cell supernatant during the assay.

DETAILED DESCRIPTION
[0076] Metabolism and nutrition are complex areas in which many challenges have been
identified. Functions of the gut (e.g., human gut) and gut microbiome (e.g., human gut
microbiome) have been increasingly recognized, presenting new challenges in metabolism and
nutrition. Certain of these challenges relate to the role of carbohydrates in human metabolism
and nutrition. For instance, one function of the gut and/or gut microbiome is to digest
carbohydrates, often into monosaccharides such as glucose, fructose, and galactose. Diets high
in carbohydrates have been linked to, e.g., high blood pressure, heart disease, obesity, diabetes,
high blood glucose and other health problems. Another important metabolic and nutritional
challenge relates to soluble fiber. Soluble fiber can improve, e.g., gut health, and improve or
reduce the risk of conditions such as high blood cholesterol, heart disease, obesity, diabetes, high
blood glucose, and other health problems. Gut carbohydrates and gut soluble fiber can
beneficially (e.g., therapeutically) or detrimentally impact the composition of the gut microbiome
(e.g., the types and concentrations or amounts of the various microbes of the gut microbiome).
[0077] Those of skill in the art will appreciate that modern diets typically include
concentrations and/or amounts of carbohydrate (e.g., monosaccharides and/or disaccharides
and/or complex carbohydrate) that are in excess of nutritional requirements. Excess
monosaccharides and/or disaccharides can in various instances result from consumption of
monosaccharides, disaccharides, or complex carbohydrates, any and/or all of which are common
in many modern diets. For instance, according to certain estimates, 5% of consumed sucrose can
traverse the small intestine without being degraded and digested. Thus, from a typical
carbohydrate source such as a can of soda, containing, e.g., 30g of sucrose, as much as 1.5g of
sucrose can pass through the stomach and small intestine to reach the colon). Furthermore,
sucrose in the intestine can be cleaved into glucose and fructose. While glucose can be rapidly
absorbed through the intestinal lining, fructose is absorbed more slowly, resulting in
accumulation of fructose in the colon. The present specification recognizes that agents that can

increase certain generally beneficial microbiome processes, activities, and/or types of microbes,
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that can decrease certain generally deleterious microbiome processes, activities, and/or types of
microbes, or that can promote a beneficial overall microbiome composition, are needed. Those
of skill in the art will further appreciate that it is not necessary to articulate individual effects
(e.g., on the composition of the gut microbiome) of an agent (e.g., to identify gut microbiome
bacteria that are increased or decreased by delivery of the agent to the gut) to demonstrate and/or
appreciate that the agent has a beneficial impact on health and/or the gut microbiome.

[0078] Those of skill in the art will further appreciate that modern diets typically include
concentrations and/or amounts of fiber (e.g., soluble fiber) that are lower than the concentrations
and/or amounts optimal for human health. Consumption of fiber (e.g., a high-fiber diet, e.g., a
high-soluble fiber diet) helps maintain gut health. Fiber is commonly classified as soluble fiber,
which can be dissolved in water to form a gel-like material, or insoluble fiber, which cannot be
dissolved in water. Consumption of fiber (particularly soluble fiber) can help to maintain
healthy body weight (e.g., to reduce or stabilize body weight), and/or to decrease risk of
developing diabetes, heart disease, and/or some types of cancer (e.g., colorectal cancer and/or
other gut or intestinal cancers). Consumption of fiber (particularly soluble fiber) can decrease
risk of dying from cardiovascular disease and all cancers, causing and/or permitting increased
longevity. Consumption of fiber (particularly soluble fiber) can decrease risk of developing
hemorrhoids and/or small pouches in your colon (diverticular disease). Consumption of fiber
(particularly soluble fiber) can decrease blood pressure and inflammation. Consumption of fiber
(particularly soluble fiber) can slow absorption of glucose into blood and/or cause a decrease in
blood glucose levels and/or stabilize blood glucose levels (e.g., decrease variation in blood
glucose levels over time), e.g., in diabetic subjects. Soluble fiber can help decrease blood
cholesterol (e.g., total blood cholesterol concentration or amount), e.g., by decreasing low-
density lipoprotein levels.

[0079] Gut carbohydrates and gut soluble fiber impact the composition of the gut
microbiome. The gut microbiome typically includes trillions of microbes that contribute to, e.g.,
metabolism, nutrient and mineral absorption, synthesis of enzymes, vitamins and amino acids,
and production of short-chain fatty acids (SCFAs). Microbes of the gut microbiome have
tremendous potential to impact health (e.g., contribute to wellbeing or to disease) and/or

physiology. Microbes of the gut microbiome can have metabolic activities that impact health of
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a host organism, protect a host organism against pathogens, educate the immune system of a host
organism, and/or directly or indirectly affect many physiologic functions. The gut microbiome
includes a variety of different types of microbes (e.g., a variety of different bacterial phyla,
classes, orders, families, genera, species, and/or strains), each of which can be characterized by
different metabolic characteristics. For example, different types of microbes may demonstrate
increased or decreased growth under any of a variety of conditions, e.g., in the presence of
carbohydrates or in the presence of fiber. Moreover, certain microbes are considered to be
beneficial, certain microbes are considered to be harmful, and the overall composition of the gut
microbiome (e.g., the relative amounts of different microbes in the gut microbiome) is
considered to be an important factor in health.

[0080] Carbohydrate consumption and/or gut carbohydrate (e.g., consumption and/or
excess of monosaccharides and/or disaccharides) can adversely impact the gut microbiome
and/or cause various conditions associated with excess carbohydrate. Insufficient soluble fiber
in the gut can also adversely impact the gut microbiome (e.g., gut microbiome composition
and/or activity) and/or cause various conditions associated with insufficient fiber. Soluble fiber
can also promote growth of health-promoting bacteria. Accordingly, carbohydrate consumption
and/or insufficient fiber consumption can cause a disruption of the balance of microbiome strains
(dysbiosis) of the gut microbiome, e.g., of the large intestine, e.g., by increasing the
concentration or amount of Proteobacteria, decreasing the concentration or amount of
Bacteroidetes, and/or causing an increase the ratio of Proteobacteria to Bacteroidetes. Dysbiosis
of gut microbiota is associated with the pathogenesis of intestinal conditions (e.g. inflammatory
bowel disease, and irritable bowel syndrome (IBS)), and extra-intestinal conditions (e.g, allergy,
asthma, metabolic syndrome, cardiovascular disease, and obesity). Dysbiosis can include and/or
present symptoms including bloating, cramping, gas, and diarrhea. Additionally, concentration
and/or amount of Proteobacteria and/or Bacteroidetes, and/or the ratio thereof, can contribute to
maintenance of immunological homeostasis and/or epithelial integrity in the intestinal mucosa.
The genus Bacteroidetes has been associated with numerous health benefits, including the
downregulation of inflammatory responses in the gut. Further to these impacts on the

composition of the gut microbiome and functions thereof, sucrose and gut cleavage products
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glucose and fructose are known to have direct effects in silencing certain health-beneficial
functions of gut microbiome bacteria such as bacteroides.

[0081] The present disclosure therefore recognizes a variety of distinct gut conditions
(e.g., characterized by concentration or amount of one or more metabolites, e.g., increased or
decreased relative to a reference) that benefit health and/or the gut microbiome. These target gut
= conditions that benefit health and/or the gut microbiome can include any of one or more of (i)
decrease in the concentration or amount of monosaccharides and/or disaccharides in the gut as
compared to a reference and/or (ii) increase in the concentration or amount of gut fiber (e.g., gut
soluble fiber) as compared to a reference, e.g., where the reference is a concentration or amount
in the same subject at an earlier time, a concentration or amount identified as normal or healthy,
a concentration or amount identified as abnormal or unhealthy, a concentration or amount
representative of typical or healthy subjects, a concentration or amount representative of atypical
or unhealthy subjects. The present disclosure further provides that decreasing the concentration
or amount monosaccharides and/or disaccharides in the gut can be achieved, e.g., by competitive
uptake of monosaccharides and/or disaccharides (e.g., sucrose) in the gut (e.g., in the small
intestine and/or colon) by an alternative and/or beneficial process, and/or by removal of fructose
produced from sucrose degradation in the gut (e.g., in the small intestine). The present
disclosure further provides that the concentration or amount of gut fiber (e.g., gut soluble fiber)
can be increased by synthesis in the gut of soluble fiber. The present disclosure further provides
that these target gut nutrient conditions of reduced carbohydrate and increased fiber provide
synergistic benefits to health and/or the gut microbiome, at least because monosaccharides
and/or disaccharides can inhibit beneficial growth of the microbiome and/or of microbes thereof
while soluble fiber promotes positive growth of the microbiome and/or of microbes thereof, and
separately or additionally in some instances because low carbohydrate and high fiber can
together modulate, decrease, and/or stabilize blood glucose levels. Moreover, methods and
compositions of the present disclosure surprisingly and synergistically achieve both target gut
nutrient conditions of decreased concentration or amount of gut monosaccharides and/or
disaccharides and increased concentration or amount of fiber.

[0082] The present disclosure recognizes, among other things, at least two forms of

synergy between carbohydrates (such as monosaccharides and/or disaccharides, including
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without limitation monosaccharides produced by digestion of complex carbohydrates) and
soluble fiber: first, that soluble fiber in the gut can slow the digestion of carbohydrate (e.g.,
monosaccharides and/or disaccharides), and second that both carbohydrates (e.g.,
monosaccharides and/or disaccharides) and soluble fiber have profound impacts on the gut
microbiome, the present disclosure including that reducing gut monosaccharides and/or
disaccharides and increasing gut soluble fiber are independently and synergistically beneficial.
The present disclosure provides compositions such as engineered bacteria, and methods of using
the same, that benefit health by decreasing concentration and/or amount of gut monosaccharides
and/or disaccharides and increasing gut soluble fiber, e.g., by enzymatic synthesis of fiber from
substrates including carbohydrate (e.g., monosaccharides and/or disaccharides).

[0083] Various methods and compositions of the present disclosure include an
engineered bacterium, such as a probiotic bacterium, that decreases amount and/or concentration
of monosaccharides and/or disaccharides in the gut and increases amount and/or concentration of
soluble fiber in the gut by enzymatically converting carbohydrate (e.g., monosaccharides and/or
disaccharides) to soluble fiber. Enzymatic reactions that perform this function include but are not
limited to oligofructose-synthases, which cleave sucrose and seclude fructose into a growing
oligo-fructose chain which is not digestible by human enzymes in the intestinal tract.
Accordingly, in certain exemplary embodiments, a composition or method of the present
disclosure degrades sucrose and incorporates fructose into a fiber molecule. In certain particular
methods and composition of the present disclosure, an engineered bacterium processes
monosaccharides and/or disaccharides to produce levan fiber (e.g., by incorporating

carbohydrate moieties into soluble fiber molecules).

Reducing Carbohydrate and Synthesizing Fiber

[0084] Compositions and methods of the present disclosure that decrease concentration
or amount of gut carbohydrate (monosaccharides and/or disaccharides) and increase
concentration or amount of gut fiber (e.g., soluble fiber) include enzymes that convert
carbohydrate to fiber and further include engineered bacteria that encode and/or express enzymes
that convert carbohydrate to fiber. The present disclosure includes the inventors’ recognition

that certain plant and bacterial enzymes participate in, catalyze, and/or cause reactions in which
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soluble indigestible fiber molecules are synthesized (e.g., directly) from substrates including one
or more carbohydrates, e.g., by incorporating carbohydrate moieties into fiber molecules.
Certain such reactions typically occur in non-therapeutic contexts and/or contexts that are not
within a subject, e.g., during fermentation of food with soil bacteria, or during growth of plants
in soil. Various bacteria and plants employ conversion of carbohydrates to fiber in producing
energy storage molecules, structural molecules, and/or osmotic gradients. To the knowledge of
the present inventors, none of these bacteria or plants, nor cells thereof, can, upon administration
to a subject, cause incorporation of carbohydrate moieties consumed by the subject into fiber
molecules, nor do so in therapeutically effective amounts (e.g., there is no therapeutically
effective dosage of these bacteria or plants or cells thereof for synthesis in a subject of fiber
molecules from consumed carbohydrates). The present disclosure reveals that introduction of
such reactions into the context of the gut by administration to a subject of a bacterium engineered
for such a reaction can decrease concentration or amount of gut monosaccharides and/or

disaccharides while increasing gut soluble fiber.

Transgenes

[0085] The present disclosure includes engineered nucleic acids (transgenes) that encode
and/or express a variety of exemplary enzymes that synthesize fiber from substrates including
carbohydrate (fiber-synthesizing enzymes). Various fiber-synthesizing enzymes are known in
the art, e.g., from studies of the conversion of carbohydrates to fibers in microorganisms (e.g.,
for use in a controlled fermentation context). For example, various fiber-synthesizing enzymes
have been characterized, e.g., for sequence and/or fiber production characteristics in laboratory
settings and systems such as F. coli.

[0086] In various embodiments, fiber-synthesizing enzymes of the present disclosure
utilize a carbohydrate substrate selected from one or more of UDP-glucose, UDP-galactose,
UDP-fucose, ADP-a-D-glucose, UDP-galacturonic acid, UDP-N-acetyl-alpha-D-glucosamine,
galactinol, lactose, glucose, and sucrose and/or wherein the carbohydrate decreased in amount or
concentration in the gut is selected from one or more of glucose, galactose, sucrose, fructose,
and/or lactose as a substrate in synthesizing a fiber that includes glucose, fructose, galacturonic

acid, N-acetyl-D-glucosamine, and/or galactose monomers, e.g., wherein synthesized fibers
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include one or more of laminaribiose, callose, curdlan, oat beta-glucan, laminarin, pleuran,
lentinan, yeast beta glucan, trehalulose, inulin, kestose, nystose, levan, raffinose, stachyose,
and/or verbascose. In various embodiments, fiber-synthesizing enzymes of the present
disclosure utilize UDP-glucose as a substrate in synthesizing fiber including glucose monomers,
e.g., where synthesized fibers are or include one or more of laminaribiose, callose, curdlan, oat
beta-glucan, laminarin, pleuran, lentinan, yeast beta glucan, and/or trehalulose. In various
embodiments, fiber-synthesizing enzymes of the present disclosure utilize sucrose as a substrate
in synthesizing fiber including fructose monomers, e.g., where synthesized fibers are or include
inulin, kestose, nystose, and/or levan. In various embodiments, fiber-synthesizing enzymes of
the present disclosure utilize sucrose and UDP-galactose as a substrate in synthesizing fiber
including galactose monomers, e.g., where synthesized fibers are or include raffinose, stachyose,
and/or verbascose.

[0087] Representative examples of fiber-synthesizing enzymes include a 1,3-beta-glucan
synthase (e.g., 1,3-beta-glucan synthase component FKS1 or callose synthase 1), a 1,3;1,4-beta-
D-glucan synthase (e.g., probable mixed-linked glucan synthase 6), a 1,6-beta-glucan synthase
(e.g., Cell wall synthesis protein KRE9) a sucrose isomerase, a levansucrase, or a 1,6-alpha-
galactosyltransferase (e.g., galactinol--sucrose galactosyltransferase). Representative examples
of fiber-synthesizing enzymes include Levanosucrase (sucrose 6-fructosyltransferase; beta-2,6-
fructosyltransferase; beta-2,6-fructan:D-glucose 1-fructosyltransferase; EC 2.4.1.10);
inulosucrase (sucrose:2,1-beta-D-fructan 1-beta-D-fructosyltransferase; sucrose 1-
fructosyltransferase; EC 2.4.1.9); fructosyltransferase (2,1-fructan:2,1-fructan 1-
fructosyltransferase; 1,2-beta-D-fructan 1(F)-fructosyltransferase; 1,2-beta-D-fructan:1,2-beta-D-
fructan 1(F)-beta-D-fructosyltransferase; 1,2-beta-fructan 1(F)-fructosyltransferase; FFT;
Fructan:fructan fructosyl transferase, EC 2.4.1.100); sucrose fructosyltransferase (SST; Sucrose
1(F)-fructosyltransferase; Sucrose-sucrose 1-fructosyltransferase; Sucrose:sucrose 1(F)-beta-D-
fructosyltransferase; Sucrose:sucrose 1-fructosyltransferase; EC 2.4.1.99); Mutansucrase (EC
2.4.1.372); Sucrose--glucan glucosyltransferase (EC 2.4.1.4); Sucrose 6-glucosyltransferase (EC
2.4.1.5); Alpha~(1->2) branching sucrase (EC 2.4.1.373); Alternansucrase (Sucrose-1,6(3)-alpha-
glucan 6(3)-alpha-glucosyltransferase; Sucrose:1,6-, 1,3-alpha-D-glucan 3-alpha- and 6-alpha-D-
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glucosyltransferase; EC 2.4.1.140); Sucrose--1,6-alpha-glucan 3(6)-alpha-glucosyltransferase
(EC 2.4.1.125).

[0088] In one embodiment, a probiotic organism is engineered with a 2,1 beta
fructosyltransferase (inulosucrase) to enable the synthesis of fructooligosaccharides (inulin, 1-
kestose, 1-nystose) from consumed sucrose in the digestive tract. In another embodiment, a
probiotic organism is engineered with a 2,6 beta fructosyltransferase (levanosucrase) to enable
the synthesis of fructooligosaccharides (Ievan, 6-kestose, 6-nystose) from consumed sucrose in
the digestive tract. In another embodiment, a probiotic organism is engineered with a
galactosyltransferase specific to lactose (such as B(1—4) galactosyltransferase) to enable the
synthesis of lactose terminal galactooligosaccharides (human milk oligosaccharides,
galactooligosaccharides) from consumed lactose in the digestive tract. In another embodiment, a
probiotic organism is engineered with a galactosyltransferase specific to galactinol (such as
(a1—06) galactosyltransferase) to enable the synthesis of sucrose terminal
galactooligosaccharides (raffinose, stachyose, verbascose) from consumed sucrose and glucose
in the digestive tract, optionally with galactinol synthase, galactose isomerase, and membrane
transporters to increase precursors and improve synthesis rates. In another embodiment, a
probiotic organism is engineered with a B(1—3) glucan synthase (1,3-Beta-glucan synthase) to
enable the synthesis of beta-glucans (laminaribiose, callose, curdlan, oat beta-glucan) from
consumed glucose or glucose produced from consumed sucrose in the digestive tract, optionally
including fructose isomerase to enable synthesis from consumed fructose, optionally including a
1,4-beta-glucosyltransferase to enable synthesis of crosslinked polymers with improved prebiotic
qualities from consumed sucrose and glucose in the digestive tract. In another embodiment, a
probiotic organism is engineered with a f(1—3) glucan synthase (1,3-Beta-glucan synthase) is
further engineered with a f(1—6) glucan synthase (1,6-Beta-glucan synthase) to create rare
crosslinked prebiotic fibers (Laminarin/Pleuran/Lentinan/Yeast beta glucan) from consumed
sucrose and glucose in the digestive tract. In another embodiment, a probiotic organism is
engineered with a a(1—1) sucrose isomerase (trehalulose synthase) to enable the synthesis of
rare prebiotic disaccharides (Trehalulose) from consumed glucose and fructose in the digestive

tract. In another embodiment a probiotic organism is engineered with the pectin biosynthesis
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pathway to enable the synthesis of pectin and pectin-like polymers from consumed glucose and

sucrose in the digestive tract.

[0089]

the below table:

Table 1. Exemplary fiber-synthesizing enzymes

Representative examples of fiber-synthesizing enzymes are further provided in

Enzyme(s) Exemplary Fiber Fiber Product(s) Exemplary Enzyme
Gut Carbo- Monomer(s) Monomer | (Common Sequences
hydrate(s) Linkage(s) | name(s))
Decreased
(Enzyme
Substrate(s))
1,3-beta- Glucose Glucose B(1—3) Laminaribiose Saccharomyces
glucan Sucrose Callose cerevisiae FKS1 (1,3-
synthase Fructose Curdlan beta-glucan synthase
(UDP-Glucose) component)
Glucose Glucose B(1—3) Callose Arabidopsis thaliana
Sucrose (Mouse-car cress)
Fructose CALSI (Callose
(UDP-Glucose) synthase 1)
1,3;1,4-beta- Glucose Glucose B(1—=3) Oat beta-glucan | Oryza sativa subsp.
D-glucan Sucrose B(1—4) japonica CSLF6
synthase Fructose (Probable mixed-linked
(UDP-Glucose) glucan synthase 6)
1,3-beta- Glucose Glucose B(1—3) Laminarin Saccharomyces
glucan Sucrose B(1—6) Pleuran cerevisiae KRE9 (Cell
synthase, 1,6- | Fructose Lentinan wall synthesis protein
beta-glucan (UDP-Glucose) Yeast beta KRE9)
synthase glucan
Sucrose Sucrose Glucose a(1—1) Trehalulose Pseudomonas
Isomerase, (Sucrose) Fructose mesoacidophila MutB
Trehalulose (Sucrose isomerase
Synthase (Trehalulose synthase))
Trehalose-6- Glucose Glucose a(l1—1) Trehalose Escherichia coli (strain
phosphate Sucrose K12) otsA (Trehalose-6-
synthase Fructose phosphate synthase)
(UDP-Glucose,
Glucose)
Inulinsucrase Sucrose Fructose B2—1) Inulin Lactobacillus johnsonii
(Sucrose) Kestose InuJ (Inulosucrase)
Nystose
Levansucrase Sucrose Fructose B(2—6) Levan Bacillus subtilis SacB
(Sucrose) (Levansucrase)
1,6-alpha- Lactose Galactose a(1—6) Raffinose Oryza sativa subsp.
galactosyltrans | Glucose Stachyose japonica RFS
ferase Sucrose Verbascose (Galactinol--sucrose
Fructose galactosyltransferase)
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(Galactinol)
o-1,4- Lactose Galactose o(1—4) Globotriose, Neisseria meningitidis
galactosyltrans | Glucose Human  milk | 1gtC (Alpha 1,4
ferase Sucrose oligosaccharide | galactosyltransferase)
Fructose s (HMOs)
(UDP-
galactose)
Alpha-1,2- Lactose Fucose a(1-2) Human  milk | Thermosynechococcus
fucosyltransfer | Glucose oligosaccharide | elongatus t110994
ase Sucrose s (HMOs) (Alpha-1,2-
Fructose fucosyltransferase)
(GDP-fucose)
beta- Lactose Galactose B(1—3) Human  milk | Geobacillus kaustophilus
galactosidase (Lactose) oligosaccharide | BgaB (Beta-
s (HMOs) galactosidase bgaB)
b-D- Lactose Galactose B(1—4) Human  milk | Bacillus circulans Bga
Galactosidase | (Lactose) oligosaccharide | (Beta-galactosidase)
s (HMOs)
cellulose Glucose Glucose B(1—4) Cellobiose/Cell | Komagataeibacter
synthase Sucrose ulose/microcell | xylinus
Fructose ulose/Cotton (Gluconacetobacter
(UDP-Glucose) xylinus) AcsAB
(Cellulose synthase 1)
maltose Glucose Glucose a(l—4) Maltose/Amylo | Zea mays (Maize) Ssl
synthase, Sucrose se/Starch/Glyco | (Starch synthase,
starch synthase | Fructose gen chloroplastic/amyloplasti
(UDP-Glucose) <)
Starch- Glucose Glucose o(1—4), Amylopectin/St | Arabidopsis thaliana
branching Sucrose o(1—06) arch (Mouse-ear cress) SBE3
enzymE Fructose (1,4-alpha-glucan-
(UDP-Glucose) branching enzyme 3,
chloroplastic/amyloplasti
)
Glycogen Glucose Glucose o(1—4) Microbial Bacillus subtilis (strain
synthase Sucrose Glycogen 168) glgA (Glycogen
Fructose synthase)
(ADP-a-D-
glucose)
galacturonosyl | Glucose Galacturonic o(1—4) Pectin Arabidopsis thaliana
transferase Sucrose acid (Mouse-ear cress)
Fructose GAUTI1
(UDP-a-D- (Polygalacturonate 4-
galacturonate, alpha-
various) galacturonosyltransferas
e)
Chitinoligosac | Glucose N-acetyl-D- B(1—4) Chitin Azorhizobium
charide Sucrose glucosamine caulinodans nodC (N-
synthase Fructose acetylglucosaminyltransf
(UDP-N-acetyl- erase)
alpha-D-
glucosamine)
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[0090] In some embodiments, an FKS1 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 1 (UniProt Accession No. P38631). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 1, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 1. The
present disclosure further includes nucleic acid sequences encoding an FKS1 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding an FKS1 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 2., e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 2.

[0091] In some embodiments, a CALS1 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 3 (UniProt Accession No. QQAUEO). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 3, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 3. The
present disclosure further includes nucleic acid sequences encoding a CALS]1 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a CALS] fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 4., e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 4.

[0092] In some embodiments, a CSLF6 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 5 (UniProt Accession No. Q84UP7). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 5, e.g, at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 5. The
present disclosure further includes nucleic acid sequences encoding a CSLF6 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a CSLF6 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 6., e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 6.

[0093] In some embodiments, a KRE9 fiber-synthesizing enzyme has an amino acid

sequence according to SEQ ID NO: 7 (UniProt Accession No. P39005). In various
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embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 7, e.g, at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 7. The
present disclosure further includes nucleic acid sequences encoding a KRE9 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a KRE9 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 8, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 8.

[0094] In some embodiments, a MutB fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 9 (UniProt Accession No. Q2PS28). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 9, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 9. The
present disclosure further includes nucleic acid sequences encoding a MutB fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a MutB fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 10, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 10.

[0095] In some embodiments, a otsA fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 33 (UniProt Accession No. P31677). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 33, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 33. The
present disclosure further includes nucleic acid sequences encoding a MutB fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a MutB fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 34, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 34.

[0096] In some embodiments, an InuJ fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 11 (UniProt Accession No. Q74K42). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 11, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 11. The

present disclosure further includes nucleic acid sequences encoding an InuJ fiber-synthesizing
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enzyme. In certain embodiments, a nucleic acid sequence encoding an InuJ fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 12, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 12.

[0097] In some embodiments, an RFS fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 13 (UniProt Accession No. Q5VQG4). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 13, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 13. The
present disclosure further includes nucleic acid sequences encoding an RFS fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding an RFS fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO:14, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 14.

[0098] In some embodiments, a IgtC fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 35 (UniProt Accession No. Q8KHIJ3). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 35, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 35. The
present disclosure further includes nucleic acid sequences encoding a IgtC fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a IgtC fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 36, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 36.

[0099] In some embodiments, a t110994 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 37 (UniProt Accession No. Q8DK72). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 37, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 37. The
present disclosure further includes nucleic acid sequences encoding a t110994 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a t110994 fiber-synthesizing

enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
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having at least 80% identity to SEQ ID NO: 38, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 38.

[0100] In some embodiments, a BgaB fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 39 (UniProt Accession No. P19668). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 39, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 39. The
present disclosure further includes nucleic acid sequences encoding a BgaB fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a BgaB fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 40, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 40.

[0101] In some embodiments, a Bga fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 41 (UniProt Accession No. ESRWQ2). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 41, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 41. The
present disclosure further includes nucleic acid sequences encoding a Bga fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a Bga fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 42, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 42.

[0102] In some embodiments, a ScsAB fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 43 (UniProt Accession No. POCW87). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 43, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 43. The
present disclosure further includes nucleic acid sequences encoding a ScsAB fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a ScsAB fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 44, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 44.
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[0103] In some embodiments, a Ss1 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 45 (UniProt Accession No. 049064). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 45, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 45. The
present disclosure further includes nucleic acid sequences encoding a Ss1 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a Ss1 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 46, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 46.

[0104] In some embodiments, a SBE3 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 47 (UniProt Accession No. D2WL32). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 47, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 47. The
present disclosure further includes nucleic acid sequences encoding a SBE3 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a SBE3 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 48, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 48.

[0105] In some embodiments, a HigA fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 49 (UniProt Accession No. P39125). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 49, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 49. The
present disclosure further includes nucleic acid sequences encoding a HIgA fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a HIgA fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 50, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 50.

[0106] In some embodiments, a GAUT]1 fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 51 (UniProt Accession No. Q9LES59). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 51, e.g., at
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least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 51. The
present disclosure further includes nucleic acid sequences encoding a GAUT1 fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a GAUT1 fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 52, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 52.

[0107] In some embodiments, a NodC fiber-synthesizing enzyme has an amino acid
sequence according to SEQ ID NO: 53 (UniProt Accession No. Q07755). In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 53, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 53. The
present disclosure further includes nucleic acid sequences encoding a NodC fiber-synthesizing
enzyme. In certain embodiments, a nucleic acid sequence encoding a NodC fiber-synthesizing
enzyme is a sequence engineered for expression in B. subtilis, e.g., a nucleic acid sequence
having at least 80% identity to SEQ ID NO: 54, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% identity to SEQ ID NO: 54.

[0108] In some embodiments, a levansucrase fiber-synthesizing enzyme has an amino
acid sequence according to SEQ ID NO: 15 (UniProt Accession No. Q43998), a levansucrase
enzyme expressed by Acetobacter diazotrophicus, and/or a levansucrase enzyme encoded by
Acetobacter diazotrophicus IsdA. In various embodiments, a fiber-synthesizing enzyme has at
least 80% identity to SEQ ID NO: 15, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identity to SEQ ID NO: 15.

[0109] In some embodiments, a levansucrase fiber-synthesizing enzyme has an amino
acid sequence according to SEQ ID NO: 16 (UniProt Accession No. PODJA3), a levansucrase
enzyme expressed by Zymomonas mobilis subsp. Mobilis, and/or a levansucrase enzyme
encoded by Zymomonas mobilis subsp. mobilis sacB. In various embodiments, a fiber-
synthesizing enzyme has at least 80% identity to SEQ ID NO: 16, e.g., at least 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 16.

[0110] In some embodiments, a levansucrase fiber-synthesizing enzyme has an amino
acid sequence according to SEQ ID NO: 17 (UniProt Accession No. Q97181), a levansucrase

enzyme expressed by Clostridium acetobutylicum, and/or a levansucrase enzyme encoded by
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Clostridium acetobutylicum sacB. In various embodiments, a fiber-synthesizing enzyme has at
least 80% identity to SEQ ID NO: 17, e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identity to SEQ ID NO: 17.

[0111] In some embodiments, a levansucrase fiber-synthesizing enzyme has an amino
acid sequence according to SEQ ID NO: 18 (UniProt Accession No. P05655), a levansucrase
enzyme expressed by Bacillus Subtilis natto or Bacillus Subtilis PY79, and/or a levansucrase
enzyme encoded by Bacillus Subtilis natto sacB and/or Bacillus Subtilis PY79 sacB. In various
embodiments, a fiber-synthesizing enzyme has at least 80% identity to SEQ ID NO: 18, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 18.

[0112] The present disclosure further includes nucleic acid sequences encoding a
levansucrase fiber-synthesizing enzyme. In certain embodiments, a nucleic acid sequence
encoding a levansucrase fiber-synthesizing enzyme is a sequence engineered for expression in B.
subtilis, e.g., a nucleic acid sequence having at least 80% identity to SEQ ID NO: 19, e.g., at
least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identity to SEQ ID NO: 19.Those of
skill in the art will appreciate that fiber-synthesizing enzymes of the present disclosure are
effective to produce fiber when provided with enzyme substrate as disclosed herein.
Accordingly, at least because as those of skill in the art will appreciate many bacteria are able to
process monosaccharides and/or disaccharides into modified forms, constituent
monosaccharides, and/or other substrate carbohydrates those of skill will appreciate that a variety
of carbohydrate sources may be decreased in the gut and consumed directly or indirectly by
enzymes or by cells of the present disclosure that express such fiber-synthesizing enzymes. In
general, it is to be appreciated that any of, for example, glucose, sucrose, or fructose may be
modified and/or processed to provide enzyme substrate carbohydrates for the production of any
of a wide variety of fibers as disclosed herein, including particular fibers produced by particular
enzymes as disclosed herein. Accordingly, in certain embodiments, fiber-synthesizing enzymes
of the present disclosure can directly utilize gut carbohydrate and in certain embodiments can
utilize modified and/or processed forms.

[0113] In some embodiments, fiber produced by a composition or method of the present
disclosure is soluble levan fiber. Levan is a naturally occurring fructan present in certain plant

and microorganism species. Rare fibers such as levan can favor a healthy and/or healthily

44



WO 2022/076693 PCT/US2021/053983

balanced microbiome or microbiome composition, e.g., by stimulating the growth and/or
increasing the concentration and/or amount of various beneficial types of gut microbiome
constituent microbes such as Bifidobacteria, Roseburia, and/or Eubacterium rectale. For at least
these reasons, increasing levan can increase the concentration or amount of beneficial molecules
such as butyrate and propionate. Fructans such as levan can be synthesized from sucrose. Levan
is known to be abundantly produced when the bacterium Bacillus subtilis sp. Natto (B.s. Natto) is
cultured on soy beans and B.s. natto can be used to make the food ‘Nattd’ (for which the
bacterial strain is named). B.s. natto likely originated from the soil and is not a commensal of
the human gut.

[0114] Levan fiber polymer is made up of fructose, a monosaccharide, conjugated in 2,6
beta glycosidic linkages. In some embodiments of the present disclosure, levan fiber is
enzymatically synthesized by a process and/or enzyme that utilizes a fructose molecule liberated
by enzymatic digestion of sucrose (which includes two monosaccharide moieties, one glucose
and one fructose). In some embodiments, the present disclosure includes a levansucrase enzyme
that synthesizes levan from sucrose. In various embodiments, a levansucrase enzyme can cleave
sucrose into constituent monosaccharide moieties and incorporate the fructose monosaccharide
moiety into levan. Accordingly, without wishing to be bound by theory, a levansucrase enzyme
can convert 50% of the carbohydrate biomass and/or monosaccharide moieties, and/or 100% of
the fructose biomass and/or fructose moieties, generated by levansucrase cleavage of sucrose to
soluble fiber.

[0115] In various embodiments a fiber-synthesizing enzyme of the present disclosure can
synthesize fiber from substrates including carbohydrate (e.g., monosaccharides and/or
disaccharides) within or across a pH range of (e.g., in an environment characterized by a pH that
is in the range of) 5.7 to 8.5 In certain embodiments, a fiber-synthesizing enzyme of the present
disclosure can synthesize fiber at pH 5.7, pH 6.0, pH 7.4, and/or pH 8.5. In certain
embodiments, a fiber-synthesizing enzyme of the present disclosure can synthesize fiber within
or across a pH range of 5.7 t0 6.0, 6.0 to 7.4, and/or 7.4 to 8.5, or within or across a range having
a lower bound selected from about 5.5, 5.6,5.7,5.8,5.9,6.0,6.1,62,6.3,6.4,6.5,66,6.7, 6.8,
6.9, and 7.0 and an upper bound selected from about 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6,6.7, 6.8, 6.9,
7.0,7.1,7.2,73,74,75,7.6,7.7,7.8,7.9, 8.0, 8.1, 8.2, 8.3, 8.4, or 8.5. Without wishing to be
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bound by any particularly scientific theory, the human gastrointestinal tract pH typically
gradually increases in the small intestine from about pH 6 to about pH 7.4 in the terminal ileum,
drops to about 5.7 in the caecum, and again gradually increases through the colon, reaching
about pH 6.7 in the rectum. Those of skill in the art will appreciate that various established
techniques can be used to modify polypeptide pH and/or peptidase resistance. In various
embodiments, a fiber-synthesizing enzyme of the present disclosure is secluded and/or protected
within a fiber matrix that prevents larger peptidases from engaging in degradation of the enzyme
(while still allowing agents for fiber synthesis, such as carbohydrate, e.g., sucrose, to contact the
enzyme). Those of skill in the art will further appreciate that coding sequences encoding a fiber-
synthesizing enzyme of the present disclosure can be modified to reflect codon usage of a cell in
which the enzyme is expressed.

[0116] In various embodiments, a polypeptide of the present disclosure (e.g., an enzyme,
e.g., a levansucrase enzyme) is operably linked with a secretion polypeptide. Identification of
secretion polypeptides is common in the art, e.g., by synthesis of a fusion polypeptides including
signaling polypeptides of interest and screening the fusion polypeptides for secretion from an
exemplary cell. Exemplary signal sequences can include, without limitation, those provided in

Table 2.
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Table 2: Secretion polypeptides

Name|Amino Acid Sequence

sacB |[MNIKKFAKQATVLTFTTALLAGGATQAFA (SEQ ID NO: 55)

yvcE [IMRKSLITLGLASVIGTSSFLIPFTSKTASA (SEQ ID NO: 56)

yogM [MKLRKVLTGSVLSLGLLVSASPAFA (SEQ ID NO: 57)

yuaB |MKRKLLSSLAISALSLGLLVSAPTASFAAE (SEQ ID NO: 58)

pel |MKKVMLATALFLGLTPAGANA (SEQ ID NO: 59)

pelB |[MKRLCLWFTVFSLFLVLLPGKALG (SEQ ID NO: 60)

yoaW [MKKMLMLAFTFLLALTIHVGEASA (SEQ ID NO: 61)

ygqxI |[MFKKLLLATSALTFSLSLVLPLDGHAKA (SEQ ID NO: 62)

lipA |MKFVKRRIIALVTILMLSVTSLFALQPSAKAA (SEQ ID NO: 63)

lipB |MKKVLMAFIICLSLILSVLAAPPSGAKA (SEQ ID NO: 64)

yogH [MKRFILVLSFLSIIVAYPIQTNA (SEQ ID NO: 65)

ybfO IMKRMIVRMTLPLLIVCLAFSSFSASARA (SEQ ID NO: 66)

sacB |MNIKKFAKQTVLTFTTALLAGGATQAFA (SEQ ID NO: 67)

bglS [MPYLKRVLLLLVTGLFMSLFAVTATASA (SEQ ID NO: 68)

yddT [MRKKRVITCVMAASLTLGSLLPAGYASA (SEQ ID NO: 69)

yobB |MKIRKILLSSALSFGMLISAVPALA (SEQ ID NO: 70)

Those of skill in the art will further appreciate that further signal sequences are present in the
Bacillus subtilis genome and can be included in transgene and enzymes of the present disclosure.
Of the three known secretory routes in B. subtilis, the Sec pathway directs the majority of
secretory proteins into the growth medium. Alternatively, a small number of exoproteins with
specific functions are secreted via the Tat pathway or ABC. Export by the Sec pathway can be
achieved by inclusion in a polypeptide of a a hydrophobic secretion polypeptide at the N-
terminus of the secreted polypeptide, which secretion polypeptide can be about 20 amino acids in

length and can include, in some examples, 3 regions: a positively charged amino terminal, a
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hydrophobic core, and a polar carboxyl-terminal. A commercial kit (Takara Bio) is available to
test with limited effort 173 distinct secretion polypeptides. In certain Examples provided herein,
a fusion polypeptide includes a levansucrase enzyme operatively linked to a secretion
polypeptide derived from a sequence naturally associated with SacB.

[0117] Expression of a fiber-synthesizing enzyme engineered to include a secretion
polypeptide (also known in the art as a secretion signal) can result in secretion of the enzyme
(e.g., secretion from cells including a transgene encoding the fiber-synthesizing enzyme, e.g.,
into gut of a subject to which the cells were administered). The present disclosure includes the
recognition that, in various embodiments, synthesis of fiber from carbohydrate in the gut can
advantageously occur extracellularly with respect to administered engineered cells of the present
disclosure. For example, extracellular synthesis of fiber by a fiber-synthesizing enzyme
delivered to the gut by engineered cells of the present disclosure can obviate the need to import
sucrose across the cell membrane into the cytosol of engineered cells, resulting in higher enzyme
activity than would be achieved by intracellular expression of enzyme, and therefore faster
and/or greater consumption of sugar and/or synthesis of fiber. Moreover, because comparatively
higher sucrose concentrations can cause production of comparatively higher molecular weight
fiber molecules, synthesis of fiber in the gut where carbohydrate concentration is maximal can
increase average fiber molecular weight.

[0118] Various methods are known in the art for selecting a secretion polypeptide for
pairing (e.g., fusing or otherwise operably linking) with a polypeptide or nucleic acid sequence
encoding the polypeptide. For example, various commercial kits such as that from Takara Bio
(3380 - B. Subtilis Secretory Protein Expression System) are available for rapid screening of
secretion polypeptides. Those of skill in the art will further appreciate that laboratory methods
can be used to select or evolve (e.g., by random evolution) variants of fusion polypeptides that
include a fiber-synthesizing enzyme of the present disclosure and a secretion polypeptide, where
the variants can have increased stability and/or expression as compared to a reference fusion
polypeptide (e.g., fusion polypeptide prior to section or evolution). In various embodiments, a
secretion polypeptide of the present disclosure can be selected based on the cell type in which an

engineered polypeptide (e.g., a fusion polypeptide) is expressed.
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[0119] In various embodiments, a fiber-synthesizing enzyme of the present disclosure is
not secreted. Accordingly, in some embodiments a fiber-synthesizing enzyme is engineered for
secretion such that the enzyme acts directly on substrates present in the gut, and in some
embodiments a fiber-synthesizing enzyme is engineered such that it is not secreted and acts on
substrates internalized by a cell that expresses a fiber-synthesizing enzyme. Exemplary secreted
enzymes can include a sucrose isomerase, trehalulose synthase, inulinsucrase, levanosucrase,
beta-galactosidas, or b-D-Galactosidase. Accordingly, certain such secreted fiber-synthesizing
enzymes can utilize substrate present in gut and decrease the concentration or amount of that
substrate in gut (e.g., the substrate sucrose for sucrose isomerase, trehalulose synthase,
inulinsucrase, or levanosucrase, or the substrate lactose for beta-galactosidas, or b-D-
Galactosidase). Exemplary fiber-sythensizing enzymes that in various embodiments are not
secreted and synthesize fiber at or in cells of the present disclosure (e.g., through cytosolic or
membrane activity) can include a 1,3-beta-glucan synthase, 1,3;1,4-beta-D-glucan synthase, 1,3-
beta-glucan synthase, 1,6-beta-glucan synthase, Trehalose-6-phosphate synthase, 1,6-alpha-
galactosyltransferase, a-1,4-galactosyltransferase, Alpha-1,2-fucosyltransferase, cellulose
synthase, maltose synthase, starch synthase, Starch-branching enzyme, Glycogen synthase,
galacturonosyltransferase, or Chitinoligosaccharide synthase. Accordingly, various non-secreted
fiber-synthesizing enzymes present in the cytosol or membranes of cells of the present disclosure
can act on substrates internalized by cells and optionally modified by cells prior to use as a
substrate in fiber synthesis by the enzyme. Fiber-synthesizing enzymes such as 1,3-beta-glucan
synthase, 1,3;1,4-beta-D-glucan synthase, 1,3-beta-glucan synthase, 1,6-beta-glucan synthase,
Trehalose-6-phosphate synthase, cellulose synthase, maltose synthase, starch synthase, and
Starch-branching enzyme can utilize UDP-glucose as a substrate where activity of the enzyme
decreases the amount or concentration of glucose, sucrose, and/or fructose in gut, in that glucose,
sucrose, and/or fructose carbohydrates taken up by cells are naturally converted to UDP-glucose
that provide a substrate for the fiber-synthesizing enzyme. Fiber-synthesizing enzymes such as
Glycogen synthase can utilize ADP-a-D-glucose as a substrate where activity of the enzyme
decreases the amount or concentration of glucose, sucrose, and/or fructose in gut, in that glucose,
sucrose, and/or fructose carbohydrates taken up by cells are naturally converted to ADP-a-D-

glucose that provides a substrate for the fiber-synthesizing enzyme. Fiber-synthesizing enzymes
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such as a-1,4-galactosyltransferase can utilize UDP-galactose as a substrate where activity of the
enzyme decreases the amount or concentration of lactose in gut, in that lactose carbohydrates
taken up by cells are naturally converted to UDP-galactose that provides a substrate for the fiber-
synthesizing enzyme. Fiber-synthesizing enzymes such as Alpha-1,2-fucosyltransferase can
utilize UDP-galactose and/or UDP-fucose as a substrate where activity of the enzyme decreases
the amount or concentration of lactose in gut, in that lactose carbohydrates taken up by cells are
naturally converted to utilize UDP-galactose and/or UDP-fucose that provide a substrate for the
fiber-synthesizing enzyme. Fiber-synthesizing enzymes such as 1,6-alpha-galactosyltransferase
can utilize lactose and/or galactinol as a substrate where activity of the enzyme decreases the
amount or concentration of lactose in gut, in that lactose carbohydrates taken up by cells are
naturally converted to lactose and/or galactinol that provide a substrate for the fiber-synthesizing
enzyme. Fiber-synthesizing enzymes such galacturonosyltransferase can utilize various
molecules as a substrate where activity of the enzyme decreases the amount or concentration of
glucose, sucrose, and/or fructose in gut, in that glucose, sucrose, and/or fructose carbohydrates
taken up by cells are naturally converted to substrates of the fiber-synthesizing enzyme. Fiber-
synthesizing enzymes such Chitinoligosaccharide synthase can utilize UDP-N-acetyl-alpha-D-
glucosamine as a substrate where activity of the enzyme decreases the amount or concentration
of glucose, sucrose, and/or fructose in gut, in that glucose, sucrose, and/or fructose carbohydrates
taken up by cells are naturally converted to UDP-N-acetyl-alpha-D-glucosamine that provide sa
substrate for the fiber-synthesizing enzyme.

