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BETA-LACTAMASE FORMULATIONS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] This application claims the benefit of U.S. Provisional Patent Application No. 62/061,507, filed
October 8, 2014; U.S. Provisional Patent Application No. 62/126,556, filed February 28, 2015; and U.S. Provisional
Patent Application No. 62/205,443, filed August 14, 2015.

FIELD OF THE INVENTION

[002] The present invention provides, in part, pharmaceutical dosage forms comprising beta-lactamases and

uses thereof.

DESCRIPTION OF THE TEXT FILE SUBMITTED ELECTRONICALLY

[003] A computer readable format copy of the Sequence Listing have been submitted electronically
(filename: SYN-007PC-Sequencel.isting.txt; date recorded: October 6, 2016; file size: 12 KB).

BACKGROUND

[004] Beta-lactam antibiotics are characterized by a beta-lactam ring in their molecular structure. The
integrity of the beta-lactam ring is essential for biological activity, which resulis in the inactivation of a set of
transpeptidases that catalyze the final cross-linking reactions of peptidoglycan synthesis. Members of the beta-
lactam antibiotics family include penicillins, cephalosporins, clavams (or oxapenams), cephamycins and

carbapenems.

[005] Beta-lactamases are bacterial defensive enzymes that hydrolyze beta-lactam antibiotics. Gram-
negative bacteria produce beta-lactamases to achieve resistance to beta-lactam antibiotics. Particularly, beta-
lactamases are able to efficiently catalyze the irreversible hydrolysis of the amide bond of the beta-lactam ring

resulting in biologically inactive product(s).

[C06] Humans may be considered fo be a "superorganism” which is a conglomerate of mammalian and
microbial cells, with the latter estimated to outnumber the former by ten to one. This microbial component, and its
microbial genetic repertoire, the microbiome, is roughly 100-times greater than that of the human host. Strikingly,
despite this enormous diversity of foreign organisms, the human immune system generally maintains a state of
synergy. This is particularly true of the distal gastrointestinal (Gl) tract, which houses up to 1000 distinct bacterial
species and an estimated excess of 1x10% microorganisms, and appears to be central in defining human host

health status. Loss of the careful balance in the microbiome, especially in the Gl tract, can lead to various diseases.
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[007] Nevertheless, antibiotic medical treatments, which are needed to treat certain aspects of disease,
can induce disruption in the microbiome, including in the Gl tract, and lead to further disease. For instance,
certain parentally administered beta-lactams like ampicillin, ceftriaxone, cefoperazone, and piperacillin are, in
part, eliminated via biliary excretion into the proximal part of the small intestine (duodenum). Residual
unabsorbed beta-lactams in the Gl tract may cause an undesirable effect on the ecological balance of normal
intestinal microbiota resulting in, for example, Clostridium difficile infection (CDI), antibiotic-associated diarrhea,
overgrowth of pathogenic bacteria such as vancomyein resistant enterococci (VRE), extended-spectrum beta-
lactamase producing Gram-negative bacilli (ESBL), and fungi, and selection of antibiotic-resistant strains among
both normal intestinal microbiota and potential pathogenic bacteria.

[008] One approach for avoiding or rebalancing the ecological balance of normal intestinal microbiota is
the therapeutic use of beta-lactamases, for example, by inactivating excreted or unabsorbed antibiotics in the Gl
tract, thereby maintaining a normal intestinal microbiota and preventing its overgrowth with potentially pathogenic
micro-organisms.

[009] Accordingly, there is remains a need for improved betadactamase formulations for use in
therapeutic intervention.

SUMMARY OF THE INVENTION

[010] Accordingly, the present invention provides modified-release formulations comprising a beta-
lactamase (e.g. “P3A”, as shown in SEQ ID NO: 1 or 2, or variants thereof) and/or additional therapeutic agents.
In various embadiments, the formulations release a substantial amount of the beta-lactamase in the Gl tract. In
one embodiment, the formulation comprises at least one core particle and a base coat over the core particle,
wherein the base coat comprises a beta-lactamase. In another embodiment, the formulation comprises at least
one core particle, wherein the beta-lactamase is encapsulated within the core particle. In various embodiments,
the formulation comprises a modified-release coating such as a delayed-release coating disposed over the core
particle. In some embodiments, the delayed-release coating is substantially stable in gastric fluid. In an
embodiment, the delayed-release coating comprises a Eudragit compound. In various embodiments, the
formulation may be in the form of a capsule or a tablet. In some embodiments, the capsule or tablet includes a
plurality of core particles.

[011] These improved beta-lactamases find uses in a number of therapies, including the prevention or
treatment of CDI and/or a C. difficile-associated disease or other antibiotic-induced adverse effects in the Gl
fract. For example, the beta-lactamases find use in allowing a patient to undergo antibiotic therapy while being
protected against diseases that could result from excess antibiotics negatively affecting the microbiome. Such
use does not interfere with the systemic utility of the antibiotic. Rather, the beta-lactamases remove excess
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antibiotic that may populate parts of the Gl tract and, in doing so, prevent the disruption of the microbiota that is
linked to the various disease states described herein.

[012] In some aspects, the present invention provides a method for preventing C. difficile infection (CDI)
andlor a C. difficile-associated disease, comprising administering an effective amount of a modified-release
formulation of any one of the above-claims to a patient that is undergoing therapy with a primary antibiotic, such
as one or more of a ceftriaxone, cefotaxime, cefazolin, cefoperazone, cefuroxime, and piperacillin, and the

primary antibiotic is administered intravenously.

DESCRIPTION OF THE FIGURES
[013] Figure 1A depicts an embodiment of a manufacturing process for producing P3A delayed-release
capsules.
[014] Figure 1B shows photographs of P3A enteric-coated pellets produced according to an embodiment
of the invention.
[015] Figure 2 depicts the pH dissolution profile of P3A pellets produced according to an embodiment of
the invention.
[016] Figure 3 depicts the stability of P3A pellets in human chyme samples from five different doners.
[017] Figure 4 depicts the stability of P3A in five human chyme samples and a mixed chyme sample.
[018] Figure 5 depicts the amount of hydrolyzed ceftriaxone (nmoles) - at 30, 60, 90, and 120 seconds of

digestion with 10 nM P1A or P3A (aka SYN-004) drug substance (Ref) or dissoluted P1A or P3A pellet material
(Pel).

[019] Figure 6 depicts additional embodiments of a manufacturing process for producing P3A delayed-
release capsules.
[020] Figure 7 shows the design of a pig study for evaluating P3A mediated micrcbiome protection. “*”

indicates that Pig 9 was sickly and did not gain weight. “**” indicates that Pig 8 was moribund and euthanized on
Day 14, after C. difficile administration. CDI was not confirmed. Other than Pigs 8 and 9, no other animals got
sick. CDI was not confirmed in any animal, including Pig 8, via C. difficile Toxin A or IL8 ELISAs, or via intestinal
tract histological analyses.

[021] Figure 8 shows a schematic timeline of a pig study for evaluating P3A (SYN-004)-mediated
microbiome protection. Pigs were born via C-section on Day 0 and kept in microisolators. On Day 5, animals
were gavaged with a pool of normal human fecal microflora. P3A administration (75 mg/dose, QID) was initiated
on Day 8 (Group 4) and continued for 7 days (until Day 14). Antibiotic (clindamycin, 50 mg/kg; Group 2) or
ceftriaxone (CRO, 50 mg/kg, Groups 3 and 4) was administered via IP injection once daily beginning on Day 9

3



CA 02962859 20170328

WO 2016/057744 PCT/US2015/054606

and continued for 4 days until Day 12. C. difficile (2.6 x 108 cfu) was delivered orally to all animals on Day 13.
Feces were collected on Days 11, 12, 14, 18, 20 directly from the rectum using sterile cotton swabs and at

necropsy on Day 21 directly from the intestinal tract.

[022] Figure 9 shows the taxonomic classification of bacteria phyla identified in DNA isolated from pig
feces on Study Day 14. In each pig, from bottom up, the bars represent the relative abundance of: bacteroidetes,
proteobacteria, firmicutes, and unclassified. For example, in Group 1, bacteria present in the fecal DNA sample
of pig 2 showed the presence of all types of bacteria. In Group 2, Pigs 7 and 8 showed the presence of
predominantly bacteroidetes and proteobacteria. In Group 3, the fecal DNA sample of Pig 5 showed
predominantly bacteroidetes, while pig 6 showed predominantly bacteroidetes, proteobacteria, and firmicutes. In
Group 4, Pigs 10 and 12 showed the presence of all types of bacteria, while Pig 11 showed the presence of

predominantly bacteroidetes, proteobacteria, and firmicutes.

[023] Figures 10A and 10B show bacterial growth quantitation from fecal samples collected at necropsy
at Study Day 21. Figure 10A shows photographs of the LB+amp plates. Figure 10B shows the guantification of
the bacterial colonies on each plate. Equal quantities of diluted feces collected from animals at necropsy were
plated on LB+amp plates and grown under aercbic conditions at 37¢C. The colonies were counted while taking

into account the dilution factor.

[024] Figure 11 provides a heatmap of bacterial strains in each fecal sample based on relative
abundance. The samples were clustered based on compositional similarity of bacterial taxa using the maximum
distance function and the Ward Hierarchical Clustering algorithm to create the dendrogram displayed on the top
and the left side of the figure. The sample identification is displayed on the right. The box on the top portion of
the figure highlights that Group 1 (Control) and Group 4 (Ceftriaxone plus P3A) are more similar to each other

than Groups 2 (Clindamycin) and 3 (Ceftrixone alone).

[025] Figure 12 provides a heatmap of bacterial genera in each fecal sample based on relative
abundance. The samples were clustered based on compositional similarity of bacterial taxa using the maximum
distance function and the Ward Hierarchical Clustering algorithm to create the dendrogram displayed on the top

and the left side of the figure.

[026] Figure 13 provides a comparative metagenomic analyses using centroid classification to compare
the average deviation of the frequency of each bacterial strain within each study group from the overall average
frequency of all the study groups.

[027] Figure 14 shows comparative metagenomic analyses using centroid classification to compare the
average deviation of the frequency of each bacterial strain within each study group from the overall average

frequency of all the study groups.

[028] Figure 15 shows species-level centroid classification of sample subsets to compare the average

deviation of the frequency of each bacterial species in Group 3 (Ceftriaxone) and Group 4 (Ceftriaxone plus P3A)
4
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to Group 1 (Control). The boxes on the top and bottom of portion of the figure highlight the reduction in the
abundance of Turicibacter spp , 2 species associated with idiopathic inflammatory bowel disease and acute
hemorrhagic diarrhea in dogs (Minamoto ef al., 2015, Gut Microbes 6(1), 33-47; Rossi et al., 2014, PLoS ONE
9(4), e94699), and the overabundance of the methanogenic archaea, Methanobrevibacter smithii, a species
reported to be linked to constipation, irritable bowel syndrome, and obesity (Pimentel ef al, 2002, Am. J.
Gastroenter. Supple. 1:28).

[029] Figure 16 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of aneerobic and facultative aerobic bacterial species from the average unique
frequency of species of all groups. The ovals highlight that Group 4 (Ceftriaxone plus P3A) displayed a more
similar pattern of anaerobic and facultative aerobic bacterial species to that of Group 1 (Control) than Group 2
(Clindamycin) or Group 3 (Ceftriaxone alone).

[030] Figure 17 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of obligate aerobic bacterial species from the average unique frequency of species of

all groups.

[031] Figure 18 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of gram positive bacterial species from the average unique frequency of species from
Group 1, Group 2, and Group 3. The oval highlights that Group 4 (Ceftriaxone plus P3A) displayed an
overabundance of gram positive species compared to Groups 1 (Control) and Group 3 (Ceftriaxone alone).

[032] Figure 19 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of gram positive bacterial species from the average unique frequency of species from
Group 1. The oval highlights that Group 4 (Ceftriaxone plus P3A) displayed an overabundance of gram positive
species compared to Group 1 (Control).

[033] Figure 20 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of gram negative bacterial species from the average unique frequency of species from
Groups 1, 2, and 3.

[034] Figure 21 shows species-level centroid classification of sample subsets to compare the average
deviation of the frequency of gram positive bacterial species from the average unique frequency of species from
Groups 3 and 4.

[035] Figure 22 shows ceftriaxone levels in the serum of treated pigs. A total of 10 pigs were treated
once a day with IV ceftriaxone (CRO; 50 mg/kg) for a total of 7 days. A cohort of 5 pigs also received oral P3A
(75 mg, four times a day), starting the day before CRO treatment and extending one day after CRO was stopped,
for a total of 9 days. On Day 2 of CRO treatment, serum was collected 1, 6, and 19 hours after CRO
administration. Serum was assayed for CRO levels using a validated high-performance liquid chromatography

assay. Data are displayed as mean and standard deviation. The CRO levels in the serum collected at 19 hours
5



was below the limit of detection of the assay (0.5 ug/mL). For both sets of histograms (1 hour and 6 hours), the left bar

is ceftriaxone alone and the right bar is ceftriaxone and P3A.

DETAILED DESCRIPTION OF THE INVENTION
Beta-Lactamases

[036] In some aspects, the present invention is directed to compositions and formulations and uses of one
or more beta-lactamases. As used herein, a beta-lactamase refers to an enzyme, which hydrolyzes beta-lactams.
Hydrolysis of the amide bond of the beta-lactam ring makes the antimicrobial agents biologically inactive. As used
herein, class A beta-lactamases (Ambler classification) refer to serine beta-lactamases, in which hydrolysis of
beta-lactam is mediated by serine in the active site, usually at amino acid position 70 in the alpha helixz. Class A
beta-lactamases include but are not limited to Len-1 , SHV-1 , TEM-1 , PSE-3/PSE-3, ROB-1 , Bacillus cereus
such as 5/B type 1, 569/H type 1 and 569/H type 3, Bacillus anthrasis sp, Bacillus licheniformis such as PenP,
Bacillus weihenstephanensis, Bacillus clausii, Staphylococcus aureus, PC1 , Sme-1 , NmcA, IMI-, PER-, VEB-,

GES-, KPC-, CME- and CTX-M types beta-lactamases.

[037] In various aspects, the beta-lactamases has the amino acid sequence of SEQ ID NO: 1 (i.e., "P3A"
as described in W02011/148041}. Mutations may be made to this sequence to generate beta-lactamase derivatives

that may be utilized by methods of the invention.

SEQID NO: 1

TEM KDDFAKLEEQFDAKLGI FALDTGTN RTVAYRPDERFAFAST! KALTVGVLLQQKS
[EDLNQRITYTRDDLVNYNPITEKHVDTGMTLKELADASLRYSDNAAQNLILKQIGGPE
SLKKELRKIGDEVTNPERFEPELN EVNPGETQDTSTARALVTSLRAFALEDKLPSEKR
ELLIDWMKRNTTGDALIRAGVPDGWEVADKTGAASYGTRNDIAI IWPPKGDPVVLAV
LSSRDKKDAKYDNKLIAEATKVVMKALNMNCK.

[038] In some embodiments, the beta-lactamase comprises an amino acid sequence having at least about
60% (e.g. about 60%, or about 61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or
about 67%, or about 68%, or about 69%, or about 70%, or about 71%, or about 72%, or about 73%, or about 74%,
or about 75%, or about 76%, or about 77%, or about 78%, or about 79%, or about 8§0%, or about 81%, or about
82%, or about 83%, or about 84%, or about 85%, or about 86%, or about 87%, or about 88%, or about 89%, or
about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%,
or about 98%, or about 99%) sequence identity with SEQ ID NO: 1.

[039] In some embodiments, SEQ ID NO: 1 may have a Met andior Thr preceding the first residue of the

sequence. In various embodiments, the Met may be cleaved. As described herein, mutations may be made fo

6
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the sequence comprising the Met andfor Thr preceding the first residue to generate beta-lactamase derivatives.
In some embodiments, the leading Thr may bring about increased stability of the enzyme relative to another
leading amino acid (e.g. Lys). For example, such a residue may confer increased resistance to an amino

peptidase.
[040] Also provided herein is the nucleotide sequence of the P3A as SEQ ID NO: 2:

SEQID NO: 2
atgactgagatgaaagatgatittgcgaagctggaagaacagtttgacgcaaaatigggeatittcgegtigoacacgg
gtacgaatcgtacggttgectaccgtceggacgagegcttegecttcgegageacgatcaaagecctgaccgteggeg
tgctgctecageaaaagageategaggacctgaaccagegeattacctacaccegtgatgatctggtgaactataate
cgatcaccgagaaacacgttgataccggtatgaccctgaaagaactggcagatgcaagectgcgctacagegataa
cgcggctcagaatctgatictgaageaaateggtggtccggagageottgaagaaagaactgcgtaaaateggegatg
aagtcactaatccggagegtittgagecggagetgaacgaagtgaatecgggtgaaacgcaagacacgageacey
cgcgtgegctigtcaccicectgegegctticgeactggaagataagetgecgtcggagaaacgegagcetgctgateg
actggatgaagcegcaatacgaccggegacgegetgattegtgegggegticeggacggttgggaagtggetgacaa
gaccggtgeggegagotacggcaccegtaacgatatcgegateattiggecacctaaaggtgacceggtegtgetag
cegtactgageageogtgacaagaaagacgcaaagtatgataacaagctgatigcagaggegaccaaagttgtiat

gaaggcactgaacatgaatggtaag

[041] In some embodiments, a polynuclectide of the invention may have at least about 60% (e.g. about
60%, or about 61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or about 67 %, or
about 68%, or about 69%, or about 70%, or about 71%, or about 72%, or about 73%, or about 74%, or about
75%, or about 76%, or about 77%, or about 78%, or about 79%, or about 80%, or about 81%, or about 82%, or
about 83%, or about 84%, or about 85%, or about 86%, or about 87%, or about 88%, or about 89%, or about
90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 97%, or
about 98%, or about 99%) sequence identity with SEQ ID NO: 2.

[042] In some embodiments, the beta-lactamase, e.g. P3A, has substantial ceftriaxone hydrolyzing activity.
In some embodiments, the beta-lactamase, e.g. P3A, hydrolyzes ceftriaxone substantially more efficiently than
P1A.

[043] In illustrative embodiments, the beta-lactamases comprise an amino acid sequence having at least
60% sequence identity with SEQ ID NO: 1 and the following of Ambler classification: a hydrophobic residue other
than alanine (A) at position 232; a hydrophilic residue other than alanine (A) at position 237; a hydrophobic
residue other than alanine (A) at position 238; a hydrophilic residue other than serine (8) at position 240; and a
hydrophilic residue other than aspartate (D) at position 276. In some embodiments, the hydrophobic residue
other than alanine (A) at position 232 is glycine (G). In some embodiments, the hydrophilic residue other than
alanine (A) at position 237 is serine (S). In some embodiments, the hydrophobic residue other than alanine (A) at
7
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position 238 is glycine (G). In some embodiments, the hydrophilic residue other than serine (S) at position 240 is
aspartate (D). In some embodiments, the other than aspartate (D) at position 276 is asparagine (N). In some
embodiments, the beta-lactamase comprises one or more of A232G, A237S, A238G, $240D, and D276N. In
some embodiments, the beta-lactamase comprises all of A232G, A237S, A238CG, S240D, and D276N, the
sequence of which is SEQ ID NO: 3, i.e. P4A. In some embodiments, the beta-lactamase and/or pharmaceutical
composition comprises an amino acid sequence having at least 90%, or 95%, or 97%, or 99%, or 100%
sequence identity with SEQ ID NO: 3.

SEQID NO: 3

EMKDDFAKLEEQFDAKLGIFALDTGTNRTVAYRPDERFAFASTIKALTVGVLLQQKSIEDLNQR
ITTRDDLVNYNPITEKHVDTGMTLKELADASLRYSDNAAQNLILKQIGGPESLKKELRKIGDEVT
NPERFEPELNEVNPGETQDTSTARALVTSLRAFALEDKLPSEKRELLIDWMKRNTTGDALIRA

GVPDGWEVGDKTGSGDYGTRNDIAIWPPKGDPVVLAVLSSRDKKDAKYDNKLIAEATKVVM

KALNMNGK

[044] In some embodiments, the beta-lactamase polypeptide of the invention comprises an amino acid
sequence having at least about 60% (e.g. about 60%, or about 61%, or about 62%, or about 63%, or about 64%,
or about 65%, or about 66%, or about 67%, or about 68%, or about 69%, or about 70%, or about 71%, or about
72%, or about 73%, or about 74%, or about 75%, or about 76%, or about 77%, or about 78%, or about 7%, or
about 80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about 86%, or about
87%, or about 88%, or about 89%, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or
about 95%, or about 96%, or about 87%, or about 98%, or about 99%) sequence identity with SEQ ID NO: 3.

