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BACKGROUND

[0001] Uric acid has been identified as a marker for a number of metabolic and
hemodynamic abnormalities (Stack et al. Curr. Med. Res. Opin. Suppl 2:21-26 (2015)).

[0002] Gout is a painful, debilitating and progressive metabolic and inflammatory disease
caused by abnormally elevated levels of uric acid in the blood stream. Gout is marked by
recurrent attacks of red, tender, hot, and/or swollen joints. This leads to the deposition of painful,
needle-like uric acid crystals in and around the connective tissue of the joints and in the kidneys,
resulting in inflammation, the formation of disfiguring nodules, intermittent attacks of severe
pain and kidney damage. In addition, evidence suggests that the chronic elevation of uric acid
associated with gout, known as hyperuricemia, may also have systemic consequences, including
an increased risk for kidney dysfunction and cardiovascular disease. After years of repetitive
attacks, patients suffer the development of a chronic arthritis associated with the deposition of
urate crystals and the build up to tophi in the joints (as well as in the tissues of the kidney and
heart). The involved joints tend to become chronically deformed and painful and the risk for
developing kidney stones, chronic renal insufficiency, and cardiovascular disease increases. This
later stage, more involved clinical presentation is generally referred to as chronic tophaceous
gout. Once patients reach this stage, they generally suffer multiple attacks every year.

[0003] Gout most often affects middle-aged to elderly men and postmenopausal women. The
disease is typically associated with hyperuricemia (serum urate level >=6.8 mg per deciliter,
which is the upper limit of solubility) and painful episodic acute flares which generally resolve in
one to two weeks. Disease prevalence is increasing, and the number of patients suffering could
be as high as 6-8 million in the United States, although the relapsing and remitting nature of the

disease makes it difficult to estimate a precise number. Prevalence increases with age and risk
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factors include insulin resistance and obesity, as well as a purine rich diet (meat and seafood).
Gout is the most common form of inflammatory arthritis in men over the age of 40 and
represents a significant unmet medical need with limited treatment options.

[0004] While many patients are well controlled with diet and lifestyle changes, as well as
generic medications for acute attacks, many patients still experience poor urate control and
progressive symptoms. Patients who experience two attacks per year, or who present with tophi
are considered candidates for urate lowering therapy. Three classes of drugs are approved for
lowering urate levels: xanthine oxidase inhibitors, uricosuric agents, and uricase agents.

[0005] The first line standard of care for chronic disease remains xanthine oxidase inhibition
(e.g., febuxostat, allopurinol) which blocks uric acid synthesis, and for many this is an effective
treatment option. Alternatively, uricosurics may be prescribed. Uricosuric agents (e.g.,
probenecid, lesinurad, benzbromarone) are oral drugs that inhibit the urate/anion exchanger
URAT1, which is the transporter that mediates reuptake of uric acid from the proximal tubules of
the kidney, and thus drive renal elimination of urate

[0006] Some patients fail all therapy and are thus considered chronic refractory. These patients
are candidates for uricase (also known as urate oxidase) agents which break down uric acid
directly. KRYSTEXXA® (pegloticase) is a pegylated engineered porcine/baboon hybrid uricase
that was approved by the FDA for the treatment of chronic refractory gout in September 2010.
Other uricases used to treat hyperuricemia and/or gout are non-engineered Aspergillus flavus
uricase (‘uricozyme’) and engineered Aspergillus flavus uricase expressed in S. cerevisiae
(‘rasburicase’).

[0007] Uricase converts uric acid into allantoin which is then excreted. While physicians

describe Krystexxa as effective, in the pivotal program the primary endpoint was achieved in
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only 42% of biweekly cohort and 35% of monthly cohort (v. 0% for placebo). Infusion reactions
occurred in 26% of patients receiving q2 week dosing and 40% of patients receiving q4 dosing.
Infusion reaction related discontinuation of therapy occurred in 11 and 13% and the label
includes a boxed warning for anaphylaxis. Perhaps most concerning, there were eight serious
cardiovascular events in patients in the Phase III trials versus one in the placebo arm. Krystexxa
® administration is inconvenient with patients having to undergo a 4-hour
premedication/infusion process once every two weeks.

[0008] Overall, treatment options for the majority of the chronic refractory gout population are
limited. There remains a need in the art for improved ways to treat hyperuricemia and gout, and

in particular, to treat chronic refractory gout.
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SUMMARY OF THE INVENTION

[0009] The present invention provides microbial cells that have been engineered to comprise a
uric acid degrading polypeptide. The engineered microbial cells of the invention are expected to
overcome the limitations of existing therapies, and bring relief from debilitating and crippling
pain to millions of patients suffering from hyperuricemia, gout, and in particular from refractory
gout.

[0010] In particular, the present disclosure relates to non-pathogenic microbial cells that are
engineered to comprise a uric acid degrading polypeptide (e.g., uricase), a uric acid transporter,
or both a uric acid degrading polypeptide and a uric acid transporter. The engineered microbial
cells can be probiotic cells. The engineered cells can be eukaryotic, e.g., fungal, e.g.,
Saccharomyces boulardii. The engineered cells can be bacterial, e.g., from the genus
Lactobacillus, or can be archaeal. In one embodiment, the engineered microorganism
constitutively expresses the polypeptide(s). In another embodiment, the microorganism is
probiotic.

[0011] The engineered microbial cells are useful in the treatment of diseases and conditions
associated with hyperuricemia, and in particular, gout. The present disclosure is based in part on
the selection of a uric acid degrading polypeptide (e.g., uricase) and optionally together with a
uric acid transporter that, when expressed in a microbial cell, increase uricolytic activity.

[0012] In some embodiments, pharmaceutical compositions comprising the engineered microbial
cells described herein are administered to a subject (e.g., a human subject) for treatment of a
disease or disorder. For example, the pharmaceutical composition may be administered orally to
the subject. In some embodiments, the engineered microbial cells shield the uric acid degrading

polypeptide and/or uric acid transporter from the harsh conditions encountered in the subject's
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gastrointestinal tract, unlike current uricase treatments. Such harsh conditions include but are not
limited to low pH, presence of proteases, bile acids, and other factors promoting the denaturation
and degradation of proteins. These engineered microbial cells may act as metabolic factories in
the gastrointestinal tract to effectively reduce serum uric acid levels in the subject, working
longer and more effectively than naked uricase subjected to the conditions of the gastrointestinal
tract.

[0013] In one aspect, the disclosure features a microbial cell engineered to degrade uric acid,
comprising a first exogenous polypeptide comprising a uric acid degrading polypeptide, or a
variant thereof. In one embodiment, the uric acid degrading polypeptide is a uricase, or a variant
thereof.

[0014] In one embodiment, the engineered microbial cell is a fungal cell, e.g. Saccharomyces
boulardii.

[0015] In one embodiment of the above aspects and embodiments, the uricase is a fungal uricase.
In one embodiment, the fungal uricase is derived from Candida utilis. In one embodiment, the
uricase derived from Candida utilis comprises an amino acid sequence that is at least 95%
identical to the amino acid sequence set forth in SEQ ID NO: 1. In one embodiment, the fungal
uricase is derived from Aspergillus flavus. In one embodiment, the uricase derived
from Aspergillus flavus comprises an amino acid sequence that is at least 95% identical to the
amino acid sequence set forth in SEQ ID NO: 2. In one embodiment of the above aspects and
embodiments, the uricase is a bacterial uricase. In one embodiment, the bacterial uricase is
derived from Arthrobacter globiformis. In one embodiment, the uricase derived
from Arthrobacter globiformis comprises an amino acid sequence that is at least 95% identical to

the amino acid sequence set forth in SEQ ID NO: 3. In one embodiment, the uricase is a porcine
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/ baboon uricase chimera. In one embodiment, the porcine / baboon uricase chimera comprises
an amino acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ
ID NO: 4. In one embodiment, the fungal uricase is derived from Schizosaccharomyces

pombe. In one embodiment, the uricase derived from Schizosaccharomyces pombe comprises an
amino acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID
NO: 5. In one embodiment, the bacterial uricase is derived from Bacillus subtilis. In one
embodiment, the uricase derived from Bacillus subtilis comprises an amino acid sequence that is
at least 95% identical to the amino acid sequence set forth in SEQ ID NO: 6. In one embodiment,
the fungal uricase is derived from Zygosaccharomyces parabailii. In one embodiment, the
uricase derived from Zygosaccharomyces parabailii comprises an amino acid sequence that is at
least 95% identical to the amino acid sequence set forth in SEQ ID NO: 7.

[0016] In one embodiment, the fungal uricase is derived from Spirosoma sp. KCTC 42546. In
one embodiment, the uricase derived from Spirosoma sp. KCTC 42546 comprises an amino acid
sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID NO: 8.

[0017] In one embodiment of the above aspects and embodiments, the uricase is a mutant uricase
that retains the uricolytic activity of the wild type uricase. In one embodiment of the above
aspects and embodiments, the first exogenous polypeptide is expressed inside the engineered
microbial cell. In one embodiment of the above aspects and embodiments, the engineered
microbial cell further comprises a second exogenous polypeptide comprising a uric acid
transporter, or a variant thereof.

[0018] In one embodiment, the uric acid transporter is a fungal uric acid transporter. In one

embodiment, the uric acid transporter is a bacterial uric acid transporter.
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[0019] In one embodiment, the uric acid transporter is selected from the group consisting of:
Aspergillus nidulans UapA, Aspergillus nidulans UapC, Aspergillus fumigatus UapC, Candida
albicans Xutl, Schizosaccharomyces pombe QOHE12, Bacillus subtilis PucK, Bacillus subtilis
Pucl, Escherichia coli YgfU, or Zygosaccharomyces parabailii AQZ18664, or Spirosoma sp.
KCTC 42546 WP_142773020.

[0020] In one embodiment, Aspergillus nidulans UapA comprises an amino acid sequence that is
at least 95% identical to the amino acid sequence set forth in SEQ ID NO: 9; wherein Aspergillus
nidulans UapC comprises an amino acid sequence that is at least 95% identical to the amino acid
sequence set forth in SEQ ID NO: 10; wherein Aspergillus fumigatus UapC comprises an amino
acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID NO:
11; wherein Candida albicans Xutl comprises an amino acid sequence that is at least 95%
identical to the amino acid sequence set forth in SEQ ID NO: 12; wherein Schizosaccharomyces
pombe Q9HE2 comprises an amino acid sequence that is at least 95% identical to the amino
acid sequence set forth in SEQ ID NO: 13; wherein Bacillus subtilis PucK comprises an amino
acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID NO:
14; wherein Bacillus subtilis Puc)J comprises an amino acid sequence that is at least 95%
identical to the amino acid sequence set forth in SEQ ID NO: 15; wherein Escherichia coli Y gfU
comprises an amino acid sequence that is at least 95% identical to the amino acid sequence set
forth in SEQ ID NO: 16; wherein Zygosaccharomyces parabailii AQZ18664.1 comprises an
amino acid sequence that is at least 95% identical to the amino acid sequence set forth in SEQ ID
NO: 17; wherein Spirosoma sp. KCTC 42546 WP_142773020 comprises an amino acid sequence

that is at least 95% identical to the amino acid sequence set forth in SEQ ID NO: 18.
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[0021] In one embodiment, the second exogenous polypeptide is presented at the surface of the
microbial cell.

[0022] In some embodiments, the uric acid transporter transports uric acid from outside the
microbial cell to the inside of the microbial cell. In some embodiments of the above aspects and
embodiments, the microbial cell when administered to a subject is capable of reducing serum
uric acid level in the subject. In some embodiments, the level of serum uric acid is reduced to
about 6.8 mg/dl or less.

[0023] In some embodiments of the above aspects and embodiments, the engineered microbial
cell is a eukaryotic cell. In some embodiments of the above aspects and embodiments, the
engineered microbial cell is a fungal cell. In some embodiments of the above aspects and
embodiments, the engineered microbial cell is Saccharomyces boulardii. In some embodiments
of all aspects of the invention, the uric acid degrading polypeptide is not uricase. In some
embodiments of all aspects of the invention, the uric acid degrading polypeptide is not Candida
utilis uricase.

[0024] In another aspect, the disclosure provides an engineered microbial cell comprising a first
exogenous polypeptide comprising a uric acid transporter, or a variant thereof.

[0025] In some embodiments, the first exogenous polypeptide is presented at the surface of the
engineered microbial cell.

[0026] In some embodiments, the uric acid transporter transports uric acid from outside the
microbial cell to the inside of the microbial cell.

[0027] In some embodiments of the above aspects and embodiments, the engineered microbial

cell is a fungal cell, e.g. Saccharomyces boulardii.
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[0028] In another aspect, the disclosure provides an engineered microbial cell comprising a first
exogenous polypeptide comprising a uricase, or a variant thereof, and a second exogenous
polypeptide comprising a uric acid transporter, or a variant thereof.

[0029] In another aspect, the disclosure provides an engineered microbial cell comprising a first
exogenous polypeptide comprising Candida utilis uricase, or a variant thereof, and a second
exogenous polypeptide comprising Aspergillus nidulans Uapa, or a variant thereof.

[0030] In another aspect, the disclosures provides an engineered microbial cell comprising a first
exogenous polypeptide comprising Candida utilis uricase, or a variant thereof, and a second
exogenous polypeptide comprising a uric acid transporter selected from the group consisting of
Aspergillus nidulans UapA, Aspergillus nidulans UapC, Aspergillus fumigatus UapC, Candida
albicans Xutl, Schizosaccharomyces pombe QOHE12, Bacillus subtilis PucK, Bacillus subtilis
Pucl, Escherichia coli YgfU, Zygosaccharomyces parabailii AQZ18664, or Spirosoma sp.
KCTC 42546 WP_142773020.

[0031] In some embodiments of the above aspects, the engineered microbial cell is a fungal cell,
e.g. Saccharomyces boulardii.

[0032] In another aspect, the disclosure provides a pharmaceutical composition comprising a
plurality of the engineered microbial cells of any one of the above aspects and embodiments, and
a pharmaceutically acceptable carrier. In some embodiments, the pharmaceutical composition
comprises a therapeutically effective dose of the engineered microbial cells.

[0033] In another aspect, the disclosure provides a method of treating or preventing
hyperuricemia in a subject, comprising administering to the subject the engineered microbial cell
of any of the foregoing aspects and embodiments, in an amount effective to treat or prevent

hyperuricemia in the subject. In some embodiments, the subject has a serum urate level greater
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than about 6.8 mg/dl prior to administering the engineered microbial cell. In some embodiments,
the subject has a serum urate level greater than about 8.0 mg/dl prior to administering the
engineered microbial cell. In some embodiments, the subject has a serum urate level less than
about 6.8 mg/dl after administering the engineered microbial cell. In some embodiments, the
subject has a serum urate level of about 6.0 mg/dl after administering the engineered microbial
cell. In some embodiments, the subject has been diagnosed with a disease selected from the
group consisting of: gout, rheumatoid arthritis, osteoarthritis, cerebral stroke, ischemic heart
disease, arrthythmia, and chronic renal disease. In a further embodiment, the gout is chronic
refractory gout. In some embodiments, the subject has one or more risk factors for hyperuricemia
selected from the group consisting of insulin resistance, obesity, a purine rich diet and advanced
age. In some embodiments, the subject has been diagnosed with symptomatic gout with at least 3
gout flares in the previous 18 months. In some embodiments, the subject has been diagnosed
with at least 1 gout tophus or gouty arthritis. In some embodiments, the subject has previously
been treated with a urate lowering therapy, and failed to normalize level of serum uric acid to
about 6.8 mg/dl or less. In some embodiments, the subject has a contraindication to allopurinol.
In some embodiments, the subject has a failure to normalize uric acid to less than 6 mg/dL after
at least 3 months of allopurinol treatment.

[0034] In some embodiments, the engineered microbial cell is administered to the subject about
thrice daily. In some embodiments, the method further comprises administration of a second
agent.

[0035] In another aspect, the disclosure provides an engineered microbial cell (e.g., engineered
fungal cell), comprising a first exogenous polypeptide comprising a uric acid degrading

polypeptide, or a variant thereof, produced by a process comprising introducing an exogenous
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nucleic acid encoding the first exogenous polypeptide into a microbial cell and culturing the
microbial cell under conditions suitable for production of the first exogenous polypeptide.

[0036] In another aspect, the disclosure provides an engineered microbial cell (e.g., engineered
fungal cell), comprising a first exogenous polypeptide comprising a uric acid transporter, or a
variant thereof, produced by a process comprising introducing an exogenous nucleic acid
encoding the first exogenous polypeptide into a microbial cell (e.g., fungal cell); and culturing
the microbial cell under conditions suitable for production of the first exogenous polypeptide.

[0037] In another aspect, the disclosure provides an engineered microbial cell (e.g., engineered
fungal cell), comprising at a first exogenous polypeptide comprising a uric acid degrading
polypeptide, or a variant thereof, and a second exogenous polypeptide comprising a uric acid
transporter, or a variant thereof, produced by a process comprising introducing an exogenous
nucleic acid encoding the first exogenous polypeptide into a microbial cell (e.g., fungal cell);
introducing an exogenous nucleic acid encoding the second exogenous polypeptide into a
microbial cell (e.g., fungal cell); and culturing the microbial cell under conditions suitable for
production of the first exogenous polypeptide and the second exogenous polypeptide.

[0038] In some embodiments, the uric acid degrading polypeptide is a uricase, or a variant
thereof. In some embodiments, the uric acid degrading polypeptide is an allantoinase, or variant
thereof. In some embodiments of the foregoing aspects, the exogenous nucleic acid comprises
DNA or RNA. In some embodiments, the introducing step comprises electroporation or chemical
transformation.

[0039] In some embodiments of the foregoing aspects, the introducing step comprises
introducing the first exogenous nucleic acid encoding the first exogenous polypeptide by

electroporation of an episomal vector. In some embodiments of the foregoing aspects, the
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introducing step comprises introducing the first exogenous nucleic acid encoding the first
exogenous polypeptide and the second exogenous nucleic acid encoding the second exogenous
polypeptide by electroporation of an episomal vector, wherein the first exogenous nucleic acid
and the second exogenous nucleic acid are contained in the same episomal vector.

[0040] In some embodiments of the foregoing aspects, the introducing step comprises
introducing the first exogenous nucleic acid encoding the first exogenous polypeptide by
electroporation of a first episomal vector, and introducing the second exogenous nucleic acid
encoding the second exogenous polypeptide by electroporation of a second episomal vector.

[0041] In some embodiments of the foregoing aspects, the episomal vector comprises a promoter
selected from the group consisting of Saccharomyces boulardii phosphoglycerate kinase 1

(PGK1), GPD (also known as TDH3 or GAPDH), GPM1, TPI1, or TEF1 promoter.
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BRIEF DESCRIPTION OF DRAWINGS

[0042] Non-limiting and non-exhaustive examples of several of the various
embodiments of the present subject matter are described with references to the
following figures, and reference numbers refer to the same features throughout the
various views and embodiments unless otherwise specified.

[0043] FIG. 1 is a genetic map of episomal plasmid used to transform S.
boulardii, by way of an example embodiment, and provide it with the ability to
degrade uric acid, as described in Example 1.

[0044] FIG. 2 shows the absorbance spectra of uric acid solutions in Phosphate
Buffered Saline (PBS) with no addition of yeast, with non-modified wild-type S.
boulardii cells added, and with modified S. boulardii cells expressing Candida
utilis uricase and Aspergillus nidulans UapA uric acid transporter.

[0045] FIG. 3 shows the absorbance of: uric acid solutions in PBS, in PS with
addition of non-modified wild-type S. boulardii cells, and in PBS with addition of
modified S. boulardii cells expressing Candida utilis uricase and Aspergillus
nidulans UapA uric acid transporter, observed over time at 293 nm.

[0046] FIG. 4 shows the urate consumption assay comparing urate uptake and
breakdown capacity for probiotic strains produced as outlined in Example 1,

Example 7, and Example 8.

14
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DETAILED DESCRIPTION OF THE DRAWINGS

[0047] Now in reference to FIG. 1, it is a Genetic map of episomal plasmid used to transform 1
S. boulardii and provide it with the ability to degrade uric acid, as described in Example 1. The
genetic map shows Saccharomyces boulardii GPD (TDH3) promoter [1]; Candida utilis uricase
ORF [2]; Saccharomyces boulardii VPS13 terminator [3]; Saccharomyces boulardii TP11
promoter [4]; G418 — Resistance ORF [5]; Saccharomyces boulardii [6]; F1 Origin of
replication [7]; Ampicilin Resistance ORF [8]; Saccharomyces boulardii 2 micron plasmid
origin of replication [9]; Saccharomyces boulardii Pm9 terminator [10]; Spergilus nidulans
UapA Uric acid transporter ORF [11]; and Saccharomyces boulardii Pgkl promoter [12].

[0048] Now in reference to FIG. 2, it is an absorbance spectra of uric acid solutions in PBS with
no addition (“No yeast”, left 3 panels), with non-modified wild-type S. boulardii cells added
(“wild-type S. boulardii’, center 2 panels), and with modified S. boulardii cells expressing
Candida utilis uricase and Aspergillus nidulans UapA uric acid transporter (“S. boulardii +
AnUapA + CuUOX”, right 2 panels). Top row: before addition of yeast. Center row: after 10’
incubation at 37°C. Bottom row: after 40’ incubation at 37°C. X-axis: wavelength. Y-axis:
absorbance. Uric acid is progressively degraded in the Uric acid solution with modified S.
boulardii cells expressing Candida utilis uricase and Aspergillus nidulans UapA uric acid
transporter added, as indicated by the progressive reduction of the peak at 293 nm. In contrast,
Uric acid is not degraded in the Uric acid solution with non-modified wild-type S. boulardii cells
added, as indicated by the fact the peak at 293 nm did not change over time. Uric acid also was
not degraded in the Uric acid solution no S. boulardii cells added, as indicated by the fact no

decrease in the peak at 293 nm was observed over time.
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[0049] Now in reference to FIG. 3, it shows absorbance at 293 nm of uric acid solutions in PBS
with no addition (“UA in PBS”, left 3 columns), with non-modified wild-type S. boulardii cells
added (“UA in PBS + wild-type S. boulardii”, 4™ and 5 columns), and with modified S.
boulardii cells expressing Candida utilis uricase and Aspergillus nidulans UapA uric acid
transporter (“UA in PBS + S. boulardii + AnUapA + CuUOX?”, right 2 columns). X-axis:
absorbance at 293 nm. Uric acid is progressively degraded in the Uric acid solution with
modified S. boulardii cells expressing Candida utilis uricase and Aspergillus nidulans UapA uric
acid transporter added, as indicated by the progressive decrease in Absorbance at 293 nm. In
contrast, Uric acid is not degraded in the Uric acid solution with non-modified wild-type S.
boulardii cells added, as indicated by the fact no decrease in Absorbance at 293 nm was
observed over time. Uric acid also was not degraded in the Uric acid solution no S. boulardii
cells added, as indicated by the fact no decrease in Absorbance at 293 nm was observed over
time.