[0120] The present disclosure generally includes, among other things, the innovation of
administering to a subject an engineered cells that encodes and/or expresses a fiber-synthesizing
enzyme of the present disclosure. Those of skill in the art will further appreciate that, in various
embodiments, a nucleic acid sequence encoding a fiber-synthesizing enzyme of the present
disclosure can be operably linked with a regulatory nucleic acid sequence that controls
expression of the enzyme in the cell. Moreover, as those of skill in the art will appreciate, a wide
variety of regulatory nucleic acid sequences for operable linkage to coding sequences and/or for
expression of encoded polypeptides are known in the art.

[0121] In some embodiments, a regulatory nucleic acid can be a constitutive promoter

and/or cause constitutive expression of a polypeptide encoded by an operably linked coding
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sequence, e.g., in bacteria (e.g., in B. subtilis). In some embodiments, a regulatory nucleic acid
can be a conditional promoter and/or cause conditional expression of a polypeptide encoded by
an operably linked coding sequence, e.g., in bacteria (e.g., in B. subtilis). In various
embodiments, a bacterial regulatory nucleic acid sequence can be a promoter selected from T7,
T7lac, Sp6, araBAD, trp, lac, Ptac, or pL. In some embodiments a regulatory nucleic acid
sequence can be a B. subtilis promoter is selected from Pveg, PserA, PymdA, PfbaA, Pzwf,
PfoleA, Ppgi, PlepA, or Preld, e.g., as set forth in Guiziou (2016 Nucl. Acids Res. 44(15): 7495-
7508), which is herein incorporated by reference with respect to B. subtilis promoters and in its
entirety.

[0122] In various embodiments, an exemplary regulatory nucleic acid can be based on
regulator nucleic acid sequence(s) associated with expression of, e.g., flagellar machinery. Such
regulatory nucleic acid sequences have been previously adapted for constitutive and/or robust
expression of polypeptide encoded by an operably linked coding nucleic acid sequence. Various
bacteria (e.g., B. subtilis) regulate expression of a flagellin gene locus (in some systems referred
to as hag) by a regulatory system that includes positive and negative control. Removal and/or
reduction of negative regulation of flagellin gene locus expression and/or addition of or
increased positive regulation of flagellin gene locus expression can be utilized to increase
expression from a flagellin promoter. Typically, without wishing to be bound by any particular
scientific theory, expression of the flagellin gene locus is positively controlled by a sigma factor,
SigD, which is repressed by the FigM protein. Deletion of flgh and/or reduction of FigM
expression significantly enhances expression and/or activity of SigD, and consequently results in
increased and/or constitutive expression of the flagellin gene locus. Typically, without wishing
to be bound by any particular scientific theory, expression of flagellar subunits can be negatively,
post-transcriptionally controlled by binding of a protein referred to as CsrA to a ribosome
binding site present in flagellin gene locus transcripts. Deletion of ¢s7A4 and/or reduction of CsrA
expression significantly enhances expression of flagellar subunits. Deletion and/or reduction of
one or more CsrA binding sites in flagellin gene regulatory nucleic acid sequence(s) can
additionally or laternatively significantly increases expression of flagellar subunits. In various
embodiments, certain point mutations in a CsrA binding site can reduce and/or abrogate negative

control of flagellar subunit expression by CsrA. Accordingly, in various embodiments,
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expression of a nucleic acid operably linked with a flagellin gene regulatory nucleic acid
sequence (e.g., a flagellin promoter, e.g., a hag promoter) can be increased by either or both of
(1) deleting the fIgh! gene and/or (ii) a point mutation in the CsrA-binding site, e.g., in B. sublilis.
Those of skill in the art will therefore appreciate that, if the coding nucleic acid sequence of the
flagellin gene is replaced with a nucleic acid sequence encoding a fiber-synthesizing enzyme
(e.g., alevansucrase enzyme) such that the fiber-synthesizing enzyme is operably linked to
flagellin gene regulatory sequence(s) (e.g., including the sag promoter), the fiber-synthesizing
enzyume can be expressed at high and/or constitutive levels. In various embodiments, the
fiber-synthesizing enzyme includes a secretion polypeptide.

[0123] In certain embodiments, a transgene of the present disclosure includes a nucleic
acid sequence that encodes a levansucrase enzyme operably linked with a flagellin gene
regulatory nucleic acid sequence, e.g., a flagellin gene promoter. In certain embodiments, a
transgene of the present disclosure can include a nucleic acid sequence that encodes a
levansucrase enzyme is operably linked with a #ag promoter. In various embodiments, the
levansucrase enzyme includes a secretion polypeptide.

[0124] Those of skill in the art will appreciate that endogenous sacB loci can include
regulatory elements that repress sacB expression in the absence of sucrose. In the digestive tract,
residence time of digesta can be shorter than the time required for induction of expression by
consumed carbohydrate (e.g., sucrose), as the residence time can be less than 20 minutes.
Moreover, endogenous gut enzymes can also breakdown carbohydrates. The present disclosure
therefore includes embodiments in which fiber-synthesizing enzyme is constitutively expressed
to increase the overlap of digesta residence in gut and fiber-synthesizing enzyme activity in gut.
Constitutive expression of fiber-synthesizing enzyme in gut can result in accumulation of fiber-
synthesizing enzyme available for synthesis of fiber from carbohydrate, e.g., digestion during
consumption and digestion.

[0125] The present disclosure further includes nucleic acid vectors that include
transgenes of the present disclosure. Those of skill in the art will appreciate that a wide variety
of vectors, such as plasmids, are available for introduction of heterologous nucleic acids into
target cells, e.g., bacterial target cells disclosed herein, e.g., with integration of a heterologous

nucleic acid sequence into the genome of target cells. Exemplary vectors can include plasmids

52



WO 2022/076693 PCT/US2021/053983

and viral vectors. In various embodiments vectors include a selectable marker and/or counter-
selectable marker. In some embodiments, a vector is engineered for integration of heterologous
nucleic acid sequence into a target cell genome by homologous recombination. In some
embodiments, a vector is engineered for unstable integration of a heterologous nucleic acid
sequence into a target cell genome (e.g., in some embodiments, by production of merodiploid
cells). In some embodiments, a vector is engineered to integrate into a host cell genome by a
single crossover event subsequently resolved by subsequent double-crossover resulting in loss of

plasmid DNA, such as those made from pminiMAD or pMAD plasmids.

Engineered Cells

[0126] The present disclosure includes cells (e.g., spores) that include a heterologous
nucleic acid sequence that includes a transgene that encodes and/or expresses a fiber-
synthesizing enzyme of the present disclosure (such cells referred to herein as engineered cells).
Those of skill in the art will appreciate that any of a wide variety of cells and/or spores can be
engineered to produce, and/or used in, a composition, e.g., for administration to a subject, e.g., a
human subject.

[0127] In various embodiments, engineered cells of the present disclosure can be
vegetative cells and/or non-spore forming. Many cell preparations for administration to human
subjects, e.g., as probiotics, include bacteria that are not capable of forming spores and/or are
administered as vegetative cells (e.g., in lyophilized preparations). Common examples of non-
spore forming cells that can be administered as vegetative cells include lactobacilli and
bifidobacteria. Lactobacillus cells are commonly used. Examples of non-spore forming cells
that can be administered as vegetative cells include but are not limited to members of the
Bacteroidetes family (e.g. Bacteroides uniformis, Bacteroides thetaiotaomicron, Bacteroides
fragilis, Bacteroides ovatus, Bacteroides vulgatus, Bacteroides caccae, Bacteroides eggerthii,
Bacteroides vulgatus, and Parabacteroides distasonis) and members of the Lactobacillae family
(e.g., Lactobacillus paracasei, Lactobacillus brevis, Lactobacillus casei, Lactobacillus
delbrueckii, Lactobacillus gasseri, Lactobacillus rhamnosus, Lactobacillus reuteri,

Lactobacillus plantarum, and, Lactobacillus johnsonii).
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[0128] In various embodiments, cells of the present disclosure include commensal
bacteria such as Lactobacilli, clostridia, or bacteroides, or other cells recognized as edible in live
form, such as Saccharomyces cerevisiae.

[0129] In various embodiments a cell is a probiotic microorganism that is safe for
ingestion by an animal, e.g., a human. Probiotic microorganisms include, without limitation,
from Bacillus, Bifidobacterium, Enterococcus, Escherichia coli, Lactobacillus, Leuconostoc,
Pediococcus and Streptococcus. The present disclosure includes use of bacteria of the genus
Bacillus, e.g.,, B. subtilis. In certain embodiments, the microorganism is not a eukaryote. For
example, the microorganism is not a eukaryote used for fermentation of alcoholic beverages,
such as Saccharomyces.

[0130] In certain embodiments, a cell is a bacterial cell that can form a spore. A spore
can be a resilient form of a cell. Bacterial spores can be dormant living forms that can exist in a
desiccated and/or dehydrated state for significant periods of time and/or indefinitely. Without
wishing to be bound by any particular scientific theory, the natural life cycle of various spore
forming bacteria can includes germination of the spore in the presence of environmental
nutrients and/or factors, proliferation of germinated cells, and re-sporulation in the event of
environmental nutrient exhaustion. In various embodiments, a spore can germinate and/or
proliferate after administration to a subject, e.g., in the gut of a subject, e.g., in the intestine of a
subject. Various spore-forming bacteria are known in the art and can be engineered to include,
e.g., a heterologous nucleic acid including a transgene of the present disclosure. In various
embodiments, an engineered cell is a cell that is in a spore state. Exemplary engineered spores
of the present disclosure include engineered spores of Bacillus species, e.g., for administration to
a subject.

[0131] A spore can be a useful cell form in the context of the present disclosure at least
in part because spores can retain ability to germinate and/or porliferate after a period of storage,
e.g., along period of storage, e.g., at room temperature, and for at least this reason spores are
considered to have a long useful shelf life. Shelf-life can be an important factor in safety,
satisfaction, and price point for consumer products making it a valuable asset both for the
provider and consumer. Additionally, the resilient spore form allows the live organism to

traverse the environment of the stomach which is widely known to inactivate enzymes and active
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molecules not otherwise formulated to withstand traversal of the stomach. Spore form therefore
enables formulation of engineered cells in forms that are pleasing to consumers. For example,
while methods exist for formulating pills to enable purified and formulated therapeutic molecules
to traverse the stomach, formulations such as liquid formulations(e.g., based at least in part by
use of engineered spores) can also be produced and may be preferred by some consumers.
Administration of spores obviates the need for certain costly formulation steps. Additionally,
administration of spores can provide a staggered release of active cells from a dormant state.
Thus, the present disclosure provides, among other things, compositions and methods for
extended release of a therapeutic agent in the gut, where the composition includes an engineered
cell, e.g., a spore form of an engineered cell. Due to their small size and resilience to heat,
spores can also facilitate and/or enable lyophilization at a faster rate than comparable non-spore
cells could be lyophilized with a comparable cell survival.

[0132] Those of skill in the art will appreciate that germination from spores can follow
exponential decay, e.g., modelled by a constant percentage of spores germinating per minute and
defined by the availability of nutrient triggers. Germination can results in a steady release of
active live cells over a number of hours, which can further contribute to the period of time over
which a dose is effective and/or delivers fiber-synthesizing enzyme to gut. Furthermore, active
cells can re-enter a spore state in the absence of sufficient nutrients. Properties of germination
and re-sporulation individual and together can allow administered cells to reside in the gutin a
resilient spore form until contacted with digesta.

[0133] Spore forming bacteria and spores thereof include, for example, Bacillus subtilis
PY79 and spores thereof. Other spore forming microbes and spores thereof include but are not
limited to Bacillus subtilis group members (e.g. Bacillus subtilis subsp. subtilis str. 168, and
Bacillus subtilis subsp. Natto), Bacillus group members (e.g. Bacillus coagulans, Bacillus
amyloliquefaciens, Bacillus licheniformis, Bacillus sp., Bacillus megatarium, and Bacillus
subtilis subsp. Spizizenii), Clostridiaceae family members (e.g., Clostridium butyricum,
Clostridium acetobutylicum, Clostridium arbusti, Clostridium aurantibutyricum, Clostridium
beijerinckii, Clostridium cellulovorans, Clostridium cellulolyticum, Clostridium thermocellum,
Clostridium thermobutyricum, Clostridium pasteurianum, Clostridium kluyveri, Clostridium

novyi, Clostridium saccharobutylicum, Clostridium thermosuccinogenes, Clostridium
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thermopalmarium, Clostridium saccharolyticum, Clostridium saccharoperbutylacetonicum,
Clostridium tyrobutyricum, Clostridium tetanomorphum, Clostridium magnum, Clostridium
ljungdahlii, Clostridium autoethanogenum, Clostridium butyricum, Clostridium puniceum,
Clostridium diolis, Clostridium 5 homopropionicum and/or Clostridium roseum), and various
edible yeasts such as Saccharomyces cerevisiae, and spores thereof.

[0134] In various embodiments, spore forming microbes and spores thereof include but
are not limited to Bacillus subtilis group members Bacillus subtilis A29, Bacillus subtilis Abs3,
Bacillus subtilis AP254, Bacillus subtilis At2, Bacillus subtilis B2, Bacillus subtilis B7-s,
Bacillus subtilis BEST7003, Bacillus subtilis BEST7613, Bacillus subtilis BSn5, Bacillus
subtilis E1, Bacillus subtilis gtP20b, Bacillus subtilis Hall, Bacillus subtilis HIS, Bacillus
subtilis J22, Bacillus subtilis 123, Bacillus subtilis 124, Bacillus subtilis 125, Bacillus subtilis
126, Bacillus subtilis 127, Bacillus subtilis KCTC 1028 = ATCC 6051a, Bacillus subtilis LX-8,
Bacillus subtilis MB73/2, Bacillus subtilis Miyagi-4, Bacillus subtilis Miyagi-4100, Bacillus
subtilis PRO 1, Bacillus subtilis PS216, Bacillus subtilis PTS-394, Bacillus subtilis PY79,
Bacillus subtilis QB928, Bacillus subtilis QH-1, Bacillus subtilis S1-4, Bacillus subtilis SPZ1,
Bacillus subtilis str. 10, Bacillus subtilis strain DY, Bacillus subtilis subsp. amylosacchariticus,
Bacillus subtilis subsp. chungkookjang, Bacillus subtilis subsp. endophyticus, Bacillus subtilis
subsp. globigii, Bacillus subtilis subsp. inaquosorum, Bacillus subtilis subsp. inaquosorum
KCTC 13429, Bacillus subtilis subsp. krictiensis, Bacillus subtilis subsp. lactipan, Bacillus
subtilis subsp. natto, Bacillus subtilis subsp. natto BEST195, Bacillus subtilis subsp. natto HSF
1410, Bacillus subtilis subsp. niger, Bacillus subtilis subsp. gingdao, Bacillus subtilis subsp.
sadata, Bacillus subtilis subsp. spizizenii, Bacillus subtilis subsp. spizizenii ATCC 6633, Bacillus
subtilis subsp. spizizenii DVI-B-1, Bacillus subftilis subsp. spizizenii JCM 2499, Bacillus subftilis
subsp. spizizenii RFWG1A3, Bacillus subtilis subsp. spizizenii REWG 144, Bacillus subltilis
subsp. spizizenii RFWGA4C 10, Bacillus subtilis subsp. spizizenii REWG5B15, Bacillus subtilis
subsp. spizizenii str. W23, Bacillus subtilis subsp. spizizenii TU-B-10, Bacillus subftilis subsp.
stercoris, Bacillus subtilis subsp. subtilis, Bacillus subtilis subsp. subtilis NCIB 3610 = ATCC
6051, Bacillus subtilis subsp. subtilis 6051-HGW, Bacillus subtilis subsp. subtilis str. 168,
Bacillus subtilis subsp. subtilis str. 1170, Bacillus subtilis subsp. subtilis str. N170, Bacillus
subtilis subsp. subtilis str. AG1839, Bacillus subtilis subsp. subtilis str. AUSI98, Bacillus subtilis
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subsp. subtilis str. B2, Bacillus subtilis subsp. subtilis str. BAB-1, Bacillus subtilis subsp. subtilis
str. BSP1, Bacillus subtilis subsp. subtilis str. JH642, Bacillus subtilis subsp. subtilis str. JHO642
substr. AG174, Bacillus subtilis subsp. subtilis str. MP11, Bacillus subtilis subsp. subtilis str.
MP9, Bacillus subtilis subsp. subtilis str. OH 131.1, Bacillus subtilis subsp. subtilis str. R0O179,
Bacillus subtilis subsp. subtilis str. RO-NN-1, Bacillus subtilis subsp. subtilis str. SC-8, Bacillus
subtilis subsp. subtilis str. SMY, Bacillus subtilis TO-A, Bacillus subtilis TPK 210909, Bacillus
subtilis UCMBS5014, Bacillus subtilis XF-1, and Bacillus subtilis YF0O1.

[0135] In various embodiments, spore forming microbes and spores thereof include but
are not limited to Bacillus subtilis group members Bacillus subtilis Group:Bacillus
amyloliquefaciens, Bacillus amyloliquefaciens ABO1, Bacillus amyloliquefaciens AP143,
Bacillus amyloliquefaciens AP193, Bacillus amyloliquefaciens AP71, Bacillus
amyloliquefaciens AP79, Bacillus amyloliquefaciens CC178, Bacillus amyloliquefaciens DC-12,
Bacillus amyloliquefaciens DSM 7 = ATCC 23350, Bacillus amyloliquefaciens EBL11, Bacillus
amyloliquefaciens EGD-AQ14, Bacillus amyloliquefaciens GGI-18, Bacillus amyloliquefaciens
HB-26, Bacillus amyloliquefaciens IT-45, Bacillus amyloliquefaciens KHG19, Bacillus
amyloliquefaciens LFB112, Bacillus amyloliquefaciens LL3, Bacillus amyloliquefaciens Lx-11,
Bacillus amyloliquefaciens PGK 1, Bacillus amyloliquefaciens TA208, Bacillus
amyloliquefaciens UASWS BA1, Bacillus amyloliquefaciens UCMBS5007, Bacillus
amyloliquefaciens UCMBS5140, Bacillus amyloliquefaciens UMAF6614, Bacillus
amyloliquefaciens UMAF6639, Bacillus amyloliquefaciens XH7, Bacillus amyloliquefaciens
Y2, Bacillus siamensis, Bacillus siamensis KCTC 13613, Bacillus velezensis, Bacillus velezensis
A3, Bacillus velezensis AS43.3, Bacillus velezensis Atl, Bacillus velezensis CAU B946,
Bacillus velezensis FZB42, Bacillus velezensis M27, Bacillus velezensis NAU-B3, Bacillus
velezensis NIN-6, Bacillus velezensis SK19.001, Bacillus velezensis SQR9, Bacillus velezensis
TrigoCor1448, Bacillus velezensis UCMBS5033, Bacillus velezensis UCMBS5036, Bacillus
velezensis UCMBS5113, Bacillus velezensis variant polyfermenticus, Bacillus velezensis YAU
B9601-Y2, Bacillus atrophaeus, Bacillus atrophaeus 1013-1, Bacillus atrophaeus 1013-2,
Bacillus atrophaeus 1942, Bacillus atrophaeus BACIOS1-E, Bacillus atrophaeus BACIOS1-N,
Bacillus atrophaeus C89, Bacillus atrophaeus Detrick-1, Bacillus atrophaeus Detrick-2, Bacillus
atrophaeus Detrick-3, Bacillus atrophaeus NBRC 15539, Bacillus atrophaeus str. Dugway,
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Bacillus atrophaeus subsp. globigii, Bacillus atrophaecus ATCC 49822, Bacillus atrophaeus
ATCC 9372, Bacillus atrophaeus UCMB-5137, Bacillus licheniformis, Bacillus licheniformis
10-1-A, Bacillus licheniformis 5-2-D, Bacillus licheniformis CG-B52, Bacillus licheniformis
CGMCC 3963, Bacillus licheniformis DSM 13 = ATCC 14580, Bacillus licheniformis F1-1,
Bacillus licheniformis F2-1, Bacillus licheniformis KRB2009, Bacillus licheniformis LMG
17339, Bacillus licheniformis LMG 6934, Bacillus licheniformis LMG 7559, Bacillus
licheniformis MKU3, Bacillus licheniformis S 16, Bacillus licheniformis WX-02, Bacillus
mojavensis subgroup, Bacillus halotolerans, Bacillus mojavensis, Bacillus mojavensis RO-H-1 =
KCTC 3706, Bacillus mojavensis RRC 101, Bacillus paralicheniformis, Bacillus
paralicheniformis ATCC 9945a, Bacillus paralicheniformis G-1, Bacillus sonorensis, Bacillus
sonorensis L12, Bacillus sonorensis NBRC 101234 = KCTC 13918, Bacillus subtilis, Bacillus
subtilis A29, Bacillus subtilis Abs3, Bacillus subtilis AP254, Bacillus subtilis At2, Bacillus
subtilis B2, Bacillus subtilis B7-s, Bacillus subtilis BEST7003, Bacillus subtilis BEST7613,
Bacillus subtilis BSn5, Bacillus subtilis E1, Bacillus subtilis gtP20b, Bacillus subtilis Hal1,
Bacillus subtilis HI5, Bacillus subtilis J22, Bacillus subtilis 123, Bacillus subtilis 124, Bacillus
subtilis J25, Bacillus subtilis 126, Bacillus subtilis 127, Bacillus subtilis KCTC 1028 = ATCC
6051a, Bacillus subtilis 1LX-8, Bacillus subtilis MB73/2, Bacillus subtilis Miyagi-4, Bacillus
subtilis Miyagi-4100, Bacillus subtilis PRO 1, Bacillus subtilis PS216, Bacillus subtilis PTS-394,
Bacillus subtilis PY79, Bacillus subtilis QB928, Bacillus subtilis QH-1, Bacillus subtilis S1-4,
Bacillus subtilis SPZ1, Bacillus subtilis str. 10, Bacillus subtilis strain DY, Bacillus subtilis
subsp. amylosacchariticus, Bacillus subtilis subsp. chungkookjang, Bacillus subtilis subsp.
endophyticus, Bacillus subtilis subsp. globigii, Bacillus subtilis subsp. inaquosorum, Bacillus
subtilis subsp. inaquosorum KCTC 13429, Bacillus subtilis subsp. krictiensis, Bacillus subtilis
subsp. lactipan, Bacillus subtilis subsp. natto, Bacillus subtilis subsp. natto BEST195, Bacillus
subtilis subsp. natto HSF 1410, Bacillus subtilis subsp. niger, Bacillus subtilis subsp. qingdao,
Bacillus subtilis subsp. sadata, Bacillus subtilis subsp. spizizenii, Bacillus subtilis subsp.
spizizenii ATCC 6633, Bacillus subtilis subsp. spizizenii DV1-B-1, Bacillus subtilis subsp.
spizizenii JCM 2499, Bacillus subtilis subsp. spizizenii REWG1A3, Bacillus subtilis subsp.
spizizenii REWG1AA4, Bacillus subtilis subsp. spizizenii REWG4C10, Bacillus subtilis subsp.
spizizenii REWGSB15, Bacillus subtilis subsp. spizizenii str. W23, Bacillus subtilis subsp.
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spizizenii TU-B-10, Bacillus subtilis subsp. stercoris, Bacillus subtilis subsp. subtilis, Bacillus
subtilis subsp. subtilis NCIB 3610 = ATCC 6051, Bacillus subtilis subsp. subtilis str. 168,
Bacillus subtilis subsp. subtilis str. AG1839, Bacillus subtilis subsp. subtilis str. AUSI9S8,
Bacillus subtilis subsp. subtilis str. B2, Bacillus subtilis subsp. subtilis str. BAB-1, Bacillus
subtilis subsp. subtilis str. BSP1, Bacillus subftilis subsp. subtilis str. JH642, Bacillus subtilis
subsp. subtilis str. MP11, Bacillus subtilis subsp. subtilis stt. MP9, Bacillus subtilis subsp.
subtilis str. OH 131.1, Bacillus subtilis subsp. subtilis str. RO179, Bacillus subtilis subsp. subtilis
str. RO-NN-1, Bacillus subtilis subsp. subtilis str. SC-8, Bacillus subtilis subsp. subtilis str.
SMY, Bacillus subtilis TO-A, Bacillus subtilis TPK 210909, Bacillus subtilis UCMBS5014,
Bacillus subtilis XF-1, Bacillus subtilis YFOO1, Bacillus tequilensis, Bacillus tequilensis KCTC
13622, Bacillus vallismortis, Bacillus vallismortis DV1-F-3, Bacillus vallismortis NRRL B-
14890, Bacillus sp. ABO1, Bacillus sp. AP102, Bacillus sp. AP143, Bacillus sp. AP183, Bacillus
sp. AP189, Bacillus sp. AP193, Bacillus sp. AP215, Bacillus sp. AP218, Bacillus sp. AP219,
Bacillus sp. AP295, Bacillus sp. AP301, Bacillus sp. AP303, Bacillus sp. AP305, Bacillus sp.
AP71, Bacillus sp. AP77, Bacillus sp. AP79, Bacillus sp. D10(2019), Bacillus sp. D9(2019),
Bacillus sp. GeS7V, Bacillus sp. LiF4a, Bacillus sp. LIF-10, Bacillus sp. LJF-11, Bacillus sp.
LJF-2, Bacillus sp. LJF-5, Bacillus sp. LIF-8, Bacillus sp. LIF-9, Bacillus sp. M1(2010),
Bacillus sp. M100(2010), Bacillus sp. M101(2010), Bacillus sp. M103(2010), Bacillus sp.
M110(2010), Bacillus sp. M112(2010), Bacillus sp. M14(2010), Bacillus sp. M2(2010), Bacillus
sp. M21(2010), Bacillus sp. M22(2010), Bacillus sp. M25(2010), Bacillus sp. M29(2010),
Bacillus sp. M30(2010), Bacillus sp. M35(2010), Bacillus sp. M38(2010), Bacillus sp.
M4(2010b), Bacillus sp. M40(2010), Bacillus sp. M5(2010), Bacillus sp. M63(2010), Bacillus
sp. M64(2010), Bacillus sp. M67(2010), Bacillus sp. M68(2010), Bacillus sp. M88(2010),
Bacillus sp. M90(2010), Bacillus sp. M94(2010), Bacillus sp. M95(2010), Bacillus sp.
M98(2010), Bacillus sp. SE-54, Bacillus sp. TT106(2010), Bacillus sp. TT45(2010), Bacillus sp.
TT46(2010), Bacillus sp. TT53(2010), Bacillus sp. TT80(2010), Bacillus sp. ZYJ-1, Bacillus sp.
ZYJ-10, Bacillus sp. ZYI-11, Bacillus sp. ZYJ-12, Bacillus sp. ZYJ-13, Bacillus sp. ZYJ-15,
Bacillus sp. ZYJ-16, Bacillus sp. ZYJ-17, Bacillus sp. ZYJ-18, Bacillus sp. ZYJ-19, Bacillus sp.
ZY -2, Bacillus sp. ZYJ-20, Bacillus sp. ZYJ-21, Bacillus sp. ZYJ-22, Bacillus sp. ZYJ-23,
Bacillus sp. ZYJ-24, Bacillus sp. ZYJ-26, Bacillus sp. ZYJ-27, Bacillus sp. ZYJ-28, Bacillus sp.
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ZY]J-3, Bacillus sp. ZYJ-32, Bacillus sp. ZYJ-33, Bacillus sp. ZYJ-34, Bacillus sp. ZYJ-35,
Bacillus sp. ZYJ-36, Bacillus sp. ZYJ-37, Bacillus sp. ZYJ-38, Bacillus sp. ZYJ-39, Bacillus sp.
ZYJ-4, Bacillus sp. ZYJ-40, Bacillus sp. ZYJ-43, Bacillus sp. ZY1-44, Bacillus sp. ZYJ-5,
Bacillus sp. ZYJ-6, Bacillus sp. ZYJ-7, Bacillus sp. ZYJ-8, Bacillus sp. ZYJ-9, Bacillus subtilis
group sp., and Nocardia sp. KY2-1.

[0136] In various embodiments, spore forming microbes and spores thereof include but
are not limited to Bacillus coagulans bacterium, optionally selected from Bacillus coagulans 2-6,
Bacillus coagulans 36D 1, Bacillus coagulans CSIL1, Bacillus coagulans DSM 1 = ATCC 7050,
Bacillus coagulans H-1, Bacillus coagulans P38, Bacillus coagulans XZ1.4, and Bacillus
coagulans XZ1.9. In various embodiments, spore forming microbes and spores thereof include
but are not limited to a Lactobacillus bacterium, optionally selected from Lactobacillus
paracasei, Lactobacillus brevis, Lactobacillus casei, Lactobacillus delbrueckii, Lactobacillus
gasseri, Lactobacillus rhamnosus, Lactobacillus reuteri, Lactobacillus plantarum, and
Lactobacillus johnsonii. In various embodiments, spore forming microbes and spores thereof
include but are not limited to a Lactobacillus bacterium, optionally selected from Lactobacillus
paracasei (Lactobacillus paracasei ATCC 334, Lactobacillus paracasei COMO0101, Lactobacillus
paracasei N1115, Lactobacillus paracasei NRIC 0644, Lactobacillus paracasei NRIC 1917,
Lactobacillus paracasei NRIC 1981, Lactobacillus paracasei subsp. paracasei, Lactobacillus
paracasei subsp. paracasei 8700:2, Lactobacillus paracasei subsp. paracasei ATCC 25302,
Lactobacillus paracasei subsp. paracasei BGSJ2-8, Lactobacillus paracasei subsp. paracasei
CNCM 1-2877, Lactobacillus paracasei subsp. paracasei CNCM 1-4270, Lactobacillus paracasei
subsp. paracasei CNCM 1-4648, Lactobacillus paracasei subsp. paracasei CNCM [-4649,
Lactobacillus paracasei subsp. paracasei DSM 5622, Lactobacillus paracasei subsp. paracasei
JCM 8130, Lactobacillus paracasei subsp. paracasei Lpp120, Lactobacillus paracasei subsp.
paracasei Lpp122, Lactobacillus paracasei subsp. paracasei Lpp123, Lactobacillus paracasei
subsp. paracasei Lpp125, Lactobacillus paracasei subsp. paracasei Lpp126, Lactobacillus
paracasei subsp. paracasei Lpp14, Lactobacillus paracasei subsp. paracasei Lppl7, Lactobacillus
paracasei subsp. paracasei Lpp189, Lactobacillus paracasei subsp. paracasei Lpp219,
Lactobacillus paracasei subsp. paracasei Lpp22, Lactobacillus paracasei subsp. paracasei

Lpp221, Lactobacillus paracasei subsp. paracasei Lpp223, Lactobacillus paracasei subsp.
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paracasei Lpp225, Lactobacillus paracasei subsp. paracasei Lpp226, Lactobacillus paracasei
subsp. paracasei Lpp227, Lactobacillus paracasei subsp. paracasei Lpp228, Lactobacillus
paracasei subsp. paracasei Lpp229, Lactobacillus paracasei subsp. paracasei Lpp230,
Lactobacillus paracasei subsp. paracasei Lpp37, Lactobacillus paracasei subsp. paracasei Lpp41,
Lactobacillus paracasei subsp. paracasei Lpp43, Lactobacillus paracasei subsp. paracasei Lpp46,
Lactobacillus paracasei subsp. paracasei Lpp48, Lactobacillus paracasei subsp. paracasei Lpp49,
Lactobacillus paracasei subsp. paracasei Lpp7, Lactobacillus paracasei subsp. paracasei Lpp70,
Lactobacillus paracasei subsp. paracasei Lpp71, Lactobacillus paracasei subsp. paracasei Lpp74,
Lactobacillus paracasei subsp. tolerans, Lactobacillus paracasei subsp. tolerans DSM 20258,
Lactobacillus paracasei subsp. tolerans Lpl 14, Lactobacillus paracasei subsp. tolerans Lpl7,
Lactobacillus paracasei TXW), Lactobacillus brevis (Lactobacillus brevis AG48, Lactobacillus
brevis ATCC 14869 = DSM 20054, Lactobacillus brevis ATCC 367, Lactobacillus brevis BSO
464, Lactobacillus brevis EW, Lactobacillus brevis KB290, Lactobacillus brevis subsp.
coagulans, Lactobacillus brevis subsp. gravesensis, Lactobacillus brevis subsp. gravesensis
ATCC 27305), Lactobacillus casei (Lactobacillus casei 12A, Lactobacillus casei 21/1,
Lactobacillus casei 32G, Lactobacillus casei 5b, Lactobacillus casei A2-362, Lactobacillus casei
BD-II, Lactobacillus casei BL23, Lactobacillus casei CRF28, Lactobacillus casei DN-114001,
Lactobacillus casei DSM 20011 = JCM 1134 = ATCC 393, Lactobacillus casei Lc-10,
Lactobacillus casei LC2W, Lactobacillus casei LcA, Lactobacillus casei LcY, Lactobacillus
casei LOCK919, Lactobacillus casei Lpc-37, Lactobacillus casei M36, Lactobacillus casei str.
Zhang, Lactobacillus casei T71499, Lactobacillus casei UCD174, Lactobacillus caset UW1,
Lactobacillus casei UW4, Lactobacillus casei W56), Lactobacillus delbrueckii (Lactobacillus
delbrueckii subsp. bulgaricus, Lactobacillus delbrueckii subsp. bulgaricus 2038, Lactobacillus
delbrueckii subsp. bulgaricus ATCC 11842 = JCM 1002, Lactobacillus delbrueckii subsp.
bulgaricus ATCC BAA-365, Lactobacillus delbrueckii subsp. bulgaricus CNCM 1-1519,
Lactobacillus delbrueckii subsp. bulgaricus CNCM 1-1632, Lactobacillus delbrueckii subsp.
bulgaricus ND02, Lactobacillus delbrueckii subsp. bulgaricus PB2003/044-T3-4, Lactobacillus
delbrueckii subsp. delbrueckii, Lactobacillus delbrueckii subsp. delbrueckii DSM 20074 = JCM
1012, Lactobacillus delbrueckii subsp. indicus, Lactobacillus delbrueckii subsp. indicus DSM

15996, Lactobacillus delbrueckii subsp. jakobsenii, Lactobacillus delbrueckii subsp. jakobsenii
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ZN7a-9 = DSM 26046, Lactobacillus delbrueckii subsp. lactis, Lactobacillus delbrueckii subsp.
lactis CRL581, Lactobacillus delbrueckii subsp. lactis DSM 20072, Lactobacillus delbrueckii
subsp. sunkii), Lactobacillus gasseri (Lactobacillus gasseri 130918, Lactobacillus gasseri 2016,
Lactobacillus gasseri 202-4, Lactobacillus gasseri 224-1, Lactobacillus gasseri ADH,
Lactobacillus gasseri ADL-351, Lactobacillus gasseri ATCC 33323 = JCM 1131, Lactobacillus
gasseri CECT 5714, Lactobacillus gasseri DSM 14869, Lactobacillus gasseri EX336960VCO1,
Lactobacillus gasseri EX336960VCO02, Lactobacillus gasseri EX336960VCO03, Lactobacillus
gasseri EX336960VCO06, Lactobacillus gasseri EX336960VCO07, Lactobacillus gasseri
EX336960VC10, Lactobacillus gasseri EX336960VC13, Lactobacillus gasseri EX336960VC15,
Lactobacillus gasseri MV-22, Lactobacillus gasseri SI-OE-US, Lactobacillus gasseri SV-16A-
US), Lactobacillus thamnosus (Lactobacillus thamnosus 2166, Lactobacillus thamnosus 51B,
Lactobacillus thamnosus ATCC 21052, Lactobacillus thamnosus ATCC 8530, Lactobacillus
rhamnosus BPL15, Lactobacillus thamnosus CASL, Lactobacillus rhamnosus CRL1505,
Lactobacillus thamnosus DSM 14870, Lactobacillus rhamnosus DSM 20021 =JCM 1136 =
NBRC 3425, Lactobacillus thamnosus E800, Lactobacillus thamnosus GG, Lactobacillus
rhamnosus HNOO1, Lactobacillus rhamnosus K32, Lactobacillus rhamnosus 131, Lactobacillus
rhamnosus L33, Lactobacillus thamnosus 1.34, Lactobacillus thamnosus L35, Lactobacillus
rhamnosus Lc¢ 705, Lactobacillus rhamnosus LMG 25859, Lactobacillus thamnosus LMG
27229, Lactobacillus thamnosus LMS2-1, Lactobacillus rhamnosus LOCK900, Lactobacillus
rhamnosus LOCK908, Lactobacillus rhamnosus LR231, Lactobacillus rhamnosus LRHMDP2,
Lactobacillus rhamnosus LRHMDP3, Lactobacillus rhamnosus MSUIS1, Lactobacillus
rhamnosus MTCC 5462, Lactobacillus rhamnosus PELS5, Lactobacillus rhamnosus PELG,
Lactobacillus thamnosus R0011), Lactobacillus reuteri (Lactobacillus reuteri 100-23,
Lactobacillus reuteri 1063, Lactobacillus reuteri ATCC 53608, Lactobacillus reuteri CF48-3A,
Lactobacillus reuteri DSM 20016, Lactobacillus reuteri F275, Lactobacillus reuteri 15007,
Lactobacillus reuteri JCM 1112, Lactobacillus reuteri lpuph, Lactobacillus reuteri mlc3,
Lactobacillus reuteri MM2-2, Lactobacillus reuteri MM2-3, Lactobacillus reuteri MM4-1A,
Lactobacillus reuteri SD2112, Lactobacillus reuteri TD1), Lactobacillus plantarum
(Lactobacillus plantarum 16, Lactobacillus plantarum 1913, Lactobacillus plantarum 2025,

Lactobacillus plantarum 2165, Lactobacillus plantarum 4 3, Lactobacillus plantarum 80,

62



WO 2022/076693 PCT/US2021/053983

Lactobacillus plantarum AYO1, Lactobacillus plantarum CMPGS5300, Lactobacillus plantarum
DOMLa, Lactobacillus plantarum EGD-AQ4, Lactobacillus plantarum IPLAS8S, Lactobacillus
plantarum JDM1, Lactobacillus plantarum LP91, Lactobacillus plantarum ST-III, Lactobacillus
plantarum subsp. argentoratensis, Lactobacillus plantarum subsp. argentoratensis DSM 16365,
Lactobacillus plantarum subsp. plantarum, Lactobacillus plantarum subsp. plantarum ATCC
14917 =JCM 1149 = CGMCC 1.2437, Lactobacillus plantarum subsp. plantarum KCA-1,
Lactobacillus plantarum subsp. plantarum NC8, Lactobacillus plantarum subsp. plantarum P-8,
Lactobacillus plantarum subsp. plantarum R0403, Lactobacillus plantarum subsp. plantarum ST-
I, Lactobacillus plantarum UCMA 3037, Lactobacillus plantarum WCFS1, Lactobacillus
plantarum WHE 92, Lactobacillus plantarum WIL, Lactobacillus plantarum ZJ316),
Lactobacillus johnsonii (Lactobacillus johnsonii 135-1-CHN, Lactobacillus johnsonii 16,
Lactobacillus johnsonii ATCC 33200, Lactobacillus johnsonii DPC 6026, Lactobacillus
johnsonii FI9785, Lactobacillus johnsonii N6.2, Lactobacillus johnsonii NCC 533, and
Lactobacillus johnsonii pfOl.

[0137] Cells administered to a subject, e.g., spores and/or non-spore cells administered to
a subject and/or delivered to the intestine of a subject, can express and/or deliver a fiber-
synthesizing enzyme to the subject. In various embodiments, a cell administered to a subject
expresses a fiber-synthesizing enzyme in and/or delivers a fiber-synthesizing enzyme to
ascending colon, traverse colon, and/or descending colon. In various embodiments, a cell
administered to a subject colonizes the gut. In various embodiments, a cell administered to a
subject expresses a fiber-synthesizing enzyme in gut and/or delivers a fiber-synthesizing enzyme
to gut before, during, and/or after the cell has colonized the gut. In some embodiments, a cell
administered to a subject is non-colonizing and can pass through the entire digestive tract, e.g.,
while expressing and/or delivering a fiber-synthesizing enzyme of the present disclosure. In
various embodiments, an engineered cell is a cell that is able to pass through a subject’s
gastrointestinal tract without persisting in the microbiome of the subject (orthogonal to the
microbiome), optionally wherein the cell is an engineered B. subtilis cell.

[0138] In various embodiments, the engineered cell is of a cell type that has been

designated by a governmental regulatory authority, such as the United States Food and Drug
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Administration or an equivalent body of another country, as safe, or is a cell of a cell type that is
otherwise known to be or regarded as safe by those of skill in the art.

[0139] In various embodiments, a cell of the present disclosure is a cell that can be
fermented in large batches, e.g., using minimal media, e.g., in a 30-3,000L fermenter. In various
embodiments, a cell of the present disclosure is a cell that can be purified as a biomass product
including vegetative cells or spores, optionally wherein the cells of the biomass product can be
readily purified and/or wherein the biomass product can be stabilized (e.g., by filtering and/or
lyophilization, e.g., to facilitate shipping). For example, rapid spore formation upon nutrient
starvation enables large fermentation batches to convert to spores at the end of growth. Spores
can be readily stored, transported and/or purified from vegetative cells by heating the growth
medium and removing the supernatant.

[0140] Various methods are known for the preparation and/or purification of spores. To
provide one example, spores (e.g., Bacillus subtilis spores) can be prepared by a technique that
includes growing cells to high density in a nutrient limited medium to stimulate sporulation,
followed by a step of purifying spores. In one example, cells can be grown in Difco Sporulation
Medium (0.8% Nutrient Broth, 0.1% KCl, 0.012% MgSQO4+7H>0, 0.5 mM NaOH, 1 mM
Ca(NO3)2 0.01 mM MnCla, 1 uM FeSOa) at 37°C for 24-48 hours, with 250 rpm shaking to
provide oxygen. The resulting mixture of cell debris and spores can be heated to 80°C to kill and
lyse vegetative cells followed by pelleting and rinsing three times with distilled water to remove
cell debris and purify the spore layer. Spores prepared in this manner can be stable in water for
more than a year.

[0141] In certain embodiments, a transgene of the present disclosure is introduced into a
cell that includes a sequence having significant homology to the transgene, e.g., where the
transgene has at least 80% identity (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
or 100% identity) with a sequence of the cell (e.g., a sequence of at least 50 nucleotides, e.g., at
least 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 1,000, 2,000, 3,000, 4,000, or 5,000
nucleotides). In various such instances, homology-based interaction of the cell nucleic acid
sequence and transgene can compete for and/or inhibit integration of the transgene at a different
target locus. Moreover, integration of the transgene (e.g., at a target locus not homologous to the

transgene) can in various instances result in genome instability and/or loss of transgene function.
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For at least these reasons, in various embodiments, a homologous endogenous nucleic acid
sequence of a cell is modified or deleted from the cell genome (e.g., by knockout) prior to

introduction of the transgene nucleic acid sequence.