[045] SEQ ID NO: 4, is derived from SEQ ID NO: 3, and further includes the signal and the addition of the
QASKT amino acids (the coding region is underlined):

MIQKRKRTVSFRLVLMCTLLFVSLPITKTSAQASKTEMKDDFAKLEEQFDAKLG
IFALDTGTNRTVAYRPDERFAFASTIKALTVGVLLOQKSIEDLNQRITYTRDDLY
NYNPITEKHVDTGMTLKELADASLRY SDNAAQNLILKQIGGPESLKKELRKIGD
EVINPERFEPELNEVNPGETQDTSTARALVTSLRAFALEDKLPSEKRELLIDW
MKRNTTGDALIRAGVPDGWEVGDKTGSGDYGTRNDIAIIWPPKGDPVVLAVL
SSRDKKDAKYDNKLIAEATKVVMKALNMNGK

[046] In some embodiments, the beta-lactamase polypeptide of the invention comprises an amino acid
sequence having at least about 60% (e.g. about 60%, or about 61%, or about 62%, or about 63%, or about 64%,
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or about 65%, or about 86%, or about 67%, or about 68%, or about 69%, or about 70%, or about 71%, or about
72%, or about 73%, or about 74%, or about 75%, or about 76%, or about 77%, or about 78%, or about 79%, or
about 80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about 86%, or about
87%, or about 88%, or about 88%, or about 90%, or about 91%, or about 92%, or about 33%, or about 94%, or
about 95%, or about 86%, or about 97%, or about 98%, or about 99%) sequence identity with SEQ ID NO: 4.

[047] In some embodiments, the beta-lactamase andfor pharmaceutical composition comprises an amino
acid sequence having at least 90%, or 95%, or 97%, or 99%, or 100% sequence identity with SEQ ID NO: 4.

[048] An illustrative polynuclectide of the invention is SEQ ID NO: 5, which is the full nuclectide sequence
of A232G, A237S, A238G, $240D, and D276N mutant, Hind 1l site (ARAGCTT-in bold) and additional K and T
amino acids. In some embodiments, the underlined portion of SEQ ID NO: 5, is omitted. The leader and
additional nucleotides (Hind II! site and K and T amino acids—for the addition of the amino acid sequence
QASKT) are underlined.

atgattcanaaacgaaageggacagiticattcagacttatgctiatatgcacqctgttatttgtcagtitaccg

attacaaaaacatcagegcaagettccaagacggagatgaaagatgattttgcaaaacttgaggaaca
atttgatgcaaaactcgggatctttgcatiggatacaggtacaaaccggacggtagegtateggecggatg

agcgttttgetitigettcgacgattaaggetitaactgtaggegtgctttigcaacagaaatcaatagaagate
tgaaccagagaataacatatacacgtgatgatcttgtaaactacaaccogattacggaaaagcacgtiga
tacgggaatgacgctcaaagagettgcggatgcttegettcgatatagtgacaatgcggcacagaatetc

attcttaaacaaattggcggacctgaaagttigaaaaaggaactgaggaagattggtgatgaggttacaa
atcecgaacgattcgaaccagagttaaatgaagtgaatcegggtgaaactcaggataccagtacagea

agagcacttgtcacaagecticgageotitgctettgaagataaacttccaagtgaaaaacgegagctitta
atcgatiggatgaaacgaaataccactggagacgccttaatcegtgeeggtgtgceggacggtigggaa

gtgggtgataaaactggaageggagatiatggaacceggaatgacattgecatcatttggecgecaaaa

ggagatcctgtegttetigeagtattatccageagggataaaaaggacgcecaagtatgataataaacttatt
gcagaggcaacaaaggtggtaatgaaagectiaaacatgaacggcaaataa

[049] In some embodiments, the polynuclectide of the present invention has at least about 80% (e.g. about
60%, or about 61%, or about 62%, or about 63%, or about 64%, or about 65%, or about 66%, or about 67%, or
about 88%, or about 69%, or about 70%, or about 71%, or about 72%, or about 73%, or about 74%, or about
75%, or about 76%, or about 77%, or about 78%, or about 79%, or about 80%, or about 81%, or about 82%, or
about 83%, or about 84%, or about 85%, or about 86%, or about 87%, or about 88%, or about 89%, or about
90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%, or about 96%, or about 7%, or
about 98%, or about 99%) sequence identity with SEQ ID NO: 5 (with or without the underlined portion).

[050] In various aspects, the beta-lactamases polypeptide has the sequence of SEQ ID NO: 6 (i.e., P2A) or
is derived by one or more mutations of SEQ ID NO: 6:



ETGTISISQLNKNVWVHTELGYFNGEAVPSNGLYLNTSKGLVLVDSSWDNK
LTKELIEMVEKKFQKRVTDVIITHAHADRIGGITALKERGIKAHSTALTAELAK
NSGYEEPLGDLQTITSLKFGNTKVETFYPGKGHTEDNIVVWLPQYQILAGG
CLVKSAEAKDLGNVADAWNEWSTSIENVLKRYGNINSVVPGHGEVGDKG
LLLHTLDLLK.

[051] In some embodiments, the beta-lactamase polypeptide of the invention comprises an amino acid
sequence having at least about 60% {e.g. about 60%, or about 61%, or about 62%, or about 63%, or about 64%, or
about 65%, or about 66%, or about 67%, or about 68%, or about 6%, or about 70%, or about 71%, or about 72%,
or about 73%, or about 74%, or about 75%, or about 76%, or about 77%, or about 78%, or about 79%, or about
80%, or about 81%, or about 82%, or about 83%, or about 84%, or about 85%, or about 86%, or about 87%, or
about 88%, or about 89%, or about 90%, or about 91%, or about 92%, or about 93%, or about 94%, or about 95%,
or about 96%, or about 97%, or about 98%, or about 99%) sequence identity with SEQ ID NO: 6.

[052] In some embodiments, the beta-lactamase and/or pharmaceutical composition comprises an amino acid
sequence having at least 90%, or 95%, or 97%, or 9S%, or 100% sequence identity with SEQ ID NO: 6.

[053] Additional sequences of beta-lactamases including P1A (i.e. SEQ ID NO: 1 except position 276 is D and
not N), P2A, P3A, and P4A and derivatives thereof are described for example, in WO 2011/148041 and
PCT/US2015/026457.

[054] Further, the beta-lactamase polypeptide may include additional upstream residues from the first
residue of SEQ ID NO: 1 (see, e.g., JBC 258 (18): 11211, 1983 - including the exo-large and exo-small versions
of penP and penP1). Further, the beta-lactamase polypeptide may also include additional downstream residues
from the last residue of SEQ ID NO: 1.

[055] In some embodiments, the beta-lactamase includes one or more (e.g. about 1, or about 2, or about 3,
or about 4, or about 5, or about 6, or about 7, or about 8, or about 9, or about 10) mutations relative to SEQ ID NO:
1 or SEQ ID NO: 2. In some embodiments the beta-lactamase includes a variant of P3A, e.g. a sequence with at
least 95, 96, 97, 98, 99, 99.5, 99.8, 99.9% identity to SEQ ID NO: 1 or SEQ ID NO: 2. In various embodiments, one
or more amino acid of SEQ ID NO: 1 is substituted with a naturally occurring amino acid, such as a hydrophilic
amino acid (e.g. a polar and positively charged hydrophilic amino acid, such as arginine (R) or lysine (K); a polar
and neutral of charge hydrophilic amino acid, such as asparagine (N), glutamine (Q), serine (8), threonine (T),
proline (P), and cysteine (C), a polar and negatively charged hydrophilic amino acid, such as aspartate (D) or
glutamate (E), or an aromatic, polar and positively charged hydrophilic amino acid, such as histidine (H)) or a
hydrophobic amino acid (e.g. a hydrophobic, aliphatic amino acid such as glycine (G), alanine (A), leucine (L),
isoleucine (1), methionine (M), or valine (V), a hydrophobic, aromatic amino acid, such as phenylalanine (F),
tryptophan (W), or tyrosine (Y) or a non-classical amino acid (e.g. selenocysteine, pyrrolysine, N-formylmethionine

B-alanine, GABA and 5-Aminolevulinic acid. 4-Aminobenzoic acid {PABA), D-isomers of the
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common amino acids, 2,4-diaminobutyric acid, a-amino isobutyric acid, 4-aminobutyric acid, Abu, 2-amino butyric
acid, y-Abu, c-Ahx, 6-amino hexanoic acid, Aib, 2-amino isobutyric acid, 3-amino propionic acid, ornithine,
norleucine, norvaline, hydroxyproline, sarcosme, citrulline, homoditrulline, cysteic acid, t-butylglycine, t-
butylalanins, phenylglycine, cyclohexylalanine, B-alanine, fluoro-amino acids, designer amino acids such as 13
methyl amino acids, C a -methyl amino acids, N a-methyl amino acids, and amino acid analogs in general). In
some embodiments, SEQ ID NO: 1 may have a Met and/or Thr preceding the first residue of the sequence. These

residues may be similarly mutated as above.

[056] lllustrative mutants include:
Mutations relative to PIA (ieased oh Name
the Ambler classification)

Wild type RS310 {or P1A)

D276N IS118 {or P3A)
1728 18222
T160F 18203
R244T 18217
R244T D276K 18215
Q135M 18197
G156R A238T 18235
F33Y D276N 1S158

F33Y $240P D276N 18230 (or 18181)

F33Y A238T D276N 18232 (or 1S180)
1728 Q135M T160F (Block 1 mutants) 18227

A232G A237S A238G $240D (Block 2

mutants) 13191
A232G A237S A238G S240D R244T 15229
A232G A237S A238G S240D D276R 18219
A232G A237S A238G S240D D276K 18221
A232G A237S A238G S240D Q135M 15224
A238T 18233

T2431 S266N D276N 18234 (or 1IS176)

A232G A237S A238G S240D D276N IS288 (or P4A)

[057] In all of these mutants, the numbering of residues corresponds fo SEQ ID NO: 1. These residue

numbers may be converted to Ambler numbers (Ambler ef al., 1991, A standard numbering scheme for the Class A B-
lactamases, Biochem. J. 276:269-272) through
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use of any conventional bioinformatic method, for example by using BLAST (Basic Local Alignment Search Tools) or
FASTA (FAST-AN).

[058] In various embodiments, the beta-lactamase used in the invention is produced in bacterial cells such
as an E. coil cell (see, e.g., PCT/US15/47187).

Modified Release Profile

[059] In one aspect, the present invention provides modified release formulations comprising at least one
beta-lactamase, wherein the formulation releases a substantial amount of the beta-lactamase into one or more
regions of the Gl fract. In some embodiments, the beta-lactamase is P3A, or the other beta-lactamase agents
described herein, and variants thereof (e.g. as described above). For example, the formulation may release at
least about 60% of the beta-lactamase, for example, P3A, after the stomach and into one or more regions of the

Gl tract.

[060] In various embodiments, the modified-release formulations of the present invention are designed for
immediate release (e.g. upon ingestion). In various embodiments, the modified-release formulations may have
sustained-release profiles, i.e. slow releass of the active ingredient(s) in the body {e.g., Gl tract) over an extended
period of time. In various embodiments, the modified-release formulations may have a delayed-release profile, i.e.
not immediately release the active ingredient(s) upon ingestion; rather, postponement of the release of the active
ingredient(s) until the composition is lower in the gastrointestinal tract; for example, for release in the small
intestine (e.g., one or more of duodenum, jejunum, ileum) or the large intestine (e.g., one or more of cecum,
ascending, transverse, descending or sigmoid portions of the colon, and rectum). For example, a composition can
be enteric coated to delay release of the active ingredient(s) until it reaches the small intestine or large intestine.
In some embodiments, there is not a substantial amount of the active ingredient(s) of the present formulations in

the stool.

[061] In various embodiments, the modified-release formulation of the present invention releases at least
60% of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof)
after the stomach into one or more regions of the intestine. For example, the modified-release formulation releases
at least 60%, at least 61%, at least 62%, at least 63%, at least 64%, at |east 65%, at least 66%, at least 67%, at
least 68%, at least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least
76%, at least 77%, at least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at |least 96%, at least 97%, at least 98%, at least 99%, or 100% of
the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in the

intestine.
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[062] In various embodiments, the modified-release formulation of the present invention releases at least
60% of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof)
in the small intestine. For example, the modified-release formulation releases at least 60%, at least 61%, at least
62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least
70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least
78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-actamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof) in the small intestine.

[063] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the duodenum. For example, the modified-release formulation releases at least 60%, at least 61%, at least 62%,
at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at
least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least B0%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof) in the duodenum.

[064] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the jejunum. For example, the modified-release formulation releases at least 60%, at least 61%, at least 62%, at
least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at
least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 83%, at least 94%, at
least 85%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof) in the jejunum.

[065] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the ileum and/for the ileocecal junction. For example, the modified-release formulation releases at least 80%, at
least 61%, at least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at
least 69%, at least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at
least 77%, at least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at
least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 81%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the
13
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beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in the
ileum and/or the ileocecal junction.

[066] In various embodiments, the modified-release formulation of the present invention releases at least
60% of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof)
in the large intestine. For example, the modified-release formulation releases at least 60%, at least 61%, at least
62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least
70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least
78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof) in the large intestine.

[067] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the cecum. For example, the modified-release formulation releases at least 60%, at least 61%, at least 62%, at
least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least 70%, at
least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least 78%, at
least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at |least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof) in the cecum.

[068] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the ascending colon. For example, the modified-release formulation releases at least 60%, at least 61%, at least
62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least
70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least
78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof) in the ascending colon.

[069] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the transverse colon. For example, the modified-release formulation releases at least 60%, at least 61%, at least
62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least
70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least

78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at |east 85%, at least
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86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (8.g.

P3A, or the other beta-lactamase agents described herein, and variants thereof) in the transverse colon.

[070] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in
the descending colon. For example, the modified-release formulation releases at least 60%, at least 61%, at
least 62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at
least 70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at
least 78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 84%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase

(e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in the descending colon.

[071] In one embodiment, the modified-release formulation of the present invention releases at least 60%
of the beta-lactamase (e.g. P3A, or the other betalactamase agents described herein, and variants thereof) in
the sigmoid colon. For example, the modified-release formulation releases at least 60%, at least 61%, at least
62%, at least 63%, at least 64%, at least 65%, at least 66%, at least 67%, at least 68%, at least 69%, at least
70%, at least 71%, at least 72%, at least 73%, at least 74%, at least 75%, at least 76%, at least 77%, at least
78%, at least 79%, at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% of the beta-lactamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof) in the sigmoid colon.

[072] In various embodiments, the modified-release formulation does not substantially release the beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) in the stomach.

[073] In certain embodiments, the modified-release formulation releases the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof) at a specific pH. For example, in some
embodiments, the modified-release formulation is substantially stable in an acidic environment and substantially
unstable (e.g., dissolves rapidly or is physically unstable) in a near neufral to alkaline environment. In some
embodiments, stability is indicative of not substantially releasing while instability is indicative of substantially
releasing. For example, in some embodiments, the modified-release formulation is substantially stable at a pH of
about 7.0 or less, or about 6.5 or less, or about 6.0 or less, or about 5.5 or less, or about 5.0 or less, or about 4.5
or less, or about 4.0 or less, or about 3.5 or less, or about 3.0 or less, or about 2.5 or less, or about 2.0 or less, or
about 1.5 or less, or about 1.0 or less. In some embodiments, the present formulations are stable in lower pH
areas and therefore do not substantially release in, for example, the stomach. In some embodiments, modified-
release formulation is substantially stable at a pH of about 1 to about 4 or lower and substantially unstable at pH

values that are greater. In these embodiments, the modified-release formulation is not substantially released in
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the stomach. In these embodiments, the modified-release formulation is substantially released in the small
intestine (e.g. one or more of the duodenum, jejunum, and ileum) and/or large intestine (e.g. one or more of the
cecum, ascending colon, transverse colon, descending colon, and sigmoid colon). In some embodiments,
modified-release formulation is substantially stable at a pH of about 4 to about 5 or lower and consequentially is
substantially unstable at pH values that are greater and therefore is not substantially released in the stomach
and/or small intestine (e.g. one or more of the duodenum, jejunum, and ileum). In these embodiments, the
modified-release formulation is substantially released in the large intestine (e.g. one or more of the cecum,
ascending colon, transverse colon, descending colon, and sigmoid colon). In various embodiments, the pH
values recited herein may be adjusted as known in the art to account for the state of the subject, e.g. whether in
a fasting or postprandial state.

[074] In some embodiments, the modified-release formulation is substantially stable in gastric fluid and
substantially unstable in intestinal fluid and, accordingly, is substantially released in the small intestine (e.g. one
or more of the duodenum, jejunum, and ileum) and/or large intestine (e.g. one or more of the cecum, ascending

colon, transverse colon, descending colon, and sigmoid colon).

[075] In some embodiments, the modified-release formulation is stable in gastric fluid or stable in acidic
environments. These modified-release formulations release about 30% or less by weight of the beta-lactamase
(e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) and/or additional
therapeutic agent in the modified-release formulation in gastric fluid with a pH of about 4 to about 5 or less, or
simulated gastric fluid with a pH of about 4 to about 5 or less, in about 15, or about 30, or about 45, or about 60,
or about 90 minutes. Modified-release formulations of the of the invention may release from about 0% to about
30%, from about 0% to about 25%, from about 0% to about 20%, from about 0% to about 15%, from about 0% to
about 10%, about 5% to about 30%, from about 5% to about 25%, from about 5% to about 20%, from about 5%
to about 15%, from about 5% to about 10% by weight of the beta-lactamase (e.g. P3A, or the other beta-
lactamase agents described herein, and variants thereof) and/or additional therapeutic agent in the modified-
release formulation in gastric fluid with a pH of 4-5, or less or simulated gastric fluid with a pH of 4-5 or less, in
about 15, or about 30, or about 45, or about 80, or about 90 minutes. Modified-release formulations of the
invention may release about 1%, about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%,
about 9%, or about 10% by weight of the total beta-lactamase (e.g. P3A, or the other beta-lactamase agents
described herein, and variants thereof) and/or additional therapeutic agent in the modified-release formulation in
gastric fluid with a pH of 5 or less, or simulated gastric fluid with a pH of 5 or less, in about 15, or about 30, or
about 45, or about 60, or about 90 minutes.

[076] In some embodiments, the modified-release formulation is unstable in intestinal fluid. These

modified-release formulations release about 70% or more by weight of the beta-lactamase (e.g. P3A, or the other

beta-lactamase agents described herein, and variants therecf) and/or additional therapeutic agent in the

modified-release formulation in intestinal fluid or simulated infestinal fluid in about 15, or about 30, or about 45, or
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about 60, or about 90 minutes. In some embodiments, the modified-release formulation is unstable in near
neutral to alkaline environments. These modified-release formulations release about 70% or more by weight of
the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) andfor
additional therapeutic agent in the modified-release formulation in intestinal fluid with a pH of about 4-5 or
greater, or simulated intestinal fluid with a pH of about 4-5 or greater, in about 15, or about 30, or about 45, or
about 60, or about 90 minutes. A modified-release formulation that is unstable in near neutral or alkaline
environments may release 70% or more by weight of beta-lactamase (e.g. P3A, or the other beta-lactamase
agents described herein, and variants therecf) and/or additional therapeutic agent in the modified-release
formulation in a fluid having a pH greater than about 5 (e.g., a fluid having a pH of from about 5 to about 14, from
about 6 to about 14, from about 7 to about 14, from about 8 to about 14, from about 9 to about 14, from about 10
to about 14, or from about 11 to about 14) in from about 5 minutes to about 80 minutes, or from about 10 minutes
to about 90 minutes, or from about 15 minutes to about 90 minutes, or from about 20 minutes to about 90
minutes, or from about 25 minutes to about 90 minutes, or from about 30 minutes to about 90 minutes, or from
about 5 minutes to about 60 minutes, or from about 10 minutes to about 60 minutes, or from about 15 minutes to
about 60 minutes, or from about 20 minutes to about 60 minutes, or from about 25 minutes to about 90 minutes,

or from about 30 minutes to about 60 minutes.