[0050] Now in reference to FIG. 4, it shows a Urate consumption assay comparing urate uptake
and breakdown capacity for probiotic strains produced as outlined in Example 1, Example 7, and
Example 8. S. boulardii cells expressing Candida utilis uricase and Aspergillus nidulans UapA
uric acid transporter (“C. utilis UOX + A. nidulans Tporter”), produced as outlined in Example 1
most rapidly depleted urate in the assay buffer, followed by S. boulardii cells expressing
Candida utilis uricase and Zygosaccharomyces parabailii uric acid transporter (“C. utilis UOX +
Z. parabailii Tporter”), produced as outlined in Example 8, followed by S. boulardii cells
expressing Zygosaccharomyces parabailii uricase and Aspergillus nidulans UapA uric acid

transporter (“Z. parabailii UOX + A. nidulans Tporter”).
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DETAILED DESCRIPTION OF THE INVENTION

[0051] In this Specification, which includes the figures, claims, and this detailed description,
reference is made to particular and possible features of the embodiments of the invention,
including method steps. These particular and possible features are intended to include all
possible combinations of such features, without exclusivity. For instance, where a feature is
disclosed in a specific embodiment or claim, that feature can also be used, to the extent possible,
in combination with and/or in the context of other aspects and embodiments of the invention, and
in the invention generally. Additionally, the disclosed architecture is sufficiently configurable,
such that it may be utilized in ways other than what is shown.

[0052] The purpose of the Abstract of this Specification is to enable the U.S. Patent and
Trademark Office and the public generally, and especially the scientists, engineers and
practitioners of the art who are not familiar with patent or legal terms or phrasing, to determine
quickly from a cursory inspection the nature and essence of the technical disclosure of the
application. The Abstract is not intended to be limiting as to the scope of the invention in any
way.

[0053] In the following description, numerous specific details are given in order to provide a
thorough understanding of the present embodiments. It will be apparent, however, to one having
ordinary skill in the art, that the specific detail need not be employed to practice the present
embodiments. On other instances, well-known materials or methods have not been described in
detail in order to avoid obscuring the present embodiments. When limitations are intended in this
Specification, they are made with expressly limiting or exhaustive language.

[0054] Reference throughout this Specification to “one embodiment”, “an embodiment”, “one

example” or “an example” means that a particular feature, structure, or characteristic described
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in connection with the embodiment or example is included in at least one embodiment of the

EE TS

present embodiments. Thus, appearances of the phrases “in one embodiment”, “according to an
embodiment”, “in an embodiment”, “one example”, “for example”, “an example”, or the like, in
various places throughout this Specification are not necessarily all referring to the same
embodiment or example. Furthermore, the particular features, structures, or characteristics may
be combined in any suitable combinations and/or sub-combinations in one or more embodiments
or examples.

[0055] The terms “comprises”, “comprising”, “includes”, “including”, “has”, “having”, “could”,
“could have” or their grammatical equivalents, are used in this Specification to mean that other
features, components, materials, steps, etc. are optionally present as a non-exclusive inclusion.
For instance, a device “comprising” (or “which comprises” or “is comprised of”’) components A,
B, and C can contain only components A, B, and C, or can contain not only components A, B,
and C but also one or more other components. For example, a method comprising two or more
defined steps can be carried out in any order or simultaneously, unless the context excludes that
possibility; and the method can include one or more other steps which are carried out before any
of the defined steps, between two of the defined steps, or after all the defined steps, unless the
context excludes that possibility.

[0056] Further, unless expressly stated to the contrary, “or” refers to an inclusive or and not to an
exclusive or. For example, An embodiment could have optional features A, B, or C, so the
embodiment could be satisfied with A in one instance, with B in another instance, and with C in

a third instance, and probably with AB, AC, BC, or ABC if the context of features does not

exclude that possibility.
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[0057] Examples or illustrations given are not to be regarded in any way as restrictions on, limits
to, or express definitions of any term or terms with which they are utilized. Instead, these
examples or illustrations are to be regarded as being described with respect to one particular
embodiment and as being illustrative only. Those of ordinary skill in the art will appreciate that
any term or terms with which these example or illustrations are utilized will encompass other
embodiments, which may or may not be given in this Specification, and all such embodiments
are intended to be included within the scope of that term or terms. Language designating such
nonlimiting examples and illustrations includes, but is not limited to “for example”, “for

9 e EE RN

instance”, “etc.”, “or otherwise”, and “in one embodiment.”

[0058] The phrase “at least” followed by a number is used to denote the start of a range
beginning with that number, which may or may not be a range having an upper limit, depending
on the variable defined. For instance, “at least 1”” means 1 or more.

[0059] In this specification. “a” and “an” and similar phrases are to be interpreted as “at least
one” and “one or more.” In this specification, the term “may” or “can be” or “could be” is to be
interpreted as “may, for example.” In other words, the term “may” is indicative that the phrase
following the term “may” is an example of one of a multitude of suitable possibilities that may,
or may not, be employed to one or more of the various embodiments.

[0060] The phrase “a plurality of” followed by a feature, component, or structure is used to mean
more than one, specifically including a great many, relative to the context of the component.

[0061] It is the applicant’s intent that only claims that include the express language “means for”

or “step for” be interpreted under 35 U.S.C. §112. Claims that do not expressly include the

phrase “means for” or “step for” are not to be interpreted under 35 U.S.C. §112.
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[0062] The disclosure of this patent document incorporates material which is subject to
copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the Patent and Trademark
Office patent file or records, for the limited purpose required by law, but otherwise reserves all
copyright rights whatsoever.

[0063] The present disclosure is based on the development of microbial cells, e.g., fungal cells,
that have been engineered to include a uric acid degrading polypeptide, a uric acid transporter, or
both a uric acid degrading polypeptide and a uric acid transporter.

[0064] According to embodiments of the present disclosure, the engineered microbial cells are
fungal, bacterial, or archaeal cells. According to embodiments of the present disclosure, the uric
acid degrading polypeptide is located inside the cell (e.g., expressed in a microbial cell) and the
uric acid transporter is located at the surface of the microbial cell, such that the uric acid
transporter promotes uptake of uric acid into the cell.

[0065] The engineered microbial cells of the present invention provide advantages to, for
example, non-engineered cells. In contrast to the microbial cells of the present invention, which
are engineered to comprise a uric acid degrading polypeptide inside the cell, a non-engineered
microbial cell is limited with respect to the levels of polypeptide that may be present in the cell.
According to embodiments of the present disclosure, the engineered microbial cells are fungal
cells (e.g., Saccharomyces boulardii).

[0066] Moreover, the engineered microbial cells of the invention confer protection to bile acid,
proteolytic enzymes, and / or acid pH to the uric acid degrading polypeptide, and/or the uric acid

transporter, as compared to when the uric acid degrading polypeptide, and/or the uric acid
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transporter polypeptides are administered to a subject alone (i.e., not present in or on a microbial
cell).

[0067] Many modifications and other embodiments of the inventions set forth herein will easily
come to mind to one skilled in the art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the
appended claims. Although specific terms are employed herein, they are used in a generic and
descriptive sense only and not for purposes of limitation.

[0068] As used herein, the terms “about”, “approximate”, and “substantially” when referring to a
measurable value such as an amount, a temporal duration, and the like; would be understood by a
person of ordinary skill in the art that the given feature is close enough to the exact feature or
value that the invention can still be practiced; i.e., that the difference is not so significant as to
render the present invention inoperable. From a quantifiable perspective, it might be helpful to
think of these terms as encompassing variations of +20% or +10%, more preferably +5%, even
more preferably +1%, and still more preferably +0.1% from the specified value, as such
variations are appropriate to perform the disclosed methods.

[0069] As used herein, any concentration range, percentage range, ratio range, or integer range is
to be understood to include the value of any integer within the recited range and, when
appropriate, fractions thereof (such as one tenth and one hundredth of an integer), unless
otherwise indicated.

[0070] As used herein, the terms “such as”, “for example” and the like are intended to refer to

exemplary embodiments and not to limit the scope of the present disclosure.

21



WO 2021/142491 PCT/US2021/070014

[0071] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although any methods and materials similar or equivalent to those described herein can
be used in the practice for testing of the present invention, preferred materials and methods are
described herein.

[0072] As used herein, a “microbial cell”, or “microbe” refers to single-celled organisms,
whether organized as colonies, suspensions, individual cells, or other configurations and
collections; alive or dead or in a state of metabolic statis or suspension; including but not limited
to organisms such as Bacteria, Archaea, Fungi, or Protists. Clearly, cells capable of enzymatic
activity are needed to transport and degrade uric acid, and thus practice the invention. For
example, bacterial microbes may include e.g., Lactobacillus casei, and fungal microbes may
include e.g., Saccharomyces boulardii.

[0073] As used herein, an “additional therapeutic” refers to any therapeutic that is used in
addition to another treatment. For example, when the method is one directed to treatment with
the engineered microbial cells described herein, and the method comprises the use of an
additional therapeutic, the additional therapeutic is in addition to the engineered microbial cells
described herein. Generally, the additional therapeutic will be a different therapeutic. The
additional therapeutic may be administered at the same time or at a different time and/or via the
same mode of administration or via a different mode of administration, as that of the other
therapeutic. In preferred embodiments, the additional therapeutic will be given at a time and in a
way that will provide a benefit to the subject during the effective treatment window of the other
therapeutic. When two compositions are administered with a specific time period, generally the

time period is measured from the start of the first composition to the start of the second
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composition. As used herein, when two compositions are given within an hour, for example, the
time before the start of the administration of the first composition is about an hour before the
start of the administration of the second composition. In some embodiments, the additional
therapeutic is another therapeutic for the treatment of gout or a condition associated with gout.
As used herein, a "gout therapeutic” is any therapeutic that can be administered and from which a
subject with gout may derive a benefit because of its administration. In some embodiments, the
gout therapeutic is an oral gout therapeutic (i.e., a gout therapeutic that can be taken or given
orally).

[0074] As used herein, “dose” refers to a specific quantity of a pharmacologically active material
for administration to a subject for a given time. Unless otherwise specified, the doses recited
refer to an engineered microbial cell comprising a uric acid degrading polypeptide as described
herein, an engineered microbial cell comprising a uric acid transporter as described herein, or an
engineered microbial cell comprising a uric acid degrading polypeptide and a uric acid
transporter as described herein. In some embodiments, a dose of engineered microbial cells
refers to an effective amount of engineered microbial cells. For example, in some embodiments a
dose or effective amount of engineered microbial cells comprises at least 1076 CFUs of
engineered microbes per dose. In some embodiments, a dose or effective amount of engineered
microbial cells refers to about 1076 — 10*12 engineered microbial cells per dose. When referring
to a dose for administration, in an embodiment of any one of the methods, compositions or kits
provided herein, any one of the doses provided herein is the dose as it appears on a label/label
dose.

[0075] As used herein, a “drug-induced” gout flare refers to an occurrence of or increased

incidence of a gout flare associated with initiation of therapy to treat gout and/or administration
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of a therapeutic agent for the treatment of gout, for example, initiation of therapy with a xanthine
oxidase inhibitor, urate oxidase, or a uricosuric agent. A gout flare is “associated” with initiation
of gout therapy when the flare occurs contemporaneously or following at least a first
administration of a therapeutic agent for the treatment of gout.

[0076] As used herein, an “elevated serum uric acid level" refers to any level of uric acid in a
subject's serum that may lead to an undesirable result or would be deemed by a clinician to be
elevated. In an embodiment, an elevated serum uric acid level refers to a level of uric acid
considered to be above normal by the American Medical Association. In an embodiment, the
subject of any one of the methods provided herein can have a serum uric acid level of >5 mg/dL,
>6 mg/dL, or >7 mg/dL. Such a subject may be a hyperuricemic subject. Whether or not a
subject has elevated blood uric acid levels can be determined by a clinician, and in some
embodiments, the subject is one in which a clinician has identified or would identify as having
elevated serum uric acid levels.

[0077] As used herein, the term “endogenous” is meant to refer to a native form of compound
(e.g., a small molecule) or process. For example, in some embodiments, the term “endogenous”
refers to the native form of a nucleic acid or polypeptide in its natural location in the organism or
in the genome of an organism.

[0078] As used herein, the term “an engineered cell” is meant to refer to a genetically-modified
cell or progeny thereof.

[0079] As used herein, the term “microbial” cell refers to a cell, e.g., a bacterial, fungal or
archaeal cell, which may be a prokaryotic or eukaryotic cell. As used herein, a microbial cell

includes a metabolically inactive spore or cell capable of germinating into or of being
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reconstituted into a metabolically active cell. As used herein, a microbial cell includes freeze-
dried, spray-dried, or otherwise dried microbial cell.

[0080] As used herein, the term “probiotic” refers to live microbial cells that, when administered
in adequate amounts, may or may not confer a health benefit on the host, and do not exert
harmful effects.

[0081] As used herein, the term “exogenous,” when used in the context of nucleic acid, includes
a transgene and engineered nucleic acids.

[0082] As used herein, the term “exogenous nucleic acid” refers to a nucleic acid (e.g., a gene)
which is not native to a cell, but which is introduced into the cell or a progenitor of the cell. An
exogenous nucleic acid may include a region or open reading frame (e.g., a gene) that is
homologous to, or identical to, an endogenous nucleic acid native to the cell. In some
embodiments, the exogenous nucleic acid comprises RNA. In some embodiments, the exogenous
nucleic acid comprises DNA. In some embodiments, the exogenous nucleic acid is integrated
into the genome of the cell. In some embodiments, the exogenous nucleic acid is processed by
the cellular machinery to produce an exogenous polypeptide. In some embodiments, the
exogenous nucleic acid is not retained by the cell or by a cell that is the progeny of the cell into
which the exogenous nucleic acid was introduced.

[0083] As used herein, the term “exogenous polypeptide” refers to a polypeptide that is not
produced by a wild-type cell of that type or is present at a lower level in a wild-type cell than in a
cell containing the exogenous polypeptide. In some embodiments, an exogenous polypeptide
refers to a polypeptide that is introduced into or onto a cell, or is caused to be expressed by the
cell by introducing an exogenous nucleic acid encoding the exogenous polypeptide into the cell

or into a progenitor of the cell. In some embodiments, an exogenous polypeptide is a polypeptide
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encoded by an exogenous nucleic acid that was introduced into the cell, or a progenitor of the
cell, which nucleic acid is optionally not retained by the cell.

[0084] As used herein, the term “express” or “expression” refers to the process to produce a
polypeptide, including transcription and translation. Expression may be, e.g., increased by a
number of approaches, including: increasing the number of genes encoding the polypeptide,
increasing the transcription of the gene (such as by placing the gene under the control of a
constitutive promoter), increasing the translation of the gene, knocking out of a competitive
gene, or a combination of these and/or other approaches.

[0085] As used herein, the term "transcription regulatory sequence” refers to a first nucleotide
sequence that regulates transcription of a second nucleotide sequence to which it is operatively
linked.

[0086] A "promoter" is a transcription regulatory sequence at least sufficient to promote the
transcription of a nucleotide sequence in DNA into an RNA transcript. A transcript transcribed
from a promoter typically includes sequences from the promoter downstream of the transcription
start site, as well as downstream sequences that, in the case of mRNA, encode an amino acid
sequence. Promoters are the best-characterized transcriptional regulatory sequences because of
their predictable location immediately upstream of transcription start sites. Promoters include
sequences that modulate the recognition, binding and transcription initiation activity of the RNA
polymerase. These sequences can be cis acting or can be responsive to trans acting factors.
Promoters, depending upon the nature of the regulation, can be constitutive or regulated. They

are often described as having two separate segments: core and extended promoter regions.
[0087] The core promoter includes sequences that are sufficient for RNA polymerase

recognition, binding and transcription initiation. The core promoter includes the transcriptional
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start site, an RNA polymerase binding site, and other general transcription binding sites and is
where the pre-initiation complex forms and the general transcription machinery assembles. The
pre-initiation complex is generally within 50 nucleotides (nt) of the transcription start site (TSS).

[0088] The core promoter also includes a sequence for a ribosome binding site, necessary for
translation of an mRNA into a polypeptide.

[0089] The extended promoter region includes the so-called proximal promoter, which extends
to about 250 nucleotides upstream of the transcriptional start site (i.e. , -250 nt). It includes
primary regulatory elements such as specific transcription factor binding sites. It has been found
that many genes have transcription regulatory elements located further upstream. In particular, a
fragment that includes most of the transcription regulatory elements of a gene can extend up to
700 nt or more up-stream of the transcription start site. In certain genes, transcription regulatory
sequences have been found thousands of nucleotides upstream of the transcriptional start site.

[0090] As used herein, a nucleotide sequence is "operatively linked" or “operably linked” with a
transcription regulatory sequence when the transcription regulatory sequence functions in a cell
to regulate transcription of the nucleotide sequence. This includes promoting transcription of the
nucleotide sequence through an interaction between a polymerase and a promoter.

[0091] As used herein, a first nucleotide sequence is "heterologous” to a second nucleotide
sequence if the first nucleotide sequence is not operatively linked with the second nucleotide
sequence in nature. By extension, a polypeptide is "heterologous” to an expression control
sequence if it is encoded by nucleotide sequence heterologous the promoter.

[0092] As used herein, the terms “first”, “second” and “third”, etc. with respect to exogenous

polypeptides are used for convenience of distinguishing when there is more than one type of
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exogenous polypeptide. Use of these terms is not intended to confer a specific order or
orientation of the exogenous polypeptides unless explicitly so stated.

[0093] As used herein, the term “fragment” refers to sequences of at least 6 (contiguous) nucleic
acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific hybridization
in the case of nucleic acids or for specific recognition of an epitope in the case of amino acids,
and are at most some portion less than a full-length sequence. Fragments may be derived from
any contiguous portion of a nucleic acid or amino acid sequence of choice.

[0094] As used herein, the term “gene” is used broadly to refer to any segment of nucleic acid
associated with expression of a given RNA or protein. Thus, genes include regions encoding
expressed RNAs (which typically include polypeptide coding sequences) and, often, the
regulatory sequences required for their expression. Genes can be obtained from a variety of
sources, including cloning from a source of interest or synthesizing from known or predicted
sequence information, and may include sequences designed to have specifically desired
parameters.

[0095] As used herein, the term “gout” generally refers to a disorder or condition associated with
the buildup of uric acid, such as deposition of uric crystals in tissues and joints, and/or a
clinically relevant elevated serum uric acid level. Accumulation of uric acid may be due to
overproduction of uric acid or reduced excretion of uric acid. Gout may range from
asymptomatic to severe and painful inflammatory conditions. A “disease, condition or disorder
associated with gout” refers to any condition in a subject where the subject experiences local
and/or systemic effects of gout, including inflammation and immune responses, and in which the
condition is caused or exacerbated by, or the condition can result in or exacerbate, gout. A gout

flare is an attack or exacerbation of gout symptoms, which can happen at any time. Gout flares
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can include gout flares that occur after the administration of a uric acid lowering therapy. As
used herein, the term “chronic refractory gout™ refers to symptomatic gout in which conventional
urate-lowering therapies are contraindicated or ineffective to control gout and/or hyperuricemia.
Chronic refractory gout is often characterized by recurrent gout flares, chronic gout arthropathy
with or without bony erosions, visible progressive tophi, physical disability, and/or poor health-
related quality of life.

[0096] As used herein, the term “hyperuricemia” refers to the presence of high levels of uric acid
in the blood. Hyperuricemia may occur because of decreased excretion. Hyperuricemia may also
occur from increased production, or a combination of the two mechanisms.

[0097] As used herein the term “nucleic acid molecule” refers to a single or double- stranded
polymer of deoxyribonucleotide or ribonucleotide bases. It includes chromosomal DNA and self-
replicating plasmids, vectors, mRNA, tRNA, siRNA, etc. which may be engineered and from
which exogenous polypeptides may be expressed when the nucleic acid is introduced into a cell.

[0098] The following terms are used herein to describe the sequence relationships between two
or more nucleic acids or polynucleotides: (a) “reference sequence”, (b) “comparison window”,
(c) “sequence identity”, (d) “percentage of sequence identity”, and (e) “substantial identity.”

[0099] The term “reference sequence” refers to a sequence used as a basis for sequence
comparison. A reference sequence may be a subset or the entirety of a specified sequence; for
example, as a segment of a full-length cDNA or gene sequence, or the complete cDNA or gene
sequence

[0100] The term “comparison window” refers to a contiguous and specified segment of a
polynucleotide sequence, wherein the polynucleotide sequence may be compared to a reference

sequence and wherein the portion of the polynucleotide sequence in the comparison window may
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comprise additions or deletions (i.e ., gaps) compared to the reference sequence (which does not
comprise additions or deletions) for optimal alignment of the two sequences. Generally, the
comparison window is at least 20 contiguous nucleotides in length, and optionally can be at least
30 contiguous nucleotides in length, at least 40 contiguous nucleotides in length, at least 50
contiguous nucleotides in length, at least 100 contiguous nucleotides in length, or longer. Those
of skill in the art understand that to avoid a high similarity to a reference sequence due to
inclusion of gaps in the polynucleotide sequence, a gap penalty typically is introduced and is
subtracted from the number of matches. Methods of alignment of sequences for comparison are
well-known in the art. Optimal alignment of sequences for comparison may be conducted by the
local homology algorithm of Smith and Waterman, Adv. Appl. Math. 2:482 (1981); by the
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443 (1970); by the
search for similarity method of Pearson and Lipman, Proc. Natl. Acad. Sci. 85:2444 (1988); by
computerized implementations of these algorithms, including, but not limited to: CLUSTAL in
the PC/Gene program by Intelligenetics, Mountain View, Calif.; GAP, BESTFIT, BLAST,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group
(GCG), 575 Science Dr., Madison, Wis., USA; the CLUSTAL program is well described by
Higgins and Sharp, Gene 73:237-244 (1988); Higgins and Sharp, CABIOS 5:151-153 (1989);
Corpet, Nucleic Acids Research 16:10881-90 (1988); Huang, et al., CABIOS, 8:155-65 (1992),
and Pearson, et al., Methods in Molecular Biology, 24:307-331 (1994). The BLAST family of
programs, which can be used for database similarity searches, includes: BLASTN for nucleotide
query sequences against nucleotide database sequences; BLASTX for nucleotide query
sequences against protein database sequences; BLASTP for protein query sequences against

protein database sequences; TBLASTN for protein query sequences against nucleotide database
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sequences; and TBLASTX for nucleotide query sequences against nucleotide database
sequences. See, Current Protocols in Molecular Biology, Chapter 19, Ausubel, et al, Eds.,
Greene Publishing and Wiley-Interscience, New York (2003). Unless otherwise stated, sequence
identity/similarity values provided herein refer to the value obtained using the BLAST 2.0 suite
of programs using default parameters. Altschul et al, Nucleic Acids Res. 25:3389-3402 (1997).
Software for performing BLAST analyses is publicly available, e.g., through the National Center
for Biotechnology-Information. This algorithm involves first identifying high scoring sequence
pairs (HSPs) by identifying short words of length W in the query sequence, which either match
or satisfy some positive-valued threshold score T when aligned with a word of the same length in
a database sequence. T is referred to as the neighborhood word score threshold (Altschul et al,
supra). These initial neighborhood word hits act as seeds for initiating searches to find longer
HSPs containing them. The word hits then are extended in both directions along each sequence
for as far as the cumulative alignment score can be increased. Cumulative scores are calculated
using, for nucleotide sequences, the parameters M (reward score for a pair of matching residues;
always>0) and N (penalty score for mismatching residues; always O). For amino acid sequences,
a scoring matrix is used to calculate the cumulative score. Extension of the word hits in each
direction are halted when: the cumulative alignment score falls off by the quantity X from its
maximum achieved value; the cumulative score goes to zero or below, due to the accumulation
of one or more negative scoring residue alignments; or the end of either sequence is reached. The
BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the alignment.
The BLASTN program (for nucleotide sequences) uses as defaults a word length (W) of 11, an
expectation (E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both strands. For amino

acid sequences, the BLASTP program uses as defaults a word length (W) of 3, an expectation
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(E) of 10, and the BLOSUMG62 scoring matrix (see Henikoff and Henikoff Proc. Natl. Acad. Sci.
USA 89.10915 (1989). In addition to calculating percent sequence identity, the BLAST
algorithm also performs a statistical analysis of the similarity between two sequences (see, €.g.,
Karlin and Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5887 (1993)). One measure of
similarity provided by the BLAST algorithm is the smallest sum probability (P(N)), which
provides an indication of the probability by which a match between two nucleotide or amino acid
sequences would occur by chance. BLAST searches assume that proteins may be modeled as
random sequences. However, many real proteins comprise regions of nonrandom sequences
which may be homopolymeric tracts, short-period repeats, or regions enriched in one or more
amino acids. Such low-complexity regions may be aligned between unrelated proteins even
though other regions of the protein are entirely dissimilar. A number of low-complexity filter
programs may be employed to reduce such low-complexity alignments. For example, the SEG
(Wootton and Federhen, Comput. Chem., 17:149-163 (1993)) and XNU (Claverie and States,
Comput. Chem., 17:191-201 (1993)) low-complexity filters may be employed alone or in
combination

[0101] The term “sequence identity” or “identity” in the context of two nucleic acid or
polypeptide sequences is used herein to refer to the residues in the two sequences that are the
same when aligned for maximum correspondence over a specified comparison window. When
percentage of sequence identity is used in reference to proteins it is recognized that residue
positions that are not identical often differ by conservative amino acid substitutions, i.e., where
amino acid residues are substituted for other amino acid residues with similar chemical
properties (e.g. charge or hydrophobicity) and therefore do not change the functional properties

of the molecule. Where sequences differ in conservative substitutions, the percent sequence
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identity may be adjusted upwards to correct for the conservative nature of the substitution.
Sequences that differ by such conservative substitutions are said to have “sequence similarity” or
“similarity.” Means for making this adjustment are well-known to those of skill in the art.
Typically this involves scoring a conservative substitution as a partial rather than a full
mismatch, thereby increasing the percentage sequence identity. Thus, for example, where an
identical amino acid is given a score of 1 and a non-conservative substitution is given a score of
zero, a conservative substitution is given a score between zero and 1. The scoring of conservative
substitutions is calculated, e.g., according to the algorithm of Myers and Miller, CABIOS, 4:11-
17 (1988) e.g., as implemented in the program PC/GENE (Intelligenetics, Mountain View,
Calif., USA)

[0102] The term “percentage of sequence identity” is used herein mean the value determined by
comparing two optimally aligned sequences over a comparison window, wherein the portion of
the polynucleotide sequence in the comparison window may comprise additions or deletions ( i.e
., gaps) as compared to the reference sequence (which does not comprise additions or deletions)
for optimal alignment of the two sequences. The percentage is calculated by determining the
number of positions at which the identical nucleic acid base or amino acid residue occurs in both
sequences to yield the number of matched positions, dividing the number of matched positions
by the total number of positions in the window of comparison, and multiplying the result by 100
to yield the percentage of sequence identity.