Isolated Fiber-Synthesizing Enzymes

[0142] In various embodiments, the present disclosure includes isolated fiber-
synthesizing enzymes and compositions including the same. For the avoidance of doubt, while
the present disclosure provides various engineered cells useful for administration to subjects such
that the cells deliver to the subject a fiber-synthesizing enzyme, isolated fiber-synthesizing
enzymes of the present disclosure need not be derived, isolated from such cells. To the contrary,
the present disclosure includes fiber-synthesizing enzymes isolated from any source. In various
embodiments, a fiber-synthesizing enzyme of the present disclosure is produced by and/or
isolated from a plant or bacterium in which the fiber-synthesizing enzyme is naturally expressed.
In various embodiments, a fiber-synthesizing enzyme of the present disclosure is produced by
and/or isolated from a plant, bacterium, or animal (e.g., a rat, mouse, cow, pig, or horse)
engineered to express a fiber-synthesizing enzyme of the present disclosure, e.g., using standard
techniques of molecular biology known to those of skill in the art.

[0143] Fiber-synthesizing enzymes of the present disclosure can be isolated by any
means known to those of skill in the art. Those of skill in the art will appreciate that isolation of
proteins is a well-established practice with a wide variety of known techniques at the disposal of
those of skill in the art for that purpose. Methods of isolating fiber-synthesizing enzymes can
include, e.g., expressing fiber-synthesizing enzymes in cell culture (e.g., bacterial cell culture or
mammalian cell culture, e.g., E. coli cell culture), tagging fiber-synthesizing enzymes with an
affinity tag to facilitate isolation (e.g., by engineering and expressing a nucleic acid sequence
encoding a fiber-synthesizing enzyme and an affinity tag), and/or isolating fiber-synthesizing
enzyme by methods such as chromatography (e.g., high performance liquid chromatography
(HPLC) or reversed-phase chromatography) or enzyme-linked immunosorbent assay (ELISA) or
other immunoaffinity methods. In various embodiments, isolated fiber-synthesizing enzyme can

be processed, e.g., by lyophilization or ultrafiltration.
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[0144] The present disclosure includes that methods and compositions including isolated
fiber-synthesizing enzymes disclosed herein can be delivered to subjects and can provide various

health benefits disclosed herein.

Formulations and Applications

[0145] The present disclosure includes fiber-synthesizing enzyme formulations, e.g.,
where the fiber-synthesizing enzyme formulation can be or include one or more engineered cells
of the present disclosure (e.g., in a spore form) and/or isolated fiber-synthesizing enzyme of the
present disclosure. Enzymes (e.g., isolated fiber-synthesizing enzymes) and cells of the present
disclosure can be delivered to a subject in any of a variety of formulations. The present
disclosure includes, for example, formulation of isolated fiber-synthesizing enzymes and/or
engineered cells of the present disclosure in any manner known for use in administration of
probiotics. The present disclosure includes administration of a fiber-synthesizing enzyme
formulation to a subject. In various embodiments, the present disclosure includes
pharmaceutically acceptable fiber-synthesizing enzyme formulations that include a
pharmaceutically acceptable carrier or excipient.

[0146] In some embodiments, a fiber-synthesizing enzyme formulation can be
formulated as a dietary supplements. In some embodiments, a fiber-synthesizing enzyme
formulation can be formulated in a freeze-dried powder form. In some embodiments, a fiber-
synthesizing enzyme formulation can be formulated as a powder in stick packaging or sachets.
[0147] In some embodiments, a fiber-synthesizing enzyme formulation can be
formulated in an oral dosage form such as a capsule or tablet (e.g., chewable tablets ). In some
embodiments, a fiber-synthesizing enzyme formulation can be formulated as a gummy (e.g.,
including ingredients such as one or more of sugar and gelatin). The present disclosure includes
administration of a fiber-synthesizing enzyme formulation formulated in a delayed release oral
dosage form, e.g., an enterically coated oral dosage form.

[0148] Many foods and/or ingredients can be, or be utilized as vehicles for delivery of, a
fiber-synthesizing enzyme formulation, including without limitation chocolate, crackers, cereal,
yogurt, nattd, kombucha, or flour. Accordingly, the present disclosure includes a fiber-

synthesizing enzyme formulation formulated in or as a food product and/or food ingredient such
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as chocolate, crackers, cereal, yogurt, nattd, kombucha, or flour. In various embodiments, a
fiber-synthesizing enzyme formulation is formulated in or as a food product or food ingredient
that is a liquid such as a juice or drink. In various embodiments, spores can be formulated in a
suspension. In various embodiments, a unit dose or dosage form of a food product or food
ingredient of the present disclosure has volume of between about 0.05 mL and 500 mL, e.g.,
between about 0.5 mL and about 50 mL or between about 2.5 mL and 15 mL. In various
embodiments, a unit dose or dosage form of a food product or food ingredient of the present
disclosure has volume that has a lower bound of, e.g., 0.05 mL, 0.5 mL, 1 mL, 10 mL, 15 mL, 20
mL, 25 mL, 50 mL, or 100 mL and an upper bound of, e.g., 50 mL, 100 mL, 150 mL, 200 mL,
250 mL, 300 mL, 350 mL, 400 mL, 450 mL, or 500 mL.

[0149] The present disclosure further includes a fiber-synthesizing enzyme formulation
that is a sachet including one or more engineered cells of the present disclosure (e.g., in a spore
form) and/or isolated fiber-synthesizing enzyme of the present disclosure. In various
embodiments, a sachet is formulated for use of the one or more engineered cells of the present
disclosure (e.g., in a spore form) and/or isolated fiber-synthesizing enzyme of the present
disclosure with a food product for consumption, e.g., by combination of the food product with
the fiber-synthesizing enzyme formulation, e.g., by mixing with the food product and/or
distribution onto or into the food product (e.g., by sprinkling).

[0150] In various embodiments, a fiber-synthesizing enzyme formulation is included in
or added to a food product (e.g., a food ingredient) prior to administration to and/or consumption
of the food product by a subject. In various embodiments a food product is a food product for
human consumption. In various embodiments the food product is a food for animals, such as
animal feed or biscuits. In various embodiments, a fiber-synthesizing enzyme formulation is
included for activity after administration and/or consumption of the food product and/or food
ingredient, e.g., in the gut of a subject. monosaccharides and/or disaccharides and increase
concentration or amount of fiber in the food product and/or food ingredient prior to consumption
by a subject.

[0151] Various formulations can be stored at ambient conditions for extend periods of
time, e.g., at least 1 week, 2 weeks, 3 weeks, 1 month, 2 months, 3 months, 6 months, or 1 year,

e.g., up to 1 month, 2 months, 3 months, 6 months, or 1 year.
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[0152] In various embodiments, a unit dose or dosage form of a formulation that includes
an engineered cell of the present disclosure includes a number of colony-forming units (CFU)
that is between 1E+04 and 1E+14 (e.g., about 1E+04, 1E+05, 1E+06, 1E+07, 1E+08, 1E+09,
1E+10, 1E+11, 1E+12, 1E+13, or 1E+14 CFU, or within a range having a lower bound of about
1E+04, 1E+05, 1E+06, 1E+07, 1E+08, 1E+09, or 1E+10 CFU and an upper bound of about
1E+08, 1E+09, 1E+10, 1E+11, 1E+12, 1E+13, or 1E+14 CFU). In certain embodiments, a unit
dose or dosage form includes 1E+11 CFU of engineered cells (e.g., spores). Various examples
of live cell formulation administration are known in the art. For example, in one study,
2.25E+11 CFU was found to be a tolerable dose with no observable adverse effects. Natto, a
food made through fermentation with bacillus subtilis can contain as much as 1E+09 CFU per
gram and a typical consumed portion of nattd (~90-100g) can include 1E+11 CFU. Some
recommendations for consumption of Bacillus coagulans recommend a daily dosage of 1E+11 -
2E+11 CFU. Animal studies support safety and efficacy of CFU dosage levels provided herein,
e.g., demonstrating that 7E+12 and 9E+12 as a safe dosages, e.g., for a 70kg human.

[0153] In various embodiments, a fiber-synthesizing enzyme formulation of the present
disclosure is administered to a subject in need thereof. In various embodiments, administration
of a fiber-synthesizing enzyme formulation of the present disclosure causes production (e.g., in a
1, 3, 6, 12 or 24 hour period) of at least 1g soluble fiber, e.g., at least 1g, 2g, 3g, 4g, 5g, 10g, 15g,
20g, 25g, 30g, 35g, or 40g. In various embodiments, administration of a fiber-synthesizing
enzyme formulation of the present disclosure causes production (e.g.,ina 1, 3, 6, 12 or 24 hour
period) of at least 5g soluble fiber. In various embodiments, administration of a fiber-
synthesizing enzyme formulation of the present disclosure causes production (e.g.,ina 1, 3, 6,
12 or 24 hour period) of at least 10g soluble fiber. In various embodiments, administration of a
fiber-synthesizing enzyme formulation of the present disclosure causes production (e.g.,ina 1, 3,
6, 12 or 24 hour period) of an amount of soluble fiber that is in a range having a lower bound of
1g, 2g, 3g, 4g, or 5g and an upper bound of 5g, 10g, 15g, 20g, 25g, 30g, 35¢, or 40g. In various
embodiments, production of fiber is caused by administration of a single dose or dosage form of
a fiber-synthesizing enzyme formulation of the present disclosure. Those of skill in the art will
appreciate that, in various embodiments, a recommended total amount of daily fiber (e.g., by

consumption and/or synthesis by isolated fiber-synthesizing enzymes and/or engineered cells of
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the present disclosure) is 25 to 30g per day, including 6g to 8g per day soluble fiber (about V4
total fiber).

[0154] In various embodiments, administration of a fiber-synthesizing enzyme
formulation of the present disclosure causes incorporation into fiber (e.g.,ina 1, 3, 6, 12 or 24
hour period) of at least 1g carbohydrate, e.g., at least 1g, 2g, 3g, 4g, S5g, 10g, 15g, 20g, 25g, 30g,
35g, or 40g. In various embodiments, administration of a fiber-synthesizing enzyme formulation
of the present disclosure causes incorporation into fiber (e.g.,ina 1, 3, 6, 12 or 24 hour period)
of at least 5g carbohydrate. In various embodiments, administration of a fiber-synthesizing
enzyme formulation of the present disclosure causes incorporation into fiber (e.g.,ina 1, 3, 6, 12
or 24 hour period) of at least 10g carbohydrate. In various embodiments, administration of a
fiber-synthesizing enzyme formulation of the present disclosure causes incorporation into fiber
(e.g,inal, 3,6, 12 or 24 hour period) of an amount of carbohydrate that is in a range having a
lower bound of 1g, 2g, 3g, 4g, or 5g and an upper bound of 5g, 10g, 15g, 20g, 25g, 30g, 35g, or
40g. In various embodiments, production of fiber is caused by administration of a single dose or
dosage form of a fiber-synthesizing enzyme formulation of the present disclosure. Those of skill
in the art will appreciate that, in various embodiments, typical daily consumption of
carbohydrates can include, e.g., about 45g-77g sucrose.

[0155] In various embodiments, administration of a fiber-synthesizing enzyme
formulation of the present disclosure causes cleavage of (e.g.,ina 1, 3, 6, 12 or 24 hour period)
of at least 1g substrate carbohydrate, e.g., at least 1g, 2g, 3g, 4g, 5g, 10g, 15g, 20g, 25g, 30g,
35g, or 40g. In various embodiments, administration of a fiber-synthesizing enzyme formulation
of the present disclosure causes cleavage of (e.g.,in a 1, 3, 6, 12 or 24 hour period) of at least 5g
substrate carbohydrate. In various embodiments, administration of a fiber-synthesizing enzyme
formulation of the present disclosure causes cleavage of (e.g.,ina 1, 3, 6, 12 or 24 hour period)
of at least 10g substrate carbohydrate. In various embodiments, administration of a fiber-
synthesizing enzyme formulation of the present disclosure causes cleavage of (e.g.,ina 1, 3, 6,
12 or 24 hour period) of an amount of substrate carbohydrate that is in a range having a lower
bound of 1g, 2g, 3g, 4g, or 5Sg and an upper bound of 5g, 10g, 15g, 20g, 25g, 30g, 35g, or 40g.
[0156] Accordingly, administration of a fiber-synthesizing enzyme formulation of the

present disclosure that includes an engineered cell of the present closure can dramatically impact
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ratio of substrate carbohydrate to a synthesized fiber type in gut. As an example, if 60g of
sucrose and 4 g of soluble fiber are consumed by a subject, the weight ratio of soluble
fiber:sucrose is about 6.7%. If sucrose is utilized as a substrate for fiber synthesis by a fiber-
synthesizing enzyme expressed by an engineered cell, such that Sg of fiber (e.g., levan) is
produced, the total simple sugar content is decreased to 55g and the total soluble fiber is
increased to 9g, fiber:sucrose ratio becomes 16%. It is likely that many consumers have an intake
of soluble fiber significantly lower than 4 g a day which would make the impact of
administration of a fiber-synthesizing enzyme formulation of the present disclosure even more
dramatic.

[0157] Various means of measuring carbohydrate (e.g., consumed and/or gut
carbohydrate, e.g., monosaccharides and/or disaccharides) and/or fiber (e.g., consumed and/or
gut fiber) are known in the art. However, those of skill in the art will appreciate that direct
sampling of the gut (e.g., human intestinal tract) is not always possible. Accordingly, those of
skill in the art will appreciate that activity and/or efficacy of a fiber-synthesizing enzyme
formulation can be demonstrated by a variety of in vivo or ex vivo alternative assays that do not
require direct sampling of the gut. For example, synthesis of fiber from fructose generated by
cleavage of sucrose can be measured by cognate release of glucose. In certain embodiments,
engineered cells are cultured in growth media together with sucrose and change in the amount of
glucose in media can be quantified, e.g., by a variety of enzymatic assays and/or by direct high
pressure liquid chromatography measurement. Other methods include detection of fiber-
synthesizing enzyme in stool, e.g., where the fiber-synthesizing enzyme is secreted in gut by
engineered cells. Samples can be derived from excrement or through invasive or other means.
Another method of measuring soluble fiber production includes chromatography and/or NMR of
stool. This method can be particularly effective for rarely consumed fibers such as levan.
Microbiome composition itself can also provide an indication of fiber-synthesizing enzyme
activity. Microbiome composition can be routinely measured by metagenomics. A decrease in
number or ratio of strains associated with simple sugar dysbiosis and/or an increase in strains
associated with healthy gut function from a high fiber diet demonstrate therapeutic efficacy.
[0158] In various embodiments, a fiber-synthesizing enzyme formulation is administered

in a therapeutically effective amount and/or delivers a therapeutically effective amount of fiber-

70



WO 2022/076693 PCT/US2021/053983

synthesizing enzyme. In various embodiments, isolated fiber-synthesizing enzymes are
administered in a therapeutically effective amount (e.g., a therapeutically effective number of
cells) and/or deliver a therapeutically effective amount of fiber-synthesizing enzyme. In various
embodiments, engineered cells are administered in a therapeutically effective amount (e.g., a
therapeutically effective number of cells) and/or deliver a therapeutically effective amount of
fiber-synthesizing enzyme. In various embodiments, the engineered cells are non-colonizing
cells. In various embodiments the engineered cells are spore-forming cells. In various
embodiments, the engineered cells germinate in the gut of a subject, e.g., the gut of a human
subject, following administration to the subject. In various embodiments, engineered cells
administered to a subject germinate transiently in the gut of the subject. In various
embodiments, engineered cells administered to a subject secrete fiber-synthesizing enzyme in the
gut of the subject. In various embodiments, engineered cells of a single administered dose of a
fiber-synthesizing enzyme formulation, fiber-synthesizing enzyme produced by engineered cells
of a single administered dose of a fiber-synthesizing enzyme formulation, and/or isolated fiber-
synthesizing enzyme delivered by a single administered dose of a fiber-synthesizing enzyme
formulation can be detected in the gut of the subject, e.g., for a period of at least 6 hours (e.g., at
least 6, 12, 18, 24, 48, or 72 hours, e.g., for a period of time having a lower bound of 6, 12, 18, or
24 hours and an upper bound of 12, 24, 48, 72, 96, or 120 hours).

[0159] In various embodiments, a fiber-synthesizing enzyme formulation the present
disclosure is administered to a subject, before (e.g., upto 1,2, 3, 4, 5, 6, 12, 24, or 48 hours
prior to), during, or after (e.g, upto .,upto 1,2, 3,4,5,6, 12, 24, or 48 hours after)
consumption of food by the subject, optionally wherein the food includes carbohydrates (e.g.,
monosaccharides and/or disaccharides, e.g., sucrose). In various embodiments, a fiber-
synthesizing enzyme formulation the present disclosure is administered in a dosage regimen,
e.g., where a subject is administered a single daily dose, multiple daily doses (e.g., two or three
daily doses), or one dose for each period of a certain number of days, e.g., 1,2, 3,4,5,6,0r7
days. To enable consumers to successfully use this technology it is highly desirable to limit the
number of administration events required by a user of a supplement. The present inventors have
determined one tablet a day is preferred by consumers and, among other things, is particularly

preferable to to taking a tablet or other form of administration with each meal. This is partly
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driven by enabling privacy, wherein meals can be enjoyed under any circumstances without
drawing attention to the use of the supplement. In one embodiment, efficacy in a single dose is
achieved by delivering the active enzyme in Bacillus subtilis, which traverses the intestinal tract
in a manner different to that of formulated supplements.

[0160] The present disclosure includes the recognition that, in various embodiments, it
can be beneficial for the expected time passage of a composition of the present disclosure
through a subject’s gastrointestinal tract to be longer than the expected time for passage of
typical foods through the gastrointestinal tract of the subject, which can be referred to herein as
slow passage. One benefit of slow passage is that a single administration of a composition
provided herein can express an enzyme of the present disclosure in the subject for a period of
time that includes multiple meals and/or a period of time that is at least 3 hours (e.g., at least 3, 6,
9,12, 18, or 24 hours, e.g., a period of time that is at least 3 to 6 hours, 3 to 9 hours, 3 to 12
hours, 3 to 18 hours, 3 to 24 hours, 6 to 9 hours, 6 to 12 hours, 6 to 18 hours, 6 to 24 hours, 12 to
18 hours, or 12 to 24 hours). In various embodiments, slow passage can be characteristic of
compositions that transiently adhere to the lining of the intestine. Those of skill in the art will
appreciate that, by contrast, purified enzymes delivered (e.g., using various slow release
formulations) pass through the intestine at the same rate as digesta and therefore generally must
be administered with or at about the same time as ingested food with respect to which therapeutic
effect is desired.

[0161] The present disclosure includes the recognition that, in various embodiments, it
can be beneficial for a composition of the present disclosure to pass through the stomach of a
subject without significant loss of cells (e.g., survival of cells) or cell viability (e.g., capacity to
germinate and/or proliferate). In various embodiments, loss of cells or cell viability is less than
50%, e.g., less than 50%, 40%, 30%, 20%, 10%, 5%, 4%, 3%, 2%, or 1%. The present
disclosure includes the recognition that, in various embodiments, it can be beneficial for a
composition of the present disclosure to pass through the stomach of a subject without significant
loss of isolated fiber-synthesizing enzyme activity. In various embodiments, loss of fiber-
synthesizing enzyme activity is less than 50%, e.g., less than 50%, 40%, 30%, 20%, 10%, 5%,
4%, 3%, 2%, or 1%.
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[0162] The present disclosure includes the recognition that, in various embodiments, it
can be beneficial for a composition of the present disclosure to pass through the gut within a
limited timeframe (gut residency time). Agents that include protective layers can be subject to
passage times that vary with the activity of the intestinal tract, which, for example, can increase
or decrease depending on eating behaviors of the subject and content consumed. Agents that
colonize the gut can provide long-term delivery of an expressed transgene product, but the
extended residency of colonizing bacteria can allow time for mutations in the bacteria, e.g.,
mutations that reduce transgene expression, and proliferation or population size can be difficult
to monitor, stabilize, and/or control. An inflammatory and/or immune response against a
colonizing bacteria could also arise over time. Colonization can also impact the composition of
the microbiome with respect to other microbes, e.g., by causing loss of a similar strain present in
the microbiome prior to administration of an agent of the present disclosure. Extended residency
associated with colonization can also reveal unexpected characteristics, such as the discovered
carcinogenic effects of colibactin produced by the colonizing probiotic £. coli Nissile, a strain
that had historically been developed for human consumption. In various embodiments, gut
residency time of a composition of the present disclosure is less than 10 days, e.g., less than 10,
9,8,7,6,5,4,3,2,or 1 days. In various embodiments, residency time is measured from
administration of a dose of a fiber-synthesizing enzyme formulation of the present disclosure to a
time at which the subject includes a number of cells administered with or derived from the cell
composition that is no more than 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, 0.01%, 0.005%, or
0.001% the total number of cells administered in the dose. In various embodiments, clearance is
measured as the inability to detect DNA characteristic of administered cells in DNA samples of
the subject, e.g., isolated from stool of the subject. Those of skill in the art will appreciate from
the present disclosure will appreciate that the present disclosure includes that a cell composition
administered in repeated doses can therefore be advantageous as compared to a colonizing cell
composition, e.g., where individual doses have a limited residency time and a plurality of doses
over time can be used to extend duration of treatment. In various embodiments, cells of the
present disclosure are cells that lack one or more functions required for survival in and/or
colonization of the gut, including but not limited to, reliance on oxygen as an electron acceptor,

susceptibility to defenses of host microbes, inability to participate in the cross-feeding ecosystem

73



WO 2022/076693 PCT/US2021/053983

of the established microbiome, and/or lack of offensive self-preservation against host
microbiome strains.

[0163] Those of skill in the art will appreciate that administration to a subject of a fiber-
synthesizing enzyme formulation before, during, or after consumption of carbohydrate (e.g.,
monosaccharides and/or disaccharides, e.g., sucrose) can decrease concentration or amount of
monosaccharides and/or disaccharides in the gut of the subject and/or decrease the rate or
amount of fructose absorbed by the intestine of the subject and/or decrease the rate or amount of
monosaccharides and/or disaccharides processed by microbiome cells of the subject, and also
increase the production of fiber. In some embodiments, for every weight or mole units of
fructose utilized as a substrate by a fiber-synthesizing enzyme an equal weight or mole units of
fiber can be produced, leading to commensurate beneficial health effects from the increase in the
concentration or amount of gut soluble fiber.

[0164] In various embodiments, administration of a fiber-synthesizing enzyme
formulation in need thereof can treat a condition associated with or caused by consumption of
carbohydrate (e.g., monosaccharides and/or disaccharides), e.g., high blood pressure, heart
disease, obesity, diabetes, high blood glucose and other health problems. In various
embodiments, administration of a fiber-synthesizing enzyme formulation of the present
disclosure to a subject in need thereof can treat a condition associated with or caused by low
soluble fiber consumption, e.g., high blood cholesterol, heart disease, obesity, diabetes, high
blood glucose, and other health problems. In various embodiments, administration of a fiber-
synthesizing enzyme formulation of the present disclosure to a subject in need thereof can
provide health benefits associated with consumption of soluble fiber, including without
limitation reduced risk of high blood cholesterol, heart disease, obesity, diabetes, high blood
glucose, and other health problems. In various embodiments, administration of a fiber-
synthesizing enzyme formulation of the present disclosure to a subject in need thereof to treat
dysbiosis.

[0165] In various embodiments, a fiber-synthesizing enzyme formulation is administered
to a subject in need thereof, wherein the subject has, has been diagnosed as having, or is at risk
of developing one or more of a condition associated with or caused by consumption of

carbohydrate (e.g., monosaccharides and/or disaccharides), caused by low soluble fiber

74



WO 2022/076693 PCT/US2021/053983

consumption, or preventable by soluble fiber consumption, e.g., where the condition is selected
from high blood pressure, heart disease, obesity, diabetes, high blood glucose and other health
problems.

[0166] In various embodiments, a fiber-synthesizing enzyme formulation is administered
to a subject for weight management, e.g., for dieting and/or for treatment of obesity. In various
embodiments, the subject is overweight or obese. In various embodiments, obesity refers to a
condition of having a body mass index equal to or greater than 30. In various conditions,
overweight refers to a condition of having a body mass index equal to or greater than 25. Those
of skill in the art will appreciate that a fiber-synthesizing enzyme formulation of the present
disclosure can also be used by an individual who is neither overweight nor obese (body mass
index below 25) for purposes of weight management or for any other purposes provided herein,
e.g., for gut health.

[0167] In various embodiments, a fiber-synthesizing enzyme formulation is administered
to a subject having consumed in the preceding 24 hours an amount of carbohydrate (e.g., an
amount of total carbohydrate or monosaccharides and/or disaccharides) that is equal to or greater
than about 45g (e.g., at least about 45g, 50g, 55g, 60g, 65g, 70g, 80g, 85g, 90g, 95g, 100g, 105g,
110g, 115g, 120g, 125g, 130g, 135g, 140g, 145g, 150g, 155g, 160g, 165g, 170g, 175g, 180g,
185g, 190g, 195g, 200g, or more). In various embodiments, a fiber-synthesizing enzyme
formulation is administered to a subject having consumed in the preceding 24 hours an amount
of fiber that is equal to or less than about 50g (e.g., less than about 50g, 45g, 40g, 35g, 30g, 25g,
20g, 15g, 10g, 5g, or 1g). In various embodiments, a fiber-synthesizing enzyme formulation is
administered to a subject having consumed in the preceding 24 hours an amount of soluble fiber
that is equal to or less than about 20g (e.g., less than about 20g, 15g, 10g, 9g, 8g, 7g, 6g, 5g, 4g,
3g, 2g, or 1g).

[0168] In various embodiments, a fiber-synthesizing enzyme formulation is administered
to a subject having consumed during at least about 10% (e.g., at least about 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or 100%) of the preceding 5 or more days (e.g., 5, 7, 10, 14,
28, 42, 50, 100, 150, 200, 250, 300, 350, or 365 days) an amount of carbohydrate (e.g., an
amount of total carbohydrate or monosaccharides and/or disaccharides) that is equal to or greater

than about 45g (e.g., at least about 45g, 50g, 55g, 60g, 65g, 70g, 80g, 85g, 90g, 95g, 100g, 105g,
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110g, 115g, 120g, 125g, 130g, 135g, 140g, 145g, 150g, 155g, 160g, 165g, 170g, 175g, 180g,
185g, 190g, 195g, 200g, or more). In various embodiments, a fiber-synthesizing enzyme
formulation is administered to a subject having consumed during at least about 10% (e.g., at least
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%) of the preceding 5 or more
days (e.g., 5, 7, 10, 14, 28, 42, 50, 100, 150, 200, 250, 300, 350, or 365 days) an amount of fiber
that is equal to or less than about 50g (e.g., less than about 50g, 45g, 40g, 35g, 30g, 25g, 20g,
15g, 10g, 5g, or 1g). In various embodiments, a fiber-synthesizing enzyme formulation is
administered to a subject having consumed during at least about 10% (e.g., at least about 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or 100%) of the preceding 5 or more days (e.g., 5,
7,10, 14, 28, 42, 50, 100, 150, 200, 250, 300, 350, or 365 days) an amount of soluble fiber that is
equal to or less than about 20g (e.g., less than about 20g, 15g, 10g, 9g, 8g, 7g, 6g, Sg, 4g, 3g, 2g,
or 1g).

[0169] In various embodiments, a fiber-synthesizing enzyme formulation is administered
to a subject that is a human. In various embodiments, a fiber-synthesizing enzyme formulation is
administered to a subject that is an animal, e.g., a domestic animal (e.g., a cat, dog, or other
domestic animal), a livestock animal (e.g., a horse, cow, sheep, goat, pig, or other livestock
animal), or a zoo animal (e.g., a non-human primate, elephant, hippopotamus, rhinoceros, bear,
or other zoo animal).

[0170] In various embodiments, treatment achieved by administration of a fiber-
synthesizing enzyme formulation is advantageous as compared to direct consumption of fiber.
For example, direct consumption of fiber does not prevent an overabundance of purified sugars
in the colon. Additionally, a single daily dose of fiber only mediates one bolus passing through
the digestive tract and may not affect other food portions containing sugar consumed throughout
the day. Large doses of fiber also have physicochemical and biochemical properties that are
abnormal for food, leading to changes in osmotic pressure and blooms in bacterial growth with
associated negative experiences. Ingesting a large amount of fiber quickly can promote intestinal
gas, abdominal bloating and cramping. No attempts have been made, to the knowledge of the
present inventors, to decrease sugar after consumption prior to absorption by the intestine or

microbiome. Nor, to the knowledge of the present inventors, is there a suitable technology for
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sustained delivery of therapeutically effective amounts of soluble fiber over, e.g., a period of 12
or 24 hours or longer.

[0171] The present disclosure includes the discovery that that solutions to various
challenges disclosed herein are solved through the use of a living engineered cells as a delivery
vector. In various embodiments, engineered cells temporarily adhere to and/or reside within the
mucus layer lining the wall of the intestine. The proximity of the mucus layer to passing digesta
allows for rapid interaction of engineered cells and/or fiber-synthesizing enzyme with passing
digesta. Engineered bacterial spores and other live cells are known to transit the intestine over a
period of greater than 9 hours, allowing for interaction of engineered cells and/or fiber-
synthesizing enzyme produced thereby with multiple meals (e.g., two meals consumed within a
period of 9 hours). Bacterial spores are extremely robust, with demonstrated ability to survive
intact through the environment of the stomach. We were further able to identify, in particular
embodiments, a microbial spore former that is active in the intestinal environment but does not
colonize the intestine long term. This microbe, Bacillus subtilis, has a long history of being
consumed in food as an active reagent in fermentation of soy beans, producing the food nattg,
and is considered food safe. For at least these reasons, administration of an engineered cell of the
present disclosure can provide longer lasting activity than ingestion of purified

enzyme. Engineered cells (e.g. spores) of the present disclosure can pass safely pass through the
stomach and subsequently express fiber-synthesizing enzyme in intestine. We identified that 5.
subtilis is a preferred candidate engineered cell at least in part because, when administered to a
subject, it becomes caught in the mucosa (sticky ball model). B. subtilis is therefore exemplary
of the limited set of delivery vectors that are food safe, non-colonizing (orthogonal to the

microbiome), and spore forming.
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EXAMPLES
[0172] The present Examples demonstrate the construction of transgenes that encode a
fiber-synthesizing enzyme. The present Examples further demonstrate production of engineered
cells that include and express a transgene encoding fiber-synthesizing enzyme. As will be
appreciated by those of skill in the art, engineered cells of the present disclosure are suitable for
administration to subjects, including human subjects, and express fiber-synthesizing enzyme.
Accordingly, the present Examples illustrate engineered cells representative of compositions
disclosed herein and suitable for various applications provided herein, including without

limitation applications that include administration to a human subject.

Example 1: Construction and Experimental Validation of Engineered Cells that express an
Enzyme for Synthesis of Soluble Fiber from Carbohydrate Substrate
[0173] A transgene was constructed for expression of a fiber-synthesizing enzyme. The
transgene was produced using standard techniques of molecular biology. The transgene included
nucleic acid sequences encoding a fiber-synthesizing enzyme that included a secretion
polypeptide. The present example utilizes SacB levansucrase enzyme. The nucleic acid
encoding the fiber-synthesizing enzyme was derived from B.s. Natto sacB and has the following
sequence, with the secretion polypeptide encoding sequence bolded and underlined:
atgaacatcaaaaagtttgcaaaacaagcaacagtattaacctttactaccgeactgctggcaggaggcgeaactcaag
cgtttgcgaaagaaacgaaccaaaagecatataaggaaacatacggceatttcccatattacacgecatgatatgetgcaaatcectgaacag
caaaaaaatgaaaaatatcaagttcctgaattcgattcgtccacaattaaaaatatctettctgcaaaaggectggacgtttgggacagetgge
cattacaaaacgctgacggcactgtcgcaaactatcacggetaccacategtetttgeattagecggagatectaaaaatgeggatgacacat
cgatttacatgttctatcaaaaagtcggcgaaacttctattgacagetggaaaaacgetggecgegtetitaaagacagegacaaattcgatg
caaatgattctatcctaaaagaccaaacacaagaatggtcaggttcagecacatttacatctgacggaaaaatccgtttattctacactgatttct
ccggtaaacattacggcaaacaaacactgacaactgcacaagttaacgtatcagecatcagacagetcetttgaacatcaacggtgtagaggat
tataaatcaatctttgacggtgacggaaaaacgtatcaaaatgtacagcagttcatcgatgaaggcaactacagetcaggegacaaccatac
gctgagagatcctcactacgtagaagataaaggcecacaaatacttagtatttgaagcaaacactggaactgaagatggctaccaaggegaa
gaatctttatttaacaaagcatactatggcaaaagceacatcattcttccgtcaagaaagtcaaaaacttctgcaaagegataaaaaacgeacg

gctgagttagcaaacggegcetcteggtatgattgagetaaacgatgattacacactgaaaaaagtgatgaaaccgcetgattgeatctaacaca
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gtaacagatgaaattgaacgcgcgaacgtctttaaaatgaacggcaaatggtacctgttcactgactcccgeggatcaaaaatgacgattga
cggcattacgtctaacgatatttacatgcttggttatgtttctaattctttaactggeccatacaagecgetgaacaaaactggecttgtattaaaa
atggatcttgatcctaacgatgtaacctttacttactcacacttcgetgtacctcaagcgaaaggaaacaatgtegtgattacaagetatatgac
aaacagaggattctacgcagacaaacaatcaacgtttgcgeccaagcettcctgetgaacatcaaaggeaagaaaacatetgttgtcaaagaca
gcatccttgaacaaggacaattaacagttaacaaataa (SEQ ID NO: 20).
[0174] The protein product SacB has the following amino acid sequence, with the
secretion polypeptide sequence bolded and underlined:
MNIKKFAKQATVLTFTTALLAGGATQAFAKETNQKPYKETYGISHITRHDML
QIPEQQKNEKYQVPEFDSSTIKNISSAKGLDVWDSWPLQNADGTVANYHGYHIVFALAG
DPKNADDTSIYMFYQKVGETSIDSWKNAGRVFKDSDKFDANDSILKDQTQEWSGSATF
TSDGKIRLFYTDFSGKHYGKQTLTTAQVNVSASDSSLNINGVEDYKSIFDGDGKTYQNV
QQFIDEGNYSSGDNHTLRDPHYVEDKGHKYLVFEANTGTEDGY QGEESLFNKAYYGKS
TSFFRQESQKLLQSDKKRTAELANGALGMIELNDDYTLKKVMKPLIASNTVTDEIERAN
VFKMNGKWYLFTDSRGSKMTIDGITSNDIYMLGYVSNSLTGPYKPLNKTGLVLKMDLD
PNDVTFTYSHFAVPQAKGNNVVITSYMTNRGFYADKQSTFAPSFLLNIKGKKTSVVKDS
ILEQGQLTVNK* (SEQ ID NO: 21).

[0175] The nucleic acid sequence encoding fiber-synthesizing enzyme derived from B.s.
Natto was operably linked with a nucleic acid sequence encoding a secretion polypeptide, such
that the encoded fiber-synthesizing enzyme was a fusion polypeptide including a secretion
polypeptide. The nucleic acid sequence encoding the fusion polypeptide was analyzed for
secondary structure, at least in part because significant secondary structure can cause translation
termination and poor expression. Base pairs that significantly contributed to secondary structure
in the nucleic acid sequence were modified by silent modifications of nucleic acid sequence
(e.g., non-coding and/or synonymous modifications of nucleic acid sequence) that reduced the
contribution to secondary structure.

[0176] The nucleic acid sequence encoding the fiber-synthesizing enzyme was
transformed into B. subtilis PY79 cells and operably linked to Aag promoter by homologous
recombination at the endogenous /ag locus of B. subtilis PY79 genome with the addition of a
modifying mutation in the promoter sequence by homologous integration as described in US

16/048,147 (published as US 2019/0076489) and PCT/US18/50957 (published as WO
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2019/055707) herein incorporated by reference in their entirety and with respect to regulatory
sequences and systems disclosed therein.

[0177] Fiber-synthesizing enzymatic activity was measured by the following assay.
Because levansucrase cleavage of sucrose releases glucose, accumulation of glucose provides a
measure of fiber-synthesizing enzyme activity. Accumulation of glucose is directly proportional
to the cleavage of sucrose and formation of fructooligosaccharides. Various glucose meters are
known in the art and can be standardized for measurement of glucose concentrations in bacterial
media. Engineered bacteria of the present Example were cultured in media together with a
defined concentration of sucrose. After culture for a defined period, bacteria were pelleted by
centrifugation (21xg for 2 minutes) and remaining supernatant was contacted with a glucose
meter testing strip. Levan production (mg/dL over time) is shown in Fig. 1.

[0178] Controls demonstrated no significant consumption of glucose occurred in the
assay, consistent with expectations that glucose consumption due to cell growth would be <0.1%
of available glucose. Further controls demonstrated that addition of sucrase to collected
supernatant for complete cleavage of remaining sucrose resulted in a final yield of glucose equal
to the starting amount of sucrose.

[0179] Fructose polymer formation was confirmed by addition of xylose isomerase to
collected supernatant. Xylose isomerase can convert glucose to fructose, and addition of xylose
isomerase equilibrates free, non-polymerized fructose with free glucose. If fructooligosaccharide
fibers have formed, then the level of free, non-polymerized fructose would be significantly lower
than glucose, such that xylose isomerase would catalyze conversion of glucose into fructose
causing the glucose level of the supernatant to drop. If fructooligosaccharides have not formed,
then the level of free, non-polymerized fructose would be comparable or higher than that of
glucose, in which case xylose isomerase would not catalyze conversion of glucose to fructose
and the level of glucose would rise or remain unchanged. Results demonstrated that addition of
xylose isomerase catalyzed conversion of glucose into fructose causing the glucose level of the
supernatant to drop, indicative of fructooligosaccharide fiber formation. Those of skill in the art
will appreciate that a variety of alternative methods are readily available for quantification (e.g.,
of the amount and/or concentration) of glucose, fructose, fructooligosaccharide, and the like,

including without limitation HPLC and HPAEC. To confirm that Levan is produced from ZB423
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the strain was cultured in productive media (Per Liter in water: 2.5 g yeast extract, 1.5 g
NH4S04, 7.2 g K2HPO4, 0.2 g MgS04.7H20, and 200 g sucrose) for 72 hours. The cell culture
was then pelleted to remove cells and cold ethanol (1:1.5) was added to the supernatant. A white
precipitate was observed, collected by centrifugation, and further purified by twice repeating
dissolution in water and precipitation in cold ethanol followed by centrifugation to collect the
pellet. The pellet was dried under vacuum for 24 hours before analysis, becoming clear, hard,
and brittle after drying. A strain of Bacillus subtilis PY79 that was not engineered to express
SacB did not produce a precipitate or pellet from the supernatant and could not be analyzed. The
pellet was analyzed by High Performance Anion Exchange Chromatography (HPAEC) [Figure
3.] to confirm the degree of polymerization, and by 1H-NMR [Figure 4], 13C-NMR [Figure 5],
and HSQC-NMR [Figure 6] to confirm the structure of the polymer as Levan. A comparison of
13C-NMR chemical shifts to those previouly measured in literature shows that they closely
correlate with known values for Levan [Figure 7].

[0180] Secretion of fiber-synthesizing enzyme by engineered cells was assayed in LB
media. Engineered cells were cultured for 18 hours, after which period sucrose was added to
media and glucose accumulation was measured periodically as described above. Additionally, a
gel of the supernatant shows protein of the correct size in supernatant and not in cell fractions.
Results are shown in Fig. 2.

[0181] The present Example demonstrated that transgene encoding a fiber-synthesizing
enzyme derived from F1-sacB of B. subtilis sp. natto expressed a highly active fiber-synthesizing
enzyme.

[0182] The present disclosure further includes the recognition that levansucrase (SacB)
derived from B.s. Natto has certain exemplary qualities that confirm the utility of SacB
expression in gut. The optimum pH range for levansucrase activity of sacB is 6-7 which matches
that of the small intestine. SacB enzyme is naturally secreted and therefore stable outside of the

engineered cell, amenable to secretion through a gram positive cell envelope.
Example 2: Engineered Cells for Increased Efficiency of Transgene Integration

[0183] The present Example demonstrated engineering of target cells to increase the

efficiency of transformation of the target cells with a transgene including a nucleic acid sequence
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encoding a fiber-synthesizing enzyme, where the nucleic acid sequence that encodes the fiber-
synthesizing enzyme has at least 80% identity to an endogenous sequence of a target cell type.
The present Example provides in particular a transgene as set forth in Example 1, encoding F1-
SacB, and target cells that are B. subtilis PY79 cells. The transgene was flanked by homology
regions (often referred to as “homology arms”) of about 800 bp designed to target the transgene
for integration at the B. subtilis PY79 hag locus by homologous recombination. The transgene
included a sequence of about 1400 bp having significant (greater than 80%) identity with B.
subtilis PY79 sacB gene. Because of the 1400 bp region of significant identity between the
transgene and the endogenous sacB gene, homologous recombination between the transgene and
the endogenous sacB gene can complete with homologous recombination between the homology
arms and the endogenous /ag locus. Due it’s large size, the 1400 bp region may be more likely
to recombine with the endogenous genome than the desired homology arms. To reduce and/or
obviate recombination between the transgene and the endogenous SacB gene, the corresponding
sequence of the endogenous sacB gene was knocked out by deletion using standard molecular

biology techniques.

Example 3: Engineered Cells for Constitutive Expression of Fiber-Synthesizing Enzyme
[0184] While those of skill in the art will appreciate that any of a variety of promoters are
known to cause constitutive expression of an operably linked coding sequence, the present
Example provides an exemplary demonstration of cells engineered for constitutive expression of
a transgene-encoded fiber-synthesizing enzyme. The present Example includes a transgene that
includes a flagellin gene promoter operably linked to a nucleic acid sequence encoding a fiber-
synthesizing enzyme. Many bacteria have a flagellin gene homolog. Flagellin genes go by
many names, some examples of which are: hag in B. subtilis; fliC in Fscherichia coli, Bacillus
thuringiensis, and several lactobacillus species; and flaA or flaB/C/D/E/Fyetc. in Legionella
species, Vibrio species, and Campylobacter species. Various embodiments including a hag
promoter operably linked to a nucleic acid sequence encoding a fiber-synthesizing enzyme are
disclosed, and at least one representative embodiment thereof is exemplified. The disclosures of
US 16/048,147 (published as US 2019/0076489) and PCT/US18/50957 (published as WO
2019/055707) are herein incorporated by reference in their entirety and with respect to regulatory
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sequences and systems disclosed therein. Those of skill in the art will appreciate that the
flagellin gene expression system disclosed herein is merely one of many expression systems
available for expression (e.g., constitutive expression) of coding sequences in in bacteria, and
that the flagellin system disclosed herein was used as a matter of experimental convenience
based on available reagents.

[0185] In the present Example, flagellar regulatory machinery of B. subtilis was adapted
to accomplish constitutive and robust expression of a fiber-synthesizing enzyme, levansucrase.
Various bacteria, including B. subtilis, regulate motility, at least in part, by a sophisticated
system involving several positive and negative regulators. The constitutive expression strategy
of this Example includes removing negative regulators of the highly expressed B. subtilis
flagellin gene, called hag.

[0186] The gene encoding the flagellar subunit of B. subtilis flagellin is hag, and the
protein it encodes is expressed in hundreds of thousands of copies in a single bacterium in the
right conditions, using a transcriptional promoter and a ribosome binding site that are both
robust. Transcription is mediated by a sigma factor, SigD, which is repressed by the FlgM
protein. Inactivation (e.g., by deletion or mutation) of fIlgh expression greatly enhances
constitutive expression and activity of SigD, and consequently results in higher and more
constitutive transcription of the flagellar operon and specifically the s#ag gene. Translation of
transcripts generated from the /ag gene is enabled by a highly robust ribosome binding site that
is bound and repressed post-transcriptionally by a protein called CsrA. However, a single point
mutation in the CsrA binding site abrogates its binding and results in increased constitutive
translation of the Hag protein.