[077] Examples of simulated gastric fluid and simulated intestinal fluid include, but are not limited to,
those disclosed in the 2005 Pharmacopeia 23NF/28USP in Test Solutions at page 2858 and/or other simulated
gastric fluids and simulated intestinal fluids known to those of skill in the art, for example, simulated gastric fluid

and/or intestinal fluid prepared without enzymes.

[078] In one embodiment, the modified-release formulation may remain essentially intact, or may be
essentially insoluble, in gastric fluid. The modified-release formulation may include one or more delayed-release
coatings that are pH dependent. Delayed-release coatings that are pH dependent will be substantially stable in
acidic environments (pH of about 5 or less), and substantially unstable in near neutral to alkaline environments
(pH greater than about 5). For example, the delayed-release coating may essentially disintegrate or dissolve in
near neutral to alkaline environments such as are found in the small intestine (e.g. one or more of the duodenum,
jejunum, and ileum) and/or large intestine (e.g. one or more of the cecum, ascending colon, transverse colon,
descending colon, and sigmoid colon).

[079] Alternatively, the stability of the modified-release formulation can be enzyme-dependent. In such
embodiments, the modified-release formulation may include one or more delayed-release coatings that are
enzyme- dependent. Delayed-release coating that are enzyme-dependent will be substantially stable in fluid that
does not contain a particular enzyme and substantially unstable in fluid containing the enzyme. The delayed-
release coating will essentially disintegrate or dissolve in fluid containing the appropriate enzyme. Enzyme-
dependent control can be brought about, for example, by using materials which release the active ingredient only
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on exposure to enzymes in the intestine, such as galactomannans. Also, the stability of the modified-release
formulation can be dependent on enzyme stability in the presence of a microbial enzyme present in the gut flora.

[080] In various embodiments, the modified-release formulations comprising a beta-lactamase (e.g. P3A,
or variants thereof) are substantially stable in chyme. For example, there is, in some embodiments, a loss of less
about 50% or about 40%, or about 30%, or about 20%, or about 10% of beta-lactamase activity in about 10, or 9,
or8,or7,0r6,or5, ord, or3,or2, or1 hour from administration.

[081] In some embodiments, a dual pulse formulation is provided. In various embodiments, the present
invention provides for modified-release formulations that release multiple doses of the beta-lactamase (e.g. P3A,
or the other beta-lactamase agents described herein, and variants thereof), at different locations along the
intestines, at different times, andfor at different pH. In an ilustrative embodiment, the modified-release
formulation comprises a first dose of the beta-lactamase and a second dose of the beta-lactamase, wherein the
first dose and the second dose are released at different locations along the intestines, at different times, and/or
at different pH. For example, the first dose is released at the duodenum, and the second dose is released at the
ileum. In another example, the first dose is released at the jejunum, and the second dose is released at the
leum. In other embodiments, the first dose is released at a location along the small intestine (e.g., the
duodenum), while the second dose is released along the large intestine (e.g., the ascending colon). In various
embodiments, the modified-release formulation may release at least one dose, at least two doses, at least three
doses, at least four doses, at least five doses, at least six doses, at least seven doses, or at least eight doses of
the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) at
different locations along the intestines, at different times, and/or at different pH. Further the dual pulse description
herein applies to modified-release formulations that release a beta-lactamase (e.g. P3A, or the other beta-
lactamase agents described herein, and variants thereof) and an additional therapeutic agent.

Modified Release Formulation and Dosage Forms

[082] The modified-release formulation of beta-lactamase (e.g. P3A, or the other beta-lactamase agents
described herein, and variants thereof) may further comprise a pharmaceutically acceptable carrier or excipient.
As one skilled in the art will recognize, the formulations can be in any suitable form appropriate for the desired
use and route of administration.

[083] In some embodiments, the administration of the modified-release formulation including beta-
lactamase (and/or additional therapeutic agents) is any one of oral, intravenous, and parenteral. In some
embodiments, the administration of the modified-release formulation including beta-lactamase (and/or additional
agents) is not intravenous in order to, for example, prevent interference with an antibiotic administered
systemically. In other embodiments, routes of administration include, for example: oral, intradermal,

intramuscular, intraperifoneal, intravenous, subcutaneous, intranasal, epidural, sublingual, intranasal,
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intracerebral, intravaginal, transdermal, rectally, by inhalation, or topically, particularly to the ears, nose, eyes, or
skin.

[084] Any modified-release formulation including beta-lactamase (and/or additional therapeutic agents)
as described herein can be administered orally. Such inventive formulations can also be administered by any
other convenient route, for example, by intravenous infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, efc.) and can be administered together
with an additional therapeutic agent. Administration can be systemic or local. In some embodiments,
administration is not at the site of infection to avoid, for example, hydrolysis of an antibiotic at the site of infection.
Various delivery systems are known, e.g., encapsulation in liposomes, microparticles, microcapsules, capsules,
efc., and can be used for administration. In specific embodiments, it may be desirable to administer locally to the

area in need of treatment.

[085] Suitable dosage forms for oral use include, for example, solid dosage forms such as fablets,
dispersible powders, granules, and capsules. In one embodiment, the modified-release formulation is in the form
of a capsule. In another embodiment, the modified-release formulation is in the form of a tablet. In yet another
embodiment, the modified-release formulation is in the form of a soft-gel capsule. In a further embodiment, the
modified-release formulation is in the form of a gelatin or hydroxypropyl methylcellulose (HPMC) capsule.

[086] In some dosage forms, the agents described herein are mixed with at least one inert,
pharmaceutically acceptable excipient or carrier such as sodium citrate, dicalcium phosphate, efc., and/or a)
fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, silicic acid, microcrystalline cellulose,
and Bakers Special Sugar, elc., b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidone, sucrose, acacia, polyvinyl alcohol, polyvinylpyrrolidone, methylcellulose, hydroxypropyl
cellulose (HPC), and hydroxymethyl cellulose efc., ¢) humectants such as glycerol, efc., d} disintegrating agents
such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, sodium carbonate,
cross-linked polymers such as crospovidone (cross-linked polyvinylpyrrolidone), croscarmellose sodium (cross-
linked sodium carboxymethylcellulose), sodium starch glycolate, efc., €) solution retarding agents such as
paraffin, efc., f) absorption accelerators such as quaternary ammonium compounds, elc., g) weiting agents such
as, for example, cetyl alcohol and glycerol monostearate, efc., h) absorbents such as kaolin and bentonite clay,
efc., and i) lubricants such as talg, calcium stearate, magnesium stearate, solid polyethylene glycals, sodium
lauryl sulfate, glyceryl behenate, efc., and mixtures of such excipients. One of skill in the art will recognize that
particular excipients may have two or more functions in the oral dosage form. In the case of an oral dosage form,
for example, a capsule or a fablet, the dosage form may also comprise buffering agents.

[087] The modified release formulation can additionally include a surface active agent. Surface active
agents suitable for use in the present invention include, but are not limited fo, any pharmaceutically acceptable,
non-toxic surfactant. Classes of surfactants suitable for use in the compositions of the invention include, but are

not limited to polyethoxylated fatty acids, PEG-fatty acid diesters, PEG-fatty acid mono- and di-ester mixtures,
19



CA 02962859 20170328

WO 2016/057744 PCT/US2015/054606

polyethylene glycol glycerol fatty acid esters, alcohol-oil transesterification products, polyglycerized fatty acids,
propylene glycol fatty acid esters, mixtures of propylene glycol esters-glycerol esters, mono- and diglycerides,
sterol and sterol derivatives, polyethylene glycol sorbitan fatty acid esters, polyethylene glycol alkyl ethers, sugar
esters, polyethylene glycol alkyl phenols, polyoxyethylene-clyoxypropylene block copolymers, sorbitan fatty acid
esters, lower alcohol fatty acid esters, ionic surfactants, and mixtures thereof. In some embodiments,
compositions of the invention may comprise one or more surfactants including, but not limited to, sodium lauryl

sulfate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80, and triethyl citrate.

[088] The modified-release formulation can also contain pharmaceutically acceptable plasticizers to
obtain the desired mechanical properties such as flexibility and hardness. Such plasticizers include, but are not
limited to, triacetin, citric acid esters, triethyl citrate, phthalic acid esters, dibutyl sebacate, cetyl alcohol,

polyethylene glycols, polysorbates or other plasticizers.

[089] The modified-release formulation can also include one or more application solvents. Some of the
more common solvents that can be used to apply, for example, a delayed-release coating composition include
isopropyl alcohol, acetone, methylene chloride and the like.

[090] The modified-release formulation can also include one or more alkaline materials. Alkaline material
suitable for use in compositions of the invention include, but are not limited to, sodium, potassium, calcium,
magnesium and aluminum salts of acids such as phosphoric acid, carbonic acid, citric acid and other
aluminum/magnesium compounds. In addition the alkaline material may be selected from antacid materials such
as aluminum hydroxides, caicium hydroxides, magnesium hydroxides and magnesium oxide.

[091] The solid oral dosage forms can be prepared by, for example granulation {e.g., wet or dry
granulation) of the agents of the invention with one or more suitable excipients. Alternatively, the agents of the
invention can be layered onto an inert core (e.g., a nonpareil/sugar sphere such as a sucrose sphere or silica
sphere) using conventional methods such as fluidized bed or pan coating, or extruded and spheronized using
methods known in the art, into active compound-containing pellets. In embodiment, the beta-lactamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof) is spray-coated onto a sucrose
sphere. Such pellets can then be incorporated into tablets or capsules using conventional methods.

[092] Suspensions, in addition to the active agents, may contain suspending agents such as, for
example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar, tragacanth, efc., and mixtures thereof,

[093] Besides inert diluents, the oral compositions can also include adjuvants such as sweetening,

flavoring, and perfuming agents.

[094] Dosage forms suitable for parenteral administration (e.g. intravenous, intramuscular,
intraperitoneal, subcutaneous and intra-articular injection and infusion} include, for example, solutions,

suspensions, dispersions, emulsions, and the like. They may also be manufactured in the form of sterile solid
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compositions (e.g. lyophilized composition), which can be dissolved or suspended in sterile injectable medium
immediately before use. They may contain, for example, suspending or dispersing agents known in the art.

[095] The formulations comprising the beta-lactamase (and/or additional therapeutic agents) may
conveniently be presented in unit dosage forms and may be prepared by any of the methods well known in the
art of pharmacy. Such methods generally include the step of bringing the therapeutic agents into association with
a carrier, which constitutes one or more accessory ingredients. Typically, the formulations are prepared by
uniformly and intimately bringing the therapeutic agent into association with a liquid carrier, a finely divided solid
carrier, or both, and then, if necessary, shaping the product into dosage forms of the desired formulation (e.g.,
wet or dry granulation, powder blends, efc., followed by tableting using conventional methods known in the art).

[096] In various embodiments, the modified-release formulation of the present invention may utilize one
or more modified-release coatings such as delayed-release coatings to provide for effective, delayed yet
substantial delivery of the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and
variants thereof) to the Gt tract together with, optionally, other additional therapeutic agents.

[097] in one embodiment, the delayed-release coating includes an enteric agent that is substantially
stable in acidic environments and substantially unstable in near neutral to alkaline environments. In an
embodiment, the delayed-release coating contains an enteric agent that is substantially stable in gastric fluid.
The enteric agent can be selected from, for example, solutions or dispersions of methacrylic acid copolymers,
cellulose acetate phthalate, hydroxypropylmethyl cellulose phthalate, polyvinyl acetate phthalate,
carboxymethylethylcellulose, and EUDRAGIT®-type polymer (poly(methacrylic acid, methylmethacrylate),
hydroxypropy! methylcellulose acetate succinate, cellulose acetate trimellitate, shelflac or other suitable enteric
coating polymers. The EUDRAGIT®-type polymers include, for example, EUDRAGIT® FS 30D, L 30 D-55, L
100-55, L 100, L 12,5, L 12,5 P, RL 30 D, RL PO, RL 100, RL 12,5, RS 30 D, RS PO, RS 100, RS 12,5, NE 30
D, NE 40 D, NM 30 D, S 100, S 12,5, and S 12,5 P. Similar polymers include Kollicoat® MAE 30 DP and
Kollicoat® MAE 100 P. In some embodiments, one or more of EUDRAGIT® FS 30D, L 30 D-55, L 100-55, L 100,
L12,5,L 12,5 PRL 30 D, RL PO, RL 100, RL 12,5, RS 30 D, RS PO, RS 100, RS 12,5, NE 30 D, NE 40 D, NM
30 D, S 100, S 12,5 S 12,5 P, Kollicoat® MAE 30 DP and Kollicoat® MAE 100 P is used. In various
embodiments, the enteric agent may be a combination of the foregoing solutions or dispersions. In an
embodiment, the delayed-release coating includes the enteric agent EUDRAGIT® L 30 D-55.

[098] In certain embodiments, one or more coating system additives are used with the enteric agent. For
example, one or more PlasACRYL™ additives may be used as an anti-tacking agent coating additive. Exemplary
PiasACRYL™ additives include, but are not limifed to PlasACRYL™ HTP20 and PlasACRYL™ T20. In an
embodiment, PlasACRYL™ HTP20 is formulated with EUDRAGIT® L 30 D-55 coatings. In another embodiment,
PlasACRYL™ T20 is formulated with EUDRAGIT® FS 30 D coatings.
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[099] In another embodiment, the delayed-release coating may degrade as a function of time when in
aqueous solution without regard to the pH and/or presence of enzymes in the solution. Such a coating may
comprise a water insoluble polymer. Its solubility in aqueous solution is therefore independent of the pH. The
term “pH independent” as used herein means that the water permeability of the polymer and its ability to release
pharmaceutical ingredients is not a function of pH and/or is only very slightly dependent on pH. Such coatings
may be used to prepare, for example, sustained release formulations. Suitable water insoluble polymers include
pharmaceutically acceptable non-toxic polymers that are substantially insoluble in agueous media, e.g., water,
independent of the pH of the solution. Suitable polymers include, but are not limited to, cellulose ethers, cellulose
esters, or cellulose ether-esters, i.e., a cellulose derivative in which some of the hydroxy groups on the cellulose
skeleton are substituted with alkyl groups and some are modified with alkanoyl groups. Examples include ethyl
cellulose, acetyl cellulose, nitrocellulose, and the like. Other examples of insoluble polymers include, but are not
limited to, lacquer, and acrylic and/or methacrylic ester polymers, polymers or copolymers of acrylate or
methacrylate having a low guaternary ammonium content, or mixture thereof and the like. Other examples of
insoluble polymers include EUDRAGIT RS®, EUDRAGIT RL®, and EUDRAGIT NE®. Insoluble polymers useful
in the present invention include polyvinyl esters, polyvinyl acetals, polyacrylic acid esters, butadiene styrene
copolymers, and the like. In one embodiment, colonic delivery is achieved by use of a slowly-eroding wax plug
(e.g., various PEGS, including for example, PEG6000).

[0100] In a further embodiment, the delayed-release coating may be degraded by a microbial enzyme
present in the gut flora. In one embodiment, the delayed-release coating may be degraded by a bacteria present
in the small intestine. In another embodiment, the delayed-release coating may be degraded by a bacteria

present in the large intestine.

[0101] In various embodimenis, the invention provides a formulation comprising: a core particle having a
base coat comprising one or more beta-lactamases (e.g. P3A, or the other beta-lactamase agents described
herein, and variants thereof), and a delayed-release coating disposed over the coated core particle. The delayed-
release coating may be substantially stable in acidic environments andfor gastric fluid, and/or substantially
unstable in near neutral to alkaline environments or intestinal fluid thereby exposing the coated core particle to
intestinal fluid. The base coat comprising one or more beta-lactamases may further comprise one or more
additional therapeutic agents. Optionally a plurality of base coats may be applied to the core each of which may
contain a beta-lactamase andfor an additional therapeutic agent. In an embodiment, the core particle includes
sucrose. The formulation can be prepared by methods known in the art. For example, a beta-lactamases (e.g.,
P3A, or the other beta-lactamase agents described herein, and variants thereof) can be sprayed onto an inert
core (e.g., a sucrose core or sucrose sphere) and spray-dried with an enteric layer (e.g., Eudragit L30 D-55) to
form beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof)-
containing pellets.
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[0102] Optionally, the core particle may comprise one or more beta-lactamases (e.g., P3A, or the other
beta-lactamase agents described herein, and variants thereof) andfor one or more additional therapeutic agents.
In one embodiment, one or more doses of the beta-lactamase may be encapsulated in a core particle, for
example, in the form of a microsphere. For example, the beta-lactamase may be combined with a polymer (e.g.,
latex), and then formed into a particulate, micro-encapasulated enzyme preparation, without using a sucrose

core. The microspheres thus formed may be optionally covered with a delayed-release coating.

[0103] A variety of approaches for generating particulates (such as microspheres, aggregates, other) are
known which are amenable to the inclusion of enzymes. They typically involve at least two phases, one
containing the enzyme, and one containing a polymer that forms the backbone of the particulate. Most common
are coacervation, where the polymer is made to separate from its solvent phase by addition of a third component,
or multiple phase emulsions, such as water in oil in water (w/ofw) emulsion where the inner water phase contains
the protein, the intermediate organic phase contains the polymer, and the external water phase stabilizers that
support the wio/w double emulsion until the solvents can be removed to form the microspheres. Alternatively, the
beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof) and
stabilizing excipients (for example, trehalose, mannitol, Tween 80, polyvinyl alcohol} are combined and sprayed
from aqueous solution and collected. The particles are then suspended in a dry, water immiscible organic solvent
containing polymer and release modifying compounds, and the suspension sonicated to disperse the particles.
An additional approach uses aqueous phases but no organic solvent. Specifically, the enzyme, buffer
components, a polymer latex, and stabilizing and release-modifying excipients are dissolved/dispersed in water.
The aqueous dispersion is spray-dried, leading to coalescence of the latex, and incorporation of the protein and
excipients in particles of the coalesced latex. When the release modifiers are insoluble at acidic conditions but
soluble at higher pHs (such as carboxylic acid) then release from the matrix is inhibited in the gastric

environment.

[0104] In some embodiments, before applying the delayed-release coating to the coated core particle the
particle can optionally be covered with one or more separating layers comprising pharmaceutical excipients
including alkaline compounds such as for instance pH-buffering compounds. The separating layer essentially

separates the coated core particle from the delayed-release coating.

[0105] The separating layer can be applied to the coated core particle by coating or layering procedures
typically used with coating equipment such as a coating pan, coating granulator or in a fluidized bed apparatus
using water and/or organic solvents for the coating process. As an alternative the separating layer can be applied
to the core material by using a powder coating technique. The materials for separating layers are
pharmaceutically acceptable compounds such as, for instance, sugar, polyethylene glycol, polyvinylpyrrolidone,
polyvinyl alcohol, polyvinyl acetate, hydroxypropyl cellulose, methyl-cellulose, ethylcellulose, hydroxypropyl
methylcellulose, carboxymethylcellulose sodium and others, used alone or in mixtures. Additives such as

23



CA 02962859 20170328

WO 2016/057744 PCT/US2015/054606

plasticizers, colorants, pigments, fillers, anti-facking and anti-static agents, such as for instance magnesium
stearate, titanium dioxide, talc and other additives can also be included in the separating layer.

[0106] in some embodiments, the coated particles with the delayed-release coating may be further
covered with an overcoat layer. The overcoat layer can be applied as described for the other coating
compositions. The overcoat materials are pharmaceutically acceptable compounds such as sugar, polyethylene
glycol, polyvinylpyrrolidone, polyvinyl alcohol, polyvinyl acetate, hydroxypropyl cellulose, methylcelulose,
ethylcellulose, hydroxypropyl methylcellulose, carboxymethyicellulose sodium and others, used alone or in
mixtures. The overcoat materials can prevent potential agglomeration of particles coated with the delayed-
release coating, protect the delayed-release coating from cracking during the compaction process or enhance

the tableting process.

[0107] In various embodiments, the formulation may comprise a plurality of modified-release particles or
pellets or microspheres. In one embodiment, the formulation is in the form of capsules comprising multiple
pellets. In one embodiment, the formulation is in the form of capsules comprising multiple microspheres.