[0103] The term “substantial identity” of polynucleotide sequences means that a polynucleotide
comprises a sequence that has at least 60% sequence identity, at least 70% sequence identity, at
least 80% sequence identity, at least 90% sequence identity, or at least 95% sequence identity,

compared to a reference sequence using one of the alignment programs described using standard
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parameters. One of skill will recognize that these values may be adjusted appropriately to
determine corresponding identity of proteins encoded by two nucleotide sequences by taking into
account codon degeneracy, amino acid similarity, reading frame positioning and the like.
Substantial identity of amino acid sequences for these purposes normally means sequence
identity of at least 60%, at least 70%, at least 80%, at least 90%, or at least 95%. Another
indication that nucleotide sequences are substantially identical is if two molecules hybridize to
each other under stringent conditions. However, nucleic acids that do not hybridize to each other
under stringent conditions are still substantially identical if the polypeptides that they encode are
substantially identical. This may occur, e.g., when a copy of a nucleic acid is created using the
maximum codon degeneracy permitted by the genetic code. One indication that two nucleic acid
sequences are substantially identical is that the polypeptide that the first nucleic acid encodes is
immunologically cross reactive with the polypeptide encoded by the second nucleic acid.
Mutations may also be made to the nucleotide sequences of the present proteins by reference to
the genetic code, including taking into account codon degeneracy.

[0104] As used herein, the term "probiotic composition” refers to a composition comprising
probiotic microorganisms and a physiologically acceptable carrier. Typically, a probiotic
composition confers a health or wellness benefit on the host subject to whom it is administered.

[0105] As used herein, the term "physiologically acceptable” refers to a carrier that is compatible
with the other ingredients of a composition and can be safely administered to a subject. Probiotic
compositions and techniques for their preparation and use are known to those of skill in the art in
light of the present disclosure. For a detailed listing of suitable pharmacological compositions
and techniques for their administration one may refer to texts such as Remington's

Pharmaceutical Sciences, 17th ed. 1985; Brunton et al. , "Goodman and Gilman's The
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Pharmacological Basis of Therapeutics,” McGraw-Hill, 2005; University of the Sciences in
Philadelphia (eds.), "Remington: The Science and Practice of Pharmacy,"” Lippincott Williams &
Wilkins, 2005; and University of the Sciences in Philadelphia (eds.), "Remington: The Principles
of Pharmacy Practice," Lippincott Williams & Wilkins, 2008.

[0106] The probiotic composition may be a liquid formulation or a solid formulation. When the
probiotic composition is a solid formulation it may be formulated as a tablet, a sucking tablet, a
chewing tablet, a chewing gum, a capsule, a sachet, a powder, a granule, a coated particle, a
coated tablet, an enterocoated tablet, an enterocoated capsule, a melting strip or a film. When the
probiotic composition is a liquid formulation it may be formulated as an oral solution, a
suspension, an emulsion or syrup. Said composition may further comprise a carrier material
independently selected from, but not limited to, the group consisting of lactic acid fermented
foods, fermented dairy products, resistant starch, dietary fibers, carbohydrates, proteins, and
glycosylated proteins.

[0107] As used herein, the probiotic composition could be formulated as a food composition, a
dietary supplement, a functional food, a medical food or a nutritional product as long as the
required effect is achieved, e.g. treatment or prevention of an alcohol hangover. Said food
composition may be chosen from the group consisting of beverages, yogurts, juices, ice creams,
breads, biscuits, crackers, cereals, health bars, spreads, gummies and nutritional products. The
food composition may further comprise a carrier material, wherein said carrier material is chosen
from the group consisting of lactic acid fermented foods, fermented dairy products, resistant
starch, dietary fibers, carbohydrates, proteins and glycosylated proteins. As used herein, the
terms “polypeptide”, “peptide” and “protein” are used interchangeably herein to refer to a

polymer of amino acid residues. The terms apply to amino acid polymers in which one or more

35



WO 2021/142491 PCT/US2021/070014

amino acid residue is an artificial chemical analogue of a corresponding naturally occurring
amino acid, as well as to naturally occurring amino acid polymers. The essential nature of such
analogues of naturally occurring amino acids is that, when incorporated into a protein, that
protein is specifically reactive to antibodies elicited to the same protein but consisting entirely of
naturally occurring amino acids. The terms “polypeptide”, “peptide” and “protein” also are
inclusive of modifications including, but not limited to, glycosylation, lipid attachment, sulfation,
gamma-carboxylation of glutamic acid residues, hydroxylation, and ADP-ribosylation. It will be
appreciated, as is well known and as noted above, that polypeptides may not be entirely linear.
For instance, polypeptides may be branched as a result of ubiquitination, and they may be
circular, with or without branching, generally as a result of posttranslational events, including
natural processing event and events brought about by human manipulation which do not occur
naturally. Circular, branched and branched circular polypeptides may be synthesized by non-
translation natural processes and by entirely synthetic methods, as well. According to some
embodiments, the peptide is of any length or size.

[0108] As used herein, polypeptides referred to herein as “engineered” refers to polypeptides
which have been produced by engineered DNA methodology, including those that are generated
by procedures which rely upon a method of artificial recombination, such as the polymerase
chain reaction (PCR) and/or cloning into a vector using restriction enzymes.

[0109] "Engineered" polypeptides are also polypeptides having altered expression, such as a
naturally occurring polypeptide with engineeredly modified expression in a cell, such as a host
cell.

[0110] As used herein, the terms “subject”, “individual”, “host”, “recipient”, “person”, and

“patient” are used interchangeably herein and refer to any mammalian subject for whom
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diagnosis, treatment, or therapy is desired, particularly humans. The methods described herein
are applicable to both human therapy and veterinary applications. In some embodiments, the
subject is a mammal, and in particular embodiments the subject is a human.

[0111] As used herein, the phrase “subject in need” refers to a subject that (i) will be
administered an engineered microbial cell (or pharmaceutical composition comprising an
engineered microbial cell) according to the described invention, (ii) is receiving an engineered
microbial cell (or pharmaceutical composition comprising an engineered microbial cell)
according to the described invention; or (iii) has received an engineered microbial cell (or
pharmaceutical composition comprising an engineered microbial cell) according to the described
invention; or (iv) is in need of and/or would benefit from administration of an engineered
microbial cell (or pharmaceutical composition comprising an engineered microbial cell)
according to the described invention, unless the context and usage of the phrase indicates
otherwise

[0112] As used herein, the term “suppress”, “decrease”, “interfere”, “inhibit” and/or “reduce”
(and like terms) generally refers to the act of reducing, either directly or indirectly, a
concentration, level, function, activity, or behavior relative to the natural, expected, or average,
or relative to a control condition.

[0113] As used herein, the terms “therapeutic amount”, "therapeutically effective amount”, an
"amount effective”, or “pharmaceutically effective amount” of an active agent (e.g. an
engineered microbial cell as described herein) are used interchangeably to refer to an amount that
is sufficient to provide the intended benefit of treatment. However, dosage levels are based on a

variety of factors, including the type of injury, the age, weight, sex, medical condition of the

patient, the severity of the condition, the route of administration, and the particular active agent
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employed. Thus the dosage regimen may vary widely, but can be determined routinely by a
physician using standard methods. Additionally, the terms “therapeutic amount”, “therapeutically
effective amounts” and “pharmaceutically effective amounts” include prophylactic or
preventative amounts of the compositions of the described invention. In prophylactic or
preventative applications of the described invention, pharmaceutical compositions or
medicaments are administered to a patient susceptible to, or otherwise at risk of, a disease,
disorder or condition in an amount sufficient to eliminate or reduce the risk, lessen the severity,
or delay the onset of the disease, disorder or condition, including biochemical, histologic and/or
behavioral symptoms of the disease, disorder or condition, its complications, and intermediate
pathological phenotypes presenting during development of the disease, disorder or condition. It
is generally preferred that a maximum dose be used, that is, the highest safe dose according to
some medical judgment. The terms “dose” and “dosage” are used interchangeably herein.

[0114] As used herein the term “therapeutic effect” refers to a consequence of treatment, the
results of which are judged to be desirable and beneficial. A therapeutic effect can include,
directly or indirectly, the arrest, reduction, or elimination of a disease manifestation. A
therapeutic effect can also include, directly or indirectly, the arrest reduction or elimination of
the progression of a disease manifestation.

[0115] For any therapeutic agent described herein the therapeutically effective amount may be
initially determined from preliminary in vitro studies and/or animal models. A therapeutically
effective dose may also be determined from human data. The applied dose may be adjusted
based on the relative bioavailability and potency of the administered agent. Adjusting the dose to
achieve maximal efficacy based on the methods described above and other well-known methods

is within the capabilities of the ordinarily skilled artisan. General principles for determining
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therapeutic effectiveness, which may be found in Chapter 1 of Goodman and Gilman's The
Pharmacological Basis of Therapeutics, 12th Edition, McGraw-Hill (New York) (2001) are
summarized below.

[0116] Pharmacokinetic principles provide a basis for modifying a dosage regimen to obtain a
desired degree of therapeutic efficacy with a minimum of unacceptable adverse effects. In
situations where the drug's plasma concentration can be measured and related to the therapeutic
window, additional guidance for dosage modification can be obtained.

[0117] As used herein, the terms “treat”, “treating”, and/or “treatment” include abrogating,
substantially inhibiting, slowing or reversing the progression of a condition, substantially
ameliorating clinical symptoms of a condition, or substantially preventing the appearance of
clinical symptoms of a condition, obtaining beneficial or desired clinical results. Treating further
refers to accomplishing one or more of the following: (a) reducing the severity of the disorder;
(b) limiting development of symptoms characteristic of the disorder(s) being treated; (c) limiting
worsening of symptoms characteristic of the disorder(s) being treated; (d) limiting recurrence of
the disorder(s) in patients that have previously had the disorder(s); and (e) limiting recurrence of
symptoms in patients that were previously asymptomatic for the disorder(s).

[0118] Beneficial or desired clinical results, such as pharmacologic and/or physiologic effects
include, but are not limited to, preventing the disease, disorder or condition from occurring in a
subject that may be predisposed to the disease, disorder or condition but does not yet experience
or exhibit symptoms of the disease (prophylactic treatment), alleviation of symptoms of the
disease, disorder or condition, diminishment of extent of the disease, disorder or condition,
stabilization (i.e., not worsening) of the disease, disorder or condition, preventing spread of the

disease, disorder or condition, delaying or slowing of the disease, disorder or condition
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progression, amelioration or palliation of the disease, disorder or condition, and combinations
thereof, as well as prolonging survival as compared to expected survival if not receiving
treatment.

[0119] As used herein, a “disease or disorder associated with hyperuricemia” refers to a disease
or disorder typically associated with elevated levels of uric acid, including, but not limited to a
metabolic disorder, e.g., metabolic syndrome, hyperuricemia, gout (e.g., chronic refractory gout,
gout tophus and gouty arthritis), tumor-lysis syndrome, Lesch-Nyhan syndrome, cardiovascular
disease, diabetes, hypertension, renal disease, or uric acid nephrolithiasis. Such disorders may
optionally be acute or chronic. Elevated levels refer to levels that are higher than levels that are
considered normal by the American Medical Association, although significantly lower levels are
common in vegetarians due to a decreased intake of purine-rich meat.

[0120] As used herein, “uric acid”, also known as urate (the two terms are used interchangeably
herein), refers to an end product of purine metabolism. Humans produce large quantities of uric
acid. In human blood, uric acid concentrations between 3.6 mg/dL (~214 pmol/L) and 8.3 mg/dL
(~494 pmol/L) (1 mg/dL = 59.48 pmol/L) are considered normal by the American Medical
Association. Uric acid concentrations can be measured in samples from a subject, e.g., blood or
urine samples, using known methods.

[0121] As used herein, a “uric acid degrading polypeptide” or “uric acid degrading enzyme”
refers to any polypeptide (enzyme) that is involved in catabolizing or degrading uric acid.
Examples of uric acid degrading polypeptides include urate oxidase (also known as uricase),
allantoinase and allantoicase. Other examples of uric acid degrading polypeptides are described

herein and are not intended to be limiting. In an embodiment, a uric acid degrading polypeptide
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has uric acid as its substrate. In an embodiment, a uric acid degrading polypeptide catalyzes the
hydrolysis of uric acid.

[0122] As used herein, “uricolytic activity” refers to the activity of degradation of uric acid.
Uricolytic activity is measured in units, where one unit of activity is defined as degradation of 1
umol of uric acid per minute. In an embodiment, a uric acid degrading polypeptide alone has
uricolytic activity. In an embodiment, two or more uric acid degrading polypeptides contribute to
uricolytic activity.

[0123] As used herein, the term “variant” refers to a polypeptide which differs from the original
protein from which it was derived (e.g., a wild-type protein) by one or more amino acid
substitutions, deletions, insertions (i.e., additions), or other modifications. In some embodiments,
these modifications do not significantly change the biological activity of the original protein. In
many cases, a variant retains at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or
100% of the biological activity of original protein. The biological activity of a variant can also be
higher than that of the original protein. A variant can be naturally-occurring, such as by allelic
variation or polymorphism, or be deliberately engineered. For example, a variant may comprise a
substitution at one or more amino acid residue positions to replace a naturally-occurring amino
acid residue for a structurally similar amino acid residue. Structurally similar amino acids
include: (I, L and V); (F and Y); (K and R); (Q and N); (D and E); and (G and A). In some
embodiments, variants include (i) polymorphic variants and natural or artificial mutants, (ii)
modified polypeptides in which one or more residues is modified, and (iii) mutants comprising
one or more modified residues. Variants may differ from the reference sequence (e.g., by

truncation, deletion, substitution, or addition) by no more than 1, 2, 3, 4, 5, 8, 10, 20, or 50
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residues, and retains (or encodes a polypeptide that retains) a function of the wild-type protein
from which they were derived.

[0124] The amino acid sequence of a variant is substantially identical to that of the original
protein. In many embodiments, a variant shares at least 50%, 60%, 70%, 75%, 80%, 85%, 90%,
9%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, or more global sequence identity or
similarity with the original protein. Sequence identity or similarity can be determined using
various methods known in the art, such as Basic Local Alignment Tool (BLAST), dot matrix
analysis, or the dynamic programming method. In one example, the sequence identity or
similarity is determined by using the Genetics Computer Group (GCG) programs GAP
(Needleman-Wunsch algorithm) The amino acid sequences of a variant and the original protein
can be substantially identical in one or more regions, but divergent in other regions. A variant
may include a fragment (e.g., a biologically active fragment of a polypeptide). In some
embodiments, a fragment may lack up to about 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, or 100 amino acid
residues on the N-terminus, C-terminus, or both ends (each independently) of a polypeptide, as
compared to the full-length polypeptide.

Engineered Microbial Cells

[0125] The present disclosure features engineered microbial cells that are engineered to include
at least one exogenous polypeptide comprising a uric acid degrading polypeptide, a uric acid
transporter, or both. In some embodiments the microbial cell is a fungal cell.

[0126] The present disclosure provides microbial cells that are engineered to degrade uric acid
by expression of a uric acid degrading polypeptide, a uric acid transporter, or both a uric acid
degrading polypeptide and a uric acid transporter. In some embodiments the microbial cell is a

fungal cell.
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[0127] The engineered cells may be advantageously used to reduce uric acid concentration in the
milieu surrounding the cell (e.g., in vitro or in vivo). For example, the engineered cells provided
herein may be administered to a subject (e.g., a human subject) to reduce the concentration of
uric acid in the subject (e.g., in the intestinal lumen, in the digestive tract, blood, plasma, or
serum of the subject, or elsewhere in the subject).

[0128] In some embodiments, the disclosure provides an engineered microbial cell comprising at
least one (e.g., one, two, three, four, or more) exogenous polypeptides, wherein each exogenous
polypeptide may comprise either at least one uric acid degrading polypeptide, at least one uric
acid transporter, or both a uric acid degrading polypeptide and a uric acid transporter.

[0129] Any condition, disease or disorder in which a reduction of uric acid levels is desired may
be treated by administering the engineered cells provided herein.

[0130] In some embodiments of any of the aspects herein, the engineered microbial cell is a
fungal cell.

Uric Acid

[0131] Uric acid is an end product of purine metabolism in humans. Xanthine oxidase oxidizes
oxypurines such as xanthine and hypoxanthine to uric acid. In humans and higher primates, uric
acid is the final oxidation product of purine catabolism. In most other mammals, uricase (uricase)
further oxidizes uric acid to 5-hydroxyisourate, which is then further catabolized to allantoin.

[0132] In contrast to other mammals, humans lack the capacity to metabolize urate by hepatic
uricase, due to mutational silencing of the enzyme. The loss of uricase in higher primates
parallels the similar loss of the ability to synthesize ascorbic acid. This may be because in higher
primates, uric acid partially replaces ascorbic acid. Both uric acid and ascorbate are strong

reducing agents and potent antioxidants. In humans, about half the antioxidant capacity of
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plasma comes from urate. The urate body pool is about 1-1.2g, with daily turnover being
approximately 0.6-0.7g. Two-thirds of the newly produced uric acid is excreted in urine, while
the remaining one third has a biliary or intestinal elimination or undergoes bacterial uricolysis. It
emerges, therefore, that in typical healthy human adults the kidney is the main regulator of uric
acid balance.

[0133] Humans produce large quantities of uric acid. In human blood, uric acid concentrations
between 3.6 mg/dL (-214 pmol/L) and 8.3 mg/dL (-494 pmol/L) (1 mg/dL = 59.48 pmol/L) are
considered normal by the American Medical Association, although significantly lower levels are
common in vegetarians due to a decreased intake of purine-rich meat. Uric acid is a weak
organic acid of molecular weight 168 Daltons, with dissociation constants pKal = 5.75 and pKa2
= 10.3 [1]. Therefore, at physiological blood pH, almost all the urate species are in the form of
monovalent-anion. The solubility of urate in blood is about 7.0 mg/dL, above which it may
deposit in tissues as monosodium-urate-monohydrate.

[0134] Only about 4-5% of urate is bound to plasma proteins. Relative to other mammals,
humans have high urate levels in plasma, ranging between 3.5 and 7.5 mg/dL (200-450 pmol/L),
males having 1.2 times greater urate levels than healthy females.

[0135] Disorders associated with high uric acid levels (hyperuricemia) include metabolic
syndrome, hyperuricemia, gout (e.g., chronic refractory gout, gout tophus and gouty arthritis),
tumor lysis syndrome, Lesch-Nyhan syndrome, cardiovascular disease, diabetes, hypertension,
renal disease, metabolic syndrome, or uric acid nephrolithiasis. Such disorders can be treated
with an engineered microbial cell of the invention comprising a uric acid degrading polypeptide,
a uric acid transporter polypeptide, or an engineered microbial cell comprising a uric acid

degrading polypeptide and a uric acid transporter polypeptide, e.g., a composition (e.g., a
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pharmaceutical composition) comprising said engineered microbial cells, as described herein. In
addition, such disorders can be treated by a combination of the engineered microbial cells
described herein, and another agent (e.g., a xanthine-oxidase inhibitor and/or a uricosuric and/or
an antacid and/or a proton pump inhibitor). The treatment of various diseases and disorders
associated with hyperuricemia is described herein.

[0136] Uric acid, a weak organic acid, has very low pH-dependent solubility in aqueous
solutions. About 70% of urate elimination occurs in urine, the kidney standing as a major
determinant of plasma levels. The complex renal handling results in a fractional clearance of less
than 10%. Recently identified urate-specific transporter/channels are involved in tubular
handling and extracellular transport. Extracellular fluid, rather than urine output, is the main
regulator of urate excretion. A number of interfering agents, including widely used drugs such as
aspirin, losartan, diuretics, may decrease or increase urate elimination.

[0137] Hyperuricemia induced by hypouricosuria often accompanies metabolic syndrome, and
insulin resistance has been hypothesized as the common underlying defect. Hyperuricosuria,
associated with dehydration or exercise, results in acute uric acid nephropathy, and causes an

obstructive acute renal failure (ARF).