[0187] Using the combination of inactivation the f/gM gene and making the single point
mutation in the CsrA-binding site can achieve extremely high levels of Hag protein expression
constitutively during the B. subtilis life cycle. Similarly, if the hag gene is replaced with a
heterologous gene encoding a protein of interest, that gene can be transcribed and translated
constitutively at high levels. Thus, replacement of the #ag gene with a gene encoding a fiber-
synthesizing enzyme, inactivation of expression of the fIgM gene, and introduction of a single
point mutation at the CsrA binding site of the hag promoter can result in robust and constitutive

expression of fiber-synthesizing enzyme in B. sublfilis.
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[0188] Accordingly, in certain embodiments provided herein, bacteria include a point
mutation in the binding site of CsrA in combination with a mutation that inactivates flgM
expression. By making these two mutations, constitutive expression from any SigD-based or
flagellin promoter system is increased. Without wishing to be limited by any particular scientific
theory, it is believed that mutation of a CsrA binding site is distinct from simple deletion of CsrA
because CsrA is a pluripotent regulator in many bacterial species and its deletion could have
many other potentially undesirable phenotypic effects on a cell. By making a point mutation
only in the binding site, the mutation reduces or precludes CsrA repression of the Aag promoter
specifically and/or uniquely, rather than removing CsrA repression from any other targets it may
have.
[0189] Certain nucleic acids disclosed herein thus include a transgene comprising a
flagellin gene transcription regulatory sequence (e.g., a flagellin gene promoter, e.g., a hag
promoter) operatively linked with a heterologous nucleic acid sequence encoding a fiber-
synthesizing enzyme. In certain embodiments, the #ag promoter comprises genetic alterations
such that, upon transcription of an mRNA from the hag promoter, CsrA inhibition of mRNA
translation is reduced or repressed compared to a reference with wild-type or canonical CsrA
binding sites.
[0190] In certain embodiments, the flagellin gene promoter is a #ag gene promoter. The
flagellin homolog is hag in Bacillus, e.g., B. subtilis. In another embodiment, the flagellin gene
promoter is native to the cell in which the subject protein is to be expressed. For example, this
can be the case when the expression construct is located in a bacterial chromosome.
[0191] As used herein, the term “Hag” (or “hag” or “hag”) can refer to the protein (or
gene encoding such protein) annotated as “Hag” in B. subtilis or any homolog in the same or
other genus, species, or strain, which is the structural subunit also known more generically as
“flagellin” used to assemble a flagellum. It is known by several other names in other genera,
species, and strains. B. subtilis Hag is encoded by the following sequence:
atgagaattaaccacaatattgcagcgcttaacacactgaaccgtttgtcttcaaacaacagtgegagecaaaagaacatggaga
aactttcttcaggtcttcgcatcaaccgtgcgggagatgacgcageaggtcettgegatctctgaaaaaatgagaggacaaatcagaggtctt
gaaatggcttctaaaaactctcaagacggaatctctettatccaaacagetgagggtgcattaactgaaactcatgegatecttcaacgtgtte

gtgagctagttgttcaagetggaaacactggaactcaggacaaagcaactgatttgeaatctattcaagatgaaatttcagetttaacagatga
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aatcgatggtatttcaaatcgtacagaattcaatggtaagaaattgctcgatggeacttacaaagttgacacagcetactcctgcaaatcaaaag
aacttggtattccaaatcggagcaaatgctacacagcaaatctctgtaaatattgaggatatgggtactgacgctcttggaattaaagaagetg
atggttcaattgcagctcttcattcagttaatgatcttgacgtaacaaaattcgcagataatgcageagatactgetgatatcggtttcgatgetca
attgaaagttgttgatgaagcgatcaaccaagtttettctcaacgtgetaagettggtgcggtacaaaatcgtetagageacacaattaacaact
taagcgcttctggtgaaaacttgacagetgctgagtetegtatcegtgacgttgacatggetaaagagatgagegaattcacaaagaacaac
attctttctcaggettctcaagcetatgcettgetcaageaaaccaacagecgcaaaacgtacttcaattattacgttaa (SEQ ID NO: 22).
[0192] As used herein, the term “hag promoter” refers to a naturally occurring flagellin
gene promoter cognate from genus Bacillus and promoters having sequences substantially
identical (e.g., at least 80%, e.g., 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
identical) thereto or hybridizing specifically thereto. In B. subtilis, the hag promoter is
comprised in a 273 base-pair sequence 5' of the start codon of the hag gene, having the nucleic
acid sequence:
ggaattgacgccccaaagcatattgatattcacaggaaagaaatttacttgaccattcaggaagaaaataaccgtgeageagegttatccag
cgatgtgatctccgcattatcctcacaaaaaaagtgaggatttttttattttigtattaacaaaatcagagacaatccgatattaatgatgtag
ccgggaggaggcgcaaaagactcagecagttacaaaataagggeacaaggacgtgecttaacaacatattcagggaggaacaa
aaca(ATG) (SEQ ID NO: 23) (where “ATG” represents the start codon of hag). The sequence
in bold beginning with TTAA (underlined) through the start codon ATG is sufficient to promote
expression of an operably linked coding sequence.

[0193] In particular, the hag promoter includes a SigD recognition sequence defined by a
“ttaa” sequence (underlined), which is the -35 SigD RNA polymerase binding site and a
“tccgatat” sequence (underlined), which is the -10 SigD RNA polymerase binding site. In
addition, sag has two CsrA binding sites defined by the sequences “gcacaaggacgt” (SEQ ID NO:
24) (high-affinity binding site 1, or “BS1”) (underlined) and “attcagggaggaa” (SEQ ID NO: 25)
(low-affinity binding site 2, or “BS2”) (underlined). The hag promoter also includes a Shine-
Dalgarno sequence: agggagga (SEQ ID NO: 26).

[0194] As used herein, the term “CsrA” (“Carbon storage regulator A”) refers to the
protein (or gene encoding such protein) annotated as “CsrA” in B. subtilis -- or any homolog or
ortholog in another genus or species, or paralog in the same species. CsrA is homologously
referred to as RsmA in some species. CsrA protein binds to a stem-loop RNA motif having the

consensus sequence AGGA in the loop, thereby inhibiting translation into polypeptide of a
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nucleic acid sequence incorporated in an mRNA comprising the consensus sequence. CsrA can
inhibit expression of an mRNA transcribed from the hag promoter either directly by binding to
the RNA and preventing translation or indirectly by binding to another RNA that encodes a
protein that otherwise regulates flagellar expression. CsrA is encoded in B. subtilis by the
sequence:
atgctagttttatcgcggaaaataaacgaagcegattcaaataggtgctgatattgaagtaaaagtgattgcggttgaagggoatcaagtgaag
cttggaattgacgccccaaageatattgatattcacaggaaagaaatttacttgaccattcaggaagaaaataaccgtgcageagegttatee
agcgatgtgatctcegcattatcctcacaaaaaaagtga (SEQ ID NO: 27).

[0195] In certain embodiments, transgenes of the present disclosure include genetic
modifications in a flagellin gene promoter that, upon transcription from the promoter into a
transcript, such as mRNA, reduce and/or repress CsrA inhibition of mRNA translation. The
present disclosure contemplates several genetic modifications to a flagellin gene promoter, and,
in particular, to a hag promoter, to reduce and/or repress CsrA inhibition of mRNA translation.
In some embodiments, genetic modifications to hag to inhibit CsrA repression of translation can
comprise an alteration of a stem and loop structure in either or both of BS1 or BS2. In some
embodiments, the genetic modification is an insertion or a deletion of one or more nucleotides.
A genetic modification can include one or more point mutations to CsrA BS1 (binding site 1P.
BS1 can be modified by altering one or a plurality (e.g., two, three, or four) nucleotides in the
CsrA recognition sequence, AGGA. For example, the AGGA binding motif of BS1 can be
modified to AGAA. Alternatively, the genetic modification can include one or more mutations
in the 12-base-pair BS1 binding site or in the surrounding bases on either side of the nucleotides
that form the stem of the stem-loop secondary structure of BS1. This includes, for example,
modification of one or a plurality of nucleotides (e.g., at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 11, or at least 12 nucleotides) of the
BS1 binding site, gcacaaggacgt (SEQ ID NO: 24). Alternatively, a genetic modification can
disrupt the stem and loop structure of BS1 by eliminating complementarity that allows hydrogen
bonding. Such alterations can be made as one or a plurality of mutations in the sequence
taagggcacaaggacgtgcctta (SEQ ID NO: 28) involved in hydrogen bonding, for example, to
eliminate one, two, three, four or more hydrogen bond pairs. In one embodiment, the modified

BS1 has the nucleotide sequence GCACAAGAACGT (SEQ ID NO: 29). A genetic
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modification can also or alternatively include one or more point mutations to CsrA BS2 (binding
site 2). This includes, for example, modification of one or a plurality of nucleotides (e.g., at least
2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11,
at least 12, or at least 13 nucleotides) of the 13-base-pair BS2 binding site or in the surrounding
bases on either side of the binding site that form the stem of the stem-loop secondary structure of
BS2. Alternatively, a genetic modification can disrupt the stem and loop structure of BS2 by
eliminating complementarity that allows hydrogen bonding. For example, the modified BS2 can
have the nucleotide sequence ATTTAGGGAGGAA (SEQ ID NO: 30). In certain embodiments,
the modification does not include an alteration of nucleotides in the Shine-Dalgarno sequence
agggagga (SEQ ID NO: 26).

[0196] It will be recognized that the genetic modification, while inhibiting CsrA binding,
is selected to allow the mRNA to retain ribosome binding activity and to permit translation.
[0197] Sigma factors, such as SigD and its homologs, initiate flagellin synthesis. FlgM
and its homologs function as repressors of Sigma factor activity. This disclosure provides for de-
repression of Sigma factor activity by disruption (e.g. inactivation) of expression and/or activity
of Sigma factor repressors such as FlgM.

[0198] As used herein, the term “FlgM” can refer to the protein (or the gene encoding
such protein) annotated as “FlgM” in B. subtilis, or any homolog in another genus or species,
which inhibits the sigma factor responsible for recruiting RNA polymerase to late flagellar genes
for transcription. This inhibited sigma factor is called SigD in B. subitlis, FliA in E. coli, or
potentially other names such as sigma 28 in other genera and species in which said sigma factor
has a homolog. FIgM is defined in B. subtilis by the sequence:
atgaaaatcaatcaatttggaacacaatccgttaatccatatcaaaaaaattatgataagcaageggtgcaaaaaactgttgcacaacctcaag
ataaaattgaaatttcatcacaggctaaagaaatgcaacatgcatccgacgeagtcactggttcacgacaggaaaaaattgegeagcttaaa
gcgcaaattgaaaacgggtcatacaaagtagacgcaaatcatattgcgaaaaatatgattaatttttataaaaagcaataa (SEQ ID
NO: 31).

[0199] As used herein, the term “SigD” can refer to the sigma factor (or the gene
encoding it) in B. subtilis responsible for, among other things, recruiting the RNA polymerase to

late flagellar genes for transcription. “SigD” furthermore refers to homologs in other species,
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such as FliA in E. coli, or the broader denotation of sigma-28 in several species. SigD is defined
in B. subtilis by the sequence:
atgcaatccttgaattatgaagatcaggtgctttggacgegetggaaagagtggaaagatectaaagecggtgacgacttaatge
gecgttacatgecgcttgteacatatcatgtaggeagaatttetgteggactgecgaaatcagtgeataaagacgatcettatgagecttggtatg
cttggtttatatgatgcccttgaaaaatttgaccccagecgggacttaaaatttgatacctacgectegtttagaattcgecggegeaatcataga
cgggcttcgtaaagaagattggctgeccagaacctcgegegaaaaaacaaaaaaggttgaagcagcaattgaaaagcettgaacageggta
tettcggaatgtatcgeccgeggaaattgcagaggaactcggaatgacggtacaggatgtegtgtcaacaatgaatgaaggtttttttgcaaa
tctgetgtcaattgatgaaaagetccatgatcaagatgacggggaaaacattcaagtcatgatcagagatgacaaaaatgttccgectgaaga
aaagattatgaaggatgaactgattgcacagcttgcggaaaaaattcacgaactctctgaaaaagaacagetggttgtcagtttgtictacaaa
gaggagttgacactgacagaaatcggacaagtattaaatctttctacgtcccgeatatctcagatccattcaaaggcattatttaaattaaagaa
tetgetggaaaaagtgatacaataa (SEQ ID NO: 32).
[0200] FIgM can bind to SigD via several residues, the majority of which are located in
the 4th helix at the C-terminal end of the FIgM protein. Targets for inactivation would be
mutation of the highly conserved residues in the 3rd and 4th helices corresponding to I-58, K-62,
1-65, G-68, D-73, A-78 of the B. subtilis FlgM. More broadly, any one or combination of the 26
residues directly involved in binding to SigD (as identified in PMID: 15068809) could be
mutated to potentially generate a protein with reduced or null activity. Alternatively, any
mutation or combination of mutations that disrupted the secondary or tertiary structure -- in
particular the 4 helices that define the secondary structure -- could potentially successfully
reduce or attenuate the ability of FIgM to inhibit SigD.
[0201] In various embodiments, a cell includes a genetic modification that reduces the
ability FIgM to inhibit SigD activity. For example, one such genetic modification can be partial
or complete deletion of the FIgM gene to reduce or eliminate its biological activity. Partial
deletion can include deletion of part of the gene encoding at least 25% of the C-terminus of the
protein.
[0202] Other genetic modifications include, for example, frameshift mutations producing
an inactive FIgM protein, or disruption of the FlgM promoter. Alternatively, FigM could be
rendered inactive by a point mutation that renders it functionally inactive or otherwise inhibits its

ability to bind to or otherwise repress SigD. Indirectly, FigM could be disrupted by making it
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insensitive to activators such as ComK or DegU, or by making it overly sensitive to repressors
such as ScoC or proteases Epr and Wpr.

[0203] A heterologous nucleic acid sequence such as a transgene encoding a fiber-
synthesizing enzyme can be operably linked with a flagellin promoter by any method known in
the art. For example, a heterologous nucleic acid sequence can be integrated into the bacterial
chromosome. Alternatively, a heterologous nucleic acid sequence can be attached to a flagellin
promoter in a plasmid that is introduced into the microorganism. A heterologous nucleic acid
sequence can be targeted to the sag promoter by, for example, homologous recombination, as
described, for example, in PMID: 4994568. Another useful method involves transposon
technology. Transposons can target specific sequences in a chromosome and insert an attached
nucleic acid sequence at a target locus. Various transposon systems are known in the art.

[0204] The present Example provides engineered cells that express a fiber-synthesizing
enzyme, where the cells are PY79 strain cells that include an inactivation deletion of flghf
(AflgM), a deletion of endogenous sacB (AsacB), and a modified sag promoter (“Pso03”)
engineered to reduce binding of CsrA to transcripts (Ahag, the engineering including a mutation
referred to alternatively as“sow3” or “s03”) operably linked to a nucleic acid sequence encoding
a fiber-synthesizing enzyme, where the nucleic acid sequence encoding the fiber-synthesizing
enzyme has the following structure: Pso3::nucleic acid sequence encoding secretion
polypeptide::nucleic acid sequence encoding sacB. These engineered cells were assayed for
enzymatic activity iz vifro. A unit dose of 1E+09 engineered spore form cells was found to
produce 10.4 mg of glucose through cleavage of sucrose for incorporation into fiber per hour.
Scaled to an exemplary therapeutic unit dose of 1E11 CFU of spore form cells, a single unit dose
of 1E11 engineered cells yields at least 1.04g glucose from cleavage of sucrose for incorporation
into fiber per hour, or at least about 25 g of glucose from cleavage of sucrose for incorporation
into fiber per day. These engineered cells produce a stoichiometric amount of fiber in the
reaction, and a single unit dose of 1E11 engineered cells therefore synthesizes 25g of fiber per

day.

90



WO 2022/076693 PCT/US2021/053983

Example 4: Engineered Cells for Conversion of Lactose to Human Milk Oligosaccharide
Prebiotic Fibers
[0205] Genetically modified Bacillus subtilis strains were engineered to express
transgenes enocding Human Milk Oligosaccharide-synthesizing enzymes. Transgenes and
bacterial strains were produced using standard techniques of molecular biology. Each transgene
included a nucleic acid sequence encoding a lactose-degrading/oligosaccharide-synthesizing
enzymes. In particular, four engineered strains, each including a distinct transgene, were
produced. The strains respectively included transgenes for expression of LacZ (E. coli), YesZ
(Bacillus subtilis), GanA (Bacillus subtilis), and LacZ (Bacillus coagulans) beta-galactosidase
enzymes in accordance with the following sequence information:
[0206] Nucleic acid sequence encoding LacZ (E. coli):
atgaccatgattacggattcactggcegtegttttacaacgtcgtgactgggaaaaccctggegttacccaacttaatcgecttgea
geacatccecctttcgecagetggegtaatagcgaagaggeccgeaccgatcgeecttcccaacagttgcgeagectgaatggcgaatgg
cgctttgectggtttccggeaccagaageggtgccggaaagetggctggagtgcgatcticctgaggecgatactgtegtegtececetcaaa
ctggcagatgcacggttacgatgegeccatctacaccaacgtgacctatcccattacggtcaatcegeegtttgttcccacggagaatecga
cgggttgattactcgctcacatttaatgttgatgaaagetggctacaggaaggccagacgegaattatttttgatggcgttaactcggegttteat
ctgtggtgcaacgggcgetgggteggttacggecaggacagtegtitgecgtetgaatttgacctgagegcatttttacgegecggagaaaa
ccgectegeggtgatggteoctgcgctggagtgacggcagttatctggaagatcaggatatgtggcggatgageggcattttecgtgacgtet
cgttgctgcataaaccgactacacaaatcagegatttccatgttgccactegcetttaatgatgatttcagecgegetgtactggaggctgaagtt
cagatgtgcggcgagttgcgtgactacctacgggtaacagtttctttatggcagggtgaaacgceaggtcgecageggeaccgegectticg
gcggtgaaattatcgatgagegtegtagttatgeccgatcgegtcacactacgtctgaacgtcgaaaacccgaaactgtggagegecgaaat
cccgaatctctatcgtgcggtggttgaactgcacaccgecgacggeacgcetgattgaagcagaagectgegatgteggtttcegegaggtg
cggattgaaaatggtctgetgetgctgaacggcaagecgttgetgatticgaggegttaaccgtcacgagceateateetetgeatggtcaggte
atggatgagcagacgatggtecaggatatectgetgatgaageagaacaactttaacgecgtgegetgttecgeattatccgaaccatecget
gtggtacacgctgtgcgaccgetacggectgtatgtggtggatgaagecaatattgaaacccacggeatggtgccaatgaatcgtcetgace
gatgatccgegetggetaccggegatgagegaacgegtaacgegaatggtgcagegegategtaatcacecgagtgtgatcatetggteg
ctggggaatgaatcaggecacggegetaatcacgacgegetgtatcgetggatcaaatctgtegatecttceccgeccggtgcagtatgaag
gcggcggagecgacaccacggcecaccgatattatttgeccgatgtacgegegegtggatgaagaccageccttecccggetgtgecgaaat
ggtccatcaaaaaatggetttcgetacctggagagacgegeecgetgatectttgegaatacgeccacgegatgggtaacagtettggeggt
ttcgctaaatactggcaggegtttcgtcagtatcecegtttacagggeggcettegtetgggactgggtggatcagtegetgattaaatatgatg
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aaaacggcaacccgtggtcggcettacggeggtgattittggcgatacgecgaacgatcgecagttctgtatgaacggtctggtetttgecgac
cgcacgcecgeatccagegetgacggaageaaaacaccageageagtttttccagtteegtttatccgggcaaaccatcgaagtgaccage
gaatacctgttccgtcatagegataacgagetectgeactggatggtggegetggatggtaageecgetggeaageggtgaagtgectetgg
atgtcgctccacaaggtaaacagttgattgaactgectgaactaccgeagecggagagegecgggeaactetggetcacagtacgegtagt
gcaaccgaacgegaccgceatggtcagaagecgggeacatcagegectggeageagtggegtetggeggaaaaccteagtgtgacgete
ccecgecgegteccacgecatcccgeatctgaccaccagegaaatggatttttgcatcgagetgggtaataagegttggcaatttaaccgeca
gtcaggctttctttcacagatgtggattggcgataaaaaacaactgetgacgecgetgegegatcagttcacecgtgeaccgetggataacg
acattggcgtaagtgaagegacccgeattgaccctaacgectgggtegaacgetggaaggeggegggccattaccaggecgaageage
gttgttgcagtgcacggcagatacacttgetgatgeggtgctgattacgaccgetcacgegtggeageatcaggggaaaaccttatttatcag
ccggaaaacctaccggattgatggtagtggtcaaatggcgattaccgttgatgttgaagtggcgagegatacaccgeatccggegeggatt
ggcctgaactgecagetggegeaggtageagagegggtaaactggeteggattagggecgeaagaaaactatcecegaccgecttactge
cgectgttttgaccgetgggatetgecattgtcagacatgtatacceegtacgtettcccgagegaaaacggtetgegetgegggacgegcg
aattgaattatggcccacaccagtggegeggcgacttccagttcaacatcagecgetacagtcaacageaactgatggaaaccagecatcg
ccatctgetgcacgcggaagaaggceacatggetgaatatcgacggtttccatatggggattggtoocgacgactcctggageccgtcagta
tcggeggaattccagetgagegecggtegctaccattaccagttggtetggtgtcaaaaataa. (SEQ ID NO: 71).
[0207] LacZ (£. coli) amino acid sequence (encoded by SEQ ID NO: 71):
MTMITDSLAVVLQRRDWENPGVTQLNRLAAHPPFASWRNSEEARTDRPSQQLR
SLNGEWRFAWFPAPEAVPESWLECDLPEADTVVVPSNWQMHGYDAPIYTNVTYPITVN
PPFVPTENPTGCYSLTFNVDESWLQEGQTRIIFDGVNSAFHLWCNGRWVGYGQDSRLPS
EFDLSAFLRAGENRLAVMVLRWSDGSYLEDQDMWRMSGIFRDVSLLHKPTTQISDFHV
ATRFNDDFSRAVLEAEVQMCGELRDYLRVTVSLWQGETQVASGTAPFGGEIIDERGGY
ADRVTLRLNVENPKLWSAEIPNLYRAVVELHTADGTLIEAEACDVGFREVRIENGLLLL
NGKPLLIRGYVNRHEHHPLHGQVMDEQTMVQDILLMKQNNFNAVRCSHYPNHPLWYTL
CDRYGLYVVDEANIETHGMVPMNRLTDDPRWLPAMSERVTRMVQRDRNHPSVIIWSL
GNESGHGANHDALYRWIKSVDPSRPVQYEGGGADTTATDIICPMYARVDEDQPFPAVP
KWSIKKWLSLPGETRPLILCEYAHAMGNSLGGFAKYWQAFRQYPRLQGGFVWDWVDQ
SLIKYDENGNPWSAYGGDFGDTPNDRQFCMNGLVFADRTPHPALTEAKHQQQFFQFRL
SGQTIEVTSEYLFRHSDNELLHWMVALDGKPLASGEVPLDVAPQGKQLIELPELPQPESA
GQLWLTVRVVQPNATAWSEAGHISAWQQWRLAENLSVTLPAASHAIPHLTTSEMDEFCI
ELGNKRWQFNRQSGFLSQMWIGDKKQLLTPLRDQFTRAPLDNDIGVSEATRIDPNAWYV
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ERWKAAGHYQAEAALLQCTADTLADAVLITTAHAWQHQGKTLFISRKTYRIDGSGQM
AITVDVEVASDTPHPARIGLNCQLAQVAERVNWLGLGPQENYPDRLTAACFDRWDLPL
SDMYTPYVFPSENGLRCGTRELNYGPHQWRGDFQFNISRYSQQQLMETSHRHLLHAEE
GTWLNIDGFHMGIGGDDSWSPSVSAEFQLSAGRYHYQLVWCQK* (SEQ ID NO: #72),
[0208] Nucleic acid sequence encoding YesZ (Bacillus subtilis):
atgagaaaactgtatcatggcgcttgctattatccggaattatgggatgaagagacgattcagcaggacattgacatcatgegtga
agttggcgtaaatgttgtacggatcggegaatttgcctggtcagtcatggaacctgaagaaggaaaaattgacgteggttttttcaaagaaate
atcgcecggcetgtatgatagegggatcgaaacgattatgtgecacgeecgacgectaccecgecgatttggttctcacatggecggeccgaac
gcatgcatgccaatgaaaaaagagagatcatggggcatggcetcccgtcageatgectgtacgaacaacccegtatttccgaaaaaaagecg
ccatcatcaccacagccatcgecaaggagettggecggetcceggggctgatcggatggcagetagacaatgagtttaaatgecatgttgc
agaatgcatgtgtgagacatgcttgcgectatggeatgactggctcaaaaatcgetacggggtaattgagegettgaatgaagettgggoaa
ccgatgtgtggagcgagacctatcagacgtitgageaagtccegeageecgggaccggeeccgtttctgeatcatgectctetacgeactatg
tatcagctgttttcgatggagatgatcgcttcgtttgcggatgaacaggecaaaatcatccgetgcetattcagatgegecgatcacgeataacg
gatcagtcatgttcagcgtggacaatgagegaatgtttcagaatctcgattttgectectatgacacgtacgcettcgcaggaaaacgectcetge
ctttttattgaactgtgatttatggagaaatctgaaacaagggcgeecgttttggattttggaaacgagteegtegtatgeegectegettgaaa
gctecgettaccegeacgeagacgggtatttgcaggecgaagecgtatcgtectacgecttagggagecaggggttttgctactggctateg
cgacagcagcgttcaggcagcegagatttcccacggttcggttctcagtgectggggcgaacccaccatcggetatcaaaatgtgctggegg
ttgagcgggcaagaaaggaaatcgagectattattctatcgactgaaccegtticaagecgaggeggcgatgacttactctgacagageaaa
agcatttattaaaactgagcctcaccggggactceggceategttcgettgtgacgeatttttatgaacgtattctcaacacggggattcacegtg
accttattccggaaggcegctccactggacggctatcgettgetgtttacgecatttgtgecgtatttgtcttctgaatttatcaaaaaagettcgge
attcgctgaagegggcggeatctggatcaccgggecgetgacaggaggacgeacatgcgageataccattcataccgattgeggactteg
cgaacttgagaaaacgtcagggatcaaaacactttttacctttccgatgaatgagaacgtgaatacaggaaaagegtttggcatcacggegc

cgcteggactgtggagegeggtgtttgacacagagageggaaacacccttggeacggttgaagcaggaccgggggcgggccatgctttt

ctgacggaacggaattacggcgaggggaaaattgtcatgetgggctegettccatccgggaaagaaggggatgegatgctggaagegcet
cgtcaggcattatgcggaggaagcetgttatttccagecggtcggatgtgacacccggeacgatcgttgeccegegtataggecgaaaacgg

ccttgtgtggategttgtgaatatggatggaaaaggegggagegtgacattgeceggaatcgggaacggatttgttgacgeaccgettggaa

aaggcggggagactggcggteggaccgcatgaataccgtgtgattcaatttgacaatcacagetga (SEQ ID NO: 73)

[0209] YesZ (Bacillus subtilis) amino acid sequence (encoded by SEQ ID NO: 73):
MRKLYHGACYYPELWDEETIQQDIDIMREVGVNVVRIGEFAWSVMEPEEGKIDV

GFFKEINARLYDSGIETIMCTPTPTPPIWFSHGRPERMHANEKREIMGHGSRQHACTNNPY
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FRKKAAIITTAIAKELGRLPGLIGWQLDNEFKCHVAECMCETCLRLWHDWLKNRYGVIE
RLNEAWGTDVWSETYQTFEQVPQPGPAPFLHHASLRTMYQLFSMEMIASFADEQAKIIR
CYSDAPITHNGSVMFSVDNERMFQNLDFASYDTYASQENASAFLLNCDLWRNLKQGRP
FWILETSPSYAASLESSAYPHADGYLQAEAVSSYALGSQGFCYWLWRQQRSGSEISHGS
VLSAWGEPTIGYQNVLAVERARKEIEPIILSTEPVQAEAAMTY SDRAKAFIKTEPHRGLR
HRSLVTHFYERILNTGIHRDLIPEGAPLDGYRLLFTPFVPYLSSEFIKKASAFAEAGGIWIT
GPLTGGRTCEHTIHTDCGLGELEKTSGIKTLFTFPMNENVNTGKAFGITAPLGLWSAVFD
TESGNTLGTVEAGPGAGHAFLTERNYGEGKIVMLGSLPSGKEGDAMLEALVRHYAEEA
VISSRSDVTPGTIVAPRIGENGLVWIVVNMDGKGGSVTLPESGTDLLTHRLEKAGRLAYV
GPHEYRVIQFDNHS* (SEQ ID NO: 74
[0210] Nucleic acid sequence encoding GanA (Bacillus subtilis):
atgtcaaagcttgaaaaaacgcacgtaacaaaagcaaaatttatgetccatgggggagactacaacccegatcagtggetggat
cggeccgatattttagctgacgatatcaaactgatgaagctttctcatacgaatacgttttetgteggeatttttgcatggagegeacttgageeg
gaggagggcgtatatcaatttgaatggcetggatgatatttttgageggattcacagtataggeggecgggtcatattagcaacgecgagegg
ageccgteeggectggcetgtecgeaaacctatccggaagttttgegegteaatgectcecgegtcaaacagetgeacggeggaaggeacaa
ccactgcctcacatctaaagtctaccgagaaaaaacacggeacatcaaccgcttattagcagaacgatacggacatcaceeggegetgtta
atgtggcacatttcaaacgaatacgggggagattgccactgtgatttatgccageatgcetttccgggagtggctgaaatcgaaatatgacaac
agcctcaagacattgaaccatgegtggtegaccectttttggagecatacgttcaatgactggteacaaattgaaageccttcgecgateggt
gaaaatggcttgeatggectgaatttagattggegecggttcgtcaccgatcaaacgatttegttttatgaaaatgaaatcattccgetgaaaga
attgacgcctgatatccctatcacaacgaattttatggctgacacaccggatttgatcccgtatcagggectcgactacagcaaatttgcaaag
catgtcgatgccatcagetgggacgettatcetgtetggeacaatgactgggaaageacagetgatttggegatgaaggtcggctttatcaat
gatctgtaccgaagettgaagecageageccttcttattaatggagtgtacgccaagegeggtcaattggeataacgtcaacaaggcaaage
gcecgggceatgaatetgetgteatccatgeaaatgattgececacggceteggacagegttctetatttccaataccgcaaatcacgggggteat
cagaaaaattacacggagcggttgtggatcatgacaatagecccgaagaaccgegtctttcaagaagtggccaaggtaggcgagacattgg
aacggcetgtccgaagtigtcggaacgaagaggecggcetcaaaccgegattttatatgactgggaaaatcattgggegetcgaggatgetca
ggggtttgcgaaggcgacaaaacgttatccgecaaacgcettcageageattaccgeacattctgggaacacgatatecctgtegacgteatca
cgaaagaacaagacttttcaccatataaactgctgatcgtccegatgcetgtatttaatcagegaggacaccgttteccgtttaaaagegtttacg
gctgacggceggceaccttagtcatgacgtatatcageggggttgtgaatgageatgacttaacatacacaggeggatggeatccggatctica
agctatatttggagttgagectcttgaaacggacacccetgtatccgaaggatcgaaacgetgtcagetaccgcagecaaatatatgaaatgaa
ggattatgcaaccgtgattgatgtaaagacagettcagtggaageggtgtatcaagaagatttttatgcgegeacgecageggtcacaagee
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atgagtatcagcagggcaaggcgtattttatcggcgegegtttggaggatcaatttcagegtgatttctatgagggtctgatcacagacctgte
tetetctccagtttttceggttcggeacggaaaaggegtetecgtacaagegaggeaggatcaggacaatgattatatttttgtcatgaatttca
cggaagaaaaacagctggtcacgtttgatcagagtgtgaaggacataatgacaggagacatattgtcaggegacctgacgatggaaaagt
atgaagtgagaattgtcgtaaacacacattag (SEQ ID NO: 75)
[0211] GanA (Bacillus subtilis) amino acid sequence (encoded by SEQ ID NO: 75):
MSKLEKTHVTKAKFMLHGGDYNPDQWLDRPDILADDIKLMKLSHTNTFSVGIFA
WSALEPEEGVYQFEWLDDIFERIHSIGGRVILATPSGARPAWLSQTYPEVLRVNASRVKQ
LHGGRHNHCLTSKVYREKTRHINRLLAERYGHHPALLMWHISNEYGGDCHCDLCQHAF
REWLKSKYDNSLKTLNHAWWTPFW SHTFNDW SQIESPSPIGENGLHGLNLDWRRFVTD
QTISFYENEIIPLKELTPDIPITTNFMADTPDLIPYQGLDYSKFAKHVDAISWDAYPVWHN
DWESTADLAMKVGFINDLYRSLKQQPFLLMECTPSAVNWHNVNKAKRPGMNLLSSMQ
MIAHGSDSVLYFQYRKSRGSSEKLHGAVVDHDNSPKNRVFQEVAKVGETLERLSEVVG
TKRPAQTAILYDWENHWALEDAQGFAKATKRYPQTLQQHYRTFWEHDIPVDVITKEQD
FSPYKLLIVPMLYLISEDTVSRLKAFTADGGTLVMTYISGVVNEHDLTYTGGWHPDLQAI
FGVEPLETDTLYPKDRNAVSYRSQIYEMKDYATVIDVKTASVEAVYQEDFYARTPAVTS
HEYQQGKAYFIGARLEDQFQRDFYEGLITDLSLSPVFPVRHGKGVSVQARQDQDNDYIF
VMNFTEEKQLVTFDQSVKDIMTGDILSGDLTMEKYEVRIVVNTH* (SEQ ID NO: 76)
[0212] Nucleic acid sequence encoding LacZ (Bacillus coagulans):
atgctcaaaaagcacgaaaagttctactatggeggtgattataatcctgaacaatgggacgaaagegtetggaaagaggatatgc
gcttgatgaagaaagcaggtgttaactatgtatccataaacattttctcttgggeacgtctccaacctgatgaagaaacatatgatttttctacget
tgataaaataatggatatgctggctgaaaacggaattggtactgacctggetaccgecacggcetgctecgecggectggctgteacgtaagt
atcctgattetttgecggtecgacaaagatggeteeccggttcctgecgggatetegecaacactactgteccgaactctaaagactatgetagact
cgcagctaaattggtgagaaagatcgetgagegcetataaaagtcacccagceattagttatgtggcatgtaaacaacgaatacggetgecaca
tatctgaatgctactgcgataattgtaaaaagggttttcaaacgtggctcaaggagaaatatggaacgatcgagaacttgaataagagetgga
gtaccgatttctggtcacagegcetactatgagtgggaagaaatttgectccctggaaaaacacctacctttgegaatccaatgcageagetcg
attataaggcctttatggatgatagectgttageactgtataaaatggagegtgacatactgaaaacttatacgecagacgtcccagtcatgac
gaatttaatgggocttcataaaccagtggacggctttcactgggctaaggagatggatttggttacctgggacgegtatectgatectttcgag
gacatcccgtacgctcagttcatggegeacgatctgacacgcagettgaagaaacaaccttticttctcatggaacaggecgeggggeccg
taaattggcgegeacagaacgctgttaaggcgecaggggttatgcgtttatggteatacgaagcageggegeatggtectgacggtataat
gttttttcaatggcgggcaagtcaaggaggcgcggaaaaatttcatagegggatggtacegeattcaggagatgaggagteteggaatttte
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gggaggtcgtacagttaggaaatgaacttaagaatttggaaaaagtaacgggaagtgcgtacgegtccgacgtagcaatagtttttgattgg
aaaaactggtgggcgttggaactggacagtaagecgagetetctggteacttatataaaacaactecteccgttctatcgggttttgcacacge
agaacataggtgtcgactttatccatccagatgaagctatggatcgetacaaggtggttttcgetceggegagetaccgggtgacaaagacg
tttgcagataaggtcaaggcatacgtagagaacggaggatatttcgecgacaaacttcttcagcgggatagetgatgagaatgaacgtgtgta
ccttggaggttacccaggegcttaccgtgacattttgggtatatatgtggaagagtttgecccegatgaaaaaaggageggtacatcagatccg
gactggatacggagatgctgcgatacgegtgtgggaagagaaaattcattitgaaaggegecgaggeactcgegtggtttaaggatggttat
ctggccggcetcaccggeggtgaccgeacatcactgtggcaaaggcaaageatactatattggcacacagecagatgageaatacttatcct
cactgctgaaggaaattctcaaggaggctgacgttcgeccggecctegatgeteccgegtegagtagaagtcgeggttcgcaaaaacggte
atgaaaaatttctcttcttactgaaccatacagatcaggtgcaattcgtagatgecggeggtacttatccagaactgatttacggtcgeaccgaa
gccgaaaccgtgagactctcaccacgegacgtgaaaatecttcaggtcatagagaaataa (SEQ ID NO: 77)
[0213] LacZ (Bacillus coagulans) amino acid sequence (encoded by SEQ ID NO: 77):
MLKKHEKFYYGGDYNPEQWDESVWKEDMRLMKKAGVNY VSINIFSWARLQPD
EETYDFSTLDKIMDMLAENGIGADLATATAAPPAWLSRKYPDSLPVDKDGSRFLPGSRQ
HYCPNSKDYARLAAKLVRKIAERYKSHPALVMWHVNNEYGCHISECYCDNCKKGFQT
WLKEKYGTIENLNKSWSTDFWSQRY YEWEEICLPGKTPTFANPMQQLDYKAFMDDSLL
ALYKMERDILKTYTPDVPVMTNLMGLHKPVDGFHWAKEMDLVTWDAYPDPFEDIPY A
QFMAHDLTRSLKKQPFLLMEQAAGAVNWRAQNAVKAPGVMRLWSYEAAAHGADGI
MFFQWRASQGGAEKFHSGMVPHSGDEESRNFREVVQLGNELKNLEKVTGSAYASDVAI
VFDWKNWWALELDSKPSSLVTYIKQLLPFYRVLHTQNIGVDFIHPDEAMDRYKVVFAP
ASYRVTKTFADKVKAYVENGGYFATNFFSGIADENERVYLGGYPGAYRDILGIYVEEFA
PMKKGAVHQIRTGYGDAAIRVWEEKIHLKGAEALAWFKDGYLAGSPAVTAHHCGKGK
AYYIGTQPDEQYLSSLLKEILKEADVRPALDAPRGVEVAVRKNGHEKFLFLLNHTDQVQ
FVDAGGTYPELIYGRTEAETVRLSPRDVKILQVIEK* (SEQ ID NO: 78).
[0214] In the case of expressing yesZ or ganA constructs in Bacillus subtilis,endogenous
sequences encoding corresponding sequences were deleted using standard molecular biology
techniques, to prevent undesirable recombination. The present Example further includes the
insight that, while not required, fiber synthesis can be increased by genetic modification of cells
to increase transport of Lactose across the cell membrane. Accordingly, strains were
additionally, optionally engineered to express one or more lactose transporters. In the case of

cells engineered to express LacZ (E. coli), cells were further modified to express a heterologous
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nucleic acid sequence encoding polar linked lacY transporter, the heterologous nucleic acid
sequence including the following sequence:
atgtactatttaaaaaacacaaacttttggatgttcggtttattctttttcttttacttttttatcatgggagectacttcecgtttttcccgatt
tggctacatgacatcaaccatatcagcaaaagtgatacgggtattatttttgecgetatttetctgttctcgetattattccaaccgetgtttggtetg
ctttctgacaaactcgggcetgegeaaatacctgctgtggattattaccggeatgttagtgatgtttgcgecgttctttatttttatcttcgggccact
gttacaatacaacattttagtaggatcgattgttggtggtatttatctaggcttttgttttaacgecggtgegecageagtagaggcatttattgag
aaagtcagccgtcgcagtaatttcgaatttggtcgegegeggatgtttggctgtgttagctgggcgetgtgtgcctegattgtcggeatcatgtt
caccatcaataatcagtttgttttctggctgggectetggctgtgcactcatectegeegttttactetttttcgccaaaacggatgegeectettctg
ccacggttgccaatgcggtaggteccaaccattcggcatttagecttaagetggeactggaactgttcagacagecaaaactgtggtttttgte
actgtatgttattggcgtttcctgeacctacgatgtttttgaccaacagtttgctaatttctttacttegttetttgctaccggtgaacagggtacgeg
ggtatttggctacgtaacgacaatgggegaattacttaacgectegattatgttctttgegecactgateattaatcgecatcggtgggaaaaacg
ccetgetgetggetggeactattatgtetgtacgtattattggeteategttcgecacctcagegetggaagtggttattctgaaaacgetgeata
tgtttgaagtaccgttcctgctggtggectectttaaatatattaccagecagtitgaagtgcgtttttcagegacgatttatctggtetgtttetgct
tctttaagcaactggegatgatttttatgtctgtactggegggcaatatgtatgaaageatcggtttccagggegcettatctggtgctgggtetgg
tggegetgggcettcaccttaatttcegtgttcacgettageggecceggeccgctttcectgetgegtegtcaggtgaatgaagtegcettaa
(SEQ ID NO: 79) which encodes the following amino acid sequence:
MYYLKNTNFWMFGLFFFFYFFIMGAYFPFFPIWLHDINHISKSDTGIIFAAISLFSL
LFQPLFGLLSDKLGLRKYLLWITGMLVMFAPFFIFIFGPLLQYNILVGSIVGGIYLGFCFN
AGAPAVEAFIEKVSRRSNFEFGRARMFGCVGWALCASIVGIMFTINNQFVFWLGSGCAL
ILAVLLFFAKTDAPSSATVANAVGANHSAFSLKLALELFRQPKLWFLSLYVIGVSCTYDV
FDQQFANFFTSFFATGEQGTRVFGYVTTMGELLNASIMFFAPLIINRIGGKNALLLAGTIM
SVRIIGSSFATSALEVVILKTLHMFEVPFLLVGCFKYITSQFEVRFSATIYLVCFCFFKQLA
MIFMSVLAGNMYESIGFQGAYLVLGLVALGFTLISVFTLSGPGPLSLLRRQVNEVA*
(SEQ ID NO: 80)
[0215] In the case of cells engineered to express LacZ (B. coagulans), cells were further
modified to express a heterologous nucleic acid sequence lacY (B. megatarium), the
heterologous nucleic acid sequence including the following sequence:
atgaaaagtagtaagtcactctactggaagctttctgegtatttcttctttttcttctttacctggagcetctagttactctctgttttccattt
ggttogoacaggagataaagetgaatggetcagecacggggcteatatttagtgtcaacgecatattcgetctttgtatgcaaccattatacgg
atatatctccgacagaatcggectcaagaagceatattttattttttataagttoccttcttgtatttgttggoccattctacatatttgtgtatgggccg

97



WO 2022/076693 PCT/US2021/053983

ttattgcagtataatgtgctcataggtgccattattggtggcctgtacttgggcgtggcatttttggcaggaataggcgegatagaaacgtatatt
gagaaggtatctcgcaagtacaagttcgagtatggaaagtcteggatgtegggggagtcttggttggeccgecgegacgttttitgegggcca
acttttcaatatcaacccgcacatcaatttttgggtggccagegtatccgetgttatacttatggetataatcttctcagtaaaagttgaaatgaget
cttatgaaatggagaaggcagaatcagtgegtetcegtgatgtaggtaacttgttcctettaaaggaattetggtttttcatgatctatgtegtagg
tgtaacatgtgtctatggggtgtacgaccaacagttcccaatatactatgegtctttattcccaaccgagtcaatcggtaatcaagtgtteggtta
tctcaatagtttccaagtetttctcgaggcagggatgatgttcgecgegecatttattgttaacaaaataggegegaagaattccttaatcctgge
tggtttcctcatgggctttagaattattggttccgggttegttgtgggtectataggaatcagttctatgaagettatacacgegettgaacttecta
taatgctcatagcecatttttaagtacctcgecgegaattttgatacaagattatcatctattttgtacctggttggcttccaatttgecagtcagattg
gcegectetgtectetecectatcgeecggtggettgtatgactcagteggatttagtcgeacttatctgatcatgggtggoatggtacttgtttitaa
tgttatttcaatgttcacattgttgaatagcaaaaagcataaatttatccggaaggacgttcaagaaaagactcagataatt (SEQ ID NO:
81) which encodes the following amino acid sequence:

MKSSKSLYWKLSAYFFFFFFTWSSSYSLFSIWLGQEIKLNGSATGLIFSVNAIFALC
MQPLYGYISDRIGLKKHILFFISCLLVFVGPFYIFVYGPLLQYNVLIGAIIGGLYLGVAFLA
GIGAIETYIEKVSRKYKFEYGKSRMWGSLGWAAATFFAGQLFNINPHINFWVASVSAVIL
MANFSVKVEMSSYEMEKAESVRLRDVGNLFLLKEFWFFMIYVVGVTCVYGVYDQQFPI
YYASLFPTESIGNQVFGYLNSFQVFLEAGMMFAAPFIVNKIGAKNSLILAGFLMGFRIIGS
GLVVGPIGISSMKLIHALELPIMLIAIFKYLAANFDTRLSSILYLVGFQFASQIGASVLSPIA
GGLYDSVGFSRTYLIMGGMVLVFNVISMFTLLNSKKHKFIRKDVQEKTQII (SEQ ID NO:
82)Fiber synthesis by various strains of the present Example was measured by release of glucose
as has been established in literature, where release of glucose corresponds to degradation of
lactose. In brief, a suspension of active cells was mixed with Lactose and incubated. Periodically
an aliquot was taken, the cells were removed from the aliquot by centrifugation, and the glucose
content of the remaining sample of aliquot was assayed by glucose meter. Glucose is released
upon degradation of Lactose and galactose is concurrently incorporated into transgalactosylation
reactions depending on the reaction conditions and enzyme present. A culture of B. subtilis
engineered to express LacZ (ZB420) was capable of degrading Lactose at a rate of 163 uM/min,
13-fold faster than probiotic Lactobacillus acidophilus (Fig. 8).
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Example S: Construction and Experimental Validation of Engineered Cells that Express
an Enzyme for Synthesis of Soluble Trehalulose Fiber from Carbohydrate Substrate
[0216] A transgene was constructed for expression of a trehalulose disaccharide fiber-
synthesizing enzyme. The transgene was produced using standard techniques of molecular
biology. The transgene included nucleic acid sequences encoding a fiber-synthesizing enzyme
that included a secretion polypeptide. The present example utilizes mutB trehalulose synthase
enzyme. The nucleic acid encoding the fiber-synthesizing enzyme was derived from
Pseudomonas mesoacidophila and has the following sequence, with the secretion polypeptide
encoding sequence bolded and underlined:
atgaacattaagaagttcgecaagcaageaacggtgttaacgtitacaacageactgctggcaggeggagegacacag
gettttgeattgatgaaaagattgttcgeggcctcattaatgetegegttetectetgtgtegteegticgegeggaagaggecgtgaagecg
ggagcaccatggtggaaatctgetgtgttttatcaggtgtaccegeggtetttcaaggatacgaacggggatggaattggagactttaagggt
ctcacggaaaagctggattaccttaaggggoctgggcattgacgecatatggataaaccetcattacgetagtccgaacaccgataatggtta
cgatatctcagactatcgggaagtaatgaaagagtatggcactatggaagactttgaccggcttatggcagaattgaagaagagaggcatg
aggctgatggtggacgtggtaatcaaccactcaagegatcageacgaatggtttaagtettctagggeatccaaagacaacccttaccgtga
ctactacttctggegegacggtaaagatggccatgaaccgaacaattaccegteattettcggeggateggcttgggagaaggacceggta
actggccagtattatcttcactacttcggtaggcagcaaccggatttgaactgggacacacctaagttgegtgaggagttatacgegatgcete
agattctggctggacaaaggtgtgtetggcatgegttttgacaccgtagcaacctactctaagacaccgggattcceggatcttactectgaa
cagatgaagaattttgcggaageatacactcagggtcctaacctgeaccgatacttacaagaaatgcacgaaaaggtctttgatcactacga
cgctgtcacggegggagagatcttcggtgcccctctcaaccaagtaccgcttttcatcgacagtcgecggaaggaattagatatggecttca
ctttcgacttaataagatacgatcgtgctcttgacagatggeacaccattccgaggacattagetgatttcegtcaaacaatcgataaagttgac
gcgattgcaggcgagtacgggtegaacaccttcttcttaggaaaccatgacaaccctagageagtgtcacatttcggegacgaccgeccac
aatggagagaggcaagtgcgaaggegetggctaccgtgactttaacacageggggaacaccegttcatettccagggagacgagettgga
atgaccaattacccatttaagacactgcaagactttgatgacatcgaggttaagggcttctttcaagactacgtcgagactggtaaggecaca
gccgaggaattactgacaaacgtggcecttgactagtcgtgacaatgcgagaacgectttccaatgggatgactcagetaacgetggattcac
aaccggcaagcecttggetcaaggtcaatectaactacacagaaataaacgetgegegegagattggggateccaagteagtetactecttet
atcgcaacctgatctcgatccgecatgagactectgeectttcgaccggategtatagagatatagaccecagtaatgeagatgtatacgect
atacgcgctcccaagacggagaaacctacttggtggtggtcaatitcaaageccgagectaggagtttcaccttaccagacggtatgeatate
gccgagacccttattgagtettctagtccagetgegectgetgecggtgcagegagcettagagttacaaccgtggcaatcgggcatctacaa
ggtgaagtag (SEQ ID NO: 83).
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[0217] The protein product MutB has the following amino acid sequence, with the
secretion polypeptide sequence bolded and underlined:
MNIKKFAKOQATVLTFTTALLAGGATQAFALMKRLFAASLMLAFSSVSSVRAE
EAVKPGAPWWKSAVFYQVYPRSFKDTNGDGIGDFKGLTEKLDYLKGLGIDAIWINPHY
ASPNTDNGYDISDYREVMKEYGTMEDFDRLMAELKKRGMRLMVDVVINHSSDQHEWF
KSSRASKDNPYRDY YFWRDGKDGHEPNNYPSFFGGSAWEKDPVTGQYYLHYFGRQQP
DLNWDTPKLREELYAMLRFWLDKGVSGMRFDTVATYSKTPGFPDLTPEQMKNFAEAY
TQGPNLHRYLQEMHEKVFDHYDAVTAGEIFGAPLNQVPLFIDSRRKELDMAFTFDLIRY
DRALDRWHTIPRTLADFRQTIDKVDATAGEYGWNTFFLGNHDNPRAVSHFGDDRPQWR
EASAKALATVTLTQRGTPFIFQGDELGMTNYPFKTLQDFDDIEVKGFFQDYVETGKATA
EELLTNVALTSRDNARTPFQWDDSANAGFTTGKPWLKVNPNYTEINAAREIGDPKSVYS
FYRNLISIRHETPALSTGSYRDIDPSNADVYAYTRSQDGETYLVVVNFKAEPRSFTLPDG
MHIAETLIESSSPAAPAAGAASLELQPWQSGIYKVK* (SEQ ID NO: 84).
[0218] The nucleic acid sequence encoding fiber-synthesizing enzyme derived from P.
mesoacidophila was operably linked with a nucleic acid sequence encoding a secretion
polypeptide, such that the encoded fiber-synthesizing enzyme was a fusion polypeptide including
a secretion polypeptide. The nucleic acid sequence encoding the fusion polypeptide was
analyzed for secondary structure, at least in part because significant secondary structure can
cause translation termination and poor expression. Base pairs that significantly contributed to
secondary structure in the nucleic acid sequence were modified by silent modifications of nucleic
acid sequence (e.g., non-coding and/or synonymous modifications of nucleic acid sequence) that
reduced the contribution to secondary structure.
[0219] The nucleic acid sequence encoding the fiber-synthesizing enzyme was
transformed into B. subtilis PY79 cells and operably linked to Aag promoter by homologous
recombination at the endogenous Aag locus of B. subtilis PY79 genome with the addition of a
modifying mutation in the promoter sequence by homologous integration as described in US
16/048,147 (published as US 2019/0076489) and PCT/US18/50957 (published as WO
2019/055707) herein incorporated by reference in their entirety and with respect to regulatory

sequences and systems disclosed therein.
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[0220] Fiber-synthesizing enzymatic activity was measured by the following assay.
Because trehalulose synthase rearranges sucrose into trehalulose it renders the sucrose
inaccessible for sucrase. The accumulation of glucose after treatment with sucrase reveals
remaining sucrose only, as trehalulose is not cleaved and does not release glucose. The glucose
released by sucrase is directly proportional to the amount of sucrose remaining, which when
subtracted from the amount of sucrose at the beginning of the reaction, yields the amount of
trehalulose synthesized. Various glucose meters are known in the art and can be standardized for
measurement of glucose concentrations in bacterial media. Engineered bacteria of the present
Example were cultured in media to a defined density of 1E9 cells per ml (Optical Density of 1).
The cells were then removed by centrifugation (21xg for 2 minutes) and the supernatant,
containing secreted enzyme, was assayed by the addition of a defined amount of sucrose. At the
beginning of the assay and at the conclusion of 18 hours the level of sucrose in the reaction was
measured by cleavage to glucose using sucrase and the difference in sucrose concentration
relative to a control strain lacking trehalulose synthase is directly proportional to trehalulose
produced. Trehalulose production (g/L) using supernatant containing secreted enzyme or using
whole cell broth is shown in Fig. 9 and Fig. 10. Those of skill in the art will appreciate that a
small fraction of isomaltulose can also be produced, but that such production would not reduce
or negate the advantages or utility of disclosed embodiments.

[0221] Those of skill in the art will appreciate that a variety of alternative methods are
readily available for quantification (e.g., of the amount and/or concentration) of glucose,
disaccharide trehalulose, and the like, including without limitation HPLC and HPAEC.

[0222] The present Example demonstrated that a transgene encoding a fiber-synthesizing
enzyme derived from F1-mutB of P. mesoacidophila expressed a highly active fiber-synthesizing
enzyme.

[0223] The present disclosure further includes the recognition that trehalulose synthase
(mutB) derived from P. mesoacidophila has certain exemplary qualities that confirm the utility
of MutB expression in gut. The optimum pH range for trehalulose synthase activity of MutB is
5.5-6.5 which matches that of the small intestine. MutB enzyme is naturally secreted and
therefore stable outside of the engineered cell, amenable to secretion through a gram positive cell

envelope.
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OTHER EMBODIMENTS
[0224] While we have described a number of embodiments, it is apparent that our basic
disclosure and examples may provide other embodiments that utilize or are encompassed by the
compositions and methods described herein. Therefore, it will be appreciated that the scope of is
to be defined by that which may be understood from the disclosure and the appended claims

rather than by the specific embodiments that have been represented by way of example.
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SEQUENCE LISTING
SEQID NO: 1
MNTDQQPYQGQTDYTQGPGNGQSQEQDYDQYGQPLYPSQADGY YDPNVAAGTEADMYGQQPPNESYD
QDYTNGEYY GQPPNMAAQDGENFSDFSSY GPPGTPGYDSY GGQYTASQMSYGEPNSSGTSTPIYGNYDPN
AIAMALPNEPYPAWTADSQSPVSIEQIEDIFIDL TNRLGFQRDSMRNMFDHFMVLLDSRSSRMSPDQALLSL
HADYIGGDTANYKKWYFAAQLDMDDEIGFRNMSLGKLSRKARKAKKKNKK AMEEANPEDTEETLNKIE
GDNSLEAADFRWKAKMNQLSPLER VRHIALYLLCWGEANQVRFTAECLCFIYKCALDYLDSPLCQQRQEP
MPEGDFLNR VITPIYHFIRNQVYEIVDGRFVKRERDHNKIVGY DDLNQLFWYPEGIAKIVLEDGTKLIELPLE
ERYLRLGDVVWDDVFFKTYKETRTWLHLVTNFNRIW VMHISIFWMYFAYNSPTFY THNYQQLVDNQPLA
AYKWASCALGGTVASLIQIVATLCEWSFVPRKWAGAQHLSRRFWFLCIIFGINLGPIIFVFAYDKDTVYSTA
AHVVAAVMFFVAVATIIFFSIMPLGGLFTSYMKKSTRRY VASQTFTAAFAPLHGLDRWMSYLVWVTVFAA
KYSESYYFLVLSLRDPIRILSTTAMRCTGEYWWGAVLCKVQPKIVLGLVIATDFILFFLDTYLWYIIVNTIFS
VGKSFYLGISILTPWRNIFTRLPKRIY SKILATTDMEIK YKPK VLISQVWNAIISMYREHLLAIDHVQKLLYH
QVPSEIEGKRTLRAPTFFVSQDDNNFETEFFPRDSEAERRISFFAQSLSTPIPEPLPVDNMPTFTVLTPHY AERI
LLSLREIIREDDQFSRVTLLEYLKQLHPVEWECFVKDTKILAEETAAYEGNENEAEKED ALK SQIDDLPFYCI
GFKSAAPEYTLRTRIWASLRSQTL YRTISGFMNYSRAIKLLYRVENPEIVQMFGGNAEGLERELEKMARRK
FKFLVSMQRLAKFKPHELENAEFLLRAYPDLQIAYLDEEPPLTEGEEPRIY SALIDGHCEILDNGRRRPKFRV
QLSGNPILGDGKSDNQNHALIFYRGEYIQLIDANQDNYLEECLKIRSVLAEFEELNVEQVNPY APGLRYEEQ
TTNHPVAIVGAREYIFSENSGVLGDVAAGKEQTFGTLFARTLSQIGGKLHY GHPDFINATFMTTRGGVSKA
QKGLHLNEDIY AGMNAMLRGGRIKHCEY YQCGK GRDLGFGTILNFTTKIGAGMGEQMLSREYYYLGTQL
PVDRFLTFYYAHPGFHLNNLFIQLSLQMFMLTLVNLSSLAHESIMCIYDRNKPKTDVLVPIGCYNFQPAVD
WVRRYTLSIFIVFWIAFVPIVVQELIER GLWKATQRFFCHLLSLSPMFEVFAGQIYSSALLSDLAIGGARYIST
GRGFATSRIPFSILY SREAGSAIYMGARSMLMLLFGTVAHWQAPLLWFWASLSSLIFAPFVENPHQFAWEDF
FLDYRDYIRWLSRGNNQYHRNSWIGY VRMSRARITGFKRKLVGDESEKA AGDASRAHRTNLIMAEIIPCAT
YAAGCFIAFTFINAQTGVKTTDDDR VNSVLRIICTLAPIAVNLGVLFFCMGMSCCSGPLFGMCCKKTGSVM
AGIAHGVAVIVHIAFFIVMWVLESFNF VRMLIGVVTCIQCQRLIFHCMTALMLTREFKNDHANTAFWTGK
WYGKGMGYMAWTQPSRELTAK VIELSEFA ADFVLGHVILICQLPLIIPKIDKFHSIMLFWLKPSRQIRPPIY'S
LKQTRLRKRMVKKYCSLYFLVLAIFAGCIIGPAVASAKIHKHIGDSLDGVVHNLFQPINTTNNDTGSQMSTY
QSHYYTHTPSLKTWSTIK

SEQID NO: 2
ATGAATACGGACCAACAACCATATCAAGGCCAAACAGACTACACGCAAGGTCCTGGGAACGGGCAAT
CCCAGGAACAAGACTACGATCAGTATGGCCAGCCATTGTATCCGAGCCAGGCCGATGGGTATTATGAT
CCGAATGTGGCAGCGGGAACGGAGGCAGATATGTACGGACAACAACCCCCGAATGAGTCGTATGATC
AAGACTATACTAATGGCGAATACTATGGCCAACCGCCTAATATGGCGGCGCAGGATGGCGAAAATTTT
TCGGACTTTTCAAGTTACGGTCCGCCGGGCACACCGGGGTACGATTCATATGGCGGCCAATATACCGC
AAGCCAAATGTCTTATGGCGAGCCGAACAGCTCAGGCACATCAACCCCGATTTACGGAAATTACGACC
CTAACGCAATTGCCATGGCTCTGCCGAATGAACCATATCCCGCATGGACGGCTGATAGCCAGAGTCCG
GTCAGTATTGAACAAATTGAAGATATTTTTATTGATTTGACGAACCGGTTAGGATTTCAGCGGGATAG
CATGCGGAATATGTTTGATCATTTTATGGTTCTGCTTGACTCACGGTCCAGCAGAATGTCACCTGATCA
AGCCTTATTATCATTACACGCCGACTACATTGGAGGAGATACAGCAAACTACAAAAAGTGGTATTTCG
CGGCGCAGTTAGATATGGATGATGAGATCGGGTTTCGTAATATGTCTCTCGGAAAACTGAGCAGGAAA
GCAAGGAAGGCAAAAAAAAAGAATAAAAAGGCGATGGAGGAGGCGAATCCGGAAGATACAGAGGA
GACACTGAATAAGATCGAAGGCGACAATTCTTTAGAAGCCGCAGATTTCCGTTGGAAGGCAAAAATG
AACCAGTTGAGTCCACTGGAACGAGTTCGACATATCGCGCTGTATCTTTTATGCTGGGGTGAGGCTAA
CCAAGTCCGGTTCACCGCCGAATGTTTATGTTTTATTTACAAATGTGCCTTAGACTACCTTGACTCTCCT
CTGTGCCAACAACGCCAGGAACCGATGCCCGAAGGCGACTTCTTAAACCGCGTGATTACGCCGATTTA
TCATTTCATTCGCAATCAAGTGTATGAAATCGTTGATGGACGTTTTGTTAAACGCGAACGCGATCATAA
TAAAATCGTTGGCTACGATGATCTCAACCAACTTTTTTGGTACCCGGAAGGTATTGCTAAAATTGTATT
AGAAGACGGCACGAAACTCATTGAGTTACCGTTGGAGGAAAGATACTTACGCCTTGGCGACGTGGTCT
GGGACGATGTTTTTTTTAAAACCTACAAAGAAACACGTACGTGGTTACATCTTGTAACGAATTTTAACA
GAATTTGGGTAATGCATATCTCCATTTTTTGGATGTACTTTGCCTACAATAGCCCTACCTTTTATACACA
TAACTACCAGCAGTTAGTCGACAATCAACCGCTGGCCGCATACAAATGGGCGTCCTGTGCTTTAGGGG
GCACAGTTGCGAGCTTAATACAGATCGTAGCAACACTGTGCGAATGGAGCTTCGTTCCGAGAAAATGG
GCGGGCGCTCAGCATTTGTCACGCCGTTTCTGGTTTCTTTGTATCATCTTCGGTATCAACCTGGGTCCG
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ATTATATTTGTTTTTGCTTACGACAAAGATACCGTCTATTCTACTGCAGCCCATGTAGTTGCAGCAGTA
ATGTTCTTTGTGGCGGTAGCGACTATTATTTTTTTTTCAATCATGCCTCTGGGCGGCCTGTTCACCTCGT
ATATGAAGAAATCGACACGACGCTATGTAGCATCGCAAACATTTACAGCCGCGTTTGCCCCGCTGCAT
GGGCTTGACCGTTGGATGTCATATCTGGTCTGGGTGACCGTATTCGCAGCCAAATATTCCGAAAGTTAT
TACTTTCTTGTCTTATCTTTGCGAGATCCGATTCGTATCTTAAGTACGACAGCAATGAGATGTACGGGG
GAGTATTGGTGGGGCGCCGTTCTTTGTAAAGTTCAGCCGAAAATCGTCTTGGGACTGGTGATTGCGAC
AGACTTTATTTTATTTTTTCTTGATACATATTTGTGGTATATTATCGTGAATACTATTTTTTCTGTTGGAA
AATCATTTTATCTGGGAATCTCGATTCTGACGCCTTGGCGCAACATCTTTACACGCCTTCCTAAAAGAA
TCTATAGTAAAATTTTGGCCACAACCGATATGGAAATCAAATATAAACCGAAGGTGCTTATTAGTCAG
GTGTGGAATGCTATTATTATATCGATGTATCGCGAACATCTTTTAGCAATCGACCATGTTCAAAAGTTG
CTGTATCACCAGGTTCCTTCAGAGATCGAAGGAAAGAGGACGTTGAGGGCGCCCACCTTTTTCGTGAG
TCAAGATGATAACAACTTTGAAACAGAATTTTTTCCAAGGGACTCCGAGGCCGAAAGACGGATTTCTT
TTTTTGCACAATCTTTATCTACACCAATCCCGGAACCTCTTCCAGTCGACAATATGCCGACGTTTACAG
TGCTCACACCCCACTATGCCGAAAGAATCCTCTTAAGCCTGAGGGAAATAATCCGAGAGGATGATCAG
TTTTCTCGTGTTACGCTGCTGGAGTATTTAAAACAATTACATCCTGTTGAGTGGGAGTGCTTCGTGAAG
GATACGAAAATTTTGGCAGAAGAGACGGCTGCTTATGAAGGCAATGAAAACGAAGCTGAAAAAGAAG
ACGCGCTCAAGTCACAGATAGATGATCTCCCTTTTTATTGCATAGGCTTTAAATCTGCGGCCCCGGAAT
ATACGCTTCGCACAAGAATATGGGCATCTTTAAGATCCCAAACGTTATACCGGACCATTAGTGGATTT
ATGAACTATTCTCGGGCAATTAAACTTTTGTATAGAGTGGAAAACCCGGAAATTGTACAAATGTTCGG
CGGAAATGCTGAAGGCCTGGAGAGGGAACTCGAAAAAATGGCTCGCAGGAAATTTAAATTTCTGGTTT
CCATGCAACGCCTTGCGAAATTCAAACCCCATGAATTAGAGAATGCCGAATTTCTGTTGAGGGCATAT
CCGGACTTGCAAATAGCATACCTTGATGAAGAACCGCCACTGACGGAAGGTGAAGAGCCGAGAATAT
ATTCTGCACTTATTGACGGACACTGCGAGATCCTTGACAATGGCCGACGTAGGCCTAAATTTAGAGTC
CAACTTTCTGGAAACCCGATTCTTGGTGATGGAAAGTCTGATAATCAAAACCATGCGTTGATCTTCTAT
CGGGGAGAATATATTCAACTTATAGATGCAAATCAGGATAACTATCTTGAGGAGTGCCTGAAAATTCG
GTCTGTTCTGGCTGAGTTTGAGGAACTTAACGTTGAACAGGTGAATCCCTACGCACCGGGACTCAGAT
ATGAGGAACAGACAACCAACCACCCAGTCGCTATCGTAGGCGCACGCGAATACATATTCTCAGAGAA
TTCCGGTGTATTAGGCGACGTCGCCGCCGGTAAAGAACAAACGTTCGGCACCTTGTTTGCGCGGACGC
TCTCTCAAATTGGGGGAAAACTGCATTACGGACATCCTGATTTTATTAATGCAACGTTTATGACAACGC
GAGGAGGAGTGAGTAAAGCTCAGAAAGGCCTTCATTTAAATGAAGACATTTATGCCGGCATGAATGC
GATGTTGAGGGGCGGCAGAATAAAACATTGTGAATATTATCAGTGTGGAAAAGGTCGGGATTTAGGA
TTCGGAACAATCCTTAATTTTACGACCAAAATCGGCGCTGGTATGGGCGAGCAAATGTTATCACGAGA
GTATTATTATCTTGGAACGCAATTACCGGTTGATCGATTCTTGACCTTTTACTATGCTCATCCGGGTTTT
CATCTTAACAATCTGTTTATTCAACTGTCCCTGCAAATGTTCATGCTGACGCTTGTAAATTTGTCATCTC
TGGCCCATGAATCGATCATGTGTATCTACGATCGCAATAAACCAAAGACAGATGTGCTGGTACCGATC
GGCTGCTATAATTTCCAACCGGCTGTGGACTGGGTAAGACGATATACACTTTCCATATTTATTGTCTTC
TGGATCGCTTTTGTACCCATTGTCGTTCAGGAGCTTATTGAACGCGGCTTGTGGAAAGCGACTCAAAG
ATTCTTTTGCCATCTTTTATCCCTCTCTCCAATGTTTGAGGTCTTCGCGGGTCAAATTTATTCTTCAGCG
CTGCTTAGCGACTTGGCTATTGGCGGCGCGAGGTATATCTCAACAGGTCGCGGGTTTGCTACGTCCCGT
ATACCTTTTTCGATCCTCTATTCAAGATTTGCAGGCAGCGCTATTTACATGGGCGCACGATCTATGTTA
ATGTTGTTATTTGGAACAGTTGCTCATTGGCAGGCGCCACTTCTTTGGTTCTGGGCATCCTTGTCATCAT
TAATCTTCGCGCCGTTCGTTTTTAATCCGCATCAATTTGCCTGGGAAGATTTTTTTITAGATTATCGGGA
TTACATTCGCTGGCTGAGCCGAGGAAATAACCAGTATCATCGTAATTCATGGATTGGTTACGTACGAA
TGTCTCGTGCCCGTATTACAGGCTTTAAAAGAAAGCTCGTCGGCGACGAATCCGAAAAAGCAGCGGGA
GATGCAAGCCGAGCCCATCGTACTAACCTGATCATGGCTGAAATTATCCCGTGCGCTATCTATGCGGC
AGGGTGTTTCATAGCGTTCACGTTTATAAACGCTCAGACAGGCGTAAAGACAACCGACGATGACCGCG
TCAATTCGGTTCTGAGGATCATCATATGTACCCTTGCACCGATTGCCGTGAATTTGGGAGTGCTTTTCT
TTTGTATGGGTATGTCATGCTGCAGCGGTCCTTTATTCGGTATGTGTTGCAAGAAGACAGGCTCCGTTA
TGGCTGGTATTGCACACGGTGTTGCTGTGATTGTTCATATTGCGTTCTTTATCGTGATGTGGGTACTGG
AGTCTTTCAATTTTGTTCGCATGCTTATTGGTGTGGTGACATGTATTCAGTGTCAGCGCTTGATCTTTCA
CTGCATGACGGCACTGATGCTGACTCGAGAATTTAAAAACGACCACGCGAATACAGCCTTTTGGACGG
GCAAATGGTATGGCAAAGGAATGGGATATATGGCCTGGACCCAGCCGAGTAGAGAATTGACGGCAAA
AGTCATTGAACTTAGTGAATTTGCAGCAGATTTCGTATTGGGTCACGTTATTCTGATCTGTCAGTTACC
ACTGATCATCATCCCCAAAATCGACAAGTTTCACTCAATTATGCTCTTCTGGCTGAAACCATCACGTCA
GATCCGTCCCCCTATCTATAGTCTCAAACAAACGAGATTGAGAAAAAGAATGGTTAAAAAATATTGCA
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GCCTTTACTTTTTGGTCTTGGCCATTTTTGCGGGGTGTATCATCGGCCCCGCTGTAGCATCAGCCAAGA
TCCATAAACACATCGGTGATTCCTTAGATGGAGTCGTACATAATCTTTTCCAACCGATAAATACCACAA
ACAATGACACGGGCAGTCAGATGTCAACTTACCAGAGTCACTACTATACTCATACGCCGTCCTTAAAA
ACCTGGTCCACAATTAAGTAA

SEQID NO: 3
MAQRREPDPPPPQRRILRTQTVGSLGEAMLDSEVVPSSLVEIAPILRVANEVEASNPRVAYLCRFYAFEKAH
RLDPTSSGRGVRQFKTALLQRLERENETTLAGRQKSDAREMQSFYQHYYKKYIQALLNAADKADRAQLT
KAYQTAAVLFEVLKA VNQTEDVEVADEILETHNK VEEKTQIY VPYNILPLDPDSQNQAIMRLPEIQAAVAA
LRNTRGLPWTAGHKKKLDEDILDWLQSMFGFQKDNVLNQREHLILLLANVHIRQFPKPDQQPKLDDRALT
IVMKKLFRNYKKWCKYLGRKSSLWLPTIQQEVQQRKLLYMGLYLLIWGEAANLRFMPECLCYIYHHMAF
ELYGMLAGSVSPMTGEHVKPAY GGEDEAFLQK VVTPIYQTISKEAKRSRGGK SKHSVWRNYDDLNEYFW
SIRCFRLGWPMRADADFFCQTAEELRLERSEIK SNSGDRWMGK VNFVEIRSFWHIFR SFDRLWSFYILCLQA
MIVIAWNGSGELSAIFQGDVFLK VLSVFITAAILKLAQAVLDIALSWKARHSMSLY VKLRY VMKVGAAAV
WVVVMAVTYAYSWKNASGFSQTIKNWFGGHSHNSPSLFIVAILIYLSPNMLSALLFLFPFIRRYLERSDYKI
MMLMMW WSQPRLYIGRGMHESALSLFKYTMFWIVLLISKLAFSYYAEIKPL VGPTKDIMRIHISVY SWHEF
FPHAKNNLGVVIALWSPVILVYFMDTQIWYAIVSTL VGGLNGAFRRLGEIRTLGMLRSRFQSIPGAFNDCLV
PQDNSDDTKKKRFRA TFSRKFDQLPSSKDKEAARFAQMWNKIISSFREEDLISDREMELLLVPY WSDPDLD
LIRWPPFLLASKIPIALDMAKDSNGKDRELKKRLAVDSYMTCAVRECY ASFKNLINYLVVGEREGQVINDIF
SKIDEHIEKETLITELNLSALPDLYGQFVRLIEYLLENREEDKDQIVIVLLNMLELVTRDIMEEEVPSLLETAH
NGSY VKYDVMTPLHQQRKYFSQLRFPVY SQTEA WKEKIKRLHLLLTVKESAMDVPSNLEARRRLTFFSNS
LFMDMPPAPKIRNMLSFSVLTPYFSED VLFSIFGLEQQNEDG VSILFYLQKIFPDEWTNFLERVKCGNEEELR
AREDLEEELRLWASYRGQTLTKTVRGMMY YRKALELQAFLDMAKDEELLKGYKALELTSEEASKSGGSL
WAQCQALADMKFTFVVSCQQYSIHKRSGDQRAKDILRLMTTYPSIRVAYIDEVEQTHKESYKGTEEKIYYS
ALVKAAPQTKPMDSSESVQTLDQLIYRIKLPGPAILGEGKPENQNHAIIFTR GEGLQTIDMNQDNYMEEAFK
MRNLLQEFLEKHGGVRCPTILGLREHIFTGSVSSLAWFMSNQENSFVTIGQRVLASPLK VRFHY GHPDIFDR
LFHLTRGGICK ASK VINLSEDIFAGFNSTLREGNVTHHEYIQVGK GRDVGLNQISMFEAKIANGNGEQTLSR
DLYRLGHRFDFFRMLSCYFTTIGFYFSTMLTVLTVY VFLY GRLYLVLSGLEEGLSSQRAFRNNKPLEAALAS
QSFVQIGFLMALPMMMEIGLERGFHNALIEFVLMQLQLASVFFTFQLGTKTHYYGRTLFHGGAEYRGTGR
GFVVFHAKFAENYRFYSRSHFVKGIELMILLLVYQIFGQSYRGVVTYILITVSIWFMVVTWLFAPFLFNPSGF
EWQKIVDDWTDWNKWIYNRGGIGVPPEK SWESWWEKELEHLRHSGVRGITLEIFLALRFFIFQYGLVYHL
STFKGKNQSFWVYGASWFVILFILLIVK GLGVGRRRFSTNFQLLFRIIK GLVFLTFVAILITFLALPLITIKDLFI
CMLAFMPTGWGMLLIAQACKPLIQQLGIWSSVRTLARGYEIVMGLLLFTPVAFLAWFPFVSEFQTRMLFNQ
AFSRGLQISRILGGQRKDRSSKNKE

SEQID NO: 4
ATGGCACAACGCAGGGAACCGGACCCGCCACCCCCGCAGCGTAGAATATTGCGGACGCAAACGGTTG
GCTCTCTGGGAGAAGCCATGCTTGATTCTGAGGTCGTTCCTTCATCACTTGTCGAAATAGCGCCAATTT
TACGCGTCGCAAACGAAGTAGAAGCTTCAAATCCGCGTGTCGCTTACTTATGTAGATTCTACGCATTTG
AAAAAGCTCACCGACTTGATCCAACCTCTTCAGGCCGCGGAGTTAGACAATTTAAGACGGCATTGCTT
CAACGGTTAGAGCGTGAGAACGAAACCACATTGGCGGGAAGACAAAAAAGCGACGCGCGAGAGATG
CAAAGTTTTTACCAGCATTACTACAAAAAATACATTCAAGCGTTACTGAATGCAGCGGACAAGGCAGA
TCGGGCGCAACTTACAAAAGCGTACCAGACAGCTGCAGTCCTTTTTGAAGTGCTTAAAGCTGTCAATC
AGACTGAAGACGTCGAAGTTGCCGATGAAATTCTGGAGACACACAATAAAGTCGAGGAGAAAACGCA
GATTTATGTGCCTTATAACATTCTTCCCTTAGATCCTGACAGCCAAAATCAGGCCATTATGCGCTTGCC
AGAAATTCAGGCGGCTGTCGCCGCACTGCGCAACACTCGTGGTTTACCTTGGACAGCAGGACACAAAA
AGAAATTGGATGAGGATATTCTTGATTGGCTGCAATCGATGTTCGGTTTTCAAAAAGATAATGTGCTC
AATCAAAGAGAACATCTGATTTTGCTTCTGGCTAACGTTCATATCCGCCAATTCCCGAAGCCTGATCAG
CAGCCAAAACTTGACGACCGGGCTCTTACGATTGTAATGAAAAAGTTATTTCGGAATTACAAGAAGTG
GTGCAAGTATCTTGGTCGCAAGTCATCCCTTTGGCTCCCTACAATTCAACAGGAAGTGCAACAGCGTA
AATTACTTTATATGGGGCTCTACTTGTTAATATGGGGAGAAGCCGCGAATCTTCGCTTTATGCCGGAAT
GTCTGTGCTATATCTATCACCATATGGCATTCGAGTTGTATGGGATGTTAGCAGGCAGCGTGTCTCCGA
TGACTGGCGAACACGTTAAGCCTGCATATGGAGGGGAGGACGAAGCCTTTTTACAGAAGGTCGTCACG
CCAATTTATCAAACTATTTCTAAAGAAGCAAAAAGATCAAGAGGAGGAAAAAGCAAACATAGCGTGT
GGCGGAACTATGATGATCTCAATGAGTATTTTTGGAGTATTCGGTGTTTTCGGCTTGGCTGGCCCATGC
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GCGCGGATGCTGATTTTTTTTGTCAAACAGCTGAAGAATTGAGGTTAGAGAGAAGCGAGATTAAATCG
AATAGCGGGGATCGTTGGATGGGGAAAGTAAACTTTGTAGAGATTAGATCATTTTGGCACATTTTTAG
ATCTTTTGATAGATTGTGGTCCTTTTACATACTGTGCTTGCAAGCGATGATTGTAATCGCTTGGAATGG
CTCGGGTGAATTGTCGGCGATTTTTCAAGGAGATGTATTTTTGAAGGTGCTCTCTGTCTTTATTACCGC
GGCGATCCTGAAGCTGGCGCAAGCCGTTCTCGATATTGCCCTGTCCTGGAAGGCGCGTCATTCGATGA
GCCTGTATGTTAAACTTCGTTACGTCATGAAAGTGGGTGCTGCGGCAGTTTGGGTCGTCGTTATGGCGG
TAACATACGCATATTCATGGAAAAACGCGTCTGGCTTCTCCCAGACCATTAAGAACTGGTTCGGCGGA
CATTCACATAATTCCCCGTCACTCTTTATTGTGGCTATCCTGATTTATCTGAGCCCTAACATGTTGTCAG
CACTTCTTTTTCTCTTCCCGTTTATCCGTCGGTATTTGGAACGATCTGATTACAAAATCATGATGCTTAT
GATGTGGTGGTCCCAGCCACGACTGTATATCGGAAGGGGGATGCATGAATCAGCTCTGTCTCTGTTTA
AATACACTATGTTTTGGATTGTTCTGCTGATTTCGAAACTTGCCTTTTCGTATTACGCGGAAATTAAAC
CCCTCGTAGGCCCGACAAAAGACATTATGCGAATTCATATTAGTGTTTATTCGTGGCATGAGTTTTTTC
CACATGCAAAAAACAATCTGGGTGTAGTCATTGCACTTTGGTCACCCGTCATCCTGGTATATTTCATGG
ACACACAAATTTGGTACGCTATCGTCTCCACCCTGGTGGGAGGCTTAAACGGTGCTTTTAGACGTTITAG
GGGAGATCAGAACATTAGGTATGTTACGTTCGCGCTTCCAGAGTATCCCAGGTGCATTTAATGATTGTC
TTGTCCCGCAGGACAACTCCGACGACACTAAAAAAAAGCGCTTTAGAGCAACTTTTAGTCGGAAATTT
GATCAGCTTCCATCATCAAAGGACAAAGAGGCGGCAAGATTCGCACAAATGTGGAATAAAATCATTTC
AAGTTTTCGTGAAGAAGACCTGATTTCAGACCGGGAAATGGAACTTTTGCTTGTACCTTACTGGAGTG
ATCCTGATTTGGACCTGATCAGGTGGCCGCCGTTTTTATTAGCATCCAAAATTCCTATCGCGCTGGACA
TGGCTAAAGACTCTAACGGTAAGGACCGTGAACTCAAAAAGAGACTCGCCGTTGATTCCTATATGACC
TGTGCAGTCCGTGAATGCTACGCGTCTTTCAAAAATTTAATTAATTATTTAGTTGTTGGAGAACGCGAA
GGGCAAGTCATTAATGATATCTTTTCAAAGATCGATGAACATATAGAAAAAGAGACCTTAATTACAGA
ACTTAATTTGAGCGCGCTGCCCGATTTATACGGACAATTCGTGAGACTTATTGAATATCTGCTGGAAAA
TCGGGAAGAGGATAAAGATCAGATTGTTATAGTCTTATTAAATATGCTGGAATTGGTAACGCGGGACA
TTATGGAGGAAGAAGTTCCGTCTTTGTTAGAAACGGCTCATAATGGATCTTACGTTAAGTATGATGTG
ATGACACCACTCCATCAGCAGCGTAAATATTTTAGTCAACTGCGGTTTCCGGTTTACAGCCAAACGGA
GGCGTGGAAAGAGAAAATCAAACGACTGCATTTGCTGTTGACGGTCAAAGAATCGGCAATGGACGTA
CCGTCAAACTTGGAAGCGCGAAGAAGATTAACCTTCTTTTCTAATTCACTGTTCATGGATATGCCTCCT
GCACCGAAAATTCGTAATATGTTATCATTTTCAGTCTTAACTCCGTATTTCTCTGAAGATGTCCTTTTTA
GCATCTTCGGCCTTGAACAGCAGAATGAAGATGGAGTGTCCATTCTTTTCTATCTTCAAAAAATTTTTC
CGGATGAATGGACCAATTTTTTAGAGCGGGTCAAATGCGGCAATGAGGAAGAACTGCGGGCCCGTGA
AGATCTTGAAGAAGAATTGCGACTTTGGGCCTCATATAGAGGTCAAACACTGACAAAAACAGTACGTG
GGATGATGTATTATAGAAAAGCTCTGGAACTGCAGGCATTTTTAGACATGGCTAAAGATGAAGAATTA
TTAAAAGGTTACAAAGCTCTGGAGCTTACATCCGAGGAAGCGAGTAAGAGCGGAGGTTCTTTGTGGGC
TCAATGTCAAGCGTTGGCTGACATGAAGTTCACCTTCGTTGTTTCTTGCCAACAATATAGTATTCATAA
GCGTAGCGGTGATCAAAGAGCGAAGGATATCCTTCGGTTGATGACAACGTATCCGAGCATCCGAGTTG
CATATATAGACGAGGTAGAGCAAACGCACAAAGAGTCCTATAAAGGCACGGAAGAAAAGATATATTA
CTCTGCTCTTGTGAAAGCCGCTCCACAGACAAAGCCGATGGATTCTTCAGAAAGCGTACAAACATTGG
ATCAGTTGATTTACCGTATCAAACTTCCGGGGCCAGCAATCCTGGGAGAAGGCAAACCGGAAAATCAG
AATCACGCAATCATTTTCACAAGAGGCGAAGGCCTTCAAACAATCGATATGAATCAGGATAATTATAT
GGAAGAAGCTTTCAAAATGCGCAATCTGTTACAGGAATTCCTTGAAAAACATGGAGGCGTTAGATGCC
CTACAATCCTGGGCCTTCGCGAACACATTTTTACTGGCAGTGTCAGCTCTTTAGCGTGGTTTATGTCCA
ACCAAGAAAACTCATTTGTCACTATAGGCCAGAGAGTCTTAGCGAGCCCTCTGAAAGTACGCTTTCAC
TATGGTCATCCGGATATTTTTGATAGATTGTTTCACCTTACCAGGGGTGGGATTTGTAAAGCCTCTAAG
GTCATCAACCTCAGCGAAGACATCTTTGCTGGCTTTAACAGCACACTTCGCGAAGGCAATGTCACCCA
CCATGAATATATTCAAGTTGGTAAGGGACGTGATGTGGGGTTGAATCAAATCTCGATGTTTGAAGCGA
AAATTGCCAATGGCAATGGAGAACAAACCTTGTCCCGGGATCTTTACCGGTTGGGTCATCGTTTCGATT
TCTTTCGTATGCTTTCTTGCTATTTTACCACGATTGGGTTTTATTTTTCTACCATGTTGACCGTCCTGACT
GTATACGTCTTCCTGTATGGGCGGCTGTATCTTGTCCTGAGCGGTCTGGAAGAAGGACTTAGCTCCCAA
CGGGCCTTTCGCAACAACAAGCCTTTAGAAGCCGCACTTGCATCACAAAGTTTTGTTCAGATCGGATTT
TTAATGGCATTGCCTATGATGATGGAAATTGGGCTCGAAAGGGGTTTTCACAATGCTTTAATAGAATTT
GTGCTTATGCAATTGCAGCTTGCATCCGTATTCTTTACTTTTCAATTAGGAACCAAGACTCACTACTAT
GGAAGGACATTATTTCACGGCGGAGCAGAGTATAGAGGCACAGGCCGTGGATTTGTCGTGTTTCATGC
GAAATTTGCCGAAAATTATCGGTTCTATTCTAGGTCTCATTTTGTCAAAGGCATCGAGCTGATGATCCT
TCTTTTGGTCTATCAAATCTTCGGTCAATCATATAGGGGTGTAGTGACATACATCCTTATCACTGTAAG
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CATATGGTTTATGGTTGTGACGTGGCTGTTTGCGCCTTTTCTGTTTAACCCCAGTGGATTTGAATGGCA
GAAGATCGTGGATGACTGGACCGATTGGAACAAATGGATCTATAATCGCGGCGGCATTGGGGTTCCAC
CGGAGAAATCTTGGGAGTCATGGTGGGAAAAAGAACTGGAACACCTCCGCCATAGCGGAGTCCGGGG
AATTACATTGGAAATTTTCCTTGCGCTTCGCTTTTTCATCTTTCAGTACGGGCTTGTCTACCATCTCAGC
ACATTTAAAGGCAAAAACCAGTCATTTTGGGTCTACGGGGCCTCATGGTTTGTCATTCTGTTITATTTITG
TTAATTGTAAAAGGTTTGGGCGTTGGACGGCGCCGCTTTTCTACTAATTTCCAGCTGCTTTTCCGCATC
ATTAAAGGTCTCGTTTTCTTAACGTTCGTTGCAATTCTGATTACTTTTCTGGCACTGCCGCTGATAACCA
TAAAGGATTTATTTATCTGTATGCTTGCATTTATGCCTACGGGGTGGGGTATGCTTCTGATAGCTCAGG
CGTGCAAACCGCTGATCCAGCAACTGGGAATCTGGTCTTCCGTCAGAACCTTAGCACGGGGGTACGAA
ATCGTTATGGGCCTGTTACTGTTTACCCCAGTGGCATTTCTTGCGTGGTTTCCGTTTGTAAGCGAATTCC
AAACGCGCATGCTGTTTAATCAGGCGTTTTCTCGCGGGTTGCAAATTAGCCGCATTTTAGGCGGCCAAC
GGAAGGATAGGAGCAGCAAAAATAAGGAG