[0108] In some embodiments, the modified-release formulation is a capsule filled with a plurality of beta-
lactamase-containing pellets (e.g., P3A (or the other beta-lactamase agents described herein, and variants
thereof)-containing pellets) from which the beta-lactamase is released. In an embodiment, the capsule is a
gelatin capsule, such as a hard gelatin capsule. In another embodiment, the capsule is a hydroxypropyl
methylcellulose (HPMC) capsule. For example, the formulation may be in the form of capsules comprising
multiple pellets. For example, the formulation may be in the form of capsules such as, for example, gelatin or
hydroxypropy! methylcellulose (HPMC) capsules comprising multiple enteric-coated pellets containing beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof). In such an
embodiment, a combination of pellets may be utilized in which each pellet is designed to release at a specific
time point or location. In various embodiments, the pellets (e.g., enteric-coated pellets) are designed to pass
through the stomach unchanged and then release the beta-lactamase (e.g. P3A, or the other beta-lactamase
agents described herein, and variants thereof) into one or more regions of the intestines. In some embodiments,
the beta-lactamase-containing pellets may be enteric-coated to release the beta-lactamase (e.g. P3A, or the
other beta-lactamase agents described herein, and variants thereof) at different intestinal pH values.

[0109] In various embodiments, the formulation of the present invention is in the form of a capsule (e.g., a
hard gelatin or HPMC capsule) comprising a plurality of enteric-coated beta-lactamase-containing pellets. In such
embodiments, the pellets (or each individual pellet) comprise a beta-lactamase (e.g. P3A, or the other beta-
lactamase agents described herein, and variants thereof), a sucrose sphere, which the beta-lactamase, for
example, P3A or a variant, is sprayed onto, a binder excipient (e.g., hydroxypropylcellulose (HPC)), an enteric
polymer (e.g., EUDRAGIT L 30 D-55), a plasticizer (e.g., triethyl citrate), a glidant (e.g., glyceryl monostearate),

an emulsifier, and buffer salts.
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[0110] In various embodiments, the formulation of the present invention is in the form of a capsule (e.g., a
hard gelatin or HPMC capsule) comprising a plurality of enteric-coated beta-lactamase-containing pellets. In such
embodiments, the pellets (or each individual pellet) comprise about 10-20% by weight of beta-lactamase (e.g.
P3A, or the other beta-lactamase agents described herein, and variants thereof). For example, the beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof) may be present
at about 10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%,
about 19%, or about 20% by weight. In some embodiments, the pellets (or each individual pellet) comprise about
20-30% by weight sucrose sphere, which the beta-lactamase, for example, P3A or a variant, is sprayed onto. For
example, the sucrose sphere may be present at about 20%, about 21%, about 22%, about 23%, about 24%,
about 25%, about 26%, about 27%, about 28%, about 29%, or about 30% by weight. In various embodiments,
the pellets (or each individual pellet) comprise about 30-40% by weight a binder excipient (e.g.,
hydroxypropylcellulose (HPC)). For example, the binder excipient may be present at about 30%, about 31%,
about 32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 38%, or about 40% by
weight. In some embodiments, the pellets (or each individual pellet) comprise about 15-25% by weight an enteric
polymer (e.g., EUDRAGIT L 30 D-55). For example, the enteric polymer may be present at about 15%, about
16%, about 17%, about 18%, about 18%, about 20%, about 21%, about 22%, about 23%, about 24%, or about
25% by weight. In some embodiments, the pellets (or each individual pellet) comprise about 1.5- 2.5% by weight
of plasticizer {(e.g., triethy! citrate). For example, the plasticizer may be present at about 1.5%, about 1.6%, about
1.7%, about 1.8%, about 1.9%, about 2%, about 2.1%, about 2.2%, about 2.3%, about 2.4%, about 2.5% by
weight. In some embodiments, the pellets (or each individual pellet) comprise about 0.5-1.5% by weight glidant
(e.g., glyceryl monostearate). For example, the glidant may be present at about 0.5%, about 0.6%, about 0.7%,
about 0.8%, about 0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, or about 1.5% by weight.
In some embodiments, the pellets (or each individual pellet) comprise about 0.1-1.0% by weight emulsifier (e.g.
polysorbate-80). For example, the emulsifier may be present at about 0.1%, about 0.2%, about 0.3%, about
0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, or about 1% by weight. In some
embodiments, the pellets (or each individual pellet) further comprise about 1-2% by weight buffer salts. For
example, the buffer salts may be present at about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%,
about 1.6%, about 1.7%, about 1.8%, about 1.9%, or about 2% by weight. The weight as described herein refers
to the total weight of all components excluding the weight of the capsule itself.

[0111] In some embodiments, the pellets (or each individual pellet) comprise about 16% by weight of the
beta-lactamase (6.g. P3A, or the other beta-lactamase agents described herein, and variants thereof); about
23% by weight sucrose sphere; about 35% by weight a binder excipient (e.g., hydroxypropylcellulose (HPC));
about 21% by weight an enteric polymer (e.g., EUDRAGIT L 30 D-55); about 2% by weight of plasticizer (e.g.,
triethyl citrate); about 1% by weight glidant (e.g., glyceryl monostearate); about 0.5% by weight emulsifier (e.g.
polysorbate-80); and about 2% by weight buffer saits. The weight as described herein refers to the total weight of

all components excluding the weight of the capsule itself.
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[0112] For example, the pellets {or each individual pellet) comprise about 15.8% by weight of the beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof); about 23.3% by
weight sucrose sphere; about 35% by weight a binder excipient (e.g., hydroxypropylcellulose (HPC)); about
20.8% by weight an enteric polymer (e.g., EUDRAGIT L 30 D-55); about 2.1% by weight of plasticizer (e.g.,
triethyl citrate); about 1.0% by weight glidant (e.g., glyceryl monostearate); about 0.4% by weight emulsifier (e.g.
polysorbate-80); and about 1.6% by weight buffer salts. The weight as described herein refers to the total weight
of all components excluding the weight of the capsule itself.

[0113] In various embodiments, the formulation of the present invention is in the form of a capsule (e.g., a
hard gelatin or HPMC capsule) comprising about 75 mg of the beta-lactamase (e.g. P3A, or the other beta-
lactamase agents described herein, and variants thereof). The capsule includes a plurality of enteric-coated beta-
lactamase-containing pellets. In such embodiments, the formulation comprises about 10-20% by weight of the
beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof). For
example, the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants
thereof) may be present at about 10%, about 11%, about 12%, about 13%, about 14%, about 15%, about 16%,
about 17%, about 18%, about 19%, or about 20% by weight. In some embodiments, the formulation comprises
about 15-25% by weight sucrose sphere. For example, the sucrose sphere may be present about 15%, about
16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, about 24%, or about
25% by weight. In various embodiments, the formulation comprises about 25-35% by weight a binder excipient
(e.g., hydroxypropylcellulose (HPC)). For example, the binder excipient may be present at about 25%, about
26%, about 27%, about 28%, about 29%, about 30%, about 31%, about 32%, about 33%, about 34%, or about
35% by weight. In some embodiments, the formulation comprises about 10-25% by weight an enteric polymer
(e.g., EUDRAGIT L 30 D-55). For example, the enteric polymer may be present at about 10%, about 11%, about
12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, about 20%, about
21%, about 22%, about 23%, about 24%, or about 25% by weight. In some embodiments, the formulation
comprises about 1.5 — 2.5% by weight of plasticizer (e.g., triethyl citrate). For example, the plasticizer may be
present at about 1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9%, about 2%, about 2.1%, about 2.2%,
about 2.3%, about 2.4%, about 2.5% by weight. In some embodiments, the formulation comprises about 0.5-
1.5% by weight glidant (e.g., glyceryl monostearate). For example, the glidant may be present at about 0.5%,
about 0.6%, about 0.7%, about 0.8%, about 0.9%, about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%,
or about 1.5% by weight. In some embodiments, the formulation comprises about 0.1-1.0% by weight emulsifier
(e.g. polysorbate-80). For example, the emulsifier may be present at about 0.1%, about 0.2%, about 0.3%, about
0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, or about 1% by weight. In some
embodiments, the formulation comprises about 1-2% by weight buffer salts. For example, the buffer salts may be
present at about 1%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, about 1.5%, about 1.6%, about 1.7%,
about 1.8%, about 1.9%, or about 2% by weight. In some embodiments, the formulation comprises about 10-20%

by weight gelatin or HPMC capsule. For example, the gelatin or HPMC capsule may be about 10%, about 11%,
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about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, or about 20% by
weight.

[0114] In some embodiments, the formulation of the present invention comprising about 75 mg of the beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof). In such
embodiments, the formulation comprises about 13% by weight of the beta-lactamase (e.g. P3A, or the other
beta-lactamase agents described herein, and variants thereof); about 19% by weight sucrose sphere; about 29%
by weight a binder excipient (e.g., hydroxypropylceliulose (HPC)); about 17% by weight an enteric polymer (e.g.,
EUDRAGIT L 30 D-55); about 2% by weight of plasticizer (e.g., triethyl citrate); about 1% by weight glidant (e.g.,
glyceryl moncstearate); about 0.5% by weight emulsifier (e.g. polysorbate-80); about 1% by weight buffer salts;
and about 17% by weight gelatin or HPMC capsule.

[0115] For example, the formulation comprises about 13.1% by weight of the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof); about 19.4% by weight sucrose sphere;
about 29.1% by weight a binder excipient (e.g., hydroxypropylcellulose (HPC)); about 17.3% by weight an enteric
polymer (e.g., EUDRAGIT L 30 D-55); about 1.7% by weight of plasticizer {e.g., triethyl citrate); about 0.9% by
weight glidant (e.g., glyceryl monostearate); about 0.4% by weight emulsifier (e.g. polysorbate-80); about 1.3%
by weight buffer salts; and about 16.8% by weight gelatin or HPMC capsule.

[01186] In various embodiments, the formulation of the present invention is in the form of a capsule (e.g., a
hard gelatin or HPMC capsule) comprising about 25 mg of the beta-lactamase (e.g. P3A, or the other beta-
lactamase agents described herein, and variants thereof). The capsule includes a plurality of enteric-coated beta-
lactamase—containing pellets. In such embodiments, the formulation comprises about 5-15% by weight of the
beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof). For
example, the beta-lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants
thereof) may be present at about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about 11%, about
12%, about 13%, about 14%, or about 15% by weight. In some embodiments, the formulation comprises about
10-20% by weight sucrose sphere. For example, the sucrose sphere may be present about 10%, about 11%,
about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, or about 20% by
weight. In various embodiments, the formulation comprises about 15-25% by weight a binder excipient (e.g.,
hydroxypropylceliulose (HPC)). For example, the binder excipient may be present at about 15%, about 16%,
about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about 23%, about 24%, or about 25% by
weight. In some embodiments, the formulation comprises about 10-20% by weight an enteric polymer (e.g.,
EUDRAGIT L 30 D-55). For example, the enteric polymer may be present at about 10%, about 11%, about 12%,
about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%, or about 20% by weight. In
some embodiments, the formulation comprises about 1.0 — 2.0% by weight of plasticizer (e.g., triethyl citrate).
For example, the plasticizer may be present at about 1.0%, about 1.1%, about 1.2%, about 1.3%, about 1.4%,
about 1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9%, or about 2.0% by weight. In some embodiments,
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the formulation comprises about 0.1-1.0% by weight glidant (e.g., glyceryl monostearate). For example, the
glidant may be present at about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about
0.7%, about 0.8%, about 0.9%, or about 1% by weight. In some embodiments, the formulation comprises about
0.1-1.0% by weight emulsifier (e.g. polysorbate-80). For example, the emulsifier may be present at about 0.1%,
about 0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, or about
1% by weight. In some embodiments, the formulation comprises about 0.5-1.5% by weight buffer salts. For
example, the buffer salts may be present at about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%,
about 1.0%, about 1.1%, about 1.2%, about 1.3%, about 1.4%, or about 1.5% by weight. In some embodiments,
the formulation comprises about 30-40% by weight gelatin or HPMC capsule. For example, the gelatin or HPMC
capsule may be about 30%, about 31%, about 32%, about 33%, about 34%, about 35%, about 36%, about 37%,
about 38%, about 39%, or about 40% by weight.

[0117] In some embodiments, the formulation of the present invention comprising about 25 mg of the beta-
lactamase (e.g. P3A, or the other beta-lactamase agents described herein, and variants thereof). In such
embodiments, the formulation comprises about 10% by weight of the beta-lactamase (e.g. P3A, or the other
beta-lactamase agents described herein, and variants thereof); about 15% by weight sucrose sphere; about 22%
by weight a binder excipient (e.g., hydroxypropylcellulose (HPC)); about 13% by weight an enteric polymer (e.g.,
EUDRAGIT L 30 D-55); about 1% by weight of plasticizer {e.g., triethyl citrate); about 0.5% by weight glidant
(e.g., glyceryl monostearate); about 0.3% by weight emulsifier (e.g. polysorbate-80); about 1% by weight buffer
salts; and about 38% by weight gelatin or HPMC capsule.

[0118] For example, the formulation comprises about 9.8% by weight of the beta-lactamase (e.g. P3A, or
the other beta-lactamase agents described herein, and variants thereof); about 14.5% by weight sucrose sphere;
about 21.8% by weight a binder excipient (e.g., hydroxypropylcellulose (HPC)); about 13% by weight an enteric
polymer (e.g., EUDRAGIT L 30 D-55); about 1.3% by weight of plasticizer (e.g., triethyl citrate); about 0.6% by
weight glidant (e.g., glyceryl monostearate); about 0.3% by weight emulsifier (e.g. polysorbate-80); about 1.0%
by weight buffer salts; and about 37.7% by weight gelatin or HPMC capsule.

[0119] The present invention also provides for modified-release formulations that release muitiple doses of
the beta-lactamases (e.g., P3A, or the cther beta-lactamase agents descrived herein, and variants thereof)
and/or additional therapeutic agent along the gastrointestinal tract. In such embodiments, the overall release
profile of such a formulation may be adjusted by utilizing, for example, multiple particle types or multiple layers. In
one embodiment, the first dose of the beta-lactamase may be formulated for release in, for example, the small
intestine (e.g., one or more of duodenum, jejunum, ileum) or the large intestine (e.g., one or more of cecum,
ascending, transverse, descending or sigmoid portions of the colon, and rectum), whereas the second dose is
formulated for delayed release in, for example, a different region of the small intestine (e.g., one or more of
ducdenum, jejunum, ileum) or the large intestine (e.g., one or more of cecum, ascending, transverse, descending
or sigmoid portions of the colon, and rectum). Alternatively, multiple doses are released at different locations
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along the intestine. For example, in one embodiment, the first dose of the beta-lactamase may be formulated for
release in, for example, the small intestine (e.g., one or more of duodenum, jejunum, ileum}, whereas the second
dose is formulated for delayed release in, for example, another part of the small intestine (e.g., one or more of
ducdenum, jejunum, ileum). In another embodiment, the first dose of the beta-lactamase may be formulated for
release in, for example, the large intestine (e.g., one or more of cecum, ascending, transverse, descending or
sigmoid portions of the colon, and rectum), whereas the second dose is formulated for delayed release in, for
example, another part of the large intestine (e.g., one or more of cecum, ascending, transverse, descending or
sigmoid portions of the colon, and rectum).

[0120] In various embodiments, the agents described herein may be in the form of a pharmaceutically
acceptable salt, namely those salts which are suitable for use in contact with the tissues of humans and other
animals without undue toxicity, irritation, allergic response and the like, and are commensurate with a reasonable
benefit/risk ratio. Pharmaceutically acceptable salts are well known in the art. The salts can be prepared in situ
during the final isolation and purification of the therapeutic agents, or separately by reacting the free base
function with a suitable acid or a free acid functicnality with an appropriate alkaline moiety. Representative acid
addition salts include acetate, adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate,
borate, butyrate, camphorate, camphersulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
ethanesulfonate, fumarate, glucoheptonate, glycerophosphate, hemisulfate, heptonate, hexanoate,
hydrobromide, hydrochloride, hydroiodide, 2-hydroxyethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate,
malate, maleate, malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, stearate,
succinate, sulfate, tartrate, thiocyanate, toluenesulfonate, undecanoate, valerate salts, and the like.
Representative alkali or alkaline earth metal salts include sodium, lithium, potassium, calcium, magnesium, and
the like, as well as nontoxic ammonium, quaternary ammonium, and amine cations, including, but not limited to
ammonium, tetramethylammonium, tetrasthylammonium, methylaming, dimethylamine, trimethylamine,

triethylamine, ethylamine, and the like.

[0121] In various embodiments, the present formulations provide a number of advantages. For instance,
the inventors have successfully formulated a protein (i.e. beta-lactamase), which itself is challenging. This is
compounded further by the Gl fract environment in which the present formulations release drug in various
embodiments. Further, in various embodiments, the present formulations provide for Gl tract release that is
sufficiently slow to allow good protective coverage in the Gl tract from adverse effects of various antibiotics, e.g.
in the small intestine (a benefit that is accentuated by an increase in beta-lactamase half-life that is
commensurate with a slower release). Furthermore, by coating the drug substance layer of the present pellets
with HPC, as opposed to EUDRAGIT, for example, the present formulations minimize the amount of EUGRAGIt
in the formulations and therefore mitigate possible dose-limiting toxicity and manufacturing complications.
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Administration and Dosage

[0122] It will be appreciated that the actual dose of the beta-lactamase (e.g., P3A, or the other beta-
lactamase agents described herein, and variants thereof) to be administered according to the present invention
will vary according to, for example, the particular dosage form and the mode of administration. Many factors that
may modify the action of the beta-lactamase (e.g., body weight, gender, diet, time of administration, route of
administration, rate of excretion, condition of the subject, drug combinations, genetic disposition and reaction
sensitivities) can be taken into account by those skilled in the art. Administration can be carried out continuously
or in one or more discrete doses within the maximum tolerated dose. Optimal administration rates for a given set

of conditions can be ascertained by those skilled in the art using conventional dosage administration tests.

[0123] Individual doses of the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described
herein, and variants thereof) can be administered in unit dosage forms (e.g., tablets or capsules) containing, for
example, from about 0.01 mg to about 1,000 mg, from about 0.01 mg to about 950 mg, from about 0.01 mg to
about 900 mg, from about 0.01 mg to about 850 mg, from about 0.01 mg to about 800 mg, from about 0.01 mg to
about 750 mg, from about 0.01 mg to about 700 mg, from about 0.01 mg to about 650 mg, from about 0.01 mg to
about 600 mg, from about 0.01 mg to about 550 mg, from about 0.01 mg to about 500 mg, from about 0.01 mg to
about 450 mg, from about 0.01 mg to about 400 mg, from about 0.01 mg to about 350 mg, from about 0.01 mg to
about 300 mg, from about 0.01 mg to about 250 mg, from about 0.01 mg to about 200 mg, from about 0.01 mg to
about 150 mg, from about 0.01 mg to about 100 mg, from about 0.1 mg to about 90 mg, from about 0.1 mg to
about 80 mg, from about 0.1 mg to about 70 mg, from about 0.1 mg to about 60 mg, from about 0.1 mg to about
50 mg, from about 0.1 mg to about 40 mg active ingredient, from about 0.1 mg to about 30 mg, from about 0.1
mg to about 20 mg, from about 0.1 mg to about 10 mg, from about 0.1 mg to about 5 mg, from about 0.1 mg to
about 3 mg, from about 0.1 mg to about 1 mg per unit dosage form, or from about 5 mg to about 80 mg per unit
dosage form. For example, a unit dosage form can be about 0.01 mg, about 0.02 mg, about 0.03 mg, about 0.04
mg, about 0.05 mg, about 0.06 mg, about 0.07 mg, about 0.08 mg, about 0.09 mg, about 0.1 mg, about 0.2 mg,
about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg, about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1
mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg about
10 mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 35 mg, about 40 mg, about 45 mg, about
50 mg, about 55 mg, about 60 mg, about 65 mg, about 70 mg, about 75 mg, about 80 mg, about 85 mg, about
90 mg, about 95 mg, about 100 mg, about 150 mg, about 200 mg, about 250 mg, about 300 mg, about 350 mg,
about 400 mg, about 450 mg, about 500 mg, about 550 mg, about 600 mg, about 850 mg, about 700 mg, about
750 mg, about 800 mg, about 850 mg, about 900 mg, about 950 mg, or about 1,000 mg, inclusive of all values
and ranges therebetween. In an embodiment, individual dose of the beta-lactamase (e.g., P3A, or the other beta-
lactamase agents described herein, and variants thereof) is administered in an unit dosage form containing 25
mg of the beta-lactamase. In another embodiment, individual dose of the beta-lactamase (e.g., P3A, or the other

beta-lactamase agents described herein, and variants thereof) is administered in an unit dosage form containing
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50 mg of the beta-lactamase. In a further embodiment, individual dose of the beta-lactamase {e.g., P3A, or the
other beta-lactamase agents described herein, and variants thereof) is administered in an unit dosage form

containing 75 mg of the beta-lactamase.