Uric Acid Degrading Enzymes

[0138] In one aspect, the present disclosure provides a microbial cell engineered to degrade uric
acid, comprising an exogenous polypeptide comprising at least one uric acid degrading
polypeptide, or a variant thereof. In some embodiments, the microbial cell comprises more than
one (e.g., two, three, four, five, or more) exogenous polypeptides, each comprising at least one
uric acid degrading polypeptide, or a variant thereof. In some embodiments, the engineered cells

described herein comprise more than one type of exogenous polypeptide, wherein each
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exogenous polypeptide comprises a uric acid degrading polypeptide, and wherein the uric acid
degrading polypeptides are not the same (e.g., the uric acid degrading polypeptides may
comprise different types of uric acid degrading polypeptides, or variants of the same type of uric
acid degrading polypeptide). For example, in some embodiments, the engineered cell may
comprise a first exogenous polypeptide comprising a uricase, or a variant thereof, and a second
exogenous polypeptide comprising a uric acid degrading polypeptide that is not a uricase. In
addition, an exogenous polypeptide may comprise more than one (e.g., one, two, three, four,
five, or more) uric acid degrading polypeptide (e.g., two different uricases).

[0139] Many uric acid degrading polypeptides are known in the art and may be used as
described herein. For example, the uric acid catabolism pathway includes several uric acid
degrading enzymes. Urate oxidase is the first of three enzymes to convert uric acid to S-(+)-
allantoin (allantoin). After uric acid is converted to 5-hydroxyisourate by urate oxidase, 5-
hydroxyisourate (HIU) is converted to 2-oxo0-4-hydroxy-4-carboxy-5-ureidoimidazoline (OHCU)
by HIU hydrolase, and then to S-(+)-allantoin (allantoin) by 2-oxo0-4-hydroxy-4-carboxy-5-
ureidoimidazoline decarboxylase (OHCU decarboxylase). Allantoin is converted to allantoate by
allantoinase. Allantoate is converted to urea by allantoicase. (Lee et al. 2013 PloS ONE
8(5):¢64292). Any one or more of the enzymes involved in uric acid catabolism (i.e., uric acid
degrading polypeptides) can be included in the microbial cells described herein.

[0140] In some embodiments, the at least one uric acid degrading polypeptide is any enzyme that
is capable of degrading uric acid (e.g., a uricase). In some embodiments, the at least one uric acid
degrading polypeptide is any enzyme having uric acid as a substrate. In some embodiments, the
at least one uric acid degrading polypeptide is any enzyme that is involved in uric acid

catabolism, for example, an enzyme that degrades HIU (e.g., an HIU hydrolase), an enzyme that
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degrades OHCU (e.g., an OHCU decarboxylase), an enzyme that degrades allantoin (e.g., an
allantoinase), or an enzyme that degrades allantoate (e.g., an allantoicase).

[0141] In some embodiments, the at least one uric acid degrading polypeptide, or variant thereof,
can be derived from any source or species, e.g., mammalian, fungal, plant or bacterial sources, or
can be engineeredly engineered. In some embodiments, the uric acid degrading polypeptide can
be a chimeric uric acid degrading polypeptide, e.g., derived from two different species.

[0142] The exogenous polypeptides included in the engineered cells provided herein may
comprise an exogenous polypeptide comprising any uric acid degrading polypeptide. In some
embodiments, the uric acid degrading polypeptide comprises a uricase, or a variant thereof.

[0143] Uricases (also referred to as urate oxidase), and variants thereof, are described in detail
below.

[0144] In some embodiments, the uric acid degrading polypeptide comprises or consists of a
variant of the wild-type uric acid degrading polypeptide having at least 60%, sequence identity to

the amino acid sequence of a corresponding wild-type uric acid degrading polypeptide.

Uricase

[0145] The disclosure provides, in one aspect, a microbial cell engineered to degrade uric acid,
comprising a first exogenous polypeptide comprising a uricase, or a variant thereof. In some
embodiments, the microbial cell comprises more than one (e.g., two, three, four, or five)
exogenous polypeptide comprising a uricase.

[0146] Uricase (also referred to as UO, urate oxidase, urate:oxygen oxidoreductase
(E.C.1.7.3.3)) is an enzyme in the purine degradation pathway that catalyzes the oxidation of uric
acid to 5-hydroxyisourate. Uricase is the first in a pathway of three enzymes to convert uric acid

to S-(+)-allantoin. After uric acid is converted to 5-hydroxyisourate by urate oxidase, 5-
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hydroxyisourate (HIU) is converted to 2-oxo0-4-hydroxy-4-carboxy-5-ureidoimidazoline (OHCU)
by HIU hydrolase, and then to S-(+)-allantoin by 2-oxo-4-hydroxy-4-carboxy-5-
ureidoimidazoline decarboxylase (OHCU decarboxylase). Without HIU hydrolase and OHCU
decarboxylase, HIU will spontaneously decompose into racemic allantoin.

[0147] Uricase is an enzyme endogenous to most mammals, with the exception of humans and
certain other primates, and is also found in plants, fungi, yeast, and bacteria. Humans do not
produce enzymatically active uricase as a result of mutations in the gene for uricase acquired
during the evolution of higher primates (see Wu, et al, ] Mol Evol 34:78-84 (1992)). As a
consequence, in susceptible individuals, excessive concentrations of uric acid in the blood
(hyperuricemia) and in the urine (hyperuricosuria) can lead to gout, disfiguring urate deposits
(tophi), renal failure, and other related disorders, as described herein.

[0148] An engineered microbial cell of the disclosure may comprise an exogenous polypeptide
comprising a uricase, or variant thereof, wherein the uricase is derived from any source(s) known
in the art, including mammalian, plant or microbial sources, as well as by engineered
technologies.

[0149] In some embodiments, the uricase, or uricase variant, is obtained from a fungal (including
yeast) source. In some embodiments, the uricase is derived from Candida utilis (e.g., as
described in Koyama et al, J. Biochem., 120:969-973 (1996)). In some embodiments, the uricase
is derived from the fungus Aspergillus flavus. In some embodiments, the uricase is the
Aspergillus flavus uricase contained in rasburicase (ELITEK®; FASTURTEC®, Sanofi
Genzyme). Other fungal sources of uricases can include, for example, Schizosaccaromyces (e.g.

Schizosaccharomyces pombe) or Zygosaccharomyces (Zygosaccharomyces parabailii).
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[0150] In some embodiments, the uricase, or uricase variant, is derived from a bacterium, such
as Arthrobacter (e.g., Arthrobacter globiformis) or Bacillus (e.g., Bacillus subtilis)

[0151] In some embodiments, the uricase is a chimeric uricase, in which portions of the uricase
are derived from different sources. For example, a portion of the chimeric uricase may be
obtained (e.g., derived) from one organism and one or more other portions of the chimeric
uricase may be obtained (e.g., derived) from another organism. In some embodiments, a portion
of the chimeric uricase is obtained from a pig and another portion of the chimeric uricase is
obtained from a baboon. In some embodiments, the chimeric uricase may contain portions of
porcine liver and/or baboon liver uricase. For example, the chimeric uricase may comprise all or
a portion of a porcine uricase (Sus scrofa NP_999435) sequence, wherein the sequence contains
the mutations R291K and T301S (PKS uricase). Alternatively, the uricase may comprise all or a
portion of a baboon liver uricase (Papio hamadryas A36227) sequence in which tyrosine at
amino acid residue 97 has been replaced by histidine, whereby the specific activity of the uricase
may be increased by at least about 60% as compared to the wild-type uricase from which it was
derived (i.e., lacking the amino acid substitution). In some embodiments, the chimeric uricase
comprises a chimeric uricase described in U.S. Patent No. 6,783,965, or comprises pegloticase
(KRYSTEXXA®) (Horizon Rheumatology, Inc.). In some embodiments, the chimeric uricase
comprises or consists of the amino acid sequence set forth in SEQ ID NO: 4.

[0152] Alternatively, in some embodiments, the uricase, or uricase variant, may comprise an
invertebrate uricase, a plant uricase, a mammalian uricase.

[0153] In some preferred embodiments of the disclosure, the uricase (or variant thereof)
comprises or consists of a uricase selected from those set forth in Table 1, below, including a

uricase derived from Candida utilis, Aspergillus flavus, Arthrobacter globiformis,
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Baboon/porcine (chimera), Schizosaccharomyces pombe (Fission yeast), Bacillus subtilis, or
Zygosaccharomyces parabailii. In some embodiments, the uricase comprises an amino acid
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ
ID NO:6, SEQ ID NO:7, or SEQ ID NO:8.

[0154] In some embodiments, the uricase comprises the Candida utilis uricase comprising the
amino acid sequence set forth in SEQ ID NO: 1. In some embodiments, the uricase comprises the
Aspergillus flavus uricase comprising the amino acid sequence set forth in SEQ ID NO:2. In
some embodiments, the uricase comprises the Arthrobacter globiformis uricase comprising the
amino acid sequence set forth in SEQ ID NO:3. In some embodiments, the uricase comprises the
baboon/porcine chimeric uricase comprising the amino acid sequence set forth in SEQ ID NO:4.
In some embodiments, the uricase comprises the Schizosaccharomyces pombe (Fission yeast)
uricase comprising the amino acid sequence set forth in SEQ ID NO:5. In some embodiments,
the uricase comprises the Bacillus subtilis uricase comprising the amino acid sequence set forth
in SEQ ID NO:6. In some embodiments, the uricase comprises the Zygosaccharomyces
parabailii uricase comprising the amino acid sequence set forth in SEQ ID NO:7. In some
embodiments, the uricase comprises the Spirosoma sp. KCTC 42546 uricase comprising the
amino acid sequence set forth in SEQ ID NO:8.

[0155] In some embodiments, the uricase comprises a variant of a wild-type uricase having at
least 60% sequence identity to the amino acid sequence of any one of SEQ ID NO: 1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID
NO:8. In some embodiments, the uricase variant possesses a function of the uricase from which
it was derived (e.g., the ability to catalyze the oxidation of uric acid (urate) to 5-

hydroxyisourate).
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[0156] In a particular embodiment, the uricase consists of the amino acid sequence of any one of
SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 or SEQ ID NO:8.

[0157] In some embodiments, the uricase, or variant thereof, is engineered to delete a
peroxisome targeting signal (e.g., a native peroxisome targeting signal). In some embodiments,
the uricase, or variant thereof, lacks a peroxisome targeting signal.

[0158] In general, a variant uricase, from any origin, may be produced, for example, to enhance
production of the protein in an engineered cell, to improve turnover/half-life of the protein or
mRNA encoding the protein, and/or to modulate (enhance or reduce) the enzymatic activity of
the uricase. The uricase, whatever the source, may also be in a form that is truncated, either at the
amino terminal, or at the carboxyl terminal, or at both terminals.

[0159] In some embodiments, the invention provides an engineered microbial cell (e.g. an
engineered fungal cell) comprising a nucleic acid sequence encoding a uric acid degrading
polypeptide as described herein. In some embodiments, the invention provides an engineered
microbial cell prepared by using a nucleic acid sequence encoding a uric acid degrading
polypeptide (e.g. a uricase) as described herein. In some embodiments, the nucleic acid sequence
encodes a uricase as described herein.

[0160] In some embodiments, the exogenous polypeptide is a fusion polypeptide comprising a

uricase, or a variant thereof, linked to a heterologous protein sequence (e.g., via a linker).
Uric Acid Transporters

[0161] In one aspect, the disclosure provides an engineered microbial cell comprising a first
exogenous polypeptide comprising a uric acid transporter, or a variant thereof. In some

embodiments, the disclosure provides an engineered microbial cell comprising at least one (e.g.,
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one, two, three, four, or more) exogenous polypeptide comprising a uric acid transporter. In
some embodiments, the disclosure provides an engineered microbial cell comprising more than
one exogenous polypeptide, each comprising a uric acid transporter.

[0162] In another aspect, the disclosure provides a microbial cell engineered to degrade uric
acid, wherein the cell comprises a first exogenous polypeptide comprising a uric acid degrading
polypeptide, e.g., uricase, or a variant thereof, and further comprises a second exogenous
polypeptide comprising a uric acid transporter, or a variant thereof.

[0163] In yet another aspect, the disclosure provides an engineered cell comprising at least one
(e.g., one two, three, four, or more) exogenous polypeptide, wherein the exogenous polypeptide
comprises both a uric acid degrading polypeptide (or a variant thereof) and a uric acid transporter
(or a variant thereof). Without wishing to be bound by any particular theory, engineered cells
comprising an exogenous polypeptide that comprises both a uric acid degrading polypeptide and
a uric acid transporter may improve turnover of uric acid (e.g., the catalysis of uric acid) by
facilitating the transfer of uric acid from the uric acid transporter to the uric acid degrading
polypeptide, thereby microcompartmentalizing the channeling and catalysis of uric acid.

[0164] In humans, uric acid transporters regulate uric acid transport in the kidney and thereby
regulate plasma uric acid levels (see, So and Thorens, J. Clin. Investigation, 120:1791-1799
(2010)).

[0165] Uric acid transporters capable of excreting or re-absorbing uric acid are also expressed in
the intestine in humans, and thereby contribute to the regulation of plasma uric acid levels (Xu,
et al, Pharmaceutical Biology, 54:3151-3155 (2016)).

[0166] In microbes, uric acid transporters contribute to the uptake of uric acid from the

environment (See e.g., Pantazopoulou and Diallinas, FEMS Microbiology Reviews, 31:657-675
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(2007)). Typically, microbial uric acid transporters enable the use of uric acid as a carbon and /
or nitrogen source, and / or as an energy source, enabling growth and division of the microbe
(Middelhoven, et al, Antonie van Leeuwenhoek, 50:369-378 (1984)).

[0167] Microbial uric acid transporters include archaeal, fungal, and bacterial uric acid
transporters. It is expected any microbial organisms whose genome encodes gene products
predicted to be involved in uric acid degradation (e.g., uricase) will also have uric acid
transporters encoded in their genome. In some prokaryotes, these would be multipass
transmembrane proteins encoded in the same operon that encodes the uricase.

[0168] Microbial uric acid transporters may be able to transport other purine or purine
metabolites (e.g., Xanthine), in addition to uric acid, from outside the cell to inside the cell.
These other purines may be transporter in preference to uric acid, with about the same
preference, or may be less preferred.

[0169] Well characterized microbial uric acid transporters that could be used to engineer
microbial cells of the present invention in order to improve uric acid transport and facilitate uric
acid degradation include, but are not limited to: Bacillus subtilis PucK (genbank accession
number 032140) and PucJ (genbank accession number 032139), as described by Schultz et al,
Journal of Bacteriology 183:3293-3302 (2001); Aspergillus nidulans UapA (genbank accession
number Q07307) and UapC (genbank accession number P487777), as described by Diallinas et
al, The EMBO journal 17:3827-3837 (1998), Gorfinkiel et al, J Biol Chem 268:23376-23381
(1993), Alguel et al, Nature Communications 7:11336 (2016), and Krypotou and Diallinas,
Fungal Genetics and Biology 63:1-8 (2014); Aspergillus fumigatus UapA (genbank accession
number XP748919), as described by Goudela et al, Fungal Genetics and Biology. 45:459-472

(2008). Candida albicans Xutl (genbank accession number AAX2221), as described by Goudela
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et al, Molecular membrane biology, 22:263-275 (2005), Escherichia coli Y gfU (genbank
accession number EFJ59310), as described by Papakostas et al, Journal of Biological Chemistry,
287:15684-15695 (2012).

[0170] In some embodiments, a microbial cell of the disclosure comprises an exogenous
polypeptide comprising a uric acid transporter selected from the group consisting of Aspergillus
nidulans UapA, Aspergillus nidulans UapC, Aspergillus fumigatus UapC, Candida albicans
Xutl, Schizosaccharomyces pombe QIHE12, Bacillus subtilis PucK, Bacillus subtilis Pucl,
Escherichia coli YgfU, Zygosaccharomyces parabailii AQZ18664, or Spirosoma sp. KCTC
42546 WP_142773020.

[0171] In some embodiments, the engineered microbial cell provided herein comprises at least
one exogenous polypeptide comprising a uric acid transporter selected from the group consisting
of Aspergillus nidulans UapA, Aspergillus nidulans UapC, Aspergillus fumigatus UapC,
Candida albicans Xutl, Schizosaccharomyces pombe QIHE12, Bacillus subtilis PucK, Bacillus
subtilis Pucl, Escherichia coli YgfU, Zygosaccharomyces parabailii AQZ18664, Spirosoma sp.
KCTC 42546 WP_142773020, or a variant thereof. In some embodiments, the uric acid
transporter is derived from or is a microbial uric acid transporter.

[0172] In some preferred embodiments, the microbial cell of the disclosure comprises an
exogenous polypeptide comprising a uric acid transporter selected from those set forth in Table
2, below, comprising or consisting of the amino acid sequence of any one of SEQ ID NO: 9,
SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO: 18, or a variant thereof. In some
embodiments, the uric acid transporter comprises a Aspergillus nidulans UapA comprising the

amino acid sequence set forth in SEQ ID NO: 9. In some embodiments, the uric acid transporter
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comprises a Aspergillus nidulans UapC comprising the amino acid sequence set forth in SEQ ID
NO: 10. In some embodiments, the uric acid transporter comprises a Aspergillus fumigatus UapC
comprising the amino acid sequence set forth in SEQ ID NO: 11. In some embodiments, the uric
acid transporter comprises a Candida albicans Xutlcomprising the amino acid sequence set forth
in SEQ ID NO:12. In some embodiments, the uric acid transporter comprises a
Schizosaccharomyces pombe QIHE12 comprising the amino acid sequence set forth in SEQ ID
NO: 13. In some embodiments, the uric acid transporter comprises a Bacillus subtilis PucK
comprising the amino acid sequence set forth in SEQ ID NO: 14. In some embodiments, the uric
acid transporter comprises a Bacillus subtilis Puc] comprising the amino acid sequence set forth
in SEQ ID NO: 15. In some embodiments, the uric acid transporter comprises a Escherichia coli
YgfU comprising the amino acid sequence set forth in SEQ ID NO: 16. In some embodiments,
the uric acid transporter comprises a Zygosaccharomyces parabailii AQZ18664 comprising the
amino acid sequence set forth in SEQ ID NO: 17. In some embodiments, the uric acid transporter
comprises a Spirosoma sp. KCTC 42546 WP_142773020 comprising the amino acid sequence
set forth in SEQ ID NO: 18.

[0173] In some embodiments, the uric acid transporter comprises a variant of a wild-type uric
acid transporter having at least 60% sequence identity to the amino acid sequence of any one of
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16 or SEQ ID NO:17, or SEQ ID NO: 18. In some
embodiment the variant of the uric acid transporter possesses a function of the wild-type uric

acid transporter from which it was derived (e.g., the ability to t uric acid).
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[0174] In a particular embodiment, the uric acid transporter consists of the amino acid sequence
of any one of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID
NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, or SEQ ID NO: 18.

[0175] In general, a variant uric acid transporter, may be produced, for example, to enhance
production of the protein in an engineered cell, to improve turnover/half-life of the protein or
mRNA encoding the protein, and/or to modulate (enhance or reduce) the activity of the uric acid
transporter. The uric acid transporter may also be in a form that is truncated, either at the amino
terminal, or at the carboxyl terminal, or at both terminals.

[0176] In some embodiments, the invention provides an engineered microbial cell (e.g. an
engineered fungal cell) comprising a nucleic acid sequence encoding a uric acid transporter as
described herein. In some embodiments, the invention provides an engineered microbial cell
prepared by using a nucleic acid sequence encoding a uric acid transporter as described herein. In
some embodiments, the nucleic acid sequence encodes a uric acid transporter ( Aspergillus
nidulans UapA, Aspergillus nidulans UapC, Aspergillus fumigatus UapC, Candida albicans
Xutl, Schizosaccharomyces pombe QOHE12, Bacillus subtilis PucK, Bacillus subtilis Pucl,
Escherichia coli YgfU, Zygosaccharomyces parabailii AQZ18664, or Spirosoma sp. KCTC

42546 WP_142773020) as described herein.

Polypeptides and Nucleic Acids

[0177] In one aspect, the disclosure provides isolated uric acid degrading polypeptides (e.g.,
uricase) and uric acid transporters described herein. In some embodiments, the uric acid
degrading polypeptides comprise an amino acid sequence having at least 60% sequence identity
to the amino acid sequences of a uric acid degrading polypeptide described herein. In some

embodiments, the uric acid transporters comprise an amino acid sequence having at least 60%
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sequence identity to the amino acid sequences of a uric acid transporter described herein. In
some embodiments, the uric acid degrading polypeptides and uric acid transporters are
engineered. Methods for producing engineered proteins are known in the art and described
herein.

[0178] In another aspect, the disclosure provides nucleic acids (e.g., DNA or RNA (e.g.,
mRNA)) encoding a uric acid degrading polypeptide described herein. In another aspect, the
disclosure provides nucleic acids (e.g., DNA or RNA (e.g., mRNA)) encoding a uric acid
transporter described herein. In some embodiments, the nucleic acids are codon-optimized for
expression in a desired cell type (e.g., a bacterial or fungal or archaeal cell).

[0179] Furthermore, any of the genes encoding the foregoing enzymes (or any others mentioned
herein (or any of the regulatory elements that control or modulate expression thereof)) may be
optimized by genetic/protein engineering techniques, such as directed evolution or rational
mutagenesis, which are known to those of ordinary skill in the art. Such action allows those of
ordinary skill in the art to optimize the enzymes for expression, activity, stability, or other

desirable parameters.

Populations of Engineered Microbial Cells

[0180] In one aspect, the invention features cell populations comprising the engineered microbial
cells of the invention, e.g., a plurality or population of the microbial cells. In various
embodiments, the engineered microbial cell population comprises predominantly fungal cells.

[0181] It will be understood that during the preparation of the engineered microbial cells of the
invention, some fraction of cells may not contain the exogenous polypeptide or be transformed to
express an exogenous polypeptide. Accordingly, in some embodiments, a population of

engineered microbial cells provided herein comprises a mixture of engineered microbial cells
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and unmodified microbial cells, i.e., some fraction of cells in the population will not comprise,

present, or express an exogenous polypeptide.
Urate Consumption Assays

[0182] Urate consumption assays can be used to quantify uptake and/or biodegradation of uric
acid from media surrounding intact cells.

[0183] The reduction of absorbance at wavelengths between 290 and 295 nm has been used to
measure uric acid concentrations by converting urate into 5-hydroxyisourate through addition of
purified uricase enzyme (Przetorius and Poulsen, Scandinavian Journal of Clinical and
Laboratory Investigation, 5273-280 (1953)). Urate consumption by intact cells can be measured
by quantifying growth of microbial strains on culture media containing uric acid as the sole
nitrogen source as compared to growth on culture media containing alternative nitrogen sources,
as outlined for example in Martzoukou et al, J. Molec. Biol. 427:2679-2696 (2015), or in Schultz
et al, Journal of Bacteriology 183:3293-3302 (2001). Assays that quantify urate consumption by
intact cells can also rely on the use of expensive and hazardous radiolabeled compounds,

e.g., *H-labeled or '*C-labeled uric acid, as outlined for example in Goudela et al, Molecular
membrane biology, 22.263-275 (2005).