SEQID NO:5
MAPAVAGGGGRRNNEGVNGNAAAPACVCGFPVCACAGAAAVASAASSADMDIVAAGQIGAVNDESWV
AVDLSDSDDAPAAGDVQGALDDRPVFRTEKIKGVLLHPYRVLIFVRLIAFTLFVIWRIEHKNPDAMWLWVT
STAGEFWFGFSWLLDQLPKLNPINRVPDLAVLRRRFDHADGTSSLPGLDIFVTTADPIKEPILSTANSILSILAA
DYPVDRNTCYLSDDSGMLLTYEAMAEAAKFATLWVPFCRKHAIEPRGPESYFELKSHPYMGRAQEEFVND
RRRVRKEYDDFKARINGLEHDIKQRSDSYNAAAGVKDGEPRATWMADGSQWEGTWIEQSENHRKGDHA
GIVLVLLNHPSHARQLGPPASADNPLDFSGVDVRLPMLVY VAREKRPGCNHQKKAGAMNALTRASAVLS
NSPFILNLDCDHYINNSQALRAGICFMLGRDSDTVAFVQFPQRFEGVDPTDLY ANHNRIFFDGTLRALDGLQ
GPIYVGTGCLFRRITLY GFEPPRINVGGPCFPRLGGMFAKNRYQKPGFEMTKPGAKPVAPPPAATVAKGKH
GFLPMPKKAYGKSDAFADTIPRASHPSPYAAEAAVAADEAAIAEAVMVTAAAYEKKTGWGSDIGWVYGT
VTEDVVTGYRMHIKGWRSRYCSIYPHAFIGTAPINLTERLFQVLRW STGSLEIFFSRNNPLFGSTFLHPLQRV
AYINITTYPFTALFLIFYTTVPALSFVTGHFIVQRPTTMFY VYLAIVLGTLLILAVLEVKWAGVTVFEWFRNG
QFWMTASCSAYLAAVLQVVTKVVFRRDISFKLTSKLPAGDEKKDPYADLY VVRWTWLMITPIIIL VNIIGS
AVAFAKVLDGEWTHWLKVAGGVFFNFWVLFHLYPFAKGILGKHGKTPVVVLVWWAFTFVITAVLYINIP
HIHGPGRHGAASPSHGHHSAHGTKKYDFTYAWP

SEQID NO: 6
ATGGCGCCGGCTGTCGCGGGAGGCGGTGGCCGTCGAAATAATGAAGGAGTCAACGGCAACGCCGCAG
CTCCAGCCTGCGTATGCGGCTTTCCGGTTTGCGCATGCGCCGGGGCTGCCGCTGTTGCTAGTGCGGCCT
CTTCCGCTGATATGGACATTGTGGCGGCCGGCCAGATCGGCGCGGTCAACGACGAATCATGGGTCGCC
GTCGATCTGAGCGATAGTGACGACGCCCCGGCGGCGGGTGATGTACAAGGCGCTCTCGATGACCGTCC
GGTGTTTAGAACAGAGAAAATTAAAGGCGTTCTCCTTCACCCGTATAGAGTGCTTATTTTTGTACGGCT
GATCGCGTTTACGCTTTTCGTCATCTGGAGGATAGAGCATAAGAACCCGGATGCGATGTGGCTGTGGG
TTACATCTATAGCAGGTGAATTTTGGTTTGGTTTTTCTTGGCTTCTTGATCAGCTCCCGAAACTTAATCC
TATAAACAGAGTTCCAGACTTGGCTGTATTGCGGAGACGATTCGATCATGCGGATGGTACTTCGTCATT
ACCCGGACTGGATATCTTCGTTACAACAGCTGATCCAATTAAAGAGCCTATTTTGAGCACTGCGAACA
GTATCCTGTCAATTTTAGCTGCCGATTATCCGGTTGATCGGAACACATGTTATCTTAGCGATGATTCAG
GAATGCTGCTCACATATGAAGCAATGGCTGAGGCAGCTAAATTTGCCACATTATGGGTGCCGTTTTGT
CGTAAACATGCTATTGAGCCGAGGGGACCGGAAAGCTATTTTGAATTAAAATCTCATCCTTATATGGG
TAGGGCACAGGAAGAATTTGTTAACGATCGTCGAAGGGTAAGGAAAGAATATGATGATTTTAAAGCA
CGGATTAACGGCTTAGAACACGATATCAAACAACGCTCAGATTCATACAACGCGGCAGCAGGTGTTAA
AGACGGGGAACCACGTGCTACATGGATGGCAGATGGCTCACAGTGGGAAGGGACATGGATCGAACAA
TCGGAAAATCATCGAAAAGGCGATCACGCAGGTATAGTGCTTGTTCTGTTAAATCATCCTTCACATGC
ACGTCAATTAGGACCACCGGCAAGCGCAGATAATCCTTTGGACTTTTCCGGAGTTGACGTTAGGTTAC
CTATGCTTGTATACGTAGCCCGTGAAAAACGGCCCGGATGCAACCACCAAAAAAAAGCGGGAGCAAT
GAACGCGTTGACGCGCGCTTCCGCGGTCCTCAGCAATTCTCCGTTTATACTTAATCTGGACTGCGATCA
CTACATTAACAACTCACAAGCGCTTCGTGCAGGGATATGCTTTATGTTGGGACGTGATAGTGACACAG
TGGCTTTCGTGCAATTTCCGCAAAGATTTGAAGGCGTAGATCCGACCGACCTGTACGCAAACCACAAT
AGAATTTTTTTTGATGGTACCCTGAGAGCTTTAGATGGGTTACAGGGGCCGATTTATGTTGGTACGGGC
TGCTTGTTTAGACGCATAACCTTATATGGTTTCGAACCGCCGAGAATCAATGTTGGTGGCCCCTGCTTT
CCTCGCCTCGGTGGGATGTTTGCCAAGAATCGGTATCAGAAGCCTGGCTTCGAGATGACTAAGCCGGG
AGCGAAACCCGTTGCACCTCCACCGGCTGCTACAGTAGCCAAGGGGAAGCATGGCTTTTTACCGATGC
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CGAAAAAAGCGTATGGGAAAAGCGACGCATTTGCGGATACAATTCCTAGAGCGTCACACCCTAGTCC
GTATGCCGCCGAAGCAGCTGTTGCCGCCGACGAGGCTGCAATTGCCGAAGCGGTGATGGTCACAGCTG
CCGCTTATGAGAAAAAGACGGGTTGGGGGTCAGACATCGGCTGGGTTTACGGAACAGTTACAGAGGA
TGTCGTTACTGGATATAGAATGCACATCAAAGGCTGGCGGTCACGCTACTGTAGCATCTACCCGCATG
CATTCATCGGTACCGCTCCGATTAATTTGACAGAACGACTGTTTCAAGTCTTACGCTGGAGCACAGGAT
CTTTGGAAATCTTCTTCTCTAGAAATAATCCGTTATTCGGTAGCACATTCCTCCATCCATTGCAGAGGG
TTGCGTATATTAATATCACCACCTATCCATTTACTGCACTGTTTCTTATTTTTTATACAACAGTCCCGGC
GCTGTCTTTTGTCACGGGTCACTTCATTGTACAACGCCCGACAACGATGTTTTACGTGTATCTCGCAAT
AGTACTGGGCACGCTGCTGATCTTAGCCGTCTTAGAAGTTAAGTGGGCTGGGGTAACGGTATTCGAAT
GGTTCCGCAACGGACAATTTTGGATGACGGCATCTTGTTCAGCTTATTTAGCTGCTGTCCTTCAAGTCG
TTACGAAGGTTGTGTTTCGCCGGGACATTTCGTTTAAACTGACATCGAAATTGCCCGCTGGGGATGAA
AAGAAAGATCCATATGCGGATCTTTACGTCGTGCGGTGGACCTGGTTAATGATTACGCCGATCATTAT
CATCCTCGTTAACATCATCGGCTCTGCAGTCGCGTTCGCTAAAGTGCTTGATGGAGAATGGACCCATTG
GTTAAAAGTGGCGGGCGGCGTCTTTTTTAACTTCTGGGTCTTGTTTCATTTATACCCTTTCGCAAAGGG
AATTTTAGGCAAGCATGGGAAAACGCCTGTTGTGGTCCTGGTTTGGTGGGCTTTCACCTTTGTTATTAC
AGCGGTTCTTTACATCAACATCCCTCATATCCATGGGCCGGGAAGACATGGCGCCGCAAGCCCGTCTC
ATGGACATCATTCTGCACATGGCACAAAAAAATATGATTTCACGTACGCATGGCCATAA

SEQID NO: 7
MRLQRNSIICALVFLVSFVLGDVNIVSPSSKATFSPSGGTVSVPVEWMDNGAYPSLSKISTFTFSLCTGPNNN
IDCVAVLASKITPSELTQDDKVYSYTAEFASTLTGNGQYYIQVFAQVDGQGYTIHY TPRFQLTSMGGVTAY
TYSATTEPTPQTSIQTTTTNNAQATTIDSRSFTVPYTKQTGTSRFAPMQMQPNTK VTATTWTRKFATSAVTY
YSTFGSLPEQATTITPGWSY TISSGVNY ATPASMPSDNGGW YKPSKRLSLSARKINMRKV

SEQID NO: 8
ATGCGGCTTCAACGTAACAGTATCATTTGTGCCTTAGTTTTTTTAGTATCTTTTGTCTTGGGTGATGTCA
ACATTGTGTCGCCGTCAAGCAAAGCTACATTTTCTCCAAGTGGCGGCACAGTGTCCGTTCCTGTCGAAT
GGATGGACAACGGAGCTTATCCGAGCCTTTCAAAAATTTCTACATTTACATTTAGTCTGTGCACGGGTC
CAAATAATAATATTGATTGTGTTGCTGTCCTGGCAAGTAAAATAACGCCTAGCGAATTAACTCAGGAT
GACAAAGTTTATTCTTATACGGCTGAATTTGCTTCAACGTTGACCGGGAATGGTCAATACTATATCCAA
GTATTTGCCCAGGTAGATGGCCAAGGCTACACAATCCATTACACGCCGCGGTTCCAGCTCACGTCAAT
GGGGGGCGTGACAGCGTACACATATAGTGCAACGACCGAACCTACACCCCAGACTAGTATTCAAACA
ACAACGACAAATAATGCGCAGGCAACTACCATAGATTCCCGGTCCTTCACAGTCCCTTATACTAAACA
AACGGGCACTTCACGCTTTGCGCCTATGCAGATGCAGCCGAATACTAAAGTGACCGCGACAACGTGGA
CGAGGAAATTCGCCACCTCAGCAGTTACCTATTACTCTACTTTTGGATCGTTGCCTGAACAAGCAACAA
CAATTACACCCGGCTGGTCGTATACTATATCAAGCGGGGTAAACTATGCGACACCTGCTAGTATGCCT
AGCGATAACGGAGGTTGGTATAAGCCAAGCAAACGATTGAGCCTTTCAGCGCGGAAAATTAACATGC
GAAAAGTTTGA

SEQID NO: 9
MLMKRLFAASLMLAFSSVSSVRAEEAVKPGAPWWKSAVFYQVYPRSFKDTNGDGIGDFKGLTEKLDYLK
GLGIDAIWINPHYASPNTDNGYDISDYREVMKEY GTMEDFDRLMAELKKRGMRLMVDVVINHSSDQHEW
FKSSRASKDNPYRDYYFWRDGKDGHEPNNYPSFFGGSAWEKDPVTGQYYLHYFGRQQPDLNWDTPKLRE
ELYAMLRFWLDKGVSGMRFDTVATY SKTPGFPDLTPEQMKNFAEAYTQGPNLHRYLQEMHEKVFDHYD
AVTAGEIFGAPLNQVPLFIDSRRKELDMAFTFDLIRY DRALDRWHTIPRTLADFRQTIDKVDAIAGEY GWNT
FFLGNHDNPRAVSHFGDDRPQWREASAKALATVTLTQRGTPFIFQGDELGMTNYPFKTLQDFDDIEVKGFF
QDYVETGKATAEELLTNVALTSRDNARTPFQWDDSANAGFTTGKPWLKVNPNYTEINAAREIGDPKSVYS
FYRNLISIRHETPALSTGSYRDIDPSNADVYAYTRSQDGETYLVVVNFKAEPRSFTLPDGMHIAETLIESSSPA
APAAGAASLELQPWQSGIYKVK

SEQID NO: 10
ATGCTGATGAAGAGATTATTCGCGGCCAGCTTAATGCTGGCCTTCAGTTCAGTATCAAGTGTTAGAGC
AGAGGAAGCAGTAAAACCTGGAGCGCCGTGGTGGAAGTCAGCAGTTTTTTATCAAGTTTATCCTAGGA
GTTTTAAGGATACAAATGGTGATGGGATTGGCGACTTTAAGGGTCTTACGGAGAAACTTGACTATCTT
AAAGGCCTTGGAATCGATGCGATCTGGATAAATCCTCATTATGCATCCCCTAACACGGATAATGGCTA
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TGATATTAGCGACTATCGTGAAGTAATGAAAGAGTATGGGACGATGGAGGATTTCGACCGGCTGATGG
CGGAGCTGAAAAAACGCGGCATGCGCCTTATGGTAGATGTAGTGATCAACCATTCATCTGATCAGCAC
GAATGGTTCAAATCCTCTCGTGCCAGTAAAGATAATCCGTATCGTGATTACTATTTTTGGCGTGATGGA
AAAGACGGTCATGAACCTAATAATTATCCTTCTTTCTTCGGCGGCTCAGCATGGGAAAAGGATCCGGT
TACCGGGCAATACTATCTCCATTACTTCGGAAGACAGCAGCCAGACTTGAACTGGGATACACCGAAAC
TGCGGGAGGAGCTGTATGCGATGCTTCGTTTCTGGCTGGATAAAGGCGTCTCTGGAATGCGGTTTGAT
ACGGTGGCCACATATTCTAAAACGCCGGGATTTCCGGACCTGACGCCTGAGCAGATGAAAAACTTTGC
CGAAGCTTATACCCAGGGTCCGAACCTCCACCGGTATCTGCAAGAAATGCATGAAAAAGTGTTTGATC
ATTATGACGCGGTCACCGCTGGGGAGATTTTTGGCGCGCCGCTTAACCAAGTTCCGCTGTTTATTGATT
CAAGAAGAAAAGAGCTTGATATGGCTTTCACTTTCGACTTGATTAGATACGACCGTGCTTTAGACCGG
TGGCATACAATTCCGCGCACGTTAGCTGATTTCCGTCAGACGATCGACAAGGTGGATGCCATAGCCGG
CGAATACGGCTGGAATACATTTTTCTTGGGGAACCATGACAACCCTCGCGCAGTGAGCCATTTTGGTG
ACGATAGACCTCAGTGGAGAGAAGCGAGCGCTAAAGCACTCGCCACAGTCACGCTGACCCAGCGCGG
CACGCCTTTTATTTTTCAAGGGGATGAATTAGGGATGACGAATTACCCTTTTAAAACGCTTCAGGATTT
TGATGACATCGAAGTCAAAGGATTCTTCCAAGACTATGTTGAAACAGGGAAAGCTACTGCTGAAGAGC
TTTTGACAAACGTTGCGCTTACGTCAAGGGATAATGCCCGAACGCCTTTTCAATGGGACGATAGTGCA
AATGCGGGATTTACCACCGGCAAGCCATGGCTGAAAGTTAACCCGAATTACACCGAAATCAATGCCGC
GCGTGAAATTGGAGATCCCAAGAGCGTCTATAGCTTTTATAGAAACCTGATTTCTATACGTCACGAAA
CACCGGCGTTGTCAACTGGGTCCTATCGAGACATTGATCCTAGCAACGCCGATGTGTACGCGTATACG
CGGTCACAGGACGGAGAGACATATTTGGTAGTCGTTAATTTTAAGGCAGAGCCCCGGTCTTTTACCTT
ACCGGATGGTATGCATATTGCGGAAACACTGATTGAGTCCTCTTCCCCGGCGGCTCCGGCAGCCGGCG
CAGCCTCTCTGGAGCTCCAGCCGTGGCAGAGTGGTATTTACAAGGTTAAATAA

SEQID NO: 11
MLENKNHKKISLSGKSLLMGTLSTAAIVLSASTANAATINADNVNENQTVEVTASSVNNENNKQVTEKDS
ADKSTSDVAEDANTKKSNENTETTEKNTQTVVINAPVSDVKNTNTVTAETPVDKVVNNSDQKTTNAATT
DTKKDDVKQVEKKDSVDKTNAEENKDSSVKPAENATKAELKGQVKDIVEESGVDTSKLTNDQINELNKIN
FSKEAKSGTQLTYNDFKKIAKTLIEQDARY AIPFFNASKIKNMPAAKTLDAQSGKVEDLEIWDSWPVQDAK
TGYVSNWNGYQLVIGMMGVPNVNDNHIYLLYNKY GDNDFNHWKNAGPIFGLGTPVIQQWSGSATLNKD
GSIQLYYTKVDTSDNNTNHQKLASATVYLNLEKDQDKISIAHVDNDHIVFEGDGYHYQTYDQWKETNKG
ADNIAMRDAHVIDDDNGNRYLVFEASTGTENYQGDDQIYQWLNYGGTNKDNLGDFFQILSNSDIKDRAK
WSNAAIGIKLNDDVKNPSVAKVYSPLISAPMVSDEIERPDVVKLGNKYYLFAATRLNRGSNDDAWMATN
KAVGDNVAMIGY VSDNLTHGY VPLNESGVVLTASVPANWRTATYSYYAVPVEGRDDQLLITSYITNRGEV
AGKGMHATWAPSFLLQINPDNTTTVLAKMTNQGDWIWDDSSENPDMMGVLEKDAPNSAALPGEWGKPV
DWDLIGGYNLKPHQPVTPIPNVPTTPETPTTPDKPEVPTTPEVPTTPETPTPEAPKNPVKKTSQSKLPKAGDK
NSFAAVVLGAVSSILGAVGLTGVSKRKRNN

SEQID NO: 12
ATGTTAGAAAACAAGAATCATAAGAAGATTAGCCTTAGTGGAAAATCACTTTTGATGGGAACTTTATC
AACAGCCGCTATTGTACTGAGCGCCAGCACAGCAAACGCTGCAACAATTAATGCAGATAACGTTAACG
AAAATCAAACCGTTGAAGTAACGGCATCCTCCGTGAATAACGAAAATAATAAGCAGGTGACTGAAAA
AGATAGCGCGGATAAATCAACTTCAGACGTTGCCGAGGACGCCAACACAAAAAAATCTAATGAAAAC
ACAGAAACGACAGAGAAAAATACACAAACTGTTGTAACAAACGCTCCGGTGAGTGATGTAAAGAACA
CGAATACGGTTACAGCAGAAACACCGGTTGATAAGGTGGTTAACAACTCTGACCAGAAAACAACTAA
TGCAGCGACAACAGATACAAAAAAAGACGACGTGAAACAAGTAGAGAAAAAAGATTCCGTGGATAA
GACCAACGCTGAAGAAAATAAGGACTCCTCAGTAAAGCCTGCTGAAAACGCTACAAAGGCAGAATTG
AAAGGGCAGGTAAAAGATATCGTTGAGGAAAGCGGAGTCGACACGAGTAAACTTACCAATGATCAAA
TTAACGAGCTGAACAAAATTAACTTTAGCAAAGAGGCAAAAAGCGGAACGCAATTGACATATAATGA
TTTTAAAAAGATCGCCAAAACCCTTATTGAACAAGATGCCCGCTATGCCATCCCTTTTTTTAATGCAAG
TAAAATTAAAAATATGCCAGCAGCTAAAACACTCGACGCACAAAGCGGCAAAGTGGAAGATCTTGAA
ATTTGGGATTCTTGGCCGGTGCAGGACGCGAAAACGGGCTACGTGAGTAACTGGAATGGGTACCAGCT
GGTCATTGGAATGATGGGAGTTCCGAATGTCAACGATAATCATATTTACCTCCTGTATAATAAATATG
GTGACAACGACTTTAATCATTGGAAAAACGCGGGCCCTATTTTCGGCCTGGGAACACCAGTGATCCAA
CAATGGTCCGGATCAGCCACACTTAATAAAGACGGATCGATACAGCTTTACTACACTAAGGTAGACAC
AAGCGATAATAATACAAATCATCAAAAACTGGCCAGTGCTACAGTCTACTTAAATTTGGAAAAAGATC
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AAGACAAGATAAGTATTGCACACGTGGATAATGACCACATCGTGTTTGAAGGAGACGGTTACCACTAT
CAGACATACGATCAATGGAAGGAAACCAATAAAGGCGCAGACAATATCGCAATGCGCGATGCACACG
TCATAGACGACGATAACGGGAATCGCTATCTCGTGTTCGAAGCGAGTACCGGAACAGAAAACTATCA
GGGTGATGACCAGATTTATCAATGGTTGAATTATGGAGGCACTAACAAAGATAACCTTGGTGACTTTT
TTCAAATCTTAAGCAACTCAGATATCAAAGATCGCGCAAAATGGTCCAATGCAGCCATCGGCATCATT
AAATTAAATGATGATGTCAAGAATCCTTCTGTCGCCAAGGTCTATTCACCGTTGATTTCAGCGCCTATG
GTATCTGATGAGATCGAACGGCCGGATGTCGTGAAGTTAGGAAATAAATATTATCTGTTTGCTGCCAC
GCGGTTAAACAGAGGCAGCAACGATGATGCTTGGATGGCAACAAACAAAGCAGTGGGGGACAATGTG
GCAATGATTGGGTATGTATCTGACAACCTTACCCATGGCTATGTACCGCTTAATGAATCTGGAGTAGTC
CTTACCGCGTCAGTTCCTGCGAATTGGCGCACGGCCACCTACTCTTATTATGCGGTCCCTGTCGAAGGG
CGCGATGATCAATTGCTGATCACATCTTATATTACCAATAGAGGTGAGGTTGCCGGTAAAGGAATGCA
TGCCACGTGGGCACCCAGCTTTTTGCTTCAGATCAACCCGGACAATACGACCACAGTTCTGGCAAAGA
TGACGAACCAGGGGGACTGGATATGGGACGATAGCAGTGAAAACCCTGACATGATGGGCGTATTAGA
AAAAGACGCCCCTAATTCAGCAGCACTCCCGGGCGAGTGGGGCAAACCAGTTGACTGGGATCTGATTG
GTGGGTACAACCTCAAACCACATCAACCTGTCACACCTATACCGAACGTGCCAACTACGCCGGAAACA
CCTACAACGCCTGATAAACCAGAAGTACCAACTACCCCAGAAGTCCCGACAACACCGGAAACACCGA
CCCCGGAAGCCCCTAAAAACCCTGTCAAAAAGACGTCACAGTCGAAACTTCCTAAAGCGGGTGATAA
GAATTCTTTTGCCGCGGTTGTTTTAGGGGCAGTCTCAAGCATTCTGGGCGCCGTGGGCCTCACGGGCGT
TTCTAAAAGAAAACGTAACAATTAA

SEQID NO: 13
MAPNLSKAKDDLIGDVVAVDGLIKPPRFTLKGKDLAVDGHPFLLD VPANIRLTPASTL VPNSDVPAAAAGS
FLGFDAPAAKDRHVVPIGKLRDTRFMSIFRFK VWWTTHWVGTNGRD VENETQMMILDQSGTKSSPTGPRP
YVLLLPIVEGPFRACLESGKAEDY VHMVLESGSSTVRGSVFRSAVYLHAGDDPFDLVKDAMRVVRAHLGT
FRLMEEK TPPPIVDKFGWCTWDAFYLK VHPEGVWEGVRRLADGGCPPGL VLIDDGWQSICHDDDDLGSG
AEGMNRTSAGEQMPCRLIKFQENYKFREYKGGMGGFVREMKAAFPTVEQVY VWHALCGYWGGLRPGAP
GLPPAKVVAPRLSPGLQRTMEDLAVDKIVNNGVGLVDPRRARELYEGLHSHLQASGIDGVK VD VIHLLEM
VCEEYGGRVELAKAYFAGLTESVRRHFNGNGVIASMEHCNDFMLLGTEAVALGRVGDDFWCTDPSGDPD
GTFWLQGCHMVHCAYNSLWMGAFIHPDWDMFQSTHPCAAFHAASRAVSGGPVY VSDAVGCHDFDLLRR
LALPDGTILRCERY ALPTRDCLFADPLHDGK TMLKIWNVNKFSGVLGAFNCQGGGWSREARRNMCAAGF
SVPVTARASPAD VEWSHGGGGGDRFAVYFVEARKLQLLRRDESVELTLEPFTYELLVVAPVRAIVSPELGI
GFAPIGLANMLNAGGAVQGFEAARKDGDVAAEVAVKGAGEMVAYSSARPRLCK VNGQDAEFKYEDGIV
TVDVPWTGSSKKLSRVEYFY

SEQID NO: 14
ATGGCTCCGAATCTGAGTAAAGCAAAGGACGATTTAATTGGAGACGTCGTCGCAGTGGATGGCCTTAT
CAAACCTCCTCGGTTTACACTCAAAGGAAAAGACCTCGCCGTTGATGGTCACCCGTTTCTGCTGGACGT
GCCGGCGAATATCCGGTTAACACCAGCATCAACTCTTGTCCCAAACTCGGATGTTCCGGCTGCAGCTG
CTGGGAGCTTTCTTGGCTTCGATGCACCCGCGGCAAAAGATCGTCATGTCGTTCCGATTGGGAAACTG
CGCGATACAAGATTTATGTCTATCTTTCGTTTTAAAGTCTGGTGGACGACACATTGGGTTGGGACAAAT
GGACGGGATGTAGAGAACGAGACCCAGATGATGATCTTGGATCAGTCCGGAACAAAGTCTAGCCCGA
CTGGACCGCGCCCGTATGTTCTGCTTCTTCCGATCGTCGAAGGCCCGTTTAGAGCCTGTTTAGAATCGG
GGAAAGCCGAAGATTATGTCCATATGGTGCTGGAAAGTGGGTCTAGCACCGTACGTGGTTCAGTGTTT
AGAAGCGCTGTGTATCTTCATGCTGGCGATGACCCTTTTGATTTGGTGAAAGATGCAATGCGCGTCGTA
CGTGCGCATTTAGGAACGTTCCGGTTGATGGAGGAAAAGACACCGCCTCCGATCGTTGATAAGTTTGG
CTGGTGCACCTGGGATGCCTTTTATTITAAAGGTACATCCAGAAGGAGTGTGGGAAGGAGTACGGAGAT
TAGCAGATGGCGGCTGCCCACCGGGGCTGGTATTAATTGACGATGGATGGCAATCGATTTGCCATGAT
GATGACGATCTTGGCTCAGGAGCTGAAGGAATGAACAGAACAAGCGCGGGCGAGCAAATGCCTTGTA
GGCTTATTAAATTTCAGGAAAACTATAAATTCAGGGAATACAAAGGTGGCATGGGAGGCTTCGTGCGT
GAGATGAAAGCAGCATTTCCGACCGTGGAGCAAGTCTATGTTTGGCACGCACTGTGCGGATATTGGGG
AGGTCTCCGTCCGGGTGCACCGGGTCTGCCGCCAGCAAAAGTGGTAGCACCGCGATTGTCCCCGGGCT
TACAGCGGACGATGGAAGATCTTGCGGTAGATAAAATTGTTAACAATGGCGTGGGCCTTGTGGATCCT
CGCAGAGCTAGAGAACTGTATGAAGGCCTTCATTCCCACCTCCAGGCCAGCGGTATAGATGGAGTGAA
AGTAGATGTTATACACCTTCTTGAGATGGTTTGCGAGGAATACGGGGGGAGAGTAGAATTGGCTAAAG
CGTATTTCGCAGGACTCACTGAGTCAGTTCGGAGGCATTTTAACGGAAATGGTGTCATTGCGTCAATG
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GAGCACTGCAACGATTTTATGCTGCTGGGTACAGAAGCTGTAGCATTAGGCCGGGTGGGAGATGATTT
CTGGTGTACAGATCCGTCTGGTGACCCAGATGGTACGTTCTGGTTACAGGGATGCCACATGGTACACT
GTGCGTATAATAGTTTATGGATGGGCGCCTTTATACATCCGGACTGGGACATGTTTCAATCTACACACC
CCTGCGCGGCGTTCCATGCTGCGAGCAGAGCCGTCTCCGGTGGACCAGTCTATGTATCAGATGCGGTT
GGCTGCCATGATTTCGATCTGCTTCGTAGGCTCGCACTGCCGGATGGCACAATTTTGCGTTGCGAACGC
TATGCACTGCCGACAAGAGATTGTCTTTTTGCGGATCCCTTGCATGATGGCAAAACAATGTTGAAAAT
ATGGAACGTAAACAAATTTTCAGGAGTTTTAGGAGCATTTAATTGCCAGGGCGGAGGATGGTCACGCG
AAGCTCGTCGCAACATGTGCGCGGCTGGTTTTAGTGTTCCGGTGACTGCTCGGGCTTCACCTGCAGACG
TTGAGTGGTCACACGGAGGCGGTGGTGGAGATCGTTTTGCCGTTTATTTCGTGGAGGCTCGCAAACTTC
AATTACTGCGTCGCGACGAAAGCGTGGAACTGACATTAGAACCGTTTACATATGAGCTGTTAGTCGTG
GCCCCCGTGAGAGCTATCGTGTCACCAGAATTAGGTATCGGCTTCGCACCGATTGGCCTCGCTAATAT
GCTGAACGCCGGCGGGGCGGTTCAGGGTTTTGAAGCCGCCCGTAAGGATGGAGATGTGGCTGCTGAG
GTGGCTGTCAAAGGGGCGGGTGAAATGGTCGCATACTCTAGTGCGAGACCAAGGTTATGCAAGGTAA
ACGGACAGGACGCCGAATTTAAATATGAAGACGGAATTGTCACAGTAGACGTCCCTTGGACAGGATC
CTCCAAAAAACTTAGCAGGGTAGAATATTTCTATTAG

SEQID NO: 15

MAHVRRKVATLNMALAGSLLMVLGAQSALAQGNFSRQEA ARMAHRPGVMPRGGPLFPGRSLAGVPGFP

LPSIHTQQAYDPQSDFTARWTRADALQIK AHSDATVAAGQNSLPAQLTMPNIPADFPVINPDVWVWDTWT
LIDKHADQFSYNGWEVIFCLTADPNAGY GFDDRHVHARIGFFYRRAGIPASRRPVNGGWTYGGHLFPDGA
SAQVYAGQTYTNQAEWSGSSRLMQIHGNTVSVFYTDVAFNRDANANNITPPQAIITQTLGRIHADFNHVW

FTGFTAHTPLLQPDGVLYQNGAQNEFFNFRDPFTFEDPKHPGVNYMVFEGNTAGQRGVANCTEADLGFRP
NDPNAETLQEVLDSGAYYQKANIGLAIATDSTLSKWKFLSPLISANCVNDQTERPQVYLHNGKY YIFTISHR
TTFAAGVDGPDGVYGFVGDGIRSDFQPMNY GSGLTMGNPTDLNTAAGTDFDPSPDQNPRAFQSYSHY VM

PGGLVESFIDTVENRRGGTLAPTVRVRIAQNASAVDLRYGNGGLGGYGDIPANRADVNIAGFIQDLFGQPT

SGLAAQASTNNAQVLAQVRQFLNQ

SEQID NO: 16
MLNKAGIAEPSLWTRADAMKVHTDDPTATMPTIDYDFPVMTDKYWVWDTWPLRDINGQVVSFQGWSVI
FALVADRTKY GWHNRNDGARIGYFYSRGGSNWIFGGHLLKDGANPRSWEWSGCTIMAPGTANSVEVFFT
SVNDTPSESVPAQCKGYIYADDKSVWFDGFDKVTDLFQADGLYYADYAENNFWDFRDPHVFINPEDGKT
YALFEGNVAMERGTVAVGEEEIGPVPPKTETPDGARY CAAAIGIAQALNEARTEWKLLPPLVTAFGVNDQ
TERPHVVFQNGLTYLFTISHHSTYADGLSGPDGVY GFVSENGIFGPYEPLNGSGLVLGNPSSQPYQAYSHYV
MTNGLVTSFIDTIPSSDPNVYRYGGTLAPTIKLELVGHRSFVTEVKGYGYIPPQIEWLAEDESSNSAAALSLL
NK

SEQID NO: 17
MNKLKIVKCILIGSMICSGIITQQTFASTNDMNYKETYGVSHITRYNMSKIPMEQNDLKFK VPQFNASTLKNI
ASAKGYDKNGNLIDLDVWDSWPLQNGDGTVANYHGYHIVFALAGDPKNQDDTSIYMFYQKIGENSIDSW
KNAGKVFKDSDKY VANDPYLKYQTQEWSGSATLTSDGQVRLFYTDFSGVAKDGGTDASNQVITTTQVNL
SQPDSNTINIDSVSDHKSVFDGGNGTIYQNVQQFIDEGK WSSGDNHTLRDPHY VEDNGRKYLVFEANTGTN
DGYQGDTSLLNKAFYGRSQSFFKTEKDQLLIDTNKKHDASLANGALGIIELNNDYTLKKEMKPLIASNTVT
DEIERANVFKMNGRWYLFTDSRGSKMTINGISSKDIYMLGFSSNSLTGPYKPLNKTGL VLNLNLDPTDLTFT
YSHFAVPQTNGKNVVITSYITNRGMYSDHHSSFAPSFLLNIKGTKTS VISNSILQQGQLTIDNY

SEQID NO: 18
MNIKKFAKQATVLTFTTALLAGGATQAFAKETNQKPYKETY GISHITRHDMLQIPEQQKNEKY QVPEFDSS
TIKNISSAKGLDVWDSWPLQNADGTVANYHGYHIVFALAGDPKNADDTSIYMFYQK VGETSIDSWKNAG
RVFKDSDKFDANDSILKDQTQEWSGSATFTSDGKIRLFY TDFSGKHYGKQTLTTAQVNVSASDSSLNINGV
EDYKSIFDGDGK TYQNVQQFIDEGNYSSGDNHTLRDPHY VEDKGHK YLVFEANTGTEDGYQGEESLFNK A
YYGKSTSFFRQESQKLLQSDKKRTAELANGALGMIELNDDYTLKK VMKPLIASNTVTDEIERANVFKMNG
KWYLFTDSRGSKMTIDGITSNDIYMLGY VSNSLTGPYKPLNK TGLVLKMDLDPNDVTFTYSHFAVPQAKG
NNVVITSYMTNRGFYADKQSTFAPSFLLNIKGKKTSVVKDSILEQGQLTVNK
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SEQID NO: 19
ATGAACATAAAGAAGTTTGCGAAGCAGGCGACAGTATTAACGTTCACCACGGCACTCTTGGCTGGGGG
CGCAACCCAGGCTTTTGCTAAAGAGACCAACCAGAAGCCGTATAAGGAAACGTATGGGATTTCCCACA
TTACAAGACATGATATGCTGCAGATCCCAGAACAACAGAAAAACGAAAAATACCAAGTCCCGGAATT
TGATTCTTCGACCATTAAAAACATTTCCTCAGCTAAAGGGCTGGACGTATGGGATTCTTGGCCCCTTCA
GAATGCAGATGGAACTGTTGCCAATTACCATGGCTATCATATTGTCTTTGCGCTGGCGGGGGATCCGA
AAAACGCAGATGATACGTCCATCTACATGTTTTACCAAAAAGTAGGGGAAACAAGCATTGATTCCTGG
AAAAACGCTGGCCGCGTCTTCAAGGATTCAGACAAATTTGATGCGAATGATAGTATACTGAAAGATCA
GACGCAAGAGTGGAGCGGTTCCGCAACTTTCACGAGCGACGGAAAAATCCGTCTGTTCTACACCGATT
TTAGCGGCAAGCATTACGGGAAGCAGACTCTGACGACGGCCCAAGTCAATGTATCTGCATCGGACTCT
TCCCTGAATATTAACGGAGTTGAAGATTACAAATCTATATTTGACGGTGATGGCAAAACCTACCAAAA
CGTCCAGCAGTTCATAGACGAAGGCAATTATAGTTCAGGGGACAATCATACTTTACGTGACCCACATT
ATGTCGAAGATAAAGGACATAAATATCTGGTTTTTGAGGCGAACACTGGCACAGAGGACGGGTATCA
GGGGGAAGAGTCCCTGTTCAATAAAGCTTATTACGGCAAGTCAACATCTTTTTTTCGCCAAGAATCAC
AAAAGCTGCTGCAATCAGATAAGAAAAGGACTGCTGAGTTAGCGAACGGCGCATTAGGCATGATTGA
ACTGAATGACGACTACACACTTAAAAAAGTTATGAAACCATTAATTGCGTCGAACACCGTTACTGATG
AAATTGAAAGGGCGAATGTTTTTAAGATGAACGGGAAATGGTATCTCTTTACGGATAGTCGCGGATCA
AAGATGACCATCGATGGTATCACGTCCAATGACATTTACATGCTTGGATATGTTAGCAATTCCTTAACT
GGACCTTATAAACCGCTTAACAAAACAGGCTTGGTACTGAAAATGGATTTGGATCCAAATGACGTCAC
ATTTACATACTCTCATTTCGCTGTTCCGCAGGCAAAGGGCAACAATGTTGTGATTACATCTTATATGAC
CAACCGCGGCTTTTATGCGGATAAGCAATCAACCTTCGCACCATCATTCCTGCTTAACATCAAGGGCA
AAAAAACGAGCGTAGTCAAAGATTCTATCTTGGAACAGGGTCAGCTGACGGTCAACAAATAA

SEQID NO: 20
ATGAACATCAAAAAGTTTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTGCTGGCAGGAGG
CGCAACTCAAGCGTTTGCGAAAGAAACGAACCAAAAGCCATATAAGGAAACATACGGCATTTCCCAT
ATTACACGCCATGATATGCTGCAAATCCCTGAACAGCAAAAAAATGAAAAATATCAAGTTCCTGAATT
CGATTCGTCCACAATTAAAAATATCTCTTCTGCAAAAGGCCTGGACGTTTGGGACAGCTGGCCATTAC
AAAACGCTGACGGCACTGTCGCAAACTATCACGGCTACCACATCGTCTTTGCATTAGCCGGAGATCCT
AAAAATGCGGATGACACATCGATTTACATGTTCTATCAAAAAGTCGGCGAAACTTCTATTGACAGCTG
GAAAAACGCTGGCCGCGTCTTTAAAGACAGCGACAAATTCGATGCAAATGATTCTATCCTAAAAGACC
AAACACAAGAATGGTCAGGTTCAGCCACATTTACATCTGACGGAAAAATCCGTTTATTCTACACTGAT
TTCTCCGGTAAACATTACGGCAAACAAACACTGACAACTGCACAAGTTAACGTATCAGCATCAGACAG
CTCTTTGAACATCAACGGTGTAGAGGATTATAAATCAATCTTTGACGGTGACGGAAAAACGTATCAAA
ATGTACAGCAGTTCATCGATGAAGGCAACTACAGCTCAGGCGACAACCATACGCTGAGAGATCCTCAC
TACGTAGAAGATAAAGGCCACAAATACTTAGTATTTGAAGCAAACACTGGAACTGAAGATGGCTACC
AAGGCGAAGAATCTTTATTTAACAAAGCATACTATGGCAAAAGCACATCATTCTTCCGTCAAGAAAGT
CAAAAACTTCTGCAAAGCGATAAAAAACGCACGGCTGAGTTAGCAAACGGCGCTCTCGGTATGATTG
AGCTAAACGATGATTACACACTGAAAAAAGTGATGAAACCGCTGATTGCATCTAACACAGTAACAGA
TGAAATTGAACGCGCGAACGTCTTTAAAATGAACGGCAAATGGTACCTGTTCACTGACTCCCGCGGAT
CAAAAATGACGATTGACGGCATTACGTCTAACGATATTTACATGCTTGGTTATGTTTCTAATTCTTTAA
CTGGCCCATACAAGCCGCTGAACAAAACTGGCCTTGTGTTAAAAATGGATCTTGATCCTAACGATGTA
ACCTTTACTTACTCACACTTCGCTGTACCTCAAGCGAAAGGAAACAATGTCGTGATTACAAGCTATATG
ACAAACAGAGGATTCTACGCAGACAAACAATCAACGTTTGCGCCAAGCTTCCTGCTGAACATCAAAGG
CAAGAAAACATCTGTTGTCAAAGACAGCATCCTTGAACAAGGACAATTAACAGTTAACAAATAA

SEQID NO: 21

MNIKKFAKQATVLTFTTALLAGGATQAFAKETNQKPYKETY GISHITRHDMLQIPEQQKNEKY QVPEFDSS
TIKNISSAKGLDVWDSWPLONADGTVANYHGYHIVFALAGDPKNADDTSIYMFYQKVGETSIDSWKNAG
RVFKDSDKFDANDSILKDQTQEWSGSATFTSDGKIRLFYTDFSGKHY GKQTLTTAQVNVSASDSSLNINGV
EDYKSIFDGDGKTYQNVQQFIDEGNYSSGDNHTLRDPHY VEDKGHKYLVFEANTGTEDGYQGEESLFNKA
YYGKSTSFFRQESQKLLQSDKKRTAELANGALGMIELNDDYTLKKVMKPLIASNTVTDEIERANVFKMNG
KWYLFTDSRGSKMTIDGITSNDIYMLGY VSNSLTGPYKPLNKTGLVLKMDLDPNDVTFTYSHFAVPQAKG
NNVVITSYMTNRGFYADKQSTFAPSFLLNIKGKKTSVVKDSILEQGQLTVNK
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SEQID NO: 22
ATGAGAATTAACCACAATATTGCAGCGCTTAACACACTGAACCGTTTGTCTTCAAACAACAGTGCGAG
CCAAAAGAACATGGAGAAACTTTCTTCAGGTCTTCGCATCAACCGTGCGGGAGATGACGCAGCAGGTC
TTGCGATCTCTGAAAAAATGAGAGGACAAATCAGAGGTCTTGAAATGGCTTCTAAAAACTCTCAAGAC
GGAATCTCTCTTATCCAAACAGCTGAGGGTGCATTAACTGAAACTCATGCGATCCTTCAACGTGTTCGT
GAGCTAGTTGTTCAAGCTGGAAACACTGGAACTCAGGACAAAGCAACTGATTTGCAATCTATTCAAGA
TGAAATTTCAGCTTTAACAGATGAAATCGATGGTATTTCAAATCGTACAGAATTCAATGGTAAGAAAT
TGCTCGATGGCACTTACAAAGTTGACACAGCTACTCCTGCAAATCAAAAGAACTTGGTATTCCAAATC
GGAGCAAATGCTACACAGCAAATCTCTGTAAATATTGAGGATATGGGTGCTGACGCTCTTGGAATTAA
AGAAGCTGATGGTTCAATTGCAGCTCTTCATTCAGTTAATGATCTTGACGTAACAAAATTCGCAGATA
ATGCAGCAGATACTGCTGATATCGGTTTCGATGCTCAATTGAAAGTTGTTGATGAAGCGATCAACCAA
GTTTCTTCTCAACGTGCTAAGCTTGGTGCGGTACAAAATCGTCTAGAGCACACAATTAACAACTTAAG
CGCTTCTGGTGAAAACTTGACAGCTGCTGAGTCTCGTATCCGTGACGTTGACATGGCTAAAGAGATGA
GCGAATTCACAAAGAACAACATTCTTTCTCAGGCTTCTCAAGCTATGCTTGCTCAAGCAAACCAACAG
CCGCAAAACGTACTTCAATTATTACGTTAA

SEQID NO: 23
GGAATTGACGCCCCAAAGCATATTGATATTCACAGGAAAGAAATTTACTTGACCATTCAGGAAGAAAA
TAACCGTGCAGCAGCGTTATCCAGCGATGTGATCTCCGCATTATCCTCACAAAAAAAGTGAGGATTTT
TTTATTTTTGTATTAACAAAATCAGAGACAATCCGATATTAATGATGTAGCCGGGAGGAGGCGCAAAA
GACTCAGCCAGTTACAAAATAAGGGCACAAGGACGTGCCTTAACAACATATTCAGGGAGGAACAAAA
CA

SEQID NO: 24
GCACAAGGACGT

SEQID NO: 25
ATTCAGGGAGGAA

SEQID NO: 26
AGGGAGGA

SEQID NO: 27
ATGCTAGTTTTATCGCGGAAAATAAACGAAGCGATTCAAATAGGTGCTGATATTGAAGTAAAAGTGAT
TGCGGTTGAAGGGGATCAAGTGAAGCTTGGAATTGACGCCCCAAAGCATATTGATATTCACAGGAAA
GAAATTTACTTGACCATTCAGGAAGAAAATAACCGTGCAGCAGCGTTATCCAGCGATGTGATCTCCGC
ATTATCCTCACAAAAAAAGTGA