[0124] In one embodiment, the beta-lactamase is administered at an amount of from about 0.01 mg to
about 100 mg daily, an amount of from about 0.01 mg to about 1,000 mg daily from about 0.01 mg to about 950
mg daily, from about 0.01 mg to about 800 mg daily, from about 0.01 mg fo about 850 mg daily, from about 0.01
mg to about 800 mg daily, from about 0.01 mg to about 750 mg daily, from about 0.01 mg to about 700 mg daily,
from about 0.01 mg to about 650 mg daily, from about 0.01 mg to about 600 mg daily, from about 0.01 mg to
about 550 mg daily, from about 0.01 mg to about 500 mg daily, from about 0.01 mg to about 450 mg daily, from
about 0.01 mg to about 400 mg daily, from about 0.01 mg to about 350 mg daily, from about 0.01 mg to about
300 mg daily, from about 0.01 mg to about 250 mg daily, from about 0.01 mg to about 200 mg daily, from about
0.01 mg to about 150 mg daily, from about 0.1 mg to about 100 mg daily, from about 0.1 mg to about 95 mg
daily, from about 0.1 mg to about 90 mg daily, from about 0.1 mg to about 85 mg daily, from about 0.1 mg to
about 80 mg daily, from about 0.1 mg to about 75 mg daily, from about 0.1 mg to about 70 mg daily, from about
0.1 mg to about 65 mg daily, from about 0.1 mg to about 60 mg daily, from about 0.1 mg to about 55 mg daily,
from about 0.1 mg to about 50 mg daily, from about 0.1 mg to about 45 mg daily, from about 0.1 mg to about 40
mg daily, from about 0.1 mg to about 35 mg daily, from about 0.1 mg to about 30 mg daily, from about 0.1 mg to
about 25 mg daily, from about 0.1 mg to about 20 mg daily, from about 0.1 mg to about 15 mg daily, from about
0.1 mg to about 10 mg daily, from about 0.1 mg to about 5 mg daily, from about 0.1 mg to about 3 mg daily, from
about 0.1 mg to about 1 mg daily, or from about 5 mg to about 80 mg daily.

[0125] In various embodiments, the beta-lactamase is administered at a daily dose of about 0.01 mg,
about 0.02 mg, about 0.03 mg, about 0.04 mg, about 0.05 mg, about 0.06 mg, about 0.07 mg, about 0.08 mg,
about 0.09 mg, about 0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about 0.6 mg, about 0.7
mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about 6 mg,
about 7 mg, about 8 mg, about 9 mg about 10 mg, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about
35 mg, about 40 mg, about 45 mg, about 50 mg, about 55 mg, about 60 mg, about 65 mg, about 70 mg, about
75 mg, about 80 mg, about 85 mg, about 90 mg, about 95 mg, about 100 mg, about 150 mg, about 200 mg,
about 250 mg, about 300 mg, about 350 mg, about 400 mg, about 450 mg, about 500 mg, about 550 mg, about
600 mg, about 650 mg, about 700 mg, about 750 mg, about 800 mg, about 850 mg, about 900 mg, about 950
mg, or about 1,000 mg, inclusive of all values and ranges therebetween.

[0126] In some embodiments, a suitable dosage of the beta-lactamase (e.g., P3A, or the other beta-

lactamase agents described herein, and variants thereof) is in a range of about 0.01 mg/kg to about 100 mg/kg

of body weight of the subject, for example, about 0.01 mg/kg, about 0.02 mg/kg, about 0.03 mg/kg, about 0.04

mg/kg, about 0.05 mg/kg, about 0.06 mg/kg, about 0.07 mg/kg, about 0.08 mg/kg, about 0.09 mg’kg, about 0.1

mg/kg, about 0.2 mg/kg, about 0.3 mg/kg, about 0.4 mg/kg, about 0.5 mg/kg, about 0.6 mg/kg, about 0.7 mgrkg,
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about 0.8 mg/kg, about 0.9 mg/kg, about 1 mglkg, about 1.1 mgrkg, about 1.2 mg/kg, about 1.3 mgrkg, about 1.4
mg/kg, about 1.5 mg/kg, about 1.6 mg/kg, about 1.7 mg/kg, about 1.8 mg/kg, 1.9 mg/kg, about 2 mgrkg, about 3
mg/kg, about 4 mg/kg, about 5 mgrkg, about 6 mg/kg, about 7 mg/kg, about 8 mg/kg, about 9 mg/kg, about 10
mg/kg, about 15 mglkg, about 20 mg/kg, about 25 mg/kg, about 30 mg/kg, about 35 mglkg, about 40 mgl/kg,
about 45 mg/kg, about 50 mg/kg, about 55 mg/kg, about 60 mg/kg, about 65 mg/kg, about 70 mg/kg, about 75
mg/kg, about 80 mgikg, about 85 mg/kg, about 90 mg/kg, about 95 mg/kg, or about 100 mg/kg body weight,
inclusive of all values and ranges therebetween. In other embodiments, a suitable dosage of the beta-lactamases
in a range of about 0.01 mg/kg to about 10 mg/kg of body weight, in a range of about 0.01 mg/kg to about 9
mg/kg of body weight, in a range of about 0.01 mg/kg to about 8 mg/kg of body weight, in a range of about 0.01
mg/kg to about 7 mgikg of body weight, in a range of 0.01 mg/kg to about 6 mg/kg of body weight, in a range of
about 0.05 mg/kg to about 5 mg/kg of body weight, in a range of about 0.05 mg/kg to about 4 mg/kg of body
weight, in a range of about 0.05 mg/kg to about 3 mg/kg of body weight, in a range of about 0.05 mg/kg to about
2 mg/kg of body weight, in a range of about 0.05 mg/kg to about 1.5 mg/kg of body weight, or in a range of about
0.05 mglkg to about 1 mg/kg of body weight.

[0127] In accordance with certain embodiments of the invention, the beta-lactamase may be administered,
for example, about once per day, about every other day, about every third day, about once a week, about once
every two weeks, about once every month, about once every two months, about once every three months, about
once every six months, or about once every vear. In certain embodiments, the beta-lactamase may be
administered more than once daily, for example, about two times, about three times, about four times, about five

times, about six times, about seven times, about eight times, about nine times, or about ten times daily.

Additional Therapeutic Agents and Combination Therapy or Co-Formulation

[0128] Administration of the present formulations may be combined with additional therapeutic agents. Co-
administration of the additional therapeutic agent and the present formulations may be simultaneous or
sequential. Further the present formulations may comprise an additional therapeutic agent (e.g. via co-

formulation).

[0129] In some embodiments, the modified-release formulations of the present invention are administered
in combination with an additional therapeutic agent. In an embodiment, the additional therapeutic agent and the
beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof) are
combined into a single modified-release formulation. In some embodiments, the methods of treatment and/or
prevention comprise administering the modified-release formulations of the present invention to a subject that is

undergoing treatment with an additional therapeutic agent.

[0130] In one embodiment, the additional agent and the beta-lactamase are administered to a subject
simultaneously. The term “simultaneously” as used herein, means that the additional agent and the beta-

lactamase are administered with a time separation of no more than about 60 minutes, such as no more than
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about 30 minutes, no more than about 20 minutes, no more than about 10 minutes, no more than about 5 minutes,
or no more than about 1 minute. Administration of the additional agent and the beta-lactamase can be by
simultaneous administration of a single formulation (e.g., a formulation comprising the additional agent and the
beta-lactamase) or of separate formulations (e.g., a first formulation including the additional agent and a second

formulation including the beta-lactamase).

[0131] Co-administration does not require the additional therapeutic agents to be administered
simultaneously, if the timing of their administration is such that the pharmacological activities of the additional
agent and the beta-lactamase overlap in time, thereby exerting a combined therapeutic effect. For example, the
additional agent and the beta-lactamase can be administered sequentially. The term "sequentially” as used herein
means that the additional agent and the beta-lactamase are administered with a time separation of more than
about 60 minutes. For example, the time between the sequential administration of the additional agent and the
beta-lactamase can be more than about 60 minutes, more than about 2 hours, more than about 5 hours, more
than about 10 hours, more than about 1 day, more than about 2 days, more than about 3 days, or more than about
1 week apart. The optimal administration times will depend on the rates of metabolism, excretion, and/or the
pharmacodynamic activity of the additional agent and the beta-lactamase being administered. Either the additional
therapeutic agent or the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and

variants thereof) may be administered first.

[0132] Co-administration also does not require the additional therapeutic agents fo be administered to the subjsct
by the same route of administration. Rather, each additional therapeutic agent can be administered by any appropriate

route, for example, parenterally or non-parenterally.

[0133] In some embodiments, the additional therapeutic agent is an additional antibiotic degradation enzyme,
such as, for example, a beta-lactamase of class EC 3.5.2.6. In some embodiments, the antibiotic degradation
enzyme is selected from a functional Group 1, Group 2, Group 3, or a Group 4 beta-lactamase (see, e.g., Bush et
al., Anftimicrob. Agents Chemother, 39: 1211): without wishing to be bound by theory, Group 1 consists of
cephalosporinases that are not well inhibited by clavulanic acid; Group 2 consists of penicillinases,
cephalosporinases and broad-spectrum beta-lactamases that are generally inhibited by active site-directed beta-
lactamase inhibitors; Group 3 consists of metallo-beta-lactamases that hydrolyze penicillins, cephalosporins and
carbapenems, and that are poorly inhibited by almost all beta-lactam-containing molecules; and Group 4 consists
of penicillinases that are not well inhibited by clavulanic acid) and/or a molecular/Ambler class A, or class B, or class
C, or class D beta-lactamase (see, e.g., Ambler 1980, Philos Trans R Soc Lond B Biol Scl. 289: 321), without
wishing to be bound by theory: Classes A, C, and D gather evolutionarily distinct groups of serine beta-lactamase
enzymes, and class B the zinc-dependent ("EDTA-inhibited") beta-lactamase enzymes (see Ambler R.P. et al., 1991

, Biochem J. 276: 269-270). In some embodiments, the antibiotic degradation enzyme is a serine beta-lactamase
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or a zinc-dependent (EDTA-inhibited) beta-lactamase. For example, in some smbodiments, the beta-lactamase is
one or more of P1A, P2A, P3A, or P4A. Further, the beta-lactamase may be an extended-spectrum beta-lactamase
(ESBL), optionally selected from a TEM, SHV, CTX-M, OXA, PER, VEB, GES, and IBC beta-lactamase. Further,
the beta-lactamase may be an inhibitor-resistant 6-lactamase, optionally selected from an AmpC-type 6-
lactamases, Carbapenemase, IMP-type carbapenemases (metallo-6-lactamases), VIM (Verona integron-encoded
metallo-6-lactamase), OXA {oxacillinase) group of 6-lactamases, KPC (K. pneumonia carbapenemase), CMY

(Class C), SME, IMI, NMC and CerA, and a NDM (New Delhi metallo-6-lactamase, e.g. NDM-1) beta-lactamase.

[0134] In some embodiments, the additional therapeutic agent is an adjunctive therapy that is used in, for
example, the treatment of CDI as described herein. In some embodiments, the additional agent is mefronidazole (e.g.
FLAGYL), fidaxomicin (e.g. DIFICID), or vancomyein (e.g. Vancocin), rifaximin, fecal bacteriotherapy, charcoal-based
binders (e.g. DAV132), probiotic therapy (see, e.g., Intnat’l J Inf Dis, 16 (11): €786, illustrative probiotics include
Saccharomyces boulardii; Lactobacillus rhamnosus GG; Lactobacillus plantarum 299v; Clostridium
butyricum M588; Clostridium

difficile VP20621  (non-foxigenic C.  difficile strain); combination of Lactobacillus casei, Lactobacillus
acidophilus (Bio-K + CL1285); combination of Lactobacillus casei, Lactobacillus bulgaricus, Streptococcus
thermophilus (Actimel); combination of Lactobacillus acidophilus, Bifidobacterium bifidum (Florajen3); combination of
Lactobacillus acidophilus, Lactobacillus bulgaricus delbrueckii subsp. bulgaricus, Lactobacillus

bulgaricus  casei, Lactobacillus  bulgaricus plantarum, Bifidobacteriumlongum, Bifidobacterium
infantis, Bifidobacterium breve, Streptococcus salivarius subsp.thermophilus (VSL#3)) and antibody or other
biologic therapy (e.g. monoclonal antibodies against C. difficile toxins A and B as described in N Engl J Med.
2010;362(3):197, the; neutralizing binding proteins, for example, arranged as multimers, which are directed to one or
more of SEQ ID NOs. recited in United States Patent Publication No. 2013/0058962 (e.g. one or more of SEQ ID Nos.:
59, 60, 95, 67, 68, and 87)); or any neutralizing binding protein directed against C. difficile binary toxin. In some

embodiments, any of the penicillins and cephalosporins described herein may be the additional agent.

[0135] In some embodiments, the additional therapeutic agent is an antidiarrheal agent. Antidiarrheal
agents suitable for use in the present invention include, but are not limited to, DPP-IV inhibitors, natural opioids,
such as tincture of opium, paregoric, and codeine, synthetic opioids, such as diphenoxylate, difenoxin and
loperamide, bismuth subsalicylate, lanreotide, vapreotide and octreotide, motiln antagonists, COX2 inhibitors like
celecoxib, glutamine, thalidomide and ftraditional antidiarrheal remedies, such as kaolin, pectin, berberine and

muscarinic agents.

[0136] In some embodiments, the additional therapeutic agent is an anti-inflammatory agent such as
steroidal anti-inflammatory agents or non-steroidal anti-inflammatory agents (NSAIDS). Steroids, particularly the
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adrenal corticosteroids and their synthetic analogues, are well known in the art. Examples of corticosteroids useful
in the present invention include, without limitation, hydroxyliriamcinolone, alpha-methyl dexamethasone, beta-
methyl betamethasone, beclomethasone dipropionate, betamethasone benzoate, betamethasone dipropionate,
betamethasone valerate, clobetasol valerats, desonide, desoxymethasone, dexamethasone, diflorasone
diacetate, diflucortolone valerate, fluadrenolone, fluclorolone acetonide, flumethasone pivalate, fluosinolone
acetonide, fluocinonide, flucortine butylester, fluocortolone, fluprednidene (fluprednylidene) acetate,
flurandrenolone, halcinonide, hydrocortisone acetate, hydrocortisone butyrate, methylprednisolone, triameinolone
acetonide, cortisone, cortodoxone, flucetonide, fludrocortisone, difluorosone diacetate, fluradrenolone acetonide,
medrysone, ameinafel, amcinafide, betamethasone and the balance of its esters, chloroprednisone, clocortelone,
clescinolone, dichlorisone, difluprednate, flucloronide, flunisolide, fluoromethalone, fluperolone, fluprednisolone,
hydrocortisone, meprednisone, paramethasone, prednisolone, prednisone, beclomethasone dipropionate.
(NSAIDS) that may be used in the present invention, include but are not limited to, salicylic acid, acetyl salicylic
acid, methyl salicylate, glycol salicylate, salicylmides, benzyl-2,5-diacetoxybenzoic acid, ibuprofen, fulindac,
naproxen, ketoprofen, etofenamate, phenylbutazone, and indomethacin. Additional anti-inflammatory agents are

described, for example, in U.S. Patent No. 4,537,776.

[0137] In some embodiments, the additional therapeutic agent may be an analgesic. Analgesics useful in
the compositions and methods of the present invention include, without limitation, morphine, codeine, heroine,
methadone and related compounds, thebaine, orpiavine, and their derivatives, buprenorphine, the piperidines,
morphinans, benzomorphans, tetrahydroisoquinolines, thiambutanes, benzylamines, tilidine, viminol, nefopam,
capsaicin(8-methyl-N-vanillyl-6E-nonenamide),  "synthetic" capsaicin(N-vanillylnonamide), and related

compounds.

[0138] For all additional agent compositions and methods, targeting to various parts of the Gl tract may be

employed as described herein.

[0139] In some embodiments, the present formulations are administered to a patient to avoid treatment with an
additional therapeutic agent. For example, in the context of preventing C. difficile infection (CDI) andlor a C. difficile-
associated disease, the present formulations may be provided to a patient to avoid the necessity of receiving, for

example, vancomyain.

Methods of Treatment

[0140] In various aspects, the present invention provides modified-release formulations including beta-
lactamase (and/or additional agent) for use in treating an antibiotic-induced adverse effect in the Gl tract and/or
prevention or treatment of C. difficile infection (CDI) andfor a C. difficile-associated disease. In other aspects, there are

provided uses of the modified-release formulations including beta-lactamase (and/or additional agent)
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for treating an antibiotic-induced adverse effect in the Gl tract and/or preventing or treating a C. difficile infection
(CDIy and/or a C. difficile-associated disease.

[0141] In various aspects, the present invention provides methods for treating or preventing an antibiotic-
induced adverse effect in the Gl tract, comprising administering an effective amount of a modified-release
formulation including beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and
variants thereof) and/or additional therapeutic agent described herein to a patient in need thereof. In one aspect,
the present invention provides methods for preventing an antibiotic-induced adverse effect in the Gl tract,
comprising administering an effective amount of a modified-release formulation including beta-lactamase (e.g.,
P3A, or the other beta-lactamase agents described herein, and variants thereof) and/or additional therapeutic
agent described herein to a patient in need thereof (by way of non-limiting example, a patient that is being
administered or will be administered an antibiotic, including those described herein).

[0142] In various aspects, the present invention provides methods for protecting a subject’s
gastrointestinal microbiome, comprising administering an effective amount of a modified-release formulation
including beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof)
and/or additional therapeutic agent described herein. In various embodiments, the subject is undergoing
treatment or has recently undergone treatment with an antibiotic. In various embodiments, the antibiotic is one or
more of a penicillin, cephalosporin, monobactam, and carbapenem as described herein. In an embodiment, the
beta-lactamase is P3A.

[0143] In various embodiments, the subjects include, but are not limited to, subjects that are at a particular
risk for a microbiome-mediated disorder, such as, by way of non-limiting example, those undergoing treatment or
having recently undergone treatment with an antibiotic. For example, the subject may have taken an antibiotic
during the past about 30 or so days and/or have an immune system that is weak (e.g. from a chronic illness)
and/or is a women and/or is elderly (e.g. over about 85 years old) and/or is an elderly woman and/or is
undergoing (or has undergone) treatment with for heartburn or stomach acid disorders (e.g. with agents such as
PREVACID, TAGAMET, PRILOSEC, or NEXIUM and related drugs) andfor has recently been in the hospital,
including in an intensive care unit, or lives in a nursing home. Accordingly, in some embodiments, the methods
and uses of the present invention treat or prevent a nosocomial infection and/or a secondary emergent infection

and/or a hospital acquired infection (HAI).