[0184] The invention contemplates a much simpler, faster, easier and safer assay that quantifies
uric acid consumption by intact cells by spectrophotometrically tracking depletion of uric acid in
medium or buffer surrounding said cells. Intact cells require a uric acid transporter to transport
urate into cells, where it is broken down by a uricase enzyme. Both a functional uric acid
transporter and a functional uricase are required. Uric acid is depleted over time in a culture
medium or buffer containing uric acid if intact cells are added that have the ability to take up uric

acid from the culture medium or buffer and break it down to allow continued importation of uric
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acid from the medium or buffer surrounding cells into said intact cells. The rate of uric acid
depletion is dependent on the rate of uric acid consumption by the intact cells, allowing uric acid
consumption to be quantified. The uric acid concentration can be tracked spectrophotometrically
by measuring absorbance at a wavelength where urate strongly absorbs, preferably between 275
nm and 350 nm, most preferably 293 nm, following separation of the intact cells from

the medium or buffer.
Methods of Obtaining Engineered Microbial Cells

[0185] Various methods of obtaining genetically engineered microbial cells, e.g., fungal cells,
are contemplated by the present disclosure.

[0186] Methods of manufacturing microbial cells comprising an exogenous agent (e.g., a
polypeptide) are described, e.g., in Yeast Protocols Handbook, Clontech Laboratories, Mountain
View, USA, 2009.

[0187] In one aspect, the disclosure features an engineered microbial cell (e.g., engineered
fungal cell), comprising a first exogenous polypeptide comprising a uric acid degrading
polypeptide, or a variant thereof, produced by a process comprising introducing an exogenous
nucleic acid encoding the first exogenous polypeptide into a microbial cell; and culturing the
microbial cell under conditions suitable for production of the first exogenous polypeptide.

[0188] In another aspect, the disclosure features an engineered microbial cell (e.g., engineered
fungal cell), comprising a first exogenous polypeptide comprising a uric acid transporter, or a
variant thereof, produced by a process comprising introducing an exogenous nucleic acid
encoding the first exogenous polypeptide into a microbial cell; and culturing the microbial cell

under conditions suitable for production of the first exogenous polypeptide.
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[0189] In another aspect, the disclosure features an engineered microbial cell (e.g., engineered
fungal cell), comprising a first exogenous polypeptide comprising a uric acid degrading
polypeptide, or a variant thereof, and a second exogenous polypeptide comprising a uric acid
transporter, or a variant thereof, produced by a process comprising introducing an exogenous
nucleic acid encoding the first exogenous polypeptide into a microbial cell; introducing an
exogenous nucleic acid encoding the second exogenous polypeptide into a microbial cell; and
culturing the microbial cell under conditions suitable for production of the first exogenous
polypeptide and the second exogenous polypeptide.

[0190] In some embodiments, the uric acid degrading polypeptide is a uricase, or a variant
thereof. In some embodiments, more than one uric acid degradation polypeptide, or variant
thereof, may be combined in one or more microbial cells, as described herein.

[0191] The processes of making the engineered microbial cells are described in more detail

below.

Probiotic Cells

[0192] Provided herein are engineered microbial cells, and methods of making the engineered
microbial cells.

[0193] As used herein, the term “probiotic” refers to a live microbial cells that, when
administered in adequate amounts, may or may not confer a health benefit on the host, and do
not exert harmful effects on the host. Probiotic cells may be referred to or sold using alternative
designations, for example as “nutraceuticals”, “dietary supplements”, “supplements”, “food
additives”, “dietary ingredients”, “food ingredients”, and “ingredients”.

[0194] The engineered microbial cells can be probiotic cells. The engineered probiotic cells can

be eukaryotic, e.g., fungal, e.g. Saccharomyces boulardii, e.g., Candida utilis, e.g. from the
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genus Kluyveromyces, bacterial, e.g. from the genus Lactobacillus, or can be archeal. The
engineered microbial cell can be from the genus Escherichia, e.g., Escherichia coli Nissle. The
engineered microbial cell can be from the genus Bacteroides, e.g., Bacteroides ovatus,
Bacteroides fragilis, Bacteroides thetaiotaomicron, Bacteroides vulgatus, Bacteroides ovatus, or
Bacteroides uniformis. The engineered microbial cell can be from the genus Clostridium. The

engineered microbial cell can be from the genus Bacillus.

Expression of Exogenous Polypeptides

[0195] In some embodiments, the engineered microbial cells described herein are generated by
contacting a suitable isolated cell, e.g., a microbial cell, with an exogenous nucleic acid encoding
a polypeptide of the disclosure (e.g., a uricase and/or a uric acid transporter).

[0196] In some embodiments, the exogenous polypeptide is encoded by a DNA, which is
contacted with a microbial cell. In some embodiments, the exogenous polypeptide is encoded by
an RNA, which is contacted with a microbial cell.

[0197] An exogenous polypeptide may be expressed from a transgene introduced into an
microbial cell, e.g. by electroporation, chemical or polymeric transfection; an exogenous
polypeptide that is over-expressed from the native locus by the introduction of an external factor,
e.g., a transcriptional activator, transcriptional repressor, or secretory pathway enhancer.

[0198] In certain embodiments, the introducing step comprises electroporation. In some
embodiments, the introducing step comprises chemical transformation (e.g., PEG-mediated
transformation).

[0199] In some embodiments, the introducing step comprises introducing the first exogenous

nucleic acid encoding the first exogenous polypeptide by electroporation of an episomal plasmid.
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[0200] Exogenous polypeptides (e.g., a uricase or a uric acid transporter) can be introduced by
transfection of single or multiple copies of genes, transformation, or electroporation in the
presence of DNA or RNA. Methods for expression of exogenous proteins in microbial cells are
well known in the art.

[0201] In some embodiments, when there is more than one polypeptide (e.g., two or more), the
polypeptides may be encoded in a single nucleic acid, e.g., a single vector. When both the
uricase and uric acid transporter are encoded in the same vector, there are multiple possible sub-
strategies useful for this method of co-expression. In some embodiments, the single vector has a
separate promoter for each gene, or any other suitable configuration. In some embodiments, the
engineered nucleic acid comprises a gene encoding a first exogenous polypeptide, wherein the
first exogenous polypeptide is uricase, or a variant thereof, and a gene encoding a second
exogenous polypeptide, wherein the second exogenous polypeptide is a uric acid transporter, or a
variant thereof.

[0202] For dual expression via 2 promoters, the PGK1 promoter may be used as promoter #1 and
the GPD (TDH3) promoter as promoter #2, although the disclosure is not to be limited by these
two exemplary promoters. Another strategy is to express both uricase and uric acid transporter
proteins by inserting an internal ribosome entry site (IRES) between the two genes. Still another
strategy is to express uricase and uric acid transporter as direct peptide fusions separated by a
linker.

[0203] In some embodiments, the two or more polypeptides are encoded in two or more nucleic
acids, e.g., each vector encodes one of the polypeptides.

[0204] In certain embodiments, the expression vector comprises a promoter selected from the

group consisting of Saccharomyces PDC1p, FBAlp, TEF2p, PGKl1p, PGI1p, ADH1p, TDH2p,
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PYK1p, ENO2p, GPDp, GPM1p, TPI1p, TEF1p, and HXT7p promoters, as described in Sun et
al, Biotechnology and Bioengineering 109:2082-2092 (2012).

[0205] Nucleic acids such as DNA expression vectors or mRNA for producing the exogenous
polypeptides may be introduced into progenitor cells that are suitable to produce the exogenous
polypeptides described herein. In some instances, the expression vectors can be designed such
that they can incorporate into the genome of cells by homologous or non-homologous
recombination by methods known in the art.

[0206] According to some embodiments, one or more exogenous polypeptides may be cloned
into plasmid constructs for transfection. Methods for transferring expression vectors or genes
into cells that are suitable to produce the engineered microbial cells described herein include, but
are not limited to, transformation, chemical or polymeric transformation.

[0207] According to some embodiments, engineered DNA encoding each exogenous
polypeptide may be cloned into a suitable integrative plasmid for integration into microbial cells.
In some embodiments, the episomal or integrative vector comprises DNA encoding a single
exogenous polypeptide for integration into microbial genomes. For example, in some
embodiments, the episomal or integrative vector comprises DNA encoding a uricase polypeptide
for integration into microbial cells. In some embodiments, the episomal or integrative vector
comprises DNA encoding a uric acid transporter for integration into microbial cells. In other
embodiments, the episomal or integrative vector comprises two, three, four or more exogenous
polypeptides as described herein for integration into microbial cells. For example, in some
embodiments, the episomal or integrative vector comprises DNA encoding a uricase polypeptide
and a uric acid transporter polypeptide for integration into microbial cells. According to some

embodiments, engineered DNA encoding the one or more exogenous polypeptides may be
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cloned into a plasmid DNA construct encoding a selectable trait, such as an antibiotic resistance
gene or an auxotrophy complementation gene. According to some embodiments, engineered
DNA encoding the exogenous polypeptides may be cloned into a plasmid construct that is
adapted to stably express each engineered protein in the microbial cells.

[0208] In some embodiments, the engineered microbial cell is generated by contacting a suitable
isolated microbial precursor cell with an exogenous nucleic acid encoding one or more
exogenous polypeptides. In some embodiments, the exogenous polypeptide is encoded by a
DNA, which is contacted with a microbial precursor cell.

[0209] The one or more exogenous polypeptides may be genetically introduced into a microbial
cell (e.g., fungal cell), using a variety of DNA techniques, including transient or stable
transfections and gene transfer approaches. The exogenous polypeptides may be expressed on
the surface and/or in the cytoplasm and/or in other subcellular compartments of the engineered
microbial cells.

[0210] Optionally, electroporation methods may be used to introduce a plasmid vector into
suitable microbial cells. Electroporation allows for the introduction of various molecules into the
cells including, for example, DNA and RNA. As such, microbial cells are isolated and cultured
as described herein.

[0211] Electroporation may be done using, for example, a MicroPulser Electroporator or Gene
Pulser (Bio-Rad), as described in Benatuil et al, Protein Eng Des Sel. 23:155-159 (2010),
Supplementary Methods.

[0212] Microbial cells may be transformed with an integrative expression vector which is unable
to self-replicate. Alternatively, microbial cells may be transformed with a vector which may

persist as autonomously replicating genetic units without integration into chromosomes. These
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vectors (e.g., plasmids) may exploit genetic elements derived from plasmids that are normally
extrachromosomally replicating in cells. Such plasmids include, for example, the episomal
Saccharomyces 2 micron plasmid. Self-replicating vectors may also include chromosomal
elements that allow for independent replication. Such self-replicating vectors exploit the cell’s
endogenous replication and chromosome segregation machinery to persist like mini-
chromosomes. Chromosomal elements that can be used to produce self-replicating vectors
include, for example, an autonomously replicating sequence (ARS) and a centromere (CEN), as
described for example in Gniigge and Rudolf, Yeast 34:205-221 (2017).

[0213] Exogenous nucleic acids encoding one or more exogenous polypeptides may be
assembled into expression vectors by standard molecular biology methods known in the art, e.g.,
restriction digestion, overlap-extension PCR, and Gibson assembly.

[0214] In certain embodiments, the engineered microbial cell is a microbial cell that presents a

first exogenous polypeptide that is conjugated with a second exogenous polypeptide.

Methods of Use and Treatment

[0215] The present disclosure provides methods of treating or preventing hyperuricemia in a
subject, comprising administering to the subject the engineered microbial cell as described
herein, in an amount effective to treat or prevent hyperuricemia in the subject.

[0216] Methods of administering engineered microbial cells comprising (e.g., presenting)
exogenous agents (e.g., polypeptides) are described, e.g., in Govender et al, Aaps PharmSciTech
15:29-43 (2014).

[0217] In embodiments, the engineered microbial cells described herein (e.g., engineered fungal
cells) are orally administered to a subject, e.g., a mammal, e.g., a human. The methods described

herein are applicable to both human therapy and veterinary applications.
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[0218] In one aspect, the present disclosure provides a method of treating or preventing
hyperuricemia in a subject, comprising orally administering to the subject an engineered
microbial cell as described herein (e.g. an engineered microbial cell comprising a uric acid
degrading polypeptide, e.g., uricase, an engineered microbial cell comprising a uric acid
transporter, an engineered microbial cell comprising a uric acid degrading polypeptide, e.g.,
uricase and a uric acid transporter), in an amount effective to treat or prevent hyperuricemia in
the subject.

[0219] The normal range of uric acid in blood is between 3.4 mg/dL and 7.0 mg/dL in men,
between 2.4 mg/dL and 6.0 mg/dL in premenopausal women, and from 2.5 mg/dL to 5.5 mg/dL
in children. Urate crystal formation/precipitation typically occurs in men at levels of 6.6 mg/dL
or higher and in women at levels of 6.0 mg/dL or higher. Also, what may be in the normal range
for the population as a whole may be elevated for the individual.

[0220] Cardiovascular and other consequences of elevated uric acid can occur with blood levels
well within these “normal” ranges. Therefore, a diagnosis of hyperuricemia is not necessarily a
prerequisite for the beneficial effects of the engineered microbial cells of the invention.

[0221] In some embodiments, the subject has a serum urate level greater than about 6.8 mg/dl
prior to administering the engineered microbial cell.

[0222] In some embodiments, the methods described herein comprise selecting a subject having
a serum urate level greater than about 6.8 mg/dl, and administering an engineered microbial cell
described herein.

[0223] In some embodiments, the subject has a serum urate level less than about 6.8 mg/dl, after
administering the engineered microbial cell. In some embodiments, the subject has a serum urate

level of about 6.0 mg/dl after administering the engineered microbial cell, for example 6.0, 5.9,
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5.8,5.7,5.6,5.5,54,53,5.2,5.1, 5.1 mg/dL or less, after administering the engineered

microbial cell.

Hyperuricemia

[0224] Hyperuricemia is the presence of high levels of uric acid in the blood. Hyperuricemia
may occur because of decreased excretion. Hyperuricemia may also occur from increased
production, or a combination of the two mechanisms. Underexcretion accounts for the majority
of cases of hyperuricemia. Overproduction accounts for only a minority of patients presenting
with hyperuricemia. Consumption of purine-rich diets is one of the main causes of
hyperuricemia. Other dietary causes are ingestion of high protein and fat, and starvation.
Starvation results in the body metabolizing its own muscle mass for energy, in the process
releasing purines into the bloodstream. Purine bases composition of foods varies. Foods with
higher content of purine bases adenine and hypoxanthine are suggested to be more potent in
exacerbating hyperuricemia.

[0225] Humans lack uricase, an enzyme which degrades uric acid. Increased levels predispose
for gout and, if very high, renal failure. Apart from normal variation (with a genetic component),
tumor lysis syndrome produces extreme levels of uric acid, mainly leading to renal failure. The
Lesch-Nyhan syndrome is also associated with extremely high levels of uric acid. The Metabolic
syndrome often presents with hyperuricemia, while a hyperuricemic syndrome is also common
in Dalmatian dogs. A uric acid degrading polypeptide, e.g., uricase, described herein and a pH
increasing agent, alone or in combination with another agent, e.g., another agent described
herein, can be used to treat hyperuricemia.

[0226] Asymptomatic hyperuricemia is the term for an abnormally high serum urate level,

without gouty arthritis or nephrolithiasis. Hyperuricemia is defined as a serum urate
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concentration greater than about 6.8 mg per dL, the approximate level at which urate is
supersaturated in plasma. Serum uric acid levels above 360 uM are considered pathogenic.
[0227] Although gouty arthritis characteristically occurs in patients with hyperuricemia,
hyperuricemia is not necessarily associated with clinical gout. Researchers from the Normative
Aging Study followed 2,046 initially healthy men for 15 years by taking serial measurements of
serum urate levels. The five-year cumulative incidence rates of gouty arthritis were 2.0 percent
for a serum urate level of 8.0 mg per dL (475 pmol per L) or lower, 19.8 percent for urate levels
from 9.0 to 10.0 mg per dL (535 to 595 pmol per L) and 30 percent for a serum urate level higher
than 10 mg per dL (595 pmol per L). Hyperuricemia predisposes patients to both gout and
nephrolithiasis, but therapy is occasionally not warranted in the asymptomatic patient.
Recognizing hyperuricemia in the asymptomatic patient, however, provides the physician with

an opportunity to modify or correct underlying acquired causes of hyperuricemia.
Hyperuricosuria

[0228] Hyperuricosuria is defined as urinary excretion of uric acid greater than 800 mg/d in men
and greater than 750 mg/d in women. This may be due to either excess dietary intake of purine-
rich foods or endogenous uric acid overproduction. Hyperuricosuria may be associated with

hyperuricemia.

Gout

[0229] Gout is a condition that results from crystals of uric acid depositing in tissues of the body.
Gout is characterized by an overload of uric acid in the body and recurring attacks of joint
inflammation (arthritis). Chronic gout can lead to deposits of hard lumps of uric acid in and

around the joints, decreased kidney function, and kidney stones.
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[0230] Gout is generally divided into four categories based upon progressively more severe
symptoms:

[0231] Asymptomatic. Elevated uric acid levels in the blood, but no overt symptoms.

[0232] Acute gouty arthritis: Sudden onset of symptoms, often in a single joint (commonly a big
toe), and then involving other joints. Symptoms include pain, swelling, redness and fever.

[0233] Intercritical gout: Asymptomatic phases between gout attacks.

[0234] Chronic tophaceous gout: A chronic condition that may include frequent attacks, constant
mild pain and inflammation of joints, destruction of cartilage and bone, development of uric acid
crystal deposits, kidney dysfunction and kidney stones.

[0235] Excess serum accumulation of uric acid can lead to a type of arthritis known as gout
(gouty arthritis). Gouty arthritis is usually an extremely painful attack with a rapid onset of joint
inflammation. The joint inflammation is precipitated by deposits of uric acid crystals in the joint
fluid (synovial fluid) and joint lining (synovial lining). Intense joint inflammation occurs as
white blood cells engulf the uric acid crystals and release chemicals of inflammation, causing
pain, heat, and redness of the joint tissues.

[0236] The small joint at the base of the big toe is the most common site of an acute gout attack.
Other joints that can be affected include the ankles, knees, wrists, fingers, and elbows. Acute
gout attacks are characterized by a rapid onset of pain in the affected joint followed by warmth,
swelling, reddish discoloration, and marked tenderness.

[0237] Hyperuricemia and gout are particularly significant issues in organ transplant recipients
(Stamp et al, Drugs 65:2593-2611 (2005)). Uric acid is often elevated in patients with renal
transplants, and common immunosupressive drugs such as cyclosporine can cause particularly

severe hyperuricemia. In transplant patients, allopurinol is contra indicated due to interactions
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with some immunosupressants such as azathioprine, and due to bone marrow failure caused by

the combination. Furthermore, elevated uric acid may contribute to graft failure (Armstrong et al,

Transplantation 80:1565-1571 (2005).
Lesch-Nyhan syndrome

[0238] Lesch-Nyhan syndrome (LNS), also known as Nyhan's syndrome, is a rare, inherited
disorder caused by a deficiency of the enzyme hypoxanthine-guanine phosphoribosyltransferase
(HGPRT). LNS is an X-linked recessive disease: the gene is carried by the mother and passed on
to her son. LNS is present at birth in baby boys. Patients have severe mental and physical
problems throughout life. The lack of HGPRT causes a build-up of uric acid in all body fluids,
and leads to problems such as severe gout, poor muscle control, and moderate mental retardation,
which appear in the first year of life.

[0239] Abnormally high uric acid levels can cause sodium uric acid crystals to form in the joints,
kidneys, central nervous system and other tissues of the body, leading to gout-like swelling in the
joints and severe kidney problems. Neurological symptoms include facial grimacing, involuntary
writhing, and repetitive movements of the arms and legs similar to those seen in Huntington's
disease. The direct cause of the neurological abnormalities remains unknown. Because a lack of
HGPRT causes the body to poorly utilize vitamin B 12, some boys may develop a rare disorder
called megaloblastic anemia.

[0240] The symptoms caused by the buildup of uric acid (arthritis and renal symptoms) respond
well to treatment with drugs such as allopurinol that reduce the levels of uric acid in the blood.

There is no cure, but many patients live to adulthood. LNS is rare, affecting about one in 380,000

live births.
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Uric Acid Nephrolithiasis

[0241] Uric acid stones account for about 5% to 10% of all kidney stones in Western countries
and Japan. The stones can be composed of uric acid alone or admixed with calcium oxalate. Sex
distribution indicates a male to female ratio of more than one, which tends to diminish in the
post-menopausal age. Kidney stones, also called renal calculi, are solid concretions (crystal
aggregations) of dissolved minerals in urine; calculi typically form inside the kidneys or ureters.
The terms nephrolithiasis and urolithiasis refer to the presence of calculi in the kidneys and
urinary tract, respectively.

[0242] The formation of uric acid stones is associated with conditions that cause high blood uric
acid levels, such as gout, leukemias/lymphomas treated by chemotherapy (secondary gout from
the death of leukemic cells), and acid/base metabolism disorders where the urine is excessively

acid resulting in uric acid precipitation.
Vascular conditions

[0243] Diseases related to elevated soluble uric acid often involve vascular problems:
hypertension (Sundstrom et al, Hypertension 45:28-33 (2005)), prehypertension (Syamela et al, J
Hypertens 25:1583-1589 (2007)), atherosclerosis (Ishizaka et al, Arterioscler Thromb Vase Biol
5:1038-1044 (2005)), peripheral artery disease (Shankar, et al, Atherosclerosis 196:749-755
(2007)), vascular inflammation (Zoccali et al, ] Am Soc Nephrol. 17:1466-1471 (2006)), heart
failure (Strasak et al, Clin Chem. 54:273-284 (2008); Pascual-Figal et al, Eur J Heart Fail 9:518-
524 (2006); Cengel et al, Acta Cardiol 60:489-492 (2005)), myocardial infarctions (Strasak et al,

Clin Chem. 54:273-284 (2008); (Bos et al, Stroke 37:1503-1507 (2006)), renal dysfunction
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(Cirillo et al, ] Am Soc Nephrol 17(12 Suppl 3):S165-S168 (2006)), and strokes (Bos et al,
Stroke 37:1503-1507 (2006)). Uric acid directly causes endothelial dysfunction (Kanellis et al,
Semin Nephrol. 25:39-42 (2005); Khosla et al, Kidney Int. 67:1739-1742 (2005)). In children,
early-onset essential hypertension is associated with elevated serum uric acid, and reduction of
uric acid with allopurinol reduced blood pressure in a small cohort of patients (Feig and Johnson,
J Ren Nutrition 17:79-83 (2007)). Hyperuricemia is an independent risk factor in all of these

conditions.

Diabetes

[0244] Elevated levels of uric acid are associated with prediabetes, insulin resistance, the
development of Type 2 diabetes, and an increased probability of a variety of undesirable
conditions in people with diabetes, such as peripheral artery disease, strokes, and increased
mortality risk. Studies have shown that high serum uric acid is associated with higher risk of type
2 diabetes independent of obesity, dyslipidemia, and hypertension. Serum uric acid is a strong

predictor of stroke in patients with non-insulin dependent diabetes mellitus.

Metabolic Syndrome

[0245] Metabolic syndrome is a cluster of conditions that occur together, increasing the risk of
heart disease, stroke and diabetes. Metabolic syndrome involves having several disorders related
to metabolism at the same time, including: obesity; elevated blood pressure; an elevated level of
triglycerides; a low level of high-density lipoprotein (HDL) cholesterol; high blood pressure
and/or high insulin levels. Hyperuricemia is associated with components of metabolic syndrome,

and may play a pathogenic role in the metabolic syndrome.