SEQID NO: 28
TAAGGGCACAAGGACGTGCCTTA

SEQID NO: 29
GCACAAGAACGT

SEQID NO: 30
ATTTAGGGAGGAA

SEQID NO: 31
ATGAAAATCAATCAATTTGGAACACAATCCGTTAATCCATATCAAAAAAATTATGATAAGCAAGCGGT
GCAAAAAACTGTTGCACAACCTCAAGATAAAATTGAAATTTCATCACAGGCTAAAGAAATGCAACAT
GCATCCGACGCAGTCACTGGTTCACGACAGGAAAAAATTGCGCAGCTTAAAGCGCAAATTGAAAACG
GGTCATACAAAGTAGACGCAAATCATATTGCGAAAAATATGATTAATTTTTATAAAAAGCAATAA
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SEQID NO: 32
ATGCAATCCTTGAATTATGAAGATCAGGTGCTTTGGACGCGCTGGAAAGAGTGGAAAGATCCTAAAGC
CGGTGACGACTTAATGCGCCGTTACATGCCGCTTGTCACATATCATGTAGGCAGAATTTCTGTCGGACT
GCCGAAATCAGTGCATAAAGACGATCTTATGAGCCTTGGTATGCTTGGTTTATATGATGCCCTTGAAA
AATTTGACCCCAGCCGGGACTTAAAATTTGATACCTACGCCTCGTTTAGAATTCGCGGCGCAATCATA
GACGGGCTTCGTAAAGAAGATTGGCTGCCCAGAACCTCGCGCGAAAAAACAAAAAAGGTTGAAGCAG
CAATTGAAAAGCTTGAACAGCGGTATCTTCGGAATGTATCGCCCGCGGAAATTGCAGAGGAACTCGGA
ATGACGGTACAGGATGTCGTGTCAACAATGAATGAAGGTTTTTTTGCAAATCTGCTGTCAATTGATGA
AAAGCTCCATGATCAAGATGACGGGGAAAACATTCAAGTCATGATCAGAGATGACAAAAATGTTCCG
CCTGAAGAAAAGATTATGAAGGATGAACTGATTGCACAGCTTGCGGAAAAAATTCACGAACTCTCTGA
AAAAGAACAGCTGGTTGTCAGTTTGTTCTACAAAGAGGAGTTGACACTGACAGAAATCGGACAAGTAT
TAAATCTTTCTACGTCCCGCATATCTCAGATCCATTCAAAGGCATTATTTAAATTAAAGAATCTGCTGG
AAAAAGTGATACAATAA

SEQID NO: 33
MSRLVVVSNRIAPPDEHAASAGGLAVGILGALKAAGGLWFGWSGETGNEDQPLKK VKK GNITWASFNLS
EQDLDEYYNQFSNAVLWPAFHYRLDLVQFQRPAWDGYLRVNALLADKLLPLLOQDDDIIWIHDYHLLPFAH
ELRKRGVNNRIGFFLHIPFPTPEIFNALPTYDTLLEQLCDYDLLGFQTENDRLAFLDCLSNLTRVTTRSAKSH
TAWGKAFRTEVYPIGIEPKEIAKQAAGPLPPKLAQLKAELKNVONIFSVERLDY SKGLPERFLAYEALLEKY
PQHHGKIRYTQIAPTSRGDVQAYQDIRHQLENEAGRINGKYGQLGWTPLYYLNQHFDRKLLMKIFRYSDV
GLVTPLRDGMNLVAKEY VAAQDPANPGVLVLSQFAGAANELTSALIVNPYDRDEVAAALDRALTMSLAE
RISRHAEMLDVIVKNDINHWQECFISDLKQIVPRSAESQQRDKVATFPKLA

SEQID NO: 34
ATGTCCCGTTTAGTAGTGGTGTCCAATCGTATCGCGCCGCCGGACGAACATGCTGCCTCAGCTGGCGG
CCTGGCCGTAGGAATCCTGGGCGCCCTCAAGGCAGCTGGAGGATTATGGTTCGGCTGGTCTGGCGAGA
CAGGAAATGAGGATCAACCACTTAAGAAAGTGAAAAAAGGCAATATCACATGGGCTTCCTTCAACCT
CAGCGAGCAAGACCTGGATGAGTATTATAACCAGTTTAGCAATGCTGTGCTTTGGCCGGCTTTTCATTA
CAGGTTAGATTTGGTTCAGTTTCAAAGACCCGCATGGGATGGATACCTCCGAGTGAATGCGTTGTTGG
CAGATAAACTTCTCCCGCTCCTTCAGGATGATGATATTATCTGGATTCATGACTACCATCTTCTCCCTTT
CGCCCACGAATTGCGCAAACGGGGCGTGAACAATAGGATAGGTTTTTTTTTGCACATTCCTTTTCCCAC
ACCGGAAATTTTCAACGCGCTTCCGACATACGATACTTTACTTGAACAGCTGTGTGATTACGATCTTCT
CGGCTTCCAAACTGAAAATGACAGACTTGCCTTTTTGGATTGCCTCTCAAATTTGACGAGGGTTACGAC
TAGAAGTGCCAAGAGCCATACAGCGTGGGGAAAAGCATTCAGGACAGAAGTTTATCCTATTGGGATC
GAGCCTAAGGAAATTGCGAAACAAGCGGCAGGGCCATTACCTCCGAAACTTGCGCAACTCAAAGCGG
AATTAAAGAACGTACAAAACATTTTTAGCGTCGAAAGACTTGATTATTCTAAGGGTCTCCCGGAAAGA
TTCTTAGCCTACGAGGCATTGCTTGAAAAATATCCACAGCATCATGGGAAAATTCGTTATACGCAAAT
CGCTCCGACTAGCAGAGGCGACGTCCAAGCGTATCAGGACATACGCCACCAACTTGAAAATGAAGCG
GGTAGAATCAATGGCAAATATGGACAACTGGGGTGGACACCTCTTTATTACTTGAATCAACATTTCGA
TAGAAAATTGTTGATGAAAATCTTTCGTTATTCTGACGTCGGACTGGTGACACCGCTGAGAGATGGCA
TGAACTTAGTTGCCAAGGAATATGTAGCTGCGCAAGACCCTGCTAATCCGGGAGTACTGGTGCTCTCA
CAATTTGCAGGGGCCGCGAATGAACTTACATCAGCTCTCATCGTTAATCCGTATGACAGGGATGAAGT
CGCAGCGGCGCTTGACCGGGCTCTTACAATGTCCTTAGCGGAGAGAATTAGCAGACATGCTGAAATGC
TGGATGTGATTGTGAAGAACGATATCAATCATTGGCAAGAATGTTTCATTTCTGACTTAAAGCAAATT
GTCCCGCGTTCAGCTGAGTCACAGCAACGGGATAAAGTCGCCACATTTCCCAAACTGGCATAA

SEQID NO: 35
MDIVFAADDNYAAYLCVAAKSVEAAHPDTEIRFHVLDAGISEANRAAVAANLRGGGNIRFIDVNPEDFAG
FPLNIRHISITTYARLKLGEYIADCDKVLYLDIDVLVRDSLKPLWDTDLGDNWLGACIDLFVERQNAYKQKI
GMADGEYYFNAGVLLINLKKWRQHDIFKMACEWVEQYKDVMQYQDQDILNGLFKGGVCYANSRFNFMP
TNDAFMANRFASRHTDPLYRDRTYTAMPVAVSHYCGPAKPWHRDCTAWGAERFTELAGSLTSVPEEWRG
KLAVPHRVFPTKRMLQRWRRKLSARFLRKIY
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SEQID NO: 36
ATGGATATTGTATTTGCGGCAGATGATAATTATGCTGCGTATCTCTGTGTTGCCGCCAAATCCGTGGAA
GCCGCTCACCCCGATACAGAGATCCGGTTCCATGTACTTGACGCTGGCATTTCCGAAGCAAACCGGGC
AGCAGTTGCAGCCAATCTCCGCGGTGGCGGTAATATTCGTTTTATAGATGTGAACCCGGAAGACTTTG
CCGGCTTTCCATTGAATATTCGCCATATTAGTATAACAACTTACGCACGTCTGAAACTTGGGGAGTACA
TTGCGGATTGTGACAAGGTACTTTATCTCGATATAGATGTACTTGTGCGTGATAGTCTTAAACCGTTAT
GGGATACAGATCTTGGAGATAATTGGCTTGGTGCATGCATCGACTTATTTGTAGAGAGACAAAACGCT
TATAAGCAAAAAATTGGCATGGCTGACGGTGAATATTACTTTAACGCAGGGGTGCTCCTGATTAACCT
TAAGAAGTGGCGGCAACACGATATCTTCAAAATGGCTTGCGAATGGGTTGAGCAGTATAAGGATGTA
ATGCAGTACCAGGACCAAGACATCCTGAATGGATTATTTAAAGGTGGAGTGTGTTACGCTAATAGCAG
ATTCAATTTCATGCCGACCAATGATGCTTTCATGGCAAACCGGTTTGCTTCACGCCATACGGACCCATT
GTATAGAGATAGAACGTATACAGCAATGCCTGTGGCCGTTTCGCATTATTGTGGTCCGGCGAAACCGT
GGCATCGCGATTGCACAGCATGGGGCGCAGAAAGATTTACAGAACTTGCAGGAAGTCTGACATCAGTT
CCGGAGGAATGGCGCGGAAAACTTGCGGTGCCTCATCGGGTGTTCCCGACTAAACGTATGCTGCAAAG
ATGGAGACGCAAACTCTCCGCTCGATTTCTGAGAAAAATCTATTGA

SEQID NO: 37
MIIVHLCGGLGNQMFQYAAGLAAAHRIGSEVKFDTHWFDATCLHQGLELRRVFGLELPEPSSKDLRKVLG
ACVHPAVRRLLAGHFLHGLRPKSLVIQPHFHYWTGFEHLPDNVYLEGY WQSERYFSNIADIIRQQFRFVEPL
DPHNAALMDEMQSGVSVSLHIRRGDYFNNPQMRRVHGVDLSEY YPAAVATMIEK TNAERFY VFSDDPQW
VLEHLKLPVSYTVVDHNRGAASYRDMQLMSACRHHIIANSTFSWWGAWLNPRPDK VVIAPRHWFNVDVF
DTRDLYCPGWIVL

SEQID NO: 38
ATGATTATTGTGCACCTTTGCGGTGGTTTAGGAAACCAGATGTTCCAATATGCGGCAGGCCTTGCCGCG
GCGCACAGAATTGGCAGCGAAGTTAAATTCGATACGCATTGGTTCGATGCGACATGTCTGCATCAGGG
TTTAGAGTTGCGCAGAGTTTTTGGTTTGGAGCTTCCGGAACCCAGTTCCAAGGACCTGAGAAAAGTTTT
AGGCGCTTGCGTTCATCCTGCAGTGAGACGGCTTTTGGCTGGTCACTTTCTGCATGGCTTACGGCCGAA
GTCGCTCGTTATCCAACCCCATTTTCACTACTGGACGGGCTTTGAACATTTACCGGACAACGTATACTT
AGAGGGCTACTGGCAGTCTGAAAGATACTTTTCAAATATTGCTGATATTATAAGACAACAGTTTCGTTT
TGTCGAACCGTTAGATCCGCATAATGCGGCCCTCATGGATGAAATGCAGTCCGGGGTTAGTGTTTCAC
TTCATATTCGCCGTGGAGACTACTTCAACAACCCGCAAATGCGTCGTGTCCACGGCGTAGACTTGAGC
GAGTACTACCCGGCGGCAGTCGCGACGATGATCGAAAAAACCAACGCAGAACGGTTTTACGTGTTTTC
AGATGACCCACAGTGGGTATTGGAACATCTGAAACTGCCTGTTTCTTACACCGTGGTGGACCATAACC
GAGGCGCTGCCTCGTATAGGGATATGCAACTTATGTCTGCTTGCCGACACCATATCATTGCGAATTCAA
CATTCAGCTGGTGGGGAGCTTGGCTTAACCCTCGGCCGGACAAGGTCGTGATCGCTCCACGCCATTGG
TTTAACGTAGATGTATTCGACACACGCGATTTATATTGCCCAGGGTGGATAGTACTGTAA

SEQID NO: 39

MNVLSSICY GGDYNPEQWPEEIWYEDAKLMQKAGVNLVSLGIFSWSKIEPSDGVFDFEWLDKVIDILYDHG
VYINLGTATATTPAWFVKKYPDSLPIDESGVILSFGSRQHYCPNHPQLITHIKRLVRAIAERYKNHPALKMW
HVNNEYACHVSKCFCENCAVAFRKWLKERYKTIDELNERWGTNFWGQRYNHWDEINPPRKAPTFINPSQE
LDYYRFMNDSILKLFLTEKEILREVTPDIPVSTNFMGSFKPLNYFQWAQHVDIVTWDSYPDPREGLPIQHAM
MNDLMRSLRKGQPFILMEQVTSHVNWRDINVPKPPGVMRLWSYATIARGADGIMFFQWRQSRAGAEKFH
GAMVPHFLNENNRIYREVTQLGQELKKLDCLVGSRIKAEVAIIFDWENWWAVELSSKPHNKLRYIPIVEAY
YRELYKRNIAVDFVRPSDDLTKYKVVIAPMLYMVKEGEDENLRQFVANGGTLIVSFFSGIVDENDRVHLG
GYPGPLRDILGIFVEEFVPYPETKVNKIYSNDGEYDCTTWADIIRLEGAEPLATFKGDWYAGLPAVTRNCYG
KGEGIYVGTYPDSNYLGRLLEQVFAKHHINPILEVAENVEVQQRETDEWKYLIIINHNDYEVTLSLPEDKIY
QNMIDGKCFRGGELRIQGVDVAVLREHDEAGKV

SEQID NO: 40
ATGAACGTTTTGTCGTCTATTTGCTACGGTGGGGATTATAACCCGGAGCAATGGCCGGAGGAGATCTG
GTATGAAGATGCTAAATTAATGCAAAAAGCGGGGGTCAATTTAGTGAGCTTAGGCATTTTTTCTTGGT
CTAAAATCGAACCGTCTGATGGGGTTTTTGACTTTGAATGGTTAGATAAAGTCATTGATATCCTTTACG
ATCACGGCGTGTATATTAATCTGGGAACAGCGACGGCTACTACTCCGGCGTGGTTTGTAAAAAAGTAT
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CCTGATTCACTCCCGATCGATGAATCCGGCGTCATCTTATCTTTTGGTTCTCGGCAACATTATTGCCCG
AACCACCCTCAATTGATCACACATATTAAACGTCTTGTTCGGGCTATCGCCGAACGCTATAAAAACCA
TCCAGCGCTTAAGATGTGGCACGTCAATAACGAGTATGCATGTCATGTGTCAAAATGCTTTTGCGAGA
ATTGTGCTGTGGCGTTTCGAAAATGGTTAAAAGAACGTTATAAAACAATCGACGAACTTAACGAAAGA
TGGGGGACTAATTTCTGGGGCCAGAGATATAATCACTGGGACGAAATTAACCCGCCGCGAAAAGCAC
CGACATTCATCAATCCTAGCCAAGAACTTGACTATTATCGATTTATGAACGATTCTATCCTGAAACTGT
TTTTAACAGAAAAAGAAATTTTAAGAGAAGTGACACCTGACATCCCTGTCTCAACAAATTTCATGGGA
AGCTTCAAGCCGTTGAACTATTTTCAATGGGCACAACACGTGGATATTGTTACGTGGGATTCTTATCCG
GACCCTCGCGAAGGTCTTCCGATCCAACATGCCATGATGAATGATTTAATGCGTTCACTCAGGAAGGG
CCAACCGTTTATTCTGATGGAGCAGGTAACAAGCCATGTGAATTGGAGAGATATCAACGTCCCTAAAC
CGCCAGGCGTAATGAGGCTGTGGTCCTATGCAACTATTGCGCGGGGAGCAGATGGCATTATGTTTTTT
CAGTGGCGTCAATCACGAGCTGGGGCTGAAAAATTTCACGGAGCGATGGTGCCGCATTTTTTAAATGA
AAACAATAGAATTTATCGCGAAGTTACACAGCTTGGACAGGAACTGAAGAAACTTGATTGTTTGGTCG
GGTCACGTATAAAAGCCGAAGTCGCGATAATATTTGATTGGGAAAACTGGTGGGCCGTAGAGTTATCC
TCGAAACCACACAACAAACTCCGATACATTCCCATTGTTGAAGCATACTATCGCGAACTGTATAAAAG
AAATATTGCAGTGGATTTTGTGCGGCCATCTGATGACTTGACGAAGTATAAGGTTGTGATCGCACCAA
TGTTATATATGGTAAAAGAAGGCGAAGATGAAAACTTACGACAATTCGTGGCTAATGGAGGCACATTG
ATCGTCTCATTCTTTAGCGGAATTGTGGACGAAAACGATCGCGTTCATTTAGGCGGTTATCCTGGCCCT
CTCCGCGATATCCTTGGCATATTTGTTGAGGAGTTTGTACCTTACCCAGAAACTAAGGTGAATAAAATT
TATTCCAACGATGGGGAATATGACTGTACAACATGGGCGGACATTATTCGTTTAGAAGGTGCGGAGCC
GTTAGCTACCTTTAAAGGCGATTGGTATGCGGGCCTGCCAGCGGTCACGAGGAATTGCTATGGTAAAG
GCGAAGGTATTTATGTGGGCACTTACCCTGATAGCAATTATTTAGGCAGACTGTTGGAACAAGTGTTT
GCCAAACATCACATTAATCCTATCCTCGAAGTGGCGGAGAATGTCGAAGTCCAACAGAGGGAAACAG
ATGAATGGAAATATCTGATTATTATTAACCACAACGATTATGAAGTAACCCTGTCCTTACCGGAAGAT
AAGATCTACCAAAATATGATAGACGGAAAATGTTTTAGGGGCGGAGAGCTGCGTATCCAAGGGGTGG
ACGTTGCAGTCTTACGGGAACACGACGAAGCAGGAAAAGTTTAA

SEQID NO: 41
MKKAISCVFLISALILSSFQVPVQGQAMSKTTSAAGNSVSYDGERRVNFNENWRFQRETNGSIAGAQNPGF
DDSSWRKLNLPHDWSIELDFNKNSLATHEGGYLDGGIGWYRKTFTIPESMKGKRISLDFDGVYMNSTTYL
NGEVLGTYPFGYNAFSYDISDKLYKDGRANVLVVKVNNTQPSSRWYSGSGIYRNVYLTVTDPIHVARYGT
FVTTPNLEKSIKEDRADVNIK TKISNDAAEAKQVKIK STTYDGAGNTVQTVETEEK TAAAGTVTPFEQNTVI
KQPKLWSIDKPYRYNLVTEVIVGGQTVDTYETKFGVRYFKFDENEGFSLNGEYMKLHGVSMHHDLGALG
AATNARGVERQMQIMKDMGVNAIRVTHNPASPELLEAANKL GLFIIEEAFDSWAQSKKPYDYGRFFNAW
AEHDIKEMVDRGKNEPAIIMWSIGNEIYDTTNAAGVETARNLVGW VKEIDTTRPTTIGEDK TRGDK VNV TP
INSYIKEIFNIVDVVGLNYSENNYDGYHKQNPSWKLYGSETSSATRSRGVYTHPYQYNQSTKY ADLQQSSY
DNDYVGWGRTAEDAWKYDRDLKHIAGQFIWTGFDYIGEPTPYYNSYPAKSS YFGAVDTAGFPKDIFYYYQ
SQWKKEPMVHLLPHWNWKEGEK VRVLAYTNASKVELVLNGESLGEKNYDNKQTSWGAPYKETKDGKT
YLEWAVPFKPGKLEAVAKDENGK VIARDQVVTAGEPASVRLTADRKVVKADGTDLSFITADIVDSKGIVV
PDADHLITFNVTGQGELAGVDNGNASSVERYKDNKRK AFSGKALAIVQSSKLSGKITVHASVAGLSSDSTS
VFTVTPADHDKKIVAGIDDVNLTVDVNEAPKLPSEIKVYYSDESAAAKNVTWDEVDPKQY STVGEFTVEG
SVEGTSLKAKAFVIVKGIVAVKPYSTATKVGVQPVLPEKATLLYSDGTTKGATVTWDEIPEDKLAKEGRFT
VEGSVEGTDLKANVY VRVTNEVK SVNIMLQEQGSAYPKLEATFTNPADNLQHLNDGIKSYTNNPVNRWT
NWTRTPRDAGDSITVNFGKKHVINNLDLFVFTDSGTVVPEKAEVQYWDGTAWKDVENLTQPSPYVVEKN
ELTFDAVATEKLKFHLTPSVKGKFLALTEAEVY ADQIVMGETAKLQSITVNGKALEGFDHAKKNYELVLP
YGSELPKIEAAAADNATVTILPAFSYPGTAKLFVTSEDGK VTTEYSIGVSTEEPKL VSAELSADKTNVMEDD
IIDLK VIGLFESKEKIDVTDSQPTYEFDQQIIKIEGNKLY ALETGNVK VK VTVTYKGVSVTTPALEFTIAKNPA
PKYITSLEPVTVVVKKGEAPELPATVVAHYNRGIPRD VK VK WERINPSK YQQLGEFTVSGMVEGTDIKAQA
KVIVKGAVAVEDIRMAVLLKQMPQLPGKVTVYYSDGAEEQRA VK WEEIPQEELENVGEFK VKGDVNGVK
LKATATIRVTDEVGGEQNISRAKNGYEYPK AEASFTNNGPGSSDRIEAINDD VISYEANPHNRWTNWQPVP
RAGDWVSITFGDYEPTEYDVDSMEIHWFADHGTSYPERFQIEYK SGDSWKEVTSLKSDPASPALGKANVY
SFDRVKTSAIR VKMTAQAGKSLAITELK VFSKWPK AGTEPEVTDIK VGGK SILEDFEQKGDHYEVTIDAGD
ANVMPKINVKAKDQTSITIVPAVTSPSTAKVIAKSEDGKK VK VYSIHYK
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SEQID NO: 42
ATGAAGAAAGCGATCAGCTGCGTTTTTCTGATATCTGCACTCATCTTAAGCAGCTTTCAAGTACCGGTG
CAGGGGCAAGCGATGTCTAAAACTACGTCAGCGGCCGGAAACAGCGTTTCATACGATGGTGAACGGA
GAGTTAATTTCAATGAAAATTGGCGGTTCCAGCGGGAAACCAATGGTAGCATTGCAGGTGCACAAAAT
CCAGGGTTTGATGACTCTTCCTGGAGAAAGCTTAATTTACCGCATGACTGGAGCATAGAACTTGATTTC
AATAAAAACTCATTGGCGACGCACGAAGGGGGGTATTTGGACGGCGGCATCGGGTGGTACCGAAAAA
CGTTCACCATACCTGAATCAATGAAAGGCAAAAGAATCTCTCTGGATTTCGATGGTGTATATATGAAC
TCAACAACATATTTAAACGGGGAGGTATTAGGTACATATCCGTTTGGCTATAACGCCTTTTCTTACGAC
ATTTCCGATAAACTGTATAAAGATGGAAGAGCGAACGTGCTTGTAGTGAAGGTCAATAATACGCAACC
ATCTAGTCGATGGTATTCAGGAAGCGGCATATATCGTAATGTGTATTTAACTGTAACGGATCCCATTCA
TGTTGCGCGGTATGGCACATTTGTCACAACACCTAACTTGGAGAAATCAATTAAAGAAGATCGGGCAG
ACGTCAACATTAAAACGAAAATTTCTAACGATGCGGCGGAAGCAAAACAAGTCAAAATCAAATCAAC
AATATATGACGGAGCTGGTAACACAGTACAGACGGTTGAAACGGAGGAAAAAACAGCAGCAGCAGGT
ACCGTAACCCCGTTTGAGCAAAACACGGTAATAAAACAGCCTAAACTGTGGTCCATCGACAAACCGTA
CCGTTATAACCTGGTAACGGAGGTTATTGTTGGCGGCCAAACGGTGGATACTTATGAAACTAAATTCG
GAGTCAGGTATTTTAAGTTTGACGAGAATGAGGGGTTTTCTCTGAACGGAGAGTACATGAAGCTTCAT
GGCGTCTCCATGCATCACGATTTAGGAGCTTTAGGCGCGGCGACAAACGCTAGAGGGGTTGAAAGGC
AGATGCAGATTATGAAAGACATGGGAGTCAATGCCATCAGAGTAACACATAACCCGGCAAGCCCTGA
ACTTCTGGAAGCCGCGAACAAGCTCGGCCTGTTTATTATTGAGGAAGCTTTTGATTCGTGGGCTCAGA
GTAAGAAACCCTATGACTATGGAAGATTTTTCAATGCGTGGGCGGAGCACGATATAAAAGAAATGGTT
GACAGAGGGAAAAACGAACCCGCAATCATCATGTGGAGTATTGGGAATGAAATCTATGATACGACTA
ATGCAGCGGGCGTGGAAACCGCGAGGAATCTTGTGGGCTGGGTCAAAGAAATTGACACTACACGGCC
CACAACAATCGGCGAAGACAAGACTAGGGGCGACAAAGTAAACGTGACGCCAATTAACAGTTATATC
AAAGAAATTTTCAACATTGTTGACGTAGTTGGGCTGAACTACTCGGAAAACAATTATGATGGATATCA
CAAACAGAATCCCTCTTGGAAACTGTATGGATCCGAAACAAGCAGTGCGACAAGATCAAGGGGTGTTT
ATACACACCCATATCAGTATAACCAATCTACAAAATACGCCGATCTGCAACAATCCTCTTATGACAAC
GACTATGTTGGCTGGGGTAGAACAGCGGAAGACGCGTGGAAGTACGACAGAGATTTGAAACATATCG
CGGGACAGTTTATTTGGACGGGATTCGATTACATTGGTGAACCAACCCCGTACTATAATAGCTATCCTG
CGAAAAGCAGCTACTTCGGAGCAGTGGATACAGCTGGATTCCCTAAAGATATCTTTTACTATTATCAG
TCGCAATGGAAAAAGGAGCCGATGGTACATCTTCTTCCGCATTGGAACTGGAAGGAAGGAGAGAAGG
TCAGAGTACTGGCCTACACCAATGCTAGCAAAGTCGAACTTGTACTGAATGGCGAATCCCTCGGAGAG
AAAAATTATGATAATAAACAAACGTCCTGGGGAGCTCCTTATAAGGAAACAAAAGACGGAAAGACAT
ATCTGGAATGGGCGGTCCCTTTCAAGCCTGGCAAACTGGAAGCCGTGGCAAAAGATGAAAACGGCAA
GGTAATTGCAAGAGATCAAGTAGTGACGGCGGGAGAGCCCGCTAGCGTTAGATTGACAGCTGATAGG
AAAGTTGTGAAAGCAGATGGAACAGATTTAAGCTTTATTACCGCAGATATCGTAGATTCTAAGGGCAT
TGTTGTCCCGGATGCTGATCATTTGATTACATTCAATGTGACTGGACAAGGAGAACTGGCTGGAGTAG
ATAATGGTAATGCATCATCCGTTGAACGGTACAAAGATAATAAAAGAAAGGCCTTTTCAGGTAAGGCC
TTGGCAATCGTACAGTCATCAAAACTTAGCGGTAAAATCACCGTACACGCCTCGGTTGCAGGTCTTTC
ATCCGATAGTACAAGTGTCTTCACAGTCACACCGGCGGATCACGATAAAAAAATTGTAGCAGGTATTG
ACGATGTGAACCTTACGGTTGACGTCAACGAAGCGCCAAAACTTCCGTCTGAAATTAAAGTCTATTAT
TCAGACGAATCTGCGGCCGCGAAAAATGTTACATGGGATGAAGTGGACCCTAAACAGTATTCTACAGT
TGGCGAGTTTACAGTCGAAGGCTCGGTTGAGGGCACAAGCTTAAAGGCGAAAGCGTTTGTCATAGTTA
AAGGTATCGTCGCCGTTAAACCCTATTCTACGGCGACCAAAGTTGGAGTTCAACCTGTTTTACCTGAGA
AAGCAACATTACTTTATAGCGATGGCACTACTAAAGGGGCCACAGTGACATGGGATGAAATCCCAGA
AGATAAATTGGCGAAAGAGGGCCGGTTTACGGTAGAAGGTTCAGTAGAGGGCACAGACTTGAAAGCG
AATGTTTATGTGCGAGTTACGAATGAGGTAAAGTCTGTTAACATTATGCTTCAGGAGCAGGGCAGCGC
ATATCCAAAGCTTGAGGCGACCTTTACAAATCCGGCGGACAATCTGCAGCACCTGAATGATGGTATCA
AATCTTATACAAACAATCCGGTGAATAGATGGACGAATTGGACAAGAACACCAAGGGACGCGGGAGA
CAGTATCACGGTGAACTTTGGGAAAAAACACGTAATCAACAATCTTGACCTTTTTGTATTTACAGATA
GTGGTACGGTTGTCCCTGAGAAAGCTGAAGTTCAATATTGGGATGGAACTGCCTGGAAAGACGTAGAG
AATTTAACACAGCCTTCACCGTACGTTGTGGAAAAAAACGAGTTGACTTTCGATGCAGTCGCGACAGA
AAAATTAAAATTTCATCTGACACCGTCTGTCAAAGGTAAATTTCTGGCCCTGACAGAAGCAGAAGTAT
ACGCAGACCAGATTGTAATGGGAGAAACAGCTAAACTCCAGTCCATAACGGTCAATGGTAAGGCACT
CGAAGGGTTTGATCATGCGAAAAAGAATTATGAGCTCGTACTGCCGTACGGGTCCGAATTGCCTAAGA
TTGAAGCAGCTGCGGCTGACAATGCTACCGTGACGATTTTACCTGCCTTTTCTTATCCAGGAACGGCGA
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AGTTGTTCGTAACAAGTGAGGACGGAAAAGTTACAACCGAATATAGCATTGGCGTTTCGACTGAAGAG
CCAAAGCTGGTCTCAGCTGAGTTGAGCGCAGATAAGACCAATGTCATGGAAGATGATATAATTGACCT
GAAAGTGATAGGCCTCTTTGAGAGCAAGGAAAAGATTGACGTCACAGACAGCCAACCAACCTACGAG
TTCGACCAGCAAATTATAAAGATCGAAGGAAATAAATTGTATGCGCTGGAAACCGGTAATGTCAAAGT
AAAGGTCACCGTTACTTATAAAGGAGTCTCTGTTACGACACCAGCCCTTGAATTCACGATCGCGAAGA
ATCCTGCTCCGAAATATATTACATCGCTCGAGCCAGTCACAGTAGTTGTGAAAAAAGGCGAAGCTCCC
GAACTCCCTGCGACTGTTGTCGCTCATTATAACCGCGGTATCCCGCGGGATGTTAAAGTTAAATGGGA
ACGGATAAATCCATCAAAGTACCAACAATTAGGCGAATTTACCGTTTCGGGAATGGTGGAAGGAACTG
ATATTAAAGCCCAAGCTAAAGTGATAGTGAAAGGAGCAGTTGCAGTAGAGGATATTAGAATGGCAGT
CCTTTTGAAGCAAATGCCTCAGTTACCTGGAAAGGTTACGGTATACTATAGTGATGGTGCGGAAGAAC
AACGAGCTGTTAAATGGGAGGAGATACCGCAAGAAGAACTTGAAAACGTGGGAGAATTTAAGGTGAA
AGGAGATGTTAATGGTGTTAAGCTGAAAGCAACCGCGACCATCCGGGTAACGGATGAAGTGGGGGGA
GAACAGAATATTTCGCGGGCAAAAAATGGCTATGAGTACCCGAAGGCTGAGGCTAGTTTTACAAATA
ATGGGCCGGGGTCTAGCGACCGTATTGAGGCTATCAATGACGACGTTATCTCATACGAAGCAAATCCG
CACAACAGGTGGACCAACTGGCAGCCGGTGCCTAGAGCTGGCGACTGGGTCTCCATTACCTTTGGTGA
TTATGAACCAACAGAATACGACGTTGACTCGATGGAAATCCATTGGTTTGCGGACCACGGAACCTCTT
ACCCAGAGAGGTTTCAGATCGAATATAAAAGCGGAGACTCGTGGAAAGAAGTCACGAGCCTGAAGAG
TGACCCGGCCTCTCCAGCCCTGGGAAAAGCTAATGTTTATTCATTCGACCGTGTGAAGACCTCTGCTAT
TAGGGTAAAAATGACAGCTCAGGCGGGTAAAAGTCTTGCTATTACGGAATTAAAAGTCTTTTCAAAAT
GGCCTAAAGCAGGCACCGAACCTGAGGTCACCGATATCAAGGTTGGCGGCAAATCTATCCTCGAAGAT
TTTGAACAAAAAGGCGACCATTATGAAGTGACAATTGATGCGGGTGATGCGAATGTAATGCCGAAAA
TCAATGTGAAAGCGAAGGATCAAACGTCTATCACAATCGTCCCGGCGGTTACTAGTCCGTCAACGGCA
AAAGTGATCGCTAAATCGGAAGATGGCAAAAAAGTGAAAGTATATTCAATACATTATAAATAA

SEQID NO: 43
MPEVRSSTQSESGMSQWMGKILSIRGAGLTIGVFGLCALIAATSVTLPPEQQLIVAFVCVVIFFIVGHKPSRR
SQIFLEVLSGLVSLRYLTWRLTETLSFDTWLQGLLGTMLLVAELYALMMLFLSYFQTIAPLHRAPLPLPPNP
DEWPTVDIFVPTYNEELSIVRLTVLGSLGIDWPPEKVRVHILDDGRRPEFAAFAAECGANYIARPTNEHAKA
GNLNYAIGHTDGDYILIFDCDHVPTRAFLQLTMGWMVEDPKIALMQTPHHFY SPDPFQRNLSAGYRTPPEG
NLFYGVVQDGNDFWDATFFCGSCAILRRTAIEQIGGFATQTVTEDAHTALKMQRLGWSTAYLRIPLAGGL
ATERLILHIGQRVRWARGMLQIFRIDNPLFGRGLSWGQRLCYLSAMTSFLFAVPRVIFLSSPLAFLFFGQNIIA
ASPLALLAYAIPHMFHAVGTASKINKGWRYSFWSEVYETTMALFLVRVTIVTLLSPSRGKFNVTDKGGLLE
KGYFDLGAVYPNIILGLIMFGGLARGVYELSFGHLDQIAERAYLLNSAWAMLSLIIILAATAVGRETQQKRN
SHRIPATIPVEVANADGSIIVTGVTEDLSMGGAAVKMSWPAKLSGPTPVYIRTVLDGEELILPARIIRAGNGR
GIFIWTIDNLQQEFSVIRLVFGRADAWVDWGNYKADRPLLSLMDMVLSVKGLFRSSGDIVHRSSPTKPLAG
NALSDDTNNPSRKERVLKGTVKMVSLLALLTFASSAQAASAPRAVAAKAPAHQPEASDLPPLPALLPATSG
AAQAGAGDAGANGPGSPTGQPLAADSADALVENAENTSDTATVHNYTLKDLGAAGSITMRGLAPLQGIEF
GIPSDQLVTSARLVLSGSMSPNLRPETNSVTMTLNEQYIGTLRPDPAHPTFGPMSFEINPIFFVSGNRLNFNFA
SGSKGCSDITNDTLWATISQONSQLQITTIALPPRRLLSRLPQPFYDKNVRQHVTVPMVLAQTYDPQILKSAGI
LASWFGKQTDFLGVTFPVSSTIPQSGNAILIGVADELPTSLGRPQVNGPAVLELPNPSDANATILVVTGRDRD
EVITASKGIAFASAPLPTDSHMDVAPVDIAPRKPNDAPSFIAMDHPVRFGDLVTASKLQGTGFTSGVLSVPF
RIPPDLYTWRNRPYKMQVRFRSPAGEAKD VEKSRLDVGINEVYLHSYPLRETHGLVGAVLQGVGLARPAS
GMQVHDLDVPPWTVFGQDQLNFYFDAMPLARGICQSGAANNAFHLGLDPDSTIDFSRAHHIAQMPNLAY
MATVGFPFTTYADLSQTAVVLPEHPNAATVGAYLDLMGFMGAATWYPVAGVDIVSADHVSDVADRNLL
VISTLATSGEIAPLLSRSSYEVADGHLRTVSHASALDNAIKAVDDPLTAFRDRDSKPQDVDTPLTGGVGAMI
EAESPLTAGRTVLALLSSDGAGLNNLLOQMLGERKKQANIQGDLVVAHGEDLSSYRTSPVYTIGTLPLWLW
PDWYMHNRPVRVLLVGLLGCILIVSVLARALARHATRRFKQLEDERRKS

SEQID NO: 44
ATGCCAGAGGTCCGATCTTCGACGCAGTCAGAGAGCGGGATGTCCCAGTGGATGGGAAAAATCTTATC
AATAAGAGGGGCAGGACTGACGATAGGAGTATTTGGCCTCTGTGCTCTTATAGCCGCGACAAGCGTTA
CACTTCCACCTGAACAACAACTTATTGTGGCGTTCGTCTGTGTTGTAATCTTTTTTATCGTCGGACACA
AGCCATCACGGAGATCGCAAATCTTTCTGGAAGTACTTTCCGGACTTGTCTCTCTTCGCTACCTTACCT
GGCGGTTAACGGAGACCCTGTCCTTTGATACCTGGTTACAGGGTCTTCTGGGCACGATGTTACTGGTCG
CGGAATTATATGCCCTGATGATGTTATTCTTGTCATACTTCCAGACAATAGCACCGCTGCATAGAGCGC
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CCCTCCCACTCCCCCCGAATCCTGATGAATGGCCTACAGTAGATATATTCGTCCCGACATACAATGAG
GAACTTTCAATCGTAAGACTGACAGTTTTGGGGAGTTTGGGAATAGATTGGCCGCCGGAAAAAGTTAG
AGTACATATCCTTGACGATGGGAGGCGTCCAGAATTTGCCGCCTTTGCAGCCGAGTGCGGAGCAAACT
ATATTGCTAGACCTACAAATGAGCATGCGAAAGCTGGAAATTTAAATTATGCGATTGGCCATACAGAC
GGGGACTATATATTAATTTTTGATTGTGACCACGTACCAACACGCGCTTTCCTGCAGCTTACCATGGGA
TGGATGGTTGAAGATCCAAAAATCGCGCTTATGCAAACTCCGCATCACTTTTACAGCCCTGACCCATTC
CAACGCAATTTGTCTGCGGGGTATAGAACTCCGCCTGAAGGCAACTTATTTTACGGCGTAGTGCAGGA
TGGAAATGATTTCTGGGATGCTACTTTCTTCTGCGGTAGCTGCGCTATTCTTAGACGGACAGCCATAGA
ACAAATTGGGGGATTCGCGACGCAGACCGTAACGGAGGACGCTCATACAGCCCTTAAAATGCAAAGA
CTTGGTTGGTCAACAGCGTATTTGAGAATACCATTGGCAGGTGGTCTTGCGACGGAAAGATTAATCCT
GCATATCGGACAACGCGTTCGTTGGGCACGGGGCATGCTGCAAATCTTTCGCATAGATAACCCGCTCT
TTGGACGCGGCTTATCATGGGGGCAGAGGTTGTGTTATTTAAGTGCCATGACCTCCTTTCTTTTTGCCG
TGCCGCGTGTTATTTTTITAAGTTCACCTCTGGCCTTTCTGTTTTTTGGACAAAACATAATTGCTGCAAG
CCCCTTGGCTTTACTGGCTTATGCGATCCCCCATATGTTTCACGCCGTTGGAACTGCATCTAAGATCAA
TAAAGGTTGGCGTTATTCGTTCTGGAGTGAAGTGTACGAGACTACAATGGCGCTGTTCCTGGTGCGTGT
GACCATTGTCACACTGCTCTCTCCTAGCAGAGGCAAGTTTAATGTGACAGACAAAGGGGGTCTGCTCG
AAAAAGGTTACTTTGATCTTGGAGCGGTATATCCTAATATCATTCTTGGCTTGATCATGTTTGGAGGGT
TGGCGCGTGGAGTATACGAATTGTCGTTTGGACATCTTGATCAAATCGCCGAACGTGCTTATTTGCTGA
ATTCAGCGTGGGCAATGTTATCACTTATAATCATCTTAGCTGCGATTGCGGTAGGCAGGGAGACACAA
CAGAAAAGAAATTCTCACAGGATTCCGGCCACAATTCCGGTCGAGGTCGCCAATGCTGACGGAAGCAT
AATTGTCACAGGAGTCACAGAAGATTTGTCTATGGGTGGAGCGGCAGTTAAAATGAGCTGGCCGGCG
AAGCTGTCCGGCCCTACGCCGGTTTATATTAGAACAGTACTGGATGGGGAGGAATTAATCCTTCCCGC
GAGGATCATTAGGGCTGGGAACGGCCGAGGCATTTTTATCTGGACGATTGACAATTTGCAGCAAGAAT
TTTCTGTCATCCGTCTGGTATTCGGGCGTGCCGATGCGTGGGTTGACTGGGGAAACTACAAAGCAGAT
CGTCCGCTGCTGTCCTTAATGGATATGGTGCTCTCGGTTAAAGGACTTTTTCGTTCCAGCGGCGATATT
GTTCATCGATCTTCTCCTACAAAACCGTTAGCGGGGAATGCCTTGAGTGACGATACAAATAACCCTAG
CAGAAAAGAACGTGTTTTGAAAGGAACGGTGAAGATGGTATCACTGCTTGCACTGTTGACATTCGCAA
GCTCGGCACAGGCCGCTTCCGCTCCTAGAGCGGTGGCAGCTAAGGCTCCGGCTCATCAACCGGAAGCT
TCCGATCTGCCCCCGCTGCCTGCCTTACTTCCGGCGACAAGCGGAGCAGCACAAGCAGGCGCCGGAGA
CGCGGGAGCAAATGGACCGGGGTCTCCAACCGGACAACCCCTTGCGGCAGATTCCGCAGATGCGCTTG
TTGAGAATGCCGAGAACACGTCCGATACGGCCACAGTTCACAATTACACACTTAAGGACCTGGGAGCT
GCTGGCTCCATTACTATGAGGGGACTGGCACCCCTGCAGGGAATTGAGTTCGGCATCCCAAGCGATCA
ACTGGTAACCTCGGCTCGCCTGGTACTTTCAGGAAGCATGTCACCTAACCTCCGACCGGAAACGAATT
CTGTTACAATGACCCTCAACGAGCAATATATTGGTACATTGAGACCTGACCCAGCACACCCGACGTTT
GGGCCAATGAGTTTCGAAATCAATCCGATTTTTTTTGTGTCTGGAAACAGATTAAATTTCAATTTCGCT
TCGGGGTCAAAAGGCTGCTCTGACATTACTAATGACACGCTCTGGGCAACAATCTCGCAAAATAGTCA
ACTCCAGATAACAACAATTGCCCTTCCCCCGAGAAGATTGTTAAGCAGGCTGCCCCAACCTTTCTATG
ATAAAAATGTACGGCAACATGTCACGGTCCCTATGGTACTTGCCCAGACCTATGATCCCCAGATTCTTA
AGAGCGCAGGCATTCTCGCTTCTTGGTTTGGCAAGCAGACAGACTTTCTTGGTGTAACGTTTCCGGTTT
CTTCAACGATCCCGCAGTCCGGAAACGCGATCCTTATCGGGGTGGCGGATGAATTACCGACAAGCTTG
GGCAGGCCTCAAGTTAACGGTCCGGCAGTACTGGAATTGCCGAATCCTTCCGATGCTAACGCCACAAT
CCTTGTTGTGACCGGGCGTGATCGAGATGAAGTAATTACAGCCAGCAAAGGGATCGCTTTTGCCTCGG
CACCGCTTCCTACGGATAGCCATATGGATGTCGCGCCAGTTGATATCGCCCCACGTAAGCCTAATGAT
GCGCCCAGTTTTATCGCAATGGATCATCCTGTACGGTTTGGAGACCTCGTTACAGCATCCAAATTACAA
GGCACAGGGTTTACGTCAGGCGTTTTGAGCGTTCCATTCCGGATCCCTCCTGACTTATACACCTGGCGG
AATCGTCCTTACAAAATGCAAGTTCGCTTTCGTTCACCAGCGGGCGAAGCGAAAGATGTGGAAAAATC
TCGGCTTGATGTCGGAATCAACGAAGTTTATTTGCATAGTTATCCCTTACGAGAGACACACGGCCTGGT
CGGTGCCGTTTTACAAGGGGTTGGCCTTGCTAGACCAGCATCTGGTATGCAAGTGCACGACCTGGATG
TCCCTCCATGGACCGTGTTTGGACAAGATCAATTAAATTTTTATTTTGATGCGATGCCGCTTGCTCGGG
GGATTTGTCAGTCCGGAGCAGCAAATAATGCGTTCCATCTGGGATTGGACCCAGACTCTACTATAGAC
TTTTCTCGGGCCCATCATATAGCGCAGATGCCTAACCTTGCGTACATGGCAACCGTTGGCTTCCCATTT
ACTACCTATGCCGATTTGAGCCAGACAGCTGTCGTCCTGCCGGAGCATCCCAATGCGGCAACAGTTGG
AGCTTATCTTGACCTGATGGGGTTTATGGGCGCGGCCACATGGTATCCGGTGGCGGGTGTGGATATTG
TCAGTGCGGATCACGTTAGCGATGTCGCGGACCGGAATCTCCTTGTTATTTCTACACTGGCTACATCTG
GTGAGATCGCACCGCTTCTTTCTCGTTCCAGCTATGAGGTAGCTGATGGACATTTGCGTACCGTTAGCC
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ATGCTAGCGCGTTAGATAACGCTATTAAGGCAGTGGATGATCCTTTAACCGCCTTTAGAGACCGGGAC
TCAAAACCACAAGACGTGGATACGCCACTTACTGGCGGGGTCGGTGCTATGATCGAAGCAGAATCACC
GCTCACCGCTGGACGTACGGTGTTAGCCCTTTTGTCATCCGATGGCGCTGGCCTGAATAATCTCTTGCA
GATGCTGGGCGAAAGGAAAAAGCAGGCCAATATACAAGGGGATCTTGTTGTAGCCCACGGAGAAGAT
TTGTCATCCTACCGTACATCTCCGGTCTATACCATCGGCACGCTGCCATTATGGCTGTGGCCGGACTGG
TACATGCACAATCGGCCAGTGAGGGTACTTCTTGTGGGGCTTCTGGGTTGCATTCTCATAGTTTCCGTG
CTTGCGCGCGCTTTAGCTAGACATGCGACTAGACGGTTTAAACAACTGGAGGACGAGAGACGCAAATC
GTAA