[0144] In various embodiments, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents
described herein, and variants thereof), optionally formulated in a modified release format as described herein,
protects the intestinal microbiome from antibiotics-induced damage. In an illustrative embodiment, the beta-
lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof), optionally
formulated in a modified release format as described herein, protects the intestinal microbiome from
cephalosporin-induced damage. For example, in some embodiments, the beta-lactamase (e.g., P3A, or the other

beta-lactamase agents described herein, and variants thereof), optionally formulated in a modified release format
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as described herein, protects the intestinal microbiome from damage induced by cephalosporin, which may be
one or more of:

Generic | Brand Name
First Generation
Cefacetrile (cephacetrile) CELOSPOR, CELTOL, CRISTACEF
Cefadroxil {cefadroxyl) DURICEF, ULTRACEF
Cefalexin (cephalexin) KEFLEX, KEFTAB
Cefaloglycin (cephaloglycin) KEFGLYCIN
Cefalonium (cephalonium)
Cefaloridine (cephaloradine)
Cefalotin (cephalothin) KEFLIN
Cefapirin (cephapirin) CEFADYL
Cefatrizine
Cefazaflur
Cefazedone
Cefazolin (cephazolin) ANCEF, KEFZOL
Cefradine (cephradine) VELOSEF
Cefroxadine
Ceftezole
Second Generation
Cefadlor CECLORREEE(;_F(;RR?\E‘,I([D)CI)SI;ACLOR,
Cefamandole MANDOL
Cefmetazole
Cefonicid MONOCID
Cefotetan CEFOTAN
Cefoxitin MEFOXIN
Cefprozil (cefproxil) CEFZIL
Cefuroxime CEFTIN, KEZFIHI;%( ZINACEF,
Cefuzonam
Third Generation
Cefcapene
Cefdaloxime
Cefdinir OMNICEF, CEFDIEL
Cefditoren SPECTRACEF
Cefetamet
Cefixime SUPRAX
Cefmenoxime CEFMAX
Cefodizime
Cefotaxime CLAFORAN
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Cefpimizole
Cefpodoxime
Cefteram
Ceftibuten
Ceftiofur
Ceftiolene
Ceftizoxime
Ceftriaxone
Cefoperazone

VANTIN

CEDAX
EXCEDE

CEFIZOX
ROCEPHIN
CEFOBID

CEPTAZ, FORTUM, FORTAZ,
TAZICEF, TAZIDIME

Fourth Generation

Ceftazidime

Cefclidine

Cefepime

MAXIPIME

Cefluprenam

Cefoselis

Cefozopran

Cefpirome

CEFROM

Cefguinome

Fifth Generation

Ceftobiprole

ZEFTERA

Ceftaroline

TEFLARO

Not Classified

Cefaclomezine

Cefaloram

Cefaparole

Cefcanel

Cefedrolor

Cefempidone

Cefetrizole

Cefivitril

Cefmatilen

Cefmepidium

Cefovecin

Cefoxazole

Cefrofil

Cefsumide

Cefuracetime

Ceftioxide
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[0145] In one embadiment, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described
herein, and variants thereof), optionally formulated in a modified release format as described herein, protects the
intestinal microbiome from ceftriaxone (CRO)-induced damage. In some embodiments, the methods of the
invention freat or prevent a ceftriaxone-associated adverse effect (e.g. diarrhea, nausea, vomiting, dysgeusia,
and pseudomembranous colitis disease and/or symptoms).

[0146] Antibiotics treatment such as ceftriaxone treatment may result in an abnormal growth (e.g., an
overgrowth andfor overabundance) of methanogens. Methanogens include microorganisms that produce
methane as a metabolic byproduct. Examples of methanogens include but are not limited to, Methanobacterium
bryantii, Methanobacterium formicum, Methanobrevibacter arboriphilicus, Methanobrevibacter goftschalkii,
Methanobrevibacter  ruminantium,  Methanobrevibacter  smithii,  Methanocalculus  chunghsingensis,
Methanococcoides burtonii, Methanococcus aeolicus, Methanococcus deltas, Methanococcus jannaschii,
Methanococcus maripaludis, Methanococcus vannielii, Methanocorpusculum labreanum, Methanoculleus
bourgensis (Methanogenium olentangyi, Methanogenium bourgense), Methanoculleus marisnigri, Methanofollis
liminatans, Methanogenium cariaci, Methanogenium frigidum, Msthanogenium organophilum, Methanogenium
wolfei, Methanomicrobium mobile, Methanopyrus kandleri, Methancregula boonei, Methanosaeta concilfi,
Methanosaeta thermophile, Methanosarcina acetivorans, Methanosarcina barkeri, Methanosarcina mazei,
Methanosphaera stadtmanae, Methanospinllium hungatei, Methanothermobacter defluvii (Methanobacterium
defluvii), Methanothermobacter thermautotrophicus {Methanobacterium thermoautotrophicum),
Methanothermobacter  thermoflexus  (Methanobacterium  thermoflexum), Methanothermobacter  wolfei
(Methanobacterium wolfej), and Methanothrix sochngenii. In an embodiment, the methanogen is
Methanobrevibacter smithii. In various embodiments, the beta-lactamase (e.g., P3A, or the other beta-lactamase
agents described herein, and variants thereof), optionally formulated in a modified release format as described
herein, prevents one or more of an abnormal presence or absence of methanogens, abnormal levels of
methanogens, overgrowth of methanogens, elevated levels of methanogenesis, elevated enteric methane levels,
excessive hydrogen scavenging by hydrogen-consuming methanogens or colonization of methanogens in an
abnormal location (e.g., in the small bowel rather than large bowel). In one embodiment, the beta-lactamase
(e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof), optionally formulated in a
modified release format as described herein, protects the intestinal microbiome from an overgrowth andfor
overabundance of methanogens, such as Methanobrevibacter smithii.

[0147] In various embodiments, antibiotics treatment such as ceftriaxone treatment may also result in an
abnormal growth such as a reduction or underrepresentation of bacterial species. In an embodiment, antbiotics
treatment results in a reduction or underrepresentation of Turicibacter spp. Exemplary Turicibacter spp. include,
but are not limited to, T. sanguinis, Turicibacter sp. HGF1, Turicibacter sp. LA61, Turicibacter sp. LAG2,
Turicibacter sp. HGA0205, and Turicibacter sp. HGHO181. In an embodiment, the bacterial species is T.
sanguinis. A reduction in Turicibacter spp. has been associated with idiopathic inflammatory bowel disease and
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acute hemorrhagic diarrhea in dogs (Minamoto et al., 2015, Gut Microbes 6(1), 33-47; Rossi et al., 2014, PLoS
ONE 9(4), €94699). Accordingly, in various embodiments, the beta-lactamase (e.g., P3A, or the other beta-
lactamase agents described herein, and variants thereof), optionally formulated in a modified release format as
described herein, protects the intestinal microbiome from a reduction and/or underrepresentation of Turicibacter
spp. such as T. sanguinis.

[0148] In various embodiments, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents
described herein, and variants thereof), optionally formulated in a modified release format as described herein,
works fo retain a normal diversity of bacteria in the intestinal tract. For example, such treatment retains a balance
of Bacteroidetes, Proteobacteria and Firmicutes. In some embodiments, the P3A (optionally formulated in a
modified release format as described herein) prevents or reduces dysbiosis. In some embodiments, the P3A
(optionally formulated in a modified release format as described herein) prevents or reduces the eradication of, or
substantial reduction of, Firmicutes in the Gl tract.

[0149] In one embodiment, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described
herein, and variants thereof), optionally formulated in a modified release format as described herein, protects the
intestinal microbiome by protecting the anaerobi¢ and facultative aerobic bacterial species from antibiotic-
mediated changes. lllustrative anaerobic and facultative aerobic bacterial species include, but are not limited to,
S. infantarius, B. vulgatus, Lachnospiraceae bacterium, Turicibacter sp., R. gnavus, B. bifidum, P. merdae, A.
putredinis, Clostridium sp., C. symbiosum, C. hathewayi, C. citroniae, C. ramosum, C. nexile, C. difficile, C.
clostridioforme, E. coli, Alistipes sp., Bifidobacterium sp., E. faecium, L. plantarum, E. faecalis, R. torques, L.
fermentum, K. pneumoniae, S. thermophilus, P. distasonis, Mollicutes bacterium, Enterococcus sp., Bacleroides

sp., Ruminococcaceae bacterium, Clostridiales bacterium, Kiebsiella sp., L. laclis, A. caccae, and E. gallinarum.

[0150] In one embodiment, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described
herein, and variants thereof), optionally formulated in a modified release format as described herein, is able to
maintain a proper ratio of gram positive/gram negative microorganisms in the intestines. For example, in an
embodiment, the beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants
thereof), optionally formulated in a modified release format as described herein, is able to maintain an
overabundance of gram positive microorganisms in the intestines. In another embodiment, the beta-lactamase
(e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof), optionally formulated in a
modified release format as described herein, is able to reduce the number of gram negative microorganisms in

the intestines.

[0151] In various embodiments, the present invention provides for compositions and methods that mitigate
or prevent the overgrowth of various coliforms in a patient's gut (including coliforms that are virulent and/or
antibiotic resistant). In various aspects, the methods and compositions described herein prevent or diminigh
secondary infections with resistant organisms and may, in some embodiments, diminish beta-lactam resistance

development. Further, the methods and compositions described herein may allow for use of beta-actam
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antbiotics which are currently avoided due to resistance concerns and/or reduce the need for co-administration
or co-formulation with one or more beta-lactamase inhibitors (e.g. AUGMENTIN is a mixture of amoxicillin and

clavulanic acid).

[0152] In various aspects, the present invention provides methods for treating or preventing acute
hemorrhagic diarrhea. In various aspects, the present invention provides methods for treating or preventing
inflammatory bowel disease, including, for example, idiopathic inflammatory bowel disease. In various aspects,
the present invention provides methods for treating or preventing one or more of constipation, irritable bowel
syndrome, and obesity.

[0153] In various aspects, the present invention provides methods for treating or preventing C. difficile
infection (CDI) and/or a C. difficile-associated disease, comprising administering an effective amount of a
modified-release formulation including beta-lactamase (e.g., P3A, or the other beta-lactamase agents described
herein, and variants thereof) and/or additional therapeutic agent described herein to a patient in need thereof. In
one aspect, the present invention provides methods for preventing C. difficile infection (CDI) andfor a C. difficile-
associated disease, comprising administering an effective amount of a modified-release formulation including
beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof) and/or
additional therapeutic agent described herein to a patient in need thereof (by way of non-limiting example, a
patient that is being administered or will be administered an antibiotic, including those described herein.

[0154] In some embodiments, the invention relates to a method of preventing C. difficile infection (CDI)
and/or a C. difficile-associated disease, comprising administering an effective amount of a modified-release
formulation including beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and
variants thereof) and/or additional therapeutic agent described herein to a patient in need thereof, wherein the
patient is undergoing therapy with a primary antibiotic and the primary antibiotic is one or more of a ceftriaxone,
cefotaxime, cefazolin, cefoperazone, cefuroxime, and piperacillin and is administered intravenously . In some
embodiments, the patient is not undergoing treatment with an initial and/or adjunctive therapy that is one or more
of metronidazole, vancomycin, fidaxomicin, rifaximin, fecal bacteriotherapy, probiotic therapy, and antibody
therapy.

[0155] In various embodiments, the antibiotic-induced adverse effect andfor CDI or C. difficile-associated
disease is one or more of: antibiotic-associated diarrhea, C. difficile diarrhea (CDD), C. difficile intestinal
inflammatory disease, colitis, pseudomembranous colitis, fever, abdominal pain, dehydration and disturbances in
electrolytes, megacolon, peritonitis, and perforation and/or rupture of the colon.

[0156] In various embodiments, the CDI andfor C. difficile associated disease is treated or prevented in
the context of initial onset or relapse/recurrence (e.g. due to continued or restarted antibiotic therapy). For
example, in a patient that has previously suffered from CDI, the present modified-release formulation including
beta-lactamase (and/or additional agent) may be administered upon the first symptoms of recurrence. By way of
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non-limiting example, symptoms of recurrence include, in a mild case, about 5 to about 10 watery bowel
movements per day, no significant fever, and only mild abdominal cramps while blood tests may show a mild rise
in the white blood cell count up to about 15,000 (normal levels are up to about 10,000), and, in a severe case,
more than about 10 watery stools per day, nausea, vomiting, high fever (e.g. about 102-104°F), rectal bleeding,
severe abdominal pain (e.g. with tenderness), abdominal distention, and a high white blood count (e.g. of about
15,000 to about 40,000).

[0157] Regardiess of initial onset or relapselrecurrence, CDI and/or C. difficie associated disease may be
diagnosed via any of the symptoms described herein (e.g. watery diarrhea about 3 or more times a day for about
2 days or more, mild to bad cramping and pain in the belly, fever, blood or pus in the stool, nausea, dehydration,
loss of appetite, loss of weight, efc.). Regardless of initial onset or relapse/recurrence, CDI andfor C. difficile
associated disease may also be diagnosed via enzyme immunoassays, 6.9., to detect the C. difficile toxin A or B
antigen and/or glutamine dehydrogenase (GDH), which is produced by C. difficile organisms), polymerase chain
reactions (e.g., to detect the C. difficife toxin A or B gene or a portion thereof (e.g. icdA or fcdB), including the
ILLUMIGENE LAMP assay), a cell cytotoxicity assay. For example, any of the following tests may be used:
Meridian ImmunoCard Toxins A/B; Wampole Toxin A/B Quik Chek; Wampole C. diff Quik Chek Complete; Remel
Xpect Clostridium difficile Toxin A/B; Meridian Premier Toxins A/B; Wampole C. difficile Tox A/B II; Remel
Prospect Toxin A/B EIA; Biomerieux Vidas C. difficile Toxin A&B; BD Geneohm C. diff, Prodesse Progastro CD;
and Cepheld Xpert C. diff. In various embodiments, the clinical sample is a patient stool sample.

[0158] Also a flexible sigmoidoscopy “scope” test and/or an abdominal X-ray and/or a computerized
tomography (CT) scan, which provides images of your colon, may be used in assessing a patient (e.g. looking for
characteristic creamy white or yellow plaques adherent to the wall of the colon). Further, biopsies (e.g. of any
region of the Gl fract) may be used to assess a potential CDI and/or C. difficile associated disease patient.

[0159] Furthermore, the methods of the invention may treat patients including, but are not limited to,
patients that are at a particular risk for CDI and/or C. difficile associated disease, such as those which have been
taking an antibiotic during the past 30 or so days and/or have an immune system that is weak (e.g. from a
chronic illness) and/or are women and/or are elderly (e.g. over about 85 years old) and/or are elderly woman
and/or undergo treatment with for heartburn or stomach acid disorders (e.g. with agents such as PREVACID,
TAGAMET, PRILOSEC, or NEXIUM and related drugs) and/or have recently been in the hospital, including in an
intensive care unit, or live in a nursing home. Accordingly, in some embodiments, the methods and uses of the
present invention treat or prevent a nosocomial infection and/or a secondary emergent infection and/or a haspital
acquired infection (HAI).

[0160] In some embodiments, the methods and uses of the present invention relate to a patient is
undergoing treatment or has recently undergone treatment with one or more primary antibiotic. A “primary

antibiotic” refers to an antibiotic that is administered to a patient and which may result in CDI and/or C. difficile
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associated disease. These include the antibiotics that most often lead to CDI andior C. difficile associated
disease: fluoroquinolones, cephalosporins, clindamycin and penigillins.

[0161] In some embodiments, the methods and uses of the present invention relate to the modified-
release formulation including beta-lactamase (e.g., P3A, or the other beta-lactamase agents described herein,
and variants thereof) and/or additional therapeutic agent which hydrolyze a primary antibiotic before it enters the
Gl tract, including the small and/or large intestine. In some embodiments, the methods and uses of the present
invention relate to the modified-release formulation including beta-lactamase (e.g., P3A, or the other beta-
lactamase agents described herein, and variants thereof) and/or additional therapeutic agent which hydrolyze a
primary antibiotic before it enters the large intestine. In some embodiments, the methods and uses of the present
invention relate fo the modified-release formulation including betaactamase (and/or additional agent) which
hydrolyze excess antibictic residue in the Gl tract. In some embodiments, methods and uses of the present
invention relate to the modified-release formulation including beta-lactamase (and/or additional agent) which
maintain a normal intestinal microbiota and/or prevent the overgrowth of one or more pathogenic microorganisms
in the Gl tract of a patient. In some embodiments, methods and uses of the present invention relate to the
modified-release formulation including beta-lactamase (and/or additional agent) which maintain a normal
intestinal microbiota and/or prevent the reduction of one or more beneficial microorganisms in the Gl tract of a
patient. In various embodiments, the beta-lactamases and/or pharmaceutical compositions (and/or additional
agents) do not substantially interfere with plasma levels of a primary antibiotic. For example, the beta-lactamases
and/or pharmaceutical compositions (and/or additional agents) of the present invention allow for a patient to
receive a primary antibiotic that might be required for an infection and do not interfere with the systemic utility of
the antibiotic. Rather, the beta-lactamases andior pharmaceutical compositions (and/or additional agents)
inactivate excess antibiotic that may populate parts of the Gl tract and in doing so, prevent the disruption of the

microbiota that is linked to the various disease states described herein.

[0162] In various embodiments, the inventive modified-release formulations including beta-lactamase
(e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof) and/or additional
therapeutic agent are not systemically absorbed. In various embodiments, the modified-release formufations
including beta-lactamase (and/or additional agent) do not substantially interfere with the activity of systemically
administered antibiotics. In various embodiments, the modified-release formulations including beta-lactamase
(and/or additional agent) function to eliminate antibiotics from interfering with the microbiota of a microbiome (e.g.
the gut, including the large intestine). In some embodiments, the modified-release formulations including beta-
lactamase (andfor additional agent) do not interfere with the antibiotic absorption from the gut andfor
enterohepatically sufficiently to alter the half-lives of antibiotic circulation. In some embodiments, the modified-
release formulations including beta-lactamase (and/or additional agent) do not interfere with the antibiotic
absorption from the gut and/or enterohepatically enough to be clinically important.
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[0163] In some embodiments, the methods and uses of the present invention include those in which an
initial and/or adjunctive therapy is administered to a subject. Initial and/or adjunctive therapy indicates therapy
that is used to treat for example, a microbiome-mediated disorder or disease upon detection of such disorder or
disease. In an embodiment, initial and/or adjunctive therapy indicates therapy that is used to treat CDI and/or C.
difficile associated disease upon detection of such disease. In some embodiments, the initial and/or adjunctive
therapy is one or more of metronidazole, vancomycin, fidaxomicin, rifaximin, charcoal-based binder/adsorbent,
fecal bacteriotherapy, probiotic therapy, and antibody therapy, as described herein. In various embodiments, the
methods and uses of the present invention include use of the modified-release formulation including beta-
lactamase (e.g., P3A, or the other beta-lactamase agents described herein, and variants thereof) and/or
additional therapeutic agent described herein as an adjuvant to any of these initial andfor adjunctive therapies
(including co-administration or sequential administration). In various embodiments, the methods and uses of the
present invention include use of the modified-release formulation including beta-lactamase (e.g., P3A, or the
other beta-lactamase agents described herein, and variants therecf) and/or additional therapeutic agent

described herein in a subject undergoing initial and/or adjunctive therapies.

[0164] In various embodiments, the present uses and methods pertain to co-treatment (simultaneously or
sequentially) with the modified-release formulation including beta-lactamase and any additional therapeutic agent
described herein and/or any initial and/or adjunctive therapy, or treatment with a co-formulation of the modified-
release formulation including beta-lactamase and any additional therapeutic agent described herein and/or any
initial and/or adjunctive therapy for treatment of the various diseases described herein, or methods of treating the
various diseases described herein in a patient undergoing treatment with any additional agent described herein
and/or any initial andfor adjunctive therapy described herein by administering the modified-release formulation
including beta-lactamase to the patient.

[0165] In some embodiments, the terms “patient” and “subject” are used interchangeably. In some
embodiments, the subject and/or animal is a mammal, e.g., a human, mouse, rat, guinea pig, dog, cat, horse,
cow, pig, rabbit, sheep, or non-human primate, such as a monkey, chimpanzee, or baboon. In other
embodiments, the subject and/or animal is a non-mammal, such, for example, a zebrafish. In some
embodiments, the subject and/or animal may comprise fluorescently-tagged cells (with e.g. GFP). In some
embodiments, the subject andfor animal is a transgenic animal comprising a fluorescent cell.

[0166] In various embodiments, methods of the invention are useful in treatment a human subject. 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.
In some embodiments, the human is a female. In some embodiments, the human is a male.

[0167] In certain embodiments, the human has an age in a range of from about 1 to about 18 months old,
from about 18 to about 36 months old, from about 1 to about 5 years old, from about 5 to about 10 years old,

from about 10 to about 15 years old, from about 15 to about 20 years cld, from about 20 to about 25 years old,
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from about 25 to about 30 years old, from about 30 to about 35 years old, from about 35 to about 40 years old,
from about 40 to about 45 years old, from about 45 to about 50 years cld, from about 50 fo about 55 years old,
from about 55 to about 60 years old, from about 60 to about 65 years cld, from about 65 to about 70 years old,
from about 70 to about 75 years old, from about 75 to about 80 years cld, from about 80 to about 85 years old,
from about 85 to about 90 years old, from about 90 to about 95 years old or from about 95 to about 100 years
old.

Kits

[0168] The invention provides kits that can simplify the administration of the modified-release formulation
described herein. The kit is an assemblage of materials or components, including at least one of the modified-
release formulations described herein. The exact nature of the components configured in the kit depends on its

intended purpose. In one embodiment, the kit is configured for the purpose of treating human subjects.

[0169] Instructions for use may be included in the kit. Instructions for use typically include a tangible
expression describing the technique to be employed in using the components of the kit to affect a desired
outcome, such as to treat a disorder associated described herein. Optionally, the kit also contains other useful
components, such as, diluents, buffers, pharmaceutically acceptable carriers, syringes, catheters, applicators,
pipetting or measuring tools, bandaging materials or other useful paraphemalia as will be readily recognized by
those of skill in the art.