Inflammatory Responses
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[0246] Elevated soluble uric acid is also associated with or directly induces inflammatory
responses. For example, uric acid is transported into vascular smooth muscle cells via organic
acid transporters, especially the uric acid transporter URAT]I, and then stimulates vascular
smooth muscle cells to produce C-reactive protein, MCP-1 and other cytokines, thereby
stimulating proliferation and other changes associated with atherosclerosis (Price et al, ] Am Soc
Nephrol 17:1791-1795 (2006); Kang et al, Am J Nephrol. 25:425-433 (2005); Yamamoto et al,
Hypertens. Res. 29:915-921 (2006), stimulates human mononuclear cells to produce IL-1 b, IL-6
and TNF-a, causes marked increases in TNF-a when infused into mice, activates endothelial cells
and platelets, and increases platelet adhesiveness (Coutinho et al, Amer. J. Hypertens. 20:83-89
(2007); Levya et al, Eur. Heart J. 19:1814-1822 (1998)). Uric acid has also been shown to inhibit

bioavailability of endothelial nitric oxide and activate the renin-angiotensin system.

Cognitive Impairment

[0247] Hyperuricemia is also associated with cognitive impairment and other forms of central
nervous system dysfunction. (Schretlen et al, Neuropsychology 21:136-140 (2007); Watanabe et
al, J. Health Science 52:730-737 (2006)).

[0248] An engineered microbial cell as described herein (e.g. an engineered microbial cell
comprising a uric acid degrading polypeptide, e.g., uricase, an engineered microbial cell
comprising a uric acid transporter, or an engineered microbial cell comprising a uric acid
degrading polypeptide, e.g., uricase and a uric acid transporter), alone or in combination with
another agent, e.g., another agent described herein, can be used to treat hyperuricemia,
asymptomatic hyperuricemia, hyperuricosuria, gout, refractory gout, Lesch-Nyhan syndrome,
kidney stones and nephrolithiasis, e.g., kidney stones and/or nephrolithiasis caused by, or

associated with, elevated uric acid concentrations, cardiovascular disease caused by, or
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associated with, elevated uric acid concentrations, diabetes caused by, or associated with,
elevated uric acid concentrations, metabolic syndrome caused by, or associated with, elevated
uric acid concentrations, inflammatory responses caused by, or associated with, elevated uric
acid concentrations, cognitive impairment caused by, or associated with, elevated uric acid
concentrations.

[0249] In some embodiments, a subject has refractory gout if they have demonstrated
contraindication to allopurinol, or have a medical history of failure to normalize uric acid (e.g.,
to less than 6 mg/dL) with at least 3 months of allopurinol treatment at the maximum medically

appropriate dose.
Dosing

[0250] In one embodiment, a dose of engineered microbial cells as described herein comprises
about 1076 — 10712 engineered microbial cells per dose.

[0251] In one example, administration of the engineered microbial cell is initiated at a dose
which is minimally effective, and the dose is increased over a pre-selected time course until a
positive effect is observed. Subsequently, incremental increases in dosage are made limiting to
levels that produce a corresponding increase in effect while taking into account any adverse
effects that may appear.

[0252] Any one of the doses provided herein for an engineered microbial cell as described herein
can be used in any one of the methods or kits provided herein. Generally, when referring to a
dose to be administered to a subject the dose is a label dose. Thus, in any one of the methods
provided herein the dose(s) are label dose(s).

[0253] Also provided herein are a number of possible dosing schedules. Accordingly, any one of

the subjects provided herein may be treated according to any one of the dosing schedules
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provided herein. As an example, any one of the subject provided herein may be treated with an
engineered microbial cell as described herein. In certain embodiments, the engineered microbial
cell comprises a first exogenous polypeptide comprising uricase, or a variant thereof, and a
second exogenous polypeptide comprising a uric acid transporter, or a variant thereof.

[0254] Each dose of engineered microbial cells can be administered at intervals such as thrice,
twice, or once daily, once weekly, twice weekly, once monthly, or twice monthly. In some
embodiments, a subject is dosed on a monthly dosing schedule.

[0255] The mode of administration for the composition(s) of any one of the treatment methods
provided may be by oral administration, such as a capsule containing (freeze-)dried microbes, a
powder containing (freeze-)dried microbes, or a suspension containing live microbes, prior to,
during, or after a meal. Additionally, any one of the methods of treatment provided herein may
also include administration of an additional therapeutic, as described in more detail below. The
administration of the additional therapeutic may be according to any one of the applicable
treatment regimens provided herein.

[0256] In some embodiments of any one of the methods provided herein, the level of uric acid is
measured in the subject at one or more time points before, during and/or after the treatment
period.

[0257] The methods described herein are intended for use with any subject that may experience
the benefits of these methods. Thus, “recipients” "subjects,” "patients,” and "individuals” (used
interchangeably) include humans as well as non-human subjects, particularly domesticated
animals. Subjects provided herein can be in need of treatment according to any one of the
methods or compositions or kits provided herein. Such subjects include those with elevated

serum uric acid levels or uric acid deposits. Such subjects include those with hyperuricemia. It is
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within the skill of a clinician to be able to determine subjects in need of a treatment as provided
herein.

[0258] In some embodiments, the subject and/or animal is a mammal, e g., a human. In some
embodiments, the human is a pediatric human. In other embodiments, the human is an adult
human. In other embodiments, the human is a geriatric human. In other embodiments, the human
may be referred to as a patient.

[0259] In other embodiments, the subject is a non-human animal, and therefore the disclosure
pertains to veterinary use. In a specific embodiment, the non-human animal is a household pet. In
another specific embodiment, the non-human animal is a livestock animal. In certain
embodiments, the subject is a human cancer patient that cannot receive chemotherapy, e.g. the
patient is unresponsive to chemotherapy or too ill to have a suitable therapeutic window for
chemotherapy (e.g. experiencing too many dose- or regimen-limiting side effects). In certain
embodiments, the subject is a human subject having gout or another disease or condition
associated with hyperuricemia. In other certain embodiments, the subject is a human subject
having chronic refractory gout.

[0260] In some embodiments, any one of the subjects for treatment as provided in any one of the
methods provided has gout or a condition associated with gout or another condition as provided
herein. In some embodiments, any one of the subjects for treatment as provided in any one of the
methods provided has been diagnosed with a disease selected from the group consisting of gout,
rheumatoid arthritis, osteoarthritis, cerebral stroke, ischemic heart disease, arrhythmia, and
chronic renal disease. In some embodiments, any one of the subjects for treatment as provided in
any one of the methods provided has chronic refractory gout. In some embodiments, any one of

the subjects for treatment as provided in any one of the methods provided the subject has had or
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is expected to have gout flare. In some embodiments, any one of the subjects for treatment as
provided in any one of the methods provided has one or more risk factors for hyperuricemia
selected from the group consisting of insulin resistance, obesity, a purine rich diet and advanced
age. In some embodiments, any one of the subjects for treatment as provided in any one of the
methods provided has been diagnosed with symptomatic gout with at least 3 gout flares in the
previous 18 months. In some embodiments, any one of the subjects for treatment as provided in
any one of the methods provided has been diagnosed with at least 1 gout tophus or gouty
arthritis. In some embodiments, any one of the subjects for treatment as provided in any one of
the methods provided has a contraindication to allopurinol. Contraindications to allopurinol
include extreme loss of body water, chronic heart failure, allergic reaction causing inflammation
of blood vessels, liver problems and moderate to severe kidney impairment. In some
embodiments, any one of the subjects for treatment as provided in any one of the methods
provided has a failure to normalize uric acid to less than 6 mg/dL after at least 3 months of
allopurinol treatment.

[0261] In some embodiments, the subject has or is at risk of having an elevated uric acid level,
e.g., an elevated plasma or serum uric acid level. When blood levels of uric acid may exceed the
physiologic limit of solubility, the uric acid may crystallize in the tissues, including the joints,
and may cause gout and gout-associated conditions.

[0262] In some embodiments, serum uric acid levels >5 mg/dL, >6 mg/dL, or >7 mg/dL are
indicative that a subject may be a candidate for treatment with any one of the methods or
compositions or kits described herein.

[0263] In some embodiments, the subject has, or is at risk of having, hyperuricemia. In some

embodiments, the subject has, or is at risk of having, gout, acute gout, acute intermittent gout,
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gouty arthritis, acute gouty arthritis, acute gouty arthropathy, acute polyarticular gout, recurrent
gouty arthritis, chronic gout (with our without tophi), tophaceous gout, chronic tophaceous gout,
chronic advanced gout (with our without tophi), chronic polyarticular gout (with our without
tophi), chronic gouty arthropathy (with our without tophi), idiopathic gout, idiopathic chronic
gout (with or without tophi), primary gout, chronic primary gout (with or without tophi),
refractory gout, such as chronic refractory gout, axial gouty arthropathy, a gout attack, a gout
flare, podagra (i.e., monarticular arthritis of the great toe), chiragra (i.e., monarticular arthritis of
the hand), gonagra (i.e., monarticular arthritis of the knee), gouty bursitis, gouty spondylitis,
gouty synovitis, gouty tenosynovitis, gout that affects tendons and ligaments, lead-induced gout
(i.e., saturnine gout), drug induced gout, gout due to renal impairment, gout due to kidney
disease, chronic gout due to renal impairment (with or without tophi), chronic gout due to kidney
disease (with or without tophi), erosive bone disease associated with gout, stroke associated with
gout, vascular plaque associated with gout, cirrhosis or steatohepatitis associated with gout,
liver-associated gout, incident and recurrent gout, diabetes associated with damage to pancreas in
gout, general inflammatory diseases exacerbated by gout, other secondary gout, or unspecified
gout.

[0264] In some embodiments, the subject has, or is at risk of having, a condition associated with
the renal system, for example, calculus of urinary tract due to gout, uric acid urolithiasis, uric
acid nephrolithiasis, uric acid kidney stones, gouty nephropathy, acute gouty nephropathy,
chronic gouty nephropathy, urate nephropathy, uric acid nephropathy, and gouty interstitial

nephropathy.

78



WO 2021/142491 PCT/US2021/070014

[0265] In some embodiments, the subject has, or is at risk of having, a condition associated with
the nervous system, for example, peripheral autonomic neuropathy due to gout, gouty
neuropathy, gouty peripheral neuropathy, gouty entrapment neuropathy, or gouty neuritis.

[0266] In some embodiments, the subject has, or is at risk of having, a condition associated with
the cardiovascular system, for example, metabolic syndrome, hypertension, obesity, diabetes,
myocardial infarction, stroke, dyslipidemia, hypertriglyceridemia, insulin
resistance/hyperglycemia, coronary artery disease/coronary heart disease, coronary artery disease
or blockage associated with gout or hyperuricemia, heart failure, peripheral arterial disease,
stroke/cerebrovascular disease, peripheral vascular disease, and cardiomyopathy due to gout.

[0267] In some embodiments, the subject has, or is at risk of having, a condition associated with
the ocular system including, for example, gouty iritis, inflammatory disease in the eye caused by
gout, dry eye syndrome, red eye, uveitis, intraocular hypertension, glaucoma, and cataracts.

[0268] In some embodiments, the subject has, or is at risk of having, a condition associated with
the skin including, for example, gout of the external ear, gouty dermatitis, gouty eczema, gouty
panniculitis, and miliarial gout.

[0269] In some embodiments, the subject is selected for treatment with an microbial cell
engineered to degrade uric acid of the present disclosure. In some embodiments, the subject is
selected for treatment of hyperuricemia with an engineered microbial cell of the present
disclosure. In some embodiments, the subject is selected for treatment of gout with an engineered
microbial cell of the present disclosure. In some embodiments, the subject is selected for
treatment of chronic refractory gout with an engineered microbial cell of the present disclosure.

[0270] In certain embodiments, the methods of the present disclosure provide treatment of gout

and diseases or disorders associated with hyperuricemia to human patients suffering therefrom.
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The treatment population is thus human subjects diagnosed as suffering from gout or
hyperuricemia. The invention encompasses the treatment of a human subject at risk of suffering
from a recurrent gout episode or for developing hyperuricemia or gout.

[0271] The present disclosure also encompasses treating a population of patients with drug-
induced gout flares, including flares induced by gout therapeutics such as xanthine oxidase
inhibitors, such as allopurinol and febuxostat; flares induced by urate oxidase, for example,
uricase, rasburicase and pegylated uricase; and flares induced by uricosuric agents, such as
probenecid, sulfinpyrazone, benzbromarone, and fenofibrate. By “drug-induced” gout flare is
meant occurrence of or increased incidence of a gout flare associated with initiation of therapy to
treat gout and/or administration of a therapeutic agent for the treatment of gout, for example,
initiation of therapy with a xanthine oxidase inhibitor, urate oxidase, or a uricosuric agent. A
gout flare is “associated” with initiation of gout therapy when the flare occurs
contemporaneously or following at least a first administration of a therapeutic agent for the

treatment of gout.

Pharmaceutical Compositions

[0272] The present disclosure encompasses the preparation and use of pharmaceutical
compositions comprising an engineered microbial cell (e.g., engineered fungal cells) of the
disclosure as an active ingredient. Such a pharmaceutical composition may consist of the active
ingredient alone, as a combination of at least one active ingredient (e.g., an effective dose of an
engineered fungal cell) in a form suitable for administration to a subject, or the pharmaceutical
composition may comprise the active ingredient and one or more pharmaceutically acceptable
carriers, one or more additional (active and/or inactive) ingredients, or some combination of

these.
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[0273] In some embodiments, a pharmaceutical composition comprises a plurality of the
engineered fungal cells described herein, and a pharmaceutically acceptable carrier. In further
embodiments, the pharmaceutical composition comprises a therapeutically effective dose of the
engineered microbial cells.

[0274] In some embodiments, the pharmaceutical composition comprises between 1076 and
10712 engineered microbial cells.

[0275] Pharmaceutical compositions of the present disclosure may be administered in a manner
appropriate to the disease to be treated (or prevented). The quantity and frequency of
administration will be determined by such factors as the condition of the patient, and the type
and severity of the patient's disease, although appropriate dosages may be determined by clinical
trials.

[0276] The administration of the pharmaceutical compositions may be carried out in any
convenient manner, including by aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. The compositions of the present disclosure may be administered
to a patient orally.

[0277] As used herein, the term "pharmaceutically acceptable carrier” means a chemical
composition with which the active ingredient may be combined and which, following the
combination, can be used to administer the active ingredient to a subject.

[0278] The formulations of the pharmaceutical compositions described herein may be prepared
by any method known or hereafter developed in the art of pharmacology. In general, such
preparatory methods include the step of bringing the active ingredient into association with a
carrier or one or more other accessory ingredients, and then, if necessary or desirable, shaping or

packaging the product into a desired single- or multi-dose unit.
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[0279] Although the descriptions of pharmaceutical compositions provided herein are principally
directed to pharmaceutical compositions which are suitable for ethical administration to humans,
it will be understood by the skilled artisan that such compositions are generally suitable for
administration to animals of all sorts. Modification of pharmaceutical compositions suitable for
administration to humans in order to render the compositions suitable for administration to
various animals is well understood, and the ordinarily skilled veterinary pharmacologist can
design and perform such modification with merely ordinary, if any, experimentation. Subjects to
which administration of the pharmaceutical compositions of the disclosure is contemplated
include, but are not limited to, humans and other primates, mammals including commercially
relevant mammals such as non-human primates, cattle, pigs, horses, sheep, cats, and dogs.

[0280] Pharmaceutical compositions that are useful in the methods of the disclosure may be
prepared, packaged, or sold in formulations suitable for oral, or another route of administration.

[0281] A pharmaceutical composition of the disclosure may be prepared, packaged, or sold in
bulk, as a single unit dose, or as a plurality of single unit doses. As used herein, a "unit dose" is
discrete amount of the pharmaceutical composition comprising a predetermined amount of the
active ingredient. The amount of the active ingredient is generally equal to the dosage of the
active ingredient which would be administered to a subject or a convenient fraction of such a
dosage such as, for example, one-half or one-third of such a dosage.

[0282] The relative amounts of the active ingredient, the pharmaceutically acceptable carrier,
and any additional ingredients in a pharmaceutical composition of the disclosure will vary,
depending upon the identity, size, and condition of the subject treated and further depending
upon the route by which the composition is to be administered. By way of example, the

composition may comprise between 0.1% and 100% (w/w) active ingredient.
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[0283] In addition to the active ingredient, a pharmaceutical composition of the disclosure may
further comprise one or more additional pharmaceutically active agents.

[0284] Controlled- or sustained-release formulations of a pharmaceutical composition of the
disclosure may be made using conventional technology.

[0285] The pharmaceutical compositions may be prepared, packaged, or sold in the form of a a
capsule or pill containing (freeze-)dried or metabolically active engineered microbes, a powder
containing (freeze-)dried or metabolically active engineered microbes, or a suspension
containing (freeze-)dried or metabolically active live microbes. These solids or liquids may be
formulated according to the known art, and may comprise, in addition to the active ingredient,
additional ingredients such as the dispersing agents, wetting agents, or suspending agents
described herein. Such formulations may be prepared using a non-toxic orally-acceptable
substance, such as cellulose, for example.

[0286] Other acceptable substances include, but are not limited to, guar gum, hypromellose
(hydroxypropyl methylcellulose), inulin, fructooligosaccharides, gelatin, magnesium stearate,
Silicon dioxide, rice bran extract, and lactose.

[0287] Formulation methods are described by e.g., Martins et al, Letters in Applied
Microbiology 49:738-744 (2009), and by Joshi and Thorat, Drying Technology, 29:749-757
(2011).

[0288] The engineered microbial cell of the disclosure can be administered to an animal, e.g., a
human. Where the engineered microbial cell are administered, they can be administered in an
amount ranging from about 10/6 to about 10"12 cells wherein the cells are administered to the

animal, preferably, a human patient in need thereof. While the precise dosage administered will
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vary depending upon any number of factors, including but not limited to, the type of animal and
type of disease state being treated, the age of the animal and the route of administration.

[0289] The engineered microbial cell may be administered to an animal as frequently as several
times daily, or it may be administered less frequently, such as once a day, once a week, once
every two weeks, once a month, or even less frequently, such as once every several months or
even once a year or less. The frequency of the dose will be readily apparent to the skilled artisan
and will depend upon any number of factors, such as, but not limited to, the type and severity of
the disease being treated, the type and age of the animal, etc.

[0290] An engineered microbial cell may be co-administered with the various other compounds
(c.g. other therapeutic agents). Alternatively, the compound(s) may be administered in advance
of or after administration of the engineered microbial cell. The frequency and administration
regimen will be readily apparent to the skilled artisan and will depend upon any number of
factors such as, but not limited to, the type and severity of the disease being treated, the age and
health status of the animal, the identity of the compound or compounds being administered, the
route of administration of the various compounds and the engineered microbial cell, and the like.

[0291] In some embodiments, the disclosure features a pharmaceutical composition comprising a
plurality of the engineered microbial cells described herein, and a pharmaceutical carrier. In
other embodiments, the disclosure features a pharmaceutical composition comprising a
population of engineered microbial cells as described herein, and a pharmaceutical carrier. It will
be understood that any single engineered microbial cell, plurality of engineered microbial cells,
or population of engineered microbial cells as described elsewhere herein may be present in a

pharmaceutical composition of the invention.
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[0292] In some embodiments, the pharmaceutical compositions provided herein comprise
engineered (i.e. modified) microbial cells and unmodified microbial cells. For example, a single
unit dose of microbial cells (e.g., modified and unmodified microbial cells) can comprise, in
various embodiments, about, at least, or no more than 10%, 20%, 30%, 40%, 50%, 60%, 70%,
75%, 80%), 85%, 90%, 95%, or 99% engineered microbial cells, wherein the remaining
microbial cells in the composition are not engineered.

[0293] In some embodiments of the above aspects and embodiments, the engineered microbial

cell is a fungal cell, e.g. Saccharomyces boulardii.

Combination Therapies

[0294] According to some embodiments, the disclosure provides methods that further comprise
administering an additional agent (e.g. an additional therapeutic) to a subject. In some
embodiments, the disclosure pertains to co-administration and/or co-formulation.

[0295] Additional therapeutics for elevated uric acid levels, gout, gout flares, or conditions
associated with gout, may be administered to any one of the subjects provided herein, such as for
the reduction of uric acid levels and/or gout treatment and/or gout flare prevention. Any one of
the methods provided herein may include the administration of one or more of these additional
therapeutics. In some embodiments, any one of the methods provided herein do not comprise the
concomitant administration of an additional therapeutic. Examples of additional therapeutics
include, but are not limited to, the following. Other examples will be known to those of skill in
the art.

[0296] Additional therapeutics include anti-inflammatory therapeutics (i.e., any therapeutic that
can act to reduce inflammation). Anti-inflammatory therapeutics include, but are not limited to,

corticosteroids or derivatives of cortisol (hydrocortisone). Corticosteroids include, but are not
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limited to, glucocorticoids and mineralocorticoids. Still other examples of corticosteroids
include, but are not limited to, those that are natural and those that are synthetic. Corticosteroids,
particularly glycocorticoids, have anti-inflammatory and immunosuppressive effects that may be
effective in managing symptoms, including pain and inflammation associated with gout, gout
flare, and/or conditions associated with gout.

[0297] Administration of corticosteroids may also aid in reducing hypersensitivity reactions
associated with one or more additional therapies, for example uricase replacement therapy.

[0298] Still other non-limiting examples of corticosteroids include prednisone, prednisolone,
Medrol, and methylprednisolone.

[0299] Additional therapeutics include short term therapies for gout flare or pain and
inflammation associated with any of the symptoms associated with gout or a condition associated
with gout include nonsteroidal anti-inflammatory drugs (NSAIDS), colchicine, and oral
corticosteroids. Non-limiting examples of NSAIDS include both over-the-counter NSAIDS, such
as ibuprofen, aspirin, and naproxen, as well as prescription NSAIDS, such as celecoxib,
diclofenac, diflunisal, etodolac, indomethacin, ketoprofen, ketorolac, nabumetrone, oxaprozin,
piroxiam salsalate, sulindac, and tolmetin.

[0300] Colchicine is an anti-inflammatory agent that is generally considered as an alternative for
NSAIDs for managing the symptoms, including pain and inflammation associated with gout,
gout flare, and/or conditions associated with gout.

[0301] Further examples of additional therapeutics include xanthine oxidase inhibitors, which
are molecules that inhibit xanthine oxidase, reducing or preventing the oxidation of xanthine to
uric acid, thereby reducing the production of uric acid. Xanthine oxidase inhibitors are generally

classified as either purine analogues or other types of xanthine oxidase inhibitors. Examples of
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xanthine oxidase inhibitors include allopurinol, oxypurinol, tisopurine, febuxostat, topiroxostat,
inositols (e.g., phytic acid and myo-inositol), flavonoids (e.g., kaempferol, myricetin, quercetin),
caffeic acid, and 3,4-dihydrox-5-nitrobenzaldehyde (DHNB).

[0302] Still other examples of additional therapeutics include uricosuric agents. Uricosuric
agents aim to increase excretion of uric acid in order to reduce serum levels of uric acid by
modulating renal tubule reabsorption. For example, some uricosuric agents modulate activity of
renal transporters of uric acid (e.g., URAT1/SLC22A12 inhibitors). Non-limiting examples of
uricosuric agents include probenecid, benzbromarone, lesinurad, and sulfinpyrazone. Other
additional therapeutics may also have uricosuric activity, such as aspirin.

[0303] Additional therapeutics also include other uricase-based therapies, which include
pegylated uricase. Such therapies, such as when infused into humans, have been shown to reduce
blood uric acid levels and improve gout symptoms. Rasburicase (ELITEK), an unpegylated
engineered uricase cloned from Aspergillus flavus, is approved for management of uric acid
levels in patients with tumor lysis syndrome. KRYSTEXXA (pegloticase) is a engineered uricase
(primarily porcine with a carboxyl-terminus sequence from baboon) bound by multiple 10 kDa
PEG molecules approved for the treatment of chronic refractory gout.