SEQID NO: 45
MATPSAVGAACLLLARAAWPAAVGDRARPRRLQRVLRRRCVAELSREGPAPRPLPPALLAPPL VPGFLAPP
AEPTGEPASTPPPVPDAGLGDLGLEPEGIAEGSIDNTVVVASEQDSEIVVGKEQARAKVTQSIVFVTGEASPY
AKSGGLGDVCGSLPVALAARGHRVMVVMPRYLNGTSDKNYANAFYTEKHIRIPCFGGEHEVTFFHEYRDS
VDWVFVDHPSYHRPGNLY GDKFGAFGDNQFRYTLLCYAACEAPLILELGGYIY GONCMFVVNDWHASLV
PVLLAAKYRPYGVYKDSRSILVIHNLAHQGVEPASTYPDLGLPPEWY GALEW VFPEWARRHALDKGEAV
NFLKGAVVTADRIVTVSKGYSWEVTTAEGGQGLNELLSSRKSVLNGIVNGIDINDWNPATDKCIPCHYSVD
DLSGKAKCKGALQKELGLPIRPDVPLIGFIGRLDYQKGIDLIQLITPDLMRED VQFVMLGSGDPELEDWMRS
TESIFKDKFRGWVGFSVPVSHRITAGCDILLMPSRFEPCGLNQLY AMQY GTVPVVHATGGLRDTVENFNPF
GENGEQGTGWAFAPLTTENMLWTLRTAISTYREHKSSWEGLMKRGMSKDFTWDHAAEQYEQIFQWAFID
RPYVM

SEQID NO: 46
ATGGCGACCCCGTCCGCAGTGGGCGCAGCCTGCCTTTTATTAGCGCGCGCAGCTTGGCCGGCAGCCGT
TGGAGACAGGGCAAGACCGCGGCGATTACAACGCGTGTTGCGGCGGAGATGTGTAGCAGAACTTTCT
CGTGAAGGGCCAGCACCGAGGCCTTTACCTCCTGCCTTGCTTGCCCCCCCGTTAGTACCTGGTTTTCTG
GCACCCCCAGCGGAACCAACAGGCGAACCAGCGAGCACGCCTCCGCCGGTTCCGGACGCTGGACTTG
GCGACTTGGGATTAGAACCTGAAGGAATCGCGGAAGGTTCAATCGATAATACCGTCGTGGTGGCTTCT
GAACAGGATAGTGAGATCGTAGTTGGGAAAGAGCAGGCTCGCGCAAAAGTAACGCAATCAATTGTAT
TCGTAACCGGCGAGGCAAGCCCCTATGCGAAATCTGGAGGCCTGGGCGATGTTTGCGGAAGCCTTCCG
GTTGCGTTAGCTGCCAGAGGACATCGAGTCATGGTCGTCATGCCGCGGTATCTGAACGGAACGTCAGA
TAAAAATTATGCCAATGCCTTCTATACCGAGAAGCATATCCGGATCCCTTGCTTTGGTGGCGAACACG
AAGTGACTTTTTTTCATGAATATCGTGACTCAGTCGACTGGGTTTTTGTCGACCACCCGAGCTATCATA
GACCGGGTAACCTGTACGGGGATAAATTTGGAGCGTTTGGCGATAATCAATTCCGGTATACCTTGCTG
TGTTATGCCGCATGCGAAGCCCCTCTCATCTTGGAACTCGGAGGCTATATTTATGGACAAAACTGTATG
TTCGTAGTAAACGATTGGCACGCATCACTCGTACCAGTACTTCTCGCAGCGAAATATAGACCGTATGG
CGTTTACAAAGATTCCAGATCAATTTTAGTTATTCACAACTTAGCTCACCAAGGCGTAGAACCGGCGTC
CACATATCCAGATCTTGGATTGCCGCCAGAGTGGTATGGAGCGCTTGAATGGGTCTTTCCTGAATGGG
CTCGTCGACATGCGCTGGATAAAGGTGAAGCTGTCAATTTTCTCAAAGGTGCTGTGGTCACTGCCGAC
AGAATTGTAACAGTGAGCAAAGGCTATTCCTGGGAAGTTACCACCGCTGAGGGTGGCCAAGGGCTCA
ATGAATTGCTGAGCAGCCGTAAAAGTGTTTTGAATGGTATAGTGAATGGTATCGACATCAATGATTGG
AACCCGGCAACAGACAAATGTATCCCCTGTCATTACTCCGTCGACGACCTTTCGGGAAAAGCAAAGTG
TAAAGGCGCGCTTCAAAAAGAGTTGGGCTTGCCGATTAGACCGGATGTGCCTCTTATTGGATTCATTG
GCCGGTTGGATTATCAGAAGGGAATTGATCTGATCCAGCTGATTATTCCGGACTTGATGAGAGAAGAT
GTCCAGTTTGTGATGTTGGGCTCCGGCGATCCAGAACTTGAAGATTGGATGCGGAGCACCGAATCAAT
CTTTAAGGATAAATTTAGAGGATGGGTCGGGTTCTCTGTGCCTGTCTCACATCGCATTACGGCGGGCTG
CGATATCCTCCTTATGCCTTCTCGGTTCGAACCGTGTGGTTTAAATCAACTTTATGCGATGCAGTACGG
CACTGTGCCGGTTGTTCACGCGACTGGAGGGCTGCGAGATACTGTTGAGAATTTTAATCCGTTTGGAG
AGAACGGTGAACAAGGAACAGGATGGGCCTTCGCACCACTGACTACGGAGAACATGCTGTGGACACT
TAGAACGGCCATCTCTACGTATAGGGAGCACAAGTCCTCGTGGGAGGGACTCATGAAACGGGGAATG
AGTAAAGATTTCACCTGGGATCACGCTGCAGAACAATATGAGCAAATCTTTCAGTGGGCGTTTATCGA
TCGCCCCTACGTTATGTGA

SEQID NO: 47
MVSLSNQTRFSFHPNNLVVSEKRRLGISGVNFPRKIKLKITCFAAERPRQEKQKKKSQSQSTSDAEAGVDPV
GFLTRLGIADRIFAQFLRERHKALKDLKDEIFKRHFDFRDFASGFELLGMHRHMEHRVDFMDWGPGSRYG
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AIIGDFNGWSPTENAAREGLFGHDDY GYWFIILEDKLREGEEPDELYFQQYNY VDD YDKGDSGVSAEEIFQ
KANDEYWEPGEDRFIKNRFEVPAKLYEQMFGPNSPQTLEELGDIPDAETRYKQWKEEHKDDPPSNLPPCDII
DKGQGKPYDIFNVVTSPEWTKKFYEKEPPIPY WLETRKGRKAWLQKYIPAVPHGSKYRLYFNTPDGPLERV
PAWATYVQPEDEGKQAYAIHWEPSPEAAYKWKY SKPKVPESLRIYECHVGISGSEPKVSTFEEFTKKVLPH
VKRAGYNAIQLIGVPEHKDYFTVGYRVTINFFAASSRY GTPDDFKRLVDEAHGLGLLVFLDIVHSYAAADQ
MVGLSLFDGSNDCYFHY GKRGHHKHWGTRMFKYGDLDVLHFLISNLNWWITEYQVDGYQFHSLASMIYT
HNGFASFNNDLDDYCNQY VDRDALMYLILANEILHVQHPNIITIAEDATY YPGLCEPVSQGGLGFDYYVNL
SASEMWVSLLDNVPDNEWSMSKIVSTLVANKEY ADKMLSY AENHNQSISGGRSFAEILFGGVDNGSPGGK
ELLDRGISLHKMIRLITFTSGGRAYLNFMGNEFGHPER VEFPTQSNNFSFSLANRRWDLLESGVHHHLFSFD
KELMDLDKSKGILSRGLPSIHHVNDANMVISFSRGPFLFIFNFHPSNSYEKYDVGVEEAGEYTMILNSDEVK
YGGQGIVTEDHYLQRSISKRIDGQRNCLEVFLPSRTAQVYKLTRILRI

SEQID NO: 48
ATGGTCTCTTTGTCGAATCAGACTAGATTTTCTTTCCATCCGAATAACCTGGTCGTGAGTGAGAAACGA
CGTTTAGGAATCTCGGGCGTTAACTTCCCTCGAAAGATTAAATTAAAAATTACATGCTTTGCAGCGGA
GAGACCGCGCCAAGAAAAGCAGAAGAAAAAGTCACAATCTCAAAGCACGTCCGATGCGGAAGCAGG
AGTAGACCCGGTGGGCTTTTTAACACGCTTGGGCATAGCGGATAGGATTTTTGCACAATTTCTTAGAG
AAAGACATAAGGCTCTTAAAGACCTTAAGGACGAAATATTTAAACGGCATTTTGATTTTCGGGATTTT
GCATCAGGCTTCGAACTGTTAGGAATGCACAGGCATATGGAGCATCGGGTTGATTTTATGGATTGGGG
ACCGGGATCACGGTACGGCGCAATTATTGGTGATTTTAACGGATGGTCTCCAACGGAGAATGCTGCGC
GCGAAGGCCTCTTTGGCCATGATGACTATGGTTATTGGTTTATTATACTTGAAGATAAATTGAGAGAA
GGAGAGGAGCCGGACGAGTTGTATTTTCAACAATATAACTATGTTGATGACTATGATAAAGGTGACTC
AGGCGTGTCGGCTGAAGAAATTTTCCAAAAAGCAAATGATGAATATTGGGAGCCGGGTGAAGATAGG
TTTATCAAAAATAGATTTGAAGTGCCGGCTAAATTATATGAGCAAATGTTTGGACCGAATTCACCGCA
AACACTGGAGGAATTAGGTGATATCCCTGACGCGGAAACAAGATACAAGCAGTGGAAAGAAGAGCAT
AAAGATGATCCTCCATCTAACCTGCCGCCTTGCGATATTATTGATAAAGGTCAAGGCAAACCGTATGA
TATCTTTAATGTTGTTACGTCCCCAGAATGGACAAAAAAATTTTATGAGAAAGAACCCCCGATCCCAT
ATTGGCTGGAGACACGTAAAGGCAGAAAGGCGTGGCTCCAGAAATATATCCCGGCCGTCCCCCACGG
CTCCAAGTACCGCTTATACTTCAATACCCCGGATGGACCATTAGAAAGGGTTCCGGCTTGGGCGACCT
ACGTACAGCCAGAAGATGAAGGCAAACAGGCCTATGCTATTCATTGGGAACCGAGCCCGGAGGCTGC
CTATAAATGGAAGTACTCAAAACCAAAAGTACCAGAATCTTTACGGATTTATGAATGCCATGTGGGGA
TTAGCGGAAGCGAACCGAAAGTAAGCACTTTTGAAGAGTTTACAAAAAAGGTGCTGCCGCACGTCAA
ACGAGCGGGATATAACGCGATCCAGTTGATCGGCGTGCCTGAGCATAAGGATTATTTTACGGTCGGTT
ATAGAGTGACCAACTTTTTCGCAGCATCTTCCCGCTACGGTACTCCTGACGATTTTAAAAGACTTGTGG
ATGAAGCTCATGGGCTGGGTCTCCTGGTCTTTCTGGATATTGTCCACTCATATGCTGCGGCGGATCAGA
TGGTTGGGCTGAGCTTGTTTGACGGTTCCAACGATTGCTACTTCCACTATGGGAAACGTGGCCATCATA
AACATTGGGGGACCAGAATGTTCAAATATGGCGACCTTGATGTGCTTCACTTTTTAATTTCAAACTTAA
ATTGGTGGATTACAGAATACCAGGTTGACGGATATCAATTCCACAGCTTGGCATCGATGATCTATACA
CATAACGGGTTCGCAAGTTTCAATAATGATTTGGACGATTATTGCAATCAGTATGTAGACCGGGATGC
CCTTATGTACCTGATTCTTGCGAACGAAATCCTTCATGTTCAGCATCCGAACATCATTACTATTGCGGA
AGATGCAACATACTACCCGGGCCTGTGCGAACCAGTTTCCCAAGGCGGACTGGGATTTGATTATTATG
TCAATCTGTCTGCATCCGAAATGTGGGTTAGCTTACTTGATAACGTGCCTGATAATGAGTGGTCAATGT
CAAAAATCGTTAGCACACTCGTTGCAAATAAAGAATACGCTGACAAAATGTTATCCTACGCAGAAAAT
CATAATCAGAGTATAAGCGGTGGTCGGTCATTTGCCGAGATCTTATTTGGCGGCGTGGACAACGGCAG
TCCCGGCGGTAAAGAGTTATTAGATAGAGGTATCAGCCTTCACAAGATGATTCGCCTGATTACTTTTAC
AAGTGGCGGAAGAGCTTATTTGAACTTCATGGGAAACGAGTTCGGACATCCTGAAAGAGTAGAATTCC
CAACACAATCCAACAATTTCTCGTTCAGCTTAGCAAACCGGCGATGGGATCTGCTGGAGAGTGGGGTA
CATCATCATTTGTTTTCGTTTGATAAAGAGCTGATGGACCTGGATAAAAGCAAAGGAATTCTGAGCCG
AGGACTTCCGAGCATCCATCATGTTAATGACGCAAATATGGTCATTAGCTTTTCCCGGGGCCCCTTCCT
TTTTATCTTTAATTTTCACCCCTCAAATTCATATGAAAAGTATGATGTCGGCGTCGAGGAGGCGGGTGA
GTATACCATGATCCTCAACTCAGATGAGGTGAAATATGGTGGCCAAGGGATAGTAACCGAAGATCATT
ATTTACAAAGGTCTATAAGCAAGAGGATCGATGGACAGAGAAACTGCTTGGAGGTCTTTTTGCCCAGT
AGGACAGCTCAGGTGTACAAGCTTACACGAATCCTTCGCATTTGA

SEQID NO: 49
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MKILFAVSECTPFVKSGGLADVAGALPKALARLGNEVAVMLPKYSQIPEPWKKRMKKQAECTVAVGWRQ
QYCGIEHMAENDVNY YFIDNEY YFNRDSLYGHYDDGERFAFFSRAVLEAAKVVNVQADIVHTHDWHTA
MVNYLLKEEYRKHPFYERMKSVLTIHNLQFQGIFPPDVTHDLLGLEMDHFHYERLECNGFVNFMKAGIIAA
DHVTTVSPTYRNEIMTPYYGEQLEQVLQYREDDVTGILNGIDDTFYQPKSDPYIEAQYDSGDLACKLENKT
KLQOQRMGLPEKNDIPLISMVTRLTKQKGLDLVRRIMHELLEEQDIQLVVLGTGEREFEDYFRYAEFAFHEK
CRAYIGFDEPLAHQIYAGSDMFLMPSKFEPCGLGQLIALQYGAIPIVRETGGLYDTVRAYQEEEGTGNGFTF
SAFNAHDLKFTIERALSFYCQQDVWKSIVKTAMNADYSWGKSAKEYQRIFEQVIRSGRDVLE

SEQID NO: 50
ATGAAGATTTTGTTCGCGGTTAGCGAGTGCACACCTTTCGTAAAATCCGGCGGATTAGCGGACGTTGC
GGGTGCTTTACCGAAAGCCTTAGCGCGCCTTGGAAATGAAGTCGCTGTGATGCTGCCGAAATATAGTC
AAATTCCGGAACCGTGGAAGAAAAGAATGAAAAAACAGGCAGAATGCACAGTTGCGGTCGGCTGGCG
CCAACAGTACTGCGGAATCGAACATATGGCTGAGAATGACGTGAACTATTATTTTATAGATAACGAAT
ATTATTTTAACAGAGATTCTCTGTATGGACACTATGACGATGGAGAGAGGTTTGCGTTTTTTAGCCGGG
CTGTGCTCGAAGCCGCGAAAGTCGTGAATGTGCAGGCTGATATCGTTCATACGCATGACTGGCATACC
GCGATGGTCAACTATTTGCTGAAAGAAGAATATCGGAAACATCCGTTTTATGAGCGCATGAAAAGCGT
TCTTACGATTCATAATCTCCAATTCCAGGGTATCTTTCCACCCGATGTCACACATGACCTTTTAGGCTTA
GAAATGGATCATTTCCATTACGAACGTTTGGAATGCAACGGTTTCGTGAATTTTATGAAGGCTGGAAT
CATCGCCGCAGATCATGTGACTACGGTCTCTCCTACGTATCGTAATGAAATAATGACGCCATATTATGG
TGAACAGCTGGAGCAGGTTCTTCAGTATCGCGAAGATGATGTCACGGGAATTCTGAACGGCATTGATG
ACACGTTCTACCAACCTAAATCAGACCCATATATTGAAGCGCAGTACGATAGTGGCGATCTTGCCTGC
AAATTAGAAAATAAAACAAAGCTGCAACAACGCATGGGATTACCAGAGAAGAATGATATCCCGTTAA
TTTCAATGGTAACCAGACTTACGAAGCAGAAGGGCCTGGATTTGGTCAGACGGATAATGCATGAACTT
TTAGAAGAGCAGGATATCCAGCTGGTCGTGCTGGGCACCGGAGAAAGAGAATTTGAGGATTACTTTCG
CTACGCTGAATTTGCGTTTCATGAGAAGTGCCGCGCCTACATTGGCTTTGACGAACCCTTAGCGCACCA
GATTTACGCCGGATCAGATATGTTTCTCATGCCGAGCAAGTTTGAACCTTGTGGACTTGGCCAGCTGAT
TGCATTACAATACGGCGCCATTCCTATTGTACGGGAGACCGGAGGCCTGTATGACACAGTGCGAGCCT
ATCAGGAAGAAGAAGGTACAGGCAATGGCTTTACTTTTAGTGCGTTTAATGCACATGATCTGAAATTC
ACAATAGAAAGAGCTTTAAGCTTTTATTGTCAACAGGATGTCTGGAAATCAATCGTAAAGACCGCTAT
GAATGCCGATTATTCATGGGGTAAATCTGCAAAAGAGTACCAACGTATCTTCGAACAAGTGACACGGT
CTGGGCGCGACGTCCTTGAATAA

SEQID NO: 51

MALKRGLSGVNRIRGSGGGSRS VLVLLIFFCVFAPLCFFVGRGVYIDSSNDY SIVSVKQNLDWRERLAMQS
VRSLFSKEILDVIATSTADLGPLSLDSFKKNNLSASWRGTGVDPSFRHSENPATPDVKSNNLNEKRDSISKDS
[HQK VETPTKIHRRQLREKRREMR ANEL VQHNDDTILKLENAAIERSKSVDSAVLGKYSIWRRENENDNSD
SNIRLMRDQVIMARVY SGIAKLKNKNDLLQELQARLKDSQRVLGEATSDADLPRSAHEKLRAMGQVLAK
AKMQLYDCKLVTGKLRAMLQTADEQVRSLKKQSTFLAQLAAKTIPNPIHCLSMRLTIDYYLLSPEKRKFPR
SENLENPNLYHYALFSDNVLAASVVVNSTIMNAKDPSKHVFHLVTDKLNFGAMNMWFLLNPPGKATIHVE
NVDEFKWLNSSYCPVLRQLESAAMREY YFKADHPTSGSSNLKYRNPK YLSMLNHLRFYLPEVYPKLNKIL
FLDDDITVQKDLTPLWEVNLNGK VNGA VETCGESFHRFDK YLNFSNPHIARNFNPNACGWAY GMNMFDL
KEWKKRDITGTY HK WQNMNENRTL WKLGTLPPGLITFY GLTHPLNKAWHVLGLGYNPSIDKKDIENAAVV
HYNGNMKPWLELAMSKYRPYWTKYIKFDHPYLRRCNLHE

SEQID NO: 52
ATGGCCCTTAAGAGGGGGCTGAGTGGAGTGAACCGTATCAGAGGATCAGGAGGAGGCAGCCGTTCAG
TCCTGGTTCTTCTTATCTTTTTITTGCGTGTTCGCACCGTTATGTTTCTTCGTTGGTCGCGGAGTCTATATA
GACAGCTCGAACGACTACTCAATTGTTAGTGTAAAGCAGAATTTAGACTGGAGAGAGCGCCTGGCAAT
GCAATCTGTAAGATCATTATTCTCGAAGGAAATTTTAGATGTGATAGCCACGTCTACGGCAGACTTGG
GGCCGTTATCTTTAGATAGCTTCAAAAAGAACAATTTATCAGCTAGCTGGAGAGGCACGGGCGTTGAC
CCTAGCTTTCGCCACAGCGAAAACCCTGCGACCCCGGATGTTAAGTCAAACAATTTAAATGAAAAAAG
AGATTCTATTTCTAAAGATTCCATCCATCAGAAGGTTGAGACACCGACTAAAATCCACCGACGACAAC
TTCGTGAGAAAAGGAGAGAGATGCGCGCGAATGAACTTGTCCAGCACAACGATGATACAATTTTAAA
GTTGGAGAATGCAGCCATTGAGCGTAGTAAAAGTGTAGATTCTGCAGTATTAGGAAAATACTCAATTT
GGCGCCGGGAAAATGAAAATGACAATAGCGATTCTAATATCAGGCTGATGAGGGACCAGGTCATTAT
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GGCACGCGTATATTCGGGCATTGCAAAATTAAAAAACAAAAACGACTTACTTCAAGAACTTCAGGCGC
GGCTTAAGGATTCCCAGAGAGTGCTGGGAGAAGCTACATCCGATGCCGATTTGCCAAGGAGCGCGCA
CGAGAAACTTAGAGCGATGGGTCAAGTTTTGGCTAAAGCGAAAATGCAGCTGTATGATTGCAAATTAG
TCACTGGTAAACTGAGAGCAATGTTGCAGACAGCAGATGAGCAGGTACGAAGCTTAAAAAAACAATC
AACGTTTCTTGCACAGCTTGCAGCTAAAACAATACCCAATCCAATCCATTGTTTATCTATGAGATTGAC
CATAGATTATTACCTTTTGTCTCCCGAGAAGAGGAAGTTTCCGCGATCTGAAAATCTGGAAAACCCTA
ATCTGTATCATTACGCTCTGTTCTCAGACAATGTTTTAGCAGCATCTGTTGTCGTAAATAGCACAATCA
TGAATGCGAAGGACCCGTCTAAACATGTGTTCCATCTTGTCACGGATAAACTTAACTTTGGCGCCATG
AATATGTGGTTTCTTCTGAATCCTCCGGGCAAAGCCACAATCCATGTGGAAAATGTCGACGAATTTAA
ATGGCTTAACTCCTCCTATTGCCCGGTTCTTCGGCAGTTAGAATCAGCTGCTATGAGAGAATACTATTT
TAAAGCGGATCATCCTACGTCCGGCAGCAGCAATTTAAAATACAGAAATCCGAAGTACTTATCTATGC
TTAACCATTTAAGATTTTATTTACCGGAAGTTTATCCGAAACTTAATAAAATCCTGTTTCTCGACGATG
ACATTATTGTTCAAAAAGATTTGACTCCGCTTTGGGAAGTGAACTTAAATGGCAAAGTCAATGGGGCC
GTGGAGACTTGCGGGGAGTCATTTCATAGATTTGACAAGTACTTAAACTTTTCTAACCCGCACATTGCA
CGTAATTTCAACCCAAATGCATGTGGATGGGCGTATGGTATGAATATGTTTGACTTAAAAGAATGGAA
AAAACGCGATATAACAGGAATTTATCATAAGTGGCAAAACATGAACGAAAACAGGACACTGTGGAAA
CTGGGAACGTTGCCGCCTGGACTTATTACGTTTTATGGGTTGACGCACCCGCTTAATAAAGCCTGGCAT
GTTTTAGGACTGGGATATAATCCTAGCATTGACAAGAAAGATATTGAAAACGCGGCGGTAGTGCATTA
TAATGGGAATATGAAACCGTGGCTTGAACTGGCTATGTCTAAATATAGACCGTACTGGACGAAATACA
TTAAATTTGACCATCCGTATTTACGACGGTGCAACCTGCATGAATAG

SEQID NO:53

MSVVDVIGLLATAAYVTLASAYKVVQFINVSSVIDVAGLESDALPLTPRVD VIVPTFNENSSTLLECVASIC
AQDYRGPITIVVVDDGSTNKTSFHAVCDKYASDERFIFVELDQNKGKRAAQMEAIRRTDGDLILNVDSDTV
IDKDVVTKLASSMRAPNVGGVMGQLVAKNRERSWLTRLIDMEY WLACNEERIAQSRFGSVMCCCGPCAM
YRRSAITPLLAEYEHQTFLGRPSNFGEDRHLTILMLKAGFRTGY VPGAVARTLVPDGLAPYLRQQLRWARS
TYRDTALALRIKKNLSKYITFEICAQNLGTALLLVMTMISLSLTTSGSQTPVIILGVVVGMSIIRCCSVALIAK
DFRFLYFIVHSALNVLILTPLKLYALLTIRDSRWLSRESS

SEQID NO: 54
ATGTCAGTGGTCGACGTAATTGGCCTTCTGGCCACCGCCGCCTATGTGACCCTGGCTTCCGCGTACAAA
GTAGTCCAATTTATCAATGTCTCTAGCGTGACTGACGTAGCAGGCCTTGAGAGTGATGCCCTCCCGCTT
ACACCGCGCGTAGATGTAATCGTGCCCACGTTTAATGAAAATTCTTCCACGCTGTTAGAATGCGTCGC
AAGCATTTGTGCGCAAGACTACAGAGGCCCAATCACCATTGTGGTGGTAGACGACGGCTCGACTAATA
AAACTAGCTTTCACGCAGTTTGCGACAAATATGCGTCGGATGAGCGCTTCATCTTCGTCGAACTTGATC
AGAACAAGGGGAAACGCGCTGCACAGATGGAGGCAATTCGCCGGACGGACGGCGATCTTATCTTGAA
TGTCGATTCTGATACCGTGATCGACAAGGATGTTGTTACGAAACTTGCTTCGAGCATGCGCGCACCAA
ACGTGGGTGGAGTGATGGGGCAACTGGTTGCCAAAAATCGGGAACGATCATGGCTCACACGGCTTATC
GATATGGAATATTGGTTAGCTTGTAATGAGGAGCGCATCGCTCAAAGCCGCTTTGGTTCTGTCATGTGC
TGTTGTGGTCCATGCGCGATGTACAGACGTTCTGCAATCACGCCACTTCTGGCGGAATACGAACACCA
GACATTCCTTGGACGACCGTCTAATTTTGGCGAAGATCGGCACTTAACGATTTTAATGTTGAAAGCGG
GATTTCGTACGGGGTATGTCCCAGGCGCAGTAGCTCGTACGTTAGTTCCTGACGGATTGGCTCCTTATT
TGCGTCAACAACTTCGGTGGGCCCGGAGCACATACCGTGATACAGCTCTGGCATTGCGTATTAAAAAG
AACTTATCAAAATATATCACATTTGAAATCTGCGCGCAAAATCTGGGTACGGCGCTTTTGCTTGTGATG
ACAATGATTTCGTTATCTCTTACCACATCGGGAAGTCAAACCCCGGTAATCATTCTTGGAGTTGTCGTC
GGCATGTCAATCATTAGATGTTGTTCGGTTGCCCTTATCGCTAAAGATTTITAGATTTCTCTATTTTATTG
TACATTCGGCGCTTAATGTACTGATTCTCACTCCGCTTAAATTGTACGCTCTTCTTACCATTAGAGATA
GCAGATGGTTATCGCGCGAATCAAGCTAG

SEQ ID NOs: 55-70: (see Table 2)

SEQ ID NOs: 71-82: (sce Example 4)
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CLAIMS

What is claimed is:

1. A method of decreasing the amount or concentration of a carbohydrate in the gut of a
subject comprising administering to the subject a bacterium engineered to express a heterologous
nucleic acid sequence encoding a fiber-synthesizing enzyme, wherein the fiber-synthesizing

enzyme synthesizes fiber from a carbohydrate substrate.

2. A method of increasing the amount or concentration of a fiber in the gut of a subject
comprising administering to the subject a bacterium engineered to express a heterologous nucleic
acid sequence encoding a fiber-synthesizing enzyme, wherein the fiber-synthesizing enzyme

synthesizes fiber from a carbohydrate substrate.

3. A method of treating a subject in need of decreased amount or concentration of a
carbohydrate in the gut or increased amount or concentration of a fiber in the gut comprising
administering to the subject a bacterium engineered to express a heterologous nucleic acid
sequence encoding a fiber-synthesizing enzyme, wherein the fiber-synthesizing enzyme

synthesizes fiber from a carbohydrate substrate.

4. The method of claim 3, wherein the subject is suffering from a condition positively

correlated or associated with consumption of carbohydrate.

5. The method of claim 3, wherein the subject is suffering from a condition negatively

correlated or associated with consumption of fiber.

6. The method of any one of claims 3-5, wherein the subject is suffering from a condition
selected from cardiovascular disease, heart disease, high blood pressure, high blood cholesterol,
high blood glucose, diabetes, obesity, dysbiosis of the gut, inflammatory bowel disease, irritable
bowel syndrome (IBS), diverticulitis, colorectal cancer, intestinal cancer, bloating, cramping,

gas, hemorrhoids, and diarrhea.
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7. The method of any one of claims 1-6, wherein the fiber is a soluble fiber.

8. The method of any one of claim 1-7, wherein the synthesized fiber comprises glucose,

fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose monomers.

9. The method of any one of claims 1-8, wherein the carbohydrate substrate is selected from
one or more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose, UDP-

galacturonic acid, UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose
and/or wherein the carbohydrate decreased in amount or concentration in the gut is selected from

one or more of glucose, galactose, sucrose, fructose, and/or lactose.

10. The method of any one of claim 1-9, wherein the synthesized fiber is a
fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-glucan,
laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose, nystose,
levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides (HMOs),
cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen, amylopectin,

pectin, chitin.

11. The method of any one of claims 1-10, wherein the fiber-synthesizing enzyme is selected
from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-beta-D-
glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a

glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase.

12. The method of any one of claims 1-11, wherein the fiber-synthesizing enzyme is

operatively linked with a secretion polypeptide.
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13.  The method of any one of claims 1-12, wherein the bacterium is a spore-forming

bacterium and/or is in a spore form.

14. The method of any one of claims 1-13, wherein the bacterium is a probiotic bacterium.

15.  The method of any one of claims 1-14, wherein the bacterium is of a genus selected from
Bacillus, Bifidobacterium, Enterococcus, Escherichia, Lactobacillus, Lactococcus, Leuconostoc,
Pediococcus, and Streptococcus, optionally wherein the bacterium is of the genus Bacillus,

optionally wherein the bacterium is of the species B. subfilis.

16.  The method of any one of claims 1-15, wherein the bacterium is of a strain characterized

in that it does not colonize the gut.

17. The method of any one of claims 1-16, wherein the method comprises administering the
engineered bacterium to a subject that has consumed carbohydrate and/or the carbohydrate
substrate within a preceding period, wherein the preceding period is a period of 24 hours 12

hours, 6 hours, 3 hours, or 1 hour.

18. The method of any one of claims 1-17, wherein the method comprises administering the
engineered bacterium to a subject that has not consumed carbohydrate and/or the carbohydrate

substrate.

19. The method of any one of claims 1-17, wherein the method comprises administering the
engineered bacterium to a subject that has not consumed carbohydrate and/or the carbohydrate
substrate within a preceding period, wherein the preceding period is a period of 24 hours 12

hours, 6 hours, 3 hours, or 1 hour.

20. The method of any one of claims 1-19, wherein the subject consumes carbohydrate

and/or the carbohydrate substrate during a period subsequent to administration of the engineered
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bacterium, wherein the subsequent period is a period of 24 hours 12 hours, 6 hours, 3 hours, or 1

hour.

21. The method of any one of claims 1-20, wherein the method prevents accumulation of

sugar in the colon of the subject.

22. The method of any one of claims 1-21, wherein fiber-synthesizing enzymes and/or
enzymes encoded by heterologous nucleic acid sequences comprised by the engineered

bacterium consist of the fiber-synthesizing enzyme.

23.  The method of any one of claims 1-22, wherein the administration comprises oral

administration of a composition comprising the engineered bacterium.

24.  The method of any one of claims 1-23, wherein the administration comprises

administration of about 10* to about 10'? colony forming units of the engineered bacterium.

25.  The method of claim any one of claims 1-24, wherein the nucleic acid sequence encoding

the expression product is operatively linked with a constitutive promoter.

26.  The method of claim any one of claims 1-25, wherein the nucleic acid sequence encoding

the expression product is operatively linked with a flagellin gene promoter.

27. The method of claim 26, wherein the flagellin gene promoter comprises a mutation in a
CsrA binding site, wherein the mutation in the CsrA binding site inhibits binding of CsrA to
mRNA transcripts encoding the fiber-synthesizing enzyme but does not preclude expression of

the fiber-synthesizing enzyme.

28. The method of claim 26 or claim 27, wherein the engineered bacterium comprises a

mutation of an endogenous flgM gene that reduces inhibition of a sigma factor by FIgM.
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29. A bacterium engineered to express a heterologous nucleic acid sequence encoding a
fiber-synthesizing enzyme, wherein the fiber-synthesizing enzyme synthesizes fiber from a

carbohydrate substrate.

30. The engineered bacterium of claim 29, wherein the fiber is a soluble fiber.

31 The engineered bacterium of claim 29 or claim 30, wherein the synthesized fiber
comprises glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose

monomers.

32.  The engineered bacterium of any one of claims 29-31, wherein the carbohydrate substrate
is selected from one or more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose,
UDP-galacturonic acid, UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and

SucCrose.

33.  The engineered bacterium of any one of claim 29-32, wherein the synthesized fiber is

a fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-glucan,
laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose, nystose,
levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides (HMOs),
cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen, amylopectin,

pectin, chitin.

34. The engineered bacterium of any one of claims 29-33, wherein the fiber-synthesizing
enzyme is selected from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a
1,3;1,4-beta-D-glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a

glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase.
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35. The engineered bacterium of any one of claims 29-34, wherein the fiber-synthesizing

enzyme is operatively linked with a secretion polypeptide.

36. The engineered bacterium of any one of claims 29-35, wherein the bacterium is a spore-

forming bacterium and/or is in a spore form.

37. The engineered bacterium of any one of claims 29-36, wherein the bacterium is a

probiotic bacterium.

38. The engineered bacterium of any one of claims 29-37, wherein the bacterium is of a
genus selected from Bacillus, Bifidobacterium, Enterococcus, Escherichia, Lactobacillus,
Lactococcus, Leuconostoc, Pediococcus, and Streptococcus, optionally wherein the bacterium is

of the genus Bacillus, optionally wherein the bacterium is of the species B. subfilis.

39. The engineered bacterium of any one of claims 29-38, wherein the bacterium is of a

strain characterized in that it does not colonize the gut.
40. The engineered bacterium of any one of claims 29-39, wherein fiber-synthesizing
enzymes and/or enzymes encoded by heterologous nucleic acid sequences comprised by the

engineered bacterium consist of the fiber-synthesizing enzyme.

41.  The engineered bacterium of claim any one of claims 29-40, wherein the nucleic acid

sequence encoding the expression product is operatively linked with a constitutive promoter.

42, The engineered bacterium of claim any one of claims 29-41, wherein the nucleic acid

sequence encoding the expression product is operatively linked with a flagellin gene promoter.

43, The engineered bacterium of claim 42, wherein the flagellin gene promoter comprises a

mutation in a CsrA binding site, wherein the mutation in the CsrA binding site inhibits binding
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of CsrA to mRNA transcripts encoding the fiber-synthesizing enzyme but does not preclude

expression of the fiber-synthesizing enzyme.
44, The engineered bacterium of claim 42 or claim 43, wherein the engineered bacterium
comprises a mutation of an endogenous fIgM gene that reduces inhibition of a sigma factor by

FlgM.

45. A composition comprising the engineered bacterium of any one of claims 29-44.

46. The composition of claim 45, wherein the composition is formulated for oral
administration.
47. The formulation of claim 45 or 46, wherein the formulation comprises about 10* to about

10" colony forming units of the engineered bacterium.

48.  The composition of any one of claims 45-47, wherein the composition comprises a

physiologically acceptable carrier.

49. The composition of claim 48, wherein the physiologically acceptable carrier is selected
from a lactic acid fermented food, fermented dairy product, resistant starch, dietary fiber,
carbohydrate, protein, glycosylated protein, water, capsule filler, and gummy material.

50. A bacterial cell culture comprising the engineered bacterium of any one of claims 29-44.
51. A method of decreasing the amount or concentration of a carbohydrate in the gut of a

subject comprising administering to the subject a composition comprising a fiber-synthesizing

enzyme, wherein the fiber-synthesizing enzyme synthesizes fiber from a carbohydrate substrate.
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52. A method of increasing the amount or concentration of a fiber in the gut of a subject
comprising administering to the subject a composition comprising a fiber-synthesizing enzyme,

wherein the fiber-synthesizing enzyme synthesizes fiber from a carbohydrate substrate.

53. A method of treating a subject in need of decreased amount or concentration of a
carbohydrate in the gut or increased amount or concentration of a fiber in the gut comprising
administering to the subject a composition comprising a fiber-synthesizing enzyme, wherein the

fiber-synthesizing enzyme synthesizes fiber from a carbohydrate substrate.

54. The method of claim 53, wherein the subject is suffering from a condition positively

correlated or associated with consumption of carbohydrate.

55. The method of claim 53, wherein the subject is suffering from a condition negatively

correlated or associated with consumption of fiber.

56.  The method of any one of claims 53-55, wherein the subject is suffering from a condition
selected from cardiovascular disease, heart disease, high blood pressure, high blood cholesterol,

high blood glucose, diabetes, obesity, dysbiosis of the gut, inflammatory bowel disease, irritable
bowel syndrome (IBS), diverticulitis, colorectal cancer, intestinal cancer, bloating, cramping,

gas, hemorrhoids, and diarrhea.

57.  The method of any one of claims 51-56, wherein the fiber is a soluble fiber.

58. The method of any one of claim 51-57, wherein the synthesized fiber comprises glucose,

fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose monomers.
59.  The method of any one of claims 51-58, wherein the carbohydrate substrate is selected

from one or more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose, UDP-

galacturonic acid, UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and sucrose
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and/or wherein the carbohydrate decreased in amount or concentration in the gut is selected from

one or more of glucose, galactose, sucrose, fructose, and/or lactose.

60. The method of any one of claim 51-59, wherein the synthesized fiber is a
fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-glucan,
laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose, nystose,
levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides (HMOs),
cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen, amylopectin,

pectin, chitin.

61. The method of any one of claims 51-60, wherein the fiber-synthesizing enzyme is
selected from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-
beta-D-glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a

glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase.

62. The method of any one of claims 51-61, wherein the method comprises administering the
composition to a subject that has consumed carbohydrate and/or the carbohydrate substrate
within a preceding period, wherein the preceding period is a period of 24 hours 12 hours, 6

hours, 3 hours, or 1 hour.

63. The method of any one of claims 51-62, wherein the method comprises administering the

composition to a subject that has not consumed carbohydrate and/or the carbohydrate substrate.

64. The method of any one of claims 51-62, wherein the method comprises administering the
composition to a subject that has not consumed carbohydrate and/or the carbohydrate substrate
within a preceding period, wherein the preceding period is a period of 24 hours 12 hours, 6

hours, 3 hours, or 1 hour.
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65. The method of any one of claims 51-64, wherein the subject consumes carbohydrate
and/or the carbohydrate substrate during a period subsequent to administration of the
composition , wherein the subsequent period is a period of 24 hours 12 hours, 6 hours, 3 hours,

or 1 hour.

66. The method of any one of claims 51-65, wherein the method prevents accumulation of

sugar in the colon of the subject.

67. The method of any one of claims 51-66, wherein fiber-synthesizing enzymes comprising
the composition and/or enzymes comprising the composition consist of the fiber-synthesizing

enzyme.

68.  The method of any one of claims 51-67, wherein the administration comprises oral

administration of the composition.

69. A composition comprising a fiber-synthesizing enzyme, wherein the fiber-synthesizing
enzyme synthesizes fiber from a carbohydrate substrate and wherein the composition is

formulated for oral administration.

70. The composition of claim 69, wherein the fiber is a soluble fiber.

71. The composition of claim 69 or claim 70, wherein the synthesized fiber comprises

glucose, fructose, galacturonic acid, N-acetyl-D-glucosamine, and/or galactose monomers.

72. The composition of any one of claims 69-71, wherein the carbohydrate substrate is
selected from one or more of UDP-glucose, UDP-galactose, UDP-fucose, ADP-a-D-glucose,
UDP-galacturonic acid, UDP-N-acetyl-alpha-D-glucosamine, galactinol, lactose, glucose, and

SucCrose.
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73.  The composition of any one of claim 69-72, wherein the synthesized fiber is a
fructooligosaccharide and/or is selected from laminaribiose, callose, curdlan, oat beta-glucan,
laminarin, pleuran, lentinan, yeast beta glucan, trehalulose, trehalose, inulin, kestose, nystose,
levan, raffinose, stachyose, verbascose, globotriose, human milk oligosaccharides (HMOs),
cellobiose, cellulose, microcellulose, cotton, maltose, amylose, starch, glycogen, amylopectin,

pectin, chitin.

74. The composition of any one of claims 69-73, wherein the fiber-synthesizing enzyme is
selected from a sucrase, an inulosucrase, a levansucrase, a 1,3-beta-glucan synthase, a 1,3;1,4-
beta-D-glucan synthase, a 1,6-beta-glucan synthase, a sucrose isomerase, a 1,6-alpha-
galactosyltransferase, a trehalulose synthase, a trehalose-6-phosphate synthase, an a-1,4-
galactosyltransferase, an alpha-1,2-fucosyltransferase, a beta-galactosidase, a b-D-Galactosidase,
a cellulose synthase, a maltose synthase, a starch synthase, a starch-branching enzyme, a

glycogen synthase, a galacturonosyltransferase, and a chitinoligosaccharide synthase.

75. The composition of any one of claims 69-74, wherein fiber-synthesizing enzymes
comprising the composition and/or enzymes comprising the composition consist of the fiber-

synthesizing enzyme.

76. The composition of any one of claims 69-75, wherein the composition comprises a

physiologically acceptable carrier.
77. The composition of claim 76, wherein the physiologically acceptable carrier is selected

from a lactic acid fermented food, fermented dairy product, resistant starch, dietary fiber,

carbohydrate, protein, glycosylated protein, water, capsule filler, and gummy material.
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