[0170] The materials and components assembled in the kit can be provided to the practitioner store in any
convenience and suitable ways that preserve their operability and utility. For example, the components can be
provided at room, refrigerated or frozen temperatures. The components are typically contained in suitable
packaging materials. In various embodiments, the packaging material is constructed by well-known methods,
preferably to provide a sterile, contaminant-free environment. The packaging material may have an external label
which indicates the contents and/or purpose of the kit and/or its components.

EXAMPLES
Example 1: Manufacturing of P3A Delayed-Release Pellets and Capsules

[0171] A P3A formulation including P3A enteric-coated pellets was produced. To produce the pellets, P3A
was spray-coated onto a sucrose core and spray-dried with an enteric layer, Eudragit L30 D-55, to protect the
P3A active pharmaceutical ingredient from the acidic conditions of the stomach. The Eudragit L30 D55 polymer
begins to depolymerize when the pH rises to 5.5 and above in the small intestine, thus releasing the active drug
from the pellet.

[0172] Delayed-release capsules including the P3A enteric-coated pellets were manufactured in a GMP
process as depicted in Figure 1A. Specifically, the GMP manufacture of P3A Delayed-Release Capsule was a

three stage sequential process including: 1) P3A drug layering onto sucrose core pellets by spray application, 2)
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enteric coating with EUDRAGIT® L. 30 D-55 using spray application, and 3) encapsulation of pellets into hard
gelatin capsules size 0.

[0173] P3A layered pellets were produced by spray application of P3A drug substance using
hydroxypropylcellulose (HPC) as a binder excipient, water as a solvent, and sucrose spheres as starting
material. The spray application was performed using a fluid bed system over six work shifts, in order to achieve a
final active pharmaceutical agent (API) percentage of at least 15%. After the sixth work shift of spray application
of the P3A /HPC mixture, the P3A layered peliets were dried overnight at room temperature on trays, then sifted
through a 1.4 mm sieve prior to bulk packaging in polyethylene (PE) bags and PE containers. The drug-layered
pellets were stored at 5+3°C for further processing. It is notes that attempts to use hydroxymethylcellulose
(HMC) as a binder excipient were unsuccessful as this produced flaky pellets that could not be furthered
processed (e.g. spray dried).

[0174] In a subsequent process, the P3A layered pellets were coated with methacrylic acid ethyl acrylate
copolymer (EUDRAGIT® L 30 D-55) as an enteric polymer, triethyl citrate as a plasticizer, glyceryl monostearate
as a glidant, polysorbate-80 as an emulsifier, and water as a diluent. The coating was performed using a fluid
bed system in a single work shift. The enteric coated P3A layered pellets were dried overnight at room
temperature on trays and sifted through a 1.6 mm sieve prior to packaging as bulk pellets in PE bags and PE
containers. The enteric coated P3A layered pellets were stored at 5£3°C for further processing.

[0175] The enteric coated P3A layered pellets were encapsulated in hard gelatin capsules using an
automated capsule filler with a capsule transport and dosing unit for filling size 0 capsules. The final P3A
delayed-release capsules, 75 mg, were packed as bulk Drug Product in PE bags and PE containers, and stored

at 5+3°C ready for shipment.

[0176] In a separate manual process to manufacture P3A delayed-release capsules, 25 mg, the enteric
P3A layered pellets were encapsulated in hard gelatin capsules using an analytical balance, capsule filling funnel
for filling size 0 capsules. The final P3A delayed-release capsule, 25 mg were packed as bulk Drug Product in
PE bags and PE containers, and stored at 5£3°C ready for shipment.

[0177] P3A delayed-release capsules, intended for use in clinical trials and stability studies, were
packaged in @ 100 cc high density polyethylene (HDPE) round bottle with 38mm polypropylene (PP) child

resistant closures, with an induction seal.

[0178] During manufacturing, a list of in-process controls, as shown in Table 1, were employed for the P3A
delayed-release capsules, 75 mg and 25 mg. These tests were performed on manufactured P3A delayed-release

pellets prior to encapsulation.
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Table 1: P3A Delayed-Release Capsule Manufacturing In-Process Controls

PCT/US2015/054606

Test In-Process Step Test Method Specification

Appearance Post-enteric coating Visual White to slightly yellowish,
spherical and evenly sized,
free flowing

Particle Size Distribution Post-enteric coating USP Reported

Biological Activity by Post-enteric coating QKY24701 12.6-19.0%

CENTA Assay (80-120% label claim)

[0179] As a control, placebo capsules containing placebo buffer were also produced using an essentially

identical process as the P3A delayed-release capsules. Specifically, the placebo capsules were manufactured

according fo the batch records similar to the P3A delayed-release capsule, 75 mg drug product.

[0180] The final placebo capsules were packed as bulk product in PE bags and PE containers, and stored

at 52£3°C ready for shipment. The placebo capsules intended for use in clinical trials were packaged in a 100 ¢c

HDPE round bottle with 38mm PP child resistant closures, with an induction seal

[0181] During manufacturing of the placebo capsules, a list of in-process controls, as shown in Table 2,

were also employed. The tests were performed on the placebo pellets prior to encapsulation.

Table 2: P3A Placebo Capsule Manufacturing In-Process Controls
Test In-Process Step Test Method Specification
Appearance Post-enteric coating Visual White to slightly yellowish,
spherical and evenly sized,
free flowing
Particle Size Distribution Post-enteric coating UspP Reported
Biological Activity by Post-enteric coating QKY24701 < Limit of Detection
CENTA Assay (<1% of label claim)
[0182] In addition, a non-GMP batch of P3A Delayed-Release pellets was manufactured for nonclinical

use using the same process flow as described in Figure 1A, with the exception of the final encapsulation of
pellets by the manufacturer. Instead, bulk P3A delayed-release pellets were tested and stored in bulk.
Subsequent to the release testing for nonclinical use, the non-GMP batch was encapsulated in size 0 hard

gelatin capsules and placed on a stability study

Example 2: Composition and Appearance of P3A Delayed-Release Pellets and Capsules

[0183] The P3A dosage form is a hard gelatin capsule or a hydroxypropyl methylcellulose (HPMC) capsule
filed with delayed-release pellets. The capsule is opague white or white and is size 0. The delayed-release
capsule contains pellets composed of sucrose spheres coated with an inner layer of P3A drug substance in
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excipients and a pH sensitive enteric outer coat in excipients. The pellets are designed to begin dissolving in the
upper small intestine as the pH rises above 5.5, releasing the drug substance.

[0184] The list of components and the amounts in P3A delayed-release capsules (75mg and 25mg
strength) and placebo capsules are provided in Table 3. For the 76mg and 25mg strength P3A delayed-release
capsules, pellets from the same manufacture batch were encapsulated to the desired capsule strength, so the
percent of each component is identical. For the placebo capsules, the placebo pellets were encapsulated to
match the level of EUDRAGIT® L 30 D-55 enteric coat excipient (20.8%) of the P3A delayed-release capsule,
75mg drug product.

Table 3: Composition of P3A Delayed-Release Capsules, 75mg and 25mg, and Placebo Capsule
Component 75 mg Capsule 25 mg Capsule Placebo Capsule
mg % Total mg % Total mg % Total
Sucrose sphere 110.8 233 36.9 23.3 139.8 29.5
Hydroxypropylcellulose 166.3 35.0 55.4 35.0 209.6 44.2
EUDRAGIT® L 30 D-55 98.9 20.8 33.0 20.8 98.7 20.8
P3A 75.0 15.8 25.0 15.8 - -
Buffer salts 75 16 25 1.6 9.4 2.0
Glyceryl monostearate 49 1.0 1.6 1.0 4.9 1.0
Polysorbate-80 2.0 04 0.7 0.4 2.0 0.4
Triethyl citrate 9.9 21 3.3 2.1 9.9 2.1
Subtotal 475.3 100.0 158.4 100.0 4743 100.0
Hard gelatin capsule #0 or 96.0 96.0 96.0
Hydroxypropyl
methylcellulose (HPMC)
capsule
Total 57113 254.4 570.3
[0185] Representative photographs of P3A delayed-release pellets and capsules are shown in Figure 1B.

The pellets were uniform spheres of 1.0 to 1.3 mm in diameter, with a smooth appearance. Size 0 capsules were
filled with the pellets. Each capsule contained approximately 75 mg of P3A (15-16% P3A/pellet) with a weight of
approximately 475 mg of active pellet drug product + 96 mg empty capsule weight, for a total of approximately
571 mg.

Example 3: pH Dissolution Profile of P3A Delayed-Release Pellets and Stability of P3A Delayed-Release Pellets
in Human Chyme

[0186] Enteric-coated P3A pellets (as formulated in Examples 1 and 2) were held in 0.1M HCL solution for

2 hours followed by incubation in buffers having a pH of 5.5, 5.8, or 6.8. from 15 to 240 minutes. Aliquots were
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taken at 15, 30, and 45 minutes, and at 45 minutes, 1, 2, 3, and 4 hours for the pH 5.5 and 5.8 samples, and at
1,2, 3, and 4 hours for the pH 6.8 samples. All sample aliquots were assayed for beta-lactamase activity using
the CENTA chromatogenic assay.

[0187] As shown in Figure 2, the P3A enteric-coated pellets were protected at low pH while dissolution
occurred at pH of greater than 5.5, with pH 5.8 and 6.8 showing more rapid dissolution than pH 5.5.

Example 4: Stability of P3A Delayed-Release Pellets in Human Chyme

[0188] The stability of the P3A pellets (as formulated in Examples 1 and 2) in human chyme at 37°C was
evaluated. Specifically, P3A pellets were incubated in five different chyme specimens. Aliquots were taken at 0,
05,1, 2, 3,4, 5, and 6 hours, and beta-lactamase activity was measured using a CENTA beta-lactamase
substrate. Table 4 shows characteristics of the five chime samples used.

Table 4. Chyme Specimens

Protease activity
Specimen pH % Liquid
(mU/mL)
Chyme 1 6.42 55 5.57
Chyme 2 5.98 57 8.96
Chyme 3 5.58 57 6.63
Chyme 4 6.26 66 6.21
Chyme 5 6.56 78 6.56
[0189] The percentage activity relative to time of peak activity was calculated for each replicate assay in

each chyme and the values were plotted using GraphPad Prism 5.0. The mean relative change in absorbance at
405 nm (AAb405) measured at each time point for all of the chyme specimens showing the release and relative

stability of the P3A beta-lactamase activity is presented in Figure 3.

[0190] As shown in Figure 3, P3A beta-lactamase activity was relatively stable when evaluated in all raw
chyme specimens with less than 50% loss in overall activity after 6 hours incubation. Peak activity was detected
within 30 minutes in four of the five chyme specimens, indicating that the peliets had completely dissoluted within
the first 30 minutes of incubation in these chyme samples. In human chyme, P3A pellets displayed a rapid
dissolution, within 30-60 minutes. High-level P3A activity was observed for at least 6 hours, demonstrating P3A
enzyme stability in human chyme.

[0191] Stability of P3A in human chyme was evaluated in both raw and clarified chyme specimens.
Incubations of P3A at 37°C in the chyme specimens were performed in triplicate for each chyme specimen (1 to
5) and the mixed chyme matrix. Samples were removed at 0, 30, 60, 120, 180, 240, 300, and 360 minutes and

analysed for beta-lactamase enzymatic activity using 2 CENTA beta-lactamase substrate. The beta-lactamase
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activity of the chyme/P3A specimens was determined based on the change of absorbance at 405 nm per min
(AAss/min) in the first minute (linear portion) of the reaction. The AAus/min values were normalized to a 1 ¢cm
path length by dividing the AAus/min value by the determined path length. The mean of the nomalized
DMAygsimin values of the individual replicates for each chyme specimen were used to calculate the relative beta-
lactamase activity at each time point.

[0192] As shown in Table 5, P3A beta-lactamase activity was least stable in clarified chyme 1, displaying a
half-life of 243 minutes. The relative stability in the other matrices was greater than 5 hours (300 minutes) for

chymes 2, 4, 5, and mixed chyme and greater than 6 hours (360 minutes) for chyme 3.

Table 5. Half-Life of P3A Beta-Lactamase Activity in Clarified Chyme

Matrix T2 {min)
Chyme 1 243
Chyme 2 342
Chyme 3 3946
Chyme 4 334
Chyme 5 328

Mixed Chyme 325

(@) halflife for the chyme 3 specimen was extrapolated from the line equation of y = -0.1621x + 113.94
generated by linear regression of the percentage activity from 120 min (the point just prior to which decrease in
activity was initially observed) to 360 min.

Example 5: P3A Pellet Mediated Degradation of Ceftriaxone

[0193] The beta-lactamase enzymatic activity of formulated pellets containing P1A or P3A (SYN-004) was
determined using an in vitro biochemical assay with ceftriaxone as a substrate. The pellets were formulated as
previously described in Examples 1 and 2. Specifically, P1A and P3A were dissoluted from formulated pellets in
50 mM Potassium Phosphate Buffer 6.8 buffer (pellets manufactured using P1A or P3A drug substance sprayed-
dried onto sucrose cores, then sprayed-dried with a protective enteric coating). The concentration of P1A and
P3A in the dissolution buffer was determined by HPLC analytical methods and the beta-lactamase enzymatic
activity of the dissoluted pellets was evaluated for hydrolysis of ceftriaxone using an in vifro biochemical assay.

[0194] As shown in Figure 5, P3A (aka SYN-004) demonstrated a 3.4-fold greater catalytic rate of
ceftriaxone than P1A, with a mean k.« value of 139 sec at three concentrations of P3A compared to a mean Kea
value of 40.9 sec”! for P1A. The activity of the P1A and P3A dissoluted material for hydrolysis of ceftriaxone was

comparable to that of the respective drug substance reference standards for each of the befa-lactamases.
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Example 6: P3A-Mediated Microbiome Protection

[0195] The ability of P3A to protect the intestinal microbiome from ceftriaxone (CRO)-induced damage was
evaluated in a preliminary study in humanized pigs. The study design and timeline are shown in Figures 7 and 8,
respectively.

[0196] The gastrointestinal (Gl) tract of 5 day old gnotobiotic pigs was populated with human adult fecal
microflora. Two days later, animals received antibiotics (clindamycin or CRO, IP, 50 mg/kg) for 4 days. P3A was
delivered orally 4 times a day (75 mg/dose) for 7 days beginning the day before CRO administration. Specifically,
the P3A delayed-release capsules as described in Examples 1 and 2 were administered to the animals. C.
difficile (2.6 x 108 c¢fu) was delivered orally to all animals on Day 13. Feces were collected on Days 11, 12, 14,
18, 20 directly from the rectum using sterile cotton swabs and at necropsy on Day 21 directly from the intestinal
tract. DNA was isolated from the feces and subjected to high-throughput sequencing of the 16S rRNA gene
V1V2 region to monitor microbiome changes. The levels of a specific bacterial population expected to be
sensitive to CRO, but not to clindamycin, ampicillin-resistant aerobes including those of the phylum
Proteobacteria, were assessed by plating equal amounts of Day 21 feces on LB+amp plates. Fecal C. difficile
Toxin A and interleukin-8 (IL8) were assessed via ELISA as a measure of C. difficile infection (CDI). Intestinal
tracts collected at necropsy on Day 21 were evaluated histologically for signs of CDI.

[0197] None of the animals showed evidence of typical CDI, based on the lack of histopathology typical of
CDI and negative ELISA results for C. difficile Toxin A and IL8, and negative fecal cultures for C. difficile. Two
animals were sickly, Pig 9 from Group 1 and Pig 8 from Group 2. Pig 9 did not gain weight and Pig 8 was
moribund and euthanized on Day 14, following C. difficile infection. However, CDI was not confirmed in Pig 8 or

in any study animal.

[0198] The phylum-level taxonomic classifications of bacteria present in the fecal DNA samples collected
on Day 14 are shown in Figure 9. Group 1 displayed only Pig 2, as Pig 9 did not thrive, Group 1 (nc antibiotics)
and Group 4 (CRO + P3A, i.e. SYN-004) looked similar and showed a good representation by Bacteroidetes,
Proteobacteria and Firmicutes, while Group 2 (clindamycin) and Group 3 {CRO alone) displayed dysbiosis, with
Bacteroidetes as the greatly predominant phylum with no or little representation of Firmicutes. The LB+amp data
(Figures 10A and 10B) corroborated these findings, as Group 1, Group 2, and Group 4 displayed similar, high
bacteria levels, while Group 3 (CRO alone) showed at least two log lower levels, suggesting a reduction in the
Proteobacteria population. Notably, clindamycin (Group 2) was not expected to affect ampicillin-resistant
aerobes, including those in the phylum Proteobacteria, and mainly killed anaerobic bacteria including those of the
phylum Firmicutes. The levels of Protecbacteria present in Groups 1, 2, and 4 were similar (Figure 9), and

Firmicutes were absent from the Group 2 microbiome, consistent with this hypothesis.
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[0199] These data demonstrate that P3A can protect the human microbiome and may be utilized as a
prophylactic therapy designed to prevent antibiotic-mediated microbiome damage, including CDI, in patients

receiving beta-lactam antibiotics

Example 7: Genomic Analysis of P3A-Mediated Microbiome Protection

[0200] In order fo study the ability of P3A to protect the intestinal microbiome from antibiotics-induced
(e.g., ceftriaxone (CRO)-induced) damage, pig fecal samples obtained from the study described above were
subjected to additional genomic analysis. Specifically, the 168 rRNA gene V1V2 region was sequenced. In
addition, fecal DNA was subjected to whole genome shotgun sequencing. Shofgun sequencing was performed
using lllumina HiSeq RAPID RUN, targeting 100 bp single read with the aim to achieve approximately 10-20
million reads per sample (Table 6).

Table 6. Shotgun Sequence Data Statistics
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*These two datasets contained too few sequencing reads compared to the other datasets and were eliminated
from the comparative analyses

[0201] These sequence data were classified taxonomically to identify microbial communities associated
with the pig fecal samples. Taxonomic classification was performed using bioinformatics algorithms and curated
genome databases. Briefly, raw, unassembled shotgun sequence reads were probed against curated GeneBook
bacterial and viral databases using GENIUS software package for rapid identification of bacteria communities as
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well as their relative abundance (Hasan et al., 2014, PLoS ONE 9:697699; Lax ef al., 2014, Science 345:1048).
The analyses identified 139 bacterial strains, 79 species, and 35 genera among the freatment groups (Table 7).

Table 7. Number of Taxa Detected

[0202]

Sampie i

Numher of Taxs

Patecied

.
385
5%
i

182 STfasta {GLOR)
3P S8 Rata ;azww:z‘
18

s s
=]

ﬁgg

3

ZRN 5 ST A
SRR 1
2

ﬁ\z Ué £
L B .
3

B
;Kn
P2 b
e
8,
RY W7
v 3«

3
H

s B gl TR 4
RO +R] 3

3

p 2>
Ey)
Wrn ¥

5
A,
&
]
1183

3' s g g Ly P
RIS

wﬁs @s aw wzazm-\";
2795 64 P INI0R01E_E:
3785 G4 DIL 12301456
379864 DI AU302008_S4
A8 G4 PLY 1030201838,

.s..
oY A
S Zh
a3

P
F<

£z

W
R
3

%

39

R R R T
W L i Wk b4 i g P

i Gn W Ll g

W ong L. dp W S R B
A A S AR A AW

ok
1>23

The relative distribution of bacterial taxa among the different treatment groups is shown in Table 8.

Table 8. Relative Distribution of Bacterial Taxa Among the Treatment Groups
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Comparative metagenomics analyses were performed by creating heatmaps based on the relative

abundance of each bacterial strain in each sample (see Figure 11) and at the bacterial genus level (see Figure
12) using the NMF R software package (Gaujoux and Seoighe, 2010, BMC Bioinformatics, 11:367). The samples
were clustered using the maximum distance function and the Ward Hierarchical Clustering algorithm. The

distance function was used to measure the difference in composition between each of the samples. The

clustering algorithm used the distances between each of the samples to create a dendrogram that clustered

samples with similar compositions, including both the presence and absence of organisms, in the same clades.
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Based on the bacterial strain comparisons (Figure 11), the Group 1 (Control) and Group 4 (Ceftriaxone plus P3A)
samples were clustered, highlighted by the blue box (Figure 11) indicating that Groups 1 and 4 were more similar
to each other than Groups 2 (Clindamycin) and 3 (Ceftriaxone alone). These data suggest that P3A functioned to
protect the microbiome from the effects of ceftriaxone (Group 3) keeping the microbiome more like the control
group (Group 1) that was not exposed to antibiotics.