[0304] The treatments provided herein may allow patients to switch to oral gout therapy, such as
with xanthine oxidase inhibitors, unless and until such patients experience a subsequent
manifestation of uric acid deposits at which time a new course of treatment as provided herein
according to any one of the methods provided is then undertaken. Any one of the methods
provided herein, thus, can include the subsequent administration of an oral gout therapeutic as an
additional therapeutic after the treatment regimen according to any one of the methods provided

is performed. It is believed that oral therapy may not completely prevent the buildup over time of
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uric acid crystals in patients with a history of chronic tophaceous gout. As a result, it is
anticipated that treatment as provided herein is likely to be required intermittently in such
patients. Thus, in such subjects, the subject is also further administered one or more
compositions according to any one of the methods provided herein.

[0305] The treatments provided herein may allow patients to subsequently be treated with a uric
acid lowering therapeutic, such as a uricase.

[0306] Treatment according to any one of the methods provided herein may also include a pre-
treatment with an anti-gout flare therapeutic, such as with colchicine or NSAIDS.

[0307] Accordingly, any one of the methods provided herein may further comprise such an anti-
gout flare therapeutic whereby the anti-gout flare therapeutic is concomitantly administered with
the composition comprising uricase and the composition comprising synthetic nanocarriers
comprising an immunosuppressant.

[0308] Monitoring of a subject, such as the measurement of serum uric acid levels and/or ADAsS,
may be an additional step further comprised in any one of the methods provided herein. In some
embodiments, should such subject develop an undesired immune response, the subject is further
administered one or more compositions according to any one of the methods provided herein. In
some embodiments of any one of the methods provided herein, the subject is monitored with
dual energy computed tomography (DECT), that can be used to visualize uric acid deposits in
joints and tissues. Imaging, such as with DECT, can be used to assess the efficacy of treatment
with any one of the methods or compositions provided herein. As a result, any one of the
methods provided herein can further include a step of imaging, such as with DECT. In some

embodiments of any one of the methods provided herein, the subject is one in which the gout,
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such as chronic tophaceous gout, or condition associated with gout has been diagnosed with such

imaging, such as with DECT.
Identifying Uric Acid Degradation

[0309] A method to identify uric acid degrading polypeptides can comprise the steps of
functionally expressing a candidate uric acid degrading polypeptide by operably linking it to a
promoter in a cell functionally expressing one or more of the uric acid transporters of SEQ ID
NO: 9-18, or polypeptide having uric acid transporter activity as identified in [[CLAIM Y]J;
identifying cells with increased urate consumption by quantifying urate uptake and
biodegradation of cells from step 1. using a urate consumption assay and comparing their urate
consumption to cells functionally expressing only the one or more of the uric acid transporters of
SEQ ID NO: 9-18 or polypeptide having uric acid transporter activity as identified in [[CLAIM
Y]I. The cells that show increased urate consumption functionally express a uric acid degrading
polypeptide, thereby confirming the candidate uric acid degrading polypeptide can functionally
break down uric acid and encodes a uricase (EC 1.7.3.3).

[0310] A method to identify uric acid transporters can comprise the steps of functionally
expressing a candidate uric acid transporting polypeptide by operably linking it to a promoter in
a cell functionally expressing one or more of the uricases of SEQ ID NO: 1-8, or polypeptide
having uricase activity as identified in CLAIM X; identifying cells with increased urate
consumption by quantifying urate uptake and biodegradation of cells from step 1. using a urate
consumption assay and comparing their urate consumption to cells functionally expressing only
the one or more of the uricases of SEQ ID NO:1-8 or polypeptide having uricase activity as
identified in CLAIM X. The cells that show increased urate consumption functionally express a

uric acid transporter polypeptide, thereby confirming the candidate uric acid transporting
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polypeptide can functionally transport uric acid from outside the cell to inside the cell and
encodes a uric acid transporter.

[0311] An assay to quantify urate uptake and biodegradation by cells can comprise collecting
cells followed by resuspension in assay buffer containing dissolved uric acid with A293 between
0.0 and 3.0; incubating resuspended cells under conditions suitable for uric acid uptake and
biodegradation; removing aliquots at designated intervals; collecting the supernatant; and
spectrophotometrically determining the reduction in urate concentration by measuring
absorbance at a wavelength where urate strongly absorbs, preferably between 275 nm and 350

nm, most preferably 293 nm.

Example 1

[0312] Example 1: “Saccharomyces boulardii cells genetically engineered to comprise Candida
utilis uricase and Aspergillus nidulans UapA uric acid transporter”

[0313] Episomal expression vector encoding Candida utilis uricase and Aspergillus nidulans
UapA uric acid transporter:

[0314] An episomal plasmid shuttle vector was constructed encoding genes for the expression of
Candida utilis uricase (SEQ ID NO: 1) (CuUOX) and Aspergillus nidulans UapA uric acid
transporter (SEQ ID NO: 9) (AnUapA). A schematic drawing of the map is provided in Figure 1.
The sequence of this episomal plasmid shuttle vector is included in SEQ ID NO: 19

[0315] This vector is able to replicate in E. coli cells grown in the presence of Ampicillin by
virtue of the Ampicillin resistance gene (B-Lactamase) and the bacterial F1 origin of replication.
The vector is able to replicate in S. boulardii cells grown in the presence of G418 disulphate by
virtue of the bacterial aminoglycoside phosphotransferase (from transposon Tn903) and the S.

cerevisiae 2 micron plasmid origin of replication.
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[0316] The vector encodes Candida utilis uricase under control of the S. boulardii GPD (aka
TDH3) promoter, and Aspergillus nidulans UapA uric acid transporter under control of the S.
boulardii Pgkl promoter.

[0317] Salient features of SEQ ID:19 include: GPD (TDH3) promoter in the 13-663 nucleotides;
Candida Uricase in the 687 — 1598 nucleotides; VPS13 terminator in the 1599 - 1701
nucleotides; TPI1 promoter in the 1714 - 2163 nucleotides; EM7 promoter in the 2164 — 2231
nucleotides; KanR in the 2232 - 3041 nucleotides; Ashbya gossypii TEF terminator in the 3047 —
3244 nucleotides; Pgkl promoter in the 9925 - 9388 (antisense) nucleotides; UapA UA
transporter in the 9387- 7663 (antisense) nucleotides; Prm9 terminator in the 7662 - 7413
(antisense) nucleotides; yeast 2u plasmid origin of replication in the 6033 — 7378 nucleotides;
AmpR in the 5403 - 4543 (antisense) nucleotides; F1 Origin of replication in the 4372 - 3784
(antisense) nucleotides.

[0318] The vector was amplified in E. coli DH5a cells (Cat no. 18265017, Thermo Fisher
Scientific, Grand Island, NY 14072, USA), and extracted using methods well known in the art,
as described e.g. in Sambrook and Russell, Molecular cloning: a laboratory manual. Ed. 3. Cold
spring harbor laboratory press, 2001. The vector DNA was further purified using silica spin
columns.

[0319] Saccharomyces boulardii cells (Kirkman, Lake Oswego, OR 97035) were grown in YPD
medium by transferring the content of a capsule into 50 mL YPD medium in a 125 mL shake
flask. The S. boulardii starter culture was grown on a platform shaker at 225 rpm and 30°C to
stationary phase (OD 600 to or about 3) overnight. The next morning, a 5 mL aliquot of the
overnight culture was inoculated into 100 mL YPD media in a 250 mL shake flask to initiate a

culture at approx. OD600 0.3. The inoculated cells were grown in a shaking incubator at 30 °C
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and 225 rpm until OD600 was approximately 1.6. Yeast cells were pelleted by centrifugation at
3000 rpm for 5 minutes and the media was aspirated. Cell were resuspended in 20 mL ice cold
water, and pelleted again by centrifugation at 3000 rpm for 5 min. The supernatant was aspirated,
and cells were resuspended in 20 mL ice cold water, and pelleted again by centrifugation at 3000
rpm for 5 min. The supernatant was aspirated, and cells were resuspended in 50 mL ice-cold
electroporation buffer (1 M Sorbitol / 1 mM CaCl2 in distilled water), and pelleted again by
centrifugation at 3000 rpm for 5 min.

[0320] Cells were resuspended in 20 mL 0.1 M LiOAc / 10 mM DTT, transfered to a 125 mL
shake flask and shaked at 100 rpm for 30 minutes at 30 °C. Cells were pelleted by centrifugation
at 3000 rpm for 3 min, the supernatant removed, and cells were gently resuspended in 20 mL ice-
cold electroporation buffer. Cells were pelleted by centrifugation at 3000 rpm for 3 min and the
supernatant removed. Cells were resuspended in electroporation buffer to reach a final volume of
1 mL. 40 uL DNA solution was transferred into a pre-chilled electroporation cuvette (2 mm
electrode gap) on ice, and 400 pL resuspended electrocompetent yeast cells was added. The
cuvette was kept on ice for 5 minutes until electroporation. The cells were electroporated at 2.5
kV, 25 pF and 200 Ohm. Electroporated cells were transferred from each cuvette into 10 mL of
1:1 mix of 1 M Electroporation buffer : YPD medium. The cells were recovered by incubation
on a platform shaker at 225 rpm and 30°C for 2 hours. The cells were pelleted by centrifugation,
the supernatant removed, and the cells resuspended in 1 mL YPD medium. Cells were pelleted
again, the supernatant removed, and cells were resuspended in 200 uL. YPD medium. Cells were
plate on YPD plates with 600 ng / mL G418 disulphate, taped shut with parafilm, and incubate at
30°C for 2 days. Colonies were picked used to inoculate liquid YPD cultures with 200 600 pg /

mL G418 sulphate, and cells were grown for 48 hours to approximately stationary phase.
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[0321] A control culture consisting of parental, untransformed S. boulardii was grown in YPD
medium without antibiotics, and these cells were also grown for 48 hours to approximately
stationary phase. 1 mL of cell suspension was removed from the culture, transformed cells were
pelleted in a 1.7 mL Eppendorf tube by centrifugation. The supernatant was removed, and cells
were resuspended in 1 mL of phosphate buffered saline, pH 7.4, to wash the cells. Cells were
then resuspended in 1 mL phosphate buffered saline containing uric acid at a concentration
yielding an optical density at 293 nm (OD293) of approximately A293 = 1.0. A control consisted
of uric acid solution in PBS without any cells. The suspensions were then incubated on a tumbler
at 37°C for 10 minutes.

[0322] Following incubation, cells were pelleted again, 500 puL of supernatant was assayed
spectrophotometrically using a quartz glass cuvette with 1 cm pathlength in a Nanodrop
spectrophotometer (see Pratorius and Poulsen, Scandinavian Journal of Clinical and Laboratory
Investigation, 5:273-280 (1953)). The cell pellet was resuspended in the remaining supernatant,
and cells were incubated for an additional 30 minutes on a tumbler at 37°C. Following the
second incubation, cells were pelleted again, and the remaining 500 pL of supernatant was
assayed spectrophotometrically using a quartz glass cuvette with 1 cm pathlength in a Nanodrop
spectrophotometer. It should be noted uric acid has an absorbance peak at 293 nm, where the
degradation product as produced by uricase does not absorb at this wavelength.

[0323] Results are shown in FIG. 2 (absorbance spectra 200 - 350 nm) and FIG. 3 (absorbance at
293 nm). Results showed that uric acid in the suspension containing S. boulardii engineered with
the shuttle vector (SEQ ID: 19) was partially degraded after 10 minutes, and essentially

completely degraded after 40 minutes. In contrast, uric acid in the suspension containing wild-
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type S. boulardii was not degraded, as was uric acid in the solution without S. boulardii. In both

of the latter, uric acid levels were the same as before treatment.

Example 2

[0324] Example 2. “Escherichia coli strain Nissle cells genetically engineered to overexpress
Escherichia coli Y gfU uric acid transporter and Arthrobacter globiformis uricase induced by low
oxygen conditions”

[0325] A synthetic plasmid encoding an expression cassette comprising the Arthrobacter
globiformis uricase operably linked to a promoter induced by the oxygen level-dependent FNR
protein from N. gonorrhoeae (see, e.g., Isabella et al, BMC Genomics 12:1471-2164 (2011)) (a
promoter that is induced by low-oxygen or anaerobic conditions); and, with translation
terminated by the synthetic BBa_B 1002 terminator, and with said operon flanked by 50 bps
sequences facilitating homologous recombination into the malE/K locus, e.g. as set forth in SEQ
ID NO: 20, is obtained from a synthetic DNA vendor, e.g. Twist Bioscience (San Francisco, CA)
or Integrated DNA Technologies (Coralville, IA). The fragment may additionally comprise
antibiotic selection markers or other selectable markers.

[0326] This fragment is flanked by appropriate unique Notl restriction sites. This fragment is
excised from a large scale preparation of the plasmid, purified, and used to transform E. coli
Nissle cells.

[0327] A synthetic plasmid encoding an expression cassette comprising the Escherichia coli
YgfU uric acid transporter operably linked to a promoter induced by the oxygen level-dependent
FNR protein from N. gonorrhoeae (see, e.g., Isabella et al, BMC Genomics 12:1471-2164
(2011)) (a promoter that is induced by low-oxygen or anaerobic conditions); and, with translation

terminated by the synthetic Bba_B1006 terminator, and with said operon flanked by 50 bps
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sequences facilitating homologous recombination into the lacZ locus, eg as set forth in SEQ ID
NO: 21, is obtained from a synthetic DNA vendor, e.g. Twist Bioscience (San Francisco, CA) or
Integrated DNA Technologies (Coralville, IA). The fragment may additionally comprise
antibiotic selection markers or other selectable markers.

[0328] This fragment is flanked by appropriate unique Notl restriction sites. This fragment is
excised from a large-scale preparation of the plasmid, purified, and used to transform E. coli
Nissle cells.

[0329] Lambda red recombination is used to make chromosomal modifications, e.g., to express
Escherichia coli YgfU uric acid transporter and Arthrobacter globiformis uricase in E. coli
Nissle. Lambda red recombinase mediated recombineering is a procedure using recombination
enzymes from a bacteriophage lambda to insert a piece of custom (e.g., synthetic) DNA into the
chromosome of E. coli.

[0330] pKD46 (CGSC# 7669, Yale Coli Genetic Stock Center, Dept. of Molecular, Cellular, and
Developmental Biology, Yale University, New Haven, CT 06520, USA) is a temperature-
sensitive plasmid that encodes the lambda red recombinase genes. The pKD46 plasmid is
transformed into the E. coli Nissle host strain (PZN: 03840841, Mutaflor®, ArdeyPharm,
Herdecke, Nordrhein-Westfalen, Germany). E. coli Nissle cells are grown overnight in LB
media. The overnight culture is diluted 1:100 in 5 mL of LB media and grown until it reaches an
OD600 of 0.4-0.6. All tubes, solutions, and cuvettes are pre-chilled to 4° C. The E. coli cells are
centrifuged at 2,000 rpm for 5 min. at 4° C., the supernatant is removed, and the cells are
resuspended in 1 mL of 4° C. water. The E. coli are centrifuged at 2,000 rpm for 5 min. at 4° C.,
the supernatant is removed, and the cells are resuspended in 0.5 mL of 4° C. water. The E. coli

are centrifuged at 2,000 rpm for 5 min. at 4° C., the supernatant is removed, and the cells are
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resuspended in 0.1 mL of 4° C. water. The electroporator is set to 2.5 kV. 1 ng of pKD46
plasmid DNA is added to the E. coli cells, mixed by pipetting, and pipetted into a sterile, chilled
cuvette. The dry cuvette is placed into the sample chamber, and the electric pulse is applied. 1
mL of room-temperature SOC media is immediately added, and the mixture is transferred to a
culture tube and incubated at 30°C. for 1 hr. The cells are spread out on a selective media plate
containing antibiotics and incubated overnight at 30°C.

[0331] DNA sequences comprising the desired urate catabolism genes and transporters, e.g.,
those shown above are ordered from a gene synthesis company. The lambda enzymes are used to
insert this construct into the genome of E. coli Nissle through homologous recombination. The
construct is inserted into a specific site in the genome of E. coli Nissle based on its DNA
sequence. In one example, the construct encodes Escherichia coli Y gfU uric acid transporter,
which is inserted at the lacZ site in the E. coli Nissle genome. In another example, the construct
encodes Arthrobacter globiformis uricase, which is inserted at the MalE/Ksite in the E. coli
Nissle genome.

[0332] The homologous sequences are ordered as part of the synthesized gene. Alternatively, the
homologous sequences may be added by PCR. The construct is used to replace the natural
sequence in the E. coli Nissle genome. The construct may include an antibiotic resistance marker
that may be removed by recombination.

[0333] The constructs comprising the desired urate catabolism genes and transporters are
transformed into E. coli Nissle comprising pKD46. All tubes, solutions, and cuvettes are pre-
chilled to 4° C. An overnight culture is diluted 1:100 in 5 mL of LB media containing ampicillin
and grown until it reaches an OD600 of 0.1. 0.05 mL of 100x L-arabinose stock solution is

added to induce pKD46 lambda red expression. The culture is grown until it reaches an OD600
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of 0.4-0.6. The E. coli cells are centrifuged at 2,000 rpm for 5 min. at 4° C., the supernatant is
removed, and the cells are resuspended in 1 mL of 4° C. water. The E. coli are centrifuged at
2,000 rpm for 5 min. at 4° C., the supernatant is removed, and the cells are resuspended in 0.5
mL of 4° C. water. The E. coli are centrifuged at 2,000 rpm for 5 min. at 4° C., the supernatant is
removed, and the cells are resuspended in 0.1 mL of 4° C. water. The electroporator is set to 2.5
kV. 0.5 pg of the constructs comprising the desired urate catabolism genes and transporters is
added to the cells, mixed by pipetting, and pipetted into a sterile, chilled cuvette. The dry cuvette
is placed into the sample chamber, and the electric pulse is applied. 1 mL of room-temperature
SOC media is immediately added, and the mixture is transferred to a culture tube and incubated
at 37° C. for 1 hr. The cells are spread out on an LB plate and incubated overnight.

[0334] The presence of the mutation is verified by colony PCR. Colonies are picked with a
pipette tip and resuspended in 20 pl of cold ddH20 by pipetting up and down. 3 pL of the
suspension is pipetted onto an index plate with appropriate antibiotic for use later. The index
plate is grown at 37° C. overnight. A PCR master mix is made using 5 pL of 10x PCR buffer, 0.6
pL of 10 mM dNTPs, 0.4 pL of 50 mM Mg2S04, 6.0 pL of 10x enhancer, and 3.0 uL of ddH20
(15 pL of master mix per PCR reaction). A 10 uM primer mix is made by mixing 2 pL. of
primers unique to the argA mutant construct (100 uM stock) into 16 pLL of ddH20. For each 20
pL reaction, 15uL of the PCR master mix, 2.0 pL of the colony suspension (template), 2.0 pL of
the primer mix, and 1.0 yL of Pfx Platinum DNA Pol are mixed in a PCR tube. The PCR
thermocycler is programmed as follows, with steps 2-4 repeating 34 times: 1) 94°C at 5:00 min.,
2) 94°C at 0:15 min., 3) 55°C at 0:30 min., 4) 68°C at 2:00 min., 5) 68°C at 7:00 min., and then

cooled to 4°C. The PCR products are analyzed by gel electrophoresis using 10 pL of each
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amplicon and 2.5 puLL 5xdye. The PCR product only forms if the mutation has inserted into the
genome.

[0335] Next, the antibiotic resistance is removed by transforming cells with pCP20 plasmid
(CGSC# 14177, Yale Coli Genetic Stock Center, Dept. of Molecular, Cellular, and
Developmental Biology, Yale University, New Haven, CT 06520, USA)

[0336] pCP20 has the yeast Flp recombinase gene, FLP, chloramphenicol and ampicillin
resistant genes, and temperature sensitive replication. Bacteria are grown in LB media containing
the selection antibiotic at 37°C until OD600 reaches 0.4-0.6. 1 mL of cells are pelleted at 16,000
xg for 1 min, the supernatant is discarded and the pellet is resuspended in 1 mL ice-cold 10%
glycerol. This wash step is repeated 3 times. The pellet is then resuspended in 70 pl ice-cold 10%
glycerol. Next, cells are electroporated with 1 pg pCP20 plasmid DNA, and 1 mL SOC
supplemented with 3 mM thymidine is immediately added to the cuvette. Cells are resuspended
and transferred to a culture tube and are grown at 30°C for 1 hour. Cells are then pelleted at
10,000xg for 1 minute, the supernatant is discarded, and the cell pellet is resuspended in 100 pL.
LB containing 3 mM thymidine and spread on LB agar plates containing 3 mM thy and 100
pg/mL carbenicillin. Cells are grown at 30°C for 16-24 hours. Next, transformants are colony
purified non-selectively (in the absence of antibiotics) at 42°C.

[0337] To test the colony-purified transformants, a colony is picked from the 42°C plate with a
pipette tip and resuspended in 10 pL LB. 3 pL of the cell suspension is pipetted onto a set of 3
plates: Cam, (37°C: tests for the presence/absence of CamR gene in the genome of the host
strain), Amp, (30°C: tests for the presence/absence of AmpR from the pCP20 plasmid) and LB

only (37°C, desired cells that have lost the chloramphenicol cassette and the pCP20 plasmid).
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Colonies were considered cured if there is no growth in neither the Cam or Amp plate, picked,
and re-streaked on an LB plate to get single colonies, and grown overnight at 37°C.
Example 3

[0338] Example 3: “Bacteroides cells genetically engineered to comprise Spirosoma uricase and
uric acid transporter”

[0339] Adding urate-degradation capabilities to a member of the genus Bacteroides can be
accomplished by addition of transgenes from other organisms (e.g. species from the
Bacteroidetes phylum, e.g. a species from the Spirosoma genus).

[0340] A synthetic conjugative plasmid containing an expression cassette comprising a synthetic
operon encoding a Spirosoma uricase (SEQ ID NO: 8) and Spirosoma urate transporter SEQ ID
NO: 18), operably linked to a phage derived promoter, e.g. P_BfP1E6 (as described in Russ et al,
W02020123483), e.g. as set forth in SEQ ID NO: 22, is obtained from a synthetic DNA vendor,
e.g. Twist Bioscience (San Francisco, CA) or Integrated DNA Technologies (Coralville, IA).
The plasmid may carry an NBU2 integrase gene, which catalyzes genomic integration of the
plasmid at the 3 end of a serine-tRNA gene in the Bacteroides genome. The plasmid may
additionally comprise antibiotic selection markers or other selectable markers. Multiple selective
markers (such as tetracycline, erythromycin, or chloramphenicol) can be used to deliver multiple
constructs into a single Bacteroides strain. The plasmid has the RK2/RP4 transfer origin.