[0204] Comparative metagenomics analyses were also performed to investigate changes in the
microbiome across different treatment groups. For these analyses, the centroid classification method from the
PamR package (Tibshirani ef al., 2002, PNAS 99:6567), was used to compare the average frequency (absolute
abundance) of each bacterial strain in the samples. The deviation of the centroid of each bacterial strain from
each study group was graphed by the overall centroid of all the study groups (Figure 13).

[0205] As the number of sequence reads generated from each individual sample was variable,
subsamples from each sample were chosen to represent a subset of 10 million reads. This was done to avoid
any bias due to different sample sizes and to enable the measurement of the absolute abundance of the
bacterial organisms in the samples. Using these subsets to reduce bias, the comparative metagenomics
analyses were performed as described previously for Figure 13 by graphing the deviation of the centroid of each
bacterial strain from each study group by the overall centroid of all the study groups (Figure 14). The data
demonstrate that Group 4 {Ceftriaxone plus P3A) displays less severe distortion of species abundance than
Group 2 (Clindamycin) or Group 3 {Ceftriaxone alone) when compared to Group 1 (Control) indicating that P3A

protected the microbiome from antibiotic-mediated damage.

[0206] Centroid classification of the sample subsets was also performed at the bacterial species level
comparing the average deviation of the frequency of each bacterial species in Group 3 (Ceftriaxone) and Group
4 (Ceftriaxone plus P3A) to Group 1 (Control} (Figure 15). Notably, Group 3 (Ceftriaxone alone) displayed an
underrepresentation of Turicibacter spp and an overabundance of the methanogenic archaea,
Methanobrevibacter smithii, while Group 4 (Ceftriaxone plus P3A) showed similar abundance levels of
Turicibacter spp and M. smithii as Group 1 (Control). Reduction of Turicibacter spp. is associated with idiopathic
inflammatory bowel disease and acute hemorrhagic diarrhea in dogs (Minamoto ef al., 2015, Gut Microbes 6(1),
33-47; Rossi et al., 2014, PLoS ONE 9(4), €94699) while M. smithii is a methanogenic archaea species that was
reported to be linked to constipation, irritable bowel syndrome, and obesity (Pimentel ef al, 2002, Am. J.
Gastroenter. Supple. 1:28). Taken together, these data demonstrate that P3A protected the gut microflora from
the adverse effects of antibiotic use. Specifically, these data demonstrate that P3A protects the microbiome from
a loss of Turicibacter spp and an overabundance of methanogens, which were induced by treatment with
ceftriaxone. Therefore, a loss of Turicibacter spp and the proliferation of methanogens appear to be antibiotic-
induced changes to the gut microflora that can be prevented by the use of P3A.

[0207] In addition, centroid classification of the sample subsets was performed at the bacterial species

level comparing the average deviation of the frequency of anaerobic and facultative aerobic bacterial species
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from the average unique frequency of species in all groups (Figure 18). The data demonstrate that Group 4
(Ceftriaxone plus P3A) displayed a more similar pattern of anaerobic and facultative aerobic bacterial species to
that of Group 1 (Control) than Group 2 (Clindamycin) or Group 3 (Ceftriaxone alone) when compared to Group 1
(Control). Centroid classification of the sample subsets was also performed at the bacterial species level
comparing the average deviation of the frequency of obligate aerobic bacterial species from the average unique
frequency of species in all groups (Figure 17). Changes were observed in all groups however Group 4
(Ceftriaxone plus P3A) displayed a different pattern of bacterial species than did Group 3 (Ceftriaxone alone)
indicating that P3A changed the pattern of antibiotic-induced changes to the pig gut microflora. These data
indicate that P3A was able modify the effect of antibiotics on the gut microbiome by protecting the anaerobic and
facultative aerobic bacterial species from antibiotic-mediated changes.

[0208] Centroid classification of the sample subsets was also performed at the bacterial species level
comparing the average deviation of the frequency of gram positive bacterial species from the average unique
frequency of species in Groups 1, 3, and 4 (Figure 18) and compared to the average unigue frequency of Group
1 species (Figure 10). Similarly, centroid classification of the sample subsets was also performed at the bacterial
species level comparing the average deviation of the frequency of gram negative bacterial species from the
average unique frequency of species in Groups 1, 3, and 4 (Figure 20) and compared to the average unique
frequency of Group 3 and Group 4 species (Figure 21). The data demonstrate that gram positive organisms are
overabundant in the cohort treated with P3A while gram negative organisms are less abundant in the P3A -
treated group compared to the antibiotic-alone treated group (Group 3) or the untreated control group (Group 1).

[0209] Altogether, these studies indicate, among others, that P3A (i.e. SYN-004) protected the microbiome
from antibiotic-induced changes. P3A combated the effects of antibiotics on the composition and load of the gut
microbiome compared to treatment with antibiotics alones. Notably, P3A combated the overabundance of
methanogens, specifically M. smithii, which is an antibiotic-induced change in the gut microflora. M. smithii is
associated with constipation, irritable bowel syndrome, and obesity (Pimentel et al., 2012, Am. J. Gastroent.
Supp. 1:28). P3A also prevented the reduction in the abundance of Turicibacter spp., another antibiotic-induced
change fo the microflora that is associated with idiopathic inflammatory bowel disease and acute hemorrhagic
diarrhea in dogs (Minamoto et al., 2015, Gut Microbes 6(1), 33-47; Rossi et al., 2014, PLoS ONE 9(4), €94699).

Example 8. P3A Does Not Affect Systemic Ceftriaxone Levels

[0210] Another pig study was performed to determine if oral administration of P3A (i.e. SYN-004) had any
effect on the systemic levels of antibiotics. For this study, ten Yorkshire piglets, approximately 2 months old and
weighing approximately 20 kg were treated with intravenous ceftriaxone (CRO) at 50 mg/kg once a day for seven
days. Five animals also received P3A capsules (1 capsule containing 75 mg of P3A, four times a day) beginning
the day before CRO treatment and extending o one day after CRO treatment, for a total of nine days.
Specifically, the P3A delayed-release capsules as described in Examples 1 and 2 were administered to the

animals. On day 2, animals were anesthetized and approximately 9 mls of blood drawn from the vena cava at
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three timepoints, 1 hour, 6 hours, and 19 hours after CRO administration. Blood was immediately dispensed into
a serum separator vacutainer tube. After coagulation, samples were centrifuged and the serum was transferred
to a cryovial and stored at -80°C until analysis. CRO in the serum samples was quantified using a validated high-
performance liuid chromatography assay (Owens ef al., 2001, Int. J. Antimicrobial Agents, 17:483). A standard
curve for CRO was prepared in negative control (untreated) pig serum and contained 6 points ranging from 0.5 to
50 ug/mL. The assay was linear over a range of 0.5 to 50 ug/mL. As shown in Figure 22, at the one hour time
point, the CRO serum levels were 79.43+12.08 ug/mL for the CRO alone treated group and 76.28+15.83 ug/mL
for the CRO + P3A treated group. At 6 hours, the CRO serum levels were 5.83 +1.15 ug/mL for the CRO alone
treated group and 3.7641.01 ug/mL for the CRO + P3A treated group (Figure 22). These data demonstrate that
P3A had no effect on the peak CRO levels in the treated animals and little if any effect on the 6 hour time point
levels. The serum samples taken at 19 hours after CRO treatment were below the limit of detection of the assay
(0.5 ug/mL). These data demonstrate that oral delivery of P3A had little or no effect on the serum levels of CRO
in pigs, suggesting that P3A was not absorbed systemically and will not interfere with antibiotic efficacy.

Example 9: Additional P3A Formulations

[0211] A size 0 or size 1 P3A capsule with 200 mg of the drug product is manufactured to increase P3A
drug loading and/or reduce the size of the capsule filled with P3A pellets. Specifically, the P3A is combined with
a latex, or other polymer, and then formed into a particulate, micro-encapasulated enzyme preparation, without
using a sucrose core. Optionally, the microspheres are covered with a pH-dependent enteric coating.

[0212] Three approaches are used for manufacturing this formulation (Figure 6). First, a particle is
developed that has enteric functionality (for example, not released in the stomach, complete release in the small
intestine) built into the matrix itself, to reduce excipient load. Optionally enteric coating is added to the particles to
provide protection from acidic conditions.

[0213] A variety of approaches for generating particulates (such as microspheres, aggregates, other) are
known which are amenable to the inclusion of proteins. They typically involve at least two phases, one containing
the protein, and one containing a polymer that forms the backbone of the particulate. Most common are
coacervation, where the polymer is made to separate from its solvent phase by addition of a third component, or
multiple phase emulsions, such as water in il in water (w/o/w) emulsion where the inner water phase contains
the protein, the intermediate organic phase contains the polymer, and the external water phase stabilizers that
support the w/o/w double emulsion until the solvents can be removed to form the microspheres.

[0214] Alternatively, the P3A protein and stabilizing excipients (for example, trehalose, mannitol, Tween
80, polyvinyl alcohol) are combined and sprayed from agueous solution and collected. The particles are then
suspended in a dry, water immiscible organic solvent containing polymer and release modifying compounds, and
the suspension sonicated to disperse the particles. The P3A protein retains its activity following this process.
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[0215] An additional approach uses aqueous phases but no organic solvent. Here, the enzyme, buffer
components, a polymer latex, and stabilizing and release-modifying excipients are dissolved/dispersed in water.
The aqueous dispersion is spray-dried, leading to coalescence of the latex, and incorporation of the protein and
excipients in particles of the coalesced latex. When the release modifiers are insoluble at acidic conditions but
soluble at higher pHs (such as carboxylic acid) then release from the matrix is inhibited in the gastric

environment.

Definitions

[0216] As used herein, “a,” “an,” or “the” can mean one or more than cne.

[0217] Further, the term “about” when used in connection with a referenced numeric indication means the

referenced numeric indication plus or minus up to 10% of that referenced numeric indication. For example, the
language “about 50%" covers the range of 45% to 55%.

[0218] An “effective amount,” when used in connection with medical uses is an amount that is effective for

providing a measurable treatment, prevention, or reduction in the rate of pathogenesis of a disorder of interest.

[0219] As used herein, something is “decreased” if a read-out of activity and/or effect is reduced by a
significant amount, such as by at least about 10%, at least about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about
95%, at least about 97%, at least about 98%, or more, up to and including at least about 100%, in the presence
of an agent or stimulus relative fo the absence of such modulation. As will be understood by one of ordinary skill
in the art, in some embodiments, activity is decreased and some downstream read-outs will decrease but others

can increase.

[0220] Conversely, activity is “increased” if a read-out of activity and/or effect is increased by a significant
amount, for example by at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least about 95%,
at least about 97%, at least about 98%, or more, up to and including at least about 100% or more, at least about
2-fold, at least about 3-fold, at least about 4-fold, at least about 5-fold, at least about 6-fold, at least about 7-fold,
at least about 8-fold, at least about 9-fold, at least about 10-fold, at least about 50-fold, at least about 100-fold, in
the presence of an agent or stimulus, relative to the absence of such agent or stimulus.

[0221] As referred to herein, all compositional percentages are by weight of the total composition, unless
otherwise specified. As used herein, the word “include,” and its variants, is intended to be non-limiting, such that
recitation of items in a list is not to the exclusion of other like items that may also be useful in the compositions
and methods of this technology. Similarly, the terms “can” and “may” and their variants are intended to be non-
limiting, such that recitation that an embodiment can or may comprise certain elements or features does not
exclude other embodiments of the present technology that do not contain those elements or features.
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[0222] Although the open-ended term “comprising,” as a synonym of terms such as including, containing,
or having, is used herein to describe and claim the invention, the present invention, or embodiments thereof, may

alternatively be described using alternative terms such as “consisting of” or “consisting essentially of.”

[0223] As used herein, the words “preferred” and “preferably” refer to embodiments of the technology that
afford certain benefits, under certain circumstances. However, other embodiments may also be preferred, under
the same or other circumstances. Furthermore, the recitation of one or more preferred embodiments does not
imply that other embodiments are not useful, and is not intended to exclude other embodiments from the scope

of the technology.

[0224] The amount of compositions described herein needed for achieving a therapeutic effect may be
determined empirically in accordance with conventional procedures for the particular purpose. Generally, for
administering therapeutic agents (e.g., beta-lactamases andfor additional therapeutic agents described herein)
for therapeutic purposes, the therapeutic agents are given at a pharmacologically effective dose. A
“pharmacologically effective amount,” “pharmacologically effective dose,” “therapeutically effective amount,” or
“effective amount” refers to an amount sufficient to produce the desired physiological effect or amount capable of
achieving the desired result, particularly for treating the disorder or disease. An effective amount as used herein
would include an amount sufficient to, for example, delay the development of a symptom of the disorder or
disease, alter the course of a symptom of the disorder or disease (e.g., slow the progression of a symptom of the
disease), reduce or eliminate one or more symptoms or manifestations of the disorder or disease, and reverse a
symptom of a discrder or disease. Therapeutic benefit also includes halting or slowing the progression of the

underlying disease or disorder, regardless of whether improvement is realized.

[0225] Effective amounts, toxicity, and therapeutic efficacy can be determined by standard pharmaceutical
procedures in cell cultures, tissue samples, tissue homogenates or experimental animals, e.g., for determining
the LD50 (the dose lethal to about 50% of the popuiation) and the ED50 (the dose therapeutically effective in
about 50% of the population). The dosage can vary depending upon the dosage form employed and the route of
administration utilized. The dose ratio between toxic and therapeutic effects is the therapeutic index and can be
expressed as the ratio LD50/EDS0. In some embodiments, compositions and methods that exhibit large
therapeutic indices are preferred. A therapeutically effective dose can be estimated initially from in vitro assays,
including, for example, cell culture assays. Also, a dose can be formulated in animal models to achieve a
circulating plasma concentration range that includes the IC50 as determined in cell culture, or in an appropriate
animal model. Levels of the described compositions in plasma can be measured, for example, by high
performance liquid chromatography. The effects of any particular dosage can be monitored by a suitable
bioassay. The dosage can be determined by a physician and adjusted, as necessary, to suit observed effects of
the treatment.

[0226] In certain embodiments, the effect will result in a quantifiable change of at least about 10%, at least

about 20%, at least about 30%, at least about 50%, at least about 70%, or at least about 90%. In some
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embodiments, the effect will result in a quantifiable change of about 10%, about 20%, about 30%, about 50%, about
70%, or even about 80% or more. Therapeutic benefit also includes halting or slowing the progression of the underlying

disease or disorder, regardless of whether improvement is realized.

[0227] As used herein, "methods of treatment” are equally applicable to use of a composition for treating the
diseases or disorders described herein and/or compositions for use and/or uses in the manufacture of a medicaments

for treating the diseases or disorders described herein.

EQUIVALENTS

[0228] While the invention has been described in connection with specific embodiments thereof, it will be
understood that it is capable of further modifications and this application is intended to cover any variations, uses,
or adaptations of the invention following, in general, the principles of the invention and including such departures
from the present disclosure as come within known or customary practice within the art to which the invention
pertains and as may be applied to the essential features hereinbefore set forth and as follows in the scope of the

appended claims.

[0229] Those skilled in the art will recognize, or be able o ascertain, using no more than routine experimentation,
numerous equivalents to the specific embodiments described specifically herein. Such equivalents are intended to be

encompassed in the scope of the following claims.

[0230]

[0231] The publications discussed herein are provided solely for their disclosure prior to the filing date of the
present application. Nothing herein is to be construed as an admission that the present invention is not entitled to

antedate such publication by virtue of prior invention.

[0232] As used herein, all headings are simply for organization and are not intended to limit the disclosure in any

manner. The content of any individual section may be equally applicable to all sections.
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CLAIMS

What is claimed is:

1. A modified-release formulation comprising a beta-lactamase, wherein the
formulation comprises at least one modified-release pellet, and wherein each modified-release
pellet comprises:

10-20% by weight beta-lactamase which comprises the amino acid sequence having at
least 95% sequence identity to SEQ ID NO: 1, 3 or 6;

20-30% by weight sucrose sphere;
30-40% by weight hydroxypropylcellulose;
15-25% by weight an enteric polymer;
1.5-2.5% by weight triethyl citrate;
0.5-1.5% by weight glyceryl monostearate;
0.1-1.0% by weight polysorbate-80; and
1-2% by weight of buffer salt.

2. The modified-release formulation of claim 1, wherein each modified-release
pellet comprises:

about 16% by weight beta-lactamase;

about 23% by weight sucrose sphere;

about 35% by weight hydroxypropylcellulose;
about 21% by weight an enteric polymer;
about 2% by weight triethyl citrate;

about 1% by weight glyceryl monostearate;
about 0.5% by weight polysorbate-80; and
about 2% by weight of buffer salt.

3. The modified-release formulation of claim 1, wherein each modified-release
pellet comprises:

about 15.8% by weight beta-lactamase;
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about 23.3% by weight sucrose sphere;
about 35% by weight hydroxypropylcellulose;
about 20.8% by weight an enteric polymer;
about 2.1% by weight triethyl citrate;

about 1% by weight glyceryl monostearate;
about 0.4% by weight polysorbate-80; and
about 1.6% by weight of buffer salt.

4. The modified-release formulation of any one of claims 1 1o 3, wherein the beta-
lactamase comprises an amino acid sequence having at least 98% sequence identity with SEQ
ID NO: 1, 3 or6.

5. The modified-release formulation of claim 4, wherein the beta-lactamase
comprises an amino acid sequence having at least 98% sequence identity with SEQ 1D NO: 1
and an asparagine at Ambler position 276.

6. The modified-release formulation of any one of claims 1 to 5, wherein the beta-
lactamase is released in the Gl tract.

7. The modified-release formulation of claim 6, wherein the beta-lactamase is

released in the intestines.

8. The modified-release formulation of any one of claims 1 to 7, wherein the
formulation is in the form of a capsule.

9. The modified-release formulation of any one of claims 1 to 8, wherein each
modified-release pellet comprises a core particle and a base coat over the core particle,

wherein the base coat comprises the beta-lactamase.

10. The modified-release formulation of any one of claims 1 to 9, wherein the

formulation comprises a plurality of modified-release pellets.

11. The modified-release formulation of any one of claims 1 to 10, wherein the
formulation further comprises a modified-release coating that is stable in gastric fluid.

12. The modified-release formulation of any one of claims 1 to 11, wherein the
formulation further comprises a modified-release coating having a solubility that is pH-

dependent.
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13. The modified-release formulation of claim 12, wherein the beta-lactamase
comprises an amino acid sequence having at least 95% sequence identity to SEQ ID NO: 1,

and wherein the modified-release coating comprises a EUDRAGIT® compound.

14. The modified-release formulation of claim 13, wherein the modified-release
coating is EUDRAGIT® L30 D-55.

15. Use of the modified-release formulation of any one of claims 1 to 14 for treating
or preventing an antibiotic-induced adverse effect in the Gl tract, a C. difficile infection (CDI)

and/or a C. difficile-associated disease.

16. The modified-release formulation of any one of claims 1 1o 14 for use in the
treatment or prevention of an antibiotic-induced adverse effect in the Gl tract, a C. difficile

infection (CDI) and/or a C. difficile-associated disease.

17. The use of claim 15 or the modified-release formulation for use of claim 16,
wherein the antibiotic-induced adverse effect and/or CDI or C. difficile-associated disease is one
or more of: antibiotic-associated diarrhea, C. difficile diarrhea (CDD), C. difficile intestinal
inflammatory disease, colitis, pseudomembranous colitis, fever, abdominal pain, dehydration
and disturbances in electrolytes.

18. A modified-release formulation comprising a beta-lactamase having ceftriaxone
hydrolyzing activity, wherein the formulation comprises at least one modified-release pellet with
each pellet comprising:

about 16% by weight beta-lactamase;

about 23% by weight sucrose sphere;

about 35% by weight hydroxypropylcellulose;
about 21% by weight an enteric polymer;
about 2% by weight triethyl citrate;

about 1% by weight glyceryl monostearate;
about 0.5% by weight polysorbate-80; and
about 2% by weight of buffer salt;

wherein the beta-lactamase comprises an amino acid sequence having at least
98% sequence identity with SEQ ID NO: 1.
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19. The modified-release formulation of claim 18, wherein the enteric polymer is
EUDRAGIT® L30 D-55.
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