[0341] The plasmid is transformed into Escherichia coli S17-1 donor cells (Catalog number
47055, ATCC). The RK2 conjugative machinery allows for conjugative transfer of plasmids
bearing an RP4 transfer origin to a variety of species, including Bacteroides. DNA is transformed
with addition of 20 pL of chemically competent E. coli S17-1 cells (mid-log cells resuspended

1:20 in TSS/KCM: LB medium with 8.3% PEG-3350, 4.2% DMSO, 58 mM MgCI2, 167 mM
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CaCl2 and 457 mM KCI), followed by a 90 second heat shock at 42°C, recovery at 37 °C for 30
minutes, a dilution into 600 uL LB medium with Ampicillin in a deep well 96-well plate
(Corning 07-200-700) and aerobic growth at 37°C. A Bacteroides culture is prepared with
overnight anaerobic growth in trypticase yeast extract-glucose (TYG) growth medium. At mid to
late log growth, 200 pL of the transformed S17-1 cells are spun down, resuspended with 10 puL.
of a 1:10 concentration of the Bacteroides culture, and added to a deep well 96-well plate
containing 400 pL of solidified Brain Heart Infusion Blood Agar (BHI-BA) per well. After at
least 16 hours, the lawn of S17-1 and Bacteroides are resuspended in 400 pL of TYG by vortex
or pipetting, 200 pL of the resuspension are spun down and resuspended in 15 uL. TYG and
several dilutions in TYG are made. 3 pL of the resuspension and its dilutions are spotted onto a
120 x 120 mm square petri dish containing BHI-BA plus the appropriate antibiotics (200 pg/mL
gentamycin, and 25 pg/mL erythromycin or 2 ug/mL tetracycline). Bacteroides colonies can be

picked after a 24 hour anaerobic incubation at 37 °C.

Example 4. “Bacillus cells genetically engineered to overexpress uricase and / or uric acid

transporter”

[0342] Various bacterial species in the genus Bacillus, e.g. B. subtilis, appear to endogenously
comprise genes involved in uric acid catabolism genes, including uricase and / or one or
(putative) more uric acid transporter(s). The ability of Bacillus cells to take up and break down
uric acid may be improved by overexpression of uricase, e.g. PucL, and / or uric acid (purine)
transporters, e.g. PucJ and / or PucK (see e.g. Schultz et al, Journal of Bacteriology 183:3293-
3302 (2001)). The flgM gene may be removed to yield a Bacillus strain with enhanced gene

expression from the hag promoter (as described in Abbott, US 2020/0345793 A1). Deletion of
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flgM greatly enhances constitutive expression and activity of SigD, and consequently results in
higher and more constitutive transcription of the flagellar operon and specifically the hag gene.

[0343] The B. subtilis strain PY79 from the Bacillus Genetic Stock Center is used (strain 1A747)
for all manipulations. The CsrA-binding site in the Bacillus hag promoter may be mutated to
constitutively enhance promoter activity (as described in Abbott, US 2020/0345793 A1l).
Bacteria are grown in LB medium (1% tryptone, 0.5% yeast extract, 0.5% sodium chloride, with
addition of 1.5% agar for solid media. For MLS resistance selection, 1 ug/mL erythromycin and
25 pg/mL lincomycin are used. For transformation experiments, bacteria are grown in modified
competence (MC) medium (100 mM phosphate buffer, 2% glucose, 3 mM trisodium citrate, 22
mg/L ferric ammonium citrate, 0.1% casein hydrolysate, 0.16% glutamic acid, 3 mM magnesium
sulfate). The plasmid used to make genetic modifications may be pMiniMAD (Catalog
#ECE765, Bacillus Genetic Stock Center, Biological Sciences 556, 484 W. 12th Ave, Columbus,
OH 43210-1214) as described in Patrick and Kearns, Mol. Microbiol. 70:1166-1179 (2008). The
hag (flagellin) gene is replaced with an operon encoding uric acids transporter(s) and urate
catabolism genes.

[0344] A synthetic plasmid encoding an expression cassette comprising a partial Puc operon
comprising the Bacillus Puc] and PucL purine transporters (SEQ ID. NO: 14 and SEQ ID. NO:
15), the Bacillus PucL uricase / OHCU decarboxylase fusion protein (SEQ ID. NO: 6), and a
Bacillus HIUHase operably linked to a Bacillus hag promoter, flanked by 800 base pairs 5’ and
3" of the hag gene (as described in Abbott, US 2020/0345793 A1), e.g. as set forth in SEQ ID
NO: 23, is obtained from a synthetic DNA vendor, e.g. Twist Bioscience (San Francisco, CA) or

Integrated DNA Technologies (Coralville, 1A).
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[0345] This fragment is excised using the BamHI restriction enzyme, subcloned into the
pMiniMAD plasmid linearized with BamHI and dephosphorylated with Calf intestinal
phosphatase as recommended by the manufacturer (New England Biolabs). Plasmid DNA is
used as the DNA source for chromosomal modifications. A single colony of Bacillus strain PY79
is picked, and inoculated in 2 mL of MC medium in a 15 mL test tube. The culture is grown at
37°C with shaking at 275 rmp for 4.5 hours, or approx. 1 hour after the end of the exponential
growth phase. 400 uL of the culture is transferred to a new 15 mL test tube, and 1 pg of
pMiniMAD plasmid containing the fragment from SEQ ID NO: 23 is added. The culture with
DNA is returned to the 37°C shaker for 1.5 hours. Cultures are plated on LB agar with 1 pg/mL
erythromycin and 25 pg/mL lincomycin, and incubated overnight at 37°C. Isolated colonies are
screened for mutant allele via PCR using primer pairs where one primer anneals to a region
outside the insert, and the other anneals to a region inside the insert. If the insert has recombined
into the chromosome at the expected locus, PCR products of the expected size are obtained. A
positive colony is then inoculated in 3 mL LB broth without antibiotics. This culture is grown
overnight at room temperature with shaking at 275 rpm. 10 uL of the overnight culture is
streaked on LB without antibiotics and grown at 37° C. overnight. Because of the lack of
antibiotic selection, the plasmid is lost during overnight replication. The observed stability of this
plasmid is about 90%, with about 1 colony in 10 losing the plasmid at this stage. Isolated
colonies are duplicate streaked on LB plates with and without selection antibiotics (1 pg/mL
erythromycin and 25 pg/mL lincomycin), and grown overnight at 37° C. Antibiotic sensitive

colonies are screened again with the same primer pairs to identify strains with the mutant allele.

Example 5. “Kluyveromyces cells genetically engineered to comprise Candida utilis uricase and

Aspergillus nidulans UapA uric acid transporter”
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[0346] Kluyveromyces cells such as K. lactis or K. marxianus may be engineered to express
uricase and / or uric acid transporter polypeptides using protocols and methods described in eg.
Rajkumar et al, Front. Bioeng. Biotechnol. 7:97, doi: 10.3389/fbioe.2019.0009 (2019).

[0347] A synthetic integrative plasmid encoding two expression cassettes, one comprising a
Kluyveromyces PGK1 promoter driving expression of the Aspergillus nidulans AnUapA uric
acid transporter, with transcription terminated by the Kluyveromyces INU1 terminator, and the
other comprising a Kluyveromyces PDC1 promoter driving expression of the Candida albicans
uricase, with transcription terminated by the Kluyveromyces PGK1 terminator, flanked by 878
base pairs 5’ and 3' of the LAC4 [-galactosidase gene (as described in Rajkumar et al, Front.
Bioeng. Biotechnol. 7:97, doi: 10.3389/fbioe.2019.0009 (2019)), and a kanMX antibiotic
resistance marker, e.g. as set forth in SEQ ID NO: 24, is obtained from a synthetic DNA vendor,
e.g. Twist Bioscience (San Francisco, CA) or Integrated DNA Technologies (Coralville, IA).

[0348] Kluyveromyces may be transformed using the LiOAc/PEG method as outlined by Gietz,
Yeast Protocols 33-44. Humana Press, New York, NY, 2014.

[0349] Kluyveromyces cells are grown in 3 mL YPD at 250 rpm and 30°C overnight. The
following day, cultures are diluted in 50 mL YPD and allowed to grow until they reach an
OD600 of approx. 0.8. Cells from 50 mL YPD cultures are collected by centrifugation (2700 rcf,
2 min, 25°C). The cells are washed with 50 mL sterile water and collected by centrifugation at
2700 rcf for 2 min at RT. The cells are washed again with 25 mL sterile water and collected by
centrifugation at 2700 rcf for 2 min at RT. The cells are resuspended in 1 mL 100 mM lithium
acetate and transferred to a 1.5 mL Eppendorf tube. The cells are collected by centrifugation for
10 sec at 18,000 rcf at RT. The cells are resuspended in a volume of 100 mM lithium acetate that

is approximately 4x the volume of the cell pellet.
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[0350] The expression cassette is excised from the integrative plasmid using Ascl (New England
Biolabs). A volume of 10-15 pL of DNA, 72 uL. 50% PEG 3350, 10 uL. 1 M lithium acetate, 3
pL denatured salmon sperm DNA, and sterile water is combined to a final volume of 100 pL for
each transformation. In a 1.5 mL tube, 15 pL of the cell suspension is added to the DNA mixture
and the transformation suspension is vortexed with 5 short pulses. The transformation is
incubated for 30 min at 30°C, followed by incubation for 22 min at 42°C. The cells are collected
by centrifugation for 10 sec at 18,000 rcf at RT. The cells are resuspended in 400 pL of an
appropriate medium and spread on YPGal (2% galactose, 2% peptone, 1% yeast extract) plates
containing 200 pg/mL G418 and 40 pg/mL X-Gal. Correctly integration of the expression
cassette into the LAC4 locus results in the inability of cells to metabolize X-Gal, yielding white
instead of blue colonies.

[0351] After 48h growth on selective medium, white transformant colonies are inoculated into 2
mL YPD with G418 and grown overnight at 30°C with 200 rpm agitation. The following day,
the cultures are diluted 100-fold into 2 mL. SD medium with 150 pg/mL G418 (approximately
corresponding to a starting optical density of 0.1) and grown at 30°C for 24 h with 200 rpm

shaking.

Example 6. “Identification of a functional Zygosaccharomyces parabailii uricase”

[0352] A putative Zygosaccharomyces parabailii uricase was identified by a BLASTP search of
Zygosaccharomyces (taxid:4953) proteins through the public online interface available at
https://blast.ncbi.nlm.nih.gov/Blast.cgi with the default settings with the Aspergillus flavus
uricase (SEQ ID NO: 2) as the query. One of the search results, accession number AQZ10287.1
was 45.60% identical with an E-value of 5e-85. A search against the conserved domain database

through the public online interface available at
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https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi with the default settings showed this
Zygosaccharomyces parabailii protein putatively encoded a uricase with extensive similarity to
TIGR03383 (E-value of 2.60e-128)

[0353] A synthetic DNA encoding the putative Zygosaccharomyces parabailii uricase accession
number AQZ10287.1 with codon usage optimized towards Saccharomyces cerevisiae through
the online codon optimizer available at https://www.idtdna.com/CodonOpt with flanking BstBI
and Ndel restriction sites (as exemplified in SEQ ID NO:25) was obtained from Integrated DNA
Technologies (Coralville, IA). The BstBI / Ndel fragment was excised and subcloned into the
BstBI / Ndel sites of the shuttle vector of Example 1 (SEQ ID NO: 19), resulting in the
functional replacement of the Candida utilis uricase ORF with the putative Zygosaccharomyces
parabailii uricase ORF.

[0354] The shuttle vector encoding the Zygosaccharomyces parabailii uricase ORF was
transformed into S. boulardii cells as exemplified in Example 1. Cells were selected on YPD
plates containing 600 ug / mL G418, a colony was inoculated into YPD medium containing 200
pg / mL G418, and a control culture consisting of S. boulardii cells transformed with the vector

of Example 1 (SEQ ID NO: 18) was grown in YPD medium without antibiotics.

Example 7. “Identification of a functional Zygosaccharomyces parabailii uric acid transporter”

[0355] A putative Zygosaccharomyces parabailii uric acid transporter was identified by a
BLASTP search of Zygosaccharomyces (taxid:4953) proteins through the public online interface
available at https://blast.ncbi.nlm.nih.gov/Blast.cgi with the default settings with the Aspergillus
nidulas UapA (SEQ ID NO: 9) as the query. One of the search results, accession number

AQZ18664.1 was 56.28% identical with an E-value of 0. A search against the conserved

domain database through the public online interface available at
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https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi with the default settings showed this
Zygosaccharomyces parabailii protein putatively encoded a uracil-xanthine permease with
extensive similarity to TIGRO0801 (E-value of 6.94e-115).

[0356] A synthetic DNA encoding the putative Zygosaccharomyces parabailii uricase accession
number AQZ18664.1 with codon usage optimized towards Saccharomyces cerevisiae
through the online codon optimizer available at https://www.idtdna.com/CodonOpt with flanking
Kpnl and Nhel restriction sites (as exemplified in SEQ ID NO: 26) was obtained from Integrated
DNA Technologies (Coralville, IA). The Kpnl / Nhel fragment was excised and subcloned into
the Kpnl / Nhel sites of the shuttle vector of Example 1 (SEQ ID NO: 19), resulting in the
functional replacement of the Aspergillus nidulas UapA uric acid transporter ORF with the
putative Zygosaccharomyces parabailii uric acid transporter ORF.

[0357] The shuttle vector encoding the Zygosaccharomyces parabailii uric acid transporter ORF
was transformed into S. boulardii cells as exemplified in Example 1. Cells were selected on YPD
plates containing 600 ug / mL G418, a colony was inoculated into YPD medium containing 200
pg / mL G418, and a control culture consisting of S. boulardii cells transformed with the vector

of Example 1 (SEQ ID NO: 18) was grown in YPD medium without antibiotics.

Example 8. “Urate consumption assay”

[0358] A urate consumption assay was developed. The assay was performed using an pH 7.0
phosphate buffer (yellow pH 7.0 standard) as the assay buffer (Biopharm UPC 721272377576).
The assay solution consisted of assay buffer with 10 mM glucose and uric acid at A293 1.5 —2.0.
A uric acid stock solution was prepared by dissolving a small amount of uric acid (3 mm at tip of
small metal spatula) in 20 mL assay buffer in a 50 mL conical tube, and briefly heated up in

microwave. Undissolved uric acid was pelleted by centrifuging 5 minutes at 3000xg. The
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supernatant was then used for assays. A BioRad SmartSpecTM Plus spectrophotometer was used
with a 1 cm quartz glass microcuvetter. The spectrophotometer was blanked using buffer only at
293 nm. A dilution was prepared with an A293 of 1.5 - 2.0. Glucose was added to the assay
buffer to a final concentration of 10 mM using the 2 M (200X) stock solution prepared in assay
buffer.

[0359] Mid-log phase exponentially growing cells were harvested and OD600 (absorbance at
600 nm) of the culture was measured using a BioRad SmartSpecTM Plus spectrophotometer and
the spectrophotometer was blanked using water. Cultures were diluted 1:10 in water, and OD600
was measured in the spectrophotometer. The volume of cell culture that is needed was calculated
to obtain a final assay solution cell concentration of OD600 = 2. For 4 mL of assay solution at
OD600 = 2, an equivalent of § OD600 was transferred to a 1.7 mL Eppendorf tube. Cells were
pelleted by centrifugation at 20000 x G for 2 minutes. The supernatant was aspirated with a
p1000 micro pipette, cells were washed by resuspension in 500 uL H20, pelleted again, and the
supernatant was carefully aspirated with a p1000 micro pipette. The cell pellet was resuspended
in 4 mL assay solution in a round bottom capped falcon tube (BD Falcon #352006). Falcon tubes
were then transferred to a shaker incubator set at 37°C and 350 RPM. 500 pL cell suspension
aliquots were sampled at intervals, and transferred to a 1.7 mL Eppendorf tube. Cells were
pelleted by centrifugation at 20000 x G for 2 minutes. 400 uL of the clarified supernatant was
transferred to a 1 cm path length quartz glass cuvette, and A293 was measured. At the end of the
assay, OD600 of the cell suspension was measured to confirm suspensions contained equal
amounts of cells.

[0360] Cells produced in Example 1, Example 7, and Example 8 were assayed using this urate

consumption assay with results shown in FIG. 4. The graph clearly shows that cells produced as
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outlined in Example 1 reduced the uric acid concentration in the medium as determined by A293
most rapidly, followed by cells produced as outlined in Example 8, with cells produced as

outlined in Example 7 consumed uric acid the slowest.
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CLAIMS
What is claimed is:

1. An engineered microbial cell comprising:
a plurality of microbial cells;
the microbial cells expressing at least two exogenous polypeptides, including a first
exogenous polypeptide and a second exogenous polypeptide;
the first exogeneous polypeptide is a uric acid degrading polypeptide; and
the second exogenous polypeptide is a uric acid transporter that brings in uric acid

from outside of the microbial cells.

2. The engineered microbial cell of claim 1, further comprising:

the uric acid transporter is at least 60% homologous to a uric acid transporter selected
from a group, or a combination selected from the group, consisting of: Aspergillus
nidulans UapA [SEQ ID NO: 9], Aspergillus nidulans UapC [SEQ ID NO: 10],
Aspergillus fumigatus UapC [SEQ ID NO: 11], Candida albicans Xutl [SEQ ID
NO: 12], Schizosaccharomyces pombe QOHE12 [SEQ ID NO: 13], Bacillus
subtilis PucK [SEQ ID NO: 14], Bacillus subtilis Puc] [SEQ ID NO: 15],
Escherichia coli YgfU [SEQ ID NO: 16], Zygosaccharomyces parabailii
AQZ18664 [SEQ ID NO: 17], or Spirosoma sp. KCTC 42546 WP_142773020

[SEQ ID NO: 18].

3. The engineered microbial cell of claim 2, further comprising:

the microbial cells are fungal cells.
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4. The engineered microbial cell of claim 3, further comprising:

the uric acid degrading polypeptide is a uricase.

5. The engineered microbial cell of claim 4, further comprising:

the uricase is a fungal uricase.

6. The engineered microbial cell of claim 5, further comprising:
the fungal uricase is selected from a group, or a combination selected from the group,
consisting of: Candida utilis [SEQ ID NO: 1], Aspergillus flavus [SEQ ID NO: 2],
Schizosaccharomyces pombe [SEQ ID NO: 5], or Zygosaccharomyces parabailii

[SEQ ID NO: 7].

7. The engineered microbial cell of claim 4, further comprising:

the uricase is a bacterial uricase.

8. The engineered microbial cell of claim 7, further comprising:
The bacterial uricase is selected from a group, or a combination selected from the
group, consisting of: Arthrobacter globiformis [SEQ ID NO: 2], Bacillus subtilis

[SEQ ID NO: 6], or Spirosoma sp. [SEQ ID NO: 8].

9. The engineered microbial cell of claim 4, further comprising:

the uricase is a mutant uricase, including chimera and/or overexpression variants of

the uricase.

122



WO 2021/142491 PCT/US2021/070014

10. The engineered microbial cell of claim 9, further comprising:

the mutant uricase is a porcine-baboon chimera uricase [SEQ ID NO: 4].

11. The engineered microbial cell of claim 2, further comprising:

the microbial cells are bacterial cells.

12. The engineered microbial cell of claim 11, further comprising:

the uric acid degrading polypeptide is a uricase.

13. The engineered microbial cell of claim 12, further comprising:

the uricase is a fungal uricase.

14. The engineered microbial cell of claim 13, further comprising:
the fungal uricase is selected from a group, or a combination selected from the group,
consisting of: Candida utilis [SEQ ID NO:1], Aspergillus flavus [SEQ ID NO: 2],
Arthrobacter globiformis [SEQ ID NO: 3], Chimeric porcine baboon [SEQ ID
NO: 4], Schizosaccharomyces pombe [SEQ ID NO: 5], or Zygosaccharomyces

parabailii [SEQ ID NO: 7].

15. The engineered microbial cell of claim 12, further comprising:

the uricase is a bacterial uricase.
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16. The engineered microbial cell of claim 15, further comprising:
The bacterial uricase is selected from a group, or a combination selected from the
group, consisting of: Arthrobacter globiformis [SEQ ID NO: 2], Bacillus subtilis

[SEQ ID NO: 6], or Spirosoma sp. [SEQ ID NO: 8].

17. The engineered microbial cell of claim 12, further comprising:
the uricase is a mutant uricase, including chimera and/or overexpression variants of

the uricase.

18. The engineered microbial cell of claim 17, further comprising:

the mutant uricase is porcine-baboon chimera uricase [SEQ ID NO: 4].

19. A method of lowering uric acid in the gastrointestinal tract of a recipient, comprising the
steps of:
preparing a therapeutically effective dose of the engineered microbial cell selected
from a group, or a combination selected from the group, consisting of: claims 1-

18;

orally administering the therapeutically effective dose; and

allowing time for the selected engineered microbial cell to transport and degrade uric

acid.
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20.

21.

22.

23.

24,

A method for treating a patient suffering from a condition selected from a group, or a
combination selected from the group, consisting of: gout, theumatoid arthritis, cerebral
stroke, heart disease, arrhythmia, chronic renal disease, and chronic refractory gout; the
method comprising the steps of:
determining whether the patient has a serum uric acid level of >6.8 mg/dl prior to
initiating urate lowering therapy; and
if the patient has a serum uric acid level of >6.8 mg/dl prior to initiating urate
lowering therapy, then orally administering the engineered microbial cell selected
from a group, or a combination selected from the group, consisting of: claims 1-
18, in an amount of 1076 to 10712 microbial cells.
The method for treating a patient of claim 20, further comprising:
the amount of microbial cells orally administered is approximately 109 cells.
The method for treating a patient of claim 20, further comprising:
the condition selected from a group, or a combination selected from the group, is
chronic refractory gout.
The method for treating a patient of claim 20, further comprising:
the engineered microbial cell selected from a group, or a combination selected from
the group, is administered with a pharmaceutically acceptable carrier.
A method for determining uric acid degradation, comprising the steps of:
creating an assay solution including an assay buffer and a uric acid solution;
selecting a cell;

washing and suspending the cell in the assay solution;
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incubating the cell in the assay solution at conditions acceptable for uric acid
degradation;

sampling aliquots of the assay solution at intervals; and

measuring absorbance of the aliquots in a spectrophotometer at substantially a

wavelength of 293nm.

25. A method of identifying uric acid degrading polypeptides, comprising the steps of:
selecting a cell that expresses a uric acid transporter polypeptide;
operatively linking a promoter that is functional in the cell to a nucleotide

sequence encoding a putative uric acid degrading polypeptide;

introducing the promoter linked to the nucleotide sequence encoding the

putative uric acid degrading polypeptide into the cell;

performing the method of claim 24; and

identifying and quantifying whether uric acid degrading increased.

26. The method of identifying uric acid degrading polypeptides of claim 25, further
comprising the steps of:
the uric acid transporter polypeptide of the cell is selected from a group, or a

combination selected from the group, consisting of: SEQ ID NO: 9-18.
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27. A method of identifying uric acid transporters, comprising the steps of:
selecting a cell that expresses a uric acid degrading polypeptide;
operatively linking a promoter that is functional in the cell to a nucleotide

sequence encoding a putative uric acid transporter polypeptide;

introducing the promoter linked to the nucleotide sequence encoding the putative uric
acid transporter polypeptide into the cell;
performing the method of claim 24; and

identifying and quantifying whether uric acid degrading increased.

28. The method of identifying uric acid transporter of claim 27, further comprising the steps
of:
the uric acid degrading polypeptide of the cell is selected from a group, or a

combination selected from the group, consisting of: SEQ ID NO: 1-8.

29. An engineered microbial cell, comprising:
a cell expressing the uric acid degrading polypeptide identified by the

methods of either claim 25 or claim 26; and

the cell expressing the uric acid transporter polypeptide identified by the

methods of either claim 27 or claim 28.
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